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Using the GPGPU for Large-Scale Mining Software
Repositories Studies — An Experience Report of
Calculating Process Metrics —
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Abstract: Scalable analysis is an important issue in the Mining Software Repositories (MSR) field, which
aims to integrate and analyze data stored in large software repositories such as source control repositories
and bug repositories. Recently, researchers have experimented with conventional techniques like a super-
computer or cloud computing, but these are either too expensive or too hard to configure. The goal of this
paper is to improve the scaling of MSR analysis techniques by using general-purpose computing on graphics
processing units (GPGPU) on off-the-shelf video cards. Through a representative MSR case study (i.e.,
measuring co-change factors) on version history from the Eclipse project, we find that the GPGPU approach
is up to a factor of 43.9 faster than a CPU-only approach.
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Fig. 2 Parallel Computing using the GPU
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Fig. 1 Process of mining software repositories
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Table 1 List of process metrics
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Fig. 3 Calculation of num_changes_co-changed_files
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Table 2 Time to calculate the part of the process metrics using

only CPU
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size_files authors_files  co-changed_files
FATIER [F] 0.000 0.010 1162.330
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Algorithm 1 27 v 7 1 OZRKMLEET LY XL

Algorithm 2 27 v 7 2 OZFKMEET LY XL

1: changeNum «— 0
2: for all files do

3: for all commits do

4: if file.id = commit.id then

5: changeNum «— changeNum + 1
6: end if

7:  end for

8:

changeNums|file.id] — changeNum

9: changeNum «— 0
10: end for
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1: changeNum «— 0
2: for all files do

3: for all commits do

4 if file.id = commit.file.id then

5 for all commits’ do

6: if commit.id = commit’.id then

7 if file.id ! = commit’.file.id then
8 changeNum+ = changeNums|file.id]
9: end if

10: end if

11: end for

12: end if

13: end for

14:  NumChangesCoChangedFiles|file.id] < changeNum
15: changeNum «— 0
16: end for
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V—Za—R1 A7y 10 CUDA =2—F
int i, fid, changeNum = 0;
fid = blockIdx.x*blockDim.x+threadIdx.x;
for(i = 0; i < N; i++){
if (commit [i] == fid){
changeNum++;
}
}
changeNums [fid] = changeNum;
V—=ZAa—R2 A7y 20 CUDA =2—F

int i, j, fid, cid,
fid = blockIdx.x*blockDim.x+threadIdx.x;
for(i = 0; i < N; i++){
if (commit [i#2+1] == fid){
/* commitDHFHEBI[Ccommit. id% ik,
commitDBHBEBICfile. idZRLEE »/
cid = commit [i*2];
for(j = 0; j < N; j++){
if (commit [j*2] == cid &&
= fid){

changeNum = 0;

commit [j*2+1]

changeNum +=

NumChangesCoChangedFiles [commit [j*2+1]%2+1];

}
}
}
}
NumChangesCoChangedFiles [fid] = changeNum;
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S4B F7ANB D |
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- Sranco V]
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- IF7AILD

4 GPGPU #HW=7utRA R 7 ZAEHOWME
Fig. 4 Overview of calculation for process metrics using
GPGPU
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12720, @dEbTE 5.

4. FHEBRER

4.1 H=E

EBROBWE, GPGPUZHWYRY N~ =07
DHERAELZTMET 22 ThHhD. EBRELT, VAT Y
VA=V THREDO 1 HE LTASBYVHENTWAE T —~
D1O2THD, REAEY 22— Pl [14)[17][18] (W
BT —2OERK (Fut2 A ) 7 Z0HE) 2
v EF5. BARRIZIE, num_changes_co-changed files %,
R D CPU O HDOBERMIL TR DI H4E &, 34 HTHh
~72 GPGPU ZHWTROTEHAITHOWTHER L, #Hil
5. FHmREEE, TR TH 5.

