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Abstract

GearsOS is an operating system designed to guarantee scalability and reliability by sep-
arating user-level and meta-level descriptions. GearsOS is written in Continuation based
C (CbC) and has a programming concept called Gear. There are two implementations
of GearsOS, one based on x.v6 and the other as a language framework on Unix. An
important part of the OS is the file system. In particular, GearsOS is designed and im-
plemented so that it can handle communication and file system at the same time, and
can be used as a distributed file system. In the distributed framework Christie developed
in our laboratory, a DataGearManager, a pool of DataGear, is connected between nodes
for communication. This is used to configure the file API of GearsOS. Take/Put/Peek is
performed on DataGear using a key for each DGM. The file or communication, or dis-
tributed file system, can be handled as a transaction. In the conventional file system, it
is not a function of the OS. For example, such as backup and certificates were functions
of applications. We implemented a single DataGearMager communication channel using
GearsOS and evaluated GearsOS as a language framework. This can also be seen as an

example of an application implementation of GearsOS.
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2.1 Gear ¥}z
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InputDataGear, CodeGear QULEEFZIZH 11 X4 5 DataGear % OutputDataGear & FEXR,
CodeGear 1% InputDataGear Z S8 L 7203 6 MU %2 51T L. OutputDataGear & L TRD
CodeGear NRER T — X H 13 %, CodeGear ¥ DataGear DEIRZ X 2.1 IZ7R T,

CodeGear [ZEH DB OH LD XS5 ITA X v 7 2Fil-7wnwizo, —& CodeGear °
57D CodeGear ~N#E L 723555, TEOMEANR > TL 2 Z N TERV, SWZ 5L,
CodeGear 2 5 llD CodeGear \ goto TER L 72FE. JoD CodeGear NTTHEH ST W
BT — R COBRBEIIETHEI NS, ZDED S GearsOS DL— FHFERT CodeGear
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2.1: CodeGear & DataGear D%

2.2 CbC D&

CbC O ra 7o 1% Y —2a—F 211257, CGl, CG2,13ZFN2EH CodeGear
THD., _code THFEINTWS, CodeGear [ZIZBARD5I1E D & 512, InputDataGear
L THEEDRIOZER % EFRT %5, CodeGear NDEKEE T BFRIE goto a~ > FEHEH
L. BREOD CodeGear & & $85E X 1172 DataGear & [F] UBIE R A 15 %,

SEOY —Za— KTl main 225 =20 int B D DataGear D A & 12 CG1 N goto
TER., HLT CG2 N\ CGl TOMHEKER % DataGear & L TH| X LER, RIRIT exit
ZIHeWVHih e iRb,

YV —Za—F 2.1: CbC Of|E

__code CG2(int num3){
printf ("num = %d\n", num3);
exit (0);

}

__code CG1(int num, int numl){
int num?2 = num + numl;
goto CG2(num?2) ;
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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: AR LIV EERLI-GED Gear DR

int main(){

int a = 2;
int b = 3;
goto CGl(a, b);

3

2.3 meta LX)LD Gear

2.1 T/R L7z CodeGear & DataGear @ BEfRME IS HFHIIZEHE L 7 EE D CodeGear 23
DataGear Z/T L TRDH D ZLTWALEITDEIICHZ S, L L, FEEiZlZ CodeGear
DEBOBICIE, 70755l T 3 ) —< L LN BIERZI RN ZLALDEIED
ThN TV, XXFIELIEZ —< AL DT T T LE2fTI 10D EER L, X XL
XV %EE L7 ET CbC D CodeGear, DataGear DB ZXR(LT 2 K220 TED X5
IZRILTE %, CbC Tld CodeGear DEBMIZHETLEFSFED CodeGear D DataGear D3Z
FELLT — X DESEDOIERZ 21X CodeGear Z ¥ IZHEfH X 1172 MetaCodeGear & FEX
B X 27 CodeGear TfTHAL, MetaCodeGear TR X415 DataGear % MetaDataGear
EIESR, F72. CodeGear DFEITERNIFENH X415 MetaCodeGear 2712 StubCodeGear
S,

MetaCodeGear ¥ MetaDataGear 1370 27 7 v NEEFEITT 2D TIER L, BV
WETEINE, Pl RZ VT M Ko TEESINL T VYRV Z12X > THEW
WHERENS, L L, HEAEMR XN S StubCodeGear IZRIEDH - 72 D ik ULEE
ZRHAAART-WGEIE T 0 7 <P EEGLRT 5 2 dARETH D, bT Ry
X T TICEEINT StubCodeGear 1X EFX LRWED, ZOHEE., 7ur 74 LI
StubCodeGear % E#&aC10 L 72\ CodeGear 4 D% A 12 _stub 2 1F 1 2 7z CodeGear %
LR TAUT R,
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GearsOS DX XL )LD T 75 MEPerl A7V FMCkB S5 2av 34 SI12TH
AR INS X5 ITHRENTWS, BEARNICZI—F =13/ —< LD 7a s 7 L0
SLRDAITS, XEBVEMHDZWE T oA, HEWVIIHIERET MR EIZX XL ~ILT
TEET 2 AHA L o TWVWD, Tr I <lid.che 7 7 A MK L Tadd&2f75 2T/ m
77 LR, EBRICEHWEST 27077 813722284 12X D meta F7 DL
WBMLUz.c 7 7 A VDEET 5,

3.1 Interface

GearsOS OEERMHRE L L T Interface BEET b, Interace & DataGear % C D
R LTEZEL. ZD DataGear Z#(E3 % method @ API(codeGear D) Z 12t 5 2,
Z AU Java 72 € D Interface DEY 2 — AL DLAHA & R D R E &2 5O,

CbhC & stack & b 7272 \WDT, API THEUH ENZ518UE stack T3z, FatxZ
£ @ Context £ W9 metaDataGear IZEDN S, D% D 5IHUI Interface BEEIRDHIZT
NTHEZN S, ZHUIXAPI DT, DataGear DHFHIZHH2Y 3 % DataGear DA HIHY
WHER S 20BN D 5, U DataGear DFEIETH D Impl & LTHICHET %, 0%
D, [T APL7/223, $iz2 2528 % 55D DataGear 23% %, 21X, SingleLinkedQueue &
SyncrhonizedQueueu 7R EDZ S VS HDTH %,

GearsOS IZFEE XN TV B Queue D Interface Y — A2 — K 3.1 1R,

V—ZXa2—F 3.1: Queue DA Y X —7T7 = —R

typedef struct Queue<>{
union Data* queue;
union Data* data;

__code whenEmpty(...);

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

__code put(Impl* queue, union Data* data

__code take(Impl* queue, __

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

—_— 3

} Queue;

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

b —_—— 3 —_—
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__codecode ThHFE % 57205 10fTHIX CodeGear DEETH 5, 2, 31TH D union Data
B DZEE API @D CodeGear T X 15 DataGear Z it 3 %,

I— FAD CodeGear D 1 580X Imp* R DEE L 72> TED ., Interface B HEET 5
Implement NDRA > X5, CbCIERALX vy 7 %2/ F . HEBD CodeGear % % 72
WTRHEREHRIX DataGear DR A VX & L TRBEIDEND 5,

Z O Interface (ZA T D K S WMEUFH XN 5, queue & Interface NDRA > X T, ZD
API T» % put ZMUH§ . queue (X5 18U M S 2 720 OGEART, FEIXZDOHITK
AV REBELTHENINATVWS, ZOMERIEIMECH LBICE X Z 55 D THIFIIZ
oz ridTERV, DF D, CbC D Interface IZFEARMNICL—TTH - T, HIRFECH
LZITO IR AR v 7 2 BT 200D D 5,

YV —Za— F 3.2: Interface DFENH L

goto queue->put(task, next(...));

_code next(...) 1% D CodeGear 23U 5 BT AT E 2 5D CodeGear
DRA Y RTHY., ZD API D CodeGear DUFHZR DB LD CodeGear ZHEET 2 2 &
MTE D, .. OFRIIMFOH L5 OMEREEEATNS LS e T, B
TR7F IV TD closure ITEWD, FHIFRLRWE WS EWDEH L, —EBIZT DOBIEIES
HLZZEE-TH KXW, __code whenEmpty(...) d[AMKIZHI CodeGear NDKRA > X T
H%, 91THD CodeGear Tld next & WhenEmpty & —=D®D CodeGear DR A > X% AJ]
T2 LIED, WHOFRIS U EROER L ZHET 2 X5 ITHRLTWd, Zh
12X D CbC DRISLEEZ X IZFEIR T 2 Z eI TE %, Java D try/catch @ K& 5 24k
FHAIREEIR N,

Interface & [AIFRIZ Implementation % DataGear T# %, Context N TIZEH 3 % Inter-
face % Implement T/EFR T 5§ N TOREMRIZHHIA (union) @ Data BIZEFRZ A TW
%, Interface {& DataGear ® L £ & CodeGear D—FRY R E ST T, Implementation 1%
FrI 2 REGFTCH %,

FEFRIZIE CodeGear /DataGear 1. Context NTITRTHESTEHINTVWEDT, X
ZAUH B RENTITFI T 72 AT HIeNTES, ZHUTED, OSDO e X EH, b
WX ET AT R ¥ % MetaDataGear T®H % Context ZULH 3 2% MetaCodeGear & L
TERKTE D,

3.2 Implementation

GearsOS & Interface DFEEE Y 72 5 Implement DEEFER 7 7 4 ADBEEXINTWVWB, Im-
plementation DEFEIZIZ Interface & [FAERICN Y X7 7 L W %FIRT 5, VY —Ra— K33
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I Queue f ¥ X — 7 = — ADFEIEDAIEFR ¥ 72 5 SynchronizedQueue.h Z7/~3, Imple-
mentation {FEZETLD Interface Z T IRE T 2MEDH 5720, 11THD K SIZ impl £
DIRITHEIETTD Interface 4 Z Gl T 2 BN DH 5,

YERZ L 7= Implementation (X522 D Interface %D Impl Bl & UTHH T 2 Z & 237 HE
Y0, Impl NCREB LAZRIZBBDa > 2 + 527 2 TITbA 2 MBIC L > T, S
72 L LT impM I SEBATSRPITA S L5188 %, £/, GearsOS IF2TD
Interface, Impl DIERZEMEEER L L Ta v 34 L BB Context ICFLERT 2720, YV —
2 a— R 2.3 4 17T Impl 1I2F] D Interface ZHEEAR YL LTRERT 22T, Iurs
LNTHID Interface ZFEE L7707 F A, & L {13 Interface ZFl R g A & LT
CHFT N TES,

Y —Za— R 3.3: Queue.h DFEH: ¥ 72 % SynchronizedQueue.h

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

} SynchronizedQueue;

