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Development of Accounting System to Measure the Resource
Usage for MPI

Ho-Joen Hwang' - Dong-Un An™ - Seung-Jong Chung™

ABSTRACT

Local accounting system used by UNIX-like operating system provides the accounting information of processes that are in single host.
But it is impossible for this local accounting system to record the total resource consumption data of all processes for doing the same job
simultaneously. In this paper, we implement accounting system to measure and manage resource usage for MPI(Message Passing
Interface) job in the clustering environment. We designed and implemented the accounting system which measure resource usage of each
process runs on a cluster node and record the interconnection information of the entire set of processes across network. Also we
implemented accounting system which collect the resource usage data of process in the local accounting system and generate the job-level
accounting information. Finally, to evaluate the resource consumption data measured by this accounting system, we compare with the data
collected by local scheduler that widely used in large scale clustering environment.
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# Job Accounting Information Configuration file

# MPI Job Task Accounting Log file
log /var/log/pacct

# Remote Shell Daemon file

shell /usr/sbin/in.rshd
# MPI Run file
mpirun /usr/local/mpich/bin/mpirun

—l S
User Process Task Accounting
Data
System Ca userimode

sys_call tablef]
sys_no_syscall( )

p audit_sys_exit( ) {
// resource usage measurement »
sys_exit( )

4

)
sys_execve( y—+% audit_sys_execve() {

1
|

= E // specific process monitoring | E

t sys_execve( ); H
sys_socketcall( H ) i

4 I
Raudit_sys_socketeall { E

| // socket call monitoring

: sys_socketcall( };

sys_exit( ) /":"

sys_tork()

sys_no_syscall()
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wrap‘pg

(@ match the FD’s
inode num

@ TCP Socket Info.

local address
rem_address
inode ...

proc/net/tcp
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typedef
struct acct {
char
_ul6
_ul6
ulé

_u3d2

comp_t
comp_t
comp_t
comp_t
comp_t
comp_t
comp_t
comp_t
comp_t
_u32

char

#define  ACCT_COMM
#define MAX_NP
_ul6

ac_flag;
ac_uid;
ac_gid;
ac_tty;
ac_btime;
ac_utime;
ac_stime;
ac_etime
ac_mern,
ac_io;
ac_rw,
ac_minflt;
ac_majflt;
ac_swaps,;

ac_exitcode;

ac_comm[ACCT_COMM+1);  // command name

16
32

comp_t;

// accounting flags

// user ID

// group ID

// controlling tty

// beginning time

// user time

// system time

// elapsed time

// average memory usage
// characters transferred

// blocks read or written
// minor pagefaults

// major pagefaults

// number of swaps

// process exit code

(E 3 OfAE| Z2M22] 07128 Hloje TZ=A|

struct maste
struct acct
—_ul6
int
char

char

r_acct {
ac_mac,
ac_pid;

ac_np;

ac_localaddr[14];

// task accounting info.
// process ID
// number of process

// local address and port

ac_remoteaddrfMAX_NPI][14];  // remote address and port

(& 4 &8jo|=
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_ul6

char

char

struct slave_.

acct {

struct acct  ac_sac;

ac_pid;

ac_localaddr(14];

ac_remoteaddr{14];

// task accounting info.
// process ID
// local address and port

// remote address and port




44 O|F =04 FE

olfEdold FHE 7 FeaH =Ed EojA e H
23 o|7hEH volHES At WE A 999 o7t
&8 ARE A2bete] DB Adste FHRolth 01??%31101
1 2 24 & kB Sle HAI oJle® H°l
ElE 8 Robot, & =20 FHH Bz 017}%%]

ole]E itste] HE el tiF dA] oFHER wolH
Accumulator, #FA2te. 2 WHE Q] ThgjR o7}
€ DBl A& + =% si5 DB Connector

Robot2 BE& Fel2H o EolA Sle "z o7t

£ 3387 8 MPL Z2asor FAsd

thowEtd 2 23 o7te® AladoeRRH FAE o)

& € ol ntaH w=d] e ZaAlkd HEE

o 2gz vfaE =od Y ZRAAE 4 £oB

= g =
2}

HEgwd oj7ked dHolHE 42 £ A

Robote ZE Z82H ==d oA Sle 4 27 of
7hE" dlelHE syl Y8 MPI 22802 243
Ach. WekA 2 efolB wEdX AYye ZEALE2
27 o]7}&" dlolEHE ¢of ntrE w=e e Ei/‘ﬂé
of Aagth zEln wtaE wEd e ZRA2E 7 &
gojH mEgRE AP o7t HojHES ==z

e AFaart

Accumulators ©hAEH o]71EE dHiolHE ¢l mlA¥
T2 A 29 MPI Communicatorg ©]F+ €% ]H E A
259 o7}y do]gE o} i & DB Connector
g %3l DBl A#grh o o w2y oj7¢® dlelHY

