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HICHEE T 22, CbC DG & L TORIETHIT
5 AFETIE £ 3 CbC, Perl6 DR OBIHEDF
IOV TRR, KL TIT o 72 CbC TEEHZ
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2. CbC

2.1 CbC OHE

CbC iFSFAEETHFEL TV urs7 307
SETHL, CLRLTOIRT T IV I%2iTH
L&, AT a7 2oz WILE O mal-
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NYRY Y 7 82ERT20ERH L. s
DAIE% meta computation & FES, Z415 meta
computation & EHE DU E S3EET 2 Z LTS
D JR A2 meta computation i & % > ALERHI I
HLDOFMEREXHREE RS, LI L C Filite
ExRHW 71 7T 22 7T meta computation D
THEEITE D £ 75 L, 2R NFH M ICEIES 2
7 A%z EHE IR 5 $RS TR AL, CbC TR
B9% & D meta computation Z 2> { Flal§ % Al
CodeGear &\ 9 Hifii 28 A L 7z, 7 CodeGear
DEATICHHE L T — % % DataGear & 9 HALT
ZFE Y. CbC TiZ CodeGear, DataGear % F:A
Hifr e LCidd a7 0 s 53y 2840 %
%,

2.2 CodeGear & DataGear

CbC Tl C DBI% Db b I CodeGear ZEA
9 %. CodeGear I C DEEBES ORA4 DD D
IZ_code EFHS ZETHSTE %, _code l CbC
a v 84 7 DPIE void EFEUTITH %53, CbC
7R 7 37 CiE CodeGear ThHh % FH% -9 ik
MFE L TOREKTHMAT 3, CodeGear D%
B goto IT &k > TRdik§ %,

extern int printf(const charx,...);

int main (O{
int data = 0;
goto cgl(&data);
}

__code cgl(int *datap){
(*datap)++;
goto cg2(datap);

}

__code cg2(int *datap){

(*datap)++;
printf ("%d\n",*datap) ;
}
Code 1: cbc_example.cbc

Codel 12779 CbC @ 2 — FTid main B 5
cgl, cg2 ITBR L, Bf&INIC data DfEDS2 &7 5,
CodeGear [B]D AT DT E L5182 FIH L
179.

H 5 CodeGear D FEATICHE T 7 — % %,
DataGear &W-8. DataGear I1Z1% CodeGear THE
TEN B EE I EOEM%E&T, Codel I
RIHITIE, CodeGear IZE T 514 datap 23, —1d
®D DataGear £ 52 5.

2.3 BEEikE

CbC TR D CodeGear ICBITT BEE, C D
goto XZEMMT 2, #ED C DAL H L D
B, ATy IR Vv RBELu— ANV EL R E%
ALy JIHRET B, CbC DEHAY v 7 7 L —
LRSS, LAY DHEEEFEYTZDEF
KD CodeGear IZEE T 2 HPTRTH 5. WE
Secheme O call/cc 7 EDMRBEIIIEDILIE £ TD
EREBRE L L O L 2RETER TS, RL
T CbC 3B 2 R/ 3BT 5 2, Wi Offkfic &
gL CigRETh 2 2 Lok ch s LS
Z%. CbC 3tz MM T 272D RAF L
VT Z DM FERRE L 2> T3,

2.4 REOER

CbC IFBIETE R C a v 84 5 TH 5 gee KDY
llvm 2Ny 7 v F & L7 clang Lo 2 flifHDOHE
LPEIET 5. gee ld/N—2 3 9.0.0 I, clang &
7.0.0 IZRIGL T3,

2.5 CbC AVIXLZDINY

CbC a v 34 ZEBE S TR TH D ZODD
NIPHERBINTHWS, 7 CodeGear NTHF
L 72RO R A ¥ 8 % KIBEB O 72 &1
PR L 72IREC goto LTL % 9 & tail call feitifl
PN E 725, ZIUIF OBBMEOCH LIck >
TL ¥ 9%, BENEHEFIIZVWHDD ChC & L
TOMEPELEbNTLE ). £k, CbC DZEH)
& L T CodeGear ~DEMSIRFIC I TIREMIEZ 1T 9
B ATy JHEBOBEZITbNZVIETTH S,
L2 L, BURIEEFIC CodeGear D7 F L A %A%
AL, MENIcEkEE2TE) ET5E, A8y
7 I D EAE DN E OBIBITF O H L okkicfTb
TLE).



2.6 CbC & C OEI#

CbC AV 4 FFav A LHRDY — R 2 —
F23CbC THEEIZHWIT5., ZDBRIC
CodeGear ZHFJH L T WA EFD C 7
uronaELTCEET S, Z2DAESREIRGEET %
MoarVM D EVL FIZEWTH CbC THE#Z 7
V—Aa—=F»PH 2% MoarVM &, FEIMA T\
WA P F LD MoarVM O 2 i % [fl—d CbC
AVRAFTTENFTE2HPARETD 5.

/2 CH»5 ChC ~NDBBEEIZ, O COD
BIBUICIR 2 K ) IcHEL v ErH 5, 2
DERIZBREA & goto EMEEN 2 FEZE S,
Z 113 _CbC_return & O'_CbC_environment & \»
IEREWET . I DEHIZ_CobCreturn 37T
DEBIICRE 2 BBICFIH T % CodeGear % #5 L,
_CbC_environment (& fIFRHICRE T ILDEEITH
5. BT 58548, O L 20 E i3s3, W
CH L 7B DT § 2 h0E ISk 5.

