
(a) f(t,g)-- mary. Ttx,gtl

w* 7tr,ga)

r€ rx)93

i+ ax<g3

:{

4 {=ax

+ .'lq --E

r--

a='{-E

b)
t l+ M>V +

t+ 2r<g +

{ @4r= lr-y- 
E

g= ex_l

{Q,91 = x
x=q

(@,9 - (rna,y 1 r,gt)^ - ( rn;n 1tt,gll'(c)

9

=tt+ r>! + f(*,gl= xt-gt
g^= x'-F

lt<g+ f(*g')'-ga-rL
g'-- y"+F

bbte: tsoquanL') *rqls

of ingutr $tt gQtd fhe s4ft
ttz <omtimHon s

arQut.

t@,y)-- al-m)n lrxrgl

o

tt=U-

r=L



(a) f tt,y) - Yrt + L \+r- rab,_ c€ urhi<!r- .go.r cdn subs6it *
additiorur - 

mPL=eLL+l1 lmrrs t - tgL-+l -- **L 
one hPut/ such as talnr'&r anoth-ce-

oukDuk 45 a -- ,^ | L2 ' V a W)r''|..d1 e aVbL' utb clorgilg \ra
"rlr[[o4*r*tt'= t- t 

.^u. ,-^n- ^ )^..,^ -. 
, lefutof ersuttiqgr$lag *t,,

arr actdltionl. b L gr'|s o7, bth +g!r(t' go &'r'o' Thu6/ firrs io dlrnhishl4g ' I

t* 4. taut75(rv'avl = 1t1(1L)z + *L =<)llLo+aL ) ocLLr+aL - *ELjL'+L7: *'l(t'vl '
cqpl(a[

' lttrs . iC arhibits r!rs.
-E nnL tewf of ouQr.rt ipr€qses nroc^ ddn o(

uJwA atL 4t ne.nt t inpu+s orc inoea:ed < {mcs.
(b) f(r.rr)= ?L+1'rv-4

mt = " I twrsl: alt u'jhiclt i5 
-zoo.6talt'ni2=tzf 

'-'- 'w Thus'7 msrs i6 rbb dimlr*shlqg '

' Noqt,, @ dY o'->t./ f (orr'r a:v'l: ? (*t-)+ le(dL) -4> " 
(4t) +la({L) -4c= *f 4!tL) '

1us, i€ a&iHts rqrs '

(c\ +(t,ul-- s*v
- 2/r 'l

m?L= L't'u_ [ tmrrsl=
me2= tYr J

. *s L 90"6 tt7, tt &<nav,s. Th6/ mgrs i6 dinhbht4g' t'trd frc aIU d'>t ,, ur haw

{(tt-,avl--z6ri\(xvt= 16*')r}, =,/a1o,v)) xf(ttzl. Thrs it exhibib rgts'

tl"u ]L

?t-

(d) + LL/u't = m)n lztrul
. l+ +> u- +!2n S 

(L/rt-\ =tL 7 and dlPl =0

{Lt1Ll - vL / ^!\A 
mPL = 3 and 'ir?s-o ,

not defutA. t"lctr: z&r NU 1>l '.rf,
-Thus 

, it exlilolt: clrs'

tL <a- sL+ = e
/ lr--Y- - At tlw AnlL

' rnet(s la not &finca .

3L> L

and mPg =l / tlr,hat2 lmo.rsl-O. ll sI-< 14- +htn

u:hzre lmPTS | -- 6 . lf 3L =|L I Q]4ft mET( ls

lqu? +(<tL'ctL) = trrir, 1 3d.L/tal= *.na7et,zl- n.iGrr).

slope o+ t{t iso1tg|ts =O

q"
q'

st%



1(rt,x") -(tf * xobf

t (zA,vxzl =

i b)0 7 c)0

( tun)b* (ux^1b1'

(t"b.x1b + ub.nbf

= (vb (nto*rlt\"

= Lb., (xp+rt)

. E b.a)l ,*un fiefir hos 4rs

= t'"' 1G,'xt)

( vb".1o,xr) > t''{(lr'xc))

. qUtD- l.xLzL^ -23L3 ; u=s

(a) rrr= too.25. L^- las.L'= :'4to La

ne.= ?rPc7r, = 16riL- 373L^

A?L= IPL//L = ??.Ef- L- l^6L',

(4, An\/ . =l + 7fiL-- +60
L=lo

tf PLe APL .r) *:<irrt= eSOLl

L=15

tnt/rr=O + ?tuL -"76L -O
fi5L (eo- L\ 'O

L--O o. L- 2A

L-o i) q=o 1 r_'- aot-
L=to + q-5oo.ooo J

(d)

