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AP HERRAUE

MRAECH+HTH A R AR, RS M mT DB 0 0 H R IR G54 . B BB ATT R AR B/ ik, Xt
SO JRBUEFE D . 5 HAZE PO R B . XRERYJZ R0 B AR R BEAT B ORI AL A 2 i FoAth 2 Zh RE Y 5%
BL, BT DU BN T 42

AT H ) Z RGN T -
IR 1EH
Register, SymbolTable e B, o
TargetCode H ARG HESE
IROperands SN EE- (4
IRCode He R A
IRContainers RIS, IR ST
IRGenerator YESrpa] 2, AR 2 v ) AR A A s
semanticAnalysis Lo HT
main NITEE, SE

FRATEREUER A A SR 2 mT RE A BLRE A F AR AT R &R
IEAMRRR 2 IR G546 53 FH I B A S RE A 8 B B E T T A0 AR 55, EkANIRGenerator A i _F2H a2, HEA/EH
R

1. #IRContainersH fJIRFunction, IRProgram 47 SZ f|{k L& P ;
2. fElysemanticAnalysist5 LR PIE Z BIMIH IR, K BA N ILEHEREAESRREL, filillenterFunction, &4i—7E
IRProgram /4 il thfunction, ¥fcurrentIRFunctionfg 148 7] 24 ij functionZs , KHR/EFREL
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Hh RIS AT
SR H BT R0k

IRContainers

YESgrp I ARAS AR B AP MRS R A . B BRI LB WA, — PR HRTY (2RERE
SGER))  — PR, RSB E M IRFunction5IRProgram, JE#& WEHIE ., HA—XERKK.

= JRFunction

» SEE2FIRAR, (BN =Rilist: SHIIR. NTEXERYIE. b EE%
» 2t EFunctionpy R4 label 51|
 EEPEARG
o SONARRBREER AT A PR BRI g%
s 2fl & functionfF 5%
» SUHEHAMER
= JRProgram

» R RYIE

s ¢ EIRFunctionl|

» HFIRFunctionf b i RIS RS S5 ik, DAEIRCall$g 418 H

o JURLEMSLRIEL (float, double, array) , FE AR 6F A 3R ML R INEy

IRCode

AR . — i BRAS US4 4LE : operation, result, argl, arg2, HUA#ERBIGHEL =4
BRVEEC. HIRAD T SR AR D MR, FTED, AR EARRAG. (R IR RIEE 22, ATIH X
FREEA LT :

1 ADD,SUB,NEG,MUL,DIV,MOD,NOT,OR,AND,SEQ,SNE,SLT,SGT,SLEQ,SGEQ, // TEEE

2 BEQZ,GOTO,ADD_LABEL, // BRERERE

3 PHI,REPLACE, // SSARI&

4 ASSIGN, FETCH_ARRAY_ELEM,ASSIGN_ARRAY_ELEM, // WESHARE
5  ADD_PARAM, GET_PARAM, CALL,RETURN, GET_RETURN, // REARERIE

B FE528Ff . AL AR TS -

= 128 JEE 2005 i ChliAs fswitch case B 2K AT RERE R B, (HU@ AN eRECKAR S TTK . 77 BECHR28F
case; FH LINFEHE L LERAEIR AN RAREECRA, — BE BEEECRAE, B HAnR M Ed R e
o

= 2028 J28PPERAEEESI28 K, I BB LR AL T BB B I FE R A A Tswitch case, FR—FPHTHTT
X, fETHEHERE SRR INE .

o 128 XERAEROPR AR T S UM B IR, 0 BEPRE LL 28R 2R, H IR SR BT BN %
TIARIEHRAF BT SR B AR ARSI T ik, ARBSRAI AR K.

AT H R A = FEE, HIERU X B AR T o



IROperands

BE FLMIROperands: label, value, symbolVar, symbolFunc, tempVar, 43 H#EmRFRES. L% B @ XA
ORI MR AEE . SR AR BT, IROperand DUKE BRECSCRH IR Z TLRHRMEEUN BTG 7715, fARIRCodefir
PR B AR EECR R % 25 IROperands.

valuefy ZR RS IS R 2, AP EE A AEAL / JRE ST BI%S, BRIHSR Fl— A vector RAF# AN T
F. AMI—~bool R AL Wi A H 4 .

