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Today’s Learning Objectives 

 Recap of LP assumptions 
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 Proportionality assumption 

 In objective function with every unit increase in xj there 
is a constant increase of cj 

 Z = c1x1 + c2x2 +…cnxn if value of x1 increases by 1 unit the 
value of Z increases by c1 

 In constraint for every unit increase in xj results in a 
constant increase of the constraint left-hand side by aij 

 If x1 increases by 1 unit in the equation a11x1 + a12x2 + ..a1nxn 
≤ b1 the value of (a11x1 + a12x2 + ..a1nxn ) increases by a11 

 For example, as the product output increases it is 
possible that cost of production might start 
reducing or the resource utilization might improve, 
but in an LP formulation we cannot account for 
that non-linearity 
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 Overall proportionality assumption rules out 

any power ≠ 1 in the objective function or 

constraints 

 This will make the function non-linear 
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 Additivity 

 Every function in a linear programming model 

(whether the objective function or the function on 

the left-hand side of a functional constraint) is the 

sum of the individual contributions of the respective 

activities. 

 Example of objective function  

 22 XA+28XB is ok, but 22 XA+28XB +XAXBis not 

 This is likely to happen when the two products are 

complementary such that profit increases 

 Similar multiplication terms are not allowed in 

constraints also 
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 Divisibility 

 Decision variables in an LP model are allowed to have 

any non-integer values (matching the constraints of 

course) i.e. we assume that activities can be run at 

fractional levels 

 If it is necessary that variables have to be integers we will 

have to employ other approaches – integer programming 

 Certainty 

 The value of parameters that we employ in the linear 

model are assumed to be known and constant 

 Overall, it is necessary to examine all these 

assumptions prior to solving an LP and see how far 

are we deviating!  



Example Problem 
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 The SOUTHERN CONFEDERATION OF KIBBUTZIM is a group 
of three kibbutzim (communal farming communities) in Israel.  

 Overall planning for this group is done in its Coordinating 
Technical Office.  

 This office currently is planning agricultural production for 
the coming year.  

 The agricultural output of each kibbutz is limited by both the 
amount of available irrigable land and the quantity of water 
allocated for irrigation by the Water Commissioner (a national 
government official). These data are given in Table 

Kibbutz Usable Land (Acres) Water Allocation (Acre Feet) 

1 400 600 

2 600 800 

3 300 375 



Example Problem 

9/13/2012 CIVE 208: CIVIL ENGINEERING SYSTEMS ANALYSIS 8 

 The crops suited for this region include sugar beets, 
cotton, and sorghum, and these are the three being 
considered for the upcoming season.  

 These crops differ primarily in their expected net 
return per acre and their consumption of water.  

 In addition, the Ministry of Agriculture has set a 
maximum quota for the total acreage that can be 
devoted to each of these crops by the Southern 
Confederation of Kibbutzim 

 Crop 
Maximum Quota 

(acres) 

Water Consumption 

(Acre feet per Acre) 

Net Return ($ per 

acre) 

Sugar beets 600 3 1000 

Cotton 500 2 750 

Sorghum 325 1 250 

 Formulate an LP to assist in crop decisions 
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 What are the decision variables 

 

 Objective function 

 

 

 

 Constraints 
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 Decision variables 

 Amount of crop in each kibbutz (3 in each kibbutz for 3 
kibbutz) - 9 variables 

 Sugar beets x1, x2, x3 

 Cotton x4, x5, x6 

 Sorghum x7, x8, x9 

 Objective function 

 1000 (x1+x2+x3) + 750 (x4+x5+x6) + 250 (x7+x8+x9) 

 Constraints 

 Land for kibbutz 

 x1+x4+x7 ≤400 

 x2+x5+x8 ≤600 

 x3+x6+x9 ≤300 
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 Constraints 

 Water for kibbutz 

 3x1+2x4+x7≤600 

 3x2+2x5+x8≤800 

 3x3+2x6+x9≤375 

 By crop  

 x1+x2+x3≤600 

 x4+x5+x6≤500 

 x7+x8+x9≤325 
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 Because of the limited water available for irrigation, the Southern 
Confederation of Kibbutzim will not be able to use all its irrigable 
land for planting crops in the upcoming season.  

 To ensure equity between the three kibbutzim, it has been agreed 
that every kibbutz will plant the same proportion of its available 
irrigable land.  

 For example, if kibbutz 1 plants 200 of its available 400 acres, then 
kibbutz 2 must plant 300 of its 600 acres, while kibbutz 3 plants 
150 acres of its 300 acres. However, any combination of the crops 
may be grown at any of the kibbutzim.  