ZéolB o7l W HolHES MENA & HE(P F
2% ZERG)ZE gt o ]0}&—115 gekete], MPI
CommunicatorE o]F+ T 2ZAXE AgtEo of7l&H
dolEE Fatetdrt

5. 4l &4 % A

51 A &g

B A3 783 Fork 28 2AF8HE A3 7

2 FH2HY 7oA MPI 29 A9 AMS2 4 S

_]
o MPL A4 Haz g9 A SYAA A9 A
Z4sg,

N
98 o8 Asd g 84 ofdlsh RUKE 5> 1
g

% Hole 2

MPI ¥ 3 2g& upiE k&

Zol A mpirun HHAE F
3 7t EHolE mtA AHEd HAAE &t HeEd
th o] uj, MPL 3% & FFAIFE mpirun HHolE
ZN1Ed oz B &9 A4 3tY(machines LINUX) &
Huste, 7+ £yold wE=g H2IAES Btk ®d

B AIAE THE 259

ot
1
=
oo

Axs 2Yay Aad
- ohAE =EA)

87

¢ - ol wEGH)
- NFS Au(1e)

CPU, HI=E% 866MHz, 256M / Node

Red Hat Linux 7.1
Linux Kernel Version @ 2.4.2-2

mpich 1.26 and gce 2.96

A7 Aeg gy Ao MAHEE sy YA E
-machinefileo] & 4% o]&3tt}

52 48 2o & go}

MPI gholrejg] 71wk ey Al2g 8704, MPI
HE 29 999 o7y ARE AN de 23 A7)
&8 Axde FdsAY. BE xDd AX" 24 o9}
8 AN2ge gaa Z2AAE A AHEH FRe) o
1 dH3l= T2ALED AS EYT HE5 ARE
71E&t} vial wso] 24 ofghyd AlZagE MPL 24
A FAH AAE FEeE vty ZaAxg 43
Aol ¢ AYE gosts SdolH T~ T A
BE FASG FHolR o 24 o7le” Az
Bz Z2Ase A 2 A4 JRE S
a8n 7 ZuaH wDA 2AHE Y AHgS ARr7}
ez &9 g ue} ofd P wAErte] dis) A&
HE

2 A7 AdddAe AHEATE A48 MPL HE 24l
sl =4 72" delHE FAAY. (1™ NS s
B 27 of72"” AlxgdM 59 7" dz=y ¢
dojth, viaH Zg:Ax7h AHF A AR dHolH 9
MPI Communicator]®] 4% dE€3le Z2HLEY IP F
Ao XE WSS BAFT rh webA mhiE o7hed
bolelo Al A48 WEYZ & JREREH AH /s
EHolH TEA|AES Fold ¢ gtk

(g 32 7t £dolr 24 o7h&d AlARA 7 &

22E (28 N vhiH Z2Axe F

4 MPI Communicatertiol] £3F &go]lBE Z2AAE9 o
7he 8 dmToltt

(29 9 vtaE o7hed HI= SHolE o7k H
da=e A2 YEHZ HE ZRUF dA&e Z2A
29] o7}’ OB E F&3to], WE H4& AHysted
2T =T Avle A AR F HHE g 2ol
T},



2600 BENEER=TR A M12-AT X3=(2005.6)

EABB75D2 0sc3;
IEBBB75D2:0580 !
ECBB75D2:052C;
E£ABB75D2:05C6:
EBBB75D2:0583 |
ECBB75D2 052F‘
EABB75D2: 05(:9'
E£BBB75D2:0586 |

Resource usage

- Network Connection Info.

» Number of Process |

(33! 7) OIAH LE9| 07128 3=

TR Off 5 7210
1099708228 | o} 7| P76
109970228 | 1] 8l F[1T6

[8] 89BB75D2:0436 1001cpi 10997082261 [ 1][ 60]| 178][1772][0]

EABB75D2:05C3 S9BB75D2:0436 1001 cpi 10997082271 | O]] 5[ 143){1772]{0]
EABB75D2:05C6 89BB75D2:0436 1001 cpi 10997082281 [ O] 7] 79][1768[0]
EABB75D2:05C9 89BB75D2:0436 1001 cpi 10997082281 [ 1] 8][ 37][1768][0]
FBBB75D2:0580 89BB7SD2:0436 1001 cpi 10997082321 | 3] 4I[ 119][1768][0]
FBBR7SD2:0583 $9BB7SD2:0436 1001 cpi 10997082331 0] 8]| 67][1768]{[0]
EBBB75D2:0586 $9BB75D2:0436 1001 cpi 10997082331 [ 1][ 10][ 21j[1768][0]
ECBB75D2:052C 89BB7SD2:0436 1001 cpi 10997082221 | 2|| 6][ 94][1768][0]
FECBBTSD2:052E_SIBRTSD046 1001

