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933 10 O cIfNT carawikfy stpmw teeel (Duality
in L.P.P)

orE|

10.1 &3

10.2 Txe Wi sfifafes g9
10.3 ©wigId

104 T7O0©! FSFE AW TR
10.5 TaoSl €3? Simplex *%fS
10.6 %R

10.7 TR

10.8  SyAteTAl

10.9 SeFwe

10.1 &=

@ @ 936 gre @RS (Al e el [RemeE siflfs w9ig o3
i catamiRia wem o shest aw ) «owca e Tt tee (Dual) e
@3] AL 327 (Primal) 597 I67 203 | R0 18 F317 &y Wwa ol =1
T |

T TG (&I AT (@ 2o “¥7 A A, B, C @2 o7 &1 s smieda
S | (e WAl @ e omie RS e R (A T fod
AT A|fSa oY T 12 SR AN X 8 Y 2% A | e siiel g e
W3 2 A X 8 Y O A 7 Sl e Adice < oAfawd X ¢ ¥ 2w o

7

NSOU



sl A, B, C @ “ifsael, el oMz 32t e ariens @k @35 A X € ¥
Yo e (el 29

) AR el afs @7
A B C AT 7
X 1 2 2 2
y 3 1 1 3
TN ACIG 10 9 3

G4« AT S 2@ A, B, C Amidoffers Rewen asrei 0 w41 aite X
8 Y | o @ ASIMCEA (@R Al T G392 S @ ©fF (6 KGR ¢
TIGE (@ =W | I 9T AR A, B, C @3 [RE=en I x , x, x, Fa w1 =
@ AT S (A wal [Wed @R iy awem AR

z = 10x, + 9x, + 3x, 99 B (maximum)iﬁ?[ﬁq/?f FAC9 (A,

@A, x, + 2x, + 2x, < 4

3x, +4x, +x,<3
X, +x,+x,>29

QS SRS TPTITCE STeid (2l T |

@I @I T S 2@ X ¢ Y U3 a9 A [ sAfamie gwe w9 ©f U
91 Tite &fsfb 27 A, B, C for1 217 5o siwieefa Jeres eiem o1 T @3
QP2 IS X @ Y A (N5 FED (2) FGE I 2| M adfe 797 ey IAFw
v, v, 9% X 8 Y AW &S T & Od @IF NEra Sy (A S v
s cenarwffy o3 -

w =4y + 3y, 99 b (minimum)ﬂﬂﬁﬁwm,

@M, v, + 3v,> 10

v+ 4v, +x,>9
v+ v, + x, >3,
vz 0,v,>0

THATER Y MPTR (@ (FI GO 2T TP IAE SO (@ T JoT Z(J |

QI NG TS 201 (@ Y0 TP & IO 2 TP I6T 261 OFF 8947 (7o
T AFE SAAIRT ST I | [ IR 105 TR 2L SoALNT @ F
TRE @ (70 TPTIHCEE G0 2T TEHFCA A0, (@ TPTIHF (ae eyl 2w 247
A 2]

Tl Trizaee A e it e e (A @S vaw e e

8
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G AN = A I ZER(R AR (I T TP E (I G0 S i
o3 P ) 7 TOT T9 @R | WA @2 A S, TS SR (@
@I e ([RF (AANRE AER tre TR Llifdfes geeiw kel (3 |

10.2 (9 owe (¥ cANANRIY AT ee AT
sffafes g4

QI OS] 2 @RS (AR e WHElre awE $99 ¢

Z2=C X, +Cy Xyt + ¢, x, 9% BN AW [ FACS 7R, @A
a, x, +a,x+ +a, x <b
ay X, +ay, X+ +a, x <b,
a X +a Xt ... +a x <b
B S x >0
e Redw afds caraefRf seemfore Soiaa e tae e 3o1 23 |
W =b Vv, + by v+ e, +b v qF OR[N e TR FH00 =09, @A
a, v, +a, v, + .. +ta v >c
A, Vv, + ay V,+ e +a v >c,
a, v, +a, V,+ +a v >cC
Vis Vyy oo v o>
T 7o WG WFE M FH0E il AR
AT AN
Pd¥ z=cXx x>0
AT AT <D ceeerrecreeereeereenenns (1)
@S A
O™ w=b,v, >0
QAT A'v>c
CRI G B S S x,]
¢ =l cp i x,]
JAFE nx1 FEF 8 WHF (Column matrix) € 1xn FNF AR WHF (row
metrix,AﬁﬁTﬁ'J‘ mxn FNF WIHH @R V=V, v, e vm]ﬁfmxlm@@ml
[ it 3 «ifsas e = Fort s9 2@ )]
9
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QT @I 2 TP (1) R SFE 2 T, @2 9 To0Ha e
IqiFid (standard form) I 2(J |
TEF : (79 MU A (AF AN 775 FAR (T,

(i) 27 AWPF W8T AN (20 BOY) = (@S AN 5GFF A (number of
variables) 43R FoAFSSFE @A *0ST A2 (v > 0RTY) v = AT FTP0IF
B ARAT |

(i) @ 27 TP 53w W ey MFE 8 e WSoffet <7 SFET @R 7o
TN W Wi [T BT 8 g WSofe > WPiEd |

(i) 9T b, by b, 47 A NS A TS A |
(iv) 34 AN B7 *Saifera sl I Afzsa s’ (Transpose matrix) 2(J
tae A =Sofera el GH |

S e e ¢ O O

é]ﬁ@[QfoZO, Xy 20, x, =0
G 5>0 G99 9L v, 20,v, 20,............. v, >0
(I 27 T (A O (@ T (F symmetric & 23 I U0 Arersin
RISEC eI E G (inequations) SNFIA ANF @R TP unsymmetric 57 2
It ArerSG *$ AN (equations) SFIF AICE | AW 27 T (I ©IF 7 A7)
B3 *Soifet AT @ AN T WFIEZ AF O APV mixed type T
TN T G 3 SFIER AP (GG IF A QFIF 5T M L GF, Aol T3
2Co 2ta SR @2 5eefet > 0 %M W T—92 veA9ffeicE oF AlC2RF o[y (unre-
stricted in sign) JC51 (AL A IR |
(10-3) SFCRWM IR0 SURACER AR SNE (47 FeI@ @ are (FF
ceefIfE FME (symmetric, unsymmetric, mixed type) (@® FN S0 F1 AN
a3 95 e Tormeferd Torel B F77 |
CAoN 1 I I TN @ S (constraint) FNFIY SFIE AE O
(7© P Sg bl “unrestricted in sign” 2(J |
C AN 2 I 27 T TETIHF @I 58 “unrestricted in sing” T A (79
TR Sl *6f 96 TAFd 2J |

10
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10.3 ©wWiza4

1. e @Rk @iy (L.PP) tre emil e wga |
2=3x -2x, 93 BIN W [T IS @ @A, x, <4, x, <6, x+x, <5,

—x, <—1,x,x, 20|

ANYH : G 2ne &N [FIES (standard form) T TGT S fo12cs
SR 212 5N 2= (3,-2) [x), 1, ]

QM 0]
1
1

S = O =

-1 -1

GR [x, 12[0]
Xy 0]

TAET APIE (ae AT 21 O w = (4, 6, 5, -1) [v, v, v, Vv,]

@A, 101 07w 2[3}
011-1

QR [v, 2|0
v, 0
vyl |0
vy 0

Tfle oW w = 4v, + 6v, + S5v, — v,
@A v, +v, >3
v, tv,-v, > =2
AR v, v, vy, > 01
2. 9Wz=x+2x,-v,
@MCT 2x, + 3x, + 4x, > 5
2, +x, +4x, > =5

11
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- 3x, + 2x, > 0,
X, X, X, > 0

wRE e T we Tt T 591

AN : ere Y47 BT @el SIFICE (standard form) B1CE S A3,
PERY ==X — 2%, + X3,

@AM —2x; +3x, —4x; <=5

=2x, - x, <0

Xy, Xy, %320
GR @A (2) = — ()
QI e
QS e SFICET 92 Y TP re Tenil 20,
Oy wy = =5V, +2v, +0v,
Q@A —2v, —2v; +3v;4

>-1
3v,—v, +0v; =220 2)
—4v, +0v, —=2v; 21

<R v 20,v,20,v;,20 |

[ @ 7T @@ (1) R 2 wepiitd *$qfam 7 w=eef =5 (2) | @e
Tifha WSoiferm v A2l |

QY (2) TR TPHOA AANGe SNFE 261

I w=>5v, —=2v,,

AT 2v, +2v, =3, <1
=3v,_v, <2
4v, +2v, <-1

g v, 20,v, 20,v; 20 |
(3) R @RS caawiiy el et twe e
3. b3 2 AR tae TEnil o1 -
DN z=x, —3x,,
WEHICHATT 3x, +2x, <6
3x, +x, =4

X, X, 20
FAMGT : G @we 2 AP NE SFIE (mixed type) SR |
12
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QAT LT OWHE 2ol S o7 T A5 |

G 3x;, —x, =4 *Sf5 3x,—x, <4, 3x;,—x,<-4 «ﬂiﬁﬁaw@|
oAk 27 TP 2

o z2=x —3x,

HEACATE 3x, +2x, <6
3x,—x, <4 bl (D
=3x,+x, <4
ER v, 20, v,'20, v,"">20
(1) T PR tae T 2@
KRR w=6v, +4v,'—4v,",
HEACATF 3y, +3v,'3v,""> 1
v, +v,'-v,"'23
R v, 20, v,'20, v,"'20
QAT v, = v," =, T, v, @F BT ACATE odig ve1 =7 (Sfie v, “unrestrieted)
in singn” 2d) |
<Y w=06v, +4v,,
ASACATT 3v, +3v, <1, }

2v, —v, <-3;
v <0, v, 5% AICF oY 5 |
(2) 7R AP = ooy e A |

TEIJ : I SN &5 FAR (@ 4 FPTITA (in the given from) BT LM 2
T (2) M (FS APPF ST MAF A | A=A 4 weia o w6 v
AP RETR, AT v, 5e1ib 502 &4 (unrestricted in sign) |
4. faa ARk canamfafa semte twe wem iy w59 -
o 2=Tx; +5x, = 2x5,
HEATIATF X, +x, + x5 =10
2x; —x, +3x; <16
X, 20, x,20, x; °F ACF SAY 54 |
AN : QA 247 TP @19 T3,
b 2=Tx; +5x, = 2(x3'=x3""),

13
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ASHATF X+ X, +x3'-x5"'< 10
—(x +x, —x3'=x3"")<-10
2x; =X, +3(x3'=x3"") <16 e
=3x; =X, +2 (x3'=x3"") <5,
X 20, x, 20, x3'20, x3"'20

(@W, x3:x3|_x3u)
(1) T Pifoa 7o w20,
R w=10v,'=10v," + 16v, + 5v;'
HEAATE V' = 2y, = 3vy 27,
V' =" = vy, v, 25,
V"= v+ 3y, +2v; 22,
v+ v" =3y, —2v; 22,
v,'20, v,"=20, v, 20, v;20
QT v, -y, =v, @ (2) R AU @ T,
R w=10v, +16v, + 5v,,
*SAAF v +2v, =31y 27
V=V, —V3 25
vy +3v; 2-2
v, —=3v, —2v3 22,
v, 20, v;20, v, °F AATF S B |
SR T FER @ (3) R OTE vl ¢ vodf 1 ufe *r$7 rger |
ek el tae Tonh =,
Oy w=10v, + 16v, + 5v,,
NEATATE v, +2v, =3y 27

Vi—=V, = V325 )
vy +3v, +2v3=-2,

AEI : QI S 7% FAMR @ 4 TG dew #$6 THiwad 26w (7o
AT v, 5ells 6% AMICF S[IY (unrestricted in sign) Q3R 2 PTG xSfF?
ANHACF SR 551 2ETR, (7o Tenifod gor 66 @ 7w |
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10.4 (ae®! WP T AR

N3 Sotsimaferce 32y M @slie =M (standared form) €& TR SEIN

327 TP 25

CEC I T S (1)

WEANATTF Ax<b, x>0,

QAT X =[x, Xyserenen. X0 T =(Cpy o ) © =[bysbys e, b,] @R A @I
mxnmml

QA (1) 93 Cae Twenif 2@

AT W =B T eererereerrrerrsern )

@A v =[v),Vy cvee. v, ]

oo 1 : (I 2 @RS (AR TPTE 7S TR @S T 203 247 A7 |
el @ QI (1) 718 P @R (2) W eWn (1) 93 (@ Tem |

Qe (2) W AP WHEARSSIE a0 50 TP I a0 I T
BT 0, = —b' T, covreneresnnrens (3)

QAT -A'v<-c, v>0

R = (w) =) .|

7e PTIE W& SR (3) @3 tae i 2,

TR 7, = (") X,

@ACT —AX> =D, e 4)

AT (4) R TrpilE FEkiReeE@ aFm a7 -

PN z=—-(-c X),

@A —(-AxX)<—-(-b), 20

A BIT 220X, covverrrrrrr (5)

@AM Ax<b, x>0

QL (5) 7 PTG 261 s 2 T71 | ek Soiomis eifde e |

CAoNM 2 : M x @R 7 IAFE (1) TR LAPTOTF @R (2) TR I (79
PR FIAFT TN T, S, cx<h'v |
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A : (1) R I IOV G0 TG AWML 1 = Ol AR

AX<b, 20 (6)
SIS (2) TR 07 TP 5 GF0 FIEFT ANGT T S A
A'v2C, 720 ... (7)

G4 (6) (A TN A,

A, vVAX<V'D, (7'20)

SR (7) (AT ST HATE,

(A7) =2¢c

OGS (A'v)x>cx, (~x=0)

L X <(A T T oo 9)

Q4 (8) 8 (9) (ATF WA AT cx<v'h

A, ex<b'v)

QA by @36 1x1 TR TH 2879, ¢ v)=b'v

oIk eNTS &5 @, ex<bh'v

CoAWg 3 : I 3 @R §F IAF (1) R [ TPNF @7 (2) TR 70 APTE
FIFF TN T @A 3" =p'7", O 37,7, IAFE TPTYHA 5 (optimal)
AL ZCA |

A : QAT (ST TR ¢ X=b'T oo 10)

QAT L AF & (1) TR PO @ (@ IS AN |

SR 7 (2) R 9T 96 FAFF AL 2ETF Gy, SANM 2 ST S AT,

Q2 (10) € (11) (ITF N B ¢ x<c x*, T (A SN o 21fF @ T 5° 740
TI0T GFT 5I ANAE [QAH 7 57 T RIS 2T (objective function)
DAY VI (maximum value)] |

SIACNE x° Y U @Fh FF TGS 26TF @ AP @ (&
L 5 20 S 2B 68 < T oo (12)

oA H'v2b'v, T (AR T AW @ v T (O P G0 5IN AN |
(@ b 7 25 RAANGF S (objective function) SIS [« (minimum value)] |
TR SoAom awifds 2o

16
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CAN 4 : W Y WOV @R (7S TPTEF @ (@07 @FH T 579 T4l
(finite optimal solution) 2F B S+ATAE GFH FAW 5IN AN AT |

(42 Ao (Roeld (Ne © Ay &1t 2 (Fundamental Duality Theoren)]

a2 Toeimfs FwfReeiae [ge w1 @m:

(1) 72 2 FPPR (I FIAFF TN SN AT 5° TN 5 AT 20 T 9%
@G T (2) 7R (7 AT G0 FLFT AN 7 e W @A e 5 =b' 7 |

amia : QI (1) R TP N2 em @3 TiBE Simplex 2ot A4
A &) m ALY Stack variable (9 FICO JJ |

QU FTFAR b =[b;, by, .......... b,] CSILANLI GF@ by, b,,.......... b, TR
ACOICE >0 I8 29 I |

m RAF slack variable (F X =[x, x; oo x, 1 W8 (column) (@FHH AN
o FACE, (1) «R TP @4 @14 T |

b z=cx,

HEAACEF AT+ 1, T=5 oo, (13)

x>0, x,20

@A 1 25 m x m S G TS (unit matrix) |

G T F AF @ (1) R 27 T @F0 751 539 T4l =iez | oieet (13)
T2 AT G 50 (e FLFF AN (basic feasible solution) #leT AN |

£ A (13) R AEFIBF 59 (a1 FIEFF AN (e 51574 (basic bariables)
(SIOAM x;, = [xp.Xp coornnns %, 1 @R B € Cp=(cp.Cp e cp ) 2o TV S
fofe s (basis matrix) 8 RETRE SAFE SIA GE ve19ferd 7=oma AR
(,WSTN (row vector) |

ol S %, = C, B

QL xp (A (13) TR TOTE G0 50 e AN AT AR A, SN AR
2;—c; 20/ -3 (@ (FIq AR NN Gy, (TR

Zj :ZCB; Yij
i=1
QAR [y, Yajsevrmeereereenene Vo)
=B (A1)
SigeE SE B14CS AR T, B (A, 1,) 2@, 0) oo, (14)
Q49 C, B! 92 row WG v* 74l ot 1 915 |
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wiaE (14) (A SEl AR
V' A2C, V20, 15)

A, Avize, vV 20 (16)
[Q2TE (15) (8 § 96 row WHH @R (16) 8 § 930 column TIG 1]
Q4T (16) (A &7 T @ 7 (2) R o Tomoa S G 501 @R SIFe
p* Z (1) | I APNI0T 7o AP @ FIEFT AT |
] 2Rl FHE @ 77 = (T, B, (2) % 7 WeNI6a @fG 5= S (optimal
solution) |
U (O] T RETNE SorwEa (objective function) BN W (maximum
value) (T (z) ., = ¢z Xp
=Cy B'b, [X'3=Cy B™']
=(@)'b
=(v"b)=b,v"
[v" 5 93 1x1 SR WIGH ST & 5" 5 = ("' b) ]
QL BATIR TN 7o (G 2T TP 8 NN (7® TPUIR) (FF0d 24 TP
@ (7S TR KA SR e AN 28T Gy, © AW 3 (A SN 61O
AR @, 7 =(C, By (@S FPNITT @6 57w AN 27|

Q4 SRIFACIE (2) TR (7o PP G0 5I AN 3° Sy 4@ o S
el e A @ (1) 7R 3720 PG GG S AN AN A GR (2) = (w), |

TP : (I (IRF (ARG TP TN 59 AN AT AR 9R @FITNG
T Y2 TG € 17© TP TOEIR AT O3B IR FIILF TN e T |

ane : e g |

AE3J : Simplex 2FoTe 27 (@RS (A TR 53w T el Fce, Sotolm
(4) (A Ol re AT vaw AN el Faw Foa Al AR -

Tft 5y TETIBCE 53 W (maximization problem) F0o @R “<” SBPIIF *1S
2;—¢; 93 AT (A (@S AP I AN AN A |

SIS A A (@ q2Y PG S W el FF® (minimization problem)
ST @R “>” SFIER *REACATT TN F1 27, OIZET 5 AN @ simplex
table (2CF surplus 5 5 @3 W9fera % +ifida T (e TR b3 AT
2SN S |
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B9y 5 : T I TEma [T S FEE (objective function) S S_1Y
(unbounded) T O (TS AP (I FIIFT AN AFE 1 |

&Y 3 0 A (1) 2 324 PO RS S5 R4 (unbounded) | W A€
23, 431 TF (2) TR (7S TPPIF FRSF AN (feasible soulution) STZ | Q31 27 75071
7S TP TORRE FILFA AT AR, SoAol 4 OF SEIPFARG (2T I T (= 71
3R (7 T TSEE 5 A (optimal solution) ARFE—! GG SPTEI FIF< 27
Trifta Ko Serss sy Sidie 3QF TR 5% AL (12| TodRk eifes 251 @
@S TP (e IR T ARFCE 11 37 325 7enifa [ s o[k 23|

T AN 6 : AW (7S TV (I PG AN 1 A QIR T2 FAIF FIFF AN
QICF, ©OCI T NP [EERINMRAC ek (objective function) 3«14 (un bounded) (< |

Aie : fts |

10.5 teo®! Simplex €3] “wfe

] T FER @ (Fool GNE SANIR TR 4 PP (A (7o TP1IR)
BA AN (IF e W) simplex “fore [ T3 @2 AH! TS AR (A
2 TOTR) 5T TG [ T w1 @3 @pieel s e foait Ssicd s
TEY FAR—

AW fAIw : Toiviw (4) 97 PRI W weE@E Wy @@ el s
Tl 2RC2 |

fad faaw : I Sy AR (A ES TETR) @ 5E (7S WeTE (A 4
FTE) @ artificial 5 el AAFS (related) T OFH 7C AWGTR (2
) 5N TN @@ Simplex Table €@ “net evaluation” T S arti-
ficial 5eT Q¥ TNC6= AAIMBTS penalty cost M G S *[+() 40 G TG Sejg 2l J2
5T (129 BER) W ~Aled AE@—a2 FREba awd @i (e 263 1 |

(10.6) SToRTTE SwRAY (4T fNawls =8 =J|

QO A : AW Y TETR A (7 WU (@ GFoF RITS SAHEE W
S (unbounded) T O ST (FIF FILF TN AFCE 11 | ool (5) @R
ool (6) (ACF @2 g =l el A |

TG : (Ao AL [ ST @RF (A& TR (L.P.P.) AT« F1 377
2| (@ &9 L.PP.-(S, T #TST A7 5CaF R Do @ 23 Oz (1w
t7s T (TR *ST AT 2T ITPTIR HCAF AT A) AN I J2 A=
AN e S TEE 2@ |
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10.6 Sz

1. taoed JEE e @RS aawkig (L.PP) Femioa 53w g (I «hvew
) faefar g -

PER 7=3x, +2x,,
HEACATT X +x, <1,
X +x, <7,

x; +2x, <10,

x, £3
X, %, 20|

AMAS : G SE ITPTF *08T AR 4 AR BT MRAT 2|
ane <7 TPMOE @1 T,

PR 7=3x +2x,,
HEACIATF x, —x, <1

X, —x, <7,

x; —2x, <10,

x, £3

X, %, 20|
O Are YR PP (ae AP B(S,
EEY w==v, +7v, +10v; +3v,

#EAATT Vi +v, +v3 +0v, <3
=V, +Vv, +2v; +0v, <3
Vi, Vy, V3,V <0
93 TAER 7o AN NeF SIFIE (standard form) 2FM 1 T,
PERY wy =V, = 7v, —=10v; = 3v, + 0vs + Ovg,
IO “V Yy F V3V = Vs =3, (1)
=V +V, 205+ Vv, =V =2,
R @A v, 8 v, 26 beT |
QS (1) TR PP 2ol wiGHG ==

