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an object method for assigning a null vaiue 1o the second structured information format attribute value using
the software object for the rule to be created, when the source which has been input by the user indicates no
source is te be used.

5 22, Asystem according to Claim 20, further comprising:

a reference o a sofiware object for a rule to be created;

an object method for examining the source which has been input by the user; and

an object method for assigning a system value 16 the second structured information format atribute value using
10 the sofiware object for the rule 1o be created, when the source which has been input by the user indicates a

system source is fo be used.

23. A system according to Claim 20, further comprising:

15 a reference 1o a software object for a rule 1o be created;
an object method for examining the source which has been input by the user; and
an object method for assigning a first struciured information format atiribute value fo the second siructured
information format attribute value using the software object for the rule 1o be created, when the source which
has been input by the user indicates a first structured information format aitribute source is to be used.

a0
24, A system according to Claim 20, further comprising:

a reference 1o a software object for a rule o be created;
an object method for examining the source which has been input by the user; and

25 an object method for assigning a first structured information format content value to the second structured
information format attribute value using the software object for the rule to be created, when the source which
has been input by the user indicates a first structured information format content source is io be used.

25. A system according to Claim 20, further comprising:

30
a reference 1o a storage buffer for the source which has been input by the user;
an object method for examining the source which has been input by the user using the storage bufier for the
source which has been input by the user;
an object method for interactively inputting a user input value, when the source which has been input by the

35 user indicates a user input source is to be used; and
an object methiod for assigning the user input value to the second struciured information format attribute value,
when the source which has been input by the user indicates a user input source is to be used.

26. A system according to Claim 1, wherein the user comprises:

40
a software object.
27. An object-oriented computer program product for processing structured information for implementation by a com-
puter in an object-oriented framework, comprising:
45

a storage means;
a first obtaining means for obtaining an interactive input from a user;
a second obtaining means for obtaining a first structural description of a first siructured information format;
a third obtaining means for obtaining a second structural description of a second structured information format;
50 means for creating a rule to transiorm an element of the first struciured information format into an element of
the second structured information format utilizing the interactive input from the user, the first struciural descrip-
tion, and the second structural description: and means for cuiputting the rule,
wherein at leasi one of the first obtaining means, the second obtaining means, the third cbtaining means, the
means for creating, and the means for outputting inciudes a software object.
55
28. A computer program product according to Claim 27, wherein the first structured information format includes
ISO/IEC 9070 public identifier naming format, the second structured information format includes an operating sys-
tem file name format and the means for creating comprises:
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means for creating a rule o transform an element of a first structured information format which includes an
ISO/IEC 2070 public identifier element into an element of a second siruciured informaiion formai which
includes an operating system file name format element utilizing the inieraciive input from the user, the first
structural description which includes a structural description of the ISQ/IEC 9070 public identifier format, and

5 the second structural description which includes a structural description of the operating system fiie hame for-
mat.

29. A computer program product according to Claim 27, wherein the structured information includes database variable
names, the first structured information format includes a first database variable name format, the second structured
10 information format includes a second database variable name format, and the means for creating comprises:

means for ¢reating a rule 1o transform an element of a first structured information format which includes a first
database variable name format element into an element of a second siructured information format which
includes a second database variable name format element utilizing the interactive input from the user, the first

15 structural description which includes a structural description of the first database variable name format, and the
second struciural description which includes a structural description of the second database variabie name for-
mat.

30. A computer program product according to Claim 27, wherein the structured information in¢ludes markup language,
20 the first structured information format includes a first markup language, the second structured information format
includes a second markup language, and the means for creating comprises:

means for creating a rule to transform an element of a first siructured information format which includes a first
markup language element into an element of a second structured information format which includes a second

25 markup language element utilizing the interactive input from the user, the first structural description which
includes a structural description of the first markup language, and the second siructural description which
includes a structural description of the second markup ianguage.

31. A computer program product according to Claim 30, wherain the first markup fanguage includes SGML, the second
a0 markup language inclu seg HTML, and the means for creating further comprises:

means for creating a rule to transiorm an element of a first markup ianguage which includes an SGML element

into an element of a second markup language which includes an HTML element utilizing the interactive input

from the user, the first structural description which includes an SGML DTD, and the second structural descrip-
35 fion which includes an HTML DTD.

32. 4 computer implemented method to provide a graphical user interface for creating a mapping of a first structural
cescription to a second structural description, comprising the steps of:

40 displaying an element for transformation of a first structural description;
displaying a list of candidate elements of a second siructural description;
inpuiting, from a user, a first selection of one of the candidate elements of the second structural description
which defines a correspondence between the element for transformation of the first struciural description and
the first selection of one of the candidate elements of the second struciural description for a fransformaiion of
45 the element of the first structural description 1o the second struciural description; and
storing the correspondence between the element for transformation of the first structural description and the
first selection of one of the candidate elements of the second siructural description as a rule.

83. 4 method according to Claim 32, wherein the first structural description includes an ISC/IEC 2070 public identifier
50 naming format, the second structural description includes an operating system file name format, and the step of
cisplaying the element for fransformation comprises:

displaying the element for fransformation which includes an element of the ISO/IEC 9079 public identifier nam-
ing format; and
55 the step of displaying the list of candidate elements comprises:

displaying the list of candidate elemenis which includes a list of operating system file name candidate eie-
ments.
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34. Amethod according to Claim 32, wherein the first structural description includes a first database variable name for-

mat, the second structural description includes a second database variable name format, and the step of displaying
the element for transiormation comprises:

5 displaying the element for transformation which includes an element of the first database variable name format;
and
the step of displaying the list of candidate elements comprises:
displaying the list of candidate elements which includes a list of second database variable name format candi-
date elements.
10
35. A method according to Claim 32, further comprising the steps of:

obtaining the stored rule;
displaying the element for transformation of the first structural description;

15 displaying the first selected element of the second structural description which defines a correspondence
between the element for transformation of the first structural description and the first selection of one of the
candidate elements of the second structural description for a transformation of the element of the first structural
description to the second structural description;
displaying the list of candidate elements of the second structurat description;

20 inputting, from the user, a second selection of one of the candidate elements of the second structural descrip-
tion which defines a correspondence between the element for transformation of the first structural description
and the second selection of one of the candidate elements of the second structural description for a transfor-
mation of the element of the first structural description to the second structural description; and
storing the correspondence between the element for transformation of the first structural description and the

25 second selection of one of the candidate elements of the second structural description as a rule.

36. A method according to Claim 32, further comprising the steps of:

displaying an icon for the user to input a request to clear the first selection which is being displayed;

30 inputting the request to clear the first selection which is being displayed, when the user inputs the request to
clear the first selection which is being displayed; and
clearing the first selection which is being displayed, when the user inputs the request to clear the first selection
which is being displayed.

35 37. Amethod according to Claim 32, wherein the first structural description includes a first markup language, the sec-
ond structural description includes a second markup language, and the step of displaying the element for transior-
ration comprises:

displaying the element for transformation which includes an element of the first markup language; and
40 ihe step of displaying the list of candidate elements comprises:
displaying the list of candidate elements which includes a list of second markup language candidate elements.

38. A method according to Claim 37, wherein the first markup language includes a Standard Generalized Markup Lan-
guage ("SGML"), the second markup language includes a HyperText Markup Language ("HTML"), and the step of
45 displaying the element for fransformation comprises:

displaying the element for transformation which includes an element of SGML; and
the step of displaying the list of candidate elements comprises:
displaying the list of candidate elements which includes a list of HTML. candidate elements.

50
39. A method according to Ciaim 32, wherein the storing step comprises:
storing the correspondence betwaen the element for transformation of the first siructural description and the
first selection of one of the candidate elements of the second siructural description as a rule in a list of ruies
55 for transformation.

40, A method according to Claim 39, further comprising the steps of:
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displaying a second element for transformation of the first structural description;

displaying a list of candidate elements of the second structural description;

inpuiting, from the user, a second selection of one of the candidate elements of the second struciural descrip-

tion which defines a correspondence between the second element for fransformation of the first structural
5 description and the second selection of one of the candidate elements of the second siructural description for

a transformation of the second element of the first structural description io the second structural description;

and

storing the correspondence between the second element for transformation of the first structural description

and the second selection of one of the candidate elernents of the second siructural description as a rule ina
10 list of rules for transformation.

4. A method according to Claim 39, wherein the inputting step further comprises:

displaying an icon for the user o input a request to store the first selection correspondence as a rule in the list
15 of rules for transformation; and

the storing step further comprises:

inputting the request to store the correspondence as a rule in the list of rules for ransformation, when the user

inputs the request o store the first selection as a rule; and

displaying a second element for fransformation of the first structural description, when the user inputs the
20 request to store the first selection as a rule.

42. A method according to Claim 39, wherein the inputting step further comprises:

displaying an icon for the user 10 input a request o siore the correspondence as a rule in the list of ruies for
25 ransformation; and
the storing step further comprises:
inputting the request to store the correspondence as a rule in the list of rules for iransiormation, when the user
inputs the request to store the first selection as a rule in the list of ruies for transiormation; and
storing the list of rules for transiormation as a map.
30

43. £ method according to Claim 39, further comprising the steps of:

displaying an icon for the user to input a request io delete the list of rules for fransformation;

inputting the request to delete the list of rules for transformation, when the user inpuis the request fo delete the
35 list or rules for transformation; and

deleting the list of rules for transformation, when the user inputs a request to delete the list of ruies for trans-

formation.

44, 4 method according to Claim 32, further comiprising the steps of:
40
digplaying the first selection of one of the candidate elemenis of the second structural description which
defines the correspondence between the element for transformation of the first structural description and the
first selection of one of the ¢andidate elements of the second siruciural description for a transformation of the
element of the first structural description to the second structural description.

45. 4 method according to Claim 44, wherein the inputting step comprises:

inputting, from the user, a first ordered list of a plurality of the candidate elements of the second structurai

description which defines a correspondence between the element for fransformation of the first structurai
50 description and the first ordered list of the plurality of the candidate elements of the second struciural descrip-

tion for a transformation of the element of the first structural description to the second structural description:

the step of digplaying the first selection comprises:

displaying the first ordered list of the plurality of the candidate elements of the second markup language which

defines a correspondence between the element for transformaiion of the first siructural description and the first
55 ordered list of the plurality of the candidate elements of the second struciural descripiion for a fransiormation

of the element of the first structural description to the second struciural description; and

the storing step comprises:

storing the correspondence between the element for transformation of the first structural description and the
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first ordered list of the plurality of the candidate elements of the second structural description for a transforma-
fion of the element of the first structural description to the second structural description as a rule.

46. A method according to Claim 45, further comprising the steps of:

obtaining the stored rule;

displaying the element for transformation of the first structural description;

displaying the first ordered list of elements of the second structural description which defines a correspond-
ence between the element for transformation of the first structural description and the first ordered list of the
plurality of the candidate elements of the second structural description for a transformation of the element of
the first structural description to the second structural description;

displaying the list of candidate elements of the second structural description;

inputting, from the user, a second ordered list of a plurality of the candidate elements of the second structural
description which defines a correspondence between the element for transformation of the first structural
description and the second ordered list of the plurality of the candidate elements of the second structural
description for a transformation of the element of the first structural description to the second structural
description; and

storing the correspondence between the element for transformation of the first structural description and the
second ordered list of the plurality of the candidate elements of the sacond structurat description for a transfor-
mation of the element of the first structural description to the second structural description ag a rule.

47. A method according to Claim 45, further comprising the steps of:

digplaying an icon for the user to input a request to clear the first ordered list which is being displayed:;
inputting the request to clear the first ordered list which is being displayed, when the user inputs the request o
clear the first ordered list which is being displayed; and

clearing the first ordered list which is being displayed, when the user inputs the request to clear the first ordered
list which is being displayed.

48. A method according to Claim 32, further comprising the steps of:

digplaying an attribute of the first selection of one of the candidate elements of the second structural descrip-
tion which corresponds to a ransformation of the element of the first structural description to the second strug-
tural description, for assignment of an affribute value of the second structural description;

displaying a plurality of icons representing sources for obtaining the attribute value to be assigned to the
attribute of the first selection which is being displayed;

displaying the element of the first structural description;

displaying an attribute list of the element of the first structural description;

inputting a user input of a selection of sources for obtaining the attribute value to be assigned to the atiribute
of the first selection which is being displayed; and

processing the user input of the selection of sources for obtaining the attribute vaiue to be assigned to the
aitribute of the first selection which is being displayed, when the user inputs the selection of sources for obtain-
ing the atiribute value 1o be assigned to the atiribuie of the first selection which is being displayed.

49. A method according to Claim 48, wherein the processing step further comprises:

assigning a rull value to the atiribute of the first selection which is being displayed, when the selection of
sources which has been input by the user indicates no source is o be used.

50. A method according to Claim 48, wherein the processing step further comprises:

assigning a system value to the attribute of the first selection which is being displayed, when the selection of
sources which has been input by the user indicates a system value is to be used.

51. A method according to Claim 48, wherein the processing step further comprises:

assigning a first structural description aftribute value to the atiribute of the first selection which is being dis-
played, when the selection of sources which has been input by the user indicates a first structural description
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attribute value source is to be used.
52. A method according to Claim 48, wherein the processing step further comprises:
5 assigning a first structural description content value to the attribuie of the first selection which is being dis-

played, when the selection of sources which has been input by the user indicates a first structural description
content value source is to be used.

53. A method according to Claim 48, wherein the processing step further comprises:
10
assigning a user input value to the atiribute of the first selection which is being displayed, when the selection
of sources which has been input by the user indicates a user input value source is 10 be used.

54. A method according to Claim 53, wherein the assigning siep comprises:
15
displaying a text input area for the user o input a value to be assigned;
inputting the value eniered by the user in the text input area; and
assigning the value input by the user to the atiribute of the first selection which is being displayec.

2o 55. A method according to Claim 32, wherein the step of displaying a list of candidate elements of a second structural
description further comprises:

displaying a candidate for requesting removal of the first structural description element in the transiormation;
and

25 displaying a candidate for requesting ignoring of the first structural description element in the transformation.

56. An apparatus for providing a graphical user interface for creating a mapping of a first structural description to a sec-
ond struciural description, comprising:

30 an element displaying means for displaying an element for transtormation of a fir st structural description;
a list displaying means for displaying a list of candidate elements of a second structural description;
a user inpuiting means for inputling, from a user, a first selection of one of the candidate elements of the sec-
ond structural description which defines a correspondence between the element for transformation of the first
structural description and the first selection of one of the candidate elements of the second structural descrip-
35 tion for a transformation of the element of the first structural description fo the second siructural description;
and
a storing means for storing the correspondence between the element for transformation of the first structurai
description and the first selection of one of the candidate elemenis of the second siructural descripiion as a

rule.
40
57. An apparaius according to Claim 56, wherein the first structural description includes an ISO/IEC 9070 public iden-
tifier naming format, the second struciural description includes an operating system file name format, and the ele-
ment displaying means further comprises:
45 means for displaying the element for fransformation which includes an element of the ISO/IEC 9070 public
identifier naming format; and
the list displaying means furiher comprises:
means for displaying the list of candidate elements which includas a list of operating system file name candi-
date elements.
50
58. /n apparatus according to Claim 56, wherein the first structural description includes a firsi database variable name
format, the second structural description includes a second database variable name format, and the element dis-
playing means further comprises:
55 means for displaying the element for transformation which includes an eiement of the first daiabase variable

name format; and
the list displaying means further comprises:
means for displaying the list of candidate elements which includes a list of second database variabie name for-
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mai candidate elements.

means for obtaining the stored rulg;

means for displaying the element for transformation of the first structural description;
means for displaying the first selected element of the second structural description which defines a corre-
spondence between the element for fransformation of the first structural description and the first selection of
one of the candidate slements of the second structural description for a transformation of the element of the
first structural description to the second structural description;

means for displaying the list of candidate elements of the second structural description;

means for inputting, from the user, a second selection of one of the candidate elements of the second structural
description which defines a correspondence between the element for transformation of the first structural
description and the second selection of one of the candidate elements of the second structural description for
a transformation of the element of the first structural description to the second structural description; and
means for storing the corregpondence between the element for transformation of the first structural description
and the second selection of one of the candidate elements of the second structural description as a rule.

60. An apparaius according to Claim 56, further comprising:

means for displaying an icon for the user to input a reguest to clear the first selection which is being displayed:
means for inputting the request to clear the first selection which is being dispiayed, when the user inputs the
request to clear the first selection which is being displayed; and

means for clearing the first selection which is being displayed, when the user inputs the request to clear the
first selection which is being displayed.

61. An apparatus according to Claim 58, wherein the first structural description includes a first markup language, the
second structural description includes a second markup language, and the element displaying means further com-

prises:

means for displaying the element for transformation which includes an element of the first markup language;
and

the list displaying means further comprises:

means for displaying the list of candidate elements which includes a list of second markup language candidate
glemenis.

62. An apparatus according to Claim 61, wherein the first markup language includes an SGML, the second markup lan-
guage includes an HTML, and the element displaying means further comprises:

means for displaying the element for transforration which includes an element of SGML.; and
the list displaying means comprises:
means for displaying the list of candidate elements which includes a list of HTML candidate elements.

63. An apparatus according to Claim 56, wherein the storing means comprises:

means for storing the correspondence between the element for transformation of the first structural description
and the first selection of one of the candidate elements of the second structural description as a rule in a list of
rules for transformation.

64. An apparatus according {o Claim 63, further comprising:

means for digplaying a second element for fransformation of the first structural description;

means for displaying a list of candidate elements of the second structural description;

means for inputting, from the user, a second selection of one of the candidate elements of the second structural
description which defines a correspondence between the second element for transiormation of the first struc-
tural description and the second selection of one of the candidate elements of the second structural description
for a iransformation of the second element of the first structural description to the second structural description;
and
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means for storing the correspondence between the second element for ransformation of the first structural
description and the second selection of one of the candidate glements of the second structural description as
a rule in a list of rules for transformation.

&  65. An apparatus according to Claim 63, further comprising:

means for displaying an icon for the user to input a request to store the first selection correspondence as & ruie

in the list of rules for transformation;

means for inputting the request to store the correspondence as a ruie in the list of ruies for fransformation,
10 when the user inputs the request to store the first selection as a ruie; and

means for displaying a second element for transformation of the first struciural description, when the user

inputs the request to store the first selection as a rule.

66. An apparatus according to Claim 63, further comprising:
15
means for displaying an icon for the user to input a regquest to store the correspondence as a ruie in the lisi of
rules for transformation;
means for inputting the request to store the correspondence as a rule in the list of rules for fransformation,
when the user inputs the request to store the first selection as a rule in the list of ruies for transformation; and
20 means for storing the list of rules for transformation as a map.

67. An apparatus according to Claim 63, further comprising:

means for displaying an icon for the user to input a request to delete the list of rules for fransformation:

25 means for inputting the request to delete the list of rules for transformaiion, when the user inpuis the request
to delete the list of rules for transformation: and
means for deleting the list of rules for transformation, when the user inpuis a request to delete the list of ruies
for transformation.

30 68. An apparaius according to Claim 56, further comprising: -
means for displaying the first selection of one of the candidate elemenis of the second struciurai description
which defines the carrespondence between the element for fransformation of the first structurat description and
the first selection of one of the candidate elaments of the second structural description for a transformation of

the element of the first structural description fo the second structural description.

69. An apparatus according to Claim 68, wherein the user inputting means comprises:

means for inputting, from the user, a first ordered list of a plurality of the candidate elements of the second

40 struciural description which defines a correspondence between the element for transformation of the first struc-
tural description and the first ordered list of the plurality of the candidate elemenis of the second structural
description for a transformation of the element of the first structural description tc the second structural
description;
the means for displaying the first selection comprises:

45 means for displaying the first ordered list of the plurality of the candidate elements of the second markup ian-
guage which defines a correspondence beitween the element for transiormation of the first struciural descrip-
tion and the first ordered list of the plurality of the candidaie elements of the second struciural description for
a transformation of the element of the first structural description o the second structural description; and
the storing means comprises:

50 means for storing the correspondence between the element for fransformation of the first structural description
and the first ordered list of the plurality of the candidate elements of the second structural description for a
transformation of the element of the first struciural descripiton 1o the second struciural descripiion as a rule.

70. An apparatus according to Claim 69, further comprising:
55
means for obtaining the stored rule;
means for displaying the element for transformation of the first struciural description;
means for displaying the first ordered list of elements of the second siruciural description which defines a cor-
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respondence between the element for transformation of the first structural description and the first ordered list

of the plurality of the candidate giements of the second structural description for a transformation of the ele-

ment of the first structural description fo the second struciural description;

means for displaying the list of candidate elements of the second structural description:

means for inputting, from the user, a second ordered list of a plurality of the candidate elements of the second

structural description which defines a correspondence between the element for transformation of the first strug-

tural description and the second ordered list of the plurality of the candidate elements of the second structural

description for a tfransformation of the element of the first structural description to the second structural

description; and

10 means for storing the correspondence between the element for fransformation of the first structural description
and the second ordered list of the plurality of the candidate elements of the second structural description for a
transformation of the element of the first structural description to the second structural description as a rule.

n

71. An apparatus according to Claim 69, further comprising:

15
means for displaying an icon for the user to input a request o clear the first ordered list which is being dis-
played;
means for inputting the request fo clear the first ordered list which is being displayed, when the user inpuis the
request to clear the first ordered list which is being displayed; and

20 means for ciearing the first ordered list which is being displayed, when the user inputs the request io clear the
first ordered list which is being displayed.

72. An apparatus according to Claim 56, further comprising:

25 means for displaying an atiribute of the first selection of one of the candidate elerments of the second structural
description which corresponds to a transformation of the elemeni of the first structural description to the sec-
ond structural description, for assignment of an attribuie value of the second structural description;
means for displaying a plurality of icons representing sources for obtaining the attribute value to be assigned
to the attribute of the first selection which is being displayed;

30 means for displaying the element of the first structural description;
means for displaying an atiribute list of the element of the first structural description;
means for inputting a user input of a selection of sources for obtaining the atiribute value fo be assigned 1o the
attribute of the first selection which is being displayed; and
an input processing means for processing the user input of the selection of sources for obtaining the attribute

35 value to be assigned to the atiribute of the first selection which is being displayed, when the user inputs the
selection of sources for obtaining the atiribute value to be assigned to the afiribute of the first selegtion which
is being displayed.

73. An apparatus according to Claim 72, wherein the input processing means further COmprises:

40
means for assigning a null value 1o the afribute of the firet selection which is being displayed, when the selec-
tion of sources which has been input by the user indicates no source is to be used.

74. An apparatus according to Claim 72, wherein the input processing means further comprises:

45
means for assigning a system value to the attribute of the first selection which is being displayed, when the
seleciion of sources which has been input by the user indicates a system value is to be used.

75. An apparatus according to Claim 72, wherein the input processing means further comprises:

50

means for assigning a first structural description attribute value to the attribute of the first selection which ig
being displayed, when the selection of sources which has been input by the user indicates a first structural
description attribute value source is to be used.

55 76. An apparatus according to Claim 72, wherein the input processing means further comprises:

an assigning means for assigning a first structural description content value to the atiribuie of the first selection
which is being displayed, when the selection of sources which has been input by the user indicates a first struc-
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tural description content value source is to be used.

77. An apparatus according to Claim 72, wherein the input processing means further comprises:

& means for assigning a user input value to the atiribute of the first selection which is being dispiayed, when the
selection of sources which has been input by the user indicates a user input value source is to be used.

78. An apparatus according to Claim 77, wherein the assigning means comprises:

10 means for displaying a text input area for the user to input a vaiue o be assigned;
means for inputting the value entered by the user in the text input area; and
means for assigning the value input by the user 1o the atiribute of the first selection which is being dispiayed.

79. An apparatus according to Claim 56, wherein the list displaying means further comprises:
15
means for displaying a candidate for requesting removal of the element for transiormation of the first siructural
description in the transformation; and
means for displaying a candidate for requesting ignoring of the element for transformation of the first struciural
description in the transformation.
20
80. A computer program product inciuding a computer readable medium for providing a graphical user interface for cre-
afing a mapping of a first structural description to a second structural description, comprising:

element displaying means for displaying an element for transformation of a first structural description:

25 list displaying means for displaying a list of candidate elements of a second structural description:
user inputting means for inputting, from a user, a first selection of one of the candidate elements of the second
structural description which defines a correspondence between the element for transformation of the first struc-
tural description and the first selection of one of the candidate elements of the second struciural description for
a transformation of the element of the first structural description to the second structural description; and

30 storing means for storing the correspondence between the element for ransformation of . first struciural
description and the first selection of one of the candidate elements of the second structural description as a
rule.

81. A computer program product according to Claim 80, wherein the first structural description includes ISO/IEC 9070
35 public identifier format, the second structural description includes an operating system file name formai, and the
element displaying means comprises:

means for displaying the element for transformation which includes an eiement of the ISO/IEC 9070 pubiic
identifier format; and

40 the list displaying means comprises:
means for displaying the list of candidate elements which includes a list of operating system file nama candi-
date elemenis.

82. A computer pragram product according to Claim 80, wherein the first structural description includes a first database
45 variable name format, the second structural description includes a second database variable name format, and the
element displaying means comprises:

means for displaying the element for transformation which includes an element of the first database variable
name format; and

50 the list displaying means comprises:
means for displaying the list of candidate elements which includes a list of second database variabie name for-
mat candidate elements.

83. A computer program product according to Claim 80, further comprising:
means for obtaining the stored rule;

means for displaying the element for transformation of the first siructural description:
means for displaying the first selected element of the second siructural description which defines a corre-
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spondence between the element for transformation of the first structural description and the first selection of
one of the candidate elements of the second structural description jor a fransformation of the element of the
first structural description to the second structural description;

means for displaying the list of candidate elemenis of the second struciural description;

5 means for inputting, from the user, a second selection of one of the candidate elements of the second structural
description which defines a correspondence between the element for fransformation of the first structural
description and the second selection of one of the candidate elements of the second structural description for
a transformation of the element of the first siructural description to the second structural description; and
means for storing the corregpondence between the element for transtormation of the first structural description

10 and the second selection of one of the candidate elements ot the second structural description as a rule.

84. A computer program product according to Claim 80, further comprising:

means for displaying an icon for the user to input a request to clear the first selection which is being displayed;
means for inputting the request 1o clear the first selection which is being displayed, when the user inputs the
request to clear the firgt selection which is being displayed; and

means for ¢learing the first selection which is being displayed, when the user inpuis the request 1o clear the
first selection which is being displayed.

20 85. A computer program product according to Claim 80, wherein the first structural description includes a first markup
language, the second structural description includes a second markup language, and the element displaying
means comprises:

means for displaying the element for transformation which includes an element of the first markup language;
25 and

the list displaying means comprises:

means for displaying the list of candidaie elements which includes a list of second markup language candidate

elements.

30 86. Acomputer program product according to Claim £33, wherein the first markup language includes SGML, the second
markup language includes HTML, and the element displaying means further comprises:

means for displaying the element for transformation which includes an element of SGML; and

the list displaying means further comprises:
35 means for displaying the list of candidate elements which includes a list of HTML candidate elements.

40

45

50

&5
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22 <t =~ samplel.dtd > -——>

24 CIELEMENT ¢ - - (€17, £272, ©372, £47)=>
26 <!ELEMENT t1 - — CDATA>

28 <IATTLIST tl name CDATA #REQUIR=D>

30 <!ELEMENT €2 - - CDATA>

32 <IELEMENT t3 - - CDATA>

34 <!ELEMENT t©4 - - CDATA>

Fig. 1A

47 t—=-> <html><gitle>Ticle</titlies

44 El-=—><H3><a NAMES="the source is tl's pame”>
46 €2~—> <P>

48 £3——> <P>

50 td——> <P><A HREr="# the scurce is tl's nane">

Fig. 1B

60 <!DOCTYZE ¢t system "samplel.dtd">

62 <L>

64 <tl name="hilarry">l. HLi Larry</tl>

66 <t2> This is the most fun I have ever had.</:2>
68 <£3> It must be great for you as well.</s3>

70 «t4> (Back to the Hi Larry greeting.}</ci>

72 «/e>

Fig. 1C

20 <DOCTYRPE HTML Public "-//W3C//DTD HIML 3.2 Final//=N">

32 <html>

84 <title>Title</title>

36 <d3><A name="hilarry™>1l., Hi Lerry</A></Hi>

58 <P> This is the most fun I have ever had.</2>

20 <> Ir.must be great for you as well.</P>

92 <P><A HRIC="#hilarryv">» (Back Te the Hi Lapswv goeeting.)</A></?>
94 </html>

Fig. 1D
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424
Map b 400
stringButler ArDTONama
boai AtrSaved
DTDMap * ArDTDMapPY »
OTMap
40211
404 stringBuffor ArDTDNamae 1
/ | S@MLTaglist® AXSSMLTaglistPtr
SGMLTagbist )
map<syingButfar, SGMLTag =, stringBuffer> AFSGMLTaglist SGMLTag
map<stringBuffar, SGMLTag", stingButfertitorater Atriterator A
406 stringButler ALSGMLTagName

boo! AlrErmpty |
/ SGMLTasAssignmentType AAssignmentType ‘

) HTMLTaglist = ArHTMLTagLisiPty
HTMLTaglixt | 408
HTM\.Tag
Bst<HTMLTa2g™> AtrHTMLTagList /]
list<HTMLTag »=itarator Atritarator 410 —— ——
string Buffar AUHTMLTagNama
boo! ArEmpty
HTMLAMY fxt = At TMLAM iciPtr
HTMLAdr Ist S LAl
HTMLALr
ist<HTMLANr *> AtrHTMLANRT f
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stingBuifer gefValue(m0 Usarinput

selValse(stringBulfer &) e
virtual void setAtrSouTeValua{siringBulfer & inj=0 418 -
virtua! boot getFiratAtTSource(atringBuller & ouf)=0 stringSutier Axlserinputvalue
virtual ool getNextAtirSoursn{atingBuffer & oul}=Q

virtual void unregisiarFrams. Map{voil) =0

S b

i 420
5GMLTagAlr ~

SGMLContant ‘
422

stringBufler ALrSGMLTaghame sTingBulter ArSGMLTagName
siring Buffar ACSGMLALNarme

Fig. 8A
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462

SrcSGMLTagAttr
stingBuffer AtrCurrentSGML TagName
stringBuffer AtrCurrentAtribute
stringBuffer AtrCurrentHTMLAttributeSource Value
stringBuffer ArTagAtrKey
map<stringBuffer, list<SGML TagAtr *>, stringBuffer> ArKeyOISGML TagAndAttribute
void registerSGML TagNameAnd AttribitzName(SGMLTagAttr *)
void unregisterTag AttrKeyAndMapEntry(SGML TagAtir *;
void setVaiueForAttributeOfTag
(stringBuffer & Tag, stringBuffer & Attribute, stringBuffer & value)

void reset(void)

Fig. 8C(1)

464

SzcSGML Content

smingBuffer ArCurrentSGML TagName
stringBuffer AtrCurrentiITMLAttibuteSourceVal

map<stringBuffer, list<SGMLContent *>, stringBuffer> AtrTableWithSGMLTagKey
void registerSGMLTagName(SGML Content *)

void varegisterSGML TagName(SGML Content *)

void setValueForTag{stringBuffer & Tag, stringBuffer & value)

void reset{void)

Fig. 8C(2)
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452

e

MenSarvics

Mag * AtrCurrentivlepPtr

MapCreateEdiService * AlriapCrasteEckServicePlr

MessageDisiogSarvice § AirMessageDislogServicesymbolTabie & ArHM_SymbalT abie
symbolTable * ArSGML SymbclTablaftr

Transformer * AtrTransformerftr

| rifritty AtrCurrertSGML Doc

bttty AtrCLrrentSGMILDTD

SreSGMLTagAltr * ArSreSGM. TagAlirPr

SrcSGMLCaniart * ASreSGML CortertPtr
OTDMapTransformerService * ArDTDMapTransiormerServicestr
MapEdh * AtriacEdzPtr

MapServics (MessageDisiogServics &, symbolTabla & HTML_SymbolTakia)
void MapServicaint()

MepCreateEdtService & getMapCreatetaiiSarviceObjecty

vald close()

Map * getMapObject()

yold doMegTranstorm

ool getHTML_Object{rtEntty &)

baol areTHisMapAndThc.SGa\nﬁ.DocComistcrd(Map& theMap, miEnitvs SOMLNIErity)
bodl areThisManAndTheD TDC snsisterifMans thaMan. ntErdtva DTDNEA3yY
bool isMapSayed()

void setMapSaved()

void resetMap(void)

void SetMapChject(Map )

void setMapPt(Map )

vold setCurrertSGM_Doc(riSntty &)

rifriity & getCLrTertSGML Doc(void)

void s=tCurrent SGMLDTD(riEtRy &)

ntErtity & getClarentSGMLDTD(vold)

bool IsEveryCbjectRenadyF orMapEd(veid)

void setSGMLSymbolTablePr(symbalTabia )

symbalTabie * getSymbolTable(vold)

symboiTabls & SEtHTM_SymbaiTable(yeid)

void cresteR slatedObjact s(void)

void reseiMerR esstR alet adOljects({ void)

yeid ceromnect Qurrert Map( void)

Fig. 8C(3)
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454

/

bapCramterdtService

Map * AfrCurrertMapPlr

MapServics & AtrMapServics
MessageDialogSarvics & AtrMessageDialogSarvics
symbolTable & ArHT™ SymbolTakie

symbalTable * AtrSGM_SymboiTebiePtr

MapEdE & AtrMapEdR

OTDMepEdt * AtrDTDMapEdiPir

void ediMap(vold)

vold CresteNewhap()

void useThisDTD(rdErtdy &)

void useThisSGMLDoc(riErdty &)

voig useTHeSymbalTable(symboiTabla <}

symbolTabie & getMapSymbalT ablg (void)

i void ussThisiMap(Map )

1 void selectedHTML Teg(stringbutter &)

bool addSelectedHTML TagToCurTertiMappingl kst(voi)

ool deletaSelactedHTML TagFromCurrertMeppingl Ist(rt EstPostion)

void seiecied SGMLTag(stringButfer &)

vaid firishOneMappng(

void finishCreatinghiap(

Bool getNeaxtSGMLTag(siringBuifer &)

boal getFirstExistingHTML TaginMap{siringButfer &)

bool gEUchdExls‘mgl-MTaghMap(sh'thMfer &)

bool setSalerctedSGM_Tag ToBeNulAssgned(veid)

boo! setSelect=dSGM_TagToBeNot Assigned(vold)

SGMLTagAssignmentType  getSGML TagAssignment Type(void)

void getAtiribueAssignmertinformation”or HTML Attriute(const stringBufiar & HTMLArbuteName,
HTMLAHriute SourcaTypa & SourcaType, siringBuffer & theFirstDadn,
siringButier & theSecondData)

void assignHTMLAlrbutsWERSGMLARrute(stringButfer & HTMLAtrbuteName, siringBuffer & SGHLTag,
stringBufier 8 SGML Attrimde)

void assignHTML_ArbuteVWithSGMLCortert(stringButfer & HIM_AltributeNams, stingButier & SGMLTag)

void essignHTMLAtrit eWENSYystem{stringButier & HTML Aftrinid aName)

void assignHTMLAtributewithNoVaiue(stringButfer & HTMLATiDUEeNarme)

void assignHTMLA Ut eV fserinput(stringButfer & HIMLAftrisuteName, siringButier & theliserinput)

void assignDoneSelected(void)

Fig. 8C(4)
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Description

[0001] This invention is directed to document re-auihoring systems and methods that automatically re-author arbitrary
docurnents from the world-wide web to display the documents appropriately on small screen devices, such as personal
digital assistants (PDAs) and cellular phones, providing device-independent access 1o the web.

[0002] Access to world-wide web documents from personal electronic devices has been demonstrated in research
projects such as thase described in J. Bartlett, "Experience with a Wireless World Wide Web Client", IEEE COMPCON
85, San Francisco, CA, March 1995; 5. Gessler el al., "PDAs as Mobile WWW Browsers", Second International World
Wide Web Conference. Chicago, IL, October 1994; G. Voelker et al., "Mobisaic: An Information System for a Mobile
Wireless Computing Environment”, Workshop on Mobile Computing Systems and Applicalions. Santa Cruz, CA, De-
cember 1994; and T. Watson, "Application Design for Wireless Computing®, 1284 Mobile Computing Systems and
Applications Workshop Position Paper, August 1894, Such access is now a commercial reality. General Magic's Presto!
Links for Sony's MagicLink, and AllPen’'s NetHopper for the Newton and Sharp's Mi-10 all provide WWW browsers for
PDA class devices, while the Nokia 9000 Gormmunicalor and Samsung's Duett provide web access capabilities from
cellular phones.

[0003] Unfortunately, most documents on the world-wide web and olher distributed networks are designed for display
on desktop computers with color monitors having at least 640x480 resolution. Many pages are designed with even
larger resolution monitors in mind. in contrast, most PDA class devices and cellular phone displays are much smaller.
This difference in display area can lead 1o a ratio of designed vs. available display area from 4-to-1 to 100-lo-1, or
greaier, making direcl presenlalion of most worldwide web documenls on these small devices aesthelically unpleasant,
un-pavigable, and in the worst case, completely undecipherable. This presents a central problem in accessing world-
wide web pages using these small devices: how io display arbitrary web documents, such as HTML documents, that
have been designed for desktop systems on personal electronic devices that have much more limited display capa-
bilities.

[0004] Technologies alrcady provide computational mobility and wirsless connectivity, but the standard solutions o
viewing documents and web pages on tiny screens are io either increase the screen resolution, which is great if the
user happens to carry a magnifying glass, or to provide the ability to FAX or print 1o a local hardcopy device, which is
both inconvenient and contradicts the rationale for having electronic documents in the first place. There are five general
approaches to displaying web documenis on small screen davices: device-specific authoring; multiple-device auihor-
ing; client-side navigation; autor. atic re-authoring; and web page filtering. Device-specific authoring invoives authoring
a set of web documents for a particular display device, such as, for example, a cellular phone outfitled with a display
and communications software, such as the Nokia 9000. The basic philosophy in this approach is that users of such
specialty devices will only have access to a select set of services. Thus, the document for these services must be
designed up-front forthe accessing device's parlicular display system. Information may be provided from the distributed
network at large, but the desired pages must be pre-defined, and custom information extraction and page formatting
software must be written o deliver the information lo the small device, This is the approach taken in Unwired Planet's
UP.Link service, which uses a proprietary mark-up language (HDML).

f0005] In multiple-device authoring, a range of target devices Is identified. Then, mappings from a single source
document to a set of rendered documents are defined to cover the devices within the identified range. One example
of this is the StretchText approach discussed in |. Cooper et al., "PDA Web Browsers: Implemeantation Issues" University
of Kent at Canterbury Computing Laboratory WWW Page, November 1995. In StretchText, portions of the document,
potentially down to the word level, can be tagged with a 'level of absiraction' measure. Upon receiving the document,
users can specify the level of abstraction they wish {o view and are presented with the corresponding detail or lack of
detail.

[0008] Another example of muliiple-device authoring is HTML cascading style sheels (CSS), as described in H. Lie
et al. "Cascading Style Sheets”, WWW Consortium, Sepiember 1996. in cascading style shesls, a single style sheet
defines & set of display atiributes for different structural portions of a documsnt. For example, all top-level section
headings can be delined lo be displayed in red 18-point Times lonl. A series of slyle sheels may be attached 1o a
document, each with a weight describing that siyle sheet's desirability to the document's author. The user can also
specify a defauli style sheet. The browser used by the userto access the distributed network can aiso define a "default”
style sheet. Although the author's style sheets normally override the user's style sheets, the user can selectively enable
or disable lhe author's style sheets, providing the user with the ability to tailor the rendering of the document 1o the
user's particular display.

[0007] In client-side navigation, the user is given the ability to interactively navigate within a single web page by
aitering the portion of the single web page that is displayed at any given time. A very trivial example of this is the use
of scroll bars in the docurnent display area. A much more sophisticated approach is that taken in the PAD++ sysiem,
as described in B Bederson et al., "Pad++: A Zooming Graphical Interface for Exploring Altemate Interface Physics”,
Proceedings of ACM UIST '94, ACM Press, 1994, in which the user is {ree 1o zoom and pan the device display avar
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the document with infinite resolution. Active Oullining, as described in J. Hsu et al., "Active Outlining for HTML Docu-
menis: An X-Mosaic Implementation", Second Intermational World Wide Web Conference, Chicago, L, October 1994,
has 2lso been implemented as a clieni-side navigation technique, in which the user can dynamically expand and col-
lapsz sections of the document under the respective section headings. Cther technigues that fall into this category

& include semi-transparent widgets, as described in T. Kamba et al., "Using small screen space more efiiciently”, Pro-
ceedings, Computer-Human Interactions: CHI 98, Vancouver, BC, Canada, April 1996, and the Magic Lens sysiem,
as described in E. Bier et al., "Toolglass and Magic Lenses: The See-through interface”, SIGGRAPH '93 Conference
Proceedings 1983.

[0003] Automatic docurnent re-authoring involves developing software that can take an arbitrary document, such as

70 an HTML document, designed to be displayed on a deskiop-sized monttor, along with characterislics of the target
display device, and re-author the arbitrary document through a series of transformations, so that the arbitrary document
can be appropriately displayed on the target display device. This process can be performed either by the client, by the
server, or by an intermediary proxy server, such as an HTTP proxy server, that exists solely 1o provide these trans-
formation services. An example of this latier approach is the UC Berkeley Pythia proxy server, as described in A. Fox

15 etal., "RBeducing WWW Laiency and Bandwidth Requirements by Real-Time Distillation", Fifth Inlemational World Wide
Web Conference, Paris, France, May 1296, which performs transformations on web page images. However, the focus
of the Pythia proxy server is solely on minimizing page retrieval time. Spyglass Prism is a commercial preduct that
performs automatic re-authoring of HTML documents using fixed iransformations associated wiih page tags or em-
beddad object types. For example, Prism will reduce all JPEG images by 50%.

20 [Q003] Finally, web page filiering lets a user see only those portions of a page that user is interesied in. Filtering may
be performed on an intermediate server, such as an HT TP proxy server, to conserve wireless bandwidth and device
memory. However, filtering could also be performed by the client device as a display-management technique. Filter
specifications can be based on keyword or regular expression matching, or on page siructure navigation and exiraction
commands. Filtering can be either specified using visual tocls or using a scripting language.

25 [0013] Each of the five approaches, device-specific authoring, multiple-device authoring, client-side navigation, au-
tomztic re-authoring and web page filtering, has specific benefits and drawbacks. Device-specific authoring will typicaily
yield the best-looking results due to the direct involvement of human designer. However, device-specific authoring
limits the user's access to a small, select set of documenis that have been authored for that specific device. Multipie-
device authoring, while requiring less total effort per document than device-specific authoring, still requires significantly

30 mora manual design work than simply authoring a single version of a document for a siagle desktop platiorm. Clieni-
side navigation will work well if a good set of viewing technigues can be developed. However, clieni-side navigation
requires thal the entire document be delivered to the client device at once, which may waste valuable wireless band-
width and memory. Furthermore, the '‘peephole’ approach taken in PAD++ seems very awkward to use for large doc-
uments, and the active outlining technique has limited applicability, as most web pages do not use a sirict section/sub-

35 section organization, or use that organization incorrectly.

[0011] Automatic re-authoring is thus the ideal approach to providing broad access to web documenis cr other web
content from a wide range of devices, if automatic re-authoring can be made o produce legible, navigable and ass-
thetically pleasing re-authored documents without loss of information.

[0012] This invention provides systems and methods that automatically re-author documents designed for a larger

40 display area for display on a smaller display area.

[0013] This invention separately provides systerns and methods that automatically transform a document inic a plu-
rality of linked subdocuments, where each subdocument requires iess display area.

[0014] This invention separately provides systems and methods that automatically apply a plurality of different trans-
forms to an original document to generate a plurality of sels of linked subdocuments,

45 [0015] This invention further provides systems and methods that automatically apply the plurality of different trans-
forms to at least one of the plurality of sets of linked subdocuments to generaie additional linked subdocuments.
[0015] This invention further provides systems and methods that analyze a main subdocument of each set of linked
subdiocuments lo delermine & best one of lhe main subdocuments.

[0017] This invention additionally provides systems and methods that determine if the best main subdocument can
=0 be displayed in the smaller display area, and if not, that apply further transforrms 1o that main subdocurment to further

reduce the required display area.

[0018] This invention separately provides systems and methods that filier a document to extract a desired portion

of tha document that is displayable in a smaller display area.

[0019] This invention separateily provides systems and methods that filter a document to exiract a described portion

35 based on a predefined script.

[0020] This invention separaiely provides sysiems and methods that generate scripts usable to filter 2 document to
extract a desired portion.
[0021] This invention separaiely provides a scripting language usable to write scripts for filtering a document to
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exlract a desired portion.
[0022] In one exemplary embodiment, the document re-authoring systems and methods of this invention are imple-
menled on an HTTP proxy that dynamically re-authors requested web pages using a heuristic planning technique and
a set of structural page transformations to achieve the best-looking document for a given display size. The automatic
5 document re-authoring according to the systems and methods of this invention can be performed either by the client,
by the server, or, in one exemplary embodiment, by an intermediary HTTP proxy server that exists solely to provide
these transformation services. Additionally, the aulomatic document re-authoring systems and methods according 1o
this invention can be performed on a combination of these devices.
[0023] The automatic documnent re-authoring systems and methods of this invention work well with displays found
70 in PDAs. However, when the document re-authoring systems and methods of this invention are applied to the very
limited displays found on current cellular phones, the document re-authoring systams and methods of this invention
sometimes produces pages that are difficult to navigate. When accessing a disiributed network, such as the Intemet
or an intranet, from a cellular phore, most users are mainly interested in accessing very specific information. The
document filtering systems and methods of this invention provide those users with manual control in defining the in-
15 formation they would like to be displayed. The document filtering systems and methods of this inverttion return only a
small portion of a page that is easily navigable. The document filiering systems and methods of this invention are ideal
in those situations in which the user is monitoring a particular page whose layout is fixed but whose content is changing,
since those users can lune the filters to the formal of the page.
[0024] The automatic document re-authoring and document filtering systems and methods of this invention provide
20 anaulomalic document re-authoring capability coupled with document illering to provide access to arbitrary docurnenls
on & distributed network, such as the Internet or an intranet, to devices with Iimited communications bandwidth and
small displays.
[0025] The automatic document re-authoring and decument filtering systems and methods ofthis invention intercept
requests for documents from a distributed network and return re-authored versions of the requested documents rather
25 than the original requested documents.
[0026] inthe larger context of mobile and ubiquitous computing, the automatic document re-authoring and docurment
fillering systemns and methods of this invention provide a key technology for giving users view-mobility over platforms.
[0027] These andother features and advantages of this invention are described in or are apparent from the following
detailed description of the preferred embodiments.
30 [0028] The preferred embhodiments ¢+ this-invention will be described in detail, with reference io the following figures,
wherein:

Fig. 1 illustrates re-authoring of a document into a section list page and a number of section pages according to
one exemplary embodiment of the document re-authoring systems and methods of this invention;
35 Fig. 2 illustrates a layoul table that can be re-authored inlo a plurality of linked cells according to one exemplary
embodiment of the decument re-authoring systems and methods of this invention;
Fig. 3 illustraies how a document can be re-authored into different re-authored stales based on applying different
transformations according to cne exemplary embodiment of the re-authoring sysiems and methods of this inven-
tion;
40 Fig. 4 illusirates one exemplary embodiment of a control form for supplying display information to the HTTP prox
server according to the document re-authoring system and method of this invention;
Fig. 5 illustrates one exemplary embodiment of re-authoring an exemplary document according to the document
re-authoring systems and methods of this invention;
Fig. 6 is a block diagram outlining one exemplary embodiment of the invention in which the document re-authoring
43 systems and methods of this invention are used,
Fig. 7 Is a block diagram outlining one exemplary embodiment of the document flow in the document re-authoring
systems and methods of this invention;
Fig. 8 is a functional block diagram outlining one exemplary embodiment of a document re-aulhoring syslem ac-
cording to this invention;
50 Fig. 9 is one exemplary embodiment of the document version search space of the document re-authoring sysiems
and methods of this invention;
Fig. 10is one exemplary embodiment of an image andthe abstract syntax tree generated from that image according
to this invention:
Figs. 11A and 11B outline one exemplary embodiment of a method for document re-authoring aceording to this
55 inveniion;
Fig. 12 is one exemplary embodiment of a method for performing elision transformation according to this invention;
Fig. 13 is one exemplary embodiment of a method for performing table transformation according to this invention:
Fig. 14 is one exemplary embaodiment of a method for performing image reduction transformation according fo this
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‘nvention;

-ig. 15 s a functional block diagram autlining one exemplary embodiment of & document re-authoring system 800

of this invention including the document filtering according 10 this invention;

~ig. 16 is one exemplary embodiment of the docurnent flow during docurnent filtering and re-authoring according
5 1o this invention:

Fig. 17 shows an exemplary embodiment of using the document filtering systems and methods of this invention

10 navigate within the abstract syniax tree generated from the image shown in Fig. 10; and

rig. 18 illustrates furlher navigation within the abstract syniax tree of Fig. 10 according to the document fikering

systems and methods of this invention.

10 ‘
[002%] In ihe following discussion of the document re-authoring and document filtering systems and methods of this \
invention, the terms "web page", "web documeni" and "document” are intended to encompass any set of information
retrieved as a single entity from a distributed network, such as an intranet, the Internet, the World Wide Web portion
of the Intemet or any other known or later developed distributed network. This information can inciude text strings,

15

images, tables of text strings and images, links to other web pagss and formatiing information that defines the layout
of the text slrings, images, tables and links within the web page.

[0030] There are many possible automatic document re-authoring techniques, which can be caiegorized ajong two
dimensions: syntactic vs. semantic technigues and transformation vs. elision technigues. Syntactic technigues operate
on the structure of the document, while semantic techniques rely on some understanding of the content. Elision tech- |
20 niques basically remove some inlormation, leaving everything else unlouched, while transiormation technigues involve \
modilying some aspect of the document's presentation or content. Table 1 illustrates these dimensions, along with
examples of each category:

TABLE 1
25 Examples of different types of automatic documenti re-authoring techniques
Elide Transiorm
Syntactic Section Outlining Image Reduciion
20 Semantic Removing Irrelevant Content Text Summarizing

[0031] Inorderto gain an understanding of the processes required by an automated decument re-authoring system,
a study was conducted to assess the characteristics of typical web pages, and to identify candidate re-authoring tech-
niques through the process of re-authoring several web pages by hand.

s [0032] Acollection of'typical' web pages, the Xerox Corporaie web site, was initially selected to facus the study. This
collection of 3,188 web pages is representative of a state-of-the-art, profassionally-designed web site. A varisty of
statisiics were collected on these pages using a web crawler, to help gain an understanding of the structure and content
of a typical page. These statistics generally agree wilh other, larger-scale studies that have been performed across
the entire web.

40 [0033] Next, a subset of the pages in the Xerox web site was selected for manual re-authoring. A set of pages from
the Xerox 1995 Annual Report was selecled and converled by hand lor display on a Sharp Zaurus PDA wilh a 320x240
pixe: screen. Detailed notes were kept of the design strategies and techniques used.

Some of the design heuristics leamed during this process were;
45
[0034] Keepingat least some of the originalimages is important to maintain the look and feel of the original document.
Common techniques include keeping only the first image, or keeping only the first and last images, ie., the bookend
imagss, and eliding the rest,
[0025] Section headers, i.e., the H1 - H6 tags in HTML, are not often used correctly. The section headers are more
s0  frequantly used to achieve a parlicular font size and style, such as, for example, bold, if the section headers are used
at all. Thus, the seclion headers cannot be relied upon to provide a structural auiline for most documents. Instead,
documents with many text blocks can be reduced by replacing each text block with the first sentence or phrase of each
block. i.e., jirst sentence elision.
[0036] An initial rule of thumb for images is 1o reduce all images in size by a standard percentage, dictated by the
55  ralioof the display area that the document was authored for to the display area of the target device. However, images ‘
which contain text or numbers can only be reduced by a small amount before their contenis become illegible. |
[0037] Semantic elision can be performed on sidsbars that present information which is tangential to the main con-
cepts presented in a page. Many of the Xerox pages had such sidebars, which were simply eliminated in the reduced
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Versions.

f0038] Semantic elision can also be performed on images that do not contribuie any information to the page, but
serve only lo improve its aesthetics.

