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Problem1. (16points):

Thisproblemtestsyour understandingof how integersand�oating pointnumbersarestoredin memory.
For PartsA-D, indicatewhat theoutputof theprogramwould be,assumingthat thereareno errorsduring
thecompilationandexecutionof theprogram.AssumestandardLinux alignmentpolicies.

Considerthefollowing C datastructures.

struct point
�

int x, y; � ;

struct MyStruct
�

int i;
union

�

struct point p;
double d;

� u;
int j;
double e;

� ;

Part A:

int funA(struct MyStruct *m)
�

m->u.p.x = 5;
m->u.p.y = 10;

�

int main()
�

struct MyStruct m;

memset( &m, 0, sizeof(struct MyStruct) );
funA(&m);
printf("%d, %d � n", m.u.p.x, m.u.p.y);

�

Output:
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(Question1 cont'd)

Part B:

int funB(struct MyStruct m)
�

m.u.p.x = 5;
m.u.p.y = 10;

�

int main()
�

struct MyStruct m;

memset( &m, 0, sizeof(struct MyStruct) );
funB(m);
printf("%d, %d � n", m.u.p.x, m.u.p.y);

�

Output:

Part C:

int funC(struct MyStruct *m)
�

int *ptr = (int*)m;
ptr = ptr + 2;
*ptr = 5;
ptr++;
*ptr = 10;

�

int main()
�

struct MyStruct m;

memset( &m, 0, sizeof(struct MyStruct) );
funC(&m);
printf("%d, %d � n", m.u.p.x, m.u.p.y);

�

Output:
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(Question1 cont'd)

Part D:

int funD(struct MyStruct *m)
�

*(int*) &m->u.d = 5;
*(int*) (&m->u.d + 1) = 10;

�

int main()
�

struct MyStruct m;

memset( &m, 0, sizeof(struct MyStruct) );
funD(&m);
printf("%d, %d � n", m.u.p.x, m.u.p.y);

�

Output:

Part E: Recallthata float is a32-bit �oating pointnumber. It is dividedinto a23bit frac �eld, an8 bit
exp �eld, anda single-bitsign�eld.

void main()
�

union hack /* struct that lets us XOR floats */
�

float f;
unsigned u;

� max, temp; /* 2 hack unions */

float x = 1.0;
float y = 0.5;

do /* find the largest fp-number < 2.0 */
�

max.f = x;
x += y;
y *= 0.5;

� while (x != max.f && x < 2.0);

/* Assume now that max.f stores largest fp-number < 2.0 */

temp.f = 1.0;
temp.u = temp.u ˆ max.u;

�

At theendof thisprogram,
how many bits in temp.u aresetto 1? .
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Problem2. (15points):

Thisproblemtestsyour understandingof Unix systemI/O.

Part 1 (10pts):
Examinethe following C code,andanswerthe questionsbelow. You may assumethat thereareneither
compilationnorexecutionerrors.

1: int main(int argc, char * argv[])
2: {
3: int fd1, fd2, fd3;
4: char c;
5:
6: fd1 = open("foo", O_RDONLY);
7: if (fork() == 0) {
8: fd2 = open("foo", O_RDONLY);
9: read(fd2, &c, 1);

10: ...
11: } else {
12: wait(NULL);
13: fd3 = open("bar", O_RDONLY);
14: dup2(fd3, fd1);
15: ...
16: }
17: ...
18: }
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(Question2 cont'd)

[foo]

[foo].pos

[foo].refcnt

File pos

refcnt

File access

File size 

File type

open file table v�node tabledescriptor table

fd1

The �gure above representssomeof thekerneldatastructuresusedto manage�les. We use � ��� to denote
�le � 'sdescriptortableentry, whichpointsto �le � 'sopen�le table.For example,in theabove �gure, �������	�

denotesdescriptortableentry createdin line 6 by the programon the previous page,which pointsto �le
����� 'sopen�le table.Correspondingly, �������	��
 �
��� and �������	��
������������ denotethe“File pos”and“refcnt” entry
in its open�le table.

