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1. \LARLGHIE
2. LMK
3. FHHA

. MIPS$84 2 4:

. MIPSILRiES (H%)
1. ik
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{1k

3. MIPSILHRERF
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1.1 ¥84 R 4GiWid

* IR ARGHERAE
SRR RIZROIRE (£/0) HiE?

= FILD/ST/INC/BRNE & B %% BEMT+EER, BALH,
BRFEAK.

PBRAERNR: IMTERR? ATRLERES D7
« REFRXNEEZH (WAEB+C)
 FEBEEZEE (WA€-B)

PR WMATRHX B DR — B A& ?
"B KE. FBR. RLFRE

EEEEEEEEEEEEEEEEEE
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1.1 ¥84 R 4GiWid

<« PLBHESHER
> ZRYERS (Operation Code): & BIEAT MR R4
> VRER/EHHBE (Source Operand Reference): S iNiRf/ERIRIES
Ridbik, TEER 2.
> HRE/EZSHE (Destination Operand Reference): fRAFER1ESS
REHAE .

> T4 HIHEHE (Next Instruction Reference): B F—%KEiz
TS E. BFRFPRES, RELFEL T ERINF KRN
1TH, Bk, ARZSHERSFHAPEXIGH T —KiESHIHLL,
HHEN, HLBRAFATUEEXHIELE. RALBEESFTE
BTEH T — &5 R,

EEEEEEEEEEEEEEEEEE
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1.1 B RGME

X RO

gl

> BRI FHASE5FMEZNE, FERZEMEREEE;

>ERZBREZHEES: TG (EFES) TEUHEZERY
BEHEERE, UAMERESBEENERIBHEES;

FREFFERITES: EREFPITIRF, KRB, Bz

42

TR F AR [B] 4

>HERL: SHPZEFRATRRNES:; KA/ EE/ZHRE

FHEL

EEEEEEEEEEEEEEEEEE
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1.1 8% 2GR

< BRAEHHIRE
> Bl (ERFS. €8 BR)
> BERE. 7/
> it (BRfESohbt. #84bk)
<« BIESHAE
> FRfEss (FfEasHhil)
> HE (FAEHRH
>R NG O GRS im0 k)
< BAEBI T R
> K (big-endian) KFF: EEAXFHAMEERN 5/ MIE
> /N (little-endian) RF: BB R FHEBEMRN S /MLE

Bl: Int a //0x12345678 wi  fE wi E
a+0 12 a+0 78
a+1 34 a+1 56
a+2 56 a+2 34
a+3 /8 a+3 12
KU ALl
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1.1 ¥84 R 4GiWid

“ NERPITRBERSY LNAR

Instruction Obtain instruction from program storage
ﬁrh oML, RAKE (ERAK)
Instruction Determine required actions
Dﬁm“ oM. BTG, R
Operand Locate and obtain operand data
Fetch .
I kiR, FahR. SRESREMERTT R
Execute Compute result value or status
1 NSNS Y
Result Deposit results in storage for later use
STW 4 RYRA R
Next Determine successor instruction
Instruction F4IROHEE OFF / 8)
R F R AR 7

e HANG UNIVERSITY -~ e
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1.1 B RGME

+ HRXBRALEH(ISA)
> BB S REE A, HLBABEHRIT AR S5

Applications

Software layers of

0OS abstraction

Compiler

Instruction Set Architecture (ISA)

Instruction Input/
Processing Output

Hardware layers
for design
abstraction

Datapath & Control

Digital Design

Circuit Design

AL S 4+ T 8
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1.1 182 R4k

CIRRE RGN (ISA) Fpk
% N N

> KERST ISAER A IHR i &F a1
>Register-Memoryz(ISA ({1 X86)
= ZFPE-S 0] LAV H] N AF;
" FEFFHRESN A FRIERERESITHIE S
> Register-Register (Load-Store) ZISA (&1 MIPS)
- RAEBE (LOAD) FIAEH (STORE) 84 LAiiH K7
 BHESBRIESET AT HESRIEL

< Load-Storef& ISAR]—Fhah
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1.1 B RGME

< IEAH TR E
> 1R AL SRR
> BT B T R
> HHERTURESE
SR TERESRT I, SRR
SERRATDE R, SR e p e i

T It & T I ERE 10
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BT BLRGLUPSCE

|

. R

1. WL ARGHR
2. HAEKA
3. JFhHX

. MIPS#E4 RS
. MIPSILYRIES
1. %R
2. MIPSILZmT82MFEHE

{1k

3. MIPSILHRERF




R
1.2 #HSER
< HBFHES s THEHUE AT DISRAT I 7R — R A BR AR R 31 ARAD
e BIED + BIER (GREkKbLL)
>R IEMRiESHRIERE
>REE (i) : EERRERNNE (RBEEES)

BeAERD BRAE 2L
11010101 10000100 01010001 10100000

< ESHRR
>HEERR: TR
>RFEeRR: BIER, @ MOV AX, BX

EEEEEEEEEEEEEEEEE
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1.2 #851KBR

< BERUtHR % E
>=Hblik: Des € (Surl) OP (Sur2)
OP Des Add Surl Add Sur2 Add

>tk : Des € (Sur) OP (Des)
OP Des Add Sur Add

>Rl BN EARP—MEERHITURIERR,
SRR IFRE

OP Add

> RERERE, TR ERE
OP

EEEEEEEEEEEEEEEEE
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1.2 R

BB S

>EEKEREN: BEMKE (5 THFINVE0 BEAR.
= BEAF TR B
= 15 PG TR 4B
ol - g LIPS &3 54 %

AR BN BIENKERERE SIS EBARTAR.
- WA BT AR R 2%
= THL G R T BR
" IR EAF AR H

CRSKE

>EBKIBL RS, WIMIPSHE4A
PBKIELSRG: —BRAFTHRBELS, W80X86154

EEEEEEEEEEEEEEEEEE




BT BLRGLUPSCE

|

. R

1. LS RGHD
2. SR
3. FHHFR

. MIPS#E4 RS
. MIPSILYRIES
1. %R
2. MIPSILZmT82MFEHE

{1k

3. MIPSILHRERF
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1.3 FHF=

< bk 55 ok
ST 154 B H RS i M AR A
> RCHE: EAEREE AR ML, BT BB R ML S5 R A B
> FHFR: BEFERMIE, L HERESE A ()

<& HIA R
> SLEIF-4k
> AR EEIFH
> F e T Uk
> FhkJ b / A hE I bt
>AEXT Sk FEUF RS, BRI SESEPCE N RN F S
> HERR Sk

e venatr [
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1.3 FHF=

< F k77 XK E
> FERAERS R 4 5 FHETT

= MMIPSH84, HBASHNE —NER)EHiLR, BRSSP RE—
—FhFHHR. Load/storeBIPLERIELS BT XFIEBH

>R EITIFHETT AL

= WX863ES, WP HSNBRIMEY, HIUNTAZIANE, FES
E i B -0 75 2o

OP H Kk PRk

I

HISRIEHRIH TR | Add

FERER T Add

EEEEEEEEEEEEEEEEE
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1.3 FHF=

< 18RI F-HLFR P R4S A E

>OP: #{ERG

>Des: HHKIEELSHHE

>Sur: JREREEGhHE

>ABAdd: FERibk (RAERREE)
>EA : ARt

>Mod: FhkHF=H

>Rn : BHEFAS

>Rx : AhLEFFFER

>Rb : FhtFFS

>SP: HERR{EET (FHEEH)
>Data : #IEH

>Operand : B{EH

>(Rn): FABRNEIANE (H)
>Mem[A]: WAEHHEAAKBEITTRIANE
>Imme. Data : SLEP#

>XXH: 163 HXX

e venatr [




1.3 FaHR
RRVAIES S
>EER ERAER SNBSS H
OP Des Mod| Imme. Data
%ﬁl{’ﬁﬁ
% i BH

>3RI Fhk R R TR RS
»Operand = Imme. Data
>#: MOV AX,1000H (80X86%§4, AX€1000H)
addi $s1, $s2, 100 (MIPS#E4, $s1 € $s2+100)
«B%
> LR FH BB A M7, R4S or AT
> L BB ik ?

