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, -
.

1. 
, . -

, -

.
K Sβ L

al

Sβ  Vβ. -
l Wl nβ  – 

, Sβ , vl  – l , 
nV β

β ⊂ ,Z l
lW ν⊂ .Z

l , Sβ

q , -
( )( ) l q

l q l ql q J F J G N fF
β

β ββ
, ,

, , , ,, , = + + ,

J Vβ∈ , eN ∈ Z  – , 
l n

l qF βν
β

×
, , ∈ ,Z l e

l qG ν
β

×
, , ∈ Z ( ) ll qf νβ, , ∈ Z -

.
 ( ) Sβ -

β J -
( )S Jβ .

( )S J J Vβ β, ∈ , ( )S I I Vα α, ∈ , :
1) ( )S Iα ( )S Jβ ;

2) ( )S Iα ( )S Jβ

, , -
 ( ) ;

3) ( )S Iα ( )S Jβ -
. ( )S Jβ ( )S Iα

( ) ( )S I S Jα β→ .
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{( ) | ( ) ( )}P I V J V S I S Jα β α βα β= , ∃ ∈ , ∈ , → . P

. ( ) Pα β, ∈
{ | ( ) ( )}V J V S I S Jα β β α β, = ∈ ∃ → .

V Vα β αα β ,, : →Φ , ( ) ( )S I S Jα β→ ,

I Vα∈ , J V Vα β β,∈ ⊆ , ( )I Jα β,= ,Φ . -
, :

( )( )J J N α β
α β α βα β ϕ ,

, ,, = Φ + Ψ − ,Φ J Vα β,∈ , ( ) Pα β, ∈ , eN ∈ ,Z
n nα β

α β
×

,Φ ∈ ,Z n eα
α β

×
,Ψ ∈ Z ( ) nαα βϕ , ∈ Z -

.

1
max

K
n nββ≤ ≤

= . ( )t Vβ
ξ β: → ,Z 1 Kβ≤ ≤ ,

1 nξ≤ ≤ , ( )S Jβ

( ) ( )t Jβ
ξ . ( )t β

ξ

( t ), .
( ) ( ) ( )( ) ( ) ( )t J t J N J V Pβ α α β
ξ ξ α β α β α βϕ α β,

, , ,≥ Φ + Ψ − , ∈ , , ∈ . (1)

 (1) . -
, ( ) ( )t Jβ

ξ :
( ) ( ) ( )t J b N aβ β ξ β ξ
ξ β ξτ , ,

,= + + , 1 Kβ≤ ≤ , 1 nξ≤ ≤ , J Vβ∈ , ( ) ,nββ ξτ , ∈ Z
( ) , ,eb Nβ ξ, ∈ Z .aβ ξ, ∈ Z , ( )β ξτ , , ( )b β ξ, , aβ ξ, N .

( )l
ld Wξ : → ,Z 1 l L≤ ≤ , 1 nξ≤ ≤ ,

( )la F la ( ) ( )ld Fξ . -
r , 

( )ldξ , r . 
( )ldξ : ( ) ( ) ( )( )l l l

ld F F z N yξ ξ
ξ ξη , ,

,= + + ,

1 l L≤ ≤ , 1 rξ≤ ≤ , lF W∈ , ( ) ,ll νξη , ∈ Z ( )l ez Nξ, , ∈ ,Z .ly ξ, ∈ Z ,
( )l ξη , , ( )lz ξ, , ly ξ, N .

2. 

n t (1) ( )Ktξ ξ, , , 1 nξ≤ ≤ .

( )rang 1T n Kβ
β β= , ≤ ≤ , (2)

( )T β  – n nβ× , -
( )β ξτ , .

r ( )t β
ξ , 1 Kβ≤ ≤ , 1 r nξ≤ ≤ < ,

r
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, n r−  –
 ( ) -

, . ,

.
 1. M , -

-

. 
( )rO M -

( )n rO M − .
, 

r -
. -

. -
-

.
3. 

(1) ( )Ktξ ξ, , , 1 nξ≤ ≤ ,  – 
(1) ( )Ldξ ξ, , , 1 rξ≤ ≤ ,  – 

. , -
( )t β
ξ

( )ldξ .

 (1) :
( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( ) 0

( ) 1
J b b N a a

J V P n

β ξ α ξ β ξ α ξ α ξ α ξ α β
α β α β β ξ α ξ

α β

τ τ τ τ ϕ
α β ξ

, , , , , , ,
, , , ,

,

− Φ + − Ψ − + + − ≥ ,
∈ , , ∈ , ≤ ≤ .

 (3)

, -
, , 

( ) ( )( ) ( ) ( ( ))l q l
l qJ t J d JF

β β
ξ ξ ξ βδ , ,

, ,= − =
( ) ( ) ( ) ( ) ( ) ( ) ( )( ) ( )l l l l l q

l q l q lF J b G z N a f yβ ξ ξ β ξ ξ ξ ξ β
β β β ξ ξτ η η η, , , , , , , ,

, , , , , ,= − + − − + − − ,
1 rξ≤ ≤ ,

l q Jβ, , , -
, , , 

. 
:

( ) ( ) ( ) ( ) ( ) ( ) ( )0 0 0l l l l l q
l q l q lF b G z a f yβ ξ ξ β ξ ξ ξ ξ β

β β β ξ ξτ η η η, , , , , , , ,
, , , , , ,− = , − − = , − − = . (4)
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 (4) , 
, 

, . J
N , .

( ) (1 ) ( ) (1 ) ( ) (1 ) ( ) (1 ) ( )
1( K L K L

Kb z z a aξ ξ ξ ξ ξ ξ ξ ξ ξ
ξ ξτ τ η ητ

, , , , , , , ,
, ,= , , , , , , , , , , , , , , ,% 1 )Lyξ ξ, ,, ,  –

, ( )t β
ξ

( )ldξ , 1 nξ≤ ≤ , -
 (3), (4) :

° ° °
( )( ) ( ) ( ) 0 ( )J N J V Pα βξ ξ ξ

α βα β α β α βϕτ τ τ
,

,, ,+ + ≥ , ∈ , , ∈ ,Φ Ψ% % % (5)
( ) ( ) ( )0 0 0F G f

l q l q l q
ξ ξ ξ

β β βτ τ τ, , , , , ,∆ = , ∆ = , ∆ = .% % % (6)

-
( )ξ

τ ,% 1 nξ≤ ≤ , ,  (2), 
(1) ( )n

τ τ, ,% %  (5) (1) ( )r
τ τ, ,% %

 (6) l qβ, , .

