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Fig. 1 the butterfly algorithm of allreduce
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Fig. 2 In case of the proposed method, the data flow which P1

receive data from P2 in third data exchange
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Fig. 3 In the second data exchange, P1 has not received the
data P3 send because of the jitter
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Fig. 4 In case of proposed method, the data the P2 send ar-
rived at P1 faster than that of P3
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Table 1 symbols and the meanings used for the exploratory

evaluation of the simulation

oo oo oo

«a oooooooooooog 0

B oooooooooo 0

¥ goooooo g

P gooooo -
N gooooo ooo

period gooooooDo O
duration oooooo 0
TcommO =a + SNO oooo 0
T oooooooooog -

4.1 OOOO0OO0OO0OO0OOO0DOO0
4.1.1 00000
uboboooooooooooboooooobo 100
0.000,0000000000000 1pudsecd, OO
ooooO0O0000 10GBO,00000000 100GBO
coooooooooooboooboo. oo,0000000
coooooobooobooooooo,bcoboooobooo
cooooooooono.
4.1.2 000000000
ooooOo,411000000000000O00000,
coooooobooobooooooo,bcoboooobooo
00000 allreduce 0O0O0O0O0DO0OO0. OOO0OO0OOO
000000000000, 00000002X0000
0000,0000000g2¥=K0O0000,000
ooooooooooobooooobooobooooa.
A. O0OO0OOOOO1000KODOOOODOO
coooooobooooooooobo,0o0oo00,00
oog.
e JO0OOOOOOOOOO

a+ 8 x N + Network-noise (1)
e JODOUODODOOLOODO
v x N 4+ 0S-jitter (2)

00, Network-noise 0 00 OS-jitter 0000000
0000000000000 o,0000oooon
00000000000ooooo,00ooooo
000000000000o0o0oooooooooon.
O000ooooooooo.

B. 0000000 K+1OOOOOO
00000000 TO,00000000000000
000000000. 0000000000000,
000000 0o0ooooooooooooO,K+1
000000O00oo0o0ooooooooooToO
o0o000000,0000000000O0OoOooO
O000oU0U00.0ooooooooooUoOoD. KOO

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.19

Vol.2012-HPC-137 No.19

2012/12/14

J0000o0o0O00o0o0o0oo0oooooooooooon

00000,000000000000000000

0000Ooo.0o0oo,08S00000000000

00000,000000000000000000
00.0000001000000004d.

000000 TOODOO0O,00000000.0000

000 P=20000,000000 log2X =K OO

0. 0000000000000000000 30000

000000000000000. 0000000, 000

0TO100KOOOOODOOOOOODOOOOOOo

0.00,00000000000,0000000000

00000,00000000000000000000

00000O0OoO0OO0.00000000000000100

Network-noise U OO O200 0S-jitterd 00 DODO.

4.1.3 0OOOOOO

00000000,0000020000,000000

000000000000000,0000000000

00000. 000000000000000, 0800

000000000000000,0000000000

000o0oo0ooo0oo0oo0oo0o0o000o0ooooo.

A. D000000000O0O0O0O0O0O0O00000
00000000 00000o0o00oooooo. 0o
0,0S000000000000000000000
000000000, 00000000000000
gooooooooog.

B. 0000000000000
0000O0O00Od period0000,0000000
0000000000000 1/period 000000
goooooooooo.

4.2 0000
A. 00,0000000000000 (Tcomm/period)
oooooooooooooboooooob,booooo
Oo,00bocoboooo0oooobooobocobooooo
ooooocoboOooobooooboOo. oooocoboo
1.0e-3(0), 0000000 1.0e5(0)0000000
0,00000000 5, 000000000 60,0
cbOooooooOoobocbooocoboooobobOoooono
O 7000.00,0000000000000O00
oooooocooooooo,b0oob0cobooooa
ooooooooog.
Os00,00000000000O0000000
ooooocoooooboo. boo,000000
coooOooobooooooOooOooboOoooooa
oo0o0. ooo,0b00b00b00oo0oocoocoooono
ocoobOoooocOooboobooooobocooooog,
ooooooooooooboooo,ob0o0oo0a
ooboobOooooooocoboooooooo. o



goooboooooo
IPSJ SIG Technical Report

log P

01 1 10

log ( Tcomm / duration )

05 O0OO0OO0O0OO

00o0o0o0ooO0ooDO0ooO0oU0OoUOO0/oOo00oUoUDOD
ogooooog
0 period=1.0e-3, duration=1.0e-50

Fig. 5 the influence of the jitter

[ the computation time of the butterfly algorithm with
jitterO /O the computation time of the butterfly algo-
rithm with jitterd

0 period=1.0e-3, duration=1.0e-500

log P

01 1 10

log ( Tcomm / duration )

06 ODO0OODOODODOOODOOODO
000o0oooo0o0o0oo/o0000000o0o00n
O period=1.0e-3, duration=1.0e-500

Fig. 6 the effectiveness of the proposed algorithm compared to

the butterfly algorithm.

