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Here is a recursive algorithm for building an expression tree: Algorithm 11.6 Build an Expression Tree Figure 11.19 An expression tree The expression tree for a given expression can be built recursively from the following rules: 1. The expression tree for a single operand is a single root node that contains it. 2. If E 1 and E 2 are expressions represented by expression trees T 1 and T 2 , and if op is an operator, then the expression tree for the expression E 1 op E 2 is the tree with root node containing op and subtrees T 1 and T 2 . An expression has three representations, depending upon which traversal algorithm is used to traverse its tree. The preorder traversal produces the prefix representation, the inorder traversal produces the infix representation, and the postorder traversal produces the postfix representation of the expression. The postfix representation is also called reverse Polish notation or RPN. These are outlined on page 109. EXAMPLE 11.18 The Three Representations of an Expression
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		and the development of the FFT algorithm proceeds as described above. If N = R " , the corresponding FFT algorithm is called a Radix-R algorithm. If the factors are not equal, the FFT is called a mixed-radix algorithm.
Fig. 7-10.
The three representations for the expression in Example 11.17 are: Prefix: +*-5xy/6+xz Infix: 5-x*y+6/x+z Postfix (RPN): 5x-y*6xz+/+
The three representations for the expression in Example 11.17 are: Prefix: +*-5xy/6+xz Infix: 5-x*y+6/x+z Postfix (RPN): 5x-y*6xz+/+
For some values of N , with the appropriate index mapping, it is possible to completely eliminate the twiddle factors. These mapping have the form
Ordinary function syntax uses the prefix representation. The expression in Example 11.17 could be evaluated as
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		where A, B , C, and D are integers, and ((.))N denotes the evaluation of Ihe index modulo N. If N = N I . N . and if NI and N2 are relativelyprime (i.e., they have no common factors), the twiddle factors may be eliminated with the appropriate values for A, B , C, and D. The requirements on these numbers are as follows: I. 2. All numbers between 0 and N and k2 are varied.
Ordinary function syntax uses the prefix representation. The expression in Example 11.17 could be evaluated as
( A n l + R n r ) t C k ~ fDk2)
sum(product(difference(5, x), y), quotient(6, sum(x, z)))
- W;:kl -
sum(product(difference(5, x), y), quotient(6, sum(x, z)))
Finding a set of numbers that satisfies these two conditions falls in the domain of number- theory, which will not be considered here. However, one set of numbers that satisfies these conditions is
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		Some scientific calculators use RPN, requiring both operands to be entered before the operator. The next algorithm can be applied to a postfix expression to obtain its value. Algorithm 11.7 Evaluating an Expression from Its Postfix Representation To evaluate an expression represented in postfix, scan the representation from left to right: 1. Create a stack for operands. 2. Repeat steps 3 9 until the end of representation is reached. 3. Read the next token t from the representation. 4. If it is an operand, push its value onto the stack. 5. Otherwise, do steps 6 9: 6. Pop a from the stack. 7. Pop b from the stack. 8. Evaluate c = a t b. 9. Push c onto the stack. 10. Return the top element on the stack.
where ( ( N ; ' ) ) ~ ~ denotes the multiplicative inverse of NI modulo N2. For example, if N = 12 with N I = 3 and Nz = 4, ( ( 4 ~ ' ) =~I because ((4 . ) = 1 and ((3-1))4 = 3 because ((3 . 3))3 = I .
Some scientific calculators use RPN, requiring both operands to be entered before the operator. The next algorithm can be applied to a postfix expression to obtain its value. Algorithm 11.7 Evaluating an Expression from Its Postfix Representation To evaluate an expression represented in postfix, scan the representation from left to right: 1. Create a stack for operands. 2. Repeat steps 3 9 until the end of representation is reached. 3. Read the next token t from the representation. 4. If it is an operand, push its value onto the stack. 5. Otherwise, do steps 6 9: 6. Pop a from the stack. 7. Pop b from the stack. 8. Evaluate c = a t b. 9. Push c onto the stack. 10. Return the top element on the stack.
EXAMPLE 7.4.1 A 12-point prime factor algorithm with N I = 3 and N 2 = 4 is as follows. With A = Nz = 4 and B = N I = 3 , and with C = N ~ ( ( N ~ ' ) = 4, and U = N I ( ( ~ ; l ) ) N z9. Thus, the index mappings for n and k are )N =
CHAP. 11]
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