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Abstract

Contemporary OS is required to achieve both scalability and reliability. We are designing
Gears OS with the goal of guaranteeing reliability for normal level computation and
realizing extensibility with meta level computation.

Gears OS describes applications and OS themselves with Continuation based C (CbC).
In addition to normal processing, the description of the program under the OS includes
memory management, queuing of threads, management of the network, There is a pro-
cess that must be described such as error handling. These computation are called meta
computation. In order to describe the meta computation separately from normal compu-
tation, we propose a unit called Code Gear, Data Gear. CbC describes the program in
units of Code Gear and Data Gear.

It is necessary to flexibly reuse Code Gear and Data Gear to describe systems and
applications. At this time it is desirable that it is possible to separate API and imple-
mentation connecting functions. In order to guarantee the reliability of the Gears OS, it
is necessary to provide a formatted module system.

In this paper, we describe the module system using Interface, In order to enable meta
computation and parallel execution on hardware, We also consider the implementation of
Gears OS on Raspberry Pi.

In order to meta computation on hardware and execute it in parallel, basic OS functions
are aligned, It is realized by replacing simple xv 6 with Gears OS.
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2.2 Code Gear
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YV — A d— K 2.1: code segment DEHk:

code c¢s0(int a, int b){
goto csl(at+b);

3

code cs1(int c){
goto cs2(c);

¥

Code Gear 1% _code Code Gear % (51%) D Telik TN 5, Code Gear 3R D fH%Z £}
7270 D T, B EIZEZR D return XUTFEL 7R\, XD Code Gear ~DE X goto
Code Gear % (51#X) TIRD Code Gear ~NDEM 27k T 5, YV —AT— K 2.1 TD goto
csl(a+b); BT NUTHT25, T D goto DITEHEMFELIFL, TDEL ED atb HIKD
Code Gear f\@tﬂjj &72%, Scheme Diffkfc & H72 D ChC ITIEMEUH Ut DERBED 7220
DT, ZOMKEIIRRBITERTH D, Lizh> TINEBREMRKEITRI L EH D, csl
ANk U 7282103 cs0 ~NR D Z &3, BEkC X 0. sk, v — T, BIa —
WERA Ry o DBMEE U REEDY — A3 —FLURLVTHFAB L5129 5,

CbC IR & HEM 21T 5 DT, MkiATD Code Gear IZRS Z & 137 < RFE
BRER—2070 77 I V2L TW5S,
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Data Gear | Gears OS IZBIFTE T —XDENTH B, Gears OS Tlx Code Gear 1
Input Data Gear, Output Data Gear % 5[#ZH¢H . EE D Input Data Gear Z S L,
Output Data Gear ZEFHZH 9, X 2.2 Code Gear 1&Z D & FJE I N7251ED Data Gear
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YV —Ad— R 2.2: Gears T® Stack pop

__code stackTest3(struct Stack* stack) {
goto stack->pop(assert3);
}

__code popSingleLinkedStack(struct SingleLinkedStack* stack
union Datax* data, ...)) {
if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
+

goto next(data, ...);

code next(

3 —_—

3

_code assert3(struct Node* node, struct Stack* stack) {
assert(node->color == Red);
goto exit_code(0);

3

2.4 Meta Code Gear. Meta Data Gear

Gears OS Tl A X & % Meta Code Gear, Meta Data Gear THRELT 5, CbC TD
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Z LX)V TlE Code Gear 1Z¥ 2.4 D & 5 12k 277> T35,
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2.4: AXL )LD Code Gear Dkt

2.4.1 Context & stub Code Gear

Gears OS Tld Context & FFEN 5, [HHI NS TRXTD Code Gear, Data Gear %
D Meta Data Gear Zff> T\ 5, Gears OS 1Z4% 7% Code Gear, Data Gear &R U
7=WEE,. 20 Context Z @I MENH S, LML Context % iEH OFHHE L S EER S
DiFtFaVFa EFFLL ARV, £Z T Context 2o MERT—XZHD H LT Code
Gear (Z#i#t 9 % Meta Code Gear ZE&E L. TN %/t U CHEIEEFIZHEZ Data Gear
W27 2% A9 5, ZTD Meta Code Gear % stub Code Gear &L, stub Code Gear &
Code Gear IZH O, IRD Code Gear N & fkfEd DRIICFHAI NS, DD goto 1T &
Lk AR 1T O & EERIZIZIRD Code Gear @ stub Code Gear ZFFOVH 3, stub Code
Gear TlE, Mkiden K5 Input Code Gear, Output Code Gear % Context 1* 5 SR
LTWw53,

25 ZFA XV AN)VTHTZ Data Gear NDT 72 AZXRLZHEDTH D, ARXLAN
LTI Code Gear 1 Context 23#D Data Gear NDRA VR EZFEINTEH, TIA
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L
2 |__code meta(struct Context* context, enum Code next) {
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1.0utput 2.0utput Data Gear stub Code
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put_Lw LULTBE Gear
Code Gear Data Gear |
"~

Data Gear

3.goto

2.5: Context 73D Data Gear "D 7T 27+ A

4.Output

goto (context->code[next]) (context) ;

}
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MTE 5, Interface DFEEL, Context NIZEMNINTWADT, A7V b &IZ
KRB Z DL ZFEBTTETNWES,

2.4.2 Meta Gear W72 A X L X)L DHLIH

Context Z 8L THEED CPU IZEHID BT Z LT X W FIETEAREIZRS, ZH
RO ARGREE LTI Z R L7722 21275,

Gears DALy RAERKIZ Agda DR 7075 I v 7IZ/iG U TiTbn b DA EF
L\, £ Z T, par goto XX ZE AL, Agda OMFFFOHUIZHEEIESZ LIz,
par goto Tl& Context DEE, ANDFEM, XA T A7 Y 2 —F —~D Context DX
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FER KRR R () ¥ 2% Gears BB A XEHE

REMNTHND, par goto XDfkfEE LT, AL w FOD join IZHY T2 _exit ZHEL
77. _exit IZ& D par goto TR L7z Code Gear DH I ZITTD AL Y RTRZITIA Z &
MTE 5,

BIEL 70 75 AT ARV ERIZ GC 2@ L THEERIZITHhI D, Gears OS Tl
A€V EHIL stub AR ED A XFRMHTCUE I NS, HlzIE, FROBNAL Y RTIX
FWEToRETR r—Ya vERWS,
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#3E Gears OS DAL