Z R UAEAS R 7> lisymbol VarfiltempVar , & RG-S R rp SR M o SCERAF B Tk A8 SR AEIR A
I RE G a TR INEY . [ it symbol Vardg 5 £ 5 & B ARBGE R (5 B iitemp Varifid 35 BAH S & PR BHLIAF
TR

symbolFunctl 2 FAEFF 5 £5 8, HEREHAREAMIRFunction {5 8., B4 H LT EREMBUER, XETE
IRFunctionz I, ZaAgESE MR, 14 T IREGE R IRFunctionfs &, 7T DLFY itk & 7Efunctionf§-5- & Hp B4 A
MR, HIRFunctionf&i# 2, HsymbolFuncizH.

H bR S At

TargetCodeJf-¥ A7 5k FIIRCodett [ MM E 75 i, KRR, TR 1283t @ . Code2t . 5% H ARG L
br LARICEREZ A LIS, Bindifas, MANIRTHES, S Bnar e & ir A28 B0 A W, L4,
bristring, 4555 E. Xf:

1 class Code {

2 public:

3 ASMOperation op;

4 FloatPointType rdFloatPointType;
5 FloatPointType srcFloatPointType;
6 Register xrd;

7 Register xrsi;

8 Register *rs2;

9

int offset;
10 std::string label;
11 std::string directives;
12 |}

AT H T ZE B R A A -

1 ADD,SUB,ADDI,NEG,MUL,REM,DIV,SLL,SLR,SLLI,SLRI,

2 NOT,OR,AND, XOR,SEQZ,SNEZ,SLTZ,SGTZ,SLT, FEQ, FLT, FLE,
3 BEQZ,JR,LABEL,CALL,RET,

4 LLA,LI,LB,LW,LD,FLW,FLD,SB,SW,SD,FSW,FSD,

5 MV(ZF),

6 DIRECTIVE

3T EN i S I ELRAR I g 45 4 82 i 45 & string BT

tbAhst vr TargetCodesfEo a2, Ffl HARMUASSIR . FF HAEBE M /5 G AL s fEas . BRIRAREA R B w
R WA AEas BEA T T S RATRE R i 1 e 2R 5



FAT A BLIEE
NI H W R R AR L . SEa T DURVEBUL SR i ar e BB, AT 800 B AT BEXT T amiFas TR -
KT FHAFoE Bt T RegisterRAF A A FFAF G LML, ICRFEBUT

1 class Register {

2  private:

3 RegisterType registerType; // BRA//FESR

4 FloatPointType floatPointType; // HAFSR, FmZEESingle/Double
5 int number; // FF#FS, IFABI

6 std::string abiAliasName; // ABIZFR

7 long long value; // BEEFHEPE (RBEFERTR)
8 bool allocated; // =EEHDE

9 bool occupied; // BEEEHEIKR

10 bool tmpStored; // =EEEH

11 int tmpStoreOffset; // BEAE, BRARRE

12 |}

AT H 73 e S48 IR AL 5 i B IR BT B PSR L 2 B I U P A s o R SRRV A T AR R

T 5 T B L A ey B /175, ilid RegisterType e HIWr, SR 10 22%, EAF AT A2 v 35 A5 T 111 AL

W F A AL EAT R B

[EY

class GeneralPurposeRegisters : public Registers {
2 private:

std::vector<std::string> registerClass; // ABITZHT1Zz381
e
4 std::unordered_map<std::string, int> registerClassNum; // BIRBHEFR
#E
5 std::unordered_map<std::string, int> registerAllocBitmap; // EcBitmap
std::unordered_map<std::string, int> registerOccupiedBitmap; // $8IxBitmap
7 std::unordered_map<std::string, Register *> registerList; // ABIZFRXI L
Register?l&k

8 '}

FAFaN T SRR B E I T
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o FHTAERARTGIRI 777
= FHRIFEFT A
= FOROBLH A AR
= BRAR IR A7 A



AL S

PAUF YA B4 X REA AL 2R 3 A . —00, —01, —02, —03. J5TaHILALLR 72 52 B A L i G AL o
A Ve

EBRIEX T M BTSN, A H RS 5 EE T4 k.