3.3 GearsOSD 7w 7 < L

GearsOS D7 a7 L DO—fl L THb L7z Y — X3 — K 3.1, 3.3 % Interface,Implement
¢ L THEA L 7z SynchronizedQueue.cbc D—#77% YV — A 32— F 34 1T~ GearsOS
1213 Implement SR I NTeNYy X7 7 A v B, cbe 7 7 A VOHEIEZ BEIAK T %
impl2cbe.pl EA XN TV S, HFITIE 7TITH D Queue* %383 createSychronizedQueue
2RO, hNZ T 2247 H®D putSynchronizedQueue d & 9 72 Interface DN» X' 7 7
A VATEtiR E 117z CodeGear HE ST W5,

a7 ANTH-UH L7z Interface 13 2,31THD & 5 RECEHRE L 125, 755 20
fTHIZEE R X T W3 createSynchronizedQueue (& Queue 4 >~ X — 7 = — X% Synchro-
nizedQueue TEEFTIEDOA VA N7 7 X TH B, BABIH L THEINTED, K
D EIX Interface DRA ¥ X TH %,

AVA 77 ZNDOER R T 5 L. 8,99THIZT Queue & SynchronizedQueue O 7
0y —aryZiTW, 14 1THDEIZ T Queuelnterface WD DataGear TH % queue “\
SynchronizedQueue ND KA ¥ X 2L TW5, 8, 10/TH T new HEFEDLH T
LM UL GearsOSHHEH DY >V Xy 7 ZAD—DTH 5, 2284 )VRHIZEZ B D Context
DFFO DataGear Db —FHHIBOD 7 07— a Y RITHO VI AANEXLZI 6N 5, 10005
1317 H @b TE#IHAE Implement DEEFR 7 7 4 MG I NERDES BITHN
TW3, BARTuro<ld, 558 LEERICEEDORENRESINDE LIOWEHETL I L
MWTZE 3, 1317HTIX atomic 2 D interface % AtomicReference I CHEUAH L TW 5, 15
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25 1817 H X Interface DEFRIC TELIB X 172 APL & cbe 71 275 LAND CodeGear Dt
'fﬂ‘({j%?—‘l—‘o Tb\éo

Y —Z a— K 3.4: SynchronizedQueue.cbc DFtib D —HP

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

Queue* createSynchronizedQueue(struct Context* context) {
struct Queue* queue = new Queue();
struct SynchronizedQueue* synchronizedQueue = new SynchronizedQueue()
synchronizedQueue->top = new Element(); // allocate a free node
synchronizedQueue->top—>next = NULL;
synchronizedQueue->last = synchronizedQueue->top;
synchronizedQueue->atomic = createAtomicReference(context);
queue->queue = (union Data*)synchronizedQueue;
queue->take = C_takeSynchronizedQueue;
queue->put = C_putSynchronizedQueue;
queue->1sEmpty = C_isEmptySynchronizedQueue;
queue->clear = C_clearSynchronizedQueue;
return queue,

}

__code putSynchronizedQueue(struct SynchronizedQueue* queue, union Datax
data, __code next(...)) {
Element* element = new Element();
element->data = data;
element->next NULL;
Element* last = queue->last;
Element* nextElement = last->next;
if (last != queue->last) {
goto putSynchronizedQueue() ;
+

if (nextElement == NULL) {

struct Atomic* atomic = queue->atomic;

goto atomic->checkAndSet (&last->next, nextElement, element, next
(...), putSynchronizedQueue);
} else {

struct Atomic* atomic = queue->atomic;

goto atomic->checkAndSet (&queue->last, last, nextElement,
putSynchronizedQueue, putSynchronizedQueue);

22 {TH D 5 38 1T HIZ Interface TH T X 417z putAPI D FEEEH D TH %, Interface T
HE 3N/ API & X453 % CodeGear 1&.cbe 7 7 £ )V ETIX API % + Impl 4 TES T
BIRVEND B, a2 AT 27 XN 131THIZT atomicReference DFEFRH L 21T > T\ 3
. atomicInterface ND R A ¥ ZIIHTRAELHNTIE D ED queue DIRFF L TV B 728, atom-

12
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icInterface TEFK X472 API @ CodeGear NIBE T2 Z N TE L2 X512k 5, BHIRD
GearsOS TIE—, Interface DRA 2% 7u 75 ANTEEL, IV A NI 27X T
B LUTZEEDRA VX B, ZLTgoto XEHWTERT 2 WS IIERIRIH
BelhoTWblzd, b7 Ray 4 7LD BET IV RFRENIEZIOLNS,

3.4 Context

Context & 1¥ GearsOS IZBIFBHERD OS D7 at RICHYE T 2METH 2 2 X b,
HHEZE Y LT context IXEK & U THIRBEGRRIRI, RELZEKR L. BEikz EF
L TUHEDITHDN S GearsOS I2HB W T, Context [FHEHLICHEETR T — & (CodeGear,
DataGear) Z 2 THRFF LTV 5, GearsOS Tl CodeGear DEFE DRI Z D Context 125
L T DataGear D—RfVRE ZAAR, BRIEDRA ¥ 2R DIFHRZE ZAA, Context
ERHERZ K D IBEOEEEEZR-> TV, /=<)L D 7 s s A ETIEE
WM B3 inh XX LAV TIEETO CodeGear 13443 Context & DataGear £ L
THUOHTHHA L > TS, D728 Context 1% Gear BEZTH 5 & MetaDataGear
YT 5,

3.1 12 CodeGear 238F5 5 2 FED Context 128§ % DataGear DEH XIAA F 721 IFEN
H L %273, CodeGear 23BF% 3§ 5 FRXIZ OutputDataGear % Context 128 L TH XA A
21T 9o W TERILD stubCodeGear 23 Context 22 5 B CodeGear B3NE L T 5
InputDataGear & /15 2 080D % OutputDataGear ZZH 3 5, stubCodeGear T
DataGear D¥EENTET L7zdH &, KIKRD CodeGear NEBEFS LM X b a7 —
& % OutPutDataGear & UL CE X3, M EOFIETEEMKSDFRIC Context DZFED
Thi s,

Context 1& / —< VU NADHEHESRZTORWV, Context & 21— —7% HHIZHR(E
TERE, /=L ARLEXRLANLVDTHEL BRI EL R TLESI LD TH 5,
Context 1IZX13 % DataGear DFEIX stubCodeGear D A7 53 CodeGear W T HITH AL
M. ENHDFEBIT T Ra L SOHFEBRICE DITOIL S, LD new HE
FHRZDO—Hle LTHETONS, b L new HAF TR, EIZ Context DFRIEDTTZ T
LES e, WTICEIMEL TWA D User Context DHFEZEEEZ 270/ F LI
HUZSED 2 K 9 R A ERBUEATATLE 5,

Context {3 7B RIZHYE T 27D, 2—HF =70 77 L Z LIZ Context BIFET 5, T
@ Context % User Context &FER, F72FT73NTW5S GPU X CPU Z &2 Context
MDEE D, %z CPU Context MR, IMZ T OS & LT User Context % CPU
Context & 7=, 2IKEEH T 272D Context DXHE L 725, Z4U Kernel Context
% KContext & MHINT W3S, Z456 D Context 13FFIZ, GearsOS IZFEE XN T WV S par
goto & MHIN 2 MR DRSO NEERZ E DX XL RXLvD T s S I v 7 DRI
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Context
2.Input Data Gear
i
Data Gear ELTSH 5/ stub Code
1.0utput | 2.Ou:£\:plli’c%3§?EGear Gear
-
Data Gear
Y~ 3.goto
4.0utput 9

Data Gear

3.1: CodeGear DEMIZTITHILS Context 12X T 5 DataGear SR

TR BT AREND 5, GearsOS Tl KernelContext 23D User Context & CPU
Context ZEH L., /—</LLX)LDF 07T LI C T Worker 12X LT Task 2| D #z
5 Z e THRILEOBEMENEHI N TV,

3.5 b2 RAVAANBOIEITIRT T A

SR H BNz K 51T, GearsOS L TELR T 2 71 7T AIHLRFD3.cbe £ 725 cbe 7 7
ANNGLIRZITD, Lh L. EBEOEEY 7 £ Mid cbe Z Perl A7 U 7 MZ&D P50 &
a2 %A 2 & D stubCodeGear 72 ¥ D X X LUV~ 7 0 DFEXHZ DI NIz,
VR TF.c7 740875, YV —A2— K 3.51Z SynchronizedQueue.cbe(Y — & 2 — K 3.4)
N7 R34V LIRS R T & 717z SyncheonizedQueue.c D—HTH 5,

chePHD cFFEADF T YRV NRA T =<V LNV ETEEL T2 X Z LRV
L 2yENN. B LIFEZXZITDObN S, GearsOS 075 I V7 Tlda—H%—7n
77D .c 7 7 A NZDONWT, DFED XX LU U TERT 2072 7%
200 TH5, LHrL, BFEEMEI N7 Y22y L SOk v Ry 7 ZDEA
RTNY T AR LAVOMHDE R Z 72 8 X ZH o OO Z R ONETDH 5,
T BRO P70 2a v 84 ZRERLEOAZ 2o TW S AREND D 2 720, EHE
DA—HFTOT T LDT Ny ZIREDERITS c 7 7 A V2R T 2HERIDD 5,

YV —2ZAa—R35HD531THD 5 581TH F TD putSynchronizedQueue_stub &, cbe 7 >
A ZEEIR & 172 putSynchronizedQueue @ stubCodeGear T %, stubCodeGear (XTTD
CodeGear 4 + _stub THE 2415, stubCodeGear & inputDataGear & LT Context %
FRT 5, 541T7HTIE Gearlmpl ¥ 7 v % W T Interface DFEERI DR 4 > & % Context
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PRERR R (B 1) 3% GearsOS

D HIEH S, 55, 56 fTHICEIBR X LT W B Gearef ¥ 7 213 context D Interface A TH
F 3N TWB DataGear ZZ T2~ 0 Th b, 55 THDHE. Queuelnterface N TH
& ST 3 DataGear TH % data ZFFUHI LT3, 56 [THTIIHMKE LTI K
DTV S nextCodeGear ZMUHI T, CodeGear AR ELL inputDataGear % impl T
OV LT 5 ARRD CodeGear NEBFET 5,

AIED CodeGear TlE, / —< L LUV TOEIEZRESIE L 720 Context 1205 2 #17EH
EBRLEN B, gotolZ X 2ERDERTTIX. ERILD CodeGear 120 L THI 1 F % DataGear
% Context I L THE RS 72D DIUHBTON S, 34fTH2 S 391THREICA NS
& 912, Context @ DataGear DIRTEGFTIZNT T 2 FH ZIAADFRIZ S Gearef ¥ 27 1 23{fHib
N5, Gearef 2% > Nl Gearef(Context %4 Interface #4)->DataGear 4 TIEE XN 5,
F 72, GearsOS JHH D new {#HHE T1Z Context @ DataGear DERIFGATIZNT LT X E V HELR
2175 ~270TdH2 ALLOCATE ITEZIZ 51 5,

