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Multi-objective Optimization Methods for Software Upgradeability Problem
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Abstract Open-source Package management as a means of reuse of software artifacts has become extremely popular, most nota-
bly in Linux distributions. Software upgradeabilty problem is a significant challenge which package management system must re-
solve. This problem aims to find the most suitable upgrade scheme that satisfies upgrade requests from users. An upgrade scheme
comprises of a sequence of operations, including installing, removing,and/or upgrading packages. In the existing approaches for
solving this problem,multiple upgrade requests are handled in aggregate ways. Hence,a potential risk of such approaches is that,
the relationships between different upgrade objectives may not be considered properly. This paper introduces a novel approach
SATMOEA , which forms software upgradeability problem as a SAT plus multi-objective optimization problem and addresses this
problem combining constraint solving and multi-objective search-based optimization algorithms. We evaluate it on real instances
provided by MISC (Mancoosi International Solver Competitions) and obtain promising results where we can find some Pareto op-
timal solutions for a complex instance with myriad constraints in a single run. In comparison with other solvers., it can provide
more solutions with better diversity property to satisfy requirements in different scenarios.
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PV ps) N Cpa V ps) N (py V ps)

MIERNER T BN DA M WE % 0,0,1,
.M, % RiETF T CNF E XA A& (py V

PRV ps) TN AR KB R prs pos ps 3 DAL,

FATHEX 3 A EEN C HRBR 4 ps R p, B HUEAE

g AR S RN B R R B CNTF S5 H, 38 i CNF 48K .
PV ps)NCpa NV ps) NCpa N ps) N ps N pu
AT B CNF 3245 SAT SR i # Bk A7 5R fig, i+ 20

P1s D2 s ps IVHUE A8 B — D H AT AT N=(1,1,1,1,00, T

=AM FE B ERER SR T,

ik 1 hEREIERE

A — A AL R R M= (x. %5, 5 x,,) 5 T /2 Violate
(M) =>0;CNF 3CfF Fo PRI T AIES C=(c;vcps0c,)

il A IE R T AT A% N

1. A48 4A BERR PGP THFEEENRTIES;

2. B<Q;

3. for i==1 to n do

4. if ¢;=false then

5. ¥ E RSB MEES B,

6. endif

7. end for

8. for i==1 to m do

9. il A BHRAME x then

10. HTFha“x 0"HRIMEES C

11. end if

12. end for

13. &S C i TR —A B 1 CNF SO F.

4. VI H SAT KGRI XS F,., BEAT R % 73 B AT 17 /% N

15. return N.

4 IW/HIH

4.1 EWiKE

A% SC i B I B 0 A 2 2 5 T ) AR e A e R 4R
AL CUDF Ay 1fi 52 9 $ 8 45 47 92 36, o CUDF S ) 52 41
THRERGHRE T PR B AR . S i R 44 FR it
B, 3 S 1 B A AR B S 27 710~59 094, °F
¥ty 35275.5, 5 Debian 92 Bx i 5 0F 4 4 PR (9 BB+ 43
el . PR AR SCRAS 1 52 56 45 S T LUASE 4003 52 35 55 AP OoR
A RE R B .

TEZ AR AL B A SCHE TR IR 19 2 H AR U Ak S R AE
W iMetal™* $2 4k ) 3 T 48 7R 45 19 18 fk 5 % (Indicator-Based
Evolutionary Algorithm,IBEA) [t 364k I, 43 T 28 X F M
A S A 1 S I O 2 DA W R T TR R O ELSE T AL
A R IE R, BARSA T e EE SRR NE 1
4,

—_

R BT RSB

Table 1 Parameter values used in IBEA

Name Value

Selection Operator Binary Tournament

Crossover Operator Single-Point Crossover
Mutation Operator Bit-Flip Mutation
Crossover Probability 0.9

Mutation Probability 0.05

4.2 EHRERENN
ASCEBX LT 4 ASWF 5 R BEE AT SE 88 34
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RQU : 42 2577 4 A0 7 v 7T 47 A 1) b 81 % 81 B 9 45 SR 1
TR Ay 2

RQ2 I H HoAh i 2 2 H A AL 551 IBEA SR & 5 B
AR

RQ3 : 1 [ 7 48 TF 23 % 35 Ak 225 2R 36 i 26 A 19 32 ) 2

RQ4:SATMOEA ¥ fig /2 7 ft T H At 5 4 7+ % 17 R
fif 457
4.2.1 WRARKRMBAFEMER BRI HR

X T G T RE G TR R £ SN . 1D A SAT SR fig 2% Xt
CNF 32681 30547 3R gt 45 30— AT A7 4 A SR 400 4y A 30 v 1) — 4>
AR A AR BE AL AR B (0 5 A8 KR I AN T AT M) o #4156
R LG FIRE s 2) 8 ] QuickSampler T ., & fE e 1 15 3 45
RE B0 (W T AT A SR 5 T FH 3 8 W AT g A ST 0 L FORE L B0 R
FRE 4238 o AT AT