-1110-10
11210 -1

0
@A G0 T (SFH4 (ljl
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Tk eidfis fofe (basis) b fesn fofe (eb3 ((1)] ACTT & B

ANSAT G v, @3 M, (1) 72 7o AP0 Fod modified SwC =74 A |
o w,=v —Tv, = 10v,- 3v,+ Ov, + Oy, — My,
RSHATE v, +v,+0v,—v.+v =3
v, +v +2v +v, +0v,— v+ 0v, =2
Vi Vy Vi, Vs, Ve, v, =20
@R M (>0) 96 A1 A @ (I A A R I8 441 2 |
@2 Simplex ST ML Face I Fea A9t e a7 (deiF9fer ebfere

el IR T TEAR@) |

‘ [ T-10] -3 0 -M
Ty B Ve | b a, a, a, | a, a, | a, i,
-M | g v | 3 | -1 | 1 0 -1 | 0 1
-3 | & v |2 | -1 [ 2 | o | -1 0
el M+12 T—M+4 -M+d |0 M 3 0
-M | & v, | 0 o | -t | -1 -1t][1] [
-7 | @ v | 2 | -1 1 2 1 0 | -1 0
7, - c 0 [M-4|M-4| M [-M+T] 0
0 i | v |. 0 o | -1 |-t | -1 T
-7 | a | v 3| -1 1 ! 0 | -1 o0
z, - [ 0 3 3 7 0

G SASACE (ST BT T artificial BT MR @R j-4 Fwe] T G z,— ¢, >0 |
SR (1T AT (AF (7S M B A (optimal solution) 2SN TIGI | (71 AR
WWWWW@\/l:O,VZ:3,v3=0,v4=0@W(w)wzﬂlwC‘W
KA z,— ¢, 4 AMKCS surplus 557 v,'8 v qF TUFH BT AT T 7, 01

ORI AP DI A x, =7, x, = 0 @A’ (2) =21 |

2. 1053 27 SemifS AMAE Simplex FFA (ACF 3K (@0 TPNITF 5I AN
(@MW fe TR) el T

EERY z = 5x, + 12x, + 4x,,

W‘?Tﬁﬁx +2x, + x, <5,

2x - x, + 3x, =2,

X, X x3,20|

1’
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TG 2 G (7S TETR 4O 5a1 v, v, AR @A v, 5310 =0 B> AATE
S[@IY (unrestricted in sign), FFe 7 TEH 7o *$ Wtz @R @A fForw =$H
AN SPICH SN |

Qe slack el x, @3¢ artificial b1 x, TIRIT FCI Y FEWHA F6T modified
IIFEG sied A |

IERY z,= 5x, + 12x,+ 4x, + Ox, — Mx,,

5
EANATT X+ 20,4+ x,+ x, -5
2x+x+3x+0x -x, =12,
XX, Xy X, X2 0
@R M (>0) @6 A T @ &9 A AT (AF @ 43 A
@2 Simplex ST ML Face I Fea A9l e a7 (deiF9fer ebfere

el IR T TEAR@) |

rj 5 12 4 0 -M
T B %, B 3 a, a a 3
0 a, X, 5 1 1 1 [ 0

-M i, X, 2 2 -1 0 1

o= -2M-5 -12 | -3M-4 0 o |
- i
0 i, x, _l% %— T o 1 -3
4 . T, % % -1 | 0 ]
Z, - &, -3 | -% 0 0o *|m+4
12 | & X, B I 0 3 -1
s | & v | 3 0 i L 2
. 230 i! 40 _4
= 5 17 0 0 7 | M3
12 | & ¥, : 0 1 -1 H 1
- . 9 1 1 2
: a ¥ 3 ' 0 5 5 5
. . 3 29 -2
;- 0 0 2 LR

(I AIRACS (T T S artificial 557 IR G<R j @ FFTACTI &) 2,— ¢, >0 |
TSR T ARG (A A AWE SIF AN (optimal solution) 2IeT A |
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4l TR J2T TPTF AN AN Z& x, =

CRIE (2),, =28

RISIENGE] )‘W‘ﬁﬁ z,— ¢, 9% AT slack 557 x, IR artificial 557 49 TSI 05
sReioffer qelier 2 M—— |
29

QWM:OW,WWBWWWW v1=?,v2=—%

GR W) g (z)m:28%

QA THAT @ v, 5% APICF SQ1Y (unrestricted in sign) @R v, 2.9 |

5
JOAR TS TP HI FTNN 28 v, = 2 2

N
5 > 1
R (w) = (Sv, + 2v)

5
141 1
—?—285 |

3. TFeod ARE @R @ 3 (@RS (laikid e @ SR T @2
B[ =X — X,
AEHATT 2x, + x,> 2,
x +x,<1,
x, x,>0
AN : awe MPPIGE @1 T
B[ =X — X,
RSHAATE 2x, + 2x,> 2
-x,—-x,> 1,
x, x,>0
93 2 AR @ it 2@
PR w=2v —-v,
AEHATT v, —v, < 1,
vV, =V, s—l,
sz, v,20
aw%wﬁwﬁwaﬁ%mm&fﬁmﬂwwm
PR w=2v -,
HSHATE 2v —-v, <1
-V, -v, > -1,

v, v, 20
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3 If6F MIGeT (equivalent) SIFF T
EER w=2v +v, +0v,+ 0y,
HSANATT v, -y, +v,=1

-v+tv,-v,=1

Vi, Vy Vg, Vv, 20, @A v, slack BeT G} v, surplus et |
G2 artifical 551 v, T FC AR 78 TG 059 modified SFEG AR |
oI w=2v +v,+ 0v,+ 0v,—- My,
HSANATT v, —v,+v,=1

-Vt Vv, -V, + v, = 1,

— Vs Yy, V,, Vg 20, @A M(>0) G0 T @ (P &Y FRYE (AF T

SHEl
@3« Simplex *fete T Face o fwa AFNYfE “lem a7 (Sl
2pfere od T I TEE@) |

| £ 2 1 0 0 -M
C B Vg b _EJ i, d, i, fy
0 i, v 1 2 =1 1 0 0
-M a, v, ! -1 [1] 0 -1 i
7 - ¢, M-2 | M-I 0 M 0~
0 i, v, 2 [1] o | -1 1
| a, v, 1 -1 1 0 -1 1
e = -3 . 0 oLl -1
2 a, v 2 1 0 1 -1
1 i, v, 3 0 1 -2
i - : 0 0 3 =3

G anmmﬁm%zj—gaawmﬂ?ﬁW(mmﬂmm
M) & — 4 @R @8 AT 7,93 FE I /g y,=-1<0,y,=-2 <0 I @3
WS (@I oM 4T 77 |

TR (7o WPPITT RESE S+ @14 (un bounded) Z(A | OIE @ne I
TGE (I FEFT AN T3
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10.7 1=

YT, BAN z=c X, OAATF Ax<bh, x>0 SFEI @RS Ay T3
(27 A TF© AT S (ST TECR | AT 217 (@ (FI SIS 2 AN (53
T A SR M T MF® ST << «>” =7 @ @ TFIET AF GR GF
GFIHF BT SR AFES) (7o T foefsl FA17 +1fs I 0= | G2 7% F41 (510
(i) [T FFATNF TS AT = (7S FANATF 5TAF AL AR AT FATF 5TAF AN
= (3 AT AST AN | (ii) W WO &I 561 ©F AACTF T4 2=, (7
SPTIR Sl *S6 =" SFIH Z(F 43R 2T TPTIF (& *1S =" SFFS 20, (70
TP S 5 B AATF 2J |

AL (7ol (Duality) FE 595 SoA=mefe1 (A fova REwafet s oo

(F) Simplex TS Y47 T €3 (7S TP TSHIR 4F2 AN (AF 5IN
A (I 93 ey ) fofa w71 9

() 2 M € (79 MY TORF RAANY SCo(FF 53w W+ (optimal value) @32
Q[T 5I AN SAeT AT |

(o) W 327 TPV REAGF SFoHF T FAY (un bounded) 2T X (7©
AN (I FILFT FNGIA (feasible solution) I A €< (7 AT RITAS
TCAFET W G A, Y N @ FLFT A QI T

10.8 SpAeTa

e drosi (1-5) @RS iy wseme tre Tem Fdw = -
1. DNz = 3x, + 4x,,
ASHATT x, +x,< 12,
2x, + 3x,<21
x, <8
x, <6,

X x2s0|

P
2. Sz = 3x, + x,,
SMEACATF 2x, + 3x, > 2,

X +x,>1,

x, x,20I
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3. PN z = 2X1 + 3x2 + 4x3,
MSHICATT x, + 5x,+ 3x,=17,

2x, — 5x,< 3,
3x, — X, > 5,
X, x,20

GR x, AN (unrestricted in sign) |

4. bWz = 2x, - 6x,,
HSHATE x, — 3x,< 6,
2x, — 4x, > 8,
x, — 3x,> -6,
x, x,>0
5. bz = 2x, + 3x, + x,

ASHACT dx, + 3x, + X, = 6,
X, + 2x,+ 5x3= 4,
X

" x2x320|

6. tae Tifo v F@, Mo @RS ey T saw e (I
Qe el g -

PN 7z = 3x1 + 2x2,
SSHIATT x, +x,<35,

AR x, X >0

7. Simplex “Ffece fpa @RS catamffy swem Sae s99 @R oF AR
(AF (7o ATIHT 5w TANgE ey T ¢

Oz = 30x, + 23x, + 29x,,
HSHATE 6x, + 5x,+ 3x, < 26,
dx, + 2x,+ Sx,= 7,
X, Xy Xy 2> 0
8. taoela MY M @ Wbd (@RT (AawiE sSweme [REee S i
Q14 (unbounded) 2 |

PN 7z = 3x1 + 4x2,
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X, +x, >4,
X, — 3x,<3,
x, x,>20

1? 2=
9. Simplex *#fs A2 F@ @A @ 537 LPP-B7 (7o W @ F1Esa
ST B |

PN x, + 2x2,
pd
MOANCATF x, + 2x, > 1,
-x +x,<1,

x, -0, x,>20

10. Artifical 581 217 7 & Simplex *Mfoce W5x L.P.P-T aw T4 :
Oz = x, + X,
AMEACATF x, + 2x, > 12,
5x, + 6x, > 48,

x, 20, x,20

[ FCFS : (7o ARG AN TG |

10.8 CeqIe!

1. 9w = 21v1 + 21\)2 + 8v3 + 6v4,
NSHATT v, +2v,+v, >3

v, + 3\/2 +v, 2 4

>

9
2

Vs Ve Vi Y, 0l
2. PN w = 21v1 + v,
SEACATF 20, + v,, < 3,
v, + v, < 1,
v, v, >0l
3. O™ w =Ty, + 3y, - 5v3,

AEH AT v, +2v, 2 2,
-5v, = 5v, = 3v, > 3,
v, +v, =4,
v, vy 2 0GR y BF AATE o[

2
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4. SR™w = 6v, - v, + 6v,,
HEAATT v, = 2v, v, > 2,
-3y, —4v, + 3v, > - 6,
v, v, >0l
3. 9w = 6v, + 4y,
ASHATT v +v, > 2,
v, =5y, > 3, dR v, vzfré AT QY (unrestricted in sign) |

6. x, =4, x =1daxk (Dyry = 10

o 161

7. x, =4, xz_%,x3=0kﬂ?f\ (z)sw—%,
23 o 161
v1= 0, V2—7 R (Z)Wm %
8. x,=0,x,=8; AR (7)., = 8|
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@33 11 O +f3324 Trwe € L.P.P fFNE &2 (Trans-
portation Model as L.P.P)

Fo

11.1 &SR

11.2 2fS¥32" AT (Transportation problem) Nfafes 4
11.3  +f332d 5oz Redw swsih ey

11.4 Loop 93 413 @R A9 MOHT AN 937 AT
11.5 ©wiz3e

11.6  iFIe=

11.7  Septerat

11.8 ©&IHE

11.1 &S

AlFel AT (&Aleiffd TR (general linear programming problem) @6 R
EES #/f2<=e T (transportation problem) | G2 TR (@ [{eT T (commod-
ity) FEFH [ROT Tgen (TeH) (A T FEF0 TS (102 ee b sifsaze 495
(transportation cost) T 2F OICF AR FHC9 2({ | EEITERCN e (origins) FZ9feTre
Teoive AT (availability), €5 =19 (destinations) BIf2W (requirements) @
7553 ofS @ #IfF9%e 496 transportation cost) (ST AFCE | AT (F0q #ifgq2
TP @F0 TWRd @eT TS

T G, G0 I AT eFEFITSF FRNF SIAed [feq &g 86 Serme Fiaa
Wz | Seslifrs #f1Tw Sred 50 a4l *=ea «iei 2z | [Kfen Femm il siNEs
Testmea wifasiel (e [fne ST, Kfen w1z Jie! ANE 5ifenl @3k arters Sl
(ACF T (@ (I *12(F @3 @R dfe qFFa ARz 176 e R | 92 AOTF
IR (ACF ATTIF *2(F AN TR AR (2o So™ (5 B 2 FCF
G &reS g vifewl Wiow) e sace 2@ Tite @6 «ifFze 196 Fow F5 3 |
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11.2 Af9329 e N{9fes g9 (Mathematical for-

mulation of transportation problem)

4 I @ Ged m T ST (origins) O, O, .............. O a9k n R SRIRE
D, D, o D.

wwo@eﬂw@ewwma@om—l 2y e, m) @R D, TGIJRE
SIfE b, (>0) G = 1, 2, oo, n).

WO@W%{ (ACF D, STEFRE A G A x, G5 (i = 1, 2, ....m;
j=1, 2, ....... n).

EIGR X, >0.

QLT mn AT 551 x, (i=1, 2, ... m; j=1,2, . n) 43 W 77 400 Tce

Zn:xij =a;,i=12,........ m)

j=1

GE lej=bj,(j=1,2, .......... n)

i=1

FNFesfer B (satisfied) =7 |

S T S TeATS WG 4F G O, T (AF D, SIG2aT AIes Afazed
A6 7 cij(i =1,2, .. m;j=1,2, oo n).

—ma AR @G 2 4= Il AR

= (€ X F CpXyt +c x )

F (€ Xy F Cpp Xpy F i +c, X

.................... +(c, X +C X F s € X )

ml m2 " m2 mn "~ mn

SIZE @l te @ 99z A Wew LLPP i@ @9 99

m n
QY L= chij Xij»

i=1 j=1
n
pd — .
*OANATTE inj_ai’ i=1,2, i m;
j=1
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m

A D a, =Y b, T O@ A<zl At AwOIAo (balanced) @1 T G=R
i=1 j=1
2. # ) by =@ Fonlfee wermetsfe (unbalanced) I 20 |

i=1 j=1

iz Tlsfe AAfiRRe WETE ¢FE @6 SeAifre T HAfg @3k @IE wifEml
AT 2CS |

S T FEfR @ AR T Fed v R e w1 991 @3 515
513924 &F (transportation table) I |

N W&
D, D__ _ _ _ _ ____ D
Ol Cll Cl2 Cln al
02 c21 C22 _________ C2n Cl2
| |
| |
I ................................................................... I
BA R | |
| |
| |
Om ml Cm2 _________ Cmn au‘
b b __ _ ______ b

Af33ze AT (L.P.P. ) s 34 -

m-6 a1 g% n-T gy [IRE sAfaged el (1) 72 23 =9l <o e
FPGCE (L.PP. @) iihd @3 AR Wd SiFid o Face i -

O z=cC X,

REAATF Ax=h, x>0

AT X =[x, X peerennnn > FR x 125 mn ToAleH (component) A% 40 ©E
(€39 (column-vector), ¢ = (Cpps Cpppenenens Cpprrvsenons c,) 2 mn Toien [AE @l
AfF (S84 (row-vector), b =la,a,.... a,b,b,,.... b ] GF0 (m + n) TARRIS

TG (O34 G A = (@, 8ppreeeennnn. 2R @,, 1T (m + n) x mn ST 725 WHH
(coefficient matrix) @IC a; 2 x,; DETH ¥E 34 |
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11 12 1n 1
x21 + x22 + o + x2n = Clz
X + X 4 + X =da
n1 m2 mn m
X, Xt +x = b,
” Xt Xy F o +x = b,
X, + X, F e, + x =b
n 2n mn n

@3 TR reTl T
@I ARRRe TR ARERe 2F0 o (el 29 |

D, D, D, aq
o,| 2 1 3 |10
o, 2 4 1|15
0,| 1 1 5 5
0, 6 2 4 |20
b, 30 10 10

QI 4% TeomeE @3k 3% T8I Wity @32 eI Al Fe

iaiibj =50

=1 j=1

T7ifoE L.P.P o7 fordest siwat #4713,

Oz = 2x,, + x,+ 3x, +2x, +4x,+ X, +x, +x,+52x,,+ 6x41+ 2x,,+ 4x,,,
X, + X, +x, =10
X, X, + X, =15

X, + X, + X, =5
x, +x, +x, =20
X, + X, + X, + X, =30
X + X + X + X =10

12 22 32 42
+ X, + X, + x,, =10
QYT ?JW K (constramts) AT 4 + 3 =7 R v ‘;T\?UT 121
X, >0(@i=1,2,3,4; j=1,2,3)
GG AT XS (constrains) MRYT 4 + 3 = 7 @3 BCETF AW 121
G, p = [10, 15, 5, 20, 30, 10, 10]
c=(2,1,3,2,4,1,1,1,5,6, 2, 4)
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QAT 729 WA A T

11100000000
00011100000
00000011100
00000000011
10010010010
01001001000
0010010010T1]

A G 7 x 12 o Wi
SNl & SR x ), DT T (9FF

ap = =[171+[0]=¢ +¢&

S~ OO OO
=N elellelle e
SR OO OO 0o

@AM & T (443) x (443) T 7x7 FNG @AY WIGEF (unit matrix) i ©F
WE (O34 | Y ©IF SN AT

a;=¢;+e,,; [Q490d m=4,n=3]
=e+ey,

11.2 ~ifF329 AR [T FEFO @Sy

A ARl (AT SR TR [ RS0 @R Tl @ @9
ARAZS AT AN AT FAE |

CAAW 1 m TRAF B QR 1 FRAF 1SR [Gf#8 i<l (balanced) #ifFzze
ST (FCq (o1 HCeTd (basic variables) A FHES m + n — 1 2|

A : eSiwafera evfere e, oifize et e S ae F91 T

<Y Z:iicy Xij»

i-1 j=1
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i D x =ia[= By oveereenreenns 3)

i=1 [ j=1 i=1 j=1

Q2w (1) 72 *$9feT (constraints) (A SN A

n—1

2 ixj =D b e 4)
i=1 i

=1L

Qe (3) € (4) (AT I AR

al, D %, =b,, T SR n ©N *S |
i=1

©rEE @A o @ (1) € (2) 93 @I (m + n) B *c$7 Wy @36 *1$ I grea

TS AT | 9TR (1) 8 (2) 71 e FRFe TGAF (@ G Ge T (basic

solution) GT& 5CAA RN AAEF m + n— 1 A\

T o9 2 (T (I sTrelolel #ifRazel SR 71 FIIFR AL (feasible solution)

e AT |

AN : POIeIfTa eSS O, m P T T n WLAF IBRE [IRE oIfFaze

MPTE (m+n) TS A9 41 7,

ixij =a;,(i=1 2,....... 177) O €))

j=1
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m

QT D= Z_;bj =S (S TgA)

i=1

@@ a,>0,b,> 0 (i=1, 2, ... m; j=1,2, . n), S SR LITF 2 |
b.
G4 S 2T T4 @ ="’Tf (i=1,2 v, my j=1, 2, e, ICRES

IG5 PRI A 2 | SN 5T SR @ 4, j G AP A Gl x> 0 |

“’Sf 4@ oIl A3

b &
=?j;ai
b; .
=§f.S=bj, (=1, 2, .. n)
b.
ORI i, j € A A Gy = L € AR PR (1) T 6 (2) T 97
e W16 B e @ x> 0 (= 1, 2, e, m; j=1, 2, v, n).C

Toqq Az A6 FHAFT AL ST (o |

CoAAW 3 (@ @ 2IfFaze TR RIS SomFaa i $2=8 91914 (un bounded)
2@ R (@ (P FRGF AN (@ G S JPRO(( AMOIC| (arbitrarily large)
ICT =1 |

A : W g AR TP T

m n
o Z=Z Zcz‘j ij»

i-1 j=1

AEAATTF D %y = (=120 m).
j=1

NSOU



xiij(i=1, 2y e, myj=1,2, ... n.
G S & AR @ (PIF PP ML X, X pyeveoeeennee X eeveeennns x 1499

ij mn

T <D % = (- x, 0, i, j-4F I ACTH Te))
j=1

GR <D % =by (j=1,2, . n).
i=1

TSR i, j 9 AT WA G SNl A2
Osxijsmax{al,az, .......... a ;

) 1° 99 eeeeeeees n

IR G ciij(i,jélﬁWWWM

S, @ (@ FEFT AN & z > 0 A

Qe SAfqaze TS e W T MFE LPP 260 4R @ @ IR
TAMLIETT Gy [TIGSF TS 7 9F W > 0 28T 7z 9F T FAF2 QI (un
bounded) 23 91|

= (1) cwwwwmﬁmmxﬁmmmw T A T
STedq TALH aifde =57

TEY : ARG @ @ ATois) #ifFazd TPE FFF TG AE 9R 9o
T REAGF AT T IR SN 2O A A JoaR (@ @ Aot
A2 AT 5IW AN (optimal solution) NeT T |

G AfFe AT St [Qeiw WHE AP T 29Te! G SNl (!
@ AQFY L.P.P-F T simplex 2 IR 7 303 & Ry smfore «faza
HAN ALY FF ACT |

11.4 Loop €3 41391 @32 #fq3z4 e ANGH @3
A

m T BT G n WAT TGS [RE AFa2d WerE @9 SS9
AN,
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[X, 0 Xy ceennns Xip coreneunns x 1CF T wFa AR g4 H F9 |

