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93T 10 O 3IRF carg=fkig s (89St (Duality
in L.P.P)

T

10.1 &I

10.2 &S FOUE T g4
10.3 @wzae

10.4 TEST AFY T AR
10.5 79Tl @dR Simplex #®
10.6 S

10.7 e

10.8  SEpEr

109 BEIE!

10.1 AT

@ @ OF0 avs (@RS (amiE T el Remsir reffe wie 9z
ol canamwfdfa s svem T wrEE BEm wenibE ('S (Dual) SR
432 2T <7 (Primal) 799 <@l ged | Fmaft =18 aarad o faewa seenife
7w |

W A (T i (@ Ao opga Ao A, B, C @ {67 e sjfews swnea
se | g WiEced W e smd Rered i s e $% few
ara AffSea e T U 4917 T X 8 ¥ ags e | S A Rgred e
73 oRE AW X € Y T A v i e Aadite aa s e X e ¥ 4w feew
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smd A, B, C 47 sifawe, 2T opgz 2o o Amend T 45F e X 8 ¥
YA AT redl 29

L1k '{ﬂwa__ﬁmﬂ' #f% IR
A B C e wT
X 1 2 2 2
y 3 4 1 3
TN Aw@E | 10 9 3

¥ RN Bs TA A, B, C Awidofera Rgmyen wswena e w9 s X
@ Y AU T @ ASAID (@ Al T 9R G3Z A (@ T @0 K 2
FAECE (@ 2 W 9@ AR A, B, C 97 Rewp IUeH x,, x, x, R s =
o7 AR Sy (At R fos s canamfad st R

z = 10x, + 9x, + 3x, 9% B {maximum) < ef7 900 T,

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

3¢, + 4x, + x, 53
X +Xx,+x29

G¥R BHATAR FFTHE TSR (A AT |

@ (I TR ST 2@ X 6 Y 43 o A [ «Afdme ags T e 6w
=31 TS &Sl s A, B, C fow awrg s ominefa Jarew grmem (o1l T 93]
T2 A X 8 Y TR (N T (2) R o T AW &S oM T AR
v, v, 4T X8 Y 4 e T T LA (W N Sy (A0F SIS s
s Ceﬂﬂmﬁ'ﬁ?ﬁi:

w = 4v, + 3y, €% 59 (minimum) ¥ fadr waTS =3,

@A, v, + 3v, 2 10

2v, + 4y, +x,29
v, + v, + x, 2 3,
vz O v, 2 0

Boraa 46 TR (@ @ (B T TR T OB (7S AV Il A |

QIR SR ANCS T3 (@ 4O TR T (FIMHTE 24 0T I 2 B9 69 (7S
T AHTS SAAME TS 0@ A [ FRY 10-5 WHRIF AL Ty LA F
TEE (A 058 TN 93T 2 AT (T, Tae SPTIt (A T A Y4
T R ]

B St AR sl Rewr® eniia Tt (A« sw w fefa
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TR ) A FATAN I AR 92 (P s Ao (T @ o=@ T
Aol S ) (A AN T ATE | WiNA @B TS S, oS! SR @
@ e (AT (AR e ae Twme Sfafes e A @l

10.2 (31 awe (IS At sTeme 99 e
fifafes g

QYA W A< @S ey e Fekite aem e

T=C X +Cy X4 +C xmmmﬁcﬁrwm,mw

a, x +a,x+ .. .+a_x <b

a, X +a, X+ .. .+a, x <b,

a, x +a,x+. wta x <b.

X5 Xy wererererens x 20

s R Taf cAaR SPTIRTE Sets Shnbe e ! <@ 7 |
w=b v, +b, V¥ e + b v, @7 T AW [T TS TR, @A

a, v, +d, V,t +a v ¢

a, v2 + @y Vot e + AV, 2 €

a, v, +a, v,+. +a_ v, 2¢,

Vis Vys rnceenene v, 20

T BT IR RCE S e Wl oA
q47 AT

bW z=cX% xz0
AT A X <h voerrrreerrerccrcrsmeennne (1)
&S A

O™ w=b,V, v20
@ A‘v2e
AT X = (X, Xy ceecrininnenns X

g =l € v, X,]

JAITH nx] TG € WHF (Column matrix) € 1xn A N WHFE (row
metrix, A 936 mxn TR VHF GR 7=[v, v, ccon. v, ] T mx | FHR T R
(@W TIihF 97 «fFs o 7 oM w3t )
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QYT (B Y] FALS (1) AL DA QP FICA, 93 Jo0F TomGa s
WFA (standard form) <1 2|
TEY : (7O APNIE W] (4P NN 7% 3912 @,

(i) A SR ST WA (F2 T W) = &€ AR ST R (number of
variables) @3 RATTF TSTOTT T FA (72 02T 7 = 5 TEHT
BTEA R | |

(ii) @A 727 TP 5T0 W [T RFT ¢ YW ST << AT 9K 099
TG SN WM T Eg e gum wSafE <> wiiEe |

(iii) @A b, by, b, 4F WH 4AIFF T LS A |
(iv) 47 SR rE4fera e wnlwte #fasw el (Transpose matrix) 3@
S ST *esfE Aze ik

(V) £28 A (X, Xperrennx, 12 [ 0]
Q
[ ]
L J
L ]
—0—
a7 L x, 20, X, 20, e, x, 20
a3 520 92 FY v, 20,v, 20, v, 20

(@ 2 STTA] (A ST @S 01 (F symmetric I T3 W% F0Ale erest
*$T TAFNFAY (inequations) TFWF AMF 3 FNGE unsymmetric I T
% ATob *=& RABAY (equations) WA ATF | T T2 FI! (I ©F (7@ )
53 Wt 7Nt @ TR TOT WFER AT SR FPYIHTE mixed type T
T A 9 2 T TR (FG 45 A 4S5 T 41, 4gs Toay
e A Ifie 9% 5a5fE » 0 *[$H WA A—a2 sALE B M W=y (unre-
stricted in sign) (A SEA 4 9

(10-3) SFToerw ICASH BURICER A S (red ez asft ars @i
celtamsfafy AT (symmetric, unsymmetric, mixed type) 09 R 9169 T AT
932 s fqe Soenmpsifera eret AviR 399

CoAog 1 AW 2y TEHHT @N S (constraint) TREI WFI ATS OIGA

7S TE S B0 “unrestricted in sign” T
G ooy 2 7w A7 T FIAIBI @ 56 “unrestricted in sing” T TR (7T
TG WA A0 G FAwAT A

10



10.3 S7IgI

1. firsw w2l cetataRfd (L.PP) tae el ey w3
2=3x -2x,93 6T WA 37 T @ @AW, 1, <4, x, <6, x+4x <5,

- S-Lx,x 201

HINYE : QUTA TS &N TICIR (standard form) FPHG T SR 9w
WINA AR BAN z=(3, - 2) [x,. %,]

@AY

Boca T AT T R U w = (4, 6, 5, <1) [v, v, v, v,]

@A, 101 0 v,.é[S]
011 -1{|v,| L2

L&

Vy

AR [v,]2](0
0
0

WQﬁQWw=4v|+6v2+5v3—v4,
@AE v, +v, 2 3
v, tv,—v, 2 -2
AR v, v,, vV, 2 ]|
2, URW z=x + 2, -V,
@AM 2x, + 3x, + 4x, 2 5
2%, + x, + 4x, 2 =5

11



- 3x, + 2x, 2 0,
X Xy X, 2 0
e caafRfe e tae went Mo 3gm)
AT : 4n® A TS A S (standard form) B wwEl @i,
bl =X = 2xy + Xq, '
@AM 2%, +3x, =4x, -5

=2, = X <2
-2, - X < 0} ........... (n
X kg, Xy 2 0

kﬂag Cﬂw (Z)W - — (Z) sml

U B

G g HFEA 43 Y2 FEGILE 7S T &E,
[t w, = =51, +2v, + Ovy

v, — v, + 0y,

>-2 (2)
_4‘;"] + 01’2 - 21’3 2 I

LI v 20,v; 20,v, 201

[ QU FwaE @ (1) " 9 T SSefem wfy wmeaaE @ (2) | TS
e S BT ARl |

Q2 (2) W Fie wawey Wi =

Ve w=5v —~2v,,

QIR 2v, +2v, =31y, €1 ]

=3v,_v, <2
41’] + 2V3 g "'l

IS 4 v 20,v, 20,v,20 1
(3) M2 @RS (ol swemt ot twe wwm
3. Frew Y2 e tre wemfs gm0
P z=x, - 3x,,
WEATATE 3x, +2x, £ 6
Ix +xy =4

X, xz0
ANAF : QA 27E 2] ARG e SENF (mixed type) SR
12



AW YY TONIHLE 2N FHHT LI I TS
QAT 3x,—x, =4 WM 35, -x, <4, —3x,-x, <-4 G2 *$ qHF FAYe
TG A AT 2
L z=x =3x,
NEAATF 3%, +2x, <6

I —x 24 )

-3x,+x, <4
LTS v, 20, v,’20, w20
(1) & 7Aba e et 7@
I w=0v, +4v,"-dv,",
ANSHITATT vy + 3y, 3, 2]

v +vy'—v,""23
LR v 20, 1'20, v'">20
QR v, - v, = v, B, v, @3 % Aeivs w3y 551 28 (Fdiey, “unrestrieted)
in singn” ¥CI) |

IRE BT tae i @1 I,
R w=0v, +4v,,

NEAMATE 3v, +3v, <1, } @

2y, -vy -3
v £0, v, 5% ANATE W Y 5|
(2) 7 FAfS =& el tao Tt

TP : G Sl 7% FAfR @ 37 F73 (in the given from) SR 7451 2
T (2) AR TS HAF I AT TN oFIW I AT Gom S 9l
WAy ey, Ty vzﬁiﬁ forz Q1Y (unrestricted in sign)|
4. faa tafds (aAawRfy e e el o e -
LR 2="Tx, +5x; - 2x,
SN X, +x, +x,=10
2% —x, +3x, 216
x,20, x, 20, x, BT ATHF S 5|
FAAY : GATH 2 TR @0,
N 2=Tx, +5x —2(xy'~x3"),

13



AEMATE X, + %, + 5,'=%,"< 10
“(x; 4+ X =X3'=x3")S =10
2x, =X +3(x"-x55")S16 0 p (N
=30 -y +2(xy'-x,"") 5,
20 %20, 5320, %320

(A, xy=23"-x,")

(1) 73 A Tos TPnh =3,

AW w=10u"= 100, + 16v, + 5v,'

NEATF v =+ 2y =3 27,
vi=wt -y = v, 25,

vl vy 2v 2 -2,
—v,' v, =3y, ~2v, 22,

e (2)

v,'20, v,"20, v,20, v;20
QU v -v =y, @ (2) 7 Amhe @9l T,
LR w=10v, +16v, + 5v;,
AEACAT v +2v, ~ 3, 27
1’l_vE_‘]r’325

v+, =2
‘“‘Ui _3""2 “2V3 22,

(3

v, 20, v, 20, v,[0% AATF HAY 57 |
WAl & AR @ (3) AR P gor ¢ v W6 qft =rET wger |
Joar ety e A w9,
Y w =10y, + 16v, + 5v;,
AEAATH vy +2vy =3y 27

V=V, =V 25 e (4)
v+ 3y, + 2y = -2,

AT : QLA S o7 A% @ 0 Fenba g4en P Fieat 2917 079
FpfBa v, 5 for AT S34 (unrestricted in sign) @} 4 TG x, 5T
AT S 5o 26, (78 T go wEf awlh HMwae

14



10.4 (RSS! MHY © MR

5T BotoimafeiTe g7 I &me P (standared form) 37 ZRTE SR

I eIz

TR 2=T %, ererrerrrnresnmrensens )

WEATATF Ax<b, %20,

QAT X = [0 Xyroooen Ky Js © =(Cpa CporrreennniCy)e B =By Brsb,] G A T
mxn A ml

QA (1) 97 e Tl =A@

AW W =87 ovnerrmrrnnrrrsnrnnnne2)

SEMACF  A'v 28, 720

@A 7=V, vy coeee V)

B ooy 1 : (1N T (RS (ANRIE NI (7@ TP 7S AN I F2 67 |
RIS : AT (1) AL TEMH @32 (2) A PG (1) 9% 7 TP |

G2 (2) @ TemhE WeEReerm o saw e gl oI 1 17

BAA w, = —b'F, ervernrnriinenens (3)

@AY -A'v<~¢, 720

@R - (w) = w) .|

&S TR S S (3) @3 tme AT %S,

@A ~AT2-b, s 4)

s (4) 72 e FefEficem g a9

B z=-(~C %),

@AW — (AR s—(~-b), ¥x20

L BT 2=C X, ceerrrerrvrrovennes (5)

@I Ax<h, 20

99+ (5) 7 T T AT q37 A AR SAAGH e 2@ T

SN 2 : AW 5 IR 7 TASW (1) | JIAFAET 4R (2) T SHFA 199
TR FEST TGN 2F, SR, cx<b'7 |

15



2 (1) A Y TR G0 IEFF TR % -o:camwmi

ATEh, 20.(f)
THFACA (2) AL 7S FANANR 5 OJ6 PRAFA AN 56 S5 AR
A'T2T, 720, (7N

QY (6) (T SN AR,

q, TATLTD, (72 0)

IR (7) (AR W AN,
(A7) 2T

TOAF (A'P)Y 27X, (wx20)

SR FF LA TY T, 9)

4T (8) € (9) (I WA AB Fr<vh

A, bV

G 5y @I Ix1 FEI WG 28AM, (&

oAk anfds 7= @, cx<h'v

Cotdtg 3 : I 5 @R 7 TIWFW (1) R T PR @7 (2) R @O AHR
L A R @ANA % =47, OEEA &, v, TSI MOTEHI 53 (optimal)
A 2|

oale AT (8T SR 67 =8V oo (10)

QY 21 E § (1) T ATHR @A @R LT AN |

TR 5 (2) W 9T GF IRFT AN 26T T, Soteig 2 A wEn off3,

cxsh'v... L)

QW(IO)‘G(II)CWWﬂﬁc *, T (AT R TS A @ 9
AT 46 5I TGS [QUH 757 T ﬁ’ﬂﬂ‘ﬂﬁ BTPFERA (objective function)
BN A (maximum value)] 1

SEFAONd 3 YR AT @I IHFT TMIGW 26N 7 TR @ @
TG 5 B ST AR F 5 <B T, (12)

Q4 (10) 8 (12) (T 9N AR p'v2er =b'v" |

OAR bv2b'v, T (WF W IW A 5 wt'rwmﬁmwmr

[ 5 7 261 RIS o {objective function) WIN AW (minimum value)] |

Tk TAstwie eafds 2= |

‘CI
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Coioy 4 : M Y TP @R (7S TPPR @ @@BI @I AFw saw wem
(finite optimal solution) YTF SR T-ABAS WFH AR FIW WU AP |

[€% Sorrmfre taewta GIe © v4#fiW) 3o @ (Fundamental Duality Theoren))

a2 Bl fiweseitas Rge w9 am:

(1) =& 2] PR (I FFE FAAL 5IN AN 5° AL A0 FL A T 938
@ETNIE 1 (2) 712 g TIba 936 P U 5 oNeT W @M 5" =57 |

el @ iew (1) 7 B 95 A @2 s Simplex oufSre g
YT T m ALYE Stack variable T FIC© Q| '

QAT TFRT 5 ={b,, by b,) CEIGAMIA CFTE by, byreennnnnn.. b, AR
grenT 0 7le LI A

m YT slack variable & X =[x, X, .ok, | T (column) (TFHT 7

A I, (1) 72 AT aiw @ T
PN z=Cx.

@AE | T m x m TR G WEH (unit matrix) |
42 TR A TS @ (1) [ T2 AP 96 FAN 530 STNLF 0% | SIFH (13)
o= et @3 saw @E Ffea TWAW (basic feasible solution) AT T |

13t T (13) 72 Apmifa saw e Ffeg TN (e 5919714 (basic bariables)
cogbafd x5 = lxg Xg, e X 1 9B ¢ Cs ={(Cp, s Cpyreveren-Cp, ) T YYFE A

b

fofs o (basis matrix) ¢ AT SworwE S G0& sasfem Teome AfR
(SIBY (row vector) |

O wF 5, = G, B
G 7, (A (13) A2 AWT «3H 5N Gey FARigiw JAleT IE IE, TR AR
z2;~c; 20/ -7 (@ (PW TR MHI G, (FYTA

L

Z,‘ =ZCH,- yij
i=1
LI [yU" Yijsrmrnnn ymj]
=B (A1)
R Wl S A Ty B (4,1,)2 (€, 0) e (14)

9G¥ T, B 9% row WG 70 @ ot w4 T |
17



ORA (14) (7T T 43

A, Av ze, 7 20... ..(16)

[@¥Ta (15) (8 ) L‘Nﬂ% row ‘«'UTTEW a3 (16) (8 § 9% column G )

Q4 (16) (0T TV T QA §° (2) T (7o TEHHA oy (HA 50 a3 IR
7' '@ (1) 72 Y TN (7S FONF AP0 FEAFT NG |

S NG T @ v° = (T, £y, (2) T2 TFS TEWHI G 52 AN (optimal
solution) |

AT 2] o a REaRe S {objective function) BN @ (maximum

value) 29 (D) pq = Ty ¥ X5
=C, B'b. [“Xa=Cy B™")
‘b

Il
—_—
=
.
e

"by=b,v

(v 59T Ix] FHF Wﬁ'ﬂ TEAR G 5 b = (7" b) ]

QU BATIT T o9 (4 YA TEHIF @ GAAG (7O ANANA) (HCE YL 00
G 4% ATMIR REOES SrwIma w9 Welid 2670F &, © AAM 3 (S S TS
A @, v =(T, By re WoT @b 539 TR 2|

QU FIASIE (2) 12 178 APNbI @3 v AN v v @2 e s
el RS A ¢ (1) 78 4 BT B 5T AW AGT AR @R (2) = (w),,, |

SR : (W (AT (2T A AR GEw AW e YT G (FIAW
TR TN W 8 0T FIH e WYY 9IS IH FRTT AW A6 T |

ewle : frer agA

WO : Simplex 745t Y47 (afT (AafRfE wemE vaw s Adw wate, Seiemg
(4) (7T WA (7T AT 530 FaE Ry 339 Wea srafs 42 -

s g% FTHTE 59 A (maximization problem) LA 43R ‘<7 SPICAA LI
z;—c, 4% WA (AT (7S TPHE HAN AMLFA oeq A |

SHFOrSTA Fl AN (@ [ TS SN WM A7 He@E (minimization problem)
FRAIEA G > SIPE TSHATE AW T 2, SIFE 5a% 7t [l simplex
table (AF surplus 5a0va fte @ w9fera fow #if9a0a T tae Wema vIw SHNLW
ST G4 |

tl
w:l

18



ooty 5 : 7 0 HOMB KA WAPEE (objective function) T Ay
(unbounded) 2 ST (7T WO (P FIHIF W AT N |

&I 2 WA A TS (1) 7)) FOHIHE ZTEwe e S (unbounded) | 7% @
T, 491 TS (2) A (7S ATHIF TR S04 (feasible soulution) SE | 9NF FF FA @
7S I TOTHAR, P A AT, T 4 9F SHFPAIE (ATF I T (T [ FT
Q3R 17 Y TErREE 5 FWIGW (optimal solution) AR QAN WAGI T 2§
SEEIE AN S SQiY I 3T FAN 5 TN 3 | YO ANt 7| @
WS AR (T T TR R 1 W% 2y AT Kmmees swerrs s &)

BAAT 6.: T 0TS TOT (FI FILEF SN A AF 972 2 FHFE TS TG
T, I Y IBETE FIUGE SFS (objective function) Y (un bounded) TR |

g frE g

10.5 tq$1 Simplex €3; *wfe

STE] 57 AR @A (a0old (e ST ARTH J2 TTRNF (I (78 TPIE)
BN NG (AW NS IT) simplex fsre Ml TawE @38 Awl Tae TowR (A
I W) 59 AN T T 791 @B o wwa [ fowl Soarm A faw
TEY PAI—

89y ffaw : Tetornw (4) a3 ombrirss Fo TE@e g W3 e R
T ZAZ |

& e : I 3w (A @S ATTR) @ 5E @S FOUE (I Y0
WANR) (@9 artificial 5 Ao FFS (related) T O (7S TEHR (4
AAE) 5T FAUEH W Simplex Table @ “net evaluation” R 7 arti-
ficial 55 @7 753 W4NfT penalty cost M @3 WM %7 472 579 FANULH SFY Y4
5T (17 BER) TN 76T Te—a3 Wawiba ome @ mem o A |

(10.6) STRTE TEF (At oEEls % 3|

oo faw - ﬁqmwmmwmmﬁaﬁwwwwm
w@l4 (unbounded) W R FFMILA (FW TSI FMYW AFC 711 Bogm (5) IR
ToAAT (6) (AF 92 FANhR WA &AW AR

TYT] : (FoolR RN W@ wims e eiamfald e (L.PP) FiE 359 51
21 (@ @FF LPP-S, a0 WS 531 575a AT SoF (@ 2W OIRE @GN
&S STIfb (T ATST NN 4 FIFE B RN W) TN I3 Y27 Fomha
g faofa o ae za|
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10.6 SHZI4

1. taooa Wz fFrse s (it (L.P.P) Famiba vav waae (Tw Al

b 2= 3x; +2x,,
SEATANTTF 1, +x, <1,
x +x, 57,
x +2x, S 10,
x, 53
X, X 20 |

AN ¢ QAT E TOPR SR AW 4 9T2 5T WA 2 |
org AL FIHE @9 A,

e 2=3x +2x,,
MEACATE x, —x, < -1
X =Xy, €7,
x —2x, 10,
x; %3
X, X% 20!