[0039] Pages canbe categorized, and then re-authored based on their category. Two exampies of these are banners
and link tabies. Banners primarily contain a set of images and a small number of navigation links, often only one, that
serve to establish an aesthetic look, but contain little or no content. When space is al 2 premium, these can usually
be omitted entirely. Link table pages are primarily sets of hypertext links 1o other pages, and thus contain very litile
additionai content These link table pages can usually be re-formatted into a more compact form that just lists the links
in a text block.

[0040] Whitespace, which is taken for granted on a large display, is ata premium on smali devices. Severaltechniques
were discovered for reducing the amount of whitespace in a page. Sequences of paragraphs , i.e., HTML "P" tags, or
breaks, i.e., HTML "BR* tags, can be collapsed into one such paragraph or break. Lists, i.e,, HTML "UL", "OL", and/or
"DL" tags, take up valuable harizontal space with their indenting and buliets. These lists can be reformatted into simple
text blocks with breaks between successive items, as described in Cooper et al.

[0041] Inconclusion, to perform document re-authoring two things are required: a set of re-authoring technigues, i.
e., & set of page transformations, and a stralegy for applying the page transformations. Of the techniques used in the
manual re-authoring study, those most amenabile to codification were the syntactic elision technigques, including section
oullining, Tirst sentence elision, and image elision, and the syniactic transiormation techniques, including image size
reduction and font size reduction. The design strategy learned during the study included a ranking of the transformation
lechniques, i.e., Iry this belore lhal, and a set of conditions under which each lransiormalion or combination of trans-
formations should be applied.

[0042] Followingthe resulis of the study discussed above, there are two major elements to the document re-authoring
systems and methods of this invention: a collection of individual re-authoring techniques that transform documents in
various ways; and automated document re-authoring systems and methods that implement a design strategy by se-
iocting the best combination of techniques for a given document/display size pair.

[0043] The Section Header Outlining transform provide a very good method for reducing the required display size
for structured documents, such as technical papers and reports. The ouilining process is shown in Fig. 1.

[0044] As shown in Fig. 1, the document 100 is converted into a list of sections page 110 and each section is elided
into a page 111. That is, the conients 106 of each section 102 of the document 100 is elided from the document 100
and each section header 104 is converted in o a hypertext link. When the hypertext link for any section is selected, the
corresponding page 111 of elided conlenl is loaded into the browser. When conironted with multiple section levels
(sections, sub-sections, sub-subsections, etc.), there are two approaches o performing the elision. The first approach
is full outlining, which works by keeping only the section headers and eliding all content, with the results looking like a
table of contents for a book. The second approach is to-level outlining. In the to-lavel outlining, a cutoff level in the
section hierarchy is determined and all content below that level, inciuding lower-level section headers, is elided, but
all content above that level is kept.

[0045] Since most pages have text blocks, even when no section headers are present, the First Sentence Elision
transform can be a good way of reducing required screen area. In this technigue, each text block is replaced with its
first sentence, or, altematively, its firsl phrase up to some natural break point. This first sentence or phrase is also made
into a hypertext link to the original text block.

[0046] The Indexed Segment transform first attempts to find page elements that can logically be partitioned, such
as ordered or unordered lists, sequences of paragraphs on tables. This transform takes an input page, segments the
content info sub-pages by allocating some number of items to each, and builds and prepends an index page to the
cotlection of sub-pages. The Indexed Segment fransform then starts filling output pages with these elements in order
until each page is “full” relative 1o the client's display size. If a single logical element cannot fit on a single ouiput page,
then the Indexed Segment transform performs a secondary partitioning that pariitions text blocks on paragraph or
sentence boundaries.

[0047] Inthe Indexed Segmenl lranslorm, as much style information as possible is retained for the oulpul elemenls,
by outputting each element embedded within all of its ancestor paritions' HTML tags. The indexed Segment transform
then constructs an index page by copying a section header or first sentence from each element to be ouiput, concate-
nating the copied portion onto an index page, and creafing a hyperiext link from each copied portion to the appropriate
sub-page. It should be appreciated that the index page itselt may also need to be segmented. In the indexed Segment
transform, "Next* and "Previous" navigation links between sequential sub-pages are also added for navigational con-
venience.

[0048] The Table iransform recognizes when a table, i.e., the presentation of information arranged in a reciangular
grid, on a page cannot be directly sent to the client. In these cases, the Table transform generates one sub-page per
table cell, using a top-down, lefi-to-right order. Tables nested within tables are processed in the same manner. The
Table transform uses heuristics to deiermine when table columns are being used as "navigational sidebars." which is
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a common practice in commercial HTML web pages. In this case, the Table transform moves these cells to the end of
the list of sub-pages as these cells lend lo carry very little content.

[004S] Fig. 2 shows a nested table, marking tables with thicker borders than table cells. In the table 120 show in Fig.
2, the cell 122 is identilied a as sidebar and will be placed ailer the cell 128. All of the other celis are placed in their

5 nalural order. The six portions of the cell 124, such as the subcells 125 and 126, are each placed in their own sub-
page between the subpages containing the subcells 123 and 127, unless they contain only whitespace.

[006(0] As one can see from the example, nested tables and sidebars complicate the processing of tables. This is
especially true if the sidebar is part of an inner table. In that situation, the sidebar should be moved 1o the end of the
inner lable, rather than to the end of any surrounding tables. In cne exemplary embodiment of the document re-au-

10 thoring systems and methods of this inventory, the sidebars are moved one table at a time and then all table cells are
processed al once. rather than grouping the cells by table.

[0051] Images present one of the most difficult problems for automatic dccument re-authoring, because the decision
ol whether o keep. reduce, or eliminate a given image should be based on an understanding of the content and role
of the image on the page. However, Image Reduction transforms and image Elision fransforms can be applied without

15 content understanding. as long as users are provided a mechanism by which the users can retrieve the original images.
In one exemplary embodiment of the systems and methods of this invention, the Image Reduction transiorm reduces
all images in a page by one of a set of pre-defined scaling factors, such as 25%, 50%, and 75%, and making the
reduced images into hypertext links that link the reduced images back io the original images.

[0052] Inaddition lo the Image Reduction transform, three Syntactic Elision iransforms have also been developed

20 lorimage, lhe Elide All ranslorm, Lhe First Image Only transform, and the Bookends (ransform. In Lhe Elide All lransiorm,
all images are elided from the document. In the First image Only transferm, all but the first image are elided trom the
document. In the Bookends transform, all but the first and last images are elided from the document. The elided images
are each replaced with their HTML "ALT" text when it is available. Alternatively, the elided images are each replaced
with a standard icon when no ALT lexl is available. The ALT iext or standard icon for each elided image is also made

25  into a hypertext link to that onginal image.

[0052] Inone exemplary embodiment of the document re-authoring systems and methods of this inventory, if screen
space is 1oo limited or the client device cannot display images, the images are removed from the document. However,
the removed images may be used as anchors for hypertext links via a client-side image map. It shouid also be appre-
ciated that if such images are removed, the wab site represented by the HTML document can be rendered non-navi-

30 gable. To accommodate this, in one exemplary embodiment of the document re-authoring systems and methods of
this inventory, a fransform that extracts the hypertext links from such images and formats them into a text list of link
anchors is used. The labels for the text list are exiracted from the HTML "ALT" tags of the image map, if present. or
from part of the Unilorm Resource Locator of the link. This transformation preserves links attached to images for
navigation when removing the images.

35 [0054] The overall process of deciding which combination of transforms 1o apply to a given page for a given client
display seems at first to require some form of human artistic ability. However, the automatic document re-authoring
systems and methods of this invention capture many of the heuristics used in the manual re-authoring exercise, and
do a fairly good job of preducing good-locking pages for a given display.

[0055] Individual page transformations are ordered by their desirability. In order o deiermine which combinalion of

40 transiormations should be appiied to a given document, the document rs-authoring systems and methods of this in-
vention performs a depth-first search of the document transformation space, using many heuristics that describe pre-
conditions for transformations and combinations of transiormations. The depth-irst search ensures that a "good
enough” version of the docurnent is found by using a combination of the most desirabie transformations. Only if the
more desirable transformations are not applicable or do nol reduce the document enough, are the less favored trans-

45 tormations used,

[0066] The document re-authoring systems and methods cf this invention search a document transformation space
in & best-first manner. Each state in this search space represenis a version of the document, with the initial state
representling lhe original ‘as-aulhored' documenl. Each slale is lagged wilh & number representing a measure of meril
that represents the quality of the document version at that state. The measure of meril, i.e., the evaluation function or

50 value, for each state is a rough estimate of the screen area required to display the entire document as that document
exisls in that state. A slate can be expanded into a successor state by applying a single transformation technique to
the re-authored document as it exisis in that state.

[0057] Atevery step inthe scarch process, the most-promising state of the document, i.e., the state with the smailest
current display area requirements, is selected and a transformation is applied o transform the document from its current

55 glale to a more promising state of the document, if possible. As soon as a siate is created that contains a decument
version that is 'good enoughy’. the search can be halted and that version of the document is returned io the client device
for rendering. Alternatively, the search is continued until all content of the original page is contained or represented in
a sel of good-enough subpages. If the search is exhausted and no document version can be found that is good enough,
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then the best document found during the search is returned to the client device for rendering. ! there are hard size
constraints that are not met by the bast document, a more destructive transformation is applied that breaks documents
up in the middle of paragraphs.

[0058] Fig. 3 shows how different transformalions applied 1o a document 2080 result in difierent resulting re-authored
sub-pages 210, 220 and 230. Depending on the information supplied by the user to the systems and methods of this
invention, one of the sub-pages 210, 220 and 230 would be selected as the "best" re-authored page. Then, if further
re-authoring is regquired, for example, 1o generate good-enough subpages for the content removed from the first sub-
page, or if the besl sub-page is not yet "good enough", additiona! transformations could be applied to the subpages
resulting from the selected best re-authored sub-page 210, 220 or 230 or to further re-author the selected best re-
authored subpage 210, 220 or 230.

[0069] Heuristic information is used in several places by the document re-authoring systems and methods according
to this invention, including: the order in which various transformation techniques are applied to a given state; the pre-
conditions for each transformation technique; and the determination of when a document version or subpage is 'good
enough’. In general, transformations which make minor changes to the document are preierred over those which make
more extensive changes. For example, reducing images by 25% is preferable to reducing the images by 75%.
[0060] The pre-conditions for each transformation technique specify the other transformations with which that trans-
formation can be combined. For example, it makes no sense to apply both full outlining and first sentence elision to
the same document. The pre-conditions also specify the requirerents on the content and siructure of the document
that the technique is being applied to. For example, the Full Qutlining transform should be applied only when there are
al least Ihree section headers in lhe documeni or sub-page being re-authored. The current condilion lor 'good encugh'
is fairty simplistic. That is, the search is stopped when the area required by a document or sub-page is a predetermined
muliiple of the screen area of the client display. In general, this predetermined muliiple is greater than |, and, in one
exemplary embodiment, is 2.5. This higher multiple merely assumes that the user doesn't mind scrolling the display a
little in one direction.

[0061] When a transformation is applied to a decument it can result in the document's contents being split into mul-
tiple, smaller "sub-pages”, as shown in Fig. 2. However, each of these sub-pages may still be too large 1o download
and display on the client. To address this problemn, the document re-authoring systems and methods of this invention
keep a list of the sub-pages generated by each sequance of transformations attached to the state representing the
resuliing document version. Once the good-enough version of the document is selected, which is really only a good-
enough version of the firs{ sub-page delivered to he client, the list of generated sub-pages for that version is added
to a global list of pages to be re-authored. The document re-auvthoring sysiems and methods of this invention then re-
author each of these to-be-re-authored pages until all of the resulting sub-pages can be delivered to the client. This
procedure i5 shown in pseudocode below, where "reauthor” refers to the best-firsi re-authoring process described
above for a single input page.

Digestor(imitial page)
to_be_reanthored = { initial_page }
to_deliver = {}
while(to_be_reauthored != {})
next_page = pop(to_be_reauthored)
best_version_state = reauthor(next_page)
to_deliver.append(best_version_state.page)
to_be_reauthored.append(best_version_state.sub_pages)
return to_deliver

[0062] All re-authored sub-pages are cached as transformed parse trees. As the user niavigates a transformed doc-
ument and requests subpages, the corresponding parse irees are rendered and sent o the client.

[0083] The document re-authoring systems and methods of this invention re-author document by first parsing the
document and conslructing a parse tree or abstract syntax tree (AST) representation of the documeni. The document
re-authoring systems and methods of this invention then apply a series of transformations to the parse tree. Then, the
document re-authoring syslems and methods of this invention map each resulting transformed parse tree back inio a
document representation, which may be in a document format that is different from the input format of the original
document.

[0064] Document transforms are implemented using a standard procedure that includes a condition function that
takes a state nade in the document version space and returns irue if the transiorm should be applied to the state, and
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an aclion function that is calied when the transform is actually appiied to a state to produce a new state containing a
new document version. a new measure of quality, and the resuling sub-pages. Three types of transforms can be
defined—1) those which are always run on a page before the planning process slarts; 2) those used in the bast-first
planning process; and 3) those which are always run on a page before it translated from the final abstract syntax tree
back into a surface form such as HTML.

[0085] Transformations manipulale the parse tree, in the state they are applied to, in order to produce a new version
of the document. The manipulalions are similar to those described in 8. Bonhomme et al., "interactively Restructuring
HTML Documents®, Fiith Intemational World Wide Web Conference, Paris, France, May 1996. Whenever porlions
ofthe parse tree are elided or transformed, an HTML hypertext link is added inlo lhe parse tree to reference the node
identifiers of all affected parse tree subirees, enabling users o request the original partions of the document that have
been modified during re-authoring.

[0086] The docurment re-authoring systems and methods of this invention also keep track of which combinations of
transiorms have already been tried, via a global list of transform sets, assuming that all transformalions are commu-
tative. to ensure thal no duplicate siates are ever constructed.

[0067] One exemplary document re-authoring system and method according to this invention, as described above,
has been implemented as an HTTP proxy server. The HTTP proxy server accepts a request for an HTML document,
retrieves the document from the specified HTTP server, parses the HTML document, constructs the parse tree, or
abslract syntax tree, from the retrieved HTML document, labels each of the parse tree nodes with a unigue identifier,
and then retrieves any embedded images so that the size of the retrieved images can be determined, as necessary,
Once this has been accomplished, lhe document re-aulhoring syslems and methods of this invenlion are inilialized
with & state containing the parse tree for the original retrieved document. During each re-authoring cycle, the document
re-authoring systems and methods of this invention select the slate with the best document version so far, then select
the best applicable transformation technique and apply the selecied iransformation, resulting in a new siate and a new
documnent version being generated. It is assumed that the convolution of transformations is always commuiative, and
soveral checks are used by the re-authoring soflware systems and methods of this invention to ensure that redundant
states are not constructed.

[0068] In one exemplary embeodiment of the document re-authoring systems and methods of this invention, fifteen
transiormation techniques were implemented: FullQutline, Outline ToH1, Qutline ToH2, Outline ToH3, Ouiiine ToH4,
Qutiire ToM5, Oulline ToH8, Firstsentenceklision, Reducelmages?5%, Reducelmages50%, Reduceimages? 5%,
ElideAlllnmges, FirstimageOnly, Bookendimages, and ReduceFoniSize.

[0069] This exemplary embodiment of the document re-authoring systems and methods of this invention has been
implementied in the Java programming language. In addition to functioning as a irue proxy server, this HTTP proxy
server syslem can also respond to requests for cerfain uniform resource locators with documents generaied by the
HTT? proxy server itself. This is used to provide the user with forms-based control over the HTTP proxy server and
the document re-authoring systems and methods. This exemplary embodiment of the document re-authoring system
can process even very compex pages in less than 2 seconds on a 200Mhz Pentium, using Symantec's Java JIT com-
piler.

[0070] The firsl thing that a user of the document re-authoring software systems and methods of this invention must
do is specify the size of display for the devica being used and indicate the font size of the defauli browser font being
used. This informalion is needed in order 1o estimate the screen area requirements of text blocks. To do this, the usar
requests a specific control uniform resource locator from the HTTP proxy server, resuliing in delivery of the form 300
shown in Fig. 4.

[0077] Once a user has configured the document re-authoring system, the user can start reirieving documentis from
a distributed network, such as the World Wide Web. The original page 400 and the re-authored page 410 shown in
Fig. 5 ustrate the re-authoring capability of 1he document re-authoring systems and methods of this invention. In this
example, this exemplary embodiment of the document re-authoring systems and methods of this invention chose to
use 25% image reduction in combination with first sentence elision to render the displayed page 410 from the original
page 400. The re-aulhored page 410 is Lhen displayed on a browser window 420. In this exemplary embodiment of
the re-authoring syslerms and methods of this invention, immediately following retrieval of a page, the user can request
atirace of the re-authoring session to determine which transformations had been applied, by requesting another control
uniform resource locator from the HTTP proxy server.

[0072] Fig. 6 shows one exemplary embodiment of an environment 500 in which the automatic decument re-authoring
sysicrns and methods and/or the automatic document filtering systems and methods of this invention will be imple-
mentad. As shown in Fig. 6, the environment 500 includes a limited display area device 510 that has a display having
a display area that is significantly limited relative to the display area of a monitor for a desktop or a laptop computsr.
As shown in Fig. 6, the environment 500 further includes a transmitter/receiver communication sysiemn 550, a host
node 570 of a distributed network and the remaining portions 590 of the distributed network.

[0073] In the environment 500, the limited display area device 510 will normally be a personal digital assistance

IPR2023-00332 Page 00785




EP 0 949 571 A2

(PFDA), a cellular phone or the like that is connected by a wireless communication channel 520 {o the iransmitter/
receiver communication system 550. Thus, as shown in Fig. 8, the limited display area device 510 will normally inciude
an antenna 520, while the fransmitter/receiver communication system 550 will normally include a corresponding an-
tenna 540. The limited display area device 510 will normally communicate with the transmitter/recciver communication
& system 550 over the wireiess communicalions channel 530 using radio frequency signals transmilted between the
antennas 520 and 540.
[0074] The transmitler/receiver communicalion system 550 converts the analog or digital signals received from the
limited display area device 510 over the communications channel 530 in to a form usable by the host node 570 of the
distributed network. The transmitter/receiver communication sysiem 550 then outputs the signals received over the
10 communications channel 530 over a communication link 560 to the host node 570 of the distributed network. It should
be appreciated that the communication link 580 can be any known or later-developed communication structure capable
of transmitting the appropriate signals between the transmitter/receiver communication system 550 and the host node
of the distributed network 570. Because the exact siruclure of the transmitter/receiver cormmunication sysiem 550 and
the communication link 560 will be a maiter of design choice depending upon how these elements are implemented,
16 but such design choices will be readily apparent and predictable to those of ordinary skill in the arl, these elements
wilt not be further described.
[0075] It shouid also be appreciated that the limited display area device 510 can aiso be connected to the host node
570 of the distributed network by olhér than the wireless communication channel 530, such as a communication link
522 That is, the communication link 522 could be any other known communications siructure, such as a local area
20 nelwork, a wide area network, a modem connection over lhe public swilched lelephone nelwork or a cable 1elevigion
systemn, or the like. For example, the user of the limited display area device 510, raiher than communicating over the
wireless communication channel 530, could connect the limited display area device 510 to the public switch telephone
network using a modem. The user would then dial directly into the host node 570 of the distributed network.
[0076] Regardlass of how the host node 570 of the distributed network is ultimately connected io the limited display
25 area device 510, once the host node 570 of the distributed network receives a request for a document to be transmitted
to the limited display area device 510, the host node 570 of the distributed network first determines if the requested
document is localed locally on the host node 570 of the distributed network. I the requested document is nol localed
locally, the host nede 570 of the distributed network communicates over & communication structure 530 to the remaining
portions 580 of the distributed network to request the document. The particular node of the remaining portions 580 of
30 the distributed neiwork storing that document ultimately will receive the request from the host node 570 ¢ver the com-
munication structure 580 and will return the requesled document fo the host node 570 over the communication structure
580. It should be appreciated that the communication structure 580 can be any known or laier-developed communi-
cation structure and protocol systemn for linking together widely located nodes of a distributed network.
[0077] Once the hosi node 570 of the distributed network receives the requesied document, an HTTP proxy server
35  executing on the host node 570 of the distributed netwark re-authors the requested docurent based on the praviousiy-
provided information about the limited display area device 510. A first re-authored page is ther transmiiled by the host
node 570 over either the wireless communication link 530 or the communication link 522 to the limited display area
device 510. As the user reviews the delivered page, the user may determine that viewing additional information removed
from the re-authored page is required. In this case, the user will send a requesl over one of the wireless communication
40 link 530 or the communication link 522 1o the host node 570 of the distributed network to obtain the desired re-authored
sub-page. The host node 570, in response to this request, transmits a further re-authored sub-page of the original
document to the limited display area device 510 over one of the wireless communication channel 530 or the commu-
nication link 522.
[0078] Fig. 7 shows this information flow in greater detail. As shown in Fig. 7, when the user of the limited display
45 area device 510 wishes 1o review a particular document presiding on a distributed network, the user sends a request
for the particular document from the limited display area device 510 to an HTTP proxy server 571 residing on the host
node 570 of the distributed network. The HTTP proxy server 571 then transmits the request for the particular decument
lo the parlicular remole node 591 on lhe dislribuled rietwork that siores the requested page. The particular rernote
node 591 retums the requested original document to a document re-authoring system 600 residing on the HTTP proxy
=0 server 571. The docurmnent re-authoring system 600 re-authors the original document into a plurality of subdocuments
that are each capable, as closely as possible, of being displayed on the limited display area device 510. The document
re-authoring system 600 then delivers the first re-authored to page to the limited display area device 510, while the
other re-authored sub-pages are stored in a re-authored sub-page cache 636 of the document re-authoring sysiem
600. Thus, when the user of the limited display area device 510 wishes 1o view information residing on one of the re-
56 authored sub-pages stored in the re-authored sub-page cache 836, the user causes the limited display area device
510 to transmit a request for that sub-page. The requested cached sub-pages are delivered from the re-authored sub-
page cache 636 io the limited display area device 510.
[0079] It should be appreciated that, while the HTTPF server 571, the documeni re-authoring system 600 and the re-
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authcred subpage cache 636 are shown in Fig. 7 as independent elemenis, in general, these eiements will be imple-
menilad as different portions of a single entity, such as different modules of a single software application.

[008(] Fig. 8 is a functional block diagram outlining in greater detail one exemplary embodiment of the document
re-auihoring system 600. As shown in Fig. 8, the document re-authoring sysiem 60C includes a controlier 610, an input/

5 output interface 620, a memory 630, an abstracl syntax tree generaiing circuii 640, a document size evaluation circuit
650, a transform circuit 660 and a tree-to-document remap circuit 670. each interconnected by a data/conirol bus 680. 5
The communication links 522, 560 and 580 discussed above with respect io Fig. 6 are each connected to the input/ \
ouiput interface 620.

[0081] The memory 630 includes a number of functionally distinct portions, including an original page memory portion

10 631, a display device size memory portion 632, an abstract syntax tree memory portion 833, a search space portion
634, a transform memory 835, the re-authored page cache 636 described above with respect to Fig. 7, and & sub-
pages to be re-authored list 837, The original page memory portion 631 siores the returned original document returned
from the remote node 591 of the distributed network that stores the page requested by the limited display area device
510.

15 [0082] The display device size memory 632 stores a number of form documents used by the document re-authoring |
sysiem 600 1o obtain various parameters about the limited display area device 510 used by the document re-authoring
system 600 to re-author a page for a particular limited display area device 510. The display device size memory 632
also stores the particular size parameters Tor at least one limiied display area device 510. It should be appreciated
there are a number of different possible ways of implementing the document re-authoring system 600 relative to the

20 various paramelers about the limited display area device 510. In one exemplary embodiment, the document re-author-
ing systern 600 can store the various parameters for a particular limited display area device 510 only for as long as
that limited display area device 510 remains continuously connected to the document re-authoring system 600. In this
case. each time a particular limited area device 510 is reconnected to the document re-authoring 6800, the document
re-authoring system 600 would send the various forms used to obtain the various parameters about the limited display

25 area device 510 and the user would be required to re-supply these various parameicrs cach lime the document re-
authering system 610 was initially accessed.

[0083] While this reduces the required size for the display device size memory 832 and does not require any system
for identifying a particular limiled display area device 510, this systern places a larger burden on the user of the limited
dispiay area device 510 or requires a process for automating the supply of information from the limited display area

30 device 510 1o the document re-authoring system 600. This automation could be provided, for example, by the document
re-authoring system 600 requesting the information from the limited display area device 510. If the information has
already been entered by the user during a previous session with the document re-authonng system 600, and that
information was stored at that time on the limited display area davice 510, the user would not need o be actively
involved in re supplying the information to document re-authoring system 600.

35 [0084] Altematively, the information could be siored in the display device size memory 832, along with an ideniification
code that the user can cause 10 be supplied from the limited display area device 510 when beginning a session with
the documen re-authoring system 600. By supplying the identification code io the document re-authoring system 600,
the user again would not be required to re-supply all of the various parameiers about the limited display area device
510 each time the document re-authoring system 600 is accessed.

40 [0085] Inany case, the document re-authoring system 600 uses the various parameter about ihe limited display area
device 510, as described above, when re-authering the original page stored in the original page memory 621 so that
each re-aulhored page will fit, as closely as possible, on to the small display area of the limited display area device 510.
[0085] The abstract syntax tree memory portion 633 stores the abstract syntax iree generated form the original
document stored in the original page memory 631 by the abstract syntax tree generating circuit 640. The transfom

45 memory portion 635 stores the various transforms described above, as well as the conditions under which each trans-
form can be applied and the conditions regarding which transforms are not usable with various other ones of the
transforms. The transform memory 635 also stores an indication of the desirability of applying any particular transform
1o & parlicular original or re-authored page. Thal is, as described above, the various transforms have general order
that emphasis applying a more limited transform, such as reducing an image by a small about, over a more radical

50 transiorm, such as reducing an image by a large amount or removing the image completely.

[00&7] The re-authored page cache 636 stores the abstract syntax tree corresponding to each re-authored page or
sub-page as the document size evaluation circuit indicates that the abstract syniax tree for a particular re-authored
page or sub-page is good enough, based on the various parameters about the limited display area device 510 stored
in the display device size memory 832. The sub-pages to be re-authored list 637 stores the abstract syntax trees for

55 those sub-pages generated by transforming the original document or an earlier sub-page. These sub-pages will gen- 1
erally cantain the images of any reduced-size images or any elided images, as well as the full text of any text segments
that have had content elided from them.

[0088] Finally, the search space memory 634 stores a number of states generated by the transform cireuit 6680 as it
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applies the various transforms stored in the transiorm 635 1o either the original document stored in the original page
memory 631 or fo various sub-pages stored in the sub-pages 1o be re-authored list 837, based on the particuiar state
of the search space currenily being manipulated.

[0089] in parlicular, each state i in the search space 634 includes an evaluation value portion, a transformed abstract
syntax tree porlion and a sub-page lisl portion. The evaluation valued portion stores the evaluation value generated
for the re-authored page or sub-page corresponding 1o the state i generated by the document size evaluation circuit
650. The transformed abstract syntax tree portion stores the transformed abstract syniax tree for the state i generated
by the transform circuil 660 by applying one of the transforms in the transform memory 635 1o the parent state to the
state i. The sub-page list portion stores the list of sub-pages generated to store any original content removed from the
page corresponding to the state | when the transform circuit 660 applies the particular transform used to generate that
state i.

[0090] It should be appreciated that state O corresponds to the original document stored in the original page memory
831. In particular, the evaluation value portion of siaie O corresponds 1o the evaluation value generated for the original
document before any re-authoring. In this state 0, the transformed abstract syntax tree portion stores the original un-
transformed abstracl synlax tree generated by the abstract syntax tree generating circuit for the original document.
Finally, before state G, the sub-page list will be empty, as the original document contains all ofthe original information
and therefore, no sub-pages are required.

[0091] Fig. 9 graphically illustrates various states stored in the search space memory portion 634. In particular, Fig.
9 shows a document comprising a section header, a lex! paragraph, and an image. As shown in Fig. 2, in the initial
slale. L.e., stale Q, the original document has nol been transiormed. This initial slale also shows the original raling, i.
e.. the evaluation value, generated for the original document. Fig. 9 alsc shows the state 1 generated from the state
0 by applying the "elide all images" transformed to the document of state 0. As shown in state 1, the re-authored sub-
page of state 1 contains the section header and the text bui does not contain the image. Rather, in place of the image,
the re-authored sub-page of state 1 contains a link labeled "IMG" that links the re-authored page of state 1 to the sub-
pagoe storing the image clided from the re-authored subpage of state 1. Slate 1 also indicates the evaluation value for
this re-authored documenl. As shown in Fig. 9, the size requirements for the re-authored page are now one-quarter
of the size requirernents of the original, un-re-authored page.

[0092] Fig. 8 alscindicates that two additional states, state 2 and state 3, were generated by applying othertransforms
to the document of state 0. Finally, Fig. 9 shows three additional states, state 4, staie 5 and siate 8, generated by
applying additional transforms to the re-authored document of state 1 or to the sub-page of state 1. For exampi ;, if the
sub-page coniaining the image is still too large to be displayed on the limited display area device 510, an intermediate
sub-page generated by applying the "reduced image by 25%", the "reduce image by 50%", or the "reduce image by
75%" transiorms 1o the image to obtain a re-authored document good enough to be displayed on the limited display
area device 510.

[0093] Currently, in operation, the document re-authoring system 600 of Fig. 8 receives the reiurned original docu-
ment over the communication link 580, The received or general document is input through the input/outpul interface
620 and is stored in the coriginal page memory 631 under the control of the cantroller 810. Then, the abstract syntax
tree generating circuit 840, under control of the controller 810, inputs the original document from the original page
memory portion 631 and generates an abstract syntax tree from that original document, The absiract syntax iree
generaled by the abstract synlax tree generating circuit 640 is then stored in the abstract syntax tree memory portion
633 of the memory 620 under control of the controller 610.

[0094] The document size evaluation circuit 650 then inputis, under control of the coniroller 610, the abstract syntax
tree corresponding to the original document stored in the original page memory 631 and the various parameters from
the display device size memory 832 aboul the particular limited display area device 510 1o which the re-authored
documents are 1o be returned. The document size evaluation circuit 850 then generates an evaluation value and stores
that evaluation value in state O of the search space memory portion 834. The document size evaluation circuit 650
also outputs an indication to the controller 610 whether the document of state 0 is good enough for outputting it to the
limiled display @rea device 510 over one ol lhe communicalion links 522 or 560. If the original document is already
good encugh, the original docurment is immediately returned without further transformation.

[0095] Then, the transform circuit 660, under control of the controller 610, inputs the document of state 0, as repre-
sented by the abstraci syntax tree for that state, and applies one of the transiorms stored in the transform memory
635 1o the abstracl syntax tree of the input siate. |n particular, the transform circuil 660 first determines, for the current
siate i, whother the selected transiorm should be applied to the current staie i of the document. For example, as
described above, i the current state i of the document does not contain any images, there is no point in applying any
of the image reduction or elision transforms to this state of the document. Furthermore, if the "elide all but first image”
transform has already been applied to obtain the current state i of the image, there is no point of applying the "elide
all but first and iast images" transform to this current state i.

[0096] Assuming the current transform selected by the transform circuit 660 is properly applicable to the current siate
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i of the document, as indicated by the transformed abstract syntax tree for the current state i, the transiorm circuit 880
applies that transform to the abstract synitax tres for that state to generate a child state j. The child state | includes the
further transformed abstract syntax tree and a sub-page list indicating the sub-pages that remain to be transformed
based on the content elided from the original document necessary to reach this child state j. Finally, the document size
evaluation circuit 830, under control of the controller 610, evaluaies the document obtained in the child stale j to de-
termine if that resulting document is good enough for oulputting to the limited display area device 510. That evaluation
value is then stored in the newly-created child state |.

[0097] After the transform circuit 660 has generated the new child state j, the transform abstract syniax tree for that
state | is oulput to the document size evaluation circuit 650 for evaluating the size requirements of the document
corresponding to the slate |.

[0095] Oncethe abstract syntax tree for the first page of the transformed docurment is determined to be good enough,
that abstract syntax tree is output to the tree-to-document remap circuil 670, which renders the first re-authored sub-
page from that abstract syntax tree. That first re-aulhored sub-page is output from the tree-to-document remap circuit
670 to the input/output interface 620 and ultimately is transmitted to the limited area display device 510. Al ihe same
time, the transform circuit 660 continues to apply additional fransforms to any subpages resulting from iransforming
the original document into the first good-enough re-authored subpage. As each such subpage is transformed into a
good-enough subpage, the abstract syntax tree for each such good-enough subpage is stored in the re-authored page
cache 636 until a request for that subpage is received by the document re-authoring system 600 from the limited area
display device 510.

[009¢] Once a request for thal subpage is received by the documenl re-aulhoring syslem 800, the abstracl syntax
tree for that requested subpage is output te the tree-to-document remap circuit 670, which renders the requested re-
authored sub-page from that abstract syntax tree. That reguested re-authored sub-page is outpul from the treeto-
document remap circuit 670 to the input/output interface 620 and ultimately is transmitted 1o the limited area display
devics 510

[0100] It should be understood that each ofthe circuits and other elements shown in Figs. 6-8 can be implemented
as portions of suitably programmed general purpose computers. Alternatively, each of the circuits shown in Figs. 6-8
can be implemented as physically distinct hardware circuits within one or more ASICs, or using FPGAs, PDLs, PLAs,
or PALs, or using discreet logic elements or discreet circuit elements. The particular form each of the circuits shown
in Figs. 6-8 will take is a design choice and will be obvious and predictable to those of ordinary skill in the art.

[0101] It should also be appreciated that the links 522, 560 and 580 can by any known or laler-developed device or
system for connecting the limited display area device 510 to the host node 570 or the host node 570 1o the transmitter/
receiver communication system 550 or the remaining portions 590 of the disiributed network. Thus, the links 522, 560
and 280 can each be mplemented as a direci cable connection, a conneciion over a wide-area network or a local-
area network, a connection over an infranet, or a connection over the Intemet. In general, the links 522, 560 and 580
can be any known or later-developed connection system or structure usable to connect the corresponding apparatus
to the host node 570 over the distributed neiwork.

[010Z] It should further be appreciated that the docurnent re-authoring system 600 is preferably implemented on a
programmed general purpose computer. However, the document re-authoring system 600 can aiso be implemented
on special purpose computer, a programmed microprocessor or microcontroller as a peripheral integrated circuit ele-
menis, and ASIC or other integrated circuit, a digital signal processor, a hardwired electronic or logic circuit such as a
discreet element circuit, a programmable logic device such as PLD, PLA, FPGA or PAL, or the like. In general, any
device, capable of implernenting a finiie siale machine that is in turn capable of implementing the flowcharts shown in
Figs. 11A-14, can be used to implement the document re-authoring sysierm 600.

[0103] The memory 330 shown in Fig. 8 is preferably implemented using staiic or dynamic BAM. However, the
memory 830 can also be implemented using a floppy disk and disk drive, a writeabie optical disk and disk drive, a hard
drive, flash memory or any other know or later-developed volatile or non-volatile alterable memory. In addition, the
memory 630 can further include one or more portions storing control programs for the controiler 610. in general, such
conlrol programs are preferably stored using non-volalile memory, such as flash memory, a ROM, a PROM, and
EPROM or EEPROM, a CD-ROM and disk drive, or any other known or later-developed alterable or non-alterable non-
volatile memory.

[0104] Fig. 10 shows another exemplary original document and the abstract syntax tree that is generated from that
document. As shown in Fig. 10, the document includes an image, a table having two rows of three columns each, and
a text paragraph. The resulting abstract syniax tree generated from this page inciudes a root node labeled "Page®,
Three intermediaie nodes, "Image", "Table" and "Paragraph” corresponding 1o each of the image, the table and the
text paragraph, respectively, extend from the root "Page” node. Furthermore, as shown in Fig. 10, iwo intermediate
nodes, "Row 1" and "Row 2", corresponding to each of the iwo rows, respectiviey, extend from the inlermediate "table”
node. Finally, three nodes, corresponding to each of the three cells in each row, respectively, extend from each of the
"Row 1" and "Bow 2" nodes.
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[0105] To re-author the page shown in Fig. 10, for example, the first transform o be applied would generally replace
the full size image with a node representing an image reduced by 25%. Then, a new abstiracl syniax iree having a root
node corresponding to the full-sized image would be formed and linked by a hypertext link to the reduced image nods
of the transformed abstrac! syntax tree. If the re-authored page having the image reduced by 25% is not yet good
enough, the image reduction fransformation reducing the image by 50%, 75% and then completely removing the image
would be applied.in turn to the originai document until a good-enough image was obiained. In each case, the abstract
syntax tree would contain a link from the transformed node corresponding to the image to the separate abstract syntax
tree containing the full-sized image. If removing the image complstely is still insufficient 1o result in a good-enough re-
authored document, the table transform can be applied, as described above, to transform the table into a set of linked
individual cells, or the First Sentence Elision transform can be applied to move the text paragraph into a separate
subpage.

[0108] Figs 171A and 11B are a flowchart outlining one exernplary method for re-authoring a page according to this
invention. As shown in Fig. 11, control begins in step $100 and continues to step $110, where a user connects a device
having a limited display area 1o a re-authoring system according to this invention. Then, in step 5120, the re-authoring
syslem transmits one or more parameter forms to the user to obtain the necassary information about the limited display
area necessary o be able to re-author a requested page for display on the limiled display area device. Then, in step
8130, the re-authoring system inputs the parameter information from the user and stores the input parameter informa-
tion in & memory. Control then continues to step $140.

[0107] As indicated above with respact 10 Figs. 6 and 7, the parameter information gathering process outlined in
sleps 5120 and 8130 can be automated so thal lhe user does not have Lo be aclively involved in performing sieps
5120 and 5180. Alternatively, as shown in optional step $135, steps $120 and 130 can be replaced by step $135. In
step 3135, the user either actively inputs, or the limiled display area device automatically outputs, an identification
code to the re-authoring sysiem identifying previously-stored parameter information for this particular limited display
area device. Gontrol then again continues o step $140.

[0108] In step 8140, a requesl for a document on the distributed network is output to the re-authoring system from
the user using the limiled display area device. Then, in step $150, the re-authoring system obtains the requested
document from the distribuied network. Next, in step $160, the obtained document is parsed to build an abstract syntax
tree of that document. Then, in step 8170, an evaluation value for the cbtained original document is generated from
the abstract syntax tree. Control then continues to step $180.

[0109] [n step §180, the evaluation value is analyzed to determine if the obtained document is good enough to b
displayed on the limited display area device withoui any re-authoring. If so, conirol jumps to step $340. Otherwise,
control continues io step 5190.

[0110] Instep 8190, one or mere pre-re-authoring transforms are applied to the abstract syniax tree of the obtained,
original document. These pre-re-authoring transforms are used, for example, 1o remove portions of the original docu-
ment that do not contain any content but that consume display area For example, such portions of the obtained doc-
urment include banners and other graphical elements that are merely identifying links to other pages or portions of the
page. These contenlless images are replaced by text links. However, because such transforms do not actually remove
any content from the image, re-authoring the page in this way does not require the removed portions to be retained.
Other portions that can be removed without effecting the content of the original document include formatiing commands
thati add whitespace and other contentless esthetic formaiiing to the original document. Finally, other transforms can
be applied that convert the various fonts of a document to a single standard font to eliminate unnecessary display area
requirements of large and complicaied fonts.

[0111] Once the pre-re-authoring transforms are applied in step $190, control continues to step $S200, where an
evaluation value for the pre-re-authored original document is generated. Then, in step 8210, the pre-re-authored doc-
uments evaluation valug is checked to determine if the pre-re-authored document is good enough to be displayed on
the limited display area device. If so, conirol again jumps to step $340. Otherwise, control continues to step $220.
[0112] Instep S220, state 0 of the search space, corresponding 1o the pre-re-authored document, is selected as the
currenl slale of the search space. Then, in step $230, a [irsl Lransiorm is selecled as the current transform. Then, in
step 5240, a determination is made whether the current transform can be applied to the abstract syntax tree of the
current state. As outlined above, various ones of the transforms have conditions that indicate whether that transform
can be efficiently applied to the current re-authored document or whether the current transform is properly combinable
with previously applied transforms. If the current re-authored document corresponding 1o the current state is such that
the current iransform can be officiently applied and does not conflict with any previously applicd transforms, control
continues to step S250. Otherwise, control jumps to step $290.

[0113] In step S250, the current state is transformed 1o a child state using the current iransform and the resulting
child state, including the transformed abstract syntax tree and any resulting sub-pages, are added to the search space.
Then, in step S260, an evaluation value is generated for the document corraesponding to the transformed abstract
syntax iree corresponding to the child state generated in slep S250. Next, in step S270, the evaluation value is analyzed
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to delermine if the document corresponding to the child state generated in step $250 is good enough to be displayed
on the limited display area device. Il the evaluation value indicates the re-aulhored document or sub-page ie good
enoLgh, control jumps to step $310. Olherwise, conirol continues to step SP80.

[0114] In step $280, a determination is made whether all transforms have been applied to the current state. If all of

& the transforms have not been applied, control continues io slep $290. Otherwise, control jumps 1o step S300.

[011£]  instep 5290, the next transform is selected as the current transform and control jumps back to step 8240. in
conlrast, in step $300, the state of the search space having the best evaluation value is seiecied as the current state.
Conlrol then jumps back to step $230.

[011€] Instep $310, the document or sub-page defined by the current state is added to the re-authored page cache

10 as alirst re-authored page or a next re-authored sub-page suitable for delivery to the requesting limited display area
device. Then, in step $S320, a determination is made whether there are any sub-pages resulting from the good-enough |
sub-page that has been added to the re-authored page cache. If there are any such sub-pages that still need to be re- |
authored, control continues to step $330. Otherwise, control jumps o step S340.

[0117] Instep 8330, a state of the search space corresponding to one of the sub-pages to be re-authored is selected

75 as the current state. Control then jumps back to step S230. In contrast, since there are no further sub-pages that need
tobe re-authored, in slep 8340, the first re-authored page is output to the requesting limited display area device. Then,
In step S350, the control routine ends.

[011&] Fig. 12 outlines one exemplary embodiment of an elision transform according to this invention. As shown in
Fig. 12, 1he elision transform routine begins in step $400, and continues to step $410, where a poriion of a current

20 page or sub-page 1o be removed is selected. Then, in step 5420, lhe selecled portion is copied inlo a new subpage.
Next, in step 5430, an identifier is generaled for the selected portion. In general, the identifier will be generated using
some content of the selected portion. For example, if the selected portion is a paragraph or other text string, the identifier
will be the first sentence or the first portion of the first sentence of the selected text portion. If the selected poriion is
an irmage, the identifier couid be a portion of text used to identify the image in the web document. Control then continues

25 lostep 5440.

[0118] Instep S440, a link is generated to tink the current page or sub-page with generaied sub-page. Then, in step
§450, the selected portion is removed from the current page or sub-page and the identifier and the link are added to
the current page. Next, in step 8640, the control routine stops.

[012C] Fig. 13 outlines one exemplary embodiment of a table transform according to this invention. As shown in Fig.

30 13, the table transform begins in step S500 and continues to step $505. where a top level table is selected as the °
current table. Then, in step 510, the current table is checked to determine if there are any nested tables in the cusrent
table. If so, controt continues io step $515. Otherwise, control jumps io step S520. In step S515, one nesied table of
the current table is selecied as the new current table. Conirol then jumps back to step $510, to determine if there are
nested tables in this nested table selected as the current table.

36 [0121] Once there are no nested tables in the current table, in step 8520, the current table is checked to determine
if there are any sidebars in the current table. If so, control continues 1o step $525. Otherwise, control jumps io step
Sb3E. In step 8525, a link list is generated from all of the links in all of the sidsbars of the current table. Then, in step
5530, the link list is placed at the end of the current table. Control then continues to step S535.

[0122] In step S535, the current table is divided into two or more portions. In particular, as indicated above, one

40 method for dividing the current table into portions is to divide each cell of the table into a separate portion. Then, in ‘
step 5540, each portion of the current iakle is copied into a separate new sub-page, and "Next" and "Previous” links
are added to each such sub-page. Next, in step S548, the current table is replaced with the set of linked sub-pages
generated in step 3540. Controt then continues 1o step 8550. ‘
[0123] In siep §550, the current tabls is checked to determine if it is the top tevel table. If not, there is at least one |

45 gher level table thal still needs to be divided into portions. Accordingly, control continues to step S555. Otherwise,
control jJumps to step 5560.

[0124] Instep S555, the table that contains the current table is seiected as the new current table. Control then jumps |
back 10 slep 8510, to delermine il there any more nested lables in the current table. In conlrast, in slep S560, lhe ‘
control routine ends.

20 [0125] Fig. 14 is a flowchart outlining one exemplary embodiment of an image reduction transiormaiion according i
1o this invention. Beginning in step S600, the image reduction fransformation continues 1o step 5610, where the image
to be reduced in the current sub-page is selected. Then, the reduced image is generated based on the reduction facior
associaled with the particular image reduction transformation being applied. Then, in step S820, the current sub-page
is anzalyzed to determine if the selected image has been previously reduced. If 8o, control jumps to siep S670. Other- ‘

55 wise, conirol coniinues to step 5640.

[0128] Instep S640, the selected image is copied 1o a new sub-page. Next, in step 3650, a link to the new sub-page
is generated. Then, in step S660, the full-size image is removed from the current page or subpage, and the reduced
image and the generated link are added to the current page to form the re-authorad page. Control then jumps o step
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S680.
[0127] inconirast, instep S670, rather than moving the full-sized image from the current sub-page, the old previously
reduced image is removed from the current sub-page and the new reduced image is added o the current sub-page.
However, because the current sub-page should already have a link to the previously-creaied sub-page containing the
5 full-size image, il is nol necessary to again add the link io the current sub-page or to creaie a new sub-page sioring
that full-sized image. Control then coniinues to step S680, where the control routine ends.
[0128] Even wiih perfect automatic re-authoring of documents, there is often simply too much iniormation in a typical
web document to make serendipitous cellular phone web browsing a pleasurable or profilable pasi-time, due to the
very small, text-only-type display used in cellular phones. Typically, these devices and services will be used to find and
10 present information that the user is specifically looking for. That is, these devices and services will be used for targeted
information search and extraction. The document fillering systems and methods cf this invention allow users to extract
only portions of docurments thai they are interested in, via a simple, end-user scripting language that combines structural
page navigation commands with regular expression pattern malching and report generation functions.
[0129] The SPHINX system, as described in R. Miller et al., "SPHINX: aframework for creating personal, site-specific
15 Web crawlers", Seventh International World-Wide Web Conference, Brisbane, Australia, April 1998, provides a visual
tool that iets users create custom "personal” web crawlers that are similar in functionality to the filtering mechanism of
the systems and methods of this invention. The Internet Scrapbook, as described in A. Sugiura et al., "Internet Scrap-
book: automating Web browsing tasks by programming-by-demonstration”, Seventh Intemational World-Wide Web
Conference, Brisbane, Australia, April 1998, allow users to visually select elements from web pages and then updates
i 20 these elements in a "scrapbook” when lhe web pages change, providing a function that is similar 1o the page element
! retrieval for a particular page of the systems and methods of this inveniion. Several commercial producis also provide
similar functionality for other applications, such as, for example, corporate reporting or database population. Lanacom's
Headliner Pro, as described in Lanacom, Inc., http://www.headliner.com, and OnDisplay's CenlerStage, as described
in OnDisplay, Inc., http://www.ondisplay.com, both provide visual editors that let users specily which structural pars
25 of web pages to extract. However, neither of these systems provide users with any ability to extract content based on
regular expressions or keywords.
[0130] The documentTiliering systems and methods of this invention have the capability to extract partial information
from a document based on commands written by a user in a high-level scripting language. The docurnent filiering
systems and methods of this invention combine page structure navigation, regular expression matching, site traversal,
30 i.e., web crawling, and iterative maiching, in addition 1o re-authoring of the exiracted information using the document
re-authoring systems and methods of this invention described above.
[0131] Afilter script is simply entered into a text fils and saved on a web server. The filier ecript is execuied whenever
a user reqguests its Uniform Resource Locator. A filter script will typically load & target web page, traverse to particular
locations within that web page, which are described structurally and/or by regular expressions, extract the content
35 found at those locations, and then send the exiracted content through the document re-authoring system to be properly
formatted before being returned to the user.
[0132] The document filtering systems and methods of this invention take advantage of the parse tree creation and
navigation of the document re-authoring systems and methods of this invention, by providing a simpie set of HTML
document navigation options that use the concept of a "current context” in the HTML document. The current context
! 40 is analogous 1o a "cursor" in database programming, in that it refers to a location within HTML the document.
[0133] In actuality, the current context refers to a node in the HTML parse tree. The navigation commands serve to
move this reference around within the tree until a desired part of the HTML document is found, at which time the desired
part can be extracted. For example, Fig. 10 shows an HTML document and its corresponding parse tree. When the
document is first Icaded, by executing a "GO URL" cornmand, the current contexi is pointing at the root node of the
45 parse iree, which essentially refers to lhe entire document.
[0134] Fig. 15 shows one exempiary embodiment of the document re-authoring system 600 further including a filier
\ circuit 690 ihat implements the document filtering systems and methods outlined herein. In particular, the filter circuit
690, under control of Lhe conlrolier 810, inpuls & requested filter, requesled by lhe user over one of lhe communicalion
links 522 or 560, that is supplied from a node of the distributed network storing such a filter over the communication
50 link 580. The filier circuit 630 then inputs the requested document from the node of the distributed network sloring the
requested document and filters the requested document 1o extract the requested page elements. The filter circuit 69¢
stores these extracted page elements in the original page memory 631 in place of the original document initially stored
there. The document re-authoring system 800 then operates on these extracted page elements as if they were the
criginal documeni io be re-authored.
55 [0135] In extracting the page elements from the original document, the filter circuil 620 uses the abstract syniax tree
generaied by the abstract syntax tree generating circuit from the original document and stored in the abstract syntax
iree memory 633.
[0136] Fig. 16 outlines one exemplary embodiment of the information flow when the requestied document is also to
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be fikered. As shown in Fig. 16, after a request for filter is oulput by the limited display area device 510 to lhe HTTP
proxy server 571, the request for filier is forwarded by the HTTP proxy server 571 to a remote node 592 of the new
disiributed neiwork that stores the requested Tilier. The remote node 592 sioring the requesled filler returns the re-
guesied filter to the document filter 690. The document filier 630 then requesis, under control of the controller 610, the

& document from the remote node 591 of the distributed network that stores ihe reguest page. The remote node 591
storing the requested page returns the document to the document filter 690. The document filter 690 then filters the
reiurned document using the filter returned from the remote node 592 and the abstract syntax tree generated by the
abstract syntax iree generating circuit 840. The document filter 630 returns the extracted page elements to the docu-
menl re-authoring system 600 where the exiracted page elements are treated as an original document for re-authoring

10 as described above.

[0137] There are three types of page navigation commands, those which go into the current coniext to select more
specific content, those which go out from the current context to enclosing structures, and those which traverse the
page sequentially from the start of the current conlext, for example, io navigate to the nexi structure of some kind,
which may or may nol be properly contained within the current context.

