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CPUA{g 4%

< MITIESRCPUMEET /£
+ REMICPUE FRIEES
> A& HInstruction Set Architecture (ISA).
»Intel 80x86 (Pentium 4), Intel 1A64
»|BM/Motorola PowerPC (Macintosh), MIPS, ...
< FEEIESE RISC) T
“MIPS — RE—REFHEM RISC REPEZEHAT
>MIPS i, fRHE, DEATHTER
>MIPS ZER AR T Z N A
> TE A CISCREIIx86E DM ABIK AR , EL N ARPC L

AL LT T 3
T HAER ARG
< THEH RGBS RE AL
>
>iEH
> TEtE
>EIN . Fid
< FARREEEBRN—E D
Computer
Processor Memory Devices

i
Datapath || L Store (to)
) Output
Registers g

N~

T R AR 4




BB
Program Counter (PC)
e
Cache Memory
Instruction Register
Out ——[ T[] | ALU
> Yy
Rs -
Address —|
. P
Rd —
= - —
»
Data In — | 4
Register File
R E T RAAS 5

%ﬁ%ﬁiﬁ Number Value Name

R R Bl {E

REALB SR

I o B 5 A 2%

RIFFE

P E R TR 6
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rogram Counter (PC)
B e
Address Instruction Register (IR)
13]04]0 0 |f_Op-code [ R | |
4 [1]o]s]o 9 F»_ s [ o [ s | o | ]
8 0l4l8[4 32
12 5[8lofo -1 Addrb‘ l Ame
s |s[slofo 3 0 0 szero
_& 13[o]2]0 1 1 60 sat
2 Jofofo]o 12 2 8 S0
2 Jofofo]o 0 3 0 Sv1
32 3|/4|5]|4 0 4 17 $a0 ALU
3 |ef3f7]1 2 5 0 sal
40 [ofofofo 0 [ $a2
4 Jofofolo 0 7349 $a3_ Rs
48 |ofo]o]o 0 8 7 0 7| 0 —
52 Jofoo]o 0 9 1 st1
s6 |6[ofs5]3 0 10 = stz
60 Jofofofo 456 1 0 st3
64 |ofofofo| 2ms E 777 sta
68 Jofofo]o 890 (<] T $ts
72 ojojojo -234 14 21 $t6
7 Jofoo]o 67 15 17 st7 >
g0 Jofofofo| am 16] 349 $50
8a |ofofofo| ee12 17 66 $s1
88 |ofofofo| 4s63 18 78 $s2
92 [o]ofofo 0 19 98 953
% |ofofofo Al 20 34 $s4
100 [ofofofo] 223 21 12 $s5
104 Jofofofo 4567 22 56 356 o | Rt |
108 [ofofofo 36 23| 123456 $s7 7 7 -
12 |ofofofo 1 248900 st 7
16 [ofofofo 3 25 345678 sto
120 [ofofofo 2 % $k0
124 Jolo[ofo 36 2 k1
128 Plojo]o]0o 23 28 sgp
132 [oofofo -99 20[ 400000 ssp
i olofofo 0 30 stp
1,087,418,2h3 ofololo 0 31 48 sra
ALU-OUT
: 7 e
ALY S ET S Reg. File 7

FHBA LN R TR

Decode Instruction
lw or sw beqz

Read from Reg. File

R-Type

Reg. File[Rd] = Rs operation Rt
]

it E TR AR 8
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PR

»Text: BFAEE
% Static data; &% E
B, CESHFHEBSETE, ¥ES AN
>$gp FEARYMEHNE + RB BRI ABRAE
“*Dynamic data: 3
>im, CH KImalloc, Javadt finew
< Stack: ¥, HINFMEX

$sp—= 7fFf FffCna,

Stack
Dynamic data
$gp— 1000 8000y, Static data
1000 0000,
Text
pc— 0040 0000,
Reserved
0
R T RARE 9

F AR X =R
1. sz R0t
[op[rslrlllmmedimel
2 FHEEJH
[ op [ s l n | rd | . [fund! Registers
[ I Register
3. EutSat
[op|rs | n| address | Memory
| Register | @—‘ E Word
% -
4. pCiRw T4k
| op | s I rt | Address | Memory
| PC | Word
s thEESH
| op | Address | Memory
|
O
e A |
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LHRBETEERGEMTHALE

Higher-Level Language
Program (e.g. C)

Compiler
A 4

Assembly Language
Program (e.g. MIPS)

v Assembler

Machine Language
Program (MIPS)

Machine
Interpretation

Architecture
Implementation v

Logic Circuit Description
(Circuit Schematic Diagrams)

it E TR AR

temp = v[k];

v[K] = v[k+1];

v[k+1] =temp;

Lw  $t0, 0($2 i =

L $E1. 4E$2; ERE. ERHMEAE

Sw$t1, 0($2) B HgmE AL ER 3

Sw $t0, 4($2)

0000 1001 1100 0110 1010 1111 0101 1000
1010 1111 0101 1000 0000 1001 1100 0110
1100 0110 1010 1111 0101 1000 0000 1001
0101 1000 0000 1001 1100 01101010 1111

(1

Register File

11

S1, S2 #Comments

$0
99

#3%a0=0
# $t0 = 99

$a0, $t0 # $a0 = $ao + $t0

$t0, -1
loop
1

10

MIPS JL4%& & A2 /4 )

Label: Op-Code Dest.
move $a0,
li $tO0,

loop:
add $a0,
addi $t0,
bnez  $tO,
li $vO,
syscall
li $vO,
syscall

it E TR AR

#HO=%t0-1
#if ($t0 != zero) branch to loop
# Print the value in $a0

# Terminate Program Run

12
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MIPS3#4 &

CHAR, BERNMBAIES
SRS

XF LSV S E i
B HTES

R R ARE 13

- e
MIPS$84-F#& X,

“R- Format ( Register )

6 5 5 5 5 6

|- Format ( Immediate )

6 5 5 16

“J- Format (Jump)

6 26

oI AR 14
’ e




thg4~

< B bk la  $s0, table
AR li $v0, 10

¥ > 25| move $t8, $sp
I mul $t2, $a0, $al
B div  $s1, $v1, $t7
wRER rem $s2, $vi, $t7
S EUR neg $s0, $s0

A ]
MIPS ¥ % %3

HBmEIIEL 2
$0 :HEO
$v0 : ERFUR[EHE
$a0 : B fLIESH
$t0 : N R EHFFH
$s0 : RIFFFFEE
$sp : tRIEE
$ra : IR[EHBHE

it E TR AR 16




¥ A 3944 % 5MIPSIC %

=. MIPSILHES

MIPSIC#wig & FIFR & F

AL T T S 17

A ]
MIPSiC4mig SFNIESF

+MIPSIESiEE. TEMTRE
+MIPSICRAPIIER, BENBILEE
<+ MIPS;C4RFRRIEIHEEFEN

<+ MIPS;C#wrhRY 93 SZFTETR

< MIPSiCHRRAIEREL

<+ MIPS|CHRHIIFERITBLE

<+ FIEEFRSHMIPSIESE

AL T T S 18
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MIPS 384~

S TRLEIL
WAER, HR, W1, W2
1) e TR CBRERET D
2) MR (“HIR”)
3) 1st HAEH (“UHL” )
4) 2nd HAEH ( “BH2” )
TERIRR B 2 Y
> 1 AMRAER, 3 MRER
> I S I 2 B AT B S B 2
CILHES T, B RFEURRMTHRLSETH KR EES
+5CER (AR EHEREETFES)AR, BTILHASE
NPIT—KILH RS
>C B Java BHEEEIITIOIE B FMIRIE, +, -, NEX

it E TR AR 19

I
MIPSIL%4 X &: ¥ 4% (Registers) (1/2)

< 5SREEFEITE S CRIavarfm, ILRESATHER
>Why not? FREFREM: A

SILHIE S MRIEBH R (FHFS) registers
> BEAEM LI, BHERR
> T W3R AR S R BEAE A 7788 b g Ak

SR FAREEEHBEASSIE, Efl—e B!
SEY FEBZEEEERMGE LI, eAmeRMR e T
THEErIEE !

