THE AUSTRALIAN NATIONAL UNIVERSITY

First Semester Examination, June 2009

COMP2300/ COMP6300
(Introduction to Computer Systems)

Writing Period: 3 hours duration

Study Period: 15 minutes duration
Permitted Materials: One A4 page with notes on both sides.
NO calculator permitted.
Answer all of Questions 3-5; Questions 1 and 2 are optional.

For each of the optional Questions 1-2, the maximum of youk foa the question and the cor-
responding question of the Mid-Semester Exam will be usddteymine your final assessment
for this course.

The questions are followed by labelled, framed blank painétswhich your answers are to be
written. Additional answer panels are provided (at the efdhe paper) should you wish to
use more space for an answer than is provided in the assaciabelled panels. If you use an
additional panel, be sure to indicate clearly the questiod @art to which it refers to.

More marks are likely be awarded for answers that are shod eoncrete than for answers of
a sketchy or rambling nature. Answers which are not suffitydegible may not be marked.

Note that in some parts of the exam, there will be differemistjons asked of COMP2300 and
COMP6300 students.

The Appendix contains information on the PeANULt instructet, as well as a table with power
of 2 values in decimal.

Student Number:

Official use only:
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QUESTION 1 [13 marks]

(a) Assume memory address@s02000411 to 0x02000415 contain the following 8-bit bi-

nary values:
Address | 0x02000411 | 0x02000412 | 0x02000413 | 0x02000414 | 0x02000415
Binary value| 0010 1100 | 1000 1101 | 0100 1000 | 0110 1011 | 0011 0000

Assumesi zeof (x) = 2andsi zeof (y) = 2,& = 0x02000412 and& = 0x02000414,
and the data storagelitle endian

() What would be printed by the following C statement?
printf("Values for x+y: % %", x+y, X+y);
Clearly show how you derive your answers.

QUESTION 1(a)]i] [2 marks]
(i) What would be printed by the following C statement?
printf("Value for (x+y)/256: %", (x+y)/256);
Clearly show how you derive your answers.
QUESTION 1(a)]ii] [1 mark]
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Question 1 (continued)

(b) The IEEE single-precision floating-point standard is: 1dmin, 8 bits exponent with a
bias of 127, and the remaining 23 bits are the mantissa (withmglicit leading bit).
Convert the fractional decimal number -9.125 into IEEE Engrecision floating point
format. Give your answer in binary and hexadecimal.

QUESTION 1(b) [2 markg]

(c) Give an example of integer overflow upon addition for eachigried and unsigned 4-bit
integers. Include in your answer the bit patterns and ddoralaes of the operands and
results.

QUESTION 1(c) [2 marks]
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Question 1 (continued)

(d) Name the six levels of the abstract machine (or computertaathre). Briefly explain in
what sense this forms an abstraction.

QUESTION 1(d) [4 marks]

(e) Briefly explain why, in the instruction set design of RISC qauters, the only instructions
that can directly access memory are load and store instngcti

QUESTION 1(e) [2 marksg]
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QUESTION 2 [17 marks]

(a) Giventhe declarationnt t, x, y; andthese variables have all been initialized, explain
the purpose of the following C code fragment:

t =X; X =y;, y =1t,;

QUESTION 2(a) [1 mark]

(b) #include <stdio.h>
#include <stdlib.h>
int main(int argc, char *argv[]) {
int i; unsigned int s=0;
int n = atoi(argv[l]);
for (i=0; i<n; i++)

S += | +1;
printf("%\n", s);
return O;

}

Suppose the program was compiled and linked into an exdeytatgram called oo.

(i) Write the output produced by the commarid oo 4 (hint: in this case, the variable
n will have the value of 4).

QUESTION 2(b)[i] [1 mark]

(i) Supposen represents an integer. In termsrgfstate what the commandfoo n
produces.

QUESTION 2(b)[ii] [1 mark]
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Question 2 (continued)

(c) Consider the following C function definition.

char *reverse(char *s, const char *t);
Il the elements of the string t are copied into s in
Il reverse order. It returns a pointer to s

For exampler everse(s, "abc") would sets to" cha".

(i) Write an implementation afever se() . Your code must not call any other function
exceptstrlen().

QUESTION 2(c)][i] [3 marks]

(i) Itis quite common in C string functions to modify a paraterandreturn a pointer
to that (result) parameter. Briefly explain why it is usefubio so.

QUESTION 2(c)[ii] [1 mark]

(i) C provides anassert () facility. Illustrate how the facility could be used in this
function.

