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A High Performance Parallelizing Compiler using Knowledge-Base Techniques (II)

A Parallelizing Compiler with Run-Time Parallelization Supports for Multiprocessor

Systems
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In order to parallelize a sequential loop, a
parallelizing compiler must perform a parallel
schedule of the loop iterations based on the static
data dependence analysis. Some loops, however,
may contain the potential parallelism that can
not be detected at compile-time. For example,
m sparse matrix computations, aray subscripts
often mvolve indirection arays and thus defy
static analysis. Conservatively, the loop
iterations m such examples will be executed
sequentially. Motivated by these concems, a
run-time technique based on mspector-executor
scheme is proposed to find available parallelism
on loops in this project. Owr mspector will be
able to determine the wavefronts by building a
DEF-USE table. Additionally  the process of
mspector for finding the wavefronts can be
parallelized fully without any synchronization.
Owr executor will be able to perform the loop
iterations concurently. For each wavefront i a
loop, the auto-adapted fimction is used to get a
tailored thread mmber rather than using fixed
thread mmnber for execution. Experiments will
be made to show that our new parallel mspector
can handle complex data dependency pattems
and reduce itself execution time obviously.
Besides, the new partitioning strategy for
executor can also improve the performance of
run-time parallelization obviously. I this year
of project, we will also Improve the performance
of PPD and KPLS to achieve owr exception.



As a fimal goal, a high-performance and portable
FORTRAN  parallelizmg  compiler for
shared-memory multiprocessor systems will be
developed.
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DOI=1N
DOJ=1,1

S1:  A(3* I)= AT+ 2)+100

S2.  aa= aa+sinJ)* tax(])
ENDO

ENDO




DOI=1,N
DOJ =1,1
S1: A(B()+])=I1+]+10
S2: aa= aa+sin(J)* tan(])
ENDO
ENDO
B =: Two loop examples for nm-time
parallelization.

EARFEY BMAREROERA LM
B ANFATEE o) F AT iR R TR — Ay
Program & > 3t 3k A7 A & A2 X347 ;A -F-47
A6 o e 4t¥ ¥ sb 4% % 69 Domain 85 > A b4z &,
48388 E QYR B EY 0 SPATALSAP T AR & 0 AT
DA T ¥ AT AT EAF £ A LA 0 B
BB IR B A AN EE RN E
FABAR M G R~ TR B ey PR Fo AT AR K
Hmey i o RRKMERANEHERRY
Domain R Ao 2A R 2 > #4-F 4738 B 69 3 ik
(Parallel Loop Transformation) & R 45:i@ & &4 &
AR R ERE LR E B AR
e R KK EBEMAHEREEAMRENE
PoBERRATERMERAERA2 4% &
TRFT B BRI o sb—FF R > BRI
B TH XT8R2 B )T TREFS
ROBERERLBTITESFREALRAUEY
AT °

FORTRAN Environment CEnvironment

[ ——. A

~
Single-1o-
Maltipld

Pratical
Panallcli

GNU

1
1
I
1

: P Threads
1
1
1
1

CCompiler

(gee)

Runfime

Runtime
FORTRAN-
CConvate
()
HeaderFiles
Padldiztion

Libraries
B vg: The structure of PFPC

Threads]
Translat
(s2m)

¥R % ey CPU »—I % RIZHE L - 47
% % &y Cost 7 %t & B kA
NUMA®on- Uniform Memory Access
Architecture) sy # X i H(w B Z) » 4P &3 5
RIEM BT ) R EREBE— & T
A Ak Hardware a4y Cost> 5 — 4 dg X 7] L3R
% % %4y Peformance - B pbfr 3 F Ryt 2
P AV B AT 69 F AT 43E 5 £ Cluster L -
Message Passing % 2 ¥ £ 49 Overhead R 4
TRD EH L EmOIEE RS ARG AL
A M Reusable)  pb b5 — 18 4F 6430 B HE 42 H X 5

MEERT > BRBMEREETHAGRE M
(Affinity) - R Av Ao 47 R IR o % S B aY 48
P B [ 0 P AT B9 B A 8 Cluster 4%
B o

32MB (e} 32 MB o
Shared-Memo Device} Shared-Memo Devic:

32MB o 32MB [e]
Shared-Memor Devicd Shared-Memor Devicd

B #: An example of NUMA machine

RN EEARGARY AT EA T RS
B PTAIEFEIFRART - FATHRES Y
TR R BN Aoik — AR eyt E 0 Bk ok
ReyEEmE o T e Bk HARRE S 0 K
VR EREGSEMN R ERESRER T
AT HAAMAKRER &0 TSN
HRBYTF ~ REAE - BT ETOERE
B R AR TUARZEBNARRR - 581
FTUERAGERBMRES Bk -RE
ERAmEA A RBELLEANEE AR
B e R ey P AE o KPR TARME % R SR 2 R
Brig 3t EAE 6 BRMEE R X4 0 A R Aw kAR R
Yo BEBE L BATBF 2 FATAL > AT A A 4 4oRR
BER - BHERSHMETEAL LM AN
RS HAM > TIRELAABRAFARESNAA
N BARERBE ESHHR -

