2001Spring CS147              Midterm 2                                   Name:_____________

Prof. Sin-Min Lee                                                                    Grade:________/10

Section 5.

	Problem
	Points
	Score

	1
	16
	

	2
	10
	

	3
	10
	

	4
	15
	

	5
	13
	

	6
	12
	

	7
	12
	

	8
	12
	

	Total:
	100
	


1. (5+5+6  =16 points) [image: image1.png]|Given the truth table for the half-adder, show that the composition of two half-adders and
an OR gate yields the same truth table as the full adder.



A program is to be written for a stack architecture for the arithmetic expression

X= (A+B)x(A+C)-BxD

(a) Find the correspondence Postfix expression.

(b) Write the program using PUSH, POP, ADD, MUL, SUB, and DIV instructions.

(c) Show the contents of the stack after the execution of each of the instructions.

Answer:

2.(2x5 =10 points)
	(i) Convert the decimal numbers 510 and 310 to 2's complement fixed-length binary representation, using 4 bits to represent each number.

	510  =
0101


	310  =
0011


	

	(ii) Using 2's complement arithmetic, add these two numbers together and comment upon the accuracy of the result.

	Adding these together produces
1000
, an invalid
representation due to overflow.



3. (2x 5 = 10 points) Fill in the blank

a. ______________    holds the address of the next(or current) instruction.

b.  _______________holds the contents of memory address accessed by MAR. 
c. ______________    holds the current instruction.

d. An _________  is an object on which an operator is applied.

e. One-operand machines have a special register , called __________ as the implicit operands for all  instructions.
4. (3x 5 = 15 points) True/False.  Circle T or F.

 T  F  (a) In the Load-store architecture, most instructions manipulate registers only. There are two special instructions lw (load word) and sw (store word) which transfer data between registers and memory. 

T  F (b) Most instructions in zero-operand machines have no explicit operands.

 T  F (c)The control portion of a processor tells the datapath which actions to perform.

 T  F (d)The 'sll' instruction (shift left logical) uses sign-extension.

 T  F (e) Instructions are stored in memory in a binary language called machine language.

5. 8.(13 points) 

[image: image27.png]Answer:

(b)
If the current state O; (\)0:(£)0x(¢) = 000. What will be the next state?
Answer: O(+1)0(++1)0x(t+1) = 100



1. 
Answer: 

6. (8+4 =12 points) (a) What function does the following circuit compute? F(A,B) = 

[image: image2.png]2xd Decoder  4x1 Multiplexer





(b) Is the circuit above sequential?  Yes   No

7.(8+ 4=12 points) Johnson counters are a variation of standard ring counters, with the inverted output of the last stage fed back to the input of the first stage.  
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(a) Starting from an initial state of 1000, list the sequence of states of the four flip-flops after each shift.

Answer: (a) [image: image4.png]a0

Clock Pulse [ 03] 02 ] 01





(b) Beginning in state 10…0, how many states are there in the count sequence of an n-bit Johnson  ring counter?

Answer: (b)
8. (2x6= 12 points) A 4-bit register R1 whose initial value is R1 = 1101. Write the new value after the shift operation which  specified as follows:

i)logical shift: 

[image: image5.png]Rl shrR1



: R1 = _____   /* shift R1 to the right

[image: image6.png]R1< shlR1



, SLI=1: R1 = ______    /* shift R1 to the left, serial input (SLI) is specified as 1. 

ii) circular shift (or rotate): 

[image: image7.png]RlecirR1



: R1 = _______ /* circulate R1 to the right. 

[image: image8.png]RlecilR1



: R1 = ______ /* circulate R1 to the left. 

 iii) arithmetic shift: shifts a signed binary number to the left or right. The sign bit should remain unchanged. For an arithmetic shift left the serial input is 0 and for arithmetic shift right the serial input is equal to the sign bit. 

[image: image9.png]Rl ashrR1



: R1 = _____ /* arithmetic shift R1 to the right. 

[image: image10.png]Rl ashlR1



: R1 = ______ /* shift R1 to the left. 

[image: image26.png]Signed number representation. Given two numbers X=11010 and Y=00110. You
are further told that Z=¥+Y equals (0);o. In which method (1's complement or 2's
complement) are the numbers ¥, 7, and Z represented?

2's complement.




2001Spring CS147              Midterm 2                                   Name:_____________

Prof. Sin-Min Lee                                                                    Grade:________/10

Section 3

	Problem
	Points
	Score

	1
	15
	

	2
	10
	

	3
	10
	

	4
	15
	

	5
	12
	

	6
	12
	

	7
	16
	

	8
	10
	

	Total:
	100
	


1.(1x15=15 points)

Fill in the following table assuming 6-bit binary numbers.

	
	Signed Magnitude
	One's Complement
	Two's Complement

	Minimum and Maximum Values in base-2 and base-10 notation
	Min: (                 )2
        (                 )10
Max: (                 )2
         (                 )10
	Min: (                 )2
        (                 )10
Max: (                 )2
         (                 )10
	Min: (                 )2
        (                 )10
Max: (                 )2
         (                 )10

	    7

- 24


	
	
	


Answer;

2.(10 points) 

Draw a logic diagram of a 2-to-4-line decoder using only NOR gates. Include an ENABLE input.

3. (2x5 =10 points)(a) When will the overflow will occur in 2’s complement addition?

(b) When will the underflow  will occur in 2’s complement addition?

Answer

4. (3x 5 = 15 points) True/False.  Circle T or F.

