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A Performance Prediction Tool for Evaluating
Potential Improvement of Message Passing Programs

YUKI KANBE,t MASAO OKITA,t FUMIHIKO INOf
and KENICHI HAGIHARAT

This paper proposes a performance prediction tool, named Performance Wizard (PerWiz),
for evaluating the potential improvement of message passing programs. PerWiz has a novel
facility for indicating where significant improvement can be established. To indicate this,
PerWiz performs post-mortem analysis based on a parallel computational model, LogGPS,
so that predicts what performance will be obtained if developers eliminate wait time for a
specific message or balance workloads in the target program. We also present two case studies
where PerWiz has been shown to play a key role in their improvements. From these studies,
we believe that PerWiz allows developers to investigate the effort to modify message passing
programs and the effect of performance improvement derived from the modification.
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: PRGN_BEGIN; 1:
: for (k=0; k<N; k++) { 2
MPI_Sendrecv(); 3:

4

1 for (k=0; k<N; k++) {
2

3

4: Calculation;

5

6

PRGN_BEGIN
MPI_Sendrecv();
: Calculation;

: } 5:  PRGN_END

: PRGN_END; 6: }

(a) DOOOO0ODOOO0ODOO (b)) DODODOO0ODOO0ODOOO
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Fig.1 Example of parallel region specified in message

passing programs.
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Fig.2 Asynchronous and synchronous messages under

LogGPS.

0000000000 000000000000000
¢o000000O00000D0000¢gO cPOOO
0000000AD 100000000000000
0000000000000000000000000
LogGPS OO0 O00OLogP'® 000 LogGP OO
0YoooooooDOO 700000000000
00D000000000D00000000000 2
e L00DDODDOODOIODODOOODOOO
0000000000 000000000
e o0I0D0DOODODDONONOOODONDOOOD
000000000 0000000000000
e 000DODDDOOODONONDDOODOODOO
0oo0oooOoooon
e G00DDODDDDODODODODOO 10000
O0ooooooon
e POODOODOOD
e SOODODDDODONODOOOODDOODOO
e s01000000D0D00ODDO0OOOODON
0000000 o00O0O0DDODOODOOOOOO
00000000000000000000'YO00
0000000000000 000000000
020000000000000 «000000
000 v00000000000000000000
00 tseng 0000000 treee 10000000
O000D00D tw: 0000000000wO000
000000000000 REQOOODOODOD
00000000000000000v000000
000000000000 0D00000000000
000000000000« 0000000 000
0000D000«L 0000000000000 0 w0
00000000 0twer =0000000000

3. gobooboobbboboooooobooo
goooo

00000000 bO000D ADOO0OooooOo
gooooooooooooooooooboboobooboo

000000000000000000000110
0000000000000000001200000
000000000000000000000000
0000N0O000000000ROOOOODOO0
02)000000000000000000000
000 000000000000000000000
000

00000000 tww: 0000000000 weV
0000000000000000000000000
00000uwD0000 twse =0000000000
GO CPOODOODOODOOOODOOODOOOO
0000ty 000000000000000000
0000000000000000000 twe 00
000000000000000MO0000000
00 tw: 0000000000000000000
00000000000 DCPOOO0DOOOOOODO
000000 700000000000

00000000000000000000000
0000000 0000000000000000
000000000000000000000000
DAGGOOOOO - 0000000000000
0000000 weVOO00 tyw: =00000
0000 7T000000000000000000
00000000000 «w00000000000
000000000007 00000 tuwe 0000
00 LogGPSOO00000004.2 0

030000000000000000DAGGO
000000000 POOOOOOOOOOOOO
07T000000000000 POOOOOOOO
00000000000 3000000000000
00000MOO00000000 p0000 400
0000000000 e; 0000

000pO0000D0000000 ¢,;000006
O00MpO e,; 0000000 ¢, (1<j<i)00
O0twe: =0000000000000000 Ty
0000 e,, 0000000 m(1<m<i)00
001700 @M0000mDO 10000000000
000D0000000000000 mOO00000
000000000000

0007,,,00000000000000000
7,0000000000000000000000
D,0000 e, 000000000000000
000000019000 000000000000
0000 €., 0000000000000 e, 00



104 gooooooooooooboOoOooooooooo

Aug. 2003

Inputs: (1) G = (V, ), Direct acyclic graph
(2) P, Set of processes
Outputs: (1) D, Set of domino paths
(2) T, Predicted time if wait time zeroing

1: Algorithm SamplingDominoPath(G, P, D, T);

