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2.2 DataGear

DataGear 1& CbC TO T — X DHNTH 5, CbC L TEMEKROFTRBIEN S, &
CodeGear D AJ] & LT321F % DataGear % InputDataGear & FER, I RDOMEHITE S
DataGear % OutputDataGear & FES,

X R L N)LTUE DataGear &R A X Z2HP_->TWB 0, 7 —<L LD DataGear
WERA VY REZR S TORVWERELTWVWS, FIZIXY A D DataGear &5 25 &, C
DEREDGEEIRA VR EfoBAMY A MPEZONDS, VAMDZENEFNDEE
WZE. XX LRV TREROEREZIELRT AL VEABPEENTVWS, /=L LNLD
DataGear £ LTH25EE. VAN Z0HDR, VA MOHOHEZD S DL L THM
T 572D, KRt LTRA %, ZHUIBEBEI T 0 75 3 v 2B 5
RKEFEFECH LKDOEDR D & D IZBl7-#2TH 5,
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xRS, ZORITIIHE struct test % codegearl IZJE L. £ DRIT codegear2 IZ#k
L TWa, codegear2 > 51X codegear3 IZ goto L, BRI exit T 5,

V—Z2a—F 2.1: CbC OFIE

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

typedef struct test {
int number;
char* string;

} TEST;

__code codegear1(TEST) ;
__code codegear2(TEST) ;
__code codegear3(TEST) ;
__code codegearl(TEST testin){
TEST testout;
testout.number = testin.number + 1;
testout.string = testin.string;
goto codegear2(testout);

b

__code codegear2(TEST testin){
TEST testout;
testout.number = testin.number;
testout.string = "Hello";
goto codegear3(testout);

+
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__code codegear3(TEST testin){
printf ("number = %d\t string= %s\n",testin.number,testin.string);
goto exit(0);

int main()A{

TEST test = {0,03};
goto codegearl(test);
+
V—2a—FK 22 V—ZXa—F 21D CTDELE
extern int printf(const char*,...);

typedef struct test {
int number;
char* string;

} TEST;

void codegear1(TEST);
void codegear2(TEST);
void codegear3(TEST);

void codegearl(TEST testin){
TEST testout;
testout.number = testin.number + 1;
testout.string = testin.string;,
codegear?2(testout) ;

3

void codegear2(TEST testin){
TEST testout;
testout.number = testin.number;
testout.string = "Hello";
codegear3(testout) ;

3

void codegear3(TEST testin){
printf ("number = %d\t string= %s\n",testin.number,testin.string);
exit (0);

}

int main(){
TEST test = {0,0%};
codegearl (test);

+

CbC DG AT THEA TV L2, C FIETOEEX void DR D H % F52 BRI O H
LTRHZXNS, codegear3 ITER LKA I V7T, CbClEmain FABDORAL Yy 7L
D70, C FEETlE codegearl, codegear2 DA X v 7% FNZENFFOEVLDH 5,
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PRERR R (B 1) ¥ 2% Continuation Based C

CbC code gear1 code gear2 code gear3

Code Gear 3
call

call

C Code Gear 2 (:] + stack

Code Gear 1

X 2.1: CbC ¥ C DULFHD 7%

(X 2.1)
HRRCBERGICR o TW\Wad e, ZORERZ 72y 7 I8 L IR % R THE
BT 3,

V—2a—F 23 V—2a—F21DO7ty 75D

codegearl:

.LFBO:
.cfi_startproc
pushq  Yrbp
.cfi_def_cfa_offset 16
.cfi_offset 6, -16
movq hrsp, hrbp
.cfi_def_cfa_register 6

movl %edi, %eax
movq hrsi, hrex
movq hrex, hrdx

movgq irax, -32(%rbp)
movgq %irdx, -24(Jrbp)
mov1l -32(%rbp), %eax
addl $1, %eax

movl heax, -16(%rbp)

movq -24(%rbp) , hrax
movq %rax, -8(%rbp)

movl -16 (%rbp), %hedx
movq -8(%rbp), Y%rax

movl hedx, %edi

movq hrax, %rsi

popq  %rbp

.cfi_def_cfa 7, 8
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PRERR R (B 1) ¥ 2% Continuation Based C

.LFE

jmp codegear?2

.cfi_endproc

0:

.size  codegearl, .-codegearl
.section .rodata

.LCO:

.string "Hello"

.text

.globl codegear?2

.type codegear2, Q@function

V—2a—F 24: V—2a—F2207t >y 75D

pushq  Jrbp
.cfi_def_cfa_offset 16
.cfi_offset 6, -16
movq hrsp, hrbp
.cfi_def_cfa_register 6
subq $32, Yrsp

movl %edi, %eax
movq hrsi, hrex
movq hrex, hrdx

movq hrax, -32(%rbp)
movq hrdx, -24(%rbp)
mov1l -32(%rbp), heax
addl $1, %eax

movl heax, -16(%rbp)

movq -24 (%rbp) , %rax
movq hrax, -8(%rbp)
movl -16 (%rbp), %edx
movq -8(Jirbp) , ’%rax
movl %edx, %hedi
movq hrax, %rsi
call codegear?
nop
leave
.cfi_def_cfa 7, 8
ret
.cfi_endproc
.LFEO:
.size  codegearl, .-codegearl
.section .rodata
.LCO:

.string "Hello"

.text

.globl codegear2

.type codegear2, Q@function

codegearl 2> 5 codegear2 NDOBEIDFRIZ, CbC & CTHRITEINZ TV 7 7Dwmwxt

)

A
A T3

%, CbC DFEDHZED 72> 7T DY — 23— F 2.31& codegear2 ™\ 2517 H T jmp
ZHoTEBLTWVWS, HLTCEETOEREDEG (Y — A3 —F24)132117H

Tecallg 2o TW2, impmHE T T I LHT VR EUDEZZDADMETHY,
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cal IZBIBITE U LOMATH B 72DITAR v 7 DEIENTTHOILE, CbC TD goto XX
TARTID jmp i BIREFEIN STz, BABMCH L X DBEICHEITT 5 Z & 2A[HET
Hb,

2.4 CbCZHoT=z AT La— T 4 2%y FDOHIE

CbC ZFHWT MIT 23BAF L72HERH D OS TH % xv6[14] DEZHZ 21T -7z, CbC
EMALIES AT La—nDF 4 Ay FE3% Y — A2 — F 25117, ZOBIETIX
FEDS AT L a— DA, CbC TEESI NI goto XaD0 o THERET 5, il
A TIX CodeGear "D 7 K L ADMALH| cbccodes I XN T WS, 5l LTELTY
% cbcretld, AT LIA—ILDERDEDOEERZ L I X XIZRAT % CodeGear TH %,
FERRIZ cbe_ret ICHRFEDTTHNZ DIX. read BE DT X7 L a— )L D— DI D ki
PRED T2 RA I T TH 5,

V—2a—F 25 CbCZHALEZSATLI—NLDT 4 ANy F

void syscall(void)

int num;
int ret;

if ((num >= NELEM(syscalls)) && (num <= NELEM(cbccodes)) && cbccodes[
num]) {

proc->cbc_arg.cbc_console_arg.num = num;
goto (cbccodes[num]) (cbc_ret);

R RA 2RO CbC ZAAH LT, FEIARIAER OS 2RI L 72\ Z D ZITIEFERNIC A
XN 2 EHFHXERSC. T UMREMTORIICHE L 72 IREEER AL T DRLIRATK
oMb, CbCTHHAT % CodeGear 1F, REEBBETNVICBI2IREZO DL LT
22T EDAEETH D, CodeGear ZITIC TR F I v 7% T 312N T, CodeGear
DAHIID Data bEETH 3 Z & hfiR-TETz,

2.5 XXRiFHE

AXAZHBEDX XX, BRILREDEREFFOSETH Y, FFEDY D LAIfiET 5
bDTH 5, XXFBEOGEIHBICHEREES, FEZIT DICBREREHEZIET.
GearsOS TOX XEtHEIX, BEOFHELZEHLTWVWS OS LRNLVDEIEREZTET, OS
PO REXZEFHEIX, BOESEMRAET 251 HEZ EI12R %,

=NV RLVDEEILT 2L, XXFHREIGEERKEN S, ZHITUNIX D71
T LEFEITTERIC. OSDRT Y a—5—DIZ L 2EBETICEITARETHI X

16
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Enonnb, FiLnIuar AR T 2581 fork ¥ R T L 2=V EFETT HHLED
Hb, AT LA=NDHIFOS B ZIT S, fork & R T L2 — LD % OS H3FHHE
T, BRI —T IR XXFETHE, AT LA—LD
TR > TWE2IE 2 —F — LRV TIRHBTE S, RBOEZEDAPI ZEHL
THRZEET 5, FIKRD UNIX TIEX ZHBIXZOMRI AT La—1DEE LTH
KHXN 3,

AR T =RRBEFT—RDT—=RTHH, 7—R%=2W> L THERT — X ERZ B
Tb, TR ITLDORTTO T I LEERTHDDEXRTOT T IV ITRE LR, X
REERRA X TR 7T 0E, TR 7 LEBOMGEER CICE o TERBKETH 5, Ld
LARXRLNUVDETERZ ) —< )LL)V THERERLTLES &, /=L LNLTOD
EHEMICHIERRE T 2, XX LNV TIERARS, V ZBESEREMEZITS 20, XEY
F—nN—Tn - ORERHBEIICSIZEREILTLEI, AXLRNLDEEE ) —<LL
~OLDETERBEUNCHEEL DD, /=< LARNADLSEEITRA R L N)ILDOFHE RN
TFREPREL 5,

TR7IIVIFEPOXXEETMOBOGE. BREOFHEIZIC U THA RFIEN
b Tz, BRI TSIV 7ORTTIER. XAXEFHEIZEF FOJETRIAINT
Wiz, [15] OS OIFFETIEX XFHHEORICHEGE 72y 75 2HW2 2 b H %, [16]

HEL—Y—=2IR XL ~NLDa— R 2RSS GEIIRED APIZREHT 52 L2k b, 7
077 LAEITHDRZy 7OFIIEK, Tul T ARBREFEIT LW EKETO L —
L, BB T — FEINLEB L EDERPA D, TN ZRELIESR, BTRD 7
0272 IV IEREROSTIR, ZOEBEEEICKRbBSLRTINIRSRN, J —<L LA
NERXRRLNVEGREL LS T 58, REORFICOVWTER LARTNUIR ST,
RN AT La—=NRED APl ZFEORITNER SRV, AT La—LZ2FHALT
b, RIESINTOVIRENEICELET 5, FEREMNTOREERTT-oTH, MHOHT
BB DD N moTLEW, ARy VOBEREBEZGICHBLTLE S, BIFSETIX
X RHED TP NEETD 5,

CbC Tl goto XIT K A BEMFICE > T, AR v 7% goto DEIHETTNWL, £
ZHRAR Yy IPFELBWD, BEORESFEETICHHII S0 7 Z IV 7 )3A]EE
Y75, 72 CodeGear Z ENZIIFENH L TH, BAEFENH LRRICHES A& v 7 DIHE
HIFELR WV, X XETEOEN THID  CodeGear ZUI D 733 TdH. EITOMENETL 2
W, ZDAMERD T 7 T IV IERETIETERD 972, /=< LRLEXRZRLARILD
a— FORENRBEGIITZ %,

CbC TD X ZEMEIX CodeGear. DataGear DB ZFDFE FHHTE 5, X XEER
179 CodeGear R, X X 2fFM % FHiD DataGear DTFET b, T 6 DHENMIZZENZ N,
MetaCodeGear. MetaDataGear & FEIXIL 5,
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Data Gear =@ »| Data Gear

Meta Data Gear Meta Data Gear

Meta Meta
Data Gear —— Code Gear —> Code Gear —»| Data Gear

2.2: CodeGear & MetaCodeGear

2.6 MetaCodeGear

B3 54 CodeGear DFEITICHNER T — R DEEHOMRR L IIX XA TH 5, =
DFTEIX MetaCodeGear ¥ FEIEN 245 CodeGear & ¥ SHE X /2 X X752 CodeGear TaIH
21795

FHZTXRD CodeGear DERTTHEIT XS MetaCodeGear % StubCodeGear & FEX,
I—HF—=n5T 5L /=< L LD CodeGear HOBENCH X 225, EBXZIX Stub-
CodeGear 23 A X35, MetaCodeGear X° MetaDataGear (. 710 27 F v EZEFEEE
T, Perl 7V 7 M2 Xk 5T GearsOS DL RRRICAERKR SN S, 72720 Perl 227 U 7
MEFTTIRFEDLN TV StubCodeGear 1F FEZ LRV, X7V 7 MCHEDD 256
. MLRHFAEE LI 0WEEIE T S v NERFEEFETDH 5, CodeGear 225 HIlD
CodeGear IZE T 2 IED DataGear 72 £ OBIRMER. K 2.2 1R,

BEDa— FHRTIE AN D DataGear Z2Z1FELD CodeGear #FET. R % DataGear
WEHZAAR ETHIOD CodeGear 1T 2HICR Z 5, ZOWMNMZX 2.2 D EERITRT,
U2 LRI CodeGear DFEATDHIFRIZHEIT X 115 MetaCodeGear 2 A 11 D DataGear
% MetaDataGear 2> 5HUD 572 D X XEHEDMD 5, THUIK 2.2 D FEIZHINT 5,

2.7 MetaDataGear

HARIZCEFEOMEIRZDDDTH 50, DataGear DG ENTT — RIAIHET % X X|F
WMOHMWDKDS, TR T—XEHENE S WO B ER o TV A PR EDIBIRTH 5, 1F0I
AR ZFEITT 5 CPU, GPU O, FHREICHERTRXTO DataGear DERZ & D
FATERRD X 27— 2 b DataGear DIJETRILI NS, ZDX X T —X %/ S DataGear
% MetaDataGear & FESS,
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7 CbCIlFR R 72l nicd, T—RERFLIZVEEIZRA Xy 7 DIANDOEGR
WEZEZIAOREDH D, ZORXEX Y ZDHNDETIE DataGear THH, X RZT—
R %2> TWB 722 MetaDataGear £ § X 5, EARINIZ MetaDataGear 238 D & 512
RN TVWE2E, ChC /s Tud =l MZkoTER S,
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3% GearsOS

GearsOS & 1X Continuation Based C Z W TCTEHEN: L 1RMEOWMAZ Z HIE L THEL T
W30S 7uyxr b ThHb, [17] CodeGear & DataGear ZEHAHA & L THITT %,
CodeGear ZHEEAHALLE LTWA 729, 7% CodeGear 1TE| D IAA I N T EITIN S HLED
H5, ElDAABZTERHIET 2 Z 2 IE—RIVNITIITARET H 523, GearsOS D X Xt
HE T ZNZRAEL 72\ DataGear dEEARHAITH 5729, % CodeGear 23 DataGear
DI TW0ED, EXAAZ L7201X GearsOS fI THRAEST 2 2 LTW 5,

