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Yriaypdonon tng StdleEng

B Ewcaywyn 6ta evoouatouéva cuatipata (embedded
systems)

m H yonowdtnto twv €ravacTtoxeoumV LETAYAOTTIGTOV

B X0QOKTNEIOTIKA TOV ETLAVACTOXEVCLU®Y UETAYAOTTIOTOV
m [Tapovciacn twv SNLOPIAEGTEQWY TTEQLITTWGEDV:

GCC

LLVM

LCC

PCC
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H avayrkowotnto tov (ETavacTtoxeVetumy)

UETOAYA®TTIGTOV YO EVGOUATOUEVOUS ETTEEEQYUGTES

AsIC

uc core

DSP core

]

ROM

RISC core

m Evoouatouévo cigtnuo: oItolodngtote guotnua emegepyacios Stabétel
TTEQLOQLGUEVN DLETTOPN UE TO XENGTN
B XUvifmg ‘KQUUUEVO aUTOKIVITO, GTILTIKES NAEKTQOVIKEG GUOKEVEG,

LTEIRA GEYyava, KIVnTd TNAEQ®OVO, TTOLXVISOUNYOVES K.A.IT.

m H ovgovduevn ToATAOKGTNTO TOV EVEOUATOULEVOV GUGTALAT®V,

od1iynce GTn XENGN IJTQOYQAUUATIIOUEV®V ETTEEEQYATTMOV

m [ tn StevkdéAvven Tou TTEOYEAUUATIGUOU TOUS elval avaykaia n yenon

UETAYAOTTLGTOV
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Katnyogprotroinon tov evGoUATOUEVOV ETTEEEQYAGTOV

Kvplo xaQoKTnELGTIKA £VOG EVEMUATOUEVOU ETTEEEQYACTI elval oL eTEOGELS
(tayvTnTo emegeQyaciag, Katavdimon woyvoc/evépyelag, eTLpdveld
OAOKANQMUEVOV) GE GYEan Ue Tnv eveMEla Tou (BuvatdTnto TTEOYEOULATIGUOD),

€UKOMOL TTpOoCOUOYNS G ueTaBaAldueva Sedouéva atd to TepBGAAOV Tov)
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w = general purpose processors
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Flexibility
Source; H. Meyr
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Evoouatouévol eTTeEEQYOTTES KAL TO OQXLTEKTOVIKA
XOQOKTNELGTIKA TOUG

Eivarl oxediacuévol pe kLo 6Téxo tnv emdpkelo (Vpnin
ToyUTNTO £TELEQYACiOg e YaunAn KatovdAnon
Lo VoGc/evEQyeLag)

H EvukoAlo/oygecdTnta Tou TEOYQAULATIGLOY TOUS

Apyrtexktovikn Harvard (Sexwoloti amobfrikevon ya
dedopéva kol EVTOAEG)

ETeQoyevAGg 0QXLTEKTOVIKI KATOYWENTOV

YAomowovyevn apibuntiki: saturating arithmetic, afuntikn
GTOOEQENGS VITOSLAGTOAMG

@ Etedikevpévec evioAés OTTwg yia StevBuvelodotnon bit,
TTOAAOTTAAGLAGUG-KOL-GUGGHREVGN

Yuvnbwg attovoidcovv: MMU, superscalar 0ok TnELoTKd,
QELOUNTIKA KIVNTAG VITOSLOGTOANG

BH MeydAn TToKIAMO EVOOUATOUEVOV ETIEEEQYOOTOV GTN
onueQvi ayoed
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Empépoug mapduetpol Tou oxedlacuol EVEOUATOUEV®VY
ETEEEQYOGTAOV

. Instruction Float/fix
Compatibility
Architectural Word
style Perfor- lengiy

mance 7
Number of Address
registers " generation
Number of
function units
Memory
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Pipeline
stages

Debug
support

Ernbedded % stems Design Wbrkshop, T Delhi, Jan 2002 © R. Leupers




O kéouog tng ANSI/ISO C

m H gtio Swadedoyévn yAwoca yioo tn Snuovgylo Aoyioutkot
EPAQUOYMV KOl GUGTRUAT®V

