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The Model Checker SPIN
by Gerard J. Holzmann
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Review of SPIN

• Support design and verification of asynchronous 
process systems.
• Rendezvous primitives, asynchronous message
passing and   shared variables.
• The verification language PROMELA (a Process Meta 
Language).
• It accepts correctness claims specified in the syntax of 
standard Linear Temporal Logic (LTL).
• Models that can be specified in PROMELA are always 
required to be bounded.
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Domain of Application

• Asynchronous software systems.
•The design of the specification language.
•The logic.
•The verification procedure.
•The reduction techniques.
•The state encoding methods.
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Structure of SPIN
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Foundation of SPIN

•User-defined process templates, i.e. proctype definitions.
•At least one process instantiation.
•The templates define the behavior of different types of
processes. 
•SPIN translates each process template into a finite
automaton. 
•The global behavior of the concurrent system is obtained 
by computing an asynchronous interleaving product of 
automata, one automaton per asynchronous process 
behavior. 
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Perform Verification

1. Convert a temporal logic formula into a Büchi automaton.
2. Compute the synchronous product of this claim and the 

automaton representingthe global state space. The result 
is again a Büchi automaton.

3. If the language accepted by this automaton is empty, the 
original claim is not satisfied.

4. Otherwise, it contains precisely those behaviors that 
satisfy the original temporal logic formula. 

* The verification process *
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Linear Temporal Logic

• Use LTL to express correctness.
• Büchi automaton
• Positive claims and negative claims
• SPIN negative correctness claims
• Nested depth-first search algorithm
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Nested Depth-First Search

• Cycle detection method (central importance)
• Acceptance cycles can be detected
• Counterexample of a user -defined 

correctness claim
• Compatible with all modes of verification

> exhaustive search
> bit-state hashing
> partial order reduction techniques
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Principle of Nested Depth-First 
Search

For an accepting cycle to exist in the reachability
graph:
1.at least one accepting state must be reachable 
from the initial system state and
2.it must be reachable from itself.

Therefore, two searches
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LTL Grammar
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LTLs to Büchi automata

Example 1:

[ ] (p U q)
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LTLs to Büchi automata

Example 2:

[ ] (<> q)



3

2/25/2002 13

Partial Order Reduction

•To reduce the number of reachable states that must be 
explored to complete a verification.
•No noticeable increase of the memory requirements.
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State Compression

•Comparable with classical compression techniques
•Small run time penalty( 10 to 20 percent)
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Bit-State Hashing

•high-coverage approximation of the results of an exhaustive run
•two bits of memory are used to store a reachable state
•bit-addresses are computed with two statistically independent 
hash functions
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Example – Process Scheduling

•A Client – Server model
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Example – Process Scheduling
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Automatic Verification of Finite-State
Concurrent Systems Using Temporal 

Logic Specifications
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Introduction

•Manual proof construction is unnecessary .

•A model-theoretic approach to perform 
automatic verification

•Wide applicability

•The specification language -- computation 
tree logic (CTL)
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CTL Syntax

(1) Every atomic proposition p AP is a CTL 
formula.
(2) If f1 and f2 are CTL formulas, then so are f1, 
f1   f2, AXf2, EXf1, A[f1 U f2], and E[f1 U f2].

•AP is the underlying set of atomic propositions.
•X is the nexttime operater.

∈

¬

∧
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Semantics of CTL
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Semantics of Example Formulas
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Example of Global State 
Transition Graph
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Model Checker
• State labeling algorithm:
Stage 1:processall subformulas of length 1 
Stage 2:processall subformulas of length 2
…
Stage i:processall subformulas of length i

Algorithm for the case f=A[f1 U f2]
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Model Checker

•The recursive procedure au( f, s, b) performs the 
search for formula f starting from state s. 

•When au terminates, the boolean result parameter 
b will be set to true iff s I= f. 
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After Model Checking