GearsOS1X OS ¥ L THETITAMHEE, CbCDI YR YV AZIERLI-EiET7 L — A
7—27 2 LCORIEDH %, GearsOS X/ —< L)L X R L~)LD5HER HIEL T
MELTWE0STHd, IRTEIOT IR CbCTRRABLTLES &, XX
LAV EFEE L R FIUTR ST,/ —< L LRLE X R LAV D5EER L7 BEkAS
7o TLED, GesrsOS Tl —H —2DF VWi / =< L LD a— FOREDI
e, SRy I REDH LI, AXLNLVOERE ETCEML ChC AL a v 81 LRI
a—REEHT S, 3— FEHUI Pl 227V 7 M TfibiTW 3,

BTED GearsOS 1Z Unix Y A7 A ED7 PV r—2ary e LTHEHEIATVWEHD L,
xv6 DEZZ E LTHEINTWVWEIHD (18 13D %,

3.1 GearsOS DRk

GearsOS 3 & 7215 E| 25D CodeGear ¥ DataGear THZNLTW5, F7- CodeGear
¥ DataGear DEY 2 — LD A L LT Interface VA XN TW 5, GearsOS D
BXZX 3.1 17T, Fulve 725 MetaDataGear IZLLTFTODEZETH 5,

e Context
e TaskManager
e TaskQueue

e Worker

20
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Workers

TaskManager |

Conra)
goto
create
S

Task(Context)

Read ID
t Task .
put Tas| take Tasl idg count /
Workers TaskQueue Input Data Gear
Data
|I T T T T “i Output Data Gear Commit =

Code Gear B
‘} Resolve wait list
Wait List
‘l

3.1: GearsOS DAY

Resolved Task Send

3.2 Context

Context E1IHERD OS D St RITHYE T E2BETH %, GearsOS TD T — X D HAL
M5 R% Y. MetaDataGear (223 %, Context DMFEX Z X 3.2 12, D CbC Lk
TOEREY —A3—F31ITRT,

Context 1% MetaDataGear TH 5 &2, / —< L L X)L D CodeGear > 51X context 1
EHEZH LRV, context DIFFZLTLEI &, X XL ) —< L)L D T HER
L7BED B> TLESAHTH 5,

Context (7Rt RITHET DT, 22—+ -7 175 AT IZ Cotnext BIFIET 5,
Z @ Context % User Context & FES, X HIZEITLTW3 GPU X CPU Z 212 Context
PIREL I35, Z51E CPU Context & PRI 5, GearsOS X OS TH %728, k%
EH S 5 Kernel @ Context b E X725, Z4UE KernelContext X KContext & FEIX4L
%, KContext {ZFXTD Context BT 20BN D 5, OS BFF/2FIUIR S R0E]
DIABD 7 Z 77 213 KContext ICEDIPNT WS, GearsOS DX XL )LD 7ar< 3w
7Tk, SUIEEE LT3 Context 23HED Context TH B 0%l Bk 3 DNENDH 5,

Y —Za—F 3.1: context DEFH

1 |struct Context {
enum Code next;
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struct Worker* worker;

struct TaskManager* taskManager;
int codelNum;

__code (**code) (struct Context*);
union Data **data;

struct Meta **metaDataStart;
struct Meta **metaData;

void*x heapStart;

void* heap;

long heapLimit;

int dataNum;

// task parameter

int idgCount; //number of waiting dataGear

int idg;

int maxIdg;

int odg;

int max0Odg;

int gpu; // GPU task

struct Context* task;

struct Element* taskList;
#ifdef USE_CUDAWorker

int num_exec;

CUmodule module;

CUfunction function;
#endif

/* multi dimension parameter */

int iterate;

struct Iterator* iterator;

};

Context 1% GearsOS DFTETHH X415 $XTD DataGear ¥ CodeGear Z£f0, O F
D GearsOS Tl 5 CodeGear & DataGear 1&. #DD Context IZHTHEZIAFNTL
%, %% CodeGear, DataGear {% Context &2 12 HECHTER T Context 127 — X Z &S
GMBAE I TV, CodeGear RFINTWVWAHESNEY — 22— F 31D 61TH
TEFELTWVWA code TH B, StubCodeGear 1% Context DA% 5[ THDO/28. __code
stub(struct Context*) DR CodeGear DEHEIR A X DR A &, D% D CodeGear
DEANE LTOERINT WS, ZAUIHTIE L7z StubCodeGear DBIEIR 4 > X D3FGHA X
NTED., _code meta TDT 4 ANy FIZHHEL B,

DataGear MRIFEZIN TV AESNITITHTER L TWddata TH 5B . TXTD DataGear
1% GearsOS - Cld union DataZi¥ L THUD X 2 DT, union Data DRA > X DA
ELTHEHEINTWS, 7272 L GearsOS T 5 X TD DataGear 23 Z @ Context IZfR1F
INTWVWBIRTITZRW, Interface ZH|H L 7z goto REDEDRIFHATE LT, Z DEHINIZ
DataGear Z & | D & & 1172 35F11Z DtaGear 173 2 HIETHH L TWwb, CodeGear
THHALTWAEH e AR, ZDEHIDTIRZF D DataGear DEFESIIHIG L TV 5,

DataGear [ZEFIFERD 7 — ZEIGFTDIEZ, Context 23O b — FAIRFT 5 Z
LHU[BETH B, st HTHEM DataGear 1X. CbC OHT7RT— ar LHEIR

22
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context

Stub Code

Gear
heap

Stub Code
Gear

Y

Meta
DataGear

DataGear DataGear
TaskManager
DataGear
Meta
DataGear
DataGear

heap

3.2: Context OHFEX

Context Ik — A ICEXAEN S, b— Il DataGear . EZIAATS DataGear D X
RGO ELE I N TV B MetaDataGear TR XL TW S,

3.3 Stub Code Gear

KD CodeGear IZHEFET AR, / —< L L UL 6 R 2 2RO CodeGear ZEIEFEE L
TWB EIICRZ 5, THITKRD CodeGear 15| EZHEREL TWA ESICHRZ
%, LU/ =<l LLh 5RO CodeGear WS 2 A IEBIER A > &7 ¥ b g
WZRBD, INLHIEIAXFHEICEENS, ZDAEMPZ ) —< L L XLh 5 CodeGear
MEBEEICHEIBETLES I, J—FALRLEXXLRLDDEENTERL 2o T
LES, /=N LRLEXZLANILDTGRED AT, RD CodeGear WX E KR X E
3. 2 MetaCodeGear Z 13X L LI T EIRLEDNRDH B, FloRf VR%E2 ) —<I)LLNR
MZIEFE T, D CodeGear 13H S 2o THHET b, CodeGear [H DMEHEIX
GearsOS D EIL FIRFIZ Perl A7V 7 MZ X o TE XX 21TH . MetaCodeGear % #%
H32 L5 ICEHINS,

GearsOS Tld DataGear 133X T Context ZFHL TR DD 23 5, XO##HEIZ DataGear
PESTHGE. Mt S 2H1IC—E Context & DataGear & XA A, MK stT Context

23



© 00 N O Uk W N

S U W N

PRERR R (B 1) 3% GearsOS

75 DataGear ZHUD ¥, Context | MetaDataGear TH 572912, / —<IILLN)L
@ CodeGear Tld72 { MetaCodeGear TH 5 HED D 5, % CodeGear DFtH TIHHER
DataGear % Context 2°> H5HUD 3 MetaCodeGear (&, 5247 L 72\ CodeGear DERTHE
TEINBZRERD B, ZD CodeGear % HFFIZ StubCodeGear ¥ FER, StubCodeGear &3
AR TD CodeGear 120 L TEELRITFIUIR ST, FTEETZ2DIEMTDH 5, Stub-
CodeGear 3 GearsOS DL RRFIZ Perl 227 V) 7 Mz X > THEAERM XN S,

V—RAa— R 34I1TRF /) =<)L~V Titih L7z CodeGear %, Perl 7 1) 7 Mz & -
TEWLAMR T Y — A3 — N 3517, HITHDHBOD Context Z CodeGear AT
DY TRZITI S £, ZEH4% D pushSingleLinkedStack 1. £ 1 5182 Context 2314 -
TW3, pushSingleLinkedStack 135 18d 3 DER L T\, ZbD5EBITERE
pushSingleLinkedStack stub % Context DFFEDLTH HGHD 3, ZD CodeGear I
GearsOS @ Interface ZF|H L TH D, Stack Interace DFEEL /2> T3, ¥ O Gearef
%, context @ Interface D DataGear DE X7 7 X $T 5270 THDH, Stack
Interface DE XD 6, 5IEIERZHIGE L TW5, Y7 H Gearef DEHKRE Y —A2— K
3.21TRT, ¥ U Gearef TIEFIETEH X 54117z DataGear D% enum ZF|H L 725
FIZEHLL . context 2 HEZID L TW5, DataGear I¥ enum Data I T# DataGear
O IcFESDEDIROENT VWS, (Y —RA3— K 3.3)

V—Za—F 3.2: Gearef ¥ 7 1

#define Gearef(context, t) (&(context)->data[D_##t]->t)

YV — 23— F 3.3: enumData DEF

enum DataType {
D_Code,
D_Atomic,
D_AtomicReference,
D_CPUWorker,
D_Context,
D_Element,

+;

IARTOGEREF L7=DBIZ, goto pushSingleLinkedStack T. CodeGear IZHE#HE
KRR

YV —Za— K 3.4: Stack IZ Push 3 % CodeGear

__code pushSingleLinkedStack(struct SingleLinkedStack* stack, union Datax
data, __code next(...)) {
Element* element = new Element();
element->next = stack->top;
element->data = data;
stack->top = element;
goto next(...);

24




—_

© 00 N O U W N

—
[e=]

11
12
13
14

© 00 3 O T W N~

—_
o

PRERR R (B 1) 3% GearsOS

}
YV —Xa— K 3.5: 3.4 D StubCodeGear

__code pushSingleLinkedStack(struct Context *context,struct
SingleLinkedStack* stack, union Data* data, enum Code next) {
Element* element = &ALLOCATE(context, Element)->Element;
element->next = stack->top;
element->data = data;
stack->top = element;
goto meta(context, next);

}

__code pushSingleLinkedStack_stub(struct Context* context) {
SingleLinkedStack* stack = (SingleLinkedStack*)GearImpl(context,
Stack, stack);

Data* data = Gearef (context, Stack)->data;
enum Code next = Gearef (context, Stack)->next;
goto pushSinglelLinkedStack(context, stack, data, next);

Context & ik DBEFRM %X 3.3 1R T, StubCodeGear I& GearsOS TEZRI N TV S
J —=<)L L)L D CodeGear D IR TIER I NS,
__code meta DEFTREX Y —A2— K 36117,

YV —Xa— K 3.6: __code meta

__code meta(struct Context* context, enum Code next) {
goto (context->code[next]) (context);

__code meta X Context IZF&MN X 1T W% CodeGear DACH D5 CodeGear D7 K L R & HY
BLMHET 5, ZORRICEIIDOEZRZRIE T BRI 22 F1E. % CodeGear IZE]D
RoNHBEZFHLTWS, ZOFSIICEBOYIZEAREMEH L7z enun Code B TEF
INTW3, enum CodeHIDEFEE Y — X2 — F 371, AL C_CodeGearName
EoTW3,

YV — 23— K 3.7: CodeGear DFE S TDH % enumCode DIEF

enum Code {
C_checkAndSetAtomicReference,
C_clearSinglelLinkedStack,
C_clearSynchronizedQueue,
C_createTask,
C_decrementTaskCountTaskManagerImpl,
C_exit_code,
C_get2SinglelinkedStack,
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1. goto meta
(enumh* 5StubZ 45 7E )

nextCodeGear_Stub N
CodeGear >

. goto context->code[enum]

otherCodeGear_stub

3. input data gear
DEE

DataGear /

DataGear ] 4. output data gear
ELTERZET

nextCodeGear_stub
(Stub CodeGear)

goto

context

nextCodeGear

3.3: Context ZZM8 L 7= CodeGear DT —&X 7 7t X

enum Code #iX GearsOS @ 2 ¥ A JLIRFIZHIF S 11T W % CodeGear ZE 2 LT TARK
B, Context D code BiLAIZiX, % CodeGear ® StubCodeGear DEHEUR A > Z DAL E
ENTWVWB, Ko T__code metad HkFES 258D CodeGear &, FEUH LFED CodeGear
DIERNIFEITE NS StubCodeGear 1272 5,

CodeGear 2» 5 CodeGear ND#kfEl, B v 75 I ¥ 7 D#FEEICIE S Data &
Code DAHD Closure £ 2o TW5b, VX v 7 ATIEMEDERIZ5IE (...) 2T, Z
IR TIEFFCHEHA L TR WEF— T — R TH EH, D Closure ZFHHE T W
L5 REMTHTDITEAINTWVWS,

3.4 TaskManager

TaskManager (& GearsOS _ETHEITE N2 Task DEHZITS, GearsOS LD Task &1
Context DZ & TH Y., £ Context IZIZH T DIHEITHETR DataGear DAY ¥ RIZEDE
TN T3, TaskManager (&, CodeGear DFFRICHE L ATID DataGear (InputDataGear)
D3 o TV B D DMEER, Hio TVWRP oL O/EEDERITONHLDH S5, TXTD
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DataGear 23fii o 72555,  Task % Worker @ Queue (ZJBHI L Task #FETXH 5, ZD
ALFRE GearsOS ZMiFFEAT B 2 IGEICHEREREL 72 > T W 5,

TaskManager 3MHE L3> 7V b TH B, DR, EE Worker ZEHE LA TD
1 2R T1ODADEERF> TV DI TaskManager D38 > TW B RENH 5,
ZXETNAMEBEHDOIREBREFEH DO 7 — 2 X—2EHIE. TaskManager 25FFH L TW5,

3.5 TaskQueue

GearsOS @ TaskQueue 1 SynchronizedQueue TRIEX LTV 5, TaskQueue 1% Worker
DFH T % Queue & 72> T3,

Worker @ Queue 1%, TaskManager \2#%#t L T Task ZiX[5F 5 AL v &, Task &%
173 % Worker HED AL v R THibird, X 512 Worker WEEE 2 AIREED H 5, £
@ % SynchronizedQueue 1%, ¥/VF AL v R THT—XO—EHWZRIET 2RLEDDH 5,
GearsOS Tl CAS(Check and Set, Compare and Swap) ZF|H L THEEITTHONL TV S,

3.6 Worker

Worker (& Worker D#IHA{LIZ AL v RZ21E5, GearsOS TIEFAL v RZIZZENZH
Context DR X5, Worker 1R L v FIE&RZIZ Context DFIHAL APT ZFEONHI L
H7D 7 4 —)L FIZ Context D7 K L A EEHXAL,

AL v FMEEZIE TaskManager 2 & Task ZHUS 3 %, Task IZ Context DJF TR X
NTWB 72512, Worker @ Context % Task ICUID & 2. Task DROMEGITFEITT 5,
OutputDataGear 3® % 513, Task 3171212 DataGear DF Z | L 23THIL 5,

Worker (& CodeGear DRIZRTHEFICMIHEINS, ZOMEEZFHT 2 . CodeGear
DFEITORMETDIREZFLFRT 2 Z EDAJRETH %, DF D ETNMREDNAIGETH 5 4., £
TIREH D Worker Z 8% L CANEZ b a2 — RIZEHEZ 5 X FITFEITTE 5, Worker
HI&I Interface TRIAZN TV B 72DIZ, ANVEZIEBEZ Lo TW5b, GearsOS Tl
BE D Worker ¥ LT CPUWorker %, GPU (2B LU 7L % 3 % CUDAWorker, &t
WCETIOVREREHD X Z5TEZ 13X MCWorker WERINLTWVW S,

3.7 wunion Data®!