A MG 2 AT (7S TN XA,
ER w= v, +7v, + 10v; +3v,
SEATATE v +v, +vy+0v, €3
-V +vy +2v, +0v, <3
v, Vs, Ve, vy S0
G4 B tas AP 5% WA (standard form) AP T T,
&4 wy =V, — Tvy = 10v; =3y, + Ovg + Oy,
YA —V F Yy VAV, — Ve =3, (1)
-V + Vv, + 20 vy — v, =2,
OR @A v, 8 v, T e
@4 (1) 7R TR g GG 2=

-I110-10
~11210-1
0
Wmﬁwm\ﬁa(l)!
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Tom e R (basis) TR il Rofe cowba (o] aremrm w wm

AT &) v, 93 WRE], (1) 72 7o TP #67 modified SIE @1 T |
XL w,=v = Tv, = 10v, - 3v, + Ov, + Oy, — My,
SEACATE - v, +v+0v vit v, =3
v+v+2v_+v + Ovy— v+ Ov,= 2
Viy Vo Vi Vo Y, =20
nﬂa\M(>0)mﬂ%mmmm@mmmmmwwml
QA Simplex “FfErs TRiale ware Piw e A&l e i (2Siefs asfers

e JIEE IA TID) |

¢ i -7 | ~-10] -3 0 0 [ -M
G, B Ve | b a, | a a. | a a, | a, a,
-M | g v, -1 1 1 0 -1 ] 0 1
-3 | a v, -1 2 1 0 | -1 0
Z - € M+ 2 T'M+4 -M+4| 0 M 3 0
-M | & v [ 0 0 | -1 [ -1 -1 ] {1 1
-7 & v, 2 | -1 1 2 1 0 | -1 0
Z - ¢ 0 [M-4fM-4| M [-M+s7] O
0 a | v ] 0 [ -v -1 | -1
-7 1| @ v, 3| -1 1 0 -1 0
A 6 0 3 3 7 0

17 ARACS (N 570 TG artificial 51 AR QAR j-9F e I T 2, ¢ 201
FWAIR (7T AR (A 1AS FAPAF GBI AWK (optimal solution) AN I | (71 AT
&S AP 5AN T = v, = 0, v,= 3, v, =0, v,= 0 @I (w) =21 | ARR 7
AR g~ ¢, 49 IS surplus 5ot Vv, 8 v AR FUEA fosa wetelfe U@ 7, 01

AT YA OV 5N ANGR x, =7, x, = 0 @A (2) =21 |

2. fesa [y WS SIS Simplex AR (AT 22[ (0 TEHI0T SIX SN
(@ strez =) fadfa == -

LELR z = 5x; + 12x, + 4x,,

HEATATT X, +2x, + x, 5 35,

2x, —x, + 3x, = 2,
2 Q1

xl’ xE’ ”:’

21



AR : QA TS TR G 5 v, v, AFE @AW v, 560 T3 b Fwewe
Wil (unrestricted in sign), LY TG T 7o *$ WM @R @AW G0 =S
ARG AP G |

Q47 slack 591 x, 9% artificial 581 x, FIYA I Y TN WGA modified
WA “AeT I |

PE:LY Z,=5x,+ 12x,+ 4x, + Ox, - Mx

AEHIATH X 4 2x,4 X+ x, =5

2%+ x,+ 3x,+ 0x, —x, = 2,
Xy X, Xy X, Xg 2 0

93 M (>0) @6 AW W @ (FIF GG FRQ (AP @ 4§91 A

@2 Simplex #ETs a3 fAa e M@ off snem a7 (a5 apfere
wrd QA T AR |

59

¢ 3 12 4 0 -M

A B Xn 5 7, a, a, a, a,

a, . 5 1 2 ! 1 0

-M | X 2 2 -1 0 I
Z - ¢ M-S | M-12 | 3M4| 0 | 0 4

o | 7 6 | B3 To ’ -3

3 i, x, % Z -1 i 0 i
2 | & X, L L 0 3 -4

4 , X, % 0 1 -'; %
Z - ¢ r -% o 4o # M _g

12 | & x, 3 0 1 -+ | 2 4

s a2 [old 43
VIR, 0 0 3 2 m-%

O TFACS (M= B N0 artificial o1 AR AR j 7 FFSTANG & z,— ¢, >0
FSAR T ARAA (AF [ ATPIF 5IW WL (optimal solution) *MeT I |
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ORIl T Y TP 5T TR T 5, =2, 5, =8, 520

1
@I (2) ,, =282
AR G mﬁﬂa z,— ¢, 97 ARCS slack 57 x, €3 artificial 5a1 47 TS B2

R TA™E 2 M—% |

awm:om,mwmsmwmmv.=

G (W) 1y (D) e =28

O FTHAN @ v, BT AATE W@ (unrestricted in sign) @32 v, -%<0 |

AR AT FA AN AN T v, = 29 T

5
AWEA (W) g = Gy, + 2v,)
JM1 gl

3. tastels ET ordie (¥ Ftsa Cafdss canairsfifd st s sTidm @3
BT Z2=X - X,
AEATATTE 2x, 4 x, > 2,

X+ x,< 1,

X, x,20
AN : o6 TEPIEE @1t TF
R =X "X,
SEACATF 20, + 2x, 2 2

-x~x2 1,

x, %20
4% 3 FOPER (7S TP A
PER| w=2v -y,
ANEATATE v —v, s 1,

v»v,hs—l,

vlz()-. v,20
Qg tre T faea tafde ey TeniRee et @ Oy
BTN w=2v -v,
AEANATF 2v, - v, < 1

-v,-v, 2 -1,

2

v, v, 20

23



a2 ACHIGE FNSE (equivalent) SFTH Ze

Bad w=2v|+v2+0v3+0v4
NERATH v~ v, + v, =1
v, +v,-v,=1
Vi Vy Vi v, 20, (B v, slack ©& &R v, surplus 551

44 artifical 551 v, JITR I A 77 FPAIOA W63 modified FTH #41F |
LR w=2v +v,+0v,+ 0v,~ My,
MEAATE 20, - v, + v, = |
—v+v, -V, +v,=1,
~ v, v, v, v, 20, AUH ME0) 930 T @ @R Y TR (IF T8
4 A
G99 Simplex e TNEm Fare P v AR ovem @ (e
ghfere WY TR T TAR) |

¢ 2 | 0 0 -M
Cy B vy h a d, d, a, a,
0 d, vy | 2 -1 1 0 0
- M E“ v ! -1 m 0 -1 1
Z. - C. M-2 -M-1 0 M 0¥
J j 1t
0 a, v, 2 L1 0 1 ol i
i, v, | -1 1 0 -1 1
zZ, - ¢, -3 R 0 0 L -1
2 a. v, 2 I 0 1 -1
| 7, w 3 1 1 -2
g -6 0 3 -4

QU (el TR (T R ARNCS 7, — ¢, @ WNGS T (TF A7 AR AR
@) T -4 R @3 TG 7,93 1 T y,=-1<0, y,,= -2 <0 R
WCIT (T o0 GAGS 77 |
TR tas A AR e S=1d (un bounded) X0 | SIEE &€ Y

FOHGE W IIT T B

24



10.7 13

A, BTN z=C X, *EANATF Ax<h, 720 APNIA @RS (gmialy swomm
(3= AT TAS FINE AL (roF] TCACR | G 21T (T (I SFICED 4] SR (5I
TR G A [ qegg wEafd <o <o v2 @ M WENEE UF 932 9T
GBITEE 56 TIY ABEG) s JUHN [efy s el 9o Tramm | @AW 7 9 (s
(i) YT MANT WTEF AT = TGS FAANT 5TAT AN A< Y THAE 57T ALY
= (7 AT AMTT MU (1) I TPTR @ 56 B AATT oR_K T, 7S
WOIF SFA NS0 =" TFA I 9% 5 FE (@ W6 =" AT F, (a©
TR A BA BF ANATE TR |

T 7ol (Duality) 7P sgwofd Sasimafe (A s fraaafe s oony

(F) Simplex #%fET® T4 MW 4R 7S TN Boraad 932 FAM (IF 5IW
Iy (W 97 9y A Py T3 I

() I Y 8 (7S T SO R ST 59 A (optimal value) @PE
A [IIF FIW AL NeT W] |

(o) M [ T AT MAFRT T WY (un bounded) TW TR (TS
HAAMIT I I TN (feasible solution) ARETT A 932 WS ATANR =
WIANTIT WA GIY A, Y4 TOF (FIH IATT AN AP 7|

10.8 SrepAttera
a3 eree (1-5) @i (e wema tes el dy a3

i. ANz = 3x, + 4x,
HSAATE x, + x5 12,
2x, + 3x,< 21

x <8

x, <6,

X, X,<01

2, W™z = 3x, + x,,
MEATATF 2x, + 3x, 2 2,
X+ X, 1,
X, X%, 201

25



3. ANz = 2x + 3x, + 4x,
AEACATE X, + 5x,+ 3a,= 7,

2J|c1 - sz < 3,
3x1 - X, 2 5,
X, X, 2 0

AR x, JIY (unrestricted in sign) |

4, TNz = 2x, - bx,
EHITATT x, —3x,< 6,
2x, - 4x, 2 8,
x, = 3x,2 -6,
x, X,20
5. B z = 2x + 3x, + X,

*EATATF 4x, + 3x, + x, = 6,
xl+2x2+5x3=4,
L & x320|
6. (o WG MW w0, e tafle (@iomwfEfE wwTe saw swigw (3@
Qe Aefm FJW -

bz = 3x, + 2x,,
NEAICATS X, + x,¢5,
X, < 4
X, < 6
- x5 -1

AR x,, x,2 0

7. Simplex fors Fvz @l (enamfRfd o Tmam T @I e TR
(AT S FT[OF 5T AN [y 3w -

59z = 30x, + 23x, + 29x,,
MEAATE 6x, + 5x, + 3x, < 26,
dx, + 2x,+ Sx,= 7,
X, Xy %20
8. TSR AR o (@ fArpR T (aeiafe e farmias sy I
Y (unbounded) 2(J |

5 7z = 3x| + 4x2,

26



ST x, - x, < 1,

X, +x,24,
x, —3x,<3,
X, 20

9, Simplex */f% AR T W @ 3537 LPP-BF (7 FpR @9 IR
T iR

599 x, + 2x,
SHETATE x, + 2x,2 |,
-x +x <1,
x, =0, x,> 0
10. Artifical 567 ALY 71 IR Simplex *fers o537 LPP-T iuw g+ .
Wz =x, + x,
SEAACF x, + 2x, > 12,
5x, + 6x,> 48,
x 20, x,20

[ AGFS : (7S TN AN I |

10.8 C&IE

I. o w =21y, + 21y, + 8v, + 6v,,
WWv+2v+v > 3,
v+3v + v, 24,

Vi, V, ¥ v420I

Lar

FY

3
2. 5w =21y, + v,
AEALATE 2v, + v, < 3,
v, +v, 5 1,
v, v, 2 0l

3 TN w =Ty, + 3v, - dv,,
MEAHACE v, + 2v, 2 2,
-5v, - Sv, = 3v, 2 3,
31}I + v, = 4,

Vv, Vv, 2 0 @Ry BT AATE @

2’

27



4, SAw = 6v - 8v, + 6v,,
SSATATE v, - 2v, v, 2 2,
-3v, —4v, + v, 2 - 6,
v, v, 2 0l
3. SRsw = 6y + 4y,
SEATNTE 4y, + v, 2 2,
v, —Sv, 2 3, 4R v, vzﬁi‘? MEorE WY (unrestricted in sign) |

6.x,=4,x =198 () __ =10

7.x,=4, 0 =1, 5= 0 @R (9, =15,
b= 0, =5 G (2)y=
8. x,=0, x,= 8 AR (7)g, = 8l
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93T 11 Q AL 77 8 L.P.P fHR &3+ (Trans-
portation Model as L.P.P)

LOL|

11.1 ¥

11.2 4f%3% ATMF (Transportation problem) Aifafss 4
1.3 +iR3ze woenra R swsh 1)

114 Loop 93 439l 4R #fAAQA TETT TAYNA 47 2T
11.5 @wgzs

11.6  HIARH

11.7 St

11.8  SeFuren

11.1 &FIg41

Sgrae i cenaifafa TN (general linear programming problem) aof5 &g
g7 257 “Af<E H (transportation problem) | G2 FWHNT (¥ R0 #E (commod-
ity) TEF RUag mal (BeH) (A S S0 T8 (AR s (6 ez wam
(transportation cost) ¥ < SIE TG FACS T3 | T3 T (origins) FRIFTTS
oA ALl (availability), T8 =eTffed (destinations) Hf&W (requirements) @
w59 ofs 937 #fa%e <90 transportation cost) (A VI | ATI (0T ATF72H
TAE @S0 SR (18T TE

WA I, A0 FGT AT LTSRS AT TIACeR [Afew Ay 86 S B2
IR | Bestfirs «INm wiRres S0 2w =ia@ Al 2= | Rfea IR o6 A
BeAa A (@ R e, S waaa 26 AN sifEw ug arers FaEl
(ATF T (T (I AE OB AR Afs adcwd AifaRed A6 (RS iR | 9e AT
I (AT ATSTE MZCA A TR AT (2o Bemia (W6 S ARZa 33
93 2O S1PTarR Hifewt o) e wacs o= e (G e 436 AR o9 2 |
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11.2 #f33%e AFI A% 79 (Mathematical for-
mulation of transportation problem)

AT FW TG m B BT (origins) O, Oypevvvvvnnne. 0 83 1 B ST
D, D, ..D,.

mwo%aﬂw@awmma(w)(:_l 2 e, m) R D, g
B b, (>0) (= 1. 2, coccccnr n).

aqwo@wa:a (9CF D, Wv{mmﬂﬂﬁqu AFF (=12, ....m;
Jj=1, 2, . N}

Y‘J‘TE(F'{, x,} >0.

G RYF G x (=1, 2, oo 1y j=1, 2, v ) O W0 o7 w279 TiCS

le-j =aq,(=1L2,...... m

=1

92 Z.r,-j =b, (j=12,........ n)

i=1

TAFNE g (satisfied) 23|
WA T P BeANE T G 43S O, T (WF D, TG #H1oite Az

“W’S"@Icg(i=l 2, . mj=1,2, ... )

iR siffaged (I 436 4T SN AR

2=c;, %, F Cp Xyt +c,X,)
+(c, X, + c22 XyyF e, +c, %)
F ot FC X X F e + O X )
m "

-3 3, 5,

i=1 j=1

SIEE 1) AR (@ s Fomes [ LLPP e @ 3w

H 1n
SR

il j=1

"
- — '
*OAATTF qu"“i’ i=1 2, o m;
i=

30



x >0, (=1,2, ccovrenn.... nj=1,2, i )
A D a =D b, T SR AR FAME ARG (balanced) T TW g
i=1 5=1

i“f * ibf 7@ e wwete (unbalanced) 1 T3 |
i=1 j=I

SR TSI SRR AR CF@ @G Teshfrs Trmd st vz (i sifRw
A= L |

ST 5T FAfR GO AR STITs e wred AR e w9 ) @ wee
“fq@% =@ (transportation table) A |

g &S
D, D, e D
2 n
Ol Cl 1 C12 Clﬂ ai
03 C?f C22 _________ C?.ﬂ al
| I
| |
| ......... |
Kk LA N SO IS WO S |
l |
I l
Om Cm | m | T Ior] ag’i
bl bZ __________ brr

A2z SR (L.P.P. ) sfiw g1 -

m-6 B Q3 n-F srgarem RFB siftazd wes (1) 32 25 a9 {ge =
b (L.PP. o) wnfis 3 s R @i eom sars #1f7 -

OqH 2=¢ X,

WEAATE Ax=5b, £20

QAT X =[x X peernnene S S X, & mn Tofrext (component) a3 o= w3
L (column-vector) T =€ Cpppeeernnne Cprvrrnnns c,) T mn BARK 4G @3
A 239 (row-vector), 5 = [a, N S Ay Dy By b)) GG (m + 1) BoAIITR

W C_ﬁa \ﬂa\ A = [all‘al?"""""'afj‘””“"' nm}ﬁ (m + ﬂ) X mn m ﬂ—iﬂ W@g
(coefficient matrix) (XS @, 2 x, DA ®e (S99 |
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n In = 4q
Xy + Xy ¥ + X, = a,

X F X F e, +x, =a,

X, + Xt +X = bl
X, + X, + X, + +x, = b,
+ Xyt o, +x b,

xln
a¥f% BWEd ore; T
@M #AfFags wmE oHffaze gt F orew @&

D D a

1 2 k] i
o[ 2 1 3 |10
o, 2 | 4 1 |15
0,] 1 1 5 15
o6 | 2 | a {2
b, 30 10 10

A 41% Ceoia @R 3 STEAPRE Birg @3t TR At taa

ZaZb =50
WLPPW%@WW&

Sz = 20, 4 X+ Bx o+ 2oy Ay o+ xg +xp + 52x 4+ 6x, 4 2x,, + 4,
X, + x,+ x =10
X ¥ Xy + Xy, =15
x3l + x32 + 'x33 =5
Xy + X, + x,, =20
+ X, =30
X, + X, + X, + X, =10
X, + X, + X, + x,, =10
GRIC ﬁfﬂ?l AT (constramts) AT 4 + 3 =7 IR BEF FI\'*‘UT 121
X, :00(=1,2,3,4, j=1,2,3)
xﬂ‘ﬂ'(.ﬂ A4 *TS (constrains) 347 4 + 3 = 7 AL G AL 121
QT , b= [10, 15, 5, 20, 30, 10, 10]
€=(2,1,3,2,4,1,1,1,5,6,2, 4
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QA 725 WHH A ==

[111000060000]
00011100000
00000011100
00000000011
100100106010
01001001000

001001001 01]

T GFG 7 x 12 FER GIGH )
I ) FafR x, BT W8 (9F9

a,=11=Mnl+ =€ +ée

O~ 00D O —
Soooco o~
C—0O00 0O,

@A 2 A (4+3) x (4+3) Wfic 7x7 T @70 HIRCHA (unit matrix) { o
TG (939 AR O AW A]

4‘1—1!]:(?!. +Em+_:' [ﬂm m=4'n=3]
=€+e,,,

11.2 «f33zd w5z Reiw st @R

fima SemeE (e Affze T Rew et @Ry W 1w @9
AT FAAE AN LG T4 |

T oA 1 m T B AR 1 AT ST Rf#8 mre1s)l (balanced) #ifaa=d
FIANA (F0E (N HIATE (basic variables) F FEE m + n — 1 TR

awd : eSiedfera asfeare wd, siftRe FETE Woe SIS S I

T 2= iicg Xy

-1 j=I
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MEATATE D%y = (0= L2 cecea) s (D)
i=

L)

Z'tf.f =b (j=L2 ... (2)

i=1

Xy 2 0G=12........ n j=12 )

H

xﬂ?ﬂtﬂzx a, —Zb
3 S VD

i=1] f=1

@3 (1) A2 S5 (constraints) (UF AN “AF -

il

550 ] 5o

QY (3) 8 (4) (WE TR A2

n-l m =1

DIPTSR WIS

=l j=I =1 i=1
12 " =l
SR 3 ) 3
i=l| j=I i=l
?ﬂ, i‘rﬁn =bu= -;‘R W@Iﬁﬂ%’ﬁl n w ‘1@/‘

SIgE Ol o T (1) € (2) 97 B (m + n) o NS ey 93T 6 Iwm grew
QTS M 1 871 (1) ¢ (2) = fapifare Hiiwae T @ (9 (5 AN (basic

solution) GNel AT AN ANES m +n— 1 WA

T AT 2 @ (W ANS1oj oAfazel TAma HE] ST W (feasible solution)

NeTq A |
oyl ; eroIRofeTE 2bfeTe TR, m A BeA @R p AT IR AR sifee

TOTE (n+n) WAT B9 a1,

H

Z_x‘.}.:a“(f-——], 2, M) e (1)

j=1

34



932 ZXU =b;, (J=1, 2,0 73 JUR ) |

i=l

Q3N Za -Z’ =5 (A )

@R a,> 0, b, > 0 (i=1, 2, o m; j=1, 2, s, n), S TR LIS I |
ab.
QAW SNF| & T T x ’Sf. (=12 . moi=l, 2 . n) Ifeaze
ﬂmﬁawﬁaﬂmmwm|wwwﬁmf,;aammw%ml
b
IR x, agf- @ S A
S =Yy s, (=1, 2 n)
J=l ’ J= § S0 S v
m Hr al_b_
BN 2 =25
IE] i=
bj 1n
= — a'_
S i=1
b, ,
=5 8=b, (=1 2 n)
| b,
TS i, j OF T AL Gy, = E,_ e AR TR (1) 72 6 (2) 7R @7
miﬁw‘ﬁmﬂaa\x>0(:_12 .......... m; j=1, 2, e, n).¢

qeag oAz W PIAFT STYW ST (5 |
T oM 3 @ (@ Az T RIS SorwEd S FE2 S[1Y (un bounded)
A A 9K (T (FA P ANGTA (FF GEAT MW IGHSI AGIAT (arbitrarily large)
TR A
o : W ¥ AfIREe A9 |
g 2

/]

WOHAATT Z“IU =a;, (i=1L2,.........m).