Usingthenotationdescribedin thepreviousparagraphandtheprogramon thepreviouspage,pleasecom-
pletethefollowing tables.When�lling outa row, indicatethestateof thesystemimmediatelyaftertheline
indicatedhasexecuted.Ignoretableentriesmarkedwith a “——-”.

Parentprocess:

line # fd1 fd2 fd3 �������	��
 �
��� �������	��
������������ �������	��
 ����� ����������
������������

line 6 �������	� ——- ——- 0 1 ——- ——-

line 13 ——-

line 14 ——-

Child process:

line # fd1 fd2 fd3 �������	��
 �
��� �������	��
������������ �������	��
 ����� ����������
������������

line 8 ——- ——- ——- ——-

line 9 ——- ——- ——- ——-
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(Question2 cont'd)

Part 2 (5 pts):
This problemis concernedwith a simpleclient-server application.Theserver is calleddump. It waits for
a client connectionrequeston port 3304, andthenoutputsto stdout every characterthatit receivesfrom
the client. The client is calledmsger . Its sourcecodeis listed below. The header�les andthe variable
declarationsareomitted in this source,but you canassumethat the codecompilesandrunswithout any
errors.

int main(int argc, char * argv[])
{

/* the variable declarations are omitted here */

sock = socket(AF_INET, SOCK_STREAM,0);

client.sin_addr.s_addr = htonl(INADDR_ANY);
client.sin_family = AF_INET;
client.sin_port = 0;

server.sin_addr.s_addr = inet_addr("192.168.0.1");
server.sin_family = AF_INET;
server.sin_port = htons(3304);

connect(sock, (struct sockaddr *)&server, sizeof(server));

if (fork() == 0) {
dup2(STDOUT_FILENO, sock);

}

strcpy(msg_buf, "hello world\n");
rio_writen(sock, msg_buf, strlen(msg_buf));
close(sock);

}

A. This client usesrio writen() , what is the main reasonfor using rio writen() insteadof the
standardunix systemcall write() ? Limit youranswerto nomorethanonesentence.

B. Supposedump is runningon a computerwith IP address”192.168.0.1”.You launchmsger on a com-
puterwith IP address”192.168.0.2”,please�ll in thefollowing tablewith theoutputonstdout from both
computers.Write ”Nothing” if thereis no output.

192.168.0.1 192.168.0.2
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Problem3. (10points):

Considerthesourcecodebelow, whereMandNareconstantsdeclaredwith #define .

int array1[M][N];
int array2[N][M];

void copy(int i, int j)
{

array1[i][j] = array2[j][i];
}

Supposetheabove codegeneratesthefollowing assemblycode:

copy:
push %ebp
mov %esp,%ebp
mov 0xc(%ebp),%edx
push %ebx
lea (%edx,%edx,2),%eax
mov 0x8(%ebp),%ebx
lea 0x0(,%ebx,8),%ecx
lea (%edx,%eax,4),%eax
sub %ebx,%ecx
add %ebx,%eax
mov array2(,%eax,4),%eax
add %edx,%ecx
mov %eax,array1(,%ecx,4)
mov (%esp,1),%ebx
pop %ebx
ret

Whatarethevaluesof MandN?

M=

N=
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Problem4. (9 points):

Thisproblemtestsyour understandingof exceptionalcontrol�o w.

Considerthefollowing program.Youmayassumethatprintf is unbufferedandexecutesatomically. The
program/bin/echo printsits commandline argumentto stdout .