CbC/GearsOS Tl DataGear 3MEAR DL TRE N TV, $XTD DataGear %
BT 2, Context lXFIETH 5 T XTD DataGear DEIEFEZFF > T\ 5, %% DataGear
WFHEARTIED 2DF)DBITH 5, Hil 21X Stack DataGear £ Queue DataGear 1%, Z0Z
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#struct Stack & struct Queue THRIF X425 53, BDY AT A LRI e Bir I h
e XARXLNNLTHIUE, ZOAERIT union Data BT RTEIPNTWVWS, LrL
Context 1T 2N 5 DA% TR T DataGear & L THELLK /S DERD S, TDAEIZCFiE
OFHEZHEHA L. FLHNZ DataGear DT H % union Data B ZER L TW5, HH
HelZ. BT 2 X ANZHTRAKDED XA E YA XL R XEY YA X275 5580
HhH, BROELRLIZMEF D TERT LI TE S, MEKRLEN, 1EIC—DH
LS TN TERL,

FIRCE DBINEZAENTWAS . Context DY ZICEHEZAEFNTVANITL -
THEFRDITIEN R 5, Interface D AH I THIFH LT 3 data BLH DFEE X, enum D
%5 ¥ data BLANDIRZ TG L TWB, T D728 enum THE L7ZGATICA > TWb
union Data O EARRY AL,  enum & XTIE$ % DataGear 1272 %, context D& — 127
0 — b ¥z DataGear DFEIX,  BIEHZ B T = % MetaDataGear 127 27 £ X5
LY. BADHTH o720 5,

Context 2> 5HUD i LT & 7z union Data 7* 5 DataGear DIANDZEHNI X XEHETIT
bbb, GearsOS DIFGEIX, FHE L7V CodeGear DERTTHEIT X5 StubCodeGear T
HDF v+ X B ThN 5,

3.8 Interface

GearsOS DEY 2 — U LDHHA L L T Interface 233 %, Interface I& CodeGear € %%
CodeGear TS5 AHT1D DataGear DESTH 5, Interface IZEFRE I N TS CodeGear
&, %% Interface 237z 3 Z L A3 5 APITH 5,

Inteface (&A% (Interface) & . 5% (Implement, Impl) Z 5 Tl $ %, Interface %M
CHSHEIX, Interface ICER I N2 APLIZIR> T u s oI 7% 3522 T, ImplD
NEZRIR T2 Z 2P TX B, ZHUTEK o TXRETEEDTHEEZ ANE 2O Interface
PHEHALED, S2F0WEEFET L2 ERNZUBONEDAZEEST S Z N
BHITTE S, ZHUE Java D Interface, Haskell DRI 5 ZITHE T B HEEETH %,

3.8.1 Interface DEFR
GearsOS IZFEE XN TV B Queue D Interface DEFEE Y — A2 — K 3.8I1TRT,

YV —ZXa—F 3.8: Queue D Interface

1 |typedef struct Queue<Impl>{

T W N

union Data* queue;
union Data* data;
__code whenEmpty(...);

__code clear(Impl* queue code next(...));

b —_—
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__code put(Impl* queue, union Data* data
__code take(Impl* queue, __
code isEmpty(Impl* queue

, __code next(...));
code next(union Datax, ...));
code next(...) code whenEmpty

C...));
__code next(...);
} Queue;

b —_— b —_—

Interface D EFIE. HIHFIC A I THIH T % DataGear 25|23 5, Z 2 Tld queue &
data ZHH T %, 41TTHDPHIXAPIOES TH S, 75 APLIX CodeGear TdH 5 DT __code
THST %, % CodeGear D 15803 Imp1+BIDZEENT R > TV B, T Interface &
KIS % Implement @ DataGear DRA Y R TH 5, JavaREDA T = 7 MEMFEE
Tl self R thisDF —V — FTHSHTZ 25D DEIFIFF LWV, Interface HE FFIZIZEM
N E DERIDSR B PIIRNETH 2720, F—7—FZFHL TV, ImplidInterface D
APIMEUCH LRI, X X LALLM T H % StubCodeGear THEITAI XN S, D%
2 —% — X Interface D API 2N TFRIX. 2D Impl IZXHET 2 51 BUIELE LW,
TRHROBERICOVNEZREZFHUE. Tmpl 2RV H DI B,

25 1 51802 Impl 232K 720 CodeGear ¥ LT whenEmpty & next %5 Queue DFITFEEL T
Wb, ZNHIXAPIOMEUH LRRICHEHE e LTI X5 CodeGear TH 5728, Interface
DEFRRICIIPNETH %, ZDA. .. VT, TEXR CodeGear & DataGear ® Closure
PRBEIRELTVWS, 8ITHTERR L TV S vhenEmpty (& Queue DIRREZEFR L, 2
TRIFAUL next, ZETHAIUL wvhenEmpty IZHERET 2, T4 S IEFEH LEKFIZ CodeGear
ZPANLTHEZBZLITR S,

3.8.2 Interface DU L

Interface TEFE L7z API I interface->method DFRIE T U772 S Z L 3R]RETH 5,
V—ZXa—F 39 TIX Queue Interface @ take API ZIFUH L TW 3, take I&__code
next ZER L TWBDT, CodeGear DHAHIZFIHE LTELTWS, Zhid/ —<b
L~V enum DF S & LTINS, take (ZHI 1% 1 DH 3 CodeGear TH 5 £,
HkfT T X172 odgCommitCUDAWorker4 | Stub TZ D1 & 3ZIFHL S,

YV —Z2a—F 3.9: Interface ® API OFEH L

TR W N

__code odgCommitCUDAWorker3(struct CUDAWorker* worker, struct Contextx
task) {
int i = worker->loopCounter;
struct Queuex queue = GET_WAIT_LIST(task->data[task->odg+il);
goto queue->take (odgCommitCUDAWorker4) ;

F 7=, Interface ZF|H T 25 EI1EY — A a— FHC#interface "interfaceName.h" ¥
LRI A2 REND B, B 21X Queue ZHIF T 2555 13#interface "Queue.h" EEth L7
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AU 780, #interface I, —RT2 CHRBO~InDRRICRZ %, FEIC
3~ TlERL, Pl 27U FMZEoTXXLRLDEREEL CbC 7 7 4 VITE
13 BBC, Perl 227V 7 Mflio TW3 Interface #8257/ 7 — a > Dk E&E
THb, Perl A7V 7 M & o TEHRFIZ, #interface DEEIZHIFRE L5,

3.8.3 Interface D X X L N)LDFEH

Interface H& b DataGear TH D, FEFEDEFIZ context D union Data BNIFHR X T
W3, XZ LUV T Inteface D DataGear D GearsOS _FOFEEETH 2 hEREHICT 7
T XA[RETH %, Queue Interface \IZXTIET 2 HEERDEFRZ Y — A3 — K 3.10 1R T,

Y —Za— K 3.10: Queue D Interface IZ0f)53 2 HEEMAR

struct Queue {
union Data* queue;
union Datax data;
enum Code whenEmpty;
enum Code clear;
enum Code put;
enum Code take;
enum Code isEmpty;
enum Code next;

} Queue;

Interface DEIHIX, T DWEHRICRAZIN TV SETRI I NS, Interface DEFE (VY —
23— K 38) k. FEEOMER (Y —Ra—F3.10) ZRAHERZ 2, CodeGear % enum
Code € L TR LEZINTWS, enum Code l& GearsOS T 5 I XTD CodeGear ZE
DIRONHEESTDH %, Interface 1Z APTIZHIEF % enum Code 12, Impl ] enumCode
PRAT BT, FEERRIFELTW5S, Interface @ Impl f]D DataGear &, £ Interface
WIFTET 5. Interface % DHMD— X FAVINLFIZ /4 5 72 union Data BID R A > X#EH
THUSAIRET D %,

3.8.4 Interface ® Impl DFE%E

FERIT Interface DFIFALZ LTV B E T 283 %, Queue Interface IZHIE3 % Sin-
gleLinkedQueue DFEEE% 3.11 1IZ7R7F,

Y —Za— K 3.11: SingleLinkedQueue DFE2E

'#include ". ./context.h"
#include <stdio.h>
#interface "Queue.h"

Queue* createSingleLinkedQueue(struct Context* context) {
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struct Queue* queue = new Queue();
struct SingleLinkedQueue* singleLinkedQueue = new SingleLinkedQueue()
queue->queue = (union Datax)singleLinkedQueue;
singleLinkedQueue->top = new Element();
singlelLinkedQueue->last = singleLinkedQueue->top;
queue->take = C_takeSingleLinkedQueue;
queue->put = C_putSingleLinkedQueue;
queue->1sEmpty = C_isEmptySingleLinkedQueue;
queue->clear = C_clearSinglelLinkedQueue;
return queue,
b
__code clearSingleLinkedQueue(struct SingleLinkedQueue* queue code
next(...)) {
queue->top = NULL;
goto next(...);

3 —_—

3

__code putSingleLinkedQueue(struct SingleLinkedQueue* queue, union Datax
data, __code next(...)) {
Element* element = new Element();
element->data = data;
element->next = NULL;
queue->last->next = element;
queue->last = element;
goto next(...);

Interface DEHEDEE S Interface (FHI L D API T3 % #interface "Queue.h" %L
NS BN D B, createSinglelinkedQueue (& SingleLinkedQueue THEZE L 7z Queue
Interface DAY AN F7 7 X TH 3, ZAUIBEABEIH L TEEINTED., BHEIEZ
Interface DRA ¥ X TH B, IV X727 ZANTIE Queue B K U SingleLinkedQueue D
7RI —=arE{ToTW0Wb, newE@HATFHEONT VWS, Z4UX GearsOS THUR S
NSV Ry TAD1DOTH B, new l& GearsOS DEIL FERFIZ Perl X 7V 7 Mz k - T,
context 23FFD DataGear O & — FHHBOBEO~ 7 0 ity b b5, /=<1 L LT
& context IZ7 7L ATERWVDT, Java DR 7O —2 a0y Ry 7 AZEA
LTW3,

3.8.5 gotolffd Context & Interface D PR

Interface (FEY 2 — LD A L LTTRL, XX LNV TR—RAEROE XY
it LTHHRAHALTVWS, Y—RXa—R39THIH LTV take ik, OutputDataGear
NdHHAPITH 5, ZD OutputDataGear I&. context WD DataGear D& X HfiTd 5
data BLA D, Interface D7 — XIEGHHZINICEH ZiA TN 5, OutputDataGear ZHUF 5 %
Batd, #kkie T <. API @ Interface 20 HEUE LW & WiF W,
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F 72, goto XTHID CodeGear IZER T 25D, 5IEUIHEHRZ #HE/LD context D data Fit
DG EZACRKEDLD 5, ZOUHIIX XL VDA TH 5720, GearsOS D
LIl REEIC Perl T NS, Y —RXa—F 3121V —Ra— F 3.9 DEEHERE R T,
Z OHITI& StubCodeGear DT 4 A2%v F%Z21T 95 __code meta \D goto DHIIZ, Gearef
~ 7 a% o7z context NDEFEXRLBTHNT WS, GearsOS 1& CbC ZHWTHEIEL
TWBE, ARy 7 EFo>TWIRY, ZODAERE T — &% Context ICEXRETNEDND 5
2. TR O—IRRESGE LTHHHSN TN S,

YV —Za—F 3.12: take ZPEUNH 3 E 9 DMt

__code odgCommitCPUWorker3(struct Context *context,struct CPUWorkerx
worker, struct Context* task) {
int i = worker->loopCounter;
struct Queuex queue = GET_WAIT_LIST(task->data[task->odg+i]);
Gearef (context, Queue)->queue = (union Data*) queue;
Gearef (context, Queue)->next = C_odgCommitCPUWorker4;
goto meta(context, queue->take);

3

Z DEE D & Interface 121Z. Interface 25233 % DataGear 23Ff o TEB X /-0WEAKIT W
ATV T RV, B2 IE Quene DIEETIIEHEER 24 URTHBRIBETH 225,
% Interface Il DataGear ICLTL 5 &, MUHLFICEREHRXNTLES, ¥
Wi TBEWHEIZ, Impl i DataGear DEZFZR L L TERT H2LEDRDH 5,

3.9 GearsOSOEN R AT A

GearsOS TIEEIL FY — L2 CMake ZR[H L TWd, B R 70 —%K 3.4I1ZRT,
CMake & automake 72 ¥°®D Make 7 7 £ W EAER T Y —VITHE T 2D TH %, Gear-
sOSTYu 7o IV 73 2% LA RLEW Y27 P CTHT2 Y —2a— FEEx
CMake DFKE 7 7 4 LV TdH % CMakeLists.txt IZFER T %, CMakeLists.txt Tl GearsOS
DI RICHER—HDOILE %< 7 1 GearsCommand THITHI L TW3, Zdh~wrmizrnm
Px7 FBETARGET 2 LT, a Y %4 L L7277 4 L% SOURCES IZitid§ %, V—
A a— K 3.13 DI TIX pop-and_push 23 TARGET ICFEEINTWB, BREANY X T 7 A )L
|% SOURCES IZIEE T 2 E X7 . HEITHRIRIN S,

CMake BEWZa v A MR BERa~<v Y FEEITTEZ21E R, ELRY—ILTH
% make %° ninja-build IZLEE L T\ 5, CMake i& make % ninja-build 2551 THRFIC
WY 357 7 AT Makefile, build.ninja DAERE TEHYE T 5,

YV —Za— K 3.13: CMakeList.txt N TOFas =7 FEFE

1 GearsCommand (

2

TARGET
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pop_and_push
SOURCES
examples/pop_and_push/main.cbc examples/pop_and_push/StackTestImpl.cbc
TaskManagerImpl.cbc CPUWorker.cbc SynchronizedQueue.cbc
AtomicReference.cbc SingleLinkedStack.cbc examples/pop_and_push/
StackTest2Impl.cbc examples/pop_and_push/StackTestImpl3.cbc
)

GearsOS DL R TWREZ CbC a > XL IMY —Ra—F2a v ()L 52 eid%k
<, BCPerl 227V F 2 EHFITEIND, Perl 7V 7 MIEIL FXIRD GearsOS
TR X N2 CbC 7 7 A V%, #lift7e CbC 7 7 A VITEHET 2, 1EFDT GearsOS THj
B3 201 Z 2 BRI LB R R BT b, Perl A7V 7 N TE#aZ L7z CbC
77 ANRERDHLIZCOC Ay, IhRar L %275, B ROUMBIZEELX
TED., CMake#£H T make ° ninja 3~ > RZHWTEL RT3,

_B . .

generate

perl script

A
\ 4

Gears
Source

executable
file

CbC
compiler

generate
context.pl

stub.pl

CMake (make, ninja)