(e)

' n(ngl- 4s^(7 + 6a"td -x-4!
finl tr

Tocs:

oth =o + 32-{E
t (mrlr- S.O.<. as uetl,)

olr/ax = 0 + u
{r'

_t=o

- 1-o

l-- 571

9_s4

ti
tl

I{f,g')= 6.e4 +8'E- co6



(a) mot n = 9.-f (u,r-) - .Z - uru

+ nnaY P '{?l -r - urt-

(b) :ftdr +oc ' -{- -ar=o * "': 3.L:

^I{i' u'a

(c) n- ?. fi -.'r- -. Y= {P1-t'

-?9-
Au)

aLr
a?

ic
e?

rtus, f (l,D- fiE = *

6l + <O - f "qge 
lnct.ed6.s, L* de.crcses and ogtnut outFrt terr( <k<rFds.s.

<o

>0 - if g*ica- aecreo=s, tr and optlrnaf outPut le\,el! decreos€.

>o

. tJati<z {fiat ohnn x)! =+ 4-ax <0 + optimdm is oot here f

+rtt - zvv'-s-o + X-4 is q ceiti.^r
poirrt .foa the. ffrst osc.

ry= z.x,, >o

| ,n ohse o\< x< 4

' 8at= 1 ya4 u,h.u<- x>qt
| *n^- 

"r 
t'oho.' o< x< 1

rr(t)-f(r)-c.r: 
{u_.* r,rhoe t>4

T?un y=4 i 6 .a nddr'tlrm 
tsin€ .

. cf\e4 trt- oe|,,t- b.rr1d44 x --O
rr(0) = 0 i5 {tu- op€mum.



(i) 4Qr)=
(ii) { (t/r) -
(tti) f tz,r) -

tL" Lo ( (.obb - Dd€lqs)

14 +0,5 L ( ft..f,leh Substitut s)

.ffitrE tP€cfect tamptrngt)

(a) petrcns {p Sa{r:

(a) +(tultl) = (tL)'(tL),: +1 tlrt2: +1 | L.L,L) > t.f(trl)
(ai) f(ecre) = +lL + 0,5tL: t f l4+0.5Lf - L t(LtL\ t crrs)

(ali) f (tLrtl): 
'J r*in l turtr-l' - +"n 4m)n 1 z,r-i' : +h ltz,L)

( rcrs)

< t {(E. L) (!['rs)

(b) bst {uncdons:

(i) -ros <oUg- Daglas ,o<s, tost Ddnirrtis{qt eequics:

ncrs=-9
r ul|-

-\mua = -tLL"--L.--lIrUu AL"L u'

rL=L + ?LtX v=t hto peoductLm firrr{"n-
+utL, - va + g--L' + L- gul - L
llenca, os€ furrton k cqr- td1.k+ toL,L: l.c+ l.L= S',i*gr.- ag,t

tii) Noticr tlnt {fie frn rottt on$ ute L (se tlz nput prkr ) ond oo L.
m?t/mrz= 4.s=e> 'v^r=|

g: L+O.6L- tl + ?u! dtis intD thr- (6't &n Cq|-

cql - aL.L+ utr. L = lgt 1.0 -g

ftti) Nottia th4t ttL ost- minimirloX <omblnatioo ir !:u , g4{(rr|.): ^fil; l L;i
g = r|Y- => lz= L=g:

Pu? this into tha cat furtio,n.
c(gl: .tJrL.u+ ut,L : tL+L -- ryL
[c') los t functlar Qroj res :



(J ) f< t mc frrrtiorrs :

LuEu, {+nt 
^c(9)- ?(a) and mcg)-

(i) Acq)- #= t"o

nc(gl: a(?g"")-1;'4
'dg

U) 
^c-- 

! =l

mc- aSt. --l-q9

(iil) ec= 475- tS

mc= 49!) = au
*

49gr)
crg

mc = t4g'3tl

a

hc=mc-t



'IU,gl- *" * g'^

(a) To tnd *z uncondi€onat &nrard, ur need to :olre

,c = p. ltu'rgYo) - ?x.x'?g,g

rocr: n/rr-o + !V'th-Vpo *=(*r)'

*4=o a !p.i""-rg--o ,=(-r*f

(b) supfg fic: 9 Q, Ptt te1) - & - *U

k) r(r,,e,,e0= r (*r,* +e) - ?-(irJ" - tg'(3rg)'

Wu- 7ro$2 rnar. probhm .

