
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

 
 
 
 

 
 

���� � ��  



 ii 

 

, 

863 AFT
ParaPIE ParaPIE

ITDC’94-164 FPT
PROFPAT  

 
, Erik D’Hollander , , 

, , , , , , 
,  



 iii 

Abstract 

First, the paper discusses the programming principles of how to exploit the parallelism 
underlying in sequential programs with the Parallel Programming Interactive Environment, 
explains the methods in designing the major functions and tools that are integrated in the 
PROFPAT(the PROgramming environment for the Fortran PArallel Transformer), and 
seperately demonstrates its application procedures such as interactive dependence analysis, 
loop parallelization, array privatization and unimodular transformation, etc..  
Then the paper introduces the experiment procedures of applying PROFPAT to analyze three 
difficult SPECfp95 benchmark programs that automatic compilers can not parallelize, 
indicates the key obstacles and their solutions, and presents the effective results of the 
PROFPAT’s application. The experiment shows the effectiveness of PROFPAT in analyzing 
the programs’ parallelism and improving their performance by exploiting the parallelism and 
data locality. 
The paper introduces several general practical new techniques, such as the analyzers of 
program profiles, maximum potential parallelism, array privatizability, and loop parallelism; 
the visualizers of the statement-level data dependence graph, procedural call-graph, loop 
iteration space data dependence graph; and interactive tools of array privatization and 
unimodular transformation; and summarizes the automatic techniques of the array 
privatization combined data dependence and coverage, the computation of parallelizing 
unimodular transforming matrix for multi-nested loops, the enhanced unimodular 
transformation with array reduction recognition, the non-loop level parallelism revealing 
technique, the dynamic dataflow analysis and the optimization of cross-loop local cache 
reuses, etc. 
The paper not only treats the principles of these valuable auto or interactive analysis and 
compiling techniques, but also deduces several automatic algorithms to propel the automatic 
compiler research. Inversely, the improvement to automatic parallelization also becomes a 
driving force to the deeper study of interactive parallelization. Finally, the paper also throws 
lights on some of the possible objectives of the future Parallel Programming Interactive 
Environment. 

 
Primary Keywords: Parallel Programming Interactive Environment, Parallelizing Compiler, 
Program Analysis, Program Transformation, Code Generation 
Secondary Keywords: Intermediate Representation, Dependence Analysis, Dynamic 
Dataflow Analysis, Program Visualizing Interactive Analysis, Array Privatization, Automatic 
Parallelization, Unimodular Loop Transformation, Cache Reuse Optimization 
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2.1  

12.5 1GHz

 

[63]  
 
 
 

 
 

 

 2-1  

2.1.1  

Cache

 

2.1.1.1  

(uniprocessor)

(multiprocessor)

(SMP) (scalable SMP) (MPP)

(shared memory) (distributed memory)

(SIMD) (MIMD)[14][31]  

2.1.1.2  

(scalar) (SISD) CPU

/  
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CPU (CISC) ( IBM390 VAX

Intel PC ) (RISC) ( Sparc, RS6000, HP PA-RISC, MIPS 

R-8000, Alpha AXP, Power PC RISC )  

(cache)

(VLIW) (superscalar) (vector)

 

 

 

 

 

 

 

 

 2-2  

Cray 1 1

 

 

 

 

 2-3  

 

 

 

 

 

 2-4 SIMD  

(fine grain)

(coarse grain)

 

   

cache 

 
 

 

 
I/O  
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PE 

 

PE 

 

PE 

 

PE 

 

PE 
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2.1.1.3 (SIMD)  

(SIMD)

(PE)  

PE (MPP) SIMD

Thinking Machine CM-2 MaxPar MP-2  

2.1.1.4 (SMP) 

MIMD ( 30) 

(crossbar)

cache

cache  

 

 

 

 

 2-5 SMP cache  

Cray X-MP, Y-MP, SGI Power Challenge, 2  

2.1.1.5 (DSMP) 

MIMD

( Mesh )

 

 

 

 

 

 

 2-6 / DSMP 

IBM SP2, Intel Paragon, nCUBE, CM-5, Cray T3D 1000  

Cache 

CPU 

Cache 

CPU 

Cache 

CPU 

Cache 

CPU  
 

 

CPU 

 

CPU 

 

CPU 

 

CPU 

 

CPU 

 

CPU 
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2.1.1.6  

(cache)

 2-7  

 

CPU

 

Cache CPU

cache

cache

cache Cache

 

 

 

 

 

 

 
 2-7  

 cache cache

Cache Cache

cache

cache

cache [26][27] cache

cache

cache  
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2.1.2  

Fortran

Fortran (Fortran 77) Cray Fortran, SGI Fortran

( Fortran 90[1], HPF, PCF)

( HPF)

( MPI PVM)

 

 

 

 DO i=1,n 

   DO j=1,n 

     DO k=1,n 

    c(i,j)=c(i,j)+a(i,k)*b(k,j) 

     ENDDO 

   ENDDO 

 ENDDO 

2.1.2.1  

Fortran 90

 

 

   DO j=1,n 

     DO k=1,n 

       DO i1=1,n,B 

       c(i1:i1+B-1,j)=c(i1:i1+B-1,j)+a(i1:i1+B-1,k)*b(k,j) 

          ENDDO 

    ENDDO 

 ENDDO 

B B

KAP PTRAN
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2.1.2.2  

Do  

<do_stmt> ::= 

 DO <var> = <l_exp>, <u_exp>[,<s_exp>] 

   <body> 

 ENDDO 

 

DO

WHILE

WHILE DO DO

DO DOALL DOACROSS  

<doall_stmt> := 

 DOALL <var> = <l_exp>, <u_exp>[,<s_exp>] 

   <body> 

 ENDDOALL 

<doacross_stmt> := 

 DOACROSS <var> = <l_exp>, <u_exp>[,<s_exp>] 

   <body> 

 ENDDOACROSS 

DOALL

(

) DOALL

DOACROSS

 

DOALL  

DOALL i=1,n 

   DO k=1,n 

      DO j=1,n 

        c(i,j)=c(i,j)+a(i,k)*b(k,j) 

      ENDDO 

   ENDDO 

ENDDOALL 

DOALL
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2.1.2.3  

Psection WAIT/POST

 

<PSection_stmt> := 

 PSECTION BEGIN 

    BEGIN SECTION 

      <Section_Body1> 

  END SECTION... 

    BEGIN SECTION 

   <Section_Bodyn> 

 END SECTION 

PSECTION END 

N G O(N*G)

N P

 

2.1.3  

2.1.3.1 CPU  

CPU

Profiler

CPU  

2.1.3.2 (Speedup Ratio) 

P1 T P2 P2 T1 P2 N

TN TN≤T≤T1 TN≤T

T≤T1

T1 ≤T

 

S=T/TN
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2.1.3.3  

 

2.1.3.3.1  

 

2.1.3.3.2  

: P=P1;P2;...;Pn P

p1,p2,...,pn s1,s2,...,sn P S=1/�
i=1

n
pi/si  

 

 

 

2.2  

2.2.1  

Fortran

 

2.2.2  

 

2.2.2.1  

( ) (Use)
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(def)

( ) ( MayUse), ( )

( Kill) (

MayMod)  

( )

s ( )  

MayUse(s)=Local_MayUse(s)∪ U
p∈PRED(s)

MayUse(p)  

MayMod(s)=Local_MayMod(s)∪ U
p∈PRED(s)

MayMod(p)   

Kill(s)=Local_Kill(s)∪ ^
p∈PRED(s)

Kill(p)  

PRED(s) s

MayUse MayMod Kill

 

 

2.2.2.2  

2.2.2.2.1  

( ) (data dependence)  

� (flow-)  

S1 V=...... 

... 

S2:  ......=V 

� (anti-)  

S1:  ......=V 

... 

S2 V=...... 

� (output-)  

S1 V=...... 

... 

S2 V=...... 

 

2.2.2.2.2  

(iteration)

(loop-independent)
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(loop-carried)  

n  2-7a (iteration space)

{i=[i1,...,in]
T∈Zn | L1≤i1≤U1 L2(i1)≤i2≤U2(i1) ... Ln(i1,...,in-1) ≤ in≤ 

Un(i1,...,in-1)}  

(lexigraphical order)

 < n ∠ i=[i1,...,in]
T∠[j1,...,jn]

T=j i1<j1 i1=j1 i2<j2 , ... ...,  

i1=j1 ... ik=jk ik+1<jk+1, k<n DOALL

 

2.2.2.2.3  

A(f(I)) A(g(I)) f(I) g(I) A(f(I)) A(g(I))

I i1 i2  

f(i1)=g(i2) 

(distance vector)d i1 i2 I i1∠i2

d=i2-i1, i1∠i2 0∠d  

2.2.2.2.3.1  

d = i2 - i1 i  

f(i2-d)=g(i2) 

d  

 2-1  

 2-1  

 
 
DO i1=5,10,1 
  DO i2=5,10,1 
    a(i1,i2)=a(i1,i2-1)+a(i1-2,i2+3)+a(i1-3,i2+7) 
  ENDDO 

ENDDO 

 

a(i1,i2) a(i1,i2-1) d = i2 - i1=(0,1)T a(i1,i2) a(i1-2,i2+3)

d = i2 - i1=(2,-3)T a(i1,i2) a(i1-3,i2+7) d = i2 - i1=(3,-7)T  

2.2.2.2.3.2 ( )  

j=j+M1 k=k+M2

(M1≠M2), A(j+N1) A(k+N2) ,

M1*i+N1 = M2*i+N2  
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 2-2  

 2-2  

 
 
   PARAMETER(n=10) 
   DO i=1,n 
     a(2*i)=a(i) 
   ENDDO  

 

i2 i1 ( i1 i2 )  

f(i1)=g(i2(i1)) f(i1(i2))=g(i2) 

i2 i1  

h(i1)=i2(i1) i1(i2)=h(i2) 

, i1 i2  

d(i1) = i2 (i1) - i1 d(i2) = i2 - i1(i2) 

d(i1) = i2(i1)-i1=2[i1]-[i1]=[i1]  

2.2.2.2.4  

 

2.2.2.2.4.1 GCD  

GCD  

  a1x1+a2x2+...+anxn = c 

gcd(a1,a2,...,an) c gcd(a1,a2,...,an) c

 

GCD c

 

2.2.2.2.4.2 Banerjee  

Banerjee

 

a a+=max(a,0), a-=max(-a,0).  

p<x<q, a+p-a-q<ax<a+q-a-p. 
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i=1,2,...,n, pi<xi<qi,  

���
=

−+

==

−+ −<<−
m

i
iiii

m

i
ii

m

i
iiii paqaxaqapa

111

)()(  

  

a1x1+a2x2+...+anxn = c   

 

�
=

−+ >−
m

i
iiii cqapa

1

)(   �
=

−+ <−
m

i
iiii cpaqa

1

)(  

 

2.2.2.2.4.3 Omega  

Omega William Pugh 1991 [48] Omega

( )  

Omega Fourier-Motzkin Omega

Omega

 

Omega

Omega (Dark 

Shadow) (Real Shadow)

Omega

 

( )  

2.3  

 

{P}S{Q} {P’}S’{Q’} P P’ Q’ Q

S=>S’ S’=>S S S’ S<=>S’  

 

P P1,P2,...,Pn P=P1||P2||...||Pn P

P1,...,Pn P S=Pi1;Pi2;...;Pin (i1,i2,...,in) (1,2,...,n)  

{P}Seq{Q} {P’}Para{Q’} Para=P1||P2||...||Pn

P P’ Q’ Q Para  

2.3.1  
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 2-3

 

 2-3  

   
 {N.NE.0} 

T=N/N 
{T.EQ.1} 

{.T.} 
T=1 
{T.EQ.1} 

 {N.EQ.10} 
DO I=1,N 
 A(I+10)=A(I)+... 
ENDDO 

{.T.} 
DO I=1,10 
 A(I+10)=A(I)+... 
ENDDO 

 {J.EQ.0} 
DO I=1,10 
 J=J+3 
 A(J)=A(3*I)+... 
ENDDO 
{J.EQ.30} 

{.T.} 
DO I=1,10 
 A(3*I)=A(3*I)+... 
ENDDO 
J=3*10 
{J.EQ.30} 

2.3.2  

2.3.2.1  

F77

Fortran IF GOTO

[2]  

 2-4  

Fortran77   
      IF (JTYPE.EQ.3) GOTO 10 
      IF(JTYPE.GE.4) GOTO 20 
      ELSE GOTO 50 
20      statement segment 1 
      IF(JTYPE.GE.5) GOTO 10 
      ELSE GOTO 50 
10      statement segment 2 
      IF(JTYPE.GE.5) GOTO 40 
      ELSE GOTO 50 
40      statement segment 3 
50    CONTINUE 
 

