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Assuming post peta FLOPS supercomputer, it is thought that number of process will reach to 10-100 million and it seems to be
difficult to increase the system memory with increase of the calculation performance. A message passing interface (MPI) is
widely used for the supercomputer systems as a communication library. It is one of the key issues that the memory usage of
communication library, which is proportional to the number of process, suppresses the system memory. Therefore, we have been
studying to solve this issue as a project of JST-CREST. When accomplishment of research, it is necessary to measure quantitative
memory usage of the communication library repeatedly. Additionally, it will be helpful to analyze the memory usage of each
function for efficient development in the MPI library because it is large and complicated. Here, we have proposed and developed
the memory usage measurement and analysis tool which called DMATP-MPI: Dynamic Memory Allocation Tracing Profiler for
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which measures classification memory usage.
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# 1 malloc SRBEEEE D% DR A > 2 25 & AR
LTI
Table 1 Function pointer variable for alternation of malloc

family functions and those types and arguments.

Func. pointer malloc_usable_size (B)

void * malloc_hook void *function(size t size, const

void *caller)

void * memalign_hook void *function(size t alignment,
size_t size, const void *caller)

void * realloc_hook void *function(void *ptr, size t

size, const void *caller)

void function(void *ptr, const void

*caller)

void __ free hook
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Figure 2 Flow chart of alternative malloc family functions.
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# 2 malloc BT 5 % 72514 size & malloc_usable_size
DY EDEIR

Table 2 Relationship between given argument: size of malloc

and returned value of malloc usable_size.

malloc(size) (B) malloc_usable size (B)
1 ~ 24 24

25 ~ 40 40

41 ~ 33,656,792 (16 step) 16 step

33,656,793 ~ 33,660,888 33,660,912
33,660,889 ~ 33,664,984 33,665,008
33,664,985 ~ (4, 096 step) 4,096 step

HITEBRBE: CentOS 6.0, Kernel 2.6.32-71.29.1.¢16.x86_64

TIEERAREI D Y TH A X324 B, LAEKFES A X (size =
33,656,792 B) £ TIZ 16 B AT v 7 THIML, FNLIEIE
4,096 B AL THIMNT 2R |V Th o 7. FeE A XI3E)
B A E Y OEAPRILREREEIC L > THRRD.
“malloc_usable_size” B DRV HAZ BRI AE U EID 24T
BEOEFHIHWD Z L1, free < realloc (& & > TEEICHESR
SN AEVHERELDS ETHLEANBEV. #1213 void
free(void *pro)BA%IC L W B S N D A B VEH &I, *prr
% 5402 “malloc_usable size”Z MU $Z & TR FICHES
ZEMNTED. “malloc_usable size” % V2R W EEE T,
malloc D A E VEEHBE TRV Y ToNIZAEY T N
A LB B CHEREET—TNE LTRIFEL, MHERIZI
FUTDHAEVT RLADLMKREND AT BEHRFE -
B Ui iudie 9, EMEROEL L 72 5.
53 BIMAEUMSERAEDORAAX

WIZEN AT VERBEOSBIFIEICONWTIRRS. AE
VEHEIFZA LY K, BINT A4 77V BLOZONEOME
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malloc ZDRBEHENICBNT, ALy N ID 2|~5Z
L TCRGIZEHNTHZENTES. ALy N ID ORHEIC
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BEIZiR 7273, GNU libe 23 H & 9 % malloc SRBA%E %
HHEMEBTIZA LYy ReE—7REVICT 52 L RRE#T,
BI/ED DMATP-MPI O E#,H A Ly RE—T7ICTETED
T, SHOUERETHD.
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0y T ANERITENT AT V4, DRIEICREES, B
DEHEANSG DA 7> MiE, BV T RLATHD.
6 IXFHAOBIFIEO L2, #llE 7 v 275 A“IMB-MPI1”
DOmain” CTHDHZ L EZERL TS, EESIEHFHNT AT T
U T & 2 “libmpi.so” ®“MPI_Init” AN IFFIEN T\ B Z &
FFRLTEY, MOHLTEARO“min” Bl <cH 5. £
D%, “MPL _Init”2> 5 1Z“libmpi.so” N @ 4 BIELSMERIEIZ

