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12] 1. Consider the linear system below. There are no nonnegativity requirements.

8z1 + 220 —x3 — x4 — 35 =3 '
— 51 — To+ 23+ 314+ 225 =4 (*)
101?1 . — T3 — 3.’,64 - 4:135,: 0

Solve parté (a)—(c) below. You may find the following identity useful:
| § -1 —3] 2 1 -1
B=|-5 1 2 = B7r=|0 2 1|.
10 -1 —4 5 2 -3
(a) Write a dictionary representation of the system (x) with respect to the basis of your choice.

(b) Determine the values of z;, z2, and x5 for which one solution of () is x = (1, 2,2, —2, Ts5).

(c) Find, in terms of 7 and s, the values of z1, z2, and z5 for which one solution of (¥) is x =
(xl,m2,2'r, 28, T5).

(@) The given mottrx B mmlfewﬂz_w% 4 %% So wike

g?(( , BB X3 - 37‘5* » = 3 —Z‘XZ "'Xq
TS+ xy o+ 2% T *x% ~3%
on —x —4% = 0 +3n

(—)Oé%

Il

|

Recognize LHS ag B3], apty B Ao ok side:
X = /O =3x — 4
X3 g + 7% = 3 Xy
Xs 23 —=8x —|0x. |
T‘\ﬂid a a(.t&ma)bj ]CQ, % n w/g«'d\ X, %, % m e brdic vars,

(b) P»J{"szj Xy =~2 ido HKa dit fom @ b gt

I

X] = Ig'_gyz Vot anaaa) x‘ :‘1‘3L
L= M+1g = x=L

_ N
7% "'43-??(2, cereeme o> &:QI

One solulion f 00 & = (+3¢,—6,2,-2,91),

Continued on page 3
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12] 1. Consider the linear system belofv. There are no nonnegativity requirements.

8z1 + 220 —x3— x4 —3T5 =3 ’
— 521 — Zo+T3+3z4+ 225 =14 (*)
10£B1 : — X3 — 3(E4 = 4:1:5_2 0

u may find the following identity useful:

8 -1 -3 g 1 ~d
-5 1 2 s Bl=1|02 1].
10 -1 —4 5 2 -3

(a) Write a dictionary representation of the system (x) with respect to the basis of your choice.

Solve parts (a)—(c) below.

B:

(b) Determine the values of{z1, 2, and x5 for which one solution of (*) is @ = (21,22, 2, —2,25).

(¢) Find, in terms of r and
(z1, T2, 21, 25, T5).

, the values of z;, 2, and z5 for which one solution of (x) is x =

-3 COV\'HM(CJ

© Pi\'o+ ’M.L 0(,{‘0{ i @) -)LD Mﬁ_‘xz WW) ;(3 ,W.’
*‘sz= ¥-x -3 = x=-4 + Exg+ £y

| R
x = 10(- | = M= 22 T2 TN

4 = 55 - — 22
%o = 23 @—/o&g@ Xs 5 — 4x3 Xy

NW) e X3:2\—) X*::.Z_S 2 -

x = 22-3(1e)-B(z) = 22-3c-17
X, = —4 ""7);/Zr)+§2~/(2-5) = =&t % 4+ 35

" 55 — 4@ —22(1s) = 55 —r —44s.

=

[chect: (6 2l smo] a ot 5236, X2, 2% =01 conflimig 0,

Continued on page 3
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[12] 2. The following dictionary arises during the simplex-method solution of a standard problem. All variables
are required to be nonnegative.

Cf =12-5z1 4 222— 3+ 324

5 = 204 221 — 159 — Tx3 — 2024
Tg = 4— 4271'— 2(1’!2 + z3+ 511,‘4
7= 8+ x1+ 3zog+1lzg— 8x4

DO

The questions below all apply to the next step of the method.- Answer them without completing any
simplex pivots or dictionary updates.

(a) Using our notation from class, identify the sets B° and N and the BFS x° associated with the

iven dictionary.
& . Y A’S /Y\ C {0 SS Uuse t—
b) List all indi ligible t ter the basis at th t step.
(b) ist all indices eligible to enter the basis at the next step 1‘0!‘ El]"‘éﬂl\j /_| T(va Led\/d‘izj

(c) For each index eligible to enter the basis, list all indices eligible to leave the basis.

(d) For each pair of eligible entering and leaving variables found i 1n (c), determine the updated values
of (i) the basis, BY; (ii) the Basic Feasible Solution (BFS), x*; and (iii) the objective value, f.

