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2.2 CodeGear & DataGear

CbhC Tl C DBI# Db b I CodeGear ZE A
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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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WA Y Y F LD MoarVM O 2 %% [dl— D CbC
AVNRAFTTEN R TE2HITRETH 5.

£ C25 ChC ~NDEEBIKIZ, O C DB
BICR2 X ICHE LAY HE, 20
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L1Z_CbC_return & O'_CbC_environment & \» 9
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_code cg(__code (*ret)(int,void *),void *env
DA
goto ret(l,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;

}
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FIEMHER ICHEIG L 2 BE 0 %8 7 SR L
72w, 208, ARTIE CbC Z MoarVM ITEA
L 72 CbCMoarVM % 5£%5 % .

MoarVM 2D b D% CbC THEMWZA 52 L b
ZZ 505D MoarVM HIEBEICE R ey =
7P TCHIHETNTEEZIWMZ 2FHIINEETH 5.
Z Dk F TN ChC CHEMWMZ 2 2 LVES
T2 EIEY 5, HiE £ TICdR7E ) CbC D
CodeGear 12> 84 JDFAKRT vy 7124 T
%, fE> T MoarVM IZ B} 2 A 71 v 7 D

% CodeGear IZEHESHAZ 2FNHETH 5.

4.2 MoarVM QXA FA—KRDF 1 RNy F

MoarVM D84 ka2 —F A % 7Y 7 1% src/-
core/interp.c TEFEIN T3, TOH DK
MVDM_interp_run TS U 720 % 94473 %,
BIZUN Tl A7 DR AE I LT\ % cur_op, BiFE
ERD %R LT op, Thread OBREEDMEAES
11T\ % Threadcontext 7 & DEH %2 FHT 3.
MAETIEIRE S ZEEOBIERSH D, C D goto
DPHIHTE 28413 Code3 12T MVM_CGOTO
777N TRVERENHT S, 2o
B ER% case X & LT 2977 5.

7 NVERZ MY 25613 Coded 12T 7
ANV F—7 WV LABELS IZ7 7k AL, 7—7 LI
BEHEINTWE 7 FLAZIEL, 710 NEXT
TEET 5. Codeb 2R noop X3 KD
BB $ 2%, goto NEXT; DA E 1T
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 BFfsy

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 4: T\ )LF—7)LD—E%y

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 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 b5:
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Z 1) ¥ F VIR MoarVM D XA b a— K5 4

interp.c TIEMHI—FDT 4 Ay FlE< 7
v ZFH L7z curiop DEFEROT T L DEE, b
L i3~ 7 1 DISPATCH 23R ¥ % switch X T

fThbniTwi, ZTD% MoarVM Wofsa— K
SR 2B, T 4 A%y FRELNT

W35 CY—=A77AND, Kk DGO &I FER
X5 EBR, ZOAMBTAI—FDEY 2—)L

B EVTZ T, 1 7 74 Vil D OFdibENERIZ
o TLEY. FE&mEa— IS T 208
I, T LY v v 7 U< I switch SCCIER S 1
TL % 9%, Threaded Code DFIEE% % 2 754,
K7 a— FodUE»ER SN2, 78y JHFIC
1, C LV TDT /Ny ZIHTIE 7 F LR &SI
XN T2 HER T 2 HICFE00 5
CbCMoarVM Tl Z D% Rk T 2720
ZNFNDOMAICNIET % CodeGear 721"!352 L
% CodeGear D 4TI ZYHEK & L TH D CbC D
CodeGear D7 — 7 NVE{EK L7, Z® CodeGear
— 7NV % 2T % 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 DN ka— R 5 4 A8y F

Code6 IR T AEH|TIX, v/ 1 NEXT % ED
FIICER i Z2EALTWE, ZDi&iE, N4 b
a—FA % 7)Y NTHHH T % MoarVM @ L
O AL G ED SIS N, RS ERAND R A v
Y ThH5, i DIRTHEGER INTER, KUi ORITH

