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Abstract

This paper illustrates how to solve degenerate solutions to linear programming problems using
the simplex method with three examples. Degeneracy might have the simplex method become not
very efficient. In the circumstance of highly degeneracy, wrong selection of entering basic variables
or leaving basic variables could have the iterations go round in a perpetual loop. Degeneracy could
cause misjudgment or omission of optimal solutions. When a linear programming problem has a
degenerate optimal solution, the multiple optimality test rule becomes ineffective, there is exactly
one optimal solution with multiple optimal bases.
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LN CEBEZEY) e, RIS PR AR SRR E M U 15 U 38 R A T P
G, AR R B B O R DO A R A I L A I R I AR ) 5% 2R 5 S 5 T A AN
Fo ARPERI R AL R R, A I I8 B AT R N F IR A DL HH BB AR AR AR S5 PR A2 e 1 R
R RAAEZ RN, B FEAAT AT IR — X R[] GBS PR S AR I R AR R,
R RS EARRIEF AN, WREME NG RO IB R, 22 B IR AU A2 T R 2R
J i R SRS AL AR, XA AR rT RE A 224>, BEIRES ORI U7 R AR [2] [3] [4]. EURIR
e — RSO, (FARE B EIRAIT 1. ASCEIE =, 35 B R ZR MR 17 R AL AR (1) 540
HERIBTT 5

CAIZR BRI g {max Z =CX|AX =b, X >0}, A Jymxn%ils, fBE R(A)=m, WZLIEHL
R SEAR L & B A R m A, JREEAREE n - m AN, B AR AN T m (RIEORFERE A BRI,
UUUIFAE RS RO R, IR RAUAR (5] o PRV SRAR AR K P 2R ME R 1) R 25 WA 7 Sl 4Rt sl
AL, SRR TTATAE, WO R AU, WA, WA IR ATAT R, IR AL
H AR EE AT R, ERERALAE IE[1]. AR R U i B R v, ARk A2
AREFE AT ARALRALARI ,  FTRERA NIBALORSE, RENMIR BN ALAE . Ft, WHEMIE, A0 ERY
SRABR L P FK ) I it 5 B RO LE T T, LG G oy N B AL PR s8R de O - T S e P R )
JIB AR B FE RN T, 2R 388 1o S8 PR 2 1 R Rl i R A ) PR A AR
2. RIBLEAEMK B FIR W RRIE IR B AL

SERRL: LAt R ] R 5 T AT AT T AT IR T 5] AR PRARZOE BRI, W ZEOR RPN, —
RS TR HEATAE, AFFEME— WIS AR s R T RN TIUR, 5 HAH X I A T AT A T fEAS

iAo RAEAFAERIITEIL T, ST AT A AT AT AT S A T A — — RS L1
cn

X +X +X =4
X +X, =4
X;20,j=12,34

1110
1 0 01
SR TR (0,4,0,4) XERL, M4 (P, P,) MEHEIE A o A0 AR (L AE AT A ARAITRLA (0,0,4,4) HIRE,
M ) ) B AR B T AR T AT T A —— RIS B (R, R). (R R AI(R P)=
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ANFEAE TV S T AT AR R AL SE AT AR, 3K = NI ARIE T AT AR A A — T 474800545 (4,0,0,0) XY
Rio M ox il x, BiNERCFTEE, Bk x +x, =4 MELZ x =45 x Bl TR Ii68 (4,0

3. SKRIRLRMEAK B IR LAY E WA B 53 4R

F B AR R AR R R I R T, A BU RSB — BT REZ IR M. — LR AT 14 H
b 7 ANEENDEANTE, “RAEFEETERTR 0 WERBN AW MR 6 g, B
BERCEAEAIIGIR . SEEA R R — DB NI B WIAMREIBLAR, FEFE BN, FIREA A
DUBACE: WIaamEA IR, (EAERAGERET M PLRILAE, TTREH BLIAACHT S MRS BRI, H2
BB SRS, AR EEA S VIR EUE A RE b BB, BRI IR
RO B AIER M BUBAE, A2 BRI N o A2 Bl il .
B 1 SRAEET 5 PR i) 6] -
max z =10x, —57X, —9X; — 24X,
0.5x, —5.5x, —2.5%, +9x, <0
0.5%, —1.5x, —0.5%, + x, <0
m.&ﬂ
X;20,j=1234

