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Z L TAMZE TS 6 117z ChbC % S EEER I8 IS
L7EBAORE LRSI OwThRR, %0 EY
IZDOWTEHHT 5.

2. CbC

2.1 CbC OHIE

CbC I LSFRETHIEL i T u s v
BlThHD, CLRLTOTRT T IV I %ETH
LA, RKT 0 7T =T WA O IZ mal-
loc kEZfMHL7xEYD7R Ty —FPLT—
NYRY Y 7 8RBT 20ERH L. s
DA% meta computation & FES, Z415 meta
computation & DU E FEET 2 Z LTS
D JE KDY meta computation i & % 5 AL 12
HHOTHERENAREE S, L L CEilik
ExR MW7 1 7T 22 7T meta computation D
DHEEITEY LT3 L, 2T NEM BB 7
7 A%FEE LR S TES TR\, ChbC Tl
B9% & D meta computation Z 2> { Fal§ 2 Al
CodeGear &\ 9 Hifii 28 A L 7z, 7 CodeGear
DFEITICT T 7 — % % DataGear & \»9H 7T
ZF¥E Y. CbC Tid CodeGear, DataGear % JFEA
HfrE LTk 707737284 0%
5,

2.2 CodeGear & DataGear

CbC Tl C DRIF Db b I CodeGear ZE A
9 %. CodeGear I C DEEBES DA Db D
IZ_code EFELS ZETHFTEZ 5. _code i CbC
2284 5 DRI void & [ UHTH 525, CbC
7077 37 ClE CodeGear ThHh % FH% 787 ik
MFELTORKTHMAT %, CodeGear D%
Bl goto T X > CHtd 9 5.

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 127§ CbC @ 2 — F Tld main B%p &
cgl, cg2 1B L, ALMIC data DEDY 2 £ 425,
CodeGear D AT DZFIE LTI Z2FIHL
i19.

» % CodeGear D EITICHBE LR T — 4% %,
DataGear &WES, DataGear 1213 CodeGear TH#
TIN2EEREE L EDEHRZEL. Codel 12
ANIHITIE, CodeGear 122 514 datap 23, —7#
® DataGear £ 5 2 5,

2.3 BEEikE

CbC TIERD CodeGear IZFEITT 2, C D
goto XEFMT %, EH D C DEABIERH L i
B AT I RA VI RBREL u— A VER R &%
AYy JIHRET B, CbC DBERY v 77 L —
LEBEET, LAY OHEETEETZOF £
RD CodeGear IZE ST 2 HLTRETH 5. W
Secheme @ call/cc 7% £ DikHLIZBIHEDILIE S TD
BEREEEE LR L 2RECER T 5. WL
T CbC FBEE 2 R $ER T 5 2, Wi Offkfic &
gL TRETH L I EroBREMGETHL LS
Z %, CbC 3Rk 2T 2720128 L
NV TOD E DM RREN AR L Lo T3,

2.4 REDREK

CbhC FBETHEL C 284 5TH 3 gee K
llvm 23y 7 ¥ F & L7 clang Lo 2 D HE
WEPRHFET S, gee 13N— 3 9.0.0 12, clang 1&
7.0.0 IZAIEL T3,

2.5 CbC aAVINLSDINY

CbC a v 34 ZIFBELHFEHTH D KO D
NIPHERINTHWS, £7 CodeGear NTHF
L7 RIERD KA v 8 % KIBEBORI 7% i



PR L 72IRBET goto LTL £ 9 & tail call Fabifl
PN E %2, ZFRFOBBMENHLIZR -
TLE) A, BEENRHEEIZVHDD CbC L L
TOREELEbNTLE )., F£7, CbC OEE)
& LT CodeGear ~DEMRHZ X T EMHEZ 1T 5
B ATy VHEBROBIEZTONGZVIETTH 5.
L2 L, BRIZEEFNIC CodeGear D7 KL A % AR,
AL, BEIcERERREEZ TR ET5E, A8y
7 IO EAEDNEE OBBOF O L DfkicfTb
TLE.

2.6 CbC & C OEHMH

CbC av R4 J1Favy LN RDY — X a—
F23CbC THE»EIZHWTE., ZDERIC
CodeGear ZFIHl L TR WHAEITWBE D C 7
ur7 5L L CEHET S, ZOLSHIMEET %
MoarVM D EVL FIZEWTH CbC THEHZ 7
V—Aa2—F2H % MoarVM &, FZEMA T\ 7%
WA P F LD MoarVM O 2 i % [Al—d CbC
AVNRAFTTENRFTE2HMTRETH 5.

¥ C»56 CbC ~NDEBIKIC, FXCD
BIBICIR 2 LK) IcHEL v Earnd 5, 2
DB IIBREEN & goto EMEIENZ FHEE2ING .
Z 1113 _CbC_return & O'_CbC_environment & \»
IEREWET . I OEHIZ_CobCreturn 37T
DEBIICE 2 BICFIH T % CodeGear Z 15 L,
_CbC_environment (& fIFRHICRE T ILDOBREEITH
5. BT 5846, O L 20 E i3s3, W
CH L 7B DT § 2 hE ISk 5.