Fean#Ee FEAL TR X idata, 7 Aboolaint, HEREIFE2048/9 % B ¥ fladdi rd, zero, imm#4L,
2048 AL rd, immER. JFEMMILERCRH . equ label, valuefr={FaM, SFAEESEIX , IRAERIfiK
HHE Mg,

FEE R I L HHORER A HECE2R R ZLLIN, WA EL RSB NR, H—5 B
& BIAONINI.

WS
PR%E 3 B FIRContainers:void IRFunction::constFolding()
WAL BT B & R W R LU LA E O -

o PAPRVEBORMEES) . WIASSIGN, NEG, NOT
» W arglhH &, flllires = const, ABLAEE N —ikrestiEE 2/, A resig] FE
“fconst
o AT USRS PR, BT BB AR ADREE— S B BT R, PIEA G SR %a = 1
+ res; YresHohE B, WZARMGM T DT 2 &
o WERAEBORAETER)
= argl, arg2¥) A& UNADD, SUB, SEQ, SNE, etc

= ffjiga = constl + const2;
s & Hconstl + const2, ¥itBE g R E I — I IRValue, A4 Ainew_value
s ffiZcodel& M a = new_value;
o FESAREE, BB N —RaWEERT . KA am g B new_value
» argl, arg2 A —A & A% [E T ADD, SUB, MUL#:/E

» RGEE X LR BT SRR
» 0iZRIS Acode
= YN codeHADD/SUBH:E/E: {iXres = a + constl;

» HfEZRESnew_code, HF| TR resE [ HT—URnew_codett,
>;ADD /SUBHEAE, Hnew_codefl— /P #e/E% Mres, Hinew_codef®
UN: new_res = res — const2;

s Fffinew_codeAjnew_res = a + new_value; Hdnew_valuefl{EZ T
constl - const2

» MY TR codeXtresibfy TR, HRETE

= Y code AMULERME: fRi%res = a * constl;

» HiES8Snew_code, H | F—k resPi e (E i—annew_code s HMUL
e, Hnew_codef)— A AEL fres, Binew_codefZ4l: new_res = res
* const2;

= Fffinew_codefjnew_res = a * new_value; Hdnew_valueff{HZ: T
constl * const2



HA AR, X055 B S UGE X AR N R REE TS, W H BS540 A TR M
FREVERAE, A MARISE A AT IR b, MIBRARE T 5 S 28R

tbtia = 1 + 2; constFolding () Fik&didAs a = 3;, HEWEARIEARYN, rfiafe T —IREE
ZHTH S SRS, (Bl T AAERAY W GRS R, an] fE AL A b it AR ERAS &, (HH S F AR YR}
a5 FFFEABERAE M3, Fr AU B A 1T fE & S8R

FEA PRI R
PR F %47 TIRContainers:void IRFunction::basicBlockDivision().
FRPEHIS IR E LR o He A e :

AN B T RE 2 -
R o — B
PR H ARG
FAFBEFE T — A5 1ER
FEARHL I 25 R A AT e
fEILER
B TEA]
BREE R AT — 215 R (AR

Sk EATE ARG EEARN D, & SO KRB R 454, A< R 2 H B A A AT

1 class IRFunction {

2 std::vector<int> entrances; // BEFRBRAO TR
3 std::vector<std::vector<IRCode *>> basicBlocks; // BEAIRA

4 std::vector<std::vector<int>> controlFlow; // EHIR

5 std::vector<int> cycleNum; // BEARRENREH
6 };

E1x ARSI AL ZE AR IR AEIRFunction s, 7EA2 B B ARG Z Bl 217
B Eentrances A AL, IR EE IR RS, B0 BkELE A A B AR T AL FE RIS :

entrances.clear();
entrances.push_back(0);
for (int i = 0; i < codes.size(); i++) {
if (codes[il->getOperation() == IROperation::ADD_LABEL) {
entrances.push_back(1i);
¥
if (codes[i]->getOperation() == IROperation::BEQZ || codes[il-
>getOperation() == IROperation::GOTO) {

N o ok W N R

8 entrances.push_back(i + 1);
9 b

10 b

11 entrances.push_back(codes.size());

