Computer Organization
Spring 2005 Test #2

Name

There are 6 questions - make sure you have all of them.
Answer al questions - pay attention to the # of points for each question.
Don't leave anything blank - partial credit is always possiblel

Question 1 (18 pts): Write the C function f oo that could be compiled into the 1A32 assembly code shown below.

f oo:
pushl %ebp
movl %esp, Y%ebp
subl $8, %esp
nmov| $0, -4(%bp)
novl $0, %ecx

. L2:
movl %ecx, %eax
cnpl 8(%bp), %Y%eax
il . L4
jm . L3

. L4:
nov| %ecx, %edx
| eal -4(%bp), %ax
add| %edx, (%ax)
jmp . L2

. L3:
movl -4(%bp), %eax
| eal (%eax, Y%eax, 4), Y%eax

int foo(int n) {

int total =0;

int i=0;

while (i<n) {
total +=1i;

}

return(total *5);
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Question 2 (15 pts): Below is the C code and corresponding assembly code for a function that deals with 2-dimensional
arrays where M and N are defined elsewhere. You job is to determine what M and N are by looking at the assembly code.
Show your work (partial credit is available).

int array x[M[N; eswap:
int array_y[N[M; pushl %ebp
nmovl Y%esp, Y%ebp
int eswap(int i, int j) { pushl vedi
int tnp; pushl %esi
tmp = array_y[jl[i]; pushl o%ebx
array_y[jl[i] = array_x[i][j]; mov| 8(%ebp), %edx
array_x[i][j]=tmp; nov| 12(%ebp), %ecx
| eal (%ecx, %ecx, 4), %ebx
add| %edx, %ebx
nmovl $array_ vy, %esi
nov| (%esi, %ebx, 4), %di
M = 5 | eal (%edx, %edx, 4), %eax
| eal (%dx, %eax, 2), %eax
add| %ecx, Yeax
N = 1 1 nov| $array_x, %ecx
nov| (%ecx, %eax, 4), %dx
nmovl %edx, (%esi, %bx, 4)
nmovl %edi, (%cx, %eax, 4)
popl %ebx
popl %esi
mov! 8(%bp), %edx © edx =i I Yedi
nov| 12(%bp), %ecx ; ecx = j
| eal (%ecx, Y%ecx, 4), %bx ; ebx = 5%j
add| %edx, %ebx ; ebx = 5% +i
novl $array_y, %esi ; esi = array_y
movl (%esi, %ebx, 4), %di ; edi = nenfarray_y+(5*j+i)*4] M5
| eal (%dx, %edx, 4), %ax ; eax = 5%j
| eal (%dx, %eax, 2), %eax : eax = 11%i
addl| %ecx, %Y%eax ; eax = 11*i + ]
nmov| $array_x, %ecx ; ecx = array_x
novl (%cx, %eax, 4), %dx ; edx = nenfarray_x+(11*i+j)*4)] N=11
novl %dx, (%esi, %bx, 4) ; menfarray_y+(5*j +i ) *4] = edx
novl %di, (%cx, %eax, 4) ; menfarray_x+(11*i +j)*4] = edi
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Question 3 ( 20 pts): Consider the C code for a function named cl obber _me() and anmai n() that callscl obber _rme.
The C code is shown below, and the corresponding 1A32 assembly (generated by objdump) for cl obber _nme are shown
below.

typedef struct {
char c;
int x;

} nyrec;

voi d cl obber _nme(char *s) {
nyrec m
char buf[4];
strcpy(buf, s);
printf("mcis % and mx is %\n",mc, mx);

int main() {
cl obber _nme("01234567890123456789") ;

return(l);
080483ec <cl obber _ne>:
80483ec: 55 push %ebp
80483ed: 89 e5 nmov %esp, Yebp
80483ef : 83 ec 20 sub $0x20, %esp
80483f 2: ff 75 08 pushl  0x8( %ebp)
80483f 5: 8d 45 f4 | ea Oxfffffffd(%bp), Yeax
80483f 8: 50 push Yeax
80483f 9: e8 22 ff ff ff cal | 8048320 <strcpy@lt>
80483f e: ff 75 fc pushl  Oxfffffffc(%ebp)
8048401: Of be 45 {8 movsbl Oxfffffff8(%bp), Yeax
8048405: 50 push Yeax
8048406: 68 68 85 04 08 push  $0x8048568
804840b: e8 00 ff ff ff call 8048310 <printf@lt>
8048410: c9 | eave
—p>-8048411: c3 ret
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Question 3 continued (these questions refer to the code on the previous page)

Assume that cl obber _me() is caled by main (as shown in the C code) and passed the address of the string
"012345678901234567890" .

