2022 B ZZESR

Bachelor’s Thesis

GearsOS ICH 1T 5 inode Z A LV/c
FileSystem D&X5T

Designing a FileSystem in GearsOS

HRERAF TFRTERAEEERII—X
185742 XF s}

EEHE AIHF EA



25

77V = a YOEEEERIET 5 Z L 3ER AT AR Y Ea—
R %P 3 LD ORI IC oA 2 BERRECH L. 77 7r—
a yOEHEMEZRAES 572012, EBEr x5 OS OfEHEEEZED 2 HE
7{{2}?2 . BN REET 2 -0 DFE L U TEHEEHR E T VAN ZET

LSRR T, EHEEARE T AVMAEIC X2 EHEORIAEZ B L
GearsOS ZHAFE L TW3. GearsOSIEZ/ —<IL L)L, X XL ~)LOYLH
ZY)D 3% Z T & % Continuation Based C(CbC) Tiddb I TH
D, Gear W5 7mrJ Iy IR ERD. CbC TAXLN)LDOILH %
3_12 %]L 72 DI L CEBREARE T AVME 21T 5 & TEEMEZREE

GearsOS IZIZBIEREEDKEEDR H D, ZD—DIXT7 7 A LT AT A3
FiFohsd. EEEZETAMEZEL TRIET 2 2 2 TE S GearsOS
DT 7 ANTRAT L%FEE LT,

KX TlE, 3 GearsOS D7 7 4 V¥ A7 LREERICEE 3 2 FAERES D
fﬁﬁ'fjlt%f g, Z D% GearsOS D7 7 A LT AT LD BRI LR FIEICON
TR 3.



Abstract

Ensuring the reliability of applications is an important issue for ensur-
ing the reliability of information systems and operations that use com-
puters. In order to guarantee the reliability of applications, it is necessary
to improve the reliability of the underlying operating system. Theorem
proving and model checking are the methods to guarantee the reliability.

In our laboratory, we are developing GearsOS for the purpose of guar-
anteeing reliability by theorem proving and model checking. GearsOS
is written in Continuation Based C (CbC), which can separate normal-
level and meta-level processing, and has the programming concept of
Gear. GearsOS is written in Continuation Based C (CbC), which can
separate normal-level and meta-level processing.

There are currently unimplemented features in GearsOS, one of which
is the file system. We would like to implement a file system for GearsOS
that can guarantee reliability through model checking.

In this paper, we first introduce the basic concept of the file system
construction of GearsOS, and then describe the concrete construction
method of the file system of GearsOS.
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Continuation based C

Continuation based C(CbC)[?, ?] £l& C D T EFETH 5. function call Db DT
goto IZ K AR W3, CbC D7 a2 Lld CodeGear ¥ MEEL 2 LI D B T
L, /=LA XRLAILDIIEEYID 573023 Z 8 A[RETH 5.

1.1 CodeGear & DataGear

CbC TIEBIE DD D 12 CodeGear E WS A TF R T I 7 %175, CodeGear
i3 __code LWVWHIARTEFT TSI W TEXS. 7 —XDHAIZIE DataGear & XN 5
ZERT—2%H0%. K1.11% CodeGear ¥ DataGear DERER L TW3. CodeGear
12 DataGear & AJ2 L TZIFTED, HlD DataGear ICEZAAHN NI TE e N TE 3.
FFIZ A 1@ DataGear % Input DataGear, HiJJ® DataGear % Output DataGear &
2. goto TAR®D CodeGear IZEBET 5 Z 2 TE, ZDE Output DataGear XD
CodeGear @ Input DataGear & L TET Z 2 TE 3.