Gears OS 1% Code Gear, Data Gear DA Z HWTHFEINTEH D, CbC TRtk I N T
W5, Gears OS 1% Context LIEENZMHH X5 T RXTD Code Gear, Data Gear -
T\W5% Meta Data Gear D, Gears OS (kGO Z D Context ZHIZFKHHE, &
#72 Code Gear, Data Gear 22U 7-\WiE. Z® Context 2@ L TSI 5,

Gears OS IZA FOEZTHE I NS,

+ Context

+ TaskManager

+ TaskQueue

* Workers

3.1 12 Gears OS OREX %2R,

Workers

TaskManager |

Comna
/ goto

create
Read Data
Task(Context) Read ID
ut Task i
P take Tasl idg count /
Workers TaskQueue Input Data Gear
Data
i I T I T ] Output Data Gear Commit B

W Code Gear B

Resolve wait list
Wait List

(= (=)

—

9

Resolved Task Send

3.1: Gears OS DO#ERLX

17
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TaskManager 1% Task #3173 5 Worker DAL, BB, Task DEfE%21T5, Gears
OS 1Z81F 5 Task Queue I& Synchronized Queue THIL X5, Worker 1% TaskQueue
5 Task TH B Context ZHUF L. Task @ Code Gear %547 L. Output Data Gear
DEZHLU%Z1T>TW5, Input/Output Data Gear DIKAZRERAIR T N7z D0 53
FIFEITINB,

TaskManager (& Task T&H b Context DAEKZITD, HEIT7T 5 Task @ Input Data
Gear 23> T\ 572 6 TaskQueue ~ put 35, Worker (& Task OHUS %17\, Task
%9179 5, Task FE{T71 Data Gear DEZH L 217\, FH U Task OHfS%47 5., Data
Gear DIRFRARD IR X N5 & Task Queue 12 Task 2LV AEF N B,

3.1 Context

Context 135179 % Code Gear & Data Gear =2 THf> TW5 Meta Data Gear T
H B, Context [ FEHFD OS DALY NIZXInd b, F7z Context [ ZAEFFEITIZEHIT S
Task DRBLE UL TEHWHNS, Context (X, V—A2—K 31 DLIITERINTW
%, Context I, FI7rX N D Task ~D Code Gear ¥, Y —A32— K 3.15. 6{7HT:
WBEXNTWVWB X512 Code Gear DY A b, Data Gear DV & b, Data Gear % RT3
72D AE) Ef]ZF > TW3b, Context 23FFD Data Gear D A €V ZE[E X FHATIZHER
X4, Data Gear D A €V HELEDERIZ heap DIEZT S LU AEY 2E DY TB,

Y —Z23—F 3.1 13~30 47 HIZWMHETHD Task & LTHED 2D DIFHRTH 5, FF
HEHED Input Data Gear D717 > & Input/Output Data Gear D& N T W55
fiemRdA4 VT v A, GPU TOFEFTI I 7%FK->TW5,

Gears OS TlZ Data Gear IZMEARTERZINT VWS, A XEHETIHERED Data Gear
Z—HBTHED 72O, 2T union TEHRINTWS, (VY —A2— K 3.13317H~) Context
2% Data Gear @ Data Type DIFHMAMEH I NT WS, ZDEHRN MRS 5 Data
Gear DY 1 A7 X2 PET 5,

YV —A3d— R 3.1: Context

/* Context definition */
struct Context {
enum Code next;
int codeNum;
__code (**code) (struct Context*);
union Data **data;
void* heapStart;
void* heap;
long heapLimit;
int dataNum;

// task parameter
int idgCount; //number of waiting dataGear
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int idg;

int maxIdg;

int odg;

int max0Odg;

int gpu; // GPU task

struct Worker* worker;

struct TaskManager* taskManager;

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;

};

union Data {
struct Meta {
enum DataType type;
long size;
long len;
struct Queuex wait; // tasks waiting this dataGear
} Meta;
struct Context Context;
// Stack Interface
struct Stack {
union Datax* stack;
union Data* data;
union Datax datal;
enum Code whenEmpty;
enum Code clear;
enum Code push;
enum Code pop;
enum Code pop2;
enum Code 1isEmpty;
enum Code get;
enum Code get2;
enum Code next;
} Stack;
// Stack implementations
struct SingleLinkedStack {
struct Element* top;
} SingleLinkedStack;

}; // union Data end this is necessary for context generator

Context (£, Y —A2—FK 3.2 DL HIZ Code Gear DE S ZE2FRi->TH D, #HI{LDOER

IZ Code Gear @7 RV AR XTI TWSE, (V—AI—F 3.3)
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YV —A3d— R 3.2: enum TEHEI N7 Code Gear DES

enum Code {
C_popSinglelLinkedStack,
C_pushSinglelLinkedStack,
C_stackTest3,
C_assert3,
I
YV —A 33— K 3.3: Context OHIHIL
context->code [C_popSingleLinkedStack] = popSingleLinkedStack_stub;
context->code [C_pushSingleLinkedStack] = pushSingleLinkedStack_stub;
context->code [C_stackTest3] = stackTest3_stub;
context->code[C_assert3] = assert3_stub;

Data Gear  Code Gear & [AREIZ Context D’HFEFZ2FF-o-TWVW5B, (V—A32—F 34)
Context QAL DB BIBUEHH D Data Gear DM EA XI5, T D Data Gear 1 Code
Gear Dk#E 3 BERIZ, Mk D Code Gear DER T B5[ M EZ BN T 720D HDTH
5, R E N7z Data Gear (X data DV A M B FSON NSRRI NS,

YV —A3d— R 3.4: enum TEHEI N7 Data Gear DFHKE

enum DataType {

D_SinglelinkedStack,
D_Stack,
D_TaskManager,
D_Worker,

3.2 TaskManager

TaskManager (£, CPU, GPU O#UZ)& U7z Worker DAL, BHL, Task DiE(5 %17
2, Y —AI3—F 6.6 I TaskManager @ Interface TdH %,

TaskManager (&, #IHLOERIZZENZENIEE L7 CPU, GPU OB D Worker % 4 h%
T 5, £7-. FE173 5 Task @ Input Data Gear BHEINT WA E S ¥ L, £ T
HAEINTWGE. £ Task # Worker @ Queue (IZ£(53 5,

YV —A3—F 3.5: TaskManager @ Interface

typedef struct TaskManager<Impl>{
union Data* taskManager;
struct Context* task;
struct Element* taskList;