EEEEEEEEEEEEEEEEE
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1.3 Fak A

SR EES
> BAERETFRT, BSFREHEFFARMHEE (RS
»EA = Rn, Operand = (Rn)
>fl: MOV BX, AX (80X86%4)
add $s1,$s2,$s3 (MIPS$E4, $s1€$s2+$s3)

OP Des Mod Rn
HAFARAGR
> Data
‘- ’Lt""“ ﬁikﬁ‘? —L
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1.3 Fak A

< B I e ) T4k
> BIEBTETAE R, AN BN MSTRIANE, REBEK

FEAFfE 28 B H b
»EA = (Rn), Operand = Mem[(Rn)]
>Hl: MOV AX, [BX] (80X86%84, AX €Mem[(BX)])

OP Des Mod RN

T i#as

A Data « A FEEERN
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1.3 Fak A

< bk Fhk
> EREREAESY, BB S H—E N FESM—R L,
EHFF RN ANESE ML 2 2 2 AES0 A7 sk
»EA = (Rb)+A, Operand = Mem[(Rb)+A]
>fHl: MOV AX, 1000H[BX] (80X86%¥84, AX€&Mem|[(Bx)+1000])
lw $s1,100($s2) (MIPS#E4, $s1 €Mem[$s2+100])

OP Des Mod| Rb A a3

HAERD N —»<+> A

A+l

Data A+N

FE O FHEAER . BUERIEAMBEKE, W] CASEBUBCK R4 22 (A 19 50t

EEEEEEEEEEEEEEEEE
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1.3 Fak A

o /Eht.ﬁht
> BEREREST, B FERS H AU ASEN— kL,
AH A RPN RS AN 2 2 RS E A AL
» EA = (Rx)+A, Operand = Mem[(Rx)+A]
> ARRSGH, BUIFUTERE, BUFHEFRNASE B 3HTRE.
Rx € (Rx) + A ( #{F#IDatafIFHEN )
> fil: MOV AX, 1000H[DI] (80X86%54)

OP Des Mod| Rx A podt 23

wrerx [ N —»(+) A

A+1
Fht 5 F AR N-+A

Data A+N

AU I U B RME, BHAE

EEEEEEEEEEEEEEEEE
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1.3 Fak A

“* AN -3k
>EHEFHEREE, BRI ESPCENENFES, BSTABRE
HBE RN B E, —F2Z MRBRERT A AL,
»EA = (PC)+A, Operand = Mem[(PC)+A]
>%l: INE A (80X86354)
beq $s1, $s2, 100 (MIPS#E4)

OP Des Mod A TihEae

PC N —<+> A

A+l

Data A+N

EEEEEEEEEEEEEEEEE
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1.3 Fak A

< HERR Sk
>R : —BRNFEXRE. VRPN sLidEH.
> HERRTEET (SP): B —MFER AT, F8 MR TH
> NEi#1E: PUSH Rn, REFHFERRNNIGNLFIFE
(SP) € (Rn), SP € (SP)-2

Rn Data
JEARJESP A-2 . A-D
EARBTSP A R A

HERR

CALET XL 2 EL 2

EEEEEEEEEEEEEEEEEEE

25




]
1.3 Fak A
< HEFR T HE

> HiR#/E: POP Rn, REFHEERNNIGIIFHFES
SP € (SP) +2, Rn € ((SP))

Rn

HARETSP A A
HERJESP A+2 Data A+2




1.3 FHAK - MG

<+ BSREHNIUERN
>Rt ARt Fat

Fit5 BREBRERE | BERSEN | BERNE | BUERE,
HHEEA Operand iHIaR4E
WATES
ERB
VA= 1ES 5o S H &< H ML | Imme. Data 0
EN¥=FER
SEREETU S¥ea RN (Rn) 0
S asEEIut FhE28 (Rn) ((Rn)) ]
EHut Sk FHEs (Rb)+A ((Rb)+A) 1
it S 4t FHEs (Rx)+A ((Rx)+A) 1
XSk FhEs (PC)+A ((PC)+A) 1
AR S 4 FhE2s (SP-A) ((SP-A)) ]

27



BT BORLLSWPSTR

—. KA
1. BLARGMR
2. AR
3. FHHR

. MIPS$84 R %
. MIPSILYRIES
1. %R
2. MIPSILZmT82MFEHE

e

3. MIPSILHwEF




e
2.2 MIPS {§S &%

< MIPS RZRZFICPUE 7}
> RISC (Reduced Instruction set Computer, & mya%
e ETHHEM, RISC) Wit (vs. CISC)

» MIPS (Microprocessor without interlocked piped
stages, TLHIPEBR/KEITMEEES) ,

> B BEIES0EMRW H Stanford K& Patterson HiZ 4 5
BIRF T /NE RS SR, MIPSAFIRIRASFL 2 E
Rt EFFRFIRISCH AL B S,

> 19864F, #EHR2000 (3247)
> 19884F, #EHR3000 (3241)
> 19914F, #EHR4000 (6447)
> 19944, #EHR8000 (6417)
> 19964, #EHR10000
> 19974, #EHR20000

> BAEASEZR: MIPS I, MIPS II. MIPS llIl. MIPS IV 3] MIPS V
> BMARITESIER: MIPS16. MIPS32 & MIPS64
> ERTHFEE EMIPSER R EG T R S e, R R8T

79R4400MC
—50G447

9331CA

29
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e
2.2 MIPS 84 %%t

< MIPS R2000/R3000 EH 7544y

o v
» 32X 32 bit GPRs, $0~$31 Registers
» 32X32 bit FPRs, $f0~$f31
>

HI, LO, PC (FHRHI$84 mfhi/mthi,

mflo/mtlosRSZBL HI, LOZAEEE 58 v v
K7 (A IBIEA ) N /
S 2 7
2L . T/ A 17 v Vv
0 31 0 Hi LO
rl HI ﬁ?ﬁ ﬁ
r2
LO
i
31 1]
ril PC

e ttaNG UNIVERGITY -~ e



e
2.2 MIPS 84 %%:

*+MIPS FFas 2 E

Name Reg. Num Usage
zZero 0 constant value =0({f #0)

at 1 reserved for assembler CHIL 4 Fe (R )
v0 — vl 2-3 values for results (G2 F i [FI{H)
a0 — a3 4—7 ArgumentsGI A H S
t0 — t7 8 —15 | Temporaries(lfH}48 &)
sO —s7 16 —23 | Saved({#f7)
t8 — t9 24 — 25 | more temporaries(F Al AR &)
kO — k1 26 — 27 |reserved for kernel CNOS{R )

gp 28 global pointer (4 /5 $541)
sp / s8 29 stack pointer (F¢f5 %)

fp 30 frame pointer (Mitg%})

ra 31 return address (JALFEIE H i [2] Ha k)

Registers are referenced either by number—$0...$31, or by name —$t0,$s1...%ra.

