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H agytektovikn emegepyactn MIPS32
[Patterson, 2009, Sweetman, 2003]

m O emegepyactng MIPS (Machine without Interlocked Pipeline
Stages) agtotedel €vav Snpo@uin emegepyacti RISC
32-bit 6eSouéva Ko eVTOAES
3 SLaPOEETIKES KMBIKOTIONGELS EVTOAILG
Apgytektovikés MIPS-I (dekaetieg ‘80, '90), MIPS32
AvticTores vAoTomnacels gto vAkd: MIPS R3000 kot
MIPS32-4k
Ymoatneitel 1€606eQlg GUVETIEEEQYAGTES
B Zuvibwg yENGLLoITTOLoVVTAL Ol

B CPO ouvemeEeQyO0GTAG GUGTARATOC YO TNV VITOGTAQLEN

AgrTovEYIKOV GUGTAUATOS

m Coprocessor 1: FPU (Floating-Point Unit)

m Coprocessor 2: VPU (Vector Processing Unit)
m Xpnacwotroeiton 6Tig kovgodeg PlayStation, PSP, kow PS2
m XAgepa otnv ayoed kulapxel wAéov o ARM (kvntil

TnAEwvia)
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Opdcnua GTnv €£€ALEN TNG OPYLTEKTOVIKNG £TTEEEQYOGTI
MIPS

Designer/model/ Cache
Year  clock rate (MHz) Instruction set  (1+D) Naotes
1987 MIPS R2000-16 MIPS 1 External: 4 K+4 Kto External (R2010) FPU.
32K+32K
1990 IDT R3051-20 4K+l K ‘The first embedded MIPS CPU with on-chip cache and progenitor of a family of
pin-compatible parts.
1991 MIPS R4000-100 MIPS 111 BE+8K Integrates FPU and L2 cache controller with pinout option. Pull 64-bit CPU—but five

years later, few MIPS CPUs were exploiting their 64-bit instruction set. Long pipeline and
half-speed interface help achieve high clock rates.

1993 IDT/QED R4600-100 16 K+16K QED’s brilliantly tuned redesign is much faster than R4000 or R4400 at the same clock
rate—partly because it retrned to the classic MIPS five-stage pipeline. Important to SGI's
fast and affordable low-end Indy workstation and Cisco’s routers.

1995 NEC/MIPS Vr4300-133 16K+8K Low cost, low power but full-featured R4000 derivative. Initially aimed at Nintendo
64 games console, but embedded uses include HP's LJ4000 laser printers

1996 MIPS R10000-200 MIPS IV 32 K+32K Bristling with microprocessor innovations, the R10000 is not at all simple. The main MIPS
tradition it upholds is that of taking a principle to extremes. The result was hot,
unfriendly, but with unmatched performance/MHz.

1998 QED RM7000 16 K+16 K+256 K12 The first MIPS CPU with on-chip L2 cache, this powered generations of high-end laser
printers and Intemet routers,

2000 MIPS 4 K core family MIPS32 16 K+ 16K (typ) The most successful MIPS core to date—synthesizable and frugal.

2001 Alchemy AU-1000 16K+16K If you wanted 400 MHz for 500 mW, this was the only show in town. But it lost markets.

2001 Broadcom BCM 1250 MIPS64 32K+32K+256 K12 Dual-CPU design at 600 MHz+ (the L2 is shared),

2002 PMC-Sierra RMS000x2 MIPSE4 16 K+16K+256 K12 Dual-CPU design at 1 GHz (the 12 is NOT shared; each CPU has its own 256 K). First
MIPS CPU ta reach | GHz.

2003 Intrinsity FastMath MIPS32 I6K+16K+1 M L2 Awesome 2-GHz CPU with vector DSP did not find a market.

2003 MIPS 24 K core MIPS32 R2 AL 500 MHz in

synthesizable logic, a
solidly successful core
design.