_code cg(__code (*ret)(int,void *),void *env
)
goto ret(1l,env);

}

int c_func(){
goto cg(_CbC_return,_CbC_environment) ;
return -1;

}

int main(){
int test;
test = c_func();
printf("%d\n",test);
return O;

}

Code 2: BREIfT Z Mkt D pl

Code2 IZRTHITIE c_func 2> 6 BREEN S HEHET cg
IHERE L T\, lE cfunc DI DfEIE-1 TH B
B, cg B> 5 BRIEAT EHkEE T main 120 % 2512 cg D>
SIEIND 1D test DIEE D,

2.7 EFRVEXRICEITS CbC DA

CbC % SEEAHR, Rl A7) 7 SEEICbH
T2 EEODPDOEITICE TSRS % & HEH X
%, CbCickIF S CodeGear a2 34 5 DK

K7ay 7ITHYST 2, ZORGERDA T ) 7k
BRETIEFEIC case X TREAB L T ma—F
T4 A%y F DT % CodeGear DB & L Tid
BT 2HNAEETH S, CbC IFIREZ AL E LT
FLRSTRECH 27, i a— PR EICE TS
REZFIHT ZA 7Y 7+ SREOEEILICHH &
LGHLTWwS EEZoND,

3. Perl6 OE

Z DETIIBIAE E TD Perl6 DK Perl6 @
SEN LRSI OWTRET 3.

3.1 Perl6 OER
Perl6 (& 2002 4£1Z LarryWall 23 Perl Z & S #1 2
Srn e LGREIZRIB L 72, Perls O FREN 2R

P ERIND ANT-BREL L TREFE 47z, Perlb
EERET & FEEDE—TH D, Larry 512 k> THED»
N7z CHEHEDKRIZ 57, Perl6 (&G & Dy
HEL T 5, SEENARREE LTE, HEIC Perl6
D% PRER T HE 72 Grammar, Perls & FE#R L 72
BOoA 7Y/ MERESEE LT RS
N5, F7: Perlo EHHENTMITFETH 5.
KD Perl DIERICZEHBUIARAT 2 R OB, R
WG TR EH T 28N ESEE L LCofllinz
Ftoo MAIKERLAMEZHO LT 54 %
BN, BIICEBOR 2 3E T 2 HBTEETH 5.

Perl6 135 GEAR M VL FEEEDS Perls & KIiEIZ
Riz->TEY, SN AHEREEL v, o
THITETIE Perl6 & Perls Al S35 L L TORK
Jistic e o T\w%, Perl6 IZIRAEH IR TH
% Rakudo 2» 6 4HiZH LD Raku &\ 9 Jll#4 03D
FonTwna,

3.2 Pugs

Perl6 D EE Ik~ b o nrz. £
32005 FEIC VS & o T Haskell THEE I N
Pugs[7] B85 L 72, Pugs ISERAICEEY; L 72 Perl6
FEETH D, ZDFEHEFIZ LT Perl6 DAL E
IEX N7, BFE Pugs RN AE®LEL-TE
D, EHIEINT V20,



3.3 Parrot

Z D% Python & DIEFFFEEL & L T Par-
rot[4] A3FEELE I N7z, Parrot (& PASM & WX %
NA P a— Pz R LAY v v TH 5,
Parrot T Perl6 DF42 13 NQP(NotQuitPerl) &
W E4L % Perl6 DY 7% v kT Perlé % it 3 %
LI TA T4 7 OREEI NI, ParrotVM 1
2006 4E D version8.1.0 VBN Y ) — A TH %,
2553 Pugs & ARICHED Perle 70z 7 b
TIIHERN A FIE L IN TV S,

3.4 Rakudo

Rakudo & & Parrot THEAHIC 2> 72 NQP,
NQP 1239 Perl6 23l L 7By 27 FTH
%, Rakudo 23 Perl6 Da ¥ 34 Fx24 7 7Y
FTHbHEEZTHRY, Rakudo 13K 1 ITRT
MERRIC 72> T3, Rakudo ICBIF B a v 845
EAIHEIC X 2 EAET 5. FTH 1 OLDN
Perl6, & L < I NQP % MoarVM, JVM D 34 |
a— FICEHT 5 NQP 2284 5 TH 5. KIC
ZONQP AL 7N A Pa—FE2RL 747
a—RFICEHRT 2 VM O 2 TH L. 2D VM
IZIFAE MoarVM, JavaVM, JavaScript % 2R AJHE
TH %, Rakudo U NQP project TlkZ D NQP
aVRAL SOy E 7OV PV R, VM DS
ZNy 7LV R (9 EMARL TS, NQP THIC
FH2 4, MoarVM 7z & NQP 2SE)E 7 % BREE ¢ H)
{ Perl6 @ Z &% Rakudo & W5, Perl6 1 NQP
DAt NQP 2955k L 72 Perlé HH TE»N T
WA EFIFEEL, J4UE NQP a v 84 7T
MoarVM MR AT RE T~ 24T |

3.5 NQP

Rakudo 121} % NQP[2] IZBIfE MoarVM, JVM
ECHEIfEL, MoarVM % —#f|HH ¥+ 2 Z & T
NodeJS 7> 5 bEI{ES ¥ 2 HXTRETH 5. NQP
1% Perl6 DY 7%y s TH D78, Fha ki i
Perl6 IZHEHL L T 203008870 2 FIHET 5.
NQP 3R NQP HHE T/ — AT v 7
T3ZECTH N, ELFPORICIZTTIcED
N7z MoarVM DA Fa—F2QEET S, D

Perl6
NQP
Java
Script |MoarVM JVM

1: Rakudo DK,

MoarVMByteCode DIREE% Staged & F\>, T4
L7 P)&ELTEREIINTVS, Perlo D—ifid
NQP ##hEL 72 b D TELNTW S 4, Rakudo
ZEE S 5 51213 MoarVM 72 £ VM, VM IZ
RIGIEBRICEN F L NQP BZNFHubg t
%%, BAED NQP Clid MoarVM, JVM (25§
% Stage0 13 Z 1% 41 MoarVMBytecode, jar 7 7
ANVDPHEINTED, JavaScript Tl3/NA k2 —
Fofkb hico v & 4 2HHED ModuleLoader 7
EWREFE N TS, MoarVM @ ModuleLoader
1% Stage0 I2& % MoarVM D84 + a— FCTEH
N—#HD 7 7 4 VYT S,

Stage0 12dH 5 7 7 A V% MoarVM 12525 Z &
T,NQP DA ¥ ¥ 7)) I BETEN BT > T
%, Zii Stage0 D—#D 7 7 A )Li%, MoarVM
DNA P a— R ETHRBI N NQP 234
TDEY 2—NVTHIETHS, NQPDA VT
YAV TZENLVRDETTSE ngp )=
NAZ YT ELTREEENS, ZOv 2 VR
VMR, 9477V EEFEL THONA
F Y TH 5 moar ZENTEHDTH 5.