-, Pt AR fﬁiki‘? 31

NNNNNNNNNNNNNNNNNN
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2.2 MIPS 84 %%t

< MIPSHESERN
> MIPSRE3MIELAEN, 2 EEKERSHER
* R (Register) K4 BNFARRELE, SRETHS
« | Ummediate) KEIEL: FHLIN1640L B EAIERIES;
= J QQump) KBS BEiES, 26/t

> BZ3MNIE4S: add $t0, $s1, $s2 ($t0€P$s1+$s2)

> XtTLoad/Storetd 4, B—JFUAEA: Base+Displacement

> BRNEES A

> 16fI B %

> TREBZG (5O, HEHLBANTFAEEEHES)

> Tk
o —




e
2.2 MIPS ES A4t

< MIPS #E$1ER
»0Op: 6 bits, Opcdoe
»Rs: 5 bits, The first register source operand
» Rt: 5 bits, The second register source operand
»Rd: 5 bits, The register destination operand
» Shamt: 5 bits, Shift amount ( shift instruction)
»Func: 6 bits, function code ( another Opcode)

6 ) ) ) ) 6
RKRY Op Rs Rt Rd Shamt Func
IR Op Rs Rt 16 bit Address or Immediate
JRA Op 26 bit Address ( for Jump Instruction)
9 T R AR 33

e HANG UNIVERSITY -~ e
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2.2 MIPS ES A4t

% MIPSSit AR

1. 57 RT3k

o rs rt Immediate I
2 TFiIFsS3Tht
op rs rt rcd . . - [funct Registers
L Register
3. BE a3 1t
op rs rt Address Memory
|
Fogistor (%) BT nawword]
|
4. PCAHZ 3 kb
op rs rt Address Memonry
|
PC @ - Word
1
s. thAaESTS U
op Address Memory
|
PC - wWord

EEEEEEEEEEEEEEEEEE

34
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2.2 MIPS ESAR%L — HFYXAH

< Load/Store (H#/F4E) 8S

> IRRIR S, MRS EHSFERZAEEEEE
> X FEME— R S a5 : Base+Index

>BEFES: LB (BUEF) « LBU (BABFSET) « LH (BlEE) .
LHU (BAEFESREE) . LW (BUE) « LWL, LWR

>4 SB (BFFEH) « SH (F¥F) « SW (FF) « SWL. SWR
 BHHES
>RBAIGS 1 1KTIS

>BERZE: add, addu, addi, addiu, sub, subu, mul, mulu, div, divu,
mfhi, mfloZs

>BIEE . and, andi, or, ori, xor, xori, nor&
>4 sll, srl, sra, sllv, srlv, sravis

e venatr [



e
2.2 MIPS ES&RL% — R4S RA

< PtEMERIES: ERREFRITIIF
> kTR JRAIES (26hgxti munht) BRAER RS (32f7 K
Fahit)

>HEBIES: | RBIBS, PCrelativeFit AR, HNEFITHZEEI1647
PiBEE LEIED .
>BkEE: J . JAL. JR. JALR

>EF. BEQ (MHZ#%) . BNE (AZ##) . BLEZ (UM TFEHETO
##%) . BGTZ (KXF0#¥#) . BLTZ (UMFO#¥#) . BLTZAL.
BGEZAL

< $FHRIES
>RBAFES

> R SYSCALL
> W7 INBREAK

EEEEEEEEEEEEEEEEEE
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e
2.2 MIPS 84 &%:

+R-Typets &4~
>384 : add $t0, $s1, $s2; t0 € (S1) + (s2)
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

F8 25 20 Op Rs Rt Rd Shamt Func

fe4 4wt | 00000 10001 | 10010 | 01000 | OOOOO 10000

Rd < (Rs) + (Rt)

— Op = 000000 (F/~R-Type)

— Func = 100000 (#£7radd)

- Rs =10001 (F7xsl, $17)

- Rt=10010 (F/rs2, $18)

- Rd =01000 (£7x~t0, $8)

— Shamt=00000 (F/REHE AL

37
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2.2 MIPS SRS (=Rl

Instruction Example Meaning Comments
add add $1,$2,$3 $1< $2 + $3 3 operation
subtract sub $1,$2,$3 $1< $2 - 33 3 operation
add immediate addi $1,$2,100 $1< $2 + 100 + constant
multiply mult $2,$3 Hi,Lo< $2X $3 64-bit signed product
move from Hi mfhi $1 $1 < Hi Get a copy of Hi
move from Lo mflo $1 $1 < Lo Get a copy of Lo
and and $1,$2,$3 $1< $2 & $3 Logical AND
or or $1,$2,$3 $1< $2 | $3 Logical OR
store sw $3,500($4) Mem($4+500)<$3 Store Word
load lw $1,-30($2) $1<Mem($2-30) Load word
jump and link jal 1000 g%lzplc&% Procedure call
jump register jr $31 Go to $31 procedure return
set on less than slt $1,$2,$3 if ($2 < $3) than $1=1

else $1=0

EEE & g si .
It F ARE AR KK
BBBBBB s umiversiry (e ...L.OL.LS,L,--——————————————— .

38



2.2 MIPS 84 &% —— SWAP: MIPSIERERHI
swap:
addi $sp,$sp, -12 , Make room on stack for 3 registers
sw  $31, 8($sp) ; Save return address
sw  $s2, 4($sp) ; Save registers on stack
sw  $s3, 0($sp)
sl $s2, $a1, 2 : mulitply k by 4
addu $s2, $s2, $al ; address of v[k]
" g Iw $t0, 0(%$s2) - load v[k]
Iw $s3, 4($s2) - load v[k+1]
SW $s3, 0($s2) - store v[k+1] into v[k]
SW $t0, 4($s2) - store old v[k] into v[k+1]
lw  $s3, 0($sp) ; Restored registers from stack
lw  $s2, 4(3sp)
Iw  $31, 8($sp) ; Restore return address
addi $sp,$sp, 12 ; restore top of stack
jr $31 , return to place that called swap

39
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BT BORGENPSICR

—. $a4#
1. ELXRGHR
2. BAKA
3. JHHR

—. MIPS# 4 R4
=. MIPSILEIES (H%)
1. B

2.  MIPSICgwtR & MAEfERE
3. MIPSILEGERF




0

P8R

‘.‘ ’
-

CPUM$E &4
SPITHRESRCPURNEET/E
> ANEHICPUE A FEKTE 45

> T‘ﬁ/\ﬁa‘éﬁlnstructlon Set Architecture (ISA).
»>Intel 80x86 (Pentium 4), IBM/Motorola PowerPC (Macintosh),

“FERITE 24

MIPS, Intel I1A64, ...
R(RISC)HIHE %
SMIPS - Bt —ZF A= HE

i RISC ZEMREFEAF]

>MIPS R B, fLFE, DT &

>MIPS FEEBR AR 2N, x86 RN HBIMART I, EEZHE
MHZ|IPC L

EEEEEEEEEEEEEEEEE

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

64-bil processors, 41




TENLRGHIH RS

< TFEILRSGRIA R
> P
>iBH
> FEf
> BN

SRR —#

Computer

Processor

Control

Datapath
Reqisters

[

EEEEEEEEEEEEEEEEE

Memory

Devices

Input

Output

]
oo |

42




B E

Program Counter (PC)
e

-
— -

Cache Memory

Address

Out

-

»

Data In |_>

Instruction Register

ALU

Rs

T
<
-

. °oT

H

Register File

YYY
Y

e

NNNNNNNNNNN ERSITY
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TR aHEARERZHE

Decode Instruction
lw or sw beqz

Read from Reg. File

Reg. File[Rd] = Rs operation Rt

EEEEEEEEEEEEEEEEE [
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A =

< Text: BFAAER
< Static data: &R E
>Flin, CIESFHBSRE, B HEMmS
>$gp FERYIEHN HRBEINEARNE
<»Dynamic data: ¥
>, CHEImalloc, Javad finew
< Stack: %, H3FEHEKX

$sp— /fff fffcyay Stack
Dynamic data
$gp— 1000 8000y, Static data
1000 00000,
Text
pc— 0040 000004
Reserved
0
AT X1 T YL 45

) e AP SIVN o= -
e ttaNG UNIVERGITY - e
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S8iw s S E)

1. ;g4
op | S rt Immediate

2, G

op | rs | | rd |... [funct Registers
' Register

3. HautF4

op [ rs | it Address Memory

Register
I

4. PCiH® T ht
op|rs | Address

Memory

5. thEETI
op Address

Mermory

I 1 1]

o) I F IRT R ERE

S BEIHANG UNIVERSITY
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CHIESEEREGHHRIAE

temp = v[K];
Higher-Level Language v[K] = v[k+1];
Program (e.g. C)

v[k+1] = temp;