DataGear CodeGear DataGear CodeGear =

h
h
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1.2 ESHkiEn

CodeGear 7> 5D CodeGear IZ7BF L TW < —#HOENMEZ #kiE & MR, BHE OB
DA, B 5 XRDOBEBAER T 2 KFZ function call 23TH4 5. function call [ ZH(
DEBANRZIGEDND D, ZD7=0I2 call stack ZHR1FET 3. CbC OffHil function call
ZH3IZ goto IZ & % jmp TITHA 5. jmp I function call £ £ D, call stack D X 5
REREEMRF LRV, Ko T CbC OB DMK L LI L THRETH L VR 5.
ZDZ et CbCITBITF 2% function call IZBIF 2k & XL T, BEMe
4.

1.3 CbC dzg

CbC o7u 27 afley —2a—FK 1.1 1RT. £3 main BEICE VT addl
CodeGear \ goto #1795 . Z DK addl ~\ Input DataGear ¥ L Tn 3. C D
goto A% goto label; ¥\ NS FEIET, 7NV ¥ 7 LZEFAAN jmp 2175 DI L, CbC D
goto 1% goto addl(n); ¥ WS FLIET, addl CodeGear N n DataGear %% L T jmp %
75. addl FZHEHDOFEHZIZ add2 CodeGear /N goto #1795 . ZDEE Output DataGear
out_n % add2 ® Input DataGear & L THE3. ZdD X512 CbC Tid CodeGear @ Out-
put DataGear % X® CodeGear ® Input DataGear ¥ L THET I 2#DRIT 2T
W% D 5.

V—Za—Fk 1.1 CbCoFm o L]

__code add1(int in_n) {
int out_.n = n + 1;
goto add2(out_n);

}

_code add2(int in_n) {
int out_n = n + 2;
goto end(out_n);

by

_code end(int in_n) {
printf("%d", n);

by

int main(int argc, char *arcv[]) {




PRBRRZ AL (1) % 1 ¥ Continuation based C

16 int n = 1;
17 goto addl(n);
18 |}
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GearsOS

GearsOS[?, 7, 7] 1 BHEME CIRMEOM.ZHIE LT, I TWS. Gear W15
BEEDdH Y, FITOHN % CodeGear, 7 —XDHA% DataGear & FER. Bk % I
AKe L, stack ZE722 0 H DI Tk Context A THEITT 5. / —< L)L e X
ZLARVOUEZYID 7313 5 2 T E, [FFRIC Gear D&% F;> CbC(Continuation
based C) TRl I N TV 3. GearsOS FZHEMFERETHD, OS & LTEHNET 278
CEBEELRITER S BROEBEED W DKo TV 3.

2.1 stubCodeGear

2.1 1% CodeGear DB ¥ MetaCodeGear DRERERL TWE. OS DT v F 24
2= —=DERIAT VWA EZ RS 2 7 —< L LNUL e, B — 30T 5 L %
FHTEZARXLNUDBEFEET S, /—<ILLRLTHRS 2 CodeGear 7% DataGear %52
FHELD , ILFE%IZ DataGear Z KD CodeGear ICET WO FHEZ L TWS XS ICH X
5. EBRICIE T -2 OBEEDHESCLCEREHRE DA XL NVOMHEBFEEL, 20
5 DFHEE MetaCodeGear TIThOL 5. ZDEE, MetaCodeGear 1278 X415 DataGear
D Z L IFFHT MetaDataGear &IN5, CodeGear DRICIHIT X5 MetaCodeGear
I FFFIC stubCodeGear E RN, X XL\ %kE&D 5 L stubCodeGear ¥ CodeGear %
KHIZFETT B TEB L TWL.



PRBR RN () 5 2 F GearsOS

Data Gear :@ »| Data Gear
Meta Data Gear Meta Data Gear

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

2.1 CodeGear ¥ MetaCodeGear ®Ei{%

2.2 Context

Context (& GearsOS £ T® CodeGear, DataGear D&%+ %, CodeGear ¥
DataGear D#EfICHWSERS. OS OB OEITHENAN T, /KD OSB3 Tutk
ZWHL T IHEETH 2 2 Wz b, CodeGear % DataGear D—FTH 2 EZ D L,
Context & Gear DBEZTIE MetaDataGear I2%472 5. Context &/ —< /L L UL 5
EHESRINT, ©3 MetaDataGear ¥ L T MetaCodeGear 2255 En 3. / —<
N LRV D CodeGear 23 Context ZEESBMLTLES &, XXLANLZYDR3ITRE
KDL IZO T LEDIDTH 5.