Y — A a—F 3.5: SynchronizedQueue.c

#include "../context.h"
// include "Queue.h"
// include "Atomic.h"

#include <stdio.h>

Queue* createSynchronizedQueue(struct Context* context) {
struct Queue* queue = &ALLOCATE(context, Queue)->Queue;
struct SynchronizedQueue* synchronizedQueue = &ALLOCATE(context,
SynchronizedQueue)->SynchronizedQueue;
synchronizedQueue->top = &ALLOCATE(context, Element)->Element; //
allocate a free node
synchronizedQueue->top—>next = NULL;
synchronizedQueue->last = synchronizedQueue->top;
synchronizedQueue->atomic = createAtomicReference(context); // not
used
queue->queue (union Data*)synchronizedQueue;
queue->take C_takeSynchronizedQueue;
queue->put = C_putSynchronizedQueue;
queue->isEmpty = C_isEmptySynchronizedQueue;
queue->clear = C_clearSynchronizedQueue;
return queue;

__code putSynchronizedQueue(struct Context *context,struct
SynchronizedQueue* queue, union Data* data, enum Code next) {
Element* element = &ALLOCATE(context, Element)->Element;
element->data data;
element->next NULL;

Element* last queue—->last;
Element* nextElement = last->next;
if (last != queue->last) {
goto meta(context, C_putSynchronizedQueue);
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if (nextElement == NULL) {
struct Atomic* atomic = queue->atomic;
Gearef (context, Atomic)->atomic = (union Data*) atomic;
Gearef (context, Atomic)->ptr = (union Data**) &last->next;
Gearef (context, Atomic)->oldData = (union Data*) nextElement;
Gearef (context, Atomic)->newData = (union Data*) element;
Gearef (context, Atomic)->next = next;
Gearef (context, Atomic)->fail = C_putSynchronizedQueue;
goto meta(context, atomic->checkAndSet);

} else {
struct Atomic* atomic = queue->atomic;
Gearef (context, Atomic)->atomic = (union Data*) atomic;
Gearef (context, Atomic)->ptr = (union Data**) &queue->last;
Gearef (context, Atomic)->oldData = (union Datax) last;
Gearef (context, Atomic)->newData = (union Data*) nextElement;
Gearef (context, Atomic)->next = C_putSynchronizedQueue;
Gearef (context, Atomic)->fail = C_putSynchronizedQueue;
goto meta(context, atomic->checkAndSet);

3

__code putSynchronizedQueue_stub(struct Context* context) {
SynchronizedQueue* queue = (SynchronizedQueuex*)GearImpl (context,
Queue, queue);

Data* data = Gearef (context, Queue)->data;
enum Code next = Gearef (context, Queue)->next;
goto putSynchronizedQueue(context, queue, data, next);

3.6 SynchronizedQueue

GearsOS IZIXSEITHISE [1] 18T Gears & ¥ X v 7 X% W THEE I Nz Queue DIFEEL
TW3, Queue lFHAZ Queue & L TOREREZ 5228 L 7z SingleLinkedQueue &, <I/LF R
Ly RICEBEED o A0 6D7 72 AI2HMIET 5 728 D SynchronizedQueue 23
fFET %,

SynchronizedQueue \IRED 70 A 6D 7 7 ANFE L B0 T —X0—EH %D
fRAE /L E LT, CAS(Check and Set, Compare and Swap) Z#H LT\, CASIXED
g, BT P I v 2 TO MR TH 5, CASITHEFHIE EHBOMEZZTED ., B
RO FZHZ LD XY FHOEBEDOMBEL LB L., AU sGE. 7T —XHah
B\, T—RDOEHEITD, [ENEL - GEIEIMO T ut X5 6F ZIAATHOR
T AREN, HOEFIZKKT 5,

GearsOS Tl& CAS Z17 5 72 @ Interface % Atomic & L TEFK L TW5, Atomic D
Interface Y — X 32— K 3.6 IZ/RT o ptr & T —XIEMATLD KA > X DKL ¥ &, old-
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Data,newData (& Z N ZNEHHATOME L EFHRDEZRT, __code next 121 CAS DL
MWL 756 DER T, __code fall IZIFKRB L 72358 DB LD CodeGear ZHET %,
SynchronizedQueue TIE 7T — X D put H L < I take DFE, BERDLHD L  I3HRE

DEZEDT7 KL A LT CASHfThbid (VY —Ra—F 3.4)

Y —AX2a— K 3.6: Atomic.h

typedef struct Atomic<>{
union Datax atomic;
union Datax* ptr;
union Datax oldData;
union Data* newData;
__code checkAndSet(Impl* atomic, union Data** ptr, union Datax
oldData, union Data* newData code next(...) code fail(...));
__code next(...);
__code fail(...);
} Atomic;

3 —_—— b —_—
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B4F 7 L— L7 —727 Christie

TTEL 7 L — A7 — 2 Christie (3 SR EDFHFET 2 Java SFE T S N7 L — L
7 —2TH5, Christie FFFED Y — N—=ZHuLE L THEILHE Topology ZTEK T % D
T2 L. &/ — FREEIFERISG e UTEET 2 BEZEE BRI TV 5,
HRANIZEERLDSHEIN L T < Topology 12X LT, FHED 7 v b a/uic X 2@ EHIEE
M EDFEE L 2RO —MEDERDATLE S, 207D, 71 b a L THELIFED
key IR L TT =X Z2EZAAZITI T TT —XR—RA7 7 AHNEEZ MRS 51t
AL 5,

Christie lZFFRIVIC GearsOS ITHHAA L Z e 3E X 5 TE D, CbC 2 BTIEWE N
Bz o 720lD Gear E WHMERDBFIEL TW5,

F7e. DHUIRELT S BHED /) — N R EE DO D Topology IS HEITER L TSN
FERETH 5. TopologyManagear 23F{E3 %, Christie Tid ./ — FI[E LDzt % FEHE R
%2175 Z 27 <, TopologyManager {Z—{E3 % Z & TR THOBULETZ %,

4.1 gear P&
Christie @ gear IZFVUFEHFEE L. UTD X5 ZAMIF LTV S,

e CodeGear(LLT CG)
e DataGear(LA T DG)
e CodeGearManager(LA T CGM)
e DataGearManager(LA T DGM)

CodeGear 137 7 AR AL v MIZHYE T %, DataGear I3ZT — X TH D, CodeGear
NT7 /) 7—>a 0TS %, £7z. Christie D DataGear % key & 7 — Z 3%
7TEMINTWS, ORI GearsOS L [FAEDHFITH D, CodeGear % DataGear
%41 LT CodeGear NDEBERE % D 1R 3 TEAH Christie DIEAHADIRER & 72 5 fiY GearsOS
CHLRTHDEEF R 5o

CodeGearManager {FW\WbW % / — FIZHYE L TW5, CodeGearManager l& CodeGear
ZEH L. CodeGear IZWE 72 DataGear 23 - 7235512 2 D CodeGear % Worker THEAT
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CGM: A CGM: B
CGMList ’
ThreadPool ’
DGM List ’ ‘ DGM List ’
|
LocalDGM RemoteDGM1  LocalDGM2 LocalDGM RemoteDGM
key1 key2 key1 key2 key1 key1 key2 key1 key2

(o0] (oe] || (o8] [oe] || (o]

4.1: Christie D ZNZFND Gear BRX

3%, F7. CodeGearManager |3 Z 112 HUHIL L 7z DataGearManager Z i L T\ %,
DataGearManager (&7 — & 7 — LAY LTED | put IEXI 722 TD DataGear 73 key
ET—=RDRT7TREINTWVWS, 7z, DataGearManager I& LocalDataGearManager
¢ RemoteDataGearManager IZX 77 X415, 4.1 1Z Christie @ Gear DEERX %R,

4.2 LocalDGM & RemoteDGM

DataGearManager 1% LocalDGM & RemoteDGM O —FfHEEMFET b, X4.21Z DataGear-
Manager 12 & %813 DREFRMEE RS, LocalDGM IZFTE L TW 3 CodeGearManager H &
WX % DGM T %, LocalDGM IZ put #EZITS Z 2 THH DFFD key IZH LT
DataGear X5 Z & D TE %,

RemoteDGM 13| CodeGearManager 2352 Local DGM @ proxy IHYE 3 %, O F
D . RemoteDGM 135D CodeGearManager 1243 X5 L TH D, RemoteDGM IZ put #
E5 % & Xt L7z CGM 2382 Local DGM N\ DataGear Z put $25 Z &N TX 5, X 4.1
RS,
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NodeA

NodeB NodeC NodeD

4.2: RemoteDGM %/ L 7=/ — Fzhe

Christie® 7 — R ¥ S5 LD D & DiEZ D RemoteDGM /M L TITHOIN S, D% D Re-
moteDGM ZE T2 Z 813/ — RE¥ S LOEMZITS 28 ilHzb, F72. RemoteDGM
WEHEAFOEFBICH 5720, BED ) — FERITATHE X2 WEEIEATTITHFD
RemoteDGM ZAE 2 B D 5,

4.3 DataGear7 /75— a v

CodeGear IZIFUEIHE 2 DataGear Z it 5 2 B3 D 5, DataGear DELD H LU
RT3 3,

Take FCIHD DG ZFiAiAA, D DG ZHIFRS 5. DG PEED 23556, ZOEELH
W3,

Peek JCHHD DG ZitAiAten, DG AHIRE W, 20720, FHCEEZ LEWEGES
BREIL T — X 2SR UG 5,
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FERR ARG mm X (B) W4a4® 7 L —2L7—7 Christie

TakeFrom(Remote DGM name) RemoteDGM name Z#5E 3 % Z & T, £ DOHEHic
(Remote) @ DGM 7 5 Take #1EZ1T X %,

PeekFrom(Remote DGM name) RemoteDGM name Z$8E 3 % Z & T, £ DL
(Remote) @ DGM 2> 5 Peek #1E%21T 2 %,

DataGear OFENH Ul Take #IEDFEEA L 725, Peek IEIZRIED DG 2SR Uil
T2WEEICHWS D, Peek 7/ 77— a Y2 BEMTHWA GG, RS TIIHEREL—
THECTLESIGEDH 272052 20END %, DataGear 1& CodeGearManger
D3FFD Local 72 DataGearManager (28 L TSR EIT D,

