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Development of a Message Flow Simulator for
Evaluation of Communication Algorithms
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This paper proposes Message Flow Simulator (MFS), which evaluates the
communication algorithms for interconnection network of large-scale parallel
computer. MFS calculates communication time from the amount of message
flow on communication links. We evaluate characteristics of MFS on Fat-tree
network including up to 3000 nodes for All-to-all communication. We also
compared MFS with BigSimulator that employed packet-based simulation and
was developed at University of Illinois. On virtual 2D-Torus network including
100 to 256 nodes for All-to-all communication, non-parallelized MFS reduces
simulation run time by 1/127 to 1/337 (1/188 in average) from run time of
parallelized BigSimulator that is executed by 7 CPU-cores. MFS gives more
accurate results than the theoretical minimum value of communication time

for All-to-all communication and less accurate results than BigSimulator. Dif-
ference of estimated communication time between MFS and BigSimulator was
40% in average. MFS evaluates performance of communication algorithms on
16x16 2D-Torus network same as BigSimulator.
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Fig.3 The number of node vs. All-to-all simulation run time.
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value for All-to-all.

(© 2010 Information Processing Society of Japan



84 O0O0OO0OOO0OO0O0OOOCOOOOOCOOOOOOOOOOOOO

000 40%00000000MFSOO00000OO0OOOOOOOOO BigSimulator O
0000000oo00oo0ooooooooooooooooooooMESOOO0O
BigSimulator 00 0 0000000000000 O0DODOQOOOOBIgSimulator 0000
o0o00oooopooooooooooog

256 000000000000 0BIgSimulator 0 MFSOOOOOOO0OOO0OOOOO
O0000000200000026000000000000000000 Simple-Spread
O0000000000000 PaireWiseOOOOOOOOOOOOO

MFS O BigSimulator 000 0000000000000 0O00O0O0OO BigSimulator O
oooooO0O000O0O0O0O0O0000000000D0o00ooooooooooooo
0000000000000 0000000O0o0oo0oO0o0o0oO0OOO BigSimulator
O00o0o0oo0oo0ooo0oooooOo0oooOooo0oooooooooooog
O00o0o0ooo00oo0o0ooU0OoOooOo0oOoU0Oo0DooOoooOoOoooooOooooo
000000000000 o0o0o0ooO0oo0oo0oooO0o0ooUoooDooooO
00000000000 00OMFSOOODO BigSimulator 00000000000 O0OOO
MFS O BigSimulator 0000000000000 O0OOO 1000000000

53 000OO0O0OOOOOOOO

0000000000000 00O0O0O0OU 200000000000 O0O0OOODOO
0000O0OMFSOOOODOO 70000000 BigSimulator 000000 0O000OO0
O0O00O0OMFSOO0OOOO BigSimulator 00 1/1270 Nnode = 225000 0 1/337
ONnode=2560000000 1/188000000000000MFSO00O0O0O0OOO
O00000000BigSimulator 0000000000000 00O000O000O0O0OO
O000ooo0o0oooo0ooooooooo

BigSimulator 00 0000000000000 00000000O0O0OOMFSOOO
000 Nnode=225000000000000Nnode=256000000000000
O000O0OO0ONnode=256000000000000000000000000000O0O
Pairewise 000 000000000000 O00O0OO0OOOO0OOO0OOOO0OOOOOO
00000000 Simple-Spread 0000000000000 O0OO0O0OOOOOOOOODO
O00000000BigSimulator 00 000000000000 O0OOOOOOOOOO
O00ooO0o00o0o0o0oooooooo0oooUooooOoooMEFSOOOOOOO
O0000o0o0o0oo0o0oOo0ooOo0oOo0booOO0oooOoooOOoooOoooooooot
OStep70000000000O0OO0OO mt; 000000000000 10000000

000000000 00oD0ooDOoooooog Vol 3 No.2 76-87 (June 2010)

0 2 MFS O BigSimulatorO07 000000000000000D000O0OODO
Table 2 MFS vs. BigSimulator (7 CPU core) for simulation run time.

