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1 EH

A7V xl NTIEINANTF Y —A, v VFH =7y hOa L FIERERE (20734 7% v b)
ZIERL LT, BIEILY —ASREL LT C S, #—7 v b~y & LTx86 LU SPARC #HAR—hkL
TWBR, UUTICHRARBHHEIC LY, DY —ARRZ —F > hO a3 FERIZH A S AT RE
Thd, FTEHE I, BIEENDY T P27 WEOED 2T U T 4 —NENT & HBITHR R —
PR —H RNV =T a— RERRERZ TS Z L, ZLTEZIZENLLA Emacs
Lisp L WIHBA R EETHREINTNWDHZ L THD,

2 E=RUEH

AURLTHRY R (LT TART I F ) P L o TOENOT INEETH D, T /5( T
O HT—RIIEHTHLNE, V—ADRRAEINTNT, RFa A2 MBREFINTWDLET TlE+
FEFFE R,

Bl ZIE, BERLILEDONTWA N X —=F v Z T a4 T Thb GCC X C SiETHRESN
BN A—T Y7 R THY, FEEER XY v ¥ T ha— RER RO RX 2 A2 FHE ST
LN A T THDLIN, WESREZWEA D ET5 &, M T — 21, 7 — SV EROfH
A, AF ) —EHOMBRMER ENRREL 2D ZUEES Tidew, Ak, GCC 13 TERNL T
V=D E—=F 9B TNa N, TENERTDORBEMN TN, a4 FF%y b e LTORA,
TROLEMEDEY 2T VT 4 —DR IR S ITBE STV,

bobar A THIREICE >THORT WL RN,L T4 T TH2EAD LWV I KEDS, COINS
(COmpiler INfraStructure) 7'v ¥ =27 F2FER L7z, BFMNREHH COINS Fmny=7 MIZMLT
W72, COINS 22 /81 FIEZF DO REESTEN Java 172122 M ESIN TS, C SR THIES
NTWD gee ICBIT DEMETHEMR ATV —FHLOIIBKEN, CEBHRADO N v —IpRA v
BED Java DA TV 27 b LUL TOLRBREBIETHREIC R > TV 5,

—HT, BAIHEKRE L TZINHDar M T7F%y b (M 77) IERERBERDBZHDH EHE XD,
FNTFRADOTa 2 NOFA MUCHLH D TFERESENLOMSIE] ThD, TV U7 0 —IiF
DLy 7 Ny T THEETHDLIN, B Y 7 bz r Ol % ORERE 2S8R L0,
HOVIELERZT- DT HIMEERS D2 X, TXy TR, TEVa2T7 VT 4 — 2T S0
FERA L FTH D,

Fx O HITRICHAT LT T e —FIt ko T, FESFEN LML THENLT VL ST
Xy FNEERTHZETHD, TLTENN LS THFEEDOLRIE LT, IR HEHFAEICHEL
<fE-THH2DZEEBIET,

3 7Pz y MIE

HIZIZOWTIFLL T @Y TH5H, £T, LED Xk 57, RESFEMITEY 2TV T 4 —DRN=
VA TFy FEEKRT D701, FHAITET Y —ASEELTC EGE. #—F v b~ LT X86
KON SPARC 235 LTV X —F oy ZTNnar ", ZEERTHZ LI LT, BfE C SiEidRbIA
SHELNTWAERNRT 07T IV 7 EETHY, EEERa L "1 THEINOZ < % H % 5 1
BRSETHDLIND, RONCEET DY —AZiEE L OUREY R TH 5, aslbicBL Tk, BI%
WNENZEEHYD, ZLERD AND Z LI RARETHLIN, maBERELoRAETalr—rvay
EWD U E =y BTN T ORI DT HOWTIE, BRI o o3 Sl D K A 23 -

THOZHEEIC L, =7y vy i3 =y vidid] EMEh5 7 7 AL T =2 Rl ERE] (I



Lok, Zhro ¥ —7y b~V ARFHPBEIER S ND E WO BB ¥ —F vy 2T a
A T OB EIRY AN,

FHRFEIZOWTIX, LTOlY Thbd, FESTEMLOBERIZOWTIRICHIT L8, WIETH
2 AR, T EFEETAFEESTEIINETH D, T TORESFEL LT, Fxid GNU Emacs
DEEE7ETH 5D Emacs Lisp 28 L7=, Emacs Lisp I3 THMATHY ., FhoT 4 X Dav L &
LTOEKRLHY, ZiuL Emacs ETOMRBRA L ZT7 7 v a b AN=ALEREME LTS, 2L T
K7 MU TEHEEOA o H 72— AL LTUE S-SR — A DR CIRIESFTEML /oA VX T = — A%
BH L=,

BIFAERICOVWTIE, LTl THhDH, £TV—AFiHE LT ANSI-C BEEHK WD, 7272
LHEE Y b7 40— REOREEERBIFN TR — TR, Thb0RETIY -7y b~ iz
MSARIFET DD, mikEibx ¥ —7 > MUESLO Core-AST (i) ICE#T 5 WO FAx DT v —Tix
T KR LIZR -T2 RTH D, ¥—F v b~ 2B L TE X86 DFE/ NESHE N R —
FEN TRV, AU B ASRIBE TR <, X86 DB/ IR L Y AX N AL v 7 i#EIZe > T
B, BEOLVICRAET R — 3 OPSHATIII LKL L TH D, 7272 L X86 1TBIEIA L
BTN EN=RTHDEINE, [MENORML, 21 MMX @5 2RI 5 &2y, FEMsEIL Y
AFNZFHI2N, E VS TERARMETH D, F72 SPARC IZB L Tix COINS vz hTHEED
% SPARC O~ itk (BARNARFENTR L7ZH0) 2 LiZb DT, BET A FOHEfiEE LT
WHEMETH D,

s, SPOFEICIFEP SN Tr s NTHER LD E LT, BUFBH 5, £9 LALR(L) I
S (Wb Db yace, bison & [FIZED) NR—H TR L —HF yayacc THDH, Ziud C SiElisto Y —
AEREICHIST A E 0Ny — LD, il ATT O 27 F 7 sl —/v graphviz ~® Emacs
Lisp MO DA U X 7 =2—ARDH D, THEISEIERT T IHEER I 234 FTIZBWT, b %
AL T D Z EMNFREICR D, Ty T HNORR LT HENREBER THOH AN TER L o TW D,

4 FHARAB

ZITEAT R Y =7 FOFANRIRE T OWTIHHR T D, KA T %y D4R SCK X (S-
expression based Compiler Kit) DB TH 5, F72 SCK 22731 7 &% SCK Z W TIELN- O ED
DAL T EREERT D,

4.1 SCK ay/ SOLRER

£9 SCK a3 T ORMEMREHRITT 5, UFELY —AFEN CFif, 4—7 v b~ ) X86
DOHEDOEITH D, T Z I TEHEFIZOWTHHL, Hii< &7 v a r THBOFMEETS 2T VT 14—
(ZOWTET 2,

—RB R AFECE 2E, BB 8= R THfa— RAR), L TFER o a—F
R IS5, £ C FFED Y —A C-Source 28 clex |2 LV FaffiiT&# 34, h—27 DY A b
C-Tokens |ZE# XD, SCK @ C 2231 ZTE7 Y 7 at v hidia 3 IcBiko b o2 A3
5DTC, C-Source [FIEMITIZTY kv ¥ @ LI C SHEOY—ATHD,

h—2 > ®d 1 A L C-Tokens % cpps (C Plain Parser) |Z& ¥ C-PlainAST I[ZEHE 5, &R
WTIIRIZFE L <RI 2723, PlainAST (TSR 722 8L L LT AST (Abstract Syntax Tree)
THY ., cpps FEXLM 2T =y 7 DS, BIZIFEENES SN TND L0, KOHNBRESTND EDN-o
e F =y 71307 he, BUEILER T M & SUITEIC L5 FEE O cpps XY, C-grammer 7>
5 yayace (2 L o THER I N7= cpps-yayace D — 2% FIH$ 25 Z EAHK D, yayace (Z2OWTIHEIZH
45,



