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Xovoyn tov pabnuatog (1)

H ogydvwon tou Sounyévou UeToyA®TTIGTA

H yonowdtnta tng evddueong avaitaQdotoong
IToaxTiko! UETAYAWTTIGTES

H Tévvnon evdildueons ovastaQdotaong

AToddéuncn cuvbetwv ekpedoenv tng ANSI C
Baowkd urthok - avastapdoetacn DAG

Kodikas toudv dievbiveewy (three address code)
MetayAwttion mnyaiov kddika ce TAC

Todpor e€dptnong dedousvav

CFG kar CDFG

Opwoudg tng SSA

Kataockeunn SSA

Emloyit kodSika

H £vvola tng Kowng uItoek@EAcens

Mn BéATIGTN TTAAKOGTEWGN JEvEov EoNng dedouévwv yo tTnv
ETLAOYN KOJKA

Yyxedaouos AST amd kewevikn avasopdotacn DFT
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YUvoyn tov poabnuatog (2)

Katapeplopds RoTowentov
B AwocTtagoto ¢ong: egaynyn ard kwdwa TAC
KaBoMKrOG KaTOUEQLGUOS KATOXWENTWOV
Xpouotiouss yedeov - Tpdeot ToeufoAing
ITeproxés Twng - n Stopoed Toug aTtd Ta SlocTALATA {WAG
O aAyépBuog Tou Chaitin kol TG EQAEUOTETOL
® O aAy6BUOC YOOUWKAG GAE®WGNG: TTEQLYQAMNR KAl EQAQUOYN

BeATIGTOTIOAGELS AVEEAQTNTES ATTO TNV OLPXLTEKTOVIKI
m O PeAtigToTronTtiic Gto TTAALGLO Tou Sounuévou
UETAYAWTTIGTA
B Baowkég Siopopés uetagd PeATiGToTTonNGE®Y VPnAoy Kot
yaunAov ematédov - Ilapadelywoto
m H epopuoyri 6Awv Tov BaBuonTdv BEATIGTOTTOGEOY
B Xyediacudc dévipou kugagxias (Ot BEATIGTOS aly6eLBuocg)
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Xovoyn touv pabnuatog (3)

@ XQovoTteoyQauLaTIGUOS KOSIKA Kol PEATLGTOITTOINGELS
€EAQTNUEVES AITO TNV AEYLTEKTOVIKA
m Etaptricels eviodwv
B A€ GTaTkOU Kol SUVAULKOU XQO0VOTTQOYQOUWLATIGULOV
m O aAydpiBuog ASAP
® O aAy6Buog xpovoTeoyauuaticuot AlGTag
BeAtiotomomnoeig (1)
m H Swadikacio tng BeAtigtomoineng
m Tevikevuévn Soun Bedxmv kot medio emavdinyng
m Loop unswitching, loop reversal
m Strip mining, cycle shrinking
m Loop tiling
m Loop unrolling
H BeAtiotomowioeig (I1)
m Scalar expansion, scalar replacement
m Software pipelining kar cUykeion e loop unrolling
m Modulo scheduling
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Evdeiktikd déuata: T'evikd

m Na §obel to oynpatikd Sidypoaupo Touv TuTTKoU oXeSLacuov
€VOC UETAYADTTIGTA. XTN GUVEXELNL

a)

B)
v)

Noa ovopactel kKGBe emuépoug Tunua Tov Kot vo SoBel
glvtoun TreQLyQapit Tng Asttoveylag Tou.

