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Various routers from Cisco »

Game machines like the Nintendo 64 and Sony >
Playstation 2

Mast HP Laser|et
warkgroup printers are
driven by MIPS-based™

Gé-bil processors,



http://www.nintendo.com/systems/n64/n64_overview.jsp
http://www.nintendo.com/systems/n64/n64_overview.jsp
http://www.us.playstation.com/
http://www.us.playstation.com/
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$0 = $zero $16 = $s0

$1 = Sat $17 = $s1 )‘JMLLSJ‘JA‘WUJMROW)>
$2 = $vO $18 = $s2 J.Q,,aL: \fwww\owfw

$3 = $vi $19 = $s3 w\

$4 = $a0 $20 = $s4

$5 = $al $21 = $s5 w‘oﬁj)jjw\)gé‘lej'@M})>
$6 = $a2 $22 = $s6

e e e LT V- R VPRI NIV PR NCSS U TR D o
$8 = $t0 $24 = $t8 .J‘}AJ

$9 = $t1 $25 = $t9 " . .

$10 = $t2 $26 = $k0 J‘fuf“ﬁ?')j‘éiibd‘ipwu“bjw »
$11 = $t3 $27 = $k1 Lsl adls
$12 = $t4 $28 = $gp '

$13 = $t5 $29 = $sp

$14 = $t6 $30 = $fp

$15 = $t7 $31 = S$ra
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D data
5—> Write
7L> D address - -
Q&M&UJW‘H\AMJ ®
32 x 32 Register File Ll ol ‘;a_ﬁ\,o}\,w «j:"*.'.“’,'J J?.B» (:\.S
5 5

7L> A address B address 47L
A data B data
35/ 3£/

If Write = 1, then D data is stored into D address.

» You can read from two registers at once, by supplying the A
address and B address inputs. The outputs appear as A data
and B data.

» Registers are clocked, sequential devices.
» We can read from the register file at any time.

» Data is written only on the positive edge of the clock.
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» PC (program counter) register
» Status register

» Floating point registers




MIPS i~

232 x 8 memory CS W | Operation
32, L aors  out o R
8,1 DATA 0 x |None
- SVSR 1 0 Read selected address
1 1 Write selected address

J.\).\g_bﬁ J\)SOJ\JL_\J\_\JA&SBJMJA Pr _J.J.\.A.'\GQJUAJJ‘
This results in a 232 x 8 RAM, which would be 4 GB of memory. »
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4 bytes per word Memory
Up to 232 bytes = 230 words

> 232 pytes with byte addresses from 0 to 232-1
» 230 words with byte addresses 0, 4, 8, ... 23%-4




Alignment : dil> oLl

31 23 15 / 0
O | this word is aligned; the others are not!

4

8
12
16
20
24

address

MS«Sauau MJASJ\JQMIAJJoMJ\JauJMMhuLAS|\/||PS S olaza
..\ub\‘)\uawu\ JJ\‘\SJJASJU&M\AJ\&M«S.\JJMUG.\.\.\VY

0, 4,8 and 12 are valid word addresses
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J:u,!d\,.o‘_;b‘_;!u!ﬂJSHS:yw‘J.A\AMﬂb)\Sf\S..aJab >
J;Mp;w‘g\"" ).>|J.>g|d‘9‘y,a.¢c.>y&,w4h.e\.>\’~“
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3b Yoo Slude 6l $A0 pees, S e o p P

lw $t0, 0($a0)
Qb)é@d_}\.&‘ﬂﬁ&é}“\f
lw $t0,8($a0)

.3‘3.03 M‘P ‘J.:.g' Woaad el Gl Yo oA QAJATJJASQ‘JTWW"MQ
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» Arithmetic and Logic
> Integer
» Floating Point

» Memory access instructions
» Load & Store

» Control flow
» Jump
» Conditional Branch
» Call & Return
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Add »

Subtract »

Multiply »

Divide »
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Lghos ¥ sy o 5 e Sy ss i ALU &) s ol >
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Ccode: A =B + C;
E = F - A;
MIPS code: add $t0, $sl, $s2
sub $s4, $sb5, $s0
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Add/Sub Immediate instructions

V7l s Sl S b)) @lle peal s@dle b Jn V7 e So

Destination Reg = Source Register + Immediate
Example: A=A -4
addi  $t0, $tO, -4 # $t0 = $t0 -4

Signea/Unsigned Arithm. addi, addiu
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MIPS (el 40 C 4eb p siuws So s
a =b+c+ d- e;

» Break into multiple instructions

add $t0, $sl, $s2 # temp = b + c

add $t0, $tO0, $s3 # temp = temp + d

sub $s0, $St0, $s4 # a = temp - e

» Notice: A single line of C may break up into

several lines of MIPS.
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» AND