Sw  $t0, 4($2)
l Assembler 0000 1001 1100 0110 1010 1111 0101 1000
. 1010 1111 0101 1000 0000 1001 1100 0110
Machine Language 1100 0110 1010 1111 0101 1000 0000 1001
Program (MIPS)

0101 1000 0000 1001 1100 0110 1010 1111

Machine
Interpretation

Hardware Architecture Description
(e.g. block diagrams)

Architecture
Implementation

Logic Circuit Description
(Circuit Schematic Diagrams)

\

o e I

AL X4 €T 47
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MIPS JL4RiE & IR F

Label Op-Code Dest. S1, S2 Comments
move $a0, $0 #3%a0=0
[ $t0, 99 # $t0 =99
loop:

add $a0, $ao, $t0 # $al = $a0 + $t0
addi $t0, $t0,-1 #$O0=%t0-1
bnez $t0, loop #if ($t0 !'=zero) branch to loop

li $v0, 1 # Print the value in $a0
syscall
li $v0, 10 # Terminate Program Run
syscall
‘- RERES ikﬂ‘? —i
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MIPSHE &£

4

L/

HAR. BENBALIRS
TR
PRI

L)

4

L)

L)

“HRBUAMES




]
MIPS#E 4 F#& 2\

+R- Format ( Register )

6 5 5 5 5 6

|- Format ( Immediate )

6 5 5 16

% J- Format (Jump)

6 26

EEEEEEEEEEEEEEEEE [




e R

< E ik la  $s0, table
< BT B I $vO, 10

XY Al move $t8, $sp
X mul $t2, $a0, $al
T2 div $s1, $vi, $t7
X rem $s2, $v1, $t7
S BUR neg $s0, $s0

EEEEEEEEEEEEEEEEEE

51
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MIPS &F1FasHE

F AT BT E
$0 : HEO
$v0 : EREUR[EE
$a0 : RELIESH
$t10 : e B EF
$s0 : BREF5
$sp : FRIBET
$ra : iR[B[HLAHE




/E%ﬁﬁ A RGESUPSIE

. BRI
1. B2 RGHD
2. BAKA
3. JHHR

—. BARSRGNH

1. 8086/8088154 &4
2. MIPSHEL RS
3. CISCERISC
=. MIPSILHIES
1. W
2. MIPSILZ R4S M4 F

3. MIPSILEGIEF
</ 4

~_ I F T IR RRE

EEEEEEEEEEEEEEEEE




]
MIPS#E 4. ZEMER
< F8IEWL
BIER, His, 1, 2
1) BAELRR (“BMERF” ) 2) BIESER (“HIR”)
3) 1st #AEH ( “YEL” ); 4) 2nd BfEH ( “¥E2” )
>iEVERE ER, BT i858 — BRI 45 544 SC B BE ] B
CILRIESH, B —RIEURERPITIESEF R —KFHEIES
< NRFEGRE R, ILHES MIATE, BIERTEFTFE(registers)
SIEILHIES B, FARRAHESRE FEES5CERZEFIESHAMR) ;
> T R HE R4S, R
> B e EEEEA LI, e E, BIRZMR!
< MIPSEH 32184, B— 1T ralEEN32bits ()
> MOB|BLE 2N EFHFBHS, BRTEHSIN, BIMFRELFECHLTF
>EBHESHSI AR S0, $1, $2, ... $30, $31
> BMNFERTR— N2 UEERENELFE
$16 - $23 D> $s0 - $s7, (5CIEFHHETEN M)
$8 - $15, $24-%$25 DSt0 - $t7, $8-%9, (5IRHTEEN M)
< BEEN AL REB T T, DM ]
> B— WIS T B B i VR, # B SREBIMIPSHITER:

EEEEEEEEEEEEEEEEE
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MIPSICZR P HIEAR . BEMBIIEE

< MIPS B0/
>i%: add $s0,$s1,$s2 (in MIPS), ##¥%F: a = b + ¢ (in C)
> ik sub $s3,$s4,5$s5 (in MIPS), fH¥F: d = e - £(in Q)
>CiIBEEH—KIEA a=bt+c+d-e, T[IHRBMEZRILEFERES
add $t0, $sl, $s2 # temp = b + c
add $t0, $t0, $s3 # temp = temp + d
sub $s0, $t0, $s4 # a = temp - e

> 51— % CIEESHIER] £=(g+h) - (i+]) EHRNREFFH
add $t0,$sl,$s2 # temp = g + h
add $tl1,$s3,$sd4 # temp = 1 + j
sub $s0,$t0,$tl # f=(g+h)-(i+7)
< BIEER Zero ML AN %K
> & L F 178 zero ($0 or $zero), R F0
add $s0,$s1,$zero (iNn MIPS); £ = g (in C)
PILAIBRHBERER, LR E 1S
Bitm, STEP¥HN: addi $s0,$s1,10 (in MIPS); £=g+10 (in C)
> iEESaddiB4ERL, BRTRE—NSHALERE T FFH

>MIPSH & LB EHIRE, LB SO SEE
addi $s0,$s1,-10 (in MIPS); f=g-10 (in C)

EEEEEEEEEEEEEEEEEE
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MIPSICZR P HIE AR, BEMBIEE

< BEANEHE PR S
> RAERHERBHTIFEVARIBERSSIER
> B HIE S 2 RN H A% (Ada), HEAL(C)

<« MIPSH2MINBIZHEIES, F—MHESXEWHBUET X
> T TH B BT DARTI H 8 H 7
= add (add)
= add immediate (addi)
= subtract (sub)
> FHR Dl i 7 E
= add unsigned (addu)
= add immediate unsigned (addiu)
= subtract unsigned (subu)

> ks BEhi S @B E SR

= MIPSH K CH 88 = 1%




e
MIPSICSRFHIEAR . BEMBEIEE

< Pr Rtk
>EEF AP RERIR, FRE3I2AEIM I 146 — i HUE
> BB AL ERIE
< BHEERE
> PR B BB R ERT
AND: HHEANEBEONI#HL; OR: 2F — M RINEHL;, #BAA5. TR
> WERAHIEIE
BIERF (18048) S4RTES B8R (FFH8) , BEH2 (FREF/LLEED
and, or: BEB 2R FHF8S; andi, ori: BEX 2L LRI
< BALERAE
>R —NZRI A M R LB R A B — A E
> BALTE 1BV
BER (J844) SZEREFESE BEHL (FED  BAER (<RL2HEER/IFESR)
>MIPS#AITE 4
sll (BHER). £BFHHA0, MBENLEIEL;
srl (BEAR):ABIHL0, MNBERNLEIE
sra (ERGR) ABHFBESMNBHA ST BER, MBENIEIH;
sllv,srlv,srav, BAUERBETFESRT, SEFXSIZAHMBERL

e venatr [




]
MIP S %% #3877 BX

< MIPS HAR{54 R EFFa, PREEERIEAR
< BEAFESEANTSTFERZAEmEITE
<+ WAE|F 78 Load
>EBEREHANER R AN, FERNMEE
A AFEEE R A REE, AFBILEE BIXHAMEE SR
>Load 848k
BIENG, TF%, JERBEFTS)
>LoadtB & #/EMS: 1w
BlF:1lw $t0,12($s0); $s0 FRNEUFFRE, 12 KRARBEE

% FIEFHNTE: Store
>RBEFAFEFPRIBESRNGFRE
> Store5Load8 4 HIEER AR TTE—FHR
BIEN, F5%, JERBEFTR)
> Storetg S #/E: sw
Bl F:sw $t0,12 ($s0)
> “Store #HAE”

e venatr [



]
MIP S %% )38 77 BX

% 84t vs.
> — N AFES A AEAE32-bit FEE
= (signed) int, unsigned int, pointer (NA&HHL), B ERE
* BRI S BRENBERBRERE XN
< Fhk: FAF vs. F
> AEF S —/NF2EA — i, 2MUF— AN ERNES]
> AT BHIRFE T gRAE, 32-bit (4 bytes) FHuhk3% 4351

"= Memory[0], Memory[4], Memory[8], ...

