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The Efficient Execution of Functional Language
Loops on the Multithreaded Architectures

Sang-Ho Ha'

ABSTRACT

Multithreading is attractive in that it can tolerate memory latency and synchronization by effectively overlapping
communication with computation. While several compiler techniques have been developed to produce multithreaded codes
from functional languages programs, there still remains a lot of works to implement loops effectively. Executing loops in
a style of multithreading usually causes some overheads, which can reduce severely the effect of multirheading. This
paper suggests several methods in terms of architectures or compilers which can optimize loop execution by
multithreading. We then simulate and analyze them for the matrix multiplication program.
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n = 1000;

int A = Iarray(1,100);

int B = larray(1,100);

s =0

res = {for k < 1ton step 1 do

next s = s + A[k]*B[k];

finally s);

In res
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THREAD,_I: #(sc =1, offset = 32)

w $8,72(36)
Iw $9,60(86)
sle $10.98,$9
beqz $10ELSE
Iw $852(%6)
ARRAY_BOUND $8,3,76
tw $9,56(%6)
ARRAY_BOUND $9,36,84
li $108
li $11,1
mul $10,$10511
add - $10$10,16
add $10$8,$10
SW $1092
li $108
K $11,1
mul $10,$10511
add $105106
add $10,$9,$10
sw $1096
b END

ELSE: lw $8,64(%6)
HOST_QUTI 1, $8
HALT

END: NEXT

THREAD_2: #(sc = 2, offset = 36)
lw $8,72(%6)
w $9,76(%6)
sub $9.$8%9
li $108
mul $939510
lw $10,92(%6)
add $9%9510
ILOAD  $9.40,100
Iw $9,84(%6)
sub $8,$8%9
li 938
mul B5859
lw $9,96(%6)
add 85859
ILOAD  $840,104
NEXT

THREAD 3 #(sc = 2, offset = 40)
Iw $8,100(%6)
lw $9,104(%6)
mal 38,8899
Iw $9,64(%6)
add 385859
sw $864(36)
Iw $15,72(%6)
lw $16,68($6)
add $17$15516
sw $17,72(%6)
lui $8,0x0020
li $9,THREAD_2
or $10,$8,39
sw $10,36(%6)
li $9 THREAD_3
or $8,38,%9
sW $3.40($6)
lw $84(%6)
STARTd $8THREAD_]
NEXT

# et k
# get loop bound
# compare k <= loop bound

#get A

# request the low bound of A
#get B

# request the low bound of B

# computing a part of Alk)'s address
F@*1+16+A)

# computing a part of Blk]'s address

# send the result to host
¢ termi

#getk

# get low bound(lb) of A

# compute a real address of A[K]
# (8¢1+16+A+(k-1b)+8)

# requset a value of A[k]
# get low bound(lb) of B

# request a value of Bfk]
# get Alk]

# get Blk]

#gets

# s = s+Alk]«B[k]

# get k

# get step value

#k=k + step value
# reset the Joop frame below

# activate THREAD_L

(2% 2) innerxoll CHEH AdS IS



THREAD._I: #(sc =1, off = 32)
Iw $852(86) #get A
LARRAY_BOUND $8,3,76 # request the low bound of A
Iw $956(86) #get B
LARRAY_BOUND $9,3684 # request the low bound of B

END: NEXT

# requset a value of Ak
LILOAD $840,104 # request a value of Blk

THREAD_3: #(sc = 2, off = 40)
Iw $8,100(36) # get Alk]

Iw $9,104(%6) # get Bk]

mul $8.88%9

Iw $9,64(%6) #gets

add 83839

sw $8,64(%6) # s = s+A[K]*Blk]
w $15,72(36) #get k

w $16,68(36) # get step value
add $17,$15516

SW $17,72(%6) # k= k + step value
w $84(36)

STARTd $8THREAD_1  # activate THREAD_1
NEXT
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THREAD_I: #(sc =1, offset = 32)

lw $8,72(%6) #getk
Iw $9,60(%6) # get loop bound
sle $1033.89 # compare k <= loop bound
beqz $10,ELSE
li $108 # load an immediate value es
mul $10$8310 # compute kres
lw $8,76(%6) # get A'(= Avesrdim+ds-Ibees)
add $838510 # compute A’ + (kes)
LILOAD  $840,100 # request a value of Alk]
Iw $8,80(36) # get B’
add $858510 # compute B'+(k+es)
LILOAD $840,104 # request a value of Bk]
b END

ELSE: lw $864(36)
HOST_OUTI 1,$8 # send the result to host
HALT # terminate program

END: NEXT

THREAD_2: #(sc = 2, offset = 40)
lw $8,100(%6) # get Alk]

Iw $9,104($6) # get Bk

mul 8839

w $9,64($6) #gets

add $3,5859

sw $R64(%6) # s = s+Alk)+Blk]
Iw $15,72(%6) #getk

w $16,68(%6) # get step value
add $17$15516

sW $17,72(%6) #k=k + step value
Iw $84(%6)

STARTd $8THREAD_1  # activate THREAD 1
NEXT
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(B 1) S™oime t=s

TE Synch Memory SM ALU Load/Store Branch Others
H#A3g A 132,208 2,108 32,800 310,131 528,012 39,072 366,582
}HH ¥ 123,636 2,108 16,403 235,174 350,419 39,072 203,803

LIRS 107 1.00 200 132 151 1.00 1.80

AeliA Synche E7188 FAste WHyo g 1§ & ZFoltt. Others H#Hol9 ZAe FZ HIyrg

o9, Memoryt Z#|gelvt 8 dl2ele] gt wig o 4 Ago|tt. &, df WEAd ZHALS Z7])FA

& Y5t Yol B 1Fon, SME Fx3 W=
gol Foshe WEelEY 1EolH, ALUE 4, =8
Aibe TSt HHoEe 2§t Load/Store®
295 AAL Gl FRHE ZHYLZREY g
Aot 4F& sk WHlE TF M, Branch
= Aole] #7188 BHse PHEY 1Fel, Others
e 2¥E7 F8H7] JAd FY=HE FH, =4
AL z7\gEAY AR AHEEE HHEY
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Synch H#ole Hat £Z A49 5§ Ao,
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