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e (Preface)

TR TLA+ 4R SCEk T (BUHETE TLA + 9UidiAe), JEiE
XM Z RO TR “ZeatE (Safety), {1 (Liveness) FI2A-F-
PE (Fairness)” . A SCIRBAR AT DABEfFE—NETHLE) TLA + 127,
AT REXT X BEARTE) & SCH BT T o AEX fmsCar, FfiTaxhx L
ARSI E X, FFPHEHE S, R A2 TLA+ Rk
ik, (AR EAECEAN IS, SRR THE . WRER 157
BRHEARIR, X BB RA X . (EAn SR AR a1 2
g TLA +, %53 S CE e (HR 0 .

The terms safety, liveness, and fairness are used informally
throughout the TLA+ documentation—including in the TLA+ Video
Course. I assume you can understand a simple TLA+ specification,
so you probably have some idea what these terms mean. They are
defined precisely here and their significance is discussed. Although
they are not written formally in TLA+, the definitions are math-
ematical and so is the discussion. If you’ re not used to reading
mathematics, this may be tough going. It’ s worth the effort if you
want a more complete understanding of TLA+. Text colored like

this in the table of contents or like this elsewhere is a clickable link.
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1 TLA+ Wil U8 o
2 %4k (Safety) FIETE (Liveness) 5
3 AEdE (Fairness) 7
4 g5 (WF) Rz P (SF) 5T 8

5 SCHk 13



1 TLA+ #43R 5543 4

1 TLA+ s orad

ffi (Values)

EREAEEA T — ARG, XPMEAUMATAEEN TLA+
BREXMFTAWR. filn, V3 xX?+y? =1 SEEO (x, y
WEAERE—ME. XPAMEATAE TLA+ i AEEIR

CHOOSE v \in Real : (v > 0) /\ (v"2 = 3)
{z \in Real \X Real : z[1]"2 + z[2]"2 = 1}

& (States)

RERAA B . TLA+ B, fEEELREZ MR (R
e TLA+ FRIRFFR KA Z IR ®) , (AR BB 5 R
R E . I (Step) @ XPIREE, Blu— v AR o,
IR —DE A, RS U ERE S L & B ERH
FA,

414 (Behavior)

— TR AT — D TCRBPIR T A1 o 1] AEIRES ) 51, 52,53, ...
FIEN sl =2 =83 — - . —MTAHH—H (Step) FRH)
AT PRSI PARES . Blhn, s42 — s43 BATH s1 — 52 —
§3 — - - - WAL, [ERCHER 2 — M NI LIRS IIAE
I3, A 2 T

J&YE (Property)

— @R — T ARE /B, BUE N A/R(E (TRUE B3
FALSE). &AM b = P REwREME P RORELE—MTH 0 B
HEE. 2R o= P ohE, FATH 0 2wt P

TLA+ AT R @it i 280 RS . K114 —1
TLA+ Jus0 5 HRAR W @k —E R, Fln, R b2 s —
sy 83— - MR, FR—N@=1)/\[[+"=2+1]. 1
s, A HACKHT A EIMER 1 REXNTR— (si — si,
B v BEHEAANZSE M 1 e, b= F RN E.

VAT DASAE— A R T — RS




2 44 M (SAFETY) 436+ (LIVENESS) 5

TLA+ Wi — DB HEHZ stuttering AHURE . X EREXT
£ —A TLA+ ik F AEZE—AMTHN b, WE b ZFEFTH b
IEINECGE BT stuttering ZERIGEAT NI, A b EF
SHMTF b= Fo B, Wb BAMTRFH sl — sl — 52 —
52 — 83 — 83 — s4 — s4 — 85 — sH — 56 — 56 — - - -, KRG
b sl — 82— 52 — 53 — 53 — 83 — s4 — s4 — s4 — sd —
57 A bl FAMT bl Fo X T4 TLA+ H%
stuttering AEERAITER, 7F TLA+ By 200 1o p Wl A A1
KWERE. PRI R FIEXFErEN:, it TLA+ JEwE T, B
A JEMEA R stuttering-insensitive, AU DR SAZE K o

2 4Pk (Safety) FlNEYE (Liveness)

A€ L—MTHFFF b BRI (Prefix) Jy, ZE—DKT 01
B, FEAMHE 0 SRS/ A B, s1 A1 sl — - - - — 542
B TR s1 = s2 =83 — - - - WIHI%K.

