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Coarse Grain Paralldization and Speculative Execution

OMotivation

To achieve a speed-up beyond the loop parallelism,

wetry to exploit the procedure parallelism and specul ative executi on.
0Goal

Development of coarse grain parallelizing modul e which treats

both speculative and non-specul ative execution uniformly.

O Structure of Compiler Modules
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Oper ationswhen the speculation fails

Execution Commitment Edge
Speculative task iscommitt

Output Datacan beread from
outside of it. BB2
(Cutput Data Globalization) 53

-

Non-execution Commitment Edge
Speculative task
iscanceled.

“—Data Prepar ation Point
Speculative task isinvoked.

Input Data

Speculative Task

Output Datais maintained in the local
until the execution commitment
edge is passed.
Data Prepar ation Point
. l_ v—Non-execution Commitment Edge
Original Task

SpeaulativeTask | Cancel
Invocation
Speculative Task Finish

Algorithm of Paralld Task Sdection (2)

(2) Find the end of the speculative or non-specul ative task.
For each task top basic block
Find the furthest basic block such that
«dominated by the task top block
«postdominates the task top block
«thereisneither yellow nor red block in the pass from the task top block to it

DO00LI0= 1,N3
DO00LI1=1N
DO00LJL=1, N2
DO00LK1=1,N2
01 A(LILKD =1 HHIK 1AL LKD)

DOO0M10=1,N3
DOO0@ 2= 1N

=1,N2
002 B(1202K2) =12412+K2+B(12. R K2)+A(12.12.K2)

Totd: 59sec

Alpha Server GS160 Model 6/73 :Alpha 21264 %731MHZ) x 8
Alpha Digital Fortran Compiler: -v -arch ev6 -O!

IFBNN2N2) EQ.0) THEN
DO 0B10=1, N33
DO03I3=1 N
DO (03J3=1,N2
DO (BK3=1,N21
008 RESULT1=RESULTL+ A(I3BK3+1)/A(13.BK3)
EL

Loop 3 4

# of Instructions estimated | 201,010,100 (201,010,100 § 201,010,100
Data Preparation  id 11 1 1
004 Rmrz:méswrzm(m.u,mﬂ)' Al4BKY Lot S 0405080307 1 405.080307
ENDIF Execution Commitment BBid 30 16 16

# of Instructions estimated | 204,020,206 2 2

Non-execution Commitment B8id 16 16

£3

DO0X410=1, N33
DOOXMI4=1 N
DO 04 J4=1,N2

DO 04 K4=1,N2-

999 WRITE(6, *) 'RESULT1=', RESULTL
WRITE(6, *) 'RESULT2=, RESULT2

# of Instructions estimated 2 2
Data Use BBid 27 27

# of Instructions estimated 0

0
10

Case Study of Procedure level Paralldization
(CFP2000/168.wupwise)

6 parallel tasks are extracted from the main loop
w21, 61
13 CALL MATMULYU,N1 N2 N3 N4 KAPPA,P,AUX,UD)
14 BETA = ZDOT§(SIZE,RD,1,.0,1)
1, 51

w4

w84 > 5

s47, 42T 22 CALL ZAXPY(SIZE,OMEGA,S,1,X,1)
20 CALL ZAXPY(SIZE)-OMEGA,T,1,R,1)

s4.6

23 ALPH = ZDOTC(SIZE,R®; w 4_7

23 RHO = ALPH/ALPHA * D 27 RNRM2 = DZNRM2(SIZE,R,1
JCAL(SIZE,RHO,P,, 1) s41 s7.4 CHEED

AYPY(SIZE, ONE R, 1.P. 1) 23 ALPHA = ALPH 27 EPS = RNRM2 / ROMRN2

27 WRITE(*,992) ITER, EPS
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Analysisfor
Coarse Grain Paralldization and Speculative Execution

Data Prepar ation Point
Thefinal ingtruction to
which Input Daa of a
speculative task is dedded

Sets of edges to which
itisdedded thata
speculative takis BB2
executed & last

Non-execution Commitment Edge
Sets of edges to which
itisdedded thata
speculative tesk is
NOT executed at |ast

Speculative Task

Output DataDep.

Speculativetak  Super Block
Input Datae  Referenced data defined outside the speculative task
Output Data: defined datareferenced outside the speculative task

Selection of Parallel Tasks

Thefollowing conditions are pr efer ablefor paralle execution.
Long distance between Data Preparation Point and Output Data Use

—Data Prepar ation Point
jExecution Commitment Edgel- Qutput Data Use

qinal Tas .

Original Task /‘ Long Digtance between

Speculative Task L
| nvocation < Execution Commitment Edge
\ _and Output Data Use

butput Dataglobalization| Firish
«— —» Little Output Data
Substantial task as a paralld task
Distance between Data Prepar ation point and Execution Commitment Edge:
«Long =) Speculative Execution
*Short or minusE) Non-specul ative Execution

Speculative Task

Short digance between Data Preparation Point and Non-execution Commitment Edge

—Data Prepar atipn Point

— Non-execution Commitment Edge
Speculative Task \ cance

Invocation

Specul ative Task Finish

Original Task

Algorithm of Paralld Task Sdection (3)

(3) make tasks which consist on the blocks which don't belong to any tasks.