s A i

BAPERARTER QBE—RIATHLEAKR
BT AT HREXFITIL ) FIT%4ES
# R % & B AR RN AT REATE B 04T
Koo R o A B Al SN R A ERAF B
HARRME G B - Bl > AFMEIERITE L -
FEp| B NEE 0T MR R 2R
R R TR ARME AT o BB TR
o AT > MR TELAY FTEGE
N)e Bt £AFET > KMRE AR
B (8B P B R AT FE B 8 AT 5 83 P AT 4L
ERPATR AR G @B P A FATE 1A
BB & & 31 — DEF-USE % Mk & 7T F
ARATHE B E AR AT(e B ) - sk
SEAE R PR R G T B T A e AT Mk b
BT ATAT R R B BRI B B RIE Y
Fik o LEBRMOUERGTHEATFIT4HE



PFPO)FPFREEH A B2 2| FEHMZHEE

R o

dependence analysis by PPD
Does loop defy static analysis?

Is there any

5 dependence
distance mlfam”

Run-Time Parellelization for
for DOACROSS DOCONS DER

<l Yes—h

—No

4

Compile-Time Par
for DOALL

Loop Parallelization

75 The data flow for loop parallelization.

@)
A

:

Barriers
.y lteratons

© ot /@
Depth= N
vrr
wf2

WiN1 wfN

+: The structure of wavefronts

&'q‘%ﬁé%ﬁ% B E AR REASK
P BT — AR TS £ BT AR sb 2L
%z%—w%*?— R AR NE R ER
REFHERRE - FIARMA FHE— &
EAMAEA A B AT &k irey SMP o server
Clustering % #t7 69 44 4% w1 % % % (OSF/1) 3]
Intel 4y SMP - & L+ 3 F| Al mach 15 ¥ % 4169 %
#HAEXE - 2EHERE > B A OSF/L A &
G AR R A A s ey 4T A2 R B SRR H
(Interprocess commumication mechanism) > it R
REREMAFITHRIFRSNFER - XHF
HE—HR RE-ERBRTFTHRFER RS
H AR AR AR R B9 AT A2 R Ao 4T A2 19 04 38 SRR

# o eI T - Pt Ew o B —
AV A & & o TRELH KRG Runtime
Parallelization Method LiEF R Ktk £ 894
£ Clustering Parallelizing Compiler Design H
FPREZHE FAHEOERA A LKBIT
Bl N T AT R Sz P Qw8 E &) Bl 5
LB A 0 G) o M E A 3T H (duplicate
computation) # i@ R (synchronized
commwmication) 2 | & - LAH 5] PATILLGFELT
-@ELBEHEH B E AR
42 X 1@ [ 1F B A2 (Parallel Loop Scheduling)
B TAE o R EHEAIN &ﬁﬁﬁ%ﬁéﬁ
2-CPU {8 A E At K £(@C Clustering) ¥

~HEARRAEF

*Iﬁéﬁ%ﬁ#& S AR RRA R K E L2
Fleye AERf AT EBEB LT
1B RERTFATRIE - piGTEMEY &
oA AR IE A 0 T AT EHBEUMA) A 44
I B b #4984 Parallelizing Compiler . %4 &)
EAE AR o i € 34 89 Compiler System
PR R oy ¥ A% X & SUMAYS M 2 P47 Ak
KM  ANUMA 9424 T BARZSHE
2618 4y > H Overhead Z A8 K&y & T RIK
Message Passing &9 Cost > S AT A B -F-4732 [ Bk
BOMEARBERETERZT KMARETHX
F ey B H M & B e A Reusable) s 58 2V 4835
FHERGRE > ERSZFATILOEE - M
Compiler System Z I —# &K A4 %oy Kk
TRET @EE  RE—EAEHFREME A
HEOFTARTRAGHBRT Rk
MM XERLE  EARARR A FT%%ES
ZIRRB S E TR ER G SF -

% F Bk

[1] W. Bhme, R. Eigenmann, K. Faigin, J.
Grout, J. Hoeflinger, D. A. Padua, P. Petersen,
B. Pottenger, L. Rauchwerger, P. Tu, and S.
Weatherford, ““Polaris: The next generation i
parallelizing compilers,” . Proc. 7th It'l
Workshop Languages and Compilers for
Paralle]l Computing, Lectiwe Notes i Computer
Science, 892:141-154 Springer-Verlag, Ithaca,
New York, Aug. 1994.

[2] W. Bhme, R. Eigenmamn, J. Hoeflinger,
and D. Padua, P. Petersen, L. Rauchwerger, P.
Tu, “Automatic detection of parallelism: A
grand  challenge  for  high-performance
computing,””> IEEE Parallel & Distributed
Technology, 2(3):37-47, Fall 1994,



[3] U. Banerjee, R. Eigenmann, A. Nicolau, and
D. A. Padua, “Automatic program
parallelization ’’ Proc. IEEE, 81(2):211-243, Feb.
1993.

