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20>

Let S, = number of blocks of stock 1 to purchase
S, = number of blocks of stock 2 to purchase.

Minimize Risk = 4S” +100S; +58,S,.,

subject to 208, +30S, <50

58, +10S, > minimum acceptable expected return
and S 20,8 20.

12.2-1
Fx) - F,(X,) + fz(xz) 1"1(3(2)(3)
with {'(x,) = /DOK'/:" + 10X,
F(xy) = 90x4 + Bx,
f (x;) = 50%,% +5x,
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f,foand £, are concave over the non-n4?a+7'v€ orthant so f
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ond | therefore  convex
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A
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|
2]0]1]3.269 0  01.385  03.962 | 3.962
X2) 1] 0J0.654 1 00.077  00.192 | 0.192
x5 2] 0)3.231 0  0-1.38  10.538 | 0.538
x3) 3] 0/0.019 0  1-0.02  00.012 | 0.012
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Problem 12-4.1 (Q)

Interactive One-Dimensional Search Procedure:

Max f(X) = 1X*3 4+ 2X - 2 X*2 -0.25 X*4
df (X)/dX = 3¥%2 + 2 - 4 X - 1 X*3
Lower Bound: 0 Upper Bound: 2.4
Iteration af (X) /ax X (L) X(U) New X' £(X")
0 0 2.4 1.2 0.7296
1 -0.208 0 1.2 0.6 0.6636
2 +0.464 0.6 1.2 0.9 0.745
3 +0.101 0.9 1.2 1.05 0.7487
4 - 0.05 0.9 1.05 0.975 0.7497
5 +0.025 0.975 1.05 1.0125 0.7499
Stop
Solution: X = 1.0125
Problem 12-4.1 (b)
Newton's method
Max f(x) = xA3 + 2x - 2 xA2 - 0.25 x4
f(x) =3x*2+2-4x- x°3
f'(x) =6x -4- 3 x2
error
lteration i X f(x)) f'(x;) '(x;) Xir1 1% = X
1 1.2 0.7296 -0.208 -1.12 1.014286 0.185714
2 1.01428571 0.74989795 -0.014289 -1.000612 1.000006 0.01428
3 1.00000583 0.75 -5.83E-06 -1 1 5.83E-06
12,42 q) Iteration | df(X)/dX | X(L) | XU | New X’ | (X"
B I | | | I
0 | I 0 | 4.8 | 2.4 | 8.64
1 |+ 1.2 | 2.4 | 4.8 | 3.6 | 8.64
2 | - 1.2 2.4 | 3.6 | 3 | 9
31+ 0 | 3 3.6 | 3.3 | 8.9
& | - 0.6 | 3 3.3 | 3.15 | 8.9775
5 | - 0.3 | 3] 3.5 ] 3.075 | 8.9944
6 | -0.15 | 3 | 3.075 | 3.0375 | 8.9986
Stop | I | | |
;,) Iteration | df(X)/dX | X(L) | XU | New X' | f(x)
| | | | I
0| | -4 | 1 | -1.5 | -1.688
1 [ - 1.5 | -1.5 | 1] -0.25 | -1.121
2 | +3.188 | -1.5 | -0.25 | -0.875 | -1.984
3 | +0.258 | -1.5 | -0.875 | -1.188 | -1.964
4 ] -0.401 | -1.188 | -0.875 | -1.031 | -1.999
5 | -0.063 | -1.031 | -0.875 | -0.953 | -1.998
6 | +0.094 | -1.031 | -0.953 | -0.992 | -2
! | I ] [



2 1.24074074 26.1259522 -5.748826 -106.5981
3 1.18681083 26.2881521 -0.395765 -92.20147 1.182518 0.004292
4 1.18251843 26.2890048 -0.00231 -91.12675

/12 -10

IZ.‘(’B.(G) Iteration | df(X)/dX | X(L) | X(U) | New X' | f(x)
I ! I I |
0o | [ -1 4 | 1.5 | -16.69
1 | 100 | -1 1.5 | 0.25 | 0.3047
2 | +0.156 | 0.25 | 1.5 | 0.875 | 0.2482
3 | -0.923 | 0.25 | 0.875 | 0.5625 | 0.3125
4 | -0.001 | 0.25 | 0.5625 | 0.4063 | 0.312
5 | +0.004 | 0.4063 | 0.5625 | 0.4844 | 0.3125
Stop | | | | |
Problem 12-4.3 (b)
Newton's method
Max f(x) = 48 x5 + 42x*3 + 3.5x -16 x"6 - 61 x"4 -16.5x"2
f'(x) = 240x"4 + 126 x*2 + 3.5 - 96 x*5 - 264 x*3 - 33 x
f''(x) = 960 x*3 + 252 x - 480 x4 - 792 x"2 - 33
error . 0.007
lteration i X f(x;) f(x;) '(x;) Xisq X = Xipe]
1 1 0 -23.5 -93 0.747312 0.252688
2 0.74731183 0.30509816 -8.496421 -36.0381 0.51155 0.235762
3 0.51154965 0.31249998 -2.677284 -15.70259 0.34105 0.170499
4 0.34105018 0.31160364 -0.767583 -7.588489 0.239899 0.101151
5 0.23989924 0.302969 -0.091464 -6.461815 0.225745 0.014154
6 0.22574474 0.30003409 0.001383 -6.675803 0.225952 0.000207
12 4-4 (0\) Iteration | df(X)/dX | X(L) | X(U) | New X’ | f(X)
| | | | |
o | | 0 | 2 | 1 25
1 |+ 13 | 1 | 2 | 1.5 | 20.109
2 | -46.81 | 1 1.5 | 1.25 | 26.068
3] -6.748 | 1 | 1.25 | 1.125 | 26.146
4 | +6.84 | 1125 | 1.25 | 1.1875 | 26.288
Stop | | I | I
Problem 12-4.4 (b)
Newton's method
Max f(x) = x*3 + 30x - X"6 - 2 x4 - 3 xA2
fi(x) =3x"2 +30-6 x"5-8 x*3- 6x
f'(x) =6x -30x"4- 24 x72-6
error
lteration i X f(x) f(x) f(xi) Xir1 IX; - Xy
1 1 25 13 -54 1.240741 0.240741

1.186811  0.05393

1.182493 2.54E-05
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vnetion Celjs s

(X - Xia1|
0.2
0.061972
0.041312
0.024314
0.015703
0.009649
0.006132
0.00382
0.002411
0.001509
0.00095
0.000596
0.000374
0.000235
0.000148

Cod 2100 = #xT42x-q
4/¢od = -~ ¢4
20y =2
£ (2) =32
Siaca £'Cx) (s <countiuwuvous
F‘,iw\‘ oY O<€ x & | S vk Aot -(”(x\ =0
Sitee 18 o~ conceave
convax pfoa.rcu—“3 Hoa o ptiac
be 1~ #i o tvr e vl Ot xei,
(!9) Iteration | df(X)/dX |  X(L) : X() : New X! : f(x1)
0 l : 0 | 2 | I
ol e 2| 0 | o5 | -1.688
5 I 2.5 | 0.5 | 1| 0.75 | -2.121
3| -0.813 |  0.75 | 1] o0.875 | -2.148
4 | +0.43 | 075 | 0.875 | 0.8125 | -2.15:
5 | -0.229 | 0.8125 | 0.875 | 0.8438 | -2.15
6 | +0.09 | 0.8125 | 0.8438 | 0.8281 | -2.156
Stop | [ I l
Problem 12-4.5 (C)
Newton's method
Max f(x) = x* + xA2-4x st x>= 0, x<=2
fi(x) =4x"3 + 2x - 4
f'(x) = 12xA2 -2
error
Iteration i X; f(x;) f(x;) '(x;) Xi4q
1 1 -2 2 10 0.8
2 0.8 -2.1504 -0.352 5.68 0.861972
3 0.86197183 -2.1528497 0.285708 6.91 5945 0.82066
4 0.82066031 -2.1555781 -0.147875 6.0818 0.844975
5 0.84497469 -2.1561459 0.103137 6.567787 0.829271
6 0.82927123 -2.1564755 -0.060329 6.252289 0.83892
7 0.83892031 -2.1565774 0.039526 6.445448 0.832788
8 0.83278785 -2.1566242 -0.024152 6.322427 0.836608
9 0.83660793 -2.1566409 0.015426 6.398954 0.834197
10 0.83419717 -2.1566479 -0.009585 6.350619 0.835706
11 0.83570643 -2.1566506 0.00606 6.380863 0.834757
12 0.83475674 -2.1566517 -0.00379 6.361826 0.835352
13 0.83535244 -2.1566521 0.002386 6.373764 0.834978
14 0.83497803 -2.1566523 -0.001496 6.36626 0.835213
15 0.83521306 -2.1566523 0.000941 6.37097 0.835065
16 0.83506541 -2.1566524 -0.00059 6.368011 0.835158

9.27E-05
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. = . v - = X !- z (X ¢
Case - Xy = Kr: , ‘-Sr\n‘s'n p Hen Xt xn+, X X 2 %n

- e
Thecefore , we have (X,.,, —)_&n.,\-a_(x,‘—)_gh)._. .;:‘:“ (Yo'},)

so  lim (Ynn—_’-(nﬂ): Lim 9.—" (Yo—io) =0

N3 NS0

Suffcﬁe +he roir\‘\'s c’enera_{ed Lﬁ/ Hass Ffo(-edure do not c',om/&\?z, Hien we know
there is £>0 such that, no mater what N we choose, Phere will be n TN
and mIN o that Ixj-x!| >£. But f we choose N so that 3 (e R)<E
then for all w72 N ! €%, 3,1 and so for nZN and mZN and /Xn/~Xu]>E
we have & < Ix,-xpl € 1%,-x,]= 27" (5,-x,) <€ , @ Contudichon.
Th“‘s: the seguence of +rial solutions must converge.
v tHa i b sp(u+;D°\. Tlma, e k_no.w
(b) bet X b< X ook “:'(\:;‘kb CD’ x >)2..5vrfoli. % la(i)
pledzo for X< X et ot R 5. Tham PUEYET
+ The lobal Moaxiwvwve -+ Here
no ~ - 'B M VO\‘U'— AGO’”
Coye £ ! X > X . y te. Msen . ,
is o 2. “w (e £ 2> x s vk -H-Jl‘ 'P(k)’e(f}‘ (",'g)'(‘)
bod Side is wom-positive , since 3> %,f)co

TL\‘, e i >
t‘h‘; g = (R-K)>e, so fg)y )20, =« centredliction,

¥ { eorn ) we heve
c : R e, Usi ta Meeon Velve el
o ‘ = C8-xYP'(2) 20 obick

2z with Rem o <x, FCP)-MK)

;wrlk‘; #(R\?P(i},o— cowtre Aict tOw. .
S o 4 e~ vt ma - %‘959-( bt v U
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Ce) Tle mradww“’ Rollows oo 1w et (o) ‘9\(
obServiv-a ok Htt 2 08 +la Meao Velye TLeorw
Cwbicls i3Cletwean T ok R) 5 i thao pe-t of
A 0(°\-o.:u- Vl«e,(-x p ] O ncCconve .,

ARix)
Cold Tta Proc..JUN wov (L
couvc.rag_ ‘e K, net t+o x¥
™~ whict Vs +lwa }(ah.—(
Nabii | v U o
71 J >
Xo R K, e VX

) suPr°>Q.A f¢<)c ot Hoot o- \'lo bl wronxitmuin
Oceuvrs ot X, Let x<ix. 3)‘ -H:a. Meeld Valve Theore.,
tHere Erists e~ 2 ittt X > 29 x o R0 = (R-x)062)

or 'p(k)=-p(9)4<:‘<-)?)‘€’('¢\>‘9(><')) a contradiction. Se oo
3[0‘,0\‘ ANO-Y | U AV A Cem'n q o OoeC W,
Supeesa,. P'(zd >e ,:’VT et o lobehd @wrCax i tamuin,

occurs oat . Let x>x. B}' tta M%\gvo.(ut TUWeorwn

tHere e@rists v 2. it X > =2 > g § -0(%)-9(:)'(2'*)@’(2),
o 'PC") "‘PCQB + CX—Q)QI(I) >-PC)<’), o c.u"‘raAS::(';oh. So e~
%_(o L

e e | A e A ot Oce v,

(-@)Suprosa. £ G 1s <oucave aswd lin 260 RO, but

ot aw Xo @xists. Se £Ux,)zo0, ’;‘3”,_,?.‘7!“.)

1S
momotowne cacreagin

: [} }) 5.0 "pOf x = KJ,P,(X)ZO O-—-J
s upfose_ -Q(X) i3 Coh(c\vle_ al_ L'(_:\:“p’(’f)>0) but
4ot e X, exists. So Llx,)s0 Bot (x) s

‘Maa—so'(‘o.«e, ele.c.-e.o.’i». N SO -Pop )<>)—(-°,P’(g)_4_.° “._\_‘L
’

. ¢ .
lxl_:v-‘.'gék) 30) on CoOwmtreamdictiom. So wmgp Xe @axists.

I aiftiie- cemte, wWe KRuow ““erae 5 wno a(okg(
Ao X | vy p/ow pert (ad .

/2-13



124-%. £t0)2 £,(8,) + $2(xs)

‘F,(xl) 2 32X, - qu

£20%,)= 50 %, .-u)x: +X3 - X:
_3&: 32-4% Fo = X,=2

i
Using He qufomatit one-dimens;oaal search procedure (€7 0.061)
with iaiHal bounds O and ‘// and
£z 48 +50%, ~i1ox.} 4 x 3 ~ %7
we get ! X,=/l80FE , L(x)= (60,93¢
3%, +%, > FB0%6 < /|

2X,+5%y =13,038 < 16
Sinte the optimum L. 1he wnconstained problem 15 in Fhe
interior of the feagible reglon dor Hhe coanstralqes prablem , /4
is alse optlmal &, the or)g/nql constrained problem,

[Z' s-1, (a) It.| x¢ : grad f(X’) : x! + tlgrad f(X')] ] t* | X’+tlgrad f)
1 )¢ 1, D[C o0, -vj¢ 1+ ot, 1- 1v]o0.25)¢ 1, 0.75
2 [¢ 1, 0.79C-0.5 0)¢ 1- 0.5t, 0.75+ 0t)| 0.5]¢ 0.75, 0.75)
3 ]¢0.75, 0.75)|¢ 0, -0.5)|¢ 0.75+ Ot, 0.75- 0.5t)| 0.25|¢ 0.75,0.625)
4 | 0.75,0.625)[(-0.25,  0)]

so C./t’ '/ll i{g

(L) = 2Zx,+2xy =©O = Xx='a
= | optict,

7(\"‘/'&

e (374,304 )
%) ¥
AL Csrs, S13) n ¢ it .
Teve, %6) re e “ex ‘Terentions

et .
X“t (A ] 72)
o { t
o ‘2 {

(d) The soffware 3:’\&5.’ Solution:
(X1,X2) = (0.508,0.504)

grad f(X1,X2) = (-8e-3, 6e-8)

iz- 14



/2,5-2

It.| x | grad f(X’) | X’ + tlgrad f(x’)] | t* | X‘+tlgrad f]

—| I | I I
1+ 0t, 1- 2t)]0.167|¢ 1,0.667)

1 1¢ 1, DlC 0, -2¢
2 |C  1,0.667)|¢-1.33,  O0)|C  1-1.33t,0.667+ Ot)| 0.25|(0.667,0.667)

3 |(0.667,0.667)|¢( 0,-1.33)]
e anftmaRke roatme (€= 0.04) 3:’%5,‘

Solution:
(X1,X3) = (0.005,0.003)

grad f(X3,X3) = (-7e-3, 3e-8)

vE= (Yxg 4%, ) %x, -bxy)
vf=o = (x,,%X2) =(0,0) s the olaﬁrfu/ solutbon.

j2-1%



/Z,S‘ 3 Ie.}] x¢ | grad f(X’) | X’ + tlgrad f(X’)] | t* | X'+tlgrad f]