3.4: GearsOSDOVE /)L R 7o —

3.10 GearsOS ®D CbC Ll CbC ADZE

GearsOS 1 CbC ZIR L /=i o TW3, 7272 L ZOHLEBEIRIE CbC a >4
ZTH 5 geen llvm/clang IZIFEEH SN TOWRV, Z D2 GearsOS DILIRE 7 %, 2l
2R ChC DRCHNMIZER T 2 DD % o BUED GearsOS Tld, CMake iZ & %>
284 JVIFFIZ Perl CTRExb X 17z generate_stub.pl & generate_context.pl D 2 fFHD R
7)) 7 PTEBEIND,

INSDPerl A7V 7 ME 707 I<REDTHDT I LIER W, Pal 227 ) 7+ D
FAITFMEIZ CMakeLists.txt IZFLEb L TH D, make % ninja-build TD )L FEFHIZFEO
Ehd, (Y—Ra—1F 3.14)
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YV —Za— K 3.14: CMakeList.txt AT Perl D FEFTER7

macro( GearsCommand )
set ( _OPTIONS_ARGS )
set( _ONE_VALUE_ARGS TARGET )
set( _MULTI_VALUE_ARGS SOURCES )
cmake_parse_arguments( _Gears "${_OPTIONS_ARGS}" "${_ONE_VALUE_ARGS}"
"${_MULTI_VALUE_ARGS}" ${ARGN} )

set (_Gears_CSOURCES)
foreach(i ${_Gears_SOURCES})
if (${i} MATCHES "\\.cbc")
String(REGEX REPLACE "(.%).cbc" "c/\\1.c" J ${iP
add_custom_command (
QUTPUT ${j}
DEPENDS  ${i}
COMMAND "perl" "generate_stub.pl" "-o" ${j} ${i}

)
elseif (${i} MATCHES "\\.cu")
string (REGEX REPLACE "(.x).cu" "c/\\1l.ptx" j ${i})
add_custom_command (
QUTPUT ${j%}
DEPENDS  ${i}
COMMAND nvcc ${NVCCFLAG} -c -ptx -o ${j} ${i}
)
else()
set(j ${i})
endif ()
1ist (APPEND _Gears_CSOURCES ${j})
endforeach(i)

3.11 generate_stub.pl

generate stub.pl 13 CbC 7 7 A L Z MU E N5, X 3.5 1T generate_stub.pl %
o 7B OMEZ R, L—H =235 L7 GearsOS D CbC 7 7 £ MiE, /—~<IL
LALDIA— R THbB, generatestub.pliZ. CbC 7 7 £ T X Z L)L OIFRZ U0
Z GearsOS DILERIEX ZHLD FROZHER D CbC 7 7 A VB2 HTICERT 5, RIEFTD
GearsOS @ 7 7 A VDYLERFld.cbc TH 573, generate_stub.pl IZX o TEH LI NS &
R CTHLR T DAY D BD o727 7 A APERINE, ILEETIZ.c TH B0, FHIZ
CbC TREBR XN T W3, generatestub.pliddH 2 7077 L DY —Ra—FroiElo7wm
TILDY —RAA—REERTE TRV 4T LTHRSZENTE S,

generate_stub.pl {& GearsOS DY — X a— K% 2 [\[§iir, 1 EHDFHAAAT, VY —X
a— RHZEY;T 5 CodeGear &, CodeGear D AT E AT 5, Z DFFIT#interface
53T Interface DA DML X NG, Interface DEFK T 7 A V2R X, FEEINT
W5 CodeGear & DataGear DFHZHUS T %,
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. I
N each input each output N
generate_stub.pl
(translation)
Gears CbC » » Pure Che
sorce code — b ]
(*.cbc)

3.5: generate_sub.pl Z{fio7z b 7 X a4 L

17 7 A Ve 5ERIZHAIAA, CodeGear, DataGear DIHHRZ G L&D 2 & LIE
BZDEMe b LI 7 A Ve EEN T, 77 A NVEZEZHTRIE. JTO CbC
77 ANEEGAAB L, BT 2RENRD DX T — FBHBIT 2 T, EfRZRO
7 7 A VITHREE 21T 9 Bl 2 1E4 CodeGear DRIRIZHFEIT S5 goto ik, GearsOS
D EE MetaCodeGear I T 2 K512, WRZUIDFZ 20EDRH D, ZDAIT
generate_stub.pl &, goto X ZHIT % & context FEHTHIEDLD & H 23 5 X XULE
ZATMNZ %0 £72. TXTD CodeGear 1 context Z AN & U TR A BEDNDH 57
o, 5l1EEHEZHLZ T Context ZfHIMATVW3S,

generate_stub.pllX Perl TEINZ N7 R0 %4 5 THD, CEFEOII L4 T7D
X DN FH 2 A, MU 2 3 28R TRV, W O H 60 UDERLZIEM
RERR =V ICHAAATVS CbC 7 7 A VDITBRE =<y FEINT2 6, FFEONL
M2 3 5HRICEEINATVS,

CodeGear D A 1% context 2» HHL D Hi§ StubCodeGear DAL D generate_stub.pl T
179, BT TIZ StubCodeGear DEEH XN T W EIX,  generate_stub.pl I& Stub-
CodeGear {FAERK L 220,

3.12 generate_context.pl

generate_context.pl &, Context DFIEUVEIED 7 7> £ V24T % Perl 27 ) 7 T
H %, Context ZHIHULT 2 72D121d. FRLOMF % LR IT UL 5780,

e CodeGear DV A b IZ StubCodeGear D7 KL XA DX A

e goto meta RAIZH B Z G T 2 data Bl 7 0 —> 3 &~
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o STETHAT 2 ITRTD DataGear. CodeGear IZFH L THESEZEH DIED . enum %
1E#3 %

o IR LT XD extern DERK

NS DEMIIEHMTHE2DDD, CbC 7 7 41k DataGear DIEHRDHED & 47z
context.h Z RAUX, LRI RNEABTIE—BICRETE L, HENLDAJEETH %, gener-
ate_context.pl X, context.h Z#HiA. 3 DataGear DEUF %175, CodeGear X, gener-
ate_stub.pl TEHLZX N7z CbC 7 7 A L Z2FAAA, __code 3D %D D% CodeGear & L
THIKIS %, T2, CO—RBEETD create PEBKICEENTED ., KA U 2AEIRT
BAEE Interface Da Y XA b7 72 LTHIMTS 2, 2O oDERE D &2, CodeGear,
DataGear DHE S Z/EHE L, enumCode.h ¥ enumData.h & L TEZHT,

input
T context.h

generate_context.pl

output

' v | | }

example- enumCode.h enumData.h extern.h data
context.c Gearlnit.c

3.6: generate_context.pl Z -7z 7 7 £ VAR

3.13 CbC xv6

CbC xv6 1E GearsOS DT XA T L EFHAL Txv6 OSDEEXH#HI ZHIEL TWbs 7 ud «
7 b TH 5B, [19] xv61Ev6 OS[20] Z x86 7 —F 7 7 F Y HICMITIC Ko THEELEZh
72bDTH %, Raspberry Pi L TOEEZHIEL TWa74dD, ARM7—%77F vH
KRR EININ=Y a2 Y EFHL TV, [21]

FEZ BV TIE LR AT 41E CMake ZFH L. Perl 7By 834 S2EA
LT7D & GearsOSDE N R AT L LIXEF TS AT 2 FHLTW5, GearsOS %
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o 72INBE RZERANR 7 SV 5 —2a >y Thb72H, xv6 DEEHZ 2T 0H
TR A R CRBEZFERECHBENEEN T WD, xv6IZ UNIX OS TH 2470t B
ML TR Z AT o T3, Z ZIZER I Context A L7z, xv6 TIEEIDIAAD 7
Z 7R KIBERE L TH - T\, GearsOS THET 215513 DataGear B/ 1272 5
7z, ZHHD 75 7% DataGear DIFTEIELE L7z, Z D DataGear 13557 1+ R
MG T % Context TlEZ <. HUDHYZ Context 23 > 7L b U THio TWAREDNH 5,
CbCxv6 DFEEE% 1 L T Kernel DR ZFLFE L T < Context, D F D KernelContext 23
WETHBZeREDPHHL 2,

3.14 ARMHAENL FT AT LDIER

GearsOS ZEIL R T B EIE, x86 7 —F T 7 F vy DT U PHEIL RT 2005 ET
Hd, TOHBELEIL R LIANA FVIE6ANTDONAL FV D, ZHUIENLV RZT 55K
AP VICBAINTVS CbC Ay 84 703x86 7 —F 77 F ¥ [MIFIC L KX ik
BDTHLHTH 5,

CbC a ¥4 1 GCC & llvin/clang FIZREER L 72 2M 0 =N R TH 5, LVM/-
clang DGEWFXLLVM I TR =7y b 7 —F 77 F v 2B RT 2 Z e BA[RETH %, GCC
DEEEIERANPO ] ZR—=Ty V7 —=FT7 7 F ¥y RIEELTar 4 2L T 208D
»H 5,

FHC~ Y Y ARy ZORERED S, D7 —F7 7 F v AT DAL F U LR L I20
F—A0D b, BEM~A 2R — KN TDH 5 Raspberry Pi[22] (X ARM 7 —F% 7 7 F ¥ 53
B X TWB, Raspberry Pi LT GearsOS DL K23 255, ARMAICEL REN
72 CbC a > %4 I RE Y 725, Raspberry Pi HIKIZIEN e~ > TH 3720, GearsOS
DENLRIED E XD CbC ar 14 7 D% Raspberry Pi LTI 2DIEREETH 5, ~
YRRy IEDD x86 7 U6 ARMHDANNA FY )L F LT, Raspberry Pi
WHGEALET LW, AR PRIV DT7—F 77 F v DANOT —F 77 F v [AliFica > %
ANTBIeEIZBRAVINAILEIESR,

GearsOS IZE L BY — 2 CMake ZF|H L TWA DT, CMake TZ 1B X2 %4 )L
A[BEIC TR Z LR IFUIR 5BV, BV RIMEHAT 2 a2 %4 50 A& CMake 23 H
IR L. PE L7z LT Makefile %° build.ninja 7 7 £ V&2 4K T 5, LA L CMake 1&
SGELRLESELTOVWARED, HADENEL TWE 7 —F 727 F ¥ 0% 5 TRV,
on2ayR4 7 LTHZZ0REEF oy 7 LRV, D% D CMake WHEITZ 1 2
AL NXIED GCC ay 4 Z 2T i3, ZOEZTDEELILRT S L x86
DA FUDPERINTLE S,

CMake ZAH L TR a4 V3 255, CMake DETRICTET I m R a8
4 7 ZBHRINCIEE T 20BN DD, ZDHE X DT U H ARM DAL+ 2T
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THAIRERDHD, a4 IRY U A—I2E% ARM D7 BRa Y%L LHED S DIT
FBETH2HEDLD L, Tl xv6 DHFERY Y IRICRED Y Y AR ) T b 25 &4
BRHb, TNoDV AR YT d CMake iz, CMake 23t L TW2 UV A H
DFRRER 2> THR THAL T TEITHEDLD 5, CMake fIICHEH L7200 a >4
Z OFEREIEEIURX. DIREIE CMake il BEIRNIZHEYI R L R R 27 ) 7 h 2R L T L
Nz, ZOXK57% CMake DU ZFFTHETITS ZLIZH L WD T, pmake.pl Z1ER L
720 pmake.pl DO E 7 X 3.7 127~ F, pmake.plid Perl A7 VY 7 FT, >z
<Y NZHNFTEITLIZO R YA NVHDOA TS a v AT %, pmake.pl Z#HEH
LT CMake T3 % &, make 2~ FIZXIGT % Makefile, ninja-build IZ®55 %
build.ninja 23R XN 5, DX cmake TI372 < make 2 DI KY — L3 )L R %
179,
CbC ARM

Cross Compiler

1. Find the ARM library
to use

Makefile

2. generate cmake option
& execute cmake

pmakepl f===============-

\ ARM Library
. 4 buid.ninja
3. generate build file

linker script

3.7: pmake.pl DL 7 7 —

3.15 Interface DI Y P T DO FiHT

GearsOS O Interface l3EY 2 — LD HAHA L goto X TOE O —RRESGFTE L
TOKEEZ R > T3, Interface D Implement DNy X —7 7 £ L EFTHL -2 & T,
GearsOS [T Interface % 523 2 BICH 7272 5L TOEEZMET L7z, Implement D
CodeGear 3% ¥ TliX Interface TEF L 7z CodeGear ¥ 1 XF 1 M5 L TW7z, Implement
@ CodeGear 25 goto 3 57, AN1& LTHZ 507z CodeGear 2>, Implement N THE
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WZEFR L7z CodeGear IZ goto T2 7 — R K> T\, BREDMEICETR L7 CodeGear
WZgoto §5 7 —RAb, FEHEDCbC 7 7 A LOHFIZEAR X TV S CodeGear IZER LT
Wiz,

GearsOS Z HWT xv6 OS ZHFELRE L BRI, FEM D CodeGear Z 0> < Al Tidad
L7ze MIZMEICE 5 T1 2D CbC 7 7 A LB 72 H D CodeGear DFLIREIIEZTL F S
EWVWSERRAE L, RBLZ XL T25512, Interface TEF L 7z CodeGear & EH#%
FIHT % CodeGear DFEEL | ZA 505 goto T 5 CodeGear THRET » A L2 HET
R W YA
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4% GearsOS D Interface DX HE

4.1 GearsOS D Interface DX DR R

GearsOS @ Interface Tl&, €KX DataGear & CodeGear % 778 L Tidab L T\ 7z,
CodeGear D A1 )1% DataGear & U THIZET 208D D 57z, CodeGear D A TSI & L
T__code() DIZECHE L 72 DataGear D—E ¥, Interface EEFTREE L 7z DataGear D%
BB L TVWBEREND B, VYV —Ra— K 4.11% Stack D Interface DHITH %,

V—2a—F 4.1: KD Stack Interface

typedef struct Stack<Type, Impl>{
union Datax* stack;
union Datax data;
union Data* datal;
/* Typex stack; */
/* Typex data; */
/* Typex datal; */
__code whenEmpty(...);
__code clear(Impl* stack,__code next(...));
__code push(Impl* stack,Type* data, __code next(...));
__code pop(Impl* stack, __code next(Typex data, ...));
__code pop2(Impl* stack code next(Type*x data, Typex datal,

3 —_—

25
__code isEmpty(Impl* stack, __code next(...), __code whenEmpty
...
__code get(Impl* stack, __code next(Typex data, ...));
__code get2(Impl* stack, __code next(Typex data, Typex datal,
25
__code next(...);
} Stack;

MERDODEEL TV EEIEDHE. 2D DataGear DEEDN—HL TWVWRWST — A
% &5 LTz, F 7z Interface D AJT & LTD DataGear TWER L., 74— REHL
L T DataGear Zfi5 7075 I VT RXARXANEZES 7 —Xb R HNTz, GearsOS Tl
DataGear 7 4 —/IV FERE A 7Y = 7 MK L 72WEE. Interface I TlE72 < Impl
BN ER 2 RIF S 2 E DD 5, Interface HNCEEAR L TL % 5 RENIEEHE Z 501 5,
GearsOS DTV T I VT AXA MZEN TRV HEZ NI, ficks ez
AHEZ N5, CodeGear ¥ DataGear 1 Interface DIGEIIEHZLEARIEICH 203, 7
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HELCElR L CL % 5 & TDataGear DEE ) ¥ [CodeGear DS ZHIETHR A TL %
9o B ET Interface TEFK T b CodeGear & DataGear I Interface D API TH 5, Z
N%Z L —Y R BRI EL2DBEND 5,

golang 12 % Interface DFERENIFHEIE XN T W B, golang DIGEE Interface IXBIE D E
ST DAZILBRT 2N —NIZRoTWVE, ZHARBEEFN TV THEERTHME
AR