2005 MIPS 34 K core MIPS32+MTASE 32 K+32K (typ) MIPS multithreading pioneer.
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Ol KOOIKOITONGELS TWV EVIOADV TNG OQYLTEKTOVIKNG
MIPS

= All MIPS instructions are 32 bits long. 3 formats:

31 26 21 16 11 6 0
° R-w | op | s | Tt | rd | shamt | funct |
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
31 26 21 16 0
o |-1YW | op | IS | Tt | address/immediate |
6 bits 5 bits 5 bits 16 bits
31 26 0
o J.w | op | target address |
6 bits 26 bits

* The different fields are:
= op: operation (“opcode”) of the instruction
= rs, i, rd: the source and destination register specifiers
= shamt: shift amount
= funct: selects the variant of the operation in the "op” field
= address / immediate: address offset orimmediate value
= target address: target address of jump instruction

Nworaog Kappadias nkavv@uop.gr Metaylwttiotég 1T




To pemepTdoLO

eVTOAWV Tng apyrtektovikng MIPS (1)

MNE- | FOR- OPCODE/
MON- | MAT FUNCT
NAME (] OPERATION (in Verilog) (Hex)
Add add R Rrd]=R[rs]+R][rt] (1) 020
/Add Immediate addi 1 R[rt]=R[rs]+SignExtImm (1)(2)) 8
/Add Imm. Unsigned addiu| I 1+SignExtImm (2)| 9
/Add Unsigned addu R Rrd]=R[rs]+R[rt] (2)| 021
Subtract sub R R[rd]=R[rs]-R[rt] (1) w22
Subtract Unsigned subu | R R[] 023
And and R &R[rt] 024
/And Immediate andi 1 1&ZeroExtlmm (3)) c
Nor nor R R{rd]=~(R[rs]|R[rt]) 027
or or R 1IR[rt] 025
Or Immediate ori 1 1|ZeroExtImm (3)] d
Xor xor R R[rd]=R[rs] R[] 026
Xor Immediate xori 1 ] “ZeroExtImm e
[Shift Left Logical s11 R < shamt 0/00
Shift Right Logical srl R ]>>shamt 002
Shift Right Arithmetic sra R [rd]=R[rs]>>>>>shamt /03
Shift Left Logical Var. sllv | R J<R[rt] 004
Shift Right Logical Var. srlv R >R[] /06
Shift Right Arithmetic Var. srav R R[rd]=R[rs]>>>R][r(] 0/07
Set Less Than slt R R[rd]=(R[rs]<R[rt])?1:0 02a
Set Less Than Imm. slti 1 <SignExtImm)?1:0 () a
Set Less Than Imm. Unsign. [sltiu 1 R[rt]=(R[rs]<SignExtImm)?1:0 (2)(6)) b
Set Less Than Unsigned sltu R R[rd]=(R[rs]<R[rt])?1:0 (6)| 0/2b
Divide div R 0/—/—/1a
IDivide Unsigned divu R I8 6)  0~~/1b
r
Multiply mult R {Hi.L« s 0/—/-/18
Multiply Unsigned multul R {Hi.Lo}=R[rs]«R][rt] ©)  0/~-/19
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To pemepTdOLO evTioAwV Tng apyitektoviking MIPS (2)

MNE- [ FOR- OPCODE/
MON- | MAT FUNCT

NAME Ic OPERATION (in Verilog) (Hex)
Branch On Equal beg 1 R[rt]) PC=PC+4+BranchAddr )| 4
Branch On Not Equal bne 1 R[rt]) PC:PC+4+B|'ﬂnchAddr ) 5
Branch Less Than blt P
Branch Greater Than bgt P
Branch Less Than Or Equal  |ble P
Branch Greater Than Or Equal [bge P if(R[rs] >=R[rt]) PC=PC+4+BranchAddr
Jump 3 ] PC=JumpAddr (5)| 2
Jump And Link j ] 3 (5)| 2
Jump Register R 0/08
Jump And Link Register R 0/09

