|~

PR30 4R EE 25

ChC 12 & % Perl6 WL

??

/
Nl

X

BRI T R TR

1557308 1& 7K FafE
fEEAE W BEIR



B1E

B2E
2.1
2.2
2.3

E3E
3.1
3.2
3.3
3.4

4

=
=

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

g5

=
=

5.1
5.2
2.3
5.4

$F6

=

=

IRTED Perl6 MIEZR

Continuation Based C

CbCOBEEE . . . .
CodeGear . . . . . . . . s
CEDOHHEME

Perl6

Perl6 DBESE . . . . . .
Rakudo . . . . . . .
MoarVM . . . . . . .
NQP .

CbC I &% MoarVM

APV T REEDNAL Fa—F
MoarVM D NA ~a— 8 . . . .
AV Y FND MoarVM DALEE . . .
CbCIZ &% MoarVM DFEHE: . . . . . . ...
WmaFETETD CodeGear ~NDZHR . . . . L
MoarVM DT/ 7%
CbCMoarVM DTNy 7 .
CbCMoarVM DEITEDTERE . . . . ..

CbCMoarVM DEF

MANIEDE =AU . . .
CbCMoarVM DT 3 7
INT A=V R
R A,

SHORE

11
11
12
15
17
19
22
22
23

24
24
24
25
26

28



2.1

3.1
3.2

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8

H R

V—RAa2—F211CEBI}5 CodeGear DIRFEER . . . . . . ... ... ... 3
Rakudo OREERIK . . . . . . . 7
NQP Stagel DEI)LE 70— . . ... 10
WXARZEEETT A0S I v SEONEOWIL. . . ... 11
NA ba—FZ2EHTA2 7077 IV 7SEONWEOFL . .. .. .. .. 12
MoarVM D434 b a—F . . 12
NQP VY —Za—F& MoartVM NA Fa—FoRS .. ... ... .. 14
add A AT . . . 14

7 )b goto DT E 256D 4 Y ¥ )L ® MVM_interp_run DUBEDIRIL 16
case XIZEH I N725E6D A Y ¥ 5L ® MVM_interp_run DB DRI . . 17
CbCMoarVM D4 NA Fa— K54 A8y FOIREES . . .. .. .. 20

i



x® B R

51 74X FyFEINZROZHIE .. . . 26
5.2 HOL— 7 RFETAHIE . 26

il



Y—Ad—FHBER

2.1
2.2
2.3
3.1
3.2
3.3
3.4
3.5
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12
5.1
5.2
5.3
5.4

I &SP ZRET S CoCa—Fofl .. ... 3
BEREEZRDZ COCOY 7 La—F 4
BREIMF SR DB . . . 5
Perl6 ® Grammer ZHH L7z 7 va—v . ... 6
Perl6 DRI 27 L% FH L 7z fizzbuzz . . . . . . ... 6
Rakudo DFEED—I . . . . . . . . 8
T7ARFTyFEINERDZNQP DY —RAa—F .. ... 8
NQP 3B fRaZ2 R T A0 . . . .. 9
25 BOMEEA Y7 YRV F2ITH) NQPH T va—F .. .. 13
AV Y FND MoarVM DT 4 A8y F855 ... ... ... 15
F ) Y FND MoarVM_interp_run TSN s~2w . ... 15
MoarVM D4y 7 ~OUDSHE I LT W AES] . ... 16
VA ERERRET 2278 GETREG . . . . .. 17
cbenext XX CbCMoarVM T2 vl . . . . . . .. ... ... .. ... 18
MoarVM D&M Z &M L 72K INTER . . . . . .. .. ... ... ... 18
CodeGear BCHND—EE . . . . . . . . . 19
CbCMoarVM D 84 + a— Rz d % CodeGear . . . . . . . . . .. 19
MVMROOT DTEFE . . . . . o o e e 21
NQPDTAFa—Fofl ... ... 22
MoarVM & CbCMoarVM DT DZESA . . . . . . . ... ... .. 23
MoarVM @ break point F L —RAKFDFRN . ... 24
CbCMoarVM @ break point F L —ARFDFRN . 0 ... 25
AVIIVRAYNEBREDRTNQPOY Y F)va—F o 25
CbCMoarVM 7 —% WA . . . . . . . . 26

v



F1E HEDPerlc LR

BERAFEDEA TV B 70 77 2 v 7 EEEIC Perl6 3% %, [1] Perl6 I3i%G1 & T HE
LTk 2. BUEDFE R FLEE Rakudo L MFIEIL TV 5, Rakudo & Perl6 D% 74 v
FTH B, NQP[3] LI 2 FREZ hlic flid I Tw 3, NQP HifE 7" 1+ AR
Bk L WEIEN 5 SREUPLR ORI THIT I 15, Rakudo DEEFHEITT 5 KKK
X, Perl6 B DR TH 5 MoarVM.,  Java BiBED JVM 2MZIRT[FETH 5 .

Rakudo (4 % 77 ¥ OEIRFE K Y, 2EN A Mbo 2 7)) 77 F FiE L
R U IR IR TH 5, 72, FETEREEITH 5 MoarVM DEREHEE LM TH D |
EK7% case XOHH SN T A4 EHGELDBHEL o T\ 5,

UFRETHIEL T2 7 a7 2 7 55EIC. Continuation Based C (CbC)[4] 23d
%, ChClEC LtHHMHDH 2 EETH Y. BABKE DMl TH S, CodeGear = H
WCELRT 5 Z EDA[EE L 72 B, CbC Tld4 CodeGear [HlDOBENIC, Bl &2 R FE
TROREICHEET 2B EZH O T0E, 208, CHEICBIT 5L — 7R
O L 2R T 2 FEPMREE 2 5,

BAEE TD CbC ZHWMFEICE W TIE, CbC D FFENBZ~DIGHFI 234 72\,
270 7 FEHBAEE T, N P a—F2oFETTIREMBDT 4 A28y FDERIC
switch 775 gec AR D 7 XV goto e EZ MM L T35, T 6 I#H E K% switch-case
XD, FFEDC 7 7 A NIRRT 5285 85, CbCDEH., D case MY
® CodeGear Z4ERT 2 HNARETH 54, A7V 7 FFEAMZOEBICHEL T»3
EEZoNG, $1.20@BT 4 ANy FHTIE, A7) 7 ERBOFLINEUME TS
20, A7V 7 FEEOWRBICIEETHOLHTOEENSEH L 720y, ZOET 2 &
ET 3%,

MoarVM 1 C SEECitdd SN TE D, C L HIMDH 2 SFETHIUIILET % FHo3n]
BEE75, ChbCIXC EHEIMDH 2 5iETH 5 4. MoarVM D —ifGilk# CbC TH X
Bz 2HDPAREE 72 %, CbC BT B CodeGear 1F. BE%E X b Ml 2 Hifz & LCHIFHH
K24, MoarVM DT 4 A28y FDE K% case XDEZHZ 5 CodeGear Z V2 5
ZETHRETHD EEZ D,

AZETlE CbC 2 T Perlo DFETERETH 5. MoarVM DT 4 A28y FH457
DD ZHZ Z T 5,



25 Continuation Based C

2.1 CbCOHIE

Continuation Based C (CbC) 13 4WEECHFEZIT>TW»Wb 7077 IV I EiEThH
%, [4)[5] BIEIZC a v 4 7 TH S gee KO llvm &2/8y 7 L F & L7 clang, MicroC
AV A T LD IMHDOFIEELDH 5, [6][7][8]

BwzHeT7ar s v reziTwga. Ak 0 s I 2R fruic LB oI,
malloc 2 EDBIBZFMH LX)V D 70— R EOX ) EBPBHE L 25, il
BLI =NV P v 7 EOML BNERNIEL %55,

6 D% meta computation EFESR, FEELTWE 70 /7 LMICEB TSI —D
JRIADY,  JEHE OMBED> meta computation 2 DXl &2 T\ W72\, £z, v I LH
HOMGEEPEEH S . #E OB £ & meta computation 1ZXHI L 72\, 8 C Fibk
ExHwiz7v 77 v 7084, meta computation &EHE DU Z 3E %2789 £ T
%L, ZNEFNHEMLLICEES 7 7 A2 pEHERIE% 6 TES TIER L,

CbhC TIZEI% & D meta computation % fli7> Gl 3 2 2512, CodeGear &WEIXN 2 H
22 E AT %, CodeGear Tld, 7T—FDAMHIIE L TDetaGear &9 i ZE AT 5,
CbC Tlx, I 5 CodeGear & DetaGear ZFEAHLL & L THREL T v rI v
TAZANERS,

