Andrew login ID:

Full Name:

CS15-213,Spring 2004

Final Exam

May 3, 2004

Instructions:

Make surethatyour examhas20 pagesandis not missingary sheetsthenwrite your full nameand
Andrew login ID onthefront.

Write your answerdn the spaceprovided belowv the problem. If you make a mess,clearly indicate
your nal answer

Theexamhasa maximumscoreof 120 points.

Theproblemsareof varyingdif culty . The pointvalueof eachproblemis indicated.Pile up theeasy
pointsquickly andthencomebackto the harderproblems.

Thisexamis OPENBOOK. You may useary booksor notesyoulike. You maynot usea calculator
laptopor arny otherelectronicor wirelessdevice. Goodluck!
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Problem 1. (16 points):

This problemtestsyour understandin@f how integersand oating pointnumbersarestoredin memory
For PartsA-D, indicatewhatthe outputof the programwould be,assuminghatthereareno errorsduring

the compilationandexecutionof the program.Assumestandard.inux alignmentpolicies.
Considetthefollowing C datastructures.

struct  point int X, v;

struct MyStruct

int i;

union

struct  point p;
double d;

u;

int j;

double €;

Part A:

int  funA(struct MyStruct  *m)

m->u.p.x = 5;
m->u.py = 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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(Questionl contd)

Part B:

int  funB(struct MyStruct m)

m.u.p.x = 5;
m.u.py = 10;
int  main()

struct  MyStruct m;
memset( &m, 0, sizeof(struct

funB(m);
printf("%d, %d n", m.u.p.x,

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

funC(&m);
printf("%d, %d n", m.u.p.x,

Output:

MyStruct) );

m.u.p.y);

MyStruct) );

m.u.p.y);
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(Questionl contd)

Part D:
int  funD(struct MyStruct  *m)

*(int*) &m->ud = 5;

*(int*) (&m->ud + 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: Recallthatafloat isa32-bit oating pointnumber It is dividedinto a23bit frac  eld, an8 bit
exp eld, andasingle-bitsign eld.

void main()

union hack [*  struct that lets us XOR floats */
float f;
unsigned u;

max, temp; /* 2 hack unions */

1.0;
0.5;

float  x
float vy

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 *

1.0;
temp.u ~ max.u;

temp.f
temp.u

At theendof this program,
how mary bitsin temp.u aresetto 1?
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Problem 2. (15 points):
This problemtestsyour understandingf Unix systemi/O.

Part 1 (10 pts):

Examinethe following C code,and answerthe questionsbelon. You may assumethat thereare neither
compilationnor executionerrors.

1. int main(int argc, char * argv[])

2:

3: int fdl, fd2, fd3;

4. char c;

5:

6: fdl = 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,  fdl);

15:

16: }

17:

18: }
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(Question2 cont'd)

descriptor table open file table v node table
=
- File access
File pos [foo].pos File size
fdl [foo] ] refcnt [foo].refcnt File type

The gure above representsomeof the kerneldatastructuresusedto manageles. Weuse to denote
le 'sdescriptotableentry whichpointsto le 'sopenle table.Forexample,in theabore gure,
denotedescriptortable entry createdn line 6 by the programon the previous page,which pointsto le

'sopen le table.Correspondingly and denotehe“File pos”and“refcnt” entry
in its open le table.

Usingthe notationdescribedn the previous paragraptandthe programon the previous page pleasecom-
pletethefollowing tables.When lling outarow, indicatethe stateof the systemimmediatelyaftertheline

indicatedhasexecuted.Ignoretableentriesmarkedwith a“——-".

Parentprocess:

line# | fd1 | fd2 fd3

line 6 | — 0 1 _— e
line 13 _

line 14 _

Child process:
line# | fdl fd2 fd3

line 8 — | — — —

line 9 - — — —
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(Question2 cont'd)

Part 2 (5 pts):

This problemis concernedvith a simpleclient-serer application. The sener is calleddump. It waitsfor
aclientconnectiorrequesn port 3304 andthenoutputsto stdout  every charactethatit recevesfrom
theclient. Theclientis calledmsger . Its sourcecodeis listed belov. The headerles andthe variable
declarationsare omittedin this source,but you canassumehat the codecompilesandrunswithout ary
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);

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

}

A. This client usesrio _writen() , whatis the mainreasonfor usingrio _writen() insteadof the
standardiunix systemcall write() ~ ? Limit youranswetto no morethanone sentence.