|

Move move P R[rd]=R[rs]
Coad Byte i) T R[r]={24"b0, M[R[rs]+ ZeroExTmm](7:0)] @) 20
Load Byte Unsigned 1bu 1 [rt]={24°b0, M[R [rs]+SignExtmm](7:0) | @) 24
Load Halfword 1h I R[rt]={16’b0, M[R[rs]+ZeroExtImm](15:0)} 3)| 25
Load Halfword Unsigned 1hu I [rt]={16°b0, M[R[rs]+SignExtimm](15:0)} @) 25
Load Upper Imm lui 1 [tt]={imm,16'b0} f
Load Word lw I [R[rs]+SignExtimm] )| 23
ILoad Immediate 1i P R[rd]=immediate
ILoad Address a P R[rd]=i i
Store Byte sb I MIR[rs]+SignExtImm] (7:0)=R[rt](7:0) (2)] 28
Store Halfword sh 1 IM[R[rs]+SignExtImm] (15:0)=R[rt](15:0) )| 29
Store Word sw 1 M[R[rs]+SignExtlmm]=R[rt] (2)) 2b
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O kataywENTES yevikoy GroTtov Tov MIPS

O MIPS Swabétel 32 kaTOY®ENTES YEVIKOU GKOITTOV

Register Software Name .
Name (from regdef.h) Use and Linkage

$0 Always has the value 0.

Sat Reserved for the assembler.
Used for expression evaluations and to hold the integer type

$2.83 vO-v1 function resuilts. Also used to pass the static link when calling
nested procedures.
Used to pass the first 4 words of integer type actual

$4.57 a0-a3 arguments, their values are not preserved across procedure
calls.
Temporary registers used for expression evaluations; their

$8..515 10-t7 .
values aren't preserved across procedure calls.

$16.523 | s0-s7 Saved registers. Their values must be preserved across
procedure calls.

$24.525 |te-to Temporary .reglsters used for expression evaluations; their
values aren't preserved across procedure calls.

$26..27 or

$Kt0.. Skt kO-k1 Reserved for the operating system kernel.

$28 or $gp | gp Contains the global pointer.

$29 or $sp | sp Contains the stack pointer.
Contains the frame pointer (if needed): otherwise a saved

830 or $fp | fp register (like s0-57).

$31 ra Contains the return address and is used for expression
evaluation.
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Kavdveg emloyng kwdwa yia tov MIPS pe Ttavtion
uwotifwv 8é€vépou (1)

TEMP t_n

LABEL label

CONST (0) zero

CONST (CONST_16) addi Rd, zero, I_16
CONST (*) 1i Rd, *

JUMP (NAME) b label

JUMP (*) jr Rs

NAME la Rd, label
MOVE (MEM (+(*,CONST_16)),*), sw Rs, I_16(Rd)
MOVE (MEM (+ (CONST_16,%)) ,*)

MOVE (MEM (*) ,*) sw Rs, O(Rd)
MOVE (*,*) move Rd, Rs

BINOP (PLUS, *,*) add Rd, Rsl, Rs2
BINOP (PLUS,*,CONST_16), addi Rd, Rs, I_16
BINOP (PLUS, CONST_16,*)

BINOP (MINUS,*,*) sub Rd, Rsl, Rs2
BINOP (MINUS,*,CONST_16) addi Rd, Rs, -I_16
BINOP (MUL, *,*) mulo Rd, Rsl, Rs2
BINOP (MUL,*,CONST_2"k), sll Rd, Rs, I_k

BINOP (MUL, CONST_2 "k, *)
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Kavdveg emloyng kwdwa yia tov MIPS pe Ttavtion
uwotipwv 8€vépou (2)

~
BINOP (DIV,*,*) div Rd, Rsl, Rs2
BINOP (DIV,*,CONST_2"k) sra Rd, Rs, Ik
BINOP (AND,*,*) and Rd, Rsl, Rs2
BINOP (AND,*,CONST_16), andi Rd, Rs, I_16
BINOP (AND, CONST_16,*)
same for OR, BITXOR
BINOP (LSHIFT,*,*) sllv Rd, Rsl, Rs2
BINOP (LSHIFT,*,CONST_16) sl1 Rd, Rs, I_16
BINOP (RSHIFT, )
BINOP (RSHIFT,*,CONST_16) srl Rd, Rs, I_16

BINOP (ARSHIFT, ) srav Rd, Rsl, Rs2
BINOP (ARSHIFT,*,CONST_16) sra Rd, Rs, I_16
MEM (+(CONST_16,%*)), 1w Rd, I_16(Rs)
MEM (+(*, CONST_16))