1 sigset_t s1;
2 static int count = 0;
3

4 char *argv[] = {"/bin/echo", "Hello", NULL};
5

6 pid_t pid;
7

8 void handler () {
9 printf ("Bye\n");

10 }
11

12 int main () {
13 int i = 0;
14

15 signal (SIGCHLD, handler);
16

17 sigemptyset (&s1);
18 sigaddset (&s1, SIGCHLD);
19

20 sigprocmask (SIG_BLOCK, &s1, NULL);
21

22 for (i = 0; i < 3; i++) {
23 if (fork() == 0) {
24 count++;
25 execve ("/bin/echo", argv, NULL);
26 }
27 wait(NULL);
28 }
29

30 sigprocmask (SIG_UNBLOCK, &s1, NULL);
31

32 }
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(Question4 cont'd)

1. Whatarethepossibleoutputsof theprogram?

2. Whentheprogramreachesline 31,whatarethepossiblevaluesthatcount mayhave?

3. Considerthesamecode,without blockingSIGCHLD, i.e. with lines20,and30 removed. Would the
outputbesimilar?If youansweredno, list onepossibleoutput.
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Problem5. (12points):

The codesamplesbelow aredesignedto testyour understandingof multithreading,semaphores,andthe
effectsof multiple threadsmodifying the samedata. For eachsection,you will be asked to specifyhow
many differentoutputsthe given codecanhave. Sincetheremay be many possibleoutputs,you will not
beasked to provide theoutputsthemselves. You mayassume,for thepurposesof this problem,thatprintf
executesatomically.

sem_t sem;

int main()
{

int j;
pthread_t tids[3];
sem_init(&sem, 0, 1);
for (j=0; j<3; j++) {

pthread_create(& ti ds [j ], NULL, doit, NULL);
}
for (j=0; j<3; j++) {

pthread_join(&ti ds [j ], NULL);
}
return 0;

}

This is themainfunctionfor all threeproblemsbelow. Theonly differencesin theproblemsarethedetails
of thethreadfunction,doit listedon thenext page.
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(Question5 cont'd)

part A:

int i = 0;

void *doit(void *arg)
{

P(&sem);
i = i + 1;
printf("%d\n", i);
V(&sem);

}

How many differentoutputsarepossibleon executingthecodeabove?

part B:

int i = 0;

void *doit(void *arg)
{

P(&sem);
i = i + 1;
V(&sem);
printf("%d\n", i);

}

How many differentoutputsarepossibleon executingthecodeabove?

part C:

int i = 0;

void *doit(void *arg)
{

i = i + 1;
printf("%d\n", i);

}

Whentheabove coderuns,at leastoneof thefour outputslistedbelow arenotpossible.

(a) 3 (b) 3 (c) 1 (d) 1
2 3 3 1
1 3 1 1

List thelettersidentifying theillegal outputshere:
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Problem6. (18points):

Whenattemptingto debugaprogram,it is oftenhelpful to look atthestackto determinewhatfunctionshave
beencalledandwith whatarguments.This is calleda backtraceandcanbeperformedin gdbwith thebt
command.Yourtaskfor thissectionof theexamis toharnessyourknowledgeof thex86callingconventions,
combinedwith your understandingof different datarepresentationsto perform a manualbacktrace. To
facilitatethis, we have provided you with the contentsof the stackin hexadecimalformat. We have also
providedyouwith atablemappingcertainaddressesto strings.Additionally, wehavegivenyoutheaddress
rangesfor themachinecodeof thevariousfunctions.Finally, whenthebt is executedyou areinsidethe
bar() functionandthevalueof ebp is 0xbffff988.

Yourbacktraceshouldterminateat themain() function(andshouldalsoincludeany argumentsto main!).

Youmayassumethatall arraysof stringsareterminatedwith aNULL pointer.

Whenproviding youranswers,pleasespecifythenameof theargumentandusethefollowing conventions:

� charactersshouldbewritten in singlequotes(e.g.character='c').

� integersshouldbewritten in decimalformat(e.g.integer=23).

� stringsshouldbein doublequotes(e.g.string=“Thisis astring”).