ITota n Aettovgyla tov Trivaka GuuféAmv (GUvtouo)

Iowo Ta TTAEOVERTALOTO TG XENONG evildueong
AVOTIORACTOONS GTO GYESLOOUS EVOS ETTAVAGTOXEVGIULOV
uetayldwttioti Na oBel apiBuntikd Trapddetyua yio tnv
TERITTTWON UETAYAWTTIGTA 0 oTtolog SéxeTan Tig TTnyaies
VA®Goeg ANSI C, C++, kow Pascal kou gtapdyel KOSIKA GTIG
VYAWGGES GUUBOAOUETAPEAGTA YLOL TIG ORXLTEKTOVIKES X86,
MIPS, ARM kot PowerPC.
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EvSewktikd déuata: Eviidueon avastopdotacn (1)

m Na amwavinfoiv ta ToQakdTn EQWTALATL:

a) T elvon Backd uithok Ge évav yed@o EONG eAEYYXOU KoL TTOLO
TO YORAKTNELOTIKA TOV. AdaTe €va Tropddeyuo Boctkov
UWITAOK (€L 7 EVTOAEGS) ue KOSk TELwv StevBvveewv (TAC).

B) Tuelvar n woeoen Xtatiking AmAng AvdBeong (SSA) kar ol
n koo WidtnTd Tne

v) Na mapaydel yodpog pong eAéyyou ue Pactkd umlok oe SSA
UWOEEN YO TO TTAQOKAT® TUAWN KOSUKA.

if (3 <D

}
} while (i <= 10);
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EvSewktikd déuata: Eviidueon avastopdotacn (2)

m Noa amovtnfoiv ta woQakdTw:

a) O maakdten kddikag ANSI C gmepiypdpetl évav alyéelbuo
JTOQAYOVTOTTOINGNG TOV OKEQRALOU 1 GE YIVOUEVO TTEOTWV
apbuwv (prime factorization). IIpwtoc aBuds efvor avtdc
JToU Sraupeltar akEPBWS UGVOo e TOV €AVTO TOU KOl TN
uovada. Na dobel o ypdpog pong eAéyyxov (CFG) e non-SSA
ko ge SSA pwopen yio Tov aiydelbuo.

i=2;
while (i <= n) {
while ((n % i) == 0) {
n=-n/1i;
printf("%d * ", i);
}
i=1i+1;

}
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EvSewktikd déuata: Katoueplopnds KaTayment®v

m Na meayyoatorotnfel RATAUEQLGUAS KATAYWENTOV:
a) Me tov alydebuo yomuatiopotv yedeou (k = 3) yio To yedpo
TOREUPOAMGS TOV GYAUATOG.

Ao

B) Me Tov alyoQiBuo TnS YROUWKIAS GARMONGS Yo, TOUS XQOVOUS
cong (A-F). O apiBudc twv Stabéoiunv @uatkov
katoywentav eivor R = 3.
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EvSewktikd déuata: XQovoIrpoyQaulotioos KOO

"Ecto n vioBetikit apyttektovikin RISC:

Avapdppmncn SUUTTEQLPOQG KikAor unyovig
ADD R1, R2, R3 R1 := R2 + R3 1
MUL R1, R2, R3 Rl := R2 * R3 2
LOAD R1, imm(R2) R1 := MEM(R2 + imm) 3
STORE imm(R2), R1 MEM(R2 + imm) := R1 3

Na meayuatoronbel o xQOVoTIROYQAUULATIGULOS TOU
TOQOKAT® TUAULOTOS KOSIKO OTE 0 GUVOMKOS XEOVOG
exkTéAeonc e ayltektoviki pe uio ALU kow ulo wovddo
(LOAD/STORE) va pewwBet agrd touvg 20 ctoug 13.

3 LOAD R1, O0(R30)
4 ADD R1, R1, R1
7: LOAD R2, 1(R30)
9: MUL R1, R1, R2
9-11: LOAD R3, 2(R30)
12-13: MUL R1, R1, R3
13-15: LOAD R2, 3(R30)
16-17: MUL R1, R1, R2
18-20: STORE 4(R30), R1
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EvSewtikd déuata: Audpopa

m BeAtiotomomosig:
a) Egapudote Swadoyikd SimtAwon otabepdg, diddoon otabepdc,
AAYEPOELKES ATTAOTTONGELS KOl €E0VSETEQWON KOWNAG
VTTOEKPEAGENS GTO TTOQRAKAT® TUAULO KOSIKA.

if (k == 0 {
11 + 1;

aj;
(b + e) * 1024;
d=¢e + b;