4. 

:
( )( )

1 0 0 nT ββ
: = , ( )

1T β
ξ:  – , 

( )iβτ , , 1 i ξ≤ ≤ ;
(1) nS β

β = ,Z ( ) ( ){ | 0 1 1 0}n iS s s i sβξ β
β τ ξ,= ∈ = , ≤ ≤ − , ≠ ,Z 2 nξ≤ ≤ .

 2. ( )
1 1rang T rβ

ξ: − = , r nβ< , ( ) ( )s Sξ ξ
β β∈ .

( ) ( ) 0sβ ξ ξ
βτ , ≠ , ( )

1rang 1T rβ
ξ: = + .

 2 :
( ) ( ) 1s
ξ ξ

βτ| |≥ .% % (7)

 (7) n ( )ξ
τ ,%

n , .  (2), -
t (1) ( )Ktξ ξ, , . -

( )ξ
τ ,% 1 2 nξ = , , , , , -

 (7) β , ( )
1 11 rangn n T β

β ξξ : −− + = − .

 (5) -
 [1] ( ) 0Dξ

α βτ , ≥ ,% Dα β,  – , ,
Vα β, .

zα β, , :
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( ) 0 0D z zξ
α β α β α βτ , , ,− = , ≥ .% (8)

, n ( )ξ
τ% -

 (8). , 
zα β, , ( ) ( )( ) ( )t J t Iβ α

ξ ξ− , J Vα β,∈ ,

( )I Jα β,= ,Φ . 
, 

-
 ( , ) zα β, , -

 (8).
-

, , 
 ( . (6) F

l qz β, ,
G
l qz β, , , -

:
( ) ( )0 0F F G G

l q l q l q l qz zξ ξ
β β β βτ τ, , , , , , , ,| ∆ | − = , | ∆ | − = ,% % (9)

, – f
l qz β, , ,

:
( ) 0f f

l q l qzξ
β βτ , , , ,| ∆ | − = ,% (10)

( )0 nF
l qz β

β, , = , ( )0G e
l qz β, , = .

, -

n ( )ξ
τ% , -

zα β, ,

l qβ, , F
l qz β, ,

G
l qz β, , , f

l qz β, ,  ( -
F
l qz β, ,

G
l qz β, , ), -

 (8)–(10)  (7) β , ( )
1 11 rangn n T β

β ξξ : −− + = − .

: D  – Dα β, ; FD , GD  – -
F
l qβ, ,∆ , G

l qβ, ,∆ , -
, ; fD  –

f
l qβ, ,∆ ,

, ;
( ) ( )

1 1{ | 1 rang }L n n Tξ β
β ξβ ξ : −= − + = − ;

( ) ( )F G f F F G G f f
l q l q l q l q l q l q l q l q l q

l q

z z z z z z z zα β β β β α β α β β β β β β β
α β β

ρ λ λ λ λ, , , , , , , , , , , , , , , , , , , , ,
, , ,

, , , = + + + ,∑ ∑
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α β,
∑ α β, , D Dα β, ∈ ,

l qβ, ,
∑ – l qβ, , , F

l q FDβ, ,∆ ∈ , G
l q GDβ, ,∆ ∈ ,

f
l q fDβ, ,∆ ∈ ; α βλ , , F

l qβλ , , , G
l qβλ , , , f

l qβλ , ,  – , -
Dα β, , F

l qβ, ,∆ , G
l qβ, ,∆ f

l qβ, ,∆ . -
-
-
-

, -
.

. 
n . ξ -

 – ( )ξ
τ .%

 ( -
).

1ξ = .

 1. ( ) ( )s Sξ ξ
β β∈ , ( )L ξβ ∈ . ( )ξ

τ% , 
:

( ) ( ) ( ) ( )
, , ,

( ) ( ) ( )
, , , , , , , , , , , ,

min ( ) | | 1, , 0, ,

| | 0, | | 0, | | 0,

{ |F G f
l q l q l q

F F G G f f
l q l q l q l q l q l q

z z z z s L D z D D

z z z

ξ ξ ξ ξ
α β β β β β α β α β α β

ξ ξ ξ
β β β β β β

ρ τ β τ

τ τ τ
, , , , , , ,, , , ≥ ∈ − = ∈

∆ − = ∆ − = ∆ − =

% % %

% % %

, , , , , ,     , , , ,}F G f
l q F l q G l q fD D D rβ β β ξ∆ ∈ ∆ ∈ ∆ ∈ ≤

0f
l qβλ , , = l qβ, , , rξ ≤ . rξ ≤ l qβ, , ,
( )0 nF

l qz β

β, , = , ( )0G e
l qz β, , = , 0f

l qz β, , ≠ ,  2,  3.
 2. l qβ, , , ( )0 nF

l qz β

β, , = , ( )0G e
l qz β, , = , 0f

l qz β, , ≠ -
f

l qβλ , ,

( )ξ
τ% .

 3. ( 1) ( )
1{ | rang }L n n Tξ β

β ξβ ξ+
:= − = − .

 4. nξ = , ; ξ  1
 1.

1. ., .  // -
. . 2002. - 608 .

2. Dion M., Robert Y. Mapping affine loop nests // Parallel Computing, 1996.
Vol. 22. P. 1373-1397.

3. . -
. // . 2003.  2. . 73-80.



20

4. Lim A.W., Lam M.S. Maximizing parallelism and minimizing synchroniza-
tion with affine partitions // Parallel Computing. 1998. Vol. 24.  3-4. P. 445-475.

. , . , . , . 
, . 

-
, , 

. 
-

 – 
 ( ), , 

, -
. 

-
 ( -

, , -
.). 

-
. 

 « -3»

. -
, 

, -
.
, 

 « -3» 
, -

. -
. -

-
. 