AN AN PR M X3 (ZERATF) #dsead, TiEdcodesrpushik AbasicBlocksHIim[:



for (int 1 = 0; i < entrances.size() - 1; i++) {
basicBlocks.emplace_back(codes.begin() + entrances[il, codes.begin() +
entrances[i + 1]);
}

entrances.pop_back();

N =

W

P, AT H controWF Low) & SUREANFEA BT DIBIAM A TAR, BRIt f B A Bt U 225 i B
A, BRJE i PilabeliE b - HR Bk FAR B FEZE A BRI AT o

TR GAEIRE LN 20 SR SRR O EGEI A A e o B AT e A o ARPEBLISIRE L. TEIAHY R BLE
ZHRMT L, H kA controlF LlowBkd: HARIIZEA G TR/ NTATEAS:, MEZEEARALT —AMEFRT, 15ER4K

4,
FEAHS I B
FFEpR S E P EIRContainersHr
void IRFunction::delDeadCode(); -- BEAFAELARALMER
void IRFunction::liveVarAnalysis(); -- XA FEAYHEATIH RS B 47

void IRFunction::usedefVarsAnalysis(); -- {4 A usess Bfde fAs BT 017
- TERT BT

= MR SEAYU useflide f A8 R T
o REEAIEARGNEHERTI, X 44— IRCode

» fiZcoderd B EME Muser EE, A def

» fiZcoded 5| I Mdef R ER, M Ause

o RN AcodellE . BRAENUT ASeib e (i 2, P HER, fillix = x
+ 1; MizsekxMuseditiBr, fnAdef, Fdefd ik, hnAuse

= 4rFroutVarsfiinVars:

s fF—/blockffjoutVars KiZblock ] fr F Ja 4kblocksit) inVars ff Ff 4
= RJEinVars = useVars + (outVars - defVars)#iEf/—blockiffjinVars
o HEEGHIinVarsflZRifinVars, B E|4—"block Pk inVarsE{R#EANEE A fE 45 R IEIH

= SEARTG M B
= FEARRALAL

s BiZblock il FoutVarsi & jalive
» P EEARYR )4 —/ IRCode, g Acode
= XF4—4code
o WRE(EAR BN IEER, NI ERcode
o BN, K EEARRE ot alive, K5I A REE halive, HEEINTFAPZ
e
» AEAYIRCoder & (HAE BN G| A B AE , FZ——H5], BILGETRETURN res
YT X resfE(E. 1MAddParam argl, arg2, fHX4 T Xfargliy5|H



o (EAPEAR,  RRIEERAR S AT R S UR RSN T T B — AN EE A outVars,, WTRETETER — PG
LA, WSREEAIETEIS, block A HAUA —NE4kblock B, fEblock BRAEFEL1 = t2 + 1;3X
FERUACHD, TIt1ATERR, AR HMEs, Hblock B AEYERTt 200 A4S . S2hr bt 2] DLk &
Jgnot alive; {HIFERAE BT FILES K t2YfEuse varsfifig, FTLIt2&YEBRinvarsdr, #EififE
ETARoutVarss, FEMRILITAR. Fril, WERFAVLMEARYZ IAFLEMEIR, o DO FS0 i
AEAYMN G ETER, BEE R N A outVars (XFMEN T2ASFETA
HoutVarsH) , AL E Nk

A4 1 P

AN AFa AR BT TR, (ER A0S HAE D 73 O Gt vl LLBE S 3 A7 e X B B AR . T2
HOR FIARLL ) B 2T 3

B

SRR IRFRR FIPIJZ L0, Register 84 B A 9l oy FURIFR IR HIWT (5 B, . 7ERegistersH1{f fBitmapfE
Cache. Bitmap#Z A FIHABIFIZE K5, BAAMIIRMTER N

1 registerAllocBitmap = {{"t", 0}, {"a", 0}, {"s", o}, {"tp", 0}, {"gp", 0}, {"sp",
0}, {Ilrall, 0}' {Ilzeroll’ @}};

XIERISC-VH B e IHIRIL . TEILRTE X T F17ee 0 BCABIRT R e 7, X HETH, BR
sEunordered_map, (i MRS EAET . ARPETTF A IS, t RV TAAREMEMER , HibtheERs ., HR%
TFas ABIZDR P FAER R 3%, B S )G -