— | [ I l
1 [C 0, OJC 8 -12)[C 0+ 8, 0- 12t)[0.191](1.529,-2.29)

2 ](1.529,-2.29)](0.361,0.219) | (1.529+0.36t,-2.29+0.22t)| 1.31{(2.002, -2)
3 2.002, -2)[¢ -0,0.003)]

Aubsnat ¢ ronwtme (€z0.0;):

Solution:

(X1,X2) = (1.997, -2)
grad f(X1,X2) = (0.002,0.001)

Vf : (2%, +2%, 48, 2%, -4x, -12)
VE=0 = (x,,x2) = (2,-2) is the ophmal solubion

,2,5'4 .| x | grad £(X') | X’ + tlgrad f(X’)] ] t* : X'+t {grad f]
| | [

—1
. 0| ¢ 6, -2« 0+  6t, 0- 2t)| 0.2]¢ 1.2, -0.4)

1 ]¢ 0
2 ¢ 1.2, <0.6)|C 0.4, 1.2)[C 1.2+ 0.4t, -0.4+ 1.2t)] 1]¢ 1.6, 0.8)
1.6

30¢C 1.6, 0.8)[C 1.2, -0.4)]
Autsmatic ronttne (¢ = o.ol)

Solution:

(X1,X2) = (1.994,0.989)

grad f(X31,X2) = (0.003, 0.01)

VE = (-4x,+2%2 40, 32, -2%, -2)
=0 = (%,,%z) = (21')

12.5-5 Tk, ) xa V= (4= 2my= 6 P g ) 22 =2k (- Zxad

Tter. | x. | TG | FUaICTRG) Tier] '] hPeh,
t . 5 ~1l44
| (o,0) ]| (4,2) |20t ~-36€™ ~25CLY 2 25 -ty
, ¢*=.nRs

(2) J(Ya,'+)

= x+ € rfh) = (0.500,0.250) s our estimake,
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12.5-b

q)we can

with

rewrnte £ oas
‘-

Fuoz 3x,x5 -XF -3x2

2
3x,ng — X —3,\27:

F: F-(x.rxz) *fz (xz)x3>

Ror any 3.\/@« X, (:‘ndudﬁg the o}y}w;m( one) we realize tat by 57"""‘6"7
x,=x; at He maximii:lr\ﬁ powd for £ wilh x, of the gw'ch Valwe, Therefore,

o maxinivze f we can maximize F, (or{lz) and obtain (x,,x;). Frem

He solubhom o raximii e F.

we an

set x=x, and F220, o fuid the

solution o our om‘g\é\o.l fmobfem, Le can solve waxmite§, Wit the courseanre.

b) Using £0x)e 3%, Xq- X7 -3%y" ;

It. x' grad £(x') X' + tlgrad £(X")] t* |x'+t*[grad f]
1] 1, 1) | « 1, =-3) | 1+ 1t, i- 3t) | 0.135 |(1.135,0.595)
21 (1.135,0.595) | (-0.49,-0.16) (1.14-0.49t,0.59-0.16t) | 1.616 | (0.343,0.336)
3] (0.343,0.336) | (0.323,-0.99) | (0.34+0.32t,0.34-0.99¢) 0.135 |(0.387,0.202)
4| (0.387,0.202) | (-0.17,-0.05) | (0.39-0.17t, 0.2-0.05t) 1.427 ](0.144,0.131)
s| (0.144,0.131) | (0.103,-0.35) | (0.14+ 0.1t,0.13-0.35¢t) 0.139 |(0.158,0.083)
6] (0.158,0.083) | (-0.07,-0.02) (0.16-0.07t,0.08-0.02t) | 1.361 |(0.063,0.056)
7 (0.063,0.056) (0.042,-0.15) (0.06+0.04t,0.06-0.15t) 0.135 (0.069,0.036)

Final solution: (X1, X2) = (0.069,0.036)

e estimated soluton Fv 1t ortgMmal /4I.Iem WAl ke

CX,, %, X3) = (0,069, 0,03, 0,069)
&) Autsmatic routMet (€32 0.005) gives:

Solution:
(X1,X2) = (0.004,0.002)
12»5"} grad f(X1,X2) = (-2e-3,-6e-4)
1e.| X’ | grad f(x*) | X' + tlgrad f(X)] | t* | x'+tigrad f)
—| | | | |
T 1C_ 0, ol o, 3¢ 0+ o0t 0+ 3t 0.5[¢ 0, 1.5
2 j¢ 0, 1.5 1.5,  0fC 0+ 15t 1.5+ 0D 0.5/¢ 0.75, 1.5
3 ]¢0.75, 1.5]¢C 0, 0.7
Solution:
Auhimatlic routd (€z0.01)
(X1.,X2) = (0.996,1.998)

grad f(X1,X2) =

(2-17
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12,6-1, Convcr*h'nj min t max, +he KKT conditons are :
N -Yy>-ax+4-y =2o
D) X (-4x>-2x+4-u) =0
3) X-2 Lo
4) u(x-2)=o
5) Xzo

N ) a é
&) uzo ﬂ(‘“” can jd’ﬂns fom () "d[)>
From 13.4-5, (d), 6= x =| , 56 X#2 and (4)=> u=o,
From (), we see that X o (4 %0),s0 fom ), we
. haye -4xd-2x+4 =0 (or A+ -ae o)
5619743 forthe root ("MD of this cubje , we 3ef

x= Yi+JE + YL - JE = 33573

12:6-2. The KKT conditiens are .

1(y=0), 1-2u¥%, <o

i X (1-2u%) =0

(D). J-2uX, €0

205=2), Ny (1-2u4%X3) =0

3 X +Re-] Lo

¥, u(xr+xs-D=o

5. X,20,X% 20

6. uU=zo

- /L L
For X= (!E;U'i) ) ?./j=l3=£> 1-?\(4#?_:0
This satisfies all the KKT conditions , 56 x=(
is opﬁ'm:;/.
12,43, KWT counditions :
{ o) -~ 4x3 - 4x, -2 x + 2 <
k3 V4V £ 0
2. o) X (= A4y,?- ‘:‘-x,-Zx-,_f-z.u‘, +u?;)-e
l ) T2Ax,-8%3 + U *20, 4 o
2 b) X-,_(‘ZK,"SK?. t+ U t2uy,) =0
3 Zx +%xy 210

s
S S

“4ed) u(=2%—x +lOod =0
4 5> Uy -x,-2x2 410> =06
) X, 20 , xq 2O
6) Y,y zo ) Y220

Lon Co,x0=C0,10) 2 W)= Vi +2uyp > 80
ol 45) > UL=O  ste U= 86
bo+ Haee lo D does wot Lol
Se (x,,\:\)~. CO,(Q) s et opf-o'\..\._\l

/2_—/8



,Zoé-‘{' (o

( QR‘_. o -7 v

The W KT QO“J‘*"‘OQ.;:
lea) 24-2x, — v, £O
2D %, (24 -2x ,—v,) O
lw) /10 -2.xky =Y €O
2.8) X {10 =2 xR ~U D=0
3) *‘ig, x-;_€'7

“ 0\) U\CX|’8)=°

@4 LY Uy (Xt =O

s) X, 20, Ka 2O

&) v,zo ,vYrrO

Take w,= 8 2> => u, =8 ‘
fhaw lod, 3), 4o , ) Wt &) ore sutiefied
Teke Yv=0 25 =P Xa= S

flew 9,3, @45 S Kk 6D o= sodisPied

SO ()(|’K2) T (3,‘) ;5 OP";-«-—&JL S(..,\\_Q ‘f"—\—{s (3

C— O ) 'ofo?(—v-... .

_‘p;:loxz-?(}_

123 qFeTd Xy
1 234567 ¥

gi.=2_q--z,<‘>o VOSK,A_'-% = X, vl s ttae

1 Vaokivaven Over +ee feositle 'Caf°“.
of

e, (0-2x,20 ot Xz & ol 8-:5\ --2 20O

Seo Xt S s (= ?‘Ob—\( W\G—-KiM\JM.

[2-19



{
= = e SO YiRuxdi X ¥

P N
a%axl = -2 o0 VR &)

O P _r 28 JT_._2
I} DK L X, K:j Tk, + DT *o Ve m) 0 k¥~

> ‘) (I 4 CO Gt
% Tx,+t2xr -3 (s lluwear, and,bence, cOuVer.
so +is 1S e O vt x Pf°1/o-w .

12,6-5 (&) Twe KK\T condditions

|- - £ O

x“'\
' =3
2o [ -vl=e
| b)Y =2Zxy -2y 2O
Z % x,[-2xy~-2v]=0
3D X, +2x, =3
‘+)u(><.+2.x-;’33:o
5) x,20), x,2©
¢) vzTo
Teyinw UF O 4) = x+Zxp =3
Tr 4 X o= - =
Y‘“—k’ \O - Y\ 3 1“) => U-—:"
oA (’3,0,.‘1‘) se-t+isfies (u),[‘-))ZL))B),:)“)

So Cx,,x) = C2,°D is or*‘w-(.

() Siwce - %o is m~rone touicgll s‘(r\'o.f“z
Aecre€c.sivw Lo X 20 ok = e+ 1) s
eomotouniceall strict! i\«Cf-eas-‘n-\%_) 1+ @8
lmtvidrive l < lecr + Ove. wouwld i e o

Ten COR A > € ® g taavwelh o Poss.'.ble . Al ccens @
Xe FOWarAd O cous v A & ,a.s:.hlc. '..."._.
oP'(’iMo.( solutiow. The Leciibie Feaitn s “unice
iw L ag,;'ge,c_-i- siuwce i we TtoaweN F o b
+e (e«-)i‘ob ro?iou‘.
A o< [an 1 Fl = uaiw LV“““"‘ F] = Z(Si‘))}.
. xt K'L xl

[ Z~20



,Z-é’b T(“-l— KWT ouclifiows
) 36 +{%x, - 1€ —y %O
2.0) X, {36+ 1%x, - (Ix*-0)=-0O
le) 26-9%x7 -uv &0
Zb) xz(.-&‘—sK;'—u»:o
3) x,+x4 ¢3
4) ulx,« )(L—’.'.):O
S$) x,20, xy20

) vzrec

Se 'PO’ Cr.,xq_\'-'(l,L)
2 e ) = v s 36
2 WD = v= O

tuvs, Ha KKT corditines
o€ (u,,x,_):(\‘?,.)’ ok s (V)

J24-T (@ The KKT cownditions:
e v €O

7 Ty 0

L) __.._L—-—u:[to

*\"\

‘ b) -— LaX) + 'V < o)
Txet DY

2“’7><,_.."' 40]:0

(K\Q‘)‘

4 v[(x-xv~2J =0
S) k.20, k2 ©
6 v 2o

Lor xyyx2) = (4,2
2 = u='3
2 W) = u =499
So Cx, ), X)) =C4,2) does ot setis f

Conmot bwm  Lugt
i’ ot ont‘ma'.

e KK

éov\A;*‘iOV‘.w.—Jx’(ALv\ce., i3 ot bp‘("ua-u:.l.

(W) -r,Y XKp= O , U*O 2 = u=\
4> = x, &

ek 02,0,1) setisPies l“),\b),‘l-—-ﬁ,‘b),{).(g)
se  (x,,xz)=s Cvyo) sedisPies tHe KKT cowdlitions

Cc-) a"' S < O ;’/(k,’x'_\.
L)
-az.(? - 2 x

Y "'(_xt“)3 Z o0 "4 X,Z0O ,%,20

TL\‘)S) 'p Canm ot Le «Oonceve , el

15 wo¥ o= cownvex Proa/uw\-.

12-2/
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12.6-F, (A POy s

Qms";o“
Aecrecs:

o~ Aavromotone gErict

of <, ol s

L\ Cr@es )

o ot 0 A @ g triat

T L Y fo- Xy P =, e, tusg, Y
OP.*"""‘J* solot|{ow v o Souvwd ad -Qw}b(e rza;m_,
Wt Xa > -t Wil ave X,
ajs

,Ooss}b\c ook x4

Mmecreesad os k;a,g
V\‘\U‘l"‘ I — N

o-lccfgq\,e_‘( +to weroh —~— | ¢
Pessi ble. Thwa 'pgu.;‘.gtg ce o idn e

Allows x, to be increaSed wittout © Soved,
However , Haan Xo  comm o-—\bT

4o the tiv-e X, =Xy =2 o

,‘}(xtrl,xl) X2t _ o {

e cAleecreacs el
¥, =« L*Kl "

o+ \ a3 X TE S
Co;«ug,rsa(*,, i C we ftaam decrease X+ to ©
e | Ceoa ;-ﬂtfthQ x . +o )(."2. ’f‘ku)l Ha

‘?%MLQ 10w

is Yuicel! o A H
ot Lx,\x;\:(l,0> .

Ced Me-xiumize x _
Sosject to x,— X, "€ 2o
Xa + € =

leame |
solufiow s of

x4

« - 'z:z
Moxin-me. X, '
A svbject to X, + Ky £2 '

xXe £ | t

) X,
X (20O, X220 C“ﬂ),(_-g,o) i !wfln-\(

126-8. () The KWT  conditioas:
led |- v 20
20> %, L\~ vd=o0
| 8) 2~ 3 xg -v ¢ 0o
2 WY %X (2=-3FIxy-vd=o0
3 x +xq e\
“4) ulx,+x =) -0
5) X, 20 ) %120

6) vzo
I+ is ees +o check et (z”x,,u)r(l-“-}')g, D
}os*'.l&p

1es e KKT conditios. T-Lu{s ’ .
Cruxad 2 (=B ) s eptivl since 8IS s

O~ O LAV e pro(u.rm,

12-22



- e KT odi tiours *
12.6-9 . ¢ T,o KT et
2 ) X, (20 —U, LK, —V2) =0
[e) lo =Y Zxe~2Y2 £ 0o
2 L) X, L0 =Y 2xXa-2uU) =0
Ve KP4y xT 2|
bY x +xy £
“ [0 UtLK\’—*Kl“‘) = 0O
5) U Cx, t2Tx2 -2D=0
5) X, zo, Ko 20
6 v, 22,0 20

(22 E
J:'fiscas\/ 4o cliecle 'H—-oJ’ ’c"'vl)";ullul)‘<$,.;/$"?lo)
satisPies tha KKT cowditrens, Se SiLce
Wwe bLeae o cONVEX ,oroq-rm

—-Gs'sv\
CK.,K;):(-’—JSQ,-\%-) is op (.

.
e G

/2,6-?- M;u\ ‘\Ao\'\te. _p(‘)
sosjact o %-‘L;)Zbg@
% zo

Meaxitizea -RCx)
swlject +o —83_()5_) = —b;

X ZzZO
hes K KT corolitinns !
A

D Vi - 35 <o ot xi= el
x| - Dai o0 o for 3=ty.00,m
t x-"(%Tu"éK;'S*J'
3) qilx™) 2 b! 3 Ror
y

= (,-.-’m
“€45 dzch-,_—-%‘-Cx")\-‘o
) )<3°‘ 20

K
¢ v zo i

o~ g

3
)...,\M

T

[2-23



12.6-10
(@) An equivaleat” nonliear programwing fV‘Olo)eM !
Maxmize z = ~2Ax}2 -x2
Subject to- X, +x, Zlo
"X, - %y 2510 X,%0 x,%O.
The  sonknear program Fits the %{Iowmg {-.,’feg'.
- Linearly Constrained Sphmitzhon Problem | because all conshouds
are linean .
= Quad rahe ijmmm:hg Froblem, bocause all comstrainds are linear
Gnd the objecﬁm only involves the Zuo res of variables
= Qnvex f"oammmmg Problemw |, because the olo‘edwe s oncaye
as showwn below and Hhe constrounts arfe linean and, Herdore,
CAnJeﬁ
Using the dest 1 Hhe appendi ;2;?' 3 - _‘,’SLT—. ) -2) = o
=8 20
Se 7C s concave
= Geomedric Prvammm-‘ng Problem | because +the first constramd can
be welkn as j, (x,,%) = c,ﬂ(x,,x,)+cz Flx,%2) with
¢slse, Pisox and Pyrxy . Sinilarly for He second
constrouint  and e objechve Funchion .
= Frachonal Pfacammm{ng Rroblem, beeause FOx x )= ~Zx2-x% = )

b) with f£(x)= Ax2-xF and Fx)= 1. =0
The KKT Cond:"h—ons are - C) ﬁbﬂ\ 3(q) +(") ) Xﬁxl:/o ) So 4{4) "'(b)
l@) -4x, U, + U sco art a«fvmﬂ"”CQ”j satisfied. let us Wﬂ
b)) "2xz-u, + U =0 Ki,Xq #0. Then 26a) v(h) qive
Ala)  x, (-4x -urdz) =0 — 4y - =
' . o %, H,+H2-o= “2Xy~U,
(5) ;c,_(-sz u, uz,) =_> Xz=zx'

(b) -x-x,+10 %0

4(0') u, (x/+X2”D) =0 ) qives U+, = <

u,=o = 4o s .
(b) u, l=%,-x,t10) =0 1€, U ® 3 satisfies 74.s
5 2 20 ", 20 (aufuallj ”, =C>0 U;: %_’.,,,C w;,kg‘)
7 J 2 v ,
6 o, u 20 (%)= (5, 5) | (wu)=(0, %)
SaBshies all KkT eend)tions , S o
(’(\,,Xz)‘«‘(i_%’ %‘) rs O/f‘-'mq’ .