(@ @ {3’47} J\[é 3‘/} = (0)0/0)0)20,:1‘) 9)
) Eé%%"f% oo indices ang in \A[ (_,,)U% @ @{J{Lh\/é ca‘%{s

© E 2 (=5 (LM Xs 7 s Shcter ﬁuzm X, 70 oc x?/0>
10 £=4, Lefss (Te Mw% estichos fom X570 %2 70)

‘ W) kfer a p:\/o‘fj all v Qcis;‘cs wil shil be 0 Sufe & gnore T,
o (EL)= (2 5): % =22 i will pash = Oxb—q,.z(ﬂ) ’X = (2
®'=1267 , X=(a%,00 O)s,ll),, (e +2@=%
CEL) =019 K= wil psh =0 % hesh=] % =FC
:{4}(,}7}) '&*z(o)o,o)!)c%‘ijo), fr=12+30) =I5,

) (E L.\>:(Lr?> ')(lff:gl—:l LO]! I’LCL(,’{ q [ Same. %{/@ JHS/ no'/‘&:/,
=451y, 17=(9901090), {'es

[fn Qmﬁ 1 cage, @‘iﬁ d%zwwf(v—- S ¥ o0 W M]
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[12] 8. Use the two-phase method with Anstee’s pivoting rules to find all maximizers, or prove that no maxi-
mizer exists: 7
maximize [ =1+ 3z2 — 623
subject to T1— XTg— T3 < 2
.= + z3< -1
o — I3 S 2 -
Z1,%2,T3 > 0
~
Pikse  oNe - =

f=-x% neplaces f,&\ Mi//b/’j {ij‘au, ol At

—Xo |

=
=

—
—

2"‘7(0 =X o+ X t X3

=2+«o

cpa wg" & T

Shred inihal pivet: %, whorw, & feaves, ana

[+u, =% +%5:
&
f= =1 +%5 x5 —v
AJ‘: 2 ""X]+¥z,"fx3 L@gz-3~2y'+yz+23§+ujz
| Y, » —I'X3 -’(;1-01,
\433 = 2 - =¥2Tj @§ = 3 =% —%Xz +Z’)53+1O7_
x4y
- ~J
)JuAS et : F= -l 4% -x -
W)= 3 =y %t 4w,
M, = 3 — x =Xzt 15,
vl @@
Lawe % puot 2* x = [ =% +% teh g
N
;‘: -l @ -'K3 —DSL %:—?’o
' it %) tX3 +Wy
“Z +2% —2x3 =ZW, ,
~¥o f X
o =3 @ B +7_x3 +\,~5,_]§= Lt Xo "X X3
=

Continued on page 6
—W,
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(Blank page for extra calculations.)

N
PW Oz dich f= U =y
X = | - X + X3 + Wy
W, = | +2% t¥2 —Wz
'USB = 2 -+ Xo—'Xzf‘x_;

Drop %, o5, Jr/e ;f'mx:o, acd nobeatd dick i J“M ﬂ,{{
{ = % +3x-bx;, = ("‘X3+Uz>+37’z“£’x3-

.P\ AAc TLOO D)‘Cf' 7(‘ = ’ + 37(2 ——5-'!3 +1,
5 = | +x3 %2
wl = | + X2 ‘ =W,

) £X
W, S ) *4

Enben. x,, fowre S5 aqa X, = 2 =, +X3:

—}‘\ [@—57(3-{-152&@ ;=7_3w3-2x3+1«57_

-3»3 +3x .
‘)(l = | + X3 * :Z

1@@ Gl o g=3 —w tx &
- _ | |
‘ +X5 %

2 —\s x,=2 —Ws %

I

E’Jw’- U;Z) W \‘JL Aﬂ?i N =3—'1»S3'f‘7g—15‘:

2

£ =7 3w, 25 QD%@ f=/0-4u, —x -5

3 —w3 t43 =Y

% = | +% (4 LE#

& -Ww, T+ X
3 —WJ3 + X3 ~1g Ko =2 3 4

Continued on page 7

UNIGUE MAxiMizze — (%f %] )=(4,2 0).
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Find two distinct basic feasible solutions that give the maximum value for the follbwmg LP

maximize f=—x1+ 3xo + bz3
subject to 21 — T2+ z3+ T4 < 60,
3z1 + 4zo + 223 — 224 < 150

X1,T2,T3,T4 > 0.

lvet sk pars S8 4o set

o @ did pea e . Phage Too.
§ =

=X +3K, % é)(_;
w = 40,"2)(' -+ %2 @ — X4
W, =150 ~3%) ~4y, —2n F1xg
Enten %3, Leave 3, via

x3 = 60 —2% +% - - X

f= —x+3é g =S f=36L0- 13»’7<,+67xZ é‘J 6 X,
3,012 + bx, —bw1 = b4 x= LO—2n + vi ~W —

