THE AUSTRALIAN NATIONAL UNIVERSITY

First Semester Examination, June 2008

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 feathe question and the cor-
responding question of the Mid-Semester Exam will be usddtermine 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 suffibjdegible may not be marked.

The Appendix contains information on the PeANU! instructeet, as well as a table with
powers of 2 values in decimal.
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QUESTION 1 [12 marks]

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

nary values:
Address | 0x02000411 | 0x02000412 | 0x02000413 | 0x02000414 | 0x02000415
Binary value| 0010 0110 | 1000 1101 | 1100 1000 | 0110 0111 | 0011 0000

Assumesi zeof (x) = 2 andsi zeof (y) = 2,8 = 0x02000412 and&y = 0x02000414,
and the data storageligtle endian

(i) 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: %", x+y);
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: 1digin, 8 bits exponent with a
bias of 127, and the remaining 23 bits are the mantissa (withmglicit leading bit).
Convert the fractional decimal number -13.625 into IEEEgmrecision floating point
format. Give your answer in binary and hexadecimal.

QUESTION 1(b) [2 marks]

(c) Give an integer expression for the approximate value ofdatgelkt number expressible in
IEEE single-precision floating-point. Suppose it was abto represent numbers up to
16 times larger than this; how would you change the formattmamodate this? What
tradeoff would be involved?

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

(d) Name and briefly describe the three main features of the &ldPtocessing Unit (CPU)
of a computer.

QUESTION 1(d) [3markg

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

QUESTION 1(e) [2 marks]
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QUESTION 2 [18 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) [T mark]

(b) #include <stdio.h>

#include <stdlib.h>

int min(int argc, char *argv[]) {
int i; unsigned int s=0;
int n = atoi(argv[1l]);
for (i=0; i<n; i++)

S += 2*i +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)[]] [T mark]

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

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

(c) Consider the following code fragment:
int x[] = {1, 2, 3, 3, 3};
int i, b[5], s = 0;
for (i=0; i < 5; i++4)

b[i] = 0;

for (i=0; i < 5; |i++)
b[x[i]] = 1;

for (i=0; i < 5; i++4)
it (b[i]) s++

After this code executes, what is the value &f
QUESTION 2(c) [2 marksg]

(d) Suppose the code of part (c) above was generalized sa[thatndb[] were arrays of
lengthn > 0 and the elements af | were initialized to have any value in the range 0 to
n[—] 1. Describe in plain English what the final valuesofs in terms of the elements of
X[].

QUESTION 2(d) [2 markg]

(e) Consider the following standard C function definition.
char * strcpy(char *dest, const char *src);
Il copies the string pointed to by src (including the term nating

/[l *\0" char) to the string pointed to by dest.
Il 1t returns a pointer to the destination string dest

Write an implementation oft r cpy() . Your code must not call any other function.
QUESTION 2(e) [2 marksg]
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Question 2 (continued)

(f) If any two elements, not necessarily consecutive, in aryafantegers are out of order
(i.e. the element occurring first in the array is greater tha&relement occurring second),
that is called arnversion For example, given the declaration

int x[] = {4, 5, 6, 2, 1, 3};

then the arrax[ ] has 10 inversions as:

x[0]=4 > x[3]=2, x[4]=1, x[5]=3

x[1]=5 > x[3]=2, x[4]=1, x[5]=3

x[2]=6 > x[3]=2, x[4]=1, x[5]=3

x[3]=2 > x[4]=1

The skeleton code below is intended to count the number efsmns inx[ ], which is
of lengthn.

int i, j, inversionCount = 0;

for (i=0; i < n; |i++)

for ( XXXXXXX )
b (x[i] > x[j])
i nversionCount ++;
Write the code that should be in the placex®KXXXX.
QUESTION 2(f) [1 mark]

(g) Consider the following function definition:

Il assumes s[] contains a list of positive integers in ascending
Il order followed by a 0. returns the |lowest value i >= 0 such
Il that s[i] >= e (or, if e is larger than than all elements,
[l it returns the position of the 0)
Il example: if s[] = {2, 4, 6, 8, 0},
Il firstPos(6, s) = 2, firstPos(7, s) = 3, firstPos(9, s) = 4
int firstPos(int e, int *s) {

int i=0;

while ( XXXXX )

i ++;
return i;

