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I. Which one of the following statements about CPU scheduling is correct?

(@) A set of processes scheduled have a shorter average turnaround time under RR (Round-Robin) than
under FCFS (First-Come First Serve).

(b) Interactive processes should be assigned to lower priorities because their CPU bursts are short.

(¢) Processes have better response when they are scheduled by RR with a large time quantum.

(d) Processes scheduled by FCFS suffer the convoy effect and thus the I/O utilization will be low.

(¢) Processes must be migrated among CPUs very frequently for load balancing.

2. The following code fragments describe a solution of the bounded-buffer problem. The three variables S1.,

52, and S3 are all semaphores. Suppose that the buffer initially has 10 empty slots. What are the correct
initial values of the semaphores?

Producer processes: | Consumer processes: |
do { do {
//  produce an item wait (S3);
wait (S1); |
wait (S2); | |
wait (S1); // remove an item from
buffer
//  add the item to the buffer
signal (S1);
signal (S1); signal (S2);
signal (S3);
} while (true); // consume the removed item

while (true);
(a)  Si=1;82=1:83=1.
(b) < 5=l 52=0; S3=0. .

(&) »1=9: S2=1:53=1. 5 Gl e
(d) S1=1; S2=10; S3=0. ' bk S, ST
(215 S=0r 82=10: "S5~ 14). e g 4 -
3. Which of the following statement about memory management is incorrect? G
(a) For a fixed workload, the number of page faults under First-In-First-Out page repla;_;. ment policy is
monotonically decreasing with respect to the number of memory frames ena?;};ﬁ machine. Lold:
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(b) The address space of a process can exceed the total size of mstalled RAM
53] sw;p partltlons Adeie il Gtk T .'

block allooated v1a vmal loc ( ) m Lm_j _j_.;,;:.. ke nel is

- - L]
''''''''
A S

¥ 7 e 7'-' =
N “ Y &)
« % l.‘ &2 ."

B -

IR PAS



103 2 FEAMLTHEHRAAR KA

£ 84103524158 2 3 &

X % 2- E:'y\" z .E
LEF(RP)aALT Bz AR HETAST ! |

(d3 5128
(¢) None of the above number is correct

¥4

A 32bit multiplication can be designed as sequential version (A) in the above figure. The same
multiplication function can be achieved by a reduced hardware version (B). In particular, since when a
shift is usually faster than addition, a Booth’s algorithm is to find a string of 1’s in multiplier and to
replace the sequential additions with an initial subtract from Multiplicand when we see a first 1 and then
later add Multiplicand for the test bit after the last 1. Which one of the following statements is incorrect?

| 32b multiplicand 3
l multiplicand :

Shift ~—

Multiplier
shift righ

TR shtft
64 bits
r

(A) sequential version
of multiplication

(B) reduced version with
Booth's multiplication

(a) The Multiplicand of version (A) has to be a 64-bit register. U

(b) The product register of version (B) has to perform a logical shift right. — Wt

(c) The product register of version (B) has to be initialized with the Multiplier. gt

(d) The ALU of version (B) has to be a 64-bit adder (can also perform subtract). e

(e) For a multiplier value 0xO0FFOFO00, a Booth multiplication will perform only 2 adds, 2 sub racts,and |
32 shifts. e e
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6. A load-use hazard 1s that the data being loaded by a load instruction is not available yet it is needed £
by another dependent instruction. When the hazard detectlon umt in 5 plpelme stages (IF. ID. EX. MEM.

- ' -
“ i 4 (' 1 (l ‘L: \9
'. - .
e dr&s ”%F :; ? ‘»‘ P O S |
— e e
R % ’a- f’ A . S
lf: o L .‘ A- ) .‘ BT 2N oy T (T § h
P - 1k ~‘3 o e rves bl A
R 2 ‘.' ) R ¢ ' D . ' " Y - 3 Ff 9 ° AT e =y \
b ".‘\‘.I(N(‘rL"'l.l_- 11 LS I - !
' N a2 4 o i gh o S AR .
. 4 - W AT S -

'y ' » 5
8 b ’ - e
ot *’ » ¥ i Y 4 A ]
£ » a > N -
-4 & N A Ly o
e th' i 53 Pk Wt 4 &S
Y X " b e N 4
/e . »

