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Y , 100084);
A , 100871)
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http://www.cs.tsinghua.edu.cn
DAD(distributed array descriptor) , p-HPF DAD
, Block Cyclic Block_Cyclic(k) ,
, p-HPF
: ;HPF ;
: TP311 A
, 3 1,
: ;2
; ;3
,  F77 TCP/IP
MPI,PVM , , , .
20 90 , , HPF(high performance Fortran)'™
) , 3
) , .20 90
HPF ,  Fortran D'?,Vienna Fortran® p-HPF4! )
(HPEF77+MP!,...) ,

ScaL APACK!®! HPF (C,FORTRAN )+ (MPI,PVM )
(ScaLAPACK,LAPACK ) , ,
* : 2000-03-16; : 2000-09-25

: (60173004); 863 (863-306-ZT01-02-3)
(1963 ), ., , , , ,
, ; (1946 ), , , , . ; 973 ), ,
, (2973 ),
(1936 ),
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Adlib,Chaos

p_HPF
) ScaL APACK
Block,Cyclic

1 DAD

DAD

1.1 DAD
DAD

1(a)
X,
LowerL oopBound(l)

F(i) |

,DAD
)
2

©)
(4)

(align template)

© PEEREBEAD

DAD(distribute array descriptor). ,DAD
, , p-HPF DAD
DAD . ,
Block_Cyclic(k) ,DAD ; DAD
) , FORTRAN D
il
Processors P(p) Real x(1:ceiling((u-1)/p))
Real x(1:u) Ib$=L owerL oopBound(l)
Distribute x(block_cyclic(k)) ub$=UpperL oopBound(u)
Doi=l,u Do i=lb$,ub$
x(i)=F(i) if (owner(x(i))
Enddo i$=Global Looplndex(i,p)
X(1)=F(i$)
End if
Enddo
(a) A fragment of HPF program (b) Node program
(a) HPF (b)
Fig.1 The fragment of a HPF program and its SPMD code
1 HPF SPMD
X, x  Block-Cyclic(k) p , 1(b) ,
1, b ,
UpperL oopBound(u) )
x(i) )
i , Global Looplndex(i,p)
i$ F(@i$). 1 ,

http:/ www. jos. org. cn
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®)
(6) DAD

@
)
©)
DAD

1.2 DAD

DAD,
p-HPF

struct DAD {

Status status;

inticla_size;

int major;

const int rank;

Group group;

Range* ranges,

Stride* strides;

}

struct pcrcfDAD:pu

Range rngs[8];
Stride strs[8];
int elementLen;
int elementType;
int size;
void* memdata;
int memHandle;
PFILE *pfile;
void* data;
int grpHandleg;
int rngHandles[8]

DAD

DAD

blic DAD {
I
I
Il
I

I
1
1
1

,DAD

DAD

DAD
Scal APACK

FORTRAN

,DAD

,p-HPF

Jpcref DAD C

© PEEREBEAD
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, Range, Stride , . p-HPF ,
ScaLAPACK ,DAD ,DAD DESC_ , A DAD DESCA
119,
Tablel The DAD Contents of ScaL APACK
1 ScaLAPACK DAD
DESC_() Symbolic name Scope Definition
1 DTYPE Global Descriptor type. DTY PE=1 for dense matrices
9 CTXT Global Context handle, indicating the process grid over which the global matricesis
distributed
3 M Global Number of rows in the global array
4 N Global Number of columns of global array
5 MB Global Blocking factor used to distribute the rows of the array
6 NB Global Blocking factor used to distribute the rows of the array
7 RSRC Global Process row number which the first row of the array is distributed
8 CSRC Global Process column number which the first row of the array is distributed
9 LLD Local Leading dimension of the local array
,DTYPE 1
1 ,DAD )
, , ( :
) ;
2 DAD
Block,cyclic , . p-HPF ,
DAD Block_Cyclic(k)
2.1
211
p-HPF A
Real A(l:u:s)
/N,u,s ,u>l,s>0//
HPF$ processors P(p)
I p , I
HPF$ Template T(t1:t2)
1 i
HPF$ Align A(a*i+b) with T(i)
I I
HPF$ Distribute (block) onto P:: T
1 T Block P
2 A . 2 , A T
T )
© PR http:/ www. jos. org. cn
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a,b, A

| I+s 1+2s . u

TN T -
BN

GLOBAL

‘ Node, Node,
LA ?
at{l+29)%h
% a*u+b
a*(l4s)+b
|_tlb I_Ib I:i’:b |_tub
' ' 2,
Fig.2 Sparse store forms for distributed arrays
2
2.1.2
g_Ib,g_ub,step tIbt ub ,offset stride
,discode ,discode=1 2 block,cyclic , p.
, (1) :I_tlb,|_tub,(2)
1 I_1b | _ub, 1
i=1,2,....p 1oy |_ub; |_tib;1_tub e
1.
case (discode=block) and (MOD((t_ub-t_lb+1),p)=0) //
g=(t_ub-t_Ib+1)/p 1
I_tIb=t_Ib+(i-1)*q (i=1,2,...,p)
I_tub=t_lb+i*gq-1  (i=1,2,...,p) 1
if ((g_Ib*stridet+b)>=t_Ib) and (g_ub* stride+b)<=t_ub)) then
I_tlbi, [g_lb,g_ub] stride* x;+b>=|_tlb; Xi
|_lby=(stride* x+b)—I_tIb+1
I_tub;, [g_lb,g_ub] stride* y;+b<=I_tuby; Vi
|_ubi=(stride*x+b)J1_tlb+1  //
endif
case (discode=block) and (MOD((t_ub-t_lb+1),p)<>0) // ,
g=floor((t_ub-t_Ib+1)/p)
I_tibi=t_Ib+(i-1)*q (i=1,2,...,p-1)
I_tub=t_lb+i*q-1 (i=1.2,...,p-1) /I 12,...p-1
I_tlb=t_Ib+(i-1)*q (i=p)
I_tubi=t_ub  (i=p) // p
I_Ib,l_ub