F=1
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Dxy=by (=12 0n)
|

x; 2 0¢(=1,2, .ccccc..m; j=1,2, ... n.
QT S &7 AR A (@ IS TMYLIT [, X pyercereree X o X ] G

n

n

w5 <)% =4 (- x, 0, i, j-43 A AR F))

j=1
(i=1,2, coceecc. m)

L

G X €D X =bi (= 1,2, e 1),

TSAR i, j OF FIe WA T A AR
0z< x,smax {a,, @y eeeeee @y by by /2 RN | B

SR G ¢, 2 0 (i, j &3 SR AR Tl |

O, (@ BN I TNUAT & z = 0 TA|

9¥e gz el o= W [efy APr® LPP. 26TW QR @ @ I
FNYTAT &) RTINS SAFT 2 97 T 2 0 T8AW 2z T A FI43 WAL (un
bounded) 22 9|

SR (1) (T R WS AR @ (@A x, @7 T TSN ASEA I
OIS Al 2=

Y : @G @ @ Tl oz ST IRET TN AF 9] A7
AT REIE PR WA AT GRAY LS AT W TSR P Ao
sifdqgs TR I AAYM (optimal solution) #NET T |

G ofg2ge FNAE IEIH [ReT 3T AR T S e A (TRl
@ 14149 L.P.P.-¥ TS simplex *Rf¥ Jag a1t It oy FRow smfre «fad
AYFH HAY IF VI

11.4 Loop €3 413 @32 #f43Ze AT AL 97
Lk

m WAF TCTRE @8 n MG WA (R A7zt wom @W IEeI
AN,
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[, )5 Xpg oererene Ky vorreenn X, 160 DT 000 AR 20 T A

1 1 n

0] x“ xl?. ........................ xln

O2 2 xzz ........................ xzn
[ SRR SO ceeeeeressverseesemmeeseesieeriies | eeeemerereenens (1)

Om " D e .

QA 4o 5o @3B box €T WA (R AR (B mn MAF FATE mn
SRATT box A NKJ (RATA AL | x, B i TN A @3] j ©F FFT box 43 T
W 432 @3 box HrE =W (7, j) cell WA

S o TR @ Waom = 3, 0 = 2 W SIE @6 60 57 9 6% cell AP
QR DAY T X, , X, Xy, Xy Xy Xy @ TG cell o1 2 (1, 1), (1, 2), 2 1),

22,3 DG 2)[F 1 B oI 2R ]|
D, D,
O, *u *13
02 X2y X2
03 %31 *1n

oA Sy e MR @ (1) T I WA BB AR A6 €, € s
Cyp wrrrrrrnrens €, CF PN T AR ILA TS #3324 &= (transportation table) I |
R (i, j) cell 43 WY ¢, rITAl 23

7% (Loop) : 9If&324 208 M FYD cell €3 ST (sequence) FA T 2 TM—

(i) @ o 9% AARS (adjacent) cell AR LI TLE A 42 ARCS AT

(i) SFFTHA #7713 (consecutive) gHA AP cell €T A A U FTT ACS |

(iii) SIFEE AT G 17 cell €F2 AR A 4TF IE A |

(iv) SE AR e Fuers 4o A 2 9 W I TS AT

s sifdazd e o Brga M Il a4 @i T

[#5 93 cell fH ©* 9T AR @R TR ]

D, D, D, D, D,
O\l € €2 € €l | s
O, &, Cn Cn Co | Cos
0, €3 €3 €3 € | 35
O, € €y Ca Ca | Cus
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@) D, D, D, D, D,

P
-*

© 00

0O

4

G loop @3 cell 4l 2 (1, 1), (1, 3), (3, 3), (3, D

(b)
D, D, D, D, D

1 3 4 5

EPEEY B M B

5 O - I P

o o OO0

o

QA loop €9 cell A& =& (1, 2), (1, 5), (2, 5), (2, 1), (4, 1), (4, 2)|
© D D, D, D, D

! 3 4 3

« . [. @
2

3

C © O O

4

QU cell A\ == (1, 1), (1, 2), (2, 2), (2, 3), (3, 3) 3, 4), (4, 4), (4, 1)
oAl o (S @ @ ol cell OF AR TR (GG AT (even number) LI
G TAAH 4D cell AT

A AN AT IR

ol (% (@ #ifeege = fRees wend LPP | S|l e odfg (1 m Sy
Temed @ n YT TEIE [T «Afdazd AP0 5@ GS mn AT 5 WG
G 57514 (basic variables) 247 AGES m o+ n - 1 TR

G4 SR A x= b @i @ ael o Aafeaemedis @W @09 G (basic
solution) (WG, 3155 WG A-(S (e 5a5fee BB (@399l (3o FEW (linearly
independent) 2L |
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AR TR FAMATAT OF T 72 TIHHT oM IWID 9 ¥
tafirerg TN T & t O ro YR AYR A AR 4R 97 & W7
B (T ol Bt Rge 31 2a0R) de TA0 A

B oMy : «ifFze AP W2 HEE o6 @ @F IS T8 (937 (ANISTR
Sz & (linearly dependent) Z(R I ¥R (Feraia T +if¥ans ©F B (¥
Az cell 77 Y A IWIH oA oF I

11.5 @W‘f
e oAz Tt R a0 o9 -
D, D, D, D, a
o 2 | 4 6 1 (40
O, 3 | 4 2| 3 |30
Ol 5 | 2 7 I {50

b, 35 35 25 25

@2 w7 SR ew (2w ARm) W @enl @@

(i) Db D, b, D, 4
0,| 20 ’1'0""1'0": 40
0, 157715 " 30
0, 15| 10 25 |50
b

(if) J

D, D, D, D, g

Of 135 5 40
0, 30 30
0, 25 | 25 |50

b. 35 35 25 25

oA SwEl 90 AR (@ wEE LS S4fans e (W STIE g I
WA 4T3 (X (T (@I empty cell 47 STHR T 0 I @I AW (FLF AW 97
verelferd (w0 S 9 T A
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OEE (1) R T 2e FEFT ANGH0 o -

X, = 20, X, = 10, X, = [0, X,y = 15, X, = 15, X, = 15, Xy = 10, X, = 235,

AATA m = 3, n = 4 OAR (N 573 AN FHfEF 443 - | = 6 27X | OFHA @2
TR CHGE (T (PR GF AN (QATA NG BTAT A7 12) FHATF 12 — 6 Wi
6 HTd WA 0 A Borgw ddTa B es W@ 4% s Wm0 oIk @2
AN Gl AN 7T | AR G4 ([ G AW (WG R SENfeE Sgt
cell 9fera =0l FE@SHH W G4 Fa AR @A (4, 2), (1, 3), (2, 2), (2, 3) cell
offet 7%t o AT

G (i) T W GME ANLWD & x,,= 35, x,= 5, x,,= 30, x,, = 25, x,, = 25
@A A 7% SR W 0, 9UH N TH T @ GO9S W [T 50 cel
§fF = (1, 1), (1, 2), (2, 2), (3, 3), (3, 4) 93 cell e Y A SO W@ @@=
Y I AW | WES 7TF 3G (@ G2 cell YT A @7 ST cell, @ (1,
3) cell [ x, .= 0] RT3 @ 66 cell siieat T wId [Wwwe (R 2 FEwG) 7
T TR A SR SSE WA @ G G SR WA AEfES 6 TR oI (i)
S o9G FANYED O3 GNE FETT AN @R G 5T 7 6 922 43
G BT W 0| IAR R IR FNUWG @3B degenerate (NT FFT FAMaA

{(basic feasible solution) 29|

@ @ Ghe TTT AN CF0d, Gl 5o (AW T > Q) cell e
WAl basic cell @ occupied cell T G3L O] AR cell {#% unoccupied cell
T4 |

11.6 IR

3 OICE A AT TS Wl Ry enwieaa LPP. fma o sk
G TRMT e IR @ @ Ao (balanced) #fRTRd FHE BN AW
(optimal solution) ST AT |

FACITE ~IfT2e! TR PR cell 97 57 T FACS #AAT St 725 WG gl
W (SFIC (ARSIA 767 (linearly dependent) 26T TG S 9F{6 Toiitae
A s sEl
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11.7 SRt

1.mmﬁﬁa§qukpﬁvm%qw:

(1)
Dl DZ af
o,| 2 1|10
O, 3 4 |12
J 8 14
(1i)
D D, a

O, 2 1 3 2 {30

o3 |1 | 0 | 4 |50

Ols | 3 | 2 |4 |2

b, 20 40 30 10

2. 1-99 (i) 72 I3z TP ¢wd P e Rge wnE ¢her e g
f& M A9 I @B TYEH S non-degeneratere?

D, D, D, D, &
20] (10
0, 30
30 |20
0, 50
10 |10]
o, 20
b, 20 40 30 10

3. 1(x)mﬂmmﬁwﬁﬁqwm\wm@mﬁwﬁarankmzafz-
1 wefie 3
41



11.8 TSI

1. () N
WEATATS,

2. (i) A

NEATATT,

z = 2%, + x,+ 3x, + 4x,,

x, +x,=10

Xyt Xy, = 12

X, X, = 8

X, + Xy, = 14

x,20,x,20,x,20,x,2 0

z=2x,+x,+ 3";3"‘ 2x,,
+ 3J|c2t + Xy, + 4x24

+ 5x;, + 3x,, + 2x;, + 8x,,

X+ Xt X, +2x,= 30,

Xy + Xp+ Y+ x, =50,

Xy o+ Xyt Xpy o+ Xy, = 20,

X, + X, + X = 20,
X+ X+ X, = 40,
Xyt Xpyt Xy, = 30,
X+ X, + X, = 10,

x&,+0,(l‘=1|2,3;j=1,2’3|4)

2. Non-degenerate (& FRFI ST -

_— 0 = O

0
1
1
0

S o Qo
e~ ==
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9FF 12 Q HfF3zd weww Rfow smfeq anm
[Application of Different Methods in
Transportation Model]

urr

12.1 &9+l

122 Awersd «fR3g o oRf¥% Ghe FSF TN (Initial
basic feasible solution) i3 I3H *ufy |

123 @@= (Mo FTT T 537 AN I B o7 o fw
(Test for optimality of a basic feasible solution) |

124 ©wizgd
125 wrmwetepf Afizzs T
12.6 FArAes
12.7  SepRe
12.8 Twqyten

12.1 4¥]

9FF 11-(T MR *{fF7%7 TP [ WIad L. P.P. AT et T3k @2R awie
AR @ @ Ao % TR 5N ANGW (optimal solution) #GTN UK | G2
L.PP-43 (N5 B9 (Fundamentat Theorem} CF WA N @ (9 L.PP-7 549
T ANET (ATH TTE QD0 HIN SN (e P ST 273 |

I #1332 T SN FHCS I ANNBA (T (1A 5IW I (optimal solution)
G TTew #AfAEH HC5H W R FA0T 704 | 97 T QR TN (@ (P ST TS
(PRI SIrreTn 2RfE (et tdsa wiaw Refraa ffSn omefS <o ) e «slo
Glie TR A e 29 1 @9 917 GTe S ST 53w sigw T2 e o 25w
T (7l R | A ST GE il AR 5aN AL W1 T O et Aufers
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(Tt 12-4 TE=R I& TRCR) TPHHE S0 G0 (0w I e B 9 9 @i
TS (T P TR & (1 #2205 T 211 i & (N »ifaees
AAHA AT (5T T A | GO Il @3B (Nt I e e 392rs «iee @
FANLTAR Gy (NG 723z 236 T T 3R | 9 siifl srsrotspe 1 27 orege s
oAl TP FHEI I NG Fa AQ (ST 126 @) |

12.2 Aweidd «f3zgm wwomy 4% e s1de3
F54 (Initial basic feasible solution) fR<(tzg
FEAI0 oS

{a) North-West corner opfS :

3 OrE YfREs e IMMEA (West-a9) STETAF BARR cell-Q W2 North
position-a3 cell @ weie (1, 1) Cell~ HifEH SR & a9 (allocate) F9CS A |
% B (origin) FAS! SEIFAE (Destination) TR (U @ 27, Sigrs ©F 5
O W cell-g Wi (1, 2) cell-d Sif&H € @ANAT SR & emim T30 TR
WRIF SEIPRETS Gifewl T S el (AT @R 20 @15t (1, 1) cell-a2 B e
cell wefle (2, 1) cell~a 5ifam @ @stiGT wepd fafvs o e TR 1 @2 P e
FF T TGTREAYEE fEA G T 77, wew aafew ANRl stem IR

a3 TR TR e @RI T

fasa offacm woomHa oI aRfss IR T R Fae x|

Db D, D, D, a
0,5 3 6 | 4 | 30
o3 [ 4 | 7 |8 | 15
o9 [ 6 | 5| 8 |15
b, 10 25 18 7

AT, Ya =30+ 15 + 15 = 60
Th=10+25+ 18 = 60
.o Ya=Yb,
<. dAffRze-Tel e (balanced) |
offfazd wofbr IR TRAE BA@A position TR (1, 1) cell-d x, = min
(10,30)=10 =T &ferm &= (allocate) T2 T |
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D, 7= bifenl fet 10f8 ffora | €% afawiel fefora D, @ (Meitara a1 D, 97 w1
i sifewt Aeeg /| D, B (orgin) e 20/ Bfva @ orewim wel Witz
gl 5% orn SRS S cell (1, 2) cell- x,, = min (30-10-25) = min (20,

25)=20WWIGWWWOI D D D D

SO W GO IR GRSTE T 61 FioT 30T . 1 ap
[E3 Diwmmﬂﬁ @R 5 3 6 4 39
FLAIL (1, 2) cell-g7 5 Fgs @i (2, 2) ST Tio]

cell-8 x,, = min (5, 15) = S & T O, [, I
A1 Q, BHY GRS (FSAR FoS! YR

1012, 2) cell-47 5% wfrs wdie @, 8] |70 |7
3) cell-4 x,,= min (10, 18) = 10 & | 9 6 5 8
T | O, B Wi (TG fEley Srafia W o’ F

@GR (2, 3) cell-aa 5 fpa cell wefie R

(3, 3) cell-4 min (8, 15) = 8 MWW T T (7, 7) = 7 &9 T T | (S ez I
(W SR el o 71 W3g W% e sifgn [ (o | SFeIR Fenfha «ai
AT FUT ST (G10Z )
i == x,=10,x,=20, x,=5, x,,= 10, x,,=8, x,=7
G qUFE AETRI 4G5 = 10X 5+20%x3+5X4+10xT7+8x5+7x8
=50+60+20+70+40 4+ 56 = 256 9FF |
ARG FHT oE Gl 7

D, D, D, D,
10 0]
o/ 5 3 6 4 {30
5 10
0, 3 4 7 g |15
8 7

Ol o 6 5 g |15

10 15 18 7

Saigfaf = - x,=10, x,=20, x,,=35, x,,=10, x,,=8, x,,=7

G GTFE AT 96 = [0X5+20%x3+5x4+10xT+8x5+7x8
=50+60+204+70+40 + 56 = 256 &TF |
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< AT @ @ cell-a &0 o7 T8 LI GG A O (W AR-G0 (subset

@ 9 (loop) TO 2w AN TTOAR @ NG @I (& FRITA TG A |
(b) Matrix Minima Method :

a3 TS «ifF3a2d 2ET (@ cell-a 773 <G (cost) TN T FE cell-4 &z
MR TS A | AW GHfEF cell-9 min cost ATF @A @A cell-3 o479 F4! (ACS AN |

THIZA AR orefelb (@RI 22 -

fime @ifdeen sTenita il Frfea FngE W F=0e 1|

D, D D D a

2 3 4 i
ol 1 2 1 4 130
0, 3 3 2 i |50
O, 4 2 5 9 |20
b, 20 40 30 10

ALY : 9, Ta = 30 + 50 + 20 = 100
Yb, =20 + 40 + 30 = 100

soXa=Yh,
.-, #lfgzel sifh STreisyel (balanced) |
#fi<zd wF min 47 0% 1, A (1, 1), D, D, D, D,
(1, 3) €38 (2, 4) cell-a Fpaia | sm@i @oed o 20, [, | 4 30!
W T I G cell- (8 @z FRI(1, 1)t
cell-@ x, = min (20, 30) =20 e R Q| 31| 3 | 2 | 1 |0
D, 1@t Sifam aipien D wie a0, 4| 2 5 | 9 |20

T WG (T am i veq =1 | e 20 40 30

10
B35 Yleq (o |

D, D, D
of 2. [ | 4 |w
0, 2 i 150

3
o 2 5 9 (20
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&2 W (1, 2) cell-4 x,,= min (30, 10) 27 T 1 O, T IR T &g
SRAE YR q | O,-F udie 29w AR w fra ;e =)
e il stem o)

D?. D3 D4 _
Of 3 [ 2 H%: s
O, 2 5 9. |20

0 20 18
TR P R e 1 T

: i 20

0 X
0 20
DZ
229130 20
03212 20
40
TG AT ZE I 24 |
D, D, D, D,
30] 10
o1 | 2 ”Jl 4 30
20] 20 10
o] 3 [ 3 2 1B
2
O, 4 2 5 9 |15
20 40 30 10
wgED %= : x, =20, x,=10, x,,=20, x,,=20, x,,= 10, x,,=20

O3 O7FCE AR 46 = 20x 1 +10x 1 +20x3+20%x2+10x 1 +20x2
=20+ 10+ 60 +40 + 10 + 40 = 100 95!
G AN @ (& cell-a EFT 2w 3331 2308 Gl 91 S1 (IR 19-G16 (subset)
@I T51 (loop) (BT FATZ 1 | F[TAR B FNF 430 afEe (et S L 23!
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(¢) Vogel’s Approximation Method (VAM) :

&3 SPfeTs I T oSl AfF FAACE I TG € BIF AFTS! LABA R
@1 TS &fol AET (row) AT (8 T0g) F14s 2R | et dfefb ¥ (column) &3
FRCATE TN 476 8 S A7TE! YAMR RAsITa (39 3R 2l wrea e () 93 g feiwrs
oA | % RraT (penalty) S T TRL TT penalty B @ 7% 21 wes o ¢ A
J BT AL T TG (min cost) @ cell-& TZ | (3F cell-9 &g e 900 1|

B R RSB @RI =

ﬁmvﬁﬂqmﬁa%ﬁ%ﬁmﬁwmmﬁ@mml

a

1 DE D."i D4 t
0,1 2 3 11 7 |6
0, 1 2 6 1 |1
O, 5 8 15 9 110
b, 7 5 3 2

!
AN : 9, Ya, =6+ 1+ 10 =17
Yb=T+5+43+2=17

Soya=Yh,
-, Afaza e swete (balanced)
2 e FAT TN A5 S T AT
R e @2 @ 2fel wifag b b, D, D, 4
@<l T | R @il sreg wwew W 0, 2 3 11 7 16 (D

46 G AT AT R @ W|I g | .. 3. . 6. Ky lx 0
2ol wowa s e & | o R
e T2 T 6 7% 27 vyl WS Wt s
% 592 W® min cost = 1 4, (2, 4) cell- b, 7 3 3 %1
¢ SR (2, 4) cell-d x,, = min (2, 1) = 1 (1 (D (5) ©6)

oM 9 T | O, TerA W (I fafe st w1 et faem nfalt am crew =@

3 8 15 9 (104

pa Tlo sieTl (51 DI _JDz Dn D, |
5
0, 2 3 11 7 & (1)
ol 5 8 L5 g (103
7 & 3 |

3 8) “) 2



WWMWWWMI @87 B8 min cost = 31 (1, 2) cell-4 min
(5, 6) = 5 &M A 2A | D, 47 T GiRA B (R

Dl D3 D4
1]

o, 2 11 7 O
O 5 15 g [I0@&
F 3 1
3 “ ()]

D, D, D,

1] 5] 1
03 5 15 9 10
3

D, D, D D
o, Pds | u i 7 s
ol 1] 2| 6 Hi |1
03—§J5 g =15 Ko |10
7 5 3 2
HWG T x, =1, x,=3, X, =1, x, =6, X,=3, x,=1

G2 GUHLE AT T = Ix2+5%x3+1x1+6x5+3x15+1x9
=2+15+1+30+45+9=102 433!
&% AN @ T cell-a RAfTE eI 1 e GIoEe 31 O (W HR-GAG (subset)
@ o1 (loop) TSR TR 11| AR G TR G e PR SR T

(d) Row-minima A :

G oPfoTS dew TR 7 (A W SARERd ¥T5 @ cell-9 =E O (@2 T 73|
TR & cell-9 T8 @M e T onie e =1 T ¢31fES cell-@ min cost WTH
WIE @ & cell2 @S (TS AR

Trgacd Ay el R 2
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frsa oifdems Tt aafEs e sy R 3=0e R

D, D, D, D, aq
of ] 27 Bhs Fhs laes
o812 187 | 20 | 51 408
o 22 Wag | 12 BY3: |53 54
b % B _ 25 M

LS 36

ANNA : 94T, Ya =30 + 40 + 53 = 123
):bj=22+35+25+41=123

Za!. = zbj
-, “faags weeil Aol (balanced) |

sterm AFRTS (row) T4 (A T <76 16 T (1, 3) cell-& SRS a1, 3) cell-a x,, =
min (25, 30) = 25 2WI% T | D, TEIRER ifen [G Aeq D, wefie gor Tw
ThE (e AW e w11 0, TeA WA ST fEfE g 7% aRR aww A e
9I7A7 FEON 476 18 T1 (1, 4) cell-d SRR | (1, 4) cell-Q x,, = min (41, 4) = 5 T
A | O, T W (W G oRiE AR A1 O, TNF AW (ST T | @4,
fada ACT A T 476 (2, 1) cell-q, (2, 1_ cell-4 x,, = min (22, 40) = 22 &
T T D, 5% R siEn oA fib alemw 2w wel aw rem =@ G€m
ARCS 9<4a FEew 4T (2, 2) cell-q, (2, 2) cell-4 x,,= min (35, 18) = 18 eW= T4
1 0, BT I (O & (reAm el (R | G o AR A (reTl 7 | PO
AfeTS FEew 476 (3, 2) cell, (3, 2) cell-d x,,= min (17, 53) = 17 &4 T4 &1 D,
SIEAPAETE IS SifEm B oz | Tear faom wefl am @rea ) «gw S_iEE W (3,
4) cell- min (36, 36) MW T T | (P BLOR AR (I SN & Areat 1 7R
TG 5B ST b otz | AR womr oI erfes sy siew oz |

