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IR EHISEECEHR (Control-Responsibility Allocation Theory, CRAT-PL) ° 12 $E:R81BRT
b=

cal-R

(P,D,L,C,H,E,A)

® P : Prevention’ & ;

® D : Detection > &3l ;

® | : Localization > E1I ;

® C:Containment’ B ;

® H:HandlingRecovery > BRIRELIRIE ;
® E:Escalation’ #4k ;

® A Accountability/Adaptation ’ B EEHIEIEIE ©

[Responsibility(a)
<

Authority(a)+Observability(a)+Competence(a)]

EEXRERBERAIEER » AL A BTG - BMNERIERET ° RAEMAE MG TEHI ° MEERE
FAIEITEME
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'
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FIRFENRAZ

HEREHRFERRHNEEREN - BERIERISENErIZR R NANIEREE ; &5
FETERS ° RLABERREZHHMER - BRRE ~ R1E ~ FHRERER

o

RS . FEXNBSRET  tHERRIE - EEECE - 4R:ESR  Runtime ~ BFRED T ~ &8 - Design by
Contract ~ FRE#E - BEE# ~ PLDST

— . THERREN FEE—FIE

SR HIREER > /AR ¢
° MEMLEREE?
° HMETEIRICAIEIR?
° HETERZERIEE?
° HEEETERIRE?
° FHEEEMIERR?
° HEMERERE?
° HERESHER?
° HEMEEDCRIRR?
MRBELEETRA—E HHREE) WO MEZELEREE :
° BREAGIFESWNA TEEMAHZR
° PEESWR [TEEER
®  Runtime MRIE#KREDATAR ;
® Compiler warning #z2:3 4 1R:8 ;

° AHXTARRMEWRIAEBSLE
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° ERERILUBERAISN > R A ERELABHES EFRIRIE -

SECTION

— ~ Fault ~ Error £ Failure

Avizienis ~ Laprie » Randell £2 Landwehr B9B] 52145 4$8& 9 fault ~ error £ failure :

® Fault : ATSEEREERARENERER ;
® Error : REAEAEPAREE(RERIEREARRE ;

* Failure : SIMRHRIARFES (RBEIEFEARTS © [R1]
AXIRREHEED * BMARRESE :

Fault source
— invalid or dangerous state
— observable service failure

— containment / recovery / adaptation

Bign

SECERIE A RETRE

— EW1S null ARE&

— BB EBGRAE

— 1R ~ ERY ~ FESEERRIRE

B H e RRIEE R —ES » FREEBRIETTEER o

SECTION

= - SR T E R —

3.1 2B R
° BIBIRUCES ;

° JFRTEMEINTE ;

* REFELEMBR ;
° MIUGIREE ;
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© BRTEES-

3.2 IRi5 R
o BEAEE;
o BRAE;
o (ERKIBES ;
o BIRSE

° SMERARFERA o

3.3 BiRfEaR
© EIEETRE;
° FREEEE;
© BFEE ;

*  HITHERF o

3.4 LITEL D RRTEEER

° FEH
° HBEXK;
° EAKRE;

° BT

3.5 X2 B{S(EHER
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o KIBRBA
o BENHR;

o (RIBMER ;
o FESEH;

° BEEN-

3.6 MG
o RRERRBHERBRHT ;
 [ERE(ET FERBGE;

° RRFMEXFIRIER

FREERBERRERAE - R @R ELFEPARNERES T  tEZREEINEBEBRES

IEHE o

SECTION

* 85 Prevention
ESHNE R RRE AR > REEMRRARS o
i :

o JERIZERIR;

o FRIEMEEE;

® Capability ;

o REERIER

o RERET;

° E{UEA;
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° MRERM;

° FEAMRM;

H

° ZEWMER-o

ki

TAP R LAEE S5k st © BUBIRM « ARs2es - AP| ELAABIECR AR ©

SECTION
F -~ {838 Detection

RAEE : BEEARRER?

