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Double Hypercube

MNetwork

Cluster i

Shared Memaory 0

___________

FEP
B 3: PIM/p oGeitii
1]
P h
FEP @ FEP
PE _{ PE|IPEL. .. .IPE
240 [ 241 [7] 242 285
T T T
PE . E E E ':
procassse [ MU He FE] [FE][FE o e
[ 18 17 M e [T ™ 8
m I I 1
Y [FEL[FE] [PE PE
o L flef ~-1s
A
1 ["'f]
ez Mook e B35 buis
B 4 PIM /m oabetiig
M1 & PIM ook L
Topology Number of Clusters | Total Number of PEs | Memaory Size/Cluster
PIM/p hypercube x 2 fid 512 256 MB
PIM /m mesh 256 256 80 MB
PIM/c crossbar 32 256 160 MB
PIM/k - it 16 1 GB
PIM/; — | 2 ] 16 320 MB
| Multi-PSI/V2 | mesh | 64 ] a4 | 80 MB

{4 : four mini-clusters included)




L Mink-

i hini-

P | i Mini- || -
t ¢ Cluster | ! Cluster | | Cluster |
R T
_________ 1 W B T

[ ] |

Shared Memaory

[E 5 PIM/k aaidia

# 2 EES e voH

Instruction set Cyele time | LSI fabrication | Line interval
PIM/p RISC 4+ macro instruction | 60 nsec § | standard-cell 0.96 pm
PiM/m CISC [micro programmable) | 65 nsec atandard-cell 0.8 pm
PIM /e CISC (micro programmable) | 50 nsec t gabe-arrays 0.8 pgm |
PIM/k RISC 100 nsec custom 1.2 pm |
PIM/i RISC 100 nsec § | standard-cell 1.2 jam
| Multi-PSI/V2 | CISC (micro programmable) | 200 nsec gale-arrays | 20 gm |

{1 are design specifications. They are under testing with longer cyele time.)
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PIM/i 07wt w i, LIW(long instruction word)
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PIM/p THE7 2+ 545 Nl 28 b, 4{@o NI 30k
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EHns. PIM/p & PIM{m i wormhole routing & 0§
b F o JEXEHLEERD, (RO sET Y
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FEioAw b

# PEs in a cluster | 4 Nls in a-cluster | Transfer Rate |
PIM/p g a8 32 MB/sec § =2
PIM/m 1 1 & ME /zec
PIM /e 1 1 &) MB /sec §
PIM [k 16 — —
PIM i 3 1 =
Multi-PSI1/ V2 1 1 10 MB /sec

(PE = processing element, NI = network interface)
(t: per channel, full duplex  1: design specifications)

Fd Fop v ion AT LOHE

Ceoharence Control Mapping Clache Size
Protocol # States | Tnstruction 1 Data
PIM/p invalidation [ 4 way £l KB
PIM/m e - direct-map 5KB| 20K3
?lid/o invalidation 5 2 way 80 KB
PNk Fierarchical i (1st) direci-map | 128 KB | 256 KB
invalidation (nd) 4 way IMB| 4MB
PIM S broadcasting 6 direci-map 160 KB | 160 KB
Multi-PSIV2 | - - | direct-map 20 KR |

{1 does not include locking state.}
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SRS PR L Ao, BEBADO oo 7 S0 (SEiha )
PR CEBLTwA,

5 KIL1 EiEERH

KL1 E#hit. BIa0-c@E x oo g vk RSSO & 4
B Yo abLEfFTI0KSE LR £ 08h
MR T W, COE kR ARt b
i, KLl oF@EEn, fhbofiod 58ea
HR(ERTE D LEBAOB IR T A, '

FETH, BEoER AR LUEF 2y e T,
EEHfobP SO —o—oR @B LENS LT L, £h
Bk, 345 BTl A EIEE SR o EE T s d o
THBH, AECH, EBEEFHORBOEO O s — L
REEFECDwT, ThBEMEI - gi s
FEAELTwS. LUEERISHE. RcEsE L
Tind [Hirata ef al. 92] [Nakajima 62},

5.1 KL1 oOEFEFIL

ER RO IE BN B o, KLL oSfieFa
Wown T LT, KL ey aig, oo
&5 RIEE Liaiode s LrERI NG,