(B 4~1), IF&AYIT“opal class_initialize” B4 & * &
VEPYEISCH D malloc BFEENTWD Z ERDn5.
DMATP-MPI TIIHEIE 7 0 7T A0 LI EN T2 5
A7 T IVBLOZEONEHESAELICAE ) ERAEZ S -
HiT 5. 20D, BEFESORER-2T2bLHL 651560

: ./libdmatpmpi.so(mal loc_hook+0x91) [0x7f42a4315ad3]

: /home/akimoto/OpenMPI/Iib/libmpi.so.1(opal_class_initialize+0x8f) [0x7f42a408af4f]
: /home/akimoto/OpenMPI/1ib/Iibmpi.so.1(opal_output_init+0x1a6) [0x7142a408d266]

: /home/akimoto/OpenMPI/Iib/libmpi.so.1(opal_init_util+0x39) [0x7f42a408a569]

: /home/akimoto/OpenMPI/lib/libmpi.so.1(MPI_Init+0xf0) [0x7f42a3fee540]
: ./IMB-MPI1 (main+0x2f) [0x4033bf] <« Z—HTOISAD main H'S MPI_Init 5T —/L

0
1
2
3
4: /home/akimoto/OpenMPI/Iib/1ibmpi.so.1(ompi_mpi_init+0x6c) [0x7f42a3fd8fdc]
5
6
7
8

: /1ib64/1ibc.so.6(__libc_start_main+0xfd) [0x3b2aclec5d] } BlEL

: . /IMB-MPI1[0x4032d9]

« I1—TO05 A

3 BEEON LB % 7 3 backtrace-symbols /1Ol (HEHIE 7 v 75 A7 IMB-MPIL”)

Figure 3 A sample of backtrace-symbols which represents order of called functions. Testee program is “IMB-MPI1”.
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S RS BMEICOWTIE Y e R ek E @ LT
L£HTIHAICARD Z v, #l 2 X “MPLInit”,
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A E U OB ALEE N 21T o4 D “MPI_Finalize” D A &
UEHEITRMEIZRD 2 5.

HERFEOHNL, $E T 1 7T AOHHERFIC C D
HEUER S TR AL ST D “atexit’ Bk & VT, odE - 4
FHEROFR R E ST S, ZHICEWIENES r ST
LNIEFKT T 5 LEFRREN N IING. B, 20K
ETEERBOL T TN E DT 07T AOREKRT Tlatk
FHERITH ) S .

Fl, IR ITAY—ATHEEMZFFEXBIZBIT S
AEFVFHBEO L —RIONTIE, AEVEHARESTE
\ZRART B print_ mem”BIEE EEL, 7 0 2 2EDOER
FEREAVEERRT DI L THIG L.

6. 74 - KEHEROH

DMATP-MPI 7= MP1 74 7 Z U DA EVEHED
HERKRE 2 o9, WEFA > F—axs LT
Connect X DDR InfiniBand % f\ 7= X86_64 PC 7 7 A % %
HWTiTo72. V7 b U = 7EREIE OS IZ CentOS 6, Kernel