Table 1. Starting simplex tableau of Example 1
=1 LMMXEIR 1 MBS RITERR

C; 10 —57 -9 —24 0 0 0
CB X B b X X, Xy X, Xs Xg X 0
0 Xs 0 0.5 -55 -2.5 9 1 0 0 0
0 X 0 [0.5] -15 -0.5 1 0 1 0 0
0 X; 1 1 0 0 0 0 0 1 1
C;—z; 10 —57 -9 —24 0 0 0

LRI R A 1 RIARR AR RO b A 2 D ER T, R L IYISR IR LR, x KREk
7 10>0, x EHERARE, WiE R IEASEIN T Rl 0 BRI, AR 0 LEE 0, XIS T AR
RINASE xg NEHATE, #HBEARERIE 2.

Table 2. Simplex tableaus of Example 1
2 2. MEMXIERE 1 MBI ER

C; 10 -57 -9 —24 0 0 0
Cs Xg b X, X, X, X, Xs Xs X, ]
0 Xs 0 0 —4 -2 8 1 -1 0 _
10 X 0 1 -3 -1 0 2 0 -
0 X 1 0 3 [1] -2 0 -2 1 1
C; —Z; 0 =27 1 —44 0 -20 0
0 X5 2 0 2 0 4 1 -5 2
10 X 1 0 0 0 0 0 1
-9 Xg 0 3 1 -2 0 -2 1
C;—Z 0 =30 0 —42 0 -18 -1
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RAEL 1, x RBEIEATE, e B RN AT RN 0 LHERLR, APMHER 0 LLig 0, iR
Bland BEIUI[1] [l 4 FAR/INAAL & x, N B HAS T, MIFEN T BB ATEAR (5 FEmE) [6]. BIEFR
TR AL AR, B AERS TR T4 (0,0,0,0,0,0,1)" HIEEAEFE(R, P, P). (R R P).
(R B P). (R B P). (R P PYH(R P P 5, TVEIERBIMHALT . A&
S TR KIOAS B xg AR AR R, MR T945(0,00,0,001)" (R, Py R)AI(R P P)JEAERE
ZIRHEATHAS R, ISR BIAIARTA (1,0,1,0,2,0,0) , RAHEFAREMEAM (1,0,2,0,2,0,0)" . FEt, K
WG IE NIBILIEARTERR, SRARM AR MR ) B, S PR IGHOR T 0 I T hn/NAs B ot A &,
TR/ O LRSS, A PAB A LA EAEE 0 HE, %8 MR KIS AR &

2 SR T HI LRI ) 6] -

max z = X, + X, +4X,

X +4x%, <4
St <X, +4x; <4
X;20,j=123
Table 3. Complete simplex tableaus of Example 2
Fe 3. MEMXIEIR 2 B ARITER
C; 1 1 4 0 0
Cs Xg b X, X, X, X, Xs 0
0 X, 4 [1] 0 4 1 0 4
0 X5 4 0 1 4 0 1
C;—1 1 1 4 0 0
1 X 4 1 0 4 1 0 -
0 X5 4 0 [1] 4 0 1 4
¢~ 1 0 1 4 0 0
1 X 4 1 0 4 1 0
1 X, 4 0 1 4 0 1
c -z 0 0 —4 -1 -1

CEEHCA(T): BEY) EMIE 2 RRFEREE, fEYIRRIE x, Nt E, POy HARLR
B2 4, EIERIECH RO, #iE SRR RN BT R/ 0 WERR, APAMHRR 6 tiE 1, £REEHMM
DHIEEAP R I T AN IBAIERTATE6]. ASCEFATIRECNT 0 10 M hn/ AR x N,
1 5 B SE A RE B M BLBALEE AT AR, WK 3. [EIUk, 78 RAUTER SR AR Rt e Ll 1)
i, RO RIEE TR I AR 0 HER AR B AR R, N ERIRECRT 0 MR R AT LRyt
HAE, LR M N R AR