WS, = 150 — 3% ~’-m@+2>q, sy W= 30 + x.@ 20+ 4xy
“[zo + A% — 1+ 2, 'H-”(H%

EV\.-{—@L X2, féd/.ﬁ "LJZ., /Ul\d X, = 5+ 7{7(1 ""ZL‘-JZ "'J"'“J ¥

2
ke I 3XY
f: 350—(?x,+

PRI e O e~
bs +% X _;LJL*_M-I-A)“’

e At W+ $X
5, 8 = dl =
?(3:: 60 —Z'xl @__\4 - X4 21_) ’X3 = é§ X, AL‘)L l().
§ +gm - arzelis

ofﬁﬂ\.ﬂﬂ d(\C/{— W :FMAXT- '(’DY a)(’ BRFS — (O)S_) (>§) O> )

Bt p(\l‘hﬁ Xy Into W a/w/x_;"‘*f oo nuld—uﬁ opﬁaw%{ qu‘; SE/"
mﬂmﬂz t

A= 520 %= 350 & 4 scand opfinal IFS
X = (0,135,0, 195).

Continued on page 8
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[12] 5. Consider the following LP, in which a constant parameter k appears:

maximize f = —3z1+2zs —kr3+ T4
subject to 201 —3z5 — wx3.+ x4 <1
“ -+ 4213204 <2
—x1+ o —4dxs+ x4 <8
T1,Z2, 23,24 2 0

(a) Show that the prdblem has a maximum when k& = 10, and find a point that achieves it.

(b) Show that the problem is unbounded when k = 0 and find a feasible x where f(x) > 1019,

(c) Find the value of k in the interval (0,10) where the problem’s status changes from “has a maxi-
mum?” to “is unbounded”. Describe, as completely as possible, the status of the problem for this
" k-value. (Does it have a solution? If so, what are the maximizing inputs? Etc.)

@ Madard Sebyy 2 cese k= fo:

{= ~3x + 2% — 19% + % Eder x,, Leave u, aia
So= =2y +3%2 4+ ¥ — X4 -
| ) 3 - - 2
K, = 24X ~W,— L%+
w=2+4 1 CR -2 2% 2= ETR T %+ Xy

4‘?‘3:?4 X, —X%X AR X4

"LW'} » :F: —3)(‘@-—/ij + X4 %zé JC""Z' —X‘~ZOZ—)HX3+ 5701
| 4 +2% -5 ~4x + S24% ~uwy —2x 154

W = 1'_27(;@”‘3 ""‘i%:} Sz F % 3% — 5x3 +5%
é. +3'X’—34,L)L Aé'XB ‘+éx‘l é
w, = 8 +x,@- *‘fag—qu@ ;3 - A o2 )
2 = Py RS , |
E‘\’{b\ Xq, Wug,dq )(,_' = 2 +§lgz+2x3 _.‘-3[1‘).‘3
' s
”@)(% {= 4 - X, =2\, -/‘f)(_;@ @ ;:/‘I-—xl -—-‘-s.,lldé"‘q?% ’3_\.3;
Jo 130, +/0%3 ~Fuy 24
3 Ly

’X é{'X, 1452"'-27(
Xy = 2 4% ~*45z ”2"5@‘3 +415, + 2% -

%
= [F 4%, ~4 Cins, e
7'x, FUL S — -

o,
4 515 44 -2 ;

Si= F o+ 0 —hT -%;@ﬁr | 2
Jo f3, Hog ~3U5 C wll@ue MAXIMIZER AT

=(96,02).
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® IF k=0 instend, Hom oo rans e corndid e

e S0
12"'2X| “_'32"‘(&),_""4’3 _'.gtkk
TS AR A L
= g =% -4, + x5 — 5
Thacy xjia b&y/%e ﬁm)MﬂM&@-ﬂw/&//ﬂlM
OoNn the FOSOK’Q,(]C»&L )Q’\')g. FD’Z, ﬁ(f(}tj iZO) He fm)\./(
)= (O (1ot t,2424) > feasdble, will fRO)= A+t
Chowe amg 1> L0 -H) here 4 gt Frw)> o

@ Ta geoul £, adl “bx” 4 H#e reoulf fom bmo al):
f= 14 -y L, + {6~y ~ J5 - |

IS 1<>6, all coﬂ;{f% Lerne M/y«_zja/to-e)do A€ ézg/

fhe  wwipe mbpimize ot (060,2) if f, =4

If ke, ot f x i posive and podlem o wubmoded
much ay on b alwc. | |

VIF del | e Agingidonad] vale, fhore b o4 magsioc e
fo e vadue ;MX =Mk e g ;({):(«o/éw«zf}f,z@@/t;g

/(;V\ (K) -pm :heEnd ' | |