5] F: g=h+A[5]; g: $s1, h: $s2, $s3: AR ML
lw $t0,20($s3) # $t0 gets A[5]
add $s1,$s2,$t0 # Ssl1 = h+A[5]

& FXFF
> TR 1w B R sw, EHFARRME SR E R FIEE N 1% 24K 55
> Alignment(FXt3%): XT 2%@%%&—%2&?&%&%&@

Mk B J5 — AN 163315

1,5, 9, or Dy
2,6, A, or E
3, 7, B, or Fye

59
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MIP S %% #3877 BX

< FABvs. A

>ABRFFERE BA?

> REREBBRAEFHNTERBAETFET, NEFEHNBEARNRF
& FT BIAFEL

>R T BEENGFESTARZEIRFEIE (Lw, sw)h, MIPS BF #F1i1&

ERHES. ZFT: 1b; EFF: sb

> 51w, swikAAHE

Flt: 1b $s0, 3($sl)

ggﬁ _GZW%//‘J-‘@!ZL‘( “V’" + s1HFRIHLHE) FT 75 £ E 75 T 2ls 0 T 112

A2 F I E R 24P H AT A MR ?

1b: MY BEFRAT ST B)ERR R 2414

AHYEER TRIOAEERMAY B @WchardsR)

MIPS AMERNMT REIFE S Ibu

e venatr [




- ]
MIPSIC 4 A B 7 SCHE A
< BEI—NREERTHENL R T BRIERIEE FEARDGEBACH K
REMELRE. ..
>C Ml MIPS#H[RML labelstr% AR “goto”
C: f#fgotoRIEE T AHKI; MIPS: AZiA goto!
< MIPS Hlli#R< (4330
I livisd
= beq registerl, register2, L1;
HHETFCHYP: if (registerl==register2) goto L1
" bne registerl, register2, L1

HHETFCHYP: if (registerl!=register2) goto L1

= J label; Bh&EFFrlabel FrEMIARME, NREF S TM KM
HETFCHF: goto label

= NEIRBIAEXRY, EFF beq $0,%$0,label

if (i == j) f=gth; beq $s3,$s4,True # branch i==j
else f=g-h; sub $s0,$s1,$s2 # f=g-h(false)
) Fi to Fi
f:$s0 ; g: $sl; h: $s2; i: $s3; j: $s4 J n # goto Fin

True:add $s0,$sl,$s2 # f=g+h (true)

EEEEEEEEEEEEEEEEE -~



MIPSIC g A 43 SCHIE A
< ERCHIFENRRIFF; ReEa[] REIHA
do { EER
g =g+ A[i]; Loop: g =g + A[i];
i=1i+ 3; i=1i+ 3;
} while (i '= h); if (i '= h) goto Loop;
g, h, i, IMA[IHEMSAIFTRS$s1, 852,853,554, 8s5
%R HEIMIPS 48 .

Loop: sll $tl1,$s3,2 #Stl= 4*i
add $tl1,$tl,$s5 #Stl=addr A
lw $t1,0($tl) #stl=A[i]
add $sl1,S$s1,8$8tl #g=g+A[i]
add $s3,$s3,$s4 #i=i+7j
bne $s3,$s2,Loop# goto Loop if i!=h

< CHHASMIEIA G
>While; do...while; for

> G —ME A CLA R A M A — RSN RIS, L EEFRFEEHE T
while fl1 for ¥

vf I F AT I RKR 62

EEEEEEEEEEEEEEEEE




]
MIPSILC 4% = i) 43 S FEFR

< MIPS AERXFE4
>1EVE: s1lt regl,reg2,reg3; & X: “Seton Less Than”

if (reg2 < reg3)
regl = 1;
else regl = 0;

>WfARIE: if (g < h) goto Less;
BE g:$s0,h:8s1

slt $t0,$s0,$sl1 # St0 = 1 if g<h
bne $t0,$0,Less # goto Less if St0!=0

»bne M beq B Es|tiE 5 FH & 230K 7 >CH B

ffHslt & bne 84X T Rif (... < ...)goto...

WHARIE>, 2 ? fFfslt & beq EAXER if (... 2 ...)goto...
< AERH HISLEN B LR T H

>slt BRI RA: s1ti

> TS BAFERIES: slty, sltiu

EEEEEEEEEEEEEEEEE




_
#)F: Ci&= Switch i&EF]

< RIEFTBUE NN E TP EFELS, CARBIT:

switch (k) {

case 0: f=i+j; break; /* k=0 */
case 1: f=g+h; break; /* k=1 */
case 2: f=g-h; break; /* k=2 */
case 3: f=i-j; break; /* k=3 */
}

< Fefatbkif-elsei&f) s
if (k== f=i+7

else if (k== ? f= +h
else 1f(k 2)

else 1f(k 3)

1—3,

A EWEf: £:6s0, g:$s1l, h:$s2, i:$s3, k:$s5
< MIPS AT
bne $55 $0 # branch k!=0
add és3 $sd #k==0 so f=i+j
Jj Ex1t # end of case so Exit
L1: addi t0 s5,-1 # StO0=k-1
bne 0,12 # branch k!=1
add sO si,$s2 #k==1 so f=g+h _
j ... Ex it # end of case so Exit
L2: addi tO s5,-2 # StO0=k-2
bne 0,L3 # branch k!=2
sub s0 si,$s2 #k==2 so f=g-h
Exit # end of case so Exit
L3: addi $t0,$s5,-3 # St0=k-3
bne t0,$0,Exit # branch k!=3
. _tsub s0, s§,$s4 #k==3 so f=i-j
xit:

o 9t F AT AR 64
e venat [




BT BORGENPSICR

—. $a4#
1. ELXRGHR
2. BAKA
3. JHHR

—. MIPS# 84 A%
=. MIPSILHRIE=S
1. R

2. MIPSILZRIg & Mg S+
3. MIPSILEGERF




main() {

i i, 7] : BJ‘:@“HQ _‘EI?IE\E i %% ] T h =
e e Lo vl
i mult(j, k) ;

mult(i,i) ;

/* really dumb mult function */

int mult (int mcand, int mlier) {
int product;

product = 0;
while (mlier > 0) {

product = product + mcand; 'ﬁ-/é‘*‘é‘éﬁj uifﬂﬁﬁ%mﬁg?

mlier = mlier -1; }
return product;

}

< AEFRRIERREAAER
& BAFAEAARTE

> iR [E] H ik Sra

> 24 $a0, $al, $a2, $a3
> IR [6]{F $vo, $vil

> AR $s0, $sl1, ... , $s7

BRI

EEEEEEEEEEEEEEEEEE
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SCRFER BT RE AR 2

< ] [ B AT B Bk A7 A 3R [B] M bk B 484
» jal, (jump and link)
> HjalEF/RREARER, RNAFET HAREEAAFRHIEA
< jal 5 5 HiEEAEE
jal label
< jal PUTHBHEHELNZRE ‘1laj’ (link and jump)
> B— (link): ¥ F—#&8 S FEN$ra CHH 2T —%?)
> & (jump): A% E K label ¥ Bk
< FRHEES I, HEIEFAFST AL
jr register
>ERBAAFIEEEH
jal 8RR EI MM FAEEFFE ($ra)d
jr $ra Bk[ElZHk

e venatr [
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RE A

int sumS are(int x, int y) {
urn mult(x,x)+ y;

}
< sumSquarefi A, TMsumSquare X iHmult
> $raP 7 sumSquare E‘JJBIEIﬂiJ.hJ:, HESERH multh &S
> FEAEFHAmMult Z%ﬁﬁ% sumSquare R [FHihE

* BEAESraZ SMFREHERER !