PRI G A 27 A7 s 20 BC IS 7 B A HE 3P P B 2 FC RN 5 B TR PL N B 457 it e brRegister x, R5|177 R
filt FH ABLj 44 :

1 std::unordered_map<std::string, Register x> generalPurposeRegisterList;

» EFER T A HEFESRES, fBitmap, FHE—AAOMMEE, AN FFASABIAR)E IR F
Register x, Jf H EHHZX EBitmapfiRegister xHHHHLEE o

o TES AR E AR, HER FABIZRZE T BIXt M KJRegister /5 HIW &G Al 43 AC, ¥ EBitmap#il
Register *HtijAH AW iR A .

ik
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SSA XUt IR SLEL

HAESSARE X - B BAEP RIS HAE e A — Ik (REARIMEIL) o« BIRE—#R2IROperand H i1
NP A W5 L, 38 ST IR 2 2 (8 C R AYIROperand , T #7 i —AM i 25 B, BREIENE
IRReplaceZ& 7R, K- b I Bf AR A0 R AR 52 [A)AH ELRRS . 7RIS 0] IR AR S i T A 5 | FK 46 5% 2037 i I i) 28 & 1o

WA, BFEPEIRER N2 A R TRE, IR A 2 HIRPhifg . FE3E L i vector& i Ep
N ARG T A As &, Z3 B 4MN2 5 A new tempVar = IRPhi(vector<IROperand %> rawVars), #E{7—
ANAGE, SERR PR — AN, O (8 e S R I IR O B AR IR E, SRS 4 S B I 2 T R

SSAJRUH I R BRI FARIAST . {FltempVark 5 Zebk 23 RABHIBIEE T45.
HAMURS R i F

HAn i 3 ZA/EIRCode.cppr, il &FHIRCodeffjgenTargetCode 4 SL B, BB MR 1AL R R ok
Ay, e R A B AR A T, fRikF targetCoderf, HUNIRAAA:

1 void IRAddI::genTargetCode(TargetCodes xt) {

2 bool hasFreeRegister;

3 Register xresultReg;

4 /] BREEREHESFH

5 if (result->getBindRegister()) {

6 resultReg = result->getTargetBindRegister();

7 ¥

8 else {

9 resultReg = t—>getNextFreeRegister(true, false, FloatPointType: :NONE,
hasFreeRegister);

10 }

11 /] BERE—FRIEE, ERADDIES

12 if (argl->getOperandType() == OperandType::VALUE && arg2->getOperandType() !=
OperandType::VALUE) {

13 Register xarg2Reg = arg2->load(t, true);

14 t—>addCodeAddi(resultReg, arg2Reg, stoi(argl->getValue()));

15 t->setRegisterFree(arg2Req) ;

16 }

17 else if (argl->getOperandType() != OperandType::VALUE && arg2-
>getOperandType() == OperandType::VALUE) {

18 Register *xarglReg = argl->load(t, true);

19 t->addCodeAddi(resultReg, arglReg, stoi(arg2->getValue()));

20 t->setRegisterFree(arglReg);

21 }

22 // BERAENILENER, #HITHE

23 else if (argl->getOperandType() == OperandType::VALUE && arg2-
>getOperandType() == OperandType::VALUE) {

24 Register xzero = t->tryGetCertainRegister(true, "zero", hasFreeRegister);

25 t—>addCodeAddi(resultReg, zero, stoi(argl->getValue()) + stoi(arg2-
>getValue()));

26 t->setRegisterFree(zero);

27 b

28 else {

29 // BMIEFEADD

30 Register xarglReg = argl->load(t, true);



Register xarg2Reg = arg2->load(t, true);
t->addCodeAdd(resultReg, arglReg, arg2Reg, FloatPointType::NONE);
t->setRegisterFree(arglReg);
t->setRegisterFree(arg2Reg);
}
result->storeFrom(t, resultReg);
t->setRegisterFree(resultReq);

R T IR, FATH AR IR Tload /store 754, BeHl& ™ #54% fitload / storeZhH4), K443 M F7HR
()5 N BRI #) KB EROmER k. JE iR T A ig IR T3, T REBRAERUAR SR IR B A A 7748
W U P S R A [l BT