Stage0 Stage1 Stage2

X 2: NQP DENLF 71—

NQPDENL F7u—%2K 21T, FEERIC Perl6
DR TDH % perl6 ZBjH§ 72011 self build
L7ZNQP a v 84 SRBEER D, ZDRIC



Stage0 Z I L T Stagel ZEIL FL NQP a2 v %
A 7 %ERT 5. Stagel NG IITH D,
B 72 NQP 7 7 4 )Lid Stage2 & [FAl—TdH %
2, MoarVM D34 + a— N384 %, Perl6 Tl
FERILEI T AV SN RAT LT NQP 235K
I B4, Stagel ZFRHLTH ) —EENL F2AT
W Stage2 Z{ET 5.

Perl6 D7 A F A A — F T»H % Roast[10] ¥ F
XXV PR EICL > THEDWEE > T3 Perl6
LR D NQP HEORKGHISHOATICE S
TR E > L ARINTV S, BIEOAR
EINTWENQP DARa—FIZNQP ®Y R b
) [3] KRB E AT OB HDTH S,

3.6 Rakudo Perl6

Rakudo %% L2 81} % Perl6 i% Rakudo Perl6
EEEN TV S Git YRS MY CEHINTWS
TR LD ETHS, Hib L 7@ D Rakudo
Perl6 1% Perlé DY 7% v FTH S NQP % T
lEN T3, o T yace ¥ lex & o7 Perls
DSCFHRNT, BESRHTICAIA L T/ 7'a 77 L
FIHE T, NQP I CHCER L E2ITo T 5,
NQP 13 NQP HE& T Bootstrapping & 31T\ % 4,
Rakudo Perl6 @ build I id NQP D FETEREL &
LCTHL % VM, Z3UZHES T build L 72 NQP
MENETNMEL 73 5,

3.7 IRTED Perl6

Perl6 O 5 affldk [5] & Z DR TOFEERDLE
FLOERNA X2 X b [6] 1 EHEL T35, fiE
KIFFHEARIZARTEOMERE TH > 703, Bl
ElZT A M AL —FTdH 2 Roast[10] ZDHD L
ERIN TS, BIED Perle D% FEL L&
Roast ZHE#8 L, BAfE rakudo LIcFEEIN TV 3
REZ A2 LA IRARX N X 2 X v+ 2R T 246
WD 5,

3.8 SLIEEE

BAED Perl6 M 7 m 75 3 v 7' S5k & K
LGB ED L D HiEWDITEDOHEHIL 72, ma-
cO8 @ /var/log/system.log 7 7 A VD> & IERIAT

TR RO 7R T LAE EAA B R RN
BZEF2E0HIdbDTHS, SHIE7 74 0%
231K & 3GB O _MBEHMEL, EokE O
2 DHIE L 7z,

HIE L 72 BREEIER DY TH 5.

e Perl6 (MoarVM) ver.2018.04.01

e Perl6 (JVM) 2018.06-163-g612d071b8 built

on JVM

e Python 3.6.5

e Java 10

e Perlb

PE LS DT IR T, SR o HA X
WTh s,

FileSize | MoarVM | Perl6 on JVM | Python3 | Java | Perl5
231K 0.86 21.48 0.06 0.27 0.04
3G 2331.08 1665.56 101.16 48.85 | 41.35

FHHFER» S 7 7 4 LT L DN LEA IR
MoarVM & © JVM IZ3&¥ 7z Perl6 2MEHTH %
B, 7 7 AN AL ZBKRE AT Java D JIT 5
B < 729 MoarVM & D EifICH T 5 EHERIT
E5.

4. CbC Ic&d MoarVM

CDETIIRRZIT o 72 Perl6 WEZTH 3
MoarVM IZD Wb R 2%, S RK R % 1T -5 72
MoarVM 1% 2018.04.01 T&H b, FIH L % nqp &
2018.04-3-g45ab6e3 /N— 3 V' ThH 5,

4.1 Kt

MoarVM ZD b D% CbC THEMZ 22 L D
#Z 5159 MoarVM HIRBEICERZ 70y =
I THHAETRTEEZIZ 2FIIRNEETH 5.
ZORETILER CbC TEEWZ 2 Z LR
LR ZBIET 5, BiEE TIch 7@ D CbC
@ CodeGear (3 v /84 ZDHART T v 71324
T3, ftoT MoarVM IC B I 3K Ty 7D
%77 % CodeGear IZH EHZ 2 HN N TH 5.
MoarVM IZBIF 2 HAR 7 vy 734 5 7)) ¥ 03
EfTT LR, Fa—FIZ EOMBICERYT 5,




4.2 MoarVM @/ FA—KDF 1 RNy F

MoarVM D84 + a3 —FA ¥ % 7°Y ¥ 1% sre/-
core/interp.c TERI N T3, T DOH D
MVDM_interp_run Ty IE U 72 W% RITT 5,
BB CIE R BT DRES LT S cur_op, B
ERDM %I LAY op, Thread DOBBEDMRAE X
L C\» % Threadcontext 7 & DA% FIH T 3,
MAETIIRE S ZHBEOEERH D, C D goto
DHHTE 28413 Coded I27F MVM_CGOTO
777D IRXVERENHT S, 2nlsto
B3 ER 7 case L& LT 2 AT 5.