. 
. 
. 



21

. -

. -
. , 

, 
. 

.
, -

, -

».  8- , 
, . 
, ,

. -
-

. -
. -

-
. 

.
,

, 
 « ». 

. 
, 

. 
, -

. . 1. 
.

-

, -
 (domain decomposition method). -

.



22

. 1

,
,

.
-

:
ü  ( ) 

;
ü ;
ü

;
ü , ,

, -
: -

.
-

, 
, , .

L,  (1≤L≤K). -
L, L,

, 
L , -

.  0 
 ( ). 



23

L , ( -
,  –

). 
.

. 2.

. 2
, , 

 1.
 1

1 2 3 4

1 L
-

2 N1L

-
 L -

 0

3 N1

4

-

N2L

5
-
- 1L -
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8 FE
ML
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, 
. 

: -
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,
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, 
.

-
 (l<<L<<λ, l=n1/3 – -

 (n – ), L –
, λ – ) . 

-
. -

-
.  ( =1,2,...,N) -

e, m. ra. 
-

 [1]:

∑∑ −
−

=−+
≠ b

b
ab ab

bbabab
aaa F

r
FFnniFFiF 03

2

2
1

)(
)(3

)1( ββδ&

(1)
Fa – , nab=rab/rab, rab=ra-rb,

β=e2/(2mω0), ω=ω0+δ, δ=3γω0b2/2, β0=2 2ω0
2/3mc3, b – -

, ω0 – , γ – -
.  – 

, . -
, , 

I=(1/3c3) e2ω4|Fa||Fb|cos(ϕa-ϕb)
F  - , 

, -
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. -
 (1). -

:
AfLf = ,

L -
:

t
ffLf

kk
k

∆
−

=
−1

,

A

aa
b

b
ab ab

bbabab ffif
r

ffnniAf )1(
2
1)(3 2

03 −−−
−

= ∑∑
≠

δββ , ),...2,1( Na = .

-
 « » , 

, -

. A×B, 

nnijaA
×

= ,
nibB = .  n

, . i
(i=0,..N-1) i -

B i A. 
n , . -

A, -
, 

B , -
. -

B . -
N, A -

B , -
.

, . 1: 

tbbiba iiiii ∆×−−= )1( 2δ , tb
r

bbnn
ibba i

ji

iijiji
iiij ∆×+

−
+−= )

)(3
2
1( 30 ββ .

, , F
x, nab(nabFb)=Fbcos2(∠nabx) cos2(∠nabx)

. 
cos2(∠nabx) 3

abr A, -
.
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 MPICH-2 
.

 –  MPI- , 
 MPICH-2,  MPI_Bcast, -
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int MPI_Bcast(void*, int, MPI_Datatype, int, MPI_Comm );
int MPI_Bcast_bnchmrk(void*, int, MPI_Datatype, int, MPI_Comm, int alg).

, -
. :  MPI- , -

 MPICH-2 ( ), 
.  MPI_COMM_WORLD -

.
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,  2,  MPI_Comm_size
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, 
-

.
4. 

 ( -
, )

, -
-

, .
5. 

, 
, -

 Fortran77 . 

:
void classic () {
int i;
apply normalize; /*  ( )  */
apply induct; /*  */
apply wraparound; /*  */
cr_dep; /*  */
apply dead_elimination /*  */
apply_set(loop_fusion, loop_distribution); /* 

*/
apply interchange; /*  */
apply unfold; /* */
for (i=1; i< MaxNest; i++) apply parallelize(M); /* -

, -
 */ }.

, , -
. , , 

, -
 1 .

 jj=0
 do 10 j=1,10,2
 jj= jj + 1
 ii=0
 do 10 i=1,20,2
 ii= ii + 1
 xx(ii,jj,1)= x(ii,j,1)

 jj=0
 do 10 j_new_1=1,5
 jj= jj + 1
 ii=0
 do 10 i_new_5=1,10
 ii= ii + 1
 xx(ii,jj,1)= x(ii,2 * j_new_1 - 1,1)
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 xx(ii,jj,2)= x(ii,j,2)
10 continue

 xx(ii,jj,2)= x(ii,2 * j_new_1 - 1,2)
10 continue

 [4]. 
-

. -
: , -

.
rule induct1:
var <sts> sts1, sts2, <var> i, id,
<num_expr> Ub, Inc_expr;
<loop: L> ( do $i=1 to $Ub
 $sts1
<assign: S2> $id=$inc_expr
 $sts2
 continue )|
<before(L): S1> ($id =$expr1)
&& full_reachable_c(S1, loop) & lin-
ear(inc_expr, $id, 1, $b) & un-
changed_between($id, S1, S2) &
no_jumps(L) & $id_v=$b*($Ub)+
($expr1)
=> ( <S1>() |
do $label $i =1 to $Ub
 apply (($id => $b*($i-1) + ($expr1)),
$sts1)
 apply (($id => $b*$i + ($expr1)),
$sts2)
$label: continue )
$id = $id_v
end

$id = jj

$i=j_new_1
$sts1=[]

L

$b=1

=1*5+0

jj =>
1*j_new_1
+0

 jj=0 =$expr1
 do 10 j_new_1=1,5 =$Ub
 jj= jj + 1 = $inc_expr
 ii=0
 do 10 i_new_5=1,10
 i= i_new_5 * 2 – 1 $sts2
 ii= ii + 1
 xx(ii,jj,1)= x(ii,2*j_new_1 - 1,1)
 xx(ii,jj,2)= x(ii,2*j_new_1 - 1,2)
10 continue

, -
.

 do 10 j_new_1=1,5
 ii=0
 do 10 i_new_5=1,10
 ii= ii + 1
 xx(ii, j_new_1,1)=
=x(i_new_5, 2*j_new_1 -1,1)
 xx(ii, j_new_1,2)=
=x(i_new_5, 2*j_new_1 -1,2)
10 continue
 jj=5

 do 10 j_new_1=1,5
 do 10 i_new_5=1,10
 xx(i_new_5, j_new_1,1)=
=x(i_new_5, 2*j_new_1 -1,1)
 xx(i_new_5, j_new_1,2)=
=x(i_new_5, 2*j_new_1 -1,2)
10 continue
 jj=5
 ii=10

.  ii  jj
, . 