ﬁ : "Gl!'“‘:gm-‘ E ‘_le"'l-Em"_
urd hd‘yvpar:

guasd pori

con H s ¥V, G RY—F e sf—nvd b, ok
LEELBTH-FIENE. B BEFL « A,
TR Rm g b Aw b e F A LI,

EFERLET—nflB ), ThiveFTas~sF
TR B D L, UTFoRFRHhRE,

M H — Vg, ~¥—v= e F L alF2 1 255,
WHOBNSEAHEE, Thbod— FERERS
AFERG, HERENNA— v ® L ST
T & &, FOMBik= I o @R X, rol
oAl FHRENEROEFT 4 « T bl
WL BRG, ChbOHEF o b5 e BT 2 A
% (AND $3). KLl o, RETLE5 ¥ 37—n
FEHIHORF c T BEBLEBYSAEN R
RTTLHTE L,



Processing Element

P Curren@t Goal

1
Creation by

goal rewriting

Suspension by
guard unification

© ~— ©
Resumption b
© O Jhoiy misaation\ @ . ©
Suspendad Goals Resdy Goals

f6: KL1 @sEffe 7 a

KLl o3 Fogle wad. chidhbiBigis
LA F T — A (ready goal) £ L oCEEY
T WE, TOfhb—oMETOLSERIBERE
{eurrenl goalls £ @wf— A ke o b B{EAMEL- A B
PR PEEELTER YRS B, HF e e
OETEANED B, ¥R bR A, B
i —mEEnEEh b,

B o —apd, REEREEET Lo L rE, o
b oEEEHw - W EEeRM S 5. o
ET\ ﬁﬁﬁf%ﬁﬂ_%:q@j'—k&#ixﬁu _jj_m
A DR EBL ORTEERAERETy «nm oy g b
ra i, BEECEEHRS D, b 5 Ho o e nHEfT
TERLAH—Frazmz gfr—iavii, ¥ofits
=g, Dhaim oo —-alflolEeR s,

b LA— ¥ 2amz g -y v O CERUICERR
EaThnknd (BLChcHREh 38k L), &
THERCEAREZETRFY L. ChEARD 4
B A THE [Usda & al 90,

5.2 BEROE{EORR

FFLS = FRAOMEROIRE S EEHT 5 e BiC, vk
OB A h s AR bR T E,

—2OHF S = Fofhe, EHEESLTwEZon
TeABWESLELLYS, FRFhOr—i, ZH~n
BEAL 23 BaTwnE, Y—an— oMo
A= FRBELGES, TOER~DBERBREA v 2
PRSI ERE RS, RO — Fiofifsdies—
AR, to@ENBERES AR aTH
.
?Hﬁmﬁmﬁﬁﬁfa&bm%&ﬁﬁ%ﬂimvtﬁ

Export Table | Import Table
ol [REF
— <A g5 [+t EX
exporied L REF |
MH, x
MWade A Node B

(&7 WA

5.2.1 ZEEHZEME

Mo ERRREER, MEE. Blsr -4, 7
Foho— Vi LoEEIhtwd, chil, SR
Do ¥ T o ko, AR A shodli i 2 o BB
PEHETACERTES,

oL, BHEARC L TER IR TV, B
A, —~WOMREEE RS- ATh D, 38
Jee PO u—h AR T Ve 2@k, S oty
A= FEli T MRS P ORT WE 2 ().
TR (PERE) . (Ae) ELTHBE AL, o
TA L BELES LT EEEoNELTWE S~ F o
FE, e B, BHEOTEHBEYTHE. BE-0BE
Eh B LIRS e A AR A o B e, Y
it 5 [lchiyoshi e al. 87]a

B Lo W ARERIERSASE Y B Y T - S
FrowaF Flabiigblisk Lod, Hilsomas
ﬁ' L] Hﬁbr}&hu

] = > R R L b LA R L e
. BMUAHE~OFRELEH LT, DitoSREs
FHWILIRELET»Twd, chiel b, @oiE
s - FRloF— 2 EXEHANHE T TR
{lehiyoshi et ol 28],

5.2.2 FERAODF - SRR

AnTi-be PEERTEF SRS BES-
FloF - s fERE, Sl s br—avg kb
ElRiEe ah b,

Mo Fooomm 7 g e e m W, BRSSO B S0l
EHkdrd, Cob ¥ isiEER (| Tho BX) v
& & B LES A v 4 F Yread (¥, Beturniddress)
2, S F A mRiEHEhaY Coe 1o, WS
(A} TH D, Returniddress ik, /— ' B &SI
WL gEhirBHESTcE,

o=V eanzg s - vl o —n
EEFR, (eERE AR T RE) P RS,

BHLUERES v FHEH L ¥, BEITWE
EEEHNE V ERFOBRY., FOMBED I Yansver valpe(
Returniddress, ¥V ) Aeve—YmiasvEIh i, &
VEE-T S L, PRS- ASTRME .,

G LB LR A » v — U FEERc., Wimssssisd
FHEFTwE RS, [EHiE s o, Bl LEhs
e dh s (F—rOFN & FiR).