SCK ¥ [X]

C-grammer
R ‘ yayacc
clex cp+ps cps
C-Source C-Tokens C-PlainAST AST
PRa—FER
reduce LIRgen optimize
AST Core-AST LIR LIR
IO —RER
restruct instsel regalloc asmout
LIR » LIR > LIR » LIR » Assembler
BT Y—AERKEF TMD-Compiler
TF AT KT
X86.tmd

C-PlainAST 1% C ITIKAFE LT BRI T = 7 2179 cps IZ KD WOz AST (Zhafex i3
IZ AST EREATND) ICEHEND, KIZ AST DORUEROBEZFR L, hOETOL U H vy I AT a
H—W72EFHE (R A N UIZRIER . HIEEES) 2 K0 AR ERICEZH X 726 DO Core-AST T
o5,

Core-AST IZE/ZEMEFELE LTCOREBREL TWDER, TRHE~ T L-ULORIZE LT oNn
LIRgen ThH D, LIR [THD T = — XA THIBIHEDLNHFESFE, ¥ —7 v b~ UMNLOHFMEFETH
Do ZAUIBHFEEREAN COINS DIERKHERMEFEL L TRGEILEBDO LIZER L HOEZFHL TS,

< U UMN O EEG, Wb D o — FiiEL AT 5 02 optimize TH Y, ZiUE LIR Lol L
TiThivd, BFED SCK Tl b & EEE A & 9 FERB R i b D AN EE I LTV D,

TEIIV =7 o X TNar T OREEWRSy, v a— RERBTHDL, ZNHDT2—AD
KEBeblE, HoMIC~ Y IR T 7 A b, ZOHATE X86.tmd 22D TMD 2231 Ik o TAER S L
Tea—RERYANDZET, =5y b UL ENTZ AT 5, (LY EMEIZE 21 regalloc
X X86.tmd 205 b, X 5T LIR 7205 HAMNLIZ 72 - TV D (7)),

2=y b= v VMSEO EE L& T Lz LIR ISk L THT Y IO # — 5 > b~ o UARAF O 21T
restruct T b, Z I TiL LIR O LUV THIRIIER INTEH0, EBEO a— RER TIZEKRILT 24
BODDLEDEL =7y M~V ARGFO 32— RIZERT 5, BRI AL, R, FFOH L,
LOa—hNVEBOT 7 A% BAKH 7 L— LR A 4 (X86 THILX ebp) ICX DT 7 & RITE#
THUBTH D, RITMBIEIN instsel B~ VR T 7 A L TEZRIN TN D X86 ICEET HMBD
HTT BT T LRFATHRD L DI LIR 2 & %,

WL AL T rr—4 regalloc \IZE Y LIR OAELV TV AZNEL PAZ|IZEES M2 bVD, 20O
BefEd LIR (ZHFE | X86 O & —xt—IZx T 5 maOFCEHL I N TNDR, v ¥y s A
LIR DEFEFTHD, L THEHEIZ asmout N LIR 22X —4 v TR 7T ITOERLIIEHE LT, a3
ANT ==X TT 5, SCK TlI7ey7 7, U7, BEFO b0 mAT 5, KX
regalloc TL YA Z R4 (spill) DV Z D ATEEME S H D, ZOHEITAE VDL ZITV, EOD DR
VUARICKI L TRV TV AZ TRy =2 a b EhHE L0 TT7 L—A~EID YT, maBRIGE 80K



T LITRD, O OFHRIIHERX TR b STV D,

4.2 IN—H D

SR—H (R EB) 13 C S58% THESURNT 72580 Tho, LinL, —5 CRESURITE Vo T,
fAlZAT 9 I A TORFHEBIC L - TRZ2 S, ZZTIHEEZES T, SCK OF YA & LT
W<,

P V—AEEIILVLRUINLT T IA Y clex ITL VSIS, SCK IZBITS C DLFy
ANT F T4 Y clex ZELTFD & 5 72 Emacs Lisp P CToH 2 (A ETOE LA EET 5720, SCK DBk
i sck- EWD TV 7 4w 7 AR, D LILETIE® 523, SCK O#fihd 2 53 558N 7e 1 v &
Tz —ADEFE L TREIARFTLHLDOT, 2 TELHT D, Ak, SSKEFIAITEN, Ll
SCK TIXLA T X 572 BNF Ttk &7z - ROH AR LB 2, SCK Mt 2B L LT o
Xoic BT shicboBE 2%, ORISR SSAOEKIT Emacs Lisp D&~>7 4w 7
A LITFERITIMNL e FERICHAMR S DIZIRET 5, HEOBIHCR Y EE2 LB & 5 B —ixH) <
HBHN, SCK DEfdh & LTS 28I LT o D818, —oDIFVEDOREKE L, EEOEHRIT
D A-Lisp DIETRD L V35, UTORITE XX, clex IENTEROMIZ, Y —ART v g 1k
MOTZDIIMBELRD T 7ANLDY AR, EHICTT—AyE—=Y DY A MERTHENRH Y, A-List
DDA H T 2—=ALIp>TWD, ANZEALTYH, HEIZ—D2TH D3 LEEEZE L T A-List
e LTWn5,

sck-clex : <ClexInput> -> <ClexOutput>

<ClexInput> = ((source <String>))
<ClexOutput> ::= ((tokens (<Token>..))

(file-names (<String>..))

(messages (<String>..)))
<Token> ::= <Keyword> | <Punctuation> | <Ident> | <Literal> | <PosInfo>
<Keyword> ::= <Symbol>
<Punctuation> ::= <Symbol>
<Ident> ::= (ident <String>)
<Literal> ::= <Iconst> | <Fconst> | <Cconst> | <Sconst>
<Iconst> ::= (iconst <Integer> <ISuffixes>)
<Fconst> ::= (fconst (<Ipart> <Fpart> <Epart>) <FSuffixes>)
<Cconst> ::= (cconst <CharCode> <CSuffixes>)
<Sconst> ::= (sconst (<CharCode>..) <SSuffixes>)
<{I,F,E}part> ::= <Integer>
<CharCode> ::= <Fixnum>
<ISuffixes> ::= [L | LL | U | UL | ULL]
<FSuffixes> ::= [F | L | LL]
<CSuffixes> ::= [L]
<SSuffixes> ::= [L]
<PosInfo> ::= ($ <FileNo> <LineNo>)
<FileNo> ::= <Fixnum> ; index of file-names
<LineNo> ::= <Fixnum>

WH, VXV INTFIAFOAL X7 2—A X1 N—7 U EGHALREEE . EOMITRER (h—
7 BRI BRI 62 DERARTE) AZITMS OO0 7 a—SVEROMA L LTHEESND
DINEBEBTH D, L LFx ORMELITY =2 2XFHELTHH W, MREETHIILTY ARELT
WG LW S AR b DI > TWD, BIZITLELTO L D7 (7Y Frk A7) C-Source 13

# 1 "poi.c"

unsigned long a=1lul;
char c=’\z’;



CFFIIE L C Lisp BIICTE S 4, fITHRER D BIBOR VL L TR S5, clex X Emacs Lisp DB
ﬁf&éﬁ% by 7L b—7 (ZHUd Emacs Lisp fHEDA % F 7 2 a8 — F TR <, SCK
Ta Y ey bR LIBRESRILID b v 7 LS —TTh 0| [->] ZANT e 7 v Chb, =
DE— i SCK DITATZ Y TRMEIND) ITBNT, LD LS IZAESICEMEMRANTTRETH H,
512, Emacs Lisp OF|RZIENL T, Ny 770V —Va VXL THETARETHHEY 2 —1 D
oMb D, TIUIFEA OF ) FESFEMME L TR TH S, Emacs TR T 5 ETIEIERIC
AV H T2 —ATHD,

-> (sck-clex ’((source "# 1 \"poi.c\"\nunsigned long a=1ul;\nchar c=’\\z’;")))

((tokens

(($ 0 1) unsigned long (ident "a") equ (iconst "1" UL) sem

($ 0 2) char (ident "c") equ (cconst 122) sem eof))

