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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) ;
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_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;

}
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3.3 MoarVM

MoarVM & 1% Rakudo THRICBHFEDED 54T
W% VM TH 5. Perl6 KO NQP O HFHUBLE
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MoarVM D NA Fa— A ¥ & 7Y 1% sre/-
core/interp.c TERI N TV 5, ZOH DK
MVM_interp_run CAyRICE U 72 W %2 179 5.

BIBUN TIZ @ Y DMRAE S LT\ B cur_op, BITE
ERD %R LT op, Thread DBREEDMEAES
LT \» % Threadcontext 7 & DA % FIH T 5,
M ETIIRE L ZHMBEOENERDH D, C D goto
DHHATE 5854 1% Code3 1233 MVM_CGOTO
777N 7 VB BRERHT S, goto M
HTERWEAITEKRE case XL & L Thavir 2 54T
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7 NVER 2 FT % 541 Coded 123§ 7
~)LF—7 )W LABELS IZ7 72 AL, T—7VIC
BRINTWE7 FLAZESGL, v 71 NEXT
TEMT 5. Code5 12T no_op 3 b T RD
BB T % 4, goto NEXT; O &Gl S 11T
W3,

#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 3: interp.c D~ 7 B#isy

static const void * const LABELS[] = {
&&0P_no_op,
&&0P_const_i8,
&&0P_const_i16,
&&0P_const_1i32,
&&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 4: T)LT—=7ILD—E5

DISPATCH(NEXT_OP) {
0P (no_op) :



goto NEXT,;
OP(const_i8):
OP(const_i16):
0P (const_1i32):
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 push,an,
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;

}
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HIE L Z2BRBII R D@D TH 5. SBNIBIEIL
CHHENTWERA 7Y S FEEETH S Perls %
FHESUTIBIM L 72, % 72 Rakudo DALERIC X
2 QBRI D 72 % FHEIS 5 A2 MoarVM, JVM 12
WE5E L 7z Perlo DI %2 5% 1T 572, JVM
H A O LB & Rakudo Z#E5E L 72 JVM O
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o Perl6 (MoarVM) ver.2018.04.01

e Perl6 (JVM) 2018.06-163-g612d071b8 built

on JVM

o Java 10

e Perlb

O e S W N R Vit 2 SR S VA
wTh s,

FileSize | MoarVM | Perl6 on JVM | Java | Perl5

231K 0.86 21.48 0.27 0.04

3G 2331.08 1665.56 48.85 | 41.35
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FFERD S 7 7 A VY A4 AN VEAIZ
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COETIIHRZITo 7% Perlo WHETH %
MoarVM IZ D W Tih R 2%, SHEKKRZ1T 5 72
MoarVM (% 2018.04.01 TH D, FIFH L 7= NQP &
2018.04-3-g45ab6e3 /N— a2 V' TH 5,

4.1 At

MoarVM DHLME, N4+ a2 — FZFERT 5, N
A ba—F Ay 7V Y THD. ZDF CbC
ZHWT, MoarVM O3 ba—FA vy 7Y%
Wz TBLEL, CbCMoarVM & L THET 3,
CbC @ CodeGear 132 >34 SDIHATw v 71z
FMT B, o T MoarVM ICEB T 25K 70w 7
DT % CodeGear IZEH ZHAZ 2 HNTFRETH 5.

4.2 MoarVM DI\ Fd—KRDF 1 RISy F
interp.c TIEMAI—FDT 4 Ay FiE~< 7V
v ZFH L7 caroop DEMEK D7 XV DER, b
L i3~ 7 1 DISPATCH 2P ¥ % switch X T
Tl ZOT 4 Ay FHETIE, 7R
WY v 7 RE K case X & L TRl 2 6 FE)3
HY, 77 ANDIEICR L EDORTENPEL 5,
CbCMoarVM Tl Z O#E Z Bk $ % 72 12,
ZNZFNDMAICNIET % CodeGear ZERL L,
% CodeGear D 4TI Z¥HEK & L TH > CbC D
CodeGear D7 —7NVE{EK L7, Z® CodeGear
DT —7N% ST 25 CodeGear ¥ cbcnext T
bh, Zoho< 71 NEXT I3 interp.c D=7 1
NEXT % CbC HIICHZEL b DTH 5.

