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Introduction
•

 
ACO algorithms solve problems that can be translated into a shortest 

path search
 

in a graph

•
 

There exist problems in which the construction graph is unknown 
and/or very large

• Current ACO models cannot be applied
 

to these problems

In a really large graph, the construction of a complete solution 
could require too much time and memory

In some models the number of nodes of the graph is used for 
computing the initial pheromone values

α∨β, ¬β∨γ
α∨γ
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Introduction
•

 
We need a new model

 
for tackling these problems: ACOhg

 
(ACO for 

Huge Graphs)
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ACOhg
 

extends
 current

 
models

 
with

 new
 

ideas, but
 

it
 performs

 
the

 construction
 

phase
 

and
 the

 
pheromone

 
update

 in the
 

same
 

way
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• The length of the ant paths is limited by λant

ACOhg: Ant Paths Length

λant Objective node

What if…?
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• The length of the ant paths is limited by λant

ACOhg: Ant Paths Length

λant Objective node
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ACOhg: Pheromones
• The number of pheromone

 
trails increases during the search

• This leads to memory problems

• We must remove
 

some pheromone 
trails from memory

Steps

Ph
er

om
on

es

Steps

Ph
er

om
on

es

Remove pheromone trails τij

 
below a given threshold τθ

Steps

Ph
er

om
on

es

Stage

In the
 

missionary
 

technique, 
remove

 
all

 
pheromone

 
trails

 after
 

one
 

stage
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ACOhg: Fitness Function
• The fitness function must be able to evaluate partial solutions

• Penalties are added for partial solutions
 

and solutions with cycles

Partial
 

solution
with

 
cycle

Partial
 

solution
without

 
cycle

Complete solution

Total penalty

Penalty
 

constant
 

for
 partial

 
solutions

Penalty
 

constant
 

for
 solutions

 
with

 
cycles

Path
 

length
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Intersection
 

Büchi
 

automaton

Systems Verification (I)
• Objective: Prove that model

 
M satisfies the property  :  

• SPIN: the property f is an LTL formula
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Intersection
 

Büchi
 

automaton

Systems Verification (I)
• Objective: Prove that model

 
M satisfies the property  :  

• SPIN: the property f is an LTL formula
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• Safety properties
 

are those expressed by an LTL formula of the form:

where p
 

is a past formula
 

(with only past operators)

• Finding one counterexample ≡
 

finding one accepting state

• Classical algorithms for graph exploration can be used: DFS
 

and BFS

f
 

= □
 

p
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Intersection
 

automaton
Safety

 
Properties

Deadlocks
Invariants
Assertions
…

Systems Verification (II)
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s0

s4
s7

s6

s2

s1

s8
s9

s5

s3 Memory

Systems Verification (and III)
• Number of states very large

 
even for small models

•
 

The model used in the experiments implements the Dijkstra
 

Dining 
Philosophers

 
problem

n philosophers → 3n states

1 deadlock state
20 philsophers → 1039 GB for

storing the states
Memory required for storing

all the pheromone trails: 520 GB
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•
 

The ACOhg
 

model was implemented inside the MALLBA
 

library  
and then included into the HSF-SPIN

 
model checker

• Fitness function: length of the path + heuristic + penalty

• Machine: Pentium 4 at 2.8 GHz with 512 MB

• Independent runs:
 

100

Experiments: Parameters

Parameter Value Parameter Value
Steps 10 a 5
Colony size 5 ρ 0.4
λant 10 α 1.0
σs 2 β 1.0
s 10 pp 1000
ξ 0.8 pc 1000
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Experiments: Comparison
•

 
We compare ACOhg

 
against traditional exhaustive algorithms like 

DFS, BFS, and
 

BF

•
 

The only algorithms that are able to find errors in phi20 are BF
 

and 
ACOhg

•
 

The error trails found by ACOhg
 

are shorter (better)
 

than that 
obtained with BF

•
 

ACOhg
 

required half of the memory
 

required by BF to find better 
error trails

• The hit rate of ACOhg
 

can be increased
 

changing the configuration
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Experiments: Missionary (hit rate)
• We analyze the performance of the missionary technique

• The hit rate
 

increases with λant

 

and
 

with
 

the
 

number
 

of
 

stages

•
 

The
 

algorithm
 

reaches
 

deeper
 

regions
 

and
 

the
 

probability
 

of
 

finding
 the

 
deadlock

 
state

 
is

 
higher

Hit rate
 

(%)

+ stages

-
 

stages
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Experiments: Missionary (length)
• We analyze the performance of the missionary technique

•
 

The length of the error trails
 

increases with λant

 

and
 

with
 

the
 

number
 of

 
stages

• The
 

algorithm
 

finds
 

the
 

deadlock
 

state
 

in deeper
 

regions

Error trail
 

length
 

(states)

+ stages

-
 

stages
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Experiments: Missionary (memory)
• We analyze the performance of the missionary technique

•
 

The required memory
 

increases with λant

 

and
 

decreases
 

with
 

the
 number

 
of

 
stages

• Traditional
 

ACO with
 

the
 

same
 

pheromone
 

model: min. 1560 GB

Memory
 

(KB)

+ stages

-
 

stages
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Experiments: Missionary (memory)
• We analyze the performance of the missionary technique

•
 

The pheromone reset
 

after each stage keeps the memory consumption 
below an upper bound

• The
 

slope
 

of
 

the
 

line
 

increases
 

with
 

λant

λant

 

=10λant

 

=20
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Experiments: Missionary (time)
• We analyze the performance of the missionary technique

•
 

As in the case of the memory, CPU time
 

increases with λant

 

but
 decreases

 
with

 
the

 
number

 
of

 
stages

• In any
 

case, no more than
 

2.60 seconds
 

are required

CPU time (milliseconds)

+ stages

-
 

stages
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Experiments: Missionary (reset)
• We analyze the performance of the missionary technique

•
 

The pheromone reset has a negligible influence
 

on the hit rate and the 
error trail length (3 differences statistically significant)

• However, it
 

reduces the
 

required
 

memory
 

(7 differences
 

stat. sign.)

Pheromone
 

reset

+ stages

-
 

stages
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Experiments: Missionary (reset)
• We analyze the performance of the missionary technique

• Most of the memory is required in the first stage
 

(in this problem)

ResetNo
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Exps.: Expansion vs. Missionary
• We compare expansion and missionary techniques

• Similar hit rate
 

up to σi

 

=σs

 

≈13

• The average length of error trails is similar
 

in both techniques

• Missionary
 

technique requires less memory
 

than expansion technique

Not
 

in the
 paper
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Conclusions & Future Work

•
 

ACOhg
 

is able to overcome the limitations
 

of current ACO models 
when dealing with problems with unknown or huge 
construction graphs

•
 

ACOhg
 

outperforms the traditional exhaustive algorithms
 

from the 
model checking domain in the problem of finding safety errors 
in concurrent systems

Conclusions

Future
 

Work
• Study the ACOhg

 
model in depth

 
(in progress)

•
 

Transfer the ideas
 

used in ACOhg
 

to other metaheuristics
 

in order to 
extend the set of problems to which they can be applied 

•
 

Design parallel versions
 

of ACOhg
 

able to be deployed in grid 
computing

 
environments

•
 

Study in depth the utilization of ACOhg
 

for the problem of finding 
safety property violations in concurrent systems (Search-

 Based Software Engineering)
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The End

Questions?
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