4.4 Christie® 725 3 > 7|

Y — A3 — K 4.14.21Z Christie Offf il 71 7' J Al Z R T,

StartCodeGear ZM#K L7z — 22— F 4.1, StartOddEven (& CbC % C FEEICBIT 3
main F7ICHYE T %, main FB77 Tl CodeGearManager =R — FESFEET 5 Z & TfF
BZEITS. £/, COGMIIH L T X H721 CodeGear % setup XV v RZEHWA Z &
T, CCMIZNLTCC 2R/ d N TE %, RemoteDGM DIERZ ¥ %E1T D,

CodeGear ZHA L7z Y — 22— K 4.2, OddCodeGear & CodeGear & 72 %, CodeGear
12 CGM IZ setup X AL, F 7= E 7 DataGear W THID Z 2 THIDH T CCGM IZFEITE N
%, CodeGear NEBTXRIZHLIE L 72\ CodeGear 2 CCGM IZsetup T2 Z & dTE 3,

V—X2— F 4.1: StartOddEven

package christie.example.(0OddEven;

import christie.codegear.CodeGearManager;
import christie.codegear.StartCodeGear;

public class StartOddEven extends StartCodeGear {

public StartOddEven(CodeGearManager cgm) {
super (cgm) ;

public static void main(String[] args){
int finishCount = 10;
CodeGearManager odd = createCGM(10001);
CodeGearManager even = createCGM(10002);
odd.setup(new 0ddCodeGear());
even.setup(new EvenCodeGear());
odd.createRemoteDGM("even", "localhost",10002) ;
even.createRemoteDGM("odd", "localhost", 10001);
odd.getLocalDGM() .put("odd", 1);
odd.getLocalDGM() .put ("finishCount",finishCount) ;
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even.getLocalDGM() .put ("finishCount", finishCount);

V—ZX3— K 4.2: OddCodeGear

package christie.example.(0OddEven;

import christie.annotation.Peek;

import christie.annotation.Take;

import christie.codegear.CodeGear;

import christie.codegear.CodeGearManager;

public class 0ddCodeGear extends CodeGear {
Take
int odd;

Peek
int finishCount;

Override

protected void run(CodeGearManager cgm) {
System.out.println(odd + " : odd");
if (finishCount + 1 != odd) {
getDGM("even") .put ("even", odd + 1);
cgm.setup(new 0ddCodeGear());
}

4.5 TopologyManager

Christie 2%/ — FE#HLD Topology % HENEN S % 72 DHERE T & % TopologyManager
DIMED 5 TWB, BHDOSEULF 1 275 A DROBICIE ) — F ¥ S L ORI RIZE
METRGEIR DI E L 72 5 T L ¥ 5, Christie Tl Z ® TopologyManager (218154t % —1T:
THIEIZED, KBISBEEERDIITA S X512/ 5, IEMEICIE Topology (&% 7RAA
L7z/ — Rz L THHETZ 5 2, EED Topology DIFIZHE - TH ./ — FiZ RemoteDGM
ZERRE B 5,

Chrisitie IZ7#7E L T\ % TopologyManager DJER 7% & L THFHY Topoplogy & EhHY
Topology 233 %, &k Topology &7 1 77 < MMEEDED Topoplogy & / — K DECAR%Z
dot 7 7 4 MIZEdb L. TopologyManager ICSH X 5 Z & THHARED Topology % &
B3 %, iR TIEERN Topology T® Topology JFERUIE dot 7 7 £ WIZEEIR L7220/ —
REUCHEBRCSMNT % 7 — FOBDEL TORWEE, BIfEL7RWV e WS FlRITFEEL T
W5,
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put data €——

make:
remoteDGM <

CGA

Topology
Manager

CG2
Loca RDGM Loca RDGM
DGM for CG 1 DGM for CG:1

X 4.3: TopologyManager (2T Tree & Topology % B3 % R DX

I Topology 1% TopologyManager PNIZ §TIZa%ET E 417z Topology DR AR L 7z I
TZMZRALL — RN L THEINZ , — FOERRZIT 5o Bl 21X Tree ZHK T 255
B BILUTz 7 — E 2 BIEFIC root 20 S WE| R 5.2 TW\w<, %72, TopologyManager
l¥ CodeGearManager D—2OMEH T %, [X 4.3 1Z TopplogyManager {Z T fii#.7% Tree &Y
Topology ZEN T 5RO Z~T, MHFDHE. CGA 5 TopoplogyManager % firfs L T
B Y. TopologyManager I & - T CG:1 23root, CG:2 & CG:3HCG:1 DF ¥ LTHREE
Do, EhichdBe s,

FFRIVIZ TopologyManager ® GearsOS IZHUD A&, 7 7 A VBE DR DY R— k&
LTHWS

23



H5%  GearsFileSystem DE%GET & FE5%

AREETIE GearsOS @ FileSystem(MAT GearsFS) DELIEIZOWTHER T 5, GearsOS D
7 7 ANBETET 7 A VT AT ANCKRBINZERE LT, B-O T a0 55 &7
7 7R RZA[REE L2\,

GearsFS 37387 L — 4V — 2 Christie DIHAHAD—EZ IGH T %5, 7 7 A L& Christie
I2BF % DataGearManager FIZEEZEZITWV, 7 7 A VDEZEIZ, 77 ANVAT—X %
MEARDBENTHE| L, DataGear ¥ L TEZETZ I THEET 5,

Christie . FBBDHS AT 2 ZHIG LTI L — LTV — 27 TH %, Christie DA
W& D, GearsFSIZHEEDOHMRE 2B —N— ) — RRERL KRB X5 7%, BETER
77 AN AT LEBIET.

51 GearsFS®D 7 7 4 )UKk

GearsOS IZBIF 2 7 7 A VDT — XIIMEE DT 2 o 7o E I Bl X T
MR X, ZNZ2REFT 57 7 4 VIEH T 5 DataGear @ ListQueue & L THEIEIN B,
7 7 A VD E/NEN % DataGear £ 35 Z & T7 7 A LT — XD % CodeGear Taih
TE%, GearsFSIZBIT 27 7 A NDFAEZIINERD T T 7 ANV AT LDE ST
g balEHWS, T—EZR-R7 72 AWNBAFTHRE NS, Ta b arzERvg,
RIKRR T — &7 72 A2 X 2 BEZHKT S Z 2T, 7EUEERMNORBLEZ LT
HODRDH 5, F72. CodeGear 1& Transaction & § X % DT key DF X jAAIX Transaction
WEAL o, BIEDBAIEICZ 5,

7 7 A VDFAAADERZ Queue 120 L TIEZR DataGear @ Take ##EZ#E DR L,
ft L7z DataGear 25 7 7 A VOB 2R T2 TEHT 5, 2%h, —Re LT
Christie D 7 7 4 W& Queue & Z D (Element) & L THR NS, T—XDY AL
725 Queue DG Z X 5.1 IZ/RT

L2 L, BIZ—2®D Quene i L7 7 ALk L TEHEZERAEZZITO 2, HBD /) —
R HDT7 7 RAINTBEOREENER, £X 2V 74 OHTHENRET 2, TDD,
GearsFS D 7 7 A WIIFRE 2 5 7 — X Z2RFFT 2 FER Queue 135N input d L <&
outputStream ¥ 72 % Queue ZFHEHOE TS, ZD7= GearsFS 7 7 £ WIFER DX
HZ i o 7 DataGear ZHi2 VU XA b LTHEEINS, GearsOS D7 7 A WEENDT 7
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5% GearsFileSystem Da%aHE 5i2

Last

When Enqueue

FileData FileData
char* data __|char* data
int* flag int* flag

Queue Top
When Dequeue
FileData FileData
| ,/char"data | ... |char"data | _______ >
int* flag int* flag

5.1: FileData Stacking Queue

L REM521TRT, 77 ANHAAED L EESRAADOBICIZZNZ L input L <
\Z output DRI stream IZXf L TT7 7 A Z{TIET T 7 4 M T b HiAE X BTHAI,
ZRZEND Queue TV X N TEED keyname ZRFHELTW5E, 2% D, 7 7 4 UITH
T 2iAHE X 21T BRI, Queue VR MZXT L Tinput % L < & output ® streamQueue
D key 120 LT put #E. B L <13 take HAEZITRIER WV, 24U, Chrsitie IZB1 5
DataGear D key & ZDHEZRIZHYE L, ZOo2 VA LTHRLEEDLDETWS 7 7 4L

¥ DataGearManager (M43 %,

Pattern: 7 7 1 )LD EE A H

InputStreamQueue

Put Data

Process:B

I
! data put

mainDataQueue

Pattern: 7 7 1 )LD Fi A &

Process:A

mainDataQueue

; data copy

Take Data OutPutStreamQueue

(Synchronized or SingleLinked )

5.2: GearsFS OFFUH L /3 XA A

7 7 A X U TEZIAA, D F DHERD write 12572 2 W Z1T 5 581 Input Queue D
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key Z165E LT put BIEZRTT 5 BRI InputQueue 12K X 4172 7 — & 1E InputQueue
2 HED H X4, mainQueue I8 U THEMAZ LS,

7 7 ANDEAHAS (BEFED 7 7 A VS AT L TOD read) #2175 BElE OutputQueue 12
®f LT Take HE 21T TRV OutputQueue 1213 mainQueue DEZENEB XN TED,
OutputQueue WD EHE % 2T Take DA — I X DIEUSH T, 7 7 A VZ O3 HIXEL
D i U7z DataGear ZEFICHHL I & TT 7 A V2 HEET 5,

GearsOS @ 7 7 A WI KRB ETRE U CHEFHIEB D 7at 20 6 S ATEEIC
ZYEDIZ L7200, OutputQueue 1XERD Tt 208 7 7 £ Lt AAADBTONTZFRIZ,
T =R DBEWNIKONT LU E S EMIEDRH 5, D75, OutputQueue l& CAS(Compare
And Swap) % 5£3% L 7z SynchronizedQueue ZH\W%, LHL 7 74 VD7 7t XHERD
RERLIZED, T—=R7 7R ZADPE—D TR 205 LEFES WD L ITEE SR
W TR #HARAADEHRILE XY OFRE{LD 729, SingleLinked 7 (H#72)Queue %
HnwzsZedEZ005, 774 MIXT %FE ZAARL MainQueue I3FHE— B2 2D A
MHDT 7 AL I%B 7 SingleLinked 72 & 2 —THEET 2,

7 7 AT — &R 735 DataGear IXFEHFHTIIEANIC 7 7 £ VA FHN 21T Z 212X Y]
D, FileString @ HRICE ZIAALZ D DL R 5, 5.112 FileString M@ A% /R 3, str #5
W27 7 A VAL FHNZ G L. DataGear WETEE LI 2R T EoF 77 701 E L
TW3, 7747 —2& DataGear & Gears fll®D DataGear & L THIHBITZ 2 X 512,
Context 12 DataGear & U CTEER S LG IKTH 5,

