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Abstract
The declarative programming language has a deterministic control 
structure. It is established on the basis of proof by contradiction 
of first order logic. It is most frequently used AI languages. For 
instance the logic programming language, Prolog has established 
range of applications in AI. Therefore efficient interpretation 
of Prolog programs is an important issue. This paper aims to 
analyze debugging for declarative language like prolog. The paper 
provides a debugging scheme for declarative programming that 
is based on drawing SLD trees. SLD trees are a tool to create a 
tree in hierarchical form by using the facts and rules. 
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I. Introduction
The declarative debugging is preferred over conventional 
debugging used for functional and logic programming. Prolog is 
the choice of many programmers as the declarative language. It 
is based on logical(deterministic) control structure and uses proof 
by contradiction method of first order logic. It has established 
range of applications in Artificial intelligence (AI) and is the most 
frequently used AI languages. Therefore efficient interpretation 
of Prolog is an important issue. Due to less interfacing between 
the programmer and the program execution control the solution 
to the problem may be less efficient. Also if the programmer 
is naïve then  he may be unaware of the details of execution 
control and it may become extremely difficult to locate bugs in the 
logic. Prolog may be categorized as a weaker declarative language 
and few execution control clauses can be found in functional 
Prolog implementations. Therefore the programmer is held up in 
execution control considerations to some extent. This accrues to 
the complex explanation for built-in control of Prolog whether it 
is regarding refutation or any other feature. These are some of the 
reasons to concentrate on the development of Prolog debugging 
tools. These tools can be further used to visualize the actual 
execution model of Prolog. This paper is an attempt to create a 
debugger using SLD as development tool. The debugger for Prolog 
is bound to provide a solution to a query given by a programmer 
by creating the hierarchical solution based on Resolution (Proof 
by Contradiction).
The tree will be used to produce the result of the query given 
by the programmer by generating the SLD tree until the final 
result of the query is obtained. In the present paper we discuss 
the problem significance, analysis and design requirements for the 
implementation of the Debugger. The remaining paper is organized 
as follows. The following section covers the reviews of various 
models implemented to debug prolog programs.

II. Literature Survey
A number of models were studied in the past in this area. This 
section illustrates the research works, their achievements and 
limitations. The background survey is helpful to understand the 
problem, its significance and hence can improve the implementation 

techniques and approaches adopted so far. 

A. Background Information
This section is created by searching in a variety of resources to find 
relevant information about the proposed problem discussed within 
the paper. Different algorithms were studied as to understand 
development of Prolog Debuggers, Tracers and Interpreter. There 
are a huge number of them available but they have their own 
way to represent the problem to obtain a solution since Prolog is 
used to resolve or interpret the queries based on natural language 
processing where the concentration is over the result obtained 
rather than the efficiency of the program created as in terms of 
imperative languages like java/C/C++ etc. In general, they can be 
either used as debuggers. But there are other interesting options 
available such that interpreter, compilers and tracers of Prolog 
that perform varied functions. 

1. BALSA System
This system was given by Brown & Sedgewick. It used graphical 
animations for representing algorithms. In BALSA-I and BALSA-
II [20] they explained graphically a number of algorithms and 
identified important features of those. This is evident by the existing 
algorithms namely Knuth's Dynamic Huffman tree algorithm 
was enhanced based on the information of the graphical trace 
possibly provided by BALSA and at the same time it was found 
to be efficient in teaching algorithms when compared with the 
conventional methods. Finally it was categorized as an algorithm 
animator but not a tracer. 

2. PICT
PICT is given by Glinert & Tanimoto [2]. It facilitates the 
user with availability of an interactive graphical programming 
environment. But it restricted with respect to the selection of the 
languages and can be used with small programs. Brown et al.  
provided multilevel views especially highlighting the changes to 
similar data structures. The system would view the program either 
statically or dynamically. The system allowed multiple levels 
for the user to select either general or localized views to focus 
specific data structures. 

3. Lewis
Lewis used AND/OR trees for providing an interface to an expert 
system rule and inference mechanism [1]. He claimed that clarity 
of AND/OR trees can be used to encourage description of rules 
and inference. He remarked that the possible size of the trees 
may lead to some issues. The techniques [7-9] to overcome these 
were described by Eisenstadt & Braysha.  Another model VIPS 
[20] is a graphical debugger for ADA that uses a set of windows 
to demonstrate the use of source, how to take actions, how to 
store the data on stacks and subprogram behavior. Then these are 
graphically link together.