» Dbit-wise AND between registers
» and $tl, $s0, $sl

» OR

» Dbit-wise OR between registers
» or $tl, $s0, S$sl

» NOR

» Bit-wise NOR between registers
» nor $tl, $s0, $si
» nor Stl, $t0, SO0 # Stl = NOT($t0)

» Immediate modes
> andi and ori
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Mnemonic Instruction
LB Load Byte

LBU Load Byte Unsigned

LH Load Halfword

LHU LLoad Halfword Unsigned
LW Load Word

SB Store Byte

SW Store Word

SH Store Halfword

Registers

load

store

Memory

18
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.J.u..n\_\.m.l.i\).\\ Vd\J\J JAJS\:\AJS.\.\A\A)MJJ‘\LE\AQ:\.\\JLA sdld B
LW/SW instruction: »

Load/Store

label: operation dest req, offset (src_req) # Comment

/ [ [

Name of register || Anumber | Name of register to get
to put value in base address from

13 ghite dulaa 3 )y gean adbdls jasala ual B
Source Address = Source Base Address + Offset

19
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Load Word :Jts

lw $t0, 4($s0)

If $s0 has the value 8000, this will copy the word at
memory location 8004 to the register $tO.

Processor s’
$s0 | 8000 — > 8000
S ' 8001
» @ 8002
8003
Offset = +4

> ~8004 |

8005

<::> 8006
8007 |




Store Word :Jts

sw St0, 4($s0)

If $s0 has the value 8000, this will copy the word
In register $t0 to memory location 8004 .

Memory[8004] <- $tO

21
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» Conditional branches

» Jumps (unconditional branch)
» Procedure calls

» Procedure returns
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bne $t0, $tl, Label
beg $t0, $tl, Label

> Example: if (i==j))h=i+|;

bne $s0, $sl, Label
add $s3, $s0, $s1
Label: .
» Note the reversal of the condition from equality to
iInequality!
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7 label Unconditional jump

jr $t0 “lump register”. Jump to the instruction specified
in register $t0

» Example:
if (i'!'=73) beqg $s4, $s5, Labl
h=1i+7; add $s3, S$s4, $sb5
else J Lab?2
h=1i-7; Labl: sub $s3, S$Ss4, S$sb
Lab?2:
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13 paie o2litlual 38 (5 80 ) gld ) (34 gl g JUS ale)

>
slt and silti /I set if less than (w/ and w/o an immediate)
If $s1 < $s2 then
> slt $t0, $s1, $s2 $t0=1
else
$t0=0

:A}igaod\él»\é,é&\)jiudo\ﬂ@)jﬂud&g\ B

siti$al, $a0,5 #Pal=1if$a0 <5
bne $al, $0, Label #Branch if $a0 < 5

25
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bne $t4,$t5,Label Next instruction is at Label if $t4 = $t5
beq $t4,%$t5,Label Next instruction is at Label if $t4 = $t5

I op rs rt 16 bit address

offset
» PC-relative addressing

)‘W}‘J&A &J'" DM My)‘b w)\ﬁw\'\)‘m& &.J)_yﬂ-’ W‘
MWMWW}AWJWVYMg‘JUMJMWWWJA
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gbp yndo €& PC+4 + SignExt (L)*4

from the low order 16 bits of the branch instruction

416

offset
sign-exten?”\
‘ 00
£ > VN branch dst
’ g 7
32 32
SAdd address
PC 732 SAdd 32
4 #37> .

iversi Curdi 27
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> | Label Next instruction Is at Label

J op 26 bit address

» Pseudodirect addressing
2 e oddiu PC (i) )l L sl can H) Jasd gty ol 53

32-bit jump address = 4 Most Significant bits of PC
concatenated with 26-bit word address (or 28- bit

byte address)
Address boundaries of 256 MB
For larger distances: Jump register jr required.
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e LOOP: mult $9, $19, S10 # R9 = R19*R10
1w $8, 1000($9) # R8 = @(R9+1000)
bne $8, $21, EXIT
add $19, $19, $20 #i =1 + j
. LOOP

EXIT: ......

e Assume LOOP is placed at location 80000

op rs rt
80000 0 19 10 9 0 24
80004 35 9 8 1000
80008 5 8 21 8
80012 0 19 20 19 0 32
80016 2 80000
80020
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]
MIPS Shift Instructions

« Format: op_code destreg srcreg shiftamount

sll $t4, $t0, 5 #shift left logical 5 bits (multiply by 32)
sra $t5, $t0, 2 #shift right arithmetic 2 bits (divide by 4),
#sign extended

srl $v0, $t0, 1 #shift right logical 1 bit. Sign bit is now 0
srlv $v0, $t0, $t1 #shift right logical, $t1 says how many bits

Type of shift Left Right

Logical sl sllv srl srlv

Arithmetic (none: use sll)  srasrav

Rotate rol ror

30
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swap:
swap (int v[], int k) ra[}ggil % : 22' gZ
{ :Lnt temp, 1w 15, 0(S2
) 1 16, 4(S2
ﬁ) = \_r k+1], - aw 16, 0($2
k+1] temp; SW 15, 4(s2
jr 31

Explanation:
index k : $5
base address of v: $4
address of v[k] is $4 + 4.$5

31
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sl S VY e s Jsb >
Sy50 3 Pt s M gl v.:.wjj Field Sl 4y g >
dade Al el g
53 10 dzea b Slwns 5 a1l il il Ol gras a3l 51 2
| oL 419;
» R-format Register instructions are used for register based ALU
operations.

