SR BE Y RS =23
Journal of The Korea Society of Computer and Information

Vol. 26 No. 1, pp. 11-17, January 2021

https://doi.org/10.9708/jksci.2021.26.01.011

Parallelization of a Purely Functional Bisimulation Algorithm

Ki Yung Ahn*

*Assistant Professor, Dept. of Computer Engineering, Hannam University, Daejeon, Korea

[Abstract]

In this paper, we demonstrate a performance boost by parallelizing a purely functional bisimulation
algorithm on a multicore processor machine. The key idea of this parallelization is exploiting the
referential transparency of purely functional programs to minimize refactoring of the original
implementation without any parallel constructs. Both original and parallel implementations are written in
Haskell, a purely functional programming language. The change from the original program to the
parallel program is minuscule, maintaining almost original structure of the program. Through benchmark,
we show that the proposed parallelization doubles the performance of the bisimulation test compared to
the original non-parallel implementation. We also shaw that similar performance boost is also possible

for a memoized version of the bisimulation implementation.

» Key words: Multicore, Deterministic Parallelism, Labelled Transition Systems, Bisimulation,
Behavioral Equivalence, Functional Programming
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I. Introduction
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II. Preliminaries

1. Parallelism in Functional Programming
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2. Bisimulation
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2.1 Simulation
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2.2 Mutual simulation
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2.3 Bisimulation
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III. Benchmark

1. Vanilla (non-memoizing) implementation
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is bisimilar to sysQ starting from q@

bisimilar sysP@(p@,esP) sysQ@(g@,esQ) = bisim pe ge
where
bisim p q = and [or [bisim pl q1 | (q',b,ql) <- esQ, g==q', a==b]
| (p',a,pl) <- esP, p==p']
&% and [or [bisim p1 q1 | (p',a,pl) <- esP, p==p', b==a]
| (q’Jqul) <- esQ, q==q’]
-- parallelized bisimilar
bisimilar' sysP@(p@,esP) sysQ@(qe,esQ) = bisim pe qge
where
bisim p q = and [or [bisim p1 g1 | (q',b,ql) <- esQ, g==q', a==b]
| (p',a,pl) <- esP, p==p']
“parAnd” and [or [bisim pl q1 | (p',a,pl) <- esP, p==p', b==a]
| (9',b,q1) <- esQ, g==q']
el “parAnd’ e2 = e2 “par (el && e2)
Fig. 1. Vanilla Bisimulation Code (original vs. parallelized)
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Fig. 2. Randomly generated DAG with 20 nodes
for benchmarking
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Fig. 3. Benchmarking (boldrm bisimilar’ D20 D20)
on multicore CPU machines

AR B5E 71 Foj/AE et 34 solube
Aoz 7= AHACR bisimo|] SEEWH ‘par'®
HEatd AtolA gt ©A § Zlo] RS E 0] Lojuty
C’%H”Oi Audo] AGE7] figd Zolot. s, U4
lo] oJa} AjHZL SEOIATE HHE}E 518k 52
Ao g2 utest Amh S Zo|H F71 Ads 7ol 7t

L3I0 2 ok

m“

l"

J2U o}x] w2l Azo] As}Rlo] JjAZIK| molst
S ofuUic. Tuch B Aol Bo] MES WS

oA A.8t| QY] ThEolct. o ol o WY
sl RUS A5 MG W A8t e Tolrjz
(vanilla)o] 7lo]A] W2ap} o}fl &S A LA B
5t 50 o8 HolA thg ulzolHold Hxsle Kg
g AEolA s Waslo] bt 3HY 4 YEAIS Lot
W AI9] w2,

2. Memoizing implementation
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import qualified Data.MemoCombinators as MC

import Data.RunMemo

bisimilarM sysP@(p@,esP) sysQ@(q®,esQ) = runMemo mcIntPair bisim’

where

(pe,qe)

bisim' bisim(p,q) = and [or [bisim(pl,ql)| (q',b,ql) <- esQ, gq==q', a==b]

&& and [or [bisim(pl,ql)| (p',a,pl) <- esP,

bisimilarM' sysP@(p@,esP) sysQ@(gq@,esQ) = runMemo mcIntPair bisim'

where

bisim' bisim(p,q) = and [or [bisim(pl,ql)|

“parAnd’ and [or [bisim(pl,ql) |

mcIntPair ::

| (p',a,pl) <- esP, p==p
| (9',b,q1) <- esQ, g==q°

(p@,qe)
(q',b,q1) <- esqQ,
| (p',a,pl) <- esP,

(p',a,pl) <- esP,
I (qub:ql) €= eSQ:

((Int, Int) -> r) ->» (Int, Int) -> r

mcIntPair = MC.pair MC.integral MC.integral

Fig. 4. Memoized Bisimulation Code (original vs. parallelized)
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