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1. (a) x
�

y � 5000

(b) 1x
�

1� 2y � 5400

(c) Therearetwo otherimplicit contstraints,x � 0 andy � 0. [diagramhere]Thecoordinatesof thecorners
of thefeasibleregionare � 0� 0 � , � 5000� 0 � , � 0� 4500� , and � 3000� 2000� .

(d) We know from the theoryof linear programmingthat the optimalproductionschememustoccurat one
of the cornersof the feasibleregion. Trying eachof themin turn, we have � 0� 0 � generatinga profit of
0� 15� 0 � � 0� 17� 0 ��� 0 dollarsperday, � 5000� 0 � generatingaprofit of 0� 15� 5000� � 0� 17� 0 �	� 750dollars
per day, � 0� 4500� generatinga profit of 0� 15� 0 � � 0� 17� 4500�
� 765 dollarsper day, and � 3000� 2000�
generatinga profit of 0� 15� 3000� � 0� 17� 2000��� 790dollarsper day. Thereforethe maximumprofit is
790dollarsperday, occuringwhen3000cartonsof regularcolaand2000cartonsof dietcolaareproduced.

2. We cando parts(a), (b), (c) all at once,with thefollowing chart:

� 0� 0 � � 5000� 0 � � 0� 4500� � 3000� 2000� max
0.15x+0.17y 0 750 765 790 790
0.20x+0.17y 0 1000 765 940 1000
0.15x+0.19y 0 750 855 830 855
0.15x+0.16y 0 750 720 770 770

Notethat if theprofit function is 0� 20x
�

0� 17y, maximumprofit is realizedif Copsiproducesall regularcola;
if the profit function is 0� 15x

�
0� 19y, maximumprofit is realizedwhen it producesall diet cola; and if the

profit functionis 0� 15x
�

0� 16y, maximumprofit is realizedwhenit producesablendof colasasin theprevious
problem.

So,astheprofit functionchanges,theoptimalproductionschememayvary radically. Theexplanationfor that
behaviour is in the following threediagrams:[insertdiagrams]As theslopeof the line representingtheprofit
functionchangesthepoint wherethelinesfirst touchthefeasibleregion mayjump from onecornerto another.
Understandingwhen that might happenis the subjectof “sensitivity analysis”,anothermajor topic in linear
programming.Thecritical valuesaretheslopesof thesidesof thefeasibleregion.

3. In the secondscenario,P dollarsbecomesA � P � 1 � 0� 062� 4 � 4 dollarsafter oneyear; that is equivalent to
A � P � 1� 0635��� P � 1 � 0� 0635� , or aninterestrateof 6� 35%. Thefirst scenario,at 6.4%peryear, is thebetter
investment.

4. In this case,wehave180� 000 � 135� 000� 1 � i � 3. Solvingfor i we have

� 1 � i � 3 � 180
135

� 1� 3333 ��
 1
�

i ��� 1� 3333� 1� 3 � 1� 1006 ��
 i � 10� 06%;

“just over10%” is agoodanswer.

5. The key notion in this questionis that we are looking at the valueof someamountin the future, so it is an
ordinaryannuity (regular paymentR known, future amountA unknown) or a sinking fund (future amountA
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known, regularpaymentR unknown). You caneithermemorizetheordinaryannuityformula,or you canwork
it out from scratch.Eitherway, theformulais

A � R
� 1 � i � n � 1

i
�

Thatformulaalsoappliesto sinkingfunds.

(a) In this casewe haven � 15, i � 0� 09,R � 25� 000,hence

A � 25� 000
1� 0915 � 1

0� 09
� 25� 000 � 29� 3609� 734� 022� 91

approximately.

(b) Theformulafor asinkingfund is exactly thesame,exceptthatA is known andR is unknown. In thiscase,
the interestrateis thesameandthenumberof periodsis thesame,sowe cansave somework andwrite
directly

2� 000� 000 � R � 29� 3609 ��
 R � 68� 117� 80�
The CooperFoundationwill have to save $68� 117� 80 per year at 9% compoundedannually to have
$2� 000� 000at theendof 15 years.

6. Thekey to thisquestionis thatwehavealumpof cashnow insteadof in thefuture(thecarhasto beboughtwith
cashnow), soit is acasefor amortization(presentvalueP known, regularpaymentR unknown)or presentvalue
(regularpaymentR known, presentvalueP unknown). You caneithermemorizetheformulafor amortization,
or you canwork it out from scratch:

P � R
1 � � 1 � i ��� n

i

Theformulaalsoappliesto thepresentvalueof anannuity.

(a) In this case,P � 12� 000,i � 0� 063� 12 � 0� 0053,n � 3 � 12 � 36,andtheequationis

12� 000 � R
1 � � 1� 0053��� 36

0� 0053
� R � 32� 4159 ��
 R � 12� 000

32� 4159
� 370� 19

approximately. Alice’smonthlypaymentwill beabout$370� 19.

(b) In this caseP is unknown, R � 425, andall the othervariablesare the same,so P � 425 � 32� 4159 �
13� 776� 75. Alice canafford to buy acarcostingup to 13� 776� 75now.

7. This problemis hard. The technologyrequiredis just linear programming,but settingup the problemin the
first placeis difficult. At first it might seemthat thereare four unknown variables:x, the numberof lamps
Reginaordersfrom A; y, thenumberof lampsSaskatoonordersfrom A; z, thenumberof lampsReginaorders
from B; andw, thenumberof lampsSaskatoonordersfrom B. However, weknow thatReginaordered25 lamps
altogether, soz � 25 � x andwecaneliminatez; similarly, Saskatoonordered20lampsaltogether, sow � 20 � y
andwe caneliminatew. Theinequalitiesare:

SupplierA limit: x
�

y � 10

SupplierB limit: z
�

w � 40 ��
�� 25 � x � � � 20 � y ��� 40 ��
 5 � x
�

y�
In summary, we canwrite 5 � x

�
y � 10. We alsohave theimplicit constraintsx � 0 andy � 0. Seethesketch

of thefeasibleregion [insertdrawing].

The cornersof the feasibleregion have � x � y � coordinates� 5� 0 � , � 0� 5 � , � 10� 0 � , and � 0� 10� . We calculatethe
objective, theshippingcost,for eachof thosescenarios:� 5� 0 � implies z � 20 andw � 20 for a total shipping
costof 5x

�
6y
�

7z
�

4w � 5 � 5 � � 6 � 0 � � 7 � 20� � 4 � 20��� 245; � 0� 5 � implies z � 25 andw � 15 for a total
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shippingcostof 5 � 0 � � 6 � 5 � � 7 � 25� � 4 � 15��� 265; � 10� 0 � impliesz � 15 andw � 20 for a total shippingcost
of 5 � 10� � 6 � 0 � � 7 � 15� � 4 � 20��� 235;andfinally, � 0� 10� impliesz � 25 andw � 10 for a total shippingcost
of 5 � 0 � � 6 � 10� � 7 � 25� � 4 � 10��� 275.Shippingcostis minimizedin the � 10� 0 � scenario.

In summary, total shippingcostsareminimizedwhentheRegina storeorders10 lampsfrom A and15 lamps
from B, andtheSaskatoonstoreordersno lampsfrom A and20 lampsfrom B.
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