ReE

B

MaE

s

pi N

#BE

1T

EiE

E g

RAREEEEER > EriREXEBAARHEN * ARAINAAER

SECTION
75 ~ Efi Localization
RS THHSE) FEREE RS o R
o BRRIE ;
o EEOE;
o HWHT;
o EIBHERES ;
o BRI ;

° fEREXR;

Neo.K X EveMissLab - PLDST-003 7/36 - https://thisoneisneok.com



° ERSERNEBRIREN

SECTION
+ -+ E1% Containment

[ESERA LESEERIERY ° BI40
° i2FIERE
® Actor mailbox ;
® Transaction ;
® Region;
® (Capability boundary ;
¢ Sandbox ;
® Memory safety ;
® Typedchannel;

® Circuit breaker

EER—EEERE > BR] LUREIBEFE -

SECTION
N - EZI2E%1E HandlingRecovery
RIS RTAEBL4E :

o EfgIERE

. BH;
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° ERBNEH;
° [EE;

* EAK;

° AR ;

°  PRERARFS ;

°* WERS;

° BMAIL-

FEFFEWMIRIMER ERRESEN - BRBERME FEIKRK ° SEAMERZES « cAARIER
LETfE-

SECTION

.~ F4R Escalation
AEREBRLZEEE WA

° B[RS ;

°  HtHBISh ;

° BUHMER

° FRIEFAL ;

® @A supervisor ;

° MREHAIE

© AT -

TERIZERMEA R BELLFRERERE -

SECTION

+ - IBEEBIBE Accountability, “Adaptation
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FHERE !

S E%rb\ )
® Trace,
® Dump;
* F/E
* hRZES;

° BFERHA;

° 81§,

° AR ;

° HER;

° HEUR

° REEE-

E-REBaRERERERREHRBREE -

SECTION

°  MREERAERIRT 5

° MPESERWRAES HE

° MPESERERAARERS

° TERMWERE

° EEMRBRED;
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° TEEENPBHERE o

Rt EFNEEZRESRELR  EREHMERFIERVERTA -

SECTION

o CRIRMG ;

° RIFSESARES ;

° REATEHIRIEAN ;
° EIUFEE,

° EERDSHERRED

° HXHESEDRENEMRES -

BREARFSETERERFHERRIEHB I EEECAIE -

SECTION
+= - FeEEs
EEREAAN
°© TEERXARBEERHENRR ;
o mR;
« £%;
© FEE;
o ERANTES ;

° HRAMRORH—IL7D ;
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° ESEEEEREE -

fRaEes NEIE TEDAERA) BEARR [—E#3R ° W AEURTESZ S EEMERIERE -

SECTION
=+ + Runtime
Runtime #75 :

© B

o ERRE

© BHE;

o BRI

© MEESERIOMR;

o RER

©  EIRERERH o

Fit#E S B EEERE  ;LIERBEUR - stack unwinding ~ B51E - [REEELAE © BB EEX BB RERE
= - EREIFA - REEFHARER A BB ERRART

SECTION

+3a - BRERESR
BAEREREHER > T85!
° HABESE
* APIZ4 ;
° HHBRNER,

© EHES;
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BRAE ;
Idempotency ;

EF5E -

SECTION

+7x+ IR

T Ef3% IDE ~ Linter ~ Formatter ~ Static analyzer ~ Type checker ~ Debugger ~ Profiler ~ Model

checker ~ Proof assistant £2 C| o

TEHHHBEESD :

error
warning
advice
proof
unknown

unavailable

SECTION

+-+t - Operator £14A4

BERE

ARFEPEAR 5

[E% ;

R ;

&
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° R

° HEHTI o

e msREFRE—EMBERAAE  AARMERSKE  BF - 8k - &

SECTION

+)\ - B{E¥ERE

PEEESS !

K={P,D,L,C,H,E,A}

TERESH

A=
{

designer,
programmer,
compiler,
runtime,
library,

tool,
operator,
organization

}

BIERERE

* m_(ak)=0: F&&H;

* m_(ak)=1: EBIEE ;
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* m_(ak)=2: XE&EE;
* m_(ak)=3: RREFE -

E—ERIUREZE2RE > BXRAREIEARE -

SECTION

+h - EHIE

Auth(a)

(prevent,reject,modify,contain,recover,rollback,escalate)

AR BEWERRERE Runtime FAE{F ° AMEAIES] GC 5RES » SERERIREEARITE -

SECTION

—1 - RN

Obs(a)

(state,cause,history,scope,cost,outcome)

—EETREEFINEMRIESR - [RE - 2 EHELRR(E » B EHEERIE o
SECTION

—+—-HE

BESI AR SIEHERR ° th B FEFRE T EACE S ANH ¢

Comp(a)

(domain,mechanism,recovery,risk)
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/8 Runtime AJSENIERCIRRE D ECRN * AIFMERERZRESES ; BRERFBNEE