7 RNVERZHMT 28561 Coded 12T F
~N)LF—7 W LABELS IZ7 7R AL, 7 —7IC
BRINTVLE7RFLAZIEL, 717 NEXT
TEBE T %, Codeb 2R noop Xl b€ TRD
MBI %%, goto NEXT; D AZBE N T
W3,

ZDINNT =7 NVDHREYIE T XD
727 FLVATH D70, EFRISHEIZN TV LM
= FOAHNET Ny AL L TIRIERTE &,
CLARLTOT /Ny ZIRITIET F LR L EBEI
EN B EI 2R T 2 FHICFHB2» 5, BERA
case X & L THATI N6, FHATREIDNE V721
T, TNVER LRI CRliB 2T T3
FBCOHOY—Z2a—FIcB8IF20HELETNT 5,

static const void * const LABELS[] = {
&&0P_no_op,
&&0P_const_i8,
&&0P_const_il6,
&&0P_const_i32,
&&0P_const_i64,
&&0P_const_n32,
&&0P_const_n64,
&&0P_const_s,
&&0P_set,
&&0P_extend_u8,
&&0P_extend_ulb,
&&0P_extend_u32,
&&0P_extend_i8,
&&0P_extend_i16,

Code 3: T)LF—7ILD—5y

#define NEXT_OP (op = *(MVMuint16 *) (cur_op),
cur_op += 2, op)

#if MVM_CGOTO

#define DISPATCH(op)

#define OP(name) OP_ ## name

#define NEXT *LABELS[NEXT_OP]

#else

#define DISPATCH(op) switch (op)
#define OP(name) case MVM_OP_ ## name
#define NEXT runloop

#endif

Code 4: interp.c D~ 7 U5y

DISPATCH(NEXT_OP) {
0P (no_op) :
goto NEXT;
OP(const_i8):
OP(const_i16):
OP(const_i32):
MVM_exception_throw_adhoc(tc, "
const_iX_NYI");
OP(const_i64):
GET_REG(cur_op, 0).i64 =
MVM_BC_get_I64(cur_op, 2);
cur_op += 10;
goto NEXT;
0P (pushcompsc) : {
MVMObject * const sc = GET_REG(
cur_op, 0).0;
if (REPR(sc)->ID !=
MVM_REPR_ID_SCRef)
MVM_exception_throw_adhoc(
tc, "Cangonly pushgang
SCRef_with_ pushcompsc")
5
if (MVM_is_null(tc, tc—>
compiling_scs)) {
MVMROOT (tc, sc, {
tc->compiling_scs =
MVM_repr_alloc_init
(tc, tc->instance->
boot_types.
BOOTArray) ;
b
}
MVM_repr_unshift_o(tc, tc->
compiling_scs, sc);
cur_op += 2;
goto NEXT;

}

Code 5: A Y ¥ F VIR MoarVM D/NA + a2 — FF 4

Ay F



interp.c TIEMHI—FDT 4 Ay FlE< 7
v ZHH L7z curop DEFEROY T L DEE, b
L i3~ 7 1 DISPATCH 23B ¥ % switch X T

TbTwi, DOk MoarVM N4 a— Fic
SIST 2L, T 4 A8y FREIPNTH S

CY—A7 74 LD, BEDHHOARIHBRE S

2%, ZORMAa—FoEY 2 — ik
EDMTZAT, 17 7 A VAD Ol EERIC K -
TLE). 47U P %7 H L < IF switch X
SN TLEI R, MO CY =27 74 Lip
5 @ﬂfi@ﬁﬂﬁﬁiﬁﬂjﬂétﬁw CbCMoarVM Tl
COMEE R T 57012, ZNZF DR
5§ % CodeGear % 1ERK L, £ CodeGear D4 Hi
ZPEFE L L THD CbC ® CodeGear DT — 7L
VR L7z, 2@ CodeGear DT —7 N %S T
% CodeGear 13 cbenext TH H, ZDthp< 0
NEXT (& interp.c D~ 7 B NEXT % CbC Az
EELZDBDTH B,

#define NEXT_OP(i) (i->op = *(MVMuinti16 *) (i
->cur_op), i->cur_op += 2, i->op)

#define DISPATCH(op) {goto (CODES[op])(i);}
#define OP(name) OP_ ## name

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

static int tracing_enabled = 0;

__code cbc_next (INTERP i){
goto NEXT(i);
}

Code 6: CbCMoarVM M4 ka— K5 4 A8y F

4.3 WRRITEMD CodeGear NDEIf

7 )T — 7% case XD switch Y D4
FATE T %2 CbC IZZEHa L, CodeGear DEM L L
THIHT %, interp.c IZ Codeb IZRTAY A LT
AR I NTWV 3

OP(*) D XM 2 HiFTIZ N4 Fa—F o
HiTdh s, WEFEID7 By 723 LABEL 205 3&
B3 2%, N4 ba— FO4RTIZ LABELS Did
FOBWTFIEBMINTVE, ZDdNRERD
CodeGear # LABELS D 0N & Xf i &4, Code7
12T CodeGear DELFH] CODES & LTRET N

13 CodeGear DRI D7\, SEIE CodeGear
THL2EETNTHICHEIERFE L Tcbhe2Dl} 5,

__code (x CODES[]) (INTERP) = {
cbc_no_op,
cbc_const_i8,
cbc_const_i16,
cbc_const_i32,
cbc_const_i64,
cbc_const_n32,
cbc_const_n64,
cbc_const_s,
cbc_set,
cbc_extend_u8,
cbc_extend_ul6,

Code 7: CodeGear FCHID %

A O FETUIHT MoarVM DL Y A8 Th %
reg_base P ndl cur_op % EDEHEFAHL T
%03, 24613 MVM_interp_run O 0 — A L2
HBELTHHLTYWS, X0 zMHLTwsE
VY FIVIRTIEFE—BIBNTH 27207 7 & A1
BETH 5 D3, CodeGear M]DEE) T fr 2 KB T
%5 CbC TRT 7 RATERY, ZOR/A VYT
U & DIER %z Y L 72 BHER inter ZEFL, 2D
WG ~D KA > 5 ThH 5 INTERP HOEH i %2
CodeGear D A1 E L THEZ %, CodeGear N T
$ INTERP 2#%H T2 2 L TA v ¥ TV ¥ D%
HEEERIC T 72 29 %, CodeGear [H]DER Tl
LY AY DIEDOTRE I T bk, A5 8%
foTLP A2 BV I 2EMMTESL, 2Dk
INTERP D X /N TH %5 MoarVM DL P A ¥ %
DHDET—FTI7FvDLYAY LICFEELH
WHRETH 5.

