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Detection of parallelism by a compiler is very desirable from a user's point of view. However, even the
most sophisticated techniques to detect parallelism trip on trivial impediments, such as conditionals,
function calls, and input/output statements, fail to detect most of the parallelism present in a program.

Some parallelizing compilers provide feedback to the user when they have difficulty in deciding about
parallel execution. Under these circumstances, a programmer has to restructure the source code to aid
the detection of parallelism.

But, functional and declarative languages can be said to offer many advantages in this context. Func-
tional programs are easier to reason about because their output is determinate, that is, independent of
the order of evaluation. However, functional languages traditionally have lacked good facilities for manip-
ulating arrays and matrices. In this paper, a declarative language called Id has been proposed as a solu-
tion to some of these problems.
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A 2 Declarative 910fe| i
a) Functions,

2Me] £& @3l 1d g9 functionS &
¥ ooy,

add (i,j) =1+ jirorerersemrmene 0]

declarative dololMEs ZzaHel 7])F 3
olul 7}t rewrite rule® EHE 5 glojof =
2 (2E definition®] rewrite rule®A] wo}
93 5 A fe e,

Cadd [ =1+ firrrrorrrreee )
s o] A 4 Yok

A fla) 9 22 53 Bues fa E 858
gtE=7ol function applications 7]1&371¢
& functional language®&je]t}.

wat EA 4 “left associative’ & HF38}
A stz 238 gd & ok wakA o
o] mE ZHL FYsith

fab (fa)b  ((fa)b) f(a)b

A7A, 99 add & ¢ adde] AelHE v
& Q9% ofu g ZErh

add function® 719 argument (tuple
ol 270<)) dl ®EEHA ¢ adde 27H¢] argu-
mentE Ztedolth, A3 functional
language YAANMEH adde arrity’t 1 &
¥ ¢ add®e arrity’} 2 °lth ol g 2ju]9
ztol= T} & expression®] binding ¥
t A%E dz 47 8 & + AUtk

successor = ¢ add B PR R (3)

successor Y} ¢ add 2 © FYEA oH &

o] 2 & %8l function®ZEA successor n
& cadd 2n o 22 F38 A"

b) Tuple structures.

AaFzzAe tupled Idol oA Fw=t
(comma) & °©] &3l tuple® FAsHA =L

7V, (1,n), (I,n) & 209 tupleg 7bd &
el tuplec] €t}

grid n = ((I,n), (I,n)) ;- vreerererreeeeen 4

99l function® n & argument®@ ol
n * n matrix®93% bound& et A}

&2 7 Ut

¢) Blocks,

Declarative dololX blocke 3t9
binding set& 9v|3t} blocke common
subexpression? AlHE EEslo] Alg3l=d)
A3 715S AT

acceleration node =
( d = nodal_mass node;”-----+--""+" 5)
nl = -(line_integral p z node)
(line_integral q z node);
n2 = (line_integral p r node)
+(line_integral q r node);
in nl/d, n2/d);

line_integral, nodal mass ’ function
D, g, I,z | constants

99} blocke d, nl, n22 3799 binding
£ zZtzgith
E£3 compilerel 9alA e definition
(5) & olaist Zo] MEYH & USAo|}
acceleration” p q r z node =
( d = nodal_mass node:
nl = - (line_integral p z node)
- (line_integral q z node) ;
n2 = (line_integral p r node)
+ (line_integral q r node);
in nl/d, n2/d);

acceleration = acceleration” p q r z;
d) I-structures,
I-structures ¥ parallel program-

ming< &olstdl s7] {8 AAHA sl
run timeAld] W allocate® v EWI 7/
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9} vl (array) °lt}. expression array(l,u)

€ 1 & u 9 index bounds & 7} “empty
array & allocate ¥t}

array (Lu) = <alal*l, ... ,aw

Zt ai ¥ memory location® yYEeEh)H,
<al,al+l, ... ,aw I-structure Value &
vebdie}, a8l I-structure 9 2zt element
£& FE [-structure® T 5 Y}, w
B, AN arrayg 7F2 e arrayz
A9 matrix® A 7 ok,

e) loops,

concurrently 3HAl ¥tE A3y A]7]7]9] %
stte] binding seto]t}.

(A = array 1, JO v (6)
( for i from 1 to 10 do
All) =1 +1)
inA)

loops ZHi% 8l valueE return A2
4 2o 128% loopolAe binding set&
keyword?l finally o 93} 7}&sich =3
2E 87 return expressionE& concur-
rently 34l initiate ¥t} keyword next:s
i A oSlA AdE goZ (i+1) MR ol
Al ol &8 £ JAFTY. thEe doA
keyword finally = loop expressioneo] <]
A wrEE gho] miAd &3] 5 o] HEE
k=

ls=0; = s=0
in {forifrom I to 10do s;=5+1 » I
next s =s+i * I

8y = 8§; +2 % 2
finally s | |
S0 :Sg+10 * 10

Array ¥ Matrixg 9% Algorithm.