 Constraint 



(x1+x4+x7)
400

=
(x2+x5+x8)

600
=
(x3+x6+x9)

300
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 If the ratio of cotton and total land used for 

agriculture in each kibbutz needs to be same; 

how will this alter the formulation  

 

 

 Constraint 



x4
x1+x4+x7

=
x5

x2+x5+x8
=

x6
x3+x6+x9

 

 Now is this still an LP? 

 No; because we violate proportionality assumption 
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 Comfortable Hands is a company which features a product 
line of winter gloves for the entire family—men, women, and 
children.  

 They are trying to decide what mix of these three types of 
gloves to produce. 

 Comfortable Hands’ manufacturing labor force is unionized. 
Each full-time employee works a 40-hour week. In addition, 
by union contract, the number of full-time employees can 
never drop below 20.  

 Nonunion part-time workers can also be hired with the 
following union-imposed restrictions: (1) each part-time 
worker works 20 hours per week, and (2) there must be at 
least 2 full-time employees for each part-time employee. 

 All three types of gloves are made out of the same 100 percent 
genuine cowhide leather.   

 Comfortable Hands has a long-term contract with a supplier 
of the leather, and receives a 5,000 square feet shipment of 
the material each week.  
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 The material requirements and labor requirements, along with 
the gross profit per glove sold (not considering labor costs) is 
given in the following table. 

 

 

 

 

 

 

 Each full-time employee earns $13 per hour, while each 
parttime employee earns $10 per hour.  

 Management wishes to know what mix of each of the three 
types of gloves to produce per week, as well as how many full-
time and how many part-time workers to employ. They would 
like to maximize their net profit—their gross profit from sales 
minus their labor costs 

 

Glove 
Material Required  

(square feet) 

Labor Required 

(Minutes) 

Gross Profit 

($ per pair) 

Men’s 2 30 8 

Women’s 1.5 45 10 

Children’s 1 40 6 
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 Decision variables 

 

 

 

 Objective Function 

 

 

 

 Constraints 
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 Decision variables 

 x1 – men’s gloves,  

 x2 – women’s gloves 

 x3 – children’s gloves 

 x4 – full-time employees 

 x5 – part-time employees 

 Objective Function 

 Max 8x1 + 10x2 + 6x3 – (13*40)*x4 – (10*20)*x5 

 Constraints 

 2x1+1.5x2+x3 ≤5000  (material) 

 30x1+45x2+40x3 ≤(40*60)x4+(20*60)x5 (labor in mins) 

 x4≥20 (union minimum) 

 2x5 ≤x4 (union condition for part-time) 
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 A caterer has undertaken a contract for a series of 6 
dinners, one each on 6 successive nights, to be given by 
an exclusive New York Club.  

 The caterer must purchase napkins especially for these 
dinners because the club has requested a special type of 
napkin that has not been used before, and will not be 
used again.  

 On each day, the number of meals served will be:  
 day 1: 100 meals 

 day 2: 200 meals 

 day 3: 300 meals 

 day 4: 400 meals 

 day 5: 175 meals 

 day 6: 75 meals 

 One napkin is required for each meal on any given day.  
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 Two types of laundry service are available to the 
caterer.  

 Regular service takes 4 days (e.g., laundry sent at 
the end of a meal on day 1 can be used again for a 
meal on day 5) and costs $1.00 per napkin.  

 A faster service takes 2 days (e.g., laundry sent at 
the end of a meal on day 1 can be ready for use on 
the 3rd day's meal), and costs $1.65 per napkin.  

 New napkins cost $13 each. The caterer wants to 
minimize the costs associated with purchasing and 
laundering napkins. Set up and solve a linear 
programming problem that determines the number 
of napkins to buy, and the number that will be sent 
each day to the regular and to the fast laundry. 
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 Decision variables 
 Total napkins (N) 

 Napkins sent for regular laundry (R1, R2, R3, R4, R5, 
R6) 

 Napkins sent for faster laundry (F1, F2, F3, F4, F5, F6) 

 Objective function 
 Min 13N + (R1+R2) + (1.65)*(F1+F2+F3+F4) 

 Constraints 
 N≥100 

 N-100≥200 

 N-300+F1 ≥300 

 N-600+F1+F2 ≥400 

 N-1000+F1+F2+F3+R1 ≥175 

 N-1175+F1+F2+F3+F4+R1+R2 ≥75 

F1+R1≤100 

F2+R2≤200 

F3≤300 

F4≤400 
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 How will the formulation change if decision of 

buying napkins was made every day 

 

 Solve it for Tuesday’s class 
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