
Lecture 2:
Solvers & Encoding

CIS1921



Reminders
● Homework 0 due Monday, January 27, 11:59PM
● OH Schedule: Thomas: Sun 3-4pm, Cindy: Tues 8-9pm, 

Ishaan: Wed 9:30-10:30pm
● OH held virtually on OHQ – be sure to add the class!
● Homework 1 will be posted this weekend. 2 weeks to 

complete!
● Make sure you have access to Ed
● Gradescope: 8KPRG5

2



Accommodations
● If you have any special accommodations (i.e. 

things that would prevent you from submitting 
a HW at a certain time), please let me know 
ASAP.
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A couple past final projects…
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On-Call Scheduler for 
Hospitals
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Christopher Wun & Alex Jiang



Flow Solver / Generator
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Michael Gao & Thomas Ngulube



Optimized Portfolio 
Generator
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Madhav Sharma & Ishaan Shah



Recap
Last week
● Intro to hard problems
● The SAT problem

This week
● Using SAT solvers in Python
● Factors that affect solver runtimes
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Overarching Class Themes
● Accept the fact that the problems we will look at are very hard and 

“exponential runtime”
○ Take solace in the fact that for many inputs, the problem won’t 

take exponential time
● Every speed-up counts

○ Take careful consideration of the balance between runtime and 
complexity

● There will never be a “right answer”
○ Often, the best thing to do for a problem depends on the 

problem itself and its data!



Recall: SAT Problem
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SAT terminology
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Conjunctive Normal Form
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CNF-SAT: a loss of 
generality?● It’s convenient for SAT solvers to accept formulas in CNF, but what 

if we need to solve any other non-CNF boolean formula?
● Every SAT problem can be converted to a CNF-SAT problem
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DeMorgan’s & Distributive 
Laws
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CNF-SAT: a loss of 
generality? 
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The Tseitin Transformation
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The Tseitin Transformation enjoys linear blowup of the # of clauses



Notation
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MiniSAT
● MiniSat is a minimal, open source SAT solver 

created by Niklas Eén & Niklas Sörensson
○ An Extensible SAT-solver (Eén & Sörensson, 2003)

● Silver medal in SAT Comp. 2005...
● …with only ~600 lines of C++ code!
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PicoSAT
● PicoSAT is an open source SAT solver created by 

Prof. Armin Biere
○ (Q)CompSAT and (Q)PicoSAT at the SAT’06 Race (Biere 2006)

● Armin Biere: Handbook of Satisfiability
● Gold medalist in SAT Competition 2007
● Written in C, but bindings to Python, JS, R, etc.

○ We’ll use this: can be easily installed with pip!
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Armin Biere



Quick demo



DEMO: Solving a CNF with 
PicoSAT
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SAT Encodings
Why do we care about SAT?
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SAT Encodings
Why do we care about SAT?

To answer this question, we need to 
answer a different question first...
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How do radio broadcasts 
work?
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SAT Encodings
Why do we care about SAT?

Because we can encode most problems 
as an instance of CNF-SAT. Let’s see how!
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Warmup: Boolean Encodings
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Think of SAT more generally…

Let’s say I’m in charge of creating a new building for Penn…



Think of SAT more generally…

Let’s say I’m in charge of creating a new building for Penn…

And I ask a bunch of people to write down their “wish list” for 
the building. We want to make sure everyone has at least one 
wish granted.



Think of SAT more generally…

           NIKLAS

● Paint rooms white
● Paint rooms green
● Paint rooms grey

           ARMIN

● Paint rooms grey
● Chandeliers in 

every room

        JAMESON

● Paint rooms green
● Windows in every 

room
● No elevator in 

building

We have a problem (how to build the building) subject to 
constraints (satisfying the people)
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our constraints as a SAT formula
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Think of SAT more generally…
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● Paint rooms green
● Windows in every 
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We transform a problem into an instance of SAT if we can write 
our constraints as a SAT formula

clause!
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First-Order Logic Encodings
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Complexity of Encoding
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● Called the binomial encoding
● How many clauses in this encoding?
● Other encodings that use fewer clauses, but 

introduce extra variables



Binary AMO Encoding
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Good Encoding Matters
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● The performance of a SAT solver can vary 
hugely depending on the encoding.

● Different encodings work better in different 
cases: no “universal best encoding.”

● Start simple and be more clever if necessary. 



Encoding Graph Coloring
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Encoding Graph Coloring
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Encoding Graph Coloring
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DEMO Part 1



From Coloring to 
Min-Coloring 
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From Coloring to 
No-Coloring
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● UNSAT: Given an integer k, is it that there is NO VALID 
k-coloring? 
○ UNSAT can be way harder than SAT. 
○ Finding just one satisfying assignment (SAT) vs. showing 

that none exists (massive search space UNSAT) 



But radios?



Next Week
● Start learning how SAT solvers work
● Homework 1 due in two weeks

○ Encoding Sudoku into SAT
○ Extra credit challenge!
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Stay Healthy
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“For a thinking person, the most serious mental illness is not being sure of who you are.”
        ~Benoit Mandelbrot
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