. ,
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-
, -

 [4], . 
:

 doall 10 i_new_5=1,10
 do 10 j_new_1=1,5
 xx(i_new_5, j_new_1,1)= x(i_new_5, 2*j_new_1 -1,1)
 xx(i_new_5, j_new_1,2)= x(i_new_5, 2*j_new_1 -1,2)
10 continue

Eclipse.  ( ) -
 [7], -

.
-

: , -
, , -

.
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 MPI. , ,

 (PVM,
, , ). 

-
 MPI 

, 
: , 

 MPI.
-

, .
, -

,  ( -

.).  Internet (
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MPICH 1.2.5.

Microsoft Internet
Information Service Web . -

Active Server Pages Java
Script. 

Web -
, Microsoft Visual Fortran, 

. -
Web .

-
«Voronezh.OpeNet.ru» -
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,
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.
-
-

, -

, 
EGEE -

.
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). 
. 

, -
. , 

.
-

 (firing squad synchronization
problem - FSSP), . . 

: -
, 

-
 ( ). 

.
-

. 
-

 – 
(French flag problem -FFP),  – -

 (Dutch national flag problem) [2]. 
,  - 

: « », « », « ». 
 – . -

.
, , -

 – , -
. -

. -
 (

) .
 RAM-  (  C++), -

, 
.

-
 ( ),  RAM- -

, 
 a[n] b[n], a[n] – , b[n]

– , n – . -
 forleft[n]  forright[n].

: 
(1,2,3,4,5). -
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. ,
.

, a[i-1] > a[i], a[i-
1] a[i] a[i] 
a[i-1]. ,  « » ,  « » -

 « » ,  «  – ».
, -

,  5-4-3-1  5-3-2-1.
, -

,  4  3 -
 3  2 – .

,  « » 

 (flag[n]). ,
 forleft[n]  for-

right[n]  « » -
,  « » .

#include <iostream.h>
int a[n],b[n],flag[n],forleft[n],forright[n],i;
void main()
{
for (i=1,i=n,i++) cin>>a[i];
st: for (i=1,i=n,i++)
{
if a[i-1]>a[i] & a[i]>a[i+1] then
{
forleft[i]=a[i+1];
forright[i]=a[i-1];
flag[i]=2;
}
}for (i=1,i=n,i++)
{
if a[i-1]>a[i] & a[i]<a[i+1] & flag[i-2]=0 & flag[i+1]=0 & flag[i-1]=0

& flag[i] =0 then b[i]=a[i-1];
if a[i-1]<a[i] & a[i]>a[i+1] & flag[i-2]=0 & flag[i+1]=0 & flag[i-1]=0

& flag[i] =0 then b[i]=a[i+1];
}
for (i=1,i=n,i++)
{
if flag[i]=2 & flag[i-2]!=0 then
{
flag[i]=1;
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forleft[i]=0;
forright[i]=0;
}
}
for (i=1,i=n,i++)
{
if flag[i+1]=2 then
{
b[i]=forleft[i+1];
forleft[i+1]=0;
}
if flag[i-1]=2 then
{
b[i]=forright[i-1];
forright[i-1]=0;
}
}
for (i=1,i=n,i++) a[i]=b[i];
for (i=1,i=n,i++) cout<<a[i];
goto st;

1.  Akl S. Parallel sorting. Academic Press, Orlando, FL, 1985.
2.  Dijkstra E.W. A discipline of programming. Prentice Hall, Engle-

wood Cliffs, NY, 1976.
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 FPTL 

 [1],
 « » -

 ( -
) .

 FPTL 
 ( -

, ):
•

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ){ }m,n m,k k,n m,k k,n
1 2 1 2f =f •f f≅ ∃ ∈ ∧ ∈ ;

∗
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }1 2 1 2m,n m,n m,n m,n m,n

1 2 1 2 1 1 2 2f =f f f∗ ≅ ∈ ∧ ∈ ;

→
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )( ){ }m,n m,k m,n m,n m,k

1 2 2 1f =f f f→ ≅ ∈ ∧ ∃ ∈ ;

⊕
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ){ }m,n m,n m,n m,n m,n

1 2 1 2f =f f f⊕ ≅ ∈ ∨ ∈ .
f(m, n) , f  (m, n), m 0,

n 0, m n – .

-
. -

 ( ) -
, .

:
Functional Program Factorial
Scheme Factorial
{
Factorial = (id*<0>).eq -> <1> +
 (id*<0>).ne -> (id * (id*<1>).minus.Factorial). mult;
}

Application %factorial (6)

, 
 (id – , eq – 
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 ( -
) a

b N, N , 
.

, :
)  – c . 

,  ( )
.

 ( . .1): -
 GenN  – -

 GenA  GenB, -
. -

,  –  EvalExpr,

, .  Sum. 
 Sum : 

, . -
,  ( ) 

 (
).  Print 

.
)  –  ( .

. 2). -
 (CheckValue), , -

, , 
.  EvalSum , 

, -
, ,  – .  GetData 

 CheckValue, , -
, 

.  EvalSum 
, -

 ( ) . -
 Print .
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. 1. )  . 2. )

:
 GenN:

void startup()
{
 int N;
 int place[1]={1},data[1];
 N=rand();//  N
 data[0]=N;
 write(1,0,place,data);// -

 place[0]=2;
 data[0]=N - N/2;
 write(1,1,place,data);//
 = 1)
 data[0]=N/2;
 out(1,2,place,data);//
 = 2)
}

 GenA  GenB:
void GenVector(int tag,int x1)
{
 int place[1]={1},data[1];
 for(int i=0;i<x1;i++)
 {
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 data[0]=rand();//

 if(i%2==0)//  i- ,  1
 {
 write(1,1,place,data);
 }
 else//  2
 {
 write(1,2,place,data);
 }
 }
}

 EvalExpr:
void evalution(int tag,int x1,int x2)
{
 int place[1]={1};
 float data[1];
 if(tag==1)//
 {
 data[0]=(float)(x1*x2);//
 }
 else//
 {
 data[0]=(float)x1/(float)x2; //
 }
 out(1,tag,place,data);
}

