
Automatic Constraint Based Test Generation for 
Behavioral HDL Models 

 
Siva Kumar Sastry Hari, Vishnu Vardhan Reddy Konda, Kamakoti V, V. M. Vedula and M. Kailashnath 

Reconfigurable and Intelligent Systems Engineering Group (RISE) 
Department of Computer Sc and Engineering, Indian Institute of Technology Madras,, India 

http://www.cs.iitm.ernet.in 

 
Abstract 

 
     The proposed work involves conversion of a given 
circuit model into a set of constraints and employing 
constraint solvers to generate tests for it. The method is  
demonstrated for the 16-bit DLX-architecture.  
 
1. Introduction 
 
The ever-growing demand for greater performance, 
complex functionality and faster time to market,  coupled 
with the exponential growth in hardware size has resulted in 
the Functional Test Generation (FTG) being widely 
acknowledged as the bottleneck of the hardware design 
cycle. Random test generation does not guarantee the 
coverage of all the functionalities, especially for complex 
designs. This necessitates directed tests that can cover the 
corner cases not covered by random tests. This paper 
proposes a constraint-based Directed Behavioral Level 
Functional Test Generation (DBFTG) tool that is capable of 
generating test vectors given a behavioural level description 
of the Design Under Test (DUT) and a higher level 
specification.  
  
The objectives of the proposed tool are as follows: 

1. A fully-automated framework to generate directed 
tests for functional verification of any digital system, 
specifically of microprocessors, is proposed. 
2.  The proposed methodology accepts as input a     
behavioral level Verilog model and converts it into an 
Assignment Decision Diagram (ADD) based data 
structure called the Assign-Always-Module graph. The 
graph is further optimized and converted into a set of 
integer constraints. 

Some of the features achieved in the proposed Directed 
Behavioral Level Functional Test Generation (DBFTG) tool 
are: 

1. The input to the proposed technique is a behavioral 
level HDL model 

2. Automatic generation of the constraint model from the 
behavioral model 

3. Word-level constraints in contrast to bit-level 
constraints 

4. A single constraint model with unified control and data 
paths 

5. Handles sequential designs 
6. Scalability with increasing design size 
7. Verifying complex scenarios 
 

 
 

 
                  
          
 
 
 
                               

Figure 1: Tool Flow 



2. The DBFTG Approach 
 
Fig 1 shows the complete design flow for the proposed 
approach. The approach has three major phases: 
 
1. Automatic Generation of the A2M graph from the given  
behavioral HDL model and its optimization; 
2) Automatic Generation of the model constraints from the 
Optimized A2M graph; and, 
3) Modeling of scenario constraints and generation of the 
functional test. 
 
3. Experimental Results 
 
Experiments were performed by employing the present 
method on a 16-bit DLX processor model. All the results 
reported are on a HP workstation xw4200. The time and 
memory utilized are as reported by the ILOG constraint 
solver. Table 1 shows that for a full adder circuit, the time 
and memory to generate the constraint model increases 
linearly with the number of time-frames unrolled. Table 2 
shows the time required by various phases in generating the 
ILOG model for the 16-bit DLX processor model. The total 
time consumed for the entire three phases was around 0.35s. 
This illustrates the efficiency of the proposed methodology 
in handling large and complex designs. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3 shows the time taken for unrolling the DLX model 
to 10 time-frames and generating test vectors to access two 
specified memory addresses under three different scenarios. 
In the first scenario the time-frame numbers for the memory 
access and the memory addresses were different and 
independent of each other, while in the other two scenarios, 
the two memory addresses were dependent, leading to 
constraints that were dependent on each other. From table 3 
it is seen that the constraint solver consumes less time and 
memory to solve independent constraints in comparison to 
dependent constraints. From table 4, it is seen that the 
constraint solver consumes more time and memory with 
increasing number of time frames for which the model is 
unrolled.  
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