2.2 1% Context BRI 2MNER LD TH 5. £ CodeGear 23 Output-
DataGear N7 — & % output L, KR® stubCodeGear ~\ Context %S L goto Z1T
J. ZORE#HZHIIET, goto meta ZFEH L goto #1795 . stubCodeGear 13 Input-
DataGear(f7® CodeGear @ OutputDataGear) & OutputDataGear ZZ L, XD
CodeGear “\ goto #1795 . CodeGear TOULEEZ, OutputDataGear ~\7 — X % output
L, XD stubCodeGear “\ goto 217 5.

Context ZWL O DB T2 B TE 5. 0S 218D Context ZEHT 5
Kernel Context 2 —%—71 275 A Z 2 IZTFEHET % User Context, CPU % GPU &
LIZIFET % CPU Context 255 5.
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Context
CodeGear 1.goto » stubCodeGear »  stubCodeGear
1.0utput »| DataGear 2.InputDataGear’ ZH
2.0utputDataGear® 2§
DataGear P
4.0utput
stubCodeGear |« 4.goto CodeGear

2.2 Context ZZR3T 2N
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Christie [ HHRZETHEEIT> TW5 Java Tt I N7 7L —2 V-2 TH
%. CbC TV BD5IMD Gear &\ 5 RS, EED Topology BT 570D
TopologyManager 233 5.

3.1 Gear DB
Christie IZIZLLTD 4 2D Gear € WO RESHTFEET 5.

e CodeGear
e DataGear
e CodeGearManager (LT CGM)
e DataGearManager (LLF DGM)

CodeGear 1X7 7 A AL v FIZHHE T 5. DataGear I3E T — XITHH L, Java
D7) T—yarvieAnwtidihEnd., CCGMIZWwbw? / — FIZHYE L, CodeGear,
DataGear, DGM 2&E#H 3 5. #HEH D CGM [FL1EMR XN, DataGear ZEE LA D
e THRABEEZER LTV, DGM & DataGear ZEI L TW5 O TEH S — L1
Y5 5.

3.2 DataGearManager

DataGearManager 1 key value store D&z £5>. CCGM 23F|H T2 CG D key &
put X7z DataGear DA G HHE T DataGear ZEH 5. DGM X LocalDGM &
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RemoteDGM IZXB|FT B3 Z B TE 3. LocalDGM 1 CGM HE D3 % DataGear
DTS —ILTH5. ReomoteDGM 1Z CGM 2RI NTWA RO CGM 28382 DG D
T—ILTH 3.

3.3 Topology-Manager

Christie IZIZEE D topology KL, / — AL OBEEEMEEH B TE S
Topology-Manager ¥ \ 5 ¥EBENTFIES 5. Topology-Manager TA LT & % topology
WX FERIY topology & Y topology @ 2 ©D23% 5. #iHY topology (& 7' m 75 < BMEE
@ topology & / — RDERZITO 2B TX 5. dot 7742/ — FOEKRZFIA L,
Topology-Manager IZSR ¥ 25 Z & TANT 5. dot 7 7 A WITEib L7/ — FOE L
S/ — FOBB—H L 72558 CHEST 5. B topology XS M%ERIFL 72/ — Fizxt
L, HEIMWCEREZITS.
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Unix @ File system

4.1 xvb

MIT THERHDHITHFE SNz OS T, Unix OEAWNREGE 2D, HHKETIX
xv6 D CbC TOEXMZ, SMEiT/->oTWVW3. xv6 1d Unix 2D OS TH % 7=, File
system Tl inode DFHADBH O HN TV S.