12-2§



IZ.é’)’~ (a) An ZBU;'JO.IGV\'* nownlinear Fr‘oﬁramm;vxtj Prablem vs !
Mokim 128 ﬁ(\/) = = y,-l—’) -4 (yzrl)l -/é(ys-fl)
S@Iect to- Y, toy, t Ys < 2
Yy T Yy - Y4 272

7/' %0 Yo q,’/o
(L) The KKT Canc)(héms are -

[ (a) ’Z(ql-tl)z—u‘+u.,_ <6
(b)) =% (4 t1) -y, +u, %0
) -6 -u, *ty, £0

< (a) Y (—3(1'+|)Z—ul+qz_) =0

() Y, (-84 tD-u, + uy) =0
(¢) y; l-utu,) O

3(a) Y, + 4z *tY3 "2 €0

B Y de-uy t2 €0

Y (a) u, (%fth,—z) =0

() ugl-y, -4, -yz+2) =0
5 Y Y0 4, %O yz %0
& u, %0 u, %0,

(@) hr x=(2,1,2) we have Y= (1,0,1)

. - 2
@) mmphes =3(A)-dru,z0 ot -u,vu,- 12

2le) implies /b -y, +u,=0 or Ut uy, =,

The KKT Conditions ave not Sa‘h‘s‘-ﬁt'ed bl.1 x=(2,1,2)
12612 (&) Tl KWIKT counalitiouws

le) 6-2x, —L £ 0

2 x,(6-2x-V)= O

[l ) A -3xF ~v o

2 L) % {(T-BxT=-vI)=

3) X 4 Ky €1

“4) u(x‘fx.‘-\) = ]

$-> X, 20 ,K;_?_o

&) U 2o

Ced Lo- CK,, ) = Y, Vz,)
20D = us S
2 LY = u=s 94

So  Cx,,xpd= CYa, Y)Y &S uat optivaet .

o

(e) T € is ecsy to chede tHudt G x,0),0,4)
setitRies e KKT oovoLl""tH,o\n_.L owce o—@ﬁio\
we Lot &~ cowvex pfOQI-w- So Cx y¥) =y, 0

j2-25



12.6-13 WD The KKT (owditions:
lad @=L x,-v £0
2o (%~ Tx, —vdHe=oO
W) 2.-30 0
2L) Xy C2-3uwd=so
led | —2v 20
2e) x3C\-20><9°
3) %, 4+ DRy rUXg €12
4 Ulx tIxa+Ix3 —12)D=0
£) X, 20,x3 20, X320
6) v 20

_(7,,, CX¥a X)) TCe,2,2) 2Ze) = uzT 4
26e) = ouv=T%s3
2> => V=t

sSo C’t,z,z) C o et e o, op‘f;a—.\ solvikon .

by T+ ' 15 ectry Jov cleck ek Cxoxe,yxa 0 )7 (5,255 0,%/5)

setisPies e WKT coeditions joenk 30
Cx yxa, %32 = ("3,5,0) s op-l';v_.—i ¢ w2
e pfoafm i3 CONA VR,

[241) Tlhe ®KT cowditions -
l &) =2 ~uvdl-2x,)Y=20
2Zed) X, (-2 +uvu2Zx,dTo
I ) =M~ ul-YxyH) 2O
2 @) X (-Ixr+udx, TO
I ) ~2%x5 ~ve-2x3) 8O
Zed x3C-2x3 + v2kgy T O
3) X,"f'?-vc,}+x," 2 ~f
4) vl -xr-2Zxr-x3 d=o
$) x,20, X 20, X320
&) veo
For Cx,)®u)X3)® Lty 1) 2e) = u-=

2.%) = us3iq

2 <) =D uv= |

So CX|,X\,"-L\ 3((,|)\§ caamemot Lo °P.fl.i—~o~(

[2.6-15 . KKT csnditions

< ~44 =
'q)-“{*?*zx‘“ €0 j‘; ch Xt ’, 2“)% l'{ 2y =0
29) X, (-4¥p42¥,u) =0 or Us
1B) ~4%q + 2% U £ 0 (X %)=, N, ke satisfies
2b) Xap(-Y¥x,+2¥%,u) =0 all K&T conditiens so (I,0)
?) -X:’-X%-&-RSO is optimal,

¥) u(-¥t-xt+2)=0
$) X,20, % Zo
d yzo

12-26



} o) 32 - 4%,2- Vv, =2v, + O
Zb)x\('}l-Qr" 30.-1Jt3‘°

1 ) $0 ~20 x+ +3ky -Hx, —u.-&u; £0O

2 %) XL($°~10X'_Q-3K; -‘{x - Suadwo
3“) 3K(*’x1‘\'

4oy V(3K +xy,~WITO

I LD ’Z.k.*s’xt_lé

G4 ) Ual2Zx, ¢Sx, —/6) =0O

) XL 20, X0

6) uv,To ;Y2 rO

pOf C¥|)K1)= C‘L,?_) 2-6-.)&6) = U3 U= O
2 6) => U +8U,=-10

=> Cx,,xv) =C2,2) 1y tot °P+iw~l-l .

1271, & 2 - 4 <o VY ix,,x)

oxp}
"%—:‘3‘ =-8 <0 V%, , Re)
ax.’a‘e - XD‘:.I =16 >0 Ve, ,x2)

] —C s $+r'|c+\7 LD W C el

(o) XTQx = 4xT-8x,xyr TX® Hlx,-x D'+ 4xd >0
VOx,,x) ¥ ¢O,0)
= & is positive Aefinite

e) The KWKT wouditions
lon) IS + 4k~ 4%, -V €0
2c) X St Yy —4x, ~ud=0O
Il ) 3O 4+ 4y, ~8xy ~2V €O
26) X (30 +4x, - Tx,~2v)=0o
3Y %X, +2xv €30
“4d Ul (+Lxy=30) 7
$-> X, 20 ; K3 T o
¢y v 2o

I < S @esy ‘+o Vﬂ"«PY ot Cx.,x;,u\:(ll,%:!)

Qﬂ‘isp\u tt.eve oot i tiow s .

(2-27



12732, Cou) The WkT oudition g *
] o) ?-Z_K‘—UQO
2 D X, (8- 2x,~-uVTO
Il ) 4 -2x;, —U %o
2 L) X (4~2x,~ud =0
ID =, ex, €2
%) vix,+xq =2Y=o0
$) x,20, x, a0
6 U 2o

T« s ety +o \/o.ri{?Y et Cx,xy,0) = 2,0, 4)
Satis Qies < - oo ve c—omlif"oou.sskc.u<ql Siwce
*tLis (£ e <Comvex Ploalo\u— c:c,,x;)=(!,o) i cfhmal_

€ The objective Fuuction im vedor wotedion i
Moxivmine €8,ad(ry - L <xuma(a 223G

Hc,.,‘c_g_)-ﬁ.g_ ga,u\ua(c-.d pProbhlec— ig ¢

M;K‘lm‘tle %\ *%L
Subject + 2x, - Y tyz +=, = 8
Zxq “Ye+yz t24 =4
Xk Xy 4 X3 =2

X1 2o, X200, K520
\/,20, Y209, Yya 2o
Zs(zol Zzzo

The complementar ity conshrant is: 1Y, ¥ XYz ¥ X3y, =0

(¢) Bas|Eq| Coefficient of | Right
Var|No| 2| X1 X2 X3 X4 XS X6 X7 X8 | side

]l |

|
Zjoj1 -2 -2 -2 1 1 0 0 0 |-12
o) X6 1] o] 2 0 1 - 0 1 0 0|8
ox72i0] o 2 1 0o -1 0 1 0 |4
X8| 3] 0] 1* 4 0 0 0 0 0 1 ]2
Bas|Eq| Coefficient of | Right

VarlNol 2| X1 X2 X3 X4 X5 x6 x7 x8 | side

I
Zlof1 o o -2 1 1 o o | -8
(nxlio o -2 4« 4 o 4 o . | 4
CoXTl2lol 0 2 1 0 a9 o 1 o | 4
Xtysjof 1+ 1 o o o o o 1 |2



/2‘7’2 . (a) (wnt-) Bas|Eq| Coefficient of | Right
var|No} 2] X1 X2 X3 X6 X5 X6 X7 X8 | side

|
z)o/1] o0 -4 0o -1 2 0 -2 60
(z) w1 110] 0o -2 1A 0 1 0 -2 |4
X7| 2] 6] O A 1 1 -1 1 2 |0
X1 3]0 1 1 0 0 0 0 0 1 ]2
Bas|Eq| Coefficient of ‘ | Right

var|No| 2| X1 X2 X3 X6 X5 X6 X7 X8 | side

[
5 z|lof1f o o o 0o 0 1 1 00
x3110f, © o0 1 -0.5 -0.5 0.5 0.5 -1 |4
x2j 200 © 1 0 0.25-0.25-0.25 0.25 0.5 |0
X130 1 0 0-0.25 0.25 0.25-0.25 0.5 |2

This lorpv-‘des ta ophmal soluhon x,= 2 ,%,0, u=y.

d) L)-sz;:\e Hae Execel Dolver we ?4+ X =2, X3=0

12,73, Cod) Tha o' jective Lovetion
' (k] 40 -1o\(x
Aartmive o sy - g (55, TG

. vecfor vrotation is:

.

Miniine 2 +22
Susject €0 4o x -20x, =Y *Y3+Yqtl =0
—-20 %X, + |OXy Y= H/”‘HY"‘ + =60
Xt Ky v+ X3 e ¢
XK, +4¥x, Xy =13

X, 29, K320, X320, X420,Y,20, f12° Y30, T4 1,20 ti20

.

“Tta enlorced oomple_ et - ("Y e gttt 18
XiY ¥t XeYg ¢ X3 Y3 + XYy = 0O

|2-29



Bas|Eq|
var|No| 2|

1Z3-3  (b)

S N |

I
z | o} 1
) x7| 1] 0]
X8| 2| 0]
X9| 3} 0|
Xe| 4] 0]

©

Bas|Eq]
var|No| Z|

—

(I

z |01
(1) Xt} 1] 0|
x8) 2| 0]
x9] 3| 0|

Xe| 4| 0]

Coefficient of

Right

I
X1 X2 X3 X6 X5 X6 X7 X8 X9  X10 | side
I
I
-20 10 -2 -5 1 1 0 0 0 0 [ -70
40* -20 1 1 -1 0 1 0 0 0 |20
-20 10 1 4 -1 0 1 0 0 | 50
1 1 0 0 0 0 0 0 1 0 |6
1 4 0 0 0 0 0 0 ] 1 118
Coefficient of | Right
X1 X2 X3 X4 x5 X6 X7 X8 X9 X10 | side
I
I
0 0 -1.5 -4.5 0.5 1 0.5 0 0 0 | -60
1 -0.50.025 0.025 -0.03 0 0.025 0 0 0 | 0.5
0 0 1.5 4.5 -0.5 -1 0.5 1 0 0 | 60
0 1.5%-0.03 -0.03 0.025 0 -0.03 0 1 0 | 5.5
0 4.5 -0.03 -0.03 0.025 0 -0.03 0 0 1 117.5

/2-30



/Z,?’?, ( Bas|Eq| Coefficient of | Right
b) Var[No| Z) Xt X2 X3 Xé& X5 X6 X7 X8 X9  X10 | side
(Coﬂtu) N l
o |
2|10]1l 0 0 -1.5 -4.5 0.5 1 0.5 06 0 0 |-60
Xt 1] 0] 1 0 0.017 0.017 -0.02 00.017 00.333 0 | 2.333
(2) X8| 2] 0] 0 0 1.5 4.5 -05 -1 0.5 1 0 0 |60
X2| 3] 6] o 1 -0.02 -0.02 0.017 0 -0.02 0 0.667 0 | 3.667
Xe| 4] 0| 0 0 0.05* 0.05 -0.05 0 0.05 0 -3 1 11
Bas|Eq| Coefficient of | Right
var|No| 2| X1 X2 X3 X4 X5 X6 X7 X8 X9  X10 | side
— -l I
P I
Z| 0] 1] 0 0 0 -3 -1 1 2 0 -9 30 | -30
Xt} 1] 0] 1 0 0 0 0 0 0 0 1.353 -0.34 | 1.993
(3) x8| 2| of 0 0 0 3* 1 -1 -1 1 90 -30 | 30
X2| 3| 0] 0 1 0.003 0.003 -0 0 0.003 0 -0.53 0.4 | 4.067
X3| 4] 0f 0 0 1 1 -1 0 1 0 -60 20 | 20
Bas|Eq| Coefficient of | Right
var|No] Z| X1 X2 X3 X6 X5 X6 X7 X8 X9  X10 | side
S !
[ 11 I
Z ] 0] 1 0 0 0 0 0 0 1 1 0 0o |0
(q) X1] 1] 0} 1 0 0 0 0 0 0 0 1.353 -0.34 | 1.993
X4| 2| 0] 0 0 0 1 0.333 -0.33 -0.33 0.333 3 -10 | 10
x2| 3| 0] 0 1 0.003 0 -0 0.001 0.004 -0 -0.63 0.433 | 4.033
X3} 4} 0f 0 0 1 0 -1.33 0.333 1.333 -0.33 -90 30 |10

This Fro\/fdes the o?hm( solution (—x"‘xl)=(l.qq3/ 4.033)
(w,,uy) = Go ,10)

/Z.?—'-f, a) The KWWT o —ditiaws *
les) Z2-2x,- U €O

2e) X (2a=2Zx,sUD =0

{6) 4¢-Bx, -~V &0

Z ) X (4~3Ixy-0Y TO

3) %, + Xy €2,

4) v Xw‘-hr.-"l.)-'o

S') Xy20 , X200

&) U Zza

re ov plot Hae PO(vs'l's Obteived in (o)

L 2T S (of‘c—H'\j cleec—r tof ov owvre couvo_'bi
“+o o Bous..cto._r\( PO 1wt solvtiow, So X,,X,07 0
=D Cx,,xq,ud= C.%,1.2,.49) satisfies tLe ~bove
Conditions . So Cx,,x¥= C.8,(.2) is °P+"m“'