� stringarraysshouldbewritten in squarebracketsandbecommadelimited(e.g. array=[“This”, “is”,
“an”, “array”, (NULL)])

� pointersshouldbewrittenashexadecimalnumbers(e.g.pointer=0xbffffa84)

For example:main(argc=2,argv=[“/bin/foo”, “Word”, (NULL)])
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Thestackis asfollows:

Address Data
0xbffff988: 0xbffff9b8
0xbffff98c: 0x08048401
0xbffff990: 0xbffffb28
0xbffff994: 0xdeadbeef
0xbffff998: 0xbffff9a8
0xbffff99c: 0x4002c4ed
0xbffff9a0: 0x00000000
0xbffff9a4: 0x0804833a
0xbffff9a8: 0x000000a0
0xbffff9ac: 0x080483e9
0xbffff9b0: 0xbffff9d0
0xbffff9b4: 0x00000000
0xbffff9b8: 0xbffff9d8
0xbffff9bc: 0x08048378
0xbffff9c0: 0x0000000f
0xbffff9c4: 0x0000002d
0xbffff9c8: 0x000000d5
0xbffff9cc: 0x080483e9
0xbffff9d0: 0xbffff9d0
0xbffff9d4: 0x00000000
0xbffff9d8: 0xbffff9f8
0xbffff9dc: 0x4002c4ed
0xbffff9e0: 0x00000002
0xbffff9e4: 0xbffffa2c
0xbffff9e8: 0x00000004
0xbffff9ec: 0x080483e9
0xbffff9f0: 0xbffff9d0
0xbffff9f4: 0x00000000
0xbffff9f8: 0xbffffa48
0xbffff9fc: 0x00000002
0xbffffa00: 0x75656869
0xbffffa04: 0x4002c3ac
0xbffffa08: 0xbffffb08
0xbffffa0c: 0xbffffb28
0xbffffa10: 0x00000000
0xbffffa14: 0xbffffb38
0xbffffa18: 0x00000000
0xbffffa1c: 0x080483e9
0xbffffa20: 0xbffff9d0
0xbffffa24: 0x00000002
0xbffffa28: 0x00000000
0xbffffa2c: 0xbffffb08
0xbffffa30: 0xbffffb88
0xbffffa34: 0x00000000
0xbffffa38: 0x000d5213
0xbffffa3c: 0x080483e9
0xbffffa40: 0xbffff9d0
0xbffffa44: 0x0000003b

Thefollowing tablelistsa few selectedcharactersandtheir associatedASCII values.
Hex Char Hex Char Hex Char Hex Char
2b '+' 2c ',' 2d '-' 2e '.'
2f '/' 30 '0' 65 'A' 97 'a'
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(Question6 cont'd)

Thefollowing tablelists theaddressesatwhichcertainstringsarefoundin theexecutable.

Address String
0xbffffb08 “/bin/foo”
0xbffffb28 “Walrus”
0xbffffb48 “Game”
0xbffffb68 “Dawg”
0xbffffb88 “Lock”
0xbffffba8 “Worst”
0xbffffbc8 “Wiz”
0xbffffbe8 “Mack”

Thefollowing tableliststheaddressesatwhichcertainfunctionsbegin in theexecutable.Youshouldassume
thateachfunctionimmediatelyfollows thefunctionlistedabove it in theexecutable.

Address Prototype
0x0804835c int main(int argc, char *argv[]);
0x08048388 int foo(void *addr);
0x08048392 void fancy(int i, char *str);
0x08048398 int hammer(int a, char c, int i);
0x08048404 char bar(char *str, double *dp);
0x0804840e double chouse(int i);

Please�ll in thefollowing �elds aspertheguidelinesgivenabove. Notethatyou might not needall of the
spaceprovided.

1. bar �

�

2. �

�

3. �

�

4. �

�
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Problem7. (9 points):

Thisproblemdealswith dynamicmemoryallocators.

PartA: Supposethatyouhave beenaskedto implementadynamicmemoryallocatorfor a real-timesystem
with strict boundson theamountof time for anoperation(a malloc,a free,etc). In orderto combatfalse
fragmentation,you have decidedto usesomesortof coalescing.Which typeof coalescing(immediateor
deferred)shouldyouuse,andwhy?Useat mosttwo sentencesfor your answer.

Part B: Assumea minimum block sizeof 32 bytesfor this part of the problem. Do implicit free lists or
explicit freelistsusemorememory. Thatis, will oneof thesestrategiesnecessarilyusemorespacethanthe
other, assumingthateverythingelsein theallocatorsareidentical,andwhy? Useat mosttwo sentencesfor
youranswer.

