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ABSTRACT

The performance improvement of a single core processor has reached its limit since the circuit density cannot be increased any
longer due to overheating. Therefore, the multicore and manycore architectures have emerged as viable approaches and parallel
programming becomes more important. Haskell, a purely functional language, is getting popular in this situation since it naturally
supports parallel programming owing to its beneficial features including the implicit parallelism in evaluating expressions and the
monadic tools supporting parallel constructs. However, the performance of Haskell parallel programs is strongly influenced by the
performance of the run-time system including the garbage collector. Though a memory profiling tool namely GC-tune has been
suggested, we need a more systematic way to use this tool. Since GC-tune finds the optimal memory size by executing the target
program with all the different possible GC options, the GC-tuning time takes too long. This paper suggests a basic divide-and-conquer
method to reduce the number of GC-tune executions by reducing the search area by one-quarter for every searching step. Applying
this method to two parallel programs, a maximally independent set and a K-means programs, the memory tuning time is reduced by
7.78 times with accuracy 98% on average.
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Fig. 1. Speedup of Haskell Parallel Programs Implementing
K-means Algorithm
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Table 1. To Obtain the Optimal GC Environment for the
Maximal Independent Set Program, the Execution Time
Measured by the Original GC-tune

(Option Unit: KB, Time Unit: s)

27 28 29 210 211 212 213 214 215 216 217

2" 1022022021 ]0230.23]0.24 028 |0.34]0.39 | 0.39 | 0.41
2710231021021 0.2210.23]025]0.28(0.3310.39]041 | 0.42
2710221021]022/0.22(0.24{025]0.28]0.33]0.40 | 0.41 | 0.41
2'10230.22(0.22]0230.24]0.25]0.28 [ 0.33] 0.40 | 041 | 0.42
0.2310.22 {0221 0.23 1 0.23 | 0.25 | 0.28 | 0.34 | 0.39 | 0.40 | 0.41
2010221022021 10.23[0.23(025]0.27 0331039 |0.39 | 0.41
2110.22]022(0.22{023/0.23]0.25|0.280.33]0.39 | 0.39| 0.40
2°10221022(0210.23]0.23]025]0.27[0.33]0.33]0.39 | 0.40
271021 ]0.21]0220.2210.23|025]0.28(0.33]0.390.39 | 0.40
2910231022022 (021024025 |0.28]0.33(0.40 | 0.40 | 0.40
2102310231024 (0241024025 |0.28]0.33(0.40 | 0.39 | 0.40
2710.25(025/0.25[0.25]025]0.25 | 0.28 | 0.34|0.39 | 0.39 | 0.40
2910281028 1028028028028 |0.28]0.33(0.39 |0.39 | 0.40
210331033033 10.33]032]0320.33 033|039 | 0.39 | 0.41
210391039 |0.38[0.39]0.40| 0.39 | 0.38 | 0.39 | 0.39 | 0.39 | 0.39
210391039 1039038039039 | 0.38 033038 | 0.39 | 0.39
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Fig. 3. The Reducing Search Area Process of the
Divide-and-Conauer Algorithm for GC-tune Improvement
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type FilelInfo

(FilePath, [String], Int)

type Opt = (Int64, Int64, Maybe Int64)
type ValidOpts = ([Int64], [Int64], Maybe Int64)
type OptI = (Int, Int)
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1 findBestOpt :: FileInfo -> ValidOpts -> IO Opt
2 findBestOpt fileInfo validOpts = do
3 let
(optAs, optHs, _) = validOpts
maxAi = length optAs - 1
maxHi = length optHs - 1
initOptIs =
[(e,0), (0,maxHi), (maxAi,®), (maxAi,maxHi)]

O 0w N OB

10 bestOpt <- loop fileInfo initOptIs validOpts
11 return bestOpt

12 where

13 loop ...

Fig. 4. findBestOpt, a Core Function of Improved GC-tune
which Find Optimal GC Options

H GC-tuned IE=E AwEAE JfA
T F 3248dA dAS dagFo] u

d A e findBestOptolt). findBestOpt 3Hri

Aol i



A AR, AR 7Hed RE GC $4S AR ol
4 findBestOopt <F9]

findBestOpt 3
AAA AT 27] 3 94 :
=o] ol sty ARG Thed LA -H A
HUghs zesto] AAgTE o]FA Aol 491 GC
kel B]AE initOptIs7} wHEo]A
Zo] findBestOpt ¥4t A gdo
T2 A4 GC f4S Fobdith

-
o

o

o

=]

fo i3
%
i

v

w4
o BT ooy

M &

g daese wES P@dsts @tk loop #F
findBestopt® AR =A WA AR, AL 75
= GC A 9ol F7t= &4 o

1 AAAeR ZEHUA B4 g9E WsAT=d B
o W7 glow AASES Edth

T 2= tigh ZAlg Aol obA loop o T

5}
o] #¥ IE=+ Fig. 58 2t} loop 5 3284 A
B
1

B 2 Ay

o2
N
and

e o
o

KeX
94 oo AMA, W A4 Fig 59 3~78 ol
D wrolth 9~108 Z& w4 oo
= =)

AR e BA L 12148 Fo] W o

fe o mx

1 loop :: FileInfo -> [OptI] -> ValidOpts -> IO Opt
2 loop fileInfo optIs validOpts = do
3 let (optAs, optHs, maxmem) = validOpts

4 res <- forM optIs $ \(a_i, h_i) -»> do

5 let opt = (optAs!!a_i, optHs!!'h_i, maxmem)

6 Just s <- runGHCProgram fileInfo opt

7 return (totalTime s, (a_i, h_i))

8

9 let (time, (a_i, h_i)) = minimum res
10 nextOptIs = map (mid (a_i, h_i)) optIs
11
12 bestOpt <- case (nextOptIs /= optIs) of
13 True -> loop fileInfo nextOptIs validOpts
14 -> return (optAs!!a_i, optHs!!h_i, maxmem)

15 return bestOpt
16 where
17 mid ...

Fig. 5. Locally Defined loop Functions Inside findBestopt
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Table 2. The Measured Time by Improved GC-tune to
Obtain the Optimal GC Environment of the Maximal
Independent Set Program

~A(KB) / -H(KB) / Time(s)
Min-A Max-A
Max-H Min-H
2121041 | 227040
2025 | 2527025
222022 | 2527022

Step [ Min-A
Min-H
1 21/2/0.23
21/27/0.23

2Y2°/0.23

Max-A
Max-H
2%/217/0.39
2P/21%/0.22
2/2%/0.22

22197022 | 24227021 | 25/2%7022 | 2%/2%/0.21

287022 | 2022 | 20N 022 | 222022
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Table 3. Comparison of GC-tune Performance Before and After
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