(AN

« Z—A CEFBITH, A3REENAFXEHKTE

>EBAKX (static) : FFEERAEE, —BERFAEH, HIEFIITER
A LiER, RinCEFRNERTE

> (heap) : BIAFHKEZE
> 1% (stack) : BFPATIEFEHKIZE, 7 ARF#EEFFHEE

L Stack | FEEEREEKZNE
$sp 7

pefast Heap Etdm, malloc(); C #84H&
Static | BFFHNERE
Code yEng

e venatr [
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5 I A%

 BF7 AR S spUR A4 M AR 2= 8] 5 S5 4 A8 F A7 B —iR TR £t
s B R, N iZEHEERENZEE, HAXZHESER
> R B CH+ int sumSquare (int x, int y){

return mult(x,x)+ y;}

4

L)

)

<&

L)

L)

<&

L)

L)

sumSquare:

addi $sp,$sp,-8 # space on stack

“FNJSFV’ sw $ra, 4($sp) # save ret addr
sw $al, 0(S$sp) # save y
add $al,$al0,S$zero # prep args
jal mult # call mult

« N lw $al, 0(Ssp) # restore y

POp add $v0,$v0,%al  # mult()+y
lw $ra, 4(Ssp) # get ret addr
addi S$sp,S$sp,8 # restore stack
jr Sra
mult:

69
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VA FH AL

< HWHKPER
> K BERAREERENR
>IMREFENE, fBESH
>jal HH
> MR H Ik B A o< FE
< A RE A AR
>ET jal FESWA, FRH— jr $ra FEAIRIE
>BREABZANMANOSE , $a0, $al, $a2, $a3

>IREMEEHE $vo FINRTE, ALMEM$v1)
> WS ST B A7 A FH#LvE (RIAE B8 AUk 8B i A Bk ).

entry label:
Taddi $sp,$sp, -framesize
sw $ra, framesize-4($sp) # save Sra
save other regs if need be

— P RBHESEH

Body ... (call other functions...)

restore other regs if need be

lw Sra, framesize-4($sp) # restore Sra
addi S$sp,$sp, framesize
jr Sra

EEEEEEEEEEEEEEEEEE

70




MIPS - f7#% 7 i
FHEEO $0 $zero
IC9mas T e $1 $at
1R [Fl{E $2-$3 $v0-$v1
S $4-$7 $a0-$a3
I} B $8-$15 $t0-$t7
RF $16-$23 $s0-$s7
I B} $24-$25 $t8-$t9
W% & H $26-27 $k0-$k1
£ RieEt $28 $gp
FRIRET $29 $sp
e £t $30 $fp
IR [F] sk $31 $ra

>Sat: giRARbER AT RefE R, BRIFAEH
>$k0-skl: BERGMN SR, BREFAEH
>$gp, $fp: AU HE S

71
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T LTE
o Fmn: —ERN—ERT T —AREAH(Gal) 5, WEFERK
EHEREAT, BEAEEsTT
* RRIFF 745
>$0: NEEAE, KIZAZO

>$s0-$s7: ARBE T FERE . ARPAH R ER T80 R R 7 X 4,
B AHER B 2 BT R IX L FF 7 A B R R IR R

>$sp AU T REKE . tRIBEEjal BT ZHTMZ 5 LA RZTE H i FEl—
ANHihE, AR A R TEE MR L IEE R E$E T
>HINT — Fr B R F A28 A STk !
o BRI
>S$ra: . jal KEIFFRXNGFHFAHE, RARSFERLERFERL
>$v0-$v1l &2 . HARERTIIREBIE
>$a0-$a3: =T, WHARBMRERHTHREEERH XL EFRTIME, B
BRI XBERATEE CHRERN
>$t0-$t9: =, AR R BFEATTI AR O] A Frix s sy A2 P B, AR ER
B RERATRECERABXEFFRFRME, MEEREHIS XS ERT
£ H CRRZ A
< A A M A AR RFERFMIIS B EHNIEN MRS Aa{E, FIER

NNNNNNNNNNN ERSITY
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AR P

< BiEKSTENESE BN KENZ B
> RS EREMNRRIEAR—HE—F
> BRI U FAEEANTY, BEE RS
< T THENL R G BRE A
> AT HERENNEEARTEERATHOHRE
<~ FEWER
> ik
- B AMENTFTRRIREE —Mhk, 53X S5BFE R MIAT
IERET

= XL RIBE R & FBURMER R Abug

= HF— N RREARFIEERITRE I “Program Counter”
(PC), MAE LR — N Em N FER a4t

> i HACE AR A
- B #HIEREH, BFERENTELSESRE
= FVLES AR EBATIHRER ( “ Z3EHRE” ) B, DIKRERIER

HI$8 &£ 1T P*F
= B “ME3#REA” RESEAW
o £ J




fEATE L HIET

< BERMNAEE BT K BFRARZ TR (32007 K)
> BN FERE—NT
> 1w, sw IR AT A AFEFR—F

< WARFBRTBSWE?
> THEHLRINRLFO, Frbl “add $t0,%$0,$0” XPiHEHREEE B X
>MIPS JER B 8 R R #HFZFH, 54 iAo !

o —NFF320L, BIATE—NESBILA “FB” ( “fields” )
>N “FBR” ARRERSH—HMER
< AL XA RPISE “FB” WA MIPS ZTFHESEN, &€ X T LT
3Mie S N AR
> |-format(3Z BN Ek& =)
MRS HAE BRI RS, 8w, sw (RBERILEE) PS5 XiEA)
(beq and bne). (ERXFEANLE “BALL” 152)
> J-format(Bh# 5 4% 30)
j’ jal
> R-format(FFaiE )
EHTHAARES




R-Format ¥§4

< UL NEEAL B AN “FB” 1 KD
ocode (6)| rs (5)[rt (5)|rd (5)|shamt (5) funct(Gﬂ

BN FBREWEE HAD-bit (0-31) H6-bit (0-63) KILASEL, MA
B—/N32-bitBH I —H 2

»opcode: 5HANFRE G RERL(FTONRKRFTER-Formatig¥)
> funct: Sopcoded EHER, i€ %%k 4 ERIER)

>rs (Source Register): &R EFBE —MREBNFES

>rt (Target Register): F#TREFHE - MREBH FHAE

>rd (Destination Register): ##18 EFBOT RS R FHH

»shamt: XNFBRHFHEPATBALIZE RN BB KA (X FBRENHITBAL
RIERRLTHEEEO)

EEIINFHFRTE
> AT BUES-bit, T EREBHRRNHO-3LZ FKITA LA SE
¥, XHEF-NFERTERTHIEUERENME2N TSR —4

75
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R-Format 54 H1%1F

opcode =0
+MIPS *Efé'\ funct = 32
rd = 8 (HI4ER)
add $8,%9,510 rs =9 (5F— ZE/EH)

rt =10 (= ZE/EH)
shamt = 0 (FEBAIIES)

Flag® [ o [ o [10] 8 [ 0 [ 32 ]
AR R
[(000000]02001]01010]01000]00000[160000 ]

AR 012A 4020,
+BhE R 19,546,144,

AN HLEHES 184

76
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I-Format 384

L 4

S YACNE GiE R

I-Format 54 |opcode(6) rs (5) | zt (5) immediate(16)|
RE—NMEZBERE5R-formatA 6], opcode BFE R KK B AR

>opcode: K AEE T functFE, opcode fEI-format$g4 7] LAME—Hi xE
—%%H4 (R-format F24~6-biti)FRMIE— A 12-bit FERRKRHE —%T84
HIRE: AT 5HALE SEARE—)

>rs: TN —BRIERF RS (WRA KE)

>rt TR G R 748 (target register)

