©
L

United States Patent [
Shu et al.

A OO OO

US005170482A
(111 Patent Number: 5,170,482
(451 Date of Patent: Dec. 8, 1992

[54] IMPROVED HYPERCUBE TOPOLOGY FOR

MULTIPROCESSOR COMPUTER SYSTEMS

[75] Inventors: Renben Shu, St. Paul; David H. C.
Du, New Brighton, both of Minn.
[73] Assignee: Regents of the University of
Minnesota, St. Paul, Minn.
[21] Appl. No.: 655,258
[22] Filed: Feb. 13, 1991
Related U.S. Application Data
{63]  Continuation of Ser. No. 85,980, Aug. 14, 1987, aban-
doned.
[51] Int. CLS coieeeecenn e GO6F 13/00
[52] US.CL ..o 395/800; 364/DIG. 1;
364/DIG. 2; 364/931; 364/931.4; 364/931.41;
364/229
[58] Field of Search ..........ccocoocviiinnee. 364/200, 900;
395/DI1G. 1, DIG. 2, 800, 700, 325
[56] References Cited
U.S. PATENT DOCUMENTS
4,247,892 1/1981 Lawrence ......... .. 364200
4,574,311 3/1986 Resnikoff et al. ... 358/213
4,598,400 7/1986 Hillis ............. . 370760
4,691,291 9/1987 Wolfrom ....... .. 364/717
4,729,095 3/1988 Colley et al. ..... 364/200
4,730,322 371988 Pollara-Bizzola .......ccccooveenn. 371/43
4,739,476 471988 Fiduccia ...cocovernriiienennees 364,200

(List continued on next page.)

FOREIGN PATENT DOCUMENTS

30132926 5/1984 European Pat. Off. .
0251594 1/1988 European Pat. Off. .
63-186365 B/1988 Japan .
(List continued on next page.)

OTHER PUBLICATIONS

Franco P. Preparata, et al.,, “The Cube-Connected Cy-
cles: A Versatile Network For Paralle] Computation,”
Comm. of ACM vol. 24, No. 5§ May 1981.

Marshall C. Pease, “The Indirect Binary n-Cube Mi-
croprocess Array,” IEEE Transaction on Computers,
May 1977.

Stephen Colley, et al., “A Microprocessor-based
Hypercube Supercomputer,” IEEE Micro, Oct. 1986.
“Combining Parallel and Sequential Sorting on a Bool-
ean n-Cube”, Johnsson; IEEE, copyright 1984.
“Dense Trivalent Graphs for Processor Interconnec-
tion”, Leland and Solomon; IEEE Transactions on
Computers, vo. C-31, No. 3, Mar. 1982.
“A Survey of Interconnection Networks™”, Tse-yun
Feng, IEEE, Dec. 1981.

(List continued on next page.)

Primary Examiner—Thomas C. Lee

Assistant Examiner—Robert B. Harrell

Artorney, Agent, or Firm—Merchant, Gould, Smith,
Edell, Welter & Schmidt

{57] ABSTRACT

A hypercube system which has been modified by add-
ing additional communication links between the most
distant nodes of a classic hypercube topology is de-
scribed herein. This improvement in a hypercube topol-
ogy is termed as a Modified Hypercube topology. Such
a topology contains extra links which connects a node
to another node in the topology which requires the
greatest number of nodal hops over the shortest path.
Also stated another way, that node having the greatest
number of singly traversed or hopped nodes along the
shortest path from an originating node to that node
makes that node the most distant processor node. If
hamming were to be implemented in the system, there is
added an extra link between two nodes having the
greatest hamming distance. Such a system makes a tech-
nological trade off to reduce the diameter of a classic
hypercube at the cost of incrementally increasing the
number of I/0 ports at each node. This trade off has
been recognized in the industry as advantageous since a
great gain in performance is achieved n exchange for an
incremental impact to the hardware. Clearly the perfor-
mance advantages of the present invention grows as the
number of nodes in the hypercube grows and the maxi-
mum distance between nodes increases.

14 Claims, 6 Drawing Sheets

CKE

A R

T
M

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

5,170,482
Page 2

U.S PATENT DOCUMENTS

4,766,534 8/1988 DeBenedictis ........coovucnce.. 364/200
4,773,038 9/1988 Hillis et al.
4,773,873 971988 Hillis ..........

4,791,641 1271988 Hillis ... . 371/38
4,805,091 2/1989 Thiel et al. . 364/200
4,805,173 2/1989 Hillis et al. ..., 371738

4,809,202 2/1989 Wolfram ...........
4,814,980 3/1989 Peterson et al. ......
4,827,403 5/1989 Steele, Jr. et al. ..o,

FOREIGN PATENT DOCUMENTS

WOB8808566 3/1988 PCT Int'l Appl. .
WOB8804077 6/1988 PCT Int'] Appl. .
WOB8808652 11/1988 PCT Int’l Appl. .

OTHER PUBLICATIONS

“Architecture of a Hypercube Supercomputer”, Hayes,
Madge, Stout, et al,, IEEE, copyright 1986.
Collection of slides taken fron an N-Cube Corporation
presentation, identified on first page with the N-Cube
founders.

Selected portion of book entitled The Connection Ma-
chine, by Hills, MIT Press.

DOC KET

_ ARM

Pamphlet: *N—Cube Ten-True Parallel Computing”,
from N—Cube Corporation.

“Performance of the Direct Binary n-Cube Network
for Multiprocessors,” Abraham and Padmanabhan;
IEEE, copyright 1986.

“Distributed Routing Algorithms for Broadcasting and
Personalized Communication in Hypercubes”, Ho and
Johnson; IEEE, copyright 1986.

*“The Architecture of a Homogeneous Vector Super-
computer”, Gustafson, Hawkinson and Scott; IEEE,
copyright 1986.

“Scalability of a Binary Tree on a Hypercube”, Desh-
pande and Jenevein; IEEE, copyright 1986.
“Multigrid Algorithms on the Hypercube Multiproces-
sor”, Chan and Saad; IEEE Transactions on Comput-
ers, vol. C(?), No. 11, Nov. 1986.

“How Robust is the n—Cube?’, Becker and Simon;
IEEE, copyright 1986.

“On Folded Hypercubers”, by Latifi and El-Amawy,
published in the 1989 International Conference on Par-
allel Processing.

*Properties and Performance of Folded Hypercubes”,
by El-Amawy and Latifi, published in the IEEE Trans-
actions on Parallel and Distributed Systems.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Dec. 8, 1992 Sheet 1 of 6 5,170,482

900
FIG. IC
FIG. IF

90!

901

900

2

(PRIOR ART)
FIG. 1B
FIG. IE

900

900

FIG. IA
100

- FIG. ID

90l
901

.

[A)OC KET

L A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Dec. 8, 1992 Sheet 2 of 6 5,170,482

(PRIOR ART)

e A SN

Vertex ( Node)

900 90l
| 10 i

Edge

0 00 ol
FIG.2 A FiG.2B

FiG.2C

HIO

1010

1001

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

U.S. Patent Dec. 8, 1992 Sheet 3 of 6 5,170,482

(x',y")

X]'X'

X -

4

X=Xq X, Xo
O—O—O -
FIG. 3
(‘ooyo’ (xph)
(xpn’)
FIG.

(x,y)

DOC KET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




