
EQuations are EveryWhere!
From ancient Mathematics to Modern Computing

Daniele Nantes - UnB

Logic Mentoring Workshop - CSL 2022

Old 
fashioned

in several places!



Find the value of x

X - 25 = -10 - 2x X + 2x = -10 + 25

 3x = +15

   x = 5



Find the value of x



When we talk about 
equations we think like 
this
It can be like this.. 

● Calculus
● Differential Geometry
● Theoretical Physics
● N-dimensional Analysis
● etc..



Or like this …

(.. If you get lucky)



Life became more 

interesting

(for mathematicians  at 

least)



Computers 
Vs.
Mathematics

.. computers for 
helping with some 
math.. 



I was interested on the other way around.. 



Unification 
Problem: Given two terms s and t 
over some signature Σ. 

Find: a substitution 𝛔 such that 
𝛔s=𝛔t.

Notation: s=? t



Problem: Given two 
terms s and t over some 
signature Σ. Does s=?t?

Find: a substitution 𝛔 
such that 𝛔s=𝛔t.

  
swxyz =? swex’y’

 𝛔           𝛔

sweet    sweet 

Example:  Σ={a,b,c,...}

x,y,z,x’,y’:variables

      swxyz =? swex’y’ 

● 𝛔={x→e,y→e,z→t, x’→ e, y’→ t}
● 𝛔’={x→e,y→a,z→r, x’→ a, y’→ r}
● 𝛔’’={x→e,y→x’,z→y’}



Unifica
tion mo

dulo 

Equatio
nal the

ories

  
swxyz =? swex’y’

 𝛔           𝛔

sword  sweeord=sword 

Example:  Σ={a,b,c,...}

x,y,z,x’,y’:variables

Idempotence: xxy=y (+ associativity) 

      swxyz =? swex’y’ 

● 𝛔={x→o,y→r,z→d, x’→ eor, y’→ d}
● 𝛔’={x’→ex, y’→yz}



Not Really modern.. 

Works on resolution and 
automatic theorem proving 
dating back from the 60’s

● N.G. De Bruijn 
● J.R. Slagle
● D. Prawitz
● D.E. Knuth…



Unification for 

Theorem Proving



Unification for 

Equational REasoning



Equations between logical formulas..



Equations between programs??? 



Higher Order Unification



Unification in cryptography



Problem: Given a set of 
messages S={m1,m2,...,mk} 
observed by an intruder, 
and a secret s.

Question: Is there a 
combination of the messages 
in S that entails s?

Is there a context C such 
that C[m1,...mk]=?s

The Intruder Deduction Problem

(V. Cortier, S. Delaune, H. Comon)



Problem: Given a set of 
messages S={m1,m2,...,mk} 
observed by an intruder, a 
secret s, and private names 
a1,...,ar.

Question: 

𝝙 ⫦subst([z]X, m1,...mk)=?s

The Nominal Intruder Deduction 

Problem

(Ayala, Fernández and Nantes. FSCD 2016.)



Nominal Intruder Deduction Problem

A nominal DOLEV-YAO INTRUDER



Nominal Intruder Deduction Problem

d(t3,t5)=c^{-1}
d(t2,t4)= b^{-1}
d(t1,c^{-1})={m}b
d({m}b,b^{-1})=m

X=d(d(t1,d(t3,t5)), d(t2,t4))



(Some) Systems using equational 

reasoning
● Maude - model-checker
● Isabelle/HOL - theorem prover 
● Abella - theorem prover 
● Tamarin Prover- security
● Proverif - security
● CiME - rewriting tool ProVerif



(UNIF) Unification Community- SINCE 1987



Some links:

● https://www.mat.unb.br/dnantes/
● http://nominal.cic.unb.br/
● Survey: Franz Baader, Wayne Snyder: Unification Theory. 

Handbook of Automated Reasoning 2001: 445-532

Thank you!

https://www.mat.unb.br/dnantes/
http://nominal.cic.unb.br/
https://dblp.org/pid/s/WayneSnyder.html
https://dblp.org/db/books/collections/RobinsonV01.html#BaaderS01