B) Na epapuoatel TTAAKOGTEWGN Bedywv (loop tiling) yia
uéyeboc mAaridiov ico ye 16. Ov mivoakeg a, b €xovv amd n
atotelol.

for (i = 0; i < n-1; i++) {
b[i] += (al[i] + a[i+1]1)/2;
}
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OZuata egdoknong: AvdAuon xedvou TwNRg

m ‘Eoto to Ttagokdt® CFG. Na §00ovv Ta GUVOAL ToVTav®V
uetapAntadv ota cnueia 1 wg 5.

m Amdvinon

i/ Metapintéc stouv uévo

Live at 1 = {a, b, d 7 ’ 7
o : ) i N }i 3 Swapdcovton elvon ToVTAVES
Live at 3 = {a, b, d} TTEW To cnuelo elGédov

Live at 4 = {k} o , , ,
Live at 5 = {a, b, d, g} LJ EASYETS 07\’8g TLg SLO{/SQOUSQ
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Oéuata egdoknong: CFG amd Sounuévo mtnyoaio koSko

m KdSwag ANSI C m To CFG 1tng cuvdgptnong main
ue dniwaceg C

s ) - R
extern int f(int);

int main(void)

{
int 1i;
int *a;

Basic
for (i = 0; i < 10; i++) Blocks
{ . .
a[i] = £(i): a[i] = f(i);

1 i=i+l;

} [ |

g J
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OZuata egdoknong: CFG agd kodika TELOV
devBuveewv

® KoSwag TAC m To CFG tng guvdptnong main
ue dnAwaceig C
ma;n; o
LO:

tmp2 = i < tmpl;

if (tmp2 == 0) then goto L1;

tmp3 = 4; Lo:

tmpd = tmp3 * i; tmpl=10;

tmp5 = a + tmp4; D8 r

param i, $0; tmp2=i<tmpl;

tmp6 = call f; ifz tmp2 goto L1 ;

*tmp5 = tmp6; ¥

tmp7 = 1; tmpI=4;

i=1 + tmp7; tmp4 = tmpJ *1i;
L19°t° Lo; tmps = a + tmp4 ;

parami#0;

tmp6 = call f ;
*(tmp5) = tmp6 3
tmp7=13
i=i+tmp7;
goto L0 ;
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OZuata egdoknong: Evpeon Sractnudtov ¢owng amd tov
K®OOIKA TELwVv StevBiveewv

‘ tnﬁﬁ ‘ ‘ tmp4 ‘ ‘ tmp5 H tmp6 ‘ ‘ tmp7 ‘ mp3—d 1

tmp4 = tmp3 *i;
D tmpS =a+ tmp4 ;

parami#0 ;

tmp6 =callf;

*(tmp5) = tmp6 ;

tmp7=1;
i=i+tmp7;

goto L0 ;
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Oduata egdornong: Xxedlacouds Tov yedpou
TTOREUPOANG
Y0Q®OVOUUE 0QLZOVTLAL TO TIQONYOUUEVO GYAUOL KO KOTOYQAMPOUUE

OMeg Tic Suedeic oyéoers. Kdbe oxéon ypeidceton vo yeapel uévo
ula @od (61 multi-graph)
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Oduata egdoknong: ATOTEAEGUA TOU XQEMOUATIGLOV
yodpou

Mo aeBud kataywentdv R =4

Iponyuéva

®
w




H agytexktovikn emegepyactn MIPS32

O emegepyacting MIPS (Machine without Interlocked Pipeline
Stages) agtotedel évav dnyo@uin RISC emegepyaotii
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

Operating System

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

;
TnAe@mvio)
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Opdcnua GTnv €£€ALEN TNG OPYLTEKTOVIKNG £TTEEEQYOGTI
MIPS

Designer/imodel/ Cache
Year  clock rate (MHz) Instruction set  (1+D) Notes
1987 MIPS R2000-16 MIPS 1 External: 4K+4Kto  External (R2010) FPU.
32 K+12K
1990 IDTR3051-20 4K+1K ‘The first embedded MIPS CPU with on-chip cache and progenitor of a family of
pin-compatible parts.
1991 MIPS R4000-100 MIPS 111 BK+K Integrates FPU and L2 cache controller with pinout option. Full 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 16K+I6K QED's brilliantly tuned redesign is much faster than R4000 or R4400 at the same clock.
rate—partly becanse it returned 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 16 K+8 K Low cost, low power but full featured R4000 derivative. Initially aimed at Nintendo
64 games console, but embedded uses include HP's L4000 laser printers.