© rhEEE
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case (discode=cyclic) and MOD((t_ub-t_Ib+1),p)=0 //
I_tlb=t_Ib+i-1 (i=1,2,...,p)
I_tubi=t_ub—(p-i) (i=1,2,...,p) /I
o=stride* g_|b+offset—t_Ib+1
if MOD(GCD(stride,p),ABS(i—0))=0 then
o+stride* m=i+n;*p

0=<mi<(g_lb—g_ub)/step m<>n; (mi,n;)
if then
I_Ibi=MIN(n;)+1
I_ubi=MAX(n)+1 1 1
else
,  |_Ib=0,_ub=-1.
End if
else
I_Ib=0,_ubi=—1.
endif

case (discode=cyclic) and MOD((t_ub-t_lb+1),p)<>0//
g=floor((t_ub—t_Ib+1),p)  r=(t_ub-t_lb+1)-p*q
I_tlb=t_Ib+i-1 (i=1,2,...,p) 1
I_tubi=t_ub—(r-i) (i=1,2,..r) 1
I_tubj=(t_ub-r)-(p-i) (i=r+1,r+2,...,p) 1
I 1by 1 _ub, cyclic
a[1:20:1], Cyclic ,

ni>=0, i+n* p<=t_ub-t_lIb+1,

1,2,....r
r+1,r+2,....p

t[1:60] 2%i+1 p=4

p=4,9_lb=1,g ub=20,t Ib=1,t ub=60 stride=2,
offset=1,discode=2 (cyclic).

I_tl |_tub I_Ib I_ub
1 1 57 2 11
2 2 58 0 -1
3 3 59 1 10
4 4 60 0 -1
22 Block_Cyclic(k)
Block_Cyclick(k)
) GLOBAL a|a a3 |ag axn
Block_Cyclic(l)
Cyclic . k=
, Block . 138 LOCAL a1 8,838 asag ay ag @9 aio @11 12 |i[A13 A1 A5 e
Block_
Cyclick(k) ,
ai7 Agg 19 A0
( 3 ), Node 0 Node 1 Node 2 Node 3
, 1(b) , , 0, 1, 2, 3

Fig.3 Example of Block_Cyclic(k) distribution
3 Block_Cyclic(k)
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Ower(X(i)=floor((i-1)/k) MOD p /I x(i)
LowerLoopBound(l;,p)= 1 ., P 1

1=l
if (p<floor(l,/k) MOD p) then return ceiling(l,/(k* p))*k+1
elseif (p>floor(l,/k) MOD p) then return floor(l,/(k* p))*k+1
else return floor(l1/(k*p))*k+(1, MOD Kk)+1
endif
endif

UpperL oopBound(u;,p)= I ., P

I =u—l
if (p<floor(uy/k) MOD p) then return ceiling(uy/(k* p))*k
elseif (p>floor(uy/k) MOD p) then return floor(u,/(k* p))*k
else return floor(uy/(k* p))* k+(uy MOD k)+1
endif
endif

LocalLooplndex(i)=floor((i—1)/k* p)*k+((i—I) MOD k)+1 //
Global L oopl ndex(i$,p)=floor((i$—1)/k)* p*k+((i$-1) MOD K)+l

/

Owner(18)=floor((18-1)/4) mod 4=0 //a;g 1

HPF

Owner(11)=floor((11-1)/4) mod 4=2 /lay,; 3 .
LowerL oopBound(1,0)=LowerL oopBound(1,1)=LowerL oopBound(1,2)=
LowerLoopBound(1,0)=1 // 1
UpperL oopBound(20,0)=floor(19/(4* 4))* 4+(19 mod 4)+1=8

1 1 8
UpperL oopBound(20,0)=UpperLoopBound(20,1)=
UpperL oopBound(20,2)=UpperL oopBound(20,3)=floor(19/(4* 4))* 4=4

1 2,34 4
,Block_Cyclic Block,Cyclic
ScaL APACK . 1
DAD
Adlib , ScaLAPACK
,HPF DAD ScaLAPACK
, HPF

) DAD

, Block_Cyclic

1

X(1:20),p=4,k=4

DAD . p-HPF
BLACS .
ScaL APACK
, DAD
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Abstract: How to describe the distributed array is a key point in parallel computing based on networks. Based
on the general requirement of the parallel implementation, this paper first discusses the structure and necessary
components of DAD (distributed array descriptor). Then a certain DAD structure used by p-HPF parallel compiling
system is introduced in detail. Further, for the sparse and the dense storage model, the methods are given out to
convert global arrays to local ones in three distribution Blocks, the Cyclic and the Block_Cyclic(k) respectively.
These methods have been implemented in p-HPF compiler and proved to be effective. Finally, the importance of the
distributed array description standard for portability and reuse of the parallel computing systemsis discussed.
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