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I, Dr. Jeffrey Chase, Ph.D., declare as follows: 

I. Introduction 

1. My name is Dr. Jeffrey Chase. I have been asked to submit this 

declaration on behalf of Google LLC (“Google” or “Petitioner”) in connection with 

a petition for inter partes review of U.S. Patent No. 8,407,609 (“the ’609 patent”), 

which I understand is being submitted to the Patent Trial and Appeal Board of the 

United States Patent and Trademark Office by Google. 

2. I have been retained as a technical expert by Google to study and 

provide my opinions on the technology claimed in, and the patentability or non-

patentability of, claims 1–3 of the ’609 patent (“the Challenged Claims”). 

3. This declaration is directed to the Challenged Claims of the ’609 

patent and sets forth certain opinions I have formed, the conclusions I have 

reached, and the bases for each. 

4. Based on my experience, knowledge of the art at the relevant time, 

analysis of prior art references, and the understanding a person of ordinary skill in 

the art would have of the claim terms, it is my opinion that each of the Challenged 

Claims of the ’609 patent is unpatentable over the prior art references discussed 

below. 
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II. Background and Qualifications 

5. I am a Professor at Duke University in the Computer Science 

Department.  I have studied and practiced in the field of computer science for over 

35 years.  During this time, I have worked as a software developer, computer 

systems researcher, and computer science professor.  I have been teaching 

Computer Science at Duke since 1995.   

6. I received my Doctor of Philosophy (Ph.D.) degree in the field of 

Computer Science from the University of Washington in Seattle in 1995.  I 

received my Masters of Science (M.S.) degree in Computer Science from the 

University of Washington in 1989.  As a graduate student at the University of 

Washington, I conducted research on new operating system models for secure data 

sharing.  I earned my Bachelor of Arts (B.A.) degree as a double major in 

Mathematics and Computer Science from Dartmouth College.   

7. From 1985 through 1994 (before and during graduate school), I 

worked as a software design engineer at Digital Equipment Corporation (“DEC”), 

earning the title Senior Software Engineer in 1987.  While at DEC, I developed 

operating system kernel software for networked file services in DEC’s Unix 

operating system product, Ultrix.   

8. Upon receiving my Ph.D. degree, I joined the faculty of Duke 

University in the Department of Computer Science as an Assistant Professor.  
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Since becoming a professor, I have conceived and led a number of research 

projects and published widely in leading research forums in the areas of operating 

systems and network services including high-performance Web systems and cloud 

computing.  I earned tenure at Duke University in 2002, and was promoted to Full 

Professor in 2006.  I teach courses for undergraduate and graduate students at 

Duke on various related subjects: operating systems, networking and networked 

systems, distributed systems, and Internet technology and society.  I have 

supervised the research of fourteen completed Ph.D. dissertations in the field of 

Computer Science.  I have also supervised the research of twenty students who 

earned Master’s degrees at Duke.   

9. My work has focused on software systems for efficient, secure, and 

reliable sharing of resources and information in computer networks ranging from 

clusters (e.g., cloud computing services) to the global Internet.  I have conducted 

research and developed software relating to networked data sharing including 

cloud computing and high-performance Web systems and storage.  I am a named 

inventor on eleven U.S. patents and a co-author of over 100 published research 

papers on related topics in peer-reviewed technical publications or conferences in 

the field of Computer Science. 

10. I have served on editorial program committees for leading annual 

academic conferences in networked computer systems, cloud computing, storage, 
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Web technologies, and related areas.  For example, I was invited to serve on the 

editorial program committee for the Association for Computing Machinery (ACM) 

Symposium on Cloud Computing (SoCC) multiple times (most recently in 2019) 

and co-chaired the SoCC committee in 2011.  SoCC and other related venues are 

sponsored by the ACM, a leading professional society, of which I am a lifetime 

member.  I have had similar roles in other related academic venues.   

11. I conducted research in various Web technologies early in the Web 

computing era (mid-1990s) and up until the time the provisional application 

leading to the ’609 patent was filed (2008).  I have taught certain Web technologies 

in my courses, including Web service technologies based on the Java programming 

language, and I developed Java-based Web application software as part of my 

research (e.g., the Web interface for Shirako, an early cloud computing system, in 

2005-2007).  Much of my research during this period focused on technologies for 

high-performance Web services and led into my later research on cloud computing.   

12. I have also participated in a number of industry collaborations.  I am a 

named co-inventor of patents relating to Web caching and resource management in 

Web services resulting from these collaborations.  While a collaborator at AT&T 

Corporation in 1996, I developed early technology for Web caching, patented as 

U.S. Patent No. 5,944,780 entitled “Network with Shared Caching.”  In 

collaboration with IBM Corporation from 2000–2003, I developed technology 
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covered by seven patents relating to adaptive resource management and request 

routing for hosted Web services.   

13. In the course of my research, I have gained exposure to client-side 

Web technologies used to build these Web services.  For example, the ’609 patent 

describes Java applet technology and its use to add programmatic functions—such 

as tracking—that run in a user computer’s browser as it displays a Web page.  

When the Java applet technology was first coming into use (around 1996–1998), I 

collaborated with IBM Corporation to develop a tool that could “instrument” or 

inject new code elements directly into compiled Java “bytecode” as it loads into a 

browser or other process.  This collaboration was described in, for example: 

• G. Cohen, J. Chase & D. Kaminsky, Automatic Program 

Transformation with JOIE, USENIX TECHNICAL CONFERENCE (June 

1998); and   

• G. Cohen & J. Chase, An Architecture for Safe Bytecode Insertion, 

available at https://www2.cs.duke.edu/ari/joie/. 

14. Additional details about my employment history, fields of expertise, 

awards, publications, and other activities are further included in my curriculum 

vitae (which I have been told is Ex. 1004 to Google’s petition). 

15. I am being compensated for services provided in this matter at my 

customary rate, plus travel expenses. My compensation is not conditioned on the 
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conclusions I reach as a result of my analysis or on the outcome of this matter. 

Similarly, my compensation is not dependent upon and in no way affects the 

substance of my statements in this declaration. 

16. I have no financial interest in Petitioner or any of its subsidiaries. I 

also do not have any financial interest in Patent Owner Uniloc 2017 LLC. I do not 

have any financial interest in the ’609 patent and have not had any contact with the 

named inventor of the ’609 patent (Tod C. Turner). 

III. Materials Reviewed 

17. In forming my opinions regarding the ’609 patent, I reviewed the 

following materials:  

• The ’609 patent (which I have been told is Ex. 1001 to Google’s 

petition); 

• U.S. Patent App. Pub. No. 2004/0045040 to Hayward (“Hayward,” 

which I have been told is Ex. 1005 to Google’s petition);  

• U.S. Patent App. Pub. No. 2002/0111865 to Middleton (“Middleton,” 

which I have been told is Ex. 1006 to Google’s petition);  

• U.S. Patent No. 6,421,675 to Ryan (“Ryan,” which I have been told is 

Ex. 1007 to Google’s petition);  
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• Defendant Google LLC’s Claim Term Disclosure in Uniloc 2017 LLC 

v. Google LLC, No. 2:18-cv-00502 (E.D. Tex. Sep. 24, 2019) (which I 

have been told is Ex. 1008 to Google’s petition); 

• Plaintiffs’ Preliminary Claim Constructions and Identification of 

Extrinsic Evidence Pursuant to P.R. 4-2 in Uniloc 2017 LLC v. Google 

LLC, No. 2:18-cv-00502 (E.D. Tex. Sep. 24, 2019) (which I have been 

told is Ex. 1009 to Google’s petition); 

• DAVID FLANAGAN, JAVASCRIPT: THE DEFINITIVE GUIDE 255 (5th ed. 

2006) (attached as Appendix A); and 

• CLARK S. LINDSEY ET AL., JAVATECH (2005) (attached as Appendix B); 

• Aleksander Malinowski & Bogdan Wilamowski, Internet Technology 

as a Tool for Solving Engineering Problems, PROCEEDINGS OF 

IECON’01: THE 27TH ANNUAL CONFERENCE OF THE IEEE INDUSTRIAL 

ELECTRONICS SOCIETY 1622 (2001) (attached as Appendix C). 

IV. Legal Standards 

18. I am not an attorney and have not been asked to offer my opinion on 

the law. However, as an expert offering an opinion on whether the claims in the 

’609 patent are patentable, I have been told that I am obliged to follow existing 

law.  
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A. Anticipation 

19. I have been told the following legal principles apply to analysis of 

patentability pursuant to 35 U.S.C. § 102, a provision in the patent law regarding 

anticipation. I have been told that, in an inter partes review proceeding, patent 

claims may be deemed unpatentable if it is shown by preponderance of the 

evidence that they were anticipated by one or more prior art patents or 

publications. 

20. I have been told that for a claim to be anticipated under § 102, every 

limitation of the claimed invention must be disclosed by a single prior art 

reference, viewed from the perspective of a person of ordinary skill in the art.  

21. I have been told that a claim is unpatentable as anticipated under 

§ 102(b) if the claimed invention was “patented or described in a printed 

publication in this or a foreign country or in public use or on sale in this country, 

more than one year prior to the date of the application for patent in the United 

States.” 

22. I have been told that a claim is unpatentable as anticipated under 

§ 102(e) if “the invention was described in (1) an application for patent, published 

under section 122(b), by another filed in the United States before the invention by 

the applicant for patent or (2) a patent granted on an application for patent by 

another filed in the United States before the invention by the applicant for patent, 
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except that an international application filed under the treaty defined in section 

351(a) shall have the effects for the purposes of this subsection of an application 

filed in the United States only if the international application designated the United 

States and was published under Article 21(2) of such treaty in the English 

language.” 

B. Obviousness 

23. I have been told the following legal principles apply to analysis of 

patentability pursuant to 35 U.S.C. § 103(a), a provision in the patent law 

regarding obviousness that reads “[a] patent may not be obtained although the 

invention is not identically disclosed or described as set forth in section 102, if the 

differences between the subject matter sought to be patented and the prior art are 

such that the subject matter 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.”  I have been told that, in an inter partes review proceeding, patent claims 

may be deemed unpatentable if it is shown by a preponderance of the evidence that 

they were rendered obvious by one or more prior art patents or publications. 

24. When considering the issues of obviousness, I have been told that I 

am to do the following: 

a. Determine the scope and content of the prior art; 
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b. Ascertain the differences between the prior art and the claims at 

issue; 

c. Resolve the level of ordinary skill in the pertinent art; and 

d. Consider evidence of secondary indicia of non-obviousness (if 

available).   

25. I have been told that the relevant time for considering whether a claim 

would have been obvious to a person of ordinary skill in the art is the time of 

alleged invention, which I have assumed is shortly before the provisional 

application leading to the ’609 patent was filed. 

26. I have been told that obviousness is a determination of law based on 

underlying determinations of fact.  I have been told that these factual 

determinations include the scope and content of the prior art, the level of ordinary 

skill in the art, the differences between the claimed invention and the prior art, and 

secondary considerations of non-obviousness. 

27. I have been told that any assertion of secondary indicia must be 

accompanied by a nexus between the merits of the invention and the evidence 

offered. 

28. I have been told that a reference may be combined with other 

references to disclose each element of the invention under § 103.  I have been told 

that a reference may also be combined with the knowledge of a person of ordinary 

Page 13 of 244



 

11 
 

skill in the art and that this knowledge may be used to combine multiple 

references.  I have also been told that a person of ordinary skill in the art is 

presumed to know the relevant prior art.  I have been told that the obviousness 

analysis may account for the inferences and creative steps that a person of ordinary 

skill in the art would employ. 

29. In determining whether a prior art reference could have been 

combined with another prior art reference or other information known to a person 

having ordinary skill in the art, I have been told that the following principles may 

be considered: 

a. A combination of familiar elements according to known methods is 

likely to be obvious if it yields predictable results; 

b. The substitution of one known element for another is likely to be 

obvious if it yields predictable results; 

c. The use of a known technique to improve similar items or methods in 

the same way is likely to be obvious if it yields predictable results; 

d. The application of a known technique to a prior art reference that is 

ready for improvement, to yield predictable results; 

e. Any need or problem known in the field and addressed by the 

reference can provide a reason for combining the elements in the 

manner claimed; 
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f. A person of ordinary skill often will be able to fit the teachings of 

multiple references together like a puzzle; and 

g. The proper analysis of obviousness requires a determination of 

whether a person of ordinary skill in the art would have a “reasonable 

expectation of success”—not “absolute predictability” of success—in 

achieving the claimed invention by combining prior art references. 

30. I have been told that whether a prior art reference renders a patent 

claim unpatentable as obvious is determined from the perspective of a person of 

ordinary skill in the art.  I have been told that there is no requirement that the prior 

art contain an express suggestion to combine known elements to achieve the 

claimed invention, but a suggestion to combine known elements to achieve the 

claimed invention may come from the prior art, as filtered through the knowledge 

of one skilled in the art.  In addition, I have been told that the inferences and 

creative steps a person of ordinary skill in the art would employ are also relevant to 

the determination of obviousness. 

31. I have been told that, when a work is available in one field, design 

alternatives and other market forces can prompt variations of it, either in the same 

field or in another.  I have been told that if a person of ordinary skill in the art can 

implement a predictable variation and would see the benefit of doing so, that 

variation is likely to be obvious.  I have been told that, in many fields, there may 
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be little discussion of obvious combinations, and in these fields market demand—

not scientific literature—may drive design trends.  I have been told that, when 

there is a design need or market pressure and there are a finite number of 

predictable solutions, a person of ordinary skill in the art has good reason to pursue 

those known options. 

32. I have been told that there is no rigid rule that a reference or 

combination of references must contain a “teaching, suggestion, or motivation” to 

combine references.  But I also understand that the “teaching, suggestion, or 

motivation” test can be a useful guide in establishing a rationale for combining 

elements of the prior art.  I have been told that this test poses the question as to 

whether there is an express or implied teaching, suggestion, or motivation to 

combine prior art elements in a way that realizes the claimed invention, and that it 

seeks to counter impermissible hindsight analysis. 

V. Level of Ordinary Skill in the Art 

33. I have been asked to provide a definition for the level or ordinary skill 

in the art.  I have been informed that several factors are considered in assessing the 

level of ordinary skill in the art, including: (1) the types of problems encountered 

in the art; (2) the prior art solutions to those problems; (3) the rapidity with which 

innovations are made; (4) the sophistication of the technology; and (5) the 

educational level of active workers in the field. Based on my experience and 
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considering these factors, my opinion is that a person of ordinary skill in the art 

(“POSA”) at the time of the filing of the provisional application leading to the ’609 

patent would have had either (a) a Master’s or doctoral degree in computer science, 

electrical engineering, or a similar discipline involving relevant experience; or 

(b) a Bachelor’s degree in computer science, electrical engineering, or a similar 

discipline and at least two years additional relevant experience.  Working in the 

design and implementation of networked computing systems constitutes relevant 

work experience.  Examples of such work in networked computing systems could 

include work in networked computing communication and data streaming.   

34. I have not analyzed the priority date of the ’609 patent, but I note that 

the earliest claim of priority listed on the face of the ’609 patent is August 21, 

2008, the filing date of U.S. Provisional Patent Application No. 61/090,672.  

Because all of the prior art discussed in this declaration pre-dates August 21, 2008, 

I have assumed for simplicity that August 21, 2008, is the priority date for the ’609 

patent.  I have therefore also treated this date as the date from which to assess the 

knowledge available to a person of ordinary skill in the art. I note that I was at least 

a person or ordinary skill in the art as of this date. 
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VI. The ’609 Patent  

A. Overview of the ’609 Patent 

35. The ’609 patent describes a method for tracking digital media 

presentations delivered to a user’s computer.  ’609 patent, Abstract.  The method is 

carried out by the system shown in annotated Figure 1, below, which includes a 

user computer 20, a content or web server 34 and database server 32, and a file 

server 36, all of which are connected by a network 40.   

36. The ’609 patent teaches that “a user of a device 20 may request [a 

web] page 200 from content server 34 using a browser application,” “[s]erver 34 
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may provide page 200 to the requesting computer 20,” and “[a] user may enter a 

search term.”  Id. at 4:57–61, 5:29–34.  “Responsively thereto,” the ’609 patent 

explains, “content server 34 may request database server 32 to identify which 

presentations should be used to populate page 200 according to the entered search 

term(s).”  Id. at 5:34–37.   

37. “Server 34 may then provide such a populated page 200 to the 

requesting user computer 20.”  Id. at 5:37–39.  An example web page 200 showing 

“aggregate[d] . . . video content for presentation to users of computers 20” is 

shown in Figure 2, below.   
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38. As Figure 2 illustrates, “presentations 265, 270, 275” may be shown.  

Id. at 4:38–40.  Then, “a user may select a populated presentation (e.g., 265, 270, 

or 275, FIG. 2)” and, “[i]n response thereto, server 34 may request file server 36 . . 

. stream . . . the selected presentation to the requesting user’s computer 20, such as 

via web page 200 in a conventional manner.”  Id. at 5:20–25.   

39. A “[w]eb page 900,” shown in Figure 9 below, “may be provided to 

user’s computer [20] responsively to user selection of a presentation shown on a 

populated web page 200.”  Id. at 11:61–64.  On the web page 900, a “portion 930 

[green] may be utilized to playback the selected presentation in a conventional 
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manner, e.g., by . . . streaming the content to a media player application or plug-

in.”  Id. at 12:1–5.   

40. The ’609 patent states “it may be desirable to know . . . how long a 

user actually watched, and/or listened, to a presented program.”  Id. at 11:47–52.  

For example, where advertisements are displayed in the web page alongside the 

presentation, “it may be desirable to be able to reliable [sic] identify how long the 

media was actually . . . played, in order to appropriately value portions [of the web 

page] as available advertising billboard space.”  Id. at 12:5–10.   

41. But while Hayward discloses tracking how a user views a media file, 

including how long the media file was played, the ’609 patent claims “[s]uch 

knowledge is not conventionally available.”  Id. at 13:47–48.  The ’609 patent 

tracks how the user views the digital media presentation using a “timer applet.”  Id. 

at 12:66–67.   

42. As shown in Figure 10, below right, the timer applet “may be used to 

indicate each time some temporal time period, such as 10, 15, or 30 seconds, 

elapses.”  Id. at 13:6–9.  “[W]hen the applet determines the predetermined 

temporal period has elapsed, . . . system 30 may log receipt of this indication, such 
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as by using database server 32.”  Id. at 

13:10–13.  In some embodiments, the 

applet may cause “identifying data” to be 

transmitted with the indication.  Id. at 

13:14–16.  The identifying data may be 

“logged, such as by using database 

server 32.”  Id. at 13:22–23. 

43. Based on the logged data, it 

may be determined “that a viewer began 

viewing a particular show at a certain 

time,” as well as “when a user began 

viewing a different page, or show, thereby providing knowledge of how long a 

particular viewer spent on a particular page.”  Id. at 13:43–48.   

44. The ’609 patent recognizes the value of this information to 

advertisers.  Using this information, the ’609 patent envisions, “an increasing scale 

of payments for advertising displayed on a given page” could be determined, 

“correspondent to how long a viewer or viewers remain, or typically remain, on 

that particular page.”  Id. at 13:49–14:2.   

B. Challenged Claims 

45. Google challenges claims 1–3.   
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46. For convenience, the Challenged Claims are reproduced below.  I 

have added reference numerals for ease of reference: 

Claim Claim Language 

1 

1[a]. A method for tracking digital media presentations delivered 

from a first computer system to a user’s computer via a network 

comprising: 

[1b]. providing a corresponding web page to the user’s 

computer for each digital media presentation to be 

delivered using the first computer system; 

[1c]. providing identifier data to the user’s computer using 

the first computer system; 

[1d]. providing an applet to the user’s computer for each 

digital media presentation to be delivered using the first 

computer system, wherein the applet is operative by the 

user’s computer as a timer;  

[1e]. receiving at least a portion of the identifier data from 

the user’s computer responsively to the timer applet each 

time a predetermined temporal period elapses using the 

first computer system; and 

[1f]. storing data indicative of the received at least portion 

of the identifier data using the first computer system;  
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Claim Claim Language 
[1g]. wherein each provided webpage causes 

corresponding digital media presentation data to be 

streamed from a second computer system distinct from the 

first computer system directly to the user’s computer 

independent of the first computer system;  

[1h]. wherein the stored data is indicative of an amount of 

time the digital media presentation data is streamed from 

the second computer system to the user’s computer; and 

[1i]. wherein each stored data is together indicative of a 

cumulative time the corresponding web page was 

displayed by the user’s computer. 

2 
[2] The method of claim 1, wherein the storing comprises 

incrementing a stored value dependently on the receiving. 

3 
[3] The method of claim 2, wherein the received data is 

indicative of a temporal cycle passing. 

 
C. Claim Construction 

47. I have been told that claim terms in inter partes review proceedings 

are to be given their ordinary and accustomed meaning as understood by a person 

of ordinary skill in the art. In my analysis of the Challenged Claims, I have 

therefore applied the plain and ordinary meaning as understood by a person of 

ordinary skill in the art.  I understand that Petitioner and Patent Owner have 
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offered various constructions in related litigation. Ex. 1008; Ex. 1009.  For 

purposes of this proceeding, it is my opinion that the Board does not need to 

expressly construe the claims because it is my opinion that the Challenged Claims 

are unpatentable under both parties’ constructions. 

VII. Overview of Prior Art References 

A. Hayward 

48. I note that Hayward was published on March 4, 2004, which was 

more than one year before August 21, 2008.  I am told that makes Hayward prior 

art to the ’609 patent under § 102(b). 
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49. Hayward teaches “a method of displaying video data using an 

embedded media player page.”  Hayward, Abstract.  As shown in annotated 

Figure 1A above, Hayward’s method is carried out by a system including a 

client 110, a customer system 118 and media file index and log system 122, and a 

media file source 116, all of which are connected by the Internet 114.  While 

customer system 118 and media file index and log system 122 are shown 

separately, Hayward explains that these systems may be “combined physically 

within one . .  system[]” in some embodiments.  Id. ¶0030. 

50. In Hayward, “[a] user of client 110 accesses customer system 118 

through Internet 114,” and “customer system 118 transmits a web page to 

client 110 through Internet 114.”  Id. ¶0025.  The transmitted web page includes “a 

media file search prompt” where the user may enter a search request, such as 

“Pearl Harbor” and “movie trailer.”  Id. ¶¶0026, 0028.  “The search request is 

received by customer system 118 and is transmitted to media file index and log 

system 122 . . . .”  Id. ¶0028.   

51. The media file index and log system 122 “includes a database having 

indexed therein a plurality of media files,” each of which is identified by “a unique 

identifier for the media file.”  Id. ¶0027.  When the search request is transmitted by 

the customer system 118, the media file index and log system 122 searches “for 

indexed media files that satisfy the search request” and “transmits the results to 
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customer system 118.”  Id. ¶0028.  The search results include “the playing length 

of each video file, the URI address of each video file, encoding bit rate of the video 

file, file format, a database identifier unique to each video file, frame dimensional 

data for each video file, or any other information contained within the database.”  

Id.   

52. The customer system 118 transmits the search results to client 110 “as 

a Web page that preferably includes a list of links to media files located at media 

file sources 116.”  Id.  The client 110 displays the web page with the search results 

to the user.  Id.   

53. The user may “view the video data contained within a video file listed 

in the search results displayed to the user by clicking a link to one of the video 

files.”  Id. ¶0029.  When the user clicks a link for a selected media file, “the 

customer system 122 instructs the client to request [an] embedded media player 

page from the customer system 122.”  Id.   

54. Figure 2, annotated below, shows an embedded media player 

page 200. 
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55. The embedded media player page 200 “includes a reference to a 

functional media player object” that can play the selected media file.  Id. ¶0031.  

The media player “is an application that outputs audio and video files that are 

either stored locally in a multimedia device, or are streamed/downloaded from a 

remote storage site via a communications interface.”  Id. ¶0002.  The media player 

is “embedded” because it is “viewed . . . within a data display,” like a web page.  

Id. ¶0002.  For example, in Figure 2, a “video display area 202” is included within 

the web page 200.  Id. ¶0032.   

56. In Hayward, the “display code” for the web page may include 

“scripting that calls [the] media player, resident on the client, as an object for 
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embedding within the data display.”  Id. ¶0002.  Hayward defines “scripting” as 

“server or client-side programming which supplements a static HTML page.”  Id. 

¶0017.  Hayward contemplates that the “scripting” could be, for example, “Java” 

or “JavaScript.”  Id.   

57. In Hayward, the embedded media player page may locate a media file 

at the media file source 116 and stream the media file, which may be output by the 

media player.  Id. ¶0046.  For example, a media file titled “thestream.asx” may be 

“found and streamed by the media player from a media file source 116 located at 

‘thestreamhost.com’ through Internet 114.”  Id.  In particular, HTML code of the 

embedded media player page may find and stream the media file using a source 

command, such as “SRC=http://thestreamhost.com/thestream.asx.”  Id. ¶¶0044, 

0046.  The streamed media file may then be “outputted by the embedded media 

player in a window 202,” as shown in annotated Figure 2 above.   

58. In some embodiments, Hayward teaches, the “embedded media player 

page also facilitates the collection of data in connection with the playing of a 

media file.”  Id. ¶0057.  Hayward’s data collection is described in connection with 

Figure 5, below right.  As shown, “[a]t step 502, the embedded media player page 

instructs the client 110 to transmit a media file identification message to a log 
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server of the media file index and log 

system 122.”  Id. ¶0058.  The media file 

identification message is transmitted 

“substantially proximate in time to when 

the media file begins to play in the 

embedded media player of the embedded 

media player page.”  Id. ¶0059.  The media 

file identification message may include 

“the Internet Protocol (IP) address of the 

user, . . . the IP address or Universal 

Resource Locator of client 110, the domain 

address of the customer system 118 that 

transmitted the embedded media player 

page at the client 110, a unique identifier to 

the media file (such as a unique identifier of the media file used in the media fil[e] 

index and log system 122 and received along with a search results page) . . . and 

the ranking (if any) of the media file within the search results page, and a session 

identifier indicating the communications thread between client 110 and customer 

system 118.”  Id. ¶0058.   

59. The media file index and log system 122 in Hayward “maintains a 
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respective log for each indexed media file.”  Id.  The media file index and log 

system 122 “records that the media file has been selected for playing by a user.”  

Id.  In particular, at step 504, the media file index and log system 122 stores “the 

information contained within the media file identification message in the media 

file’s respective log,” including a “time stamp” that identifies “the time at which 

the media file identification message was transmitted.”  Id. 

60. Hayward teaches that “[t]he embedded media player page also 

preferably includes scripting to instruct the client 110 to transmit at least one 

subsequent message at step 506 while the embedded media player page remains 

open.”  Id. ¶0060.  As noted above, Hayward defines “scripting” as “server or 

client-side programming which supplements a static HTML page.”  Id. ¶0017.  

Hayward contemplates that the “scripting” could be, for example, “Java” or 

“JavaScript.”  Id.  As shown at step 506, the subsequent messages are transmitted 

to “the log server of the media file index and log system 122.”  Id. ¶0061.  The 

subsequent messages are transmitted “at predetermined time intervals while the 

embedded media play page remains open,” such as “every thirty seconds.”  Id. 

¶¶0060–0061.  At step 508, a time stamp for the at least one subsequent message is 

stored in the log associated with the media file.”  Id. ¶0060.   

61. As noted above, “[t]he media file index and log system 122 preferably 

indexes and maintains logs for a plurality of media files.”  Id. ¶0062.  “When the 
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logs maintained by the media file index and log system 122 are populated with 

sufficient data,” Hayward teaches, “this data can be processed . . . to provide 

valuable information,” including “raw popularity data” that “allows for the ranking 

of the popularity of media files that are indexed in the media file index and log 

system 122, based at least in part on the ranking results.”  Id. 

62. Hayward recognizes that “much information can be gleaned about the 

user and the playing event” from the time stamps stored in a media file’s log at the 

media file index and log system 122.  Id. ¶0063.  In particular, Hayward teaches, 

“by calculating the difference in time between the first and last time stamps for a 

media file during a selected playing session recorded in the log, the approximate 

length of time that the embedded media player page was left open by the user can 

be calculated.”  Id.  Hayward recognizes that this information may be valuable to, 

for example, an advertiser whose advertisement was displayed while the embedded 

media player page was open.  Id. ¶0064.  This information may also determine 

“how pertinent or relevant a played media file was to a user’s initial search 

request.”  Id.   

B. Middleton 

63. I note that Middleton was published on August 15, 2002, which was 

more than one year before August 21, 2008.  I am told that makes Middleton prior 

art to the ’609 patent under § 102(b). 
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64. Middleton describes an applet, downloaded to a user’s web browser, 

that tracks the user’s interactions with an object on a web page.  Middleton, 

Abstract.  The applet tracks, for example, a “time [the object is] displayed on [the] 

page.”  Middleton, Abstract; see also id. ¶0037.   

65. The applet in Middleton takes the form of “JavaTM code 44 that 

includes instructions to be run while [a] user computer 20a is displaying the web 

page.”  Id. ¶0026.  In particular, the JavaTM code 44 “includes an applet program 

and data for tracking and logging the activities of the user in memory 24 while the 

user is viewing the Web page.”  Id. ¶0029.  Middleton’s applet “permits the authors 

of the advertisement 39 to better understand how the users interact with the Web 

page advertisement.”  Id. ¶0029.  

66. Figure 2, below right, shows how the applet allows an advertiser to 

track “the elapsed time that [an] element 48 [of the advertisement 39]  has been 

displayed on the page.”  Id. ¶0037.  In state 104, Middleton teaches, “user activities 
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with respect to objects within the 

advertisement 39 may begin to be 

tracked by logging information in 

local memory locations 24 at the 

client 20.”  Id. ¶0036.  The “elapsed 

time” is tracked in state 106.  When 

“state 120 is entered . . . the activity 

log 60 is sent from the local 

memory 24 by the applet 44 back to 

a server,” which “may or may not be 

the same server [] from which the 

Web page 46 was originally 

downloaded.”  Id. ¶0045.   

67. According to Middleton, 

this information may be valuable to an advertiser, who may wish to understand 

“what motivates users to pay initial attention to and/or otherwise interact with Web 

page advertising.”  Id. ¶0010.   

C. Ryan 

68. I note that Ryan issued on July 16, 2002, which was more than one 

year before August 21, 2008.  I am told that makes Ryan prior art to the ’609 patent 
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under § 102(b). 

69. Ryan describes a search engine that includes a server and a database.  

Ryan, 1:23–29.  In Ryan, when a user enters a search command at a personal 

computer, the server receives the search command, uses it to search the database, 

and provides search results, such as a list of web pages, to the user’s personal 

computer for display to the user.  Id. at1:23–30.  The search engine could be used 

to provide, for example, videos.  Id. at 36:64–67.   

70. A problem with search engines, Ryan notes, is that they fail to take 

into account “any measure of the actual users’ opinions” regarding the search 

results, even though it would “directly benefits the advertiser, because it allows for 

content to be targeted in real time based upon various criteria.”  Id. at 1:66–2:4, 

4:57–60.  Accordingly, Ryan proposes determining a “relevance” to the user of a 

web page selected from the search results.  Id. at 9:17–18.   

71. As Ryan explains, “[d]epending on the relevance of the site, the user 

may spend time reading, downloading exploring further pages, embedded links and 

so forth, or if the site appears irrelevant/uninteresting, the user may return directly 

back to the search results after a short period.”  Id. at 9:17–22.  So Ryan uses a 

“Java applet” to record a “date-time” when the user selects a site.  Id. at 8:63–67, 

9:41–56.  “The time difference between the two selections,” Ryan teaches, “is 

recorded as the difference between two . . . time data 132 from subsequent 
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selections from the list of web page searches.”  Id. at 9:22–25.  This time 

difference is recorded as “surfer trace data on the popularity of web pages.”  Id. at 

9:29–30.   

72. From the surfer trace data, the server generates a “cumulative surfer 

trace table,” shown below.  Id. at 13:62–14:3.  The cumulative surfer trace table is 

updated each time a user selects a web page from the search results.  Id. at 16:10–

16. 
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73. Ryan’s server also maintains a table, shown below, linking web pages 

with keywords entered in search commands.  Id. at 12:16–41.  This table includes 

“the cumulative number of significant visits (hits) to each URL addresses 

corresponding to each key-word,” which Ryan calls “weighting factor X.”  Id. at 

12:27–29.  The weighting factor X “is a measure of the popularity of the URL for 

each keyword and is determine [sic] from the surfer traces.”  Id. at 12:29–31.  The 

weighting factor X may be “increment[ed] . . . based on the time spent at the web 

page,” Ryan teaches.  Id. at 16:40–41.  “The longer the time spent the more this 

increments the value of X.”  Id. at 16:41–42.   
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VIII. Claims 1–3 of the ’609 Patent are Unpatentable 

A. Ground 1: Hayward anticipates claim 1 

1. Claim 1 

a. [1a] “A method for tracking digital media 
presentations delivered from a first computer system 
to a user’s computer via a network comprising:” 

74. In my opinion, a POSA would have understood Hayward to disclose 

this element.  

75. I understand the “user’s computer” to refer to the user computers 20 

shown in Figure 1, annotated below.  I understand the “first computer system” to 

be the content or web server 34 and database server 32, which are connected to the 

user computers 20 via the network 40.   
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76. Hayward discloses “a method of displaying video data using an 

embedded media player page.”  Hayward, Abstract.  The embedded media player 

page is provided by a “customer system” to a “client” where the video data is 

displayed.  Id. ¶0031.  Hayward’s “embedded media player page also facilitates the 

collection of data in connection with the playing of a media file.”  Id. ¶0057.  This 

data is collected from the client by a “media file index and log system.”  Id. ¶0058.   

77. In Hayward, the method is implemented in a “system of 

interconnected computer system networks,” as shown in Figure 1, annotated 

below.  Id. ¶0019.  Each of the computer system networks 102, such as that labeled 

in orange, is connected to the client 110 via the Internet 114.  Id.   
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78. In my opinion, Hayward teaches that one of the computer systems 102 

in Figure 1, such as that labeled in orange above, may include both a customer 

system 118 and media file index and log system 122, as shown in Figure 1A, 

annotated below.  Id. ¶0024.  In particular, Hayward teaches that each of customer 

system 118 and media file index and log system 122 may take the form of a 

computer system 102, and Hayward teaches that these systems may be “combined 

physically within one . .  system[]” in some embodiments.  Id. ¶0030.  

79. Hayward also teaches that the first computer system (customer 
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system 118 and media file index and log system 122) and the user’s computer 

(client 110) are connected via a network (internet 114).   

80. In my opinion, a POSA would have understood Hayward’s customer 

system 118 and media file index and log system 122 to disclose the claimed “first 

computer system”; would have understood Hayward’s client 110 to disclose the 

claimed “user’s computer”; and would have understood Hayward’s Internet 114 to 

disclose the claimed “network.”  Further, because Hayward teaches a method for 

tracking a media file displayed using an embedded media player page provided by 
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the customer system 118 to the client 110 via the Internet 114, in my opinion 

Hayward discloses “[a] method for tracking digital media presentations delivered 

from a first computer system to a user’s computer via a network.” 

b. [1b] “providing a corresponding web page to the 
user’s computer for each digital media presentation to 
be delivered using the first computer system;” 

81. In my opinion, Hayward discloses providing a corresponding web 

page (e.g., the embedded media player page) to the user’s computer (e.g., the 

client 110) for each digital media presentation to be delivered using the first 

computer system (e.g., the customer system 118).   

82. Hayward teaches that a user can search for media files by providing a 

search request to the customer system 118 through the client 110.  Hayward, 

¶0028.  The customer system 118 receives the search request and transmits it to the 

media file index and log system 122, which “searches local and remote databases 

for indexed media files that satisfy the search request” to generate “search results.”  

Id.  The “search results” include “a database identifier unique to each video file.”  

Id.  The media file index and log system 122 provides the search results to the 

customer system 118, and the customer system 118 provides the search results to 

the client 110 for display to the user.  Id.   

83. When the user selects one of the search results, the client 110 requests 

the embedded media player page from the customer system 118.  Id. ¶0029.  The 
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embedded media player page is then “transmitted from customer system 118 

through Internet 114 and displayed to the user by a client 110.”  Id. ¶0031.   

84. The embedded media player page is “displayed as a Web page in a 

browser window” at the client 110 and “includes a reference to a functional media 

player object” to play the selected media file.  Id. ¶¶0024, 0031.  An example 

embedded media player page is shown in Figure 2 of Hayward, below.  As shown, 

the embedded media player page “includes video display area 202 (when the 

embedded player plays video files).”  Id. ¶0032.   

 

85. In my opinion, Hayward’s embedded media player page discloses the 

claimed “corresponding web page.”  Because Hayward discloses that customer 
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system 118 provides the embedded media player page to client 110, and that the 

embedded media player page facilitates display of the media file selected by the 

user, in my opinion Hayward discloses “providing a corresponding web page to the 

user's computer for each digital media presentation to be delivered using the first 

computer system.” 

c. [1c] “providing identifier data to the user’s computer 
using the first computer system” 

86. In my opinion, Hayward discloses providing identifier data (e.g., a 

unique identifier for the media file and a session identifier) to the user’s computer 

(client 110) using the first computer system (customer system 118 and media file 

index and log system 122). 

87. Hayward teaches that “[a] user of client 110 accesses customer 

system 118 through Internet 114,” and “customer system 118 transmits a web page 

to client 110 through Internet 114.”  Hayward, ¶0025.  The transmitted web page 

includes “a media file search prompt” where the user may enter a search request, 

such as “Pearl Harbor” and “movie trailer.”  Id. ¶¶0026, 0028.  “The search request 

is received by customer system 118 and is transmitted to media file index and log 

system 122.”  Id. ¶0028.  When the search request is transmitted by the customer 

system 118, the media file index and log system 122 searches “for indexed media 

files that satisfy the search request” and “transmits the results to customer 

system 118.”  Id. ¶0028.  The search results include “the playing length of each 

Page 44 of 244



 

42 
 

video file, the URI address of each video file, encoding bit rate of the video file, 

file format, a database identifier unique to each video file, frame dimensional data 

for each video file, or any other information contained within the database.”  Id. 

¶0028.  This “unique identifier for the media file” is “associated with the media 

file” and used to identify the media file in the media file index and log system 122.  

Id. ¶¶0027, 0054, 0058, Fig. 5.  In my opinion, the claimed “identifier data” could 

include Hayward’s unique identifier for the media file.   

88. Hayward further teaches that the user may “view the video data 

contained within a video file listed in the search results displayed to the user by 

clicking a link to one of the video files.”  Id. ¶0029.  When the user clicks a link 

for a selected media file, “the customer system 122 instructs the client to request 

[an] embedded media player page from the customer system 122.”  Id.   A POSA 

would have understood from Hayward that, in connection with the providing the 

embedded media player page to the client 110, the customer system 122 would 

provide the client 110 with a session identifier.  Hayward references a “session 

identifier indicating the communication thread between client 110 and customer 

system 118” that the client 110 sends in the media file identification message.  Id. 

¶0058.  A POSA would have understood that, in order for the client 110 to send 

this session identifier in the media file identification message, the client 110 would 

have had to receive it from the customer system 118 in connection with the 
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embedded media player page.  In my opinion, the claimed “identifier data” could 

include Hayward’s session identifier.   

89. Because Hayward thus discloses providing, for example, a unique 

identifier for the media file and a session identifier to the client 110 using the 

customer system 118, in my opinion Hayward discloses “providing identifier data 

to the user’s computer using the first computer system.” 

d.  [1d] “providing an applet to the user’s computer for 
each digital media presentation to be delivered using 
the first computer system, wherein the applet is 
operative by the user’s computer as a timer” 

90. In my opinion, Hayward discloses providing an applet (“scripting,” as 

defined in Hayward) to the user’s computer (client 110) for each digital media 

presentation (video file) to be delivered using the first computer system (customer 

system 118 and media file index and log system 122), wherein the applet is 

operative by the user’s computer (client 110) as a timer. 

91. In Hayward, when the user clicks a link for a selected media file, “the 

customer system 122 instructs the client to request [an] embedded media player 

page from the customer system 122,” and the media player displays the selected 

media file.  Hayward, ¶¶0029, 0046.   

92. According to Hayward, the embedded media player page also 

“facilitates the collection of data in connection with the playing of the video file.”  

Id. ¶0057.  In particular, “the embedded media player page instructs the client 110 
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to transmit a media file identification message to [the] media file index and log 

server 122.”  Id. ¶0058.  Additionally, the embedded media player page “instruct[s] 

the client 110 to transmit at least one subsequent message . . . while the embedded 

media player page remains open.”  Id. ¶0060.   

93. Hayward states that the embedded media player page instructs the 

client 110 to send the subsequent messages using “scripting.”  Id.  Hayward 

defines “scripting,” as used in Hayward, as “server or client-side programming 

which supplements a static HTML page.”  Id. ¶0017.  Hayward contemplates that 

its “scripting” could be, for example, “Java” or “JavaScript.”  Id.  In my opinion, a 

POSA would have understood that “client-side programming” in “Java” that 

“supplements a static HTML page” includes applets.  Accordingly, in my opinion, 

a POSA would have understood Hayward to disclose that the embedded media 

player page uses an applet to instruct the client 110 to send the subsequent 

messages.   

94. Just as Hayward states that “[t]he embedded media player page . . . 

instruct[s] the client 110 to transmit at least one subsequent message,” Hayward 

states that “the embedded media player page instructs the client 110 to transmit 

[the] media file identification message.”  Id. ¶¶0058, 0060.  But while Hayward 

states that the embedded media player page instructs the client 110 to send the 

subsequent messages using “scripting,” Hayward does not state how the embedded 
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media player page instructs the client 110 to send the media file identification 

message.  Id.  In my opinion, a POSA would have understood from Hayward that, 

as with the subsequent messages, the embedded media player page uses “scripting” 

to instruct the client 110 to send the media file identification message.  As noted 

above, Hayward contemplates that its “scripting” could be, for example, “Java” 

which a POSA would have understood to include applets.  Id. ¶0017.  Accordingly, 

in my opinion, a POSA would have understood Hayward to disclose that the 

embedded media player page uses an applet to instruct the client 110 to send the 

media file identification message.   

95. In my opinion, the scripting in Hayward that instructs the client 110 to 

send the media file identification message and the subsequent messages discloses 

the claimed “applet.”  Like the claimed applet, which is “provid[ed] . . . to the 

user’s computer for each digital media presentation to be delivered using the first 

computer system,” Hayward’s scripting is provided to the client 110 in each 

embedded media player page through which a selected media file is displayed.  

Further, like the claimed applet, which is “operative by the user’s computer as a 

timer,” Hayward’s scripting is operative by the client to instruct the client to send 

the subsequent messages “at predetermined time intervals.”  Id. ¶0060;  see also id. 

¶0061 (“periodic intervals,” “every thirty seconds”).   

96. Because a POSA would have understood Hayward to disclose 
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providing an applet to client 110 in each embedded media player page and using 

the applet to instruct the client 110 to send the media file identification message 

and the subsequent messages to the media file index and log system 122 at 

predetermined time intervals, in my opinion a POSA would have understood 

Hayward to disclose “providing an applet to the user’s computer for each digital 

media presentation to be delivered using the first computer system, wherein the 

applet is operative by the user’s computer as a timer.”   

e.  [1e] “receiving at least a portion of the identifier data 
from the user’s computer responsively to the timer 
applet each time a predetermined temporal period 
elapses using the first computer system” 

97. In my opinion, Hayward discloses receiving at least a portion of the 

identifier data (the unique identifier for the media file) from the user’s computer 

(client 110 in Hayward) responsively to the timer applet (“scripting”) each time a 

predetermined temporal time period elapses using the first computer system 

(customer system 118 and media file index and log server 122).   

98. As noted above in connection with [1c], in my opinion the claimed 

“identifier data” could include Hayward’s unique identifier for the media file.  

Accordingly, in my opinion, the unique identifier for the media file also discloses 

the claimed “at least a portion of the identifier data.”   

99. In Hayward, “the embedded media player page instructs the client 110 

to transmit a media file identification message to [the] media file index and log 
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server 122.”  Hayward, ¶0058.  Hayward states that the media file identification 

message “should at least identify to the log system 122 the media file that is to be 

played by the embedded media player page.”  Id.  For example, Hayward’s media 

file identification message may include the “unique identifier for the media file 

(such as a unique identifier of the media file used in the media fil[e] index and log 

system 122 and received along with the search results page.”  Id.   

100. Hayward’s client 110 further sends the “subsequent messages” to the 

media file index and log system 122.  Id. ¶0061.  In my opinion, a POSA would 

have understood that the subsequent messages, like the media file identification 

message, would have uniquely identified the media file.  This is because 

Hayward’s media file index and log system 122 indexes “a plurality of media 

files,” each of which is identified by “a unique identifier for the media file,” and 

“maintains a respective log for each indexed media file.”  Id. ¶¶0027, 0058.  When 

a subsequent message is received in Hayward, “a time stamp for the . . . 

subsequent message is stored in the log associated with the media file.”  Id. ¶0060.  

In my opinion, a POSA would have understood that, to store the time stamp in the 

“log associated with the media file,” the subsequent message would need to 

uniquely identify the media file, like the media file identification message does.  

This similarity between the subsequent messages and the media file identification 

message is consistent with Hayward’s description of each as “an HTTP request to 
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the media file index and log system 122 for a one-pixel GIF file.”  Id. ¶¶0059, 

0061.  Just as the unique identifier for the media file is “appended to the HTTP 

request” that is the media file identification message, a POSA would have 

understood Hayward to teach that the unique identifier for the media file is 

appended to the HTTP requests that are the subsequent messages.  Id.  This would 

have allowed the time stamps for the subsequent messages to be “stored in the log 

associated with the media file” by the media file index and log system 122, as 

Hayward describes.  Id. ¶0060. 

101. As discussed above, in my opinion Hayward discloses using an applet 

to instruct the embedded media player page to send the subsequent messages to the 

media file index and log system 122 at predetermined time intervals.  Accordingly, 

in my opinion, Hayward discloses that the media file index and log system 122 

receives the unique identifier for the media file from the client 110 responsively to 

the applet each time a predetermined temporal period elapses. 

102. Because a POSA would have understood Hayward to disclose the 

media file index and log system 122 receiving the subsequent messages including 

the unique identifier for the media file sent using the applet at the client 110 each 

time a predetermined temporal time period elapses, in my opinion a POSA would 

have understood Hayward to disclose “receiving at least a portion of the identifier 

data from the user’s computer responsively to the timer applet each time a 
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predetermined temporal period elapses using the first computer system.” 

f. [1f] “storing data indicative of the received at least 
portion of the identifier data using the first computer 
system” 

103. In my opinion, Hayward discloses storing data (entries at the media 

file index and log system 122 relating to the media file information message and 

subsequent messages) indicative of the received at least portion of the identifier 

data (unique identifier for the media file) using the first computer system 

(customer system 118 and media file index and log system 122).   

104. In Hayward, the “media file index and log system 122 preferably 

maintains a respective log for each media file.”  Hayward, ¶0058.  When the media 

file identification message is received, the media file index and log system 122 

“records that the media file has been selected for playing by a user, preferably by 

storing, at step 504 [in Figure 5, below right] the information contained within the 

media file identification message in the media file’s respective log.”  Id.  This 

information includes the unique identifier for the media file, a “time stamp 

. .  identifying the time at which the media file identification message was 
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transmitted,” and “the time that the media file identification message was 

received.”  Id.   

105. Similarly, Hayward discloses that a 

time stamp for each subsequent message is 

“stored in the log associated with the media file,” 

as shown in Figure 5, right.  Id. ¶0060.  As noted 

above in connection with [1e], in my opinion a 

POSA would have understood that, to store the 

time stamp in the “log associated with the media 

file,” as Hayward contemplates, the subsequent 

message would need to uniquely identify the 

media file.  In my opinion, a POSA would have 

understood that the stored time stamps for the 

subsequent messages in Hayward are indicative of the unique identifier for the 

media file because their storage in the “log associated with the media file” 

indicates the media file.   

106. Because Hayward discloses storing the unique identifier for the media 

file and the time stamp for the media file identification message, as well as the 

time stamps for the subsequent messages, in the log associated with the media file 

at the media file index and log system 122, in my opinion Hayward discloses 
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“storing data indicative of the received at least portion of the identifier data using 

the first computer system.” 

g.  [1g] “wherein each provided webpage causes 
corresponding digital media presentation data to be 
streamed from a second computer system distinct 
from the first computer system directly to the user’s 
computer independent of the first computer system” 

107. In my opinion, Hayward discloses wherein each provided webpage 

(embedded media player page) causes corresponding digital media presentation 

data (media file) to be streamed from a second computer system (media file 

source 116) distinct from the first computer system (customer system 118 and 

media file index and log system 122) directly to the user’s computer (client 110) 

independent of the first computer system.   
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108. In Hayward, the media file is streamed directly to the client 110 by a 

media file source 116, as shown in annotated Figure 1A below.  Media file 

source 116 “is accessible through Internet 114 and provides at least one media file 

through Internet 114 for playing on client 110.”  Hayward, ¶0021.   

109. Hayward describes an example in which a media file, 

“thestream.asx,” is streamed to the client 110 from a media file source 116, 

“thestreamhost.com.”  Id. ¶¶0042–0046.  When a user selects a search result in the 

embedded media player page, “[a] file entitled ‘thestream.asx’ is found and 

streamed by the media player from [the] media file source 116 located at 

‘thestreamhost.com’ through Internet 114 via a SRC command.”  Id. ¶0046.  “The 

file ‘thestream.asx’,” Hayward discloses, “is outputted by the embedded medial 
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player.”  Id.   

110. In my opinion, a POSA would have understood from Hayward’s 

example that the media file, “thestream.asx,” is streamed from the media file 

source 116 directly to the client 110 independent of the customer system 118 and 

media file index and log system 122.  “[T]he embedded media player reference[s]” 

the media file, “thestream.asx,” using, for example, a “SRC command”: 

SRC=“http://thestreamhost.com/thestream.asx” 

Id. ¶¶0044, 0046.   

111. In my opinion, a POSA would have understood that a SRC command 

causes a web browser at a client (here, the client 110) to fetch a media file (here, 

“thestream.asx”) from a content source (here, media file source 116) located at the 

Internet domain or address given in the universal resource locator (“URL”) 

specified by the command (here, http://thestreamhost.com/thestream.asx).  A 

POSA would have understood that the URL in the SRC command may specify any 

domain or address on the Internet and has no relation to a content server providing 

the web page in which the media file is ultimately embedded and displayed.  Thus, 

a POSA would have understood that Hayward encompasses an embodiment in 

which the media file is streamed from the media file source 116 directly to the 

client 110 independent of the customer system 118 and media file index and log 

system 122. 
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112. In my opinion, a POSA would also have understood Hayward to 

encompass an embodiment in which the media file source 116 is distinct from the 

customer system 118 and media file index and log system 122, as shown in 

Figure 2.  Hayward discloses that the media file source 116, like the customer 

system 118 and media file index and log system 122, may be “connected to 

Internet 114 and may be configured as [a] computer system network 102,” shown 

in Figure 1 to be distinct.  Id. ¶0024.  In my opinion, a POSA would have 

understood from Hayward’s SRC command that the media file source 116, to 

which the URL points, may be a second computer system distinct from the first 

computer system (customer system 118 and media file index and log system 122).  

In particular, when embedding content in a Web page with an HTML SRC 

directive, there is no requirement that the source URL shares a domain with the 

source of the containing page, or that the two content sources are controlled or 

operated by the same party: they may be unrelated. 
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113. Because Hayward encompasses an embodiment in which the 

embedded media player page causes the media file to be streamed from the media 

file source 116 directly to the client 110 independent of the customer system 118 

and media file index and log system 122, and in which Hayward’s media file 

source 116 is distinct from the customer system 118 and media file index and log 

system 122, in my opinion Hayward discloses “wherein each provided webpage 

causes corresponding digital media presentation data to be streamed from a second 

computer system distinct from the first computer system directly to the user’s 
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computer independent of the first computer system.”1 

h.  [1h] “wherein the stored data is indicative of an 
amount of time the digital media presentation data is 
streamed from the second computer system to the 
user’s computer” 

114. In my opinion, Hayward discloses that the stored data (entries at the 

media file index and log system 122 relating to the media file identification 

message and the subsequent messages) is indicative of an amount of time the 

digital media presentation data (media file) is streamed from the second computer 

system (media file source 116) to the user’s computer (client 110).   

 
1 I have been told that Google has proposed construing “a second computer system 

distinct from the first computer system” as a second computer system unrelated to 

the first computer system and not commonly controlled or operated by the same 

party,” while Uniloc has proposed a plain and ordinary meaning.  Ex. 1008 at 10; 

Ex. 1009 at 2.  In my opinion, Hayward discloses [1h] under either of these 

constructions.  As noted above, Hayward encompasses an embodiment in which 

the media file source 116 in Hayward is unrelated to the customer system 118 and 

media file index and log system 122.  Hayward, ¶0024, Fig. 1.  Hayward also 

discloses an embodiment in which the media file source 116, on the one hand, and 

the customer system 118 and media file index and log system 122, on the other, are 

not commonly controlled or operated by the same party.  Id. ¶0024.   
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115. As discussed above in [1f], Hayward’s media file index and log 

system 122 stores a “time stamp . . . identifying the time at which the media file 

identification message was transmitted,” and “the time that the media file 

identification message was received” in a log associated with the media file.  

Hayward, ¶0058.  Similarly, Hayward discloses that a time stamp for each 

subsequent message is “stored in the log associated with the media file.”  Id. 

¶0060.   

116. In my opinion, a POSA would have understood from Hayward that 

the “time stamp . .  identifying the time at which the media file identification 

message was transmitted” in Hayward is indicative of a time a streaming file is 

buffered and begins to play.  This is because in Hayward “[t]he media file 

identification message is preferably transmitted to the media file index and log 

system 122 substantially proximate in time to when the media file begins to play in 

the embedded media player of the embedded media player page, particularly in the 

case of streaming media files which are typically buffered for a period of time 

before play begins.”  Id. ¶0059.   

117. Further, in my opinion, a POSA would have understood from 

Hayward that the time stamps for the subsequent messages in Hayward are 

indicative of a time the embedded media player page is open once the media file 

begins to play.  The subsequent messages are sent “at predetermined time intervals 
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while the embedded media player page remains open.”  Id. ¶0060.  As Hayward 

explains, “by calculating the time difference between the first and last time stamps 

for a media file during a selected playing session recorded in the log, the 

approximate length of time that the embedded media player page was left open by 

the user can be calculated.”  Id. ¶0063.   

118. Still further, in my opinion, a POSA would have understood from 

Hayward that the time stamps for the subsequent messages in Hayward are 

indicative of a time a streaming media file is played.  This is because Hayward 

encompasses embodiments in which the embedded media player page is open at 

the client 110 for an amount of time that is less than or equal to the playing time of 

the media file.  Id.  A POSA would have understood that, in these embodiments, 

each time stamp of a subsequent message would indicate not only that the 

embedded media player page was open, but also that the media file was being 

played.   

