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CHALLENGES - #t&k 5 s #,

1980 FARNAHANARAFEHTIHR: FEIHESEGHEURGHNRAMEFE

C1

B
W IBSEER NIRRT, BEAEAL: &Y
BARYZR M interprocessor communication #e

*. X HREIEE——iWarp must be equally
efficient in communication,

C3

BI{E Warp B TIEXEIR

Warp = board-level EEISLH: cost.
reliability. power. physical size £f}B/E, [F
AR BIET K, iWarp NBEr2ED — 1N 8=
&% B9eE, H clock #{Z,

KR : 183 §1 Introduction. §4.1 Communication models

C2

MIAE, —BEH

message passing LATEBE AR, BEKF
BT AME; systolic HZEIEN word, BXXE
RERIEEE, EXEE, MEER—MSHLE
[2] BY B 32 ¥

C4

ERME vs T 4RIEH

special-purpose systolic array S3EMRIE ;
general-purpose array &£ compiler 5

programming model X%, #F#h L 1D Z#Z1(E
hop £7 O(n), KRR G MFED 2D / torus,

IWarp - Supercomputing ‘88



SOLUTION - ﬁ’iﬁ&?‘i;ﬁ%%‘
iWarp B9 : {8 computation 5§ communication lN5|E, ERHEHBFCH

iWarp component - /55 = 600,000 transistors Rt B - 1B 81
computation agent I communication agent: @B F. IR G1 special-purpose 5 general-purpose [§5IiEIZ :
Vil XBEE & bandwidth 5 programmability #3&

+ local memory (< 64 MBytes HiZJ i) G2 host centric 5 array centric Fif: o
iWarp cell attached, TJBE=MEIFITES /0
NIRTES A BIE 52 building block———& M BES T R G3 tightly 5 loosely coupled H{T#33Z#F: systolic

5 message passing @£ F
G4 FHIPSHMEARIER: 1D array 2 torus, Z12IZL

F processor

+ cell x N (%35 physical bus Hi%)

iWarp system
1D / ring / 2D / torus / hexagonal: MJ11ME_EFA cell

20 MFLOPS 320 MBytes/sec 1 00_1 50 ns = 1 Ox improvement

B cell it&EIEE (single B cell BEEEY through-a-cell JB{SZE BT Warp: cost/
precision) reliability / power / size

EHE}




ARCHITECTURE - B{KZRH¥ 1/3
iWarp cell: component Jjll local memory, X agent B/ 71T

ERE 29 600,000 & ; clock 20 MHz
local memory single chip (one clock = 50 ns)
i 160 MBytes/sec computation agent FP adder + FP multiplier + integer
LIW =l unit, —2% long instruction word #17
computation agent EE noi-pipelined, vectorizable 5
20 MFLOPS & 20 MIPS SETERIR
4 input|ports ! 4 outpyt ports communication 4\ +4 i ports; SIS .
> > agent through-cell JBE A &R cell =2f7
: communication agent : AR S F2]
> > local memory HiIBESESIHH; <64 MBytes H
. _~hi 3z = . _hi -bi
40 MBTteS/seﬁl\%erE%h rﬁlgghgﬁ{t off-chip 31k 24-bit address + 64-bit
data bus
EL BT F W , on-chip program 256-word cache RAM + 2K-word
F22H18X Figure 1 - iWarp component overview store ROM: 32- 5 96-bit 155

SRR : 183X §2.1. Figure 1-2 XX agent I3/ = ITTE5EE 0 E&HRIT




ARCHITECTURE - E{KZ# 2/3

communication agent: LiE{EMAEHREN—SFAERE

physical ports logical busses
=X & physical bus word-level Zi&E H
A4N+4H; §portd0 5% physical bus EfHZ % MR
MBytes/sec; word-by-word fi§ logical bus; EE component [d om
. : : >
{4 flow control, FCEIZFIER i 4E3F < 20 %% incoming > 20x20 outgoing
pathways: TRHAS™ 5 > >
> crossbar >
pathway unit streaming & spooling
B 4 it ITH « BiEEO
1D/ 2D EeEISH,; ZIF computation agent 2
wormhole 5 streetsign streaming gates iX word EHiEZi&E
routing; ZE2EEHTK {S##F; (% spooling gates &

{412 local memory
B2 H18 X Figure 8(b) - crossbar

320 MBytes/sec 20 busses 20"20 0 consult

aggregate data transfer incoming logical busses - crossbar: incoming — KiX 7 o BE free bus &
rate BR / cell outgoing B I& fo, TEEOZEIKE