$efitload / store s LR SL BN /A S AL B I AR B, I OUIR S % . BRAEBUF I N AT R RIFR S, 2L
PR/ BB, TEEE. EHLRPERINE L RHLBMTFEER. FHILXHEEAER, HLIWA
E%O

PLAbse s
WRTE
o WHEHRETE . arglflarg2ei U — A b RAGHERL

else if (argl->getOperandType() == OperandType::VALUE || arg2->getOperandType()
== OperandType: :VALUE) {
if(op !'= IROperation::ADD && op '= IROperation::SUB && op !=
IROperation: :MUL)
continue;

IROperandx imm_arg = argl->getOperandType() == OperandType::VALUE ? code-
>getArgl() : code—>getArg2();

IROperand* var_arg = argl->getOperandType() == OperandType::VALUE ? code-
>getArg2() : code->getArgl();

for(int j = 1 + 1; j < block.size(); j++){
IRCode *new_code = block[j];
IROperation new_op = new_code->getOperation();

if(new_code->getArgl() == res && new_code->getArg2()->getOperandType() ==
OperandType: : VALUE) {
// new_code: argl is Var, arg2 is immVal
if(op == IROperation::ADD){
IRValuex new_value = immAddSub(imm_arg, new_code->getArg2(),
new_op);
switch(var_arg->getMetaDataType()){
case MetaDataType: :INT:
codes [entrances[bnum] + j] = new IRAddI(new_code-
>getResult(), var_arg, new_value);
break;
case MetaDataType: :FLOAT:



new IRAddF(new_code-

codes [entrances[bnum] + j]
>getResult(), var_arg, new_value);
break;
case MetaDataType: :DOUBLE:
codes [entrances [bnum] + j] = new IRAddD(new_code-
>getResult(), var_arg, new_value);
break;

} else if (op == IROperation::SUB) {
if(arg2->getOperandType() == OperandType::VALUE){ // origin code:
argl is var
IRValuex new_value = immAddSub(imm_arg, new_code->getArg2(),
new_op == IROperation::ADD ? IROperation::SUB : IROperation::ADD);
switch(var_arg->getMetaDataType()){
case MetaDataType::INT:
codes[entrances[bnum] + j] = new IRSubI(new_code-
>getResult(), var_arg, new_value);
break;
case MetaDataType: :FLOAT:
codes [entrances [bnum] + jl
>getResult(), var_arg, new_value);
break;
case MetaDataType: :DOUBLE:
codes [entrances [bnum] + j]
>getResult(), var_arg, new_value);
break;

new IRSubF(new_code-

new IRSubD(new_code-

}
} else { // origin code: arg2 is var
IRValuex new_value = immAddSub(imm_arg, new_code—->getArg2(),
new_op);
switch(var_arg—>getMetaDataType()){
case MetaDataType::INT:
codes [entrances [bnum] + j]
>getResult(), new_value, var_arg);
break;
case MetaDataType: :FLOAT:
codes [entrances[bnum] + j]
>getResult(), new_value, var_arg);
break;
case MetaDataType: :DOUBLE:
codes [entrances [bnum] + jl
>getResult(), new_value, var_arg);
break;

new IRSubI(new_code-

new IRSubF(new_code-

new IRSubD(new_code-

}
} else if (op == IROperation::MUL) {
if(new_op == IROperation::MUL) {
IRValuex new_value = immMul(imm_arg, new_code—>getArg2());
new_code->setArgl(var_arg);
new_code—>setArg2(new_value);