119. Finally, in my opinion, a POSA would have understood from 

Hayward that the time stamps for the media file identification message and the 

subsequent messages are indicative of an amount of time the media file data is 

streamed from the media file source 116 to the client 110.  I have been told that 

Google has proposed construing “is indicative of an amount of time the digital 

media presentation data is streamed from the second computer system to the user’s 
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computer” as “equates to the amount of time that a digital media presentation data 

is transferred as a substantially steady and continuous stream from the second 

computer,” while Uniloc has proposed giving this term its plain and ordinary 

meaning.  Ex. 1008 at 7; Ex. 1009 at 2.  In my opinion, Hayward discloses [1h] 

under either of these constructions.  Regarding Google’s construction, in my 

opinion a POSA would have understood that Hayward encompasses embodiments 

in which the entirety of a media file is streamed to and displayed by the user’s 

computer.  A POSA would further have understood that the time stamps in these 

embodiments would equate to the amount of time that the media file was 

transferred as a substantially steady and continuous stream from the media file 

source 116.  This is because, in such embodiments, the time that the media file was 

transferred would equate to the time that the media file was displayed.  Hayward, 

¶0059.  A POSA would have understood that, in Hayward’s system, the 

transferring of the media file as a substantially steady and continuous stream will 

precede the display of the media file by a buffering window.  As Hayward 

explains, “streaming media files . . . are typically buffered for a period of time 

before play begins.”  Id.  A POSA would further have understood that, in 

embodiments where the entirety of the media file is streamed to and displayed by 

the user’s computer, the display of the media file will continue after the 

transferring of the media file is complete by a period of time that equates to the 
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buffering window.  That is, in these embodiments, the time that the media file was 

transferred will equate to the time that the media file was displayed but will be 

shifted by the buffering window.  To the extent Uniloc contends the plain and 

ordinary meaning of this term focuses on a play time, rather than a transfer time, of 

the “digital media presentation data,” in my opinion Hayward teaches that the time 

stamps for the subsequent messages can be used to calculate “the approximate 

length of time that the embedded media player page was left open by the user.”  Id. 

¶0063.   

120. This understanding of Hayward is consistent with Hayward’s 

definition of “[s]treaming media files” as those “delivered over the Internet or 

other network environment to a client and playback on the client begins before the 

delivery of the entire file is completed.”  Id. ¶0022.  This understanding of 

Hayward is also consistent with the example media file formats Hayward 

expressly contemplates, including “REALAUDIOTM, REALVIDEO#, 

MICROSOFT WINDOWS MEDIA FORMATTM, FLASHTM, [and] APPLE 

QUICKTIMETM.”  Id. ¶0023.   

121. Because the media file identification message in Hayward thus 

indicates when the media file begins to play in the embedded media player page, 

and each subsequent message in Hayward thus indicates that the embedded media 

player is still open during the predetermined interval, in my opinion a POSA would 
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have understood Hayward to disclose that “the stored data is indicative of an 

amount of time the digital media presentation data is streamed from the second 

computer system to the user’s computer.”   

i.  [1i] “wherein each stored data is together indicative 
of a cumulative time the corresponding web page was 
displayed by the user's computer” 

122. In my opinion, Hayward discloses that each stored data (entries at the 

media file index and log system 122 relating to the media file identification 

message and the subsequent messages) is together indicative of a cumulative time 

the corresponding web page (embedded media player page) was displayed by the 

user’s computer (client 110). 

123. Hayward discloses that the media file index and log server 122 stores 

a “time stamp . . . identifying the time at which the media file identification 

message was transmitted,” and “the time that the media file identification message 

was received” in a log associated with the media file.  Hayward, ¶0058.  Similarly, 

Hayward discloses that a time stamp for each subsequent message is “stored in the 

log associated with the media file.”  Id. ¶0060.  Hayward explains that “by 

calculating the difference in time between the first and last time stamps for a media 

file during a selected playing session recorded in the log, the approximate length of 

time that the embedded media player page was left open by the user can be 

calculated.”  Id. ¶0063.   
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124. Because Hayward thus discloses that the media file identification 

message and the subsequent messages are indicative of how long the embedded 

media player page was open at client 110, in my opinion Hayward discloses that 

“each stored data is together indicative of a cumulative time the corresponding web 

page was displayed by the user’s computer.” 

B. Ground 2: Hayward and Middleton render obvious claim 1 

1. Claim 1 

a. [1a] “A method for tracking digital media 
presentations delivered from a first computer system 
to a user’s computer via a network comprising:” 

125. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.a. 

b.  [1b] “providing a corresponding web page to the 
user’s computer for each digital media presentation to 
be delivered using the first computer system;” 

126. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.b. 

c.  [1c] “providing identifier data to the user’s computer 
using the first computer system” 

127. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.a. 

d. [1d] “providing an applet to the user’s computer for 
each digital media presentation to be delivered using 

Page 65 of 244



 

63 
 

the first computer system, wherein the applet is 
operative by the user’s computer as a timer” 

128. In my opinion, Hayward and Middleton would have rendered obvious 

to a POSA providing an applet (applet 44 in Middleton) to the user’s computer 

(client 110) for each digital media presentation (media file) to be delivered using 

the first computer system (customer system 118 and media file index and log 

system 122), wherein the applet is operative by the user’s computer (client 110) as 

a timer. 

129. In Hayward, when the user clicks a link for a selected media file, “the 

customer system 122 instructs the client to request [an] embedded media player 

page from the customer system 122,” and the media player displays the selected 

media file.  Hayward, ¶¶0029, 0046.   

130. According to Hayward, the embedded media player page also 

“facilitates the collection of data in connection with the playing of the video file.”  

Id. ¶0057.  In particular, “the embedded media player page instructs the client 110 

to transmit a media file identification message to [the] media file index and log 

server 122.”  Id. ¶0058.  Additionally, the embedded media player page “instruct[s] 

the client 110 to transmit at least one subsequent message . . . while the embedded 

media player page remains open.”  Id. ¶0060.   

131. Hayward states that the embedded media player page instructs the 

client 110 to send the subsequent messages using “scripting.”  As discussed above 
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in Section VIII.A.1.d, it is my opinion that a POSA would have understood from 

Hayward that, as with the subsequent messages, the embedded media player page 

uses “scripting” to instruct the client 110 to send the media file identification 

message.  Hayward defines “scripting,” as used in Hayward, as “server or client-

side programming which supplements a static HTML page.”  Id. ¶0017.  Hayward 

contemplates that its “scripting” could be, for example, “Java” or “JavaScript.”  Id.  

132. Like the claimed applet, which is “operative by the user’s computer as 

a timer,” Hayward’s scripting is operative by the client to instruct the client to send 

the subsequent messages “at predetermined time intervals.”  Id. ¶0060; see also id. 

¶0061 (“periodic intervals,” “every thirty seconds”).  From the media file 

identification message and the subsequent messages, Hayward teaches, “much 

information can be gleaned about the user and the playing event,” such as “the 

approximate length of time that the embedded media player page was left open.”  

Id. ¶0063.   

133. As noted above in Section VIII.A.1.d, it is my opinion that a POSA 

would have understood that Hayward defines “scripting,” as used in Hayward, to 

include applets.  But even if not, it would have been obvious to a POSA to use an 

applet to send the media file identification message and subsequent messages in 

Hayward, because it was well known at the time the provisional application 

leading to the ’609 patent was filed to use applets to track a user’s viewing of 
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content in a web page as evidenced by, for example, Middleton.   

134. Middleton describes a “Web page” that includes an object, such as an 

advertisement.  Middleton, ¶0028.  Middleton’s web page includes “JavaTM 

code 44 that includes instructions to be run while [a] user computer 20a is 

displaying the web page.”  Id. ¶0026.  The JavaTM code 44 “includes an applet 

program and data for tracking and logging the activities of the user in memory 24 

while the user is viewing the Web page.”  Id. ¶0029.  For example, the applet may 

permit an advertiser to track “the elapsed time that [an] element 48 [of the 

advertisement 39] has been displayed on the page.”  Id. ¶0037.  In this manner, 

“[t]he applet program 44 . . . permits the authors of the advertisement 39 to better 

understand how the users interact with the Web page advertisement.”  Id. ¶0029.   

135. In my opinion, a POSA would have been motivated and would have 

found it obvious to implement Hayward’s media file identification message and 

subsequent messages using an applet, as in Middleton, because (i) Hayward shows 

that JavaScript and a Java applet were known alternatives for adding a feature to a 

web page; (ii) Hayward’s scripting and Middleton’s applet add similar tracking 

features in similar web pages; and (iii) a POSA would have understood that an 

applet would have provided technical benefits to Hayward’s customer system 118 

and media file index and log system 122.   

136. A POSA would have known at the time the provisional application 
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leading to the ’609 patent was filed that JavaScript and a Java applet were 

identified and predictable alternatives for adding a feature to a web page.  See, e.g., 

Appendix C at 1623 (listing among the “MOST COMMONLY USED NETWORK 

PROGRAMMING TOOLS” Java and JavaScript; characterizing Java and 

JavaScript as “well-developed network programming tools available today.”).  

Hayward itself recognizes this.  As Hayward explains, “programming which 

supplements a static HTML page” could be written either in JavaScript or as a Java 

applet.  Hayward, ¶0017.    

137. Moreover, a POSA would have recognized that Hayward’s scripting 

and Middleton’s applet add similar tracking features in similar web pages.  Like 

Hayward’s embedded media player page, which is displayed in “a browser, such as 

Microsoft Internet Explorer, of a client,” and facilitates display of a media file, id.  

¶¶0031–0032, Middleton’s web page is downloaded using “browser program 

software such as . . . Microsoft Internet ExplorerTM” and facilitates display of an 

advertisement that includes “graphics, pictures, or words,” Middleton, ¶¶0011, 

0024.  And, like Hayward’s scripting, which permits tracking of “the approximate 

length of time that the embedded media player page was left open,” Hayward, 

¶0063, Middleton’s applet permits tracking of “the elapsed time that [an] 

element 48 [of the advertisement 39] has been displayed on the page,” Middleton, 

¶0037.  In my opinion, a POSA would have found it obvious to use an applet, like 
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Middleton’s, to generate the media file identification messages and the subsequent 

messages to track the length of time the embedded media player page is open, just 

as the applet is used in Middleton to track how long the advertisement has been 

displayed.   

138. In my opinion, a POSA would have understood that an applet would 

have provided technical benefits to Hayward’s customer system 118 and media file 

index and log system 122 at the time the provisional application leading to the 

’609 patent was filed.  Based on my experience, a POSA would have known that 

one benefit was that Java applets allowed for the creation of “threads.”  See, e.g., 

Appendix B at 253; Appendix C at 1625.  JavaScript did not.  See, e.g., 

Appendix A at 255 (“The core JavaScript language does not contain any threading 

mechanism, and client-side JavaScript does not add any.”)  With threads, a 

programmer could separate an activity into multiple tasks that execute concurrently 

(e.g., in parallel) on different threads.  Appendix B at 253.  One advantage of using 

threads was that a short-running task (e.g., reacting to a user’s mouse click) could 

be completed quickly while a long-running task (e.g., a file download) continued to 

make progress.  Id.  In my experience, Java achieved this concurrency with 

minimal programmer effort.   

139. Based on my experience, a POSA would have known that another 

benefit was that Java applets provided class-based inheritance.  See, e.g., 
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Appendix B at 91–93.  JavaScript did not.  Appendix A at 157 (noting that 

JavaScript has prototype-based, rather than class-based, inheritance).  A “class” in 

Java was source code that defined data values and methods.  Appendix B at 58.  

Class-based inheritance meant that new classes could be created that inherited, or 

copied, the data values and methods defined in another class, thereby reducing the 

size of the class definition.  Id. at 91–93.  Class-based inheritance also allowed for 

“overriding,” in which a programmer copied some, but not all, of the methods 

defined in another class.  Id. at 94.  In this manner, the programmer could take 

advantage of the reduced class definition while still tailoring a new class to a 

specific need.  Id.   

140. In my experience, these and other benefits of Java were appealing to 

programmers and provided significant advantages for large software systems like 

Hayward’s customer system 118 and media file index and log system 122.  See, 

e.g., Appendix C at 1630 (“Java can be used on the client side as well as on the 

server side.  IT allows implementing a complex functionality of a larger program 

by using object oriented and well-structured language.”).  As one example, 

threading allowed for modularization, in which distinct threads were used to carry 

out distinct processes, even if the processes were to run concurrently.  See, e.g., 

Appendix B at 253.  In my experience, such modularization could simplify the 

development and maintenance of large software systems like Hayward’s customer 
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system 118 and media file index and log system 122, because it allowed a discrete 

code element to be designed, implemented, and/or modified without affecting the 

myriad other aspects of the software.   

141. Based on my experience, a POSA would have known that still another 

benefit was that Java applets were faster than some other technologies, including 

JavaScript.  See, e.g., Appendix C at 1625 (describing as a “feature” that “ensured 

success and increased importance” of Java that it is “fast”).  JavaScript was an 

interpreted, rather than compiled language, meaning the source code itself was 

passed with a web page, and the browser at the client converted it to machine code 

upon receipt.  Id. at 1624 (“JavaScript is an interpretive language and the scripts 

run as the Web page is downloaded and displayed.”).  As a result, JavaScript was 

inherently slower than Java applets.   

142. Based on my experience, it is my opinion that a POSA would also 

have understood that an applet would have provided additional technical benefits 

to Hayward’s customer system 118 and media file index and log system 122 in 

embodiments where the media player is embedded using an applet.  Hayward 

teaches that, in some embodiments, “a functional media player applet may 

accompany a data page download, and the data page is configured to embed the 

media player generated by the applet.”  Hayward, ¶0002.  In these embodiments, a 

POSA would have been motivated to send the media file identification message 

Page 72 of 244



 

70 
 

and the subsequent messages using an applet as well, because in my experience 

using consistent technologies between the media player and the subsequent 

messages would simplify the design and maintenance of the customer system 118 

and the media file index and log system 122.   

143. Because Hayward thus teaches providing scripting to the client 110 in 

the embedded media player page for each video file delivered using the customer 

system 118, and that the scripting sends messages at predetermined time intervals, 

and in my opinion a POSA would have found it obvious and would have been 

motivated to use an applet, as in Middleton, to send Hayward’s subsequent 

messages, in my opinion a POSA would have understood Hayward and Middleton 

to render obvious “providing an applet to the user’s computer for each digital 

media presentation to be delivered using the first computer system, wherein the 

applet is operative by the user’s computer as a timer.”   

e. [1e] “receiving at least a portion of the identifier data 
from the user's computer responsively to the timer 
applet each time a predetermined temporal period 
elapses using the first computer system” 

144. In my opinion, Hayward and Middleton teach receiving at least a 

portion of the identifier data (the unique identifier for the media file in Hayward) 

from the user’s computer (client 110 in Hayward) responsively to the timer applet 

(applet 44 in Middleton) each time a predetermined temporal time period elapses 

using the first computer system (customer system 118 and media file index and log 
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server 122 in Hayward).   

145. In Hayward, the media file index and log system 122 receives 

subsequent messages sent using the scripting at the client 110 each time a 

predetermined temporal time period elapses.  In my opinion, as discussed above in 

Section VIII.A.1.e, a POSA would have understood that the subsequent messages 

would have uniquely identified the media file.  Hayward’s media file index and log 

system 122 indexes “a plurality of media files,” each of which is identified by “a 

unique identifier for the media file,” and “maintains a respective log for each 

indexed media file.”  Hayward, ¶¶0027, 0058.  When a subsequent message is 

received in Hayward, “a time stamp for the . . . subsequent message is stored in the 

log associated with the media file.”  Id. ¶¶0060.  In my opinion, a POSA would 

have understood that the subsequent messages uniquely identify the media file so 

that the media file index and log system 122 can store the time stamp in the “log 

associated with the media file.”   

146. In my opinion, the POSA would have understood Hayward to suggest 

that the subsequent message could uniquely identify the media file by including, 

for example, the unique identifier for the media file.  Hayward teaches that each of 

the media file identification message and the subsequent messages takes the form 

of “an HTTP request to the media file index and log system 122 for a one-pixel 

GIF file.”  Id. ¶¶0059, 0061.  And Hayward states that the unique identifier for the 
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media file is “appended to the HTTP request” that is the media file identification 

message.  Id. ¶0059.  In my opinion, a POSA would have understood Hayward to 

suggest that the HTTP request that is each subsequent message, like the HTTP 

request that is the media file identification message, similarly appends the unique 

identifier for the media file.  This would have allowed the time stamps for the 

subsequent messages to be “stored in the log associated with the media file” by the 

media file index and log system 122, as Hayward describes.  Id. at ¶0060. 

147. In my opinion, a POSA would have found it obvious and would have 

been motivated to use an applet, as in Middleton, to send Hayward’s subsequent 

messages, as described in Section VIII.B.1.d. 

148. Because in my opinion a POSA would have understood Hayward to 

teach the media file index and log system 122 receiving subsequent messages 

including the unique identifier for the media file sent using the scripting at the 

client 110 each time a predetermined temporal time period elapses, and in my 

opinion a POSA would have found it obvious and would have been motivated to 

use an applet, as in Middleton, to send Hayward’s subsequent messages, it is my 

opinion that a POSA would have understood Hayward and Middleton to teach 

“receiving at least a portion of the identifier data from the user's computer 

responsively to the timer applet each time a predetermined temporal period elapses 

using the first computer system.” 
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f. [1f] “storing data indicative of the received at least 
portion of the identifier data using the first computer 
system” 

149. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.f. 

g.  [1g] “wherein each provided webpage causes 
corresponding digital media presentation data to be 
streamed from a second computer system distinct 
from the first computer system directly to the user’s 
computer independent of the first computer system” 

150. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.g. 

h.  [1h] “wherein the stored data is indicative of an 
amount of time the digital media presentation data is 
streamed from the second computer system to the 
user’s computer” 

151. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.h. 

i.  [1i] “wherein each stored data is together indicative 
of a cumulative time the corresponding web page was 
displayed by the user's computer” 

152. In my opinion, Hayward discloses this element, as described in 

Section VIII.A.1.i. 
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C. Ground 3: Hayward, or Hayward and Middleton, and Ryan render 
obvious claims 2 and 3 

1. [2] “The method of claim 1, wherein the storing comprises 
incrementing a stored value dependently upon the 
receiving.” 

153. In my opinion, Hayward, as discussed in Ground 1, or Hayward and 

Middleton, as discussed in Ground 2, and Ryan teach that the storing (storing the 

time stamps for the subsequent messages in Hayward) comprises incrementing a 

stored value (weighting factor X in Ryan) dependently upon the receiving.   

154. As discussed above in Section VIII.A.1.e (or Section VIII.B.1.e), in 

my opinion Hayward discloses (or Hayward and Middleton teach) an applet at the 

client 110 that sends subsequent messages to the media file index and log 

system 122.  Hayward also teaches that a time stamp for each subsequent message 

is “stored in the log associated with the media file” at the media file index and log 

server 122.  Hayward, ¶0060.  “[B]y calculating the difference in time between the 

first and last time stamps for a media file during a selected playing session 

recorded in the log, the approximate length of time that the embedded media player 

page was left open by the user can be calculated.”  Id. ¶0063.   

155. Ryan teaches that the weighting factor X may be “increment[ed] . . . 

based on the time spent at the web page,” as determined from the surfer trace data 

indicating “the difference between two time date/time data 132 from subsequent 

selections from the list of web page searches.”  Ryan, 9:22–25, 16:40–41.  In Ryan, 
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“[t]he longer the time spent” at the web page, “the more this increments the value 

of X.”  Id. at 16:41–42.   

156. In my opinion, a POSA would have found it obvious to modify 

Hayward’s media file index and log server 122 to increment a stored value, like 

Ryan’s weighting factor X, dependently upon receiving the subsequent messages.  

Hayward’s (or Hayward and Middleton’s) applet at the client 110 sends 

subsequent messages to the media file index and log system 122.  In my opinion, it 

would have been obvious to a POSA to modify the media file index and log 

system 122 to increment a stored value based on their receipt.  The POSA would 

have known to do so based on Ryan, as Ryan’s server increments weighting factor 

X based on surfer trace data received from an applet at the user’s personal 

computer.  Id. at 8:63–67, 9:22–30, 9:41–56, 16:40–41.   

157. In my opinion, Ryan itself would have motivated the POSA to modify 

Hayward’s media file index and log server 122 to increment a stored value, like 

Ryan’s weighting factor X.  Ryan highlights the value to advertisers of knowing 

not only how long a user spent on a web page, as indicated by the “surfer trace 

data,” i.e., “[t]he time difference between [] two selections” from a list of search 

results, but also how interesting a web page is to users, as indicated by the 

weighting factor X.  Id. at 9:22–30, 12:22–30.  Ryan shows that the weighting 

factor may provide a distinct value from the surfer trace data, insofar as it may 
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only reflect users showing sufficient interest in a web page.  For instance, in Ryan, 

while surfer trace data may be collected for a web page view of any length, the 

weighting factor X may be incremented only when “the user exceed[s] a specified 

time at a location.”  Id. at 16:34–39.   

158. Like Ryan, Hayward contemplates providing valuable data to 

advertisers, but the time stamps for the media file identification message and the 

subsequent messages stored in Hayward’s media file index and log system 122 

only indicate, for example, how long the embedded media player page was 

displayed.  Hayward, ¶0064.  Based on Ryan, a POSA would have been motivated 

to modify Hayward’s media file index and log system 122 to also store data 

indicating how interesting the digital media presentation displayed by the 

embedded media player page is to users.  In my opinion, looking to Ryan, the 

POSA would have been motivated to modify Hayward’s media file index and log 

system 122 to store a value akin to weighting factor X in Ryan and to increment 

the stored value dependently on receipt of the subsequent messages.   

159. Because Ryan thus discloses incrementing the weighting factor X 

based on received surfer trace data indicating how long a user spent at a web page, 

and in my opinion a POSA would have been motivated and would have found it 

obvious to modify Hayward’s media file index and log server 122 to increment a 

stored value as in Ryan based on receipt of the subsequent messages, it is my 
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opinion that a POSA would have understood that the combination of Hayward (or 

Hayward and Middleton) and Ryan renders obvious that “the storing comprises 

incrementing a stored value dependently upon the receiving.” 

2. [3] “The method of claim 2, wherein the received data is 
indicative of a temporal cycle passing.” 

160. In my opinion, Hayward discloses that the received data (subsequent 

messages) is indicative of a temporal cycle (“predetermined interval”) passing.   

161. In Hayward, each subsequent message is sent “at [a] predetermined 

time interval[],”such as “every thirty seconds.”  Hayward, ¶¶0060–0061.  A time 

stamp for each subsequent message is “stored in the log associated with the media 

file.”  Id. ¶0060.   

162. Because Hayward thus teaches that the subsequent messages are sent 

at predetermined time intervals and stored with time stamps by the media file index 

and log system 122, in my opinion Hayward discloses that “the received data is 

indicative of a temporal cycle passing.”   

IX. Conclusion 

163. As discussed above, it is my opinion that the Challenged Claims of 

the ’609 patent are not patentable. 

164. In signing this declaration, I recognize that the declaration will be 

filed as evidence in a contested proceeding before the Patent Trial and Appeal 

Board of the United States Patent and Trademark Office.  I also recognize that I 
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may be subject to cross-examination in the proceeding and that cross-examination 

will take place within the United States.  If cross-examination is required of me, I 

will appear for cross-examination within the United States during the time allotted 

for cross-examination. 

165. I reserve the right to supplement my opinions in the future to respond 

to any arguments that Patent Owner raises and to account for new information as it 

becomes available to me. 

166. I declare that all statements made herein of my own knowledge are 

true and that all statements made on information and belief are believed to be true; 

and further that these statements were made with the knowledge that willful false 

statements and the like so made are punishable by fine or imprisonment, or both, 

under Section 1001 of Title 18 of the United States Code. 

Executed on this 31st day of October 2019, in Durham, North Carolina. 

 

           By:           
       Dr. Jeffrey S. Chase 
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CHAPTER 9

Classes, Constructors, and Prototypes
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the [Irate-type nhjeet elf it and alIe-ws Item te- net the ptuperty ed the [trnlnrflt-r. New

vtltt have ehttttjeed the value nf p fttr a whale elaaa nt' objects—ant at all what vnu
Intended.

'lhereferte. tire-petty inheritanee neeurt nnlv when veru tead pee-petty values. nut

when we write them. If tutu set the prepettv p in an Uhjeet ti that inherita that ptup-
ertv fttltn it: pmtetvpe. what happen: it that ftttt mate tt new ptttpettv p directly in

e. h-‘nw that n has its nwn Pll‘tpfl'l'f named it. it nu hanger inherits the value elf [I from

In prutuivpe. W'hen yen rettd the vrdue of p. JavaS-eript firl-I luulta at the prnpe ttt'ta uf
a. Santa.- it find: I: defined in a. it deeatt't need in aeateh the Frittutfllll: ulajetat and

never findtt the value iii a defined there. We anntetintea any that the peetpertv p in a
"ttl'ttttdtdht‘I t1l' “hidea” the tart-utterly It in tlte prntntvpe elhjeet. F't'nlttl'filt: inheritance

ean he a ednfualng triple- Figure 9-1 tlluatttttea the ennetpta diaeuaaed here.

Breattae pmtetvpe pmpentea ate that-eel by all e-hjeeta of a elnaa1 It gen etallv nukes
sense It: nae thent tu define unlv ptupettiea that ate the aante fut all ubieets within

the clash. Tl'tli makes pirate-type: ideal fer defining. rnetheda. llittlter prLIpertieI- willt
cutie-tat“ val-uni fttuelt in mathematical mutant-Ital lat Ilitt: attlttthlt: f-tlr tlel'tttiritan tIriIh

pentntt'pe ptnpettiea. lf vent elast definet a pmperrtr With a verv enntrnnttlt' used
default value. you might define this prtlperty and il't default value in a peutntvpe

ubieet- Then. the few ehjeeta lllttti want in deviate item the default value tan ereate
their U'W'II. private. unshared eupiea ttf the [taupe-err Iatd defltae their dim. nttndel'l tilt
Wilma-

9.1.2 Extending Built-ht Types

It is net unlv met-defined eLaaaett that have petitttt'tu'pe “bit-eta. Built-in tel-ties. auelt :a.

fitting and Itate. have pennnvpe nhjeeia Inn. and :filLl can when value: tn tltetn. I-‘nr

example. the fttllvnwt'tt; t‘tade define! I new Itttthed that it available fut all htrtnp. ttltjttu:

H IIIUI'I'I'I taut ii the hat that“: it t

illlr‘.|tflnfih.lthdI-H1lh - MeetienIe} {

return It -- lhia.t:h.t:rltfthia.llt‘th-1I:I

1

Having defined the new endttiithf} tnethttd in the fitting prututrp-e ttlajeet. vetu ean
uae it like tltla;

vat Int-alt - "helle will";

lil-ul'lJndthI'thf'h‘] H Illutnt I'll ll

nettaltanltttlthf‘e'l H letuent true

There is a sate-n; argument uiinal extending built-in types with vuur aunt ll‘lt'll'lt'lllit

If you dn an. vent are eatentlallv creating vnur nwn tuatttnt wrflnn of the eetre Java-

tieript dl‘l. fin-v nther ptngrarntneta wltn have tn read at maintain vttur tart-lie will
likely find it ennftttittg. lf vttur melt includes methods they have never heard tlf.

ttt I taut-en ”Mllmmn
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I-II'IIH . JIlilflflfllfltflfl,flMfl .. “filth-lull.
Hull-min: pmmmm: minimum:

 
 
 
 

 
 

 
 

hfl - I: __ _ ._ FiHHHMIIH-t.-fl-+I"Iglfl
“mil-mic. IPIIII'Hlu—l

'

“It?! Truth-rm.I -- Elicll. lull}!

I " I. mu - 51“: II'_III\-I
1" ' L“ pl. - LIN-'5!
Phil:

plflruflrflhrmng-u
----b mmmmhl MAM-II

mnflflflmm

#‘L
Iii-pl-

r-I-n

I - t.|i':.1':.r:
“upifllmfil:

I - d+|i'd+r‘l.:l' I. plflHHflHIH-IM.HIHIH .. “Him-1i m
"H'ifllm‘fl pun-mmMind Il'l- ulhflimfii

mural “mum“ m id.
human-Imam:

lug-ma: ‘1 I. {Elm “- almflmlmnqn

L-‘I'Llrrh run an: Hunting. .1 LIW-Irvcl _I.'w.1‘iu.'rlpt franluwurk thal ynu cxpcul hi hi:

fldlIPIEIJ lag: many nth-Jr prugrumlnurn. i! 15 pmhnhly hut In 1.1.1? “My t'mm Llh- plu-

wu-pr uhjru». ul' 1111: huIIt-m :yrnr».

Hun: Ihat ynu muss-t m'wr .uld pmpcnifl m Elaject . pmtutypl. Jilly pnlffl‘rlflh nr mflh-

uds ynu .nld am: cnumuuhln' math .I furfin lump. ml :Iddlflfl rhrm m Dhjlct .prutntw

"1.11:“ thcl'l‘l Hull-I]: in. n-rry unglr _[Jv.1_*1'1.r1'pt nhlrue. An empty UHF-LL I}. 1'5 rhprLtnl

Iu haw; m1 :numtub-lr Ffllptrllth. Anything addcd In Elijahpmtutype ht‘LlJl'l'lfi- an

rnumflahlq: [Imp-rm; Ht III: {Empty nl‘lp‘ul “I'll-I will Ilkc'ly' bruit “Id:- :11“ um “bx-L1:-

an Jam-amino: “rays.

'I'hr :n'hmqur mun-n I'h'l'r Eur rxwluhng huiIr-m "hp-1.1 rypn H guflrilfl'lln'tl In wnrk

urn]! I'nr um: Inuinpl 'nauw "Hugh: Whtn Imah‘npl in Elllhuldt'd in 5mm um-

Ier. filth a: .1 “Th bTU'W'h-t'l' m .1 Java Jppllutiun. it Illa:- auwn In .1le illlll'lJl "hm-I

uhlcni' inch :1 :Ihjn'n ll'lflt rrprr-qcm with hmwwr mlmurm'nt mutant. 'I'hc'u: hm:

quulw l 151
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nltjm: dn anr typically lute enntrruernrs and prntnryrre nhjeell. and pvt-u uttmlltr
eInrtenr extend them.

There it fine ease in which it in: 53ft: and uteitrl re ettterrel the prnrnnrpe at a built -in
native 1.1.155: to add standard methmh tn :1 pmrurrpe when. an uld ut inemnputihle

llaenflerr'pt implementat'um leeks them. lint example. the Fleetinapphrl 1 method it
mining in Miert'lmh Internet Explnrer 4 and 5. This is I ptetly impnrtnnt |"t‘rrt|:tinl'rr

and we may tee ende- lilte rhrt ter replace it:

H I! .t I 5. Iatr‘t helmet lutetjean-plyt ].

H Thtt ink-em 11 but! fl'l etude by hm: landlin-
H {lrmtlm.prntetne.uply:l {

H Invite this fmetitrl u .- lelhtrd erl the ”ratified tjeel,
H pet-tin: the tpeelflefl peril-Hen. tile turn tr: rm reel“ te let this

Ffltlm.pmtatypl.q:ply - Milan-[flinch punters] {
rm f . this: H 'lhe tutti-m tr:- innit.-

'IliI I I object II linden; H “I dried to int-fill it an
ear eel: - per-run II I]; H The “th In In:

H Trap-until} Ilh the furl-Etie- Inn I method If e!

H II in lhii Ir I'll I pewter” nnl that in unllhlr III II ht
il-_LIPP1]|'_‘L - 1':

H H! tell] u“ lee-1H tr- anltr the letteri- Ttr tit- thll Hl'u'r' let
M tr: write the immatlm It. I 111111. Fin-t build the Int-rut lltt.

'I'II Illif‘lll'l - [1:
twin: i I n: It :u5.1en|;tlt;.tu}

sttirulrnll] : 'uIsl‘ :- i o ']"-,

.U' Emeatmte me Elli-Int itl'lfl'll ifilu a ennui-unrated lltt.

“I "111“ - ttllflilrlltjfltnffll:

H Hut build the entire lithe-d null tttlnl

ear “than“. - “l.j_qrpl'rr_i_{' + Itflitt 1 "h';

r'! Un- the run) 'hlrfllm ll like the nthudtlll
'I'II "lull - “lull'll'rflHIH;

H thtlirrd the fI-Iltltrl {tr-r the elljeet
delete e._I_I|Iplt'_|_:

H And return the rewlt

return eetult:

l.‘

t

a: armher example. ennsr'der the new array trrerlrndt implemented in Firetrap: 1.5
{see Seetitrn 111111. N yen: Item tu unit: the new “rapt-fl] method but ale-u want

taut mule re.- wurk mt plntfntrtrs that dtt net supper: this nuthml turret-I3, j'tltl can
use this made fur eelntpnt'i hilifir:

H Array-.mp1} innit“ I fu'retien f In III-eh elm-Ht ef the array.

III | nap-I: hem-rent”.
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H "tut-Ital a Hill attay all I'll! ulna that tat-ult Ital nth ftlttltl

H tall. H III-fl] h. ullfl ii“ Illa III-fill. tl-a thallium 'l
.H' it inward H- : aunt-H at th: mend aunt-It. thyr- int-chi. *t']

If it pauad i Ilwtl. Th- Hqtl it Hi "Ina d‘l “! array
H Hal-ml. Thur than! it th- III-In at Hi "In dill-rat. and 1H

.H' thirl 2i! thl array iurlf. In In“ Ellfl It mill to flu duly flu

.H {mt ulnar-u.
H {tlrtfl.pratatypl.lap] I[

atrayarltutyphaap - tmtlmtl, thifljfltll
all "141.!“ - I];

tattur Ian - H'h-lfllfll. I - a; l t In: In] I
naulfl.pl.h[f.tallflhuthjatt. thllll]. l. till-H;

l
taturn ”all“;

I
1'

9.3 Simulating (latter. in JavaScript

Mlluuafih javaficript suppufla a dalatyp: taJltJ an abject. it dun nut haw.- a {urinal

mum at :- til-155. lhn maltn it qum: thHm-nt [mm that: :flujrct-nruntrd law

such as CH and Java. Tllt' tummm tfll‘lfit‘pllull aha-It ubjtt'wrltnttd pumm-
miny. languagn as that they at: atrutmly typul and tum-Halt ulna-hand luhtrilamt.

By l‘hfia‘: III'III'I'H. II It any It: durum jayah-cnpt a: nut hung a true tIth-t't-nnmtt-d

languafi. U11 tht' t'Hl'l'l'r hand. ynu‘rt' arm that Jayaficript trial-tn lll'ill'y' as: at lflhifiifi.

and it has ll!- uwn typt u-f mutypuabau-d inhtntamut. Jli'lfifl'ipl fl .1 "III uhyttt-

[maniac] lanpaaga. It draws tnapitatiun lrurn a numb-n of 11th:! {Mlaltwly “brutal

labia-tamarind languafin than l-III: pnmltypc-baartl lnhrt'iunfl: tutu-ad at tlmbaatd
ll'lhtl'lfll'ltil.

Mllmugh _Iaya."+n'ipt t1- ntlt a clau~hasfll nhytctvmit'ntttl Ianguqr. it tlnn a pond jflh

at umulatIn-g 1hr hatum. nl clam-ml! lat-Iguana mull .t'LJJ'rtI and tit-L l'n: tut-«tn

min: thr Irnn [lam Infinmtally thmuyhuul this chapter. This auction mutt formally

ntplnrn 1h: parallth hem-um lavas-trip: ml Il'lat' :1.»th huh-titan“ law

such a lava am] L'+-t-.'

Ltl't “an by drfillll‘lg mm: banal: tt-trninulcmy. .hn all-ml. .‘fl ytm'vt- alt-radar tut-m. is. a

data. urn-Hurt Ihat tmtaina various plflfi of named data and may also cur-main yarir

nut. rrwtl'tmis m t'lpl'rllt {In than: pin.“ til data. An tltl'ytn FITIHP‘I rt'latntl valun and

ll'lfl'l'l'lII'I-dlr mm a unfit umvtmtnt rattan-z. which Wlflhl' makin- pnwamming

tasirr by lncrtaamy, the n'lodula'ity and muhlity all unit. (flirts in javaficnpl may

hart any numb“ ut' pll'upt't'tifl. and pruptnin may be dynamically adult-d tu an
ubyfit. This is nut tht {at in strictly typn] languages malt as lava. and ll'.L+-t. In tltu-at

‘ "I'm-u- MI 11.11 din mum awn II yt-u alt nut lat-lul- 'I-IIII Ilm-I: Lip-art and lint mi N fill-n.1-
mmlWfl—m

Hun—um I fll‘
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languages. each ahjeee has a predefined set of properties.‘ where each property ts of a

predefined type. When you use jayaSer'tpt objects to simulate Clflfifi‘hfl-fll pee-gr: nt-

miny. techniques. you generally define in advance the set at properties for each object
and the type of data that each property holcls.

In Java and C++. a that defines the structure of an ohiect. The class specifies erractly

what iields an object contains atnl what types oi data each holds. It also defines the

methods that operate on an object. _Taya5e:e'ipt does not have a lurinal notion of a

class. hut. as shown earlier. it approximates classes with its constructors and their

prototype nhjeers.

In heath Jar-Script and classvhased objeetvoriented languages. there may be multiple

objects of the same darts. We ottett say that an object is an inst unce ed its darts. Thus.

there may he manyr Instances of any class. Pivon'teeirnes the term instantiate is used to

describe the process of creating an object ii.e.. an instance of a class].

In Java. it is a common programming consten tinrt to name classes with an initial capi-

tal letter and to name objects with lowercase letters. This convention ltelps lace-p

classes and objects distinct lrtztrn each other in code. and it is useful In lollow in java-

S-cript pmgramrning as well. l'reyiuus sections of this chapter. for example. have

defined a Rectangle class and created instances cd that class with names such as. tact-

The members at a Java class may he of loot basic types: instan ee properties. instance

methods. class properties. and class methods. In the iolluwirty. sections. st-e'll explore
the differences between these types and show how theyr are simulated in .Iayafstaipt.

9.3.1 Instance Properties

Every object has its own separate copies of its iartcnte proper-tier. In other words. if

there are 1|] objects of a given class.r there are l0 copies of each instance property. In
our Rectangle class. for eatample. every Rectaane object has a property t-riclth that

specifies the width of the rectangle. In this case. width is an instance property. Since

each object has its men eupy oi the instance properties. these properties are accessed
through inclis'iclual objects. [l I is an. object that is an instance of the Rectangle class.

for example. its which is referred to as:

rmirlth

By default. any object property in Java'seript is an instance property. Tn truly sienn-

late traditional class-hated nhject-nrientecl programming. hotwsrer. we will say that

instance preperties in JayaS-eript are those properties that are created and initialised

by the constructor irritation.

' they are "really called "fie‘fls‘ :1: Ian and Ce 1-. but ['1] rekr ro the-rt as. WHITE here timer that es the
flanks-cpl! te'rr'rtltul-up'.

til I clip-st Ilium-emanate
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9.3.2 Iflflinfl‘ Heflmtls

An Illflrlfl't'r mrtltnd is much liltt: :tn ll'lfi-Iflllfl‘ ptnptrtjr. tsccpt that 'II is : mfll'llli'ltil

rather than .1 tlntn valur. [In anI. lunutimtt- antl mt'thntls are nut data. a:- II‘K‘}' art In

ITEVIELTIPII, su this distint'tiun is mun: tit-at] Ins-ta nu: rntthrnds an: inwlttrtl an a pat-

tit'ulnt uhjrct. nr ll'lslll'ltltt. Thu: Ital“ mtthutl III' {HIE thtanglt class is. an instant:

tncthnd. It Is ll'l'hTI-IIEELI an a Rmunglc “Ii-jut t llltt: lhl-‘i—

I . Lllll'lll;

Th: impltmtntan'nn nl' .1n ins-Inna.- n'I-cthnd uscs thr this. Itcs'wnmtl tn fl'ftr tn tht'

ttI'ljfil'l {If Il‘l'tl'al'lfl' nn which ll 1:. imrultnl. Mt ll'lfitnl‘lm: tl'tt'thntl can but mmltnl I'ut any

instants cl 3 class. but this does nut mean that catch Dbl-tut {animus in m prwtttt'

unit]: at tht: I'llL'tl'tIJIL'I. as it durri with int-tam: Fri-Tlfl'tlfi. Initial]. cad“: int-tints:

nsutltutl is slurt'tl by all instincts at 1 class. III _|.n1.':5-t'ript, Ifl'l illsmnt': nscthtI-tl. Eur .1

class is alt-final by setting a ptnpt-rrt' in tht: cnn shunt-It‘s pmtntfiu: nttlcrt tn :3 fun-:-

t'inn valur. This way. all nhjrcts {I'Efll'i‘tl by lI‘tlI mnstru-t'mr shnrr nn Inltt‘ntt-d [Hurr-

L'I'IL'L' tu tht: funtt'ttm and can insult: it Using the ntrthtJ-tl-tnmsttjun syntax sltuwn
carllct.

9.1.1.1 Itstlnt! methods Intl this

It tum ill's.‘ Hat-.1 or CH pnrgrammrr. you may haw nmict-d an imp-mum difft-rt-ntt-

bum-tut nut-am: mttltudt. in thus-IE language; and ulstam-t- mttl'lthja tn Javab-urtpl. In

lat-'3 and C++. th: EL'IH'EH.‘ uf instinct: rnt'thutls includt‘s tht: this nh-jrt't. Tht: but]; at

an art: rncthn-tl in Java, fur cs ntnplu might simply ht:

return iitl'th ‘ htrifltt;

In latth-cfipt. hnwcsrt. )mu'w: r-rcn that ran must csrllntlt' aft-cuts fit: this lit]?-

wrd I'ut thtst prrrptnhrs:

”turn thismitlth " this.hlight;

Il' s'nu find It nurltwntd tn haw.- h1- ptcfis each lllF-IJTIEI: Iit'ltl 1untl't this. s'nu can us: the

Hi th statrn'n'nt [cnwted in Ill-Etllt'tl'l b.1fill in each nl t‘n-ur nttIh-nds. Fflr t1: ample:

lettasgle.ptntntypt~.uu = function“ -[
Hithlthisl {

return uid‘th‘neight',
]'

1

9.3.3 {lass Properties

A class prawns In java. ts :: ptan-n'rt' film is assnrinttd with .1 class Itsrlt'. rntl'trr th an

with with instant.- at a class. Nu mam-r ltuw nt.1u1.;.r lt‘l‘é-t-fll'ltis'h {hf ll'll: class at: mutt-d.

theft.- 1:. unlf an: L'upf ul rad‘j class pruprrty- Just :3:- tnstancc ptupurtins 3r: lucnmrd

thrnngh an instant: Inf 1 class. class pmpcrrirs an: accrsstd tI'Irnugh th: class :itsclt'.

MLHLVALLE is an L'Mill'l'll'lll.‘ at a class prupt-ny In Jat-ntictlpr II‘I-t: HHJMLIE pmp-

MEI-III IBIS-nil: I 1!!
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wilmmmfimhndm. hawduniinnl'ymmpy flinch
dun whdfls pro-parks lflmfllflyflobal.m isniflnhuut 11mm. haw-

rm.hd1udw1urmmciltdtithldah.mldwrhana lug“! mitt—awai-
tinnmthtjlflfiniplmwhtniflyfinmfldfmhtmbrw

prupcninMlhmnm.Mhpmbdflrclcu.g-uuflmuhuldmm In

Javfiu'ipt amply by dtfininga lamp-my 0|"th can-mum [minim imlf. Fur minv
pk. 1::me : dauprupnylecnqleJlI‘l mmnptcial lnl rum-file. jun-um

:Iuflwfisllwhg;

landfill-HIT - n- mink-{hi}:

Iflll‘lllilm [minm but bunt-Inc jauScript functions“: obficm.rj'uu

canmurpmmfllhmnjwmrnummupmmflmrmhfl

“him-

!J.‘ MW!

hihfllflflmflifllldflflfllhflllflflfithfliflflimuififlhfihflfl

mdmdsurhmlml thin-15h II'IE clan “2H.“ thnmghlplrfimhmflflu

clam. Th: [lump-1H“ mull-3d [II-Flich run an haul: up in I'm Ill] i:- a dual-
mrrl‘md. "I'uu aha-a}! thunk: it thruugh I'I'll.‘ DIN: mu! alarm nthtr I'll-I

Ihmfluplniculu il'lfllflllflflilht Dfltdlfl.

Ilium: clam- rmdlods art inmhtd Ihmufli I mmmr [Hum-3n. IIH' thu- hr

mrd dun nut rrI'rr In any panicuhr im uf 1hr dam. Innnd. il rrl'n-s In 111:

mwlmimfl.firpiulhuduumdnddunnm Ifltthilllll.)

Likn‘lunpmpmiu. din Win-.11“: [John]. hum-rd!” dumupumunlpn-
rind-.1: ubjmhdmmflimdsmmulymrflythoufluflnhmmmsflm

happm m hr int-aim! ll‘lmufl'l “It“. Min. mulinglhm [um uriIh actua-

givndwm awnwnirml mclwin dullwflflp: umpiwnrd prawn mm
L'nll'flm Tudrfmclchamnhdmjnfiuipi.fimpl1mhlllmrilkflm:-

l'hl'llpl'flplflrflhi'll.‘ mun-cur.

9.3.5 Mlfidtflifi

Them-d: in NEW] hifil‘lfll’uflflfiflflthfllfl prawn-p: uhjcctfarcrruim

flhflcfl dill "pr-mm males. 11 man: umpire: ul' imam-.1 min. Ina-mm
MIME. (in: pupa-nits. and claw: nix-thunk.

fiflpfitl.drmk:hu

H' h kiln II.“ “III :I'fltnltu

fill-Hi“ {irtlfllflinl [
H I! h In Influ- pyflly, Him! Ii human In th {mhuflln
Ihiht - "II In:

I

HI | ill-III: alum—III.-
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litulmplr |:I- I. at sin-Ir {his Iq‘ml'mum‘l

H Little}! 1!. I this pup-Hunt! it a pIDpEILj of I"! EIJIIIIU'H'. [at lmLtmn.

Cil:l:.H - 1.111159;

.I'J' Her: 15 an instance 11!th that mmutes a circla'; area.

filtlhptututyphalm - fur-ttinnt] { It'tLIIH HIEIEJ‘I " "111.1 1* thi'EJj ]-

h" "115 clan HIE-[Md Iain hm- [he]! abject-I Incl ritun“ the

H one that hill the larger. l'llfiu‘h

Eilclrmal - funcllmlilm] {
it (mt 1- hr] lrturn .15.
115! :Hum 11;

}

H Her! 1:. 51:11! Land! ”In! use: “ch if the“ fields:

m a: - rum l'lltltU-fl}: H them an imlanu m‘ tru- fittlt :lm.

{J - 2.1; H but the 1 inflame pluprttr
1M: .I - Lat-eat ]; H Jrnmhe H1! uni} instant: flit-thud

HI I - Hatha-ytliranH; H [Is-r the PI class pmpflty in a.” Ian-n {mtatiun
VII" 11 - nnl tirEIEhJ}; H LIE-it! a-nnthar Eirtle fir-stance

var '11.an - Cit:lc-l|u:l:l:|:,:lll; If.“ I15! flu.- quI.[} :Iu'l [thud

9.3.6 Example: Cnmplex Numbers

Eixnmplt 9-3 In annthtr Examplc. mmL'Whnl mar-t I'nnnnl than the 1.1511 t'hat dcllncfi a

clan: nl fil‘lln'lfi In _I:I1.':I.‘u:n'|1r. 'I'hn: tun-flu: and [111* mmmcnrs 1w wnrtll cnn‘fni mniy.

ELL umpfr “-2- .It “mu-Hm Hummu- a tan

If!

' Emplrmji:
* "111 filr drfinn a lib-pie! £1351 1n Irprnmt tmpln um“.
' Recall that I “lulu. nut-H 1:- UI! 1H! at I IHI rum-rt mud in

' jugiuzy nurhtl In! that "1|! imaginary mat-n 1 11 the
' mun! 1mtc-1' -1.
'e'

If.

' “1r. "Ht-st step :Ih- dr‘Hnlr‘ I clam: II: defining Hr. rElIltl'uEl-EII’
" Funt'tian of the tlan. This :mstwttn: shuuld init halite any
‘ il'li‘lil'HEE propertiu nf' the uhjecl. Thus- "E the ninth-1
' 'fititt 'I'iril‘tllti' that think: fil'h instant-r at th- ctin diftflrnt.
'II'

fun-:lim fwlrlfirul. infill-law} {

thin-c - Il'll.‘ H 111! [H] part of tlw flLlhl‘I
NIH-.1 - imaginary; H 111! Lamina-t3 [Int HF the nut!"

}

Il'i

' Tm: 1-Hnnd Hep in Mining I (111-! 11 refining it! thJ-l'ltt
' lath-Ind; {llld pusiibly nth-e: urnputiu] 111 [he pmluiyp! nhjeu

' n1 Ihr :mattutlnl. Mir Ptfl'F-EIHH dtHth in 1hir- nbjrrcl; Hill
' be inherited by all imtar-EEE- at the class. Hate that :ins-tanm

Wilmhhflfiml I In
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Exmplr 12. A mirrmtrrdm«m:

' nun-L Ina-em: an the this. key-III. Fa: um- Isthmus,

' no nth-H Iran-mu In mm.
H

H him 11'! limit-h IIf I cuplu win. This is lifinld
H II its distinct flu- the Irina [11.11] If 1h.- twlu Ill-II.
Ewlll.plulutm.mfludr - first“) {

"Turn mmwtfliihr'thihl + thihmiiufli
1';

H “turn I (cult: “u" that 11 flu l'rlllti'l'l If this In.

[whmpmlntnmnqfl In t Tutti-IL] {
111nm nu: (”Illi-thiI-J. -t|hi1-.;];

1':

IJ'HdImqfla mititumhMII-l returntruminIneu-uhjact.
£w1u-pnlntrpt_afl - Mutimfiflulj I[

Iltllrl'l an! {wllmlthihx I “ELI. filisq 1- thlhfl;
}

I: Phltipl'r thii (fill! m: by mm: and mum the prom-ct i!- I
4"! run twill uthct.

[will-pmflm-l-Iltillr . 'Fmtti-Ihhitl‘l [
"turn an [mllnfihinn ' tum: - thiiuf ' tutqr,

thin: ' “qu 1- “:in ' HILL};
}

H [mun I [glen njflt ta I tull" in I half-I1 It".
H "is 1; inch-l m I Hula: abjett is uu-d II I Itlil‘.

Ewl-Et_PlfllfllrF_ltfitllu — Hum-lint] I_'
1mm "I" 'I' 111115.: I ',' 'l “111.! 'I '1“:

}:

H 1211: Illa-flier this- qun diljfit I'lii- the 5-: value II Influx.
{whinpramthquh - {numltht} {

fl'fllrl'l “Iii-1‘- " that-1r II thin-,- -- thatf;
}

H lltnn till ml min of I “lulu: m. This function

H is intend m I III-Flu 0&th 11 “In“ li- I pliliti-u Illll.

[Willi-mfifltflt-i'llmf * Milli-HIE] { retur- Illihl: .'|

I.

' The third nap 1r- drl'iniu I this i! to define flu: "than.

' {mat-In, In! In]- fluid {has flflfllflifl ll 'Ifllfltill m‘ H!

' til-numb): fiullu ith [install H II. ”genie: If! “I.-

" punt-type tbjec't If the (min-flu}. late that Elisa lath-ads.
' do an nu: 1hr thh imam-Id: they went:- mly :- theh Irwin-1.1..
'J'

H lid tun {uplfl rumm- Inn 1mm fl'rl mu“.
4"! Elrrtrnt thi'l. Iith flu- il'l'ltl'l-EI‘ It“ Id!”

III-plann- - infill-I (I, hull:

H! I Ely-t him—m
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[tumult IL." .r'. mania-t I'I'Ji'HiiIt'i' rim imnnmudi

mum m twin“.- 1 LI. L: r HI;

h

H Phillip” in: tulip-1|: with lid Ilium thl plum-ti.

H Emlmt um. um mum- mm mliipiil'ii
fimpllmpmflfl - flank-1h,” I_

II‘IHI'I'I m (minim: ‘ In: - Ly " bur,

LI; ‘ in! I my ‘ Eli;
1';

H Hul- ul- mull ulrful pudI-Hnld mull-t nu'lhln.

H "my "I! dI'Hrnni u til“ prnpltlin. arid “wit uh! m" in wpl'ttn-I'

.H' tn- iI'IIIiutE that ti'm.I III intrndfl in be Eur-stint: {Lithuufll it it nut
H puniblt to lulu JIIIHHM pron-putt“ Hid-1mm.
[mpiuililfl - 11H (minimal;

{duplex-HE - m liq-plenum;
Earp-lam! - nnl Cmpllflfld};

9.3.? Private Hamlin:

.I't mmrrmn itatun: LII traditiunn] abject-uricnlcti imguugn much in. Iqu and L.++ In

thin the prnprmcn ul' .1 this can hr dccinml print:- m that thcy an: awi I:hlr nnhr m

tin: Inrtiuuh ni Iiu: dam and unnm in: manipuinh'ti by unit uut'mil: ui' thr damn. A

mmmnls pnrgrammlng lt'Li'LIiiqut' wilt-d dam I’J'kLlpH-Iid-IHM "mitt:- prrupurtin pnvutt'

umi aiiuwa rum] and Wl'ifi' luvs-.5 [fl li'lum unif Ii'l'lt1ufli'l upc'nai “chair mu'lhm'ih. jaw:-

H-cripl can Ili‘fluiflil thin “NIH“, rinwm {an mivununi lupin 1.1m: mi in ficrtkm H11]. hut

tn ti" w. tin: minim mthmlfi mun: hr Hturrd tm Hui-I nhjnct inn-tan“; Ihcf EJI'II'IHI ilt‘

Inlwr'u-cd irnm thu Fl‘lltlfl}"|'!l' uhiu't.

'l'hr t'ullumnguulu: iiiuitl'itfl hnw Ihi-n 11- Litllit'. il umpirmrnh 1n Immuuhk tumul-

gJu uhjtlt't whuw wnilil and Might can l'i-t'h'lfl hr thungud ilfltl -.1rr .waiiaiaiu uniy

thruugh Jury-m methods:

fuhcliufl I-thhl-llltiflfillill. M I[

H "111. mmtu-Etar IEiEll nnt Hun thl- width and might pmputill.
H in II‘II' EhJ-I'Iri ii. iflliiliill‘l. [III-III“. It lil'Fij' kilflrn

H Inn-Ian “thud!- in in! uhjrrt. "I!" nth-nth ll! tint-urn and
H tn: width lflli Might uh“ I" uptund in mm “up! chum.

thinllt'lilth - hin-Ltiunvi} { lliu'tfl ll; ]
tMLfli‘rfllflt - fumlimi] i [Hum h: JI

H not! that tint {lii-l- un hut ”lulu ltthflfli in tl'I-I prututypt utjul.

Ilflullhill!:1lfl1i.prfltltfit.l1tl - Hmtiani} {
"turn thitdfliiidi‘l'lii ' th15.|nHti—iht{};

i'.

ihrugiafi- {Innkinni i1- grl'wraliy uttiilni 15th:: Emit prrmll tn tiIH'u-wt' {m all it'll!!! m

publish} thii- twhniquu fur duiinmg pri'nlir przhpurtiru. iii‘j uriginui iiln'uminn Ii .1:
humffwwwmnuifflrd... run-fin run. npflpnrerflmi.

manual-mm | In
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9.4 Cnmmaa 0bjeet Methads

When defining a new Iatafietipt class, there are several Inethuds that t'aa sltuuld

always L'nnsitltr tit-fining. These methods are tletaileti in the sal'fieet‘itms that Frillnw.