Example of Speculative Execution(2)

1$OMP SECTION
CALL OMP_SET_LOCK(P1)
CALL OMP_UNSET_LOCK(P))
DO 01810=1, N33
DOOBI3=1 N
DO 003J3=1,N2
DO 0BK3=1,N2-1
008 TMPL= TMPL+ A(3J3K3+1) A(3J3K3)
CALL OMP_SET_LOCK(
CALL OMP_UNSET_LOCK(P2)
IF(P3.EQ 1) GOTO430
RESULTL= TMPL
430 CONTINUE

ISCMP PARAL LEL SHARED(A,B,POPLP2P3)
ISCMP SECTIONS
ISCMP SECTION

DO11011=1,N

DO110J1=1, N2

CALL OMP_SET_LOCK(P0)
CALL OMP_UNSET_LOCK(PO)
DO00LI0=1,N3
DO00LI1=1,N
DO00LJL=1, N2
DOO0LK1=1,N2
0L A(LILKI) =1 1rIKI+A(1 LK)
CALL OMP_UNSET_LOCK(P1)
1SQMP SECTION
CALL OMP_SET_LOCK(P1)
CALL OMP_UNSET_LOCK(P1)
DO0R2I0=1,N3
DO0RI2=1,N
D002 J2=1, N2
DO0K2=1,N2
002 B(12,02K2) =12:412+K2+B(12. K2} +A(12,02K2)
IFB(NN2N2) .EQ.0) THEN

CALL OMP_UNSET_LOCK (P9
ELSE

CALL OMP_UNSET_LOCK(P2)
ENDIF

Alpha Sarver GS160 Model 6/73 :Alpha 21264 %731MH2) x 8
Alpha Digital Fortran Compiler: -v -arch ev6 -O!

Case Study of Procedurelevel Parallelization
(CFP2000/168.wupwise)

Original
Sequential
AlphaServer GS160 Model 6/73
Alpha21264 (731MHz) x 8
Memory: 4GB
AlphaDigital Fortran Compiler
Original Sequential: -v -arch ev6 -O5 —fkapargs=" -conc -ur=1’
Procedure Parallel: -v -arch ev6 -O5 -omp -pthread -call_shared

Procedure level
Parallelization

Oper ations when the speculation succeed

Execution Commitment Edge
Speculative task iscommitt

Output Datacan beread from
outside of it. BB2
(Cutput Data Globalizaion) I 4

<—Data Prepar ation Point
Speculative task isinvoked.

Non-execution Commitment Edge Speculative Task
Speculative task

is canceled.

Output Datais maintained in thelocal
until the execution commitment

edge is passed.
Data Prepar ation Point

—Execution Commitment Edge
Original Task I

Speculative T I
I nvocation utput Data
Speculative Task

Finish
IOutput Data Globalization
Par allel Execution 3

Algorithm of Paralld Task Sdection (1)

(1) Find the top block of the speculative or non-speculative task.
For each Basic Block
«distance of data preparation point and execution commitment edge islarge
= that basic block isthe top block of speculative task (turn to yellow)
«(distance of data preparation point and the top of the block islarge) AND
(distance of execution commitment edge and the top of the block is large)
) that basic block isthetop block of non-speculative task (turn to red)

Algorithm of Paralld Task Selection (4)

(4) unify the small tasks.

Case Study of Procedure level Parallelization
(CFP2000/168.wupwise)

«Data Dependency between the procedures in main loop of wupwise
ALPHA =ZDOTC(SIZE,RD,1R 1)
DO1MITER =1LNITER
CALL MATMUL(U,NLN2N3N4,KAFPA 2 AUX UD)
BETA = ZDOTQSIZE,RD,1UD,1)
DELTA = ALFHA/BETA
CALL ZCOPY(SIZE,R,1,51)
CALL ZAXPY(SIZE,-DELTA,UD,15,1)
CALL MATMUL(U,NLN2N3N4 KAFPA 5 AUXT)
ST=ZDOTQSIZE,T,1,51)
TT =ZDOTQSIZE,T,1,T,1)
OMEGA =ST/TT
CALL ZOOPY (SIZE,S1R1)
CALL ZAXPY (SIZE,-OMEGA, T,1R,1)
CALL ZAXPY(SZEDELTA,RL1X,1)
CALL ZAXPY(SIZE,OMEGA S1X,1)
ALFH = ZDOTQSIZE,RD,LR,1)
RHO =ALPHALPHA* DELTA/OMEGA
ALPHA =ALPH
CALL ZAXPY(S ZE-QVIEGA,UD,1P1)
CALL ZSCAL(SIZE,RHO P,1)
CALL ZAXPY(SIZE,ONER,1P,1)
RNRM2 =DZNRMZS ZE, R,1)
EPS = RNRM2/ RONRM2
QKIS PRINT *,ITER EPS
WRITE(* 992) I TER EFS
92 FORMAT(18D158)

100 CONTINUE

Summary

X:lnput array
Y:Output array

* We have eveloped the parall €lizing module which expl oits both
specul ative and non-speculative execution at coarse grain level.
*Task: loop or procedure
«Specul ation: control
« It iscomfirmed that the performance is increased by the speculative
execution, which is suitable for it.
» Some procedures are extracted as a parallel task from
Spec2000/168.wupwise.
The performance has increased by17% on Alpha Server GS160
Model 6/73.