LR A4 % INTERP (& Code7 IR T EIHICES
LCTw3, ZhE~7ulNfcHEDMAZRT
op a4l cur_op 7 £ 77*&X?%M\%i))
%03, CbC ® CodeGear %It L 75 &ICTTD <
7U@Eﬁﬁﬁfi77hxfﬁﬁw%u§lb
2bDTH B,

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 D% %A1 L 7 Kiidifk INTER

4.3 WRRITEMD CodeGear NDEI

7 X)L T — 7L case XD switch M2 D iy 4
FITHEFTE CbCICAHLL , CodeGear DB & L
THIHT %, interp.c I¥ Code5 TR THkICw 7 1
OP ZAIH L TRl N T 3,

OP(.*) XM 2EFTIENA Fa—FD4
WiTHs, @EZD7 1y 71213 LABEL 20558
%, %7213 swtich-case IZ & > TlE$ 24, N4 b
2 — FOAENZES] LABELS ORFICA I T
W3, ZDONRE KD CodeGear # LABELS
DA & S E 4, Code8 1278 T CodeGear DL
5l CODES & L T&E 7 4UE CodeGear DA HIIE
fib 7\, Sl CodeGear TH % Ha T AIC
PEUEEEE L C cbe 22T 3,

__code (* 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 8: CodeGear FUFID 5>

Code9 128 T, i DEITUFT MoarVM D L
Y AYTH S reg_base LA cur_op %% EDIEH
ZRAL T3P, 2451 MVM_ interp_run N
DO —ANERELTHHLTwS, 7L 2fl
ALTw3AY Y IR TIEE—BEBRNTH % 72
DT 7 AAHETH 5D, CodeGear [HDEE) Ty
BRI S CbC TRT 7L ATER, Z0%
Code7 IZRTHRIZ, £ v 7 7V ¥ DIEREZLEHL
7 MG inter ZERT 5. ZOREEA~DRA
V% CTd % INTERP BIDZE# i % CodeGear DA
H1E LTHZ %, CodeGear N TCIX INTERP %
BHT 22 LTy 7Y Y ORMIHERICT 7 &
AF %, CodeGear DB L TIZL Y A DED
T IIfTbI Wy, AN EHE>TLY RS
vy BV IREHTE S, 2D INTERP DX~
NTH 5 MoarVM DV P A ZDHD% T —F T
7FxDVLYRY LICHE Z2HVBTHETH 5,

M FLTH D CodeGear DEM %X 3 12RT,
DR TEBTEI»N TV 54X CbC @ goto
XCEM L, ROMETIEE O C OB
Li%moTWn3,

BED CbCMoarVM IZ XDty DT 4 A
2%y F% cbenext BTHo T %, Z Dy cbe_next
S a— FIZWIET % CodeGear (ZHk#E L,
CodeGear 7> 5 cbcmnext IZHEFET 23 A 7 L3
RKOFNTH %, CodeGear N5 C DEHEUIZH
7 CWERSHPATRECTH 5 700, C DRI ZFIAT
LMPRIE T TR T 2 FITE L. FAEH]
RERIZ switch XTH 5 78, break ¥ KD case
WIBAT L G AT % & 9 128D CodeGear
IHESE L, Z D chemext ICHERE ST 289 — v b
HIET 5.

__code cbc_no_op(INTERP i){
goto cbc_next(i);

}

__code cbc_const_i8(INTERP i){
goto cbc_const_i116(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) ;
DN
}
MVM_repr_unshift_o(i->tc, i->tc->
compiling_scs, sc);
i->cur_op += 2;
goto cbc_next(i);

}

Code 9: CbCMoarVM DN A k a— FiIZxIEd 3
CodeGear

other cbc
code gear

~
~

~
other C function
-

[ 3: CbC IZEIF % MoarVM N1 Fa—FA v ¥ 7Y %
WDIREERS

code gear

NA P A= FORIIKTH 27, $XT2 T
LT 2HITEE L < 2\, #iE> T PerlScript
% T interp.c 2> 5 CbC D CodeGear % HE4
K BA7) 7 2ERLE, ZOA2Y 7T