> g MIPS RIEBUFFAHE, UMEREEE. AR F7S
SMIPSH 324 H 1758

> M A327 1R I BRI
S F—MMIPSTHFF2E 1 T A 32bits

>MIPSH, 324 IR A A E—RRA—A F

it E TR AR 20




MIPSIL4 % &: 4% (Registers) (2/2)
< MOB31L5 32N 2w 5
>EANTEBRRTAERSS, CHEACHEF
Yt Rl
$0, $1, $2, ... $30, $31
SHAE: BMNFERTN ML FEUESAENE S
$16 - $23 = $s0 - $s7
(HCEE PR BN M)
$8 - $15, $24-$25 > $t0 - $t7, $8-%9
(5 it R B3 )
SHEEBROT, FHLFRIEEFFE, XFETTUS MM
At
AL T T S 21

- =
C,lJavaZZ®vs. 48

“CiEE (URRMRSBREEFES) FIHE
REFBEILFHRA— MG ERIRE
> Bl

int fahr, celsius;

> AR R HHBERIECHHE HRBARE L —A
{H (int5charAEARR, TRERE)

CHEILGRES B, F7raR A EE7 Rt
ARAB R R R 1 L 7 77 2%+ 1 B0 0B 2% T A
ALSE

it E TR AR 22
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VER o5
S S — AN AR AT R Y v R
< # B RBMIPSHIER
>0 # S5 TR BIAT R I AR AR, I A

R HCESHK S
>C BH —MEREER

/* comment */

X5 AT ABS R AT InvERE

it E TR AR 23

A ]
MIPSILC g 1< A7l A% =\

+MIPSIEAEEE . BEMTR
*MIPSICaHRIEA. BEABLAIZH
“* MIPSIT 45 = FI 505 77 B

* MIPSIC 4 = B 20 STRIE 3R

“* MIPSIL 4 B B 3

< MIPSIL 4%+ I & A28 LTS 40 %€

CFERE S RIMIPSTE&F

it E TR AR 24
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MIPS % & ha/,
& vk

># T add $s0,$s1,$s2(in MIPS), ¥4 F: a = b + c(inC)
‘:‘W&

>BF: sub$s3,$s4,8s5(in MIPS), 1% F: d=e - £(inC)
YCEEP—KEAJa=b +c +d- e

VS EZ (iR

add $t0, $sl1, $s2 # temp = b + c

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

sub $s0, $t0, $s4 # a = temp - e

* CHE—TEA A IF A ZTHIMIPS
>IN, BHATH S TH BB AR 2 AR R R
S H—4CESHWIER: £ = (g +h) - (i + 7)
> E R ImN R A
add $t0,$s1,8s2 # temp = g + h
add $tl1,$s3,8s4 # temp = i + 7
sub $s0,$t0,$tl # f=(g+h) - (i+7)

it E TR AR 25

P
FHE Zerom LB

o — MR RISL RIS, B0, RS E I

BN EES zero ($0 or $zero)

add $s0,$sl,$zero (in MIPS)
£f =g (inC)
> %8184 add $zero,$zero, $s0
< ILENBRHER &
>AERSFARE M, FrolE T4 LB e X T — &g 4
RRVAE g
addi $s0,$s1,10 (in MIPS)
£f =g+ 10 (inC)
>EEEaddfg 4R, BRTBRE—ISEARERET H75
< MIPSH B S BI S B vsis
> AT et R F5 e SRR T
addi ..., -X = subi ..., X => fillEH subi
#IF: addi $s0,$s1,-10 (in MIPS)

f =g - 10 (in C)
it E TR AR 26
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FAREF P e h

< KA HE BT ENE RO BERRTIEN

e Flan (AR5 ED

+15 1111 R MRRA A AR,
43 0011 BTl T AR G R
+18 0010, B+2, &RMET

+ FEESSEIRN LA (Ada), FEAL(C)
* MIPSH 2Fi(+,- )2 HI8S, RS XA WMHELETT
> T TETHY BT LA H 8
= add (add)
= add immediate (addi)

= subtract (sub)
> TR ALt w8 i 5
= add unsigned (addu)
= add immediate unsigned (addiu)
= subtract unsigned (subu)

< GiERS BIPEAERIEH S KR
>MIPSH [ Copik s &AEH

- addu, addiu, subu
ALY LT ET 27

. =
L

CHEFFRTHERITR, FRR32BMHIAL,
AR — A28 I BUE
> BN 832 2L A R, AR R A & 8
B AL A IA B AL, T AR EE
> BB AR

it E TR AR 28
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iR

PR AR B EHRAERT
>AND: SN SR A Lk 1
»OR: Z/DH—ALNHIRL
“BEIBLHIEE
BAERF SRS, RS GFFES) | 20 B (380 BE0
SBIER (384 4)
>and, or: IHMIELSHIBE=ASH (B2 BIEH0) MEFHES
»>andi, ori: XEMIELSME =S5 (BI2nd Hie¥) 452 RI%

CIEALE . HRALER

>C: #fiEs, (Wi, z = x & y;)
>Co e |, (e, z = x | y;)
AL T T S 29

|
HAda 4
o AR R ZE BRI 352 HO R

“ AR B
BRI SRTAE S RER (FHFR)  BAE (SLHFEFTR

AN
s Ml PS@&LTE"% o . 0001 0010 0011 0100 0101 0110 0111 1000
>sll (BBAR) L¥IFHI0, MBERIEE
(C':F'ﬁ(J<<) 0011 0100 0101 0110 0111 1000
»srl (&ﬁ:?ﬂ%)?&ﬁ%#ﬂil 0, RrfEk T 0001 0010 0011 0100 0101 0110 0111 1000
. ’
(CI:FI E(J>>) 0001 0010 0011 0100 0101 0110
»sra (ERA®): AR IFEEZMMIE ST BIER, SBEAHI%
001 0010 0011 0100 0101 0110 0111 1000 001 0010 0011 0100 0101 0110 0111 1000
0001 0010 0011 0100 0101 0110 1001 0010 0011 0100 0101 0110

< MIPSHE R B E AR 2
»sllv, srlv, srav
> EF AL A B B A 2 5 R, BB T AT
* IFRRIFRSERUE, B REER BB
a *= 8; (inC) — sl1 $s0,$s0,3 (in MIPS)
< B, ARG BnALEZRR L2

I E AL TR 30
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MIPSIL4mig & MIg 4+

+MIPSIEL L. REMER
“MIPSICHTFRIHEAR. BERNBLAEH
“ MIPSYL 4 1 B $E 77 L

“* MIPSIC 4 = 1 20 STRIE R
“*MIPSIC g%+ ) o 0

MIPSIC % I & 77 28 L 40 %€
CHEREFBSHMIPSIR&F

AL LT T 31

. =
MIPSIC 434k A4
S CRBHBS B FFLE MRERBHIELSH, A
ZBATIE?
>MIPS HARFe4 RT3, FREERIEANTF
SHIEFRIELSENFSFERZ HAEmEE

> WIS F 1788

> HIFREINTF

computer A AEAS B S TEAL IR
Processor Memory Devices BORERT; MEBREH

ENFF, BRIV E L
nPd BENTEB BT
Store (to) ﬁ%iﬁﬁ‘ﬁ%'ﬂz, ﬁ)ﬁ%ﬁ'ﬂ]

L . S K s
[1oad (from) BTG, FRHE

[5] Py 77

Datapath
Reqisters

(st G LTI AAF 32
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HEHR: NWEIFTHE

< BB E U I NI B4R hE, TERNHEEE

> —ANg ) NS TR AT A — AN R B B

> RATRE M WA hbk T8 5 R IX B AMEA T B A
57 8 ($t0)

