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Some C Examples

Assignment : intj = 10; // space must be allocated to variable |

Possibility 1 j is stored in a register, i.e. register $2

then the MIPS assembler for this is :-

addi $2, $0, 10 : $2 <- $0 + sign-extend[10]

Possibility 2 | is stored in memory, i.e. memory 0x12345678
then the MIPS assembler for this might be:-

lui $1, 0x1234 : $1< 0x12340000

ori $1, $1, 0x5678 : $% 0x12345678

Get address in $1

addi  $8, $0, 10 . $& $0 + sign-extend[10]  Get 10 in $8
SW $8, 0($1) : Mem[$1 + 0F $8 Store 10> 0x12345678
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Program to calculate Absolute value of difference between
2 input numbers: |A - B] demonstrates if)

Program reads A from 4 bytes of memory starting atlaess 1234567Q.
Program reads B from 4 bytes of memory starting atlaess 12345674
Program writes |A-B| to 4 bytes of memory startingaaldress 12345678

Assembl er # Comment

lui  $10, 0x1234
ori $10, $10, 0x5670 # put address of A into register $10

lw  $4, 0($10) # readA from memory into register $4
W $5, 4($10) # readB from memory into register $a address+4)
sub $12, $5, $4 # subtract A from B => B-A into register $12

# branch if B-A is positive tasW’ instruction

bgez $12,+1
sub $12, $4, $5 # subtract B from A => A-B into register $12
sw  $12, 8($10 # store register $12 valué-B|, into memory

N.B. program uses displacement to access othetidosgrom address of memory storing value of A
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Given the binary for an instruction e.g..
10101101111010001000000000000000

What code would you write to get thg@gister number into a register
on its own, and into the low bits of this register?

code R, bits

.
in$4:1010110111101000100000000000

In R$5b:it2000001111100000000000000000 .

in $6: 0000000111100000000000000000 O@nd $6, $5, $4

_ _ '/ masked value in $6
Shift right IM §
/1 so shift $6 right
in $6: O@OOOOOOOOOOOOOOOOOOOOOOOOO1115]5” $6, $6, 21

What is wanted.

ECode: assume code in $4

9/ getmasking value in $5
i $5, 0x03e0
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Change ffield in instruction to value 23 (10101):-
Code: 10101101111010001000000000000000

code R, bits
. 4 Code: assume code in $4
in$4:10101101111010001000000000000000Q/ getmasking value in $5

' fclf
n$5:1111110000011111111111111111181 %0 32 o8 oxif

n

in $6: 1010110000001000100000000000600d  $6, 35, $4

/l new value into $5

in $5: 0000000000000000000000000001010kddiu  $5, $0, 0x15
in $5: 0000001010100000000000000000QQOGsI $5, $5, 21

in $6: 10/1011101010100010000000000 00Qor $6, $6, $5

What is wanted.
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Shift Instructions:

Shift left logical: sll rd, rt, shift-amount
rd <rt << shift-amount : Os placed on right

Example: Let $4 == 2, then
sll $5, $4, 3
shifts the contents of $4 left 3 places: (2<%3)6 which is stored in $5.

00/{0/0{0[{0]0 0 000|001 O

1:shift left 1 00/{0/0{0[{0]0] 0 00|0|2(0| O

2:sniftleftl  oo|o|0|0| 0/ 0 0 0o0[1/0/0| @

sniftleftl o 0|0(0[0/ 0/ 0/ 0 01/0/0|0]| O
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shift left logical variable: sllv rd, rt, rs
. rs holds shift- amount for shifting rt with resultanrd
rd<rt<<rs

shift right logical: reverse of shift left logical
srl rd, rt, shift-amount : Os placed on left

e.g.$5=16then g g6, $5, 3 1 $6€ 16 >> 3

$6 == 2 after instruction

shift right logical variable: srlv rd, rt, rs as sllv but shift right

Shift right arithmetic : shift right with sign duplication

shift right arithmetic: sra rd, rt, shift-amount
shift right arithmetic variablesrav rd, rt, rs

arithmetic shifts duplicate the sign bit : 1s ardaged on right for -ve values

1111110000 (>>2p1111111100 444910000 (>> 250000111100
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Instructions are always 4 bytes long in Mips.