12-3



[234.b) Mimimite z) + e

sobject ta 2z %y ‘Y| +Ya +2, T 2
3K1 ——Y.L‘y‘: +zt‘q
K,*X;#x; :z

X 20, %320, ¥ 30, Yy, 20) Y12 0O,Yy328,7,20, 3o

Tue eulo-ced cOompleanenbr ity Coumstrajat s
XY+t XYy +X3Y3 =O

C)-(’OV X,=.% ,%,= [ & U=Y,e.q

Ao p‘lrs‘f' c,ov\l*-f-.(-.d’ e Oty —7‘+1_'g o
ity secdond congtrai-t Gecowmes —Ya 4220
4t +h'.ral comgtromint becowmes X3= O

ok hevwce ‘e w“*p(e.ww*o.fiJ'-\/ €O Azt it
be coves .%Y‘+.|.‘2_Y1= © , #vt y,20° € ye20°
$ Y\ =° ) Y1=

Se =z, =22=0 => 2=« O

Thes C-%,\-2>= Cryyxye) ‘S OP+(W6~|

d) Bas|Eq| Coefficient of | Right
variNo[ 2] X1 X2 X3 X4 X5 X6 X7 X8 |side

— Il

|
2011 -2 -3 -2 1 1 0 0 0 | -6
(o) x6] 1] 0] 2 0 1 -1 0 1 0 o |2
x71 210 © * 1 o -1 0 1 0 |4
x8] 3} 0] 1 1 0 0 0 0 0 1 ]2
Bas|Eq| Coefficient of | Right

variNo| 2| X1 X2 X3 X6 X5 X6 X7 X8 | side

I
2001 -2 0 -1 1 o o0 1 0| -2
(1) x6] 1jo] 2 0 1 -1 0 1 0o 0 |2
x2| 2] 0] 0 1 0.333 0 -0.33 0 0.333 o | 1.333
x8] 3) 0] 1% 0 -0.33 00.333 0 -0.33 1 ] 0.667
Bas|Eq| Coefficient of | Right

var|No| 2] Xi X2 X3 X6 X5 X6 X7 X8 | side

z|0]1] © 0-1.67 10.667 0033 2 | -0.67
(z) Xt 110l 0 0167 ot -0.67  10.667 -2 | 0.667
x2| 210/, © 1033 0-033 0033 0 |1.33
x130f 1 0-0.33 ©00.333 0-033 1 |0.667

l12-322



,2 -4 d)(lbn‘f') Bas |Eq| Coefficient of | Right
var|No| Z| X1 X2 X3 X& X5 X6 X7 X8 | side

2|01 o 0 o o O 1 1 0 |0
(3) x3110f o 0O 1 -0.6 -0.4 0.6 0.6 -1.2 | 0.4

x2| 20 O 1 0 0.2 -0.2 -0.2 0.2 0.4 |12

x1]310f 1 0 0o -0.2 0.2 0.2 -0.2 0.6 |0.8

This f:mv/'des the gphmal soluthion (X ,xz) - (0.9,1.2)

w = o.4

Q") Using The Excel Solver we ?d' x,=08, Xz=42

1235, a) The KKT conditions:
(o) 126 -~18x, —v, =393y §©O
20 x.C(zr.-l%x.—a.—’su,):o
1) 2 = 26X -2 uUa~ 2uy ¢ o
2> X\(\{’-“‘l‘&;_‘lug-2033=o
o) %, &4
4o U %, -4 =0
I b)Y Axy (2
4 ) U {Uxg - 12) = O
Ded Ixi+2%x+ 1%
4ed) U3l3x,+2xy-I18IT O

I s ey o ver'vF 'Hn.;l' ("u?‘t,‘-’v)"n\’;\‘@(s,s,OJo,u)
50-* {SP{QS H. o bove V\A;{"lOkS 7 y ("‘QHC-Q,
(K,,yt)z(‘/j,f) s oP‘LtMc—(.

b) Mintwmir e 2,12,
svsject to \1Xx, - Y +Ys 43ys 20 TRL
26 %, - 42y, 42 .
X 4% L L
Loxq 4 Xy =4
3x,+2xy 4Xg ‘:::

X 2O s, 3
¢ bR f ,S' Y‘:IO ot',...,f ,-(1°I-Ll-1°

12->3



[Z7-5 ¢)

for

+Hie
e
+

e gec o
AW umelemw-vY

Girk

V(3

covmstraiat = Xge&=0

L*I-a,f,7—63 =Cx,)Xy,03) = k"‘n""r.yg)

condtreinut = ¥Xa =
ourtin couwttraiat = X4 = 2o

-P'.c-!'\

Piest constraint = ya-N1+ ) = ©

coustrajumt =D 2yy Yo t2Zx=°

conftraint =5 Usy,+Sy tByzd Ly =©

Seo wog—ueﬁa‘fivih’ = y‘z\/.‘:\/zan-:o

= 2.=24

= O

=> (8/3,8) =(x,xe) U

j23-6 6)£ b)

Minimum acceptable expected return = 13

Amount Per Block

°P+;w~¢— {

Minimum acceptable expected return = 14

Right-Hand Amount Per Block Right-Haad
Factor Stock 1 Stock 2 Totals Side Factor Stock 1 Stock 2 Totals Side
Budget 20 30 50 50 Budget 20 30 50 50
Expected Return 5 10 13.00 13 Expected Return 5 10 1400 14
Risk 4 100 25.56 Risk 4 100 51.04
Solution 22 0.2 Solution 16 0.6
Joint Risk Stock 1 Stock 2 Joint Risk Stock 1 Stock 2
Stock 1 5 Stock 1 5
Stock 2 Stock 2
Minimum acceptable expected return = 16
Minimum acceptable expected return = 15
Amount Per Block Right-Hand Amount Per Block Right-Haad
Factor Stock 1 Stock 2 Totals Side Factor Stock 1 Stock 2 Totals Sicé
Budget 20 30 50 50 Budget 20 30 50 50
Expected Return 5 10 16.00 15 Expected Return 5 10 16.00 16
Risk 4 100 109.00 Risk 4 100 199.44
Solution 1.0 1.0 Solution 04 14
Joint Risk Stock 1 Stock 2 Joint Risk Stock 1 Stock 2
Stock 1 5 Stock 1 5
Stock 2 Stock 2
<)
g | o po | p-io
13 5.06 7.94 -2.18
14 7.14 6.86 -7.42
15 10.44 4.56 -16.32
16 14.12 1.88 -26.36

[2-34¢



J248-1

a) The profit graph for product 1 is shown below:
Profit () A

5400 — —

e
fe.

.

B >
15
Production of product 1

The profit graph for product 2 is shown below:

Profit (Sf

720~ — —

4800 —

|
|
B I
I
|
l

{1
20 40
Production of product 2

| |

( Lom“))
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128.1 (ont '°>
o)

The profit graph for product 3 is shown below:

Profit ($)‘

6000—

4500

|
11 -

10 15
Production of product 3

5) Mox (mt# 360X, +d0X 3+ 150 X2, +120%, 90)(154-‘\50)(3‘4-300:(32“80)(33
3xy 43xix + 2%, *2xn +2XLy € 200
X+ Xy +X3) + K3z +X32¢ 70
o"‘n‘s\S', O¢ X
O¢ X3¢ 20,08 %y £20,
OS.Xg\i(O, O&x;z‘.S')

Xe3

(=]
o X33

s
<
where X (2X3d Xz ) K22 Kg s XagtXay & Xgz Xy s X ¥ Xaq

A Salving autrmatically by #e Simylex Method

Optimal Solution

Value of the
Objective Function: Z = 18000

Variable Value
X1 (Xu) 15
§2 (¥w) 28

3 (%))
X (e 0
X5 X13) 0
X6 ( X3 10
X7 (¥n) 5
Xg  (Ya3) 10

lonTD)

tz2-36



12.3" c.) couf‘D)
T Jeoms of He ortginal Varfab/ejl we heve
X132 XXy = IS s X2 T Xt Xy +Xyy T 20, X33 X34 X5, 4%, = 2S .
d) The restrichon on Propu} From FK‘OJM-CtS L and 2 can pe modeled
b‘/ oAd.k\g Hhe ,@Ilowmg onstraint +o the lieor ?roaMm m part &)
360X, 30X + 240 X3, +120 X2 + Q0X,3 > 3000
€) The Smalex Methsd gives e optma/ s, lattan s

Value of the
Objective Function: z = 18000

‘_/Qriable Value
X1 15 .
% ° shatthe ptmal hasn'h chouy
X3 20 Nk o
X 0 “Ths is iecausez sFill [s Rasible
}}:2 18 Wit Hhe new coashralni.
y > (se. 360 X,, ¥ 30X, ¥240X, 1 2o X2 +
Xg 10

+50st 210290 )9000 ]
Tn terms ot 1% t’ﬂ'gﬁm/ V‘arfqélfsl

we (still) have
Y215, X220, X325

8-7 a) Tle KKT <oudifious :

IZ ) |°~) q-—zx.‘—u.-SVz SO
2 Q) x‘cq-j"l‘—ul-g"L>=o
) & T4Ky - 30,-2v 0
25) x..(ﬁ"‘\‘xz-zu,-?.ul):o
2e) x4+ Iy <8
4e) O,0x, 4qxa=g) =0
D) Sx, + 2Lxq €14
4 0) O LEK +2xy —14d) = o
5) X 1o , x 2O
€) v,2z0 ,v,ro0

2 3
Tt is eesy Yo Vc»i‘\y thet XXy, 0,002 (5, 2,00
Scrtisfies He abeve C«ono’-;fl'ogg’k_‘L_‘O
CK.,K‘)=<%T) }i is °)°+"“"“~'wi+k - = .5¢

(2-37



12.8-1
b

Profit data for doors when marketing costs are considered:

3,000 power saws and 7,000 power drills should be produced in November.

Production | Gross Marketing Incremental
Rate Profit Cost Net Profit Net Profit
0 0 0 0 —
1 $400 $100 $300 $300
2 $800 S800 $0 -$300
3 $1200 $2700 -$1900 -$1900
D 4D D’ 4D - D’
Profit data for windows when marketing costs are considered:
Production | Gross Marketing Incremental
Rate Profit Cost Net Profit Net Profit
0 0 0 0 —
1 $600 $200 $400 $400
2 $1200 $800 $400 $0
3 $1800 $1800 0 -$400
w 6w 2W? 6W-2W?

c) The profit graphs for doors and windows are shown below:

Weekly
Profit
$

300

A

Weekly
Profit
6))

Production rate{for doors

r2-38

400

%

Production rate for windows



12.8-1

d? Let % =%+ %0+ , Xa X+ Xy o X23 '4,(\!,): “W‘Y," £o00,)26%q-2%2
£00)=0 ,F,(D= 3, flV<0 ,£,(%)~-15
frly=o, £tz H, £,(2)c4, £2.(7)= o
= 3-0 _ s O~
s.. "-o 3 J 5'1 - z-“; - -3/ 5‘3 = "IS

S = -
u “ ; Sz < e, S‘L}: -4

The q'ofﬂY.mqf'f hrear ffasfdnm,’v\j el is:
Maximiz¢ 3)(.,-‘3)(,2 ~ IS Xu3 + 4 Xq, ~ Y Xpa
subject 3y, hy L 4 i3 + 3Xey + 3Xyp +3INzy <8
S¥Xn +5Y,, +SW3 + Xy + 22Xy +2X 3 £ 1Y
Of\‘;s <) &~ €=1,2 gad Js ,2,3
e) The Siplex Method gives He solution:

Value of the
Objective Function: 2 = 7

Variable Value
X1 (%) 1 X = Yot Xt Xr, T |
X2 (¥%2) 0 of -
X3 (%.‘: 0 POIAR S YRR (152 8% !
X4 (¥ 1
;{5 (¥n2) 8 (alss X172 glves opfima
& (¥ objeetive value 2= )
&z’=0 = XG:O Calso X“‘—"-O = Y17’=° Since X,,#O
3220 =D Xy3°0 XS0 D XS0 siace ¥ #o )
Hma |
So 3peclal resiriciion for He mosel s satisHed . /‘P

The a/,raiimmk solaBon is \%}r/ﬁ close: (',I) orl(l2) = (1;155, ,S)
v 2 is clese .,

(2-39



128-3

a) The profit graph for power saws is shown below:

Monthly A
Profit ($000)

550— — — —
450[— —

| I
3
Production rate for power saws (000s)

|
|
|
.
5
The profit graph for power drills is shown below:

Monthly %
Profit ($3000)

T — — — — — —

00— — — —

l
|
|
l
|
l

>

5 8
Production rate for power drills (000s)

“‘) MAaX izl 150X, +So X, + loo X, + 35X

subjeet 1o
) oS Xy 300 5 0¢ X,y {000

0$%;, {5000 ; 0£ %372 {3000
)(“.‘-x‘z.‘- Xy, + xzz £ 10,000

2.X,,#2X A4 Xy * X2y 15,000

(2-40



12 8-

c)
Resource Usage Per Unit of Each Activity
Power Saws Power Saws Power Drills  Power Drills Resource
Resource Regular Overtime Regular Overtime Totals Available
power supplies 1 1 1 1 10000 < 10000
gear assemblies 2 2 1 1 13000 < 15000
Unit Profit {$::1,100,0007
Solution
Maximum
12 8-4

(a') Ld ¢l s ¢:/+1/z+xl3 ) "zz “xz('*‘xzz*'xz; ’ F,(’x,) = 321,'1,.’ ﬁhJ

falmy= Sox, ~l0x; +x} - %),
We will have s, 7 31 527 17, si3 - -33, 59, =90, 522512 and Sz-s:"s%.

n
The am:f‘o'x/'mdk [inear Fmg,mmmfmz model rs:

Maximize 3%, +17x,, "33 %3 0z, + 12%,, ~ ¥,
subject o8 3y, + 3y, ¢ 3% 1727.: T Kpp t%z3 <1
Qxy  + 2%,y 42X, +52, “5uy, t5 %2 =16

o £ ;z'_.jS; for (71,2 and {7 1,2,3.

b) e autvmatic routiat (Simplex metbes) gives fhe sola#'sn:

Value of the
Objective Function: Z = 100

Variable Value
X1 ( Xn) 1
X2 (¥%n) 1
X3 (¥i) 0
X () 1
X5 (¥X22) 1
X6 ( ¥23) 0

-In derms of the odﬁ,’n‘[ Vqrtqbksl we hqve !
Xi2 Xt Xp+ X322, Xp= X ¢ X22#Xe3 =R

12-4}



128-5

Let Plx,) e SX, Oex,¢2

24""Y, 2_*)("5"
124 %x, §s°s X,

'ct()ﬁ)‘ “ X O&x‘gz
9+ xq 3t xy¢4

So Mouxivmine P Uxi D38 (xD

subject o Ix, +Txy &S

2ax, - x,. $10O

X % = 4

7‘.20,3110

Possibly ), +he L:(x)) cre piecewise ~liunew ofPorismtios
OC. +true obd’gv“"vﬁ #\JM'_*('OV\-

IZog‘é
Q) Assvane thed it He Optivmel selublon of +lw
’;n‘k’ ere e ChRare exists oA Ki‘ ’\.d.q ‘f’k&{; X.\’;<U.:"
el xiguy >O Create o« new 3olutiown wt“‘*@"i;"‘"‘Mi“:i,'-;‘-u;‘h&
1) . ’ - T \
xga,n-.mo..gto,x,;-" X;,(-J,“-u;;},‘fk,s s otution s ,e;._ c’ le sjuce
e o&i‘s cra el livewr oa~d ng+xu.‘-,,>=x;,-+x;(3,,s.

