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CS 061 – Computer Org. & Assembly Language          Winter  -  2005
Final exam  – Saturday 3/19 –  total 100 points          SOLUTION
Time: 3 hours

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!!!
Section I (questions 1 to 25) are to be answered on your multiple choice answer sheets; Section II (questions 1 to 5) on this exam booklet. Hand both in together.

You will be required to show your student ID when you hand in your exam.

Be sure to read each problem carefully and follow the directions. 
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	25
	

	Section II Q.1
	15
	

	Section II Q.2
	15
	

	Section II Q.3
	15
	

	Section II Q.4
	15
	

	Section II Q.5
	15
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	100
	


Section I: Multiple choice – 1 point each

1. Assembly language instructions can be grouped into three categories. These are:
a. Direct, indirect and relative

b. Input, output and command

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

d. Operations, data movement and control

e. Load, store and arithmetic

2. The LC-3 ISA defines three memory addressing modes for instructions. These are:
a. Direct, indirect and relative

b. Input, output and command

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

d. Operations, data movement and control

e. Load, store and arithmetic

The following 3 questions refer to the decimal number 257.375

3. What is the representation of this number in a “hybrid” binary system using the “binary point”?
a. 1000001.101

b. 100000001.101

c. 100000011.111

d. 100000001.011

e. 110000001.011


4. What is the biased exponent that will be used to build the IEEE-754 floating point representation of the original number (in decimal representation)?
a. 2

b. 8

c. 129

d. 135

e. -119

5. What is the hex representation of the resulting IEEE-754 floating point number?
a. x4380B000

b. x4381A000

c. xC380B000

d. xC381A000

e. xABCDEF00

6. What is the main difference between a combinational logic (C.L.) circuit and a storage circuit?

a. A change in input of a C.L. circuit will propagate immediately to the output, while a storage circuit requires a clock pulse before the output can change

b. The output of a C.L. circuit depends only its current inputs, while the output of a storage circuit can depend also on a previous state

c. C.L. circuits are used to implement decoders, while storage circuits are used to implement multiplexers

d. A C.L. circuit is based on logic gates (AND, OR, etc.), while a storage circuit is just made of transistors.

The following 5 questions relate to the von Neumann model of computing.
7. The five basic components of the model are:

a. input, output, register unit, control unit, memory

b. input, output, data bus, address bus, memory

c. input, output, arithmetic & logic unit, control unit, address decoder

d. input, output, memory, processing unit, control unit

e. input, output, program counter, ALU, instruction decoder

8. Reading and writing to the memory unit (RAM or off-processor memory) takes 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. input/output

e. the write enable line

9. The purpose of the control unit is:

a. to store the list of instructions

b. to fetch the next instruction from memory & decode it

c. to control the ALU

d. to control access to memory

e. to clock the transitions between states of the whole microprocessor

10. 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

11. The key components of the Processing unit are:

a. the arithmetic & logic unit and the register bank

b. the ALU and the instruction register

c. the instruction decoder and the ALU

d. the memory data register and the program counter

e. the register bank and the program counter

12. Which of the following instructions will set the condition codes based on the value currently stored in R1, without changing the contents of any register?

a. ADD R1, R1, #0

b. ST R1, LABEL

c. ADD R1, R1, R1

d. AND R1, R1, #0

e. AND R1, R1, # -1

13. A computer system has a word addressable memory. Each word is 32 bits (4 bytes) wide. There are 24 memory address lines. How many memory locations can be addressed?

a. 32

b. 24k

c. 16M

d. 24M

e. 32G

14. How many data lines are required for the system in the previous question?

a. 8

b. 16

c. 24

d. 26

e. 32

15. If the system in the previous questions were instead byte-addressable, and were to retain the same number of bytes of memory, how many address lines would it require?

a. 8

b. 16 

c. 24

d. 26

e. 32

16. In order to overcome the gate delay problem of the simple ripple-adder circuit, we can design an adder with the following design improvement:

a. Make each full-adder smaller so as to reduce the gate delay of each.

b. Recursively pre-calculate the carry bit for each digit.

c. Add an n-bit register to hold intermediate results, where n is the number of digits being added.

d. Add a gated D latch to the carry output of each digit

The next three questions refer to the following system:

A certain ISA has a 32-bit word size, uses single word (32-bit) instructions, has 60 opcodes, 32 registers, and 4Gbyte of byte-addressable memory.

One group of instructions in this ISA takes the form:

OPCODE | DESTINATION REGISTER | SOURCE REGISTER | IMMEDIATE VALUE

Or

OPCODE | DESTINATION REGISTER | SOURCE REGISTER | SOURCE REGISTER 2

A single bit in the instruction is used to differentiate these two addressing modes.

Another group of instructions takes the form

OPCODE | SOURCE/DESTINATION REGISTER | PC OFFSET

Where the PC Offset is the 2’s complement relative address of a labelled location in the source code.