4. Graphical Prolog Tracer [21]
VIP is also a graphical flowcharting[20] interface to languages 
such as C programming language for beginners where one can 
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enter programs by direct manipulation of flow chartings icons 
that are found to be appropriate. Program execution, and variable 
bindings monitoring can be highlighted for the relevant portions 
within the flowchart. A view of the complete program structure 
may be obtained and also layering with respect to the sub-routine 
call hierarchy is also possible. 

5. Prolograph
Prolograph (Gunakara Sun Systems Ltd.) [20]. It is a language 
similar to Prolog but including higher-order features that are 
expressed graphically. Failure mechanism is used to control the 
output but it is possible only if the programmer specifies the failure 
to be legitimate option for a predicate. Support is given for high 
level control operations. An interpreter allows the user through 
steps in a  program with the help of the dataflow diagrams while 
the program executes. This two directional overview of visual 
programming and program visualisation is given in Myers, Utter 
& Pancake. 

6. Prolog Tracers and Debuggers
Most existing tracers/debuggers for Prolog are based on Lawrence 
Byrd's conception of Prolog execution, known as the "Byrd Box 
Model”. Byrd suggested that a group of clauses for a specified 
predicate are to be viewed as a single procedure. As in the original 
conception of Prolog, the proof of a goal is given by a procedure 
call, along with proof of sub goals containing sub procedure calls. 
This procedure is illustrated by a "box" having four ports: call, exit, 
fail, and redo. The "call" port is used to enter when the procedure 
is invoked for the first time then the control passes via the "exit" 
port if the procedure is successful. Backtracking can later be used 
to force a procedure such that it can resume from the point where 
it left off. This case is controlled through the "redo" port. Finally 
the failure makes the goal send the control outside the "fail" port. 
Then it is propagated as backtracking to the previous procedure 
call (via the procedures "redo" port. The Byrd Box model is a 
powerful and convenient implementation models to develop for 
practical Prolog tracers and debuggers. 

7. Eisenstadt Model
He denied the Byrd Box model and claimed that the Byrd 
Box [4,7-8] is a complex procedure and it does not take into 
consideration the essential details that occur during clause head 
matching and also during other  extra-logical control manipulation 
namely  "cut" operation. He gave an enhancement to Byrd model 
that include detailed call 'Prolog procedure'. The approach finalized 
by Eisenstadt [20], was "retrospective" analysis of the user's code, 
It was based on execution details storage history.

8. Other Popular Work on Prolog Tracers and Debuggers:
Plummer [20] has given a similar extension for Byrd Box model 
based on comparable details of clause head matching. But the 
live execution of it was unsatisfactory. It was  more interactive 
and less orientation was provided in terms of batch support when 
compared to the tracer of Eisenstadt, though  it was teletype still 
oriented. 
Another extended Byrd Box tracer/debugger [12,16,19] was given 
in a commercial Prolog system available from Symbolics Inc. 
The Symbolics Prolog tracer displays a genuine "Byrd Box" on 
the screen. It  links together the boxes graphically during the 
execution. Backtracking is very spontaneous with this type of 
graphical display. It is due to the fact that  arcs traversed even in 
the  backwards as the display grows. Comparable problems limit 

the effectiveness of the PROEDIT tracer of Numao et al.[10-11] 
although it has recently been extended to overcome some of the 
limitations. Another related work discusses program transformation 
methodology that draws the programmer attention to describe 
called rules and strategies approach in logic programming [17,21-
22] illustrated with simple examples.

Rajan  implemented a single-stepper which highlighted parts of 
the source code at relevant parts within program execution. It 
demonstrated the way unification proceeds. The  textual derived 
system was too small, and the the complete details of variable 
renaming were not added. A three valued prolog debugger in [3, 
5-6] specifies a third  value that is “inadmissible” value.

III. System Design
This section describes the system architecture, implementation 
requirements. The following is a flowchart that depicts the 
evaluation of a query in a declarative language program given 
in  Prolog. The user gives the query which is translated in the 
translator.

Fig. 1: Flowchart for Query Evaluation using SLD Tree

The SLD tree diagram is drawn and displayed on the Prolog 
Program display as shown in the flowchart.

A. System Architecture   
 The execution of Prolog is based on representing the facts and 
rules of a Prolog program in the form of SLD – tree[13,14,15] for 
evaluating the query. SLD Resolution is the theoretical basis for 
executing programs in Prolog and it is a complete theorem proving 
procedure for Horn clauses. SLD is an abbreviation for “Linear 
resolution for definite clauses with Selection function".