# 3 DMATP-MPI O#)f) A £V E£5HE
Table 3 Dynamic Memory Profile of DMATP-MPI.

s HEEAE

mem_size BEOEM AT Y EHE
mem_min B A £ VB K/ME
mem_max g A £ VA &R KE
malloc_cnt malloc BIEDIFOM L [A13k

realloc B DIFONH U [RI3K
memalign B4 FFOME U IEI4K
free BAZL D IFEON L 194K

realloc_cnt
memalign_cnt

free cnt
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2.6.32-71.29.1.¢16.x86_64, MPI IZ Open MPI 1.6 % A\ 7=.
WIOIZ, WHlE 70 2 F AL LT IMB-MPII[15]0 Alltoall
NUFv—T % 6AWHTEITL, 77 0IZTHIAEY
FFREZBBRLIZEREZX 4 1287, Alltoall DA v t&—
YA XL4 MBTHD. KHPoOOIET 2t ARED A E
VERETHY, MTRROBINAED & LT, 538KB D
AEVEBEELTCVDILERLTWD. —F, @iffFo
BRATVFEHABELELTIESST MB THo12Z &R LT
W5, ZO T, #HE T v 7T AOFETHO malloc 5
B OO LREIBEDNEH SN TS, QIEAAS ALy
RICEATABHRTHL. o RLEKEAL L ALy KD
LEHEIXITTE B L TR0, BAE VS - BkoKKE
PNIRNAAL ALy RTIThRLTWH I ERDhD. @, @
IZ MP1 74 77 VBIOZONTEEKO AT HHED
HEIHERTH D, WHIE T 0 7T DTS O MPL 7 A 7
Z U DAE ) MHFAET 556 KB, HIET OH AL 19.8 MB
TdH 5. IMB-MPIl TIEFEITT DR F~— 7 OREFLH
REHEHTIEDIC, N Fv—osHGoEETHD
MPIL_Alltoall ASFD B IO STV 5 2 & ASHIE RS
Kb AsIn s, MPLBEEBH#O AT VHEHEITZ T 7

==== Statistics of overall memory usage
Program name: ./IMB-MPI1

mem_size = 537672, mem_min = 0, mem_max = 556699408
malloc: 15188, realloc: 526, memalign: 546, free: 12731

——— Statistics of individual thread memory usage ———————
Thread ID: 19995
mem_size = 537672, mem_min = 0, mem_max = 556699168
malloc: 15186, realloc: 526, memalign: 546, free: 12729
——— Statistics of individual |ibrary memory usage ——————
Library: /home/akimoto/OpenMPI/lib/Iibmpi. so.1
mem_size = 555632, mem_min = 0, mem_max = 19817224
malloc: 15093, realloc: 526, memalign: 546, free: 12641
———— Statistics of individual function memory usage ——-
Function: MPI_Init
mem_size = 2375192, mem_min = 0, mem_max = 4302480
malloc: 8407, realloc: 525, memalign: 11, free: 2289
Function: MPI_Bcast
mem_size = 6058008, mem_min = 0, mem_max = 6058064
malloc: 390, realloc: 0, memalign: 56, free: 103
Function: MPI_Recv
mem_size = 7613048, mem_min = 0, mem_max = 7613048
malloc: 3402, realloc: 0, memalign: 462, free: 969
Function: MPI_Alltoall
mem_size = 2596480, mem_min = 0, mem_max = 2596496
malloc: 1092, realloc: 0, memalign: 12, free: 53
Function: MPI_Barrier
mem_size = 1086000, mem_min = 0, mem_max = 1086016
malloc: 15, realloc: 0, memalign: 5 free: 5
(—#B &HER)
Function: MPI_Finalize
mem_size = -19242464, mem_min = -19242464, mem_max = 472
malloc: 326, realloc: 1, memalign: 0, free: 8910

Library: /1ib64/1ibc. so. 6
mem_size = 384, mem_min = 0, mem_max = 536881832
malloc: 89, realloc: 0, memalign: 0, free: 83

[ 4 DMATP-MPI|Z X % IMB-MPI1 Alltoall(4MB)? &)
B A& VRO - HLFHER
Figure 4 Result of memory usage while executing 4MB Alltoall
benchmark in IMB-MPI1 by using DMATP-MPI.
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Figure 5 Memory increase in internal functions which are called by MPI_Init.
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