2.2 CodeGear

CbC Tlx C FEEDBEE D D IZ CodeGear ZEH AT %, CodeGear 1x C S iED I
He DMADRDDIT _code L ELHTHSHIHK S, _code ld CbC 2 v /31 7 TOHL>
X void EFUALE LTI A3, CbC 7’u 77 2 v 7Tk CodeGear T % F7% 3 akAl
FELTHMAET 5%,

CodeGear [ZEH D C FSEEOBIE E 13820, BRVEZR -2\, ZD 7% return X
PR D EDO T 7 & DIFHRIIETE L 2\,

CodeGear [HDFEE) X goto SLTITV>,  goto DIRIZXIGT % CodeGear £ % 5tilbd % Z
ECERT S, B CEHEOMEIFOHLTIE, Ay I R4 V¥ Z2BIEL, v—AL
BR, VIRIEREZ RSy 2IRET S, TNSITEET Y 7 7D callfir e L
T IN 3,

CbCDHA. AF v 7 7L —LZ2EEETIZRD CodeGear ICE R T 2, ZOFEC D
BIEFEFONH L xR, eI h v 2 BET20AD jmp s & L TUE I

2



%, W Scheme D call/cc 7 £ DfkHE & FFIXN 2 08I, BfED 70 75 L% TOAE
PlERE. BREEL LR LZRETER T2, CbC DEA NG BRE LR T&ER T
54y, WO E i L TR TH 20 0BG TH 5 L5 2 5, BEMKEEZ A
T 50, NV— 7X@ O FFIEONH L 72 ECHEBET 2L & 5,

CodeGear [BID AT DZ T LIE51EZHHL TiT 9,

ZUFEE RGN I, CodeGear D AMNTIDA v 5 —7 24 A%HiZ 252 LT, 51#
THEAONIL VP AY ZEHETICER T 2R THL7-0TH D,

FPRIZ CbC THWza—Fflz Yy —RAa—F211RL, a— FhToREEE LM
2.1 TR T,

V—Za—F 2.1: I EXFINZHRET 5 CbC a2 — KDl

1 |extern int printf(const charx,...);
2

3 | typedef struct test_struct {

4 int number;

5 char* string;

6 | } TEST, *TESTP;

7

8

9 | __code cgl(TEST);

10 | __code cg2(TEST);

11 | __code cg3(TEST);

12

13 | __code cgl(TEST testin){

14 TEST testout;

15 testout.number = testin.number + 1;
16 testout.string = testin.string;
17 goto cg2(testout);

18

19

20 | __code cg2(TEST testin){

21 TEST testout;

22 testout.number = testin.number;
23 testout.string = "Hello";

24 goto cg3(testout);

25

26

27 | __code cg3(TEST testin){

28 printf ("number = %d\t string=_%s\n",testin.number,testin.string) ;
29

30

31 | int main(){

32 TEST test = {0,0};

33 goto cgl(test);

34

2.1: V—A22—F 2118 % CodeGear DIRAEER

goto cgl(test); goto cg2(testout); goto cg3(testout);



ZDHITIE, cgl, cg?2, cg3 £ CodeGear ZHEL, N6 Z2K2.1D#Y ., cgl,cg2,cgd
DN CEEEREMESE L T <, Z2NZND CodeGear ~NE, goto XZFHT 2, AHIEL
T main BAECAER L 72 TEST FHGA 23213 L, cgl TEAMEDMEZ, cg2 TX TSI
DFEZLT o main BIED & cgl ~D goto XX TIE, C DEIED 5 CodeGear ~DEH) &
% 5%, jmp A TIE R call i TITbN S, cgl 6 cg2, F7zcg2 225 cgd N,
CodeGear [AITCOEEN & 72 % 729 jmp B COBEMEE U I NG, 2 DHITIZRMAN
IZ test.number 121% 123, test.string {21 Hello 2353 7E 415,

CbC TIFBIEMF O L ofthic,  for SC5° while (7% £ D)L — 7HilfiZ FEL TWw» %, CbC
TU—7HYDY Zilld 28%1%. P LZFHT 5, CERET. V— 72
UL TREAT 256, HRPFOHLOEIZRAY v 7 IEDPEEN T AT, Ay
A HOR S LTLEVARAY y 7 A== 0 —=03%4T 2%, ZhzmkEd 5I1cidk
R EEnsigco7ra s 3 v rpERkIns, CbC DHE. CodeGear [Al+:D
ke R IR R DIZIC 2 5, 72, CodeGear 2> 5 CodeGear ~DERLIF A
gy 7 uEMMALRw, 2Dk, CodeGear DFHFMENH L ZHHL TH, A¥ v 74—
N=70—ZREIE5 LN, ZONMHZRKEMNOH] LFRZE (tail call elimination)
EWER, CbC a2 v 784 F 1345 CodeGear DER Z KEFIFICETRT 2,

FERCH 2 BORELFHE T 27075 4% CbCEVLGAEDa—FE2Y —2a—F
2212,

V—Aa—F 22 BEEEZRKDSL CbCOY > Fa—F

1 |#include <stdio.h>

2 |#include <stdlib.h>

3

4 | __code initialize(char* input){
5 int start_number = atoi(input);
6 goto fact(start_number,1);
7|}

8

9 | __code fact(int cur,int result){
10 if ( cur > 0 ){

11 result *= cur;

12 cur--;

13 goto fact(cur,result);

14

15 goto print_fact(result);

16

17

18 | __code print_fact(int result){
19 printf ("result, = %d\n",result);
20

21

22 |int main(int argc, char**x argv){
23 if ( argc == 1){

24 printf ("require arg\n");
25 exit(1);

26 }

27 goto initialize(argv([1]);

28 [}




2.3 CEDEHIfRMN

ChbCav %L 7 Fa v 4 VNRDOY —Ra—FB, CbCTHLENCEETH L%
Wi %, ZDERIC CodeGear ZFIH L T WIEAIZ, BEOC T varso0ELTCa
VRANEIT S, AW THEET 5 MoarVM O E L FIZEWTYH, ChC TEEHZ -
V—=RAaA—=F2BH5 MoarVM &, FEMZ TRV A YL F LD CFRETHEINL
MoarVM % [dl—® CbC 2 ¥ /84 7 TENL F T 2 HBTEETH 5,

f7-. CEBDOBED 5 CodeGear ~NEMET 5 Z & 1d goto X THAETH %, CodeGear
T COBBZFOH L., ZDfRZ2ZED ., XD CodeGear I2EET 2 HGHH D C
D7y 7 v JFERARETH 5,

L 2> L CodeGear 205 C DBBUCHUED, CodeGear [FlLDE S 6 /415 X 95 125
HELIWEELRH 5, ZOBIIEEMNZ goto EMEHEN S FHEZIS, Z1Ud_CbC_return
SO, _CbC_environment &9 B ZMHHT 25, ZDEEIE _CbC return 230D HEL
WCRBBRIZAIHT % CodeGear 25 L, _CbC_environment 1Z{8JRKHZE T ILDOERE T
b5, BT 50, WOH L ZAEIIZRS T L 2B oK T 3 200815,
FERICEREMN SR AR L 285860 v I va—FE2Y — 23— F231TRT,

Y —Z2a—F 2.3: BEREEAE ki ofil

#include <stdio.h>

__code cg(__code (*ret)(int,void *),void *env){
goto ret(l,env);

}

int c_func(){

goto cg(_CbC_return,_CbC_environment) ;
9 return -1;
10 | }

00~ O UL W

12 [int main(){

13 int test;

14| test = c_func();

15 printf ("%d\n",test);
16 return O;

17 | }

ZOBITIE, BE cfunc DR D ED-1 TH 555, ZB test 1213-1 DFRE I L5 DR
R Z %, L2 LBIEK cfunc W CodeGear TH % cg ICHEEMIE L TE D, cg TIEER
BiffZ goto ZFIH L CT1ZBDMEE LT COBEICES, Zo%a., HOH LT cfunc
DIEDETH S -1 Db DIz, BEEAME goto THE IS 1 MBI NEE test 1213 1
PRAIN S,



B3E Perl6

3.1 Perlc DHEIE

Perl6 1 2002 4F I LarryWall 23, Perls Z B Z#i2 2 5k L GGl 2L 7z 70 7
7 IVIEHETH S, Perlb DEENZMERTH L, 47 =7 MEBEBEDM 1724
F—F, IEBERBEOERRNOILKR L EZH) AN SiEE L TR I N7z, Perls 1332
P EFEEDFE—TH D, Unix N\—2ADEETEICHH ST % perl (& Larry 512X -
THFIN TV S CFREICK2HEDATH 5, Perl6 13fEAk L FENTHEINTE D,
BEIZ T A F A=Y TH % Roast[9] DMEER E > T 5,