b
} else if (new_code->getArgl()—>getOperandType() == OperandType::VALUE &&
new_code—>getArg2() == res) {
// new_code: arg2 is Var, argl is immVal
if (op == IROperation::ADD) {
IRValuex new_value = immAddSub(new_code->getArgl(), imm_arg,
new_op);
new_code—>setArgl(new_value);
new_code—>setArg2(var_arg);
} else if (op == IROperation::SUB) {
if(arg2->getOperandType() == OperandType::VALUE){ // origin code:
argl is var
new_code—>setArg2(var_arg);
IRValuex new_value = immAddSub(new_code->getArgl(), imm_arg,
new_op == IROperation::ADD ? IROperation::SUB : IROperation::ADD);
new_code—>setArgl(new_value);
} else { // origin code: arg2 is var
IRValuex new_value = immAddSub(new_code->getArgl(), imm_arg,
new_op);
switch(var_arg->getMetaDataType()){
case MetaDataType::INT:
if(new_op == IROperation::ADD)
codes [entrances[bnum] + j] = new IRSubI(new_code-
>getResult(), new_value, var_arg);
else
codes [entrances[bnum] + j] = new IRAddI(new_code-
>getResult(), new_value, var_arg);
break;
case MetaDataType: :FLOAT:
if(new_op == IROperation::ADD)
codes [entrances[bnum] + j] = new IRSubF(new_code-
>getResult(), new_value, var_arg);
else
codes[entrances[bnum] + j] = new IRAddF(new_code-
>getResult(), new_value, var_arg);
break;
case MetaDataType: :DOUBLE:
if(new_op == IROperation::ADD)
codes[entrances[bnum] + j] = new IRSubD(new_code-
>getResult(), new_value, var_arg);
else
codes [entrances[bnum] + j] = new IRAddD(new_code-
>getResult(), new_value, var_arg);
break;

¥
} else if (op == IROperation::MUL) {
if(new_op == IROperation::MUL) {
IRValuex new_value = immMul(imm_arg, new_code—>getArgl());
new_code—>setArgl(new_value);
new_code—>setArg2(var_arg);



103 }
104 }
105 |}

o EAMEENE S, FHESTcodeRinew_codeflBRiE, ++/+-/—+/ I REM BRI, FE, {EXp
ORI RN T . T B IR R . (IIJC3E var — const. ifjkconst — var. X AE™
R AT B i code

filtn: JRiscodeha = 1 - b; FfFEIMHicodeic = a - 2; HaFcodeZEFH#Hc = -1 - b;

I Hicodeye = 2 - a; I afcode B e = 1 + by [HUEB, TSPz &4 K
EH

FEARAS M B
- TR B

1 void IRFunction::liveVarAnalysis() {

2 bool changed;

3 // use & def vars 9

4 usedefVarsAnalysis();

5 inVars = std::vector<std::vector<IROperand*>>(basicBlocks.size(),
std::vector<IROperand*>());

6 outVars = std::vector<std::vector<IROperand*>>(basicBlocks.size(),
std::vector<IROperand>());

7

8 do{

9 changed = false;

10 for(int i = basicBlocks.size() - 1; i >= 0; i--){ // i for block
number

11 auto out = useVars[il;

12 std::vector<IROperand*> newin;

13 std::vector<IROperand*x> newOut;

14 // update out vars

15 vector<int> ctrlflow = controlFlow([i];

16 for(int back : ctrlflow){

17 if (back >= inVars.size()) {

18 continue;

19 ¥

20 for(auto var : inVars[back])

21 addOperandToVec(newOut, var);

22 }

23

24 // IN = use U (out - def)

25 // add OUT variables

26 for(auto & var : newOut)

27 addOperandToVec(newin, var);

28 // delete DEF variables

29 for(auto & var : defVars[il)

30 delOperandInVec(newin, var);

31 // add USE variables

32 for(auto & var : useVars[i])



33 addOperandToVec(newin, var);

34
35 if ('cmpTwoInVars(inVars[il, newin)){
36 // update inVar
37 changed = true;
38 inVars[il.clear();
39 for(auto & var : newin)
40 invVars[i].push_back(var);
41 b
42 if ('cmpTwoInVars(outVars[i]l, newOut)){
43 // update inVar
44 changed = true;
45 outVars[il.clear();
46 for(auto & var : newOut)
47 outVars[i].push_back(var);
48 b
49 b
50 } while (changed);
51 '}
TRk

AT R A B O LR B e A AR IR BN B Gk BRI T 05 £ A frdy . BRI REARIE
W SHAERISC-VRERS SCRPRIE H 2 N L B A7 SR e A R L6 A 2 5l B R A A oo

