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Symbol table 

 
1. Describing a symbol table: 

 

Symbol table (identifier or name table) is a data structure used to store 

information is collected by the analysis phases of the compiler (in our study 

we take the action of both lexical & semantic) and they used for: 

- checking for semantic correctness 

- aiding in the proper generation of code 

            The stored information (known as attributes) are as follows (for a particular  

             compiler) 

A- variable name; must always resides in the symbol table since it is the 

means by which a particular variable is identified for semantic analysis & 

code generation. This attribute should be inserted into the symbol table 

during lexical analysis. 

B- Object-code address (object time address); dictates the relative location for 

value(s) of a variable at run time. 

The address is entered in the symbol table when the variable is referenced 

in the source program. Insertion is performed during semantic while 

recalling aids in the production of correct target code for a given source 

program. 

C- Type; the type of a variable is used for both – An indication of the amount  

      of memory that must be allocated to a variable of run time (e.g. int 2 byte,  

      char 1 byte). It is the task of the semantic when handling declaration   

      statement – for semantic checking (e.g. it is semantically inconsistent to   

      multiply a string by a number). 

D- Number-of-dimensions & Number-of-parameters; simple variables (i.e.  

       scalars) are considered to be of dimension 0, vectors of dimension 1,  

       matrices of dimension 2, procedure of dimension equal to the number of  

       parameters for that procedure. 

 

 The objective of dimension attribute is two fold: 

- As a parameter in a generalized formula for calculating the address of a  

      particular array element. 

- For semantic checking (e.g., he number of dimensions in array 

reference should agree with the number specified in the declaration of 

the array). Also, the number of parameters in a procedure call must 

also agree with the number used in the procedure declaration. 

This attribute is entered in the table when declaration of variable & procedure 

statements are encountered by the semantic analysis. 

 

E- Line declared: the source line number at which a variable is declared. 

(semantic task). 

F- Line referenced: the source line number of all other references to the 

variable. ( semantic task). 

 

If the last two attributes are to be included in the table then the listing of the 

table is called Cross-Reference Listing. 

 



 2 

- The attributes are inserted into the symbol table by performing 

insertion operation is required when processing a declaration 

statement, since a declaration is intended to be an initial description of 

a variables attributes in the program. 

 

Retrieval operations are performed for all references to variables which do 

not involve declaration statements. The retrieved information (i.e., type, 

address, dimensions, etc.) is used for semantic checking & code 

generation. 

Retrieval operations for variable which have not been previously declared 

are detected at this stage & reporting appropriate error messages or 

warning or performing some semantic error recovery by posting a warning 

message & incorporating the non-declared variable in the table with as 

much as possible deducing the associated attributes though the context in 

which the variable is referenced. 

 

EX/ Draw a diagram of a cross reference symbol table that would result 

when compiling the following program segment (with reporting error & 

warning message if any) 

 

1 main(); 

2 { 

3 int i,j[5]; 

4 char c, index[5][6], block[5]; 

5 float f; 

6 i=0; 

7 i=i+k; 

8 f=f+I; 

9 c='x'; 

10 block[4]=c; 

11 } 

 

               

Name 
Object 

address Type Dime 
Line 

Declared 
Line 

Referenced 
i 0 int 0 3 6,7,8 

j 2 int 1 3   
c 12 char 0 4 9,10 

index 13 char 2 4   

  block 43 char 1 4 10 
f 48 float 0 5 8 

k         7 

 

Error line7:      k  is undefined (semantic) 

Warning line8: f  used before initialization (semantic) 

Warning line3: j  is not used (semantic) 

Warning line4: index is not used (semantic) 
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2- Symbol Table Organizations: 

 There are different organizations from simple which are 

storage efficient, to more complex which provide fast table 

access. The primary fact used to determine the table complexity 

is the average length of search; which is the average number of 

compressions required to retrieve a symbol table record in a 

particular table organization. 

  

- Symbol-table record; the collection of attributes stored in the  

      table for a given variable. 

- Search argument; the name of the variable for which an  

      insertion or look up operation is to be performed. 

 

A- Unordered Symbol Table; 

- simple organization 

- attribute entries are added to the table in the order in which 

the variables are declared. 

- Insertion operation requires no comparisons (other than 

checking for symbol table overflow). 

- Look up (retrieval) operation requires average search length 

of (n+1)/2 (for n records in the table) 

- can be used only if the expected size of the symbol table is  

     small. 

 

EX:  

 n=4 

 Average Search Length = 5/2 

 

B- Ordered Symbol Table With Binary Search; 

- the table lexically ordered on the variable names. 

- an insertion operation must be accompanied by a lookup 

operation which determines where in the symbol table the 

variables attributes should be placed. 

- Table lookup can be implemented using Binary search 

strategy. 

- The average search length  is                └ 
Log

2
 n 

┘+1 

        ∑i=1   i  *  2
i-1 

  n 

 Where └ ┘is truncation operation and  

    n is the size of table. 
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EX:  

 n=7 

 └ 
Log

2
 7 

┘=2 

Average Search Length = 
3 

∑i=1  i  *  2 
i – 1 

----------------------------- 

            
7 

Figure 1, shows binary search trees for (a) frog, tree, hill, bird, 

bat, cat and for (b) bat, bird, cat, frog, hill, tree. 
 

 
    (Figure -1) 

 

     

 
 

 

C- Tree Structured Symbol Tables; 

 

Draw the tree for the variables (i, j, c, index, block, f, k) 

Note that in (Figure-2) where two new fields are present in a record 

structure, which are the left pointer and right pointer fields. Access to the 

tree is through the root node (top node of the tree). A search proceeds 

down the links of the tree until the node is found or a Null link field ( / ) 

is encountered, which mean unsuccessful search. If a record for a new 

variable COUNT is inserted in the tree above, it is treated as a leaf node 

and is placed to the left of the record for f. 

Because of this insertion strategy the organization of the tree structure is 

dependent upon the order of insertion. 
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L. Ptr. i -      ---------- R. Ptr. 

 

 

   

 

 

    

 

 

 

 

 

 

  (Figure -2) Tree Structured Symbol Tables 

 

 

D- Hash Table; 

A hash table can also be used to implement a symbol table, a table of 

constants, line numbers, etc. it can be organized as an array, or as an array 

of linked list, which is the method used here. We start with an array of 

null pointers, each of which is to become the head of a linked list. A word 

to be stored in the table is added to one of the lists. A hash function is 

used to determine which list the word is to be stored in. this is a function 

which takes as argument the word itself and returns an integer value 

which is a valid subscript to the array of pointers. The corresponding list 

is then searched sequentially, until the word is found already in the table, 

or the end of the list is encountered, in which case the word is appended 

to that list. 

 The selection of a good hash function is critical to the efficiency of 

this method. Generally, we will use some arithmetic combination of the 

letters of the word, followed by dividing by the size of the hash table and 

taking the remainder. An example of a hash function would be to add the 

length of word to the ASCII code of the first letter and take the remainder 

on division by the array size, so that 

hash(bird)=( 4 + 98 ) % HASHMAX 

where HASHMAX is the size of the array of pointers. The resulting value 

will always be in the range 0 . . HASHMAX-1 and can be used as a 

subscript to the array. The figure below shows the hash table of size 6. 

                      

 
 

 

L Ptr. c -      ---------- R Ptr. L Ptr. j -      ---------- R Ptr. 

/ block -  ---- /. 
/ k -  ---- / 

/ index -   ---- / / f -  ---- / 
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