SFAERE—NE RS s, TAllE L 8 AFE s GRS
BMTCRRASEZAFE D i, g s & sl — - - - 542, A s
hosl — -0 — 542 — 542 — 542 — 542 — - - -

s AT R T — A RGELEIAT THIS s MREFINZ G, 51k
A (Halt) (9774

Atk (Safety)

PRSI TS s FULOIRIE P, el s = P & X
ST s = P. HUEREIAAT N b AR AR 40, MR P
SRR AR (Safety): XTI b,

bl PREL HEACYKET b BRI s, s = P WL

Wb T A s1, BT A 83, BT 2 4 sd.
ST DABMRTES S X AR T I, B R TCRRAGER , RS RS,



https://lamport.azurewebsites.net/tla/advanced.html

2 44 M (SAFETY) 436+ (LIVENESS) 6

MR LANRIR T RS L E ARy 5

AT N b R EME P, M EACY b E— A E IR L P
o PN, BHMEEDAE TS s, s P .
AT b AN RJENE P, Y HACYAE R E P

WR—DTH b AWE D LEEE P, BAFAEE ik
) b BRI ™", EARIEAWEEE PP W s 54 2 A
HHEELHPRE, FATAH s™" MG — it d Ut P el
— . AR s AEHE AR RPRE, AT FR b 1R
IIRSHA TR IRIE Po Bt miti—Mikg, mR—4
Fromidibe 7zt mE, FATA ATEHAT P8 g 2 — ik
By o TLA+ AR —A Inat/\ [[[Newt]oars 22— THTEH)
LR .

WPk (Liveness)

F1oh b YHFE N FRFH s 19— 3 (Extension), 24 H ALY s 22
b B —ANHIZ . WAL A BRSSP SR ] LAE i 4 e Hof
R —AEME P, JATARX A EME P o PEIEYE (Liveness).
Wikl <> v =3 B—MEEtE, FE— RS
FRRTAR 58, a2 v =3, B, AFEF x FT 3 rpIRESH
B A BRFF ARSI, 285 )5 AR B AL B T RIS e 41
ST

R PERIE

AT RS AT ARy e MRS  PE AT PR IR PR 4l . IXANER,
PARCSHEPERPRTIE L, SR HT Alpern #1 Schneider[2]. X5 T
AT AN ITH JEHERNS stuttering AU, AT 24t

THERIA R, BEOAMT b MBTEIETS s, s = P #AE
SEH PR BRI L B PRSI AIS
C—FbR, MBI, TR,



3 A1t (FAIRNESS) 7

7 X5 TLA+ Y B SCEr AR T stuttering AN
IR TE, WA RE SRR -

3 A°FPE (Fairness)

WA S B—Awaerttmit, L - MotkErE, BafilzE s
ﬁ‘cﬂ L G “machine-closed” 7, 4 HAV Y3 2 R Ag &4 [1]:
REEAT AR EE— L S WA BRF SR AR SEMTIIH L S A L%,

BT L 22— MramiEtEEyE, BN HRARSTE s #n]
DAY MM 2 L. S,L 1) machine-closed fIHLES & 1E =M E U0
Ros WL S, WA AT MM [ 2 S A1 Lo

M TLA+ FRAWMAEE, A-FHE—i— B8 A MR [E B o7 2 A
o BRI R T AT G N . ZARERH WA 2 X T it
FEHPAT LR R (HAE TLA+ B, R RS B AR 1
RIF=4. AN TLA4 JusUnT B A R 52 BA A [ %k
HAEHLZ [4]. FRATREARENRY, 7T A S RATPT Wt BT AR
KTAFIME—E o2 R L2 S ia-FEht, M HACY SL
& machine-closed . SRJGFATA T AE— NG R L #8228,
T — AT A E T

3% S T Init/\[|[Next],ars. XHSENT G TLA+ 2S84
YRR FER . MR L2 — A A g, BEWRE SAL U
FEVFRIARR AT Init FIZ JF M —23 12 Next a9 20R".,

i, ik S A1 L LR
S = (x=1) /\ OI\E i \in 2..7 : x’ = i*x]_x
L = [Ixo&x%2=1)

WS ESCHERIIRIRE N 1, RGeS R RT 27 ZH—

TRKEG RS, AR A seatE, Ma, R AEAEIES.

SYFeiE, ATDAIR R R etk S AN I E L.

9 JEUSCHYHE S LR MG I Lamport ] 77S A L does not disallow any initial state satisfying Init or
any step satisfying Next”: does not disallow HSZu] DAFRMR R 0 W ARIIE .