MARETHD CodeGear DEE %X 3 IR T,
Z DR TEBTHLNT WL BTESTIE CbC D goto
XCER L, MO EITIETE O C OBIBOTF O
LEBoTn3,

BED CbCMoarVM 12X Dty DT 4 A
28w F% cbenext DT Tz, Z DA cbenext
DS aEa— FICWIET % CodeGear (ke L,
CodeGear %> 5 chenext IZHEGET 53 4 7 L d3%E
ADOFNTH %, CodeGear W5 C DBIEUIZRT
7 S MERHPARETH 5 720, C DRI ZEFHT
ZAIIAETER TN T 2 HNTE L, AW



KR switch XTH % 728, break €3 KD case
WKRAT L 7B &R % & 95 128l CodeGear
IHERE L, % D% cbenext i3 289 — v}
1T 5,

__code cbc_no_op(INTERP i){
goto cbc_next(i);
}
__code cbc_const_i8(INTERP i){
goto cbc_const_i16(i);
}
__code cbc_const_i16(INTERP i){
goto cbc_const_i32(i);
}
__code cbc_const_i32(INTERP i){
MVM_exception_throw_adhoc(i->tc, "const_iX
UNYI");
goto cbc_const_i64(i);
}
__code cbc_const_i64 (INTERP i){
GET_REG(i->cur_op, 0,i).i64 =
MVM_BC_get_I64(i->cur_op, 2);
i->cur_op += 10;
goto cbc_next(i);
}
__code cbc_pushcompsc (INTERP i){
static MVMObject * sc;
sc = GET_REG(i->cur_op, 0,i).o0;
if (REPR(sc)->ID !'= MVM_REPR_ID_SCRef)
MVM_exception_throw_adhoc(i->tc, "Cany
only push,an SCRef_ with pushcompsc
");
if (MVM_is_null(i->tc, i->tc->
compiling_scs)) {
MVMROOT (i->tc, sc, {
i->tc->compiling_scs =
MVM_repr_alloc_init(i->tc, i->
tc->instance->boot_types.
BOOTArray) ;
B
}
MVM_repr_unshift_o(i->tc, i->tc->
compiling_scs, sc);
i->cur_op += 2;
goto cbc_next(i);

}
Code 8: CbCMoarVM DN A k a— NIzt 9 %
CodeGear

NAPIa—FORIERTH 25, §XT%
FHEECTEMTIHEBIEET L 20, A%
T % PerlScript % > T interp.c 2> 5 CbC D

other cbc
code gear

~
other C function
P4
@ e

N~

¥ 3: CbC IZBIFT S MoarVM XA ha—FA vy 7y
N DIRAEER

~
~

CodeGear # HBEIZEK T2 A7 U 7 P #ERL
7. TDORZY T TIRUTOBIET G E %2 Ef7
T3,
o OP(.*) D.*if4r % CodeGear DHI & L T,
SEUHIZ cbe B 7 L CRRET 5.

o cur_op % EHEEMR INTER D X ¥ NEHIE R
AV ioBRT L) IBIET S

o GCXfDZH~ 7 1v MVMROOT % {5
FiEBDRA &% 25y 7 ICEGEFN, B
8% static {Ld %

o KED goto NEXT #% goto cbe_next(i) IZfEIE
KR

o case LT R D case UKL T BEFTIE, case
SRR T % CodeGear 128K T 3 K£IC goto
XEATIA %

358 Code8 Tld cbe_const_i8 72 &' 4% case XD
T D case 5712 5% %4 T % cbe_const_i64 1I2EZ T
LERICEHI N TS, %7 cbe_pushcompse T
& MVMROOT 2 A sc ZHEL TV 55,
% static CHES LIEL TV 3,

BIE CbC TRl X 172 OS TH % GearsOS I
1% Interface DXEA I LTV 5, 24U Java D in-
terface, Haskell DI 7 7 21235249 2 & TH D,
R D CodeGear 12 Interface FEH TRERE % F 431
HECTH %. Interface [ITITED MoarVM 12 13 F4%E
INTWiWE, 5% ThreadeCode DHEEEZE 1T
WZH7- D BEAZBHI L T\w5,

5. MoarVM OFI\wy 45

MoarVM HE®D 73y 7id MoarVM D V) R
FUIWCT A a—=FBHBEL TR WwWARKTIE
FATAEETH 5. KWL TlE MoarVM DT /3y



JWZBITD C TNy HOMASGHEEE MoarVM @
FA N FEIZDOWTHRT,

5.1 MoarVM QN hA—KDFINv T

MoarVM D FEfT/NA + 1) TH % 2+~ F moar
WX LT, MoarVM D34 + 2 — F% dump 4 7
YarviERMICERAAEE S L, MoarVM D28 A
Fa—F 7 r77ofkicthans, Ly
L Z4uid MoarVM 234247 L 7z bytecode D F L —
A TlE 7 < MoarVM D NA F a— PR 72
LOIWEE R, T, Ho IR 328 %1
T4V FIND MoarVM &, CbC THEHZ
CbCMoarVM i @ moar # FfJH L TH M UKEHE
DIE->TETCLE ). ZD7dH5HD MoarVM D
NAPa—=FAL vy 7V IDEEDT Ny 72l
COHFITHEI v, o> THEBICHET L 2w
BWERT 2121E gdb 2 ED C F 3y HEFILT
MoarVM % [E#% b L — AT 2631035 % .

CbC 1% Code9 1278 T ARIC chenext I break
point ZFXET 5, AV FHUNIRDA Ra—F
DHRED= 7 RIZY I —DREAKEFEONET X ) I
fEIE L, % 212 break point Zi%E T 5. CbC
Tl¥ CodeGear D4HTZE T8y A L CIEEMEE T
505, 4 Y VERIZ LABLE DELHID T 2 F-
POHFTTEDARaA—=FIZHELTWwE0% T
Ny BDON TR DEDNH 5.