15 [0138] The simplesl lype of navigation command goes inio the current context. For exampie, given the document
and current context shown in Fig. 10, executing the command "GO ROW 2" results in the curreni context being moved
to the second tabile row object within the current context, as shown in Fig. 17.

[0139] The current context can also be enlarged, i.e., moved up the parse iree towards the root node, by using a
"GO ENCLOSING" command. For example, given the document and contexi shown in Fig. 17, & "GO ENCLOSING
20 TABLE" command results in lhe currenl conlexl shown in Fig. 18,
[0140] Finally, the current contexlt can be moved forwards or backwards among the objects in a page in a sequeniial
manner, as they appear 1o a user. This is accomplished by moving the current context forwards or backwards from iis
current location within a prefix traversal of the parse tree. This results in a search that first is performed within the
current context, then continues with the objects that follow the current contexi on the page. For example, a "GO PRE-

25 VIOUS IMAGE" command moves to the previous image found sequentially from the current context.

[0141] In addition to named page elemenls, navigation commands can also be specified using regular expressions.
For example, a "GO NEXT" "DOW\sJONES\e*(\d+\e*POINTS™ command moves the current context to the next match
of the specified regular expression, using a prefix traversal of texi blocks on the page. The filtering systerms and methods
of this invention are able 1o demarcate sub-expressions and recall them into ouiput strings.

30 [0"42] The simple navigation commands described above can also be used 1o navigaie among a set of linked web
pages through the use of the "LINKEDPAGE" page object type. For example, & "GO FIRST LINKEDPAGE" command
moves to the first hypertext link within the current context, loads the referenced page and moves ihe current context
to th2 roat of that document's parse tree, while a "GO ENCLOSING LINKEDPAGE" command returns the current
context to the hypertext link that led 1o the document currently being processed.

55 [0143] Traversal between pages is handled by a stack of scripl aclivations, each of which pairs script state information
(including current context) with a particular Uniform Resource Locator and a parse tree. This facilitates rapid navigation
back and forth among linked pages and is required to support the "GO ENCLOSING LINKEDPAGE" command.
[0144] Onee the current context has been moved to a page object thai is of interest, 2a "REPQORT" command is used
1o extract it. The "REPORT" command can be issued several times within a filter script, in which case the extracted

40 page elements are concatenated. The "REPORT" command can also be used to insert arbitrary strings into the output,
which can contain sub-strings from regular expression pattern maiching. For example, the "REPORT "Dow:\1"* com-
mand adds the string "Dow:" plus a substring identified by the identifier "1" extracted during a regular expression match
o the filter's output.

[0145] Often the user does not know in advance how many page elements of a particular kind will exist on 2 web

45 page. For example, the number of news article paragraphs in a daily e-zine will generally not be known in advance.
The "FOREACGH" command addresses this lack of information by execuling a2 seguence of commands for every page
elemeant found within the current context that meets a specified criteria. When used with a2 “LINKEDPAGE" iarget, this
provides the funclionality of & web spider that can visil all of lhe linked pages within a web sile. inlhe ioliowing examples
the ellipses represent sequences of valid filter commands:

=0 [0146] A "FOREACH PARAGRAPH" command moves to each paragraph within the current context in turn DO,
END and executes the specified commands.

[0147] A "FOREACH LINKEDPAGE" command loads each page that is reachable through hyperiext links from the
DO... END current page in tum and executes the specified commands.
[0148] Whenever 3 filter encounters any kind of error, including navigation failures, regular expression matching

55 failures, or web page retrieval error, it simply begins the next iteration of the innermost "FOREACH" loap in which the
offending command is embedded. If the error occurred at the top level of a fiiter, the filter halts execution and produces
any pending output.

[01429] The document re-authoring systems and methods of this invention do a good job of automatically re-authoring
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documents for display on devices with small screens. Ons exemplary embadiment of the document re-authoring sys-
tems and methods of this invention have been informally tested on a wide range of pages for a number of screen sizes.
This exemplary embodiment of the document re-authoring systerns and methods of this invention produced output that
is legible and navigable.
i 5 [0150] Inone exemplary embodirnent, the document re-authoring systems and methods of this invention simply add
up the space requirements of all images and text to arrive at an estimate of the screen area requiremenls for a document.
This is adequate for fairly dense documents with minimal structure, such as those in a Xerox Annual Report, but works
poorly for documents with a lot of whitespace or which use advanced layout techniques, such as, for example, tables.
in a second exemplary embodiment, the document re-authoring systems and methods of this invention includes a size
70 estimator that performs much of the work performed by a browser in formatting each document version onto a display
area. Factors other than required screen area may also need to be included, such as actual width requirements of the
re-authored document, because users don't like to scroll horizontally, bandwidih requirements, and aesthetic measures.
[0151]  Users should be able to adjust the various heuristics used in the document re-autharing systems and methods
of this invention to suit their taste. For example, the user could specify the relative preference of the transformation
15 technigues, or specify that some transiorms not be used at all. At a higher level of abstraction, the user could express
their preferences for a sel of trade-offs, such as 'more content' vs. 'larger representation’. In addition, the re-authoring
syslems and methods of this invention could be moved to the client and coupled with the browser so that the user
could dynamically apply and undo different transformations until the user achieves a result the user likes.
[0152] The automatic document re-authoring systems and methods of this invention, and in particular, the exemplary
20 embodiment of the HTTP proxy server described above, are prelerably implemenied on a programmed general purpose
computer. However, the automatic document re-authoring systems and methods of this invention, and in particular,
the HTTP proxy server described above, can aiso be implemented on a special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated circuit elements, an ASIC or other integrated circuit, a
digital signal processor, a hardwired electronic or logic circuit such as a discrete element circuit, a programmable logic
25 device such as a PLD, PLA, FPGA or PAL, or the like. In general, any device, capable of implementing a finite state
machine, can be used to implement the automalic document re-authoring system and method of this invention, and in
particular, the HTTP proxy server described above.
[0153] The aulomatic document re-authoring systems and methods according to this invention can be performed by
invoking a stand-alone re-authoring program running on the HTTP proxy server described above, or can be performed
30 through a plug-in 1o a conventional web browser, such as Netscape Navigator or the like.
[0154] Furthermore, while the automatic document re-authoring systems and methods of this invention have been
described in relation to re-authoring documents obtained from the world-wide web, the automatic re-authoring sysiems
and methods of this invention can be used to re-author documents obtained from any distributed network, such as &
local area network, a wide area network, an intranet, the Internet, or any other distributed processing and storage
35 network.
[0155] While this invention has been described in conjunction with the specific embodiments outlined above, it is
evident that many aliematives, modifications and variations will be apparent to those skilled in the art. Accordingly, the
preferred embodiments of the invention set forth above are intended to be illustrative, not limiting. Various changes
may be made without departing from the spiril and scope of the invention.

40
Claims

1. A methed for automatically re-authoring a document, comprising:

45
parsing the document,
transforming the parsed document into a transformed document;
generaling an evalualion value from the transformed docurnent;
determining if the evaluation value meets at least one evaluation criterion,

50 if the evalution value for the transformed document does not meel the at least one ¢riterion, repeating the
transforming, generating and determining sieps using a different transform; and
if the evaluation value for the transformed document meets the atieast one criterion, outputting the transformed
document.

55 2. The method of claim 1, wherein:

parsing the document comprises generating an abstract syntax tree from the document; and
transforming the parsed document comprises transforming the abstract syntax iree into at least one trans-
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formed absiract synlax iree.
3. The method of clain 1 or claim 2, wherein transforming the parsed document comprises:

gelecling a transform:

determining if the transform can properly be applied to the parsed document;

if the transform can properly be applied, transforming the parsed document inio the transformed document
using the selected lransform; and

if the transform cannol properly be appliet, repealing the selecting and determining steps for a different trans-
form:.

4. The melhod of any of claims 1-3, wherein transforming the parsed document inio the transformed docurmnent com-
prises at least one of outlining sections of the document, removing conteniless portions from the document, re-
moving conlenl from the document, reducing a size of ad least one image within the document, removing at least
one image from the document, remaoving at least one table cell from the document, and summarizing text within
the document.

5. The method of claim 4. wherein:
oullining seclions olthe document preferably comprises:

identifying sections within the documeni,

identifying a seclion header and a document portion for each seclion,

placing each dentified document portion into a separate subpage,

removing the identificd document portions from the parsed document to form a iransformed docurmnent
containing only the identified sections headers,

converting each of the identified section headers inio a link fo the corresponding subpage, and

linking the separale subpages together and to the transiormed document;

educing a si7e of at least one image within the document preferably comprises:

identifying at lead one image within the document,

placing each dentified image into a separate subpage,

generating a reduced version of each identified image,

removing each identified image from the document and ingerting the reduced version of each removed
image to form the transtormed document, and

adding, for each removed image, a link into the reduced version of that image to the subpage containing
that removed image;

removing at least one image from the document preferably comprises one of removing all images from the
document, removing all bui the first image from the document, and removing all but the first and last images
from the document;

removing at least one table cell frorn the document preferably cormnprises:

determining If the table contains any sidebars of links,

if the table contains any sidebars, converting the sidebars into a list of links as a last cell of the table,
identifying all but the Tfirst cell of the table,

adding each idenlilied cell lo & separate subpage,

replacing the table with the first cell to form the transformed document, and

linking the separate subpages together and to the transformed document, and

removing at least one table cell from the document preferably further comprises:

determining if that cell is a nested table,

il that cell is not a nested table, adding that cell to the separate subpage, and

if that cell is a nesied table, repeating the determining, converting, identifying, adding, replacing and
linking steps; and

removing contentless portions frorm the document preferably comprises at least one of replacing sequenc-
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es of page breaks or paragraph breaks with a single page break or paragraph break, removing indenting
from the document; converling text strings of the document to at ieast one of a single font and fonit size,
removing bullets from the document, removing background space from the document and removing ban-
ner images from the document.

6. The method of any of claims 1-5, wherein, if no transform resulis in a transformed document that has an evaluation
value that meets the a least one evaluation criterion, the method further comprises:

selecting the lransformed document having the evaluation value that most ciosely meets the evaluation value;
and

repeating the transforming, generating and determining steps on the selected transformed document using
art additiond transform.

7. The method of any of claims 1-8, wherein:

transforming the parsed document into a transtormed document comprises generating at least one subpage:
and

when a transformed document meets the at least one evaluation critericn, the method further comprises:
generating an evaluation value for each generated subpage for that transformed document;

deiemining, lor each subpage, if lhe evalualion value for ihal subpage meets the al leasl one evalualion
criterion;

for each subpage, if the evaluation value for that subpage does not meet the al least one criterion, perfarming
the transforming, generating and determining steps on that subpage using an additional one of the transforms
to generaie a transformed subpage; and

for cach subpage, if that subpage meets the at least one criterion, identifying that subpage as ready to be
output.

8. The method of claim 1, further comprising, after parsing the document:

optionally removing contentiess portions from the document to form a pre-iransformed document
generating an evaluation value from the docurment or the pre-iransformed document;

determining if the evaluaiion value meets at least one evaluation criterion;

if the evaluation value for the document or the pre-transformed document does not meet the at least one
criterion, performing the transforming, generating and determining steps using a firsi one of the transforms; and
if the evaluation valve for the document or the pre-transiormed document meets the at least one criterion,
ouiputting the document or the pre-transformed document without removing any content from the document.

9. The method of any of claims 1-8, wherein lranstorming the document comprises:

filiering the document to extract desired portions of the document; and
replacing the document with the extracted portions.

10. A document re-authoring system that automatically re-authors a document, comprising

a parse tree generating circuit that parses the document to generaie a parse ree;

a transform circuit that transforms the parse iree using a first transform 1o generale a transformed parse tree
representing a transformed document, and that preferably transforms the parse tree or the transformed parse
tree using another transform lo generale anolher transformed parse lree representing another transformed
docurmnent; and

a document size evaluation circuit that evaluates the parse tree or the ancther transformed parse tree to
determine il the document, the transformed decument or the ancther transformed document meels at least
one evaluation criterion;

wherein, when the document, the transformed document or the another transiormed document moeis the at
leasi one evaluation criterion; the document, the transiformed document or the another transformed documient
is output to a display device.
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SYSTEM AND METHOD FOR IMAGE COMPRESSION AND DECOMPRESSION

This application claims the benefit of U.S.
Provisional Application No. 60/040,241, filed March 11,
1997, System and Method for Still Image Compression,

5 which is incorporated herein by reference.

Field of the Invention

The present invention relates generally to
digital image compression/decompression, and
particularly, to a wavelet-based system and method of

10 image compression and decompression.

Background of the Invention

Nearly every computer user needs to store,
transfer, and view images. These images include still
images, or pictures, as well as video images, which are

15 sequences of still images displayed in a manner that
depicts motion. The enormous size of image files leads
to serious file management limitations. For example, a
single still image (equivalent to a video frame)
displayed by a rectangular arrav of picture elements

20 (pixels) arranged in 640 rows and 800 columns, with the
color of each pixel represented by twenty-four bits,
would reguire over 1.5 megabytes of digital memory to
store. One solution to this problem is high-quality data
compression technology. Essentially, image compression

2> mathematically transforms a grid of image pixels into a
new, much smaller set of digital values heolding the
information needed to regenerate the original image or
data file.

In addition imaging systems, compression

30 technology can be incorporated into "video on demand”
systems, such as video servers. Compression technology
can also be applied to streaming videco, which is the
real-time capture and display of videc images over a
communications link. Applications for streaming video
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include video telephones, remote security systems, and
other types of monitoring systems.

Several standards for compressing real-time
video currently exist. The H.263 standard for real-time
video is an industry standard based upon the discrete co-
sign transform (DCT). DCT is also the basis for both of
the public domain image compression standards, MPEG
(Motion Picture Experts Group) and JPEG {Joint
Photographic Experts Group). Although the DCT approach
performs interframe coding adequately, its compression
ratio and speed can be improved upon.

Various other types of data compression have
peen developed in recent years. Conventicnal data
compression techniques are generally referred to as being
either "lossless"™ or "lossy", depending upon whether data
is discarded in the compression process. Examples of
conventional lossless compression technigques include
Huffman encoding, arithmetic encoding, and Fano-Shannon
encoding. With a lossless compression, the decompression
process will reproduce all bits of the original image.
Lossless compression is important for images found in
such applications as medical and space science. I such
situations, the designer of the compression algorithm
must be very careful to avoid discarding any information
that may be required or even useful at some later point.

Lossy compression, in contrast, provides greater
efficiency over lossless compression in terms of speed
and storage, as some data is discarded. As a result,
lossy techniques are employed where some degree of
inaccuracy relative to the input data 1s tolerable.
Accordingly, lossy compression is frequently used in
video or commercial image processing. Twe popular lossy
image compression standards are the MPEG and JPEG
compression methods.

The wavelet transform has proven tc be one of
the most powerful tools in the field of data compression.
Theoretically, the wavelet transformation is lossless,
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but since all computers have only finite precision even
when using floating point calculations, most of the
transformations are lossy in practice. On the other
hand, integer calculations are much faster than floating
point for wvirtually all computers; and integer
computations are much easier to implement in hardware,
which is more important in scme applications. While
integers require less memory than real numbers, the
direct use of integers in conventicnal wavelet transforms
and their inverses typically causes an unacceptable loss
of accuracy. Accordingly, there is a need for a wavelet-
based compression technique that permits lossless or
near-lossless data compression, yet retains the speed and
memory advantages of integer arithmetic.

Summary of the Invention

It is an advantage of the present invention to
orovide a system and method ¢f wavelet-based data
compression that permits integer computations in a
computer without significant loss of accuracy. This is
accomplished by using an integer reversible wavelet
transform that possesses a property of precision
preservation (PPP). The integer reversible transform
greatly reduces the computer resources needed to compress
and decompress images, as well as the time required to
perform the same.

It is an advantage of the present invention to
provide a system and method of wavelet-based image
compression that is suitable for both still and video
images.

It is also an advantage of the present invention
to provide a system and method of image compression that
is capable of selectively performing lossless and lossy
compression of either color or gray—-scale images.

According to one aspect of the invention, a
wavelet-based image compression method can be implemented
using a software program. Compression is accomplished by
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performing a wavelet transform on an input digital image.
The resulting wavelet components are compared to a
threshold value; coefficients falling below the threshold
are discarded. The remaining coefficients are quantized.
5 The quantized coefficients are then compressed using an
' entropy encoding technique, such as arithmetic, run
length, or Huffman encoding, or a combination of Huffman
and run length encoding. The wavelet transform can be an
integer reversible wavelet transform derived using a
10 1lifting scheme or correction method, while the
guantization scheme can be sub-band criented. To further
enhance the speed of the compression scheme, input color
image pixels can be reduced using & color table. In
addition, color pixels can be transformed between color
15 spaces prior to wavelet transformation.
According to another aspect of the invention, a
corresponding method of decompression is provided.
According to another aspect of the present
; invention, a compression method is provided that allows

20 user selected portions of an image to compressed to
different image gqualities, whereby permitting non-uniform
image compression.

According to another aspect of the present
invention, a compression method is provided that permits

25 compression gquality to be based on image specific
parameters.

According to another aspect of the present
invention, a method of compressing images using a "split
and merge" technique is provided.

20 According to further aspect of the present
invention, an image compression system includes a
compressor configured to generate a compressed image
based on an integer wavelet transform derived using
either a lifting scheme or correction method. The

35 compressor can be implemented using one Or more
electronic components, such as application specific
integrated circuits (ASICs), microprocessors, discrete
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logic components, or any combination of the
aforementioned.
According to another aspect of the present
invention, a corresponding image deccompression system is
5 provided.

Brief Description of the Drawings

The invention is pointed out with particularity
in the appended claims. However, other features of the
invention will become more apparent, and the invention

10 will be best understood by referring to the following
detailed description in conjunction with the accompanying
drawings, in which:

FIG. 1 illustrates a flow diagram for z methed
of compressing an image that is in accerdance with an

15 embodiment of the present invention;

FIGS. 2~4 depict wavelet coefficients for
various levels of decomposition;

FIG. 5 illustrates a flow diagram of a method of
decompressing an image that has been compressed using the

20 method of FIG. 1;

FIG. 6 is a block diagram of a system that can
incorporate a software program implementing any of the
methods shown in FIGS. 1, 5, and 8-13 in accordance with
a second embodiment of the present invention:;

25 FIG. 7 is a block diagram cof a system for
compressing and decompressing an image in accordance with
another embodiment of the present invention:

FIG. 8 illustrates a flow diagram of a2 methocd
compressing an image that is in accordance with a further

3¢ embodiment of the present invention;

FIG. 9 illustrates a flow diagram ¢f a methed
for decompressing an image that has been compressed
according to the method of FIG. 8;

FIG. 10 illustrates a flow diagram of a method

35 of compressing an image in accordance with a further
embodiment of the present invention;
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FIG. 11 illustrates a flow diagram of a method
of decompressing an image that has been compressed
according to the method of FIG. 10;

FIG. 12 illustrates a flow diagram ¢f a method
of compressing an image that is in accordance with a
further embodiment of the present invention; and

FIG. 13 illustrates a flow diagram of a method
for decompressing an image that has been compressed
acccrding to the method of FIG. 12.

Detailed Description of the Preferred Embodiments
Referring now to the drawings, and in particular

to FIG. 1, there is shown a flow diagram of a method for
compressing an image that conforms to a first embodiment
of the invention. In step 20, a digital image is
received from an image source. The digital image
consists of a matrix of values representing an array of
pixels. Specifically, the array of pixels represents a
still image or a frame from a video image. 1In step 22,
the image is optionally displayed on an appropriate
viewing device, such as a computer or video display unit
having a2 flat panel or cathode ray tube (CRT). Next, in
step 24, coclor and wavelet transformations of the image
take place. The image transformations involved in this
step include color transform for color images only, and
wavelet transform for both gray level images and color
images. In step 26, the values representing the
transformed images are gquantized and compared to
thresholds. Values falling outside the threshold are
digcarded. In step 28, the remaining quantized values
are encoded to remove redundant informaticn, creating a
compressed image file. Next, in step 30 the compressed
image file is generated as output.

Referring to the color transformation of step
24, digital color images are typically based on an RGB
color model, such as is commonly used with TIFF or BMP
images. In order to get a higher compression ratio, the
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RGB pixels are transformed to other color models, such as
YIQ or YUV models. The method can convert RGB inputs
into YIQ or YUV color spaces according to the following
relationships.

5 RGB to YIQ:

[Yl=[ 0.299  0.587  0.114] [X]
|1]={-0.596 -0.275  0.321} |G|
loj=l 0.212 -0.523  0.311] |B]

RBG to YUV:
10 [Yi=[ 0.299 0.587 0.1147 [R]
|Uj=| 0.148 ~0.289 0.439| |G}
| vl=l 0.615 -0.515 -0.1] {BJ

In the YIQ color space, there is one

lumines~ence (Y) and two color planes (I, Q). The Y
15 component is critical, while the I-Q components are less
sensitive to error introduced by data compression.

The wavelet transform (also referred to as
wavelet decomposition) operates on the converted color
space signals. The purpose of the wavelet transform is

20 to represent the original image by a different basis to
achieve the objective of decorrelation. There are many
different wavelet transforms that can be used in this
step. For instance, the reversible integer wavelet
transform described herein below is a preferred wavelet

25 transform. However, to develop a better understanding of
the preferred transform, the following alternative
wavelet transform is first described.

Let C° = [Cfd (3 -0, ..., M-1; k=0, ...,
N-1) represent the original, uncompressed image, where M

30 and N are integers which have the common factor 2% (L is a
positive integer). A one-level wavelet decomposition,

where L = 1, results in the four coefficient guadrants as
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shown in Figure 2. Each gquadrant represents a set of
wavelet coefficients.

Quadrant C!' represents the blurred image of the
x
2
5 HD' represents the horizontal high freguency part of C?,

while VD' represents the vertical high frequency part of

original image C°, where C =[cﬁi(j=opw.§—1;k=opw -1).

C°, and DD' represents the diagonal high frequency part of
c°. The decomposition can be iteratively repeated L times
to obtain different levels of decompositicon. For

10 example, for L = 2, C° is set to equal C'. The iterative
formula for computing a decomposition is given as

follows:
(1) Let C° = rC% 1r>0 is a factor which can be changed for
different needs.

15 (2} Transform for image columns:
For k=0,...,N-1, calculate

=0 A0
1 _ Ci=Cox
I
0k 2

(3.1.1)
1 = —-0 = : M
}k=_4: (Cz;?-l,k_zczj,k+czj+l,k) Pyt P E ~1.
For k=0,...,N-1, calculate
Fi 70 aok+al,k
ok 1,k 2 !
1
SL.T . .- ajk+aj+1,k 1 M (3.1.2)
JkTw23+1,k ) 1 per
& - a,.
1\2r Z, k=CN91,1c"—"'; 2,k
{3} Transform for rows:
For 5 =0, . . .M/2 -1, computing
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P
di = C5:7C5o
s ) —1
{(3.1.33
1 _1 ;.1 ~
b j‘k—z (erzk‘l_zcj,2k+1l +CJ 2k+l) ,k=1...g—1 '
and
. hdl +hd
ci=e},- Do hdis
2
Yol =1 _hdé',k*hd_},kﬂi M (3.1.4)
Cix=CF, 241 femg — "2,
2 2
Cj, N2 =6_;'L,N—1hdj: N2,
., =z 2
For 3 =10, . . ., M/2 -1, computing
1
dd; 45,19,
2 {3.1.5)
= 1 (al 2k-1 2a-'2k+ajl 2k+1) yk l..%f—l.
and
1
vdi,=d?: dd;o+d
J 2 i
Yvdi =31 dd; k"dd;‘L kvl M (3.1.6)
Tk~ %y, 2kv1 ™ > (K=, =2,
2
Vdj . W2 =aN-1,k"ddmz,N—2
\ Tz z
1
(4) C*=[cy, 1=[hd§-‘,k},VD1[u d;,¢) and DD={dd; ;1,7 =0,_“,%¥_1
M
k=0,...’ E_l.

Remark: If it is necessary, we also can use matrix
5 multiply Wavelet Coefficient Image of 1 levels=W,C°W,".

IPR2023-00332 Page 00827




! WO 98/40842 PCT/US98/04700

10

| Here, W' is the transform matrixz for I level wavelet

‘ deccmposition.

‘ ¥IG. 3 depicts a three-level wavelet

‘ decomposition, where L = 3.

‘ 5 in step 26, the first loss in accuracy occurs.

Both thresholding and gquantization reduce accuracy with

which the wavelet coefficients are represented. 1In step

26, the wavelet coefficients are matched against
threshold values, and if the values are less than the
10 established threshold wvalues specified, then the
resultant value is set tTo zero.
An important feature of the invention 1s that
rhe wavelet coefficients are then quantized to a number
of levels depending upon which guadrant is being

15 processed, and the desired compression or guality factor.

This can be very important in image compression, as it
tends to make many coefficients zeros, especially those
for high swatial frequencies, which reduces the size of a !
compressed image.
26 A multiievel uniform thresholding method can be
used as described below.
Let T = {(f,, ..-, ty, ti,)be the chosen
+hresholds, where t, is the threshold for 1 the (1=1I,
L) level and t;,, is a threshold for blurred image Ct.
25 Thresholding sets every entry in the blocks C', HD', VD!
and DD! (1 = I, ... L) to be zero if its absclute value is
not greater than the corresponding threshold.

For color images, three threshold vectors which

correspond three different color pilanes, such as y, I and
30 Q, are used.

The step of quantization essentially scales the
wavelet coefficients and truncates them to a \
predetermined set of integer values. The guantization k
table shown in Table 1 can be used.
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T'up T Tt T o ;
T'vp T T Mo o1
oo o f B 9o
TABLE 1
5 In Table 1, the entries g', are quantization
factors for blocks HD' (1 = I, ... L), g and @'y for

blocks VD' and DD' (1 = I, ..., L) respectively, and the
factor g*"' is for the most blurred image C*. The factors
can be integers between 0 and 255. The guantization

10 scheme for the block HD! (L =1I, ..., L) is

1.1
hd; i
maxy,,

ﬁaik=round ,j=0,m,§%-1;k=o“n’j!_l' (3.2.1

Here, ﬂajk(j=0,m,ig—l; ,k=0p",jz—lja:e quantized
’ 21 21

wavelet coefficients of block HD? (1=1,..,1L)

g ot

max;,= max th%kﬂ,

037 {M/21-1)
0=k {N/2%-1)

and the function round(x) gives the nearest integer of x.
Equation (3.2.1) is used for guantization of the other
blocks (gquadrants).

For color images, there are three separate
15 guantization tables for the different color bands.

In step 28, entropy compression is applied to
the resultant coefficients using either Arithmetic, Run
Length, or Huffman, or Huffman and Run Length combined.
The compression algorithm can be selected at run-time by

20 the user, based on the desired compression ratio and the
amount of time required to get the selected level of
compression. The encoding step includes the entropy
compression as well as coefficient rearranging.
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An alternative process to that shown in FIG. 1
includes an optional down sampling of the IQ color
planes. This down sampling may be done once cor twice to
produce two image planes either one-fourth or one-

5 gixteenth the size of the original plane. If the down
sampling is done, it will be accomplished prior to the
wavelet transform of step 24. The down sampling reduces
the compression time and size of the image file.

FIG. 5 shows a corresponding method for

10 decompressing an image compressed using the method of
FIG. 1. 1In step 40, the compressed image file is input.
in step 42, the image is deccded. Next, in step 44 the
values are de-quantized. Next, in step 46 inverse color
and wavelet transformations are performed on the de-

15 gquantized data. In step 48, optional image post-
processing takes place tco refine the decompressed image.
In step 50, the decompressed image is displayed.

The decoding of step 42 is the inverse operation
of the encoding of step 28. Similarly, it can be divided

20 into two parts: Entropy decoding {(Huffman or
arithmetic), and coefficient rearranging.

The decoding step produces guantized wavelet
coefficients in 3*L+1l blocks. Dequantizing (step 44)
uses the same guantization table as quantizing (Table 1),

25 and the scheme as follows: for 1 = I, ., L

hd} . maxiy
Sk TTED

1 = j= M o =g . N 4 421
hd; o o 320,y 372 k=0,.., S ( )

Equation (4.2.1) produces the approximate coefficients
for the blocks HD! (1 = I, ..., L), which are shown in
FIG. 3. The deguantizing scheme for other blocks is
similar to 4.1.2).

30 In step 46, the inverse wavelet transform, also
referred to as wavelet reconstruction, is performed prior
to the inverse color transformation. FIG. 4 depicts a
cne-level wavelef reconstruction.
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The wavelet reconstruction can be iteratively
performed for various levels of decomposition, according
to the following equations.

(1) Inverse transform for rows:

5 For =0, ....., %‘f—l, calculate

' dd} ,+dd?
1 _ 1 7.0 1,1
ajfl"Udj'o"'—-—-—z-—-—-—-

dd; ~dd} (4.3.1)
{ =1 1 & 25 N
a D4l U + 2] 2 2 ,k-‘,..,—"‘z,
aN‘l,k=Udj,%+dd%'¥ .
and
b A, 1 § 1
aj,o—d_-,' 1—2dd-
51 v (4.3.2)
ajj-'zk J Zk_ 2 J 2k+1 2dd1 k, k=1 , ---’ ‘2_ _1 o
For j=0, ..., M/2 - 1, calculate
hdj,+hdz,
5;'3_:(:';0'*'—————-—]02 J<
; + hd} —hd} .. .3.
* 5; 2k+1=C5kt eELs 2.k k=1, Lv_z# €4.3.3)
2 2
CJ N-1 C-' N—2 +hd N-2 »
L A
and
&5,0=C5 1-2hd3,,, (4.3.4
5;"215:-92: (6';7,2_;(_1"'5},2](.;1) "2hd_%kv K=1.., 13\7‘1 . )

{2) Inverse transform for column:
10 For k=0, ..., N - 1, calculate
and
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( 1 1
+
—0 _ a1 ,
Cl.k=c0k+"'_"'""_0k2 .k,
-
—o 1 dF =d] . M (4.3.5)
) C'zj+1,k=cjk+——"‘—*‘-j'k 2k G152,
2 2
0 md 1
Cn-1,kCN-2 FCEN-2 | »
L 2 ' 2’
0 __0
Cukzclk"zag.kl
1 y (4.3.6)
—0 —0 —0 ,
C2j,k=§ (Czj—l,k+C2j+lkl ) -2 _;‘Lkl _7:11 Y] -2"_1 '
(é) e k=82 /T, 320, M-1; k=0,..,N-1.C%=[c] 1%

Foliowing the inverse wavelet transformation, an
inverse color transform is performed. Eguations {5)y=1(6)
give the inverse transforms for the YIQ and YUV color

spaces.
5 For YIQ to RGB:
[RT [ 1.000 0.956 0.621] Y]
|G|=] 1.000 -0.272 -0.647] |I| (5)
I8} | 1.000 -1.106 1.703) Lo
For YUV to RGB:
10 [R] | 1.000 0.000 1.1407 [Y]

|G|=] 1.000 -0.395 -0.581} |U| {6)
|B] | 1.000 2.032 0.000] V]

In step 48, a user can optionally apply image
filtering to improve the image gquality. Filters are
15 known in the art for sharpening, smoothing and
brightening images. Users can choose any number of
processing filters at compression time. information
defining the selected filters can be stored in the coded
image file, in a form such as a one byte flag in 2 file

20 header. In addition to optionally applying the filters,
yo)
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the method can also be implemented to automatically
detect and apply the selected filters following
decompression.
To sharpen an image, & filter is used that
> weights the eight pixels adjacent toc the current pixel,
as well as the current pixel, by one or more
predetermined values. The weighted values of the nine
pixels are then summed to derive a new value for the
current pixel. For example, the surrounding eight pixel
10 wvalues can be weighted by the value -35/800, while the
current pixel is weighted by 1.35. The sharpening filter
is applied to every pixel in the image.

To smooth images, for every pixel, the average
of the pixel and the eight adjacent pixels is calculated.
15 Then the pixel value and the average is compared. The

smaller of the two replaces the original pixel and is
output as the smoothed pixel wvalue.

To brighten images, the weighted sum of each
pixel and the correspond eight adjacent pixels is

20 calculated. For example, each of the adjacent pixels can
be multiplied by the value 1/90 and the summed with the
current pixel to obtain a brighten current pixel.

Another filter that can be used is one that adds
a random value between [-12, 12] to each of the pixels in

25 the image.

In FIG. 6 there is displayed a preferred
hardware platform that can execute software for
implementing an embodiment of the present invention. The
computer system of FIG. 3 includes 2 CPU 62, a main

30 memory 64, an I/0 subsystem 66, and a display 68, all
coupled to a CPU bus 70. The I/0 subsystem 66
communicates with peripheral devices that include an

image source 72, an image storage device 74, and a mass
storage memory 76. Although shown as three separate

35 devices, peripherals 72-76 can be implemented using a
single memory device, such as a hard disk drive commonly
found in computers.
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The image source 72 may be a digital still image
or video source, such as a CD-ROM drive, scanner, or
network connection. In addition, the image source 85 can
include analog video sources, such as a video camera,

5 VCR, television broadcast or cable receiver. The analog
video signals would be converted to a digital form by the
image source 85 using conventional conversion technigues.
Alternatively, an image source 72 can include a video
camera and communications systems for transmitting real-

10 time video to the I/0 subsystem 66.

The image storage 74 can be a computer disk,

such as a that used by a hard drive, or a portable memory

medium, such as a floppy or ZIP disk, or a read/write
optical CD.

15 In operation, a computer program, which
implements aspects of the invention, 1is retrieved from
the mass storage memory 76 into the main memory 64 for
execution by the CPU 62. Upon execution of the
compression aspect of the invention, the compressed image

20 file can be stored in the image storage 74; while upon
execution of the decompression aspect of the invention,
the decompressed image can be viewed on the display 68.
Operating under the control of the computer program, the
CPU 62 can process images according to the methods set

25 forth herein, as shown in FIGS. 1-2 and 6-10.

FIG. 7 illustrates an alternative hardware
pilatform implementing a system in accordance with a
further embodiment of the present invention. System 80
can be implemented using a variety of different hardware

30 components, such as ASIC (Application Specific Integrated
Circuits), or a combination of discrete digital
components, such as microprocessors, standard logic
components, and other programmable logic devices. The
system 80 includes a compression system 81 and a

35 decompression system 82. The compression system 81 can
be configured to perform any one or compbination of the
compression methods set forth in FIGS. 1, &, 10, and 12;

-
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while the decompression system can be ceonfigured to
perform any one or combination of the decompression
methods set forth in FIGS. 5, 9, 11, and 13.

An image source 85 provides digital pixel values
to a color converter 84. The image scurce 85 can provide
the same functionality as described earliier for the image
source 72 of FIG. 6. '

The color converter 84 performs a color space
transformation on the input pixels, such as any of those
described herein for FIG. 1. The converter functionality
can be provided by conventional integrated circuits that
are readily available from various manufacturers.
Compressor 86 compresses the transformed pixels, removing
redundant data. The compressed image file generated by
the compressor 86 can be transferred directly to the
decompressicn system 82 over a transmission medium 91.
The transmission medium 91 can be a radio-link, computer
network, cable television network, or satellite link.
Alternatively, the compressor 86 can transmit its output
to a portable storage medium 92, such as an optical,
floppy, or ZIP disk; or to a mass storage device 94 such
as a computer hard disk or archival system.

The decompressor 88 expands the compressed image
file by applying an inverse wavelet transformation, as
well as de-quantization and de-encoding functions. The
decompressed data is then passed to an inverse color
converter 80 that applies an inverse color space
transformation to generate pixel values in a color space
and format appropriate for the image dispilay 89.

Standard electronic components are readily available for
performing the function of the inverse ceclor converter
90. '

FIG. 8 illustrates a flow diagram of a method of
compressing an image in accordance with an alternative
embodiment of the present invention. In step 100, a
digital image is input. In step 102, a color space
transformation is performed on the input image pixels.
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In step 104, the pixzels are subjected to a wavelet
transformation. In step 106, sub-band guantization is
performed on the wavelet coefficients. Next, in step 108
the gquantized sub-bands are respectively entropy encoded.
In step 110, the coded image file is output.

Sub-band oriented quantization and entropy
coding are well suited for wavelet-based image
compression. The main idea is to take the advantage of
different quantizations at different sub-bands (wavelet
guadrant) and encode each band accordingly. Quadrants
having a high variance in wavelet values can be allocated
a finer mesh size for quantizaticn, while those quadrants
with smaller variances will be assigned fewer levels of
quantization. That is, the number of bits one wishes to
allocate to the output could be varied by guadrant.

Those guadrants with large variances will utilize more
bits, while those with low variants will utilize fewer
bits. In this way, the number of bits resulting from
guantization will remain the same, but their allocation
will differ depending upon the nature of the image. This
technigque greatly improves image quality while
maintaining a high compression ratio.

FIG. 9 illustrates a flow diagram of a method of
decompressing an image compressed according to the
methods shown in FIG. 8. Step 120, the compressed file
is input. In step 122, the input image is entropy
decoded. 1In step 124, de-gquantization is performed on
the decoded image file. Next, in step 126, an inverse
wavelet transform is performed on the image. In step
128, an inverse color transformation is performed. 1In
step 130, post-processing altering is optionally
performed. In step 132, the decompressed image file is
then displayed.

FIG. 10 illustrates a flow diagram of a method
of compressing an image in accordance with another
empbodiment of the present invention. This method
performs color-bit depth compressiocon, which essentially
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reduces the number of colors in the image to achieve
compression. In step 140, the image is input with its
original color. For example, each color pixel could be
represented by a standard 24-bit value. Next, in step

> 142, a color table is created corresponding to the image.
The color table is a set of quantized color values. The
quantized color values represent a smaller number of
colors with correspondingly fewer bits. Each of the
input pixels is mapped to the color table. In step 144,

10 an index is calculated for each pixel in the image by
dithering the pixel values. Dithering is accomplished by
weighting pixels adjacent to the current pixel in a frame
and then arithmetically combining the weighted values
with the current pixel value to produce the index, which

15 then represents the current pixel. The dithering process
is repeated for each pixel in a frame. In step 146, the
indexes are wavelet transformed. In step 148, the
wavelet coefficients are entropy ceded. In step 130, the
coded image file is output.

20 FIG. 11 illustrates a flow diagram of a method
of decompressing an image that has been compressed
according to the method shown in FIG. 10. In step 160, a
compressed image file is received. Next, in step 162,

the image file is entropy decoded. In step 164, an

25 inverse wavelet transform is applied to the decoded data.
Next, in step 166, post-processing filtering of the image
is optionally applied. Next, in step 168, the
decompressed image is displavyed,

FIG. 12 illustrates another method of

3C compressing an image in accordance with another
embodiment of the present invention. In this method, a
user can selective vary compression parameters (step 173)
to obtain a lossless or near-lossless compressed image at
a desired compression ratio. In step 170, the image is

35 input. In step 172, an integer color transform is
performed on the input image. In step 173, compression
parameters are selected by the user using a software
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interface. These parameters can include those described
herein below in the subsection title "Peak Signal to
Noise Ratio {PSNR) Controlled Compression”. In step 174,
an integer wavelet transform is performed on the color
transformed pixels. In step 176, the wavelet
coefficients are entropy coded. Next, in step 178, the
compressed image file is then output from the system.
The integer color transformation of step 17Z is
an integer reversible transform which can be used in
color image compression to reduce processing time and
image size. Step 172 transforms RGB color components Lo
a set of color components Y-Nb-Nr, which are known.
The RGB to Y-Nb-Nr transform is given by the
egquations:
Y= G+ Int(R/2 + B/2),
Nb = B - Int(Y¥/2},
Nr = R - Int(Y/2).

The integer wavelet transform of step 174 is
described below in detail.

FIG. 13 illustrates a method of decompressing an
image file that has been compressed according to the
method shown in FIG. 12. In step 180, a compressed 1mage
file is input. In step 182, the image 1s entropy
decoded. Next, in step 184, an inverse integer wavelet
transform is performed on the decoded data. 1In step 186,
an inverse integer color transform is performed. Next,
in step 188 optional post-processing filtering is
performed on the image. Next, in step 190, the
decompressed image is displayed.

The Y-Nb-Nr to RGB transform of step 186 1is
given by the equations:

R = Nr + Int(Y/2),
B Nb + Int{Y/2},
G =Y -~ Int (R/2 + B/2)

The inverse integer wavelet transform of step

fl

i

184 is described in detail below.
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Reversible Integer Wavelet Transform

This method allows a series of transformations
which are very close to the corresponding biorthogonal
wavelet transriorms or some non-orthogonal wavelet

5 transforms, but can be calculated with only integer
addition and bit-shift operations. In addition, the
integer wavelet transforms created disclosed herein
possess a property of precision preservation (PPP). This
property is very useful for conserving memory in both

10 compression and decompression, and speed up the whole
procedure in some applications. Two general methods from
which one can get the integer wavelet transform desired
are disclosed.

Basic Integer Wavelet Transformations

15 Two examples are provided as the starting point
for the unique method. For the sake of convenience,
length, and simplicity, presented is only the algorithm
for a one level decomposition and reconstruction and only
for a one dimensional signal. The extension to two

20 dimensions is immediate as the rows and columns can be

treated into a sequence of one dimensicnal signals. For

the following examples, assume that {qﬂfﬁ is the

original signal where the superscript indicates level and
the subscript indicates a particular pcint in the signal.

Ny, -1 M, -1 . . . .
25 Alaa,{cjhgoand{dﬁhéo are its decompositicn parts at the

first level. Here
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N if N is an even number,

'

N, =
N;l , if N is an odd number;

{eals and {7 are its low frequency ()

part and high frequency (h) part, respectively. For

multi-levels, we just create {cﬁ}ﬁ‘:;l as {cﬁ}ﬁ;o and repeat

the procedure again.

5 Example 1:

calculation.
This transformation is similar to a variation of

+he Haar wavelet transform which uses low and
high pass analysis (decomposition) filters given

A {2,2)-wavelet transform by integer

15 as:
n 0 1
h,
! 1/2 1/2
Sn | 1/2 1 -1/2
{1) Compute

dd=c-clin k=0, .., M,-1. (2.1)

(2) Compute
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di
ck1=1nt(—2-) +CSer, k=0, .., N,-2,
B, (2.2
; Int( ) +Coksr, 1f N i5 an even number,
od = 2
N, -1
Cr1s if N is an odd number.

Here, Int(x) is an arbitrary rounding function

which may have different interpretations. For example,

Int(x) can be the integer which is nearest to %, or

Int (x) may be any integer which satisfies x-1<Int(x)=< x,

5 etec. It is easy to see that all entries in both

{c,%}f_? and {dj}ﬁl_;l are integers.

From (2.1)-(2.2), we can easily get the
following integer reconstruction algorithm:

(b) Reconstruction
10 (1)If N is an even number, compute:
o _ 1 di (2.3)
C2k+1=Ck -Iﬂt(—-z-) ’ k=0,...le_l,' -

or, if N is an odd number, we have

di
Con=Ci-Int (=), k=0,..,N,-2;
2 (2.4)
CNO-J_:CA}i-
(2} Compute
Co=di+Clrs k=0, .., M.~1. (2.5)
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Remark. Since {(2.1)-{2.6) are not linear because of the
rounding operation Int({x), this means the transformation
order becomes significant. For instance, if the
decomposition was applied first to the columns and then

5 to the rows, the inverse transformation must be applied
first to the rows and then to the columns.

Example 2: Lazy wavelet transform.

The lazy wavelet transform is used to illustrate an

important concept. The corresponding inverse transtorm
10 is nothing else but sub-sampling the even and odd indexed

samples. Decomposition and reconstruction can use the

same formula as follows:

ci=cle, k=0,.,N,~1;
1
dk -_“C??k.(.l' k=0 g e g Mlﬂ—l .

Examples 1 and 2 are not good transforms for
image compression, but they are simple. Much better

15 transforms can be achieved from these two. As suggested
above, they are considered only as a starting point for
the integer, reversible, wavelet transform algorithm of
the disclosed invention.

It is noted that there is another interesting

20 property in the above two transforms which may not be
easily seen., If the values of the signal pixels are
represented by a finite number of bits, say one bit or
cne byte, the same number of bits can be used to
represent the result of the forward transform within the

25 computer itseli because of the complementary code
property. While, from the reconstruction algorithm, the
computer will get back the exact original signal through
the same complementary code property. This property is
called a Property of Precision Preservation (PPP) for

30 these wavelets,

It is known that the general values for the high
frequency wavelet coefficients are small, and all higher
levels of the decomposition also provide generally small
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values in the high frequency band. This allows the
preservation of precision during the computational stage
of the wavelet coefficients. ©Now, the complementary code
property, the other aspect of the PPP property is a well

5 known characteristic of integer arithmetic as done by the
computer. Consider the computation of the difference of
two integers given as ¢ = b - a and the inverse
computation of a = b - ¢. The nature of the computation
within the computer can be specified as follows:

—a@ if -29%<h-a<29 -1
c,= 3\ -29+b-a if b-ar29~"
29+h-a if b-a<-2¢"

10 and the inverse is

—c, if -297<xb-a<29"-1
a,= {-29+b-c, if b-c,z29"
29+b-¢, if b-c,<-29"

where the m subscript indicates the internal
representation, and the range of the integers &, b, ¢

is [-297%,297-1] . The internal representation of ¢, when

it is outside the range, its appearance is as a two's

15 complement number, so the representation may not be the
same as the external representation of c. However, the
same complementary code for the a, will cause the internal
representation to be identical to the external
representation of a. For example, if we let b = 2

2C  {00000010) and a = =127 (10000001) then ¢, has the
internal binary value of (10000001) when g=4. With a
value of ~127 for c, the inverse value for a, will just be
a.

In fact, for Example 2, this property is
25 obviously true. While for Example 1, if the range of the
pixel values is within a finite number of bits, say g, we
can only use ¢ bits as the working unit, which means the
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value of transform coefficients will also be within the
interval with length 29, say {=29%, 29! - 1], Due to the
nature of computation on a machine, most machines will

implement (2.1)-(2.2) automatically as follows (the
5 complementary code property):

[«] Q . 1 1] a L
Cok~Cakerr 1L —29 2Cop=Cppa2 <297,
1_ o 0 . 0 i 1
di = Cok=Cake1—2%, 1F Cop=Chin 229, (2.6)
o __0 ; 0 0 1
294 (Cok~Caker) 1 1L CopCopar < —297,

e , - i, o
Int (—2-) +Coka1 s if -29 ﬁrﬂt(—?) +C2k+l<2q '
: dg , di .
Ci= Y Int(—5)+cfa29, if Int{—%) +chn»2%", 2.7)
; dgd .
Int(T") *Cogr*29, if Int(-z‘_‘-) + CRn < 297,

Y

While the reconstruction algorithm (2.3) and
{Z2.5) will be implemented by the computer itself as

;

di at
CIS_Int('—é') , if _2q“lﬁc£'éz" ..’lt(._z_)r <29,
dit . af .
dx e di
(c;;l—Int(Tk))-zq, if ck*—Int(uz_k) > =29,

1 [¢] . % 1
di+Cpey, 1f -29°3dd + 05, <297,
0 ; 1,0 -
Cax= dkl"'cszﬂ"'zq: 1F dg+Czpea<=297, 2.9)
1 g . i -
dk +C2k+1_2q, lf d_l:"'c'zak...lk_quu

It is obvious that (2.8)-(2.9) are just the reverse of
(2.6)-(2.7). It is also easy to see that if we properly
10 take advantage of the bound in the coefficient size

mentioned above, the algorithm can be implemented using a
minimal amount of storage.
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The fellowing are examples which give motivation
for our new approach.

Example 3: A (2.6) wavelet transform by integer
calculation (2).

i

This transformation is similar to using the
following analysis filters:

n -2 -1 0 1 2 3
0 0 1/2 1/2 0 0
5, /
g, ~1/16 -1/16 /2 -1/2 1/16 1/16
(a) Decomposition
10 Decomposition starts with Example 1 at step (1)

and (2), and then upgrades the high frequency ccmponent
at step (3):

(1) Compute
d]%'0=C20k-C20k+1! k=0,..; M1_1 .
(2) Compute
1,0
ci=Int (—<—) +Cpn, k=0,..,N,~2,
1,90
‘My=1 | . n
ol = Int{——),+Cy.,, if N is ar even number,
-
Cr-14 if N is an odd number;
15  (3) Compute
c,_Ci
dit=Int (=1, +die®
1 1
Cr-1—Cia ;
df, =Int (=L Ky gl g=1,.,M,-2,

and then, if N is even, calculate
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1 b
Cn,-2~CpN,—2
dpi-ﬁfnt (22 TRy gl
4 1
else, calculate
1 1
Cn,-3~Cn, -1
dg-=Int{—— "} -di8.

(b) Reconstruction

The reconstruction algorithm is identical to
decomposition algorithm,
5 T"backwards”.

rt

he
except 1t is now running

(1} Compute

1 i
Cqg —C
di’=Int({2) ~-d}

1 1
Clre1 ™ Clhs
di%=Tnt (ki Tk 14 By gy, k=1, .., M,-2,

and then, if N is even, calculate

1 1
Cny-27Cn,-

1
dy 1 =Int( )~z e

else calculate

1 1
CN-37CN-1 1.1
e ———— y -

dyA=Int| iy

(2) If N is an even number, compute

1,0
k
Cpar=Cg-Int{

), k=0, ., N,-1;

10 c¢r, 1f N is an odd number, we have

1,0
0 ! k
Coka =Cg—Int(

), k=0,..,N,-2;
C£_1= Cz\jy-l .

(3) Compute
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0 1,0 Q
C2k=dk +C2k+1, k=0,...,M -1,

1

We see in step (2)-(3) above, that they are just

the same as shown for the reconstruction of the

wavelet transform (Example 1).

Examplie 4:
5 calculation.

(2.2)-

A (1,3)-wavelet transform by integer

The following nonlinear transform is a variation of the

transform which uses biorthogonal

analysis filters:

n -1 0 1
1 0 0
h,
1/4 -1/2 1/4
9n
(a) Decomposition

This decomposition starts with the Lazy wavelet

1¢ at step (1) and upgrades the high frequency component at
step (2):

(1) Set
C}%=Czok, k=0,...,N1_1-;
d]i.zczok+1, k=0 F ""Ml_l a

(2) If N is an even number, calculate

Cr-—Cp
de=Int{ =52y -gl® p=¢,.,M,-2,

i _ 1 1,0
dM,_—l ' _ch-l_dMl—l .

Otherwise, if N is an odd number, calculate
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] [}
CoptCokez

di=Int( >

) ~Copur s K=0, 0 M -1

(b) Reconstruction
(1) Set

0 1
C2k=ck ’ k:O § e g Nl_l H

(2) If N is an even number, calculate

) o
CoptCziaz )

Cakn =INE (s

1
-dk 7 k=0 § ey Ml_z 7
Q a 1
Cn-1s =Che2 =iy -1 -
Otherwise, if N is an odd number, calculate

0 .0
Cax* Cakez ) -

o= Int | 5 L, k=0,..,M-1.

5 Example 5: (5,3)-wavelet Transiorm by integer
calculation.
This transformation is also similar in function

0 using the biorthogonal analysis filters. It is given

by
10 n -2 -1 0 1 2
. -1/8 1/4 3/4 1/4 ~1/8
oo 1/4 -1/2 1/4
&,

(2} Decomposition
This decomposition starts with Examplie 3 at step
(1) and upgrade low fregquency components at step (2):
15 (1) Set
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C}?'D=C§k, k=0‘,...,N1—1;
If N is an even number, calculate

0 0
CoptColes
‘d;=Int(__2k_.§_?.’ﬁ) -Cker, k=0,..,M,-2,

1 __0 1
d_ul—1 =CN-27Cp-1"

Otherwise, if N is an odd number, calculate

0, .0
( CaktCaiez

di=Int >

) _02k+1, k=0 ) ...,Ml"'l .