4.2 R

FRAM A 4T 0 FEATEREEIE, CUDA 4.0 # W=, R L
7= CPU I%, Intel(R) Core(TM) i7 CPU 930, GPU i,
NVIDIA(R) GeForce GTX 480 T& 5. CPU DERELFEAM
## 312, GPU OBEGEMZ % 4 12”7, GPGPU % /f
Wb FIEE, GPU #3285 &kkE, CPU DR %M
WHFEERILRETHD.

4.3 T2ty

ASEHAWZYARY Y OF —#1%, MSR Mining Chal-
lenge 2008*51Z & v #2ffk S 4172 Eclipse ® CVS U ARY b U
DaIy hrTThb. ZOT—FEy NOFEIEESIC
R

*5 http://msr.uwaterloo.ca/msr2008/challenge/index.html
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R 3 EBRICHWEANA— R = T ERE

Table 3 Hardware environment used in the experiment

GPGPU 2\ 5 Fik | CPU OH &MV D Fik

CPU Intel(R) Core(TM) i7 | Intel(R) Core(TM) i7
CPU 930 (2.80GHZ), 4 | CPU 930 (2.80GHZ), 4
cores cores

Memory 16 GB 16 GB

OS Ubuntu 11:10f Ubuntu 11:10f

Disk type | SCSI 2TB SCSI 2TB

"GPU | NVIDIA(R) GeForce | -

GTX 480 (1.40GHZ),
480 cores

£ 4 MW= GPU OERE
Table 4 Performance of the GPU used in the experiment

HH ARy T

GPU NVIDIA(R) GeForce GTX
480

SM 15 {i

SM ¥%47-9 @ SP 32 fi

CUDA Yrty¥—a7 480 fi#

GPU 7 m vy s 1.40GHz

AEY 0y 1,848.00Mhz

U— 32

Ta—N)LAFEY 1,536 MBytes

178y 7DLIR2EEK 32,768

178y 7 DRRKALVY N 1,024

78y DERTOREKRYA X
7V v FOBWRITLDRRY A X

1,024 X 1,024 X 64
65,535 X 65,535 X 65,535

4.4 R

num_changes_co-changed_files %, #£®D CPU DA D
WIE TR DT 6 &, GPGPU ZHW TR HEDHE
TP A ik T 5. R &R 6 1R

F 6O, HERFIE (CPU OR) 2 Hn=%4E . 50,000
TOF =2 LT3 7T — 2 &% (M1 OFNE 2 125%Y)
T269F, A U7 2GEH (FIE3ITF%Y) T5847HD
Reffl 222 L7z, ¥£7=, 100,000 ITOF —ZIZk LT, %
AENT14.98 & 1162.33 PO AZE L. — KT,
GPGPU iV eid, 77— #BHUIfEkFE LR EL
CPU Z Wl E L -RHIZA L TH D23, A MY
AR T 50,000 TTOT —Z1Zxk LT 5.21 #, 100,000
TTOT =21k LTI 11.81 B O L ind b 72 o 7
2%V, BETVE T num_changes_co-changed_files % =K
O HIEMIAY, 50,000 174322V CI 7.7 £%, 100,000 17455
(ZOWTIF43.9 5 2 D Z & vbipoTe.

5. BELERE

V7 NY =T TEUANDSFIFIZEB T, AYREont
BAL D4y 8 TIEBEIZ GPGPU OFENRRD TN 5.
Trapnell 5%, GPU 5 Z & TDNA 2T 25 K&
OFEEZFBBLLTND [9). ALY v 7 L O S EIE
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£5 F—sty ot
Table 5 Statistics of the data set

50,000 17 100,000 17
2 7 OS] 2001.4- 2001.4-
2001.7 2001.10
7 7 A VEK 6,362 17,517
AL EEE" 34,327 71,660
EHEFEaIy NI/ 77 AL |5 4

% 6 num_changes_co-changed_files % 3R 2 S1THRH 0 Lhig
Table 6 Comparison of time to calculate the num_changes_co-

changed_files

50,000 17 | 7—4ZH B A U7 2HH B A [
CPU 07 2.690 58.470 61.160
GPU 2.690 5.210 7.900
100,000 17 | 7—X 24 [B] A bV 7 2AGEH [B] &t [B]
CPU O % 14.980 1162.330  1177.310
GPU /1] 14.980 11.810 26.790

REANHZETCPUILLDFHELY b 13 FmiElT
HTEMTELEWE LTS, £, Manavski, S.A. 5
X, SRR TS Y ) a—v g i LT GPU &
AWD Z & CEELNARECH D 2 L AR LT [8]. %
FETIE OpenSSL £ 0 6 20 (D X THEITTE 7= Ll
LTW5.