B. Supposelump is runningon a computerwith IP addres$192.168.0.1".You launchmsger onacom-
puterwith IP addres$192.168.0.2" pleasell in thefollowing tablewith theoutputonstdout from both
computersWrite "Nothing” if thereis no output.

192.168.0.1 192.168.0.2

7 of 20



Problem 3. (10 points):
Considerthesourcecodebelov, whereMandN areconstantsleclaredwvith #define

int  arrayl[M][N];
int array2[N][M];

void copy(int i, int j)

array1[i][j] = array2j][il;
}

Supposeahe abore codegenerateshefollowing 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 (Yoedx,%eax,4),%eax
sub %ebx,%ecx
add %ebx,%eax
mov array2(,%eax,4),%eax
add %edx,%ecx
mov Y%eax,array1(,%ecx,4)
mov (Yoesp,1),%ebx
pop %ebx
ret

Whatarethevaluesof MandN?
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Problem4. (9 points):

This problemtestsyour understandin@f exceptionalcontrol o w.

Considetthefollowing program.You mayassumehatprintf

progranm/bin/echo  printsits commandine argumentto stdout

1 sigset_t sl;

2 static int count = O;

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  (&sl, 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/fecho”, argv, NULL);
26 }

27 wait(NULL);

28 }

29

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

32 }
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(Questiord cont'd)

1. Whatarethepossibleoutputsof the program?

2. Whenthe programreachedine 31, whatarethe possiblevaluesthatcount mayhave?

3. Considerthe samecode,without blocking SIGCHLD, i.e. with lines 20, and30 remaoved. Would the
outputbe similar?If youansweredo, list onepossibleoutput.
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Problem5. (12 points):

The codesamplesbelow are designedo testyour understandingf multithreading,semaphoresandthe
effects of multiple threadsmodifying the samedata. For eachsection,you will be asled to specify how
mary differentoutputsthe given codecanhave. Sincetheremay be mary possibleoutputs,you will not
be asledto provide the outputsthemseles. You may assumefor the purposeof this problem,that printf
executesatomically

sem_t sem;

int  main()

{ - .
int j;
pthread_t  tids[3];
sem_init(&sem, 0, 1);

for (=0; <3, j++) |
pthread_create(& ti ds[j ], NULL, doait, NULL);

}

for (=0; |<3; j++) {
pthread_join(&ti ds[j ], NULL);

}

return  0O;

Thisis themainfunctionfor all threeproblemsbelav. The only differencesn the problemsarethe details
of thethreadfunction,doit listedonthenext page.
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(Questiorb cont'd)

part A:

void *doit(void *arg)

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

}

How mary differentoutputsarepossibleon executingthe codeabove?

part B:

void *doit(void *arg)

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

How mary differentoutputsarepossibleon executingthe codeabove?

part C:
int i =0;
void *doit(void *arg)
{
i =i + 1
printf("%d\n", i);
}

Whenthe abore coderuns,atleastoneof the four outputslistedbelon arenot possible.

@ 3 () 3 @ 1 d 1
2 3 3 1
1 3 1 1

List thelettersidentifying theillegal outputshere:
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Problem 6. (18 points):

Whenattemptingo delug aprogramit is oftenhelpfulto look atthestackto determinevhatfunctionshave
beencalledandwith whataguments.This is calleda backtraceandcanbe performedin gdbwith the bt
command.Yourtaskfor this sectionof theexamisto harnesyourknowledgeof thex86 calling corventions,
combinedwith your understandingf different datarepresentations performa manualbacktrace. To
facilitate this, we have provided you with the contentsof the stackin hexadecimalformat. We have also
providedyouwith atablemappingcertainaddresse strings.Additionally, we have givenyoutheaddress
rangedfor the machinecodeof the variousfunctions. Finally, whenthe bt is executedyou areinsidethe
bar() functionandthevalueof ebp is Oxbffffo88.