EBreiRiE RS ERR -

SECTION

—+= - FERAF

[Resp(a,k)
<

Auth(a,k)+0bs(a,k)+Comp(a,k)]
BRI FERENE D —IE
° [REEE;
o IEHNIERIE ;
° EMEERERY ;
° EINT RS ;

° BREEAREHME -

SECTION

—+= « PRI

i

j=1ll'g

Re’ EE .

t_(know)(e,l)

TRER | RFERA EHE A REERERE o

filan :

° REERME ! RENR=ZLHTA ;

A

° IEERAEE  ETHAN;
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° RZUREHR : OIEEIRABEA ;

° SHMIEDRNK : EHITEGEEA

° SERBK ! AIAEEHEAA o

St

—1+0 - RRFEEFEFN P EIEE

FBREDITAIREEIAEPAR 2 ° BFAREN—EHER - [BEen :

definitely invalid
not proven safe
possibly unsafe
policy forbidden

unsupported

HEFE MEARER) EEHR  §EEHNARENEK -

—+F - AEEKA

HISMMET ) BRIEENANS  BRPENNTREEARES « BRI  RREE THRBSEES
CELTE

HIFBER:

min
(

DetectionCost

+

FalsePositiveCost

+

FailureCost

+

RecoveryCost

)
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SECTION

=175 ~ dR:EHATERG B

RFRHHIEHE Rust ownership ~ Kotlin nullability ~ #0522 M « 2R A5/ 5 SPARK flow analysis ©

A& -

AR | BBS Hmeees
1550 © 42

AL : MReZdsssh
1&g - EREERER
FHik | BB E
28

° SESRTEAREAIMKFELE

o HIEATIE ;

* FERBRHENTHREHEE -

R

° FRAIEREARIE ;

° fHER

i
&l

NEB7 ;

° HIEEEEL 2 EEEARPER o

SECTION

—+t - EiERESR

Go L error BERTEBAREE * ;BB

AR :

128 - R TERE

4% © BExL return

BRIE o M0 i

FH4k : ZJE return 3¢ panic
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B ERRAR ° WWiRELERERIRERM - AMEREERRE - BIRIER - 8KFR ° UREETFMY
i AJ BE N A 48 1E e RS SR o

SECTION

—t+N\ - ISR RAE

Java checked exceptions ~ —f& 42452 Go panicrecover ZBEB R EIF. AR RS
AcE -

14538 : HoHREL

f&#% : Runtime

R . Stack trace

BRI . A& Handler

Java B9 checked exception EXRFKIHHENZRGIINEIRTE throws EEF ° F—BAEBEETAARZTE

4 o [R8]

BEEMINEAEREE IR ° FIEZEEE - AESEIFBEMERIR « BERHIE « = catch ~ TEER UK
BISPELRA—RE H PR IE RIS 55 o

—t+h - EEHERE

Erlang/OTP supervisor B8 HRE « {F1E ~ BS3EFI2RF * WA child specification ZEREIEERK © [R5]
fE :

TERs : AR

{838 : Runtime,/Supervisor
[El#% : Process isolation
{18 . Restart strategy

F+4& : Supervision hierarchy

ERERHERHAERBERLINE > BINEBEETNNEELEE - VERERREIIKARER * BXZELR
¥ restart intensity ~ AREEEZELISMEBRIVER ©

MEIEFFARE FREMBEIZFPRBREL supervision tree #IEARR ZBETEER o

Neo.K X EveMissLab - PLDST-003 19/36 - https://thisoneisneok.com



=+ « ZEEEIRRY

Design by Contract fEFRIE R4 ~ BERMG LR RAEE 7L Client £2 Supplier B9%&%5 o SPARK iE—1$
3 flow analysis £2 proof obligations > 88 GNATprove SEsBER4FEHE AR FEEITHRER ° HI5HRAESE
BARYEE o [R6][RT]

AR -

R | REHE 2R EE

§g:E : TH “Prover

FERAETS | IR EtE

648 © Build ~Certification process

SEEARIEEEINER ~ 224 ~ RREER I 0 AMMREBRKAEZERE -

=+— TR gD

Python PEP 484 fZ R HIIRERRERE L ° TEME=F TRETHREDIN - ERAHMAE ; REXER
|ATE Runtime $1TEBIEE - [R3]

A& -

=85 . {R{f¥ annotation

B EENRT

Runtime : 4R BIREER

14 RERE RS

BRERIERA - FRIZA SRR EETERETHRE - MERRMIT checker FZER:E * FRITHA
AEBRER ’ Cl BABEEM AT N —37

\:ml

H

SECTION

=+« Null : BER{ERRERIE—RR 2 E &5

Tony Hoare 7£ 2009 F[E]E& null reference K5 > #&E# % Tbillion-dollar mistake > B RREEAL ESE
s RFERARERE © [RI]
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BRETREER -

BE . fEF reference 2 null

EXEEE | RERE

Runtime : RIBERH H i55R

TH:Z=25

BT null IBEEIREES - BESESR  RBRTHERERBENUERM

Kotlin BB ] ZEEIFr] =R R > B2 HE NS !