FLELIIERIICARZ 22D DDFHFES N TE D, Haskell THEES 17 Pugs[10]. Python
& DI FEITEREE 2 i L 72 Parrot[11] 7 EDSFET 5, Pugs % Parrot 3 BIEIZ L 72
FIEL o> TE D, R fTON TV, BEDFELIZETH 5 Rakudo 1&, Parrot
EANED DI THEDHEA TV S,

Perl6 ZDObDIFA T ) 7 FFiEE L THREINTW S, 72, Perld ODRRICEIDE R
WHIRDHEZ 203, FHNEIAGH I SREORRICZ M) 2 2 L, BA2ERT 2 HENAHET
Hb, TOR AT LAORHEE, WHENEIA T R, Perl6 IXMHERNEIMTT SEETH %,
WHERNRIAT & SEEE LT, fibic JavaScript N b 7 > 2 3 o84 )L %179 TypeScript 7%
EDET 5,

SraN R E LTk, MMEIC Perlo O3GEZ ILRATAE 2 Grammer, Perl5 & Ui L T
A7V =7 MEAEEL L COMBOMLA ERR 65, Perlo DFEFEDOY » 7L a—
FZY—Z2a—F31¢Y—Aa—F32IIR7,

YV — A2 2—F 3.1: Perl6 ® Grammer ZF|H L7z 7 va—F

grammar REST {
token TOP { ’/’ <subject> ’/’ <command> [ ’/’ <data> 17 }
token subject { \w+ }
token command { \w+ }
token data { .* }
}

my $m = REST.parse(’/product/create’);
say $m<subject>, $m<command>;

= O © 00 0 Ui Wi+

—

# OUTPUT: [product] [create]

V—Aa—F 3.2: Perl6 D> 257 L% FH L 7= fizzbuzz

1 |my subset Fizz of Int where * %J, 3;
2 |my subset Buzz of Int where * %% 5;
3 |my subset FizzBuzz of Int where Fizz&Buzz;

6



my subset OtherNumber of Int where none Fizz|Buzz;

multi sub fizzbuzz (FizzBuzz) { "FuzzBuzz" }

multi sub fizzbuzz (Fizz) { "Fizz" }

9 |multi sub fizzbuzz (Buzz) { "Buzz" }

10 |[multi sub fizzbuzz (OtherNumber $number) { $number }

4
5
6 | proto sub fizzbuzz ($) { * }
7
8

12 | fizzbuzz($_) .say for 1..15;

Perl6 13 B BN AR, FEED Perls & KIBICE > TE D, FibN7 HHAVEDEALE
L, Z0%, BIfETIE Perls & Perl6 3 EEEE L CHFEINTE D, Perl6 (3 T3
BERATH % Rakudo 226 4HTZHLD . Raku &\ 9 BIHADBDOWT W5,

3.2 Rakudo

Rakudo £ 1Z NQP IZ X > Cigb & 41, MoarVM, JVM ETHEIET % Perle O FHEET
b5, NQP & 1F NotQuitPerl DIETH 1 Perls DY 7k v FTH 5,

Rakudo %3 Perl6 D 2 v /84 5904 v 7Y & & LTHBEYT %, Rakudo DI Z X
3.1ITRT,

3.1: Rakudo DHERKIX

Perl6

NQP

MoarVM JVM

Perl6 ZDHDIEFNQP TEE L 20N TED., Z D EIZ Perl6 HE Citib X 417z
fEITEET %, K311 T EED, MoarVM DERT 2 D13 NQP 23547 L 72 MoarVM
NAFa—=FThH%, Perlo6 D71 7 F Ak Perlo6 KOXNQP a2 234 712 &> T MoarVM
NA b a—FIZZB#Z i, MoarVM 235§ 5, BIEIX MoarVM DAtllic JVM b BjfEER
BiE L CEIRIBETH 205, JVM M I MoarVM & Bl U T I a3 7 0o
R EDOREDD 5,

MoarVM Z D b D 1Z Perl6 ° NQP 7’1 7" 7 A % [E#IZFHM§ 2 H2HKR 0, #Eo T,
NQP KU Perl6 TEH LT 5 Rakudo # Y/ — A 2— P06 EL F T 5EZ, O NQP
AVETVITHDavy FONLFDngp # ENV R T 2 0EPEET 5, Rakudo D E
VRRHTIZZ D ngp & nqp DYEMET 2 VM 2 REE L TEZLZMERH S, ZOMHE
ZREL WS, L FRFICEINIC NQP, MoarVM DY —Z2a— R ¥ 7 a—F
LHBEINICE )L F 2179, FEBRIC NQP Cidib & 4172 Rakudo DEEED—i% Y — A a—
F 3.3 123,



Y — A a—F 3.3: Rakudo OEHD—i

use Perl6::Grammar;
use Perl6::Actions;
use Perl6::Compiler;

# Initialize Rakudo runtime support.
ngp: :p6init ) ;

0 O UL W N

# Create and configure compiler object.

9 |my $comp := Perl6::Compiler.new();

10 | $comp. language (’perl6’);

11 | $comp. parsegrammar (Perl6: : Grammar) ;

12 | $comp.parseactions(Perl6: :Actions) ;

13 | $comp.addstage (’syntaxcheck’, :before<ast>);

14 | $comp.addstage (’optimize’, :after<ast>);

15 |h1ll-config($comp.config) ;

16 |ngp: :bindhllsym(’perl6’, ’$COMPILER_CONFIG’, $comp.config);

3.3 MoarVM

MoarVM & 1 Rakudo 224 CHICHb N 2 KB TH 5, Rakudo Tl Perl6 & NQP
% ZAT T LIRS | CFIT T 5, Z OREEBEMRIZ OS L Lok 9 %
VirtualBox % gemu & 722D, 7’0t 2 L X)L DR TH %, Rakudo TlE Z DA
FEMEIC MoarVM,  Java DIRFEEENK Td % JVM(JavaVirtualMachine) 2558 IRAJRETH 5
MoarVM 1Z Z € Rakudo M HIER S 117 70 & Z{RAEBERCTH D . BIED Rakudo
Yy FOERBFEELEL Lo TVR S,

MoarVM & C S CHEINTED, LY RI<I v THS, MoarVM 1F NQP %
Perl6 20 5 5.2 6 317z MoarVM 234k a2 — Rz 33 5,

3.4 NQP

NQP & & Rakudo I2E1F % Perl6 DEIEICHHIN TS 70 s 7 I v IIFiETH 5,
NQP HE&Z Perl6 % 7% v b & LTHFEIN TS, BERNICIE Perle o F ) FEEED
Parrot TH - 7-BRICHIFE 4., BIFED Rakudo IZ5| EfkA3 TV %, Rakudo iEBIT 3
NQP (%, Parrot &FTH - 7 FEDPWD bt T3,

HARS T E13 Perl6 ICHEHLL TW 5D, EBZRMTEE TS, A v 7V XAV M
BB TE R\, Perl6 ICHAHET 2B 3 —EFH T & 2w i Eoifillfynser
ET 5,

NQP ®a— R iz —RAa—F 341317,

V—R2a—F 34: 7485y FBIIZRKDLNQP DY —RAa—F

1 |#! ngp

2

3|sub fib($n) {

4 $n < 2 77 $n !! fib($n-1) + fib($n - 2);
5%



6
7 |my $N := 29;
8

9 |my $t0 := ngp::time_n(Q);
10 lmy $z := fib($N);
11 |my $t1 := nqgp::time_n();

13 | say ("fib($N) =" ~ £ib($N));
14 | say ("time uu=u" © ($t1-$t0));

Perl6 13 NQP THEEIN TV 2%, Perl6 I2H1F 2 VM IZNQP 0FEfF2 HIE L L ChH
FINTn3,

NQP HESH NQP THEINTE D, NQP DEIL FIZiZFoHE S 117 MoarVM 72
EDVMANA Fa—FIZk2ZNQP A ¥ 8 7V BB E 72 %, FEERIC NQP W T AT
ELTHEZONNQP 26 MEGRZAERT 2o %Z2Y —Aa—F3.51IR7T,

Y —Aa—F 3.5: NQP 234 % BT 2 fEir

1 |$ops.add_hll_op(’ngp’, ’preinc’, -> $qgastcomp, $op {
2 my $var := $op[0];

3 unless ngp::istype($var, QAST::Var) {

4 nqp::die("Pre—incrementucanuonlyuworkuonuauvariable");
5 X

6 $qastcomp.as_mast (QAST: :Op.new(

7 :op(’bind’),

8 $var,

9 QAST: :Op.new(

10 top(’add_i’),

11 $var,

12 QAST: :IVal.new( :value(1l) )

13 )))s

14 1);