> R3S o HE R B 7 Xt Ribak, 500k 8 bytes
< Load f§4i&E

BEE, 4%, SERBERZFER)

»Load¥E 4 #EN: 1w

BlF: 1w $t0,12($s0)

SEBUN$SOF RS MM, 0 £12 bytes MWES &, KX B/ MEAR I EY
BERMETRRIAFIIE, RIE, K AF %I R BUE R
$t0,

> $s0 N EIEFF 7SS, L2 KA MBE

> ImB B4 H IRV 1R BUH BRE M4 T TR B bk A A AT i 4 B
gg%%ﬁﬂﬁﬁk (EBMB R UDIR—A Y ER I LT ER
BHFE)

AL T T S 33

A ]
BEAR FHBINA

CREFFETRBESHRNFPE

<+ Store5Load$g 4 HIEER A TE R
BN, FA%, JERBEFES)

+MIPS $§4-%: sw

B+: sw $t0,12 ($s0)

SEE i $sOh A IR 4T HIME, I L12 bytes, 75
HPAME R, BIRES R B AR, RE, #$t0
BRI P i ik AT

it “Store BERE”

AL T T S 34




[
a4t vs. f&

@ —ANFEHRP I AEME32-bit EE
>EW PALE—A (signed) int, —f*unsigned int, —4*
pointer (A fFHilL), B HBRARRE
PIRIE Tadd  $t2,$t1,$t0 H4A $t0 5 st1JHFRH
ARG, GREZEFENME
RS T 1w $t2,0($t0) B4 $t0 B —EERE bk
{E (pointer)

it E TR AR 35

P
Fak: FP ovs. F

S HNEPHE—NNFEEHE -, RUF— AN BHR RS

< B TFEIIZ 4L, RBCIESHTREA T

»Memory[0], Memory ;1] , Memory[2], ...

EIESE
235 [ (4 bytes/word) ) R it o B E iy 7 8-bit ¥ (byte)
S ARITEN T T gmak, 32-bit (4 bytes) F-Huht#k 4351
»Memory[0], Memory[4], Memory[8], ...
SR BEEFECES FHIALS]
g =nh + A[5] ; g $s1, h: $s2, $s3: ARFEHLIE
>EE, BEEANERDFESE:
1w $t0,20($s3) # $t0 gets A[5]

>RE, BeShiEm, Rkl
add $s1,$s2,$t0 # Ssl1 = h+A[5]

it E TR AR 36




|
St
S FAT R R R ot

>EWRR 1w B sw, HUEFFRIME SMBERNMBLR N ZRANEE
2 MIPS BESR A B2 M B R4 e

> Alignment(ZXf55): SRR GEHIE— & B A KB

0} 1: 2! 3 ntg@iE— 163

XITFHT
S 1, 5,9, or Dy,
);Fij 2,6, A, or B,
Vo 3,7, B, or Fy
s i 37

- =
FHBvs. AHE

CBEHUFERBLEA?
> aERSHRZEMANTEREESERT
> NEAEFH BIBAER R spilling

L AT ARMETE R R MBEFFRE?
> ARRR:
FIEBULAFER

>MIPS THERIIE S FHAT — K180, AT LUNP R RAER R, 5
gR, —~RERFAFHEET

>MIPS HREEBRBE LR —FIBLT, NEFBRE - RIZREHIE

it E TR AR 38
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BlF1
MRTECEZTHFRIRER *x = *y BFER MIPSIC 0: A
mPIR4L, BAFEARIEFIIE? 1: B
(B5Ex, v IRE- A HIFFETE 550, $s1H) 2: ¢
A: add $so0, $s1, zero 3: D
[2: E5F |
B: add $s1, $s0, zero 5: E5G
. 6: FHE
C: 1lw $s0, 0($sl) 7 Fom
D: 1lw S$sl1, 0($s0) 8: HHG
E: 1w S$t0, 0($sl) 2: GoH
F: sw $t0, 0($s0)
G: 1lw $s0, 0($St0)
H: sw $s1, 0($t0)
s i 39

- =
%52

S RMFETHE TIES:
int x = 5;
*p = *p + x + 10;

+MIPS (5 $s0 7 p, $s1%FX)

addi $s1,$%0,5 # x =5
1w  $t0,0($s0) # temp = *p
add $t0,$t0,$s1 # temp += x
addi $t0,$t0,10 # temp += 10
sw $t0,0($s0) # *p = temp
IR AT RARE 40
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F P 8 AR

SR T REENFSFARZAIEFEE (1w, sw)Il,
MIPS &H #FETFEE T84
>EEY: 1b
> BT sb
51w, swig X tHE
>flil: 1b $s0, 3($sl)
> R FFHBIRAHAH“3” + s1F HIHLHE) Frirrapg S (7 W 2s 0
1EH I ZF .
< BA2MLH I HR2403HTTAT A WE?
> 1b: MR R (SR AR ST ) EARI R 2447

XXXX XXXX XXXX XXXX XXXX XXXX X
— B 2
.. B LRRI244L “FF S R
> FLEER T RATA B ALY B(charkH]) X—fr
> MIPS AMEFAMY BITE4: lbu

@ RIS 41

A ]
MIPSIC 4 5% MTE ¥

+MIPSIEAEEE . BEMTR
“MIPSICaH IR, BEABLAIZH
“* MIPSIT 45 = FI 505 77 B

> MIPSIC 4 = B 20 STRIE 3R

“* MIPSIL 4 B B 3

< MIPSIL 4%+ I & A28 LTS 40 %€

CFERE S RIMIPSTE&F

@ RIS 42




<« HErALE, ROV HFHELSHWERELEENTRS ... ...
BAMR T —MHHE

“ AT ER—ARERTEN, RIMNFERE RS &
HWT REFEEBE ...

% C Ml MIPSHER AL labelstnss AR H “goto” AR
15 ks ik 2=

>C: ffHgotoIEE R HHE; MIPS: JiFH goto!

it E TR AR 43

- =
C ¥\¥f: if i 4)

< CHABEBWRIHER

»if (condition) clause

»if (condition) clausel else clause2

< RAT EEE MBS EWLT
if (condition) goto L1;
clause?;
goto L2;
L1l: clausel;

L2:

S AMif-elseF L RAHE, HEME —F

it E TR AR 44
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MIPS #|B7$84~

< MIPSH ) ] +5 4

>beq registerl, register2, L1
>beq = “Branch if (registers are) equal”

HETCHH:

if (registerl==register2) goto Ll
SMIPSHIEF —PME5HEA RS
»>bne registerl, register2, L1
>bne = “Branch if (registers are) not equal”

A FC2eh:

if (registerl!=register2) goto Ll

WRRA &S

it E TR AR 45

- e
MIPS ‘Goto’ #§4~

SRR T FAMD LB, MIPS BF A5 52
j 1label
> B R4 Bk BlhnElabel FrAE MIARAD, AHEWRAF&K44F
“5CHfjgotoiEa] FHEMF
goto label
* NEARIIAER Y, EEUTSEMEA
beq $0,%$0,1label

it E TR AR 46
’ —_— ]




MCHifiE &) B|MIPS

(false)
S CHEE TR A (ve) =115

if (i == j) f=g+h;

else f=g-h; |f=g+h| |f=g—h|

B A PR o A
£f:$s0 ; g: $sl; h: $s2; i: $s3; j: $s4 it
S MIPSAAG

beq $s3,$s4,True # branch i==j

sub $s0,$sl,$s2 # f=g-h(false)

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

ER: mMESTELEANEN B3 E AR Nlabel £PAT
432, FrUABRAMECHIfE R A BlgotoMlabel

it E TR AR 47

CLES
“CHIEH, BREAl] RERHA

do { EER
g =g + A[i];
i=1i+3;
} while (i !'= h);
B e £ A DA e gt
g, h,i, |, A[TBIZEEHEAF RIXT N $s1, $s2, 653, 654,85

