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CS33: Intro Computer Organization

Midterm, Form: 79

Please wait until everyone has their exam to begin. We will let yot
when to start. Good luck!

Problem } Score ‘ Points Possible

1 K |18
2 £ |8

3 A5 112
4 0 |20
5 & |15
6 30

7 1Y |17
8 20 10
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Question 1. The bigger the better. (18, 3 pts each)

=\ \ —
1. Consider an n-bit signed number, what's the largest one? _~_/

2. In C, what’s the largest int plus one? ’ (}\d"\

3. Which can represent thedargest number in C, the largest float or the largest signed long or largest

unisgned int? A

qe g o . . ; o }
4. Which integer type in C is large enough to store a pointer without loss of precxsmnlﬁé—

5. What is the largest number that can be represented by a 7 bit floating point number (say with the
same rules as IEEE 754 floating poiu\j), witl, a 1 bit sign, 3 bit exponent, and 3 bit significand
(bias=3)? S gywea” NS (Jut )

f

. In C, what’s the smallest unsigned int minus one? \‘) W\ X Vs

[=2]
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Question 2. Matchmaker (8 Pts, 1 pts ga
Pretend to be a compiler,
“You are free to assign registers to vé ml)l however you choose. Assume x and y are of type int.

< Remember, the compiler(me) may have done some optimizations.

\
\

x=(x<0)?7-1:0 (a) addl %edi %edi
S x=xY345 (b) xorl %edi %edi
. x=x™32 (c) leaq 5(%edi,%edi,?2)
x=0 (d) imul %edi %edx
v x=1 (e) movl $1 Yeax
X=x*5+3 (f) shl $ 5 Jedi
) x=x*y (g) leaq 3(%edi,%edi,4) pd 4+ Vadt )
a y=x+y (h) shr $ 31 Yedi

-
Question 3. Unholy Union/(Q/pts) ,/)

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

void main(charx* argv, int argc) {
union U {
char s[16];
int i;
char c;
} o

y@{ M strepy (u.s,"eviloprof”); //Copy string to destination from source

\ printf ("%x\n", u.c); |- LC (KO\((‘,Q(’C] ?(0(08 SR D)

\ printf("%x\n", u.i); 7 el

. ¢
} ve 7 T 72
e: (S o - WF
1. What does this program print? (6 pts) 5

A5 L LY (e 20 F0 F2 F LG
7((0(, LA 7¢ (S

2. To which addresses may this union be aligned? (3pts)
1

R,
a\‘g\m& @ S{w}—j‘np adAn S s l'[ ¢, >,

of S[O—l

N e R R e
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Question 4. Deconstructed (20 pts, 5 Each)

#include <stdio.h>

typedef struct {
char a;
int b;
char ¢
double d;

} X

void main(charxx argv, int arge) {
X x[10];
printf("%d\n” ,(int)sizeof(X));
printf("%d\n” ,(int)sizeof(x));

1. What does this program print?

7

—~ 1) 3
ATV

2. Draw the memory layout of X, where your diagram indicates which byte offset each variable is located
at, as well as any space allocated just for padding:

2> \ S
Mo d e = sl rcg\' o F_//\\D B 040 V\\a\l_/

— — T ——
R ) I N =YY

PO e vy PrT  p¥4 A R

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

fnove §0O , 208 (3)”}‘;) (/ MG
7

+38

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

s duo Lj (e 'OIM\\/\J yorlob\Ls o S,
’W\ﬁ Vv\ﬂ’)ﬂrj lvatsd  holar ype doh L\> Fa\/si

A T A D e\ e ArE stud §
C Al v et ges |70 W g
0 e ddh Vo S\ )
1) et Iy W_‘)Jgg SRER) i |\N\’ \0;
¢ cuw &
Ml C)

3 X)
4 Rew¥s M <size 0 b )
P
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Question 5. | can puzzle, (15 Pts, 2 pts each)

Answer these true false puzzles. Assume the following setup:

int x = foo():
int v = bar():
unsigned ux = x;
unsigned uy = v;
L~ -X == ~x+1
e X>08& y>0 = x+y>0

5%xux > ux

Y X < 100 = 10*ux > ux

T x> 2==x/4 - | ool 572 \H‘O?-’D\%‘%:.—\

Question 6. ... and so can you! (Up to 4 pts Extra Credit)

\? \

1. Write a C Puzzle of the form above, give the solution, and explain why you think its cool.

Ao dsemssed M beere § o WA WM )

[
?nd,g‘. on  May) Le (o35 vowm d/(a j

M Roats 715 mbesDy P Thuk abea
l;yucmwbt mb/w«m}\) uﬁjcb"“io",b / ‘n\du

akomwnls  dppear Cqw Vel
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Question 7. Your fibs are stacking up (16 Pts)

- On which line(s) (specify as offset from fib please!)