(2y I£f N is an even number, compute

i
cé’:C&"o"Int(—j?‘g-) :

dic,+di

*C}%=C1%'D*Iﬂt( k); k=1,.,N,-2,

1 1
Ay, -2+ di,

1 ) .

1 1,6
CN_1=CN1-2“‘IIIt(

Otherwise, if N is an odd number, calculate

1
c01=c0’°—Int(

dy
2
-1 +di
*C}i':C‘%'o_—-——-—-——, k=1’ooo’IJl_2‘l
i, -1
1 _ 1,0 _ M, -1
ch‘l_ch-l .;.ﬂt( 2 ) .

5 (b)) Reconstruction
{1) Compute
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1
c§=c§+Int(—§J,

di +dg
c§K=c§+mt(%), k=1,..,N,-2,

Then, 1if N is even, calculate

1 1
dy,-2+dy,

4 ) -

0
Ch-2=Cay,-a *INE(

else calculate

1
a1

J

Ch-1=C,-1+Int{

(2} Compute

0 0
( CoxtCokan

> y-di, k=0,..,M,-2,

Then, if N is even, calculate

6 _ .0 1
Cy-1=Cn-2 ‘dul-; .

5 The PPP property for Examples 1-2 mentioned at
the end of the previous section is also applicable for
these three examples. It is obvious these three
transformations are not really linear, but they are
similar to the one using the corresponding filters given

10 above. Especially, the filters in Example 3 and Example

5 belong to, with minor modificatibn, the grcup of the
best biorthogonal filters for image compression.

Also, from the above three examples, we can note
that if we begin with integer (linear or nonlinear)

15 wavelet ftransformations and then use some proper

upgrading formulas, we can get other, much better

integer, wavelet transformations for image compression.

Lif{ing Scheme and Integer Biorthegonal Filtering
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The Lifting scheme, discussed by W. Sweldens in
"The Lifting Scheme: A Custom-Designed Construction of
Biorthogonal Wavelet"”, Applied and Computational Harmonic
Analysis, Vol. 3, No. 2, April 1896, is a recently
developed apprecach for comstructing biorthogonal wavelets
with compact support. It can be used, with minor
modifications, to create integer biorthogonal wavelet
transformations. The following is an adaptation of the
lifting scheme.

Definition 1. The set of filters {h, h, g, g}, a set of
biorthogonal filters if the following formula is

satisfied:
VoeR:f{w)M (w) =1.
hi{w) h{o+tr)
where m{w) = '
glw) glo+n)
and h{w) =Y he™*and gle) =Y ge™*,
I3 3

and similarly for fm(w), A{w) and Fle).

The following lemma is the main result of the
lifting scheme (1] reported as corollary 6 in that paper.
Lemma 1. Take an initial set of finite

biorthogonal filters {h, T, g, G}, then a new set of
finite biorthogonal filters {h, %, g, gﬁ can be found as

()= (w)+§(0)F{ZaT
g{w) =g (w) ~A{w)s{26) .

Similarly if we take {hS T, g,'ﬁﬁ as an initial set of
biorthogonal filters, a new set of biorthogonal filters
{h, ﬁ, g, 53 can be found as can be found as
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h{e)=h®(w) +g(w)F(20)
Flw) =% (w) -A(w) 5(2w) .

Here s{®) is a trigonometric polynomial and the
corresponding filter s is finite, and so is B(e).
Actually, regarding the filters (4.1) is eguivalent to

A =hg +E Gx+2181
i

9k:9'13 ‘E Ny 215

or

hy=hg +E Giv2151
: (4.2 \)

§k=§£ ‘Z: Ek-21§1

Next we use the lifting scheme with minor

modifications to create an integer, nonlinear, quasi-

[Ca)
biorthogonal, wavelet algorithm. Suppose is a

fery [d]
original signal, and are again its low and

high freguency decomposition parts, obtained by using the
filters {h, R, g, §}-

If we use filters {h, G} for decomposition
{analysis), the corresponding decomposition algorithm is

1 4]
Cie=0cY . Cnllypns
Ii

di=04Y " CaGnzk
n

While the reconstruction algorithm wiil be
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1 .
0= Crllp + Ak G
“ g % Ca ’

related to the synthesis filter {h,g}. Here, parameters
. and &y are positive constants with a.e&.=2. For
example, in the situation of regular biorthogecnal
decomposition and reconstruction, ac=aa=f§} and for
Example 1 through Example S above, a.=1 and a,=2.

If the set of filters {h, ﬁ, g, ﬁ} is from (h
he, g°, E} by (4.2b), then decomposition can be
accomplished as follows:

7

1. Calculate

1,0_ 040
Ck’ —CCCE Cﬂﬂn—zki
I

i 0~
dx=0,Y " Cadn sy
o

2. Calculate

o
1,0 c 1
Ci=Cp +—5¥ " diy s, 4,2
o 4 C !

The relative reconstruction scheme will be:

1. Calculate

Ck'—Ed 9’ =,
4.5
2. Calculate
,0
C‘n 2};(6} B, 2k dkiq-zfc @ﬁ,}‘
d

Here, equations (4.3) and (4.6) are just the wavelet
-]
{inverse) transforms using biorthogonal filters {h, h, g?
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g}. While {4.4) and (4.3) are forward and backward

upgrading formulas.

Similarly if the set of filters {Eﬁ

g, 75} is

from the initial set of filters {h; h, g, g} by using

(4,2b), the relative decomposition is:
1. Calculate

1 Q
Ci=0cY . Cnlyax
pr]

1,0_ 0—0
d}c' _adE CnYn-2k+
n

2. Calculate

44
d}é"‘d}%'ofz Cl

k-1"
d 1

The reconstruction scheme is:
1. Calculate
1. Calculate “
d,%'°=d1 AN

.Syl LR
adl k-1

2. Calculate

1,0 1.0
0 Ck’ hn-2k+ di Gn-zx
Cp= I
&, G,
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Corollary 4.1..Suppose biorthoganal filtersih, £, g, &}

are from initial filters{h,A°, g% § by the lifting scheme
(4.1a) or (4.2a). If the decomposition and reconstruction
by filters {h,h° g° &} can be accomplished only by integer
calculation, such as Example 2, we also can create a
corresponding integer wavelet decomposition and recon-
struction scheme which is very “"close"“to the original one
by using filters {h,h,q,5,}. Here the word “close" means
that the difference of the two decompostion schemes

is just some rounding error, and this rounding error will }

corrected by the integer reconstruction scheme.
In fact, if {cé'o} and {dﬁ} are integer after (4.3),

we can calculate {ci} by

«
ci=ci’ °+Int(?° y dk_lsl}
d

instead of (4.4). Here Int(x}, as described in Section
2, 1s an arbitrary rounding up function which satisfies
x-1 < Int(x) < x+tl. It is obvious that {4.7) is very
close to (4.4), and the exact reconstruction scheme can
easily be obtained from

A 3 )

ci? =c§—Inc(-E-§ ) dk_l,ll)g
and (4.6). There will be a similar result, if the set of
biorthogonal filters {h, E, g, 'c::,"} is obtained from the
initial set of filters {h., 'ﬁ, g, 'gﬁ by using (4.2b).

Except for the exampie shown in the Lazy wavelet

(Example 2), most standard biorthogonal wavelet forms
cannot be performed directly by integer, even for one o
the simplest wavelets, the Harr wavelet. However, if t¢
parameters «., and &; are properly chosen and the
transform algorithms, such as Example 1 and Example 3,
are slightly changed, a variation of the original

3 M

f=1
=
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biorthogonal wavelet transforms with respect to the set
of filters {h, h, g, g} is created. On the other hand,
the parameters should be also chosen carefully to
guarantee that only addition and shift operations are
needed by the algorithm.

If the set cof filters {h n, g, 5} is obtained
from a set of fiiters {h h g, g} bv the lifting scheme,
and the'ffu {h oh, } is also obtained from a filter
set {h, h, g, g}, one can repeatedly use Corollary 1 to
get a "close" integer wavelet transformation.

The Correction Method for Creating
Integer Wavelet Transiorms

Another approach for cobtaining integer wavelets
is using the so-called Correction method. The motivation
of this method is from the S+P transform. The lifting
scheme for generating biorthogonal wavelets can be
considered as a special case of the correction method.
From this can be derived complicated filters with fast
decomposition and reconstruction algorithms.

Assuming a simple integer wavelet transform,
such as Examples 1 through 3, the decomposition and
reconstruction scheme of which can be formulated as
follows:

Decomposition

°=df. ({ed))

dll'°=dfd {eah)

Reconstruction

ctrs (e}, {ei) 5.2

Here, (5.1) and (5.2) can be the same as (4.3) and (4.6)
or other algerithms.

In general, after the azbove deccmposition, one
may not be satisfied with the result. There may still be

some correlation among the high pass components because

IPR2023-00332 Page 00856




WO 98/40842 PCT/USISN4700

39

of the aliasing from the low pass components, or the low
pass components do not carry enough of the expected
information from the original signal. Hence, one could
make an improvement by putting some correction part on

5 the high pass components or low pass components. There
are many ways to accomplish this. However, for the sake
of the integer calculation, it is preferable to use
following correction method. To make a correction for
the high pass part, the corresponding formula would be:

di=dy'°~Int(dc; Jk=-,0,1, 2 (5.3)

10 Here, dc,’ is a correction gquantity for &,

5y 1

1 1,0 1,0 =

dk=§ Uick+1+§ tjdk+jlk_...’0'1,2’... (5.4)
J=1 J=1

Sq

. T
and ? SN }j:ga and {‘ZSIfa, are given parameters which
have been chosen ‘or the user's purpose such as reducing
the redundancy among high pass components or some other
special requirement. To preserve the integer

15 calculation, any entries in both

54 T
gGY}C:Sb and S tj}j:l should be rational numbers with
dencominators being powers of 2.

From (5.1), (5.3) and (5.4), it is easy to see

the perfect reconstruction algorithm can be

d;m=d§+lnqdc@,k=m,m,m—1,m—2m, {5.5)

20 combined with (5.2).
As mentioned above, the Lifting scheme is a
special condition of the correction method. Examples 3
through 5 can also be considered as the examples of this
method. We next give an example of the Correction method
25 which cannot be included in the group of Lifting scheme,

and also which does not resul:t in a closed form of
compact support for biorthogonal filters.
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Example 6: $+P transform, which is similar to

using following analysis filters.,

n -2 -1 0 | 1 2 3
e R e e A s —————

n, 0 0 1/2 1/2 0 0

T ~1/1¢6 ~-1/16 15/32 -17/32 7/32 -1/32

While the synthesis filters do not have compact
support, the S+P transform can be implemented as follows:
(2) Decomposition

{1)Take the decomposition step of Example 1,

that 1is, compute
d)%'():Cz‘?k_Cz?kutk:”ol1!'"iM1_li
and
dl,o
c§=Int( ; )+c§k+l,k=0,---,Nl-2,
1,0
1 _ ] Int i + oy
Cnl—l = N-17¢
+]
Cn-1
(2) Correction Step: Define S, = -1, S5, =1, T = 1 and
__ 1 1 _ X
0_1'_ —Ztog "‘é‘fol_gl
1
T,==.
g
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and now compute
Co—Cr
dy=dy*°-In °4 21

2t i dCr-3ct,, -2d5:°
dﬁ=d§’°—l’nc( -1"TCk 8k1 N

1 1)
CM1-2_CM1—1 j

1 _ 41,0
Ay~ =0y —In 2

{b) Reconstruction
(1) Compute

)
dy' S =dy +Im:( |
My -1 MM -1 \ 2 J

1 1
CM1~2 - CM1-1

’ k=Ml--2’...’ 1’-

2ci voi-cl, 248
d}%'0=df¢'+l'nt( k-1 ¥ Ck 8_tc+1 esd,

e

1 1
Co —C
d§m=d§+1n{ g ‘).
¢

(2) If N is an even number, compute

dl
C20k+1=cljc._l—ﬂt(+2}-c-], k=0,-,N,-1

5 or, 1f N is an odd number, we have

dl
C;;Jk-a-l:c;_IﬂC(-—éji} ’ k=0 Fy Nl—Z )

0 _ .1
CN_l"‘CNln

(3) Compute
c;k=d1:'+czok...1, k=0 ’ "',Ml_:.n. s

Boundary Conditions

There are two issues dealing with boundary

filtering if the Lifting scheme or the Correction method
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is used to generate the integer wavelet transformations.
The first is how to process the boundaries which occur in
the start-up wavelet transformations. The second is how
to deal with the boundaries in the deductive formula. If
the boundaries in the start-up wavelet transform have
already been established, then those in the upgrading
formula are relatively easy to establish. For the
Lifting scheme, the boundaries in both steps should be
processed in the same way. While, for the Correctiocn
method, according to (5.3)-(5.4), one has more choices to
process boundaries in the second step. Therefore, the
process by which the boundaries in the start-up wavelet
transformations are established is discussed. Assume
compact supported biorthogonal wavelets.

Suppose the original signal is wazna; For
creating integer biorthogonal wavelet transformations,
use the following symmetric extension:
(1) If crrrrent biorthogonal filters have even
length, the boundaries of the signal are

-1 o
extended as Cu = Comy, A=NTy oo

(2) If the filters have odd length, the
fellowing extension is performed

o
C,b d A zhizy e -
v e !

Examples 1 through 5 use the boundaries given
above. In Example 6, the start up wavelet transform uses
the above boundaries but in the upgrading step, another
boundary filtering is used. In addition, for arbitrarily
sized images or signals, one can use the same technique
described in the above examples to deal with this
condition.

As mentioned earlier, for many applications,
lossless image compression is more important than lossy
compression. The integer wavelet transforms described
above provide the opportunityv to compress without loss.
It is also obvicus that the integer wavelet algorithms
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can be used wherever ordinary wavelets are used,
especially in signal and image compression. However, for
most computers, the integer wavelet transform is much
faster than other wavelets and it uses much less memory.

Peak Signal to Noise Ratio (PSNR)
Controlled Compression

Peak Signal to Noise Ratio {PSNR) is a widely
used quality measurement. PSNR controlled compression
allows users to choose their desired PSNR for the
compressed image. In each of the compression methods set
forth herein, a user can selectively set the PSNR and the
desired compression ratio, as well as the initial
quantization and threshold levels for each quadrant of
wavelet coefficients, to obtain the desired image
quality.

For example, the wavelet map of FIG. 3 shows a
total of 10 regions (qguadrants). Each of these ten
quadrants can have two additional parameters associated
with them. The parameters define the gquantization and
threshold values for that particular gquadrant. Since
there are three planes for color {onlvy one for gray
level) the maximum number of parameters that the user can
control is 60 -- 10 for quantization and 10 for
thresholding for each of the three color lavers. In the
case of a gray level image, there are only 20 parameters.

If a compression ratio, or a guality factor
which indirectly defines a compressicn ratio, is
specified, then the user wants the compression ratie to
remain identical over the changes in the parameters. In
order to accomplish this, two parameters are monitored:
the compression ratio and PSNR (peak signal tc noise
ratio}. The PSNR is defined as PSNR = 20 log,, (X/MSE),
where the X is the average absolute value of the pixels
in the compressed image and MSE is the mean squared error
measured between the compressed and original image.
Holding the compression ratio constant, the PSNR needs to
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increase to improve image quality. The way 1O increase
the PSNR is to reduce the MSE.

An iterative method can be used fto adjust
parameters to achieve the desired PSKNR. The step are as
follows:

{a} Pick an initial parameter setting P,;

(b) Quantize the wavelet coefficients with B,

and calculate the corresponding PSNR;

{c}) If the PSNR is close to the desired one,

stop and output the coded file:; otherwise, get

an adjusted vector AP, and set P, = P, + AP,

go to step (b).

Progressive Decomposition

Progressive decompression allows users to decode
images at varying degrees of resolution, starting from
the lowest resolution and progressing to the highest
resolution. The advantage of this feature is that users
can download small pieces of the coded file and view the
image at lower resolution to determine if they want to
download the whole image. Progressive decomposition can
be used with any of the decompression methods previously
disclosed herein. Progressive decompesition is
accomplished according to the following steps:

(a) Input the lowest bandpass component C* of

the coded file and reconstruct the lowest

resolution image I°;

{(b)Display image I°;

{c) If the user is not satisfied with the image

quality or the resolution is big enough for

stop:; otherwise, go to step (d):

{d) Input the lowest three band-pass components

HD!, VD!, and DD' successively in the current

image file. Reconstruct the new image ' from

c!, ED!, VD!, and DD'. ZLet I° = I'; go to step

{b).
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Image Map Editor

The image map editor creates an image map over a
compressed image file. This permits an image compressed
according to one of the methods set forth herein to be
easily integrated into a web page using an http link. A
user selects one or several areas of compressed image,
assigns one or more http links to the areas. The image
map editor calculates the coordinates of the areas and
outputs the HTML associate with the image. The user can
add such information into program source cecde. Following
is an example of such image map:

<EMBED SRC="cow.cod" type="image/cis~cod"

WIDTH="257" poly= "44, 45, 103, 78, 103, 86, 54,

86, 54, 78",

href="http://www.infinop.com"></EMBED>

Non-Uniform Image Compression

The present invention allows z user to perforr
non-uniform image ccmpression. Essentially, non-uniform
compression is accompliished by dividing an image intc one
or more rectangles, each representing a matrix of image
pixels. Each rectangle can be compressed by any of the
methods disclosed herein.

For instance, referring to the compression
method of FIG. 8, integrating the non-uniform compression
feature with the method allows a user to partition the
image inte several parts with different interests. The
user can then compress these areas with different image
and/or compression qualities. The parts can have any
shape.

The non-uniform compression feature can be
incorporated in to the methed of FIG. 8 as follows.

Steps 100-102 are performed. Then, the user creates
bitmap matrices defining the partiticned areas. Each
area is then wavelet transformed. Different
quantizations are then applied to the different areas

according to the transformed matrices obtained above.

IPR2023-00332 Page 00863




WO 98/40842 PCT/US98/64700

46

Split and Merge Wavelet Algorithm
for Big Image Ccmpression

This algorithm allows users to compress large

images by partitioning them into smaller pieces. The key

5 4is to divide the original image into several smaller
pieces and compress/decompress them separately by using
overlap and de-overlap technigue. With this technique,
the individually compressed pieces are egquivalent to
compressed whole image. The user does nof see any edge

10 effects in the decompressed image, which normally occur
with conventional split and merge methods.

Also, with this algorithm, users can selectively
decompress the whole image or choose a specific part to
decompress according to an image map created during the

15 compression phase. The algorithm is preferably

implemented as a software program executing on a general

purpose computer.
There are twe wayi; to compress an image by
splitting it: automatically or interactively. The
2C automatic approach is transparent to users since the
algorithm will automatically split to the image according
£o the characteristics of the computer used to perform
The compression. Using the automated method, the
algorithm first detects the size of the source image and
25 the memory size of the host computer. Next, the image is
split into several pieces with a predetermined number of

pixels overlapping according to the image size and
computer’s memory. Overlapping pizxels are those that
appear in more than one piece of the split image.

30 Each piece of image is compressed in order
according to any of the methods disclosed herein from the
image resource.

The split image is decompressed as follows.
First, the headers of the compressed image pieces are

35 read to determine their order and compression parameters,
such as quantization thresholds and decomposition levels.
Next, each piece of the image is decompressed and de-
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overlapped. Merge all pieces together in the proper
place for display.

Using the interactive method, a user can
indicate how many blocks they want to divide the image
into and how many pixels they want for overlap. To
compress an image according to this approach, the size of
the source image is first detected. Then, the user’s
choice for the number of blccks and number of overlapping
pixels is entered. Next, the image is divided into the
pieces according to the user’s choice and the size of the
image. Finally, the individual pieces are compressed
according to one of the methods disclosed herein.

The interactively split image is decompressed as
follows. First, the header of the coded image is read.
Next, an image map is displayved for the user to look at
what the image context is about. The user can then
choose to display entire image or a specific piece of
image. If user chooses to displav a single piece of
image, the algorithm finds the position of this coded
piece and decompresses it. f the user instead chooses
to display the entire image, the algorithm decompress
each piece of image and de-overlaps it. All pieces are
then merged together in the appropriate display location.

Example A, below, shows further technical
details related to the present invention.
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While specific embodiments ¢f the present
invention have been shown and described, it will be
apparent to this skilled in the art that the disclosed
invention may be modified in numercus ways and may assume

5> many empbodiments other than the preferred form
specifically set out and described above. Accordingly,
it is intended by the appended claims to cover all
modifications of the inventicn which fall within the true
spirit and scope of the invention.

10
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1.0 Quality Compression Optimization

The following sections deal with the improvement of the compressed
image quality. As stated in the report introduction, we believe this is
the last significant major problem to be addressed in the stilf
imagery compression system.

1.1 Introduction

The issue is the mechanism which can be used to improve the guality
of the image based upon the nature of the parameters used in the
~ompression process. We think this is an important issue, and in our
sxpenimentation, we have found fairly suiking resuits. For exampic,
if we hold the compression ratio tonsiant, we can compress an image
and obtain on a subjective scale of C, where

* A i1s no observable defect,

® B is observable but not noticeable,

* C is quite noticeable, but not distracting from the image,
* D is very noticeable and detracts from the image,

° E is unacceptable,

If we now change the parameters by a hand optimization, we find we
can change the subjective evaluation from a C to 3 B with the
compression rauo left alone. We believe this is significant, in that it
guaranlees a compression system which is tailored for each image
independently, rather than have each image compressed by the same
et of paramecters irrespective of the image conten:.

To review the process of compression, consider the following figure,
Figure 49,
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Figure 49
RGB Image in 24 Bit Color Depth Showing Transform to YIQ

Figure 49 shows the relationship between the RGB and YIQ color
representation and the processes which take place in the algorithm
as this data is transformed into the final lossy set of wavelet
coefficients.. The processes which apply to the imagery are shown as
heavy arrows with the process identifier shown as part of the arrow.
If no process number 1s present, then the arrow is just a passive link
between processes and data. The important point to note is that in
color imagery, we deal with three images (one luminescence, and two
color planes). The Y component is critical, while the IQ components
are less scositive to error introduced by the compression system.

The processes shown in Figure 49 are as follows:

* (1) Transform the RGB format into YIQ format, using long
integers. This format is only an approximation of the YIQ format.

 (2) Transform the YIQ planecs inte a wavelet decomposition using
our own integer wavelet transform. This produces the result
shown in Figure 50, but for each plane.

*» (3) We have shown an alterpative process which is an optional
down sampling for the IQ color planes. This down sampling may
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be done once or twice to produce two image planes either one
fourth or one sixteenth the size of the original plane. [f this

process is to be done, it will be accomplished prior to the waveliet
transform of process (2).

* (4) Here the first step in the loss occurs. The wavelet coefficients
are now quantized to a number of levels depending upon which

quadrant is being processed, and the desired compression or
quality factor.

* (5) Simultaneously with step (4), the wavelet coefficients are
being matched against threshold values. and if the values are less
than the established threshold values specificd, then the resultant
value i5 set to zero,

* (6) The last step in the process is to entropy compress the
resuitant coefficients using either Arithmetic, Run Length, or
Huffman, of Huffman and Run Length combined. The key issue is
the amount of compression desired against the invested time
required to get that level of compression.

The issue now, irrespectve of the down sampling or not of the IQ
components, is the fact that we process the three planes into five
levels in a decomposition as shown in Figure 50. From this figure,
cne can see a total of 16 regions (quadrants) which are defined by
the numbers | through 16. Each of these sixtcen guadrants have two
additional parameters associated with them. The parameters define
the quantization and threshold values for that particular quadrant,
Since there arc three planes for color (only one for gray level) the
maximum number of parametcrs that the user can control is 96 -- 16
for quanuzation and 16 for thresholding for each of the three color

iayers. In the case of a gray level image, there are only parameters
for one layer.

Our experience has shown the parameters for an image ars very
sensitive in some cases, and not in other cases. In order to measure
this semsitivity, we generated the variance of the wavelet coefficients
in the 16 quadrants. Table 1 provides these values for each of the
three planes.
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Figure 50
Decomposition of a Plane into Five Levels
Image Lenna Tuiips
Wavelet Variance Wavelet Yariance
Qupdrant Y 1 O Y 1 Q
1 13 4.7 1.4 164.2 27.3 6.9
2 6 3.2 {.1 134.6 24.9 5.0
3 i 1.3 0.6 28.9 4.6 1.1
4 56 58 1.7 276. 9.3 12.9
5 23 4.5 1.1 274.3 67.3 12.4
6 10 2.8 0.8 124.8 22.7 5.0
7 128 11.4 2.6 228.7 73.2 13.7
& 55 7.4 1.1 2598.1 107.3 16.2
9 37 3.3 1.0 114.2 35.5 6.8
10 253 27.5 4.1 174.8 73.9 10.7
11 15 11.8 1.5 285.1 128.2 14.9
12 64 6.5 1.1 167.% 47.8 6.7
13 499 41.7 10.1 135.4 75.6 B.7
14 138 11.2 2.5 245.0 144.0 11.2
i5 156 12.2 2.0 89.3 49,1 &5
16 14161 12818 2958 7,408 6 &0 4 ”e
Table 1}

Wavelet Coefficient Variance by Numbered Quadran: for Two Images
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The clear information to be gained by the numbers in Table 1 is the
images are quite different, and the quantization or threshold levels
set for all images will only be an approximate solution at best. The
optimum solution would be to have the quantization and threshold
values set according to the variance values. Such settings could be
found in a table with various ranges, and for each such range, the
parameters of interest could be defined. This would give 2 more
optimal solution, but still not the optimal solution. In order to get
optimality, one would nced to scarch over the variable space using
the near optimal settings to find the actual best values for the
parameters.

As the values in Table 1 grow, the implication is a finer mesh size for
quantization. That is, the number of bits one wishes to allocate to the
output could be varied by quadrant. Those guadrants with large
variances will utilize more bits, while those with low variants will
utilize fewer bits. In this way, the number of bits resulting from
quantization will remain the same, but their allocation will differ
depending upon the nature of the image.

1.2 Approach

The solution to the probiem posed in the previous secuon is to
determine how the ninety-six parameters interact with one another.
The problem is a bit more sophisticated than just measuring
paramecters, however. The issue is with each parameter change, the
compression ratio will change. 1f a compression ratio, or a quality
factor which indirectly defines a compression ratio, is specified, then
the user wants the compression ratio to remain identical over the
changes in the parameters. In order to accomplish this, there are
two parameters which we must monitor: PSNR (peak signal to noise
ratio which is defined 10 be PSNR = 20 logjp (XMSE) where the X is
the average absolute value of the pixels in the after image and MSE
is the mean squared error measured between the before and after
image) and the compression ratio. The compression ratio must be
held constant, and the PSNR needs to increase. and the way to
increase the PSNR is to reduce the MSE.

The difficulty with this system as described is in many cases, smail

changes in the parameters introduce significant changes in the MSE.
Also, we believe, the parameters are not independent. We have also
seen images where the parameters can be changed in one way, then
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altered, and the results are exactly the same. This indicates the
optimal value is not a single point, but rather something like a plane
with little siope.

1.3  Status

We have established the rules under which the oprimal solution will
need to exist, and arc at the moment writing software to measure the
variance within the Lightning Strike cnvironment. Once this is doge,
we will being examining many images to sec how close we can
determine the optimal parameters for a defined set of variances.
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CIS-2 Image Compression Algorithm
HONGYANG CHAO
Part I: Brief Review of LSIC 3.0

1. Introduction

CIS-2 (temporary name), which has been being used in Lightning Strike 3.0 image

sompression software, is @ wavelet based image compression algorithm, CIS-2 has

following inventions:

» Integer reversible wavelet algorithm with Property of Precision Preservation;

» Subband oriented quantization and related entropy coding;

¢  Wavelet lossless compression for coior and gray images;

» Progressive gransmission algorithm for color bit compression;

e Progressive transmission and decompression algorithms;

e Non-uniform image compression algorithm;

e Quality based wavelet coctlicient quantization tabies;

s Anached optional post-processing filters;

» Image map editor;

» Optionai peak signal noise ratio controlled compression;

» Special split and merge wavelet compression algorithm for very big image
compression without any boundary effects ;

» Image dependent parameter optimization .

2. Main steps of the sligorithm
In Lsic 3.0, threc kinds of different image compression methods are included:
Method 1: Quality controlled wavelet based compression
Method 2: Color bit depth compression
Method 3: Wavelet lossless compression

Section 2.1-2.3 will give bricf description of above method The details will discuss
later.

2.1, Main step of method 1

Figure 1 and Figure 2 give the flow charts of the image compression and
decompression of methodl respectively. Every step in both compression and
decompression has lot of details, which will be described later,
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nput image Color Wavelet
d Diplay Transformations Transform

Subband and
Output Coded Quantization Subband Oriented
Image File lated Entropy Qunantization
oding

Figure 1: Compression flow chart for Method 1

Topw Coded Entropy T)_c-quam.izntion Inverse Wavelet
Image File Decoding Transform
Disply ﬁecomprcsscd Post Filtering if Inverse Color
Image File INecessary Transform

Figure 2: Decompression flow chart for Method i

2.2, Main step of method 2

This method based on using less number of colors to approximately represent
original images. Following figure gives the main step of the algorithm for the
compression and decompression.

Input Original Image Create Color Table by Color
Accept the Number of Quantization or Input 2
Color Fixed color Table
Wavelet Transform | Caleulate the Index for
on the index Every Pixel with Dithering
Entropy Coding the Qutput the Coded File
Transformed Index

Figure 3: Compression flow chart for Method 2
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input Coded Entropy Decoding the
Image File Transformed Index
Display Decompressed Inverse Waveiet
Image with Necessary Transform on the
Post filtering Color Index

Figure 4: Decompression flow chart for Method 2

2.3. Main steps of method 3
The main steps of method 3 is almost as same as method . However, at the every
step we usc different methods. Following are its compression and decompression

flow charts:
put lrmage | Integer Color Integer Reversible
d Diplay Transformations Wavelet Transfor
Output Coded | Erropy
Image Fiie Codin
Figure 5: Compression flow chart for Method 3
Input Coded Entropy Inverse Integer
Image File Decoding {Wavelet transform
isply Decompressed Image Inverse Integer
ith Necessary Post Filtering Color Transiorm

Figure 6: Decompression flow chart for Method 3

3. Brief Description for Other Features
Most Features (or inventions) are included in above three compression methods.
Following is the brief introduction for some inventions list above.
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3.1. Progressive decompression
This algorithm allows users to decode images from the lowest resolution to
highest resolution. The advantage of this feature is that users can download small
piece of the coded file and view the image at lower resolution to determine if they
want to download the whole image.
Steps:
(a) Input the lowest pass component LI’ of the coded file and reconstruct the
lowest resolution image 7°;
{b) Display image /°. If the user doesn't like it or the resojution is big enough for
» Stop; otherwise, go 1o next step;
(c) Input the lowest three band-pass components HZ°, LH and HH®
successively in the current coded file. Reconstuct the new image 7' from
L, HU, LH® and HH® . Let I°=1', go to step (b).

3.2. Non-uniform image compression

The aigorithm allows users to divide the image into several pans with different
interests and compress these areas with different qualitics. The areas can have any
shape. This algorithm is only available for metbod 1.

Original image goes though all of the procedure except quantization part, which
follows the steps below:

(a) Creating the bitmap matrices related to the aress chosen by the user;

(b) Wavelet transform to every bitmap matrix;

(c) Different quantization in different arcas according to the transiormed matrices

obtained above step.

3.3, Peak Signal Noisc Ratio (PSNR) controlled compression
Peak Signai Noise Ratio (PSNR) is an image quality measurement used by most
professional people. PSNR controlled compression allows users to choose their
desired PSNR for the compressed image.
The related algorithm is an iterated system:
(a) Picking an initial parameter setting 2
(b) Quantize the wavelet coefficients with P, and calculate the corresponding
PSNR;
() lf the PSNR is close to desired one, stop and output the coded file; otherwise,
get an adjusted vector AR, and set £ « P, + AR, go to step (b);
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3.4. Attached optional posi-processing filters

Users can choose any number of following processing filters at their compressing
tme. The desired results can stored in the coded image file, and, anyone who
decompress the coded file will see the same result immediately.

» Sharpening images

» Smoothing images

¢ Improving the visual quality

» Brightening the images

3.5. Image map editor

Image Mep Editor create a image map over Lsic3.0 compressed image file. User
selects ope or several areas of compressed image, assigns the http links to the areas,
then, Image Map Editor calculates the coordinates of the areas and outputs a HTML
associate with the image. User can add such information into his/her source code.

Following is an example of such image map:

<EMBED SRC="‘cow.cod” type = “image/cis-cod” WIDTH= “257" poly= 44,
45,103, 78, 103, 86, 54, 86, 54, 783", lyef= “http://www.infinop.com”><EMBED>

3.6. Split and merge wavelet zlgorithm for very big image compression

This algorithm aliows users to compress very big image by an ordinary machine.
The key 1s to divide the original image into several smaiier pieces and
compress/decornpress them separately by using overlap and dis-overiap technique.
With this technique, the compression/decompression piece by piece is equal to
compress/decompress the whole image together, which means users won't see any
edge cifect at decompressed image which appears at generai split method.

Also, with this aigorithm, users can either decompress the wiole image or choose
the specific part to decompress according to a image map we creaie {or the division .

3.7. Image dependeat optimized parameter setting
This zigorithm allows user to get the best (or almost best ) image quality at the
desired compression ratio by choosing image related parameter sctting.

3.8. Integer reversible wavelet algorithm with PPP property

See attached unpublished paper titled as “An Approach to Fast Integer Reversible
Wavelet Transformations for Image Compression”
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3.9. Integer color transformation
This aigorithm is a integer reversible transform which has been used in lossless
color image compression (Method 3) for Lsic 3.0.

The algorithm transform RGB color components to a new sct of color
components Y-Nb-Nr:

Forward transform RGB to Y-Nb-Nr:
Y = G+ Int(&2),
Nb= B - 1nt(¥),
Nro B— Int(%).
Inverse transform Y-Nb-Nr to RGB:
R = Nr+1nt($),
B=Np+Im(}),

G = ¥ - Int(42).

3.10. Subband relsted Quantization and estropy coding
This entropy coding method is just designed for wavelet based image
compression. The mein ides is to take the advantage of differeni quantization at

different subbands and encode each band according to its content. This method
reduce the coding cost greatly.
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CIS-1 Image Compression Algorithm

HONGYANG CHAOQ*
Computer and Information Science Inc.

1. Introduction

C1S-1, which has been being used in Lightning Strike image compression software, is a

wavelet based image compression algorithm. CIS-1 has following advantages:

¢ Reach almost optimal compression ratio;

o Keep the major characteristics as more as possible. In other words, it reduce
insignificant components gradually according to human visual system, so that people
can still accept the image quality at the extremely high compression ratio;

o Fast

2. Main steps of the algorithm
Figure 1 and Figure 2 give the flow charts of the image compression and decompression

ruspectively. Every st p in both compression and decompression has lot of details, which
will be described later.

Input Original Image

v

Display Image

v

{Image Transformations

v

Quantization and Thresholding

v

Encoding |

v

Qutput Coded Image File E
Figure 1: Image compression
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Input Coded image file

v

Decoding

v

De-quantization |

v

[nverse Image Transformations

v

Post Image Processing if Necessary

v

Display Compressed Image

Figure 2: Image decompression

3. Image Compression

For the compression, we only have to describe three parts: irnage transformations,
quantization and thresholding, and entropy coding.

3.1. Image Transformations

The image wransformations involved in this algorithm inciude color transform (for color
images) and wavelet decomposition ( for both gray level images and color images).

(a) Color transform

| In general, input color images are based on RGB color model, such as
TIFF or BMP images. In order to get high compression ratio, it is better to change RGB
color model to other color models, such as YIQ or YUV models.

RGB to YIQ:;
(Y] 10.299 0.587 0.114 TR]
|7 1=lo.596 —0.275 -03211G1
Lol lo212 —0523 o3n1 &)
RGB to YUV:
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(Y] [0.299 0.587 0.114TR]
tul=1-0148 -0.289 0.4391G]I.
lr] los1s -0.515 —01 |3]

() Wavelet decomposition

The purpose of wavelet transform is to represent the original image by different basis to
achieve the objective of decorrelation. There are a ot of wavelets which can be used in
this step. In CIS-1, we use 2 wavelet which results in the following aigorithm: Suppose
¢ =[ea},., G=0,M=1 k=0,-N-1) is original image, where M and N are
integers which have the common factor 2° (L is a positive integer). After one-level
wavelet ;:lccomposition., we will get four parts as shown in fipure 3.

1
Wavelet (’l HD

(ol

Transformn ypl DD

Figure 3. Wavelet image decompositicn

Wecall €' =[] /=0, =15 k=0, ~1) the blurred image of C°, HD' the
horizontal high frequency part of C°, VD' the vertical high frequency part, and DD’ the
diagonal ones. Setting C° = C', we can repeat the same procedure L times or until the
size of the new blurred image C' is small enough. Therefore, we only have to give the
elgorithm for one level decomposition:
(1)Let C°® =rC®, r>0 is a factor which can be changed for different needs.
(2) Transform for image columns:
o Fork=0,.,N-1, calculate
J‘};l = 5_"%5&,
o ERRY
ld}* = Z(E:J-u =28, t o) J=henE -t

s Fork=0,-,N-1, calculate
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(3) Transform for rows:
o For J=0,+4 =1, computing

| al _al
J”d;.o il

2 3.1.3)
1 ) _ A
lhd}x = "4 (Ejl.u—a - 2c}.2t + C,l',um)» k=1, ﬁi -1

and

rn . hdy +hd),

'ECL =5};¢.1—M‘-‘-‘, k=1, 4¥-2, (3.14)
]Cj.af-l =E;.H-l —hdlnr.
L
o For j=0,-,% 1, computing
ddjl.o - ‘?‘[,1 ;‘?zzo )
(3.1.5)

I B

-

=3
and

{ -, dd,+dd,
IVd,lﬂ = dj’.l ___/__0._2 Z s

- dd , —dd'
{vdly = d' _Gd —ddy k=1---Y-2
y J, Lkl 2 ¥ 37 ¥
|
1 ~
Ivd‘,.‘? =d~-u_dfj.#f"

(3.1.6)
@C= [cj_,], HD' = [hd}v,], VD' = [vaj'*]and DD = [dd_‘m], =0, M1y
k=0:"'1'¥'—1'

Remark: If it is necessary, we also can use matrix multiply
Wavalet Coefficient Image of  levels = W,C°W] .

PCT/US98/04700

IPR2023-00332 Page 00882




WO 98/40842 PCT/US98/04700

()]
Ly ]

Here, W, is the transform matrix for/ level wavelet decomposition.

3.2. Thresholding and Quantization
Both thresholding and Quantization allow us to reduce accuracy with which the wavelet !
cocfficients are represented when converting the wavelet decomposition to an integer |
representation. This can be very important in image compression, as it tends to make
many coefficients zeros--especially those for high spatial frequencies.

After L level, for example L=3, wavelet decomposition, we get the wavejet coefficients
of the original image as plotted in Figure 4:

3
¢ |HD 5
HD
3
VYD DD3 :
HD
VD2 z)Dz
vp ! !
DD

Figure 4. L=3 wavelet coefficients distribution

(2) Thresholding
In algorithm CIS-1, we use multilevel uniform tiresholding method: Let

T=(4,1,)
be the chosen thresholds, where ¢, is the threshold for / th (I = l,--,i) leveland #,,, isa

threshold for blurred image C*. Thresholding is to set every entry in the blocks C*,
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HD', VD' and DD’ (I =1,---,L) to be zeros if its absolute value is not greater than the
! corresponding threshoid.

R'emaric. For color image, we can have three threshold vectors which correspond three
different color bands, such as Y, I and Q.

(b) Quantization
Quantization is to scale the wavelet coefficients and truncate them to integer values. In
CIS-1, we use the quantization table shown in Table 1 to implement it.

quD ‘I:m see qz'b
G O veo a5 gz
qlbn qgn oo qf,,,

Table 1. Quantization table

! Here, the entries g/, are quantization factors for blocks HD' ¢/ =1,---,L), ¢yp and .
' for blocks VD' and DD’ (! =1,---,L) respectively, and the factor g;*' is for the most
blurred image C*. All the factors are integers between 0 and 255. The quantization
scheme for the biock HD' (1 =1,---,L) is

—_ hd., eq.
hd.‘“ =—“l"0und(—-"-qu—HD),j=O,---,'g‘,‘—l; k=0,"'{$’"‘
maX

P

(3.2.1}

Here, t‘_u;';.t (= 09"-,';‘,‘ -1; k=0, % 1) are quantized wavelet cocfficients in block
HD' (=1,--L),
maxp = ou%'-nqhaj*l) ’
sk (N2 -1)
and the function round (x) gives the nearest integer of x. The scheme of quantization for
other blocks are the simifar to (3.2.1).

Remark For calor image, as the same as thresholding, we can have three separate
quantization tables for different color bands.

33. Entropy Coding
Here, the encoding means the lossless compression for the wavelet coefficients. It is

. divided into two parts: Coefficient arrangement and entropy coding (Huffman or
arithmetic).
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¢, Decompression
4.1 Decoding

Decoding, just as encoding, can be divided into two parts: Entropy decoding (Huffman or
arithmetic), and coefficient rearranging.

1.2 Dequantization
After Decoding, we get quantized wavelet coefficients in 3*L+] Blocks. Dequantizing
uses the same quantization t.ablc as quantizing, and the scheme as foilow: for I =1,*+,L

h?’ .
bd)u = —ﬂ—ﬂ’- j=0 et k=0 % -1 (42.0)
{4.2.1) allows us to get thc approximate coefficients for the biocks HD' (I=1,---,1),

‘which is shown in Figure 4 . The dequantizing scheme for other blocks are similar to
(4.12).

4.3 Inverse Image Transformations

(a) Wavelet reconstruction
'We are going to describe the algorithm for one-level reconstruction which is piotted in
Figure 5.

0 Inverse Waveijet 8 HD !

Transform vp! DDH

Figure 5. One-level wavelet reconstruction

(1) Inverse transform for rows:
o For j=0,.-- 4 -1, calculate

dd\ , +dd!
(oo,
| dd, , - dd,
id}m-vd' +—-L-2-—£=-, k=1 d -2, 43.1)
| ek ‘V ddl
L

and
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j o =3, - 24d},,
l

(4.3.2)
'J.u __LQELEL“"_‘). deu, k=1,—~,-§ ~1
o For j=0,%-1, calcmatc
( hd', +hd
IE}J =C}° +__ﬂ2__£’
i bd, + hd,
{2401 =Cpe + —1—2—-’-- k=1,4-2, (4.3.3)
iE} pt =€ s +hd) .
L
and
E}o =5}1"'2hd},o’
R g . . (4.3.4)
Cra 2(cj,u t sz) 2hd,, k=15~
(2) Inverse transform for column:
o Fork =0, N =1, caculate
[-o 1 &olt "‘3;,&
| €z = Cox "_"2_'_ ,
. 2': +3!‘+ _
%-oj"'lv‘ =cjlk + - 2 = ) J = l:"'ag -29 (4-3=5)
lE:,_u =G, ""?Liu'
and
{Eoox =g, - 2dy (4.3.6)
- i
lc;’“ = -z(Ezol-l.k :u+1.t) 2‘11 » J=hey 2 -1
(3) c;.g =E;3 Ir, J= 0,--, M-1, k=0, ,N-1. c =[CJ-&L1-§°
(b) Inverse color transform
For color image, we have to do inverse color transform
o YIQtoRGB

TR} lL000 0.956 o0.621 171
lgl=11.000 -0272 ~0.647} I1.

I3 lLooo -1106 1703 @]

PCT/US98/04700
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Ia}'o = d-_l/l - MJID,
4l a {4.3.2)
[dj.u = (_L‘Hi:.;_u!ﬂ w}# k=14 -1
o For j=0,-4 -1, calculate
1 o_ hdjy + hd),
|Ej.l =Cj —"""5"'"",
I hd, + hd
{Cj,ltvl —-c_,, + ""‘f_z_L' k=18 =2, 4.3.3)
I
&y =6 s +hd*,l;,.
L
and
Jo =&, ~2hd,,,
[ -1- g -2hd}, k=14 -1 @34
Lcj.lk - 2(51.2k thl) ’ ] .
() Inverse transform for column:

o For k=0, N =1 calulate

[ dy, +d,
IE&=E‘I)k+d0l2 Lk,

+5Lf-2‘-i-’-=‘i =l 2, (4.3.5)

| . -
lc;_u =ciw+a"_,‘__u

and
G = Eﬂ 24y, (4.3.6)
-zoj,t (c:u-u YRS k’ j=1lE-1

(3 )y =& lr i=0,5M=-] k=o,---,N-1.c°=[c‘f,‘{,,]H.

b) Inverse color transform
For color image, we have to do inverse color transform

o YIQto RGB
[R] 1000 0.956 0.621 77

IGl={1.000 -0272 -0647l 1 ﬂ
8] |1ooo -t106 1.703 JLo]
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o YUVtoRGB
FR] 1000 0.000 L140 TY7

fGl=11.000 -0.395 -0.5811 U]
La] {1000 2032 0.000]7]

4.4 Necessary Post Image Processing

(a) Color Quatization
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An Approach to Fast Integer

Reversible Wavelet Transforms for Image Compression®

Hongyang Chao"*

Computer and Information Science Inc.
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Guangzhou 510275, P.R. China

Paul Fisher
Computer and Information Science Ing.
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Dept. of Computer Science, Univ. of North Texas
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Abstract

In this paper, we proposc a general method for creating integer waveiet transforms which can be
used in both lossless (reversible) and lossy compression of signals and images with arbitrary size.
This method allows us to get a series of ransformations which are very close 1o the comresponding
biorthogonal wavelet ransforms or some non-orthogonal waveiet transforms, but can be caiculated
with only integer addition and bit-shift operations. In addition, the integer wavelet transforms
created in this paper possess 2 property of precision preservation (PPP). This propenty is very
useful for conserving memory in both compression and decompression, and speed up the whole

procedure in some applications. The mouvation of this paper comes from the lifting scheme {1}
and 3+P transform {3].

* This work has been partially supported by the US Navy under SBIR Contract N0Q039-
94-C-0013.

The author is partially supported by the National Science Foundation of P. R. China
and the Science Foumdation of Zhongshan University.
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1. Introduction

The waveict transiorm has proven to be one of the most powerful tools in the field of image
compression. Thearetically, the wavelet transformation is losslcss, but since all computers have
only finite precision, most of transformations are lossy in practice, even when we usc floating
point calculations. On the other hand, integer calculations are much faster than floating point for
virtually all computers; and integer computations are much easier to implement in hardware which
is more important in some applications. The memory utitization of integers is also a positive
consideration. The difficulty is, if we divectly use integers in the wavelet transform and its inverse
without some proper considerations, it will cause the loss of accuracy. For some important image
applications, the tser wants to have complete control of the precision in which the image pixels are
represented during the compression process, and thus prefers o have the image compressed from
lossiess to lossy.

Lossless compression is aiso very important for images found in such applications as
medical and space science. In such situations, the designer of the compression aigorithm must be
very careful to avoid discarding any information that may be required or even useful at some later
point From the academic point of view, it is also very interesting to have a compression scheme
which has very fast performance, and which can exactly reconstruct the image when necessary. In
addition, it is also very useful to have some wavelet transforms which exhibit the property of
precision preservation (PPP), which can be utilized in the computer which hias limited precision
and limited mermory without losing any precision during the computation.

In this paper, we are going to describe two general methods from which one can get the
intcger wavelet transform desired. All of the wavelet transforms from the methods given in this
paper possess the propesty of precision preservation (PPP). We draw on the work of several other
authors who have aiready contributed to this area [2-3], where some specific examples were
deveioped. However, this paper presents a more general method which aliows one to see several
new results as well as those presented and acknowledged prior to this work.

This paper is organized as follows: Section 2 and 3 give some examples of integer wavelet
transforms. The examples in section 2 are the starting point for our approach, and the examples in
Section 3 show the steps and motivation of our general method. Section 4 indicates how one can
use the lifting techniqus to create an integer biorthogonal wavelet transform. The Comection
technique to gcnémtz more general integer wavelet wansforms is described in Section 5. Section 6
describes how to process boundaries in order 1o apply the integer calcuiation in finite sized images
or signals. In Section 7, we prove the integer wavelet transforms developed by both the lifting and
correction method possess the property of precision preservation (PPP). Some example images
are also shown in this section. The last section, Section 8, provides the conclusion to this paper.
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2. Basic integer wavelet transformations

We provide the following two exampies as the starting point for our new method. For the
sake of convenience, length, and simplicity, we only discuss the algorithm for a one level
decomposition and reconstruction and oniy for & one dimensicnal signal. The extension o two
dimensions is immediate as the rows and columns can be treated into a sequence of one

dimensional signals. For the following examples, assume that {cf }f: is the original signal where
the supersctipt indicates level and the subscript indicates a particuiar point in the signai. Also,
{cf, E' and {d: }:' are its decomposition parts at the first ievel. Here

" | %, if Nis an odd number ;
M‘ =N-N‘-

[N _ {-5'-. if N is an even number,
!

{c,', }:l: and {d, };”: are its low frequency ({) part and high frequency {4} part, respectively. For
multi-levels, we just reat {c} }:: as {cf}:: and repeat the procedure again.
Example 1: A (2,2)-wavelet ransform by integer calculation.

This transformatjon is similar to a variation of the Haar wavelet transform which uses iow
and high pass analysis (decomposition ) filters given as:

n 0 i
A 12 12
I 12 -1/
(1) Compute
dy=cf ~¢c% k=0, M -1 2.13
(2) Compute

c) =1m(%*—)+cg”, k=0;N, -2,

da, 2.2
—)+¢)_,. if Nisaneven number,

c’”‘_. = Ini( 2

Cors if N is an odd number.
Here, Int(x) s an arbitrary rounding function which may have different interpretations.
For example, Int(x) can be the integer which is nearest 1o x, or Int(x) may be any integer

which satisfies x = 1< Int(x) S x, etc. It is easy to see thart all entries in both {cl r: and

{2:}2 are integers.
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From (2.1)-(2.2), we can easily get the following integer reconstruction algorithm:

{b) Reconstruction
(DI N is an even number, compute
di
cg.lﬁl = C.ll. -Int(-z—L)! k =0-"'IN| -1 M (2-3)
of, if ¥ is an odd number, we have
o _ d,
Coea =€ = Int(==), k=0, N, -2,
kel [ 2 3 (2'4)
h =y
{2) Compuie
e =df +cl,, k=0, M, -1 2.5)

Kemark Since (2.1)-(2.6) are not linear because of the rounding operation Int(x), this
Toeans the ransfarmation order becomes significant. For instance, if the decomposition

was applicd first to the columns and then to the rows, the inverse transformation must be
applied first to the rows and then to the columns,

Eaample 2: Lazy wavelet transform.

The Lazy wavelet transform does nor do anything. However, this illustrates an important

concept. The correspdnding inverse transform is nothing efse but sub-sampling the even

and odd indexed samples. Decomposition and reconstruction can use same formula as
follows:

& =cd. k=0, N, =%

dy = Chhurs k=0, M, 1

Examples 1 and 2 are not good transforms for image compression, but they are simple.
Much better wransforms can be achieved from these two, As suggested above, we consider them
only as a starting point for our integer, reversible, wavelet transform algorithm.