> LRI E B
v’ addi, slti, sltiu, SERIECEINY BEF ST BRI 32 fif
v' 16 bits = A AR~ 12164 [F] 1 B HUE

v OIXAKKISLRD B A — SRR B R S (1w B sw) N B2 2B T,
B Fs1titg <, ERZHBFA THREE HER

—

e venatr [



I-Format 84K+

S MIPS 54

addi $21,$22,-50

opcode = 8
rs = 22 (RFBEHHI T4

rt

=21 (&4, FHEREH)

immediate = -50 (BRI A1)

TREHIRT 8 | 22 | 21 | -50
kR
| 001000(10110({10101( 1111111111001110

R WAY:: i Eaa
T3t R

0x22D5 FFCE,,
584,449,998, ,




]
I-Format 384 | v i3

< SERIFR KEATp?
> YRERIPHERFZEN T LR SHIEE, addi, 1w, sw fll s1ti 3§
A PAT I ER A 1] fR
>EHRMBRK, FERILERRNELI?EMBEEM—AM-Format$g4r,
BRI AERL: R LEIHRE—N32-bit BB & B4 107
CIRRRTTR
>ERRAETS + FHE4
>ABTURERS REMA—%XFTES KRBT

+#Hf84: lui register, immediate

»Load Upper Immediate
> R—A16-bit L B A FF SR FEI6AL, KaFfFarRi6fi 2 E0

. BIEUR K,
HlF: addi  $t0,$t0, OxABABCDCD X & A A
KRB BN lui $at, OxABAB A
5] B ik ori S$at, $at, 0xCDCD
add $t0,$t0, Sat

>4 %|-formatdig4 R A 16-bit FSRFFEBAL BN E

~ NIt F AT ikxa?




]
% FH1-Format 4> iER): B THEES A X Sk

‘ opcode rs rt immediate ‘

> opcode 1RHH#E4 & beq B bne
>rs Al rt IBHEHEBRI RN TS
> SR H B2
> LEIBAAH16 bits, PC (BFit##%) F32-bit KRN FRITEE; S
BN EE R H 58 B ) P A7 ik

> EEF AR if-else, while, forE N XiEH], —RIGHEERE /)
> REAR S4BT S M2 BBk B4 (3 and jal), ARG ZIES
>EWBHIBMT, S3EAEBE, PC IZRMERMEESIK
> 1E£32-bit 8 AP PAT 4 ZIEAIFIMR R T R: PC-HHXT T4k
> ¥ 16-bit LRI FAME RN, ERES XHBHESPCHI
>A] Py X BIPC L 215 AT IR
> EREN R E 4T ?
> ER: BANRAHIEE — 2 B R AN S S (FXTFF)

> MPCHIN A SLEIE th N iz R AR 5! HEAT A3 BIPCt 215 7787
T (B PCt 277 )

»PC =(PC +4) + (immediate *4)
80




73 SR
Loop: beqg $9,50,End
< MIPS R85 add $8,8$8,8510
addi 59,59 ,-1 .
3 Loop 2
End: 3

beq X E2RI-FormatiE )  SLEIHFEL:

opcode =4 AP CATIN(BRARIR) B8 & 30, B4
e =9 (B RIK) SN P A ESEES
immediate = 277 EiX % beq K43 ¥, immediate = 3
SIS MR
| 4 9 0 3 |

5y X84 I I FR R
‘000100 01001{ 00000 000O0O0O0O0O0O0OOOOOO11 ‘

s 81



J-Format 384

T SCEA)T, REANR D EIARZRIMTT, B AT ATRBIPCHI 2 /L (5
o T —REIBEETES (3 M jal), REAREBEINET A5 HITTH
>N T, T ESEA H—AN32-bit I Al SIFERBBIME

J-Format ?E’é»\‘ opcode (6) target address (26) ‘

> f54F opcode FBE R-format & |-format —kE, 23—l A
> EHARPTR FERANE—#, FRERrpHibREKR: 26bits
> FHFEX5E, TR 2 H 32-bitHihk K28 bits
> FFRImEAMIRSEE X, EFEMNPCH
New PC ={ PC[31..28], target address, 00 }

> HURBHSEFTEE—A-32-bit Hihk, ML EREFFS, FHrigd




BT BORGENPSICR

—. $a4#
1. ELXRGHR
2. BAKA
3. JHHR

—. MIPS# 84 A%
=. MIPSILHRIE=S
1. R

2. MIPSILéwig &ML+
3. MIPSILERF




R
CGiE S 4

< MIPSIC4RH I3FKIEA]
1. W#ATHRS
= CAANESBRA R B TR AT RN, SR EBIZMA A
2. thigSME
 HICHEEFFFRELENTES, WAREARKIE
3. LCéthe4d
= HEEREEALAEEFREGEE, AREXE. TEANGFEES
AEPAT: ILRATES A RIESEN—H 5
< BE—MEA—T
¢ CHRESHEASER
[hna:1 BIER  [8EHY [#7ERE]
>R (T k)
= ppic AL, BAIBRES; BEERHEMAEEHI
> BRERF
= SEERME (b0 add, sub, %)
> BRES
- FRAREFTENEE; TURSFESR, NAETEREH
« REHILSFHINRIES

- $LRE
S FEAEUTASHG FREE




-
R

< DATA, .TEXT, #1 .GLOBL {44

> DATA thi4, BXREFHHER, BRFEEREEZNELSTEX
= LR F 20 B IEH AR B R = (R

> TEXT thi4, B XEFHMREE

> .GLOBL th#4, FH—-NFSRREREE, THEREXH5H
* HiZzhe 4 EH— N EFRK main I8

AN

Title: Filename: Ox7FFFFFFF
Author: Date: HERER HEAR A4
Description:
Input: \l/
Output: 16354 A
#4444 ##E4E## Data segment #####HHHEERHHHBEERERS Hiht-
.data

H o H W

B & X35
S X 38

B

FEESEHHHHH###EEEE Code segment ######EHHESHHHHH###ERS

- text 0x10000000
.globl main

main: # main program entry AR
- .. 0x04000000
1i 0, 10 Exit
i $voO, # Exit program iy
syscall 0

EEEEEEEEEEEEEEEEE [
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< AT ERFHERTNF
> AR HIRBERABE S LT (FR)
< 1EIR
(%7 thieS  #IGME [ #0%RME] . . .
varl: .WORD 10
> TR BIATARAETE N A2 DA 3 1 S A7 1
< HIEHFE S
> .BYTE th#54, SN FHAEER
> HALF th#84, PL16fL (FFK) FEFER
> WORD th#84, PA32f (—AFK) FEHER
> WORD w:n th#§4, 326 HE w A n MU FRIELER)FH
> FLOAT thig4, DLEBEEF R MEEER
> DOUBLE th#84, PDAXUEE R R EFREER
< FREEHES
> ASCIl th#84, N—MASCIFEHFESBEFETFF

> . ASCIZ th¥84, 5.ASCIl th#IE4S ML, (HEFFENULLER
> .SPACE n th#84, ATIREH n PNRVIIEAH) T 43 BL 2 6]

> R RIFR A (BB CIBESHZIE) » “HifT: \n, Tab:\t, 5[H:\”

EEEEEEEEEEEEEEEEE




B8 2 LRI+
.DATA
varl: .BYTE 1, 2,'Z2"

strl: .ASCIIZ "My String\n" yl:ﬁ%{ﬁé%ﬁ%
var2: .WORD 0x12345678

“ ICREFFARE (BR) WEMNSE

> MR B — MR b Hu

varl 0x10010000
strl 0x10010003
var2 0x10010010

strl

3 .
0x10010000 |1 |2 ['Z’[M|y'[" [

0x10010010 {0x12345678| 0|0
va.r2(a|igned)—j

varl

Unused

o
o
o

l\nl

olw
—_
-~
-

e venatr [
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< X35 Huhk R 1A K/ BB H U