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

#define DISPATCH(op) {goto (CODES([op]l)(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— R 5 4 ANy F

Code6 IZRTEHFITIX, 71 NEXT %2 £D
BIEUCAEB i ZBALTWS, D1 &, N1 b
a—FA4 V&7 ZHNTHAT % MoarVM O L
PRI IER LD RS N, fEERAND R A v
FCHD. i DN THEEMR INTER, KU 0fI¢H
% KA % INTERP 1 Code7 IZRT X HICEHE
LTw3, Zhd~7 oW THREDGTZRT
op R curop % EWLT 7 AT ZHEND
%03, CbC D CodeGear Z WG L 72 5& IO <
7D HETIE T 7R ATELRWAICEAL
72bDTH S,

typedef struct interp {
MVMuint16 op;
/% Points to the place in the bytecode
right after the current opcode. */
/* See the NEXT_OP macro for making sense
of this */
MVMuint8 *cur_op;

/* The current frame’s bytecode start. */
MVMuint8 *bytecode_start;

/* Points to the base of the current
register set for the frame we
* are presently in. */
MVMRegister *reg_base;

/* Points to the current compilation unit
. */
MVMCompUnit *cu;

/* The current call site we’re
constructing. */
MVMCallsite *cur_callsite;

MVMThreadContext *tc;
} INTER,*INTERP;

Code 7: MoarVM DIEMZ AN L 72 M54 INTER

4.3 MERTEFAD CodeGear \NDEIh
J X)L T — 7L case XD switch M2 D iy 4

FATE %2 CbC IZZEH#a L, CodeGear DB & L
CTHHT %, interp.c I Codes 2R THEIC= 7 1
OP ZHH L Tidid T 5%,

OP(*) XY T 2Er I NA Fa—Fo4
HiCThsd, WHEIDO7 By 7121 LABEL 5 6 &
%, ¥ 7213 swtich-case IZ K > THUET 5%, N1 F
a2 — FOAETEAELS] LABELS OWRFICAHI 11T
W3, ZDONRE KD CodeGear # LABELS
DAY & 3G E &, Code8 128 F CodeGear DL
%l CODES & L T#&%E 9 4UL CodeGear DT I1X
fb 7\, 40l CodeGear TH % FHx RN Al
BEUHEEE LT cbe 2Dl 5,

__code (x 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 8: CodeGear FCHID %

Code9 12T, fir B DEITUHE T MoarVM D L
P RAETH S reg_base LAEI cur_op 7 EDIFH
ZHAMALTW32Y, 205 1E MVM_interp_run M
DU —=ANVEHE L THHLTwE, 7127
HLTWw23AY YV TIEE—BEBRNTH % 72
DT 7 ATRETH %53, CodeGear [EDEE) T
BERIT L COCTET 7LATER D, ZDL
Code7 IZRTERIC, £ v & 7V ¥ DIEFREENL
7RISR inter ZEET 5. Z OMEE~D KA
¥ % T 5 INTERP BDZH i % CodeGear DA
e LT4HZ%. CodeGear N CIx INTERP %
BHT 2 LT vy 7)Y ORMEERICT 7 &
2% %, CodeGear FIDERTIZL Y A ¥ DIEHD
M fTbN G VE AN 8zfio-TLY RS
vy BV REMTES,. 2D INTERP DX~
NTHD MoarVM DL P AFZ ZDH D% T —F T
7F ¥ DVLYAY LIZEEZ2FHDPRETDH 5.

M FELTHR D CodeGear DEMS# X 3 1TR T,



ZOHRTERTHLNT LSS IE CbC D goto
SCCER L, RO EITNLETE O C OBBEOH
LEZ>Tn3,

BIED CbCMoarVM ZR Dt v DT 4 A
2%y F% cbenext BTH> T 5%, ZDE cbenext
D6 a— PR T % CodeGear 12 fik#E L,
CodeGear 7> 5 cbe_next ICHEFE S 294 7 )L 535
KON TH %, CodeGear W26 C DEIEILRT
2 CMERFEDMEETH B 78, C DEYEE FIH T
ZMBIIATE TR T 2HBTE S, T
KR switch XTH 5 728, break €3 KD case
WBAT L7285 EIwBd % & 9 128ld CodeGear
IHERE L, % D% cbenext IfbE 3 28—}
T 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 9: CbCMoarVM DN A F a2 — FIZWET %
CodeGear

