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Transition System Representations
A transition system M can be specified by
listing out all of the pieces.
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States: S = {0, 1, 2, 3}
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(3, 2)R ={ }

Initial States: I = {0}
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Symbolic Representation
Represent M using Boolean logic.

FF FT
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Transitions:

xy x ′y′

Let the “next” state variables be
V ′ = {x ′, y′}

R ≡ (x ′ = x ∧ y′ = ¬y) ∨ (x ′ = ¬x ∧ y′ = y)

“we can get from one state to the next by keeping
one variable the same and negating the other”
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transitions
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Symbolic Representation
R ≡ (x ′ = x ∧ y′ = ¬y) ∨ (x ′ = ¬x ∧ y′ = y)

BDD for R





This phase will focus mostly on model checking.

Proof-based systems are good for programs that
take input and then compute a result.

Model checking is good for programs that define
reactive systems.

A reactive system consists of multiple components
operating concurrently and indefinitely.

This phase: model checking



Linear Temporal Logic (LTL)
We will assign symbols for expressing temporal system
requirements like always (G), eventually (F ), next (X ),
until (U), and a few more. We will give a formal and
unambiguous semantics to these symbols.

Transition Systems
We will learn a formal system of specifying
transition systems (which we often depict as a
transition diagram).

Next Few Weeks:

Concurrency Concepts
Safety, liveness, mutual exclusion, . . .

Temporal Logic Software
Symbolic Model Verifier (NuSMV)
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until (U), and a few more. We will give a formal and
unambiguous semantics to these symbols.

Transition Systems
We will learn a formal system of specifying
transition systems (which we often depict as a
transition diagram).

Next Few Weeks:

Concurrency Concepts
Safety, liveness, mutual exclusion, . . .

Temporal Logic Software
Symbolic Model Verifier (NuSMV)

Today



Fun Trivia!
From “Principles of Model Checking”

CACM 1976
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Case Study: Mutual Exclusion

Motivation: reactive system is a bank, two ATMs,
and two customers that share an account.

Current balance b = 1000
C1 wants to deposit d1 = 100
C2 wants to deposit d2 = 100
ATM1 reads current balance b1 = 1000
ATM2 reads current balance b2 = 1000
ATM1 writes b = b1 + d1 = 1100
ATM2 writes b = b2 + d2 = 1100
Final balance b = 1100
One ATM shouldn’t read the balance while another
is performing a transaction! Race condition.
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5 }
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P0||P1 is a simple reactive system.

1 proc ( id , o ther , t u r n )

Mutual Exclusion Requirement: P0 and P1 are never
both in the critical section (at line c) at the same time.

Idea: Variable turn keeps track of whose turn it is.
Variable b is only TRUE if about to execute line w or c
.
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1 whi le ( t r u e ) {
2 n : b := TRUE; t u r n = ( id + 1) % 2 ;
3 w : wa i t u n t i l ( ! o t he r . b | t u r n = id )
4 c : b := FALSE ;
5 }

P0 = proc(0, P1, 0)
P1 = proc(1, P0, 0)

1 proc ( id , o ther , t u r n )

The state of the combined system, P0||P1 is given
by the values of all variables together. The state of
this system is completely determined by the tuple

(pc0, pc1, turn, b0, b1)



In class activity:

Building intution for transition systems
using mutual exclusion as a case study.
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w0, w1, 1, T , T w0, w1, 0, T , T

w0, c1, 1, T , T c0, w1, 0, T , T

n0, c1, 0, F , T c0, n1, 1, T , F1
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Transition system for P0||P1 from in-class activity.



Transition Systems
A transition system M = (S, I, →, L) is a set of states S
and a set of initial states I , along with a transition
relation → and labelling function L.

The transition relation → is equivalent to a set of
directed graph edges, with the states as nodes.

For example, ((n0, n1, 0, F , F ), (n0, w1, 0, F , T )) ∈→

Alternatively, we can write
(n0, n1, 0, F , F ) → (n0, w1, 0, F , T ).

Important assumption: no dead states. Every state
has an outgoing transition, even if only to itself.
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Transition Systems, execution paths

A path in a transition system M = (S, I, →, L) is
an infinite sequence of states s1, s2, s3, . . .
such that s1 ∈ I and for every i ≥ 1, si → si+1

For example, one path from our two-process mutual
exclusion transition diagram:
((n0, n1, 0, F , F ), (n0, w1, 0, F , T ), (n0, c1, 0, F , T ))ω

We will use the symbol π for paths.
We write π = s1, s2, s3 . . .
We write πi to indicate the ith suffix of π.
e.g. π3 = s3, s4, s5 . . .



Transition System Example

S = {0, 1, 2}
→= {(0, 1), (1, 0), (0, 2), (1, 2)}

L(0) = {p, q} L(1) = {q, r} L(2) = {r}

AP = {p, q, r}I = {0}
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Remember the big picture