20
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__code spawn(Impl* taskManager, struct Context* task, __code next
(...));
__code spawnTasks(Impl* taskManagerImpl, struct Element* taskList,
__code next1(...));
__code setWaitTask(Impl* taskManagerImpl, struct Context* task,
__code next(...));
__code shutdown(Impl* taskManagerImpl, __code next(...));
__code incrementTaskCount (Impl* taskManagerImpl, __code next(..
__code decrementTaskCount (Impl* taskManagerImpl code next(..
__code next(...);
__code next1(...);

} TaskManager;

D)
D)

b —_—

3.3 TaskQueue

Gears OS 1Z51F % TaskQueue 1% Synchronized Queue THEIL I 115, Worker TaskQueue
I% TaskManager % #£H U T Task Zi#fE3 5 ALy K&, Task ZHUE T % Worker H &
DALy RTHFbN b, Gears OS @ TaskQueue 1E¥IVF ALy RTOEMEEIEL T
W72, T—RDO—EBWERIET EHERDH L, TDD, T—XO—EMEWHE
TR CTHREET 5 72812 Compare and Swap(CAS) ZF]fH LU T Queue D#EAEZ 1T > TV
%, CAS IZT—R DR - EHAE T NI v 72758 TH D, AEUDNST— XDt
AL, BH, ABUADT—RXOEFEZHLE WS —H#HOMHA%Z CAS 2RHTHZ LT
MDD AL Y RBAEVIZEBEZMA LW L 2RSS &N TE S, CAS
ZRBU 72581382 ThT. BT —XOIFTH L2155,

3.4 Workers

Worker (ZHEH D Queue 7* 5 Task ZHUfF L. Task @ Code Gear 317 L., Output
Data Gear DEEH L 217> T\W5b, Worker (ZFIHALDEIZ ALy RE2EKT 5, Ak
SN AL Y RixFET, Context 24T 5, Context & AL w REIZAEKT 5 Z & T,
AEVZEWE ALy REBIZHTEOMD AL Yy RE1ED B Z 2134\, Context DA
%1% Queue 225 Task ZHfF T 5, Task (& Context TEEINTWS72H Worker H
H® Context & Context Td b Task 2 ANEZ, Task 2FEI79 5, Task DETHEIC
Data Gear D&FH & HI U & KFEROREIRZ1T S, £ D&, Context % Worker @ Context
WZANE 2, B Task 257 5,
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4  Interface

Interface (£ Gears OS DEY 2 — )W LDEFATH 5, Interface IFIFH L DFIEIZ 7%
% Data Gear DELETHH, ZZ TIHUFHEINS Code Gear DT NV ThH b, FEUH
XN b Code Gear DE|E Y 725 Data Gear 132 Z TR TERIND, Interface % EFH
T2 THBDFEL 2R OI LN TE S, M 4.1 i Stack @ Interface & T DFEHEZ K
L7=2bDTH 5,

<<Interface>>
Stack

union Data * stack

union Data * data

union Data * data1

__code next

__code whenEmpty
code clear

code push
code pop
code pop2
code isEmpty
code get
code get2

A
1
|
|
1
1
|
1
1

SingleLinkedStack

Stack createSingleLinkedStack
__code clearSingleLinkedStack
code pushSingleLinkedStack
code popSingleLinkedStack
code pop2SingleLinkedStack
code isEmptySingleLinkedStack
code getSingleLinkedStack
code get2SingleLinkedStack

4.1: Stack @ Interface & % D FEEE

Data Gear 1%, / =< I L R)LE ARV ARVTRZ VRS, /=<)L R)LD Code
Gear Tl Data Gear DBIEUZHZ 5, UL, A XL )L TIE Data Gear 1% Context
MROHEEIRTH S, ZDORZFDEWVZE Meta Code Gear TH 5 stub Code Gear 12
Ko THBTHREND 5,

F72, CbC IFBEEFEH U & B D goto IZ LMk CERZ1T5, ZD7=8H CbC
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BRERRZF R FBe AL X (B 1) 4% Interface

DIIENNI AR Y 7 T L — D372 < 5l Z NS B35 D3 720,

Context (Z#IHHL DBIZBIBHAEAN D Data Gear DFEIS Z LR T 5, Code Gear D3k
fe g BERITIE Z DFEISIZ 52D Data Gear ZH&MN S 5, T DRISIZHELR X 172 Data Gear
AND 7T 7 X AL Interface DIEFEHN SI7bN 5,

Y —A3— K 4.1 &, pushSingleLinkedStack DY —A 32— R ThH b, /—<ILL )b
® Code Gear Tl Stack @ push D#EIX, push T 5T — X L IRDMEEHED Code Gear
EWIOBBOELEDEIITRZ S, UL LAZRLARLTIE Context HMFOMGERTH 5,

stub Code Gear Tl Context D HELR U 72 5 BU&HNH O SIS IZ#&4H LU 72 Data Gear %
O HLTW5, Interface #EATEI LT/ =< ILL_R)LERARXRLR)LD XL OFFE
Z P U 7=,

Y — A 32— K 4.1: pushSingleLinkedStack

__code stackTestl(struct Stack* stack) {
Node* node = new Node();
node->color = Red;
goto stack->push(node, stackTest2);

3

__code pushSingleLinkedStack_stub(struct Context* context) {
SingleLinkedStack* stack = (SingleLinkedStack#*)context->datal[D_Stack
]->Stack.stack->Stack.stack;
Data* data = context->data[D_Stack]->Stack.data;
num Code next = context->data[D_Stack]->Stack.next;
goto pushSingleLinkedStack(context, stack, data, next);

__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(...);

4.1 Interface DEFH

YV — A 32— K 4.21% Stack @ Interface TdH 5, typedef struct Stack T Interface % &&
£9 5, Impl ITIFFEEDOHRMNR AL, V—AT— K42, 2~44F7HD union Data TEFHX
NTHHDIE, Interface D API THWA £ T®D Data Gear TH 5, Interface DETD
API THW A2 T® Data Gear (& Interface TEFEI NS, V—AOd—F 4.2, 5~1317
H®D _code Ttk XN TWBE DX, Interface D API TH B, Z Z Tl Stack D API
TdH % push ¥ pop % ED Code Gear 72> T\ 5,
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Y — A 3d— K 4.2: Stack @ Interface

0 N O Ut W N

—= = =
=W NN = O O

typedef struct Stack<Impl>{
union Data* stack;
union Datax data;
union Data* datal;
__code whenEmpty(...);