Y —Za— K 4.2: golang @ interface 55

type geometry interface {
area() float64
perim() float64

GearsOS @ Interface (AT E HTID APIZEFKT 2 DT H % DT, golang D Interface
DX, BBD API Z MR TEAR T 215 DEHRTH 5 & & X7z, B L7 Interface
DT Stack ZEFR L 72D DEY —Ra— K 43117,

YV —2Z2a— K 4.3: ZHEED Stack Interface

struct

typedef
__code

Stack<>{

clear (Impl* stack,__code next(...));

) ——

__code push(Impl* stack,union Data* data, __code next(...));
__code pop(Impl* stack, __code next(union Datax data, ...));
__code pop2(Impl* stack, __code next(union Data* data, union Data
* datal, L))
__code isEmpty(Impl* stack, __code next(...), __code whenEmpty
(.05
__code get(Impl* stack, __code next(union Datax data, ...));
__code get2(Impl* stack, __code next(union Datax* data, union Data
* datal, ...));
__code next(...);
__code whenEmpty(...);
} Stack;

PER D Interface TlE<Type, Impl>F—V— RKDPEFEN TV, ZHUIT =1V T XD
FEREZ B L CEAZINTMX TH 5, Impl F—V— FIIEEFAGORIZRIRIZLH LY L
THEHLN TV, UL LEAR Interface DEFRZEIT 5 BRI GearsOS D> X7 4 I, CodeGear
DFE 5 Impl BID KA V2K Z, ZHEA TV 27 MERAISHETE D self I

WIBZHDTHH, HTHEDA VARV AEBRTEALA VR TH S, Impl F—7— FiZ
HWELTHEHAEN 01, ESHI»53MDAL, F7+L F0RF—v—Fr L

TEFE L7, Type ¥F—V— FIIMZHE LTOFHZER L TEAIN TV 23, BfE
FTD GearsOS DFETIFEAINTWAEP 272, PV 7 A L TOREHDOFIH
DEERTRED 1 XFERDB XL DN S, ZEROBLTIIDOHDY =41 7 ZEX
DZEeZEZ T, Type ¥—V— NIZHIBRL 72,

41




PRERR R (B 1) 4% GearsOS O Interface D

WX EZEET 5121, GearsOS D E L K2 27 4 T Interface ZFIF L T\ 3 T %
BIES 283D 5, Interface IX generate_stub.pl TaiAAE 4, CodeGear & AHTID
DataGear D Z LT3 THN 5, Z DU Interface D S—RIHBTE2HDTH 5,
HIRTIED 503, 18— ANROD Interface DRESCIE, ZHEFTDOHEUT LAXIG LTV,

4.2 Implement DRIERT 7 4 VDEA

Interface Zf# 5 FEETIX. Interface BNIRFE 2 & T2 HET 27 7 XLMBEEN
%, GearsOS ¥ Interface IZRHET 2 EENEIET 5, fl 21X Stack Interface DEIEIZ
SingleLinkedStack TH D, Queue DFEZEIX SingleLinkedQueue X° SynchronizedQueue 53
FET %,

Z @ SynchronizedQueue 1% GearsOS Tl DataGear & L T 415, Interface DEFK
CRISERBIER T 7 A VD, RFEOHNZOWTIIFE LD 572, HERIX context.h @
DataGear DEF B 7IC. MEEROEXTERIAL LD DZF TR L Tz, (Y —Ra—
K 4.4)

YV — 23— K 4.4: cotnext.h ICEZEELN-TIER

'union Data {
/*x W& */
// Queue Interface
struct Queue {
union Data* queue;
union Datax data;
enum Code whenEmpty;
enum Code clear;
enum Code put;
enum Code take;
enum Code isEmpty;
enum Code next;
} Queue;
struct SingleLinkedQueue {
struct Element* top;
struct Element* last;
} SingleLinkedQueue;
struct SynchronizedQueue {
struct Element* top;
struct Element* last;
struct Atomic* atomic;
} SynchronizedQueue;

/x & */
};

CbC 7 7 A D BldcontexthZ A4 > 70— R332 & CTHEZLSBIOMHIZAEETH
%o Perl D b7 > A a4 5T 5 generate_stub.pl IZ Interface DRIEFR T 7 L L%
NR—=ZAL T\, L2LEIERT 7 A VOIFEDEED Interface ¥ EETELR > TV 3
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£12,  generate_stub.pl T Implement DHRNZEI 3 2 #/EHN T X722\, Implement DFY 3 [
FRICEFR T 7 4 VEEE T UL, generate_stub.pl TRUEFRZ FI W2k &2 72 UL 53 A] BE
DL BRI RT ADFHGEEDAREL 7125, FRAVERII—EH L T+.h i dh
R BR2ED, TurI~oRELdRLKZS, AL TIEH 7212 Implement DEYE
BRI 7TANEERT 5,

GearsOS TlX 3 TIZ Interface DEEFR 7 7 £ V2 Ff> TWb, Implement DREFK 7 7
AN, Interface DRIEFR 7 7 A Ve > v Ry 7 R L7200, Implement DRIEFE
7 7 A NVTERERITFAUIV TR 0DIE, O Interface ZEE L TWE0DFEWRTDH 5,
Z DRI S FE T Interface DI ZFROROEFRICAABT 27 — R &, BHDFEL
RFEFTICFEIRT LVEEL TV LI 0 E D 02T 27 —AMBFET %, JavaT
¥ implements ¥ —7 — FZHWTE D Interface FEEL TV A2l 3 5, [23] ¥ —
A a— K 4.5 Tld, Pig 7 7 Al¥ Animal Interface #FEHE L TW\W5,

YV —A3a—F 4.5: Java @ Implement ¥ —7 — K

// interface

interface Animal {
public void animalSound(); // interface method (does not have a body)
public void sleep(); // interface method (does not have a body)

// Pig "implements" the Animal interface
class Pig implements Animal {
public void animalSound() {
// The body of animalSound() is provided here
System.out.println("The pig says: wee wee");
}
public void sleep() {
// The body of sleep() is provided here
System.out.println("Zzz");
}
}

golang Tl Interface DFEIHEIIFHIF — 7 — FZHEER TIZ. Z D Interface TEFKE L T
W3 XYy Rz, Implement IZHY T 2HEARDBTRTEEL TV ERESLTF v
SNd, THhudgolang 37 7 X &2Hi7 3. WA Z o T Interface DFEEEZIT S 2512,
FHERDIERRIC Y D Interface DEIETH 20 DERE S Y Xy 7 A LFEIFRWATH 5,
GearsOS TIIBIER 7 7 A NV EFFOZ e TEX 572D, golang D & 5 BRFEfTHREF = »
Z3TH T, Java ITEWE TR L 720,

B/ A LBEF T SynchronizedQueue ZER LD D% Y — X3 —F 461213, KZF
IR EFRITET Interface ERD D D E AR TH 5, HEWE LTimpl ¥F—V—FZEAL
7z ZHUZ Java @D implements WM T AHEEETH D, FEEE L 7 Interface DF4H] % Flab
T 5, BURD GearsOS Tl Impl 234 T % Interface X1 DDA TH 270, impl DR AIZ
37221 00BRBREIND, BIERDOHPTIIMHEICER L7z CodeGear ZFEWT H WU,

43




U W N

PRERR R (B 1) 4% GearsOS O Interface D

ZHUF Java DT T AR=F XYy RIZHETE3H5DTH S, FFITTFAR=F XY v K
DIV EX, FEREMICHE L - WEBER R $ 5, SynchronizedQueue DTl
top 7R EWELEMTHE L TV EERTH %,

Y —Z a2 — K 4.6: SynchronizedQueue DEFK 7 7 1 /L

typedef struct SynchronizedQueue <> impl Queue {
struct Element* top;
struct Element* last;
struct Atomic* atomic;

} SynchronizedQueue;

e context. h ICHEBZELIR L TW2 3 RTOD DataGear DEFIZ. A7V 7 b THEMAYIZ
Interface 3 & Of Implement DHEFE 7 7 4 MTEHLL T\ 3,

4.3 Implement DRZ VN2 LIZX BHE 572 Gears 7
nrys3Ivy

Implement DTZEA L7z, GearsOS DI T I V7% T BHIZONTWVL DOhD
BB S 7R =V D3D B e Dbholz, HEEMRZ LS StubCodeGear 1%,  goto meta
N OERT ZDDFHETH 5725, 518U% Context 20 HEX D S EDH 5, Context 2
HHD HTHEIR. FEEL TV Interface IKXHIE L TWAE X6 7 — X ZHD H
T, ZOEZLANE data B TH D, BV DI ZFI3E enum Data EXIGLTWVWD, F
72 CodeGear 20 5 goto § 5 FFIZ. EIED Interface IZEZ FH ZIAAIZIT L,

Interface TEFE L 7z CodeGear & M5 L TW 5 Implement @ CodeGear DFHEIE T D
7 — X DD LA TRV, LA L Implement @ CodeGear 2> & AEBT goto %
CodeGear DEEITHIER R 5, WHEET goto 35 CodeGear &, Java RED S F A
NR=F;XYVy FELTHHATE %, ZD CodeGear D Z & % private CodeGear & FEXR,
privateCodeGear 12 goto 3 2355 .  goto TLD CodeGear 2> 5% goto meta #XH TER
3 %, goto meta MWIHITEN % & Stub Code Gear IZEBET 203, HEDT X7 AL TIX
Interface 2° HE % BUS L1217 < o private CodeGear D A ] H Stub 2 H5HUF L7202 &
Z. Implement % Interface DD % D T GearsOS O 2 — K ZFlab L 7z,

4.4 Interface D>S—HY — DR

PERD GearsOS D b T > X284 FTIE, generate_stub.pl 23 Interface 7 7 £ /L%
B, [HlZ ML Tz, ZOEIRMENTIX getDataGear B TITON T Wi, L2 L
Z O, CbC 7 7 4 LD CodeGear., DataGear DT CHEHAT AL —F R D
DTH %, o T. Interface K D = ZADHZRTWRD o 72,
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Bl Z \EFH NNy X7 7 A ud Interface DT 7 A L ThH, IO TRVWC DAY X T 7 A4
ILTHRIBEDIENTZ L TLE S, Interface DEFE 7 7 4 VORI T TITH—INT=dD
EHALTOVS, ZOMITEREIN TV Interface 7 7 4 VEGRAAALL A, =
77— LT U720, F72. Interface 237z N E CodeGear DFESES° InputDataGear
DHDEH BTV, X 512 Interface TIX72 { . Implement DEFE 7 7 £ )L b FFRIC
R=A L., Tz LI20,

IS EEBT 512iE. ®&HH 5 Interface ICFRHEL L 728 —H — 3B v 72 B, AHFSE
Tl Gears:Interface £ 2 —L ¥ LTHEL 7=,

4.4.1 Gears::Interface DK
4.5 Interface DFEED CbC 7 7 £ LADRELDIE A

4.6 GearsCbC ®D Interface DFEEERFD[B]E

Interface ¥ ZN % HEEE T 2 Impl DRNRET % &, &IER{#E 723X = CodeGear D API
F—RBICRET 5, Z ZTHi7z3TNE CodeGear 1. Interface TEFE L 7z CodeGear &
Impl HITCEFR L 7z private 72 CodeGear ¥ 72 %, Il 21X Stack Interface DFEIELE X %
¥ . 4% Impl T pop, push, shift, isEmpty 72 & 2 EET 20BN D 5,

WERIZ T T I <DFEETAY X =T 7 A VOEREZSRLIZDB S cbc 7 7 4 L%
ER L Tz, FEETOREEDD, TV A NVFHI Tl ORMERIZFH L 7=,

e CodeGear DASTD 7 +—< v b DA—F
e Interface DEEED CodeGear DA IRAID A —R

o HIEL TN T WS CodeGear DFE

FHZ GearsOS DIGEIE Perl A2 V) 7" M2 X o THiIFEZ ChCIlC—EE XN THhHa v
RA VBTN D, BEDRNE T 2a2 34 SOMASHEICE > TlE. CbC a
URATGLARILTAVNRA NI T =2 REIRTRNT —2A03H 5, ZOHEITEBRICENE
ZIBRDBS, gdb, Udb R ED C TNy HEHWTT NNy 72T 508R3H 5, £ ChbC
aVRA FLANLVTHAITETYH, Ik ian/za— Mtz -3, 207
D, TRV, TDEENE L —ALRELT Ny T 2T 508N H 5, Interface
DEENLFDTHZ DT T —1F, GearsOS LRIL, HIKTH ChCar 4L 5DL
ROV TEREBITHRAIL 720,
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4.7 Interface Ziii7=9 2 — FAEKDMF FEDXTIDIAN

Interface ZHERE L LT L TV 2 FREDH A, Interface Z5E IR VLTV S 0
EMIET RNV ARUDFETRL ALV TRAIEN S, il 21X Java DIGEE Interface
iz L TOWRWESIZa Y R LT 5 =172 5,

Interface ® API Z58 22K T 2 D 2R3 HfHA L LT, Interface DEFRD S LT 4
R — DT TR EZBM e 51 B oM ZE BEIAEN T 2V —LD3d 5,

Java TIIBRA RFIET I DY — N2 FEEL T35, Microsoft 242 L T\ IDE & 7
0y IVIHEEDAY A Z 0771 kAl Language Server 23% %, Language
Server (32 —7 4 Y IHDY —RXa—FRzary L JHHT =L, HifEEmeT I —
DODNBRZE%ZIDEMNEM T2 2 baLThHsb, EER Java D Language Server D
25T H 5 eclipse.jdt.ls[24] TlZ. LanguageServer DIREL L TARFEIZED X YV v N2 HIS
HIRREDIFHE SN T WD, [25] ZTDHKREZJIGH LT vscode L HRFERD XY v N2k
E L. HIEEERT 2HEEN D 5, D Intelli) IDE 72 ¥ OFH IDE Tld, IDE 2Vt
HIZREZED XY v N2l MEE2ERT 2 EEZEE LTV,

golang D EIEZFIT josharian/impl[26) fEDNT NS, THUIA YA P—LF B L
impl I~ ¥ FOMEMAATAEICR D FEE L 72\ Interface DHL & | Interface Z 5T %
Impl DB (L2 —N) 2525 Z e THEIEKREIN S, FERTT 1+ X TH 5 vscode D
golang DAy 77— TH % vscode-go[27] THEAZINTE D, vscode 2> HFEUHY
T ZEDAEETH %, vscode AN D vimBREDZT 4 XL LD H LR, Y=Ll
TR U TR ORRZRHT 2 Z L 23A[RET H 2,