91l definition (6)lA¢ Array AE
g4 (1,10)9) thE function quare i =1 = I;
o] AL T2 AAHNE 4 3ok array
A¥E unction square® ©HX] “cache’ FEHZ

olelle] abstraction® 18i% BHg BojFr),

make_array (I, u) generate = «-----coreennns )
!A =array (Lu):
{ for 1 from 1 to u do
A(i) = generate i |
in A/
make_matrix (({1,ul), (12, u2)) generate = -+ (8)
[ A = matrix ((I1,ul), (12,u2);
{ for i from 11 to ul do
{ for j from 12 to u2 do
A(l,j) = generate (i,j) | |

inA/;
A = make array (1,50) successor; «=+--v- 9
B = make_matrix (grid 50) add; - (10)

definition (8)®# (9) A, generate & 2
9} d#E FZE 712 elementsE AT
golty, &5 definition (9 € iHA &
A7F (i+1) & 7FA+= 50709 element?l
array® F&3t= Aol FAle| definition
(1002 50 * 50 matrix® AT ( (19
add function& AF%)

Matrix Abstractions in Fortran

abstractiong 71& 371 s Ead
dynamic storage allocation 3 #&
feature 7} Fortranole $122& problem
Wel parallelism& E2sld Fortran ol
T8 A7E AE A 2A

make_matrix abstraction 2 Fortran®
2 og® ol 71T F# UAR BkA] EA
d& o,
subroutine make_matrix (A, rl, r2,cl,c2,f)
integer rl,r2,cl, c2
dimension A (r2,c2)
do 10 i=rl 12
do 10 j=cl, c2
10 AGJ) = fG4,))
return
end
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T4 o] Z2ae] (8)9 abstraction® 4
ol BE& 84 Y ggm 2o AN,
‘dynamic storage allocation’ 7]%°] glo]
€ ©] subroutine22 M2Z& matrix® 44
g + glen, 93 argument® Agwre
matrixg A& ¥oldh, M E, Fortran A
9] function& 3h}e] scalar#g return
TS UAthE Aol doke Holth A 9
o] 2R e f = function °]ECEH
subroutine® argument® passing®dtta 7}
& Aolxgt 2 AAE FortrandMe 7H5
34| gtheAe] Ealth

AoinsiRe BANE nose Tzaug
Al AYeke e 2,

subroutine make 2 matrices(A, B rl, 12 cl,c3 f)
dimension A (r2,¢2), B(r2 c2)
do 10 i=rl, r2
do 10 j=clc2
10 call f(1,j,AG,J,BG,)))
return
end

parallelization

Fortran ZT21¥ 9] parallel execution &
A Alz="le Weol Aol Utk dEE],
219} subroutine make_matrix9lA ‘do Wl
Aol doall 2 nAFge2ZAN F749 loop7t
paralleldtAl A3 d 4 o}

doall& loopiel =& &8-S paralleldtA
AP EF AAge=Aolin, EGHE form<!
barrier & 2 processorg°| Z}zte] Hag
B 2 AR =2 E97hA] ohg stepo 2
AP g3 7kl =R S A A gt

subroutine sequential_wavefront(A, n)
dimension A(n,n)
do 10 j=1, n
A(Lj) =555
10 AG 1) =555
do 40 i=2, n
do 40 j=2, n
40 A,y = AG-1LJ) + A(j1)

return

end
subroutine wavefront_matrix (A, n)
dimension A(n,n)
doall 10 j=1, n
10 A(Lj) = 55.5
doall 20 1i=2, n
20 A0, 1) =55.5
barrier
do 45 m =4, ntl
doall 40 =2, m-2

j=m -1
40 AG,) = AG-1,j)) + AG,j-1)
45 barrier

do 55 m =n+2, n+n
doall 50 i=m-n n

Jj=m -1
50 AG,j) = AG-1)) + AG,j-1)
55 barrier

819l oA, ;e algorithmol oI
parallelism< #&3le T2 WL restruc-
turing A1 E ol AL verify@ttezo] 484
o] olUt}, 7} “do 40" W4l doallE EEH
%ol “do 45'= %A ¥IEVL barrier®
3 statement ollE WG EISIR o 7]3
2ile 2945 dAZ A7) wFolr},

i)
s

7t o]l dHAAL EE  high-level
language€°l, 7}&3ld ALSAE st g FA
o] g4go| HZF abstractions A 71
T = feature® AFdAF= AolAT A&
uke} o] of2f7}x] ofe-go] it}

B A4 A A Functional, Declara-
tive dojollM e chivial a2 A Hoig
A Avnle]g AFIzcler YA} =3
FortrandlA] abstraction® E&37] olal&
ZEA<Q olfE dynamic storage allocation
9] 71l glths A otk webA, functionolut
subroutineol|Al arrayE allocate A1#H ¥3 A
€ ZA#2AM return A1 F gl AHeolth U
2302 declarative 49 9lA = paral-
lelisme AMohlle o3 Fe thh Fo] EIA
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