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Squaring a number


Input n-bit number representing k

Output 2n-bit number representing k2
A purely combinational solution?


Start with some C++

Generate some espresso input



.i 8

.o 16

.p 256

00000000 0000000000000000

00000001 0000000000000001

…………

11111110 1111110000000100

11111111 1111111000000001

.e


and some espresso output



.i 8

.o 16

.p 187

00010011 0000000101100000

01001111 0000100000000000

…………

----01-1 0000000000010000

111----- 1100000000000000

------10 0000000000000100

-------1 0000000000000001

.e


compute the gate delays and number of transistors



for 12-bit input




217873 bytes of espresso output




3026 AND-gates





average ~10 inputs




23 OR-gates





bit 1 is always 0





number of inputs range from 726 to 1

Try another combinational approach


The "grade school" algorithm in an array of gates

Again, compute delays and transistors



~ n * 5 delays



~ n2 * 25 transistors

Make the last approach sequential


n cycles of addition, shift, and store


MSI components needed (maximal?)



two n-bit registers



one 2n-bit register



one 2n-bit shifter



one 2n-bit adder

But you really only add n bits


Improved sequential approach
Could multiply by more than one bit in a cycle


Think about multiplying in octal or hexadecimal

Block multiplication – divide and conquer


Squaring M7 M6 M5 M4 M3 M2 M1 M0
	
	
	M3 M2 M1 M0 * M3 M2 M1 M0

	
	M7 M6 M5 M4 * M3 M2 M1 M0
	

	
	M3 M2 M1 M0 * M7 M6 M5 M4
	

	M7 M6 M5 M4 * M7 M6 M5 M4
	
	


Multiplication with Fast Discrete Fourier Transform

Schonhage-Strassen Algorithm

Save for multiplying 10,000 bit numbers

No advantage to using Karatsuba algorithm for squaring numbers

The State


Control Unit state (flip-flops)


Data Unit state (registers)
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The cycle


Before the start of the cycle



Control Unit state is stable



Data Unit state is stable



Control Unit excitation inputs are available



Data Unit update values are available



External inputs should be available


Step 1 of cycle  (state setup time)



New Control Unit state is available



New Data Unit registers are available


Step 2 of cycle (control combinational logic)



Control Unit provides “commands” to data unit


Step 3 of cycle (data unit conditions)



Data Unit conditions may be provided to control unit


Step 4 of cycle



Control Unit excitation inputs are available



Data Unit update values are available


How is the MUX input set?


Present or last value of the Shift Right register

	Control
	Data
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Types of outputs


“mostly” Moore-type outputs


SELSUM is a Mealy-type output
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Select which?