® H yAwcoa ISO C Siémetan amd to mwedtumo ISO/TEC
9899:1999

B Xe Kown xerion kot To ‘Tralod’ wedtuTto (C89)

m IIpotdoels yia tnv doon twv megropuop®y tng C kai thv
EIERTAGN TGS XENONGS TG Ge dAAa Tedla (0Tt n givBeon
VAKOU vYNRAOV eTLITESOV)

m Valen-C (Yasuura, Kyushu-University at Fukuoka, Japan)
m DSP-C (proposed by ACE: http://www.ace.nl)

m SpecC (UC Irvine, USA) by Daniel Gajski

m SystemC: Hardware data types and simulation

(http://www.systemc.org)

HardwareC

Embedded C++ (EC++)

B KoL GANES ETTERTAGELS

NwoAaos Kappadiag nkavv@uop.gr Metaylwttiotég 1T



YmoSoun yio tnv avAaIrtugn kol axediacud
EVOOUATOUEVOV ETTEEEQYAGTWV

m Emavactoxedool uetayAottiotég (retargetable compilers)
m IIpocouowwtég (simulators)

B oxifelag evioMG: oTa TTEOTA 0TASWL ekGEAALdTOONG,
AvATTTUEN gEopotwTOV (emulators) GuGTUATOV

B okeifelag KUKAOU: AETTTOUEQES UWKQOAQYLTEKTOVIKG LOVTEAO,
KATAyEAEEeL Thv KATdGTach (State) Tou eTeEeEyacTin avd
KUKAO Unyowvig

B Aoylowkd gpyadeio avdItTuEng epaouoydv (software
development tools)

B yevvitoQag emiAoyéa kddika (iburg, olive),
guupolouetapEactng (as), cuvdétng (1d),
QITOGUUBOAOUETAPEAGTAGS (0bjdump), AITTOGEAALAT®OTAS
(gdb), popTwTig

m AA\a gpyaldeio (Aoyioukég BipAtodnkeg: Soumv dedouévmv,
0AyoQiBu®Y, ATERGVIONS KOl TAVTOTTO{NGNg yedpwy, K.d.)
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TuTtkA 0QYAV®GN TOV UETAYAWTTIGTA

Tz ]

Compiler

frontend

Code selection

Intermediate re-
presentation (IR)

Scheduling

® 2000,
Peter Marwvedel

Register allocation

Optimizations
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O eTavaGTOXEVGUWOG UETAYAWTTIGTAG GE GYEGN UE TOV

TUTTKGO UETAYAWTTIGTA

Machine
model

mainly
manual
process

Standard
Compiler

2000,
Peter Maniedel

Retargetable
Compiler

Machine
model

mainly
automatic
process
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XO0QOKTNEIOTIKA TOV ETTAVAGTOYXEVGLLOV
weTayAwTTioTov (1)

m Koutipo KataAANASGTRTAS TOUGS Yo Th XEAGH GTO GYedacUd
KOL TTQOYQOUUATIGULO EVEOUATOUEVOV ETTEEEQYUGTWV

m To &i8oc tng evdidueong avastapdotaong (IR)

B Emektacwodtnta (eukoAio atny IToocONKN/TQ0ITOTTONGN
backend, wepdouata avdivong n/kar BeAtigtoToineng)

B AuvaTéTnTo £TAVAGTOXEVGNS OTTO ‘TLEQLYQAPN Unyavig
(machine description)

m Tekunpioon kou Topadelyuata xerong

® Bdon xonotdv, oavdsttuin kor cuvtignon

m YApepa (2011) mtdve amd 30 eroavocToxeVGLLol
UETAYAWTTIGTES OWVOIKTOU KOSIKO yid YAWGGES vPnAov
emItédou (0TTws C, Java) SwatiBevtar xweic kKGGTOG
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XO0QOKTNEIOTIKA TOV ETTAVAGTOYXEVGLLOV
UETAYAWTTIGTOV (2)

