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Reguirements

®* DoD usersneed help in parallelizing codes

* Accessing/har nessing new scalable systems

®* Toolsto convert serial Fortran codeto
portable parallel source form:
- rapidly
- almost automatically
- accuratdy
- efficiently and scalably

®* Using either OpenM P directivesor M PI
calls or any combination ;



History

® Jan 98 - Government sponsored visit from
Prof. Mark Cross, Director of Resear ch at
the Univ of Greenwich, London, UK

* Aug 98 - collaborative evaluation of
CAPT ools defined and proposed

® Oct 98 - PET funding for tech support
approved



History (cont.)

® Dec 98 - collabor ation between UG and

NASA Amesincorporated into ASC
project through use of OpenM P directives

* Apr 99 - MPI/OpenM P betarelease
provided to ASC

® Evaluation status- UGC 99
* 3workshopsby UG



What 1IsCAPTo00ls?

A softwar e environment to transform Fortran source
code from scalar to parallel source form with message
passing MPI or OpenMP directivesin an interactive
semi-automatic way

INPUT CAPTools OUTPUT
Fortran// Transformation Fortran//
code ::: to parallel code ::: + MPI calls
OR
+ OpenMP

Dir ectives®



Featur es

* Main components
®* | nput codes
*Design

* Dependencies



Main components

* State-of-the-art interprocedural
dependence analysistechniques

* |n depth analysisusing symbolic algebra
methods

* User supplied knowledge to assist
parallelization

®* GUI interactive front end
* Automatic user directed array partitioning
* Automatic parallel source code generation



| nput codes

®* Fortran 77 (Fortran 90/95 In
development)

* Multiple program files
* Include statements

® Conditional complilation directives
should be preprocessed



Design

CAPTools generated
parallel source code

CAPLIb API

Cray |[Transtech

MPHPVM SHMEM i860toolsmet




Depen |
. DEPENdENcies

A(I)_ A(I)
* Control
IF (A(1) .EQ. 5) THEN
A(l) = A(I) + B(J)
°* Anti 4 I)
ACl) = (
* Qutput
ACT)
ACT)



Par allelization

* Steps

® Session

*Start CAPTools
* Compilée/link

* Run



Steps

°| oad Fortran 77 code

*Volunteer knowledgetothe
system

* Perform dependence analysis



Steps (cont.)

® Partition the data
®* Generate control masks
®* Generate communication calls



Steps (cont.)

* Generate parallel source code
* Complle/link/run the code
*Validatetheresults



Session



File =) Mew v] Edit ] Links v) o Properties.. |  Help... |

This copy of CAPTools is licenced to ASC WPAFE
Licence expires on Monday Januwary 01 Z001.

Welcome to Computer Ailded Parallelisation Tools (CAPTools) (o)

() Copyright 1992-1998 Parallel Software Products Ltd.

Rights of use

This i1s a Beta wersion of CAPTools. ¥ou should not transmit or copy this program
in any form to any other company or indiwvidual without the consent of the

owners of the code. Your right to use this Beta wersion of CAPTools ends on

the licence expiry date or with the first release of a commercial product, which
ever 1s earlier.

Using CAPTools

The user marnual provides you with a full introdoction to all the concepts used
by CAPTools and includes several tutorials. Use the on-line help to obtain help
in using each window.

More information on CAPTools can be obtalned from:

Parallel Processing Research Group

Faculty of Science and Techrnology

University of Greenwich

Wellington Street

Woolwich Tel : +44 (0)181-331-8731/8655 Web : http://captool. gre. ac.uk
London SE18 EPF Fax : +44 (0)181-331-866b Email : captools@gre. ac. uk

To report bugs and get user support please email: captool-supportlgre. ac. uk
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=.§ CAP foofs: Knowledge of READ variables