PEREE, EHE@R I nailishedne 2 5t haThi
Ay — VRHSTbLE.




EF 4 emmTgibr—tg g S o ﬁ!ﬂ!ﬂ)ﬂiﬂﬂﬁ!ﬁﬁ
XEBSFE-LY R2=277/LE5LAHE, 4o
- funify (X, ¥) SEEEOHN/ - ViRt
Bo BLTY BT LI w2 RF—4Srvhiiaci, B
ELF—REEErE S,

LY #HEIOEES — Y ~ofEEETR), Yo
Ximw Y oBERC A EXBRE s T wiEE, DE b
MeoiH s — Fic@Esiu, @& ch -y
GLa=7 g r—ien vDBE, BHES - FEleHE
BEOoAL-IRCELIEEREMND L. cHEERT AL
B, J - PESoRAEFE LT, HEEEN, v &
DEE R 5 FEEE o T3 [Tchiyeshi et al. 88),

BERZE (Lazy Transfer) : BSEF—3%/-F
FlefEd ol 1 L~AGEEruiiLcerd. B
OEBES, Ty rEF—EHAARTI - Rl
CHEH TriwrEF—2d, s—-LTEot i
B, —FHARTE L o ellEER, TORRELA
T MBS, »EOTBTEI N, Ch% ] L~
Eﬁkm&ﬁf'ﬂ'hén {ﬂ:&ﬁui rﬁﬁhf"ﬁﬂﬁﬁ
HEhMEREC LB 230, 3 EBbrho~
M~ FOREAEXEHT L] b wnws#aHic
deTing,

FRYFL e 3 FOEER FeFFheon- PR, —
BooXkEbilEE: LriRbihd, Ty 5h  a—§
H, B e - Fafsaclb, Yokl saBo
B - Fiw— P Eh, gt/ - Foisan
Bo TRTD KLl @xr—iik, SiE+57ny 35 .
e FrDBENA, X FABELT w2, L, B35
He WIS - ViR A R, 2o/ — Ficssd

BT @S T A e PRENERS, o S e X
e FLCED T R o e P o LRI o
YHEEFEBLT, Fufia e o PREHCT T e
bl d,

I FICBL T, #0038 Lol A s Lo f-—oig
HARSERS Ao ks 4 FfRELTWE, Ch
PR D, NEBEBITE 2~ FoBRCHBCy
Ha

5.8 HIENFISaER
531 Foerodl—wE

KLl ovsf—an i, —HioBuoea (lightweight
process) EWA L L 2HTE L, BEO B W HFINLED
S, toahlEiksaEloh b, fIRGor 2 s
EFaE#oBnT o2 b S UEERE s, —FHF
L= FA L AFAR, CREDB-T a2 nif
HE—DOE EEakd A kLT, —EAAR, g
Fhdihdzshn, chd¥ETiorEEcsn.,
T AOWEAT SRTI. SR, R
Foi ARREESEER LTS,

HELER: +<To KLl or—ai, wihholl
Bl idhbhv, B8, HESSEso—F0

shosn

.
..‘;Il-l.."*.'
LT

AL

©© @@
cluster 0 cluster § cluster 2
shoen : shoen record G :goal

fo : foster-parent record

[ 8 FE 2 B o DB

R SHETE b, B LSRR O o — - M
HEE - Vi, b FRE 2 Lo sk
TS,

tRTOT -, B - PROEEY T E L v
EERE, BRI (WA YA~ B¥ELom
o) A& FloER o ies Bl 5. B8 .
Hﬂ\ Eﬂh Zl"—r‘l-'@rn'jﬂm@’ﬁfﬁl;_j'a
HHIBHREA R, & 22 0B, S,
e LR KT BB EMST A, b L, o
A IR B b, B & et
. HEEEOHE a8 LB, B8t ok
E il g el ik o R T