B. Implementation Requirements
In SLD determination the basic step is to conclude A ∨ C from 
A∨ B and ¬B V C: One of these resembles the complementary 
literals along a unifier to form other two clauses. It is a procedure 
for contradiction proof that begins with negation of the proof goal 
and hence is ended with an empty clause (obviously refutation). 
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The previous result is always one of the two clauses found in the 
Linear Resolution. 

The idea of SLD-resolution is to simplify the query (proof goal) 
step by step to ‘true’. In proof by contradiction procedure, we 
work with the current clause that is the negation of the given 
query and is assumed as ‘false’ in the beginning. At every step 
there is a composition of a literal from the given query and a rule 
head equal with a unifier. The literal is replaced by the body of 
the rule giving a new and simpler query. The use of facts further 
simplifies a query where facts are considered as the rules with 
empty body. 

Determination of SLD-Tree and Formulation:
Example:
Consider the following program:
(1) ancestor(X; Y) ←  parent(X; Y):
(2) ancestor(X; Z)  ← parent(X; Y) ^ ancestor(Y; Z):
(3) parent(X; Y)  ← mother(X; Y):
(4) parent(X; Y)  ← father(X; Y):
(5) father(jean; evan):
(6) mother(evan; bell):
Assume the given QUERY as:
 ancestor(jean; bell).

(i). The given query is the first proof goal: ancestor(jean; bell).

The only literal in proof goal can be resolved with rule (2). The 
most general unifier of query literal and rule head is {X/jean; Z/
bell}.

(ii). Now the new proof goal is parent(jean; Y) ^ ancestor(Y; 
bell).     ----- From rule (2).

Prolog at all times works on the first literal of the proof goal (a 
special selection function): parent(jean; Y) ^ ancestor(Y; bell). 
This particular rule matched with rule(4) and thus can be used at 
this step.  It gives the following rule:

father(jean; Y) ^ ancestor(Y; bell).      
     ----- From rule (4)
Then the fact (5) is applied (with unifier {Y/evan}). 
ancestor(evan; bell).    ----- From rule (5)
To get the goal: ancestor(evan; bell),   ----- Apply rule (1) 
and replace it by parent(evan; bell).

Now we get proof goal mother(evan; bell).    
     ----- Apply rule(3)  

This is given as a fact (line (6) in the program), and finally we 
get the empty proof goal       
  
The answer for the query is printed as “yes". The implementation 
is in progress using Visual Studio (C++) and Oracle Database.

IV. User Interface Design
There is usually more than one SLD-derivation for a given 
query, because for every proof goal, more than one rule might be 
applicable. Every successful SLD-derivation computes only one 
answer substitution, but a query might have several distinct correct 
answer substitutions. Thus, it is important for the completeness 
of SLD-resolution, that there can be several SLD-derivations for 

the same query. The different SLD-derivations for a given query 
are usually displayed in form of a tree, the SLD-tree. This section 
gives the expected output for few sample queries.

A. Definition (SLD-Tree) and Expected Output
The SLD-tree for a program P and a query Q (and a given selection 
function) is constructed as follows: Every node of the tree is 
labeled with a proof goal (query). The root node is labeled with 
Q. The child node is labeled with the result of the corresponding 
SLD-resolution step.
Consider the following program:

(1) parent(X; Y)   mother(X; Y)
(2) parent(X; Y)   father(X; Y)
(3) father(jean; evan):
(4) mother(jean; fred):
(5) father(lewis; evan):
(6) mother(lewis; fred):
 
Let the query be parent( Jean , X).
The SLD-Tree is shown below:

Fig. 2: Structure of SLD Tree

Fig. 3: SLD Tree structure with Rules Applied

Fig. 4: SLD Tree for Query: Is Evan Parent of Jean
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B. Prolog Searches the SLD-tree Depth First or Breadth 
First Search
It also uses alternative rules always in the order that they are 
written down in the program.  In this example, it has to be noted 
that Prolog will get into an infinite loop and will not compute 
the correct answer in some cases. Thus, Prolog is not complete. 
However, if one would search the SLD-tree breadth first, one 
would find all correct answer substitutions.

V. Conclusion
The paper reviews few existing techniques for debugging, 
tracing and interpreting the Prolog programs. It also discussed a 
technique of solving queries in a declarative programming like 
Prolog using the SLD tree method. The implementation details 
are also discussed. This paper is an attempt to outline the design 
information related to an ongoing implementation effort based on 
the framework that has been described in the previous section. Due 
to the space limitation the remaining description will be provided 
as future work in the upcoming paper. 
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