      IF(JTYPE.EQ.3) THEN  
       statement segment 2 
       IF(JTYPE.GE.5)THEN 
        statement segment 3 
       ENDIF 
       ELSE IF (JTYPE .GE.4) THEN 
        statement segment 1 
        IF(JTYPE.GE.5) THEN 
        statement segment 2 
        IF(JTYPE.GE.5) THEN 
         statement segment 3 
        ENDIF 
       ENDIF 
      ENDIF 

FORTRAN

GOTO FORTRAN ENTRY SAVE IF
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GOTO , ,

, GOTO

GOTO  2-4 IF

DO

 

 2-4  

ENTRY SAVE IF GOTO GOTO

 

2.3.2.2 DO  

DO (normalization) +1  2-5  

 2-5  

  
{.T.} 
DO i=expL,expU,S 
   Body(i) 
ENDDO 
{.T.} 

{.T.} 
IF (expL.LE.expU.AND.S.GT.0.OR. 
   expL.GE.expU.AND.S.LT.0)THEN 
  DO i’=1,(expU-expL)/S+1,1 
     i=expL+(i’-1)*S 
     Body(i) 
  ENDDO 
ENDIF 
{.T.} 

2.3.3  

 2-6

 

DOALL DOACROSS

 

variable privatization [20][43][72][73] loop distribution

fussion [74] unfolding strip-mining interchange [61]

unimodular transformation [13][24][65]
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 2-6  

 2-6 DOALL  

  
{.T.} 
DO I=1,10 
 A(I+N)=A(I)+... 
ENDDO 

{N=0 or N>=10 or N<=-10 } 
DOALL I=1,10 
 A(I+N)=A(I)+... 
ENDDO 

strip-mining interchange

[18][28][46]  

 

2.3.3.1  

F n I (I1,...,In)
T m J (J1,...,Jm)T

F i1,...,in I Rn (basis) j1,...,jm

J Rn I i=(I1,...,In)
T Rn Vi=I1i1+...+Inin

J j=(J1,...,Jm)T Rn Vj=J1j1+...+Jmjm I J

m×n F: (i1,...,in)= (j1,...,jm)F Vi Vj

(j1,...,jm)Fi=(i1,...,in)i=Vi=Vj=(j1,...,jm)j j=Fi I i1∠i2

j1∠j2 I d=i2-i1 d’= j2 - j1, F d’=Fd  

 2-7  

 DO I1=L1,U1,1 
   DO I2=L2(I1),U2(I2),1 
     ... 
     DO In=Ln(I1,...,In-1),Un(I1,...,In-1),1 
         Body(I1,I2,...,In) 
     ENDDO 
     ... 
   ENDDO 
 ENDDO 

 DO J1=LL1,UU1,1 
   DO J2=LL2(J1),UU2(J1),1 
     ... 
     DO Jm=LLm(J1,...,Jm-1),UUn(J1,...,Jm-1),1 
         Body(J1,J2,...,Jm) 
     ENDDO 
      ... 
   ENDDO 
 ENDDO 

(a) (b) 

2.3.3.2 (Unimodular)  

I J I i J j Fi=j

1 (unimodular)
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1 1 ( 3)  2-7b

[13][24][65]  

2.3.3.2.1  

U ±1 (skewing) (reversal) (interchange)

 

�
�
�
�

�

�

�
�
�
�

�

�

1
1

1
1

a
      

�
�
�
�

�

�

�
�
�
�

�

�

−
1

1
1

1

  

�
�
�
�

�

�

�
�
�
�

�

�

1
1

1
1

 

 (a) skewing   (b)  reversal   (c) interchange 

2.3.3.2.2  

U  

1 U1 U2 U =U1 U2  

2 U U-1  

3 U 1 1

 

4 U U1,...,UT, U=UTUT-1...U1  

5 V U T1 T2 V=T1UT2 

 

2.3.3.2.3  

 2-8a b

b  

 2-8  

(a)  (b)  
DO I1 = 0,3,1 
 DO I2 = 0,2,1 
    A(I1,I2) = A(I1 - 
1,I2)+A(I1,I2-1) 
 ENDDO 
ENDDO 

DO K1 = 0,5,1 
 DOALL K2 = max{0,K1-3},min{2,K1},1 
       I1=K1- K2 

       I2=K2 
    A(I1,I2) = A(I1 - 1,I2)+A(I1,I2-1) 
 ENDDOALL 
ENDDO 

 

I2  

I1  

 

 

K2 

K1 
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2.3.3.3 (Array Privatization)  

2.3.3.3.1  

( ) ( )

( )  2-9a (

4 ) S ( 3 ) S

 

 2-9  

1 REAL S 
2 DO I = 1, N 
3   S= ... 
4   ...=S 
5 ENDDO 

1 REAL S 
2 REAL SA(N) 
3 DOALL I = 1, N 
4   SA(I)=... 
5   ...=SA(I) 
6 ENDDOALL 
7 S=SA(N) 

1 REAL S 
2 DOALL I=1,N 
3   LOCAL REAL SP 
4   SP=... 
5   ...=SP 
6   IF (I.EQ.N) THEN 
7     S=SP 
8   ENDIF 
9 ENDDOALL 

 2-9

2.3.3.3.2  

(  2-9a S) ( ) ( )

( )

 2-9

                                                 
1 ( )
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 2-10  

1 REAL A(1000) 
2 A(1) =0.0 
3 DO I = 1, N 
4   DO J = 2, M 
5    A(J)= A(J-1) +F(I,J) 
6   ENDDO 
7 ENDDO 

 

8 REAL A(1000) 
9 REAL XA(1000, N) 
10 A(1)=0.0 
11 DOALL I = 1, N 
12   XA(1,I) = A(1)  
13   DO J = 2, M 
14     XA(J,I) = 

XA(J-1,I)+F(I,J) 
15   ENDDO 
16 ENDDOALL 
17 DO J = 2, M 
18   A(J)= XA(J,N) 
19 ENDDO 

20 REAL A(1000) 
21 A(1)=0.0 
22 DOALL I = 1, N 
23   LOCAL REAL 

PA(1000) 
24   PA(1) = A(1)  
25   DO J = 2, M 
26     PA(J) = 

PA(J-1)+F(I,J) 
27   ENDDO 
28   IF ( I .EQ. N ) THEN 
29     DO J = 2, M 
30       A(J)= PA(J) 
31     ENDDO 
32   ENDIF 
33 ENDDOALL 

2.3.3.3.3  

 2-10

 2-10

                                                 
2 

-
A(1:M)

{A(1),...,A(M)} M<1  
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 2-1: P P
���

��� �
P

� ���
P P

� ��� �

 2-10a A(1)

A(2:M)  

2.3.3.3.4  

 

≤ ≤
kL

UE ∩�
1

1

−

=

k

i
Li

Set
iLW ∅

 2-9 Set I (W I )= A(2:M) UEI ={A(1)} A(2:M)

{A(1)} {A(1)}∩A(2:M)=∅ A I  
≤ ≤

kL
UE ∅

2.3.3.4 (Reduction) 

 

 2-2 S ,a ( ), e ⊕  

1. ⊕  

1.  a a ⊕ e  

S ⊕ , a , e  

 2-3 L L  

1. L  

1. L  

 2-4 L L

L  

 2-5 L  2-2  2-3  2-4 L

L  
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2.3.3.4.1  

 2-2 

3

( )

 2-2

 

 2-11  

 
      DO I = 1,9,1 
       A[I]=A[I]+F(I) 
       A[I+1]=A[I+1]+G(I) 
      ENDDO 

 
 

a  

 

 
b A  

   DO J=I,M 
     DO I=I,N 
        A[J]=A[J]+3;     s1 
       A[J]=A[J]*5;           s2 
       B[g(J)]=B[g(J)]+f(A[J]);  s3 
     ENDDO 
   ENDDO 

c  2-3  

      DO I=1,N 
       A(I)=A(I)+C(I)     s1 
      ENDDO 

 
 

d  

 2-11(a) A

 2-11(b) A A[1:9]

A(I) :A(I) +G 

(I)+F(I)

A(I) +G(I) A(I) +F(I)

 

 2-3

 2-3

 2-3

 2-11c s1 s2  2-2 s2 s3

 2-3 s1 s2  2-3

s3  

 2-4  2-11d s1

                                                 
3  
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 2-12  

 
 
 DOACROSS I=1,9 
  Critical_section_A 
  A(I)=A(I)+F(I) 
  end section 
  Critical_section_A 
  A(I+1)=A(I+1)+G(I) 
  end section 
 ENDDOACROSS 
 

a  

REAL A1(1:10,1:9) 
DOALL  I=1,p,1    /*p  */ 
 DOI1=1,10 
    A1(I1,I)=0  /*0 ”+” */ 
 ENDDO 
    DO J= � �)1(*/9 −Ip +1, � �Ip*/9 ,1 

    A1(J,I)=A1(J,I)+F(J) 
       A1(J+1,I)=A1(J+1,I)+G(J) 
    ENDDO 
ENDDO 
DO I=1,p,1 
 DO I1=1,10,1 
  A(I)=A1(I1,I)+A(I) 
 ENDDO 
ENDDO 

b  

 

 2-12a  

 2-12b

+ 0 A[1:10]  

2.3.3.5 cache  

Cache cache cache cache

(loop fusion) (loop strip-mining) (loop reversal)

cache cache

cache cache

cache cache

 

cache

cache

cache
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cache

cache

 

 2-13 i,k,j i,j j

( cache ) cache

i cache

cache  

 2-13  

    DO i=1,n 
   DO k=1,n 
     DOALL j=1,n 
    c(i,j)=c(i,j)+a(i,k)*b(k,j) 
     ENDDOALL 
   ENDDO 
 ENDDO 
 

 
  

x = 
i i k C  A  B  

 

    DOALL i=1,n 
   DO k=1,n 
     DO j=1,n 
    c(i,j)=c(i,j)+a(i,k)*b(k,j) 
     ENDDO 
   ENDDO 
 ENDDOALL 
 

 
  

x = 
i i k C  A  B  
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3.1 PROFPAT  

PROFPAT

 

�  

�  

�  

�  

�  

3.2 PROFPAT  

PROFPAT

 3-1 PROFPAT AFT

 

AFT , AFT , PROFPAT

 

 

s o u r c e 
p r o g r a m 

s e m a n t i c s 
i n f o r m a t i o n 

a b s t r a c t 
s y n t a x   t r e e 

t a r g e t 
p r o g r a m 

p r o g r a m m e r 

p a r s e r 

e d i t o r s e m a n t i c s 
d i s p l a y e r 

s e m a n t i c s 
a n a l y z e r 

u n p a r s e r 

t r a n s f o r m e r 

P a r a P I E ’ s 
D F D 

A F T ’ s 
D F D 

 

 3-1 PROFPAT AFT  

3.3  

3.3.1  

PROFPAT
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PROFPAT

PROFPAT UNIX X  

 3-2 .

 
 

 

      
  

 
  

  
 

  
 

 
 

 
 

 
 

 
 

 
NFS  X Window 

 3-2 PROFPAT  

(IR) 

IR (ER)

ER  3-3

PROFPAT  

Tool Tool

User
ER ER

IR
 

 3-3 PROFPAT  

 3-1 PROFPAT AFT

AFT PROFPAT

 

 3-1 PROFPAT  

    
 

Program Editor 
   

 
Parser 

  
 

 
Unparser 

  
 

 
 Dataflow Analyzer 
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Variable Filter 

  
 

 
Dependence Analyzer 

 

 
 

 
Dependence Filter 

  

 
 

Stmt. Dep. Analyzer 
  

 
 

Iter. Space Analyzer  
 

 
 

Callgraph Analyzer 
   

 
Structurizer 

   

 
Parallelizer   

 
 

Program Contraster 
-

 
 

 
 

Profiler 
  

 
 

Max.Para.Detector  
  

 
Project Manager  

 
 

 
Macro Recorder 

  
 

 
Graphics Printer 

 Postscript  
 

3.3.2  

AFT Fortran

Fortran AFT
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procedure 1

procedure 2

......

......