D, 15 SO D
n
O1 )C11 x12 ........................ xln
0, x, S PO X,
Om - PR TP TR x

G 2fs 5AE G box €T & @A TR | (N6 mn FRASF A mn
FRAYF box I A (TG AR | x, 516 | ©F A G j ©F FE box 9«
Wz G @3 box BT SEI (i, j) cell I |

SN T TR @ IM om = 3, n = 2 T OIS @6 60 55 @R 67 cell AqFE
G3R AU T X, X0 X, Xy Xy Xy € G cell 9T = (1, 1), (1, 2), 2 1),

22),@3,1),@3,2)[H

7 RE MR 2R(CR ] |

Dl D2

Ol ot Xia

02 x21 x22

03 X3 32
SR 0o TTEe FCAR @ (1) T BCFH SGIH 2CF ARTRA A6 ¢, €y e
A c, (F (I GR G99 =FF Az =& (transportation table) <7 |

tﬂ?ﬁm (&, j) cell @5 N ¢, T 2 |

&4 (Loop) : IIfF29 =T 7@?{ TRAF cell UF G (sequence) T2 & W IM—
(i) @ &= g AfHe® (adjacent) cell #F2e 21 B8 A GF2 AT AT |
(il) SN 7977 (consecutive) 7oA @M cell G33 AT A 9F2 T A 1|

(iii) TFER 2 GR T cell €3 AR A 453 BT AT |

(iv) S SARRZE BT FAACE Yo AR A g B8 G FAC® A |

p3 oifRed =@ (% BHrgd AR IEF0 g2 @ 24

[ @3 cell §fe1 ° @7 A @RIEN 2R ]

D, D, D, D, D
O, ¢, € Ci3 Cia | Cis
0, ¢, €y Ca3 Co | Cos
O, €y ) C33 Cy | Css
O, Cu Ci Ci Cap | Cus
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() D D D. D D

1 2 3 4 5
o, - . .
02
03 [] . °
04
QI loop @3 cell 9f61 251 (1, 1), (1, 3), (3, 3), (3, DI
(b)
D, D, D, D, D,
5 ° - T P Y

w

© O OO0

o~

QI loop @3 cell & 2#1 (1, 2), (1, 5), (2, 5), (2, 1), (4, 1), (4, 2)

© D D D D D

1 2 3 4 5

1,...

e - |. o
2

3

© O O O

4

QA cell ofe1 =& (1, 1), (1, 2), (2, 2), (2, 3), 3,3) 3, 4), (4, 4), (4, 1)1
SN & FAM0 @ (@I S0 cell @F AN TR (ST A2 (even number) (A
Q32 INATTE 47 cell AFE |

AR TR AT [T

SRl ey @ ST el R S L.PP | i@l oime (el @ m R4S
T @ p YT AW [RG oIfzzed w0 (Fea (6 mn AU SETR N
(et 5T (basic variables) 27 FKEF m + n — 1 |

G4 ST A x =5 G @ @i e ATRNGE s (@ (T TILEE (basic
solution) C(d, 372! WGH A-(S GNe 5e19fe1s B8 (@39 TRFSIE TE= (linearly
independent) 2(J |
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A3 TPTT AMAET (F@ TR VR TT ane IEIH T8 (037
RFEIR T8 @ T T o FLeF IIQET & I MR GR G &) #063
Toswil (T esid wel [ge 91 @) @il 00 2|

T oAy : sz TR T2s WGET are @ (@ RS T (O3 (ARFOII
TSN (linearly dependent) 2(< I IR (G I “AfF32 T @B 3o
TqZ A cell Ao AR A FEIH o (R IE

11.5 ©wza4

e sifFazd Tt [ 70 99 -
D D D. D g

—_
S5}
w
&

i

o, 2 | 4 6 1 |40
O, 3 | 4 2 | 3 [30
O, 5 2 7 1 (50
b, 35 35 25 25
@3 i 7o FwT TeE (2FF ARE) W et =@+
@) D, D, D, D, ¢
O, 20 |*i6" ] 10° 40
O, 15 | 10 25 |50
b
J
(ii)
D, D, D, D, g
O 35 | 5 40
0, 30 30
0, 25 | 25 (50

b, 35 35 25 25

AT N A AR @ 2FF AR AR TR (I AN 2= FCeT
A 4F (@ (@ @I empty cell 9 5ETF T 0 23 @G3R AW (G4 T @3
be19ifed (A T 0 B T T
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SR (1) R F ave I AN 267

X, = 20, X, = 10, X, = 10, X, = 15, x . = 15, X, = 15, x,. = 10, Xy, = 25.

> 7723 > 7732

G4 m = 3, n = 4 SR GE HETR AR A 4+3 — 1 = 6 (| OFH @2
IR CFCG (@ (I (T AT (G GG BT R4 12) FALCF 12 — 6 wefie
66 BeTE W 0 (| THAET FAGT Iidiee Mg 4% veemw W 01 Aok @
A Gt AT T | TOIR G (@ ST S 49T 1R SeTofferar Segst
cell TR TS0 A FEIH W@ o8 I A | @A (1, 2), (1, 3), (2, 2), (2, 3) cell
sifet 1ol ToR FEE |

G (i) T =F TG FNGEDG & x, = 35, x,= 5, x,, = 30, x,, = 25, x,, = 25
@A A 7% BT W 0, @A SN T FAR (@ G918 W [T 57 cell
9= == (1, 1), (1, 2), (2, 2), (3, 3), (3, 4) @R cell 917 T A FEFH W@ @
19 AR 1| IS 75 Fafe @ @3 cell sifeTd Ael @ wIfsfSs cell, @I (1,
3) cell [92TC x = 0] e @ 66 cell #fte IR wiorw [Weae (et A s@SH) 74
T T | SR AR AR (@ @A G BeTa TR AAESF 6 20 | O (i)
TR B gne AN G (e FFT AAGT @AE G 5Ed MRAN 6 @R aFH
et 5GTE W 0 | R G2 FIIF ANGG G degenerate (e FIAFT AL
(basic feasible solution) 2(< |

@ @ (e FFE AT CFed, (e vamd (W T > 0) cell 96T
11 basic cell I occupied cell I G Sy 5T cell [T unoccupied cell
T4 |

11.6 1=

G2 GFF 2 AR TP SRl [{e S LLPP. A 3 stz
G ORAT elld @R @ &I Trel9d (balanced) #fRZel TETR B AT
(optimal solution) #Me3T I |

A ARRZ 27 IR cell I 571 TR FACS AR 0ot 729! WG Srggol
TE (T30 (ARFSIE 7 (linearly dependent) 23 57fb St @& Toiofiong
AR e wEfz|
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11.7 Spiera

1. 3 arers “Ifszd e LPP &30 oy -

(1)
D1 D2 a,
o, 2 1 |10
O, 3 4 12
b, g 14

(i)

O, 2 1 3 2 (30
o, 3 1 0 4 |50
O, 5 3 2 4 |20

b, 20 40 30 10

2. 1-93 (ii) =% +If7=zd TR cF@ 03 2w e e Ge SR T
& T S1Frw g1 @2 TG F non-degeneratere?

D, D, D, D, 4
20| |10
0, 30
30 |20
0, 50
10| |10]

0, 20

20 40 30 10

J
3.1 () @ 2ol yGEl forgg e e @ 2 GEd rank 2@ 2 + 2 -
1 sifle 3
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11.8 Twawe

1. (i) O z = 2x,, + x,+ 3x,, + 4x,,,
SACATT, x,+x,=10
X, +x,=12
X, +x, =38
x,+x,=14
X, 2 0, X, > 0, X, > 0, X, > 0
2. (i) O™ z = 2x, + x,+ 3x,+ 2x),
+ 3x, + x,+ 4x,,
+ 5x,, + 3x, + 2x,, + 8x,,
SACATT, X, + x,+ x,+ 2x,= 30,
X, + x,+ x,.+x, =50,
X+ x,+ x,+ x, =20,

X+ X, X, = 20,
X, + X, + X, = 40,
X+ X+ X, = 30,
X+ X, + X, = 10,

xij+0,(i:1,2,3;j=1,2,3,4)
2. Non-degenerate (N6 FIEFT AL -

O = O =
—_—0 O =
S = = O
- o = O
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43S 12 O Af93Izd wcete [Rfen swfog g
[Application of Different Methods in
Transportation Model]

Fow

12.1 &1

122 Aweisd «fFew TR AR @ie FAFT AN (Initial
basic feasible solution) @7 FTIH S|

123 @ GNE T ANG 539 g I [y o7 #3w
(Test for optimality of a basic feasible solution) |

12.4 TwzId
12.5 et offd3gs Aem
12.6 SRR
12.7  Sepiera
12.8 ©eawe

12.1 4111

OFF 11-08 S| #1572 TPTICE [T SFEF LPP. AR o Fcafz @3 efsiel
F(EMR @ @ TTelolel a2 APTIF 52 FFDE (optimal solution) NS T | G2
L.PP-43 (1 &otolwy (Fundamental Theorem) (& SN &I (@ &9 L.P.P-F 539
TG SAST (91T TS AFT 5N TG (o7 IR AN 2|

(I AR A AT FHCO JENCE TPTITH (@ (FI 53 I (optimal solution)
QIR PO AT AT W T FA0S 20T | 97 T QA SR (@ (@ 436 2
(PR SRJR ARIEF (T8 S Tl el ey o 2o 2iem) wenfhe o
T SIS AN fefT F99 | 9 519 (e ST AN 5 Il 2 oot ©f o481
IE N A | M AFEF G IR AN 5 A N SR [ offors
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(T 12-4 Svr I6 ZECR) TR S0 @ @et FREF AN fWT T 2@ @A
e (a1 S AN &y (N6 7172 407 T A EF AN &y (i 17z
A TS G I 2(J | GFOIE N G50 a1 FIEFF AN ofz 909 A @
AN G (G AT L6 AR B R | AW A1 Ar12)¢f o) 21 wiecet b
SISyl TP FoIISH IR AN T4 AR (SA 12:6 (14 |

12.2 sweisfef sifazgd T arfEs (e I
AMig« (Initial basic feasible solution) fN«@7
IEIH e

(a) North-West corner #/#fS :

3 fere ATz o ANMET (West-a9) Ao ToA@F cell-d w<fe North
position-4d cell ¢ Tigfie (1, 1) Cell-« vifzwl AR TG @M (allocate) FCe 2(J |
Tt T (origin) ! SRS (Destination) BIEWE (AT (@R 27, Oz ok 5
T @D cell-q @i (1, 2) cell-d BIfZRl € @SN SRR &l amie 3408 21 |
I SR Sl AW T IO (AF @R 2 OIRH (1, 1) cell-a7 15 fwa
cell S (2, 1) cell-4 BIf2wt € @GR SRR fEfes emie) Fa0e 2@ | @3 7fs deat
I T4 SIRANETH Bifewl GBI o)l 77, o AR TNaE’ sfe A |

G3fb SNIRFER AR Aol @RI 20 -

e sfaazm Toita b axfes Fhwa e e Fate =@ |

D D D D a

1 2 3 4 i

0,[ 5 3 6 | 4 | 30
0,/ 3 4 7 |8 | 15
0,/ 9 6 5 18 | 15
b 10 25 18 7

J
@4, Ya =30 + 15 + 15 = 60
Yb,=10 +25 + 18 = 60
SoYa,=Yb
. AR W@T"ff (balanced) |
sifaRel bR MM AU TR position W (1, 1) cell-d x, = min
(10,30)=10 5=l f&rfe@ emis (allocate) T4 2 |
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D, ST bifenl fewt 1015 fafe | G2 #ifawidl ferfea D, @ =it % D, 91 i
(@4 bifenl A 11 D, T (orgin) we 200 [GFE @SN ore =Fel =iz |
s 9% o wifitea A= cell (1, 2) cell-@ x, = min (30-10-25) = min (20,
25) = 20 2WA I | G4 (74l AHE O, D D D D
TR A @ @9 (S TSl (7| 1 : : :

e o ol10] [20] 20
% D, ISR bifenl Aeeffd G T 3 6 4 PO
TR (1, 2) cell-a3 15 s widie (2, 2) 5 0]
cell-q x,, = min (5, 15) = 5 & ¥ 0, ; o s
2| Q, TETH NG (e o] I
101 (2, 2) cell-a7 53 TR widie (2, 8] 7] |

- Ol 9 6 5 g 5
3) cell-9 x,, = min (10, 18) = 10 &ml«
491 71| O, TG O (Fls ety wrafia 1 5w’
@21 (2, 3) cell-aa 3% fwa cell Tdfie S X

(3, 3) cell-9 min (8, 15) = 8 &Wi« T4 T& (7, 7) = 7 Wil F41 T | (@I TR A
(I SRS el A T @R NG SISIFRETE Bifznt NG (o | ok Awia « o
RS AL e (91 |
TG == - x,=10, x,=20, x,,= 35, x,,= 10, x,,=8, x,,=7
GR ATFE A2 4T = 10x5+20x3+5%x4+10x7+8Xx5+7 x 8
=50 + 60 + 20 +70 + 40 + 56 = 256 4T |
AN WEF = @RI 26T

D, D, D, D,
10] 0]
ol 5 3 6 4 |30
5 10
0O, 3 4 7 g |13
8 7

O 9 6 5 g (5

10 15 18 7

e 2= x, =10, x,,=20, x,,=5, x,,= 10, x;,;= 8, x,, =7

G2 g A9 49 = 10x5+20x3+5x4+10x7+8%x5+7 %8
=50 + 60 + 20 +70 + 40 + 56 = 256 I |
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G2 AT @ @ cell-a &7 amia T2 2@@ FI9E A OF (@I AR-GG (subset

@I % (loop) (% FaCE | AR @2 ANAG «FH (a1 FILTF AN 2 |
(b) Matrix Minima Method :

3 HoTS “ifazs 2Fa @ cell-9 7R 496 (cost) AU I G2 cell-9 &g
A FACS TR | I HIfEF cell-9 min cost AWF @ @ cell-3 920 FA1 @S AH |

TR AR 2Rfo @RI 2 -

fawa Afazel enia aRfes FrFa swie T Face 2 |

D D D D a

1 2 3 4 i

o, 1 2 1 4 (30
O, 3 3 2 1 (50
O, 4 2 5 9 |20
b, 20 40 30 10

AL+ @2, Ya, = 30 + 50 + 20 = 100
b, =20 + 40 + 30 = 100

SoYa,=Yb,
-, olfa=el WWT%W"Ef (balanced) |
#{f7<2el =& min 6 == 1, A (1, 1), Db D, D, D,
(1, 3) @R (2, 4) cell-& W= | SR @07 o) Ml j ) 1 4 |30 10
T @ @ GF cell-F @@ W21 (1, 1) :
cell-q x, = min (20, 30) =20 ewm =t | 30| 3 | 2 | 1 |30
D, ST€CTS B CURICRICRIE] DIWQﬁQ ™ O, 4 - 2 5 9 (20
BE@E WL (A I M e 257 | [ 20 40 30 10
w3 el (o |
D, D, D
of 2 M1 | 4w
o, 3 2 1 |50
O 2 5 9 |20
40 36 10
20
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92 G (1, 2) cell-4 x,,= min (30, 10) &wi¥ 21 2&11 O, TG O (Pl f&iferm
B Qe /1 0,-(F wLfie @25 AR aw M@ ore 2|

IDICERITE TR NG
D, D, D4.
% 3 2 m1; 40
O, » 5 9 |20

40 20 10
TART ofe SR a@e T4 =

D, Do
o 3 29|40
o, 2 5120
40 20
D2
0,2%30 |20
0, 200, 199
40
AT AT = ] 24 |
D, D, D, D,
2] 0]
o 1 2 1 4 130
20 20 10
0, 3 3 2 [ |3
2
O, 4 2 5 9 I3
20 40 30 10
WW o - X, = 20, X,= 107 X,,= 20, Xy = 20, Xy = 10, Xy = 20

GR GG AR 46 = 20x 1 +10x 1 +20x3+20x2+10x 1 +20% 2
=20+ 10+60+40 + 10 + 40 = 100 &< |
G AN @ @ cell-9 &7 awia 91 @@ GA9E A o @WW—G‘@ (subset)
I 52! (loop) T F40E 7l | TGAR G2 NG @3 AFfEF Glet FfFa T4 2 |
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(c) Vogel’s Approximation Method (VAM) :

@3 oFfers oIfiaze wEa afol AT AT T 2476 ¢ O o] 45 [eieree
(&3 A &Sl AR (row) St (93 ) FTHCS 20 | SgF=ieitd &fsit B8 (column) €3
FCACE I 4T @ OF 2779 A0 R (79 303 2ffsfb wrea e () @3 e forees
(3 | 2 Reiaie (penalty) 9JfeTd S0y FCAE IC penalty T @ if3 31w Witz @ A7
3! WS FACACY FN U6 (min cost) @ cell-d IE | (FE cell-« &g @nie 3408 27 |

TR AR 2Rfo @RI 2 -

e ifzze At defes Frfea g [ F90e 2 |
D D D D a

1 2 3 4 i

O, 2 3 11 7 16
o, 1 2 6 1 |1
O, 5 8 15 9 |10
b 7 5 3 2

A+ G0, Ya. =6 + 1 + 10 = 17
Yb=T+5+3+2=17

SoYa,=Yb,
-, oifqze e W@I‘?ff (balanced) |
2t s 0T ¥ 496 ¢ O ATl
<A05e RGeS il AR A b Db, b, D, ¢4
G = | R dfe wrew W@ W 0, 2 3 11 7 16 ()

WQE\WWWW@?WO”.I ...... 22 P 6~~#-1--/f(0)
ﬁwﬁwwnwmiﬁmwm
T 92E 7 6 @<k 32 v wrw e | i 3 8 | 15 | 9 |10&
@ 592 BCE min cost = 1 T, (2, 4) cell- D, 7 5 3 2
Q WZ | (2, 4) cell-q x,, = min (2, 1) = 1 h o6 e
melo@www%ﬁwmﬁ@mwﬁﬂﬁ%Wme

5 =56 ohedl (o D, D, D, D,
5] 1
o, 2 3 11 7 & D)
o, 5 8 15 9 (103
7 5 3 1
3 ®) @ )
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Fzew REowen ok W8 SRR | @ B8 min cost = 31 (1, 2) cell-9 min
(5, 6) = 5 &7 41 Z&1| D, 99 7% bifew WG stz

Dl D3 D4
1]

o, 2 11 7 0O
O, 5 15 9 [10@
Fe 3 1
€) @ @

D, D, D,
s
%5 15 9 |10
6 3 1

D D, D, D,
Olﬂz EXP 11 7 |6
0, 1 2 6 |1
0355 g 2115 Ho 10
7 5 3 2
ML 267 - x, =1, x,=5x,=1,x,=6x,=3,x,=1

G3R qUFCE ARAZT 4 = I1x2+5x3+1x1+6%xX5+43x15+1%x9
=2+ 15+1+30+45+9 =102 94|
O3 AN @ @ cell-« fEfaa ewie Tt 2E0= G9! A ©IF &I A[-GI6 (subset)
I 771 (loop) CofF FaCz | ToAR @B FNLEH GFH (a1 FRFT WA 2 |

(d) Row-minima ?%f$ :

G2 HRfere AL TS 71 (A T AR 476 @ cell-9 W2 ©f (@ e 2J |
TR @ cell-9 T© @R AGI &7 ewie F0e 2| I @IS cell-9 min cost AE
ORE @ @ cell-3 @8I @S AE|

TSR AR 2Rfo @RI 2 -
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e sifvaze wemioe s Ffwa Tgw [ sace 7@ |

D D D D a

1 2 3 4 i

23 | 27 Bl g |30 5

18

16 17 | 20 | 51 |40 13

2 g | 12 PY32 |53 56

27 35 25 4t
32 36

12

0O,
0,
O,
b.
j

AT G20, Ya =30 + 40 + 53 = 123
}:bj:22+35+25+41=123

SoYa,=Yb,
-, offqaze e W"i‘f (balanced) |

g S (row) 79 (A T 4 16 Al (1, 3) cell-a SRS | a(l, 3) cell-d x,, =
min (25, 30) = 25 &9 S &1 | D, T bifewl (NG A6 D, i Ter ww
WIS (AF W e 211 0, T G+ 5T f&fvy #ite aiZet | =i @2 Alfes o
AR FIow 476 18 T (1, 4) cell-q SRS | (1, 4) cell-9 x, =min (41, 4) = 5 &Ml
1 &1 O, TR O (S f&fep] SRS A0z 711 O, TSP M (el Ze | G,
faroln TS A9 I 496 (2, 1) cell-9, (2, 1_ cell-9 x, = min (22, 40) = 22 &1l
4l =11 D, 58 e oifenl sjeieffa W aiearn agw vl am el g | TR
AfCS @I Faos 476 (2, 2) cell-9, (2, 2) cell-4 x,,= min (35, 18) = 18 &l T
2e1 | O, TRTR O (I f&fed (e el (712 | (e s Al am (el 251 | gor
AfRCS Foes 436 (3, 2) cell, (3, 2) cell-9 x,,= min (17, 53) = 17 w7 S 2&11 D,
G AT Bifewl F (o= | 7Toak feln w8l W (redl 2 | @2 SRS = (3,
4) cell-9 min (36, 36) &7 T T&1 | (FIF TR ST (FI ST ferfepy et a1 77
TG SR Sifzwl B (oitz | Jeak Tenia @l e swiae »ied oz |

AN % x, =25, x,=5, x,,=2, x,,= 18, x,,= 17, x,,= 36
G GTFCT “FTRA 4T = 25 x 16+ 18 x 22 x 12+ 18 + 17 x 17 + 28 x 36 x 32
=400 + 90 + 264 + 306 + 476 + 1125 = 2688 4T |

93 AT @ @ cell-@ &EF 2w T 2QRE G9! A OF @ AR-E0 (subset)
@ F21 (loop) TofF Farz =t | ek @2 D @36 (et ST AN 2J |
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(f) Column-Minima Method :
G2 S BF e foq Segel | (@Eg AR e B 4E e sifers
it (olteie. A Sives T |

12.3 (I ON IFT ANGT 53N AN 203 el
©1F %=1 (Test for optimality of a basic fea-
sible solution)

N SN @ m A TR @ AT S IS SAfes A oRee Ghie
BCTE A FAEE m + n— 1 TR | JOIR GUFCT (@I (e SIS A (& Ifa=zel
BE WA 20& AIESE m + n — 1 RASF occupied cell 2N I |