T OBIEFHRE 2HT7 5,

o OP(.*) D.*if4r % CodeGear DHI & L T,
SJEUHIZ cbe B 7 L CRET S,

o cur.op % EREER INTER @ X ¥ NEHUL R
AV iPoSRTELH)IBIET S

o GCXHDZH~27 v MVMROOT %\ 5
FiEBDORA &% 28y 7 ICEGEFNI, B
T8 % static (L9 %

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

o case LT R D case XU L T B &I, case
SRR T % CodeGear 128K T 3 K£IC goto
XEATIA %

352 Code9 Tid cbe_const_i8 7 &' 43 case XD
T D case 4TI125% %4 T % cbe_const_i64 1I2EE T
LERICEH I N TS, %7 cbe_pushcompse T
& MVMROOT IZJiiZE# sc ZHEL T35,
N % static CEHS LIEL TV 3,

BIE CbC CTRid X 172 OS TH % GearsOS I
1% Interface DXEA I LT 5, ZHUd Java D in-
terface, Haskell DI 7 7 21235249 2 & TH D,
R D CodeGear 12 Interface #EHTRERE % F A3
HETH 5. Interface IFFITED CbCMoarVM D%
EIZIZH VT W03, 5% ThreadedCode D%
RrTIICHDmma— 74 A8y FEHrIC
HAZBR LT3,

4.4 MFEE DL

AR T Perle MEFZ DK £ LT ChC % A
W, WHHOFEE R T 572, CbC 2 VWA D
MoarVM DS G E LTI, frdra — Rk
TLNEE C OB E LCEBL, 20K R
A vy EHHTHEREZ NS, BBRA v
Y DOEHNZ B L, XD a— Ficuind 58
HrerA vy RHTHEITT5. C ORISR A v %
ZHAL 7284, CbC ERKRICAIEDE Y 2 — )L
LIZTTRETH 5. LA L, ChbC & I3&E IR kGG
Tl S BEBTEOH L CAUME T 548, CORY Y
77 L—uDERICEKRICR S, C DRSO
LDaARN»S, @HED case XP TRV v v T
ZRAL 728550 &L EmEENITEIZ R S5 2\,



5. MoarVM OFI\v 45

MoarVM HE D 73y 7% MoarVM D) K
FUWRT AR a— R L TR uRARE T
FEITATRETH B, £/, CbC 2 AT SiENHE
ROBRIKEEFT I BRI, WHRD TNy 7 %479
BAE, ChC ZHWAEWE Y P F L OUBZR L D
MiFN TNy TN E 7B, MoarVM BHAKIZIZ T
Ny THTAET BV — IVDELE L 7\, MoarVM
HikD 7Ny 7751E%, CbC 2 W7 LR & D
WHN TNy IO WTHEDFEEZELRT 205
BH 5, AR TIE MoarVM D7y 7285 C
TNy O E MoarVM D7 A b J7kizo
WTHRT,

5.1 MoarVM QN FA—KRDFINv T

MoarVM DT84 Y T&H % moar 1% L T,
MoarVM D34 b a— K% dump 4 7> 2 v %1
FCHEARAER D L, N4 b a—FH MoarVM IZ
¥z37vv7)a—-rFELTHIENS, LaL
U MoarVM 23347 L7234 ha—FD L —
ATlE7 <, MoarVM D NA b a— F&ZHaL 72
LDIBEE R, o, Ho»ICB A 288 %
T4 Y P F LD MoarVM &, CbC TEEHZ /-
CbCMoarVM i @ moar % FfJH L T F UkEHR
DIE->TETCLE ). ZD7dH5HD MoarVM D
NAFa—=FAL vy 7V IDEEDT Ny 7l
COHFITHEI v, > THBICHET L 2am
EHERT 5I12id gdb R ED C TNy AL T
MoarVM Z[E# F L — AT 20805 5.