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

) ——

__code push(Impl* stack,union Data* data, __code next(...));
__code pop(Impl* stack, __code next(union Datax, ...));
__code pop2(Impl* stack, __code next(union Data*, union Datax, ...));
__code isEmpty(Impl* stack, __code next(...), _ code whenEmpty( D)5
__code get(Impl* stack, __code next(union Datax, D)5
__code get2(Imp1* stack __code next(union Data*, ‘union Datax*, ...));
__code next(...);

} Stack;

J#HE Code Gear, Data Gear 1223 572121 Context 2@ T HEDDH 5 A3, Interface
BT B TT—XEED API & Data Gear 2500175 Z &K S, Zhiz &
D) —<ILLR)LE AR LU AR)LDSEENTIRE L 725 7=,

4.2 Interface DZEIE DR

YV — A 3d— K 4.3 1% Stack DFEZEDHITH 5, createlmpl (FEHED YA %47 5 BT
H 5, Interface DFEHZIPOH T, ZOBAKEZRIHETI LT VY —Aa—-F41417H
DESICHEEDBEZITTHE S L5122 5, V=23 — K432 17HIFEMT S Stack
DT — X EEDHEMREZ LT3, SingleLinkedStack @7 — X f§i&lL ¥V —A3— K 44 T
H5, V—AI—N436~1217HTHEE®D Code Gear IZRALTWVWBE DI Context A3
FfD enum TEHE I N7z Code Gear DFEFTH 5, V—Ad— K 2.2 317H T stack->pop
A& goto ULTWB D, stack->pop 1Z1& Code Gear DFEFNA > TW\WAB7-HELL 72 Code
Gear NEfffEd 5, ZD7z, VYV —A2— K 2.2 Tl 617HD popSingleLinkedStack
Lk LT B

Y — A 33— R 4.3: SingleLinkedStack D 52&

W N =

= O © 00 O O

—

Stack* createSingleLinkedStack(struct Context* context) {
struct Stack* stack = new Stack();
struct SingleLinkedStack* singleLinkedStack = new SingleLinkedStack()
stack->stack = (union Datax)singlelLinkedStack;
singlelLinkedStack->top = NULL;
stack->push = C_pushSinglelLinkedStack;
stack->pop C_popSinglelLinkedStack;
stack->pop2 = C_pop2SinglelinkedStack;
stack->get C_getSinglelLinkedStack;
stack->get2 = C getQSlngleLlnkedStaCk
stack->isEmpty = C_isEmptySingleLinkedStack;
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3

__code clearSinglelLinkedStack(struct SingleLinkedStack* stack

3

stack->clear = C_clearSingleLinkedStack;
return stack;

code next

| J——

... Ao
stack->top = NULL;
goto next(...);

__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(...);

Y —Z 32— K 4.4: SingleLinkedStack @7 — X {i&

struct SingleLinkedStack {
struct Element* top;
} SingleLinkedStack;

struct Element {
union Datax data;
struct Element* next;
} Element;
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stub Code Gear 72 £ @D Meta Code Gear I H 1 —HF =L XU N5 ERE2Z LD TER
N Meta Data Gear T 5 Context #5728, T—F—HE LR THZ ITLEEL
< 72\, stub Code Gear 1% Code Gear B2 RT3 REMNRH B D1 —H —DILRED
%< 75, 7z, stub Code Gear T —H =7 Context 7*5 Data Gear 2R 7 572
ODaA— NPIEFEIZHEMETH B, Z D7D Meta Code Gear IZHENIER I NS DHNEF
LW, £Z T Meta Gear Z HEIEKT B27-2ODATZ ) T NE2EAL-, £/2. ZORY
D7 Mz o T Context DSREZI—HF—LNADRLRETIENTE, 2—HF—-L X)L
D Code Gear H ¥V T - 7=,

Z 5D Meta Code Gear 1ZAKIE OS DEIZEK T ERNETH LM, BIEFaY
INAIVIRFIZ perl A2V T MZ X > THIIZAERKRZITS 2 TEHLTWS,

5.1 Meta Code Gear Dk

stub Code Gear 1 Code Gear [ D##E 2 f 15 Meta Code Gear TH 5, HEL
Data Gear % Context 225 &R U, #kfid 5 Code Gear ~&JET 728D Meta Code Gear
TH 5, Code Gear HIZFLR T 2 HENH D, M9 5 Code Gear DI % R THLD H
9 Data Gear % & T 5, stub Code Gear (FZ—V —DMEREICEHRTEHZ L HKS
M, Meta 2D 72O HBIERZIT WV, TD72H, stub Code Gear 2 HEJEKT S
generate stub % Perl A2 U 7 N CERRK L7z, Z3UZ LD Code Gear D itk & % 44
3B EeMNTES,

V—Ad—=NR 511 2—HF =L )LD Code Gear TH 5D, Z®D Code Gear % generate
stub 1Z & - T, stub Code Gear DEKZ TR >7-I— KBV —RA2—F 52 TH 5,

YV —A3— R 5.1: Z#370 Stack pop

__code popSingleLinkedStack(struct SingleLinkedStack* stack code next(
union Datax data, ...)) {
if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
}

b —_—
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goto next(data, ...);
}
YV —A3d— K 5.2: Z#iED Stack pop
__code popSingleLinkedStack_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;
goto popSingleLinkedStack(context, stack, next, O_data);
b
__code popSingleLinkedStack(struct Context *context,struct
SingleLinkedStack* stack, enum Code next,union Data **0_data) {
Data* data = *0_data;
if (stack->top) {
data = stack->top->data;
stack->top = stack->top->next;
} else {
data = NULL;
+
*0_data = data;
goto meta(context, next);
b

AR X V72 stub Code Gear 1%, ffiD Code Gear 2358 THE L 7z Input Data
Gear, Output Data Gear % Context 2*5 S8 L TW5, Gearef |& Context 7*5 Data
Gear 224 57/-dD~Y 70 ThH5, V—AA—KRH3E~v7uzHnahro>725E65D
pop stack @ stub Code Gear T®H 5, Context IZ1% Allocation 5§ TH K L 72 Data Gear
NDRA YV RZADBKMNINT WS, Code Gear A Context 127 72 AT BB, KA VX%
AL TCT—2 200 372 M- N5, £Z T Code Gear 3T — X % S|
9 572D Gearef L\VH Y70 %EFE LTz, Gearef & Context 75 Interface D5 EH&
M D Data Gear ZHUD 19, Gearef iZ Context & Interface DEIZJET Z & TT — X
DBIBPITR 5,