EE CEBRTHAT?

fRe=as | IBHMEE L smart cast

fEx%stE © BEzUEEIE nullable branch

Runtime : EEIERE R IREER

Kotlin E A NI RIAEESE NPE BB * €4 ! ~ #1486 R—E % Java BiR(F ’ sREAFEEEALENEEH

3 © [R2]

SECTION

== - Rust : 2F1EF0%5 > B{RE unsafe
Rust FIA R HRZS T » UEEIRERNEIREZ 2 © [R10]
BERDES :

° =S I FTEE - BE - EHERA

° /R:EER . MTLEHBHERE ;

° FAE ! BUMSHRAINERLERE ;

® Library author : ZEAE RIS unsafe ;

® Reviewer,/Tool : BELEER o

unsafe RRFEERJENEZRLE FETERE > BREOWEAEGR/)  HEEAIEE - BEEREHK M
REFRLESERESR -

SECTION

=+M + Go : FHFR({HEL panic FIEEEIEEY
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Go —fgL error (ERTAITRHARE - EANXMARH * HREAEIUERSEES HHRIERES - [R4]

S—7mE ’ panic 2f&# stack unwinding Y #11T deferred functions ; recover REETEEER deferred
function H#E#E; o [R11]

BIAIRAR A

® error: [3EB « TEHA ~ ATEHMAYiRERIERYREN ;
® panic . ERi—MRIEEIRTESEE ;

® recover : FEBRNEZHEE o

RFZRT 2SR recover’ MeETEE BHMEEMNER ° #& panic B P IBEFEERIARIE ©

SECTION
=35 + Erlang “OTP : fE:RREAR EE(E Worker BVE1E
Supervisor # ERUARNSE worker EEFRFIBE 4548 o [R5]
BEFEE worker B EMRIEEME » ERRRTENERRE :

® one-for-one;

® one-for-all ;

® rest-for-one ;

® restartintensity ;

® child restart type ;

° REEHE;

° SMNEBERIFERR o

ERETEMIHEFIEL > MARBHZRHK -

SECTION

=77+ SPARK : sEEAT AFfe&NHABEE
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GNATprove AJ LA 5ERA—#HPAFERVETTHIE R S ER ° 5140 overflow * range ~ index ~ division *
discriminant £ length check © [R6]

BT AREERAHRNIER « 240 - RRERERME !

Proof(Code|= Spec)
not=

Spec|= RealNeed

MRZFREREIERHENR * SBARIN AR ARG ERIIER -

=+t » Python Typing : {835 {83246 TR B 4AGERTE

PEP 484 BRRERERIIRTRARFS I ARRE 04 * LA:E Python Runtime TR BITELAIIRE © [R3]
FRIX

H% annotation

+

B#1T type checking
HIFHNABRERE !

BE4E checker ;

° RERA;

* 7ECI#IT;

° [AERBBEE
o Eignore;

° FRIEE=JFstube

ERAMNT A AEHRIAEERER -

SECTION

=10\ - RRAFEMESEMNERE
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[+

argmin_| Cost(l)

subject to :

Info(l)= threshold
Authority(l)= required
FalsePositive(l)< acceptable

=+h - AIEHSENERBEEFEEEEAERE

EERAER] 5 ~ RERFIMRE RS ~ BB « FRARE « FFTREET « 224950 APl misuse * MIAEERSAIGERA
HERFLRDCE

M+ - RELARIE X ERNERE

BEEXETERESERES Bzt - EMENNERRS - ERRFEHEFL context > BESER
5 o

q+— « EEERIZF AR

EERBEAWE ° EARYRE return ~ throw ~ panic ~ cancel ~ terminate Z¢i#@%0 supervisor *> A2
ZE catch X EERAETETRR(E ©
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M+« 785 « (FAIRREREEHEET

