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System Software Stack
for the Next Generation High-Performance Computers

YUuTaKA IsHIKAWAL2  ATsusHl HORI? GEROFI BALAzs! MASAMICHI TAKAGI® AKIO SHIMADAZ
MASAAKI SHIMIZU?  YUJI SAEKI? TOMOKI SHIRASAWA® Gou NAKAMURA®  SHINJI SUMIMOTO?
TOMOHITO OTAWA”

Abstract: A system software stack, consisting of OS kernel, a low-level communication library, an MPI
library, and file I/O library with a hierarchical storage system, have been designed and implemented for two
types of clusters, one is a PC cluster whose compute node consists of a PC server with manycore CPUs and
another is a manycore-based cluster. In this paper, after a machine environment, being considered, and its
challenges to provide a highly efficient and scalable system are described, the current research achievements

are reported.
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Table 1 Specifications of Assumed Hardware Environment and

K Computer
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oo 640 8
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gooooo 4010 PB 1.26 PB
ooooo 2400 400 PFlops 10.62PF
oooooooooo 100 20GB/sec 5GB/sec
oooo 6-D Mesh/Torus, | 6-D Mesh/Torus

or Dragonfly, or ...

File System 0O 0O 1EB 11PB0O (local)
30PBUO (global)

000000000O0http://www.aics.riken.jp/jp/k/system.html

1: for (day = 1; day < 365%10; day++) {

2 100000

3: 100001 00 10TBOODOOO 1o000DOOODOO
4: }

01 cocopnopopoopooooono
Fig. 1 File Access Pattern in COCO

coboooooooocoobooooooOoocoobooooo
oooo
uobooooboooooooOooboobooooooono
coooooooSOooboboOoooooooooooono
coooocooooocooooooooOoboooobooooo
cooobooooooooooooooOoobocooobooooo
coooOoooooooboooboooo

2. 0DOOobDoOOooo

20180 0000000000000 0000DOO0O0O0
colb0o0ooooooooooooOoooooooboOooo
cooooooooooboooo

2.1 00000

0000000000L1O L20 L3ooooooooo
oSO0oo00oooooooooooooooooooo
ooo GpUOOODOOOOOOOOOOOODODOOO
cobooboooooocoobooooooboOooobooooo
coooocoooood

22 000OOO0OO0O0OOOOO
uoboooooooooobooOooobooOobocoooooono
cooboooooooooboooooooOoobooboOooo
cooooooooooobooOoooOoocOoobooooo
cooooooooocoobooOooooOoboooobooooo
cooooooooocoobooooooOoboooobooooo
cooooooooocooboooooooooboOooo
cooooooooocoobooooooOoboooobooooo

© 2013 Information Processing Society of Japan

Vol.2013-ARC-205 No.3
Vol.2013-0S-125 No.3
2013/4/25

gbooooooooooooboooooobobooon
gobooooobooooooboooooooooboooo
gobooooobooooooboooooooooboooo
ooboboooomoooooooooooooooooo
gobooooobooooooboooooooooboooo
gooobooboooooboobooooooobon
goooooobooooooocoooooooobooooo
gooboooilooooboooooboocoooooooo
gooooooboooooboooooooooboooo
goo
goboooodooboooooooOoobooooooa
oobooooooooooboocoooooooboooo
0O cocopjiouoooococoonnooooooon
goobooooooooooboocoooooooboooo
gobooooobooooooocooooooooboooo
loooooooooocoooooooooooooooo
00 40,000 x 40,000 x 1,0000001 000000000
Oo0oo0o0ooooooOoococOoOoloTBOOOOO1000
oooooloTBOOOOOOODOODOOOOOOO
gooloooooooooboobolooooooooo
O00O0OO0OO0OO0OO0OO0O0ooooooosesPBOOOO

3. 0000

3.1 00O

3.1.1 0O00OODOODOODOO
gooooobobobooobooboboboooogo
ooooooOobOOoOooooooooo TLBOOOOO
gobogbobOwayUMoooogoobOoobooooDoo
0000000000000 DOIntel 0 Xeon Phild Knights
Corner00 L1000 L200000000O00O0OO 32KB,
512 KBO O OOODOOXeon E5-2670 (Sandy-bridge) O
L1,L2,L3000000000000 256KBO2MBO20MB
ggoboooooooooobbbobooogoooboo
oo0O0 TLBOOODODOOOOOOODOOOOOOOOO
gbobooooobobobooooooboboobooo
gogoobobbboooooboooooooooboo
TLBOOOOOOOOOOOOOOODODODODO
000000000000 00O0OU00ODO0O0ONUMALD
oo cCcePUOOO0OUOOODODODDOOOOUOOOODDODOO
goood