User Name | Command Name

L |hihwang hello 2004-11-06 27 11:13:18 2048 [ 0 9
| |hjhwang cpi 2004-11-06 27 11:30:2% 40 9 1602 0 9
| {hihwang sum A04-11-10 27 5:06:42 4005 48 5842 0.3
|_{root mp_Japlacian 2004-11-29 2% 1:28:00 641 10771 86e8 0 8
| |hihwang prime 2004-11-23 2% 3:19:42 2045 49323 1538 0 5
I grid cpl 2004-11-29 22 33421 158 5 10588 0 B
| larid cpi 2004-11-29 2= 34002 213 0 15920 ] 9
|_|hihwang aout 2004-11-29 2= 5:233 432 R R 1] 12
|__|hihwang prime 2004-11-30 2% 4:43:11 Lt} b 11520 0 bj
| |hihwang prime 2004-11-30 2 4:43:17 101 19 11648 a 6|
| {hihwang prime 2004-11-30 2% 4:49:22 212 1788 120656 a0 E‘
|| [hihwang prime 2004-11-30 % 4:43:41 4509 56391 15764 ] E!
| |hihwang prime 2004-11-30 2 & 5:06:58 5719 80529 3012 a f:
IS 1l 15 2iH nl AR 13

(321 10) MPI = AR AlR S Mg

102 (2" 9)°lA HFE A9 o7he" HolH
& #estr] 9jel DBl A"

A welFu )
(1% st M@ Solsh e BY WE Ae] FAH
225 AU A§Y Hole T DB Aguo 93,
ME9a 4% Rt BA Ut 42 ¢ 4 A 9y

S AgAAL BBed ARY By ohjd, Aaw
W weHAQ BAZ obrlE 4 917 WEelnh meba
A7he" AHa7} o]Fold Wi ARl Bad HAx
el JRE AFSE Zo] v s

el FF Bl MPL A4S HAAR $RE F, o

Zioly =

& BE
el wet FUd MPL ¥E A9 24

o JF/I (:L'“/‘ 12)011*15- 7 e
A vz AHEFEE HREA S E AT

et o] 8BS T & F %ol Haa g HAd
2 FFE A Fa, Y MPL Aol tis) @Y =) A
AgsAY o] B mEdAM gF AsEX T
Y MPL e Fdstzvl 2ud A4 Ad AHEFS
Bl EAE AT 223 FY Aol dial, shtel
ZAA7F Asted AHF A AFEFS Y A"
el A Wetele] Z2AlAER A Aesed =8 &
o AREEe 3 HsEE g9 AT 2y 28 Az
SHANE g =N Brpe o Y Bg wEdA
A Agsks Ao vl aFHHA A 4+ ATk

T ALE MPI @A A4d AHEE 54
b o7hE s AR AY AddA & F ARl AL

e (g

o
o

CPU Usage(ms)

5000
40000 |

2000F

1000

3 6 9 12 32




g AU A ZE T2 A AMEHE AW
zé% T ?l"'q ‘L}E}H Fork 28 2AEHE A3
Felay A A5H
24 017}%%‘ "]i"'élilii* WE 2399 oyt H doE
g AT £ gAT B =AM A o7 E AlxE
& #HE A gIaAE o7E FAEE AITE = A
"ot gt B =fedA Add o7ted Al2fHE MPI
HE #¢lo] 3l Loadleveler, LSF, PBS$} Zo] o71&H
|27 7bsabe, aElE oy’ Aladldx &4 71F
% Aoz HrHy,

2 ALY AEHA 24 o7ty A|x"e
ZAA Y ALY ARYUS AFsr] u
o, FH2HY $7d4 MPL B8 2 g of7he

o Moorg

AR MUAE AT F Ao} 2 vz BY #E
Ade Hsly) Y8 23 FHHE ZZA A ofFte
H ARE HAYTT F de Auyt £EE7]) o Eou}

= FY2EE F490A MPL B4 29 @9
) 017]'—1%‘%] AE AMu|27E 7hsd 27 o]yl Y AlA¥S
TEFGAT A4 FH2H Do AXE 2E 7eE Al
2HE A2t s BE Z2A2EY B85S F
Aot MPL H¥ 294 & F¥ste Z2A 271 288 4
ZEAL A AMREE VEIAY. BE 2% E
Azgle WY A o7l eE AHE AYY F Y=E F
71 98 MPL 39& Fd3ls ZRAAEDRY 45 dE