Yourbacktraceshouldterminateatthemain() function(andshouldalsoincludeary amgumentgo main!).
You mayassumehatall arraysof stringsareterminatedvith aNULL pointer

Whenproviding your answerspleasespecifythe nameof the agumentandusethefollowing conventions:

charactershouldbewrittenin singlequotege.g.character='c").
integersshouldbewrittenin decimalformat(e.g.integer=23).
stringsshouldbein doublequotege.qg. string="Thisis a string”).

string arraysshouldbe written in squarebracletsandbe commadelimited(e.g. array=[*This”, “is”,
“an”, “array”, (NULL)])

pointersshouldbewritten ashexadecimahumberde.g. pointer=0xbfffa84)

For example:main(agc=2,amgv=["/bin/foo”, “Word”, (NULL)])
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The stackis asfollows:

Address Data
0xbffffo88: Oxbffffob8
Oxbffffo8c: 0x08048401
Oxbffff990: Oxbffffb28
Oxbffffo94: Oxdeadbeef
Oxbffffo98: Oxbffffoa8
Oxbffffo9c: 0x4002c4ed
Oxbffffoa0: 0x00000000
Oxbffffoa4: 0x0804833a
Oxbffffoa8: 0x000000a0
Oxbffff9ac: 0x080483€e9
Oxbffffob0: Oxbffffod0
Oxbffffob4: 0x00000000
Oxbffffob8: Oxbffffod8
Oxbffffobc: 0x08048378
OxbffffocO: 0x0000000f
Oxbffffoc4: 0x0000002d
Oxbffffoc8: 0x000000d5
Oxbffffocc: 0x080483e9
OxbffffodO: Oxbffffod0
Oxbffffod4: 0x00000000
Oxbffffod8: Oxbffffof8
Oxbffffodc: 0x4002c4ed
Oxbffffoe0: 0x00000002
Oxbffffoe4: Oxbffffa2c
Oxbffffoe8: 0x00000004
Oxbffff9ec: 0x080483€e9
Oxbffffofo: Oxbffffod0
Oxbffffof4: 0x00000000
Oxbffffof8: Oxbffffa48
Oxbffffofc: 0x00000002
Oxbffffa00: 0x75656869
Oxbffffa04: 0x4002c3ac
Oxbffffa08: Oxbffffb08
OxbffffaOc: Oxbffffb28
Oxbffffal0: 0x00000000
Oxbffffal4: Oxbffffb38
Oxbffffal8: 0x00000000
Oxbffffalc: 0x080483e9
Oxbffffa20: Oxbffffod0
Oxbffffa24: 0x00000002
Oxbffffa28: 0x00000000
Oxbffffa2c: Oxbffffb08
Oxbffffa30: Oxbffffb88
Oxbffffa34: 0x00000000
Oxbffffa38: 0x000d5213
Oxbffffa3c: 0x080483€e9
Oxbffffa40: Oxbffffod0
Oxbffffad4: 0x0000003b

Thefollowing tablelists afew selectedcharactersindtheir associatedSCll values.
Hex | Char| Hex | Char| Hex | Char | Hex | Char

2b '+ 2c 2d 2e

2f A 30 ‘0 65 ‘Al 97 ‘a'
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(Questione cont'd)

Thefollowing tablelists the addresseat which certainstringsarefoundin the executable.

Address String
Oxbffffb08 “Ibin/foo”
Oxbffffb28 “Walrus”
Oxbffffb48 “Game”
Oxbffffb68 “Dawg”
Oxbffffb88 “Lock”
Oxbffffba8 “Worst”
Oxbffffbc8 “Wiz"
Oxbffffbe8 “Mack”

Thefollowing tableliststheaddresseatwhich certainfunctionsbegin in theexecutable You shouldassume
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);

Pleasell inthefollowing elds aspertheguidelinesgivenabove

spaceprovided.