ARCHITECTURE - E{&%# 3/3
computation agent: —% LIW IESHTRE=1MEIT, AFE vectorization

floating-point multiplier COMPUTEANDACCESS (C&A) - LIW xS

non-pipelined - IEEE 754 - div - Joc | 32}6())4-/bi5t % 8 /4> operands = 4 /" results; = <2 }X memory access
/ rem / sqrt (FFIEER(\ stride it E) 5 4 IR gate access (EiLi&E(E

#¥3E) : read-ahead / write-behind pipeline [ai% N 1FAEIR .

floating-point adder 10/5

non-pipelined - IEEE 754 MFLOPS - 32/64-bit FORi:=0TO n-1 DO BEGIN
f := (AL]*B[3*i]) +

integer / logic unit 20 END: (AIFBle) +1

8/16/32-bit - arithmetic / logical / bit  MIPS peak

BN IRIF Bk C&A: single precision 2 clocks.
double 4 clocks — X iER——1&HLA peak rate IZ1T, TiL=
& vectorizable,

shared multiported register file - 128 words
operand bypassing - hardware zero-overhead

looping - & B {KIEIR memory (no striding BESLE 2/3-address Tshort) RISC-like 5 {RiE general
penalty) programmability, =B X—HKIESAFHIT > peak =20
MFLOPS + 20 MIPS,
20 + 20 MFLOPS + MIPS 8 — 4 4 operands — results 2 clocks
=B H1T8 peak computing rate BHE CRAIESHHIEEBREE single-precision C&A (double = 4

clocks)



SYSTEMS - R4 B

Bl—# cell, EEERIMNSENMESRDEENEER

2D torus ring / 1D array hexagonal array
BRFIT ERRESK workstation attached processor special-purpose systolic

s i
i S 1 G )
i i T l

CA

N~ y

542 H Figure 6 - 8.[1) pathway IR &42H Figure 7 - B[ physical

busses

Itml

Itml

5228 Figure 5 - % = wraparound

8%8 torus - 1990 20,480 MFLOPS 1 ,024 cells 64 MBytes

SEIRZYS:: 32 MBytes B B ZE 32x32 torus RENIE LR cell T EZEFUNF LR
SRAM - 1,280 MFLOPS i aggregate peak



COMMUNICATION - B8

message passing 5 systolic: WitHIE, HE—EEHFE KUK

message passing

GMBERAT = SEEHEHE: R cell #5%. BGEH. TEAOM

coarse-grain systolic

fine-grain

QIR AR @A word: RIA~EILAIX, BRE—D

RNEEAHRE,; KMFESHYLEE run time RE, word ZIXBIFETTE; W— cell 1AL ERES

BRZIFRhRmEEN — NYEREEL

spooling & RIS HITOE, RIAEIT e BB RRET

wormhole & word ¥%& . ATED|F cell A 4E D dedicated ?BEQHEQBE@?J%E%{%, ANEE. #

: paths &f/)\
routing
multiplexing 2828 FH—2%& physical bus (virtual FIFO queuing oS EMASIIBIRARS ;) =1%/m5
channel B deadlock) 7 stall
door-to-door ELEIEW T Binrttill @B xkER HERBS ITERETTEIZEBESE, A2 local
memory (<4 words/clock)

spooling BABIARGZREY (0 2D EREFEIT) g
overflow H Z| local memory

wormhole routing [g
W E— X RIEMR S ZF . pathway (RZEIBRBVE#RERE) 5 message (header + data words + end

H—HER >

Y 5 S SRAEH &R, 151U systolic PiEZIFLBEHEZENIEZ——MMIRELE iWarp £

marker) . EESCINI T,




COMMUNICATION - &B{ESH.4l

pathway 5 message: open., {§=. close, £EE{&5TA

&

C D

#2818 X Figure 9 - =% pathway (2 5 3 &

C—-D gﬁﬁ /L,\Zf)

kiR : 183X §4.2. §5.1-5.4. Figure 8-9

open pathway marker - streetsign routing —— #5751 ("go to
Jones, turn right, ..., stop" = streethame + action) ; &t

communication agent F§ Address Match CAM f&{4iR5], R4ME
"next" streetname

EMIIDZERZE - hardware only —— through-a-cell 100 ns. corner
turning 150 ns; ¥ pathway segment R~35| A\ZIYMEIR ; close
marker X BkHRER