2 JE AHE VEQAT 4 282 =29 of7leH
FAdfA 18 MEQZ & 08 Egiz Z2Ax 2
A AMEFE AFed BE Y dYe] o9 HRE
ettt

webA B w=EolA Aehet o7ty A AHE FIA &
e A9 AHEF R} Loadleveler, PBSS3 2e 24
2AE A ATH ZEA = AY AMEF FHe U
£ ¢ & . Fork 24 AAEYE AHEsE MPIL 2ol
Belgl 7N EAEE #23 stelA ¥E Zdd dd A
A A S ZAE Yo} ofFteE HE ATt T
strh e o7k ¥ AlsdoRNE EHA XY ALEE
AR 8w 77 dudFE AX AR A 3 Mux
7} bz

wal AdE Alade] 7 ZFglo g
Aetgt AY ALEF dlolH IdEES
og AgHez il oF

B e s ok y Alx

gz #osie 7 *}Ol—E—"ﬂ
A o7 AagozR

MPI = Z0IA RH ALZE 2-E IS 0728 ALY i 261
22 09T J7hed 44
38559 o9 o))
204 TR
Aoz ted ore 2
Hass) ddd e 7Y A9 A FEEE Ro}

AgE ol oF & Aoltt
g8

[1] M. Baker and R. Buyya, “Cluster Computing at a Glance”,
High Performance Clustering Computing Vol 1, Pretice Hall,
1999.

[2] Anthony Beardsmore, Keith Hartley, et al, “GSAX(Grid

GGF OGSA Resource
Usage Service Working Group, 2002.

[3] Sebastian Ho,

Bioinformatics Institute, Singapore, 2002.

Service Accounting Extensions),”

“GridX System Design Documentation,”

[4] Rodney Mach, “Accounting Interchange Natural Language
Description(Requirements),” GGF Usage Record Working
Group, 2004.

[5] IBM LoadLeveler for AIX 5L, Using and Administering,
version 3, release 1, 2001.

[6] PBS(Portable Batch System), http://www.openphs.org

[7] lan Foster, Carl Kesselman, “The Grid: Blueprint for a New
Computing Infrastructure”, Mogan Kaufmann Publishers,
1998.

[8] The DataGrid Project, http://eu-datagrid.web.cern.ch/eu-
datagrid

[9] L. Foster, C. Kesselman, S. Tuecke, “The Anatomy of the
Grid: Enabling Scalable Virtual Organizations,” International
J. Supercomputer Applications, 15(3), 2001.

[10] 1. Foster, C. Kesselman, “Globus : A Metacomputing Infra-
structure Toolkit,” International ]. Supercomputer Appli—
cations, 11(2), pp.115-128, 1997.

[11] Karl Czajkowski, Ian Foster, et al, “A Resource Management
Architecture for Metacomputing Systems,” Procs. of the 4th
Workshop on Job Scheduling Strategies for Parallel
Processing, 1998.

[12] The Message Passing Interface(MPI) standard, http://
WwWWw-unix.mcs.anl.gov/mpi

[13] W. Richard Stevens, “Unix Network Programming”, Prentice
Hall, 1990.

[14] Linux Documentation Project, http://www.tldp.org

[15] Linux BSM, http://sourceforge.net/projects/linuxbsm

[16] SNARE, http://intersectalliance.com



262 JEMEIHD=EX A KH12-AH FBS(2005.6)

2 s A
e-mail : hjhwang @mail.chonbuk.ac.kr
19974 AEdsta AFEFSI(F D
1900 ATt AFE TSI EHAD
190949 ~ @A) AEYst 7 Toka) v}
A3} A

H .
FAFor: B 2 o

g, 2e)=

o £ of

<

- e-mail : duan@moak.chonbuk.ac.kr
19819 @FTEh ARBEA(F D)
1987 KAIST AAtetaH(F-gH Al
1999 KAIST #4Fsfa}(F8huba})
1995 ~ @A) ARcfshn HAR R 2
: g e
20013 ~2002'3 ?ﬁ‘%ﬁﬂﬁk’ RPN~

TR ARG dxoj e, FAREF FHQF

Hdd 3

| e-mail : sjchung@moak.chonbuk.ac.kr

1975 Sokujstm A7) 2o (Z AN

1981'd Houstontl &l Ax}g skl ZapAA}

1988 Sty HabFstah(F ek}

1985 ~ 84 dEdsta dxgLFsH
S

1996 ~1998'd A&t ARA LS 2%

20018~ A AEWEE BK2 AAHHAG G G

TA b ARAM, Grid