/ R 4 ., . .y & .. .
B ot SL‘ K;, + s((:!¢| )-x\'(s¢|) = is‘écxtg’ X 15-\)j X K':“-'_\)fu':‘
513083-0- S{(3,|)(K‘j+ r(.(jf.)-u(.j) 0«‘""0'5&.
Cle“"’(\{ ) Sy Cxegt ""(J«)a)) 2SRt s<'(4'n)x('{"',.))
stvce SCy 2 Si(ier)d

Furtor wore , (5"5‘5;(5“))U¢‘4’ > (5{3"5{(““)&3 -prow\ X § €0
TP SiiUy + Sian(re -0 Y > s X
) => sigYip+ s:c;,o(xa,i*xicgoo-"i;)’Se,"v_;*’:q,.fc'(_;m
So S‘ » .o S o .’ . . R
¢iXey ¢ ) ‘f”')x‘(i-&u > Seakeg P S X CGaiy
‘TL\JS, Hea or.,_&.-...J solution ey o op'fiu—a‘l_

) Make €ha Scrme c-Ssvwplions a3 cbove ok
cConit, vt x ! 8ro o 254 LS cS%ove . For +Ha Lauee-

ap‘oroxiw“'e— of H we Will L"‘“‘"’"'°*in£_5*“i(&.,";q,‘\'"ﬂ'(
with e € Alicie) simce { was Convex. Twus & cen
be zsthowe &b . &M%‘ysb‘ e ove ,{-‘ we -reversa
4 ’n—\e_f.a.s(.'flu 1o Ha “(p,-opfig_& p(age.::
4 / )
aiixij

T OONG e Ky <SG R t ONicge) Ricgery

Se X' is Lecsille. Fourtter, S5y «Love
.. /. ., . A . .

Bl R TS5 e 1y KeCirrd 2 S R A Sicier X

C.civl\
So x ) e~ M+ Off-.lv\—\—h—i.

/z-%z



1283

Le€ P Cx,y = 15 x, O% x, < zowo
ZS ", - 29,000 2000 =% x,

p(x)y =§lex O <€ Ky « /000
24 %, ~300D /o000 & x,

The (WV‘"CV\QM) pfo'b’““‘“wu-\a&. f’obl‘m is
MoKitmiriz e 2R, X

svbject +o P(n )+ Patxy) = co0,000
x, € 3ococo
Xa € /500
X, 290 . x.20

(a) Let ¥ R xio Aewote rc,%.ulw o~ overti. .
P/ool.uq.‘f‘oh o.A' rlvvv-l* . Thae P (s

Me»-x)vv\n.e, - T x‘+>< + Ks*"z

S\JSJ Q.t‘i t+o lS)(t-f'fo +16x3-07.‘{g° £ {0,000
S'Z.OOQ
*s 1000
.:Fslooa
X < SO0
xR zo0,x°20, xR 20, x-f“z,o

K
K
X

/b) Si\ﬂke OVQ/*\WQ .Of-oa(v’dl O s MOO“.G-
oos«l»(,\., +homm re vle- f-\w‘7 “+a o‘c Q.Jllvo_ (5]

X1 tra Ui +—o+~\ Productivn +luae w,u Lores
;{,‘: ':2}3\(1 ~l-\vv\o.. +to bLe hJSQJ Lirst,
:zs

(-] Jech\/{- ;\Lﬂ(’("loﬂ (\S hn(&r ahd ) f“\cfekre' ¢onca|/€‘

2

P z
‘—;:l‘) -; _(Ej. ): LI.O—OQSOZO Se Frowm Ha test iy the
oz, dx; d2,3%,

&PPeMAix g;(x,,:(z) I's convex, S-M.la.rly
379

2
- k3
daxr 3l 23z ) = 2-0-0 =0*0 So g,fﬁ,_xl) s also convey,

éﬂ ' é‘l;_

[2-43



12.8-8

(b) Let ‘x" = 1" + 1,2 1'%,3 . Fr‘om conS'fT‘al;# i we khqu 2z xlz <3
o x, = E&" 2,55, therefore, 44513\(7 'mkyer' breakfoh’ir will r‘ezwﬁi
3 lhnear f,.'eces_ Let g"(x,) =d L7 ’ 3»:1. (x,)=x, ) 32:(7‘1)’2," and gzz(x:.)’xz
C:nf‘h‘a.l;l'} i z 3-.(7‘:) + %n(x?) and Corstramt 2 = 31'(7") *%z"(x‘)

3-:‘0):0 ’ 311(’)’2 4 311(2):8/ g,0327 %, 32'(0):0 'ﬁz"”"/ Ju (D27

av\J 31'(3) :9. 9.9
2-0 s,,° 22.6 5.2 =50
Let 5,, z 7’_“0 s 2 72 241 3 -z
9-
l-0 . ‘/’I 2 — =
51’ - o = 521— Z—-_l :3 513 7- 5

The fo’r‘a‘x/r;!ak /inear Pfagmm 65
Maximize 5z, + 5%, t5x  +z,
SuLJ.cr.t: fo! ax, + 4,—,(,2 * Jox +x, & 13
Xy *3w, +5X'3+Xz <9
o=x, 2| Osxlzgl X3 20 Xz 20,

We could have 0<%, ¢/ but the constrants Will enforce the

bound.

u.ffer wn

(c) Bas|Eq| Coefficient of | Right
Var|No| 2| x1 X2 X3 X4 X5 X6 X7 X8 | side

— 1

l
Zpop1p 00 0 0 0 1 4 2 |15
3010 0o o 1 0 0.2 -0.2 -0.2 -0.6 |0
XeJ 210 0 o o t -1 2 0 o0 |s
X1 31 0] 1 © 6 0o o 0 1 o |1
X2 4] 0] 0 1 6 0o 0o 0o o 1 |1

In Jerms of He original variables ,#'e Whimal splytion o Hhe appoXximate
poblem 7s: X =X, AXp* Ky = (402 2
X225
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128-7 @Y het X,2 Kyt Rzt Ry | X2 Koyt Xpp+ Ky
' 4 (3"% 12 %2 oco)
obj: 5‘.(%.)-' 32X,-%, axr° T v= f concqre
fulkdz ¥%- X (o g <o)
§,0Y= 0, £,(1V=31, 4, (3= 43, £,($)=15
f200)=0,£2.(N=3 £ (D=1, £,(3)=3

5°r Su = %‘,:;’/ Sn1%, Sy = -33

0t 3, Sz /gz;"',.‘_ 2
Coastratats: Gu¥))= X; ) 3,;(}(,):1(: (%‘2‘2"’ %‘3-’1!':2 >0 ) coavex)

a,,(o}:o, 3,.(1):[' 9,,(;): q, S0 (=9 :

Qi l2)20, qualN=(, qi2(2)=¥, 9ie(8)= 9

e L SR RS B

tusl, 3323, t33°5

e apntimate Imear preqram js:
k rl:qximiee 3%, + qu‘ X~ 33Ny F 3¥a F X2~ Xy

subject o X + 3% + S Xey + Xz + 3Xe2t 5Xan 27
Xy20, X320, Kz 20, X3, 20,%X4,20,X,3>0
Ru s, Xl ,(Xiy 21), Xoy &1, Xpa £1,(Xag £1)

b) The Simplex Method qgives e solution

Value of the
Objective Function: Z = 52

Variable Value
Xl Yu) 1
X2 (*ll) 1
X3 (YY) 0
X4 (%) 1
X5 ( x13) 1
X6  (Xz3) 0

I terms 4L He origiaal Variables we haye
X2 X+ ¥ f X322 ; X2 7%+ Agp # Xz3 = 2,

) The KKT conditions:

la) 32-94x%-2%u <o From (%), %,» 22X, => ¢=0
2 a) X,(32-4%X}-2X,u) =0 These values satisfy ]

1 8) 4-2%7-2%,u So of +he KRT condiBons
ALY Rp(Y-ax%,-2X,u) =0 Se He solutson o 14¢€ llneor
3D X+ xt-9ce agproXimation I jn ﬁ?c.,f.,

4) “(x}*"t’"”) = o 7he optimal 12 the onjmql
S) X,2e, Xy 20 problem

& uzo

(2-45



[2.8~10 a) £(¥)= £ (\(;)""P?,/Xz)
‘F| (") < 3xl’l~xl3
$1l%7 SHE=-¥%3
Tt
SR T em N & >0 g osw, <

! . S
2 L 1p-6%y &— o if 0%y <F
243
Neither £, nor -P,_ are concave (we ""/3 need 10 Show one of

Hese are not coacave)/ so F(x) s not concave .
bYLet x =%, *Xt X3+,

X%+ X2
S~ o0, (0= 2, £,(2)=4, £,3)c 0, Fl4)=-1¢
frlo) = °, 'F‘x.(’)= 4, £(2) =12

- 2‘0— _q‘-7- - -
50: S,"-‘—:_"o-'ll S‘,L-...L—’-‘—czlsr;s "/) Sllf"/‘

SL' = "I ) szl -4 3

We need special restricetions
&) %a =0 £ X<l &) M=o i X, <

) X320 Jf ¥ <l

w) Yy 20 TF W34

Since S, P Sy P Siy , @i) and lile) are autgmah cq/lj sals fed
Y on o/f}m}}inj_
The appn Ximatt B1p Lemulaton 15!
Mayimize 2%, +2¥% 12~ ¥y 1Ky + 4 %oy + 3 X oy
Snéjed-/o : Mu+ ¥ + %3 + Xy + 2%, + Ay = 4
“Xn+ ¥z 20

- X2 + X2 =<0

Xij b;»wj Gi3)= (L0, (2,2)
c) The solution (53 BIP aulsmaRe routine ) s :

X20,%2=0, %379, X4 S0, %351, ¥a.=1 ad =12
Tn terms oA he original variables, we have
Xy skt ¥t X3+ ¥y 50, Xq= Xoy# X2y =2
(B altermate solation (s X222, X2l which
also qives He aprimal objectivt value Z= /2 )

(2746



129 vhtn k) =(357 , -2%2)
v$(°,°)= ('l 0)

$olvi43! may ¥,
S'.t. X‘+ZXL$3 :‘> *‘=3'Xz3«0

20, %Xp20
19, Ly X(Oa (0,0)‘f‘ t(3,0)

£%21 (B9 jncreases with ¢)
X2 (3,0) (e solution bound in 13,6-¢ (b))

224 ike: 3D = (%, 0)
Solving Lt: max ¥,

S8 N2, &3 = X,=3, X2=0
%, 20, X Z0
(] 4 X‘;)c (‘;,o)_}.t(o’o)

So X=(3,2) |5 optimal



]2.9-2.

x | x(k-1) | < | <2 | xpp (k) | ¢ | x(k)

1 ( 0, 0) -6 | -3 l ( 1, 0) | 1 | ( 1, 0)
2 | 1, 0) -4 -3 1« 1, 0) 1e-8 | ( 1, 0)
Final solution: 1, 0).

VRN, , ¥ = (2%~ 6, 3% =3)
bat siace Y, 21 ,%, 21 Csince X+¥X2 €, Y., Z0,X; Z0)

2% -6 < 3x2-3 (2%,~6 £ -4 <=3 %383
So the rcsulﬁv\j LP will be of Hhe farm
Mia C.X,+C~,_X-,_ C‘ <CZ

Ot'
L4 X+ %o £) = (1,0) will always be 75e
Y, 20, %, 20 optimal solatien .

‘)- () »,
X = C‘Ai’,x‘,’)+t(1~x‘,”,-x{")
sé a'l' € = | J xﬂ,_ { I,O)")“‘C 6/*')»\4/

12,9- 3,
k I x(k-1) l c1 I c2 I c3 I xpp (k) t* x (k)
1 |( 0, 0, O)|8 |2 |l |( 12, 0, O)|0.33|( 4, 0, 0)
2 ( 4, 0, 0)10 2 1 ( 0, 4, 0)10.25] ¢ 3, 1, 0)
Final solution: ( 3, 1, 0).
12.9-4
k x(k-1) c1 c2 Xp,p (k) t* x(k)
1 ( 5, 5) 15 10 ( 30, 0) 0.088 (7.196,4.561)
2 (7.196,4.561) 4.459 22.3 ( 0, 15) 0.119 (6.337,5.807)
3 (6.337,5.807) 12.88 8.89 ( 30, 0) 0.07 (7.996, 5.4)
4 (7.996, 5.4) 4.615 18.79 ( 0, 15) 0.089 (7.283,6.256)
5 (7.283,6.256) 10.89 9.082 ( 30, 0) 0.054 (8.514,5.917)
6 (8.514,5.917) 4.611 16.72 ( 0, 15) 0.072 (7.903,6.569)
7 (7.903,6.569) 9.666 9.056 ( 30, 0) 0.045 (8.887,6.277)

Final solution: (8.8866, 6.277).

1z-y4§



12, 9-5

b)

k x(k-1) c] c2 pr(k) e x(k)

1 ( 0, 0) 2 3 ( 0, 2) 0.75 ( 0, 1.5)
2 ( 0, 1.5) 2 0 ( 2, 0) 0.32 ( 0.64, 1.02)
3 ( 0.64, 1.02) 0.72 0.96 ( 0, 2) 0.175 (0.528,1.192)
4 (0.528,1.192) 0.944 0.617 ( 2, 0) 0.092 (0.663,1.082)
5 (0.663,1.082) 0.674 0.835 ( 0, 2) 0.126 (0.579,1.198)
6 (0.579,1.198) 0.842 0.603 { 2, 0) 0.068 (0.676,1.117)

Final solution: ( 0.676,1.1166).

1.1174

approXimation = (0.8,12)
¥ of optimal

1249



[2.9~b .

k | x(k-1) | c1 | ez | xp,p (k) | e | x (k)

( 0, 0) 32 50

1 3, 2) 0.729 (2.188,1.458)
2 (2.188,1.458) -9.87 14.81

3

4

0, 3.2) 0.131 (1.902,1.686)
3, 2) 0.111 (2.024,1.721)
0, 3.2) 0.028 (1.966,1.763)

(1.902,1.686) 4.499 5.634
(2.024,1.721) -1.15 4.078

Final solution: (1.9662,1.7629).

'an" ?
kK| xket | et | oe2 | oxupitk |t | X~k
_ | | | |
71 o0, o 4| 30[¢ 3 0]o0s6] 08, 0
2] (1.847, 0y | 0.001 | 35.56 | ¢ 0, 2) | 0.406 | (1.097,0.812)
- k XAk-1) | €1 | e Xie1rk |t | X~k
129-8. ¢ | | | |
0.25, 0.25) | 2.813 | 3. 0, B] 1]¢ o D

(
(¢ 1, 0y ] 0.333 | (0.333,0.667)
(

( 5
¢ o, V]| 3] 2
( 7 1, 0) | 0.001 | (0.334,0.666)

0.333,0.667) | 2.667 | 2.66

() The KRKRT couwditions:
le) B ~-2xT - U =0
2e) X, (3 -rFr=-Ud=o0
() 4-2Zxy -~V SO
2) X (4 =-—2Kr=VUDd=0O
3) x,+%x> =)
4Y) Ulr, +Xqp=L) TO
£) ¥, 20, X220
6) w=zo

T+ s ees to ver; ok (xp,xe ,0)= 5% #5)
Se~t i sPras H—Q)J coneditions, so (x,,x;\e(‘/j,‘(‘:), He

e;}—,ma#ed Solution Hom ﬁart(g), I's Ofﬁ;na‘ .

12-50



12,9-9. &)

kl x(k-1) l c1 | cy l xp,p (k) | t* | x (k)

.541 (0.906,0.229)
.148 (0.771,0.566)
.216 (0.875,0.444)
.076 (0.808,0.601)

1 ( 0.5, 0.5) 3.5 1 ( 1.25, 0)
2 (0.906,0.229) 1.027 1.541 ( 0, 2.5)
3 (0.771,0.566) 2.164 0.867 ( 1.25, 0)
4 (0.875,0.444) 1.323 1.112 ( 0, 2.5)

e NeoNeNo)

Final solution: (0.8079,0.6011).

b) X2 /\

0.6014

(&) The KKT conditions:
o) 4 =4 %3 -4y <o
20\) chq—‘fx,?‘ ?u\:g
1~$) 2L -2 X2 ~2v <0
26) Xa(2-2xq =20) 0
3 4, +x, ¢ 5
«) ul<‘4)<($'2)(1 ~-S)~ o

$> X, =20 X 13)
&3 U's o ' K 2

_‘_.
SAreC s isliled v _Cxoxa, UD=(3939,. 131, 5137)
o Cxyyxyd~ C§93¢4  2121) s ept el .

)2-5%1/



129-10 @) p(x ;r)= 3X,+¥Xa- Xy -%q - r[' X,-Xz+il;+;<!;.

