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PROBLEMS 

 
Represent the following conditional control statement by two register 
transfer statements with control functions. 
If (P = 1) then (R1  R2) else if (Q = 1) then (R1  R3) 
 
SOL. 
 P:    R1  R2 
 P’Q: R1  R3 
 
 
 What has to be done to the bus system of Fig. 1-1 to be able to 
transfer information from any register to any other register? Specifically, 
show the connections that must be included to provide a path from the 
outputs of register C to the inputs of register A. 
 
SOL. 
   Set S1S0 = 10 to output register C to the Bus, then make the load 
input of register A to 1 
 
A digital computer has a common bus system for 16 registers of 32 
bits each. The bus is constructed with multiplexers. 

a. How many selection inputs are there in each multiplexer? 
b. What size of multiplexers are needed? 
c. How many multiplexers are there in the bus? 

SOL. 
a) Since we have 16 Registers, the size of each MUX = 16X1 

Input selections = 4 inputs 
b) 16X1 MUX 
c) Since the no. of bits of each Register = 32, we need 32 MUXs 
The following transfer statements specify a memory. Explain the 
memory operation in each case. 
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a. R2  M[AR] 
b. M[AR]  R3 
c. R5  M[R5] 

SOL: 
 
a) R2 M[AR] 
Transfer the memory word specified at address in AR into Register R2 
(READ) 
 
b) M[AR]  R3 
Transfer the contents of R3 to the memory word specified at address 
found in AR (WRITE) 
 
c) R5 M[R5] 
Transfer the memory word specified at address in R5 into Register R5 
(READ) 
 
The 8-bit registers AR, BR, CR, and DR initially have the following 
values: 

AR = 11110010 
BR = 11111111 
CR = 10111001 
DR = 11101010 

Determine the 8-bit values in each register after the execution of the 
following sequence of microoperations.  
AR AR + BR    Add BR to AR 
CR CR ^ DR, BR BR + 1  AND DR to CR, increment BR 
AR AR - CR        Subtract CR from AR 
 
 
SOL: 
 
AR = 11110010 
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BR = 11111111 
CR = 10101000 
DR = 11101010 

 
 

What are the key properties of semiconductor memory?  
SOL: 

o It is all a random access memory.  
o The main element of semiconductor memory is cell.  

 
Cell properties  
 � �They exhibit two states 0 or 1.  
 � Capable of being written into. �  
 � Capable of being read from. �  
 
 
Explain why one type of RAM is considered to be analog and 
the other digital?  

o DRAM is analog because it can be in other states rather than 0 or 1 
when the capacitor discharges.  

o SRAM is digital because it hasn't any other states except 0 and 1. 
 

What are some applications of ROM?  
 

o System programs  
o Function tables  
o Library subroutines of frequently wanted functions  

 
 What are the differences among EPROM, EEPROM, and flash 
memory?  

 1. EPROM (Erasable Programmable Read Only Memory)  
 � Programmable and erased using ultra violet. �  
 � Erased as a whole. �  
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 2. EEPROM (Electrically Erasable Programmable Read Only 
Memory)  

 � Programmable and erased using electrical shots. �  
 � Erased byte by byte �  
 � Can erase a part without another �  
 3. Flash memory  
 � Programmable and erased using electrical shots. �  
 � Erased block by block �  
 � Erased so quick (in a flash) �  

 
how does SDRAM differ from ordinary DRAM?  
The main difference between the SDRAM and the ordinary DRAM is that 
the SDRAM is synchronous and it is synchronized with an external clock. 

 
 

ESSENTIAL TERMS AND CONCEPTS 
 

What purpose does a datapath serve? 
What does the control unit do? 
Where are registers located and what are the different types? 
Why is a bus often a communications bottleneck? 
What is the difference between a point-to-point bus and a multipoint 
bus? 
Why is a bus protocol important? 
Explain the differences between data buses, address buses, and 
control buses. 
What is a bus cycle? 
Name three different types of buses and where you would find them. 
What is the difference between synchronous buses and 
nonsynchronous buses? 
 
PART 2: 

 
What are the four types of bus arbitration? 
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Explain the difference between clock cycles and clock frequency. 
How do system clocks and bus clocks differ? 
What is the function of an I/O interface? 
Explain the difference between memory-mapped I/O and 
instruction-based I/O. 
What is the difference between a byte and a word? What 
distinguishes each? 
Explain the difference between byte-addressable and word-
addressable. 
Why is address alignment important? 
List and explain the two types of memory interleaving and the 
differences between them. 

What is the difference between DRAM and SRAM?  
 

Problems 
 

 The outputs of four registers, RO, R1, R2, and R3, are connected 
through 4-to-I-line multiplexers to the inputs of a fifth register, R5. Each 
register is eight bits long. The required transfers are dictated by four 
timing variables T0 through T3 as follows: 

T0: R5  R0 
T1: R5  R1 
T2: R5  R2 
T3: R5  R3 

The timing variables are mutually exclusive, which means that only 
one variable is equal to I at any given time, while the other three are 
equal to 0. Draw a block diagram showing the hardware implementation 
of the register transfers. Include the connections necessary from the 
four timing variables to the selection inputs of the multiplexers and to 
the load input of register R5. 
 
 
 Draw a diagram of a bus system with three-state buffers and a 
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decoder instead of the multiplexers. 
Draw the block diagram for the hardware that implements the 
following statements: 

x+yz: ARAR+BR 
Where AR and BR are two n-bit registers and x, y, and z are control 

variables. Include the logic gates for the control function. (Remember 
that the symbol + designates an OR operation in a control or Boolean 
function but that it represents an arithmetic plus in a microoperation.) 
 
Show the hardware that implements the following statement. Include the 
logic gates for the control function and a block diagram for the binary 
counter with a count enable input. 

xyT0+T1+y’T2: ARAR+1 
 
 Consider the following register transfer statements for two 4-bit 
registers R1 and R2. 

xT: R1  R1+R2 
x’T: R14  R2 

Every time that variable T = 1, either the content of R2 is added to 
the content of R 1 if x = 1, or the content of R2 is transferred to R 1 if x 
= 0. Draw a diagram showing the hardware implementation of the two 
statements. Use block diagrams for the two 4-bit registers, a 4-bit adder, 
and a quadruple 2-to-i-line multiplexer that selects the inputs to RI. In 
the diagram, show how the control variables x and T select the inputs of 
the multiplexer and the load input of register R1. 

 
 

The adder-subtractor circuit of Fig. 1-23 has the following values for 
input mode M and data inputs A and B. In each case, determine the 
values of the outputs: S3, S2. S1, S0, and C4. 
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 Design a 4-bit combinational circuit decrementer using four full-adder 
circuits. 

 
Assume that the 4-bit arithmetic circuit of Fig. 1-24 is enclosed in one 
IC package. Show the connections among two such ICs to form an 8-bit 
arithmetic circuit. 

 
 
Derive a combinational circuit that selects and generates any of the 16 
logic functions listed in Table 1-7. 

 
 Design a digital circuit that performs the four logic operations of 
exclusive- OR, exclusive-NOR, NOR, and NAND. Use two selection 
variables. Show the logic diagram of one typical stage. 
 

 
 Starting from an initial value of R = 11011101, determine the 
sequence of binary values in R after a logical shift-left, followed by a 
circular shift-right, followed by a logical shift-right and a circular shift-
left.  
 
What is wrong with the following register transfer statements? 

a. xT: AR AR, AR 0  
b. yT: R14  R2, R1  R3  
c. zT: PCAR, PC PC + 1 

 