GearImpl ¥ 2 11X Interface DFIZE F 7z Data Gear 72 5 5HEEED Data Gear % HL D
He7zoD~vraThsb, FEED Data Gear ZHUD HTEEE . RA > X TORLR I EHE
2> T U X 5728 FARIZ Gearlmpl ZE %K U7z, Gearlmpl (& Context & Interface M
B, 523D Data Gear £ Z215ET 5 Z &L TEHT 5,

V—Ad— K 5.3 ¥ 77z H\WEaW stub Code Gear

_code popSingleLinkedStack_stub(struct Context* context) {
SingleLinkedStack* stack = (SingleLinkedStack#*)context->datal[D_Stack
]->Stack.stack->Stack.stack;
enum Code next = context->data[D_Stack]->Stack.next;

Datax* O_data = &context->data[D_Stack]->Stack.data;
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goto popSingleLinkedStack(context, stack, next, O_data); \

¥ 7z, Code Gear (ZfkHEDER meta ~& goto 75, Context (3T XTD Code Gear D
DA NZ2R->TED, fkEALD Code Gear N enum TH RS T 53172 Code Gear DT
FLADY AN E2SIBLUCTHkEZITD, 2D meta A7 Y Mk b HBERI NS,

stub Code Gear % 2E% 9 % 72012 generate_stub (&, ¥ —Z 32— K _E®D Code Gear %
2THF U, 5l#5 52D Code Gear 224872 Data Gear % #E{R 7 5,

generate_stub (& stub Code Gear % £ 9 %, Code Gear DH|# & Interface % I
5 LAaDHE, Code Gear WWERT 558D Data Gear % Context 22 5HL D 372D
Gearef £ 721% Gearlmpl ZRET 5,

Z DIFEEIZ stub Code Gear A3FRi XT3 Code Gear 1 stub Code Gear H34E K
INF I NS,

generate_stub & Code Gear DZH#H1TS5, YV —A 32— K 52 TlX, popSingleLinked-
Stack D51E D Output Data Gear % T, Output Data Gear D&% 4TS 3 — N0
AZINTWVWD, 7z, kD 32— R goto meta N EHINT WD,

5.2 Context O4ERL

generate_context 1% Context Z KT 5 Perl A2V 7 N TH 5, Context IFHEMKT S
BRIZ Code Gear DY) A b &7 R L ADN G, BIBHIEAHD Data Gear DAL ZIT D,

Z D728 Gears OS THi721Z Code Gear, Data Gear Z &7 L 722121, Code Gear,
Data Gear @ enum @O Y A b DFEH, 5IHBIEHIHD Data Gear @ Allocation 2175 I —
ROtk 2 TR TR 5 %h - 77,

generate_context Z W5 Z & TI NS DMEMZERZ HEIERTITAS L5112 U7,

Context.h generated file

N

generate_context

enumCode.h enumData.h target-ﬁ extern.hﬁ dataGearlna
context.c

5.1: generate_context 1Z & % Context D4k
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generate_context 1% Context DEFEMFLE XN T WS context.h % FiA, Data Gear % HY
199 5, Code Gear DHUS X generate_stub THEK I N/za— R Z25iA, VY —Ad— RAD
_code # 7% B TH75, HUfF L7z Code Gear, Data Gear @ enum DJEF% L enumCode.h,

enumData.h IZEK I N5,

Code Gear, Data Gear D&HFT & KA ¥ X DX ald generate_context (2 X - THEKI
% enum Code, enum Data Z$8E T 5 Z & TH&KiZ1T 5, generate context (X, T D
Code Gear, Data Gear OFJHA{bD I — KD initContext DAEKELITS, (VY —AI—F

3.3)

F 7. Gears OS D X XREFHEIZH WS _code meta X main BEEED Sikft 3 5 start_code.

T Z4T 5 exit_code HAEKI NS,
NS E & DT target-context.c & UTHEKI NS,

YV —A3d— N 5.4: #K X 17 target-context.c

#include <stdlib.h>
#include "../context.h"

void initContext(struct Context* context) {
context->heapLimit = sizeof (union Data)*ALLOCATE_SIZE;
context->code = (__code(**) (struct Context*)) NEWN(ALLOCATE_SIZE,
voidx) ;
context->data = NEWN(ALLOCATE_SIZE, union Datax);
context->heapStart = NEWN(context->heapLimit, char);
context->heap = context->heapStart;

context->code[C_clearSingleLinkedStack] =
clearSinglelLinkedStack_stub;
context->code[C_exit_code] = exit_code_stub;

context->code [C_getSingleLinkedStack] = getSingleLinkedStack_stub;

context->code [C_isEmptySingleLinkedStack] =
isEmptySinglelLinkedStack_stub;

context->code [C_popSingleLinkedStack] = popSingleLinkedStack_stub;

context->code [C_pushSingleLinkedStack]
pushSingleLinkedStack_stub;

context->code[C_stack_testl]
context->code[C_stack_test2]
context->code[C_stack_test3] stack_test3_stub;
context->code[C_stack_test4] stack_test4_stub;
context->code[C_start_code] = start_code_stub;

stack_testl_stub;
stack_test2_stub;

#include "dataGearInit.c"
}
__code meta(struct Context* context, enum Code next) {

// printf ("meta %d\n",next);
goto (context->code[next]) (context);
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__code start_code(struct Context* context) {
goto meta(context, context->next);
}

__code start_code_stub(struct Context* context) {
goto start_code(context);
}

__code exit_code(struct Context* context) {
free(context->code) ;
free(context->data);
free(context->heapStart) ;
goto exit(0);

+

__code exit_code_stub(struct Context* context) {
goto exit_code(context);
}

// end context_c

Context 1Z1% Allocation % T4 L 7= Data Gear "D KR A VY XDBEMHI T WS,
Code Gear 1% Context %@ L T Data Gear N7 27 X9 5, Data Gear ® Allocation %
175 3 — Nl& dataGearlnit.c IZHEK I N5,

30




FHOEHE xv6 O CbC NDE =z

Gears OS Z/N— Y =7 ETHEET 572012, ARM[14] Taty Y 2R Lz oL
R—RIYEa—KTdhb Raspberry Pi ET Gears OS EHE L2\, "— KU x7 ET
DA R L)L DFHERWMHNEFT 24T D 7212, Linax FIZHARTY Y TV TH D xv6 D
BERED —¥% Gears OS ICEEZ 5 Z & THEBLIXIE S, xv6 I& UNIX V6 % x86 N
FEELZEDTHSHN, T2 Tld xv6 % Raspberry pi FIZBME L 72 xv6-1pi % AW TEE
WKd b,

