Instruction Sets - Part 2

Ref: Chapter 3
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MIPS Instructions (so far)

» We've seen 2 arithmetic ops: add & sub
— 3 operands — all registers.

» 2 Datatransfer instructions: | w, sw
— base/index addressing

» Two machine language instruction formats:
— R-Type (3 registers)
— |-Type (2 registers and offset)
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Jumping Around

» There are instructions that change the
seguence of instructions fed to the
processor, that jump to a new part of the
program.

» Jumping is also called branching.

» Sometimes we want to jump only when
some condition is true (or false).
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C Program that requires jumping

if (grade >= 98)
lettergrade = ‘A’ ;
else if (grade >= 96)
lettergrade = ‘B’ ;
el se

lettergrade = ‘F;
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The flow of the program

rade=' A' I

|‘gd | |‘gd |

| I

—
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Possible layout in memory

if (grade >= 98) yes —junp if grade >= 98
lettergrade = ‘A’ "jump if grade >= 96

else if (grade >= 96) yes lettergrade = 'F
lettergrade = ‘B ; L junmp -

el se pr lettergrade = ‘B
lettergrade = ‘F'; j unp -

lettergrade = ‘A
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MIPS instructions for jumping

beq regl, reg2, address

Branch if Equal: if the contents of register
r egl are equal to the contents of register
r eg2 then jump to addr ess.

If the registers are not equal, don’t do
anything special (continue on to the next
instruction).
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bne regl, reg2, address

Branch if Not Equal: if the contents of register
regl isnot equal to the contents of register
reg2, then jump to addr ess.

If the registers are equal, don’t do anything
specia (continue on to the next instruction).
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beq r1,r2, address. What isaddr ess?

* In assembly language we create labelsin
the program that can be used as the address
(example next dlide).

 |n machine language the address is an offset
from the location of the current instruction.
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Example: it (a==b) c=c+d;
a=b+b;

bne $s0, $s1, L1 # go to L1 if al=b
add $s2, $s2, $s3 # c=c+d
L1: add $s0, $s1, $s1 # a=b+b

label
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Machine Code for bne and beq

Instruction Format: |-Type:

[+ 6 bits —{«5 bits s}« 5 bits—»} 16 bits »
| op | rs I rt I addr ess |
(NN SESSSNESSENENNSSNNSEENEENEN]
| 32 bits »
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The addr ess Field of I-Type Instructions

|+ 6 bits —}«5 bits -+« 5 bits -} 16 bits »

| op | rs I rt I addr ess |

MIPS supports 32 bit addresses.
If we only have a 16 bit address we can't have
very large programs!
The addr ess field isrelative to the address
of the current instruction.
—thisisjust base/index addressing with the PC as
the base register.
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PC. The Program Counter

» Thereisaspecia register called the

program counter that holds the address of

the current instruction.

Normally, this register isincremented by 4

each instruction ( MIPS instructions are 4

bytes each).

» When a branch happens —the addr ess is
added to the PCregister.
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The value of PC during an instruction.

 During the execution of an instruction, the
processor always adds 4 to the PC register.

 This happens very early in the instruction.

» Asfar aswe are concerned the PC always
holds the address of the next instruction.
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Instruction Alignment

» Since MIPS instructions are always stored
in memory at an address on aword
boundary (divisible by 4), the offset
specified is actually aword offset (not a
byte offset).

* A value of 1 means“add 4 to PC".

» A value of 100 means “add 400 to PC".
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Assembly vs. Machine Code

bne $s0, $s1, L1 # go to L1 if al=b
add $s2, $s2, $s3 # c=c+d
L1: add $s0, $s1, $s1 # a=b+b

The assembler calculates the difference between
the address of the instruction following the bne
instruction and the instruction labeled L 1.

This difference is used in the address field of the
machine code for the bne instruction.

In this case the difference is 1 (1 instruction).
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bne, beq limitations

» The offset from the PC is actually a signed
integer value.
— we can jump backwards or forwards.
* The maximum offset is:
215 instructions = 217 bytes

e The MIPS memory is 2% bytes !
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Unconditional Jump

* MIPS includes an instruction that always
jumps:
j address

* In assembly language we just use alabel
again.
j L1
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Loopsin Assembly i e (ar=p)

a=a+i;

Loop: beq $s0, $s1, Eol
add $s0, $s0, $s2
j Loop

Eol :
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while (a[i]/== k)
=i+,

L1: add $tO, $s0, $s0 # $t0=i*2
add $to0,$tO0, $t0 # $t0=i*4
add $toO, $t0, $s3 # $t0 = addr of ali]
lw  $t1,0($t0) # $t1 = ali]

bne $t1,$s1,L2 # if a[i]!=k goto L2
add $s0, $s0, $s2 # 0=+

i L1 #
L2:

goto L1
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] instruction format

New Instruction Format: J-Type:

|« 6 bits

26 bits

X

|

N
| op | addr ess |
O T T T T T T T T T T T T T TT]
| 32 bits »
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JType addr ess field

» The addressfield is treated as an instruction
address (not a byte address).

The rightmost 28 bits of the PC are replaced
with this address.

It's not relative to the PC!

We have to build very large programs (with
more than 2% instructions) very carefully!

Actually the compiler/assembler/linker takes care of this for us!
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What about < and > ?

« We often want to compare numbers and jump if
one number is less-than or greater than another
number.

¢ MIPS does not include a conditional jump
instruction that does this, instead there are some
instructions that compare numbers and store the
result in a register.

* We can then use beq, bne with the result of the
comparison.