We must mention that there is another interesting property in the above two transforms
which may not be easily seen. If the vajues of the signal pixels arc represented by a finite number
of bits, say one bit or ons byte, we can still use the same pumber of bits to represent the result of
the forward wransform within the computer itself becauss of the compiemsntary code property.
While, from the reconstruction algorithm, the computer will get back the exact original signal

through the sams complementary code property. We call this property a Property of Precision
Preservation (PFP) for these wavelets.
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It is known that the general values of the high frequency wavelet coefficients are small, and
al higher levels in the decomposition also provide generally smail values in the high frequency
band. This allows the preservation of precision during the computational stage of the waveiet
coefficients. Now, the compiementary code property, the other aspect of the PPP property is a
well known characteristic of integer arithmetic as done by the computer. Consider the compuzation
of the difference of two integers given as ¢ = b-a and the inverse computation of a = b - ¢, The
nature of the computation within the computer can be specified as follows:

b-a If ~29"' sb-a<29! -1
tm={=29+b=a if b-a22%"
294b-a if b~a<c=29"

and the inverse is
b-c, if =29V gh=c, <297t 1
Gy ={-24bw=c, i b-c, 229"

2%4b=-c, if b-c, <-2%"

where the m subscript indicates the internal representation, and the range of the integers a, b, ¢ is
[.:l"“. yARES l]. The internal representation of ¢, when it is outside the range, its appearance is as
a {wo's complement number, sc the representation may not be the same as the external
representation of ¢. However, the same complementary code for the ap, will cause the intemal
representation to be identical to the extemnal representation of a. For example, if we let 5=2
{00000010) and a=-727 (10000001) then ¢, has the internal binary vaiue of (10000001) when
g4, With a value of -127 for ¢y, the inverse value for ap, will just be a.

In fact, for Example 2, this property is obviously true. While for Example 1, if the range
of the pixel values is within a finite number of bits, say q, we can only use g bits as the working
unit, which means the value of ansform coefficients will also be within the interval with length
27, say [—2"‘. 2 - I]. Due to the nawre of computation on a machine, most machines will

implement (2.1)-(2.2) automatically as follows (the complementary code property):

C:‘ -Cgm- if \27'g 520& -Cghﬂ <-2HF'
di =4cd —chy-2". if ¢ =€ 22%7, 2.6
Telu-cha) i i-chy <27
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d! dl
Int(-?‘-)-t- s if 22v¢ Im(-if-)+ Cope; €27,

H . d} .
el =4 m:(.it-)n;’m AT Im(T')-;-.:,?N 22, @7

dl dl
Int(?')+ Ca+ 27, if m:(-?'i) + g, <=2,

3

While the reconstruction algorithm (2.3) and (2.5) will be implemented by the computer itself as
[ 1 ’

; d, . “ dy
€2 "lm('i"). if -2 g¢, —-Int(-z—)< 2,
o ( | d' e 4 d'
Gy = 927 +g\c, -I.ut.(----"--2 Y L if ¢, -lm(J-2 )< w28 (2.8)

d, d.
(c}—hn(—zL)]-Z’, if ¢} _Int(-;-) >2%,

d} +¢3 if =2 sd)+cf,,, <27
& ={di+ch, +2¢, ifdl+cl, <2t 29

(dy +enug2',  if d +cl,, 22"

It is obvious that (2.8)-(2.9) are just the reverse of (2.6)-(2.7). Ttis also easy to ses that if we

propecly take advantage of the bound in the coefficient size mentioned above, the aigorithm can be
implemented using a minimal amount of storage.

3. More Examples and Additional Analysis

In this section we are going to give more examples which will give some motivation for our new
approach.

Example 3: A (2,6)-wavelet transform by integer calculaton [2].

This ransformation is similar to using following analysis filters

n -2 -l 0 i 2 3
h. 0 () 117 \2 ! 0 3]
I ~1/16 «1/16 112 -2 118 1/16
(a) Decomposition
Decomposition starts with Example 1 at step (1) and (2), and then upgrades the high

frequency component at step (3):
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(1) Compute _
d{“’ - cg* - C'.?m- k=0, M, -1,
(2) Compute
- d:.o 0
G = Im(T)-!-cu... k=0, N, -2,
d*fl'?-l 0
&= Int(—)+ ¢y, if Nisaneven number,
Mt = 2
Chars if N is an odd number.
(3) Compute
i (Cg=¢) 10

¢, -cl,
d = (D) g0 ko) p, -2,

and then, if N is even, calculate

| & amc
dly .= Im(—"‘-id—-'i'-'-)- i,

eise, calculate
dl - In CL!-! —Culvu-l 1.0
M- = t('_4""") _dif,-l .
(b) Reconstruction
The reconstruction algorithm is identical to the decomposition aigorithm, except it is now
ruuning "backwards".
(1) Compute
. J
¥ = Im(-#-) - d]
e e
d}"’ =hu(...":l.2_c‘:_‘_)_d:' k= LM, -2,
and them, if ¥ is even, calculate
1
dit =2y
clse, calculate

(2)If N is an even number, compute

P i
Cara =¢; "Im(‘;"). k=0, N -1,
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or, if N is an odd number, we have
dw

cgl‘ﬁl =c: -In‘(-é_-)t k - ov‘”vNu -20
Ch-1 = Chy
(3) Corputs
c:l = d:’.o-‘-cgl-ﬂ' k'_" 01 "'lMg -i-

We see in step (2)-(3) above, that they are just the same as shown for the recomstruction of
the (2,2)-wavelet transform (Example 1).

Exampic 4: A (1,3)-wavelet transform by integer caiculation.
The following nonlinear transform is a vaiation of the transform which uses biorthogonal

analysis filizrs:

n -1 0 1

h, 1 0 ¥

i. 1/4 -172 1/4

(a) Decomposition
This decomposition starts with the Lazy waveler at step (1) and upgrades the high
frequency companent at step (2):
L =0-.. 1

(1) Set G =y, k=0, N, -1

d: =Cgtﬂ' k =Or“'n Ml - 1-
(2) X N is an even number, calcylate

[ cl +ec!
d; =Im(-*—2—'i)-d}'°. k=0;-4M, =2,
Ay =l —did,.

Othexwise, if ¥ is an odd number, calcujate
] e
+Cy,
d;=1m(5‘d—2u)-cg,,,, k=0; M, -1.

(b) Recomstruction
(1) Set c.?.:cl. k=0, N -1
(2) If N is an even number, caiculate

o . o
c,, +c
C:m = mt(-ﬂ_z_uﬂ.)..d:‘ k=0, M -2

e _ .0 i
Crt =Cnaa—dy

IPR2023-00332 Page 00896

™hoamsn Tlehae O



- WO 98/40842 PCT/US98/04700

75

Otherwise, if & is an odd number, calculate

CD + Q
e = Int(i-;—’“-)-d;. k=0; M, =1.

Examplc §: A (5,3)-wavelet transform by integer calcuiation.
This ransformation is also similar in function to using the biorthogonal analysis filters. It

i given by
n -2 -1 D ] 2
A. -8 va | 34 ue | -8
E. ve | .an 4 0 9
(a) Decomposition

This decomposition starts with Example 3 at step (1) and upgrade low frequency
components at step (2):
(1) Set e’ =c, k=0,--, N, -1
I N is an even number, calculate
o
d: = Int(ﬂo-*-—-;—c"kz-)- cgm. k=0, M,~2
dl

— 0 0
M1 = Cnp ™ Oy
]

Otherwise, 1f N is an odd number, calculate
0 - ]
d! = Im(&.t.?".u_«z.)_ o k=00 M, 1.

) If N is an even number, computs
[ 1
€ =6~ mt(‘%").

| < 1
”_.1 =c:-°--1nt(i"'-’;—d-'—). k=1, N,=2,

al, ., +d!
Chywi = Eang — INKC WLl

.

Otherwise, if N is an odd number, calcuiate
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( 1
c‘!’ = Cé'o - I.nt(%u-)'

[ ]

Ja=or-m@atdy o N2
d!
hr =l ~ =),
(b) Reconstruction
(1) Compute
dl

& =y +In(=),

1 !
c:D. =C: +mt(-dh'_‘:wd-t- s k= 1." -yN! -2-

Then, if ¥ is cven, calculare
3 1
0 3 N=12 M-
Cy-z = Cyq + INY(=reoe——)},

dl
else caiculate Choy = Chy + I.nt(—;-'-'- .
e +el
{2) Compute o= Int(—’-‘—-i-ﬂ-‘-f-) -dy, k=0,-.M, -2,
Then, if N is even, calculate i =c, - dy s

The PPP property for Example 1-2 mentioned at the end of the previous section is also
applicable for these three examples. It is obvious these three transformations are not really linear,
but they are similar to the one using the corresponding filters given above. Especially, the filters in
Exzmpie 3 and Exampie 5 beiong to, with minor modification, the group of the best biorthogonal
filters for image compression according to both our experience and the conclusion of (4],

Also, from the above three examples, we can note that if we begin with integer (linear or
nonlinear) wavelet ransformations and then use some proper upgrading formulas, we can get
other, much better integer, wavelet transformations for image compression. Now, the key
problem is: What kind of deductive formulas should be used? We provide an answer to this
guestion in the following 1wo sections, Section 4 and Section 5,

4. Lifting Scheme and Integer Biorthogonal Filtering

The Lifting scheme, discovered by Sweldens [1], is a new approach for constructing
biorthogonal wavelets with compact support. However, the most interesting part of this method
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for us is: it can be used, with minor madification, (o create integer biorthogonal waveict
transformations. The following is an adaptation of the technique of {1].

Definition 1. The set of filters {4, k. 8, g) is aset of biorthogonal filters if the following formuia
is sutisfied:
Vo e R Hom (@)=1.

= [h(m) h(w+ x)]

where #@) g@+m)’
and @)=Y he ™ and glw)=3 5.7,
I3 3
and similarly for @), k() and F(w).
The following lemma is the main result of the lifting scheme [1] reported as corollary 6 in
that paper.

Lemma 1, Take an initial set of finite biorthogonal filters {4. 5°, g° § 1. then a new set of
finite biorthogonal filters {A, h, g §} can be found as
k@)= R° @)+ Flw)(2w)

° (4.1a)
g(w)= g° () - H(@)s(2w).
Sirnilarly, if we take {£°, k. g, §°} s an initial set of biorthogonal filters, 2 new set of finite
biorthogonal filters (&, k, g, 1 can be found as
h(@) = A%(@)+ g(o)s (20
()= (w)+ g()I 2w (4.10)

F@)= §°@) - h (@)F (0.
Here, s(w) is & trigonometric polynomial and the corresponding filter s is finite, and so is 5(w3.
Actally, regarding the filters, (4.1) i5 equivalent to
h, =h/ "'Z Bras
¢
8. =g - z RyuSi-
t
h, = h{ + Zguugz
i
Et = E: = ZE-::-};-
{
Next, we use the lifting scheme with miner medification to create an integer, noniinear,

quasi-biorthogonal, wavelet algorithm. Suppose {cf} 15 a original signal, {cf‘} and {dﬂ}m
again its jow and high frequency decomposition parts, obtained by using the filters {A, A, 8. )

or (4.20)
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If we use filters U-:' , &} for decomposition (anélysis). the corresponding decomposition algorithm

C: =aczcnohn-2h
»
| - 0=
d, -%Zf.s..-u-
A

While the reconstruction algorithm will be

= 22( C;hn—u - dr‘ 8uzt )
i @, a,
related to the synthesis filter {h, g}. Here, parameters o and a, are positive constants with

a. e o, = 2. For example, in the situation of regular biorthogonal decomposition and

reconstruction, @, = &, =~/2 ; and for Example 1 through Example 5 above, @, =] and @, = Z.
If the set of filters (, &, g, 1 is from {k, k°, g° g1 by (4.2b), then the decomposition

can be accomplished as follows:
c:.b = a‘,Zcfgf_z,.
1. Calculate .
d: = adz cg:é'-ﬂ'
A
10, & i
2. Calculate ¢ =cl® +==3dl s,
o, 5
The relative reconstruction scheme wili be:
1. Calculate al=c, --C‘—“Z dy_.5 .
a, 7
2. Calculate

1.0
g = zz[ck h, 4 + dtlg.?_u ] '
k

ac ad’
Here, equations (4.3) and (4.6) are just the wavelet (inverse ) ransforms using bicrthogonal
filters {h, A°, g% ). While (4.4) and (4.5) are forward and backward upgrading formuias.

(4.3)

(4.4)

(4.5)

(4.6)

Similarly, if the set of filters {k, &, g, §] is from the initial set of filters {A°, 7. g, °}

by using (4.2b), the relative decompasition is:

| - o
ct "aczcnh--‘zt-

1. Calcuiate .
d,° = %2 ngg-u-
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2. Calculate d! = dW __&LZ cs .
e |
The reconstiuction scheme is:
(n4
I Cleulate ;' =d, + '&L; Chut
(3
Q ] ‘\
2. Calcujate ¢ _zz[c h-_z.z dz 8act 5
o
¢ J

For the sake of clarity, we haven't considered the boundary situation, but we will address this
fater.

Corpllary 4.1. Suppose biorthogonal filters {4, }-x' 8§ &) are from initial filters {4, }; 8 &% 7l by
the hftmg scheme (4.1a) or (4.2a). If the decomposition and reconstruction by filters

{h. B°, g° £} can be accomplished only by integer calculation, such as Example 2, we also can
create a corresponding integer wavelet dccomposmon and reconstruction scheme which is very
“ciose” to the original one by using filters (4, h 8. §}. Here the word “close™ means that the

difference of the iwo decomposition schemes is just some rounding error, and this rounding error
will be corrected by the integer reconstruction scheme.

In fact, if {c:"’} and {d ) }dre mteger after (4.3), we can calculate {c: } by

L =er +1an—Zd'_,s,\1 4.7

instead of (4.4). Here Int(x), as described in Section 2, is an arbitrary rounding up function
which satisfies x-15 Int(x) S x+1. Itis obvious that (4.7) is very “close” to (4.4), and the exac:
reconstruction scheme can casily be obtained from

4 A
H o 3
o’=c} -In{‘-;- E dl_s, | (4.8}
4 ! J

and (4.6). There will be a simitar result, if the st of biorthogonal filters {h, 7, g, 2} is obtaineg
from the initial sct of filters {h°, &, g, 3°} by using (4.2b).

We can now note, except for the example shown in the Lazy wavelet, (Exampie 2) most
standard biorthogonal wavelet transforms cannot be performed directly by integer, even for one of
the simplest wavelets, the Haar waveler. However, if we properly choose the parameters @, and
@, ., and slightly change the wansform algorithms, such as Example 1 and Example 3, we can have

a variation of the original biorthogonal wavelet transforms with respect to the set of filters
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(h i°, g% §) (or {#° . g. §°)). On the other hand, the parameters {3, } should be also

chosen carefully to guarantee that only addition and shift operations are needed by the algonthm.
Another observar.ion_: if the set of filters {h, k, g, g} is obtained from a set of filters

{h%, k. g, §°) by the lifting scheme, and the set {#°, k. g, £°} is also obtained from a filter set

(. #°, g° 2°}. we can repeatedly use Corollary ] to get a “close” integer wavelet |

transformation.

5. The Correction Method for Creating Integer Wavelet Transforms

In this section, we will describe another approach for obtaining intsger wavelets by using
the so called Correction method. The motivation of this method is from the S+P transform, and
we will now generalize this approach. Acwally, the lifting scheme for generating biorthogonal
wavelets can be considered as 8 special case of the correction method. From this method we can
get some even complicated filters with fast decomposition and reconstruction algonthm.

Suppose that we afready have a simple Integer wavelet transform, such as Examples |
through 3, the decomposition and reconstruction scheme of which can be formuiated as follows:

¢ =dr, ]
a =, (3 ))
Reconstruction et =rf{e h{a D (5.2)
Here, (5.1) and (5.2) can be the same as {4.3) and (4.6) or other algonthms.

In general, after the above decomposition, one may not be satisfied with the result. There
may still be some correlation among the highpass components because of the aliasing from the
lowpass components, or the lowpass components do not carry enough of the expected information
from the original signal. Hence, we could make an improvement by putting some correction part
on the highpass components or lowpass components. There are mahy ways to accomplish this.
However, for the sake of the integer calculation, we prefer to use following correction method.

For example, if we want to make a correction for the highpass part, the coresponding formula
would be: |

Decomposition .D

di=d®-In{dc}y k=- O, 1 200, (5.3)
Here, dc' is a correction quantity for d,

. 4
dcﬂ;':XG"C“‘g-*-z?’d:'fp k-.“ﬂ 0’ ‘ﬂ ° 2!”' (5-4)
-\ Il
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and, {cr,- };‘;’. and {r ; }’_‘ are given parameters which have been chosen for the usar's purpose,

such as reducing the redundancy among highpass components or some other special requiremsnt.
We are not going to discuss how to choose these parameters, but one can refer to the references {3,

3, 6] for clarification of this process. The only thing we need to mention is, fos the sake of the
integer calculation, any entries in both {cr,. }’:J. and {'/ };ﬂ shouid be racional numbers with

denominators being powers of 2.
From (3.1), (5.3) and (5.4), it is easy to see the perfect reconstruction algorithm can be
di’=d! +mt(dc, ) k=, m, m-1, m-2, (5.5)
combined with (5.2).

As menuoncd above, the Lifting scheme is a special condition of the Cormection method.
Exemples 3 through 5 can aiso be considered as the examptes of this method. We next give an
example of the Correction miethod which cannot be included in the group of Lifting scheme, and
also which does not result in a closed form of compact support for bionthogonal filters.

Exampie 6 S+P transform [3], which is similar to using following analysis filters
n -2 -1 0 ] 2 3

k. 0 0 12 n 0 0

z. e -ine 1isaz 1w sz s
While, the synthesis fiiters do not have compast support. However, the S+P transform can
be immplemented as follows:

(a) Decompositicn
(1)  Take the decomposition step of Example 1, that is, compute

df=c) ~ g k=0, 1, M -1

and

19
M-y

¢ JInt( Y+ €%, i Nisan even number,

Nt = -
Chras. if N is an odd number,

(2) Correction Step: Define 5, =1, 5,=1. 7" =1 and

a_‘=—|}., 0'0:"%" c, =%.;

T =i

and now compute
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In fact, the quantity b, wouid have the same value in both (4.7) and (4.8) if we calculate it
in the same way. On the other hand, if the working unit for b, is ¢ bits, the machine will give b,

another value, say 5, (-2"'s E‘ <2 ), where 3, is not equal to &, in the sense of
mathematics if the value of b, is beyond the interval (-2, 2/ - 1]. However, &, will be the
same in both (4.7) and (4.8). Therefore, the machine will automaticaily implement (7.1) and (7.2)

a5
e +b,, if 2v'<c0+b, <2,
c =4c}® -5-1..;t -2v,  if ¢l® +_;, 22, {7.1m)
2*wc)®+b  if &%+b, <2
and
el -5, if 27'gcl-6, <2,
c®={2v+c -b,, if ¢ -b, <2, (1.2m)

el =B =27, if -5, 22"

It is easy to sce that {7.2m) is just the backward operation of (7.1m), which provides the evidence
that the conclusion of this lemma is comest.

It should be mentioned that the coefficients {c] } obtained by (4.3) and (7.1m) might not be
the “‘reai” wavelet coefficients using common sense. However, if we still use the warking unit
with g bits precision at the reconstruction step, (7.2m) and (4.6) wiil give the exact original signal
back. On the other hand, the coefficients {c] } still keep the most continuity of the “real” waveiet
coefficients. Therefore, when we repear the decomposition step on {Ci } most smali coefficients
in its high frequency part {d? } will be almost the same as the “real” coefficients (within some
rounding error), which allows us to still take advantage of the “real” wavelet transform in image
COmpression.

A similar argument can show the same PPP property will hold for the intsger wavelet
transforms generated by the Correction method in Section 3.

As we mentioned before, for many applications, the lossless image compression is as
important as lossy compression. The integer wavelet transforms give the opportunity to Compress
without loss. It is also obvious that the integer wavelet algorithms can be used wherever ordinary
wavelets are used, especially in signal and image compression. However, for most computers, the
intzger wavelet ransform is much faster than the ordinary one and it uses much less memory.

The following are some applications illustrating these types of transforms.
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et ~¢}
b= dg® ~ Int(2EL 4" ).

! -1 Ao
d} =d!® - In( 2., + ¢, 83Cm 2d,., Y k=1 M, =2

i t
=€ un

dy =dP, - Lm(ﬁr-l-z_.. .

(b) Reconsiruction
(1) Compute

1 H
Cyg—C
d'.':_, =cz’}.,'_4 + Tp(=d Mt y =

‘d:.O = d*l +Int(2‘c:-l +c!z -c:d -Zdilfl

Yok =M, =21

1
4 = 4 + (5

\

(2) If N is an even number, compute

i
iy =€) -—Int(%‘-). k=0 N, -1

or, if N is an odd number, we have
i
c;h-l =C: - I“t(i{zL), k= 0 N, =2,
Chr = Cpy .
(3) Compute
O =d+ehy, k=0, M, 1.
6. Boundary Conditions
In the previous two sections, we did not show how to get the integer, wavelet transform at
the boundarics of signals. However, for al of the examples given above, the boundaries have
be:n considered. There are two issues dealing with boundary filtering if we use the Lifting scheme
or the Correction method 10 generate the integer wavelet transformations. The first is how to
process the boundaries which oceur in the start-up wavelet transformations. The second is how to
deal with the boundaries in the deductive formuia If the boundaries in the stari-up wavelet
transform have already been established, then those in the upgrading formula are easy (o establish.
In fact, for the Lifting scheme, the boundaries in both steps should be processed in the same way.
While, for the Correction merhod, it is easy to see from (5.3)-(5.4) that one has more choices to
process boundaries in the second step. Therefore, the only thing we need to discuss here is the
process by which the boundaries in the start up wavelet transformations are established, Assume
we begin with compact supported biorthogonal wavelets.
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Suppose the original signal is {cf }:I_ o Forcreating integer piorthogonal waveiet

transformmations we can use the following symmerric extension {7]:
(1). If current biorthogonal filters have even length, we extend
the boundaries of the signal as ¢?, =¢,, k =1,2;-;

(2). If the filters have odd length, we do the extension as c2, = e, kwl,2;

Example 1 through 5 use the boundaries give above. In Exampie 6, the start up wavelet
transform uses the above boundaries, but it the upgrading step, another boundary filtering is used.
In addition, for arbitrarily sized irnages or signals, one can usc the same technique which we
described in the above examples to deal with this condition.

7. Some Applications
Before talking about any applications of the integer waveiet transform given above, we first
prove that a nice property of precisivn preservation (PPP), which is similar to the one mentioned in
Section 2. holds for both the Lifting and Correction upgrading technique. This property is very
important for many spplications.
Lemma 7.1 Suppose that our integer waveiet transform Starts with a pair of biorthogonal filters
with the PPP property discussed in Section 2, that 15, (4.3) and (4.6) possess this property. Then,
the same property will be preserved in the whole algerithm if we adopt the Lifting scheme to be
the vpgrading formuia.
ig other words, Lemma 7.1 states if we onty use the working units with the same precision as the
original signal or image to calculate the wavejet transform developed in Section 4, the equations
(4.8) and (4.6) are still the backward operations of the equations (4.3) and (4.7)-
Proof. Assume that we only use g bits to represent images or signals, say, the range of the pixel
values is within [<2™, 2™ =1} . According to the hypothesis of the lemma, the equations (4.3)
and its inverse (4.6) have the PPP property. Therefore, what we have 0 verify here is that the
equation (4.7) and its inverse (4.8) can preserve the same property. We rewrite (4.7) and (4.8) as
follow:

a=c+b,, G.n
and its ioverse
o=cl o, (1.2)
Here,
a N
b= m{-;z dis |-
o i 4
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Application 1. Lossless image compression

As meationed at the beginning of this paper, the integer wavelet transformation
established by the techniques described in this paper can always be used for lossless image
compression because of the reversible ability. Especiaily, we can use the PP property
discussed in Lemma 7.1. ‘We have used this wavelet lossless technology (WLT) for gray
scale lossiess image compression, and we have tried several images. For most natural
images, the size of wavelet lossless compressed images is much smailer than corresponding
GIF images. Figure ! through 4 give some examples. Figure 1 is a standard image for
compression, Figure 2 and 4 are X-ray images and Figure 3 is a two-value image but we teat
it as a B bit gray scale image in order to compare with the GIF format. In fact, if we convert
Figure 2 to a binary image, better result can be obtsined by the JBIG technique.

{512x512) (5122512}
Figure §. Compression Ratio Figurs 3. Comprexsion Rario:
WLT: 1.9:0/GIF: 1.05:1 WLT 4.5:1/GIF: 2.72:1

“Visioneer may have come up with on
against the paper blizzard. . .gets pile:
way to others throughout your compar

Figure 3. Compression Ratio: WLT: 20.8/ GIF 17.8 {1522794)
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Figure 4. Compression Ratio: WLT 3.8:/GIF 1.98:1 (1232:1024)

Application 2, Large scale medical image compression

Usually, 12 bits are used to represent one pixel in medical images. In this situation, the
values of the pixels vary from 0 to 4095. Such images require careful treatmant when a
transform coding method is used for compression. If we use ordinary biorthogonal wavelets,
the range of the transform coefficients will expand to [~2'¢, 2'%] when five levels of ransform
are used. Therefore, & jonger working unit has to be employed, which consumes significant
computer resources. However, the integer wavelet technique developed in this paper will solve
this probiem. For exampie, if we use the transforms given in Example 3, 5 and 6, the values
of transform coefficients will be limited to the range of [-2'%, 2'°). Even if we do not use the

PPP property for these wavelets, 6 bits for the working unit is sufficient for all computations.

§. Conclusion

This paper has shown the processes necessary in order to obtain a non-linear, integer,
biorthogonal, or non-bierthogonal reversible wavelet transform suitable for signal or image
processing. We have shown how such a transform can be obtained either using the Lifting
method, or the Correction method. For example, all interpolation wavelets can be modified to be
corresponding integer wavelets without loosing any propertics of original wavelets. In addition,
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we have shown under certain conditions, the precision of the transform computation on the
cornputer can remain at the same precision of the data, thus reducing the need for additionai
computer memory during the transform computation. These are extremely powerful techniques
when the target data are large images, or the requirements establish a need for speed.

Although this paper establishes the structure for the integer transform based upon the
bicrthogenal wavelet or some non-biorthogonal wavelet, we do not imply the exampies in this
paper are necessarily the best wavelets for any particular application. However, we do ciaim if
ont is going to use such a technique, the ideas suggested in this paper will provide the best
implementation.
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decision between muxe quality of MOTC canpression. An
ADVANCED mudic cnabicd the user to selest; 1) image
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‘Compressor Varsion 3.0

The Lightning Strike Compressor is a Windows tool that compresses still images from a wide
variety of digital image formats using Infinitron’s proprietary Waveler algorithm, Images can
be compresscd to files 5 times smaller than JPEG, while maintaining simiiar or better image
fidelity, Images can be viewed in [ or 2 scconds aver the internet rather than 10 to 20
seconds for images compressed under JPEG. This has enormous benefic for transmitting
over corporate nerworks or the web, and in addition, saves space required for storing alj those
images,

Lightning Strike in x eollection of toois in & user fricadly environment Two levels of user
control are offered, one quick and easy for most appiications, the other & master isvel for the
wdvanced user who wishes to control parameters 1o maximize image quaiity.

The compression approsch used by Lightning Strike is based upon integer waveiess. This
technology i3 acknowicdged by leading experts as a superior compression technique s
compared to discrete cosine wansform used in JPEG.

LighiirGStrke Wincows Commpreseor Features

Image Compression Options and Control

Compression Techniqua Options
Both Infinivon’s Waveler Compression and other frequently used compression methods are
included in the product so users need oniy have Lightning Strike on their work station ©

periorm ail image compressions. [mages can be compressed to Waveiet, JPEG, PNG. and
GIF.

Compression Quality Versus Speed Options

The user can seiect one of two encoding processes that wrade quality for speed of contpression
and ease of use. With the “Advanced™ option selected, the optimum COMpression parameteTs
aro 3¢t by the user o give the best possible images for selected comprexsion ratio, With
“Easy” sclected you get the fastest compression withaut having to know details of parameter
sciection.

Comprassion Ratio Controt

The compressed image file size or compression ratio may be specified rather than the quality

factor. This enables a web designer 10 conmoi the size of their imege files or the tpeed an
image may be viewed, in 8 one step process.

Region of interest Focusing

Regions of an image can be sciected for Icss comprossion to preserve a higher image quality
while the rest of the image is compressed to the specified compression ratio. In this way
imporant parts of a picture maintain crucial details while the over all picture file can be made
as smail as possible. This is also known as Non-Uniform Compression.
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Split and Meme

Very large tmages, which could not otherwise be compressed due 1o their large size, can be
split into smaller images and compressed individuaily, This process s the side sdvanage of
using RAM more sffectively speeding time for compression. Tha apiit images can be
reassembled using the merge aspect of the fearure,

Pest Reconstruction Filtars

Filterz wre availeble to enhance the reconstructed image. Af compression time the user can
preset a control to huve theae filters operate automaticaily dunng reconstruction. The filters
Include; quality improvement, sharpen (edge enhancement), smoothing, and brighten.

Transparencies

The user will have the sbility @ sct pixels ttansparent 3o that a color in the background
(aiready on the page) can be seen through the picture. This is useful for arzauve web site
developers. This gives the ability to display pictures other than the rectznguiar shape ailotted

on the web page, i.e. circles, polygons eic.. Also, designers often use this featsre for
shadowing, letters and objects.

Progressive Decompression

An image can be compressed 30 that when it is viewed it will appear quickly, first with low
resolution, and then progressively building up in detil as it is downioaded. This insures the
viewer does not loosc interest while the image is downloaded.
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Picture of Lena, with no Compression (512 X 512 Image)
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Picture of Lena Compressed 100:1 with Lightning Strike
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Filg'Functions

PNG Flig Structure

The comprased images are xiored in file format compliant with the PNG siandard, In the
future this file formar will replace the GIF formar used wday.

Batch Compress
The usar is abis o compross many images gt once by adding or deleting imaga fiies (or pathx)
w a list box.

image Statistics

The compressor stores image watistics on cach compressed image which may be viewed by
the user. The following information & provided: image dimensions, compression ratio, file
sizes, MSE, PSNR, maximum pixel difference, compression and decompression times,

P Al Lo XA

oot

Enceding and Decode Timae.
The typical tims to encods or dscods 1 3200X240, 24 bit color image is 1 second on & Pentium
running at 133 MHz with 16 Meg RAM.

Minimum Recommendad System
The minimurn system requiranents for an iIBM PC Compatible are:

Hard Disc Drive 2 Mbytes free for program files, 10 Mb plus to swap
image files.

Operating System  MS Windows 3.1(Win32W¥ 95/ NT
RAM & Mbytes

This software is als0 available on the Apple MAC, Solaris, and UNIX platforms.
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Nstscape Navigator Plug-in
Netscape piug-ins are available for the Macf8k, Mac PPC, Widows 3.1 and 95/NT.

Java Applet
iava Appicts are avaiizble for the Mac68k, Maz PPC, Widows 3.1 and 95NT.

ActiveX Control

“The Lightning Strike decompression software i avaiiable for such applications as Microsoit's
Internet Expiorer, as an ActiveX control.

Wab Site image Converter

This utility will automate the conversion of web pages from JPEG o the Lightning Strikc
format The utility vearches an HTML fils and repiicates it replacing any JPEG imags ap>
with Lightning Strike tags and convertng the IPEG image files o Lightning Srrike. The
utility can follow link tags 1o recursively convertand replicate an encire web site or sub-
section of 0 web site 10 the Lightning Strike format This utility will be avaiiahic for
Windows NT and most flavors of the UNLX cperating system.

Lightning Strike Software Deveiopars Kit

Using the SDK, a deveioper can integrate the highiy efficient Lightning Strike module
libraries into their own applications.

Downioad & FREE demo version of Lightning Strike Windows
Compressor from: www.infinitron.com

o Infinitron 3401 East University, #104, Denton, TX. 76208
. ﬁ o USA Officc  Tel: 817.484.1165 FAX: B17.484.0588
] e
- : J Infinioen 10 Fir 1199 W. Hastings, Vancouver, BC, V6E 3T3
—— Canada Office  Tel: 604.688. 9789 FAX: 604.688.9749
";" "l
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Announcing, Lightning Strike™ Image Compressor (LSIC) version 3.0, 2 Windows 95 toal that

compresses stiil images from 20:1 to 200:1 wsing INFINITRON's proprietary waveiet technology, LSIC
is 2 versatile, easy to use tool for Web and Graphic designers that can handie a wide variety of digital
image formats, and it includes fiiters and convenient web toois. Images can be compressed at ratios weil
in excess of present JPEG ratios while maintaining comparable imsge fidelity. This transistes to much
shorter image down load time on the web. This bat enormous benefits for reducing bottienecis on
corporate networks and the web, and in addition, requires icss storage space.

Strike
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Lightning Strike Features

Compression. Uses a proprietary integer waveiel

Compreusion Coatrol. An BEASY mode allows the user
10 compress images with minimat input, requiring oniy a
decision between quality and compremion. An
ADVANCED mnde enables the user to seiect; 1) image
file size, 2) compression ratio, 33 PSNR, or 4) master
levet for profestionais where every parameter can be
altered. We alzo provide the highest, waveict lostiess
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What is claimed is:

1. A method for compressing an image,
ccmprising the steps of:
performing a wavelet transformation of the
5  image;
guantizing the wavelet transformed image;
applying entropy coding to the quantized image;
and
outputting a file that includes the entropy
10 coded image.

2. The method of claim 1, further comprising
the following step:

performing a color transformation of the image.

3. The methed of claim i, further comprising

15 the following step:
performing the wavelet transformation using an
integer wavelet transform.

4. The method of claim 3, further comprising:
deriving the integer wavelet transform using a

20 lifting scheme.

| 5. The method of claim 3, further comprising:
deriving the integer wavelet transform using a
correction method.

6. The method of claim 1, wherein the step of
25 guantizing includes the sub-step of:

processing the wavelet transformed image using sub-band
oriented quantization.

7. The method of claim 1, further comprising:

comparing the wavelet transformed image to at
30 least cne predetermined threshold value.

IPR2023-00332 Page 00922
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8. A method for wavelet-based image compression
using reduced color components, comprising the steps of:
creating a color table for an input image having
a plurality of pixels;
5 calculating an index for each of the pixels,
whereby generating a plurality of indices;
performing a wavelet transformation on the
indices;
applying entropy coding on the transformed
10 indices:; and

outputting a file that includes the entropy
coded indices.

. The method of claim 8, further comprising:
dithering the pixels to generate the indices.

15 10. The method of claim 8, further comprising:
partitioning a large image into a plurality of
small images to produce the input image.

11. The method of claim 10, wherein the large
image is selectively partitioned.

20 12. An image processing system, comprising:
means for performing a wavelet transformation on
an input image;
means for quantizing the wavelet transformed
image;
25 means for entropy coding to the quantized image;
and

means for outputting the eniropy coded image.

13. The image processing system of claim 12
further comprising:

i

30 means for receiving the entropy coded image;
means for entropy decoding the received image;
means for de-quantizing the decoded image; and

IPR2023-00332 Page 00923
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means for performing an inverse wavelet
transformation on the de-quantized image to produce an

output image.

14. The image processing system of claim 12,

5 further comprising:
means for displaying the output image.

15. The image processing system of claim 12,
further comprising:

means for transmitting the entropy encoded image

10 over a communications medium.

16. An image compression system, comprising:

a compressor configured to generate a compressed
image based on an integer wavelet transform derived using
a technique selected from a lifting scheme and a

correction method.

et
Ln

17. The image compression system of claim 16,
wherein the compressor guantizes a wavelet transformed
image to produce the compressed image.

18. The image compression system of claim 16,
20 wherein the compressor entropy encodes a quantized image
to produce the compressed image.

19. The image compression system of claim 16,
wherein the compressor performs a color transformation to
produce the compressed image.

25 20. An image decompression system, comprising:
a decompressor configured to generate a
decompressed image based on an integer inverse wavelet
transform derived using a technique selected from a
lifting scheme and a correction method.

IPR2023-00332 Page 00924



10

20

30

WO 98/40842 PCTUS98/04700
107

21. A computer-readable memory storing a
computer program for directing a computer system to
perform image compression, wherein the computer program
implements steps for performing a wavelet transformation
of an input image, quantizing the wavelet transformed
image, applying entropy coding to the quantized image,
and outputting a file that includes the entropy coded
image.

22. A method of compressing a data file,
comprising the steps of: '

performing a wavelet transfcrmation of the data
file to provide a series of wavelet coefficients:;

guantizing those wavelet ceoefficients which fall
above a predetermined thresholid value o provide a
guantized series of wavelet coefficients; and

compressing the quantized series of wavelet
coefficients to provide a compressed data file.

23. The method of claim 22 wherein the
compressing step comprises the step of applyving an
entropy coding to the quantized series of wavelet
coefficients.

24. The method of claim 23 wherein the
entropy coding is selected from the group of arithmetic,
Huffman, run length and Huifman run length combined.

25. The method of claim 23 further
comprising the step of performing a coior transformaticn
of the data file prior to the wavelet transformation
step.

26. The method of claim 25 wherein the

quantizing step comprises sub-band crientaticn
quantization.
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27. The method of claim 26 wherein the
wavelet transformation step comprises integer wavelet
transformation.

28, The method of claim 22 further
comprising the step of filtering the data file prior to
the wavelet transformation step.

29. The method of claim 27 wherein the
integer wavelet transformation comprises biorthogonal
filter method.

30. The method of claim 27 wherein the integer
wavelet transformation comprises the correction method.

31. A compressed data file comprising a wavelet
transformation of a data file having a series of
compressed, quantized wavelet coefficients, the quantized
wavelet coefficients having a value above a predetermined
threshold value to provide a quantized series of wavelet
coefficients.

32. A program for compressing a data file
comprising:

a routine for performing a wavelet
transformation of the data file to provide a series of
wavelet coefficients;

a routine for quantizing those wavelet
coeificients which fall above a predetermined threshold
value to provide a quantized series of wavelet
coefficients; and

a routine for compressing the guantized series
of wavelet coefficients to provide a compressed data
file.
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SYSTEM FOR DYNAMICALLY TRANSCODING DATA
TRANSMITTED BETWEEN COMPUTERS

Backeround of the Invention

This application claims the benefit of U.S. Provisional Application
No. 60/041,366, filed March 25, 1997.

Field of the Invention

The present invention relates generally to the field of data
communications for personal computers (PCs), and in particular to a system for
dynamically transcoding data transmitted between two computers over a

communications link.

Related Art
The Internet is quickly becoming the preferred data communications
medium for a broad class of computer users ranging from private individuais to large
multi-national corporations. Such users now routinely employ the Internet to access
information, distribute information, correspond electronicaily, and even conduct
personal conferencing. An ever-growing number of individuals, organizations and

businesses have established a presence on the Internet through “web pages” on the
World-Wide Web (WWW),

For a wide variety of reasons, it may be desirable to manipulate data

transmitted between a local client computer and a network server computer. For

-1-
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example, in certain instances it may be advantageous to dynamically add, modify or
delete content retrieved from an Internet server computer before that content is
provided to a client computer. Conversely, it may be advantageous to modify a
content request from a client computer prior to transmitting the request to an Internet
server computer. While such dynamic manipulation of requests and responses is
desirable, it is impractical to expect the expansive Internet infrastructure to quickly
change to accommodate such a new capability. For this reason, it is desirable to
implement such new capabilities in a way that does not require changes to either

existing client computers or Internet server computers.

It is known to deploy a proxy server, or network proxy, as an
intermediary between one or more client computers and an external network such as
the Internet. Network proxies are described generally in Ian S. Graham, HTML

Source Book: A Complete Guide to HTML 3.0 403 (2d ed. 1996). One common

application for a proxy server is as a so-called “firewall,” wherein the proxy server is
responsible for all communications with the outside world. In other words, local
devices are not permitted to communicate directly with evternal network computers,
such as Internet servers. Instead, each local device directs requests for network-
resident data to the proxy server. When the proxy server receives such a request, it
forwards the request to the appropriate external computer, receives the response
from the external computer, and then forwards the response to the local device. The
external computer thus has no knowledge of the local devices. In this way, the local

devices are protected from potential dangers such as unauthorized access.

Existing proxy servers do not manipulate the data passing through
them. In essence, proxy servers are merely blind conduits for requests and responses.
This limitation of existing proxy servers restricts these devices from being used to full
advantage when facilitating communications between local devices and network
devices. There 1s therefore a need for a so-called “smart” proxy capable of examining
the data passing through it, whether it be a request intended for an external network

device or network content being returned to a ocal device, and dynamically acting

-2
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upon that data. Such a device can be used to transparently provide a wide range of
services that were heretofore impossible without modifying existing Internet

infrastructure.

Summary of the Invention

Embodiments of the present invention relate to devices, systems and
methods for transcoding information transmitted between computers, such as a

network server computer and a network client computer.

According to one embodiment, an apparatus for use in transmitting
data between a network server and a network client over a communications link
includes a parser coupled to a transcode service provider. The parser is configured

to selectively invoke the transcode service provider in response to a predetermined

selection criferion.

Brief Description of the Drawines

Fig. 1 is a schematic diagram illustrating an environment in which
embodiments of the present invention may be applied.

Fig. 2 1s a schematic diagram illustrating a transcoder module
according to an embodiment of the present invention.

Fig. 3 is a schematic diagram illustrating an embodiment of the
present invention for a non-enabled network client.

Fig. 4 is a schematic diagram illustrating an example of a user
interface for providing a non-enabled network client with control over transcoding
functionality.

Fig. 51s a schematic diagram illustrating an embodiment of the
present invention for an enabled network client.

Fig. 6 is a schematic diagram illustrating a network client with

transcoding functionality integrated in a browser according to an embodiment of the

present invention.
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Figs. 7-9 are flow charts illustrating logic for presenting a requested

URL object to a network client according to an embodiment of the present invention.

Detailed Description

Embodiments of the present invention provide the ability to
dynamically transcode information transmitted between, for example, a network
server computer and a network client computer. As used herein, the term
“transcode” applies to virtually any manipulation of data including, but not limited to,

adding, modifying or deleting data.

Referring now to Fig. 1, which illustrates an environment in which
embodiments of the present invention may be advantageously applied, a network
server 10 manages the transfer of data from the Internet 18 to a network client 12.

Network client 12 may be any computer having suitable data communications

capability.

Network client 12 communicates requests for information to, and
recerves information from, network server 10 over a client/server communications
link 14. Client/server communications link 14 may comprise, for example, a so-called
“slow network” using, for example, POTS (Plain Qld Telephone System) dial-up
technology or wireless connections. Alternatively, client/server communications link
14 may comprise a so-called “fast network,” such as a LAN or WAN (Wide Area
Network), which is capable of operating at much higher speeds than are possible with
slow networks. Combinations of these access methods are also possible. For
example, network client 12 may use a POTS or wireless dial-up connection to a
modem bank maintained by an ISP (Internet Service Provider), which is in turn
connected to network server 10 over a LAN. Network server 10 communicates with
computers resident on Internet 18 through server/network communications link 16,

which may comprise any suitable communications medium known in the art.
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According to a first general embodiment of the present invention,
illustrated schematically in Fig. 2, a transcoder 20 includes a parser 22 and a plurality
of transcode service providers 24. Parser 22 is configured to act upon data received
by transcoder 20, such as a request for a network object generated by a client device
or a reply fo such a request provided by a content server device. In this particular
embodiment, parser 22 is responsible for selectively invoking one or more of

transcode service providers 24 based upon a predetermined selection criterion.

Transcoder 20 may be implemented, for example, as a software
module installed in a network proxy, in a client device, in a network server device, or
in a content server device. In one particular implementation, illustrated in Fig. 3,
transcoder 20 15 installed 1n a remote transcoding server 34 arranged between
network client 12 and Internet 18. Transcoding server 34 may comprise, or be a part
of, a netw_ork server, a stand-alone computer in communication with a network
server, or a distributed system of computers. Remote transcoding server 34 may be
coupled, for example, to an ISP’s network, a corporate network, or anywhere on

Internet 18, and may provide multiple users (i.e., clients) with a means to obtain

content on Intemnet 18.

In the particular embodiment illustrated in Fig. 3, transcoding server
34 includes an HTTP (HyperText Transfer Protocol) remote proxy 36, capable of
accessing Internet 18 over server/network communications link 16. HTTP remote
proxy 36 differs from known network proxies, which generally are little more than a
conduit for requests to, and replies from, external Internet resources, in that it is
capable not only of examining such requests and replies, but also of acting upon
commands in the requests by, for example, determining whether or not to transcode
content. Moreover, using transcoder 20, HTTP remote proxy 36 is capable of
changing content received from Internet 18 prior to returning it to a requesting

network client 12, as is explained further below.
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Looking more closely at the embodiment in Fig. 3, transcoder 20 is
coupied to HTTP remote proxy 36. Parser 22 manages the transcoding of data to be
transmitted from transcoding server 34 to network client 12. To this end, parser 22
controls transcode service providers 24 to selectively transcode content based on a
predetermined selection criterion. For example, one or more transcode service
providers 24 may provide the capability to compress and/or scale different types of
data content, such as image, video, or HTML (HyperText Markup Language). Such
uses are described further in co-pending U.S. patent applications Serial No.
08/772,164 entitled “System for Enhancing Data Access Over a Communications
Link,” filed on December 20, 1996, and Serial No. 08/799,654 entitled “Method and
Apparatus for Scaling Image Data,” filed on February 11, 1997, both of which are
assigned to Intel Corporation. For purposes of illustrating certain features of the
present invention, a number of embodiments are described below in terms of content
scaling/compression; however, as is explained, transcode service providers 24 may

provide a wide variety of transcoding functions.

As shown in Fig. 3, transcoding server 34 may aiso ‘nclude a server-
side cache memory 30 managed by a server-side cache interface 28. Server-side
cache memory 30 may be used to store both original and transcoded versions of
content for later transmission to network client 12 without the need to re-retrieve the

content from Internet 18 or to re-transcode the content.

Transcoding server 34 is coupled to network client 12 by client/server
communications link 14. Network client 12 includes a browser 32, such as the
Netscape Navigator v.3.0 browser (although the invention is not limited in this
respect), which manages the presentation of data to a user. In this embodiment,
network client 12 is “non-enabled,” meaning no specialized transcoding software is

preloaded on network client 12.

Parser 22 may comprise a relatively simple, uniform interface to

-6-
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HTTP remote proxy 36, and may provide an API (Application Programming
Interface) for transcoding data received by HTTP remote proxy 36. Parser 22
manages one or more transcode service providers 24 that are accessed through a

common SPI (Service Provider Interface). In this particular embodiment, parser 22

(¥

is designed in compliance with the Windows Open Systems Architecture (WOSA),
and may be implemented as a Win32 DLL (Dynamic Link Library). The WOSA

architecture, described in Readings on Microsoft Windows and WQSA (Microsoft

Corp. 1995), enables additional transcode service providers 24 to be dynamicaliy
added to the system to provide new features and/or better transcoding algorithms,

10 while at the same time not requiring changing or retesting other software components
in the system. This feature is especially beneficial where transcoding server 34 also
interacts with “enabled” network clients equipped with specialized transcoding
software. It should be noted that some of the features of parser 22 described below
may be inapplicable to the non-enabled client embodiment of Fig. 3; however,

15 transcoding server 34 may advantageously be configured flexibly enough to process

requests from both non-enabled and enabled network ciients.

Like parser 22, server-side cache interface 28 may be modeled after a

standard Get/Set interface. Server-side cache memory 30 essentially “owns” all

20 cached objects, in that it manages the properties and storage of the objects and may
invalidate any non-locked object at any time; however, the actual format of any given
cached object is known only by parser 22 and its associated transcode service
providers 24. Thus, for data integrity and transcoding efficiency purposes, ali access
to server-side cache memory 30 in this embodiment is through parser 22.

25 _ Server-side cache interface 28 may include the following calls:

CreateEntry(URL, &Entry, ...);
GetEntry(URL, &Entry);
CreateStream(Entry, &StreamEntry, ...);
GetStream(Entry, &StreamEntry, ...);
30 CloseEntry(Entry);
CloseStreamEntry(StreamEntry);
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GetProperties(Entry, &Properties, ...);
SetProperties(Entry, &Properties, ...);
Read(StreamEntry, &QOutStream, ...);
Write(StreamEntry, &InStream, ...).

Unlike most cache memories, server-side cache interface 28 and server-side cache
memory 30 enable maintenance of multiple representations of 2 given cached object,
with descriptive information about each representation included in server-side cache
memory 30. In addition, server-side cache interface 28 and server-side cache
memory 30 serve as a synchronization point for multi-threaded accesses to cached
objects. It should be noted that the illustrated embodiment does not require any
particular configuration for server-side cache interface 28 and/or server-side cache
memory 30. Indeed, functionality attributed to these components in the various

embodiments described herein may be readily implemented in other system

components.

The CreateEntry() call creates and returns a cache entry for a specified
hypertext object. This call also creates an entry stream for an original version of the
hypertext object. Similarly, the GetEntry() call obtains a cache entry for a hypertext
object already existing in cache memory 30. Both the CreateEntry() and GetEntry()
calls set locks on associated cached objects until a CioseEntry() call is invoked. Once
a lock is set, the cached object will not be replaced or invalidated by cache interface
28, permitting one or more transcode service providers 24 to safely perform any

required cache operations, such as object retrieval and/or storage.

After a cache entry is created or opened by a CreateEntry() or
GetEntry() call, the CreateStream() or GetStream() calls may respectively create or
open an extra stream entry for the cached object. Each extra stream entry is
associated with a different transcoded version of the hypertext object, which may be
retrieved or appended to by one of transcode service providers 24. Stream-based
processing of cached objects makes it possible for transcoding server 34 to begin

transmitting a transcoded version of a hypertext object to a requesting network client

-8-
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12 even while transcode service provider 24 is appending additional transcoded
content to that same version. Advantages of this stream-based processing include
reducing user latency through incremental painting of objects and avoiding
unnecessary idle time on client/server communications iink 14, thereby providing

users with a more responsive “feel.”

The GetProperties() and SetProperties() calls retrieve and store
information about cached objects, including information maintained by transcode
service provider 24 used to determine transcoding properties and transcoding status
of a cached object. Transcode service provider 24 may use such information, for

example, to determine current compression progress for scaled data access and

staged refinements.

The Read() call reads data from a specified cached object data stream.
For example, transcode service provider 24 may invoke this call and tunnel stream
data through HTTP remote proxy 36 directly to network client 12. The Write() call
caches data from a new HTTP data stream. This call will append an incoming data
stream received from, for example, a Web server or transcode service provider 24, to
an opened cache stream which may be concurrently read using the Read() call.

In the present embodiment, parser 22 includes the following calls:

GetObject(URL, InParams, &OutParams, &OutStream, ...);
GetScaledObject(URL, InParams, &QutParams, &OutStream, Stage,

),
utObject(URL, InParamStruct, &InStream, &OutParams,
&OutStream, ...).

As detailed below, parser 22 uses these calls to manage the provision of requested

content to network client 12.

The GetObject() call is used to service non-enabled client requests,
and returns a non-transcoded (i.e., original) version of a specified hypertext object.
In this embodiment, transcoding server 34 assumes that each HTTP request has 2

unique thread that may be blocked until the request is satisfied. Accordingly, the

-9.
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GetObject() call will block until it either returns the requested data stream or

indicates failure with a cause (e.g., object does not exist). This ability to return a so-

called standard hypertext object is advantageous for compatibility reasons, enabling

embodiments of the present invention to be used with existing browsers that do not
5 include support for certain transcoding functionality (e.g., advanced data

compression), and enabling users to selectively retrieve non-transcoded versions.

The GetScaledObject() call is similar to GetObject(), and is also used
to request an object from server-side cache memory 30; however, it adds support for
10  requesting a particular version of that object, such as a high-quality rendition. Unlike
traditional caching proxies, transcode service providers 24 can use server-side cache
memory 30 to store several different versions of an object to support clients with
different communications and/or presentation capabilities. Thus, an additional
“Stage” parameter may be used to indicate which version of the cached object is to

15 be returned to network client 12. Where transcode service provider 24 is configured

to scale network content, it may use this parameter to request a version of a cached
object having, for example, a default scaled quality, a refinement to a better-cuality

version, or the original non-scaled version.