MEM (*) 1w Rd, O(Rs)

CJUMP (op, ,label,*) bxx Rsl, Rs2, label
where: bxx = {beq, bne, blt, bgt, ble, bge}

JUMP (NAME, [*]) b label

JUMP (¥, [*]) jr Rs

CALL (NAME, [*]) jal label
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Opydvmon Swoxétevong evig emegepyactn MIPS

(MIPS-

R3000)

O MIPS-R3000 drabéter 5 Pabuides droxétevong:

IF: Instruction Fetch
ID: Instruction Decode
EX: Execute

MEM: Memory Access

WB: (Register) Write-Back

: Instruction Decode Execute
Instruction Fetch Register Fetch Address Calc. Memory Access
IF ID EX MEM
— — — Next P(] =
% Next SEQ PC Next SEQ PC
RS1
—]
RS2
$—=] Register 7|
| Fie
M z
1 g & 2
] ju z 3
PC LN g I 3 H
I B
/N M

Write Back

wB
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H dwadikacio tTng getayA@ttiong snyoiov KOS yo
tov MIPS

text C program (pl.c p2.c)

Compiler (gcc -5)

text Asm program (pl.s p2.s)

Assembler (gcc or as)

Y
binary Object program (pl.o p2.0)

Y Linker (gcc or 1d)

binary

Executable program (p) «— libraries (.a)

sl

Disassembler (dis —h% Debugger (gdb)

text disassembled program

-3- CS 740 F97
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H opydvwon tov avtikeluevov apyelwv (object files)
totov ELF ywa tov MIPS

ELF: Executable Linking Format

text [€—— Text section.
rdata [— Read-only data section.
.data
lit8 [€— Data sections.
lit4
sdata [4— Small data section, addressed

through register $gp.

shss [€— Small bss section, addressed
through register $gp.

l— bss (block started by storage
bss sc.iecti(on, which holdsyzero-igitl)alized
ata.
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Xweofétnon KOSKA TEOYQAUUATOS GTN UWVAUN:
[Tapdderyuo

ANSI C Assembly
it x .global x
char y, z; X: .space 4
.global y
y : .space 1
.global z
z : .space 1
£f00 () .align 2
{ .global foo
foo:
} e (code for foo)
N
?ar() .global bar
bar:
} o (code for bar)
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Opydvwon Twv dedouévmv GToug TTOEOVS aITodnkeveng

B Avo TedTToL Yo TV 0QYdvmaon TV dedouévav KaTd Thv aItobikevon Toug
GTn pvnun

m endianness: H oyetikin Sidtagn tov byte, katd avgouaeg i uetovueveg
Sevbvvoelg

B X100UuoQLGTIKOS 6pog aTtd ta Tagidia tov I'kiovMPep’ avagpepduevog Gtn
Suyoyvouio yo. To Totog eivor 0 KATAAANAOS TEEITOS 0pydvwang
m Big-endian: MIPS-I, PowerPC, m Little-endian: Intel 8086, Pentium,
SPARC Alpha

Register Register
Memory 0AO0BOCOD 0A0BOCOD Memory

a:

a+l:|0B| «<— —> a+1:
a+2:|0C| «<———— > a+2:

a+3:|0D| «<—mM8M8Mm > at+3:
: Big-endian Little-endian

NwoAaos Kappadiag nkavv@uop.gr Metaylottiotég IT



Fevikd povtéA0 KANGNG VITOQOVTIVAV

"Ectw &Vo vrtopovutiveg, p, g, e tnv p va kalel tnv q
KOTtd Tnv €{Go80 GTnv p eKTEAE(TAL KOSIKAGS ETTAVAPOQAS
TOU TEQRAANOVTOC TG

6tav kadelton n g, Swatnpeital to TEQPAAAOV TG p
KOTd Tnv €5080 Ot TNV g, ETTAVAPEQETOL TO TTEQURAANOV
™mep

procedure p procedure q
prologue & prologue
pre-call @

post-return

@)

epilogue epilogue

Nworaog Kappadias nkavv@uop.gr Metaylwttiotég 1T



KAncon vopovtivov pe guvdeon

2]

