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[Abstract]

In this paper, we propose a more effective unique identifier allocation method for macro expansion
in a single-process multicore parallel computing environment that does not require locks. Our key idea
for such an allocation method is to remove sequential dependencies using the remainder operation. We
confirmed that our lock-free method is suitable for improving the performance of parallel macro
expansion through the following benchmark: we patched an existing library, which is based on a
sequential unique identifier allocation, with our proposed method, and compared the performances of the

same program but using two different versions of the library, before and after the patch.

» Key words: Unique Identifier, Parallel Processing, Sequential Dependence, Name Binding, Haskell

2 o

o wRANE YT LRAL Belzo] BY) AR FIAA Lockel B 2 o E
49l afAAA TY PAL AL of FF P G4 ofoltlel A AR o]
A4 e AASHE Aolth Selrh uoke Aol WEse] WA Aol wAw e
A G AR Aa) A8, A £AH HAe THAEA Agoz TR Folu
eE 7t woke PAow wastel Wy Aol vas) Fol e delneew A48 2
& =Ry 5g vusts WARAE Fdsan
 ZHO) DRAER, AR, 231 T4, 0|5 HioIY, St

* First Author: Bum-Jun Son, Corresponding Author: Ki Yung Ahn
*Bum-Jun Son (sbj1229@gmail.com), Dept. of Computer Engineering, Hannam University
*Ki Yung Ahn (kya@hnu.kr), Dept. of Computer Engineering, Hannam University

* Received: 2021. 12. 23, Revised: 2022. 03. 25, Accepted: 2022. 04. 07.

Copyright © 2022 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



2 Journal of The Korea Society of Computer and Information

I. Introduction
Faesa ool @elmo] WAl

LI
AL 2 A it Zojot #4F R 2

doM= UUID(LIS vl 58l ohefeh &0

o
=)
iy
r IF

ol

w2 oo
I=] e
o =
Z R
[~

K riol

=
=
o
S,
in

Jdo
4

d
N
D)

)
rror
i)
|d
r
=]
Jdo
1>
e
>
>
ox
ox,
=
rl

ol
ol

n 4
n(®)
2
o

i

g

b4

ok ol L'WZJI

T O_>L‘4
[
o, >
o rE
2 fob
>

o+
1>

o]
=
Jdo
1>

a
=)
>,
N
e
Y,

w rlo

olr

O rE fe =

_ﬂ
olr
ol
ol
=
o)
fu
15
ol dz rE fob mo ox

_‘)l_v‘
o
i

2 nd, 15,
K )
hat
A
o)
1o ofm 3
b

o M g

T,.
oz
i)
ol
3 b=
X o> o

Pt jo
ox.
o
€Q N
in}
)
H
i
i
at
N
1o £ i
om
2o

Uy 2 o M

e Ty

£ 10

+0 2

ol
ol
rr
oln
1o
e
d
=~
42
~
olr
e
o
Hi
2
42
ox It
e

i
=
ol
15

%
olr
o2

M

2
o
o
-
2
Ra)
Ra)
b
ot
i
o,

st
%

ol [‘_ni

o
5
d

)

=
Fu
=]

do
1>

e

>

o

1>
%
Da)

>

o

A
2
i)
>
o of
il
ot
=]
ol
=
i)
2
&
19
i)
b
o o Rl
Jdo

=2 1%
o

39,
n)
)
o
d
)
i)
N
olr
-
oo
o

(o]

il

_0'1_1

ox,

c

(e}

2[_“

3

lo

N

fiw)

ot
+> o

39,
E g0

o re =

-
rr
19
i)
1>

g H22 N2 A FEF oo s
1

e, o g1 rlo
e o >
s
)

Fo
rrorek
=]

|o
o \l'ﬂ;'

rio

=
>
£
Pa)
= il
|u
S e
8. ol
-~
[oxW)
olr e
)
>
lo e
for - M,
rS kU
o 9
9, 3
)
= gy my

I
39,
2
)
rok
o

LIS ] =2 L

7 22 o0 anEolx] 23 YAjolct
oPIME old epuct o G Reldo] Y =
2Oyl B IS $Y DRAEA Y P A
okt olg U] a2 s e B 2fojue
2ol stejel 4% Wakg SoIs) worh 9ele 7t e

-1y = -

glol 2 Aol NRAEAIS TSI g Al
ol ] wgs) wAsiEon (I7E), $HAol ¢
L 2R oA RES AL WAl RS gap] A
/3] 52 vlas] 71Eo AR SR AT 5 A
o 098 7h5e) BE WAl 2 2 Yusk Mg Al s
FYS FUske WA 2 23U (VR)

II. Background and Related work

1. Functional Programming and Parallelism
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2. Unbound-generics library type Nm = Name Expr -- Expr< UERJ: o]2
Unbound-generics= stAHOA] T2 J2f7 ©fof9]

Tt 22 UR(tree) 29 AHA HlolE ER)E &Y data Expr

g o, " faHY NEE gF7] At o/F vy = Var Nm - - X

(name binding) 25 s AL 4 J=s 5= | Lit Integer --n
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of Uyaroz etsl Ay mg 789 YAlS s)uto g deriving (Show, Generic, Typeable)

ZEsE 1eo|c), S 2lojHee]E 0|85 =t} AA  Fig. 1. Syntax of the A—calculus extended with addition (+),
parallel addition (|+]), and conditional expressions, defined

Bl wHE otEiel dol A 4 . as a Haskell datatype using the unbound-generics library.
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Fig. 2. lllustration of our lock—free unique udenifier
generation based on modular arithmetic
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2. Changes to the Unbound-generics library
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1. instance Monad m =>
Fresh (FreshMT m) where
fresh (Fn s _) = FreshMT $ do
n <- St.get
Stput $! n + 1
return $ (Fn s n)

SR

fresh nm@(Bn {}) = return nm

Fig. 3. Original unbound—generic library code using
sequential increment

1. instance Monad m =>

Fresh (FreshMT m) where
2 fresh (Fn s _) = FreshMT $ do
3 (k, i) <- St.get
4, St.put $! ((,) $! (k + 1) $!i
5 return $ (Fn s k)
6 fresh nm@(Bn {}) = return nm

Fig. 4. Modified unbound—generics library code using
modular arithmetic

IV. Performanc Benchmark
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1. Baseline comparison against sequential
unique identifier generation
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7| & unbound

" — HZ unbound

Fig. 5. Single thread execution benchmark, comparing
the performance before and after changes to the
unbound-generics code (see Fig. 3 and 4)
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1. eval O (Plus el €2) = do

2 Const nl <- eval 0 el

3 Const n2 <- eval 0 e2

4 return $ Const (nl + n2)
5. eval k (Plus el e2) = do

6 el' <- eval k el

7 e2' <- eval k €2

8 return $ Plus el' e2'

Fig. 6. Code snippet of the eval function (sequential
version) for Plus operation

1. ev runM O (Plus el e2) = do
2. [Const nl, Const n2] <- runParT runM
$ ev runM 0 <$> [el, e2]
3. return $ Const (nl + n2)
4. ev runM k (Plus el e2) = do
5. [el', e2'] <- runParT runM
$ ev runM k <$> [el, e2]
6. return $ Plus el' e2'

Fig. 7. Code snippet of the ev function (parallel version)
for Plus operation

2. Case study: Parallel macro-expansion
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V. Conclusion and Future work
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