TG = x,=25,x,=5,x,=2,x,=18,x,=17, x,= 36
R AT AT AA6 = 25x 16+ 18 x 22 x 12+ 18+ 17 x 17 + 28 x 36 x 32
=400 + 90 + 264 + 306 + 476 + 1125 = 2688 I3 |

&3 FAMYAT (T @ cell-a &R oW 21 TR (190N SR @A 4-GI0 (subset)
@ T (loop) TOR TR W YSAR 2 HMH@G b (el TP A A |
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() Column-Minima Method :
% (S B Ao ¥ wege | @IEma AfET wRew WY a3 W AT
<fATH AR T vem INE |

12.3 @W G IET AN 57 g I By
ST %1 (Test for optimality of a basic fea-
sible solution)

SR TR @ m A O ¢ 1 YT L 7R oifien e v A
BT AR S 1+ 0 - 1 A TR GG (@ (T PR AL T AR
BF @A 2@ AT mo+ n - 1 RGP occupied cell #teT T

@3 7 @l Totamg (e =) Rge 91 1 @ ooy @t Ge B A=
BN AR (Optimal solution) T Rt ot #1Arw FACS AYW FIR|

BoiolW : AW (W (T IRFA AN GRS SR ALY m + n - 1 27 (m, n 2A6HT
o YT I AR) 9% @ (e 5eR W A A g wefie A A4 non-
degenerate TI €% TR (m + n) MYS T wv, (i=1,2 ... m;, j=1, 2,.......... n) e
FA IW @R A9 occupied cell (4, j) 99 &7 C;= U+ v, OIEE A0S un
occupied (i, j)-4 cell evaluation AR ¢, = (4, + v) IR (Nt TR ST 539
MY TR (optimal solution) T AT T A9 cell (i, j) €T &G A20 2|
[c, = 199 e W (U T SN = A commodity-T GF GIER ~Afed
4w]

Y :

L. 3 occupied cell-43 AN m + n— | W OGA ¢, = u+ v, [2fS occupied cell
(i,j)—ﬁW]CW(m+n)W§Tﬁful=u2 ........ B3V Voo vﬂ@sﬁtﬂ(m+n—l)
b AT e T @R GOIE @ @ GFO 43 v, 97 TN TSN (arbitraily)
W@ u (=1, 2 ........ m) SR v (j=1, 2 oo n) @7 TR el = TR | RS @
- ARA (T TS AIGE @ YT cell-4 allocation (ST AR 4T A9 corresponding
ufﬂ v, = 0 491 27| ‘

2. TV ST unoccupied cell (i, j) 95 &) Au, =~ (o, + vj) > 027 ST a3
TG BIN AN (unique optimal solution) A | FW 2S7F unoccupied cell (i, j) €T
T A,20 T R 9 G306 un occupied cell (i, j) 9% T A, = 0 |
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SR CIEE FAN AW oNeT AR Wefie UL HAN ANUA unique 2T A |

3. 7 w@S @ unoccupied cell 99 (T A, <0 T S corresponding GNET
e STAT 5 SR 20 | UG A AR S RS Solcn oy @
(a1 wEs A fef Fa0e @

@& unoccupied cell (7, j) (0 A <0 4 1A§] FRAGE @M, 3 cell-brw o basic
cell T 47 TT AR % cell~q FIGE (XA et (GTAIF =6 (0ot W 3187) alloca-
tion FACS =3 8 ARIITS WS @A basic cell (I occupied cell fBF) @7 allocation
@ SAfFRIT 2 FACS Z(A | 9T TE TG @ G FRFI ST oS IR BT & (6
Affzd 4T Ao TG G SRR R G W Al

@8 TgH AL T AR optimality test IS A |

IS FHIGAD 5o TUH W OrE AR TEHhT 5N AN ANSH (A0 |
T qga AT vaN TR T 2 SimE iR R e s w9 asft G
IR YA el TS @ 9k GBI 19 oy wifiaze e paw A
ANSA AR |

<% M o I AR & (12.4) SRR SR (YA |

4. I 4SS cell-a allocation €F AT (75 T 2) @ cell 9F TATIT left
€ hand corner (25 square 99 N (AT I G @ cell @ 29@ I A5
cell €31 fT5% right hand corner @ (&% square 9% Y I TR | ATSF unoc-
cupied cell (i, /) 93 & u, + v, €9 T =6 CET T display I T

12.4 Swigas
1. fa siffaee el m R
Qa,
o| s 4 6 | 14 [15
0,| 2 9 9 6 |4
O} 6 1 7 13 18
b 9 7 5 6

TN : U VAM-99 AN g+ it aelt arfds dia sifen
sl Ay w1 =
[ @ TG A9y (balanced) 19 Ta, = Yb = 27 ]
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[~ ]
w

6 14 |15(1)
9 g |4 @
7

13 (8 (1)

o
L v}
o \©
R - NS ET R
_—
\9;—-
S
&2

wm | T

14 | BQO
g )

O

Tk

o

p—
| e

-

(%]

Q\D
Tl
S
3

8

(o)

6 14 |& )
O, 6 7 13 i8 (1)
5

O, 6 7 13 |8
1 5 2
VAM-93 ARITY M Tyt W« o g =

D D D D

J 2 3 4

0 30

| @l 6] [
i.JIS

B B[

15




Ghe a2 —

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

QI (T8 BTFE R4 = 3 + 4 - | = 6 93 BT FWGE @ (A 5ER W 0
T AR G% FANYWD GG non-degenerate (N P FANYA |

Test for Optimality :

Tahle—1

o W u (=1, 2, 3), v, (=1,2,3,4) @R 7B A 4+ v = ¢, (200
occupied cell (, j) ¥73] (AT @ 6 AT ANSA I G TNGH I N6 A
@AW u (i=1,2,3),v, (=12 3,4) 93 G 430 7 IS & T |

A M IR AR 0, = 0 LT (It 372 AACS FCGW @WHRGS cell-9
allocation WITR) |

oteE WA AR w, =1, 0,=-7, u,=0,v,=6,v,=5,v,=7,v,=13.

Q4 ATIIF un occupied cell (5, j) G T u, + v -9 F corresponding cell-€ &5
CEA W @A TR [ Table-1 YA |

Cell evalution A,.J. =C,- (1, + ",-) K Wﬁﬁl (&TSIF unoccupied cell-99 =) QT
WE (N 2

D, D, D, D
o . . 0 | 2
0,| 3 1| 9
o, - 4

A ‘dots’ 4 basic cell T IR
SiE (] AR @ ACEF unoccupied cell (4, j)-99 &= A2 0 [@= (1, 4) cell-
AT A, =c - U+ vj) =14 -(-14+13) =2}
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oAk, VAM-4F R #isq Tl 539 FN4E (optimal solution) A |

o TG 430 baw G IRET AW e —

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

OR FE AT 476 "I—

8X53+7Xx4+4x6+1x6+5%x7+2x13 =159 9FF|

W : G4 unoccupied cell (1, 3) €3 & A, = 01 TSAR, TG AL QT
HAW S AIST A (AT AifFaz 496 AOIF HRN A oW 432 TR |

2. s sifFRze MG FNE I

DI D2 D3 D4 a,
o 1 5 8 6 |8
0, 4 2 5 4 |9
0, 6 4 3 i |13
b, 10 3 4 13

TN : &8 T Feie (balanced) ¥R Ta, = Yb, = 301
QAT ‘Row-minima’ RS 2R (fie wdaq sy f{efy a1 281 @ar ANawio
fAma o (AT 29 |

8
ol—J 8
4
o - BB 41 g
4 9
0, _—l 9 13

10 3 4 13

QAEFA m+n-1=3+4-1=06TAE G 6% occupied cell TNZ G A
77 A (@ 3 ANGAH non-degenerate (NE FILFI AT |
WD Z—

X, = 8, x, =8, x,= 3, x,= 4, x,,= 4, x,, = 91
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Optimality test

DI Dz D3 D4 U
8] 3 ‘
19 303
2] [3] [6) [4]
@ [z 31 &P °
omTmCmuNN
6] 4] 3] [
10 3 4 13
v, 4 2 6 4
Table--1I

u(i=1,2, 3),v G=1,273, 4)&37@&@’]%0 — u, + v [ATIF occupied
cell (i, j) m]ﬁmﬁf%fmmmﬁ‘ﬁ:w @A R u,= 0 AR

@¥F ATSTF un occupied cell (i, j) OF T 1, + v a7 IR E cell-4 (RT JOT Y
(W 2R | [ Table~IT &4F |

94« cell evalution Ay=c - (u + v) & TR (o unoccupied cell-£¥ &)
e v oraw ==

D, D, D, D,
o} 6 5 |5
0,| 3 -1

O, 5 5

071 AL A, =~ 1<0

MO, ‘row-minima’ *HFSTS 2NGW AMYWH 5T ANYS I q1) Q% G0 TG
unoccupied cell-93 cell evaluative ¥NMTT @R cell-B =7 (2, 3)

SR, S O] G (e TS A o e @AW (2, 3) cell-B azfb basic
cell ZA|

€37 (2, 3) @& un occupied cell-b @2 (2, 4), (3, 4), (3, 3) occupied cell Y& Fea
9 o= sem T (R =6 @gw) |
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DI D2 D3 D4
0|
0, 0 i-0
°, 4-8 | 9+9

WA I (2, 3) cell-a 8 (> 0) allocation T3 25 | igE 2ne #Afe<ze Fw=Ang “$9fa
TS Bru =, FoI0T S+ cell 913 allocations 47 T alternately 0 (@19 @ fas w1
Z [Bomm o ()

Q4 TS S allocation €T T 20 TW 932 6 (>0) 93 I SEGA @A T
6 =min [4, 9, 4] = 4 4 |

agi (T Ffea i (e v o =

D2 3 D4
8] - '
l@ %@Fs -3
2] |31 f6) 4]

@ 2] 1 &P °
®®i,913-0

61 [4] [3 ]
10 3 4 13
v, 4 2 6 4

Table-III

&3 U S5 occupied basic cell SR % @I (i orEd WA 61 A
ToATaa A 936 degenerate G JIAFT FANW |

AL A

x,=8x,=8,x,= 3, Xy = 4, x,=13

Optimality test (Y= T T

QA occupied cell €7 R S A m+ n ~ 1 = 6 97 G I | LT 5T occupied
basic cell 97 T (@ (FIF 9B unoccupied cell FGT T TS 6/ cell ot TR 7
AN

w3 (3, 3) cell B (6F 27 9R @3 cell @ g (> 0) =W @I & 9T IF NIB
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& WS @ (TN NP TG a + ¢ T a (R VI 9T TE 276 AP <77
(18, optimal stage-d ¢ = 0 ¥ICA 4G THTIDER optimal solution “Hed A |

SIS IS ¢, = u, + v,(20IF occupied cell 4TF) FRRdaf (6%) e T
ufi=1,2,3),v (=12 3,4) a7 77 [y a1 703

AT u, = O €31 TENR| u, v, -7 TS &G Table-II (74T 1 TAIS u + v @3
TF9fE Table-I1I-(5 (26 BT NG (A T |

Cell evaluations [8,=C,— (v, + v)]

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

G4 (741 R @ ATF cell-9F T A, 2 01 JTIR £ = 0 @ @ Tl efrew
TR O T3 &S TNt @3 52w e IR A |

SRE 5 Ay 7= X, =8,x,=2,x,=3,x,=4,x, = 13 91 @30 degenerate
GTa IR T |

1x8+4x2+2x3+5x4+1x13=255a7F]

12.5 et 9fd3z9 AWt (Unbalanced Trans-
portation problem)

I @ AR TR @ @R (availability) SEWT @32 @0 SRR (re-

quirements) “fSe e W 2w wefle i Z:,“: *"Z}bj o oA St s
i= i=
wpTrsise +ifRaze FEp |
GUHGE TPGIEE FU a3 AT PG AT A0S | O &) 4 fic-

titious BewwlH (Af ;ar‘ <Z]bj ) A fictitious BT (I ZI“:' > Zlb;' )
= i= i=1 i=

introduce TATS 20& UL fictitious TF (ATP @ fictitious STIPAE ATA CFF
sAfFe frfman g =6 W @S T3
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I ficititious SITAER LT 3T BEE G2 TH @A Ao €3t TR

i=1

b, >Z|a,- g2 T fictitions SEITRGT AEGH T I G2 TGIRE BIEAR
<

S 42T TR Zia,-—ij :
i= i=1
G0 TUERT e T -

e Al smepih sat feaeat 391
Db D, D, D, g
O,| 10 8 2 7 150
0, s 6 4 3 40
o, 12 { 21 9 8 |30
b. 60 40 20 30

QA Ta, = 120 4R £b, = 1501 OREF aUFI b, > Za,|
SRR, R 43I0 fictitious BT O, @AM #ffN 4408 2 150 - 120 = 30

a2 Zeirgie A offaaze sl 23—
Db D, D D, aq
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

!
QT Fete FOMBTE TR TR T | € AWHR 6T WA fictitious
BRI AT @ (@ cell-ag allocation-& (I ) am e wwmn 2we STl
HNGA 5IW FH AR | GUFGE fictitious B 0,-991 30 4TS AR @I (I
NETRE AR IR | wefle Grwtg ATWIFLEAIER (6 HiRAN oo 9w O]
I
% 0 oigeE 93 fictious TTIPRE FE IRSIR HNA Soaret o Tpiie v
T i FR0e AR

[FERER 12.7-9 7 SR 0 4]
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12.6 SAIRH

R G A TS ofiRey TR arEe (e e e FeEe R[S
s TN I AR 9T 7 AT (e FRRFT T 5Iw T W@ ©
S FAT S T AR 9 BIN AW A A eI e s (N I
FAGR Fef T A DS S (@IAR | TN SSisyd oAz e [Reenm stiam
= I O I TR

12.7 Seater=

1. fatpa #ifdags sT=911157 (i) North-West Corner, (i) Vogel’s approximation =g
T S e s el | -

D, D, D, a,
O, 5 1 g |12
0, 2 4 0o |14
o, 3 6 7 |4
b, 9 10 11

@I AT IR TAFITS ©fFA 2
2. Matrix Minima *mfere e +ftegd sy oI arfes fst Tww

et 2 - D D D. D D. a

! 2 3 4 5 i

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

4

3. fatea wifdaed sTemef e 39
@ b D

O, 30 20 10 | 500

5 15 25 | 500
300 300 400

SO
[~



(ii)

o O O

b,

1

2

L

w O

3

Bl |9 |T

1
4
1

wmlon|w |~ |O

4, s “ifsl SEEniE @l aw Ghe e w39

w

W,

W

3

W

4

a.
i

19

30

50

10

7

0
0,

70

30

40

60

9

03

40

8

70

20

18

b,

60

40

20

30

sﬁmwﬁwwmwmwwﬁmwmmﬁamww

unique &

6. Az 2Tz Fwnl

&)

o

O

id" ke o o

I

D

2

3

8

4

6
4

9

3

i

2

6

6

g

10

D

2

15

D

3

2

1

I

5

4

3

4=
D
0
2
2
5

5

10

7. ﬁmwwvffﬂﬁamﬂwﬁwmm

o

2

3

14
12

5

30

o

b

40

Q
slu|w O

LS S B e )

en e |- | D

LA T R R <%

30

- 40
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TN : G T, = 160 €R Eb, = 1751 TSR 0 < wpmersy =
T | 9N Zh - Za, = 151

e @i @Ffl fictitious BeRE O, ¥A T (WARA AT AR 15 43|

G4 PSR ARz Tl TR— .
D, D D, D, a
O, 3 8 7 4 |30
O, s 2 9 5 50
0, 4 3 6 2 {80
o, 0 0 0 0 |15

b, 20 60 55 40
AR VAMmmmﬁ @A Il e WD 21 & 9 FET O ;R
AR Db D, D, D, g

200 T [0

_,3 7} )30
50
10]

o
N

O

50

[N
N

2 9 3

EDJSET I p%
5] 15
of o o o
20 60 55 40

e
.

3

0
Y

Optimality test

QA occupied basic cell ST R 7T (=m+n-1=4+4 - 1)1

ﬂﬂlﬁ’lﬁﬁc = u, +v(ﬁt@ﬁ5 occupied cell 4R) 7% AN (u = () 477) ANYE I
Wl A =, =S - Ly =0,u,=—6,v,=2,v,= 3,V = 2| ST AT

unoccupied cell 4T3 cell evaluation A -3 T Fiefa TR fﬁm @?ﬁ 08T T I

= [fAwa == e | Db D, D, D,
B o,
! 3 8 7 4
NomE© ¥
2 5 2 9 5
N ORI
. 4 3 6 2
ol® 1® [ ® |,
} 0 0 0 0
v 2 3 6 2



QU ST (AR (T 4, j47 TR WA O A = ¢, — (, + v) 2 0

ABAR VAM-97 A2 “Nex (et I T ST A (optimal solution)
Al

IR 2WE TSI TR 5N FMYH TI—

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

&G minimum cost =20xX3+10x7+50x2+10x3 +30x6+40x%x2=7520
G |

[GTA ¥ FTA TSI AHE (PR x,, = 15-(F AR (RO TAZ—aT 9¢ &
@ D, TG 15 9T 51fRA1 O I3 1]

8. frrsa sprretof siffaest T (W@ minimum <f33Ze 475 Ry 3@ ¢

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

12.8 GEqiEl

L. (1) x,=9% x,=3,x,=7, x,,=7, %, = 4: 46 = 104
(ii) x,=2,x,=10,x, = 3, x,; = 11, x, = 4; 46 = 38
Vogel-3 e Sswigs e |

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

3. () x,= 100, x,= 400, x, = 300, x,,= 200; Minimum 9% = 10500
(i1) x13~2 x2-1 X,y =2, Xy =4, X, = 1; Minimum 996 = 33

4. x,=3,x,=2,x, =2x—7x-6x-l2

5. x,=5,x,=9,x,=6,x -6x »= 3 Umque

6. X;=X, =X, =x,=5 Mlnlmum 4Ie = 35.

8. Mmlmum ’-’ﬁ?’i‘-‘f 5 = 23,
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GFF 13 O NeAA A (Assignment Problem)

P
13.1 2=

13.2 S g Nfaf®s 44 (Mathematical formulation of an
as signment problem)

13.3 ST ATATY A4

13.4 537 T fad7 7w (Maximization problem) W% A |
135 Swregd |

13.6 ‘=W fAFS’ WAAN (Travelling Salesman problem)

13.7 Swizgd

138 waTe

13.9 SAest

13.10 Ewraen

13.1 ¥

TRYICHG I @5 RBeg, A AR @offee SIS AN (assignment problem)
@ | A TR G BRITAY (ST AT | A I (T IR i ohs iy
A, B, C, D, E - 46l a1 1, 2, 3, 4, 5 5K 3217 Wity fire o7 | v s
T TS N @ 92 A B T IreR arerT I TN v (efficient) 7T €I
FE (A G A W & FAEA @ cost (TR TNW) o1wta ©f 4% ¢ e Tog
frée a3 | @iw MR T T gTE IRCE @I T IS @I 93] GTSIR A6
I® A, B, C, D, E-& 1, 2, 3, 4, 5 *I5f Fitem 7Rg e A1 @R *08 @i e
(P IS ARG W (G cost AAGE T T T TG 007 201 (WG e A
TGE @A 7R W7 TF AR W A@el W (assignment problem) |
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G A FF m TS job~(F m TS ARHE (machine I O facilities) ST
(assign) IS A | T IFA 97 job A ST facility (T TS T T O cost

’{Cﬁc}.}.(f:l,Z, ......... m,j=1,2, m)|
e =B cost matrix I
Facilitivs
I 2 3. t
LS 0 63 v e o Cy
AT G Cam
O T B S Caipe
Jobs '
tH (‘Hll ‘.mZ (‘m."i """" (bmm

4T Job i3 facilities (a0 W Rgret STasl I (2@l job-(F (I
T facility-(6 @2 &SI facility-(S 4B W@ Job) ¢AMG cost IR T && @l fAefy
A TS TA SCIP AN (AN cost matrix HEHT YIFCI |

Profit matrix (e AR, Job TS facilities (X Wy Rt wicalst Face GG
S (profit) FAGE @ 70 & Fef7 A7 AT 2 Sl TP | AT SR T
TAM Job~a7 e &178 facilities-(FF Al 30w wLfie cost matrix (31 profit matrix of
Tii® (square matrix) 3|

WA T TGS (Fea g B 1 IeE Rl 402 (7R (@ 2w G cost
matrix |

13.2 S A aNfaf$s gof (Mathematical for-
mulation of an assignment problem)

A TG A FEPHCS m AL job 8 m AL facilities TZ G2 T IFH &€
cost matrix® [C.] . (I4 -O% Job-(& j-OF facility-C5 SNA € 2 cost @

ﬁ@ﬁ‘icﬁmi J
G x (0= 1, 2, e m; j =1, 2...m) SRR e (W05 GreT 2
x; = 170 o9 Job 6 j-OF facility (o Wl T =
= 0 S|
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R ATPE ¥ SPNE 47 R (@I [ 7R T & j-@ 9% T2 T T
x,=1 TA G 47 4 NG &Y x =1 T R =GR oififde 1ot @

