ClibPDF -

a2 United States Patent
Mirsky et al.

US006745317B1

(10) Patent No.:
5) Date of Patent:

US 6,745,317 B1
Jun. 1, 2004

(549) THREE LEVEL DIRECT COMMUNICATION
CONNECTIONS BETWEEN NEIGHBORING
MULTIPLE CONTEXT PROCESSING
ELEMENTS

5,742,180 A 4/1998 DeHon et al. ................ 326/40
5,754,818 A 5/1998 Mohamed ........ . 711/207
5,765,209 A 6/1998 Yetter ......cccoceevviviinnnne 7117207

5,778,439 A
5,880,598 A
5,956,518 A

7/1998 Trimberger et al. .. 7117153
3/1999 Duong ............... .. 326/41
9/1999 DeHon et al. ................ 712/15

(75) Inventors: Ethan Mirsky, Mountain View, CA
(US); Robert French, Sunnyvale, CA OTHER PUBLICATIONS
US); Ian Eslick, Mountain View, CA
EUSg, an Eslick, Mountain View, Valero—Garcia, et al.; “Implementation of Systolic Algo-
rithms Using Pipelined Functional Units”; IEEE Proceed-
(73) Assignee: Broadcom Corporation, Irvine, CA ings on the International Conf. on Application Specific
(US) ’ ’ Array Processors; Sep. 5-7, 1990; 272-283.
Razdan, et al; “A High—Performance Microarchitecture
(*) Notice:  Subject to any disclaimer, the term of this with  Hardware—Programmable  Functional ~ Units”;
patent is extended or adjusted under 35 Micro—27 Proceddings of the 27th Annual International
U.S.C. 154(b) by O days. Symposium on Microarchitecture; Nov. 30-Dec. 2, 1994;
Pp. 172-180.pp
(21) Appl. No.: 09/364,838 (List continued on next page.)
(22) Filed: Jul. 30, 1999 Primary Examiner—XKenneth S. Kim
(51) Int. CL GOGF 15/17 (74) Attorney, Agent, or Firm—Christie, Parker & Hale,
.CL7 ... LLP
(52) US.ClL .ocooviiince 712/11; 712/16; 712/32;
326/38; 326/39 67 ABSTRACT
(58) Field of Search .........cc.cooeeenenne 731226//131é 3329, 1161, A method and an apparatus for configuration of multiple
T context processing elements (MCPEs)are described.
(56) References Cited According to one aspect of the invention, the structure that
joins the MCPE cores into a complete array in one embodi-
U.S. PATENT DOCUMENTS ment is actually a set of several mesh-like interconnect
structures. Each interconnect structure forms a network, and
:’gzg’ggé 2 gﬁggg gﬁfrﬁﬁi 21' al 7%/22;1‘2 each network is independent in that it uses different paths,
4754412 A 6/1988 Deering N 708/521 but the networks join at MCPE input switches. The network
4,858,113 A 8/1989 Saccardi ... . 710/317 structure of one embodiment of the present invention is
4,870,302 A 9/1989 Freeman ........ccoeee...... 326/41 comprised of a local area broadcast network (level 1), a
5,020,059 A 5/1991 Gorin et al. ....ooeevveeeneenn. 714/3 switched interconnect network (level 2), a shared bus net-
5,233,539 A 8/1993 Agrawal et al. .............. 716/16 work (level 3), and a broadcast network. In one embodiment,
5,301,340 A 41994 COOk ..voviriiiiiine 712/24 the level 3 network is used to carry configuration data for the
gg%%gg 2 g/ }ggj gaﬂl’,emklet al e ;gggg MCPEs while the broadcast network is used to carry con-
5426378 A 6; 1995 O(;p tetal o 3 6;39 figuration data for the level 3 network drivers and switches.
5457408 A 10/1995 Le ugng 326/38 In one embodiment, the level 3 network is bidirectional and
5469003 A 11/1995 Kean .....oovove. w. 32630  dynamically routable.
5,581,199 A 12/1996 Pierce et al. ......c.ccen.... 326/41
5,684,980 A 11/1997 Casselman ................... 703/23 47 Claims, 20 Drawing Sheets
302
306 1 i'_?'7 [ 306
E] B ADDRESS /04T
A ADDE(E)%/DATA o MEMORY - A PORT/ ATA
— H P—
| |
308 ! re! 306
< ! } Ll J
AL | i
.,__‘Mh_ 1- .NU/MULT]PLY - T{ o }<——o
LEVEL 1 NETWORK i ; LEVEL 1 NETWORK
LEVEL 2 NETWORK i | LEVEL 2 NETWORK
LEVEL 3 NETWORK i ! CEVEL 3 NETWORK
306 i ! 308
i |
L FLOATING PORT 4-{ FLOATING PORT 2 3
|
b