9.4.1 The teSttingt 1 Method

The idea hehitttl ta‘it ringI ]I is that eaeh elasa nf nhjeets has ittt tnvn particular stri ng

represel'ltatlutt. su it shuaitl tit-tine tut apptupnate tnSttingII} metlmtl ta earwett

ableets ter that string tuna. When via-.1 define a ela ss. vent she-u hi tie-line e1 tat-t ring}. }

atelhud far it an that instances Hi the class L'il'l lie L'unretted It! meaningful strings.

The string ahtttlld eeataat ialarmstinn ahtmt the ahjeet hemp, enneetted her: use tltts

is aselul fur tlehttggittg patpnses. if the string representatiun is the-sen carefully. It

ean else. he useful in ptugtin'l'lti themselves. Additinaally. vuu "light euasi tier adding a

static parser; 1i Ittttltutl ttJ vaar elasts tu parse a string nature: by taitt ittgi '_i bade intu

nhjeet lnrm.

The trample}: class. ttl Example 9-1 includes. :1 taint ringl: :l rt'letl'ittd, and the iii-llttwl rig

ende sltnws a taitrirqlfi l' tnL'thnti van can define far a [ltrele ei ass:

[irriemmtatvpmtufitting 7 ianetim i} {
tetutn '[Eirele of radius " + 1hii..l' + "_ centered at ["

1 thit.I 1' "I. ' * thing 1 "Ll";
i

IWith this taStting{} methnel tleftnetl. a typical {'arele uhleet I'I'tiFJ'Ll: he ennverteti tn

the itl'll'lfl “Itiitele ni ta that i. eente red at in. m. 1“.

9.4.2 The talueflfl Method

The valueflft] methutl is inueh like the teSttinfl} ntt'thutl. but it is ealle-tl when

javatienttt needs tn etttttrel't an abject m ._"il't|"l‘ll: primitive type either than a string—

tTptealiv. a number. IIWhere nnsstl'rle. the lunettntt shuult'l return a pri trutn'e value

that setnel-ma- tepterielttti the value vi the abjeet referred it) he the Ihli ltevtvut‘tl.

he definitian. nhjeets are nt'll. primitive values. in air-st ehieet-s dn ant have a printi-
tive equivalent. Thus. the tieiault valaefl'l't'] method tlelinerl lav the Ulsjeet data: per-

Eartha nu eta-rivertiitm and tiirltpl‘ll.r returns the. abject on which it is' invttleet]- Classes.
such as Hamhet antl Rattlean have nhvinus primitive equivalents_ tn they nvertide

the valueflti) methud ltJ retunt apprnpriate prinnuve values. 'l'his is why Heather

and Beale-an uhleets ean behave set maeli liite their equivalent primitive ealues.

Ueeasielnailv. vuu may deline a elass that has smite reastJIIahl-e primitive equivalent.

In this ease. yea may want ta define a eustum valet-ME} tnethud far the elase. in the
Dimple): class at Example 9-1. vuu'll see that a valurtile] methntl was defined that

rl'tufi‘retl the real part nf the mint-lea aumhet. Thus, when a t .tll‘l‘ll‘ll-Ell: n-l-qeet is utter—l

1H I Ell-[I'll auntie-ultras. mitt-tumult
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in :1 numII-II InnII-III. II I'IIIhIInII III II II “rm .1 ml IIIIIIII'III IIIII'ImII III Imamnnry

III-IIIIIIInI-III. Fur III: IIIplI. I'IIIIIIIIIII IhI IIIIII-wma. I'IIIII:

If" a- - mu (”Ii-{ill};

m h - I'1III (mull-{IA};
Iran: I: - [mp'lIIII.III-I{i.bl; .I'I' I: ll. III [will mil" [1,5]-

IrIId-IIII; HdlItII-Inlmfll

['JI'II [III-II I1II::IIItiIII1 aI'II'IuI III-Elma IraJIIID‘II} rIII'II'IIIIJ: thIIII'ilLIID'IIE Jr mI'IhIIIJI can. III IIIII'IIII fl-

IIIIIII-Imm. IIIIII: pIIIIr'IIII InII-I 'Ihl: tlfil‘lll‘lfl IIII:IIIIId III-hm IIIIIIrrm'nII .III III'II'III In : huh].

'I'I'ILIII. III-hm fun Lifl'fifit‘ .I Hill-10H} II‘IIII'IIIII IIII' :I I'll-III. Inn may IInIII In l-II- IIIIIIII: IIIplIL'II III-mu:

mllmgtht: tnitrir‘t'] mI'IhI'Id III‘hI'II WU want In IIIII'II' :In nhjn‘t nIthIt I‘IaIitrI h-I' IITI'I'II'ITIILTI III

II Itntlg. 'I'II IIIIIII'IIIII IIIIII IIII- lL'IIIIIIIII-II L-IIIII‘IIIIII-r

IIeIII'I - ‘ . I‘ll; .I'I Us“. “Inc-CHI]: ditplrlrl. "I - il"'

III-III'I: - ' I attaining! i}; H DI'IIIh‘yII 'I: - I'il'.'!'I-fri

9.4.3 CampaIiIIIII HIIIIIIdI

.fJI-Ifimfl I'I'IIIditf IIfImIIIII'II IIII'III'IIIII "th13 III IL'IIII'I'III'I'. IIIII hr vim. 'IhIIt II. gin-n t'III'I'I

IIh'Im IL-II.-II.'III:I.-.I. IIIII-I- IIIIII. Ill III-I- 'Il'huth ”II-rumm- III III: unu- IIl'IjIII. 1111' d-u III-I IhIIII III

III' III-III IfiIIumII IIlyIItI hII'IIII IhrsII'nI' IIIIIptrry mm and values. II III IIIIIIII Lfirhll III [III IIHI:

III LIIWII-l‘t IIIIII IIIJIII'III Inr ILIIIIIIIII' NIL-urn IIII I‘I'IIIIIVI 1min {In III-I: I and I I thfldfl]. III-nu

IIIIIInI II I.'lII.IIII and WI.“ III hr :II'IIII III-L'II'IIPI‘II'I' IIIII-IIIIIIIIIIIIIduI I'lIIIII. III'Iu III'IIIIIIIII III-Eu: il-FFI'I'I‘E‘II'I-

IIII- IIIII-IhnIIII III pIIrIIImI II'In-III- IIIIIIIIIIIIIII IIII.

'I'I'IIII ,L‘IIII [Inwamrnmg IIIIIIIIIIIH: u-In- IIItIhIIdI Int "ht-I: HII'I'LIIlli'HII'I. and III-tuning Ihr: III-II

IIIIIII'I'IIIIIIIII III II I'IIII'ITIIIII. :IIIII IfiIfiII thingtn dn :1 JII'I'IH‘I'I-Pl 'I‘I.1I I'IIIHI: 'InIIIIII'IuI'II III III'IIII :1 i155

III l:- II-IIIIIi Inr “MAIL-fin: III‘I 'IIIIIIJIII: mI-Ihud IIIIIrII.-II nah-(J. II IIIIIIIIII IIIIII: II IIIIIIII: um-

rrIIII'II and mum IIIII'I lint :I'fil-l'l‘h'fll L‘IE'Lr-II'II III Il'll' IIth II |‘.'|I IIII-IIIIIIII nII. IIIIIIIIIIIII: II II up In
1.11“ In lll'L'iEk' III'I'IIIt "I'qIIIIl' "II-ans III III: IIIIIII'III I'II ITIIII IIII11 L'II'EI. "I'fpiud hr. 'fl'lll- III'mpl'].I mm-

IIIIII- II'II: III.~II.II‘II.I: IInIIx-I‘Ih-I III 111-: turn IIIIIII-m In III-Inn: IiIIII III-Ir hm.- Ihr IIIIII- rim-II. 11h-
LIImpluxItlInI :1. EmplIIH-l I'usm nulls.“ IIIIII'IIIIJ III. IJ'IIII III-I.

II is- II-IIII'IIIIII'III'II ua-II'LI] tII camp-Irv: uleI‘IIIII IIL'I'IIIIIII'IF, III IIIIIII: IIIIIL'nIIg. That 'III. III:-

III-m: claim, I: III pufl-Ihlr In any IhIII IIrII: Iflfillni‘t III “lnnI IharI" nr 'IIrcIIII-I thin"
IIIIIIthrr IIIIIIIIIIL'I'. ‘I'IIII might I'IrLL'I' {lnmplI'II IIumhrrII hIIIIIIII IIII thIIIr manitudlfi }.

IuI' IIIIIIIIpIII. lLIII II'IL' nIIIIII hind. II III III-I IIIIII Ih.II II'IIIII: in .1 mIIIII'IIIIIJIII nIII-III'IIII III

LLI'IIIII ”th1151 IJII I'IIII ctIlanIIII thl'fl'l. has“! IIII radium III. IIIIIIrdinuII: and ‘I‘ mar-III.-

Halt. III‘ mm: I'IIII'IIIIIIIJIIIIII III their?

II III-I Iry l1! IIIII I-l'II'IIIIII IIIIIIIIIIIISII‘IIII‘: IIIIIII-JIIIIIrI‘IIIIInth In I :II‘IIJ I-._IIIII:I!':'I.I'iI[II I‘IrIII IIIIIII
thI: IIIJIJID‘FH rIIrlhIIIJ III III: IIthImI IIIIIJ, II IIhIII mIIIhIIIJ IIII'III'I'I-I I] prI'III'IiI'I: 'IrIIluI‘. IIIIIIFIIIII'II

II'IIIu- “III-III HIIIIL- I'll—IT I 'IIII'IIIII-II Ila-II h-In II nlmfii mun-I that IctuI'IIn the III! [IIII'I III II

L'ITIEII'IID: II'IIml‘II'I'. II'I'ItmII.'I'II III III: {'I'ImrlI'II I'L'IIII L'ill'l I'II: mmpaml III II they IIII'I'I' II'II] IIIIII'IhIrI

with III: IIIIIIIIIIIIII- pun. 'IhIII may UI' l'I'IJ’j.‘ IIIII ht- wI'IIII Inn IIIIIIIIIIII III-III. Tn nII'IIpIIIII- IIhIIIm

mun-1.1m! III an mph-My Juli-It'd ImkfimIipIuru-Im III'IIIIIIII'IIE. 3.1m an m“. IIIIlIJw'IrIg law-a

mnwrflmhlcfinr II mrthntl nmnt'd IIII'IIJiIIT-IIIIJ.

Inna-rum I III
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WcmHTaflmhndslwidmasi-nflaumm mdcmmmr'rm Ihmljmm

fihkhfirmflhflhhhflhfllrdwflfiifijtflhlfiMfliwm dam tug-Iraq]

Mmavalmbaflumjdwflfisnhfitbmmmmmedt
rmdmddrmflmawhnglmflmmmfimlflfltWUfMEMhmrflmd

Wmmmmummmflnmmmm Hmminptmnmndthqlhwym

Inmbflimefikfizflmhgmfmmhmflmfl eqmlityupnam

*fl- li-

a I h a.Ema!ETD[I} 4: a

a u b Len-panmth} n u

a :- h a.culpue'|'aib]l 1+ a

a :II- I: Lian-parITnl'll} 'J- I:

I n I: ImmutlTnflfl u- D

a !- I: mamareToflr} J: D

Hun: is .1 (”artful } method fur lht’ Cumpkx class in. Examplr: 9-2 that Eflmplrfi

complex numbers lay magnitude:

(wlu.pntnt5rpt+cmuflu . maimflhlt} -[
H H I! “aft [1131 In “IL-ant, or u! glued .I ”In! tl'ul

H um nut him! a “51mm: umd, thru- an exception
H In alternative mld be In return —.'l a: 1 in this. use to 1.le

:1 Hull :11 (”In uhjecu. au- lluy: 1:“. thin a: granite: than
If any u'fluar value-5.

i'F “that H .lflutmarlimde I1 typical thatmqnitufle != "'Imctinn'}

thin-I rial Erna-Triad Immt h: {wlnmmrflufi 1"};

N This whtnflim trick "tum-s a value len- tlun. aqua]. In. an:

H [rfitlr than Ian. It Iii- ustful in my :tl'pIIrTull} ltfimi'i.
"turn thinmlnfluiafl - thatuwituflrt};

}

WWUmmmdadflhmmmflMWm bummdifln

Hum-rid“ Ththny. sartflmedirdxcqxsnsmnplilm1rglmcmampmhm fiancfim

memmmmrnMH-mflhmnmmflm-Gmmcmflqj

mkodslmnfltfiemrmmflmamyufmplexohmsufllmdtfledfi:

mlfl“!15.5nll{filrflltlflnil,bj { Iltlrl human-Inn]; I];

Stirling is imp-mum tut-ugh [hilt run shuuld wnsidrr adding a static Emmi}

rucdaud In any class fur wlfluh fun def-in: .1 march” hutsnc: mud-1m]. Du: can
:35in h: drfincd in tcrrmi (If rhl: nthn. Fm nzamplc:

[mlumwarr - furl-:tiuniam} { return a.cwpareTu[b}: };

W M1 3. medium] like this drfll‘lfld, inning haw-me: :implcr:

in: Intuit”: . wrtlIlquln: . rum: run};

in | chip-l: mum-drum:
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mmwtmtqtumtmmm“ Miranda-111mm

ntlfluplmthuaiEmfifil-l'Hnuhnnunl'watrmttmrufidtwalfll

MHMu-ntltirdhdnW.Tlttulst}nmlultapthaIMIuntq:huhnu

mmflmfitihnhdrimflrdmmmhm.fludttqiflfafl madam]

mmirmytwmrqhmmhmhahwtlummgtnnkfidtflnmmflm
1+1:mmlthmdwmmmnflt.aflflwmnahumnndmmlmm

mTflJhnn-ttammh‘mqfltfl llymmamnltflaifltmlannrduhh

hmilnhhapuhhumdwflmnmhmmmflmhdmfltymht

Imam-album. Ilm-Itatqutflnllmhfldutiflum mama-cm

flihllkmmlfilnfl'fl'flil:

H (”in tit-alt: tun-hum I'lnt tu- ttI-tlt flll put. It m1: :HI

I! pun art EH]. uni" than by tqlfl put

Enlanptnfltmmmtlla - hutimlthatl I
I'll [Huh 1 HM.- . 'thfl.:; H cup"- nal vii-t1 tauntin-
H {tmlt -- n] H H the. an m1...

Iflult r thin-r . that}; H than [will int-[inn pun
H II- 0-: Hui]! it. It If It! m1; H thhmflhfllflt}
tlltfln Il‘l-I-l‘li

.‘r:

9.5 Supetthsses and Suhdm

Java. Iii-Hr. and ntht-t Ehfi-hifll nhjn-t-nn-ttttt-tl l-I‘Ilfl'lllfifl» haw an uplmt {I'll'hltrpl'

ul' Ihr slum hut-trill}. Entry ulna can haw a apt-tiltin- [mm which it inhttrin pfflp-flr

tit: and mat httdl. Any dua- uan hut nttrndtd. ur auhdaaactl. 141 that thl: rnultlrtp, nib-

th lath-H111 Ifl hrhamtr- n5 Ihttwn pnmmsly. Javah-t'rtpt mppans puma-5.1::

inhflilanu lll-I-Il'ill ttl' clan-hand inltrtttamcr. Still. javafimpt anaIuIii-s tn III-.- clan

hit-ratchy tan Iat- Ilflmrtl. ltt [await-tip. tht: Diana data- it lht: must 5mm; and all

uthrr elm an.- spmlaltintl. m1... IIJ'I' nth-lam at It. Attic-dut- war II} n}- Ihil [E
that {1111th i: tl'H.‘ nupcrclau ni all tltr lhtlllltll'l than. and all clam inhrrit a in

has: I'I'I'I'll'll'l'll'l- [mm Ulle-ttzl.

[hull Ihat till-n15 llll'l-fil'l pruprrrirs lrttm tht pmtnt‘rpt obj-n1 ti than unnumnm.

Hum dn that-3' alt-n mhmt pmpt-mrt- flu-m ll'tl.‘ Uhtjm data? Hun-mint that I'll!“ pit-tn-

In)! ubintt It. iuall' an abject: it is (rum! with flat IEItj-flfl } atnmtm. Than. mum

tl'l-I: pmtutyp: lll'fljl'fl int-ll innit-rm: pI'le-rrlin humfittjt-«ct .ptatatype! Hututfpc-bflnl

inl'tt-ntamut is mat III-min] IL'I a ainglut pnmttypt' olljtcl: mains]. a chum fl p-rtmtqrpt

nhinttn l'li imrnhrd. 'lhwt. a {Lt-mm nHt-n inhtritn- prnprm'n {m mintprmatwr

and lturn L'ItjttLplatatn-t. Whm 1mm '0th up a ptuptttr III a (Jr-mph whit-2t. [lit
"hint Eilflll I!-W first. It thi: [nuptrtjr a nut taut-Id. 1h: mllttmrulutwl when

it uarthnl ttrttt. Finally. if ll'lr pmpcrty I: I'm! fmtttl in that ni'lpm. [lit {with

mutant”! itbtntt B flfl'd'lfl].

“unlit!
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Hate that because the Lhmpltx prattmrpe abject is Stitched heinrt the L‘thtct [matte

lrpe flbjfll. ptuperties of Conlempmtotrpe hide my pmpettiee 'II'iIII the same name

in inject.pratnlrpe. Fur l'Ifll'l'I‘plt. 'tn the EnmPIeJt class [II Endinple 9-1. I tufittit‘t ]

rim-Iliad was defined in tin- tw1n¢mtutype abject. flbjectmmtutne aha definn a.

tturtlmfl with this rtlll'ru:+ but Cmnplnt object: never see it helium flu: definitinn uf

ins-telnet ] in mpln.pmatype in fund first.

Thedafieimnmhnflthdawmaflthmmdflafilwmn rum-y.

Inmajhpnfli'mafiehfimflflflchfifledfiwwmmEflrhfli
dupmhwmfleJthflpwttsflumptufludunflm-flhflldflmmhn
mmfiutfifihifipflmfiufinfimmmmfllmhunifiwhmh

maddfiddsmintdrxhrthmdmflrpcddmuffltmflnhdnmmdt rue-inf]

wflwddfinflnfllmmwaymmpehdnmchufluflflwfiufi-mflutaule.

pntutype.

Enrflellmpmfllfifiimndainflwhmddmmfiimflnl

Example 'LJ. Multan; lffldfi'flfl dim

H the it. : sit-Flt lute-111‘ elm.

H II he. I uitl‘th Ill height H an ("die in III I"!
incur: leeenlein. I} {

th'i-Lliitl'l - i;

lhle.hl¢ht - I1;
}

Interllemmtntmdtu - human 1' return thiemialth ' thinheillltt }

H In" i.'l- hfle He nilhrt I-I-Ibtlni It
H Hut. we define I the “tell“ (it'll-1M1“.

lmetim leilflfleetnglelln h, 1, 5|] {
H F1111. Invoke the swetelul- euettuetet en the new ebjett

H in Hut it. uh mun-1i." [he IMP-I ind height.
If He use the call mm m that we innate the tenet-newt u a

H “thud cf the aljeet tn he initialited.
1! TM: in tallied eunteuttnr Hui-11.

Int-‘kxfllitfiii. I. It};

If III 11.1!" the PI'I-itifl'l u‘f‘ th- wr-lefl' can" pf the mtifill
thin: I at:

lhlhf - y;
l

H [lute I pntehIp-e fur the nub-:1.“ {hi inherit-I fit: “II- Prltltj'pl
H of the mule“. He in thil. with the heitt} fun-tum.
Imetim hells-III} [

mum fill}

Lemme! - P:
when m fill;

}

Pm i t imaflectqle¢1flntype . Iii: {Inuulmptflflfle}:

III I nap-I: hum-III“.

Page 104 of 244



Page 105 of 244

Hap]: '-I- 1. WI! ”Matti-chm um:

H 5.11:! 1h! sud-£13.11. punt”: abject H1. {In-EH with the hailfl manila-t,

H 11 in mi haw I Il'llf‘flll tttlttttutttlt ptmttt. in m: that nu.

Patina-thintfilt.ptntutwt.tttuttuttw - mitiwlutfilt;

H hall that If" tutu-ml 1h! “not“! ij-tt for an: “H1355,
H an an aid tutu-ti flthndi tn: 1:.

Milimflfi‘flli.flrflflyfll.{lflllifli . intimh”) I
"turn {I :- tltita II

I t lltlt..l t- thltmldth II

5' t “I‘th II
5' t: "tits; 4- think-1'1“};

];

at ynu can tn: [mm Eumpl: '51- 1. cutting .t nut-uh“ in Java-mitt in nu: It! simplr an

ttttatttt: 1 this: that Irtlltttts dtrtttlt' ftttm Object. FIE'S-‘l. then: is tht Issue ttf hurt-kin:

1hr i-HPETEIIS-‘l- UH‘n-Iluflur 1mm 1hr: wh'lasa L‘ttt'tttrunttt. Tiltt: uln- Itrhttn yttu tit:- [It-'15

that th: nuprrchn uunuruttm' it. 'trtt'ultnl .u .1. Int-thud ui 1hr :1:wa Ell-Ital uhj-t-ul.

[‘t'tt-u may want ttt rn'intr fircr'tun 3.1.5.4 an 111: ill“ I and Ipplfl } mflhttdtt ttl’ fun:-

n-ttrttil Htttt. thtrt :trt [ht tntltt rtqtttrtd ttt ttt tl'tt pttttttttrpt Ithtt't't rti fltt filth-clam

{ans-Imam. 'I'tJtt mml uphill} (rural: thlj pmtutfpt' ubjcct 1.5 an ll'lhtll'll'l.’ :11 the

IllPfl‘L'l-J—‘th. thtn npliuillr t-t't the cut'lltmtmfl pulp-tn)“ uf t'ht: pnttuttrpr u-hrttt.

flptittnttlltr. tutu nu}- llifl want In (lulu: Irtgtr Imminent than :11: luptrdflii Eta-litmu-

IttI' null-ti In tl'tt: ptttttltypt: uhluut hum-t.- what's impttrtlnt ilfl' tht pt-ttpcrtln thal

tltt ptututtrpt- uhtEt-t ttthtrtts t'tuttt tr: pruttJtt-pt.

Hating drimrd thu Pumktnt-dfltmnngl-t {II-H. run an uS-IE' II with unit lib: this:

"I: I: . It'll haitifllfltlull-HJJJ};

p1|ntfr-tul¢1u[j,5]}; H inn-uh .H't int-nu Hit-H
p11nt{t.uu{ J]; H intake in [untitled ilttartu nth-nu!

H the thr il‘I-‘I-lflfl.‘ Helth II-f Il'tl til-H:

pill-MIL! 1- ". ' + Ly + '. L 1* I-I-Ihlth 1- '. " 1* Ithifll};

M an: dtjttt it In instant! of all 101' that thtttt
p: tutt{r inttntwf Pmltimflntfili II:

I imtl'Il-l'fl lfltlnllr II

t int-tantwf thjttttl;

9.5.1 WGaining

In ['11: numpk ju51 5httttrn. w: saw that Ihtl.‘ Put-tit lmtfllfl] mntttruttur I'uttu-

t't-un. "cult-ti m :ttplicitly mmk: 1h: mpcruhu L'ul'tflhlctur fumtiun- This. in ullrd
t'mmtar t'hutruttg and III- qtrittt cnmntnn when crcttnng. sul'ttlatfin. II' trnu prfltr nut

tn rttplit't'tlt' ltfltf tn tn tht suptttlaett tttnsmtt'tntr 1mm rht whtlai'l- tttnsmtttrtr. term

{in at” a. Plupl'l‘lf tum-n] Slut-till“ [1.1 [hr subclass Lunflltttctut:

PM J. I infifltflli . lupin 1i“ . lI-t HI‘ 1!;

“filial II
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With this property tit-fitted. you can't use IWIJIIIHJWIHI I1 place of on

uphcit reference to teen-tile. Ind thin {I} the tup-etdue enamel-t 'Il'td'l boiler-

plate code like that

ail-I'llLie-“ll.“pflelnhelllflhlt, I, It]

IMLIIHH divert teiers tn the fll-I'I'flllh' ext-tuning toilette-ti. {See :eetim 3-2-
1.”. While yeti: mifltt he tempted ttt use thi|.emtn:tm-uperelnl instead, it

wn't work: ii We!“ creates a “helm-5 ol' Petitieeefleetlt'le. then thit.

tut-mutter will refer to the new 511th WWW. not to hunt int-elect: tile-

9.5.1 hidingWe.“all“:

Whtflliuh‘hfltkffltfliflflhflthflhfllhflfl'flflllkflinflhfldil'ld'fl'lupflv

dmtheluhdauowmtleethatnldmd.Tlisiaenhlflelfeumm thinltodo

when crept-tip, 5|th at existing elm Anytime pm define an “Entity,“

method far I elm. run oven-Hie the te’ittlnlt 1' method {If Dhitet. fine example-

it methnd Ilut n'fl'flidl"! another titl'ten mm! to Illp'llfl'l the innate-talk}: at the

overridden method instead of eepheing it altogether. Todo tlut. a I'I'H'll'htld must be
able to invoke. or duin to. the method thot it overrides

Let's ankle! an eunple Supp-me the fleet-file elm had defined I tfittit‘fl

IIIflhHiIIIIitihthh-lwiflthefirflplflr}:

Ieet-t-Ielemreteltnmhittine - fit-ether” {

:' return 1* 4' Huh-HUI + ',' e think“!!! i- 'I';
Itfnufiieelteeunfle I1fl5flhHmedmd+ younih'tntul twerehk that tned'tnd in

Fmitimedltenmple In III-ill m at the subdmn .1111: I mitt; tepeeientatiun

that when all their properties. not just the! width and height properties.

Foettiuttetllteetangle it. I timph- enough ehto the II! minim“ method can jIfl-l:

retum the 'I'Iltlfl of el remit-es. But For the “he of example. let's hindle the pair
tiott pee-pettiei .Irttl delegte to ill- eupeeeluti for the itiiltlt tint] height pee-pettiei.

Ilerebnhattlieeoderoiphthiolthlot:

Initineleetl‘h.peflttlwe.mtllll - nun-ti i
"lull! '[' i Hill-.1. I '." I- 11115.; I '1 ' I- H “I “III!

mll‘ll.flflllm.lfilllqelllltthll}: H title: tn “PHI-“-
I'

The super-duo's implementomn of has-telnet } it. I pro-petty at the fllpeuluo‘s pro-

totrpr obieet Mote ll'lIl you earn itti-olee it directly little-lee it with ealli') to that

fatten ipeedr the obit-e1 on whidt it should he filled. The tefitthtjl} nah-ad
w'nmummwkdmnmuhe-pmflmhutifmmt[opal-Eu-

mum-in outdtleti methudadd the arguments tutht'thine-titan often!)

Home that inunhin: the Inuit riql' 1| meehei-tl throufl't IIEIJI'III .pretttttfll Hat-ht. even

it' the new: duo is Modified to remove it: tfitfll‘I} Method. In the use the

ill I «in-I: hum-Inn.-
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p-tntn'trpt unlit-m hi the Emanglt darts Inl‘lfflfi tn tufitfitfll } Inttitn'I-tl nf [litre-rt. and
ll'lli' tau-tit will chain ta that fittlhfld int-trad.

Wt will mum tn t'l'uininr, in Example 9-10. which simplifies mtthn-d chaining using

ltfltlfltthtallct a: mt tlitl tut ulth-ll'uflul’ thainitmabuw.

9.6 Extending without Inheriting

Th: ditt‘utt-im ul' creating, tut-trim til'll'l'l in ll'lh- chant-m txplaim 11in m cm": a

ntw clan that: inherits. 1h: Infilmd: at anuthrr. lavai'ript is Huh a flat-1H: Imaging:

that subclaninfi and inlm‘itattcr art: not thc nttl'y my tn nth-rid .1 Elm- 'iincr Jaw-

Snip! 'luncritms ant data valun. firm can simply cnpr lttt ‘lmrtt'tw'l thtr functinns

[rum mt: til-155 for use in anathrt. ample 94 ll'lfl'l'II-‘ln a iunutitm that harm“ all Lht

mthmls. in an»: dag-5 and ttftfs. m Il'H'I'I'I in lil'lt pnmypt ables: 0f amlher class.

Etmpi'fl—i.flwm1n1mhfltllm until-tuft! hit-1min:

H hm— I-ttlnlt tn- mt- :hn fiat In: Ir: Intuit.

H The arr-uh than“ he tht [tun-tutu: filtflim! fin til-t {li'I'l-l'l.
H lull-undi- H hilt-tn tun math I! III-Int. hug. flitr. ant liq-It» Ill
H nut inn-til! I'll til-Int II.- hltrnl'd Ii'tll Hli't nthui.

tannin wttfluflmimmfltfl. with} I

ut it: I- hnufitn.p‘nfl:flm; H Flu-ill“! flint in hull-n! 'ltn
nt tn- - .Itll'lmptu‘totm: H Plfl‘llfflI-l thjfit ta fl'tnutl

tutti in ml} 'l H Lflfllt tit-tr- Ill ItntI-tttin at tht "may:
if “mat fut-[I] |+ ‘iuttin'l tmtiu; H We mitt-tum
tall] . 'l'lfll]; H haun- llu EM

1

l

Many limit-mils are tittl “Emmi! m tht: {lass ll'l-ll! drfinfi than. and it Huh-i nn 5:115:

tun try in Ill-t: tltttm itt. utltttr din-n. But it is puuiblt: ttt III'I'ilI HJII'IIt.‘ t'tttlhmb grunti-

uallysuthattlltrgrarcsuitahlc lutmrhymrclanmbfany clad. I'J'Iltllll'fillfi-Ctflam

Pmpn‘tifi. I-htamplt: 't'I-E indutlfi hm: Elna-tin that tln nnt‘ltit't; hut drlint: In: Full

mtthn-ds that nthtt clam-t can l'tntrnw. [Jam ltltt tl'lfllt tlut :l't'.‘ minim-i fnr hut-

mwittg an: {al.lrd mmtt than [If mutm.

Ema-upli- '15. Hutt- {Iii-EH will 1mm: nit-thank fut WI:

N This thin. in”: phi fin uh m in an. Int It fit:- fl-Hne a
H Ill-flit tn-‘Strifill thud that Hf bl II-‘F in‘lm‘st 'ttt- u‘lhrr {Iii-H1:-

{uc'lim Lieu-J lflafitliqu {l

wriETfitTi1.'IIer-tfilii1 - fim-rtiwil'l {

"r Fruits . [1:
{what n— in thin-l [

if {'thit-hitfl-ftwrttylultll tmtitut:

ut Hal—t - thitlni-t]:
'I'II 1 .- ttt—l .. "'

hitthttmi rah-t} |

hum-tutu. I In
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haphfl-jJfixhrhmmmmflfwhmm
can 'IF-utim':

I r- 'fulflim";

limit;

as: 'dnjact":

if (fill.- imtinuf Army] 1. I- ”Irm'
£1“ 1 :- illumtfi'lrhlt}:
amt;

that:

1 n “Huh-lull};
hunt;

I!

1' Frill-Fulfill:

} "MI 1" 1* flfli-Jflfli'; "1+ '1":

N This. Illll'l {LII-l- Hi-H. ll nah.” El.“ that an 11-11:-

H iifllt fljicts {at nullity.
fll'lflifl'r Genuiflgnlsl} {}

hiciwh.pflt¢t}w.mh - fwtihflht] I:
if [his r- that! "mu mu;

H thin and that m an] ml]- if “in m all th- n-p-rtin I"
H that and dull-H't In. In; addition] ”wink-I
H Int: than II' don't In lap cup-than. Pulp-1t! "Ill!

H lull-t bl m to Hill nth-1+ in "anti“ 1h“ :I'tf'll' in ninja“
H nut n+1: In: In 1.- 1&qu, nut raj-nu In: In I‘ll-hf.)

In: nmln‘l‘hl - ll;

Hutu: all in that} 1

pmlnThflH;

H {thinks-t] 1— MIMI-ell trim filial:
1‘

h“ h uh! illl'l that this. all?!“ hasn‘t III-II iflitiulil .1111
u: pnrflnThis - a;
fun-{run in this} nmInIhisH:

N If fill- ill lflltlfill plun‘tin, “In HI; I" at I'CFI].

if [nmlnfhis 1- pImln‘flut] "tum fil“:

H Ti: H chi-uh IIIII II In fill-Ill.
fltull tun;

}

Hunt is a limp]: flunnglt than lhll bum II‘II.‘ 1:05“qu and mist } infill-ads

defined by [he mildn clams:

H flu! 1.1. I Hula tumult flan.

mun- Ietu‘hfl, It, I, h} I[
tliia I :;

this-r = r:
flinflilflh - II;

flii-Hif'lt . h:

i

In | III—I: him-IF“!

Page 108 of 244



Page 109 of 244

mtwlumutmam r FIJI-Mimi} 1 mum thlumn * thinniiht: }

H Harm in! I'm Ilthalt far it

htrflhlhudtflfirrhnidwh. Ifltlflilih

hr InflrthudIE-Einu ltTuEtrlr', II: t-fl‘ll];

Nrflhrr ul' Ih: minus shuwn haw .1 LIII'IEINL'IEJI lunL'r'mn. but it is pmu'hlr m bur-

mw unmlruuum. 1.1. Well. In the full-.rw‘ing mdr. :I new £111.91. li- III-EJIEII. namcd

LAHInrnIthanglc. 1t inhmn mutnanc [unclmnnllty I'rnm Manual-.- ind barman: .1
mmnruum and. u mnhud frum .1 mmin na nwd {blur-rd.-

” Th1:- Inin his #- lama: 1M: depend: an it: (mattutm. I-n'th 1h:-
H :mstru-rtu: and “In! H'H'IM nit he mm“.

finctim {alumni ( this-calm: - 4:; 1|

Enlnr-IdJrututapI-qtlhlur + FWEIIW{} { "turn lhlian‘lm; }

H mfir-I thl' :miuuctur far in nu clan.

fil'llitiflfl fillnflfllnfllin. r. u, h, r] I
lutithflHfl-il.hymn-I; H [ll'ifll' iqflrtllli :mnrucmr
[nlnl‘fl.ul][lhh. L]; H and hnnnu that {alum :mflru-Ltu

H 5H .1: 1h: [ml-cut“! uljnt tn ill-hull It'll-rum fun Ifltfl‘]!
[ulnlefletthfllmmtntwe - hrifiltctanllhprntntype};

Enl“mint-null:.plntntfi:.:mfi1mtnl . [nhuqlettmllq

H MI! bunn- fl‘u "not; or [inland in; nu: nu (ll-u

bunnhthndiflulmfl; [alurrfl‘cnhrllrh

'I'he [uhnuiflrumyjr [1m “bends. {and inherit: mrlhlJIlJl {rum} [flunglu and but-

ruwa- mflhmla- [rum flrhnd- Rating]: ital-H inhtntfi- hum DID-jut and b-m'ruws I'I'mn

{Lenrnclinwali and {knrm'l'uE-imng. Mlhuugh any Imul uf strict Anal-mgr is imp-unu-

HE. yuu {an think of this. as .1 hm]. ul' multipk‘ Inherit-anus. 5mm the Euhndfluuanpk

class!- Emma-1111: mrthmh- Hf Llrlurrll. im-Imrcs LII' tit‘rkarrdflcnmflc can hr: Luna-id-

:rnl inuuncu :Jrl fialurcd as. 1ml]. Thur: imtmlnf :hpm'lmr will nm rufmn lhii. but "1-

Emma" 9.13. we'll dn'rlup 1 mm: ”uncut mctl'ml fur drtrrmmm; whnhrr .m uhjrut

inhtnls [mm M harm!“ {mm a smlfied Cliflfl.

9.? Betennining Object Type

Ilnvahmpt n- Imrsarly Iypcd. nml .[avmnpt “him-run arr :wn um" [11¢me type-J. 'l'htn:

m :1 number nl' wrhnlqufi yum can urn.- In detrrmine 1hr in": WI an urban-an- value In

Ilawfinipt.

Th1: mus-t uhu'iuus tflhniqu: is 1hr: typeaf ups-ulna “I” mum: lam: Bruin" 5.10.! [m

dcuila}- tun-Inf i: nul'u] pliflulil‘f hat diuingunlu'n! primuiw Inn-a. I'lurl'l ubjruu.
I'I'Irr: an: :1 frw quirks In typin'l‘. Finn. rcmtmhc'r that tymi null i-i “akin-t". whllc

1W! undefimd m “undcflm'd'. Mm. thE rypr m’ any army 1i “Mae-:1“ lunar": all

may: in: Ubit‘lfll. Huwu'rr. lh: Iypi: uf my funIL'Ii-zm i:- ‘I'ullutiml'fl fir". lhuuyJ‘l

I'unnium an ubims. tIJ-u.

uni-mum- l n:
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9.1.1 instantaaf and tanttructat

finer fflll hat-e tlett'nttinefl that a ‘t'fllllt is an ahjeet rather than a pri mit‘i e: ealue nr a

Euuetiun. 1,mtt can use the instaneeaf npetatnt ta learn rnun: abnut it- l-erexa tnple. tl

s: is an array. the falluwittg eraiuates tu ttue:

I. int. tan-teal: A: I as

The left side uf instant-«at :is the Flint It: he tested. and the right Etllll: sl'tuttltl l:IL' a

eunsatruetut tune-Hun that defines a class- Nut: that an abject 1:: 1n trutattu: 1'.th in. men

class and HI any superclasses. Set, fur an}.r subject It. a instancaal: flhjerrt is always true.

Interestingly. Instanteaf wnrits Ent' ftlnettnns. sn Eur any Euttetinn 1‘. all these espres-
saatts are true:

typaaf I u '"filttfltln"
'F iflltlf-EH'F FL-I'Ittttln

f instantsef fltija-tt

If enu want ta test whether an sheet is an instanee at true specific class and mill an

instance ul same subclass. than can cheek its canstIuttm' property. Cunsitier the ful-

imfing L‘tfllr'.

var el - nan [late-{1; .-'.F A. Dal: nhja-ct; Isl-l: Extend: talent

var isahjeet .- d instanceaf flajett; H evaluate-s to true-
tra-r realalsjatt = d.t:ttns.trut:tar==t‘.‘bjat:t: H evaluates. tn false

9.12 Uhjt‘stt.t05trin9l Hut (1ka Typing

Line shunt-netting at the instaneeat uperatur and the ear-stutter Prupertr is that they
alltsw trnu ttt test an tshjen 1'!an against classes mu already.r ltn aw aht'lut. The}.I at: n't

Ltseltti tn inspeet unknawn ahjeets. as Thu might tll‘l when debugging. fut example. t't

uselu] trick that uses the delault implementation at the EltjectJaStflwH maths-ti

tan help in this ease.

as slim'm in «Chapter ?. nhjeet tletiites a default taittingt} t’l‘tt‘tllt'rt‘l. A try elass that

tlues nut define its awn methud inherits this defiult itttplementatiun. .I'llfl interesting

feature ml the tlelault ‘lttafi‘ttjngfl methtrd is that it reeeais smtte Internal type inlnr—

tnatinn ahaut built-in nhjeets. The ECMt'tt-ieript speeifieatinn requires that this

tlelattll taSltinfl] ntetltud alwan returns a string ell the farm:

[abject III! 5]

class is the internal type at the ubieet and usually eetrespun-ds m the name at the
{llflil‘l'uflfll fullL‘tiUTl fur the uhjt'et. For example. arrays have a class Uf LL.t'ttragr',

Euttutiuns have a class ul “Fanatiun', and Date tibjeuts ham: :1. class Lil “Date“. The

built-in Math nhj act has a class at ‘h-lath“. and all I-irrnr abject-i {including instances

at' the eatieus EI‘I'It'It suhelasses] have a class at “Emir“. Client-side _Iaea5tript

ubjtze-ts and any uthcr uhjccts dEEi‘IIEIJ by the _Iaea5etipt implementatiun have an

implementatinn—definetl than {such as ‘Wintlnw'. "Dneurnent". err ”Farm "1.

theets nf user-defined types. such as the {Lirele and (maples: classes tlet'ilierJ earlier

in I tunnel: mumfllmmu
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in lhli charm. alway: haw a tins: nf “Uhjrct'. hnwnlrr. w- Ihh: 14:51: rjnfl] rech-

I'quu4: is ursflul LH’Ih‘ fur l'ruiIl-I'I'I uhiucl. lypfl.

Sim: mus: dams nucrridr [I'li' drinul: hitting” mnhnd. yflu can‘t ilwnln- i:
lulu-nth.“ utl all ubj-Ecl and exp-mt Lu find in class. unnw. lnalcud. you ref-:r In the

drhuh tum‘tiun I:'1I:|1Ii4.'itl}r in Elljectmrutuwpe and um.- apply[] In mmkr it an thc
uhjtu whurst [fpi‘ ynu‘r: inltrcs'rtd in.

 
alien.prututypeiufitringpplytu}; H Il'lifi- invoices the dEFluIt taitringH

'l'hi'i trchulqur Is uficd In Examplr *i-h tn drl'mc a I'uncnnn that FFHU'Idfi rnhancni

“nu-pt nt“ Eunninnflity. M nmrd earlier. the refitting” nmhnd dunes um wnrk I'm-

uwr-driiuud LIME-EL flu in thin; can; thn: I'unuliun Lhudu fur a suillgrvnluud pruprny
uf tl'n: tufls-h‘urluf namtd 1:11:5an arid [Eturlli- 1:5 Palm: if :It racist;

En‘amglr ‘l-fi. Enhmmi firm! Hailing

hmnim grtTyptEl} {
I! if 1 is null, return ‘null“
H [1 “- null] JEturn “Full";

H Hut tn: the 1”th apt-rim:
'I'l'l' t - lap-ref at;

N If the ran-1t i5 n-nt vague. ”turn it

if [t l- "ahjul'j "turn 1;

H Elma-tune; x [4." In abjltt. Use 1hr flfault tnsuiflfl} Mint-fl to

L" :91: 11h! {llll “IL-e- of [he uhject-

u: c - flhjtu.pmintyp-Ltafiuirg.applyfiu}; H tuning. "[mjtn clan'l‘
r. .. ramblaimfl, Liam-1]; J'J‘ Strip DH '[nlajut‘ and "I"

I! if the c1355. is not a Hague one. return it.

H: [c !- "Elljfll'."] return :5

I! If HE get here, L' is ‘ijett‘. Erna-cl: to see if

N thl: Blur 1! :i'I- Tully- just I ifl‘K'T'iF nhjcct.
if [Lumstlmtm rr abject} Ieturn :: H '1th tl'rr type [#51115 1'5 "inject“

1"" For din-Mined :IIIIHIH.I lent for I "lir‘rnlufl Ill'llpdfl‘h' uf
-I"Ir 1h! [fillflllfllfl fliIH fluinm.

i‘F [LEmHIu-le II l.{Dfl11lu{IflI.E1lllfl—E IE H H Ell“ hl1 I name

trpmf -.camuu:mr.:1nsnm .. "firing“jl 4"! HI! iI. is l min!
Ifhllll metmctnldhunm; H HIE'fl "2|an it.

H H u! 111.111.I can't figure it nut. 53; an.
[Elutn "turknnqn 1:51:31";

Namath-pl I I?!»
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9.1.3 MTyphq

fimismnld Brim 'Ifirwflhlikciduckmd quickifltn duck. is: duck!“

Tnnshmd inn:- jat-aficriprths aphamnismnmhmmhnhyirhfi fly:

'lfitimpkmmudhhcmdmdidcfimdhyichfiitisanmnffintdmf In

Hutu-bk, thpudlmmifihjflafiuiphdflhulkddldfipilg' Hmubjfl:

hathpmhdcfimibychnlpummitumimafdafilmi

itmmmflrmudflhthrlflmrfiuxfimi

Duck WI." '15 partiallarlf with] in minim with Elm-5:5 flut ‘hurruw" meth—

odsl'mnmhtrdflfl's. Euii-rrirnhtdqutr imagledmbmmwtddfirimpk-

unnufiun nfan nun-11H mthadfium lflfltbfl'dafl named Genuitfquals. Thin.

mmmflmflrmfiflmhhhmhflamdficmfli

T11:ifitflflfnptmmlflflmlrrpunrhhhmymunflrfinramtdludflurwifl.

Mfle!?fl1¢mh¢w.

Btu-#11 TWMflmmfhmflrf-rdln

{Jumnmlfmflmuuflflwflughnmmm

Hana-Imam lF-flitlffltifl rmflu-nuhjflt.-¢
H East the prn'tl'ljlp! H n 111!!! than a iflflf.
H H: till: m1: finalist “1.:er lethal; 1.1: in mind, at

H nigh-MEI. If a class but-rm l lfl'nll and film nun-it: it.
n m: let-Ind: H111 mum fllu.

f‘l-E'I-‘i-II'I hull-uh. r] i

H lfllirrirl ilutnrufs-rthir‘. thmafrulfitulhw iflfl'flfld’i
H (a int—mi: c} nun- “1:;

M It i: innsifll tn 'Il'fl III-tuner thl lithe-Is if I built-1n tn: hut

H hem Install, tin! th I“ r! hiltrin Inn. In Ill fl-f‘lll.
Hlllmm ntfiud in Hill. rm" Itifld‘f 'l dul't Inn“ iii-III

H mm: H nun-iv; .1 myth. mm mm id! 11h: Mu.

h" but an I: dilliflfluifllfll fm fill-t i'l' tit calm rum in

i'I'tc-Imq ”calla-flu! Iltnflflelltnfltm ||

nummllnuue-I|:um||:u5u1rfl
l'l‘tll'fl lflfinfll;

H [W n- — Win? a - mm;

“I m I 1.7-le

furtm p in m} [

H [pm Hurt-in that art not fun-dial:

H [W Hutch] !: "fl-Erin'] tutu-II;
H [IIF] l- plfldpll "tin flhl;

}

I'Ihll'l that;

* Mm‘fifim'inhflpnpdmudhflrhhmh‘ugLfimthmtu
inn-pk.

III | «ch-I: tint-Ind”
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Th: Mutant“ ttttthnd nl' Example ‘11-? it ITIHHWIF flfit‘l! it I‘eqllr-H the nhjtrt It In

l'lfl'r'l' mm: mpm "I lhl.‘ melhmla uln'finmt by the ulnar: :. 'I'Im' alum}; typing in. mnn'

tltxlltlr: u hl'llllllll l'll' L'Lmtldtrtd an Ilhlnm'l: uh ill lung at it prm‘idr: Ittttlmda that

lmtk lulu- I‘l‘ltlhudh :11 c. In javahrlpt. “Inuit liltr" I11I.‘Ltlt!l "haw Iltc Ham: nnnt: .12."

rlml {prrlmpn} “arr tln‘larnl with Thl.‘ mmr numhrl 11F argumcnn .11." Examplr H-H
.thuwn .1 mul‘nul that 14:“!- [I 11' Iltln.

fii'umpu'r 'J-H. Tun-rig whrflm' ntltflhtfl'l' prtrmin Ini'l'hml'i

H Iatutn true it :1 Im- nt-thmtt- with the ”I! nan;- and .mty I! 1:11

.I'J' uthudt. in It .plalutme. nth-thin, let-urn “he. Thtnu In extflthan
H H: I1. a. built-in type with mum-ankle nethaun.
'Funclinn ptwidlllu, {If

H 11‘ I: ittlmllr it- in ’Imtilrntt' m‘ It. 1.! minus]: [nah lit! I:
H in imta-ncuf :1 tit-um that:

H If I- cmunlttnt tut pnuld innud of In IIJIEIjH'I:r u“ in. ptltntfln
H ttypmf n -- "Functlm'fl :- - mlmtuhrprj

H 1hr rI-rthudt at bulltdn typu m not iflLIIl'HhH'. ind Int- ”turn

If urdLIfinrd. Dlhuuiu, 11w nhjltt uwld Iplt'll tn pruuldu my ad
1"." the bulltwin lylfl.
H t: .. mu II t .. lat-Inn || 1. .. Int: ll 1 u Etta: l|

: n Funntm || : -- lulmu H c u Elgiup || : u fining]
Htutn undefined;

HI putt: - Lptotutypt:

I‘mtur p h pram} { H Lam: [taxman J11 prop-1th; in Lprutntyp:

H Ignore “martin. that It: nut fmliu-nl.

H {typIc-f pruluhl] |- "twain-I") {mtin-ui;
.H" H a that. nnt harm a prop-lug; by the uni mm, "turn I'll“
H {hut in 9}] rrturn I‘ll“;

N If that “nutty u not a Funttlm. "tum “In
H {Inn-of n-[p] l- "funtllunhl trtmh Fill-l:
N If :11! tu-u Fur-{thum- I” nut Hum-d wilh tht Hm Hl-lbfl'

H II'F ulutrnh. "turn 'llll.
H {qu1Jer‘th I! plnln[p].]mlth) I'Elllll'l Ill-LE;

1'

I! H 1.11 the I'IEII'Ifldlr than: out. u! {in finally [Hum Hut.
"In“: true;

}

M an rump-II: ul' whtlt dud: Irrr'mp, nml Iht‘ prmidufi mt'thud :In‘ “awful. u'mmidrr

thi: twirlTuH mt'thud tlrnt‘rlhud ill hum" tin-1.3. :unpanTul: ] it- Itut .1 nwtltmfl llut

IrmJH Itsrlt mhum-«:1Intrlltlt1 [am it wuuild Mi“ he run: it w: L'lJUlll easily tea-it Im- nltlc'un

that :er «'nmpnmltlr With thr t-fl'lpllETfl-l: } mcthntl. 'I'rl dn 17'1“. MEN 3 i 1mm parahlr
dam:

functiun Ewltabltfi} {]

fmullinpwtutywmwnfln - tmrtimlthat} {

Htmu "Elflpll'lhlf.{flflpl1lrl1{] it lb'i‘tl'lcl'. Dm't Inuukl ill‘:
I

muumtm I m
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This Lhrndehle tless is them-t: its rttetlsnd isn't designed tn setuslly he int'elted

but simply te- define an M]. ‘lfith this class defined. l'fl'r'l'flr'fl. yen. tart thee]: it the

uhjeets fll'l be tempered like this:

H fillet she'll-let dtujeets e ltd p tlrt he e-pltetl

tr They nest he at the use type, and that type trust he eupeult-le
1t {n.eenstruetur =. p.ttil'lal‘_tul'.l'.ttr .II presideste, tut-punk]: l:

1r-tt etdet - e-eellttt-te'l'nltlli
t

Note that herth the better-est} and ere-eldest] funertens peesenred in this seetien

return tier-defined it passed any ee-te jeeflttipt httJlt-itt type. such as Artsy. This ts

beetuse the properties at the peeretype objects of the built-in types are net enumera-

He with it festin limp. If these lunetietns did not explicitly e'J'teelt th builtsin types.

and return urfiefinefl. they would thistle that these limit-in types have no truths-d5

tend weuld always rerurn true I'm hutIt-in types-

The Army type is nut that is tenrth ettrtsidering speesally, hnwe'trer. Recall frettn See-

lien. 1.8 that nutty entry aJEtttithttts isueh as iterating user the elemenls} east mrlt

line an objects that are nut: true strays but are artsy—lilo; Anvil-tee applicatiuu utttuelt
rfi't'rrtpr is tr: determine Which ttl'ljeets lit-DI: liltt arrays. Example “-9 shows titre wey tn
den tr-

Elmple‘ v-9. 'Ieetetgfitrmay-ldte etiquette

{tinnitus lsltrJyLitetjn} |

H [s inter-steel Irtey] return true: If lesl errlyt. It! IttIy-lite
it l't‘lerteth‘ in Iii return false: H fitters lust here a length property
It [I'll-peel Ller‘th I: 'eefltet'] tetutrt false; H Length list he a reds-er:

it (Lie-utt- e at retard telse; H and wtiee
:H l:.lmgth :- [till

N If the uny- 1:. mupty, it use. at .s alt-ill.-

J't" have a property defined itese eta-e is the rut-er length—t

if {l{tl.l£l‘th—1I in 1}] :eturn false;
1
return “H;

l

9.3 Example: A tIeFIteCIassl ] lltilit)l Method

This chapter ends with tr defineflassl.’ l unlity hmettettt that ties tngether the prefi-

ttus discusstnns erf ennstruetttrs. pttHstqpts. subs-lasting. and httrrmtrinp, :tnel ell-trim

trig. Example 9- ID defines the iutsttidn and Example 9'- ll shes-us hem it em he used.

Limplr 9—10. '1'; Itilflyfumtmefor defirne'rgtlflsrs

Ill-i

' whittlessfl -- a utility Fu-I'httitth fee defining limes-tripe ell-sses.

" This fil‘ttfim etpeet's J sirfile rib-jut as its surly argue-nt— It Minter-

' ii men JaeaSeIip-t eliss hisetl Ill the data: in that object and returns the
‘ ees-uts-uetes finetiee ed the rte-u elsss.

m | nap-e him-Immu-
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Erma];- I-I- ID. ‘A ”MMMH far ddimunhm

Ifii

' l'lu ubjtn plum as in illlflflt shun-41d Mn mu n all a! th-
' Mllmlm plum-run:  

nan: 1M nan-I af thu- (In; “In: sir-Haul.

If “Infill-l, um nlur Hi”. hul- Hand In th- {lulu-III

pup-Ht}- af than rlturud :Miuwtnr mjln.

fillfil: flu tfl'H-Hlfltill' ¢f thi- Ill“ tn but "tun-1H. l'h-i lath-mid

{mtluflul ”Initially H'llll'll to Hi: Funfliun. "111: “In

n mm In fl'w which“ nap-rm IH' 1h- :dhtI-clar uhflcl.

1m: 11n- inilhl [nu-an. fLullm In: the clan. I! min-m. IM-

{mtru-rtut Hi1]. flu I“. :fl' ih "Ill-M1 tn thin \‘L-E‘Iill'l.
HI: {mun-dd: 11m autmtinliy inn-uh” the III-litmus:
cur-4m: lul with-1hr u! “man. an “II-I 'I'Ll'lilll'h nut! "pic!

HF! HI! Jun-mu. in m “It will". H m sup-1H1!“
(mtmtut. and can add additimavl lrlhlll'lf'i It thl mu.

“this: In uhjin that sncifiu tin if'lflllfl-fl Hithndi {and with"
Mantra-d paupmhl. for mu Ill“. Tr- pnpnlin mi

m». ujul bun-t llfllflifl :1 HI Hump-r. Hflhadi
lII' inn In urn-lulu!“ Franny fur tumiq. 1H]- an

{all 'thlinflhlh I'll-flit!" tn lmuh 'lhl- HIM-ct thljl
mtrifl. Ihh fmctim add: prmrtiu 1n the Hutu-ads in

Huh HJHL in: run my not pun til i..- ulna-d in hm
tannin-1| WI hf III-I: llI'I-{J .

lljll-ll-IIII-llllllf
Illlln: In mjnl II'Ifl wlfln HI! filth: wind-I- {Jun-d u-LIIII Itnti:

prop-nun} fur the tlui. The pnmrrtin :If thin ubju'r hum
Mannin- cf w cm-stluna: fwtim.