B B SOB8 [ )=

0 KOAWV 0Bel XDEO Yo TV TN ETTLGTEOPNG
0 KOAOV wBel To Selktn GToifag

0 KaA®V 0Bel xdEo Yyl SievBuvon emGTEOENG, Tn
Sievbuvon GTn GTATkA 0KOAOVOIA TTROGWELVEV
UETABANTAOV KOL TOUS GWTOUEVOUS KATAYWENTES

0 KaA®V wbel Ta TopaTTdvew GTn GToiBa

0 kaAwv Fétel Tn SievBuven £TGTEOPNRS KAl T
GTOTIKA akoAovBio Tou kKaAoUuevou Ko
TrEayuatoTTolel TNV KARGn

0 KOAOUUEVOS ATToB. KOTOXWENTES GE €LSIKN TTEQLOXN

0 kaAoUuevog avtypdpel by-value Tivakec/eyyQapés
YQNGWOTTOLHVTAS SleVBVVGELS TTOV TOV €YVAV YVOGTEG

0 KOAOVUEVOS eRYmEEl Suvauki uviun yio TTivakeg
Katd amaitnon

KRATA TV £TMOTEOPN, 0 KAAOVUEVOS ETLAVAPEQEL TOUG
ATTOONKEVUEVOUS KATAYWENTES
0 kalovuevog TrpayuatoTtolel dAua atn dievbuven

ETMGTROPNG
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incoming
arguments

frame
pointer

outgoing
arguments

stack
pointer

argument n
argument 2
argument 1

local
variables

return address

temporaries
saved registers
argument m

argument 2
argument 1

awey snolnaid

el jJuaund

xau




Yvupdoels kAMncewg C povtvedv (C calling convention)

m Stack Management
m The stack grows down
B Subtract from $sp to allocate local storage space
B Restore $sp by adding the same amount at function exit
B The stack must be 8-byte aligned

B Modify $sp only in multiples of eight

m Function Parameters

B Every parameter smaller than 32 bits is promoted to 32 bits
First four parameters are passed in registers $a0—$a3
64-bit parameters are passed in register pairs
Every subsequent parameter is passed through the stack
First 16 bytes on the stack are not used
Assuming $sp was not modified at function entry:
The 1st stack parameter is located at 16($sp).
The 2nd stack parameter is located at 20(Ssp), etc.

B 64-bit parameters are 8-byte aligned

m Return Values
B 32-bit and smaller values are returned in register $vO

B 64-bit values are returned in registers $v0 and $vl
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Opydvwon ko Staxeipion

XdeTneg wviaung yo. tov

MIPS

™G uvnung dedouévwv

Awaeipion gtoifag yia
AvaSQOWKES KANGELS
(TTOLEOYOVTIKS)

TFFFFFFFhex

10000000ex

4000004

f

Avvopikn

ZuoTHpaTog

Zroifa

Hepogn
Aedopévov

Mepoyr
Evrohav

Stack

Old $ra
old $ip

Old $a0
Old $ra
old $ip

Old $a0
Old $ra
old $fp

Old $a0
Old $ra
Old $fp

Old $a0
Old $ra
old $ip
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main

fact (10)

fact (9)

fact (8)

Stack grows
fact (7)




Ievikol kavdoveg TTOUV AKOAOVOOVVTAL GTO YEVVIITOQO
TEAMKOU KOO

B YTTOAOYIGUGS TOU GUVOMKOU UeYEB0UGC TV TOTIKWY KOl TTQOGWEWV®OV
UETAPBANTAOV €VOS TOTIKOU TTivaKa GUUBOAWY

m YIroAoyiouds Tou xdeou TTou KATAAAUBEVOUV oL TTaQAUETEOL T®V
GUVOQTAGEWV KoL N GXETIKN Toug déon

m O $sp Selyver otnv tedevtaia 9éon otn otoifo ko o $£p oy TEDOTN
TOTIKA UeTaPfAnTii GTn GToifa

m ‘OAeg Ol TOTIKES UETAPANTES KAl Ol TTAQAUETEOL TWV GUVOQTAGEMV
TotrofeTovvton GTn GToifa Tou TEoyEduuatog: <relative
parameter/variable order * 4>($£fp)

