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ABSTRACT 
 
We present an analyzer tool that accepts as input a string of programming language statements 
and outputs possible meanings for those program statements. The Graphical User Interface 
allows us to see which meanings were proposed for different program statements. The analyzer is 
packaged as a software tool, which we refer to as the Semantic Extraction tool (SET). SET, 
through a GUI utilizes a multi-box parsing approach, in combination with a background 
debugger, infers the meaning of code. The current tool is in its infancy but this proof-of-concept 
is offered to demonstrate the feasibility of our approach. Our demonstration goal is to identify an 
arithmetic assignment statement and to derive critical information that might be useful for 
different kinds of code analysis. We describe the basic underlying principles and the 
implementation of our tool in this paper. 
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1.MOTIVATION 
 
There have been different kinds of program analysis tools developed so far. Most of them are 
widely acknowledged to be incomplete [4,5]. Particularly the semantic modules need more 
attention than the syntactic modules. Code analysis is vital for different aspects such as 
maintenance, testing, error analysis etc. The information extracted by SET could be used for the 
same. Monolithic codes blur the referencing environment. Vital statistics about the code helps a 
user understand the code more efficiently. SET was designed as part of the DMEFS project 
funded by the US Navy and developed at the Mississippi State University. Dr. Aravind Joshi at 
Pennsylvania State University has pursued work on structured production rules for complex 
parsers that go beyond the string-based LR-type production rules. Our tool, constructed 
independently from that work is based on an equivalent theoretical basis. We use characteristic 
forms analogous to their structured productions [2]. 
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2. INTRODUCTION 
 
The existing software tools that support code development address management & maintenance, 
time related state inquiry of a program instance, metrics to quantify and some kinds of error 
analysis [6,9]. Attribute Grammars [1,10] partially address this need. Otherwise the semantic 
element tends to exist as hand-written routines that insert some semantic information. Actions 
such as inserting default conditions, completing identifier descriptions and definitions, and 
converting syntactic structures into semantic structures. Presently no semantic tools are available 
to assist in comprehending the functionality of the code [7,8].  
 
Knuth [1] developed an Attribute Grammar (AG) in 1968 to couple both the syntax and the 
semantics of a program. An Attribute Grammar consists of a context independent grammar 
extended by a set of rules that specify the semantics of the text being analyzed. It associates a 
function with each node in the parse tree of a given program to bind the semantic content of the 
node with its syntax. Semantic functions are the rules that specify the computation of the attribute 
values. The grammar symbols of the productions are used to evaluate these functions. They also 
have Predicate functions that describe the syntax and semantics of the programming language to 
some extent. These functions are Boolean expressions over the attribute set of production rules. 
Sets of semantic functions together with a set of predicate functions are associated with each 
grammar rule. Every grammar symbol has a set of attributes that consist of synthesized attributes 
and inherited attributes. Synthesized attributes pass information up a parse tree while inherited 
attributes move down the tree. For each parse tree node, synthesized attributes depend on the 
values of their child nodes as well as their inherited attributes. 
 
Formalizing grammars specify domains, on which different dependencies like syntactic, semantic 
etc can be specified. These kinds of domains are called “domain of locality”[2]. A variety of 
features of such formalism follow these domains of locality.  Dr. Joshi’s primary work is based 
on Tree Adjoint Grammars or TAGs and Lexicalized TAGs because of their linguistic nature and 
formal relevance. TAGs generate trees rather than strings. Lexicalized grammars methodically 
associate each elementary structure with a lexical anchor. In each structure a lexical item is 
identified. It is not adding feature structures and unification equations to the rules of the 
formalism. The resultant structures specify extended domains of locality over which constraints 
can be stated. SET employs a bottom up approach unlike them. This allows us to get around the 
problem of ambiguity to some extent. Even if they backtrack to correct their mistakes it still has 
the cost overhead to do so. 
 
