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A DSM Architecture for a Parallel Computer Cenju-4

TAKEO HosoMl,” YASUSHI KANOH," MASAAKI NAKAMURA,T
TETSUYA HIROSE' and TOSHIYUKI NAKATAT

A parallel computer Cenju-4 is a cache-coherent non-uniform memory access (ccNUMA)
multiprocessor and designed to be scalable up to 1024 nodes. For scalability, Cenju-4 adopts
a bit-pattern directory. This scheme enables more precise representation than other imprecise
schemes, such as a coarse vector scheme. Cenju-4 utilizes multicast and gathering functions
of the network for delivering invalidation request messages and for collecting replies. This
enables store access latency to be scalable, even when the block is shared among all nodes.
Cenju-4 also prevents starvation and deadlock by queuing certain types of messages in the
main memory. This enables a full solution to the starvation problem with centralized direc-
tory scheme, and to the deadlock problem with one physical or virtual network. In this paper,
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we present the design of the DSM architecture and some performance results.
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Fig.1 Cenju-4 architecture overview.
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a) Sharing Nodes
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Fig.3 Bit-pattern structure.
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Fig.4 Behavior of imprecise node maps (in a 1024-node system).
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Fig.5 Multicast and gathering functions of the network.

obooooooooooobooboooooon
Cenju-40 000000000 O0ODOOOOOOOO
ooobobooooooooobooooooooo
oobOooooboobooooooboobooooobo
oobooboooooooboooobocoooboooon
obooooboooooooooboooobbooDoo
oobooooobOo0ooo0ooobooooooooo
goboooooooooooboooooboboooooo
go3boboooooooboboobooooboooo
gbobobooooooobooooooooooooon
oobooobooboodooooooodooooooooo
goooooooooboboboooooooooooo
ubooooobooooooooooooooon
gooobooooobooboooooonoo200n
oboooooooooocboooobooooboobooon
gooooooooooobooooboooooog
0000000000000 OCenju-4000000



1404 goooooooo

goooboboooooooboooboobooooo
boooooooooobooooobooooooooo
ooobOooobobooooobobooooboooooon
gobooooooobooooooboooooooboobo
goooooboooooboooooboobooobooooon
O05(00000002002000000000 4
00000000 00000Cenju-40004x40
goooooooooboolegoooobooooog
oooodoooad
ooooobobooooooboooooooon
O00o0oOooo0oO0oo0oo0o0o0OoOooOdCenju-
400000000000000CO0OOO00OC0ODO
gooooooboooooboooobooooboooo
goboooooooooooobobooboboooDn
gboooooooooooooooboooooooon
goobobooooobooboobooooooooon
gbooooooooooooooooooooboboo
goodooooobooooboobo3soooobooodoad
goooboooooooooooboooooooboa
gboooboooooobooooobooooobobon
gbooooooooboboooobooobooooobooo
0400 4000000000000 6000000
obooboooooboboeton 40000000000
goooooboooooboooooooobooooooo
gbooooobooooooooooooooooboon
ooooooooooooooboobobbbo11000
gobooboooooooooooooooooooDb
gboooooooooooooooooooogo
goboooooobobooooooboooooan
obooobooooooooboooobooooon
gbooooooooobooobobooboooono ob0Ooo
goboboooooooooboooooooooooo

gooooooooooooooooooooooon

gboboooooooboobooooooooooooo

goboob 200000000000 00O00OD

gobooooooooboooooooobobooobooboon
0o 3.6%0000

3.3 OD0OOOOO0O000oOoad

gboboboboooooooooooooboogao
goboooooocobobobooboboooocobooo
goooooooooobooobooobooooooon
gooooooooobooooo

goboooooooooboooocoooobooobo
gbooooooooooboooooobobooobooo
goobooooooobooooboobobbooon
goooobooobobobobooboooobooooooo