@3 5 @36 Tototm (el 2o Rge T2 261 @ Sotol (@i (et ST AN
BN AL (Optimal solution) A Rl ©F 2T FICS ARYY I |

BAN : I @ (e FIEFT AN G 5 R m + n — 1 W (m, n 27O
e YT I TA®) GR @ G 5@ T W+ 91 27 whie 7 AMLH non-
degenerate 2 @R I (m + n) A AL uwv, (i=1,2 ... m; j=1, 2. n) et
A IR @A ACSIF oceupied cell (7, j) 99 & ¢, = u, + v, ORET A0S un
occupied (i, j)-4 cell evaluation AR ¢, = (u,+ v) 9N (e P ANLG 5
L 2@ (optimal solution) IW +F72Y =F ATSF cell (i, j) 9T GO Aiij o7 |
[c, 25T 1O B =T (AP j-O 91T RE AN commodity-T @F G HifFze
<]

AT :

1. I occupied cell-93 A m + n — 1 2 OIREA c,=u+ v (@ occupied cell
(i, ))-3 & (A (m + n) TS AW U = Uy..... U5V, v (& @ (m+n-1
B A SeT T IR GORCE @ (@I G 1A v, G TG TPZONE (arbitraily)
@ u (i=1, 2 . m) @R v (j=1,2 e n) G A W =0 0| AN @
AR @ VOB AIGE @ ARAF cell-9 allocation (ST TR €T 217 corresponding
udl v, = 0 441 23|

2. 3 e unoccupied cell (i, j) 98 & A, = ¢, — (u,+ v) > 0% Ol 46
TG 5IN AL (unique optimal solution) A | M &S unoccupied cell (7, j) @
ey AUZO T GR I¥S OIH un occupied cell (i, j) 99 &<y Al.j =037
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SIZCE GIIEF HAN AN e AE e ArFE@ 5N TN unique Z(I I |

3. IW T®S G unoccupied cell 9T CFE Al.j<0 23 W8Iz corresponding (NT&
FIFF AT 5 ARG 20 T | ATFCG 5IN TN Sy e S o=y @+
(T T A e Face 2

(T unoccupied cell (i, j) (9 A <0 QR [A, | FCOE @, @12 cell-6eF @b basic
cell 0o 431 (T O3R G2 cell-q FIGE @A A (GTEHIF *$ @G T MEF) alloca-
tion FAC® 2(J 8 “AKACS Ao @ basic cell (T occupied cell f&57) €3 allocation
G A %7 FHCO 2 | 97 T g (@ (e SR A 9163 N O Gl (6
Afa2e ¥6 WS AN (6 AR A7 (G T 7(A |

93 g+ LT W@ SRF optimality test FICO 2(J |

e TG BT ANQ T OIRCA S TPIOT SIS ANSAT (o |
M T FNAG HF TN T T SR 2dd TR SR 0 W 9o (e
IR A [ FACO 2T QR GBOIE@ ¥ A€ HAfRRRed APIHA b A
AT IS |

a3 S ©fF I @RI & (12.4) SRME SHIRIT (YA |

4. TS &TerF cell-4 allocation @F AR (7 71 201) @ cell 9F ST left
@ hand corner (®5 square 93 W4 (AT I 9} & cell 9 &4ME 472N AT
cell 97 f4T6F right hand corner @ (RI% square 93 T4 TR I | ACSF unoc-
cupied cell (i, j) &5 T u,+ v, &< W9 (RG J0&F T display I |

12.4 ©7izge
1. T3 “ifz=ze Sepif Aae 9
a.
o, 5 4 6 14 |15
o, 2 9 9 6 |4
O, 6 1 7 13 |8
b 9 7 5 6

J

AN : 24 VAM-GF AR ewe sAfiazel wpmiiba o arfes @me s
S e =1 3
[ @i eI Freisyel (balanced) e Ya, = Yb, = 27 |
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)
)
O
Q

—
()
w
IS

6 | 14 |15()
o 46 |4 @
7

O
o |l |w | T
o | &

13 |8 (D)

Dy | 6 | 14 15O
7 13 |8 (1)

14 8 @)

6
O, 6 7 13 18 ()
5

O

) 7 13 |8
1 5 2

D D D D

ﬂ1ﬂ2 3 4
30

%l 5] (4] [6] [
4]

0 15
1 2] ] Pl Je
o/ Sl 2 s
el [ [7] [
9 7 5 6
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e S T’ ze—
x, =8, x,=7,x,=4 x,=1,x,=5,x,=2,
QI GTET 5T AT = 3 + 4 — 1 = 6 IR TAEE AN (@I GlieT 5T W 0

T TSR GB AMLED @6 non-degenerate (N FIIFH AL |
Test for Optimality :

(5] [4] [6] [14
) & 4]
2

6 11 7 13

v. 6 5 7 13

Table—1

oI @ w (=1, 2, 3), v, (=1, 2,3, 4) @ 7% WA u + v, = ¢, [2TF
occupied cell (i, j) 4Cd] (AT @ 60 AT oAeT W FSYT ARG I LNeT @
@A w, (i=1,2,3),v, (j=1,2,3,4) 99 37 aﬁmwwam

S SRR G S 0, = 0 LN (PR 37 ARCS AIMGR (@GRS cell-9
allocation () |

SR SO A u=-1,u,=-7u=0,v=6v,=5v,=7v,=13.

G« &0 un occupied cell (7, j) 99 & u, + V49 S corresponding cell-4 =6
J0ed & MG 2@ C= | [ Table—1 M ]

Cell evalution A, = ¢, — (u,+ v) 99 9T (89 unoccupied cell-43 &) H5a

2 G = D D D D

1 2 3 4
o, - . 0 2
O, 3 11 9

o, - 4

QT “dots’ & basic cell Fom 3 |
OIRE (M4l AR (@ AC95F unoccupied cell (i, j)-4 &) Aijz 0 [@S (1, 4) cell-
oV A, =c,—(u+v)=14-(-1+13)=2]
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FoAR, VAM-AF AR 21 AT 55 L (optimal solution) 2(J |

. GTRCG G0 BAN (TS FIEFF AT Zo—

x, =8 x,=7,x,=4 x,=1,x,=5,x,=2

R R wAfd 496 T@—

8X5+T7Tx4+4x6+1x6+5%x7+2x13=159 45|

T®F : G9ICT unoccupied cell (1, 3) AT & A , = 01 o<, e TR G
5 I Seql A (RIH #1920 436 AroF bR TR &) @8 2J) |

2. Wb ~Afaze TR AN T

Dl D2 D3 D4 Cll
O, 1 5 8 6 |8
O, 4 2 5 4 |9
O, 6 4 3 1 |13
b, 10 3 4 13

A : &g PG Al (balanced) P Ya, = Yb, = 301
G ‘Row-minima’ “%fece Qe (o1 S il o a1 261 @92 gt
e o @A T )

8
0, 8| 8
2 3 4
0, 9
4 9
0, 13

10 3 4 13

QAT m +n—1=3+4-1=6 AT TF 6/ occupied cell IAMTE IR Al
o AR (@ @2 LD non-degenerate GTE FIAFF AN |
AN 25—

X, = 8, X, = 8, X,, = 3, x24:4, Xy = 4, X, = 9|
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Optimality test

D, D, D, D, "
HE RO Ol
1 5 [8] |6

2 3] {6) [4]
9 0

O S S P

Table—II
w(i=1,2,3),v (j=1,2,3,4) 9 7% 54 9IS ¢, u, + v, [ATSF occupied
cell (i, j) 4] AT AN e W Fa1 @A 47w, = 0 2=
G AC9F un occupied cell (7, j) 99 &« u, + v-ad T @ cell-9 (@6 JCeT N
(PRI =@ | [ Table—II (73 |
@« cell evalution Aij =c;— (u, + vj) 93 M9 (2o unoccupied cell-93 &)
09 =T (1A =T

1 2 3 4
0, 6 5 5
O, 5 5

ol Az A, =-1<0

FORE, ‘Tow-minima’ 2RFSCe 2l1eAl FNLNT b3 AN 27 | @7 G G
unoccupied cell-g< cell evaluative QA TEE Q<R cell-To z& (2, 3)

TSR, SN S GFT Ge FIEF AN 767 F99 @A (2, 3) cell-6 @3 basic
cell 29|

92 (2, 3) 93 un occupied cell-b @R (2, 4), (3, 4), (3, 3) occupied cell et 9@
a6 g ofe I (g =i @) |
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Ol
o, 0 -0
O, 4-6 9+0

[ 9 (2, 3) cell-9 6 (> 0) allocation T Z& | ©E 2va 2AfF2e AR *1Sofa
Mo P 27, F9AHI =0 cell 97 allocations €3 ! alternately 6 @91 € [Esl T
25 [SHEE =0 ] |

G IS A allocation @F W >0 W @R 0 (>0) 9 T FAGE @ =T
O=min [4, 9, 4] = 4 4 ZeT|

Tor (51 FIEF AN a7 =F @A == -

D1 Dz D3 D4 u,
HERO O Ol
1 5 (8] |6
2 31 [6) 4]
¥l 21 [5] [4]° ¢
4
ONISIIEEE 13-0

Table-II1

@3 I 56 occupied basic cell Stz | T8 G2 (T BETF AT 61 SIZEA
Tolrza TG @ degenerate (51 FILFT AL |

AT 2oT—

x,=8,x,=8,x,=3, X, = 4, X, = 13

Optimality test (F97 AT &=y)

QT occupied cell € AU 5 A m+ n — 1 = 6 97 GE I | G4 5 occupied
basic cell 97 A0S @ @ G unoccupied cell (€T 2 ACS 66 cell 5 T =l
A

ST (3, 3) cell B 18T =61 @R @3 cell @ ¢ (> 0) ATl @AE ¢ 9F T TWLB
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@5 A @ @ MR -3 G a + & F a & AW 93 T ewe Tonioa A7
2(18, optimal stage-9 & = 0 43¢ WG P2 optimal solution e TJ |
O IS c,=u + v].(ﬁit\ﬁﬁs occupied cell @) ANF49FT (6%) g FF
w(i=1,2,3),v (j=1,23,4) 93 A« fe T AF |
QT u, = 0 4 AR u, v, S9)feTd & Table—III (74 | TS u,+ v, 9
551 Table-111-(S (@6 & N G 2R(Z |

Cell evaluations [Aij = Cij -, +v)

0, 6 6 6
O, 4
O, 4 4

G4 (7l TP (@ AT cell- I T A, > 01 AR & = 0 A& @ 7D oM
I ©f 23 are TrIGa 46 5w (T FRFF AN |

OIRCE BN W%IM'I?:‘J\T“I)C“:S, X, =2,x,=3,x,=4,x,, = 13 T @ degenerate
GTeT PRI T |

I x8+4x2+2%x3+5%x4+1x13=559s1I

12.5 Sepreisje #f¥324 = (Unbalanced Trans-
portation problem)

I @I 2IfiRz TR (% @IONER (availability) e @R @6 BRAE (re-
quirements) #If&sTlel SN 1 7 wefie T Z;ai * Z:lbj o OIRE SR eIt
i= j=
wpTTelo) wAfdRge TP T |
GCFCE TP A G0 ATl TRTIR oIS FA00 2T | 9F & G fic-
titious TR (M Z:,“i <Zlbj ) Al fictitious SIS (I Z:,“i >ij 23)
i= j= i= j=

introduce 909 33 @A fictitious Terlel (A € fictitious TSR AN GFF
sl faf e sife<es <=0 2 $=70e S|
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A ficititious TSP ARG = ©lRE G T @AM Al 4209 =S
2.b >Zl“f 9% M fictitions STFIRETT ARG T O @B GG ifRala
=

i=1
AR 4[C® 2@ Z;ai _Zlbf |
i= j=
G3s TYIFd (ST I ¢

e Aftee emh s Koo 99
D, D, D, D, ua
O,| 10 8 2 7 150
0, 5 6 4 3 |40
o, 12 | 21 9 8 |30
b, 60 40 20 30

G4 Za, = 120 @R b, = 150 | ©IRET U b, > Za, |
Ao, G G fictitious TSI 0,4 IR Al 4909 =T 150 — 120 = 30
G FoNEfEe rele)d AAfaze e 2@ —

D, D, D, D, ua
O,| 10 8 2 7 |50
O, 5 6 4 3 |40
o, 12 21 9 8 (30
o, 0 0 0 0
b, 60 40 20 30

J

QI reis TP IS T FA 2| @R TPV 5N AT fictitious
T AT @ @ cell-9F allocation-& (IW AF) AV et == ave W@T"i‘f
SRR ST AN A | GTFCE fictitious T O,~47 30 G I @IS (I
STIFRAE AR @ A Sfie Grwg seIREAYRE @6 HifiE wo @ HIG
RSN

I =7 SR @I fictious I T GO SR Tt i Tepifba b7
e [ T AT

[SRpetat 12.7-4 7 R TG (]
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12.6 1™

B GFF 2 Tl AfiFe AT dRfes G e e [efee [fon
S SEAD T 2@ | 9T 217 2FTF (a1 FILFa TN 57 ARG & 1 of
AT FAF A I 2R AR HI K @ [Tl oW @ @ FI
ST el Tt T Ole SN (@R | TR STl sifigs Tt e A
4 A O T4 TR

12.7 SeRest

1. fHe= sz 569 (1) North-West Corner, (ii) Vogel’s approximation ofeq
AR 2fEF FRFT e ey g -
D D D a

1 2 3 i

O1 5 1 8 12
O, 2 4 0 14
O, 3 6 7 4
bj 9 10 11

(@I 2Rfox AL SCATFFO ©leT ?
2. Matrix Minima “%fote e «ifdqzd wwoifoa <t axfes s swge

feefe o - D, D, D, D, D, a

1 2 3 4 5

o, 2 11 10 3 7 |4
0, 1 4 7 2 1|8
o, 3 9 4 8 12 |9
b, 3 3 4 30

3. fwa offsmzel Asprieffe WSIF{ ek
(1) 1 2

o, 30 | 20 10 | 500

O, 5 15 25 | 500
b. 300 300 400
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(ii) D D, D, g
O, 7 3 4 |2
O, 2 1 3 |3
o, 3 4 6 |5
b4 1 5

4. e Azl G @ ba (e PR A oz g -
W w W W a

1 2 3 4 i

119 3 | 50 | 10 |7

@)

®)

.1 70 30 40 60 |9

.| 40 8 70 20 |18

b, 60 40 20 30
5. WW@WWWWM\WWWWWWW

@)

unlqueﬁﬁﬁ D, D, D,
o, 6 8 4 |14
O, 4 9 3 12
o, 1 2 6 |5
b 6 10 15
6. bR ifc=zel AP ST T -
Db D, D, ua
O, 0 2 1 5
O, 2 1 5 10
o, 2 4 3 |5
b 5 5 10
7. Roa sprrelelel sifs=ze eIt T 3 -
Db D, D, D, a
O,| 3 8 7 4 |50
O, 5 2 9 5 |40
O, 4 3 6 2 (30
bj 60 40 20 30

NSOU



A : QT Ta, = 160 @R Th, = 1751 R oIl Gt wemrels)ef sifezel
A | G4 b, — Za, = 15|

IR G G fictitious BLTRET O, 481 261 @RI @A A 15 455 |

Qe gAERS ifgeed et 2a—
D, D, D D, a
O, 3 8 7 4 130
O, s 2 9 5 |50
O, 4 3 6 2 (80
o, 0 0 0 0 |15

b. 20 60 55 40
J
G VAM @3 JRET G0 (el SRGT w5k 1 2o1 1 {ova o @i

2| b, D, D, D, a
G'H 3 RH 7| a3
0, .-sﬂl 2| o 5|7
0, -L’E, "I-'EI ﬁﬂ 2 80
o ﬂ' clﬂ ol _o"”
b, 20 60 55 40

Optimality test
@It occupied basic cell @AY 7 (=m +n—-1=4+4 - 1)
TS C;=u+v (8095 occupied cell 462) 7% ANFa (u = 0 409) AN T

W‘?ﬁ?{u lu— Lu=0,u=-6v=2v 2=3X§ , PAROIER BN (ASIEE
unoccupied cell %l'@ cell evaluatlon A 4 WZ[%{ ﬁ“&f I T C@% 0T & (RN
% [Wod =G (7] | p ‘D, D, D, u
20 {4
JE O o]
: 3 5 7 4
O @ @ |,
s 2 9] s
NoRERERCREP
! 4 3 6 2
O @ @ 13 @ —
’ ol of o
J 2 3 f 2
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G4 TR (e (i, 99 AR AT G A = ¢ - (u, + v) 2 01

TR VAM-93 ARG “Ne (e FIEFa 0 5 A0 (optimal solution)
2 |

oIE ewe SpTelel TTia b A 2E—

x, =20, x,= 10, x,, = 50, x,, = 10, x,, = 30, x,, = 40

@R minimum cost =20x 3+ 10x7+50%x2+10x3+30%x6+40x2=520
G |

[GRC 3T g SPITOIAS TP CF6q X, = 15-(F M (e R@—ET 9L 25
@ D, GG 15 @55 bifenl @i e 1]

8. fsa SpTlsl #iffaze STPTE (@ minimum #iffFee 455 AT 99

D, D, D, a
O, 4 3 2 |10
0, 1 5 o |13
o, 3 8 6 |12
b, 8 5 7

12.8 C@q e

L G) x,=9,x,=3,x,=7,x,=7, x;;, =4; 46 = 104
@) x,=2,x,=10, x,, = 3, x,, = 11, x,, = 4; ¥I> = 38
Vogel-43 7% SA=FIFe ©f |

2. x, =1, x,=3,x,=2,x,=6,x,=3,x,, =4, x,, =2

3. (1) x,= 100, x,= 400, x, = 300, x,, = 200; Minimum <5 = 10500
(i) x,=2, x2—1 X,, =2, x;, = 4, x;; = 1; Minimum %96 = 33

4. x11=5x 2,x—2x—7x 6x—12

5. x,=5,x,=9,x,=6,x,=6, x,=35; Unique

6. x,=x,=x,= = 5; Minimum <96 = 35.

8. Minimum W‘T ?1?1"5 = 23.
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aFF 13 O a9 AP (Assignment Problem)

Ao
13.1 &[]
13.2  ScAie e Nfafes g9 (Mathematical formulation of an

as signment problem)
13.3  SCA9 A0 AN
13.4 539 W T J@F® (Maximization problem) ST A |
13.5 ©wz3d
13.6 ‘I fRt@er’ AW (Travelling Salesman problem)
13.7 ©wz3d
13.8 9RRH
13.9 A=t
13.10 S&INwEA

13.1 4=

ARACH(G Sl G 55 771 203 @S SAcEl?l 7511 (assignment problem)
TN 2| GF9 PP @I Tuigel el TF | W A (@ IFAE W A5 e
A, B, C, D, E -3 5l & 1, 2, 3, 4, 5 ™7 317 wikg Mo ORI | a6 S
T F4c0 AT @ @3 5 % Il Fitew dros FIe 7N 7% (efficient) T @R
T (I IR MR (@I FG FAE @ cost (TG 29717) 7ed ©f e € Ied THR
187 T3 | @27 ST e Mg o JfFF GF0 TG IS (T @R GO A
e A, B, C, D, E- 1, 2, 3, 4, 5 {15 <vicers wiftrg fice 2@ | @2 =08 (i I
(I e WG WeeT (NG cost AR T 20 Al Fera)fe1 3717 2051 (6 Fcex AR
FAGE (@ I O W 9 T0TIR 25 SRSt FW (assignment problem) |
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QL N TG m FRAF job-(F m AT JECS (machine Il S facilities) NI
(assign) FACO T | T T i-©¥ job IM j- facility (O SCHAI?l I ZJ SIRCA cost

(< cij(izl, 2, e m;j=1,2, ... m) |
N5a 2O cost matrix I |
Fuacilities

1 2 3 i

Lo fia 63 v v oo v e )

1 {Jl I'-Jz I .