O the computation time of the proposed algorithmO /
0 the computation time of the proposed algorithm[]

O period=1.0e-3, duration=1.0e-50

o000 [ojoooooooooo.
OebOooo,000bO0O0bOb0cOOOOOOgn
cooo,00000000000.00,00000
cobOooocobooooobooco,00000000
coooo.0o0000000 sboco0uooobooa.
cobOoo,0o00b00obcoboocoo0ooocoono

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.19
Vol.2012-HPC-137 No.19
2012/12/14

log P

01 1 10

log ( Tcomm / duration )

07 00000000000O0O0,000C0C00C0O00O0O0O0O0AO0

O
O period=1.0e-3, duration=1.0e-500

ig. 7 the numbers of times of redundant data sending when

the computation time is shortestO
0 period=1.0e-3, duration=1.0e-50

oooooooon.

OooO0 rooooooO0oooooOoooooao
oobooo0o0o0o0oO0O0o0o0o00,00000000
Oo0o0ooo0o0ooo00oooo0ooon.
0000000000000 (Tecomm/period) OO
oooooooooooO0ooO0o,bo00o000, 0
Oo0ooo0oo00oo0o0oO0o0oo0oooO0oOoo0oo0oon
oo0o0oO0o0ooooo0oO00. ooo0000000n
000000 a0 1.0e-7(0)00,000000000
010e-20,0000000 10e-40000. 000
oo,00000000000 8, 00000000
010,000000000000000C0O000 110
oo.

OsO0O,00000000000000B0O0OA0
O00000.000 80200000 1002000
oooo,0001005000000008000O0 9
000.z000s5000000000000.0 50
ooooo0O,00000000000000000
ooooooooOoOoOO0O00,00000000Q0A0O
oo0oO0bobOO000ooO00o0o0000o0oo000n
oooo. 000000, oo00000000000
Oo00boO0O0000O0000O0000000000
Oo00,00000000000000000,000
Oo0oO0boO0O0000O00000000000000
0.05,0800000000,080000000O
oo0o0oO0o0ooooO. 0000000000000
lo001000000000C0O0000 100000
O000000000oo0o0. 000 O Teomm/durationd
boooo1000000O00,0000000000.



Vol.2012-ARC-202 No.19

booooooooo Vol.2012-HPC-137 No.19
IPSJ SIG Technical Report 2012/12/14

120 20

100

log P
log P

0 L 0 0 L 0

0001 oot 0.1 1 10 0001 oo1 01 1 10

log ( Tcomm / duration ) log ( Tcomm / duration )

08 00OO0OOO0O0ZOOOO [0,120]0 010 J0Oo0oo0ooooobooboooo
00o0o0o0ooO0ooDO0ooO0oU0OoUOO0/oOo00oUoUDOD 0o0o0oo0ooooo/oouooooooooo
goooooo O period=1.0e-2, duration=1.0e-40
0 period=1.0e-2, duration=1.0e-400

Fig. 8 the influence of the jitterd the z range [0,120]0

Fig. 10 the effectiveness of the proposed algorithm compared
to the butterfly algorithm.

[ the computation time of the butterfly algorithm with O the computation time of the proposed algorithm0 /

jitterO /O the computation time of the butterfly algo-

rithm with jitterQd

0 period=1.0e-2, duration=1.0e-40

0 the computation time of the proposed algorithm[]
O period=1.0e-2, duration=1.0e-40

log P
log P

0 L 0

o L 1 0001 001 0.1 1 10

0001 0.0t 0.1 1 10 log { Tcomm / duration )

log ( Tcomm / duration )

011 0000000000000, 0000bD000b0O0DDbOOoO
od
O period=1.0e-2, duration=1.0e-40

Fig. 11 the numbers of times of redundant data sending when

09 000000O0ZOO00O0 (1,50
000o0o0o00oo0oooo0ooo0oo/oooooooooo
ogooooog
0 period=1.0e-2, duration=1.0e-40]

Fig. 9 the influence of the jitterd z range [1,5]0

the computation time is shortestO

0 period=1.0e-2, duration=1.0e-40]
[ the computation time of the butterfly algorithm with

jitterO /O the computation time of the butterfly algo-
rithm with jitterQd
0 period=1.0e-2, duration=1.0e-40

ooboobooooo.0oeb00O,00D00000O00
ooooobo,0ob0oo0oocoobocooooob. oobo
000 2200000,0000000000000
0ot i1oobooooo,0cooooobooooa
0. 0000000002002 000,000
oooooocoooooiooonoil1boooooooa
ooooooooobooooobO.ooocoooooa,

coooo,boocooooooboocoo,oboooa
cooooooioob1000000,000000
coooocooooocooobocooboooOooooboo
cooooooooog.

