COSC 3P92           Winter 2002
Page 
 of 14

BROCK UNIVERSITY

Final Examination: April 2002 
Number of pages: 14

Course: COSC 3P92 Computer Architecture 
Number of students: 45


Date of examination: Monday April 15, 2002 
Number of hours: 3



Time of examination: 900-1200
Instructor: Brian Ross

NAME (print): ___________________________________

STUDENT NUMBER: ________________________________

There are 5 questions totalling 131 marks. 

Answer all questions on the examination paper. Use the backs of pages if necessary. 

Please print or write legibly!

One 3” by 5” index card of hand-written non-photocopied or digitally reproduced notes is permitted.

A calculator without a memory bank is permitted. 

No examination aids other than those specified above are permitted. Use or possession of unauthorized materials will automatically result in the award of a zero grade for this examination.

Please hand this paper in at the completion of the exam. 

A minimum grade of 40% must be obtained on this final examination in order to pass the course.

	Question
	Total
	Mark

	1
	36
	

	2
	15
	

	3
	20
	

	4
	20
	

	5
	40
	

	Total:
	131


	


Question 1 [36 marks]  Multiple choice. Circle the most appropriate answer. 

[+2 correct, 0 nothing, -0.5 wrong guess; you are permitted 2 (two) wrong guesses with no –0.5 penalty]

1. Besides word size, other factor(s) affecting CPU power include:

a. heat dissipation

b. voltage and ground lines in

c. number of address and data lines to memory

d. optimizing compilers

2. The picoJava CPU discussed in class is an example of:

a. a RISC chip with folding

b. a CISC chip with level 2 cache

c. a CISC chip with stack-based instruction set

d. a RISC chip with register windows

3. MIDI is an acronym for:

a. musical instrument digital interface

b. multiplexing interface for digital input-output

c. multiband internal duplexing instructions

d. none of the above

4. Which is true of the use of genetic programming to evolve circuits:

a. DNA computation is used as its basis

b. a genetic algorithm is used on a population of circuits

c. typically, the solution circuit will exist in the first random population

d. it is a hypothetical idea that may be feasible in the distant future

5. MAR is an acronym for:

a. multiplexing arithmetic register

b. microprogrammed address result

c. move address result

d. memory address register

6.  The ultraSPARC chip doesn’t require a microinstruction sequencer because:

a. its microinstructions have sequencing information already embedded in them, forgoing the need for explicit sequencing

b. it doesn’t have microinstructions

c. register windows remove the need for sequencing

d. trick question – it does have a sequencer, or else its microprograms cannot be executed 

Question 1 (cont.)

7. When an interrupt occurs having a particular priority, the CPU knows how to respond to the interrupt by:

a. calling the appropriate interrupt service vector for that interrupt type

b. relinquishing control to the DMA controller until the interrupt is over

c. emptying the cache so that memory values do not become invalid

d. performing asynchronous handshaking with another device on the bus

8. Cycle stealing means:

a. handshaking with device-priority

b. handshaking with CPU-priority

c. pipeline flushing

d. none of the above

9. A tenet of RISC design philosophy is to:

a. add instructions which help compilers and operating systems

b. use shallow caches

c. use high-performance associative caches

d. sacrifice everything to reduce data path cycle time

10. Which is a true statement about GPS:

a. the locations of the sun and planets are used to determine the user’s physical location

b. signals from satellites are used to determine the user’s physical location 

c. GPS units only work in the northern hemisphere

d. GPS units only work during winter months, when daylight hours are shorter

11. The Intel StrongARM processor is:

a. a RISC cpu

b. used in the AMD Hammer

c. a CISC cpu

d. used in the original Nintendo Gameboy

12. An advantage of a split cache is that:

a. two caches are cheaper than one

b. secondary caches are inexpensive

c. unified caches are too expensive

d. data and instruction references will not cause thrashing with each other

Question 1 (cont.)

13. Given a word size of 16-bits, you are told to design an instruction format that can accomodate 512 instructions that can access an address space of 65536. The following design successfully accomplishes this specification most reasonably:

a. 9-bits opcode, 7-bit address

b. 9-bit opcode, 16-bit address

c. 9-bit opcode, 7-bit address, but repeat the instruction 3 times to generate the entire address

d. use one word for opcode, use next word for address

14. It was mentioned a few times during the course that an entire CPU could be constructed using an extensive combinational logic circuit, made from a comprehensive truth table. Which is a true statement about this idea:

a. this is the central design idea behind RISC chips 

b. such a CPU would be so fast that heat dissipation would be critical. Hence it is not done.

c. although fast, the size and complexity of the required circuit would be prohibitive

d. it’s a brilliant idea; however, Microsoft has patent protection over the concept already

15.RISC chips typically have very few addressing modes implemented in the instruction set. How would a compiler for a RISC cpu go about implementing a complex addressing mode, such as array indexing?