4 'r':|_ 39 £99 & 0 o a4 4 a4 = s,

J.l.'l.l'bﬁ - u s

I e P

QT Job T facilities (7R Sy I SR [ (LTS job-(F (TG
@3 facility-(S @R A0S facility-(S @3 TG Job) GNG cost FIAGE I T ©f fefy
FAIF AOFZ 261 SR T @A cost matrix (8T AT |

Profit matrix (M€l AFE, Job BT facilities (77 Ky B SACHI? FAE (G
&S (profit) FAGE (@A 27 ©f el FA17 ATE 2o WA IO | QL SN o5
4R Job-ad AN W% facilities-(7d 7 AN T cost matrix (1 profit matrix 3sf
iGs (square matrix) 2(< |

SR AT AN G0 57 B =1 AFET SN 40 (79 (@ @me WIGHS cost
matrix |

13.2 =ei SepiE ANfafes g9 (Mathematical for-

mulation of an assignment problem)

A TG A TETHTS m AAF job 8 m FRAF facilities SNE G- N I AME
cost matrix® [C,] Q@I =99 Job-(F j-OF facility-CO A9 F 20T cost @
ol ¢, 20|

Q4T x, (0= 1,2, e myj=1,2,... m) S9ferd ke W (el 7+

x, =13 i~o3 Job 5 j-o facility (& Wciel F=1 =7

= 0 ST |

mXxXm
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SR TPTE *S SPNE -7 @ @I A8 Ed & j-@F @F0 NG M &
x=1 A GR j4F G A G x =1 | G2 o sifefes g4 2

ixijzl,izl,l ............... m

J=1

e inj=1, J=1L2 . m
i=1

SN T AR @ @6 cost-dF W z-& @ T

ANEHATT qu—l,l—1,2, ............ m;
j=1
injzl, J=1,2, m;
i=1

AR xl.j.:l 01

QA x-S 5 el a0 SIEeER SIis! Pl e 26 [ |

TG 8 SIS A oMo go1 (A0 S o7 TR @ x, HeAfers A (F<eTg
0 @3} 1 208 AT (TIFe L.PP-T (G @37 *1$ AT 1) | JSAR ScAst A1 a2
L.PP <1 Q¥ A1)

13.3 SN TR AL

G BN 409 (79 @ Cost matrix [cij]mxm G CFCQ i, j-49 AF TS &) C;
>0 1 @4 W o Job j-F facility-CS SH?l T TV O x,=1 gl x =01

©izGE IM GJ0o RS I AT =W @ corresponding ATSF S HRICNUCERUIE]
@3 assignment-43 &= GG cost 0 2(J IR T FAGE W cost G @b W= (@0 S
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SRl STPTIF AN T2IIE algorithm e Face ifs a1 T e wfo Sotstion=
(29 o)) Teg frde e |

Tosig 1 2 AW (@ g3 AT (L1 Al A9TERF) cost matrix G (I Al @32/
VBT ACoJF AWML ACH WﬁW@W{WW‘WWQ?? e A
SIS BN AN (optimal solution) 92 TH |

[ @ assignment @3 G« NP FOHR GG cost FIGR IV 2 ©OF & 2
optimal assignment <! optimal solution |

SIZCE TR Y0 Sl (AT (@R (9F @ cost matrix-aF AN Q3R I VI 2T
AW A THFE LA A R T matrix-0F @ FERP0 A0 I *=7 F1
A | O GBONE SNl g5 assignment [N IS AT TS corresponding
AToI ¢, qF N *[« JI @R g3 assignment ELIEY optimal assignment 2(< |

QY SINFT SR AW (assignment problem) AT Step-9f&1 (assignment
algorithum) f&14te 11T (NG @) |

T &€ cost matrix-93 OF A GFEF W (element) >0 7 =T OIZCE ool 1 2ciel
(A ACTIF *MCE non-negative (A1=0) FAC® /IfF | G217 WHEARS Step fe1 SeprRel
FA0O 21|

Step 1 : Cost matrix-93 &5 FE minimum 26 & A Ao W (A [t
T 2@ | 937 WS Ao ARCe OF© G0 [« #1831 AT | GI797 AT TS
minimum W% @ BIST AT % (AF [EIS F900 2@ | 92 @ WG “hew @
©l 2] staring cost matrix |

Qe W cost ¥ cell TS assigment FACO 2(I @] assigment 9 optimal
assignments 23 AM FAYfeT assignment (FIETIEG %= cost €7 cell JfTCe 1 e 27 |

ATTS! step-< TN G 214 Tl F99 Al (AT steop 1 @3 assignments optimal
2@ 6 A S @S Al |

Step 2 : Starting matrix €3 A9 zero MR FACGE I AT vertical €] hori-
zontal lines GINCS (S|
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QA T 2feT @ (1) ATAEAT (6 R cost matrix T FNF A Al (i)
FTETRAE (NG A cost martix €7 FNI G I | @2 (i) €T CF@ Step 3-(9 @O
2(F @R T optimal assignments ST (S |

Step 3 : Starting matrix 43 & A (AF ¥F I A Al 21 T3 G0 NG
0 (71 0-GF [0 @3 S S G (assignment 9T &) IR ©iF99 Bfze 0 i
VerticaIWWI TR AR GO T T @ (I TR ARSI AT
G | QTH(G 2 VY (ATF WF T AR TE uncrossed BE G0 TG 0 (AF 0-F
[0 @3 S S g (assignment €3 &) @R @37 2t e 0-97 Wy e
horizontal line B | @<+ ¥ Bfz7e O 91 47 (O 93 &) optimal assignments
AN S |

Step 2 (© (i) €9 (F@ IJNMS Step 49 @CO (A |

Step 4 : Step 2 (9 ( N2HYeT Bl TR 2R ABCH @ el SN2 S T
@ WeE @6 ¢ Mb ARdif qRET Aot oM (A [ TS 7@ 9R
horizontal line @ vertical line €9 intersection €@ (Fid 21 YT OIF A (9 FICO
2@ | 99 T modified matrix @ SRE @ TR ¥+ 2N AA |

93717 modified matrix X Step 2 (¢ TS (A | 948 I FA9FT assignments =l
AeT AT O Step 4 @R Step 2 AT AT &AW I T 2T Step 3-@& I
optimal assignments “II\SI S |

Step 5 : Step 3 @3 ¥ operation (M A T @) #17 217 FAE =7 1T =l
AIR—(1) (P19 unmarked =« APCI T | A (ii) G2 A A B8 AHIESF unmarked LRl
IFA |

AAY (9 unique optimal assignment NS IS |

o ¢%g @3 M (I WCe) GFIf4F unmarked AR Ty GFHE ARSI
(arbitrarily) @(z W@ @ AT I wEd A *WE ignore 0O 2(J | G2 FAM I
A AT FAE <19 o€ WTIBe @ unmarked *7 @ T | GUREG G
optimal assignments #1831 T | T8 Ao+ optimal assignment €3 &« minumum
cost u‘l@ [

[SF @ @R & 13.5 93 Twgaafst o= |

TS : THET Step e @A AP AT TIES @ algorithm I&0l T OF
Hungarian Method <+ |
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13.4 535 W« T AF® (Maximization Problem)
qIciel A

owe G profit matrix 2¢T A T AW W e AT S A
(A | G profit matrix €7 AAGE TG 2L (element) (AGF matrix-0F &TSTF *WE
(element) RTI% FACS 2(F € O T @ g matrix-o A A O (I SR
FSIE cost matrix 403 optimal assignments T FACS A |

SN o7 F4MR (T @3 optimal assignment-4F &« w9+ SR TPHIF cost AR
T FJ QAR OIF T WG Pl TP profit FIGE (@A 2 | JOAR @2 optimal
assignment-2 @M€ SII(AI? FPTIF optimal assignment Z(J |

[ SRR 3.5 @ SwiRdd 4 (7Y |

13.5 ©7igg9

1. 95 I8! ST @™ L 11, 111, € IV @3 <6 Simel (A oS! ool (1 |
AT TANO3 G0 I 98! =z | A, B, C 8 D @3 5 *IZ(TF ATSIF0008 W&o
@ G T 98! 79l | @ TRalefE (AT *2eaa @ e ARIe Sig G
g REftiE Fakie iR T=er ek T 25—

1 II I v

10 14 19 13

A

B| 15 19 7 18
C| 13 15 22 14
D| 18 20 10 9

MY : 2N AT AT TAWE 10 ; 82 AT o= ToAmafe A 10 [ee s
25 | SEPISIE S0 Ao cwcae 7T Tolmia Ssig Somimafer (e [anat s
o1 | ol e G’ s

I II I IV
A 0 4 9 3
B 8 12 0 11
C| 0 2 9 1
D| 9 11 1 0
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92w &felt Brea FHNT TAmE €3 BEd W SoAmaafe (A [ae w91 =71 [

WA et o -
I 11 m IV
Al 0 2 9 3
B| 8 10 0 11
cl| 13 15 22 14
D| 18 20 10 9

@R qEE @, (1, 1), (2, 3), 3, 1), (3, 2) € (4, 4) cell @9 &rees 0 ()

IR |

S X9 minimum FAF AR RN 0]
267 | GG FREAELIR A = 4 = MG |

g% A (1, 1) cell-a (@F@a G0 %= A2 |
@3 zero-& [ Torzd N (@04 22 WEF AW (el
o gfie A~ 1 R SFaN (A 9N (7eT 2 | faow
AR (2, 3) cell-9 @FRTG G %[+ B2 | G2 =T
O forza 0 @04 ol Ve @F% (el 29 widie
B-GF III = &4l (G M8 (el 2a1 | gorl AfHce
QT @FIETE (3, 2) cell-q ¥ BT G2 W
O forza My @ faom B8 &% (el = widie
C-G& II =R &9l (AT o8l (rewl 27 | gl e
(FIETNG (4, 4) cell-g ¥ =Nz | @23 *=cs O orz
W @R 59 VO &% @S & wgfie D-F IV
TR A (A M @S T+ |

-, Sl TR A 25 0 A1, B IIL C— 11, D1V

@R N 19 (minimum distance) = 10+ 7 + 15+ 9 =41 AN |

0N E 3

N (O TV A
0 2 9 3
8 w0 1
B 0 0 |
9 9 1 0
I o oI
0] 2 o 3
o [a] |
o 5 il
> 9 i [0]]

2. A, B, C, D o5& I SR @il 1, 11, 111 € V-9 e [Weisl F9ce 21 |
BIPIY SCRICoIK *96 (assignment cost) (ST 2& | SCACH O <6 (minumum cost)

fef g1
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I I I 1Y
18 26 17 11

A

B| 13 38 14 26
C| 38 39 18 15
D| 19 26 24 10

MG : 2% A FEEF 09 11, @ AT 5w Someaf (@ [ w9 2 |
SRS Soid AfR9fea (Fcae THWT 436 woim Teimiwafe (A R[e A == )
I I I 1\Y

7 15 6 0

0 25 1 13
23 24 3 0

O O w »

9 16 14 0

92 afelt Brea AT 495 €2 TS S TAmEafe (A e w9 =@ | Wowe

T el (o=
I I I v

7 0 5 0

0 10 0 13
23 9 2 0
9 11 13 0

O O w »

@l AR @ (1, 2), (2, 1), (2, 3), 3, 4) S (4, 4) cell-97 ATTFLCS =+ A= |

7 0 5 0

SV PRI | | ERPUPIRY ¢ IR |-

23 9 2 0

9 11 13 @
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TG W EIE minimum AT AR B PO 26 | G G AL
A =3 = z WG |

. S TPTIR ST sive QR |

Toia WIGHGTe AT 2 F0! LW FIRe SoAmofera ey Faes SoAmiab 2=
2| 3! = @i Toimalferd acering (A 2 [Rae Fa0e 2@, T @ @
TR FEma W @ FEE G 2 @Y IR0 2@ ; AR @ SAmEfE
iR A | oz e WiGEh stew |

5 0 3 0
0 12 0 15
21 9 0 0
7 11 11 0

SR, B *FAFTE minimum FRGF AR M@ IO 297 |
QYT QPN AT A = 4 = MG 9|

| I mnm 1w I I I
AlS 0 3 0 al 5 [0] 3 o0
0 12 0 15| B[[B] 12 & 15 |
cl21 9 o 0| cl2t 9 [o] o
D7 1 1 6| p| 7 1 1 [8]

Sicdle TR TNidE e (o |

ANMGD 261 : A1 B»I, C»II DIV

R SN 46 (minimum cost) = 26 + 13 + 18 + 10 + = 67 GIF |

3. 56 I SRR T BIREE SI9icEed Wl 9 7@ | 9 [Resiw @ifRie @
IAIEORAE Flol T3 O wgH 13 [ 2@ ©f W (G ) ¢res w1 3 R
T A TR0 € 4 R @ C IR0 WElsl 391 @ T IS @A
s e @i <o A 7@ g

1 2 3 4
Al 5 5 o0 2
B 7 4 2 3
G
C 9 3 5 00
D 7 2 6 7
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AL @ (ARG A SAEKAE 3 72 @RI @32 C SAEGAE 4o (I el w2
I L, =1 (1, 3) @ (2, 4) cell-g Sy ARG 9Ty GG (@M1 46 10 40 (711 |

oizeE WGAT 26E@—

o QO w >

1 2 3 4
5 5 10 2
7 4 2 3
9 3 5 10
7 2 6 7

2o A AT 475 2, @ Afd S 17l (A [l FA 29| SEEeeiE
ey AREER cFae T 496 Sy <@mef 2 [Ee w9 = | wiwE Sow

GTT #=|

o Qo w >

1 2 3 4
3 3 8 0
5 2 0 1
6 0 2 7
5 0 4 5

A, 2fslt BTea FET 496 93 Bred S 69 (A [ae Fat = | Fowe

BNITEID 1

b=

(]

2
3
2 0

e B e T = = B

tpa | B2

3

[ TR (S T e N e

- 4

0
I
7
5

A

B
C
D

- -3 ..

2 2

30
6

TG XYCTE (AT T AT AT R FIol 27 |
QI T SRR .2 = 3 G |

- S T ANgE Aest o At

3

Bo-

=l 0 e

= o

c g

4

1
7

Toiaa TaHce 6 R axe SoAmafes S Frew TomE 25 1 (9F) | Fio!
N @ Somiafe A 1 R S99 =9 | FeEEEias @ @ e Soema S

@V IEE GRIE 1 @5 F909 2@ ; AR (@re ToAmsfe S+ififee Awa | oz
e wiGE® et @ -
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1 2 3 4

al-o -3 . 9. .n.
Bl Q-2 -0
cl2 8 2 6
p| 1 8 4 4

ANE HATE AIMAE I RYT AIEE@ A FI6T 26T | 9N AL
2 =3 2 LI T |

- Qe 2F® SR T AT SS9 1 | SR, @2 WG Somiwafes
(GG TART Aefe diol Fca wa e e ¢oe |

| 2 3 4 l 2 3 F:)
o 5 9 0| Al o 5 8 [0
Bl 1 3 0 0 | B 1 3 [0 o
clt 8 1 3 cl1 [6] 1 s
D| 0 0 3 3 p (0] @ 3 3

NG { YT AICAE I3 A AT 2] 0] 29 |

Q(H, QI FIACEL A = 4 = MG |

A AP T ohe (o |

et = A 5 4B 53,C 52D 1

FTT 496 =2+ 2+ 3 +7 =14 5

4. g3 AR LFSFR AU 4 & ERPEIN A, B, C ¢ D-(& bRl =23 1, 2, 3,
GR 49 AR 7 & AR | e eErprm a1 R [Kfen «z@ ARE @ ices
A (GIFIF) oredl 26 | FIE (@I NEie Fa 63 AT (i e T @

2«7
RES
1 2 3 4

42 35 28 21

30 25 20 15
30 25 20 15

o o w >

24 20 16 12

74

NSOU



AN A TG 2w TReE @R Aced sfawe [ w1 ane e
FRCACE TG oA 251 42 | 42 (AT IHEHT T SAMFENT R I gl 401
Wis tofd a1 257 | @7 Totminaifer whox sifqme fomt Fa | g e owee 1w
wFex oAfame Jfa Fate 73|

o G = - 1 2 3 4
Al 0 7 14 21
B| 12 17 22 27
c|l 12 17 22 27
D| 18 22 26 30

2feft AT cFm AT TSoma Sow TammaE A [ @ Joe s’

NS (AleT | 1 2 3 4
A 0 7 14 21
B 0 5 10 15
C| 0 5 10 15
D 0 4 8 12

afsfs wrsa Feg AT Tolim ool Totmiaafe (A [t s Foe mita’
NS (91eT |

1 3 4
Al 0 3 6 9
B| 0 1 2 3
C| 0 1 2 3
D| 0 0 0 0

G XA TAR M AT I AP AR TI 29 | Qo TR FL
=2 » WG |

@ Gotmmafer 6! 2 Ol W TR WA = 11 @ SAmEafe efre =3l
OIME AR (A 1 R 1 267 | AIRLMOT (@Rves 1 @190 I 261 5 Sl
e Tammafer wsifaafee e | Fwa wita’ oftem o -
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v =
e D O -

3

oo b | b

_— LA
=T I -

G Wfe] FACACE TN TR AT A B! 297 | G TR A& = 3 i
& |

I T oo el e Wovg GG Ahew o)

| 2 3 4
Al O 2 4 7
Bl 0 0 ] |
c|l @ 0 i |
B SRER SEEE SEEE'

SR *[19JfeT FRAE T AT HIATLN A IS FAE AIENCER 727 = 4 = G
& |

SR AT ST AN (976 |

A>1,B53C—2D4

FRAE @ FS =42 +20 + 25 + 12 = 99 T |

12 3 a4 123
o] 2 4 7 Al@ @ a7
o o [ 1 Bl o [0] o0
clo [0 o cle o [o] 1
p|l 2 1 0 [d] p| 2 1 0 [0
SR e A

A>1,B>52,C->»53 D14
A &® = 42 + 25 + 20 + 12 = 99 5=l |
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13.6 @ryaid fReeel I (Travelling Salesman
Problem)

@rIe Kol 1T FeIce 6 Q@RI ©f W5 J@1 291

A G GG QRIe] REFOIE 1 AL #2F visit FHCO 2 | QU &7 (@ (e #2F
(0P O (@ (I =20 779 (I G0 #1231 (0 O #1207 NS 30 Al AR 435)
G S | (@ I *ZF (AF G ¥ I 2ATF *IZAF G419 visit FC el [
starting *I=C31 RFCa SPIC 203 | QI Rl T 261 @S route 3 F409 207 TICe
route 71 (NG < (I AT At ¥<6) FAIGE T | SR 7% AR (T G2 @ (@ 2
starting *12 2N (e T |

o snfdfes 3o -

T FF -0 *[2F CWj—WWﬂT@WW(?TWﬁTW)@cU AR 4G x,=1,
M (el AAAR (-3 %23 (AP j-o *12F I |

=0 S |

4o TArOI 11 257 557 x, (71 ey feiefl ol A0S ACSIF 12 visit X tour 4 T
(ol (@ (I 12 (T G visit 71 I(F G GG =g (I 476 A 7))

m

Z:Z Cij Xij» O T 2 |

=l j=1

G2 AR (FFCE N GF6 *1S 281 ({ (P AT (A (12 #2032 TG Woel| F8 2

T @R T TS SR ¢, =00, LTS B (i=1, 2,....n) | TR x -4 A« T2 1 23 1 |
i G [Keer A afdfos 391 2=

m n
EECEED WA

i-1 j=1

SeMAEE D% =1, i=1. 2.
=1

Zn:xifl, j=1, 2, ;
i=1

GR x.=1 A0, x_ =1, (i=1, 2,....n; j=1, 2,.....n)
v o~ N .. .
S| &7 FER (@ I el REFOIE n ARAF *12F visit FIC© 23 OIZE distance (or
cost or time) matrix o 6 ST 23 :
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1 00 Cy |- c,,
2 ) o o I c,,
n le sz ........ e )

@R ! T S g9t (A SIS @0 S @ @ T @R SR A
SIFO1E I8 TFT—HY 21T 25 @2 (T & TPTIHre Sl =[S ((&Fi =123 (AT =g
I tour =) F(F (12 #1272 R SPTCS 2(@) AR Ty TG0 1ot 7171 211
AT FEIM 15233 5 4....n—> 1 A N SAFIED optimal assignment NS TR
(TICS @I sub-loop 7B) O € optimal assignment (AE N [REFS F1F B
AN AN AN |

B SN TP 2 AT T2 1916 T optimal assignment @ @& sub-loop
ST T O Gy Kol FTAifba w5 5909 20T enumerative (NVTLETF)
Ao etlol F0e 20 (13.7 93 Swizgel (4) | (@ 4% =123 1, 2, 3, 4 «3 g IW
optimal assignment 1 4,253,352, 4 1 27 O ACFE enumerative (4IEF)
s IS FACO TF IR GAE (1, 4), (4, 1) G3R (2, 3), (3, 2) 96 sub-loop SZ |

13.7 ©wigd4
e @ Resl e T T
A B C D E
A 0 6 12 0 4
B 6 © 10 5 4
C 0 7 o0 11 3
D 5 4 11 o0 5
E 5 2 7 0 0

AL : @6 MG Hungarian 7ot SR 57 (minumumization) &
A FACo I Wea TGt « o= sheml 37 -
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A B C D E
Al o 12 0 4
B 2 00 6 1 0
C| 5 4 o0 8 0
D 1 0 7 0 1
E| 3 0 5 6 %
6]
1 B }}_ L [
\ | ea f 7 G 4
B| 1 eo i I 0

G minimum  AF

' 4 4 Lo ] .
. . Y ARET WA =4 < 5
ol-0--0-..2 cem ]

Pt
=
S
2
8

el 3 3 - g (6] | minimum RS GIECE
=

|l & o] 2 ' 3 | MA=5
E| 2 f 7 =
(iii)

GTHGq Sl T AT optimal assignments 28—

A—D,BA, CHE, DB, E-»C widie (A, D), (B, A), (C, E), (D, B), (E, C)
Cell 9feT® assignment 21 2R | 94 minimum cost=0+6+3 +4 +7 =201

@ @2 optimal assignments TSI K0! TR *1S satisty FCI 1 IR QU (A,
D, (D, B), (B, A), (C, E), (E, C) @2 6 sub-loop Stz |

G SN enumerative (SRETRR) “Ffore Qs Re! FEpib sTide IGREESEl
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SN o7 FAR (@ (iii) 7R VR minimum nonzero element Z& 1 T (B, D) cell-4
= |

&% (A, D), (D, B), (B, A) 519 (5%¢3 (B, A)-9 #fGcS (B, D) 4211 T =1l I @
sJ¢el (D, B) cell Wtz | % W next non-zero minimum element Z& 2 T (E, A) 8
(D, C) cell-€ Stz | @ (D, B) cell-93 #IfFacS (D, C) 651 @k (E, C) cell-93 »IfsacS
(E, A) T S0 e route A |

ST (B, C) cell-4 0 AFW A>D B 5> A F?iF ¢F6a (B, A) cell-97 S
(B, C) cell 71Gs1 @3k (E, C)-7 +IfFcS (E, A) et =wa #iz—

A-5>D5B5>CEA T @30 route @A cost=20 + (10— 6) + (5-7) =22
G | SN 575 FA(R 9 route-dF CFGE cost 22 G (5 (T (A |

e, aruwlel FPIGE ANEE 28 A 3D -»>B>C—»E-—>A 93 minumum
cost =221

13.8 AIFIRH

G G A SR T IS 7 @RI O I R | 93 217 Sl T AN
Hungarian (S /<5 1 2R | FARCAR @ispaiel [KiEse! A1 G2 SR TPjIR NE @
SRGI2 e SR Ol 75 I GIyiel Rl AP AL 9161 (enumerative)
ot i 1 2@ |

13.9 SeAe=

1. &g 2w [efam cF S st Apmafe e [ w9
) (ii)

A A A B C D

Lo 12 19 11 1] 4 6 3

25 10 7 8 ml 97 109

3012 14 131 | 4 5 17

408 15 119 V| 8 7 8§ 5
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(i) 2 3 4 5 (iv) Joo L I
Al 8 4 2 6 1 1| 4 2 7 3 1
Bl 0O 9 5 5 4 212 9 2 7 1
cl| 3 8 9 2 6 316 8 7 6 1
D| 4 3 1 0 3 4 | 4 6 5 3 1
E|9 5 8 9 5 515 3 9 5 1