......

procedure     n

syntax tree

label table

variable table

syntax tree

label table

variable table syntax tree

label table

variable table

fuction table

 

 3-4 AFT  

PROFPAT

DO

AFT  3-4

DO  

(AST)

PROFPAT

 

/

DO

DO

 

(DDG)  

DO

 

FORTRAN
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3.3.3  

PROFPAT 

PROFPAT

 

 

 

 3-5 PROFPAT : FFT.F 

 3-5

, 

 3-5  3-7  3-8  

 

 3-6

 

Code Pane Dependence 
Filter 

Graphics Pane : 
Statement DDG Message Pane 
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3.3.4  

3.3.4.1  

(  3-6) (  3-7) (  3-5)
(  4-3) (  3-8  3-12) (  3-9,

 3-10) (  4-4) (  4-4) (  3-11)  

 

 3-6 PROFPAT Linpack.f 
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 3-7 PROFPAT LINPACK.f  

 

 3-8 PROFPAT GAUSS.f  
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 3-9 linpack.f  
DGEFA 
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 3-10 DGEFA  
IDAMAX DSCAL  

 

 3-11 MXM1.f ( 7 8)  
2 

3.3.4.2  

PROFPAT
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3.3.4.3  

 

3.4  

3.4.1  

PROFPAT

 

3.4.1.1  

 Fortran 

 

 

DO  DO

DO PROFPAT

 3-9  

� DO  

DO

 

�  
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0 

 

�  

ASSIGN IF DO CALL GOTO STOP  3-2  

 3-2  

  
ASSIGN  
IF  
DO DO DO DO

 
CALL DO CALL  
GOTO DO GOTO

GOTO DO  
STOP  

�  

 

�  

 

3.4.1.2  

PROFPAT

 

 

� 

 COMMON  COMMON 

 

�  

 C A op B      

 

 Twc Top MAX(Twc,Trc,Twa,Twb) 

 Tra=MAX(Tra,Twc) 

 Trb=MAX(Trb,Twc) 

 

 Twc Top MAX(Twa,Twb) 

 

 Fortran (PDT)



 34 

 

 

3.4.1.3  

 

DO

DOALL  

DOALL

[43][72][73]

 

 PROFPAT DOALL

 

3.4.1.3.1  

 

 V = OP(V1,...,Vn) 

Tloop<TWVi<Titer (i=1,...,n), Vi

V  Tloop<TWV<Titer  Tloop<TRV<Titer 

Tloop  Titer V

, TWV(TRV) ( ) [50][52]  

3.4.1.3.2  

PROFPAT  

[58][59]

PROFPAT
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3.4.1.3.2.1  

�  

� 

 

� 1 2

2

 

                                                 
4  

1 A / RA(i1,...,im)
WA(i1,...,im)  

2 φ  
3 FOREACH I1,...,In, I1,...,In Key=IStoKey(I1,...,In) 
4 FOREACH R S1,...,Sm  
5 IF R  
   IF WA(S1,...,Sm)=φ THEN 
       CONTINUE 
   ELSEIF WA(S1,...,Sm)≠Key THEN 
       WA(S1,...,Sm)→Key  
  KeytoIS(WA(S1,...,Sm)) I1,...,In A S1,...,Sm FLOW 
   ENDIF 
   IF RA(S1,...,Sm)=φ THEN 
  CONTINUE 
   ELSE 
      RA(S1,...,Sm)→Key 4  
  KeytoIS(RA(S1,...,Sm)) I1,...,In A S1,...,Sm INPUT 
   ENDIF 
      RA(S1,...,Sm):=Key 
 ENDIF 
    IF R  
   IF RA(S1,...,Sm)=φ THEN 
       CONTINUE 
   ELSE 
       RA(S1,...,Sm)→Key  
      KeytoIS(RA(S1,...,Sm)) I1,...,In A S1,...,Sm ANTI 
   ENDIF 
   IF WA(S1,...,Sm)=φ THEN 
  CONTINUE 
   ELSEIF WA(S1,...,Sm)≠Key THEN 
      WA(S1,...,Sm)→Key  
  KeytoIS(WA(S1,...,Sm)) I1,...,In A S1,...,Sm OUTPUT 
   ENDIF 
      RA(S1,...,Sm):= φ 
      WA(S1,...,Sm):=Key 
 ENDIF 



 36 

3.4.1.3.2.2  

3.4.1.3.2.3 PROFPAT  

Fortran 77

PROFPAT  
1 D={(<I1> <I2> <var> <subscripts> <type>)}. 
2 FOREACH (<I1> <I2> <var> <subscripts> <type>)∈D,  

3.   D=D - { (* * * *,INPUT) } 
 

3.4.1.3.2.4  

In L1 L2

I2  

I2={(x,y) | (i1,...,il1,..,il2,...,in)∈In ∧il1=x∧ il2=y} 

In ((I1,...,In) (J1,...,Jn) <var> <subscripts> <type>)  

(Il1,Il2) ≠ (Jl1,Jl2) 

I2 ((Il1,Il2) (Jl1, Jl2) <var> <subscripts> <type>)

 

 

3.4.2  

PROFPAT
[58][59][68][69]  3-5  3-7  3-8 PROFPAT

 

PROFPAT

 

 
(DDG) [12][64] PROFPAT

 

(
)

IF<type> = ‘FLOW’ or <type> = ‘OUTPUT’ THEN 
 D=D - { (* * <var> <subscripts>,INPUT) }  
ELSE<type> = ‘ANTI’ THEN 
 D=D∪{ (<I1’> <I2> <var> <subscripts>,ANTI)|  
   (<I1’> <I1> <var> <subscripts>,INPUT)∈D}  
 D=D∪{ (<I1’> <I2> <var> <subscripts>,ANTI) | 
   (<I1> <I’1> <var> <subscripts>,INPUT)∈D}  
ENDIF 



 37 

 

[58][59]
PROFPAT

( )
 

PROFPAT

 

 

 3-12 PROFPAT  

 3-12
X Y

 3-12
JJ4

PARAMETER(m=10,n=10) 
      DO j1=1,ceil(m/2) 
        DO j3=1,ceil(n/2) 
            u1=floor(alog(float(m/(2*j1-1)))/alog(2.)) 
            u2=floor(alog(float(n/(2*j3-1)))/alog(2.)) 
            DO jj2=0,u1+u2 
               DO jj4=0,max(0,jj2-u1),min(jj2,u2) 
                  j2=jj2-jj4 
                  j4=jj4 
                  i1=(2*j1-1)*2**j2 
                  i2=(2*j3-1)*2**j4 
                  a(2*i1,2*i2)=a(i1,2*i2)+a(2*i1,i2) 
               ENDDO 
            ENDDO 
         ENDDO 
      ENDDO  
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JJ2 JJ1 JJ3 JJ1 JJ3
 

3.4.3  

GCD , Banerjee [12]

Banerjee [77]

( )

 

Faust ParaScope ParaDyn

PEFPT/PROFPAT ParaScope Faust

PEFPT/PROFPAT

PEFPT/PROFPAT

 

PROFPAT

PROFPAT  

PROFPAT

[43][72][73], [74], , , [61] [11][24][66]

 

      PARAMETER(m=10,n=10) 
      DOALL j1=1,ceil(m/2) 
        DOALL j3=1,ceil(n/2) 
            u1=floor(alog(float(m/(2*j1-1)))/alog(2.)) 
            u2=floor(alog(float(n/(2*j3-1)))/alog(2.)) 
            DO jj2=0,u1+u2 
               DOALL jj4=0,max(0,jj2-u1),min(jj2,u2) 
                  j2=jj2-jj4 
                  j4=jj4 
                  i1=(2*j1-1)*2**j2 
                  i2=(2*j3-1)*2**j4 
                  a(2*i1,2*i2)=a(i1,2*i2)+a(2*i1,i2) 
               ENDDOALL 
            ENDDO 
         ENDDOALL 
      ENDDOALL 
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PROFPAT PROFPAT

PROFPAT SPECfp95

 

4.1 PROFPAT  
PROFPAT  

1) 
; 

2) 1 ( )
; 

3) 1 2
; 

4) , 
 

5)   
5.1) 

DOALL ; 
5.2)  

( )  
5.3) 

; 
5.4)  

(parallel sections) ; 
6) 4 5  

PROFPAT  

4.1.1  

( )

 
      k=ODD(k1) 
      DO i=LOW,UP 
        a[4*i]=... 
        ...=a[2*i+k] 
      ENDDO 

      INTEGER FUNCTION ODD(K) 
      ODD=2*K+1 
      RETURN 
      END 
 

 

4x=2y+k 

GCD  

ax+by=c 

gcd(a,b)|c not gcd(a,b) | c  
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not gcd(4,-2) | k GCD

 

AX=b A b

 4-1  

 

 

 

 

 

 

 

 4-1  

 4-2  

 

 

 

 

 

 

 4-2  

 

 4-1  

      PARAMETER(m=10,n=10) 
      DO i1=1,m 
         DO i2=1,n 
            a(2*i1,2*i2)=a(i1,2*i2)+a(2*i1,i2) 
         ENDDO 
      ENDDO 
      DOALL k1=1,ceil(m/2) 
         DOALL k3=1,ceil(n/2) 
            DO k2=0, floor(alog(float(m/(2*k1-1)))/alog(2.)) 
               DO k4=0, floor(alog(float(n/(2*k3-1)))/alog(2.)) 
                  i1=(2*k1-1)*2**k2 
                  i2=(2*k3-1)*2**k4 
                  a(2*i1,2*i2)=a(i1,2*i2)+a(2*i1,i2) 
               ENDDO 
            ENDDO 
         ENDDO 
      ENDDO  

 
 

 

 

 

 

 

 

 

 

 

 

 

 
WHY  
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      DOALL j1=1,ceil(m/2) 
        DOALL j3=1,ceil(n/2) 
            u1=floor(alog(float(m/(2*j1-1)))/alog(2.)) 
            u2=floor(alog(float(n/(2*j3-1)))/alog(2.)) 
            DO jj2=0,u1+u2 
               DOALL jj4=0,max(0,jj2-u1),min(jj2,u2) 
                  j2=jj2-jj4 
                  j4=jj4 
                  i1=(2*j1-1)*2**j2 
                  i2=(2*j3-1)*2**j4 
                  a(2*i1,2*i2)=a(i1,2*i2)+a(2*i1,i2) 
               ENDDO 
            ENDDO 
         ENDDO 
      ENDDO  

 
i1,i2  

 
k2,k4 (k1=1,k3=1) 
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jj2 jj4  

4.1.2  

 

 

 

 

 

 

 

 

 

 

 

 

 4-3  

-

PROFPAT  4-3  

 

Perfect [18] NASI.F ACTFOR  

 

 

/  
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 4-4  

XDT NASI.F

RSQ RCUTS RSQ.LT.RCUTS

IND(J) XDT  

DO 240 PROFPAT  4-2a

(  4-2b )

(  4-2c )

 

PROFPAT DO 240

 4-3a

 4-3a (  4-3b )

(  4-3c )  

PARAMETER(NSP=10) 
      DIMENSION XDT(2000),IND(2000) 
      DO 240 I=2, NSP 
         DO 235 J=1, I-1 
            XD=RAND(0) 
            XDT(J)=RAND(0) 
            RSQ=RAND(0)  
            RCUTS=RAND(0)  
            IF (RSQ.LT.RCUTS)THEN 
               IND(J)=1 
            ELSE 
               IND(J)=0 
            ENDIF 
235     CONTINUE 
         L=0 
         DO 236 J=1, I-1 
            IF (.NOT.(IND(J).EQ.0)) THEN  
               L=L+1  
               IND(L)=J 
            ENDIF 
236      CONTINUE 
         IF (.NOT.(L.EQ.0)) THEN 
            DO 237 J=1, L 
               XD=XDT(IND(J)-1) 
237         CONTINUE 
         ENDIF 
240  CONTINUE 



 44 

 4-2  

 

 
 

 

 
(a) 240  (b)  (c) 240  

 

240 XDT IND

(  4-4a )

(  4-4b )

240  4-4c  

 4-3  

 

(a) 240  
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(b)  

 

 (c) ( ) 

 4-4  
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(a) 240  

 
(b) XDT IND ( ) 

 
   

 

/
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 (c)  

4.1.3  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 4-5  

D U ∀d∈∈∈∈D|d>0����Ud>0
( )

PROFPAT  4-5  

 4-5 5

                                                 
5 A  

 
 

 

 

 

 

 

 

 

 

(CRAY Fortran) 
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j1

j3  

 4-5  

DO i1=1,100 
 DO i2=i1,100 
  DO i3=i1+i2,200 
     a(i1+i2,3*i2+3*i3,-3*i2+3*i3)=a(i1,i2,i3) 
  ENDDO 
 ENDDO 
ENDDO 

 
 

 DOALL j1=17,1700 
  DO j2=max(ceil((2-j1)/3.),ceil((-3*j1-400)/11.)), 
1  min(min(min(-5,floor((200-j1)/3.)), 
1  floor((700-j1)/2.)), floor((500-5*j1)/16.)) 
   DOALL j3=max(max(1,j1+3*j2-100),ceil((j1+2*j2-200)/5.)), 
1        min(min(100,floor((-j2)/5.)),floor((j1+3*j2)/2.)) 
      i1=j3 
      i2=j1+3*j2-j3 
      i3=j1+2*j2-5*j3 
      a(i1+i2,3*i2+3*i3,-3*i2+3*i3)=a(i1,i2,i3) 
   ENDDOALL 
  ENDDO 
 ENDDOALL 
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i1,i2       i1,i3  

     
j1 j2   j1 j3  

6  

4.2 PROFPAT  

4.2.1 SPEC Cfp95  

 4-6 SPEC Cfp95 10  
  

101.tomcatv  Vectorized mesh generation.  
102.swim   Shallow water equations.  
103.su2cor   Monte-Carlo method.  
104.hydro2d   Navier Stokes equations.  
107.mgrid   3d potential field.  
110.applu   Partial differential equations.  
125.turb3d   Turbulence modeling.  
141.apsi   Weather prediction.  
145.fpppp   From Gaussian series of quantum chemistry benchmarks.  
146.wave5   Maxwell's equations.  