1 3 SRAE T FI LR 17 -

max z = 2%, — X, — X3 +1.5%, + X;
X +2% =X, + X =2
2% +2X, —2%X; +2X%, =2
st =3X —X, — X + X, =1
X;20,j=12,34,5
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Table 4. Complete simplex tableaus of Example 3
4. LMEMXNERE 3 MBI E R

j -2 -1 -1 1.5 1 -M -M
C, Xg b X X, X, X, X5 Xs X, 6
1 X 2 1 0 2 -1 1 0 0
-M Xs 2 2 2 -2 2 0 1 0 1
-M X, 1 -3 -1 -1 [1] 0 0 1 1
¢~ —3-M ~1+M _31M_ 25+3M 0 0 0
1 X, 3 -2 -1 1 0 1 0 1
-M Xg 0 [8] 4 0 0 0 1 -2 0
15 X, 1 -3 -1 -1 1 0 0 1
Cj —Z; 4.5+ 8M 15+ 4M -0.5 0 0 0 -25-3M
1 Xg 3 0 0 1 0 1 0.25 0.5
-2 X 0 1 0.5 0 0 0 0.125 [-0.25]
15 X, 1 0 0.5 -1 1 0 0.375 0.25
¢ =1 0 —0.75 —05 0 0 -M-05625 -M-1375
1 Xs 3 2 1 1 0 1 0.5 0
M X, 0 —4 -2 0 0 0 -0.5 1
15 X, 1 1 1 -1 1 0 05 0
C, -z -4M-55 -2M-35 -0.5 0 0 —1.5M — 1.25 0

T4 IR MESRAFEANE R 1 8 3 1 A S i . o e B IR O T 0 /) x, At RAr &,
PN A I # 2.5 + 3M FE IR IR B b iRk, Hox, IINMELRBONIE, (R E BARATEN BT iR/ 0 BB
SHS A5 ARG 0 POl 1, 725 SR P SRR i KU B T S8 AR, etRA# (0,0,0,1,3,0,0)" ZiR4L
i, IR PP (R P Ry, ZMHIXIRIT 4 4 BOSE 3 /MMIEE 4 N RATEAR . MG 4 1I5E 3
AN RAT TR (e L3R K I BT B SEOM ELAMA S R 2 B, SR 0 A ) — M RIR A i DA
(1,0.5625,1.375,0,0.75,0.5,0,0) - =i i 7 IR fie DL AR ELOXH 48 I AT AR AR AL SR VAR IS, AP X i AL
2 HE R3] [4]. CABUE AT MIRAS R x HEEAR R, HIXHE R ATEIEIEN, Kb A — DRI
(11.25,0,5.5,35,05,0,0) , i%ff 2 IBAEAUME, P e DA 0 ™ 2 45 3R FL A 1) 22 B I A ) —
fr it 3o

i FaRsepl, FTUAASRICLT R R 1) AR R SR A P A B S B AR SRR, Al
TR 2B BNRACARIE DL 2) IBALFTRE KRR AR ARCE TR, CHAERBERUEIET, A
AT B s B SR A ], FEOCER AR SR N LT R AT 45 R — TR AR ) B B IR A7 A
e, TIKIEREAET, AT BUIEA[7]; 3) (ERMMA LA RS, A 2 ERA A
RHCHIE, AIHCR K AR AR B B I HON IE A — AR AR A AT Ot AR i, R S v
AR BLZ MIA 0 LU AR RN, (5B 8 I T AR N AR Oy R AR B, AT RO 6 LUE AR
BN, RERIPIA L LA AR 0 BRSO, 9% FARRIIAS RN B AL i, 4) 2R ) A 7R IR A B
DUARIRS o 0 TR R A R el 1 R I 58 2 A 06 0™ A /N T 2 sl /N A e AR T A A A ™ A%
KRTE, SfFEFRRRRRBOVEME, ROV WM — R U sl BRI, B2 SR LA
RO U R 2% B) AR I A SR AL B RN U Y B AR L 2 e — 1, (HRIREE T RER 24
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