}

Write the correct Boolean condition for thi | e loop infi rst Pos() .
QUESTION 2(g) [1 mark]
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Question 2 (continued)

(h) Suppose an integer arrayof length C is organized so that an integer itarn=0 may
only be stored in the element§i tag*K], c[itag*K+1], ..., c[itag*K+K-1], where
itag =i % (CK). It may be assumed th&t > 0 andC % K= 0. Write a function
whose header is given by:

int isln(int i, int c[], int C int K);

that returns 1 if isinc[], and O otherwise. Your code should not access any elements
of ¢[] that cannot contain the value iof

QUESTION 2(h) [3markg
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Question 2 (continued)

(i) Suppose it is desired that the functiicsi n() is to be implemented in a filesi n. ¢, and
is to be called from the C progratresti si n. c. Both of these files are to be compiled
separately. Briefly describe how this small system of pnograhould be arranged so that
the C compiler can check whether the cali ef n() is consistent with its implementation
(hint: make use of a header file).

QUESTION 2(i) [2 marks]

() C provides arassert () facility. Explain why in general it is useful to provide suah
facility. lllustrate how the facility could be used in tércpy() function of Question

2(e).
QUESTION 2(j) [2 marks]

COMP2300 / COMP6300 First Semester Exam, June 2008 Page® of 2



QUESTION 3 [25 marks]

(&) Onthe PeANUt machine, assume the accumula@rcontains a decimal value @0, the
stack pointer registeé8P contains a decimal value dfand the memory cells at addresses
0 to 3 contain the decimal value®, 0, 7 and66 respectively. Explain in detail what
gappenls when the PeANUt machine executes the instruadibn - 2, which is at address
ecimal 70.

Your answer should describe the events that happen in tlsegFetch Evaluate Operand
andExecuteand the values movdaktween the affected compone&S, SP 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 iméx character from
standard input and store this in memory locaadg.

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 9
Z: bl ock 1
| oad X
sub y
store z

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

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

QUESTION 3(C)[ii] [T mark]

(d) Consider the PeANUt code fragment:

One: dat a 1

str: dat a "012345" : note: ascii value of "0 = 48
bl ock 1

V! bl ock 1
set xr #0

| abl: | oad *str
chp #0
beq | ab2
| oad *str
and One
add Vv
store Vv
i ncxr #1
j mp labl

| ab2:
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Question 3 (continued)

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

(i) Translate the executable code of the fragment into anvedent C code fragment
(your C code may assume the declaratiolmar *str;int v;)

QUESTION 3(d)[ii] [2 marks

(iif) Explain in plain English what your C code fragment comtgs.
QUESTION 3(d)[iii] [1 mark]
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Question 3 (continued)

(e) Consider the execution of the PeANUt program:

a:
b:

nyst :

mystl:

end

dat a
dat a
RV

X

y

| oad
cmp
bl e

| oad
store
ret
incsp
| oad
store
| oad
store
cal l

| oad
incsp
trap
mai n

11
7

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

QUESTION 3(e)[i]

[3 marks]
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Question 3 (continued)

(i) What is the value of the accumulatAC when thet rap #1 instruction is executed?
QUESTION 3(e)[ii] [1 mark]

(i) Write a C code implementation for the functiomyst r. All data types may be as-
sumed to be of typent .

QUESTION 3(e)[iii] [1 mark]

(f) The following part asks you to translate C code fragmenis ReANUt assembly lan-
guage. In all cases, there is no need to translate any impldetlarations 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 theartsoxes below into
two columns to make sufficient room.

(i) Translate the C code fragment of Question 2(a) into PefAdBsembly language.
QUESTION 3()[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(f)ii] [4 marks]

(i) Translate theprintf("%\n", v) call of Question 2(b) into PeANUt assembly
language. Assume there is an external functitirt eCar d available that follows the
standard PeANUt procedure call convention, whéWe t eCar d(x) has the same
effectasprintf("%", x).