May 2000
Home Home
request A ¢ request A ¢
\: request C ™ Y requestC
< /enqueued
reply A} Hack reply A E
~V v+ dequeued
request B 1 \Lretry requestB i
~a \
request C Q: reply C
Ve ;
replyB % ~ V/
™ nack
l \l/retry H
v

(a) a nack protocol (b) a queueing protocol

> processing request X

request A, B and C target the same memory block

06 0O00O0O0OO0OODOODOODOOODOOODOO
Fig.6 A nack protocol and a queuing protocol.

goooobooboooooooooooooooooo
goboobooooobooooobooooobooobo
gbooooooooboooooooobogoooa
gbobodooooooobodoooboobooooood

00 DASHO Alewife 000000000 OOO
gooobooboooobooboooooooooobooon
goooooooooboooocbhOoooboboOooon
goooooooooobooobooobocoobooooo
gooooooooooooooobOoboooooon
0000UooooooooouUoO0 ()OO C
OO0 A0OO0OOBOOOODODOOOOOOOOOO
goobooooooobooooboooboboooo
gooooooooooboooooon

0DO0O0SCIP0d0000ONNNONNnnOood
ooooooosScilooooooooooooood
gboooooooooboooooooboboobooo
goboooboobooboooobocooooooono
goobooooooooooobooooooobooon
goobooooooooooooooobooooon
gobboooobooooobooboobobooboooo
gboooooooooooboooobooobooo
goobooooooobooooooboooboobooboo
goooooooooood

Cenju-40 00000000DOOOOOOOOOO
0000000000000 0OoOooO Alewifed O
oOooooOvrv0000O0O0O0COCOOODODOODOOOb
goooboobooooooooobooocOoboooo
O0000Cenju-400000000000000O00O0
goooboooocoocoobooobooooooooboo
goooooooooobooooobooboooo
goooooooobooboboooo



Vol. 41 No. 5

Master

Master

|

Home

l Slave(s) 51

LB
2.1eq

Home

3. reply

(@ (b) (©)
07 0O00DOOOOOOoOOoOoog
Fig.7 Coherency control sequences on Cenju-4.
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Table 1 Load access latencies (ns).
network stages 2 4 6
(No.of nodes) (~16) | (~128) | (~1024)
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b) local(clean) 610 610 610
c) remote(clean) 1690 2210 2730
d) local(dirty) 1900 2480 3060
e) remote(dirty) 3120 4170 5220
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Fig.9 Store access latencies.
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Table 2 Ratios of messages queued in three buffers.
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Table 3 Characteristics of applications.

No. execution time executed instructionsi secondary cache misses}

of total mem. shared shared
nodes (sec) system sync. totalf accesst | private local remote ratio private local remote
BT 16 203.722 3.26% 3.84% 25542 12027 82.7% 13.8% 3.60% 0.86% 71.9% 22.5% 5.59%
64 56.324 2.94% 7.72% 6386 3007 82.7% 13.0% 4.35% 0.82% 75.0% 13.1% 11.9%
CG 16 5.348 1.93% 7.04% 369.0 141.0 66.4% 2.52% 31.1% 2.73% 90.0% 0.66% 9.31%
128 4.182 0.88% 25.1% 46.61 17.85 66.8% 0.28% 32.9% 2.39% 18.4% 0.73% 80.9%
FT 16 9.222 5.04% 1.67% 1205 419.3 92.5% 4.69% 2.81% 0.77% 47.0% 37.6% 15.4%
128 1.346 4.37% 8.92% 150.8 52.43 92.5% 4.52% 2.98% 0.79% 45.0% 35.7% 19.3%
SP 16 214.763 7.34% 5.42% 17420 6184 49.9% 19.9% 30.2% 1.24% 21.4% 59.3% 19.4%
64 68.064 5.89% 12.8% 4356 1547 50.0% 17.3% 32.8% 1.03% 13.8% 39.8% 46.4%

e ><106, I: system and synchronization phases are not included in measurements
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