QUESTION 2(c)iil] [1 mark]
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Question 2 (continued)

(iv) What is one possible problem that can occur where fonstiliker everse() are
used that cannot be detected by a facility sucasa®rt () ?

QUESTION 2(c)[iv] [1 mark]

(V) Suppose we redefine@ver se() as follows:

char *reverse(const char *t);
Il returns a pointer to a new string which has the
Il elements of the string t copied into it in reverse order

What modifications of the code from part (a) would be requicedccomplish this?
(for full marks, write the code changes). What problem miti redefinition in-
troduce?

QUESTION 2(c)[v] [2 marksg]

(d) State two reasons why C is a good programming language fopetansystems.
QUESTION 2(d) [2 marks]
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(e) Suppose a C prograshuf f | e2 had the usage:
shuffle2 [-p nrow] [-P kO] n k

with the following default valuesnrow = 0, k0 = 1. Supposing the C source file for
this program had the following declarations,

int min(int argc, char *argv[]) {
int n, k, nrow, kO;

}

Write C code formai n() that would initialize the variables k, nrowandk0 from the
command line parameters (storedamgv[ 0] .. argv[ argc- 1] ) according to the above
usage. Declare any new variables that you introduce. Yals oeed not check for any er-
]Eors in the command line parameters. You code may use theésstamnt at oi (char *)
unction.

QUESTION 2(e) [4 marksg]
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QUESTION 3 [25 marks]

(8 Onthe PeANUt machine, assume the accumula@contains a decimal value @8, the
stack pointer registe8P contains a decimal value df the index registeXR contains a
decimal value o and the memory cells at addres$e® 3 contain the decimal values
42,0, 7 and66 respectively. Explain in detail what happens when the PeAibchine
executes the instructiadd *0, which is at address decimal 70.

Your answer should describe the events that happen in tlsegFetch Evaluate Operand
and Executeand the values movedetween the componentsC, SP, XR, Cl, MAR,
MDR andALU. All values should be expressed in binary or decimal.

QUESTION 3(a) [4 marks]

(b) Give a few lines of PeANUt machine language code to read iméxt character from
standard input, add the value decimal 32 to it, and storeghdting character in memory
locational0.

QUESTION 3(b) [2 marks]
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Question 3 (continued)

(c) Consider the PeANUt code fragment:

X: dat a 14

y: dat a 6

Z: bl ock 1
| oad X
dvd y
mul y
mul #-1
add X
store A

(i) After the fragment is executed, what is the value in meniocationz?
QUESTION 3(c)[i] [1 mark]

(i) How many memory references are required in the exenusfdhe above code frag-
ment?

QUESTION 3(c)[il] [1 mark]

(i) In a context wherex andy could contain arbitrary values, state in plain English the
purpose of the instructions above.

QUESTION 3(c)[ii] [T mark]
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Question 3 (continued)

(d) Consider the execution of the PeANUt program:

a: dat a 24
RV = -3
X = -2
y = -1

m: dat a 15

myst : | oad I'x
add ly
and m

mystl: store 'RV
ret

mai n: incsp #3
| oad a
store -1
| oad #17
store 10
call myst
| oad -2
incsp #-3
trap #1

end mai n

() Draw the PeANULt stack frame at the point where the firstrindion ofyst is ex-
ecuted. Clearly indicate which cell the stack pointer potot and include symbolic
labels and values to all relevant cells.

QUESTION 3(d)[i] [3 marks]
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Question 3 (continued)

(i) What is the value of the accumulatdC when thet rap #1 instruction is executed?
QUESTION 3(d)[ii] [2 marks]

(iii) Write a C code implementation for the functiagst . All variables may be assumed
to be of type nt .

QUESTION 3(d)[i] [1 mark]

(e) The following part asks you to translate C code fragmenis ReANUt assembly lan-
guage. In all cases, there is no need to translate any implaegtlarations into assembler;
assume that thie ock directive has been used to do this. Define any macros thats@u u
There is no need to comment your assembly code. Divide theaartsoxes below into
two columns to make sufficient room.

() Translate the C code fragment of Question 2(a) into PeA&Bdembly language.
QUESTION 3(e)]i] [1 mark]
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Question 3 (continued)

(i) Translate thd or loop of Question 2(b) into PeANUt assembly language.
QUESTION 3(e)[ii] [3 marks]

(iii) Translate the following C function into PeANUt asseiyjlanguage.
void printElt(int i

,intaf]) |
if (a[i] >= 0)
printf("ow\n", af[i]);
}

Assume that the parameters are passed using the standakilUPprocedure call

convention. Assume there is an external functi@mt eCar d available that fol-
lows the standard PeANUt procedure call convention, whétet eCar d( x) has
the same effect gmintf (" %", x) .