1. bar

. Notethatyou might not needall of the
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Problem7. (9 points):

This problemdealswith dynamicmemoryallocators.

PartA: Supposéhatyou have beenasledto implementadynamicmemoryallocatorfor areal-timesystem
with strict boundson the amountof time for an operation(a malloc, a free, etc). In orderto combatfalse
fragmentationyou have decidedto usesomesort of coalescing.Which type of coalescingimmediateor
deferred)shouldyou use,andwhy? Useat mosttwo sentencefor your answer

Part B: Assumea minimum block size of 32 bytesfor this part of the problem. Do implicit free lists or
explicit freelists usemorememory Thatis, will oneof thesestratgiesnecessarilyysemorespacehanthe
other assuminghateverythingelsein the allocatorsareidentical,andwhy? Useat mosttwo sentencefor

youranswer

Part C: Assumeyou are designinga specialpurposedynamicmemoryallocator One of the interesting
propertiesof this systemis thatonly 8 differentsizes all of whichyouknow in advanceandall of whichare
smallrelative to the pagesizeof the systemwill be requestedy the user(thoughthereareno guarantees
how mary timeseachof thesewill berequested)Whatarethe mostimportantwaysin which your design
for this allocatorwould differ from your designof a generapurposeallocator?Useat most2 sentencefor

youranswer
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Problem 8. (24 points):

You areworking for a compan thatis developinga nen processoandthe compilerteamis way behind
schedulelIn orderto sell your productyou needto shaw high performancen certainkernelsimportantto
your potentialusers.You have beenasledto optimizethefollowing kernel. You cant useassemblbecause
theISA of the processomay change.

You canassuméhatN andMarelarge andthat Mis alwayseven. The processowill have acachejt won't
belargecomparedo N*M. a, b, ande areall 2-D NxMarrays.e may have valuesotherthanOQ in it before
thecall to kernel

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

{
int  ijk;

for (i=0; i<M; i++)
for (j=0; |<N; j++)
if (isodd(a[j*M+i D) {
for (k=0; k<M; k++)
e[j*M+i] += a[j*M+i]*b[j*M +KTJ;

}
}
int
isodd(int val)
{
return  ((val % 2) == 1);
}

Usethis spacefor your work. Nothing on this pagewill be usedin the grading of this question. This is
atwo part question. Put your nal answeron the nexttwo pages.
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(Questior8 cont'd)

For your referencenereis the original codeagain:

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

{
Nt ijk;

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[[*M+K];

}
}
int  isodd(int val)
{
return  ((val % 2) == 1);
}

Part 1: Provide anoptimizedversionof kernel here.Pleasebe neatasillegible answerswill reciere no
credit.
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(Questior8 cont'd)

For your referencenereis the original codeagain:

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

{
Nt ijk;

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[[*M+K];

}
}
int  isodd(int val)
{
return  ((val % 2) == 1);
}

Part 2: List theoptimizationsyou performedand,in no morethanoneshortsentencéa sentencéragment
is ok too), therationalebehindeachone.
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Problem9. (10 points):

Imaginethatyou aregiventwo computergdA andB) thatoperateat the sameprocessoclock rate,but that
usedifferentcachestructures.The manufcturesdid not provide you with ary informationon hatkind of
cacheorganizationsaareusedin thesemachinesInsteadyou ranatestprogramthatmeasuresiov fastone
memoryreadoperationis for sequentiallyeadingonearrayof a givensize. You getthefollowing result:

Ontheverticalaxisis thenumberof cyclesfor onememoryreadinstruction.The horizontalaxisis thesize
of thetestarrayin bytes.

1. How mary levelsof cachingis usedby computerA andhow large arethesecaches?

2. How mary levelsof cachingis usedby computeB andhow large arethesecaches?

3. A databaserogramis run on thesecomputers. The mosttime consumingpart of this particular
databaseisesa hashtableof 250,000entriesof 8 byteseach.Which computeris faster?

4. Doestheanswetto part3 changesf the hashtablesizeis increased™ yes,atwhatsize?

5. Basedonthisdata,is it possibleto tell how thesecachesareorganized?
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