lecture 10 Arrays in C In C:
MIPS assembly language 3 Example: — a[15] = a[7];
e
g In MIPS ?
gtrrr'%ss it alsok “: $s0 holds starting add f in M
MIPS assembler directives and pseudoinstructions |—] e.g. $s0 holds starting address of array a[]in Memory.
system calls (I/O) |—|
a[15] = a[7]; —_
—t
February 10, 2016 N Y
$s0
registers Memory
Another Example How to manipulate single bytes in Memory ?
lw  $t0, 28($s0) # a[7] _ . _
m=ali]; /I Cinstruction Recall "lw" and "sw". There is also a load byte "Ib" and a
sw $t0, 60($s0) # a[15] T W \ store byte "sb" instruction.
$s1  $sO $s2 [ (4D AN SC\
el S J
P i $ f0 -3 [ $50)
How to translate this into MIPS ? Sh A \ /
$t0 sll $t0, $s2, 2 # offset=i*4
$s0 add $t0, $s0, $t0 # base + offset # So
w  $sl, O($t0) -
- -

Memory

registers

(T $t

1 word =4 bytes

Strings in C  (COMP 206)

- stored as consecutive bytes

- ASCIl coded

- terminated with null char (0 in ASCII, we write "\0")

char  *str;

str = "COMP 273"

str | 9\ 3

“ comp273”

char *str;

str= "COMP 273"

1word =4 bytes

str




Count the number of chars in a string (C)

1word =4 bytes

Strings in MIPS

C CODE

&
> while ( *(str + ct) I="0" ){
[ ct++;
‘ }
|
MIPS CODE ?
\0 |3 } # load the address where string begins
) registers # initialize ctto O (use a register)
while (*(str + ct) 1="0" ¥ 7 loop:
I — P M # compute address of Memory byte to examine next
Ct++: # load that byte into a register
' 0fC # if that byte is \0', branch to exit
$SO # increment ct
} # jump back to "loop"
exit:
C CODE Q: How to get data into and out of Memory ? recall MIPS Memory
I
while (*(str + ct) 1= \0' ){ Ox +4 258081
Ct++; " . . "
} A: 1) "assembler directives kemel data
an
instructions
MIPS CODE 2) "system calls"
la $s0, str # pseudoinstruction (load address)
# I will explain this soon. O ¥ @ cooocoo0
add $s1, $zero, $zero  #initialize ct, $s1=0.
loop:
add $t0, $s0, $s1 # address of byte to examine next user data
b $t1,0($0) # load that byte and
beq $t1, $zero, exit # branch if *(s + ct) == "\0’ instructions
addi $s1, $s1, 1 # increment ct
j loop
exit:
Oy 60000000
Assembler Directives (Example) 08000 0000 . ) load address (la) pseudoinstruction
.data { a;sm%f( la  $s0, str # pseudoinstruction
str . .asciiz "llove COMP 273" 2 lui $s0, 4097 # true MIPS instruction
user data # load upper immediate
text
.globl  main
main: (4097)_10 = 272 +270

0x1001 0000 § " "
L\\)é/— | love COMP 273

0x0000 0000

(0001000000000001)_2

0x1001




More Assembler Directives

0x8000 0000 . ) Example: swap
I S —
, C code
yo : .word -17 .
user data Inap f y;)j
bO : byt Oxd, 62, -3 # signed o= mp:
bl : .byte '
0x2324 [4 bytes]
: MIPS code
arr0 :  .space 1400 [1400 bytes]
yl : .word 0x2c24 o Hone)
oxd [1 byte]
0x1001 0000 L\?\ éf— -17  [4 bytes] move  $t0, $s0
0x1000 0000 ! move  $s0, $sl # "move" is a pseudoinstruction
move  $s1, $t0 #
user instruction:
0x0000 0000
—_—
yO0: . H
. a $50, Y0 # load addresses Q: How to get data into and out of Memory ?
la $s1, y1

# Here the variables are NOT already in registers.

la $s0, y0 # load addresses of yO, y1

la $s1, y1

Iw $t0, 0($s0) # load contents into registers

Iw $t1, 0($s1)

sw $t0, O($sl) # store the swapped values to Memory
sw $t1, 0( $s0)

lui $s0, 0x1001 # load addresses
lui $1, 0x1001
ori $s1, $1, 4

# user not allowed to use $1 register

A:

2) "system calls"

System calls ("syscall" instruction) uses the console.
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syscall
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o009 0O

This instruction uses registers $2, $4, $5 which you can
also write $v0 and $a0, $al, respectively.

Example: print a string

la $a0, str

i $v0, 4 # liis a pseudoinstruction "load immediate”

# ori $v0, $zero, 4 is the real instruction

syscall




Example: read a string from console

ASIDE: technical detail about reading a string
from console

Example syscall codes for $v0

discussion in Q4).

li $v0, 8 8
add $ao0, $zero, $s1 int float double  string
print 1 2 3 4
) - ) read 5 6 7 8
la $t0, sizeBuffer  # specifies a buffer size (see A2) exit
Ilw  $al, 0($t0) # load that buffer size.
syscall
See documentation.
Assignment 2 posted today M ‘
; “Move to front”
_ _ Assignment 2:  two parts ovetofro
Task: manipulate an array of string references (addresses).
1) read in a list of strings from the console (loop) BEFORE 9 COMP 273"
. . 1 _r: "COMP 206"
MIPS Memory - store the strings in Memory ( | comp 250"
| 5 "OMG"
- store the addresses of the strings in an array in move to front: 2 °
Memory ’
"I love assembly language"
"even more than | love Java or C." 2) manipulate the list of strings using "move to front" 'i "COMP 273"
"COMP 206"
"I'am so glad that | am taking COMP 273" - user enters an index i, and the i-th string address is AFTER [ "COMP 250"
moved to the front 0 "oMe"
"because I'm learning so much."
[EDITED Feb 21] Itis important to understand where your [ADDED Feb 21] 25 wovds
variables are in Memory. Note we use assembler ° 5 Ge Ale
. . directives to assign Memory for : . T
The addresses and strings are all in Memory. 9 y o /_”,fm %M‘& 0”'“3 i{acaz_zs S'M"js
- maxLengthString (integer i.e. 1 word) 5™
\0 _
3 372FP 5 Ml St i 222?&&&2_&@2_%@322 LELR AL
1 comp 273" MOC\O - stringReferenceArray (5 words) . T T e T
( "COMP 206" L6562 p Rt A P T T
"COMP 250" ] T i e A AT AW AT
MO C\0 - ERi i
N OMG" me 2\ strings (100 bytes)
PMOCH : s oy
ADDED Feb 21: M ) S e s e i A
In the original slides, | had s Shins wone Gimont sedidl e Gl S ool
mlstakenly put "\n' instead of both il/:_ 4 | B [emimman g [~ Bexadecimaradarezses 7l Hexsdecmal Vames /l_‘\.\scu
"\n\0' in the strings on the right. J— The following slide shows how they are layed out, starting
The strings in the figure now are N at address 0x10010000. Note in MARS the addresses L Al
missing the line feeds "\n' (see = increase to right and down (opposite from slides). Mxxeo i~ 15

oy b wse fu|