other cbc
code gear

~
other C function
P4
@ e

N~

X 3: CbC I2&IF % MoarVM /N4 Fa—FA v 7Y%
WDIRFEER

~
~

NA P a—RFOEIIERTD 575, TXT2F(E
HETEMT 2HIFEE L &, fE-> T PerlScript
% T interp.c 2> 5 CbC ® CodeGear % HEE
B BA7) TP aERLI., ZOA2Y 7T
BT OEBEFRE 2HTT 5.

o OP(.*) D.*if4r % CodeGear DT & L T,

SEVHIZ cbe_ 2D - L CRET 5.

o cur.op 7% EEER INTER @ X ¥ BT R
AV ZiPoZRT 5 K IBIET %

e GCHNEDI-O<7 1 MVMROOT Z {5
EBDRA &% A8 v 7 ICEGEIN, J
e 8% static {Ld %

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

o case XTI D case UITEL TV A TEPTIE, case
SRR T % CodeGear 128K T 28R goto
XEATIA %

k8 Code9d Tl cbe_const_i8 7 £'43 case XD
T D case M4TI125% %4 T % cbe_const_i64 1I2EE T
LERICEH I N TS, %7 cbe_pushcompse T
& MVMROOT 2R # sc ZIEL TV 55, T
N % static CES LIELTW3,

BIfE CbC TRt 4172 OS TH % GearsOS I
I3 Interface DMEA XN T3, 2T Java D in-
terface, Haskell D17 7 21235249 2 & TH D,



KD CodeGear IZ Interface FEH THEFE 3 2 FHH3 1]
HETH 5. Interface 1ZFHAFED CbCMoarVM D %
AT H W T W2 W23, 5% ThreadedCode D %
EERTIHIICHL)mHa— 74 28y FHTC
HAZBE LT3,

5. MoarVM OFI\wv 45

MoarVM HED 73y 7% MoarVM D) K
FUWRT AR a— R L TR uRARE T
FITATRETH B, £/, CbC %2 AT SiENHE
ROBBEREELT ) BRI, WHRD TNy %2479
BAE, CbC ZHWVAEWA Y P F L OUBZR L D
MiFN TNy T E 7B, MoarVM BHAKIZIZ T
Ny THTAET DY — IVDELE L 7\, MoarVM
HikD 7Ny 7751E%, CbC 2 W7 LR & D
WiF T8y IO WTHADFEEZERT 205
BH 3, AR TIE MoarVM D7y 7285 C
TNy O E MoarVM D F A + J5kizo
WTHRT,

5.1 MoarVM QN hA—KRDFINv T

MoarVM DT84 Y T&H % moar 1% L T,
MoarVM D34 b a— K% dump 4 7> a v &1
FCHEARIAER D L, N4 b a—FH MoarVM IZ
a7k v7va—rel I Nns, Lol
U MoarVM 233447 L7234 ha—FD L —
ATlE7 £, MoarVM D NA + a— FEE#HL /-
bDIBE R, T, Ho IR 25821
T4 YL F LD MoarVM &, CbC TEEHZ /-
CbCMoarVM i @ moar % L THF UkEHR
DIE->TETCLE ). ZDdH5HD MoarVM D
NA Pa=FA vy FVIDREEDT Ny JiCiE
COEFES %\, fEo THEICETL 2w
EHERT 212d gdb R ED C TNy AL T
MoarVM Z[E# F L — AT 20801 H 5.