< MIPS {55
Loop: sl1 $t1,$s3,2 #Stl= 4+*i
add $tl1,$tl,$s5 #Stl=addr A
lw $t1,0($tl) #s5ti=A[i]
add $s1,$s1,$tl #g=g+A[i]
add $s3,$s3,$s4 #i=i+7j
bne $s3,$s2,Loop# goto Loop if il=h

<+ CH A IMIEIF G

>»While; do...while; for
> —F R DU AN A A — RN RIE, FEREF SR T

while fl for fFH 48

Af[i];
3
h) goto Loop;

Loop: g
1

n+ +

g =
i=
if (i !

it E TR AR
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MIPS ¥ 84 R % X,

+MIPS A&ERIE4
>1B¥k: slt regl,reg2,reg3
>& X: “Seton Less Than” ( ‘set’ ¥{EH1)
if (reg2 < reg3)
regl = 1;
else regl = 0;
P W RIZZXHERER]: if (g < h) goto Less;
» MIPS 1% (8% g:$s0,h:$s1)
slt $t0,$s0,$sl1 # St0 = 1 if g<h
bne $t0,$0,Less # goto Less
# if St0!=0
# (if (g<h)) Less:
< TFEE $0 R R 0, Frbl bne M beq H ¥ 7EsItiE 4 5 H F 73R 0K
43 3 Wt
fFfs1t & bne F§LFTRRLE(... < ...)goto...

S ifRIE>, 22 WinEs?

s i 49

regl = (reg2 < reg3);

I
REXT LB AT

wslt FEARISLEIBARA: s1ti

if (g >= 1) goto Loop

Loop: co. .
slti $t0,$s0,1 # St0 =1 if
# $s0<1 (g<1)
beq $t0,$0,Loop # goto Loop
# if St0==0
# (if (g>=1))
fffslti = beq 58X R R if (... 2 ...)goto...
P EEAERIES: slty, sltiu
ET RS HERNGEREN

nwo—=< |0

s i 50




e
MIPS &5 vs. &5

LB LA PR PT /B StOR$ t1HIME

($sO=FFFFFFFAH , $sl=0000FFFAH)
slt $t0, $s0, $sl
sltu $tl1l, $s0, $sl
+MIPS F B/ S5

SERSY RBIEFSY R
(1b, 1bu)

> (A% H
(addu, addiu, subu, multu, divu)

> BRSBTS R
(slt, slti/sltu, sltiu)

s i 51

-
#)F: C3&F Switch 3&4)
< BB EE MANETHIEFE LA, CARBEIT:

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 */

}
< SR kif-elseid )
if (k==0) f=i+7;
else if(k==1? f=g+h;
else if (k==2) f=g-h;
else if (k==3) F=i—j;
LEWEf: £:$50, g:$s1, h:$s2, i:$s3, j:$s4, k:$s5

< MIPS AT

bne s5,80,L1 # branch k!=0

add $s0,%$s3,8s4 #k==0 so f=i+j

i Exit # end of case so Exit
Ll: addi $t0,$s5,-1 # St0=k-1

bne t0,$0,L2 # branch k!=1

add $s0,%si,$s2 #k==1 so f=g+n

j ... Exi # end of case so Exit
L2: addi $t0,$s5,-2 # S5t0=k-2

bne t0,$0,L3 # branch k!=2

sub $s0,8si,8s2 #r==2 so0 f=g-h

J.o. Exif # end of case so Exit
L3: addi $t0,$s5,-3 # st0=k-3

bne t0,S$0 Exit # branch k!=3

. s s0,8s3,8s4 #k==3 so f=i-j
Exit:
it E TR AR 52
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A ]
MIPSIC 4 5% MTE ¥

+MIPSIEAEEE . BEMTR
“MIPSICaH IR, BEABLAIZH
“* MIPSIT 45 = FI 505 77 B

* MIPSIC 4 = B 20 STRIE 3R

> MIPSIL % i B

< MIPSIL 4%+ I & A28 LTS 40 %€

CFERE S RIMIPSTE&F
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C &

main() { .
int i,j,k,m; WL fE B GR FEA FIAR T
i = mult(j, k);
m = mult(i,i);

}
/* really dumb mult function */
int mult (int mcand, int mlier){
int product;
product = 0;
while (mlier > 0) ({
product = product + mcand;
mlier = mlier -1; }
return product; 4484 FT ASEBX AR ThRE ?
}

s i 55

LT FR A
S MR IEZREFHER
» A
> 3% [a] #b ik $ra
>S5 $a0, $al, $a2, $a3
> iR [B{E $vo, $vi
>R R $s0, $s1, .. , $s7
R IEEN R

s i 56




FH 2 GFE4A(1/3)

C ... sum(a,b);... /* a,b:$s0,5s1 */
}
int sum(int x, int y) {
return x+y;

}

address
1000
V' looa MIPSH BT 8 4-#8 H 45T,
S T * BREE— RN (F
1016 HEFES) , XERHIEERE
5882 P70 B Bk

IR BT R $54(2/3)

C ... sum(a,b);... /* a,b:5s0,5s1 */
}
int sum(int x, int y) {
return x+y;
}
address
1000 add $a0,$s0,$zero # x = a
1004 add $al,$sl,$zero # y = b
1008 addi $ra,$zero,1016 #Sra=1016
1012 3 sum #jump to sum

1016 ...
2000 sum: add $v0,$a0,$al
2004 Jjr $ra # new instruction

nwo—=<

B+ AR rTRR 2
sum FTSESWE N EEAR , RESEERIRA BRI !
AR —E ISR RO

it E TR AR 58
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e
X RHARRITEE(313)
W] Al AT F B A 7 A% IR R st ik 0 96 <

» jal, (jump and link)
1008 addi S$ra,S$zero,1016 #S5ra=1016
1012 j sum #goto sum

W BERARE
1008 jal sum # S$ra=1012,goto sum

< FjalfFRRBOIRAER, RNATFETHABEANER
k48 5
“*jal 5 j KIIEEMRA
jal label
< Jal PATHPBRIENIZLE ‘1laj’ (link and jump)
>H—H (link): ¥ F—FKBSHUFENSra (BHAT—F?)
> (jump): % 5E Hilabel Bk
< FABEBIES jr, B2 T A AR bk
jr register
>ERBORATEEFH
jal $R4¥R B b FA S EE F A7 2% ($ra) P
jr $ra BkElZHuL

AL T T S
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A ]
HREF A

int sumSquare(int x, int y) {
return mult(x,x)+ y;

}
< sumSquareff i, TMsumSquare X ifHmult
> $raPfEffE sumSquare MIREIMAL, ERLSERA mMultEES
> REAFAmMuUIt ZATFEME sumSquare IR[EIHHE

S TEESraZ SMAEHERE R !
S Y¥— C BFETH, AIREERNNFX IS
>HAKX (static) : FEHESEE, —BEFFH, HABRFIITERER
A&k, HWCEFRSREE
>¥# (heap) : HEFHNZE
>#% (stack) 1 FEFRITEERMHEHKIZEN, BTH R T ERE

sop R B 2

4
BIRH [ heap | etw, malloc); C #ebras

Static | BFFHNERE
Code EF
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e
1% A

* FARSsPIR AT MR B R B E R A RAE — B&RIg%
o:%%{)fﬁgﬁﬁﬁﬂ% MiZIRHBEFTENTHE, Fmi%aME
B V]Uj;}gcgﬂ? int sumSquare(int x, int y){

return mult(x,x)+ y;}

sumSquare:

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

“pUSh” sw $ra, 4($sp) # save ret addr
sw $al, 0($sp) # save y

add $al,$a0,$zero # prepare args: 2nd x
jal mult # call mult

1w $al, 0($sp) # restore y
p . add $vo0,$v0,$al # mult()+y
pop 1w $ra, 4($sp) # get ret addr
addi $sp,$sp,8 # restore stack
jr S$ra
mult: ...
s i 61