W) e v i

3 J~‘-“'Sﬂf
- 85
} ;‘.;'"’,’f-é..-

SR b
'AY.' F ‘"" R
3 »
[ 2
~ “ =Y 38 y
. 2 _I9 o)

A e,
o L * - . r

! ad. (PSS s B < " K
L ey l.L\" A 71 e don I, o A D N
.' g o’ s 4 -y




LRXRBRE N L EEELRERAR RS

SR T \

e STEH AR &k (1w3) AR 08103452A158 & 38

APRIER] © B : 23 R,%7 B
|

CWEI:EER D XAEZ AT A e %%é(dtﬁ) LA B AN REHNLTRL ]

et e

(d) ClCons1der the issues of integrated circuit manufacturing, manufacturing yield increases as die area
ecreases.

(¢) The cost per die decreases as manufacturing yield decreases.

8. Which one of the following statements is not correct?

(a) Induction-variable access is an example of temporal locality:.
(b) Array access is an example of spatial locality.

(¢) For a fixed-size cache, initially larger block can reduce miss rate due to spatial locality; however, as
block size increases to a certain level, miss rate may increase.

(d) For cache access scheme, write-through scheme has to write data to memory and data consistency 1s
realized, but CPU has to wait.

(e) Write buffer scheme is similar to write-through except that write buffer scheme writes data to
buffers rather than to memory. CPU also needs to wait for the completion of buffer writing but does
not need to wait too long since buffer writing is much faster than memory writing.

/
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9. There 1s a Linux server machine equipped with 16GB RAM running program P. The Linux kernel is
patched so that 1t makes extensive use of on-demand paging. There is no support of pre-paging. Data is
loaded from disk to memory either through explicit file system API calls or memory mapping (i.e. page
fault handling). Assume that program P is the only major workload on the server and that program P is
deterministic (e.g. P might be a benchmark program that applies the same workload on the server every
time it gets executed).

The page fault rate per memory access by P during its execution is shown in the following figure. =~ |
Assume that we now upgrade the server to 512GB RAM and re-run program P. Which of the folle wing |
outcomes are reasonable? , 3 e

Program
Termination
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(¢) Adding memory reduces page fault rate. Because program P is less frequently interrupted by page
faults, the execution time.is also reduced.

[

Program
Termination

Page fault rate
©
()

(C{) After adding a sufficient amount of memory, only first-time data loading will cause page faults. As a
result, the page faults are concentrated at the beginning of P’s execution. The execution time remains
the same because most of P’s page faults are due to first-time data loading. The page faults are shifted

but not removed. There will be no time-saving.

1
Program |
Termination

Page fault rate
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Becaus.e comparing with zero is easier than a subtract comparison, now the outcome of a branch can be |
determined earlier in the EX stage.

|
Which of the following statements are correct for your change?
(@) The new design can contribute better performance than the original MIPS design (determined in the

MEM stage). |

(b) If we take “assume-branch-not-taken” prediction to handle the branch stall and bez branches are
really untaken half the time, the recover mechanism would be simply to flush instructions in the IF,
ID, and EX stages of the pipeline.

(¢) The 2-bit branch prediction will have more accurate prediction rate.

(d) If the bez instruction is implemented as a delayed branch, there will be 2 delayed slots for compiler
to schedule instructions.

(¢) It would take less hardware cost to move the bez branch resolution earlier to the ID stage as we
don’t need to provide forwarding logic for the bez. ¢ |

12. Following the same design in the above question, now your boss requires you to evaluate the real

performance for the new design. We know that the cache has the longest latency in the pipeline and the
original MIPS design determines branches in the MEM stage. Assume that originally 40% of the total

Instructions are beq, where 75% of them compare one register with zero. Other 25% original “beq” has
to be changed:

beq r3,r5,1000 Ischanged into

SUby sty
paz. - rils

mstructions cycles fime

Consider the law of performance as e e , which of the following statements
program  1nstruction cycle

ES

E e
1000

are correct for your change?

(@) The clock rate of the new design will be better, as comparing with zero is simpler.
~(b) The new number of instructions will be 1.1 times more than the one in the original design.
(c) Assume no dynamic prediction and no assume- branch-not-taken prediction are provided, the CPI of
your new design will be 1.9.