Our tool SET extracts vital information from different programming language constructs and 
stores them. This information can be viewed and analyzed for various purposes such as testing, 
error analysis, measuring degree of concurrency in the program etc. We have successfully derived 
the information for an assignment statement for the languages C and FORTRAN but can easily 
extend the tool to operate on any language. In this paper we explain the underlying principles of 
our tool. For this we need to extract critical information. We discuss the working of the logical 
analyzer used by SET and put forward a few examples. Our final demonstration goal though is to 
unambiguously identify if an arithmetic assignment statement is an average, or a discrete finite 
difference approximation of a derivative. 
 
3. SEMANTIC ANALYSIS 
 
To implement our tool, SET, we proceed as follows. For each a priori defined semantic entity 
that we seek to identify, we require a characteristic form.  Both forms provide structured or non-
linear derivation rules.  We try to parse a code segment into all of the existing characteristic 
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forms, and when one or more matches occur, we assume that the semantic meaning associated 
with that characteristic form is a possible meaning for the associated code segment.  If more than 
one characteristic form works, we report all possible meanings.  If the user is kind enough to 
respond, via the GUI, which one was correct, we update our statistics allowing us to build a 
dynamic context for how often a multiple selection of those forms leads to a specific meaning.  
Statistics can be kept over a program, over a project, or over the universe of programs, as needed. 
 
Rule based Artificial Intelligence could be used to achieve a comparable result.  However, when 
we view this as a vertical multi-box compiler with semantic content; use lead to an equivalent 
theory based on structured diagram.  
 
Example 1: Average 
 
We first define the required characteristic forms and then we use these characteristic forms to see 
if the coded statement can be associated with a possible meaning. For example a programmer 
wishes to compute the following average 
 
   wavg = ½ w1 + ¼ w2 + ¼ w3 
 
which has been coded as: 
   a = ¼ 
   wavg = a* (2.0 * w1+ w2+ w3) 
 
A compiler might generate the following tree to help it translate the function into another 
language. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We introduce the characteristic average form  
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To accomplish this task there are 2 major parts of the SET tool, 
constraint evaluator. We can think of the form translator to normalize
we change all divides to multiples and all subtractions as to additions.

 
avg = (w1+ w2+ w3)/3 
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the multiplication symbol, so that we can easily retrieve them. However, in general, the 
coefficients may be variable names and not constants. We therefore maintain a symbol table for 
the code being analyzed, and store values into it whenever we have one explicitly assigned. Table 
1, we expand our example code to show the corresponding code part of the symbol table. We 
concurrently execute a debugger in the background with stop points at the code segment interest. 
The debugger is queried for current values (which may vary for each line through the code, but if 
it satisfies a constraint the first line through we pre emptorarily conclude the constraint was 
satisfied). 

Weight = 1.93 
w1 = 5 
w2 = 2 
w3 = λ 

avg = weight * ((w1+ w2+ w3)) 
Code segment 1 

 
Variable Name Variable Value 

w1 5 
w2 2 
w3 λ 

weight .33 
Table 1 

 
For code segment 1, our characteristic form is normalized as  
    

avg = (weight * w1+ weight*w2+ weight*w3) 
 
And our concurrent semantic constraint is that 3 * weight ≈ 1.0. (Allowing for machine precision 
tolerances) 
We next consider the average encoded as follows, 
 

subroutine avg(w, w1, w2) 
avg =w * w1 + w* w2 

Code Segment 2 
 
where we may not have local (may be separately compiled) access to “w” as it. We again rely on 
the background debugger, place a stop at the expression in question, and query the dynamic 
debugger for the values needed to decide if the constraints are satisfied. 
 
Example 2: First Order Derivatives 
 
To identify first derivatives, we couple another characteristic form together with the associated 
numerical consistency constraints. We define an average value spatial difference operator with 
undetermined coefficients as  
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Here U n

m+ and U n
m−  are average values of U(x,t) located at the right and left of point m. For 

additional information on the use of the generalized form see Corbin and Perkins, 1997 [3]. Here 
the , are the coefficients to be determined. The factor v weights the approximation to the left 
or right side of point m. Our general form is thus 
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This form allows for non-symmetric Upwind FDM’s, (higher order derivatives may classified 
based on the number of factors in the denominator). The offsets are typically expressed, relative 
to an index, as 
 

xiuiu ∆−+ /))()1((  
Although FORTRAN 90/95 departs from this style, it is easy to add a different syntax to account 
for such variations. 
 