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

}

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

}

int main(){
int test;
test = c_func();
printf ("/d\n",test);

return O;

Code 2: IREIfF EHkcoHl

Code2 2R THITIX c_func 7> & BiBEA E ki T cg
IZHEBE L T 5, JlH cfunc DR D fElZ-1 TH 3
D, cg B> 6 BREAT Z M#5E T main I2)7 % 2512 cg D
SIEIND 1D test DIEE D,

2.7 EENEBRICEITS CbC DIHH
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3. Perl6 OE
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SIEN BRI O W TR T 3.

3.1 Perl6 QB8
Perl6 1% 2002 412 LarryWall 2% Perl % B 12
Sig e LCiEr2PlR L7z, Perls O FER 2R
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EERET & FEEDF—CTH D, Larry 512 k> TH»
N7z CHEEDAKRIZ 57, Perl6 &GN & Dy
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Perl6 13 = 351 R OV EZEE 23 Perl5 & KiEIC
o TBY, SiENARHHESHFEL 2V, fEo
THHETIE Perl6 & Perl5 3B S35 L LT DORH%
Fieticiz o T\ %, Perl6 IZBIER R TH
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3.2 Pugs
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D, HEHEIN TV,

3.3 Parrot
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Stage0 I2H B 7 7 A V% MoarVM 12525 Z &
T, NQP DA ¥ 7V I BEFINBRITZR - TV
%, Zti Stage0 D—#D 7 7 £ )Lk, MoarVM
DNA P a—FrETHRBI NS NQP 234
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TUVFIERVZENLVEBET TS E, ngp &9
INVAZY T PELTREINS, Zov e
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MoarVM D FEf7/N4 ) TH % moar % iLHT %
bDTH 5.

Stage?

Stage0 Stage1

X 2: NQP ODE)L R 71—

NQP DEL K70 —%[K 21057, FZHIC Perl6
DUFLRTH 5 perl6 & 2§ 7201214 self build
L7ZNQP 2 R4 I8 L5, ZDHKIC
Stage0 ZFH L T Stagel ZE L FL NQP a3
A 7 %ERT 5. Stagel ZHENZEZEITHD,
BRI N/ NQP 7 7 4 )ViX Stage2 E[H—TH 5
23, MoarVM D/ 3A |+ a— R348 7% %, Perl6 Tl
SERREINT a4 VR FEFT LT NQP 23R
XN DA, Stagel ZFHLTH I —EE I FELT
W Stage2 Z{ERT 5.

Perl6 D7 A F A A — F T®H % Roast[10] ¥ F
XXV PR EICL > THEDPEE > T3 Perl6

) NQP HEHOGHISHR O EHICI R S
FREEDIRE > L ARINTV S, BIEDOAR
EINTWENQP DARa—FIZNQP DY R b
Y B ICEERINT 03 DTH .

3.6 Rakudo Perl6

Rakudo 9% FIZ2E 1} % Perl6 1& Rakudo Perl6
EMEEN TV Git VARY M) CHEBEINTWVS
TR 7LD ETHD, HiEhL 7@ D Rakudo

Perl6 1% Perl6 D4 7% v b TH % NQP %\
R EN T3, HoT yace ¥ lex £ 557 Perls
DSCFHENT, ESURHTICHIH L Tl 7’a 75 L
AT, NQP I CHCER R E2IT>o T3,
NQP & NQP HE& T Bootstrapping ST\ %4,
Rakudo Perl6 @ build FfiZ 1 NQP DFEITEE &
LCHE L7 VM, 21232 C build L 72 NQP
MENZTNMEL D,

3.7 IRTED Perl6

Perl6 O Faffltk [5] & Z DR TOFEERDLZ
FLHEAREF 2 AV b 6] BOHELTV S,
KIEFEBEARIZ AR SBOMEARE TH - 7203, Bl
TElET AP AL — b TH % Roast[10] ZDb D &
ERMINT0D, BIED Perlé DA E G S &
Roast ZHiEi2 L, BIfE Rakudo LIcSEEIN TV 3
FeREx2 A2 G0 AKX PX 2 x v M 2IERT 20
BdH 5,

3.8 SLEEE

BUED Perl6 23> 70 75 2 v 753 & HE
LEBEED L) B TEO2EHHIL 72, ma-
cOS D /var/log/system.log 7 7 A V> & IERFRH
TR IO TR T T LHEEAA B I
KA LT 02b0THS, SRIE7 74 V%
231K & 3GB O “fiBHE L, EotkkEwish
2 DDME L 7z,

HIE L 72BRBEIE R D) 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
B U782 TR T, HEEE oA