20 In this embodiment, when network client 12 requests a hypertext
object, HTTP remote proxy 36 uses either the GetObject() or GetScaledObject() call

(depending on if network client 12 is capable of receiving scaled/transcoded

datatypes) to retrieve the hypertext object from parser 22. If the hypertext object is
not found, parser 22 uses the CreateEntry() call to create an entry (in effect, a

25  placeholder) in server-side cache memory 30 for the new object. The new entry is
returned to HTTP remote proxy 36, which requests the hypertext object from

Internet 18. As a data stream for the hypertext object is returned, HTTP remote

proxy 36 calls parser 22 using the PutObject() call, passing into this call the new
entry and the handle to the data stream to be placed into the entry. Parser 22 selects

30  an appropriate transcode service provider 24 based, for example, on the content type

-10 -
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of the data stream. In this context, the term content type encompasses a datatype, an
HTTP MIME (Multipurpose Internet Mail Extensions) type, a content format, and so
on. The selected transcode service provider 24 uses a separate thread to read the
incoming data stream, transcode it, and place it within the entry of server-side cache
memory 30. The current thread immediately returns to HTTP remote proxy 36,
which once again calls GetScaledObject() (or GetObject()). This case will always
result in a cache hit. This thread then works simultaneously with the separate thread
in the PutObject() to tunnel data (either original or transcoded) from transcoding

server 34 to network client 12.

Multiple-thread processing improves the efficiency of the present
embodiment by not waiting for a hypertext object to be received in its entirety by
HTTP remote proxy 36, or added in its entirety to server-side cache memory 30,
before beginning to send the object to network client 12. Another benefit of
multiple-thread processing is that parser 22 may efficiently process requests for the
same hypertext object from multiple network clients 12. The hypertext object need
only be retrieved from Internet 18 once, and appropriate versions may be transmitted
to such muliiple network clients 12 concurrently. It should be noted, however, that

embodiments of the present invention may be implemented without multiple-thread

processing.

As noted above, parser 22 may selectively invoke one of transcode
service providers 24 based upon satisfaction of a predetermined selection criterion.
Such selection criterion may comprise, for example, information contained in a
header portion of a data packet received by transcoding server 34, such as a MIME
type, a URL (Uniform Resource Locator), a last modified time indicator and so on.
Alternatively, the predetermined selection criterion may comprise information
contained in a data portion of such a data packet, such as particular content, key
words, structures (for example, heading levels), and so on. Still further, the

predetermined selection criterion may comprise a condition of the device on which

-11-
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transcoding server 34 is installed (for example, a current processing load), a
condition of a device to which transcoding server 34 is coupled, or a condition of a
communications link. Transcoding server 34 may provide the ability to dynamically

update such predetermined selection critena.

The following discussion provides still more examples of the types of
information which may be used to dictate which of transcode service providers 24 are
invoked. It should be noted, however, that these examples are provided by way of
illustration only, and are not intended to limit in any way the scope of the invention

10 claimed herein. The predetermined selection criterion may comprise; (1) network
client 12, such as a display dimension, resolution, number of colors, processor type,

memory/disk configuration, modem or network interface type, installed add-in boards

(for example, hardware compression/decompression), software configuration (for
example, availability of pre-installed software decompression modules), physical

15  location/proximity (for example, as determined by a telephone area code), and user
identity; (2) characteristics of transcoding server 34 or some other network server,
including system load and identification information (for example, the owner of the
server); (3) content characteristics, such as its data type, type of
encoding/compression, size, and dimension; (4) network characteristics, inciuding

20 best-case, worst-case and average latency, bandwidth and/or error rates (for example,

for wireless communications) between network client 12 and a proxy, and/or between

a proxy and a server (this may be predetermined for guaranteed bandwidth links like
ATM (Asynchronous Transfer Mode), or dynamically measured/predicted for so-
called “best effort” links like many IP (Internet Protocol) links); (5) proxy

25 characteristics, including system load, available storage, physical location/proximity,
and identity (owner); (6) user preferences, including preferred content quality/speed

tradeof, language, content rating, exclusion list, inclusion list, data type-specific

preferences (for example, “never download” images), include/exclude advertising,
amount of advertising desired, offensive language removal, whether the user’s

30 defined or learned preferences may be disclosed (and to whom), custom rules or
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programs for filtering/transcoding/processing data, and shared preferences with either
another user or a group of users (any of the foregoing user preferences may be
explicitly defined or system predicated, such as based on usage statistics compiled
over time); (7) group preferences, including results from collaborative rating systems,
whether manual (for example, a prior user manually assigned a rating to a Web page
after viewing it) or automatic (for example, given a large number of users who
accessed a link on a given page, the probability of any given user subsequently
following that link); (8) content provider preferences, including the degree of
allteration desired for its content, the prioritization for download and display of
different content types, cache restriction or prioritization parameters such as update
frequency or replacement preferences, the types of users to target, rules or programs
to run for customizing content (for example, news or advertising, custom language
translation software) based on user or client characteristics, desire for receiving
certain types of user or group data collected (for example, demographics or access
patterns), and type of payment/reward offered in exchange for such information; and
(9) other preferences, including software vendor rules or programs for dynamically
checking content created or distributed using unauthorized software and companies’

desire to enforce correct usage of certain types of content (for example, trademarks

and logos).

Applying the above-listed selection criteria, or combinations thereof;
embodiments of the present invention may be used to provide a virtually limitiess
range of dynamic transcoding services. For example, client and/or proxy physical
proximity, in combination with demographic data, may be used for extremely
targeted advertising. Such advertising may be added to any content passing through
a proxy, for example, or some other mechanism. This can in turn be tailored even
further based upon the user’s willingness to tolerate advertising or share demographic
information, as well as the advertiser’s ability/willingness to subsidize or otherwise

reward the user for participation.

13-
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Embodiments of the present invention may be advantageously used to
reduce the amount of data that is transmitted to network client 12, thereby promoting
faster downloading and rendering of content. Suitable transcoding techniques include

lossy compression and transcoding to a more efficient (and perhaps not widely

Ln

supported) format specifically for the transmission. Similarly, HTTP remote proxy
36 may be configured to “predigest” Web sites or groups of sites to produce
extremely condensed overviews of large amounts of content (for example, a tree
structure, pages with only first-level or first- and second-level headings, thumbnails
of pages, or only parts of a page or site that have changed since the user’s last visit).
10 Such applications may be especially advantageous for poorly-connected or
computationally limited devices such as PDAs (Personal Digital Assistant), since this
predigestion can be performed on a well-connected proxy server with an abundance
of computational power, and the concise result can be easily downloaded and

rendered on the more limited device.

15

Embodiments of the present invention may alternatively be used for
dynamic translation of data, such as Web pages, to a user’s native language
(determined by user preference or automatically by the physical location of network

client 12 or transcoding server 34). Such a capability greatly simplifies the task of

20 making content truly global, as well as reduces storage and maintenance required at
the content provider (that is, only one copy of the content need be maintained, rather

than different copies for each of a pluralty of different languages).

Embodiments of the present invention may be used to block certain
25 types of content or to automatically censor offensive language (similar to a “beep”
used for television broadcasts). Only the particular offensive parts of the content (for
example, obscene words) may be removed, or entire Web sites may be blocked.
Similarly, transcoding server 34 may be configured to scan content for certain words
or phrases to ensure that trademarks or logos are used correctly (for example, as a

30 source identifier rather than a generic product designation). This feature may be

offered as a service to companies or organizations, who would supply a list of words
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or phrases to flag. A similar capability could be used to automatically insert links into
the content upon detection of certain words or phrases. For example, Intel
Corporation might want to automatically add a link to its corporate Website
whenever the name “Intel” is used in a Web page. Using an embodiment of the
present invention, such links can be dynamically added to the content before it is
displayed to a user. In a similar vein, an embodiment of the present invention may be
used to scan for content that was created or distributed using unlicensed software.
This feature may be implemented using special keys (binary bit patterns) embedded in
the content or headers put in by the content creation or distribution sofiware. The
scanning logic and logic for taking a predetermined responsive action, such as
denying service or posting a warning, may optionally be supplied by the vendor of the

software in question or configured into transcoding server 34.

Embodiments of the present invention may aiso be used to scan
content for computer viruses prior to sending such content to network client 12. For
example, an existing virus scanning routine may be installed on transcoding server 34,
possibly as a plug-in module Transcoding server 34 may then be configured to
invoke the virus scanning routine to ensure any content transmitted to network client
12 is free of viruses. A significant advantage provided by such an embodiment is that
virus scanning software need only be maintained on transcoding server 34, rather
than on a plurality of network clients 12 In this way, the benefit of upgrades to the
virus checking sofiware may be efficiently and timely provided to large numbers of

users, thus avoiding the problem of any particular user relying on outdated virus

scanning software.

Embodiments of the present invention may aiso be used to produce
custom content on demand in accordance with user-specific preferences and/or
associations with collaborative rating systems. In a variation on such an embodiment,
transcoding server 34 can collect preferences and append them as part of a ciient

request transmitted to a content provider so that the dynamic content generation can
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be done at the content server. Likewise, a proxy provider (for example, an Internet
Service Provider (ISP)), can collect and make available to content providers
information such as user preferences and data access statistics, as well as content
provider specific statistics (for example, how many users from a given region or a
given profile accessed a particular Web site, and at what time, in the past month).

Such information may be used for applications such as targeted advertising,

Embodiments of the present invention may further be used to
automatically check the validity of links in an object, and correct or remove invalid
links, prior to transmitting the object to network client 12. This capability may be
provided, for example, as a service to content providers who may not have the most

up-to-date information on Websites they are linked to which have moved or been

deleted.

To further illustrate the general operation of the embodiment
illustrated in Fig. 3, assume a user of network client 12 wishes to access a particular
Web page, or URL (Uniform Resource Locator), on Internet 18. Further assume
that the desired URL resides on, or is accessible through, transcoding server 34.
Network client 12, via browser 32, transmits an HTTP request for the hypertext
object to transcoding server 34 over client/server communications link 14. Where
browser 32 normally accesses Internet 18 through a proxy, browser 32 is configured
to pass user requests through transcoding server 34 via browser’s 32 standard proxy
configuration procedures. As is well known in the art, browser 32 may actually
transmit a plurality of additional HTTP requests corresponding to each of various
distinct hypertext objects that may be embedded in the Web page. In such a case,

transcoding server 34 may process each such request in the manner described below.
According to this embodiment, HTTP remote proxy 36 is capable of
distinguishing between a non-enabled network client 12 and an enabled network

ciient 12. This may be accomplished, for example, using a private protocol to
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transmit content requests from an enabled network client to transcoding server 34, so
that the use of some other communications protocol indicates network client 12 is
non-enabled. This method of sending a private protocol in each request to HTTP
remote proxy 36 is an improvement over a registration type process. The overhead
involved in making the enabled/non-enabled determination on a per request basis is
relatively small, while providing a significant advantage because it addresses the
situation for HTTP remote proxy 36 where a first network client disconnects and a
second network client, likely with different communications and/or presentation

capabilities, reconnects using the same IP address.

Upon determining that network client 12 is non-enabled, HTTP
remote proxy 36 may record the IP address of network client 12 in a client preference
table 26 maintained in a local data store (client preference table 26 may improve
performance of this or other embodiments, but is not required). HTTP remote proxy
36 then passes the hypertext object to parser 22. HTTP remote proxy 36 may also
inform parser 22 of any applicable user preferences (e.g., from client preference table
26). Upon being invoked, parser 22 first calls cache interface 28 with the requested
hypertext object to determine whether a copy of the required version already resides
in server-side cache memory 30. For purposes of illustration, assume no entry exists
in server-side cache memory 30 for the requested hypertext object. HTTP remote
proxy 36 then invokes a call to retrieve the hypertext object from Internet 18 over
server/network communications link 16. Assuming the requested hypertext object is
found, HTTP remote proxy 36 begins receiving an HTTP data stream representing
the hypertext object. HTTP remote proxy 36 passes the handle for this incoming

data stream to parser 22.

Parser 22 dynamically determines whether the data stream satisfies
any applicable predetermined selection criteria. For example, where transcode
service providers 24 are configured to scale data of different types, parser 22 may

determine the content type for the data stream (e.g., image/jpeg, image/gif,
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video/mpeg) by interrogating a MIME type in the content-type header record that
appears at the beginning of the incoming HTTP data stream. If parser 22 detects a
match for a predetermined selection criterion, the HT TP stream handle is given to the
appropriate transcode service provider 24. Transcode service provider 24 then

5 transcodes the data stream appropriately, and HTTP remote proxy 26 transmits the

transcoded data stream to network client 12.

A non-enabled network client 12 may optionally be provided with the

ability to actively control aspects of the transcoding process, or indeed whether or

10 not to transcode requested content at all. To provide this ability, HTTP remote
proxy 36 may embed additional instructions at the beginning of the HTMI. header for
the requested URL prior to transmitting the associated data stream to network client
12. These embedded instructions may be implemented, for example, as JavaScript
codes, VB Script codes or Java Applet codes. As browser 32 of network client 12

15 receives the data stream, the embedded instructions will automatically execute so
long as browser 32 is equipped to support them. For example, if the embedded
istructions are implemented as JavaScript codes, browser 32 may be a JavaScript-
enabled browser such as a Netscape Navigator v.2.0 or above browser, or an Internet
Expiorer v.3.0 or above browser. If browser 32 is not equipped for such HTML

20 scripting, the embedded instructions will not interfere with the browser’s 32 normal
processing, as such browsers 32 are typically configured to ignore any data they

cannot interpret.

The embedded instructions transmitted to network client 12 may
25 enable the user to manipulate some of the transcoding capabilities of transcoding
server 34. As illustrated in Fig. 4, the embedded instructions may drive a user
interface in thé form of a pop-up window 40 that is displayed at the top of a browser
window 38. Pop-up window 40 includes a three-state switch 42 having “ON,”
“OFF” and “AUTO” settings, and may also include a hypertext link 44 which the user

30  may follow to downioad specialized client software supporting, for example, more
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sophisticated transcoding functionality (i.e., become “enabled”). The initial setting of

three-state switch 42 may be based upon a prior determination by HTTP remote

proxy 36 as to whether network client 12 has an established preference for reception
of transcoded content. If so, three-state switch 42 may be set to “ON;” if not, three-
state switch 42 may be set to “OFF.” A goal of this feature is to provide the user
with some means for communicating a preference to HITP remote proxy 36 with
regard to aspects of particular transcoding features, such as a content quality/latency
tradeoff where the transcoding comprises data compression/scaling. Persons skilled
in the art will recognize that many other means for providing this capability are
possible, and such other means could enable the user to communicate preferences

beyond simply a yes/no indication for transcoding.

In the illustrated in Fig. 4, pop-up window 40 enabies the user o
change his or her preference as to whether transcoded or originat content is desired,
and communicates such changes to HTTP remote proxy 36. Pop-up window 40 may
or may not interact with browser 32, meaning the user’s preference will only take
effect after setting three-state switch 42 and clicking on the browser’s 32

“RELOAD” button 46 to cause browser 32 to request the (transcoded or un-

transcoded) content for presentation to the user. Subsequent pages in the current
session may then be rendered in accordance with the new setting of three-state switch
42 without further user intervention. Upon receipt, HTTP remote proxy 36 may
update user preference table 26 accordingly. As an aiternative, pop-up window 40
may be configured to automatically invoke the “RELOAD” operation when the user
indicates a change (such as by flipping three-state switch 42). Where browser 32 is a
JavaScript-enabled browser, JavaScript instructions inserted by HTTP remote proxy
36 in the HTML document may “POST” the state of three-state switch 42 to HTTP
remote p;oxy 36 and also cause browser 32 to “RELOAD” the current URL.,

It is possible to allow a non-enabled network client 12 to save the

state of three-state switch 42 on network client 12 across multiple sessions of
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browser 32 using what is known in the art as a “cookie.” In other words, a cookie
may be used to store the state of three-state switch 42 persistently. When a new
session of browser 32 is initiated by a user, this state information may be read from
network client 12 and “POSTed” by the JavaScript code (inserted at the beginning of
the HTML document) to HTTP remote proxy 36 before any content for the
requested hypertext object is actually sent to network client 12. This will allow
HTTP remote proxy 36 to update user preference table 26 with the correct state of
three-state switch 42, and hence send correctly-transcoded content to network client
12. In such an embodiment, the state information may be “POSTed” to HTTP
remote proxy 36 each time a given URL is requested by browser 32. This will allow

network client 12 to receive the correcily-transcoded content even if the HTTP

remote proxy 36 to which it is coupled changes due to, for example, a change in

geographical location of network client 12 or network load-balancing procedures.

The embodiment shown in Fig. 3 may also be used for network clients
12 that aiready access Internet 18 through a standard proxy. JavaScript-enabled
browsers 32 may query the local IP address of network client 12 and “POST” this
information to HTTP remote proxy 36. The HTTP header of this “POST” message
will contain the IP address of the standard proxy, which will now be different from
the IP address of network client 12 (which is included in the contents of the
message). A comparison of the two IP addresses will determine whether network
client 12 resides behind a standard proxy. HTTP remote proxy may then use this
information to update transcoding information about network client 12 in user

preference table 26.

According to another embodiment of the present invention, illustrated
in Fig. §, network client 12 may be "enabled," containing specialized software to
support, for example, more sophisticated transcoding features than are provided by
the above-described embodiments, or to perform some or ali of the transcoding

functions on the client side. As illustrated, network ciient 12 includes an HTTP iocal
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proxy 48 coupled to a client-side parser 50 which, similar to parser 22 of transcoding
server 34, controls one or more client-side transcode service providers 52. Each
transcode service provider 52 may be configured, for exampie, to transcode content
before it is rendered to a user or to perform a counterpart transcoding function (e.g.,
$ decoding, decompression) with respect to a function performed by a corresponding

transcode service provider 24 of transcoding server 34. As in transcoding server 34,
network client 12 may include a client-side cache memory 56 managed by a client-
side cache interface 54. Client-side cache interface 54 may be an already-existing
facility supported by the operating system, such as WININET. Using an existing

10  caching facility reduces the amount of sofiware that is to be downloaded to network
client 12 to implement this embodiment, and also allows other applications, such as

disconnected browsers, to share client-side cache memory 56.

HTTP local proxy 48, client-side parser 56 and client-side transcode
18 service providers 52 (collectively, the client software) may be downloaded to

network client 12 on demand, such as by clicking on hypertext link 44 presented by

pop-up window 38 illustrated in Fig. 4. Al‘ernatively, the client software could be
distributed to users on a portabie storage medium, such as a diskette or CD-ROM, or
it may be preloaded on an off-the-shelf personal computer. In the embodiment of

20 Fig. 5, the client software is separate from browser 32; however, in yet another

embodiment the client software may be integrated in browser 32 (see Fig. 6).

The enabled client embodiments provide network client 12 with

expanded flexibility for rendering hypertext objects. As in the non-enabled client

[
rx

embodiments described above, enabled network client 12 may receive a transcoded

data stream from HTTP remote proxy 36 in a format that is already supported by the
standard internal rendering sofiware of browser 32 (e.g., JPG, GIF). This would be
the case where, for example, the transcoding process involved adding or deleting text
to the hypertext object. In addition, HTTP remote proxy 36 may transcode 2

30 hypertext object to a data stream having a new MIME type, such as where the
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transcoding process comprised scaling or data compression, in which case a client-
side transcode service provider 52 could be provided to convert the data stream back
to a MIME type supported by browser 32. For example, HTTP remote proxy 36
could transmit a file compressed using a non-standard, not well-supported but
leading-edge compression algorithm to network client 12, and client-side transcode
service provider 52 could uncompress the file back to its original format. This
approach has the benefit of relieving HTTP local proxy 48 from having to provide a
user interface, and eliminates restrictions imposed by limitations as to the data types
supported by browser 32. In this way, the transcoding process can remain
transparent to users, browsers and Web servers even when it involves changing

content to different datatypes.

Yet another possibility is that enabled network client 12 includes one
or more add-ins 46 specifically configured to transcode, render or playback content
received by network client 12. Add-ins 46 may be implemented, for example, using
Netscape plug-ins or ActiveX controls. Moreover, add-ins 46 may be installed as
part of the client software, as illustrated in Fig. 5, or integrated with browser 32.
Such add-ins 46 are beneficial in that they generally may be configured to permit a
user to click on a specific object to obtain a different version (e.g., higher quality)
representation. Add-ins 46 are also beneficial in that they appear to a user to be well-
integrated with browser 32, and are easily upgradeabie. Combinations of the above-

described presentation facilities are also possible.

In an advantageous optional application of add-ins 46, network client
12 may be configured to request that an appropriate add-in 46 be downioaded from
HTTP remote proxy 36 in the event that network client 12 determines it is unable to
transcode a particular received data stream. HTTP remote proxy 36 could then
download the necessary add-in 46 or, alternatively, resend the data stream in a
different format. This facility provides for automatic extension of the system,

ensuring that client software is as current as possible.
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In the embodiment of Fig. 5, browser 32 is configured to send all
HTTP fequests through HTTP local proxy 48, thus allowing HTTP local proxy 48 to
improve retrieval and rendering of requested hypertext objects. For example, when
HTTP local proxy 48 receives an HTTP request from browser 32 for a hypertext
object associated with a Web page, it passes the URL to client-side cache interface
34 to check whether a copy of the hypertext object already exists in client-side cache
memory 36. If the hypertext object is cached, HTTP local proxy 48 passes the
cached object to browser 32 for rendering. If the requested hypertext object is not
cached, HTTP local proxy 48 transmits an HTTP request to transcoding server 34
for processing. HTTP local proxy 48 may use a custom Get() request for this
purpose to enable transcoding server 34 to identify network client 12 as enabled.
Performing the processing described above with reference to other embodiments,

transcoding server 34 will return a data stream for the hypertext object to HTTP

local proxy 48.

To further illustrate the features and benefits of embodiments of the
present invention, the flow charts provided in Figs. 7-9 illustrate the logic for an
embodiment of a method by which an enabled network client may render a hypertext
object resident on the Internet. The flow charts are not intended to be
comprehensive of al} processing that is performed, but rather are intended to describe
the overall flow of the method. Detailed descriptions of the various processes have
been provided above with reference to various disclosed embodiments. Where
practical, the following description includes reference numbers for previousiy-

described structural elements, although the method is not limited to those structures.

Referring now to Fig. 7, processing begins when a user on network
client 12 requests a hypertext object from browser 32 (Step 100). This could be in
the form of a request for a specific Web page, in which case a plurality of hypertext
objects will likely be displayed to the user, or in the form of a click on an image

already being displayed to the user. Browser 32 may be configured to pass all HTTP
-23 -
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requests through HTTP local proxy 48, so HTTP local proxy 48 may intercept the
HTTP(URL) request from browser 32 (Step 110).

In this particular embodiment, HTTP local proxy 48 first checks
whether the requested hypertext object exists in client-side cache memory 56 (Step
120). To do this, HTTP local proxy 48 may invoke client-side parser 50 using a
GetScaledObject(URL) call, which in turn issues a GetEntry call to client-side cache
interface 54 to open a stream for the cached object. This effectively “retrieves” the
cached object from client-side cache memory 56 if it exists (Step 140). HTTP local

proxy 48 then passes the stream to browser 32, which displays the cached object to
the user (Step 150).

Referring now to Fig. 8, if the requested URL object is not found in
client-side cache memory 56, HTTP local proxy 48 transmits a request for the object
to transcoding server 34 using, for example, a Post of a GetStage(URL, Stage=0)
call (Step 160). Upon receipt of this call, HTTP remote proxy 36 invokes parser 22,
which ir tumn issues a GetScaledObject() call to server-side cache interface 28 to
determine whether a non-transcoded verston of the requested hypertext object
already exists in the server-side cache memory 30 (Step 170). If the hypertext object
is cached, server-side cache interface 28 issues a GetEntry call to open a stream for
the cached object (Step 200). In addition, parser 22 may issue a GetProperties(URL,
...) call to server-side cache interface 28 to retrieve information about the transcoding

properties and transcoded status (such as the refinement level) of the cached object.

If parser 22 determines that the requested hypertext object does not
exist in the server-side cache memory 30, HTTP remote proxy 36 issues an HTTP
request to retrieve the hypertext object from Internet 18 (Step 190). If the object is
not found, HTTP remote proxy 36 returns an error to network client 12 which
browser 32 will communicate to the user (Step 220); if the object is found, HTTP

remote proxy 36 passes the handle for the incoming data stream to parser 22, which

-4 -
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in turn initiates caching of an original version of the retrieved hypertext object (Step
230).

Referring now to Fig. 9, once the requested hypertext object has
started to be obtained, parser 22 determines whether (and how) to transcode the
object before transmitting it to network client 12 (Step 240). Both this decision-
making process and exemplary transcoding processes are described in detail above,
For purposes of the present illustratioﬁ, assume parser 22 determined that
transcoding was appropriate and therefore generated a transcoded version of the
requested hypertext object (Step 250). HTTP remote proxy 36 iransmits a data
stream for the transcoded hypertext object to network client 12 (Step 260). Upon
receipt, HTTP local proxy 48 initiates caching of the transcoded hypertext object
(Step 270). In addition, client-side parser 50 determines whether any further
processing is required before the hypertéxt object is rendered (e.g., a new MIME

type has been established by transcoding server 34) (Step 280).

If no additional transcoding is required, HT TP local proxy 48 passes
the handle for the received data stream to browser 32 for display to the user (Step
290). If additional transcoding is required,lclient—side parser 50 passes the handie to
an appropriate transcode service provider 52 (Step 300). The result of this tatter
processing may be a hypertext object which browser 32 can readily display to the
user (Step 320), or the result may be a hypertext object having a non-standard
MIME type, in which case browser 32 may invoke add-in 46 to display the object
(Step 330).

According to another embodiment of the present invention, additional
data or programs need not necessarily be inserted as part of a response to a client
request. Rather, data and programs may be transparently “pushed” to network client
12 without the user or the browser 32 software’s detection or intervention. One

advantage of this approach is that transcoding server 34 is able to detect when
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client/server communications link 14 is underutilized, and can thus push data to
network client 12 with limited risk of interfering with other transactions. An
especially advantageous implementation uses at least a iocal proxy, which could issue
its own requests (rather than being user-driven) to content providers or networked
Proxy servers, or receive unsolicited data pushed to it from the network. The local
proxy may store the data in a client-side cache, install it as a program, or prompt the
user to take some further action. Many potential uses for such an embodiment are
possible. For example, an advertiser of software products or music can preload
network client 12 with trial versions of products before prompting the user with an
advertisement, thus enabling instant playback capability without the user having to

wait for a demo to be downloaded (and possibly losing interest in the meantime).

A number of different configurations are possible for implementing
embodiments of the present invention. In a first configuration, the only additional
apparatus required is a remote proxy. That is, no new software needs to be instailed
on network chient 12. The remote proxy may reside anywhere on a suitable network,
such as the Intemnet, including at particular content provider sites. Alternatively, the
remote proxy may be located at ISP local POPs (Point of Presence), for example, if
location-specific characteristics are to be used as predetermined selection criteria. OFf

course, such information can be gathered by other methods as well, such as user-

preference settings or assigning location-specific domain names to proxies. Ina
second configuration, a new piece of client software acting as a local proxy may be
installed, for example, on a client device. The user would then point the client
application’s proxy to the local host. Combinations of these exemplary
configurations are likewise possibie, as well as simultaneously having multiple modes
active (for example, a local proxy acting as a pass-through for some requests and a

non-pass-through for others that require the use of a remote Proxy).

Where network client 12 connects i0 a remote proxy over a relatively

slow communications link, it may be particularly advantageous to implement
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transcoding and link validity checking on remote proxies. Combinations of remote
and local proxies can sometimes give more efficient implementations of certain
applications, such as automatic data/program downioad and interactively displaying
predigested content. Other applications, such as transiation and trademark
enforcement, can be done efficiently on local proxies alone, but may be more
advantageously done on remote proxies because the results can be cached for use by
others, thereby saving resources for future requests. Still other applications, such as
clickstream analysis, are generally better implemented on a local proxy because there
are more resources available locally to the individual user, and also for privacy

r€asons.

In view of the foregoing description, it should be apparent that it is
possible for there to be more than one so-called “smart” proxy arranged between a
client device and a content server device. If left unchecked, such a condition can
result in content being altered excessively (for exampie, too many ads inserted,
multiple lossy compressions resulting in indecipherable images). To address this
problem, an embodiment of the present invention may use a special proxy-to-proxy
protocol that extends the existing request/response structures to indicate whether and
what sort of transcoding has already been performed on the content. Such a
specialized protocol, in addition to other proxy-to-proxy messages which may be
implemented on an as-needed basis, enables multiple proxies to work collaboratively,
yet still transparently to users, client software, existing “standard” proxies and
content servers.

According to yet another embodiment of the present invention, a
proxy server may be used to provide certain Internet proxy or server users with so-
called “VIP” treatment, identifying users who are entitled (either through payment or
based on some other selection criterion, such as extent of usage) to have a higher
priority when competing with other users for proxy resources. By contrast, with

existing Internet proxies and servers, users are serviced either on a random or first-

come/first-served basis.
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In one particular implementation of such an embodiment, transcoding
server 34 may be configured to extract user IP addresses from requests it processes
and maintain information such as how frequently, or for what duration, a user is
browsing a particular Web site. Such information could be used to determine
“frequent browser miles” at particular Web sites. Users can then be rewarded with
faster response times for subsequent visits to the site, or the site owner could choose
to reward the user with improved performance on all sites reached through the same
proxy. Still another possibility is that users may pay for such preferred service, being
assigned a password which may be provided to transcoding server 34. Yet another
possibility is that a Web site owner can pay a proxy provider to improve the

performance of all users while visiting the owner’s site,

In another particular implementation, information identifying users to
be given VIP treatment may be passed to transcoding server 34 in the form of a Web
page. Upon receipt of such a Web page, the proxy may subsequently allow servicing
threads to perform work for requests generated by VIP users first. To do this,
transcoding server 34 may boost thread scheduling priorities (within the operating
system) for the VIP service, while ensuring there is no starvation of any thread (that
is, no user should be denied access entirely by VIP users). In addition, transcoding
server 34 may permit preferential caching for particular Web sites and more
aggressive pre-fetching for VIP users. Still further, transcoding server 34 may use
more resource-intensive compression algorithms, for example, to provide better

quality content for the same latency at the expense of slowing down access for non-
VIP users.

It is possible that certain content providers or users will not wish to
have their content dynamically altered in any manner. Accordingly, embodiments of
the present invention may be implemented in such a way that either content providers

or users are given the capability to override any potentialiy content-altering service.
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This may be accomplished, for example, using a pass-through technique triggered by

a special tag embedded within the content.

As the foregoing description demonstrates, embodiments of the
present invention may be used to provide a system for improving the communications
capabilities of computers accessing networks such as the Internet. Embodiments of
the invention may be advantageously applied to computers having limited
communications bandwidth available, such as mobile computers or personal
computers accessing a network over a modem connection. The unique features of
such embodiments enhance the ability of these computers to access data on the
network in a timely fashion with reduced user-visible iatencies, thereby enabling
content authors to produce rich content without fear that only users with highly-
sophisticated data communications and display capabiiities are able to enjoy it.
Embodiments of the present invention may also be advantageously used for purposes
other than, or in addition to, reducing latency. Such purposes include, for example,
converting color images to greyscale images for users lacking a color display; filtering
and/or deleting undesired content, such as pornography:; adding content, such as

advertising; and language translation.

Although the present invention has been described with reference to
embodiments for accessing data from the Internet, persons skilled in the art will
recognize that it is equally applicable to other networi(ing environments. For
example, embodiments of the present invention may be used to enhance data
communications between a network client computer and an “intranet.” An intranet
typically is a secure corporate network modeled afier the Internet architecture, and

generally includes mechanisms for communicating with external networks such as the

Internet.

The foregoing is a detailed description of particular embodiments of
the present invention. The invention embraces all alternatives, modifications and

variations that fall within the letter and spirit of the claims, as well as all equivaients
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of the claimed subject matter. For example, some or ali of the features described

above as being provided by a remote proxy may be impiemented in a content server.

Likewise, some or all of the features described above as being provided by a local

proxy may be implemented in a browser application. Persons skilled in the art will
S recognize from the foregoing detailed description that many other alternatives,

modifications and variations are possible.
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What Is Claimed Is:

1. An apparatus for use in transmitting data between a network server and a
network client over a communications link, said apparatus comprising a parser
coupled to a transcode service provider, said parser being configured to selectively
invoke said transcode service provider in response to a predetermined selection

criterion,

2, The apparatus of claim 1, wherein said predetermined selection criterion

comprises a characteristic of the data being transmitted.

3. The apparatus of claim 1, wherein said predetermined selection criterion

comprises a characteristic of the communications link.

4. The apparatus of claim 1, wherein said predetermined selection criterion

comprises a characteristic of the network server.

5. The apparatus of claim 1, wherein said predetermined selection criterion

comprises a characteristic of the network client.

6. The apparatus of claim 1, wherein said predetermined selection criterion

comprises a user preference.

7. The apparatus of claim 1, wherein data is transmitted from the network server
to the network client in Tesponse to a request by the network client, said

predetermined selection criterion being included in said request.

8. A method for providing a network client with a daia object residing on a
network server, wherein the network client and the network server are coupled by a

communications link, said method comprising the steps of:
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receiving a data object from the network server;
selectively transcoding the data object according to a predetermined selection

criterion; and

providing the data object to the network client.

9. The method of claim 8, wherein said transcoding step further comprises

comparing a characteristic of the received data object to the predetermined selection

criterion.

10.  The method of claim 8, wherein said step of selectively transcoding the data
object further comprises determining whether the data object includes content created

with an unregistered software product.

11 The method of claim 10, wherein said step of selectively transcoding the data
object further comprises adding a message to the data object corresponding to said
detection of content created with an unregistered sofiware product.

12, The method of claim 8, wherein said step of seiectively transcoding the data

object comprises compressing a portion of the data object.

13.  The method of claim 8, wherein said step of selectively transcoding the data

object comprises translating a portion of the data object from a first language to a

second language.

14, The method of claim 8, wherein said step of selectively transcoding the data

object further comprises determining whether the data object includes offensive

content.

15. The method of claim 14, wherein said step of selectively transcoding the data

object further comprises modifying the data object to prevent offensive content from

being rendered by the network client.
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16. The method of claim 8, wherein said step of selectively transcoding the data

object further comprises adding advertising information into the data object.

17. The method of claim 16, wherein said advertising information is selected in

accordance with user profile information.

18. The method of claim 8, wherein said step of selectively transcoding the data
object further comprises determining whether the data object includes a link to a

second data object.

19. The method of claim 18, further comprising the step of validating the link to

a second data object.

20.  The method of claim 19, wherein said step of selectively transcoding the data

object further comprises correcting an invalid link.

21. The method of claim 8, wherein said step of selectively transcoding the data
object further comprises communicating information relating to said transcoding to

the network server.

22. The method of claim 8, wherein said step of selectively transcoding the data

object further comprises determining whether the network client is preconfigured to

receive preferential treatment of requests.

23. A set of instructions residing on a storage medium for execution by a
computer, the computer being coupled to a device for rendering a data object to a
user, said set of instructions comprising instructions for:

parsing a data object to be rendered to detect content corresponding to a

predetermined selection criterion;
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6 selectively transcoding the data object in response {0 said detection prior to

7 rendering the data object.

1 24 The set of instructions of claim 23, wherein the storage medium comprises a

2 magnetic storage device.

125, The set of instructions of claim 23, wherein the storage medium comprises a

2 memory installed in a computer.
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NETWORK BASED PROGRAMMABLE MEDIA MANIPULATOR

RELATED APPLICATIONS

This application claims priority to U.S.
Provisional Application No. 60/020,094, filed June 21,
1996, the contents of which is incorporated herein by

reference in its entirety.

BACKGROUND QF THE INVENTION

In a client-server network, on one hand there are
clients, typically personal computers, IBM-compatible
computers and/or UNIX workstations, for example,
equipped with information browsers. On the other hand,
there are data servers and compute servers. Data
servers are computers with a large storage capacity

containing information in different media formats: data

records, plain text documents, word processing
documents, still pictures, compressed audio and video,
and executable files, for example. Compute servers are
computers that carry out intensive computational tasks
that would typically require too much time for the
client to complete. Each compute server might use a

single or many processors to complete the given task.

Users interact with their clients in a natural way
with a mouse, kevboard, screen, printer, or by some
other input/output device. The users need not be
concerned about what happens after they make their
selection within their clients. Clients then make
service requests to geographically dispersed servers.

Upon receiving requests from the clients, the servers
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perform the desired operations and return the retrieved
or computed media stream back to the client for
display.

5 SUMMARY OF THE INVENTION
The pregent invention is connected into the

ubiquitous two-tiered client-server network of
computers. It is designed as a middle layer,
middleware, between the clients and the remote data

10 servers. It transforms the network into a more
flexible three-tiered configuration. Reguests
generated by the clients for media objects from media
resources are routed to the media manipulator. It
processes the requests and determines if the media

15 objects may be found locally, either cached in the
media manipulator itself or in leocal/remote data

servers. When the media objects are obtained, the

media manipulator can be used to perform operations on

those objects such as format translations, to apply

20 protective mechanisms for the ciients such as virus
scanning, to speed communications between the remote
servers and the clients using compression operations,

or perform compute operations for the clients.

25 In general, according tc one aspect, the invention

features a middle-ware computing system. It includes a
network access system that supports communications with
media resources and client computers and a media
manipulation system that operates on media objects

30 received from the media resources via the network
access system prior to forwarding the media objects to

the client computers.

In specific embodiments, a parser 1is used Lo

35 identify different media types within the media objects

|
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so that service devices may be called to operate on the
media types. In one example, the parser searches for
images in the media objects and service devices include
an image compressor for performing data compression or
pornography detection on the images. The parser can
also search for executable or data files in the media
objects and the service devices then called to perform

virus scanning or format conversion, respectively.

In further specifics, a cache is used to store
media objects. A media flow manager receives reguests
for media objects and checks for the presence of the
media objects in the cache to preclude the necessity of

obtaining the objects from the remote media resources.

The above and other features of the invention
including various novel details of construction and
combinations of parts, and other advantages, will now
be more particularly described with reference to the
accompanying drawings and pointed out in the claims.
It will be understood that the particular method and
device embodying the invention are shown by way eI
illustration and not as a limitation of the invention.
The principles and features of this invention may be
employed in various and numerous embodiments without

departing from the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings, reference characters
refer to the same parts throughout the different views.
The drawings are not necessarily to scale; emphasis has
instead been placed upon illustrating the principles of

the invention. O0f the drawings:
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Fig. 1 is a schematic block diagram illustrating
the context in which the inventive media manipulator
operates;

Fig. 2 is a block diagram illustrating the

5 interaction between components of the media manipulator
accerding to the invention;

Fig. 2 is an object interaction diagram
illustrating the operation of the compconents of the
media manipulator;

10 Figs. 4A, 4B, and 4C show the message formats for
! transmitting tasks to compute servers;

Fig. 5 ig a block diagram showing the programming
of the media manipulator using m-script;

Fig. 6 is another object interaction diagram

15 showing the order of creation of the components of the

manipulator; and

Fig. 7 is a block diagram showing ancther

\ embodiment of the media manipulator.

20 DETAILED DESCRIPTION OF THE DRAWINGS
Fig. 1 illustrates the context in which the media

manipulator 100 operates. In many appiications, it is

important for users to access remots media resources

108 such as the data servers 104 of content providers

25 on the Internet. These users may be at client
computers 110 that are inter-connected by a local area
network {LAN) 112. The clients 110 access the media

resources 108 through a gateway 114 linking the LAN 112

tec the Internet. The user's also regulre access to the
30 media resources 108 remotely at remote clients 116

through, for example, telephone dial-up connections

| 118 or through celiular/wireless links 120.

The media manipulator 100 is ceonnected into this

|
| 35 two-tiered client-server network of computers as a
|
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middle layer between the clients 110, 116 and the

remote data servers 104 of the media resources 108.

Fig. 2 is a block diagram illustrating the

5 internal organization of the mediz manipulator 100. It

comprises six basic components: media flow manager
210, media parser 212, network accesgs layer 214, object
switch 216, multiple service plugins 218, and global
access cache 220. In one embodiment, these components
10 are implemented as separate software objects that run

on a Ccommonl MICTroprocessor or multiprocessor system.

The media flow manager 210 serves as the principle

controller for the media manipulator 100. It has

15 access to the various components and can alter their
behavior. It specifies the operations to be formed on
the received media cbjects. It is alsc the storehouge
for the information on the media objects as they are
received from the media parser. The media flow manager

2C 210 alsco tracks the physical resources that are
functional and available in the media manipuliator and
on the surrounding LAN in corder to determine Lo which

of the resocurces the media objects flow.

25 The network access layer 214 makes the media
manipulator 100 accessibie through many different types !
of network devices and the protocols running on top of
them. In one implementation, the network access layer
communicates through the Internet gateway 114 using the

30 TCP/IP protocol, connects to the compute or data server U
using the protocol of the local area network 112, and
communicates with the clients using either the LAN or
the protocols necessary to communicate with the remcte
clientg 116 over low-bandwidth connections 118, 120.

35
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When communicating with the remote data servers
104 of the content providers, the network accepts the
incoming data streams and assembles them into media

objects. These media objects are then made available

5 to the media parser 212, obiject switch 216, and service
plugins 218. The media parser 212 analyses all
incoming media objects to extract the relevant wmedia
types. These media types include executable files,
data files, and images, for example. Information

10 concerning the detected media types is forwarded to the
media flow manager 210, which decides what operations

should be performed on the media.

The object switch 216 supports a number of
135 incoming and outgoling object gates. Madia objects
enter intc the object switch from the network access
layer 214 and from the service plugins’® output links.
The media objects leaving the object switch 216 go into
the network access layer 214 and the gervice plugins'

20 input links. The object switch routes the objects

based on the media manager instructions, either

directly or indirectly.

The global access cache is an intelligent

25 mechanism that speeds the operation from the
perspective of the user at the clients 110, 116. It
determines which media objects are most likely to be
used in the future and stores them in the fastest
available memory. Media objects that are somewhat less

30 likely to be required again are stored in slower memory

or a secondary cache. There can be as many levels of
the cache as the physical infrastructure allows, and
the caching may take place on data servers that are
remote from the main computational resources af the

35 media manipulatory. This caching minimizes the time
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that different users need to wait for requests to be

processed.

The media manipulator 100 is a programmable
device. A system administrator can change its behavior
by giving it m-script commands. It is also an
extendable device. By adding new service plugins, new
capabilities can be added to the device. The
construction of the components of the media manipulator
allows for redundancy and fault tolerance. A hardware
failure does not bring the entire system to a halt.

The system will keep working and simply notify the
administrator that one of its components needs to be

replaced.

Fig. 3 is an obhject flow diagram illustrating the
communication between the client 110, 116, content
provider's data server 104, and the components of the

multimedia manipulator 100.

The first step is the initial connection 1,
Connect, between the client 110, 116 and the media
manipulater 100 via the network access layer 214. The
network access layexr 214 accepts this regquest 2. In
one implementation, it accepts by calling a new
incidence of itself such that each incidence of the
network access layer object supports a single

connection outside the media manipulator 100.

After establishing the connection, the client
makes a reguest 4 for a media object. In the typical
example, this will be a universal resource loccator
(URL) to a data server 104 of a content provider con the
Internet. The network access layer then calls the

media parser 212 and passes the client request 6.
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The media parser 212 looks to two sources for the
media object simultaneously. The ProcessURL request 8
is passed to the media flow manager 212, which has
knowledge of the contents of the global access cache
5 220. The parser also issues a request 10, GetPage, to

the network access layer.

The media flow manager 212 searches for the object
in the cache 220. If the cache returns a cache-miss,
10 the request to the provider has not been delayed
waiting for the miss status, whereas in the case of a
cache-hit, the request to the provider is simply
terminated after verifying the validity of the cached
page. Using this scheme, there is little increased
i5 latency associated with the use of the manipulator 100

in the worst-case cache-miss scenario.

In the illustrated example, a cache-miss occurred.

Thug, rather than supplying the object, the cache 220

20 is prepared 12 to receive the media object, PutlnCache.
Also, the network access layer 214 connects 14 to the
content provider and retrieves 16 the media object or

page .

25 As the media object is being received by the
network access layer from the content provider 104, the
parser begins to parse 17 the cbject. As parsing
proceeds, the parser also begins to update 18 the
global access cache 220 with the parsed portions of the

30 object. Simultanecusly, the parser begins the reply

20, 22 to the ciient via the network access layer.

In one implementation, the parser searches for
images in the media cobiects to perform compression or

35 pornography detection, for example. On encountering an
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image, the parser 214 passes a call to the media fiow
manager to process the image 24 while continuing to

parse 26 the media cbject.

5 The media flow manager 210 gets the image 28 via !

the network access layer 214. The fact images are not

stored with the page but must be separately requested
is an artifact of the HTTP protocol. The network
access layer 214 then connects 30 to the content

10 provider 104 and retrieves 32 the image.

When the image is retrieved, the media flow
manager 210 places it in the cache with the other
portions of the media object and makes a function call

15 to the object switch to process the image 34. The
object switch knows the various service plugins that
are available and the actions that must be performed on
the media types that are discovered by the media
parser, which in this example is an image. When called

2C by the object switch 216 <o process 36 the media type,
the particular service plugin, or multiple plugins when
serial operations are required, retrieves 38 the media

tyvpe, i.e., image, and performs the desired operation

on or processes 40 the image. For example, in one

25 instance, this can be compression or thinning to
expedite communication to the client. In ancther case,
it can detect the probability of pornography by
detecting the percentage of flesh-tone colors in the
picture. Once the processing is complete, the new

30 image or revised media object may be placed 42 in the

cache 220 or used in a reply to the client 1310, 116.

in many instances, the service plugin

functionality will be performed by a separate compute

IPR2023-00332 Page 00991



WO 97/49252 ‘ PCT/US97/10758
- 1 0 _

server 105, This computer may be directly accessible
by the media manipulator 100 or accessible through the
local area network 112. Generally out-scurcing this
functionality is desirable, rather than running on the
5 same device with the other components of the media
manipulator 100, to avoid depriving those other

components of processing bandwidth.

When the plugin does utilize the external compute

10 server, it issues a request message. Fig. 4A
illustrates the formatting of the message to the
compute server. The message has a number of different
fields. It has a version field and a length field
defining the length of the content. The type field

15 indicates the type of the message, and the message ID
1s assigned by the network access layer. The source
type indicates the media type. In the context of image
files, the type indicates whether the image is in a GIF
or JPEG type compression format, foxr example. The

20 source path is the path to where the image is stored in
the global access cache 220, tc which the compute
server has access. The destination type, path length,

rath, and parameters define the transformed media type

and where 1t is to be sent.
25 _
Fig. 4B illustrates the reply message from the

compute server. It again has version, length, type,

and message ID fields. The reply code indicates

| whether or not the service was successful. The

30 destination type, path length, and path indicate the
type of the final image after the transform of the
compute server has been implemented and where that
final image is stored in the global access cache or
otherwise.

25
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Fig. 4C shows the error message issued by the
compute server when service was unsuccessful or error
occurred. To contain this informaticn, the message has

a computer server error code identifying the server and

o

a field holding the reasocn for the error.
As illustrated in Fig. 5, the administrator or

Internet application developer specifies the actions of
the media manipulator by supplying an m-script language
to the media flow manager 210. This is a guasi-

1C configuration, script file which forms a high level
programming language of the media manipulator. The
following illustrates the general structure of the
language with examples showing its use in the medi=a

manipulator 100.

15
name ;= definition
The name of a rule is simply the name itself {(without
any enclosing "<" and ">") and is separated from its
definition by the colon-equal (":=") character.
20 "literal”
Quotation marks surround literal text. Unless stated
otherwise, the text is case-gensitive.
rulel | rule2
Elements separated by a bar ("|") are alternatives,
25 e.g., .
"ves | no" will accept "yes" or "no".
{rulel ruie2}
Elements enclosed in parentheses are treated as a
single element. Thus, "{elem {foo | bar} elem}” allows
3C the token seguences "elem foo elem” and "elem bar
elem".
rule*
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The character "*" following an element indicates
repetition. For example, "foo bar*", implies, "foo"

followed by zero or more of "bars".

{rule]

Square brackets enclose optional eiements. For example,
"foo {bar]" implies, "foo" followed by zero or one of
llbarl!.

The BNF grammay of the m-script is grouped under

three logical groups.

Basic

Alphabets = {abc...zABC..Z}

Variable-chars = {abe...zABC...Z-_}

Numbers = {0...9}

Variable-name = Variable-chars { Variable-chars | Numbers}*

Host-name = Variable-chars {Variable-chars | Numbers | “.”"}*
Path-name = {Variable-chars | Numbers | ©*.” | “/7 | “\ | “~7 | “:7}*
Others = {{@#%"&* ()" {} =\, )

EOLN = “n”

Comment = “4” {Variable-chars { Others | “.”{ “/” | “~" [*” }* EOLN

This section describes the basic rules used: Alphabets
are composed of letters "a" through "z", "A" through
"Z"; Numbers are composed cf digits zerc through nine.
Variables-chars are alphabets, dash ("-*) and
underscore ("_"). A variable name must start with a
Variable-char and followed by zero or many variable-
chars or numbers. Host-name is similar to variable-name
and in-addition can have periods ("."). Path-name is a
generic path used for locating files. ECLN is ASCII 13.
A comment must start with "#" character and ends with

an EQLN.
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Generic

m-script ~  { comment | section }*

Section = section-key “{" section-Desc “}”

Section-Desc = section-line*

5 Section-line = section-desc-key “=" section-desc-value [EOLN]

Section = server-section | cache-section | service-section | filter-

section | action-section
10 This section describes a generic m-script file. An m-

script is a comment or a section. A section must start
with a Section-key, followed by a Section-description
enclosed in parentheses. The section description is

made up of zero or many section lines. A section line

15 starts with a section description key followed by an
eqgqual sign ("=") and the section descripticn key's
value. There are five types of sections, viz., server,

cache, gervice, filter and action.

20 Detail

“server

1l

77 Lé {u

Server-section server-sec-desc 1”7

Il

server-name-line | server-port-line
“name” “=" host-name [EOLN]

“port” “="" numbers [EOLN]

Server-sec-desc

Server-name-line

I

Server-port-line

25
A server section starts with the key ¥server®. This
section consists of two lines: Name and port lines. The
name line specifieg the name of the host on which the
MM 100 is run. The port line specifies the main port

30 number on which the MM awaits requests from clients.

Y gL {SE

Cache-section = “cache cache-sec-dese ““}7
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Cache-sec-desc  := cache-ciean-line | cache-direc-line

A7 EL__"%

1l

Cache-clean-line “cleanup { number | “no”

Cache-direc-line “directory” “=" Path-name

5 A cache section starts with the key "Cache". This
secticon consists of two lines as well: Cache-cliean and
directory lines. The cache-clean line specifies the
time interval after which the cache cleaning is
performed. It takes two values: a positive number (time

i0 interval in seconds) or the string "no" (implying never
to be cleaned). The directory line specifies the

directory in which the cached files need to be stored.

Service-section =  “service” “{“ Service-sec-desc “}”
1s Service-sec-desc =  Service -id-line | Service-host-line | Service-port-line
Service-id-lime =  “id” “=" variable-namc

i

Service-host-line “host” “=" host-name

3T L3

Service: vort-ine =  “port numbers

20 A service section is for service plugins. There must be
a service sgection for each service that has to be used
by the MM 100. This section starts with the key
"service". The section consists of three lines: Id,
Host and port lines. The id line specifies a user

25 defined identifier that can be used in cother sections.
The host and port lines respectively specify the name
of the host and port number on which the gervice is

available.