B

30 Integer Vars are READ:

Yalues From Profiles

1 User Knowledge Items:

—1 J| J|
|| JTEM:GRID:17:read (UNIT=3) JTEM ,ktem, ltem - ~|| LTEM := &
ETEM:GRID:17:read (UNIT=3) jtem, ETEM , ltem
- - -
T |LTEH:GRID:1'T:read (UNIT=3) jtem, ktem, LTEM T T
IOUT:GRIDGEN: 18: read (UNIT=5, FMT=*)1iper, iprint, IOUT
IPER:GRIDGEN: 18: read (UNIT=5, FMT=*) IPEE ,iprint,icukt
IPRINT :GRIDGEN:18:read (UNIT=5, FMT=*) iper, IPRINT ,iout
ISTR]:GRIDGEN: 16 : read (UNIT=5, FMT=*) ISTRl ,istr¥
ISTRE : GRIDGEN: 16 : read (UNIT=5, FMT=*)istrl. ISTRZ
WE]l:GRIDGEN: 14 :read (UNIT=5, FMT=*) HNE1 .nbZ, rfronkt, cmazx, 2, 2maz, doa
—1 j| j|
Positive Montrivial | Positive Megative Montrivial | Megative |
Positive Nontrivial Default: S i al
Megative Nontrivial Default: -5 | 7|
User knowledge: LTEM Dismiss ] Help... )
= 3 : COMMON /BASE rugs, NMAK, JMaH, KMAE, LMA, JM, KM, LM, DT, GAMMA, GAMI, FSMaCH, F¥(5),FD (L), ALPF, GD, DISZ, DIS4, CHMER, PI, INVISC, LAMIN, NP, I
VARDT
4 COMMON SREAD/IREAD, IWRIT, HGRI
L COMMON /VIS/EE, PR, RMUE, EE
[ COMMON SVARS /0 (40, 23, 30, &)
7 COMMON AWaR1/H (40, 23, 300, ¥i40, 23, 30y, 2440, 23, 30}
8 g COMMON #VWAR3/ET, YT, 8T, XX {40, 83, 300, Xy (40, 23, 300, X2 (40, 23, 30), T (40, 23, 300, ¥¥ (40, 23, 300, ¥ (40, 83, 300, 23 (40, 23, 300, 2¥{40, 23
L300, 22040, 23, 30%
q g COMMON /WaR0/5 (40,23, 30,5}, VaROT (40, 23, 30)
10
11 :C IF HNGRI =1 * COMPUTE THE GRID
12 :C IF NGRI =2 . REaN THE GRID FROM UNIT 3
13 :C
14 ASSUMES THAT GRID IS STATIOMARY
15
16 IF (NGRI.EQ.2) THEN
: FEAD (UNIT=3) ITEM, ETEM, LTEM
12 0o 44 L=1,LMax, 1
19 READ (UNIT=3) { (X(J, E, L), =1, JM&¥), E=1, EMAX), {(Y{J,K.L),J=1, TH&X), E=1, EM&X), ( (2 (I, E. L}, J=1, JMAX), K=1, EMAY)
20 ¢ 44 CONTINUE
21 REWIND 3
on o YRITE (UNIT=6, FMT=111)NGRI
\F 23 . 111 FORMAT (1H , ‘GRID READ, NGRI =*, IS )
24 ELSE
a|l o5 . CALL GRIDGEN { JMAYX, KMAY, LMATK)
25 ENDIF
w|| 27 RETUERN
—




Quick Choice:

Analysis to include:

Basic Intermediate ‘ Full ‘

know ledge Disproofs

Interprocedural ‘ Exact

Scalar Log i

Dependence test:

Limit Analysis Time:
Riam Tinge

I

Analyse |

Banerjee Omega ‘

Dismiss | Help... |




* Knowledge - combines knowledge

entered by the user and that built
up by the dependence analysis

* Disproofs - provesinequalitiesin
dependencetestsfalse

®* |nterprocedural - performsfull
Inter procedur al analysis

22



* Exact - performsteststo set the
exact dependence attributeto

dependencies

® Scalar - performs symbolic
variable equality tests

® Logic - substitutes symbolic
variablesthrough the dependence
graph

23



)

= CAPTools: Dependence Graph

0

Statements.. | Dependence Filter.. | Normalise Text ) Properties.. | Tools 7 )

Graph =) History ¥ ] Why Dependence ? | ReDraw | Dismiss | Help... |

Current Routine: EIGEN Current Graph: 18 statements, 127 dependencies displayed i) _—/‘]
= SUBROUTINE EIGEN =
sz IMPLICIT REAL*H (&-H, 0-%) -