Nnode | MFS [s] | BigSimulator (7 CPU core) [s]
100 0.06 11.79
121 0.09 16.25
144 0.14 23.10
169 0.19 31.48
196 0.31 42.43
225 0.44 56.17
256 0.20 67.27

At00Omt; 0000000000000 0O0O000O00O00O0O0O0OOOOO0OOOOO
gooooooooooooooboOoObo0ooOobOoOoUOoooooooMFSOOOOO
gooooboooooooooooooooboooooooboooooooooooDoooOoo
ooboooooooooboo

6. DO0ODOOO0OOOOODOOOOOO

6.1 0000

MFSOOOOOOOOOOOOOOOQOOOOOOOOO0OOO0DOOOoDOoOoooDO
0000000000000 00000MFS O BigSimulator 000 0000000O0O0O
goooboboobooooogooobbbooboobbbooooooobobobbooobbboo
BigSimulator 0 0 0000000000000 OO 5.1 000000000000000
gobooooobooooooooooooooo

6.2 0DO00O0OOOOOO0OO0

0000000000 00000A2ASSOA2ASS2DOA2APWOO0O0OOOOOODO
O000000000000000000000004x40 200 TorusOOOOOOO
gooboobooooobobocooooboobooooloboooooboboooooooOoooobooo
goboobooooo sbO0obooboboooooboooobOoOobOOoObOOoObOOODO
gooo

A2ASSO0000OD0 sre00 pO00O0OD0D0OOOOOOOODODOOOOO destO

dest = (src + p)%n® (1)

0000000000000 00000000000 < sreddest<n?01<p<n®00
O00000%000000000000000Simple-Spread 000000000000 5

(© 2010 Information Processing Society of Japan



g8 UUO0O000O00O0O0OO0OO00OO0O0OOOOOOOOOO0O0n0n

X

node 0 node 1 node 2 node 3

19 DR WL OWO®

node 4 node 5 node 6 node 7

1OOWOO OOWO® @O0 ©®

node 8 node 9 node 10 node 11

OO ©6®WW

node 12 node 13 node 14 node 15

VDOVW OBV OBV

A2ASS A2ASS2D A2APW
0 5 A2ASSOA2ASS2DOA2APW 0000000000000 nN =40src= 10
Fig.5 Sending order for A2ASS, A2ASS2D and A2APW All-to-all communication algorithms in
case of n =4, src = 1.

obdbdn=40sre=10000000000000000000D0ODO pObODOO
gbobobobooboboolooobobtbe-000obo20000000000O0O0OO
gboooooboobb.-.0000000000DO0O0D 10000 DOoDbDOobObOODUuDbO
ooooooooooogoooooobobobooboboobobobobooo
A2ASS2Db 000000000 destO
dest = {(src%n + p%n)%n} + {(|sre/n| + |p/n])%n} x n (2)

000000000000000000A2ASS2D O00Simple-Spread 00 20000000
00000 Simple-Spread 0000000000 0O0ODOODO O Simple-Spread 0 0 Torus
OMeshOODOODODOODODODODOODODODOO 5000000000000

ggd
A2APWOOOO0ODOOO destd
dest = (src® p) 3)

OooooooobooOoObObeO0O0O0O0O0OD0DOOOOOOODOODOOPairwised1000
gooobooobostooobobooouoooobooooobooocoooobooooboonoa
gobooodooobooooooooooooooobooO0oooobooOoboOobOoooooDooo
gooooooboooooobooboodooo 200000ooooooooboboboOoooooo

6.3 0000

0 60 MFSO BigSimulator 000 0000000000000 O0O00O0O0O0OOOOO
000000000000 00000000000A2ASSOA2ASS2DOA2APW OO0
0000000000000 000000000000000000000000A2ASS
gboboooooboooooboooobooobooooooboobooboboobOooooDbo
O0A2ASSO00000C00OO00COO00OO0OO0OOO00OCOO0OOOOOOOOO

000000000 00oD0ooDOoooooog Vol 3 No.2 76-87 (June 2010)

45

MFS KXXX
BigSimulator #5573

40 H

35 -

30 -

25 -

20 -

Virtual communication time [ms]

A2ASS A2ASS2D A2APW
06 0O0OD0O0O00O0O0O0O0O0O0OOO0OO

Fig.6 Comparison of performences of communication algorithms for All-to-all.
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