")vl"(:s;r)’[3 xpar [ )
H-2R ”[(:—%nc.) ..L]

> vP(G.4);1) =[“f12-]

153
X'+ tvP(X51) = (—'-+1q-lt,-{,-+l§%f)

¢¥ 2 0.004606
Mew X'=2 (0.3479,0,3524)

¢) k l r | X1 | Xy | £ (X)
0 0.25 0.25 | 1.672
1 1| 0.343 | 0.357 2.29
2 0.01 | 0.322 | 0.619 | 3.023
3 0.0001 | 0.331 | 0.663 | 3.169

d) e true solution ;s é'-;'::-) . The percentege error

| %3311 0,707
b

X’L I‘S 117’3 ",“3‘ - 0.55‘2

€Y

£6) s 1_?_{'%3,1,“” =0.51%
3

z?
g% . i I
124-11 « & p(x;r)= 4%, =%y + 3% Rs rl_s—&/x,—zxt * m+"=]

b) VP(x;r)= 4-4%) + "[(;-qvx.-u.)‘ * "%‘]

2- ke S 1y
At r[(s ax,-2x%,)t ]

= VP((zn. l\) = [:i]

'+ VP’ ()= (4+68¢E, 4142 )

*
€7 = 0.0314%
NMew %’ =(o,7osslo,wzs)

X, is

)2-52



12.9-11 €) X r X1 X2 £ (X)
0 0.5 0.5 | 2.688
1 1] 0.669 | 0.716 | 3.395
2 0.01 | 0.871 | 0.671 | 3.801
3 0.0001 | 0.891 | 0.708 | 3.849
4 0.000001 | 0.894 | 0.712 | 3.854

12_?"’2-» Q) p(!;f‘) = -X,“- lxlz ‘Q%,Xz"‘/)(:

- 43, %, - I’ T S
b) V P(}_ ; Ioo): (] ‘I (] 2%1 + IOO (Zx“xt".)‘ + (‘r‘z‘z-")g

=%, - 8%, + (6o [—L'“

+ T —————————
(BX %) T (Y a2k e)*

= VP((59);100) = [:;5;'1]

X'+t vP(xyin) = (s-s542, 5-34¢ )

t*=0003539
Mew X' = (3,182, 4,8802)

<) k r X1 X2 £(X)
0 5 5 | -825
1 100 | 2.725 | 6.072 | -251
2 1] 2.587 | 4.976 | -183
3 0.01 | 2.562 | 4.891 | -177
4 0.0001 | 2.557 | 4.888 | -17¢

Mote -fl\wl- because o€ minlmigation , wt converted

Mia £{x) 4  Max =F(x)
Also, g(x) = b

becomes

- 5()() <-b

12-53

]

(]
+
-r [l*."x;’l‘

2

K (42K ~10

+ 4L, 4L
xl *Xa

+ A
Xy

+ L

X3



129713, ¢ The KKT couditions: (&2
les) Xy =2u,%, €O
20) X Xqy=2ux, Y20
lb) X -‘U. <O
2h) x-tLK.-— v d)=0
3) ¥z+x~, £33
‘(‘) Q.(K, *"Kx‘:)_':o
5) x,20,%,20
&) u, 2o

(x, K ) = ¢ty) sod-'ts*-ies
Hese Wity vz,

1291 @) P(xr) = -2%,~ (%N - r (35 + 5
b) f(x;r) = -2 +(-C-*z =6 = X,’E*%

&X, xt"’)
3’
M=~2K2+é+,ﬁ_z=o éxz: .5-4-3
7 3x";o?_l :A‘;:;__?" NO"‘( (*lez) _>(;, 3)
¢ R 3
lo°t 3.0767 31210 as r->0  so
lo-¢ 4,000 30077 o ptimal
€) x| LN T O A 2 1)
I I !
| 4 | 4 | -9

0.01 | 3.07 | 3.179 | -6.172
0.0001 | 3.007 | 3.056 | -6.017
0.000001 | 3.001 | 3.011 | -6.002

bul\)-ao

—I
I
I 1] 3.707 | 3.794 | -8.044
I
|
|

[1Z-5¢



12.9-15 P&y SR L K= XA XKy — iy

k l r | X1 | X l £ (X)
0 1 1 -3
1 1| -0.18 | 0.638 | -1.01
2 0.01 | -0.46 | 0.079 | 0.127
3 0.0001 | -0.5 | 0.008 | 0.238

1
12.9-1b  POesmdzzrie3m—xt-xdo r(giem, vt E)

k r X1 X2 £(X)
0 0.5 0.5 2
1 1 0.649 0.781 2.61
2 0.01 0.691 1.184 3.055
3 0.0001 0.743 1.243 3.118
4 0.000001 0.749 1.249 3.124

\ l

{
[2.4-1F PLryrY= 6% -9e4li2x, -3 "'(""“q-x, + Gt WS

k r X1 X2 f(X)
0 2 3 645
1 100 2.292 4.523 798.8
2 1 2.62 4.972 851.9
3 0.01 2.661 4.999 856.5
4 0.0001 2.665 5.002 856.9

1255
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12,4 “1P() Plxye) = STaBx, 1 03B Ry +sialx,ra )+,_(__L___._
{ z {42 10x

A 1
100 ~10x, - X~ + X T ’if)

(b) SumT can be used to obdain theglobal minimum ¥ ‘enouqh® different j‘brﬂuj points
are used and SumT |s run fam each, I£ we chosse a latice of polats over Fhe
Leasible reqion so +hat the adjacent points dan't chnJe bs morc 7haa -;-17' +hen
dhis set of poiats will work for $0d. Since sin and ces have pecisd 27, choesing
lattice ’ofnfs with 3(17 sige nat 3f¢¢'/'¢-v- “haen %‘-’F will casure that +Hhe
arqumeats of 7he Sin and cos terms in £ Il not oi\anJe bj mare
Hhan 2T behween adjacent lattice psints, Siace 7h¢ s5e€cond con stralnt
ensures Y, 210 and %3 £/0, we con see that a? masst

l:v )z"' 23 siating points arc reguired 1€ chesen well.
3 o~

/2. ? - 7& (c) Use LINGO Global Solver;
MIN = @SIN(3*X1l) + @COS(3*X2) + @SIN (X1+X2) ;

X1%2 - 10 * X2 >= -1;
10*X1 + X272 <= 100;
X1 >= 0;
X2 >= 0;
Global optimal solution found at iteration: 6
Objective value: -2.999999
Variable Value Reduced Cost
X1 3.665418 0.000000
X2 1.046684 0.000000
Row Slack or Surplus Dual Price
1 -2.999999 -1.000000
2 3.968452 0.000000
3 62.25027 0.000000
4 3.665418 0.000000
5 1.046684 0.000000

)2-56



12,10~ @) 50!‘/4"11 for Hhe roots o rtex—500<0 we Lod x s feasible
th tha range CO,'H/‘E—-‘-’-"':] v [0, 21.866]

f‘(zt) = /000 -800 x +120x* -4 ¢

2
£'x) = -800 +240x - 12X
F"‘(X) = 2Yyo -2Yx
A cough sketeh of frx):
flo)
{
MAKamdm 07 minimum
1 Ooo0g
o0}
t + -
lo o
\S\)(/ 2 x
-5woj.
f
(b) Iteration | dfOXO/dX | X(L) | XY | New X' | f(x")
| | I | I
o | | 0 | 5 | 2.5 | 585.9
1] -312.5 | 0 | 2.5 | 1.5 | 700.68
2 | 4797 | 1.5 | 2.5 | 1.875 | 720.06
3 | -104.5 | 1.25 | 1.875 | 1.5625 | 732.56
4 | +27.77 | 1.5625 | 1.875 | 1.7188 | 731.48
5 | -40.82 | 1.5625 | 1.7188 | 1.6406 | 733.36
6 | -7.166 | 1.5625 | 1.6406 | 1.6016 | 733.3
stop | I | I I
Iteration | df(X)/dX | X(L) | X(W) | New X' | f(x')
I | | | |
o | [ 18 | 21.866 | 19.933 | 19931
1| +1053 | 19.933 | 21.866 | 20.899 | 20546
2 | +180.4 | 20.899 | 21.866 | 21.383 | 20509
3| -346.2 | 20.899 | 21.383 | 21.141 | 2059
4 | -75.1 | 2089 | 21.141 | 21.02 | 20560
5 | +54.58 | 21.02 | 21.141 | 21.081 | 20562
6 | -9.778 | 21.02 | 21.081 | 21.051 | 20561
Stop | | | | i
Thee s a local maximum onear (4016 and a 7/aba/
maximum pear 21.05)
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Problem 12-10.1 (c)
Newton's method
Max f(x) = 1000 x - 400 x*2 +40 x*3 - x"4
f'(x) = 1000 - 800 x + 120 x*2 - 4 x*3
f'(x) = -800 + 240 x - 12 x"2
error

s.t. x*"2 + X <= 500, x>=0

Starting with x =3

lteration i X f(x;) f'(xi) '(x;) Xir1 X = Xip]
1 3 399 -428 -188  0.723404 2.276596
2 0.72340426 528.947606 482.56 -632.6627 1.486149 0.762744
3 1.48614867 729.11001 62.98815 -469.828 1.620215 0.134066
4 1.62021508 733.414048 1.826677 -442.6495 1.624342 0.004127
5 1.62434177 733.417819 0.001712 -441.8198 1.624346 3.88E-06
Docik mamimam AT = 16243
Starting with x =15
lteration i X f(x;) f'(x) ' (x;) Xis1 1% = X4
1 20 20000 1000 -800 21.25 1.25
2 21.25 20544.4336 -195.3125 -1118.75 21.07542 0.174581
3 21.075419 20561.721 -4.093317 -1071.979 21.0716 0.003818
4 21.0716005 20561.7289 -0.001938 -1070.964 21.0716 1.81E-06
5 21.0715987 20561.7289 -4.51E-10 -1070.964 21.0716 4.23E-13
6 21.0715987 20561.7289 0 -1070.964 21.0716 0
7 21.0715987 20561.7289 0 -1070.964 21.0716 0
8 21.0715987 20561.7289 0 -1070.964 21.0716 0
9 21.0715987 20561.7289 0 -1070.964 21.0716 0
10 21.0715987 20561.7289 0 -1070.964 21.0716 0
11 21.0715987 20561.7289 0 -1070.964 21.0716 0
12 21.0715987 20561.7289 0 -1070.964 21.0716 0
13 21.0715987 20561.7289 0 -1070.964 21.0716 0
»
/g,c,‘[ wax,mam K v 21. 0716
12.00-1 J) k r X1 £(X)
) N 399 Taitial wrial selutign X=3
1 1000 | 2.171 | 672.8 qives %=0625 (F0=333.4)
100 | 1.704 732
§ 10 | 1.633 | 733.4 as max
4 1| 1.625 | 733.4
0 15 9375 TniHal trial solation X=15
1 1000 | 21.04 | 20561 . - -
2 100 | 21.07 | 20562 gives X=2l.07 (HA=205¢2)
3 10 | 21.07 | 20562 as max
4 1] 21.07 | 20562

“The ﬁlo\pa | maximum
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Problem 12-10.1 ( §)
Evolutionary Solver
Max f(x) = 1000 x - 400 x*2 +40 x*3 - x*4  s.t. x*2 + x <= 500, x>=0

Max f(x) 20561.73
s.t. X 21.0716 >= 0
g(x) 465.0839 <= 500
x*: Z/.07/é

Problem 12-10.1 (€)

Solver Table
Max f(x) = 1000 x - 400 x*2 +40 x*3 - x*4  s.t. x*2 + x <= 500, x>=0

Max f(x) 733.4178
s.t. X 1.624346 >= 0
a(x) 4.262844 <= 500

Starting poirf optimal x*| _profit f(x*)
+'1.624 1733.418

0 1.624 733.418
5 1.624 733.418

10 21.072 20561.729

15 21.072. | 20561.729

20 21.072 20561.729

25 2_'_1 ;072‘ 20561.729

Problerp 12-10.1 (g) Lingo with Global Solver
! Nonlinear constraint;
MAX = 1000 * X -400*X™2 + 40*X*3 - X*a

XA >= 0;
X2 + X <= 500;
quballoptimal solution found at iteration: 33
Objective value: 20561.73
Variable Value Reduced Cost
X 21.07159 0.000000
Row Slack or Surplus Dual Price
1 20561.73 1.000000
2 21.07159 0.000000
3 34.91636 0.000000
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IZ.ID'Z.La.).'P(x3r3=3x,x2-2x“—x,‘—|~(q___x' t L +7:,,§(.)
] ] x 3

: _ ?.x\" KL"ZK
- k) kY T *
- (2-%X,x, - X, X3)
J~
(b) k| roloXT ] X2 | foo
— I | |
0 | |1 | 1 I 0
1] 1] 06.915 | 1.007 | 0.0758
2 | 0.01 ] 0.848 | 1.169 | 0.1692
3| 0.0001 | 0.843 | 1.175 | 0.1697
Problem 12-10.2 (c)
E volutionary Solver
Max f(x) 0.171564
s.t. gi(x) ]8519555] <=

g2(x) 0.504927 <=
g3(x)  2.030303 =
xi [0844707] »>=
x2 [1.184488] >=

SO NWN™

12-00.2 (d) Use gloda/ sptimizer feature of LIVGO

! Nonlinear constraint;

MAX = 3 * X1 * X2 - 2 * X1%2 - X2*2;
X1%2 + X2*2 <= 4;
2*¥X1 - X2 <= 3;
X1* X2%2 + X1%2* X2 = 2;
X1 >= 0;
X2 >= 0;
Global optimal solution found at iteration: 13
Objective value: 0.1698892
Variable Value Reduced Cost
X1 0.8382396 0.000000
X2 1.181385 0.000000
Row Slack or Surplus Dual Price
1 0.1698892 1.000000
2 1.901685 0.000000
3 2.504905 0.000000
4 0.000000 0.000000
5 0.8382396 0.000000
6 1.181385 0.000000
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{ J { (5-x - 2
. - 3 L — X, =X~
12103(a)  Plx;e) Koedag vloxy tor (x,-: X *xs—n)*" 2T X Xs)
'
(b) k | r X1 | X2 | x3 [ ¢
— | | I |
0| P15 15 )2 | -44.38
1 0.01 | 1.95 | 1.434 | 1.047 | -32.38
2 | 0.0001 | 2.179 | 1.743 | 1.007 | -38.62
3 | 0.000001 | 2.208 | 1.784 | 1.001 | -39.51
4 ] 0.00000001 ] 2.21 | 1.786 ] 1.002 | -39.6
Problem 12-10.3 (c)
Standard Excel Solver
Min f(x) 39.608
s.t. g1(x) 5.000 = 5
x1 2.194 >= 1
x2 1.806 >= 1
x3 1.000 >= 1
Problem 12-10.3 (d)
Evolutionary Solver
Min f(x) 38.796
s.t. g1(x) 4.941 = 5
x1 2.146 >= 1
x2 1.783 >= 1
x3 1.012 >= 1
Problem 12-10.3(e) - use LINGO
MIN = X1%3 + 4 * X272 + 16*X3;
X1 + X2 + X3 = 5;
X1 >= 1;
X2 >= 1;
X3 >= 1;
Local optimal solution found at iteration: 34
Objective value: 39.60766
Variable Value Reduced Cost
X1 2.194335 0.000000
X2 1.805665 0.000000
X3 1.000000 0.000000
Row Slack or Surplus Dual Price
1 39.60766 -1.000000
2 0.000000 -14.44532
3 1.194335 0.000000
4 0.8056651 0.000000
5 0.000000 -1.554676
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Problem 12:10 4

a)
D E F
1 Starting
2 Point x*
3 —n
4 0
5 1 0.405
6 2 3.537 6.801
7 3 3.537 6.801
8 4 3.537 6.801
9 5 5 5
b)
A
1
2
3
4
5
6
7 Profit
8
Problem 12-10, §~
a)
D E F
1 Starting
2 Point x* Profit*
3 187 SRS
4 0 0 0
5 1 1.187 753.451
6 2 1.187 753.451
7 3 3.184 906.902
8 4 3.184 906.902
9 5 5 650
b)
1
2
3
4
5
6
7 100x° - 1,359x° + 6,836x" - 15,670x° + 15,870x° - 5,095x
8
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Problem 12-10. 6

FI G H 113 K L M N o] P

1] <= =10 Min District Population

1]<= =10 Max District Population

1|<= =110 Number of Districts

11<= =|10

1)<= =10

1|<= =110 i
1|<= ={10 District | Democrat | Republican Total Winner
1i<= =|10 1 119 131 250 Republican
|11<= =10 2 140 151 291 Republican
1|<= =10 3 152 62 214 Democrat
1]<= =10 4 174 127 301 Democrat
1]<= =110 5 100 174 274 Republican
1]<= =110 6 117 127 244 Republican
1]<= =10 7 146 131 277 Democrat
1]|<= =10 8 75 83 158 Republican
1]<= =10 9 152 154 306 Republican
1|<= =10 10 144 181 325 blic
1)<= Total Republicrn Districts E

Problem 12-10. 7

a)
B E F G
3
4 Unit Profit
5 Hours Hours
6 Hours Used Per Unit Produced Used Available
7 Plant 1 2
8 Plant 2 12
9 Plant 3 18
10
11 Doors Windows Total Profit
12 | Units Produced ‘ '
b)
B C D E F G
3 Doors Windows
4 Unit Profit
5 | Hours
6 Hours Used Per Unit Produced Used
7 Plant 1 1.96
8 Plant 2 11.80
9 Plant 3 1768 | §
10
11 Total Profit
12 | Units Produced
13
14

¢) The standard Solver gives a better solution and finds it much more quickly.
The standard Solver is much better suited to linear programs than is the
Evolutionary Solver.