B [ petayAdttion yweic BEATIGTOTTONGELS XENGUWOTTONGTE TO LWOVTEAO
@OETWGNG, VITOAOYIGULOV, aTtofnkevong

m KdBe yevikn (global) uetafinti astotedel GUUPOAO GTn LV Kot
SnAwveton pe pevdoevioM

.data
<name>: <type> <size>

m o kdBe string SnAdvovtor TwéS agyomoinong ue pevdoevtolés . word
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Angrovpyia GuufoAkol) KOSIKA Yo GUVOQRTAGELS

B YIoAoylopdg GuvoMkoy ueyé0oug yia LeTOPANTES, KATOXWENTES, KOL TO
mAaicto (frame) Tng cuvdTnong (Tomikés ueTaPAnTég, amodnkevon Twv
$s0 to $s7, $fp, $ra)

® Etkéta cuvdgtnong

.text
L_<function name>:

m Anwougyio tov TTAaciov tng cuvdptnong: subu $sp, <frame size>
B AT0ONKEVGN KOTAXWENTOV:
swWw <register name>, <relative position>($sp)
m Néa i tov $£p: addu $£fp, $sp, <frame size>
B Kddikag yia to cdua tng guvdtnong
B Kodikag emAdyov
B T ouvdpTnon ue emoTEeEOUEVN TILA:
lw $v0, <position in memory>
B Eavo@oQd Tov TWOV KAToY0EnTOV:
swW <register name>, <relative position>($sp)
B Meiwon tng twic tou $sp: subu $sp, $sp, <frame size>
B AMoyn tou onuelov extéleong Tou mpoyeduuatos: jal $ra
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Kwdkag cuufoiouetapeactn ywo tov MIPS: Evpeon
ueyaAteQov Ggtotyeiov Trivoka

# al0: address of element mem[0]
# al: value to match
prog:
add $t0, $zero, $zero # t0O = 0
add $v0, $zero, $zero # vO = 0
add $vl, $zero, $zero # vI = 0
loop:
sltu $t2, $t0, S$al # t2 = (t0 < al)
beq $t2, $zero, fin # if (!t2) goto fin
1w $t1, 0($a0d) # tl = mem[a0]
sltu $t2, $t1, $vO # t2 = (tl < v0@) UNSIGNED!
bne $t2, $zero, skip # if (t2) goto skip
add $ve, $t1, $zero # v0 = tl
add $vl, $t®, $zero # vl = t0
skip:
addi $t0, $t0, 1 # t0 = t0 + 1
addi $a®, $ab, 4 # a0 = a0 + 4
j loop # goto loop
fin # $finish

To medypaupa avtd Peicker To ueyolltepo gtotyelo e Evav
Tivaka asreocnumyv 32-bit akepoalmv Kol eTGTEEPEL TO GTotKelo
avtéd otov katoyoenti $ve kol tn 9éon ctov Twivoka cTov_$vl
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I'évvnon kwdika yro MIPS: XiUykpion cuupfoAocelpwv

ANSI C Kodwag assembly yia tov
MIPS
. )
int strcmp (char *strl, char *str2)
{
char cl, c2; strcmp:
1:
do { lbu  $t®, 0($a0)
cl = *stril++; addu $a®, $a®, 1
€2 = *Str2++; lbu  $t1, 0($al)
} while (cl != 0 && c2 != 0 && cl == c2); addu $al, $al, 1
beq $t0, $zero, .t01
/* clever: 0, +ve or -ve as required */| # end of first string?
return cl - c2; beq $tl, $zero, .t01
} # end of second string?
g J beq $t0, $t1, 1b
.t0l:
subu $vO, $tO, $t1
j $ra
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I'évvnon kwdika yro MIPS: Bpoyoc for