 Sum:
void sum(int tag,float x1,int x2)
{
 int place[1]={1};
 float data[1];
 float S=x1;//
 float value;
 for(int i=0;i<x2-1;i++)
 {
 //
 read(1,tag,place,&value);
 S+=value;
 }
 data[0]=S;
 out(1,tag,place,data)
}

 Print:
void outres(int tag,float x1)
{
 if(tag==1)
 {
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 printf( :
%f ,x1);

 }
 else
 {
 printf( :

%f ,x1);
 }
}

-
 CheckValue  EvalSum:

 CheckValue:
void checking(int tag,int x1,int x2,int x3)
{
 int place1[2]={1,2},place2[1]={3},place3[2]={1,3};
 int data1[2],data2[1];
 data2[0]=x2-x2/2;
 data1[0]=x1; data1[1]=x2;
 write(1,0,place1,data1);//  EvalSum1

: a0  b0
 write(1,0,place2,data2);//  EvalSum1 -

 data2[0]=x2/2;
write(2,0,place2,data2);//  EvalSum2 -

 int CurrentVal=1;// , 
 (1- ,0- )

 for(int i=0;i<x2-1;i++)
 {
 read(1,0,place3,data1);//
 if(CurrentVal==0)//
 {
 write(1,0,place1,data1);//

EvalSum1
 }
 else//
 {
 write(2,0,place1,data1);//

EvalSum2
 }
 CurrentVal=1-CurrentVal;//
 }
}

 EvalSum:
void EvalSum1(int tag,int x1,int x2,int x3)
{
 int place1[2]={1,2},place2[1]={1};
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 float data[1];
 float S=(float)(x1*x2);//
 int value[2];
 for(int i=0;i<x3-1;i++)
 {
 //

 read(1,0,place1,value);
 S+=(float)(value[0]*value[1]);
 }
 data[0]=S;
 out(1,0,place2,data);
}
void EvalSum2(int tag,int x1,int x2,int x3)
{
 int place1[2]={1,2},place2[1]={1};
 float data[1];
 float S=(float)x1/(float)x2;//
 int value[2];
 for(int i=0;i<x3-1;i++)
 {
 //
 read(1,0,place1,value);

S+=(float)value[0]/(float)value[1];
 }
 data[0]=S;
 out(1,0,place2,data);

2. 
-

. -

, -
. 

. -
, 

. -
-

:  ( -
), ,  (

, , 
, -

) .
. 3 :
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. 3. 
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, , , 

. 
.
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, 
. -

 XML – , DTD  [1].
– -

, -

 «  – »  «  – ». -
,  «  – », 

, -
.

-
 ( ) .

, , -
, -

 (C/C++, Pascal, Java .). -
 Windows, -

, .

 ( ), 
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[4]. , -

. , -
-

, 
. -

-
, -

-
.
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 [3]. -
-

,  [3].

(*), , 

, .), -
. [4]. 

, ,
-
-

.
, -

.
-

 « », « », « ».

1. 

, 
 (*), τi – , -

X1,..,Xk f1,.., fm.
-

: Xj τi, 
, Xi Xj ( Xi→Xj).

 [Xi] -
Xi.

 [Xi] Xi. , 
[Xi]  = ∅, Xi -

.
 1: Xi -

, Xi∈[Xi].
 2: Xi Xj , 

Xi∈[Xj] Xj∈[Xi].
,  [Xi]=[Xj]
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 3:  Xj- 
, 

Xj ∈[Xj]∧∀Xi(Xi ∈[Xj]∧Xi ≠Xj ⊃ Xj∉[Xi]∧Xi∉[Xi]).
-

.
 4: Xj , 

Xj ∈[Xj] ∧ ∀Xi (Xi ∈[Xj] ∧ Xi ≠ Xj ⊃ Xj∉[Xi]).
 5: Xj – , Xj -

 [Xi] .
 6: Xi

Xi .
Xi

<Xi>. , -
. , -

. ,
 <Xi> Xj, Xk∈<Xi> 

Xj.
 7: Xi Xj, 

Xi∈ [Xj], Xi Xj, Xi∈[Xj] Xj∉ [Xi].
, 

.
Xi –  ( -

), , Xi –
Xj (

 Xj).
 8: Xi Xj , 

.
Xi Xj , , -

Xi(X’)  Xj(X”) , 
.

2. 

[1]. , -
, -

-
.

, -
, -
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, 

), , , -
-

 [1].

1. ., ., .
.

 ( ).
2. ., .

 // , 1978,  3. .3-
15.

3. . -
 // , -

, 1996. 5.
4. . -

. -
, , ,

2000.
5. .

 // -
, , , 2002.

 « »

. , . 
, . 

 [1] -
, -

. , -
, 

, 
, -

. -
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 [2] -
. 

. 
, , LISP [3]. -

-
.

, -
, 

, . ,
, -

, -
.  « -

» .

, -
 ( -

). , 
. 

. , -
, -

, .

. 
. 

. -
. :

OverFunc[2.5] << funcdef Param { //  }
OverFunc[] << funcdef Param { //  }
OverFunc[-10] << funcdef { //  }

. -
:

X:OverFunc;
-

, -
. ,

-
, .

-
.

, , 
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0, 1,  2 n ( n – , 
). , -

n, . -
. n

:
n<<const 10.

, , 
, 

, -
. ,

.
, 

, :
overfact[]<< funcdef x {

! »:[(x,0):<]
>>return;
}

-
, :

overfact[]<< funcdef x {
! »:[(x,n):>]

>>return;
}

 0  1 
:

overfact[]<< funcdef x {
1:[(x,0):=] >>return;
}
overfact[]<< funcdef x {
1:[(x,1):=] >>return;
}

, ,  2- -
, -

:
overfact[]<< funcdef x {
 ({(x, (x,1):-:overfact):*})
:[((x,1):>, (x,n):<=):*]:[]:. >> return
}

, -
, -

:
fact << funcdef x {
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 (x:overfact):[] >> return
}

.
-

. :
– ;
– ;
– , -

;
– ;
– .