)2-63



(201, @) Yes. £(g)= .00+ Falre)
’FJ%,)"/)‘,"X,?' ’%F‘; =2 "2 <o
’Pz(ﬁz)z 16%p~ %3 :

M = - <o
FY 2
Se £(1) ;s concave .
9(x) = Y RE 2 Is coavex (again 92 9uR)+9,(x,) .
. s , ST ER SRR S A
so -l"uS IS a coeaveX f’"ﬁ"”"""‘j ,nb(cn, bt eom Vc)xa) 3
b) Mo,

This |s net a guadratic pregrammiag problem s/nce Fhe
Coashaints are ast llaear,
Y No, The Frank-Welke 4lﬂon’~}6m In 13,9 regeires linear constralats
So cannst be used for +his ,robkm,
d) KKT condiBons are !

la) H-2%,-2%u <o Te X, 21 ,(16) => u=|

’Q..l:)) 70(";2)(,-2){,“) =e but shis vielates %)
0 =22 = 8%,y 20 )

2b) Xz(]o<lxz_g,‘l“)=o So (xo,x.z) = (1,10 cannpt

» X,"-}-‘Ix: -lg 2o L ke optimal .

H) ulkr+4x:-18) =o
) X,Z0,X. 20
8 y=zo

C) LC+ *|= X“"' *(z"' \“3"' Xltl ) Xz“‘Y‘Z_.* X'ZI

oy ()= 4%,=%E  £0x.) = 10X~ %]
‘F.Cb)-‘-o, ‘Fltl)'-‘ 3 Y 'Fl('?-).‘. ‘{, ‘F.('B)“’ 3 ) "pg(q).: o]
£lo)= 0, £2UN=9 , £2.02)= 1¢

- - - o - -
Su s '?—:::3, 5"1:-__“3 =1, %3%~1, 5,4°-3

SL‘z q ) $zz‘~'—' ?
Constraints: g, (v,3= X2 | gy (¥2)= 4%,
o= 0, q,(n=1, 234, 9,029, q.(4)=1¢
Julod <0, galn) =¥, gar2)=t6

< -0 _ < 4=l
t, 7o -, tht ;:.7‘-'3, tr,"s, Ciys?
€u= 4 y Tz l2
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j2.11-1. ) Ceont?)
The aperiximate LP s
Maximize 3%, + X2 = X3 =~ 3%,y + D%, + FXazg
Subject ol X, + 3%, ¥ S%y + FUy + Xy, F12x,, &1
o £ \(;j < (au,;‘j)
£) he Simglex Mesd qives the solution :

Value of the
Objective Function: Z = 18.4166667

Th derms of the orh,Ml \url.lv/ex, we have
Xl'.' X,.+¥,1+ Y,,*x‘.’ :( / Y},: YH+YLL: ’.91“?'

Dy = oy v S T T
3) PLX; ) = 4¥ =X H10%, - ¥y - r[ll- Xr-dy} LY. 5
h) K l r | X1 ' X5 l £(X)
0 2 1 13
1 1| 1.504 | 1.754 | 18.22
2 0.01 ) 1.409 | 1.862 18.8
3 0.0001 1.41 { 1.871 | 18.86
4 0.000001 | 1.411 | 1.871 | 18.86
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Problem 12-11.1 (i)
Standard Solver

Max f(x) =  4x1-x1/2+10x2-x2/2
= 18.865
s.t. gi(x) = x112 + 4*x2"2
= 16.000 <= 16
x1 = 1.411 | >= 0
X2 = 1.871 >= 0
Problem 12-11.1 (j)
Evolutionary Solver
Max f(x)=  4x1-x17A2+10x2-x2"2
= 18.865
s.t. gl(x) = x172 + 4*x2"2
= 16.000 <= 16
x1 = 1.407 >= 0
X2 = 1.872 >= 0
Problem 12-11.1(k) Use LINGO Solver;
MAX = 4*X1 - X172 + 10*X2 - X272;
X1%2 + 4 * X272 <= 16;
X1 = 0;
X2 >= 0;
Local optimal solution found at iteration:
Objective value:
Variable Value
X1 1.410531
X2 1.871524
Row Slack or Surplus
1 18.86516
2 0.000000
3 1.410531
4 1.871524

72 -66

63
18.86516

Reduced Cost
0.000000
0.1287136E-07

Dual Price
1.000000
0.4179049
0.000000
0.000000



Cases
12,1 a) TV Spots

TV Spots

Sales |
(millions)
1 m

0.5 -

0
0

Magazine Ads
2 -
1.5 1

Sales
(millions)

0.5

(¢}

10 15
Magazine Ads
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Ads in Sunday Supplements

4 -
3.5
34

2.5 A
Sales
{millions)
1.5

11
0.5 -

O T T T T 1
0 2 4 6 8 10

Ads in Sunday Supplements

b) TV Spots (Polynomial of Order 2)
A B C D
Sales
TV Spots (millions)

’E\

1
2 5

3|

4

5

6

7

8

9

10

11 3

12 25 -

13

14 2 -

15 Sales 5

16 || (millions) '~ ]

o 11 y = -0.1036)¢ + 1.1264x - 0.04
19 0.5 1

20

21 0 T T T T 1
22 0 1 2 3 4 5
23 TV Spots

24

25 [ l
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TV Spots (Polynomial of Order 3)

3 _
2.5
2 _
Sales
(millions) 1.5 1
1 .
0.5 - y = -0.0083)° - 0.0286x% + 0.9298x + 0.1
0 T ] T T 1
0 1 2 3 4 5

TV Spots (Logarithmic Form)

3,
2.5 -
2 |

Sales 15 -
(millions) y = 1.2888Ln(x) + 0.966

1
0.5 -

0 T T T T 1
0 1 2 3 4 5
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Magazine Ads (Polynomial of Order 2)

B

Sales

Maaglaz\' gA S |

g\[nilliqns) ‘

0.

W0 N U jWiN =

Sales

(millions)

y =-0.002x% + 0.124x + 0.140

T T T T 1

10 15 20 25

Magazine Ads

I l |

Magazine Ads (Polynomial of Order 3)

(millions)

2 A

1.5 A

Sales

0.5

y = 0.000067x° - 0.0050%” + 0.1633x

T T T T 1

10 15 20 25
Magazine Ads
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Magazine Ads (Logarithmic Form)

2 -
1.5
Sales |
(millions) y = 0.809Ln(x) - 0.6267
0.5 -
0 T T T T 1
0 5 10 15 20 25
Magazine Ads

Ads in Sunday Supplements (Polynomial of Order 2)

A B C D E
1 | Ads in Sunday Sales
2 | Supplements (millions)
2 -
5
6
7
8
9
10
11 4
12 3.5 4
13 3 A
14 25
15 Sales |
16 (millions)
17 1.5 y =-0.0321% + 0.706x - 0.09
18 1 4
19
>0 0.5
21 0 T T T T |
22 0 2 4 6 8 10
%2 Ads in Sunday Supplements
25 [ | |
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Ads in Sunday Supplements (Polynomial of Order 3)

4 -
3.5 1
3 4

2.5
Sales |
(millions)
1.5

14
0.5 - y = -0.000521x% - 0.0228x% + 0.657x - 0.02

0 T T T T 1
0 2 4 6 8 10

Ads in Sunday Supplements

Ads in Sunday Supplements (Logarithmic Form)

41
3.5 1
3_
2.5

Sales
(millions) ]

y = 1.6331Ln(x) + 0.0343

o T T T T 1
0 2 4 6 8 10

Ads in Sunday Supplements

In all three cases, the quadratic form is a close fit. The order-3 polynomial is
also a good fit. The logarithmic form is not a bad fit, but not as close as the
polynomial forms. We will use the quadratic form for the remainder of the
case.

¢) Let TV =number of TV spots
M = number of magazine ads
$S = number of ads in sunday supplements
Based on the results in part b, using the quadratic form in each case,
Sales (in millions) = -0.1036TV? + 1.1264TV — 0.04 - 0.002M" +
0.124M + 0.14 — 0.032155° + 0.706SS — 0.09
Cost of Ads ($million) = 0.37V + 0.15M + 0.18§
Planning Cost ($million) = 0.097V + 0.03M + 0.045S
and then
Profit = ($0.75)(Sales) — Cost of Ads — Planning Cost
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d)

The total sales generated are calculated in row 7 using the nonlinear equations
from part b. Then, the gross profit from sales are calculated in H20. The
TotalProfit (H23) is the gross profit minus the cost of ads minus the planning
cost. Maximizing the TotalProfit yields the following solution.

B | [¢ | D | E | F G H
3 Sales per Ad = ax*2 + bx + k, where | B
3 a=
S b=
6 k= Total Gross Profit per Sale
7 Sales Generated (millions) | 7.1799 [ 8§07 .
8
9 ) BudgetSpent | | I
0 Ad Budget - 100 2,884 =
1 Planning Budget . 923 <=
2 ] [ 1
3 il Total Reached | |
4 Young Children 5.25 |>=:
5 Parents of Young Chiidren i 5.00 >=
6 [ ]
7 Total Redeemed | | Required Amount g
) Coupon Redemption per Ad 1,490 485
19 | ($thousands)
20 Gross Profit 5.385
21 TV Spots Magazine Ads Cost of Ads 2.884
22 Number of Ads = 4075 3598 Planning Cost 0.923
23 = Total Profit aps
24 Maximum TV Spots . | | ] ($million)
B C D

7 Sales Generated (millions)=a*(NumberQfAds)*2+b*NumberOfAds+k

=a*(NumberOfAds)*2+b*NumberOfAds+k

G H
20 Gross Profit| =GrossProfitPerSale*TotalSales
21 Cost of Ads{=F10/1000
22 | Planning Cost|=F11/1000
23 Total Profit|=H20-H21-H22
24 ($million)
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e) The separable programming formulation is as follows.

B F G H I
3 |Sales per Ad ]
2
5
6
7
8
9
Budget
| 1 Budget Spent
1] Ad Budget 3,156
Planning Budget 938
| Total Reached
Young Children. 5.00
Parents of Young Children 5.23

| Total Redeemed

0

1

2

4

5

6

7

8

9
20 Coupon Redemption per Ad 1,490
21 ($thousands)
22 Maximum
23 |Number of Ads TV Spots Magazine Ads SS Ads ine Ad
24 Group 1} 1. 5000 2000 <=
25 Group 2} 2250 ¢ 000", <=
26 Group 3 0.000 <=
27 Group 4 0.000 <= ,
28 Group § 0.000 <= .
29 Total 7.250 [
30 Total Sales|
31 Maximum TV Spots Gross Profit per Sale
L
33 Gross Profit
34 Cost of Ads
35 Planning Cost
36 Total Profitf
37 ]

G H
30 Total Sales|=SUMPRODUCT(SalesPerAd,NumberOfAds)
31 | Gross Profit per Sale|0.756
32
33 Gross Profit| =GrossProfitPerSale*TotalSales
34 Cost of Ads|=F12/1000
35 Planning Cost|=F13/1000
36 Total Profit|=H33-H34-H35
37 ($million)
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f) Inpartd, 4.075 TV ads, 3.596 magazine ads, and 11.218 ads in Sunday
supplements are placed. In part e, 3.563 TV ads, 7.25 magazine ads, and 10
ads in Sunday supplements are placed. In Figure 4.6, 3 TV ads, 14 magazine
ads, and 7.75 ads in Sunday supplements are placed. Unlike the linear
programming solution, the nonlinear and separable programs take into account
the diminishing returns from repeated advertisements. Since the solution is
fairly different, it certainly appears that it was worthwhile to refine the linear
programming model used in Figure 4.6.
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Case 122 a) If Lydia wants to ignore the risk of her investment she should invest all her
money into the stock that promises the highest expected return. According to
the predictions of the investment advisors the expected returns equal 20% for
Bigbell, 42% for Lotsofplace, 100% for Internetlife, 50% for Healthtomorrow,
46% for Quicky, and 30% for Automobile Alliance. Therefore, she should
invest 100% of her money into Internetlife. The risk (variance) of this
portfolio equals 0.333.

b) Lydia should put 40% of her money into the stock with the highest expected
returns, 40% into the stock with the second highest expected returns, and 20%
into the stock with the third highest expected returns.

We can also find this intuitive solution by solving a simple linear
programming problem, in which we maximize

Max ExpectedReturn = SUMPRODUCT (Portfolio,
StockExpectedReturn)
subject to

Total = OneHundredPercent

Portfolio < MaxInSingleStock

The spreadsheet formulation and solution follows. on "Vluz nexk f‘*\vja .

¢) The risk of Lydia's portfolio is a quadratic function of her decision variables. We.
therefore, apply quadratic programming to her decision problem.
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A
1
2 Expected Return
3
4 |Covariance Matrix
5 |(Variance on Diagonal
6 BB
7 LOP
8 ILI
9 HEAL
10 QuI
11 AUA
12
13
14 Portfolio
15
16 Max in Single Stock
17
18
19 Expected Return =] |
20
21 Risk (Variance) =| 0.04548

H
13 Total
14_|=SUM(Portolio)

A B
18 Portfolio
19 Expected Return =|=SUMPRODUCT(StockExpectedReturn,Portfolio)

A B
21 Risk (Variance) ==SUMPRODUCT(MMULT(Portfolio,CovarianceMatrix),Portfolio

The total expected return of her portfolio is 69.2% with a total variance of
0.04548.
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d) The return of Lydia's portfolio is no longer a part of the objective but now
becomes part of a new constraint: PortfolioExpectedReturn (C21) > 35%
(MinimumExpectedReturn). The objective is now to minimize the risk.

A B C D E G H
1 ILI HEAL AUA
2 Expected Return | 20 | 100% | 50% 30%
3
4 |Covariance Matrix
5 |(Variance on Diagonal)
6
7
8
9
10
11
12
13 BB LOP AUA Total
14 Portfolio| 318% . 189% 0. . 106% | 100%
1 5 2 2
16 Max in Single Stock:
17
18 Minimum
19 Expected
20 Portfolio Retur:
21 Expected Return =| 35.9% s 5%
22
23 Risk (Variance) =

Lydia's optimal portfolio consists of 31.8% BB, 19.9% LOP, 16.8% HEAL,
20.9% QUI, and 10.6% AUA. Her expected return equals 35.9% with a risk of
0.00136.
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e) Since the return constraint in not binding in part d, decreasing the right-hand-
side will not change the optimal solution. The minimum risk for a minimum
expected return of 25% is the same as for a minimum expected return of 35%
(0.00136).