Part C: Assumeyou aredesigninga specialpurposedynamicmemoryallocator. Oneof the interesting
propertiesof thissystemis thatonly 8 differentsizes,all of whichyouknow in advanceandall of whichare
small relative to thepagesizeof thesystem,will berequestedby theuser(thoughthereareno guarantees
how many timeseachof thesewill berequested).Whatarethemostimportantwaysin which your design
for this allocatorwould differ from your designof ageneralpurposeallocator?Useat most2 sentencesfor
youranswer.
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Problem8. (24points):

You areworking for a company that is developinga new processorandthe compilerteamis way behind
schedule.In orderto sell your productyou needto show high performanceon certainkernelsimportantto
yourpotentialusers.Youhavebeenaskedto optimizethefollowing kernel.Youcan't useassemblybecause
theISA of theprocessormaychange.
You canassumethatN andMarelargeandthatMis alwayseven. Theprocessorwill have a cache,it won't
belargecomparedto N*M. a, b, ande areall 2-D NxMarrays.e mayhave valuesotherthan0 in it before
thecall to kernel .

void
kernel(int N, int M, int* a, int *b, int *e)
{

int i,j,k;

for (i=0; i<M; i++)
for (j=0; j<N; j++)

if (isodd(a[j*M+i ]) ) {
for (k=0; k<M; k++)

e[j*M+i] += a[j*M+i]*b[j*M +k];
}

}

int
isodd(int val)
{

return ((val % 2) == 1);
}

Usethis spacefor your work. Nothing on this pagewill beusedin the grading of this question.This is
a two part question.Put your �nal answeron the next two pages.
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(Question8 cont'd)

For your referencehereis theoriginal codeagain:

void kernel(int N, int M, int* a, int *b, int *e)
{

int i,j,k;

for (i=0; i<M; i++)
for (j=0; j<N; j++)

if (isodd(a[j*M+i])) {
for (k=0; k<M; k++)

e[j*M+i] += a[j*M+i]*b[j*M+k];
}

}

int isodd(int val)
{

return ((val % 2) == 1);
}

Part 1: Provide anoptimizedversionof kernel here.Pleasebeneatasillegible answerswill recieve no
credit.
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(Question8 cont'd)

For your referencehereis theoriginal codeagain:

void kernel(int N, int M, int* a, int *b, int *e)
{

int i,j,k;

for (i=0; i<M; i++)
for (j=0; j<N; j++)

if (isodd(a[j*M+i])) {
for (k=0; k<M; k++)

e[j*M+i] += a[j*M+i]*b[j*M+k];
}

}

int isodd(int val)
{

return ((val % 2) == 1);
}

Part 2: List theoptimizationsyouperformedand,in no morethanoneshortsentence(asentencefragment
is ok too), therationalebehindeachone.
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Problem9. (10points):

Imaginethatyou aregiventwo computers(A andB) thatoperateat thesameprocessorclock rate,but that
usedifferentcachestructures.Themanufacturesdid not provide you with any informationon hatkind of
cacheorganizationsareusedin thesemachines.Insteadyou rana testprogramthatmeasureshow fastone
memoryreadoperationis for sequentiallyreadingonearrayof a givensize.Yougetthefollowing result:

On theverticalaxisis thenumberof cyclesfor onememoryreadinstruction.Thehorizontalaxisis thesize
of thetestarrayin bytes.

1. How many levelsof cachingis usedby computerA andhow largearethesecaches?

2. How many levelsof cachingis usedby computerB andhow largearethesecaches?

3. A databaseprogramis run on thesecomputers. The most time consumingpart of this particular
databaseusesahashtableof 250,000entriesof 8 byteseach.Whichcomputeris faster?

4. Doestheanswerto part3 changesif thehashtablesizeis increased?If yes,at whatsize?

5. Basedon thisdata,is it possibleto tell how thesecachesareorganized?
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