|
s ____|

L 4

3086

|
!
1
ke d

<
CONTROL LOGIC
———‘-{FLOATING PORT Jr—‘ib——[ FSM CONTROL }-————4

H

FLOATING PORT 4

308

LEVEL 1
CONTROL NETWORK.

wyvwy.lastio.com



ClibPDF -

US 6,745,317 B1
Page 2

OTHER PUBLICATIONS

Guo, et al.; “A Novel Programmable Interconnect Architec-
ture with Decoded Ram Storage”; Proceedings of the IEEE
Custom Integrated Circuits Conference; May 1-4, 1994, pp.
193-196.

Vuillemin,et al.; “Programmable Active Memories: Recon-
figurable Systems Come of Age”, IEEE Transactions on
VLSI Systems; 1995; pp. 1-15.

Hon, et al; “Reinventing Computing,” Mar. 1996; MIT Al
Lab, p. 1.

Baker, “Programming Silicon”; Aug. 28, 1995, Electronic
Engineering Times; pp. 73.

Brown; “Smart Compilers Puncture Code Bloat™; Oct. 9,
1995; Electronic Engineering Times; pp. 38 and 42.
Snyder; “A Taxonomyof Synchronous Parallel Machines™;
Proceedings of the 1988 International Conference on Par-
allel Processing; Aug. 15-19, 1998; pp. 281-285.

Gray et al.; “Configurable Hardware; A New Paradigm for
Computation”; 1989; Massachusetts Institute of Technol-
ogy; pp. 279-296.

Carter, et al.; “A User Programmable Reconfigurable Logic
Array”; IEEE 1986 Custom Integrated Circuits Conference;
pp. 233-235.

Johnson, et al.; “General-Purpose Systolic Arrays”; IEEE
Nov. 1993; pp. 20-31.

Clark; “Pilkington preps reconfigurable video DSP”; EE
Times, week of Jul. 31, 1995.

Fiske, et al.; “The Reconfigurable Arithmetic Processor”;
The 15th Annual International Symposium on Computer
Architecture; May 30-Jun. 2, 1988; pp. 30-36.

wyvwy.lastio.com

Beal, et al; Design pf a Processor Element for a High
Performance AMssively Parallel SIMD System; Int’l Jour-
nal of High Speed Computing, vol. 7, No. 3; Sept. 1995, pp.
365-390.

Snyder; “An Inquiry into the Benefits of Multiguage Parallel
Computation”; Proceedings of the 1995 International Con-
frence on Parallel Processing; Aug. 20-23, 1995; pp.
488-492.

Wang, et al; “An Array Architecture for Reconfigurable
Datapaths: More FPGAs,” W.R. Moore & W. Luk; 1994
Abingdon EE&CS Books; pp. 35-46.

Bridges; “The GPA Machine: A Generally Partitionable
MSIMD Architecture”; IEEE Third Symposium on The
Frontiers of Massively Parallel Computation, Feb. 1990, pp.
196-203.

Morton, et al; “The Dynamically Reconfigurable CAP
Array Chip I”; IEEE Journal of Solid—State Circuits, vol.
SC-21, No. 5, Oct. 1986, pp. 820-826.

Alexander, et al.; “A Reconfigurable Approach to a Systolic
Sorting Architecture”; IEEE Feb. 1989; pp. 1178-1182.
Blazek, et al.; “Design of a Reconfigurable Parallel RISC—
Machine”; North—Holland Microprocessing and Micropro-
gramming, 1987; pp. 39-46.

Masera, et al.; “ A Microprogrammable PArallel Architecture
for DSP”; Proceedings of the International Conference on
Circuits and Systems, Jun. 1991; pp. 824-827.

Xilinx Advance Product Information; “XC6200 Field Pro-
grammable Gate Arrays”; Jan. 9, 1997 (Version 1.8); pp.
1-53.



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - wywww.laslio.com



ClibPDF - www .fastio.com



ClibPDF - www .fastio.com