MoarVM ZFH 3 284, MoarVM DF#EAT/NA Y TH % moar I LT, 7477
VARA % TFORBLIENQP A v ¥ 7YV IDNA b a—FIZKRET %, moar DFLH)
BOREZASY P4 VEIBDA T a v THEZBEDURETH B, 208, BIH
FEL T3 MoarVM /N A ka2 — FCREilk SN NQP DA » 7V ¥ 7 74 V%, @b
F 7' avyTHEL, moar 2FHITTH I ETNQP DA ¥ 7)) ¥ »3ELdh§ %,

NQPOEL R 70 —D—#%#X 3.2 177,

NQP OE L Ficlx, ZONQPA ¥ 7V &% FFTHMAL., NQP HADY — 23—
FE2ANLTES, ZOBICHELT, =7y bERB VMDA b a— FzAER
T2, BICHEBEINTVWS, =7y FDO VMDA Fa—FELTw3 NQP A v %
7 & DIRFER Stage0 LM, Stage0 ZFIH L NQP VY —Ra—F»5E)L FL7%ZNQP
AVI VY THBHNA Fa— %, Stagel EWES,

Stagel %Z moar DARENRFA 7> a e 7477V ELTREL, &EEIL7ZNQP A v ¥
7YY THEELRFLZNQP A ¥ ¥ 7Y ¥ %, Stage2 LS, ZO2EHDE L T,
V—AaA—FPoENRFINZVMAL Fa—FTNQPHEZELV FLAHIIR S, A
HRAAHY %2 20U ZTEL R T2H 2L 7EL P LY, NQPIZRLZELRLE
Stage2 DNA Fa—Fz2FHT 3, 2EBHDOEIL FOBRICAERK X 17 Stage2 ZFH L T,
moar Z#H)T 2R 7Y 7 OFEE/NLFD ngp EMELN, TNUBNQP DA & 7Y 5D
avvNEkb,



3.2: NQP Stagel DEI)LF 70—

NQP interpreter (Stage0)

ngp stage0
(MoarVM ByteCode)

L}
L]
(]
L}
L}
L}
(]
B -
L]
NQP Souce Code'_,: ngp stage1
L}
L}
]
L}
L}
L]
(]
L}
L}
L]

(.nap) (MoarVM ByteCode)

MoarVM

ngp FfEH L TWa VM DA F a—F2AERT 258056 D, Rakudo D E )V FIRFIC
o ZAH LT Fa—Fz24aRT 5,
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FT|A4E CbClckdMoarVM

4.1 RVVZREZB?O/INAMI—FK

TR r5 I SEENMRIE RN, v L I RIEA YTV ZIT, RO Y —
22— FEANELTEZ %, UWBRIZY — 22— Fho&EXFH %2, F—27 v M
NBBERICEWT 2, F—27 VIZUHRIZES>TIIA T2 7 P Z2Db D EICEBIN
5, ZDOr—=7 17 @?%71—f%$ﬁ%ﬁkwgoﬁmémt 7Vﬁ PUER
DIATT IV IEEOLELREITR STV EDE ) OMRZITI . EIIR>Twi
Y. SQEIZIGUTER— 7/75:*1‘%L MRS B, e WESURNT & PSS, %B'Cﬁﬁﬁ@
#%lx, FBA Vv Z TV IEEEENGHEEO 0 77 I v IEHEOEA. ok
AREEEDIRD S HRFEZATT 5, ZONHOFNE K 411278 T, HEEHEOREFEITT 2
&, EHEZOLOIZHEMIC R 505, B EDIERIC D5 EOREDH B,

B 4.1: BEXCRZEEFGT T2 7075 IV 7 SHEOUB DTN

WEOFWMBE A7) 7 FEiEE, —HEL I CKRZ AL Fa—FEEns N g
U%ﬁux@?%oA4Fﬁ—b%ﬂm?%@ﬁ®fﬂfﬁiyfﬁﬁﬂ\@@@ﬁ
NZEXA42I1R8T, TOHA., ANV —Ra—F%&24 ba— NIicEd 39238
&, BRI NTNA b a— Pz 2 IR 25 6 15, REEEERRIE OS
DIIal—FTlE%RL., 7ukA il v EMEEINEZbDTHBE, N Fa—F%
ERHTE R0 7 n 7 3 v ik Jw&!Mm®ﬁm%W JVM DT 5,
WA L TR D EZIFH I I N R WEGEIC, CHiETHEEI N MRI LIENn 5
ruby DFELELR ENH D, T OIRIEFEMIC YARV %3 f?’f?‘%o [12] N4 b a— FZ2&FHT
52LT, av ANy Bz Y 2 AR O T I T 55
DHREE 2D, ZNZNUTH L i %mkﬁb% EN[RE & 2 B, FFEITT BBROMEE
bNA Fa—F2EHT5 2 ETREAT S,

Rakudo Tl Perl6, NQP BZNZNHRD VM D N4 b a—RFE4KL, ZDNA
Fa—FZVMPHEITT S, N Fa—FERFTONUMEZ 70y by FEER, N

11



42: N ra—FEHEHT L7073 EEONHOTN

eval

input output input Process VM

= = #1 (eg. PerlVM, YARY,
JVM)

input source code
(eg. Perl, Ruby, Java..)

ByteCode
(eg. java=> .class)

—

- = Compiler >

JIT

\J

LN

Native Code

A+ a—FoiHiizfT I QE Ny 7 2 FEMES, [13][14] 235 1% Java DERICNA
Fa—F2HOT2HLAEBTH S, A7 aryTHELLZWVIEDIZ, ruby 2 ED
FRICHERIIIZ DA NA b a— FZFIHT %, 312 Rakudo THIH I 41T 2 R FEEE I C
FEEED MoarVM 235 . KIS TlE MoarVM D NA ka2 — FEHiE 12D\ TRegt 2
T 5,

4.2 MoarVM DI\ bd—FK

CbC T MoarVM 2 EEHZ 2B, WERDETEFETIHI#H L, A7V 7

SHOMILZDOTLIE, 525NN b a— Fd o EBROW %2 ZFRFEWE T 2855
THb, ZOWITENAL Fa—FA vy 7Y & EMS, SEIE MoarVM OHE E#i 2 %
T EHI, £3 MoartVM DA Fa—FA v & 7)) o DEEHRZ 211H, HE
Yaz Z47912H720. MoarVM DA V) P FIVDFEFT D HEEEZ R T 2, iR e 33
MoarVM D8N —2 3 » 1% 2018.04.01 TH %,

MoarVM DXL Fa—FRid, 74—=v FPRF-TED., HEOBEKRDH B4 k
a—FDELHLEZ->TWS, ZMlE, MoarVM O s 2 FE47 T 2B BE e, msda—F
WCRIRT 534 P a—FOETICERHT S, ZUd, ShEEIEZ 253 % MoarVM
NA Fa—FA vy 7)) Fp35sirHi, fHiidT 5254 Fa— FOffagss, maa— AN
A Fa—RFIZWnT328TH5, MoarVM DA b a— oo, aicxding %84
b a— FONRZ X 4.3 12T,

4.3: MoarVM D34 Fa—F

bank(fF R Z 1) FRI—NKR

0 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0

_Af8bit TiI8bit

MoarVM Dfiia3Af b a—FRliZ16Ey FTH %, B8y Fas, Nv 7 LIS
ety FOBE LR 5, MoarVM DNy 7D 005 127 B/ £ TH, MoarVM D

12



aTKERE L o TE D, 128205 255 B FTH. IMEWEE ARGy P ERoTWwE, T
M8 EY M., N7 DOWNHOMBEELE Lo T3, MAICXkoTE, ZDHDONA
Pa—FToM DA RT Y FEREE T 2UHH 5, ATV FORICIELYASD
RRE, I8 EPHOAEFN, AN A FPa—FEDOXIRDHIZ 16 By FTHE
I3,

Perl6 D% 7k v b TH 2 NQP I, NQP YV —Za2—F & MoarVM /N4 + a— KAk
OXEZ B HEPHR S, ZHUINQP DA ¥ 8 7)) 7 ThH 5/NLFDngp 1d, MoarVM
NA Pa—FzIMNT2HEPARETHH, HHIIN/A Fa— Fid MoarVM D FEf1/3
A FVTHDmoar TY vV 7T HEPUHTHLAETH S, EICY —Ra—F 4115
TRIEZNQP Y~ 7V a— FEERL 7,

V—RAa—=F4.1: 25| BOMEEAL V7 ) AV F 2T NQP Y~ 7 )va—F

sub test_func(int $left, int $right){
my int $sum := $left + $right;
++$sum;
return $sum;

}

1;
8;

my $argl
my $arg2 :

O © 00O U WN

—_

say (test_func($argl,$arg2));

ZDa— Rl testfunc EWIHIH 7N —F v E2ER L., int BEIH$left & $right 3
THLS , left & right 2 R L 7245582, int 2% sum ISfAAT %, 31TH T sum D% A
YIURXYEL, ZOfEREDMEELTHEL TS,