Instructions are always stored at addresses that are an integer
multiple of 4:-0, 4, 8, ... 0x2C, 0x30, .... 0x12345678, 0x1234567C.....

pc always points at an instruction,
l.e. pc always holds a multiple of 4

Branches always change pc by a multiple of 4
Branch offset iIs number of instructions to branch,
not number of addresses!

Branch target address calculation:-  pc + (offset *4)
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Conditional Branch Instructions — using labels
calculating offsets is difficult — use a label instead!

you write this
Branch Equal / assembler calculates this
beq rs, rt, Label

. if rs==rt pc <-pc + (addfess of label — pc)
. If rs==rt pc <-pc + offset*4
Branch Not-Equal
bne regl, reg2, Label
. If rsl=rt pc<-pc + (address of label — pc)
. If rsl=rt pc <-pc + offset*4

Assembler Program calculates difference between address§instruction following
the branch and the address of Label (label address — pc)ivitles by 4 and stores
this value, the number of insructions to branch, in offsifield of instruction.

6 Bits | 5 Bits | 5 Bits 16-bit
op rs rt offset
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Other Branches
These branches test the contents of a single eegigainst O.

branch on greater than or equal zero:
bgez regqister, label . If (register >= 0) p& address of label
. If (register >= 0) p&pc + offset*4
branch on greater than zero:
bgtz regqister, label . if (register > 0) pc— address of label
. if (register > 0) pc&pc + offset*4
branch on less than or equal zero:
blez register, label . If (register <= 0) p& address of label
. If (register <= 0) p&pc + offset*4
branch on less than zero:
bltz  register, label . if (register < 0) pc address of label
. if (register > 0) pc&pc + offset*4

Note: branches can only go —32768 instructions ba82&67 forward
memory address space in Mips is 1G instructiongim!
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What about comparing 2 registers for < and >=?

Use a Set instruction followed by a conditional branch

Comparison Instructions
R-Format versions: compare 2 register and put redtiinto 3" register

Set less than (signed): slt rd, rs, rt . if rs<rt set rd=1 else set rd=0
Set less than unsigned: slturd, rs, rt . If rs<rt set rd=1 else set rd=0

I-Format versions: compare register and constant, puresult into 2"d register
Set less than immediate (signedtti rd, rs, imm : if rs<imm set rd=1 else set rd=0
Set less than unsigned immediaiéui rd, rs, imm : if rs<imm set rd=1 else set rd=0

The immediate value, (imm), is 16-bits and is sign-extended to 32 bits before comparison.

Usebegor bneagainstreg $0to test result register rd after set.
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MIPS ‘for loop’ example

Setting the elements of an array to zero

Data declarations:- unsigned i ;
int array[10] ;

N.B. C creates the space for both these automatically
no new required.

for (i=0; i<10; i++) {
array[i] =0 ;
}
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MIPS ‘for loop’ example

Let the variable i be stored in register $4
Let ‘int array’ start at address 12345648
Each integer occupies 4 addresses

Use $8 and $9 for temporary storage of intermediate values

1=0 1<10
Tradd  $4, $0, $0 . set $4=0 Vi “
loop: sl $8, $4, 10 . set $8=1 if $4 < 10 otherwises8=0
beq $8, $0, end - if $8=0 ($4>=10) brancletwllabel

lui $8, 0x1234 : $8 0x12340000
ori $8, $8, 0x5678 : $&$8 | 0x5678 : $8 =0x12345678

sl| $9, $4, 2 P PK- P4 << 2 I $OKi*4
add  $8, $8, $9 : form address of array[i] in $8
it SW $0, 0($8) . store 32-bits of zero from $0 intcagfij
Traddui $4, $4, 1 it

beq $0, $0, loop . branch to labbebp - always branches

na.
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arra\

0x12345678+0 A A A A A N A A A

Ox12345678+4
0x12345678+8

0x12345678+0xc
0x12345678+0x10
0x123456/78+0x14
0x12345678+0x18
0x12345678+0x1C

0x12345678+ 0x20
0x12345678+ 0x24
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MIPS ‘for loop’ example

Setting the elements of an array to zero,
but using pointers to memory addresses!