30 Filter-sec = “filter” “{“ filter-desc “}”

Filter-desc = filter-object-line [ filter-action-line

il

Filter-Object-line : “object” *“=" Filter-Object-Name
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Filter-Object-Name = “image” | “video” | “java”

3% Le 29

Filter-Action-line :=  “action variable-name

A filter section starts with the key "filter*. This

5 section consists of two lines: object and action line.
The object line specifies the name of the cobject to be
identified and filtered. The action line identifies

the rule to be applied on the object. Currently, the

objects identified are images. In future, objects like

10 video and Java applets can be identified.
Action-section = “action” “{* action-desc “}”
Action-desc = action-id-line | action-cond-line | action-proc-line
Action-1d-line = “jd” “=" variable-name

13 Action-cond-line = “cond” “=" Action-cond-exp

il

Action-cond-exp [Action-exp-bin-op] Action-exp-var [ Action-cond-exp-

op Action-cond-exp | §

Action-exp-bin-op =
Action-cond-exp-op = “&&” [V === T AT o= | T
20 Action-exp-var =  { Filter-Object-Name “.” Parameter } | { variable-name
“7 “result” }
Parameter = “any” | “transparent” | “animated”
Action-proc-line =  “process” “=" Action-proc-exp
Action-proc-exp = { variable-name] Method-exp } [Action-connect Action-
25 proc-exp |
Method-exp = Filter-Object-Name “.” Method-name “(** Method-
Param* “)”
Method-name = “replace”
Method-Pararn = = “7” Path-name “™”
30 Action-connect = “&” |«
|
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The action secticon is the most complicated section. The
action sections can be linked to other action sections
forming a list of actions to be applied in tandem. The
5 section starts with the key "action". This section
consists of three lines: id, condition and process
lines. The 1id, as before, is a user assigned
identifier. The condition line gpecifies a condition

when the process has to be performed. The condition is

10 like a standard "C" expression. It usesg object's
properties (e.g., image.transparent - image that has a
transparent bit), or result of other rules (e.gq.
rulel . result). The process can be a service identifier

or another rule identifier, Several identifierg can be
15 connected using action connectors: "&"({and) or "|"(or).
The "&" (and) connector implies both the rules have to
be applied in succession (e.g.: rulel & rule2 - implies
apply rulel and then rule2). The "|" (or) connector
implies that apply either of the process (e.g.:
20 compressl | compress2 - impliesg, apply compressl or

compress2) .

An example is as shown below:

25 #m-script for manipulating HTML files
#listening host name and port

server {

name = center

port = 8001

}

320

FeRie- BN« WL I N WS N

#cache parameters

cache{

cleanup = ne

directory = "/opt/mm/cache/images/"

ey
e

35

ey
b
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13 }
14
15 #compress service server 1
16 service{
s 17 1d = compress]
18 host = center
19 port = 7002
20 }
21
12 22 #compress service server 2
23 service{
24 id = compress2
25 host = center
26 port = 7003
iz 27 H
28
29 filter{
30 object = image
31 action = rulel
20 32 }
33
34 action{
35 id = rulel
36 cond = image.any && ! image. transparent
25 37 process = compress| | compress?2
38 }
Line Explanation
#
1. A comment line starts with a “#” character. Everything to the end of that line is
ignored.
30 5&6 The media manipulator listens on the host “center” and on port “8001”
11 & The files are cached (global cache) on the server. Keep them ionger. Store them in
12 the directory specified.
17-19  Compute server id i1s “Compressi”. The host address is “center” and is listening on
port “7002”
24-26 Compute server id is “Compress2”. The host address is “center” and is listening on
port “7003”
35 30 & Filter the images and apply rulel
31

IPR2023-00332 Page 00999
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33 This section is rulel

36 Do the process for any image that is not transparent.

37 Process images by sending to compress1 or to compress2
Example #2

Apart from compressing the images,

the images can be

tested for pornography. For this a service section has

to be added and the action section has to be modified.

The fellowing m-script accomplishes this.

Dulie ' BN R SRV R S

i
i2
i3
i4
15
16
17
i8
ig
20
27
22
23
24
25
26
27
28
29
30
31

#m-script for manipulating HTML files

#This compresses the images and detects them for pornography

#listening host name and port
server {

name = center

port = 8001

}

#cache parameters

cache{

cleanup = no

directory = "/opt/mmv/cache/images/"

}

#compress service server |
service{

id = compress]

host = center

port = 7002

}

#compress service server 2
service{

id = compress2

host = center

port = 7003

}

#pornography detect service server 1
service{

IPR2023-00332 Page 01000
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32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Line

PCT/US97/10758

1d = pornol
host = center
port = 7010

}

#pornography detect service server 2
service{

id = pomo?2

host = center

port = 7011

}

filter{
object = image
action = all_image_rule

1
{

action{

id = all_image_rule

cond = image.any

process = compress_rule & porno_rule & destroy_rule

}

action{

id = compress_rule

cond = ! image.transparent
process = compress| | compress2

}

action{

id = porno_rule

cond = compress_rule.result ==
process = pornol | porno2

}

action

id = destroy_rule

cond = pomo_rule.result >= 75

process = image.replace(“/opt/mm/iib/images/forbidden.gif”)

}

Explanation
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5-8 Server section

it - 14 Cache section

16 - 28  Compute servers “Compressl” and “Compress2”

31-35 Pomography detection service “pomnol” is running in “center” and listening on port

7010
5 38 -42  Pornography detection service “pomo1” is running in “center” and listening on por:

7010
44 - 47  Filter the 1images and apply all image rule
49-52  Apply action “all_image_rule” to all images. First apply compress_rule, followed by

porno_tule and then by destroy_rule.
55-59  Apply action “compress_rule” to non-transparent images. Pass the images to either

compress! or compress2.
61-65 Apply action “porno_rule” to images, if compress_rule returned 1. Pass the

compressed images to pomol or porno2.
10 67-71 Apply action “destroy_rule” to images, if porno_rule returned a value greater than or

equal to 75(probability of a pornographic image). Replace the image with
“forbidden.gif”.

Media Flow Manager (MFM)
MFM reads m-script and configures itself and other

components based on the m-script. The MFM can be

15 implemented as a multi-threaded object as shown below:

class MFM{
private:
int iPort;
20 char *strHostName;
char *striMFileName;
MediaParser *pMP;
GAC *pGAC;
ObjSw *p0Os;
25 NAC *pNAC,;




}=
A
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public:
MFM(Q);
~MFM();
int Configure(char *strMFileName);
int ProcessURL(char *strtURL, ...};
int Processlmage(char *strSrcURL, int iHeight, int iWidth, ...);
int CheckCacheUpdate(...);

int Createlnstance();

|

Configure(...) Parses the m-Secript file specified and configures the rest of the
components.

ProcessURL(...) This is called by the parser, when it encounters a new image. This
initiates the cache insertion on GAC.

ProcessImage(...) Mainly invoked by the MediaParser, when it encounters an image tag.
This passes the command to the appropriate object switch.

Createlnstance(...) This creates a new instance of the MFM by first copying the internal

data structures and then creating a new thread.

Media Parser - HTML Parser
The media parser can be implemented using generic tools
like lex and yacc. The core of the parser can then be

packaged to make parser cbjects.

class MediaParser {
private:
MFM *pMFM;
GAC *pGAC,;

public:
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MediaParser(MFM *pMFM, GAC *pGAC, ...);
~MediaParser();
int AddFilter(int iObjectType, ...);

int Parse(...);

AddFilter(...) Called by the MFM.Configure, adds to the list of objects that the
MediaParser has to look for.

Parse(...) This is called by the NAL, when it successfutly establishes a
connection with the client. This parses the media. When it encounters
the object to be filtered, the parser notifies the MFM by invoking the

appropriate function.

Global Access Cache

The global access cache is a specialized cache system,
specifically tuned to keep HTML pages and the images. The
imagés can have multiple versions. These have to be cached
separately. The cache is also cleaned regularly as

described in the cache section of the m-script.

class GAC{

private:
char *apMainBucketsfMAX_HASH_KEY];
int Hash(char *strURL);

public:
GAC(MFM *pMFM, char *strPath, ...};
~GAC);
int SearchCache(char *sttURL, ...);

IPR2023-00332 Page 01004
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int PutInCache(char *strURL., char *strLocalFiiename, FILE *{p, ...};
int UpdateCache(char *strURL, ...};
int GetFromCache(char *strURL, int iKey, ...);

IR
Hash(...) This is used to create the Hash key based on an URL.
SearchCache(...) This searches the cache for the given URL.
PutInCache(...) First searches the cache(SearchCache()) and if not found, inserts the
URL int the cache.
UpdateCache(...) Updates the cache entry with related entries. For example, the URL

entry can be updated with image entries that are related to the URL.
GetFromCacheq...) Retrieves an URL or an Image.

Network Access Layer

The network access layer for handling HTML pages, primarily
deals with HTTP (Hyper Text Transmission Protocol). It
accepts connection from the clients; makes connection to
the content provider; requests and receives pages and
images from the content provider. In addition to these the

layer also provides connection to compute sServers.

class NAL{

private:
int 1Port;
char *strHostName;
int iINumCharsRead;
int iNumCharsWritten;
char *strURL;

public:
NALMFM *pMFM, MediaParser *pMP, ...};
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~NAL();
int Listen(char *strHostName, int iPort, ...);
int Accept(...);
int Connect(char *strHostName, int iPor, ...);
5 int AcceptChents(char *strHostName, int iPort, ...);
int Getlmage(char *strtHostName, int iPort, char *strlURL, ...);
int GetURL(char *strHostName, int iPort, char *strURL, ...);
int SendRequest(...);

int ReceiveReply(...);

10
I

Listen(...) Creates a listening port.

Accept(...} Accepts any client requesting a connect.

15  Connect(...) Connects to the specified host and port number. Usually called by the
Getlmage() or GetURL()

Getlmage(...) Connects to the ContentProvider and requests the image specified by
the URL. This is responsible for building the appropriate request
header etc

GetURL(...} Connects to the ContentProvider and requests the page specified by the
URL. This is responsible for building the appropriate request header
etc.

SendRequest(...) Sends a formatted message to the compute server. The format of the
message 1s shown in the following section.

ReceiveReply(...) Receives a formatted message that is a reply to the message sent
earlier.

20
Service Plugin
The service sections describe the various servers available
for the MM. Each service server is an instance of this
object.

25

IPR2023-00332 Page 01006
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class ServPlugin{
private:
char *strld;
int iPort;

char *strHostName;

public:
ServPlugin(NAL *pNAL, char *strld, char *strHostName, int 1Port, ...};
~ServPlugin();
int Request(char *strSrcPath, char *suDestPath, ...);

3

Request(...) This initiates the request through the NAL. NAL sends the formatted

message to the appropriate Compute Server.

Object Switch

The object switch interfaces the MFM and the service
plugins. The object switch mostly implements the rules
specified in the action section of the m-script, as
instructed by the MFM.

class ObjSw{
privaie:
MFM *pMFM,
GAC *pGAC;
ServPlugin *aSP; //array of service plugins

ActionList *alAction; //linked list of actions

public:

IPR2023-00332 Page 01007
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ObjSw(MFM *pMFM, GAC *pGAC, );

~ObjSw();

int AddServicePlugin(ServPlugin *pSP, );

int AddAction(char *strld, char *strCond, char *strProcess, );

int Processimage( );

AddServicePlugin(_)  This is invoked by the MFM during configuration phase. This adds the

service plugin to its internal list.
AddAction{ ) This 15 also invoked by the MFM during the configuration phase. This

adds the actions specified in the m-Seript
Processlmage( ) Invoked by the MFM, this executes the actions in the specified order.

Compute Server
The compute server executes as a separate Processer Or on a
different machine itself. It can be implemented as an

object as well.

class CompServ
private:
int iPort;

char *strHostName;

public:
CompServ();
~CompServ();
int ReceiveRequest(char *strSrcPath, char *strDestPath, ...);
int ProcessRequest(...);

int Reply(...};

IPR2023-00332 Page 01008
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ReceiveRequest(...)  This receives the formatted message.
ProcessRequest(...) This processes the request. The user can extend the compute server by

UT

adding capabilities to this method.
Repiy(...) Sends the reply.

The compute server can also use the NAL to send and receive
messages.

10

Fig. 6 is an object interaction diagram showing the

order of creation of the objects/components of the
manipulator 100 and the order in which the m-script 1is
processed or read. Of note is the fact that the object

15 switch 216 is called after service plugins 218. This order
ensures that the services are all declared. AddAction
takes the pointer to those service plugins, and
AddServicePlugin identifies the compute server executing
the plugin, its host name, and its port. ObjSw ensures the

20 GAC 220 may be updated by the object switch with the

results of the service, once executed.

Fig. 7 illustrates another embodiment of the inventive
media manipulator 100. The media manipulator described in
25 the previous sections was used as an intermediate processor
between the client 106, 116 and the confent provider server
104. In this alternative embodiment, an additional,
stripped down tunneler versicn of the manipulator 100° can

be used to interact between the client 106, 116 and the

V3]
<

media manipulator 100 as described previously. These two
instances of the manipulator 100, 100°' can now perform in

unison to further enhance the user experience.
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The tunneler media manipulator 100' and the media
manipulator 100 exchange a compressed format suitable
for the transmission over a iow-bandwidth connection,
while the runneler 100°' and the browser({client)

5 exchange information in the client's native format.
Apart from these, the client 106, 116 can be inside a
firewall f and still use the services of a main media
manipulator 100, which may be outside the firewall f.
The tunneler 100' can also be used to set various

10 options such as compression quality, specific to the
client's need. These options are forwarded to the main
media manipulator 100 along with the client's request.
The main media manipulator 100 can categorically act on

both the tunneler's and client's request.

15
Apart from compressing images, the tunneler 100!
and main media manipulator 100 combination can be used
to compress the HTML page itself. The HTML page is a

media, and if the service is available to compress it,

20 the m-script can be modified appropriately to send the
page to the text-compress-plugin before sending towards
the client. The tunneler can intercept this and

decompress the page.

25 The tunneler 100' has following components of the
media manipulator: 1) media flow manager 210, 2) media
parser 212, 3) object switch 216, 4) network access
layer 214, and 5) service plugin 218. It doesg not the
global access cache 220. The sgervice plugin in the

30 tunneler 100° is the compliment of what is used in the

media manipulator to decompress the images.

SUBSTITUTE SLIERT (DIl & At IPR2023-00332 Page 01010



WO 97/49152 PCT/USS7/10758

-29-

While this invention has been particularly shown
and described with references to preiferred embodiments
thereof, it will be understood by those skilled in the

5 art that various changes in form and detail may be made
therein without departing from the spirit and scope of

the invention as defined by the appended ciaims.
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CLAIMS
is claimed is:

A middle-ware computing system comprising:

a network access system that supports
communications with media resocurces and
client computers; and

a media manipulation system that
operates on media objects received from the
media resources via the network access system
prior to forwarding the media objects to the

client computers.

The computing system described in Claim 1, wherein
the media manipulation system comprises:
a parser that identifies different media
types within the media objects; and
service devices that operate on the

media types.

The computing system described in Claim 2, wherein
the parser searches for images in the media
objects and service devices include an image
compressor for performing data compression on the

images.

The computing system described in any of Claims 2-
3, wherein the parser searches for executable
files in the media objects and service devices
include a virus scanner that searches for computer

viruses in the files.
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5. The computing system described in any of Claims 2-
4, wherein the parser searches for images in the
media objects and service devices include a
pornography detector for assessing a probability
that the images are pornographic.

6. The computing system described in any of Claims 2-
5, wherein the parser searches for data files in

the media objects and service devices include an

format converter for changing a format of the data
files.
7. The computing system described in any of Claims 2-

6, wherein the media manipulation system further
comprises an object switch that passes the media
types to the service devices to determine

operations performed on the different media types.

8. The computing system described in any of Claims 2-
7, wherein the media manipulation system further
comprises a media flow manager that reassembles
the media cbjects for forwarding to the clients

after the manipulation of the media types.

9. The computing system described in Claim 8, further
comprising a cache that stores media objects. the
media flow manager receiving reguests for media
objects and checking for the presence of the maedia
objects in the cache to preclude obtaining the

objects from the media resources.
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i0. A middle-ware computing system comprising:

a network access system that supports
communications with media resources to obtain
media objects from client computers;

a parser that identifies different media
types within the media objects;

service devices that manipulate the
media types;

an obiject switch that passes the media
types to the service devices to determine
operations performed on the different media
types; and

a media f£low manager that reassembles
the media objects for forwarding to the

clients after the manipulation of the media

Lypes.

11. The computing system described in Claim 10,
further comprising a cache that stores media
objects, the media flow manager receiving requests
for media objects and checking for the presence cf
the media objects in the cache to preclude

obtaining the objects from the media resources.

12. & method fer facilitating transmission of media
objects between media resources and client
computers, the method comprising:

receiving reguests for media cbjects
from the client computers to the media
resources;

obtaining the media obijects;

manipulating the media objects;

forwarding the manipulated media objects

to the client computers.
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13. The method described in Claim 12, wherein
manipulating the media objects comprises:
identifying different media types within
the media objects; and

ut

performing separate operations on the

different media types.

14. The method described in Claim 13, wherein the step
of identifying different media types comprises
10 searching for images in the media objects and the
step of performing operations comprises data

compressing the images.

15. The method described in any of Claims 13-14,

[
LR

wherein the step of identifying different media
types comprises searching for executable files in
the media objects and the step of performing

operations comprises scanning the files for

computer viruses.

16. The method described in any of Claims 13-15,
wherein the step of identifying different media
types comprises searching for images in the media
objects and the step of performing operations

25 comprises assessing a probabllity that the images

are pornographic.

17. The method described in any of Claims 13-16,

wherein the step of identifying different media I

30 types comprises searchning for data files in the
media objects and the step of performing

operations changing a format of the data files.
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18. The method described in any of Claims 13-17,
further comprising reassembling the media objects
for forwarding to the clients after the
manipulation of the media types.

19. The method described in any of Claims 13-18,
further comprising routing the media types toc form

successive operations on the media types.

20. The method described in any of Claims 13-19,
further comprising caching media objects that have
been received from the media resources and later

cbtaining the media objects from the cache.

21. The method described in Claim 20, wherein the step
cf obtaining the media objects comprises

requesting the media objects from the media

resources while checking for the objects in a
cache; and obtaining the media objects from the

cache if present.
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Header Content
Version Length | Type | Message | Src Sre Src Dest Dest Dest | Dest
id Type | Path Path | Type Path Path Param
Len Len
Field Field Description
Length
version 4 Message Version Number. E.g. 6100, implies 1.0
Length 4 Length of the content
Type 4 Type of the Message: 1-for request, 2-for reply, 3-for error
Message td 4 Numeric (D of the message assigned by the NAL
src Type 4 Numeric type of the source image: 1-GIF, 2-JPEG, 3-MM
Compress Format 1
Src Path Len 4 Length of the Src Path
Src Path - Path where the image is stored. Can be a network path as wel
Dest Type 4 Numeric type of the final imags: 1-GIF, 2-JPEG, 3-MM
Compress Format 1
Dest Path Len 4 Length of the Dest Pain
Dest Path - Path where the final image has to be stored
Dest Param 4 Can be used to set an optional parameter
FIG. 4A
Header | Content
Version Length Type Message Reply Dest Type | Dest Paih | Dest Path P\
id Code Len f ‘
Field Field Description
Length
Version 4 Message Version Number. E.g. 0100, implies 1.0
Length 4 Length of the content
Type 4 Type of the Message: 1-for request, 2-for reply, 3-for error
Message Id 4 Numeric 1D of the message assigned by the NAL
Reply Code 4 The success or failure of the service: 1- success, 0- error
Dest Type 4 Nurneric type of the final image: 1 - GIF, 2 - JPEG, 3 - MM
Compress Format 1
Dest Path Len 4 Length of the Dest Path

Path where the final image has to he siored

FIG. 4B
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Header Content
: Version Length Type Message Reply Error Error Error
| Id Code Code Reason Reason
Len
Field Field Description
Length
Version 4 Message Version Number. E.g. 0100, impiies 1.0
Length 4 Length of the content
Type 4 Type of the Message: 1-for request, 2 for reply, 3 for error
J Message |d 4 Numeric |D of the message assigned by the NAL
‘ Reply Code 4 The success or failure of the service: 0-error
, Error Code 4 Numeric Error Code assigned by the compute server ‘
Error Reascn 4 Length of the reason, the next field
Len
Error Reason - String describing the error

FIG. 4C
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A system for automatically crealing databases containing industry, service, product and
subject classification data, contact data, geographic location data {CCG-data) and links to web
pages from HTML, XML or SGML encoded web pages posted on computer networks such as
the Intemet or Intranets. The web pages containing HTML, XML or SGML encoded CCG-data,
daiabase update controls and web browser display controls are created and modified by using
simple text editors, HTML. XML or SGML editors or purpose built editors. The CCG databases
may be searched for references (URLs) to web pages by use of enquiries which reference one
or more of the items of the CCG-data. Alternatively, enquiries referencing the CCG-data in the
databases may supply contact data without web page references. Data duplication and
coordination is reduced by including in the web page CCG-data display controls which are
used by web browsers to format for display the same data that is used to automatically update
the databases.
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TITLE: NETWORK BASED CLASSIFIED INFORMATION SYSTEMS

FIELD OF INVENTION

This invention relates to network based classified information systems, to methods of
5 automatically building searchable databases of classified information derived from web pages

posted on a network, and, to web pages for use in such systems and methods.

The information systems and databases of most relevance to this invention are those which
include classified product and service catalogues similar to the Yellow Pages teiephone bocks,
10 contact indexes similar to the White Pages telephone books, and/or subject indexes similar to
Library catalegues. Such information systems and databases typically include sets of
associated classification, contact and/or geographic items of information. For convenience,
classification, contact and/or geographic information will be hereinafter called CCG-data.

15 The networks with which this invention is concemed are the wordwide pubiic
computer/communications network commenly known as the intemet and private networks —
sometimes called intranets —which allow common access to markup documents on computers
connected fo the network. Markup documents are text files prepared using various markup
languages such as HyperText Markup Language (HTML) and Extensible Markup Language

20 (XML) which are implementations (or dialects) of the Standard Generalised Markup Language
{SGML). The system of accessible files on the Intamet is called the World Wide Web (WWW)
and the markup documents themselves are commonly cailed ‘web pages’. A web page is said
to be ‘posted’ on a network when it is stored on computer-readable media of a host network
computer as a file which is generally accessible to network users. A web page is transportad

25 from the host computer to a requesting computer through intermediate network computers as
a computerreadable signal embodied in a camier wave. Though this invention is not limited to
Intemet based information systerns, these terms are used for convenience.

BACKGROUND TO THE INVENTION

30 It has been estimated that there are about 100 million web pages on the intemet and that the
number is doubling every two years. Many of these pages include information conceming
commercially offered goods and senices and often includa contact details. But the difficulty of
locating such information is increasing faster than the growth in the number of web pages.

35 To assist network users locate web pages of interest, certain network service providers create
indexes (or databases) of the contents of web pages posted (stored on computer readable
media so as to be generally accessible) on the network and provide ‘search engines’ to use
the indexas. Thesa indexes are often created automatically by the use of ‘web crawlers’ which
() interrogate computer after computer on the network to locate successive web pages and {ii)

40 index the words in each web page encountered against the network address (eg Intemet
Protocol Address or IPA) and filing system path or universal resource locator {URL) at which
the web page is accessible. Hereinafter the terms URL and URI (Uniform Resource identifier)
are taken to be identical in meaning and fo signify network addresses and filing system paths.
Usually, the indexes consist of a list of unique words with each word having an associated list

45 of URLs of the web pages wherein the word was found to occur during interrogation. The URL
serves as a ‘hyperlink’ which, if selected by a userfsearcher, results in the associated web
page being automatically transmitted from the computer where it is posted on the network to
the user/searcher’s computer where & may be displayed or otherwise processed. The sending
and receiving of files in this way is greatly assisted by user interface programs called ‘web

50 browsers’ (or more simply, ‘browsers’) such as Netscape and Microsoft Intemet Explorer.
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The search for web pages of interest using search engines leaves much to be desired:

e simple searches {lhose using a few keywords in simple combinations) often yieid far too
many web page references (URLs) to permit them fo be interrogated ons-by-one,

» complex searches (those using many keywords andfor complex Boolean expressions)
require considerable expertise to undertake,

» even ysing optimum search criteria, many irelevant web pages are referenced because of
inconsistent use of termineclogy by those who author the original web pages,

e @ven using optimum search criteria, many relevant pages are missed, again because of
inconsistent use of temminology by web page authors, and

= because items of information included in the body of web pages cannat be ‘understood’ or
associated in useful ways by web crawlers; that is recognised as, say, a sumame, a strest
name, a geographic locality, or type of goods or services and, say, a sumame strongly
associated with a street name, a geographic locality, or a type of goods or sefvice.

The result is that information provided by search engines from databases which are

automatically compiled using web crawlers is a very poor equivalent of the common Yellow

Pages and White Pages directories which serve the telephone industry (though these

directories are not, of course, automatically compiied from web pages).

In an alternpt to improve the usefulness of automatically compiled network databases, some
search engine providers make use of information contained in URLs, such as the country code
and top level domain name codes such as ‘com’, ‘edu’, ‘net’ and ‘org’ which is sometimes used
to signify the subject matter of web pages. It has been proposed to add more content
classifying codes to URLs (eg, "chem™ to signify chemical subject matter) to allow specialisad
databases ~ national, commercial, chemical, etc — to be generated. However, this proposal
has seripus drawbacks:

» URLs are Intemet addresses and & is in principle undesirable to confuse the address
function of a URL with that of representing a list of web page classifications or contact
details.

* A URL is an inappropriate container of multiple web page classification codes and contact
details because the length of the URL would cause it to become unwieldy as an Intemet
address.

e Including in a URL classification codes drawn from 2 list of thousands of codes would
compromise the mnemonic quality of intemet addresses such as “www.yellowpages.com’.

» There is substantial overap in the subject matter contained in web pages having the
vanous top level domain name codes.

« There is no consensus on, or standard for, content ciassification codes in URLs.

Another proposal to add content classification data to web pages has arisen from the wish to
identify pages containing matenal that may be offensive to saome viewers, or should not be
accessed by minors. The Platform for Intemet Content Selection (PICS) (ses
hitp://www.w3.org/pub/WWW/PICS and other documents at www.w3.org) is 2 web page
ratings standard similar in principle to the ratings systems for motion pictures. This system
allows page authors to “intemally” self classify their pages through use of the *<meta. >’
HTML element. Altematively, “external” PICS ratings of web pages may be obtained from
ratings service providers accessed each time a URL is selected. In praclice, the ratings service
providers have adopted very limited range of web page classifications. For example, Ararat
Software’s Commercial Rating System (see hitp/Avww ararat.com.ratings/ararat10_htmi)
provides just 5 categories of web page content, commercial content, technicalicustomer
support, ordering information, downloading information and contact information. In other
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examples, CyberPalrol (hitp/Awww.microsys com/pics/pics_msi.htm) provides 16 categories,
the Recreational Software Advisory Council (http:/iwww rsac.orgifaq.htmi} provides 4
categories, SafeSurf (http/fwww.safesurf.com/ssplan.htm) provides 11 categories and
Vancouver Webpages Rating Service (http:/ivancouver-webpages.com/NWP1.0/ provides 11
5 categories. None of the categories provide classification of web pages by industry, service,
product or subject with sufficient specificity to be useful when searching for web pages.
Rather, the categories are intended to prevent web browsers from displaying web pages
unsuitable for particular types of web browser users. Such rating systems are not intended to
be used for the automated creation of Yellow or White pages like databases from web pages
10 and are unsuitable for that purpose because they can not represent contact details. Further,
the ratings data may only be encoded in the <meta...> element in the <head> of an HTML
document drastically limiting the type and usefulness of the data that can be encoded.

Another proposal for classifying the content of web pages, the “Meta Content Framework”

15 (MCF - sae http://mcf research.apple.com/mef.html"), requires the content of web pages to ba
classified and the classification data to be held in a separate non-HTML data file with a MIME
type of texi/mcf. Storing data in non-HTML encoded documents which describes the content of
HTML encoded documents is a technical and economic barmier to the adoption by search
engine providers of the proposal. The MCF propogai is thus entirely unsuited to the automnated

20 creation of Yellow or White pages like databases from HTML encoded web pages (MIME type
text/htmi) because data stored according to the MCF proposal is not stored in HTML encoded
web pages.

The “Electronic Business Card”, vCard, (see "vCard The Electronic Business Card® Version
25 2.1, versit Consortium Specification, Sept 18, 1996 or fip:fids.intemic. nevintemnet-drafts/draft-
ietf-asid-mime-veard-01.6dt) uses non-HTML data file (MIME Content Types of “text/plain” or
the non-standard “text/X-vCard") containing contact information equivalent to an extended
White Pages entry which can be exchanged on a network using Simple Mail Transfer Protocol
{SMTP) or using HTTP. ht can be associated with a web page by use of a URL in the web page
30 which refers fo the vCard information (eg <a href="http-/Aww.thing.com/ivCard .vcf>My
vCard</a>). Version 2.1 vCard standand data file format (published 18 September 1996)
provides for the inclusion of many ikems of contact information. The vCard specification
recommends that, where possible, there should be consistent mapping of vCard property
names to HTML “<input>" element attribute names (eg vCard property name “TITLE” maps to
35 HTML “<input name= ‘title’>"). The intention is to facilitate the transfer of vCard data into web
page input forms by pasting from a clipboard or by dragging from other computer applications.
The VCard proposal is unsuited to the automated creation of Yellow or White pages like
databases from HTML encoded web pages because data stored according to the VCard

proposal is not stored in HTML encoded web pages.
40

The inclusion of classified information in separate documents {such as Meta Content files or
vCards) has the disadvantage that there is nacessarly much duplication of data and
coordination of modifications between the separate documents and the web pages. This must
be done fo allow a person who has accessed a web page using an HTML compliant browser
45 to determine whether it is worth caling up the associated file or vice versa. Also, to allow
portions of web pages to be classified, web page contexiual information would have to be
duplicated in the separate document. vCards in particular do not provide this fundlionality.
Ancther disadvantage is that non-HTML documents such as vCards contain no details as to
how the data they contain is to be displayed. In tha display of HTML documents the posttion,
50 font, size, colour of the text and other elements of the document are of great importance. The
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restricion of address data in a vCard to untagged ordinally organisad fields is inflexible. For
example, multiple instances of exended pars of the address are not possible. Also
components of names, addresses and telephone numbers and so forth are insufficiently
identified.

The Online Computer Library Center inc (OCLC, Dublin, Ohio, USA) proposal, known as the
“Dublin Core", proposes to tlassifying scholarly web pages by subject (topic of the work, or
keywords that describe the content of the work), title, author, publisher, other agent, date,
object type (genre of the object such as home page, novel, poem etc), form, identifier, source,

10 language, relationship and coverage (spatial and ternporal) (see
http:/Awww.oclc.org:5046/~weibel/htmimeta html and other documents at www oclc.org). This
proposal does not include industry, service, product or subject classifications. It alse does not
include contact details. Names such as that of the author are not specified in sufficient detail to
avoid ambiguities such as which is the author’s first and last names. The proposal specifies

15 that the details are encoded using the <meta...> element in the <head> of web pages. The
proposal is unsuited to the automated creation of Yellow or White pages like databases from
web pages because the proposal does not provide for classification of web pages and does
not provide adequate contact details. Further, the use of keywerds for describing the content
of the wark adds very littie to the effectiveness of indexing of web pages since the web pages

20 are usually indexed on every word of their content and most often the key words would simply
be a duplication of words already contained in the decument.

K has also been proposed to use the Dewey Decimal System (see
hitp:#ore.rsch.ocic.org:6109/eval_dc.html and http:fiorc.rsch.oclc.org:6109/bintro.html) to rank
25 electronic documents against a Dewey Decimal subject classification. The proposal suggests
automatically assigning Dewey Decimal subject classification codes to documents dunng
automated indexing and cataloguing but does not specify the exact nature of the assignmant
although it is implied that the codes are stored separataly from the documents. The proposal
admits that such automated classification is less satisfactory than human classification. The
30 proposal is unsuited to the automated creation of Yellow or White pages like databases from
web pages because the accuracy of classification is inadequate, does not provide for inclusion
of industry, service or product classifications and does not provide for inclusion of contact
detfails. Deriving a subject classification code from an analysis of every word and phrase in a
web page is computationally expensive.
35
The HTML 3.0 standard (see page 23 of the www.w3.org document “draft-etf-html-specy3-
00.bd”) provides “class” as an attribute of almost all HTML “<body>" elements. The “class”
attribute is intended to be used with style sheets. Style sheets provide a means by which the
display of HTML decuments may be altered to suit the needs of different classes of browser
40 users. For example, <div class="appendix™ could be used to define a division that acls as an
appendix, <h2 class="seclion™> could be used to define a level 2 header that acts as a seclion
header, although, of course, any string of characters could be defined for those purposes. The
“class” aftribute, although never having been suggested for holding goods and services
classifications, is not svited for such a use as it [s, in any case, undesirable to confuse the style
45 sheet function of the “class” atribute.

The HTML 3.0 and earlier standards provided the HTML elements “<person>" and “<address>"
but do not specify the form of the content or method of validating the content of those
elements. A person’s name may be written as first name followed by last name or iast name
50 followed by first name. Similady, different conventions exist for writing addresses. Similar
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ambiguities arise in the ill defined format of the HTML elements "<person>" and “<address>".
As such they are of litle use in the automatic compilation of searchable databases.

The XML language (see: hitp:/ftextuality.com/sgmi-erb/WD-xml himl) was developed to extend
5 HTML so that software vendors ¢an add new elements and new element atiributes to HTML
which are not specifically defined in any HTML standard. The intention is to ensure that alt new
slements and atfributes could be parsed by all XML parsers even if the new elements held no
significance for any particular XML parser. However, like HTML, XML does not provide a
standard for the representation of industry, service, product or subject dassification, contact or

10 geographic location details within an web page.

Of course, many useful databases of the Yeliow Pages or White Pages type are made
available by service providers on networks, but they are not compiled automatically by using
web crawlers to scan HTML web pages posted on a network. For example,
15 hitp:/Awww.yellowpages.com.au and hitp:/iwww.mcp.com provide classified advertisaments of
the Yellow Pages type with links to the web pages of paying advertisers or subscribers. There
are also directones of email addresses which approximate the White Pages directories, fisting
the names of individuals and organisations and contact details, {eg hitp:/iwww . bigbook.com
and hitp-//query1.whowhere.com). However, these email directories require listers to manually
20 add their directory entries and enquirers fo be aware of and to find the directory enquiry web -
page. They cannot be automatically generated by scanning web pages using web crawlers
since there is no adequate mechanism to relate email addresses to the names of people and
organigations and their other contact details which may also exist in the same web page.

b
&

OQBJECTIVES OF THE INVENTION
The general object of the invention is to provide improved methods for automaticaily building
searchable databases of classification, contact, andfor geographical information by using web
crawlers to interrogate web pages posted on a network. [For convenience, this information is
collectively refemred {o as CCG-data).
30
Other non-essential objectives are to provide methods for incduding and/or displaying CCG-
data within web pages accessed by browsers, for automatically extracting CCG-data fram web
pages posted on a network and for using the same, and/or to provide methods for searching
automatically compiled databases using such data.
35
Another subsidiary objective of the invention is to provide a new form of web page which is
better suited to the automatic compilation (using web crawlers) of databases constructed by
the automatic scanning of many such pages posted on a network.

40 OUTLINE OF THE INVENTION
Tha invention is based upon the realisation that highly useful databases can be automaticaily -
built by successively interrogating web pages posted on a network if one or more HTML
encoded CCG phrases are included in the web pages. A CCG phrase is ene containing CCG-
data in a form which is directly accessible and identifiable. CCG phrases may also include one
43 or more ttems which provide the web page author with controi over how the CCG-data is
applied to the database.

Data duplication can be reduced if some of the CCG-data in the coded CCG phrases can be
displayed by browsers as well as being used tc update databases. Emors due to inexactly
50 duplicated data are also eliminated. Accordingly, it is envisaged that CCG phrases may inciude
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one or more items which provide the web page author with control over how the CCG~data is
displayed by a browser.

HTML (including version 2 and version 3) and XML are evolving applications {sub-sets or
5 dialects) of 1SO Standard 8879 1986 known as Standard Generalised Markup Language
(SGML). HTML, in large part, is a language used to describe how text (unstructured data) and
graphics is to be formatted for display. The HTML language consists of a finite number of
*elements” (for example; “<BR>" where "BR’ is the element name, also called the tag name)
which may contain “attributes” (for example; “<DL. COMPACT>" where “COMPACT is an
10 attribute named "COMPACT") and may contain values associated with atiributes (for example:
“<FONT SIZE=+1>" where +1 is the attribute value of the atiribute named "SIZE"). XML is a
language used to describe stuctured data. The XML fanguage is similarly composed of
elements, atiributes and values with a similar syntax to HTML but unlike HTML the element
names which may be used are not restricted and the meaning of the XML data may be
15 interpreted in any convenient manner. While the XML language Is mute about how data
described by XML is to be formatted for display, the data may be used by computer programs
for any purposa including description of how XML coded data is displayed. However, due toits
historic importance in connection with web pages, the term *HTML" is herein used to refer to all
markup languages which are subsets or complete sets of the SGML language. in particular,
20 the term "HTML encoded CCG phrase® and the synonymous term “CCG phrase” are herein
used to refer to CCG-data encoded in a subset or complete set of the SGML language.
Herein, a “web page” is a document adapted to be or actually accessible through a network
and encoded in a subset or complete set of the SGML language. '

25 For convenience, CCG items in HTML encoded CCG phrases, whether they are syntactically
represented as elements or as attributes, will be refemed to hereinafter as CCG attributes.

A CCG phrase includes at least one of the following identifiable types of CCG-data attributes:
« industry, product, service, and/or subject classifications,

30 » contact categories, contact person(s) andfor organisation(s) names, fttles or
associations, contact detalls including physical and postal addresses, telephone and
fax numbers, email and intemet or network addresses or locations, public keys, and

« geographic location details.

35 A CCG phrase may also include any of the following identifiable types of CCG control
attributes:
. database control attributes to indicate which parts of the data are to be used fo
update databases, and
« display control attributes to indicate how browsers are to display the data.
40
: By vifue of occuming in the same CCG phrase, a plurality of CCG-data atirbutes are
associated with each other.

By virtue of their occurrence in the same CCG phrase, CCG-data attributes are idententified as
45 a set of associated attributes. However the degree of association between attributes can be
controlied by the inciusion in the phrase of database controj attributes.

The start and end of CCG phrases should be identifiable to clearly distinguish these phrases
fram other data. To identfy the beginning and end of a CCG phrase, at least one HTML
50 element should have a GCG specific HTML element name or CCG specific attribute name or
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CCG specific value. Each CCG attibuie may consist, with or without other incidentaf
characters, of a CCG aftibute name and/or a CCG value or values. Preferabty, each CCG
phrase is contained in the “<body>" of the web page.

5 Two examples of a CCG specific HTML element are: *<CCG .__.>" or “<CCG ... /" or
“<«CCG>...</CCG>". (Where a CCG phrase is coded in XML, the elements “<XML>" and
“<fXML>" may also be needed at the start and end of the CCG phrase.) A less satisfactory
example is: “<I-CCG ...—> where the characters "CCG" after HTML comment slement name
“I-" are used to signify that the comment contains CCG-data. An example of the use of a CCG

10 specific attribute name is: “<START CCG>"..."<END CCG>". An example of the use of a CCG
specific value is: “<START TYPE="CCG>".."<END TYPE='CCG'>", Obviously, other
character strings could be substituted for the element name, element atfribute name or
element attribute value “CCG” string of the examples. '

18 The codes “<CCG ...>" and "<CCG ... /> are compatible with most HTML specifications, but
being non-standard HTML, most web browsers do not display any text or attibutes (eg
PQ="AQD"} within the angle brackets *<" and *>". These codes are preferred where display of
the CCG data is not required and compatibility with older browsers is required (eg CCG
phrases containing only classification values).

20
From one aspect, tharefore, the invention comprises a web page for posting on a network, the
web page being characterised by the inclusion of at least cne CCG phrase in the “<body>" of
the page, the CCG phrase being such that the CCG atiributes contained therein are
accessible and identifiable by (i) HTML compliant editors and/or (i) HTML compiiant web

25 crawlers for the automatic construction of databases of classified information, and/or (ji) HTML
compliant browsers for display on the computer screens of network users.

From another aspect, the invention comprises a method of constructing web pages of the
above described type. The web pages may be constructed on digital computers using simpie

30 text editors such as Microsoft Windows Notepad, or preferably, purpose buift human controlied
editors or automated composing programs which embody knowledge of HTML and CCG
syntax and grammar. Which ever process is used, CCG atiributes are selected and inserted,
medified, deleted and/or organised to form a valid CCG phrases in HTML encoded documents
and the documents are posted on computer readable storage devices of computers connected

335 to a computer network so that the documents are generally available to computers on the
network.

From another aspect, the invention comprises a method of populating a database with CCG-
data extracted from web pages. Web pages posted on a natwork are successivaly retieved by
40 a digital computer program (eg: a web crawler) and CCG phrases contained therein are
wentified and at least some of the CCG attributes found within the CCG phrases are extracted.
The CCG attribule names are used to determine the type of data in the associated values.
Generally the CCG attributes of interast are those relating to classification, contact and
geographic data and database update conbrols while the attributes of fittle or no of interest in
43 relation to database updating are those reiating to display controls. Of course, the CCG-data
extracted need only be that relevant to the particular database being updated. For example,
one database may have been designed to index only web page classifications and URLs while
another database may have been designed to index only contact details. Databases also differ
in their intemal representation of data and means of associating data. For exampie, some use
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“flat file” tables, others use pointers to data to create network associations while others use
hashing and buckets.

The conventional nomenclature differs considerably between different types of database.
5 Depending on the particular database nomenclature, data of the same type is said to be stored
in table columns, fields, atirbutes and properties. The terms column and field are somewhat
related to the physical representation of the data in files while attribute and property is more
related to the logical representation of data. To avoid confusion, with the terms "HTML
attribute”, “*CCG attribute” or just “attribute”, hereinafter a database property means both a type
10 of data stored in the database and a place in the database where data of the same type is
stored. Database properties are refesred to by a name (‘property name”) or similar reference
and contain values. For example, a database property with the name “City name” and which
contains values which are all the names of ciies may be defined as a “City name” type |
database property. : |
15
Whichever style of database is used, it is preferred that the database update program relate |
the CCG attributes to comesponding database propertes used by the database update }
process se that the databass properly values are updated with CCG values in 8 manner which !
preserves the distinctness, content and meaning of the CCG values and, preferably, preserves
20 the CCG value assodations expressed in the CCG phrase as sets of associated database
property values of different types.

In some cases, it is desired to know the address of the web page from which the CCG values
were extracted. For example, the purpose of building a database might be to allow searching
25 of the database by web page classification to provide a list URLs of web pages or URLs of
portions of web pages which contain matching CCG classifications. The URLs could then be
inserted in an HTML document and transmitted to a web browser as a list of references to web
pages matching a search expression. In that example, associating the URL of a web page or
the URL of a portion of a web page with the CCG values extracted from the same web page or
30 web page portion is important and the URL or means of reconstructing it must be available and
supplied to the database update process. In one style of database, the values of the same
type are held separate rows in a column (property) of a database table, and pointers held in
another column (property) are associated with the values by sharing the same table row. The _ ;
table row constitutes a set of associated property values. Each pointer points to a bucket |
35 (block of data) containing a list of URLS or pointers to URLs held in a separate bucket or table.
In another style of database, values of different types are held in different tables together with
a set number, pointer or similar code which is used to indicate which values are associated as
members of the same set. In one variation, the values of set members are prefixed with a code
indicating the type of value and all values are held in the same column of a table. if the
40 purpose of the database is to hold contact data, recording the web page URL in the database
might not be required although if the URL is not present in the database, updating changes in
the CCG contact details contained within a web page is more difficult Of course, one
database may be used to record all types of CCG values contained in web pages and
associate with each other any and all vajues extracted from the same web page or even from
45 other web pages.

From ancther aspect, the invention comprises a method of searching the databases
eonstructad as outfined ahove. These databases may be used for a variety of searching
purposes. For example, to find web page URLs by using the association of web page URLs
50 with industry, service, product or subject classification or a person’s or crganisation’s name or
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| address or geographic location values or any combination thereof. In another example, the
databases may be used to find the contact details for people or erganisations by name or
| location of industry, service, product or web page subject type and so forth by using the
association between items of the contact details in the database without having to retrieve web
‘ 5 pages associated with the contact details.

More particularly, the searching method invoives finding URL references, or finding sets of
azsociated database property values, from databases containing CCG-data. The method
including steps of parsing a query phrase received from a compuler network to extract query

10 relational expressions and, from each expression, deriving a query field name, query relational
eperator and query value, determining the type of the query field by reference to its name,
relating the query field to a comesponding database property according to type and locating
CCG-data database property values in the database property which retum a true value when
tested against the query value using the query relational operator. Finally, the URL references

15 or the seis of property values associated with the so located CCG-data database property
values are extracted.

Database queries are usually expressed in a query language in the form of a phrase or
sentence. In query by example style enquiry systems, the user types values into input figkds on
20 a form and a program exiracts the input vaiues and uses the values to automatically compose
a query phrase or sentence. There are many existing examples of query languages used in
|
|

connection with databases. Generally, they consist of relational expressions (eg Field=Valuej,
logical expressions and grouping of refational and logical expressions by means such as
parentheses. They may also contain sorting and output formatting expressions. Oiften
25 abbreviated notation is used in the expressions such as leaving out field names or relationai
operators which are then inferred from the value in the expression or implied by default. in an
enquiry the nature and format of the output may also be impfied, such as a list of URLs of web
pages or a list of contact details. Whatever is the mechanism of any particular database, the
query expression needs fo be parsed and fields in the query axpression, explicit, defauit,
| 30 implied or inferred, need be related to database properties of similar type. In some styles of
database enquiry the query expression is evaluated against each row of a table or record of a
file to find rows or records (ie a set of associated property values) which match the query
expression. in cther styles, sub-sets of the values of the properties are selected according to
the interpretation of relational expressions in the query expression and the sub-sets are
35 combined according to logical and grouping expressions in the query to find the sets of
associated property values which match the query expression. Often, to make logicai
operations which combine the selected gub-sets more efficient, it is not the values which are
selected but pointers to the values (eg Table name and table row) or unique keys {(eg URLs or
pointers to URLs) associated with the values. For example, the AND logical operator is often
40 used to combine two lists so that only values or pointers or keys common to both lists are
found in the combined list. Usually, the query produces a resut list which is then provided to
other processes. For example, a list of URLs of web pages is processed fo produce an
. attractively formatted HTML encoded document containing the URLs and is sent to a web
browser to allow an enquirer to retrieve inferesting web pages. In another example, the contact
435 details associated in the database with each value or pointer in the result list are retrieved from
the database and presented as a report in the form of an HTML encoded document and is

sent to a web browser for viewing.

From another aspect, the invention comprises a method of displaying CCG-data contained in
50 CCG phrases within web pages which are displayed by a web browser executing on a digital
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computer. While a web page is loading or has loaded in a web browser, the web browser
parses the web page and displays the text (or data) of the web page on a display device
connected to the computer. When the web browser parser encounters CCG phrases, the web
browser may display the CCG~data (element and/or attribute names (or translations of element
5 and/or atfribute names) and/or values) in a number of browser specific ways. For example, the
web browser may by defaulf not display any CCG-data, dispiay all CCG-data, not dispiay any
CCG-data until 3 CCG display control atiribute explicitly states that subsequent data should be
displayed or display all CCG-data untii a CCG display control attribute explicitly states that
subsequent data should not be displayed. The web browser may also use CGA display
10 controls specifying the size, font, position and so forth to alter the display of the CCG-data.

11
;

DESCRIPTION OF EXAMPLES
Having indicated the nature of the present invention, examples or embadiments thereof will
now be described by way of illustration only.
15
Example 1; HTML Syntax Suitable for Representing a CCG Fhrase
The following is an example of HTML element syntax suitable for representing CCG phrases in
which a control (e.g. "SHOW") may be "good until countermanded” and thus apply to more
than one field:
20 <CCG HREF="ur’
{{INAME="label" | ID="identifier_code} &| {LANG="language_code" &
CLASS="Class_name}

{ .
{SET_SEPARATOR} &|
25 {INDEX | NOINDEX} &|
{SHOW | HIDE} &| |
o {XPOS="horizontal_position_number’} &| \
Ul [YPOS="vertical_position_number} &| |
{NEWLINE} &]
30 {ALIGN=centre | left | right | justify} &|
SI2E={++]1]12|3{4]|5|6|7} &
{COLOR="#mggbb" | "colour_name™} &|
{FACE="type_face_name"} &)
{BLINK &} BOLD &| UNDERLINE &| ITALIC &{ STRIKE} &]
35 {SUBSCRIPT | SUPERSCRIPT} &|
{CLEAR{=left | right | all}}
{NORMAL} &|
{{{CONTACT &| COPYRIGHT &| DEVELOPER} &|
{PERSONAL &| BUSINESS &| ASSOCIATION} &j
40 {attribute_name="atfribute_valua(s)} |
} | \
>
where: the ellipsis *..." implies optional repetition of the braced (*{" *}’) items; the braces are
45 used to group items and are not CCG syntactic elements; “&” (and) implies items must occur
together; " {or) implies only one item must occur; and “&/ .{and/or) implies any inciuding none |
of the items may appear together.

Using the syntax of this example, each CCG phrase is represented as an HTML element, the
50 element name being “CCG” and the CCG-data (eg altribute_name="attribute_value™) and CCG
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controls {(eg SIZE=+1) are represented as atiributes of the HTML element Some of the
attributes (eg SIZE) having explicit values (eg +1) and some attributes have implied values
depending on the presence or absence in a CCG phrase (eg when the attribute BUSINESS is
present it has the implied vaiue of True and the implied value of False when absent).

Representation in XML syntax requires, at most, only a simple translation. All the temns, such
as ‘“NORMAL" and "atirbute_name” may remain unchanged as ailributes of the element
named "CCG" (eg <CCG size=+1/>). However, when a CCG phrase is encoded in XML, it is
preferred that the items are represented as XML elements. For example attribute “SIZE=+1"
can be represented as element "<size>+1</sze>" or "<sgize value=+1/>" and "NORMAL" can
be represented as “<nomal/>.

In this example, the atiributes, ID, LANG and CLASS take their meanings from HTML 3.0. The
“url” in HREF="url" or may ba a link with or without destination anchor labels. For example the
URL htip/iwww.w3.org/docs.htrni does not contain a destination anchor label (or identifier)
while http//www.w3.org/docs.himisearching does contain the destination anchar labei
“Vsearching” which is intended refer to an anchor in docshtml such as <A
NAME="searching™...</A>. There i some confusion in varous HTML standards
documentation about the distinction betwesn the expression NAME="label” and the exprassion
ID="identifier_code”. For most practical purposes the two expressions have the same function
or meaning: to uniquely identify within a document a position in or portion of that document.

Database conirol attributes:

“Set_separator” indicates the end of association between preceding and following data other
than through the weaker mutual association with the same CCG phrase or web page; the data
are divided into sets. “Index | Noindex” indicates that the following data are / are not to be
indexed by a web crawler. These aftributes have an implied atiribute value of ‘True’ if present

Jin and ‘False’ when absent from a CCG phrase.