CbC filliZ Codel0 127 §HEIC chenext 1T break
point ZFET S, AV FNMIFRDOA Ra—F
DFRED 7 ALY I — DK ZETFOHT X 91
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-

BOHZTEDARI—FIZHIGLTWEnE T
Ny BOITERT LIED D 5,

WERMERT 57201213 Codell IZRT X9 i
A1) YD MoarVM D56 cur_op DEZ MV-
Muintl6 DRA ¥ ¥ TX ¥ A L L, TN TEZ
#7739 %, break point ZHNF T3 ¥ 2 —BI¥T
it curop IC7 7 AT BHENPHRLE VL, A5 v
J7VL—=0%—Dup T EMHERD 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

Code 10: CbCMoarVM IZXf L TP break point iXiE

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 11: A VY ¥ F LR MoarVM IZ X L T D break

point PXAE

5.2 MoarVM DIEFIFTINY JFik

L2 L MoarVM MEFT T 2 ir B3R e o’
2%, ZDlegdb e EDC TNy BT, AYTF
VD MoarVM &, —#B% CbC TR L 72 CbC-
MoarVM D% 7Ny 7% FE T2 TITH 2 &
BHEECTH S, Perl BEDRAZ Y 7+ EAVTH



BIICIRNT L 727, 1 72589512 script 2
2V FZFETLREETedb 2 EEH T2, FL—
ATIREFTLGHELDABETENITR A,
Codel0, 11 T break point IZ command & L Ti%
ELTWBERIZ, BE I curop DIEZHIL
el 2 DHDEE ZEAT 5,

FEEIZFEIT L v S - 77 A Vo—REZNT
11 Codel2, 13 IZ7R T,

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

Code 12:
L—A

Z V) ¥ F VAR MoarVM D84 Fa—FD b

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);

$56 = (void (x) (INTERP)) Ox7ffff7579d06 <
cbc_paramnamesused>

$6 = 558

Code 13: CbCMoarVM D/NA Fa—FdD L —A

Z VY FIUVRTIEEBICEST T 5 a7
NI I N T L £ ) Btz 78y B BTk
HITTE WD, CbC TIEHEIT 2HENARETH
2. CbC &4 Y 21D CODES, LABEL DT
XIS LT\ 24, v 7O 2179 Biiznz
NOBHT 2B LEOLOFE L TS HIT2 #EE
T5., ISl script a~wy FBERLn 7%
LB 2T e R TA2AY) 7 2AELA
{9 5. (Code 14)

131 : 131
139 : 139
140 : 140
144 : 144
558 : 558
391 : 391
749 : 749
53 : b3

*54 : 8

Code 14: /N4 b a— FOESHAMD—H5

BOPELTOIHEITBHERTCELES, 20
i D CodeGear K UNT 4 A %y FH571C break
point ZH1F, ZNZHOEHOEH % kT 5.
F 1T cbereturn RO M AVETIN TV 325G
X, ZDEF T Az DX % cbe_invoke Rkt
DMAPIEEN TV 20, 2RI L&D
BOPFEEL TS REESE L, EFICRD
CodeGear 238 T BB CbC a v 34 F DN
PECTOLHRELH 2%, T2y 77 LD
MARMERL RS T Ny JREDL LD,

5.3 MoarVM D7 A MAZE

MoarVM (A THEITT 2 HBAARETH 5.
£/ NQP DV RY P VICHET %57 2 M id NQP
THIPNTWVS, fit>TNQP ZBIRAHE %, NQP
DXILT7ENFRIZERINEY VA Y S
b ngp BWRETH L. ZDLy, VA7) T b
nqp 2 AR WS, MoarVM @ 7 A+ #1T



o HK R\, CbCMoarVM (& NQP D)L 7
EOV R O3B U TIEE R TR 2 v 4, B Tl T
A N DEFTHEZ L, L L, MoarVM DN A
Y moar (& MoarVM D/ NA | 2 — FZ&giAdtr 2
EIENQP 22NV 7ELF LA ELTHETH S,

Z Dk, IEEICHEL T 3% MoarVM D 34 F
Y moar & nqp ZFHEL, Z® nqp A5 MoarVM
DA Fa—FIZNQP Ttk I N7 7 A~ &%
3 5, BaI 7z MoarVM D NA | a— FigN
A+ Y moar ICJETHTETAMRETHY, TA %
19 ExHk 3,

6. CbCMoarVM DI ERS

MoarVM OfkZE KA R 7 V) 7" b S iBLBLR I
ChC %)t L 72 HE £ CICEE DR R & R
FRINZ, RETEETHRZBR, RICHE
F-Cco CbC %G L 72558 DRGSO W TEE
95,

