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Question 1. The bigger the better. (18, 3 pts each)
n—

> —]|

1. Consider an n-bit signed number, what’s the largest one?

2. In C, what’s the largest int plus one? 1A
3. Which can represent the largest numper in C, the largest float or the largest signed long Of largest

unisgned int? 4[&@@4_&.%49_0\ | lo.k@eg—k _{l‘gﬁ—t

4. Which integer type in C is large enlough to store a pointer without loss of precision?
mber (say with the

5. What is the largest number that can be represented by a 7 bit floating point nu
d 3 bit significand

same rules as IEEE 754 floating point), with a 1 bit sign, 3 bit exponent, an
(bias=3)?_0 L 11 Nawe 7 |¢3s <=5

——
6. In C, whaE’s,Ot e sr\Qallest unsigned int minus one?
{ .
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Question 2. Matchmaker (8 Pts, 1 pts each)

P}é’bend to be a compiler.
_Aou are free t
k,,‘Remember, the co

—b— x=(x<0)?-1:0
— .  x=x*345
"E— x=x*32

# x=0

2 x=1 -

— 9 x=x*5+3
A x=xty

— 0 y=x+y

Question 3. Unholy Union%ts)

#include <stdio .h>
#include <string.h>

void main(char*x argv, int argc) {

union U {

L oint iy
" char c;
bou

strepy (u.s,”evil.prof”); //Copy string

printf (”%x\n”

0 a-smgn registers to variables however you choose.
mpiler(me) may have done some optimizations.

char s[16]; Q\ii\l_l PY"J{,_- @Ag_p,gs J\#Cw;f Wﬁefw
3 ] __

, u.c);
printf("%x\n”, u.i);

) addl %edi %edi
(b) xorl %edi %edi
) leaq 5(%edi,%edi,2) 3%edi 45 -
(d) imul %edi %edx
(e) movl $1 %eax
(f) shl $ 5 %edi P
(g) leaq 3(%edi,%edi,4) eoli+ed;
(h) shr $ 31 %edi s edig s

05 01 O 900

e

e

to destination from source

} (
: .o V) =t
1. What does this program print? (6 pts) T
65 103176 1 /i
76696€  ovpcb9TLes dur (B
- N Wfﬁﬂt ddas
9 To which addresses may this union be aligned? (3pts) NS

hotd e alignd H e h199ect -h/re @e 4 Iades,

wWirdy 12 nt
Co il offsd  choald be 16

Assume x and y are of type int.
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Question 4. Deconstructed (20 pts, 5 Each)

#include <stdio .h>

typedef struct {
| char a; LU
/i int b; ’,r., ATy,
i char c;

C double d;

bXs

void main(chér** argv, int arge) {

X x[10];
printf(”%d\n” ,(int)sizeof(X));

prlntf(”%d\n” ,(1nt)51zeof(x))

1. What does this program print? (-/

24
240

2. Draw the memory layout of X, where yo
at, as well as any space allocated just for padding:

}

ur diagram indicates which byte offset each variable is located

24

[ 'y 9 (]
fal ® 13l R

D////ZZZch{/ - [Ox 24+ o

3. Write an assembly snippet that performs x[10].c=0. Assume that x is in register $rdi.

\eaq &(, 2ol ,240), Fvols /

movq, 40, (o)

4. Describe how you would reduce the memory consumption of x. How small can you make x?

By puthg Hhe (oest doto Hpe in foit, o0 Shown.

8 12 13 IL#
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int X = fOO()
int y = bar ();
unsigned ux —

X3
unsigned uy Vi
“TT e

Tean = [ - & AR
= W~ [2aY\"%N

70w
\L &&y>0 = x+y>0

— 5F%ux > ux

ﬂ

9o,
x> 2==x/4 5  _ R mm
A= Vo, 1y /o\
Question 6. ... and so can you! (Up to 4 pts Extra Credit) R
: - (-~ e
1. Write a C Puzzle of the form above, give the solution, and explain why you think its cool. _/

| A=)

C(/(%* M/) == (% x 3) T _Jt’ % \,/\/

Cont btk wﬁgnw( mwj 9usv\€op owe Mwlvew{ y .
p / o

Q‘BN’JX i ove  codled o lAV\S'??W( mPf*ﬁ,

S0 vgmt sde becames ux x Wy oy
e e oo left side
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Question 7. Your fibs are stacking up (16 Pts)

Recall the fibbonacci code that we discussed in class, and its associated disassembly: (the instruction

addresses are omitted for simplicity, just the offsets remain)