Data declarations (C coddNOT Javall!l):-

unsigned i ;
Variable ap’ is of type ‘pointer to int array[10] :
integer’ and will hold an address Nt *ap - ’
(a pointer in C) P
ap = array ; // put the addressanfay into ap

for (i=0; i<10; i++) {
*ap =0 ; // store O in the location pointed todyy
ap++; //increment the address in ap by 4

// ap now points at the next elementofay
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- 0x123456/8 * *
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arra\

0

A

0

A

0

A

A

0x1234567C

0x12345680

»

0x12345684

0x12345688
0x1234568C
0x12345690

0x12345694

0x12345698
0x1234569C
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MIPS ‘for loop’ example

Let the variable be stored in register $4, and variabpein $6
Let ‘array’ of integers be stored at addresses 183851234569F,

Use $8 for temporary storage — ap = array

lui $6, 0x1234 . $6 <- 0x12340000
ori $6, $6, 0x5678 : $6 <- $6 | 0x5678 : $6 =0x123456

=0 —.add 34,30, $0 . set $4=0 Vi <10
loop: sl $8, $4, 10 . set $8=1 if $4 < 10 othertVisq 0
*ap= beq $8, $0, end - if $8=0 ($4>=10) brancletwl [abel
T sw $0, 0(%$6) : store 32-bits of zero in $0 into afijay
|+p ——addui $6, $6, 4 . ap++; add4 to $6 to point to aiteh]
T—addui $4,%4,1 . I++ ; increment loop variable

beq $0, $0, loop . branch to labdebp - always branches
end:
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Other instructions that change the PC:

jump register . jr rs . pc<-rs . register contents into pc

Register value must be multiple of 4 (or process@tops)
pc can be set to anywhere in memory (greater rangban branches).
This is used to perform function return, e.qg. jL$3

N.B. Jumps can go a greater distance than branches.
However jumps are never conditional unlike branches.
Both are therefore necessary.

jump and link register :jalr rs, rd ; rd <-pc ;pc<-rs

pc saved to register ahd thenrs written into pc

Used for function (method) calls &mywhere in the address space.
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Function (Method or Subroutine) Call

Some lines of program

0x0001AB2C

0x0001AB30

0x0001AB34

lui $1, 0x04
Ox0001AB38 ori $1, 0x5678
Ox0001AB3C jalr $1, $31

; $1 <- 0x00040000
; $1 <- 0x00045678
gé: -> $31, $1- >PC

1.e.0x0001AB40->
0X00045678 -> PC - fFTJnctlon call
/
O)gOQOl;AB4O e
~ < | Codeof mghod”
Function return B%0Q045678
OXOOO4'561C
Have to be sure that 0x00045680
$31 has the value store | 0x00045684 ~ ~
by the jalr whenthe r | 0x00045688 jr$31 ; $31->PC~

IS executed!
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_ ~
1.e.0x01AB40 -> PC
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Jump Instructions - J Format

6 Bits 26 Bits
op target

jump to target . | target : pclbits 27.0]<target*4
jump and link target  : jal target
register 31 <- contents of pc ; pc[bits 27®]target*4

In both cases lower 28 bits of PC register are
loaded with (26 bits of target field * 4)

jal is a method call instruction saving the PC befdnanging it.

Detail : pcisalwaysan integer multiple of 4: therefore value stored in
target field of instruction for | and jal istarget address divided by 4, i.e.
least 2 bits are dropped, since they are always 00.

Note: the upper 4-bits of PC are unchanged by thesastructions.
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