3 COMMON /BASE/ngz, NMAX, TMAY, EMAY, LMA, JM, KM, LM, DT, GAMMA, GAMI, FSMACH
w|| ,F¥(5),FD(5), ALP, 30, DISZ, DIS4, CNER, PI, INVISC, LAMIN, NP, IVARDT -
T4 COMMON /READ/IREAD, IWRIT, NGRI N
5 COMMON /VIS/RE, PR, EMUE, RE
B COMMON /VARS /0 (40, 23, 30, 6)
T COMMON /VARL/H (40,23, 30), ¥ (40,23, 30), 2(40, 23, 30}
8 COMMON /¥AR3/ET, YT, 2T, £(40, 23, 30), T (40, 23, 307, €2 (40, 23, 307, Tx (40
.23, 30%, Y¥ (40, 23, 303, Y2 (40, 23, 30}, 2%(40, 23, 30), 27 (40, 23, 30), 22 {40, 23, 30)
9 2 COMMON /VAROD/S (40,23, 30,5}, VARDT (40, 23, 30)
10 .
11 ¢ COMPUTE EIGENVWALUES
I8 e
13 .C
14 IT=1
15 ET=1
16 LT=1
17 SIGMARX=0.D0
18 oo 10 L=2,LM, 1
1 SNOSP=SORT(GD* ([ (T, K, L, 51 #RR-. 500+ (D U+VV+i+17) ) )
26 SIGA=ARS (XT+U+KH (I, K, L) +V+EV (I, K, L) +W+X2 (1, K, L) ) +SNDSP+SQRT
HE(TL B L) ++2+EV (1, B, L) **2+HE (I, K, L) *+2)
a7 SIGB=ABS (TT+U+YH (I, K, L) +V+¥¥ (I, K, L) +W+VE (], K, L) ) +5SNDSP+50RT{
VE(T, B LY #+24¥7 (1, B, L) #+2+V2 (T, K, L) #+2)
28 SIGC=ABS (ET+U+EH (I, K, L) +V+E¥ (I, K, L) +W+EE(J, K, L) ) +5SNDSP*5QRT{
TE(LE, L) ++2+ZF (1, K, L) #*2+22 (T, K, L) #+2)
29 . SIGABC=MAE (SIGA, SIGE, SIGC)
0 IF (SIGABC-SIGMAX.LT.0) THEN
31 G0T0 10
32 ELSEIF (SIGABC-SIGMAK. GT.0) THEN
33 G0TO 38
Mo ELSE
35 G0TO 10
k. ENDIF
3t . 38 JT=1
| ET=E
9 LT=L
40 SIGMAX=SICABC
41 . 10 CONTINUE %
42 CONTINUE
43 CONTINUE
44 IEM=1.00
45 CMER=VARDT (JT, KT, LT) *DT*5 I GMAE /XM
46 WRITE (UNIT=6, FMT=600) JT, KT, LT, CNER
47 . 600 FORMAT(1H ,30HT,E,L, AND MAY COURANT WER  ,3IG,E14.5) —JJ ]




REoutines:

| TACOE JACOB: 2 Unpartitioned Arrays

Mame Against

e
e T(0:1001) 0
| THNEW{1000] 0

[P

BEase Variable Specification:
Yariable: THEW

Modulus:

i o simpsenaliae aeln e Gl s i i et st nn e o B Brasent L Olindo Breventions

Offset: JACOE: 0 Partitioned Arrays

Mame Index Define Range Partition Range

Tvpe: | Block Cyelic ==
F

Block/Cwclic Unstructured

Partition Acceptance:
Maximum Against: O wie

For/Against Ratio: O s
Partition Alignment:
Tolerence: 5 7|7

Partitioning Options:

| Khow ledge | Exact

| Ois prooefs | Scalar Equality

| Interprocedural | Logic Cenerate F'artitir::lnj Aot Al Darbirlang 0 Praio e G Derbieioagsy o DiSr'r'liSS_;l




Choose MAXIMUM of: De

N
1

Apply |

|m—d] |G | =—d] ]

fining State me nts:

|N:JHDDB:4:RE&D *, N, TOL

Il Path For Selected State ment:

Relevent Code: JACOE D|5m|55j HEI':'"'J
1 FEEAL T(0:1001), THEW{1000%, TOL
e INTEGEER N
3 FEINT *, ‘Enter the walues of W and TOL ... °
- FE&D +, M, TOL
k5 oo 10 I=1.HM.1
[ T(I)=0.0
¥ 10 CONTIMNUE
g 0 COMNTIMIIE
a oo 20 I=2.M-1.1
10 THEW({I)=(T{I-1)+T{I+1)) /2.0
11 20 CONTIMUE
12 THEW{1)=T{2y /2.0
13 THEW (M) =(T(H-1)+100. . 0) /2.0
14 DIFM&a:=0.0
15 oo 30 I=1.H,1
16 OIFF=AES (THEW (I} -T (I}
17 IF (DIFF.GT.DIFM&H) THEN
13 DIFMAaHE=NTFF

ENDTIFE



Routines:

JACOE

]