2. ST #re e crea fesa Sttt stpiefera st el 3 -
) A B C D E (G R R R A

3

e

[

~~
—
N

—

Al 32 38 40 28 40 Al 2 4 3 5 4
Bl 40 24 28 21 36 Bl 7 4 6 8 4
c|41 27 33 30 37 cl2 9 8 10 4
D|22 38 41 36 36 D/ 8 8 12 7 4
E |29 33 40 35 39 E|2 8 5 8 8
3. HEE 2= FfEa F0a 0 unbalanced A TSR Mg e 35 -
o A B C D (i1) W X Y Z
110 12 8 6 Al 18 24 28 32
21 6 9 12 14 B| g 13 17 19
31 3 8 7 12 C| 10 15 19 22

4. SHi6ls ol AHI Gy A 21151 epe St | [Kfoq F0ot #1151 Bleticst @i SAieei=
AR A T AHF 27 (72 [Rce #i==ifoa wrwwrel s awe 2o | Fei ffen et
O3B R At 1T A0 A FrFFTe! oAlew aF ©f e 7|

bl

1145 40 65 30 55
2150 30 25 60 30
5125 20 15 20 40
4135 25 30 25 20
508 60 60 70 50
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5. 5% IfFICTa & 5 & SAIEEAE e 00 23 | ATIF TAIEES &fefb e
Tol) (T AN (T w0l ©f feed G el SitE i@t A, 393 (IR G- SoEsd
C, 4% (IR Fier FA09 21T 11 | 19 I @R FE (@i SoAE6acE s FA00s 79

PG ol 1 A2 -
1 2 3 4 5
1ls 5 - 2 6
217 4 2 3 4
AT g 3 s L3
417 2 6 71 2
516 5 7 9 1
6. Tx 2lrerfb “armsnel faesrer” et AT S -
) (i)

A B C D E A B C D E
Alow 5 8 4 5 Al o 7 6 8 4
B| 5 0 7 4 5 B| 7 0 8 5 6
Cc| 8 7 00 8 6 Cc| 6 8 00 9 7
D| 4 4 8 o 8 D/ 8 5 9 o 8
E|5 5 6 8 E|4 6 7 8

13.10 ©&e

L@ 1-71,2-5J,3>],4-5]
SR =38 4T |
i) I->A, I->C, II->B,IV>D
TR <76 = 21 G5 |
@A—>5B—>1,C—>4,D—>3, E—>?2
S 4T = 9 9T |
(iV)l—)J4,2—)J3,3—)]5,4—).]1,5—)]2
o, 1 >J,2->J,3->J,4->J,5->],
SN 4T = 13 9T |
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2. () 1-B,2—>A3>E4—>C,5—>D
O,1—->B,2—>E3—>A,4—>5C,5—>D
O,1—>B,2—>A,3—-E 4—>D,5—>C
O,1—->B,2—>E3—>A,4—>D,5—>C
A S = 191 45 |

(ii)1—>JS,B—>JI,C—>J4,D—>J3,E—>J2
ObA—>J,B>J,C>J,D>J,E—>J
ObA—>J,B>J,C>J,D>J,E—>J
A S = 41 GFF |

3. () 1-D,2—>B,3>A
T 26 = 18 GFF |

MA—->WB->XCo>YoA—>WB->YC->X
T 4F6 = 50 9FF |

4. 1 >3,2>4,3—>554->52,5->1

D FIO! = 270 GFF |

5. A->4B->3C—>5D->2E->1

OrA—>4B—>3C—>2,D>1E—>S5

SRR ST = 15 96 |
6. i) A»>D—>C —>E —> B — A min cost = 28 4FF |
@i)A>E—->B->D->C->A
Or, i) A—>C —>D —> B > E > A; min cost = 30 45|
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933 14 0 P! ©€ (Game Theory) TCH 2ATI* ﬁl"’{

(Saddle Point) 8 fifesys fife

NS

14.1 &S]

14.2 92 (RS e T R[S Pt (Two-person zero-sum game)
—3[EPpF ML 9] Pt @& (payoff matrix and strat-
egies of a game)

14.3 f™w @ i@ (™9 (Pure and mixed strategies)

144 TeY FH& (optimal strategies) Q3R I T (value of a
game)

14.5 ffms (31 A=) e e sitoz== &9 (saddle point)

14.6 ©wRI

14.7 HARHA

14.8  Seperal

149 SeIwE

14.1 <<=

RS SR S I 9112 (LI 72 Al Sl eff oIt (opponents) W& eifeciiare!
(competition) €<k @4 (conflict) &%) F<I AR |

TrizRerFgel 13 e Sy 1w (s Sy A w2 Afafenss afewiera s @3+t afeiforet
T 41 AT | 93 GAEF ITOTIE S8l T 611 27 | @R ol ©ed <97 o—A0o5< 215
©IF &WG (FESF (strategies) (AF G5 TR OF TR @ (FHIeT SRETTe FAET (IS AT
(TR (T (TR SRETT IGF) A e Sl e 21 | [Tzt I8 sai9 oo
I G0 AP ST F |
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G AP A GR B 48 M (9 WK (@ [T 990 electronic goods I
Rra 1 02 GR 403 G197 T @ & S electronic goods FH-REFER S (I
NEHIGEERIEY

G2 A G B-(F (GRS (player) <R I G0 HGl (game) 67 20 | T 3
Al R0 T G A GPMICAS foe executive A, A, A, €98 B MG HISer
executive B, B,, B, B, ®MI(= | SIS A (T (X SO (NG (G GPAMIE) [T
e oo OiF WeE executive (A (2ITF AT AT (at a time) VG AFG(F AT 9
FAE | @, A (TG A, G MR S 210 @R B (F1919 B, 431 AR [0S Al |
«% executive B ((FE 3% 41 20 GPIMIE (RETICSR) =54 e aisiia
G3R S2IF 2 S7F AP (CAGTRICSR) executive A5 BT (ignoring) FAEL €3
T 21 220 | ST G, O (RTINS (RN JPMMIER) (I (strategy-92IE execu-
tive) 5= SISt 159 = (A 101 #Ica (el ZR@) (ST SR

RETRIT B
B, B, B, B,
awA 5 2 —4
Al 0 -3 3 7
Al 3 3 2 ~8

G4 3 TFOF A A oredt 75 | 9 i (i 125 (=i5 35feIE 9= (Cell) Witz | @2
B3 EF (1, 1) cell €< entry 251 5—E9 o1 2o (@ I RIS A, A (FIIeT (strategy) 817l
T R B, B, (F*Ie1 8124 T Ol AR (AT (G TPIR) A9 5 G o1 R GR
T B-43 5 955 (@A 203 SR SRl <60 A @ A, B IS A, B, (I ST
FAE (AETRICG A, (AGETRIG B3 P (A 5 93 67 (payment) AICI | SRR (1, 3) celll®
TRCaoe] 5201 A | G cell B entry (- 4) AT OL 7o @AM A, A, (FIIeT S=ETH 0 G-
B, B, (e S[RETHA (A OIRE A-F — 4 (7% o11© (3 TR A-F 4 G55 @R 201 @R
B, A9 I (ACF 4 &F &) (payment) AT I B-F 7@ |

G2 7T @3 (2, 1) cell 97 entry 251 0—17 9L 261 (@ AM A, A (FI1 26l 0 =%
B, B, (FI*a1 912¢ 7 I A ¢ B U@ (IGETRIGT (I &l Al @I 552 707
T | SO 2F0d AR @ @ cell 9 entry-3 91 A6 TR | @I AERIG A
(TF FHFYfET ARCE @A TRC®R) & maximizing (RETIG 67 FE @R (RETIG B
(R FE19)fe1 BB R 2RCR) (F minimizing (AETRIG I8 20 | G SR TF06E
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maximizing (ARG A-F JeTPHF G (pay-off matrix) I | G2 BHL ATSF entry-
7 oz “ARET T (0 entry-7 (07 @4 I 203 /) @ =F AT AW ©f T mini-
mizing player B-< 3eTP0F G |

P! STGK AR A 8 B TOF RIS (& (& (optimum strategy) e 1 117
TS maximizing (AERIG A-F [*5© (guaranteed) FCS 2IfZiel ARG @ (T T
$) B @3 minimizing (GG BT EIIFAR 2/ AR I $ Q- AR | 1928
gPBICA J. V. Neuman €2 g3 9511 (3 IR #It7 G. B. Dantzig BlR €3 O 33 23 |

ATTe! SR feTte— TEPpS WG, “Fe! (FE”, “Tew Sl Fe (optimal
strategies)”, “FIGI T T (value of a game)”?\\oﬂﬁ qrReN9feT “Ifwim 3@ IR =
2|

14.2 v2 IR A1 @orre RFEAB et 1017 (Two-
person zero sum game)—3e7) 353 WIHA @33
E?N,ET e (Pay off matrix and strategies of
a game)

S TP & AP (& TP Tl 1 230 (e 1oes @ “Fror”
(game) I TE(R | 12 A Solfe efooitsa Way efsrifore! «3k @4 (conflict) SICE @
@ (@ situation-(F S “PGY” (game) I | QLI &TTF AfSIFE (ARG
(player) <eTl 2% |

@ ﬁ@?ﬁ{w CAGETIRITG QCF G<R @R8] (AETRINSS &1 (gain) SI9F (RIETRICS @IS
(loss) T (12 SIS “qR AT Gl T {8 Fror” 3|

QI ACSTF (RIS AT S #IfiFs= (course of action) AF @
AT AERIG O sJWdie sifismiofe (I 9F el (at a time) @FIETG
a3 AR 42 FAR| WO ((ENHIET @3 FWdfTe sftsEmiglie ¢
CATAIRITGR PGt (FHET” (strategy) I | SIS STHR SRS F&T JRPAMIEE AT
(PG A 9% B FRIMI0E ((AETRIGHR) PO (FIie1offe] 261 IAFE A, A, A, 4R B,
B, B, B,|

M @ FCIT ACTF RETTGT FIC! FHCEF A AW (finite) 2 O GIHE
S (finite) T 2R T 3RICE SHIN $1C] (infinite game) I6T 23 |

SRl $1T] F900 “MR JTF 70 @orFa [ 7 Fror” [/ |
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&) 5T R ik | (Pay off matrix) :

A A (I FITR A @R B & (ARG | T g A~ 218 G| (Friersffel 21 A,
A, A G B-11 @08 FIOT (T 251 B, B, .........B, | 9120 QAT AT m HLAUS
(T @R B-F n ARAF (FHET &G R | N g1 AM A, A, (¥ (i = 1, 2,.....cm)
&R B, B, (I (j = 1, 2,.........n) ToIibe 0 ©I2cs1 A~ 071 B OIema W a, wiefie
A, A, (P51 9= B, B, (F1IeT fo/ibe w51 A= sTICee! ARMIe 2, G<) B (FTIRAIGTR Al
a, &% B9 @A Afiel a |

UGG S m X n SR WIGIAL AZ |

11 a 12 a In
21 a22 a2n
ml amZ amn

2 WTIOCE 2re FeR G657 75 TS (payoff matrix) T G TGO WD
HRFCT FH 1 2F -

(RTINS B
B1 B2 ....... Bn
Al 1 au ....... aln
Az 21 2 |0t a,,
CAteTRe A -
m ml Clm2 amn

QL CATTIRIG A-GF 997 Z(@ maximizing player JF 575 I G5 Sl (S 5w
! A0S (ARG B @ (2 <157 35 a1l (@1) ©iF [R5 (guaranteed) #1ites #ifwtiel
FRGE (@ T @R (AT B-(F &1 F@ minimizing player A 575 Z(J QTSI (I
457 91 (RIS A @ (G2 S0 55 1 (@) 00 ©FF @ERAES (loss) @9
AT G W A A |

G4 [ a, ], DTG (TG AT FTPHE Tl 0 Ter 591 27 4R Foilbe
46 mxn FO! & 7 | (MG B-1 Fps wiGel 2@ [—q, ], |

T T @3 G0 Suizgel (el & -

S0 TG CAGTRIG A (FRRI9R1 = A, A, A, 9% B-S (5191 221 B, B, | (F1IeT
fioe ST 7 ST it f orewt ==
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fdifoe e O ST
A:A ;B:B, A~ g (AT B 3 Bl AT
A:A;B:B, B3 Sl (AF A 2 B AT |
A: A, ;B:B, A~ g (AT B 4 Bl AT
A:A ;B:B B3 F2 (AF A 5 Ol AT
A:A ;B:B, B9 7 (AF A 1 BIF AT |
A:A,;B:B, AT = (ACF B 8 OIST 2 |
@WWCWWW@C%H&WA};&WWW“@
1 2
A3 -2
A2[—4 —5}
ALl 8
IR (RTARITG B-3 S5 OGS 2
B, B

1 2
AT 3 -2
A{ 4 —5}
Al-1 8

14.3 fR@w @ fii® (&= (Pure and Mixed strategies)

SIS W9 AR (@ (@ 24ne PO (Fea, oI A0er T (at each play)
ATSIF (ATARIG OIF &6 (S (A (@G G0 (Fie1 15w 36 |
@ @ @ (AT W (FET (pure strategy) ST (A G W8 (FeGE 9
R (F1ie o7 203 |

IM @ RETIT FTiTa are TivE @t [ne @G o299 I O ane
FieTelfet WS ToREl (2fs (Fie HdvEe a8 A The 7re #Aic) e [ 6,
O T A (@ @ (RS W (16T (pure strategy) SIETH WACZ GR (78 (FHsHes
G0 R (FIieT o1 2 A |

IM @ RETT STl are TvE @t [ve @ o299 I O ane
FieTelfer WS ol (2fs (Fie HdvEe a8 A Jhe 7re #Aic) e Hhive 6,
S N & (@ @ ARG W @FIE (mixed strategy) SI<ETR FCAC2 | N (IR
Il wIFe 1% FF I 5|

W G (@I SO CFE maximizing GG A-F ane el 25 ALALA, |
CACTRITG A TS (e SIeTse 0 OIRG Pl Q00iF A A, A, A, (e
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(A TR ©IE (at random) (TG G (Tl W6 5031 | T AL A, A, SREE
fa<ibe a9 TSI AR P, P, P, & ©I”G P, >0, P,>0, P,>0, 95 P +P,+P,=1 |

M P, =% , P, =% , P3=é 2 OIR(E N /S @WW(largenumberof

times) |

21 T 6000 N T FACE A, A, A, (il TG I 2l 6000 x 1 =3000,

2
6000><%:2000, 6000x%=1000,wﬁaﬁmwm |

GG (ARG AT (S (Fiie] SIepiRel 03 It (% % é) 104 Pl a1 = |

T e &F@p=1,p~0,p, =03 A CFCT PO SEFA T (large number
of times), (ARG A &IF TSR A, FIA6A T3 @3 A, A, @RI (I T8 74757 e
7oA, G &1 IR @ AT A o (T A, SR 56 | SRg#ieicd p =0,
p,=1,p=0;p =0, p,=0, p.=1 (T T I (ARG A I TP (FiaT A, 9% P
(I A, STl S |

OIREE R (PGS Ko B (e 761 @t A |

TG : S IR (EIRIG A G3R (ATEIRIG BT o€ (FEoffeTcss [ (T J6eT Sl
T = |

14.4 ©&Y (& (Optimal strategies) 93 FCIT A
Value of a game)

G SR SINEl 40F (9 (T &SI (AETAG e (FIieT Sepiae 3G |

¥ I (I FITIF CFGG A ZF1 maximizing (ARG Gk B T minimizing (ARG |

@ (T TR T ARG A-F [*5S (guaranteed) A0S 2AfF AIH@ @,
@ AF 3 (ARG B @ (@I (e SIeTq T Il (e, RATEARNG A-F i0ed sAfqsiel

T O oM N 2 AN, (13 (FEAE (AT A-F D (FE (best strategy) I
T | @ (e ST A RS B-F GRAIE SAfwel FIe@ 3 14 03, 4%
9 (CHTEITTG AT (@I (6T SRETHEE @ikl @2 RIS “Afaslel F263 § @7 G @ N
2@ ), (3 G (ARG B (Y (¥ (best strategy) J67 209 G WG 120
TR @ (ARG B S (SN (A SeTET FAE, QAT A @I G
SETHEE G B-9F @A S @7 6@ @ I e A

IM 9 =g (=9 A I X, A (& T T (value of the game) J&Tl (A @R

&9

NSOU



GUFGE (ARG A 8 (ARG B @91 (¥¥ (5 (best strategy) (F IUAFE A € B
O3 B&Y (S (optimal strategy) I 2|

I2E Sl @00 AIfF (@ R (Fiet TP (F0q (i SIS Wi 205, maximizing
CACEARITG A3 (%5 (guaranteed) FTSR AR FCGE ({3 2(J €38 minizing (ARG
B-3 FIRPICTR IfRslel 22 @3 (503 (@A 21 11 a7t T (ARG T@ (F#et optimal
strategies) ST KL |

s SRIRACETR AR TG (Fle] G FGT e wiel] =B 21 A -

SR R FEPIb ([l 99 |

B
B, B, B,

Al 18 5
A Al 9 8 19
A -4 7 3

TART 2T (A (! [T @ (1, 1) cell-q entry-3 A9 (18) FROE @& —aF (A
30 20O 2NCF (@ maximizing (ACETRNC A I A (e ST FCH 1RGO #11% (gain)
AR @ (18) 209 I | 5% 2 aMive #Afzid N6 w21 S Grarca (IETRIS B, B,
A1 B, (1T SI<eTHe S0 A-S 0SS AT N 5 1 6 I | N0 (7l 0’ (@ (3, 1)
cell @ entry-3 AR (—4) FIERE FA—EF (A N 20O 21T @ minumizing (AETRS
B M B, (a1 ST 0 O O ETIPAICTS AR HIBCE 9 (—4) 209 2 | (5
4B (FIRAIGT ATzl oS o3 el (AT A, (Fl A, <1 (FIET A SI<ETE 5 B-
T IR IR IS 18 A1 9 T M |

SIS T MR (3 AM (ARG A, (FIE A, S<wTH B ORE B (@ (i (e
TETHN FIF Al (@ A S FAATF 8 OFF 773 TLie A-F G2 SAfTWl 1% (8 9)
5o | Sl o1l R @ A I SR (T A Al A, SI<eTE 0 IR G2 RS Fte
AT S 5 A —4 2T | TSR (AT A I A (FIIe] S<e1q+ 0 IR ©i <o
(guaranteed) FCSF 2N AIGE @ N (8 IFF) (A |

SR (7 AR (@AM CACRNC B, (FH1eT B, SIRETH S ORCE O (AN ATl
TR 8 G G (T4 A T G R (RETIAG TW O (FI¥ET B, N B, ST S Ol
OIF ERPIER I8l 8 O3 (A (AT 18 G Al 10 IFF Z0o AT | 9AR M (IERIS
B, (F1Is1 B, SI<ETw (ORI (FIPACS AR 8 G5 10 AL G- ST (T
(T SEPTRe (R 9T (AF I G 6o T2t 0 =1 |
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ToAk, @2 T CF@ AETRITG A 8 (AERIG B @3 Tex (@Eefe 2o I
A, 8 B, ¥R FTIF T (value of the game) A 8 GFF |

TG : (I FGI (game) AT FHCS T NS A (T (T A 8 (RS B @1
T (ST (optimal strategies) €R EIF T (I =IfEY @Qﬁ 77 el 0 2 | TR
SR SN (4R e (e (pure strategy) SIRETEe I FOIE T& (S € FICIF
W (value of the game) efa a1 17 @R TG (RT (T (TN ey (Fiet SeT7
IR @ (@ IO ITTEPR A T 7S 17 |

14.5 Sfaspa (31 miffm) Sife 3 sediseT {5
(Saddle point)

SRS SRR BB (AT @R (97 (& ey (FIICETR RN FIG! FTPTIR FNI
T 1 ZH—TF (RTEARICTT G (e o 1 A0 2fS2PF (RIARITT g (A
O f*5® #I\e=F (guranteed pay off) 2IfFEIe FRGE @ 27 @A fSAHTHFT @ FHE
50T BT @2 SAlSTR 2IfEe I A | (e [ @ Tfefbes ffvs (@t snifsfe)
IS <= 27 | 99w @3 ifefb s eI W [ige w41 2=
Q1Atot T (worst outcome) W@ @6 @it O3 I O G oI WGI%RI g @O
SIRATE AIGE O (best of the worst outcomes), i3 Feod ‘ﬂﬁ‘?{ A 83
RERG @ (Fie RETa Fivn $93 |

G @2 ifefb oo &1 o ITee™ Fig el T T -

B
B, B, B,

Al 2 | 5
A Al 1| 2 | -8
Al -2 | 3 2

GG maximizing (RETRTC AT CFE A, A, A, FT9)eTR Sl A A Feofet
(row minima) 27 IVNHFE 2, -8, -2 |

94 Max {2, -8, 2}=21

Ao, TIRHRE TS SR AT A, @F 7175 F1 Sow |
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S[€IF minimizing (JCRNC B4 ¢F0q B,, B, B, (FHEIfT & 06 A=l
1967 (column maxima) T& IAFW 2, 3, 2|

@9 min {2, 5, 2}=21

Aok, W WS S, (IERIe B-ag B, 91 B, (1 «ife b a1 She |
AR, GCFCA PRSI A 203 2 G g Tew (e 203 (A, B) T (A, B,) @I 224
TR S A A7 @R @SR B3 Tew (&Fiet o 3 |

@< ‘row minima’ (79 I91FIF T A = “‘column maxima’ (79 JEIFIF L 7R I
FAE SHARE TPIbE LT (A0 SR 3 2700 =17

B
B, B, B, row min
Al & ) 2
Al -1 | 2 -8
AL » | @ | 2
column max ) 5 > >

a2 O] TPV CFCa—

max (row min)=min (row max)=SeIq =2 |

YRI5 IGCER @ TEH (cell-99) & max (row min)=min (row max), (12 cell B
P SRIAE 79 (saddle point) (|

OIRE (Rl 2. (@ (I POR Seeioiia [ ey AT, @2 Kves s soiia
entry- N3 21 ST AW (value of the game) |

@ @ &S FEPHT VHER mrwwﬁxzmw :

1T (Pl PO I T TG0 = [a],,

a,l [a]  SGITB (p, q) position BeF (I @ vy Qﬂ“@?) SCNHACEH % (saddle
pomt) Je7 2 | TV p O3 AR minimum element €3] ¢ O3 AR minimum element 3%
q ¥ B8 maximum element To3 a, EX)