I
5% F A A AL
< RPA R K2R
> B RERAEHME BN
>IMRBENE, RESH
>jal M
> WA H R B AR R IR
<1 A AR R
> jal LW, FH—A jr $ra HLERME
>BREAEZINAOSH, $a0, $al, $a2, $a3
> IR EHEEHETE $v0o 1 (WRFE, WLMEHSvL)
> IARMSF A AT (AMER ML N FRE AR RS
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e
— AR R AL

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

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

restore other regs if need be
lw $ra, framesize-4($sp) # restore Sra
addi $sp,$sp, framesize

jr $ra ra

memory
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A ]
MIPSIC 4 5% MTE ¥

+MIPSIEAEEE . BEMTR
“MIPSICaH IR, BEABLAIZH
“* MIPSIT 45 = FI 505 77 B

* MIPSIC 4 = B 20 STRIE 3R

“* MIPSIL 4 B B 3

<+ MIPSILC 4%+ I & A28 UYL 40 %€

CFERE S RIMIPSTE&F
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MIPS 4 % 348t

HFEEO $0 $zero

T 4m28 B $1 $at

R [F{E $2-$3 $v0-$v1
2 $4-$7 $a0-$a3
I Bt $8-$15 $t0-$t7

RF $16-$23 $s0-$s7
It Bt $24-$25 $t8-$t9
W& A $26-27 $kO-$k 1
SISt $28 $gp
Eika $29 $sp
ey $30 $fp

IR [l R hE $31 $ra
>S$at: RN TR, BREFAEH
>$k0-5k1: BAERGHN S, BFAEH
>$gp, $fp: ATUAHES

R R ARE 65

-
FHBAE (1/2)

< CalleR: & &1 F # & 4
< CalleE: #1781 &%
< HcalleeFEIRFIN, caller HEAEMEFFRKMETRED
SWEHT, EFHLERFIEANER
< FATRIE: — B Hh W ) EPAT T — ARk
WHGal) B, WEFABPEEFRIEAT, DLERLETRE
B8 T
S RTFAR
>$0; NEEMZE, KTRO
>$s0-$s7: WMRPER T HFEWME . WE callee HTFHMEREF
AR T I, B AR IR Bl 2 ATk IX Ee 25 A7 28 R IR R E
>$sp: MR BH THFERE . RIBHEIal BATZBIRZE
DR REFE I B[R] — AN thdk, AR, caller TGN SRR H
EFEREHET
>HINT - i B RIF S 728 HR LA ST 3K !

oI AR 66




|
FHBAR (2/2)
o BT
>$ra: M. jal S HINERXANFARNE, Caller FERKHE
AR AEHERR
>$v0-$v1: &M . IRARAEF IR EME
>$a0-$a3: &M% . XJINMREGTHSH TSR, Caller MELE
WHsECallee ERFEN X B FARTHME, REEERH
CalleeR, ¥iXEHAFAHCHRKRZRA
>$t0-$t9: & AE . AT BR HiAE AT AT B {0 T DA BE X e A A7 28
HIfE, Caller IR 7E M H5ECallee/5 R B E B XL HFFRPH
18, MEEAPCalleei kX AR B ORI A
< XEERIERLA EBREH A2
>R R AR RS E, 2R R BAEARA Gal) BATRT, BHT

gfaililjeeﬁfﬁ‘éé‘ﬁiﬁ‘ T H EESE AN EERNEREEE T
Al
>WMBREEHHBNE, B E DFEREFTEERERTN S (IRE) 5%
HIME, FHERBORFE (r $ra) B ERIKE
< WHEMBEAS, FRFEREENFERRIRNMRA S FHRE,
AT B & AR A E R AT
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A ]
MIPSIC 4 5% MTE ¥

+MIPSIEAEEE . BEMTR
“MIPSICaH IR, BEABLAIZH
“* MIPSIT 45 = FI 505 77 B

* MIPSIC 4 = B 20 STRIE 3R

“* MIPSIL 4 B B 3

< MIPSIL 4%+ I & A28 LTS 40 %€

S ERE S RIMIPSTE&F
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|
BRI
SRS ENRLAE A KENZ B

>R SHERRA A

> BT AT N AT T, BEHE RS
R ENLR SR BE A

> A THERERENAFRREEER TR BAE
*IBHSRL: Giik

> BrA M RATE N KR FU R Mk, 7 Sc 5 BkEE R
PITIERET I (CHEREFRIIER AR B AE)

> % itk B B AR AE 2 R BUR EE R KIbug

P AN TR R R IEAEPIT TGSk “Program

Counter” (PC), MIRA LHRE AR NAFKITRE
S IFEMLR2: LR EN

SEFUZHERINEAS N, BFS5RERESESE

> B HEZATIHRER ( “ T#HRE” ) N, BIKEFER
TR S LT T

>IE “AEMRA" KRS EANETEL

AL T T S 69

A ]
A $5 40 B F

< MAERNMEE R TA HEIE IR FRABN (3260FK)
>N FERE—NF
> 1w, sw BIR B R RPN —
< AR FRIEDSWE 2
>V EHLUIGRLA0, BTBL “add $t0,%0,$0” X HNKRHEREX
>MIPS JB R 8 $IE R, T4tk F e
s—ATHIAL, BAHE—AFHRIA “FB (“fields” )
A “FB” ARBEEBELSH—HMEE
AU XARMAE “FB” MIE, MIPS £ 8RN, & X
T LAUF 3% fe oM K E A kY
> -format (3 B % =)
YIRS PA LB REERE, BIFIw. sw (RBERESLHE) RS
#EH)(beq and bne). (ERXFKERANEE “BAL” 54
>J-format(BhiEH S #HX)
j» jal
>R-format(FF7E5e#K )
EH T R4

ALY S ET S 70




-]
R-Format 384~

< ML R BN E L&A “FB” B R
Opcode (6)| rs(5) | rt(5) [rd(5) [shamt (5) [ funct (6)

N FBEE BAZD-bit 3 6-bit MR TEE, MAR—
A32-bitBH K —#

>opcode: 5HAMMF L&Y ERS(FTORNREHER-Formatig4)
> funct: Hopcodel AR, Yo Z%&TES 2 (BRIER)
>rs (Source Register): F#HEBFEBE M RESR K FHER
>rt (Target Register): 4 #H8 EEBUER — AN RSN T 1758
>xd (Destination Register): & #1 EFEBGHEL S R T 1Ea
»shamt: EANF B P EMEIITE AN ER KA (% FBRENEITBAL
BERERSHEESXEO)
ERINFERTH:
> F R FBRARS-bit, AT DA B R RN H0-31Z R BT A AT 5 %
, ZHE—NFERFBRPRIBUER RN N3N FFEFH—
> URFEFHREN, RNSEFERE

AL T T S 71

-
R-Format #84~894-F

opcode =0
2 MIPS jﬁé funct = 32
rd =8 (EI4R)
add  $8,$9,$10 rs =9 (B— #/EH)

rt =10 (B #/EH)
shamt = 0 (FEBAIFES)

LEE® o0 | o 110 8 [ 0 [ 32 |
BNEBRE 4IRS
000000[{0X001/CG1010f:01000|0000011C000C

TNBERIR S 012A 4020,
TR 19,546,144,

A HESESIES

AL T T S 72




e
I-Format ¥§4

< HOLRI B 4822
>5-bit IF BN RERRBASIER: THBH AR S
> WRAES PR T MHNE, JITEE TSR R T8

I-Format 54 |opcode (6)|rs (5)|rt (5) |immediate (16)

HE—NMFB5R-format R[], opcode BFE RR KN B AZE
>opcode: R AEE T functF B, opcode 7EI-format$g4 7] LAME—Tf €
—%¥84 (R-format Fi2AN6-bitl FEMIE— M 12-bit ZBKRAE — & IRL
MERE: AT 5H AR AR