CbC filliZ Codel0 127 §HEIC chenext 1T break
point ZFET S, AV FNMIERDOA Ra—F
DRED 7 ALY I — DB ZETFOHT X 91
fEIE L, Z 212 break point Zi%E T 5. CbC
Tl¥ CodeGear D4HIZ T8y A L CIEEMER T
508, 4V Y VERIZ LABLE DELHID T 2 F
POEHSTEDARa—FIZRIEL TWwWaE % T
Ny BDONTHRTDEDNH 5.

INTZMERT 2 7-0121F Codell 12T K HIZ
VYN D MoarVM Dy cur_op D% MV-
Muintl6 DR A & TH v A+ L, ZNHHETfE%

#7179 %, break point ZHNF T3 ¥ 2 —BI¥T
it curop IC7 7 AT BHENPHRLE VL, A5 v
J7VL—L%—Dup T 50EBH 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

Code 10: CbCMoarVM IZXf L TP break point XiE

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 [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 IZXf L T D break

point PAE

5.2 MoarVM DIEFIFTIVY JFik

L 2> L MoarVM MEIT T 2 ir B3R e s
b5, ZDLegdb HED C TNy AT, AV F
VD MoarVM &, —iii% CbC THlik L 72 CbC-
MoarVM D%l 7Ny 7% FETL£TTH 2 &
EHEECTH S, Pl REDAZ Y 7 P EHWTH
BYICIRNT L 72\ 7@, v 7 %253 412 script 2
2V FZRTLIREET gdb ZEEIT 2, bL—
ATRFEFTL ML DOAEF TENLTR WA,
Codel0, 11 T break point IZ command & L Tg¥%
ELTWBERIZ, BRE I3z curop DIEZE I L



Wil 5 DADENE ZEANT 5,

HECHETLen 7 - 774 VD20 E

11 Codel2, 13 IR 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: A VY ¥ F VIR MoarVM D/NA F a—FdD b

L—2x

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)) 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 13: CbCMoarVM D/NA Fa—FD FL —2A

A ¥ FOVCTIRERRICFETT B L 7
RV INTL £ ) BTz 7Ny A LTl
HHTER WD, CbC TIRINNT 2 HPEETH
%. CbC &4V F LD CODES, LABEL OFF
ERG L T34, v 7O %1T 9 Bz nz
NOTTZ A LEODFE L T 2 ET 2 5RER
T 5., IS ldscript 2= Y FBER LR 7%
TLICHL 2R AT LAY 7 EHELA
Bit¥ 5. (Code 14)

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

*54 : 8

Code 14: /N4 b a— FOESHRAD

BORELTOLEIIBHERTEGE, 20
Hit%2 D CodeGear XU T 4 A28 FE471C break
point 0}, ZNEFNDEHDOEH % KT 5.
F 1T cbereturn RO M AVETIN TV 25 G
&, ZDEFICaraZ2Y )& Z % cbeinvoke Aiff
DMAPIEEN TV B0, ZOFITM2L 5D
BODFAE L TS AREER R, F2FEITRD
CodeGear 2B T 2RI CbC a v 284 FDNYT
PECTOEARELH 2%, T2V 7 7LD
MAZMERL BB T Ny DL E LR D,

5.3 MoarVM DT A MAZE

MoarVM 13 HATEITT 2 HORAARETH 5.
£/ NQP ©VY KLY P VICHET %57 2 M id NQP
THIPNTVS, it>TNQP ZBIRAfE %, NQP
DXILT7ENFRIZERINEY =2 VA Y S
F nqp BPBETH DL, ZDE, P I)VAZY T b
nqp 2 AR WS, MoarVM D 7 A+ #1T
I FHHBK v, CbCMoarVM 1& NQP D& )L 7
EOV FH3BLIR LTI R R 2 v s, Tl T
A R DIETHEKZ G, LA L, MoarVM DN A F
Y moar 1& MoarVM D34 + a— Kz FHAAT Z
EIENQP 22NV 7ENLF LA EHTEETH S,



Z DAy, IEFIZEIEL T\ % MoarVM DN A F
Y moar & ngp ZFHEL, 2@ nqp A5 MoarVM
DA Fa—FIZNQP TRtk I N7 7 A+ %%
g %, BHAZ 47z MoarVM D34 k a— FigN
A7V moar ICWETHTEHTETHY, TA %
THYHEPEES.