 4-6 SPECfp95 benchmarks 10 Fortran
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[51][57]  
APPLU, HYDRO2D, MGRID, SU2COR, SWIM, TOMCATV, TURB3D

141.APSI, 145.FPPPP and 146.WAVE5
[51][57] AFT SUIF APPLU, HYDRO2D, MGRID, 

SU2COR, SWIM, TOMCATV, TURB3D APSI, FPPPP 
WAVE5 1 PROFPAT

PROFPAT SPECfp95  

4.2.2 PROFPAT SPECfp95  

PROFPAT

SPEC95 APSI FPPPP WAVE5

 

4.2.2.1  

 4-7  

APSI RUN FPPPP TWLDRV WAVE5 PARMVR

99%, 60%, 59% APSI

20,30,40,50,60,70,100 FPPPP 1001 WAVE5 120  

 4-7  

 APSI.F FPPPP.F WAVE5.F 

 RUN TWLDRV PARMVR 
 99% 60% 59% 

 20,30,40,50,60,70,100 1001 120 

PROFPAT  

4.2.2.2  

 

WAVE5 PARMVR/120 

DOALL  

FPPPP APSI  

 

FPPPP FPPPP

 

APSI RUN PROFPAT
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RUN  

 

4.2.2.2.1 WAVE5 

DO PARMVR/120(  4-8a)

PARMVR/120 

 

CX CY CZ

Parallel Section  4-8b  

WAVE5  

 4-8 120/PARMVR  

DO 120 L=L3,L4 

 CX(IJ(L))=CX(IJ(L))+XMULT*W1(L) 

 CY(IJ(L))=CY(IJ(L))+YMULT*W1(L) 

 CZ(IJ(L))=CZ(IJ(L))+ZMULT*W1(L) 

120 CONTINUE 

PSECTION BEGIN 

PRIVATE L 

SECTION BEGIN 

DO L = L3,L4 

   CX(IJ(L))=CX(IJ(L))+XMULT(L)*W1(L) 

ENDDO 

SECTION END 

SECTION BEGIN 

DO L = L3,L4 

   

CY(IJ(L))=CY(IJ(L))+YMULT(L)*W1(L) 

ENDDO 

SECTION END 

SECTION BEGIN 

DO L = L3,L4 

   

CZ(IJ(L))=CZ(IJ(L))+ZMULT(L)*W1(L) 

ENDDO 

SECTION END 

PSECTION END 

DO 100 130 DO 140 cache

140 cache cache

154 cache 108 1.32 1.88

$7.2  

4.2.2.2.2 FPPPP 

FPPPP DO TWLDRV/1001 fq0 fq5

( $7.1 ) FPPPP 0. 76 2.47  

4.2.2.2.3 APSI 
APSI

 4-9 MOD(N,IFAC[2+I]).EQ.0, for 
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1≤I≤NF  4-9  , 
IP N IP*L1.EQ.N

-
( 5 ) RUN

 
 NA=1 
 L2=N 
 DO K=1,NF 
    KH=NF-K1 
    IP=IFAC(KH+3) 
    L1=L2/IP 
    IDO=N/L2 
    IDL1=IDO*L1 
    NA=1-NA 
    ... 
    IF (IDO.EQ.1) NA=1-NA 
    IF(NA.NE.0)THEN 
    CALL RADFG(IDO,IP,L1,IDL1,C,CH,...) 
    ELSE 
    CALL RADFG(IDO,IP,L1,IDL1,CH,C,...) 
    ENDIF 
    L2=L1 
 ENDDO 

NL=N,NF=0,TEMP0=0  
REPEAT 
  NTRY=NTRY+2 
  WHILE(Nl-Ntry*(Nl/Ntry).EQ.0&Temp0.NE.1) 
 NF=NF+1 
 IFAC(2+NF)=NTRY 
 NL=NL/NTRY 
 IF (NTRY.EQ.2).AND.(NF.NE.1)) THEN 
   DO 106 I=2,NF,1 
  IFAC(4+NF-I)=IFAC(3+NF-I) 
106   CONTINUE 
   IFAC(3) = 2 
 ENDIF 
 IF (NL .EQ. 1) THEN 
   TEMP0 =1 
   GOTO 160 
 ENDIF 
  ENDWHILE 
160  UNTIL(TEMP0.EQ.1) 

 4-9 APSI 

4.2.3  

PROFPAT WAVE5 FPPPP APSI

 4-10  

PROFPAT 4 MIPS R10000

SGI Origin 2000

SPEC95

 4-10  

 4-10 PROFPAT SPEC95  

  

 

 

 

4  

 

APSI 161.2 103.0 1.57 

FPPPP 391.3 158.4 2.47 

WAVE5 202.8 108.0 1.88 
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0

100

200

300

400

500

APSI FPPPP WAVE5

 

PROFPAT

- [72][73]

[25] [67][70]

Parallel Section [56]

[42] cache [26]
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5.  

 

5.1  

[18][28] Polaris[17]
SUIF[45][60] AFT[76][77]

20%
[17] [45][76] 50% [76]  

( )
 

 

5.2 -  

-  
(

)

-
( )

-
 

AFT -

-
AFT

- Polaris SUIF
 

- Non-Antidependent Write)
(Self Covered Write)  
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5.2.1  

 5-1  

 5-2  

 5-1
L=L1;L2;...;LBL, L

 5-2 L UEL

UELk PUELk  

 5-1 P r P w r
r w P P r P r

 5-1( ) UE P ⊆ �
r RP∈

Set P Set P NaWP
r

∉ �
r RP∈

Set P Set P NaWP
r

∈UE P ∈ RP

∈ Set P

∈ Set P NaWP
r ∈ WP

∈ Set P

                                                        
1 w w r

(r,w)  

 
 
 
LBL 

 
 
 
LBL-1 

 
 
 
L1 

 

L1  

LBL  

LBL-1  

P2  

P1  
P1 

P2  
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R W
Set R Set W Set Set

≤ ≤
∈ RLk

Set rLk
( ) ⊆ Set Lk

( )NaWL
r
k

NaW
L
r

i

NaWLv
r

1 L r∈ RLv Set rLv ( ) ⊆ Set NaWLv Lv
r( )

 

5.2.2  

 5-2 1≤i≤BL-1
Set WLi

( ) ⊆ Set WLi +1
( ) L

 

 5-3

⊂


∈ RLv Set WLv Lv( ) ⊆

Set NaWLv Lv
r( )

1 1  

�
j

k

=

−

1

1

Set WL j
( ) ∩ �

r RLk
∈

Set rLk
( ) Set Lk

NaWL
r
k

∅

�
j

k

=

−

1

1

Set WL j
( ) ∩ �

r RLk
∈

Set rLk
( ) Set Lk

NaWL
r
k

⊆ Set WLk
( ) ∩ �

r RLk
∈

Set rLk
( ) Set Lk

NaWL
r
k

(a) (b)
1. DIMENSION A(100) 
2. DO I=1,N 
3.   DO J=1,I 
4.     A(J)=... 
5.   ENDDO 
6.   DO J=1,F(I) 
7.     ...=A(G(I,J)) 
8.   ENDDO 
9. ENDDO 
  

1. DIMENSION A(100) 
1. DOALL I=1,N 
1.   LOCAL PA(100) 
1.   DO J=1,100 
1.     PA(J)=A(J) 
1.   ENDDO 
1.   DO J=1,I 
1.     PA(J)=... 
1.   ENDDO 
1.   DO J=1,F(I) 
1.     ...=PA(G(I,J)) 
1.   ENDDO 
1.   IF (I.EQ.N) THEN 
1.     DO J=1,I 
1.       =PA(J) 
1.     ENDDO 
1.   ENDIF 
1. ENDDOALL 

 5-3  
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�
r RLk
∈

Set rLk
( ) ∩ Set WLk

( ) Set Lk
NaWL

r
k

∅
2  5-3a  

5.2.3  

Li Last Wi ( ) Set W Set WL L
j i

BL

i j
( ) ( )−

= +1
�

Last Wi ( ) Last Wi ( )

Set rLbody
( ) Set NaWL L

r
body body

( )

 5-3
1. DO I=2, NSP 
2.   DO J=1, I-1 
3.     XDT(J)=... 
4.   ENDDO 
5.   L=0 
6.   DO J=1, I-1 
7.     IF (.NOT.(IND(J).EQ.0)) THEN  
8.       L=L+1  
9.     ENDIF 
10.  ... 
11.   ENDDO 
12.   IF (.NOT.(L.EQ.0)) THEN 
13.     DO J=1, L 
14.       XD=XDT(IND(J)) 
15.     ENDDO 
16.   ENDIF 
17. ENDDO 

 5-4 Perfect NASI ACTFOR 

 5-4
14 IND(J) L

3 XDT I
2  

5.3 -  

NaWLv
r Set NaWLv Lv

r( )
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5.3.1 IF  

5.3.1.1 IF  

Set P DSet P

DSet P

�
�

�
�

�

⊂∪
∩= −−−−

IF is SS,S                        )()(
IF is S     ) )()((

 IF no contains S                                                 )(
)(

  
/   SPSSP

elseSelseSthenSthenSP

SP

SP

WDsetWDSet
WDSetWDSetDSet

WSet

WDSet

’⊂ ’ ’
’

Set P

DSet P

∈ RLv Set rLv ( ) ⊆ DSet NaWLv
r

Lv
r( )

∈ RLv

Set WLv Lv( ) ⊆ DSet NaWLv
r

Lv
r( )

5.3.1.2 IF  

5.3.2 DO  

5.3.2.1  

L'⊂
L' L'

w L( )'
1 w L( )'

2 )(  
 tc

Lw

w L( )'
1 w L( )'

2 )(  
 tc

Lw
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 5-3 w A L 2≤i≤tc Set wL1
( ) ⊇ Set wLi

( )

w L  

⊂ ⊂ ⊂ L L Li i im1 2, ,...,

w L L Li i im( , ,..., )1 1 1
1 2

w L L Li i im( , ,..., )1 1 1
1 2

5.3.2.2  

⊂
NaWLP

r NaWLv
r NaWLP

r

NaWLv
r NaWLP

r NaWLv
r

Set rLv ( ) ⊆ DSet NaWLv Lv
r( ) AUE rLv ( )

Set Set r DSet NaW NaWLv LP LP LP
r

Lv
r( ( ) ( ))− − DSet NaWLv Lv

r( )
AUE rLv ( )

⊂ ∈ RLv ∩ LPR AUE rLv ( ) ∅

5.3.2.3  
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5.3.3  

(  5-1)

5.3.4 APSI  

 5-1:  

ALGORITHM: Determine if a read reference to array holds privatization in a loop. 
INPUTS: 
� r -- the read references to be tested 
� A -- the array being referred by r 
� L -- the complex loop whose body encloses r, which has M nests: LM⊂ ... L1=L and LM is the 

innermost loop nest that encloses r, denoted as r ⊂ body(LM)⊂LM ⊂ ... L1=L. 
OUTPUT: 
� Privatizable(r,A,L) -- determines whether the r holds the privatization of A in L 
PREDEFINED OPERATIONS: 
� Set(P,X) -- compute the SetP(X). 
� DSet(P,X) -- compute the DSetP(X). 
� NADW(r,P) -- compute the non anti-dependence write set with respect to r in P. 
� LCOD(L) -- test if loop L carries output-dependence among write references of A. 
� SCW(A,L) -- test if the write reference set to A is self-covered.in L. 
� FC(w,L) -- test if the write reference(s) w is first covered in loop L. 
IMPLEMENTATION: 

begin 
 if not LCOD(L) return false ; ignore the nest without loop carried output 

dependence 
 for each w∈NADW(r, L), and w ⊂ body(LS) ⊂ LS ⊂ ... L1 = L, 
    DSet(body(LS),w) = w 
    for s = S,1,-1 
  if FC(w,Ls) = true 
   DSet(Ls,w)=DSet(Ls

1,w) 
  else  
   DSet(Ls,w) = U

1≤i≤tc
DSet(body(Ls

i),w) 

  end if 
    end for 
 end for 
 Privatizable = false 
 if subscripts in r is computable    ; criterion I can be used 
  AUE = Set(body(LM),r) 
  Privatizable = (AUE=Φ) 
 endif 
 m = M 
 while m>0 and not Privatizable 
  m = m - 1 
  if SCW(A,Lm) and Set(Lm,W)⊆DSet(Lm,NADW(r,Lm)) ; criterion II success 
   Privatizable = true 
  else if subscripts in r is computable     ; criterion I success 
   AUE = Set(Lm,AUE) - DSet(Lm, NADW(r, Lm)) 
   Privatizable = ( AUE = Φ ) 
  endif 
 end while 
 return Privatizable 
end 
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  SUBROUTINE DCTDXD(...,SAVEX,...) 