WA 7% 328 @ G cost-aF T -6 @1 WY

i) iz}
Z=Z Zcif Xy,

izl jel

BIZCE STR# AW (cost matrix 93 ¢HGa) sifafss ol =3

™ Z=i icﬁ xif,

i=l  j=I

AT 2% =L i=1 2, m;

i=l

ix,.j =1, J=1, 2, e
b=

aR x=1 3 01

YN x - e T Tl D0 AR AT R HN A A

TG ¢ AR IR MR o1 (A0 ST 779 30 (T x, Ao A1 (P
0 92 1 S AN (A7 LPP-3 (%068 9371 =16 A3 ) § TSR TR FopR 0
L.PP & 27 &

13.3 STHe ANFIF AN

QI SRR A (9 @ Cost matrix [¢ ], 9% (W i, j~97 I M & ¢,
>01 @4 T - Job j-T7 facility-(S WCAA F9 27 G x =1 TGA x, =01

OiZE I 9F0S SRS T T 27 (@ corresponding ATERE R CRUEURCA
a3 assignment-43 &+] (G cost 0 T7T G2 Tqt FAIHLA I cost G2 Gi6 A @ =05
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| RIS AR AR BT algorithm PR Tare AR @1 Frs Rye gt Sowiim
(29 B1e) ToR W 33

Bototy 1 : T (I L2 FRAN (LAITF I AN cost matrix @F FH AR QYA
T HETT AT W @Y I W O FAERES WA T A ARG A
Y 5AN AN (optimal solution) ¥R A

[ (@ assignment &7 & SIS AT (NG cost FIGE I T OF I (I
optimal assignment 1 optimal solution ]

BoAeltG 2 ¢ AW 4, j-O7 R W T ¢ 20 W 4R W ox =2, (=1, 2..m; =1,

2y T AW AT D, 2.6 " =0 TH (SR A AT ARG T ST

=

OTarEl BOER Wi BARMG (ARE (AR (5 (@ cost matrix-43 FH AR A YN 20O
AT ST BT (@IS A Rl A matrix-B7 @ FEEH AT AW X7 Fq
TR | SIA GBS AN @97 assignment T IS AT IS corresponding
ST ¢, I W N LI G <% assignment SR optimal assignment T |

A% SN TR FI (assignment problem) T Step-F (assignment
algorithum) f&4t® MR (Fws ) |

% o7& cost matrix-97 T N GEEF 27 (element) 20 7 27 T Toloig 1 A0S
T AOT WS non-negative (I120) FATS A1 st FRFHRS Step 4ffet SRR
FA0S A |

Step 1 : Cost matrix~4% &er< AR minimum “WG & AT LTS oW (ACE Bl
TN A | G4 BB AT A0S WIS G Wy AN A | IFAL AT TS
minimum % & GEA AT 57 (A e T90e A | Q¥ @ TR e IR
®] %J staring cost matrix |

447 %7 cost 4T cell RS assigment IS TI I assigment Y optimal
assignments T3 3 79 assignment (RRETG ¥ cost G cell “fféTre Tl e 24 |

AT step-4 WA @G #7fs SrErd F9 T} (A steop 1 9T assignments optimal
TR & W W w0 AR

Step 2 : Starting matrix &9 w25 zero T ARG T AT vertical €K hori-
zontal lines GIACS A
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G4 T AIST TF (i) AIEILT WG A cost matrix 4 FEE TR A (i)
FHFECIAA (NG AT cost martix &7 ILIF (G I | G247 (i) 9T CFLI Step 3-(9 @ATS
R OR 99 optimal assignments AT AL |

Step 3 : Starting matrix &9 2 A (UF =Y I AT AG #Tw1 373 @B T
0 %A 0-¢% [] @3 W0 W IZW (assignment 9 &) G432 <1297 Bes 0 g
vertical #2A BIA | R Af3ffer G A2 B oW (IE TR TSI oF
YA | ATHCY YT TG (WE T FIA 9R FAF uncrossed B @3 WF 0 (T O~
O 9% 7 W™ IA (assignment ¥ ) 4R 95 2095 B 0-a7 79 fim
horizontal line BrFA | @4« 3aw Bfes O o wz (O 97 T&0) optimal assignments
AT I |

Step 2 (9 (i) 93 (FLI AWML Step 4-9 (A A

Step 4 : Step 2 (3 (¥ A TN 2 BT AR (@ omfer W BIwT WLy
@ TR (= R MG TR AR arereh oW (e R F90e T QR
horizontal line @ vertical line 49 intersection @ (FN 2V AIFE SIF AA @5 FACS
A | 93 FA modified matrix @ WAS @A ALY 2+ AT AT}

4399 modified matrix fNT8 Step 2 (¢ @W® TR | @RS AW 29 assignments A
ANST T TF Step 4 GR Step 2 IX AT LA F@ X1 AL Step 3-F Pew
optimal assignments 2[18q! AT |

Step 5 : Step 3 93 {0 operation (FfF 3 TS fA) 7 47 TaE @ Y o
AR—(i) (W unmarked * AR [ | A (ii) 98 A AV W8 9IS unmarked %7
A

Y3 (F0I unique optimal assignment #NST AR |

fadin (e <= AR (I F0$9) @9F unmarked A effera g @I TR
(arbitrarily) (3= T & ¥ 21 wTeT IR WA ignore TS T | @R AfFH @
AR T T 7 AR WIGHBS @M unmarked X7 AW A | QTR GG
optimal assignments #I¢3 T3 | [5F TS optimal assignment 97 S minumum
cost 432 TJ |

[®F ¥ @RIF &0 13.5 @7 T o1 |

TG : ToEE Step A @A WA TP AMAEE @ algorithm W T ST
Hungarian Method 301
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13.4 53% M« W7 P (Maximization Problem)
et AN

are MHAB profit matrix A WAt OIS 529 WA [efa Y SHCAS AT
@ | UG profit matrix «F JAGCA TG 7ML (element) (AT matrix-03 LETE S
(element) RS TA0® oA AR G TE @ ToH matrix-5 “he TR S @ A
MPBIT cost matrix ¥ optimal assignments T FFCS A1

I 7 FAR (7 92 optimal assignment-4F T WA SCRIS FIHNA cost TG
I I R OIF T QMG WK AP profit FIAGEE N A ) A6 4% optimal
assignment-§ 2WE SISt APGIT optimal assignment T3

[ Sy 3.5 43 TumRe 4 (7Y |

13.5 Swigad

1. B 518 e @iag 1, 11, I, ¢ 1V @3 nf smet e 18 ol ¢ |
ArERE TSR 3B I NS WZ( A, B, C 8 D 9% 5D *2IF AMOIHre2 1o
@RI GT A S T | & SRR (AT IR @ MR A HNE A
ey b Faie wiicr S oM 790 =

1 I m v

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

T : AW AR KT Soiwe 10 ; 02 7fER o= Goammsf @ 10 R[ans T
% | SeielE e AR cwae wRR Bomm wom Beimmelfe (A Rems 1
z7 | Il W it A= . - .

3

9
12 0 11
9 1
11 1 0

o O W >
v o ® O
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@37 effoll wrea T Some ¢ wres oW S (U R v = | W

MG srem (o -
| | m v
Al 0 2 9 3
B| 8 10 0 11
cl 13 15 22 14
D| 18 20 10 9

ordt AR @, (1, 1), (2, 3), 3, 1), (3, 2) € (4, 4) cell 92 2ASHBLS 0 ()

e |

A A0 minimum TRAFE HIARL DA F6!
7@ | QI SRARAT AN = 4 = WGwE |

e AT (1, 1) cell-d @IANA @3 7 = |
4% zero-(@ [ BIFT T (A4 YT WYLE M (7Tl
7o siefie A-(F 1 72 SRS (AE MET (et 7+ | Tl
MR (2, 3) cell~a (@ETAG QF6 X[ SN2 | 42 *[HE
0O forz3 T ([0 T TS @G (oT T Sdie
B~ [II , THsl (AT <8 req =1 | g8 Ace
Qv (@I (3, 2) cell-a = M| G2 M
O forzs wow e e oet (% (reT & wefle
C-(& 11 72 Tgsh (AT NG @ 21 . 5gd ARCS
REETAG (4, 4) cell-a *7 wee | @& e O forzd
WY @2 59 ST @6 @eh T Wi D-& IV
R HWS (AT NE (Req T

o W

-

o B TR vr B S

[ o nr o
0 2 9 3
g 1 6 1
O 8 9 |
9 9 1 0
I nom v
0] 2 9 3
8 10 [o] 1
o [0] 9
9 9 i

- WA TeHla g = Aol B L CoH I DIV

AR I 199 (minimum distance) = 10+7 + 15+ 9 =41 Tl |

2. A, B, C, D vieemy gfewe 51 M 1, 11, 11T e IV-a wiee s s2ee 2d |
BIIT STACAT 4D (assignment cost) (RETN TF | TLATHAT WA A6 (minumum cost)

fefa g |
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I I m
Al 18 26 17 1
Bl 13 38 14 26
Cl 38 3 18 15

DI 19 26 24 10
FAR - AU AR N 4w 11, @ A o S o [{wme s

AT TA A oo AT A6 ol Soimme® s Rmst 9 =
s s it <= -

I I 11 v
7 15 6 Q

0 25 1 13
23 24 3 0

9 16 14 0

o o o >

¥ offell wren TR U6 6% wrEA S SAmmef (i Rt 3 T R

WHED oremt (| -
I I II v

7 0 5 0
0 10 0 13
| 2 0
9 11 13 0

g o w >
()
w
=1

R AW @ (1, 2), (2, 1), (2, 3), (3, 4) 8 (4, 4) cell-a7 AeRHrs = oz

7 0 5 0
23 9 2 :
9 L1 13
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A% MYFCE minimum YT FTLERA T ?FfGT T | QI G LA

‘*’HI 3= » WGEE

C. ols e AN st i)

Boad MITAGTS S A I LA I SAMWTTT TG s TAWAG ==
21 31 @ @ Soammefers areR (R 2 Rons 33 2w®, el @ @
TN I W (B AR A 2 @ A0S oW ; AW @S Semm e
ol wE ) sz o i’ dteat =)

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

- SR, WY MW minimum WRE FLEEA T 36 5

GAA TN FAIFNIAD A = 4 = HE 29

1 I mIv I_H_m_1v
A[5 0 35 0 As@js'o'
Bl 6 12 0 15 B|[6] 2 O 15
cl2l 9 o0 0 cl| 2t [Eﬂ 0
DI7 1110 pl7 1 t [6]

SIealsl FETHE T A (o |

TS 1 AL B[, Co L DIV

AR SN 46 (minimum cost) = 26 + 13 + 18 + 10 + = 67 Bl

3, B M SRR & GG S#a5a s 30 2R | (@9 e @i @l
AEHIACE [eisl T O e 496 & 3w o Wi (G E) ored =@ 3 .
@R A ATTDANT @ 4 F @R C WA Wist a1 R | IS (@A

s S @b 496 T TR -
1 2 3 4
Al 5 5 0 2
— B 7 4 2 3
Cl 9 3 5 o0
D| 7 2 6 7
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Y ¢ (IS A IATAGIE 3 72 IR @3z C SoTRBacss 49 (iiea st =1
IR A, BN (1, 3) '8 (2, 4) cell~a ST LAGIYFN FET GFp @ 176 10 477 71|

wiee WiGAl TI— 1 2 3 4
Al 5 5 10 2
B| 7 4 2 3
Cl| 9 3 5 10
D| 7 ) 6 7

g ARG FEY 296 2, @ A S @ (I {ee w9 w1 Segese
s AR (wrae wERE <76 s wnaf@ e Rene w0 g s fWwe

i <) 1 2 3 4
Al 3 3 8 0
B| 5 2 0 1
C| 6 0 2 7
D| 5 0 4 5

WA, Afe wrea SR 475 €3 Gred S 4TpefE (A Rone T g | fawe

B P2 3 4 1 2 3 4
Alo 3 8 0 Al 3 8.0
Bl2 2 0 1 B 2 0 1
cl3 o 2 7 C o 2. 7
D[2 0 4 5 ‘pDl2 6 4 5

AN AT T (AT I TRYS AICHA BN 0 % |

G T FIEE@ART T2 = 3 FHER o)

-, R DA AWML oNeq (o 7|

Boirga i b Il 9w Soammaferm S Fuew SoAmm 2= 1 (4) | P!
= G SAmmAR A 1 Ras 79 = aeeEdefa @ @ s [eaei v
(T IAE G 1 (A5 TS A 5 AW @re SAmmaR sHafee Awd | o
R Wi <tew I ¢
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A0 -4 -9 0
RI- - 2.+ -0
cr2 6 2 6
bl 1 ® 4

TE MR AT FA RS AIEIA A B! | 4T AR
SR =3 = WGEF I

- QS oY WA APUA MY AT (31 71 | WA, 9 Miihr Soammsfe
CP0 ot S e v Fwa witE’ e oo

i P 3 4 1 2 3 4
Al o 5 o 0 Al O 5 9
Bl J 3 0 0 Bl 1 3 [0 o
clt o 1 s ctr B 1 s
bl 6 b 3 3 o[B8 o 3 i

TE AMAFTE AL T RS ALY AR A
QUG GTF SLERARN AW = 4 = MR 1
A A STIL 2AIST (57 |
TNYEL T A -4, B 53, Co2,Do 1
FWE 496 = 2+2+3 + 7= 14 DI
4. &M ARW LI ALAT 4 TF FEPN A, B, C ¢ D-@ 5170 =27 1, 2, 3,
4R 4-q T BT T oom ot et w3 R f[Jifer e ARm wivee
siffane () (6Tl =7 | IS (A e FAE €% T GG S FAATD (M
A7

=Zq
i 2 3 4
42 35 28 21
30 25 20 15
30 25 20 15

24 20 16 12

o o w >
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A QR T @ ReE @ Ares A fdn s ave o
FICACE IC BAMIT T8 421 42 (UF AT 708 TAMFYENE [t 318 7gH @061
MR o T3 | 97 ToAmmai wox sifae ot w3 wgw e owta s w
Hhoa Affqae T wacs 1!

S T 2 - 1 2 3 4
: A 0 7 14 21

B 12 17 22 27

Cl| 12 17 22 27

D 18 22 26 30

2% MFT ey ST Boimia Sorw Tommef (e [ ww Wovw ol

oMeT (AT | 1 2 3 4
Al 0 7 14 21
B|{ 0 5 10 15
Ci 0 5 10 15
D{ O 4 8 12

2 weg ov@ AT Tomw oo SomwelEa e st sm S el
AMGT (5 |

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

T o OHAR T AU T WUT FACR Bl 1 AN AR SR
=2 # LT |

@ Tommafe IO @R o W TR WA w6 1) @ Tammefn @fwe =@l
IR A (AT 1 R T & | AR (HFqee 1 (@6 T4 T 5 A1
Efre Sammefd wefiafes A | P e shemr o -
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1 2 3 4
AL O 2 5 8
Bl 0 0 1 2
c|l o 0 1 2
Dl- @ 000

T3 Xife] TR o TR ALETLR! 3 0! T | G5 AR F2yt = 3 it
o

HRF TART S A @ Woa i’ erem (s |

1 2 3 4
Al 0 2 3 7
Bl ¢ ] 0 t
c| wu 0 Y 1
D 219 .0 -

S XFYF HAUE T AL AR BRI T FAE ATNILF ) = 4 = MG
|

Aot FitE AN ofem (o |

As1LB53,Co52Do4

HARAE @M ANS =42 + 20 + 25 + 12 = 99 B ¢

tr 2 3 4 tr 2 3 4
Al[e] 2 4 7 Al[6) 2 4 7
Blo o [0 1 Bl o [0 o
cle [e] o cie o [o 1
o2 1 0 @] ol i 0 @
TP s s -

A51,Bo2,Co3Do4
HEG S =42 + 25 + 20 + 12 = 99 51 |
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13.6 ‘@M [R@et A9 (Travelling Salesman
Problem) |

‘Fge Rper T s & @R ol R @0 o=

T A GG TN RO 1 AT WTF visit TS TR | @4 439 (T (I 22T
(AT O (X (I WA A (A b gy (U0 T W1RE SR T A AR <b)
TR T | (T (P *E (TS Tulel ¥ i AT #ZAE G visit 303 A R
starting X120 P03 SPTCS 20 | @Yl Reapera ST 22 @ route 3% FC0 TR TS
 route 57 (B T (31 T N <) FAGTH I L | S 57 FR(E (7 A T (G A1
starting *1<3 @ Req TR
i s g0t

A A -0 MR (A j-0F MR AR AT (N 7Y A Ab) 29 ¢, @R A x, =1,
T Rigret AR -OF AL (YT j-TF L T |

= () S | _

2 o Y1 271 B x,, R i e 1 AT 2T IR visie S tour AL TR
STat (3 (I ¥R (T IR viisit W T 9R @6 7T (I 476 A W)

2=, D Xy ST T L

i=l j=I

43 PR P W 43T X1 27 (A (T NTH (A (i MR AT oAl T TR
A w3 7 S Al ¢ =00, 4700 TR (=1, 2,...n) | O x,~4% T AL 1 ZI A

SIEE TN s Aty sfates 3ol &= - '

o 2=, D Ky

-1 j=I

#H

x;'_,' = 1, j=1, 2,.....?1 N

i=l
LK x[.j=1 A0, x21, (=1, 200, Jj=1, 2,...n)
S| &7 I (T T ST SIS n AR #12d visit FACO ZW SR distance (or
cost or time) matrix 5 57 wPE 73 -
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1 oD c12 ........ (:‘”II
2 Cy, ®w ... ... C,,
n le sz ........ 0

T Rt TR s 3o (U i 390 SR @ G T @R e St
TARGIR O, JN—NY AN Zo7 % (T 2o APTIHTS WSfAT 1S (W =52 (W %
W tour Y I (IR *RRE AT ITCS 509) AR Ty TPPBIHTRE LRt 3713031 otiea

(TS @A sub-loop T2) TIF &% optimal assignment (Xt ‘SN Rl SRy 53
FYE 2NST AR |

g StcRel Tent s kw Tate. A T optimal assignment @ @3ifE% sub-loop
a7 T oRyA @ fEer ST st et $30S 25 enumerative (SRRES)
s BTN FAS I (13.7 97 Tggel ) ) @I 4 izg 1, 2, 3, 4 €7 CWeg M
optimal assignment 1 4,25 3,32, 4 | 28 S1%F QUFGE enumerative (S1IRINEF)
S A FACS LW A G (1, 4), (4, 1) 938 (2, 3), (3, 2) 9% sub-loop WNg !

13.7 ©WIgAd
s ‘e Rezren T e 3 -
A B C D E
Al o 12 0 4
B| 6 © 10 5 4
C| « 7 o0 11 3
D 5 4 11 o0 5
E| 5 2 7 © o

MY - q%E TPTOE Hungarian HHTSTS ST ST (minumumization} ESIE
ST IS N Weea ShwAE «iw o #hem a1y
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A B C E
Al o 6 12 4
B 2 o0 6 0
C| 5 4 o0 0
Dy 1 0 1
E 3 0 5 o0
(1)
A B ¢ I i
Al e 6 7 0 4
B 1 1 i 0 o
cl s 4 ; o YT minimum R
0 T | R A =4< S
{ii)
A BR . C D E
Al e 5 6 [;0] 3
B w { i 6
Cl o3 3 o g minimum AFE T
D} © ? w3 | RA=S
El 2 0o o] 1 =
(iii}

TG ST A1 AT optimal assignments 23—

A5D,B5 A, CE DB, EL,Cudie (A, D), (B, A), (C, E), (D, B), (E, O)
Cell sfFics assignment I AR | QAT minimum cost=0+6+3+4 +7 =20

5@ I optimal assignments ‘@rsFel faEs! FFTIR *S satisfy ICH N FEd G (A,

D, (D, B), (B, A), (C, E), (E, C) €% 7t sub-loop Sz |

@3 SRE! enumerative (IETS) wfsrs ‘@ Ree! wenita swigm S a1
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SRR 7% PR @ (iii) 7 B minimum nonzero element T 1 11 (B, D) cell~4
iy

% (A, D), (D, B), (B, A) TR (L& (B, A)-3 #fZr$ (B, D) 4 T 1 I 3
A (D, B) cell Stg 1 % WIGTH next non-zero minimum element %% 2 T (E, A) @
(D, C) cell-a TIg | AT (D, B) cell-a7 #ff_0$ (D, C) 95 @R (E, C) cell-a7 #ifFaré
(E, A) Wte1 w1 & route #A1R 7

SR (B, C) cell<q 0 ART A—D B A 74T (%6a (B, A) cell-93 #R=rs
~ (B, ) cell it @2 (E, C)-7 AR (E, A) e =gt Aifz—

A-D-5B5CHE—A T €30 route @A cost=20 + (10 = 6) + (5 7) =22
4T | TN 77 ¥A(R S route~93 (A cost 22 4T B @ 3|

AoAR, I TEThE AN W AD—3B 5 C—E— A 93¢ minumum
cost =221

13.8 13«

R SR 2 WA TP 00 6 (IR S T AR | 7 51 SR T AT
‘Hungarian #"f% 2517 391 2R | FICICE GIs7nel Rt e <3 SRS 7R e @
SATOTR, et Sy O 7 R ARy Rt STt T SES (enumerative)
stefefb a2 R |

13.9 SeyRiea)

1. - 435 SER oF e i e waam S a0
(i) (ii)

J, ], Lo, A B C D
110 12 19 1 I 1 4 3
2| 5 10 7 8 m 9 7 109
3112 14 13 1| m| 4 5 17
4 8 15 11 9 V| 8 7 8 5
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(i) |

2 3 4 5 W o3y 1Y
Al8 4 2 6 1| 114 2 7 3 1
BIiO 9 5 5 4 212 9 2 71 1
cl3 8 9 2 6 316 8 7 6 1
D|4 3 1 0 3 414 6 5 3 1
E|l9 5 8 9 5 5|15 3 9 5 1