>rs: R ME—BAERFHFE WMRFWIE)

>rt BV ES R N FESE (target register)

> LR B
v addi, slti, sltiu, MEIECEEMT B@EFEST B)KF R 32 AL
v’ 16 bits 2 W DA H 214N AN [R] i) B e {H

VIR A KIS ISR AL — SR S I 9E 4 (W 1w B sw) T EZ 2% T,
BIfEfs1tife s, FERZHIEI T thRBA HBH

AL T T S 73

I-Format 354 K1) F
> MIPS ?E‘é opcode =8
rs = 22 (RFRERNTER)
addi  $21,%$22,-50 rt =21 (Hi& 78, FREREH)

immediate = -50 (BRIAN+33EH])

tumzr [8 | 22 | 21 | -50

ZithlRR
001000( 1011010101} 1111111111001110

7N HIRR:  0x22D5 FFCE 4
IR 584,449,998,

AL T T S 74




|
I-Format 354 i [a] &

S LA R KREAI?
> UFRENLNBAERLFBR AT URTFHNEK, addi, 1w, sw fll slti $§
R PAT B HR B AR
SERMEBAK, FBEERTEAD M ET— M Formati &4,
BANMBAER: R EIHR—A32-bit MBMEZE 470 ?
CRRRTTR
>R TS + FriviE4
> ABRRE RS REMA—&FHIEL R
+#HIE4: lui register, immediate

»Load Upper Immediate
>R 16-bit KISLEI B NG SR 164, KA FRAR16AL 2T E

_ SEAIEORK,
#F: addi  $t0,%$t0, OxABABCDCD X&IRAMRA
ﬁﬁﬁﬂt& E&%J lui $at, 0xABAB ﬁlxiﬁﬁi

N ori $at, S$at, 0xCDCD
P add $t0,$t0, Sat

>34k |-formatdg 4 R 16-bit I SRAEBOT Bl #

it E TR AR 75

W — &2 HIPLE S 5 RIS KA —H?

1. add $0, $0, $0 | o | o [o | o o [ 32 |
2. subu $s0,$s0,$s0 | o |16 |16 | 16| o | 35 |
3. lw $0, 0($0) [ 35 | o [ o | 0 |
4. addi $0, $0, 35 8 0 0 35

5. subu $0, $0. $0 [ 0o [ 0 [ oo o ]3]

ER: ARKE—H, BEBESARET! !

it E TR AR 76




|
fE 1-Format B 43 > iEA): BRI E s AE A T4k

opcode rs rt immediate

> opcode 1EHi#54 & beq B bne
>rs fl rt B E RPN TR
> AN B
>V R A 16 bits, PC (FRFFiHE#%) A 32-bit 3R W RAEMTEE; F
BNETCHER s H Se 3 i P AE ik

>BHF K if-else, while, forZ N iER), —BRIEHFEEB D
> RBURA T 5 L& IR S S A RBHETE 2 (5 and jal), ARG XIRL
> ZEBHRT, SEAEBN, PC MBERHEEASAK
> 7£32-bit I8 A& R P PAT 53 LB A AR YT e PC-FEXT F-4E
> K 16-bitsZ BB E FIAMER R, HEHRED SXRRERSPCAH
> PAZF X EIPCE 215 FAT Ty
> RN BERE 2
>ER: 184 MRS — e B R AE B (FENFF)

> RPCAEIM KB BB R AR 5! LW 53 FIPCE 21° 7567 T
(BE U PCE 217 1Y)

»PC = (PC + 4) + (immediate * 4)

AL T T S 77

52 1B F
SMIPS fRfG  T°°FT BST I3-inene

addi $9,%$9,-1 él

J Loop

End: 3
beq X84 RI-Formatik M STEIMEE:
opcode =4 FERIPCHN (SR K848, Z M5
zo =S (R RAN BRI F4d8 S B
immediate = 277 X% beq 4, immediate = 3
AR THEEIRR
4 9 0 3

IR A HR R
000100/ 01001|00000| 0000000O0O0O0O0O0O0OO11

AL T T S 78
e




X FPC-ARR T3k 49 19 &

SMREREBS T, FXFREUEIZA?
<R Birtiiik 55y X8 SHE > 2158 492
CBIVIH ATERXA2Z2IUT? —PNAT42

it E TR AR

79

J-Format ¥§4

o EAFXEAP, BEALSDZBINZRIH T, B AT LAIRBIPCH &8
< SFF—REIBEETR S (3 1 jal), R AR AR 25— M
>HEABRT, T EBES E—/32-bith yfpHbhlk, &R EBRSImEE

J-Format ¥4 | opcode (6)

target address (26)

> {RF¥F opcode F Bt 5 R-format & I-format —#¢, 4y —BPEEN)
> EHALPTEFREME —E, FRRsriRER
> RIHFXNF, AILARR H32-bitHihk 28 bits
> P T B REARYE E X, BERMNPCH
New PC ={ PC[31..28], target address, 00 }
> WMRBEFE—A32-bit Hulit, ILCBOEFFE, FHjrigs

it E TR AR
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F 5 184 R AEMIPSIL%

=. MIPSILHGES

MIPSIC 402/

s i 81

- =
MIPS;C4RiZFF

<+ MIPSiCHIESiED

< MIPSiCHRIESIEFIEIR
<« BURENX

<« AENFHFBRF

<+~ REREAMA

< 32

< BHIERTETIE

s i 82




iCYmiE = &l

< MIPSIC4%+ HI32KiEH]
> EE—AEA—T
1. "PITIES
> kA ERSS AR REEEAT AT HIHL IR
> 1A E VA E AT 4
2. thigdME
> BICREFBEREENES
> BREARRTHE
3. ILRthie4
> BT R GRS A
> ERENB. ARATERS
> RAHAT: LG ARG O BI—H 4

it E TR AR

BRIk R

IR (A1)
> FRic ARk, AR B 5
> I AESE A ACHS B B
S BAERT
> B X #AE (b add, sub, %)
S BER
> IR R E R BE
> AR DA R TR, NESEEEHR
> KL IS A 3N EREH

Ll: addiu $t0, $t0, 1

it E TR AR

%1 BIER  [#IEH [#ERE]

#increment $t0

83
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CEREIEFERN!
> IRBEUFE AN H
>BIFEAMAS . BN EAA
> RRRELE OB, AT
> RREIE 4 PR FIRISL:
> EANRR TR TR B
- HHAASHRL RIS R
- ERE MY

< BATIER
>l ‘# FREUTHER

it E TR AR 85

- =
MIPS;C4RiZFF

< MIPSICHiE=iED

< MIPSiCRiESIEFIER
< HREEN

< RNEFENFHFELRF

<+ REER

< 38

v SEIERILETEIE

33

it E TR AR 86
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=2 FF IR

# Title: Filename:
# Author: Date:
# Description:
# Input:

# Output:

HEHHHHHARSHHHBH#E Data segment ##H#HHHHHHHRSHHHBHERES
.data

FHERHR AR Code segment ####HHHHHHHHHHHHEHRE
.text
.globl main

main: # main program entry

1i $v0, 10 # Exit program

syscall

it E TR AR 87

- e
.DATA, .TEXT, #1 .GLOBL {4354

% DATA th¥g4
> 8 AR PSR B
>N SRFREEZNES T EX
PCRIBF S BEAAIH R & N F 2R
% TEXT th3E4
> B XA B
% GLOBL fh#a4
> EH—ANFS RN
> & JRFFS T DA e 51 H
> Az th 2 WH— AP main

it E TR AR 88




EFENFEPRIFHR
Ox7FFFFFFF :
HERR B AR
v
1635l N7 1\
Rt
BhARX 5,
g B
0x10000000 il
RIS
0x04000000
. M

