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A Design and Implementation of Functional Array
for Improvement of the Traversal Time

Hyung Seok Joo ' - Weon Hee Yoo '

ABSTRACT

Pure functional languages have the referential transparency feature so that all objectls cannot be updated
destructively. Once an aggregated data structure such as array is updated, both the original and newly updated
array must be preserved to maintain referential transparency. Thus, it is required to develop an eflicicnt mechan-
ism with which can reduce the maintenance cost while maintaining referential transparency f{or whole data.

This study is to suggest a functional array to solve the problem, and then test it. For that, the proposed mech-
anism was implemented on a combinator graph reduction machine. The result shows that proposed mechanism
reduces traversal time for array operations. Also, updating all versions and accessing the recent version arc
achieved in constant time without reconstruction of updated data in execution time.
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Node_ptr+—root_address;
/* Node_ptr is a pointer variable for pointing
of each node */

while (1)

{
while (*(Node_ptr) is pointer) /= loop for

searching of combinator =/

PUSH Node_ptr;
Node_ptr =—+(Node_ptr);
}
switch(Node_Ptr) {
case Turner Set Combinator:

/* Execution of reduction according lo

each combinator */
case Type combinator:

/+ BOOL, LIT, ARR */
case Primitive operator:

/* logical, relational, arithmetic opreators =/
case M:/+ reduction rule of make array
operator */

array_size +— Evaluate(lst_arg);

return_value +—Construct_Array(array_size) ;
case D/ reduction rule of update operator */

artay ~—Evaluate(lst_arg);

index +—Evaluate(2nd_arg);

int_value «—Evaluate(3rd_arg);

allocate new node:

if (array is recent version)

{updating original array;
new node = (index, arraylindex])}
clse {new node = (index, int_value)
pdinting array}

reset updating information;

return_value+—Array_updated(;
case L:/* reduction rule of select operator +/

array +Evaluate(Ist_arg);

index —Evaluate(2nd_arg);

if (arraylindex]. left is nil) element<—array

lindex].right;

elsc element ~— Find_Element_Of_Array
(array, index);
teturn_value +—e¢lement;

default :

Unknown combinator_error();

5 A3 % EHot

B =gdA A #5438 gy BEde A%
7] 13t} Peldloly oA = E7) elAM dE
7 2o WAnz 2P o &-dke] HP-9000/700
Age sjaze o] Ao A DA

-l EkE cujge] 2718 2 2E xEe g4
init_and_traverse ()

SlA v 2 d e o &% MEUA Fe 22D

& : fibonacei ()

Wl = w2 3802 ) sort T2 :array_sort()

-l Fvha 4: 9420l T v ] G4 traverse_two
_ver ()

.o 5% WA AE Pee TEAY I
ference_two_ver()

WAnla 1L 2 wde 925 Yo o=
2788 Fof 0|8 A¥HoZ Fadhs TEIY
o2, WMAmkZ 2& WP L ol &3t WA I}
FaE Aoz 4P e FrsE TP,
Wxna 3 v WEe 27 £o= vdshe
RoZ dsle 948 PAsE d2A Ui X
Zado|t). olg e Wit ZRIREL 2 Y
A =z FzaT PAste 749 dEM 2 w2
o) He4e denlzl A Felth WANA 4E
shallow B}Q1% whg = Hlwate] 2 =g 24E
5 ol Adte] Aug vehly] A% A2 e
= WAL g44xes Fxste T2aPoint. WA
tla 5% shallow ¥pQIR ¥HE o] FAAE vehd 7]
da Ao T WA Azte] 4o A2 87
g zzaPelrh
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{Table 3) Comparison of the node traversal

wXnla 2239 |E)Y ulY |shallow binding| Al ¢t ¥4
inil_and_traverse(100) 1400 400 300
(tbonacci(30) 375 142 114
array_sort(20) 2380 1102 834
traverse two_ver(20) 480 260 330
difference_two_ver(10) 200 195 115

(E 3L o8} F2 WAl T2 7388 o] L3
AHE FHel AYHE FF NN L AAY o
TRHE xE9 FYAFE BT o8 W,
shallow ¥l o T3 4|8 Wy -8 vl wg Zo)
o Zt X at2 ] AR g Y dbo] A5
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EE o) Iy v BAL 9% d4to] of
Fold wuir} Olog, m)9] =5 Wa 2 &v) W@
o A9 A€ F4e7] A7 A% Olog, n)ol
B2, 8d 44 dAHA x5 G057 Sod
ot E% shallow ¥l F ol 79 -8 WA dg 3
E7F G448 duid 84 AT 98 vl g
AABR k=2 §H8S7F Fobe

€ = o3 758 A2 2 vde
A Ee FAGe2H F2 vAd R§ F=s)
09 7Hestn], e HAdd g F2S s Q3
ANZrel 873¢ Avdshe dge] gaglon, 57
B Ao e o] o]Fo] d AL BN FRE o
&3] AT E BY F Uk AAA 49 A%
T ¥ =N AT FrY Mg 24" e §
2] 7324 shallow vl1g By B} G4 Q4571
Z7 52 9lth. o]+ shallow ulelde] e wAL
DEFHoE F=T 739 24 HAxe FH A8 Ao
A%, WA ekA 59 o] AF e WAL Fxde
B0l A2 v qg F2r NaE 39
A€ shallow v}<1% 3 Be} FEAYe ¢+ slvk
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