2. S Fre e caeea R Sl SRR wna fefn o

@ A B C D E Gy 3 1 1 I
Al32 38 40 28 40 Al 2 4 3 5 4
B|40 24 28 21 36 B|7 4 6 8 4
cl4 27 33 30 37 ci2 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. s ¥9p Weftg o%ca 54 unbalanced ST STSETIfRTR M el g -
M A B C D (i) w X Y Z

1tio 12 8 6 Al1s 24 28 3
21 6 9 12 14 Bl g 13 17 19
313 8 71 12 clio 15 19 22

4, WTﬁﬁWWWWWWIW@ﬁWW&ﬁW
I A 5! A T (2 e streifba el it @ve = | e ffem et
43 FF oi| g T s el e T ©f fdf 29

by
1 2 3 4 5
45 40 65 30 355
150 30 25 60 30
25 20 15 20 40
35 25 30 25 20
80 60 60 70 50

W W b e
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5. 57 PR T 5 S ARG WG FACS TR | MEE WA Afelh e
T @ AR (T01F) TS O Ted T (rew v Sttt A, 372 GIRIH (<8 S9TEha
C, 492 (TR BT FACS < =11 | & ©I® @l Tl mwﬁmﬁ@mm

FrErlfer ST~ 1 A2 =
1 2 3 4 5
115 5 - 2 6
217 4 2 3 4
R g 3 s _ 3
4|17 2 6 1 2
516 35 7 9 1.
6. 53 erore QT el STETT TN g
(1) (ii)

A B C D E A B C D E
Al 5 8 4 s Al 7 6 8 4
B3 « 7 4 5§ B|7 «o 8 5 6
cl 8 7 o 8 6 clée 8 o 9 7
"D|4 4 8 o 8 D|8 5 9 «w 8
E|[5 5 6 8 o E|4 6 7 8

13.10 C&awie

L @) 1-57),2-5]),3-2),4-]

AN 4A6=38 9I5|

(i) [ A, II->C III-B,IV->D
TN 4T = 21 9T |

(i) A>5,B>1,Co54,D->3,E—>2
HARR <6 = 9 43I |

VM1-J,2-),3-51,4-5],5-],
o, | =»J,2-5J1,3-5J,4-5],5->],
AT 46 = 13 95T |
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i) 1 -B2—=A,35E4->5C 55D
Or,b1-B,2>5E3-5A,45C,5->D
Or,1-5B,295A,35E4->5D,5>5C
O,1>5B2>5E3-A4-5D5>C
HE® oS = [9] &TF |

(i1 ->J,B->J,Co>J,D->J,E->]
OrA»-)J B—->J,C—»J),D>IL,E->]J
Or, A«aJ B—)J C—>J D—)J E—)J
A S = 41 <3|

i 1->D2-5B,3-A
T A0 = 18 4T

iD)A>WB—-XCoYorA->WB->YC—-oX
TN A6 = 50 9TF |

132954355 4-525->1

D FAS = 270 G5 |

A—>4B—-23C—H>5D->2E->I

OrA—-4B->3C—-2,D>1LE->S3

SRR A = 15 991 |

(i) A—>D—>C > E - B — A min cost = 28 &FF|

i) A>E—->B->D->C-—>A
O,i)A—>C—>D-—B-E- A; min cost = 30 §3F|
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933 14 O Fo! oG (Game Theory) T AT ﬁ‘li

(Saddle Point) @ fiffmprs M
NI
14.1 &F9A1
14.2 ‘{3 " ] CTNTH %8 Fet (Two-person zero-sum game)
—YEAPET WLF 9R 1 F (payoff matrix and strat-
egies of a game)
143 9w ¢ ™ 7 (Pure and mixed strategies)
144 ©&y @& (optimal strategies) €38 $TIF TF (value of a
game)
14.5 fffme (3 fEfm) N e s 9 (saddle point)
14.6 ©wigad
14.7 A=A
14.8 SRl
149 TgawE!
14.1 2=

TR IR A TP AR (@A 72 31 oroifezs 2f St (opponents) st 2fstaiforet
(competition) 432 %94 (conflict) T =91 A |

Trirggeragel 3 0 W AR (s S 1 v AR Af St Wy @3t afsrfare
5] 1 T | 3 {F0ETE STOTIE ST 301 76 22 | 932 HGl $CEF [0 T/ —a0or® o7
Ol MG (PR (strategies) (A G5 (Fe 03 FAE (1 (FE ST S (2 AT
(S (A (T2 ST IIF) FAE Feemss AR Qs A | [t =% 99 o
sl q3{b T B |
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43 AT A OR B I8 AR (@ iR (@ [T W9 electronic goods 3
e Ayl T 2R 473 (ST ARF @ & WA electronic goods FA-FREET o) @
AR A |

QI A G3R B-(F (RTRG (player) €& BT 430 ST (game) I TR | TH TG
[ T IR T A IRAMIED 678 executive A, A, A G B FPIMICET BIGH
executive B, B,, B,, B, = | ST 473 (T8 (A 0HF (S (A=A GRAMIR) FIA!
e T ©Ig WIS executive (A (0F 4T 5@ (at a time) NE AFSAS AT o2
TAR ) (T, A (FETNE A, 47 ARG 7S 5iftd 932 B (TR B, 97 Y e AT |
@8 executive SR ((Fre 5 321 ATTRF ICMIEA ( CAEARICS) =54l foirers Fpiefa
G2 G i A ( (ATEARITET) executive W57 Trors (ignoring) FAAS @3
fordiom 321 | T I, T (RERITSS (WA JIAMITIR) (P (strategy -1 execu-
tive) Fiioa gz fesa w3 (I3 1M 0= oreTl BrETE) (e BINE

(AT B

B, B, B, B,

RERMG A _5 2 4
Al 0 -3 3 7
Al 3 3 2 -8

e B ST I s oreml 7 | @A @ 125 @l F9ifeE 1R (Cell) o= | €7
%% 4 (1, 1) cell T entry T8 5—a3 VLT @ T (IEAS A, A, (TN (strategy) 2
TR G B, B, (FE 924 A OIS I (I (G JFA) AR 5 979 3C I 4R
T B-G7 5 G0 (T 273 Sieffe o <eies AR @ A, B AN A, B, (FISIT WeTE
T (UG A, (RS B-3 I (ATF 5 93 Y57 (payment) 2l | SR (1, 3) celll
s 31 T | 9B cell B9 entry (- 4) AT WL 2 (@ IM A, A (FIH0T SRETFT I SR
B, B, (e ST TSI AT - 4 93 1S LA AR A7 4 3 AR T3 93
B, A-3 g (U@ 4 9FF E (payment) AT T B-T +19 |

A3 5T 97 (2, 1) cell 97 entry T 0—IF 94 T @ TW A, A, (T 929 IR 4R
B, B, GF¥e 92 I O A ¢ B 99 (ARG (@ w1 GTRe gl 2@
| SFReteid wa I @ @W cell @3 entry-F Y HAGT W1 QAT CAETE A
(9 FsyfE Mee (AT TAE) (F maximizing (GG <& I QR (ARG B
(T FEEIfT B8 (RIGAT ZETR) (3 minimizing (GG I8 2R | AR TARS T0CE
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maximizing CATERIG A-T TR ST (pay-off matrix) 3T | 42 TF0F &TSTF entry-
7 o5 AfRT$T 3@ (0 entry-3 (F07 @I SIF2ER 03 1) (@ BF SANSA IF O TR mini-
mizing player B-¥ TP T3 |

! O0F AR A € B ToA (RIS (6% (I (optimum strategy) el w21 Tm
TS maximizing (ARG A-T WR6S (guaranteed) TS Al 750 @9 (3¢ 3
$) TW 43R minimizing (AT B-7 GERFNGR i F@e@ a9 9 911 A1 1928
AIBITH 1. V. Neuman € (G4 T+ (A 93 3 G. B. Dantzig 711 (3 &G F 83 |

TS| TERHTS— TAPHE MW, ‘ol @Fa”, “Tew g @ (optimal
strategies)”, “@G! AR T (value of a game)” Topf yraen«ferrs «fiwizn @ R =
2RI

14.2 % IJR7 A7 e RFE ot w507 (Two-
person zero sum game)—3&] A53F MRH G2
Fet (FMa (Pay off matrix and strategies of
a game)

1S Sy Yo IRPIITER (1 TPl BrEd 91 TR0E. GTowGa A «Fl “aigt”
(game) I QAR | W2 [ ST 2fooiTea sray Aferifone] €32 %4 (conflict) ST <3
@ (I situation-(& N “PIGI” (game) I777 | GAA AT oM “(YTEARG "
(player) = &A | '

@ HITIF VG CAETIATS <IF R GG (CIRINGE 51O (gain) o (ARG GHAAE
(loss) 7o (13 o< ‘4% T 0 @erwe R Her” w1

QYT AT (ARG S 74l Fah ARl (course of action) WTF A
woT WEEg ©iF dRdifre el (9w 9 el (at a time) @A
a3 oAfeE G479 IANA| AETE AEEEI @3 HwiEe el @R
CATAIRITG R ““Me! (Fer” (strategy) IE | 2RTST SR SIETS T8 QPAMICAT AT
O A G2 B IJAMIROR ((CETIRIGEHE) e (FEeE 20 7@ A, A, A, @R B,
B, B, B,!

T (I PO AT AT PG! FIITE AL TR (finite) 77 Oigd Foifbee
AN (finite) I T3 WW AN PO (infinite game) T (A |

ot Fel @S R AT (T aawn R F Sor @R
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@ 5% VIMH (Pay off matrix) : -

4R T G FCH A G2 B T (GG | R T A-7 &g Fol FaafeT 1 A
A A AR BT ARG G FFAYTF B, B,........ B, | T QU AT m WA
(e Q2R B3R p FRYT (TR G IR | S A AW A, A A (= 1, 2, im)
R B, B, @ (j = 1, 2,......... n)ﬁ?mmwAﬁmB-awﬁlﬁmma waﬁe
AAW&a\BBWWWAaWWMW B3 GRS AR

a, 3% B3 AR sifae a,l
GTCE A m X n S HHAT F)
all a12 ..... aln
aZI a?? ..... azn
aml anr! .... amn

@mﬁmm&waﬁmwm (payoff matrix) I ﬁﬁiﬁ@ﬁmﬁm
EGFCA AT FF 2 ¢

C4TETIATG B
B, B, B
....... I
Al a” au ....... aI"
A,_ a,, L a,,
GG A
Am aml aml aﬂlﬂ

QT (TG A-(F I8 T maximizing player IR &7 (3 O LI (S Fidioe
1 TS (CAETTE B (@ (P ey 2 it @) o ey (guaranteed) s1ea sifgana
G @ T QR (YERIG B-(3F @ A minimizing player JH 3 (T ARSI (Frlat
fodiee =2t (carmTe A @ (R AR 399 1 R1) A0S O @A (loss) U
Afsitel TR W A AT |

@A 0, ] A @S A-7 FEps Dl 30 Tur 39w ok e
7 mxnémzwqml (G B2 TEPET HLFh T3 [

EPEE WGH 97 9 Trigs (rem = ¢

WA T (ET AT (SR A, A, A, 9 B2 (e 1 B, B, | (F
fodioa SpiE (i et «ifsne fs orem ==
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fFifte e o S
A:A ;B :B, A~3 I (AT B 3 Giwl AT
‘A:A:B:B, B-3 317 (AT A 2 Bidl AT |
A:A, ;BB A-3 3T (AT B 4 51 A7)
A: A BB, ~ B-7 %1% (AP A 5 O AW
AT A, ;B:B, B-7 % (A A | B 2 |
A: A, BB, A7 TR (AT B 8 HIF o |
Boirza siferl cmmmmcw};nw Aﬁawﬁr@wﬁﬁ
i 2
A, {4 -2}
A, l-4 =5
ALl 8
AR (AETG B-3 FnS G = |
B, B

14.3 e ¢ fR= @*#1 (Pure and Mixed strategies)

IR WS IR (@ (@ 476 R w6, PO A05B ™M (at each play)
AT CATING BT 2ME (P (A ([RETNE 9T (e o 3 |
A (@ & TG g (e (pure strategy) SReTTN FACE @3¢ WS (el 9ol
e (FE T TR

I @ (ARG SOl arers FmE 93 WiHe (FE 429 T T O re
Feiafe RER stere (efS @Fre Fvea w3z TeRml Me 7rs YiR) o s @,
ORI A @ & RERIG iR (FE (pure strategy) SRETRR AR GR WS (FEEE
a3 Ry (Fie 3 A |

ﬁmwﬁwﬁamwaﬁﬁﬁmﬁwmmww
s RS weraw (2f% e FfiorTe 3R eIl 18 e i) i fA<ion
SIFE I @ (F & (AT fiRg (FPeT (mixed strategy) SRETEH SR | WA (@FHER
RN TR =98 ¢ I A |

A A @ﬂﬂﬁ%mmaximizing WA—?WW‘J@@ AL A, A3lflﬁ
(AT A TR (FIET SReTea IR OTR0 PG 0ETF HMA A, A, A, (FHE9R
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(/0 ST ©ITA (at random) (PTG G0 (e fdion 130 AL A, A, FPEIaf
f<iva w17 STORW INFH P, P, P, T OFA P 20, P,20, P, 20, 9% P +P,+P =1 |

AN
af P,=%, P2=%, P3=é 2 SIFA IRl R @ Fold SEERF (large number of
tumes) |

41 I 6000 % S5 T A, A, A, (T ol T A 6000 x ) = 3000,

2

6000 -%:2000, 6000><é= 1000, 9/ Fr5e =2 2@

ATHCE CUTEIANG AR (A Bl (FPefat SRpidel 39 OIS @ ; é) ferc @i a1 &x |

RICAT Gt @ p=1,p=0,p =0 A CFGa elfDF WA T (large number
of times), (RTTIATG A &I e A, Tdion 3@ G A, A, @i catet AR fofiom e
TSR, QU 0 W @ EIHG A [ (T A, SRR 03 | SIS p,=0,
p,=1,p=0:p,=0, p,=0, p,=1 T T AR (LAY A TG P (T A, 2 o
CFE A, SRR B(F |

wiere R (FeTees A i (Feist <@t e+l |

TEY : AT T (FARIG A O3 (ARG B-3 276 (Faifeicss Reps (Fisist a0 T
3l 2|

14.4 ©@x (F*=1 (Optimal strategies) 43¢ GTF I
Value of a game)

G S SR AT (T (W TS (ARG R (et STeiael ea |

13 T (TN PSIF CFE@ A T maximizing CETTE @32 B T minimizing (TG |

@ B SeTa T NﬁmA—ﬁﬁ%(guaranwed)Wm“{ﬂm 1,
(A TE 8 ((HETETG B (@ (@ (SHe] SL6TEH TF A1 (I, (LTS A-3 Fites 7w

AR 9 SToPm I G A, (R (T ARG A-F (P (FE (best strategy) &
A | (@ (I T FACA (ARG B-F @ERRANEG AT FHarsea 0 A A0, 4TS
§ (4TINS AR (T (I SERTHEE Wi R (AR AR 33 § 93 G@ &N
23 ), G2 (TS (TG BT @9 (e (best strategy) I T QAT A A4l
TR (@ QG B O (W (S W9 FAE, TG A @ e
ST WA B~47 EUFAAT A @3 o @ T re S

W § = § (=9 [ ) W, O (& FTIF AN (value of the game) TW TI @R
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U (ATFIRTG A ¢ (JTENG B €3 (¥ GFNE (best strategy) (5 IV A € B
9% TER (F (optimal strategy) T |

SIS TSR IS AfH (T TR G SRPTACR (RGY (P SO W &0, maximizing
(4TINS A-7 Aikee {guaranteed) FNTSY +if80Ie G (T A 922 miniZing (TG
B-7 (@I ~Ifae 9w @7 (or () a1 Afw $ww (AEmane Tew (@ optimal
strategies) SETIN (A |

@B SHEA AR THA (S G7R FIOTF WA Al /8 Tl AT

SR W59 TS e 99

B
B, B, B,
Al 18| 5 6
A Al 3 | 8 19
Al -4 | 7 3

oA T (AT O PR A (1, 1) cell-a entry-3 SR (18) FIGE (4M—a7 (D
WA O AT (1 maximizing CIETRAIG A T A (T TRETEH R SR Sl A1 (gain)
IO @R (18) T #iitx | [5G 3 e #Afme e T $iad QUi (TS B, B,
3B, (FMIET SIAETER T A-F SR AR T 5 A 6 T | WA (74 Tewg @ (3, 1)
cell & entry-3 AfFN (—4) TG FI—GF (AF W LS AT @ minumizing TS
B 3 B, (<7 SIRTA 393 OIEEE O (ARG #AfZe T T (~4) T A | g
3 GTRPITR i ffo® 77 P (IEARE A, I A, 31 (FPE A, SReTaw FCF B-
7 (EARSIAR A TS 18 9 FACS AT |

SRl &7 TR (@ I ARG A, (PN A, WWWB@WW
TRETE T 7 (T AT TG INATH 8 40T TR wdie A7 7 o @ (8 9ITF)
fifioe | SIAe 71 AR (T A T S (A1 A, ] A, ST B O g i5e amed
AT T 5 T —4 I | TSR UG A TR A, (Fieiet e w3 oG ©ofF fase
(guarantced)w?fﬁmqﬂﬁm@ﬁw OFF) T |

SR (7N TPE (T A CATARIG B, (T B, SIRETH+ (A SIRGH O GG AT
TR § G T (T TR ] AR 4 (JTFNATG A Ty G B, T B, SREAE I O
mcﬁwmo@msawcwm13awm1ommmn1wwﬁmmw
B, (e B, SReTE I O (1 Ol (FIIRAIGH #AfFNI 8 G35 JATS AR <R B (B
& STTae A R (/TS T @R koS war T
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qoanR, & TR (FE AEETY A € UEFET B 97 TN (el == INiew
A, 8 B, @ e T (value of the game) 2T 8 T

T : (I P! (game) T TS I6NE RS TR (A (AT A @ ({TEIG B 4F
Tl (B (optimal strategies) 932 T TN (3 Wy e =) 4T Fa00 T3 1 70!
SRR SINE] (T3 P (R (pure strategy) SIRETER I PO TOH (FE 6 FIOF
T (value of the game) T 721 717 W= wRe (14T (@ (FIeTwig Fpveg (Feret werR=
A @ (B PG TR ML 23 78I 77 |

14.5 ffaws (1 mifEfie) A 3 st [/
(Saddle point)

SETS! SRR SIS (AT (R (5 (3 et (FHITeTR SRy et STasig A
A G AT (LA O (P 5w T2t 10e ot (ITmings Iy (A
B [5G 2SI (guranteed pay off) il FRE @ W @AF 2SO @FIw (G
fioes it B sthemr s Faa =1 | (FE Rt g el N @ oiEim)
S T T 9d B AP Afsr R e Rgesazm
iAo T (worst outcome) W b Sitr (o T wigts «3 wifFmie TaseR g @b
IAATH AW S| (best of the worst outcomes), (F3 FAHGA e FEAGTE 6%
QUTERIG e (et BT fdiom e | |

«gA @8 RS Fee 157 5 ilicm o s a4 96

B

B, B, B,

Al 2| 5 2

A Al a1 | 2 | -8
Al -2 | 3 2

AT maximizing IETRIG A9 (F A, A, A, FEfTR T TR YA T
(row minima) 0 INFA 2, -8, -2

a949 Max {2, -8, -2}=2!