1996 MIPS R10000-200 MIPS IV 32K+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.

1995 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 Internet routers,

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

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

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

2002 PMC-Sierra RM9000x2 MIPS64 16 K+16K+256 K 12 Dual-CPU design at 1 GHz (the 12 is NOT shared; each CPU has its own 256 K). First
MIPS CPU to reach | GH.

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

2003 MIPS 24 K core MIPS32 R2 AL500 MHz in

synthesizabl logic, a
solidly successfil care
design.

2005 MIPS 34 K core MIPS3Z+MT ASE 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
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To pemepTdOLO evioAwv Tng apyttektoviking 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 1 R[rt 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 R[rt]=R[rs]&ZeroExtImm 3) ¢
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 026
Xor Immediate xori 1 e
[Shift Left Logical s1L R 0/00
Shift Right Logical srl R 002
Shift Right Arithmetic sra R >4 003
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 [rs 0/—/—/1a
rs]%
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)

FOR- OPCODE/
MAT FUNCT

NAME OPERATION (in Verilog) (Hex)
Branch On Equal 1 R[rt]) PC=PC+4+BranchAddr [&3) 4
Branch On Not Equal 1 R[rt]) PC=PC+4+BranchAddr (4) 5
Branch Less Than P |f(R[rs]<R[rl]) PC=PC+4+BranchAddr
Branch Greater Than P PC+4+BranchAddr
Branch Less Than Or Equal P if(R[rs] <=R[rt]) PC=PC+4+BranchAddr
Branch Greater Than Or Equal P if(R[rs]>=R{rt]) PC=PC+4+BranchA ddr
Jump ] PC=JumpAddr (5)| 2
Jump And Link ] R[31]=PC+4; (5)| 2

3
Jump Register R 008
Jump And Link Register R R[31]=] PC+4 /09
P [rs]

Move move P R[rd]=R[rs]
Coad Byte i) T R[r]={24"b0, M[R[rs]+ZeroExtImm](7:0)] [B) 0
ILoad Byte Unsigned lbu 1 R[: 2470, M[R[rs]+SignExtimm](7:0) } (2)] 24
ILoad Halfword 1h 1 R[rt]={16’b0, M[R[rs]+ZeroExtImm](15:0)} (3)| 25
ILoad Halfword Unsigned lhu 1 R[rt]={16’b0. M[R[rs]+SignExtImm](15:0)} )| 25
ILoad Upper Imm lui 1 R[rt]={imm,16'b0} f
ILoad Word 1w 1 R[rt]=M[R[rs]+SignExtImm] )| 23
ILoad Immediate 1i P R[rd]=immediate
ILoad Address la P R[rd]=i i
Store Byte sb 1 M[R[rs]+SignExtImm] (7:0)=R[rt](7:0) Q) 28
Store Halfword sh 1 IM[R[rs]+SignExtImm] (15:0)=R[rt](15:0) Q) 29
Store Word sw 1 MIR[rs]+SignExtImm]=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.

Saved registers. Their values must be preserved across

$16.523 | 507 procedure calls.

Temporary registers used for expression evaluations; their

$24.825 |[t8-t9 .
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
register (like s0-s7).

Contains the return address and is used for expression
evaluation.