III'III-IIIII
I”

funninn flfiutlufldin] -l

H Il'llflt In: nrmutln 'Frm in. “wt nah-jut
m nth-Id - dill-I'llfl'ld'.

m HIPI'IEIIH - nth-Id H leu;
up in“ . Hindi-Lit:

ur Ill-um - nun-um || "umml :lm";
in nth-um - mqulhndl || {1,-

m 'l-‘II‘HE'I - damn-tin II I};

H th a {mtlmlm {uni-m Hut chum h: In tun-clam lflllflflltflt
H Ind 1hr" all! thl Inj'ljllifltiun "thud of thh lII'I-‘I.

N Thh Hill Hum In: "turn “In H tlm drfluihufl I'll-thud.
"I tun-Ltnlctur - l'urlztiunij {

il' {Hut-l} {autumwlynhih tun-mu]; H lulu-1h! Ill-ll'fllli'i
H {in-it] influlmlyflhll. "mi-LEI; J'I" Inltlillfl wnllf

}:

H [fly Hui: plugntifl u thr :mtfluflnr fut-Him
if :dludntin}

fur-[HI p in flith'llflllifl umhutlulhl - dih.1'lflkl|p];

WIMIHW I m

Page 115 of 244



Page 116 of 244

mummmmymm

If.-

I

r"

H in mini-I In! tun-lull plum-Hun I! III tfl'l-tlfl'lflll

:mtulumpflclni - with“;

tntmtnxlum - tlflfl-i

H (ml!- I‘III ijfll 'Ihfl I111 II 1hr [IMF in I‘ll Ila-u.

” “uh. I'- fljut mt until: fr- “: with“ ”It”.
In rum - {mull-u -- fijflfl I' {I- : hillwfllnhflflflml:

H can intru- I-thn {and cum Hum"! u in mm 1:qu-

hlturpln HMJI JIFulIc-III-annjifl
H {r -- ‘Mlflu‘i until-ll; J: Hill! Inh-
m-nmlp]; HMIIIIIII-Iluum

H {W I n 'hllzflm'] { .H' II It 1| I littl-
I.mnflfl - firm-[ll]: 1” m Infill! 1t unit-I
nun-I - p; .H' tall 1!. in: H1. _ In.
I." - til-“mt": H '11] 1!: mill :Lm m H.

It

MEI-l: ffhlllrlhflilmw
l

H In It. I infirm III-p m't mu! null-Hill that III-II flu ill In

H u nun-“ml: mm um ”bl Mum-In. II J Hum

H “~M. In lull-I1! fl- Hui-l lull-HI fluidly

if (mm-Mmmrtdui-rfl I H IE III-tif- HI
m.MHM.II-Inih| I put-Janna:

”.mlliqmfi - ‘Ifi'uiu':
MIMI-[1‘1” - taint":

um.u&ui‘ . mJfl‘IIII‘;
l

H Ill lunch Han-ll III- in Hui: Izmir-Hui 1-1
[mum-film . cum-1mm:

”mun run-tutu lath-drain [um 11-
lfllltfllfl'JW - ”m;

H Fin-I111. "hum tit Elli-“IE!“ firth
nur- mun-mt;

'mlmflhlulmpulhm
'F

{Inn-I huh} I

I

Ill.

I'll-clic- IH”

II-II-Illnl-I:

I'H'lfl'l In Ill}:

' thin I'I- I'll all“! fill-Itin- I- fill I’ll-ul- .1 it: "Iii-”l plum-ny-

'Ihflitflt'flflfll'fl'IHH-Iw. MWWHtI-Im

| In“ hum-Innu-
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Mannie '1. m. 'A. urfl'lnl fum'nnn gar n‘rfimng rum-r.

Iflii

' “gull-uh Dhjfi't if thr: mun: I'unItliIrI-i I.“ all“ FIFPHh' i:- uuil tn

' dettrnint hint functim h during the chaining. The third "plant is» in

' when-11m]- {IF when 1: pm In 1hr weniddrn lethal. If nine-d.

* H1! irrmd Him!“ j: med 1mm. planing :11 at the 1111““; ugh-Hm.
' an In: thu- mrridden "than.

this "than "tum the Htum 1|:le uf 1hr menial-1M Mthfil‘l n
lhlnn '{hlirI-Elml' 1F nu wurrlldI-H method tun-all bl lat-mi

lrplul lnuntuim: :hunnhn. ugmnu]

' l'n- pan. diHerml up: :h-inlllhu, lune-1h. [5. In]:
'.|'

lunclinn chain-tn, IIIl, pus] {
'l'll * - iIlI-d'llll'ti H Th! calling. l'unrtlun.

u: I - {.mlerridu; H Thu! function 1! chain: tn.
1|." .1 - pan. 1| “'1; H 1h: “film-rent: He'll pan. to 1.

if ”I xetum ripplfin, i]; H [il] 13.;[31 and return in value ii- nun.
the than "chainE mm" H inn-plain if nothing tn fluilli'flfi

}

Iiunm plr HM I shnwu 'ifll'l‘l plus urn-Lin: Thar win that definfl: lam: 1|: fun trim.

ixwmplr '-|- F l. I I'yng rhr 1Irfim-f'hnflfim. mm .

H a “Hr ilflll: lenldnllr Llfl'l-l-

'ul-IEI' Itch-nit! - definfllisifl
I'lflE'. 'H‘EEIIHIIE'",

in”: Functioninhllf
thiLh- - u:

tnim - h;
1'.

thndi: {

nu: hmliml] 1: :i'lum thiim "‘ lhls.h; I,

mini-'1: funninnfi} -[ rrlurn ‘[" r 1mm I - thh.h r ']* I
}

H;

.U' I. “fir. In: if lazuli-Ill:

HI lutitiwflutanllr - dcf‘lr-IEII-H-H

nu: 'I'usitimedFtI-{Hrgll‘l
nlrnd: Ifl’rI-nfilr,
initr fm:tim{r.h.t.fl -[

H Int-hull: chaln hm: lfiItinih.£l11{th1$.u.h.l.r1.|
thiLfl - 'Ij

mill-5| I r:
1'.
Mlhfldi: {

11.1mm: fmc11m[n.y] {
[Etulh l :I thi'i-l It I I: Hui-Ll II- "I'LL- II

3| :I thuqr II r I $11.3- - finish;
1.

tu'i'lllng: funniu'lfl {

WIMJMW | m
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Eran-1&1”. limgrhrdrfifihfltlflmm Mallard}

H I. wry Hull: Inn-[1i clm

[Hun rhinhhhl “lull-m] l' 'l_' I film: I' '.' 1' “111.1 I "J":
I

I

H:

u: uldllflutlr‘ll . Miflfllufi

_: '[nlflllilrtfili'.
n'lml: Mltlmtflflll'.
in“: lertlhI-{IJJJJI { “In: - r; I.

Hula-II: {

tlilllr': {haunt} l[ rl‘lum “1h”: 1 ": " t :hlinflhlhltllflnhfl
I

11:

II I unit “mun-n.-
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CHAPTER 13

JavaScript in Web Browsers

The first part eat this betel-t described the cure JaeaScript language. Part 11 moves L'II'J tu

.Ias-aeicript as used within web brawsers. catnincnlir called client-side Jasraticript-‘

Mnst til the examples ynu‘ste seen an far, while legal _|aeaScript en de, have ntt particu-

lat cctntext; the}.r are Jar-'abcript fragments that run in nu specified entirelnment. This

chapter presides that context. It starts with an pvetView at the web brcwser pra-

gramrning ens-ircrnment. Next, it discusses how ten actually-r embed jas'aScript cctde

within HTML tictcnniertts. using escripta tags, llTl‘elL event handler attributes. and

javaScript URLs. These seetinns nn embedding javaSeript are fnlltiwed by a sectinn

that explains the client-side javaScript exchtinn tnndel: httw and when web hrtiws-

ers run jatrnScript cede. Next are sectidns that center three impertant tupics in java-

Script pragraniming: compatibility, accessibility, and security. The chapter

cuncludes with art shcurt descriptiun pf web-related embeddings cf the _]asraSct'ipt lan-

guage trther than client-side .It'ts'aSCI'lpt.

“When javaSct-ipt is embedded in a web bruwser, the bruwser cxpuses a pnwerful and

diverse set at capabilities and allows them It) be scripted. The chapters that fellbw

Chapter ITi each focus ctn nne tnajnr area elf client-side JavaScript funcrinnalitsr:

- lIllliapter 141 Scripting Browser Windows-1 explains haw jaeaiicript can script web

hrnwser windnws I133 For exam ple1 ripening and clnsing wind nws, displaying dia-

ltig buxes, causing winduws ten lurid specified URLs1 tar causing winduws he get

back at forward in their brcwsing liistttry. This chapter alsn casters lather. Iniseel-

lanectus Features pf client-side _]a1.ra5ctipt that happen tel be assnciated with the

Window abject in client—side filaeaficript.

t Chapter 151 Scripting Basements, explains haw .Tacaficript can interact with the

document cctntent displayed within a web brcI-wser window and l1ctw it can find

insert, delete, IJr alter ccntetit within a tlccnntent.

' The term tlJt’lfl'tiH-lll jih'dfit'tr'pr 1:: It” m'et tTI‘t-t't't the day's when _li|‘-'i|-“islrl[.:'r was use-ti 1|"l lll'llj' rwl‘t places: web
hrenwsets. {clientsj and web screens. .'1l.fi-I|il.'.'il."ill:l'lp[ is adapted as :: scripting language in man: and Incite ens-i-
txtnmentm the teim client-stale makes less and less sense because i1 tin-e511 't: specific the client side ist what.
Netenlteless. I'll enntinue In use the term in. this lie-alt.

235
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' {.J'IflrIIE'T lfi. mredrir'ng 5:er Sheen: undtljummit: HTML. ere-lets the interaennn

tiIJae-tifiel'ipl and {.155 and she: it's. new _]at-a5el'ipt etude ean alter the presentation

Ull- a deetmtent b]: 5::.'ri[_1tit13.r| C55 styles, classes, and atylesheets. Due ].'Ilartil_'l.1i:ttl].r

ptttertt result titt etttnhirting aeripting with C55 is Dynamit.‘ HTML [tir DITI'ML]
:In which I I'I'Mi . ennrenr can he hidden rtnd shtiwn, rntwe-tl, and even animated.

' Chapter [7, Events and Event Handling, explains events and event handling and

shnws hnw .Iat'afieript adds inten‘tetii'irtr tn a weh page by allnwing it it.- reHrHand

tn a user's input.

1' lEihapter [3, Ferrari and Farm Elements. eu'eerti lutnis within ll'l'f'e'IL deeurrtents

and El'll‘lwti hnw_|ae:t5eripi can gather. ealldate, prawns, and fitlth'liE user input
wttlt feline.

1' lChapter [9, Ctillii'lfle'E and Client-Side Ft'rsr'stenee, shtiws hnw Jaeaietipt setipts

ean persistently tart-Ire data using I I'I'TI-1 entikies.

' ChnF‘IL'T 1U, Bern-Hing HTTP, :irItrtt-duees HTTP scrip-ting {etirnrntirlly knelwn as

Ajax} and dernnrlstrares htiw_]a1.r:t!~i-eripr ean enmnittnieare with weh servers.

* Chapterll, jurctEerr'pr and XML, 5l'ttZI'Wh' htiw javaS-L'tipt can create, ltud, partie,

rtaiisftirrn, query, seriaiiae, and estraet int'nrniati-nn Frrtrn I'll-1|. deueunients.

- Chapter 1.1. Strfpreti Cheat-Eek Graphite. demonstrates. mtnmen jet-tiSeJ-ip-t

image-menipuiatiun techniques that can create image relievers and nrtitnatiuns

:irI weh pages. It alsti demtinstrates several techniques Fur dynamieaily drawing

eeetnt graphic; nntleT_|avn.':i-::ripr mnTn‘Ii.

' (Th apter 1.3;, Scripting _J'u t'u Applets and Flash Merit-s, explains htiw_]a1.ra_"ieript ean

interaer with _Ia'I.r:t applets and 1-1th men'eies em bedded 111 :t weh page.

13.1 The ]Web Brawser Environment

'I'n understand client-side _].’IV:|."i-L'ripl', yen: must understand The prngramrning envi-

t'nnntent presided by a web brewaet. The fnlItIW'tne secr'tnns intt‘nduee three inane-t-

tant features. at that pmgramnt'tnn, environment:

- The Window nhjeet that sen-e5 as the global abjeet antl gluhal execution enn-

text fur elieltt-sitle _]a’ee5eript rude

- The ehent-stde nhieet hietareltg: and the Dnetnnent Dhjeet Mndel tltat farms a

putt eat it

- The et-eItI-dt'tt'elt pregtatnming ntetiel

These seetinns are inlltiwed he,- a tiisettssinn nF the prnper mule nf _|a1.-'a5i.etl]1t irI wehn

application tleeele-tintent.

en | {haptefll-t menetmweammm
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13.1.1 The Windew as Glehal Execution Eentert

The ]1rllT|:l.F}' HIE-ill: nfa welt htnweer :i:-: tr.- diet-la}: HTML Lineurneltre in :3 wineinw. ltt

tiient-et‘de Jaeahierilth the lineurnent tthjett tepl'efieltts an il'i'ML eineumerlt. and the

“"irttleltt' ubjeet represent:- the brewser wititlelw iu-t frame} that diaplaye the thJeLL-

rnerlt. Kh-rhile the Utieument anti Illil'L'rlEILlI'l-‘t-L' tthjeetr. are httth irnltttrtant ttt elietit-a'iele

_|:wa5i-etl]1t, the Wilttlnw tthjeet i5 nut-re ll1‘.|]1nrl':'I|!'IT t'nr tune .litJItettaIttial team”. the

Window nhjeet 15 the global nl'njeet in elient-saie prngramming.

Retail item Lihttpter =1 that in titer}r implementatien eri_|aea5erirut there is always a

glahal eubjee: at the head of the teepe ehailt: the properties 01' this. elehai ehjeei are

gluhal variables. it] eliettt-a-iIJe lat-afieript: the 'Witttluw UleL‘L't is the glulaal LtleeL't.

The 1'.-".:'ittdtt1.=.-' uhjeet define}: :3 numhet til pttipertiea' :311rJ methtirjs that :3“th :r'liilLL ttt

manipulate the web hrnweaet w‘intlnw- lt ale-n [lei-mes prnl'lertiea' that teFer tn either

impertant abjeets. melt at. the detriment pTflpti‘i]! felt the Daeurneht ehjett. Finalize.

the Wittdew uhjeet has twen sellareierelttial prupertiea. winder»: and self. ‘t'tJu earl Lute

either glulaal t-‘ariaitlle ti: teiet direetllr' he the 'Wittdew ubjeet-

Sittee tlte ‘t‘L’ititleltt' ellajeet is the glulJ-ai tJlJ-jeet iIt L'iieltt-aitle .]a1.'a5t.'ri[.1t. aii gitihal eati-

ahlea‘ are defined 15. pttrperties at the windtiw. Frat example: the itiiitiwing twu- liriee

11F entle perfnrrn essentially tlte flame fitnetittlt-

ear answer - 42: .I'I Declare ant initialize a global variable
windmzarlauei - :12; .I'.-" Ere-.11.: .a net: r.u:u|:letl‘3,I at: the Hinder: abjeeL

The ‘n‘e‘iittiew abjeet represents a welt brews-er wiittiew (er a [tame within a wirttiew:

in elient-eide _]:31.ra!~iueript1 tttp-Ie'trel windttwe and frames: are essentially equivalen t]. it

in Itnatthle tn write applicatinnfi that use multiple wintlttwe {tit frames). Eaeh win-

dow int'tr-Itreri In an applieatian has a ultiq-ue Wiltdew abjeet anti defines a unique

exeeutimt eut'lteatt fur eiieatr-sitle _]a1.-a5eript eude. lJ'I utiier wards. a girth-a] variable

ileelatetl lay Ilat‘aietipt cutie in UI'IL' winduw i5 net a global variable within :3 item-rid

wit-Itinw. litiwetrer, _Iaea2‘iet‘ipt ende in the fiECEZITld windnw elm aeeetis a ginhal teari-

ahle Hi the first thtlm-I. Hilltjeet tn tetttlilt seem-it]; restrictimte. 'l'he-ie issuer- ate enn-

sitieretl iii tietai] in Chapter H.

13.1.2 The |EIient-iiitle flhjett Hiettirthjtr and the BUM

The ‘t‘n’itltluw uleeet is- the leer uhjeet it'I eliettt-siile _]atra5eript. fill ether client-title

ubjetrte ate aeeeeeeel 1:ia this uhjeet. liu-t ettarrtpleI ever}; 1'I-lit'irteitt‘nt' uhjeet tJeiittee a

deeuttent ptttpertgr that reterti tn- the lineument nhjeet aafineiateei with the wintieuw

and a letatien prtrperttr that relerfi tn the Lntatielt nhjett amnetam‘l With the Will-

:luw. hh-rhelt a reel:- hruwaet diaplaye a framed tlrJeLttnetLt. the ftarrie5[] array vi the

tttp-leeel 1'J'e'irttjtttlt' tihjeet etmtaimt telereneea tt: the Windttw flhjetth' that tepreaent

the lrarnee. 'I'hlm, iI1 EllEIIE-filth: _|a1.ra!‘i-eript1 the exprefieimt tie-t urlen'l' refers tn the lint-e-

Ltmeht ehjeet ef the eutreitt Wilttilew: the eapteeaie-n frames [1] .detttttertt refere ID the

Dueumelu ehjeet ml the set-and. frame ui the eurrent winnluw.

The 'I'tleh Itewserfltrlrenlent I 23]"
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'l'he lineumem nhjecr [21nd mher client-side_]:m1.':ieripr mutate) else: have pmpenles

that refer to whet ehjeets. FIJI ere-ample. ever}: Deeumem ebjeet has :4 Forms[] men}-

L'Lilltflilltllg Furlu ubjeets that reprez-‘eut flu}- EITML I'un'ns appearing in the duru-

ment. Tc: refer m eme (In:( these turn-Is. gmu might WTitL':

winrluw. filflfiflllfll'lt . farm [ El]

Tc: cnntinue vent: the same example, each Fnrm [abject I135 :Ln Elementsfl array enn-

tnimng omens Thflli reprewnt the minus H'l'ML form elememfi (input fields, lam-

lfllli. me.) the: appear within the [arm [11 extreme cases... yen ean write code that

refer: m an abjeet :It the end ELF e whuh: ehain Uf ubjeetfi. ending up with L‘KPTtiu'h-iutlb

:5 L'urnplex :5 this une:

parent—frnnreffl] -dD|:WI$fl‘l'- fume-[fl] .elenent5[3]-nptinn[2] .tett

its Shawn earlier: the ‘Winduw u'bjeet hi the ghrhal ubjeet at the head DI. the yeupe

ehelilt1 and all client-side nl'ljeetei in _]nvn.‘5-::ript are neeeseiihle :LH pmperriefi Ht ether

elf-Jeers. '|"|1.I.~'- means Th1": than: i5 .1 hierarchy ananripr DhjL‘II—‘Efi. wnh rht Windnw

nhleet at its mot. Figure ]3-[ shows [his Itienu'ehy'.

self. Hindu-I.
parent... tap

Hfiliflrflmm
 

navigable
“gummy-er

filliesH

maximum-aliens I em“ I eleI-entsflMum-mmm I'IflflHrILIJITI
eh'nerl when:

 

INT

Til anchnn[] EHHI ------ -' ”griffin?“
m I IRE-Emmi -
HIM-l

11nt:[]
mum-em:

huge: []

imretlmeeel-Im I

app-lets“ I:I'rrrullpfifll

Figure- H- F. TIMIe'l'e'e'Jrr-xr'eil'ea'r_|'e:'tlrlemre'h_1_.l um! I'e'L-e'l' IT ”GM

 
as | {haptufle mmmwmmwm
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Hate that Figure 1.1-] ahnwa mat the tilijett prnpertiefi that refer ta ather ahjetta.

Meat at the ahieets shown in the diagram have math-ads. and preperties ather than
tittiae ahuwti.

Manyuf the abjeets pietured in Figure l3-1 deaeead Ere-m the Dueunient uhjeet. This

auhtree IL'Iiil the larger eiient-side nhjet‘t hierarchy i5 lennwn as the dueument nhjeet

Infidel {HUM}, which is interesting because i.l' has heen the ineua af a atandardiaa-

tian efftttt. Figure 13-] iiiLtS-trtllt‘ti the llncurnent nhjeeta that have ITIE‘L'UII‘II? de faet-a

Standards heeauae they are eensinently implemented by all maiat brewaers. Lhilee-

tiyely, they are kite-wit a: the Level D DUI-i heetttta'e they Earn: a base level at dueu-

rnent funetitinaiity that Jaeafieript prttptarnrnera‘ can rely tJ-n in all httiwa'eta. Theae

hasie IJncttrnent nhjeeta are cheered in ILIhrtpteriFi1 which aim explains a mare

advanced daeuntent alijeCt made] that has been standardized try the W3C. IJ'I'ML

[arms- are part ed" the DUE-wt but are speeialieed elm-ugh that they are wavered in their

HIW'I'I chapter. |ifhaptet IE.

13.1.3 Ihe Event-Driven Programming Medal

in the t.'at'|.:.r dayfi af tampering. camplttet ptngtama aft-2n ran in hatch made: thug.r

read in a hatch aidata. did some eatnputatiern an that data. and then wtate Out the

retults. Later. with time-sharing and teat-hated terminals. limited kinds ui'intetaetie-

it'y heearne pua'aihle; the pttigtnrn enuid .15}: the uaer tut input, and the user euuid

type in data. rI'he enmputer then prneeaaed the data and displayed the remit;
nnacrttt'n.

Hawadaya. With graphical difiplaya and painting dt't'ttefi such as mice. the fiittlflTiflTl

is different. Fregran'ta are generaily event-driven; they reap-tutti ta asynehtenaus user

input in the farm ui amuse elicits and heystt‘uhea in a way that depends en the pest-

tiun tii the :rnuua'e painter- ."'t weh hmwaet is just such a graphical enyituntnent. fin

HTML dti-eurnent cantaimi an embedded graphieai uaet interiaee (HUI), an client-

.tide Javafiitnpt natt- the event-driven pragtamnnng madel.

[1 iii perfectly paaaihle ta write a static _|aya5er|pr prngtam rh at drier. nat accept tIHer

input and daea exactly the same thing every time it is run. Sametiinea this. 5-trt't ai

ptugt‘mu is. awful. Mate trite". huwevet‘. yvnu‘H want tn write dynamie PrtJtJ‘t'ill'liE that

interact with the user. 'I'n dn thia, yati Tl'ltttfif h-e :thie ta teapand tn ttaer input.

[11 elient-aide _];tea5eript, the web httiwaer nutifiea pmgrartis tit user input by generat-

ing eL'arIta. there are 1tantntI-i twee af P'n't'lttfi. atteh alt keyattaite events. mattfie Inntina

events. and ::a an. W ten an event aeeura. the web brawser attempts It:- int-elite an

apptupriute ewat hillltflt'r iutietiutt tu teaputtd tn the event. Titus. tt.I write dynamic:

interactive eiient-aide JayaSetipt pttigrams. ytiu rnua't define :tppttipriate event: han—

dlers and registet them with the ayatem, an that the hmwaet can ilwaite them at

appraptiate titties.

 

'lle 'I'tleh Itamerltnlrenlent I 235-
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[F era: are tint alteatl}.r aeeustanted ttr the etrent-tltit-en pi'ngrammlng Ittatiel. it can

take a little getting used to. ]n the aid madel. eta: wrate a single. ntnntrlithie bleeh ell

cutie that iuiiaseetl suttie well-defined flaw aF central and rat: ta cat'npietiali itali'i

beginning tti end. Event-driven pragta run-ling stands this madel tin its head. in event-

elriven pmgtantrning, ytiti write a numher t'IF independent [hut 11H]'['I]."lll.}" Interacting]

event handiers. t'ntt tin lifll Int-'nlte these handlers ditettht hut ailnw the system ta

itttrei-te them at the apptapriate times. Sinee the}r are triggered by the user‘s input. ll'ie

handlers are insulted at unpredictable, aEFELChEUIJULLS times. h-{Ltcl'i Ltd the time, yuur

prtigtarn is ntit running at all hut merely sitting, waiting far the system tti intrttlee tine
rill-115- event handlers.

'l'he seetians that Fallttw explain haw lavafietipt eatle is embedded within ll'l'i't'll.

files- it shaws haw ta tlefitte hath Statue lilnelts afetrtle that run stitehrtintuusljr' item

start to finish and meat handlers tltat are int-tilted asynehmaausly Lw the System.

Events and event handling are discussed again in thaptet IE. and then events are

entered In detail in Llhapter 1.7‘.

13.1.4 TheI Hale aflataSeript an the Web

'l'he iitti'etltieti-an ta this ehaptet iiteltitiet] a list ed" the web hrawset eapahilities that

eaa lJ-e seripted with elient-side javaSeript. Nate. haweeer. that listing wltat Java-

SeTipt can be used hat is ntit the same as eitplaininpI what: Ifavaficript alight It: be used

Ftir. 'l'his sectitin attempts tti explain the ptaper rtile al _[a1.-'a."ieri]tt in welt applicatitin

tlet'elnpntent.

Welt hrnwsers display Il'i'it-iL-struemred tettt styled Wirh ELH'H styles-Items. II'I'ML

tleiines tlte tatitent. anti {.255 suppiies the presentatien. Ftapetlt' useti. _Itl'-'til‘il.']'l|.‘.||2

atitls behavior ta tl'ie ee-titeat and its presentatiah. The tale e-t JatraSeript is ta

enhance a user's lamwsinp. experience. making it easier tu ulatairi L‘Il' transmit infur-

Itiatittn. The user's experience shttuld nat he dependent an _[a1.-'a."ieti]'itI hut Java.-

.‘ietipt can serve LTr faeilltate That experience. lavafierint can tin this in ah}.r number til

'r's'él}'!i-. Here 3111' SLIIIJ'IL' fliiilfl'l PlL‘b-I

- Creating visual efieets sueh as image ttt-llatets that 5ttl.‘l[i}' guide a user and help

with page nat'igatitin

- Stating the ealuntns at a ta hie ta- make it easier Fat a user it: find what he needs

it | [itiing certain enntettt anti revealtng t‘lElflllf—T. selectively as the user “drills tlawn"
ITIE'i'I III-“1.: {fll'fl'E‘HI

* Ettti.'arnlit'iin1.l'I the hrawsinp experience h}:t:t.1rttri'ILtnit.'atitt,t._r| directly with a weh

server set that new infatrnatian can be displayed withttut I'liqul-Il'li'lg a cttrnplete

page tel nati

HI] | [haptellle mmmttaamwm
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13.1.5 Unahtru site laeafitript

A new client-side prngrarn mini; paradigm Itn-awn as unaiatntsit'e jar-rtSeript has been

gaining etrrrenez.r Within the web tier-'elanment enlnrnunity. .u'ltfi its name implies. this

paradigtn htrlds that _]:I'Lri15-t.'fil:lt shtruld nut drain.r attentitrtr tn itself; it shtJnld ntr-t

trhttude-' it shthld ntit tihrrude trn users viewing a weh page, trn etirtrent authnts ere-

ating il’l'i‘ell, rnarltnp1 nr nrl weh designers treating l|'|‘."-.-1|. templates nr [Ii-5

styleshtxts.

There is an speeliit: t'arlntlla iar writing unahtrusive lasafierirtt tatle. lien-lever1 a

number at Itelpiul praetiees. diseussetl elsewhere in this bank. will put ynu an the

right trade.

The first anal ui unuhtrusi'ee lavaSL'ript is l'U i-teep- javafietipt L'ere separate item

HTML markup. This keeps earttent sepatate irtrtn hehayitrt in the same way that

putting [SH-H. in. external st‘ylesheers lteeps enntent separate [mm presetrtarinrt. 'l'n

achieve this gaal. yen put all ynnrjaeaaenpt entie in external files and ineltnie these

files intn your HTML pages with tstIipt sat-:- tarts [see Seetitrn 13.1.2 int details}. [i

yau are striet ahutlt the sepatatitJn at entrtent and helnteiar, ynu welrt't even int'lude

_[aea‘.ieript etrde in the eye rtt-hantller attrihntes tit ythr 1 [Th-1L files. lrtstead1 ytru will

wrire IIfl‘a'fll‘i-EEITII ende (in an external File) thar repsters event handlers tin the I lil'i's-ll.

elements that need them ililtapter I? tieserihes have In tia this}.

fits a err-rallar'e tn this gnal. you slinnlti strive tr: make ynur external files nfjat'afit'ript

err-tie as Inntiular as pessihle using techniques tieserihetl in. Chapter 1U. This allaws

yau tn include multiple independent ntudules ui eatie intu the same wela page with-

trut wrrrrying ah-trut the 1eariahles and i'uneritrns trF trne mtrd Ltle tr'trerwriting. the vari-
ables anti t'unttienns ai anarher.

The seennd gnai nF unnhtrusiee Javaf'itTipt is that it must degrade gratefully. "r'nur

strip-ts shattld he eaneeitred and designed as enhaneentents te HTML eantent. but

that enntent shanid still be available withaut yuur _|ayaSL'ript made {as will happenI

l'trr example, when a user disahies _la1.ra.‘it:ript in her hrtiwset]. ."'tn imptirtant teeh-

Int-lite fnr grneeltll degradannn is ealled feature. testing. hefnre taking any aerinns,

saurlaeafierint ntntlules sltnulti first ensure that the elient-sitie features they require

are available in the lJt'uwster in width the tntie is tanning. Fe'attire testing is a cunt-

patilaility teehnitlue deserihed in rtture detail in Seetiun [3.6.1

r'i. thitd gual 'Ll'lil nntJ htrusi'ee IlEl‘r'HSLTiPt is that it must nut degrade the accessibility m(

an HTML page {and ideally it shthId enhanee aeeessihility}. If the inelnsitirt tit' lava-

Heri pt entie reduces the aeeess|hility nf weh pages1 Thar Ilas'afsenpt ende has nhrrneleti

an tlte disabled users what rely an ateessilale web pages. _|aea§ieript ateessihiliry is
deserilretl in mere detail in Seetjen 13.?

' ”Jimmie" Is an alt-st ure synonym [at "-.n|rutie.' 'I Ite .‘sl'flttrlL'a'fl lleltluee dent-nae; eltes: "l'n Imp-rte. en
tIthert n'lth undue insistent'e nr withtlut trtt'itatnn't.‘

The'IiIeh Irateserfmlranlant | In.
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Iftl'tlter fFITllluiflEint‘IS nf unnhtrusrve JntrtIHetipt may inelutie nther gen-I5 in nti-ditinn ten

the three desetibed hEI‘e‘. l[Line primer}- seulee [rem whtelt m learn more about uneth-

trusive bL'riIIJtiJ'lg :is “The Jet'r'HSetipt ME'II'IH-ESELP.“ published by the DUE-i Seriptitlg

Task 1'11 FL'L' nt httpm‘ftiu-msen'ptmg.It:eI'j-stn:I:thtrtts-urg.-'3pttge_l'd=2.

13.2 Embedding Scripts in HTML

Client-side Juvnfieript etJ-Ill: is embedded within HTML dueumentfi in El number L'Il:
WHY-‘3

* Between :1 p.1it nf {script} and {Iscriptt tag}:

* lirutn an external file bpeeifled by the are attribute u-t a {eeripi} tag

' In at n event handler. specified n5 the value Inf em ] I'J'ML atttihtlte suelt n5 enelieft
ur armament-er

' In tI LJRL EitflT Llfiefi the special javaterip‘t: rurntncnl

'I'hifi seetinn em'ers escript} tag-t- litre-Ht handler]; and _|avn!'ircript [ll-Elna are entered

later in the ehapter.

13.2.1 The escriptzr- Tag

Cillfi'ltl-Sieilfi'_[':i'p":'ISI.IIj|.‘:-l setipts are part ed" fllt HTML tile and am.- ee-detl within escriptt

and {facriptr- tags:

(script:

.-'." t'euut Jaeabeript cede goes here
etttriptr

[n KEITML. the eurtteltt et' a escriptt tag i5 treated like tut}- ether euntent- ]t' yuur

invaE-etipt eutll: euntailu the 4: elr E L'i'LEFHIIIZL‘Ib, these eharaetete are interpreted :33

Hit-'1]. rnaritup. Fttr this rL‘flfiEII'I. it it; best It: put ail _]nt.r:L'-ieript end: within a CDNI'J‘L

EEUJHH if we are 1mm; Kt t'l'ML:

<5:ript>e![Llh'|.TA[.".-' 'teur JaeaE-cript cede genes. here
]]Eef::riplb

it singie ] [Tit-{L tleemnent may eentain tut}- numb-er ui {script} elements. Multiple.

separate seripts .‘1l.'|: exeeutetj in the urtJet in which they appear within the dueume nt

[EEC the defer attribute in fleetitm |.§|-._}.41- fttr an erteeptittn1 htrwever]. ‘l’l'rhiiifl Heparnte

script!- Witi‘lil'l tI single lile ME: exeeutetl at th'iierent times during the leading and pars-

ine; til” the li'I'P-«tL Jile. they ee-nstitute part at the same _i':'l"r'fl5|.‘l'!i'|2t[ ptegrmn- iuttetitrns

:ll'ltl vutiflblei Lie ruled :th Lute Htipt are u't'allahie It: all SL‘tipt5 that fuiiuw in the Euttte

Frie. lint cream pie, FD“ enn hnve the t'nllnwing script in the {head} at an. ] ITM |. page:

eserjpfafunetjnn nqua:r[t] { return 3‘35 }eI:eript1

m | {haptetflt mmmwaamwm
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Later in the same I I'I'ML pngt. }'|!JL| tan refer tn the Emulate“ funennn. even thnugh

it's in .1 different sen'pt black. The context Ihfll Jttattets it the ]l']'ML page. att-t the

script hlt:l.'lt:'

-tLn::r1'phi-alet1fi:quatefi]]j;{!5:tipin

Example 13-l thaw-.9 a sump]: HTML file that includes. a slmplehvafieript prttgmm.

Nate the difFeteItce between this example and mint}r at the t:t1-th: Fragmenni shnwn

earlier In [hi-”r Imnk: Ehlfi- nne ht integrated With an H'l'ML file and 11.15 .1 that {{HHE‘KE

in which it runs. Nate 313D the use tthL language attribute in the {script} tag; this is.

explained :in Seetiun 13.1.3.

Emmet i'j-J. A sfimrIf-t' fat-lurl-it'at'pr pitta-gram m mt IITMLfllr

thinly
thaad:

ttitle>Today'5 Datetitit1e>
tittipt language-"Jnuafittipt'h
{I Deiine a Function Fer later u5E

futlttim [.Illl'ltutflddyiulldtel: :l [

tlat d - rum-I Date”; .I'I tit-t today't date and tine
datum-ant.wtlte{d.teLn-talestliug[ :I}; U Insert it mm the LI-tltunEr'It

}
t! 5: I ipt}
tJheadh-

tbudy:
The date and time art-tin:

t-tnripf larguage-"Jnthfirt'ipt‘r
if HUI-l tall the funttim I-te defined abtwe

print_tt1day5_datefi :l;
tisttipt}
tihody}
t.-'hLm]>

Example 13-I akin demunstratet the ducumttntmritefl funetiutt. Client-Eide ]H1.r:|-

}itTipr end: can mat: the-t hunch-mt tt1 nutput HTML text 'iTllTl- the dncttment .1: the

Intatlnn at the fict’lpt {tit'e 1Chapter l5 fnt further dt‘tflilfl nu [hi'i methnd). New that

the possibility that scripts. can generate utttput [tr-r iltsertitrn illl't'l- the IJ'I'ML Lineu-

tnent means that the HTML pane: must interpret .[a'w'aSerip-t scrip-t5 as part LIE the

parsing prueess. [t :is net pmuiihle l'u aimply etmeatennte :31] script text in a dtJeLttne nt

and run it :35 fine ]:I rge H-L'TiFIE after the dncument has. heelt Pflfitl‘] hecnttfie any lit'l'i'pl.’

thhin tl tlnt'tlmt'nt may alter the t'lntumt'nt [set the discusflmt Uftht‘ defer attribute
in Seetitm 13.1.4.1.

' The alert[ } |-|.ll.'l|:|:1l:I11 titted here l'i-ul sample 1t'.|:.'t|.1 display I1L1rrlur In client-Hide_].I-.'JJ'iL'I.'Ir.Ir: It L'nm't'rttt ir:-.Il:fiu-
I1'IL'I'ITIII'IH stnnp..-n~.1dt=p|=-ytIh.a| t-Ir|n[t In .- |'||'||'|-|.l|'| dial-1p. Ttnrt. tut-e Merit-n l-I-.'i-1nrt|tt:-Il~= run the alert-{fl
mtthnd. and 5e: Example |"u-'i' [M :m :fllernutne Ln 31E1t[}El1iIELIt1l'fil1l1l put-rt up n tlmlup. Mat thin Must be
L'helztetl .Iw.n'.

Embednlngsmput-HIHL I Hi
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13.2.2 Scripts in External Files

The cscr :ip't} rag sLtpTI-nrrs a are attrihttre th at specifies the LIRI. nF a tile ennraining

_It1‘.-'fib-Ell]1[ cael e- it is used lilte time

-t sc 1 ipt src=" . .e'. ..-' sc 1' iptsr’ut 11.js" He's cript :r

a _|ai-'aS-eript file typically has a .fa estensibn anti ebntains pure _|aea5enpt. Withclnt

tseriptt tags t.Ir an].r either I l'l'ML.

a cscrip‘ts tag with the src attribute specified behaves exactly as if the cuntents ui

the speeilietl _ia1.ra5-L'ript liie appeared directly between the {script} and tiscript}

tags- I‘m 3' bride [11' marl-cup th at appears hetween these tags is igntired- Hate that the

filming testript: ragis required even When the an attribute is specified. and rhete I5

no .IaeaScript between the cscriptt and ci'script} tags.

There are a number ed" advantages to using the src attribute:

It simplifies pear ti'l'ML files by alias-ting you in remote large blacks val-Jae. -

Script catie tram them—that is. it helps keep cantent anti behaeiar separate.

Using the are attribute is the eutnersttine tJF unubttusiee _]aea5t.'ript pragraltt-

ming. [See Erectitin I115 t'tir rntite tin this prtigrarnming philastiphpj

1When putt have a l'LLIZIIE‘liI'JJ'I Ul.‘ tether _]aea5t:ript etide used by several dilfereltt

i ['I'h-iL files? ptiu can lceep it in a single file and read it inttJ each ] [Th-{L file that
needs it. This makes cnrie maintenance mttch easier.

iii-rhen Ifas'al'ieript tunL'tittns are used by rntJre than title page, plaL‘ing them in a

separate _[as'a."icri]1t tile aiinws them In be cached hf,- rite hmwser. making them

lead mare quickly. When Ilavafiettpt male is shared by multiple pages. the time

savings aieaehinp. mere than e-utweigh the anal] LiE]él}' required far the brcnwsei'

tn LIIIJIL'IL a separate netwarit ealtneetiurt tt.I tltiwltluad the .[asaSeript iile the first

time it is requested.

Because the stc attribute taltes an arbitrary URL as its ‘r'eiillf. a lavaSeript pru-

grarn tir web page Ertirn tine web sereer can ernplnp IL'UtlL‘ espurted b3: uther web

serve rs. Much Internet advertising relies am this fact.

This last pnint has irrtpnrtartr security implicatinlts. ’I'he same-ntigin set:ttrit';.r pnlicp

described in Benin-ti 13.3.2 prevents _Ia'-'a.‘.-ir;ript in a Lineument from nne dnmain ftnm

interacting with ebiitent ircnn anether deniain. llawes'el'. ncnice that the arigin at the

script itseli dues nut matter: uni} the arigin at the tl4.!-|_'|.:I]'l'l|.‘llt in 1arliiel’t the swim is

embedded- Thereitite. the satne-tirigin ptiliep dues ntJt apt-pig.r :in this case: IIaeaScript
cnde can Interact with the cincnntent :in which it is embed-tied, even when the cntie

has a difierent btlgin than the clactitnent. When pent: use the src attribute it: include a

script in year page. 3-bit are giving the anther at that script land the webmaster at the

dantain itunt whieh the script is laadetli c‘atttpiete euttttul inter pant web page.

I“
| {hip-tell}: lflfl-nflith'l'l'dllrnwteis
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13.2.3 Spacifying the Scripting language

.I‘tlthnugh _]:ttra_'it.Tipt was the ntigirtal scripting language Far the 1il'e'el'i and remains the

mast earninnn he [II-I1 it is net the finite tine. 'J'he |l'i'ML spt't'ificatian is language-

agitustie, and browser eeitduts cart supputt whatever scripting languages the].r

chtittse. [n practice1 the urtlg.r alternative tti _]:ttr.i_'it:ript is Micrtistift's 1iFisLtal Basie

Hctipring litlitinn,' which is stippn rteel hit Internet lisplnrer.

.‘iince there Is rnt'ire thstrt tine pnssihle scripting language? pnti ntust tell the Iareh

hrnwser What language j-‘fltll' scripts are written in. This enables it t-a Interpret the

scripts correctly and to skip scripts written iit languages that ll dues nut ltnaw new to

interpret. Yu-u can specifir the default scripting language :lLi-l' a tile with the HTTP

Euntent-Scrip‘t-Tppe header: and }'IZ]Ll can simulate this header with the IlTMl.

eletas tag. 'I'tt speein that all FnllT scripts. are in lat-afiicript [unless specified either-

sze]. just pttt the fallen Wing tag iii tlte sheet!) at all grant I I'I'ML dneuinents:

erreta ht tp- equiv: "tantent-‘E-c :r ipt- Type" content = ‘ teate'ja ea set in t" s

In practice. brevwsers assume that lat-atietipt is tlte default scripting language even it

:r't'JiJl' settret utttits the [patent-Sctipt-Type header and :f'L'I'llL' pages Limit the (meta!!-

tag. lf gen-u dti nut specify a default scripting language, hti't'tre'eei'I tit wish tti titrettide

ymir default, yeti shnulel use the type stttt'ihttte rill- the {scripts tag:

{script tyne-'teatejaeasetipt'atflscripts

The tradititinal MIME l'H'Jt: Ftirjat-‘al‘icripr prnprrams is "testrjavascripr“_ .“tnnther I}']'H:

that has been used is “applicatinn.-':-t-jairs-script" {the “:-t-' prefir-t intlicates that it is an

experimental. nonstandard type). RFC 4321-] standaittliaes the “test.-"jat'aseript” type

because it is iii euttnituti use. liuwevet'. l."l|.‘|..":'l1.l5|.: javaSct‘ipt ptugtatiis are net t‘eall].r text

ilticurttentsI it matlts this type as uhsulete and ttssti-tnrrtends “applieatiunt'jatrasctipt"

twitlteut the "it-"II instead. sit the nrne at this writing. “applieatinne'iaeaseript'" is not

well supp-erred. litiwt’t'er. I(Since it has becuine well suppatted. the ntast apptupriate

{script} and cmeLaa tags will he:

escripl‘. type-'applEeatimfjatlase:ript":nt.":i:tipi::-
srreta http-equi'e-"Ear-tent-Script-Type" centent-'appliestiantjavasttipt'fi

Iil'e'hen tlte {script} tag was First inttttclticecl. it was a nnnstandartl esteitsinn tn

HTML and did nat suppart the type attrihtite. instead. the seripting language was

defined with the language atttihute. This attribute simply specifies the eannnun

Itartte ul the scripting language. if yuu are writing Jaeafictipt eutle. use the language
attrihute as frilltiws'.

ssttipt language-"lavaficript"a
I! JaeaScript cacle gees here

{.I'sctipl:

' Alan 'Itnmt'n .is ‘e'liii-ctipt. 'I'he unlit '.'I tests-set that stir-parts K'Ft‘ieript is Int-emet Eispltster. sh scripts written in
1h|s language- up: nen: pnrt;tltle.‘e'li"1'cr||_1t nut-thistle -.t |II1 HTML admit: the su'rrie 'LL':i-':' |.it-:i!~'u:np1 tlnt-s, huti
the UP": laiuguagl.‘ Itselt'has a dillcn'ltl i-J'iiias 1]|.i.|'._la1.'.-i.‘u. tipt. 'e'lilieript Isiitlt Iill:3".|.l1|:I'l.'l1Il.'i‘i.lIIEI lltis hit-tilt.

EmltedtlngfictipistlHI'ML I as.”
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.I‘tntl ii unu are writing a attipt in 'v'fliit'riut. tune the attribute like This:

{stript 1anguage="'.rt|5tript">
' h'fl‘atript cede gees. I'ete {' is a tanner-t tharaetet like H in JauaStript}

tfsttipt:

'I'he II'I‘HI. 4 speeiFieatinn atantiartliaeti the tsetip‘t} ling, httt 'lT deprecated the

language attribute heeauae there is no Standard an at names For aetiuting languages.

Sametinies you‘ll see {Strip‘ta tag; that use the type attribute i'ur standards eanipli-

ante anti the language attribute fur hael-twarti eelrnpatilailit}r with ultier btuwaera':

tseIipL type-'teatfjauaaeript' language-'JauaStript'atfatIipta

The language attribute is aunietiities 'll5L‘Itl tu speeii'gr the eereiun ui _|aea5eript in

whiuh a sutipt is. written. with tags like these:

tatrint language-"Javaitript1.J'atIatrinta
e 5-: I int 1.! agaage: "J auaE-ttipt 1 . 5 ' a It .-' 5-: :r iatr-

ln then-re. web btnwaerfi ignnte fiEl'lIilifi written in aerate-11F. at'_|ava.‘iei'i11t rhar the}.r tier

Itut auppurt. That is. at: tI-lIJ btuwaer that titles itut aupputt jauafieript 1.5 will :iiut

atternpt tu run a aeript that has. a language atttihute uf “.Iaeaiieriptlfi". Dieler web

hrnwaetfi realaeet thin verainn nutnl'ietr httr heeatiae the ente _|:':i'|.-':'Il‘i-Eri|'.lT language has.

remained titable far a number nf ueat‘a. mani-I newer brnwsera Ignate any verainn

number apeeifieti with the language attribute.

13.2.4 The defer Attribute

r‘ta' itteutiuned earlier, a at'ript :nta].r tall the deeument .HI ite-[ :I :Ittethud tu d}']1-il.l:]1i1.':l“}"

adtl euntent tt: :1 due-lament. Beeauae trE thiaI when the “Th-11- pataer enettunteni a

.teript, 1T rnttat nnrmalltr' amp parsing The tlneun'ient and wait Fur the script tn eate-

eute. 'l'he il'i'ML 4 Standard define; a ae+er attribute ai the tfitrintt- tag ta address

this prublem.

[I' eat: write a aeripi that date not prutiuee an}- tiaeun'ient uutput—t'ar example. a

aeIiF-t that defines. a Funetiti-n but never ealls denturlen'r..i.-.I.ti.T_e|.'L Ill—yum may use the

deter attrihute in the eat ript} tag as a hint tu the hruwaet that it is. aafe ttr euntinue

parsing the Ei'l'l’ull- tinetu‘nent and tieFer exeetttinn ui The script until Ir enenunrera a

strip-I: that L'annut lie delett'ed. Delerriiig a script is |.'s-artietilarl}r uE-eitil When it it'-
luadet] t'rurn an external file: ii it 1'5 nut dEl-EFEELL the bruta'aer rnuat wait until the

aeript haa luadeti hefnte it can resume parsing the ennralning tlueun'ient. Hefetring

may ri‘fillll.’ tn irnptnvetl nerfntmant'e In brews-eta that take advantage Hi the dEfEI

attribute. in HTML the defer attribute tiaes nat hat-e a value; it simply-I must be

present in the tag:

{script defera

{I any lavnitripi rude that fleet nut cal] detunert.nrite[]
t It tript }

ta; | thaptuu: mmmauamwm
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[11 HI i'I'HL. however. a 1taltn: is required:

estript defer="defer'st.-'stt£pts

hr the time Hi this WTiIZ'i'l'lg. internet Iixplnrer is the fli'll‘f hrawser that uses the dafa‘r

attribute. ]t titres this 1when it is eaittlainetl with the we attribute. it daes nat imple-

ment it quite cutteetly. huweeer. because deferred seripts are always deferred until

the end aI the dance tnenr, instead nF simply heng deferred ttntl] the next nan deferred

script is eneaunteretl. This means that defer-ml seripts III [E are executed atit af nttier

and must eat define any lunetierits at set any eatiahles that are required by the nan-

deferred scrip-ts that fulluw.

13.2.5 The «ennstripts- Tag

HTML defines the {He-script} elernertt [l] htild ctintent that shu Ltlt] he reltde rel] truly

iF_ia1.-'a5cti]1t has been diaahletl iIt the hrnwser- ideally. yen: shaulel ra craft gmttr weh

pages an that .[aeafieript serves as an enhancement mils. attel the pages "degrade

graeelttlly" and still t'tntetian withant lasfliiet'ipl. when this is net pessihle. however.

sun can use {nascltipts tel tiutiiy the users that _];tt'a5cri[_it is required and IJthtsilJl}r tel

prtis'ide a little rti alternative ctirlteri r.

13.2.6 The.I «efsaipts Tag

"t'nu rntt}I at same paint find ynttraelr' writing a script that uses the ducutna-rrl:_t-.Iri tat: :I

methatl at innerHTHL prl‘lpt‘l'lfr' ta autput same ather setipt litir't'n'tall}r int-a anather

winduw ur t'rurneil. it. yuu du this, Imu'll need In uutput a tiscripts rag ttJ terminate

the script _'!."I:1LL are creating. 1't'nLi must he care i'ul, thaugh: the l l'I'h-ll- parser makes nti

attempt in antlersmntl gentlt _Ia'-'a.‘.-it.'ript pride. and if IT sans the string "sa'seriptt-“ ]T|

spur eatle. even il’ it appears Within quates. it assumes tltat it has fauntl tlte elasina

tag ell the ctirreti'tl].r rLlIll'lililg script. Tu amid this prtsblem. simply break up the tap.

intt: pieces and write :it tiut using an espressicin such as "tI' + 'se ripts":

est-firth-

f1.dattlnent.hritei"estript:"};
F1.deterrent.urlte{"datmei-.t.nritei'this-This is the quoted striptes'lils'j'j;
f1-datunent.hritei"tf” I "stripta'ij

{Estripta

alternatively. 3min ea l'l escape the .I' in ta'seripts with a hacks-lash:

F1.datutrent.urite("t‘.tsttipt}‘};

[n K] l'J'ML. 'isTlpth' are enclnsetl in {.ilJt't'l'Ft seetinns. and this prahlern 1with. elnsing

tfsetipt} tags dues nut uccur.

EmhedtlngfirlipistlH'IHL I In
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13.2.? Hiding Eeripts frem flltl Brewsers

T'e'hen .[at'af'ieript was new. same hrtswsers eiiel nar reengnize the {scripts tag and

wntllti tlit'refnre [materiel rt'n der the cement rat This tag as Test. 'l'l'Ie user s'lsitilig The

web page wuulel see IiavaS-L'tipt tulle t'urrttatteei ilitu his: rtteaiiitlgless paragraphs atrtl

presented as weh page L'trnterlt! The tetrritattiurtei tu- this pttrhlern was a simple haeit

that used l I'I‘M |. tan-mm ems Insirle the script tag. _]a1.ra_"it:ript pragrarn risers hal'iituallg.r

wrote their scripts like this:

{script language="JaeaS-etipt"r-
<!-- Begin HTHL cement that hides the seiipt

-".-' JavaE-etiat ststtntr-ts gs- here
If -
I}

H End HTI'IL cement tnst hides the script --:r
{tsetipls

Dr. mete euatpaetle. like this:

tser iptse! - -
.-'-" strip-t serif.- gets here
.-'."--r--tr's-::riptr-

lli etder ta make this tum-it. client-side .Ifl‘r'ilEi-tlt'ipt tweaks the ears _Ii'|1r'fl5E't'l'|:r[ lan-

guage slightly se that the eliataeter sequence t | -- at the beginning at a strip-t behaves

just like I'll": it intttitiuues a single-lint: Lumment-

The intense rs that required this eumme nting hae'it are lung gene. but ‘Ir'U'LI will ptuha-

hlg.r still enetiuntel the haelt in exist-i rig weh pages.

13.2.5 Henstandard Script attributes

Miernsnft has tiefinetl twn enmpieteiy nnnstantiarti attrihures far the eseripts tag

that wfl-t'l-t only in “newer Esplaret. The event and for attributes [IIIL'I'W you rt:- define

eeeat listitllets using the tseripts tag. The eeent attribute speeities the name ui the

event tu he handled. and the ‘Fur attrihute speuiiies the name Lir ll} Lit the element tut

Which the event is tn lie handle-.1. The cement iii the script is eset'utt'ti When the

speeifietl Event eeeurs on the speeiii eti element.

These attributes wetlt only in ]E:'. and their lunetitmalitgr' ean easily he achieved in

ether ways. "t'tiu sliuultl Never use them: the].r are It'terttiellteel ltete IiJl'll}' su that item

will knuw what they are if ytru enL'tiurttet them in existing web pages.

13.3 Event Handlers in HTML

.[assfletipt eutle iii. a script is eseL'uteei unL'e: when the HTML tile that euntains it is

read intti the tech hrtrwse r. ft pttigrarn that uses 11an this stints at static script eannnt

dynamically respniirl Tn rhe user. Mart tlynsmit arc-grams tieflne event handlers TI'Ifll.’

HE. | {haptefl}: massemssstmwm
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ate autntnatieaiizr insulted he the weir Irrnwser When tenaiit events neeiIt—inr esant—

ple. when tlte user eliel-ts on a butt-alt within a term. Beeause events iit elient-side

jasafieript urigiuate .FEUJ'I'I llTh-‘IL uleeets (such as lJutteIIts}. event handlers L'al'i be

defined as attrihutes uuc these uhjeets. litir erea rnp e, eu define an eeent handler that is

inenieed “I'll-Hf” the user clicks em a eheelt hurt in a lnrrnI ynu speeifir rite hanrller trade

as an attribute at tlte ] l'1'ML tag that defines the eheel-tlaus:

 

{input type="r_heekh-as" natre="uptiurs" salue="giftura|}"

melielt-'g_if'tur.s|1 - this.ehe~eked; ':-

llsie'liar's elf ir|rerest here is rlte eneliek attribute. The string value ttf the unelieit

attrihute ntai.r ee-ntaiit une ur Inure _|aea5eript statements. if there is mere than une

statement. the statements must be separated [runi eaeh LItl'iei‘ with sentieuluus. 1when

the speeit'ietl event—in this ease. a eliek—treeurs un the eheeltlaeur. the IIaeaSerip-t

etsde within the string is esteeuted-

1|ii'e'hile :rtnu can inelurJe an}; nurnl'H:r til 'Iaeaf'ieripr statements within an event-handler

elefimririn, a ettntrnnit technique is tn simply use event-handler ntrrihutes rn inenlee

tuitrtiuns that are defined elsewhere Within eseriptr- tags. 'i'ltis iteerns must at i'uur

aetual iatrafireript eude within seripts and reduees the need us mingle .]a'ea5eript and
HTML

Hate that EiTi’ei]- event-handler attributes are net the unit-- was re: deliite javai-ieripr

event handlers. {.Jtanrer 17" shnws that ir is rmssihle tn speeiiir Jaeafleript es'enr halt—

dlera [err ]l']'ML elentents using ineafienpt etude iii a tseripts tag. Sunte _|aea‘:ieript

deeelupers argue that HTML eeetit-ltat‘ldlet' attributes sltuuld Never be uE-L‘Ll tliat

trulg.r unuhtrusiee _]aea5t.Tipt requires a eurrtplete separatiun ut' eelntent lrurn behav-

inr. fieenrdlng to this snrle ttljnm‘ieript endingr all '[aeaf'ieript ende sl'lnttld he placed

in esrenta] Files1 referenced [rent | |.'|'."~1.L with the are attribute nt' esetiptr tags. 'I'Itis

esternal Jar-aSeript eude ean deline Whatever event handlers it needs when it runs.