FileString 37 X MZHWH N 2 Bl GEARTH 5, EAMOD 27 7 4 VT — XK
BREERLGE. 7 7 AVIKEENNZ 617258 Queue IZHEHH T % DataGear %
TR LIE T RBEMENET 27282  OREBIFEST b5, 7. GearsFS TIX 7 7
ANDHE OS HEATE 22 ZHIELTED., DataGear D ERERIVICEE T 5
CrWREoTHED 7 7 A VORITHIE L 720, Bl LT, 7F A M TF—XDBHE, git
% Mercurial REDAN—Y a VEEHI AT LD K, BEENE 7 7 A NT—RE LT
Queue {2 L. Queue @ DataGear Z Top > HZH L TWL T & THWEZITS, 7.
B{RZ 7 A NRET 7 A NVOHEOEBEIMTONLWEREZE, 77 A VHNOTF—& %7
By ZRIZRUIDIFTS L Vo lFEREZI LN RY., 774 LDHRIZEG U T DataGear
DGR EZERICHK T 2 2N TE S,

V—RZa— K 5.1: FIED 7 7 £ )L DataGear & L Tf#H 213 FileString fi& {4

typedef struct FileString <> {
char str[1024];
int size;
int EoF;

} FileString;
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5.2 WordCount f4l}{#

GearsFS @ API DK % WordCount il 7% 8 L T1T 5 7z, WordCount fil7E & 1%, $5
FELT7 7 ANDOHFEZHAID . CFRBEATEA, MAT3LFIN 215 2% 20w 5 filiE
THb, ZOHFEIC K DERE L7z DataGear & Queue 20 5 HERGE AT T UE 2L 72,
a— K 5.212 CbC Tierb L7z, Unix 7 7 A /L% LT WordCount 2475 7077 LD
—HE RS,

7 7 4 ¥ WordCount D#E#Hild UNIX O =D X H 12707 o LN TITbih s,
7 7 A VIFHERNC C 5B FILE BHEARZ W TH 2N, 75T % we->strTable
ANHNEFINZTREY D THRIFENT WS, Main 225 7 7 4 )LD Open D58 T L724&.
CodeGear:putString IZ#EF L. strTable 2 6374217 Z £ MO L CountUp NAT L
BT 5, CodeGear:CountUp I TXFHNDH T & X FHEFHAID iddx. Z L T put-
String NEBH& I B, 7 7 A NDXFHNNDH 5 HIX putString & CountUp Z/L— 7 LHilT.
putString (& strTable DH & 5372 < 7 o 7z (EOF) 7% & showResult NEBB T 3 L 2 5,
5.3 CG DEBRZ T,

WordCount @ FileOpen & WordCount W% H| /) — K ETIT5 Z & T, 774 LD
HIABE 7 7 A NDEEDHMHIITR 5,

YV —Z2a— K 5.2: Unix 7 7 4 WX $ 5 WordCount.cbe D—%

__code putString(struct WcImpl* wc, int line, __code next(...)){
if (wc->strTable[line] != NULL){
wcString* string = NEW(wcString);
string->str = wc->strTable[line];
goto countUp(string, next);
} else {
goto showResult(next) ;
}
}

__code countUp(struct WcImpl* wc, wcString* string, __code next(...)) {
printf (" lcountUp%J) s\n", string->str);
wc—>1lineNum = wc—->1lineNum + 1;
int num = wc->lineNum;
wc—>wordNum = wc->wordNum + strlen(string->str);
Gearef (context, Wc)->line num;
goto putString(num, next);

__code showResult(struct WcImpl* wc, __code next(...)) {

printf ("Number of Words is M1 d\n", wc->wordNum) ;
printf ("EOF and finish codes\n");
goto next(...);
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start \]

CG:CountUp

Main:startCode

& OpenFlle CG:PutString

end

CG:ShowResult ‘

5.3: Unix 7 7 4 L2035 %5 WordCount @ CG ER%

5.3 GearsFile APIIZ X % WordCount

GearsFS & Christie @ LocalDataGearManager & RemoteDataGearManager 12 X % 18
BOMMHAZHNTT 7 A VT =X DEZEZWINT 5, TN%Z GearsFile API LA,
ChrstieAPI TlE 7 7 4 V% DataGearManager & 723 Z £ 23T =, Local [T Remote
D7 7 4 VD proxy & 7% RemoteDGM ZERK L. Z4UIXT L Local D 7 7 £ LD
FXAA L FRRICEEZITS 2 THEINIZHEEZ1To TN 5,

Christie ® DataGearManager Dfti A% HAE X L 7z GearsFile APTIZ & % WordCount
DEXELEIT o720 K 5.412 GearsFile APIIZ & % WordCount #7735, GearsFile APTIZ &
%7 7 ANT —XRiEEIX 27 D Local/RemoteDGM Z i L T{TH4 5, RemoteDGM
LD/ — KD Local DGM O 7’1 £ > TH D, RemoteDGM 128 L T put #E%
175 2 & T HFDOHD Loca DGM AND 7 — X DIX[EDMTA %o NodeA flIMERD 7 7 A
NeRE, 7 7 ANVNDOITZ e DX FA%E 7 — % & LT NodeBIlZXE3 % RemoteDGM
W2 put 35, NodeBllZHE D Local DGM 2 5 7 — &Z %15 T, WordCount D% 1T -
72D H1Z Node A IZH)ET % RemoteDGM I L TE DT — RIZXTT AUENTE T Lz Z
& @IS % Ack(acknowledgement) % put 3%, Ack Z52JH - 7z Open ] 7 — K B
BHMRED T 7 A VAT E T -2 LTEAET %, T 2 X TOUMDED IKRE A,
7 7 A NVANDLFHNP R TR 72 5. Open fllld EoF (End of File) Z Count {HIl2xf L
CEHL, NodeB 13512 WordCount DFEER % RemoteDGM 12X} LT put L Open fliZ3%
83%, 2L T, MIFD RemoteDGM 2L 5 Z 2 IC X W HEEEZK T SH 5,
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]
]
i
Node A ' Node B
i
;
..............................
. ! .
(] : *
GearsData i 1 '
o Ll 1
intac . 4 '
]
char *av{] . RDGM : reader ' LDGM
[] '
L]
' . WordCount
L] i 5
; ! int byt
File::open(f) ! Block ' Block ; !n ytes
char (] i > char ] : > int words
' ' int lines
\ eof 1 eof
Fil : H ' __code next(WorrdCount *reply,...)
© /
Path *path '
int mode
. ’ 1
unsigned char{] ' LDGM ! RDGM : file
. 1
\ !
l
' Ack ! Ack
. '
' Bool continue : Bool continue
' 1
[}
. GearsData | GearsData .
]
! int ac E int ac J
. char *av(] 1 char *av[] :
'

5.4: GearsFile API 1 & % WordCount

5.4 GearsOS _E® Socket g

RemoteDGM & LocalDGM D#Z#t DFEIZIE Local DGM 23%#-2 socket 12X LT Remot-
eDGM 23 21TV, Data DF ZIAAILD key ZF6E L Tsocket FEHTa~> K& LT
EET %,

socket Z T L7z Queue IZ & 5 WordCount FIREDFEAR%1T 5 Z & T GearsOS IZBIT 5
socket (S DFEIEZIT o T, FeliTT & Mt D socket 1F. Queue DIERIEHIZITH AL, socket
AND T 7 A% Queue D API TH % Put/Take/Peck DEFIZITHOI %, Y —Aa— K54
12 Local DGM i & 7= %, Socket ff & D Queue D CodeGear:getData #i77 % 7R3, MAT
Y —Z 32— K 5512 RemoteDGM i & 7= % Socket f5f & D Queue D CodeGear:sendData
87 %713, CodeGear:getData Tl socket 72 ¥1Z & b Error AR EoF 77 70H 5
TR ERE LA 0BRETIEET INED S,

ZO® Queue l& main 70277 LI X D socket DERLHITON, — B LFFNDIXEE
TV, B 5 —7H Count PWHEH 1T S Z ¥ 12 & o T WordCount 23fTH %, socket 1 CF
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FED Socket 4 ¥ X —7 2 —AZHWTED., socket D Implement D2 > X b7 7 RXIZH
7z % createLocal DGMQueue (2 TRERH E AL, Tmpl D X ¥ NEET D 5 socket IZE DL
TWb, Y—RAa—F5312%EM ¥ 7 2 Local 72 Queue @ Implement IZffH 5 7 — &
MG % RS, socket IXint ! TEHF XN TW5, Implement 7 7 £ LTHEF L7z socket &
B~ socket ZR1FZ T2 Z T Impl DFEHELIRD T 075 ANE 5 ED CodeGear 72
5T b socket DZIRHITZ 5,

CodeGear TH % getData/sendData (&% N Z 4L Take/PutAPI % MM U 72 BRICER
PTHN b, getData I Queue DEFRD Take WD ERGIZ, sendData (& Put LEEDE
BRICER I L socket ZHLETT —XDH L ANZEITI, sosket NDT—XDDH ¥ HiX
write/read BA%LTITH41 %, send/read THRWHEHEHIX Y 7 £ LD T — ZEE DHFIIMD
J—RIiZH 57 74D socket DATRKRL, GLEET A ANDHF XAAL D FARRRFLAR T
727D TH %,

Y —Za— K 5.3: LocalDGMQueue TEbNL 2 7 — X FEAK

typedef struct LocalDGMQueue <> impl CQueue {
struct Element* top;
struct Element* last;
struct Atomic* atomic;
int* socket;
} LocalDGMQueue;

BURCIE 7 — & 0151217 b4 % DataGear 134 TD DataGear @ Union(FHAK) & 72
% Data Bl ZH W TW3, EET — X DY A X% Union Data BID ¥4 12 LT\ B HEH
1&. sizeof A TIR SN A HIZHAKICE TN WERDT THRDIRERAEV I A X%
BRS7DTHB, ZHUTED put 247z DataGear DB E D X 572 DTHAL, ZITH
b {23 DataGear DBIZEL S FIRLTWBR DI T — X OBEWZF2 e MHTE S,
L2 L. ZER»ZITE - 727 — & DataGear DIELWRIZHR L TV 3 L IZR 50
». FERIVITIE Java 1281 B MessagePack IZHHY 3 2EREIC2 L1052V 774 XL
72T —RZIRET BIBITT %, Socket DAEHNZ RN FEAE L 7235513 inputDataGear
& L THE/E L 7z __code whenError() & UL TAJI &7z CodeGear 120t L TER T 2,
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Y —RXa—F 5.4: LocaDGMQueue @ getData