WTRMERT 5720121 Codel0 IR T L9
VYD MoarVM Dy cur_op D% MV-
Muintl6 DR A & TH v A+ L, ZNHHETfE%
H719 %, break point ZHHF T2 4" 2 —(i%T
d curop 127 7€ AT 2HENPHRAE WS, A8 Y
J7VL—b%—Dup T ALENRD 5,

(gdb) b cbc_next

Breakpoint 2 at Ox7ffff7560288: file src/core
/cbc-interp.cbc, line 61.

(gdb) command 2

Type commands for breakpoint(s) 2, one per
line.

End with a line saying just "end".

>p CODES[*(MVMuint16 *)i->cur_op]

>p *(MVMuint16 *)i->cur_op

>c

>end

L

1

Code 9: CbCMoarVM IZ%f L T® break point i

dalmore gdb --args ../../MoarVM_Original/
MoarVM/moar --libpath=src/vm/moar/stage0
gen/moar/stagel/nqp

(gdb) b dummy

Function "dummy" not defined.

Make breakpoint pending on future shared
library load? (y or [nl]) y

Breakpoint 1 (dummy) pending.

(gdb) command 1

Type commands for breakpoint(s) 1, one per
line.

End with a line saying just "end".

>up

>p *(MVMuint16 *) (cur_op)

>c

>end

Code 10: F VY ¥ F LR MoarVM IZ X L T D break

point BiE

5.2 MoarVM DIEFIFT/INY JFik

L 2> L MoarVM 23379 2 ta B IR G B H
%, ZDk gdb TMoarVM % CbC &4V ¥ F )L
WCDMFN T3y 7% NEIDFEIRH ST 9 2 & I3
HThsb, Pl REDRAZ Y7 b EMWTHEIN
IZRENT L 720728, v 7R FET 21T script 2=~ F
ZRATLREEC gdb ZEIT 2, FL—ATIX
FAT L e B D ARG TEIUIR WA, Code,
10 T break point I command & L CTEE L T\
ZRRIC, BRE SNz curop DfEZEH T LT 2D
HDEEZHEANT 5,

EBICEfTLcn s - 774 Vv0—F%E2z2znF
1 Codell, 12 1278 T,

Breakpoint 1, dummy () at src/core/interp.c
146
46 T
#1 0x00007ffff75608fe in MVM_interp_run (tc=0
x604a20,
initial_invoke=0x7ffff76c7168 <
toplevel_initial_invoke>, invoke_data
=0x67££10)
at src/core/interp.c:119
119 goto NEXT;
$1 = 159




Breakpoint 1, dummy () at src/core/interp.c
146
46 }
#1 0x00007fff£f75689da in MVM_interp_run (tc=0
x604a20,
initial_invoke=0x7ffff76c7168 <
toplevel_initial_invoke>, invoke_data
=0x67££10)
at src/core/interp.c:1169
1169 goto NEXT;
$2 = 162

Code 11: A VY ¥ F VIR MoarVM D/NA F a—FdD b

L=

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

Code 12: CbCMoarVM DA Fa—FdD kL —2A

A P F IOV IR EBRICETT 2 ar Lt 7
NI N TL 9 Afliz 78y A LTl
HATER WD, CbC TR T 2HNHRETH
%. CbC &A1Y )LD CODES, LABEL DiFF
B L T340, v 7 OfirEiT ) BiEznz
NOTTZ M LiEWDSFAE L T 2 EPT 2 R
T3, INSIEscript a Y FBMER L7z 7%
TLIC R 2T 2R AT A2V 72 ABLA
B9 5. (Code 13)

131 : 131
139 : 139
140 : 140
144 : 144

558 : 558
391 : 391
749 : 749
53 : 53
*54 : 8

Code 13: A b a— FOESEAIDO—E 5
BOXELTOLEIBHERATELGE, 20
Hit% D CodeGear X UNT 4 A%y F-F47 12 break
point Z 2}, ZNEFNDEHDEH 2 KT 5.
F I chereturn FOMANETIN TV L5
\E, ZDHEETCTRFZY D Z % cbeinvoke At
DMAPIEEN TV EH, ZOFETH2L 6D
HORAEL TS ARERE L, £ TITRD
CodeGear 2T ABRIZ CbC a v 84 DN
PECTOHARESH 2%, T2V 77 LD
MARMERL DR T Ny DL LD,

5.3 MoarVM DT A MAE

MoarVM [ BUETHEITT 2 HBAAHETH 5.
FNQP DY RY FYICHBET %27 A M & ngp
TEIPNTWEE, NQP Z2E L FHEZVWES
MoarVM D7 A F 24T ) HBHR G, Z2 DA,
IEHICEIEL TV % MoarVM & NQP ZHE L,
= NQP fil5> & MoarVM ®34 k2 — Fiz NQP
DT A =2 5, I 7z MoarVM D3 A
I 2 — Fid Moar /NA F VIZHETHTEITARET
HY, TAFZITIHEBHEKS.

5.4 CbC AYINMTICLDINT

I ETO CbC BT BRI E VT, B
@D A 1% CodeGear 1252 %2 — A7 —AT
FIHL T, CbC av 4 SHFIZZNEFNH
HBLATAMAA = 2T 5HDD, MoarVM
DERERZ 70y 27 F® CodeGear % 2 ¥ /%
A NEFETT D5E, PG BHE L, F
IZ CodeGear D goto I2E T 3 tail call 7 7 7D
B2, DataGear & LTI L TV 2REEAR DL
DT FVADBAY v 7 R4 v F DL D LAk
TLEW, EHED C OB call L7cBice—70
VAR DFEIE A DataGear D7 F L A D fd% F
HALTLE). ZD% DataGear DRIERDEDS



F&#b D, C 25 DataGear IZ return L 721
DataGear DRGERBEEINE NI TH D,
DN TIEFTBONIN TNy 72T s 7a s
TLATVIRERDEE R L —RT5HRLE
THRTZZEPHRS, BURTIE CbC 2 v
473707 7vORBKERT 2BH%2ING 7=
CbC av A FDONTZEST 7077307
BERINT RS, KKa v 4 FMo N7 %0
Wz 7mr7 v 7277 IcE RkT 5%
WBEFE LS W0, fE> T CbC a2y 34 7HHDfE
FEZH LI €2 HEGSBROFEL > TV,

