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Multithread Execution Mechanisms on
a Massively Parallel Computer
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TAKASHI YOKOTAt and SHUICHI SAKAIt

Latencies of remote memory access and remote procedure call are serious problems on a
massively parallel computer. In order to improve the machine performance, it is quite effective
to hide these latencies by multithreading. Thread execution mechanism which is effectively
supported by the hardware is indispensable to realize efficient multithread execution. In this
paper, we propose the processor architecture for massively parallel computers with efficient
thread execution mechanism, and present RICA-1 multithreaded processor based on it. On
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the RICA-1, both remote memory access and remote procedure call are realized efficiently.
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Fig.1 Continuation.
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Fig.2 Concurrent processing of
message injection and thread execution.

VIASMEXTHILENHD. F2TiE, 2EL
LA E—IDAF 4223 9HBL TR
TS, SIBF- SRRV VXS IEASRS, F1:,
IXTAaXL—2 a3 rOROHKEERETOE Y
DTATFLAT T IHERINBILT, ALy
FOREESH 2PN BINES 3.

WRELZIVFAL Y FRBOEBRO DI, B
EETHPOAL v FERTIZ, ROAL v FE2ERT
AV E—VDRBEEFTTAILNEETHS. L
LHoT, BIFLAEAYE—SDL I X IADEA
B, N=FY 27X ) HEMIIThR 2 DMEE L
Vo EHE, Avb—-UDEALEBRAL Y FoE
FTTRNAATTLMLENBRETHB, Zhitky,
SIBT— I DRRL VAT ~DEAL AL v FOEFHF
2, BT - Y EREMROR VR BT L CH bR S
(A2).

ALy FOhE&z oz, BEEFHOAL v F
DIEERFELTE» 2T, hELAL v FAE
BETEZV., —BROIBLIAYONEL AEY F
WBB L TRFT L2 Tt 24, ShCilBs
BLUEBIIL ORI F— Ay FHkEroTL
). FIT, LYRS Ly FEAMNBEL, HLL
ALy FNOBIFR2L 2%y rogn i T
THILICT B, 8BV TRy by PAENTIBE
Th, LIRAYDBBBIUVERBOEEZEEAL Y FE
ITEZ2EBILT, 204 -1~y FOBRFE 3.
@ [0

INVFAL Y FRBIZBWTIR, ALy FREORMN
EREILEDZLHEEILLY, N—FrLTIck 2
XBEVEOHEIIKESERMT AL EL LS, L
D LEFIRBIZBVTRD SN2 FOTEIT, —
BB LRBIREL, SHTHE, Liid,
72ilfork L7 ALy FOLDORYE2E054 (3)
REEZ-HREMO7— S IKFERE Y ERT 270
DFEH, X7 FVEED L S R K LiER



Vol. 37 No. 12

4 ) )
Procedure 1 Procedure 2
ic < argument(s) > >
il l < return value(s) >
am
. _/ \ ),

E3 RPCIBi}2RIMRA
Fig.3 Synchronization on RPC.
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make message instruction
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> data 0 —
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Clock 0
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Clock 4 L
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Fig.4 Message generation pipeline.
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DAR: Data Address Register
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RF: Register File
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sync:  Micro-Synchronization
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Fig.5 Multithreaded processor architecture.
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Interconnection Network
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C RF POB
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16 * 8
/O network from monitor

BSB:  Buffering & Scheduling Block
MCB: Memory Control Block
POB:  Packet Output Block
MAINT: Maintenance Block
EXB: EXecution Block

PC: Program Counter

DAR: Data Address Reglster (26bits)

I% Instruction 8u

Instruction Cache (4KB)
:  Data Cache (8KB)
RF: Register File (64bits, 32words, 3sets)

( Internal Bus: Instruction 32bits, Data 64bits )

6 RICA-1 OPIEBHELE
Fig.6 Organization of RICA-1 processor.

#1 RICA-1 DEHRBERNHET
Table 1 Execution unit of RICA-1.
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Fig.7 RICA-1 pipeline organization.

message

generation

NANANNNNNN

N

M2 RICA-1DON—FYxT#T
Table 2 Hardware profile of RICA-1.
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;3 RICA-1DRL v FABBROHLH
Table 3 Thread execuiton pipeline of RICA-1.
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Table 4 Thread operation performance of RICA-1.
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Fig.8 Remote memory access.
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Fig.9 Evaluation of remote memory access.
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Fig.10 Evaluation of micro-synchronization.
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Table 5 Remote procedure call.

caller f8 callee fl
SFREERY (4 — 25~ v K| LBEEM | A — iAo B
(usec) (clock) {usec) (clock)
remote fork
(1 args) 0.16 5 0.22 7
(7 args) 0.36 5 0.30 7
remote fork
with return
(1 args) 0.46 19 0.26 8
(7 args) 0.60 19 0.32 9
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