Z U ¥ F D MoarVM Tl firdr 2 — P g
LERTIE 7 LY 2 7 b L L IE switch SCTH
EINTW7, ZORFAL C 7 74 M@ a—
FOFETOEEPFEL RIFIUE e 5w, 5%
MoarVM IZHT1727% 34 b a— FPEAIN TS
HEEZ 5L interp.c WERIZZ 28D H 5.
B © D ALBE O L TR D3 2 HIC AN 2, switch
HUZE DI T BB DO B D & BE RS
HKZe W7o, Rtk FEDVD 0 2 ETBFHEET
2EEZ5NS,

CbCMoarVM D54y, CodeGear & L THA T
vy 7 &GRSR 5 24 Y ¥ LD MoarVM Dk
IZ swtich XD 71y 7 HicE C BED IS %42 %,
ZORBEPT 2m ARt a—FoHEIL, €Y a—
WELT 2 HARETH 5. £ 7 CbC 1E goto LT
BB 5 UMIERKO C OB EFEUKVE2T 3
HPHEETH B, €5 T CodeGear NI D ALEL %
M DE D ST 23 S ATHE & 7 2 2 A
b LT3,

ThrededCode % 234 2854, WMHmaT 4 A
2y F DT & FEERICHEAT I NS L 2 KR
WAL 23 UE7% 672w, ChC 2 v EED
BE, B IZ 777D CodeGear DEAETH 5,

% D Fy CodeGear % ThrededCode (2% L 72 3ff
e L GERT 2HPTE IS AR D
IE%#131Z% 9712 ThrededCode % FEHL 9 % FH231]
HTH 5.

% 7 CodeGear 1384 F a—FL L EF U]
BT E 3728, ThrededCode Z Db D% 438 L T
Wb 20 2 HARETH 5. Zid CodeGear
DREEEHNLE LT CE 2525 OFRTH 5.

MoarVM O N4+ a— VA v & 7Y ¥ D&
FVCFNVDEETIE TRV ¥ v T2 HOTHE
WINTWD, ZDH, B 7 ~)LIC break point
20T B HEBMR R, EEFB TNy MDA
AATWE CY—RAa—FoffE#iHRE L, %5
%18 L C break point Z BE T 2 0E B H - 7=,

CbCMoarVM D54, CodeGear BN T/NA b
a— FOMIEEAL % Gl LT 2 4, @ OB &
[ U < 168 CodeGear 2 break point % 21} %
DHEETH L, I C TR T I v OB
NLTHOT Ny 7 ¢, PREEZ & 1T break point % 2»
T2HEBHKL I L2RKT 5, @ED CFRET
SR FE L 7 G6 LB L Tivee ]
BOoTWBEFR5, IHICTNVT—7NLTD
BEOEA, RDONA b a— FEFTIEEETL 2
MRTET, FBICE ZIREDDIE T LT —
7V & Bl & (EEE DI TR ORER 3 % 03
Hotle., A7V T ERHDIENRMITHER S
WT Ny B ECRRE L B wEFRI»2 5, CbC
S T1E CODES 7 — 7V NIZR D CodeGear D
HHITDIA - T B %, #fHD 5 CodeGear D 4 Hij
TNy N LCHERR T 2Rk 5.

BITE MoarVM (& LualJit[3] Z## L JIT a2 >3
ANZT>TW5, LuaJlT 20 b D% CbC ITiH
JHE 50 TlEiR»gS, ChC d ABIIC JIT &1
7ca—FZ2EbE2HNTRTH S LHEHTE 5,

L2 L, SEEERIIA L b b RicEs 7%
0SS % L& FIA L THIXT 2 DNEF L3, CbC
7uY 7 b OFAEIE &) RIS 5.