Notes:
The ASCII codes for '0' through '9" are 0x30 ... 0x39
The leave instruction does the following:

nmovl %ebp, Yesp

popl %bp

| A32 machines are little-endian.
C strings are null terminated.
aCint variable requires 4 bytes.

3a (8pts): What will the output of the program be? (what will the pri ntf incl obber _nme output?).

mc is 4 and mx is 31303938

The questions below deal with the state of the registers and memory after the leave instruction has completed in the function
cl obber _ne (%&i p is0x8048411) . Show the value of the following registers and memory locations as hex values:

0x30
3d (2pts): buf[0] (single byte):
0x35343332
3d (5pts): Yebp (4 bytes):
0x39383736
3d (5pts): To what address will the function return ? (4 bytes)
St ack Before Stack After
Ret urn Address 0x39383736
ad EBP 0x35343332
m X 0x31303938
mc and 3 bytes of filler 0x37363534
Buf f 0x33323130
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Question 4 (15 pts): A carry-lookahead adder computes the value of carry bits using dedicated combinational circuits so that
the carry bits to each 1-bit adder are available as soon as possible. The diagram on the left shows a 3-bit ripple-carry adder.
Your job isto design a carry-generator circuit that computes the first two carry bits, labeled C, and C,, from the inputs Ao , A1
Bo and B, You can describe your circuits (there are two — one for C1 and one for C2) using truth tables, a circuit diagram
(AND/OR/NOT GATES), with HCL expressions, or with boolean algebra.

3-bit Ripple-Carry Adder 3-bit Carry-lookahead Adder

Az B2 A1 B: Ao Bo A2 B2 A1 B: Ao Bo

1YYy WY ASERAZNE ]

Carry Generator
A2 Bz A1 Bl AO BO

AKIRIIR]

< g <4—0

Describe your Carry Generator functions here: Truth Table
A. R. A. Rn Cs (@
G = A & B o o 0 0o o
0 0 0 1 0 0
0 0 1 0 0 0
G = (A && Bl) || o o 1 1]1 o
0 1 0 0 0 0
(A & Ao && Bo) || o 1 0 1|0 o0
(Bl && A && Bo) 0 1 1 0 0 0
0 1 1 1 1 1
1 0 0 0 0 0
1 0 0 1 0 0
1 0 1 0 0 0
1 0 1 1 1 1
1 1 0 0 0 1
1 1 0 1 0 1
1 1 1 0 0 1
1 1 1 1 1 1

4/1/05 CompOrg Spring 2005 Test 2 page #5



Question 5 (25 pts): The following C function returns the length of a string:

int nystrlen(char *s) {
if (*s==0)
return O;
el se

return(l + nystrlen(s+1));

Translate this C code to an 1A32 assembly language subroutine that follows the GCC calling convention and register usage
conventions. Recall that %ebx, %esi and %edi are callee-save registers.

IMPORTANT! Your |A32 subroutine must be code that could be generated from the above C code, so it must be recursive!

nmystrlen:

pushl %ebp

novl| Y%esp, Y%ebp

nmovl 8(%bp), %edx ; edx is s

nmovl $0, %eax ; eax Is answer

cnpb $0, (%dx) ; if *s is 0, return O

je L1

subl $12, %esp ; make sone room

| eal 1(%dx), %ax ; edx is s+l

pushl Yeax ; push s+1

call nystrlen ; recursive cal

i ncl Yeax ; add 1 to ret value fromnystrlen
.L1:

| eave

ret
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Question 6a (4 pts): You have lots of AND gates and lots of NOT gates, but you need an OR gate. Design an OR gate in the

space below using only AND and NOT

And Gate

gates.
Not Gate

D P

y

—p X ORYy

Question 6b (3 pts): This question involves a circuit that includes a 1-input decoder and a 2-input multiplexer. The truth ta
bles for a 1-input decoder and a 2-input mux are shown for reference. What is the value of the output of the circuit show

below (the output is | abeled f(x))?

1.

2-input mux
1-Input Decoder | S I, |, | O
Ung o|lo|o]o
O, | a | a MUX |0
Decoder o | 11 o I, = ofo]1fo
_>Ol 1 0 1 * 0 1 0 1
ol 11112
f S 1 ]o]lo]o
I 1 lof1]1
1 ]1]lo0]o
1|11 1]12
l----------------------l
1 1
1 —— 1
. Decoder MUX —
1 1
1 > If x is a 0, top decoder output wll
1 be 1, which will set f(x) to a 1.
] if x is a 1, bottom decoder output
] will be a1, which will set f(x) to a
1
|

--------------------AIVVayS a 1
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