¥ 7 BENR clang LICHEEEL 72 CbC a v 34 5
Tl¥ CodeGear WD taill call FRED T 7 — 03
BELTLEIRBIV AT E2HBHRZ W, #
DABIENE gee BITHEEEL 72 cbe 2 V814 F %]
L gdb ZRHL 7Ny 7 %479,

6. CbCMoarVM DI ERS

MoarVM OfkZE R A7 ) 7" b FEBLER I
CbC %) L 72 BTE &£ TICHEDOHMDR & R
FHINT, RETIEE TR ZBRR, KICHE
BT CbC Z I L 7258 DR EICD W THE
95,

F V¥ F D MoarVM Tl firdr 2 — P g
LERTIE 7 LY 2 7 b L L IE switch SCTH
LINTw, ZORBFL C7 74 VITifmra—
FOFETOERPHFEL RIFIUE e o kwn, 5%
MoarVM IZH172 %34 b a— FPEAIN TS
HEEZ 5L interp.c WERICZ 28D H 5.
BESCA C D JLBL O He TR A3 2 SIS, switch
HIUZE DI T BB D BB D & BE R HS
WK w70, Ktk FEVD 0 2 ET VRS
LEtEZOND,

CbCMoarVM D54, CodeGear & L THA T
vy 7 %GR 5 24 Y ¥ LD MoarVM Dk
IZ swtich XD 71y 7 HicE BN 72 %,
ZOREPT 2maREa—FoEIL, €Y a—
WELT 2 HARETH 5. £ 7 CbC & goto LT
BT 5 MIERO C OB EFEUCKVE2T 3
HAHEETH B, €5 T CodeGear NI D ALEL %
M DE D ST 23S ATHE & 7 2 2 A E

b LT3,

ThrededCode % %229 2 54, BHMAT 4 A
Ry FOfERT L, EBRICHET I NS a2 KiE
WAL 2 1UE 7% 6 %, CbC 2w EED
B, e LIZ 772D CodeGear DEATH 5,
% D Fy CodeGear % ThrededCode (2 ¥ L 72 3ff
e L CGERT 2HENTE S ma UL g o
IE%#131Z¢ 9712 ThrededCode % FHL 9 % FH231]
HTH 5.

%7z CodeGear 1384 F a— FL )L EE UK
WTE %78, ThrededCode Z D b D % 478 L T
i bz 2 EPARETH S, Z4d CodeGear
DAL E LT CTE 2H2 5 DM TH 5.

MoarVM D34+ a—FA v 7V & OEfr I
AV FNDEETIET RN v v 7 & THE
WINTWD, ZDH, EH 7~V break point
20T B HEBMR R, EEFB TNy ADFEH
AATWE CY—RAa—FofE#iEREL, &S
%185 L C break point Z BE T 2 HE 1 H - 7z,

CbCMoarVM D54y, CodeGear BN T/NA b
a— FOEEN Z R L T\ 24, @i % L
[ U < [E# CodeGear 2 break point % 21} %
DHEETH L, I C TR T I v OB
NLTHOT Ny 7 ¢, PREEZ & 1T break point % 2»
EEPIHRSE L 2REKT S, EFED CFET
SR L 756 LB L TilveeT ]
BoTWBEFRS, IHICTRLT—7ILTD
BEOEA, RDO/NA b a— FEFTIEEMETL 2
MERTET, FBICE ZIREDDIE T NV T —
TNV & Bl % (S DI FVEE CHER T 2 T
Hotle. A7V T ERHDIENRMITHER S
BTNy B ECRERE LR wEAFR»2 5, CbC
ST CODES 7 — 7V NIZR D CodeGear D
HZHIDIA - T 5%, BfED & CodeGear D 44 Hi
TNy A L CHERR T 2k 5.

BITE MoarVM & LualJit[1] Z## L JIT a2 >3
ANZT>TWS, LuaJlT 20 D% CbC ITi#
BB DI TIEZR0DS, CbC D ABILIZ JIT &4
7a—FZ2EbE2HNTRTH S LHEHTE 5,

AR IZIA S b 2 2510F 47 0SS iz &
ZRHALCBHFET2DB3R 0, CbC Tz



F DEIBINEDMEN &) BURDSD B,

F 7, BiEF TSGR 78D CbC a2 v 34
7 WBIHEIER IS N 7 2 A SRR T WIREIC 2 -
TWw3, CbC 234 F1% gee & llvim/clang 129
ELTWwBE N7y 75— MNMIBERET 3
WERH L, LHrLav (4 7D2—=2 a Vb
U T CbC THHT S a4 FND APL 347
25603% , APLOEHR I BIEEX( R L%
T D H 5.

CbCMoarVM T IZ C 2 & CodeGear -\,
CodeGear 2> 5 C ~DEK & L3 B0 0 iR
INTWEY, 2o D CodeGear T tail
call DFRH2SIEH ICHEBITH 5. tail call D5l
WIEBIEUE RO E TP HI 8, A8 v 75DV 4
AR EZTIBEND 5, FEEDNT T
CodeGear N TOARE L R ¥ v 7 HfFan S % 58
PR L ENTwzw,

% 72 CodeGear 25 C I2@ 556, BREA Sk
BafTo BENH 5, C DR DEKRE T CodeGear
ZIFOH L T 23567 EBEIA S ki 2 A L 7
CTHRWT —RBHET 573, BEIZ C & CbC
ZITERT 2L EBPTIRIC R 2 ABEEILH 5.