(file-names ("poi.c"))
("poi.c:2: unknown escape sequence ’\\z’")))

ZIZT, B0 D) FHEFTFANKYa NERTHD, £2. (messages (...)) FEfrHFoO-T—
A=V ThD, N—TOKMTERII=TFI—2ZDLHITH %Lfﬁ®%ﬁ%@AﬁL AT
=V EINT—DODTT—A k=TIl b,

DX 774»@W@% RUTFEARIAA T, CFHIE LTHEL, S HITHITERL—D2D Y X b
ELT—RICETEWIA U F T 2= AT LT ETHRPAT Y — IR L T DR, 20
BHEIXZ O X ) B THOVLCT VA U 72— AD7DIZE, £ LTELICHED CPU O/XT—%
BEADEFTRITENCE OB THLLER D, 77 A 1/0 1T FESFEIKFET 20D TH D08,
223 T ORI B TEIARE R 7255 TiEW,

TN SNT-AEFRTH 5 C-Tokens |LHIH M SCHNT R cpps 124V C-PlainAST IZEH# SN 5,

2T TREE L) BRI, ASROESURNT LS OB T U T, WU & F =y 7 D
B EAT - T2 7GR % C-PlainAST & LTiRT, EWIHIBWRTH D, cpps IZLLTD L H 2B TH 5,

sck-cpps : <ClexOutput> -> <CppsOutput>

<CppsOutput> ::= ((plain-ast <CPlainAst>)
(file-names (<String>..))
(messages (<String>..)))

<CPlainAST> ::= Iif

LUl B 2 T 2”3, FEBRITIT sckclex DFERZ BT 2D TH DM, [FFEOLHEZ LV fili
129772 2 % Emacs Lisp ® 2~ RiRD sck-cpps—{region,buffer} OfERTH D, Tzl ITiX
Ny T7IZCOY—=AeHFEZAL, a<y FeETdidlu,

int a = 1;
int f(int x)
{
return a+x*3;

}
Ry 77 IZEEIAMH ESC x sck-cpps-buffer RET

((plain-ast

(module ($ 0 1)

"stdin.c"

(declaration ($ 0 1)
((keyword ($ 0 1) int))
((ident ($ 0 1) "a")
(iconst ($ 0 1) "1")))

(function ($ 0 2)
(declaration ($ 0 2)



((keyword ($ 0 2) int))
((call ($ 0 2)
(ident ($ 0 2) "f")
(declaration ($ 0 2)
((keyword ($ 0 2) int))
((ident ($ 0 2) "x")
nil)))
nil))
nil
(block ($ 0 3)
(return ($ 0 4)
(add ($ 0 4
(ident ($ 0 4) "a")
(mul ($ 0 4)
(ident ($ 0 4) "x")
(iconst ($ 0 4) "3"))))N))

(file-names ("stdin.c"))

(messages ()))

Z @ cpps 1FZ D X 5 ITHIRMIHE S 2R BEIT D A 51T 5, BRICERFT CO 7 —WEB D7Dz, Y —
ARTa AER (S .. MAINMENTHWDDOT—REHTH D5, WEAINSIIMARHE SRR A5
NREAFELSMNET TV, BT, BT I D cps 12X > TITHILD, cpps KT C-PlainAST
EWVWIH LRV ERRITDZEDORSIILLTO®EY Th D,

1. 77 v a rOiiknEMiic 5
2. =T — U RNV MEIRE 7D
3. MO SFETREI N S—T L ORI AT HE

FEFICHE I a3 Z 3R E LT, BEO a8 T T yace 25 OIFEE LV, 288 L s
Wk FRUIARRK yace PMTo TSN DRI E | BT ZFRIIITO K227 7 v a v a2Eh
BRI DN E NS Z b ROERNRLEEDOT T — Y B R L e T — U B3 E[FRE
IZEBE L7z error 727 v a VAR LT ER BN LD A ThH D,

BrDT7 7o —FEMDHZLIZEY, RO ORBEITMBIEIND DRI LT, flife S—E455 2 i
DFEEERGICEEMZ D ENREE D, EBRC S CTEIEINT cpps LT HZ L LA
FEBLHDR D, EEE BAUNCE PN cpps ITHRAITRE FIZED2FEZDOLDOThH o7y, #HICHK~
DT LTe =P = X —F yayace [ XV kL, T<HMART 72 a OB BEIAER I
7= cpps EEDICEE MR D Z LK, SCK O/3—H T =% L—H yayacc (IZOWTIE, 73
VR TCHHT 5,

PR HESCHY 7R fRHT £ TH A TE C-PlainAST (ZEWE L TUOMENT 24T 9 cps IC XV @k SiEe LTD
T AR AST IZEH SN D, cps IFULTOX I 2K THY., 2 b Emacs Da~ > FEBRHARE SN
TW5,

sck-pps : <CppsOutput> -> <CppOutput>

<CpsOutput> ::= ((ast <AST>)
(messages (<String>..)))
<AST> ::= &

LUFIZ 3T H 2R

struct data {
int id;
char *name;
int flags[10];



};

struct node {
struct node *next;
int key;

struct data data;

s

typedef struct node Node;
int flagok(int flags[10])
{

int flag,i;
for (i = 0, flag = 0; i < 10; i++)
flag |= flags[il;
return flag == Oxffffffff;
3

Node *search(Node *root, int key, int (xflagok) (int [10]))
{
Node x*p;
for (p = root; p; p = p—>next)
if (key == p->key && flagok(p->data.flags))
return p;
return (Nodex)O;

}
ey 7 7 IIZEEIAIH ESC x sck-cps-buffer RET

(ast
(module "stdin.c"
(type "struct data" (struct ((var "id" int 0)
(var "name" (pointer char) 4)
(var "flags" (array 10 int) 8))
48 4))
(type "struct node" (struct ((var "next" (pointer "struct node") 0)
(var "key" int 4)
(var "data" "struct data" 8))
56 4))
(type "Node" "struct node")

(var "flagok" (function ((pointer int)) int)
(lambda (function ((pointer int)) int)
((var "flags" (pointer int)))
(block ((var "flag" int)
(var "i" int))
(for "for0" ((comma int
(set int (vref int "i") (const int 0))
(set int (vref int "flag") (comnst int 0)))
(tstlt int (vref int "i") (comst int 10))
(posf int
(add int (vref int "i") (comst int 1))))
(pref int
(bor int
(vref int "flag")
(mem int
(add (pointer int)
(vref (pointer int) "flags")
(vref int "i"))))))
(return (tsteq int
(conv uint (vref int "flag"))
(const uint "4294967295"))))))

(var "search" (function ((pointer "Node")
int



(pointer (function ((pointer int)) int)))
(pointer "Node"))
(lambda (function ((pointer "Node")
int
(pointer (function ((pointer int)) int)))
(pointer "Node"))
((var "root" (pointer "Node"))
(var "key" int)
(var "flagok" (pointer (function ((pointer int)) int))))
(block ((var "p" (pointer "Node")))
(for "forl" ((set (pointer "Node")
(vref (pointer "Node") "p")
(vref (pointer "Node") "root"))
(tstne int
(vref (pointer "Node") "p")
(conv (pointer "Node") (const int 0)))
(set (pointer "Node")
(vref (pointer "Node") "p")
(member (pointer "struct node")
(mem "Node" (vref (pointer "Node") "p"))
(vref (pointer "struct node") "next"))))
(if (land int
(tsteq int
(vref int "key")
(member int
(mem "Node" (vref (pointer "Node") "p"))
(vref int "key")))
(tstne int
(call int
(vref (pointer (function ((pointer int)) int))
"flagok")
(decay (pointer int)
(member (array 10 int)
(member "struct data"
(mem "Node" (vref (pointer "Node") "p"))
(vref "struct data" "data"))
(vref (array 10 int) "flags"))))
(const int 0)))
(return (vref (pointer "Node") "p"))
nil))
(return (conv (pointer "Node") (comst int 0))))))))