(d) Same as the above (without any prediction), the overall speedup over the original deSIgn will be no |
more than 1.16. S

(e) The compiler has no extra overhead to schedule the new instructions, as the branch function is

| equivalent.
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the CPU busy for x units of time. Now let P
a semaphore whose initial value is 1. Let th

priority of P, is higher than that of P,.

1 and P, arrive at the system at time 1 and 0, respectively. S is
e CPU scheduler be preemptive and priority-driven, and the

Pr.ocess.Pl Process P, Sl
High priority, arrives at time 1 Low priority, arrives at time 0 .
r{nain() main() ~
{
bUS.}’(Z); wait(S); . .
wait(S); busy(2);
b}lsy(2); signal(S); |
signal(S); busy(1);
busy(1); J
}

Ignore the time overhead of semaphore operations and context switches. Let the average turnaround time
of the two processes be X;*5 +X2*51+X3*50 (0= X X,,X3 <5), please answer the following:

14. X;=?(a)4 ()3 (c)2(d) 1 (e)0
15. Xo=2(a)4 (b)3(c)2(d) 1 (e)0
16. X5=2(a)4 (b)3(c)2(d) 1 (e)0

| B. Assume we have a smartphone equipped with 8 processor cores, 2GB RAM DDR2 and 64GB flash |
storage. If according to an extensive study, the majority of the smartphone applications allocate at most |
| 512MB memory (per apphcatlon) and have a working set size of at most 256 MB (per application). Also
A the study indicates that the majority of the applications are single-threaded. We plan to employ virtu 1,9
memory subsystem into the design of the smartphone’s OS so that the applications can transpar
utilize both the RAM and the flash as memory space. In the following, you need to estimate some of the |

key design parameters of the OS. Your estimates do not need to be exactly precise but they have to be as ; _;;-ﬁ,.f-'.,;
accurate as possible. Ey L R

o : R | \l ™
s - Q h 4 by P ) 5 [ " g & ) . Ao .
v v o upapd ,"__".( :}h‘ L%l ﬁ‘ "» —~ i e S I ' 5 A P = v - g
A - Nl el - E a1 - £ ¥ 3 -
b | e X 17 \\4 “p "l l '1:- ¥ e LS R s ' U Mg =8 iy L
114l 110)] LI\ o & ) 111.
] W U \\ )‘ P N N x .
- ~~_~ __"A.“ ot TGN T Yorm ) g N e i N o . A o 3
) - ' 9 <« @ - - LTS X “nd \




————————————

aiiﬁk%l@%#&@fﬁ%aA$aa

e : 24 A 4 i 2
#E TN R FAR (100)) ARAMI0BE2AI5E B 36

APTIER] ¢ B iEIn ¥Y7 L& 9 R
- % 2 = AL-J S s 20 g AR _.__*___——_——,_‘__2___
[(RTRRAMER] x kx5 FABHEE LA (RB)REE B s AEARSRA | |

.)3,0)2, (@ 1.0 T BN

D. Consider 32-bit b

. yte address, a direct-mapped cache of size 64K Bytes with each block of size 4 words.
A series of memo g4

Iy accesses occur as follows (assume all states are reset initially): 0XDF105670,
0XDF10567C, 0X23A033A0, 0X23A034A0, 0XDF105678.

%i . T'he number of tag bits is (a) 12 bits, (b) 16 bits, (c¢) 20 bits, (d) 8 bits.

The number of blocks in the cache is (a) 4K, (b) 2K, (¢) 1K, (d) 8K.
25. The hit access is

(@) Only 0XDF10567C.
(b) Only 0X23A034A0.

(¢) OXDF10567C and 0XDF105678.
(d) OXDF10567C, 0X23A034A0 and 0XDF105678.

Two different compilers 4 and B are employed to compile a program that will be run on a machine with
four types of instructions. The CPI of four types of instructions and the instruction counts (IC) produced
by two compilers are listed below. The code sequence 1 requires Py clock cycles for execution while the
code sequence 2 requires P; clock cycles for execution. If we want to reduce by 50% the required clock

cycles for executing code sequence 1 by lowering CPI of class C instruction and remaining the CPIs of
the other instructions unchanged, the CPI of class-C instruction should be lowered to cp. :

class A B

5 - L
CPI for class
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