For a minimum expected return of 40% we obtain a new portfolio:

A H | J
1
2 Expected Return. ]
3
4 [Covariance Matrix
5 _|(Variance on Diagonal)
6 BB
7 LOP
8 IL
9 HEAL
10 Qu
11 AUA 0010
12
13 BB LOP ILI HEAL Qul Total T
14 Portfolio] 22.9% | 2190%  34% 220% 188% 100% | = 1100%
15 2 2 2 2
16 Max in Single Stock
17
18 Minimum
19 Expected
20 Portfolio Return
21 Expected Return =| 40.0% S S AD%
22
23 Risk (Variance) =} 000233

Lydia's optimal portfolio consists of 22.9% BB, 21.0% LOP, 3.4% ILI, 22.0%
HEAL, 18.8% QUI, and 11.9% AUA. Her expected return equals 40% with a
risk of 0.00233.

f) Lydia's approach is very risky. She puts a lot of confidence in the advice of
the two investment experts. Of course, Lydia cannot expect to find an optimal
investment strategy with her model if the estimates she uses for the input
parameters are wrong.
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Case 2.3 a) When Charles sells a portion of his B-Bonds in a given year, the first DM 6100 of
interest are tax-free, but the interest earnings exceeding DM 6100 are levied a 30
percent tax. Therefore, Charles encounters decreasing marginal returns, and we can use

separable programming to solve this problem.
Define the following variables:

NoTax5 = The base amount of B-Bonds Charles sells in the fifth year that yield
untaxed interest

Tax5 = The base amount of B-Bonds Charles sells in the fifth year that yield taxed
interest

Similarly, NoTax6, Tax6, NoTax7, and Tax7 are defined.

The sum of these six variables must equal the total of DM 30,000 that Charles invested
at the beginning of year 1. When Charles sells B-Bonds with the base amount NoTaxS5,
he earns 0.5001*NoTaxS5 in interest. In order for him not to pay any taxes on this
amount, the interest must be less than or equal DM 6100. We have to include this
constraint. Any additional base amount of B-bonds sold in year 5 yields Charles only
0.7*0.5001=0.35007. A similar reasoning applies to the variables for the other years.
The objective is to maximize Charles' interest income.

A | B.| ¢ [=D:] E-] F ] G-} . H-
Server NoTaxs Taxt NoTaxb Taxb NoTax?7 Tax? Totals

__Selling | 1 1 1 1 1 1 | 30000 = 30000
Untaxed5 05001 0 O 0 0 0 _|_ 0 _ <= 8100
Untaxeds | O 0 06351 0O 0 .0 | 8100 <= 86100
Untaxed? 0 0 0 0 0.7823 0 6100 <= 6100
_Interest 0.5001 03::007 (0.6351 04445? 07823 054761 | 19098.62 ;
‘Solution | 0 8h0a79 O 7797562 1259769l 0

" *=SUMPRODUCT(B3:G3,B5:G8)"
“=SUMPRODUCT(B4:G4,88:G8)"

m”:_:Formula in cell H3: ]
Farmula in_ cell H4:

Formula in cell HEB:

___Formulaincell H5:  *=SUMPRODUCT(B5:G5,88:G8)"

"=SUMPRODUCT(BB: ( GG B38:G8)"

1
2
| 3]
Kan
1 54
61
8
)
10
11
12
13
14

Formulain cell H7:

_"=SUMPRODUCT(B7: G7, 88 GS)"
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b)

¢)

Solver Parameters- . i : . - HER

o F e O C e
By Changing Cells: e RS

Subject to the Constraints: — =

A$H$3 = $343
$HES <= $1$4
$H$S5 <= $145
$H$6 <= $146

[V Assume Linear Model

g g TR Ny

¥ Assume Non-Negative

The optimal investment strategy for Charles is to sell a base amount of DM 9604.79 at
the end of year 6 and the remaining DM 20395.21 at the end of year 7. His total after-
tax interest income equals DM 19098.62.

When Charles sells all B-Bonds in the seventh year, then he must pay 30% of taxes on
the amount of interest income exceeding DM 6100. This amount is earned interest not
only from the last year, but it includes interest from all the previous years. So Charles
does not pay 30% tax on the 9 percent interest he earned in the last year, but he
effectively pays tax on the total interest of all the years. This tax payment decreases his
after-tax interest so much that it pays for him to sell some of his bonds in the sixth year
in order to take advantage of the yearly tax-free income of DM 6100. Compare the total
amount of interest Charles earns if he sells tax-free after year 6 and taxed after year 7:
In the former case his total interest equals 63.51% while in the latter case it is only
54.761%. Therefore, it is better to sell some bonds at the end of the sixth year than to
keep them until the end of the last year.
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d) The following observation greatly simplifies the analysis of this problem: The interest
rate on the CD is much lower than the yearly interest rates on the B-Bonds. Therefore,
it can never be optimal for Charles to sell B-Bonds in year 5 in order to buy a CD for
year 6 if he does not take advantage of the maximal tax-free amount of selling B-Bonds
in year 6. Put differently. Charles will only buy a CD for year 6 if he already plans to
sell B-Bonds in year 6 to obtain at least the maximal tax-free amount of interest. The
same argument applies to year 7. This observation implies that Charles will never earn
untaxed interest on a CD. Therefore, his yearly interest on the CD will always be
0.7*0.04 = 0.028 = 2.8%.

Define
CD6 = Amount invested in a CD in year 6
CD7 = Amount invested in a CD in year 7

The amount of money Charles can investin a CD in year 6 equals the base amount of
B-Bonds sold in year 5 plus the total after-tax interest earned on the base amount. This
condition results in the constraint CD6 = 1.5001*NoTax5 + 1.35007*Tax5. The
corresponding constraint for CD7 is CD7 = 1.6351*NoTax6 + 1.44457*Tax6 +
1.028*CD6.

A B C D E F G H | J K L
1
2 Server NoTax5 | Tax5 CD6 | NoTax6! Tax6 CD7 NoTax7] Tax7 Totals
3 Seliing 1 1 0 1 1 0 1 1 30000 [=1| 30000
4 Untaxed5s 0.5001 o] 0 0 o] 0 0 0 6100 |<=] 6100
5 | Untaxeds 0 0 0 0.6351 0 0 0 0 6100 <= 6100
6 Untaxed7? 0 0 0 0 Q0 0 0.7823 0 6100 |<=| 6100
7 | CDinvests 1.5001 |1.35007 -1 0 Q 0 0 o] 0 = 0
8 | CDinvesté 0 0 1.028 | 1.635111.44457 -1 0 0 0 = 0

Interest 0.5001|0.35007 0.028 | 0.6351/0.44457 0.028 | 0.78230.5476119997.86

10| Solution ] 12197.56 O  18297.569604.79 0 . 34514.687797.52400.13]

|
12 Formula in cell J3: * =SUMPRODUCT (B3:13.810:110)"

13 Formula in cell J4: *=SUMPRODUCT (B4:14.B10:110)"
14 Fomula in cell J5: *=SUMPRODUCT (B5:15,810:110)"
1 Formuia in cell J6: *=SUMPRODUCT (B6:16.810:110)"
16 Formula in cell J7: *=SUMPRODUCT (B7:17.B10:110)"
17 Formula in cell J8: *=SUMPRODUCT (B8:18,B10:110)"
18 Formula in cell J9: *=SUMPRODUCT (B9:19.810:110)"
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Solver Parameters

-ﬂyschanqlng Ceﬂs~ _
ram $1$10

S

-Subject to the Constralnts'

[$353 = 3153
$344 <= $L$4
$345 <= $L45
$336 <= $L$6
$347 = $L47
$3¢8 = 4143

The options for the solver are the same as before.

Charles should sell the maximal base amount of B-bonds in year 5 that yields tax-free
interest and then invest this money (base amount + interest) into a one-year CD for year
6. In year 6 he should sell again the maximal base amount of B-bonds that yields tax-
free interest and then invest this money (base amount + interest) and the money from
his CD into a one-year CD for year 7. In year 7 he should sell the remainder of the base
amount of B-bonds. He again takes advantage of the maximum tax-free amount, but he
also sells a base amount of DM 400. 13 for which he must pay taxes on the interest
earnings.

e) The right-hand side of the selling constraint needs to be changed:

The optimal investment strategy is similar to the previous one, except that Charles must

A | B C D E | F G H ! J K| L
1 ! !
2 Server NoTax5 | Tax5 CD6 NoTax6: Tax6 CcD7 NoTax7| Tax7 Totals
3 Selling 1 1 0 101 0 1 1 50000 |=| 50000
4 | Untaxed5 | 0.5001 0 0 0 0 0 0 0 6100 [<=| 6100
Untaxedé 0 0 0 0.6351 0 0 0 4] 6100 |<=| 6100
6 | Untaxed? 0 0 0 0 0 0 0.7823 0 6100 (<=} 6100
7 | CDinvest5 | 1.5001 {1.35007 -1 0 0 0 0 0 0 = 0
8 | CDInvest6 0 0 1,028 ! 1.6351! 1,444 57 -1 0 0 0 = 0
<] Interest 0.5001 |0.35007 0.028 | 0. 6351/0.44457] 0.028 | 0.7823] 0.54761}30950.06
10| Solution 12197.56I 0 . 18297.569604. 79 0 i34514 6£|37_797.5_220400.1
1
12 Formula in cell J3: '-SJIVPFDDUCT(83:|3.81 0:11 0"
13 -Formula in cell J4: *=SUMPRODUCT(B4:14,B1 0:(1 0)"
14 Formula in cell J5: " =SUMPRODUCT(BS5:15,.B1 0:11 0)"
15 Formula in cell J6: *=JMPRODUCT(B6:16.81 0:11 0)"
16 Formula in cell J7: *=9JMPRODUCT (B7:17.B1 0:11 0)*
17 Formula in cell J8: *=8JMPRODUCT(B8:18,B1 0:11 0)"
18 Formula in celi J9: *=8JMPRODUCT(B9:19,B1 0:11 0)"

now pay taxes on the interest earned from selling a base amount of DM 20400.13 in

year 7.
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f)

g)

The right-hand sides of the Untaxed3, Untaxed6, and Untaxed7 constraints need to be
changed.

A B C D £ F G H i J K L
1
2 Server NoTax5 | Tax5 CD6 NoTax6 | Tax6 cD7 NoTax7 Tax7 Totals
3 Selling 1 1 0 1 1 0 1 1 30000 | =] 30000
Untaxed5 0.5001 0 0 0 0 0 0 0 0 <g4 12200
5 Untaxed6 0 0 0 0.6351 0 0 0 0 9148.59|<= 12200
6 Untaxed?7 0 0 0 0 0 0 0.7823 0 12200 j<5 12200
7] CDInvest5 F 1.5001{1.35007 -1 0 0 0 0 0 0 = 0
8 | CDinvest6 0 0 1.028 | 1.635111.44457 -1 0 0 0 = 0
9 Interest 0.5001 |0.3500F 0.028 0.6351|0.44457 0.028 | 0.7823} 0.54761]22008.0
10| Solution 0 | 0. 0 14,.4_0_4.9? 0 | 23553. 5!5 15595.04 0
11
1 Formula in ceil J3: "=SUMPHRODUCT(B3:13.810:110)"
13 Formula in cell J4: "=SUMPRODUCT(B4:14.810:110)"
14 Formuia in cell J5: "=SUMPRODUCT(B5:15.B10:110)"
15 Formula in cell J6: “=SUMPRODUCT(B6:16.B10:110)"
16 Formula in cell J7: “=SUMPRCDUCT(B7:17,B10:110)"
17 Formula in cell J8: "=SUMPRODUCT(B8:18,810:110)"
18 Formula in cell J9: "=SUMPRCDUCT(B9:19,810:110)"

By getting married in the fifth year, Charles can increase his interest income by
(22008.09 - 19997.86) = 2010.23 German marks. He should sell the maximal base
amount of B-Bonds earning tax-free interest in year 7 (DM 15595.04). The remainder
of DM 14404.96 he should sell at the end of year 6. His entire interest income on this
base amount will be tax-free. He then should invest the total amount (base amount +
interest) in a CD for the seventh year.

Instead of maximizing his interest income Charles now wants to maximize the expected
dollar amount he will have at the end of the seventh year. He considers exchanging
marks for dollars either at the end of year 5 or at the end of year 7. We define

CD-US = The amount of money (in dollars) Charles invests in a two-year CD at the
end of year 5

US = The amount of dollars Charles converts at the end of year 7

The total amount of money in dollars Charles has at the end of year 7 equals
(1.036)*2*CD-US + US; this function is the new objective. At the end of year 5, 1 US$
is assumed to equal DM 1.50, so Charles can exchange marks for dollars at this rate in
year 5; this condition must be included as a constraint. Similarly, we include a
constraint for the currency conversion at the end of the last year.
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A B C D | E F G | R i J K L M W

1 : ; i !

2 ] Server [ NoTax5| Taxg CD6 | CD-US 'NoTax6| Tax8 | D7 INoTax? Tax7 i US Totals

3 Selling 1 1 0 0 ‘ 1 1 0 1 1 {0 30000 | =] 30000
4 | Untaxed5| 0.5001 0 0 0 0 0o 1 o 0 0 . o0 6100 f<=l 6100
5 ] Untaxed6 0 0 0 0 0.6351 0 0 0 0 i © 0 <= 6100
6_| Untaxed? 0 0 0 0 0 0 0 0.7823! 0 0 6100 l<=1 6100
| 7 JCOinvest5] 1.5001] 1.35007] -1 | 15 1 0 0 0 0 0 ' 0 0 J=| 0
8 | CDlnvest6 0 0 1.028 0 :1.635111.44457 -1 0 9 ' o 0 = 0

9 |Conversion 0 0 0 0 L0 o] 1.02811.7823] 1.54611 -1. 0 = 0
10 Dollar§_ 0 0 0 1.073296 © 0 i o0 [o} 0 1 30478.23

11] Solution 12197.5610004.92I 0 21203.27 0 .0 0 7797.52 0 7720

12 | ; |

13 ! ! ! ! !

14 Formula in cell L3: " =SUMPRODUCT(B3:K3.B171:K11 )M

15 Formuila in cell L4: =SUMPRODUCT (B4:K4,811:K11)"

16 Formula in cell L5: " =8JMPRODUCT(B5:K5,811:K11 )"

17 Formula in celi L6: " =SUMPRODUCT(B6:K6 B1 1:K11)"

18 Formula in cell L7: " =8JMPRODUCT(B7 K7 B1 1:K11)"

19 Formula in cell L 8: 2 =SMPRODUCT (B8 K8 B11:K11)"

20 Formula in cell L9: " =8JMPRODUCT(B9:K9.B11:K1 1 3"

21 Formula in cell | 10 =S JMPRODUCT (81 0:K10BI1:K11)"

Solver Parameters

S;,t. Target Cell:

E,qu,.aﬂ';.Td?;_;.: - G,,MGX‘_ , C Min' € value of:

By Changing Cells: —————

$Bs11:¢Kk811

= Tf@w%t-w*——«-—o BN AT R A R T S e

~Subject to the Constraints:

$L$3 = $N$3
$L$4 <= $N$4
$L$S <= $N$5
1$L$6 <= $Ng6
$L$7:4L$9 = ¢N$7:$N$S

PR S e e

Reset All

i

Charles converts DM (1.5001*12197.56 + 1.35007*10004.92) to dollars at the end of
year 5. With the exchange rate of DM 1,50 for $1. he is able to invest $21203.27 in the
American CD. At the end of the seventh year he converts the remaining DM
(1.7823%7797.52) to dollars. The total amount of his investments at the end of year 7
will be $30478.23.
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