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Guns and butter

max x + y
4x� y ⇥ 8
2x + y ⇥ 10

5x� 2y ⇤ �2
x, y ⇤ 0
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Certificate of optimality
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Certificate of optimality

4x� y ⇥ 8
2x + y ⇥ 10

5x� 2y ⇤ �2
x, y ⇤ 0

max x + y

7
-1

14x +7y ≤ 70
-5x + 2y ≤ 2

9x+ 9y ≤ 72



berlin



linear programming 
saved Berlin
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Stigler diet
calories 3000
protein 70g
calcium .8g
iron 19mg
vitamin A 5000iu
thiamine 1.8mg
riboflavin 2.7mg
niacin 18mg
ascorbic acid 75mg







Brownie Truck Pavement Amelia
cost 5 2 3 8
cals 400 200 150 500
choc 3 2 0 0
sugar 2 2 4 4

fat 2 4 0 5
500 calories, 6 oz choc, 10 oz sugar, 8 oz fat requirements: 
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H-representation 
begin 
8 4 rational 
-500 400 200 150 500 
-6   3   2   0    0 
-10  2   2   4    4  
-6   2   4   0    5 
0    1   0   0    0 
0    0   1   0    0 
0    0   0   1    0 
0    0   0   0    1 
end 
minimize 
0 5 2 3 8 
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*Objective function is 
 0 + 5 X[1] + 2 X[2] + 3 X[3] + 8 X[4] 
*LP status: a dual pair (x, y) of optimal solutions found. 
begin 
  primal_solution 
  1 :  0 
  2 :  3 
  3 :  1 
  4 :  0 
  dual_solution 
  2 :  -1/4 
  5 :  -11/4 
  3 :  -3/4 
  8 :  -5 
  optimal_value : 9 
end 
*number of pivot operations = 4



G = (V, E) c : E� Z+(G, c, s, t)

max flow as lp

input: 



f (u, v) � c(u, v)

�
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f (u, v) � 0
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v
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min-cost flow as lp

input: 

s t
1/
3

2/2

2/3

1/
2

1/2
2/31/11/3

0/1
2/2

2/3

dx : E� Z+G = (V, E) c : E� Z+(G, c, s, t)



min-cost flow as lp



min
e

xe · f (e)
f (e) � c(e)

f (e) � 0

�
u

f (u, v) = �
w

f (v, w)

min-cost flow as lp
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f(v, s) = d



cs4102 - algorithms - s’16 — abhi shelat

due wed may 4, 2016 at 5p via course website H8.
You may collaborate with other students on the homework but you must submit your own
individually written solution, identify your collaborators, and acknowledge any external
sources that you consult. Do no submit a solution that you cannot explain to me. All
problems are related to maxflow/mincut.

problem 1 April in Paris

Lecture 27 will be in Paris! I’m sending all of you. Help me find the cheapest way to get
all 135 of you there. Here are flights and available seats.

Seats Price ($) Seats Price ($)
cho ord 14 114 cho iad 74 64

cho lga 13 89 cho atl 24 72

cho ctl 44 90

iad bru 16 269 iad zrh 78 536

iad cdg 15 555 iad mla 13 480

ord lhr 61 309 ord cdg 23 390

ord fra 61 412 ord bru 115 332

lga jfk 230 37 jfk cdg 37 693

jfk lhr 56 528 jfk fra 20 412

ctl lhr 53 528 ctl fra 28 412

ctl cdg 34 593 atl cdg 19 607

atl lhr 23 466 atl zrh 18 499

bru cdg 14 71 zrh cdg 335 53

lhr cdg 211 35 fra cdg 412 57

mla cdg 111 34

Express a linear program in standard form to solve this problem. [Extra credit: actually
solve the LP and find out how much will it cost me.]

