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Instructions (Read Me!)

This bookiet contains 12 numbered pages including the cover page. Put all answers on these pages; don’t
hand in any stray pieces of paper.

Please turn off all pagers, cell phones & beepers. Remove all hats & headphones. Place your backpacks,
laptops and jackets at the front. Sit in every other seat. Nothing may be placed in the “no fly zone” spare
seat/desk between students.

Yeou have 80 minutes to complete this exam. No computers, PDAs, calculators, or other electronics. You
may reference two books and a coliection of personal notes (within reason, we have the final say!)

There may be partial credit for incomplete answers; write as much of the solution as you can. We will deduct
points if your solution is far more complicated than necessary. When we provide a blank, please fit your
answer within the space provided. “IEC format” refers to the mebi, tebi, etc prefixes.

If the question asks for a response as a numerical expression, you should express the answer in as reduced
a form as possible (i.e. show what you would enter into a calculator if you had one available)

Assume variable size and padding is consistent with the MIPS architecture we’'ve been studying in class.

If a sign is ever omitted, the value is assumed positive.
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Points 2 25 /1939|3926 150
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Name: Login: cs61c-

Question 0: Hi, I'm your midterm. Who are you? (2 Pts, 1 Min)

Take a minute to write your name and login on every page of this exam. Make sure you are not

e . aren
TSSO SRS QS For Success e
—— %j
$een. o NN
Question 1: Just a lil bit... just a lil bit... (25 Pts 14 Min) ‘
Q a PO//!I:I
A A= 1 pon I "
a) How many different things can we represent with N bits? Ofte~ ' & i P
1= 2a P55 7

b) How many more bits (than N) would we need if we want to double the number
of things we can represent? _ S—

¢) How many more bits (than N) do we need if we want to instead triple the number ? Q. 9) P)X \
of things we can represent? ket

d) Fill in the table below to show how the following bits can be interpreted in different ways. If a
particular field has no solution, answer “N/A”.

bit pattern 1111 1111 0010 0100 0110 0000 0000 0000
an unsigned | . . . Ox FE24 (o
hexaddecimal number o /Q mnor A thmebc e(rrors
or  bad  PAaksa 540 @K ponen , Cchang
an [EEE 32bit float V4 for Lad A S j ekp oA (e
(normallzed blnary SC|ent|f|c o / / » e/x » Of hate
notation) ~! 210010 1], 2" 54y . nq X I r‘/ajrea) oF A ARY,
4 ASCII characters nep ? i~ C Nt
/A v 0
4 sign and magnitude bytes e _ p// 36 4%
(in decimal) X N e~ o Homaly o-rope
4 one’s complement bytes / ok vy ur- NEshali T ™
(in decimal) ;/ ' ] 96 o O | B
4 two's complement bytes ; -+ Coateptvaly MaAJo7 1 e/7o/3 1
— | ‘ , ‘ |
(in decimal) % (b |
J

— =

A Jookup errer! iju;,ql Cages .

Y
oSk 5 — ) ¢
:l)" ltm: A8 -—5 )’ /7( You CO”"/O[‘?/”C/) )'e)
3Jk'>ak,,,o:em:)fx and O nsread of ML -3 the /\J Com/Olt’mf’/zf posihv& fombers
Bk 4 D=7 s oo ko g 7

may/) nhu/L +00,



Name: Login: cs61c-

Question 2: Where have all the cowboys gone? (19 Pts, 10 Min)

Clint and John are trying to organize a collection of all their old cowboy buddies. These 21st century
cowboys are always on the road and don’t like to be tied down, so there’s no need to store street
address, just cell numbers. Use the code they came up with (below) to answer the questions that
follow.