- =
MIPS;C4RiZFF

<+ MIPSICHRIESiED

< MIPSiCHRIESIEFIEIR
<+ EUREN

<« AENFHFBRF

<+~ REREAMA

< 018

< BHIERTETIE

AL T T S %




[
HIEEX
< ABBKFHER] S NE
SHARRSFEENALIEHEL T )
B

(2] thiES  WIMRME [ ¥ILR1ME] . ..

varl: .WORD 10
< B R RIWIE(EAE N AR DL I SR 248

AL T T S o1

P
KiEhiES
< BYTE th#54
> S A T RS ER
% HALF th¥84
> PL16fr (EFEK) FRESER
< WORD 4154
> BA320L (—AMFK) FREBER
% WORD w:n th#54
> HE320THE w FEAN n DNILF X FFHIEL RS
< FLOAT thig4
> DB R SR R
< .DOUBLE t4#54
> AU BE R S BORE BUER

AL T T S 92




-]
FHRMIES
< ASCII th¥s4

> H—NASCIERF B S B R 5

% . ASCIIZ thig4
> 5 ASCIl thi5 424, (B REFFF K BRI NULLERF
>FERFHRUNULLE R, RUCES

< .SPACE n th¥84
> REARBL n ARG T B R

CFRFRPRRR TR EE CESHNAE)

>F4T:\n Tab:\t 5\

it E TR AR 93

RUE E X BIBIF
.DATA
varl: .BYTE 'A', 'E', 127, -1, '\n'
var2: .HALF -10, Oxffff
var3: .WORD 0x12345678 m%*ﬂﬁrﬁ%ﬁﬁTﬁiﬁiﬁy
Var4: .WORD 0:10 LI r S
var5: .FLOAT 12.3, -0.1
var6: .DOUBLE 1.5e-10
strl: .ASCII "A String\n"
str2: .ASCIIZ "NULL Terminated String"
array: .SPACE 100
B A |




|
MIPSIC4RIZEF

+MIPSICHRiIESIER

<+ MIPSICHRIESZFFEIR
<+ HUEEN
SHENFHFELFE

<+ REER

+iI37E

- SEERTIETRIE

95

AL T T S

A ]
RTEFEX T

< WA AT ABCE LR e s bk O Y
> gk bkdE I NP R — AN
P HEANFEPANELENFT
> MIPS $5& FEBH L AN T
XF 5% Hihik R 2 [F] R/ B B A
> F bk R4 R R
= Mk IR 2467 B RUALAZ0 R 00
>R HER 2 R
< ALIGN n th354
> T AN E SCRIBR S 2n -5 57

17

address

XFEIF

o

96

ALY S ET S




e
HFER

L)

SLREFARE (RR) WERFSER
> SRR B — A hR A S

oy wre%
.DATA B
varl: .BYTE 1, 2,'2" PraE f@&[}[l:

varl 0x10010000

strl: .ASCIIZ "My String\n" strl | 0x10010003

var2: .WORD 0x12345678 var?2 0x10010010
.ALIGN 3 var3 0x10010018
var3: .HALF 1000

varl strl

)
0x10010000 | 1 | 2 |'Z'|'M' V'S 'r'|‘i' 'n'|'g'/\n’| 0| O[O | Unused
0x10010010 {0x12345678|{0 (0 (0| 0|1000{0f(0O|0(0|0O]|O
var2 (aIigned)—T Unused T vars (address is multiple of 8)

it E TR AR 97

A ]
=3 Fr Fh i

< OB/ — N F NI HF AP %
/N HERR

> WAEHLEE = B AR AT Rk

>H]F: Intel IA-32, Alpha

MSB LSB address a a+l a+2 a+3
|Byte3|Byte2|Bytel|Byte0| “ ---|ByteOlBytellByteZlByte3|---
. - gg,:bit Rﬁ%ster Memory
& K ¥k

> WL = B 20T T Rk
>#IF: SPARC, PA-RISC

MSB LSB address a a+l a+2 a+3
|Byte3|Byte2|Byte1|Byte0| “ ---|Byte3|Byte2|Byte1|Byte0|---
32-bit Register Memory

< MIPS 7] LA#RAE L _E PR 57

it E TR AR 98




|
MIPSIC4RIZEF

+MIPSICHRiIESIER

<+ MIPSICHRIESZFFEIR
<+ HUEEN

> RENFHFELF

<+ REER

B ﬂ&

- SEERTIETRIE
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< FEFFE T R A SIS A

= MIPS R4t — &4 syscall 384
> WA RAEARBUR S

“ffH syscall RGRS
> M SVORFAREE R R4 3
> M $a0, sal, EHFHPENSHEE (WEH)
> RiE syscall ¥4
> NG RFFERTIEREE (WRB)
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Syscal |l BR%
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

$al = maximum number of characters to read

Exit Program | 10

Print Char 11 | $a0 = character to print

Read Char 12 | $a0 = character read

it E TR AR
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.text
.globl main
main:

1i $v0, 5

syscall

move $al, $v0
1i $vo, 1

syscall

1i $v0, 10

syscall

HHHHES SRS HE#E Code segment ###HH#HHHSHHHHH#HAHH#H

main program entry
Read integer

$v0 = value read

$a0 = value to print

Print integer

Exit program

it E TR AR
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FHAGHHH G4 ###E Data segment H#HHHHGHHHHEHREHH#E

.data
str: .space 10 # array of 10 bytes
HEHHBHHARHHHHBH#E Code segment ###H#H##HHHARIHHFHHRS
.text
.globl main
main: # main program entry
la $al0, str # $a0 = address of str
1i $al, 10 # $al = max string length
1i $v0o, 8 # read string
syscall
1i $vo, 4 # Print string str
syscall
1i $v0, 10 # Exit program
syscall
it F TR ARE 103
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# Sum of three integers
#
# Objective: Computes the sum of three integers.
# Input: Requests three numbers.
# Output: Outputs the sum.
$HHH#A S HHH A HE### Data segment ####H#H###HHEHESHERE
.data
prompt: .asciiz "Please enter three numbers: \n"
sum _msg: .asciiz "The sum is: "
FHEHS S Code segment #####HH#HHHHHI# IS
.text
.globl main
main:
la $a0,prompt # display prompt string
1i $v0,4
syscall
1i $v0,5 # read 1lst integer into $t0
syscall
move  $t0,$v0

gonbmenaae ' 104
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1i $v0,5 # read 2nd integer into $tl
syscall
move $t1,$v0

1i $v0,5 # read 3rd integer into $t2
syscall
move $t2,$v0

addu $t0,$t0,$t1 # accumulate the sum
addu $t0,$t0,$t2

la $a0,sum msg # write sum message
1i $v0,4
syscall
move $a0l,S$t0 # output sum
1i $vO0,1
syscall
1i $v0,10 # exit
syscall
s i 105
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# Objective: Convert lowercase letters to uppercase

# Input: Requests a character string from the user.
# Output: Prints the input string in uppercase.
HHHHHARHH B #H4#E Data segment ####H#HEH#HHHHEHEHERRS
.data

name_prompt: .asciiz "Please type your name: "
out msg: .asciiz "Your name in capitals is: "
in_name: .space 31 # space for input string
HHHHHARHHHEH S #H3#E Code segment #####HH#A#HHHHH#EHHHAS
.text