4.2 inode

FIZUnix RD 7 7 A LT AT LATHWOND, 77 A VORBIEEGRBE NI T — &
TH5. inode ZBIF27 7 A NDEHERIZFR 41 DL RDDLBDH 5. 7 inode 1
kB E £ LT inode number ##FD. inode number [3—D2D 7 7 4 LT AT LANT—
BOBRBSTHD, Is 1 a~< Y FTHRATRETH 5. inode 137 7 4 V¥ AT LGREIRIC
inode fHIZ 7 4 27 FICHER T 5. ZD7=® inode number 121X R H D, ZIUTHE
W7 7 ANTRATLLETIRZDZ 7 74 VED ERBRE 2. inode number D AMEIX df
-1 A< Y N THEFERRET H 5.
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File Types directory %° regular file 72 ¥, 7 7 4 L OFEHH
Permissions read write execute D EITA] &
UID 7 7 A VA ED ID
GID 7 7 ANVFTHEZ V=7 D ID
File Size TZ7ALDYA X
Time Stamps 7 7 A MERR, FREEH R
Number of link N=F) 7D
Location on hard disk T—=XDT FLRA

£ 4.1 inode TD 7 7 4 V@B
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GearsFileSystem @ directory

LHFFEETIE xv6 D CbC TOEERITHR o> TWBH, Sl xv6 DL—F % CbC T
EXHZ 2D T GearsOS \ Unix @ File system OfEAHAZED A3 7 7 v —
Frld, TF7ANIATLZREDPIZT AL VISR TLET 74 ILDDITHITT
EZ5. 74127 YT RT L& Unix @ inode DEFHAZED AN 3.

5.1 FileSystemTree

FileSystemTree (34 (0] directory ##i&, inode DfEAHAZELD AN 2 EIZH W 5 Tree
THs. Y —RX2a—F 5.1 & FileSystemTree @ interface TH 5. gearsOS IZBT 3
interface (& CodeGear ¥ % CodeGear 23\ % I/O DataGear OGS Z AT 5.
FileSystemTree @ interface (X fTree & node @ DataGear & put, get, remove, next O
CodeGear #$5D. FileSystemTree DFAlZ RedBlackTree TH D, put, get, remove
¥ RedBlackTree D{E%1T 5 72D CodeGear TH 5. next [FEBEFLD CodeGear

YV —Xa— LK 5.1 FTree ® interface

typedef struct FTree<>{
union Datax fTree;
struct Node* node;
__code put(Impl* fTree,Typex node, __code next(...));
__code get(Impl* fTree, Type* node, __code next(...));
__code remove(Impl* fTree,Type* node code next(...));
__code next(...);

} FTree;
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© 00 J O Ut ok W

10
11

12
13
14
15
16
17
18

PRBRRZ AL (1) % 5 ¥ GearsFileSystem @ directory

5.2 Tree IC& % directory #81&

74 L2 M UREIX 2 DD RedBlackTree TH#EZE3 5. 1 -DHIX inode number & file
DRA Y EZDRT ZFFOARTH 5. inode number #* key, file pointer % value & U CTHF
D7z inode number 2° 5 file pointer MK T 572 HICHWS. 2 DHIZ filename &
inode number D R7 Z#DOARTH 5. filename % key, inode number % value ¥ L CH
D7-%, filename 7* 5 inode number ZRER T 5 =DITHNS.

5.3 Unix Like % interface

TZ7A4ART 4 L7 MY OEIERITS interface 72 Unix Like ICFEERIT- /2. FEiEr
7o 7= mkdir, 1s, cd Z AT 3.
5.3.1 mkdir

V—2Z22a— K 5.2 1% mkdir ® CodeGear TH 5.