» |-format Immediate instructions, can be either Load/Store
operations, Branch operations, or Immediate ALU operations.

» J-format Jump instructions, devote all of the non-opcode space to a
26-bit jump destination field.
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6 5 | 5 | 16

I-Type| opcode | rs | rt immediate Note the regulariTy e
A instruction encoding. This
6 5 5 5 5 6 is important for
R-Type | opcode | rs | rt | rd shami func implementing an efficient
. pipelined CPU.
6 26
J-Type opcode Offset added to PC

33
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b Jardl g ilises gla Al

op operation of the instruction

rs first register source operand

't second register source operand
rd register destination operand
shamt shift amount

funct function (select type of ALU operation)
» add = 32
» sub =34

34
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opcode | rs | rt | rd shami funct

e IS: source register 1
e Il: source register 2
e rd: destination register
e shamt: shift amount

e funct: specific variant of
opcode

R'Type Q‘)‘faﬂb

opcode:() )l &l yswa ) @
saldil ALU c_ﬂ_\La.c LS‘,)% 90 4

L gl
funct alé w5 H1 3 )90 Jec @
1 guite adie
add: 32
sub: 34

35
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» Example: add $t0, $sl1, $s2
» registers have numbers, $t0=8, $s1=17, $s2=18

> Instruction Format:

000000|10001] 10010/ 01000] 00000 100000

op rs rt rd |shamt [funct




I'Type CJ‘)}SMJ

6 5 5 16

opcode | rs | rt immediate

I-Type Format
e Opcode

e |lw:35 (100011)
e sw:43(101011)

e opcode value differentiates |- and R-Type instructions
e IS: base register
o [t

e destination register for lw
e source register for store

o immediate: offset from base range: -2 to (21°-1)

University of Kurdistan

Similarity in opcode for lw & sw simplifies hardware

37
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lw $s0, 24 (Stl)

100011 01001 10000 0OOOOOOOOOOO110O00O0

‘ op ‘ rs ‘ rt.‘ address

sw $Ss0, 24 (Stl)
101011 01001 10000 0000O0O0OOOOOO11000O

‘ op ‘ rs ‘ rt.‘ address

38
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6 5 5 16
I-Type Format | opcode | rs | rt immediate

(e.9., X=X+4) .2 5dma o2l 33 12 culd 85l S 40 s 4S ALU & ysid sl >
dal & 215 to (215-1) &y o 1A 2 gde S Jn V7 220 SO Gy Culd i B
g
Jie >
addi R4, R8, 79
slti R1, R2,56: sets Reg[R1]=1 if Reg[R2]<56 else Reg[R1]=0

39




J'Type CJ‘)‘):MJ

6 26

opcode Destination

J-Type Format
isde 3S J-Type af 4 (b b (i Gl )siwd
A YL e Jal inuaaiﬁ\j\‘ \.})4\).3\])}3“3&5\9:\ >

Zﬂﬂwmﬁﬁ ) Copa A u-UJ Laia u»ﬁ‘ >

PC‘_}})‘J%%)L@.?:- é}éu"—f"'\ 00

40
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Immediate

» add R4,R3 #7 # Regs[R4]=Regs[R3]+7

» 16-bit field for the constant

Register

» add R4, R3,R2 # Regs[R4]=Regs[R3]+Regs[R2]

Displacement

» |w R4, 100(R1) #regs[R4]=Regs[R4]+Mem[Regs[R1]+100]

» 16-bits for displacement

Special cases of displacement mode

» Indirect mode: displacement value=0
> |w R4, 0(R1) #regs[R4]=Regs[R4]+Mem[Regs[R1]]

» absolute addressing : RO as base register (always stores 0)
> Iw R4, 8769(R0)
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Immediate Addressing

Op® | Rs® | Rt immediatel®

Operand is a constant

Register Addressing
op® | Rss | Rts | RdS | sas |functs Operand is in aregister
| [ [

\ 4

Register

Base or Displacement Addressing Operand is in memory (load/store)

Op® | Rs® | Rt immediatel®
! E—)— Byte | Halfword Word
Register = Base address
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» Questions