BThs,
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
SIS R D 5 7 7 A VT A XDV S WS




MoarVM X O JVM (234 72 Perl6 2MEHE TH %
M, 7 7 AN A ZBKRE LA Java D JIT 5
B < 72® MoarVM & O &z E T 5 EHEHITC
Z 5,

4. CbC lc &k MoarVM

ZDOETIFRRZ1T > 72 Perl6 WHFETH 3
MoarVM 122D W TibR %, SEHHKR =17 - 7
MoarVM 1% 2018.04.01 T&H b, FIA L 72 NQP &
2018.04-3-g45ab6e3 N\— a ¥ TH 5.,

4.1 H#

MoarVM Z Db D% CbC THEWZ L L D
272 6N %P MoarVM HIREICE K 7 vy =
JETCHIETRCEEEMMZ 2HIZWHETDH 5.
ZDFRETIEN CbC TEEMWZ 5 2 EVBES
BEEZBIET 2. WiEE TICBXRZEDH CbC
D CodeGear lFa v 34 FDFART O v 71284
T3, f€>T MoarVM IZ B 3 HAR Ty 7D
&7 % CodeGear 5 EHa2 2 HOUHETH 5.
MoarVM IZE I} 2R 7Tay 7134 v 7)) 93
FITTBE N, ba—F T EDUMMICEYST 3,

4.2 MoarVM QN FA—KDF 1 RNy F

MoarVM D84 + a3 —FA v ¥ 7°Y ¥ 14 sre/-
core/interp.c TERINT W3, T DOH D
MVM_interp_run Ty ICE U 7L % RITT 5,
BB N TIE R BT BRES LT S cur_op, B
ERDM %I LAY op, Thread DEIEDMRAE X
L C\» % Threadcontext 7 & DA% FH T 3,
MEETIIRE S ZHBEOEERH D, C D goto
DHHTE 25613 Coded 1279 MVM_CGOTO
777D IRVERENHT S, 2nbisto
B ER 7 case L& LT 2 AT 5.

7 RNVESZHMT 28561 Code3 12T F
~N)LF—7 W LABELS IC7 7R AL, 7 —7IC
BRINTVLE7RFLAZIEL, 717 NEXT
TEB®T %, Codeb 2R T noop Xl b€ TRD
MBI 5%, goto NEXT; D AZBE N T
W3,

ZDINNT =7 NVDHEIE T XD

727 FLVATH 270, FFICTHEIEN T 564
a— FOLRNE TNy L)L TIIRERTE o,
CLNLTOFNy FHICIE 7 B LA & FERRICE
BN BE 2R T 2 HICTFRZ»H» 5, BERA
case X & L CTEITI NG5S, FATRHEINE NS
TR, TRVER IR TR E T Tw 3
BCHY—2a—FRIcBIF3AEHELETT 3.

static const void * const LABELS[] = {
&&0P_no_op,
&&0P_const_i8,
&&0P_const_i16,
&&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,
&&0P_extend_i16,

Code 3: T)LT—7LD—E5

#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 D7 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
cur_op, 0).0;
if (REPR(sc)->ID !=
MVM_REPR_ID_SCRef)
MVM_exception_throw_adhoc(

= GET_REG(

tc, "Cangonly pushgan,
SCRef_with_ pushcompsc")
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: AV Y F LR MoarVM DA F a2 — FF 4

ANy F

interp.c TIEIMHI—FDT 4 A8y FlE< 7
v ZMH L7 curoop DEFE KL 7 XV DEHK, b

L { 1= 7 1 DISPATCH 23 EBH ¥ % switch X T

fThbhTwi,
ST 2L,

Z DF MoarVM N D14 2 — R
MET 4 A8y FREPNLTVLS

CY—A77A4ND, FEDEHDOAICEIBE

2BV, 20 a—FOEY 2 =Lk
EXMTZT,1 7 7 A NAD OFLREIEKICR -
TLEI). F7 Y%7 L < IE switch X
CIEBISNTLES B, MO CY—27 74 A
5 OB O, ChbCMoarVM Tl
COMEERRT 57012, ZNZFNDamAITR
5§ % CodeGear % 1ERK L, £ CodeGear D Hij
ZPEFEE L THD CbC D CodeGear DT — 7L
VR L7z, T® CodeGear DT —7 N %ZRT
% CodeGear 1% cbenext THH, ZDthop<rn
NEXT |3 interp.c D=7 2 NEXT % CbC HIcH
EELEZDBDTH B,

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

#define DISPATCH(op) {goto (CODES[opl)(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 D NA Fa—FF 4 A8y F

4.3 WMEEITED CodeGear NDZEHE

7RV T — 7R case XD switch A D4
FEATE T % CbC 1AL L, CodeGear DERZ L L
THIHT 3. interp.c 1Z Codeb IZART AY A LT
ABI N T3,

OP(.*) @ X¥IZ#M§ 2 EfTE N4 Fa—Fof
HiCThs. WHEID7 By 712 LABEL 7 6 &
%9 2%, N4 b a— Fo4#E LABELS Ot
FIDBWFIEMINT VLS, ZORONRELS
CodeGear % LABELS Dilfi tF & it X &, Code?