#define NUM FRIENDS 100 This page is reproduced at the

#define MAX PHONE LEN 13 end of the test for you to tear
off and reference!

struct entry {

char *name;
char phone number [MAX PHONE LEN];
int favorite;

}i :
typedef struct entry entry t;

unsigned int num buddies = 0;
entry t *buddies[NUM_FRIENDS];

void add_buddy(char *name, char *phone number, int favorite) ({
int i = num buddies++;
static int initialized = 0;

if(!initialized) {
for(int j=0; j < NUM_FRIENDS; j++)
buddies[j] = NULL;
initialized = 1;

}

buddies[i] = (entry t *)malloc(sizeof(entry t));
buddies[i]->name = name;

strlcpy(buddies[i]->phone_number, phone number, MAX PHONE LEN);
buddies[i]->favorite = favorite;

printf("%u\n", sizeof(name));

printf("%u\n", sizeof(entry t));

printf("%u\n", sizeof(buddies));

printf("%u\n", sizeof(*buddies));

printf("%ul\n", sizeof(buddies[i]->name));
printf("%u\n", sizeof(buddies[i]->phone number));

printf("%u\n", *name);

printf(“%u\n”, buddies[i]->name == name 2?2 1 : 2);
printf(“%u\n”, buddies[i]->phone number == phone number 2 3 : 4);
printf("“%ul\n", *buddies[i]->phone_ number == *phone number ? 5 : 6);

}

int main() {.
add buddy("Dean", "5105551234", 1);
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7 Name: Login: cs61c-

a) Fill in the table below with the value printed as a result of each print£ statement in the code.
Assume add_buddy is being called for the first time as shown in main().

Code Printed Result
printf(“%ul\n”, sizeof(name)); L_{
printf(“%u\n”, sizeof(entry t)); Z l,,
printf(“%u\n”, sizeof(buddies)); l,f U 0
printf(“%u\n”, sizeof(*buddies)); ‘Lf
printf(“%u\n”, sizeof(buddies[i]->name)); L_l
printf(“%u\n”, sizeof(buddies[i]->phone number)); I 3
printf (“%u\n”, *name); 6 8
printf (“%u\n”, buddies[i]->name == name ? 1 : 2); (
printf (“%u\n”, ’
buddies[i]->phone number == phone number ? 3 : 4); L‘}
Jérintf( “%u\n”, 5
H#buddies[i]->*phone number == *phone number ? 5 : 6);

‘ P1l Q&QL\
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Name: Login: cs61c-

b) Match the expressions on the left with their final location in memory on the right (assume that
add_buddy has been called at least once as shown in main).

t struct entry A COde (teXt)
B. Static (global, data)
_ C. Stack
num_buddies D Heap
E. None/ Other

B
/4 strlcpy
D *buddies
C name
D buddies[0]->phone number
5

initialized

-

add buddy

B buddies

l P4 Q&CA
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Name: Login: cs61c-

Question 3: Insert wit here (39 Pts, 20 Min)

We have a simple doubly linked list that consists of witty comments (as C strings). The structure
appears below with an example:

struct node { _\;\ —

struct node* prev; I ﬂ I
char *payload;
struct node* next;

“Some” “bit of” “wit”

}i head

The first node has its prev field set to NULL. The last node has its next field being set to NULL.

a) Fill in the code below to implement the insert_after function. This function inserts a node in

the linked list after the given node and copies the given string data into the payload field. The
function returns a pointer to the new node or NULL if the operation can not be completed. You can

assume that the input is always valid.

struct node* insert_after(struct node* given node, char * data) {

// Allocate space "k < B Lack a0de) . +:
CH weS e’ o ‘ e stut™ A 0d ¢
struct node *new_node = <5 («<t modex) {h‘*u"‘c< o UG( ; \)) | ¢
A , o T
“ e =-Aull >
if (MOLANGT ,Ud') // Check for errors Mo Stk
]
return _ M ULL " St VEX o

// Setup the payload +\ \\, +

‘\”\; Nrasad Ardaie. o Fa./'!mc\ = (Qar %) mallac ( $73e o) ¥ (stv )efuuum) 'ﬂj)}
WL (7€ (hew—ande ’~7(c>uf-lud == AMWULL) ¢
€ree ( vew_ avded; i

Yetuvns AJ 1 i

Sw‘—f L(37( M’\NVMC\Q"» Llobtf/-)k\é/ v\u*qu .arz

// Setup Links \
B | ,..i_,?z &

new _node->next = ‘jiVQALMde 71\’@(1\ new_node->prev = Ji VAN N0 de;

Vewd-node Sy et \=A UL L

(= ov" ) +1

YMRvde 5 prexp N2 T
Y v —ndde et DW= new node;

Mo er |

AL W —awde =2 AR RYC

if

%4 LC,\)'\\/?/\/"AM’JQ"? Aed new_node;

return Ne\/\/-—/\/‘)de_/
} UL

6/12




Name: Login: cs61c-

b) The free list function takes a pointer to the head of a doubly linked list and frees all memory
that was allocated for the list. You may assume it is correctly given the head of the doubly linked list.

void free_list(struct node* head) ({
free(head->payload);
free(head);
free list(head->next);

}

Describe all the bugs in the given free 1ist function. Please enumerate (“humber”) your answer.

