Introduction

We will understand by simple calculator, a program that parses a full line mathematical expression, evaluates it, and returns the result. The mathematical expression can contain any of the '*','/','+','-','(' signs. May it seem very simplistic, programming a simple calculator uses quite complex concepts. In a way, it tackles the difficulties you might encounter when creating a script compiler. Indeed, the idea is the same: to be able to interpret a mathematical expression and evaluate it, repecting the priority of operators. Therefore the expressions between '(' and ')' must be evaluated first and the '*' and '/' are always computed before '+' and '-'. Lets look at a few methods to achieve this. 


A first solution : recursivity

A first solution and probably the easiest way through, uses the power of recursivity. The same function will be called by it-self. Here is the algorithm: 

float Evaluate(String expr){ 

* Go through the String looking for operators outside parenthesis. This can be done easily with an indicator counting the current level of parenthesis. If you fall upon a '(' than the indicator is incremented else if it is a ')' it is decremented. If you fall upon an operator and the indicator is zero, then the operator is outside parenthesis. 
After this step, which only needs one pass through the string, you should know the position of the possible last '*' or '/' AND the last '+' or '-' in the string and which are not in between any parenthesis. 

* if there was a last '+' or '-' at position 'pos' return Evaluate(substr(expr,0,pos-1)) +or- Evaluate(substr(expr,pos+1,strlen(expr)-1)) 

* elseif there was a last '*' or '/' at position 'pos' return Evaluate(substr(expr,0,pos-1)) *or/ Evaluate(substr(expr,pos+1,strlen(expr)-1)) 

* else, there are no operators outside parenthesis. the expression is either just '(blablabla)' or 'number' and we compute either return Evaluate(substr(expr,1,strlen(expr)-2)) or return number. 

} 


Using Binary Trees

Because we're not lamers we can elaborate another algorithm to do this without using recursivity. Another solution, probably a little more complex to develop, gets rid of recursivity and translates the hierarchy of the operators into a binary tree. It will be much easier to implement if you already have a binary tree class or a set of functions. The idea is the following, we will put the numbers always as leaves (elements of the tree who don't have any children), and the operators will be stored as knots of the binary tree, with two children: the numbers on which the operator should be applied. So first go through the input mathematical expression and parse it to a binary tree of operators. Then read the binary tree starting from the leaves and progressively compute the operators stored in the knots of the tree. 

The parsing operation: 

This is one way to transform a line of calculus in a binary tree but there should be others. Here is how I suggest to do it, respecting '*' and '/' computed before '+' and '-'. 

For example: 
1*3+5*6*9+2+3 

*read '1' 

  | 
  1 

*read '*' 

   | 
   * 
  / 
 1 

*read '3' 

   | 
   * 
  / \ 
 1   3 


*read '+' 

  + 
   \ 
    * 
   / \ 
  1   3 

*read '5' 

   + 
  / \ 
 5   * 
    / \ 
   1   3 

*read '*' 

     + 
    / \ 
   *   \ 
  /     * 
 5     / \ 
      1   3 

*read '6' 

     + 
    / \ 
   *   \ 
  / \   * 
 5   6 / \ 
      1   3 

*read '*' 

       + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      /     * 
     6     / \ 
          1   3 


*read '9' 

       + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      / \   * 
     6   9 / \ 
          1   3 


*read '+' 

     + 
      \ 
       + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      / \   * 
     6   9 / \ 
          1   3 

*read '2' 

     + 
    / \ 
   2   + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      / \   * 
     6   9 / \ 
          1   3 


*read '+' 

   + 
    \ 
     + 
    / \ 
   2   + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      / \   * 
     6   9 / \ 
          1   3   

*read '3' 

   + 
  / \ 
 3   + 
    / \ 
   2   + 
      / \ 
     *   \ 
    / \   \ 
   5   *   \ 
      / \   * 
     6   9 / \ 
          1   3   
   
And here it is. 
- Each time you encounter a '+' you add it as the root of the tree. 
- Each time you encounter a '*' you replace the current leave with it and copy this current leave as it's left son. 

The parsing operation can support easily nested parenthesis this way: 
- each time you fall upon an '(' open parenthesis, store a pointer to the current leave in LIFO (last in first out) stack. and use it as the new root of the tree. 
- each time you fall upon an ')' close parenthesis, pop the last element of the stack and use the new last element as the root of the tree. Simple. 

reading the tree: 

Reading the tree is also very fast. Find a parent(operator) that has two direct sons as numbers and compute the operation Place the result at the place of the operator and continue on and on. Instead of searching each time from the beginning for a parent that has two number sons we can check first the parent of the number we just computed, which has chances of having passed from one to two number sons. 


*step 1 
  
   + 
  / \ 
 3   + 
    / \ 
   2   + 
      / \ 
     *   3 
    / \    
   5   *    
      / \    
     6   9   
             
*step 2 

   + 
  / \ 
 3   + 
    / \ 
   2   + 
      / \ 
     *   3 
    / \    
   5  54    
           
*step 3 

   + 
  / \ 
 3   + 
    / \ 
   2   + 
      / \ 
    270  3 

*step 4 

   + 
  / \ 
 3   + 
    / \ 
   2  273  
           
*step 5 

   + 
  / \ 
 3  275 

*step 6 

  278  


Brute Force

Last and probably the least elegant way to do this, is based on two functions. This method has the advantage of not using any elaborate data structures or any form of recursivity.
A first function looks for the part of the input mathematical expression which has the deapest level of parenthesis, 'ParseParenth', extracts this part from the input string and submits it to another function which can only evaluate strings without parenthesis 'EvaluateSimple'. The whole stuff goes like this: 

double ParseParenth(String expr){ 

         while(there are still parenthesis in the input){ 

         * Let 'indic' be the parenthesis level indicator. 
         and let 'int[] buf' be the mirror array (same size) of the input string filled 
         with numbers indicating the level of parenthesis of the corresponding 
         character in the string. 

           ex: (1+3*(1+2)) 
              01111122210 

         * Isolate the part of the input string which is the deapest in parenthesis, and 
         thus which has to be computed first and save it as 'firstExpr' 

           ex: firstExpr = '1+2' 

         * Compute EvaluateSimple(firstExpr) 

           ex: EvaluateSimple('1+2') 

         * Replace in 'expr' the 'firstExpr' by the result of EvaluateSimple. 

           ex: (1+3*3) 

} 
} 


Then we have to add the EvaluateSimple function: 

double EvaluateSimple(String input){ 

         while(there are still '+' in the input){ 

         * find the first '+' of the string. 
         * extract the left operand of the '+' and the right operand of the '+' 
         * evaluate the two operands if there are any '*' in them using perhaps 
         another function like this one but with '*' 
         * add both operands 
         * replace the result in the input String 

         } 

} 


Conclusion

We have seen two relatively neat and powerful solutions to the problem of programming a simple calculator, all of them can easily support nested parenthesis and even simple forms of symbolic calculus. As usual in software, the simplest things to use are always the hardest to program! The less the user does, the more the program has to compensate.