5.4 CbC AYVINATICLKBINT

INETH ChC BT 2R ICE VT, HE
o AHS1% CodeGear 12525 12— — AT
FHAL TV, CbC av 34 7EHZZNZENH
BL7ETAMAAL = 2E{LT5HDD, MoarVM
DB ERZ 7Y =27 D CodeGear % 2 > /%
A NEFETT 256, PHERQANTRAE L, F
IZ CodeGear D goto 12 H 1T 3 tail call 77 7D
FrZ:5°, DataGear & LTI L Tl 2 REEHARD L
DT FLVADBAY v 7 R4 VI DfEL D ALK
TLEV HEHFD C OB Z call L72Rica—7
VAR DRSS DataGear D7 B L A D% F
HALTLE). 205 DataGear DREERDEDS
ExHb b, CH 5 DataGear I return L 72 BRI
DataGear DRERSEINE NI TH D, T
DN TWEHBRONHN TNy TR fTwikels Ta s
TUANTVIREBDHEE L — AT EHL L
THRTZIEPHRKS. FRTIE CbC a v 8
AIMNTuTI2DORBKERT 2E8E2INS 720
CbC av A FDONT RS 707737
DERINT0 5, Aka v i SN T %[
i APl A B A AN A A= I A A d o5 S g
BEFE LR, fE5TChC a v 34 7HEDfE
2R LS 2 H S SROPEL > T 5,

¥ 7eBIEI clang RICHEEEL 72 CbC 2 v %4 7
Tl CodeGear WD taill call FRED T 7 —53%
ELTLEI BRIV AT 2HBHRZ W,
DRGBATEIL gee LITHEEL % cbe 2 V%4 T % F]
L gdb ZRHL TNy 7%479,

6. CbCMoarVM OflH&E RS

MoarVM DB R A 7 ) 7 b SEEAIERIC
CbC % )5 L 7= FrEfE £ CICEE DR S & REH
FR I, RETRETHE 2B, RICHB

B¥To CbC Zi#IG L 72558 DRI D W TEE
T35,

Z) P F LD MoarVM Tl firr 2 — Pk
BEHTE 7 VY v 7 B L LIS switch X TH
WINTWwi, Z2OEEL C7 74 Vicimpya—
FOFETDOERPFEL RiFUL e s kwv, 5%
MoarVM IZHT1 727234 b a— FPEAI N T L
HEFZZ D5 E interp.c WERIZHR ZTEEEDH 5,
BRI © D ALBL O L T A3 % HICHI A, switch
HIZEP N T S NI D B & R FH DS
kw7, Kt FEVD 0 2 E BT ET
EEZoNS,

CbCMoarVM D4, CodeGear & L THA T
a7 &GRSR 2 %4 ) LD MoarVM Dk
IZ swtich XD 71 v 7 HucE BB L 225,
ZORBERT 2w REa—FaElIL, €Y a2 —
NWALT 2 HDARETH 5. F 72 CbC & goto LT
BT 2 LMOEF O C OB ERUEVZ2T 3
HOAEETH 5. fE> T CodeGear WD AL %
MOEFTH &S 23 Al6E & 7 2 LA T
b LT3,

ThrededCode % F53&5 254, WHMST 4 A
Ry F OERT L, EBRICET I NS a2 KiE
WAL 2L 7% 6 %\, CbC 2w EED
B, e iZ 772D CodeGear DEATH 5.
% D Fy CodeGear % ThrededCode (23 L 72 3ff
e L GERT 2 H23CE UL o o
IE%# 13124 9712 ThrededCode % FEHL 9 % FHH 1]
HTH 5.