N o oA w

. On which line(s) is/are callee saved registers being restored? (1pt) é+4L{—7 O\hep Z1US>
. On which line(s) is/are the input argument to fib being set? (1pt) <+ '57 Otvﬁd <+&§7

int fib(int a) { -
t 1; \
, e ol | % rbxfr caller fachim
return fib(a—1) + fib (a—2); f_}
} N -
Ox RS ‘

" fib: 0x40055d <+0>: push  %rbp il irbp for aAAyeusﬂ;us\ VL)VW””
0x40055e <+1>: push  %rbx ) \ Mcf/\?
0x40055f <+2>: sub $0x8,%rsp {{b(&)?va 7I’b)( - 4 n
0x400563 <+6> mov  %edi, %ebx ® ” —
0x400565 <+8>: cmp  $0x1, %edi 1 -5 WW\K

0x400568 <+11>: jle 0x400580 <fib+35>

0x40056a <+13>: le —0x1(%rdi), %edi Jorbp rrocddecs o $10)
— 1> 0x40056d <+16>: Callgd_ 0x40055d <f1b> /
0 ) CM%
x400572 <+421>: mov %eax , %ebp e 7Y|9X 5
A =

0x400574 <+23>: lea —0x2(%rbx), %edl‘
0x400577 <+26>: callq 0x40055d <fib> Jmp 4 | /’
0x40057c <+31>: add  %ebp, %eax Aoldes | -—}Yg
0x40057e <+33>: jmp  0x400585 <fib+40> P
0x400580 <+35>: mov $0x1, %eax
0x400585 <+40>: add $0x8, %rsp
0x400589 <+44>: pop  %rbx ps{ V/L&W/ 3 o ha Lo d
0x40058a <+45>: pop  %rbp Fine a / cbx

wues 1

0x40058b <+46>Q~91 porc Bfum
Jtunps 10 rgtum adf e

o

. This function calls itself recursively. Imagine in gdb we put a breakpoint on line 0x40056d, then call

fib(4). Furthermore we rl}} continue (two) more times in gdb, so that the stack frames of ﬁb(4) fib(3),
and fib(2) are all on the stack Draw\t‘he contents of the stack in the box above, and be sure to indicate
the stack pointer. Draw everything you know about the stack! If you know what the value  is, write

the value, otherwise indicate what it is. (10 pts) A

On which line(s) (specify as offset from fib please!) is/are callee saved registers being saved? (1pt) <—+077 Ow\”‘
<ty

On which line(s) is/are the return value from fib being set (for the final time)? (1pt) <3 7
On which line(s) is/are the stack being allocated? (1pt) _,_27
On which line(s) is/are the stack being de-allocated? (1pt) L+ o >



Question 8. Oh Fuuuudge (10 pts)

You ; .

you ;llcll d:istignfhed you.r CS32 homework when all of a sudden you “rm -f my_homework.c”. Thankfully,

T romembe 5) ehyour binary file - phew. You forgot all the expressions in your source code, but you kind
ed the overall structure. It’s time to analyze the binary to fill out the remaining expressions.

<4+0>: mov $0x1, %rod (=) \
~__<-’f-6>: jmp <func+54> \
T <+8>: movslq %r9d, %rax . | 70 vér= N
<+411>: mov (%rdi, %rax, 4), %r8d )
Ziigx lea —0x1(%r9), %eax )= t-1.=9
>: jmp <func+28> s e
’i><+21>: @l %edx , 0x4(%rdi, %rex, 4) ,N/L@ﬂl E /P SIS 'LAO—] 7\)‘(80‘ kcﬂ '

- <+425>: sub $0x1, %eax ¢

| <428>: test  %eax, %eax h >=0
<+30>: js <func+43> 490
<+432>: movslq %eax, %rcx VERY
<+35>: mov (%rdi, %rex, 4), %edx 2: ar 0], = 0’«/[5]
<+38>: cmp %r8d, %edx ' Qo) > oy . ;
<+41>: jg <func+21> ' ‘

T <+43>: cltq

<+45>: mov %r8d, 0x4(%rdi, %rax, 4)
<+50>: add $0x1, %r9d i+t _
<+54>: cmp %esi, %rod \zwn. ;(; \’QO‘ < yQ
<+57>: jl <func+8>
<+59>: repz retq 7
LY (x

1. Fill in the code (2 Pts each .. Extra Credit Possible)

void fumc(int arr([], int n) .
gl A ™ N
'nt\‘i, kéy, i

for (i = _| W4 N4+

bl

{ X
key = arr[_{~];

i = 1-1; - ovr L
Jh.l ( > 0&&&% I{ 70 - =) J]-
while = ‘

{ | %

?ri[% arr [_a_(‘k/ N f\\@g’lf‘ﬁﬁ/

irr[m key ; 1

}
}

9. What well-known algorithm is this? (2 Pts Extra Credit)

0 O

Jrell o < /(r\
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