+S \w Calls ®ee(Mead) vefue free lisi(hewd Drexd)
can Aot de vefegrce heod atte {lvec'-‘«@.

ar";/)) NO base case o~ vewwsio. will free
A A\ Po‘m’rc/ e\/cv*w“7 <
-3 T had wavy  So 7

—| or -} ©r af2uwes tnabuerce w/c?,\j , bud would
b rec ([ +wm@g.

Implement a version of free 1list which corrects all the bugs.

éf
frec (newd dPvypled);

void free list(struct node* head) {

,‘(; < \\62143 :;:;/bﬁ&j.Lj (‘Ei*\wﬂyg

Tt Y Tt ( head D aet {2 Au Ll,}
Lree ( head pAf/owd\ ) oo ot (ot nat)
‘?Vec— st C \/\méﬁz\/ewi*)) Bre (laesad ¥
JW/eg (ead), VC Cud )

T
,/X/\ e
< LveeD

+X e ) st vsE
s %vee.-;pmﬂwi hetoe tveeliy
({ \/(%\dX

TWese wee e tuwo At | |
(DmmdAs  Solutiond otaens ) e ey d
weve  acceeted, ” 2 < Caylond

} A }’\ Wend le base ca

M2 vav oG dedyctions o
Icaved™ velhavio/,

Vel



Name: Login: cs61c-

Question 4: Assemble this! (39 Pts, 20 Min)

a) Below is a section of MAL code. Convert this code into its TAL equivalent using the table below and
label the address in memory where the TAL instructions start. The address for start is 0x1020.

start: subiu $a0, $v0, OxDEADBEEF

move S$al, $s0

jal check_value

beqgz $v0, start # branch if $v0 is zero
check_value:

Start Address MAL TAL
0x1020 subiu $a0, $vO, OXDEADBEEF | |.. 4at O DEAD
ori 3at gat OBEEF |bpis
Sube Ja0 3$Y0 jat
Ox 102¢ move $al, $s0 or 3da«l 30 $so
3pis
Q1030 jal check value J“, Cheék- alue
3,7-;3
Ox 1034 beqz $v0, start be‘(, $vo 30 sfort
3phs

b) What toolchain stage (compiler, assembler, linker, loader) would be responsible for finishing the
conversion from MAL to TAL for each of the 4 instructions?

T ——

A subiu $a0, $v0, OxXDEADBEEF ( L" jal check value

/4 move S$Sal, $sO A beqm

T pts
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Name: Login: cs61c-

c) Convert the following TAL instructions into their machine level representation in hex. Show your
work for full credit.

) lw $t0 4($sp) Hex: Ox SFA gOOO"’
‘\ .
00o ) |
, “” lOllO IOOO \ 0000 0000 0 000 0100

i) add@u $s0 $tl1 $ao Hex:0x 0124802

Ooo0 oolo| Oollo onooflooo olooo QO}IO 0 00j
iii) beq $t0 $tl -4 Hex:0x |l 09 FFEC

000 0 0|0 0 0qo 1001
{ el gy 1 (100

[,; P‘}J QC&CL\
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Name: Login: cs61c-
"Question 6: Gi’'me, gi’me more, gi’me more, gi’'me, ... (26 Pts, 15 Min)

Amy recognized that rounding errors occurred when adding together two of her floating point
numbers. Bob, one of her friends, suggested that she could increase the precision and express more
numbers by increasing the size of the significand/mantissa field.