> FHIHbHE R A B H A
« Huhk Ry 2f B AR R AL AR 00
> bl R 2 FIREAE
< .ALIGN n f§38<, X TF—AE XHIBEEM 2" FHX55
& T R Al
> AEE X — NN F NI H A M T
> /N E W HERF
* WAL = SRA A F T bk, #F: Intel 1A-32, Alpha
MSB LSB address a a+1 a+t2 a+3
[Byte 3[Byte 2[Byte 1[Byte O] <mmm) - . .[Byte O[Byte 1[Byte 2[Byte 3] . - -
32-bit Register Memory
> KW HEF
« WML = SEA B F T REE, #1F: SPARC, PA-RISC
MSB LSB address _a a+l a+2 a+3
[Byte 3[Byte 2[Byte 1[Byte 0] <=mm) . ..[Byte 3[Byte 2[Byte 1[Byte O] . ..
32-bit Register Memory

>MIPS 7] PL#AE DA _E B Fp 755

88
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ARG

< @ RS E S B A
< MIPS A4t — IR syscall 84, MBIERZSGHREURS
>fFH syscall RGRS
= M\ SVORFFER I BUIR &5 3
= M $a0, $a FEFFETENSHE (WRE)
= Ri% syscall {4

* NERFHFRTHEREE (WWRAE)D

Service $v0 | Arguments / Result

Print Integer 1 | $a0 = integer value to print

Print Float 2 | $f12 = float value to print

Print Double 3 | $f12 = double value to print

Print String 4 | $a0 = address of null-terminated string
Read Integer 5 | $v0 = integer read

Read Float 6 | $f0 = float read

Read Double 7 | $f0 = double read

Read String 8 | $a0 = address of input buffer

$a1 = maximum number of characters to read

Exit Program 10
Print Char 11 | $a0 = character to print
Read Char 12 | $a0 = characterread

EEEEEEEEEEEEEEEEE [
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S N,
** Swap ﬁﬁ (C%‘%?) void swap(int v[], int k)
> B MIPS LB S  ine comp;
¢ D » temp = vkl swap:
K ﬁﬁﬁswapﬂﬁi swap (a,10) :Eﬂl]: E[t;; s11 $t0,$al,2 # $tO=k*4
N > > - ’ add $t0,$t0,%a0 # $tO=v+k*4
>'I%ﬁéﬂa m%ﬁt*ﬂlo{/ﬁﬁ%ﬁ%ﬁ } 1w $tl,0($t0) # $tl=’V[k]
> b ) 1w S5t2,4(5t0) # St2=v[k+1]
> fswapidig, {RAFIR[EIHLhE S5 s oieio) & eegests
$31 = $ra $a0 =v[]1#HhE sw $tl,4($t0) # v[k+1]=$t1
> ATswapid g sal=k, jr sra # return
v v iR [5] HhhkAE
> 3 [E] %o ] Mk ) fra ¥
' swap:
EREE ] . sll $t0,%al,2
... sadd $t0,5t0,8$a0
$a0=54 addr a lw  5t1,0(5t0)
$al=§5 10 lw $t2,4(5t0)
sw $t2,0($t0)
sw $tl1,4($t0)
| jr Sra
$ra=$31 |ret addr|; -~ ° ° @ e

EEEEEEEEEEEEEEEEE -~
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< JAL (Jump-and-Link) : EAH#E4
> B fFas $ra = $31 % JAL FRRFFIR [E sk ($ra = PC+4)
> 8Oy B3 I kR Bk
< JR (Jump Register) : REIFE4
> Bk B 7L F RS (PC = Rs) IR bt FrE s 4
 JALR (Jump-and-Link Register)
> fERd = PC+AH 1% 1R 5] Huhk,
> BhEE B E FF83Rs (PC = Rs) R bt Fr 72 1T 72
> F T8 F 75 1 (M hA AR 33 47 B AT 1)

Instruction Meaning Format

jal  label $31=PC+4, jump | op®=3 imm?26

jr Rs PC =Rs op®=0| rsd 0 0 0 8
jar  Rd, Rs | Rd&=PC+4, PC=Rs | op®=0 | rs® 0 rd> | O 9

91
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A, ‘*'2‘ 3

2R &%

EEEEEEEEEEEEEEEEE

S ILHES PRI EELBENERZESHER
> BT E BENSEURE L /N0 U5 8l B0 X 5
>R E A ISR
< < F 3 PR PR B i) 7 X B
>E e MBS ES (FFB8A); WE HRER (R
< AL BRI FE FLH
>EARE: BB SHUE; 5 A @St
>R E, SPUL BRI F AL
$a0 = $4 .. $a3 = $7 FAXRMSEULE
$v0 = $2 .. $vl = $3 FHiRRAEREEIE
> e RS HU4E R o] DUFE R+
< IBATHR AT
> NE e F AN ARFEREBIEEW
>R E AP R E 7%
> SEHHLE I
< BT R IE T A Ve SE

> HRIEE $sp = $29 (FRFARIN); Mifest $£p = $30 (F&MATEM)

92
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[B] ixtFEHEFF

Array

first —»

last —»

R

» BT

Unsorted

first » 3 3
1 1
max - 5 4
2 >< 2
last » 4 5

EEEEEEEEEEEEEEEEE

Array
first —»

mi—» max value
ES&s
Locate

Max
first » 3 3
1 1
max - 4 >< 2
last »{ 2 4
5 5

Array

first —»

max — e

last —»

max value

Swap Max

with Last

first N
max

last —»

X

|- W
O WEFIDN

Array

first —»

last —»

max value

Decrement

Last

first
max ™

last —

X

W EFIMN

O WIN|F

93



# Objective: Sort array using selection sort algorithm
# Input: $a0 = pointer to first, $al = pointer to last
# Output: array is sorted in place
HHHHHHHAHAHA GRS HAHRHAGR G SRS HA GRS RS H GRS H SRS HRS RS H R
sort: addiu $sp, $sp, -4 # allocate one word on stack
sSwW Sra, 0(S$sp) save return address on stack
top: Jjal max
1w $t0, 0($Sal)
sSw $t0, 0($v0)
SW $vl, 0($Sal)
addiu $al, $al, -4

bne $a0, $al, top # more elements to sort

call max procedure

#
#
# S$t0 = last wvalue
#

swap last and max values

=

decrement pointer to last

lw Sra, 0(S$sp) # pop return address
addiu $sp, S$sp, 4
jr Sra # return to caller
CAER T LT EL S 94
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# Objective: Find the address and value of maximum element

# Input: $a0 = pointer to first, $al = pointer to last
# Output: $v0 = pointer to max, $Svl = value of max
HHAHAHAHAH ARG HRHAHAHAH AR R AR HRHAHAH AR AR AR B RBRHRH R4
max: move $v0, $al # max pointer = first pointer
1w $vl, 0($v0) # Svl = first value
beq $a0, $al, ret # if (first == last) return
move $t0, $al # $t0 = array pointer
loop: addi $t0, $tO0, 4 # point to next array element
1w $tl, 0($t0) # $tl = value of A[i]
ble $tl, $vl, skip # if (A[i] <= max) then skip
move Sv0, $tO # found new maximum

move Svl, $tl
skip: bne $t0, $al, loop # loop back if more elements

ret: Jr Sra

A2 Xt EL 2 95
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int fact(int n) { if (n<2) return 1; else return (n*fact(n-1)); }

fact: slti $t0,%$a0,2
beq $t0,$0,else
1i $v0,1

(n<2) ?
if false branch to else
Svo = 1
jr Sra return to caller

else: addiu $sp, $sp,-8 allocate 2 words on stack

sSwW $a0,4 ($sp) save argument n

sw Sra,0($sp) save return address
jal fact call fact(n-1)

1w $a0,4 ($sp) restore argument

1w Sra,0($sp) restore return address
mul $v0,$al,$v0 $Sv0 = n*fact(n-1)

free stack frame

#

i

o

i

i

o

#
addiu $a0,$al0,-1 # argument = n-1

#

#

W

#

addi Ssp, $sp, 8 #

#

jr Sra return to caller

EEEEEEEEEEEEEEEEE [