FATVAE LA 1 W Ty 1 6 4 R RE L 43 0 AT Bk T AR
7 i (0 AR % < D LR AR I /NS 30, 3 4% 4 R, BRI
ATk 2% 1k B A 3 0 E SR AE R AR T AT AT MR Y L L N SR 2 B
B, S 25 R B0 UG R0 AT A B 2 A1 B
H A R AR T A RTAT R AR B, B R R
TR R RE 438 S AT AT % (AT LA AR B QuickSampler T.H 5230 ,
VLS 78 5 i B M 3R 4G A B Hh A5 B0 T8 209 T AT %

F 2 LB RNR bn FRE A A W A5 B 0 i R AT A D
TTAT fifE 019 10

Table 2 Comparison of two different methods to build initial

population
5 E %1 g 2
0 46 A B AR TANTATHE 29 NHALAE 30 N AT AR
R AR R AN 22 15
R E R ARG E 1 3
R AT /% 4.55 20

4.2.2 ARF % B HFEAL R

Sayyad %50 7 B 7= b £k TR ARG RRAE 2 B 1) A 1F
FEH R AT H H Al 22 B AR AR 5T 1 (Multi-Objective Evolu-
tionary Algorithm, MOEA) , 3 F #5 7 #% 1 /i 1L B 3= (IBEA)
RIFLF, R T HAF IBEA FE A TH )82 b A ]
B0 PR #4e s AR SCHE 31 T 9% IR) B S 1) 1% L T IBEA, NS-
GAIL.SPEA2,NSGAIII 4 Fhifi fb & 9 B, dEBOGX JLFHE
%, — T RESE% Sayyad %5 M 0F 5 TAE P xF LL g5 0k, 59 —
T 2 PR R B AT S A U o 2 R e A

TEAR S B E R/ 30, BAR KA 10,4 Fh i
RS AR S RN 3 g, v 58 2—6 A R R ]
P AL S AR B I B S HAR R L E. HV M
Spread J& # it £ A AR WAL LA B I RICEN WA EE
BB S HE A L TT LA jMetal U8 Ak 5535 AIE 40 05 (8 M 15 HE O
Size /R RICEMEFMAER . HV RN BITEMRMN
BT T T 78 5 0 23 A AR AR (Hyper Volume) 3, i A& R
R F2 7R A B2 A0 48 R 32 30 S A 0y BB G v T, A A R AT 4R
By BB S . Spread fUFR I RITEY R BEDY . £ H bR
PR A3 A B A B 1 i R 4R RE S F FL S Ry A BTV I L 4
BT 92 5], Spread B R AR (5) iR -

dk/+d,+‘\‘2]\d1f;l\
Spread= =1 — (5
d;+d,+(N—1d
Ho N RoRmn BRI R &S O R . d BRI A
AR 2 1B B B IR PR B o 2 . BOTAME . d, A d, 43 3206
SUEAE T 30 R 5 A5 (Extreme solution) 22 [] 1 BR G
FEE . M BIEE T Ra -y — A f#Bf, Spread I{E R 1, —
AR R RFCE N Z AT A HARRE S, =d,=0) . FF

HEANMAAAH (D —d BT 0), ILH Spread (918 #%38
T 0. Kk, Spread BY{EBR /N8 W IE SR FG 4R 09 43 A0 1F DL BR 4F

IBEA 5 Ah 3 Fp 2 H 4 3 10 55 35 T B A9 5250 45 SR o
F3PA . LGSR R, IBEA 15 3] 5 hf BT E R A
B2, 3 BAE HV F1 Spread BT tr E¥EHM T
— B, B, AR S0 R IBEA 1R Sk 46 46 12 T+ % 1) 5
H 22 B R T s

F 3 A FZ BERE AL LA RICHE MR L

Table 3 Comparison of Pareto solution sets obtained by 4 MOEAs

Algorithm R(X) C(X) N(X) Nd(X) Us(X) HV  Spread Size

1414 103 34 375 14
1153 103 35 448 16

IBEA 1159 103 35 453 14 0.33 0.29 5
1473 104 33 365 14
1413 105 33 375 14
1569 89 26 340 11

NSGAIl 1706 92 25 292 11 0. 18 0.32 3
1707 91 25 291 11
1521 117 36 375 12

SPEA2 1736 120 36 310 13 0.18 0. 38 3
1737 119 36 308 13

NSGAIIT 1521 117 36 375 12 0 1 1

4.2.3 WA TR MG ERAESEALE R Y0

N T RS HE T 1 i A T AR X A SR S R IR
A% SV E W) HE FRE 09 KN 50 (4 H QuickSampler 15 2 1)
AT AR ) VIR AR 10, 43 B BUAT TCAE 1E B A 1 38 fb 55
AU B TE B B2 A B AL B0 A — B2 L SRR T 5T A SR AT 4R
LA A T o B E A