B Anpo@lAeic UETOYAWTTIOTES

B GCC: derddeg apyltekTovikég geviatri/atoyou (host/target
machine), 1GxVEES PeATIGTOTTOIGELG, SUGKOAN N GuyyeoPn
véou backend, dvagya dounuévog

m LLVM: yovtégva oxediaon, vtootngign astd Apple Inc.

m COINS: ypauuévog e Java, 1GxVeES BEATIGTOTTOIAGELS Yol
JraeaAnAoTtoincn

m Phoenix: mpwtéTLTO TEQPAANLOV QItd Microsoft

m PCC: avafiwon touv Portable C Compiler

B LCC: Mitdg, katdAMnAog uévo yio agtdovs RISC, ywels
eqreRTAGIUN VITOdoUN

m SUIF/MachSUIF: kaBapé API, emektdoyog, SUGKoAR n
TeoGOnkn véwv backend, xoncwog gtny €pevva

B ANAOL UETAYAWTTIGTEG:

B Trimaran, ACK, SPAM, Open64

m Europwol uetaylwttictégs: CoSy ACE, Archelon
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GCC (1)

m O 10 dadedouévog eTavacToxeUGUOS LETOAYAWTTLGTAG
[

Xonowooteltal wg 0 UETAYAWTTIGTAC GUGTAUATOS GE
Aertovpywkd cuoatnpata Unix/Linux
Mgropel va yencworroinfel yio tn yévvnon KOSk yio
TE{TOUG €TTEEEPYNOTTES (evd AetToupyel oe dAAO
ETEEEQYOTTI): cross compiler
Ymootneicer tic yAdceoeg C/C++, Objective-C, Java, Fortran,
Ada
MeTapepTtdc Ge VEES QQYLITEKTOVIKES UEGW ayelov
TLEQLYQOPNGS WNYOVAGS Kol Bondntikdv cuvapticewv gtn C
ITpécpatec mpoaOnikeg gtov GCC:

B AT tnv €kdoon 4.0: viwrocThElEn SSA

m EvSudueon avasapdotaon GIMPLE

m Emkowwvia ue egotepkd plug-in
OpLouéveg @OoQEES, N AVAITTUEN TOv TreQlopiteTor agtd Jépata

JTOALTIKAG TOU GYedLaGUoU Tov (Tr.). edevBepia Aoyioukon)
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GCC (2)

m [Topddeyuo amd meprypapn unyavig

(define_insn "subsf3"
[(set (match_operand:SF 0 "register_operand" "=£f")
(minus:SF (match_operand:SF 1 "register_operand" "f")
(match_operand:SF 2 "register_operand" "£")))]

"subf\\t%0,%1,%2")

i AUGKOALOL GTNV TTEQLYQOPN U KOVOVIK®DV OLQYLTEKTOVIKOV
m Xtdxol Tov GCC

The main goal of GCC was to make a good, fast compiler for
machines in the class that the GNU system aims to run on: 32-bit
machines that address 8-bit bytes and have several general
registers.

Elegance, theoretical power and simplicity are only secondary.
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H ecwtepwn ogydvwon touv GCC

Front End Middle End Back End
i @ —

| Inter RTL |

| | Procedural e |

Optimizer

3 Y |

| SSA Final Code |

| |Optimizer Generation |

e —

Call Graph /\ -
& redhat Manager o rarr
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Metatpomn e poeen SSA

Original program

a = 3;
b=1;
while (b <= 123) {
a=a+ b;
if (a <= 42)
=a+ 7;
b=Db+5;

Renaming:
a—a,c,e, f
b—dg

Tree-SSA form

a = 3;
b=1;
loop
c=¢ (a, £);
d=¢ (b, g);
if (d > 123) goto end;
if (¢ > 42) goto else;
e=c+ 1;
goto endif;
else:
endif:
h=4¢ (e, d)
f=h+4d;
g=d+ 5;
endloop
end:

.

