
ET4 170- Computer Arithmetic 
Exam 09.04.2015 14:00-17:00 
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The exam is open book thus you can use the course book, the slides, and any 
other books on computer arithmetic and logic design. 
Laptops, PDAs, etc., with or without wireless connection, and all kind of 
personal notes including example exams/problems with solutions cannot be 
utilized during the exam. 
The exam consists of 10 questions, the points per question are given between 
parentheses, and the total amount of points one may get is 100. 98 points or 
more correspond to a 10. 
Do not forget to write your name and study number on the answers . 

Good luck! 

1. (1 Op) Consider a number system with r = 5 and the digit set [ -4, 3]. Find the 
relevant parameters for a carry-free addition in this system. For such a system, 
assuming that the digit in position i are X; andy;, the position sum is p; = X; + y; 
and the interim sum is w; = p; - 5ti+1, where t;+I represents the transfer digit. 
Deduce the logic equations for the circuit that produces t;+I and sketch a possible 
implementation for the circuit that computes the final sum s; = w; + t;. 

2. (lOp) Consider the residue number system RNS(81715): 

a. Represent the numbers x = 60 and y = 25 in this system. 
b. Compute x + y, x- y, and x *yin this system. 
c. Is ( 41311 )RNS(SI715l larger than (lj3j4)RNS(SI715l? Justify your answer. 

3. (lOp) Assume you have to design a significant adder to be utilized in a single 
precision floating point unit. Draw the prefix graph for the hybrid carry network 
corresponding to this adder built with one level of the Brent-Kung scheme at the 
beginning and at the end, and the rest with Kogge-Stone. 

4. (1 Op) Design optimal fixed block and variable block size single-level carry-skip 
27-bit adders. For each design specify the number of blocks and the number of 
bits per each block. You do not have to draw the circuits! Compare the two 
designs in terms of area and expected delay. 

5. (1 Op) Design a slice of a (7; 2)-counter using half/full adders as building blocks 
with the least possible area and delay. 



6. (lOp) A 6 x 2 Additive Multiply Module (AMM) computes an 8-bit value 
p =a · x + b + y, where a and b (x andy) are 6-bit (2-bit) unsigned numbers. 

a. Implement the 6x2 AMM with full adders and half adders while 
optimizing the delay. 

b. Using the dot notation show how such AMMs can be used to build 6 x 6 
AMM having two 6-bit multiplicative and two 6-bit additive inputs and 
producing a 12-bit result. Minimize the number of used 6 x 2 AMMs. 

7. (lOp) Design a 3x3 multiplier and a 3x3 modulo-7 multiplier by using half & full 
adders as the only building blocks. Evaluate and compare the two multipliers in 
terms of delay and area. 

8. (lOp) Given the dividend z = a.1 a1 a and the divisor d = 1.1 a11 in sign
magnitude representation. Represent them in 5-bit 2's complement format and 
then perform the division using the non-restoring algorithm. Convert the quotient 
into 2's complement format. 

9. (1 Op) Compute the square root of the unsigned fractional radicand z = 
1.a111 aa11, using the radix-2 restoring algorithm. 

10. (1 Op) Given the floating-point numbers a = a.11814 X 1 as, b = -a.11812 X 1 as, 
andc=a.14321 x1a1

. 

a. Compute their sum as (a+ b)+ candas a+ (b +c) under the assumption 
that no guard digits are available. 

b. Repeat the computation under the assumption that one guard digit is 
available. 

c. Comment on the results of parts a, and b. How many guard digits are 
necessary in this case for the associative law to hold? 