4 FaFi (WE) feigon-Fik (SF) AT .

MER, BUEAZE stuttering FPARES. U L @@ SCHA TRZ A
(Infinitely Many) #F500FHE. 2%, A L &4 Liveness Jif4
JEE, BUAATAA RAPIRAS 7 21 ER vl DAIE G B e o5 24> x 56T
AHERS R R, MR L. R, L AR—IF%
2JEYE S WA FEM:, FIAIER s (85 x SRDABEAPER, W
W S WA RBRSITH s Ny AL S AL WiTh"™, i
S LOoNE, MIREEARVF S B R —IRSEMER I x DA 2. 4
B 6 PR

—~9F machine-closed [FJFLZ 2 RMERMER, PNk Ed AR
NEXT /R AW 2 S RV PITHAD PR . — S50 REH
{LLY.1%/& machine-closed [ {Hig, TERUE—MTE 2 E LI 17
—AIRFEE, A IR EE F JE machine-closed BAZ [3].

4 s PE (WF) Bz vt (SF) 51

TE TLA+ h 20— A FE R 2 i WF fil SF 25
o TEE SGXEZHAFZ 7, RATHRZE L —8fF- 5t E. 16
TLA+ 1, —A B8Rl A @K T 2558 (Step) MU IR B0 1L KT
e AT NP EE— A BIR, MHAMY A FEixP R L
HE. 83 ENABLED A 3¢ SOk, T —MR& u, (BT A
FIFTEIPER ) , FAAE— RS w, AT DAGEAS u g3 8] w
RE, Bl w — we XTENERTE A, IE «Av_ v BoE SCHET
AN @) =v) HJa, BIAVHITH 51 = 52— 55 — .. IESHE X
R ATH si—=si1—8ip0— .., i HIEREEL

FAMTPAEE X WE_v(A) F1 SF_v(A)2, REFEEBX v 2
PR A X} stuttering AU, FTPDUNMBUEMPIRSTE #r. A&

O H x T —MEE, BE S 1 s MRSTFIS—ERMEE, BB TR E KRB, IR
""TLA Action "] DABEfR A& primed ZFRMIRIEZRAR, BN, '=x+1. X RS T
Eepops AN

12WF: Weak Fairness, 33/4°F1; SF: Strong Fairness, S#4\ P,




4 FaFi (WE) feigon-Fik (SF) AT .

X—M47R b WiE WF_v(A) 24 HACY Q2L w2 DU R AR A48 i 45
Wi ZE . WREEE AR R I E JETCRREGTT Y], X285 4E 2 [h]
PIEMPETT e AR Z PR . (AR R A TA TR B 5k SE 48 1,
M WA B WE_v(A) I8 L.
o b AR —ANEZ T, WRHARS—E#H L ENABLED <<
A>> v, M—FHUG— << A>> v P,
o b MIFEAR << A>> v BRNEZTFY], WX ICRY G
Z5 75 HRSHER W )2 ENABLED «A» v,
o b PHEMGHRUARME << A>> v BB, FMEFE—
IR, ENABLED << A >> v AW EEET false FPIRS.

o W b @A —AFIEIRGSHEN £ ENABLED << A >> v [
A, Wb WETWENS << A>> v B,
e b —ERHEELREZAN << A>> v PRATRZ AW L
ENABLED << A >> v f{RIREM,

KT SF, FAT@ELE XATH b WL SF_v(A) X4 HAHSFTH b
T 2 DU B SR 2

o WA TLREZAWE ENABLED << A >> v FRRESH b 14T
G ERSITINIAE D << A>> v BIES,

o b NEE—METRELZ AN R ENABLED << A >> v FRIRES
HANEA «Ar_v DIRWEZ.

o b WAEATERERLMUT 4 << A >> v BEHAAHF—
Ja%k, Hi ENABLED << A >> o ZEHFrARESHESE TR
(false).,

o W b A TEREZ A E ENABLED << 4 >> v [IRTS, M

PBRATERE A, M T HH Weak Fairness &%, —F IR (Always) flifit (ENABLED), 4
SR Z 4 (Infinitely Many ) (# A SBRE A . H HRUCE TRE v PR, MR stuttering.

PR A A AR Enabled FRIRAS, B ALERSEAS AR RIPREZ G, Bkt Always i
B, IAFAUMES R, b —ESALREA A B,

RS WE IR AE: W2 WF (8T 5IH %4 (Always) #/2 ENABLED [, i
XY SF HEFREA, BIENEres:, sa ASEEifE A Fr el iaSae i s,




4 Bk (WF) fosgo-Fik (SF) HF 0
BAGTRES << A>> v I,

AR, AR E SF_v(A) AT AL WEF_v(A)',

XFF—A TLA+ 1z fEEE A, WF_v(A) #1 SF_v(A) 22—
PEREME, PUMARIEE M EIER € S, X T— P PRRE s 5 a9
AHRRASFS], W ENABLED«A» v JE, IBAFATA] AT
FIEM—ARES ¢ i1 s = ¢ W << A>> v, THIRATTLA
ILAALE N2, HEFATES] ENABLED << A >> v Ak
o FEXMIFH T, TATTLAEBIMIERZ MRE s R a4
YRR BN TS L <>[] ENABLED«A» v,
X EIRE WE_v(A) F1 SF_v(A) HH.