T  F(a) 1's complement of 00000001 and 10000000 are 11111110 and 01111111 respectively.   2's complement of  00000001 and 10000000 are 11111111 and 10000000 respectively.

T F  (b) Once a program has been written in a high-level language, it can be executed by any computer.

T F (c) The 'sll' instruction (shift left logical) uses sign-extension.

T F (d) The Instruction Set Architecture of a computer is its interface between  hardware and software.

T F(e) Modern computers use the stored-program concept.

T F(f) The Program Counter is a memory address, but no instruction can change it.

5. (12 points)  Implement the sum function for an adder using a 4-input-1-output multiplexer and an inverter. Remember that the inputs for that function are A, B, and CI and the output is simply S. 

6. (8+4 =12 points) (a) What function does the following circuit compute? F(A,B) = 

[image: image11.png]2xd Decoder  4x1 Multiplexer





(b) Is the circuit above sequential?  Yes   No

7.(4x4=16 points) A program is to be written for a one-operand machine as follows:

[image: image12.png]LOAD2
MULT B
ADDC

STORE A




(a) Explain in detail how it works between the accumulator and memory.

Answer:

.

(b) Find the final result of this  expression.

Answer:

(c) Write the program using PUSH, POP, ADD, MUL  instructions.

(d) Show the contents of the stack after the execution of each of the instructions.

Answer:

8.(2x5=10 points)

Consider the logic schematic diagram shown below:
[image: image13.png]



(a) What are the next-state and output equations for this machine? 
(b) Draw a state transition graph (STG) for the machine showing all possible states and all possible transitions 
 2001Spring CS147              Midterm 2                                   Name:_____________

Prof. Sin-Min Lee                                                                    Grade:________/10

Section 1

	Problem
	Points
	Score

	1
	15
	

	2
	10
	

	3
	15
	

	4
	15
	

	5
	12
	

	6
	12
	

	7
	9
	

	8
	12
	

	Total:
	100
	


1. (7+8=15 points) Consider the following infix assignment statement: 

               X := ((A-(B+C))*D)/(E/F)

a. Convert the infix expression to postfix notation. 

Answer: 

b. Using two-operand instructions and no more than 4 registers (R0-R3), show the instructions required to implement the statement. Assume that MOVE A,B moves A to B, ADD A,B adds A to B, SUB A,B subtracts A from B, MUL A,B multiplies A times B, and DIV A,B divides A into B. In all cases, A or B can be a register or memory address, and the result is always stored in B. 

a. Answer: 

2. (10 points) Subtraction Using 1's Complement Binary Numbers 
Find +3-5 using 4-bit binary 1's complement numbers:

+3 = 0011
+5 = 0101
-5 = 1010

	 0011
+1010

[image: image14]

	 1101 (=-2)



the MSB = 1, which means the final answer is negative

3. (10+5 =15 points) Sequential circuit has two JK-flip-flops, one input X, and one output Y.

  JA= QB, KA= QB*, JB= KB= (QA( X)*

Derive the state table and state diagram of the circuit.

Answer:

4 [15 points] True/False.  Circle T or F.

T    F  (a) Convert the following eight-bit two's complement number to decimal: 01010101  is 85
T F (b) The cost of executing a sequence of N instructions is always N times the  cost of executing one of the instructions.

T  F  (c)

[image: image15.png]Load/Store architecture: separat
(loadistore).
« Only registers as operands for regular (arithmetic) instructions,
o Addresses used only in LOAD and STORE operations

omputation (register to register) from memory tratfic



   

T  F  (d) Modern computers use the stored-program concept.

T  F (e) The Program Counter is a memory address, but no instruction can change it.

5. (8+4 =12 points) (a) What function does the following circuit compute? F(A,B) = 

[image: image16.png]2xd Decoder  4x1 Multiplexer





(b)Is the circuit above sequential?  Yes   No

6.(12 points) Johnson counters are a variation of standard ring counters, with the inverted output of the last stage fed back to the input of the first stage.  
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(e) Starting from an initial state of 1000, list the sequence of states of the four flip-flops after each shift.

Answer: (a) [image: image18.png]a0

Clock Pulse [ 03] 02 ] 01





(f) Beginning in state 10…0, how many states are there in the count sequence of an n-bit Johnson  ring counter?

Answer: 

7. (4.5+4.5=9 points) Complete the waveform for Y and Q for the following SR master slave flip flop shown below. 

[image: image19.png]




8(2x6= 12 points) A 4-bit register R1 whose initial value is R1 = 1101. Write the new value after the shift operation which  specified as follows:

i)logical shift: 

[image: image20.png]Rl shrR1



: R1 = _____   /* shift R1 to the right

[image: image21.png]R1< shlR1



, SLI=1: R1 = ______    /* shift R1 to the left, serial input (SLI) is specified as 1. 

ii) circular shift (or rotate): 

[image: image22.png]RlecirR1



: R1 = _______ /* circulate R1 to the right. 

[image: image23.png]RlecilR1



: R1 = ______ /* circulate R1 to the left. 

 iii) arithmetic shift: shifts a signed binary number to the left or right. The sign bit should remain unchanged. For an arithmetic shift left the serial input is 0 and for arithmetic shift right the serial input is equal to the sign bit. 

[image: image24.png]Rl ashrR1



: R1 = _____ /* arithmetic shift R1 to the right. 

[image: image25.png]Rl ashlR1



: R1 = ______ /* shift R1 to the left. 
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