V7 N 2T TEHOSFTIE, Ha— RO —fET
bDHRA HRITIC GPU R LT [21]. LavL, 7
VERIER LT TR AT E LTESA, GPUICK 55
LT CPUIC L FEME LV b, FATRFRIDHFIE T 5 51X
EPNDLZ ENREINTWDS., F, EEOY 7 hrx
TCThHDedbiZHLTHEALTND. gdb BHELND
77 71X E R $ 335,667, %% 334,374 TH Y, GPUIZ XL
% FEHET CPU T L B3I~ T, BT 3.11 %
Mo TS, EAELIZZINE, 1TFFAEIX GPU @ L
TWbLbDD, 77 752FRIITHOERIL0 & 1 LOTFTE
L7aWiad, HEIWHND I A RBREWTZHTH D LB
LTW5%.

6. AW DH|KY

GPGPU IC kB3t Ltk 3t L otz 7 m 75 3
VI DRENMKGFT D, KERTIE, FEEHELOIHBAD
AR AT O AN ZE L, W4 &b GPGPUICED
FT 3 HBRETH D L 00, FTHR A 43.9 fi5h) R &
w72, 2k, AEO GPGPU O HIZHBWTIE, mdbo
7DD AE Y OFIARNT A —Z OFREEIT - T
V. 2D, GPGPU TOEMEICE L-T & /tkp3
RIZE L THEOBIZREWEWIE R o T2,

F7m, KL OHRIE LT, —oDF—ZEy MIXL
TN —AAZT 4 ICBWTHEELZANET b5,
AW DFE R 2 — (T 5121%, hoF—2 ¥ v FoRFE
72 r —AAZ T 12 L OIS 20BN H 5. FT-,
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GPGPU |2 L 55EHEE A —/\—a ¥ 2 — & X Hadoop 72
E'® MapReduce & bS5 Z &%, EERHETHD.

7. BHYIZ

KX TlEL, GPGPU ZHW=V R NI~ =7 D
HRMEEZFMT 272912, VAT M) ~A =2 TW5ED 1
DL LTALBYVHEENTNDET—~D1D5THD, RE
BAET2a— L TFIICANWSZ0OT =2 DR (TrE X
A N7 20%RE) Z@EAEH & LTl LT, GPGPU @
WHFIEZDWTRL, TOREEERIZE > T DT,
FEE D, GPGPU WA Z 12X Y, num_changes_co-
changed_files Z3R» HALH%E, 23 v ha 7 50,000 17532
DUVNTIE 7.7 f%, 100,000 17531220 Tl 43.9 w3
BILENTHI ERbIroT.

SHOEE LT, thoF—2% v heRERR T —
ARAE T LDV T DT EIT, REFFEO M A% — 1k
T52L, BEY, GPGPU Offel A—R—ar a—
4 <2 Hadoop 25 ™ MapReduce DVERE & Z i35 2 & C
Hb.

BEE A0 —HIL, BEBIRIRBLE R [JST) Ok
W SERERF e HEME 3¢ TCREST (235() D FZEfesk [ =
hRF R — VM REH BB T AV AT LAY 7 b =T
B oA OBFZERE [HRA hXZ 27— LR D A —
NR—avEa—7 4 7Ty 7 b= THRBERE] 12X
DR E ST, F. AFREO—IE, BARHIRELS
B4 BT A SRS 24680003) 12X 2H)
B &5 T
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