Lasna Wariabie Spevifiontinmg

Wariahia ¥

5

Variahie tmlpsr | o0V

Biveeiesissv:
Prispisongy
GFfunt

Farpper

Partitios Aroputnnog
Blaximumn sgalusi O
Fardaaainst Batia o

Frartitiaon Allagnmanah
Falprgpaoe: 5

Partitioning Options:

| Khow ledge | Exact

| s prooefs | Scalar Equality

| Interprocedural | Logic

Partitioning Complete,

JACOE: 0 Unpartitioned Arrays

Mame

Against

jmad|
i

= 4 H SR e T el T e
FREEE S AR S Ty SIS AR

o

Unda Preve nti-::nnﬂj

JACOER: 2 Partitioned Arrays

Mame Index Define Range

Partition Range

T 1 1:H
THEW 1 1:H

CAP BLTHEW:CAP BHTHEW
CAF_BLTHEW:CAP BEHTHEW

Browse Partition Hanges...j

SBocept &l F'artiti-::-nﬁj

Celete All Partitic}nﬁj DiSr'r'liSS_;l




Communication Type: | Bulk

Commmunications Options:

Cenerate Options:

Execution Mask Heuristic:

Masking

Cather/sScatter

Sather/sScatter + Pipeline Srouping

Individual

Short Circuit Broadcast Calculation (SUNC KD

First Pass Only (MO CODE SEMERAT IO MDD

Know ledge

Crisproofs

Interproce dural

Ex=act

Scaler

Logic

Union OF Mas ks

Most Frequent (unit count)

Maoast Freguent (cummulative countl

Maximise Loop allignment

Cenerate Mas HS_;I

Communications
Optimisations

Finalise

e
R B
- N L .

R T




Start CAPTools

*Loginto SGI Origin 2000 at ASC
(hpcO3.asc.hpc.mil)

°*Typein:
capo (OpenMP)
captool (MPI)



Compilée/link
Code with OpenMP on O2K:
of/7 -mp file.f
*fo90 -mp fFile.T



Compilée/link (cont.)

Codewith MPI on O2K:
®capf/7 -m sgi_64 -p mpi file.T

Code with MPI on SP2:
®capft/7 -m sp2 -p mpi file.f

Use " capf77 -help” for moreinfo



Run

OpenMP, interactive, SGI O2K:

setenv MP SET NUMTHREADS 2
a.out

32



Run (cont.)

MPI, Interactive, O2K:

caprun -m sgi_64 -p mpi \
-top pipe2 a.out

MPI, Interactive, SP2:

caprun -m sp2 -p mpi \
—-top pipe2 a.out

Use“caprun -help” for detalls



Examples

* Applications

* Accelerating code parallelization
with CAPTools

* Benefit to DoD
* Moreinfo



Applications

*N-Body
* PFEM
*R-Jet



N-Body
*Distributes points evenly on
the unit sphere
* 3D n-body model

* Hand-written M PI
* CAPTools generated OpenMP



=& Linear
Speedup

- CAPTools
OMP N=1000

== Handwritten
MPI N=1000

———CAPTools
OMP N=100

=®— Handwritten
MPI N=100

Partition Size

Speedup Curves for the N-Body Code



PFEM

* Solves 2D highly nonlinear
BVPIn CSM

°* Domain decomposition (two-
colorings)

* Hand-coded directive-driven



Speedup

64

48

16

=& Linear Speedup

== CAPTools OMP
50K DOF

=i CAPTools MPI
200K DOF

—— CAPTools OMP
200K DOF

> CAPTools MPI

50K DOF
—8— Hand-coded CRI
200K DOF
e ;]
- Hand-coded CRI
1 T 50K DOF
16 32 48 64

Partition Size

Speedup Curvesfor the PFEM Code =



R-Jet

* Simulates vortex dynamics
and breakdown In
turbulent jets

*Hybrid, high-order,
compact finite difference
spectral method



Speedup

64

48

16

/‘/'/’ :
—- —l— —il ]
16 32 48 64

Partition Size

—A—Linear
Speedup

-®-CAPTools
MPI Explicit

- CAPTools
MPI Compact

Speedup Curvesfor the R-Jet Code 41



Accelerating code par allelization

with CAPTools

Code | Parallé Paralle Nur.nerllcal Optimiz
analysis| strateqy code_ va||dat|_on ation
“" 1 generation | debugaing
Hand | 1mth | 1 mth 3 mths 6 mths 3 mths
CAP < 1 hour
Tools 2days | 2days each time 1week | 1week

Par allelization process reduced
from ~1 year tolessthan 1 month.




Benefit to DoD

* Effective utilization of SMPsand DM Ps
now and in any combination in future

* Minimizethetimerequired to parallelize
codes

®* Enablearange of parallelization strategies
* Produce scalable and efficient codes

* Provide morerdiable smulation of
complete war fighting systems

43



http://www.asc.hpc.mil/
PET/PTES/CAPToold
Index.htm|

http://captools.gre.ac.uk

luczakr @asc.hpc.mi L