-
, 

. , 
. -

typedef, . -
. 

, -
:

Triangle << typedef X {
// 
 [(((X:type,datalist):=,(X:|,3):=):*:int,1):+]^
 (
false,
{([(X:1:type,int),
(X:2:type,int),
(X:3:type,int)]:=):*}
):. >> return
};
Circle << typedef X {
// 
(X:type,int):= >> return;
};

-
: 

type, -
. 

. -
.

Figure << typedef X {
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 // 
 X:type >> t
 ([(t, Triangle), (t, Circle)]:=):+ >> return;
};

typedef.
in, , -

, -
. -

-
. -

:

((10,20,15),Triangle):in⇒true

((10,20,15),Circle):in⇒false

(10,Circle):in ⇒true

 « » -
. -

. ,
:

 =
 < , >

:
– -

, ;
– , -

in, , -
 « »;

– -
TYPEERROR.

-
:

(10,20,15):Triangle ⇒  (10,20,15)
-

, -
. 

. 
. 



178

,  « »
value.  « » -

,  « » :
(10,20,15):Triangle:value ⇒ (10,20,15)
(10,20,15):Triangle:value:1:Circle ⇒  10

, -
VALUEERROR:

10:value ⇒ VALUEERROR
, 

, :
// 
Figures << const ((3,4,5): Triangle, 10:Circle,
7:Circle, 1:Circle, (13,14,15): Triangle);
// 
pi << 3.1415;
fig_perimeter << funcdef figure {
 fig << figure:value; // 
 // 
 tag << ([(figure:type,Triangle),
 (figure:type,Circle)]:=):?;
 // 
 tag^(
 // 
 {((fig:1,fig:2):+,fig:3):+},
 // 
 {((2,pi):*,fig):*}
 ):.
 >> return;
};
// 
all_perimeter << funcdef fig_list {
 // 
 (fig_list:[]:fig_perimeter) >> return;
};

-
.

, 
. 

-
.  02-07-90135.
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1. ., ., ., .
 // , 2003.  5

). . 36-42.
2. . -

 // -
. -2003/  8-
. , 2003. . 132-136.

3. .  // .: ,
1976. - 104 .

 MPI

. 
, . 

-
.

, -
.

 50% 
, .

-

.
 ( , To-

talView [http://www.etnus.com]  PGDBG [http://www.pgroup.com]) -

, -
. . – . 

-

 Windows.
-

, 
 MPI, -

. , -

http://www.etnus.com
http://www.pgroup.com
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MS Visual C++ ( ) 
.

, 
,  Windows, 

 ( ): ,
, . -

. , -
, 

. -
, -
.

, -
 MPI_Abort.

S R
 ( Master,

Sender Receiver, 
).

MasterS -
SenderS -

.
SenderS S ,

ReceiverR, -
ReceiverR -

. SenderS
ReceiverR . 

SenderS -
.

ReceiverR -
. -

, SenderS, -
. ReceiverR SenderS -

.
-

, 
 MPI. 

, 
 MPI 

.
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. 
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-
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, , -
 [1-3].

, , -
-

.
, -

, -
. , -

, -
, -

-
, .

 ( ) 
 – [4] -

, 
, . 

 « », « », -
. , , . 

 ( ) -
.

 ( ) -
, -

. 
. ,

, , 
-

.
, 

.
 [5] .
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 [6-8].

-
.

, 
. -

.  ( ) , -
, -

 ( . [9]), , -
.

-
, 

.  [5] , .
 DLL- , 

,  « ».

. -
-

[10],  - , ,
. 

. 
.

, 
, -

, , -
.

, -
, 

.

.

.  ( ) -
 ( ), -

. 
.

. , -
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, 
, 
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. , 
, -

 - , . -
.
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. -
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.

-
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, 
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-
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-

.
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, -
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, , 
.

. , . -
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. , -
, -

.
, 

. 
, . -

, .

 – 
, 

.  DLL 
. [4]). , , , -

, -
, , . -
++ 

, .
,  « » -
, .  - 

-
-

. -
, 

-
, .

 – .
 – 

. 
, -

. , , -
. 

, -
.

, -
. 

0.01  ( )  Windows. ,
.
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, -
. 

. 
. 

.
-

, . -
, 
, 
.

, 
, -

. -
, -

.  - -
, 

. 

.
 – . 

. -
, . , -

. 
.

.
, -

. -
. -

-
.

-
 - .

, , , -
. ., 

. , , -

.

1. .  // . 
. – .: , 1984. – 264 .
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2. ., . -
 // , , : - .: , 1987. – 176.: .

3. ., ., . UML:  // –
.: , 2002. – 656 .
4. .  // « »,

2002. 8. http://www.osp.ru/pcworld/2002/08/130.htm
5. .  Microsoft C++ 5.0 // « », 1998.  1.

. 202-206.
6. .  ( ).

», 1998.  6. . 114-119.
7. .

 // . . - .: , 1992. – 519 .
8. ., . : -

:// . . - : , 1993. - 240 .
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10. .  ( -
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 [1] -
. , 

, , 
, , ,

 « ».  1) 
, 2) -

 « » , 3) 
.

 – 
. 

, , 
, , 

.

http://www.osp.ru/pcworld/2002/08/130.htm
http://www.softcraft.ru/auto/ka/ash/ash.shtml
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, ,
, . 

.
, ,  …  « » !

 ( . . 8, 9  [1]) -
 ( . 10  [1]) , 

, . 
, .  –

 ps ( . .7 [1]). : -
f1 f2  « »

(x5=1) , -
ps .

 – x8. -
ps . -

:
F:
f1 = {f2(x5x8/-)} (1)
f2 = {f1(x6x7/y1)}.

 F -  ^F, 
, 

:
^F:
f1 = { f1(^x5x8/-), f1(x5^x8/-), f1(^x5^x8/-)} = { f1(^x5/-), f 1(x5^x8/-)},  (2)
f 2 = { f 2(^x6/-), f 2(^x7/-)}.