¥ 7, CbC a2 ¥ 34 J WBTEIEF TN 7 2 54
IEPTWIREIZZ > T3, CbC a1 J1iF
gee & llvim/clang RICEEL TV 5%, ThoD
7y 7T — MOBET A2HERH S, LrLlay



A FDN=Y 2 ZEL T CbC THHT 2 a2 v
NA FND APL 3587 25603% | API DR
WPEEIEMERE 2 E2TH)DEDVH 5,

CbCMoarVM T & C 2 & CodeGear -\,
CodeGear 2> 5 C ~DEM 7% MG HRIRE D K I
NT0503, 2O D CodeGear TD tail call
DIHIIEFICHERITH 5. tail call DA IZ
BIBCERDOEITRCTI8, A ¥ v 7HIEO Y 4 XE
L E%2iT5 ¥R H 5, BIED CbC a3 v 34
7 DT TUE CodeGear N COARTELR A Y v 7
B2 mA2ICHR L 2T v,

% 7z CodeGear 2°5 C 2@ 554, BREA Sk
BafTo ENH 5, C DDA RE T CodeGear
ZIFOH L T 23567 EBEIA S ki 2 (A L 7
CTHROWT —RBAHET 573, BEIC C & CbC
ZITERT 2L ATBPTIRIC: 2 ABEEILH 5.

7. Threaded Code

BTED MoarVM IEX D gz /N4 Fa—F» o
T A ANy FLIRER, 7RV Yy 2R L
FTLTw3, ZOWNHTIET 4 A8y T OET
IR P> TLE ). CbC & MoarVM 1T
HBAT 25 ET, N4 ba—FAlzZEZY 7 L—
FYA—NDINCEZHZTL £ ) HVARETH
%, Z4UZ CbC 3HEEAR 71y 7 DAL &G L
T3 4TH5, CbC TIEBET + A8y F 21T
9 CodeGear T % cbcnext % FJH L T\ % 23,
Threaded Code % %24 512H 7 D, cbenext &
R D CodeGear IZIEEZES T 5 cbe_fixt_next DHE
e TFELTNS,

E-BBEIICBIE 8 N A Ml %2 1 fara— &
LT LT3, 2% 16 54 b7z EITHhiR
L2 aZzmRclkis LH)ICEETZHEED
Bt Tw 3,

Perl5 128\ TlZ perlee &9 €Y 2 — VD3
FINTWD, T Perls TR L Tw3
Perl X4 Fa—F% Perl ® C API TH 5 XS 5
ORI C DY —RAT7 7 A NVICHLDIAR, 2%
CavAAfLTaAry A LTEELI HDTH 3,
perlec ZFIH$ 2 Z £ T Perl £ % 7V ¥ D3
WAL THAEIT AN FY 7 7 A NEFRT 25

WHEETH S, Lo L perlec i& Perl A7) 7 b3
BHMEIC T2 213 EIEREIC CICBEE 1T ) FoSHES
BETIE Perl Da7EY 2 — 68 Tw
%. perlce 1 Perl D84 b a—F% C ~DZEHD
AIFI A, C TEEINT WS Perl BHITHETL
T 5E B IXIZIEE D 5 %\, F 7 perlee
TERIN CHY —Ra—FRERETH,
NxETNy 7T 5003WETHH S, MoarVM T
threaded code % EELH K754, 2 DD A
CbC 7u 772 L CYhHTHEIETH S
#y perlecc ERTeY —V2FRT 2 2 LB AIRETH
%, CERETYH perlec DERICATRREGE 2 C DEIEL
{t. 9 41iE ThrededCode DK7Y % Wi T E % 23,
CbC & Fhl U LI D BARLHSIHIE Tl 75\ 2
LIZRAD 2\, 72, CbC D CodeGear 1FFA
TRy 7ZDLDTHLE, CbCTurI7hEL
T 954, CodeGear # 2D % FH1T1UL
X, BRI N CbC 7T L HED perlee &
L LT3V, CbC % V72 ThrededCode
T perlcc DY — V2 L 72856, CodeGear
DB IEH IZHERE 97 411X CbC @ CodeGear 73
ThrededCode % X O hZ{LHIK 5 LHERITE 5.

