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CS 061 – Computer Org. & Assembly Language   Summer Session II 
Mid-term exam  – Thursday,  August 11, 2005

Time: 90 minutes

You may have on your desks ONLY this exam, your personalized multiple choice answer sheet, a writing implement and an eraser, and your student ID.

You may use a separate sheet(s) of scratch paper. Make good use of this – don’t write your answers in the assigned space until you are sure of them!

WRITE CLEARLY IN THE SPACE PROVIDED.

WARNING!!!: POINTS WILL BE DEDUCTED FOR MESSY & HARD-TO-READ HANDWRITING OR DIAGRAMS!!!
Be sure to read each problem carefully and follow the directions. 

Section I: Multiple choice

1. The machine architecture (ISA) level of abstraction consists of:

a. A high level language like C to express algorithms

b. A listing of exported functions supported by a machine

c. A specific implementation on silicon

d. Logic gates creating combinational circuits

e. Transistors creating Boolean logic

2. The fundamental difference between a powerful computer with a large memory and a low-end computer with only a small memory is:

a. The powerful computer can compute the answers to problems that the low end computer cannot

b. The low-end computer does not compute the same results to a specific problem as the high end computer

c. They both can compute the same things, but the low-end computer takes longer

d. There is no difference at all between the computers

3. If I am adding two Two’s complement numbers together, what must be true?

a. Both numbers must be positive

b. Both numbers must be negative

c. Both numbers need to have the same number of bits

d. Both numbers need to be converted to an unsigned representation

e. Both numbers must be flipped and incremented before adding them together

4. What representation is typically used to store an integer value in most computers?

a. Unsigned

b. Signed Magnitude

c. One’s Complement

d. Two’s complement

e. IEEE floating point

f. ASCII

5. What is the result (expressed as an unsigned number) of the expression:                   NOT(0101 XOR 0111) AND 1010

a. 7

b. 2

c. 13

d. --3

e. 8

f. –8

6. The hexadecimal number 0xab14 can be also be expressed as which binary number?

a. 0101 0111 0001 0100

b. 0100 0001 1011 1010

c. 0110 0001 0110 0010

d. 1010 1011 0001 0100

e. 1000 1100 0000 0010

7. What operation does the following transistor diagram perform?

a. A = NOT B

b. A = B AND C
c. A = B NAND C
d. A = B OR C
e. A = B NOR C
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8. How many inputs does a decoder have if it has 16 outputs?

a. 1

b. 2

c. 4

d. 8

e. 16

9. If a memory is 32-bit addressable and has 4 address lines to select the item, how many total bytes are stored in the memory?

a. 64

b. 32

c. 16

d. 8

e. 4

10. In the previous question, how many data lines are necessary?

a. 64

b. 32

c. 16

d. 8

e. 4

11. A combinational logic circuit’s outputs are dependent on:

a. The circuit’s inputs

b. The circuit’s past inputs

c. The voltage at which it is operated

d. The clock signal

e. All of the above

12. In the von Neumann model, the purpose of the processing unit is:

a. To control the flow of the entire machine

b. To calculate arithmetic expressions

c. To store the list of instructions to execute

d. To store data from user input

e. To display output

13. In the von Neumann model, the Program Counter is:

a. a binary counter that keeps track of the number of instructions executed

b. a register that stores the next instruction to be executed

c. a control circuit that steps through a sequence of instructions

d. a register that stores the address of the next memory location to be written to

e. a register that stores the memory address of the next instruction

14.  The purpose of the register file is:

a. To ease the amount of calculation done

b. To store the current instruction being executed

c. To provide a location to store values close to the ALU 

d. To hold the address of the next instruction to fetch

e. To prevent memory from being overwritten

15. In the LC-3, reading and writing to the memory unit (RAM, or off-processor memory) take place via:

a. the ALU and the register unit

b. the memory address and memory data registers

c. the program counter and the memory data register

d. the Program Counter and the Instruction Register

e. the write enable line

16.  The binary number 0001110010111000:

a. Is the LC-3 instruction: Add R6, R2, #-8

b. Is the Two’s complement representation of 7352

c. Is the address in memory: 0x1cb8

d. Is the One’s complement representation of 7352

e. All of the above


17.  Suppose a 32-bit instruction takes the following format:    opcode  Dest  Src  IMM        

Assuming that there are 48 possible opcodes and 32 registers, what is the range of numbers          that can be represented by a Two’s complement number in the immediate field?

a. –4096 to 4095

b. –8192 to 8191

c. –16384 to 16383

d. –32768 to 32767

e. –65536 to 65535

18.  If the LC-3, the conditional branch statement uses Relative addressing.  If the machine is currently executing a conditional branch located at memory location 0x0100 and the offset specified by the branch is 0x0010, what address contains the next instruction to execute if the branch is taken?