QUESTION 3(e)[iii] [4 marks]
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(f) COMP2300 students, only, answer this question:

Briefly explain why procedure call conventions, as for exenpthe PeANUt,
are needed.

COM P6300 students, only, answer this question:

The PeANUt procedure call convention uses the stack to pasgturn value.
Name an alternative convention for passing the return valatecould be used
on the PeANUt, and discuss its relative merits.

QUESTION 3(f) [2 marks]

Additional answers to QUESTION 3()[_]
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QUESTION 4 [20 marks]

(a) Consider a virtual memory system with a main memory that céa four memory pages.
Assume that thé&irst-In-First-Out (FIFO) page replacement policy is used by the oper-
ating system. The following sequence of 11 page accessiesesti to t11 to 6 different
pages (numberetlto 6) is given:

Time: t1 to {3 ta 5 te t7 {g to t10 f11

Page: 1 2 1 4 1 5 2 6 1 2 1

(i) Assuming the main memory has been empty at the beginnorgplete the follow-
ing diagram of the four main memory pages at tinheto t1;. Please write your
answers — the page numbers — into the appropriate boxes.

t1 t2 t3 ts ts te t7 ts tg tio t11

[3 marks]

(i) How many pages have to be replaced in this page acceseseg/?
QUESTION 4(a)]ii] [1 mark]

(i) If the least recently usegolicy was used instead, what would the number of page
replacements? State the reason why in general this polréyrpes better than FIFO.

QUESTION 4(a)[iii] [2 marks]
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Question 4 (continued)

(iv) Describe one situation where the random replacemdraypwill perform better (i.e.
produce fewer page faults) than the least recently usedypoli

QUESTION 4(a)[iv] [2 marksg]

(b) Page table entries typically contairdaty bit. Briefly describe its purpose. Is a similar
piece of information required for cache memory? Briefly expl

QUESTION 4(b) [2 marks]
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Question 4 (continued)

(c) Briefly describe how memory protection can be implementembimjunction withpaging
both within a process, and between two processes that ang bgecuted at the same
time.

QUESTION 4(c) [2 marksg]

(d) What is a branch delay slot, and why were they introduced 8CRdrocessors?
QUESTION 4(d) [2 marks]
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Question 4 (continued)

(e) Explain why thelatencyof a disk read or write, i.e. the time to access the first byta of
sector, can be relatively large. Explain how it is possibla¢hieve a reasonably high rate
of data transfer for subsequent bytes.

COMP6300 students, only, answer the following question aswell.
Briefly explain what implications this has for file organioet.
QUESTION 4(e) [3 marks]
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(f) Consider the following function.
int sum(int n, int a[]) {

int s =20, i;

for (i = 0; i < N ; i++4)
s += af[i];

return s;

}

Briefly describe what differences you would expect in terhsmemory accesses if the
above code was executed on the SPARC and x86 architectures.

QUESTION 4(f) [3 marks]

Additional answers to QUESTION 4.()[__]

COMP2300 / COMP6300 First Semester Exam, June 2009 Page2B of



QUESTION 5 [15 marks]

(a) Listtwo important advantages that multiprocessing presid
QUESTION 5(a) [2 marks]

(b) Briefly describe two situations wheneterruptsprovide crucial support to the operating
systems.

QUESTION 5(b) [2 marks]
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Question 5 (continued)

(c) COMP2300 students, only, answer the following question:

Consider the following C programs:

#include <string.h>

int main(void) { #include <stdio.h>
: . int main(void) {
static char month[9]; .

" " _ char month[9];
strcpy(" December”, month); rintf("%\n", month):
|/ dest. str. should go 1st! p , ' '
return 0: return O;

) }

When compiled and run, the program on the left crashed widganentation
violation (i). When compiled and run, the program on the rigihnted out a
seemingly random sequence of characters (ii). Howevehgeifprogram was

modified so that the variable declarationmint h was_the same as_for the
program on the left, an empty line was printed out (iif). HByieexplain the
above three behaviors.

COMP6300 students, only, answer the following question:

In C, local variables are allocated by default on the stacsddbe the advan-
tages and disadvantages (including potential for progranamor) of this.

QUESTION 5(c)

[4 marks]
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Question 5 (continued)

(d) When a compiled C program is executed, tlaen() function is called. Briefly describe
what happens during execution before and after this, andthibys needed.

