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CS33: Intro Computer Organization
Midterm, Form: [E}B?

Name:

Meaxwe wWang
v

ID: _So4sagivg

Please wait until everyone has their exam to begin. We will let you know

when to start. Good luck!

Problem ! Score | Points Possible

1 {2 |18
2 5 |8
3 9 (12
4 20 |20
5 2 |15
6 Y

7 \5 | 17
8 ~y |10




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

N,

)

L. What is the largest number that can be represented by a 7 bit floating point number (.sa_\'. WI.T h the
same rules as [UEE 754 floating point). with a 1 bit sign. 3 bit exponent, and 3 bit significand

\l'ld.\ '-H‘.' %<
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S ... S
3 Constder an n-bit signed number, what's the largest one? g_

12

2. In C, what's the largest int plus one? 2
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4 In C, what's the smallest unsigned 1ot minus one” 2 _=1
. .
! S Which can represent the largest pumber in C, the Jargest float or the largest signed long or largest
; unisgned int! Sarsd long AN ‘ &
: _-T__;?}_ léltfé)-f ha"l‘f
z 6. Which integer type in Cis large enough to store a pointer without loss of precision? fon
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Question 2. Matchmaker (8 Pts, 1 pts cach)

Pretend 1o be a conpller, ,r}
‘ You are et (o askipn tepistors to varabled however you choose,  Assume x and y are of type int,
Remember, the compiler(me) muy hinve donesome optimizitions.

““LL'— VoXIy (a) shl § & %edi

— 8 _ x=x*32 (xin Srdi) () xorl %edi %edi
& xox*5ay (kin§ed) (¢) shr § 31 %edi
s (x <0)?-1:0 (d) movl $1 Yeax

___i__ x 1 (7.‘ ¥ Moew In of tax) (¢) imul %edi %edx

— h_ x=x*315 (x (n Jeal) (f) leaq 3(%edi,%edi,4)
- (xov o XAx canult i ) (1) addl %edi %edi
€ xaxty (v inhedn, yonthed ) (h) leaq 5(%edi,%ed1,2)

\
Question 3. Unholy Union ‘,(,Q'pts{

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

void main(charss argv, int arge) {
union U {

|

char s[16]: et 06X

int i, N A

char ci 0t g e 4
}ous &

strepy (u.s,"eviloprof™); //Copy string to destination from source

printf("Yx\n", u.c);
"oy

printf("¥x\n", u.i);

1. What does lI}is program print? (6 pts)
/ﬁx/%)

e v v £
2. To which addresses may this union be aligned? (3pts)
_ ; B
| 6 (on & g,\.su.d. 4p adaass tred oo \
1 00,

aL 0 muRipd of 16

| This a[lf]r\? t Y



Question 4. Deconstructed (20 pts, 5 Each)

#include <stdio .h>

typedef struct {

: e ey A
‘i:::rb“ : |a | e W—E'“LF -*\
s 1 2 4 e

)
Y 24

char c;
double d;
}Xs

void main(char*» argv, int argc) {
X x{10];
printf("%d\n" (int)sizeof(X));
printf("%d\n" ,(int)sizeof(x));:

}
1. What does this program print?
X s 24 bytes, o prinTs S [/
240,

X % 240 byws

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:

i:zF-;a Lbl_nm'a < Pk J A J )/
0t 4 g 9 le 24

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

move, $OxA, Sax  F jo o ax
L pnule - S;C]xlg,i”‘”“ ¥ m\.l\fi\’ly 10 by L.

movY TO I, Traxy  # et %01 (ofteet o OxE because #u's wisne

C s j

4. Describe how you would reduce the memory consumption of x. How small can you make x?
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Question 5.

Answer the

I can puzzle, (15 Pts, 2 pts each)

se true false puzzles, Assume the following setup:

Int x = foo (),
Int ¥y = bar();
unsigned ux = x:
L/unsig""d uy = ¥;
L/ F: X >0 ux Yy >0 = x + y>0 No, con %L_‘,. outnliewd e unar.\—l‘.\ﬁ-s.
— % 010000 => tovo, pot > 000
Ve — = Stux > ux Ux = 106D Sxux = Lo =~ 101 ’
- \
Lm0 = oo ns0.
__‘7 T -X == ..\_x.',l
— -
D X > 2==x/4
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.

(r\., C%S}/)) B ~((~x) & (~y)) ==\ +{__}
\t}/ i -l
V(x==y)

L'ﬁ._:xg‘y)) ¢ NC(N,.,)L.;(\y)) s a way To expuss

all eSS
c a mask e / 3
K Ay . sina ~(r&Y) Qentes

- \ to O, apcd
« ord y botn hec TS §oe

exyess X |y.
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Question 7. Your fibs are stacking up (16 Pts)

disnssembly: (the instraction

Hecnll the ibbonnecl code thint wee dineussed in eloss, and (s winocinted T o ke
welelrommen wre oanit e foyg u|l|||l||l Iy, Junt the oflsets remnin Q\’Ji'f et audde Vo . I;‘.?
Int (ib(Int n) | ( ’-_-__a'i-%ﬂ{x-- -
I i carad 1.:4;1":‘_.;(.'/, b 2
If(n < 2 { & cared g s (707 |
roturn |, T u(a)z (a'e from pawsus precer )]y
' , run 0ddsgs - Drun03)1 il
e . 4
= c v of r .
return fih(a 1) + (ih(n 2); ) A Yo PEATEER 3 /{7”/
} :w[l) Fhé vy = 4 L ')ti ]
H e T — P
| - ae Py L
(b Ox100080d < 40 push Y bp ; 7 o
0xd006ke <i1>  push Yirhix /: o\ d Yo tEP —
{ 2 e YSP