CompOrg Fall 2000 - Instruction Sets (part 2) 23

Setif LessThan: sl t

slt dstreg, regl, reg2
dstregissettoalifreglislessthanreg2

dstregissettoaOif regl isnot lessthan
reg2
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I f (a<b)

slt $t0, $s0,%$s2 # $t0 <- a<b
bne $tO0, $zero,L1 # junp if a<b

\

$zer 0is a MIPS register
that always holds the value 0!
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Thebl t instruction

(actually thereisabl t pseudoinstruction)

|« 6 bits —{+5 bits >}« 5 bits >}« 5 bits =}« 5 bits +}+— 6 bits —|

| op Ibcllt Itmlbrdlrmyol

bc isthe amount of bacon

| t isthetype of lettuce.

t misthe amount of tomato

br d iswheat, white or rye.
mayo is no, yes, or “pour it on
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Another unconditional jump

jr reg

e “Jump Register”

— put the contents of the register in to the PC

register.

» The book describes using this with ajump

table to build a C switch statement.
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Instruction Summary (so far)

» Arithmetic: add sub
» DataMovement: | w sw

e Jumping around: bne beq slt j jr
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Byte operations

* In C programs we often deal with strings of
characters (ASCII characters).

» Each character is 1 byte.

» We need instructions that can deal with 1
byte at atime.
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Load Byte: | b

I b destreg, const(addrreg)

» Moves asingle byte from memory to the
rightmost 8 bits of dest r eg.

» The other 24 bitsof destreg aresetto 0

— actually the byte is sign extended (more on this
when we talk about arithmetic).

» Base/lndex addressing (just like | w).
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Store Byte: sb

sb srcreg, const(addrreg)

» Moves asingle byte from the rightmost 8
bits of dest r eg to memory.

» Base/Index addressing (just like sw).
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Copying a C string.

* C strings are terminated with a 0.

— the last byte in the string has the value
00000000, = 04,

 Strings are like arrays of characters.
— now each array itemis 1 byte only!
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dest source

I’
Assembly for st rcpy(\s‘t rl,str2)

« Wearen't yet worried about making this areal
subroutine, we just want the code that can do the
copying.

¢ Assumeregister $s1 holds the addressof st r 1,
and $s2 holds the address of st r 2

¢ We need aloop that copies from the addressin
$s2 to the addressin $s1
—increnents $s2 and $sl1 each tine.
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A start at strcpy

Loop: Ib  $t0, 0($s2) # $to = *str2
sb  $t0, 0($s1) # *strl = $t0O

need to increment $s1,$s2

bne $tO0, $zero, Loop #
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Incrementing a register
» We could assume some register has the
valuelinit.

— it would have to get there some how!

* New instruction: Add Immediate
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Add Immediate

addi destreg, regl, const

Addsaconstant tor egl and putsthe sumin

destreg.

The term “immediate” means the value (the

constant) is aready available to the
processor (it's part of the instruction).
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addi isan |-Typeinstruction

[+ 6 bits —{+5 bits »}« 5 bits—»} 16 bits

|

| op Irs I rt I i mredi at e |

rt isthe destination register
r s isasource operand.
i mredi at e isthe constant.

16 bit constant!
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Incrementing a register

» Toadd 1 totheregister $s0:
addi $s0, $s0, 1

» To add 1234 to the register $t 3:
addi $t 3, $t 3, 1234

 To add 1,000,000 to the register $s2: ?7??
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Finishing strcpy
Loop: Ib  $t0, 0($s2) # $to = *str2
sb  $t0, 0($s1) # *strl = $t0O
addi $s2, $s2,1 # Str2++
addi $s1, $s1,1 # strl++

bne $tO0, $zero, Loop #
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32 bit constants

» Sometimes we need to deal with 32 bit
constants!
— not often, but it happens...

» We can now load the lower 16 bits with any
constant value:

addi $s0, $zer o, const

» We need some way to put 16 bitsin to the
left half of aregister.
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Load Upper Immediate: | ui

| ui destreg, const
* const isal6 bit immediate value.

» Thelower 16 bits of dest r eg are al set to
0! (have to load the upper half first!)

CompOrg Fall 2000 - Instruction Sets (part 2) a1

Immediates are fun!
» Thereisaso aversion of sl t that usesan

immediate value:
slti destreg, regl, const

» Will setdestregtolifreglislessthan
the 16 bit constant.
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Exercise: Writethisin MIPS
Assembly Language

for (i=0;i<10;i++) {
s[i] = s[i+1];

s isanarray of char!
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One Solution
(assumes the address of a isin $s1)

addi $s0, $zero, $zero # 1=0
L1: slti $t1,$s0, 10 # i<10?
beq $t1, $zero, L2 #  no-junp
add $t2, $s0, $s1 # t2 is addr of ali]
Ib  $t3,0($t2) #1t3is ali]
addi $t2,$t2,1 # 12 is addr of a[i+1]
sb  $t3,0(%t2) # a[i+l] =13
addi $s0, $s0, 1 # 0 ++
j L1 # go to L1
L2:

There are other solutions! (less code?)
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More Fun

Write the MIPS code to clear an array of
integers using as few instructions as
possible.

—what isthe IC if the array sizeisn ?
— Already forgot what I1C is?
« Instruction Count!
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Yes, thereisanul t instruction,
but first...

Write the MIPS code to calculate the product
of 2 integers (without using any multiply
instructions).

— for now, assume the two integers are at most 16
bit, so don’t worry about overflow...
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What' s Next

« Instructions for procedures (subroutines).
¢ Complete Assembly Language programs.
Other Instruction Sets
— 80x86 CISC
— Redcode: CoreWars!
SPIM, SPIM, SPIM
¢ Computer Arithmetic
— representation: signed integers, floating point.
— Building an Arithmetic Logic Unit (ALU)
— more MIPS arithmetic and logical instructions
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