  DIMENSION HELP(NX),SAVEX(2*NX+15),... 

  DO 100 J=1,NY 

    ... 

    CALL RFFTF1(NX, HELP, SAVEX, 

SAVEX(NX+1), 

               SAVEX(2*NX+1) 

    ... 

100  CONTINUE 

  END 

  SUBROUTINE RFFTF1 (N,C,CH,WA,IFAC)  

  DIMENSION CH(*),C(*),WA(*),IFAC(*) 

  NF=IFAC(2) 

  NA=1 

  L2=N 

  DO 111 K=1,NF 

     KH=NF-K1 

     IP=IFAC(KH+3) 

     L1=L2/IP 

     IDO=N/L2 

     IDL1=IDO*L1 

     NA=1-NA 

     ... 

     SWITCH ( IP )  

     CASE 4:  

       IF (NA .NE. 0) THEN  

       CALL RADF4 (IDO,L1,CH,C,...)  

       ELSE  

       CALL RADF4 (IDO,L1,C,CH,...)  

       ENDIF  

     CASE 2:  

       IF (NA .NE. 0) THEN  

       CALL RADF2 (IDO,L1,CH,C,WA(IW))  

       ELSE  

       CALL RADF2 (IDO,L1,C,CH,WA(IW))  

       ENDIF  

     CASE 3:  

       IF (NA .NE. 0) THEN  

       CALL RADF3 (IDO,L1,CH,C,...)  

       ELSE  

       CALL RADF3 (IDO,L1,C,CH,...)  

       ENDIF  

     CASE 5:  

       IF (NA .NE. 0) THEN  

       CALL RADF5 (IDO,L1,CH,C,...)  

       ELSE  

       CALL RADF5 (IDO,L1,C,CH,...)  

       ENDIF  

     DEFAULT:  

       IF (IDO .EQ. 1) NA = 1-NA  

       IF (NA .NE. 0) THEN  

        CALL RADFG 

(IDO,IP,L1,IDL1,CH,CH,CH, 

   *                  C,C,WA(IW))  

       NA = 0  

       ELSE  

        CALL RADFG (IDO,IP,L1,IDL1,C,C,C, 

   *                 CH,CH,WA(IW))  

       NA = 1  

       ENDIF  

     ENDSWITCH  

     L2=L1 

111  CONTINUE 

   ... 

  END 

  

 SUBROUTINE RADF2 (IDO,L1,CC,CH,WA1) 

 DIMENSION CH(IDO,2,L1), CC(IDO,L1,2), 

WA1(*) 

   DO 101 K=1,L1 

     CH(1,1,K) = CC(1,K,1)+CC(1,K,2) 

     CH(IDO,2,K) = CC(1,K,1)-CC(1,K,2) 

   101 CONTINUE 

   IF (IDO-2) 107,105,102 

   .... 

   107 CONTINUE 

   RETURN 

   END 

 

     SUBROUTINE RFFTF1x (N,C,CH,WA,IFAC)  

     DIMENSION CH(*),C(*),WA(*),IFAC(*) 

     NF=IFAC(2) 

     NA=1 

     L2=N 

     KH=NF-K1 

     IP=IFAC(KH+3) 

     L1=N/IP 

     IDO=1 
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     IDL1=L1 

     NA=0 

     ... 

     SWITCH ( IP )  

     CASE 4:  

       CALL RADF4x(1,N/4,C,CH,...)  

     CASE 2:  

       CALL RADF2x(1,N/2,C,CH,WA(IW))  

     CASE 3:  

       CALL RADF3x(1,N/3,C,CH,...)  

     CASE 5:  

       CALL RADF5x(1,N/5,C,CH,...)  

     DEFAULT:  

      CALL RADFGx(1,IP,N/IP,N/IP,CH,CH,CH 

  *           C,C,WA(IW))  

       NA = 0  

     ENDSWITCH  

     L2=L1 

     DO K=2,NF 

       ... 

     ENDDO  

     ... 

     END 

 

   SUBROUTINE RADF2x(IDO,L1,CC,CH,WA1) 

   DIMENSION CH(1,2,L1), CC(1,L1,2), WA1(*) 

   DO 101 K=1,L1 

     CH(1,1,K) = CC(1,K,1)+CC(1,K,2) 

     CH(1,2,K) = CC(1,K,1)-CC(1,K,2) 

   101 CONTINUE 

   RETURN 

   END

 5-5 SPECfp95 APSI  

 5-5 SPECfp95 APSI.F APSI.F
20,30,40,50,60,70 100 DCTDXD

J RFFTF1 CH
RFFTF1 K  

K RADF2, 
RADF3, RADF4, RADF5, RADFG J K

IF
RFFTF1, RADF2, RADF3, RADF4, RADF5, RADFG J RFFTF1x, 

RADF2x, RADF3x, RADF4x, RADF5x, RADFGx  
IP=2 J NA 1 RADF2x IF CH

CH(1:N/2*2) MOD(N,2).EQ.0 N/2*2=N J
NA 0 CH RADF2

CH CH(1:IDO*2*L1) IDO*2*L1
N/L2*2*L2/2≤N  

MOD(N,IP).EQ.0 IFAC N/IP*IP=N
RADF2 RADF3, RADF4, RADF5, RADFG J

DSet(L, NADW(r,L))=CH(1:N/IP*IP) = CH(1:N)⊇ CH(1:N/L2*IP*L2/IP) J
Set(L,R) DSet(L,W) CH

I SAVEX J  

5.4  

[29
Ω
[45
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[45

[36

AUE rLv ( )

≠
Set wLi

( ) ∩ Set wL j
( ) ∅

≠ Set wLi
( ) Set wL j

( )

 5-2
 5-2 (r,w) L (r,w) w

L1⊂L2⊂ ⊂Ln⊂L, L L Li i im1 2, ,...,

2≤i≤tc r Li w L L Li i im( , ,..., )1 1 1
1 2  

≤ ≤
w L L Li i im( , ,..., )1 1 1

1 2

≤ ≤ w L L Li i im( , ,..., )1 1 1
1 2 ∈

Set rLi
( ) ∩ Set Li

w L L Li i im( , ,..., )1 1 1
1 2 L L Li i im1 2, ,...,
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w L L Li i im( , ,..., )1 1 1
1 2

 5-2

                                                        
2 Ω  
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( )

n

 

6.1  

[63] [12]

[64]

[11][24][61][62]  

(

(skewing) [62] (interchange)[61] (reversal) )

1 1

 

6.2  

[76] , 

[58]

[59]

 

U.Banerjee

[11]

 

E.H.D'Hollander

[24]

D'Hollander  

6.3  

,  

wavefront
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partition Wavefront

wavefront wavefront

wavefront wavefront

wavefront wavefront wavefront

wavefront wavefront Partition

partition partition

partition partition

partition partition

partition partition partition partition

 

 6-1  

 D U  UD  
DO i1=5,100 
 DO i2=16,80 
   a(i1,i2)=a(i1-2,i2-4)+a(i1-3,i2-6) 
 ENDDO 
ENDDO 

 

�
�

�
�
�

�

64
32

 

 

�
�

�
�
�

� −
01
12

 

 

�
�

�
�
�

�

32
00

 

LL1=-70 
UU1=184 
LL2=max{5, (�16+j1)/2�} 
UU2=min{100, 
�(80+j1)/2�} 

DO i1=5,100 
 DO i2=5,100 
  a(i1,i2)=a(i1,i2-1)+a(i1-2,i2+3) 
      +a(i1-3,i2+7) 
 ENDDO 
ENDDO 

 
 

�
�

�
�
�

�

−− 731
320

 

 

 
 

�
�

�
�
�

�

01
13

 

 
 

 
 

�
�

�
�
�

�

3
2

2
3

0
1

 

 
 

 
LL1=20 
UU1=400 
LL2=max{5, 
(�-100+j1)/3�} 
UU2=min{100, 
�(-5+j1)/3�} 

U.Banerjee [1]

 6-1 d1
T=(2,4) d2

T=(3,6) D

U (UD 0)

partition D 6 U

(UD ) wavefront  

n(>2) Banerjee [1]

n>2 n

n-rank(D) rank(D)-1

n m  

� n×m D rank(D)<n U

UD=[0 | D’T]T D’ rank(D)×m  

� D’ U’ 7  

D |D|>1 E.H.D'Hollander
[2]

rank(D’)=m |D’|>1 D'Hollander ( |D’|

                                                 
6 n×m A rank(A)= n rank(A)= m  
7 n-rank(D)+1 rank(D)=0  
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) n-rank(D)+1

rank(D)-1  

6.3.1  

m n n×m D rank(D)<n

U UD=[0 | D’T]T D’ rank(D)×m

n-rank(D)  

 

 6-1 ( ) n d (valid) 0

0∠nd D d1,...,dm  

 6-1 ( ) n x n U n x m

D D’=UD U 1  

(⇐⇐⇐⇐) D d11≥0,d12≥0,...,d1m≥0 U

1 d’i=Udi, d’1i= d1i ≥0 d’1i>0 d’i d’1i=0, d1i=0

d’2i=u21*d1i+d2i= d2i≥0 d’2i>0 d’i d’2i=0, d2i=0 d’3i=u31*d1i+u32*d2i+d3i= 

d3i≥0 ... d’1i=d’2i=....=d’k-1,i=0 d1i=d2i=...=dk-1,i=0 d’k,i= �
 j=1

k
ukj*dji=dki ≥0 ...

d’1i=d’2i=....=d’n,i=0 k d’ki>0 d’i  

(����)(1) j>1 u1 j<0 d=[...,0,dj=1,0...]T d’1=u1 j<0 d d’ u1 j>0 d=[d1=1,...,0,dj= 

-|u11|/u1j -1,0...,0]T d’1= u11-|u11| /u1j*u1j -u1 j<0 d d’ u12=...=u1n=0 ... j>k u1j=...=uk-1 

j=0,  ukj<0 d=[...,0,dk=1,0...]T d’1=ukj<0 d d’ uk-1 j>0 d=[...0,dk=1,-| ukk | /uk 

j-1,0...]T d’1=ukk-|ukk|/u1j*ukj-ukj<0 d d’ ukk+1=...=ukn=0 U (2) 

U ukk≠0 ukk<0, d=[...0,dk=1,0...]T d’=[ ...,0,d’k=ukk<0,...]T d

d’ U 0 U ±1

1  

 6-1 0

D rank(D)<n U UD=[0 | D’T]T

D’ rank(D)×m  6-1  

 6-1( ) n m

n×m D s=rank(D)<n U UD=[0 | D’T]T

D’ rank(D)×m  

 6-1:  

: 
n D=[d1,...,dm]

D=[e1,...,en]
T ei m U UD

[0,...,0,en-s+1,...,en]
T  

1.( )s=rank(D), t=1 z=0 E0={} E1={e1} E2={ e2,...,en} T=0 UU={} 

D=

�
�
�

�

�

�
�
�

�

�

mnn

m

m

n dd

dd
dd

e

e

...

.........
...
...

...