12779 CodeGear DILY] CODES & L TEIET I
1¥ CodeGear DAHTFH 2\, SHIIE CodeGear
THDHIREERTRICEEFLE L Tcbe 22 5.

_code (* CODES[]) (INTERP) = {
cbc_no_op,

cbc_const_i8,
cbc_const_il6,
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 DORETUHE T MoarVM DL Y A Y TH %
reg_base 55 cur_op % EDEHEFHL T»
223, 206 i MVM_interp_run N & — A V28
BELTHMLTwS, 70 ZHMALTwS A
VYR TIEFA—BEBNTH 27D T 7 & AT



HETH % D3, CodeGear M DBE) T & LI T
%5 CbC TET7I7RATERY, ZOR/A VYT
Y & DIER %z HH L 7SR inter ZEFEL, 2D
Mg~ D R A > ¥ Tdh 5 INTERP OZH i %
CodeGear D A1 E LTE %%, CodeGear N T
I INTERP 2322 T vy 7TV D%
EHRICT 72 A9 %, CodeGear HDEH T
LY 2 DIEDOFAEE T b s, A5z
HoTLPRI2 vy BV IV REHTESL, 205
INTERP O X v )NTdH 5 MoarVM DL ¥ A ¥ %
DLDET—FTI7F¥vDLYRY LIRS 25
DHRETH 5.

MAFEITHD CodeGear DEM %X 3 12T,
ZOHTERTHLNT WL BEHSIE CbC D goto
XCER L, WRROEATIZE R O C DRI H
LEZ>Tn3,

BITED CbCMoarVM IFR Dt v F DT 4 A
2Ry F% cbemext DT> T 5%, Z D% cbenext
D6 M a— FIZIE T % CodeGear 12 fik#E L,
CodeGear 7> 5 cbenext IZHEFE S 294 7 V535
KON TH %, CodeGear W26 C DEIEILRT
2 QRN TH B 728, C DEYEZ FIH T
DAPIFETER TR T 2 HNTE L, T AW
R switch XTH 5 728, break €3 KD case
WKBAT L7258 d % & 9 128ld CodeGear
WZHESE L, Z D% cbenext ICHERET 289 — v %
FIET 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(1i);
}
__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, "Can
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 F a— FIZWET %

CodeGear

other cbc
code gear

~
~

~
other C function
P d

¥ 3: CbC IZBF S MoarVM XA Fa—FA vy 7y ¥
N DIREER

code gear

NA P a—FOBIZERTH 5%, §XT%
FEETEMTZIERIEET L R, A%k
Tl PerlScript % i \» T interp.c #* 5 CbC @
CodeGear Z HEIZAEK T2 A7V 7 M ZIERK L
7. ZDAZ YT TR TOBIETE % 947
5.
o OP(.*) D.*if4r % CodeGear D4HI & L T,
FEUHIZ che_ 2D 7 L CRET 5.,

o cur.op % EREER INTER @ X ¥ NEHUL R
AVF i T 5 L) IBIET S

e GCHEDH~ 71 MVMROOT % ffivJ5
FiEBDRA &% 25y 7 ICEGEFN, B



T4 % static b9 %

o KB goto NEXT % goto cbe_next (i) IZfEIE
T2

o case LT D case XUTHED TV BT, case
UK T % CodeGear 123 S HRIC goto
XEMTMA %

52 Code8 Tl cbe_const_i8 7 £ 4% case XD
T D case i3 123% 24T % cbe_const_i64 (2 &% T
LZRRICEI N TS, %7 cbe_pushcompse T
1&d MVMROOT IZJRjfi&# sc 2L TW55, 2
N % static CHEE LIEL T3,

BIE CbC TRl X 4172 OS TH % GearsOS 12
1% Interface SEAZ N T\ %, 23U Java D in-
terface, Haskell DFI 7 7 2123549 22 TH D,
R D CodeGear IZ Interface FEH THERE 3 2 FHH3H]
HETdH 5. Interface IZFHLED CbCMoarVM D ¥
AT H VT W22, 5% ThreadedCode D5
RRITHIICHYaa— T 4 A8y FHEiATIC
BAZBR LTV,

5. MoarVM OFI\y 5

MoarVM HED 73y 7'1d MoarVM DV R
FUWKKT AR a— R L TR 0ARETIE
FITATEETH %, £/, CbC 2 AT SiENHE
FOBRREIT - BRICSBEUHRD TNy 7%
TIHEE, CbC ZH VWA ) P F )LD R
EDWHNI TNy THBNFEE 72 %, MoarVM H1E
ICIE TNy 2% KIBT 2 — VOEE L %50 T,
MoarVM HIED 73y 77515, CbC % v 7L
R & DTNy Zlcon Tl o FiE%2 A