%7z CodeGear 1384 F 2 — FL L EHE UK
WBTE 57, ThrededCode Z Db D% 43HfE L T
i a2 2 EPTRETH S, Z41d CodeGear
DB L LT CE 2H2 5 DFMTH S,

MoarVM D34+ a— FA ¥ & 7)) & OfETiE
FVCFNDEETE TN ¥ v 72 HOTHE
WINTW3B, DR, EEE 7 ~)LIZ break point
20T B HEPMRR G, EEFB TNy DFEA
AATHS CY—Z2a—Fof@Eziug L, 7%
%185 L C break point % BE T 5 HE 3 H - 7z,

CbCMoarVM D54y, CodeGear BN T/NA b
a— FOEEEN 2 SR LT\ 2 4, @i oRE% L



[A U < E#E CodeGear IZ break point % 2>} % H
NHEETH S, ZhUIC7ur7 v 7o
NLTDOT Ny 7 ¢, REEZ & 1T break point % %>
FAEPHKSL L 2ERT S, HEED CFET
BREWBR 2 FIE L 76 LI L Tilkve T ]
BoTWbEFRA5, S5ILTNNLT—TILTD
BHOBA, RDNA b a— FERTIZEfET L »
MERTES, HERICE ZIWREDDIE T NV T —
TN EBUE % MEEE DI TR CHERR T 2 HBEHS
bHote, A7V T e ERMOITRIT RS
MT Ny B ETHERE L B 0ATERI» 5. CbC
FE Tl CODES 7— 7V NIZK D CodeGear D
HHIDIA - T %2, D & CodeGear D44 Hi
TNy A ECHERT 2 FNMK S,

BIfE MoarVM 3 LualJit[3] Z#EH L JIT a2 v %
ANZ{T>TW%, LuaJIT ZD b D% CbC I
HEE 5D TIEERDY, CbC D ABLIC JIT 1
7oa—FzaEbE 2HNARETH % LHEHIITE 5.

Lo L, SELAERIIAS o HicEHR
0SS %z E 2RI L THIFET 2 DNEF L w3, CbC
7uY 7~ OBBEIME D &) BURDIH 5.

¥ 72, M F CICEBERRZE D CbC a2 v 34
7 DBHEIEF IS NN 7 2 R E SR T WIREBIC R -
TWw5, CbC a4 713 gee & llvm/clang [T
FELTWEE ZN6D7y 77— MOBRT
LZRERH L, LrLavf4 7D —= 3 Vi
J&EU T CbC THIHT 2 av,84 FIHD API 735
LGN % L, APL OEHICEI BIEEER &
2T DD B,

CbCMoarVM T & C 2 & CodeGear -\,
CodeGear 205 C ~DER 7z E3E BN D IR
INTWEY, ZOWHF D CodeGear TD tail
call DIRHIDIIEFICHBITH 2. tail call D 5]
WIEBABEROEPE 8, A5 v 7HEBDOY A
AEER EZRITIDLEND 5. BEONNTTIX
CodeGear N TOARE L 2 ¥ v 7 BfFan D % 58
ZICHBR L ENTww,

¥ 72 CodeGear 725 C IZf@ 254, BREINT ik
a2 1) BEBDH %, C DBIEDEKET CodeGear
ZIEOH L T 2587 SBREIA S ikl 2 (A L2
CTHRWT —RIFHIET 23, BHEIZ C &£ CbC

BITERT BGABRDIIR IS IR H 5.
7. Threaded Code

BED MoarVM IZR DM %S4 b a— R 5
T4 ANy FLIRER, XNV yr 7%FHL
FATL TS, ZONHETIET 4 A8y T O
IZaX 2> TLES. CbC % MoarVM 1
BAT2ZZ LT, N ba—FolzEEY 7 L—
Fra—NOINEEHZTL £ ) HBAETDH
%, Zid CbC EAR 7 1 v 7 DAL LX) L
TW3ATHD. CbC TREET 4 Ay F 217
9 CodeGear T&H % cbcnext ZF|H L T3 53,
Threaded Code ZHE3E T 512H7 D, cbenext &
R D CodeGear IZ P%@@"Z) cbe_fixt_next DHE
WrPELTnD