Xv6 1F 2006 2 MIT DARLV—F 4 VIV AT LI—ATHEHDOHK E L TEI¥
EINZARV =T A VI VAT LATH D, Xv6 1270V X, REAEY, h—F )& 1—
PO, EDAA, 77 ANV AT L7 EDEARMKZ Unix DR ZFFDIZEED ST,
VUTIIVTEEHLYT W,

6.1 Raspberry Pi

Raspberry Pi & ARM 7ut vy $2#EBHLZY VIV AR— NI Ea—XThHb, #
BHOAYE2—X—L LTHAINZEOT, [\l TH D, /NUTH 2 7-DHEVEF
MRV, ARV —=UIZN—=RT 1 A2% SSD ZffiH3 25D TiEAR<. SD #—FEHW0n
%, HDMI #i1%® USB A—F B A TH D, FHRBIIHRETDH 5,

Raspberry Pi (Z1& Raspberry Pi 3. Raspberry Pi 2, Raspberry Pi 1, Raspberry Pi
Zero L \N o 72N—=T a UDMFLET B,

6.2 xv6 DR EHE

xv6 1E =RV EIEENBERE L > TWVWB, I—XIE 0SS 1L > TH%EE 5 7
TILTHD, xv6 TlIh—pxNVea—H—-—Tar I LhidnInTsd, h—3x VT
07 L2 7a ZEH, AEVER [/OX 7 7 VOEHLREDY — 2%t 5,
A—HF—7a S LRI —2NDOY—ERAERVHTEHE, YATFLTI—ILEHNTI—
P—ZB[E 0 S I — FINVZEANAD - A2 7T 5, 71—V CPUDN—=KNKDT T
REEMEZ ML T, 22—V —ERITEITINTVWE TO L ADRHYD ATV DAT 7 &
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ATEBRESIMEL VWS, 22— —T Ol SNV AT LAI—IEIFVHTE, N—
Ry 2 7HUEHEL NV % B, A= D T 0y 5 ANEFINE, ZORMEL )L % F
O7uty Y OREEI—FNVE—F, FHEORWREEZI—-—HY—E—K2 WS,

6.2.1 YATLAL3—)

A=Y =TI LR NVORMET ET - A EZREOHTEIZIES AT La—)L
FHWS, =Y =0T I ANV AT LIV EIRCETE, NIy IHFRETS, b
Ty TMEET DL, - —=Tar I AiFdkrEI N, =2zt 0 Bb W &7
Sy V—AI—FR 61 I1Exv6 DYAFLI—ILDYANTH 5B,

V—Ad—NK 6.1: xv6 DYAFLI—)ILDY Xk

static int (*syscalls[]) (void) = {
[SYS_fork] =sys_fork,
[SYS_exit] =sys_exit,
[SYS_wait] =sys_wait,
[SYS_pipe] =sys_pipe,
[SYS_read] =sys_read,
[SYS_kill] =sys_kill,
[SYS_exec] =sys_exec,
[SYS_fstat] =sys_fstat,
[SYS_chdir]  =sys_chdir,
[SYS_dup] =sys_dup,
[SYS_getpid] =sys_getpid,
[SYS_sbrk] =sys_sbrk,
[SYS_sleep] =sys_sleep,
[SYS_uptime] =sys_uptime,
[SYS_open] =sys_open,
[SYS_write]  =sys_write,
[SYS_mknod]  =sys_mknod,
[SYS_unlink] =sys_unlink,
[SYS_1link] =sys_link,
[SYS_mkdir]  =sys_mkdir,
[SYS_close] =sys_close,

s

6.2.2 7Ot A

T AL, A—FIDEFTBETOTITLDHEATH S, xv6 D70 AL, 11—
P—EHAEY) L A—FXIVHDO T O ADREEZFFOZEMTHEINTVWS, 7oA
WWHNLTED, MO 7B ANS AT 2EINZDTEHZ TR\, 72, ML
TWBIETH—RNZFDEDEMET L\, &7 0k ZDIREEIX struct proc
ko TEBINTWS, 7oA fork VAT LI =L > THAICEKRSI NS,

32




FER KRR R () 6% xv6 D CbC ~AOEEHx

fork IZH UL, BT 02 AL IEENAECHLMEFEULAE) AED, 70t R &I
s 7Tav A2 EKT 5, fork VAT ALAI—)VE, oo ATchnE- ok A0
ID. F7atATHhNIE0 2KT, 7oA F7uo AEGEMNIZRIUNE 2> T
WBED, TNTNELEZAEY), VLYAXTEITINTWEZD, FHDAEY)NEEZE
HLTHE I HITHEIR N, exit VAT LAI—NIE T ZADEILEEZTN, XAEY
BRIT 5, wait VAT AT T ULAEF 70 2ADID 2KT, +70RANKT
THETHD, exec VAT LI—=I)VIEIFCHE LD T O ADAE) R T 7 ANV AT
LDT7ANDAE)A A=V LEZSMZEITT S, 77 AMIZE@ma, 7 — X2 EDR
BENBEINLZT A —< v MEIZRS>TOWARITNIER SV, xv6 1% ELF &IEiEN 3
TA—=<v hEHS,

6.2.3 77ANVT AT TR

T7ANT A A TRIZ, H—FIVDBEHT L o ARGAEEZTO>OA TV
J N ERITEBMETHS, 7O AiE, 7700, T4LZ MY, TN ZAERL, ¥
WEEFEDT 4 A7) TR 2T LI LIZL->T, 7740 T 14 A2V T RERET 5,
xv6 17 AEIZT 7 ANTA AT ) TERDT—T N ERK>TWb, 774NV T AR
7RI E, 0 BEVEAT, 1 AR, 2 AT - L TllEbhe, 77 AL
TAAZ)TRDT—TNDOLTY N) 2EFEHTLILTAHNEEEETLHIENTE
5, 1 OE#ER 1% close L, 774N % open $H5Z2 Tl I LIE7 74 IWIZHT
TEHEZLIIRD, F77ANTARZ) TRIEZT7ANNED LS IBHTIEIIET
T 7ANAND AN ZHZZIZL TW5B,