 « » – 
, ,

:
P:
ps = {pl(f 2/-), pr(f 1x2/-)},
pl = {ps(f 1/-)}, (3)
pr = {ps(x1/-)}.
F:
f 1 = { f 2(psx5/-)}, (4)
f2 = { f 1(plx6/y1)}.

x8 ps,  –
pl. P F

:
^P:



188

ps = {ps(f1^x2/-)}, (5)
pl = {pl(f 2/-)},
pr = {pr(^x1/-)}.
^F:
f 1 = { f 1(ps^x5/-), f 1(plx5/-), f 1(prx5/-)}, (6)
f 2 = { f 2(pr/-), f 2(ps/-), f 2(^x6/-)}.

M1, -
 – , :

M1 = P⊗F = P×^F∪^P×F∪P×F,
 ( ) 

:
M1:
psf1 = {prf1(x2^x5/-), psf2(^x2x5/-), prf2(x2x5/-)}, (7)
psf2 = {plf2(-/-)},
plf1 = {psf1(^x5/-)},
plf2 = {plf1(x6/y1)},
prf1 = {psf1(x1/-)},
prf2 = {psf2(x1/-)}.

1 . 1.

. 1. 1
, 

 «r2» ( , 
). 

.  «l1»  «s2»! -
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, .
, . -

 « » , -

(x5=0). , 
, ,  « ».

, 
, 

, . 
. f1 -

. 
(x2=1), , 

 « » (x5=1). , 
, f2, -
ps pl. -

pr, . 
.

 (7) r2, 
s1. r2 – -

: , -
 ( x1 ). 

, 
.

, 
, , , . 

x5=0. -
.  « » – x5,

ps
pl. f2  (x4), 

, x5=1. , . f2
x5 . 

: x5 , 
x4 ( f2). 

.
, , -

:
P:
ps = {pl(x5/-), pr(x2^x4^x5/-)}, (8)
pl = {ps(x3/-)}, pr = {ps(x1/-)}.
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 ps  pl 
 « ».  « -

» , . . 
,  « » .

 « »
, -

:
P:
ps = {pl(x5/-), pr(x2^x5f1/-)},
pl = {ps(f1/-)}, (9)
pr = {ps(x1/-)}.

F:
f1 = {f2(x5ps/-)}, (10)
f2 = {f1(x6pl/y1)}.

:
^P:
ps = {ps(^x2^x5/-), ps(x2^x5f2/-)}, (11)
pl = {pl(f2/-)},
pr = {pr(^x1/-)}.
^F:
f1 = {f1(pl/-), f1(pr/-), f1(^x5/-)}, (12)
f2 = {f2(ps/-), f2(pr/-), f2(^x6/-)}.

 M2, -
, :
M2 = P⊗F = P×^F ∪ ^P×F ∪ P×F:
psf1 = {prf1(x2^x5/-), plf2(x5/-)}, (13)
psf2 = {plf2(x5/-)},
plf1 = {psf1(-/-)},
plf2 = {plf1(x6/y1)},
prf1 = {psf1(x1/-)},
prf2 = {psf2(x1/-)}.

. 2.
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. 2. 2
-

:  s1  r2,  s1
 l2,  s2, 

. (7).
, , , , 

r2. . 
, 

r2, s2, . 
r2, , .

:
M3:
psf1 = {prf1(x2^x5/-), plf2(x5/-)},   (14)
plf1 = {psf1(-/-)},
plf2 = {plf1(x6/y1)},
prf1 = {psf1(x1/-)},

r2, s2 , , -
-

, . -
, r2 s2, l2 ( .

2), . , 
r2.

. 
[1],  (7),  –
(13). -

. , . -
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. 
, 

 65=7776 , 
.

.
l2  ( -

 – l2l2l2l2l2). -

. , 
35=243. , , 

, , , -
, 

.
 (7) 

.  – .

(13). , 
 – 45=1024,  – ! -

l2l2l2l2l2. -
 r1, -

. , 
, .  – 7776-1024=6752. 

. 
 – 243 ( . ), 

, .

. -
, , .

, -
 [2]. -

-
. , 

.
, , -

, -
, -

. , , -
, 
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 ( , ). 
-

.

1. .  ( -
) // http://www.softcraft.ru/auto/ka/fil/fil.shtml

. 1, . 1, . 1,
. 1, . 2, . 2

1 . . 
 ( ), . 

2

)

 [1]
 2003 . -

 Intel Xeon 
 Myrinet 2000. -

-
.

, 
 [2].

, 
.

, -
, 

, -
.

 Linux RedHat -
 OSCAR [3].

 OSCAR , 
, -

http://www.softcraft.ru/auto/ka/fil/fil.shtml
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, . -
, -

, -
. 

.
 OSCAR , 

.
 OSCAR 

 OpenPBS  MAUI.
OpenPBS  MAUI -
, -

:
ü ;
ü ;
ü ;
ü ;
ü , 

;
ü , -

.
 SSH

(Secure Shell)  (
 WINDOWS), , 

.
-

 Myrinet 2000 -
 MPI − mpich-gm.

 mpich-gm , -
 gcc 3.2.2 (C/C++,

Fortran 77),  Intel Fortran 77/90 7.1
 MPI .

-
, : 

, , .
-

, .
-

, -
,  MPI. -

 PMB (Pallas MPI Benchmark) [4], ,
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 Myrinet 2000. .1  2 -
-

.
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 MPI -
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. 1. 
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GM)  MPI
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. 2. 

MPI mpich-gm-1.2.4
 mpich-1.2.4

. 3  4 -
.
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. 3. 

 (
GM)  MPI

0
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15000

20000

25000

0 200000 400000 600000 800000 1000000

Message Size (Bytes)

O
n
e
-
W
a
y
 L
a
t
e
n
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(
u
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)

 MPI - MPICH-GM-1.2.4

 MPI - MPICH-1.2.4

. 4. 

MPI  mpich-gm-1.2.4
 mpich-1.2.4

, :
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ü
 (  GM)  237.5

MB/sec  10.2 usec. -
 Web-

Myrinet 2000 [5]  Intel P4
 Supermicro P4DL6 (64bit/66Mhz PCI) -

:  240
MB/sec,  8.5 usec;

ü
 MPI -

 Myrinet 2000  224.4
MB/sec,  11.06 usec;

ü
 MPI -

 TCP/IP  101.09 MB/sec,
 43.18 usec.