T RENH B, AL TIZ MoarVM DF /3y &7

BT C TNy HTOMHKEE MoarVM @ 7
A FHBEIZOWTHRT,

5.1 MoarVM QA hA—KDF Ny
MoarVM DT84 Y T&H % moar 1% L T,
MoarVM D34 + 2 — F% dump 4 7> a2 v %1}
FCHEARAFER D L, N4 b a—FH MoarVM IZ
a7y 7Va—-rFELTHAINS, LHL
ZUI MoarVM 28FfT L 7eNf ha—Fo F L —
ATlE 7 <, MoarVM D NA b a— F&ZHL 72

HDIBE R\, Fz, Ho IR 2288 %2R
TH Y P F LD MoarVM &, CbC TH EHaZ 72
CbCMoarVM i3 @ moar Z FFH L T A UHEE
ME->TETLE ). ZD7DH5ED MoarVM D
NAL ba—=FA vy FVIDREDT Ny JIiE
CORFBIEHEI v, -5 TEBICET L 2mh
EHERE TSI gdb % 8D C TNy AEFHL T
MoarVM Z[H#; b L — 29 2 06503% 5.

CbC flix Code9 127~ T HEIZ cbenext I break
point ZRET 5. VYT FAMlIFROLF Ra—F
DFRED 7RI I —DBBZFOHT X 9 I
BIEL, % 21 break point Z#E T 5. CbC ]
Tl¥ CodeGear DH4HT%Z T /Ny A L CIEEHERET
205, 4 Y FIViRIE LABLE OEFIDT A F
POHDTEDARI—FIZHIGLTW i1z T
Ny DN TR DEDNH 5.

T RMWERT B 7201213 Codel0 2R T X I I
F VY F D MoarVM D& cur_op Dz MV-
Muint16 DR A ¥ ¥ T¥ ¥ A b L, TNHETEZE
H19 %, break point ZHNF T3 ¥ —BI¥T
X curop IC7 7€ AT 2HENPHRE WS, A8 v
77V —=b%—Dup T ELENRH S,

(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

)

%
&t

Code 9: CbCMoarVM IZXfL T®D break point

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

(gdb) b dummy

Function "dummy" not defined.

Make breakpoint pending on future shared
library load? (y or [n]) 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: A Y ¥ F ILAR MoarVM IZXf L T D break

point XAE

5.2 MoarVM QitFIF/\y JFiE

L 2> L MoarVM 2 EFT T 2 B3R s
b2, ZDlegdb i EDC TNy HT, FYVTF
VD MoarVM &, —#% CbC Tidib L 72 CbC-
MoarVM DT 73y 7% FEIc&ETTI 2 &Ik
WETH 2, Perl mEDAZ Y 7 b & FWTHE
TNZRNT L 72\ 7@, v 7 %2541 script 22~
F#%(TLIRRET gdb 2 ET 5, FL—AT
IFFEAT L 72 B4 D AHUS T E UL R 2, Code9,
10 T break point IZ command & L TEE L T
LHRIC, REZI N curop DIEZEH I LT 5D
HADENEEZEANT 5,

EBRICETLAw S - 774 Vvo—Fz 2z
1 Codell, 12 127”7,

Breakpoint 1, dummy () at src/core/interp.c
146
46 }
#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 0x00007ffff75689da 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

L

1

Code 11: A VY ¥ F LI MoarVM D34 F 2 —F D k

L—=A

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

61 goto NEXT(i);

$1 = (void () (INTERP)) Ox7ffff7566f53 <
cbc_takeclosure>

$2 = 162

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

61 goto NEXT(i);

$3 = (void (%) (INTERP)) Ox7ffff7565£86 <
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 D/NA Fa—FdD FL —2A

Z )Y F IV BT FEIT T 2 ar Ul 7
RV I N T L £ ) Bz 78y A BTl
HATERGY, CbC TR AT 2 HNEETH
%. CbC &4V ¥ F )LD CODES, LABEL DI
ERHG LT 224, v 7Ol %217 9 Bz nz
NOTT %A L2374 L T 2 ET % BRER
T5%., Zoldscript 2w Y FBER L 72w 7%
TSR 2 AR T2 A7) 7R AELA
#td%. (Code 13)

131 : 131
139 : 139
140 : 140
144 : 144
558 : 558
391 : 391
749 : 749
53 : 53

*54 : 8

Code 13: N4 b a— FOESHRAMD L

HEOPELTORHEBERTE LA, 20

Hit% D CodeGear KUNT 4 A8y F{ 4512 break



point Z5F, ZNZHOEHDEE % KT 5.
FUT cbereturn RO ENETIN TV 2 5H
1%, ZOEETHAZY D2 % cbe_invoke Rt
DEWFADBIEIENT VB, ZORATA»L 5D
BOPFHEEL T3 ARESEV, FAFITRD
CodeGear 1B T BRI CbC a v 34 T DN
PELC TR H 2%, 72y 77 LD
MREMERL BB TNy 7 2iEd sl L ks,

