Final Exam
Fall 2005, 22 December
ELEC-4601: Microprocessor Systems

Department of Electrical and Computer Engineering, Carleton University

Instructor: Maitham Shams Exam Duration: 3 hours
Booklets: None Number of Pages: 7
Aids Allowed: Calculator Number of Students: 120

Last Namae:

First Name:
ID:

Write your name and ID number on all pages. Attempt all questions. In favour of fairness, I won’t

answer any questions. Make necessary assumptions. Wish you Good Luck.

1 2 3 4 5 6 Total
/10 /15 /20 /15 /25 /15 /100

[1] (10 marks, 2 each part) Terminology Briefly ezplain each of the following terms and concepts.

a | Assembler

b | Memory-
Mapped
I/0

c | Flag
Register

d | Interface
Unit

e | Descriptor
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[2] (7.5+7.5=15 marks) Theory
First, define each of the following. Then, compare them in terms of their advantages and disadvantages.

Finally, Mention their ideal application situations and examples.

a) Polling, Interrupt, and DMA

b) SRAM, DRAM, and EEPROM
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[3] (104-6+4=20 marks) Error Detection and Correction

a) In the extended Hamming code, one creates (n + k + 1)-bit words. When reading the data, the check
bits C and the overall parity P are calculated. State the different combinations of C and P. What do they
mean? What actions should be followed in each case?

b) The following combination of 8 bits of data and 4 bits of parity are read: 0001100101 00. What
was the original 8-bit data?

c¢) Form the composite hamming code data-and-parity word for the data item 1001.
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[4] (15 marks) Computer Performance

Consider two different implementations (i.e. machines) , M1 and M2, of the same instruction set. There
are four classes of instructions (A, B, C, and D) in the instruction set. M1 has a clock rate of 500 MHz,
M2 has a clock rate of 300 MHz. The average number of cycles for each instruction class on M1 and M2

is given in the following table.

Class | CPI on M1 | CPI on M2 | C1 usage | C2 usage | Third-part usage
A 4 2 30% 30% 50%
B 6 4 40% 20% 20%
C 8 3 20% 30% 20%
D 10 5 10% 20% 10%

The table also contains a summary of how three different compilers use the instruction set. C1 is a compiler
produced by the makers of M1, C2 is a compiler produced by the makers of M2, and the other compiler is a
third-party product. Assume that each compiler uses the same number of instructions for a given program

but that the instruction mix is as described in the table.

e Using C1 on both M1 and M2, which machine is faster? How much faster is it?

Using C2 on both M2 and M1, which machine is faster? How much faster is it?

If you purchase M1, which compiler would you use?

If you purchase M2, which compiler would you use?

Which machine would you purchase for maximum performance, if we assume that all other criteria

are identical, including cost?
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[5] (25 marks) Memory Design

A computer system with an 80386SX microprocessor (24-bit address bus and 16-bit data bus) requires
7 MB of memory starting at (the bottom) address 0. This 7 MB should be divided into 2 MB of SRAM
at the bottom, 4 MB of DRAM at the middle, and 1 MB of EPROM at the top. The available parts are
128K x16 EPROM chips, 256 Kx8 SRAM chips, 512K x4 DRAM chips, and PAL chips with 10 inputs and
8 outputs. The processor provides MRDC, MWTC, BHE, and BLE (i.e. A0) control signals. The SRAM
and DRAM chips have WE, OE, and CE control inputs. The EPROM chips have OE and CE control

inputs. Write the design expressions for the PAL devices, draw a simple circuit diagram, and label the

wires in your design. Do all calculations in this page and draw the circuit in the next page.
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Circuit Diagram for [5]
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[6] (15 marks) Data Communication

Compare the mazimum bandwidth of a synchronous and an asynchronous bus. The synchronous bus has
a clock cycle time of 10 ns, and each of its bus transmissions (to/from memory/IO) takes 1 clock cycle.
The asynchronous bus requires 7 ns per handshake. The data bus in both cases is 32-bits wide. Find the
bandwidth (in MB/s) for each bus when performing one double-word read from the memory and sending

it to an IO device. The memory access time is 40 ns.



