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12
, , (divide and conquer) (greedy) (branch and
bound) ,
2, DPs OMT
) ' Paz
; z ;
1.3 SRVRT
arb SN )
) , ab
, z , arb ,
Paz arb , Paz
, arb , )
arb
2
VA
) , arb
SRVRT( ) ,
1
DPs Library Trans-Rules
Specification Refinement, »| Para-Design Refinement, »| arb program Transformation Para-Program
verification transformation
\— _/ — _/
~ ~
PaZ language frame arb model frame
arb 1 ) ’ , Paz ’ , ab ’ . ’ 1
Fig.1 SRVRT parallel program develop model
1 SRVRT
1 . Specification. Z ,
2 . Refinement using DPs. Paz , , ,
3 . Verification.
. Refinement using laws. Paz arb arb
5 . Transformation. [3] arb ,
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2 , SRVRT
31 (Parallel Divide & Conquer)

Parallel Divide & Conquer, . SRVRT Paralel Divide &
Conquer,

Paz Parallel Divide & Conquer

DATA,RESULT]

datas: DATA

result: RESULT

divide: DATA—F DATA

merge: F REAULT—-RESULT

baseoperate: DATA—RESULT

basedatas: DATA—BOOL

D&C: DATA—RESULT

D& C datas = if basedatas datas then baseoperate datas
Else merge D& Civide datas

Result=D& C data

3.2 SRVRT

2 , SRVRT

1. Specification. Z
DFT

a: seq complex
b: seq complex
FFT: seq complex—seq complex
nk: N
w: complex
n=#a=#bn
N=2Aw"=1AVO0<i<new =1

Vi< j<neb(j)= Za(i)w“’l)(i’”

i=1

b=FFT a

2. Refinement using DPs. Parallel Divide & Conquer DFT
. DFT Parallel Divide & Conquer
Parallel Divide & Conquer .
,DFT a b Parallel Divide & Comquer datas result
DATAcseq complex, RESULTc seq complex, Datasca, Resultchb.
Parallel Divide & Conquer , basedatas,baseoperate,merge,divide,
D&C FFTbasedatas,FFTbaseoperate,FFTmerge,FFTdivide,FFTD&C,
FDT

’

n=#a=#bAn=2AW"=1AV0<i<new #1Ab=FFTD&C a= V1< j<neb(j) =Y a(i)w' "I,
i=1
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DFT , 1 ., , FFTbasedatas, FFTbaseoperate
FFTbasedatasa = (n=1), FFTbaseoperatea = a.
n>1 Parallel Divide & Conquer , a . a ,
n X . n/2 . . . n/2 . .
V1< j<neb(j)=> a(iyw! P0 Vi< j<neb(j)=> a (2i-Hw DLWty g (2w 0D
i=1 i=1 i=1
w , b ,

N

/ 12
=7 a(2i —wAiGD +W171“z a(2)w2i-0D |

i=1 i=1

V1< j<n/2eb(j)

n/2 . . . .n/2 . .
Vi< j<n/2eb(j+n/2)=> a(2i —Hw 0D Wity a(2i)wH0
i=1

i=1

, FFTdivide FFTmerge

a: seq complex Subresults: F seq complex
subdatas: F seq complex Deyen,Doda: SEQ COMplex
Aeven,Bodd: SEJ complex b: seq complex
FFTdivide: seq complex— F seq complex FFTmerge: F seq complex—seq complex
N/2=#ayq=H#aeyen N/2=#b,q=#0eyen
Subdatas=FFTdivide a b=FFTmerge subresults
Subdatas={ aeyen, oqd} Subresults={ beyen, oda}
Vi<i<n/2eaq (i) =a(2) Aayy(i) Vi<i<n/2eb(i)=by (i) +W ™, (i) Ab(i+n/2)
4 a(ZI _l) = odd(i)_wilba/en(i)
FFTD&C Parallel Divide & Conquer :

FFTD&C a = if FFTbasedatas a then FFTbaseoperate a
Else FFTmerge FFTD & CrrTdivide a

3. Verification. . DFT ,
. n 4 .
n=#a=#ban=2" AW" =1AVO0<i<new #1Ab=FFTD&C a= V1< j<neb(j) =Y a(i)w' ™. (1
i=1
(D] if , n=1 n=1, w=1, FFTbaseoperate a=a(l) b(1)=a(1), (D] ;
@ If , n=2 @ , w W,
V1< j gnob(j):Za(i)wS’l)“’”. 2
i=13
n=2! (1) )- O
4. Refinement using laws. Paz arb arb
Paz arb

V1<i<nell opicarball(i=1:N)

call op

end arb
2 arb

integer::N
complex::a(N),b(N),aeven(N/2),aodd(N/2),beven(N/2),bodd(N/2)
complex::w
subroutine fftbaseoperate(a)

b(1)=a(1)
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end subroutine fftbaseoperate
subroutine fftdivide(a)
arball (i=1:N/2)
aeven(i)=a(2i)
aodd(i)=a(2i-1)
end arb
end subroutine fftdivide
subroutine fftmerge
arball (i=1:N/2)
b(i)=bodd(i)+w'‘beven(i)
b(i+N/2)=bodd(i) ~w'beven(i)
end arb
end subroutine fftmerge
recursive subroutine fft(a)
if fftbasedatas(a) then call fftbaseoperate(a)
else call fftdivide(a)
arb
call fft(aeven)
call fft(aodd)
end arb
call fftmerge(beven,bodd)
end if
end subroutine fft
, PRAM & .
5. Transform. arb , ( , [3D.

[5~7] . d ,
, . SRVRT ,

) , ,SRVRT

PQE2000 Project!® ol
[10]

( )

(programming) . (design) ,
, , SRVRT . SRVRT

Paz arb
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Refinement from Z Specification to Parallel Program*
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Abstract: In this paper, a method of getting parallel program from Z specification through refinement of design
patterns is proposed. It expands parallel concepts into Z notation. Beginning with Z functional specification, it
refines expanded design patterns step by step to get parallel design, and succeed in obtaining abstract parallel
program through semantic-preserving transformations, which can be transformed to parallel code finaly. This
method is described in detail through an example.

Key words:  design patterns; refinement; parallel program development
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