.globl main

main:

la $a0,name_prompt # print prompt string

1i $v0,4

syscall

la $a0,in_name # read the input string

1i $al,31 # at most 30 chars + 1 null char
1i $vo0,8

11
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la $a0,out msg # write output message
1i $v0,4 B

syscall

la $t0,in_name

loop:
1b $t1, ($t0)
beqz $tl,exit loop # if NULL, we are done
blt $tl,'a',no_change
bgt $tl,'z',no_change
addiu $t1,$t1,-32 # convert to uppercase: 'A'-'a'=-32
sb $t1, ($t0)
no_change:

addiu $t0,$t0,1 # increment pointer
j loop
exit_loop:

la $a0,in_name # output converted string
1i $v0,4
syscall
1i $v0,10 # exit
syscall
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<+ W% swap T (CEEF)
SEER MIPS IL4iES

void swap(int v[], int k)
{ int temp;

temp = v[k] swap:
z%tllj Y[::;]f s11 $t0,$al,2 # $t0=k*4
= temps add $t0,$t0,$a0 # $tO=v+k*4
} 1w $t1,0($t0) # Stl=v[k]
P lw $t2,4($t0) # $t2=v[k+1]
SR sw  $t2,0($t0) # v[k]=$t2
$a0 = v []fHshk sw $tl,4($t0) # v[k+1]=$tl
$al =k, jr $ra # return
R [E kAR $ra
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< FHswapidfE: swap (a,10)

> K a R 104 S8
> Aswapid i, FAEREHEE $31 = $ra
> P ATswapid
> 35 [ o} 3% ] ot k422 1
' swap:
LR \ ' s1l $t0,%al,2

1add $t0,$t0,$a0
/1w $tl1,0($t0)
/1 1w $t2,4(5t0)

$a0=%4 addr a

1= 10 /!
$al=ss [ sw  $t2,0(5t0)
 sw $t1,4(5t0)
‘ 0 Jr $ra
$ra=$31 |ret addr|: =~ - - b
it E TR AR 110
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00400020 1lui $1, 0x1001 la $a0, a

00400024 ori $4, $1, 0 PC = imm26<<2
00400028 ori $5, $0, 10 1i $al,10 0x10000f << 2
0040002C jal 0x10000f _-jal swap
(00400030 - . _. """ ¥ return here = 0x0040003C

N T $31 [ 0x00400030

_______ /’A\ swap: \\“\.
(0040003C™ s11 $8, $5, 2 sll $t0,$al,2

00400040 add $8, $8, $4 add $t0,$t0,%a0 FA7AR $31
00400044 1w $9, 0($8) 1w $t1,0($t0) 2R [Fl b 3 7 e
00400048 1w $10,4($8) . 1w S$t2,4(5t0)

0040004C sw $10,0($8) \\sw $t2,0(5$t0)

00400050 sw $9, 4($8) sw  $tl,4($t0)

00400054 jr $31 jr $ra
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< JAL (Jump-and-Link) : 84
< 7E $ra = PC+4 F{RAF & [a] bt I Bk 2 AH ML A 7
< BFAERR Sra = $31 #k JAL FHSRARFEIR Ak
< JR (Jump Register) : RFE[#E4
& BERITE FHEARs (PC = Rs) PRI FTEEFR &
% JALR (Jump-and-Link Register)
< fERd = PC+41 7765 iR B bk,
< BHERIFEF RS (PC = Rs) A ik fr et 782
< HT R 7N B AT B R] %)

Instruction \ Meaning \ Format

jal  label $31=PC+4, jump | op®=3 imm?6

jr Rs PC =Rs ops=0] rs® 0 0 0 8
jalr  Rd, Rs | Rd=PC+4, PC=Rs | op®=0 | rs® 0 rd> 0 9

it E TR AR
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CILHRE T TS BB REE T FER
ICHEF
> AT T S HOCE A — AR DO
> IR AT
2 FH B PSR BL B 77 A DX I3
> At AP A A8 (2 07 75)
> 3AE: AR (H735)
< BE LR P FIHLH]
- BRI
> SIRR: ERS R

AL T T S 114
e




e
S tkiE (8

SIRBY R, SEEEE T T AL
>$a0 = $4 .. $a3 = $7 kS HiLE
>$v0 = $2 .. $vl = $3 fISREREEHIE

+HERS RS R T R+

S IBITHITAR AT
> NE A BRI R SR/ &1
>R PR E e
> SEELE A

< IBAT I HOE I KA v SE TR
> e ssp = $29 (HEAARTH)
>iEEE $gp = $30 (IR
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SRR —B, 85 ...
>R E, FARMAMEBIESEH

< WA IESIMER S 3%

<% U 3L TR HEFR £ R\ T3
> tRI8%l $sp = $29 MMIR4l $fp = $30
> JRIREN $sp ATRHERRDL, InFEEHBEIK

,$fp >
Stack Stack Stack | .~ arguments
$fp —» = $p -]
Frame f() | T Frame f() Frame f() saved $ra
ssp g 2 sop \ saved
l Frame g()| = 1 registers
$sp o
o local data
structures
stack grows allocate free stack .
downwards stack frame frame N or variables
SP >

116

it E TR AR
—_—




e
REHFH

ALY LT ET

AR BB RS
> BT SRR A A7 A

A
>IEHAEREY, MRATEESBERINTES

SRR AR
> B RE: BR AL ARAT fE 1 T

>BHELE, FHEE $s0, $s1, ..., $s7 BERFE
> [FIFE, 7758 $sp, $fp, A $ra /WERRAF

FRHTERAT?

* SR IEPORIERE N A SCE
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EFEHEF
Array Array Array Array
first —| first —f first —| first —
mi max value max — | e
last —|
last = last —_ last max value max value
Unsorted Locate Swap Max Decrement
2 Wﬂ% Max with Last Last
. : first first
first—=> 3 3 |first» 3 3 |max 3 2 Imax— 2 1
1 1 1 1 1 1 |last—> 1 2
max —» 5 4 |max— 4 2 |last» 2 3 3 3
2 2 |last—{ 2 4 4 4 4 4
last > 4 5 5 5 5 5 5 5
A ey |10




#

sort:

top:

# Objective: Sort array using selection sort algorithm

Input: $a0 = pointer to first, $al = pointer to last

addiu $sp,
sw $ra,
jal max
1w $to,
sw $to,
sw $vl,
addiu $al,
bne $a0,
1w $ra,
addiu $sp,
jr $ra

$Spl -4
0($sp)

0($al)
0($v0)
0($al)
$al, -4
$al, top
0($sp)
$sp, 4

#

H*+ H H

H=

# Output: array is sorted in place

SRR S R

allocate one word on stack
save return address on stack
call max procedure

$t0 =

swap last and max values

last value

decrement pointer to last
more elements to sort

pop return address

return to caller

it E TR AR
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#

max:

loop:

skip:

ret:

Input: $a0

# Output: $vO0
FHAHHHHEHH AR HH RS RS SRR RS SRR R R R R R

move $vO,
1w Svl,
beq $a0,
move $tO0,
addi $to,
1w $t1,
ble $tl,
move $vO,
move $vl,
bne $to,
jr $ra

= pointer to max,

$a0

0 ($v0)
$al, ret
$a0

$t0, 4
0($t0)
$vl, skip
$t0

$tl

$al, loop

# Objective: Find the address and value of

= pointer to first, $al

#

H H H H H ¥

maximum element

pointer to last
$vl = value of max
max pointer =
Svl =
if (first == last) return
$t0 =
point to next array element
$tl =
if (A[i] <= max) then skip

first pointer

first value

array pointer

value of A[i]

found new maximum

loop back if more elements

it E TR AR
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int fact(int n) { if (n<2) return 1; else return (n*fact(n-1)): }

fact: slti $t0,%a0,2 # (n<2)?
beq $t0,$0,else # if false branch to else
1i $v0,1 # S$v0 =1
jr $ra # return to caller

else: addiu $sp,$sp,-8 # allocate 2 words on stack
sw $a0,4 ($sp) # save argument n
sw $ra, 0 ($sp) # save return address
addiu $a0,%a0,-1 # argument = n-1
jal fact # call fact(n-1)
1w $a0,4 ($sp) # restore argument
1w $ra, 0 ($sp) # restore return address
mul $v0,$a0,$v0 # $v0 = n*fact(n-1)
addi $sp, $sp, 8 # free stack frame
jr $ra # return to caller
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