
Computer Systems Problems – Part1

1. Consider a processor with a 16-bit data bus, driven by an 8-MHz input clock. Assume that
this processor has a bus cycle whose duration equals four input clock cycles. What is the
maximum data transfer rate across the bus that the processor can sustain in bytes? Hint:
Determine the number of bytes that can be transferred per bus cycle.

2. Consider a 32-bit processor (i.e., the width of the data bus is 32 bits) whose bus cycle
is the same duration as that of a 16-bit processor. Assume that, on average, 20% of the
operands and instructions are 32 bits long, 40% are 16 bits long and 40% are only 8 bits
long. Calculate the improvement achieved when fetching instructions and operands with the
32-bit processor.

3. Consider a processor having 32-bit instructions composed of two fields. The first byte con-
tains the opcode and the remainder an immediate operand or an operand address.

(a) What is the maximum directly addressable memory capacity (in bytes, i.e., assuming
that every bit in the address represents one byte of memory)?

(b) Discuss the impact on the system speed if the processor bus has

i. a 32-bit address bus and a 16-bit data bus, and

ii. a 16-bit address bus and a 16-bit data bus.

(c) How many bits are needed for the program counter and the instruction register?

4. A computer has a cache, main memory and a disk. If a referenced word is in the cache, 15
ns (nanosecond = 10−9 second) are required to access it. If it is in main memory but not
in the cache, 45 ns are needed to load it into the cache (this includes the time to originally
check the cache), and then the reference is started again, i.e., the word is fetched from the
cache. If the word is not in main memory, 10ms (millisecond = 10−3 second) are required
to fetch the word from the disk, followed by 45 ns to copy it into the cache, and then the
reference is started again. The cache hit ratio is 0.8 and the main-memory hit ratio is 0.7.
What is the average time in ns required to access a referenced word on this system?
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