° RRIREZRTEN MER 0 FRIWIE ;

® Supervisor EEE RIE * FEERA ;

° RAEZBEA FRMEREE;

* Proof RIEHRIEAVEERE > 2B RERM ;

® Retry BIWIERE > FEREEE o

SECTION
M+= « REOBAMEFERR
Bign

® Rustunsafe ;

® Kotlin!!;

® Type checkerignore ;

® unchecked cast ;

® reflection ;

® raw pointer;

® dynamic code execution °

i

StaticGuaranteedownarrow

ElIPZY =
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Review+Test+Containment+Audituparrow

MM+ - $EEREIEA S th & s

WIERAIREEERA - ERERHEIE « BRER « BRI IEE5 ] 3R o FIXMIERIRAS thRERR)
Al ~ Idempotency ~ BIRTEE ~ Circuit breaker - BaFEBLEALR ©

M+3 - A ER=ETE

tRmEsRER « FREHE « MR - FEEREHRERZIER - RELERRARMEE » NVMERVHE
7 iR A e ARIERS -

SECTION

M+7< « BB E=ETE

R EERE « ARG D BIRIVRR  MEEMABREIT IR » MESERATI K& -

M+t - EfTHAEI TS

fi8@ Actor ~ Supervisor ~ fREE - ERUEZIREEE o RERIIA BRI KK > AERKEMRE « BIFFA—
MM EBERE -

m+)\ ~ 24EARETE

BRI EEG - BEIRMG - FBE - Proof obligation £ Certification o {RES{ReEEIHAN AT
BFNEG BEEERAR AN ©

etk 0 B

ulll
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SECTION

M+h « TRE#HERE

&M Optional typing ~ Lint ~ IDE ~ Static analysis SEMERF o (REMRAERREER B » KERREKRE

THEAC BEERZHRE-

SECTION

A+ - SRR st S

{8 Coding policy  Cl gate ~ Review ~ Incident process £ Deprecation ° {R:#% A G ERREE(L ° KB

RETAE S BRI AR o

E+— BEE

BT
FRaRiRT
Fault source :
Error state :
External failure :
FERAE
BRI :
EfE
EEE
g
FHRERIE :
BREEIEE
AR
PEHIRE
BIEREM

5

_EO
KB
=B :

SatE

B :
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SECTION

A+ BEXRE

miERE

ERFETRRELER ° AP IGIERIRES -

E\NRE

EXREEME ° BEBFMERTEE

|mERE

TABEZE  ARFEFRAEER -

BERME

BEHRREMERRE

EREE

SEHEH  SFENECH * ERBRK °

SECTION
A+= - s&EtHERRERE
BRI B © RS

o HEBREHHE?

© {HAFFHEES Runtime ?

o fISEEREBIEZE ?

° MESIEMS MiRZEAE?
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° NI RZHHRIE ?
° fhESRMEREO?
° REMNMHEHE?

* ERBRMMRCIEZESHHEIE?

A+M-HA

SKILL $#%255t& « 55 -« HHRRIEA « A48 « RFC/PEP « ER R « RIGTHXEZLES -

SECTION

E+EH -« DthESR

SRS
— SEERHHER
— Fault/Error/Failure 2 /&
- tIESERS
— FREFERE

— BRI

- HEEFE

- REODH
- k=

- BERE

- ERHIE

SECTION

H+7% -~ gtk JSON SfA2

{
"mechanism": "nullable types",
"responsibilities": {

"prevention": ["language", "compiler"],
"detection": ["compiler", "runtime boundary"],
"localization": ["compiler diagnostics"],
"containment": ["type boundary"],

"recovery": ["programmer"],
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"escalation": ["compile error", "runtime exception"],
"adaptation": ["language and tooling"]

i

"balance": {
"authority": "high",
"observability": "medium",
"competence_required": "medium"

12

"escape_hatches": ["!I!", "interop"],

"inference_confidence": "high"

SECTION

A+t + SKILL R IEEIE

78

R E B Al TR IE R

* & Runtime ERNERIREIETE ;

® & annotation 3k Runtime fRz% ;

* & warning B error ;

* HFRFEPARMEERAESR ;

° & TETHE) MREE Supervisor EA[RREEELS ;
° BHERERHROAWIERRIE ;

° REARSRARBREES—X -

SECTION

E+\ - iERDERFRIRN

E—FHERNERGHAIERAIINERER - FTEERIR - LEFRHEREFR - g0 HAZER AJ8E

REBTEER WA EREREX -
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E+h - FREAHEFZE—HS

HAEBSEERREBGFERE  Runtime check ~ Tool warning ~ Contract ~ Test £2 Operator policy > R
MEFAs

AtDL/{

- BEREREETEIL
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P Prevention #N{aRsLEfEBRARRERZRL ?