YV —ZXa—F 5.2 mkdir ® CodeGear

__code mkdir(struct GearsDirectoryImpl* gearsDirectory, struct Integer
* name, __code next(...)) {
struct FTree*x newDirectory = createFileSystemTree(context,
gearsDirectory->currentDirectory) ;
Node* inode = new Node();
inode->key = gearsDirectory->INodeNumber;
inode->value = newDirectory;
struct FTreex cDirectory = new FTree();
cDirectory = gearsDirectory->iNodeTree;
goto cDirectory->put(inode, mkdir2);

_code mkdir2(struct GearsDirectoryImpl* gearsDirectory, struct
Integer* name, __code next(...)) {
Node* dir = new Node();
dir->key = name->value;
Integer* iNum = new Integer();
iNum->value = gearsDirectory->INodeNumber;
dir->value = iNum;
gearsDirectory->INodeNumber = gearsDirectory->INodeNumber + 1;
struct FTreex cDirectory = new FTree();
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cDirectory = gearsDirectory->currentDirectory;
goto cDirectory->put(dir, next(...));

532 s

V—ZXa—1F 53 1s ® CodeGear

__code 1ls(struct GearsDirectoryImpl* gearsDirectory, struct Integer*
name, __code next(...)) {
Node* dir = new Node();
dir->key = name->value;
struct FTreex cDirectory = new FTree();
cDirectory = gearsDirectory->currentDirectory;
goto cDirectory->get(dir, 1s2);

_code 1ls2(struct GearsDirectoryImpl* gearsDirectory, struct Nodex
node, __code next(...)) {
printf ("%d\n", node->key);
goto next(...);

53.3 cd

V—ZXa—FK 54 cd D CodeGear

// 1R
_code cd2Child(struct GearsDirectoryImpl* gearsDirectory, struct
Integer* name, __code next(...)) {
struct FTree* cDirectory = new FTree();
cDirectory = gearsDirectory->currentDirectory;
struct Node* node = new Node();
node->key = name->value;
goto cDirectory->get(node, cd2Child2);

_code cd2Child2(struct GearsDirectoryImpl* gearsDirectory, struct
Node* node, __code next(...)) {
struct FTreex iNodeTree = new FTree();
iNodeTree = gearsDirectory->iNodeTree;
goto iNodeTree->get(node->value, cd2Child3);

13
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_code cd2Child3(struct GearsDirectoryImpl* gearsDirectory, struct
Node* node, __code next(...)) {
gearsDirectory->currentDirectory = node->value;
goto next(...);

5.4 FFMURAREIC & B Backup
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T7ANVTATLET 4L 7 PIBEOMIZT 7 A VHEEZFFD. GearsOS 2B 3
7 7 ANVKEEEZHAT 5.

6.1 1/O Stream

7 7 4 v ® Input/Output Stream IXFHEHIR T 7 £ AIZHINT 5729, 3 DD Syn-
chronizedQueue ZFH\W 5. ZHZ1% inputQueue, outputQueue, mainQueue & FEE.
7 — &% input L72WI5H inputQueue \ put 217V, BE L 72 WA outputQueue
15 get 2179 . mainQueue 7 —XZDHDTH D, inputQueue 2> 5 mainQueue,
mainQueue 2* 5 outputQueue N7 — XN B K 5 IZEEH I N D, 3 DD Queue ZiH
T 27— XX element & FHIN 5.

6.2 loglc&kBdN—2aVER
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WordCount

WordCount |7 [?] 1& GearsOS D7 7 A VT AT LR T Z2BICHWT 2 H#ET
Hb. /ELET 7 ANDLTFERITH, 774 VONOXFHEHNTTE. K 7.1
WordCount FIEE DD HRNZRLTWS., K& 5T, EELKT7 7 4 1% File
&R 2 LT open 35 FileOpen XL v F, File @A ZZ T XFH 178 %
countUp % WordCount AL v KD ~-2OdD CodeGear Tl T2 EMNTES. 77
A VDX FHN%1TZ 212 CountUp 1ZiE(E L, EOF 22 FH - 7z 50— 7% 4KT finish

AT %.
start
WordCount::take
Main::startCode DGM::openFile
start WordCount::finish 4>© end
7.1 WordCount with CbC

7.2 GearBox BYZ3 4038
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