word-level multiplexing - logical busses —— £ 5% pathway segment
% word BIEHZ—2E physical bus; TRAGHE: source BEHCH
free logical bus KBS, THINFE

streaming gates - 2 in + 2 out —— i gate = JH¥E input message I
—/N word, B gate = =4 output message B9 F— word; ZiEEG)
spin EZI#UREIA——RELZRIEIER

spooling gates - queue < memory —— T&{47£ pathway unit 5 local
memory [BIfREHE; KFHE. XNFHTIHEFER (X cycle stealing 5
FiAEFn)

reserved subnetwork: ARFGHEHERBISF, (FRIFo XS ol FuN 0o Az




METHODS - LI ¥ IF

S RitA Z8l, retargeted compiler + architecture simulator 2R H3EEFH

T —iE

FORTRAN RS W2 i85
BRI 21T E kernels Pascal-like - J&EE Warp
Livermore Loops 24 FITEZFE: RBEKSES
kernels; kernel 15/16 | _J . REOEE——8hEN >
X FH Feo RN %Eﬂ 2 2 B 9

21 B9

retargeted optimizing iWarp architecture
compiler simulator

Warp 4%1%z2s [8,16,17] M EEENF BISKRIE

o E _, | FHELEHL component
W2 — LIW / C&A K35 T8 F=YH Livermore
<; AL. Apply F Loops 5 NETtalk B9
generators = HHEF = ISHUTE =
EESEINAE

¥EBSCIE : NETtalk M % benchmark £ 10-cell Warp BHl 5
connections/sec. 70 — 153 MFLOPS, %G1F Tclock % +1/0

@ cell # iWarp &l £XJH——16.5M — 36M
5o o) S EME = WERARE] BNSIERE,

1988 - 07 1989 - fJg§ 1990 - £ p
architecture 5 logic design 5% ; % prototype iWarp system ¥iEf =% 8x8torus JERARG (>1.2
1%X288 retarget 5TAY operational GFLOPS) fiHf operational



EXPERIMENTS - LIVERMORE LOOPS (TABLE 6-1) - DOUBLE PRECISION - B4 iWarp cell

24 /™ kernels 3Eill: unweighted mean 4.2 MFLOPS, scalar processor &
{K#fi vectorization

9.8 9.9 H1.88 double-precision I&{E = 10 MFLOPS

3.2

2.5
1.8 1.6 1.6
0.8 0.9

0
1T 2 3 4 5 /8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

kernel /g5 (1-24) -5 = MFLOPS (B iWarp cell, double precision) - BZ€F A& S kernel 7=9.9

fiRiE: iWarp 2 scalar processor, TEEEAR{KE NETTALK - 10-CELL

ot = WARP 2.7 10
vectorization, PRFIEZ: data dependency (4l ° e
kernel 5 B9 IFKIIEIEEEE 5 MFLOPS) 5 warp 70 mFLOPS unweighted harmonic &8

mean mean MFLOPS
BA{;7 MFLOPS - 6 = 2.6 - Table 6-1

critical resource bottleneck (FRICHHRIRREIR

o =0 iwarp 193 MFLOPS
E,; LFREHZERF <5 MFLOPS)

conn/sec: 16.5M — 36M




CONCLUSIONS - R 5RE

HESEERERIBR——E iWarp £, BNEHEMNE

"k - 18X §7 =2 -8 §7

K1 —38\HFTRE8FAL: S5 VLS| component £ F1 E#tZ%#7%: 1D array. ring. 2D array. torus;
computation 5 communication component B RiE, THTEZSHEAFI

K2 #%Z—iB{EH=xR: pathway / message Z= message F2 &F cell B9B%%: feasible. programmable, HLL[E
passing Z| systolic B % BHEREEESZS

K3 LIW scalar i&it: ~{KE vectorization tBiF4L 1R F3 $RIBES: cell 2 FORTRAN / C + parallel program

(Livermore Loops {£iiE) generators (AL. Apply) KM%
K4 Yk building block: it & + RiBE + ol = [These requirements are not incompatible and, in

affordable supercomputing fact, do reinforce each other. ]

——BHE/RERESSBIEER A L1
synergy, 2=2Xit=d

>7.2 crLops 20,480 vrLors 1,024 cais

8x8 torus JERZRZ (1990) 32x32 torus B9 aggregate peak BH—ZENE LR
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