a. disallow arrays in the language being compiled.

b. send the operand computation over a network to a CISC machine, which calculates the required address and communicates it back to the RISC cpu when done.

c. although a single RISC instruction might not compute the address, multiple RISC instructions could be generated that would do it.

d. DMA

16. An advantage of memory-mapped I/O is:

a. separate IN and OUT instructions are used for I/O operations

b. any instruction that accesses memory can perform I/O

c. its isolated I/O space permits better resource management amongst separate processes

d. all of the above

17. Cache snooping is done in:

a. DMA

b. MIMD 

c. MIDI

d. cell phones

18. Associative memory is also known as:

a. content-addressable memory

b. superscalar memory

c. SIMM memory

d. level-2 cache 

Question 2 [15 marks]     Briefly  define and discuss the following terms:

(a)  microprogramming

(b)  register window

(c)  pipeline stall

(d)  cache miss

(e) locality principle

Question 3 [5x4 = 20] This question refers to the Mic-1 and Mic-2 architectures included on pages 13-14. 

(a) The IJVM “bipush byte” instruction pushes a byte onto the stack. Recall that the byte to push onto the stack is the instruction byte following the bipush opcode. The Mic-1 microcode for accomplishing this instruction is:



Main1
PC=PC+1; fetch; goto (MBR)



...



bipush1
SP = MAR = SP + 1



bipush2
PC = PC + 1; fetch



bipush3
MDR = TOS = MBR; wr; goto Main1
Explain in sufficient detail what each of the above 4 microinstructions are doing.

(b) The Mic-2 microcode for bipush is:



bipush1
SP = MAR = SP + 1



bipush2
MDR = TOS = MBR1; wr; goto (MBR1)
Discuss why this code differs from the Mic-1 code. Make reference to any differences in the Mic-2 architecture. 

(c) Looking at the Mic-1 architecture, discuss the similarities and differences between the MAR & MDR, and the PC & MBR. Why not use just one of these memory ports, instead of two?

(d) Comparing the Mic-1 and Mic-2 figures, identify and discuss two major design changes found on the Mic-2 data path.

(e) The Mic-3 architecture introduced a pipeline. What technical alterations were introduced to accomplish this, and why?

Question 3 (cont.)  

Question 4 [2+2+8+2+2+4=20 marks] 

(a) Consider the direct-mapped 8-slot cache that was discussed in class. Draw the cache, and label the relevant fields. Include a brief description of the function of the cache components.

(b) Discuss how 16-bit addresses are interpreted with respect to the above cache. Use an illustration to show how address fields are allocated and interpreted, and label the fields appropriately.

(c) Using the cache and address scheme designed above, simulate the following byte-addressable read accesses, in the order given (addresses are in hex notation). The following memory locations are the read, in this exact order:



0F27, 0F28, 0F2B, AFC3, AFC5, AFC2, 0F27
Memory has the following values:

0F24: a

0F28: e
AFC0: p
AFC4: t

0F25: b

0F29: f
AFC1: q
AFC5: u

0F26: c

0F2A: g
AFC2: r
AFC6: v

0F27: d

0F2B: h
AFC3: s
AFC7: w

Show all your work. Make sure all the states of the cache are clearly shown, as well as the final state.

(d) Compute the cache efficiency for the above simulation. 

(e) If cache reads take 10 ns, and main memory reads take 40 ns, calculate the mean access time for the above simulation.

(f) Consider using the high 3 bits (far left 3 bits) of the address to extract the slot #. Explain the effects, good or bad, arising from such a scheme. 

Question 4 (cont)

Question 5 [5x8 = 40] Answer five of the following. If you answer more than 5, then 5 answers will be arbitrarily chosen for marking, and the extras ignored. Keep your discussions pertinent. Point form discussions are allowed.

1. Discuss pipelines. What is a pipeline? Why are they useful? What are complications that arise from their use?

2. Discuss caches. What is the difference between a unified cache and a dual cache? What is the difference between a level-1 cache and a level-2 cache? What is the difference between direct mapping and associative mapping?

3. Define and discuss RISC and CISC. What are the distinguishing features of these two technologies? What similarities exist between them, if any?

4. Discuss address decoding for memory, and the multiple levels of decoding that may arise. Illustrate how 4K might be constructed using using four 1K chips, in which each chip has 10 address lines in, while the main bus has 12 or more address lines.

5. Define and compare synchronous and asynchronous bus communication. What are the advantages and disadvantages of each? 

6. Identify and discuss 3 types of opcode encoding techniques. What are the advantages of each technique?

7. Discuss and compare one-bus, two-bus and three-bus data path architectures. Show how each architecture affects machine instructions, as well as overall efficiency of execution.

Question 5 (cont)

Question 5 (cont)

*** The End ***