P 7N —F >V test_func FV —Aa—FHD 8, IfTHTZNZENL & QITHKEL L
argl L arg2 ZEL TV 5%, 70 —F v DiR DI say B CTERRT 5,

CDAZV T b ENL ba—FULbDE, TRy SHEOKICH T EITo 7,

V—Aa—F41HNDY 7N —F v DIT L FEED MoarVM /N4 + a— Foxf)itz, X
ML R 4410787,

ZOMDOHDEDHNRNQP Y —Aa—FTh b, HGHILFIGT 5 MoarVM /N4 | 32—
FZT4 A7y TNV LbDTH S, PIZIETEHD ny int $sum := $left + $right
WEHT %, 2OTICHIET 5224 Fa—Faildadd_i & set TH 5, DLl
loc_3_int B EWEARI VY FTHY, SHIFZNEFNLIAYZEKRL T3, add_i
X 4.5 IR T AR ZIT ),

MoarVM DL Y A Z1x, BIeA 7Y 27 F2IEET LI EDAREE 2> T3, 1loc_3
R loc 0 B ERLIAYZRLTEDN, KED _int TRZEEL T3, K45 Tl
int B DOME LA ZIT>T0 B8, FHTELIRAIintMEL>TWwS, add_i
TMEZITOMERIZ, LY AY loc 3IfRAI NS, ZDER%E set 4T, loc_2
LY AZIARAL T3, loc_2 12 _obj DWW T W3 DIk, ZH $sum 134 7P =7 b
TH D, set FMETIRAEL, A7V 27 FADHEORAZITI D, LI AY % int Bl
BT BRAA T2 P ZDHDELTHREL TS,

CORRIZNQP LX)V DY —RAa— Tk, 1UAMHZD 178 1 EDNA Fa—
P icZiIin g,

13



4.4: NQP ¥V —Za—F & MoarVM 234 a2 — F DXt

my int $sum := $left + $right

++$ngp

return $sum;

add_i loc_3_int, loc_0_int, loc_1_int
set loc_2_obj, loc_3_obj

const_i64_16 loc_3_int, 1

add_i loc_8_int, loc_2_int, loc_3_int
set loc_2_int, loc_3_int
hllboxtype_i loc_4_obj

box_i loc_4_obj, loc_2_int, loc_4_obj
throwpayloadlex loc_4_obj, 32, loc_4_obj
goto label_1(00015)

lastexpayload loc_5_obj

set loc_4_obj, loc_5_obj

return_o. loc_4_obj

4.5: add.i 54

IntBl ¥ e LTiE

MEDFERNMA

14




4.3 AVIFILD MoarVM DL

MoarVM D NA ka2 — F A % 7Y 13 src/core/interp.c DB MVM_interp_run
TERIN TS, ZOBETIE MoarVM DA 2 — FOHhD s s 5354
Fa—Fz@iRd s, BEANTIE, BT 2XXENAL b a— FIIDHHI 1Tw» 5285
cur_op ¥, BEE XD T2 LA T op. rAICX L CRIFETHAED VM ERTH %
ThreadContex tc 7 ENEEE L THHI N TW S, HERIZMET 4 ANy F2f7-oT»
BTN %Y —Aa—F 42187,

F

V—ZAa—FK 4.2: A1) F LD MoarVM DT 4 A28y FE8457

1 DISPATCH(NEXT_0OP) {

2 0P (no_op) :

3 goto NEXT;

4 OP(const_i8):

5 OP(const_i16):

6 OP(const_i32):

7 MVM_exception_throw_adhoc(tc, "const_iX, NYI");

8 OP(const_i64) :

9 GET_REG(cur_op, 0).i64 = MVM_BC_get_I64(cur_op, 2);

10 cur_op += 10;

11 goto NEXT;

12 OP (pushcompsc) : {

13 MVMObject * const sc = GET_REG(cur_op, 0).o0;

14 if (REPR(sc)->ID != MVM_REPR_ID_SCRef)

15 MVM_exception_throw_adhoc(tc, "Canonly, push an SCRef with
pushcompsc") ;

16 if (MVM_is_null(tc, tc->compiling_scs)) {

17 MVMROOT (tc, sc, {

18 tc->compiling_scs = MVM_repr_alloc_init(tc, tc->instance->

boot_types.BOOTArray) ;

19 b

20 }

21 MVM_repr_unshift_o(tc, tc->compiling_scs, sc);

22 cur_op += 2;

23 goto NEXT;

24 }

25 }

V—Aa2—=F42HD OP(*) EHPN TV LRI, ZNEND AL+ a— FIVRT 6
G EROT0S, HlZiEnoopld. M LAVEETH SO, w7 u NEXT ZHHL
a7 L7 ZHYED curop ZiED 5 DADNIEE LTS, FEYT 5 DISPATCH
¥ OP., NEXT 2 Eliznznivrul L TERINT S, 246 MoarVM_interp_run
ho, MlENs~70dEREZ, VY —Aa2—F43I1TR7T,

V—Aa—F 4.3: Y Y+ )LD MoarVM_interp_run I N5~ 7 1

1 |#define NEXT_OP (op = *(MVMuintl16 *) (cur_op), cur_op += 2, op)
2

3 | #if MVM_CGOTO

4 |#define DISPATCH(op)

5 | #define OP(name) OP_ ## name

6 | #define NEXT *LABELS[NEXT_OP]

7 | #else

8 | #define DISPATCH(op) switch (op)

9 |#define OP(name) case MVM_OP_ ## name
10 | #define NEXT runloop

11 | #endif

15



Zowrzudhcid, FHLTYS Cay 84 53085 )Lcx LT goto BT

Lav A IRz FEEL w54

INs, 2NN OGE

&. ~27uDISPATCH 1325 & L C§

IZ MVM_CGOTO DNE L%, 61TH F THFEST

W 8ITHUEDO - 7 uE&R LR b, 7 goto HIHTE %545

REIN., ~7u 0PI,

L7V ERDL, ZOGAEDODUMMOMNZX 4.6 IZR8T,

ZNF DML

4.6: 7 )b goto DM TZ 256D A Y ¥ F )LD MVM._interp_run DB DL

RO ET 5B,

MVM_interp_runef

WIS

> wmed—

Ric
202

\

y

¥V ONEXTT
IRV U

Z~)lgoto

¥ 7 1 NEXT_OP % H\>T cur_op Z XD EH I,

op DIEZFHKET S, ZDop ZFETTXREMBOBIETH 5, op e T, V—RAa—

R 4.4 12789 LABELS 225
OPDEHL 725 R_RLDY A ThH 5,

X4, const_i8 IF 1 D3

0~ O U W

7 )b goto M TE 06,

REINTWVES

YV — A 32— F 4.4: MoarVM Dfiy

I YLD

MEICNIET 52 7 V289 %5, LABELS I3~ 71
Y —Z2a—F 4.2 D4, noop iE op 230 IRUA

FEINT VL B

&&0P_no_op,
&&0P_const_i8,
&&0P const_116
&&0P_const_i32,
&&0P_const_i64,
&&0P_const_n32,
&&0P_const_n64,
&&0P_const_s,
&&0P_set,
&&0P_extend_u8,
&&0P_extend_ul6,
&&0P_extend_u32,
&&0P_extend_i8,

static const void * const LABELS[] = {

&&0P_extend_i16,

ZNEFNEIND, curop FBUEZ DD DTH 5 %,
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Al Th N\, case ICEMA I N GE DU DN % 4.7 12533,
4.7: case XIZEHH I N7GAD A Y ¥ F )LD MVM._interp_run DLEED L

MVM_interp_run

wEI—NRNIC

caseX THE KIST 2R

B

Y2 ANEXTT
% 2J'goto

switchX T
ROBEZT TV F

FHY—RAa—F420HIZEFEFNT0WE270 GET.REG X, V—Z2a—1F 451z
NI ERDINTN S,

V—Aa—F 45 LY AV IEREZIEET %5~ 27 1 GET_REG

1’#define GET_REG(pc, idx) reg_base[*((MVMuintl6 *) (pc + idx))]

fil reg base 1& MoarVM _ETHIHI S5, MoarVM DL Y AF DY A FTH D, Z
D7 uafid peld, MVM.interp_run Tl curop &> T3, idx idmrs 2 & R
ICRELTE D, BlAIL const_i64 NTHH I T % GET_REG (&, idx DfEA30 IZ73%
EINTVS o_hiMmNM@v/x&Fﬁ%m%ﬁ%ﬁm\mﬂ%ﬁ$ HIfRICS
BT LR Z2IEEN KL TH S, ZHRL TV LY RYESDEL reg base (%,
MVM._interp_run H IR —A VA E L TESEINTV 3

