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1. (10 points) OS fundamental: Use at most two sentences to highlight what the
computer hardware must do in protecting operating system kernel.

2. (10 points) File system: Use one sentence to summarize what “inode” is in file

systems design.

3. (15 points) Process scheduling: For the following three computing jobs, using the
round-robin scheduling policy, what would the overall average turnaround time
among these three be? Assume scheduling quantum (aka time slice) = 3.

@® Job A: arrival time = 0; job length = 4.
® Job B: arrival time = 1; job length = 3.
® Job C; arrival time = 2; job length = 5.

4. (15 points) Virtual memory: Consider the following two-level page table and do

address translation.

® The page size is 32 bytes.

@ Physical memory consists of 128 pages. A physical address requires 12 bits.

® The address space for a process has 1024 virtual pages.

® 8-bit page directory entry (PDE): the format is VALID PT6 ... PTO0, starting
from the MSB.

@® 8-bit page table entry (PTE): the format is VALID PFNG6 ... PFNO, starting
from the MSB.

Figure 1 shows a hexadecimal dump of some pages of memory. In the page dump,

the first byte is shown on the left. Suppose that the page table directory (aka the

page directory) is held in page 57 (decimal). Your job here is to translate the virtual

address 0x5aa8 into the corresponding physical address. Write your answer in

hexadecimal. |
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(10 points) Consider two different processors P1 and P2 executing the same
instruction set. Processor P1 has a 2 GHz clock rate and a CPI of 1.5. Processor P2
has a 1.5 GHz clock rate and a CPI of 1.0. On both processors, we are trying to
reduce the execution time of a program by 20% but this leads to an increase of
20% in the CP1. What clock rate of each processor should we have to get this time
reduction? Show your calculation process.
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(10 points) Assume the contents of two register $t0 and $t1 are 0OXAAAAAAAA
and 0x12345678, respectively. Show the resultant contents of register $t2 for the
following sequence of MIPS instructions.
(a) (5 points)
sii 7. $t2, 8. §$t0, 9. 4
or 10. $t2, 11. $t2, 12. $tl
(b) (5 points)
st 13. $t2, 14. $t0, 15. 3
andi 16. $t2, 17. $t2, 18. OxFFEF

(10 points) A hardware for combined multiplication and division is shown below.
Please specify the corresponding operand register (in Register A, B, or C) and shift
direction (Left, Right, or None) for the following operand. For example, operand
Multiplicand is stored in Register A and its shift direction is None.

Register A
i 32 bits
N
N ALV v 4
+ «———  Shift Lefi/Right
Register B | Register C .|  Control \)

; Write ’
| 64bits

(a) (5 points) Multiplier
(b) (5 points) Quotient
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8. (10 points) A datapath of a processor is shown below. The latency of the logic
blocks used to implement the datapath is listed in the following table. If the
processor is used to support ONLY conditional PC-relative branch instructions,
what would the minimum cycle time be for the datapath? Show your calculation

process.
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Block Regs D-Mem | Sign-Ext | Shift-left-2
Latency (ps) |90 220 10 5

9. (10 points) A cache contains 4096 double-word, and the block size is 2 double-

words.

(a) (5 points) How many tag bits are provided in a direct mapped 64-bit cache

address?

(b) (5 points) What is the total number of bits in such a cache?