O AST [ FBRUGH BT L, HEKRY —ASiEL LRICNTRBUCER LI- b D TH LM, GCC
X COINS £ & T, ZOREBUIa L A TDOFESFETH S C (GCC) X Java (COINS) (2477 LT
BY, TOEESEOT —AMETORTERINT WD, HEXFESEORZHEI ZLEBATELLZEL
TH, FROEIREEEL L OT —F ZHRBEICRBET 2~ X T 7 ANRT TAT 7 A VL, ZD AST
DTuTTIVIEEE L TOERICHE L UL NIEMETHY ., SHIHMDOEBELEDA L F T = —
AHEWDZEIIREETH D, S HIC, FO XD REMRT — 2 EEICK LTI N 0TWT Ny 74
VIN—FUBRABEINTVWIOREERTH D,

—HTHEAD S-KR—ADRITZD AST 1L EH T, 2 THRENEHEEDOT—ZTHY, HedT
RNy 7B TTEHRL (bBAAERL LTF Ny 78 7L LTHBIEL TV D) ZHUTE Y 2 —
NEDA BT 2 =R DT —F G E LTESY L0 THD, bbAA, FE RISk
L CRTWMo T — 4 23R EOH A Thl 722 (e.g. Emacs Lisp OHER) THRELL, W CLE
THZEFHBTHY, EHIKIFINLDA v F T =2—AS 2 H5bENIE SCK O—E%BDOE5E (e.g.
Haskell) TRl T2 2 L HEHTHY, SHIZHIOSFEND SCK DE YV 2—VEFHTHZ & alfE
ThD,

FxDEH L ZAD MFESFEMS] OBFWITIZFZ 2 E TOMBPTEHM L TV RS, Fix
EEDEIBRA L E 72— ATHEZIMFT DL I RFTHBRE 2— VeV oD LS T LIFHEEL
TN, A ¥ 7 2—RXFEETH Y., FEICED LN TWRITIE RS20 &0 ) midfho =

10



RATGA T ZERUTHD, 72720, AV X T7x2— A% SiEL L THRESTELMTIHRHT D2 LT
(B2 T VT =PRI T V) 2030 TFy EBMEND LWV ORFEx DERTH D,

4.3 HfEO— FERDFM

i o — RAERR (BRI B 12, @k SEE LCORINGEEN, ¥ —7y b~ UREERZD XD
IR ONEAE KRBT HHESE, TN ARETHIUL L IS EICE#RT 5 &V ) W T
H5D,

X EBE CTHRLN AST ITEMETELE LTCORIZEDL, I 512 C SiEICEA OFl#EEE (e.g.
while, for ,etc.) RFFARLA (e.g. x++, &%, ||, x?y:z jetc.) ORBELBLFDOEEHE-> TN 5,

IR, LYRAZ T aE—rva AIEKR IS, @BREFEOTNE - T D RELZ TRITT R ST A
HEILR>TETND, —FHT, LD AST /KR ELTEDL D T Z2T 52 LITREETH 2,
R HEEO EETIT T r—@T b RV L, o, XDOEE L TN THEBRITHIEETH D
LY REET . ROEEOLBATTH IN D side-effect &, FiZ C SFEIXMENR L,

L LBRE, ZTOLIBRBERERYRE (R LEELERSEE LTORIFET) LV Bl
TS5 LT, ZOX I REITIITREL 225, ZD X 9 RBHENDI4 X AST 775 LIR ~EFEZE#
1T5 OTIE/A <, BT Core-AST & W95 RELEZFH T2, Z® Core-AST 1L AST 5 C SREEA T
FEMT DB FIZ72 DU T O KL 9 REHRAIY RV AST o7&y FTh o,

1. while, for &\ o7z [HE#k7e) G

2. &&, |1, x?y:z &£ o7~ non-strict 7275

3. RORIEH (AL BEEIFRH L) 1T h »y P L UL T—RIZITEZ 2
4. 7ay ZIERA LR

AST 13BI%C reduce 121 Y. =0 Core AST ICZH SN 5, 560 AST 24K L7 C 2— Ricki L
THEREND Core-AST IZLLFDHEY TH D,

(ast
(module "stdin.c"
(type "struct data" (struct ((var "id" int 0)
(var "name" (pointer char) 4)
(var "flags" (array 10 int) 8))
48 4))
(type "struct node" (struct ((var "next" (pointer "struct node") 0)
(var "key" int 4)
(var "data" "struct data" 8))
56 4))
(type "Node" "struct node")

(var "flagok" (function ((pointer int)) int)
(lambda (function ((pointer int)) int)
((var "flags" (pointer int) nil register))
(block ((var "_1" int nil register)
(var "flag" int nil register)
(var "i" int nil register)
(var "_2" int nil register))

(label "L1")

(set int (vref int "i") (const int 0))
(set int (vref int "flag") (const int 0))
(goto "L2")

(label "L2")
(if (tstlt int (vref int "i") (comst int 10))
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(goto "L3") (goto "L4"))

(label "L3")
(set int
(vref int "flag")
(bor int
(vref int "flag")
(mem int
(add (pointer int)
(vref (pointer int) "flags")
(vref int "i")))))
(set int
(vref int "i")
(add int (vref int "i") (comst int 1)))
(goto "L2")

(label "L4")

(if (tsteq int
(conv uint (vref int "flag"))
(const uint "4294967295"))
(goto "L5") (goto "L6"))

(label "L5")
(set int (vref int "_2") (const int 1))
(goto "L7")

(label "L6")
(set int (vref int "_2") (const int 0))
(goto "L7")

(label "L7")
(set int (vref int "_1") (vref int "_2"))
(return (vref int "_1")))))

LU
Core-AST &) LT HBRHIZLL F O Y Th D,
1. @k I ARAE T DT A S T ok 2
2. YV —AFEEND O
3. LIR DAERPES /D
4. LIR DA DK ET S FEDLERBERH /2%

ZIZT, 1L ICOWTIEERICHBA Lz, £72 Core-AST O L~ULTIL, @REEICLELESND L)
RN H BN, T THIEES DY X v I Ay a = RS D EFITPREN TNEDOT, V—
ASHEN O OMISMETE N E WX B, FEEE. Core-AST [TH-72 S 2T MBI 5 Z & T, TRV
PO GRS FEICHIETHZ ENARETH D, KT 3. THHMN, BB AST 75 LIR O L5 L~UL
% & TIREE TN D ALELT reduce DT O LE L B SEEOM A2~ 2 T2 28U L3 W
HOZONGLY > TEY, BiEOLUENIZNIZHEHE THD, Lo TIDLULEET2—LE L
THBET S Z & T, LIR 4R (LIRgen) BNESIZ/2 H1I000 T2 <, (4.) LIR DS OEKER S 5E
DERBEF 25, OB >V T LIRgen THEK S 7z LIR IZLA T X 512725,

(module "stdin.c"

(symtab ("flagok" static nil 4 "data" xdef)
("search" static nil 4 "data" xdef))

(function "flagok"

(symtab ("flags" reg i32 4 nil)
("_1" reg i32 4 nil)

12



("flag" reg i32 4 nil)
("i" reg i32 4 nil)
("_2" reg i32 4 nil))

(deflabel "L1")

(prologue (reg 132 "flags"))

(set 132 (reg 132 "i") (dicomst i32 0))
(set i32 (reg i32 "flag") (icomnst i32 0))
(jump (label i32 "L2"))

(deflabel "L2")
(jumpc (tstlts i32 (reg i32 "i") (iconst i32 10))
(label i32 "L3") (label 132 "L4"))

(deflabel "L3")
(set 132
(reg 132 "flag")
(bor 132
(reg 132 "flag")
(mem 132
(add i32
(reg 132 "flags")
(mul i32 (reg i32 "i") (iconst i32 4))))))
(set 132
(reg i32 "i")
(add 132 (reg i32 "i") (icomnst 132 1)))
(jump (label i32 "L2"))

(deflabel "L4")
(jumpc (tsteq 132 (reg i32 "flag") (iconst 132 -1))
(label i32 "L5") (label i32 "L6"))

(deflabel "L5")
(set 132 (reg 132 "_2") (iconst i32 1))
(jump (label i32 "L7"))