1

111

1

1
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  /* t e z 0 ,  
 T , */ 
2.IF z=n-s GOTO 4  
3.For E0={e1=0,...,ez=0} E1={ez+1,...,ez+t}, E2={ ez+t+1,...,en} D  
  IF rank(E1+{ez+t+1})=t+1 THEN 
 E1=E1+{ez+t+1} E2=E2-{ez+t+1} 
 t=t+1 
 GOTO 2 
  ELSE 
   ez+t+1 ez+1,...,ez+t a1,...,at,at+1 at+1>0 gcd(a1,...,at,at+1)=1 
   a1ez+1+...+atez+t= at+1 ez+t+1.   (1)  
 /* Dsub D t ( E1 t m  

t Dinc ez+t+1 t  at+1=|det(Dsub)|>0
[a1,...,at]=at+1DincDsub

-1,   
gcd(a1,...,at,at+1)=1 */ 
3.1  
    WHILE at+1≠1 DO /* */ 
   FOR i=1,...,t, 
  bi = �ai /at+1�        (2) 
   ai=ai mod at+1          (3) 

   ENDFOR /* at+1>ai≥0, i=1,...,t */ (4) 

   T=T+1 
   UU=UU+{U1

T} 
   D=U1

TD 
  /* ez+t+1= - b1ez+1 -... - btez+t + ez+t+1.     (5) 
   6-1 D U1

TD */ 
3.2  
   T=T+1 
   UU=UU+{U2

T} 
      D=U2

TD  
/* i at-i>0  
   at-i+1= ...=at=0        (6) 

D U2
TD  

D ez+t-i  ez+t+1

j d1j=...=dz+t-i-1,j=0,   dz+t-i,j>0 dz+t+1,j<0 (1)
(4) (6) dz+t+1,j=az+t-i*dz+t-i,j/az+t+1>0 */ 
3.3  
  /* (1) */  
  a1= - a1, ..., at-i-1=-at-i-1,at-i = at+1, at+1= at-i 
  /* (2) (3) (4) (5) (1)   a1,...,at,at+1

ez+t+1, ez+1,...,ez+t  */ 
 ENDWHILE /* gcd(a1,...,at,at+1)=1    

*/ 

/* */  T=T+1 UU=UU+{U3
T}      D=U3

TD 
/*  6-1 D U3

TD */ 
3.4  
/* 0  */  
  T=T+1  
  UU=UU+{U4

T}      
 D=U4

TD /* ez+t+1=0 D [0T, 
e1

T,...,et
T,0T]T U4

TD=[0T,e1
T,...,et

T]T

*/ 
      E0 = E0+{0} 
  E2=E2-{ez+t-1} 
  z=z+1 

U1
T=

�
�
�
�
�
�

�

�

�
�
�
�
�
�

�

�

−
1

1
1

1
1

1 tbb

 

 
 

U2
T=

�
�
�
�
�
�

�

�

�
�
�
�
�
�

�

�

1
01

1
10

1

 

 

U3
T=

�
�
�
�
�
�

�

�

�
�
�
�
�
�

�

�

−−
1

1
1

1
1

1 taa

 

 
 

U4
T=

�
�
�
�
�
�

�

�

�
�
�
�
�
�

�

�

1
01

01
10

1

 

 
 

z+t+1

z+1  z+t  
z+t+1

z+t+1  

z+1  z+t  
z+t+1  

z+t-i  

z+t-i  z+t+1  

z+t+1  
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   ENDIF 
   ENDFOR 
4. U=UTUT-1...U1 UT UT-1 ... U1∈UU      

1 (m<n) n-m  

U  

2 U  6-1 d1,...,dm

d dj1,...,djs s Ud

n-s (Ud n-s 0)  

d dj1,...,djs s
8a1,...,as d= a1dj1+...+asdjs Ud=U(a1dj1+...+asdjs)= a1Udj1+...+asUdjs dj1,...,djs n-s

0 Ud n-s 0  

 6-2  6-1 

 

: n-rank(D) 0 rank(UD)<rank(D)

 

6.3.2  

 6-3 n m n×m D

s=rank(D)=n U UD n×m

1 (UD 0)  

 6-2  

 

u1,...,un-1 �
−

=

>+
1

1

0
n

i
ijinj dud for j=1..m  

UT=

�
�
�
�

�

�

�
�
�
�

�

� −

1
...

1
1... 11 nuu

 k=1, un-1=max{0
�
�
�

�

�
�
�

�−

− jn

jn

d

d

,1

,
 �1≤j≤m,d1 j=...=dn-2 j=0, dn-1 j>0 } 

,...., k=n-1, u1=max{�
j

n

k
jknknjn

d

dud

,1

2

1
,, �

−

=
−−+−

− � �1≤j≤m, d1 j>0 }  

 6-1 D U1 U1D=[0T|D’T]T D’ s=rank(D)  6-2

D’ Us U2= �
�

�
�
�

�

−

−−−

sxsssxn

sxsnssxnn

U

I

0
0

U2U1D  

6.4  

n I {(i1,...,in)∈Zn | L1≤i1≤U1 L2(i1)≤i2≤U2(i1) ... Ln(i1,...,in-1)≤in≤Un(i1,...,in-1)},

                                                 
8  
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J {(j1,...,jn)∈Zn | LL1≤j1≤UU1 LL2(j1)≤j2≤UU2(j1) ... LLn(j1,...,in-1)≤jn ≤UUn(j1,...,jn-1)}

I Ai≤b A 2n×n

b 2n×1 : Lk= �
−

=

+−
1

1
,22

k

j
jjkk iab , a2*k k= -1, Uk= �

−

=
− −

1

1
,212

k

j
jjkk iab

a2*k-1 k= 1 k=1,...,n i=U-1j J AU-1j≤b Fourier-Motzkin

LLk UUk  

 6-3(Fourier-Motzkin) Ai≤b  6-1  6-2 U1, U2 J

LLk UUk  
1. k=n, C=[A(U1U2)

-1| b]=[AU2
-1U1

-1 | b] 
2. if k=1 goto 4 
3. /* C k  */ 
  L={i | ci k<0 }, U={i | ci k>0 }  
/* |L|, |U|≥1*/ 
  for i ∈ L∪U 
 g = gcd(ci 1, ..., ci k) 
 for t=1,k 
   ci t= ci t/g 

 endfor   
 ci n+1= �ci n+1/g� 

  endfor 
  dim C’(|L|*|U|,n+1) = 0  
  /* C’ */ 
  s = 1 
  for i ∈ L 
 for j ∈ U 

 LLk= max(LLk, �-ci n+1 + �
t=1

k-1
 ci t *jt /ci k�) 

 UUk= min(UUk, �cj n+1 + �
t=1

k-1
-cj t*jt /cj k�) 

 g=gcd(cj k,ci k) 
 for t=1,k-1 
   c’s t = (cj k*ci t - ci k*cj t)/g 

 endfor 

 c’s n+1 = (cj k*cj n+1-ci k*ci n+1)/g 

 s = s+1 
   endfor 
  endfor 
  k=k-1, C=C’ 
  goto 2 
4. L={i | ci1<0 }, U={i | ci 1>0 } 
  for i ∈ L 
 for j ∈ U 
   LL1= max(LL1, �-ci n+1/ci1�) 
   UU1= min(UU1,� cj n+1/cj1�) 
 endfor 
   endfor 
end 

b
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6.5  

 6-2  

 (a)  (b)  
 
 
 
 
 
 

 

 
 
DO i1=1,100 
  DO i2=i1,100 
    DO i3=i1+i2,200 
     a(i1+1,i2+3,i3+2)= ... 
     ...=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
    ENDDO 
  ENDDO 
ENDDO 

DOALL j1=17,1700 
  DO j2=max(ceil((2-j1)/3),ceil((-3*j1-400)/11)),  
     min(-5,floor((200-j1)/3), 
            floor((700-j1)/2), 
      floor((500-5*j1)/16)) 
    DOALL j3=max(1, j1+3*j2-100,  
                  ceil((j1+2*j2-200)/5)),  
      min(100, floor((-j2)/5), 
                  floor((j1+3*j2)/2)) 
      i1=j3 
      i2=j1+3*j2-j3 
      i3=j1+2*j2-5*j3 
      a(i1+1,i2+3,i3+2)= ... 
    ...=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
    ENDDOALL 
  ENDDO 
ENDDOALL 

 
 

 
 
 
 
 

  

 6-2a ,  6-1 U1 D’

|D’|=1 D’Hollander partition  6-2

U2  6-3  6-3 (  6-4)

(  6-2b)  

 6-3  

 D U UD 
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−
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�
�
�

�

�

�
�
�

�

�

− 2
3

0

3
2

1

 

�
�
�

�

�

�
�
�

�

�

−−
−

001
114

3213

 

�
�
�

�

�

�
�
�

�

�

0
1
0

1
1
0

 

 6-4  

 A b C1=[AU2
-1U1

-1| b] C2 C3 
 
 

 
 

   

 

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

�

�

−

−
−

−

111

100

011

011

001

001

 

 

 

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

�

�

−

0

200

100

0

1

100

 

 

�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�

�

�

−
−

−−
−−

0510

200521

100131

0231

1100

100100

 

�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�

�

�

−−

−
−−−

200031

4000113

700021

5000165

200031

5010

2031

99000

 

�
�
�
�
�
�
�
�
�
�
�

�

�

�
�
�
�
�
�
�
�
�
�
�

�

�

−

−

−−

8500005

11900007

3400002

345003

2096001

1468001

198000

17001

 

 
 
 

 
 

L1=1 
U1=100 
L2=i1 
U2=100 
L3=i1+i2 
U3=200 

LL3=max{1,  
     j1+3j2-100 , 
�(j1+2j2-200)/5� } 

UU3=min{100, 
�-j2/5�, 

�(j1+3j2)/2�} 

LL2=max{�(2-j1)/3�
,�(-3j1-400)/11�} 
UU2=min{-5, 

�(200-j1)/3�, 
�(700-j1)/2�, 

�(500-5j1)/16�} 

 
 
LL1=17 
 
UU1=1700 

 6-1  

D=

�
�
�

�

�

�
�
�

�

�

− 2
3

0

3
2

1

3 ,e1=[1 0],e2=[2 3],e3=[-3 2],E0={}, E1={e1,e2}, E2={e3},  

[a1,a2,a3] a3e3=a1e1+a2e2 Dsub= �
�

�
�
�

�

32

01
Dinc=[ -3 2 ] Dsub

-1= �
�

�
�
�

�

− 3/13/2

01

a3=|det(Dsub)|=3 [a1, a2]= a3DincDsub
-1=[ -13, 2 ];  

1 3e3=-13e1+2e2 
2 3(5e1+e3)=2e1+2e2 
3 2e2=-2e1+3(5e1+e3) 
4 2(e1-(5e1+e3)+e2)=(5e1+e3) 
5 (5e1+e3)=2(e1-(5e1+e3)+e2) 
6 -2(e1-(5e1+e3)+e2)+(5e1+e3) 

T 6 5 4 3 2 1 
a3e3=a1e1+a2e2  e3= 2e2 2e3= e2 2e3= -2e1+3e2 3e3= 2e1+2e2 3e3= -13e1+2e2 

  0= e3 -2e2 e2,e3 e3= e1- e2+e3 e2,e3 e3= 5e1+e3 
UT 

�
�
�

�

�

�
�
�

�

�

010
001
100  

�
�
�

�

�

�
�
�

�

�

− 120
010
001  

�
�
�

�

�

�
�
�

�

�

010
100
001  

�
�
�

�

�

�
�
�

�

�

− 111
010
001  

�
�
�

�

�

�
�
�

�

�

010
100
001  

�
�
�

�

�

�
�
�

�

�

105
010
001  

6.6  

(Partitioning and Labelling(PL)) [24]

UTF
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 6-5  

 6-5 PL UTF  

C The original program 
    DO i1=1,10 
      DO i2=1,10 
        DO i3=1,10 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
        ENDDO 
      ENDDO 
    ENDDO 
C Code generated with Partitioning and Labelling method 
    io1=1 
    DOALL io2=1,3 
      DOALL io3=1,10 
        DO i1=io1,10 
          y1=(i1-io1)/1 
          i_m1=1+mod(mod((io2+2*y1)-1,3)+3,3) 
          DO i2=i_m1,10,3 
            y2=(i2-io2-2*y1)/3 
            i_m2=1+mod(mod((io3-3*y1+2*y2)-1,10)+10,10) 
            DO i3=i_m2,10,10 
              a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
            ENDDO 
          ENDDO 
       ENDDO 
     ENDDO 
   ENDDO 
C Code Generated with the method in the paper 
   DOALL j1=-4,158 
    DO j2=max(1,ceil((j1-28)/13.)),min(10,floor((17+j1)/13.)) 
      DO j3=max(ceil((1-j1+j2)/3.),ceil((1-j1+5*j2)/2.)), 
  1      min(floor((10-j1+j2)/3.),floor((10-j1+5*j2)/2.)) 
          i1=j2 
          i2=j1-j2+3*j3 
          i3=j1-5*j2+2*j3 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
      ENDDO 
    ENDDO 
  ENDDO 

 6-5  

� 3 PL 5 ( )

UTF 3  

� PL 3x10= 30 ( partition), 

34 UTF 158-(-4)+1=163

8 UTF

PL 34/8=4.25  

� UTF max/min, ceil/floor ; PL

 



 74 

6.7  

6.7.1  

 6-1 2

 

 

 6-4 I F(i)=

�
�
�
�

�
�
�
�

f1(i)
.
.
.

 fn(i)

 , F(i)

fk(i) 9 ( )g1(i),... ,gm(i) dij

 

F(i)

d1,...,dm (*) d1,...,dm

dj i≥1

d1j=...=di-1j=0 dij<0 gj(i)= -g j(i) dij= - dij (*)

dj  

dij m  d1,...,dm  6-4 ) D

d1,...,dm F(i) D1 D1  6-1

U  6-1 2 F(i) UF(i)

 

                                                 
9  

	



	
�

�

+…+=

+…+=

(i)gd(i)gd(i)f
...