, , :
ü  ( , ) -

, 
,  Myrinet 2000;

ü  Myrinet 2000 (mpich-gm)
 MPI 

 (  GM);
ü  TCP/IP 

 MPI. , -

 Myrinet
2000  MPI.

, -
 « -

», 
.

, 
, -

. 
MPI −  HPL (High Performance Linpack) [6]. ,

 HPL  Top500[7], 
Top50  [8].

 (Rmax)  HPL -
 (Nmax) 57000 57000  59.4

Gflops. , -
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 HPL  (Rmax) -
 (Rpic),  71,4%.

 100  Top500 , -
Xeon -

 Myrinet  50-70%, . -
. ,

 16  32-
.  (16
)  67% ( .

. 5-6). , -
 ~5%.
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flo
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. 5. 
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HPL (2GB/node)

HPL (4GB/node)

. 6. 

2GB 
 4GB 

-
. 

 1  Mflops, 
. 

 0,5  Mflops.

:
1)  (HPL, PMB, Perftect), -

;
2)  3-  5- ,  4-  8- ;
3)  2-  4- ,  3-  5- ;
4)  -  2- , .
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.

, -
. ,  Gelato [9] -

 OSCAR -
, 

. :
ü , 

-
 Web- ;

ü , 
. 

, -
, -

;
ü , 

, , .
, -

,  C.I. Technology
[10].

 2004  04-07-90346
. ).

1. ., ., ., ., 
.  //

. . . . 2003.
2. ISP HPC. http://www.ispras.ru/groups/ctt/clusters.html
3. OSCAR. http://www.gelato.org/software/view.php?id=1_18
4. Pallas MPI Benchmark. http://www.pallas.com/e/products/pmb/
5. Myricom Inc. http://www.myri.com
6. HPL (High Performance Linpack). http://www.netlib.org/benchmark/hpl/
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8. Top50. http://www.parallel.ru
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http://www.netlib.org/benchmark/hpl/
http://www.top500.org
http://www.parallel.ru
http://www.gelato.org/
http://www.citech.ru/


199

,

. , . 
,

. 

, , 
 ( ).

, 
-

, -
-

. ,
, , 

. 

.
-

.
1. 

-
-

, 
 [1].

, -
.  ( . 

, )  ( -
) . -

,  ( -
, ), 

, . 
-

, 
.



200

, -
. -

-
. 

.

, -
. 

, 
.

, , 
-

.
-

, . 
-

. 
, -

.
-

 « » -
, -

.
2. 

-

bAx = .
-
-

. h 01.0= -
 7624, 

24313189,3 − . .

.

2
1 ||||)( BAxxf −= (1)
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22
2 ||||||||)( xBAxxf α+−= , (2)

α  - .
)(1 xf )(2 xf  (

) 
.  – -

.

 (1) [2]. 
{ }pα

pαα = . 

pαα = :

0)(2)(2)(' 0
* =−+−= xxbAxAxf pα .

( ) 0
** xbAxEAA pp αα +=+ ,

*A  – A , E  – . 
pα . 

0x 0α , 
 – x, 

.
, 

.
-

{ }kx :
),(1 kkk xprx β=+ , K,1,0=k

1+kx kxx = , kαα = :

min)(
2
1),,( 2 →+−= xfxxxx kkkk ββϕ   (3)

:
0)(2)(),,(' * =−+−= bAxAxxxx kkkk βαϕ , .

( ) 0
** 22 xbAxEAA pp +=+ ββ .

, 
 – .

, ( -
). . 1.
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, -
,  (3), )(xf

 (2) [3]. 
( ) 0

** 222 xbAxEEAA pppp +=++ βαββ ,

0x -
,  – -

x, .

. 1. .
)

, -
, . -

, -
. 

.
, -

.
3. 

, -
, .

, , AA* bA* , 
. , -

 ( ) -
, . -

.
, -

, ,
. -

 – -
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, -
, -

. -
, 

. 
p

, p+1- .. -
, , ,

. -
.

-
. -

, .

 MSC.Nastran  MSC.Patran.
, -

, ,  MSC.Nastran 
, 

 MSC.Patran 
, 

.
 1 

, 
m

m T
TS 1=

m
SE m

m =  ( mT  – m -

, 1T  – 
; mT

).
1. 

 6
m Tm, Sm Em
1 836 - -
2 422 1.98 0.99
6 140 5.97 0.99
12 71 11.77 0.98

mS .
,
-



204

, -
-

, 
.
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-
.

-
, -

. 
Xt Yt

 ( . [1, 2]) P∈[-
1, 1] U∈[0,1] [3]. -

,  +1, 
. , -

,
-

. U -
Xt Yt , 

:

U=[Σ(Xt - Yt)2]1/2 / [(ΣXt
2)1/2+(ΣYt

2)1/2].
, 
, :

, -
. -

. -
, -

, , 
, ,

.
, 

-
-

. -

, , 
, 

.
,

, , 0.75.
-

, 
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, 
 1995-2003 .

,
. -

, 
. , -

, 

. 
-

, 
.

 1 -
 (CES- ) -

 ( ., , [4]). -
 1995-2003 ., 

t Y -
: R C, –

γ CES – .

Y(t)=Cγ(t)f(x), f(x)=δ[α +(1-α)xβ]γ/β, x=R(t)/C(t), (1)
-

0<α <1, β >0, γ >1, δ >0. (2)
 ( ) -

-
, . 

-
. 

, (t) : « » A,

dA/dt=-µA A(t), (3)
 « » B,

J(t)

dB/dt=J(t)-µB B(t), (4)

C(t) = A(t) + B(t). (5)
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µA>0, µB >0 -
.

. , -
. , 

, , , 
. 

 (
), , -

.
 « »

,
, -

, , 
, -

.
, L -

:

L(t)=(αAA+αBB)p(t), (6)
p(t)

, αA > 0, αB >0 .

. 
:

n ( ), -
, m ( ), -

.
, -

. -
, -

, 
.

-
, ,

, , , ,
, .
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B(0). -

, -
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-
: Y, C L
R, p, J. -
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.
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