17. What is the range of values that can be stored in the “Immediate” field (as a 2’s complement value)?

a. -16 to +15

b. 0 to (64k – 1)

c. –16k to +(16k – 1)

d. –32k to +(32k – 1)

e. –64k to +(64k – 1)

18. How many bits are required for addressing (i.e. what is the size in bits of an address)?

a. 16

b. 24

c. 32

d. 48

e. 4G

How far (in memory locations) can the label be from an instruction that references the label, using the <opcode | register | pc offset> addressing mode? 
You may assume that in this assembly language, each line of source code assembles to a single one-word (32-bit) instruction.

f. + / - 32k

g. + / - 64k

h. + / - 128k

i. + / - 256k

j. + / - 512k

k. + / - 1M

19. The purpose of a tri-state device between data "suppliers" and the global bus is:

a. to prevent the contents of the bus being written back to the "supplier" device

b. to allow a single "supplier" device to control the state of the bus at any one time

c. to inform the bus regarding the destination of the data

d. to prepare the bus to carry the data

e. to separate the 16 individual bits of data to be carried by the bus

20. In the LC-3, the input to the first "arm" of the ALU is always SR1 (Source Register 1, one of the 8 General Purpose Registers); the second input can be either:

a. another GPR or the contents of a memory location

b. another GPR or the 16-bit word (PC) + SEXT(IR[8:0])

c. another GPR or the 16-bit word SEXT(IR[4:0])

d. another GPR or the 5 bit imm value from the ADD instruction

21. Which bit of the IR determines which of the two possible ALU inputs in the previous question is chosen?

a. bit 1

b. bit 5

c. bit 11

d. bit 15

e. the whole op-code, i.e. bits 15:12 of the IR

22. The PCMUX is a component which allows the control logic

a. to select the address from which the next instruction will come

b. to select the data value to be written to the global bus

c. to select the next memory address to be written to the global data bus

d. to fetch an instruction directly from memory 

e. to test the condition codes to decide where to branch

Which LC-3 assembly language instruction is most likely to be used to compile a HLL use of a local variable:

f. LDR

g. LDI

h. LD

i. TRAP

j. JSR

23. Which register is most likely to be used in accessing the variable, in the situation described in the previous question?

a. Frame pointer

b. Program Counter

c. Top of Stack

d. Saved.SSP

e. Processor Status Register

Section II – 15 points each

REMEMBER: POINTS WILL BE DEDUCTED FOR MESSY & HARD-TO-READ HANDWRITING OR DIAGRAMS!!!
24. Write a polling routine for input from a keyboard whose status register (KBSR) is memory mapped to address xFF00, and whose data register (KBDR) is mapped to address xFF02. Assume that the the status register is set to KBSR[15] = 1 to signal the presence of a character.


GET
LDI
R1, KBDSR



BRzp
GET



LDI
R0, KBDR



RET


KBSR
.FILL
xFF00


KBDR
.FILL
xFF02

3 point for filling the memory mapped addresses

6 points for status register loop

6 points for getting character into register.

Given that (R2) = 3, draw the relevant parts of the data path for the execution of the instruction

x4018

LD    R2, label    ;label translates to address x3FC8


You will need to show the IR, the PC, Register bank, the MAR & MDR, etc., with their values where appropriate.
e.g. the PC will contain the value 0100 0000 0001 1001 (= x4019, i.e. the incremented value)
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If the value stored in R0 is 5 after the following ML code has executed, what can you say about the contents of R5?. (Decode the Instructions/Data column first).

	Address
	Instructions / Data
	Interpretation

	0011 0000 0000 0000

0011 0000 0000 0001

0011 0000 0000 0010

0011 0000 0000 0011

0011 0000 0000 0100

0011 0000 0000 0101

0011 0000 0000 0110

0011 0000 0000 0111

0011 0000 0000 1000

0011 0000 0000 1001

0011 0000 0000 1010
	0101 0000 0010 0000

0101 1111 1110 0000

0001 1101 1110 0001

0101 1001 0100 0110

0000 0100 0000 0001

0001 0000 0010 0001

0001 1101 1000 0110

0001 1111 1110 0001

0001 0011 1111 1000

0000 1001 1111 1001

0101 1111 1110 0000
	AND R0, R0, #0

AND R7, R7, #0

ADD R6, R7, #1

AND R4, R5, R6

BRz #1 => x3006

ADD R0, R0, #1

ADD R6, R6, R6

ADD R7, R7, #1

ADD R1, R7 , #-8

BRn #-7 => x3003

AND R7, R7, #0



R5 has 5 bits set to 1 in the least significant 8 bits

Describe the sequence of events that occur when an INTERRUPT is accepted by the CPU, paying attention to the PC, the PSR, the stack pointers, the interrupt vector, etc.


If the processor is currently in user mode:

· it saves the stack pointer to Saved.USP,

· loads the supervisor stack pointer from Saved.SSP, 

· and sets itself to supervisor mode ( PSR[15] = 0 )

The original PC and PSR are saved to the Supervisor stack

The PSR is set with the new priority level & nzp codes are set to 0

The interrupt vector is zero extended, added to x0100, & loaded to the MAR

The starting address of the ISR is returned in the MDR, and is loaded into the PC

A new instruction cycle begins, running the ISR

A number of LC-3 instructions have an "evaluate address" step in the instruction cycle, in which a 16-bit address is constructed and written to the Memory Address Register via the MARMUX.

List all LC-3 instructions that write to the MAR during the evaluate address phase of the instruction cycle, showing how the address is constructed (several instructions will use the same method of constructing the MAR value; you may list these together).





LD, ST


MARMUX <- (PC) + SEXT( IR[8:0] )




LDI, STI


MARMUX <- (PC) + SEXT( IR[8:0] ), then MAR <- (MDR)

LDR, STR

MARMUX <- (BaseRegister) + SEXT( IR[5:0])


TRAP


MARMUX <- ZEXT( IR[7:0] )
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