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Automatic Computation and Data Decomposition Algorithm Based on Dominant Value
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Abstract Automatic computation and data decomposition are an optimization technique that distributes computations
and data onto different processors. The decomposition result has a direct impact on the performance of program’s paral-
lelization. Array is one of main targets of treatment for the decomposition algorithm, and some profits of them are not -
nough after parallelization, but it will bring constraints and disrupt the other distribution of array, leading to large a-
mounts communication of data re-distribution. The decomposition algorithm in existing has no agreement in the order of
array distribution, therefore can’t restrict propagation of constraint of array’s parallelization, reducing performance of
optimized parallel code automatically generated by the back-end compiler. This paper presented an automatic computa-
tion and data decomposition based on the dominant values, Algorithm quantified the impact of array on the programs’
parallelism as the dominant value,and agreed priorities of distribution based on the size of the dominant values of array,
limited the spread speed of constraints of interference array,improved the reasonableness of decomposition results. Ex-
perimental results show that the algorithm can get good decomposition results,
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//loop 1
for i=1,N do
for j=1,N do
for 2=1,N do
rho_i(i,j,R)=1.0/u(l,i,5,k)
us(iyj o) =u(2yi,§ B /ull,is7 k)
//loop 2
for i=1,N do
for j=1,N do
for k=1,N do
rhs(lyisg k) =rhs(lyis 5o k) tus(i+1,5,k)—rho_1
(i—1,j,k)tus(i—1,5,k)+rho_i
G+1,4,k)
//loop 3
for i=1,N do
for j=1,N do
for £#=1,N do
rhs(1yi,j,k)=rhs(1,i,j,k)tus(i,j—1,k) —rho_i(i,
L) tusCi,j+1,k) +rho_i(i,j+1,k)
//loop 4
for i=1,N do
for j=1,N do
for k&=1,N do
rhs(l,i,j k) =rhs(l,i,j,k)tus(i,j, k+1)—rho_i(i,
Jok— D Fus(i,j, k~1)+rho_i(i,j,k+1)
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algorithm Count_Dorminant
(Ge:G.=(V,E))/ * extended_CFG % /
for each (PU's G,) do
Get first node v in G;
Count_Single_Node(G.,v,1)
endeach
end algorithm
algorithm Count_Single Node
(G :extended CFG,/ * G.=(V,E) % /
v.vEV
iter; count of outerloop’s iteration)
if(v is doall)do
for each array x defined in v do
if(gen(x) Nout(x)#ZQ)do
Dominant(x) =Dominant{(x) + ¢, (x) * | x| * iter
end foreach
return
else
if(v's firstchild=NULL)do
iter=iter ¥ Get_iter(v)
Count_Single_Node(G.,v's firstchild, iter)
endif
if(v's firstsibling7=NULL) do
Count_Single_Node(G., v's firstsibling,iter)
endif
end algorithm
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algorithm Single _ Node _ Decomp
input: p_list.c_list,v,G,
output :

Init_Nullspace(p_list,c_list,v)
Compute_Decomp(p list,c list,v)

/ * use cost model to evaluate the benefit of parallelize* |

if (cost_evaluation)
commit parallelizationof v
Update Info(p_list,c_list,v)
else
give up parallelization of v

/* add serial - contraint of array to contraint list * /

Soreach array x inv do
add(serial_N(D,),v)to c_list)
end foreach
endif
end algorithm

algorithm Update _ Info
input . p_list,c_list,v
outpu . p_list,c _list

[ *add array contraint to list * |
Sforeach arrqy xinv do
add (N(D,),v)to c list
end foreach
/ *add new parallelized array tolist* /
foreach array x defined inv & do
if (xis not in p_list)do

add xto p list
end foreach
return(p _list,c_list)
end algorithm
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algorithm Init _ Nullspace
input . p _list,/ * list of parallelized array*/
¢ _list,[ *list of constraint* /
viveG,
output : N(C,), U N(D,)
/* Nullspace of computation and data decomposition* /

xe{arraysinv}

/ * add doacrosss contraint of loop into Nulllspace* /
foreach depth g inv do
if (q is doacorss)do
/1 &, is g thelement vector of iteration space
add e, 10 N(C,)
end foreach

/ * add contraints of array defined inv to Nullspace * /
Sforeach array x defined inv do
if (gen(x)m out(x) = Ddo
add range(F' (1)~ F? ,(D))to N (D,)
endif
/1 v' is the loop node which contraints of contraints_list belong to
Sforeach v'inc _list do
[ ley is define - use edge of data flow analyse
if (e, berweenv and v')do
add N(D. Y of v'inc_listio N(D,)
end foreach
end foreach

/ *add contraints of read - only array ¥/
Sforeach read - only array reffence x inv do
if (xisin p_list)do
add range(F' AT F? xv(?)) to N (D,)

end foreach
return| N(C,), V) N(D, ))
xe{arrays inv}
end algorithm
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algorithm Dominat _ Decomp
input: p_list, c_list
dominat _array _list, | ldominat value of arrry
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algorithm Dominat _ Decomp _ Singlenode

input :v.veG,,
X : dominat array,

G,:G,=(V.,E) [lextended CFG p fist
output : decomposition of program G GC’= V,E)
output .

p_list =c_list = NULL
while | dominat_array_list is empty do
/ 1 get dominar array
x = array of Max_Dominat(dominat_array list)
if (xis Gobal ) do
v = first node in G, of main_pu
Dominat _ Decomp _ Singlenode(v, x,G, ,plist, clist)
else
current_pu = pu which x belongs to
v = first node in G, of current_pu
Dominat _Decomp _ Singlenode(v, x, G, plist, clist)
endif
remove(x,dominat_array _list)
if (all loop is reached)do

if (v has x || v has array in p_list)do
if (v has doall )

Single_ Node_Decomp(p_list,c_list,v)

elseif (v is call)

current_pu= pu whichv calls to

v' = first node in G, of current_pu

/ I'v is call node,process the pu called by v

Dominat _ Decomp _ Singlenode(v', x,G,,, plist, clist)

else

no doall loopnest, give up parallelization of v
Joreach array xinv do

add(serial N(D,).v)to c_list)
end foreach

endif

exit ) if(v's firstchild = NULL)do

end while

endif
if (v's firstsibling = NULL) do

Dominat _ Decomp _ Singlenode(v's firstsibling, x,G,,plist, clist)
endif

return decomposition of program
end algorithm

Dominat _Decomp _Singlenode(v's firstchild, x,G,,plist,clist)

return

end algorithm
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Array Dominant value Rmark
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rho_i/us/vs 1XN3 defined 1 time,in Loop
ws/square/qs IXN3 defined 1 time,in Loop
u 0 read-only array
forcing 0 read-only array
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