SRIN a, <a, J=1, 2, n

AR a, >a, =1, 2,....... m

SRl WWW TS was\%%vrvm

T 1. (I G APTR T L [a ]

Ui mxn

max min Cl <m1n maX Cl
J J

2N+ S max[mln alj]—a

O m}n [mailx a;l=a,
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VRGH a, 2 ame TAB p o AT minimum BAWE (element) @3 a 2 s
¥ WY maximum element | ORI A—

A > Q. 2)
(1) € (2) (A S AR

a <a <da
pqg— "

ps—rs
apqzars
mgg@ﬁg@ @—max [m}n al.j] < m}n[me}x al.j]
Bt 2. [ a, ], D @ S wrns Tl 7@, Fola seieem m

Sy AT A ) (TG A max [min a;] =min[max a;]
A : T TG (p, ¢) T 247G PTIF @6 SICLATI 77 | S Sl Aiz—

a, >a, i=1, 2,.......... Mo (D)
@R a <a, Jj=1, 2, Moo, 2)

G (1) (ACF TN IR MAX A, <A, @R (2) (AF I I Min a, =a,
1L S AR max a, <a, < m}n a,

GED m}n max a; < max a, 9K m}n a, S max max a,

O m}n max a; < maxa, Sm}napg <max m}naﬁ
-.1n}n1n§x @,S1n9x1n}nag ............ (3)

AT Tl 1 (AT ST A— max m}n a; < m}n LD QI 4)
499 (3) ¢ (4) (VS e Z— max [mina;]=min [max a]

G N Y max [m}n a,]= m}n [meilx agl ... (5)

4E1 TS min @ G T AGBE (@ TLT i = pl

OEGH m}n a,; = max [m}n a;l ... (6)

SR 4= AT MAX a; GF Tiel AR TN R 4 j = q|

©IFee, max a, =min [max a;] ... (7)
i j i
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431 (5), (6) @ (7) (4 WHEI AR— min a, =maxa, . (8)

wiqig min a, smaxa, ... (8a)

TSR (8) (ATE WA 23—

max a, <a, qP @AE@ DN I a a,i=1, 2 ... M oo 9)
i prq q

SR MaxX dy 2 dp, e (8b)

TR (8) (ATE WA 23—

min a, 2a, A QE I a,a,,j=1 2 Moo (10)

Q< (9) @ (10) (A TEl FETC0 AR @ (p, ¢) TN FOIHa G0 Sz = [y
2{ |

SRR, TAAWT @fee 27 |

€Y : (i) T (p, g) T [ ], TS T [ From sy iy 2

O (5), (8), (8a), (8b) (ATF TN 7@ A @ FTF T (value of the game) 209
o, @I @, =max [mina,]=min max a,] g3 <FE maximizing TG A
€ minimizing CATFRIG B-93 T&x S/ (optimal strategies) 203 AAFC et (F1e1 A,
@ T (ST B |

(i) I P ST [ 2T T AW O (FIEG g (FieT o7
I FoR W= [y w70 TR A

14.6 Twiz3d
1. SI3 e WiGw [E Foiba e =
B
B, B, B, B, B,
Al 11 4 3 10
A M8 7 6 8 9
Al 4 6 6 5 10
Al 7 8 4 4 3
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B, B, B, B, B, row min
Al Q| 4 3 2
Al 8 7 (6) | 8 9 | 6
A, 6 ©® | 5 4
Al 7 4 4 3
Col-man 11 8 6 10 10

@ max (row min) = max {2, 6,4, 3} =6

¢® min (col max) = min {11, 8, 6, 10, 10} =6

FOR Gt R (row min) = min (col. max) = 6

SO 2me FTIHA (2, 3) STRIAD G SICelFTIn 77 | Ol SR W 6 93k e
Te (T 251 (A, B)) |

2. I @ 53 bR @9 SIegivi e & 12|

A 2 1 2 -1
A M| 1 3 1 3
A, 3 2 3 -1
Al -1 3 -1 7
AL
B, B, B3 B, row min
Al 2 1 2 -1
Al | (3 3 1
AT 2 | B -1
A, € @ | -1
Col-man 3 3 3 7

NSOU



@Ity max (row min) = max {—1,1,-1,-1} =1

<R min (col. max) = min {3, 3,3, 7} =7

odk, max (row min) # min (col. max)

SO 2AMG FOIHH (I Sl 7 712 |

3. I 07 SO TP WGER (2, 2) RS SIediwici [y A SIRET x € y @3
A T el G | SNFe @M TG (@ x, y GF @ N &0 (2, 3) e Freia
AP 7 A0S AN 1 |

B
B, B, B,

A X
A A 8 13
A, 6 7

G : ALY SLA : QT (S TR @ (2, 2) SR G0 Segioieie &7 | @2
(2, 2) SRR JEPIHF TG AW (element) 26T 8 | ORI JETRHS TIHEHT 2 O
AT minimum TAWE 8 W32 2 ©F BB maximum oA 8 | ST Sl Vﬁy > 8 UR
x <81 R x < 8 R y > 8 T(EB (2, 2) WIRIADG GHb S 7 203 | oK x
@ y G focefa Teefet x < 8, y > 8 (A e A |

fRSIT e : (2, 3) SRRIE 1 95 WIGHOH element 26T 13 T TOR WEF maxi-
mum element ﬁ@ 13 393 7o A minimum dlement 2 2@ 71 99 @3 Afdce
8 (8 < 13) @S TAMI (element) | SR x & y 4 (FIe M= &+ (2, 3) Rpes Froifoa
RIS AT 1 |

14.7 SR

G 12 TS Xfel) Iaee 8 Fror 30 75 WG (pay off matrix) A=l orea
2T 3R I &le] 1 ZR(Z @ (TG [P (S (pure strategy) SIRETH L G
T T4 (value of the game) T 1 T I G FETG T ST TCNA= ISR
(saddle point) 2T T |
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14.8 SyAtera!

1. maximin (minimiax) NfS &9 T 7 Freiafer TG T
)

B
Bl B2 B3
A 3 -3
A A 22 1 2
Al 5 4 6
(ii)
B
B, B, B, B,
A 3 5
A M 2 -1 4 -3
Al S 2 3 3
Al 4 0 0 1
(i)
B
Bl B2 B3
Al 7 4 1
A M| 4 2 0
Al 3 -1 -2
Al 1 5 -3
97
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2. 53 o ps RS FioR ow@ awd 399 @ FeiHa @ Seisisq [y 912

B
Bl B2 B3 B4 B4
A, 10 5
A N 4 5 12 | 10 | 6
Al 5 6 4 7 13
Al 11 7 8 5 2
3. 899 TF @ x (> 0) 99 @ (I S G
B
Bl B2
A 4
A @2 Frelfba 39 21
A2 -1 X

4. @ g (@ & 53 W S Foilba @R Sedisicm 7 s #ii 71 1 74w

a<b a<c d<b d<cl

13.10 ©&I e

. () (A,B,); 9=4
(i) (A, B), (A, B); §=2
(iii) (A, B,): 9= 1
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93T 15 0 ™ @F™a (Mixed Strategies) A% ‘13

IfReT W71 @aFa RS Fret T5Em (Two-

person Aero-sum game)

Fo
15.1
15.2
15.3
15.4

15.5
15.6

15.7
15.8
15.9

L ARE
2 x 2 IR @0 pe Wit RS et swemz Twge |
CLEEL

oigiey ©§ (rules for dominance) IJIYT F@ P AT
AL |

ZETL

AT SCFSF (expectation function) € FFFH ARG
© Aoy |

AR
SeyAET=t
ICAE NG

15.1 &1

O3 14-(8 R (el (@ (@ETG K (@@ (pure strategy) SRETH I &
(I PG TPTIF FTNT F A | 143 SJoem S i (FIETF (mixed strategy)
N (AR | @3 GFCE U TN (A [T e (Fe SRerse 6 2 x 2 FER
T Wy RS Fom @9 @ S [ 92) T S99 @9 ol
@43 FSIT gl ©€ (rules for dominance) &9 F(F, TEHF (GG @ (&Fl FEE
I ST AIF AL 2 x 2 FEE FIGT APTIF AN T 67 7 |
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15.2 2x2 WA Yeppe Wity R[RFAR et swems

ALl
62 AT @ 2 x 2 DT (I (@I e 5 TiR) wpps e’ o —
B
B, B,
Al a b
A
Al ¢ d

G4 SE (7 PO e (e SRerd IR FOIA W q3R Tew  (&FHeE
(optimal strategies) e =1 =¥

RERIE AR (e Sers S99 O & @ SOy @ @i T A, A,
Freoffera W @ @FE SRS (at random) FEGE T @3 i @@
Ay Fam o & @ A, A, Feeofer FA6ER TR, 1 T I x, x,, (0 <
X< 1,0<x,< 1) a7 A e a1 92 @E@Y A, A, FI98 93 el v w1
Al GR GG (I SR b Al '@ I AR x, + x, = 1
ORE A, A, (G FEbER ASRE] I 4@ I v, 1 - x @A 0 < x, < 1

A (RIS B-A 3 (e [ Fai@ o =51 @ B, B, (Fieiaffel FEves
IR, 4Q TF NS y, 1 —y (0 <y < 1) @7 M Fef7 st |

AT maximizing (ARG A-T TP KA1 T T5 |

M (JERIS B, B, (FIIeT ST A OIRE A-T Afif*e e (expected gain) 2
ax + ¢ (1 - x) = g, (31 ) G AW (AT B, B, (a1 SRETH 0 O A-
7 AfIf*TS &M% B bx + d (1 — x) = g, (W Fge) | @2 N F9 min {g,, g,) = g'|

I (7 AR (@ minimizing REEG B @ @e3 @467 355 1 @, A
@5 (guaranteed) eferf*re Fited 2 2T ¢’ T4 AI@WXWWA
4o @ | 93 AT S 281 x, 9 WA R 90 A0S g7 @7 A RGR @R S

G 2,28 8,2 8 v, (1)

@I minimizing (ARG B-F 7RI Rmal 41 I |

W AETRG A, A, (FIE1 S[RETa FC O B-5 Ae)ifffe @I (expected loss)
S, ay +b (1 -y) =1, (N ) |

R M (AGTRATG A, A, (o1 ST (S IR B-1 Ao (AN -a—cy + d
(1-y) = L, (T 3g0) |
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G WG S max ([, L) = 1"l

SIZE (! IR (@ maximizing CAETAG A @ @2 W60 ¥4 T &, B
OIS (RIS S FUR 1 99 (@0 2T A 94 B, (TG y TSR HZDICH
B fodioe (21 @¥e B3 Sl T y @ Wi T 41 A0S 17 9 T AIGE I F |

G 1 <1, LT e, )

@39 (1) € (2) (A T AR—

ax+c(l-x)>2g, bx+d (1l —-x)>g'

GRay+b (1 —-y)<l, cy+d(1 -y <

S o AR @ AWM oy, y (0<x < [, 0<y < [) 93 I e =11 A7 ACe [, =
L=1IaR g =g =g WORE x, y @ I7 AT & (g9, = (1), =9 (WF )
OR GUHCE P T 9 @ € x, y 9T W (AF TN GG @7 Tew et Tl
41 S|

QL 247G FCIBA SR 9 T AR g, b, ¢, d 97 T 97 T ACS @ @
CFCq g, =g, |, LN G0 x, y @9 & (0 < x < 1,0 <y < 1) S04 F1 A |
oAk i (Flet 2T I @ne 2 x 2 [l AT T4 W (Srizaed @13 |

15.3 ©#iz3d
Awa 2 x 2 ol AW FgaT— .
Bl B2
A 5
A
Al 4 7

AMYW : @ max (row min) = max {5, 4} =5
@R min (Col. max) = min {8, 7} = 8
o<k max (row min) min # (col. max) |
IR e I (@ eI [ 18|
TOAR (FIETNG P (Fie] SIeTqel I(F FIeI AN F41 T |
g3 S (Fe IR FE SO AN T FE |
T T RERTG A IS x, 1 — x A8 7@ A, A, =57 300 @38 (ETRre
B IS y, | — y A8l W@ B, B, Wb 56, @A (0<x<1,0<y< 1)l
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U (TG A7 Soly 761 x O W @ f3F T A0S min (g, g,} = g’ (6F)
97 A FAGR @ =, @AUE g, = 8x + 4 (1 —x) T A7 dojif¥fe #lle 744 B, B,
(T 8129 FH AR g, = 5x + 7 (1 — x) T A-F dYIF© e I3 B, B, (S 829l
I | O GG SN AF—

g =8&+4(-x)2g

& =5x+710-x2¢g

Sl (ARG B-F Sl (A Sl Az —

[ =8 +5(-y </l

L=4y+7(1-y<l

@A y @3 T G5 0% F909 23 A0S ' = max {1, 1} 97 S FGE I 27 |

G2 g = g, I, = 1, (A S AR—

8x+4 (1 -x)=5x+7({ - x),

8y +5 (1 -y)=4dy+7(-y),

q, 6x =3, 6y =2

TOdR, x=l, y=% A 0<1<1, 0<l<1|

2 2 3

© x:%,yzéwwg'wﬂma«l’wwmﬂ«
1,1 1. 1

(g’)max 8 §+4§—5§+7§—6
1.2 1.2

... 8«§+5-§—4 §+7'§—6

o9 x=1, y=% T &) g' G Fef AR @R 8 [' 97 W AAGE I R

(g,)max = (l’)min = 6 l
AR T T+ (value of the game) 6 @R e Fees)fet (optimal strategies) 2&1

11 12
A (2,2) ; B: (3,3)

15.4 &igi«;] ©€ (rules for dominance) JFIYI I
ST A AT

PG T IF @I LGRS (N 9 A) GFeg 46 @Fie, &1 < 1, 11 sivewl
T @A 96 (FHIER 0w @6 (G, 4@ T 1 @5 28 @ 1 9305w Face, affoors
RTINS BT @ @ (SR &, (RTINS A T (@ 11 €3 (50 AWl ©F Al
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OFB TN T O SN I @ I, (Fe 11 97 9T ey A% G a0
are e WG (Ve g C) (A (@il 11 @9 Al (A1 ¥8) I (el I |

qgelq A (A ¥e) am el 7w g7 Fepe WS C, = ©izE C, 99 Tew
@e19fe1 (optimal strategies) (2(F original matrix C €3 &% @FH&9fe1 2leql @
@A AW e GBI TSR (probability) 0 #5te 2@ | s [Rge T Astmyafer
(2 —ICY) (AT Al Ored FINAfEr SB[ ;I

Ty 1 : I 2 I [ @o1wa1 [JRE m x n FOR T 563 WG i o ARE
ACOIF 2 r O AlH Seggel AR R A A A T OIReE i o AN Im ee
maximizing (AGEEICES T&x (9o (optimal strategies) (i 6w 2 = |

[ GCFCE r O AT FC (FE | O AR FI (T o Al 2 | ]

CAAM 2 : I @I m x n FOR FTRHF VHET j-oN BEF A0OTF W k-9 B8
I AR (BT (@A [l I 2 ORGE j-0F W€ I MCHA minimizing (ATEARIGT S&w
@961 (optimal strategies) (= ARST = 1 |

[ G4 A~ VBT FG! (FE j-oF V(8T PO (FHEE G @iy =i (]

CAAW 3 : AWM m x n TR TIPS WGEF i ©F AR AcoF 2 =) A=
TS AR (convex combination) g AW R < (IS GF0 AWE & <) T,
IR RS WG (A § ¥ A A% W0E maximizing (KTERITSH T&d (@S9
(optimal strategies) (1 2Iff<8a ZF 1 |

I j O BIEF &ATTF +I O WfeTH T&d TR I AW G (TFS G0
AT G >) 2, O TAPHF WIGH (AF 93 F€ IW W minimizing (LGRS
Ten @ @ SfaasT 7@

15.5 ©wWizA4
A4 ©red JIRT I Wpd el TP ATHE F
B
B, B, B, B,
Al 1 -1 2 1
A M| 2 2 0 1
Al 3 -2 1 -2
Al 3 1 -3 2
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AN : @ A maximizing (GG @R B minimizing (TG | SN &5
TR (@ B, VS &0y #M B, WS SIA ATE (G (@@ Al I =k foqls s
(04 [B, W03 1, 3, 3; B,®08q — 1, —2, 1] &I #4ig 1>-1,3>-2,3>|

SR AL G SR, 478 TS WG (A B, @7 TSH W (&7 AR | @2
gosfte e == —

B2 B3 B4
Al -1 2 1
Al 2 0 1
Al =2 1 2
Al 1 -3 2

I ol [ (@ %(A1+A2) [A, e A, AT @36 Tex 75917 | 97 *mffe
£l % 1, 1 @R %>—2, 1=1, 1> -2 @A A, AR g Anoffer ==1 -2, 1, 21

TG A € SN A, @7 AT Aw e I @R o WTHT =—

B, B, B,
Al -1 2 1
Al 2 0 1
Al 1 -3 2

1 1
Q4 5 (B,+B,) @7 A = 5, 1, -1 4R B, W0 SgA M = 1, 1, 2
I 1>%, 1=1, 2>-11

IR YT STgd o SRR B, 9F W AW (163 AW Gk Fe e wiGeh @

B, B,
Al -1 2
Al 2 0
Al 1 -3

G2 WGa (F@ Sl o7 SR @ %A1+§A2[Al, A, 97 &3 TET AT |
51

a7 Ao & 5, 5 aR A, TR wEgA omef =@ 1L -3 @ %>1, %>—3|
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Ao QY ©G SR A, AR W (e AR | orReE gorgfTe Wi 2@ —

B2 B3
A -1 2
q GF 2x2 T TG |
Al 2 0
B2 B3
Al -1 | 2
Wi a o
Al 2 0

max (row min)=max {-1, 0}=0

€< min (row max)=min {2, 2}=2

@A 0 2.

Jedik MGITT @ Scaisice 7 713 |

G fE (S e FACE, TGN (@FHE G SNl oA

—1x+20-x)=2x+0. (1 —x).......... (D

1y +2 1 =9)=2y+0. (1 =)o 2)

(@I maximizing (AETRIG A, A (FHERT IAFE x, 1-x (0 < x < 1) TR
@ =475 S0 @3 minimizing (RERIG B, B, (@9 IS y, 1-y (0 < y <
1) SRl i@ v 5

@2 (1)@(2)mewﬁx:%,y=%|
] 2 3 2 3
Oq \Al, Az‘ﬁ AG < 5 glﬂa\ Bz’ B;ﬁ MICIRD 5 gl
2 .3 4
561% e 267 —1~§+2'§_5|

ok @ne FUIHa TN (FHe9fel (optimal strategies) Z&

(23 . g-(0. 23
A.(S,S,O,O),B.(O,S,S,O)

G3R FICIF T (value of the game) % |

15.6 & 9(AFF (expectation function) IR
IEFH AEEWT T ANV

€ AS mxn FOR TFHF THIAT [q], @ S 400 Ame

maximizing (AGETRC A OfF &7€ (FERT A, A, .......... A (A GG FHI IGRILT
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(I @R minimizing (AETRAG B OfF &7€ F*EF B, Bovveeneee.. B, (AT 43
e oo e |

TS (FTieT SRR (0 W g (AETRIC A ©F &€ (SRR A, Ao A
TS X, XX, ASI TG IR (AETAG B ©IF @0€ (F¥E9f#1 B, B, ......... B
R VR R y, TSR F@ e 3@ @AE XX, e +x =1,
VY, e -y =1 4R x>0, y].Z 0 (=1, 2,.......... my j=1, 2. n)

B
Y, Y, Vi Y,
xl all 6112 a13 ...................................... aln
X, a,, a,, S a,
A x3 azl 6132 a33 ...................................... a3n
X . . a | e a

G a, 21 TG A-F ANSH (pay off) T4 (ERIE A G B TG e (FeieT
A, B, fFioe | ©1REe1 (TG B w4 g (Fet B, i 0, (TR A

gefif*re #e=l (expected pay off) 2 Z a, x, T A R T X=(x,, Xpereeneee. x)
i=1
O[T F FCH | ORCE (ARG B 5 (F*6T Y=(y,, ,eevveenn y,) ST I, A AIfTS
AN A-F AOTHIT SCAFF (pay off function) I AR IR E (X, Y) @1 &6 51 27 |
izt Sl AR E (X, Y) =D, Z a, x,y,
i=1 J=
=1 j=1 -
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m n

e min max
qR e Z a. x.y

A== B

[ § @R 9 @F I¥Y FFE F91 TR |
R T AR T—

m m m
ﬁzmgx min Zail X, Zal.z D A Zam X,

i=1 i=1 j=1

9

G Q=m}ijn[max {Z;alj Y Z;azj Vjoereeeneens Z;a’"f yiH
j= j= j=

Qe TSl (IR IR FIS! AT AL (F0E, maximizing (ARG A-9F &5

2 X, Xppernnn X, AT NI % a1 Ao Wioe geife =iteg (minimum expected gain)

AT FRGE (@R T GRSl 77 FER (@ TAGE @ @3 e e sifise 9

Minimizing (ETRIG B-GeTH 251 y,, y,,......y, aaw%wwyl, Vypeesesnnens y 9 @&

(@I 7€ W T OF AR (¥ AR @A (expected loss) 2 A

T T R VR 7 FAE @ R AR 2 19 T K= (v, ),

Y = (3 Yarooy,) » T NG @ 8= § (= 9 457) T ©12GE § 2 PET A
(value of the game) € (X, Y) GF(STG! T&x P@! (ST (optimal strategies) (A |
[ @RI S AR AT @ X= (x, Xppeennx, ) B0 (A o (o1 A, 203 I

m

O3 16-7 Sqon 16.3-(0 A (A7 @ il (Ffe1 SqeTse [ @ @ YR
IR W @ [ Fow @wa For T R Tew &Fe o s 7|

IEAFH ARG S

Totsiim 1 : 7 9 W9 RS @ e TP GER e Amd Tl 93 Wine
R P (T I W OIRCH T FG! (@GR (optimal strategies) (& SAfaST 2@
7, g FoeRe TR T 23 9+P|

el S g Wi [T eme Foi Fns G [q,],, 1 997 @2 Wi
Ao #I0r Mo @b TS il P @iel e goirefre Wil =@ [ +P ] 130
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ame FTF QR IS FoF dop Seerws INFE E (X, V) @R B (X, V) @
SIEE A AT
(V=2 2axy, B'(X V=2 2 (a+P) x,y, GEI
i= j= i= Jj=