5.3 MoarVM DT A NAE

MoarVM |F A THITT 2 HNAATRETH 5.
F7NQP DV RY b VIZHNEET %57 2 i3 NQP
TEIPNTV S, §E->TNQP #RATHEZ:, NQP
DENLTENLFRICERINLES 2 VAT YT
F ngp BBETH S, 2D, PV A7 YT b
nqp % EEHR WIS, MoarVM D 7 A F 21T
I kR, CbCMoarVM (& NQP D)L 7
EOL FOSBRG pU TR R e W iy, B Tl T
A N IEFTHFRZ, L L, MoarVM DX A F
Y moar (& MoarVM D 8A | a— FZ&§iAdtr 2
EIINQP 22NV 7ENLF LA ELTHETH S,

Z 0%, IERICEIEL TV % MoarVM D3 A F
Y moar & ngp ZFHEL, Z® nqp A5 MoarVM
DXL Fa—FIZNQP Tt I N7z 7 A+ %24
a3 %, BHaIN7z MoarVM D34 k a— KRN
A Y moar IZHETHTHEITARETH D, TA %
19 hEHk 2,

5.4 CbC aAVIRLFIL&BINY

ZNETO CbC ICBIT 2HFZEIC B VTR, K
B A 1% CodeGear 1252 % 12— — AT
FIF L CTw7, CbC a v 84 S HHFIZZnZhA
BL7TAMAAL = 2E{LT2HDD, MoarVM
DB ERZ 7Y =7 D CodeGear % 2 > /%
A NEFETT D850, THISONIHEL, &
IZ CodeGear [ED goto IZE 1T 3 tail call 7 7 7' D
k%%, DataGear & L CJE L T\ ZHEERDZEEL
DT FVADBAY v 7 R4 VI DEL D ALK
TLEW, BHED C OB call L7BEIcr—7
VAR DA DataGear D7 F'L A D 0% F
FALTLZE). ZD% DataGear DIEER DAL

EFEXHD D, C 25 DataGear I return L 72FRIC
DataGear DREEEHEDPEHEI N L NI TH D, T
DANTWEHBRDOMHN T Ny F2fT0kdns Fuy
TLATVIRERDEE R L —RT5HLE
THRET LI EPHERS, BRTIE CbC a v
A7 70rI7vORBKERT 228 ZINE -0
CbC a vy A FDONTZEST 27075307
DERINT w3, ARKav g Ffllo N7z
i p Y= B AN v = B A A d e > S b eg
FEFE LS R, fE5 T ChC a v 34 HEORE
FEZR LI E2HLSBROHFEL B> TS,

¥ 7Bt clang BICFEEEL 72 CbC a v 84 5
Tl¥ CodeGear WERD taill call BrED T 7 —23%
BELTLEI BRIV A NT 2HIHRR O, 2
DEBITET gee BIZHEE L 72 cbe a v 84 7 %A
JHL gdb ZFHAL 7Ny 7%479,

6. CbCMoarVM DFFEERE

MoarVM Ok ERAR A 7 ) 7' b S RELHERIC
CbC % i#)is L 7 FBTE £ TICHEE DM & RED
FRINT, RETE T THEZ BN, RICHE
B¥To CbC Zi#IG L 72558 DRI D W TEE
T35,

Z) P F LD MoarVM Tl firr 2 — Pk
BLEEHTE 7 VY v 7 B L S switch XTH
WINTWi, Z2OHEL C7 74 Vi@ a—
FOFETOERPFEL RIFUL e 5w, 5
MoarVM #7272 34 + a— FHPEAI N TS
HEFZZ D5 E interp.c WERIZR 2 TREEDH 5,
BN O LB He TR 80 3 1 I 2, switch
T EL N T B LB O BB D S RS
kw7, KRt FEVD 0 2 E BT ET
LEEZOND,

CbCMoarVM D4y, CodeGear & L THA T
a7 &GRSR 2 %4 ) ¥ LD MoarVM Dk
IZ swtich XD 71 v 7 HucE S pEM DL 225,
ZORBERT 2w REa—FaEIL, €Y a2 —
NWALT 2 HDARETH 5. F 72 CbC & goto LT
BT 3 PAMIER O C DB ER UK V%2 T 3
HOAHETH 5. fiE> T CodeGear WD AL %
MOEFTH &S 23 Al6E & 7 2 R iR HTE



b LT3,

ThrededCode % %4 2854, WM MmAT 4 A
2%y FORERT L FEBRICET I NS MLl % KIE
WEEL 2 FUEs o, CbC ZHWAERED
BE, LB IX 777D CodeGear DEAETH 5,
% D% CodeGear % ThrededCode 12 X)L 72 3lff
e L CGERT 2HENTE MU T DB
1IE%# 13134 312 ThrededCode % EHL T % FH231]
HTH 5,