BTREY: “—rolgolTiRMyzcrg, &
FULBOPC B ERLET S 00—, dfo
b LR A v - VR B A e
il e b AEFLTnEilE, TAFROSEFS
e OB TRTECEE L TETE, b Ly Y-
F TR e e T B e b, TR T L
THA b,

—2offi, Weighted Throw Counting (82 f¢ 1%
Hizi 7w bk = WIC)cH 0, chETaldsmsy
b i (Weighted Reference Counting = WRC) o—-m
A TH & [Rokusawa ei ol 83] (Watson et ol 87),

5.8.2 Ll A& Yo —Y s

CETHRET = A Pae v 7, Sk
SA—ABEOFEE HHOBHETHE L, T—n . 2
Fa—U» i, T—aOREEEoTMlo s Lok,
FATUIRE (veady) . 79 (execution) , P (auspen-
sion} OETOREFREEHL 1L, BTFRETCOW
THEBETEFEEING,



A da=—l »SOEFEHH T BITEMEF—A, H
fFAIME— A+ = & o 7 (ready goal stack) LTEEH S
LIFO B &2 —THEEINE, 240 0—FEhb
TR — S D E L, RS hh., B
FHaibhbad=—ngHBira s 7EEihi, Tt
F= DR EFAEHCE L TEEErO A Y-
Fh=aTwnE,
MEREHMNEE R L o T - A EiTahET 5
b, FOT—ARREORE S o AR )
AT, EHIE RO, Tolia, Jloa-
AEFTHEITOR . BEREEARIA L, P LT
o AP HIFTREIREL A D, EIFE[EE S s B o e
Xk g,

o AR, TSt e TiEETE B
WIATRE T~ 0 AR o b, Bl oaS#F g
TIE,

FEFASHAFIE: FEPRIREOWTH., SR
ﬁﬂﬁx2$ﬁé1maaf?A£m¢% xmim
Aor ARy FREVENEID L, P oy FHETT 1

AFy PEMOMENEL & 0w, BISELE— »m
Dt s A8 0 %oy PEEHELL BEE
O -, Taey VEOBWEESSETE LS

¥ 2ALACHEENS [Sato et ol 87) Hirata et ol 92,

Aezsas~mad—NREl: FI¥vHEONFT, -
e e goarﬂnﬂde[:CL} it ¥throw A+ -3k b #
Fak CL ~#HEhd, Tl Aroa2 (ERER
P PAERPD—DDF vy ¥) iy BB T2k
EFTE v X w JiCARB E S b, Begr
vt L, Dok LEMAESs kb, Pk
i a8

5.4 AxRyUEm

Bhegde A = DD A0 bR, BREL BRSO A= ) R
i, FRSALEEEOMB I b, AT I L A BT
ACROEHECLMTih b v,

5.4.1 MRDB (& H&iTesMEd

MRB . @Ay 1 hodv ey T b, #
dwgezohol ¢y b TBEEN] TR EDE

il B ERG % [Chikeyama ef al. 87) [lnamura et al. 88,

kot i rrndg, BIEAMI OO
T, RTRCE~-BRTE 5, BBLH O
By Lfﬁ“ﬁfﬂﬂﬁ'hh

MEB ktEffRs — 2 o EEEFS O EE{ e L AL
T, KLl BB—RAERE ks, Biko—5
FERM LA nBE, BMERF A ToERE s Y LT
WLl r -2 LEHhEE b, Ll s
CREEECEENEY 1 0BSETE. FaKERET
SA—ARC R WDT, HEREEL T LAY AT
FEEASFEAMERFER LA S KR TwE, ©
AL, B, A 2BSEOHIERO 22 1 Sl
KeE ik,

5.4.2 23A5HEED

MREB AREoRTRERD L&baT, #7223 R”T

R EERES = ¥ — S B+ ER L Tw
5. MRB FHTH. IV Ehi-EEHEI LT
Bo C@mw ¥R IET 4 B GIC S e L SRR
HEBRLTWE [Imai of ol 91,