L)
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Metatpomn asd poeen SSA ce kwdika tiTTov C

Imperative program
Tree-SSA form
- 2
b =1; : ! d=b; //
loop cl— a; d = b; copy
c=¢(a £); °°F
if (d > 123) goto end;
d=2¢ (b, g); £ ( 42) goto else;
if (d > 123) goto end; + f > 7 goto else;
if (¢ > 42) goto else; ) ; : ¢ +/ L
e=c+ 7; - ;e, d/.fcopy
goto endif; goto endit;
else:
else:
endif: d.hf: d; // copy
h=¢ (e d); .
f=h+q; . * .
g=4d=+5; g=0a+ >
seilEa c=1£f;d=g; // copy
— endloop
end:
Wt B
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ATIAS Tapddetypa yévvnong K®OSIKA ylo EVTOAM
POETWONGS GTUBEQRAS

(define_insn

"movsi"

(set %
(match_operand 0 "register_operand" "r") =
(match_operand 1 "const_int_operand" "k") 2
) E

"" /% C boolean expression, if required */ 8

"4 %0 %1!!

)
(set

:SI 58 [D.1283 :
D.1283 = 10; = Ezixgast_int 1[0: [0}1;]) =>1i $t0, 10

Jan 2010

Uday Khedker, IIT Bombay :
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AvEnTKN KaTaGKkeLN TTeQLyQa@ng unyaving ywa tov GCC
(Uday Khedker)

m H kataokevn evog véou backend agtov GCC eivar emistovn:
B YAoTtoinon wikpaov, edeyyduevov nudtov
B Xe kdbe Priwa TTEocTiBevTan véa yoauuatikd ototyeio tng
Tinyaiog YAWoGog
m Xe avtiBeon pe tnv kowi dstoyn 6Tl QUTO TOU TTEETEL Va
TTEOGL0QLTETOL AVENTIKA (VAL N ORYLTEKTOVIKNA-GTOYOS

i Conditional control transfers H

Function Calls

Arithmetic Expressions

' Sequence of '
Simple Assignments

! involving integers H
MD Level 1

: MD Level 2 :

' MD Level 3 '
- H

MD Level 4
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YTT0oGTNELLOUEVES AEXLTEKTOVIKES ETTEEEQYAGTIL OLITO TOV
GCC

m GCC target processor families as of version 4.3 include:

m Alpha, ARM, Atmel AVR, Blackfin, HC12, H8/300, IA-32
(x86), x86-64, IA-64, Motorola 68000, MIPS, PA-RISC,
PDP-11, PowerPC, R8C/M16C/M32C, SPU (Cell),
System/390/zSeries, SuperH, SPARC, VAX

m Lesser-known target processors supported in the standard
release have included:

m A29K, ARC, ETRAX CRIS, D30V, DSP16xx, FR-30, FR-V,
Intel 1960, 1P2000, M32R, 68HC11, MCORE,
MIL-STD-1750A, MMIX, MN10200, MN10300, Motorola
88000, NS32K, ROMP, Stormyl6, V850, Xtensa, AVR32

m Additional processors have been supported by GCC versions
maintained separately from the FSF version:

m Cortus APS3, D10V, eSi-RISC, LatticeMico32, MeP, Motorola
6809, MicroBlaze, MSP430, Nios II and Nios, OpenRISC
1200, PDP-10, TIGCC (m68k variant), System/370, Z8000,
PIC24/dsPIC, NEC SX
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[Tapatoutég yia Tov GCC

GCC on the Free Software Foundation web site
http://gcc.gnu.org

The official GCC manuals and user documentation, by the
GCC developers

http://gcc.gnu.org/onlinedocs/

GCC Wiki | Tutorial and Optimization Course
http://gcc.gnu.org/wiki/OptimizationCourse
HiPEAC GCC Tutorials
http://www.hipeac.net/gcc-tutorial

Collection of GCC 4.0.2 architecture and internals
documents
http://www.cse.iitb.ac.in/grc/docs.html
Essential abstractions in GCC workshop (2009-2010)
http://www.cse.iitb.ac.in/grc/gcc-workshop-10/
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LLVM (Low-Level Virtual Machine)

LLVM: MovT€pvog £TavaGTOXEVGLLOC UETAYAWTTIGTAG
(http://11vm.org)

LLVM bytecode/bitcode: evBidueon ovostaQdotacn Kot
EIKOVIKN Unyovi

Apgyrn 18éa agtd tov Vikram Adve

Yxediaouog agtd tov Chris Lattner

"Eyumpoktn vtocTiiEn amd tnv Apple Inc.