(i)gd(i)gd(i)f

mnm1n1n

m1m1111

 

(*) 
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 6-6  

 
 
 
      DO i1=0,n1 
       DO i2=0,n2 
        DO i3=0,n3 
         a(i1+4*i2+3*i3,6*i3,i1-2*i2+3*i3)=... 
         ...=a(i1+i2,i2+i3,i3+i1) 
        ENDDO 
       ENDDO 
      ENDDO 

 
i1 i2  

      DOALL j1=-2*n2,13*n1+3*n3 
       DO j2=max(0,ceil((-3*n3+j1)/13)), 
     1       min(n1,floor((2*n2+j1)/13)) 
        DO j3=max(ceil((-j1+j2)/3), 
     1            ceil((-j1+5*j2)/2)), 
     1        min(floor((n2-j1+j2)/3), 
     1        floor((n3-j1+5*j2)/2)) 
         i1=j2 
         i2=j1-j2+3*j3 
         i3=j1-5*j2+2*j3 
         a(i1+4*i2+3*i3,6*i3,i1-2*i2+3*i3)=... 
         ...=a(i1+i2,i2+i3,i3+i1) 
        ENDDO 
       ENDDO 
      ENDDO 

 
j1 j2  

 6-6 g1(i)=j g2(i)=k

(  6-7)

PROFPAT

(  6-6)  

 6-7  

 
 

 i1+ 4*j1+ 3*k1     =i2(i1,j1,k1)+j2(i1,j1,k1) 
     6*k1 =j2(i1,j1,k1)+k2(i1,j1,k1) 
 i1- 2*j1+ 3*k1      =k2(i1,j1,k1)+i2(i1,j1,k1) 

 
i2 i1  

    i1+   j1         =i2(i1,j1,k1) 
     3*j1+ 3*k1 =j2(i1,j1,k1) 
     -3*j1+ 3*k1 =k2(i1,j1,k1) 

 
 

      1*j1      =i2(i1,j1,k1)-i1 
     2*j1+ 3*k1 =j2(i1,j1,k1)-j1 
    -3*j1+ 2*k1     =k2(i1,j1,k1)-k1 
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F(i1,j1,k1)=

�
�
�

�
�
�j1

2j1+3k1

-3j1+2k1
  

D1=
�
�
�
�

�
�
�
�1 0

2 3
-3 2

  

n

 

6.7.2  

 

S1∠S2

S1 S2

 

 6-5

 
L S v=v ⊕ e  

1) v S v=v⊕ e’  
2) v A(f(i)) i=jU-1 b(g(j))=b(g(j))⊕ e’,

g(j)=f(i)  

 

 
 6-2 n A(S1(i),...,Sk(i))= A(S1(i),...,Sk(i))⊕e(i)

d Fd=0 i=(i1,..., in)
S1(i),...,Sk(i) k A e(i) A F k×n

l Sl(i)=�
m=1

n
flmim  

S1(i),...,Sk(i) k A A(S1(i),...,Sk(i))= A(S1(i),...,Sk(i))⊕e(i)
Fi1=Fi2 d=i2- i1 Fd=F(i2- i1)=0

d>0 d  

i=(i1,i2) A(i1+i2)= A(i1+i2)⊕e(i1,i2)
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d=(d1,d2)  

[ ]11 �
�

�
�
�

�

2

1

d

d
= [ ]00 d1>0 d1=0 d2>0 

d= �
�

�
�
�

�

2

1

d

d
= �

�

�
�
�

�

−1

1
 

 6-6 n S: A(S1(i),...,Sk(i))= A(S1(i),...,Sk(i))⊕e(i)

d, U S’ d’=Ud  

U j=Ui, i=U-1j S’ :  

A(S1(U-1j),...,Sk(U-1j))= A(S1(U-1j),...,Sk(U-1j))⊕e(U-1j) 

Fi1=Fi2 F U-1j 1=F U-1j 2  

d’= j2- j1= U-1i2- U-1i1=U-1(i2- i1)= U-1d  

 6-2

 

 6-4: U  
n n×(m+r) D s=rank(D)=n m≥n,r≥0,

 
U  

 

 k=1, un-1=max{0 �
�
�
�

�

�
�
�

�−

− jn

jn

d

d

,1

,
� �1≤j≤m+r,d1 j=...=dn-2 j=0, dn-1 j>0 } 

,...., k=n-1, u1=max{�
j

n

k
jknknjn

d

dud

,1

2

1
,, �

−

=
−−+−

− �1≤j≤m+r, d1 j>0 }  

u1,...,un-1 �
−

=
>+

1

1

0
n

i
ijinj dud ,j=1..m+r  

UT=

�
�
�
�

�

�

�
�
�
�

�

� −

1

...

1

1... 11 nuu

 

6.7.2.1  

n D=[D1|D2] D1 D2

 
 6-1 D1 U1

U1D1=[0T|D1’T]T D1’ s=rank(D1)  6-4 D’=U1D
Us  

U2= �
�

�
�
�

�

−

−−−

sxsssxn

sxsnssxnn

U

I

0
0

U2U1D

(
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6.7.2.2  

 6-8  

  
 6-2 b,c

 

D=

�
�
�

�

�

�
�
�

�

�

−−
−

0523
0132

1101

 

  [ ]a1  a2 b c  
 
 

   DO i1=1,10 
      DO i2=1,10 
        DO i3=1,10 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
          b(i1+i2,5*i1+i3)= b(i1+i2,5*i1+i3)+i1 
          c(i2,i3)=c(i2,i3)+(i2+i3) 
        ENDDO 
      ENDDO 
    ENDDO 

b,c  

D1=

�
�
�

�

�

�
�
�

�

�

− 2
3

0

3
2

1

 

 

U1=

�
�
�

�

�

�
�
�

�

�

−−

−

114
001

3213

, 

D’1=

�
�
�

�

�

�
�
�

�

�

1
0
0

1
1
0

 

  DOALL j1=-4,158 
    DO j2=max(1,ceil((j1-28)/13.)),min(10,floor((17+j1)/13.)) 
      DO j3=max(ceil((1-j1+j2)/3.),ceil((1-j1+5*j2)/2.)), 
 1          min(floor((10-j1+j2)/3.),floor((10-j1+5*j2)/2.)) 
          i1=j2 
          i2=j1-j2+3*j3 
          i3=j1-5*j2+2*j3 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
          Critical_Section_B 
          b(i1+i2,5*i1+i3)= b(i1+i2,5*i1+i3)+I1 
          End_ Section 
          Critical_Section_C 
          c(i2,i3)=c(i2,i3)+(i2+i3) 
          End_Section 
       ENDDO 
    ENDDO 
  ENDDOALL 

 
 

U2=

�
�
�

�

�

�
�
�

�

�

010
100

001

U1 

  =

�
�
�

�

�

�
�
�

�

�

−−
−

001
114

3213

 

D’=

�
�
�

�

�

�
�
�

�

�

−
1110
1411

13000
 

   [ ]a1  a2 b c  
b

 

   DOALL j1=-4,158 
    DO j2= max(ceil((2-j1)/3.),ceil((6-j1)/2.),ceil((-5-4*j1)/13.)), 
 1     min(floor((20-j1)/3.),floor((60-j1)/2.), floor((49-4*j1)/13.)) 
      DOALL j3=max(1,j1+j2-10,ceil((j1+2*j2-10)/2.)), 
 1              min(10,j1+j2-1,floor((j1+2*j2-1)/5.)) 
          i1=j3 
          i2=j1+3*j2-j3 
          i3=j1+2*j2-5*j3 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
          Critical_Section_B 
          b(i1+i2,5*i1+i3)= b(i1+i2,5*i1+i3)+i1 
          End_section 
          Critical_Section_C 
          c(i2,i3)=c(i2,i3)+(i2+i3) 
          End _Section 
      ENDDOALL 
    ENDDO 
  ENDDOALL 
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b
(
 

U3=

�
�
�

�

�

�
�
�

�

�

100
110

001

U2 

  =

�
�
�

�

�

�
�
�

�

�

−−
−

001
113

3213

 

D’=

�
�
�

�

�

�
�
�

�

�

−
1101
3112

13000
 

   [ ]a1  a2 b c  
c  

  DOALL j1=-4,158 
    DO j2=max(ceil((5-j1)/3.),ceil((-3*j1-3)/13.),ceil((8-j1)/2.)), 
 1     min(floor((50-j1)/3.),floor((80-j1)/2.), floor((66-3*j1)/13.)) 
      DOALL j3=max(1,ceil((j1+3*j2-10)/4.),ceil((j1+2*j2-10)/7.)), 
 1          min(10,floor((j1+3*j2-1)/4.), floor((j1+2*j2-1)/7.)) 
          i1=j3 
          i2=j1+3*j2-4*j3 
          i3=j1+2*j2-7*j3 
          a(i1+1,i2+3,i3+2)=a(i1,i2+1,i3+5)+a(i1+1,i2,i3) 
          b(i1+i2,5*i1+i3)= b(i1+i2,5*i1+i3)+i1 
          Critical_Section_C 
          c(i2,i3)=c(i2,i3)+(i2+i3) 
          End_Section 
      ENDDOALL 
    ENDDO 
  ENDDOALL 

 6-8a

�
�
�

�

�

�
�
�

�

�

−−

−

114
001

3213

  6-8b

 6-2

�
�
�

�

�

�
�
�

�

�

010
100

001

 6-8c

 6-4

�
�
�

�

�

�
�
�

�

�

010
110

001

 6-8d

 

6.7.3  

IF

 

NBBL(Non-basic-to-basic conversion)

NBBL  6-10 S1[4]
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 6-9  

DO 
  S1 
  DO 
    S2 
  ENDDO 
  S3 
ENDDO 

DO 
  DO 
  IF (first iteration) 
    S=S1;S2 
  ELSE IF (last iteration) 
    S=S2;S3 
  ELSE 
    S=S2 
  ENDIF 
  ENDDO 
ENDDO 

(a)  (b)  

 6-10 NBBL 

DO I=1,4 
S1:  H1(I) 
  DO j=max(-i+3,i-1),2 
S2:     H2(I,J) 
  ENDDO 
ENDDO 

DO I=1,4 
  DO j=max(-i+3,i-1),2 
    IF J.EQ.MAX(-I+3,I-1) H1(I) 
    H2(I,J) 
  ENDDO 
ENDDO 

(a)  (b)  

Jinling Xue NBBL [65]

NBBL Lk S1 Lk+1 Lk+1,...,Ln

S1 IF  

NBBL  6-10 Jinling Xue

UTF U

( �
�

�
�
�

�

10

0U

) IF  

 6-11  

 
 
 
DO I=1,4 
S1: H1(I) 
   DO J=1,3 
S2:   H2(I,J) 
   ENDDO 
ENDDO 

DO I=1,4 
  DO J=1,3 
     IF (J.EQ.1) H1(I) 
     H2(I,J) 
   ENDDO 
ENDDO 
DO I’=2,7 
DO J’=max(1,I’-4), min(I’-1,3) 
     I=I’-J’ 
     J=J’ 
     IF (J.EQ.1) H1(I) 
     H2(I,J) 
   ENDDO 
ENDDO 