CbC ® CodeGear % goto XL TE ST 570, X
® CodeGear B—HICREL TV EHAC av
NAFHTA v 74 VIR T 2 HDBAETH 5,
CodeGear 231 ¥ 74 VIR I LB RAICDO VT
EHLETE T 2 BB H 523, CbC ZFIM L 728
£ CodeGear Hifii TA ~ 74 VEBHIDTRETH 5.
% D7y, ThrededCode % FEET 2 A ICHE L 72
RD CodeGear %4 ¥ 74 VBT 2 HLTHET
H %, fE->T ThreadedCode 2 EH T 5I1cH 72D
Bl MR ZFFT 2 082 %, EFEDOEHR
ZFIH L T ThreadedCode 2FEHHFK 2, %z
HDIR$THETperlee % £ & R LT & D EE L L
7z ThrededCode 23EHITE 3,

CbC 2D TITNA Fa—F 71 A8y FOff
izl 3 2880, BIRRA v ¥ 2T 285460
Ezonb, ZoBEE, BIERA v ¥ Ditsl % 1
L, ROfaa— FIcind 298z R4 v &%
HTEITT 2. COMERA v ¥ 2L 2854,
CbC EFBRICBLD E Y 2 —MLIZTTEETH 5.



L2 L, CbC & 3#E R ikGE Tl 7  BAZEX
WU CUEE T 28 COAY v 77 L—LhIEH
WEKRIZZZ, COMEMOHLDaRAM»s,
HD case LR TRV vy TH2AH L 56 & H
JEFERNTBRIIC 72 572\, 72, ThreadedCode O
BRI, A dNSIG U 72B8%% ThreadedCode
FICKIRICEET 208 3H 5, ZDE, CbC D
FRIZBI%Z @ b D Dilfi N ¢ ThreadedCode (2 R
IHD LT,

8. X&&

AR TIE CbC 1T & > T Perl6 DR TH %
MoarVM £ ¥ % 7'V % O—i R & Z DTz R
L 7z. CbCMoarVM Tl A4 ¥ F )LD MoarVM
EHE L CUA T oA A L &t

o CodeGear HLA7 THr A ALHE % Flah 9 % H3H]
BERD, BV a— LR E 2o 72,

o ThreadedCode % F2% 9 2 BEIC R My 12 F24L
WTE B HIARDSL Tz,

o CodeGear ZE A L 7z BN TR DS
THE L ok,

e break point % i DU TH T 5 L]
HB& o7z,

o WITEIIM A AIE > % CodeGear ICE E L2
7DARTHLBE, TVEHHLEZGS T
L CGHREE L CIRA%STH 3.

5% CbC TOFAFEZ L DR fTo T IdH
D,CbC av 4 72Z2DbDDEEELH LI¥
263038 5. MoarVM DBAFEZ1T 9 12 72 H T
TICHRINTEBRONTZ2BIEL, K DEET
%3V ZITT LI WR 21T ).

BITE CbCMoarVM TEHEZNA P a—F % AJ)
L7ZBEDONQP DT A MZIVM 2 ED T A b
ZERCHTR0% NAT B, FBUHOFIE L
2 EORH L NQP OBEZER L, AV YLD
NQP,MoarVM T/NA Fa—F{LL b D% AT
LB IERICEIEL TWw5, Ll NQP Ok
N7 ENRRBEL 7Y = 7 b o AR BRI
LT3 ARNLTwiy, S5%IFE 5 ICEM
BIE NQP D)L 7 )L K, Perl6 DBEI{EZ 1T -
T,

MoarVM TiZ GC 264 7Y = 7 b #5F 5 A1
MVMROOT & w9 <= 27uzfHL, RAE#RD
KAV ZRY v 7188 T 2B 27> T 5,
GC DI % ZN=RINIAT Z XA LA T 2 L
TH D, EITT % & CodeGear DENEDE LD
NTLZEIH. #-> T MoarVM D GC D i Efk %

P —

177,

F 72 EH L & V) E T, Perl DRLTH % IE
HERBNE B L, IEHERBORBLD AEl cH) < i
HLOBEAZ EBHET LT3, il rakudo D 2
VA TR S CbC D a— FEREHEERIE,
ZNE lvin Ta v A VT3 Z LIk > TLLVM
D7 = — A% B CEEMT 5 2 L b AMRET
H5HEHHTE S,

Perl6 DBAFEIZIEFEITTRFICT DILT W 54,
CbCMoarVM DK DBEHE S HIE & > Tw
%, BIEWX interp.c 205 Perl 2 7 ) 7" b Z T
HET CbC ® CodeGear ZEK L T35, S5HD
BHIRAUROILK & iz X D AT CbC a2 — K
DHBEE S EH D C a— FIoRIn T 2kIcpa%E
ZfroTwnl,
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