F-BBEMICHAE 8 N1 Mk 1@ a—FE
LCHLTWE2, 2k 16 /N4 7 EITHhig
L2mazRHcZ 2 L5109 2EHR2ED
Bl Tw3

Perl5 128 Tl perleec &9 EY 2 — L35
FEIN TS, Z4Ud Perls NERTHIH L T 5
Perl N4 Fa—F % Perl ® C API TH 3% XS =
O CDY—RA7 7 A IVICHIDIAR, Z %
CavA4NTav 4T3t 0uIHILDTHS,
perlecc ZFI$ 2 Z &£ TPerl £ % 7V ¥ 23\
W THAEIT 2N F Y 7 7 ANV ZFRT 25
WHEETH S, Lo L perlec i& Perl A7) 7 b3
M7 213 EIEREIC CICBEZ AT ) HoSHE S
BETIE Perl Da7EY 2 — A58 Tw
%. perlcc i Perl D N4 b a—F% C ~NOEHD
BT Hy, C THERIEIN T2 Perl FEHTHITL
7o E BRI IZIFIEE D & 2\, F 7% perlee
TERINL CHY —Ra—FRERETHD, 2
NxETNy 7T 5003HWETHH S, MoarVM T
threaded code Z FEBLN K156, Z DEHT D A
CbC 7R 77 LELTUHHTHLTETH S
#yperlec ERU7ZY —VEIERKT 5 Z LB TARETH
%, CERETYH perlec DERICATRREEZ C DEIEL
{t. 97 41iE ThrededCode DR W) % Wi T & 3 23,
CbC & Ehl U LI D BARLHSBHE Tl 75\ 2 Rl
LIZRAD 2\, 72, CbC D CodeGear 1FFA



TRy I7ZDHDTHDE, CbCTurIntl
<Y h B384, CodeGear # 2D F FH T THUL
X< BRSNS CbC 7r S5 LEED perlee &
g LTl 9w, CbC %A\ 72 ThrededCode
T perlec DRk Y — V2B L 72854, CodeGear
DB HIIEH ICHERE 37 411X CbC @ CodeGear 73
ThrededCode % & h & (LHIKE 2 LHEITE 5.

CbC ® CodeGear 13 goto X TE ST 570, X
® CodeGear B—BICREL TV EHHC av
RA T, v I74 VIEFAT 2HPTRETH 5.
CodeGear 234 v 74 VIR I N B RHAICO VT
WEHRIZE T 2 088035 % 23, CbC ZFIH L 725
& CodeGear B TA v I 4 VIEFDHEETH 5.
% D7y, ThrededCode % FEE§ 2 GHICHE L 7%
KD CodeGear % A ¥ 7 4 VEBT 2 HPTHET
» 5. $it> 7T ThreadedCode ZFEHT 212H 7 b
B R Z AT T 2 D £, BEFDEIR
% FIH L C ThreadedCode N EHHK 2, %
MEDIRTHETperlec 2 £ B LT X b &l L
7z ThrededCode YEHTE 3,

8. F&&

AFETIE CbC IZ X > T Perl6 DU ETH 5
MoarVM £ ¥ % 7'V % O—i &R & Z DTz R
L 7z. CbCMoarVM TlZA Y ¥+ )LD MoarVM
EHE L CTUA T oA R & fe,

o CodeGear HLA7 Thr A ALHE % Flah 3 % FHA3H]

BELRY, B a—WLHRE & o 7.

e ThreadedCode % 9235 % BRIC BN AY 12 S24%
WTE B RIARDSL Tz,

o CodeGear ZE A L 7z BN COREALDS
HRE L x5 7z,

o break point % iy DUBLEN TH T % FH3H]
Lo,

o BT MBI > % CodeGear (2 &2
DR TH DL, F_INVEAMHALEGA LT
BLCGHREE L CIZA%ETH S,

4% CbC TORIFEZ L DIESCfT> T KH 7%

D, CbC av,34 72DbDODEFFMNELZ A LI
263038 5. MoarVM DBAFE 21T 9 12 72 h T
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