MoarVM D 7 4 A3y FE5571%, case UL X 1.5 THE @753\?) %, fE>T, MoarVM
DA 3 — FITHIET 20 E, CY—RA7 7 A VOREDGITIGAY 5 2720,
COHEDGGE, 32— FICHIET 20807 7 A VgElk EDEY 2 — W UDMT A
T 17 74 WAY) OFREERICE>TLE ),

4.4 CbClc&kd MoarVM MDEE

interp.c N® MVM_interp_run CTlk, @HaAa—FD T4 Ay FiFw7uzfHL
cur_op DFtH KT X)L goto, b L {1&~¥ 7 v DISPATCH IZ X % switch-case XX TfT

17



Tz, TDT 4 ARy FHIETIE, case XEHMT 2088 ERH 2720, 7 7 A UD
TRICE2FHP, Y 2 — Uk Z W E W) FEBAEL 5,

CbCIZ &> THEEMZ %1757 MoarVM TH 5. CbCMoarVM Tl Z O [ % fFk
T 24512, CodeGear DEZZEAT S, £93. MoarVM D4 )3 % CodeGear
ZE L. % CodeGear DRI ZHFE E L THFD CbC @ CodeGear 7— 7 WV E/ERL L 72,
CodeGear DT — 7V, FFED cbenext &\»9 CodeGear 2> 5T %, cbenext 25
i Z & D CodeGear ISEE L, NG T 208 % L 724212, cbemext IR, Hl
D FIZX)ET % CodeGear IZESZH# DK T, D cbenext &, J6D MVM._interp_run
TEHEHINTWVS 27 u NEXT %, CodeGear THEBEL DD TH S, EEICHEHE
L7z 27 u N, cbcnext#Y —A2—RF46I1ZR7,

Y —Z 32— F 4.6: cbe_next XX CbCMoarVM TH =< 7 a

1 |#define NEXT_OP(i) (i->op = *(MVMuint16 *) (i->cur_op), i->cur_op += 2, i->op)
2

3 |#define DISPATCH(op) {goto (CODES[opl)(i);}

4 |#define OP(name) OP_ ## name

5 | #define NEXT(i) CODES[NEXT_OP(i)] (i)

6 | static int tracing_enabled = O;

7

8 | __code cbc_next(INTERP i){

9 goto NEXT(i);

10 | }

CodeGear [ DEEEMEHE 2 FIMIERET L TW B A, switch case XZ2FHT 5~ 7 1l
HIBR L 7%, 728~ 7 0D5[8ICEHIiZEBEALTWS, BHilk, "M ba—Ffv¥
7 ZNTHT %, MoarVM D L ¥ R F Gz EDHMI 7z, fER~D R A v %
TH 5, i BN THEEER INTER, MO i ORICTH 2 #EEAR INTERP 12, Y—R2a—F
ATDORTEHIICEEL TS, I, v 7 e N THEDM A Z R T op . sl
cur_op IZ7 72 AT BMEENH 503, fERD~ 7 v Dl Tld CbC ZFIH L 725E1C,
BRNT 72 AR BB IEALTWD,

YV — 23— F 4.7: MoarVM DGR Z &5 L 7- & INTER

1 |typedef struct interp {

2 MVMuint16 op;

3 /% Points to the place in the bytecode right after the current opcode. */
4 /% See the NEXT_OP macro for making sense of this */
5 MVMuint8 *cur_op;

6

7 /* The current frame’s bytecode start. */

8 MVMuint8 *bytecode_start;

9

10 /* Points to the base of the current register set for the frame we
11 * gre presently in. */

12 MVMRegister *reg_base;

13

14 /* Points to the current compilation unit. */

15 MVMCompUnit *cu;

16

17 /* The current call site we’re constructing. */

18 MVMCallsite *cur_callsite;

19

20 MVMThreadContext *tc;

21 | } INTER,*INTERP;

18



4.5 MWMHEETEFRD CodeGear NDZTia

M AETEITIE,  case X X1E T )L goto THE) L 2 BICEERI N TS, 216 D
iz, 2Nz ﬂiﬁrﬂa@ CodeGear IZEH1T 5 2 T, W HDFET%Z CodeGear DEH &
LCTCbC ZHHLTHET 2, MVM.interprun Tlk, VY —A 32— F42HTRTEE
D, =7uOPZHVwTitdInTwns

OP Z I\ TEd L T % %zh%i(w)nn i, BEY — A3 —F 44187 7 VRS,
¥ 7213 switch case L TEBT 5, fERIZY —Ra—F 4312087, Z#op DiEFIHL T
%<7 1 NEXT THROMHED 7 )b, B XV switch XITfE % 5] %‘if&@“@iﬁ% LTw
7z. CodeGear TOFHIEDEL, TDA V¥ —7 = A4 AHiATIHET 2, 28 op D
flilZ, VY —R22a—F441T8T 7 OVESID,  AraDFHE & R L“cw %, ZDLyh
BB 72 CodeGear % 7 ~)VELSI ENEF %2 WG I ¥, CodeGear DRI ZEKLT %,
I & Z )5S UL, CodeGear DA HIZ L3 v, FEE/EKL L 72 CodeGear D
YA FZY—RA2—F 48123, 2L 72 CodeGear X, Z1LZ 1 CodeGear TH 5 Z
ERNT Ry, BEEEEE L Ccbe 2 Twn3

YV — A 2—F 4.8: CodeGear BC# D —H

__code (* CODES[]) (INTERP) = {
cbc_no_op,
cbc_const_i8,
cbc_const_il6,
cbc_const_i32,
cbc_const_i64,

0~ O Ut W

cbc_const_n32,
cbc_const_n64,
9 cbc_const_s,

10 cbc_set,

11 cbc_extend_u8,
12 cbc_extend_ulé6,

BHLI N B DI )nd 3 CodeGear D—#%., VY —A2—F 49178 T, 2D
CodeGear I3V —RAa—F42 L)L Tw3

V—Z2a2—F 4.9: CbCMoarVM D34 + 2 — Fapaic W9 % CodeGear

1|__code cbc_no_op(INTERP i){

2 goto cbc_next(i);

3

4| __code cbc_const_i8(INTERP i){

5 goto cbc_const_i16(i);

6

7| __code cbc_const_i16(INTERP i){

8 goto cbc_const_i32(1);

9

10 | __code cbc_const_i32(INTERP i){

11 MVM_exception_throw_adhoc(i->tc, "const_iX_ NYI");
12 goto cbc_const_i64(i);

13|}

14 | __code cbc_const_i64(INTERP i){

15 GET_REG(i->cur_op, 0,i).i64 = MVM_BC_get_I64(i->cur_op, 2);
16 i->cur_op += 10;

17 goto cbc_next(i);

18 | }

19 | __code cbc_pushcompsc(INTERP i){

19




20 static MVMObject * sc;

21 sc = GET_REG(i->cur_op, 0,i).0;

22 if (REPR(sc)->ID != MVM_REPR_ID_SCRef)

23 MVM_exception_throw_adhoc(i->tc, "Cangonly, push,an SCRef with pushcompsc")

24 if (MVM_is_null(i->tc, i->tc->compiling_scs)) {

25 MVMROOT (i->tc, sc, {

26 i->tc->compiling_scs = MVM_repr_alloc_init(i->tc, i->tc->instance->
boot_types.BO0TArray) ;

27 b

28 }

29 MVM_repr_unshift_o(i->tc, i->tc->compiling_scs, sc);

30 i->cur_op += 2;

31 goto cbc_next(i);

32 [}

£ CodeGear lZ AT & U THEERINTER DR A v ¥ 2T 5, 20, £maoHf
T L TW3 curop R tc R EDERANDT 7 ADETH 5, #H D MoarVM DIy,
MVM_interp_run OBIEINTH 7 goto . switch XZFIH T %212, MVM_interp_run
DU — A NEBICEGAUILDOFTT? 72 AT 5 HIHETH S, Lo L, CbCMoarVM
DYy, MVMinterp run 2» 6Bk 2z FIH L. CodeGear ICEK L TL £ 9 4. C
Noa—ANVERICT 78 ATER,

ERK L 72 CodeGear @Y A b CODES 1, Y —A2a2—F46I1ZRTEED., cbenext
E 9 CodeGear DADHLD 29, cbemext 1327 a0 NEXT ZFHL T30y, w70
NEXT (Z CODES Ic7 72 A L, X5 & %% CodeGear DA4HIZ ST %5, CodeGear %
M. BIBE LTiZEL goto XIT X > T Z & D CodeGear 10EET 3,