Recall the fibbonacei code

7

i

int fib (int a) {

S (\ed ‘.\ -

et e

Mo S00:d 7, clop

R Ay
£i4) ¢ loeal
o/s 1y o= 3

() 1eum a s |

[=roe
gl'.l‘,‘(.\l‘% Sewed 7‘fb‘f...

By (%) * Loent

arg i a=2
FL (%) vetwm addre

if(a < 2) {

return 1;

1

return fib (a-1) 4 fib (a—2);

}
fib: 0x400554 <+40>: push %rbp

0x40055¢ <+1>: push  %rbx i
0x40055f <+42>: sub $0x8,%rsp
0x400563 <+6>: moyv %edi, %ebx
0x400565 <+8>: cmp $0x1, %edi
0x400568 <+11>: jle 0x400580 <fib+35>
0x40056a <+13>: lea —0x1(%rdi), %edi

5 0x40056d <+16>: callg  0x40055d <fib>

- 0x400572 <+21>: mov Yeax , %ebp -
0x400574 <+23>: Jea —0x2(%rbx ), %edi Fcp
0x400577 <+26>: callq - 0x40055d <fib> .
0x40057¢c <+431>: add %ebp |, %eax
0x40057e¢ <433%: jmp 0x400585 <fib-+40>
0x%400580 <435>: mov $0x1, %eax
0x400585 <+40>: add $0x8 , %orsp
0x400589 <444>- pop %orbx
0x40058a <+45>: pop %rbp %fS(’ —
0x40058b <446>: retq

- This function calls itself recursively. Imagine in gdb we put a break

fib(4). Furthermore we hit continue two more times in gdb, so that
Draw the contents of the stack in the
Draw everything you know about the stack! If you know what the value is, write

and fib(2) are all on the stack.
the stack pointer.
the value, otherwise indicate what it is. (10 pts)

On which line(s) is/are the input argument to fib being set?
On which line(s)
On which line(s)
)

On which line(s

£ (%) Snved 7, by |
“Gb(2) seved FevBe

Y (2) 7 lecal

is/are the stack being allocated? (Ipt) A2

is/are the stack being de-allocated? (Ipt) £y v

that we discussed in class, and its associated disassembly: (the instruction
addresses are omitted for simplicity, just the offsets remain)

point on line 0x40056d, then call
the stack frames of fib(4), fib(3)
box above, and be sure to indicate

)

is/are callee saved registers being saved? (1pt)¢. +D7/ <A
- On which line(s) is/are callee saved registers being restored? (Ipt) Lyvny = &4+U5Y
(100 <k vm> L4 22y

is/are the return value from fib being set (for the final time)? (1pt)

USRS

Question 8
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Question 8. Oh Fuuuudge (10 pts)

You just finished your €832 homework when all of a sudden you “rm -f my_homework.c”. Thankfully,
you didn't delete your binary file  phew. You forgot all the expressions in your source code, but you kind
of remembered the overall structure. It's time to analyze the binary to fill out the remaining expressions.

\+l)‘,\: mov $0x1, F%er "/‘/r (a4 = |
<+06>:  jmp <func+54> N , -
<+43%>: movslg %r9d, Y%rax Qe Ar - LOH —
<+ 11> mov (%rdi, %rax, 4), %r8d | -, 7¢44 £ ’% S
<+15>: lea —0x1(%r9), %eax aotes LT
<+19>: jmp <func+28> | oo o
<421>: mov Yedx, O0x4(%rdi, %rex, 4) i cek - , '\
<+25>: sub $ox1, Y%eax s (\ ' W
<+428>: test %ecax , Y%eax L (3{-/?(} N Dt o
<+30>: js <func+43> R |
<+32>: movslq %eax, %rcx L (LA ra —\
<+35>: mov (%rdi, %rex, 4), Y%edx J %oj,”ﬂ oL 2%
<+38>: cmp %r8d, Y%edx N~ feen JERN
<+41>: g <func+21> rex Aottt 7)) (rc )
<+43>: cltq 00 L LWD
<+45>: mov %r8d , 0x4(%rdi, %rax, 4) y
<4+50>: add $0x1, %r9d et 2a1
<+54>: cmp %esi , %r9d e \(a\‘ y LIk
<+57>: jl <func+8> J
<+59>: repz retq X > Y
ot 2\
1. Fill in the code (2 Pts each .. Extra Credit Possible) g
void func(int arr{], int n) )
{ C , cen o T
int i, key,i &
for (i = \)/1 AT 4 Iy
{ : , e N PR
key = arr | ‘/], ¢dx =
. ' cdx )
while (_\VS20 &t L ¥ )
L]
arr [M] = arr [45~/J’
i =Ju RS
y o WX LY
arr [ LT = key; (X /
} V \ N k"\
} e 5
Ty ety
2. What well-known algorithm is this? (2 Pts Extra Credit) \ 6 %E g
_ ‘ZJ\J e \

Ceplans all ey uwns - Y
\J 1\'4\\/\ QMH &Y verlua
\ W &J“mj ) 4 ﬂyt’\'\—

S5 A Luwans

7
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