¥ 7z CodeGear 1384 + a— F L~V E R UK
WTE %728, ThrededCode Z D b D% 77 L T
it a0 2HESARETH 5. Z4d CodeGear
DBIBEL E LTt CE 20 S5 DHETH B,

MoarVM O/NA k a—FA ¥ % 7Y & OfEfr i
FVCFNDEETIIIRLVS v v TEHOTHE
WINTWD, 20K, EH T )L break point
20T BHEBHR R, EEFT Ny DA
AATWE CY—Za— FoMBEZIERL, T&E
Z 8% L T break point ZRE T 2 MEDH - 7z,

CbCMoarVM D¢, CodeGear B, T/NA |
I — FOMEEA Z 508 L T2 4, B ORI% L
A U < 168 CodeGear I break point % 2>} 5 H
WHRETH S, ZNFE C T ur o3 v 7o
NLTDOT Ny 7 ¢, IREEZ & 1T break point % %>
FEHEBHRS L REKT S, EED CFRET
BB R 2 I L 50 L L Tilvee T ]
%BoTw5EFR5, IHICTRNVLT—=TNLTD
BEOBE, RDONNA b a— FEFTIZEIETL 2
MERTE T, EEEICE ZITREDDIE T LT —
7 VN E B & S DT CER§ 2 33
Hot. A7V T REERHOIZNRMITHEE S
WT Ny A BTG L RwaEFR2»9 %, CbC
FAE Tl CODES 57— 7V NIZK D CodeGear D
HHTDA S TV B %, HfEih 5 CodeGear D 44Tl
TNy A ECHERT 2 HEBHIR S,

BAfE MoarVM 1% LuaJit[1] Z## L JIT 2 %
ANEFT>TWS, LuallT 2D b D% ChC (i
I L DI TIEZRWLDS, CbC D ABLIZ JIT
7oa—Fzab¥ 2HNARETH 2 LHEHITE 5,

AR IZ)A S b 2 21235472 0SS 72 &
ZHM L CHIFET 2DBR VD, CbC 7rY =7

F DIBRMEEDMEN &) BUIRDSD B,

¥ 7, B E TICBEER R 7@ D CbC a v o34
7 WBIHEIER IS N 7 2 A SRR T WLIREIC 2 -
TWw3, CbC a4 F1d gee & llvim/clang 125
LLTVEE N7y 77— MOBHRET 3
WD L, L Lavf 70— a VI
UC CbC THHT 2 a2 834 FIND APL 2357z
2540% <, APIOEBRIZME ) BIEE¥ER &%
179 D H 5.

CbCMoarVM T & C % 5 CodeGear N,
CodeGear 7> 5 C ~D#EM & &3 a0 &
INTV252, ZDUIHP D CodeGear T tail
call DIRHIIFEF ICHEBITH 5. tail call D]
W IZBIE RO E TR 8, A8 v 75 DY A
AMEEREZTIDENDH S, FHEDNTTIX
CodeGear Wi COARHE R R ¥ v 7 B a % 58
IR L g,

% 72 CodeGear 75 C 127 556, BRIEA Sk
BeafTo) BENH 5, C DR DAKRET CodeGear
ZIFOH LT 2567 EREEA Skl 2 (I L 7%
CTHRWT —RIZHIET 523, JHEIC C & CbC
ZITERT 2L ATBRTIRICE 2 RIEIRH 5.

7. Threaded Code

BTED MoarVM IZ R D2 /34 Fa—Fh o
T ARy FLIRER, TV vy 72 R L
FITL T3, ZOUETIRT 4+ 28y F O
IZaR 2> TLES. CbC % MoarVM I
AT S ZET, N4 Fa—FAZEZY 7 L—
FUaA—VDOINEZHZTL £ ) HLUARETH
%. iU CbC MR 7 1y 7 OHAL ERIE L
TWw3ThHs, CbC TIEBIUET 4 A8y F%1T
9 CodeGear T& % cbhenext ZF]FH L T3 53,
Threaded Code #9544 212H 72 D, cbenext &
KD CodeGear ICHEZE T 5 cbe_fixt_next DHE
ErFPEL T35,