SE R AT B A G o R R AR R . BT AR R ERIX I3, 45 R ELHEAF A 7EIROperand i A
IRFunction. BRI []45 f)42 5E (E-Ph A7 LR S B 1 ORI 51 AT Z WX ], SO AT . SR R 5 24
definitionsfilusespifrvector, RFEEMEAMGIH . MEH5H RFIH 7T L) € E R EL AT FEER
PR B E M RS A HARSEA B IG AL B, B8 7E FARSEA SR rb ) 5] VAT A 28 5 {02 2o

EERIK TR 58 R T 2O H AR R Z M RAFE . XA BN, T EARIRA A e 28 B TR ER X o)
. PITIZ ML, FEl i

AP RN LLm Fr A7 e pp IR, o R P AAAE b R A7 7748 Z AT LR
PhRETE S a R 217 A @5, A0 H R R LR T

W M A (B R B PR
B oA WG — AR B
W 3k D4 T SR B A 24 R AT A 5 5 A B ] B8 AN AEAR . TP s e 35— A A [ Y
o
EEARE G R, R EERL, BNEEHR

iy

i EE AR, RATTLUGE 4R, 4R ICAmRIVERA, XERRRBHTEIF A9
i PG| B9

HE 655 A REGRAEN SITERISC-VRERS SCRFIG A Fr s H 2N BRI P EEBEATTHEL, XA AL Bk A Al
X EIEA N AL BAL10f% M, AR R BRKHET . 0P NS (a7 IR R (H N AL AR IR A A7

2151

Ao

R TRIABIF —80tE, SR as IR G R L . 5 ZEAE call Hofth function Al ISR AR bR 50 4 F 21 ) caller
savedFi 17 as B 17, callg 5 ¥ bra0%F fras i H i caller saved FF 7748 3K, a0FF 7o 7E 5 45 AL Bxd H G 77 Edids
TRMBEAT N . FEfunctiongk N B 5T B 43 Bl callee saved Zf7 AT 17 . 7ERRELR [BII 250N



HYE

BT I %

FEWHAR B FNisf7. /build. sh, ¥ 9miFAE SR, M)GiafT./run_tests.sh -0[0-21, K45
tests/samples_codegen/ H & FRICACTMNAFE G, FHHAER B FAEBH AR S ir, .S,
B, iC4%.0bj, I+ Ha M spikeillia, #4583 . oute FEIEILIA STHFAS 564 S

AL R

=ML T RS IERETT . B RESIEA L (BOE HITRRARE RO E . HLAns s
S AR 2 A% 8 A 1] I AR )8 AT LA e 8, 7E-O3MIALTT I, #5251 % KEABIZOR T Hload /store 74, 45
RAERE T REAINATT AL -

2 021 AL iy 45 R :

o JEAED:
1 int main()
2 |{
3 int n = 0, result;
4 if(n > 1)
5 result = 999 x 2000;
6 else {
7 result = 1 + 2 x 8 + 100 — 9999 + 10000/5;
8 n = result + 1000;
9 }
10 return 0;
11 |}
» fiAbJSIR:
1l | ————————— Codes —————————
2 main:
3 return 0;

IRV R A

text
.align 1
.globl main
.type main, @function
main:
mv af, zero
ret

N o ok W N R

Bk
s

~




LI GRS

ARGk Ho R e — AN ER RS ENITH . M nl e mi e g ikat. mHMA TR, RETE
PsREA RIS 0, ABHEZR CIRIE IR SE A, TR B0 B i

T HAEFAT AR R T, AT RIUR 2 H 00T N T WARENS R A AR SEARD ARSI . A —ER I TE R4
NN BRI B L AT 5 REAR B 28 . AT LB TR S N REAY 7 J5 ¥ o

Y, ,j »
IR L
» SRR

WX 2 Sy, e R TR BSOS, BT B ORI, I BT T E M IR
b, LB T FE TR AR AIN o I i B S, LA 7 0k R e Y SRR SR B A B AR, X
RISC-VIAGFITE S 8A T ZH TR, X LUG AR 52 AW AR AR KR

- HZEH

AR ], TR T WS BT LUEST, KB T iR S B AR UM R Z Ab——5
RS BT EEAE G RIPR A (B . SRS — . IR AT LU b AL 558k (BB mT LUERS H
AR A A A5 B UL A TR R 20 e B AR R SR PO AN HE I, 1D BRI S B DU 1 2 20
TIgAT e, MEGRRTPR R, LA PR, AR,
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