D Detection fRIEFRIEHEE ?

L Localization BEZIXERFEEAEE ?

C Containment WN{aIPALEHERK ?
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Computing, 1(1), 2004, pp. 11-33.

— Fault ~ Error ~ Failure £2 dependability means B9 &4t 5348 o

[R2] JetBrains, “Null Safety,” Kotlin Documentation.

— Kotlin AIZE /IERJ =R « MREHARE A AISEEE NPE BB 5 -

[R3] Guido van Rossum et al., “PEP 484 - Type Hints,” Python Enhancement Proposals, 2014-2015.
— BBIRRARFSFERE DM ; AR ATE Runtime HUTRBIIEE

[R4] Andrew Gerrand, “Error handlingand Go,” Go Blog, 2011; Rob Pike, “Errors are values,” Go
Blog, 2015; Go Team, “Defer, Panic, and Recover,” 2010.

— Go error value ~ 8T{EEIE + panic & recover ©
[R5] Erlang/OTP Documentation, “Supervisor Behaviour — Supervision Principles.”
— Supervisor BiEh ~ {21k ~ BEEEAERL child process ©

[R6] AdaCore, SPARK User’ s Guide, “Absence of Run-Time Errors” and “Applying SPARK in

Practice.”
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— GNATprove ~ E{THAIEE ~ Flow analysis $2:5ERE 4R ©

[R7] Bertrand Meyer, “Applying ‘Design by Contract’ ,” Computer, 25(10), 1992, pp. 40-51; Eiffel

documentation, “Building Bug-Free O-O Software.”
— BB « BERMG « RE2H Client/Supplier &75 o

[R8] Oracle, “The Catch or Specify Requirement” and “Unchecked Exceptions — The Controversy,”

Java Tutorials.

— Checked exceptions ~ throws £ RuntimeException WEFER o ZH 2L DK FHIRRAE » aXR
FAR T I B R SR ERBA o

[R9] Tony Hoare, “Null References: The Billion Dollar Mistake,” QCon London, 2009.
— Null reference RYFESE [ClgEEL & RETE

[R10] Steve Klabnik and Carol Nichols, The Rust Programming Language, “Understanding

Ownership,” official Rust documentation.

— FRERERA ~ FESIGEHERE GCLBREZR -

[R11] Go Team, The Go Programming Language Specification, sections on defer, panic and recover.
— Stack unwinding ~ deferred calls £2 recover FYIER 3B ©
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Kotlin Null Safety #9175 85 E

Kotlin EAXHERZEET null MBRZ4REEH > BRFFIE !! « #11816FA—E Java B1REF R B
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Python Type Hints &1 Runtime Enforcement

PEP 484 BERFE45H > annotation B B]7E Runtime BX{S * EFERARLELFINE ; ERREEIBEAEERE
HMITRIBEAR checker o AX A HBRFEFEREZITH ~ CI BABMRIE > MAZ Python Runtime ©

Go WEEHRER

Go EAXEEHM error value & —RztEeRRIEMEH] ; 555 MASAIFRE panic ~ defer £ recover B stack
unwinding 174 o X348 error &2 panic ZRAREEE * BFH E#mMEE > TKREARMAEHRERN DA
EMmEE o

Erlang Supervision RER ZBEEER
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AIERY - BERGHFETEEMN Client/Supplier 7% » fk Bertrand Meyer BYIETN X E A Eiffel X o 43
-t IESERSIRIZHEY PLDST £4f ° R2& Meyer RX ARt BEE o

Java Checked Exceptions Y& RHE

Oracle Java Tutorials B9BISMNEZE T EZE JDK 8 BFHAM K o X FAFE R checked unchecked £ catch-
or-specify t&HIRVFESFEREA * RAUER 2026 F£2 8 Java FEREHARE ©

Tony Hoare Y Null [E]g&

Mbillion-dollar mistakel 3&E Hoare 2009 £ QCon London HYARIEZELEFIHE - ANIBEFARER
EME > RKBEFRAE null {ERIMEN B EE S KT 2 IERER Hoare BIA ©
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