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Today
● Moving away from SAT solving

○ But we will tie it back in later!

● Start looking at “high-level” solvers
● Specify constraints in something closer to 

mathematical language (as opposed to SAT clauses)
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Reminders
● HW2 is due on Monday, October 7, 11:59PM

○ Start Early!
○ Make sure set-up works!

● Fall Break next week
○ No class?
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Basic Linear Program
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Item Price/kg Calories/kg Sodium/kg

Rice 1.25 750 15

Pasta 1.65 1200 35

Couscous 1.35 1000 60



Linearity
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Linear Programs
● A linear program is a special class of optimization 

problems with the goal: optimize a linear function 
subject to linear (in)equalities
● Strict inequalities not allowed:  <,   >,  !=

● Widely solved in industry for maximizing value, 
minimizing cost
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Example LP
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● LP formalization:



A More Complex Example LP
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● LP formalization:



Linear Programming 
Methods● Major theory result: any LP is polytime solvable
● In practice: Simplex algorithm

○ George Dantzig, 1947

○ Worst-case exponential time

○ Practically fast for most problems
○ Check the corners!
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Linear Programming 
Methods● More recently: interior-point methods
● Karmarkar’s algorithm (1984)

○ Polytime and practically fast
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NYT (left)
TIME (right)



Basic Linear Program
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Item Price/kg Calories/kg Sodium/kg

Rice 1.25 750 15

Pasta 1.65 1200 35

Couscous 1.35 1000 60



Basic Linear Program
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Basic Linear Program
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Demo



Max Flows with LP
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Max Flows with LP
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Max Flows with LP
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Demo



Assumptions in LP
● Linear programming assumes that the problem 

obeys (or is approximated by) the following laws
● Proportionality: The contribution of any decision 

variable to the objective function is proportional to 
its value

● Divisibility: fractional values are acceptable
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Integer (Linear) 
Programming● Integer linear program (ILP): a linear 

program with the additional constraint 
that variables must take integer values
○ aka integer program (IP)
○ In real life, items often come in discrete 

units
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Integer (Linear) 
Programming 
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Rounding LPs from ILPs?
● What if we just solve the LP relaxation and round?
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Bad Theory News
● Bad news 1: we can construct ILPs whose rounded 

LP solution is arbitrarily far away
○ Sometimes, we can “round” in a clever way so that the 

rounded solution is not too far

● Bad news 2: integer programming is NP-complete!
● Good practical news: lots of work on robust solvers 

for real-world IPs
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Mixed-Integer Programming
● Mixed-integer program (MIP): some variables may 

be constrained to be integers, and some may not
● Objectives & constraints are still linear! 
● We’ll just talk about MIP, since it generalizes IP
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MIP in OR-Tools
● Nearly the same as LP! Only differences:
● COIN-OR’s Branch-and-Cut solver

○ COIN-OR: Computational Optimization Infrastructure for Operations Research

● Declaring fractional or integer variables

25



Capital-Budgeting Problem
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Capital-Budgeting Problem
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Capital-Budgeting Problem
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CPU Job Assignment 
Problem● There are n jobs that must be completed
● There are m CPUs available to do the jobs

○ Each CPU can do at most one job

● There is a cost associated with running a particular 
job on a particular CPU 

● How to assign jobs to CPUs, minimizing total cost?
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Variables
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Constraint
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● Each CPU gets at most 1 job



Constraint
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● Each Job gets exactly one CPU



Enjoy Fall Break!
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“I would rather sit on a pumpkin, and have it all to myself, than be 
crowded on a velvet cushion.” ~Henry David Thoreau