Toar, iHRm T s AT A, FEl e w0 Ehe)
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S minimizing (TG B-7 ¢%6& B, B, B, @MEAFTR S 06w Wwel
THAY (column maxima) 7= AT 2, 5, 21

<99 min {2, 5, 2}=2

oAk, v %W@Iﬁ[ (ARG B-43 B, A B, (FE A6 fdfioa w1 Sve |
SRR, AT TTR T TR 293¢ e T WW(APB])W (A, B,) RRITA 22w
AR TG AAG A-T @R TGS1afs B2 Bew (et fge=l w03 |

Q<+ ‘row minima’ (78 I51F T2 21 €3 ‘column maxima’ (79 JOIT T A T
T TR TPHS W (0 S s vl #(1F

B

B, B, B, row min
Al ® @] 2
| Al -1 | 2 -8
A A3| @ 3 @ -2
column max > 3 >

2 P! TOTF (FGE—

max (row min)=min (row max)@% FE=2 |

TS MGEE @ A (cell-a9) &+ max (row min)=min (row max), @3 cell B
FoR SR« 79 (saddle point) T |

BIEEA (741 TP, (A (I PG SN R iy R, ﬁﬁwwﬂnﬁﬂﬁa
entry-3 M8 Z& SIGIA WW (value of the game) |

@ R 278 TIPS VIHER WWWW’IM :

A AT (I Fg! T TP Uil = ia ],

[a,),., TR (p, g) position Bz (7 @x wi%r.f 2TF) SCAtsieEn ¥ (saddle
point) T I | T p &% MRA minimum element 932 g & HIfF minimum element G3%
g &3 WY maximum element EICHEY a, &

weffe a,<a, J=1 20 n

RRa xa, =1, 2y m

AR ﬁqa HRETER I TS T Gty

Botstig 1. (iR S R s W {a ], T

max min a; <rn1n max a;
i J

i < I TN max[mln a;]1=a,,
iE m}n[me}x a;1=a,
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O a, 2 &Y WiEwfea p <9 AT minimum AW (element) 9R a, T s
B3 Jr34 maxlmum element | AR A AR

A 2 a, e (2)
(1) € (2) (B A AZ—
a <a <a

ps = rs
pg= s

AR RS 7 @—max [min a;] < min[maxa,]

ooty 2. [ a, ), TG @ SO T WS e, Froiba srairieem &
g AT T O3 (e T max [min a,] = min[max a;] '

emtlet : S Y (p, q)wmi%mavmﬁwwﬁmmmwﬁ—

a,>a, =1, 2, m ... e {1}
é]?I\a <a, j=1, 2y, B 2)

am(l)calmsww max a, <2, m&(z)mwm mln a, 28,
NETG A PR K| B max a, £a, = m}n a,
G2 -m-i,n max a; < max a, 9K m’i_n a, < max max g
TEAR min max a; <maxa, Sminapg <max mi_naﬁ
. mzn max a; < max m}na,;,
T ol | (AT Sl AR— max mina; Smin Mmax gy ... (4)
a9 (3) e () c@wﬁ%zﬁ-—'m?x [min a;]= min {max a;)
G W g max [mina;]= min [max ;] s (5)
431 AT Min a; OF A TGH TN LH T i = pl
DEIG min @, = max [m}n ay) e (6)
T 4 A max a; 93 AW FRCE I W TE )/ = q|
o, max 4, = min fmax ;] ... (7
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QI (5), (6) ¢ (7) (AT TR SAe— mi,n a,=maxa, ... (8)

TEE mina, <maxa, (82)

ASAR (8) (VT TN 2AB—

max a, <a, A (@MW a, a, i =1, 2uerecss M v 9)
RIGIE] max a, 24, e (8b)

FSAR (8) (AT W Ae—

min a, >4, T T a,a,] =1 2 v (10)

aﬂa@)e(m)mwwmﬁm@ q)mmﬁmﬂﬁwwﬁﬁ
A

TSR, ToAGL efie 2= |

W : (i) T (p, @) UG [a), TP WiE KR Forg wraivm R

I (5), (8), (8a), (8b) (AT WINAl IS S PITE T (value of the game) I
a,, (TG 4,y = Max [m‘“ a;l= ml“ [max ;] R GUWGE maximizing RETS A

8 minimizing (XEIT B-97 T Cd'_fr"fc'“i (optimal strategies) 2(3 G T (i A,
@ [P (I B |

(ii) T Dotz SeateiTae 7 Atem 71 I SwE @G RpgRy (Fue e
¥ o T ey w1 W /)

14.6 oWz«
1. ez Trpe it e Fofbe wmew = -
B
B, B, B, B, B,
Al 11 4 3 10
A B 8 7 6 8 |. 9
A,| 4 6 6 5 10
AL T 8 4 4 3
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o

B, B, . B, B, row min
AlGD | 4 3 2
Al 8 7 (6] | 8 9 | 6
A, 6 | @& | 5 4
o7 4 4 3
Col-man 11 8 6

10 10

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

@92 min (col max) = min {11, 8, 6, 10, lO} = 6

TSAR @A R (row min) = min (col. max) =

e 2rE PeiBA (2, 3)wmﬁmﬁwwﬁﬁtwﬁwﬁam6mﬁ%
GG (I T (A, By

2. 4 (8 TR Sofa W srastm 7 Wik

B, B, B, B,
A 2 l -1
A A, 1 3 1 3
Al 3 2 3 —1
Al -1 3 -1 7
I
B, B, B, B, TOW min
Al 2 ! 2 -1
Al |G |[1]] 3 1
As @ 2 @ II‘ -1
A4 IZ] @ ].:_Ll @ -1
Col-man 3 3 3 7



QA max (row min) = max {-1, I, -1,-1} =1

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

B4R, max (row min} # min {col. max)

TEOT eWE PG (P SCallofw 7 713 |

3. afw fosa Sora wpope e G, 2) RV oI TR 20 ©12EH x '8 y 1
e Wi [T g1 WS A FIH (T x, y 99 @ WD Ty (2, 3) Frs Foifba
Al g AR Aa

B
B, B, B,

A x
A ANy 8 13
Al 9 6 7

FAIYI : QY W : QYITA (FST BE (T (2, 2) TP G0 ST 97 | 94
(2, 2) TR TAPHSE TG SO (element) 26 8 | S SFEPHD TR 2 o9
AT minimum TAME 8 €} 2 O ST maximum TN 8 | Olzgs Sl i y > 8 @22
x <8I UM x < 8 G y > 8 TR (2, 2) TG 36 wpaionm [ R | T x
8 y 9% e T x < 8, y 2 8 (U AveT WA

&S =t : (2, 3) WP W IFF WGHLT element T 13 I $OW BCET maxi-
mum element % 13 $Y73 FOIT A&F minimum dlement T3 @ 1 T @2 S
8 (8 < 13) @3B B+ (element) | ISR x '8 y G mwwa 3) e Sroifba
TAIPATI 79 ARTS SR+ |

14.7 ST

AT WR IR *7 @iaree 4% o s 5o ISR (pay off matrix) €199l (red!
2R G AT 2N TR AR @ @RENE [ (FIe (pure strategy) SEeTHe R AFA
ITIa WA (value of the game) Tefa T2 A7 A @3 @eewig 3 Fiwl ST
(saddle point) TS T |
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14.8 Syt

1. maximin (minimiax) e e T (G057 PO FALH Fg :

(@

(i)

-1

-2

(ii1)
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2. 52 0 (5% RNR fierm oFem e 3w @ SO @ Srtorem 9 73 )

B
BB B, B B, B,
A, 10 5 9 5
A h| 4 5 |12 | 10| 6
Al S 6 4 7 113
Al 1|7 8 5 2

3899 9 @ x (> 0) 99 @A (FH AAD &)

B
BI BZ
Al 2 4
A ' 42 Frofbeg sw 21
. Az -1 X

4. &N I @ 1 3% Wiliw RR Sroifr @ sriem &7 s A 71 749

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

13.10 Segwie

I () (A, B) 9=4
(i) (A, B,), (A, B); §=2
(iii) (A, B,); 9= 1

08



9FF 150 ¥ @™F (Mixed Strategies) AT 7%

¥R A7 @ R[S Fot 75w (Two-

person Aero-sum game)

e
15.1
15.2
15.3
15.4

15.5
15.6

13.7
15.8
15.9

AT |
2 x 2 FNF Yo 5T Mew REB o1 weme
LLETh] |

ey ©€ (rules for dominance) IIT FLI G ATT
ANIYIA |

Swgae

deTi™l STA®S (expectation function) @ IFIT eTIEAT
B oA oirm |

AR
weAtETa
ARG

15.1 e

PP

14-(% R (A% @ e fedrt (e (pure strategy) SReTE I (¥

@R ST FOETT SN T T 7| 14-3 S5y A e (TR (mixed strategy)
QR (oA B G A BN (7 e e (e weren IR 2 x 2 T
Twrpe Ty RS forw (I @R STEiER [ ) T S 3w 9R il
o4 e aam; O (rules for dominance) &S I, WA (HFGE @ P FE
IR B! TR AL 2 x 2 T PG TR FAER T 169 A |
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15.2 2x2 @ Y@APPHT MH [HES Fer weEn

A« -
£l T O 2 x 2 SO (T @ Souel R %) s it wm—
- B
Bl BZ
Al a b
A
Al ¢ d

Q47 A 7 o fie e wRerew e For IW g Tew Fmm
(optimal strategies) e =1 =/}

e A-fry @ oRerEe vae 9 T @ T @ @ T A A,
FafE T @3B @ SR (at random) SR T @R FRy (Fre
ffg sz ol | @ A, A, Freeffera oo AERAL, 41 A IWFE x, x,, (0 <
x,<1,0<x,< 1) 97 T efa 32| @F @@Z A, A, TR <% 7 oo =
WA GRG0 Foe s f{ie T g A AR x4+ x, = 1)

OIE A, A, G bR TSRl TG £ T 5, 1 - x @AE 0 < x <

TFASTE ETS B-3 e (@ Ry Fam sz @ B, B, (Frmffer fefioea
AYEA!, €A T IAFR y, | —y (0 < y < 1) 97 W= F[efq =40 :

AT maximizing CATIAG ‘A-F FTERT REw F0 31

7fi (4TETRTG B, B, (F1E1 ST I O A-X SIS &S (expected gain) TR
ax + ¢ (1 - x) = g, (W FFA) OR M AR B, B, (I S@T7 I OIA A-
aﬁ@lﬁgm"{'ﬁbx+d(l—x)=gz(ﬂtﬂ@)lﬂwmﬂﬂmin {gl,g2)=g'l

INE (] AR (@ minimizing CREG B @ @R Wdta 379 71 @, AT
ff*5® (guaranteed) GRS AT AAfd ZJ g T A, (T x TSI FZIE A
iR a1 @9 AT ST 29 x, 93 W PR TS ¢ @R W BE (2T

T 2,28, 8,2 8 ovevennees (1)

@AM minimizing ARG B-3 Fwpil Rzwat 721 0%

W RETAIG A, A, P ST 303 O12 B-3 aGpif*Ie G (expected loss)
T, ay + b (1 -y) =1, (A SN |

43 77 (AT A, A, (TP SETIA 2 OFA B3 2SS (@FIPAN TI—cy +d
(1 -y) =, (3 370
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9N A FFW max (I, L) =1t

GG (MR IMFE @ maximizing TG A @ @3 Wdom o953 @ @, B3
AFS EFATR #1977 @ I A W B (T y AR TR
B 5wt 331 @2 B-7 Tow) T y @F W W TR ATE ' 9F 5N SAEE I 7 |

GU L <1, LSl e (2)

G (1) € (2) (I0F WINA! #liz—

ax+c(l-x2zg, bx+d(l-x)2g

ARay+b (1 -y <!, cy+d(l-y) &0

IR o7 WME AW x, y (0<x <] 0<y< ) az a= fofy =0 3@ s [ =
L=1'aR g =g =g WO x, y (1 99 NA & (g9, = ()= 9 (I IA)
Q3R GG PITIA AW 9 LA 8 x, y IF TN (AP BOY (ARG 97 TG (Fwe il
4l WA

G s PGS SO & 7 AT g, b, ¢, d 93 WH 9T A A® @A @
CFA g, =g, |, 1, 2 46 x, y @I &0 (0 < x < 1,0 < y < 1) FEH T AN
AR T (FreT IR AR S 2 x 2 Fofs W I AR (TAFd (L) |

15.3 ©wizae
R5R 2 x 2 FS TN I 5
BI B2
Al
A
Al 4 7

AFIYE : @4TS max (row min) = max {5, 4} =5
@9 min (Col. max) = min {8, 7} = 8
IR max {row min} min # (col. max) |
SizE ore e @ Wit I 713
HEAR LT PP (FPie] ST I Pl TN Fa a1 |
a9 fird (@FPie Gaga I Fol AN T T
WA T ARG A AP x, 1 - x T @ A, A, {57 I3 932 (4D
B TR y, 1 - y I e B, B, 46~ T, @@ (0<x< 1,0y < DI
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G RTINS AT TR T x 47 TN @94 BT T AT min (g, g,) = ¢’ (4G
€3 TN A @, @A g, = 8x + 4 (1 —x) T A-F QS @S 799 B, B,
(FPE o2 B G g, = 5x + 7 (1 - x) T AT 2@yférs @re 747 B, B, (Fie el
I | B QTR S AR

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

§=5x+T70-xyz¢g

SR (RTINS B-3 Bua (ure Sl AR—

L =8y +5-y<l
L=dy+7 (1 -yl

@A y 7 N G {65 90 T IS I = max {1, 1,} 97 TN SGE W G |

G g =g ] = (D SR AR—

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

By +5(1-y)=4y+7(1 -y,

A, 6x=3, 6y =2

&AW, x =
SR x =

_1 1
» ¥=3 Gl 0<2<l, 0<3<1|

y=é T G g FROW @ R QR [ FABE 9 T GR

L1, 1

52 41, 42_
(D= 8:3+53=4:3+7-5=6

woad x=1, y:lj A & g’ @3 WA HAHTR (TR € [ 4T Wk ST T 93]

(g’)m:t.: (zr)min = 6'
TSR FTIA TR (value of the game) 6 @R T&T F=19f (optimal strategies) 281

11 12

154 gy ©g (rules for dominance) TRT FJ
FGT AYATE AN

1

DI o) —

| —

(8D = &

B |

G R I @IN (RETD (W I A) CFGE 46 e, g T 1, 11 ~ied
T @A 4f6 (TR TG 90 FE, 1@ T% 1 9 20 @ 1 o wagm, 2foes
(TG B-2 (¥ (A (FIEAR &), (TG A-F T (Sl [ 99 5% Al O 2
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G2 TN T OIFA A I @A 1, (FPoe 11 97 TEIg A o @2 QU
o€ PP MLH (W I C) (0@ e 11 @3 A (A 9E) 7 (e I17 |
Bl AR (3 TT) IW Weat T g FPHT WGFe C, & OH C, 93 TeW
(FES (optimal strategies) (¥CF original matrix C @3 Te&w Fetaffer +1eq I
@A AW RS FHEBA TR (probability) 0 470 za | s Rge B Aoimysffer
(et T (At AN wreER fRmfe ~iee @R 9
ooy 1 : I 73 R X @eied R m x n FER T 75 MhGEE | OF A=
#EFE A% r O AT A AW (G I A ORI 27 SIA ooN AE aw e
maximizing (ARG TEN (FMEafea (optimal strategies) (P sifaaéa ga |
[ GCHEE r oW T POl @ | O Afag Fo) (FHETE TENR A S| ]
ToAoAm 2 : T B m x n PR FPIHS VNI j-53 BT AT AW k-TH V(W
WA AR (BT (@R | I T SIRGE j-O% F8 IW AT minimizing (UG TGN
sl (optimal strategies) (W Afiada =@ 71
[ QU k-OF TEF DGl (FHIe -5 F(BT FG! FHET To 24 SiF 1)
ooy 3 : T m x n Prow FHES TR | o ARG Qo *7 o=y AR
T FNRIRT (convex combination) SRS AR (B < (TFS 4T AT &) <) T,
O EPHS TG (U0 i OF A W T maximizing (TS TN (FHEAER
(optimal strategies) (¥ #/fFTE ZI i)
T j O WEd WS o I BT TG TR SEFA AT BT (TES G
A T >) T, S T WIGH (U0 j-5% W M W minimizing ARG
Te (SRR @M ARRET 71 A

15.5 ©wizad
AT STEA [IEE @ Wna ot FIIH FTNige I ¢
B
B, B, B, B,
Al -1 2 1
A Al 2 2 0 1
A, 3 2 1 2
Al 3 ] 3 2




FANE - 94 A maximizing (TG @R B minimizing (RIS | SN 575
e @ B WO AOIT A B, TET A A0 G (N A TR @ fonl wferw
CFCE [B,WCSF 1, 3,3 B,W®A ~ 1, -2, 1] OO AR 1>-1,3>-2, 3>

AR mwwwﬁ mwmmsmwﬁwmmmwm
qmﬁwm@aﬂﬁﬁ—

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

15 s B (4 %(A1+Az) [A, AR e A, A <0 Tea A | 47 A9efa
T, 1 1R 5>, 1=, 1> -2 G A, ARE St o 2, 1, -2

qwammm@%w@AamﬂﬁﬁwmmmamqmﬁwW@—
B, B, B,
Al -1 2 1
Al 2 0 1
o1 -3 2
uﬂ‘&lﬂz(B+B)£ﬁ9ﬁ‘>ﬁlﬁz, , -1 @3 B, WU S oMt == 1, 1, 2

(YA 1>§, I=1, 2>-11
T A TEA R SR B, 97 ¥ AW (red 1 ok eArsfre Wil e

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

ﬁmﬁ@lﬁamwwmﬁm A,+4A [A, A, 97 &30 Tae F9 |

@3 weffe == Z’ 5 G A, T SRS e == 1, -3 @I §>1, %>-3!
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TSR AR TG SHAT A A I med w31 oA ose kel =—

Bz B3
N .| 2
- 1 @b 2x2 Few Wifw |
A, 0
B2 B3
Al -1 | 2
wiea o
Al 2 0

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

&4¢ min (row max)=min {2, 2}=2

(T 022,

Sear MLt @F Teye g iRy

93 R (6T TR 39, Tew (FHETE TR WA oia—

—1x+2(1=-x)=2x+0. (1 ~ %))

—ly+2(1-»)=2y+0. (1 - ¥.ce....(2)

@A maximizing (RETAG A,, A, @AY TUSI x, [-x (0 < x < 1) A
iz (o 3@ Wk minimizing CATNG B, B, (FHETR TN y, 1-y (0 < y <
1) FRA N WEEm /A

Q% (1) € (2) SR TE SN oM x = ,y+§|
W\A],Azwg glnﬂﬁ\B,,B—ﬁﬂ@Fﬂ‘ig gl

o7 W = — +2§ ‘;

oAk 2vg @Gﬂ%ﬁ ey (F9f# (optimal strategies) 29

23 {p, 2 3
A (5 5 O 0) B.[O,S,S,O)

¢ FTTE WA (value of the game) é |

15.6 ST STAHE (expectation function) €3I
IS ARG T A

@ AT mxn FTF ToPpT WHIAT (0] , @ Fofta 4o TimE

fimxn'

maximizing CXTARIG A TIX &wE (SES5E AL A A (0T Ao et W dion
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W GR minimizing (G B OF &G @S B, B,............ B, (AT @3l
(e o ew IR |

vt GPePeT SRR (R A T CHFAAG A O 4G FHAYRT A, Ay A
TR X, Xyoveconen X, TN TR G (PTG B ©FF €76 (F@AYE B, B,........B,
TPy, Voporrrneny, TG T sy @ @ Xttt =1,

mn
Vit b —yn=1 AR x,2 0, yj.ZO (i=1, 2,0ty j=1, 2,0, n)
B
Y ¥ Ys Yu
X a, ayy Qir | v a,
X, a,, ay, By | e, a,,
A x3 aa,I a32 a';; ...................................... aan
X a. a, C ol | e -

QR 0, 78 (AEAIG A-3 =MGR1 (pay off) T4 (UG A G B TG ot e
A, B, Fiiom R | w1zt (4TS B 949 gy (Fw B, FRIGT 0, g A-a

SRS NG (expected pay off) TT 2, a, x, T4 A R @ X=(x, x,.........x,)
i=l

SIRETE TR | SIRE (TS B G (N Y=(p,, 3,..........y, ) STTH A, A-T i
ANGTRE A-T LGN STAFT (pay off function) IF YR I E (X, Y) TR &M 31 2 |

SR WA AR E X, Y)= : E I: a; XY,
i= =
Q¥ g Max min 2 a, xy,_ 8
: =1 Jf=l
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n

min max q
kﬂﬁ‘{ ¥ xi ‘z‘; izl a;j x.‘yj= \9

[QAA § =R 9 €7 WHY A A LA ! ]
=R T AR A—

3 =max [min {Zai, X, ilan X yareeriannns iam x,.ﬂ

P j=1

9 mln[max {Za“ Y Zaz; DA TERRRTIRY Zaw y!}]

j=1

4w ) (FITETE AR S0t SR KIS (68, maximizing (AERNG A4 775
T X, Xy, GF WA 5 32 TS RS 2GHS #A0SF (minimum expected gain)
AT ST GO 2 R T 5T e (R ST (<A € s e AR §
Minimizing RTERIE B-AeH & v, ¥ypooeee ¥, mw%wmyi,yz. .y 9 @&
(I MG ST &) I TR (@ aifire @A (expected loss) ﬂﬁ‘m‘i FAEA

T T R WA T % 9B AR T § 1@ W K = (1, %),

Y = (511 Yamerneony,), T8 G B § = § (= § ) T OIRA 9 2R Hor A
(value of the game) 9= (X, Y) QFCENG} Tew ol (FEA (optimal strategies) I |
[a%mwwmx_ul, ek, ) T8 A (e (Pt A, 73 A

Hr

x=1, X =0 = =X T, =0 IR Y=, Yyeeenny,) fre (el e (i

_;+l
B, =X ’Jﬁ y—i b2 AR U B =y =0 F ]

G 16-7 SR 16.3-05 SR (1A (7 T (Fet SI<ersal T8 (@ (A 9]
TR Y o R{ED” Por org o AW 9 Tow (e fefn v T

PATH LG BAAW ¢
Botottry 1: 3% 9 W RS (o BoTa Toppss wificers aere v et @l fi

A P (6 1 27 SiRe Tow 316l (@l (optimal strategies) G oHfadn T
7, % FABRT FUF WH I 9+P |

gt « A A W T2 eme Fow s Wl (], | 939 @2 Wi
O i ! @D WS A P cus A e Mie @ [o4P ], | T
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o FR ORI TR S WAFS IAFW E (X, Y) 9k B (X, V) =@

IR W AR
EX V=2 24xy, EX Y=k 2 (apP) x,y, G

X=(xs Xy corvenneX s YY), Yyrroonnnny)
@ Q5= y =1
i=! =1
a3 T org Fow GaEe! Ten Sl GEE (X, Y) 70 ORiE—

4

1

$=E(X, Y) = max min Z;, 2 i %y,
i= i=

H

@ E (X YV)=2 2 @+P) 5y,

f=f  j=
_Z, ;auxy+PZny
i= = =l j=i

=E (X, Y)+ P (x+x,+.......... +X ) (¥, e tY)
=E (X, Y)+P.I.1
=E (X, Y+P

SR T AAE, E' (X, Y)=E (X, Y)+P ......... )

P a3fs RiWS s gemm, (1) (T WEAl AR—

mgxmlnE’(X Y)= max mln E(X,Y)+P= E(X Y)+P 9+P

Q9 (3) (A T W (@ FATRS FoE cw@s (X, Y) el Tew @G 73
G G3 FTT T TA 9+P) oAk Tetolt amfis =)