QUESTION 5(d) [2 marks]

(e) Briefly explain the relation betweensystem caland atrap.
QUESTION 5(e) [1 mark]
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Question 5 (continued)

(f) For this part, answer only one of the following questionghgi:

Define the concept o¥irtualization in computer systems. Briefly describe
three distinct examples of virtualization.

Or:
Describe what common concepts and issues are shared bgiadests (in the
context of networking), disk blocks and cache lines.

QUESTION 5(f) [4 marks]
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Additional answers to QUESTION_(__)[__]

Additional answers to QUESTION_(__)[__]
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Additional answers to QUESTION_(__)[__]
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Appendix

(this page may be detached for your convenience)

format | mode| opcode name meaning
ne v 000 — illegal instruction
One v 001 Load AC:=CP
One v 010 Store menor y[ AOP] :=AC
One v 011 Addi tion AC:=AC+0OP
One v 100 Subtraction AC:=AC-CP
One v 101 Di vi sion AC:=AC/COP
One % 110 Mil tiplication AC:=AC* CP
One v 111 Conpar e compareACto OP, setCCs
Two f1 | 101000 Junp jump to addres80orP
Two f1 101001 Br anchEqual branch teACP if EQ=1
Two fi 1101010 Br anchNot Equal branch toACP if EQ=0
Two fq 101011 BranchG eat er branch toACP if GT=1
Two fq 101100 BranchLessEqual branch toACP if GT=0
Two f1 | 101101 BranchOverfl ow branch toACP if Ov=0
Two f1 | 101110 Logi cal And AC := AC A OP, bitwise
Two f1 | 101111 Logi cal Or AC:=ACV OP, bitwise
Two fq 110000 Logi cal Xor AC:= AC @ OP, bitwise
Two fo | 110001 Set | ndexReg XR:=0P
Two fo | 110010 I ncl ndexReg XR:=XR+ OP
Two fo 110011 | ncSt ackPoi nt SP:=SP+OP
Two f1 | 110100 Cal | Procedure call procedure afP
Two fo | 110101 Trap perform trap numbe@P
Two fq 110110 LoadAddr ess AC:= ACP
Three - 1110000 Ret urn procedure or interrupt return
Three - 1110001 C ear Over ov:=0
Three - 1110010 LoadPSW AC :=PSW
Three - 1110011 St or ePSW PSW 13..10] :=AC 13.. 10]
Three - 1110100 Logi cal Not AC := —-AC, bitwise
Three - 1110101 Conpar el ndexReg compareXRto AC, setCCs
Three - 1110110 Loadl ndexReg AC:=XR
Three - 1110111 St or el ndexReg XR:=AC
Three - 1111000 LoadSt ackPoi nt AC:=SP
Three - 1111001 St or eSt ackPoi nt SP:=AC

Table 1: PeANUt machine language instructions

Modes: Immediate 1800, Direct is001, Indirect is010, Indexed i9011, Stack is100.
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code| modes

comments

fo | mode O (f
f1 | mode 1 (f

v | any mode (0-4)
V| any mode except 0

- no mode is applicablé

ixed)
ixed)

1%

must be explicitly specified (3 bits
must be explicitly specified (3 bits
implicitly specified byopcode
implicitly specified byopcode

N N

Table 2: Addressing modes as listed in Table 1

machine instruction operation machine instruction operation
Load | oad Set | ndexReg set xr
Store store I ncl ndexReg i ncxr
Addi tion add I ncSt ackPoi nt incsp
Subtraction sub Cal | Procedure cal
Di vi sion dvd Trap trap
Mul tiplication mul LoadAddr ess | oada
Conpar e cnp Return ret
Junp j np Cl ear Over clov
BranchEqual beq LoadPSW | dpsw
Br anchNot Equal bne St or ePSW st psw
BranchG eat er bgt Logi cal Not not
BranchLessEqual | ble Conpar el ndexReg | cnpxr
BranchOverflow | bov Loadl ndexReg | oadxr
Logi cal And and St or el ndexReg st orexr
Logi cal O or LoadSt ackPoi nt | oadsp
Logi cal Xor xor St oreSt ackPoi nt | storesp

Table 3: Instruction Operations

X | 2 x| 2

-510.03125 2 22

-4 | 0.0625

-310.125 71128

-2 10.25 81256

1l o5 9| 512

ol1 10| 1024

1|2 11| 2048

5|4 12 | 4096

3ls 13| 8192

4 16 14 | 16384

15| 32768
Table 4: Powers of 2 in decimal
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