4.8 GearsOS T Interface Zii7=3 CbC DK

GearsOS T3 [[IFkD Interface DEFKED 5 FE2ET 5 CodeGear DFFEZEM L 72\, Lan-
guageServer DEA HFE X 6150, SEIDEGAEIX C FiED LanguageServer Z ChC HIZ
FIHREBL., Z 51T GearsOS HICEXIZ 208D 5, TIRD GearsOS 23FFo > ~
Ry 7 ZECoC DY YRy 7 ZAEIRLTVEHDTIEDH B, ZHUICHCay 4 Z
HNZIFAHAIA FN TV, LanguageServer % GearsOS 123G S %56, CbC 2 >4
7 Z GearsOS DIRIRS > X v 7 R B AT 2 0EDH 5, CbC a v 34 FRINDOHKEE
DFEEIZ, HBRNVHESENEGWEEZ S5, CbC a4 ZHZFZDF 3. Interface
D AHTTDOMEIZBEFED GearsOS D EIL K ¥ 27 & FITHH AR AT W,

FfLTgolang D impl A~ Y FD X HIT, Tz A 6MEH UEAENICHR 2 EH =
AR EZoNE, ZOGEITEEDLHRNAES D, a~ Y N2MUH L TEYE
HAOFREREMRZ 2> 2R T 4 RIREDET Ty b7+ — L THAFREL 2 5, 5
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TERZZEIZ, ax Y FE2EITLTHETZ 7 A V24T %2~ 2 F impl2cbe.pl %
GearsOS IZE A L7z, impl2cbc.pl DO EZ X 4.1 1R,

D

Impl type
definition file

(*-h)

1.Input Type Definition file

Implementation

5. generate CbC file CbC File

2. Parsing the Implementation
Searching for Interface

Interface
Definition
File

Interface
parse
library

4.1: impl2cbc DULEE DAL

4.8.1 FHEERDOTFIE

Interface TIWE AT DFED3 Impl & i o TWBRLEDH 203, F—5BIIFEEBEGD A
VARV AHK BRI Lo TnD, FEHEDRUI, Interface ERIFITIINETDH %,
Z®D%, GearsOS Tl Interface ® API D'H SR T 7 L b AIZEE Impl B FHEDR v
LTHIHS %, 77 40 M Impl ZKFEEQHNTERLS 2 Z ¥ THEAERDAIREL 72 5,

FHEF N X CodeGear 13 Interface & Impl IO % RAUXER SN TWS, __code TH
SEINTVEHDEZEREMRTIUI L VD, Mt L TFECH E N5 CodeGear 1XEE
W7 I F /=700 GearsOS TIHEDHALT W B Interface IZIIMER R DMEHET H 5 next 73
BN TWVW5, next ZD D DX Interface ZFEFH TR, AN LTEZ S, TDA
£ Interface ICA ST LTEH X 607z next ZIR1F T 25TNIFET 50, next ZDH D
DI HFEEEIZA Interface IZFTRF L2V, L72h o T Z % Interface D SFEEAH|CTHA/RINIC
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FEET B Z X TERY, HPAERDERIC, A1z LTEZ 575 CodeGear 4 L T
LESe, Puro~iRilzdb76LTLE D,

ATE LTEHZ 5 TW3 CodeGear 1&, Interface ICEFE XN TS CodeGear D 5|
B L TREINATWSE, 2— NIRTHITIX, whenEmpty AN LTEZLNTWVWS
CodeGear TH %, HEEZENRT 2551F. A1 LTHZ 547z CodeGear ZFRAF LT
1724795, EF X Interface 72 £ 3 Hi 1 L71&I1Z, Impl fllZH 3 5,

4.8.2 aAVAbI272OHHARK

AR TIEMMICa Yy A7 7 2DERDHITH . GearsOS D Interface DA A~ 5 7
2%, ATV OMRENOEZZEROUIEEZITS5, XEV EICHERT 5 DIXFIT Interface
E Impl DZENFNDREAL 1o TWB, Interface IZ & o TIEAID DataGear ZA T L T
WAHONH D, FOHEIXFD DataGear DFIELD 2> A T 7 ZNTITO DENH
205, HEAERIa Y RTIZ 2 ETORITIIITHARWN,

AVRANTTRDAUANERIET 7 0 TEERIZ 0. KA ¥ ZDEEIZNULL THI
LS 2 X2 1CHERT 2, ZORZ Y PR TCEREINTzav R 57 2 &2#55E, CbC
T 7 ANDHEYET 27 %HIFRS % & generate_stub.pl N TH HEIHNIZAER S L5,
BB RSRE 2 MBS 2 £ 1CbC 7 7 A LB T2 D Ot EDTR S F 03D 5,

BRENCa Y A b Z 7 ZPFEIPNTOIEGEIE. Perl A2V 7 MATO BEIERMIZET
LAEWESICEE L, ZUIA TV =7 MEMIZFED A ——F 4 RITHYE T 2 H48E
E25%, BIRD GearsOS TEDOLNTWE AV X+ 77 XlE., EARIX struct Context*HY
DEBDAEGIMTERLTWS, LrLATI 27 bE@EAIT 2772512 1D % RZEEHN
HoABTWGERYE, aYA M7 7 ABFHTHEHZRA LW —ADEET 5, 20D
BEIFaA VAN 7RO EHEPLTHER, RUTWoTEEZ A VAR ZAD X U NZ
FZXAODLEND 5, BERNICEDEZZHEZADIZRVDDPE Tl Perl 227V 7 Tl
HETHZEDRTERY, 2D KD KMl RFHEL T 5581%. generate_stub.pl ] TD
HEIAERIZE I, $RAEREINZa YR 2272 2EETUERW, L T THEA
A7V NI T T I7<wkTH 5720, W OPDFETOREIFFAEL TV,

4.9 Interface D5|BDFHI

GearsOS @/ —< )L LUV T, Interface D APT DM Ui interface->method (arg)
DMEUHLUATH o7z, arg 518 TH D, T Interface TEFE L7z API D5 D—K
LTWBREND 5, Interface DEFZEDFIEUX. Impl DFEEH G DE—51ETL 25K
MWD oTze ZOHIIIDEIT, EEIZIE Interface DTEFR 7 7 4 MTEDLN TV S CodeGear
D51E L . Interface DFEH L D5 [BUIEL DM - TIEWARW, generate stub.pl X5 —5|
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KHFEERHDORTH % DT, union Data BUTF ¥ 2 b L. Context D5 BIRFEHFTIC
FEEXAD ISR ->TWVWS, M#EDE 15BN DG B> TORWHETH 5, gen-
erate_stub.pl Zi 3 &, RKOMEEE goto meta ICTEFLXNTL T, FIEIERDIEITTL
F9, TDEFIENITNTHEYNC context ICEZIATNTWEIRLEND B0, —H5I1EK
DRED TEZAADERE 0/ —ATH, CbC Ay 4 7 L~ULTIEEIHBEFRO -
T —=FEELRV, T/ EF L Interface D AT D EEIETE R >G5 D, gener-
atestub.pllZIEF 631~ v 2R L TLE 5, Gearef Z38 L T context IZFH ZALH
IEDRIT TV E a— RREB IS RBEL, ZOEEIEREREZ.c 77 ALk .cbe 7 7 A4
)L, Interface 7 7 £ )L, context 7 7 A VDTN TEMER LR IFNUIR ST, TNy IH
FEFZ TS - 72

F 720 TERD generate stub.pl Tld, 5IEILHEDERIZ. CodeGear ® API 515534 -
TVWARWEAETSH, 27— 3HIFTRERZToTLEoTWe, AU Perl DFEIE L
DOMED EFNED, Interface DEIEFE T 7 4 LD 5 CodeGear D AT DI DEUS A
T TH2ONRFERFEETH -7,

V— 23— K 4.7: Perl LIV TOEIBF = v 7

#$tmpArgs =~ s/\C.x\)/\(\)/;
my Qargs = split(/,/,$tmpArgs);

#....

my $nextType = $currentCodeGearInfo->{localVar}->{$next} //
$currentCodeGearInfo->{arg}->{$next};

my $nextTypePath $headerNameToInfo->{$nextType}->{pathl};

my $parsedNextTypePath = Gears::Interface->detailed_parse($nextTypePath) ;

unless (exists $parsedNextTypePath->{codeName}->{$method}) {
die "[ERROR] not found $next definition at $_ in $filename\n";
}

my $nextMethodInfo = $parsedNextTypePath->{codeName}->{$method};
my $nextMethodWantArgc = $nextMethodInfo->{argc};

if ($nextMethodWantArgc != scalar(@args)) {
die "[EROR] invalid arg $line you shoud impl $nextMethodInfo->{argsl}\n
n.

b

3

BRI SN 51D TF = v 7 L TWB, generatestub.pl I, HT&7/=mn—7
VAR R OMIT TR TERIFEL TW3, Interface | CodeGear DEFRIT D KRG [ DA
EHAFNIEFEDINT VS, ZOr—HNLVEROI Y | CodeGear DEFRDTIFDAM, T4
W—HLTWELEIDDF v 7 2ITO . SOIIHRMEIRGIEF = v 7D A]REL 72 5,
R LGRS, HIZE int OEO MBI 21ToTwd & Z OB D
BB int ICZ o TWAENE I D% Perl LRIV TF 2w 7T B3HENRHEHTLES,
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PRERR R (B 1) 4% GearsOS O Interface D

4.10 Interface ® API DARIFZIHEDHI
4.11 par goto D Interface FEHDIEUH L OXfID
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M58 PFPIYRAVNLIWZEDBRAR
sl &

GearsOS 1% CbC THEZITS, CbCECEFRELID 7Y T IFITEWEEBTH 5, TN
Tk ChbC TRlih s % LRl B2 RIS 5, K72/ =< LLNLDFHHRE X XL
NVDEHEZE, 2T 7u I <Pitib T 2 BEN TS, XXFHETIHMEORDH LY %
1T, 2/ —<L LD CodeGear D API IR FAUIT—EICRESI NS, L/
Mo T/ =N L NLDAHRDTIUX, FEAVIC X Z B OHIIBERE R ATRE L 72 5,
Flo. XRZLRVDABYIDFEZ T2 0 EDIRMDBFEET 5, /=< LRL, XX LANJL
HIZFECa— FOBRITEROEEEDWRKTH 25, XX LNVDIEREDTRET 5 &
COMEEEIN S,

GearsOS TlE X X L~V DOIFEDIERIZ Perl 227 ) 7 s ZHWTED, J —</L L)L
TR E N ChCH o, X ZEGEEL ChbC AN EHT 3, ZHHTD CbC %2 GearsChC
LR,

51 P RIS T

TRTI IV ERRPOFEITARE 7 AN Ty 77 RERT AU ROZ &, —
ENCa Y 4 R, FPED T a7 S IV IEiEroiloTnr 7 3 v VEFEICE
Pgrar 402k, FPIVRAVARATEMR, FTYRAVAAL T LTI
JavaScript % HWEIF& D JavaScript 12213 % Babel[28] 235 5,

Fhb oy Ray4 7, B OFEZIGRLALEREOFEE L LTH b5,
JavaScript (25 WELHIF) 2 DV F 72 LR S RET # % TypeScript (&, TypeScript 2> & flif
72 JavaScript ICEAZITO VIV R AL T TH B, TNTD TypeScript DI — R
JavaScript 123 > >SA JLRJBETH %, JavaScript IZERIVEI DFERE 2 B D A A 72 WIS
DONBEFETHD., JavaScript D LN DFREL E X %,

GearsOS 1& ChbC 1T/ —< L LRUL, X R L~V DE EFNT DOEEEER ¥ 21BN L 7355k
BHETHDHEER D, TV AT CMake 12 & » THEUH X5 2 D Perl X 7 )
7" b CREMARAIE R CoCIZE# I NS, ZHHD Perl 27V 7 Mi& GearsOS @ CbhC 2>
SHIFER COCAEEL TV A BIC—BO N7 Ra vy 4 T F X 5,
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52 P2 RAUNRLFZEBRARLNNDa— RAERR

o R FIE 7 =< LNV TREIR E 7z GearsOS 2, X X L)L E & ChC
N BT ZZETH 5, BRI L X XIEHRE CbCDO 7 7 A MCEEH T
A[RETH %, HERIE Stub DAERP. SIBOEHLZ Y ZI{ToTWh, IHITXXLAR
NDA—=RE T2y FTERLZY, FF2Ra2 47 ETXXL~LD
a— REEHTZZ212E 5T, GearsOS ETO7 7V r— a v OitddBBEZ T D,
MORXRXL~JLDA— REFEIUIKD e B TE S, AWK TIIHEARA XL )LD a—
KE, b Rav 84 I THERT S Z 2B LT,

53 bR L SHDPerl 74 75 VR

TERD Perl b7 > 232,84 Z1d generate_stub.pl £ generate_context.pl @ 2 fEHD 2
V7 PRI TV, TRHDRZ Y 7 MIZNEIM L U 21T > Tz,

L2 LA 2 D 212040 T, Interface D28 —H — X XEHEE T OIEZTT S API
Y. Perl A2V 7 M TH@E L IFEED R SNz, E 5IC generate_stub.pl & Perl 227 1
7" N DITHR M OEMEE D LD, BEUNUEE2 £ 2 — LT 20BN ETC L, Z
DEFHULSFERE L Perl b T Y RAa2 %4 IHFHT 2 APLIE. Perl DEY 2 — LIKRE
EFRALEY 2 — VO TEELL, UTIRFEELLEY2a—LT7 740, ZOWEE
AN IS

o Gears: :Context

— context.h O HEVAEKFRHCHEOH XN ES 2 —L
— ZEEHED CbC D a— Rz L. HHINTWS DataGear DX EIFZ1TS

o Gears::Interface
— Interface 3 & Of Implement D X —H —

e Gears::Template Gears:Template LA FlE Perl 227 ) 7 s AN T 28812, 77
L= e LTSS 7 7 A VDERRED D 5

— Gears::Template: :Context
* context.h D7 ¥ 7L — b
— Gears::Template: :Context: :XV6
x CbC Xv6 EHH®D context.h ®7 > 7L — h
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— Gears::Template::Gmain

% GearsOS Main o 7> 71—+
e Gears::Stub

— Stub Code Gear ZFERFFICFENHINAEEY 2 —L

Z 151 generate_stub.pl 3B & Of generate_context.pl B & 8, ARIFFLTIEHE L 7z Perl @
Y=ty P BMPEEHEINS,

5.4 context.h ® HEZER

GearsOS @ Context DEFEIL context.h IZH 5, Context I& GearsOS DFFETHH XL
% $RTD CodeGear, DataGear DIEHRZHF-> T3, context.h TlX DataGear IZXTIG
% union DataHDEFEDHIT-> TW3B, DatalI COIHKTH D, Data ZHEN T 25
Fr LTS DataGear 3P 5, 7% DataGear [IHEARDE TRILIN TV S, % DataGear
HIRDEFE D context.h @ union Data DEFRDHFTITHONT WS,

