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* out: ZHEURDGERZLEN

o REH D value =z TRXH| [let x = 2 1in
let y = x + X 1n
- Red/Green/Blue out y
- FEA &R RL \
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x1,x2,x3] [R 2, G 2, B 2] in

let [y1,y2,y3]
out [y1,y2,y3]

[x1 + x1, x2 + x2, x3 + x3] in

A

zap 5



* TIRFEHL 3 EIER

‘if [ebl,eb2,eb3] then el else e2




* BABGEAS 3 [IET

* ZITA—FBERIEERLEL
- BEBRA 2 [ H/O—C v ADRALHEER

let [f1,f2,£f3] =
Ax1,x2,x3].
[x1 + R 1,x2 + G 1,x3 + B 1]
in
[f1,f2,f3] [R 7,G 7,B 7]
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- M: code location M SEEEARIAAD map
- e: expression

- s:out v URICKYH ASNI-ED S

- k: #IZ-of-fault W%




)\Zap @ Operational Semantics(2)

ST Bk BR (X Call-by-value D left-to-right
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- E[e]: RIZFF S DEnKH e THAHKIEH
* (Octxt)

- F[v]: fault BEZY /LSRN v THDHLSGH
* (zap)

- addtot(): ME (+)

- lesstot(): LEEGEE (<)

- vote(): ZHEURIZKYIELLMEZEIR
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[2, 2, 2] in
[x1 + x1, x2 + x2, x3 + x3] in

let [x1,x2,x3]
let [y1,y2,y3]
out [y1,y2,y3:

¥ HEHSROHIR
let x1 2 1n

let y1 = x1 + x1 in
out [y1,y1,yi]
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- (Tany)

¥#(% Figure 4 518
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* Figure 5 [T DIRRE(ZDLVYT D typing
- M [& location M8 —T A D map
- L (& location MoEAD map
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* Definition[Safe States]
IKRE (M;e) R ETHAEIL. LTONT NhELS,
(1) e AV value THSBH.
(2) RDIREE (M e") BNFEET Hh . F£=1&
(3) ZHARNNHEBEINIGE CIELWMBEZE(T42<E2 -,

* (3) DIZEIXAIE R exit() F1=1L4514} throw
- vote() & 3 DDEMNETEL S EE undefined
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* Lemma[Progress]
- BT 1T TESHRREEZETHD,
* Lemma|Preservation]

- fault M 1 BLLTESIE IREZBFBDHIE T
BIRFEINDS,

* Theorem[Safety]
- BAH TR REZRIRRE S ML EIZE R RE/SIRAEE F [TDULVT,
SHiL FETICESE -fault AN 1 BILLTAEL,
FIXZRETHS,
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* Definition[C-simuate]
Hh5ECHHOT.
2 DODIKEX. YDOHFD"CW DO BT
wDERDTDAHEIZH>TUNDIGE.
X &Y [& C-simulate LTLYA &L,
UTDXIIZFKEET Do

XsimqY

- C[X fault MEZ TSN BLILNGWEBZIET
- ClZBDFENEW [FELG->TULSHEEE L H D
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* LemmalFault-Free Simulation]
- fault AR LRV S,
— A ZHUREIT, \
tMhAEzZzEE5—HHTTENETNERIETE.
C-simulate M RARIZREFT 5,
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* Lemma[Faulty Simulation]

- fault NEEZSHIHE.
— A= ZHRFITERIETTL.,
C-simulate ORI RFET 5,

X < > Y
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fault &

Y sim
C
XI
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* Theorem[Fault Tolerance 1]
- 28— HHIZLHIREEEBIE A stuck LTGULVE6,

fault A 1 LA T THSIRY.
ZHURTZKLHIRREEFLE stuck L7EELY,

18



\

B RT LDOME :Simulation(5)

* Theorem|[Fault Tolerance 2]

- IKEXDMOIKRBY AE2E—HFHTN ATYTDERBMN
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* Theorem|[End-to-end Reliability]
-\, CHHEREEMN L e ZELHL TIHI=E W &,
Aap CRIEAIREED L [[ e ] 125l L THRzIE W' [,
Ayop STHEI R O fault A3 1 BT THAHRY., FLLY,
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