Erents and event handlers are entered in ntueh ittute detail iit Chapter 11". Ltut suu'ii

see tl'lelt‘i used in at trutietir ul examples lJelure tlien. Chapter 1? irielutles at tempte-
hensitre list ut event ha ndle rs. but these are the must eurnrrtun:

nnellelt

This handler is suppttrted hf all huttnn-iike Furrn elements. as well as ear» and

{area} tags. it is triggered When the user elicits nn rhe element. If an unelicit Itali-

dler teturits False~ the browser dues nut perfunu an}: delault aeti-en asset-eiated

with the li'IttttIJI'i at little: telr esatitple. it delesri't tulle-w a li}']Jfl'lllllt [felt an ear

tag] nr suhmit a farm [far a Submit hutrn-n}.

Dnl'lflUS-Elilfl'fll'i. WUUE'E'l-lp

These ewe e'eent handlers are a lut like I:Ini:1i.l:ltI but they are triggered separatel].r

when the user presses and releases a muuse huttun, respeetieely- "t-lnst dtteu-

rnent elements sunrmtt th ese handlers.

E'I'mllhntlEtshH'lHL | tui
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unmet-sever. mouse-nut

These twe: event handlers 1:'Il"l." triggered when tlte meuse puinter muees met at

uut LIF :l dueulnettt eletneltt. tespeetieels‘-

unchange

This event handler is suppurteu by the {input}. tseletts, and ttestateat- ell:-

tnettts. it is triggered when the user changes the value displayed lay the element
and then telhs nt ntherwise rnnt'es Feleus nut Cut the element.

unless

rIlhis event handler may appear III“ the tbudy: tag and is triggered when the :ltteu-

tneut sure] its estern .1I etruteut [such as Images} :1 re fully lntleleel. 'l'he mlflad hs I1-

tller is eliteu usetl ten trigger etrtle that manipulates the tie-euiuent eunteiu L'Ieeuuse

it itttliL'ates thut the tluemttent hus :reuehetl a stable state 'ell'llj is safe to Itlutlify.

Fur at realistic exauttple uf the use ui es'ettt huntllets. tellte :tnuther luult at the interne-

tis'l: luau—pnytne I'll." script in listurn pin: 1-3. The I” ML term in this example L'utttslins a

Itumhet ttt' event-handler :Lttt'ithtes. The hands: hi these handlers is simple: they sim-

pl}.r esll tlte ealtulatefil Itluetlnn deiiitetl elseWhere Within 3 tseript}.

13.4 laeaStript in URLs

.I'mrtthet my [l'lflT _|:t1.r:LH-t:|'ipt enth: can he inelutlet‘l run the them side is in :1 Lil-1L fnl-

luwntg the java-3:: tipt: pseutluptutuml speeiil er. 'i'his speeisl pretense-l type speeilles

that the herd}: ui the UJLL is an arbitrary string ui lais'tlheript C'LHJJ.‘ tu In: run by the

jets-sheript interpreter. [t is treated us a single line at L'uele, whieh means that state-

ments must he separated l1}:- semiettlttits and that a” *.-' enmments must he used :in

pltlt'e nf r'e' sentiments. t't .Ifls't'li‘iL'TiPE LFEL might Innlt like this:

jasastriptwar net-i new Date[ ]: "thislhe tine iitse'hiir' + net-u

When the browser ltuttls mite Df these _is'-'nfittipt URLs. it executes the _Itl'~'til:il.']'lp[

eutle euntaiuetl in the URL and uSes the ssilue ut' the lust _]:teu5eript statement at

fKFII'CEE-ClUI'L. LUDVCEHHJ. tL'l .1 string, :15 tl'lL‘ L'U'l'lil‘l'ltfi Hi:- 12"": “Cl-“r" LiU-L'LLITI-E'nt tL'l diEPl-l}'.

This string value ms].r :nntuilt l['|"3'e'[[. tags and is Fen-matted .'.|.l1|'_‘l displayed just lilte

any ntltet tineument Inudetl mm the ltrnwset.

ins-sheen“ URLs ms}; rtlsn enntnin _|:11.-'s.‘si:n]'it statements that perfnrm sertttns hut

return nu I.utlue. l-‘err esuntple:

ja'east ript :alett [ "H21 1:: Hurld! "]

When this sntt nf URL is landed. the Isruwset executes the _I.1V:I.':it.'|'ipt entire hut

heea use there is ttun trulue tu display as the new tltJ-L'umettt. it dues tJtJt met-Jiffy the eut-

tenth.r displayed dtteurnertt-

Giten, yuu'll want tt: use :3 lastsh'setipt URI. ttt execute stttru: .luvnhiuetipt etHJe withttut

nltenng the curt-e11 l'l‘f displayed tlttettt‘neltt. in den this1 he sure that the last statement

in the URL has nu mum value. Line was tttI ensure this is tttI use the void euetstui' [t‘l

sen | {haptefl}: mmmtrstnmmm
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explicitly specrfv an undefined return value. Hintplv use the statement veid a; at The

end at year JavaSeript URL. Felt example. here is a URL that apens a new. blanlt

lJITU'H-"ECF vt-‘ifltl taw ‘u’t-"il'lllU'l'llI :ilte FlIltJl tl'lt L'U‘IIItL‘iltb Uli- l'llll.‘ L'L'IFEL‘IIJt “'Illl IJU‘I’t-"I

javesctipl:uindaw.npen[”ahau1:hlenk"]j vaid U;

Witheut the vairl operator in this URL. the return value at” ll'te Hindemnpent }

nieth-rtel call I.tettulcl he cnnvetted tan a sttlng ancl clitirtlttgreti1 and the current dhcttment

I.t-nttltl he ttvetwritten he a dncutnent that appears snrnething lilee this:

[abject Hinder-I]

lr"cnn can use a lavaf'icript URL anywhere 3;th Ilse rt rcgttlar URL. Unc hanrl 3,: way tn

tts-e this syntax is [U type it directly inter tlte Lacatiatt iicltl elf ymtr browser. Where

vutt can test arbitrary _iava5eript ee-tle wjil'ttJul having to been 3."qu when and create

an ll-l-ML file remaining the made.

The javasctipi: pseuduprclttJtJtJ-l can be usetl with HTML attributes 1.vhuse value

shuulcl he a URL. The hre‘F atttihute tri a hyperlink is tine such case. 1't-h’hets the user

clicks rm sttch a linlt, the speclfietl javal'icript ccutle is csecctttetl. In This ccur|tetntr1 The

Javatienpt UitL is essentially a substitute for an enclitlt event handler. ifs'ute that

using either an ant licl'. hattcllet ctr a .[ava‘iacript URL with art 1 [TML linle is mam-tall].r

a had design chtsice; use a huttttn insteadr and reserve linlts fnr lnatling new clttctt-

merits} Similarly. a Javatitttrnt LJi-ZL can be “54.11 as the value at the attiaa attribute at

a sienna:- tag so that the Jat-aiierip't eatie itt the UitL is eiteeuteel when the user sub-
ttrits the lun'tt.

_iavsi~icript URLs can alsu be passed in ntethuels. suelt as In'intlnwepenti) {see

Cha ptet 14], th lit expect UR]. atgutne nts.

13.4.1 Baakm arltlets

tine particularly.r irnpnrtant use nf javascript: ill-ills is in htittltrnarltsI where the}.r

Enrnt useful |nii1l-_Ifl"-'fl':i-t'.i'lpT integrates. at lrnakmut'laiels. that can he easilg.r launched

[rent a menu at ten-albar ai b-aeltmarlss. The fella-Wing ll'i'ML snippet includes an ta:

tag with a jaeascript: URL as the value ut' its l'II'El: attribute. Clicking, the little spent-

a simple _la1.r:tSrt_'t't|:It espressien evaluatut that allcuvs veu ttr evaluate espressiens ancl

esrectrtc statements in l.'l'it'_' ccurttestt hi the page;

{a brat-'javasctipt:
ear e - “”J t _ ”“;
da {

I‘ bisslav espressien and result and ash far a hen expressien *3
e - prnan['Enpresrian: " + e r "in" + r r 'in", e];
try 1 r - "Result: ” + evelie]: i I‘ Try ta evaluate the expression +r
catch[ea} { r = es; } 3* er renenher the errer instead 'r

] uhj1e[e]j F* Enntinue until nn exprestiar entered hr funnel clicked *J
eaid D; J‘ This prevents the current document Tran being seeruritten 'I
's

JavaSctipt Evaluator
eras

J’ Expressifln ta evaluate and the IEsult ’F

tat-asmptln um; I 251'
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Hate that even thntigh this lavaserrpt URL is written at'rerss nttiltlple lines. the

HTML parser treats it as a single line. and single—line H eeanments will not warlt in

it. Here's what the little luuhs lilte with Lutlii'l'telits antl whitespatx stripper] uut:

ta hteFF-‘jau'aset ipl :u'at e-'"'_, t-"';I:eI-[e-ptenpt.["Eatpresi.i.-:In: "-re-r-"'I.n"-r-r-"'-.n",e:|j

try-[r-‘Ftesalt: Havel-(ell;lleatehlfesHI-es;l-hhile-{ettr-aid raft-JE- EealuataI-tr'a}

it link like this is useful when hardendeel intn a page that s'nu are eles'einping hut

heenntes much there useful when stated as :1 hnnltrnatk that s'ntl ean run run an}.r

page. '[':.-pi.eall}' 5-‘L‘Ill ean state a haeltmatlt by right-eliehinp1 tun tlte link and seleeting

Entihrnarh This Little till." suttre sitliiiat uptiuti. In Iiire Fuse. yen ean sii'npi}r drag the link

tn :r'nur benkrnarks ttJulhar.

The elient-side _la1.ra5etipt techniques L'n'e'ereI] in this beetle are a]] applieahle tn the

ereatinn nE l'l-n-nkl'nflrklctfi-I hut hnnkrnarltlets themselves are net envereel in any detail.

if we are intrigued list the pnssihil'tties at these little prngrams. tr].r an lrtterner . *ateh

[er "Lipeltntarltlets". Tau trill find a number et' sites that hast many interesting and
useful hunkrnarkkts-

13.5 Eseeutian afJatraStript Programs

The previtius seetitins diseussed the rneehanies tit integrating Javaa'retipt elude inter an

Ei'l'h'l]- lile. Hnw rI'Ie Fnllnwlng seetin-ns discuss exactly htrw and when that inte-

grated _[a'-'aal:ript made is eseetltetl hy‘ the IlavaS-cnpt Interpreter.

13.5.1 Executing Scripts

.[aeafietipt statements that appear between (script:- and er'sttipts tags are eseeuted

in the urtlet that the}: app-ear in the script. 1'Jfl'iett a file has Inure than Lute script. the

seripts are eseeuted in the tirder in whieh the}: appear [with the eseeptitin tii setipts

with the ElEI'FEt' :ernll'i-lll'tL which lF. esteettres nut hi" nrtier}. The _]a'..rn_"it:ripr entie 1n

tsetipt: tags is executed as part at the daenrnent leading and parsing preeess.

r‘my est tipts element that tlnes nnt have a deter artnl'nure may call the detmentn‘ritefi}

methed ideserihed in detail in Chapter Iii. The teat passed ttJ tltis methe-el is inserted

iitttJ the tltJe‘nr'nertt at the lu-L'atiun tit the scripts. 1'rn1'.."]'iei'l the sL'tip-t is finished exeL'Ltting,

the ] [TML parser resumes parsing the detriment, starting with any text nutput h]: the
script.

fieTiprs can appear in the eheaeis hr the {betel-gs ni an l l'l"l’t-'l l. dnetirn ent. .‘ieripts in the

theads typically define finned-ans [t1 he called by ether etude. 'I'hejr may alsn declare

and initialize variables that either entie wiii use. It is L'un'rrnun fur sL'tipts in the {headi-

tilt a dent rnent tti define a single Eu netitin and then register that I'Ltnetitin as an nnlnad

event handler [nr Iatet eieeeutinn. it is legal1 h1|t uneen'nrtnt'nt1 rn eall deeurrerrtmritefi }
in the sheath- mi a duettment.

as: | {hap‘terl}: mensrmtrenmwaa
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Heripts in the shade} at' a daettrnent ean tin everything that Ht‘Tlplfi in tire {head} can

du. It is Inure euntman in see ea]]s tu dacumentmriteij in these scripts, IDIWs'ET.

Scripts in the {lied-p ed a ducutnetit :I'na].r alsn l[usinp| techniques tlescrilaed in

Chapter l5] access and manipulate dticutnent eletnents and ducument cnntent that

appear hean the script. As described later in this chapterI ht'weettet1 tinctirnent ele-

ments are net guaranteed ta be available and stable When the scripts in the shady} are

eaeeuted. ]t' a script sintply del'ines [unetie-ns and variaifles ta be used later and dues

Itnt call dacutrentmIILe-H L'Il uthetwise atternpt tn [[JUtlilZ-F dtJL'utnent IL'Ulli'L'IZIL curt-

sentian disrates thar it shmild appear in. the {heads at the decantenr instead at' the

shades.

i‘ts preeiaush mentianed. [1i eserutes seripts with the deter attribute aut at' arder.

These scripts are run after all iiantieieired scripts and aiter the dueutnent is tulle

parsed, laut heiute the nnlu-ad event handler is ttipgered-

 

13.5.2 The unlaatl Event Handler

."'t.i'tet the dtt-curnent is parsed, all scripts have run. and all auxiliary cnntent {such as

images] has leaded. the hrnwser fires the unlit-1d event and runs an;-r _it1‘-'fi.“icl'l]1t cede

titat has been registered Willi the Window abjeet as an anleatl event handler. .I'tn

dale-ad handler can be registered by setting the anlaad attribute al' the {badges tap. it is

alsu pnssihle [using techniques shtiwn in Chapter 1?} int separate mudules ni Java-

.‘icTipr cnde LTI- tegister their nwn tinlnad event handlers. ‘sh-"h en rnnre than tine anlaad

hantllet is registered. the hrnwser inenltes all handlers. hut titete is an guarantee

abaut the drtlerin sI-‘Iiieh the].r are invoked.

i.‘elten the unload itantl]er is triggered. the durument is hill}: luatled and parsed. and

an}- deeuinent element can be manipulated by _]aea5eript eude. Fur this reasun. Java-

5cTipt rrtuduies that tnndii'y ducurrtent cuntent l"I.-'picallg.r cuntain a i'urtctiun tu- pet-

Fnrm the ntndilicatittrt and eeent-registtatinn cnde that arranges Ftir the functinn tn

be in eel-ted when the dueutnent is full}- leaded.

Because anltud erent handlers are in'ea ltetl at'ter daeument parsing is eantplete. the}.r

ttitlst nut call dueumentmritet 2|. instead cli appendittp tn the current dncunieltt, an].r

such cal] would instead begin a new dncurnent and ns-ens'tite the current dncutnent
heinre the user even had a chance re- view it".

13.5.3 Event Handlers and lasaStript LIHls

iwhen tineultient landing anti parsing ends. the err-lead handler is lt’lggfi'Ts‘t‘l. and Java-

Script eaeeutie-n enters its et-ent-dritren phase. During this phase, event handlers are

executed asynchrcuruushr in tespunse te- user input suclt as nicluse ntetien. ntuuse

clicks, and lees presses. _iat.ra5eript URLs may he ins-tilted filinlL'hTtJl'lEJlJiily' IJu ring this

phase as well. iF1 Fnr ettarnpleI the ttser clicks an a linlt witnse hraf attril'iute uses the

jasastrip‘t: pseudaprataeai.

Eratuflm at iaeaStript Plagrlns I 255i
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{SEIipl'} t‘lffl'lt‘llffi an: typically nattl it: tltiiltt functions. and E'T-I'Il‘l'll hatttlh‘t's art T}'|‘Jl-

talhr usual to lava-lit- Lhtrss [ulttt'ttais in rtspnnst it: List-r input L-'~.t+:t1t handlers can

ilL‘IllEIE t'uttctiuns. Ui t'ULIT‘jL‘. but this is an 1|ItL'L1111tI1tJIt iatitl Hit-t vat]: usciui} thing ttJ
tin.

[i an want handltr calls I2hJEIJI'I'l!‘I'I‘l‘..I.tIIitE|::I utt thl: ducumtnt tJt' whirl-i it is a part. it

Iwill EIL'EnvriEL‘ that t:lnt:Lttnt:nt nntl hcgilt a new nna- This is nlrnnst nus-tr what is

iltrtndtti. anti. as a rtIlt nf thumb. I."-'|2'I'I|Z handltrs shnuld I‘IE'l-‘t‘t’ tall this Intrhnd. hint

shtrultl tlttp tall funCti-alts that call tl1'tstt1s1hat'l. TltI: ssatptinti. l1t1wtt-er.'tsi11 multi-

winduw Etpplit‘atiur'ts in which an I:1.'I:I'It I'Isttttlltrt iIt tJItI: wii'ttluw ins-Ultras tl'H: writEI: i'

rnuthn-tl tii tht: |'_‘li.tIL'LI]TlL'l'.lt tii a difh'rtnt windtiw. (Sat: Suctittn [4.3 t'tir mtirt: ttrt multi-

wintlnw javafiunpt applicatitrnsl

13.5.4 The nnunluatl Event Handler

What: tl14: user :I'Iil'tll5i'llt'5 away from a wt:l1 papa. the lJt'tT-t'l'S-El ttjpgcrs tl1t: anunlnad

t:1.'t:nt hantllat. giving thI: IIavaSL'ript tutlt: Ul'l that pagl: unit: [inn] Chantal: tn l."|JTl. 't'L11.1

can define an nnunlnad handler h}: suttiltg th' nnttnlnad attrithtt: til' tht: tbntly} tag tn'

wnh t11htrcs'tnt-hal1tilcr rcgisrrartnn rtsl1n1't1tmsdcssrihctl in (Shanta—rt 1?.

The nnunlnad cut-lit altnhlts Elfin-LI n1- lllt'tt'ln tht: affctrs ni yntir nnl trad handler nr nrhur

stripts 'tn t-‘tr-ur wth papa. l’nr titalnplt'. if pant applttati-att npt'ns up a awn-mint}:

L1ruwsar window. the tinunlpatl halttilcr pros-ides an tippt-tiunity it: than: that win-

tlnw whun thl: 1.1sI:1' lt:a1.rt:s :r'LillJT main papa. Th»: nnunlnad hantllta' shuultl nut rLtn an].r

tirnc-L'tinsuming til-it: raritinI Ittn' shtiuld it ptip up a dialtig htnt- lt artists sirn pl}r tti ]1-I:t-

Fnrm a quick cltanttp npt-rartnm running it sl1n1llt| nnr slnw tlnwn n1" |rnpctia 1hr:

Liam‘s trattsiti-an in a lltw page.

13.5.5 The Wintlttw Unit-ct as Execution Contest

All scripts. If't'ttl'tl! ItantlIt-rs. antllavaE-cript URLs in a tlatuntunt sliarn: tht: saint: Wilt-

tlnw nhjtt't as their glutaal uhjutt- _la1.r:t5rt_'tipt s'ai'iahlts artIJ FunL'titt-ns art: nothing

Intunr than |‘-'l:'l'-'].'H.‘l'|il1.‘5 tlftht glnhal trhttn. '|'|1Is Intans that a fitnst1t1l1 tlt't'latttl in an»:

tsta‘iptt can he lJlVL'IliIEi'l. l1}.- tht: tJCHZlE' in any substqutnt tst Iiptt.

5mm: tht nnl-aad want is ntrt triggsm'l until afttr all scripts hairs: 'L‘K'EIILIIE‘Ll. st'tty

palm-ti urn-tut liai'ltllur has nCL'tss tti all iurit‘tiut'ts dtiittutl and 1r'arittli‘lltta't Llat'larctl by all

scripts in tht: tittuumunt-

111'."h|:t'it.'1-'I:r :1 MW tJtt-L'urrtunt is lnatim] intn a wintluw, tht: Eli-'intltiw nhjttL't hit that

windtiw is manned tt1 its dpfault srattz; an]: p1't1pci'tica and functitms chrnad by a

stript tn tht' [arctic-us datum tin art titltrrti. and an].r nf rht .s1antlartl spartan prnprt-

tits that may have: ham altertti pr pwrwrittsn arn: ttst-at'ttl. Lit-try datunttnt begins

with a tltan slat-a. '1'qu stripts can nah- L'tl'l this: they will nut iltht: rit a Eta-trnpttnl anvi-

|.'l2I|'.lTl'lL‘l'.ll: t'narn thl: prctrinus tittuurnunt. This alsn mtans that any variables anti t'1.1rt1_'—

[inns ynur scripts tlciirtt: [JIL'FEIEIZ tinl}r until tht: tlntu ment is rtplaccrj with :1 new nl'ltl.

1'51 | {hap‘berflt maniptmtrsttmwm
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'l'he ntnprrriea at a Windnw nhjeet have the ear-rte “frame as the datum rttt that ran-

taina the _[aea5eript eerie that defined these properties. r't Wintlt'rw t'rhieet itself has. a

lunger Iiietiltte: it exiata a5 lung :15 the winduw it repreaettta exists. 1". reierettee tu a

1'3'."irtdtaw trhjeet remains ealid regatdieaa tail [1th mart}.r weh page: the winduw ItJada

and ttnlnadfi. This ia relevant rmly fnr weh appliearinna rhat use multiple wmrlnwa rn'

frames. in this ease. JavaS-eript rattle itt lane Wintltrw nt frame may maintain a refer-
ence lu attenther wimlew at frame. That ret'erettee remains valid even if the ather witt-

duw ur frame leads a new duettrttent.

13.5.5 Client-Side .latraSrript Threading Mariel

The care Jami-Hire language tiara tint canrain an}r rhreatling I'I'Itfiilfli'li-‘iTl'h and elirnt-

side _[at'a5et:i]:rt dare. IIDI atltl any. Client-aide Javafierlpt i5 liar behaves as. if it is]

single-threaded. Dueutt‘ient parsing, Stu-[.15 while attripta are luaded and executed. and

't-‘r-‘Eh‘ be'W'EiIL'IS SE-H'Fl reapunding [U 'IJECT :iTIFIL'It 'r-I']'Ii.i.L‘ L"I."CTli.' handler: .1L'L‘ iIIL‘ii'IH L‘IL‘CL'I Hid.

Single-threaded exeeutiurt makes fur mueh simpler at'ripting: yuu earl wTite eude
with the aaaLtta rtee that twn I_"|."L‘l'lf handlera will rtet-‘er tun ar the tea rrte time- "t'nu can

manipulate tlnrnmrnt eatttem line-twine, that na nrher thread iti artentprmg Tn ntatlifir
it at Ih-t' same time.

Single-threaded rxrt'tttit'rn alara plates a burden an Java'aertpt pragranttners: it means-

that lavaSeript :teripts and eeent hantllera atuat nat ran fur teen lung. If a script per-

turrrta a eurrtputatiurtally intensive task. it will introduce a dela}r irttu dtJL'Ltmertt lead-

ing, and the user will rmt aee rhe dEIIL'UI'DL'nt etmtertr until the script etarnpletea. if an

event handler perfnrtnfi a catnpurarinnally tnrenaivr tattlew the lam-user may hecnme

Itaat'eepenaiue. pee-aim? eaasing the user ta think that it has erashetl.‘

[F trattr applieatian meat petfarnt enattgh rantpatatian ta CflLIE-I.‘ a Itatieeahle tit'latr.

yea altaultl aIIe-w the deeuntent ta lead {all}: before permeating tltat mmputatian.

and }"I:JLl ahuuld he sure to nutihr' the user that eutrtputatiu-n :ia under-wag.r and that the

l'JEEIIWHCT ia nut hung. H it is peaaihle tu hreak gmLtr etamputatinn dttwn inttt diaeTete

whim-alts. gran can use merhndfi .Inlch as setTiIeautt } and setlntereaH It tsee

Chapter H] tu run the auhtaa‘ha in the haekyeund while updating a pmgteaa iltdiea-

tur that diaplaya feedhaelr rt: the user.

13.5.? Manipulating the Dammit-at During Leading

1'.."."hile a rltaeurnenr ia heing lna-rled and parsed, _[a eafiieripr trade in a eaeri pt} elemenr

can insert tatttrnt intn tht' dnruturnt with daementxritefl. {.Ithrr kinda aF Lineu-

tnent Ittanipnlatien. using DDM scripting teeltniquea shawa itt IChapter 15. mag.- at'

triage taut he alluwed i.[l {aeript} tags.

' tart-me hrrtwr-ett._ 1|.l|.'i1 .Ia Firefme. guard attain-tr denLLI-rt-r-rten'iee arraeiea and accidental intiI1L1e Inc-pt. .I11eil
ptnmrlt the met II .a aenp'. nt e't'r11t h.n1ti:et take-a ran 1.111;: rn ttatt. 'I'hit. ewe-a the l.l'-i-E'F1E'II:' chance 1r| aha-rt :l
I'Ltllr.|~1'-.1j."=tlt['ll.

Etetufim tIf JaeaStrlpt Plagrlns I 255i
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Mast ht-awset's sttni tn allri'ar scripts tn ntanipulatt anyI dntuintnt elements that

appear hefnte the {stripts tag. Saint lavaSetipt earlers de- tltis tautinely. lieu-eeer.

Itt_1 standard requires it In wrath, and there is a persistent. it' vague. lJeliet' atliung sutne

esperieneed .[avaSeript L'uders that plaL'ing dueurnent manipulatinn etHle within

eseri pt:- tags can cause prnhlents [perhaps nnly neeaslnnally. nnly with same hrnws-

ers. tit nnlyI When a tltittinient is telnadetl e-r revisited With the ht-awset's Bath

hutte-njl.

The enly eansensus that esists in this gray area is that it is safe ta manipulate the

dueuttieiit tJItL'e the uttluad event has been triggered, and this is what :I'iiust javafieript

applieatinns dn: they use the enlaatl handler tu trigger all du—L'urnent :rnudiiieatinns. 1

present a utility tatttine [at registering anlearl event ltandlets iii Example 11?.

[n dnettmenrs that enntain large images nr rnany irn agesI the main dneument may he

parsed well Liei-trre the itnages are luaded and tlte unit-ad event is triggered. in this

ease. ydu might want tu- h-egin 1ttanipulatittg the dLI-L'uinetit hehJ-re the urtldad event.

Une technique {whtise safety is deh-ared} is tti place the rnanip ulatitin {ride at the end

at The dneunienr. an Iii-specific technique is tn pin the rlnenrnent manipttlarittii entle

in a esttiatr- that has hath defer atttl are attributes. .I't l‘ii'et'us-speetiie teehniaue is

ten male: the deleuineat-ntanjpulatiait eatle an event handler [er the untleeuateuted

Dflh-lCeIntentLu-aded event: which is tired when the dneLtrnent is parsed hut bet-ere

external Inhjeets, such as images, are fully luaded.

.“tntirher gray area in the _[ava5e:ript eseeutitin rntid el is the questitin u-F whether event

handlers can he invnleeel Iselni'e the elneunient is fully l-narleel- Hut diseussinn nf the

_|ava5etlpt esteutinn inridel has at:- [at enneludetl that all event handlers are always

triggered after all seripts have been eseeuted. 1While this typieally happens. it is net

required by any standard. [1‘ a dueurnent is very lung Lit is being leaded Liver a sluw

netwnrle etinnee'titin. the htnwser might partially render the dneurnent and allttw the

user In hegtn interacting with it {and triggering event handlers} heinte all scripts and

enlnati handlers have run. U will an event handler invultes a lLttietidn that is net yet

defined, it will fail. (This is tine reasdn tn define all [unetitins in sL'tipts in the ahead}

nt a tlnennient.) And if such an event hantller attempts tn Inanipulate a part ni the

tlnttiment that has nat yet been natsttl. it Will fail. This seen-aria is unenntman ]]'|

praetiee. and it is net usually wntth the extra ending elf-art required re aggressively

preteet against it.

13.5 Client-Side Compatibility

The well hruwser is a universal platlurnt liar hustiitg applicatiuns. and _lava5-i:tipt is

the language in whieh these applieatiuns are develuped- lidrtunately. the .IavaSeript

language is standardized and Iare]I-sttppnrtetl: all rnn-rlern weh hrnwsers sttpp-nrr

ELZMAEeript v.1. The same ean nnt he said far the platf-ai'm itself. .-‘t|| web hrtrwsers

dis-play ] ['J'ML. ai' enurse. hut thirty dilier in their supp-err: far t-tlter standards such as

at | {haptetlle Maitrbth'l'l'ehlmwsels
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L55 [tiniest-ling tirade Sheets} and [lie DUM- r'tnd althnttgh :Ill ninderit hrnwsers

ittelude rt euntp]i:tnt _]t11'215t.‘l'lpl. interpreter. the}- ditl'er ill the J'tF'IS they make Eli't'flll:

ulJ]e tu C]Ilt.'l'Lt-5l.ljt.'_]-il't'fl.5t.'rl|_.1t1.'L:'L]t:.

ClaimIs-eit'tliu'lit}r issues em: simply an: unpleasant [set elf life the e]ieI1t-sll.le .Ia'u't'll‘ieript

prugttirnrnets. The _[si1.-'sIE~I_'ript etude ytru write and dept-lug: may he run in ‘t'EITlULIS 1.-'L'r-

sinns nF test-inns htnwsers running an 1eetrirttts npernring systems. [It-insider the 11er—

mtitsdtrns nt' Fflptllflr npersting systems and hrewset's: littet'net Expl-srer nn
Windsws and Mae '3le i‘ii'et'eus e-tt ‘i-‘riiiidenws. Mae US. and Limit-e. Safari on Matt:

03', 21nd Opera Ult ‘tlt’intluws. Mae 05. um] Linux- ]f fun ws'mt tu sup-[Jun the e'Ltt-

tent vetsiun tr] eaeh hmwser p]1.Is the ptevitt-us t'wtn vetsittns, l'.l'|Lll.ElPI}" these nine

htnwserx'flls pairs by three? Far :1 mm] ad I? hrnwfieta'versinnr'tifli cnrnhintttinns. TI'H:

err-1;: wit}- ttJ lei: sIJse-Iuteh- sure that yeu: web tippliestjdit nttts LJJ'I 21]] 2? euntlsintt-

tiuns is H: test it in eseh. This is st IJEI Ltt'itiny| task. and in pnetiee. the testing is lit-ICE”

dune h]: the users after the appliestitnn is dcplt‘t}'t.'d!

Bettie-e ytru reaeh the testing phase tit nppliestitm detr'eltinl'irnent1 ytnu must write the

crude. "J'Jhen prngrnrnmmg 1n _|fl1.-':':i."s|:t'l]'lrl ltnnwletlge til rhe inenml‘lntihillries urn-ring

brewsers is L'TtlL-‘ifll fer creating eenmptitihle etrde. thtttrrtttnrttelt'. predueittg :1 defini—

tit-'e ]istirt5t ed 21]] ltrtuwn render. eersie-ti. and platturm incompatibilities wuuld lJe em

enurrttuus tuslt. [t is lJ-ejr'unil the st'upe and :rnissiun UF this lJ-Lt-ult. tint] tu my knees]-

edge. nn etrmptehensive client-side _]BU:I]‘i-l.'fl.|'.l‘t test suite has L'TL'T heen Lie-eelnped.

lt'nlu can find hrnwser enritrnrltihiltlt' iitlnt'mstinit airlines and here are rwn sires rhst 1
have fetind tiselu]:

lltt;:.-.I".u"1trttrtt'.r;ulemme-den reg-“dent!

This is [reelsnee web devele-pt-r Peter-Paul Kneh's web site. ilis DDM ere-menti-

hilit}; tuhles shuw the eurnpsttihility uf 1.-':a:rit.ttts htuwsers with the Hit-'3']: BUM.

l1I'trr:.|".u"we'ledt’t'flirl'dtetflerflwst'I‘_,srr_rrp-ti.i‘l'.phi-J

This site lav}.- Dfl'i-‘itl ] [attirnund is similar ttt- quirksmtscl't'-urg, but its t'utnputihi]it}r

tsl'i-les are entire enmprehensitre and [at the tirne tat this writing] Htlmtwl'tflt ITJEIITL‘

up-rn-tirtte. I11 ndtiirinn rn HUM ettmpntihiliry, Ir fllfi-t'i- rates hrnwser enmrilirtnee

Wltll the I I'I'ML. LL55. sitd ECMflSen pt standards.

J't‘r‘r'flTt‘llE‘E-S elf menmpsrihilities is nnly the first step. e-f emitse. 'J'he stiL'Iseetie-ns that

[untrue demonstrate teeliitiques :r'fl'u etttt use ts 't'l'fl-li'ls. amend the inmmpstibilities yen
L'IIIIL'ULlIIItL‘I.

13.6.1 The History of Incompatibility

Client-side :tt'ai'ieri t rel rreirttn'iin has alwa as been :thtmt ctr :in I with inetttn sti-. F F' 11 E 1" F' .l-r P

biltty. Kiiewiitg tlie histe-rtl presides seine ttseiu] etrntest. The early days sf With pre-

grat‘m'it'lttg were marked by the “Emu-Set wars" between Netseupe and Miemsult.

' I'IE Iei'r M .u: ts l'lL'll'lfi phased I.'l|.ll:_ which is .1 Hes-tin]: hee:ItIt-e it :1 sithsr.untul:1.'-:li1'te~n'nr rrr-m 115. I'eir W'inrlnttn.

fileril-Sldetumpallhltj | 151"
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This was an intense htttst trf detttltrnntent1 1n nit-en int'trtttnatiltle direettnns. trf the

hrnwser enviretnntettt and elient-side_lttt-a5eript :‘iPls. Incompatibility prphletns were

at their wetrst at this paint, and sit-rite web sites simply gave up and tpld tlteit t'isitttrs

whieh brthset the}.r needed tet use In aeeess the site.

The bretwser wars ended. with Mietusuit htilding :t dutrtintint market share. and well-

standards, such as the l'JIUh'l rind {55‘ starred tti talee htilLl. t’t petitiel lefil'fll'l'lllt}' [rut

stagttati-ttn] fnllnweti While the Netscape ht'nwser slats-I3; ntnrtthetl itttn the l-‘irel-t'rs

hrnwser and Mieresnit ntade a few ineremental improvements [0 its browser. Stan-

dards sttpthrt itt h-LI-th hmwsers was gland, Ltr at least pet-pd ertuuglt t'etr eutttpatihle

web npplieatitins tit be written.

."'t.t the time ut' this writing, we seem tet he at the start tJi anuther burst Lil bretwser

inntteatittn. littr ettarnpleI all IITIEIJEIT hrriwsers rtnw sttpp-rtrt seripred li'li'l'l" requestsI

Which frttrn tlte enrnetsterne Hi the new t‘tjettt welt appltt'stirt-tt architecture {we

l.’.jhapter 213']. Miernsert't is warltinp, tat [nternet Esplnt'er Tr which will address a hunt-

bet elf lung-standing seetttitt,‘ and C55 eettttpatih-ility :issttes. [E I" will have ttttttl}.r user-

etsihle changes httt will |1I.'!IE._ tiltt'tnat'entljr'1 hrenl-t new grnttnrl fttr weh rlet'elnp-ers.

Ull‘ltl' larawsers are breaking new grnund. hat-sever. tint esantple. Saittri and l-‘ireitrs

support a teen-teas: tag, I'ee seriptetl elient-side graphite-s isee Cltapterzli. t't eettser-
tiutn Lil brthser trendurs [with the nutahle absenee tJF Miemsuit] lttmwn as

1WEi.'1t.'|"'~.l't."i'§ [whutwgatt'fl is wttrlting mt standardize the {can-east: tag and many tither
estensi-nns tn | l'I'ML and tlte HUM.

13.6.2 A Ward about ”Modern Browsers"

IL'lient-side JavaSeript is :t muting target. espteialh.r ii we‘re indeed entering a peritId

of rapid etret-lufluti. Fur this reasett. ] sinr awe}- in this hit-u]: [rent making t'IE'Il'l'IJw

statements ahuut partieulat ‘r'L'ES-l-Llll'l'b- ed pnrtieuint brunt-sets. fin}; sueh claims are

Iii-tel}.r ttt he nutdnted heftire I can. write a new editinn EII'F the bttttle. .-'t printed htittlr.

like tltis simply eanrtat be updated as often as neeessargr- to provide a useful guide to

the |.'l2II]1P':111iIJlllli}-' issues that alleet the eurrettt etup LIF btetwsers.

't'tiu'll find, thereinre, that I Ltiten hedge my statements With P1lrpfl$el}' 'eagtte lan-

guage like L‘.:tll mettletn httiwsers" {tit stitnetirnes "ail rntidern brthsets except [ls—"3|.

.I'tt the time hi this wnting1 the lrire-te set hi “rnntlet'n htttt wsers” Incltirles: Firet'nte l .iJI

E-‘tlefrts l.‘i. US. 5.5. it: flat. Safari 1.0. Uttertt ti. etttd Upeta P15. This is not a guaran—

tee that every statement itt this hoe-Ia about "modern browsers" is true [at eaeh ed

these speeit'it: bretwse rs. [lust-ever. it alluws grit-u tLt lILILL'IW what browsers were eutrettt

teehnttlttm' when this hit-tilt was written.

13.5.3 Feature Iestiug

Feature testing {set ntetitnes ealleel etrpuhiiity testing) is a pnwerfiil technique lttr ett p-

in; With inettntpatiltilities. [f yeti want ttt use rt feature at eattaltilitge that may nttt he

ass | {hamfl}: mmmtrmmum
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supp-titted hit all browsers. lrls'ltllilt' crude in grant script that tests to see whether that

feature is supported. if the desired feature is not supported an the current platf-trrm.

either :lti :l'lU'l: use it an that platfuttii UE ].'|'l.'|.:-'I.'llil.|.‘ alternative cattle that watlss an all

PI'JlellITITIli.

‘t'tiu'll see feature testing again and again in the L'haptets that fulluw. In Chapter IF:

far example. there is ensle that ltmlcs like this:

if {element.adtlEtrentListcr'eI} { .I'I Test for this Hit nethutl before using it
element.addiuentListen-Jefi‘keydeun", hanuler, false),-
elerrentmddiwentl istergr{'keypress', harellerJ fail at};

]

Else if {elm-entjltachEvenl} { .I't" Tesl For this EE nelhtatl hefctre using i'.

(Inert-ant.attarhEm-ntf'mkeyrlann"_. handles];
elenent . attachE eertt [ ' mkeypre ss " . handler l;

3

else { -".-' Otherwise. fall back an a universally- supp-attetl technique
elementmnlceydesm _ E1EI1EI‘It.Df'IhEflJEEi—5 _ handler;

3

Chapter 113' desetil'ies yet anetthet appttiaeh rt: feature testing keep- trying altema—

tis'es ttntil Fm] fintl fine that tines. tint thtnw an cseeptinn! .I"I.nt'lI when. Ffitl find an

alternative that wail-:5. remember it far future use. Here is a preview af t'atle ft'nm

Example 20- l:

I! This is a. 11st en‘ aHLHttpfii-aquest ereatleu- Functlars te t1}-

HTTP._'fa-tt-aties - I
‘unctienfl { when new IHLHttpReQuestH; }.
functinnlf} { return new aeLis-eirlllhjeclfmsenla.Illl'tLHTTP‘}; }r

"t-ncti-an-{l { return net».I actieealitljecti"HieIust=-‘Ft.:tHL.'-ITTF‘"]t l
l;

H 'nhen ne Find a factory that uerks. state it here

|l'|'TP._'fa-:tnry - null;

H {reate and tetum a rte...- :IIlLHttpReq-Jest object.
.I'."

H The first tine we're called, try the list of factory Functier-s until
.I'.I' he find clue Llanl returns. a ttannull value and titles rn:I'. threw an

.-'r' excepti-an. thrice HE fine a netkirg factory; rerrerrtuet it fer later use.
Htrl'.rIEt-.Reauest = functier-II} { .-'* fuctien lJ-Ellily unittaa '.I' :-

r't ctintman. but attttlateti. example of feature testing that you may still eitee-untet' in

existing made is usecl tu clete rtttii'n: wl'tieh DOM a latawser suppatts. It aftett ueettts ii't

Di I'l'I'sIL cattle and usually ltllIZIIIEL-C fitlmfll'l'llng like this:

if {dnct.nrnt.gI-l'E]rnt-nl'flfld] -[ .I't" If- th: Hal: DE!“ API is. s.ti|1|:.tn:'l;¢t:.lJ
H e-a aur DHTHL using the 511-: DIJH APE

1

else it telacur'tet'tt.a11}I { .I'I If the ]E 4 AP! is supported.
I! Eta slur DHTHL using the IE 4 API

3
else if tdacunentdayers] l H 11" the Netscape 4 art is supp-atted,

elm-summarily I as
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H ta the DHTHL ei-‘eet [as lsest tee tan] using the Hetstape 4 at!
1

else { .I'I flthert-Iise, IIIHTHL is net supeettedt
H sa preside a statit alternative te DHTHL

i

Cutie like this is tJutIJatetJ heeause alrnust all bran-sets depluyed tends}.r suppurt the

“Wit: DITJM anti its due LllEl'I't .Ee’tElementEyl'dl: } fttnetinn-

The itnnuttant thing Etl'lt1LLl' the feature-testing teeh nique is that it results in ende that

is new rieti ttt a speeifie list ttf hrnwsel venelnrs n: hrnwser L'etsinn numbers. IT wnrks

With the set of htewsets that esist tetias and sheuld eentintte te wet}: ls'ith I'uture

latuwsers. Whatever feature sets the}- iniplenteut. Mute. lteweeet. that it requires

htuwser senders nut tn define a PEHFIETIF er methu-ti unless that prupetty ut rnethUtJ

is lull}.r Funetinnal. [1" i't-iiernsnft were In define an atldEeen‘tHandlerfi} rnethnd tI'Irtt

en];r partially implemented the WJ-C seeeiiieatiun. it weuld break a Lat ui eude that

uses {e attire testing. be lure calling addEeentHand letl: J.

The titre unent.all PEUPL‘ltf sherwn in this exaliiple desenres a special n'tetltiutl here. The

deeutrterrt.a11[] array was intrtHlueetl Inf Miettisuft in IE 4. it alltiweel Ilasaietipt etnle

tn reFer t-n all elements nF a eln-ettt'nent anti ushered in .1 new era nl client-side prngrstm-

mine. ]t was never standardized and was superseded hedetttttent.getE1errrentBsItlI{}. it

is still used in existing made and has eiten been used [incurreetlyi to deterittine whether

a script is running in ]E with eutle like this:

if {tin-emente'lll'] -[
H He'te running in IE

]
Else {

H we're in sane ether bred-user

J

Beeause the re :is still a let e11c extant made that uses deterrenL.a].L the liiret'ust brewser

has added suppurt fur it st] that Firehnt ean wurl-t with sites that were pretl'ittusl}' Ili-

dependent. liIL‘EflllHtL' the presence at the all nrnperty is nften tlsetl fer hrnwser detee-

tialt. l‘iret't‘ls pretends that it dues nut supp-art the prepette. 5e: even thutleh l-‘itel’as

dues suppert deterrent.a].l. the if statement in the fulluwine setipt behaves as if the

all |:Ir\'._il:le1'tg.r Llu-es nut e'ttistI and the script displays a dialug hes euntaining the test
"Firet'us":

if {duet-neat.alli alerti'IE"}; else alerti'FireftIJ-t"];

This example illustrates that the Feature-testing apnl'naeh tines nnt wurlt iF the

browser actively lies ttr- y'tr-u! it aistr- shews that web develnpers ate |1L‘I'[ the unis ants

plagued h}- eempatihtlity issues. Bruwser senders ntust alsu [an thre-ueh euntertiuns

fur compatibility.

2st | {halted}: manethwaamwue
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13.6.4 Browser testing

Feature testing is well suited tr.- eheel-ting tar supp-art at large lunetianal areas. 't’au

can use it re determine wheth er a hrnwser supp-arts the Wise: event-handling ntntiel

ut the HE event-handling lTlUthil: hit exatttple. fill the ether hand. sutnetiittes j-‘LJIJ :Ina].r

need ttl wnrlt arti-un-d individual hugs tit quirlei in a particular hrtiwser, and there

may lie nn easy way in rest Fur the existence nt- rlte httg. In this. ease1 Frat: neetl tti cre-

ate a platfann—sueeilie warltarenutiti that is tied ta .1 partiettlal' hrawser yen-tier. yer-

sian. at taperating system [er smite enmhinatian at the three].

The way tn tie: this in elient-sitle jaeaSeript is with the Navigatnr abjert. whieh ydu'll

leartt ahuut in Chapter l-l. Cede that tleterrttiiies the yettdur and yers'tun ai the eut-

rent hrtiwser is tiiten L'alled a l'srtitt'ser sniffer at a client sniflei'. r‘t simple example is

shnwn in l-h-cample l-l-E. l[Ilienr sniffing was a enmrn tin elient-sirle prngramrning [t.'t:l'|-

nie|ue In the early days of the Welt When the Netseape anti lL-' platfenntis were itieatn-

patilsle and diverging. New that the emnpatihility situatiun has stabilized. elient

snit-ling has fallen u-Ltt tit latter and shattld he used anly when alatstJlLttel].r net'esaary.

Hate that client suit-ling can he dune en the server side as well: with the welt server

L'l'ltltn'il'lg what _laea§t:ript etide rt: send hat-zed tin haw the brewer Ede ntit'ies itsell in

its User-Agent header.

13.ti.5 Eantiitianal Enmments in Internet Eaplarer

iii praetiee. yentl‘ll find that many at the taedtnpatihilittes iti ellent-sitle _Iaya1~ieript

ptugramming tLtrn uut ten he lll-spee‘i lie. That is: }'tJLt must write e'ude iIt Line tea].r tar

[H and in antithet wag.r far all tither Iirriwsets. .f'tlthtiugh ytiu shtiuld ntirrnally aytiid

htnwser-sneeifie eatenslnns That are tint Illtely tn he standardized. lL-Z shiny-arts eand't-

tianal eamntents in lJDtl‘I ] l'l'ML and Java'si-eript made that east be useful.

Here is 1-'-'hat eantlitiana] t'antniettts in ll'l'ML laalt lilte. Natite the tricks played

with the elesiag delimiter ui E i'l'ML eatnments:

<!--[l-F IE]:
'I'ais. eanteat it. actually inside an HTHI eanrtent.
It hill anly be displayed in It.
e|[enti'if] :.

<!--[it gte IE 5]}
This tar-tent Hill scaly he displayels by It 6 and late:-
<![tndif]--s

<|--[i‘F !IE];~ e--:
this is normal HIHL center-t. but 1|: will not display it
because at- lhe eat'Ilient abate! and Ll'e eel'rnent helm.

<!--i- t![ent.|if]--:r

This is normal easier-t, displayed by all hteusets-

tlenl-Sldetampallhlty | tel
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I{.irinditici-nal cemrnctits arc else stippnrtcd he ”55 Javahicript interpreter. and (.1 and

Ii..'++ programmers may find them similar tt: the itifdeffflendi-F t'tiiteticinalitg.I al' the I:

pteptticesser. i"'t _['.11.'35I_'ti].'rt L'Lii'idititil'iul cutlii'itelit in IE begins with tile text I'Lflcc _|'.'l'l'l

and ends with the text ft. [The cc irt cc_c-n stands itit EtZIJ'I-iiitilinllLl:mpl.l.5‘titi1'l.] The

Felines-int; crinclitirinal cnrn rtient includes ctide th at is executed rinly in HE:

.-"'!cc_clr-
El.‘ if jst 1.. L)

.'.-' Inis ccuie is inside a J5 cement but is executed in 1::.

a1ei'f.["[n'[i"};

EEHIII

E‘I’

[nside a L'tinditiu-nal cumrnent: the heywutds Eli‘F, Eels:1 and Fiend delimit the cude

that is [11- he ctirtditinrtally executed hy Ili's Ilas'ef'icrilit interpreter. Must {if the rirneI

yntl nccd rail]; the simple cnnditinnal shnwn ahnvc. EliF [E'JSETiPti- _|3*i-ci"tpT I5-

Micrusclit's :l'lilli'H.’ fur its Jamil-cried interpreter. and the ii jsctipt variable is always
true in [IL

1'i"."ith clever intlirllC-Tfill'lfi Lii cdnditiunal cutni'rtents and regular _]at'a5cripc cu rnrnents:

TU“ can set up tine hlnck cIF cede tn rtin in ii". and :3 different h-lticic tn run in all either
hrnwsers:

.-"'!cc_cur-
Ei‘ LE_jsciipti

I! This made is inside a centiiticmel cement. shish is aiscl a

I! Iegular iavaScIipt cement. 1E runs it but ether lJIIZIwE-EI’S 13min! 1:.
ale;r.["r'uu else using Itilentei Eeplniet];

Eelse‘t

.-".I' This. Lude is I'll} large! inside a Jeudfictipt Lcimet-IL, but 15 still

.i".I' inside the IF ectnditE-anai eanIient. This means that a“ himsers

.'.-' except IE Hill run this cede.

eiett["r'nu are net using. [nlLeerel Eepietet'i;
J‘Ernd

E”

ILit-inclitici-t'ral canttnenrs. in hath their ] l'J'ML and Javai‘it'ript Terms. are cnrrtplc'rclgr

Itunstsndard. The].r ate surnetirne's s LLEE'FLI] way tun achieve L'un'ipatihility with ”E,
lttiwe'irer.

15L:ir Accessibility

The 'Weh is a wcirtdeti'ul tcml hit disseminating ini'tirn'tatitin, and _la1.r:t‘.~ircript pren-

grams can enhance access In that infant-m etinn. IIDVHHEIIFE prngrarnmets must he ca re-

ftil. hast-ever: it is castr t-a write lavas-erupt catlc that inadvertently deities tnfnrntatinn

t-a s-isitars with visual uzr physical handicaps.

is: | {haptetflc mainstream...“
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tilind users tnay use a iartn of “assistiee technology" known as a screen reader to

eoneett written words to spoken words. Sotne sereen readers are _|aya5eript-awaie.

and others worlt best When jayabcript is turned oif. if you design a web site that

requires lava'icript to display its information: you exclude the users of these screen

readers. [find you has: also excluded anyone who browses with a mobile deelceI

such as a cell phone. that does not have Javatienpt ELIIIPHIL as well as anyone else

eel'lfl- intentionally disables 'Ifls'ElSCl'lPI in his browser} The proper role ot'_]a1.ra5eript is

to enhance the presentation oi information: not to take over the presentation of that

information. .I't cardinal rule of '[ayaL'i-cript accessibility is to design your code so that

the 1weh page on which It is used will still Function [at least in some Form} wirh The

layabcript interpreter turned oii.

Another important accessibility concern is for users Who can use the keyboard but

eannut use [or ehoose not to use} a pointing device suelt as a mouse. if you write

jayat'ictipt code that relies on roousc-speciiic eyenrs1 you exclude users who do not

use the mouse. Web browsers allow iteyl'toard traversal and activation of a web page.

and your _]aea5cript eode should as well. .-'tnd at tlte same time. you should not write

code that requires keyboard input eitlie r. or you will exclude users who cannot use a

keyboard as well as many users of tablet PCs and cell phone browsers. t'ss shown in

[Shaprer 1?, _[ayaf'icri]ar supports desrice-indeyurttdenr eeertts. such as an‘Facus and

unchange. as well as device-d ependent events. such as ant-auseoeer anti oneness-damn.

For aeeessibility. you should fat-or the deeiee-independent events u-lteneeet possible.

lL'teating aeeessihle web pages ts a nontriyia] ptolaletn Without eiear-cut solutions. rt:

the time of this writing. debate continues on bow to best use _I:tee'|5cript to foster.

rather than degrade. accessibility. :1. full discussion oi lavaEcriFIt and accessibility is

beyond the scope of this book. .I".l'l internet search will yield a lot oF information on

this topic. ntuelt oi" it eouehed in the form of teeonnnendations front authoritative

sources. Keep- in mind that both client-side .[ayaScript prograttnniny. practices and

assistiye technologies are eyoly'ing: and accessibility guidelines do not always keep
up.

13.8 JaeaStript Security

[rtrerner security is a broad and complex field. This section focuses on client-side

Javaserlpt security issues.

13.3.1 1.‘J‘Irat JaraStript {a n‘t De

The introduetion uiJaeaS-eript interpreters into web- browsers means that loading a

web- page can cause arbitrary _]a'ea5cript code to be executed on your computer.

Secure web browsers—a rtd commonly used rnodetn browsers appear to be relatively

secure—restrict scripts in yanotts ways to preyenr malicious code From reading conFt-

dential data. altering your data. or compromising your privacy.

htajaiptseclrlty I a;
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_ItI‘-'aE:-l:tl]1t's first line of defense against maherntls eneit' is that the language slrnplg.r

tines Itnt suppnrt certain capabilities. i-‘nr example. client-side _]at-a5cript cines nnt

ptnvitle arty way tn reael, write. I_1r elelete iiies L'iT elireetnries en the eiielit eeniputer.

1|il‘e'ith nu liile tilajeL't ant] nti file-access fune‘titins, a '[avaL'i-eript program eanntrt delete

a user's ciata nt pl ant viruses an a user‘s system.

The seennci line nf riefense is that javai-ietipr impnses resrrierinns an ee rtain features

that it tines supp-art. J-‘nr example. client-side Java's-aim can script the HTTP prntn-

eni 1n eschange data with weir servers. and it can even tiewnlnati data t'rcum 1-‘l'1‘ and

ether servers. But Ilavafietipt tines tItJt prtivitle general tiettverltii'ig pritiiitives atlel

eaznitnt eperi a sachet tn1 nt aeeept a eenneetien t're rn. annrher heist.

The fallen-jag list includes ether features that may he restrieteil. Hate that this is mint

a definitive list. Different I'itawsers have different testrierinns, anrl rnany nf rhese

restrictinns may he user-ceniigurahle:

* fl. laeaHeripr prngram ean ripen new hrnveser I..|.Ii11rln1.vsI hunt1 tn prevent Imp-up

abuse by advertisers. many htnwsers restrict this feature se that it can happen

aniy in respeitse tel a utter-initiated event such as a itinuse eliele.

. It lavaficript prngrarn can clase hr-aveser windntvs that it npeneti itself. but it is

net alleweti te elese ether windews witheut user ceniirmatieit. This prevents

rnalie'ieus scripts frarn ealling sel‘F.e1nse-[] te- eiese the user's hretvsing win-

einw, therehy causing the prngratn tn esit.