X=(X)5 Xy vevvnn X )y Y=(V)5 Yyerreennne y,)
AR in = Zy,- =1
i=1 j=1

G4 I e FoF GFET! Ta Fel G (X, Y) T ORE—

n

o o .
9=E(X, Y) = max min 2, 2d; x|
i= Jj=

3

9 E' (X,Y) = Z]: Z; (aij+P) X, Y,
i= Jj=

m n

= Z zai/’ X, yj+P Z Z XY

i=1  j=I i=1  j=I
=E (X, Y)+ P (x+x+.......... +X ) (VY +y)
=E (X, Y)+P.1.1
=E (X, Y)+P
B CEINAIRE] AN, E' (X, Y)=E (X, Y)+P ......... (1)
P @35 W8 kan 26T, (1) (A W= AR—

maxminE (X,Y)=max min E(X,Y)+P=E (X, Y)+P=9+P

Q3 (3) (20 T A (@ goERS o cFae (X, Y) el Tew (e 201
GR G PTIF T LI 9+P | JoaRk TomfG amfde = |

TS 2 : AW (I SO ETRHF WIGAL @0 [eifoos mls (skew symmetric
matrix) 23 O FICIF T+ (value of the game) Ay 2|

Zme : 2ne FOR FPpE UKl [a;] =, maximizing CAEAICES 2y

qres 2@ E (X, Y):Z Zaij x, yj,C?I?ITG\I X=(x,, XyeeenX ), Y=y, ¥,0erny))

i=1 =1

YFE maximizing (AETTT A 8 minimizing (ARG B @7 fie e |
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a5 (X, Y) <CEIel TeN (ReE 20e @<k SoE W 9 70,
9=E (X, Y)= maxmin E(XY)| O SEl AB—
9= min g (X, Y)...... 1)

Q2 (1) (2@ S 2B E (X, Y) > 9 91 minimizing (4GRS B @ G i foret

T Y=(y,, Yyeornnry,) SN AT I OREAY = ¥ = (%1, Xororn. X)) O T
ATE (X, Y) 29 (2)

g (X, Y) = Z Za Xi X

SIS

A E (X X)=—E (X, X)

A 2E (X, X) =0

Joqk E (X, X) = 01 S0 (2) (0 S AB Y < 0 o 3)

I 9 = min man E(X, Y) = man E(X, Y)

o<k maximizing (RETRTG A-9 (@ (I ™ @FeT X = (G R x ) 93 e

Sl Az E(X, Y) < 9
O X, \0( = (;1, ;2, .......... ;n) FRIG
A AR E(Y, Y) < 9 e @)

o E(Y, Y) = Z Z &y, ¥,
=l j=
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n n
o 0

=—ZZ% Yir ¥ =—E(§O{a 30{)

=1 j=1
S 2E (Y. Y) =0

Toak E(Y, Y) = 0

S (4) (A SEE AR Y >0 . (5)
93 (3) 8 (5) (AT WA +AT 9 > 01
Ao TAAWD @ifde e |

15.7 SIH

A SR e O file (Fiet SIReTge I 2 x 2 RO (I Seslisicia
q1Z) AN T W | 97 A SR (e [FOC @iy $red (rules of dominance)
AR B (G (I IO JPHF LA 2 x 2 FER MRS IAET I I |
AR o SI2IFF(F (expectation function) @l W vb ?.@W‘?ﬁ ToloNl S aslel
e R

15.8 SeAe=
1. {953 2 x 2 Feife T 39 ¢
(1) B, B,
Al 10 5
Al 5 10
I |
A
oIy -4 | -1
I I}
(iii)
I 2 12
o g 3
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2. Ay $0ed AR e 4 x 5 Foif AMge 3 ¢

B, B, B, B, B,
Al 10 5 5 20 4
Al 11 15 10 17 25
Al 7 12 8 9 8
Al 5 13 9 10 5
3. 07 2ol FITIE 2 x 2 FER FIPHS [HE FOR oS g
(l) 7 | 7 6 | 3 | 2
9 8 9 3 5
10 6 7 10 | 11
(ii) 2 3 z
3
5 2 0
1
> 1 1
4.3 (i) €3 FOIG e 3 |
5. (@ PR FPHT WIGAT B
Bl B2
Al 0 2
A
Al 1 1

E(X,Y)=1—2x(y—%), @AET X =(x, 1 —x), Y = (y, 1 — y) IS @GNS
A€ (REIRG B @7 N=@HE |

g9 (AT FTF I
e IR Sy i

ef T @R @ @ RETRT A-F TN (e G e
& B-F T@¥ (e &1 |

PRE9:EX, Y)=0xy+2x (1 -y)+ 11 -x)y+ 1-(1 —x) (1 —y)

NSOU

=2x—-2xy+y—-xy+1l+xy—x-—y
=1+x-2xy

1
=1-2x(y-73)
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1
- < <
y <v=l

QU y 99 @ @9 {8 WeEw ' E (X, Y) < 1, 799
aaaE(X,Y)zmamoqg%l

Aok WX E (X, Y)=1349 5 <y<1

N —

N —

QR PR EX Y)> 13 0<y <
min [M3X B(X, V)] = 1 @

0<y<i

1

min [max 5(x, Y)]

Tear (P4 [P EX, V)] =1

WWW@x:Oﬂaa«yaam@mwwmwéSys1,E

X, Y) =1271]
6. T3 AT 2 x 2 FITIF doril SolFs Wl g7 W 9T AR PTIF T @
Tes (FE ([T I ¢ B
(1)
1 7
A
6 2
(i) B
1 3
A
4 2

7. W @ 3 x 3 SR W JpF MGAL (maximizing CLTEATTI) 27 |

d c c
a f e
b d c @A, 0<a<b<c<d<e<f

GR (X}, X, X;) 8 (V)5 ¥, ¥,) IWSE maximizing (AETRING € minimizing (AETRICTS
& (FHe 2, O (R x, =y, = 0 4R FQF e § = & FgF c< 9 < d|
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i) | 12}

113

NSOU



433 16 O Il e L.P.P & Ay

Fo

16.1 eI

16.2 Fret P @RE (ANAERIE AW gAE

16.3 72 JIRIT O @4Fa RFEAB Fot o e Gl T o4

(Fundamental theorem on two-person zero-sum game)
16.4 ©wR3d
16.5 AIH
16.6 Syt
16.7 GeINEl

16.1 &=

GFF 14-(5 SEl (edfe @ @ SO TS ThER SesiEes [ A/,
ol et (Fiet SIRETge S TN T4 TR | GFF 15-08 SN 77 (AR (@ ST
CFE 2T OCed ARE (@ FCR FPHF WIHAE 2 x 2 FEF FHS PG
FoIT (T W (FIe1 SRETT I I T | A2 G SN (K @ 2o
FTl TS @RS AR TETR (L.PP) IS I T Fh 9 widie u3
e = @iores [ @ @ FTR CFg ST AW GR Tesl (@Fie [z Fa1 77|

16.2 ot Teie (3T caaiwfRiy sSTemw w3
[Reduction of a two-person zero-sum game
to L.P.P]

A g 9 T [TRE m x 0 FOR TP WGAG 2 [a] |

jitmxn

Qe S 40 fes A @ SEirpe Wifiew aeoe A e, > 0 (=1, 2,
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J=1, 2. n) JF O T (A AT AW Al T2 (appropriate) G AN
P @9 I ACOIF ST GI9F I AR AR S A 93 T IR FoE =
2@ 9 + PI 53 Tew (e @ AAfTaET 2@ W @49 N I maximizing

(TR A '€ minimizing (ARG B I WECFET (X, Xeooooeeeeee. X )€ (Ve y,)
ST | ORE (AETRIG A, A, A, A TG (FEYETE TAFE x,,
Xppeernerenens x YR W@ @32 T B O @we B, B........... B @41 AP
Vi Vyererereeenn y I N Sw*iRMeitd (at random) WIBH F0F, @A
Dx=2y=1aRx20,y>0(@=1,2, .. mij=1,2, n)l
i=1 j=1
Yy Yo Y
B, B s B,
LA a, @y oo a,
2 A2 a,, L TR a,,
)'Cm Am aml amz ............................................... amn

(RTINS AT FA

MW (AERIG B (e B, 7o a1 ol e @ (x, Xy, oo X ) 49 G
RETRIG A-F &ofif*e #ecE (expected gain) g, Al A FHCET Sl A3,

gl —a X +6121X2+ ............ +amlxm

W"f ST 1,

g = 6112X1 + 6122X2+ ............ + amzxm

g = 6113X1 + 6123X2+ ............ + am3xm

g—alnx1+a X+ ............ +anxn

AR A ereie © TS g, gy weerverenens g FF (IGIRG B IS FE B,
B........B fdioa @)

A TP min {g, &y cvvrvevenns g} =8 (1)

G4 g' > 0FIR a,> 0, 4, j A T T G IR D x=1,x203=12,.... m)|

i=1
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ORI (X x,) 99 & AF e @iced Al FHACE g
@ | 94 (ARG AT ST 28T X, Xy X @ WA Tl w9 A g 99 A

1
W@ﬁf@mﬁﬁg 93 I AIGE FN R (. g' > 0) |
(1) (I oAl SRS =i,

8,28 8,2 8 creenen 8,28
g1>1 g2 >1 gn >1
, =L 2l =2l (g'>0
Rl g o (.- g >0
SR SN AR,
X X,
a, 1,+a21g—2,+ ............ +am1?21,
a, 1,+a22x—2,+ ............ +am2x—”}21,
8
aln—l,+a2nx—2,+ ............ +amnx—”le,
qr L ox, 2 =X oo X
R 7T =X, 7 =X, ceeeeennnnn =
A g 1 g 2 g m
$C Sl AR,
a X1+a2jX2+ ............ +aijm21,g: 1, 2, n
1 _oxtxta........ +Xx,
i Py =X + X+ + X
@AM, X, 20, X, 20, e X >0.

©IRE ARG A-F A @9 L.PP. fZAE @ 9% -

1
G =X X e +X,,
8
pd
OACATE,
a, X +a, X, + e +a X 21,
a,X,+ a, X, + e +a,X 1,
a X +a, X, + e +a X >1,
n n 2i 2 mn m
Xy X, covveves X >0
m
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CATETRTG B-9 3730101

T ST max {L, Lo, IR ),
@A B T (y,, Yyrrreeneens y) 99 G (AEIRIC B-5 GRS (I (ex-
pected 1088) 22T 1, Lyvveevneeeee. [ T (ARG A TAFE A, A, oo A Teriv e |
ORE L=a, y+a,y, + ... tay (=1 2. m) |
G2 (2) (AT O TILeS Al [ <1 L< T [ <I'G=R 1> 0 28R Sl
A
wii,l—l,g,(i:l, 2. m) |
(TG B BT 25 Y, V,0eeeveeneeen y 3 W el T qAce 11 97 N TGER T
77 gie ll O FAGE @ N 2 (.- I'> 0) |
A
SACIE TR NECEES W - m)| (A WA A,
y y Vo
ailT'l+a1272+ ............ +a, 5 <
kma%—xf%—n, ............ %;Y;@m@waﬁﬁ
a, Y, +a, Y, + +a Y <1 (=12, ... m) |
IR ll!_y1+y2+..l.; """" i =Y, + Y, + s +Y,
@AE Y, >0, Y,> 0, covverneee Y >01
OIZE (ARG B-3 99 fNbd L.PP. @ @14t 4 -
Wl—l,—Yl+Y2+Y2+ ............ +Y,
HEHATT,
a, Y +a,Y,+ . +a Y <1,
a, Y+ a, Y, + +a, Y <1,
a, Y1 ta, Y2 F o, ta, Yn <1,
Y, >0, Y,20, e, Y >0
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A 7 4% @ B-F A0 (L.PP. @) A W (L.PP. @) 7o
(Dual) 35001 @R A-F TP B-J P07 501 |

QL (1), . = mxln III)?I.X LZ_; ;aﬂ X, yj:|

AR (g, = X mxiln {Z ;a/’i X y./}

i=1

SRS SR SN @l T @ (1), = (), = 9 (477 T FOF T (Value of
the game) |
SIFE (R (O @ @ G AU LPP-(S IATT @ I T I |

16.3 712 JRIT N @owe [ ot wom Miee
el © 99y (Fundamental theorem on two-
person zero sum game)

el TET A G S (IS ¢

il (FrieT SeTR I @ @ T2 IRT W7 @iore [ e I (value
of the game) ¥R T&N (F*[E (optimal strategies) 2N AN |

B & I S 2ne SO TP WG o], @A ot e s «Afs @
WAl 2ol A7 o, > 0 [ 162 Sart @ [ (e 2@ | |

S 9 maximizing (AETG AT fE (&FHE (C R x ) R minimizing
CACETRNG B-51 G0 30 (T (Y, Yypeovevernnne y,) Sgfle (ARG A ©IF ewe (Fraio)fet
x G @ @ (AT B OF ave
G B, By B (P AP Y,y Yypeverron y e[ @ S ©IF (at
random) T4 ¥, @AET—

m

inzz;yjzlél?‘{xi>0,yj>0(i=l,2, ......... 2 j= 12, n)|
e

i=1

SR 16-2 SetRm Mdfe @ Fe! e Wod 9o LPP. &3 @ 9w
CAGTRIG A=< I3
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MOACATT,
a, X +a, X + .. +a X 21,
a, X+ a, X, + e +a,X >1,
a, X +a, X,+ e +ta X 21,
)G S X 20 @@ X; =27 (=12, e, m)|
(RTINS B9 150y
W%=Y1+Y2+ ............ +Y,
HSAICF,
a, Y, +a,Y, + . +a, Y <1,
a, Y, +a, Y, + . +a, Y <1,
a, Y1 ta, Y2 F o, ta, Yn <1,
Y, Y, Y, 2 0, @A Y, =2 (=12, n)|

QI S o7%) AR (@ @2 96 TerE (L.P.P @) @ @ Swiod (7o) swem!
G Al A @ A-F AT FEFF AN (feasible solution) SNCZ |

g 4= min{d,,, Gp,eeeeeenn... a,)’ AT mMin{a,, @ ppeeeeveveeee. a,} >0, R 9=
Ay Ay eeeenenens a, >0l

©IEE a > 0 932 aclllzaii 1 Q;ZZZ | P acll”Zl

TOR X, =, X, = 0, e X =0

AT AP A *S9)fe1 Wi v |

OIE @8 T (g, 0, 0) 956 FIIFT AN 203 | S Sl o5 FAR
@ G TP REINE S @ (R SR T GOV X, + X, + o X

>0 @R OIE 9N Wi [ Ae LPP T [Reuee suorwEd W9 S (un-
bounded) ZCE A I | ©ZE A-F T0OHIHGF (L.PP ZAI@) AAN 53 N4 (finite
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optimal solution) UFE | @2 (FolF Gle G212 (Fundamental Theorem on. Du-
ality) (2CF SR Sif7 “qM 25 SO A (7S T[N @ (@0 P81 5N A4 siew
R ORE SIHAS PN BI TN A€ A @R 9 TP KI8T SoRw e
optimal W=9fel €3 2@ 17

1
oAk B-7 FETIbe AN b A #iew A 9= (—,)W = (l)m

8 r

ol (89, = (e

SIZCET FOH T AT A 8 PO A 2 (¢, [ (1), ] 4R 76 AP el
4l (optimal solutions) (ACF FIoR e FE (optimal strategies) 2GS (|

<. SoAsms et 29 |

¥ 2 I @e TR FTPHF WHER 0T 2 A @ R4 P @i I
ST FFIE L.P.P-(S ST 1 20 Ozt ene FOH W 20 (g),_ — P a1 (1), -
P| 5% Tan @Feafea @ oA 2@ |

16.4 ©7igg9

1. ¢ FE! TPF T WA Fe el 201 | Fol 70l @RS e
TP AT FoIeT AN 91 |

(RS B
B, B, B,
Al 1 | -1 | 3
REEE A A 3 5 | -3
Al 6 2 | -2

AN 8 G 78 FPHS UGS 00T AW A 4 @15 FE (S 2AGF

M > 0 ) oo Wil =—
B, B, B,
Al 5 3 7
Al 7 9 1
Al 10 6 2
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T T QETRG A W (G (x,, X,, Xx;) G (REETRTG B f (& O Yy ¥y
T FE @A x, +x,+x, =1,y +y,+y,=1€x>20,y>20G=1,2,3;j
=1,2, 3)I

IR (AETRIG A5 750 (L.P.P. 2709) 'ta—

SR ?=X1+X2+X3,
“EAICHATT,
5X, + 7X, + 10X, > 1
3X, + 99X, + 6X, > 1
TX, + X, +2X,>2 1,
X, 20, X,20,X,20
G (ARG B3 A1 (L.PP @) 26—

N %:Y1+Y2+Y3,

HEHITHATT,
5Y, + 7Y, + 7Y, < 1
7Y, +9Y, + Y, < 1
10Y, + 6Y, + 2Y,> 1,
Y, >0,Y,>0,Y,20
adi Xi=5 (0=1,2,3) @w Y= (j=1,2,3)
@4« B-3 e (T 53w S 7 71:51® @+ L.P.P.) Simplex algorithm T AR
AL T AE -
Y, Y, Y, 4% slack 5e19feTd 12 B-2 R0l Fev Sieica ¢l 21w g

W%=Y1+Y2+Y3+Y4+Y5+Y6,
ST,
5Y, +3Y,+7Y,+Y, =1
TY, +9Y,+ Y, + Y, =1
10Y, + 6Y, + Y, + Y ;=1
YjZO,(j=1,2,3,4,5,6)
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NSOU

Simplex Table—I

el v 11 lolelo
EI!- TH b iy a, il iy il iy,
o [y, 1t |sTs3] 711070
oLy, | 1|7 oo
o Y. ! 1 lwle | 2100/
Z,- -1 -1 -1 ] 0 i
T 1
1111
min 13 v (=g
Simplex Table—II
€ 1 1 1 0 0 0
EH ?FI E ﬂ', EI ﬁ1 'H_* Eﬁ ﬁ:ﬁ
o |y, | 2| %o || v]-%]0
A Ll s 05 |0
0 | Y | 4 | ® o0 F |0 -3 |1
- _8
z,-c, ~2lo|-%]0 0
T
2 11
nJ3 9 3(_1
min 500 10 (=10
3 9 3
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Simplex Table—III

r ] o | o .u_\l
| C, | Y, I i, i, | @ i, i i, :
RN ‘;‘- 0 1 _31?‘: -5 | O
0 |y, | 1 | -l oo | -t | -3 | 1

s .' & I ! | 0 | F | |0 |

QG a5 T AT G 2~ ;> 0

@4 Simplex Table III (AF (7@ P IR I AP I FILIE (optimal
solution) S A |

44T B-5 FFOU (FGE Y, =0, Y, = 1. Y, = ;0. (406 BT T (e oAl

IUE, AAE Y, + Y, + Y, = % q % ¢g o9 VI (maximium value) |
HOIR ' -9 O W = 5 Tl {ﬂ@ﬁl@ FITI T (value of the transformed game) |
TR QI &7S FIOF T 2@ 5 — 4 = 11

497 B4 be @WWyl=5Yl=o,y2:5Y2=%,y3=5Y -

1
2
S Simplex Table T4 2, — ¢, (2 vl <eCe AfH (1 X, = 1%, X, =

%, X, = 0 (A A-S 5 (F¥E NG AN | O A-F 5N (FHEE & x, = 5X,
2 5 1
=3 0T sy =0

Oz g THg T (9) = 1 dIR @GNS A 8 ({TERT B-9F TN (S

2 1 11
AP (5, 3 O) UEN (O, 5 5)
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16.5 RH

O3 GFEF N @ FEE “@ @I T T GR Tew @ et i (e
(I IR FAE)” @R (@ I P BT @RE (Aamify o g

IS AN 3T

16.6 S=pAtETe!

1. 03 SRS WG R#E drors FIeR FeicE @RS @R =0 (L.PP)
qmmz

(i) B
Bl B2 B3
Al 10 2 5
A A 7 4
Al 6 3 9
(ii) B
B, B, B,
A, )
A
Al -3 5 -1
iii
(iii) B, B,
Al
Al 6 1

(a) B
B, B, B,
Al 2 -2
A
Al -3 5 -1
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(b) B

Bl B2
Al 4 -1
A Az 0 7
Al 5 5
(c) B
Bl B2 B3
Al 1 -1 ~1
A Al -1 | -1 3
A -1 2 ~1
d) RERIC B
Bl B2 B3
Al 10 2 5
GWERE A A, 1 7 4
A 6 3 9
16.7 ©&IN
1. () B-4% Fm
1

@M 10Y, +2Y, +5Y, <1
Y, +7Y,+4Y, <1
6Y, + 3Y, + 9Y, < 1,
Y,20,Y,20, Y, 209X y=10" Y, (i=1,2,3)
A-T AR
1
S ?:X1+X2+X3,
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@I 10X, + X, + 6X,
2X, + X, + 3X, > 1
5X, +4X, + 9%, > 1,
X, X, X,20aR x=¢g X (=123)

(i) @ne MHEF AOF AW A 4 @9 FA B-47 TP 20—

1
o™ 7=Y1+Y2+Y3,
R 6Y, +2Y,+7Y, <1
Y, +9Y,+3Y,<1

Y, Y, Y, 2089Ry=10" Y,(i=123)

1

vV IV IV

(ii1) B-9 01
1

Baw 7 = Y1 + Yz’

R 2Y1 + 4Y2 <1
6Y1 + Y2 <1
Yw Yz, Y3 > 0 @R y,= ! Yi(i =1,2)
B-9 S0
1

L ? =X, + X,

R 2X1 + 6X2 >1
4Xl + X2 >1

X, 20,X,209R x=¢g X (i=1,2)

7 5). 52 1 4). g1

2. (a) A(E’ E)’ B(?’, 3’ O), 8—3
.nl2 35).

(b) A g @1 Ay B(7, 7),9

6 3 4). 56 4 3).q__1

©) A(B’ 13 B)’ B(ls’ 3’ 13)’8‘ 13

313 1) (7 5 1).4_ 67
() A(§’ 24 ﬁ) B(24’ 9’ 72)’8‘ 24

I
|
—_
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