O 10000,000000000C0C000000
cobOooo,bo0ob0oobcoboocoo0ooooonoo

© 2012 Information Processing Society of Japan

(Tcomm/duration)=1.0e-2000000,00000
oooooocoboOooobob 12000. 0000



gogoooooood
IPSJ SIG Technical Report

log (computation time) (sec)

0

0001

" tradinal method ———
proposed method ——

0.0001 F

Te-005 |

1e-006 G

1e-007

log P

12 OOOOOoOoooooooooooooooooo

0 Tcomm/duration=1.0e-2,
duration=1.0e-50

period=1.0e-3,

Fig. 12 the computationtime of the traditional method and

the shortest computation time of the proposed

method
0 Tcomm/duration=1.0e-2,
duration=1.0e-50

period=1.0e-3,

000270024 0000,00000000000
0000000000000,0000000 240
Jo000000o0oooOoOoooooooooooon
0000,0 10000000000 200 2%, 0
00000000000 10000 100000000
000000000000000o0o00. oooo,
2500000000 D00000,000000on
Jo00o0o00o0oo0oooO0oooooooooooon
0.0 1000 6000000,0000000000
000000000 100000000000000
0,0000000000000000000000.

gboooobgobooboobo 11goooo
g,00booboobogoooboo,0oboobooooboog
gobooooobog,boobgooooboobooodg
gbooooooooooo.
gobooobooooboboobooobooooobg,
a=1.0e-6(0)000. D000O0DOOOODODOOO
O (duration/period) 00 ODO00O0O0O0O0O0OOOO
gooOo,00bbogoo,boob0oobooooboog
gboooooooboboooooobobooog
oob0.0o0gooob lee-3000obooooon,
gooooooob 13,000000b000 15,00
gboooooooboboooooobobooog
oooob0o 1e000.00,0000000 1.0e-2
gbooboobooo,booboobono 17,00
goooooo 19, 000b0b00bogobooobog

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.19
Vol.2012-HPC-137 No.19
2012/12/14

log P

0.0001 0.001 001 01
log ( duration / period )

0 13 0000000zZOo0o0oo [1,12)0

0000oooo0o0oooooooo/oooooooooo
ogooooog
0 period=1.0e-3, N=80

Fig. 13 the influence of the jitter z range [1,12]0

O the computation time of the butterfly algorithm with
jitterd /0 the computation time of the butterfly algo-
rithm with jitter(d

O period=1.0e-3, N=80

log P

0.0001 0.001 001 01
log ( duration / period )

014 0000000ZOOOO [1,3]0

0000o0oo0o0o0ooooo0o0ooo/Ooooooooooo
ooooooo
O period=1.0e-3, N=80

Fig. 14 the influence of the jitterd z range [1,3]0

0 the computation time of the butterfly algorithm with
jitterd /0 the computation time of the butterfly algo-
rithm with jitterO

O period=1.0e-3, N=8)

oooooocobOoooobooooo 20000, 0
Oo,0000o0oocosgouobooooooon.

0 13,0 170,000000000000000A4,
oobooooobooooooOooOooboOoOoooooo
oobOO0.000zO00O0O0O0OOOOOOOOOOO



Vol.2012-ARC-202 No.19
booooooooo Vol.2012-HPC-137 No.19
IPSJ SIG Technical Report