[4]1 D. F. Bacon, S. L. Graham and O. J. Shap,
“Compiler transformations for high-perfommance
computing,”> ACM Computing Swuveys,
26(4):345-420, Dec. 1994.

[5] J. Boykin, D. Kirschen, A. Langeman, and
S. LoVerso, Programming vmder Mach, Addison
Wesley, 1993,

[6] R. Eigenmann | J. Hoeflinger, Z. Li, and D.
Padua, “Experience i the automatic
parallelization of four perfect benchmark
programs .’ I Proc. 4th Annual Workshop
Language and Compilers for Parallel Computing,
Lecture Notes in Computer Science, 586:65-83,
Springer-Verlag, Aug. 1991.

[7] G. J. Hwang and S. S. Tseng, “EMCUD: A
knowledge acquisition nethod which captures
embedded meanings vmder wmcertainty ” Int'l. J.
Man-Machine Studies., 33:431-451, 1990.

[8] M. C. Hsiao, S. S. Tseng, C. T. Yang, and
C. S. Chen, “Implementation of a portable
parallelizing compiler with loop partition”
Proc. It'l. Conf. Parallell and Distributed
Systems, ICPADS'94, Hsinchu, Taiwan,
R.0.C.,pp. 333-338, Dec. 1994.

[9] K. Hwang, Advanced Computer Architecture:
Parallelism, Scalability, Programmability , MIT
Press and McGRAW-Hill Inc., 1993.

[10] S. H. Kao, C. T. Yang, and S. S. Tseng,
“Run-time parallelization for loops,” in Proc.
20th 1996 Hawaii International Conference on
System  Sciences, HICSS-29, vol. 1, pp.
233-242, Hawaii, Jan. 1996.

[11] D. J. Lilja, “Exploiting the parallelism
available in loops,” Computer 27(2):13-26, Feb.
1994.

[12] K. Loepere, Mach 3 Kemel Principles,
Open Software Foundation and Caregie Mellon
University, 1992.

[13] K. Loepere, Mach 3 Server Write's Guide,
Open Software Foundation and Caregie Mellon
University, 1992.

[14] S. Lemg and J. Zahorjan, Extending the
Applicability and Inproving the Performance of

Runtime Parallelization, Technical Report
UW-CSE-95-01-08, Department of Computer
Science and Engmeering, University of
Washington, Jan. 1995.

[15] O'Reilly & Associates, Inc., Guide to
OSFl: A Technical Synopsis, O'Reilly &
Associates , Inc., Sebastopol, CA, Jume 1991.

[16] C. D. Polychronopoulos Parallel
Programming and Compilers, Kluwer Academic
Publishers, MA, 1988.

[177 W. C. Shih, C. T. Yang, and S. S. Tseng,
“Knowelwdge-based data dependence testing on
loops,” m Proc. 1994 Mtemational Computer
Symposivm, Hsinchu, Taiwan, R.0.C., pp.
961-966, Dec. 1994.

[18] M. Wolfe, High-Performance Compilers for

Parallel Computing, PpP. 137-162,
Addison-Wesley Publishing, New York, 1995.

[19] Chao-Twng Yang, Shian-Shyong Tseng,
and Chang-Sheng Chen, “The anatomy of
parafrase-2,”> Proc. of the National Science
Council Republic of Chmna @at A),
18(5)450-462, Sep. 1994.

[20] Chao-Twmg Yang, Shian-Shyong Tseng,
Cheng-Der Chuang, and Wen-Chung Shih,
“Using  knowledge-based  technicues for
parallelization on parallelizihg compilers,” i
Proc. EURO-PAR'95, Lectre Notes In
Computer Science, 966:417-428,
Springer-Verlag, Stockholm, Sweden, Aug.
1995.

[21] Chao-Twmg Yang, Shian-Shyong Tseng,
and Ming-Chang Hsiao, “A model of
parallelizihg  compiler on multithreading
operating systems’’ Intemational Joumal of
Modelling and Simulation, vol. 18, no. 1,
1998..

[22] Chao-Twng Yang, Cheng-Tien Wu, and
Shian- Shyong Tseng, “PPD: A practical parallel
loop detector for parallelizihg compilers” i
IEICE Trans. Information and Systems, Vol
E79-D,No. 11, 1545-1561, Nov. 1996.

[23] Chao-Tung Yang, Shian-Shyong Tseng,
Cheng-Der Chuang, and Wen-Chung Shih,
“Using knowledge-based techniques on loop
parallelization for parallelizimg compilers,”
Parallel Computing, wvol. 23, no. 3, pp.
291-309, May 1997.



[24] Chao-Tung Yang, Shian-Shyong Tseng,
Ming-Chang Hsiao, and Shih-Fhmg Kao, “A
portable parallelizimg compiler with loop
patitioning for multithreading operating
systems >’ Proc. of the National Science Coumcil
Republic of China (Pat A), vol. 23, no. 3,

1998.
[25] H P. Zma and B. Chapman,
Supercompilers for Parallel and Vector

Computers, Addison-Wesley Publishing and
ACM Press, New York, 1990



