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Non-standard
problems Ñ what are
they and how do you
solve them?
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x = # days factory A is operated
y = # days factory B is operated

Example - bicycle factories

A small business makes 3-speed and 10-speed
bicycles at two different factories.  Factory A
produces 16 3-speed and 20 10-speed bikes in
one day while factory B produces 12 3-speed
and 20 10-speed bikes daily.  It costs
$1000/day to operate factory A and $800/day
to operate factory B.   An order for 96 3-speed
bikes and 140 10-speed bikes has just arrived.
How many days should each factory be
operated in order to fill this order at a minimum
cost?  What is the minimum cost?
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x = # days factory A operated
y = # days factory B operated

3-speed: 16x + 12y !  96
10-speed: 20x + 20y !  140

x !  0, y !  0
Minimize:  C = 1000x + 800y

Bicycles
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5
3-speed

corner pts   C = 1000x + 800y
     (0,8) $6400
     (7,0) $7000
     (3,4) $6200

Best strategy: Run
factory A for 3 days
and factory B for 4
days at a net cost of
$6200.

Bicycles
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x = # days factory A operated
y = # days factory B operated

3-speed constraint: 16x + 12y !  96
10-speed constraint: 20x + 20y !  140

x !  0, y !  0
Minimize:  C = 1000x + 800y

Rewrite of Problem:

Bicycles



COPYRIGHT © 2006 by LA VON B. PA GE

x = # days factory A operated
y = # days factory B operated
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x = # days factory A operated
y = # days factory B operated

3-speed constraint: 16x + 12y !  96
10-speed constraint: 20x + 20y !  140

x !  0, y !  0
Minimize:  C = 1000x + 800y

Rewrite of Problem:
–16x – 12y "  –96
–20x – 20y "  –140

Maximize D = –C = –1000x – 800y

Bicycles
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Rewrite of Problem:
–16x – 12y "  –96
–20x – 20y "  –140
Maximize D = –C = –1000x – 800y
(If we can find the maximum value of D, then
we can get the minimum value of C just by
changing the sign.)

Add slack variables & rewrite D equation:
–16x – 12y + u =  –96
–20x – 20y + v = –140
1000x + 800y + D = 0
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Add slack variables & rewrite D equation:
–16x – 12y + u =  –96
–20x – 20y + v = –140
1000x + 800y + D = 0

Initial Tableau
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-16 -12 1 0 0 -96

-20 -20 0 1 0 -140

1000 800 0 0 1 0

x y u v D
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What’s New?

1. No negative numbers in bottom row.
2. Negative numbers in far right column.

!

"

#
#
#
#

$

%

&
&
&
&

-16 -12 1 0 0 -96

-20 -20 0 1 0 -140

1000 800 0 0 1 0

x y u v D
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New Rules for picking pivot element:
1. Pick any negative number in the

far right column.
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x y u v D
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New Rules for picking pivot element:
1. Pick any negative number in the

far right column.
2. Move to left to a column where

there is another negative number.
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New Rules for picking pivot element:
1. Pick any negative number in the far right 

column.
2. Move to left to a column where there is 

another negative number.
3. Choose pivot element by finding smallest 

positive ratio.
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-20 -20 0 1 0 -140

1000 800 0 0 1 0

x y u v D
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!96

!12
= 8       

!140

!20
= 7
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-16 -12 1 0 0 -96

-20 -20 0 1 0 -140

1000 800 0 0 1 0

x y u v D

If the 2nd column is used as the pivot
column, then -20 must be the pivot
element.

  

!96

!12
= 8       

!140

!20
= 7
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-16 -12 1 0 0 -96

-20 -20 0 1 0 -140

1000 800 0 0 1 0

x y u v D

Once the pivot element has
been chosen, proceed as usual
to convert the pivot element to
1 and the other elements in the
pivot column to 0.
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x y u v D

-16 -12 1 0 0 -96

1 1 0
-1
20

0 7

1000 800 0 0 1 0

x y u v D
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-16 -12 1 0 0 -96

1 1 0
-1
20

0 7

1000 800 0 0 1 0

x y u v D
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-4 0 1
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5

0 -12

1 1 0
-1
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0 7

200 0 0 40 1 -5600

x y u v D
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Note there’s still a negative in the far
right column (above the bottom row,
don’t worry about the number in the
bottom right corner.) So the pivot column
must be the 1st or 4th column.



COPYRIGHT © 2006 by LA VON B. PA GE

!

"

#
#
#
#
#
#
#

$

%

&
&
&
&
&
&
&

-4 0 1
-3
5

0 -12

1 1 0
-1
20

0 7

200 0 0 40 1 -5600

x y u v D

Notice that either column 1 or column 4
could be used as the next pivot column.
Let’s pick the 1st column as the pivot
column. Then what is the new pivot
element?
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x y u v D

The ratios from the potential elements
in column 1 are +3 and +7. Since 3 is
smaller, -4 is the pivot element. So
we’re ready to carry out another step.
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200 0 0 40 1 -5600
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x y u v D
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At this point, we’ve finished.  There are no
more negatives on the far right, and none in
the bottom row.  Optimal solution is:
x=3, y=4, D = -6200, so minimum value of
C = +6200.
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Now let’s backtrack to where we were
after the first step and see what would
have happened if we had chosen
column 4 as our pivot column instead
of column 1.
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Now let’s backtrack to where we were
after the first step and see what would
have happened if we had chosen
column 4 as our pivot column instead
of column 1.
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x y u v D
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Problem now looks like a standard
problem. No negatives on far right,
but negatives in bottom row.
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x y u v D
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0 0 50 10 1 -6200

x = 3, y = 4,  maximum of D = -6200
minimum value for C = $6200