MAT 4 A%y FIZBT % CodeGear DIRFEER X % X 4.8 IZ/R T,

4.8: CbCMoarVM Dfixg/NA F a— K5 4 A%y FDIREER

X DWGREER 77 123 D C FEEDBABME I L 23 Th 5, CodeGear 2> 5 C DRI
CHLDOBRYEZFHT 2 2 L EI3EED C S L FARICTTRETH 5, Aarais /NG
L 7z CodeGear (%, cbcmnext 2> 58 L, WUBZ1T> 74 cbenext 12 goto X TR AR
W9 %,

F7o. B - OH Iz switch case SLTD., break DFAER T, KD case LI
T2 BT 5, £ CodeGear 1F 1 RICPHACTL £ > T34, chenext Tl

20



72K, HHRINZRIZR D CodeGear ZI5E T 20503 5, S MIIEE CodeGear HIC
BB D CodeGear % goto X2 Tidid L7z, VY —R a2 —F 4.9 Tlx, cbc_const_i8
R EDEENT 5,

M aDORIERTH 55, T2 THEETEHRT2DIFHEE L < KV, KL TIE Perl
A7V 72 HWT, interp.c 261 % CodeGear IZZNZENEHEL . CodeGear DV
AR BEBAERT 2 A7) P 2R L7, 2OARZ Y 7 I T OBIEFHE 2 H
119 %,

o OP(.*) @ *H7r % CodeGear DAHI & LT, JRBHIC cbe 227 ETRET 5,

o curop 2 &, HHEMR INTER DX U NERIE, AV FiroZST 5 K9 IEIE
T 5,

o GCXKDd~< 71 MVMROOT #FH L CTWwaEATIX, —fE8 I —DBI%Z %
hd 3%,

o KD goto NEXT % goto cbe next(i) ITEIET 5,

e case X T PN D case XIZHATT B EATIE.  case UG T % CodeGear 1237 5
BRIZ goto X2 TFMZ %,

DD MVMROOT #Y —A2—F 4101257,

YV — A 32— F 4.10: MVMROOT DEFE

1| /* Macros related to rooting objects into the temporaries list, and
2| * unrooting them afterwards. */

3 |#define MVMROOT(tc, obj_ref, block) do {\

4 MVM_gc_root_temp_push(tc, (MVMCollectable *x*)&(obj_ref)); \

5 block \

6 MVM_gc_root_temp_pop(tc); \

7| } while (0)

MVMROOT 1, TV WA DT, MVM_gc_root_temp AP push & pop D A
5 JEEDOBBZIATT 5, ZHux., MoarVM DFiffL T A AR—=yaL 7y a v
2, fro7c W ORIcA 7Y = 7 BRI N DEFi o DUITH 5, HR—
Yavrrzyarvplizeli<izodiz, MVM_geroot_temp_push Tld, KRIBZEEDHECS
W—RICA 7Y 27 PO T FLAZ ANSG, 2TDOL 7Y 7 FiE, CodeGear D1 —
HIVETH B0, CodeGear Fr T — A )LEEILEHEHID CodeGear IZFEE)$ 2 BRI
FBY oL, JOREEZZEL TVARY, Z20%, MVMROOT Z O § 0B D5
¥, MVMROOT 29 szl OB%T7 v 7L, CodeGear 7 6 BIBIF-OH L
AAST R AN Vi
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4.6 MoarVM DT I\

CbC CTHEHE 2 72 MoarVM TdH % CbCMoarVM 1%, BifE gce. LLVM /clang FIC5E
LTWBEChCav L I TENRFTI2HIARTH S, £/, ZNZ103 ¥ TOHK
BfbA 7> avZE N FRICEEL THOELV P T 252 A[fETH 5,

MoarVM OEZHLZ IZfE> T, IEHIZA Y LD MoarVM L RIUIRS 5% T 5D

B L7\, MoarVM HRICIFIRAET A b 2 — F23FEE L %2>, MoarVM DV R b
YND X v+ —212iF, MoarVM _ETEIfET 5 NQP, KU Rakudo IZfJFEL TV 5% 7 &
Fa—F7T, MoarVM D% 7 A F§ 2 HBHELEI LTV 5, NQP * Rakudo DT A
ME, V—Ra—F411n TR a—FZ2AHT 2%, FEREIZNQP & Perle A % 7
JHZELTENLRLA, ngpperl6 2wy F2FETT 5, EfTRHCH IR E,
WRFT 28D T 20 2R T2 HATH 5,

V—Aa2—1F 4.11: NQP D7 A + a— F Dl

sub add_test(int $n) {
my $sum := 0;
while nqp::isgt_i($n,1) {
$sum := nqgp::add_i($sum,$n);
$n := ngp::sub_i($n,1);
}
return $sum;

3

say(add_test(10));

O O 00U WN

[y

NQP % Rakudo D7 A F #1179 1Zld, ¥V T7EL R LEZNEFNDA V¥ ) ¥ TH
% nqp. perlo ZES 2T NER SR, UL, Z06Z2EL FT 5E121F MoarVM
DFELTNA 5 TH 5 moar ZEDTHEDDH 5, nqp 2 EDE N FRHZIZ, ASTELT
2ol ba—F2EL, Mo E T4 ARy T34 ha—Ff vy 7
VYRS 528k, SHENA, Fa—F7 4 ARy FHgeEEMA I, 2

DTN TPELCTHwB E, Z2HZ D ngp P perl6 Z4HERT 2 FHIHK R0, %0)3’%\
MM L7 wngp R perl6 D7 A Fa— Pz jz2@ L TEZRT 2 HBHK LRV, fE>TH
lﬁlbiMoarVM HIRICNA Fa—F2ANE LTHEZ, MET28F2 750892
HICHERR T 208035 5,

4.7 CbCMoarVM OFINw 4

CbCMoarVM DS IEFIZNA P a—FZFETL T30 89 ik, EFEICH A ‘/“%
VD MoarVM & . FEITL72NNA b a—FOEZZRANT 5 2 L THERT 2 FHH50HE
5, ANNMELTEZIAZ Y ZMEEIZFEUANA Fa—FNicE#Ins a%xemam
MoarVM (¥4 k a— FIZ UUID DR ZELOIAATL £ 9 %, WL 77 ANV 252
THEEINEI NN, Pa—FPRL->TLEI), 2D, NQP A ¥ 7Y %D REPL D
a2 v, 220D VM DA Uarad o W 2 BlR 3 2 kI 5 5,
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=k, N ba—FA v 7 & MVM.interp_run DY — A 32— FHT, RO
DEHET 2T, MINIBT 28R 1T ARz 5, 2oli%, gdb
"EDTNy L Scrlpt avw v P EzHoecu 7z, perlzEDRA 7Y 7 F &2 o
TIRNT %, EERETZHER L 72 A7) 7 DETHRO 2, VY —RA3—1F4.12
WZNd,

YV —Za2—F 4.12: MoarVM & CbCMoarVM D FELTHr4r D 7243

25 : 25 : cbc_unless_i

247 : 247 : cbc_null

54 . 54 : cbc _return_o

140 : 140 : cbc_checkarity

5568 : 558 : cbc_paramnamesused
159 : 159 : cbc_getcode

391 : 391 : cbc_decont

127 127 : cbc_prepargs

*139 : 162
cbc_invoke_o:cbc_takeclosure

O © 00O Uk W=

[y

TEATDIA ) ¥ F D MoarVM DFELTMATH D, A17D3 CbCMoarVM DFHELTM4aThH
%, LT aEsid, ZNZNLABEL % CODES & LDy A + DEAIDOFH
ﬁkﬂfht“fln %R, NI T % CodeGear 4% FAIRFICHIT LT 5, « DIRIAICAIBET %

FICEEPRELTED, ZRNFNFTL COIGHORSDVRL 2 HIMERHRS,
@@JT 34 Y 2N D MoarVM I invoke_o fipFZFEfT L TWwWADIZX L, CbCMoarVM
TlZ takeclosure iy Z i L T\ 5

4.8 CbCMoarVM DIREDEE

CbCMoarVM (ZBITE Perl6 D 7% v FThH %5 NQP., NQP TED 7 Perl6 DE L F
WKL Cwd, EEEDA V5 7Y ¥ ThHSngp. perl6 HiZ, CbCMoarVM D FELT
NAFY ZFHLTEET %,

TNy JREOFEEZ: E0 6, BEIRZTV S VDN, ba—FA v 7 ¥ %
FI79 50, CbC TS NN, Fa—FA vy VI 2FRfTT 502t > avr
WL GERIAEE 2> T 5,

FroznZzho T A Fa—FiE, %D MoarVM & [F%ED 7 A Ml %78 LT
W3,
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B5E CbCMoarVM Dk