3.1.2 0OOOODO
goooooboobobooooobooboboooogon
goooboobbbooooooooobbooooboboo
oStoo0UoUopoooooUOUOoooooUoUOooDoooOod
gboboooooboobobooooooboboobooo
gooobooo

3.1.3 0DO0OOOODOO
gbooooooobobooooboobobobooboon



gogoooooood
IPSJ SIG Technical Report

0000o0o000oo0oooooOoooooooooo
0000o0o000oo0o0oooooooooooooo
O0oU0Ooooooooooooooooo 1/o000O
O00000O000oooO0o0ooOooooooooooo
o0ooooooooo
LnxO0OOOD RCUOOOOOOOOODOOOOOO
0000o0o000oo0o0ooooooooooooo
0000o0o000oo0o0oooooooooooooo
O000oO0o0ooU00ooooUooooooooooooo
0000000000o0o00ooOooooooooooo
0000000000oo00oUoooooooooooo
O00000000000000 SPMD (Single Program
Multiple Data) 00 0000000000000 OOOO
00000000000O00ooooooooooooo
OoO00oOoo3l110000o0oooooogooooo
00000o0000oo0ooooooooooooooo
ooooo
3.1.4 0OSOOO
0000oo0o00o0ooO0oooooOooooooooo
0000o0o000oo0oooooOoooooooooo
[yo0o00o0o0o0ooU0o0ooUooooUooo
00000o0O000ooo0o0ooooooooooooo
O000ooooooooo osgooooooooooo
OO0O0ooo ceUOOOOUODOOODOOOODOO OS
OooOopDooOoosoooooopooosocooooo
O0000ooooooooooooospMbDOOOOOO
O000000o0o0o0oUoooooooooooooogos
0000000 U00oO0oooUooooooooooooo
OO00O0ooooooooo osooooooooopoooo
O BooSooooooooooosouooooooon
3.1.5 JOO0O0O0O0OOOOOOO
HPCOOOOOOOOOOOOOOOOOOO MPIO
OU0000000O00oOoU0Ood OpenMPOOODOOOO
MPI+OpenMP 0000 O0O0OOOOOCOOOODOO
O00O00O0OPGASOOO 400DoO0ooOoooon
O00000D0DO0O000000oOoOoooPGASOOOO
0000o0o0ooOoooooooooooooooooo
00000o0o0O0o0ooo0ooooooooooog
PGASOODOOOOOOUOUOUOOOOOOOODODOO
0000o00o00oooo0oooooooooooooon
00000o0o00oooo0ooooooooooooooo
OOopPGASOODOOOOOOOODOOOOOOOOOLOO
0000000000ooO00ooooOooooooooon
O00oooooooooo

3.2 0000

ubooooooooooOooobooobooooooo
cooobooooooooboooOoooooobooooo

© 2013 Information Processing Society of Japan

| Real-Time/Big-data Visualization |

Math. Libraries
Tuning and Debugging Tools

Vol.2013-ARC-205 No.3
Vol.2013-0S-125 No.3
2013/4/25

Batch Job System
Hierarchical File System
Parallel File System

Programming Languages/Models

Communication|Parallel Process

Hierarchical Parallel File I/0

Memory
Management

MPI, ... Spawn Power

Management

Process/Thread

Low Level C

Hetero Operating System: Linux and light-weight micro kernel (McKernel)

Commodity Machine, Vendor-Proprietary Machines

Fabric
With
manycore

Infiniband Tofu

RoCE ‘ BGQ

Energy Consumption Model
Energy Control Model

02 0000DbO0obOOobooboooo
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Fig. 3 Examples of Kernel Organizations
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Fig. 4 Implementation on Xeon Phi (1)
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01: for (i = 0; i < N; i++)

02: MPI_Recv_init(rbuf[i]l, ..., &reqlil);
03: for (I = 0; i < N; i++)

04: MPI_Send_init(sbuf[il, ..., &req[i+N]);
05: do {

06: /* Computation */

07: MPI_Startall(N*2, req);

08: /* Computation */

09: MPI_Waitall(N*2, req, stat);

10: / kxxx /

11: } while (...);

07 0000000

Fig. 7 An Example of Persistent Communication
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