
Example 2

1 + 2 * 3
• see 1, push 1 on number stack
• see +, push + on operator stack
• see 2, push 2 on operator stack
• see *, higher precedence than +, cannot add yet!
• see 3, push 3 on number stack
• no more input

• “bind” operators on operator stack to values in num stack
• pop 3 and 2 off number stack
• pop * off operator stack
• “bind” 2 * 3 to result in a small tree

• push the small tree 2 * 3 on number stack
• pop 2*3 and 1 off number stack
• pop + off operator stack
• bind 1 + 2*3 to result in a bigger tree
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General Case:  Shunting Yard Algorithm

1 + 2 * 3 - ( 4 - 5 ^ ( 6 ) )
Scan the equation left-to-right, for each element:
• if a number, push it on number stack
• if an operator, compare priority with one on top of stack

• WHILE the top-of-stack operator is same or higher priority
• stack operator should be done first
• “bind” top 2 values in number stack to operator on stack
• push the tree back on number stack
• go to top of while, repeat as necessary

• now stack operator is lower priority than new operator
• push new operator on the operator stack

• if no more input
• operators and numbers remain on stacks
• top of operator stack has highest priority, bottom operator

has lowest priority
• while operator stack is not empty

• bind top operator to top 2 numbers
• replace top 2 numbers with one resulting tree

• what about parentheses ?
• relatively easy to handle...

• ( has lowest priority, put on stack as a marker
• ) has highest priority

• when seen, bind everything on stack up to matching (
• this replaces entire ( ... ) expression with a tree (treated as a

single number on the number stack)

• easy way to handle “no more input” case
• place ( ... )  around entire equation
• when last ) is seen, everything up to opening ( is bound, i.e.

the whole equation

Algorithm and Program Notes

• need to know if one operator has higher priority than another
• write your own “priority” method

• cannot handle leading “-” sign for unary minus
• pretend the “-” is part of the number, e.g.  “-1”
• use spaces to separate all numbers and operators

• store numbers and operators as a string
• convert to actual values at “last minute” as needed

• must put elements in
• linked list (for a stack)
• a binary tree (for expression tree)
• need:  next, left, right references

• stack uses next reference
• binary expression tree uses left, right references

Traversing a Tree

• 1 way to “walk” or traverse a linked list (visit all elements)
• follow next!

• 3 ways to “walk a tree”
• in order, preorder, postorder!

• in order
• self is in middle
• visit left, then self, then right
• seetoInf ixString()  method in code
• this is the approach taken to print an expression tree as

a “normal” equation (must add parentheses to enforce
proper ordering)

• preorder
• self is first
• visit self, then left, then right
• seetoPref ixString()  method in code
• this is the order taken during a binary search (though

you usually take only the left or the right branch, not
both)

• postorder
• self is last
• visit left, then right, then self
• seetoPostf ixString()  method in code
• this is the approach taken to evaluate an expression

tree (you must evaluate the left and right sides before
combining them)

• left and right visits are actually recursive calls

SeeCalc.java  source code!
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