\\ OXA006061 <422 wub $O0xK , Yrap g.p(-;)

,\ Oxd000H63 < ) G>  mov Vedl , Yabx -
Ox 400065 < 4K cmp $Ox1, Yaedi
Ox 100068 « 411> |le Ox4000K0 <[ib 35
0100060 <4 13> loa Ox1(Virdi), Y%edi
ONA00LGd < 4 1G=: enllg  0x40055d < il -

beat T ONAOODT2 < 2] 0 mov Yienx , Yabp

Ox400074 < 1285 loa Ox2(Yrbx ), Y%edi
ONAOOBTT <426 callq  0Ox40050d <fib >
O0xd00h7e <4311 nded Yiebp, Yenx
Oxd400HT7e < 4 33> jmp 0x4005K85 <fib 40>
OXA006K0 < 435> mov $O0x1, Yeax
0x400585 +40>: ndd $0x8, Yrsp
Ox4005K9 < 444> pop Yorbx
0Ox 400580 b6 pop Yorbp

R4 =

AAAA

0x10068b +d6>: retq

L. Thix function calls itself recursively. Imagine in gdb we put a breakpoint on line 0x40056d, t

hen call

(b(). Furthermore we hit continue two more times in gdb, so that the stack frames of fib(4), fib(3),
and Gb(2) wre all on the stack. Draw the contents of the stack in the box above, and be sure to indicate
the stack pointer. Draw everything you know about thystack! If you know what the value is, write

10 pts)

the value, otherwise indicate what it is.
/‘.t-'

Vam
2. On which line(s

3. On which line(s) is/are cnllee saved registers being restored? (1pt)

1. On which line(s) is/are the input argument to fib being set? (1pt)

(<.}

. On which line(s) is/ure the return value from fib being set (for the final time)? (Ipt)
6. On which line(s) is/are the stack being allocated? (1pt)

7. On which line(s) is/are the stack being de-allocated? (1pt)

\\\ 2).
< 3) .
4y DrH400Sba , OxHOLST7H

c). O qD()s-‘/C

£y, Dpuops72 Dr 40054

aC
Ox WOOST4, Ox 400>24. ‘,___67 g

y Qe - saa &
Ox4005e Guy005SA s vl £ you corsigs Yvbp  CAIRL - 3
\ ‘ ‘ Z L - Saveed \
ccr 17 o £ yov Conudeiy /,v},(, cele ,
Dxuoosgd (A0 SFa 63 wul AF y

, Oryo0sSe. @ 5--[
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specily as offset from fib please! is/are callee saved registers being saved? (1pt)
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Question 8. Oh Fuuuudge (10 pts)

You just fini
nished vour CS32 |
) ) >S532 homew ; — w -
you didn 't delete your binary i ework v'\hon all of a sudden you “rm -f my_homework.c". Chankfully,
of temembered lh;* over “‘ l‘\ e [)hv.\v, You forgot all the expressions in your source code, but you kind
all structure. It's time to analyze the binary to All out the remaining expressions.

. +0>: mov $ox1, %rod : -
< +06>: j"]p <r\ll1C+5-|> " RPTEE r?d L9 esi' ‘-
<+8>. movslq %rod, %rax <
2:11'1.‘;- noy (%I’dl‘. Yorax, 4), Y%r8d kg M8 ¥y
s ‘;)>, lea -0x1(%r9), %eax ¢ a4 -\ Gy = )

+19>: jmp <func+28> > 3
<+21> mov Yedx,  O0x4(%rdi, %rex, 4) n s 5o !
<+25>: sub $Ox1, YeaXx ———— = o, werdly g RS
< +28>: test Yeeax , Yeax 6 sepee s gjumt b
<+30>: js <func+43> ‘ :
< +32> movslq %eax, Y%rex — 7 tis parey 3 1
<+35>. mov (%rdi, %rex. 1), Hedx —> adx holds s 2
<+38> cmp Gorsd . Yedx
<+41>: jg <func-+21>
<+43> «cltqg ‘ [ »
<+45>: mov ‘H-[Sd ; U:\c~1(‘)E rdi ., Zrax . 4) ol rL) new anr L;: L4 l{ )
<+50> add $0x1, HrHd cit
<+54>: cmp %esi , %rod g% S N
<+57>: jl <func+8>

<+59>: repz retq

1. Fill in the code (2 Pts each .. Extra Credit Possible)
void func(int arr[], int n)
{ s
y ol KLy

int i. key j -

for (i = \/1 (L\/;i++)

{ -
key = arr |_]: T p\ 9

j =1i-L — 213t 2

. !/ L/ Lo fR S e
while ( 3 >=0 && mr &L > Fay ) A——
AYriLe - -

arr[_}t_l_‘-}.ﬁ arr | S 1% 3= 0
j='ﬂM

ayvy ._'J:I =\
} . X ove (11 7 L
} arr [_L\_¥= key: e
} a”.[.'_\:l-‘)’:z
i A
2. What well-known algorithm is this? (2 Pts Extra Credit) s 03" 2,
Al . ‘]
N o A

Fucble Sov+.
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