- urhnre 9 i5 sutFrt Pc-ic
and 9" and ?g are inPut

plo foe r t- g'

a wW n"J 't' .$^d sqgPq {n'

,r=r': ,Efth + o- * -ig

(d) T. {nd *. <ooditisrcl &rrutrl, u.re rped {D notv€ {&! cG€ nrh' lob&n'

nn Pr-'tt + ?g'g "'{o q-- *'" *!V

& Q, g, t)- Px.r + b'9 + 1 ( q -\v" - gt,.)

rocz: aVax= px-t4rr-/, =" I _r:_ S + , o"
-t. I x" g !=xE"

se/ag=?g-'to^9e'o ) 
|

2{/er 4- *!"-s!'=o 
E;. t,-#p..ducrion funcusr:

4= r\* *r+ : xr. (,* fr)

7= ^" (,. ft) + x*rP,P,,es)- dil - ffi;"
sr Le, ?x, ? s) = 

*+^r, +; = ffi,
(c) 

"( ?a,?g,l)= Px.t+(Px,Q,?) + Pg-gt(e1r?9r{)

= PxP,r T
Px+?9

@



@ lin,xr,tz,tt)- min i Lrltr21xe+1x'1 J

ft) 1wa+ 1wt

Liit) gw1+ !oa
(iv) -9- rur + 1.rog

(a) zorrlitnar {uctDG &rand. i o= 7lt^, r 11

Ta ?roduce I unit o{ ougput i oost-nrin. b€tuvlq- is lx1+x1- x3't&14:l 9=t)

Ndttcl 't rdtt thri€ dlt ano c&i 'b caxider:

C:ose 1: Axt+,t..-l + *r"- 2 rt-i
Nt\"w

2> -g)' 1 + sc {trr {qc{o ?ilc "t 
:t / "rt-t-w' 

fiorn coill on$ 1& xt {al
co.t= +.1+ o.r-f

ffi* *c.r.q=t + (s+=0 xI-*
L < -gI. = 3--Er^,.imita& ar4rrr rtI - 0t{ 4 .ai. to {qc{o.. fi.o, .03= a A ,\: f
CtsC=*-.4+0,9-L

qiy"n input jeicrs, cooditional ,ftcbG 
"lermnd i<. (qrrrr7"r1rl - (ktotott4)

(b\ co6t 6ttlon:
Ab optlnum 4xl +rb - Xa+44 = q

.t+ !r-14 | r1=o 4nd 2.2=1 .HfitrS,ffiffilVJ:i:"
. tf 9- <e. + v^-o arrA A- + 

d1/w|=y2 
'561a11 

qrulf gklA ?

lDa zoodl{ianr insted d a.

,l+ 1'4 >* + Xa.o and \-+
fir4

.tC 9<f,+ \=o auld te-1

6' 
/ol\F ftr* * n-t/4eo , tr=1 

^ 
ra-U

- l+ J4L> t "rA 
(tr'! \rut if fr*+ u !1-t1-o , x^!a.=1'

Ctii) tf fr->+ I 
xa-xe-0 t A-x4-Y

,/
- lf ld!- < a and'' N^ \tiv)if 

&.++x2-4,-o, x^:1/, ,r ro-q

,Itq1a 4*v uost frnatiors ft- e{.e \ ces atez

ti) q u-r, + iL ar. I- ' t-- -E 1 | na'," ttre:s iftfrcnutict$ t 6.E ta'D oo.itc tlu-
zost {rr{ot :

c(to,q) = q (*{+, r,} * an {'a ' ef)



k) |(rxt ,, Ar2,\xet \x<)-. Tiln 1 I'ltq + 
^tq 

t 
^rr+ ^r\l

= flb f 
^ 

(:.xr+xr\, lr(x"+tr1)l

= l. arin I lvr +rr t xa+ lx,ll

- \. {(Al"tbtk') (crrs)

, | (\,x", xe, /1) = t-wh l,y,ry^l + A fin Lx.v, ral
(w1 rr]Jtt 1!, r^tf ) = (6,5,2,a> j q=fo

No0re {fut d+ o?A um, X1=V2 n4 yg-.4.

