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—. [15%] Assume that the opcodes of the add, addi and 1w instructions are respectively 000000,

001000 and 100011 in binary notation. Translate the following MIPS machine codes into corre-
sponding assembly codes.

(1) 00000001001010100100000000100000
(2) 00100010110101011111111111001110
(3) 10001101001010000000010010110000
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—. [10%] Consider the asseﬁlbly code as follows. Assume'that the starting address of the first in-
struction is 10000 in the decimal notation. Translate the first and last instructions into corre-

sponding machine codes, given that the opcodes of beq and j are 000100 and 000010 in binary
notation.

Loop: beq §9,$0,End
add §$8,$8,810
addi §9,8$9,-1
J Loop

End:

=. [15%] Assume that a processor implements the hardware TLB cache. Assume also that the in-
Struction and data caches are physical address caches. The processor includes the write buffer
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Iinto its implementation.
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(1) For executing an instruction, what is the maximal number of cache misses that can be in-
troduced to the processor? (need not consider the misses due to the exceptions handling)

(2) What are these misses?
(3) What is the function of the write buffer?

w. [10%] Consider a pipelined processor that executes the MIPS code shown in Figure | using the
logic of hazard detection and data forwarding unit shown in Figure 2. If the MIPS code cannot
be executed correctly, then how do we revise the logic shown in Figure 2 such that the code can

be correctly executed?
add  §1, $1, 92
add $1, $1, $4

Figure 1: The MIPS code

if (MEM/WB.RegWrite
and ( MEM/WB .RegisterRd# ()
and ( MEM/WB . RegisterRd=ID/EX.RegisterRs ))
then |
ForwardA =0l

if (MEM/WB.RegWrite
and (MEM/WB .RegisterRd= 0 )
and ( MEM/WB .RegisterRd=ID/EX.RegisterRt ))

then
ForwardB =01

Figure 2: The logic of hazard detection and data forwarding unit

%.. [10%] Suppose a system contains 3 types of resources and 5 processes. The three types of re-
sources X, Y and Z have §, 2 and 7 instances, respectively. The snapshot of the system is as follows:

Maximum Demand

XY Z
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Current Allocation
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Answer the following questioﬁ by using the banker’s algorithm.
If a request from process 1 arrives for resource (0, 0, 1), can the request be granted immedi-

ately? Why or why not?

7~. [10%] Consider the following hardware configurations.
Virtual address = 32 bits, page size = 4K bytes, and a page table entry occupies 4 bytes.
How many pages should the OS allocate for the page tables of a 12M-byte process under the
following paging mechanisms?
(1) [5%] one-level paging
(2) [5%] two-level paging (assuming that the number of entries in a first-level page table 1s the
same as that in a second-level page table)

+. [10%)] Assume that a demand-paging system has 3 page frames, and the size of a page frame is
10 bytes. The memory is byte-addressable and the memory reference string is as follows:

Addresses: 70, 01, 12, 22, 01, 30, 02, 40, 22, 30, 02, 30, 22, 12

What are the page fault numbers under the following page replacement strategies?
(1) [5%] Optimal
(2) [5%] LRU

A. [10%] A file system uses a modified version of UNIX inodes. Each inode contains 10 direct en-
tries, 2 single indirect entries and 1 double indirect entry. Assume that the size of a disk block 1s 1K
bytes and the address of a block can be represented by 4 bytes. What is the maximum file size (in

bytes) supported by the file system?

.. [10%] Four processes, W, X, Y and Z, arrive at a computer at time 2, 3, 0 and J, respectively.

The CPU burst time of them is listed in the following table. Assuming that the system only has a
single processor (with a single core) and the context switch time can be ignored, please determine
the average waiting time of the processes under the preemptive SJF scheduling algorithm.
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