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Abstract. Aiming at the state transition quick extraction problem  for sequential logic  chip,has 
desined a state transition graph extraction algorithm based on ant colony algorithm model, besides 
that, the ant colony algorithm model has been introduced in details, and according to the 
characteristics of the graph state transfer ,the ant colony algorithm has been improved, has designed 
the state transition graph realization method  in details oriented to the ant colony algorithm. 
Experimental tests show that, the ant colony algorithm is designed in this paper can realize fast state 
transition graph extraction. 

0 Introduction 
The generating principle of the state transition diagram based on ATPG is by means of exerting 

excitation signals on the tested chip, and record the response signals of the chip. By statistic data of 
the excitation signal and response signal that chip received, we analysed the relationship between 
the input and output to restore the state transition diagram of the chip. When state transition 
diagram generated, the excitation signal should be ensured that it can cover all input space of tested 
chip, in order to tested chip can traverse to all the working conditions. But for the temporal logic 
chips, chip state will change after exerting excitation. In order to conduct follow-up tests, the chip 
need to be drived from the current state to a new under test state. How to search out the shortest 
path from state transition diagram affects the efficiency of the test. Therefore, after researching, this 
paper designed a shortest path search algorithm based on an ant colony algorithm. 

1 A model of ant colony algorithm 
 n  represents state number of the current state transition diagram; 
 m  represents the number of ants selected from the process of ant colony algorithm; 
 i  represents node order number, is the subscript of current state (0 1)i n≤ ≤ − ; 
 j  represents node order number, is the subscript of target state points expected to 
    move to (0 1)j n≤ ≤ − ; 

k  represents the order number of ants (0 1)k m≤ ≤ − ; 

ijW represents the path length between state points iS  and jS ; 

ijη  represents the visibility of path ( , )i j , it is also an important factor that the path is chosen by 
ants; 

ijλ  represents the pheromone strength of path ( , )i j ; 
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k
ijλ∆  represents amount of pheromone on unit length that ant k left on the path ; 

k
ijP  represents the probability that ants choose path ( , )i j  to move from the current state iS  to jS ; 
t  represents the current moment, when building a model of ant colony algorithm, the value of t  

is time point that time interval is equal , in order to calculate conveniently; 
α  represents Information stimulating factor; 
β  represents path expectation stimulating factor; 

( )N si represents transfer gather that the current state can transfer next; 
At the time t , the probability calculation formula that ants from node i  to j  is: 
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2 The improvement of ant colony algorithm 

2.1 The improvement of transfer path expectation ( )ij tη  
Design the ant colony algorithm in the state transition diagram which logic chip correspond to, in 

order to achieve the shortest path search. It is very different with  traditional TPS (Travelling 
Salesman Problem). All the distance between the adjacent nodes is equal in state transition 
diagram.The distance between the adjacent nodes is noted 1ijd = , so the calculation of transfer path 
expectation ( )ij tη  will be more simple. 
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2.2 the calculation of pheromone ( )k
ij tλ∆  that ant k left 

There are different kinds of calculation method for ( )k
ij tλ∆ . The Italian scholar M.Dorigo has 

gave three kinds of calculation model, called Ant Quantity System, Ant Density System and Ant 
Cycle System. The calculation method of the three model corresponding ( )k

ij tλ∆ as follows: 

  Ant Quantity System: 
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  ( , )i j L∈  represents the path ( , )i j  that ants have passed, ( , )i j L∉  represents the path ( , )i j  
that ants have not passed. 

  Ant Density System: 
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  Ant Cycle System: 
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Q represents the pheromone that an ant carries, kL represents the path that ants walked to complete 
a cycle path. In Ant Quantity System, when calculating the pheromone on the path ( , )i j , we use the 
average of pheromone on the path. The longer the path between path ( , )i j , the less pheromone 
increasing. Ant Density System used pheromone values directly that ants carried, equivalent to the 
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ant release pheromones at the same rate every moment, and the value has nothing to do with the 
length of path ( , )i j . Pheromone that Ant Cycle System used is the average of the circular path. The 
simulation results show that the convergence rate of the Ant Cycle System faster. But the Ant Cycle 
System before calculation, need to get a complete circulation path. So for large-scale state transition 
diagram, it is not too easy to implement. 

According to the characteristics of state transition diagram, the distance between adjacent nodes 
is constant 1. Therefore in the process of calculation of the adjacent nodes ( , )i j , Ant Quantity 
System and Ant Density System get the same calculation formula. And in order to ensure that the 
calculating results ratio is no difference, quantitative coefficient µ  is introduced, the ( )k

ij tλ∆  

calculating formula is as follows: 
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2.3  Improvements of convergence performance 
The core of ant colony algorithm is calculating the value ( )k

ijP t , and all the ants transfer path `on 
the basis of the value. The calculation of the value depends on the ( )ij tλ and ( )ij tη , and the variation 
regularity of these two numerical directly affects the convergence performance of the ant colony 
algorithm. In the search problem of state transition diagram ( )ij tη has simplified as a constant, so the 
convergence of the ant colony algorithm will be decided by ( )ij tλ . In the update model of 
calculating ( )ij tλ , selection is the Ant Quantity System model, and convergence rate of the model is 
slower than Ant Cycle System. In order to assure the convergence speed of algorithm, we need to 
improve the algorithm's convergence performance. 