)etk q Yy=$=a orA 2ra.yq= 6 uolvte a and b 4le romlzrrb'

tu, Voducfui flrtiar uill toL likc (3tb) = y:sV
P€t+ct lubtdhrrts

#r"=+.?--ba otu'e ' PC-'- 8+6'19
'npt geicn (oot 4 I ud€ of a)L-

- 16- b+{e?
( <ost of, t u/i't o{ b)

5o1 $am t^lill ui€ o.1g b 'Ln fu pa-cdtceot flD(4ss r and a--o.

slilo #at bV ia giwr as ?O;

314--ers-?o ? x{.Xi-* "'f Yi-xi-o

robt ost = +.e. *.1 = +



N Utl tl -- vo'6 g-0'6 ., py=lo , ?L. 40

(^\ !,UtL, Ale ?z.v+ fi-.t + )Q- ao'q Lo'a,

(to) +oc ,:
t. -l'r&/aL = ?L_+^tr,"L'.=o

^ v -t.
Ya- = ?, - \ \ u'" t- '' -o

+=+LL

L= ?.
LPz

,^L+!=(t.+f," + 4=L(, \ ?y. I

,- t
- ( 

"!a)" 
E ,r u(tu,P1,A\-

7-loc0 ) Lx=ry A tL,= N

l@)- to.emo +ilo.'oo(t = {o.oo

, \l':u)

,^ (",\IJ't Q9 , ?y,il

er=o !
Pr=lo J

C 6s (10,401

2&4^= !- &ub-o

G) L= L.k

(d) V=lm ; L 6^ votrJ i Z[= ro@

!(v)- aaY" s'" - eodt ,+ L'= Lfi
roaL 6st : t00. lo + J60.40- loo.w

G) ue tanJt{tmqf hFrE Aenard fnct}nt' &ub b'e &nd In prf k).i

t(1o,4o,gfo\- tooo + L': loo0

v(tororm)= 4m + Lr=4m0

ca(to,41affDl= lo.4@+ 40' lod - 8o'0o0

6) tn +l,t 6lr't in or&r b 7c-Arttt Affi 'abs' 
yctat 1ut3 b tK' e/ellg rool and

&o0o y, l0 +lu sllt h4 docs nol sohc a ost n)nLfJaolbt PfDl{m. n aE uL,

lr;urrue, w lan ltw abl0h; '1, od3trst ornoun + 4 VW and rafltar h $re

poducdon Pnz4ss 60 t}'4tt lv- @n 'yt6j€ levdo d lak 61'7 ccrpitat \n or&r @

rdnimiz gm&rcdon costl.



@ . lturtl= /n*fg, +il" i atb*\o\ \a'b,/

(a) r* u" pt.r- sp. drbltag pdlr UlrL) and arsunre foa rnd ffi nrfi Ll'atsLl - tL'

t*n tloL arg c.)l 1 m\n 1 tu.v1&(Ll = tr( k- ' thzo / u! have dat {(otgrau) - (rntn 1uL' srll)c

-- (anulc: *.c (tttl = *" (zh 1r,lr_l)"= c'SLv,t1.

Noba that 4hit dutl46dt u:cl,Ld have oylrkd znckg &o san/- "49 4 ur frd

asstJnwd .il;n (tu,lLl = c t- . This poduno 'fiff{on exhiHb &cr€aslng / cDnsttnt.,

ond'nteos\g r€trem 't! scak u:lutl (c 'rc {ess l*rin, eqtnl $ l attd gteat=t atott 11

re s pccdrrtg. 'lhrtt 6/ k shibits lcT6 rf c<l t c9-1s l$ o-l and lsrs tf e) I '

b) uau 4t* +vL ap oo@ fo-cbr rg:rtrrrtds L(qqtl ' t(41ot\ arc tlnr:okrdcrs'

9So ud L2.0, to &1L .ost nin' Prooum '

*; rL+ uL s.b ({'dn (+,b))'r. 
^l ttv\

n tis drse.t \bepile dtg {'tl tto' of * aAA + z''-iltJbut'5'lo Pno&cHdl/ th''

{orn mintmi-zes alst & Pro&4 dhrtE +' i ur tharebrc trr$e drot:

q-- l*k,t))'= kf= (t[

uc can sdre {s v,v as frltaor:

,(. - ? .> ,= \2 vr1'ar)= $L

otn qu'=ft I t=bquc L(1'IJ'. - bqu'

thL casrttat+ os4. {:.rwllotr 6t

cQll"fl' r lz(1'w'rl + tr: LQrurrr) - n\" + ubqV

=(ca +ub\ qt/'

(4 w ob'"'le 1,"L +e @rrt+ionar frctr aervnnds ,v(1'ot)=o13,l'^a L(q'@'rl= btc'

orc botr-'fufsbrv 4 eh" ittpE Pe'l@r r and r'r' toViu Orr osc {rrcdot ls \mreosi49 in

bodt r ard to. IrE r€.rsoo ftc ths is as 6na^x - be@te (a urih tfl "tgat 
and Cln r'rails 4J

ldbr dck os gla c.ornglerrv*s 6c- +hts ({x'a 
Paqodarq lroaucUo $ftl..oc. Georrog t/'