6.24 T77ANVAT A

xv6 DT 7 AIWY AT LEINA N THET—R 774NV T—R T 74 IVE L OM

DTV MO EEL T« L2 MY EEHET S, T4 L2 MYk root &FEIEN S
Bl T« Lo U SIaES YY) — 2L TW5, #/ XA TH5 7 /dirl/dir2/filel”
EWIHNRZlEroot T4 L7 MUHD dirl EWHELRIDOT 1 L2 MUAD dir2 E\WH 4
BIDOT ALV I MIHD file LW T—R 77 A I)IV%RT, MM ATHS "dir2/file2” O
IR AE, BEOT 4L 27 N)HNOD dir2 WO EETDT « L7 MUAD file WD
T—RT77AINVERET,
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6.3 xv6-rpi ® CbC Xfji

FVIFND xv6 1Fx86 T—F T 27 F ¥ TEEINZH DA, xv6-rpi I& Raspberry
Pi HIZHEEI N DTH S,

xv6-rpi % CbC THEEMA 572012, GCC ETHEELZ CbC 2231 F% ARM M
IF1Z build U xv6-rpi 2 3 N4V L7z, ZHIZE D, xv6-rpi 2 CbC TEEHZ 5 Z
EMMTEDL LD o7z,

6.4 YATFLI—)DEIMZ

V—ZA3—F 6.2 (& syscall() TBFBYATLI—IVDOFGCIEL%EFTS> I —RNTH
5, YATLA-NVEY —AA—F 6.1 OOV A SO TG, CbC THIFA
BRIZ num THRE I N=HES D cbecodes DY A M D Code Gear / goto 35, 5IEUIZH;
D cheret X MK L7ZETH Ty FIZE>TL %720 Code Gear TH 5,

YV —A3—F 6.2: syscall()

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

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

if ((num > 0) && (num <= NELEM(syscalls)) && syscalls[num]) {
ret = syscalls[num] ();

// in ARM, parameters to main (argc, argv) are passed in r0 and
rl
// do not set the return value if it is SYS_exec (the user
program
// anyway does not expect us to return anything).
if (num != SYS_exec) {
proc—>tf->r0 = ret;

b

V—A32—FK 631X ChC TEEHZ /2 read VAT LI—NVTH5, Code Gear TH
5 7= OBEBIEOH U Tld7 < goto 12 & Bilkii s 725,

V—A32— K 6.3: read VAT LI—)L

‘__code cbc_read(__code (*next) (int ret)){

struct file *f;
int n;
char *p;
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if (argfd(0, 0, &f) < 0 || argint(2, &n) < 0 || argptr(l, &p, n) < 0)
{

goto next(-1);

}
goto cbc_fileread(f, p, n, next);
}
int sys_read(void)
{
struct file *f;
int n;
char *p;
if (argfd(0, 0, &f) < 0 || argint(2, &n) < 0 || argptr(l, &p, n) < 0)
return -1;
}
return fileread(f, p, n);
}

M#e T Code Gear 1% B 2 72 DBABIFOH U & 13&E W ITOBBUZIZRE > TIZ 720,
ID7d, EZSHWZOEIZIE VY —2A3—F 65 DL ETE20ENHD, TR
DIRFEZ FFD struct proc IFKIBFEBTH 5728 Code Gear & WD 72 DIT BB T
A—R—% cbcaarg & UTFi/ZE5Z 212 U7z, Mz iT5BICIZBBERNT A - —%
ZZITHINY %,

YV —A3d— R 6.4: fileread ® CbC = X #1x D

__code cbc_filereadl (int r)
{
struct file *f = proc->cbc_arg.cbc_console_arg.f;
__code (*next)(int ret) = cbc_ret;
if (r > 0)
f->0ff += r;
iunlock(f->ip);
goto next(r);
}
__code cbc_fileread (struct file *f, char *addr, int n, __code (*next)(
int ret))
{

if (f->readable == 0) {
goto next(-1);

if (f->type == FD_PIPE) {
goto cbc_piperead(f->pipe, addr, n, next);
goto next(-1);

+

if (f->type == FD_INODE) {
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ilock(f->ip);

proc—->cbc_arg.cbc_console_arg.f = f;

goto cbc_readi(f->ip, addr, f->off, n, cbc_filereadl);
+

goto cbc_panic("fileread");

// Read from file f.
int fileread (struct file *f, char *addr, int n)

{
int r;
if (f->readable == 0) {
return -1;
}
if (f->type == FD_PIPE) {
return piperead(f->pipe, addr, n);
}
if (f->type == FD_INODE) {
ilock(f->ip);
if ((r = readi(f->ip, addr, f->off, n)) > 0) {
f->o0ff += r;
}
iunlock(f->ip);
return r;
}
panic("fileread");
}

YV —A3d— K 6.5: readi ® CbC = X #az DH

__code cbc_readi (struct inode *ip, char *dst, uint off, uint n code

(*next) (int ret))
{

f J——

uint tot, m;
struct buf *bp;

if (ip—>type == T_DEV) {
if (ip—>major < 0 || ip->major >= NDEV || !cbc_devsw[ip->major].

read) {
goto next(-1);

goto cbc_devsw[ip->major] .read(ip, dst, n, next);
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if (off > ip->size || off + n < off) {
goto next(-1);
}

if (off + n > ip->size) {
n = ip—>size - off;
}

for (tot = 0; tot < n; tot += m, off +=m, dst +=m) {
bp = bread(ip->dev, bmap(ip, off / BSIZE));
m = min(n - tot, BSIZE - off%BSIZE);
memmove (dst, bp->data + off % BSIZE, m);

brelse(bp);
+
goto next(n);
}
//PAGEBREAK !

// Read data from inode.
int readi (struct inode *ip, char *dst, uint off, uint n)

{
uint tot, m;
struct buf *bp;

if (ip—>type == T_DEV) {

if (ip->major < 0 || ip->major >= NDEV || !devsw[ip->major].read)
return -1;
+
return devsw[ip->major].read(ip, dst, n);
+
if (off > ip->size || off + n < off) {
return -1;
}

if (off + n > ip->size) {
n = ip—>size - off;
i

for (tot = 0; tot < n; tot += m, off += m, dst += m) {
bp = bread(ip->dev, bmap(ip, off / BSIZE));
m = min(n - tot, BSIZE - off}BSIZE);
memmove (dst, bp->data + off % BSIZE, m);
brelse(bp);

+

return n;
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__code cbc_consoleread?2 ()