QUESTION 3(f)iil] [1 mark]
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Question 3 (continued)

(iv) Translate the assigment statemépk[i]] = 1; of Question 2(c) into PeANUt
assembly language.
QUESTION 3(f)[iv] [2 marksg]

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 thdeast recently usegdage replacement policy is used by the operating system.
The following sequence of 11 page accesses at ttinest;1 to 6 different pages (num-
beredl to 6) is given:

Time: 1 to t3 tg g te t7 tg to tio 11
Page: 1 2 3 4 5 6 1 5 6 3 2
(i) Assuming the main memory has been empty at the beginnomgplete the follow-

ing diagram of the four main memory pages at tinheto t1;. Please write your
answers — the page numbers — into the appropriate boxes.

6] t2 t3 ts ts te t7 ts tg ti0 t11

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

(b) Consider a memory access pattern which repeatedly acgeagesl, 2, ..., P with a
main memory consisting of 4 pages. Assuming the main mensogynipty at the begin-
ning, give the eventual percentage of page misses per docdbs LRU policy when (i)
P =6, and (ii)P = 8. Briefly explain why this is the case.

QUESTION 4(b) [2 marksg]

(c) Consider the situation of part (b) when a random replacepaidy is used. Estimate (as
best you can) the eventual percentage of page misses pasagben (i)P = 4, and (ii)
P = 8. Briefly explain why the random policy begins to lose itsabage a® increases.

QUESTION 4(c) [3 marks]
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Question 4 (continued)

(d) In virtual memory, pages tables are normally kept in restareas of physical memory.
This introduces a potential problem: every instruction shhaccesses virtual memory
will require at least two physical memory accesses: onedesxthe page table, and one
to access the corresponding page in physical memory.

(i) What recent trend in CPU and memory technology makegtiscularly problem-
atic?

QUESTION 4(d)[] [T mark]

(i) Briefly describe how is this problem typically solved amodern computer. Name
another typical feature of modern computers which is basesl gimilar principle.

QUESTION 4(d)[ii] [2 marks]

(e) Consider the following argumenkodern computers need most memory accesses to hit
the caches in order to attain good performance. Therefdreiei wish for an executing
program to have good performance, we must ensure that tHeesaare large enough to

hold all of the code and data that might ever be required fat frogram simultaneously

Briefly explain what is the flaw in the conclusion of this argemh

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

(f) List three examples of wheqgarallelismis used in modern computer design. For each,
state the degree of impact it (potentially) has on how higrel language software that is
required to run efficiently on the computer needs to be writte

QUESTION 4(f) [3 marks]

(g) For this part, answer only one of the following questionghéi:

In the x86 instruction set, there are only 4 registers that ntamally be used
to hold integer and address dat@dx, %ebx, %ecx, %edx). Briefly describe
the potential impact this has on the performance of prograhen run on this
architecture. Name one feature of the x86 instruction sgtdan compensate
for this effect.

or:
In the context of the execution cycle of a RISC processoeflygrdescribe the
problem conditional branch instructions present. Namestheation employed
on modern RISC processors.

QUESTION 4(g) [3 marks]
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QUESTION 5 [15 marks]

(@) Consider the following C programexanpl e0. ¢c. The program is compiled into an object
file exanpl €0. 0 and finally linked into an executable calleganpl eO0.

#include <stdlib.h>
int a[1024];
static int b[1024];
int min() {
int *c = NULL;
static int d[1024];
int e[1024];
c = malloc(1024 * sizeof(int));
return O;

}

For each identifier mentioned in the program, write a tableene each table entry should
contain whether the identifier has a symbol table entrgxianpl €0. o, and if so its type
(‘function’, ‘object’ or ‘notype’), its symbol binding (loal or global) and the ELF section
(.text,.data, .bss or none) it occupies iexanpl e0. 0. For the entries that are inte-
ger arrays, state which memory areaekanpl e0 (‘text’, ‘data’, ‘heap’ or ‘stack’) you
would expect the Oth element of the array to reside in (at tiwetpust before the et ur n
statement is executed).