2012/12/14
20 1 0 80
13 ER 13 70
18 - 08 18 @
14 14
o7
12 12 50
o 06 o
o 10 o 10 a0
2 03 k=]
8 3 10
] 04 ]
4 4 03 4 20
2 4 02 2 10
1] L 01 0 1 1 o
0.0001 0001 o001 01 0.0001 o001 001 01
log ( duration / period ) log ( duration / period )
015 00ooooooooooboobo 0 17 0000O000ZO0O00 [0,80]0
Joo0oooooUooo/o0oouooooooo
0 period=1.0e-3, N=80 0000o0oo0o0o0ooooo0o0ooo/Ooooooooooo
Fig. 15 the effectiveness of the proposed algorithm compared ooooooo
to the butterfly algorithm. 0 period=1.0e-2, N=80
0 the computation time of the proposed algorithm0O / Fig. 17 the influence of the jitterO z range [0,80]0
0 the computation time of the proposed algorithm[ O the computation time of the butterfly algorithm with
0 period=1.0e-3, N=8[1 jitterd /0 the computation time of the butterfly algo-
rithm with jitterQd
0 period=1.0e-2, N=80
20 18
18 14
16 20 5
12
14 18 a5
12 10 16
o 4
o 10 H 14
T s p 12 33
6 %, 10 3
4 k=]
4 g 15
2 2 6
1] L o 4 ;
00001 0001 001 01 3 15
log ( duration / period ) 0 \ \ |
0.0001 0.001 001 01
log { duration / period )
016 0J00O0O0OQOOUOOOOODO,00C0OCO00UO0ODODOOO
O
0 period=1.0e-3, N=80 0 18 0O000OOOO0ZOOODO 1,50
Fig. 16 the numbers of times of redundant data sending when oooooooooooooooog/ooooooooog
the computation time is shortestd gooooon
O period=1.0e-3, N=80 O period=1.0e-2, N=80
Fig. 18 the influence of the jitterd z range [1,5]0
O0000.0 130000.200000 100 30 0 the computation time of the butterfly algorithm with
M b
jitterd /0O th tation ti f the butterfly algo-
0000000000 14000.00,0 17000 jitterD /U the computation time of the butterfly algo
rithm with jitterD
O,zO0OOODO 100 00000 ooooOO 18 0 period=1.0e-2, N=8]
0o00. zO0O0OODOUOOOooOOOoOoooooooa
0.0 13,017, 0 14,0 1800,0000000 oo, 0o0ooooooooo.ooo,o0o0o0o00a
dooooobo oo 1oooooooooooa ogooooooo oo 1ooboooo,000a
gooodoooo,1o0b0100o0o0o0o0oooa DDDDD27DD214DDD,DDDDDDDDDD
ddodooooooooad. ooo. o 210d (duration/period):O‘OIDDI:IDD
oo0o 15,0 1900, 000000000000 O, 0000000o0bboo0ooooooooooa

© 2012 Information Processing Society of Japan 8



gogoooooood
IPSJ SIG Technical Report

log P

0001 0001 001 01
log ( duration / period )

019 00000OO0OO0OOOOOOOO0O
Joo0oooooUooo/o0oouooooooo
O period=1.0e-2, N=80
Fig. 19 the effectiveness of the proposed algorithm compared
to the butterfly algorithm.
O the computation time of the proposed algorithm0 /
0 the computation time of the proposed algorithm[
0 period=1.0e-2, N=80

log P

0001 0001 001 0.1
log ( duration / period )

020 DOo0oboOoobOoooobDOo,o0oboboboobobooo
O
0 period=1.0e-2, N=80
Fig. 20 the numbers of times of redundant data sending when
the computation time is shortest
0 period=1.0e-2, N=80

00000.0000000 2700 2% 0000, 0
0000000000 00000000ooooo,
goooooo ¥ 0000000ooooooon
000000000000. 0000,0 19000
000000200 2%, 000000000000
10000 10000000000000000000
goooooo.

016 02000,0000000000000T
00000000,000000000000,000

© 2012 Information Processing Society of Japan

Vol.2012-ARC-202 No.19
Vol.2012-HPC-137 No.19
2012/12/14

0o

traditional method ———
proposed method ——

0.001 |

00001 |

log (computation time) (sec)

1e-005 |

16-006 ‘ s - - s ‘ s ‘ ‘
0 2 4 6 8 10 12 14 16 18 20
log P

021 0O000000O000O0O0OO0OO0OOOOOOOOOO
0 duration/period=1.0e-2,
duration=1.0e-5, N=80
Fig. 21 the computationtime of the traditional method and

period=1.0e-3,

the shortest computation time of the proposed
method

O duration/period=1.0e-2,
duration=1.0e-5, N=80

period=1.0e-3,

oooooocoooOoocobooo,0b0c0b0o0oo0a
cobooooooOoooobooobooooooon.