1* r't _]ava5t:ript pru-grarn eantinl: tilaseure the elestinatien elf a limit by setting the sta-

tus iine testt when the rneuse rntives ever the link. {it was enrnrnnn in the pasr tn

prnvicle arl ri|tinna| infnrrn atinn ahatir a link in The status I|r|e. Abuse I'iy phishing

seanis has caused many hrnwser vemiers tn IZlIE-tll'Il-t' this eapabilitv.]-

* {It serlrir eann nr nrien a wintiaw that is ta-n small {ryriieally smaller than lili] [airc-

els an a side} at shrinlt a 1vimin'ii-i tee sntall. Siimlariy. a script cannnt Leave a

wintlew ei'l' the screen er create a wintiew that is lfltget‘ than the screen. This pre-

vents setipts frern npenirig tvintJesvs that the user eannnl: see er etiulil easily

nverlntiit; suel't win-times etiuiei enntain scripts that ieeep running after the user

thin its th ey have stepped. nisn. a scnrlr may tint create a hrnwset win tint-v With-

nut a titlehar er status line because such a win-.1 nw enulcl spent an nperattng tiia-

leg hurt and trielt the user ilite entering a sensitive pasrwerti. fer example.

. The value prnperty nf ii'l'ML l-‘iieUpinaci elements cannnt he set. [i this prep-

erty ceel-ii Ire set. a script reel-ii set it tel any desired [ilename and cause the ferln

tn upleael the enntents tif any speeifieLl file [sueh as a passveerti file} be the server.

- .r‘t script eanitnt read the cement eitincnments Inatled fretn different servers than

the deeurnettt that eu-ntains the seript- Similarly. a sL'ri]:It eannnt register event

listeners nti Litieurnents frtim Liifiererit servers. This prevents seripts frtitn snntip-

mg an The user‘s |11pnt [sueh as the keysrrnkes that ennstiriite a passtvnrti entry]

tn ether pages. This restrictinn is ltnewn as the seme-nr‘igiu reality and is
eleserihetl in there eletaii itl the Heat Settle-t1.

an | chapters: meestmaeamwae
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13.3.2 TheI Same—[high Paliqt

The same-m'igi'tr yah'e}? is a sweeping security testrietinit EII'I what weh enntent Java-

.tierint tit-tie ean intet'aet With- It tji'nlt'alltI entries intn rule}r 1when a welt page uses mtIl-

tipie fralnes. ittelutles tlftame} tags, UE ttpeits uthet hruwset w‘intluws. [n this case:

the same-titigirt pnlie]; gtwerrts the interaetitms nf latrafieript ten-tie in true win Ian at

frame with nther win-times and frames. Specifically, a script can reatl nnlg.r the Pli‘lIl-L‘F-

ties of Wind-ates anti tlaeuments that have tlte same tr-ngin as the tlueument that can-

tatns tlte setipt isee Seetien 14.3 it} ieartt ha e.- tu use _[at.-aSeript with multiple
winduws ant] frames}.

The sutne-tJrigiIt puiiey alstJ comes up when scripting] [Ti-F with the XML] ittplleq Ltest

nhjeet. This nhjeet allths client-side _|aea3etipt ettele tn malee :lTl'l-‘l‘lIIE-lr}? ] lT'l'F' requests

hnt nnlf m- the weh sereet frnn't which the enntalmng rl-nenntent was I-nettletl [see

Chapter 2U fat mate en the EMU [ttpttetluest abject}.

'l'he alright fill a tlnetnnent is defined as the plL‘IIFI-tt'fll. hen-st. and part cf the URL ft‘nm
whieh the daeument was laatletl. Daeuments luat'ietl [rant different web servers have

different wright-s. Dueunients luaLletl thrtJLtgh tlifletent putts nf the same hust have

different nrigins. find a ilneu rnent lnaded with the http: prtt-ttt-L'nl has a tliftetent tiri—

gin than an: Inarletl wlth the https: prntnenl, even if they came frnrn the same “'El-l‘
SCH-Tr.

it is impnttant ta- understand that the ntigin nf the script itself Is nt-t teleeant re- the

same-atigin puliee: what matters is the might Df the tlaeutitent itt which the ship: is

embedded. Suppase. ftt-t example, that a setipt ltutn tinn'tain ."i. is included [using the

are Fui'nrtetle-r all the {script} tag] at a web page 111 tintnain [-5. That scnnt has full

ateess tn the etintent of the tltteument that emttains it. if the stript apens a new win-

tluw and leads a seeund Itltiltlul't'llfl'll: frult'i IJIJJittlni E. the script aisu has ftili aeeeE-s tel

the rJuntent uf that seenni] tineurnent. But if the setipt therts a third wiItthJw and

Inads a Llneurnent frnrrt tltn'nain {'L [tn' even [turn Llnrnairt .I'tj intn it1 the sttme—nrigin

palie'j enmee intu eft't'et ant] rtteeents the eetint ftnni aeeessing this tlnetnnent.

”the sam e-nrigin |3flllL']r' tines net actually apply tn all ptnpetties nf all nhjecrs in a Win—

tittw ft'tr-tn a different ntigin But it til-ties apply to man}- at them. atttl. in particular. it

applies tel ptaetieally all the pea petites af the Dueumeat abjeet (see Lhapter 15}. Fur-

thetrnute. different htnwser eenilnrs implement this seeu tit}; P-lJiiE}' surttewhat differ-

ently. [lint example, Firefmt IJlJ allnws a script tn e:t|i histary.baekf }I an different—

“f'lfiili Willilfi‘v‘r'fi. but Hi E: titres nnt.] l-'nt all intents and nun-inses. then-fare, t'm'

shtrultl eernsidet ant- wind DW that eantains a tltneument I'tunt anathet server to he nif-

iiniits ta 3mm scripts. if yuur setipt tapeiietl the window. }'I:.|Ltl' script eel: chase it. but it

eannnt "lnnlt Insitle" the Wineinw in any way-

The sa rne-Litigin ]:I-niil_':.r is neeessarf tu- prevent setipts fturrt stealing ptuptieturf infur-

matian. Witht'rut this resrtlt'tinn. a mallet-ans setipt [laatleti through a firewall him a

htuwser an a seeute eutptr-tate intranet] might upen an empty wiittituw. heaping ta

Maiaiptfieeltltj I as
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triclc the user Int-a |using that windnw tn htnwse iiles an the intranet. 'l'he ntaliciuus

script wcnulti tlten read the cantetn at” that win-claw and send it back ta- its awn sereer.

The sat'tte-ptiplitt pulicy presents this kind ui lJ-ehayiut.

[n sume circumstances. the same-might puiicy is tL:-I_1 restrictive. ]t puses particular

ptulaletns iur large web sites that use rrtute than une server. [int example. a script

Frttrn harm--eaumpl'e.cmtt might legitimately 1want tn read prnpetties ni a clncumcnt

Inatletl frntn deeeiarrt:resumpiecattl. at scripts Tram artil't'rs.exampie.rarrl nttght neetl

ta read ptuperties train ripeunteins an t'trraiag.rsrtrrtpie.tam. '[u suppart large web

sites elf this surt. th-u catt use tlte dumain pruperty vi the Ducutttent uli-ject. By Liel'ault:

the clcttnain ptuperty cnntains the huscrtartte cti the server t'nurtt which the tJthLtn'tertt

was luaclecl. ‘trau can set this tire-perry. iaut anly tan a string that is a t—‘aiiti tiara ain suf-

l'iat 01' itself. Thus. if ciarnain is uriginally the string "hameesatnplecunt‘. yuu can set

it tu- the string heatan'tp-le_cr_trtt“I hut nut ttJ “humeexarrtpie': L'IT “amplncum'. iiLtt-

thetmunre1 the clcrnain value must have at least nne ciu-t in it; yttLt cannnt set it ttt

“cunt.“ nr an}r nrhet' tap-level tintnaiu.

[f twn winrl nws [nr frames} cnntain scripts that set tic-a in. tn the same yalue1 Illa: same-

tr-riejn palicy is relaxed int these tit-u wind-ates. and each window can interact with tlte

ether. Fur exalttple. cuuperatiny, scripts in tiacuments luadeti I'rpm unieruesttmpieaarn

ancl cartriugeseutpiecum might set their aucment.dct11a.in prupe rties tn “examplecum”,

thereby making the dncurrtents appear tn have the same ntigin and enabling each duc-

ttrnertt tn read ptaperries at the ether.

13.3.3 Scripting Plu g-ins and iictieeii (antral:

hither-ugh the care _la'-'at-'-ctipt language and the basic client-side abject ntcntiel lack the

l'iiesystem anti aunt-pricing, features that must maliciuus catle requires. the situatiun is

nut quite as simple as it appears. in many wela brawse ts. Jayabictipt is used as a

I‘script engine" t'nr nther stti'twate cnmptinerttsI such as .“tctiyex cttntrnls in Internet

Esplurer and plug-ins in ether brats-sen. This tspases itnpartattt anti pawetiul [ea-

tLttes th clietit-sicle scripts. "'t'u-u'll see examples itt Chapter 1L1. where at: flctiyeK cutt-

trul is used Fur scripting HTTP. and in Chapters IQ and £2, wil'lL‘L'L' the Java anti iiiash

plug-ins are user] fnr persistence and advanced client-side graphics.

al'here are seettrity im plicatinns lTl- heing ahle LTI- scripr Acri'tre'ai cnnttnis and plug-ins.

Java applets. far example. have access as laW-lt'yel nerwarlting capahilities. 'l'he_]at'a

security "santihan" preeents applets [ram camlnunieatine with any server L‘Ithel‘ titan

the L‘Ilit: hunt which they were letatleLiI su this IJtJes nut tap-en a security I'lliJlL'. But it

expenses the hasic ptnhlem: if plug-iris are scriptahlc, ynu must trust nut just the web-

latnwser's security atcl'titt:~t_'ture1 hut alsrt the plug-in's taccuttryr archirecrure. in. prac-

tice. thc_|a1.'a anrl Hash plug-ins seem tn have rnhun securityI and tie: nut appear ta

iutrcuiuce seeurity issues inter client-side _]a1.-a5ctipt. helix-ex scripting has had a mare

checkered past. hurt-ever. The ill latnwser has access tn :5 1satiety elf scriptalJ-le ActiyeK

cnntrtils that ate part ctf the 1'ti't-"indtinrrs taperating system: and in the past sttrne mc

2st | {haptetflc mmtmauamwm
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thcsc scriprahlc cnntrals Itavc mclttt‘lct‘l csplmtahlt‘ sccurity halt-s. .I'tt thc timc rti this

writing. haw-scar. thcsc prahlcms aypcar it: have hccn rcsait-ct'l.

133.4 Crass-Sitt- Scripting

CrflSS-Sifl' scripting. L'II K55, is a man hat“ a catcgctry cli sccntity issttcs iIt which an

attackcr injccts l [-J-ML rags [Jr scripts irti'tr a tatgci‘ wch sirc. Dci'cntliny, against H55

attacks is typically thc jah ni' sc rt'cr-sitlr: wch clctrclnpcrs. I lawcycr, clicnt-sltic Java-

Scripr prngrantmcrs must alsn hc awarc af. and tlcfcnt'l agatnsr~ crass-sit: scriptmg.

.I‘t wth pagc is t-ulncrahic tn ct'rtss-sttc scnrttinp, It It dynamically gcncrarcs tlncttmtltt

cantcnt anti hascs that cantcnt c-tt user-stihntittcui data without first "sanitizing" that

data lily tutti-crying any ctlihctlcictl HTML tags frtrtli it. fits a triyial csatliplc. ELJIISiljtr

thL' i'ctllttwinyI wch pay: that uscs Jami-script ttr grcct thc uscr by ttarttc:

cscijt-s

trar name = decadeflfllllartparcnttfuindm.lacatian.ssarch.st.tustrirtgl:E-}J ||
dnturlcnt.'nlritt-.['Itsl Ia ' -r- narrr};
sisttipt:

This t'Ia'n-lmt: scnpr uscs windatu-1aca'tian.saarch tr:- nittam thc Iranian af irs awn

URL tltat hcgt'ns with 5'. it uscs data-eat .h'ri‘tefi } ta atlcl. dynamically gcncratcti can-

tcltt th thc tlttcutiicttt. This pays: is ilttcntlctl tLt [1c iliyctltctl With 5.1 URL Iiltc this:

h1.Lp:."t"'m.I=r:cIrp1c . cam-"H I: at l . h1n1?ran=-|]aui.t.'

thn usctl lilac this. it displays tltc tcst "iicilc: David". But cc-rtsitlcr what happcns
I.yht:rt it is inytticccl with this URL:

h'l. l: p : .I' I'm. :sarrplc . curt-”H the l . h1n1?r alts-1H: st: t in itiEalc: 'tl: 'Dfl'n' icl' ”3E." st: I' in liiE

1With this URL, thc script" dynamically gcnctatcs antrrhcr script [33E :tt'ttl $3E arc

cat'lcs Far anglc hracltcts}! lrt this casc. thl: injccrctl script sitnTtly displays a clinic-g

has. Which is t'clatit-atl}r hctttgn. l:l-|.IT cansitilt'r this casc:

http .- H's its-Mamet . htnfl lnans=fiacscript st: :5 itc-E-r'e-a il .jsflafliat r's-criptfi] L

lL'rttss-sitc scrip-tilts; attacks arc stt calla-.1 ilLTiIllSlt" mar-c than can: sitc is inyalyctl. Eitc

B {at cycn sitc C} ittclLtIJcs -=_'I. spccittlly craftcci liltlr. {lilac thl: uric slam-c} th sitc fit that

injcc‘ts a script Erttrn sin: 13-. 'l'hc script urn-'11.}: is hastctl by thc ctril saitc B, but it is rtttw

cmhctlt'lccl :in sin: It, and can tla :thst'tltttclg.r anything 'lT wants with site r'i's cantcltr. lt

might dcfacc thc pagc nr cause it tn Ittalittncrinn I{stitch as its Initiating nnc cf thc

dcniaI-ai-scrs-icc attacks ticsct ihctl in tltc Itcst section]. This ss-atlltl bc had far sits :‘t‘s

custhIttcr rclatiut'ls. Mtttc clattgctctusly. tht: nialicicILts script cart rcacl ccltt-itics stutctl

hy sitL' fit {pcrhaps accttunt' Iturrthcrs ttr ttt'ht't pctsttltally iclcrttiiying int'ttrrrtatittn) :tncl

scnti that tiara hack in sun li- Th: injcctctl script can cyan track thc ttscr's ltcystrrtltcs
anti scntl that data hat'lttn site B.

in gcncral. thc way t-a prctrcnr K55 attacks ts ta rt'mnsc ii'i'ML tags ft'rtm an}.r

urtttttstctl tlata hciatc using it ta crcatc dynamic document cantcttt. ‘t'c-t: can list thc

Mainlftfiaclrltj I as}.

Page 151 of 244

.IT1':I!._.-
a .":IH

E
E:I
r."
fn.
a. 



Page 152 of 244

greetiltml hie shewn earlier by adding this line rat cede ta tentnve the angle brackets

arattttti estrip‘t} tags.

name = nane.replaee{s'efg, "E1t;‘]l-1eelaee[ft~rg, "Egt;"ft;

lCrass-site scripting enables a pet'aieiertts s'uhtetabilite whnse teats go deep inter the

arehiteeture at' the 1tit-'eb. It is wurtlt understanding this t-ttlnerabiizite in depth. but

it: rthet diseussinn is heyennti the senpe nF this hank- There are many artline restturees

tel help s'ntt defend against erass-s'tte scripting. tine itttrnartattt plantar}.r snttree 1s the

erielittai CER'I' Advise-r3.- abetttt this pleblettt: ititp:flwww.eert.ergfadtriserr'esu’CA-Eti-UU-
Glittttti'.

13.3.5 [tenial-ttf-Sereite Attaelts

The ssrrte-tt-tigitt petiiey and ttther seeurit]; restrie'tiurts deserihet] here tit: st gttttei jtth

nF preventing maliei-atts eatie tram damaging yetttt tiara nr earnprttntlsittg yttttt pri-

eaey. 'l'hey tit:- nert ptateet against Itrttte-iert'ee dettial-af—serv'tee attacks, hast-ever. ii

}'|J1.| visit a malieibus web site with .I-EI'I'E'ISEJ'iIJ! enabled. that site can tie up yetur

htuwser with an infinite ieup elf slettl{ II tiiulflg bat-tees, tel teittg :rtt-u tu use. [at exattt-

pie1 the Unit»: kill ettrntnartd at the 1|i't-‘in-tlttnars Task Manager ttt shut yttur hrttwser
dawn.

.I‘t. malieinus site can alsa attempt tn- tie up Fri-ill EIFIJ with an. ittlittire In-np at mean-

ingless enmputatmtt. tie-true bt'nwsers {such as l-'1reins} deteet latte-running scripts

and give the user the bptiatt te step them. This defends against aee'ttietttal infinite

luups. hut :ttt'aiieie-us rude eats use teehttiques stteh as the tut-initiate. setI n'tenrallz] ettrrt-

mattri Tn amid being Hi'ltlt tlnwn. It sitttliar attack ties up grit-Hr systettt by allneatittg

lets ef |'l'|.E‘!|'I'|fl-i:'}'.

There is net general way that web brewsers ean present this |~tittti at" Itattt-hatttleti

attaek. in praetiee. this is net a ee-mtttenn emblem en the Web sit'tee IIIJ etne returns re

a site that engages in this kind at scrip-ting ahuse!

13.9 Dther Welt-Related laeaStript Embeddings

[It additiutt ttr eiiertt-siLie jasafieript, the isvaEi-L'tipt iattguage has utltet weh-tehtteti

embeddings. This h-ttttle titres ttttt etts'er these ttther errthetitiirtgs1 hut yttu shuulti

knew ettattgh ahattt them set that yt‘rll dan't t'_'t'|1'| Fuse them with eltettt—sitle jas'af'ierirtnt:

User scripting

User scripting, is an ittnes'atiett itt Which user-defined scripts are attpiietl ta

HTML ei-aeutttettts befete the}- are rendered by the browser. Rather than being

sulelgr under the L'tl'tltl'L'l] at the page authur. web pages L'st't ttLtw he turtttuliesi h]:

the page 1«'isitttr as well. The hest—ltttttwtt example mc user scrip-ting is enahled hgr

the I2s'rea:—t.errtt1Itite}.r extensian m the lFirEft'l'h-C weh hrnwser {http:flgreusemaahey.

meedetaeett]. 'i'he penetammitte ensirnnment espeseti it'l- user seripts is similar

2st | {haptetlle mmtmtraamwm
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tn. hut nnt the same as. tlte client-side prngt'atnmmg envirnnment. 'l'his hen-alt

w'tll neut teaeh yau haw to write Greasentanhef user seripts. but learning eliem-

side lavaSeript Prugri‘llllnllllfi eaa lie etil'tsidered a prerequisite tu let'trttii'tgl user

scripting.

Sit-“U

Sit-'C [Sealahle 1'u-"eettinr Craphies] is an XML-based graphics him-tat: that permits

etnheddetl _la'.ra}ie1'ipr scripts. Client-side _Ias'a."i.t:lipt can script the ll'l‘f’u‘ll. dn-L'tt-

rnent Within Which it is emhetititsl. anti lavatieript entie emhedtleti itt an til-“Li tile

ean ser'tp't the XML elements althat t'ltueuntent. The material in Chapters l5 and

l? is relevant Itu- S‘s-G seript'tlig but is nut sut'iieietit: the BUM iu-t SE’G tlifiets sub-

st.:trttiallg.r frtitn the ] [TML [JUL-l.

Tlte S‘L'rfi speeiiieatidn is at httpa’fwwwmsitlrgfl'flr'fl VG. Appendix B Hi this spee-

ifieatitin defines the EVE DUE-1. Cil'lilFl‘tIET 11 uses client-side laundeript ernhed-
tied in an HTML tittetttnent tr.- create an H's-'{i Lin-CUT” eat that is embedded in an

I l'I'J-rtL tittettment. Since the _Iat-a1-it'tipt entle 1s atttside tlte bit-“ti tlnt'ttmt'nt. this Is

an est-ample at regular elient-sitle _]at-a5er'tpt rather than SW3 enlist-titling afjava-

Setipt.

KUL

KUL is an XML-based granttliar felt LlESL'IilJ-llltll user llitchE'lL'tii. Tl“: GUI Lilli. the

liireftis weh- hnawset is defined with KUL dtreurrtents. Like Edi-'15, the XLlL gtatrt-

Inar allnws _|a1.-'a5i.t:rlpt scripts. .i'ts With Filler-U, The material in. {Ihaprels I5 and l? is

relevant ta HUL programming. Jlawewr. lavati-et'tlat Wdfi' in a KUL tIa-t'tttnt'nt

has aeeess t-a different abjeets and M’ls. and is subjeet ta .1 ILlllfTfl'E‘Tll seeurity

inn-Lie] than Client-side jaeafieript evade. Leatti tIitJre ahtiut KUL at .l'it'rpali-rwww.

tittizflltr.urgfprn-jeets-“xstl and tirttp.s".I'tt-'tt.'w_it'mlpitrrtet-r.'t:lm.

-_ |-..1. _—
1': -.Ie.- :I._r ..
5. :1"-:| n.
-- 1- 

Hettuniienpr

Aetitinfleript is. a jas'aSei-ipt-like language [descended irtstn the sarrte REMA-

Fserlpt speeifieatltin htst evnleed in an nhjeet-nriented direetinn] used in. Flash

mat-it's. Mast of the eareJavatSer'tpt material in Part I Di this bank is relevant ta

Itet'tanSeript programming. Flash is net KML- ar HTML-leased. and the M‘Is

exp-used in]: Flash are unrelated td thdse dist'ussetl in this hauls. This ladellt

:ineludes examples at has» elient—side _la'I.ra_'-it:ript can swim I-‘Iash trttnries in Elsa p-

ters HP. 22, and 13. These examples necessarily inelttde small snippets nf .I‘tetirtn—

Setrtrt rude. but the :I'eeus is an the use at" regular eliettt-side _lat-a.‘:iet'it1t ta
intertlel with that evade.

shamanism JarfltrlptEmb-addhgs I are
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Chapter 4

More about objects in Java

4.1 Introduction

Chapter 3 introduced the basic concepts of classes and objects in Java such as the
class definition. instantiation, and obj ect reference. We emphasized the analogy of

classes with data types, but the class approach allows for more thanjust defining a

new data type. Java allows you to build upon, or inherit from, a class to create a new
child class, or subclass, with additional capabilities. In this chapter we introduce

class inheritance in Java. Inheritance involves the overriding (not overloading)

of constructors and methods, abstract classes and interfaces, polymorphism, the

obj ect class, and the casting of object references to sub- or superclass types.
We discuss each of these concepts in detail.

This chapter also includes additional discussion of arrays and how to use
them for vectors and matrices in mathematical operations. The chapter ends with

a couple of examples of classes for technical applications. We create an improved

complex number class and also an enhanced Histogram class.

4.2 Class inheritance

A key feature of object-oriented programming concerns the ability of a class
to inherit from an existing class, retaining all the features of the base class but

adding new features, thus creating a subclass with increased capabilities. Here
Class B inherits from class A, also known as “extending” class A (thus the Java

keyword extends):
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public class A {
int i = O;

void doSomething () {
i = 5;

l

Class A }

T class B extends A {
int j = 0:

Class B void doSomethingMore () {
j = 10;
i +: j;

 
The diagram on the left indicates the class hierarchy. By convention the SLZPEI‘ClaSS

is on top, subclasses are below, and the arrow points upwards from the subclass

to the superclass The subclass B has all the data and methods from class A plus
the new data and methods added by B. We can think of class B as having the data

and methods equivalent to an imaginary class (let’s call it “BA”) shown here:

class EA {
int i = O;

0;intj:

void doSomething () {
i = 5;

}
void doSomethingMore () {

j = 10;

i+= j;

By using inheritance we get the features of the imaginary class BA without having

to duplicate the code from the base class A. We can now create instances of class
B and access methods and data in both class B and class A:

B b 2 new B (l; // Create an instance of class B

b.doSomcthing l); // Access a method defined in class A

b.doSomethingMore l); // And a method defined in class B

Another class can, in turn, inherit from class B, as shown here with class C:

Cla:

Cla.

Clas

Here the doEve

from class A ant

of class C can u

and B.

Inheritance c'

shortly that the
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4.2 Class inheritance

class C extends B {
Class A .

T lnt k;void doEvenMore () [

Class B doSomething t);
doSomethingMore (l;

k = i + j;
}

Class C

Here the doEvenMore ( ) method internally calls the doSomething ( ) method
from class A and the doSomethingMore ( ) method from class B. An instance

of class C can use the class C data and methods and also those of both classes A
and B.

Inheritance does more than just reduce the size of the class definitions. We see

shortly that the inheritance mechanism offers several new capabilities including
the ability to redefine, or override, a method in the superclass with a new one.
(The terms superclass, base class, and parent class all mean the same thing and
are used interchangeably, as are the terms subclass and child class.)

Class inheritance in Java is strictly linear. A subclass may extend only one

direct superclass, though all of that parent’s superclasses get inherited as well in
a chaining fashion, as shown in the class C example above. Unlike C++, Java
does not permit multiple class inheritance, which is inheriting from more than
one direct parent class. That is, given two classes X‘ and Y, it is not possible in
Java to create a class Z that extends both X and Y.

 

There are times that multiple class inheritance could be useful, but it was inten—

tionally omitted by the Java designers because correctly implementing and using
multiple class inheritance is fraught with difficulty. Java interfaces, to be discussed
later. do permit multiple inheritance. providing. many of the benefits ofinuiliple
class inheritance without the drawbacks.
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4.2.1 Overriding

A common situation is when a class is needed that provides most of the func-

tionality of a potential superclass except one of the superclass methods doesn’t

do quite the right thing. Adding a new method with a different name in a sub-

class doesn’t really solve the problem because the original superclass method

remains accessible to users of the subclass, thereby resulting in a source of errors
should a user inadvertently use the original name instead of the new name. What

is really needed is a way to change the behavior of that one superclass method

without having to rewrite the superclass. Often we may not even have the super—

class source code, making rewriting it impossible. Even if we do have the source

code, rewriting it would be the wrong approach. That method in the superclass

is assumed to be completely appropriate for the superclass and should not be

changed. We wish to change the behavior of the method only for instances of our

subclass, retaining the existing behavior for instances of the superclass and other

subclasses that expect the original behavior of the method.

Java provides just this capability in a technique known as overriding. Over-

riding permits a subclass to provide a new version of a method already defined in
a superclass. Instances of the original superclass (and other subclasses) see the

original method. Instances of the overriding subclass see the new (overridden)

method. In fact, overriding is often the whole reason to create a subclass.

Overriding occurs when a subclass method exactly matches the signature (the

method name, return type, and parameter types) of a method in a superclass. If

the return type is different, a compile-time error occurs. If the parameter list is

different, then overloading occurs (already discussed in Chapter 3), not overrid—

ing. In the next section we discuss the differences, which are very important, but

first we give an example of overriding. In the code below, we see that subclass
Child overrides the method doSomething () in class Parent:

public class Parent {
int parenciint = 0;

void doSomething (int i) (
parentiint = i;

class Child extends Parent {
int chi1d_int = 0:

void doSomething (int i) {
child_int = 10;

parent_int = 2 * i;
Lb [
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When we have an instance of class Child, an invocation of the method

doSomething () results in a call to the overridden doSomething () codef the func— , .
, in class Child rather than Parent:)dS doesn t

e in a sub—

[SS method

:e oferrors Parent p = new Parent (); // Create instance of class Parent
ame_ What Child c : new Child ()1 // Create instance of class Child
158 method c.dosomething (5); // The method in class Child is invoked.
=the super— p.doSomething (3); // The method in class Parent is invoked.
the source

su erclass . .

1d) tb On the other hand, 1f we call the doSomething() method on a Parentnu no e . . . . . .

f instance, then the origlnal doSomething ( l code from class Parent is invoked.nces 0 our . . . .
Java automatically invokes the correct method based on the type ol the object

5 and other reference.

, The real power of overriding, however, is illustrated by this code:
lmg. Over-
/ defined in

ies) see the . . .
. I Parent p = new Child (); // Create an instance of Child

)Verridden) // but use a Parent type reference.
lass.

mature (the p.dosomething (); // Though the Parent type reference

perdass- If- // is used, the Child class’s doSomethingl)
neter list is // is executed.
tot overrid-

l
aortant, but
at subclass , , .

l Thls code has created an instance of class Child but declared 1t to be of

| type Parent. Doing so is legal when Child is a subclass of Parent, since
: Child has all the methods and data of type Parent. Even though the vari-
i able p is declared to be the superclass type. it actually references the sub—

? class object. So the subclass method is executed rather than the method in the
superclass. This happens because the instance 1:: really is of type Chi 1d, not
type Parent. The actual type of the object referred to by an object reference

l is the type that it is “born as,“ not the type of variable that holds the object
reference.

’ This feature is very useful when, for example, the elements of an array of
the base class type contain references to instances ofvarious subclasses. Looping
th rough the array and calling a method that is overridden will result in the method
in the subclass being called rather than the method in the base class.

The following code illustrates this so—called polymorphic feature of object—
oriented languages. We begin with a super-class named A and three subclasses B,
C, and D, all of which override the doSomething () method from A (classes C
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and D could be direct subclasses of A or they could be indirect subclasses ofA by

subclassing B).

A[] a = new A[3]; // Class A type array with three elements

a[0] = new B (); // Create an instance of class B but use

// an A reference since the array is
// type A.

aIl] = new C (); // Ditto for C
al2] — new D (); // And D

for (int i=0; i < 3; i++) {// Call doSomething() for each
// element of the A array.

a[i].doSomething (); // Though the A type reference is used,
// the overriding doSomething() method
// of the actual referenced object is
// invoked.

It is important to understand that even though the array type is that of the super—
class A, the code used for the doSome thing ( ) methods is that of the actual

object that is referenced in each array element, not the code for the method in the
A base class.

4.2.2 Overriding versus overloading

It is important to note how overriding differs from overloading. The latter refers

to reusing the same method name but with a different parameter list and was

explained in Chapter 3. Briefly, if a class contains two (or more) methods of the

same name but with different parameter lists, all those methods are said to be

overloaded. The compiler automatically decides which method to call based on

the parameters used when the method is invoked. What was not mentioned in

Chapter 3 is that overloading can occur across inherited classes. If a subclass

reuses a method name from a parent class but changes the parameter list, then

the method is still overloaded, just as if both methods appeared in the same class.

(Note that via inheritance both methods really do appear in the subclass; the

fact that the source code appears in two different places makes no difference.) In

overloading, the new method does not replace the superclass method; itjust reuses

the name with a different parameter list. Calling the method with the original

parameter list invokes the original method; calling it with the new parameter list
invokes the new method.

Confusing overriding and overloading is a vexing error, both for novices and

experienced Java developers. If a subclass attempts to override a method in a
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4.2 Class inheritance

superclass but doesn’t use the exact same parameter list, then the method is really
overloaded, not overridden. We illustrate this with the following example:

public class Parent (
int i = 0;

void doSomething (int k) (
i = k;

}

class Child extends Parent (
void doSomething (long k) {

i=2*k;

Here we created class child with the intention of overriding the
doSomething (int k) method in class Parent but we mistakenly
changed the int parameter to a long parameter as shown. Then the Child
version ofdoSomethingt i has overloaded the Parent version, not overrid-
den it. Look what happens when we attempt to call doSomet‘ning t i from an
instance of Child:

Parent p = new Parent ()7 // Create a Parnet instance.
Child c = new Child ()7 // Create a Child instance.

p.doSomething (5); // The method in Parent is invoked,
// as expected.

c.doSomething (3); // The method in Parent, not Child, is
// invoked, probably not as expected.

The call to c . do Something ( 3 ) passes an int parameter, not a l ong (a literal 3
is an int; to make it a long, an 1 or L must be appended, as in 3L). Therefore the
overloaded method that takes an int is invoked, not the Chi ld version expected.
Even though we have explicitly asked for c . doSomething ( ) , the int version
of the method named doSomething ( ) gets invoked — again, the fact that the
source code happens to appear in the superclass makes no difference.

This error is often difficult to uncover. It occurs most often when an overridden

superclass method is changed while forgetting to make the same change in the
corresponding overriding subclass methods at the same time.
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4.2.3 The @Override annotation in JZSE 5.0

One of the annotations available with the addition of the metadata facility in Java

Version 5.0 (see Chapter I) greatly reduces the chance ofaccidentally overloading

when you really want to override. The @Override annotation tells the compiler

that you intend to override a method from a superclass. If you don’t get the

parameter list quite right so that you’re really overloading the method name, the

compiler emits a compile—time error. This annotation is used as follows:

public class Parent {
int i = D;

void doSomething (int k) i
i = k;

clase Child extends Parent {
@Override

void doSomething (long k) {
i = 2 * k;

The metadata facility in Java 5.0 supports simple and complex annotation types,

which are closely related to Java interfaces (discussed in Section 4.5). Some anno—

tation types define member methods and member variables and require parameters
when used. However, the @Override annotation is just a marker interface (see

Section 4.5.3). It has no members, and thus accepts no parameters when used,

as shown above. It must appear on a line by itself and indicates that the method
name on the next line should override a method from a superclass. If the method

signature on the next line isn’t really an overriding signature, then the compiler

complains as follows:

Parent.java:10: method does not override a method from its
superclass

@Override
/\

1 error

By using @Override each time you intend to override a method from a super-

class, you are safe from accidentally overloading instead of overriding.
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4.2 Class inheritance

4.2.4 The this and super reference operators

Perhaps you need to create a subclass that overrides a method in the base class.
However, you want to take advantage of code already in the overridden method
rather than rewriting it in the overriding method. That is, you want to do every-
thing that the original method did but add some extra functionality to it for the
subclass.

When in a subclass, the special reference variable super always refers to the
superclass object. Therefore, you can obtain access to overridden methods and
data with the super reference. In the following code class Child overrides the
doSomething ( ) method in class Parent but calls the overridden method by
using super . doSomething ( )2

public class Parent {
inti=0;

void dOSOmething () (
i =5;

}

class Child extends Parent {
int j=0;

void doSomething () {
j= 10;

// Call the overridden method
super.doSomething (l;

j +2 i; I/ then do something more

You cannot cascade super references to access methods more than one class
deep as in

j = super.super.doSomething(); // Erroril Not a valid use of//super

This usage would seem logical but it is not allowed. You can only access the
overridden method in the immediate superclass with the super reference.

Note that you can also “override” data fields by declaring a field in a subclass
with the same name as used for a field in its superclass. This technique is seldom
useful and is very likely to be confusing to anyone using your code. Its use is not
recommended.
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A related concept is known as shadowing in which a local variable has the
same name as a member variable. For example,

public class Shadow {
int x = 17

void someMethod () {
int x 2 2;

l
I

Here the x inside someMethod ( ) shadows the member variable x in the class

definition. The local value 2 is used inside someMethod () while the member

variable value 1 is used elsewhere. Such usage is often a mistake, and can certainly

lead to hard—to-find bugs. This technique is not recommended. In fact, the variable

naming conventions explained in Chapter 5 are designed to prevent accidental
shadowing of member variables.

We can also explicitly reference instance variables in the current object with
the this reference. The code below illustrates a common technique to distinguish

parameter variables from instance or class variables:

public class A {
int x;

void doSomething (int x) {
// x holds the value passed in the parameter list.
// To access the instance variable x we must

x/ specify it with 'this'.
this.x = x;

Here the local parameter variable shadows the instance variable with the same
name. However, the this reference in this .x explicitly indicates that the left-

hand side of the equation refers to the instance variable x instead of the local
variable x from the parameter list.

4.3 More about constructors

In Chapter 3 we discussed the basics of constructors, including the overloading
of constructors, Here we discuss some additional aspects of constructors.

4.3.1 this ()

In addition to the this reference, there is also a special method named this ( )
which invokes constructors from within other constructors. When a class holds
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4.3 More about constructors

overloaded constructors, typically they include one constructor that carries out

basic initialization tasks and then each of the other constructors does optional

tasks. Rather than repeating the initialization code in each constructor, an over—
loaded constructor can invoke this ( ) to call another constructor to carry out
the initialization tasks.

For example, the following code shows a class with two constructors:

class Test {

int X.y;
int i,k;

Test (int a, int b) (
x=a;

Test (int a, int b, int c, int d) i
this (a,b);// Must be in first line
i=c;
k=d;

The first constructor explicitly initializes the values of two of the data variables

(the other two variables receive the default 0 value for integers). The second
constructor needs to initialize the same two variables plus two more. Rather than

include redundant code, the second constructor first invokes thi s (a, b) ,

which executes the first constructor, and then initializes the other two variables.

The parameter list in the invocation of this ( ) must match that of the desired

constructor (every constructor must have a unique parameter list in number and

types). In this case, this (a , b) matches that of the first constructor with two

int arguments. The invocation of this ( ) must be the first executable statement
in a constructor and cannot be used in a regular method.

4.3.2 super ()

There is another special method named super ( ) . When we create an instance of

a subclass, its constructor plus a constructor in each ofits superclasses are invoked

(we discuss below the invocation sequence of the constructors). If there are mul-

tiple overloaded constructors somewhere in the chain, we might care which con-

structor gets used. We choose which overloaded superclass constructor we want
Wfihsuper(L

For example, in the following code, class Test2 extends class Testl, class

Testl has a one-argument constructor and a two-argument constructor while
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the constructor in class Test2 takes three parameters. Which constructor in

the superclass should be invoked? It is unwise to leave it to the compiler to
“guess.” (Actually, the compiler does not guess; it follows specific rules, which
we discuss later.) Let’s suppose that our design requires that the two-argument
constructor in Testl be called. Therefore, the Test2 constructor invokes the

second constructor in class Testl by using super ( a, b) . Had we wanted the

one-argument constructor, we would use super (a) or super (b) .

class Testl {
int i;

int j;

Testl(int i)

{this.i : i;}

Testl (int i, int j) {
this.i = i7

this.j = j:

class Testz extends Testl {
float x;

Test2 (int a, int b, float c) {

super (a, b); // Must be first statement
X=C7

As with thi s ( ) , the parameter list identifies which of the overloaded construc—

tors in the superclass to invoke. And as with this ( ) , the super ( ) invocation
must occur as the first statement of the constructor and cannot appear in regular
methods.

Do not confuse the this and super references with the this() and

super () constructor operators. The this and super references are used to

gain access to data and methods in a class and superclass, respectively, while the
this () and super ( ) constructor operators indicate which constructors in the

class and superclass to invoke.

4.3.3 Construction sequence

When you instantiate a subclass, the object construction begins with an invo—
cation of the constructor in the topmost base class and initializes downward
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4.3 More about constructors

through the constructors in each subclass until it reaches the final subclass

constructor. The question then arises: if one or more of the superclasses have

multiple constructors, which constructor does the JVM invoke? The answer
is that, unless told otherwise with super ( ), the JVM will always choose the

zero-argument constructor.

Let’s begin with the simplest case of a superclass definition without any con-
structors. In this case, as we learned in Chapter 3, the compiler automatically

generates a zero—argument constructor that does nothing. Almost as simple is
the case of a superclass with an explicit zero-argument constructor and no other
constructors. In both of these cases, the subclass constructor does not need to

explicitly invoke super () because the JVM automatically invokes the zero—

argument constructor in the superclass — either the zero-argument constructor

provided in the superclass source code if there is one, or the default do—nothing
“free” constructor if no explicit constructor is provided.

If the superclass contains one or more explicit constructors, then the compiler

does not generate a free zero—argument constructor. A subclass that does not
utilize super ( ) to choose one ofthe existing constructors fails to compile since

there is no zero-argument superclass constructor to use. Therefore, the subclass

must employ a super ( ) with a parameter list matching one of the superclass
constructors.

If the subclass also holds several constructors, each must invoke a super ( ) to

one of the superclass constructors (or perhaps use this ( ) to refer to a subclass
constructor that does use super ( ) ). The compiler and JVM figure out the proper

sequence of constructors to call as the subclass instance is being built according
to which constructor is used with the new operator.

The example code here shows two different sequences of constructors
invoked for the case of a base class and two subclasses, all with overloaded
constructors:

public class ConstructAppB {
public static void main (String[] args) {

// Create two instances of TestZ

// using two different constructors.

System.out.println ("First testZ object");
Test2 test2 = new Testz (1.2, 1.3);

System.out.println ("\nSecond test2 object”);
test2 = new Test2 (true, 1.2, 1.3);
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class Test { this

int i; this
double d; Syst

boolean flag; }

!/ No—arg constructor // Thre
Test () { Test2 (

d = 1.1; super

flag = true: flag
System.out.println ("In Test()"): SySte

} "I
}

// One—arg constructor i
Test (int j) i

this U:

i = j;
- - . The out ut of

System.out.println (“In Test(1nt 3)"); p
i 1

‘ 33
First tes
In Test(t

/** Testl is a subclass of Test ‘*/ In TeSt(l
class Testl extends Test { Ln Testl(' In Test2(

int k;

// One—arg constructor

Testl (boolean b) { Second te
super (3); In Test()
flag : b; In Testii
System.out.println (“In Testltboolean b)“); In Testl(

} In Testl(In Test2(
// Two—erg constructor
Testl (boolean b, int j) {

this (b);

k = j;

System.out.println ("In Testl(boolean b, int j)");
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/‘* Test2 is a subclass of Testl. **/

class Test2 extends Testl (

double x,y;
// Two—arg constructor
Test2 (double X, double y) {

super (falset;
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this.x = x;

this.y : y;

Systemtout.println ("In Test2(double x, double yl“);

// Three—arg constructor

Testz (boolean b, double x, double y) (
super (b, 5);
flag = b;

System.out.println (
”In Testztboolean b, double x, double y)“);

The output ofConstructApp3 goes as:

First test2 object
In Test()

In Test(int j)
In Testl(boolean b)

In Test2(double x, double y)

Second test2 object
In Test()

In Test(int j)
In Testl(boolean b)

In Testllboolean b, int j)

In Test2(boolean b, double x, double y)

This illustrates the different sequence ofconstructors invoked according to which
.. ) 7 - of the Test—.2 constructors we choose.

4.4 Abstract methods and classes

For some applications we might need a generic base class that we never actually
instantiate. Instead, we want always to use subclasses of that base class. That is,
the base class handles behavior that is common to all the subclasses but does not

Contain enough data or behavior to be useful on its own. In a sense, the common
behavior has been “factored out” of the subclasses and moved to the common
base class.
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In the following standard example, we create a base class Shape, which

provides a method that calculates the area of some 2D shape:

public class Shape {
double getArea () {

return 0.0;

l

The Shape class itscll’tlces almost nothing. To be useful, there must be subclasses
of Shape defined for each desired 2D shape= and each subclass should override
gethrea ( ) to perform the proper area calculation for that particular shape. We
illustrate with two shapes — a rectangle and a circle.

public class Rectangle extends Shape {
double ht = 0.0;

double wd = 0.0;

public double getArea (l {
return ht*wd;

}

public void setHeight (double ht) {
this.ht = ht;

l

public void setwidth (double wd) {
this.wd = wd;

public class Circle extends Shape {
double r 20.0;

public double getArea () {
return Math.PI * r * r;

}

public void setRadius (double r) t
this.r : r;

The subclasses Rectangle and Circle extend shape and each overrides the

getArea ( ) method. We could define similar subclasses for other shapes as well.
Each shape subclass requires a unique area calculation and returns a double
value. The default area calculation in the base class does essentially nothing but
it must be declared to return a double for the benefit of the subclass methods
that do return values. Since its signature requires that it return something, it was
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4.4 Abstract methods and classes

defined to return 0.0. In practice, since the superclass Shape should never be

instantiated, only the subclasses, then the superclass getArea { ) will never be
called anyway.

The capability to reference instances of Rectangle and Circle as shape
types uses the advantage of polymorphism {see Section 4.2.1) in which a set of
different types of shapes can be treated as one conunou type. For example, in the
following code, a Shape array passed in the parameter list contains references
to different'types of subclass instances:

void double aMethod (Shape[] shapes) {
areaSum = 0.0;

for (int i=0; i < shapes.length; i++) i
areaSum += shapes[i].getArea ();

This method calculates the sum of all the areas in the array with a simple loop
that calls the getArea () method for each instance. The polymorphic feature
means that the subclass—overriding version of ge tArea ( ) executes, not that of
the base class.

The careful reader will have observed that the technique used above is messy

and error-prone. There is no way, for instance, to require that subclasses override
ge t Area L l . And there is no way to ensure that the base class is never instantiated.
The above scheme works on ly ifthe subclasses and the users ofthc Shape class

follow the rules. Suppose someone does instantiate a Shape base class and then
uses its getArea ( ) method to calculate pressure, as in the force per unit area.
Since the area is 0.0, the pressure will be infinite (or NaN). The Java language
can do much better than that.

A much better way to create such a generic base class is to declare a method
abstract. This makes it explicit that the method is intended to be overridden.

In fact, all abstract methods must be overridden in some subclass or the compiler
will emit errors. No code body is provided for an abstract method. It is just a

marker for a method signature, including return type, that must be overridden

and given a concrete implementation in some subclass.
In the above case, we add the abs trac L'. modifier to the getArea ( ) method

declaration in our Shape class and remove the spurious code body as shown
here:

public abstract class shape {
abstract double getArea ();
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Note that if any method is declared abstract, the class must be declared abstract as

well or the compiler will give an error message. The compiler will not permit an
abstract class to be instantiated. A11 abstract class need not include only abstract

methods. It can also include concrete methods as well, in case there is common

behavior that should apply to all subclasses. In fact, a class marked abstract is

not required to include any abstract methods. In that case, the abs trac t modifier
simply prevents the class from being instantiated on its own. Abstract classes=
unlike interfaces (see next section), can also declare instance variables. As an

example, our abstract Shape class might declare an instance variable name:

public abstract class Shape [
String name;
abstract double getArea (7;

String getName () i
return name;

Here each subclass inherits the name instance variable. Each subclass also inherits

the concrete method getName ( ) that returns the value of the name instance
variable.

When an abstract class does declare an abstract method, then that method

must be made concrete in some subclass. For example, let’s suppose that class A

is abstract and defines method doSomething ( ) . Then class B extends A but

does not provide a doSomething ( ) method:

abstract class A {

abstract void doSomething ();

l
class B extends A I

// Fails to provide a concrete implementation
// of doSomething (l

void doSomethingElse () I. . .)

In this case, the compiler complains as follows:

E is not abstract and does not override abstract method

doSomethingl) in A class B extends A I
A

 
This message indicates that not overriding doSomething ( ) in class :3 is okay if
B is declared to be abstract too. In fact, that is true. If we don’t want B to provide

doSomething ( ) , then we can declare B abstract as well:
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4.5 Interfaces

abstract class A {

abstract void doSomething ();

}
abstract class 3 extends A {

// Does not provide a concrete implementation
// of doSomething ()

void doSomethingElse () {. . .}

This code compiles without errors. Of course, classes A and B may never be
instantiated directly (since they are abstract). Eventually, there must be some
subclass of A or B that provides a concrete implementation of all the abstract
methods:

class C extends B {

// Provides a concrete implementation of doSomething()
void doSomething () l. . .l

4.5 Interfaces

As discussed in Section 4.2, Java does not allow a class to inherit directly from
more than one class. That is,

class Test extends AClass, BClass // Errorll

There are situations where multiple inheritance could be useful, but it can also

lead to problems; an example is dealing with the ambiguity when the inherited
classes include methods and fields with the same identifiers (i.e. the names and

parameter lists).

Interfaces provide most of the advantages of multiple inheritance with fewer
problems. An interface is basically an abstract class but with all methods abstract.
The methods in an interface do not need an explicit abetract modifier since

they are abstract by definition. A concrete class implements an interface rather
than extends it, and a class can implement more than one interface. Any class

that implements an interface must provide an implementation of each interface
method (or be declared abstract).

In the example below, Runnable is an interface with a single method:
run( ) . Any class that implements Runnabl e must provide an implementation of
run().
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class Test extends Applet implements Runnable {

public Void run () {

)

public interface Runnable (
public void run {)7

To implement multiple interfaces, just separate the interface names with a
comma:

class Test extends Applet implements Runnable, AnotherInterface
{

If two interfaces each define a method with the same name and parameter list,

this presents no ambiguity since both methods are abstract and carry no code
body. In a sense, both are overridden by the single method with that signature in
the implementing class,

Any class that implements an interface can be referenced as a type of that
interface, as illustrated by this code:

class User implements Runnable {

public void run () {

class Test (

public static void main (Stringll args) (
Runnable r = new User ();

Here the class User implements Runnable, so it can be referenced in a variable

of type User or in a variable of type Runnable as shown. The value of using

the type Runnable instead of User is illustrated in the next section.
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4.5.1 Interfacing classes

The term inteiface is a very suitable name for these kinds of abstract classes

because they can provide a systematic approach to adding access to a class. That

is, they can provide a common interface.

For example, say that we have classes Relay and Valve that are completely

independent, perhaps written by two different programmers. The class Test
could communicate easily with both of these classes if they were modified to

implement the same interface. Let's define an interface called Switchable,
which holds a single method called getstate ( ) , as in

public interface Switchable {
public boolean getState ();

}

We want both the Relay and Valve classes to implement Switchable and

provide a gets tate ( ) method that returns a value true or fal se that indicates
whether a relay or a valve is in the on or off state.

In the code below we show the class Test that references instances of

Relay and Valve as Switchable types. Test can then invoke their respective

getstate ( ) methods to communicate with them.

class Test (

public static void main (Stringll args) {
Switchable[] switches = new SwitchablelZ];
switches[0] = new Relay ();

switches[l] = new Valve ();

for (int i=0,- i < 2,- i++) {

if (switches[i].getState (l) doSomething (i);

class Relay implements Switchable {
boolean setting = false;

// Implement the interface method getState()
boolean getState () (

return setting;

other code _

class valve implements Switchable {
boolean valveOpen = false;
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1/ Implement the interface method getState()
boolean getState {l {

return valveOpen;

other code .

interface Switchable {

boolean getState t);

So we see that an interface can serve literally to interface otheivvise incompatible

classes together. The modifications required for the classes Relay and Valve

involve only the implementation of the interface Switchable. Class Test

illustrates how we can treat instances of Relay and Valve both as the type
Switchable and invoke getState( ) to find the desired information for the

particular class. If additional classes that represent other components with on/off

states are created for our system simulation, we can ask that they also implement
Switchable.

Note that ifwe don’t have the source code for Valve and Re 1 ay, we could still

create subclasses of them and have those subclasses implement Switchable.

For example,

class SwitchableValve extends Valve implements Switchable {
boolean geLState (l {

4.5.2 Interfaces for callbacks

With the C language, programmers often use pointers to functions for tasks

such as passing a pointer in an argument list. The receiving function can use the

pointer to invoke the passed function. This technique is referred to as a “callback” I

and is very useful in situations where you want to invoke different functions I

without needing to know which particular one is being invoked or when library

code needs to invoke a function that is supplied by a programmer using the 4
library.

For exampl
an x axis value

example). The

is passed to it
Java, howe

object referen
interfaces for c

face in its para
programmer p

an object refer

required interl
invoked.

In the follc

invokes the g

of any class tl
aFunc().Th

C. The only d1

public clE
public

Switc
sw1tc

switc
switc

// Pa
for

aF

i
// Rece
void aF

if (5

See

4.5.3 Mor

Interfaces can

eds declared i

Unlike classes



Page 181 of 244

:ompatible
LndValve

ilass Test

IS the type
:ion for the

with on/off

implement

3 could still
tchable.

lable {

s for tasks

can use the

“callback”

t functions

hen library

r using the

4.5 Interfaces

For example, a plotting function could receive a pointer to a function that takes
an x axis value as an argument and returns a value for the y axis (sin (3:), cos(x), for

example). The plotting function could then plot any such function whose pointer
is passed to it without knowing explicitly the name of the function.

Java, however, does not provide pointers (actual memory addresses), only
object references. A reference cannot refer to a method. Instead, Java provides
interfaces for callbacks. In this case, a library method holds a reference to an inter-

face in its parameter list and then invokes a method declared in that interface. The
programmer provides a class that implements the required interface and provides
an object reference to the library method. When the library method invokes the
required interface method, the concrete implementation in the provided object is
invoked.

In the following code we see that the aFunc (Switchable sw) method
invokes the getstate( ) method of the Switchable interface. An instance
of any class that implements the Switchable interface can thus be passed to
aFunc ( ) . This technique provides the same generality as pointer callbacks in
C. The only drawback is that a class must implement the interface.

public class Testcallflaek {

public static void main(String ll args){
Switchable[] switches = new Switchable[3];
switches[0] = new Relay();
switches[l] = new Relay();
switches[2] = new Valve();

// Pass Switchable objects to aFunc ()
for (int i=0; i < 3; i++) (

aFunc (switches[i]);

}
l

// Receive Switchable objects and call their getState ()
void aFunc (Switchable sw) {

if (ew.getState (l) doSomething ();

See previous example for Relay and Valve definitions.

4.5.3 More about interfaces

Interfaces can extend other interfaces, much like class inheritance. All the meth-

ods declared in the super-interface are effectively present in the sub-interface.
Unlike classes, however, interfaces can participate in multiple inheritance. The
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following code shows an interface extending two interfaces at once using a comma
in the extends clause:

public interface A f. . .}

public interface B l. . .}

public interface C extends A, B {. . .}

An interface can also contain data fields, and those fields can be seen by

implementing classes. Any data fields in an interface are implicitly static and
f inal though those qualifiers need 1101 appear. Thus data fields in interfaces are
effectively constants and by convention, are best declared using all uppercase
characters.

Placing constants in an interface is a common, though not recommended,
practice. As an illustration of the convenience of this technique, consider the
MyConstants interface shoWn here:

public interface MyConstants (
final static double G = 9.8;

final static double C = 2.99792458e10:

The following Calculations class implements MyConstants and so can
refer to the constants directly:

class Calculations implements MyConstants {

// Can directly use the constants defined
// in the MyConstants interface

public double calc (double t) {
double y = O.5*G*t*t;
return y;

If we instead made MyConstants a class, we would need to reference the
constants with a class name prefix as follows:

double y : 0.5 * MyConstants.G * t * t;

This obviously becomes awkward if you have a long equation with lots of con-
stants taken from other classes.

However, despite its usefulness, using an interface just to hold constants is not
recommended since it really is an abuse of the interface concept. An interface full

l
l

l
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of nothing but constants does not define a type, as a proper interface is expected

to do. And a class that “implements” such an interface isn’t really implementing

anything — it is just using the constants in the interface (perhaps a uses keyword
would be more appropriate). Seeing the implements keyword should imply

that the class actually implements something.

For these reasons, the use of a class instead of an interface to define constants

is the recommended practice, accepting the need for the more verbose syntax to
refer to those constants. We note that J2SE 5.0, in fact, solves this problem with

the “static import” facility, which we explain in Chapter 5 after discussing the
import keyword.

Another interesting feature of interfaces is that an interface need not contain

either method declarations or data. It can be completely empty. Such an interface

can be useful as a “marker” of classes. That is, you can use the ins tanceof

operator to determine if a class is of the particular marker type, which then can

imply some quality of the class. One can use the empty Cloneable interface
to indicate whether a class overrides the clone ( ) method from Object (see

Section 4.6.3) to make copies of instances of the class.
We discuss access rules and modifiers in the next chapter but here we note

that interface methods and constants are implicitly public. This means that

any class can access the methods and constants in the interface. The concrete

implementations of interface methods in classes that implement the interface
must also be public otherwise the compiler will complain.

