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Discrete Optimization Solving Methods by Combining Constraint Satisfaction Programming
and Combinatorial Testing and Their Applications

Xjao-Nan LU*

This research concentrates on unsatisfiable instances when encoding discrete optimization problems
into Constraint Satisfaction Problems (CSPs). The primary focus is to pinpoint the causes of unsatisfiable
instances and efficiently identify them using combinatorial testing. A novel combinatorial array, called
Error-Tolerant Detecting Arrays (ETDA), is introduced, along with the theoretical studies on their basic
properties and their relations with the well-studied Covering Arrays (CA). Moreover, the corresponding
cause-identify algorithm is developed. Additionally, specific ETDASs are constructed by using SAT solvers.
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RS HL, EHE7R SAT VL N—IZ Ko TR D FED, T ZHAHET SAT Y N —OMEgEm RIZ L0 ZORIZHEE L, CSP
WX B 2Rk & LR FAAES ATV,

7272 L, BIROMEZEEE T AT BRI, REYHREIC L > TAE O ARNI L3 H 5. /IR
HLAYERIESE CSP L LTETALL, ZivE SAT IZ48H L7, SAT RIENTEEARRE (UNSAT &WE9) L7220, CSP OfiF
PEHILRVESITIE, “unsatisfiable core” &MEEILA UNSAT DJFIK L 722 5 SAT HilFIEA 23K B FENHE SN T
WD, L, BHERBIRZ B o KB BB i L RIS 6 L C, BB T LV OHIR LU TR AT HEZR UNSAT o 5Kl
T RO D HIERPHESL SN TE LT, WEROFELZ T TIIEMREBHELWEEZ NS,

—FT, KRR Y 7 b0 = 7RG AA TR Y AT AOSE AR 5720121, VAT LIEET IR EA
RINCER L, TOREEZMTTALENRDD. TOEDIC, MAET A M XITNAFERERSNLTWA. AeE
T A MIEE, V7 Y =T LT (rTTTIIIIII e .

AWFIED HANE, KU E L E—E O BEEFL

(BB LRIE)
CSP AT IV T UNSAT DJELA % e
LI OMEET A MFREEWNLL, £
D= D DFLAEEAEEDOMHE T OMA
7 2 NS & ORRMEE 5 2 &
Thbd., £, HAETAMILST gﬁ;&
UNSAT DJFR R ZFET 5 Z & T, i)
FHREL L 2 S
GERD  Foiifig & Bl IR 72 IRl N TRk b ’ ’
LFREERBTLHIELENTHD. AFROERTEOREBGT, K 1ITRENTWS.

ERR E ORI CRAICHIES N TN S. ]
HOKR A FRAGKHERE |/ s KEREEDRR %
P (CSP) (SAD) STEEE 1 " RmLrcsp

20244E3 31 H A28
BB A A T —
WER R T AT T - i TR T — 2



HRFLR T TS T I 2 7 EMAET A b &2 R L 728l LRE O SKI% Tk & 2 OIS 115

2. REFELBAEMEGEERS

MAEET A SOSE T, #ERY] (Covering Array; CA) & FEEN DAV ESINIAL fEDITWD. Fiz, READ
JRIRZREET D726, X ViRIIMHAEERSTH D Locating Array (LA) & Detecting Array (DA) NERINTWAH[1].
AMFFEIZIBNT, LEIOT A R23 1A CSP RARIZXKIGE L, ZDOFATITIIE N GE A 0256080 5. FITRHOZE
P KE L, ERER RSV BREECTHD. X TDOT A b & LCH> 5 UNSAT OFE ZHEE T 5 OIFHLEN TIE2 0
L72A3o T, KRHUE CSP RO SAT RAECTIX, —ERZEB 2 THMNELNRWEEE, tineout & L CHFEET 2 28
N5, L, 7AMERIZ timeout ZETeIHE, TEROMAET A MiEFITH B CA, LA, DA Z AW T=FTIERXHET
RNV ERDH D, DHORKGREY 03 d HREICKHLT 572912, FEH & LFEMAEDRY FTERNZ RO LA 2422
LTWA[3]. L2223 h, BRYFTIERES ZF5D LA ITERRIICITRAV RSTIEFRE CTH 203, AV FTIE L > O R EADRE
ERHRET DO OMENRT NIV XLPFETDIDRRMOEETHD.

AR TIE, RV MHEZFFD DA (Error Tolerant DA; ETDA) & FEIXN DHEAVEISIAZEAT S Z & T, SeibofEIC
KHLLTW5., MlEET 2 OB AT ML, BED T A—F LENENOKETERSIND. BRYMIME 2z 2RO
St TT A RMEELb D ETDA ZFIHT 5 Z & T, UNSAT DJRR & 72 2B 2N () BRATE, EEAOYA
AWt U T THNUE B ETE S, DAEWEH L IZBOTHRIET VI Y XA, HEEN (k') &720, LK
7 L2 U XA THD. FHUTINZ T, ETDA DAY it D BRI B4 2 BER AR, BEIC X <AFgE S ni-flat
B Cod D CA & DBRMERH SN INT WD, ZFOWFREENFETREIN TS [4]. RS, CA & ORGRAZ A
WT, 5RO/ T A —=FE RO BRI ETDA Z M5 C& 5. ETDA O BARGBIZ BT 27291, CA [BIRED SAT #5551tk
BT 2 TR [2] 43R LU, ETDA ICKIIST 2% CA ZRO DRI (CA-ETDA I &V D) % CSPICERAL L, SAT VLN
— TR L. F-, BE t=2, BV MNE 2=2, KYEH v=2, /35 A—ZH k=100 @ CA \Z%f59 % ETDA (CA-EDTA & &
T) BIFET DR b OFERNPELICELDHLNTND.
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3. FLHEEE

B EFBEIC BT, Al ARSEREIC L VBRSOV ERNHDH. AR T, RHEERUR LA
% CSP AR AL LT 77 e —FIE R Z Y C, UNSAT (FE&AHE) OFRREZREL, MAEET A F & VT UNSAT @
JRIK % ShSEHNZ I LT 5 728D, BT ICHAWELY ETDA OBEEZEA L, Z OEERFHE-CRET OELS CA & OBIMRENTS
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