Totolig 2 : T (W FER TEPPpT WiGHL @%b Kaferm sl (skew symmetric
matrix) T ©TH PGF WA (value of the game) *[77 (|

g - ams PoE FEps Nheh [a,}.] 2, maximizing CATAITSS o=l

mxn

worws T E (X, Y)—Z Zau Xp ¥ GO K=y, Xyronk ) Y20 Yy,

i=

FYBBI maximizing cwmmg A \‘3 minimizing C4ERTE B a9 [ e |
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G [a,], @ Refom w1 0 me=n @ a,= —a, (=1, 2, s j=1,

SR AU K=ty ) § Y20y Yyponrnd) SR E (X V) =2y 20 x,y,

o (X, Y) «awere: Taw e @ aa) o w9 7,

9=E (X, V)= maxmin E(XY)| o wm s—

$=min E (X, ¥).ll)

Q4 (1) (¥ A AR E (X, Y) > § T minimizing (TG B €7 (7 (oW e

I Y=y Yyreorens y) AT TG ORFAY =y = (;,, ;2’ .......... ;ﬂ) A9 B S
ARE (X, Y) 28 2)
e (X. V=2 24 X
=l =
= Z Z @ _ xi x; (-, 94 a=-a)
i=l j=i if Ji

SEX X =-F (X X
I 2E (X, X) =0
Fo E (X, X) =01 SITF (2) (&F T AR S S0 oo 3)

T 8 = n'%rin man E(X, Y) = man E(X, ‘i’)
WA maximizing (ENG A7 @ @ fe @@ X = (X)) Xk, ) AT G

el SR E(X, Y) < 9
OEEA X, Y = (31 Vareorre y,) A

R A ECY, Y) € v (4)

]

W BCY, Y) = Z Z & Vi,
=l j=
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2 2E (Y, Y) =0

sea E(Y, Y) = 0

O (4) (AT WA AR G20 oo (5)
G347 (3) @ (5) (U WA #Z 9 > 01
TeaR Semi anfde &=

15.7 e

297 SR (A3 B Ry (e TeTR R 2 x 2 SR (IR SR T
qB) AN FA AT | G 7 WNA (RAfE TR A4 TG (rules of dominance)
A SIS (I (I PSR FPPT WM 2 x 2 T WL FoIeF 37 |
SATATATA SRoFil SICSIERa (expectation function) A fta 46 sgw=1l Sosiita= &
el TR '

15.8 wepier

1. Wpa 2 x 2 FieefE THHw g7 ¢

) B, B,
Al 10
At s 10
| 11
A
O| -4 | -1
I Il
(iii)
| 2 12
o 8 3
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2. A4 SCET AR #HF 4 x 5 Foifd T ] -
- B B B, B, B,

1 2

At 10 5 5 20
ALl 15 | 10 | 17 | 25
Al 7 12 8 9 8
Al s 13 9 10 { 5
3, 53 arerslt PO 2 x 2 W Frps RFE Frem T51ee o :
® 7 7 6 3 2
9 | 8 9 3 5
10 6 7 10 | 1l
(ii) 2 3 1
3
5 2 0
1
3 1 l
4. 3 (ii) 93 Do T T
5. (@ TR FTPHE LA B
BI BZ
Al 0
A
A 1

E(X,Y)=1-2x(y—%). U X = L =5, Y = (y, | = y) TURRA (ATG
A G (TEAWT B @7 I |
a7 (U P qW e I 4R RN @ QETES A-7 Tan (@ o6 R
FE @3 oYy T (@ B3 Tew (e 27|
PEES  EX V) =0xy+2x (1 -+ 101 ~x)py+ 11 -x}1-y)
=2x-2xy+y—-xy+ 1l+xy—-x-y
=14 x- 2xy

=1—2JC()’~ )
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2§ —
1A
et
1A
—

QYA y @7 @A W AR Wwe w0 E (X, Y) £ 1, 399

aaeE(x,Y)zlwosys%|

j:”\OSxSIE(XY)-lw <y<1

agg  max E(X,Y)>1WO.<.y<%.

min [osm E(X.Y)] = 1 @

05y<%

min [MaX E(X,Y)]

isysl
BRI ;2;?5’? [0<xsl E(X, Y)}

Wwwﬁmxzomm:yaammmwmm%sysLE

1

(X,Y)=12a1]
6. F63 &re1 2 x 2 e LETN S Wy P 2R G AR oF W 3
Te (P (39 Y : B
(i)
1 7
A
6 2
(i) B
1 3
A
4 2

7.3 @R 3 x 3 PR W ;PFT ViGHO (maximizing CIETRITE) 27|

d ¢ c
a f €
b d | ¢ @A, O<ag<cbhbcc<cd<e<f

GR (x, X,, X,) 8 (¥, ¥, ¥,) TUSE maximizing (IEAE 8 minimizing (ARG
Tou (I T, SR (AW x, = y,= 0 SR FOIT WH 9 FE 49 FF c< 9 < dI
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15.9 Tw3 W

(11N (1] 15
L (@) (5"‘2‘); (i' 5); °=7
(13 (1 3 7
@ (33l 3) o1
Lo (102), (3 2
(iii) (§ 5); (5, 5); 3=6
2. fry F@ (A, B); 9 =10
3 t:34130]
S
iy | ] 12}
2
L A3V (1 4 3. o 7
o (303) (3 07) o3
9
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€T 16 O fm‘r ATCE L.P.P &g sagw

UL L]

161 eFRA |

162 ot T Wite cengwlRR s e

163 2 T W7 wivwe REQ Hor wwom Ay e S oteiry

| (Fundamental theorem on two-person zero-sum game)
16.4 Bwrgge |

16.5 A=A

16.6 AR

16.7 E&IwE

16.1 &¥IF1

GFS 14-05 W oedfe @ @M SR FEpT WGeER Sedece [ A,
O Py (e ST I TG T AW | 49D 15-( S| 57 AR (4 ST
T AT STGE AR (P PO FRHT WIS 2 x 2 I FHEPE THes
SR A i (05 SRETE B TG T I | G2 G SN (IR (T A5
Fol ToTE @RT ARl SHETR (LPP) N @ g 39 1 adie 17
i @ Aaes RS @ @W Fior o Fog w7 93¢ T (Fe Ty 31 7w

16.2 Fhet TNt IfE cengmffy s gaes

[Reduction of a two-person zero-sum game
to L.P.P]

WA T 9 W R[S m x n Por e wEEt = (a),, !
G ST 203 v it @ s il 4ros A a > 0 (= 1,2, iy
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F=1, 2 n) TF & [ TE ACLIP AT A Bo15T (appropriate) LSS SR
P @5 I AT AN NS I T @2 IR TR 97 w0 isfre Por ww
T3 9 + P g Tew (B @W offdn R W) 99 W F@ maximizing

(G A € minimuing (TG B TR FREACII (x , X,y00vrcneen X )8 (Ve »,)
SO I | I EG A, A A A BT (FESRTE TR x,,
Kppecersvesene X, R fFT0 G (ARG B 1Y 498 B, B,,.........B, (Frmafts awwm
Vs Vaeeeoreneans y, T8ral fay WO (at random) fABR IR, @NW
2=y =1 @R x20,y >0 = 1,2 s mrj= 1,2 nl
i=l J=1
yl y! yn
B, B e ]
x, A a, By [, a,.
2 A2 a,, L O OO a,,
A a, NP a
TG AT H
T (TG B (@R B W5A g oz e @FRE (x, X, s X ) 97 G
(NG A-7 LSS FATSTT (expected gain) g, B! APH TaCa wa) 473,
g =4, x + a., X2+ ............ + a . x.
TRpEee SINEl AN,
gl = alle + a?.2x2+ wersreen ¥ am?.xm
8= A X+ Ay Xyt i + 4,5,
8,= 4,.% + a,. x, F o + a X

@A AT GRS S g, g v g, IV AT B IUFH (@ B,
B.........B, Ao =57
WA A min {g, £, eevrivernns 1 T &, (1)
QU g’ > O @, >0, i, j G HIST MEAGHER D x, =1, %200 = 1,2, )|
i=1
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regA e G (Ko X ) OF T AR AOpfirs ATSR ofF W T o

R G (WERMC A-T ST T X, Xyponennnenn x, &% W Fefa 271 IS g’ 47 AW
i
FAGE Q@ W Tl o S TR TR T (g > 0)!

(1) (A SR ARS AR,

8,28, 8,2 8, s 8,28

851,822 Euzl(. g
m, g F T i . g ( g - 0)
OIRTE S AR,
4, vay L, +am,x—",'21,
P B va,m> 1,

| x'.' xm
Q= ¥y, TFonn +a,, 2

8
a3 all X 2 X o
* gr - i gr -  SERAMMMALILEE gi - "
R WA AR,
a; X +a, X, + e, +a,X 21, g=1, AN
1 _xFxto..... +.x,,

g 2 =X + X, e + X
@A, X, 20, X,2 0, oo, X 20.
OITE TS A- WS @57 LPP e @ o
Y éT—x,+x,+ ............ +X,,
MEAATH,

a, X, +a, X, + ... +a X 21,

Ay X, + Ay Xy s t+a,X 1,

a, X +a, X,+ +a X 21,

X0 X, e X 20



TS B3 T

A A max {L, 1o, LYy =1 (2), _
AT T G (Y, Yoo y,) @9 S (ATAEG B-7 LIS G (ex-
- pected loss) &1 1, 1yy.oovnnnenn. ] TR AT A TR AL Ay, s A, Fom =R |
ORE [ =a, v +a,y, F oot a vy (i=1,2.... #) |
G (2) (U0 WL NS A L <1 LS e, | <@ I > 0 26T SN
ﬁﬁ%sl,(;:l,z, ............ m))

(TG B8 BTG Ty, Yproverrevrnnnry, OF W 7 2520 W09 1 @7 W 0GR 0

qmszﬁﬁet—l,aaﬂm @M T (- I'> 0)

L
e}vaf,si, G =1, 2einn. m)| (ATE TWA AT,
Mg Yig Y
a, g +a;, 7 2 TR +a,, L <1
@R lj-zYI,%—Yz, ............ 2;-;!-=Y,, A SR A
a, Y, +a, Y, + .. +a Y <l (i=1L2 .....mi
A fl, y1+y3+..}; """" e Y, + Y, 4 +Y,
@ Y, 20, Y, 20, ... Y, 201
BIZ CAETEG B-3 AR Wesa LLPP. [ aTar 3w
Fﬂﬂ;ﬁ Y|+Y.2+Y1+ ............ +Y,
*EATATTE,
a, Y, +a,Y, + ... +a¥ 51,
Y +a, Y, + +a,¥Y <1,
. aml Yl + am? YZ oo + aJHH Yn s 1'
Y 20, Y,20,.... Y 20



WAl ¥ FA® @ B-F TOHIH (L.PP. T A AHE (L.PP. Ba) e
(Dual) 5] @3 A-7 SO B-7 SR (&S SN |

m I

G (e = rnjn mya_x [ZI Zlaﬁ X; yj:l
4 i= i=

IR (€)= !nj}x mxijn I;Z; ;aﬁ X, yj}

PRTS] STPRY SR e FHE @ (1), = (g)_. = 9 () A FTR I (Value of
the game)|
C ORE (! R Q@ @ S TIE LPP-(S AR B(F TN AW |

16.3 92 I3 [0 cnows REAB Fot wwom e
(# €+ (Fundamental theorem on two-
person zero sum game)

gt T MFW T Botenr [

i (@ waeTEa 3@ @ @M R IRF W @ewd [T Serm wa (value
of the game) & TEH (I (optimal strategies) “/IST LI |

ol $ A T 28 FYR P G (o], T R 07 s g @

N

WIGeoa TG M a, > 0 [ 16:2 T &% i (Re ZACE | |
W4 g maximizing (IETAE A9 e e (X2 XyererrenennnnX, ) @R minimizing

RIS B-7 90 B @ (v, Yyoerreenne y ) Sie (ARG A OTY G0 (FEeE
AL A Am (B AUBTL X, Xy, o x, G A 92 (EERE B €19 247
AR B, Byoovvoovn B, @ I, Yooy, T 0 BERIRA O (at

random) o oz, @IE—

Zx,:zyfl GRx >0, >0 0 =1, 2eenee 3 J = 1, 2, e )l

i=l i=1

OE 162 Smem dlE @ Fel wenie [T 96 LPP iE @ 1w
CATRIG AT T
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“EAATT,

a, Xl +a, X, F et a X 21,
- = m M

a, X +a, X, + e @ X 21,
- - - mo "
a X+ a, X,+ . +a > 1
n ) & M I
X ]
X, X, X 20 @R X, :? (=12, i)

a, Y| +a, Y2 S ARIVTTROR o Y" <1,

ay Y +a, Y, + i+ 3, Y <1,

:".N L1

..............................................................

a, Y +a Y, + . ta, Y S

Yoo Yy ¥, 2 0, @A Y, =7 = 1, 2 )|
QAT SIS &7 A% (@ @2 46 AT (L.PP TIR) @ @S smifox (e swep!

G2 WA (PR (A A-T STNAIGE i e (feasible solution) SR |
1

qga 4 = minla - de PRE ROl min{a“, 2 BB am} > 0, (A=Y QW

Q) Oy v 4y > 01
° all ﬂ_ a_|2_>a|3: : alrr>

TEE a > 0 932 aza”_l, aZa, Lo, a__l

AT X, = a, X, = 0, v X, =

A-T STEE T sresfe e s _

iz @3 Wl (a, O, 0) «3f Brfes TR 32 | TR SNa 7 w1
@ % TG RS WS (@ PR TS AT T X + X, + e, X,

>0 932 TEE oew WiH [ weEw LPP v fAoues snomes W SR_Y (un-
bounded) TE AT | i A9 Seioa (L.PP =2R) N 5N FNER (finite
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optimal solution) YRFA | @ (76X (A T2l (Fundamental Theorem on. Du-
ality) (90 SIw i ol o SR A (FS AW @ @WDI TR 5N AW 26T
T SITF ANGAS T HAN FWLE oneq A G 9% TR REe Sorws

optimal SW5f# @2 Z@ 7
1
U jvm
adfie (g9, = (I,

S PO T ANST AT 8 FOE MW 1 (g1 | A (1), | 4R G5 e 5wl
T (optimal solutions) (T3 FoTa Tex (F@5 (optimal strategies) ANEH A |

-, oAl esfds &= |

T § T o FoR TS WHER T wd e (@ M P @15 R
- FG! FANS L.PP-(S PGS T T8 ORCA a6 PG 99 A (g9, - P A (1), -
P! By Tew (e @w ofiede -7 w1

1
HSIR B-7 ADADS W GIN FIGR A6 T 43¢ (E)W:

16.4 Sigas

1. @55 -Fe! FTPR FREE R W oredt 7o Fioy suenifbre (el cansmafafy
T BRI AR A AN KA |

(G B
B, B, B,
Al 1| -1
@Eme A A 3 | 5| -3
Al 6 | 2 | -2

HAAYA § G4 MG TAPHE WG Ao I Al 4 @91 BAE (IS ST
o# > 0 =) gersfe mitEh =—

B, B, B,
Al s 3
Al 7 9 1
Al 10 6 2
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A TP (TS A e @@ (x, x,, x) $R RETRS B i @ (v, v, v
I A @ v+, +x, =Ly +y,+y,=18x20,y200(=1.23:)
= 1,2, 3 .

IR (ARG A-F BPH (L.PP. 2103) se—

S -g'—;=x,+x2+x3,
HEAAT,
5X; + 7X, + 10X, 2 |
3X, + 9X, + 6X,2 1
X, + X, +2X,z 1,
X,20,X,20,X,20
&3 (NG B-7 T (L.PP fonw) Te—

|
3.
HSAATT,
5Y, +7Y,+ 7Y, <1
7Y, +9Y, + Y, < |
10Y, + 6Y, +2Y,2 1,
Y, 20, Y,20,Y,20

59 L, =Y, +Y,+Y,,

R P y
g X, = LG =123 @w Y= (= 1.2, 3)

Q= B-7 il (31 oaw Wi fefg sicg® @G L.P.P.) Simplex algorithm & ARG
Al G A 2
Y, Y,, Y, 4% slack v¥fferd QW B-A ORIt W5w ORI @41 9 ¢

Pt ;—,=YI +Y,+ Y, + Y, +Y, + Y,
“EHAT,

5Y, +3Y,+7Y,+Y, =1

7Y, +9Y,+ Y, + Y =1

10Y, + 6Y, + Y, + Y =1

Y, 20 (=122314,56
| 121



Simplex Table—1

¢ 1 1l otol o
Els vu b q 25 i, a ds ,
oy, it | s t3 i1 lbol oo
0 | Ys 1 |7 Lol o
O |y, [t w6210 0]
5-C ~l -t l=1{ 00| o0
T 4
S T A |
me a3 9 6/ 9
Simplex Table~—I1
e Lt lo o
Cu | Yy b a, i 0 d, d, ay,
o | v, 5 | § 0o Bl |-L]o0
Ly, 9*- 5 1 1o &0
0 1Y | 1 %040 |-%] 1
2 _8 L
Z,- ¢ -5 10 51 0 0 0
Tl
2 11
ind3 9 3i_1
R UM T
3 5 3




Simplex Table—III

; ¢ i 1 1 { 0 { ]
vl la e lalalala |
1 Yo | 5 | 4 0 1 S l-dk1 0
R S B S A w0
0 | Yo | -] oo -1y
Z- ¢ 100 & | &0
ORI 47 3 WA & >0

Tod Simplex Table III (¥0F 29 TG GR 2 IOHF HAN SBNLW (optimal
solution) #lleT I |
|

Y. = — , (A0 B-2 T (GXE e

I
aWBqﬂﬂmmmY,_o,Yz:m, = 10

[qE, @AMR Y, + Y, +Y, = ¢ ﬂ'T F g 599 ¥V« (maximium value) |

AR ' -Ag QI A = 5 7 ﬂ‘?rf‘?ﬁ_ FGIT AW (value of the transformed game) |
JORAR AT ATE T AT FA S5 - 4 = 1|

G B~47 5 (FNEA @ oy, = 5Y, =0, ¥, = 5Y, = 5,y =5Y, =

MI.—.

7!
2

T Simplex Table 11-99 Z -cwﬁ% (T T @S Al @ X = S

, X, =

—

L, X, = 0 (0% AT 5 (T ofleT TR FOIR AT B I @A x, = SX,

5 1
E=§,x3= 01

I gvg SulBa W (8) = 1 9 AETAT A @ TG B9 Tem (&

2 1 ]
QYIF [g 3 0) 4 (035]

2
_g.xg-SX:,-»-
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16.5 FIARH

% GICF WA A IER @ @ﬂﬂﬁ%ﬂaaaﬁ@gmm‘sﬁavﬂwm(ﬁa
@FE ART FAE)” GR (@ (@ PG AIANF (AR (SR T goied
H(T AL T A |

16.6 SepAE!

1. ﬁmwmﬁﬁ@mmwmﬁﬁmmm(wm
EMICEIC R

(1) B
D! B2 B3
Al 10 2 5
A . 1 7 4
| 6 3 9
(ii) B
B! B2 BJ
Al 2 -2
A
2l =3 5 -1
i)
() B, B,
A 4
Al 6 |

2. frma ey vt e RS (@ANRE T I5IeR AT ANGE DI 3
(a) B
B B, B

1

Al 2 | -2 | 3

i)

Ayl -3 5 -1
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ORI B

Bl . B2
Al 4 -1
A Al o 7
© B
B, B, B,
Al 1 ~1 | -1
A Ag —_— l _* ] 3
Al -1 2 -1
{d) GG B
| BI .B’.!. B1
Al 10 2 5
RERE A A, 1 7 4
Al 6 3 9
16.7 @I
I. (i) B-9% A=A
1.
B 7 = YI + Y2 + Ys'

@A 10Y, + 2Y, + 5Y, < 1
Y +7Y,+4Y, =1
6Y, + 3Y, +9Y, < 1,
Y,20,Y,20, Y,208Ry=0 Y (i=1223)

A9 HYAN
: 1
S ?=XI+X2+XR,
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¢TI i0X|+X2+6X321
2X, +7X, + 3X, 2 1
SX, 44X, +9X, 21,
X, X, X2 049X x,=g' X =1 2, 3)
(ii)mm@mammm4mws—mmﬁ@—
l .
Tp F-=Y1+Y2+Y3,
@AW 6Y, +2Y, + 7Y, < |
- Y, +9Y,+3Y,< |
Y, Y, Y, 208 y=0 Y (=123

(iil) B2 HR
1
5ad F=Y1+Y2,
@A 2Yl+4Y2$1
6Y]+Y251
Y, Y, YJEO«QER y=l Y, (i= 1, 2)
B-3 T
1
T §7=}(1+X2
@i 2X, + 6X, 21
4XI+X221
X 20, X,20dR x,=g X(@Gi=1,2)

. g2 1 o) g=L
2. (a) A(12’ 5 ,B[3, 3 0), 9=3

) A Rw G A B[%-, -g-) 9=-1

6 3 4) g6 4 3)g. L
© A[ﬁ‘ 13’ 13)’ 3(13’ 13’ 13)’9’ 13

313 1) 47 5 1).g.-8
) A[ﬁ’ 24 ‘15)’ B(2«4’ ok ?2)’9' 24
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1. L G. Chakravorty and P R. Ghosh.

— Linear programming and game theory [Moulik Library]

2. Linear Programming (Methods and Applications)
— Saul 1. Gass [McGraw Hill Kogakusha, Ltd.J

3. Linear Programming.
— G. Hadley /A ddison-Wesley Publishing Company}

4, Operations Research
— Kauri Swamp, PK. Gupta, Man Mohan [Sultan Chand and Sons])

5. Linear Programming and Theory of Games. —P M. Karak.
[ABS Publishing House]
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