Zz
(TTOAAQTTAOGLAGULOG)
Assembly (amd mips-sde-gcc,
ANSI C epapuocel loop reversal)
int test_for(int a, int b) .te¥t
{ .align 2
int t = 0, i; test_for:
for (i = 0; i < b; i+ -frame $sp, 0, Sra
{ move r2, $zero # r2 = $vo
t 4= a; blez r5, .L7
1 .L5:
return t; addiu r5, r5, -1
1 addu r2, r2, r4 # r4 = $a0
bne r5, $zero, .L5S
.L7:
jr r31
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I'évvnon kwdika yia MIPS: Avadpowkés kKANGeLS
GUVOQTNGEWV GTOV VITOAOYIGUO TTOQOYOVTIKOU

ANSI C
int fact(int n) {
if (n > 1)
return (n * fact(n-1));
else
return 1;
}
Kwdikag assembly yia tov MIPS
fact:
addi $sp, $sp, -8 # make space on stack for 2 items
sW $ra, 4($sp) # push return address (from ra)
sW $a0, 0($sp) # push n (from a@®)
sgti $t0, $ald, 1 # if (n > 1)
bne $t0, $zero, rec # goto rec;
# else
addi $v0, $zero, 1 # v0 = 1; (value to return)
addi $sp, $sp, 8 # hand back stack space (no pop)
jr $ra # return to caller
rec:
addi $a0®, $ab, -1 # a0 = n - 1;
rcall:
jal fact # v0 = fact(n - 1);
1w $a0®, 0($sp) # pop n (into a@)
1w $ra, 4($sp) # pop return address (into ra)
addi $sp, $sp, 8 # hand back stack space
mul $ve, $ad, $vo # v0 = n * fact(n - 1)); (ret val)
jr $ra # return to caller §
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I'évvnon kwdika ywo MIPS: ITopayovtottoinen Ge
YWOUEVO TTOWTWV

ANSI C Assembly
void pfactor(unsigned int x, .text
unsigned int *outp) .align 2
{ pfactor:
unsigned int i, n; .frame R29, 0, R31
n = x; sltu R2, R4, 2
i=2; 1i R3, 2
while (i <= n) { bne R2, RO, .L9
while ((n % 1) == 0) { .L20:
n=mn/i; divu RO, R4, R3
*outp = 1i; teq R3, RO, 7
} mfhi R2
i=1i+1; bne R2, RO, .L11
} .L14:

} divu RO, R4, R3
teq R3, RO, 7
mflo R4
divu RO, R4, R3
teq R3, RO, 7
mfhi R6
beq R6, RO, .L14
swW R3, O(R5)

.L11:
addiu R3, R3, 1
sltu R2, R4, R3
beq R2, RO, .L20
.L9:
j R31
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To ypapwd srepifdAlov Tov PCSpim [SPIM]

B spim TOAU YvOGTOS SlepUNVEVTIKOS TTROGOUOLWTIAS VL0 TIC QLEYLTEKTOVIKES
MIPS-I, MIPS32. AttoteAel €pyo touv James Larus kou foloketon Ge
Stopkn avdsttugn amé to 1990

® AAMot tpocouolwtés: MARS [MARS, Vollmar, 2006], EduMIPS64,

WinDLX

C) BER|

2] o)

=(E
Fe < owdwos  EPC = GODOGOND Cawes = GOGDUD0D  Bamviamc 00000000 a
ftacus - smovefis mr - oooooowo Lo - oooocogo
Coneral Regiscers

ko (co = cooo0000 mo (o) = ooebacas Ree (oD - 0000000 K24 (:d) = 00000000
R (ac) - G00D000D X5 (r3) - GDODOGDS RiY (-i) - G00G0GD0 Res (¢o) - 020GDGD0
[0x00400000] 0xB8£a40000 1w §4, 0(§29) : 183: lw §a0 O(§sp) # arge -~
[0x00400004] 0x27a50004 addiu §5, §29, 4 ; 184: addiu $al §sp 4 # argv
[0x00400008] 0x24a60004 addiu §6, §5, 4 ; 185: addiu $aZ §al 4 # envp
[0x0040000c] 0x00041080 s11 §2, §4, 2 ; 186: sll §v0 §ad 2
[0x00400010] 0x00c23021 addu §6, §6, §2 : 187: addu §a2 §a2 §vO
< >

o a
[0x10000000) ... (Bx10040000]  0x00005050

STACK About PCSpim

Va0
R —
Copyright 1330-2010, James R. Larus. L

Alights Reserved.
DOS and Windows ports by David 4. Carey

411 Rights Reserved.
DOS and Windows ports by David L. Carley.

Copyright 1997, Morgan Kewfwann Publishers, Inc. DOS ard Widowspots by David s Catey.
e the file o o furl copyrishe metiee. opyight 1357, Morgan Kauimarn Publiers, nc.