To frontend clang mpoceépel arevbelag ueTayAdTTIoN ATTO
C/C++/Objective-C e LLVM bitcode
(http://clang.llvm.org)

B ZyeTikd €UKOAO ETTOVOGTOXEVGLLOC
B Awoxelplown n eIovaGTOXEVGN TOU GE ETTEEEQYAGTES

SLOPOQRETIKMV KATNYOQLWV
[ToAY koA Terunpinon
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XoapaktnElotikd tov LLVM

m ‘Exel cuvtayBel oe karoypauuévn C++
m ‘OAou o unyavieuol €xouvv vAoTroinbel Ge avegdotnto
epopuéco Tepdoyata (passes)
m Pluggable yetacynuaticuotl, avaAlcels, KATAUEQLGTES
KOTOYWENTWYV, K.A.TT.
m Bonbntikd gpyaleio
m llc - invoke static back-ends
m lli - bitcode interpreter, use JIT
m bugpoint - reduce code from crashes
®m opt - run optimizations on bitcodes
m llvm-extract - extract/delete functions and data
m llvm-dis, llvm-as, llvm-ld: binutils-like tools
B YTTOGTNQELCOUEVES AQYLTEKTOVIKES (ETIEEEQYOGTN N EIKOVIKEG)
m Alpha, ARM, C, CellSPU, IA64, Microblaze, MIPS, MSIL,
PowerPC, SPARC, x86, x86_64, XCore, PIC-16
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H dwadikacia tng yetayAwttiong gtov LLVM

Programming language [*| Intermediate code ™|  Optimizations ™ Code generation  [™]

LLVM assembler
(llvm-—as)

L N LLVM linker LLVM optimizer
| be = (Ilvm-link) (opt)

LLVM static compiler
(e Assembler

Linker }"

a.out

Nworaog Kappadias nkavv@uop.gr
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[Mapdderypa 1: Metayldottion astdol Bdyov

Xprion tov LLVM agtd tn yeauun eviodmv

[?{LLVH_GCC_PATH}/llvmfgcc -03 -emit-1llvm loopl.c -S -c -o loopl.bc J

Kodwkag ANSI C ywa to Bedyo

void loopl(int inp, int *outp) {
int ix;
for (ix = 0; ix < inp; ix++) ;
*outp = ix;

}

LLVM bitcode

; ModuleID = ’loopl.c’

target datalayout = "e-p:32:32:32-i11:8:8-18:8:8-116:16:16-1i32:
32:32-164:64:64-£32:32:32-f64:64:64-v64:64:64-v128:128:128-a0:0:64-f80:32:32-n8:16:32"
target triple = "i386-mingw32"

define void @loopl(i32 %inp, i32* nocapture %outp) nounwind {

entry:
%9 = icmp sgt i32 %inp, © ; <il> [#uses=1]
%ix.0.lcssa = select il %0, i32 %inp, 132 0 ; <i32> [#uses=1]
store i32 %ix.0.lcssa, i32* %outp, align 4
ret void}
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[Tapdderyua 2: E@apuoyn asapibuncong minfucuov

Kwdikag ANSI C

void popcount(int inp, int *outp) {
int data = inp, count = 0, temp;
while (data != 0) {

count = count + (data & 0x1);
data = data >> 0x1;

}

*outp = count;