problem 2 Andrew’s Libraries

When a boy in Pittsburgh, striving with all his might to improve his prospects,
[Andrew Carnegie] was permitted with some other youths to borrow books
from the library of a gentleman named Colonel Anderson. Every Saturday
afternoon the good-hearted Colonel was in attendance at his house to lend any
of his four hundred books. Young Carnegie eagerly looked forward to those
Saturday afternoons...The young telegraph messenger resolved in his buoyant
enthusiasm that if ever wealth fell to his lot he would use it to establish free
libraries, so that poor boys might have opportunities of reading the best books.
[Excerpt from Andrew Carnegie: the man and his work, Alderson, 1909, p. 156]

Suppose it is Andrew’s legacy to ensure that every town either has a library or is next to a
town that has a library. Given a map of a country consisting of towns and roads between
them, the Library problem is to decide whether k libraries can be placed in towns so as to
satisfy Andrew’s legacy. Show that the Library problem is NP-complete.



shortest paths as LP

inputs:
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� aijxi � bi

getting to standard form

max
x � xici

(non-negative)
ie, what if there 

is 
no constraint

on x?



H-representation 
begin 
24 13 rational 
0 0 0 0 0 0 1/2 5/12 1/3 1/4 1/6 1/12 -1 
0 0 0 0 0 7/22 5/22 5/33 1/11 1/22 1/66 0 -1 
0 0 0 0 0 7/44 1/11 1/22 1/55 1/220 0 0 -1 
0 0 0 0 14/99 7/99 1/33 1/99 1/495 0 0 0 -1 
0 0 0 0 7/99 7/264 1/132 1/792 0 0 0 0 -1 
0 0 0 1/11 1/33 1/132 1/924 0 0 0 0 0 -1 
0 0 0 1/22 1/99 1/792 0 0 0 0 0 0 -1 
0 0 1/11 1/55 1/495 0 0 0 0 0 0 0 -1 
0 0 1/22 1/220 0 0 0 0 0 0 0 0 -1 
0 1/6 1/66 0 0 0 0 0 0 0 0 0 -1 
0 1/12 0 0 0 0 0 0 0 0 0 0 -1 
1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 
-1 1 1 1 1 1 1 1 1 1 1 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 0 0 0 0 0 0 0 0 
0 0 0 0 1 0 0 0 0 0 0 0 0 
0 0 0 0 0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 1 0 0 0 0 0 0 
0 0 0 0 0 0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 0 1 0 0 0 
0 0 0 0 0 0 0 0 0 0 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 1 0 
end 
maximize 
0 0 0 0 0 0 0 0 0 0 0 0 1 



* Compiled for Rational Exact Arithmetic with GMP 
*cdd LP Result 
*cdd input file : 12.ine  (24 x 13) 
*LP solver: Dual Simplex 
*LP status: a dual pair (x, y) of optimal solutions found. 
*maximization is chosen. 
*Objective function is 
 0 + 0 X[1] + 0 X[2] + 0 X[3] + 0 X[4] + 
 0 X[5] + 0 X[6] + 0 X[7] + 0 X[8] + 0 X[9] + 
 0 X[10] + 0 X[11] + 1 X[12] 
*LP status: a dual pair (x, y) of optimal solutions found. 
begin 
  primal_solution 
  1 :  280/1643 
  2 :  4217/14787 
  3 :  130/477 
  4 :  280/1643 
  5 :  120/1643 
  6 :  140/4929 
  7 :  0 
  8 :  0 
  9 :  0 
  10 :  0 
  11 :  0 
  12 :  70/4929 
  dual_solution 
  24 :  383/29574 
  21 :  599/73935 
  20 :  74/14787 
  22 :  1003/98580 
  23 :  173/14787 
  1 :  74/4929 
  3 :  99/1643 
  5 :  264/1643 
  7 :  462/1643 
  9 :  1540/4929 
  11 :  280/1643 
  12 :  70/4929 
  optimal_value : 70/4929 
end 
*number of pivot operations = 8 
*Computation starts     at Tue Apr 19 12:54:03 2016 
*            terminates at Tue Apr 19 12:54:03 2016 
*Total processor time = 0 seconds 
*                     = 0h 0m 0s 
closing the file 12.lps 
closing the file 12.ddl