5.4.3 WEC 2432 52 S[UEEED (BHFRORE)

MEEEPRET 2 EHFEO= - T o5 b, FEC
el b O RTRICE-BNS 5 e dic, Ea
iy » b (Weighted Export Count = WEC) 34 3
L7 [lehiyoshi ef ol 88]c 2 4uid, BRiCif-<7 WRO 2
DEHo—oTE L, cobRofso—n, 2k
BENY v VEEHWEOQKEST, Y PR
B iyu—EB,EwT &, $5—20, —Hig
ALRF—4+HEHTEBO Ay - PELEE T
L ETHE,

55 wWHE&SStEw b KL1I-B

KLI-B it KLl Fa# 90 b@E8E @iy h L Anon
PEESE (WESsS e ), & PIM iibfiok s,
KLI-B of#tk, Prolog @& o WAM [Warren 83] &
Eli#ch s, KLI-B ofifty boont e s s
LT w5 [Hirata et of. 92) [Kimura et ol. 87),

CiETIlecT ¥ KLT SElbie l & 8 oo st
FOEEAERE, KL 2@ 257 00f o —
YELUERIA TR, KLI-B GSodmfd ¥ i id
Lo, MH < FRMENETT 5 Lo NI
MrAtHEh S,

PIM fla KLL = i 5 ke 2 B o mlld S,
REBE ELL #e 2% 8% KLI-B £arAadaed g,
#ic KL1-B = — F RN cEaeiT2 > & b e, B/
Bffresr b U w5,

6 STl & ERim

Ko, AR~y Bl R FACHT S,
B0 d ORISR D w5, FHE,
QAT o2 p LEERONE - AW, Ev=zt
THEATETWIARMARECE, v Fe—2Fu
Vﬁh%ﬁa&#mﬂtmmﬂﬁmﬂfancnmu
PIM/m ko@BEsoiiis&ths,

6.1 wLF PSI/V2 LOFE& EEH

KL1 oB3EE., ~bpd O BEolgtas Lt
WEHZ kL, LAEFCli-ctlEbod s, IR s Er
FLAEERFSOIELLYR., OSEoEECMERELTw
o ENOMEGHER CEHoE WAL 2, BT
HE oEn KEHEREY KL #Hwofyicthsg ¢
AFFILER - & e b 0B BERR T &,



Band_throw { goal { atom,EXREF,EXREF } ) [ 65 byles |

LR NSNNNNW

| B85 psec (410 steps )

Racsaive_throw

o IR

| 130 psec
( 637 steps )

Send_read (EXREF] [14 bytas |

o by | 25 usee {117 slaps )

Recaive_raad
) o] | 35 psee (175 steps)
Send_anawer_valus | [alom [ EXREF] ) [24 bytes |
RN | 42 usec {208 steps )
Reosive_dnswar_value
o RS | 80 uses (297 steps )
| t ] 1 | t l I
0 20 40 Lt} a0 100 120 140 | psec)
EXREF Extemal pointer
Bl Copy to RPKB
o Bagic message kanding routine
7] Encodefdecods K1 term, ef,

B9 2y e—iiflaz )

FE Ao —VEBERV s v
Pentomino (39.3 KRPS en 1 PE)

I Num of PEs | 4 PEs | 16 PEs | 64 PEs
execution time (sec) 54,63 14.62 4.35
total reductions (x«1000) | 8,317, 8,332, 8,340,
reductions fsec [KRPE) 152.2 a70L1 | 1,919.4
reductions/msg 221. 108, 53,
msg bytes/sec (x1000) 145 108.1 4403
Bestpath (22.4 KRPS on | PE)

Num of PEs | 4 PEs | 16 PEs | 64 PEs
execution time (sec) 101655 4.062 1.60
total reductions (x1000) | 687.7 | 1213.6 | 1,606.2
reductione/sec (KRPS) po.7 298.8 5901

reductions,/mag 21.8 11.7 6.2
msg bytes/sec (x1000) | 114.0 6925 | 3,854.3

(KRPS: Kilo Reductions Per Second)

ATk, 05 BeBb s TRl 8o M, ST
A PELIVE broiEn { EHTEYCwE D b F
HEF—2EHWTTRT. R/ - FATDT—A 2
Va—luwvdeozl, J=FHToEE=A}F, 2v
Fo—d T eI %A B — e FiCDn
TEFERE~S,

=AeF PRLVE 64 B0 7 ot -t 2 ITET R v
P = TERE L TR, HEI— Vi3
ATRELC 1BOF ey TEHEL L LESORDIT
LTk,



611 J—FRAOIS—LZAFrTa—0wF . az}

Fud e RO, T A P =T v Eo o
FAEBEERT WS [Onishi ef al. 90), .