(deflabel "L6")
(set 132 (reg 132 "_2") (iconst i32 0))
(jump (label i32 "L7"))

(deflabel "L7")
(set 132 (reg 132 "_1") (reg i32 "_2"))
(epilogue (reg 132 "_1")))

LL T

Jed Core-AST & LEEE L T, FEARMICIIA 2% & THMARME THEATHD Z ENDND, FlziE,
ETNRIIHFEVRETIERVWEIREBEE AN v I _XR—=ZAD/, fa— R TEITSEZNENI L)
A, VUAZR—20 LIR IHF 0 @Rz HTIIRD, L LATD L D 728E1% Core-AST 7>

HEEAA ha—RE2ERT D, LWV X RENTHAETHA I,

I LIR _EOfi{bE# (SCK #5X TV 9 optimize) 23T b, ZOESICE L TiE, BIES

e B AL Sy OVEB D B AR IA TSN EIE S L TORNO T, HIET 5,

4.4 T ra— FEpRDM

~ v a— AR (K TE) (X, LIR 26X =7y b~y 07877 a— Ra/Epd 208
Thod, =7y b~y Uiz v Rtk SiBIc L Vitid S h (e.g. x86.tmd) TMD =12 /34 12804
ENTZEDONPDaA— RPRTEDOFEY 2— VIRV IAENTH —7 v hv D a— RAERMTOI

Ho ¥V URIRIIUTO X D IR SN D,
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L EBULURAXELEDOTE
ELIUAZOLRIRBEEERT H, —MBIZ, MTICLsTEHELVVAZO—HLNAT K
WENRZNLORHD, TDOXIRFIRENZLVPAZELSLETI I TERLTEL,

. T Ry 7E—ROER
M ORHAFRER T Ry 7 — R%& defrule M (NLIR D 3% — & LCEEid 5, defrule
I O—HE LTORY — AR E T DHRENR S 5 DT, FEOFHOEL 2 EH
VIR 52 2 CTEHET D,

. B DOESE
M DEFE% defcode M LIR DXF — N2 K D Ealh 45, defrule & DiEWE defrule TE
HTD2HLOMN, MO LIZMmEO—iE5EER L TWA DR LT, defcode X158k L-mf %
IR LTWVWBETH D,

. restruct BH%L
v a— RERTERIIITON DB TH S resutrct DALEEE Emacs Lisp Ttk 9%, Z 2
DOFLITFRESFTE. 725 Emacs Lisp IZIEfF L TV 5,

L TR T T a— R

2=y eV AFET DM AL TR S, ELUAZED Y THRT L LIR 2, ¥ —
Ty KT R YT T ORLIIHE S THT 5 B%0% Emacs Lisp Crtik 45, Z ZOFta b EESFE
T# 5 Emacs Lisp IZIKfF LTV 5,

ZDEIT, SCK DV X —F oA TN AT A (2= RV=2Rb—F V=2 xL—4&) 1T, Ez AN

SN MR 72 T D3, Lk | defrule & defcode (271 CRtad T2 A Eir-oCW\W5b, BEF
DY H =y BTN AT LTI SCK IZ8B1) % defrule TORETDORIRETTH 23, Fx i defcode
MOEBONE = BABART LI LT, 20X IRV AT AOFRICR BN D TR 250l % fiiRI
LT D ENFEEL 725 TS, FEMIIATEROIER LIR I EIF-sta Rz, k%o 2 o
DFLBIZ IV THEH 41X Emacs Lisp DFtid = Z D FEFFHL TV, £OR Ty iikidFc o
V) FHEESEED D OMSIHRIFR TN TO R, 7272 L 20 2 SOEFNIIEF ICH A TH | Bk
TITET Wb, g b2 A5 LV i1 72 9235 558 Emacs Lisp (2 X iR 72ftd 23R L T\ D,
TUVRBNRKEED L Db ORONERBLTH L H 72D, X86 O~ ¥ L fil (&K TH 700 17)
BRI 728 5 2 LU RIS L T <,

1. ELIREZELDES

(def *real-reg-symtabs*

i BLIUOAEADOYURNLT—T L RN,

(symtab

;; general registers

;53 foreach (FFRLBZMHRICT D7D~ nTHD, LT T
;5 0g & eax ... edi DFNLIUCEEHZ T H D TARIK
;; ("%eg" reg i32 4 nil) FE XML

;3 ("heax" reg i32 4 nil) ("Yecx" reg i32 4 nil) ...
5y &~ mEBT D,

(foreach Qg (eax ecx edx ebx esi edi)

("%0g" reg i32 4 nil))

;5 special registers
("%ebp" reg i32 4 nil) ; frame pointer
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("%esp" reg i32 4 nil) ; stack pointer
))

(def *reg-i32x ((foreach @g (eax ecx edx ebx esi edi)
(reg 132 "%0g"))))

(def #*reg-il6* ((foreach @g (eax ecx edx ebx esi edi)
(subreg 116 (reg i32 "%@g") 0))))

(def #*reg-i8* ((foreach Qg (eax ecx edx ebx)
(subreg i8 (reg i32 "%@g") 0))))

(def #*reg-eax-i32* ( (reg i32 "Yeax"

) )
(def #*reg-ecx-i32* ( (reg i32 "Yecx") ))
(def #*reg-edx-i32* ( (reg i32 "Yedx") ))

i3 2. TRy 72— ROERH
;3 register

(defrule reg reg (reg _ _)
(asmarg (sck-tmd-x86-regname $0)))

(defrule reg-subreg reg (subreg _ _ _)
(asmarg (sck-tmd-x86-regname $0)))

;; constant

(defrule con con (iconst _ _)
(asmarg ‘(con ,(caddr $0))))

;5 static

(defrule sta sta (static i32 _)
(asmarg ‘(sta ,(caddr $0))))

;; constant or static

(defrule cs-con cs _con)
(defrule cs-sta cs _sta)

;3 label

(defrule lab lab (label i32 _)
(asmarg ‘(lab ,(caddr $0))))

;; base part of addr
(defrule base-cs base _cs
;5 (base cs ()
(asmarg ‘(base ,$1 ())))
(defrule base-reg base _reg
;; (base (O reg)
(asmarg ‘(base () ,$1)))
(defrule base-csreg base (add 132 _reg _cs)
;3 (base cs reg)
(asmarg ‘(base ,$2 ,$1)))

;; index part of addr

(defrule index-1 index _reg
(asmarg ‘(index ,$1 1)))
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(defrule index-2 index (mul i32 _reg (iconst i32 2))
(asmarg ‘(index ,$1 2)))

55 3. MEOER

(defcode leal (set i32 _reg _addr)
;3 TRy T7Za—F
(asminst ‘(leal ,$1 ,$0))
5 A A B
(cost 1))

(foreach (@Gop @code) ((add addl) (sub subl) (band andl) (bor orl) (bxor xorl))
(defcode @code (set i32 _reg (@op i32 _reg _mrcl))
(regeq $0 $1)
(asminst ‘(@code ,$2 ,$0))
(cost 2)))

;33 4. restruct %K

(defun sck-tmd-restruct-prologue (exp lsymtab)
;3 LIR @ prologue (E@%C]\D) KoL RE %
;5 X86 ITIKfF L2 CTRIKET 5,

(let ((org-args (cdr exp))
(act-to-org-exps (make-queue))
(act-offset (+ 16 4)))

Eéolist (arg org-args)
(let ((type (sck-lir-type arg)))
(case (sck-lir-type-kind type)

(integral
(queue-append act-to-org-exps
(copy-tree
‘(set ,type
,arg
(mem ,type
(add 132
(reg 132 "Y%ebp")
(iconst 132 ,act-offset)))))))
(t

(assert nil)))

(incf act-offset (roundup (sck-lir-type-bytes type) 4))))
(setq act-to-org-exps (queue-to-list act-to-org-exps))
(copy-tree

¢ ((prologue)
,@act-to-org-exps))))

i3 5. TRV T a— FHABEK

(defun sck-tmd-asmout-emit-data (type data)

iy T—HAOH

(ecase type
((i32) (dinsertf " .long %s\n" data))
((i16) (insertf " .word  %s\n" data))
((i8) (insertf " .byte ¥%s\n" data))))