DataGear DEF&E Interface 7 7 4 L TIT > Tz, Interface 7 7 A iE GearsOS H
RSN Y Ry JADANY BT 7 A V%o TED, EFECCHhHu—FF5Z
EMTER, ZDEIERIT T 1T T < HEHNIC Interface 7 7 £ L% CbC D XARIZE
L. context.h IZHEERICEIRL 2 DEFENTWE, ZOFIETIIFEETOMED
DICHHEIXE D o 72, GearsOS DFIREIZ & - T HH 7AW DataGear . context.h
D HHIBR LR WER D context ITEATLESMENH 72, X 51T Interface 7 7 A LT
EFE L% context.h ITHREC L. Z0%2 d 212 Impl O %ZE X2 T CbC 7 7 4 L& EH
TEIREDNDH ST TNHEZITNRTL—F=21T5 8, 77 AT IR n3eE
L7zh e D EMERFEZERINTLE 5, DataGear DEFHIE Interface 7 7 £ L%
YERL L 72 ERFECIRE D, I LT\ 3 DataGear, CodeGear 132 > 84 VRFICHEE S 5,
L TWE%E Gear 3 VA VIRFICHEE T 272 513X, I Y A VOERTICFEITEN S
Perl 222> %4 5 T% Gear DHEENTEXZIEXTTH S, Z 55 context.h 3
YRRANEA IV TPl A2 ) I MEHTERT 2 FEZER L7,

5.4.1 context.h D7 a—

GearsCbC 225 X ZEtHE %2 &1 CbC 7 7 £ JVITEHLT 2 generate_stub.pl 3% CbC 7 7
ANE1D1 DI LT\, context.h ZEML L5 35558,. ey hTH
322 CbC 77 ANEWDEND S,
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Context DI —F > B 1EELF 2 generate_context.pl i&. Z DR LT XTD CbC
77 AN%ER =R LTW, L7h > T context.h ZEHT 255X DR 27 ) 7 hTfT
5 L BIRD CMake IZFEZ DT TIKEENTX 5,

5.4.2 context.hDF>FL—bF774

Perl D€YY 22—l ¥ LT Gears: : Template: :Context ZfE# L7z, xv6 7mI =7 |k
DHEF—EANY X7 7 A NTED DIEWMHRIL S,

IREEY 22— 2 LT Gears: :Template: :Context: :XV6 dFEIEL 7z, ZNHDT VT
L — b EY 2 — Ui generate_context.pl DEITRFD I 7> a » TEIRAJGETH 5,

PR LIZIE Perl OBV EY 2 — b — FIEBEZ AL TW5, £EY 2 —icdtd
DAPIZRLALTED, 77V — PR FHEL THOHT Z e DARETH 2,

5.5 XXGtRIBITDOAIIFZ

GearsOS TIX XD CodeGear 12T T 2 HiD MetaCodeGear £ LT, T 7 4L FT
¥ __code meta MEDHLN TS, __code meta ld context IZEHFNTWS CodeGear D
BRA 2%, enum P BT 4 A9 F L TRD Stub CodeGear IZHEfET 2D DTH 5,

B ZIXE T NARE % GearsOS THEITT 254G, #H D Stub CodeGear DIFZHDITIRAED
REREZITODEDD L, ZDOWREDOIRIFEICE T 2 —HOUBHIIH S I X XEHHTH
DT, /==L LD CodeGear TIERWEFTTITWZV, / —< L LULLAD
CodeGear THEITT 25EE. #F D a— NERIZ L StubCodeGear DHFTITH Z & ITR
%o StubCodeGear lZHENEMZNTLE S 72, [EOED H LD Z & %2175 581
HOTHETINEDRD D, LI LETIVEREICET 2 LI 4 72 CodeGear DIRITAT
INBEND B0, FTRTD CodeGear D Stub ZFHIVICHEET 2 DIXEHTH 5, N
2T 1213, Stub DA D Meta Code Gear % L —H — D HHIZER T X 20BN H 5,

J ==L L LD CodeGear DU D%IZ, StubCodeGear MAFLD Meta Code Gear %5
fTL 72\, Stub Code Gear ICEHHIZEE L TL % 5 __code meta DA D Meta CodeGear
2. FEED CodeGear DEIEDIED 7 HBR LTV, ZDHIZE, FFED CodeGear
DERBID MetaCodeGear & L —F —DERTE 2 APINREE 25, 0D APl 2R
T2, IV —DFHIIR XFHEZERT 2 Z LR 85, ZHEVWDWE Y 7L
7> a VIBEIZELNE T 5,

GearsOSDEIL R 27 LD API ¥ L Cmeta.pmn Z/EH L7z, ZAUIPerl DEY 2 —)L
77 A0 LTHEELR, meta.pm ld Perl THEIEXNTz GearsOSD b Z > X a %4 5T
H % generate_stub.pl > HFENH X%, meta.pm DHFDY 7V —F > TH 5 replaceMeta

CEBEMNRD CodeGear & ZHE D MetaCodeGear ND goto ZFLibh T %, L —H —IZ
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meta.pm D Perl 7 7 A V% AP1 £ LT GearsOSD b7 > RAaA VAL FWIT7 7 AT BT
EHAREL T2 %

BARW R AE B % 2 — F 5.1 12783, meta.pm &Y 7L —F ¥ replaceMeta 23183V
A FOHIZ, FFED R — > TRAZHRET 5. A D 0 HFHITIE, goto meta % (&
#1721 CodeGear DH 12T Perl IERRILY 77 02 AL s, a2— K 5.1 OfITIE,
PhilsImpl DSHHTNICE £M% CodeGear ZFHE L TW5, TRTD CodeGear D goto D
FZUIDBEZ 25813 qr/ . #/7R E DIERRIZIEE T %,

Y —A3a—F 5.1: meta.pm

package meta;
use strict;
use warnings;

sub replaceMeta {
return (
[qr/PhilsImpl/ => \&generatelMcMetal,

I

}

sub generateMcMeta {
my ($context, $next) = O_;
return "goto mcMeta($context, $next);";

1

generate_stub.pl & Gears CbC 7 7 A VOEHRFIZ, CbC 77 A NDBDH BT 4 L7
h VIZ meta.pm 23D B0 E MR T b, metapm DD AGEEIEEY 2 — 1 — FE2IT5,
meta.pm 272 WI5E X meta Code Gear IZ goto $25dD%ET 7 4L FREEL LTS,
IO IE Perl 70— ¥y DIFTERILTED, bIFrRary f SHITI3E
D API TS Z e DAJRETH 5, 45 Gode Gear 23 goto X EMUH L7z& A I > 7T
replaceMeta ZFEH L, /L= U2 L7223 5 T goto X2 FH EXHLZ %, £#13 5 CodeGear
DIV —IZ a0 T EE. 77 4V PREDFOH SIS,

5.6 QY NANERALLTDAYAMSZRZDHINER
5.7 Interface D API D HBIHREE

5.8 JllInterfaceDHDHXH L ZHUS 3 2 HED D 5 CodeGear

XKD MetaCodeGear DAL TIX. HID Interface 226 D A1 %222 1TEL S CodeGear D
Stub DEICRIEN D - 7=, BRI Z OREDFE T 20 % Y — X a2 — R 52117,
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YV —2Z2a—F 5.2: §ll Interface 2> 5DE=H U ZHUS T % CodeGear DA

#interface "String.h"
#interface "Stack.h"

#impl "StackTest.h" for "StackTestImpl3.h"

/* W& */

__code pop2Test(struct StackTestImpl3* stackTest, struct Stack* stack,
__code next(...)) {
goto stack->pop2(pop2Testl);

__code pop2Testl(struct StackTestImpl3* stackTest, union Data* data,
union Datax datal, struct Stack* stack code next(...)) {
String* str = (String*)data;

String* str2 = (String+)datal;

b _—

printf ("%d\n", str->size);
printf ("%d\n", str2->size);
goto next(...);

+

Z DHITIX pop2TestCode Gear 7> 5 stack->pop2 ZMEUH L, #ftE L T pop2Testi
2L TW\W5b, pop2Test HIAIL StackTest Interface TH D, stack->pop2 D stack iE
Stack Interface T®H %, Tl Stack Interface DFEZEZ SingleLinkedStack TH %, Sin-
gleLinkedStack @ pop2 DFEH% Y — 23— F 53I1T7RT,

Y —AXa—F 5.3: SingleLinkedStack @ pop2

__code pop2SingleLinkedStack(struct SingleLinkedStack* stack code next

(union Data* data, union Data* datal, ...)) {

3 —_——

if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
+
if (stack->top) {
datal = stack->top->data;
stack->top = stack->top->next;
} else {
datal = NULL;
+
goto next(data, datal, ...);
b

pop2 lZ R X v 7B fE%E 2 OHUS 3 % APITH %, pop2 Dl next TH D, #kist
IZ data & datal ZJEL TW5, data, datal 1Z5[8T=21FTW5 union DataxZiDZEEL
Thbh, FhFNstack DFDEDRA VXZRALTWS, ZDELET stack 22 HEZ
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2 OB L TW3,
Z D — R % generate stub.pl FFH T X XEtHEZ G a— NICEHT 5, LD
a—F%541TRTF,

Y —Za— R 5.4: SingleLinkedStack ® pop2 ® X X &&

__code pop2SinglelLinkedStack(struct Context *context,struct
SinglelinkedStack* stack, enum Code next,union Data **0_data,union
Data **0_datal) {

Data* data __attribute__((unused)) = *0_data;
Data*x datal __attribute__((unused)) = *0_datal;
if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
}
if (stack->top) {
datal = stack->top->data;
stack->top = stack->top->next;
} else {
datal = NULL;
}
*0_data = data;
*0_datal = datal;
goto meta(context, next);
+

__code pop2SingleLinkedStack_stub(struct Context* context) {
SingleLinkedStack* stack = (SingleLinkedStack*)GearImpl(context, Stack,
stack) ;
enum Code next = Gearef(context, Stack)->next;
Data*x* 0_data = &Gearef (context, Stack)->data;
Data*x* 0_datal = &Gearef (context, Stack)->datail;
goto pop2SinglelLinkedStack(context, stack, next, O_data, 0_datal);

FFEX next (X goto meta ICTEFAZINTUL X5, data, datal l% goto meta DFEICHA &~
RZE 0 data BIESHICZN ZNEFEZIAEN S, 0.datald pop2 D Stub CodeGear TdH
% pop2SingleLinkedStack_stub TIEE L T\ 5, D% D 0_data lF context FIZEH F 4
T\ 5 Stack Interface D7 — X REGFTICH 2 EE data D7 KL ATH %, pop2 D API
ZMEOHI$ &, Stack Interface D data IZ Stack IZIRIFS N TV T —&X D7 KL AN
HEXIAFNh 5,

W] Perl 227 ) 7 M R L7z pop2Testl @ stub CodeGear (&Y — A3 —=F 55D %
DTH %, CodeGear FITUHEIN 27— X DN DOBEX 2K 5.1 1ZT7RF,

YV —2Za—F 5.5 X7 Stub

1 |__code pop2TestiStackTestImpl3_stub(struct Context* context) {
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StackTestImpl3* stackTest = (StackTestImpl3*)GearImpl(context,
StackTest, stackTest);

Datax data = Gearef(context, StackTest)->data;

Datax datal = Gearef (context, StackTest)->datal;

Stack* stack = Gearef (context, StackTest)->stack;

enum Code next = Gearef (context, StackTest)->next;

goto pop2TestlStackTestImpl3(context, stackTest, data, datal, stack,
next) ;

3

__code pop2Test T#&B T 55D CodeGear I StackInterface TH D, FEH L TW3 API
¥ pop2 TH %, pop2 THD I L7z7 —&I&, LA THERE L7z D Context 1D Stack In-

terface DT — XMGITICE XA TN S, LA LY —RA3— F5.5DH Tl Gearef (context,

StackTest) T Context D StackTest Interface @ data D& XD HEZEUS L TV
%, Z3U Interface @ Impl @ CodeGear (&, Interface 2> HIEZHIF T % &5 GearsOS
DIV—NDETH 5, BFIRTIE pop2 THE -2 < BH H L72fE% StubCodeGear THUFT
RN

CITREEZ->TL 52D, FEEL TV Interface A DOIFEH LT D Interface
O DEOEIGTH 5, SHEIDOHITIX StackTest Interface TIX 72 £ Stack Interface 22 5
data. datal ZEHfF L7z, D Interface 2 SESFHINT WA IE, I o f L& 4
LIZIZMEETELDTPerl ® b7 > 2234 5T Stub Code Z4ERK L 72\,

Al Interface 2> HAEZ G S 2 1ZIIBIDHIS138 5 CodeGear DREHE T X 417z CodeGear
FEITHEXE S, SHEOHITIE pop2Testl 2a%H T 5, D CodeGear D AT DIEE |
3% % CodeGear DHI 1% R, 12~ v €Y 7 FHUIRV, Stack Interface D
pop2 & data & datal IZfE%ZFH XA Ee, pop2Testl D5[EE data, datal, stack TH 2 D
T. HI22IZ pop2 DHIZRA LW,

Context 2> HHZHE D HT DX X XEFHETH % Stub CodeGear TITHAL 5, Jll Interface
POMEEWROEZS T 258, TR Pal b7 Y Ray%4 IHREKLTWS Stub
REIMZDHEDENS, L L StubCodeGear ZD b D%, Hll Interface > &5 H % HL
DT X ICHFZHRZ TUIVIT RV, ZHULS Interface Dkt L THEINE T —R L,
KD goto e LTEBRT 275 —ADDH 272D TH?3, MidDADGAIIEEIZ THE
B0H, BEDr—ATHEZWZZIToCLE S & Stub THEZED 3 /eniizoTL
£5, EOXIRMPUIHLAZ L THMIETES X512 512iE. Stub ZHNTHIT 246
BRH 5,

GearsOS TlIki & L CEITIHZER. KD goto X TER T 55D CodeGear 1& / —
N LA T enum DFE S E LTRIINTW 2, enum 23 5405 CodeGear 1&, i
121 CodeGear Z D B D TIE 7 { Stub CodeGear 12X LTS5, StubCodeGear % 5
L7720 enum OFESDESN D729, goto meta TEMFT BFEIZ enum ODF S X X
HHEIIHEERD Stub IZkFEXE 2 Z L DA[EETH 5, Fll Interface 2> HAEZEL D H
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stackTest1

(pop2
continuation)

stackTest

stackTest1
data (normal)

StackTest Interface —<

data1

r
fmmmmmmmmmmm=q

context

5.1: stackTest1 @ stub OREE

LizwWr — 2088, Bh H L TL 350 Interface £ FEH LITD CodeGear 23HEE L
722 A4 27 THID StubCodeGear Z4K T %, FEUH LITD CodeGear 23#kfE & LT
3" StubCodeGear D enum %, MEEFRE L7z enum 22 LF X 5 Z & T2 ORBEIXMIRT
%, ZODOIKREZ Perl D 5 > A a4 5 TH % generate stub.pl IZEA L7z,

5.9 JllInterface D HDEXH L ZHUS T 5 Stub DK

Al Interface 2> 5 DFZH L ZHIE T 525G, generate_stub.pl TIFRD K2 P HR— b T
5 HEAET WAL ETIRRET H 5,

e goto oD CodeGear 3HI 11 % £5D Interface TH O THE L TW % CodeGear 235
Interface DIGE DRRE]

— ZOHEIE goto LTWAEFTTEL TV AHHED enum %, F7IT/ERH L &
stub @ enum IZE LF X 5
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o WL THITI NG EITHNT Interface 2> HEZR £ - T Z2WEWIT W CodeGear
HE

— Stub & 5D Interface 2> HE% & 2 FHEED D D% FN/EE T 5

generate stub.pl N TIIEHNRD CbC DY —RXa— K% 2 EHiAHAL, TDHE
AIABIFICHERE DRI Z HER L. 2 MHOFHARAARITIRIZ E A Ta— F2AERT
AUT RV, FIEIDFHAIA AR Interface #FEH D goto X3 D - 72 HE1C. Jll Interface 5>
SDWSIDID 2075 £ DIEHMZ MR L 7200,

5.9.1 B CbC 7 7 £ Vi AAAIRFD L

Interface #EH T D goto Xi& goto interface->method() DX THUIH NS, VY —
Aa—=F 56 ZDFXTRTVIATEZHMAIAATZRA IV I TERITEINDUETH %,

Y —Za— K 5.6: goto RAIZHEF T % interface D fE#T

} elsif (/~(.*¥)goto (\wt)\-\>QAwt)\((.%)\);/) {
debug_print ("getDataGear",__LINE__, $_) if $opt_debug;
# handling goto statement
# determine the interface you are using, and in the case of a goto
CodeGear with output, create a special stub flag
my $prev = $1;
my $instance = $2;
my $method = $3;
my $tmpArgs = $4;
my $typeName = $codeGearInfo->{$currentCodeGear}->{arg}t->{$instance};
my $nextOutPutArgs = findExistsOutputDataGear ($typeName, $method) ;
my $outputStubElem = { modifyEnumCode => $currentCodeGear,
createStubName => $tmpArgs };

if ($nextOutPutArgs) {
my $tmpArgHash = {};
for my $vname (@$nextOutPutArgs) {
$tmpArgHash->{$vname} = $typeName;

$outputStubElem->{args} = $tmpArgHash;

#We’re assuming that $tmpArgs only contains the name of the next
CodeGear.