}

LLVM bitcode

define void @popcount(i32 %inp,

entry:
%9 = icmp eq i32 %inp, ©
br il %0, label %bb2, label %bb

bb: ;
%count .04 = phi i32 [ %2, %bb ], [ 0, %entry ] H
%data.®3 = phi i32 [ %3, %bb ], [ %inp, %entry ]
%1 = and i32 %data.03, 1 ;
%2 = add nsw i32 %1, %count.04
%3 = ashr i32 %data.03, 1
%4 = icmp eq i32 %3, O
br il %4, label %bb2, label %bb

bb2:

%count.®.lcssa = phi i32 [ 0, %entry ], [ %2, %bb
store i32 %count.0.lcssa, i32* %outp, align 4
ret void}

NwoAaos Kappadiag nkavv@uop.gr

i32* nocapture %outp) nounwind {

<il> [#uses=1]
preds = %entry, %bb
<i32> [#uses=1]
<i32> [#uses=2]
<i32> [#uses=1]
<i32> [#uses=2]
<i32> [#uses=2]
<il> [#uses=1]

preds = %bb, %entry
] ; <i32> [#uses=1]
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LCC (1)

C UeTayAwTTIGTAG Ao TO TTAVETILGTAULO TOV Princeton
(David R. Hanson, Christopher W. Fraser)

IetoceAida:
http://www.cs.princeton.edu/software/lcc,
http://sites.google.com/site/lccretargetablecompiler/
K®dwkag ato Snpdclo mtedio (public domain) pe §écuevon
YLOL Un €UITOQIKA YEAoN XIS Thv ddelo Twv Snovgy®dv Tou
Mo fdon kodwka (Alya KLOC)

Alyeg BeAtigToTrotnGelg

YyeTikd €UKOAQ ETTAVOGTOXEVGLULOS 0Tt €va agyeio .md
MoVTéAO €TTOVAGTOYXEVGYLOV UETAYAWTTIGTA KoL Ol
VEVVATOQO UETAYAWTTIGTA

AUVGKROAN N ETTAVAGTONEVGN TOV GE ETLEEEQYAGTES TTOU Sev
etvaw TVITov RISC n CISC

IToAV koA Terkunpimon
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LCC (2)

m AST IR petatpemduevo ce
DFTs

m Emmloyn koddwka ye kdAvyn
8évdpov (1burg)

m ToTkdG KATAUEQLGULOS
KOTOYWENTWV

m Aev SwoBéter
YQOVOTTQOYQOULATIGUO
EVTOA®V

Nworaog Kappadiag nkavv@uop.gr

}

=N O WO N 0!

int a;
int £(int* p) {
return a +

. ADDRGP2 a

. INDIRI2 #5
. ADDRFP2 p

. INDIRP2 #8
. INDIRI2 #7
. ADDI2 #4 #6
. CNSTI2 1

. ADDI2 #3 #9
. RETI2 #2

*p

//
//
//
//
//
//
//
//
//

address of "a"
load a

address of "p"
load p

load *p
integer add
constant "1"
integer add
integer return

Metaydottictég IT




H demtapn yévvnong kodika tov LCC

Code Generation Interface

shared data structures: symbols, types, nodes, metrics

36 generic intermediate representation (IR) operators

ADDRF
ADDRG
ADDRL
CNST
BCOM
cve
CvVD

Otypeextensions:F D C S I U P V B

but only 108 type-specific operators

ADD+F ADD+D
RET+F RET+D
CALL+F  CALL+D

18 functions

initialize/finalize the back end (progbeg progend)