D& —7y b= A2 50 ThH, ZAEHALOFIEZTTV, TMC-Compiler T /XA L L, A
T AR ALZ L2 EY, 20X =Ty v~ oDy ra— R (TrUTT) BERT D2 EAATHE

16



Th b,

< U VRN o T I D AT restruct TH D, AL LIR O LV THIZMHEI I N TS,
FEEDOa— FERTIEEBET 2L BEDOH L bDEF =0y bV AKFO 33— RICEHBRT L TH
D, BEMICIEBEgo A D, HO, FFERM L, RO — I NVEROT 78 A% BARNR 7 L— LKA
5 (X86 ThIUL ebp) 12k 57 7L AT HUITH S, ~OWMBUTY —5 v MEFETHY |
\ZHE UWLERTII R WS, — RIS ER LT 2 Z E R EL WO T, ZEICHH L72 & 912 Emacs Lisp T
EHAR L TWD (R BRI~ ik 7 7 A AHICEDN D), FF X86 D~ ¥ itk H & DM
IZ1% prologue @ restruct B B 5, T H, BUED SCK TiE, 2O XK 9 AP A EL 72DITIX
Emacs Lisp OHi#&E LB LT 5,

RIATON D~V VRIS T BT, V¥ —F v ¥ TN a— R = XL —Z OGS CTh D
TIER instsel TH D, ZOFHZITONTH, Emacs Lisp & LTOavr FAFEINTEY, EOX
DI B NFINENT-ONEREG IR THZENARETH D, LLTIZ X86 O~ U k2D AA
72 instsel DFETHIZ L TH L 9,

int f(int *p, int a, int b, int c, int d4)

{

int x;
x = plal*b+cxd+d;

return Xx;

}

V) C Oa— FOMFEREETLTHD,
FTEY RN T 72D T 0T T A EEEIAH LIR IIEBRT H720DIZ

ESC x sck-lirgen-buffer RET
LEATFTLL BIONY T 7IZELTO L D7 LIR MERSND,

(module "stdin.c"
(symtab ("f" static nil 4 "data" xdef))

(function "f"

(symtab ("p" reg 132 4 nil)
("a" reg i32 4 nil)
("b" reg i32 4 nil)
("c" reg i32 4 nil)

("d" reg i32 4 nil)
("_1" reg 132 4 nil)
("x" reg i32 4 nil))

(deflabel "L1")
(prologue (reg 132 "p")

(reg 132 "a")

(reg 132 "b")

(reg 132 "c")

(reg 132 "d"))
(set 132

(reg 132 "x")

(add 132

(add 132
(mul i32
(mem 132
(add 132
(reg 132 "p")
(mul 132 (reg i32 "a") (icomnst 132 4))))
(reg 132 "b"))
(mul i32 (reg 132 "c") (icomst 132 4)))
(reg i32 "d")))

(set 132 (reg 132 "_1") (reg i32 "x"))
(epilogue (reg i32 "_1"))))
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Z Z Tl restruct ZHAIIRIX L T instsel ZFEITL THL I,
instsel |¥ LIR OBI¥ (function ...) HAITITHONDHDT, (function ...)
DIEBHITAT E

ESC x sck-tmd-instsel RET
LEALATTAL. FNFNLD LIR ORICHOWNWT VRO E— XA F I v

Ta I I EVREICyTF UL, YUl aE L b ORFRREN D,
UTFEZoHNORBETHD,

; After tiling: (XA FI v/ 7 mr I I Ik b~ v F v 755

-

1 set 132

2 | x 17, stmt: (set i32 ($ 0 reg) ($ 1 addr)) ; leal/stmt
3 +--reg i32 "x"

4 | * 0, reg: (reg ($ -1) ($ -1)) ; reg

5 | 0, base: ($ 0 reg) ; base-reg

6 | 0, addr: ($ O base) ; addr-base

7 | 0, index: ($ O reg) ; index-1

8 | 0, mr: ($ O reg) ; mr-reg

9 | 0, rc: ($ 0 reg) ; rc-reg

10 | 0, mrcO: ($ O rc) ; mrcO-rc

11 | 0, mrcl: ($ O rc) ; mrcl-rc

12 | 0, mrc3: ($ 0 rc) ; mrc3-rc

13 | 0, callarg: ($ O reg) ; callarg-reg
14 +--add i32

15 * 16, addr: (add i32 ($ O base) ($ 1 index)) ; addr-baseindex
16 17, reg: ($ 1 addr) ; leal/reg

17 17, base: ($ O reg) ; base-reg

18 17, index: ($ O reg) ; index-1

19 17, mr: ($ O reg) ; mr-reg
20 17, rc: ($ 0 reg) ; rc-reg
21 17, mrcO: ($ 0 rc) ; mrcO-rc
22 17, mrci: ($ 0 rc) ; mrcl-rc
23 17, mrc3: ($ 0 rc) ; mrc3-rc
24 17, callarg: ($ O reg) ; callarg-reg

a
I
I
I
I
I
I
I
I
I
I

26 +--add i32
I
I
I
I
I
I
I
I
I
I
I
I
I

26 | * 16, reg: ($ 1 addr) ; leal/reg

27 | * 16, base: ($ O reg) ; base-reg

28 | * 15, addr: (add i32 ($ O base) ($ 1 index)) ; addr-baseindex
29 | 16, index: ($ O reg) ; index-1

30 | 16, mr: ($ O reg) ; mr-reg

31 | 16, rc: ($ 0 reg) ; rc-reg

32 | 16, mrcO: ($ 0 rc) ; mrcO-rc

33 | 16, mrcl: ($ 0 rc) ; mrcl-rc

34 | 16, mrc3: ($ 0 rc) ; mrc3-rc

35 | 16, callarg: ($ 0 reg) ; callarg-reg

36 +--mul i32

37 | | * 15, reg: (mul i32 ($ 1 reg) ($ 2 mrc3)) ; mul-mrc3/reg
38 | | * 15, base: ($ 0 reg) ; base-reg

;;; After relaxing: (X86 |(ZETET LMD THHEI LK)

(set 132
(reg 132 "_2")
(mem 132
(add i32
(reg 132 "p")
(mul 132 (reg i32 "a") (icomnst i32 4)))))
(set 132 (reg i32 "_5") (reg i32 "_2"))
(set 132
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(reg 132 "_5")

(mul i32 (reg i32 "_5") (reg i32 "b")))
(set 132 (reg 132 "_3") (reg i32 "_5"))
(set 132

(reg 132 "_4")

(add 132

(reg 132 "_3")
(mul i32 (reg i32 "c") (iconst i32 4))))
(set 132
(reg 132 "x")
(add 132 (reg i32 "_4") (reg i32 "d")))

;;; Assembler instructions: ((EKENAT7TEL 7 T7M4)
movl (p,a,4),_2
movl _2,_5
imull b,_5
movl 5,_3
leal (_3,c,4),_4
leal (_4,d),x

ZORBEDT BT IMBIEEREVVAZ T n =2 a VBT LTOW RV TT Ny ZF Dbl
VURRICERSN TV T BT T HABEBENFOCH L TERR LD TH D, FEITIE IO instsel
DBV VAR T alr—ya yIMibid Z &l b,

SCK DL YA T ualr—4 regalloc DA 24 7 = — AT/ —H Ol TRl L= £ 5 72 S-X (A-List)
A BT 2—ATHY, LIR D bR LI E o T D, LY AZT rlr—4 OB ORI
2, EF O EEFROlORE 25K LK 9, Zom BRI/ LIR 2% LT regalloc 21TV i
KINCT v 72NN E LD ETELTICENT 5,

RO INE (RO Z - FIIIEFICICNRE TH L7720, M Z24A L) SCK @ =2 /31 Liafe
—XUICR D Z L Ok D Emacs Lisp 2+ N sck-cc-demo-{region,buffer} MDEITIHFED KK
Th s,

int f(int *p, int a, int b, int c, int d)

{

int x;
x = plal*b+cx4+d;

return Xx;