FIBBENICHE S N1 MR 1@ a—FE
LTHALTWSE, 2’ 16 54 b7 Sl
L2maaFRFICRZ 2 L) ICHET2HALED
Bt Tz,

Perl5 128\ Tl perlec &\ 9 EY 2 — L o3E



FINTWD, T Perls TR L Tw3
Perl N4 b 2—F% Perl ® C API TH 2% XS &
ORI CDY—A7 7 A INVICHIDIAR, 2%
Cav AN Tav 3t LTrL0n)IbDTH5.
perlec ZFIH$ 2 Z & T Perl £ % 7V ¥ 23w
RWTHAEITE 4 FY 7 7 A VEERT 2%
WHEETH 5. Lo L perlec id Perl 227 ) 753
BMEIT 72 513 EIEREIC C 1o Z 1T ) A5k,
BIECTIE Perl D a7 EY 2 — A6/ TWw
%, perlce i Perl D84 b a—F% C ~DEHD
AT M, C THEEIN TS Perl HITHEITL
TG AR IXIZIEE D 5 4\, F 7 perlee
THRINECOY —Ra—FiR#RETHy, 2
nNxETNy 7 T5008WETHH S, MoarVM T
threaded code Z HEHI K/ G H, Z DEATD A
CbC7ur 7L LYY HTHENIIETH DL
perlcc EBI72Y —VE{EK T2 Z L HARETH 5.
C LRV TH perlecc DERICHERREEZ C DA%
{t: 9 41Z ThrededCode DY % W TE % 23,
CbC & Ml U T @ AL DS HIE TIE 22 W AR
LI A D v, CbC % H Va7 ThrededCode
T perlcc DY — IV ZA{EH L 72856, CodeGear
DB DIIEH IS HERE 97411 CbC @ CodeGear %3
ThrededCode % & h (LR 2 LHEHITE 5.

CbC @ CodeGear (% goto XL TEBEMST 5720, X
® CodeGear B—EIZREL TWEHHC a v
NRAFHTA v 74 VIEFT 2HPABETH 5.
CodeGear 234 v 74 VIEBE I N B RAICO VT
WXHEIIZE T 2 6523 % 23, CbC ZHH L 725
& CodeGear B TA » 54 VIEBDHEETH 3.
% D7y, ThrededCode % FEE$ 2 GEICHRE L %
RD CodeGear & A ~ 7 4 VIEHT 2 HLTHET
» 5. $it> T ThreadedCode ZFEHT 212H 7 b
W7o R 2 A% T 2 2 (, BEEDOEIR
%ZFIF L C ThreadedCode P EHHFK 2, %z
MEDIRTHETperlec 2 £ E B LT X b Endb L
7z ThrededCode WEHTE 3,

8. F&&

R TlE CbC 12 & > T Perlé DUBZRTH 5
MoarVM A » % 7'V ¥ O—Hk K & Z D Fk%E R

L 7z. CbCMoarVM T4 Y ¥+ )LD MoarVM
EHE U TUA T OB E D & 7,
o CodeGear B Ty F AL % Gk 3 % SHH3H]
BEERYD, BV 2 —ALDTHRE & o 7.
e ThreadedCode % FE¥ 7 % BRI =R IC 3
WTE B HIARDIL -T2,
o CodeGear ZE A L 7= fir 5 WAL C OB
TRE L 2o 7z,
e break point % iy DABLEN: TH T % D3]
BE &m0z,

5% CbC TORFEZ L DR AT> T Ich
D,CbC av 4 72Z2DbDDEFEELR LI
20BN D 5. MoarVM DBHFEZAT I 1ICH 72 D ¥
FICHRINTEBONTEZBIEL, XV EET
22088 T B RICHREIT.

BI#E CbCMoarVM THEZENA Fa—F%2 AJ)
L7543 NQP @7 A b ik JVM, JavaScript @
TARZERS BTN SSAT S, FRBHEOERE
LR EofiiE s NQP OflEEER L, 4V
F LD NQP,MoarVM T84 Fa—F{LL b oD
AT IERICEEL T3, L L NQP
DENLTZENFRBELS 7Y 27 b OERIC—E
KL TV EBRIL Tuiwy, S8I3E 6108
MEZBIER NQP D& )L 7 EL K, Perl6 OBi{E%
froTwy,

MoarVM TiZ GC 2264 7Y = 7 F #5F 3 5412
MVMROOT w9 =ZuzflH L, BFZEHD
A VI RAY Y 78T DM ZT>TW0 5,
GC Dl % NI AT Z XA L AT 2 s
THhD, EfTT 3 & CodeGear DB D E LD
NTLEIH. #->T MoarVM D GC D il %
7.

F 7o L &V ) ETUE, Perl DRETH % 1E
HRBNE B U, IERLRB ORI 253l < i
FLDOEAZ EBHET LT3, il rakudo d 2
VSA T HRHHS CbC D a— FEREHER I ¥,
ZNZ llvm TCa vy 4 V352 LIk >TLLVM
Dl 7 = — AR/ THEBLT 5 2 L L ARET
H5LEHNTE S,

Perl6 D RFEIEIEF ICTEFE 1T LI T W0 5 %,
CbCMoarVM D iHTR DEHE S 3E & 72 > T
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HEHT CbC ® CodeGear ZEK L T35, SHD
BHF IR OILK & 212 X D ZFINIZ CbC 22— P
DOHEHBEW L EE D C 2 — FIZInd 2k Icbig
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