_code getDatalocalDGMQueue (struct LocalDGMQueue* cQueue code next
(...), __code whenEQOF(...) code whenError(...)){
int recv_size, send_size;

char send_buf;

b —_—

b —_—

union Datax* recv_data;
recv_size = read(tQueue->socket, recv_data, sizeof(union Data));
if (recv_size == -1) {

printf("recv error\n");

goto whenError(...);

+

if (recv_size == 0) {
printf ("connection ended\n");
goto whenError(...);

}

FileString* fileString = NEW(FileString);
fileString = recv_data;
if (fileString->EoF) == 1) {

send_buf = 0;
send_size = send(cQueue->socket, &send_buf, 1, 0);
if (send_size == -1) {

printf("send error\n");

close(cQueue—>buffer);
goto whenEQF(...);

} else {
send_buf = 1;
send_size = send(cQueue->socket, &send_buf, 1, 0);
if (send_size == -1) {

printf("send error\n");
goto whenError(...);

b

Gearef (context, cQueue)->data = recv_data;
goto putLocalDGMQueue(recv_data, next);
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YV —Za—F 5.5 RemoteDGMQueue @ sendData

_code sendDataRemoteDGMQueue (struct RemoteDGMQueue* cQueue, union Datax
data, __code next(...) code whenError(...)){
char recv_buf;
int send_size, recv_size;

3 —_—

send_size = write(tQueue->socket, data, sizeof (union Data));
if (send_size == -1) {

printf("send error\n");

close(cQueue—>socket) ;

goto whenError();

}
recv_size = recv(cQueue->socket, &recv_buf, 1, 0);
if (recv_size == -1) {

printf ("recv error\n");
close(cQueue—>socket) ;
goto whenError();

} else if (recv_size == 0) {
printf ("connection ended\n");
close(cQueue->socket) ;
goto whenError();

} else if (recv_buf == 0) {
printf ("Finish connection\n");
close(cQueue->socket) ;
goto whenError();

goto next(...);

Queue IZ & 2 BIETHEE XN/ WordCount HlEZFCAR LTz, Y —RA2—F 56177
A VIEFEHD main §99 Z 7R3, Remote lFIIT Z L IR EI L7 FHNDEL 122 £ T
DataGear ZiEE L. R R ob EoF 7 —&X %K 5, Y —A2—F57127 7 4 V%25
] main #77 %R T, Local I TIEZIF A7z 7 — XD EoF 7 7 72311274 % % T Take
WHEEZ N —T U, BEoF BEOLNTELGHIIEREN T 5,

Y —Za— R 5.81F Count lICRREN 5 321FHL - 7= XFH| & WordCount DAGERH )
TH 5,

Y —Z3a— K 5.6: Queue DFIC & 2 EE M WordCount D Main

O © 00N O Ut W N

—_

__code putData(TQueue* remoteDGMQueue){
if (strTable[num] == NULL){
goto putEOF();
FileString* string = NEW(FileString);
memcpy (string->str, strTable[num], strlen(strTable[num]));
printf ("%s\n", string->str);
num ++;
goto remoteDGMQueue->put(string, putData);
}
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__code putData_stub(struct Context* context){

TQueue* remoteDGMQueue = (struct TQueue*)Gearef (context, TQueue)->
tQueue;
goto putData(context, remoteDGMQueue) ;

__code putEQF(TQueue* remoteDGMQueue){

}

FileString* string = NEW(FileString);
string->EoF = 1;
goto remoteDGMQueue->put (string, exit_code);

__code putEOF_stub(struct Context* context){

TQueue* remoteDGMQueue = (struct TQueuex)Gearef (context, TQueue)->
tQueue;
goto putEOF(context, remoteDGMQueue) ;

Y —Za—F 5.7: Queue DIEIT & % Z(EMH WordCount O

__code TakeData(TQueue* localDGMQueue){

}

goto localDGMQueue->take (CountString, getEOF);

__code TakeData_stub(struct Context* context){

TQueue* localDGMQueue = (struct TQueuex*)Gearef (context, TQueue)->
tQueue;
goto gData(context, localDGMQueue) ;

__code CountString(TQueue* localDGMQueue, FileString* string){

printf ("take[’s] [num:%d]\n", string->str, string->size);
numOfLine += 1;

wordNum += strlen(string->str);

goto gData();

__code CountString_stub(struct Context* context) {

TQueue* localDGMQueue = Gearef (context, TQueue);
FileString* string = Gearef (context, TQueue)->data;
goto Task3(context, localDGMQueue, string);

__code getEQF(TQueue* localDGMQueue){

printf ("wordNum=[%d] lineNum = [%d] & end\n", wordNum, numOfLine);
printf ("EOF & end\n");
goto exit_code();

YV —Za— K 58 Hi— Queue I & 5% 7% WordCount @ H| J7#5HR
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UserName’, ./LDGM

main

Waiting connect...

Connected!!

take[typedef struct Queue<>{] [num:O0]

take[ union Data* queue;] [num:0]

take[ union Data* data;] [num:O0]

take[ __code whenEmpty(...);] [num:0]

take[ __code clear(Impl* queue, __code next(...));] [num:0]

take[ __code put(Impl* queue, union Data* data, __code next(...));] [
num: 0]

take[ __code take(Impl* queue, __code next(union Data* data, ...));] [
num: 0]

take[ __code isEmpty(Impl* queue, __code next(...), __code whenEmpty
(...));] [num:0]

take[ __code next(...);] [num:0]

take[} Queue;] [num:0]
wordNum=[371] lineNum = [10] & end
EOF & end

5.5 GearsOSIZEIF S DataGearManager

Je Tl X7z Socket {7 & D Queue l&, GearsOS _ET®D socket 183 MK T 2 7= D5 %
fTo7—FITH5, ZHudDataGear TH 5 Queue & Socket DEFEFE LDV TWE =D,
—D® DataGear Z F\W 2355 £ 72 2 RAKIR DE(E L 2T A8\ BEL D DataGear(key)
EHRWTOBEEERT 2 7-DI3EHD Queue 2EZ 52 DTES Y R MEAERL,
ZD Y R b BIRD socket ZEFORLEDN D B,

GearsOS Tl DataGear Z{R£F3 % Queue DY A b ¥ L THRERZEZHWS, FREARIZ
FHE AR TH D, RIS T 2ERICTON BT LD 7 — FOREE X 5
Z DD BREDORERMGHEEZE O(logN) &2 D, ZHOAROFTHERMZMA TV,

Queue ZFiHFS 5 U R M Tree T/ < & dHHMRHET A H 5 WIEHITH Y R PR LT
D FEBUIFAET D 253, GearsOS 1B 5 7 7 A UIEBD T AHh 6D 7 7 & AHHT
b, 77 AN Z 51 DataGear D key DEDEENNT 5 7= DRBARTDEERITS,

DataGear ld key Z & IZfEH N7z Quene IZIRIFES LD, 5 T Queue DV R + 272 5 7RE
ARiZld key T8 D Queue 23/ — R LTREFFEN S, K 55127 7 4 )L k725 DataGear-
Manager DEE D key 128 LT put/take #EZIT S BROUHZ RS, WIhDHED Y
A b 2B RERITH U TEED key D Queue D get FIEZITWV. Z D Queue 12X LT
put d L I3 take EZRITH, HLETIDDCMIZT 7 A MICHYE T 2 DARDT, 7
BARIZEEN TV S Queue iF Input/OutputStream & FEFRIZ 7 7 A VT — X ZRFL T
B < mainDataQueue D=2 ¥ 725, L» L WordCount fllED Ack bR H 71 DHEIE 7
CHBIZHW % DataGear 2300 B 2555, Stream & 725 key AV EH WS 72912, 774
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MRS 2 key MIAMT HERIZ Queue ZIBMT 2 Z B TE S, EED Queue ZBN
L7=\W0WiElE store £ 725 Tree 120 LT, Tree 238FF L TWR W key /N put 23 TH 7235
EEHT L K Z D key Z2FHiD Queue ZAEK L Tree (IZFi7z8 2 W2 BT IUIR WV,

MNZRU7=FIED Data 7 7 2 ATIX 7 7 A VOMEUKH L7 ¥ DataGear D Wil 722
AT HNBIGE. Tree N\ORZMIHENR by 2o TLE I AJREENE Z S5,
ZAUIFFED key D Queue # main 707 Z ATEZESRTE 5 X 512, Tree IZ Queue
HIRD KA > &% Output ¥ 25 AP1 2 EE T 5 Z & THRIRIITZ %,

@command : serch
key : OutputSQ

RedBlackTree
(DataGearManager)

(Dcommand : get
key : OutputSQ

main program

Key:Input
value:Queue

Qreturn Node
key : OutputSQ

Key:Output

Key:main
value:Queue

@command : put value:Queue

key : OutputSQ

5.5: GearsOS IZE8B1F % 7 7 £ )L (DGM)

56 74VZFPUTRT A

RIFR EMAT T 2T TNEHET K B GearsFileSystem D7 4 L7 b V) & DRI T
OIUTVDS 2, GearsFSDT 4 LZ P AT A UnixOSDT 4 L7 MY AT LD
i-node DIEHAZHWTHERT 2 2 ZilATVWE, #ED Unix D74 L7 MY RT
LERLBZHE LT, 74U 27 MY ZREAR (RedBlackTree) Z W TR S %,

X 5.6 12 GearsFS DMK E RS, —2DT 4 L2 b VIIREREEE, H2741 7
FUVDHIZNETE 7 74V (T4 L7 FUEE)IEET 4 L7 P URROREARDAN
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J—RELTHFRIEEENS, HE5T 4L 7 NVIKHETE 7 74 VESRT 256
E 74 L7 B Y DFFD Tree I L TR ZT IRV, KOFITIE/(V—bT 4 L7
FU) 25 Users P4 L2 FUTFIZBZDad VWS F4 L2 FY (BLLIZT 7 4 L) BB
T 2121d. /D Tree WD Users 2R, #HiW T UsersTree DWFERD Dad 2R T 2E &
Bb. Fles BT AL PV ERFORTO 7 7 A UE, BlOT 4 L7 M) OEREREFL

TW5,
Tree (oot
o/
Tree root
: Users

5.6: GearsDirectory

Gears DT 4 L2 b U ¥ X7 513 Unix @ i-node DA% W3, i-node & 1&7 7 4 v
Tt Da=—25%FS (ifnode H ) b B, 7 — XFEBADRA ZRAEHHE, H4 X
BREDART—RBRETL7-0DDMHEBTH 5, GearsFS DIREREZH N7 4127 b
) 2 AT MZEBRIRFEN S 7 — Fid key 3 FileName, value 2% i-node D7 Z 7% L
TW3, DirectoryTree & 7 7 A VA TEHRZITH T THEED 7 7 £ LD inode H5%
FIZ AL, DirectroyTree & 1FHNTHEIE XNz key IZinode HEFFERTELTTZ 74 LD
T AR T RURAZIRFFESE S Tree % i-node HH THRIELH LR D, ZDFTHEE
T5Z2I2&D. 774 NVEBEDFIETS % Directory % i-node BMEFRFCTE, 7 7 A LD
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BDO7 vy v TOHER I K 2B Directory BSEEAFIET 555, i Directory D
FileName WE B XN 7255128 W T D Directory DRIEDFEEDFEZPHITE Z 23T
o