{

3

struct inode *ip = proc->cbc_arg.cbc_console_arg.ip;
__code(*next) (int ret) = proc->cbc_arg.cbc_console_arg.next;
if (input.r == input.w) {
if (proc->killed) {
release(&input.lock) ;
ilock(ip);
goto next(-1);

goto cbc_sleep(&input.r, &input.lock, cbc_consoleread?);

goto cbc_consolereadl();

__code cbc_consolereadl ()

{

int cont = 1;

int n = proc—>cbc_arg.cbc_console_arg.n;

int target = proc->cbc_arg.cbc_console_arg.target;

char* dst = proc->cbc_arg.cbc_console_arg.dst;

struct inode *ip = proc->cbc_arg.cbc_console_arg.ip;
__code(*next) (int ret) = proc->cbc_arg.cbc_console_arg.next;

int ¢ = input.buf [input.r++ % INPUT_BUF];

if (¢ == Cc(°D’)) { // EOF
if (n < target) {
// Save "D for next time, to make sure
// caller gets a O-byte result.

input.r--;
cont = 0;
i
*dst++ = c;
--n;
if (¢ == "\n’) {
cont = 0;
i
if (cont == 1) {
if (n > 0) {
proc->cbc_arg.cbc_console_arg.n = n;
proc->cbc_arg.cbc_console_arg.target = target;
proc->cbc_arg.cbc_console_arg.dst = dst;
proc->cbc_arg.cbc_console_arg.ip = ip;
proc->cbc_arg.cbc_console_arg.next = next;
goto cbc_sleep(&input.r, &input.lock, cbc_consoleread2);
X
i
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}

__code cbc_consoleread (struct inode *ip, char *dst, int n

{

int

release (&input.lock);
ilock(ip);

goto next(target - n);

code (*next)

3 —_—

(int ret))
uint target;
iunlock(ip);

target = n;
acquire (&input.lock) ;

if (n > 0) {
proc->cbc_arg.cbc_console_arg.n = n;
proc—->cbc_arg.cbc_console_arg.target = target;
proc->cbc_arg.cbc_console_arg.dst = dst;
proc->cbc_arg.cbc_console_arg.ip = ip;
proc->cbc_arg.cbc_console_arg.next = next;
if (input.r == input.w) {
if (proc->killed) A{

release(&input.lock) ;

ilock(ip);

goto next(-1);

goto cbc_sleep(&input.r, &input.lock, cbc_consoleread?2);

3

goto cbc_consolereadl();

+

consoleread (struct inode *ip, char *dst, int n)

uint target;

int c;
iunlock(ip);
target = n;

acquire (&input.lock) ;

while (n > 0) {
while (input.r == input.w) {
if (proc->killed) A{
release(&input.lock);
ilock(ip);
return -1;
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3

sleep(&input.r, &input.lock);

¢ = input.buf [input.r++ % INPUT_BUF];

if (¢ == C(’D’)) { // EOF
if (n < target) {
// Save "D for next time, to make sure
// caller gets a O-byte result.

input.r——;
break;
b
*dst++ = c;
--n;
if (c == ’\n’) {
break;
}
+
release(&input.lock) ;
ilock(ip);

return target - n;

void consoleinit (void)

{

initlock(&cons.lock, "console");
initlock(&input.lock, "input");

devsw [CONSOLE] .write = consolewrite;

devsw [CONSOLE] .read = consoleread;
cbc_devsw[CONSOLE] .write = cbc_consolewrite;
cbc_devsw[CONSOLE] .read = cbc_consoleread;

cons.locking = 1;

xv6 DY AT A=)V DK %E CbC THEHA, QEMU ETHEfFSEL I &N TE K,

6.5 xv6 OEY 2— )Lk

xv6 &R %Z ChbC TEEHZ A7-0121F Interface ZFHHWTEY 2 — LT 5 HEDLDH

5 xv6 ZEY a—U{LL, CbC TEXHZ 52 R TENIE, Gears OS DEERE R B =
Wz b2 TE5, 6.1 1% xv6 DIERSX & 72 5,
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6.6 xv6 O CbC FE #1217 X 5 A

CbC X Code Gear IDER X goto ([T X kit TirboNn 5720, REEEX—ZATOD
T LMZELTWDS, xv6 & CbC TEHEEMA LI LT, OS DTH T T L%
BEMETVIIELLIADI LN TES, ZHUZX D REBERRDE T IVIRED TREL
A

F72, CbC (& Agda IZETEZ S LS ITHE TN T VWS CbC Talid T N7 EAT
ARER 7T 7 T LD, ZTDF F Agda 12 X B EMIFHNTE 3,

oDz, CbC TRl TN/ZEITHHEZR OS D DWE TIIVRE & EHEEIHA
AR L 72 D, OS OEFFHMENRIET E 5,
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Scheduler trap
Procces trapframe
Context trap_reset
Ptable trap_und
CPU > Irapas"tv)' X
rap_iaborf
Zzipt)yproc trap_dabort
fork :rapflna > syscall
rowproc rap_irq
I%ill P trap_fig
procdump
scheduler FileSystem
shed inode
sleep Superblock
wait reads
wakeup dirlink
yield dirlookup
ialloc
idup
ilock
iput <
iunlock
iunlockput
update
namecmp
namei
VM nameiparent
pte readi
kmem stati
allocuvm writei
deallocuvm
freevm
loaduvm v
copyuvm
switchuvm > Device <
copyout
clearpteu a
kpt_alloc
[ T (e |
| ! | | |
| ! | | |
| ! | | |
: i : : .
console pic time uart ide
Console trapframe usec iuart_base buffer
consoleread ISR micro_delay uartputc iderw
consolewrite pic_enable uaretgetc
consoleintr pic_dispatch
panic
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INSDAREEDFTMIIIEMTH 5728 Perl A2 ) T Mk BHBIERZITR -T2,
ZNIZ LD Gears OS DI — FORMES IFHEI N, 2P -V RNV TIEA X Z2EHRT 2
DR T o Tz,

N—R7 =7 ETO Gears OS DFEH % LB I 5 720HIZ Raspberry Pi L TDFER %
BERUT-, WY v T OS THD xv6 2 CbCIZEESHZ A Z Iz U,

xv6 & CbC THEHA 5 Z LIZ& > T, ETHHER CbC 712 I A TR T N7z OS
NEDEE, REBEBETNICLDET VA, Agda 2 X2 CHGEHD AIREL 725,

SHBOFEIZ, BIEZ xv6 DY AT LAI—LD—HOADEESHZ & HFHDALD
ToTWVWRVWDT, I—FIVETOEZHZ &, Gears OS O TaskManager D& X #1 2
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