SR AR 4 Pyl Hob, 08 E 4R AR 0 AL 5 s A
BB BT P 43 A B T B I B AR R AL
LB BmA R AR SR T L TCAE IE R A A 00 SRAT MR 4L AT AT
fife 9 B R 0, R UL L OB L AR B TR AL B T R A AR B Y
fifp 0 g AN T AT AR 33K X A0 A1 TP 5% ) R ) SR i B AT RS
A8 TE AR B 38 40 58 0 75 B B0 E R T A AR P A R Ol AT AT A
K1 1t v 7] A A 16 3 4 X T3 A 45 R 19 Ui A 0 2 RO 4R T

F4 WA TG ERAER B ATAT 015 00
Table 4 Comparison of feasible solutions in Pareto Front with/
without Correction
REABERE WEAEEHAD TAENHE TAHRER/Y
x 43 0 0
# 15 15 100

4.2.4 485 SATMOEA 4E 4 5 3t # R A% 5% 64 M gk b e b oL

H TR SATMOEA HE 325K fife 5544 9% 7] 8 0 1 g 2
T A At SR 3% AR SO T AT SR AR TR — A
CUDF 5E {51 45 21 i) fif 76 R[5 19 79 H Ar L R B8 25 R n &
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58, Horh, ROXD 378 %5 ZE RS IR R & 48 P B 6 19 4K
L COOFIRIFR R G S A2 A T B8P L i R, N
(XD R B A B B B Nd (X)) R R 2 Je T WA 1 4
LAY B Us (X0 378 Al 2 B 22 3 0 3P b i R 35 1Y
Bk, BT 5 ATEUE S R B LA (1 5 R A W] (0 SR A 25 15 51
BTG5 S B 25 A B RS R B 56 6 — 12 A7 B RoR
SATMOEA HEZL1G B 19 1A 22 FE 5 H A9 4 — A 8 0 I 9 4%
A B bs A

F 5 SATMOEA HEZE 5 H Ath R i 25 78 4 oAk B br L 09 % Ee A% e

Table 5 Comparison of optimization objectives with other solvers

solvers R(XD C(X) N(X) Nd(X) Us(X)

cudfZmsu 0 613 320 65 15
cudf2pbo 0 616 320 65 15
mees 0 610 320 65 15
aspcud 0 614 320 65 15
p2cudf 0 615 320 65 15
0 1005 88 986 45

230 881 109 954 101

0 968 87 1028 45

SATMOEA 696 424 405 915 98
1171 629 346 31 101

0 987 88 999 42

0 988 88 998 42

T EEE M, % T —> CUDF S, HoAh 5K fi 2% H fg
5] 2 — g T J7 %, i SATMOEA HE B35 47— IR BL 98 11
R —dlin RHC R ML P - RPITITI AR T E
FA AT R v 3 43 R 6] 9 T 9 %6, LU AR R i 35 . 5
Ah, NFE 5 IR A B T A H A HE 40 BE 5 10 31 S o L i
SRR AR BD— AN B A B bR R BUE P AR AR AR
AANE (Y B AR R B . B, X4 A S R A O e R
Al BE I, T LA E R SATMOEA HEZRR 045 1,2,3,6,7 4
filt KFREZE 5 RS 6,7,8,11,12 47 10 24 1 P 7 BB AL T i
AR (8 3 fu R AT BE Z2 B, T LA 4% SATMOEA HEZR 42 41 (1
555 AN KT 5 AR 10 47,

T BRI SATMOEA REZ2 103, AT & A
Mok B A il 8 1) A9 B /M Bk 4 R L Sk 6 Bngil . o,
55 14T 2w Ho SR A #5195 G R ok T AR A B 19 & A~ H AR bR
B i ME A5 2 47 R SATMOEA HE 28 3 1675 3 1 i 2 4T
AR T AR AE D BAR LB S Ik B A R ME . B R L TR
R(X) HAR % 1. SATMOEA HE 42 i B 35 2] (4 B /ME 5 3
PSR A g8 AH 24 L 298 0578 C(X), N(XD , Nd(X) 3 A H A o %
. SATMOEA F 3 T B & 14 O 3 48 1 4 F Us (X0 B 45
PR, SATMOEA 5 Hfb sk ¢ 25 A0 1b, o8 2. B,
SATMOEA HE S AAE i 09 % b WY I O T 0 Ath oK fige 4%, 1
HAE R B ol — R m 3.

# 6 SATMOEA HEZR 55 H Al K i 8 76 &> R4k B Aw 1

/MBS A B
Table 6 Comparison of minimal values of all objectives with

other solvers

solvers R(XD C(XxXH N(X) Nd(X) Us(X)

others 0 610 320 65 15
SATMOEA 0 424 87 31 42
BWIE O TR R T7 SRR T H AR Z 18] i G

FR AL BN T 5| B OB L AR SO 22 B ARG 1k B4 A B ik Dl K
PETE IR B, SR M B T — A4 A AR R R 2 B bR Ak
19 0 T G 1) SR A HE 2 SATMOEA , 3 76 386 4k 57 3% 1 3%
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