Once the ants 1g reached the destination node, indicate that the way which ants have just gone is 
better than other paths and mark ant 1g  as the backbone ants. Although along the path of the far 
may also can reach the destination node, it seems unreasonable that we regard the path that the ants 
arrived as the optimal path. But, in fact, the moment is better relatively speaking to those who can 
not reach the destination node path. And if there is other ant 2g  along the shorter path to reach the 
destination node, 2g  will earlier to find the optimal path than 1g . Therefore, marking backbone of 
ant 1g  that it can find the optimal path does not affect 2g  become backbone of ants earlier. 

If ant 1g  is marked as the backbone of ants, show that the path should be given the key 
consideration. The pheromone that ant left in the circulation path should be worthy of reference for 
other ants particularly. But because ant colony algorithm is not saved the path that they passed in 
the process of search and if we save walking paths that an ant passed, it will consume too much 
computing resources. So after the ant 1g  being marked as the backbone ants, fix all the pheromone 
on the path that the ant walked is not easy to implement. And analysis from the angle of probability, 
can find that it is higher possibility that the ant return path is also the original path after it arrived at 
the destination node. Unless there are other ants to correct some nodes on the path making the ants 
optional path be better. So strengthening the pheromone of the ant backbone can adjust to 
strengthen the pheromone that the ant carry later.  

Therefore, in order to make ant colony algorithm converge faster, should set a variable for 
pheromone that the ant carry to describe. The modified calculation formula is as follows:  
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  γ  as pheromone strengthening coefficient of backbone ants. ic represents that the current path 
loops i . 

By means of strengthening pheromone of the backbone ant pheromone constantly, will make 
pheromone on the path of backbone ant being stronger than any other paths obviously. And the 
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strengthening the path will attract more ants to going along the path, so the algorithm convergence 
speed will be improved obviously. The range of the value of γ  value will directly affect the 
convergence performance, the big value may lead to algorithm into the local optimal solution 
prematurely. 

3 The experiment test 
In the implementation of ant colony algorithm, six parameters need to set, they are m 、α 、 β 、

ρ 、Q、µ  and γ .Different setting of these parameters will directly affect the search results and 
search time of ant colony algorithm. At present there is not a good theoretical support for parameter, 
and in the common ant colony algorithm implementation, the values of these parameters are also 
based on experience and simulation experiments. First give an experiential range of each parameter, 
then test in the simulation environment and choose appropriate value for each parameter. 

At present the common range of each parameter are / 2m n≈ 、0.05 0.5α≤ ≤ 、0.05 5β≤ ≤ 、

0.1 0.8ρ≤ ≤ 、 10 10000Q≤ ≤ 、 0.001 0.1µ≤ ≤  and 0.05 0.4γ≤ ≤ .In  this experiment, the 
selected parameters after simulation experiment are 0.3m n= 、 0.25α = 、 1β = 、 0.4ρ = 、

2000Q = 、 0.02µ =  and 0.2γ = . 
This article selects three typical logic circuits to get the state transition diagram. Using ant 

colony algorithm search the shortest path between two nodes that selected randomly in the diagram 
and each state transition diagram test 10 times. After the simulation test, get the test results as table 
1. The test result shows that the ant colony algorithm designed in this paper can find approximate 
shortest path between any two nodes effectively in the state transition diagram. 

Table 1 Test results of ant colony algorithm 
state 
transition 
diagram 

average of 
path length 

optimal 
solution 

worst 
solution 

shortest 
path 
length 

optimal 
approximate 
degree  

average 
times of 
iterations 

1 82.4 76 85 76 1.084 27 

2 519.7 501 538 492 1.056 95 

3 3823.2 3782 3867 3746 1.021 187 

The computation formula of optimal approximation in the table is as follow: 
The optimal approximation = the average of path length/the shortest path length 
Using ant colony algorithm that this paper designed to test and the results show that the results of 

the shortest path between two nodes that searched in the state transition diagram are very close to 
the real shortest path. In three state transition diagrams, their highest optimum approximate degree 
of the average path length is 1.084 and the minimum is 1.021.If the value is close to 1, it shows that 
the search path is closer to optimal path. And when search the state transition diagram, if the 
diagram scale is bigger, the optimal solution we get is closer to the real shortest path. And it can 
find from the searching results that the optimal solution we found on one occasion is the real 
shortest path in the searching process of the first state transition diagram. This shows that the ant 
colony algorithm designed in this paper may find the path just the same as the real shortest path. 
And even though the optimal path it found is not the real shortest path, we can find from the optimal 
approximate degree that the difference between result and the real shortest path is not too big. 

4 Conclusion 
Ant colony algorithm is a probability algorithm and the characteristics of  probability algorithm 

is that the result we finally get is the approximate optimal results. Although sometimes the search 
results we get is not the optimal path, ant colony algorithm is a good compromise in calculation 
complexity and calculation accuracy for the shortest path search in the state transition diagram. 
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