ADD+U

CVF BAND
CVI BOR
cvp BXOR
cvs DIV
INDIR LSH
NEG MOD
ADD MUL
ADD+I
RET+I
CALL+I

RSH
SUB

ADD+P

LT

ARG
CALL
RET
JUMP
LABEL

CALL+V

CALL+B

April 2, 1996

define/initialize symbols (address defsymbol global local import export)
initialize/finalize scopes (blockbeg blockend)
generate and emit code (function gen emit)

generate initialized data (defconst defaddress defstring space segment)
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To cvvoAro tedectwv Tov LCC

syms kids Operator ;g; Sizes Operation
V [1] ADDRF P p address of a param-
eter
1w 0 ADDRC PP address of a global
1w 0 ADDRL PP address of a local
1c 0 CNST FIWP.. fadxcsihesihp constant
1 BOOM IU... dhih bitwise comple-
ment
15 1 OVF fae ih convert from float
15 1 oI fdx csith csilhp  convert from
signed integer
15 1 P P convert from
pointer
15 1 o csith csith p convert from
umsigned integer
1 INDIR FIUP.B faxcsith csih p fetch
1 NEC - fdeilh negation
2 ADD FIVP.. fixihihpp addition
2 BAND ... dhih bitwise AND
2 BOR IU... dhih birwise inclusive
OR
2 BXOR IV, dhik bitwise exclusive
OR
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z oIV
2 LSH
z MOD
2 ML
2 RSH
z SUB
25 2 ASCN
1L z EQ
1L z GE
1L 2 GT
1L 2 LE
1L 2 LT
1L 2 NE
25 1 ARG
1T 1 CALL
1T 2 AL
1 RET
o RET
1 P
1L o LABEL

FIU

i)
FIU
L .
FIUP..
FIUP.B
FIU
FIU

FIU
FIU
FIU
FIU. ..
FIUP.B
FIUPY.
...B
FIUP..

LN

faxih Th
ith ilh

ih ilh

fixith ih

ih ith
facihthp p
fix csilh csith p
facih hp
facilh Ty

fadc ith iy
fidc ith iy
faxilh gy
fadc ith iy
faxihinp
fidxilh ihp

facihinp

division

Ieft shift
modulus
multiplication
Tight shift
subtraction
assignment
Jump if equal
jump if greater
than or equal
jump if greater
than

jump if less than or
equal

Jump if less than
jump if not equal
argument
function call

function remurmn

unconditional jump
label definition
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[Mopddetypa yévvnong kodika yio tov MIPS

Generating Code -y

* label tree, e.g., for int *p; p[1] = 5;
* pick cheapest rule matching start symbol
* recursively pick rules for the frontier

* fill in and emit corresponding templates

stmt: ASGNI (addr,req)

addr: ADDP (addr, con) reg: con

con: CNSTI

reg: INDIRP(addr) con: CNSTI

lw $25,p
addr: ADDRLP\ ADDRLP la $24,5
P sw  $24,4($25)
Capyright ©1995 CW. Frasrand D. R Hamca A Minualist's Rotagetabls C Compilar:
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PCC: Portable C Compiler

m Metapeptdég ANSI C uetayAowTTiGTng
http://pcc.ludd.1ltu.se/

B Avapioon touv yetaylwttieti PQCC o otoiog ritav
UETAYAWTTIGTAS GuaTiuatog 6to BSD Unix

m O PQCC avasttiyOnke amd tov Stephen C. Johnson,
Baclgduevog GTn UeTaTTTUXLOKA gQyacia Tou Alan Snyder

m [Tp6écpata (agtd to 2007 ko €merta) o PCC avafiddnke
(VEOG KWOIKAG KL VEEG GTOXEVOUEVES OLRYLTEKTOVIKEG) QITS
Tov Anders Magnusson

B EmiAéyOnke o¢ UETAYAWTTIGTAC GUGTAUATOS YO TO
Aertougykd cugtnua OpenBSD

B ZyeTikd wiken pdon kddika

B YTTOGTNQELCOUEVES ALEYLTEKTOVIKES

m AMDG64, ARM, HP PARISC, 1386, M16C, MIPS, Nova,
PDP-10, PDP-11, PowerPC, SPARCV9, Super-H, VAX
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H opydvwon tov petaylotticti PCC

¢1 - Code generator

— Z 7
| cpp | ‘ c0 ‘ ‘ (=
cpp — The C PreProcessor c2 — peephole optimizer
¢0 - Parser and tree builder as — assembler

Anders Magnusson

Id - anage loader <ragge@ltu.se=
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