
Problem 1 (Number systems and Ripple-cany adder) (5 points) 
The full adder can be denoted as a module as shown below: 

(a) Draw the block diagram of an 8-bit ripple-carry adder using the above module as building 
blocks. The adder should be able to perform the addsubtract operations under the control of a signal K 
in the following way: 

whenK=O, S = A + B  
w h e n K = l ,  S = A - B  

where A = A7&...A1&, B = B7B6 ... B~Bo. S = s7s6...SISo, all in two's complement representation. 
You should add to your diagram a minimum number of extra gates to output the four statuses, N, V, Z, 
and C as defined in Problem 2, Lab. 2. 

(b) Given two decimal integer numbers in sign-magnitude representation: 
A = -90 B = -128 

Convert tlieni into 8-bit equivalent binary iiitegei numbers in two's complement representation, and then 
siiiiiilatc the, Foipputcr tn pcrforhii tlip opcratioiis A+B and A-B to produce the results S.  N. V. Z, and C 



(c) Some coinputers provide two special operations (see below) in their instruction sets and control 
them by a control signal K so that 

when K = 0, S = A + B + C,, -called "add with carry" operation; 
when K = 1, S = A - B - C,,, -called "subtract with borrow" operation; 

where C,, is a given external carry/borrow signal participating in the regular addsubtract operation. Each 
of the above operations must be executed in its entirety in only one clock cycle. 

You are requmd to modify the circuit in Part (a) for accommodating these two special operations. Give 
the design procedure and draw only the modified part of your diagram. 

(d) Assuming Ci, = 1, use the same data A and B obtained in Part (b) to perform the two special 
operations specified in Part (c) on your designed adder. Give the results of S, N, V, 2, and C for each 
operation. 

Problem 2 (Full-adder circuit @nd.Hazard analysis) (5 points) 
(a) In Lab 2,' Problem 1; yotrhave created an XNOR-based full adder circuit consisting of two 

XNOR gates and three-NOR gates. Draw this circuit and give the names Ai, Bi, Cj.1 and Sj, Ci to its 
inputs and outputs, resp&tively: 

(b) Assume that every gate has a delay of one time unit. Analyze the above circuit Lo find its dynainic 
behavior at the input transition AiBiCi.1 = 111 to 100. You should trace the circuit, gale by $ a k .  iil 
order to detect the hazard, draw the waveforms for Si and Ci for the given i i i p i i I  t i -ansit ioi i .  and 
find the amount of delay (in time units) for each of Si anti Ci. 



(c) Repeat Part (b) for the input transition AiBiCi.1 = 001 to 100. Based on the results of these 
two analyses, can you predict more (at least, two, but could be many) other cases which will cause 
hazards? I .  

Problem 3 (Design of Combinational Circuit) (5 points) 
Given the problem specification as follows: 

( i l l  LVI-ilC l l l C  lrulh lel>le. 

"A four-variable combinational function, F(A,B,C,D), equals to 1 iff only 3 or 2 of its iiidepriide.ln 
vavinhles equal to I ,  otherwise the function value equals to 0." 

(b) Write the cinonical hnJof-prddudts expression fbr the given function. Use any method to convert 
it into a simplest expression such that it can be implemented w~th only 3 XOR and 4 AND or OR gates. 
No inverted input variables are available. Give your design procedure and derive the expression. 

(c) Draw the circuit diagram. 



Problem 4 (Multiplexer) (5 points) 

inverter. Give your design procedure and draw the block diagram. 
(a) Implement the function given in Problem 3 using only one 8x1 multiplexer and one 

Note: The internal circuit of the multiplexel- i s  not required. Same for part (h). 

(b) Using the same method of design, show that with only three 
AND, OR, and NOT you can build the same function in Problem 3 on only 
Give the design procedure and draw the block diagram. 