4.6 More about classes

In this section we continue our introduction to the basics of class definitions and

objects with an examination of casting, the Obj ec t class, and the tostring ( )
method.

4.6.1 Converting and casting object references

In Chapter 2 we discussed the topic ofmixing different primitive types in the same

operation and the need in some cases to explicitly cast one type into another. The

same concepts apply when dealing with objects instead ofprimitives. Sometimes,

as with primitives, the type conversion is automatically handled by the compiler.

Consider a superclass Fruit with a subclass Pineapple:

class Fruit {. . .}

class Pineapple extends Fruit {. . .}

Let f be a variable of type Fruit and p be of type Pineapple. Then we can

assign the Pineapple reference to the Fruit variable:
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class Conversion [
Fruit f;

Pineapple p;

public void convert () {
p = new Pineapple (l;
f=p;

The compiler automatically handles the assignment since the types are compati-
ble. That is, the type Fruit can “hold” the type Pineapple since a Pineapple
“is a” Fruit. Such automatic cases are called conversions.

A related automatic conversion is with interfaces. Let the class Fruit imple—
ment the Sweet interface:

interface Sweet {. . .)

class Fruit implements Sweet [. . .}

Then we see that a variable of type Fruit can be automatically converted

to a variable of type Sweet. This makes perfect sense since a Fruit “is”
Sweet

Fruit f;
Sweet 5;

public void good_convert () {
s = f; // legal conversion from class type to interface type

)

However, an attempt to convert from the interface type to the class type does not
compile:

public void bad-convert () {
f = s; // illegal conversion from interface type to class type

}

As with primitives, if the compiler cannot perform an automatic conversion, an
explicit cast is required. In most cases you can force the compiler to permit the
desired type conversion by using a cast. Like with primitive types, the class type
that an object is being cast to is enclosed in parentheses in front of the object
reference. Doing so essentially tells the compiler to ignore the apparent type

incompatibility and proceed anyway. If the types really are incompatible then
runtime errors will ensue.

For example, let BClass be a subclass of AClass. Let AClass hold
aMethOd( ), which, of course, is inherited by BClass. In addition, bMethod ( )
is a new method in BClass.
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class Aclass (

void aMethod () {. . .}

class BClass extends AClass {
void bMethod () l. . .}

i

In the following code, miscMe thod( ) is declared to receive an Aclass object

as a parameter. When used, the actual object passed in might in fact be an instance

‘e compati- of BClass, which is perfectly legal since BClass is a subclasses of AClass.
Lneapple

public void miscMethod (AClass obj) {

lit imple- obj .aMethod () ;
if (obj instanceof BClass) ((BClass)obj) .bMethod H,-

We see that we can invoke aMe thod ( ) on the object received in the parameter list

converted whether that object is an Aclass or a BClass since both types have this method.
‘ruit “is” However, to invoke the bMe thod ( l, we need first to check the object type. We

use the instanceof operator to find out if the object really is a BClass and

then cast to BClass if appropriate. Without the cast the compiler complains that

| it cannot find bMethod () in the AClass definition.

face type 1 4.6.2 Casting rules
l The casting rules can be confusing, but in most cases common sense applies.

There are compile—time rules and runtime rules. The compile-time rules are there
pe does not

to catch attempted casts in cases that are simply not possible. For instance, suppose
we have classes A and B that are completely unrelated — i.e. neither inherits from

the other and neither implements the same interface as the other, if any. It is

:lass type nonsensical to attempt to cast a B object to an A object, and the compiler does not

i permit it even with an explicit cast. Instead, the compiler issues an “inconvertible|
| types” error message.

. Casts that are permitted at compile-time include casting any object to its own

l class or to one of its sub- or superclass types or interfaces. Almost anything can
e class We ’ be cast to almost any interface, and an interface can be cast to almost any class
fthe 0b] ect type. There are some obscure cases (see the Java Language Specification for the
parent type details), but these common sense rules cover most situations.
)atible then The compile-time rules cannot catch every invalid cast attempt. If the compile—

time rules permit a cast, then additional, more stringent rules apply at runtime.

These runtime rules basically require that the object being cast is compatible

with the new type it is being cast to. Else, a ClassCastException is thrown
at runtime.

wersion, an

. permit the

lass hold

)Method ( )
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4.6.3 The Object class

All classes in Java implicitly extend the class Object. That is,

public class Test
{ - . - l

is equivalent to

public class Test extends Object
{. . .}

So, all Java objects are instances of Object. This ability to treat all objects as

one type provides the ultimate in polymorphism. An example of this usage is the
ArrayList class, which is a part of the java . util package (we discuss Java

packages in Chapter 5). The ArrayList class can hold any object type. The
Ar rayLi st‘. add () method is used to input objects into the Array/Iris t. The

parameter list for the add ( ) method is declared to receive an Obj ect parameter.
That way, any object type can be added, since all object types always inherit from
the Object base class. When an element is retrieved from the ArrayList, it

is oftype Object and should be cast to the type needed.

A simpler example is the following case, where the parameter type of
mi scMethod ( ) is Object so any class whatsoever can be provided in a method

call to mi scMethod( ). Inside mi 5 cMethod ( ) we decide what type the received

object reference really is and call appropriate methods based on that type. Except
for the case where we want to invoke a method belonging to the Obj ect class,

we need to cast the object to one of the classes that we expect as a parameter
before we can invoke a method or access a field in that class.

public void miscMethod (Object obj) {
if (obj instanceof Aclass) ((AClass) obj) .aMethod ();
if (obj instanceof BClass) ((EClasslobj) .bMethod () ,-

if (obj instanceof CClass) ((CClasslobj) .cMethod (l;

The Obj ect class provides several methods that are useful to all of its subclasses.
A subclass can also override these methods to provide behavior unique to the

particular subclass. These methods include:

0 clone ( ) — produces copies of an object. (See Web Course Supplements.)

0 equals (Object: obj) — tests whether an object is equal to the object obj. The

default is to test simply whether obj references the same object (i.e. a shallow equals),

not whether two independent objects contain identical properties. This method is often

overridden to perform a deep equals as in the String class, which tests whether the
strings actually match.
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0 toString ()— provides a string representation of this object. The default for a class

consists of a string constructed from the name of the class plus the character “ a ”plus a

hash code of the object in hex format. This method is often overridden to provide more

illuminating information. (See the next section.)

' finali ze ( )7 called by the garbage collector when there are no more references to

this object. You can override this method to take care of any housecleaning operations
needed before the object disappears.

0 getClass ( )— gets the runtime class ofthe object, returned as a Class type (see the

Web Course Chapter 5: Supplements section for a discussion of the Class class).

0 hashCode ( )— generates a hash code value unique for this object.

The following methods involve thread synchronization that we introduce in

Chapter 8. They can only be called from within a synchronized method or code
block:

0 notify ()7 called by a thread that owns an object’s lock to tell a waiting thread, as

chosen by the JVM, that the lock is now available.

° notifyAll ( ) A similar to notify ( ) but wakes all waiting threads and then they

compete for the lock.
' wait I) 7 the thread that owns the lock on this object releases the lock and then

waits for a notify ( ) or noti fyAll ( ) to get the lock back.

' wait (long msecs) — same as wait: () but if a notify fails to arrive within the

specified time, it wakes up and starts competing for the lock on this object anyway.
- wait (long msecs , int nanosecs) — same as wait (long msecs) but

specified to the nanosecond.

(We note that most operating systems do not provide a clock that is accurate to a
nanosecond and some not even to a few milliseconds.)

4.6.4 Objects to strings

We discussed in Chapter 3 how to convert primitive types to and from strings.

You can also convert any Java object to a string. If you just print any object, as in

System. out .println (someobj ectReference) ;

then that obj ect’s tostring ( ) method is called automatically to produce string

output. All objects inherit the tostring () method from the Obj ect class.
This default version of tostring ( ) from Obj ect produces a string beginning

with the class name with certain data values appended to it.

However, the tostring ( ) method typically is overridden by most classes to

provide output in a more readable format customized for that class. Most of the
classes in the Java core class libraries provide sensible tostring ( ) methods,

and classes that you Write should too for convenience when printing.
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You can call the tostring () method directly, or, alternatively, the “+"

operator calls the tostring ( ) method whenever the variable refers to an object.
For example, consider

Double aDouble : 5.0;

String aDoublestring = ”aDoublé = ” + aDouble;

The plus operator in the second line invokes the toString ( ) method of the
Double object aDouble. This results in aDoubleString referencing the
string “aDouble = 5.0”.

4.7 More about arrays

Here we look at other aspects of Java arrays and at tools to use with them. Note

that like much of Java syntax, arrays at first glance seem very similar to those

in C/C++. However, there are several differences from these languages in how

Java arrays are built and how they work.

4.7.1 Object arrays

In the previous chapter we introduced arrays of primitive types, which generally
behave in the manner that is expected of such arrays. For example, to create an

array of ten integers we could use the following:

int[] iArray = new int[lO];

This sets aside ten int type memory locations, each containing the value 0.

For arrays of objects, however, the array declaration only creates an array of
references for that particular object type. It does not create the actual objects

of that type. Creating the objects themselves requires an additional step. For

example, let’s say we want to create an array of five String objects. We first
create a String type array:

String[] strArray : new String[5];

When the array is created, five memory locations are set aside to contain object

references of the String type with the expectation that each reference will

eventually “point” to a String object. But initially, each element contains the

special null reference value; that is, it points nowhere. So if we followed the
above declaration with an attempt to use a String method, as in

int numChars = strArrale].length ();

an error message results:

Exception in thread “main" java.lang.NullPointerException at
ArrayTest.main (ArrayTest.java:8)
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4.7 More about arrays

Before using the array elements, we must first create an object for each array
element to reference. For example,

strArrayEO] : new String ("Alice");
strArray[l] = new String (”Bob”);
strArray[2] = new String ("Cindy“);
strArray[3] = new String (”Dan");

strArray[4] = new String (”Ed");

This code sets each element to reference a particular string.

Note that there is an alternative declaration that only works for String

objects:

strArray[O] = "Alice";

That is, the string literal "Alice ” is equivalent to new String ( "Alice " ) .

4.7.2 Array copying

A copy of an array can be made with the static method System. arrayCopy ( )
as shown here:

System.arraycopy (Object src, int src_position,
Object dst, int dst_position, int length)

Here src is the array to be copied and diet is the destination array (of the

same type). The copy begins from the array element at the index value of
src_position and starts in destination at dst-position for length num-
ber of elements. If the value of the length parameter is too long, or if any

situation occurs such that either the source or destination arrays are accessed

beyond their actual array length. then an IndexOutOfBoundsException is
thrown at runtime. This optimized method works for primitive arrays as well as

object arrays. It even handles the case where the destination array overlaps the
source array.

4.7.3 Multi-dimensionalarrays

In Java, multi-dimensional arrays are arrays of arrays. That is, each element is a

reference to an array object. For example, we could declare a two-dimensional

array as follows:

String[][] str : new String[3][2];

This is equivalent to

String [][] str = new String[3][];
str[0] : new Stringl2];
str[1] = new String[2];
str[2] : new String[2];
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However, we don’t need to keep the sub-array lengths the same. This also works:

str[0] = new String[2];
str[1] = new String[33];
str[2] = new String[444];

We can combine the string array declaration and initialization, as in

str[O] = new String[]{"alice", "bob"};

str[l] : new String[]{”cathy”, ”don", "ed"};
str[2] = new String[]{"fay”, ”grant", "hedwig“, "ward"};

II +
System.out.println (”str[l][21,Str[Zl[3]
str[1] [2] + str[2] [3]);

The print statement would show

str[l][l],str[2][3] : edward

4.7.4 More about arrays as objects

As mentioned earlier, arrays in Java are objects. An array inherits Obj ect and

possesses an accessible property 7 length — that gives the number of elements
in the array. For example, if a method uses Object as a parameter, as in

void aMethod (Object obj) {. . .)

then an array can be passed as the actual parameter since an array is a subclass
OfObject

int[] i_array : new int[lO];
aMethod (i_array);

To make arrays appear in a convenient and familiar form (as in C, for example),

the language designers provided brackets as the means of accessing the array

elements as already seen above. Without brackets, an array class would have to

provide a method such as getElementAtIndex ( ) to access array elements.
For example,

String stringaone : straarray.getElementAtIndeX (l);

Fortunately, the simpler syntax using brackets was chosen instead:

String string_one = strArray[1];

Since arrays are objects, arrays are somewhat more complicated in Java than

in other languages, but the class structure also provides important benefits. For

example, each use of an array element results in a check on the element number,

and if the e
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4.7 More about arrays

and if the element exceeds the declared length 0f the array, an out of bounds

run—time exception is thrown.

Thus, unlike in C or C++, a program cannot run off the end of an array

and write to places in memory where it should not. This avoids a very common

program bug and source of security attacks that can be difficult to track down
since the problem may not show up until well after the write occurs. On the other

hand, there is some performance penalty in the bounds checking that can show

up when doing intensive processing with arrays.

4.7.5 Mathematical vectors and matrices

Vector and matrix operations are obviously standard tools throughout science and

engineering. Here we look at some ways to use Java arrays to represent and carry

out operations for vectors and matrices.
Note that the Java core language includes a class called Vector in the

java . util package (see Chapter 10). Vector is similar to the ArrayList

discussed above (see Section 4.6.3); both provide a dynamic list that allows for

both adding and removing elements. ArrayList and Vector are often quite

useful, but they are slow and not intended for mathematical operations.

4. 7.5.1 Mathematical vectors

The elements of a floating-point array can represent the component values of a

vector, as in

double[] vecl : {O 5,0.5,0.5};
double[] vec2 = {l.0.0.0,0.2};

We then need methods to carry out various vector operations such as the dot

product:

double dot (double[] a, double[] b) [
double dot_prod = 0.0;

for (int i=0; i < a.length; i++) {
dot-prod += a[i]*b[i];

}
return dot_prod;

}

Note that a more robust method would check that the vector arguments are not

null and that the array lengths are equal.
Several numerical libraries are available that provide classes with methods to

carry out vector operations. The Web Course Chapter 4 provides links to several
of these.
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4. 7.5.2 Matrices

The obvious approach for matrices is to use arrays with two indices:

double[][] dMatrix = new double[n][m];

However, as indicated by the discussion in Section 4.7.2, this does not produce
a true two dimensional array in memory but is actually a one-dimensional array
of references to other one-dimensional arrays, each of which can be located in a

different area of memory.

In the C language, moving from one element to the next in a 2D array requires

only incrementing a memory pointer. This does not apply for Java, which uses
an indirect referencing approach that causes a performance penalty, especially if
the matrix is used in intensive calculations.

One approach to ameliorate this problem to some extent is to use a 1D array.
The code below shows how one might develop a matrix class to use a 1D array

for 2D operations. A sophisticated compiler can optimize such a class and in
some cases provide better performance than a standard Java two-dimensional
array.

public class MatrixZD {
private final double[] fMat;

private final int fCols;

private final int fRows;
private final int fCol;
private final int fRow;

public Matrix2D (int rows, int Cols) {
fCols = 0015;
fRows = rows;

fMat: new double[rows * cols];

/H r = row number, c : column number **/

public double get (int r, int c) {
return fMat[r * fCols + c];

/** r = row number, c : column number **/

public double set (int r, int c, double val) {
fMat[r * fCols + c] = val;

other methods, e.g. to fill the array, access a
subset of elements, etc.
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4.8 Improved complex number class

4.8 Improved complex number class

In the Chapter 3 we created a class with the bare essentials needed to represent
complex numbers. Here we expand on that class. For example, we would often
like to add two complex numbers and put the sum into another complex number

rather than modify one ofthe current complex objects. Because ofoverloading we
can still use the add ( ) method name. A new, improved version of our complex

number class appears here:

public class Complex {

double real;

double imag;

/** Constructor that initializes the real & imag values
*ie/

Complex (double r, double i) {
real = r; imag = i;

/** Getter methods for real & imaginary parts **/
public double getReal 0
{return real;l

public double getlmag ()
(return imag;l

/** Define an add method **/

public void add (Complex cvalue)
real 2 real + cvalue.real:

imag = imag + cvalue.imag;

/** Define a subtract method. **/

public void subtract (Complex cvalue) (
real 2 real — cvalue.real;

imag : imag — cvalue.imag;

/** Define a static add method that returns a
* a new Complex object with the sum.
**/

public static Complex add (Complex cvaluel,
Complex cvalueZ) (

double r = cvaluel.real + cvalue2.real;
double i = cvaluel.imag + cvalue2.imag;
return new Complex (r, i);
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/’* Define a static subtract method that returns a

* a new Complex object with the difference.
**/

public static Complex subtract (Complex cvaluel,
Complex cvalue2) {

double r = cvaluel.real — cvalue2.real:
double i cvaluel.imag — cvalue2.imag;
return new Complex (r, i);

l

1 //class Complex

Here the new static add ( ) and subtrac t ( ) methods each create a new complex

object to hold the sum and difference, respectively, of the two input complex
objects. The operand objects are unchanged by the method.

As we discussed in Chapter 3, a static method is invoked by giving the name

of the class and the dot operator. Unfortunately, in Java, unlike C++, we cannot

override the + operator and create a special + operator for complex addition. The

following code shows how to add two complex numbers together using our static
add( ) method:

public class ComplexTast {

public static void main (String[] args)
// Create complex objects

Complex a = new Complex (1.0, 2.1);
Complex b = new Complex (3.3, 1.2);

i

Complex c Complex.add (a, b); // c now holds a + b

other code .

The Web Course Chapter 4 gives a more complete version of the class (e.g. it
includes modulus, multiplication, etc).

4.9 Random number generation

Random values can be obtained from the Math class using the method

public static double random ()

This method produces pseudo—random double values in the range

0.0 <: r < 1.0
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4.9 Random number generation

The first time it is invoked, it initializes the seed with a value derived from the
current time.

The java.util .Random class provides a more extensive set of random

generators. Two constructors — Random( ) and Random (long seed) — offer

the options of initialization from the current time or from a specific seed value.
The methods in the Random class include:

' nextInt () —integersinthe range 0 <= r < 2**32

' nextInt (int n) — integers in the range 0 <: r < n

0 nextBoolean (int n) —randomly chosen true/false

‘ nextGaussian ( ) — random double values with mean 0.0 and sigma of 1.0

The last three methods first became available with Java 1.2.

4.9.1 Random number algorithm

The Random class uses a linear congruential algorithm [1,2] with a48-bit seed. If
the constructor Random (long) or the setSeed (long) method is invoked,

the algorithm uses only the lower 48 bits of the seed value.

Random number generator formulas actually produce a sequence of numbers

that eventually repeat. For the same seed value a formula always produces the same

sequence. A seed simply selects where in the sequence to start. The generator will

eventually repeat that seed value and start the same sequence again. Compared

to the randomness ofphysical fluctuations, such as in radio noise, these formulas

are said to produce pseudo-random numbers.

To insure that applications ported to different platforms give. the same results,

all implementations of Java must use the same algorithm so that the same seed
returns the same sequence regardless of the platform.

The linear congruential formula in Java goes as

xi+1 = (a * x1 + c) modm

As discussed in the references, you should use such formulas With care. They can

produce random number sequences of a length up to m but not necessarily that
long. The length depends on the set of a, c, and m values chosen.

Also, ifyou grab consecutive sequences of numbers of K length, and plot them

as points in K-dimensional space, they do not fully populate the volume randomly
but instead lie on K—ldimensional planes. There are no more than m“K planes

and possibly less. If you need to create points in a space this way, you should
shuffle the values obtained from the generator. [2]

In Java the values in the linear congruential formula in Random are

a = OXSDEECEGGDL
= ll

m — 2‘18 — 1.

0

The actual code in next (int bits) goes as
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synchronized protected int next (int bits) {
seed = (seed * OXSDEECEGSDL + OxBL) & ((1L << 48) — 1);
return (int)(seed >>> (48 — bits));

}

Here the mod operation comes via the AND operation since In in this case has all
47 bits set to 1.

This method is protected (see Section 5.3.3= Access Rules). The public

random number methods accessible by all classes use the next ( ) method. For

example, nextInt ( ) simply includes the statement

return next (32);

The nextLong ( ) method invokes next (32 ), shifts the result by 32 bits to the

left, invokes next (32 ) again and then ORs the two values tOgether to obtain a
64-bit random number:

return ((long)next (32) << 32) + next (32);

The nextFloat () method provides values in the range 0 . 0f <2 x < l . Of:

return next (24) / ((float)(l << 24));

ThenextDouble ( ) methodprovidesvaluesintherange O . 0d <= x < l . 0d

using the statement

return (((1onglnext (26) << 27) + next (27))/(double)(lL << 53)

The nextBoolean ( ) method uses the statement

return next (l)!= 0;

See the java . uti 1 . Random class specification for more detailed descriptions

of the algorithms used for these and the other nextXxx( ) methods.

4.10 Improved histogram class

Here we make a subclass of the Bas icHist class discussed in Chapter 3.

The class definition below shows that BetterHist inherits from BasicHist,

obtaining the properties of the latter while providing new capabilities.
Note how the constructor invokes super ( ) to select a constructor in the base

class. Also, we see how the new methods in the subclass can access the data

variables in the base class. (In the next chapter we discuss access modifiers such

as private, which prevents subclasses from accessing a field or method.)
We add several methods to our histogram that provide various parameters

specifying the histogram. Also, a calculation of the mean and standard deviation
of the distribution in the histogram is included.
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4.10 Improved histogram class

/** A simple histogram class to Count the frequency of
* values of a parameter of interest. **/

class Betterfiist extends BasicHist
{

/** This constructor initializes the basic elements of
* the histogram.
*x/

public BetterHist (int numEins, double 10, double hi) {
super (numBins, 10, hi);

1

**/
/** Get the low end of the range.
public double getLo ()
{return 10;)

/** Get the high end of the range. **/

public double getHi ()
{return hi;}

a-;

/** Get the number of entries in the largest bini
public int getMax () (

int max = 0;

for (int i:0; i < numBins; i++)

if (max < bins[i]) max = bins[i];
return max;

)

/** Get the number of entries in the smallest bin. **/
public int getMin () {

int min = getMaX (l;

for (int ieO; i < numBins; i++)
if (min > bins[i]) min = bins[i];

return min:

/** Get the total number of entries **/

public int getTotal () (
int total = D;

for (int i:0; i < numBins: i++)
total += bins[i];

return total;

}

/** Get the average and std. dev. of the distribution.
public double [] QEtStats () {

int total = 0:

#n,
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double thotal = 0;
double wcTotal2 = 0;

double [] stat = new double[2];
double binwidth = range/numBins;

for (int: i=0; i < numBins; i++) {
total +: bins[ij;

double binMid = (i - 0.5) * binWidth + lo;
thotal += bins[i] * binMid;
thotalZ += bins[i] * binMid * binMid;

if (total > O) {

statiO] = wt’I‘otal/total;
double avZ = thota12/total;

stat[l] = Math.sqrt (av2 , stat[02*stat[0]);
}
else(

statiO] : 0.0;
stat[1] = 71.0:

}
return stat;

} // getSLats

} // class BetterHist

4.11 Understanding OOP

Chapters 3 and 4 present the fundamentals of class definitions and objects. In
Chapter 5 we look at honr classes are organized into files and directories and how
the JVM locates classes, If you find that object-oriented programming (001")

remains somewhat vague, your understanding of the concepts involved will

deepen as you see OOP techniques applied to graphics, threading, I/O, and other
areas in subsequent chapters. We return to class structure, design, and analysis
in Chapter 16 where we give a brief overview of the Unified Modeling Language
(UML). UML provides a systematic approach to the design of classes and to
analysis of the interactions among objects, We then use UML to design a set of
classes for a distributed computing example.

4.12 Web Course materials

The Web Course Chapter 4: Supplements section provides more discussion of
inheritance and the overriding and overloading features. There is also discussion

of security aspects of Java including the checking of code by the JVM during
class loading. It also gives a brief overview of the security manager.
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The Chapter 4: Tech section provides additional discussion and demonstration

programs for the vector/matrices in Java, the complex number class, random
number generation, and the improved histogram Class. The Chapter 4: Physics
section continues with a tutorial on numerical computing techniques with Java.

References

[1] Donald Knuth, The Art ofComputer Programming: Semi-numerical Algorithms
Vblume 2, 3rd edn, Addison-Wesley, 1997.

[2] W. H. Press, B. P. Flannery, S. A. Teukolsky and W. T. Vetterling, Numerical Recipes in
C: The Art ofScientific Computing, Cambridge, 1992. (Subsequent versions are
available for Fortran 90 and C++.)

Resources

Ronald Mak, Java Number Cruncher.‘ The Java Programmer's Guide :0 Numerical
Computing, Prentice Hall, 2003.
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Chapter 8

Threads

8.1 Introduction

Threads in Java are processes that run in parallel within the Java Virtual Machine.
When the JVM runs on a single real processor the parallelism is, of course,

only apparent because of the high speed switching of threads in and out of the
processor. Yet even in that case, threading can provide significant advantages.
For example, while one thread deals with a relatively slow [to operation such as
downloading a file over the network, other threads can do useful work. Threads
can assist in modularizing program design. An animation can assign different

threads to rendering the graphics, to sound effects, and to user interactions so

that all of these operations appear to take place simultaneously. Furthermore, a

JVM can assign Java threads to native OS threads (but isn’t required to) and on

a multiprocessor system it could thus provide true parallel performance.
Java makes the creation and running ofthreads quite easy. We will concentrate

on the basics of threading and only briefly touch on the subtle complications that

arise when multiple threads interact with each other and need to access and modify
common resources. Such situations can result in data race, deadlock, and other

interference problems that result in distorted data or hung programs.

8.2 Introduction to threads

In Java you can create one or more threads within your program just as you can
run one or more programs in an operating system [1—4]. Most JVMs, in fact,

take great advantage of threads for such tasks as input/output operations and
user—interface event handling. Since the Java garbage collector always runs in a

separate thread even the simplest Java program is actually multithreaded.
In the previous chapters we saw that Java applications begin when the JVM

invokes the main ( ) method. (The application itself runs as a thread in the JVM.)

Instead of a main ( ) , the thread processes begin and end with a method named

run ( 1 . You place code in run () to control the operations that you wish to
accomplish with the thread. The thread lives only as long as the process remains
Within run ( ) . When the thread process returns from the run ( ) , the thread is
dead and cannot be resurrected.
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You create a thread class in one of two ways:

1. Create a subclass of the Thread class and override the run ( ) method.

2. Create a class that implements the Runnable interface, which has only one lnethod:
run ( ) . Pass a reference to this class in the constructor of Thread. The thread then

calls back to this run ( ) method when the thread starts.

In the following sections we examine these two thread creation techniques
further.

8.2.1 Thread creation: subclass

Creating a subclass of Thread offers the most conceptually straightforward
approach to threading. In this approach the subclass overrides the run ( ) method

with the code you wish to process. The following code segments illustrate this
approach.

The class MyThread extends the Thread class and overrides the method

run ( ) with one that contains a loop that prints out a message until a counter
hits 20.

public class MyThread extends Thread
l

public void run () {
int count = 0;
while (true) {

System.out.println ("Thread alive“);

// Print every O.lOsec fior 2 seconds
try (

Thread.sleep (100);
}

catch (InterruptedException e) {}
Count++;

if (count >= 20) break;
}

System.out .println (”Thread stopping" ) ;
} H run

} // Class MyThread

‘In MyApplet shown below, the start ( ) method creates an instance of the

MyThread class and invokes the threads start () method. This will in turn

invoke the run ( ) method. The thread goes into a loop and prints a message every
100 ms using the Thread class static method s leep (long time) , where time

is in milliscr
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/** Ag
*+/

public

The diagra:
MyThread

Create '

myTh
| Then in

to launc

Figure 8.1
Creates an i|

applet invol
returns but
run() meth

dies (Le. cat



Page 202 of 244

one method:

e thread then

techniques

ightforward
1 ( ) method
lustrate this

the method

il a counter

mce of the

will in turn

;sage every
where time

8.2 lntroduction to threads

is in milliseconds. The thread then dies — i.e. it cannot be restarted 4 once the

process exits from run ( ) .

/** Demo threading with Runnable implementation.**/

public class MyApplet extends java.applet.Applet
l

/** Applet’e start method creates and starts a thread.
t*/

public void start (l l

// Create an instance of MyThread.

MyThr'ead myThread = new MyThread (l:

// Start the thread

myThread.start (l;
l // start

public void painttjava.awt.Graphics g) {
g.drawString("Thread Demo l",20,20) ;

l

l // class MyApplet

The diagram in Figure 8.1 shows schematically how the main thread and
.VIyThread thread run in parallel.

MyApplet

‘ Create Thread subclass object g“ —myThread=new MvThread() — - '—F MyThread
Then invoke |

| myThread.start () 2. ._ ‘V' startm retums and anew process begins with
invocation of run () in

this MyThread object.

to launch thread process

run()

Process dies when ;
i run() finishes.

  
Figure 8.1 This diagram illustrates threading with a Thread subclass. MyApplet
creates an instance of MyThread, which extends Thread and overrides run [) . The

applet invokes the start () method for the MyThread object. The start () method
returns but the thread process continues independently with the invocation of the
run() method in MyThread. When the thread process returns from run.(l the thread
dies (i.e. cannot be started again).
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8.2.2 Thread creation: Runnable

In the second threading technique a class implements the Runnable interface

and overrides its run ( ) method. This approach is often convenient, especially

for cases where you want to create a single instance of a thread, as in an animation

for an applet. You pass a reference to the Runnable object via the constructor
of Thread and when it starts, the thread calls back to the run () method. As

before, the thread process dies after exiting run ( ) .

The following code segment illustrates this approach. Here MyRunnableAp—

plet implements the Runnable interface. The start () method creates an
instance of the Thread class and passes a reference to itself (with the “this"

reference) in the threads constructor. When it invokes the start ( ) method for

the thread, the thread will invoke the run ( ) method in MyRunnableApplet.

/” Demo threading with Runnable implementation. **/

public class MyRunnableApplet extends java.applet.Applet
implements Runnable

/** Applet's start method creates a thread. ‘*/
public void start () {

// Create an instance of Thread with a
// reference to this Runnable instance.
Thread thread = new Thread (this);

1/ Start the thread

threadstart ();

l // start

/*‘ Override the Runnable run() method. **y’

public void run () {
int count = 0;
while (true) t

System.out.println ("Thread alive");
// Print every 0.lOsec for 5 seconds
tryt

Thread.sleepthO);

l catch (lnterruptedException e) {l
Count++;

if (count >= 50) break;

l

Systemputprintln (”Thread stopping“);
} // run

public void paint (java.awt.Graphics g) {

l
l // cla
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g.drawSt:ring ("Thread demo 2" ,20,20);
e interface }

especially } // class MyRunnableApplet
[animation
:onstructor

method As The diagram in Figure 8.2 shows schematically how this approach works.

HableAp’ 8.2.3 Thread subclass vs. Runnablecreates an

1e “ thi s " The choice between these two thread creation techniques depends on the particular
method for application and what seems most appropriate and convenient for it. Since Java
:Applet. does not allow multiple inheritance, an applet class that is already a subclass of

Applet or JApplet can become multithreaded by implementing Runnable.
The run( ) method will have access to the variables and methods of the class.

pl t For example, an applet animation may need parameters for initialization and maye
also need to invoke methods from the applet.

Extending Thread applies well to the situation where you want to create a

specialized thread class that does not need to extend any other class. A common
case is where many worker threads are needed such as in a server program that

MyRunnableApplet

Create Thread object and pass
. reference tothis Runnable object.

threadmnew Thread (this) —. ,_...., Thread
' Constructor saves reference .

to Runnable object.

.. 777]» start () returns and a
, th.read.start() ‘ ____. . _
I to launch thread process new process begins Wfihinvocation of run () m the l l

Runnable object ‘

Then invoke

I l I run() 4——- - runnable.run()

i . The process dies when
Y 7 7?, E_’. run() returns

 
Figure 8.2 This diagram illustrates threading with a Runnable class.
MyaunnabieAppi e1: implements the Runnable interface and it creates an instance of
Thread and passes in the constructor a reference to itself as a Runnable object. (We
use the name “runnable” for the reference variable to the Runnab] e object.) The

applet invokes the Etasz i l method for the thread and it returns while the thread
process continues independently wrth the invocation of the run: ;. method r‘nthe
apolet object. When the thread process returns from the applet’s run” the thread
dies.
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assigns a worker to service each client that connects to it. When the client signs
off, the threaded worker process assigned to it dies.

8.3 Stopping threads

A thread dies in three ways:

0 it returns from run( )

a the stop ( ) method is invoked (this method is now deprecated)

- it is interrupted by a runtime exception

The first approach is always the preferred way for a thread to die. In the examples
shown above in Section 8.2, we used a flag variable in a loop to tell the run method

to finish. We recommend this approach to killing a thread.
Do not use the Thread method stop ( ) to kill a thread. The stop ( ) method

has been deprecated. That means that it still exists in the class definition but is

officially marked as obsolete and should be avoided. The s top ( ) method causes

the thread to cease whatever it is doing and to throw a ThreadDeath exception.

This can leave data in an unknown state. For example, the thread might be midway

through setting the values of a group of variables when the thread was stopped
This will leave some variables with new values and some with old values. Other

processes using those variables might then obtain invalid results. Furthermore, an
instruction involving a long or double type value can require two operations

in the JVM, which moves data in 32-bit chunks. So a thread stop might occur

after the first operation and leave the value in an indeterminate state. These kinds
of errors will be difficult to track down since the effect may not be seen until the

processing reaches another part of the program.

As mentioned earlier, the best way to stop a thread is to signal that the pro—

cessing should return from run ( ) . Setting a flag can usually accomplish this. A

loop can check the flag after each pass and escape from the loop with the flag

switches. This allows for the process to finish what it is doing in a controlled

manner. In previous examples we set a boolean flag. In the applet below we use

the thread reference instead of a separate flag variable. Setting the reference to

null signals for the end ofa loop in run ( ) and also allows the garbage collector

to reclaim the memory used by the thread.

public Class MyApplet extends Applet implements Runnable
I

Thread fMyThread;

public void init () l
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client signs

public void start (i l
if (fMyThread!= null) i

fMyThread.start ()7
l
else

fMyThread = new Thread (this);

public void stop () {

eexanqfles fMyThread = null;
run method }

fl) nufihod void run l) {
ifionlnnis whlle (fMyThreadl= null) {
thod causes }
Lexceptlon. )

be midway } // I’ll/Applet

as stopped.
.lues. Other

lermore, an Remember that the start () and stop () methods in the Applet class are
operations unrelated to methods with the same names in the Thread class. Like the ini t ( )

flight occur method in the Applet class, these are just methods that allow the browser to
[‘hese kinds control the applet. The browser invokes start ( ) each time the applet page is

loaded (note that init ( ) is only invoked the first time the applet web page is
loaded). The applet’s stop ( ) is a good place to do housecleaning such as killing
any live threads. Always explicitly stop your threads in applets when the applet

en until the

rat the pro-
Ilish this. A s top ( ) is called. Otherwise, they may continue running even when the browser
ith the flag loads a new web page.
controlled Furthermore, do not use the deprecated suspend ( ) and resume ( ) methods

:low we use in the Thread class for the same reasons given for not using the stop ( ) method.
You can obtain effective suspend/resume operations by killing the thread (that is,eference to
signaling for it to return safely from the processing in the run ( ) method) and 

ge collector creating a new one with the same values of the variables as when the previous
thread died. The new thread will then simply continue from where the last one
finished.

table

8.4 Multiprocessing issues

An operating system executes multiple processes in a manner similar to that
for multithreading except that each process stack refers to a dilibrent program
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in memory rather than code within a single program. The Java Virtual Machine

(JVM) controls the threads within a Java program much as the machine operating
system controls multiple processes.

In some JVM implementations, threads are directly assigned to native pro—

cesses in the operating system. Furthermore, in operating systems that support

multiple physical processors, the threads can actually run on different processors
and thus achieve true parallel processing.

Multiprocessing in Java with threads is relatively straightforward and provides

for great flexibility in program design. The JVM handles most of the details of

running threads but your program can influence the sharing of resources and

setting priorities for multiple threads.

8.4.1 Sharing resources

Just as in an operating system, when multiple threads need to share a processor

or other resources, the JVM must provide a mechanism for a thread to pause

and allow other threads the opportunity to run. The two basic designs for context
switching of threads are:

0 preemptive or time-slicing — give each thread fixed periods oftime to run

0 non—preemptive or cooperative — a thread decides for itself when to surrender control

Generally, the preemptive approach is the most flexible and robust. A misbehav-

ing thread cannot hog all the resources and possibly freeze the Whole program.

Unfortunately, the context switching design is not specified currently for Java

and so different JVMs do it differently. Thus you should design your multi—

threaded code for either possibility if you expect to distribute your program for
general use.

For example, you can explicitly add pauses to your threads to ensure they
share the processing. The static method yield ( ) in the Thread class tells the

currently executing thread to pause momentarily and let other threads run. The

static method sleep (long millis ) , where millis is in milliseconds, tells

the currently executing thread to pause for a specific length of time. There is

also the overloaded version method sleep<long millis, int nanos) ,

where the sleep time equals millis in milliseconds plus nanos in nanosec-

onds. (Most platforms, however, cannot specify time that accurately.) With these

two methods, you can ensure that when your program runs in a non—preemptive
environment, the threads will release control at suitable points in the thread code.

The resources needed for each thread is another aspect of multiprocessing
to consider when creating a high number of threads. The maximum number of

threads depends on the stack space needed per thread and the amount of memory

available. The stack size default is 400 KB. For a 1 gigabyte address space this
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. 8.4 Multiprocessing issues

should allow up to 2500 tiny threads, but in practice, because the thread code
itself plus any memory allocated for objects a thread uses takes up memory too,
an OutOfMemoryError will usually occur far sooner.

8.4.2 Setting priorities

Every thread has an integer priority value between I and [0 that can be con—
trolled nsing methods in the Thread class. Generally. higher priority threads
can be expected to be given preference by the thread scheduler over lower pri-
ority threads. However. the implementation of thread scheduling is left up to
the JVM implementation. This lack of specificity provides maximum flexibil-
ity to NM designers since Java can be implemented on platforms with limited
speed and resources and also on platforms with multiple processors and extensive
resources. '

The JVM implementation must work within the native platform’s multithread-
ing capabilities, which might or might not include native multithreading features.
Even among host operating systems that natively support multiple threads, the
details of that support are sure to be different among different operating systems

and perhaps among different hardware platforms. About all that can be said for
certain is that higher priority threads should receive preferential treatment by
the thread scheduler compared to threads with lower priority. However, if two or
more threads are waiting for processor resources, the thread scheduler may also
take into account how long the threads have been waiting. The highest priority

thread is perhaps likely to be the first to be scheduled, though not necessarily.
Over a long enough sampling time, higher priority threads will, on average. be
scheduled more often than lower priority threads, but that does not mean that

at any given time a lower priority thread might have control of the CPU while
a higher priority thread is waiting. In general, changing Java thread priorities is
not a reliable way to attempt to force one thread to always have preference over
another. (See Section 24.4 for a discussion of the real-time specification for Java,
Which expands the number ofpriority levels to 28 and requires strict enforcement
of thread execution according to priority settings.)

With those caveats, you can get and set a thread’s priority with the

getPriorityi) and setPriority() methods in the Thread class. The
Thread class defines three constants:

0 MIN_PRIORITY

° NORM_PRIORITY

' MAX_PRIORITY

The default priority is Thread.NORM_PRIORITY, which is 5, although new
threads always inherit the priority value of the creating thread. The following

Page 208 of 244

261

 



Page 209 of 244

 
262

Page 209 of 244

Threads

code increments a thread’s priority to one unit higher than the normal priority:

Thread threadX = new Thread (this);

threadX.setPriority (Thread.NORM_PRIORITY + l);
threadx.start ();

Attempting to set a thread’s priority below NIN_PRIORITY or above
MAX_PRIORITY results in an IllegalArgumentEXception.

For multiple threads in a non-preemptive system, once one of them starts

 

running it will continue until one of the following happens:

0 sleeps via an invocation of sleep ( )

- yields control with yield ( )

. waits for a lock in a synchronized method (synchronization is discussed in the next

section)

0 blocks on 1/0 such as a read( ) method waiting for data to appear
0 terminates with a return from run ()

We will discuss synchronization and the wai t: ( ) method in the following section.

8.5 Using multiple threads

Programs for some tasks become much easier to design with threads, sometimes
with lots of threads. We’ve already mentioned animations, and in Part II we will

see that client/server systems lend themselves naturally to multithrcaded design —

the server can spin off a new thread to service each client. Some mathematical

algorithms, such as sorting and prime searching, also work well with multiple

threads working on different segments of the problem. On multiprocessor sys—

tems, JVMs can take advantage oftrue parallel processing and provide significant

speedups in performance for multithrcaded applications.

There are basically four situations in which multiple threads operate:

1. Non-interacting threads 7 the actions of the threads are completely independent and
do not affect each other.

2. Task splitting 7 each thread works on a separate part of the same problem, such as

sorting different sections of a data set, but do not overlap with each other.
3. Exclusive thread operations — the threads work on the same data and must avoid

interfering with each other This requires synchronization techniques.

4. Communicating threads — the threads must pass data to each other and do it in the
correct order.

The latter two cases can entail complex and often subtle interference problems

among the threads. We look in more detail at these four cases in the following
sections.
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priority: 8.5.1 Non-interacting threads

The simplest situation with multiple threads is when each thread runs indepen-

dently without interacting with any other thread. Below is a simple example of
such a case. We have one Thread subclass called IntCounter that prints out

the values of an integer counter. We could do a more interesting calculation but

for demonstration purposes this will suffice.

or above

/*" Demo Thread class to show how threads could do

1cm starts * calculations in parallel. **/
class IntCounter extends Thread

(
int fId=O:

int fCounter = 0;

in the next int fMaxIter = O;
Outputable fOutput;

/** Constructor to initialize parameters. **/

' IntCounter (int id, Outputable out) {
lgsection. fl’d = id;

‘ fMaxIter = 100000fOutput : out;

I l // ctor

iometimes

II we will l /** Simulate a calculation with an integer sum.**/
ddesign— i public void run () l
_ . ! while (fCounter < maxIter) fCounter++;
.hematical f0utput.println ("Thread" + fId + "2 sum 2 " + fCounter);
1 multiple }
essor sys- ' ) // class IntCounter

;ignificant I

e: The program NonInteractApplet, which implements the Outputable
interface discussed in Chapter 6, provides a text area and “Go” and “Clear” but—

‘endent and tons (see Figure 8.3). Clicking on “Go” invokes the applet’s start () method,
which creates three instances of this Thread subclass and starts them:

m, such as

must avoid import javax. swing. *;
import java. awt . *;

do it in the import java. awt . event . ",-.

I public class NonInteractApplet extends JApplet

problems implements Outputable, ActionListener
.

following { Build interface .

 
Page 210 of 244



Page 211 of 244

 
264

Figure 8.3 Display of the
NonlnteractApplet

program. The Go button
has been pushed several
times to illustrate the
different order in which
the threads finish.
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// Pushing Go button leads to the invocation of this button
public void start 1) l

// Create 3 instances of each of the Thread subclass

IntCounter icl = new IntCounter (1, this);

IntCounter ic2 = new IntCounter (2, this);
IntCounter ic3 : new IntCounter (3, this);

//’ Start the threads
icl.start l);
ic2.start l);
ic3.start l);
} 1/ start

l '/ Class NonInteractApplet

In the output shown in Figure 8.3 you see that the threads can finish in a different

order for each press of “Go The order depends on the time allocated to each

thread and on what kind of thread scheduling the JVM uses. You can experiment

with different thread priorities by adding code to set the priorities of the three

thread instances differently. For instance, set icl to a high priority and ic3 to a

low priority before starting the threads

icl . setPriority (Thread.MAX_PRIORITY) ;
ir:2 . setPriority (Thread .NORM_PRIORITY) ;
ic3 . setPriority (Thread.MIN_PRIORITY) ;

lE'tart: ‘ —‘ f.
' Thread 1: sum=100033 1
Thread 3;sum=102300
Thread 2: sum :103000

lSlart:
Thread 2: sum = 10

Thread 3: sum =10 ‘Thread 1: sum: 10

iSlarl. lThread '2: sum :10 ‘

Thread I: sum :10 l
Thread 3: sum :10 l

Start: ‘l
l

ll

Ullll OD UD Dl_l|_l

Dal—llittC‘ l:lk_ll_rl '_J'_ICI    Thread 2; sum =10E003
I Thread 3: sum 2 1 00330
Thread1:sum=10i3]] _.

i3tar1.’
: Thread 1: sum = 100303
- Thrfindjzrallmi‘lflflflfln—l

  
_. fiAn-rflu 1

Go 1l Clear
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8.5.2 Task splitting

button The next level in complexity involves multiple threads working on the same

problem but on separate, non—interfering parts. For example, given a particular
SS integer value, a program could find the number of primes up to that value by

using different threads to work on different sections of the range between 1 and
the specified value.

In the example here, we use the task-splitting technique to scan a matrix. The

snippet below shows a class that searches a matrix and counts the number of
positive non—zero elements:

/x*

* Thread class to count the number of non—zero elements
* in a section of a matrix.

*x/

class MatHunter extends Thread
a different

ed to each ( -
. int [ii] fMatrix:

vXperlment int r110. flhi, leo, thi;
fthe three int fOneszO‘

d ic3 to a Outputable fOutput;

l /** Constructor gets the matrix and the indices specifying
* what section to examine.

*‘k/
MatHunter (

int [][] imat,

int i1, int i2, int jl, int j2,
Outputable out

i t

! fIlozil; fIhiziZ;
leo=jl: thi=j2;
fMatrix = imat;

fOutput = out;
l // CtOI

/H Examine a section of a 2D matrix and
* count the number of non—zero elements.

«*/

public void run () {
for (int i=fIlo; i <= fIhi; i++) {

for (int jszlo; j <2 thj; j++l {
if (fMatrix[i][j] > O) fOnes++;

 
}

yield (i;
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}

f0utput.println ("# ones =" + fOnes + "for i =" 4»
£110 + "to" + fIhi + "& j =" + leo + "to" + thi);

} // run
} // class MatHunter

The program TaskSplitApplet creates a matrix with a random distribution
of zero and non-zero elements. It then creates four instances ofMatHunter, one

for each quadrant of the matrix. Each instance works on the same problem but in

a separate, independent section of the matrix.

public class TaskSplitApplet extends JApplet

implements Outputable, ActionListener

. Build the interface .

public void start () {
int[] [] imat = new intl2000] [2000];

for (int i=0; i < 2000; i++) {

for (int j=0; j < 2000; j++) (
if (Math.random() > 0.5) imat[i][j] = 1;

l

MatHunter mhl = new MatHunter (imat.0,999,0,999,this);
MatHunter mh2 =

new MatHunter (imat,0,999.1000,1999,this);
MatHunter mh3 =

new MatHunter (imat,1000,1999,0,999,this);
MatHunter mh4 =

new MatHunter (imat,1000,l999,1000,1999,this);

Println ("Start: " ) ;
mhl . start () ;
rnhZ . start (i :

th . start () ;
mh4.start () t

) // start

7* // class lI"askSplitApplet:

Figure 8.4 shows the results of different threads finishing in a different order each
time the “Go” button is pressed.

Start
«tones: 500:1
atoms: 500[
times: 5007

‘ #ones = 5004
Start.

‘ at ones = 5000
#ones= 4089

#01195 : 4098
niches: 5000

Start-
#unes= 4998
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items: 4998
#ones= 4900

Start:
‘ we ones = 5005

airman-1:13.0131
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result in a dif
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as. t ' '— '— — !-.
5119 ones = 500459for1= 010 999 St] = 0 to 999
!# ones: 500010fori= 010 999 &j=1000to1999

i #ones: 300?3:1fori=1000to1999 &j:IJto 999 '
lvlfi ones: 500422for1=1000101999 &j='100010199 '.Starl'

it? ones: 500036 fori= 1000 to 1999 &j=100010199:#0nes=498996f0ri=0t0999&j=010999 -_|
.# ones: 49980?fori= 0 to 999 84:100010 1999

it! ones: 50008010ri:1000’(o 1999 8:1: 010 999
:ISEait:
It! ones: 499807fori= 0 to 999 &j= 01-3 999
.#ones=499852fori=1000101999 &j=0to 999 _
# ones : 499832 tori: 0 to 999 &j: 1 090m 1999 ' |

'#ones= 4999381‘ori: 1000to 1999 &j=100010199'"15:3:1'

#ones=50058?fori=0to 999 &j:0to999 I

._::Tr::)t.-;3.: immune: n In..fif.l.9..i:.i= 1.090.111.1999 .:='
i |

 

 
eff is

.FG" !f Clear i

Figure 8.4 Display of TaskSplitApplet program. Pressing the “Go” button can
result in a different sequence in the completion times of the thread each time.

8.5.3 Exclusive thread operations

Threading becomes trickier when threads perform operations that can conflict

with each other. For example, Figure 8.5 depicts a situation where two thread

processes both want to access an object but for different purposes (this is derived

from an example in the Sun Java Tutorial). The Filler thread wants to put

a number into the bin variable in the Box. It can only do so when the cav-

ity is empty. The Getter, on the other hand, wants to ’retrieve the number

from Cavity and leave the Cavity empty. Ideally, Filler and Getter
would alternate their calls to the methods put ( ) and get ( ) . However, if no

special steps are taken, it is quite easy for Getter to invoke get () when

the Cavity is empty and for Filler to invoke put ( ) when the Cavity is
still full.

This type of situation is called a data race because each thread is racing to

do its task Without waiting for the other thread to finish its activity. A synchro-

nization scheme prevents this problem. Synchronization forces threads to wait

in single file at the method or code block of an object where the conflict can
occur.

In this case, this means that the Box object only allows one thread at a time

to invoke either its put ( ) or get ( ) . It is as if only one thread object owns the

lock on the door to a Box object. That thread must give up the lock before any

other thread can access any synchronized method on the object. (Note that the

lock terminology is by convention. Giving up the key might be more illuminating.

The term monitor is also used.)
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Figure 8.5 (a) The Filler and Getter threads need to access the bin in the Box. I i
The Getter needs, however, to wait till the bin is filled. (b) While the Filler places a ' fBin
value in the bin via the synchronized put () method, the Getter cannot invoke the ' fFil
synchronized get () method. (0) Similarly, the Filler must wait till the Getter fOut
finishes invoking the get (1 method before it can invoke put ( ). r noti

:l i / / p‘

In the following code for the Box class, we see that the get () and put ()

methods are prefaced by the modifier synchronized. This indicates that only
one thread can invoke either of these methods at the same time for the same object.

That is, during the time that a thread executes, say, the get ( ) method, no other
thread can execute either the get ( l or put ( ) method for the same Box object.

We want to e

interference I

one Box obje
different Box

public class Box This COde
{ thread invoke

private int fBin; Objectbecaus
private boolean fFilled = false; is granted the
Outputable fOutput; Checkis made

1'“ Constructor obtains reference to Outputable object. already true(*ic/
Similarly, dur

Box (Outputable out) {
fOutput = out ,-

wait () is in
and remains a
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l // ctor

/** If bin is not filled, wait for it to be. **/

public synchronized int get () {

while (lfFilled){
try i

wait U;
l

catch (InterruptedException e) {}
l
fFilled = false;

fOutput.println ("Get valuez” + fBin);
notifyAll (J;
return fBin;

} // get

/** If bin is filled, wait for it to be emptied. *‘f
public synchronized void put (int value){

while (fFilled) {

try {
wait (l;

}

catch (InterruptedException e) {l
l

fBin = value;
fFilled = true;

f0utput.println (”Put value: " + fBin);
notifyAll ();

l // put
} // class Box

We want to emphasize that each instance of Box has its own lock. There is no

interference problem among different Box objects. Ifa thread owns the lock on

one Box object, this does not prevent another thread from owning the lock on a

different BOX object.
This code also illustrates the wait ( l and notifyAll () methods. When a

thread invokes put ( ) or get ( ) , it will wait until it is granted the lock for that

object because ofthe presence ofthe synchronized keyword. Once the thread
is granted the lock, it continues on through the method. Inside the method, a

check is made on the fFillec‘l flag. When attempting a put ( ) , if fFilled is

already true (i.e. if the bin is already full), then an explicit wait ( ) is invoked.

Similarly, during a get ( ), if fFilled is false (ie. if the bin is empty), then

wait () is invoked. Invoking wai t ( ) means that the thread gives up the lock

and remains at that point in the method until notified to continue.
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Let’s suppose that the Filler thread finds that fFilled

the put ( ) method; that thread will go into a wait state. Since fFilled is true,

the Getter thread passes the fFilled test in the get ( ) method, obtains the

fBin value, sets the fFi 11 ed flag to fal se, and invokes noti fyAl l () before

it returns. The noti fyAl l ( ) method causes all threads in a wait state to attempt

to acquire the look. When the lock is released by the Get ter in the synchronized

get ( ) method, the Fi 1 lei: thread can acquire the lock and continue on through

the put ( ) method and fill the bin again.

The following code shows the Filler class. In the run ( ) method, a loop

puts a value into the box and then pauses for a random period of time before doing

it again. For each pass of the loop, the put ( ) invocation results in the printing

ofa message via the Outputable reference.

true during

public class Filler extends Thread
l

private Box fBox;

public Filler (Box b) {
fBox = b:

public void run (l l
for (int i:0; i < 10; i++) [

fBox.put (i);
try t

sleep ((intl(Math.random (l ‘ l00)):
}

catch (InterruptedException e) l}

] // class Filler

The following code shows the Getter class. The loop in its run ( ) method will

continue until it gets ten values from the box. Note, however, that the process will

experience occasional wait states in the get ( ) method in Box to give time for
the Filler to do itsjob.

public class Getter extends Thread
l

private Box tBox;
private int fNumber:

public Getter (Box b) {
fBOX : b;
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Figure 8.6 The output of the Filler and Getter threads for the ExclusiveApplet
as they fill and retrieve a bin value in a Box object.

}

public Void run () l
int value = O;

for (int i=0; i < 10; iH) {

fNumber = fBox.get (l;
l

} // run
l // class Getter

 
 

nethod will

)rocess Will The snippet from ExclusiveApplet shown below creates a Box, a Filler,
VB time for and a Getter object and then starts the two threads. Figure 8.6 shows a typical

output. We see that the synchronization prevents a data race situation and the two

threads each complete their respective tasks.

public class ExclusiveApplet extends JApplet

implements Outputable, ActionListener

Build the interface
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/** Create Filler and Getter thread instances and start
* them filling and getting from a Box instance. **/

public void start () {

Box b = new Box (this);
Filler fl = new Filler (b);
Getter bl = new Getter (b);

fl.start U
bl.start ()

l // start

i

l // class ExclusiveApplet

8.5.4 Communications among threads

In the previous section, we discussed the case where multiple threads try to access

an object and can step on each other if not properly synchronized. Here we look
at the even trickier situation where a thread needs to access data in another thread
and must also avoid a data race situation.