a. 0x0100

b. 0x0010

c. 0x0110

d. 0x010f

e. 0x0111

19. What is a TRAP vector?

a. A table of instructions

b. A table of addresses

c. A table of commands

d. An array of trap instructions

e. An array of  registers

20.  Which of the following LC-3 assembly language fragments corresponds to the C++ code (assume that R3 holds the value of x) :

if (x > 3) { x -- ; } 

a. Add R2, R3, #-1

BRp After

Add R3, R3, #-1

After

b. Add R2, R3, #-1

BRn After

Add R3, R3, #-1

After

c. Add R2, R3, #-1

BRz After

Add R3, R3, #-1

After

d. Add R2, R3, #-1

BRnz After

Add R3, R3, #-1

After

e. Add R2, R3, #-1

BRnp After

Add R3, R3, #-1

After

f. Add R2, R3, #-1

BRnzp After

Add R3, R3, #-1

After

21.   How many inputs does a full adder have?

a. 1

b. 2

c. 3

d. 4

e. 8

f. Depends on the number of bits being added

22.   Assembly language instructions can be grouped into three categories.  They are:

a. Direct, indirect, and relative

b. Integer operations, floating point operations, and character operations

c. Operations, data movement, and control

d. Input, output, and command

e. Load, store and arithmetic

23.  A state in an FSM describes:

a. The current inputs of the system

b. The history of the inputs to the system

c. The overall program that is being executed

d. The current configuration of the system

24.  When an R-S latch as described in class and in the book has both inputs held at 1, the output:

a. is 0

b. is 1

c. is the previous value

d. Changes rapidly between 0 and 1

25.  Which of the following LC-3 instructions can be executed and have no impact on the system at all (nothing changes from before the execution of the instruction to after)?

a. Add R0, R0, #0

b. And R1, R1, #0

c. And R1, R1, R1

d. Here  BRnzp Here

e.            BRnzp There

      There

Section II

REMEMBER: POINTS WILL BE DEDUCTED FOR MESSY & HARD-TO-READ HANDWRITING OR DIAGRAMS!!!
f. Tabulate the complete truth table for a 3 input decoder


a  b  c     d0 
d1
d2
d3
d4
d5
d6
d7


0  0  0     1
0
0
0
0
0
0
0

0  0  1     0
1
0
0
0
0
0
0

0  1  0     0
0
1
0
0
0
0
0

0  1  1     0
0
0
1
0
0
0
0

1  0  0     0
0
0
0
1
0
0
0

1  0  1     0
0
0
0
0
1
0
0

1  1  0     0
0
0
0
0
0
1
0

1  1  1     0
0
0
0
0
0
0
1

g. Draw the corresponding schematic for the decoder

a

b                             d7                                                             d3

c


                              d6                                                              d2



                d5          d5                                                               d1



                                    d4                                                              d0


26.  Write an LC-3 assembly language program that will fill an array in memory with the first 5 powers of 2.

        .orig x3000

         LD R1, five

         LEA R2, array

         AND R3, R3, #0

         ADD R3, R3, #1

Loop ADD R3, R3, R3

              STR R3, R2, #0

              ADD R2, R2, #1

              ADD R1, R1, #-1

              BRp Loop

              HALT

      Five  .FILL #5

      Array .BLKW #5

               .end

27. Prove that the NOR gate by itself is logically complete and any circuit built using only NOR gates can implement any combinational circuit built using AND, OR, and NOT gates.

NOT


OR



AND





28. Perform the following operations.  Express your answer in Hexadecimal notation

a. 0xb14 AND 0x3d6 = 0x314

b. 0x13a XOR 0x5ec = 0x4d6

c. NOT(  NOT(0xf00) OR NOT (0x084) ) = 0x000

d. 0xcdab + 0x4321 = 0x110cc

e. In part d, assuming the result was stored in an 16-bit number, is the result valid?

The result requires 17 bits to properly store, so if we stored the answer in 16-bits, we would lose the most significant bit and the result would not be valid.

29. What are the stages of the Instruction Cycle of the LC-3 and what happens in each stage?


Fetch  -> Retrieve the next instruction to execute from memory and increment the PC

Decode -> Use the opcode of the current instruction to figure out what to do

Evaluate Address -> Calculate any memory calculations (such as Base + offset) that need to be done

Fetch Operands -> Retrieve the source operands, either from memory or from registers

Execute -> Perform ALU operations

Store Result-> Place the result in the proper location (memory or register)
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