Modular multiplication and division are fundamental operations in many public-key cryptosystems. These operations are, for the most part, time-consuming and             are commonly regarded the computational bottleneck in these applications. As a             result, system designers nowadays turn to VLSI implementation. Your task, as a             novice system designer, is to design the 2-bit mod-5 multiplication/division             module using only basic logic gates. To aid you in this design problem are the             following guidelines:

i. In modular multiplication and division, the number 0 is often ignored. Thus, in your design, the following 2-bit number representation is used: 002 ( 1, 012 ( 2, 102 ( 3 and 112 ( 4.

ii. Some examples of mod-5 multiplication: 

4 × 2 ≡ 3 (mod 5), 3 × 3 ≡ 4 (mod 5).

iii. The block diagram of the 2-bit mod-5 multiplication and division modules appear as shown in Figure A.
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Figure A

     Tasks:

i. Determine the truth tables and logic circuits (AND-OR implementation) of the 2-bit mod-5 multiplication and division modules. Simplify the logic circuits as much as possible.

ii. Convert, with additional logic gates, the 2-bit mod-5 multiplication module into the 2-bit mod-5 division module. Use as few additional logic gates as possible.

Question 2

(a) Design a 4-bit asynchronous UP counter that can be used either as a BCD counter or an Excess-3 counter, using negative-edge triggered T flip flops, NAND gates and 2-to-1 multiplexers. You should also briefly explain your design.

Based on the circuit that you have designed in Question 2(a), draw a timing diagram that shows how the counter works as an up BCD counter and Excess-3 counter
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