HiE £ CI2. MoarVM O—EL %2 ChC COESHLZ # 3L 7=, RETIZ, CbC-
MoarVM D 2179 6

5.1 MRNEBDOEY 21—l

MoarVM D a— R 7 4 A28y FE5rE. B case 3R 7 X)L got ICAHAI 1L 5
72, 17 7 A NORLAE 5 213745 p0 7, FHEHA 7 CodeGear 13, BIELDORRIC CbC
D264 ) FHARETH 5, MoarVM Dfirfr 2 — R 7 4 A%y F Tl GirdiSIE§ 2 BfiE
ZAMHA LT, case XXUFIAIN D 5FHTT 25 70 E2HD HHL Tw, CbCMoarVM
Tl. CodeGear DELGTH I HEL T3, ZORHIDEFRNAD ARG I E
I, CbCMoarVM NI MG T % CodeGear DE L GFTIZb R 25, 2D,
AU 2 7 7 A MICEEHIT R EDEY 2 — ULDTAIRE & 7o 72,

BV 2= ULDTARE L oo 72 2 LTy T 4 A%y T DB & EERICIHELTT S gy
CRE R pEEHR -, Zuc k), VY—Ra—F EonEte, @bl A a— 7 EH
ENRA VYT FIND MoarVM & Ll L A[EE & 72 o 72,

5.2 CbCMoarVM DT I\w

FHL TNy A TH 5 gdb % lldb TlE, BIBUCIZERE break point % i%E T % HO3H[HE
TH 5, MoarVM D/NA k2 — F 5 4 2%y FH4713 case XK 7 )L goto IZZEHA I 1,
B e LTl DR, > T frmiSxind 2 LB 53 C break point % 5%iE %
1856, TP EDIN TS MVM._interp_run BI%IZ break point % #iE$ % 4%
BHb, TakAEEE, BEEIEIPNTVS interp.c 7 74 VHOITHRSZIREL T
break point # ff i} 2 F U &7\, F, T4 A8y FTRBUEXIZ 7 V&2 FIF L
TWw3, 2OHEPL, VY—Aa—F51InRTLHc, TNy ETHEEEDMA % HE
19 2000 % 3 2 HVWEHETH 5,

Y — A a2—F 5.1: MoarVM @ break point kb L — AIKFDER

1 | Breakpoint 1, dummy () at src/core/interp.c:46

2|46 }

3 |#1 0x00007ffff75608fe in MVM_interp_run (tc=0x604a20,

4 initial_invoke=0x7ffff76c7168 <toplevel_initial_invoke>, invoke_data=0x67£ff10
)

5 at src/core/interp.c:119
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119 goto NEXT;
$1 = 159

Breakpoint 1, dummy () at src/core/interp.c:46

46 }

#1 0x00007fff£f75689da in MVM_interp_run (tc=0x604a20,
initial_invoke=0x7ffff76c7168 <toplevel_initial_invoke>, invoke_data=0x67f£10

)

at src/core/interp.c:1169

1169 goto NEXT;

$2 = 162

CodeGear (ZBH% L LT 9 FEDITE 545, break point & L CEHERE T 5 HOA[HET

b5,

F7e. gdb R EDT NNy ML, FATTERNEBEBAH 2 ERT 2 FVTRETH 579,

CodeGear DAHTH RRNEBETH 5, CodeGear i EXIBL TW A A, CodeGear
Lot HENT 2HEIUREE o, EBICT ANy EoFRE, V—RAa—F
52187,

0 O Uk WN -

Y — A a—F 5.2: CbCMoarVM @ break point F L — AKFD R

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$1 = (void (%) (INTERP)) Ox7ffff7566£f53 <cbc_takeclosure>

$2 = 162

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$3 = (void (*) (INTERP)) Ox7ffff7565f86 <cbc_checkarity>

$4 = 140

Breakpoint 2, cbc_next (i=0x7fffffffdc30) at src/core/cbc-interp.cbc:61
61 goto NEXT(i);

$5 = (void (%) (INTERP)) Ox7ffff7579d06 <cbc_paramnamesused>

$6 = 558

53 NTA—=NVA

AV FNDNRNAL Fa—FA 7Y%, CbhCMoarVM XA ba—FA v & 7)ZD
T CMEZHE L7z, BREEICIE, Perlo X D QBEETH S Z L0 6 NQP #iEIR L 72,
T2 NQP 70277 Lk, YV —Aa—=F341XRT 74 RF v FEIN %KD 24

k\

00~ O Ut W

V—=AA—=F53IZRTA 7YXy bRBEHIL— 7 Chitl) 2082 ZERL 7,
V—Aa—F 53 AV IVRXVFZEDIRERTNQP DY La—F

#! nqp

my $count := 100_000_000;
my $i := 0;

¥hi1e ++$i <= $count {

EEREHZ 1T AR 2, Z0ZENEDL EER52ITRT,
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£ 5.1 74 R8F v FEIN %KD 25

MoarVM | CbCMoarVM
1.379sec 1.636sec
1.350sec 1.8043sec
1.346sec 1.787sec

¢ 5.2 Yl — 7% 5E T 24
MoarVM | CbCMoarVM

7.499sec 6.135sec
7.844sec 6.362sec
6.746sec 6.074sec

BRPS, HRPEOHLZZHLTWE 70 R Fy F8IIZRD 2HETIE, £V
PFND VM L DEEZ T 4 —< V ADME 57, CbCMoarVM TIFBEEY 2 — )L
fLixfT>o T 223, BN EE B ICHT 2 E 3T Twivn, 204, HEBHEOD
MoarVM & DRI 2 FERAE L T2y, £521T0T LI, HiiL—7%2KD
5i SlREELL 72, SNV —T7 XXMM 2BRICET I N 0B, CPUD X vy

WKINE o727z icE#Elb L e EZ 6 E, 2TOFEILS, CbCMoarVM Tlk, CPU
3’\'?//:'— I Z el 2 B AR TH UL, BITEDRITD MoarVM £ D %7 4 —=
YAPHET AHEBH B,

CbClZ CEBEDOTMEETHY., —FOTX Yy 7TIDMLEETH S, WMHEDCSE
T, BIBFEOH L TR SN w3 75— 2 &k L T CodeGear IZ#2fE L 22 17 UL %2
L\, Z0k, CEiETHELZITH L FETHH T 2 P> CodeGear DELD Y 2
TL%9,

SRlDFEEETIE, MoarVM DIEH%ZE £ L DGR D R A v ¥ 22 T ETHETIT-
7o HIDFEELE LT, BERDORA v ¥ T, BERZDOLDZZIFIETIEICE
L., ZPEIZ2HERLL, COREERD X U NF, —HA VNONETHL X v N% 5
LTw3, R vyIDORZFEL TEFAMPIHR TV 22, EEERZObDZELTL X
I LA, 2R, KEEEOX v N%, V—2a— 54T EIc, #
ERAL LB THEBEL 72, ZOKICCC ZHEILL 72858, T—YDRFIEL 2 IEH
WICERT 208D 5,

YV —Z 32— K 54: CbCMoarVM &5 — % [}

__code cbc_next(INTER i){

i.tc—>interp_cur_op = &i.cur_op;
i.tc->interp_bytecode_start = &i.bytecode_start;
i

i

i.tc->interp_reg_base = &i.reg_base;
i.tc->interp_cu = &i.cu;

Uk W N~
+ + + +
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6 __code (*c) (INTER);
7 c = CODES[NEXT_0P(i)];

BAE CbC a v 84 7 Tlx, CodeGear TOREL XY v 7 {Ema 5wl it
Ty, CbCOMRPIEEDLIN TV AHETBHEET 5, ChbCHo 5 CFiEL LD
IR 2 BISBREEA S 2T BEBDH L7 —ADE D, ZOREZTHILDHICa—
FOoESPEHMEIDPEEF- TLEI EDBEZONS,

CbCMoarVM ZD b Db, MoarVM DFEIEICFEZMAZ T\ 54, MoarVM D7 v 7
T— MBRET 2HERDH 5,
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BOE SEROKRE

AWFZE Tl Perl6 DAFERZETH 5 MoarVM IZEB W T, fifFa— FF 4 A28y F58%r % CbC
TEHEMZ -, CbCIE C oKLY bl 2kA 270, MFa—FDEY 2 —
WAL EDSHRE & 7o 72, S 121E MoarVM 72 & D SEBBLR IR LT, BIfvicaida
FEMNIETZCOCHDa—FEERL, geerEDCav 4 72HTHEIAL 77
DIBIZa v 84 )L L, MoarVM EFHIT 3 JIT & E DB ZHE L T3, £/, AN
ELTCHEZONTY —A7 7ANERRITL, 7077 0D ANER: E%ids & LTFHRE
L. ZBEONANL E %2 imBlalc 2841 U 725059217 (symbolick execution) 7% & D FIE 2R
L. MoarVM HEDEH Lz 2@ LT, CbC D FEUHEZ~DIGHZEET 5,
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