57 GearsFSDODNXv 277 v

GearsOS 1XFFERIVIZ OS BRI Ny 77 v TOEEZ R T 2 HfEL TV 5,
GearsFS @ Directory DNy 7 7 v FIIARFEE OWE 2 IEHIRIICITS 2 eI X D#EED
T—=RERFFT 5, X 5.7 ICIEBHEN R ARRGE OMREZ XITRT . IFBHERIARNE S O MRk
CIIRETTD ) — FOT =Rz ERFEZHZ 22 BROL— b/ =F) 25
BT ) — RIEFH LS AERL—HD — NZBEDDDZMWE T TEHRT LI L
2T, NPHOHERDORERDAREEDR L SLX N/ — FIZHHICER. dLida
V—Shi/ —FeRd, ZHEENL ) —FeRPSEHE ) — FETOEHD / — Fid,
REETCD / — R e 3HNCH L MRS b, ZRLD Tree iITE LTV / — FIdHRSE
TCD Tree D) — RZRA YR THHGT S e THEVWET, 2%FH, FDODEW/—F1
POBERZITZAIHEED T —XD /) — FPZRTE, A/ — F 1200 R217T 23R E
BROARMEEZZRT 5 2B TE S,

7 7 A VEBIRDZ B EREIZOWTIE, 7 7 A4 VD DataGear & 7 7 f VDEHE 277 % &
JEE UTRFFESEDIBICT 5 2 IR ZEHKZEHIE S 2 TEIALLW, diff 2
<~V RED7%T 7 A NEI % DataGear IZ5 % Z 21K D, git X Mercurial D & 5 73—
YavEHEEPITI, FEEDKRERD 7 7 4 L ¥ Directory DIREEZ LN H 3 FRIE. DataGear
DEBEHREZMHER L. 2T 2 XX Tree W& & DataGear DR R E TSI 2B R 5,

ZE0 TR ENCEREE 3 —EHRZ O R L —=JWREFET S L
TNy 7y TRREBT 5, £/, IFEENIARRG OHE & ZHERENR D DataGear 134
BEHITONETTIC. T4 L7 bU Tree® 7 7 A VOFEEEML T L 205 EDE
E3 5, ZORIOVWTIEEOHMEERE, &L AIX2—FoBFIC X D EMRIICEED
T =2 HHHIRD LIEEE T 2 Z e TEEDH 2EEDOHIBIED 5, Tz, LFED
Bl AR D F BN VEEOEE MR T LTV Z e PR T 5,

5.8 GearsFS D%l L

DELT7 L — 27— Christie £ GearsOSFileSystem (2381} 2 Wi FILEIZOWTEEL
720 GearsFS TIX7 7 4 M DataGear DY X b & LTEEINS, 774 LDHARD
FEXAAZ GO E(EE DataGear V A MZH 2FED key D DataGear D Queue 1 5f
LTDatazEBZAA, B LIEMIHLEZIT) 2 TEBINS, ZOLDT 7 A LIF
DataGearManager TH 5 &5 R b,
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RS D AEIE AR DAEE

MUK ABEZERL L
/—KR6%ZAE ULTEM

5.7 FEWMHBERY 72 Tree fREE

GearsFS @ 7 7 4 WX Christie @ DataGearManager DA SEICT 25D TH
% %3, Christie ® DGM & OHAfEZRE W E LT, GearsFS @ DGM {Z Christie D X 512
DataGear D7 LIAARIZ K 2BEEZMHR T 272U ORHE TR, 7740 ZDdDE LT
DHBEFFO L WS FDTEHET %0 Z D7z, ChristieDGM D X 5 12—2D / — K (CGM)
WD BHINZDDOTERL, BRO Tt 20 6HAMNCT 78 20Thbh s DGM
THb, &-oTDataGear Z{RFF T % Queue [IAIHE Quene TR S BED 7 7 2 AT
DONTH, T — XSRS Synchronized 72 Queue % W 2 EHNE U 2 5MH
VRY: SRR

Christie Tl Task(CodeGear) & CodeGearManager IZ & D F(T72TH#1 5, GearsFST
WA LEE % CodeGearManager % W2 5220200 D . GearsOS 1IZH5#X X 417z par goto
ZRHT 205 FENEZ 5N SE, par goto &1 GearsOS 12 BT 2 MiF LB T H
%, par goto 12 & BFNULIHTIE Task % Context TFRIA L. Task D InputDataGear 23 -
7= Task % Worker T Z1T 5, X 5.8 12 par goto M1 & 2 i 7L % /R 3, GearsFS
Tl stream 20T 2 FHZIAACLCID H L & queue IZE X 517 7 7 A )L DataGear D%
ZERMHINCFATST 2, LREBD 7 7 A VOFERNCHEFE S Q258132056 i Tl
H2Thb 5,

BIR. GearsOS @ par goto 1TFEEEIT WL O MERDIH D . WHEEE NS LB N CZ &
WA, PRV R FZRZEBZEZIHILDZLIANATBRBELR TV, ZDD, par
goto IZ K BAIFIILEH DR E X DBELRDDICHET S, L7 74 Vd@EEHOI
FIMEZHBICHE L TLEI L WVWIRBEZI DN D,
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PRERR R (B 1) 5% GearsFileSystem Di%at & 9i2k

2: Context switch

Worker TaskQueue (Worker Context -> Task Context)
1: get Task 3: goto Task Code Gear
yy > Task(Context)
IDGCount —)@
IDG

4: goto Odg Commit

OoDG

Code Gear 0Odg
Commit

5: Context switch
(Task Context -> Worker Context)
6: goto getTask();

5.8: par goto 1T & 2 MiFILEE

5.9 GearsFS OfretE

GearsFileSystem IZBWT 7 7 4 WE 77 HI X 117z DataGear ZREES % Queue ZHiD Y
AMIBRB IR T, XEVZEHLCEMIN, ZEMTOIWET—&% SSD iy
DFEME RO T AL ZANRIFET 256, U X b (DataGearManager) DD Queue TH
5, 77 4ANVT—=RZFDHDEHFL T3 mainDataQueue ZFTIUTE WV, it
TNA R ZREY E L THR-TEL X BV LOTF— XE L RRICHER S 5, ¥
WXEY EANT7 7 A NVEERT 256, 7 X LIREFEIN TV S Queue ZFEOHI L,
X%V T LocalDataGearManager & UL THETIUIR WV, K 5912734 X RIZREFEE
172 DGM % LocalDGM & L TH-OHTHEOEBN Z RS, A tL—Y kovmy 7o
7 FL RAEunix 7 7 A VT A7 AFBRIZ, 7 7 A VDMREEL TV 3 i-node 23F8KI L TW
X X,
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LDGM
List List List
data l»| data Ce NIl
> A y
Block Block
char|[] char([]
File eof eof
Path *path
int mode
unsigned charf] Persistent DGM
List List List
data l»| data Ce NIl
A A4
Block Block
char|[] char(]
eof eof

SSD/NVme/MRAM/HDD

5.9: file Persistency
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HB6E  GearsOS O

LIFFEITAHIREIR GearsOS ZHWTEREIN L 70y 2 7 b LTREAIDTOHD R -
TV, KETIET 7 4 LS AT L ORER%E L7z GearsOS OFHfi %175,

6.1 bFIFIURAIAL F12X D stubCodeGear D4Rk

GearsOS DK DFHM L LT/ —< ALV E XX LALD T 075 5% 550 LTl
ETBRRERD B LWV EMPFET B AX LD TR T T LIFEIK, Perl 227 1) 7k
EHWE N7 2204 ZICE D HBFERZIA TV RoTWd, 7Y Ra
AW EDERSINEXZL_NVET 0T T LDOFTRBEELRTTE LT, DataGear
DRI L Z1H YT 5 stubCodeGear DERD D 5, ARIFFEIC TITHITz GearsOS 12 K
57077 ADFARD E TR HI > MR Y LT, stubCodeGear @ HENARHER 7T D
R E XTI BT 5N 5,

A D Interface Z M4 L 7z CodeGear > 5 DataGear D3ZIFELD 72W5EI1Z, HENAER X
7z stubCodeGear I XTI WET % & WS MERDD 5,

Y —Z 32— K 6.11Z Queue 2* 5 DataGear #5213 L T\ % stubCodeGear & Z DB
Al & BRIED CodeGear Z7RT . 2D 7B 7T A TlE Task2 12T localDGMQueue {6 L
T CodeGear:take 12, Queue D take WLEIT & - THL D 1 L 7z FileString ! D string
% Task3_stub IZ THEFHE L, Task3 NG ZEL T3, 124THTIE Gearef 2> FIZT
TQueue FEARDH DEH data % FileString B D string IZHEH L T b, Gearef(context,
TQueue)->data IZIXEFERTD CodeGear IZT., take #ET Queue 22 H5HLD HHE N7z 7 —
EHBHENESNT NS, DT T 7 MIEEICEEST 55, MR E LT Task3_stub &
HEVERTTONL DD TR, FETiBEINTWD ZenFETond,

V—=RA=F 6212707 730G L7 DTIERL, FFT Y RAy L Ik D HE)
Iz T —DH 5 Task3 D stubCodeGear /RS, ZDHJI X7z stubCodeGear
DA, FRRT T 0 75 AWFETSNBE. Segmentation Fault Z# 2 LT a5 470
ETLTLE D, string ZHUTKA L 7200, Queue 22 H5ELD XN 7 — X DI EGFTE
stubCodeGear 239 £ EETETVWRWDHTH %, ZiUd FileString @ fAld GearsOS
T Interface & LTRZZINTED, b7 Rar 4 ZJE3ZHOA % AT Gearef 2~
¥ FOFEE% Context DFRELATE LTWADIREELTWVWSE I Ra—Fekb,
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BRER KA B OTAE (15 1) B 6T GearsOS Ol

FEERIZ Queue 2 H5E D X7z 7 — ZDRFEE TV B HFAANDZHRIL Gearef(context,
TQueue)->data TH 272D TNZIEET 2 DHIE LW,