$30 or $fp | fp

$31 ra
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Opydvmon Swoxétevong evig emegepyactn MIPS
(MIPS-R3000)

O MIPS-R3000 drabéter 5 Pabuides droxétevong:
m IF: Instruction Fetch
m ID: Instruction Decode
m EX: Execute
m MEM: Memory Access

m WB: (Register) Write-Back
Instruction Fetch |n5'§gla(i:§it&;r: I;Deet(é%de Adg::;:suéealc_ Memory Access Write Back
IF ID EX MEM wB
— — — Next P(] =
% Next SEQ PC Next SEQ PC
RS1
—]
RS2
$—=] Register 7|
| Fie
™ =
. g & 2
] jul z 3
pC o = g 5
= Il @ - I
WB Data

Nworaog Kappadiag nkavv@uop.gr eonyuéva Ofuata Ocwontikiig IIAnQo@oQIkig



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)

binary Object program (pl.o p2.o)

. Linker (gcc or 1d)

binary

Executable program (p) libraries (.a)

-}

Disassembler (dis —h% Debugger (gdb)

text disassembled program
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H opydvwon tov avtikeluevov apyelwv (object files)
totov ELF ywa tov MIPS

ELF: Executable Linking Format

text [€—— Text section.
rdata |4— Read-only data section.
.data

lit8 [— Data sections.

lit4

[— Small data section, addressed
sdata through register $gp.

.sbss [€4— Small bss section, addressed
through register $gp.

l4— bss (block started by storage)
bss gection, which holds zero-initialized
ata.
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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
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Old $a0
Old $ra
old $ip

main

fact (10)

fact (9)

fact (8)

Stack grows
fact (7)
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Ievikol kavdoveg TOUL OKOAOVLOOVVTAL GTOV YEVVATOQO
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
pépTwong { vroAoyieuot { astobnikevong

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 $sp, <frame size>
B Amofnkeuon kotaywEnTtwv: sSWw <register name>, <relative
position>($sp)
m Néa i tov $£p: addu $£fp, $sp, <frame size>
B Kddikag yia to cdua tng guvdtnong
B Kodikag emAdyov
® [0 ouvdgtnon ue emotee@duevn Twn: 1w $v0, <position in
memory>
B Emavo@opd Tov TwdV KATowenTtdv: SW <register name>,
<relative position>($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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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 { 1bu t0, 0(ad)
cl = *strl++; addu a®, a®, 1
C2 = *Str2++; 1bu tl, 0(al)
} while (cl != 0 && c2 != 0 && cl == c2); addu al, al, 1
beq t0, zero, .t01
# end of first string?
return cl - c2; beq tl, zero, .t01
} # end of second string?
- J beq t0, tl, 1b
.t01:
subu v0, t0O, tl
j ra
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ANSI C

int test_for(int a, int b)
{

int t =0, i;

for (i = 0; i < b; i++)

{

t += a;
}
return t;
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I'évvnon kwdika yro MIPS: Bpoyoc for
([ToAAATTAOGLAGULES)

Assembly

.text

.align 2
test_for:

.frame sp, 0, r31
move r2, ro

blez r5, .L7

.L5:

addiu r5, r5, -1
addu r2, r2, r4
bne r5, ro, .L5
.L7:

i r3l
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I'évvnon kwdka yroo MIPS: Avadpowkés KANGELS
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 # v® = 1; (value to return)
addi $sp, $sp, 8 # hand back stack space (no pop)
jr $ra # return to caller
rec:
addi $a0®, $ab, -1 # a® = 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 # vl = n * fact(n - 1)); (ret val)
jr $ra # return to caller §
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I'évvnon kwdika ywo MIPS: ITopayovtottoinen Ge
VIWVOUEVO TTQWTWV

ANSI C
void pfactor(unsigned int x, -text
unsigned int *outp) .align 2
{ pfactor:
unsigned int i, n; .frame sp, 0, R31
n = x; sltu R2, R4, 2
i=2; 1i R3, 2
while (i <= n) { b:;o. R2, RO, .L9
white (E D =0 divu RO, R4, R3
routp 4 1. teq R3, RO, 7
y s mfhi  R2
i= i . bne R2, RO, .L11
y T b .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
sw R3, O(RS)
.L11:
addiu R3, R3, 1
sltu R2, R4, R3
beq R2, RO, .L20
.L9:

j R31

NwoAaos Kappadiag nkavv@uop.gr Ieonyuéva Ofuata Ocwontikiig IIAnQoPoQIKIG