The standard example for communicating threads is the productar/consumer

paradigm. The producer object invokes its own synchronized method to create
the data of interest. The consumer cannot invoke the producer’s get ( ) method,

which is also synchronized until the producer has finished with its creation

method. The producer, in effect, locks its own door to the consumer until it

finishes making the data. (Imagine a physical store that locks its doors and does

not allow shoppers in while restocking the shelves.) Similarly, while the consumer

gets the data from the producer, it obtains the lock and prevents the producer from

generating more data until the consumer is finished.
Below we illustrate this paradigm with a program in which the Sensor class

represents the producer thread and DataGetter represents the consumer thread.
An instance of Sensor obtains its data (here just clock readings) in a loop in

run () via calls to the synchronized Sense () method. The data goes into a

buffer array. A thread can invoke get ( ) in Sensor to obtain the oldest data in
the buffer. The indices are set up to emulate a FIFO (First-In—First-Out) buffer.

When the buffer is full, the Sensor thread waits for data to be read out (that is,

it gives up the lock by calling the wait ( ) method).
To obtain the data, a DataGetter instance invokes the synchronized get ( )

method in the Sensor instance. If no new data is available, it will give up the

lock and wait for new data to appear (that is, when notifyAll ( ) is invoked in

the sense () method).

This snippet from DataSyncApplet creates the sensor and starts it. Then a
DataGetter is created and started.

public

in c

**/

publi
//
Ser
5.5

l //

l // cl

The Sensc

the numbel

ment of a I

should go.
The fGetZ
DataGett

than the MP.

then the so

When the 1

wake the Si

no longer a
data. Other

import
/x*

* This

* that
*/

publicr
‘L

// Si

priva
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|

start public class DataSyncApplet extends JApplet

**/‘ implements Outputable, ActionListener
(

I Build the interface

1 /** Create Sensor and DataGetter thread instances and

l * start them filling and getting from a Box instance.
5 * +/

l public void start() {
l // Create the Sensor and start it

1 Sensor 5 = new Sensor (this);. s start ();

l

l // Create DataGetter and tell it to obtain
i // 100 sensor readings.

DataGetter dg = new DataGetter (s, 100, this);
dg.start l);

yto access } // start
re we look . . .

therfluead ' } // class DataSyncApplet

/consumer ' . . . .

j to eate The Sensor (see code below) produces one data value Oust a string contalningcr , . . . .
the number of milliseconds Since the program began) and stores it In an ele-

) method,
. ment of a buffer array. The fBqundex keeps track of where the next value:5 creation . . . .

. . should go. When 1t reaches the end of the array, 1t w111 c1rcle back to the start.ier until it . .
The fGetIndex marks the value 1n the buffer that Will be sent next to the

s and does .
DataGetter. The fGetlndex should never fall farther beh1nd fBqundex:consumer

:iucer from than the MAXGAP value (set here to 8). If the lag reaches the value of fMaxGap
then the sensor goes into a loop with an invocation of wait ( ) for each pass.
When the DataGetter invokes the get ( ) method, the notifyAll () will

isor class . . . . . . .

nerthread wake the Sensor thread from Its wait state and 1t w1ll check the lag agaln. If 1t 1s
_ ' no longer at the maximum, the process leaves the wait loop and produces more

1 a loop 1n . . . _ .
. data. Otherwwe, 1t loops back around and invokes wait ( ) again.

goes into a
lest data in

nu)buflbl import java.util.*;

m (that is, / * ** This class represents a sensor producing data
* that the DataGetter objects want to read.
*/

public class Sensor extends Thread
(

// Size of the data buffer.

31t.Thena private static final int BUFFER_SIZE : 10;

zed get ( )

give up the
invoked in
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// Don’t let data production get more than
// 8 values ahead of the DataGetter

private static final int MAXGAP 2 8;
private String [] fEufter;

private int fBqundex = 0; // sensor data buffer index
private int fGetIndex = 0; // data reading index

private final long fStart = System.currentTimeMillis ();

boolean fFlag : true:

Outputable fOutput;

/** Constructor creates buffer. Gets Outputable ref. **/
Sensor (Outputable out) (

fOutput 2 out;
fButfer = new String [BUFFER_SIZE];

]

/** Turn off sensor readings. '*/

public void stopData () {
fFlag : false;

/** Take sensor readings in a loop until flag set false.
*+/

public void run () {
// Measure the parameter of interest
while (fFlag) sense ();

/** Use clock readings to simulate data. *“/

private final String simulateData () {
return "“ + (int) (System.currentTimeMillis () —
start);

}

/** Use indices fBqundex. fGetIndex, and the lag()
* method to implement a first—in-first—out (FIFO)
* buffer. **/

synchronized void sense () (
// Don’t add more to the data buffer until the getIndex
// has reached within the allow range of bqundex.
while (lag () > MAXGAP) (

try {wait ()7}
catch (Exception e) {)

}

fBuffer[fBqundexJ = simulateData ();

f0utput.println("Sensor["+ (fBqundex) + "l = ”
+ fBuffer[fBqundex]);

IX

4’

St

/

fl

E
ii
IE

1 //

} // c

The Date

gets its m,
DataSyn

import

//' i: fir Th
* To

* sl
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I // Increment index to next slot for new data
l fBqundex++;

l

l

// Circle back to bottom of array if reaches top

ndex if (fBqundeX == BUFFER_SIZE) fBqundex : 0;
notifyAll ();

is (); a E l // sense

' /** Calculate distance the DataGetter is running behind

i * the production of data. **/
int lag () {

f. **/ 3 int dit = fBqundex — fGetIndex;

" if (dif < 0) dif += BUFFER_SIZE;

I return dif;
}

/** Get a data reading from the buffer. **/

synchronized String get () {
// when indices are equal, wait for new data.
while (EBqundex == fGetIndexl {

try{ wait l ); }
false. catch (Exception e) {}

}

notifyAll ();

// Get data at current index

String data : fBuffer[fGetIndex];

// Increment pointer of next datum to get.
fGetIndex++;

J — // Circle back to bottom of array if reaches top
if (fGetIndex Z: BUFFER_SIZE) fGetIndeX = 0}
return data:

} // get
3 l // class Sensor

N

The DateGetter grabs a data value from the sensor after random delay until it

getIndex gets its maximum number of data values. Figure 8.7 shows typical output from
ex. DataSync.

import java.util.‘

/** This class obtains sensor data via the get () method.
* To simulate random accesses to the sensor, it will

* sleep for brief periods of different lengths after

* every access. After the data is obtained, this thread
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* will stop the sensor thread. **/

public class DataGetter extends Thread
l

Sensor fSensor;

Outputable fOutput;
int fMaxData 2 1000;
int fDataCount = 0;

DataGetter (Sensor sensor, int maxNum, Outputable out) {
fSensor = sensor;

fMaXData = maxNum;

fOutput = out;
}

/H Loop over sensor readings until data buff filled.
++’/

public void run i) {
Random 1 2 new Random (7;

while (true) {

String data I fSensorrget();

fOutput.printlnthataCount++ + ", Got; " + data);

// Stop both threads if data taking finished.
if (fDataCount >= fMaxData) {

fSensoristopData ()7 |
break; I

}

/- Pause briefly before access the
// data again.
try

sleep (1.neXtInt i) % 500i;
}

catch (Exception e) {l
l

) «’ run

l // class DataGetter

8.6 Animations i

A popular task for a thread in Java is to control an animation. A thread process ‘
can direct the drawing of each frame while other aspects of the interface, such as

responding to user input, can continue in parallel. '

The DropZDApplet program below illustrates a simple simulation of a ‘
bouncing ball using Java 2D drawing tools. The applet creates a thread to direct

the drawing of the frames of the animation as the ball falls and bounces on the

floor and g,
subclass of

the ball. DI

The app
a thread to

first does 5(

animation.

method in 1

frame. If th

method, lhl

import
import
import

/H Thi
* to

public

// Wi
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l6, (int; [1 _ Iv-
{in Clear

floor and gradually comes to a rest (see Figure 8.8). The interface consists of a
subclass ofJPanel called Drop2DPanel and a button to initiate a new drop of

the ball. DrOpZDPanel displays the ball and calculates its position.

The applet implements Runnable and in the start () method it creates
a thread to which it passes a reference to itself. The applet’s run() method
first does some initialization and then enters a loop that draws each frame of the

animation. The loop begins with a 25 millisecond pause using the static s leep ( )
method in the Thread class. Then the DropZDPanel is told to paint the next

frame. If the drop is done, the process jumps from the loop and exits the run ( )
method, thus killing this thread.

import javax . swing . *7
import java. awt . *,-
import java. awt .event . *;

/** This applet implements Runnable and uses a thread
* to create a simple dropped ball demonstration.**/

public class DropZDApplet: extends JApplet
implements Runnable, ActionListener

// Will use thread reference as a flag

277

Figure 8.7 Output of the
DataSyncApplet program
With Sensor and
DataGetter classes.

  
Figure 8.8 The
DropZDApplet program
demonstrates how to

create a simple
animation by simulating
a dropped ball that
bounces when it hits the

floor and gradually
comes to rest.
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Thread fThread : null;

DropZDPanel fDropPanel;
JButton fDropButton;

/*‘ Build the interface. *‘/

public void init () {
Container contentipane = qetContentPane ();

Content»pane.setLayout (new BorderLayout () :

// Create an instance of DropPanel

fDropPanel = new Drop2DPanel r);
// Add the DropZDPanel to the content pane.

Content_pane.add (BorderLayout.CENTER, fDropPanel);
/ Create a button and add it

fDropButton : new JButton ("Drop');

fDropButton.addActlonListener (this);
Content,pane.add (BorderLayout.SOUTH, fDropButton);

) // init

/‘* Start when browser is loaded or button pushed

public void start () {
If the thread reference not null then a

// thread is already running. Otherwise, create
// a thread and start it.

if (thhread =: null) (
fThread = new Thread (this);
fThread.start(J;

}
} /« start

/** Applet's stop method used to stop thread. **I
public void stop i) i

// Setting thread to null will cause loop in
// run() to finish and kill the thread.
fThread = null;

} // stop

,’ ' * Button command, * “ /

public void actionPerformed (ActionEvent ae){
if (fDropPanel.isDone ()) Start ();

fl** The thread loops to draw each frame of drop.

public void run () i
// Disable button during drop
fDropButton.setEnabled (false);

7!

11:]  

/‘/‘

fDr

whi

//
fDr

l //
) / 1' cl:

TheDropZ
the bail for

reverses the

friction. Evr

is done.

import

import
import
import
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i
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doubl
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”/ Fr

doubl
// Fl
boole



Page 226 of 244

*i/

8.6 Animations

// Initialize the ball for the drop.

fDropPanel.reset ()7

l // Loop through animation frames
while (fThread!= null) {

// Sleep 25msecs between frames

i try{Thread.sleep (25);
l

catch (InterruptedException e) {l

l // Repaint drop panel for each new frame
fDropPanel.repaint ();

; if (fDropPanel.isDone ()) fThread = null;
l

l // Enable button for another drop

fDropButton.setEnabled (true);

 
} // actionPerformed

1 // class DropApplet

‘ The DropzDPanel class is shown below. The panel calculates the position of
the ball for each increment of time between the frames and redraws the ball. It

reverses the ball when it hits the floor and also subtracts some speed to simulate

i friction. Eventually, the ball comes to a rest and sets a flag that the drdp simulation
i is done.

import javax.swing.*;
import java.awt.*;

import java.text.*;

. import java.util.*;

/** This JPanel subclass displays a falling ball. **/

public class DropZDPanel extends JPanel
[

// Parameters for the drop
double fY = 0.0. ny = 0.0;

// Conversion factor from cm to drawing units
double fYConvert = 0.0;

double fXPixel: 0.0, fYPixel = 0.0,

double fRadius = 0.0 fDiam = 0.0;

' // starting point for ball in cm
double fYO = 1000.0;

// Frame dimensions.
double fFramth, fFramer;

// Flag for drop status
boolean fDropDone = false; 
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EllipseZD fBall;

/** Reset parameters for a new drop. **/
void reset () [

fFramth = getHeight ();
fFramer getWidth ();

fXPixel = getWidth ()/27
fY = fYO; ny = 0.0;

// Conversion factor from cm to pixels
// Start the ball about 20% from the top.
fYConvert = fFramth / (1.2 * fYO);

// Choose a size for the ball relative
// to height of drawing area.
fRadius : (int) ((0.1 * fYO) * fYConvert);
fDiam = 2 * fRadius;

// Make the ball

fBall = new Ellipse2D Double(fXPixel—fRadius,
fYPixel—fRadius,

fDiam, fDiam);

setBackground (Color.WHITE);
fDropDone = false;

} // reset

/** Draw the ball at its current position. **/

public void paintComponent (Graphics g) {
super.paintComponent (g);
Graphics2D 92 = (GraphicsZD)g;
// Antialiasing for smooth surfaces.

g2.setRenderingHint(RenderingHints.KEY_ANTIALIASING,
RenderingHints.VALUEAANTIALIAS_ON);

// Determine position after this time increement
calcPosition ();

// Move the ball.
fBall.setFrame(fXPixel—fRadius, fYPixel—fRadius,

fDiam,fDiam);

// Want a solid red ball.

g.setColor (Color.RED);
gz.fill(fBall);
// Now draw the ball

g2.draw (fBall);

 

}// paint

/** Calcu
void calc

// Inc:
double

// Calc
fY = fl

ny = i

// Conx
fYPixel

// Revs

if ((fS
f\

//
f\

//
//
i1

}
}

} // calc

/** Provi

public be
return

}

} // class

8.7 Tlmers

A timer provide
timer can:

0 signal the redra\

' issue periodic re

0 trigger a single 1

As we saw in the

own simple time

action for a give]
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}// paintComponent

/*‘ Calculate the ball position in the next frame. *‘/
void calcPosition (J {

// Increment: by 25 millseconds per frame
double dt = 0.025;

// Calculate position and velocity at each step

fY = fY + ny * dt — 490‘* dt * dt;
ny : ny — 980.0 * dt;

// Convert to the pixel coordinates
| fYPixel = fFrarnth — (int) (fY * fYConvert);

// Reverse direction when ball hits bottom.

if ((fYPixel + fRadius) >= (fFramth—lH (
ny : Math.abs (ny);
// Subtract friction loss

ny — 2 0.1 ‘ fV‘y;

// Stop when speed at bottom drops mflféefis// below an arbitrary limit

if (ny < 15.0} i
fDropDone = true;

}

I: // calcPosition

 
/** Provide a flag on drop status. *'/

public hoolean isDone (l l
return fDropDone;

}

} // class DropZDPanel

LIASING/

8.7 Timers
\ment

A timer provides for periodic updates and scheduling of tasks. For example, a
timer can:

lius ,
' signal the redrawing of frames for an animation

0 issue periodic reminders as with a calendar application

- trigger a single task, eg. an alarm, to occur at a particular time in the future

As we saw in the previous section, with the Thread class you could create your

own simple timer using the Thread. sleep (long millis) method to delay

action for a given amount of time. This approach, however, has some drawbacks.
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7:16:10 PM

Figure 8.9 The
ClockTimerland

ClockTimerZ programs,

which both provide a
current time display like
that shown here, illustrate
the use of

java .util . Timer and
j avax . swing . Timer,
respectively.
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For periodic events, if the duration of processing in between the sleep periods

varies significantly, then the overall timing will vary with respect to a clock. A150,

ifyou need several timer events, the program Will require several threads and this
will use up system resources.

Java provides two timer classes [5—7]:

- javax. swing . Timer came with the Swing packages and is useful for such tasks as

prompting the updating of a progress bar '

I java . util . Timer and its helper class java . uti l . TimerTask provide for general

purpose timers with more features than the Swing timer

These timers can provide multiple timed events from a single thread and thus

conserve resources. They also have useful methods such as scheduleAt—
FixedRate (TimerTask task, long delay, long period) in java .

util . Timer. This method will set events to occur periodically at a fixed rate

and ties them to the system clock. This is obviously useful for many applications
such as a countdown timer and an alarm clock Where you don’t want the timing
to drift relative to absolute time.

8.7.1 java .util . Timer and TimerTask

The Timer and TimerTask combo in java.util offers the most general

purpose timing capabilities and includes a number of options. A Timer object
holds a single thread and can control many TimerTask objects. The TimerTask

abstract class implements the Runnable interface but it does not provide a
concrete run ( ) method. Instead you create a TimerTask subclass to provide

the concrete run ( ) method with the code to carry out the task of interest.

In the example below, we create a digital clock using a timer to redraw a

time display every second. The clock display uses DateFormatPanel, which
we describe in Chapter 10 when discussing the date classes. Whenever this

panel is drawn it displays the current time. The applet adds an instance of this

panel to its content pane and in the start () method creates an instance of
java . util . Timer.

A subclass of TimerTask called UpdateTask overrides the run ( ) method

and simply tells the panel to redraw itself. UpdateTask is defined as an inner
class here and has access to the clock panel reference. The timer schedules

calls to the UpdateTask every 1000 milliseconds. Figure 8.9 shows the clock

display.

import javax . swing . *;
import: java.awt . *;
import java . util . *;

/** This applet implements Runnable and uses a thread
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:p penods * to create a digital clock. **/

30k-A159, public class Clock'l‘imerl extends Japplet
is and this {

java.util.Timer fTimer;
// Need panel reference in run()i
DateFormatPanel fClockPanel;

 

ch tasks as

public void init () {
forgeneral Container content7pane = getContentPane ();

C te n ' stan of Draw' P 1
land thus // rea a in ce ing anefClockPanel = new DateFormatPanel ();
duleAt—

lnjava. l // Add the DrawingPanel to the contentPane.

fixed rate content_pane.add (fClockPanel);

)plications

the timing
public void start () {

// Create a timer.

fTimer = new java.util.Timer ();

,St general // Start the timer immediately and then repeat Calls
Jer object // to run in UpdateTask object every second.
merTask fTimer.schedule (new Update‘l‘ask i). 0, 1000),-. i
prov1de a

to provide /** Stop clock when web page unloaded. **/
:rest. . .

dr public v01d stop () i
)re aVE/ 3' i // Stop the clock updates.
‘61, Whmh i fTirner.c'ancel () ;
:never this i }

nce of this

nstance 0f /** Use the inner class technique to define the
‘ * TimerTask subclass to update the clock,**/

() method ‘ class UpdateTask extends java.util.TimerTask {
public void run () (

fClockPanel.repaint () ;
as an inner

schedules

5 the clock }
} // class ClockTimerl

(Note that since we import both javax.swing.* and java.util.* it is
necessary [0 use the fully qualified type java .util .Tirner when declaring the
fTimer variable Without the Full qualification, the compiler would not know

whether we wanted javax. swing . Timer 01' java .util .Timer.)
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8.7.2 javax. swing . Timer

Although it has fewer options, the javax. swing . Timer can do some of the

same basic timing tasks as java . uti l . Timer. Below we show another version

of the digital clock except that it uses javax . swing . Timer. This timer con-

tacts an ActionListener after every time period rather than a TimerTask

object. Here the applet implements the ActionListener interface. The con-

structor for the timer takes as arguments the update period value and the reference

to the applet. The timer is then started and after every second the actionPer—

formed( ) method will be invoked and the clock panel repainted. The applet’s

stop ( ) lnethod stops the timer.

import javax.swing.*;

import java.awt.*;
import java . awt . event. * ;

import java.util.*;

/** This applet implements Runnable and uses a thread
* to create a digital clock. **/

public class C10ck’1‘imer2 extends JApplet
implements ActionListener

javax.swing.Timer fTimer;

// Need panel reference in runl).
DateFormatPanel fClockPanel;

public void init () (
Container contentipane = getContentPane ();

// Create an instance of DrawingPanel
fClockPanel = new DateFormatPanel ();

// Add the DrawingPanel to the contentPane.
content_pane.add (tClockPanel);

public void start () t
// Send events very lOOOms.

fTimer = new javax.swing.Timer (1000, this);

// Then start the timeri
fTimer. start ()7
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// Timer creates an action event.

public void actionPerformed (ActionEvent e) {
Object source = e.getSource ();
if (source :2 fTimer)

fClockPanel.repaint ();

// Stop clock when web page unloaded

public void stop () i
// Stop the clock updates.
fTimer.stop l);

}

l // class ClockTimerZ

8.8 Concurrency utilities in JZSE 5.0

Java Release 5.0 adds numerous enhancements to the threading control and

concurrency features of Java. Some of the enhancements are advanced fea—

tures beyond the scope of this book, and others require an understanding of

the new generics feature of 5.0. So we defer discussion of these until after we

have explained generics in Chapter 10.

8.9 Web Course materials

The Web Course Chapter 8: Supplements section provides additional information

and examples dealing with threading. This includes additional discussion of the
new java . util . concurrent tools available with Java 5.0.

In the Chapter 8: Tech section we expand the number of histogram classes
and subclasses as we add new capabilities. For example, we create an adaptive

histogram class that can expand its range limits as new data arrives. We use timers
to simulate the reading of data to plot in a histogram. We also discuss sorting
tools in Java and use them to sort the bins in a histogram according to the number

of entries in the bins. We use a thread to animate the sorting of a histogram.

This increase in histogram classes illustrates a common challenge in object—

oriented programming: when to modify existing classes, when to create sub—
classes, and when to create whole new classes. Subclasses would seem the log—
ical answer for an OOP environment but many small revisions for every new

option that comes along can quickly lead to an unmanageable plethora of sub-

classes. Eventually, your entire class design may need to be re-worked (also called

I'efactoring, with the implication that common parts arefactored out into a com-

mon superclass). We discuss class design and refactoring further in the Tech

section. The Physics section looks at issues involved in animating simulations.
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Jauar‘ech is a pldtllLd] introduction to theJava programming language with an
emphasis on the ieatnres char berrerir technical tornonnng. such as platform
independence. extensive grapinu r anabilities. innltr threading, and tools to

develop network and distributed computing software and embedded processor
applications

The book is divided into three parts Tire first part presents the basics of
ohreci oriented programming in Java and then examines IUIJILS such as graphical
interfaces. thread processes 1:0. and image processing The sec 0nd part begins
with a review oi network programming and develops Wehc lient server examples
for tasks such as monitoring oi remoie devices The focus then shifts to

distributed computing with RMI, which allows programs on different platforms to
exchange objects and call each other‘s methods. CORBA is also discussed and a

survey of Web services is presented The final part examines howJava programs
can access the local platform and interactwith hardware. Topics include
combining native code with Java. communication via serial lines, and
programming em bedded processors.

JauaTech demonstrates the ease with which Java can be used to create

powerful network duplications and distributed computing applications it can be
used as a textbook for introductory or intermediate level piogramnnng courses,
and for more advanced students and researchers who need to learn lava fora
particular task.

The book is supported by an extensive website with instructional
materials. applets and application codes:

www.cambridgeorgi978052i821 i 31
- applets and application codes

exercrses

extensive references

resources and tips

starter and demo programs

supplementary material for advanced users
updated regularly

(over illustration: a space radar image ol the summits of two large volcanoes. Mt Merbabu (mid center)
and Mt Merapi (lowercenterl. in central lirva Indonesia lava flows nidif’rereni ages and suiiace roughness
appear in shades ofgreen and yellow surrounding the summit This image was taken on October lo, [994 by the
spacebourne imaging Radar (Ixr Band synthetic Aperture Radar on the space shuttle Endeavour
(ourtesy of NASAJDI ivrsrbleEarth

(over designed by Hart McLeod

Page 234 of 244

ClARKS LlNDSEY runshis

own company. which develops
Java applications, web
publications. and educational
tools and materials.

JOHNNY S TOLLIVER

develops robust Web services
software and GPS

applications at Oak Ridge
National Laboratory He is a
Sun Certified Java
Programmer

THOMAS LINDBLAD isa

professor in the Department
of Physics at the Royal
Institute ofTechnology.
Stockholm, where he

researches techniques in data
analysis in high data rate
systems.

CAMBRIDGE
UNIVERSITY PRESS

www.cambridge.org
ISBN 0-521—82113-4

glj lllll llllll ll
80521821131

 



APPENDIX C 

Page 235 of 244

APPENDIX C

Page 235 of 244



IECON'O1: The 27th Annual Conference of the IEEE Industrial Electronics Society 

Internet Technology as a Tool for Solving Engineering Problems 
Aleksander Malinowski 

Department of Electrical and Computer Engineering 
Bradley University, Peoria, Illinois 6 1625, USA 

olekmali@ieee.org, http://cegt20 1 .bradley.edu/-olekmali/ 

Abstract - This tutorial covers all primary technologies 
that can be used for Web programming with 
applications to the Internet based data acquisition and 
system control. The presentation is divided into two 
parts. The first part discusses several programming 
languages as programming tools. It provides in depth 
discussion of the tasks that are best to implement with 
and on the advantages versus challenges associated 
with particular cases. The following tools are covered: 
HTML, JavaScript, Java Applets, Cookies, CGI, 
PERL, PHP, native languages (C/C++), and Web 
server configuration for security. Special emphasis is 
given to PERL and JAVA. Several programming 
examples for client, server and client-server 
applications are provided. The fragments of code are 
selected so that they provide good jumpstart to 
programming in particular languages for anybody with 
good programming skills in any programming 
language (preferably C++ or C). Advantages and 
disadvantages of different computer languages are 
discussed so a proper programming platform for 
different applications and task can be chosen. 

I. SYSTEM ARCHITECTURE CONSIDERATIONS 

During software development, i t  is important to 
justify which part of the software should run on the client 
machine and which part should run on the server. 
Sometimes even the very fundamental client-server 
architecture must be reconsidered in favor of a peer to peer 
decentralized structures. The decision about the 
architecture can be made either based on the process 
control strategy or based on the information storage. 

In case of the process control approach, the first 
approach is used when there each of the controlled objects 
can considered to be separate from possible other similar 
objects. The latter architecture is more beneficial in case 
of many controlled objects that cooperate with each other. 
When the information storage is considered then client 
server is favored over peer to peer communication in cases 
where information must be centralized, or is easier to 
manage when it is centralized. 

Even between these two models, there may be a 
hybrid. Consider an instance when one controls a process 
that is implemented by many objects that cooperate with 
each other. The controller either deals with each object 
separately using a client-server approach, or deals only 
with one object and then relies on the peer to peer 

Bogdan Wilamowski 
College of Engineering at Boise 

University of Idaho, Boise, Idaho 83712, USA 
wilam@ieee.org, http:l/nn.uidaho.edd 

architecture to carry out the request. The latter case adds 
additional complexity of dealing with a distributed server. 

11. COMPONENT PARTITIONING AND DATA FLOW 

Once a particular architecture is chosen, the 
component partitioning needs to be considered. Peer to 
peer architecture usually yields symmetry of all objects. 
The decisions are made for client-server based on several 
factors: 

Amount of memory and CPU power available for 
server and clients. These restrictions may be imposed 
by technological or cost restrains. 
Available bandwidth of the network connection. 
Connection reliability and latency, especially in case 
of closing the control loop via network. 
Ease of installation or no need to preinstall any 
specific component on a client machine. 
It is possible to develop two dedicated software 

components, one for server, and another one for a client 
and preinstall both. However, other strategies allow for 
more flexibility such as an automatic installation or update 
of the client side-software from the server. The latter 
approach requires storage of the client software 
components on the server object, possibly increasing the 
memory requirements and the initial network traffic when 
a new client must to be installed or updated. 

Regardless from the choice of just in time 
downloaded or preinstalled client the software designer 
must make choices regarding partitioning the tasks 
between the server and the client. In case of control, the 
best results are achieved when the control loop is closed 
locally on the server that is installed on the controlled. 
The Internet bandwidth is already adequate for many 
applications if their data flow is carefully designed. 
Furthermore, the bandwidth limitation will significantly 
improve with time. It is therefore important to develop 
methods, which take advantage of networks and then 
platform independent browsers. This would require 
solving several issues, such as: 

Minimization of the amount of data which must be 
sent by a network 
Task partitioning between the server and client 

0 Selection of programming tools used for various tasks 
0 Development of special user interfaces 

Use of multiple servers and job sharing among them 
0 Security, privacy and, in case of pay per use, account 

handling 
0 Portability of software used on servers and clients 
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Distributing and installing network packages on 
several servers 
Fig. 1 illustrates an example of software component 

partitioning for a semiautonomous remote controlled 
robot. This particular application utilizes several client- 
server partitions for multiple components. In addition, the 
network server is at the same time the client in the relation 
to the thin embedded server that controls the robot 
movements on the lowest software level. 
c - - - - - - - - - - - - - - - - - - -  

$ 1  
~ Multimedia I Receiver 4 I 

I RobotContml ! 

A I 
I Ctient~pp~et p" 

I I 
1 

~~~~~~~~~~~~~~~~~~~~~ 

Web browser 1 
Client side 

Figure 1. Example of client -server component partition. 
Choosing the right set of software tools to implement 

the components of the system is the next dilemma to be 
solved after the decisions about the data flow among the 
software components that are distributed in the network 
are made. This.problem is addressed in the next section. 

111. MOST COMMONLY USED NETWORK 
PROGRAMMING TOOLS 

Although it is possible to develop network 
applications using solely C++, or other compiled 
languages, it is much easier to develop networked 
applications using dedicated software tool for each 
component. There are several well-developed network- 
programming tools available today [l]. These tools 
include HTML, JavaScript, VBScript, Java, ActiveX, 
Common Gateway Interface (CGI) and PERL or C++, 
Active Server pages (ASP) and PHP. It is essential to 
make a correct decision which programming language 
should be used for which part of the software package. 
Short characterizations of different network programming 
tools are given below. 

0-7803-7 108-9/01/$10.00 (C)200 1 IEEE 1623 

A.  Hypertext Markup Language 

Hypertext Markup Language (HTML) was originally 
designed to describe a document layout regardless of the 
displaying device, its size, and other properties [2]. It can 
be incorporated into networked application front-end 
development either to create form-based dialog boxes or as 
a tool for defining the layout of an interface, or 
wraparound for Java applets or ActiveX components. In a 
way, HTML can be classified as a programming language 
because the document is displayed as a result of the 
execution of its code. In addition scripting language can 
be used to define simple interactions between a user and 
HTML components [3][4]. Several improvements to the 
standard language are available: Cascading style sheets 
(CSS) allow very precise description of the graphical view 
of the user interface; Compressed HTML allows 
bandwidth conservation but can only be used by Microsoft 
Internet Explorer. HTML is also used directly as it was 
originally intended - as a publishing tool for instruction 
and help files that are boundled with the software. 

<IDOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2//EN"> 
cHTML> 

<HEAD> 
cTITLE>This is the title for this Web 
Pagec/TITLE> 
cMETA HTTP-EQUIV=nContent-Typen 
CONTENT="text/html; charset=iso-8859-ln> 
cMETA HTTP-EQUIV="Pragman CONTENT=nno-cache"> 

cMETA NAME="ROBOTS" CONTENT="INDEX,NOFOLLOW"s 
cMETA NAME="Authorn CONTENT="BMW & AMn> 
<META NAME="Description" CONTENT="This is 
displayed by the search engine"> 
cMETA NAME="KeyWords' 
CONTENT="search engine kewoards, html"> 
</HEAD> 
<BODY BGCOLOR="white" TEXT="black"> 
cHl>This is the titlec/Hl> 
<P ALIGN="left">This is the body of 
this Web page. 
CA HREF="http://nn.uidaho.edu">go</A> 

cP ALIGN="center">Another paragraph and 
<FONT COLOR="red" FACE="Ariel, helvetica" 
SIZE="+l">a different fontc/FONT> 
e ! - -  this is a coment - - >  

</BODY> 
c/HTML> 

Figure 2. Typical HTML source code. 
The HTML code shown in Fig.2 illustrates the nature 

of this language. The control structures are called tags. A 
tag is identified by c and > and us used to control the 
meaning and format that is used to display the information. 
Most of the tags are used in pairs, for example <BODY> and 
</BODY> marks the beginning and the end of the section 
that should be displayed as a Web page. Each tag may 
have several attributes. For example the two of many 
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attributes of <BODY ... > are color setting BGCOLOR and TEXT. 
Inside the body of the page tags are used to provide text 
formatting. <P.. .> denotes a new paragraph, and is one of 
only a few tags that do not need the complementing and 
end tag </P>. <Hn> indicates the n-th header or section 
title of the n-th level. In addition to those and many other 
logical information tags, there are several tags that porvide 
only instruction regarding the way the text is to be 
displayed, for example <FONT...> tag. Although it is 
possible to set a particular font size in points, it is strongly 
recommended to alter the readers preference using relative 
sizes like +1 in the example above. The reader should be 
able to adjust the display to her preferences so that it is 
easy to read. 

The anchor tag CA ... > is the most important feature of 
the HTML. This implements the very idea of hypertext - 
the links. The HREF attribute instructs the Web browser 
about the location of another page that must be loaded in 
case the reader clicks on the text enclosed until </A>. 

The header portion of the Web page that is marked 
by <HEAD> and </HEAD> may seam not to be that important. 
Information enclosed there may be very important for Web 
browsers, proxy systems or search engines. The example 
in Fig. 2 instructs the Web browser always to check for the 
new version of the Web page (no-cache), and defines the 
font set (8859-1) that is very important when the Web 
page displays any non-English characters. The other tags 
(robots, author, keywords and description) are sued by 
search engines to enhance the automatic classification of 
the Web page. 

B. JavaScript 

<SCRIPT language="JavaScript"> 
// this comment goes to the end of the line 
alert ("hello world! 'I) ; 
// end hiding comment 
</SCRIPT> 
<NOSCRIPT>No script support found</NOSCRIPT> 

Figure 3. A simple example of JavaScript code. 
It can be 

placed in both header and body of a Web page. The script 
starts with <script language=" JavaScript"> line. This 
example generates an alert dialog box shown above the 
code. 

One of the most useful applications of JavaScript is 
verification of the filled form before it is submitted on- 
line. That allows for immediate feedback and preserves 
the Internet bandwidth as well as lowers the Web server 
load. Fig. 4 shows a sample code of an HTML form and 
its interaction with JavaScript that responds immediately. 

JavaScript is part of the HTML code. 

HTML itself lacks even basic programming 
constructs such as conditional statements or loops. A few 
scripting interpretive languages were developed to allow 
for use of programming in HTML [2]. They can be 
classified as extensions of HTML and are used to 
manipulate or dynamically create portions of HTML code. 
One of the most popular among them is JavaScript. The 
only drawback is that although JavaScript is already well 
developed still there is no one uniform standard. Different 
Web browsers may vary a little in the available functions 
[4]. JavaScript is an interpretative language and the scripts 
are run as the Web page is downloaded and displayed. 
There is no strong data typing or function prototyping. 
Yet the language includes support for object oriented 
programming with dynamically changing member 
functions. JavaScript programs can also communicate 
with Java applets that are embedded into an HTML page. 

0-7803-7108-9/01/$10.00 (C)2001 IEEE 

<!DOCTYPE HTML PUBLIC '-//W3C//DTD HTML 4.Q//EN"> 
<html> 
<head> 
<TITLE>Calculator</TITLE> 
< / head> 
<body> 
<form name="forml"> 
cinput type="text" name="textl" size="36'><BR> 
c input type= "but ton" name= "but ton1 

value="calculate" 
onclick=document.forml.text2.value 

=eval(document.forml.textl.value)> 

cinput type="text" na1ne='text2~> 
cinput type="reset" value="clear"> 
</€Om> 

</body> 
</html> 

Figure 4. A Web page with JavaScript based calculator. 
The next example shows a more powerful calculator, 

which is capable to compute even complicated functions. 
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Note that all computations are done not on the server but 
on the client computer. The web page generated is similar 
to this shown in the previous example but it is much more 
powerful. Its view and source code is shown in Fig. 5. 

C. Visual Basic Script 

If the client-side software development is limited to 
Microsoft Windows and Microsoft Internet Explorer then 
VBScript may be used instead of JavaScript. The 

I 
File Ed& View Go Comnnuucator Help 

s i n ( 2 . 3 )  / ( l + e x p  (-2 . Z )  ) +pow(2.7,3.2) 

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.Q//ENn> 
chtmlr 
<head> 
cTITLE>Calculatorc/TITLE> 
</head> 
<body> 
cscript language="JavaScript'> 
function math0 { 
var s=document.foml.textl.value; 
sl=s.replace("abs", "Math.abs"); 
s2=s1.replace("sinn, "Math.sin"); 

s3=s2.replace("cosn, "Math.cos"); 

s4=s3.replace("sqrtN, "Math.sqrt"); 
s5=s4.replace("tann, "Math.tan"); 
s6=s5.replace("atanm, "Math.atan"); 
s7=s6.replace("asinn, "Math.asin"); 

88=s7.replace("acos", "Math.acos"); 
s9-sE.replace ("exp", "Math.exp") ; 
slO=s9. replace ("floor", "Math. floor") ; 
sll=slO.replace ("log", "Math.log") ; 
sl2=sll.repla~e(~max". "Math.max"); 
sl3=sl2.replace("min", "Math.min"); 
s14=s13 .replace ("pow", "Math.pow") ; 
s15=s14 .replace("random", 'Math.random") ; 
s16=s15 .replace ("round", "Math.round") ; 
document.foml.text2.value=eval(sl6); 

1 
</scripts 
cf o m  name=" f orml"> 
<input type- text name= text 1 size= 3 6 > 
c input type= "but ton" name= "button1 " 
value='calculate" onclick="math ( ) ">  

cinput type="text' name="text2">cBR> 
cinput type="reset" value="clear"> 
</form> 
</body> 
c/html > 

Figure 5. A Web page with advanced calculator. 
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disadvantage is the lack of portability that is offered by 
this tool. However, that downside is compensated by ease 
of communicating with ActiveX components and 
possibility to use programs and libraries available to the 
operating system [2]. 

D. Java 

Java is an object oriented programming language 
compiled in two stages. The first stage of compilation, to 
so-called byte-code, is performed during the code 
development. Byte-code can be compared to machine 
code instructions for a microprocessor [5] .  Because no 
processor understands directly byte-code instructions, 
interpreters, called Java Virtual Machines (JVM) were 
developed for various microprocessors and operating 
systems. At some point JVM were improved so that 
instead of interpreting the code they do perform the second 
stage of compilation, directly to the machine language. 
However, to cut down the initial time to run the program 
the compilation is done only as necessary (just in time 
(JIT)) and there is no time for extensive code optimization 
[6]. At current state of art of JIT technology, programs 
written in Java run about two to five times slower than 
their C++ counterparts. Adding a JVM to a Web browser 
allowed embedding software components that could be run 
on different platforms [5][7]. 

Several features ensured success and increasing 
importance of this programming tool: 

similarity to C and C++ - a lot of existing 
programmers can switch relatively easily [5][7][8][9] 
support of C++ objects - suitability for large projects 

simplified features - less complex than C++, easier to 
learn and utilize correctly [7][8][9] 
large standard set of libraries, including graphical 
libraries that can be used on multiple OS platforms 
PIPI 
built in network libraries and some IP protocols 
[71[91[101 
simple, platform independent multithreading - not as 
powerful as in C or C++ but much simpler [7][9] 
availability of fast JVM that use JIT compiler 
technology - only two times slower than C++ [6][7] 
ability to control the level of security buy enabling or 
disabling certain libraries that come with JVM 
availability of non-portable features by linking 
functions in machine language of a particular system 

Smaller requirements for flash memory in the 
embedded systems due to compactness of byte-code 
(but more volatile memory is required) 

[~1[81[91 

[91 
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Despite all those great advantages, there are a few 
problems of implementation that prevents Java from being 
used everywhere. 
0 it is still at least two to five times slower than C++ [6] 

multithreading does not have all features available to 
C or C++ programs [7][8] 
Most of implementations of JVM do not allow real 
time running due to garbage collector type of the 
memory management [6] 
Much higher memory requirements for JVM and 
running program (but smaller footprint of applications 
stored in flash memory versus C/C++) 

D. ActiveX 

Microsoft developed ActiveX as another technology 
allowing for the automatic transfer of software over the 
network [2][11]. ActiveX, however, can be executed 
presently only on a PC with a Windows operating system, 
thus making the application platform dependent. Although 
this technology is very popular already, it does not allow 
for the development of applications running on multiple 
platforms. ActiveX components can be developed in 
Microsoft Visual Basic or Microsoft Visual C++. There 
are the only choice in cases when Java is too slow, or 
when some access to the operating system functionality or 
devices supported only by Windows OS is necessary. The 
easy access to the operating system form an ActiveX 
component makes it impossible to provide additional 
security by limiting the features or resources available to 
the components. 

Fig. 6 shows one of the simplest possible programs 
written in Java that also demonstrates use of functions. 
Since the language is strongly object oriented, all 
functionsmust be embedded in a class. 

public class Test { 
public static void main(String args [ I  { 

// a comment 
procedure ("Hello programmer!") ; 

1 
private static void proredure(String s) { 

Sys tern. out . prin tln ( s) ; 
1 '  

1 
Figure 6. Code for a simple application written in Java. 

Fig. 7 and Fig. 8 show a template for an applet 
written in Java. Applets are run embedded in Web pages. 
Fig. 7 shows how to embed the applet in HTML. 

<APPLET CODEBASEc"." CODEsnTest.claeen 
WIDTH="200" HEIGHT="100"> 

c/APPLET> 

Figure 7. Embedding an applet in a Web page. 
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Function painto is called from the operating 
system environment whenever the graphics needs to be 
redrawn. Functions init o and start o are called when 
the applet is initialized. All computations should be 
initialized there and then carried on in a separate thread. 
Function stop0 is called when the applet need to be 
stopped. All computations that were initialized in start ( 1  
and carried on in another threads must be stopped then. 
This simple applet does not do anything besides painting a 
text and drawing two horizontal lines. 

// a sample applet template 
import java.applet.Applet; 
import java.awt.Graphics; 

public class Test extends Applet { 
public void init0 { 

1 

I 
public void start0 { 

public void paint(Graphics g) { 
g.drawLine(10,30, 120, 30); 
g.drawLine(10,60, 120, 60); 
g.drawString("Hello Programmer!", 10, 50); 

I 

1 
public void stop0 { 

I 
Figure 8. A template for an applet written in Java. 

E. CORBA and DCOM 

CORBA (Common Object Request Broker 
Architecture) is a technology developed in the early 90's 
for network distributed applications. It is a protocol for 
handling distributed data, which has to be exchanged 
among multiple platforms [12][13]. A C O M A  server or 
servers must be installed to access distributed data. 
C O M A  in a way can be considered as a very high-level 
application programming interface (API). It allows 
sending data over the network, sharing local data that are 
registered with the CORBA server among multiple 
programs. Microsoft developed its own proprietary API 
that works only in Windows operating system. It is called 
DCOM and can be used only in ActiveX technology 
[111[141. 

F. Common Gateway Interface 

CGI, which stands for Common Gateway Interface, 
can be used for the dynamic creation of web pages. Such 
dynamically created pages are an excellent interface 
between a user and an application run on the server [2][9] 
[15]. CGI program is executed when a form embedded in 
HTML is submitted or when a program is referred directly 
via a Web page link. The Web server that receives a 
request is capable of distinguishing whether it should 
return a Web page that is already provided on the hard 
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drive or run a program that creates one. Any such 
program can be called a CGI script. CGI describes a 
variety of programming tools and strategies. All data 
processing can be done by one program, or one or more 
other programs can be called from a CGI script. The name 
CGI script doe not denote that a scripting language must 
be used. However, developers in fact prefer scripting 
languages, and PERL is the most popular one. 

Because of the nature of the protocol that allows for 
transfer of Web pages and execution of CGI scripts there 
is a unique challenge that must be faced by a software 
developer. Although users working with CGI-based 
programs have the same expectations as in case of local 
user interface, the interface must be designed internally in 
entirely different way. The Web transfer is a stateless 
process. That means, that no information is sent by Web 
browsers to the Web servers that identify each user. Each 
time the new user interface is sent as a Web page, it must 
contain all information about the current state of the 
program. That state is recreated each time a new CGI 
script is sent and increases the network traffic and time 
latency caused by limited bandwidth and time necessary to 
process data once again. 

In addition, the server side software must be prepared 
for inconsistent data streams. For example, a user can 
back off through one or more Web pages give a different 
response to a particular dialog box and execute the same 
CGI script. At the time of the second execution of the 
same script, the data sent back with the request may 
already be out of synchronization from the data kept on 
server. Therefore, additional validation mechanisms must 
be implemented in the software that are not necessary in 
case of a single program. 

G. PERL 

PERL is an interpretive language dedicated for text 
processing. It is primarily used as a very advanced 
scripting language for batch programming and for text data 
processing [2][16][17]. PERL interpreters have been 
developed for most of existing computer platforms and 
operating systems. Modem PERL interpreters are in fact 
not interpreters but compilers that precompile the whole 
script before running it. 

PERL was originally developed for Unix as a 
scripting language that would allow for automation of 
administrative tasks. It has many very efficient string, 
data stream and file processing functions. Those functions 
make it especially attractive for CGI processing that deals 
with reading data from the networked streams, executing 
external programs, organizing data, and in the end 
producing the feedback to the user in the form of a text 
based HTML document that is sent back as an update of 
the user interface [2][15]. Support of almost any possible 
computing platform and OS and existence of many 
program libraries makes it a platform independent tool. 
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Fig. 9 and Fig. 10 show an example of a data form 
that is filled in by a user on a remote computer (client). 
After the form shown in Fig. 9 is completed, the user 
clicks the "SEND" submit button. All data is transferred 
to the server and forwarded to the CGI script that is 
specified in the form tag in the action attribute. The 
source code of the CGI program is shown in Fig. 10. The 
program reads the data, processes them, and generates a 
Web page that is a feedback to the user. 

Descnpbon 
]This  is  a presentation for IECON'O1 A 
in Denver, Colorado 
November 29 to December 01, 2001 

<FORM action="http://nn.uidaho.edu/csp/cgil.pl" 
method="get"s 
<INPUT TYPE="textn name="name"><BR> 
DescriptioncBR> 
<TEXTAREA name='description" rOWS=5 cols=40> 
C/TEXTAREA>CBR> 
<INPUT type="radio" name="sex" value="male">Male 
<INPUT type="radio" name="sex" 
value="female">Female 
cBR> 
<INPUT type="submit" value="Send">cINPUT 
type="reset'> 
</FORM> 

Figure 9. Data form implemented in HTML. 
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1 Hello 
Welcome t o  the fwst CGI example 

The name wasHello 
The descrrption was' < 
This is a presentation for IECON'O1 in Denver, Colorado 
November 29 to  December 01,2001 
The sex selected male 

#!c:\progra-l\perl\bin\perl.exe 
use strict; 
use CGI qw ( : standard) ; 
print header; 
print cclabell; 
cHl>cFONT COLOR="#FF0000"> Hello c/FONT></Hl> 
cB>Welcome to the first CGI example </B>cP> 
labell 
print "The name was", param('name'), "cBR>"; 
print 'The description was:cB>cBR>", 
param('description'),"~BR>c/B>"; 
print "The sex selected: I, 
param ( I sex'  ) , ncP>n ; 

Figure 10. A CGI-script written in PERL that handles data 
received from the form shown in Fig. 9. 

The PERL code above uses CGI library with param 
function and this way reading data from the form is very 
simple. For example param('namet) returns a string that 
was typed in the text field named name (see the HTML 
code above). param ( I sex' returns the name of the radio 
button pressed. param( 'description' ) returns a string 
that was typed in the text area named description. The 
PERL code generates a new screen on the client computer 
as shown above the code. 

Please note that there are two ways of displaying 
messages of the client computer. The first 
print cclabell; 
cHl><FONT COLOR="#FFOOOO"> Hello </FONT></Hl> 
cB>Welcome to the first CGI example c/B>cP> 
labell 

sends entire HTML code between lines print cclabell; 
and labell. The other way is to use print statement and 
send HTML code line by line using print statements. 

H. Active Server Pages 

The concept of CGI scripts is centered on the idea 
that a program that is external to the Web server is run on 
the request made by a client. Then an HTML based reply 

is generated and sent back as the part of the outcome of the 
execution. Active- Server Pages (ASP) provide the same 
functionality with the exception that the external program 
or programs are embedded into the skeletons of Web 
pages [HI .  Those pages are preprocessed by the Web 
server before they are forwarded to the client, and the 
outcome of the embedded scripts is included. 
In case of a CGI script, a reply to the user by sending an 
HTML based Web page is its significant portion. It makes 
sense then to provide also tools for embedding the scripts 
inside HTML instead of embedding HTML inside print 
statements in the CGI script. ASP technology is nothing 
else but shifting the way the server side programs are 
organized. 

I. PHP 
PHP is a scripting language like PERL. In fact, its 

syntax resembles PERL. The main difference lays in the 
set of standard built in libraries that support generation of 
HTML code, processing data from and to the Web server, 
and handling cookies. The same functionality can be 
accessed in PERL by inclusion of one or more libraries. 
PHP can be sued either as a classical CGI scripting 
language or as an implementation of ASP technology [18]. 
Since certain frequently used functionality is built in 
directly into the language, it is more efficient to use. In 
general any specialized tool will be somewhat more 
efficient for one particular task it was designed for, instead 
of other powerful but general purpose tools. PHP has been 
very popular for the last three years. 

I 
I I Fde Edt View Go Cmunicator Hap 

Hi! 
I'm using P H . !  
2 plus 3 equal 5 

cHTML> 
cHEAD>cTITLE>PHP Scriptc/TITLE>c/HEAD> 
<BODY> 
C? 

echo *cHl>cem>Hi! cBR> 

I'm using P H P ! c / ~ ~ > < / H ~ > ~ ~ ;  
$a = 2; $b = 3; $c=$a+$b; 
echo 'cB>$a plus $b equal $c c/B>c/psn; 
?> 

</BODY> 
c/HTML> 

Figure 1 1. A simple server side script in PHP. 

0-7803-7108-9/01/$10.00 (C)2001 IEEE 1628 

Page 242 of 244



IECONO1: The 27th Annual Conference of the IEEE Industrial Electronics Society 

PHP script (between C? and 15) can be easily 
incorporated into HTML code as illustrated in Fig. 11. 
Instead of C? and ?> one can use c?php and ?>, or <script 
language="php"> and </script>. The script is run by the 
Web server on the server side, before the Web page is 
transferred through the Internet to the browser. 

Fig. 12 shows another example of PHP 
programming. This time PHP is used to generate an 
HTML form. It is more concise than HTML and thus 
faster to develop and less likely to contain errors, but add 
to the load of the server computer. The resulting form is 
shown above the source code. 

:.+ -tot xj 
:ile Edit View Go Cmmurucator Help 

Calculator 
Value 1 147 

Value 2 
C add 
C subtract 
C mulbply 

<HTML> 
cHEAD>cTITLE>Calculatorc/TITLE>c/HEAD> 
<BODY> 
chl>Calculatorc/hl> 
<FORM METHOD="post" ACTION="calculator .php"> 
Value 1: <INPUT TYPE='text" NAME="vall">c/br> 
Value 2: <INPUT TYPE="text" NAME="val2'>c/br> 
c INPUT TYPE= 'I radio NAME= 'I cal c " VALUE= 'I add" > 
addcbr> 
<INPUT TYPE="radio" NAME="calc" VALUE="sub"> 
subtract<br> 

multiplycbr> 
<INPUT TYPE="radio" NAME="calc" VALUE="div"> 
dividec/br> 
c INPUT TYPE= 'I submit It NAME= 'I submit 'I 
VALUE="Calculate"> 

INPUT TYPE= 'I radio NAME= " calc 'I VALUE= "mu1 > 

</FORM> 

c /BODY > 

</HTML> 

Figure 12. PHP utilized to generate a form in HTML. 
When the form is submitted, the Web server needs to 

run a CGI script. Since a Web page merged with PHP can 
function as a program the PHP-based page can be used for 
the form processing as shown in Fig. 13. The Web page 
that is generated in the reply is shown above the source 
code. 
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File Edit View Go Communicator Help 

The result ofthe calculation is' 15 666666666667 

<? 

if (($Val1 =I " " )  I I ($va12 == " " )  I I ($talc 
= = " " ) )  { 

header ("Location: 
http://nn2/cal-fm.htmn); 

exit ; 

1 
if (Scale == "add") {$r = $Val1 + $va12;} 
else if ($calc == "sub") {$r= Svall-$val2;} 
else if ($talc == "mul") {$r = $vall*$val2;} 
else if ($calc == "div") {$r = $vall/$val2;} 
?>  

<HTML>cHEAD> 
<TITLE>Calculation Resultc/TITLE> </HEAD> 
<BODY> 
The result of the calculation is: c? echo "$rn; 
?> 

c /BODY > 

c/HTML> 

Figure 13. PHP utilized for Cgi scripting. 
One of the principles of the correct coding is 

enclosing all source code that implements a particular 
functionality in one place. This can be applied to PHP. 
The code shown in Fig. 14 works both as HTML form 
generator and as the data processor in case it is called back 
by the generated form. 

<HTML> <HEAD> cTITLE>AIO Form</TITLE> </HEAD> 
<BODY> 
<? 

$formstring = SI 

<FORM METHOD=\"pOSt\" ACTION=\"$PHP-SELF\'> 
Value 1: <INPUT TYPE=\"text\" NAME=\"vall\">c/br> 
Value 2: <INPUT TYPE=\'text\' NAME=\R~a12\">c/br> 
<INPUT TYPE=\"radio\" NAME=\"calc\" 
VALUE=\'add\"> addcbr> 
<INPUT TYPE=\'radio\" NAME=\"calc\" 
VALUE=\ 'I sub\ It > sub trac tcbr > 

<INPUT TYPE=\"radio\i* NAME=\"calc\" 
VALUE=\"mul\"> multiplycbr> 
INPUT TYPE= \ radio\ NAME= \ c alc \ 

VALUE=\'div\"> dividec/br> 
<INPUT TYPE=\"submit\" NAME=\"submit\" 
VALUE=\nCalculate\n> 
</FORM> 

if ($submit) { 
if (Scalc == "add") {$r = $Val1 + $va12;} 
else if ($talc == "sub') {$r= $vall-$va~;) 
else if (Scale == "mul") {$r = $vall*$val2;} 

.. 
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else if ($calc == "div") {$r = $vall/$val2;} 
echo "The result of the calculation is: $r"; 
} else { 
echo "Sfomstring"; 

1 

Figure 14 Utilizing the sdame code both for HTML-form 
generation and data processing in CGI-script mode. 

J. Cookies 

?> 

A cookie is a piece of data stored in the client 
computer. When a request is sent to a server to get an 
HTML file, some cookies may be transmitted with that 
request. The server may send different data depending on 
the information retrieved from the user. Furthermore, 
JavaScript is also capable of browsing through all the 
cookies stored by the user machine [19]. This information 
may be used to enhance performance, for example by 
remembering the user's preferences. This very useful 
feature, however, is sometimes abused by some Internet 
providers, who can spy on the user by analyzing what 
kinds of web pages are being used. 

IV. CONCLUSION 

Given limited time and space that was allocated to 
this tutorial most of the important programming tools that 
can be applied to solving engineering problems were 
discussed. Client-server architecture and the system 
partitioning that were discussed in the introductory 
sections must be applied to a particular problem. Then 
based on need one or more tools has to be selected to 
implement client and server. HTML and JavaScript is 
generated on the server but utilized on the client side. CGI 
and ASP with PERL and PHP are stored and utilized on 
the server. Java can be used on the client side as well as 
on the server side. It allows implementing a complex 
functionality of a larger program by using object oriented 
and well-structured language. 

If you are interested in more detailed examples or 
would like to participate in a 45 hour course offered by 
Bradley University as a long distance course please visit 
the Web site that is located at: 
http://cegt201.bradley.edu/-olekmali/courses/ 

and follow the EE-WEB-2000 link to the course materials. 
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