YV —Z2a—F 6.1: takeCodeGear 7> 5B X 15 stubCodeGear

__code Task2(TQueue* localDGMQueue)q{
goto localDGMQueue->take (Task3) ;
}

__code Task3(TQueue* localDGMQueue, FileString+* string){
printf ("take[/s] [num:%d]\n", string->str, string->size);
goto getData();

__code Task3_stub(struct Context* context){
TQueue* localDGMQueue = (struct TQueuex*)Gearef (context, TQueue)->
tQueue;
FileString* string = Gearef (context, TQueue)->data;
goto Task3(context, localDGMQueue, string);

3

V—2Z2a—FK 6.2: BEAERMICTHIIE 7= Task3 @ stubCodeGear

__code Task3_stub(struct Context* context) {
TQueue* localDGMQueue = Gearef (context, TQueue);
FileString* string = Gearef (context, FileString);
goto Task3(context, localDGMQueue, string);

}

fhame LTIy Ray g 12 & % HEAER X 417z stubCodeGear 1%, Al Interface I
@ CodeGear > 5 DataGear Z k&S 2855, £ D Interface 5> & DataGear ZFEHE 11X
WO TER NI e D o 7. Z DRI stubCodeGear % 70 75 < D3ELb 3
5 Z I X DRRTE 203, GearsOS OEAIX T 1 7T < 23R 7 B %2 £5 7272 WR D 1
stubCodeGear [FFCIRDRBEDR RN EDREFE LW, MR T, CodeGear DL AI[E—T
H o T, BT CodeGear D3 L T\ 3 Interface 2358 > TW 355, D CodeGear
ZRoab L7z < TR 50,

CDOMEZRFRT 282 LT, Context I& stubCodeGear IZSZIR X N B FRIC. EERTD
CodeGear 25A& L TW 5 Interface 72 A DD ER L L ICERIBEZIR L VWo 7z Z 8 3E
Z BN b, DataGear (IFEAMNIZER T 2 ERTD CodeGear 20 65| Zik S HEDZ W2,
EH]D CodeGear @ Interface ND Gearef A~ RAMTRABBITT B ZENEE LWL,

6.2 par gotoREXDNT

GearsFileSystem @ APIBFE D _E T par goto #§ X % fif o 72 WAL ORI H 2 il A7z, L
L. par goto XD S HEIAEMRINE X X L)Lz a— R HTDFRD X Task DR T %
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BRER KA B OTAE (15 1) B 6T GearsOS Ol

RS __exit HBIERE L7V ¥ W o Ze RN A L7z, 2 S ORIEIX GearsOS DFCIRTIEIC
MHEADPWMONTVRNWZ EDFER L LTEF SN,

Y —Z 32— K 6.31Z par goto 3% HWTW S CodeGear 7R3, XA TY—RXa—1FK
641V —RaA—F63% TRV RA N LIcc 70T T LERT,

ZOMERD—D2 & LT Task DFE T %27~ CodeGear TH 5 __exit DIRAEL 72V E WD
MDD 5, Y —ZA3—F6.3D4,51TH TIFAME par goto 12T Task:countUp_codejeNum
DIFE T RE, Task Z U U 7= Worker % R % 728 D __exit % next_code & L THEEL
720, Ll FatDa—FTRE MY Ay A LORETZS—%RZ L, Turo
LDV DT ZTR,

6 1T HIERIDNF] 7' v 75 4 twice TD par goto DFCIhTH %, R me L TERE
@ CodeGear 2372 A 62D Interface DFERHE N7z 7w 7' F aoHIZidib I izd DT
74, Z® CodeGear WTH|H X215 Interface % InputDataGear & LTI RELTWS Z
CIH B, TORBDGE. _exit ZFER S ENET 2 D TE 505, GearsOS ITHEE
E 7z Queue X Tree & WV o 72% K D71 75 Lld Interface ZffK L7z L THEEIATH
b0 ZDIDWERD T T T L% Task & LTHHT 2 Z DL R>TWVW5,

MATrI RV TDONTHHERINTWS, Interface AL 7=7 07 F LA
BRAGLIR X 17z CodeGear N\ D par goto (& InputCodeGear 2XfFET 255, Y — A2 —
K 6.4 D 15, 3317 H D Interface ® GET_META 234X N2> TLE 5, META X
Wi FILIE Task(CodeGear) @ inputDataGear DFRFbEOE TR TH 5, VY —R I —
R 6.4 DE. BREILOD Interface DFRFBEDOENPRER T, £/27Y 27 4 774 inputDG
7% int MDD 0 % DataGear & LTIHFBEDEL LI T 52> TLED, £
D7 DHBUK. Interface N CodeGear D73 FAUIIAT S T & 3T X %23, InputDataGear 13
Z @ Interface HH ¥ next_code YA D InputCodeGear BEHRT = 72w, H1Z T __exit 254
REL 72V WS FEDTFETS %o

YV — 23— K 6.3: takeCodeGear 7> 5B X5 stubCodeGear

__code createTaskl(struct TaskManager* taskManager) {
struct CountUp* countUp = createCountUpImpl(context);
struct CountUp* countUp2 = createCountUpImpl(context);
par goto countUp->eNum(0, Task2);
par goto countUp2->eNum(0, Task2);

//par goto twice(arrayl, array2, iterate(split)
goto code2();

exit);

3 —_——
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V—2a—F 6.4 HEAERMIZTH X7z Task3 D stubCodeGear

#i#

_code createTaskl(struct Context *context,struct TaskManager*

taskManager) {
struct CountUp* countUp = createCountUpImpl(context);
struct CountUp* countUp2 = createCountUpImpl(context);

struct Element* element;
context->task = NEW(struct Context);
initContext (context->task);
context->task->next = countUp->elNum;
context->task->idgCount = 1;
context->task->idg = context->task->dataNum;
context->task->maxIdg = context->task->idg + 1;
context->task->odg = context->task->maxIdg;
context->task->max0dg = context->task->odg + O;
GET_META(0)->wait = createSynchronizedQueue(context) ;
//GET_META (countUp)->wait = createSynchronizedQueue(context);
Gearef (context->task, CountUp)->countUp = (union Datax) countUp;
Gearef (context->task, CountUp)->num = (union Datax) O0;
Gearef (context->task, CountUp)->next = C_test;
element = &ALLOCATE(context, Element)->Element;
element->data = (union Data*)context->task;
element->next = context->taskList;
context->tasklList = element;

Gearef (context, TaskManager)->taskList = context->taskList;
Gearef (context, TaskManager)->nextl = C_code2;
goto parGotoMeta(context, C_code2);
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AHFETIX GearsOS IZE AT 5 7 7 A )LOFEE, FEERI L THT7 7 A VS AT LD API
DEKETEIT o720 GearsOSIZBIF 2 7 7 A VB EWR T 7 R 23 L= KW &JRT
HYH., 77 A METE T L — 217 —2 Christie ® DataGearManager IZtHHH 55, 77 A4
NAD T — RIIMTEEDOREEARIC X % DataGear LI DEXNTE D, 7 7 4 L EFHAA
8. DataGear ZHEFIZ Take TREOHBIEEWV, 7 74 VDT —& ¥ 725 DataGear
370 7SRO OMEIRTIER T 2 Z e TE, 7 7 A VOHIC L > THER
YD DI T 2 Z D TE S,

7 7 A VOHFIZ X %i8(E1X RemoteDataGearManager {2 & % ploxy 12Xt L THES %
ZETiibid, ZD7®, GearsOS TD 7 7 A WMET7 7 A VZDDHDTH % L [FARHTH
L OBELE B RS ZEMNTE S, £0EEIE WordCount HIEDFLIRIC X o TITW,
ChristieAPI DR ¥ GearsOS IZB 1) % socket 1#IE DA HM DR Z1T > 72,

Fh. T ANMBRERICEE T4 L7 MUK o TREEDERSN, 7740, T4
L7 b VIRIEBEN R ZEETON S, ZD7=0, ZHEDEREIX OS SR T X TR
ENTED, BHINZGANY 77 v TRERET — X OHIBRZ E OERERET 2 2T
Vr—a il 3, OSHNy 77y TRHEETE e NTE S,

MAT7 7 ANT AT LDWEERL LD 6, GearsOS HIADUGE R 0HFH OMGEEZ 1T -
720 BURD GearsOS1E/ —< /L LRV E X ZL-ULDTTHEE WS BHIYZZER L TIEW 3
HDD, FABA R v 7 %l wiEEkE 2 W D RO H R Rl RO E#E A, b o
YRAVRAZIZEBANTREWED Tu s B ARMEZ B LA S T a s
T AW TES X515 FTHRRD D222 > TLE S, GearsOS IXBEHFEEDMHET
PTONTED, IRV FITE B XX LNV OERZMOTFEZH NS Lo
T ThhTWw b,

7.1 SROBE

7 7 A VD@ HRHE Christie D TopologyManager DFEHEZ FI W 2 23, FEMIZREET I
R TITZA TV W, DataGearManger 12 & % #£#if2 ik % TopologyManager (2 —1{%3
BT B Z & Ty ARITIEHER B NEL ¥ 72 2 85 Dt & fRICIT VW2V, L L
Christie @ TopologyManager (3 { £ T/H{ 7 L — LV — 2 TdH % Christie ([Z[AF THIZE
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ENTZbDTH B, D7z, Christie D TopologyManager #FHAEIZ LA S, 0ELT 7
AN AT DT TR ZZER L TOLBEDD 5, B Z1E. TopologyManager (&2
ZRAL /) — FE2EEDED Topology IZHEK S % £\ 5 & D72H3, CodeGearManager
DIFE L 72\ GearsFS TlE, RemoteDGM IZ & ZE(EHEEHEICINZ, DNS Y XA 7 412K 5
7 7 A VOMEUH L7 ¥ &M Topology DHIAR & LT OKEN 2 F-H8 720,

T7 AN AT LOEFHRERDZT 4 L7 IR T 7 A VBEDORIITATVS, L
MU, FBRIZT7 7 ANV AT L LT ARERAIMTZA2 KO IXKR 2 FTOHREIZLF
FELTWS, 77 ANDT 7RZAMERNDIIER S = V7 TV r— a YOS, 74 R
I AR=ZADIRORBVEEBEREEZ IO DEEPREL 8D, 774 NVDART =&
RS X £ ORI ¥ DOREIX metaCodeGear 77 TIT5 222k D, /—<L 1R
NDTa 75 IV I TRERTI2RERLS AT I IV IPITRABME Lz,

F7 77 AN AT ADO—BEDORFIRF ¥ v ¥ 2 OFKEHHITHILTVIRW, GearsFS
' inode Z W % 72 & UnixFileSystem #5% & LR ZIT o TV 3D, key A M7 I
27 =R FERDTD, TERD fsck 72 ¥ DA AT D B HEEER & OB E T
% A[REMED E O,
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