'r:oqtrnts (e e$c44 UEa indlfet€tl4 <trLr;' t {pv frftct oro1tbflrlrtr 
' 

u:ith t}a sl4p' Wg

;*. *- "" YtftlE ew:gtlherc), {te {sm udlt atr^4gs 4t* o ytt u'c 
"-'a' 

u'.c" h- E

in order {p fldnlniut <ost. ttuo q;rrtrdt thus flnzs &w r/s vla tP o?tilul lerlt o'f

,*H"ffiJ:f,t'J 
sncas cb rpr dffr:.r. cocr ef mininrbtog hprb ev& L,rd t'

l$oe{eL1crlczv'ordLor<'}r'g'rt+l1_ficJYtoltlhds'to?eJ$c-+h^'ll'n"('on*
aff,eats llB (Et 6[tJt,-t / uh\ch'w olt} W rost frncAo is incrcarlg 'in r and ur'



(d) rrrn ,,ost Enctlcrl can rpus b
c(qr= Aqt/c

ak {vmt s Lue2gc fuL catt

Aacql = :@',1

aA a*rctq) _
aq

rlB{st's tlru'iltvr. cost itdst hgt mct4\ - etq, -- (t-\ q(4vc

trrciful ao :

it given bg:.

= L1u4)/e

- 6. mc(q)

lYtL sM,?e t Un -tt cLr'\Fs i6 gtwt $: aruq) / - fA\ (t-c') a,u'Mtlc' r?9 \cr / ;----_'>o>0

anck)
x1

: tr rr-c) f,-te)/e<5>0

(e) oz,tr & +(L'ul alrtHb:

lars if c(l
czts 'tt c=l
r21s if cll '

ttogu- Lhtslgo 4 aha sbF 4 ,xltr lr|c  nd A1c ir {Vta ene os +hz 5i9n "F V'' U*af

ellrl blk acrs (cgrs) clsrs) , u'c hatn \M' clt(c--r)(e<l) ond -tbe'=6tz bottr nc ard

tfa urill te &urnunra oloP€ (c.nstant) cuflrfid orophg). --t rrlheonu r<, usl'ti4| { has cmr

trr havc ttnt mc=Alc. tltttt if ttt! aL:rs t *L uj|tt be dbove 1v, and oJhd i+ har bo13'

mc @ltf b. do.^1 t'lc, confumltg &' rla b/o 't- eF o1 t+t X" dr{ dhrt||!r it ls

o.bte 6- b€lot' mc'



' !0*fi1= br'"r%*m

funrts otL mlo, pru bLrn b ya&<t q uritr io glvcn $:
'Wn (r)L + rl- + ttl

!Vtfli)o
.gsYe y\6 + ttt = 1

& ( v, vfn, 6 t r t 1 / 7) = u L +rL + 14 + N ( a,- 3 vls lus- gt\

rlrs; e&7r- w-At%uvc=o | ?t- -.- ry '-#
*;= "'^u-br'%.o ) ub z-2a I

,lAm= l-X=O .\.r\./\-> n=l

s{/et- 
1- oJuh-n-o

. T4.60 lrw fast ar:

^='- ,= fr "=t"!;
y= w"rr!r, a u= [, d'd L =#

(1= q-oLu'tL" t, - 

=^:yr'" 
\#)"

r(uQrurrr) 7 v-Llrotr\, mqrorrl)-($' fr'' 
q- 9")

. trc o* f'ncfidl it givar h9:

eLlru fl =ar L (qru:'rl + r L(qt rDu r) + flQrrorrl

t# * '' *r"*q-&

-fi:+)',n+YA

=q_#



(a) rcel- 4n-q+t
Ic= q-l+ 4,/q j Avc= aq-t i tFc - 4! ; nc- 4l-l

(b) rccq)= hoo+5092

hc= lilort1+rcq t AUe= @q; t..?C= molq , rnc- t001

(d flql= q'+l

l.Ct qt+ 11 't lUc= 1' ; *rc=t/1 i t|€' 31'

,T. v.ztfy &at ttz min-4 fc io an tn frtQ atn;t'qau o"d b fnd ffe q dnt

rnrnirnir:e rc dnd {t':a mlnt mkd va0e of rc ; ond "tJ" fn* &rio q ard {he onnrl'od

rt tY \s en 4llt ttu cue:x'