QUESTION 5(a) [6 marks]

COMP2300 / COMP6300 First Semester Exam, June 2008 Page2Al of



Question 5 (continued)

(b) Consider the following code fragment:

int IsDirty(int pte) {
char result[1];
sprintf(result, "%d" , GetBits(pte, 4, 1) >> 4);

}

When compiled and run on the x86 architecture, an applicatging this function gen-

erated a segmentation violation shortly after the abovetfan was first called. It can

be assumed that the express@Bits(pte, 4, 1) >> 4 always has a value of O or
1. Note that the standard €printf() function is likeprintf(), except that it takes

an extra first string parameter, and instead of the chasab#&#ng printed to the standard
output, they are printed into the string.

(i) State what the programming error is in the above code handyou would fix it.
QUESTION 5(b)[i] [2 marks]

(i) Giventhatthe C compiler allocate@sul t to the addres¥#ebp - 1, briefly explain
how the error caused the segmentation violatidmt: consider the x86 procedure
calling convention and stack frame layout.

QUESTION 5(b)[ii] [ mark]
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Question 5 (continued)

(iii) The above application with the above code ran withcatising any apparent prob-
lems for many years on a SPARC processor. Note that the C tamgtiocated
resul t to the corresponding address on the stack (denidted- 1 in SPARC).
Give a brief explanation for why this was the case.

QUESTION 5(b)[i] [T mark]

(c) For this part, answer only one of the following questiongh&i:
State and briefly explain the two main advantagesoftiprocessing
or:

State and briefly explain he two main advantagegmdial 1/0O.

QUESTION 5(c) [2 marksg]
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Question 5 (continued)

(d) For this part, answer only one of the following questiongh&i:

Briefly describe the three main ‘abstraction layers’ in tlenputer network
communications architecture.

or:
Give a definition of the concept @frtualizationas it applies to computer sys-
tems. Briefly describe two examples of virtualization.

QUESTION 5(d) [3 marks]
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Additional answers to QUESTION_(__)[_]

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

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 \ 011 Addition AC:=AC+OP
ne v 100 Subtraction AC:=AC-CP
ne v 101 Di vi sion AC:=AC/COP
One % 110 Mil tiplication AC:=AC* CP
One % 111 Conpar e compareACto OP, setCCs
Two f1 | 101000 Junp jump to addressOP
Two f1 101001 BranchEqual branch teAOP if EQ=1
Two f1 101010 Br anchNot Equal branch toAOP if EQ=0
Two fi | 101011 BranchG eat er branch toACP if GT=1
Two fi 1101100 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 f1 | 110000 Logi cal Xor AC:= AC @ OP, bitwise
Two fo | 110001 Set | ndexReg XR:=0P
Two fo | 110010 I ncl ndexReg XR:=XR+ CP
Two fo | 110011 I ncSt ackPoi nt SP:=SP+ 0P
Two f1 | 110100 Cal | Procedure call procedure atP
Two fo | 110101 Trap perform trap numbe@P
Two fi | 110110 LoadAddr ess AC:= ACP
Three - 1110000 Return procedure or interrupt return
Three - 1110001 Cl 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 i9)11, 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 applicable

ixed)
ixed)

D

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

N N’

Table 2: Addressing modes as listed in Table 1

machine instructior) operation
Set | ndexReg set xr

I ncl ndexReg I ncxr

I ncSt ackPoi nt incsp
Cal | Procedure call
Trap trap
LoadAddr ess | oada
Return ret

Cl ear Over clov
LoadPSW | dpsw
St or ePSW st psw
Logi cal Not not
Conpar el ndexReg | cnpxr
Loadl ndexReg | oadxr
St or el ndexReg storexr
LoadSt ackPoi nt | oadsp
StoreSt ackPoi nt | storesp

Table 3: Instruction Operations

X
32

128
256

9| 512
10 | 1024
11| 2048
12 | 4096
13| 8192
14 | 16384

X
5
6|64
7
8

15| 32768

Table 4: Powers of 2 in decimal

machine instructior) operation

Load | oad

Store store

Addi tion add

Subtraction sub

Di vi sion dvd

Mil tiplication mul

Conpar e cnp

Junp jmp

BranchEqual beq

Br anchNot Equal bne

BranchG eat er bgt

BranchLessEqual | ble

BranchOverflow | bov

Logi cal And and

Logi cal Or or

Logi cal Xor xor
X | 2%
-51 0.03125
-4 | 0.0625
-310.125
-2 1 0.25
-1105
0|1
1|2
24
38
4116
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