Foe the file README for o full copyright not G the fle README for a ful copyiht nlice

Loaded: C:\CompSci\PCSpim\exceptions. s

PC=0x00000000 EPC=0x00000000 Cauise=0+00000000

For Help, press F1
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WevdoevtoAég (pseudoinstructions) Gtov spim

m IIpdkerton yio vipekTifes (08nyieg) wov agtevBivel o
TTEOYQOULATIGTAG TTEOS TO GUUBOAOUETAPEAGTA TOU Spim

.data [addr]” Subsequent items are stored in the data segment
.kdata [addr]* Subsequent items are stored in the kernel data segment
.ktext [addr]” Subsequent items are stored in the kernel text segment
.text [addr]* Subsequent items are stored in the text

" starting at [addr] if specified

.ascii str Store string str in memory, but do not null-terminate it

.asciiz str Store string str in memory and null-terminate it

.byte by,..., by Store the 7 values in successive bytes of memory

.double di,..., dy|Store the n floating-point double precision numbers in successive memory locations
.float fi,..., f1|Store the n floating-point single precision numbers in successive memory locations
.half hi,..., hy  |Store the n 16-bit quantities in successive memory halfwords

.word wi,..., wy, |Store the n 32-bit quantities in successive memory words

.space n Allocate n bytes of space in the current segment

.extern symsize |Declare that the datum stored at sym is size bytes large and is a global label
.globl sym Declare that label sym is global and can be referenced from other files

.align n Align the next datum on a 2" byte boundary, until the next .data or . kdata directive
.set at Tells SPIM to complain if subsequent instructions use $at

.set noat prevents SPIM from complaining if subsequent instructions use $at
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KAcelg guatnuatog (system calls, syscalls) gtov spim

m Emkowwvia Tou TToyeduitatos Touv xenotn ue to TepBdAAoV ekTéNEONS
(Aertovpykd GueTnUa)
B £{codog n £€£0d0¢ aképatov auov, aElBLoy KIVNTAG
VTOSLGTOMLG, GLUBOAOGELRAS
B dueon £€5080¢ (exit) amd To TmEdyeaLL
B Suvaukn ekydenon puvaung ue t fonbeia tng sbrk

SERVICE SvO0 ARGS RESULT
print_int 1 |integer $a0
print_float | 2 [float $£f12
print_double|l 3 |double $f12/5f13
print_string] 4 |string $a0
read_int 5 integer (in $vO0)
read_float 6 float (in $£0)
read_double | 7 double (in $£0)
read_string | 8 |buf $a0, buflen $al
sbrk 9 |amount $a address (in $v0)
exit 10
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[Tapadeiypata yenong Twv KAMGE®MV GUGTAULOTOS

Extimwon Tov akepaiov mtov BeicokeTal GToV KaToywenth $t2

1i $vo, 1 # load syscall code in v0
move $a®, $t2 # move integer to be printed into a0
syscall # call operating system to perform operation

Avdyveoon akepoalov (amd tnv KoveoAa) kol 0ITOBNKEVGH TOU

’

gTh uvnun

1i $vo, 5 load syscall code in v0

syscall call operating system to perform operation

sw $v0, int_value value read from keyboard returned in v@

then stored to desired location

W R R

Extimtwon cuufoArocelpdg
~

.data

strl .asciiz "Print this.\n"
.text

main: 1i $vO, 4 # load appropriate system call code into register v0
la $a®, strl # load address of string in a0

syscall # call operating system to perform print

.

"E€080¢ a1td To TTedypauuo

1i $vo, 10 # system call code for exit = 10
syscall # call operating system
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