For our second example, we first build 2 separate trees, T+ and T-, 
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Fig1. Working of Logical Analyzer used by SET 

 
Down below is an example SQL script generated by SET for an input C program. It 
contains the necessary statements to create the table and store the required information as 
well. Each of the values in the insert statement represent the file name, line number, 
variable to which the value is assigned, data type and the value.  
 
INPUT C Code Segment 

. 

. 

. 

. 
if(speed==0) 
    use_pot(); 
else 
    sumanth(); 
 
a = i++; 
b= (j*k+l)/2; 
/* 
a=b; 
*/ 
 int i=0; 
 int j,k; 
  
 i = 1; 
 i = i+2; 
 
 j = k+2+i&j/3+k; 
 
 k = (int) j+3; 
 
 *j = ++j; 

Deletion of all commented
statements & white space 
Handling of line continuations 

Token matching 
using regular 
expressions  

SQL script 
generation for 
storing data  
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Raw C or 
Fortran Code 



 i = i++; 
 i++; 
 
 k = -j; 
 a =c; 
 
port_b = POSITIONS[  stepper_state ]; 
 
a="sumanth;;yenduri"; 
p='yenduri'; 
q='yend duri'; 
"aa=kjfdskjf"; 
. 
. 
. 

 
OUTPUT SQL Script 
 
# creating table Logan_19700926_0937 
create table Logan_19700926_0937 
( 
  FileName varchar (100), 
  LineNumber int, 
  VariableName varchar (100), 
  DataType int, 
  AssignedValue varchar (255) 
); 
# creating table entries for aa.c 
insert into Logan_19700926_0937 values ('aa.c', 6,'a', -1, ' i++'); 
insert into Logan_19700926_0937 values ('aa.c', 26,'a', -1, 'c'); 
insert into Logan_19700926_0937 values ('aa.c', 30,'a', -1, '"sumanth;;yenduri"'); 
insert into Logan_19700926_0937 values ('aa.c', 7,'b', -1, ' (j*k+l)/2'); 
insert into Logan_19700926_0937 values ('aa.c', 11,'i', -1, '0'); 
insert into Logan_19700926_0937 values ('aa.c', 14,'i', -1, ' 1'); 
insert into Logan_19700926_0937 values ('aa.c', 15,'i', -1, ' i+2'); 
insert into Logan_19700926_0937 values ('aa.c', 22,'i', -1, ' i++'); 
insert into Logan_19700926_0937 values ('aa.c', 17,'j', -1, ' k+2+i&j/3+k'); 
insert into Logan_19700926_0937 values ('aa.c', 19,'k', -1, ' (int) j+3'); 
insert into Logan_19700926_0937 values ('aa.c', 25,'k', -1, ' -j'); 
insert into Logan_19700926_0937 values ('aa.c', 21,'*j', -1, ' ++j'); 
insert into Logan_19700926_0937 values ('aa.c', 28,'port_b', -1, ' POSITIONS[  
stepper_state ]'); 
insert into Logan_19700926_0937 values ('aa.c', 31,'p', -1, ''yenduri''); 
insert into Logan_19700926_0937 values ('aa.c', 32,'q', -1, ''yend duri''); 
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5. CONCLUSIONS 
 
We have demonstrated how to derive possible semantic meaning from PL statements. We use 
parsing ideas to attempt to conform a PL statement to a character expression. If this conformation 
is possible, the semantic meaning is one sense of the expression. We also discussed our 
presentation of the tool via a meta code GUI that reduces the value of textual output found in 
many existing analysis tools. This on-demand meta-code interface is user friendly. We have 
demonstrated this capability by construction of a tool that implements the characteristic forms. 
We have demonstrated that tool for both FORTRAN and C programs. Semantic meaning with 
context sensitive characteristic forms (that can vary for each context) provide a probabilistic 
semantic meaning for ambiguous code segments that allows infer semantic meaning with 
reasonable confidence even in the face of semantic ambiguity.  
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