Troda—FHa—: EFWiET—n2de i
WMLt bt r—ntroks— fFE 3
T A& bR Bl ops (2T wA FOMGR T v T TH T
Ciul, g F e L ihEt o2 P EE D HT
A roflrd b,

B TS —LnFERBLMECS L, B
bl — B EFWRES — A A2 » 2 ICARB R,
HEFTO DT D HE AL O®ED, —R0 G o
ATLOBRCELE., oo b, Fut iR
(=2 DX PO wi b,

il . —ooRBEsicilmkt sotSorn
= — A & D & B—#5 D (single-suspension)
BLTWwE, ED=R P, 14 ps (10 25+ 7)Th
Bo

T A bk, REFE L el SRR & ok
BRI ) v AR S oA b, EEOEMSRE T
FE bR TR - 2R e S AR BRE
A b, O ERo = FogirTcE s,

F—-#gbhoon b, Fovs AR
Ffima A k& v S,

FHEL —oov-a, BoRhtEiovh
e MR E S R LB S L WS
(multiple-suspension] & A, oo SElEE i+ 3
SHEHFED oA b, 28 ps (M40 2F 7)) 0B 5.

B bic oo 2 oliiiai . g (inde-
terminacy] #BH TS edhaax Pkt 5,

chbDBEv= X P HERTERT 2ICE D, N
CIETEERo e 2t BROGHERAT 5 5 &
AR & o foe BORIECHG RSy P T
FLORERENELE. ToRWHTEL, TS
He iy G- Nt e az b, Pt B R
W& 7 o s N (R e R T R e e
[ oBEL 5L 5.

6.1.2 /—FHEHO@EEIR

ForiLohbBilo, REsHE, - FlcodE
E=22 bEDnT, w{ohDBKAEOREE L vt
PSI/V2 _ECRI%E L% [Nakajima et of. 90,

HOHES — F~oD o — g, fthrow goal # »
=IO E DEEER A, CHEEW T o 2 0
FHLESAES, /- FEE ko ToRBEEHOED
et Lk, diread & answer_value # »<r— S0
LETHEEINL, chi, WES e e AloEER L
b i3 Erd s s

HY B, chb IBSoRNE s - P
i D RMERLI. EMYMURSCRABLEALDTS
Do MERENEE LK, REOREC X ) SoKgbT
FLTHE,

Encode/decode KL1 term, ete. i, KL1 8ER
HEETINEF - 2B R A bRy P T—F Ay -
BHESITT, BEWIEFOMEFS C LT B, A
FoOBE. FHNES IUHE LT -2 BEE Y
FEHMME Y S E RN, A v r— EEN oL
F

Basic message handling routine 1. 1EE40 & w
PR EYHEF-2 LRy PEAEED Gy b7 — 2
Aoyl P F - 0. BMEEEEERT .
FoaToty 7y boMoBERMiEihns. chb
OALE B, SR E o — Ve T X bR
LR AR o

Copyto RPKB {2, e P e Tty 2y i $
SEREHEFERSMEC, ~ PP aFlty 77k
YF O aTte FrolloF-2nB LB bT6.,
A= Vo= TodEE - FiE. 0.2 psfbyte F Ry
b, FEOBE)CRE. Ry b T—F 0 = FPhe—oil
ABEFEINE 1 ps BUF-odd, & ol & E 9o s
T~z e L b, BENRNOR: LR LEOA
A PHPEA B R b SRS,

Aoy UM E R b o Send throw (a) 6544 L
@ Uthrow goal 2 o b— YRHMIOEEE RS, 2 v
e L I G o e Sy, MLIERE 410 - 4 S
Ui AT o T FI8E ps (HA S 24 AL = 200 nsl v
# 5. Recsive.throw (b) HEC A v &— PoTH DA
BB & i, SEFTAMHE S =« 2 ¥ » & ~BEET BB
gL e

FEr@ el (d) (el () HFERFR, Yread £ o
dre-iF & Yanswerovalue A v b —3FmiEH. S 0ME
DN % e
Athrow.gosl A w-e— POEH, B b LERE oM
W, SBF215 ps (1056 27 » ) T35, ChbiBlD
B3 VRS LT, Bny oe 2 b EFEH L2
DA FEBEEELLHTELS, Yread & Yanswer valua
Ay e Fmag, BE b MLIBEGE O LT oFli, 182
ps (80T 272 7)) TH L, LAEERES o LB EY
TEBRAEMODTZTHRE,