#Eventually we need to parse the contents of the argument. (eg.
@parsedArgs)

my @parsedArgs = split /,/ , $tmpArgs; #

$generateHaveOutputStub->{counter}->{$tmpArgs}++;
$outputStubElem->{counter} = $generateHaveOutputStub->{counter}->{
$tmpArgs};
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$generateHaveOutputStub->{list}->{$currentCodeGear} =
$outputStubElen;
}

11THDIERFRIR Interface FEH T D goto XDIERIA X — > TH %, Z$instance
Z Interface DA Y ARV A TH B, [EMRI X —>Tld interface->method D->DHi|
IR TW BRI 5 b, 28 $method I goto FED Interface D APITH %, IE
R X — > Tl3 interface->method D->DERIKTWB APIH/TH D, Y —RAa—
F 5.2 D pop2Test TlE. stack->pop2 DIFUHILZ L TW57®H, stackDif VAKX
A THYH. pop2 D3 APITH %, BUEMAHT L TW 5 goto XWEF4L TV S CodeGear D4
A&, 28 $currentCodeGear THERRIF L TW 5, HAHEH|TDH % $codeGearInfo DH
&, £ CodeGear THEDN TV 2 AR ZRH O L OERPHEMHS AT ND, Y —
Z2a—FK56D9FTHTIEX, $codeGearInfo #XH T Interface DA A X ¥ A6, BAR
N EDRIDIHIN TV E 02 HfE T 5, pop2Test TlE, A Y AKXV X stack IZXHT
LIS Stack LTSN 5,

V—ZXa—F 56 D10 fTHTHETEN TV S findExistsOutputDataGear I gener-
ate_stub.pl NOEEETH 5, Z4UE Interface DHFTE XY v FH%E 5 X %, Interface
DERT 7 A NDR—=ZAFERP LM OGEREHERT 282255, HIdd 25813 H
HLTWAREBHD—EZRT, Y —Ra—F52DH|Tldpop2iddata & datal ZHJJ
LTW3A, OB AN LTHEEDLRENS, HIDRWEHEIXMELZIRS -
DIZ 13ITHD 5D if X BEFF D720, DD - 7255513 generate_stub.pl D N
ZRUTH IS 2E B . Interface DHRIDBEFRZIT O AT % Stub I af AN,
Stub DAK D CodeGear DHFTDAREIZ KT THIEER WAL5, __code CodeGearStub
DLGEIE. _code CodeGearStub 1 725, ZORIEIIEHIL B RED, D
[FE D EEIT S,

27 1TH T$generateHaveOQutputStub D list BZRICHIED CodeGear DFHT &, HIH
T 2IEMERAL TV, BED CodeGear DHAFIERFEL TV S DX, ZOHD
3 — PRI T enum OFSZVIDER 20BN H 270 TH5, Y—AIA—F 520D
BTl pop2Test DML D enum ZFH ZHEZ 20BN DH 54, Z Z D$currentCodeGear I
pop2Test £ 72 %, Z ZTIEB L 7z$outputStubElem (X, RIEHZD CbC a— FEAERMKL T
W37 —XTHSENS,

5.9.2 enum D7 LU 2 UL

V— 22— K 5.7 DEFNIEBLILD enum % Perl 27V F M TAHEK L. GearsOS 235
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if ($outputStubElem && !$stub{$outputStubElem->{createStubName}."_stub

"}->{static}) {

my $pick_next = "$outputStubElem->{createStubNamel}_$outputStubElem->{
counter}";

$return_line .= "${indentl}Gearef (${context_name}, $ntype)->$pName =
C_$pick_next;\n";

$i++;

next;

3

if CTERMPHIEE L TWED, BiEIHIDB D27 — AL I0DF 2 v 7 ThHhb, Hil
ZMEAUNE GearsOS D BV RoL— L & U THEHIIZE Wz stub DIFEZEE R I Z BV AIC,
FINCE VTV R 208 2 0 DMERE L TW\W5b, 28 $picknext THFE/HD CodeGear D
FRTEFH L T3, CodeGear DHHTIE—FE H DT CTHEFE L 72k stic_ e A v > b
ez TWVW3b, ZZTIERL 72 CodeGear D4 FIZ . 34TH T context ICE Z AT ChC
a— R LTHEKRLTWS,

ERRER I NP E Y — 23— F 58187,

YV —Za—F 5.8 enum DEFFH7ELEZ X 57z CodeGear

__code pop2TestStackTestImpl3(struct Context *context,struct
StackTestImpl3* stackTest, struct Stack* stack, enum Code next) {

Gearef (context, Stack)->stack = (union Data*) stack;
Gearef (context, Stack)->next = C_pop2TestiStackTestImpl3_1;
goto meta(context, stack->pop2);

}

510 Pz RY 7 ADYR— b

62




6w FIMh

6.1 GearsOS ORI CER

GearsOS T % Interface, B X X Z D Implement DAEFE 7 » A L EEA L 7=,
GearsOS TR 7' Z 2 V73 ABREED C i Java R E DB RBEDMKRIZ, I3 HZ2/E
LT Tars Iy 7352 EDAIRRICR o2,

7272 LBIRD GearsOS T 1 7 7 A M 1 DDBER L TERWY, 7V 5 — a3
> & LT GearsOS Z BN 3 HEDHETIZZ T ETRIEICR > TWiRWy, L2 L, CbC
xv6 M EDERNZT TV r—2a Y eRET 35513 7 7 A VORBMIEKRIZIL S A]HE
MDD b, 177 A NVATERA ZARDERAFEICZAIUT, EORBELORWI RS I
TMARETH D EZON 5,

6.2 GearsOSDPFIF LRI INL4 T
6.3 GearsOS DX XGHE

63



=ty
=

o3 T

7.1 FHROFE

64



i

RIR, THARD O 5 T 0ET

65



EE PN

[10]

Gerwin Klein, Kevin Elphinstone, Gernot Heiser, June Andronick, David Cock,
Philip Derrin, Dhammika Elkaduwe, Kai Engelhardt, Rafal Kolanski, Michael Nor-
rish, Thomas Sewell, Harvey Tuch, and Simon Winwood. sel4: Formal verification
of an os kernel, 2009.

Helgi Sigurbjarnarson, James Bornholt, Emina Torlak, and Xi Wang. Push-button
verification of file systems via crash refinement. pp. 1-16, 2016.

Haogang Chen, Daniel Ziegler, Tej Chajed, Adam Chlipala, M. Frans Kaashoek, and
Nickolai Zeldovich. Using crash hoare logic for certifying the fscq file system. pp.
18-37, 2015.

Ulf Norell. Dependently typed programming in agda. pp. 1-2, 2009.
the coq proof assistant. https: //coq. inria. fr/.

Luke Nelson, Helgi Sigurbjarnarson, Kaiyuan Zhang, Dylan Johnson, James Born-
holt, Emina Torlak, and Xi Wang. Hyperkernel: Push-button verification of an os
kernel. Proceedings of the 26th Symposium on Operating Systems Principles, 2017.

GNU Compiler Collection (GCC) Internals. http: //gcc. gnu. org/ onlinedocs/
gcecint/.

RIEAERE, ¥ EJSR. Continuationbasede @ geed.6 _EDFEIEIZDOWT. 5 53 B v 7
FIVT - VRI Y LATRE, Vol. 2012, pp. 69-78, jan 2012.

Chris Lattner and Vikram Adve. LLVM: A Compilation Framework for Lifelong
Program Analysis & Transformation. In Proceedings of the 2004 International Sym-
posium on Code Generation and Optimization (CGO’04), Palo Alto, California, Mar
2004.

Kaito TOKKMORI and Shinji KONO. Implementing continuation based language
in llvm and clang. LOLA 2015, July 2015.

66


https://coq.inria.fr/
http://gcc.gnu.org/onlinedocs/gccint/
http://gcc.gnu.org/onlinedocs/gccint/

BUBRRFERF B (B L) SE 3k

[11]

[24]

[25]

AVEIECE, AEFEIR. Gearsos D hoare logic 2 N— I LMGEETFE Y7 b v =7
P4 T2 AR, Jan 2019.

WiHIEHEIFFE2E. Che_gee. http://www.cr.ie.u-ryukyu.ac. jp/hg/CbC/CbC_gcc/.
Accessed: 2021-02-02.

WiHEFEMFE=.  Cbellvm. http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_
11lvm/. Accessed: 2021-02-02.

Russ Cox, Frans Kaashoek, Robert Morris. xv6 a simple, unix-like teaching operating
system. https://pdos.csail.mit.edu/6.828/2018/xv6/book-revil.pdf.

Eugenio Moggi. Notions of computation and monads, July 1991.

Jean Yang and Chris Hawblitzel. Safe to the last instruction: Automated verification
of a type-safe operating system, 2010.

MR EG, FHEAIR, REWER(E. Code gear, data gear 123D < os D71 b & A
7RISR RS AT LAY T VT 2 T AR L =T 4 VT - AT LSS (0S),
May 2016.

PR EEL, BRRGEE, MR EG. i E F W72 x.v6 kernel D E X | (HHLE S
ATLY 7N 27 IRV —T 4 VT« AT LR (0S), No. 4, may 2019.

Wi EFEMFZE 2. Cbe xv6. http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_xv6/.
Accessed: 2021-02-02.

J. Lions. Lions’ Commentary on UNIX 6th Edition with Source Code. Computer
classics revisited. Peer-to-Peer Communications, 1996.

Zhiyi Wang. xv6-rpi. https://code.google.com/archive/p/xv6-rpi/, 2013.
Raspberry Pi. https://www.raspberrypi.org.

Java implements keyword.  https://www.w3schools.com/java/ref_keyword_
implements.asp.

Eclipse jdt language server. https://github.com/eclipse/eclipse.jdt.1s.

yaohaizh. Add unimplemented methods code action.

[26] josharian/impl. https://github.com/josharian/impl.

67


http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_gcc/
http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_llvm/
http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_llvm/
https://pdos.csail.mit.edu/6.828/2018/xv6/book-rev11.pdf
http://www.cr.ie.u-ryukyu.ac.jp/hg/CbC/CbC_xv6/
https://code.google.com/archive/p/xv6-rpi/
https://www.w3schools.com/java/ref_keyword_implements.asp
https://www.w3schools.com/java/ref_keyword_implements.asp
https://github.com/eclipse/eclipse.jdt.ls
https://github.com/josharian/impl

BUBRRFERF B (B L) SE 3k

[27] golang. golang/vscode-go.

[28] Babel. https://babeljs.io/.

68


https://babeljs.io/

i 8% A  WIREEH

A-1 WIRZRFERER

69



	研究関連論文業績
	第1章 OSとアプリケーションの信頼性
	第2章 Continuation Based C
	2.1 CodeGear
	2.2 DataGear
	2.3 CbCを使った例題
	2.4 CbCを使ったシステムコールディスパッチの例題
	2.5 メタ計算
	2.6 MetaCodeGear
	2.7 MetaDataGear

	第3章 GearsOS
	3.1 GearsOSの構成
	3.2 Context
	3.3 Stub Code Gear
	3.4 TaskManager
	3.5 TaskQueue
	3.6 Worker
	3.7 union Data型
	3.8 Interface
	3.8.1 Interfaceの定義
	3.8.2 Interfaceの呼び出し
	3.8.3 Interfaceのメタレベルの実装
	3.8.4 InterfaceのImplの実装
	3.8.5 goto時のContextとInterfaceの関係

	3.9 GearsOSのビルドシステム
	3.10 GearsOSのCbCから純粋なCbCへの変換
	3.11 generate_stub.pl
	3.12 generate_context.pl
	3.13 CbC xv6
	3.14 ARM用ビルドシステムの作製
	3.15 Interfaceの取り扱い方法の検討

	第4章 GearsOSのInterfaceの改良
	4.1 GearsOSのInterfaceの構文の改良
	4.2 Implementの型定義ファイルの導入
	4.3 Implementの型をいれたことによる間違ったGearsプログラミング
	4.4 Interfaceのパーサーの構築
	4.4.1 Gears::Interfaceの構成

	4.5 Interfaceの実装のCbCファイルへの構文の導入
	4.6 GearsCbCのInterfaceの実装時の問題
	4.7 Interfaceを満たすコード生成の他言語の対応状況
	4.8 GearsOSでのInterfaceを満たすCbCの雛形生成
	4.8.1 雛形生成の手法
	4.8.2 コンストラクタの自動生成

	4.9 Interfaceの引数の検知
	4.10 InterfaceのAPIの未実装の検知
	4.11 par goto のInterface経由の呼び出しの対応

	第5章 トランスコンパイラによるメタ計算
	5.1 トランスコンパイラ
	5.2 トランスコンパイラによるメタレベルのコード生成
	5.3 トランスコンパイラ用のPerlライブラリ作製
	5.4 context.hの自動生成
	5.4.1 context.hの作製フロー
	5.4.2 context.hのテンプレートファイル

	5.5 メタ計算部分の入れ替え
	5.6 コンパイルタイムでのコンストラクタの自動生成
	5.7 InterfaceのAPIの自動保管
	5.8 別Interfaceからの書き出しを取得する必要があるCodeGear
	5.9 別Interfaceからの書き出しを取得するStubの生成
	5.9.1 初回CbCファイル読み込み時の処理
	5.9.2 enumの差し替え処理

	5.10 ジェネリクスのサポート

	第6章 評価
	6.1 GearsOSの構文作製
	6.2 GearsOSのトランスコンパイラ
	6.3 GearsOSのメタ計算

	第7章 結論
	7.1 今後の課題

	謝辞
	参考文献
	付録
	付 録A  研究会業績
	A-1 研究会発表資料