}

L1h5 C Da— RICK LT SCK D47 =— RO HEE B2 7 0I0 i,
WMy T DT 0T T B EXIATL

ESC x sck-cc-demo-buffer RET

EXATTIE RV, LU regalloc UEDADHEETH 5,

;33 LIR after regalloc (with block re-ordering):

(module "stdin.c"
(function "f"

(symtab ("%esi" reg i32 4 nil &regset *reg-i32%) ; &regset ... (&
("%eax" reg i32 4 nil &regset *reg-i32%) ; MHIEIRN THMNT 2
("%edx" reg i32 4 nil &regset *reg-i32*) ; LYAFTHF—Ta v
("%ecx" reg i32 4 nil &regset *reg-i32%) ; THE/EWH
("%ebx" reg i32 4 nil &regset *reg-i32x))

(deflabel "L1")

(prologue)

(set i32
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(reg 132 "Yesi")
(mem 132
(add 132 (reg 132 "Y%ebp") (icomst i32 20))))

B

(epilogue (reg 132 "%eax"))))

;55 Assembler output:

# FUNCTION f
.align 4
.globl _f

pushl  %ebx

pushl  Yesi

pushl  %edi

pushl  Y%ebp

movl %esp, hebp
movl 20 (%ebp) , hesi
movl 24 (%ebp) , heax
movl 28 (%ebp) , hedx
movl 32(%ebp) , hecx
movl 36 (%ebp) , hebx

movl (%hesi,%eax,4) ,%eax
imull  %edx,’%eax

leal (%heax,%ecx,4) ,%heax
leal (%heax,%ebx) ,heax

movl %ebp, hesp
popl %ebp

popl %hedi

popl %hesi

popl %ebx

ret

PLET SCK @ RA VEFEOFEM A L, BRIV VAZTar—40A4 47 =2—ARK
Wa— RERIZOWT, D ULFRT D, LYAZTalr—4 regalloc LA TFTO L 9 B ThH s, 22
TREETREFFMIE, oL Y2 Z T alr—2NE2ICPHEEE LIR 2 OMNLIcEES N TnD, &
WIHIRTH D,

sck-regalloc : <RegallocInput> -> <RegallocQOutput>

<RegallocInput> ::=
((interference-graph ((<VirtualReg> <VirtualReg>)..))
(coalesceable-edges ((<VirtualReg> <VirtualReg>)..))
(real-register-sets ((<RealRegSet> (<RealReg>..))..))
(real-register-constraints ((<RealReg> <RealReg>)..))
(possible-assignments ((<VirtualReg> <RealRegSet>)..))
(spill-priority ((<VirtualReg> <Number>)..)))
<VirtualReg> ::= <S-exp>
<RealReg> ::= <String>
<RealRegSet> ::= <Symbol>
<RegallocOutput> ::=

((register-assignments ((<VirtualReg> <RealReg>)..)
(spilled-registers (<VirtualReg>..))))

SCK DLy RAETalr—RE, 777H7—1) 7 _X—=AT, BRMIZEIHLEEEZIT S (iterated
register coalescing) FEICHEASNTND, —MRICL YV AX T rr—2 3RS Flla— RIZEFE L O
(2720 BEIXEFAREET, LORZTIAFTI AT 4 HBE (EOLVRZEFE LV AZIZREE DL
O, KLY A XU (spill) LB 7 & & —iRfb s CHRES NS,
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LU SCK TIEZhbidnx offin & L TRt SN D, AFEREFTC. 771440 7 13RO
OIZHIEE IR DV —TIHTE Y 20— /L (T B ITERE SCK MXIZIFHN TV awnay) &, 2T ERX
oA H 72— ALY LIR 226 OWIEE R > TN D,

Z LT, regalloc [IARLV VAL T 0y —Z 3T 9 REMMID L 21T 5 K D IZATREZARBR Y /pEl & 4T
W5, IRV YA K <VritualReg> IIEED SSATEW, ZNHDORT L LTRBLINIZTH T 77
interference-graph A FAIHE/R AR L T A Z X7 coalesceable-edges /L — 7 fRHT I LHEE S D
7T A F YT 4 — spill-priority & Vo fFWMND, LY AZ T ar—va v ERA, FERE A-List
L LTET,

FRIZIFL R T =y a URRI(ENR) T2 8 b B D, T OYE T spiller A HEAVLEL,
BROOLMNTIAARL VA X %27 L—ACHEET D LW OB AITV, MBI OIS Z &Ik
%o ZO#ED IR LOE L SCK #ALX TIEE L ST 5,

4.5 IN—HY Pz RL—4 yayacc

SCK DOfEfd 53— = X L—H yayacc (DWW, fEICHAT S, 2L yace H 5 bison
LWVl RX—P e —H LFERERN—Y P = KX L —% D Emacs Lisp LD RETH S,

1. LALR(1) (233 < #SCfihr

2. 77U v a STARUERME TR

3. BBERZRSCIE b Z T AHT D (T ESENANT)

4, =T =AML DT —Y I3 B

5. C D7 NWVARy 7 —HFRik D FEARE (cpps @ yayace IR)
6. A — b~ b UAERNGR & BRENR & BT SR

Z ZC, SCK Of%FHEBMZRERTOREE LT, 6. O5BEN EIFHivd, yace X bison & 5\
O MDOBEAFN—Y P =X L —FIZHE T H RO —>& LT, LALR(1) A— b~ P &2ElT 5
HANSHES TRV, 2V mA EiFbivd, LALR(1) A — b~ b OfERITEHER A TH 5
B, ZOEBOLFA L, BREREZMBAICED e W BERIZ, BFOT AT AMIEZD Z &N
K, BIZIXRIRR =T — U N U B 2 i 2 72 LALR(1) /S—VZ{ED 720, DV L7z
EWVIIEE. A= I~ b DT =T IHER BRI WIS b 20 b BT O OB aAERRT S
TV 2= /MEIBBES N TV RO TESICHMT 5 Z L1tk (b b A [5BEEE] 23 hEw
RETIE® D03, [ABRIZ, yace X° bison (X C SFEOEFENRZ AT 2725, O Z7E (e.g. Haskell) THX
FREFEE LW E W) TRICESIZE 2D 2 LTk,

yayacc |3 LALR(1) A— b~ M ARG & . BRENR (Z4UTBIAE Emacs Lisp DA) 3782, 22 F
THRATEL L7 A-List A1 ¥ 72— RIZED, STV D, ZAUT L0 BRENR O B CHFSE
WEZTIRY, O FESTFE TR SNIBFREZFMAT 22 LA & D, LITIE yayace T
i B e O S AT 217 9 SHEERDOHITH 2,

yayacc ~DAJ)

(defconst sck=yayacc-yacc-demo-input
>((object-language "elisp")
(associativity ((left ("+" "-"))
(left (n*u ||/||))
(left (" NEG"))
))

(attribute-grammar
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(((START E " EOF") $0)

((E E "+" E) (list ’+ $0 $2))

((EE "-" E) (list ’- $0 $2))

((E E "x" E) (list ’* $0 $2))

((EE "/" E) (list ’/ $0 $2))

((E ll(ll E Il)ll) $1)

((E "-" E) (list - 0 $1) " NEG")
((E "+" E) (list ’+ 0 $1) " NEG")
((E "number") $0)))

(output-filename "yayacc-demo-output.el")))
R E Tz =Y ~DAT]
(1+2) 3
R SCARBT RS R
(x (+12)3)
M. ZOEIZRT D LALR(1) A— b~ b % graphviz f ¥ 7 =—2ZF|HA L TCERLIZH D%
FMERIAHT 2D T, BRENTZV, ZOXIRT T IRLEEZFENTEDOL TRIHbIND, L) Y —

JATH DR Y FAE L 72V, LALR(1) #SCREHTIZE RIS & Bl RIS © HE U FIETH Y, 2
D &5 e LY — i OB 2 BfE T 5 ETRE Rl Ko S L bR S,

5 FARMRDEH

SCK OHFHIIREL 2T bhd, TUIEY 2T VT 4 —DRS LHBBREOR S THD, Hl
FHlx oo’ T O A FESEE LM SRR—ZADHHMA A ¥ T 2 — 2R EFHFOFY 2 — LI E
THIELT, av A FHFEE, MBI L > THENRTWEZREEL TV D, BTFICEEREY 2—
NDEY 2T VT 44— (M) #F L O TEL,