Display control aftributss:

“Show | Hide" indicates that a browser should show / not show the following data. Xpos and
Ypos indicate the position (for example in pixel or physical units) on the browser screen where
the data is to be displayed. "Newline” may be used in addition or as an aitemative method of
placing text on a browser screen. "Align” Indicates the positioning of data on a browser screen
relativa to the cursor position set by “Xpos®, “Ypos™ or *Newling”. “Size”, "Colour” and ‘Face®
indicates the size, colour and type face or font of the following data when displayed on an
browser screen. “Blink”, “Bold”, “Underfine”, *ltalic’, "Strike”, “Superscript” and *Subscript”
indicates that the following data should be displayed blinking, bold, underined, italicised, struck
through, superscripted or subscripted. "Clear” indicates that the browser screen in the region
where data will be displayed should be cleared to background before displaying the following
data. “Normal” indicates the data is to be displayed without the “Blink”, ..., “Clear
charactenstics. The dispiay controls which consist of an attribute name without an explicit value
have an implied value of True’ when present and 'False’ when absent.

CCG-data atiributes:

“Contact &| Copyright &| Developer” indicates that the foliowing CCG-data refers to datails for
a person or organisation and/or to the copyright owner and/or to the HTML or web page
developer. "Personal &) Business &| Association® indicates that the following data refers to
details for a person and/or business and/or agsociation. The previous CCG-data attributes
have an implied attribute value of “True' if present in a CCG phrase or set and ‘False’ when
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a CCG phrase or set. The attribute_name couid be standard CCG atiribute names

or synonyms of standard CCG atinbute names or abbreviations of CCG attribute names which
refer to the following types of CCG attribute values where square brackets ~ and *]" surround
suggested attnbute names:
5 e industry or service or product or subject classifications and sub-classifications:

» classification name [CN],

«» classification codes [CC].
« display only text [TEXT].

« contact:

s person:

courtesy title [PNC},

first given name [PNG],
other given names [PNO],
family name [PNF),

name suffix [PNS},
qualifications [PQ),
associations [PA],

contact person title [F<T],
contact person roie [PR].

¢ oOtganisation:

name [ON],
unit [OU],
identifier [OID].

» physical or post or delivery address:

type [AT] (= “PHYSICAL" &| "POST-OFFICE" & "POSTAL" &| *DELIVERY™)
post office box number [AP#]

post office name [APN]

room of suite or office ot uit or flat or apartment namne &| nurnber [AB#],
floor name &| number [ABF],

building name [ABN],

tane or street or road or highway number [AS#],

lane or street or road or highway name [ASN],

suburb or town or city name [ACN),

region or state or teritory or prevince name [ARN],

post code [AFPC],

country or hation name [ANN],

« telephone: _

L ]

e« email
-»
-»

type [TT] (= "PREFERRED" &| “VOICE" &] “MOBILE” &| "CAR" &| “MESSAGE"
&'PAGER" &| “FACSIMILE" &] “MODEM" &| “ISDN" &| “VIDEQ")

nation or country code number [TCH],

trunk access number [TT#),

area code number [TA#M],

local number [TL#],

type [ET] (= "INTERNET" | {other}),
mailer {EM],

address [EA],

s Internet address:

url [IURL].

» date & time:
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date & time from [DTF],
date & time to [DTT],
weekday from [DTWF),
weekday to [DTWT),
weekday time from [DTWFT],
weekday time to [DTWTT)],
+ time zone [DTZ).
» brand name [BN].
* public key:
10 » key typefKT].
* key[K],
¢ gQeographical:
e location units [GLU),
» |ocation [GL],
15 ¢ serviced region units [GLRU).
* serviced region [GLR],

o
e & s @

Suggested aftribute name [CN] is the name of an attribute associated with the attribute value
containing “classification name” type data. For example, the [CN] attribute value could be the
20 name of a proprietary or national or intemational or other industry classification standard such
as the Australian and New Zealand Standard Industry Classification or *aNZSIC" for short or
the US. Bureau of the Census Industrial Classifications (USBCIC). The associated
classification codes [CC] attribute value could contain the codes and/or descriptions of the
codes of the named standard with or without modifications, deletions or extensions. For
25 example: CN="ANZSIC™ CC="61;Road transport" or CN="USBCIC" CC="581;Hardware store™.
Service classifications such as the International Standard Classification of Occupations could
be used. For example: CN="ISCOQ" CC="4430;Auctioneer” Product classifications such as the
Hamonised Commodity Description And Ceding System could be used. For example:
CN="HSC" CC="8411;Turbojets, turbo-propeliers & other gas turbines; parts thereof For
30 subject classifications, Dewey Decimal, and/or Universal Decimal andfor Library of Congress
and/or Bliss and/or Colon Classification could be used. For example: CN="DDC”
CC="577.699;Sea shore ecology” The inclusion of subject classifications provides a very
simple, straightforward method of clagsifying the subject matter of an HTML document which
could be attractive to commercially oriented copyright ownars.
35
The text ([TEXT]), person ([PNC] - [PR]), organisation (ON] - [OID]). physical or post or
defivery address (JAT] - [ANNY]), telephone ([TT] - [TL#)), email address (ET] - [EA}} and
intemet address [IURL] are intended to be associated with each other in the obvious manner.
Date & time(s) (IDTF] - [DTZ]) are intended to indicate the times at which the address and/or
40 telephone and/or email will be serviced by the associated person(s} and/or organisation(s).
The brand name (BN]) attribute is intended to hold commercial brand names. Public key ([KTi
- [K]) is intended to hold public encryption keys for secure communication with the contact
person of organisation.

45 The geographical location [GL] could be a Iattude and longitude  {eg
E148031'12.57,536D40',09.8" or £148.5201,535.6693 or -148.5201,-36.6693)}, or a Universal
Grid Reference (eg 55FV364402) or other glebal, national, regionai or ocal location reference
with units as specified [GLU], which is typed in or obtained by pointing to a digitally encoded
map or other methods. In more populated regions of some countries such as the U.S., street

90 addresses and post codes are associated with a moderately accurate geographic location and
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can be used to interpolate geographic location data where geographic location data is not
explicitly stated in the CCG-data. Using a universally recognised code such as latitude and
longitude has advantages when used with intemational mediums like the Intemet.
Geographical location is intended to be associated with a post, delivery address or physical
5 address such as place of business or residence. A CCG compliant browser could use this
reference to display a map centred on that geographic location. The purpose of the
geographical location data is to aliow browser users to specify search engine search criteria
which will result in the saarch engine selecting only those Internet accessible documents which
orovide details about providers which are within a specified region. The serviced region [GLR]
10 is intended to indicate the prefermed area of operation of providers expressed in temms cf
serviced region units [GLRUL A radial distance (eg in kilometres) or altemate means of
expressing an area of interest around a geegraphic point, such as polygons, are envisaged.

It is envisaged that the CCG atiribute_value could be composed of more than one value
15 (actually sub-value) wherein specific characters or character sirings separate individual values.

While specific instances of element names and types have been given in this example, of
mere importance is the type of data and type controls over the display and indexing of the
data. As an alternative to the preferred immediately following example where the CCGdata is
20 ismped together under the HTML element named “CCG", certain elements of the data, for
example the classification data, could be lumped under separate HTML elements with
distinctly different names thereby separating CCG classffication data from CCG contact data.
However, this is not preferred because the strength of association betwesn the two types of
data is weakened.
25
' Exampte 2: Classification of Portion of 3 YWeb Page.
Where it is desired to dassify a portion of a web page, sych as a paragraph about a produdt,
simple CCG-data may be used in conjunction with the syntax of Example1. For example:
<A NAME="Radios">AM-FM radio receivers: </A>
30 <CCG HREF="#Radios"™>
CN="ANZSIC"
CC="E23.34.78:Flectrical equipment - radio receivers AM™
CC="E23.34.79:Electrical equipment - radio receivers FM”
<{CCG>
35 We won't be beaten on the price of these high quality receivers ...
In this example. the CCG prase appears after the related anchor (<A NAME=_..</A>).
However, while such proximity visually provides an obvious association between the anchor
and related CCG phrase, it is intended that CCG phrase containing the attribute HREF related
to a specific anchor could appear anywhere within the body of a web page and remain refated
40 to the named anchor. The CCG phrase containing the attribute HREF could appear in a
separate document and thereby refate the CCG-data to the entire document or to a named
anchor although, as previously noted, coordinating separate documents can be problematic. in
the absence of the HREF and NAME attributes, it is aiso intended that the CCG-data apply to
the whole web page.
45
Example 3 Classification of Portion of a Web Page using XML Syntax

Using XML syntax and similar attribute names to those of Example 2 the HTML fragment of
Example 2 may be rewritten as:
<A NAME="Radios™>AM-FM radio receivers: </A>
50 <XML>

IPR2023-00332 Page 01046



16

<CCG>
<HREF>"#Radios"</HREF>
<CN=>"ANZSIC </CN=> :
<CC>"E23.34.78;Flectrical equipment - radio receivers AM™</CC>
5 <CC>"E23.34.7%:Electrical equipment - radio receivers FM™</CC>
<jCCG>
</XML>
We won't be beaten on the price of these high quality receivers ...
i ; This example demonstrates that the translation of CCG-data from HTML to XML (and the
10 reverse) involves simple syntactical and grammatical franslations. Of course, the resutting
HTML and XMi, while “well formed” might not be recognised or, if recognised, might not be
understood by some parsers.

Example 4: Constructing a Web Page Containing CCG-data
15 As an example, a web page developer, Alice Jamieson, is prepanng an advertisement for a

iocal electrician John Williams, trading as Kelso Electrical, who wants to advertise on the web
for business within 30 kilometres from his office located at 18 Raglan Street, Kelso, New South
Wales. Alice uses a graphical user interface web page authoring tool capable of creating and
modifying web pages containing HTML (and XML) CCG phrases by accepting inputs from a

20 user. The tool executes on a digital computer having input devices such as a keyboard,
mouse, light pen and touch pad, display devices such as a CRT, LED amays, liquid crysial
amrays and computer-readable media such as magnetic and optical disks, memory amays,
magnetic tape and the fike.

25 The authoring tool also embodies knowledge of the content and structure of CCG phrases
such as the attribute names, valid ranges and sets of associated attribute vaiuss, the nomai
order of the attributes in the CCG phrase and interdependencies between attribute values. The
tool provides a window where web pages may be viewed in layout (browser) mode and
another window where the HTML code may be viewed in editing mode. The toal aiso provides

30 means of inserting, deleting, modifying and organising HTML elements, changing font size,
face and colour and so forth, The toal provides means for the user to build CCG phrases by
using input devices to selact an edit control representing various types of CCG aitributes from
a list which the tool then inserts in the body of a web page together with, when not already
present, HTML code indicative of the start and end of a CCG phrase. The user then types in

3% the value in the attribute. Similarly, the tool provides means of converting web page text o
CCG attributes. Using input devices, the user selects the text to be converted to a CCG
attribute then selects an edit control from a list; the tool then inserts the HTML code necessary
to encode the text as a CCG attribute. However, these semi-manual methods of creating and ‘
modifying CCG phrases are inefficient and error prone. The tool also provides a button, which -

40 can be activated by using input devices, for access to CCG phrase editing functions. The CCG
editing functions consist of a means of extracting the CCG values from existing CCG phrases
in the web page being edited, forms for entering and modifying the extracted CCG values, 8
layout view browser window for aitering how the CCG-data displays {position, font size, face,
colour, bold, normal, hiding or showing and so forth), a data view browser window to alter

45 which CCG-data vaiues are to be indexed or not indexed in search engine databases, and a
means of deleting existing CCG phrases from web pages and insarting new or changed CCG
phrases in web pages. Editing cursors marking the current location at which text and/or data
may be inserted, deleted or modifiad are provided in each window and form.
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in the cument example, the web page initially contains no CCG phrase. Clicking the CCG
editing function button of the authoring tool causes a form to appear. The form contains
prompts related to CCG attribute names and associated data input fields related to the CCG
attribute values associated with the CCG attribute names. that is CCG-data. The fields are
5 blank because, in the web page layout view, the edit cursor is not over a CCG phrase (and can
not be since the web page initially contains no CCG phrase). The service classifications
relevant to the web age, John Williams physical business contact address, phone and fax
numbers, email address and geographic location and his post office business contact
addresses are entered into the forms using a keyboard and mouse. The developer, Alice
10 Jamieson, also includes her basic contact details where provided for on the form. The forms
use drop down lists to select address blocks {eg physical and post office) for editing. Logic
associated with the forms validates the CCG atlribute values angd interdependencies. Input
devices are then usad to control the CCG-data layout view browser to modify the appearance
of the CCG-data such as font size and colour and positioning. In the layout browser, input
15 devices communicating with the edit cursor are used to highlight individual items and blocks of
iterns to be changed. The post office address is highlighted as a block and moved into position
in fine with the physical address. The CCG-data view window is then used to check which data
items are to be indexed by search engines. In this example all CCG-data (ie all CCG attribute
values except display control values and database control values) are to be indexed. Input
20 devices are used to control the edit cursor to highiight the entire data and a mouse is used to
click (activate) a button to mark all the data for indexing. Then another button is clicked which
builds an HML enceded CCG phrase of CCG attributes defived from the CCG-data values,
display control values and database control values and inserts the CCG phrase in the web
page at the location pointed to in the web page layout browser window.
25
The HTML code editing mode window was called up which revealed the following HTML
encoded CCG phrase in the web page:
<XML>
<CCG>
30 <INDEX/>
<HIDE/>
<CN>ANZSIC</CN>
<CC>D36.11.45;Electrical contractors - residential</CC>
<CC>D36.11.46;Electrical contractors - industrial</CC>
35 <SHOW/>
<CONTACT/> <COPYRIGHT/>
<BUSINESS/>
<XPOS>50<XPOS>
<YPQS>320</YPOS>
40 <ALIGN>cantre</ALIGN>
<SIZE>3</SIZE>.
<COLOR>black</COLOR>
<FACE>Times New Roman<FACE>
<BOLD/>
45 <C|LEAR>all</CLEAR>
<TEXT>Contact :</TEXT>
<PNC>Mr</PNC>
<PNG>John</PNG>
<PNF>Williams</PNF>
50 <PQ>AIE</PQ>
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<PA>ARUC</PA>
<NEWLINE/>
<PT>Managing Director</PT>
<NEWLINE/>

5 <ON>Kelso Electrical Ply. Ltd.</ON>
<NEWLINE/>
<NORMAL/> <ITALIC/>
<SIZE>-2</SIZE>
<TEXT>NSW License 45678C<TEXT>

10 <NEWLINE/>
<NCRMAL/> <BOLD/>
<SIZE>+2</SIZE>
<AT>PHYSICAL</AT>
<AS#>18<AS#>

15 ~ <ASN>Raglan Street<ASN>
<NEWLINE/>
<ACN>Kelso</[CAN>
<NEWLINE/>
<ARN>NSW<ARN>

20 <NEWLINE/>
<HIDE/>
<ANN>Australia</ANN>
<NEWLINE/>
<SHOW/

25 <TEXT>Phone:</TEXT>
<TT>PREFERRED ; VOICE ; MESSAGE</TT>
<HIDE/>
<TCH#>61</TC>
<GHOW

30 <TT#0<TTH>
<TA#>63<TAH#>
<Tl #>456-7828</TLi#>
<TEXT> Fax</TEXT>
<TT>FACSIMILE<TT>

35 <HIDE/>
<TCHG1<TCH>
<SHOW/>
<TT#>0<TTH>
<TA#>GI</TAH>

40 <TL#>456-7829</TL#>
<NEWLINE/>
<ET>INTERNET<ET>
<EA>johnw@firefly.com.au<EA>
<TEXT> </TEXT>

45 <GLU>LatLong</GLU>
<GL>="33.39786,;148.5679E</GL>
<GLRU>Km</GLRU>
<GLR>30 </GLR>
<SET_SEPARATOR/>

30 <XPOS>250</XPOS>
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<YPDOS>320<YPOS>
<NEWLINE/>
<NEWLINE/>
<TEXT>COr write to us at </ TEXT>
<NEWLINE/>
<ON>Kelso Electrical Pty. Ltd. </ON=>
<NEWLINE/>
<AT>POST-OFFICE</AT>
<AP#>P C. Box 187</AP#>
10 <NEWLINE/>
<APN>Sunny Comer</APN>
<TEXT> </TEXT>
<APC>2795<{APC>
<NEWLINE/>
15 <HIDE/>
<ANN>Austrafia</ANN>
<SET_SEPARATOR/>
<HIDE/>
<DEVELOPERS>
20 <BUSINESS/>
<PNG>Alice</PNG>
<PNF>Jamieson</PNF>
<ET>INTERNET<ET>
<EA>alijam@firefly.com.au</EA>
25 <JURL>httptwww firefly.com.au/~aljam/<iURL>
<{CCG>
< XML>

o

in the web page layout browser window the CCG-data displayed as follows:

30 Contact : Or write to us at:

Mr John Williams, AIE, ARUC,

Managing Director

Kelso Electrical Pty. Lid. Kelso Electncal Ply Lid

NSW License 45678C P.O. Box 187
35 18 Raglan Street Sunny Comer 2755

Kelso

NSW

Phone: 063-456-7828 Fax; 083-456-7828
Email: johnw@firefly.com.au Map
40
Having encoded the web page in this way, Alice then posts it on the storage device of a digital
computer connected to the Intemet from where it can be retrieved through the Intemet using
the URL *http:/Mwww firefly. com.au/~johnw/index html®

45 Example 4; Constructing a Database from Web Pages Containing CCG-data
During a routine sweep of Intemet connected web page servers, a web crawler {(or robot)
operating on a server named “ccg.search.com” executing on an Intemet connected digital
computer discovers the URL "hitp:/www.firefly.com.au/~johnwiindex.htmi® in a document it
had previously retneved through the Intemet. The web crawler decides that the URL matches
50 i's selection criteria because the URL contains the suffix “htmi". The web crawler then
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successfully retrieves the document by extracting from the URL the address of the computer
hosting the document, addressing and sending a message {ncluding the address of the web
crawler) requesting the web page through the network to the web page host computer using
TCP/IP protocol, the host computer then reads the document, addresses and sends the
5 document to the web crawler using TCP/P protocol, the web crawler then waiting unfil it has
received all parts of the web page from the host computer before proceeding. |t inspects the
contents of the document and finds that it matches the additional selection criteria that it is an
HTML encoded document. The web crawler program, depending on its state and logic, then
parses the document, sirips out and saves some or all of the URLs in the document for future
10 examination. The web crawler program then passes the document, together with the URL of
the document through a network communications channel to an indexing program executing
on a different computer. The indexing computer has database updating software which
manipulates a database stored on computer-readable media.

15 The indexing program parses the document, from first {o last character, indexing some of the
meta data in the <head> of the document and the words in the texi of the document with
respect to the document URL. In the database of this example, unique words extracted from
the documents already indexed are held in separate rows of a column of a database table and
in another column of the same table on each row is an associated pointer to the first bucket or

20 block of URLs of documents containing the word associated with the peinter. As new words
are found, the new word is added as a new row in the word column of the table, a new bucket
1s created, the URL of the document containing the new word is inseried into the bucket and a
pointer to the new bucket is written in the new row pointer column. When the same word is
found in another document, the row in the table of the word is found, the pointer is retrieved

23 from the table, the bucket pointed to by the pointer is retrieved and the URL of the other
document is inserted in the bucket. Where a bucket becomas full of URLs, a new bucket is g
created and a pointer to the new bucket for holding additional URLS is placed in the full bucket.
Detetion of words and URLs of changed or no longer existing documents is also provided for.

30 In addition ta indexing words extracted from the text of the document, the indexing program i
also indexes the CCG-data in the document as well as indexing words found in the CCG-data. |
When the parser finds HTML element “<XML>" in the document it switches into XML parsing
mode and switches out of that mode when “</XML> is found. When the element “<CCG>" is
found, the parser switches into the CCG parsing mode and switches out of that mode when

35 "<¢/CCG>"is found.

The example database has a CCG-data aftribute name to database property name
conmespondence table 1o show the relationship between the CCG-data attribute names and the
database tables and columns (properties) where the CCG-data attribute values are to be

40 stored in the database as database property vaiues. The database property values and
associated URLs are stored in much the same way as for words extracted from text as
outlined above. However, CCG contact data, for example, which consists of several distinet
CCG-data atirbutes which are related (eg street name, city), is stored in a database table
having a column (property) related to each distind CCG contact attribute name and each

45 separate CCG contact data set (eg person’s name, address, telephone number) as separatad
by "<CCG>", “<SET_SEPARATOR>" and "</CCG>" is held in a separate row in the table. The
values stored in each row are considered to be a set of associated property values of different
types.
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The indexing program, during parsing the document of Example 2 above, encounters the
“«CCG>" element and enters the CCG parsing mode. The parser knows to ignore display
contro! attributes and to consider database control elements in the CCG phrase. The example
indexing program opts to index all other CCG-data contained in the atiribute values until

5 explicitly instructed not to index the attribute values by encounterng the “<NOINDEX/>"
database contrel element and then to recommence indexing when the "<INDEX/>" database
control element is encountered.

Taking each CCG-data attribute name and associated attribute value(s) in succession, the
10 example indexing program uses the correspondence table to translate the CCG-data attribute
name to the database table and column (property) names where the CCG-data attribute
value(s) are to be stored as database property value(s). The indexing program may opt to
transiate the CCG-data attribute values to database property values by, for example,
converting character strings of digits to binary encoded decimal representation, the strng
15 *True” to a single bit representation and the like. The indexing program then adds or updates
the database propery value(s), using the database table and column (property) names (or
similar references) obtained by translation, in much the same manner a3 outlined above for the
update of the database using words extracted from the docurnent text, including associating
the data to the document URL where desired. Where the CCG-data contains a “HREF”
20 atiribute (or similar), the URL associated with the other CCG-data is a URL taken from the
“MREF" attribute value or composed of the document URL and the “HREF" atiribute value i
the attribute value is a partial or relative URL. Some CCG attributes, such as "<BUSINESS/>
have only an implied value of true if the attribute is present and false if the attribute is absent,
the "<SET_SEPARATOR/>”, *<CCG>" and "</CCG>" resetting such values to false. However,
25 where attribute value(s) associated with different atiribute names are still related, such as a
person's name and a street name, the related values of different types are stored on the same
row of the same database table but i a different column (database property) to preserve the
relationship. “<SET_SEPARATOR/" limits the degree of relatedness between, for example, a
person’s name occurming before the separator and a street name occurring after the separator.
30 Using the example document and using the same database column (property) names as used
for the CCG-data atiribute names a portion of the table constructed database table would look
like:

PNC | PNG | PNF PQ | PA T URL

Mr John | Williams | AIE | ARUC | Managing Girector | ... | (pomter)

35 Difficulties not highlighted by this example are the need to handle properties having muitiple
values of the same type, “sparse rows” where only a few values are not null (blank} and tables
with extremely large numbers of rows. For example, the CCG-data of this example could have
contained multiple values of personal qualifications ("PQ”). Te represent this type of data using
a 2 dimensional table database system, the database would be “normalised” so that the

40 multiple values were stored in a separate table and keys or pointers were used to relate the
relate the ftems in the two tables. Numerous altemate database systems, for example those
based on key hashing and data buckets, or tagging data values with prefixes or suffixes
related to the type of data value may be used. Preferably, however, whatever database
system is used, it should preserve the associations of CCG-data items present in the CCG

45 phrases,
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Because the geographic location data was missing from the postal address of the CCG-data in
the example document, but a post code was present, the indexing program inferred the
geographic location from the post code.

Exampie 6. Finding Web Page References Using a CCG Database
As an example, Kevin Robson lives in Sydney but ewns and has rented out a house in

Bathurst. He wants to use the web fo find some eleciricians based in the general Bathurst
region (not only in Bathurst City) to contact for estimating the cost of modifying the wiring in the

10 housa. He uses his web browser to  open the web page
“hitp:/Awww_ausiine.com.awweb_search.html” containing AusLine's search engine web page
search critenia input fonm encoded using the HTML "<form>" elerent.

The search criteria input form contains several input fields including those labelled “Service
15 classification”, “Key words”, “City./Suburb/Town®, *Country”, "LatlLong” and “Radius”. The form
alsa displays a button labelled “Map” to allow latitude and longitude to be selected by pointing
to map images. The word “elecirician” is typed into the “Service classification” field, “house
wiring” into the “Keywords” field, “Bathurst” into the “City/Suburb/Town" field and 10" into the
field "Radius”. The country “Australia® was already showing in the country field because the
20 web page server had received cookie data from the browser indicating that that was the
country used when the browser last used the web page. The “submit search™ button on the
web page was clicked. The browser transmitted a message using TCP/IP protocol to the
AusLine sarver containing the input field values encoded in the header of the message.

25 After a short delay, the search result HTML encoded web page was retumed. Clicking on the
“Service classification” input field drop down list box to check the classifications used in the
search revealed three items:

e FElectrical contractors - residential
¢ Electrical contractors - indusirial

30 » Electrical engineers
The search engine attached to the server oblained those classifications by using word
stemming and searching the text of the service classifications held in it's database. The
Lat/Long field contained the value "33.38565;148.5743E" which the search engine obtained
by looking up the latitude and longitude of the town “Bathurst” in the country “Austrafia” in it's

35 database. Clicking on the “Map” button retrieved a web page having the image of @ map
centred on the town of Bathurst and showing the area 20 Km around it. The search engine
obtained the map by making a request to another Intemet connected server and supplying the
latinde, longitude and radius. Clicking on the browser “Back” button retumed to the search
results page,

40
The search results contained 8 titles, bref descriptions and URLs including a reference
containing the URL “hitp:/fwww firefly.com.au/~johnw/index.htmi”. Retrieving each in um
revealed that all were well focused aceording to the search criteria being related to electricians,
electrical contractors and engineers in the Bathurst area. The search engine obtained these

45 references to web pages by:

*» searching it's database of service classification tiles with words stemming from
“electrician” which resulted in three service classification codes,

* searching its database using the three service classification codes to obtain an
intenmediate list of URLs of wab pages containing those CCG codes
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« searching it's database for the two keywords {o obtain an intermediate list of URLs of
web pages containing those words in the web page text,

« Searching it's database to find the latitude and longitude of Bathurst, Australia,

» searching it's database to obtain an intermediate list of web pages which contain

5 latitude and longitude data lying within 10 Km of the latitude and longitude of

Bathurst, Australia,

+ producing as a result list, a list of URLs which are cormmon to all the intermediate lists,

+ obtaining from it's database the title and brief description of the web pages,

« formatting the titles, descriptions and URLs into an HTML enceded report,

10 = iransmitting the report to the enquiring web browser.

Example 7: Finding Contact Details Using a CCG Database

As an example, Jim Jones of Jones and Sons wants o send a recall notice about a faulty

batch of UV stabilised electrical power cable to all Electrical contractors and Elecincal
15 wholesalers in Australia who have email addresses. He uses his web browser to open the web

page "hitp/iwww.ausline.com.au/contact_search.htmf containing AusLine’s search engine

contact search criteria input form encoded using the HTML "“<form>" element.

The search criteria input form contains several input fields including those labelled “Service
20 classification”, “Country” and "Output format”. The word “slectric™ is typed into the "Seifvice

classification” field, the word “Australia” is typed into the *Country” field and the “Tabulfar -

Name & Email” option in the "Output format’ drop down list box is selected. The "Submit

search” button on the web page is clicked. The browser transmits 2 message using TCP/IP

protocol to the AusLine server containing the input field values encoded in the header of the
25 message.

After a short delay, the search resutt HTML encoded web page is returned. Clicking on the
"Service classification” input field drop down list box to check the classifications used in the
search revealed too many classifications for the result to be sufficiently focused. The following
30 four classifications were selected from the list-
« Electric cable - ducting systems
» Electrical contractors - residential
» Electrical contractors - industrial
v Electrical wholesalers
35 and the "Submit search” button is pressed again to refine the saarch.

The search results contained 3,473 names and associated email addresses and URLs to full

contact details. Jim saved the search result page on his computer so that he could use his

email program to send the recall notice to each email address in the list. The email address
40 “johnw@firefly.com.au” was included in the list.

The search engine obtained these references to web pages by.
« searching it's database using the four service classification titles which resulted in four
service classification codes,

45 » searching s database using the four service classification codes to obtain an
intermediate list of database primary keys of database table rows containing those
service classification codes in the database Service classification attribute,

« searching it's database using the country name “Australia” to obtain an inlermediate
list of database primary keys of database table rows containing that word in the

50 database Country aftribute,
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« preducing as a result list, a list of database primary keys which are common to both
the intermediate lists,
» obtaining from it's database using the result list the values of the name and email
attributes,
5 » using the HTML <table> element to format the name values, email values and full
detail URLs into an HTML encoded report,
« transmitting the report to the enquiring web browser.

This example relates to finding sets of associated database contact values without requiring

10 references to web pages. However, finding other seis of associated database values such as
sets of associated industry classification values and geographic location vaiues might also be
useful for some purposes.

Thus it is appreciated that the afore stated goals, advantages and objectives are achieved by

15 the teachings herein. In particular it is seen that, unlike the prior art, efficiently searchable
Yellow pages and White pages databases and the fike may be automatically constructed from
HTML enceded web pages. Additionally the database entries may be automatically linked to
specific web pages and portions of web pages allowing convenient metheds of indexang of
product and service catalogues and the fike. It is also appreciated that simpler methods of

20 constructing databases suited to a variety of other uses such as industry and subject
directories are also provided.

From the foregoing teachings and with the knowledge of those skilled in the an, it is apparent
that other modifications and adaptations of the invention will become apparent. For example,

25 the method steps disclosed and claimed herein may be practiced in a variety of different
orders. CCG-data may take on a vanety of different forms within the meaning of the claims.
Thus, it is our intention to include within the scope of the claims not only the invention literally
embraced by the language of the claims but to include all such modificaions and adaptations
which may come to those skilled in the art.
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What | claim is;

i.  An HTML encoded web page embodied on a computer-readable medium, said web
page comprising at least one HTML encoded CCG phrase, each CCG phrase
5 comprising:
a) HTML code indicative of the start of a CCG phrase,
by atleast one CCG-data attribute, and
¢)  HTML code indicative of the end of a CCG phrase.

10 2.  An HTML encoded web page embodied on a computer-readable medium, said web
page comprising at least one HTML enceded CCG phrase, sach CCG phrase
compnging:

a) HTML code indicative of the start of a CCG phrase,
by  atleast two CCG-data atiributes,

15 c)  atleast one database control attribute separating said CCG-data attributes info at

least two sets of CCG atiributes, and
d}  HTML code indicative of the end of a CCG phrase.

3, An HTML encoded web page embodied on a computereadable medium, said web
20 page comprising at least one HTML encoded CCG phrase, each CCG phrass
comprising:
a) HTML code indicative of the start of a CCG phrase,
b) atleast one CCG-data attributes,
¢) atleast one attribute of: database conrol attributes, display control attributes; and
25 d}  HTML code indicative of the end of a CCG phrase.

4. A computer implemented method of building a web page comprising at least one HTML
encoded CCG phrase, the method comprising the steps of:
a) displaying a web page on a computer display device,

30 b) displaying an edit curser indicating a character position on said display device and
a comesponding character position in said web page. said edit cursor being
positionable within the display of said web page by use of computer input devices,

c) separately displaying on said computer display device a set of edit controls
representing CCG-data atiribute types,

35 d) posttioning said edit cursor within said display of said web page using said input
devices,

e) selecting an edit control from said set of edit controls using said input devices,
f)  relating said selected edit control to a corresponding CCG-data atinbute name,
g) constructing @ CCG-data attribute character string comprising a character string

40 representing said attribute name and another character string representing an
empty CCG-data value,

h  if the said edit cursor is positioned outside a CCG phrase,
: )] inserting into said web page, at the character position indicated by said edit
cursor, a start character string comprising HTML code indicative of the start

45 of a CCG phrase,

i) inserting into said web page, immediately after the end of said start
character string, an end character string comprising HTML code indicative of
the end of a CCG phrase, and

iy  positioning said edit cursor between said start and end character strings,
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inserting said CCG-data attribute character string into said web page at the
character position indicated by said edit curser,

positioning said edit cursor at the character position in said web page of the CCG-
data value of said inserted CCG-data attribute character string,

inputling characters using a keyboard,

inserting said input characters into said web page at the character position
indicated by said edit cursor, thereby converting said empty CCG-data value to a
non-empty CCG-data value, and

wiiting said web page on computer-readable media.

A computer implemented method of building a web page comprising at least one HTML
encoded CCG phrase, the method comprising the steps of:

a)
b)

g)

h)

)

k)

displaying a web page on a computer display device,

displaying a start edit cursor and an end edit cursor on said display device, each

said edit cursors indicating a character position on said display device and a

comesponding character position in said web page, said edit cursors being

positionable within the display of said web page by use of computer input devices,
separately displaying on said computer display device a set of edit controls
representing CCG-data attribute types,

selecting a string of web page characters on said display device using said input

devices to position said start edit cursor to indicate the start said string of web

page characters and said end edit cursor to indicate the end of said string of web
page characters,

selecting an edit control from said set of edit controls using said input devices,

relating said selected CCG-data control to a comesponding CCG-data atiribute

name,

constructing a CCG-data attribute character string comprising a character string

representing said attnbute name and another character string representing a CCG-

data value containing said string of web page characters,

deleting said string of web page characters from said wen page,

if the said start edit cursor i positioned outside a CCG phrase,

i) inserting into said web page, at the character position indicated by said start
edit cursor, a start ¢character string comprising HTML code indicative of the
start of a CCG phrase,

)  inserting into said web page, immediately after the end of said start
character string, an end character string compnslng HTML code indicative of
the end of a CCG phrase, and

i} positioning said start edit cursor bebneen sad start and end character
strings,

inserting said CCG-data aftribute character string into said web page at the

character position indicated by said start edit cursor, thereby converting said string

of web page characters to a CCG-data attribute value contained within a CCG-
data atiribute contained within CCG-phrase, and

writing said web page on computer-readabla media.

A computer implemented method of building a web page comprising at least one HTML
encoded CCG phrase, the method comprising the steps of;

a)
b)

displaying a CCG-data input form on a computer display device,

" inputting CCG-data values into fiaids of said data input form using computer input

devicas,

IPR2023-00332 Page 01057



10

15

20

25

30

35

40

45

50

27

¢) inserting into the body of a web page a start character string comprising HTML
code indicative of the start of a CCG phrase,

d)  inserting into saxd web page body immediately after the end of said start character
string an end character string comprising HTML code indicative of the end of a

CCG phrase,

e) extracling successive field values from said data entry form together with related
field value type information,

fy relating the type of each extracted fieid value 1o 2 corresponding CCG-data
aftribute name,

g) constructing a CCG-data attribute character string comprising a character string
representing said attribute name and another character string representing said
field value,

h) inserting said CCG-data aitribute character string into said web page between said
start and end character strings.

i) writing said web page on computer-readable media.

A computer implemented method of building a database which comprises sets of
associated property values wherein each set includes at least two property values of
different types, the property values being any of classification values, contact vaiues,
geographic location values, hereinafter collectively referred to as CCG-data, the methed

compnsing the steps of:

a) refrieving successive web pages from a computer network, each web page being
identified by a URL,

b) searching each wab page for a CCG phrase that includes a plurality of different
types of CCG-data atfributes,

c) extractinga plurality of said atiributes from said phrase,

d) from each extracted atiribute, derving an attribuie name and a related attribute
value,

e) determining the type of said extracted atiribute and said attribute value by
reference to said attribute name,

f) relating said type of attribute value so determined to a comesponding type of
database property value,

g) relating the URL of said web page to an other type of database property value,

h)  writing said derived attribute value to the database property vaiue of said
determined corresponding type in a set of associated property values, and

i)  writing the URL of said web page to a databasa property value of said other type
in said set of associated property vaiues.

A computer implemented method of building a database which comprises sets of
associated property values wherein each set includes at least two property values of
differant types, the propery values being any of classification values, contact values,
geographic location values, hereinafter collectively refermed to as CCG-data, the method

comprising the steps of:

a) retneving successive web pages from a computer network, each web page being
idantified by a URL,

b)  searching each web page for a CCG phrase that includes at least one type of
CCG-data aftribute,

Q)  exracting atleast one said attribute from said phrase,
d) from each extracted attribute, deriving an atiribute name and a related atinbute
© value,
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determining the type of said extracted atribute and said aftribute vaiue by
reference to said attnbute name,

refating said type of atiribute value so determined to 3 comesponding type of
database property value,

relating the URL of said web page to an other type of database property value,
writing said derived attribute value to the database property value of said
determined corresponding type in a set of associated property vaiues, and

wiiting the URL of said web page to a database property value of said other type
in said set of associated property vaiues.

A computer implemented method of building a database which comprses sets of
associated property values wherein each set inciudes at least two property vaiues of
different types, the property values being any of classification values, contact values,
geographic location values, hereinafter collectively referred to as CCG-data, the method
comprising the steps of:

a)
b}

c)
d)

e)
f)

g)

retrieving successive web pages from a computer network,

searching each web page for a CCG phrase that includes a piurality of different
types of CCG-data attributes.

extracting a plurality of said attributes from said phrase,

from each extracted atlribute, deriving an atfribute name and a related attribute
value,

determining the type of said extracted atribute and said attribute wvalue by
reference to sad attribute name,

relating said type of aitribute value so determined to a coitesponding type of
database property value, and

writing said derived athibute value to the database property value of said
determined comrespanding type in a set of associated property values.

A computer implemented method of finding referances to web pages posied on
computer network the method using a database comprising sets of associated property
values, the property values being any of classification values, contact values, gecgraphic
location values, hereinafter collectively referred to as CCG-~data, and URL references,
the method comprising the staps of:

a)

b)

receiving a query phrase including query relational expressions from a computer
network,

parsing said query phrase and exiracting each of said query relational expressions
ineluded therein, .

from each extracted query refational expression, deriving a query field hame,
detemmining the type of said query relational expression by reference to its denved
query field name,

relating said type of query relational expression so determined to one of the
following query reiational expression types: CCG-data type, other type,

provided said query relational expression is a CCG-data type, denving a query
relational operator and query value related to its query field name from said query
relational expression,

determining the type of said query value by reference to said query field name,
relating said type of query value so determined to a comesponding iype of
database property value,
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locating database property values of said determined corresponding type which
retum a true value when tesled against said query value using said query
relational operator,

extracting from said database a list of the URL references associated wnh the S0
located database property values,

A computer implemented method of finding sets of asscciated database property values
the method using a database comprising sets of associated property values wherein
each set includes at least two property values of different types, the property values
being any of classification values, contact values, geographic values, hereinafter
collectively refermed to as CCG-data. the method comprising the steps of:

a)
b)

C)
d)

€)

)

)
h)

)

receiving a query phrase including query relational expressions from a computer
natwork,

parsing said query phrase and extracting each of said query relational expressions
included therein,

from each extracted query relational expression, denving a query fieid name,
determining the type of said query relaticnal expression by reference 1o its derived
query field name,

relating said type of guery relational expression so detemmined to one of the
following query relational expression types: CCG-data type, other type,

provided said query relational expression is a CCG-data type, denving a query
relational operator and query vaiue related to its query field name from said query
relational expression,

determining the type of said query value by reference to said query field name,
relating said type of query value so determined to a comesponding type of
database property value,

locating database property values of said determined comesponding type which
retum a true value when tested against said query value using said query
relational operator,

exiracting from said database sets of associated database property values
associated with the so located database property values.

A method of displaying a web page comprising at least one HTML encoded CCG
phrase, the method comprising the steps of;

a)
b)

o

d)

9

h)

retrieving a web page from a computer network,

parsing said retrieved web page to locate an HTML code indicative of the start of a
CCG phrase,

parsing said located CCG phrase and extractlng successive CCG attributes
contained therein untit an HTML code indicative of the end of said CCG phrase is
found,

from each extracted attribute, deriving an attribute name,

detenmining the type of said extracted attribute by reference to its derived atiribute
name,

relating said type of attribute so determined to one of the following attribute types:
database control, display control, CCG-data,

provided said extracted affribute is not a database control type, deriving an
atiribute value refated to its attribute name from said extracted attribute,
determining the type of said atiribute value by reference to said attribute name.
relating sald type of attribute value so determined to a cortesponding type of
parameter of a display-tevice-control-program,
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I writing said attribute value to said parameter, and
k)  where said type of atiribute is a CCG-data type, causing said display-device-
controlpregram to effect display of said attribute value on a display device,
formatted and posiioned according said  display-device-control-program
] parameters whereby successive values of CCG-data of the CCG phrase are
displayed.
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ABSTRACT

A system for automaticafly creating databases containing industry, sefvice, product and
subject classification data, contact data, geographic location data (CCG-data) and links to web
pages from HTML, XML or SGML encoded web pages posted an computer networks such as

5 the Intemnet o Intranets. The web pages containing HTML, XML or SGML encoded CCGdata,

10

database update controls and web browser dispiay controls are created and modified by using
simple text editors, HTML, XML or SGML editors or purpose built editors. The CCG databases
may be searched for references (URLs) to web pages by use of enquires which reference one
or more of the items of the CCG-data. Altematively, enquiries referencing the CcCG-data in the
databases may supply contact data without web page references. Data duplication and
coordination is reducad by including in the web page CCG-data display controls which are
used by web browsers to format for display the same data that is used to automatically update

the databases.
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11/269,916 BARGER ET AL.
Office Action Summary Examiner ArtUnit
CHRISTOPHER BRYANT 4112

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)[] Responsive to communication(s) filed on 07 November 2005.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-16 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-16 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119
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a)LJAIl  b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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DETAILED ACTION
Claim Rejections - 35 USC § 112

1. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims patrticularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

2. Regarding claims 2, and 10 the phrase "or the like" renders the claim(s)
indefinite because the claim(s) include(s) elements not actually disclosed (those
encompassed by "or the like"), thereby rendering the scope of the claim(s)
unascertainable. See MPEP § 2173.05(d).

Claim Rejections - 35 USC § 103
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for

all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 1, 3-9, and 11-16 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Jammes et al. (United States Patent 6,484,149), hereinafter
referenced as Jammes, in view of Filepp et al. (United States Patent 5,442,771),
hereinafter referenced as Filepp.

Regarding claim 1, Jammes discloses a method of parsing tags to
determine if any of the content generation procedure to execute and
corresponding input to a procedure, “a standard coding convention and set of
codes for attaching presentation and linking attributes to informational content

within documents. During a document authoring stage, the HTML codes (referred
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to as "tags") are embedded within the informational content of the document.
When the Web document (or "HTML document") is subsequently transmitted by
a Web server to a Web browser, the codes are interpreted by the browser and
used to parse and display the document. In addition to specifying how the Web
browser is to display the document, HTML tags can be used create hyperlinks to
other Web documents” (column 7, lines 15-26). Jammes also discloses a
method of separating tags from content generators, generating a unique image
lookup, checking the media cache using an intermediate image lookup key,
(Figure 17). Jammes also discloses determining valid content, and also
converting negative content to valid type, customizing content for specified
browser or profile system, and attaching any specified cache-control directives to
a response and delivering the content, “a variety of methods exist for embedding
a customize reference in a template file. According to one embodiment of the
present invention, a script of commands is embedded in a template file specifying
at least one query to perform on the traffic database, comparison of the query
result against preferred customization rules, and, if customization is warranted, a
translation to perform on the query result to convert the result to HTML format”
(column 43, lines 23-30).

However, the examiner maintains that it was well known in the art to have
dynamic modification to perform on content, user profile characters and cache
control and generating a unique key for content, check a cache and performing

an action based on the result, as taught by Filepp.
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In a similar field of endeavor Filepp discloses having dynamic modification
to performs on media, user profile characteristics and cache control, “standard
for encoding graphics data, or text code, such as ASCII, which are displayed on
monitor 412 of the user's personal computer 405 as pictorial codes. Codes for
other presentation media, such as audio, can be specified by using the
appropriate type code in the presentation data segments” (column 21, lines 5-
15), generating a unique final lookup key for media, checking the media cache
with the lookup key, (Figure 2, Item 302), passing control to cache control, and
delivering media, (Figure 2, Iltem 302 passing to 301).

Therefore, it would have been obvious to one of ordinary skill in the art at
the time the invention was made to modify Jammes by adding unique lookups
and checking caches as taught by Filepp for delivering media (content).

Regarding claim 3, Jammes discloses a method of adding content to a
system, creating a procedure containing instructions for processing the content,
and creating a document referring to the processed content by pointing to the
new procedure, “in an additional step 2026, the HTML page engine scans the
template file and determines whether there is a customize reference in the
template file. If not, then, in a next step 2027, the HTML page engine determines
whether any cross sale related product information is associated with the
consumer and, if so, generates HTML hyperlink tags to Web pages describing
the cross sale products. After adding these cross sale product hyperlink tags to
the requested HTML file or template file, the HTML page engine deletes any

association between cross sale product information and the consumer. In a
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further step 2028, the Web server 106 transmits the template file (a compliant
HTML file) to the Web browser 102” (column 52, lines 11-20, corresponding to
Fig.20B).

Regarding claim 4, Jammes discloses a system that assists with choosing
parameters and with content generation, “an HTML authoring system 110 is used
to create and modify HTML template files 108” (column 8, lines 10-17,
corresponding to Figure 1).

Regarding claim 5, Jammes discloses an apparatus which has a server for
receiving request and delivering content (Figure 1), a content generation
procedure containing instructions (Figure 17). Jammes also discloses a link
parser which determines any of content generation procedure to execute and any
corresponding input parameters to be used for generating a primary media
cached, “one of ordinary skill in the art will understand that Web servers possess
parsing routines to extract data parameters from HTTP Post messages in
name/value pair format and that applications, such as the ISAPI query
application, may be identified by a portion of a URL” (column 18, lines 0-5),
however, Jammes does not disclose processing based on user profile
information as well as containing cache control headers. Jammes also fails to
disclose having a primary and secondary lookup key.

However, the examiner maintains that it was well known in the art to have
additional functionality using cache control headers with primary and secondary

lookups, as taught by Filepp.
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In a similar field of endeavor Filepp teaches processing to be performed
with user profile information modifying a resulting image, dynamic content
processing, and cache control headers with the resulting image, "in operation, as
data is supplied to the store; for example, a reception system store during a user
interactive session, data is retained at the store based on the available cache
space within the store; i.e., reception system available RAM and designated disk
file. Particularly, data items designated by a data identification number are placed
on a list of recently called data items, the most recently called items being at the
top of the list. As new data is called, it pushes previously called data down on the
list, with the result that a data item pushed below the list capacity forfeits its
presence on the list if not recalled before being pushed off. If data is recalled
during a session, it once more is promoted to the top of the data list. At the end
of a session, data items at the cache are written to a stage least-recently-used
list, the stage retaining data items between sessions in the same fashion the
cache retains data during a session. The result is, over a series of sessions, the
stage automatically configures itself; i.e., self-configures, with the data most often
called” (column 3, lines 45-60). Filepp also discloses having primary and
secondary keys for parsing within a cache, “cacheable objects can be retained
during the current user session, but cannot be retained between sessions. These
objects usually have a moderate update frequency. Object storage facility 439
retains objects in the cache according to the LRU storage retention algorithm.

Object storage facility 439 uses the LRU algorithm to ensure that objects that are
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least frequently used forfeit their storage to objects that are more frequently
used” (column 15, lines 60-65).

Therefore, it would have been obvious to one of ordinary skill in the art at
the time the invention was made to modify Jammes by adding a link tag parser
with additional functionality, as taught by Filepp for delivering media (content).

Regarding claim 6, Jammes discloses a method of link tags being
modified and updated, (Figure 17).

Regarding claim 7, Jammes discloses an apparatus with a server
infrastructure providing requests, (Figure 2).

Regarding claim 8, Jammes discloses an apparatus which able to operate
on-site or off-site within server infrastructure, (Figure 2).

Regarding claim 9, Jammes discloses an apparatus which primary cache
memory’ is composed of original content acquired from a repository, (Figure 2).

Regarding claim 11, Jammes discloses delivering content by disclosing
tags, being accessible by a browser, links request for an image system, and
process links through interpretation of tags and executing an image generation
procedure with the procedure located within the tags, “during a document
authoring stage, the HTML codes (referred to as "tags") are embedded within the
informational content of the document. When the Web document (or "HTML
document") is subsequently transmitted by a Web server to a Web browser, the
codes are interpreted by the browser and used to parse and display the
document. In addition to specifying how the Web browser is to display the

document, HTML tags can be used create hyperlinks to other Web documents”
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(column 7, lines 15-25). The art further teaches delivering the content (Figure
16).

Regarding claim 12, all limitations were addressed above in claim 11.

Regarding claim 13, all limitations were addressed above in claim 5.

Regarding claim 14, Jammes provides an apparatus which provides
changed media to a user (Fig.17, item 1722 consumer).

Regarding claim 15, Jammes provides an apparatus that places links
within tags that are used to execute commands with regards to the property of
link, “during a document authoring stage, the HTML codes (referred to as "tags")
are embedded within the informational content of the document. When the Web
document (or "HTML document") is subsequently transmitted by a Web server to
a Web browser, the codes are interpreted by the browser and used to parse and
display the document. In addition to specifying how the Web browser is to display
the document, HTML tags can be used create hyperlinks to other Web
documents” (column 7, lines 15-25). The art further teaches delivering the
content (Figure 16), and delivering media to the user, (Fig.17, item 1722
consumer).

Regarding claim 16, all limitations were addressed above claim 14.

Claims 2 and 10 are rejected under 35 U.S.C. 103(a) as being

unpatentable over Jammes in view of Filepp, in further view of Blumberg et al.

(United States Patent 6,449,639), hereinafter referenced as Blumberg.

IPR2023-00332 Page 01079



Application/Control Number: 11/269,916 Page 9
Art Unit: 4112

Regarding claim 2, Jammes and Filepp claim everything claimed above,
however they fail to disclose processing with directives for zoom, pan, and slice.

However, the examiner maintains that it was well known in the art to
include such directives for dynamic processing, as taught by Blumberg.

In a similar field of endeavor Blumberg teaches a method of a server
which processes an HTML page. During the processing the page goes through a
series of calculations, and modifications (Figure 6, Box 570 and 540).

Therefore, it would have been obvious to one of ordinary skill in the art at
the time the invention was made to modify Jammes and Filepp by adding
directives for dynamic processing, as taught by Blumberg for delivering media
(content).

Regarding claim 10, all limitations were addressed above in claim 2.

Conclusion

Any inquiry concerning this communication or earlier communications from
the examiner should be directed to CHRISTOPHER BRYANT whose telephone
number is (571)270-7260. The examiner can normally be reached on Monday-
Friday 8:00 A.M. to 5:00 P.M. EST.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, Jeffrey Harold can be reached on (571)272-7519. The
fax phone number for the organization where this application or proceeding is

assigned is 571-273-8300.

IPR2023-00332 Page 01080



Application/Control Number: 11/269,916 Page 10
Art Unit: 4112

Information regarding the status of an application may be obtained from
the Patent Application Information Retrieval (PAIR) system. Status information
for published applications may be obtained from either Private PAIR or Public
PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service
Representative or access to the automated information system, call 800-786-

9199 (IN USA OR CANADA) or 571-272-1000.

/Jefferey F Harold/
Supervisory Patent Examiner, Art Unit 4112
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4. [] The letter of express abandonment which is signed by the attorney or agent of record, the assignee of the entire interest, or all of
the applicants.

5. [ The letter of express abandonment which is signed by an attorney or agent (acting in a representative capacity under 37 CFR
1.34(a)) upon the filing of a continuing application.

6. [ The decision by the Board of Patent Appeals and Interference rendered on and because the period for seeking court review
of the decision has expired and there are no allowed claims.

7. X The reason(s) below:

Representation was contacted last week. The response was that they were unable to contact applicant.
Representation has not since responded.

/Joshua D Campbell/
Primary Examiner, Art Unit 2178

Petitions to revive under 37 CFR 1.137(a) or (b), or requests to withdraw the holding of abandonment under 37 CFR 1.181, should be promptly filed to
minimize any negative effects on patent term.

U.S. Patent and Trademark Office
PTOL-1432 (Rev. 04-01) Notice of Abandonment Part of Paper No. 20091008
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