2: begin
3: T := o0;
4:  foreach process p € P do begin
5: D,, := ¢; // Dp: Domino path terminated at e, ;
6: Select event e, ; € V such that
—3ep; €V (epi = €p.5);
7 w(Dp) := SamplingForEachProcs(G, ep, i, 00);
8: if (T > w(Dy)) then T := w(Dy); // Minimum
9:  end
10: D:={D, | w(Dy) =T};
11: end

12: Function SamplingForEachProcs(G, ep i, Tp);

13: begin

14: foreach event id j € {1,2,---,i} do begin

15: Tp,; := SimulateWaitTimeZeroing(ep,;); // §4.2
16: end

17:  Select event id m € {1,2,---,i} such that

Vi €{1,2,-,i} (Tp5 2 Tp,m);
18:  if ((Tp,m > Tp) V (Dp contains e, ,,)) then
19: return Tp;
20: else begin

21: Select event ey, ; € V such that

(P # @) A ((eq,j = ep,m) V (ep,m — €q,5));
22: Add events ey ., and eq,; to Dy;
23: return SamplingForEachProcs(G, eq,.j, Tp,m);
24: end
25: end

03 D0obObOOooooooOoobooon
Fig.3 Algorithm for computing domino path.
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Fig.4 Computing process for domino path.

002100 Mep,, 000 e,;, 0 D, 0000022
00MO0000e,, 000000000000000
002300 MO00000000000000000
000040007 000 POOOOS8O1000
04000 000000000000000000 4
O00Oep 0eq10e,3 000 e,, 00000000
0000000006, — egsdeg: — epq OO0
00000000000 4(b)Me,; 0000000
O0000e,; 000 e, 000000000000
3.2 0000000000000000
0000000000000000000001I30
00000000000000M4000000000
00D0DD0MODDDO000RODDO0O0O0 2)0
0000000000000000000000000
03000000000000000000000
0000000D00000000000000000
000000000000 000000000000
000000 TOOOO0O0D00000KO000000
000 S, 000000000000000 ¢ 00
000 o(t,) 000000000000000000
00000000000000N000000000

o(ty,) 000DO0O0OO0DOOOOODODOODDOOOOO
00000000000000000 o(tk) =000
gooooooooo roooo s, 00oooo
goboooooboooooboboooooooobo
goboobooooooooooobooboobooooon
oooooooooooobD TooooOo0oD0D0Oo
gooooooboooobooooon

4. PerWizOOOOODOOO

0D00000000000000 PerWizO OO
O0000O0O0LogGPSOOO0DOOODDOOD
41 O O

000 PaWizOODALOGOO'WODOOOOO
00000000ALOGOOODOOOD MPIDOOO
000 MPICH'™ 0000 000 0C/C4+/Fortran
00000000 00000000000

PerWiz 0 ODOOOODOO FIDF30OOOODO
e F1OOODODODOOODOO

F100OODODOO0OO000D00O00000000

0000000 5MO000000000000

0000000000000000000000



Vol. 44 No. SIG 11(ACS 3)

gooboooooooooooooOoooooooobooOOoO0oOooooo 105

(a) 000D

(byoooooooo

00209

(cyDDOODDOOD

05 logviewer U0 OO00OOO0OOOOOOOODOOOOOOOOOODODODOOOOOODOODOO
Fig.5 Predicted results in timeline view visualized by logviewer.
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Fig.6 Performance improvement process using PerWiz.
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1: PRGN_BEGIN;

2: for (¢=1; ¢ < N; ¢++) {

3:  if (MPI_Comm_rank() € process group g(¢)) {

4 Local calculation for differential;

5 Communication within g(¢) by MPI_Send(),
MPI_Recv(), and MPI_Sendrecv();

6:  }

7}

8: PRGN_END;

07 0D00000DO0O0OODOOOOOOOOOOO
Fig.7 Registration program and its parallel region.
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Table 1 Upper bound on improvement predicted by
PerWiz (Function F3).
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02 00000000000O0O0000O0O00000ODOOOOOOOOO0OOOOOOBCODODO
Table 2 Comparison of modification results achieved by focusing on domino path

and longest wait time in registration program.
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1: for (k=1; k < log P; k++) {

2:  PRGN_BEGIN;

3:  Local calculation for image splitting;

4: MPI_Sendrecv();

5:  Local calculation for image compositing;
6: PRGN_END;

7}

08 ODO00OOLDOOOOOOOODOOOOOOOO

Fig.8 Image compositing program and its parallel region.
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Table 3 Performance prediction for image compositing
program (Function F2).
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Table 4 Performance prediction by LogGPS for image

compositing program.
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Table 5 Send and receive time under LogGPS.
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k: message length; S: 127,999 and 16,383 bytes for
Ethernet and Myrinet, respectively.
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