Amy decided to change the floating point spec to see if this would work. She chose to move two bits
from the exponent field to the significand field:

1 6 25
S| EEEeEegg | MMMMMMMMMMMMMMMMMMMMMMMMM

Answer the following questions below using these modified field sizes. Everything else follows the
normal IEEE floating point standard. Where you may have a choice in algorithm, choose the *default*
mode for IEEE floating point. If a question asks for a floating point value, write it in normalized
binary scientific notation.

a) What is the exponent bias for Amy’s new configuration? ( 3 \PB)

/—; S6luhbs Yoy does iy ~al<e Ay Seagp

b) What is the smallest positive number that Amy can accurately represent in normalized form? ( P&)

AN

— | ot 8y | Ems
— 2 baci KO(MHQ/, < olovgn‘*- knor oh'iﬁé/zeﬂq (&}‘%m

N raa\tse ) X CA{AO ‘ ] Ot~
10/12 el T &"hu)



Name:

: Login: cs61c-
c) What is the implicit exponent for denormalized numbers in Amy’s new configuration? < 2 pts)

~(bag1) = V-bas -

-3 = —~30¢

\
1\ o4+£ g,

73

N
S —

Back goiq}.,wﬂ ( Prsihie )LL,alflq"’ ex/l

04/"‘*/ VIo Sense
d) What is the smallest positive number that Amy can accurately represent? ( b % ,Oh)
S Ecegece Mo v o 8
O DOOOOO AR - 5 ,
i R
e st Q0
> . =30 a1 . o
H)" x2 X 2 = 2
= ,2/"“ M
-— % Vh)?gl\’\ﬁ Q(W 2 O

L g BC'J’( go lewhin

e) What is the smallest positive number (in Amy’s scheme) to which you can add the number 5.0 and
have the result be unchanged? (ie: what is the smallest x such that x + 5.0 = x)

‘ ( lOwh)
C,0 = ‘O[»)/ ’

\< - \ Cooe
T A

co®L i e oLt Teoe>  O0se
1o}
A s = | s - . et e - e 8 o -
[ \ ODCL’ DovD SOLO OO0po oboo C’C‘S)o ZLK}'!C{ T
j s = e &
'\ S Hece b~ e+ los +
RV ! ; : L}S) \\‘ 'S"‘Y\Q %(/@,\{ O A r,
| 0 % 2 || ok by | .
(\,<’; l X | 7 ""1)”‘7 Qqé{,‘ v & & L 14
L/‘ 2 g ok . 8 h L '\":1{ S :1 ni, ’w-’vl
O’H'V/‘ “35 “e_g

1‘{71? Lroush bl JD ann AL, pani
—lo b (ontc /’Zcmxﬂﬂm



Name: Login: cs61c-
- Reference: Where have all the cowboys gone?

Clint and John are trying to organize a collection of all their old cowboy buddies. These 21st century
cowboys are always on the road and don't like to be tied down, so there’s no need to store street
address, just cell numbers. Use the code they came up with (below) to answer the questions that
follow.

#define NUM FRIENDS 100
#define MAX_ PHONE_LEN 13

struct entry {

char *name ;
char phone_number [MAX PHONE_LEN];
int favorite;

}i
typedef struct entry entry t;

unsigned int num_buddies = 0;
entry t *buddies[NUM_FRIENDS];

void add_buddy(char *name, char *phone number, int favorite) {
int i = num buddies++;
static int initialized = 0;

if(tinitialized) {
for(int j=0; j < NUM_FRIENDS; j++)
buddies[j] = NULL;
initialized = 1;

}

buddies[i] = (entry t *)malloc(sizeof(entry t));
buddies[i]->name = name; _
strlcpy(buddies[i]->phone_number, phone number, MAX PHONE LEN);
buddies[i]->favorite = favorite;

printf("%u\n", sizeof(name));

printf("%u\n", sizeof(entry t));

printf("%u\n", sizeof(buddies));

printf("%u\n", sizeof(*buddies));

printf("%u\n", sizeof(buddies[i]->name));
printf("%u\n", sizeof(buddies[i]->phone number));

printf("%u\n", *name);

printf (“%u\n”, buddies[i]->name == name ? 1 : 2);
printf(“%u\n”, buddies[i]->phone number == phone number ? 3 : 4);
printf("%u\n", *buddies[i]->phone number == *phone number ? 5 : 6);

}

int main() {
add_buddy("Dean", "5105551234", 1);
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