CHE OEE SO - FRTof B e b 2l
ATHEL Y, SR oAl coflio s 2 b, o
Ak e afeoRifo s bioheT, B0 Sk
Vo FREAOEMPFIML S R P & o — fa RS
Lazx bbb, WV RKEZSTHEHM, 40
HETTHI L LDy boT g (v—hak7oea
Fa—=FDa A PO—EERETRT-EEY), to ks
R [/ O~ LI o 2 | A 10 ~ 40 4 >
WEBECHBLENE - ek D, HoEs —F
I F fopl o T M o X e, Al e
Fwn7 ot AOMOERMMEE L £ b, & 28
B of i B8,

WEAMED = = AR E ek, MRENEOBER
Db ILE A — sty F (BEd == ¥) RS 5
CEHEREE AL, M, ME A~y Fo LR
ROTL DL, SRAROFFRERED LW LR
Bis/—FlctopEo FTROBERSLbRE. 2
FHAWOEE O ADCRA S (AT VEES B

_53_.



Ly

%)

100 ——

o
T s £
3 £
5 1 B

B S L -2

Num of PEs Mum of PEs

SED

i [+
a 53
=] t
-] k
] ;%
o b
T
0 i a0 foa ]
Num of PEs e —— Mum of FEs

Fentoming Bestpath

B 10: 7oty PRI A~ FT o 7
Z Ol & A

6.1.3 ~SeFv-r7ofFals]

NeFw—rIRsoL

FFnls

BB ey | e e
D e TR

¢ (RGN (A P
A ) DEEEER

< | K]
M. KRPS
£ KLIPS &%

_iﬁﬁixﬁ .
B R EE S L | E Y
::cv=a Ifrf—-~p I3 B 7 o A O b
MTEL, 6 F it HFERO A v — OIS
g s |]]r;~¢,1 path) : 160 x 160 DEZRo » L,I,'..\_.‘:;.---_aﬂ: /I-\ I,:,llf .'\__"',,_L F_] & ,; —. S ol O [
B g b ST 6 '; }F Pz Wi lOTeS,
.Illl._“.—"‘-\. |'.- l:‘ -'A' ./' I l:.'-". - d’ {:J =
H

o Y —-rh

dmy oo

F JFCJ--t;Jn_r,;I_“.rJ.-r.z [ty
E )- _]«. ﬁ‘;_ﬁ ﬂ":_fr_ F;-
i f.:'-'.'o::‘ .:"]*1"_-’,-2- ] __MJ;;;:\: =
° Py




6 PIM/m ;s o4 o #Ei

benchmark | condition PIM/m | Multi-PSI;/V2 ”ﬁ';'ﬁﬂ’&;
append 1,000 elements || 163 msec 7.80 msec 4.8
best-path | 90,000 nodes 142 zee 213 =ec 1.5
pentoming | 8 3 5 box 107 sec 240 zee 2.2
15-pugzzle | 5,885 K nodes || 9,283 sec 21,660 sec .5
Tt b3 (ARGt A) O UEERE (8 x5 box)
No. of PHs PIM/m Multi-PSI/ V2 [ HEETEIT
Time | Spesdup Time | Speedup .
256 PE | 1,124 ms|  85.41 ] ]
128 PE || 1200 ms| 83.13
84 PE | 2162ms | 49.60 | 4679ms|  5LID 2.16
2PE] 36%4ms| 2903 8278 ms| 28.04 2.2¢
16 PE || 6010 ms 18.52 | 15,686 ms |  15.27 2.27
1 PE | 107,238 ms 1.00 | 239,545 ma 1.00 225

FE L b D (BAD L) DA AEEI B AN (10 % 6 box)

No. of PEs PIM/m Multi-PSIf Ve i%!ﬂ
Time | Speadup Time | Speedup

256 PR 103,655 ms | 234.29

128 PR 188,452 ms | 128.87
G4 PE 350,268 ms B7.60 | 886,325 ms 2.47
2 PE 594,553 ms 34.96 | 1,729,430 ms 2.40
16 PE || 1,367,240 ms 17.76

1 PE || 24,285,005 ms 1.00 |
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