5. OO0

oSO000opDoooooooDooOoooooo,ooono
00oDo0oooooooooooooooooog. O
o0o0DooOo,000000o00ooDooooooon
o0oo0DoOo,000000o00oooooooooon
O0o0ooooD. 0ooooooo, 0000000000
000 allreduce 0000000 O00DOO. 0OO0OO,00
o0o000o0oooDoooooooo,0Dooo000
oo0o00,00000000000000D0O00oO0O00n
00o0oooooooo0oO00.0ogooooooo,o
00 allreduce 00000000 allreduce 0000000
O00. 0000, 00000000000000D000
o0o00oooooDooo,000o0oooooon
00,000000000000000D00000D0O0O
o0o000ooDo0oD,0D0000000D0O0oOoon
o000O.00,0000000000D00D 1000 10
0b000O0DbOoO00 10ooobooboo,0obog
O0Do00ooOoooO0. 0ooooooooooooon
o0o0Do0oooooooUooooooo,0oooo
o0o0DOo,000000oooooooooooon
o0ooDooooooooooOo,opo0oooooo
oooo.



gogoooooood
IPSJ SIG Technical Report

6. Ubooond

ooooDo0,000 allreduce 00000000000
goob,bboooobbboooobbboooooon
gooboobobbooo.obbuooobboooob
goobobbooooboboboooobobob,oooooon
goodoooooooooooobooboobo.oobo,bbbob
goooboobbboo,gobbbbbooooooobooo
gooboobbooobboob.obboo 2000
ggooooooooooooooboobbbbbbb,
gobooboobboooboobuooboobboob
g,0ogoobooboooboobog.

00 0OO0O0O0O0OOoOoJSTCRESTOOOOOOOOO
gogoooobbboboooooooobobobm™obooo
goboobooboobbooobooboobboob
goboooboboobooboooobd

gooo

[1]  Akkan, H et al.: Stepping towards noiseless Linux en-
vironment, Proceedings of the 2nd International Work-
shop on Runtime and Operating Systems for Supercom-
puters, pp. 7:1-7:7, (2012).

[2] Beckman, P. et al.: The Influence of Operating Systems
on the Performance of Collective Operations at Extreme
Scale, 2006 IEEE International Conference on Cluster
Computing, Vol. 0, pp. 1-12 (2006).

[3] De and Pradipta.: Identifying sources of Operating Sys-
tem Jitter through fine-grained kernel instrumentation,
Proceedings of the 2007 IEEE International Conference
on Cluster Computing, pp. 331-340, (2007).

[4]  Ferreira and Kurt B. et al.: Characterizing application
sensitivity to OS interference using kernel-level noise in-
jection, Proceedings of the 2008 ACM/IEEE conference
on Supercomputing, pp. 19:1-19:12, (2008).

[6] Agarwal, S. et al.: The impact of noise on the scal-
ing of collectives: a theoretical approach, Proceedings of
the 12th international conference on High Performance
Computing, pp. 280-289, (2005).

[6] Hoefler, T. et al.: The impact of network noise at
large-scale communication performance, Proceedings of
the 2009 IEEE International Symposium on Parallel €
Distributed Processing, pp. 1-8, (2009).

[7]  Hoefler, T. et al.: Characterizing the Influence of Sys-
tem Noise on Large-Scale Applications by Simulation,
Proceedings of the 2010 ACM/IEEEFE International Con-
ference for High Performance Computing, Networking,
Storage and Analysis, pp. 1-11, (2010).

[8] Kale and Vivek.: Load balancing for regular meshes on
SMPs with MPI, Proceedings of the 17th European MPI
users’ group meeting conference on Recent advances in
the message passing interface, pp. 229-238, (2010).

[9] Morari and Alessandro.: A Quantitative Analysis of OS
Noise, Proceedings of the 2011 IEEE International Par-
allel & Distributed Processing Symposium, pp. 852-863,
(2011).

[10] Petrini, F. et al.: The Case of the Missing Supercom-
puter Performance: Achieving Optimal Performance on
the 8,192 Processors of ASCI Q, Extreme scale comput-

© 2012 Information Processing Society of Japan

[11]

[12]

[13]

Vol.2012-ARC-202 No.19
Vol.2012-HPC-137 No.19
2012/12/14

ing: Modeling the impact of system moise in multicore
clustered systems, pp. 55—, (2003).

Seelam, S. et al.: Extreme scale computing: Modeling
the impact of system noise in multicore clustered sys-
tems, IEEFE International Parallel € Distributed Pro-
cessing (IPDPS), pp. 1-12, (2010).

Tsafrir and Dan et al.: System noise, OS clock ticks,
and fine-grained parallel applications, Proceedings of the
19th annual international conference on Supercomput-
ing, pp. 303-312, (2005).

Gengbin Z. et al.: Simulating Large Scale Parallel Ap-
plications using Statistical Models for Sequential Execu-
tion Blocks, Proceedings of the 16th International Con-
ference on Parallel and Distributed Systems (ICPADS
2010), pp. 10-15, (2010).

10