DO I’=2,7 
 DO J’=max(1,I’-4),1 
     I=I’-J’ 
     J=J’ 
     H1(I) 
 ENDDO 
 DO J’=max(1,I’-4),min(I’-1,3) 
     I=I’-J’ 
     J=J’ 
     H2(I,J) 
 ENDDO 
ENDDO 

(a)  
(b)NBBL �

�

�
�
�

�

10

11
 

(c)  
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 6-11 NBBL

IF IF  
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7.1  

 
 7-1a

 

 7-1   

DO I=1,100 
  IF(f(A[I])) THEN 
s1:  Y=...  
  ENDIF 
  ... 
s2:  X=Y 
  ... 
  IF(g(A[I])) THEN 
s3:  X=B 
  ENDIF 
  ... 
s4:  ...=X 
  ... 
ENDDO 

PARALLELABLE=1 
DOALL I=1,100 
 LOCAL X',Y' 
 Y'=0, X'=0 
 IF(f(A[I])) THEN  
   IF(Y'.EQ.0) THEN 
     Y'=1 
   ENDIF  
 ENDIF 
 IF(Y'.EQ.1) THEN 
   X'=1 
 ELSE  
    X'=0 
 ENDIF 

 IF(g(A[I])) THEN 
   IF(X'.EQ.0) THEN 
     X'=1 
    ENDIF 
 ENDIF 
 IF(X'.EQ.0) THEN 
    PARALLELABLE=0 
    BREAK 
 ENDIF 
ENDDOALL 
IF(PARALLELABLE) THEN 
   PARALLEL SECTION 
ELSE 
   SERIAL SECTION 
ENDIF 

1. PSS  

2. PSS  

a PSS PSS  

b PSS PSS PSS  

c PSS PSS PSS  
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 7-1  7-1

7.2 cache  

Blocking

cache  

Blocking

cache

cache

200 DO

1-50 51-100 101-150 151-200

DO 200

 

7.2.1  

 7-2  

 
 
 
1 

DOALL  I=1,N     
    A(I)=......      
ENDDO           
DOALL  J=1,N     
    ......=A(J)......   
ENDDO           

 
i

A

j

A

N/4  N/4+1 N  N+1

 
 
 
 
2 

DOALL  I=1,N 
 ...=A(2*I-1)...... 
ENDDO 
DOALL  J=1,N 
  A(2*J)=...... 
ENDDO 

 
i

A

j

A

N/4  N/4+1 N  N+1

 
 
 
 
3 

DOALL  I=1,N      
   ......=A(I)......     
ENDDO           
DOALL  J=1,N    
    A(J+N/4)=......   
ENDDO 

 
i

A

j

A

N/4  N/4+1 N  N+1
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4 

DOALL  I=1,N 
 A(I)=...... 
ENDDO 
DOALL  J=1,N 
  ....=A(N-J+1)...... 
ENDDO 

 
i

A

j

A

N/4  N/4+1 N  N+1

 

 

 7-2

A  7-2  

1 2 1 A

A A(1:N)

2 cache 2 A A(1:2*N)

 

3 4 3 A

A(1:N) 3/4 A A((N/4)+1:N+N/4) 3/4

A A((N/4)+1:N)

1 3*N/4 A A((N/4)+1:N)

(3*N/4)+1 N A A(1:N/4)

1 N/4 A A((N+1:N+N/4) (N/4)+1 N

A A((N/4)+1:N) A A((N/4)+1:N)

 

4 A A(1:N)

A

A A A(1:N)  

 7-3  

1

 

1. a1*a2<0 A

(loop reversal) A  

a1<0 i loop reversal i N-I’+1

DOALL  I=1,N,1 
    ......A(a1*I+b1)...... 
ENDDO 
... 
DOALL  J=1,M,1 
    ......A(a2*J+b2)...... 
ENDDO 
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I A a’1*I’+b’1  

  b’1=b1+a1*(N+1) 

  a’1=-a1 

a2<0 j loop reversal j M-j’+1 j

A a’2*j’+b’2  

  b’2=b2+a2*(M+1) 

  a’2=-a2  

 

2. a1*a2>0 A I I=K1

A J J J= K2 A I

A  a1+ b1= a2K2+ b2 a2+ b2= a1K1+ b1  

 K2= max(1,�(a1+b1-b2)/a2�) 

 K1= max(1,�(a2+b2-b1)/a1�) 

K1>N K2>M A K1<N K2<M

I K1 A J K2

A A  

 (a) K1=K2=1 

 (b) 1=K2<K1 

 (c) 1=K1<K2 

sdmod(x,y) sdmod(x,y)= IF x≤y THEN x ELSE x-y ENDIF 

(a) A  

(b) J J 1 M A I

I sdmod(I’+K1-1,N) I I’ 1 N

A A (c) I I 1 N

A J J sdmod(J’+K2-1,M)

J J’ 1 M A A

|a1|*N=|a2|*M A

A

 

3. |a1|*N≠|a2|*M A

A

A A

 7-4 A

cache  

 7-4  
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DOALL  I=1,int(a2*M/ a1)   
... 
ENDDO                     
DOALL  I=int(a2*M/ a1)+1,N   
... 
ENDDO                     
DOALL  J=1,M                
......                     
ENDDO 

DOALL  I=1,N 
... 
ENDDO 
DOALL  J=1,int(a1*N/ a2) 
... 
ENDDO 
DOALL  J= int(a1*N/ a2)+1,M                
...  
ENDDO 

|a1|*N>|a2|*M |a1|*N<|a2|*M 

7.2.2  

1/4

 7-5  

 7-5 spec95 wave5  

100 130 140

( ) 140

140

100 130 140

100 130 QMLT IJ W1 W2 W3 W4 cache

140 cache 100 130

L

 

     L3+((L4-L3+1)/4)*i L3+((L4-L3+1)/4)*(i+1)-1       (i=0,1,2,3) 

i=0 cpu0 cpu1 cpu2

cpu3 100 130 QMLT IJ W1 W2 W3 W4

      DO 100 L=l3,l4 
         QMLT(L)=QMULT 
 100  IF (X(L).LT.0.) QMLT(L)=0. 
      DO 130 L=L3,L4 
         ...... 
         IJ(L)=I(L)+NX2*(J-1) 
         W1(L)=FXC*FYC 
         W2(L)=FX(L)*FYC 
         W3(L)=FXC*FY(L) 
         W4(L)=FX(L)*FY(L) 
 130  CONTINUE 
      DO 140 L=L3,L4 
         Q(IJ(L))=Q(IJ(L))+W1(L)*QMLT(L) 
         Q(IJ(L)+1)=Q(IJ(L)+1)+W2(L)*QMLT(L) 
         Q(IJ(L)+NX2)=Q(IJ(L)+NX2)+W3(L)*QMLT(L) 
         Q(IJ(L)+NX2+1)=Q(IJ(L)+NX2+1)+W4(L)*QMLT(L) 
 140  CONTINUE 
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cpui cache [ L3 + ( ( L4 - L3 + 1 ) / 4 ) * i : L3 + ( ( L4 - L3 + 1 ) / 4 ) * ( i + 1 ) -1 ] 

( i = 0,1,2,3 ) 140

cpu0 140 QMLT IJ W1 W2 W3 W4 L3

L3+(L4-L3+1)/4-1 cache cpu0 cache

1/4 3/4 cache

cache cache 140 140

 

cache

cache

 7-5 140 L

A(0) A(1) A(2) A(3) A(4)

 7-6  

 7-6  

I

QMLT IJ W1 W2 W3 W4

cache cache SGI ORIGIN2000 4 196MHz R10000  CPU

1024M 2M cache  SPEC95 wave5 cache

154 cache 108 1.32 1.88

 

 

 

DOACROSS  I=0,3 
       DO  L=L3+((L4-L3+1)/4)*I , L3+((L4-L3+1)/4)*(I+1)-1 
       ...... 
       ENDDO 
ENDDOACROSS 
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PROFPAT PROFPAT

PROFPAT

 

8.1  

 

PROFPAT

 

8.2  

 

8.2.1  

- -

PROFPAT

 

 

PROFPAT

DO
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DO

 

8.2.2  

PROFPAT

DO

 

 

 8-1  

 

 8-1
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8.2.3  

8.2.3.1  

 

8.2.3.2  

3

 

JavaPIE

 

JavaPIE JavaIter3D

Java [55]

N

L N/L)  

8.3  

 

PROFPAT

 

8.4 JavaPIE Internet  

PROFPAT/PEFPT

SPEC95
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PEFPT/PROFPAT

 

� : C/Motif UNIX

AFT/PROFPAT HP9000 SUN Sparc, IBM 

RS6000, DEC Alpha AXP, Siemens RM600

 

�

 

�

PROFPAT ParaPIE

 

Internet

JavaPIE(Java Parallel programming Internet Environment), Internet Java [55]

 

 

 

 

 

 

 

 

 8-2 JavaPIE  

JavaPIE Internet Internet

PROFPAT

JavaPIE  

 8-1 JavaPIE  

JavaPIE   FPT/PROFPAT  
HTML    
HTML    
HTML  Internet   

JavaTable   
JavaTable   
JavaGraph   

JavaPIE  
HTML Browser 
HTML Editor 
JavaGraph  

 
JavaChart  

 
Java3DGraph  

 
JavaTable  
JavaTransformer  

 

 

Internet 

 

 

 

 

ParaPIE, PEFPT,... 

AFT,FPT,SUIF,Agassiz... 
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JavaGraph   
JavaGraph   

Java3DGraph 
 

 

JavaChart   
JavaChart   

JavaTransformer   

JavaPIE  8-2  8-1 JavaPIE PROFPAT

JavaPIE PROFPAT

HTML

JavaGraph Java3DGraph

JavaChart JavaTable JavaTransformer Java Applet html

Java awt

JavaGraph

 

JavaGraph  

INPUT: graphwidht,graphheight,Graph = <N,E> N E  

OUTPUT: {node x,y | node in N} 

ALGORITHM 

1.  E N 

 N = {}, for e=<n1,n2> in E do N = N+{n1,n2} end 

2. (dfn: N→Z) 

3. dfn (sccn: N→Z) 

4.  : 

 N1 = {} maxLevel = 0  

 repeat 

  for n in N do 

   cnt(n) = count{n1|<n1,n> in E and not n1 in N1 and scc(n1)<>scc(n)} 

   if cnt(n)=0 then level(n)=maxLevel 

  end 

  N1=N1+{n|level(n)=maxLevel} 

  maxLevel++ 

 until N1=N 

 //  

 for e=<n_1,n_2> in E and delta=level(n_2)-level(n_1)>=2 do 

  N = N+{nn_k| level(nn_k)=j(k)=level(n_1)+k, k=1,...,delta-1} 

  E = E-{<n_1,n_2>}+{<n_1,nn_1>,...,<nn_delta-1,n_2>} 

 end 
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5.  : 

 for level from 0 to maxLevel do maxPosition(level) = 0 end 

 for n in N do position(n)=maxPosition(level(n))++ end 

 for n in N do 

  x(n)=graphwidth*(position(n)+0.5)/maxPosition(level(n)) 

  y(n)=graphheight*(level(n)+0.5)/maxLevel; 

 end 

 8-3  

JavaPIE -

JavaProfile JavaGraph+JavaChart)(  8-4) JavaSCCLayout

JavaGraph+JavaGraph)  8-5 3 JavaIter3D  8-6  

� Linpack.f JavaGraph

JavaChart - JavaGraph

Fortran77

C Fortran90  

 

 8-4 JavaPIE  

�  

(1) DO I=2, N 

(2)   A(i)=B(i)+C(i) 

(3)   D(i)=(A(i-1)+A(i+1))/2 

(4) ENDDO 

S2f→S3 S2a→S3

S2a→S3  
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 8-5 JavaPIE  

� JavaIter3D 6-2a <i1,i2,i3>

<1:10,1:10,1:10>

(cold) (hot)

PROFPAT
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(a)  

 
(b)  

 8-6 JavaPIE :  

Email FTP HTTP

PROFPAT Java Internet  8-7 JavaPIE
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 8-7 JavaPIE  

PPI,Fudan 

ELIS, Ghent 

CS, Minnisota 

PROFPAT/ParaPIE 

AFT/Agassiz 

Industrial/Academic World in Internet 

JavaPIE 

others... 
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PROFPAT

 

SPECfp95

 

� PROFPAT SPEC95 WAVE5, FPPPP

APSI

 

� 

-

cache
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