FEEEFFEMNL | C FREMSL | LIR JAS7
yayacc-lir Yes No Yes
cpps Yes No Yes
cps Yes No Yes
reduce Yes yes Yes
tmd No Yes No
loop Yes Yes Yes
live Yes Yes Yes
regalloc Yes Yes Yes

—7J5. #%%#1% Emacs Lisp &9 EESFHICE Y SCK 2FHEL /-2 LI12LY, Lisp DbOMAE,
FEY R7a AL ZOLRLT EICA, Emacs DA 2T 27T 4 TRESEAZFALESD L9 5
ThbH, B, AFETOHITRTEZLIIZ Emacs DT 4 X a< K& U TFRITME* O E FE
TL. TART 22 ERHKD &V D FEUIMIEZ L2V, Ziuddiic/e = o3 f 2B T 255
LB ERETD L, $EHADa L AT 2 — APMTH B EBET 5 = L LRSI DT
VAL THBEOBME LTHENL TS, (FEBD  graphviz ~DA V¥ 7 = — R |2 X 5 ALY — v
W, TR T ORZLT, av M TOEMEED ETYH, £, av A T0R¥EE2T VT 4 7 TH
LWHDIZT 5 ETYH, HERMERD 5,
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g

6 S&D

% DR,

A, B

LrBHE L BbhDIRIZIERD,

2
%
i

1. R¥a A |
BE, FX¥a A2 ML TEEEY 2—MIZOWT A-List 4 V¥ 7 = —ADEFRENHEL
TWAIRRETHY, AKX 2 A FOEMPLETH S, Fxld Emacs D texinfo 1255 K
Fa A MEKETFEL TS, texinfo TRF = A2 hERRBRTNIE, TO—2D Y —AN5,
Emacs L CAVIA U CHETED~=a2T7vE, IO Y —A L7322 TeX O 2% AKT
HZLINAIRETH D,

2. SERE O E
FRy 7, X86 DRBPHSHELORHEOMI, SPARC DT 2 MALETH S, ZHbIZo0
T, (EBOBRBEIEEMEELTOE0T), be 1, AIELTRTHES RALTHS, a—
RAERRES, BHOMARIE L LUR Y 7 n b — & MFICEEAMS THY . 4% b7 rYx s b
PHEGET B E 0T X b LA S LB Th b,

3. 22— FigiEfb
a— R {bIZ DWW TIE, il b & EEE AR DS SRR TV, Sk, BRI O5E
REZE P D2 & ERIFEC, BALL-ULD a— REE{bOEENEEND, 72721, Fx OJidt
ELTCIERBICEN O 2 FET 20 TIERL, BHBLETHLEV 2TV T 4 — LRI EEEL
THEEICEELTTITEEWEEBZ TV,

4. Z—r vy kv v
X86 O — FEART HENTZAIRITIZ HY., ZNOEFHNED T EITEELEL LT,
72, SPARC IZ2W T, BRICHIETIES E D EDLILTWRWD TEMRE % 7 HMEILEN &
Bbind, LLAEEa L A IREFELEL TRV, MAGADZR ORI CPU 2RO X —7 v
FELTEZT,

5. LIR A %7V %

BIE, MEREIZHIR SN TWA N, a— FEEbRo L PR EZ T alr— a0 OF A Mz R
DO LR A Z TV ENGFHET D, TNERBRRLDOIZLT, AEY =T I7EAELZERICVI 2
L— 345 ZE2HKS7 51X, Emacs Lisp D ETWOIEN—RUZT7 DY I 2— L X REEH
KHEICR D, RERLMAEIREO LIR I~ VRIS~ T- 2 —4 y =T Db i Bz
WCRB LT LDOENLTH D, ZOMER EIZIE, N—RTVZT DAY 7 2§ HIALTET T, £
DY DAT V=l ha— KRPERTEDLDORL LT, EHENELS TH Emacs ETEEOHE
EESICVIab—MRDZ LIRS,

6. yayacc D7 — U /N

yayacc (3T T RAEE R TR error b—7 V& ERICEEBRTHZ LIk b=7—0 WU
W20l 2 TV D (yace R bison & [RERDFE), LinL, TOARFANOT T —HITIEF IZH L
, 2T = b= VOBBEANCEIVIELWT B LARET =257 0, HDHWIEEOM LN
A —ATH ULIRLIERAET D, HAxOT Ta—F, bbb cpps EREDA ¥ 7 = — A%
5 Z & T BRI Undo B EIIAEICZRY . £ AN b—7 VIHMEBEES G AT 5 Z &8
RRTHDHMND, yayacc ICT7NVA— v T 4y 77T — U I3 B S 238 AHRIUE, FEHIC
IR —Y T 2R —F VAT LEEETHZENARTHDL EBEZ LD,

7. CLUSND Y —AFEE
SNFV=ATHLI L HRTEVIERTS C FFESD Y —ZAFFEITHIE L2y, WESCRET
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7

HI 725853 TIRSEIZIR <72 yayace OILE S BE T 5, PL/0 O X 5 RO EHiZ b A SFEICK LT
v, TEFESTHREDLENI DL, TELELTUIRETHY, TTEOLIRLDE—
NED VBN D, AREHRYEL LCIE. Core-AST (ZITH 7272 S AT K %238 N9 5 MBEH
HDHB, FTHENCETA LEVDIX, Wbdd Boxed ZRELOEATHL, ZHUIF 74T V=
7 NEFRHTHETHEETHY, ML X° Haskell &\ o572 Y —ASFEICKHIST DERICHLE L A2 D,
H LN HNIE ML R Haskell OFEIEIZF v Lo P Lizwy,

KitEtEE & DHER

W, X—4 v b~ e LT X8 KU SPARC O =— RAERZ TE L TV, BRFEHIR T
SPARC ¥R — MR ZAeh o7, Fo, X86 b REVIEURHA N R Y AR — FTh D, SPARC (2B
LTCIX COINS 7u =2 N TEMEDH D SPARC O~ itk (BIRAEE NGB L=b o) 23ic L
7HOT, BUET A NOWREZ L TWDHERTHD, COINS 7rv=r hEDOHMNME, 47 x—
ZIZB LT, ERHR TRV, a— FEBE(LICE L Tid, S5 E LT HEgsl e r—7 R
RO FE LA ER R TV,

W, BYPIDOTEICITED >N T a7 TR LEEARY E LT, S—F Y= R L—4F yayacc,
ATT © 7 Z 7 w[fi{t.>’ —/b graphviz ~® Emacs Lisp 25D A > % 7 =— A Core-AST, LIR A >
Z 7Y & (BERERIRIR) 3 5,

8

1.

i+ Ex

SCK - S-expression based Compiler Kit.
B TRIEARHE, WKHKET, O WeB X—IZTARTE

. GNU Emacs - The extensible, customizable, self-documenting real-time display editor.

http://www.gnu.org/software/emacs/

COINS - COmpiler INfraStructure
COINS @A F 7= |k
http://www.coins-project.org

. LIR - Lower level Intermediate Language

COINS mr ¥ =2 FTHEH SN TWHIEKERH S5E
Seika Abe, Masami Hagiya and Tkuo Nakata: A Retargetable Code Generator for the Generic
Intermediate Language in COINS, IPSJ Transactions on Programming, Vol.46, No.SIG14, 2005.
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Recuce.
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stateld:
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statelé:
B

'

statel?
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states:

FEEEEEL L

B> (v
[Recuce]

BEEEEE e

bt s b e

statel2:
E.

e
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o
State3:

B> 4t LB

E -> . "number"

E-> .

5> .

B> . yw

E-> . E

B> . E

E-> . E

B> . E

[Recuce)
E ->"ni

state2:
E -> “"number" .

yayacc 23ER L7z LALR(1) A— F~ h
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