7. Threaded Code

BTED MoarVM IZX Dtz /34 Fa—F» o
T A ANy FLIRER, 7RV Yy v 7Z2FH L
FATL T3, ZOUBTIET 4 A28y F O
IR P> TLE ). CbC & MoarVM 1T
AT 252 ET, N4 ba—FAlzZEZEY 7 L—
FUA—NDINEZHZTL £ ) HVARETH
%, Z4UZ CbC 3HEEAR 71y 7 DAL &G L
TW2ThHs, CbC TIEBET 4 A8y F%1T
9 CodeGear T % cbenext % FJH L T\ % 23,
Threaded Code % %24 512H 7% D, cbenext &
XD CodeGear ICIEHEZEL T 5 cbe_fixt_next DHE
2 FELTNS,

E-BFEIICBIE 8 N A Ml Z 1 fara— &
LT LT3, 2% 16 254 b7z EIChiR
L2 aZzFRclkis LH)ICEET2HLEED
Bt Tw3,

Perl5 12 8Tl perlee &9 €Y 2 — VD36

FINTW5S, T3 Perls TR L Tw 3
Perl N4 Fa2—F % Perl ® C API TH 3% XS =
O COY—R7 7 A NVICHIDIAAR, Z %
Cav A NTav 4L TEENIHLDTH S,
perlecc ZFI$ 2 Z &£ TPerl £ % 7V ¥ 3\
WL THAEST 2N F Y 7 7 ANV ZFRT 25
WHEETH S, Lo L perlec i& Perl A7) 7 b3
BHEC T2 213 EIEREIC CICBEZ 1T ) FoSHE S
BETIE Perl Da7EY 2 — 68 Tw
%, perlcc iZ Perl D/NA b a— F% C~NOEHD
AIFI A, C THEEINT WS Perl BHITHEITL
7 5E LB IZIZIEE D 5 %\, F 7 perlee
TEREIN CHY —Ra—FREETHD, 2
NxETNy 7T 500HWETHH S, MoarVM T
threaded code % EBUN K5 G, Z DD A
CbC 7u 77 LY HHTHENIRETH DL
perlcc LY — NV ZEK T2 2 EDHTARETH 5.
C L)L T perlec DERICHITREE Z C DBI%K
{t. 9 #41iE ThrededCode DR ¥ % Wi T E 3 23,
CbhC & i U T o BAL D3 ATE Tl 72 WA E
HALIX FA D v, CbC % V> 7z ThrededCode
T perlcc DY — NV Z{EH L 72854, CodeGear
D BN IEH IZHEAE 97411 CbC @ CodeGear 73
ThrededCode % X O &hE{LHIk 5 LHERITE 5.

CbC ® CodeGear i% goto XL TEST 5780, X
® CodeGear B—HICREL TV L HAC av
NAFHITA v 74 VIEFT 2 HDTAETH 5.,
CodeGear 2314 ¥ 74 VB I LB RAICDO VT
XHLEITZE T 2 B3 H %23, CbC ZFIH L 728
£ CodeGear Hifii TA ~ 7 4 VEBHIDTRETH 5.
% D7y, ThrededCode % FEET 2 & ICHE L 7
KD CodeGear %4 ¥ 74 VBT 2 HLTHET
H 2. fit>T ThreadeCode ZFHT 212 H 7 H HFi
T IR R Z AT 2 BB %, BEFEDOE R %
FIH L T ThreadeCode 23FEE R 5. 1%
DR THT perlec 22 £ E KL T X D E#EALL 7
ThrededCode 3B TE 3,

8. F&&

KX TIE CbC 12 & > T Perl DUHZRTH %
MoarVM A4 >~ % 7'V ¥ O—Ek R & Z DFiE%E R



L 7z. CbCMoarVM TixA4+ Y ¥+ )LD MoarVM
EHI L T T oA R R s .
o CodeGear B Ty UBLE % Soab 3 % o3 H]
BEL 2D, B a— ULHRE L oo 7=,

o ThreadeCode % FE¥E T 2 BRI ZIRIC FLEEDS
TE 2 RIABRDNLS Tz,

e CodeGear #E A L 7= fin S ¥ifr o fod s
TRE & 2o 7z,

o break point % iy DUUBLEN TH T % FHH3H]
HBE ko7

4% CbC TORIFEZ L DIESCfT> T IKH 7%
D, CbC av,34 72DbDODEFEM,ELZ A LI
LR 5, MoarVM DEIFEEITH 12 H 7 D #Hi
TSR RAINIEBONTZ#EIEL, X DLET
22088 T BRI REEIT.

WFE CbCMoarVM THEEENA Fa—F%2 AN
L7284 D ngp D7 A b JVM, JavaScript D7
A+ ZRBESHT0%SAT S, FRBMEOFRE
W7 EOffjHi 7 NQP oflEZER L, £V P F
VD NQP,MoarVM T/NA Fa—F{EL7bD%
AL EFICEFELTw5. Lo L NQP
DRI 7 ENVIZEELS 7Y =7 b DERIC—
KL TR AR L Tuiy, 5K 5108
HMEZBER NQP D& L7 L K, Perl6 OEifE%
fToTw{,

MoarVM TlZ GC 264 7Y 2 7 b ZB5F B 5
MVMROOT & w9 ~wZ7uzflfL, RFIEHD
RAVEIBRAY v 7ICERRT 2P E 75T 5,
GC DI % RFMNZAT Z LA L BT 72 LB
ThH D, Ef79 % & CodeGear DEMIENEZ D
NTLEIH. #-> T MoarVM D GC D il %
7.

¥ 72 EHE L & V) THITUE, Perl DRTH 2 1E
BIRBUCEH L, IEHRBLO RO A5 CH) < ik
FLDE AL EHRET LT3, iz rakudo @ 2
VA RS CbC D a— FEREHEERI Y,
ZN%E Nlvm TCa vy 84 L9352 LIZL>TLLVM
DIl 7 = — A2/ CTEBLT 5 2 L L HRET
HoEHHTE S,

Perl6 D BFEIZIEF ICTEFRIT DN TV S %
CbCMoarVM D i #FT R DEHE b FE & 72 > T

%, BE interp.c 225 Perl A7 Y 7'+ & v
HET CbC ® CodeGear ZEK L T35, S5HD
BHFEEIR DL R & 21T X h BhFIYIC CbC 2 — P
DO HBZE S EED C a2 — Pzt d 2RRICHF
ZfioTnl,
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