[Lamport ff 2021 4 5 }] 30 H 5EHMDIHE]

"WF_v(A) and SF_v(A) are liveness properties for any A and v
because for any finite sequence of states ending in a state s, if EN-
ABLED << A >> v is true, then we can add to the sequence a
state t such that s — ¢ satisfies<< A >> v. We can continue this
forever unless we reach a state s in which ENABLED << A >> v
is false. In that case, we can complete the sequence by adding in-
finitely many states s because the resulting sequence satisfied <>]]
ENABLED<< A >> _ v which implies WF_v(A) and SF_v(A)

are true.”

SR, WF_v(A) f1 SF_v(A) A—ERANTJErE. B, ik S %
F =0\ =2+1_z, ik A T x=x+2 I Hil v T x.
<< ' =x+2>> xS WL RRRE T2 T RERY, (H
BERER AL R AT R BRI X =x+1. (S B[RS HET L S 1)
IARAES. ). W, NEERRBHE S A FIRESIFIIRIEY i

16405 A 2 Infinitely Many [97[fig (Enabled), 3t—E44 Infinitely Many fH 8. Fik, G2
—HHE, WAMK—m2A Infinitely Many (1 H 3.




4 3ANFIE (WF) foizn Tk (SF) 5 .

BRI SC8F S #1WF_v(A) BRI SRR S Al SF_v(A)',
AR TR T BR FAEARME TS 0L R, S 55T Init /\[][Next] vars
o EHIHPRAN Init, %ﬂézﬂﬂf ?ﬁémiﬁﬁ Next FLIRASAS & FRE
2N vars. X TiXA LA @M, WE_v(A) #1 SF_v(A) H1iy v il s
T vars, [HA—EWIE. YE'JZEE WF_v(A) F1 SF_v(A) & S 1y
N ErE, MHEAY << A>> v & Next BJF3I{E (subaction),
HpEhE B #E A Next [ T3I1E, 24 HACS W R AT &8
ﬁﬂ% u I S A PAHGA I —AVRES, MH v — v 22— 2
X B WP, B4 v — v B—Ei 2 Next JEzl,
BEER R, A CAasfEius, B &2 (BVvC) ¥1aifk.
PRAR T AT A0SR «A»_ v 2 Next (744, WE_v(A) fl SF_v(A)
X EEYE S W PENE, R I IRATRME WE 1 SF. FiH2
KT PR IER o

PR S BARAA BRSPS s, AT IR AT AR s 97
FEFIW 2 WE_v(A) R 2 SF_v(A )o HFE SF_v(A) 4T fT
TP A—E AR 2 WE_v(A)™ BIHF s RS AL SF_v(A)
SRS T FATEEH AN IR ALRPIRS I N 21 o SEA A
T s WP, FAMERE v 2 s P E e —IRE.

if ENABLED <<A>>_v equals TRUE in state u

then append a state w such that u — w is an <<A>>_v step
(the truth of ENABLED <<A>>_v implies the existence of w)

else if ENABLED Next equals TRUE in state u

then append a state w such that u — w is a Next step
(the truth of ENABLED Next implies the existence of w)

else append u

YTWF il SF WfES iR Safety @M, Bl x'=x+2. WURXAMER LA, WEF Ml SF R E—4
Liveness J@1. MR 2 —Fhai2ingtfisl. M TLA+ AL, l_ﬁ‘ GO % KA. WF i SF 4
BEVABRUE— 21 Safety AR .

8205 Lamport 1994 4£ ACM Transaction [ TLA {54302 . WeakFairness [|([Jexecuted) V
(<> impossible); StrongFairness : [|([Jexecuted) V (<> [[impossible), FHILA UL, #E SF 1
15, —E Wi WF iz, HRe SF T —a tfril WF g i 17 1. T2
HENAT, SR TCRZ R RE.



4 3ANFIE (WF) foizn Tk (SF) 5 .

MR IRJEHY else TRIGEPATE], IE2RFFSTE F— IR FRR AT, Br
PAXAS AR AR, #EA stuttering FJETH . << A>> v
& Next 1T EM IR EMETEAE—> then B-1R] P2
BRou— w #ZET Next X0 IR, BB EMEHRTTH
JPH b —EW 2 S FHIRATRBEFIEWAE SF_v(A) i,
J ENABLED << A >> o X TRRENRIRSNE, WEE
IWIMERRZA << A>> v W, HIL b 2 SF_v(A),
A, A BRECER WE_v(A) 3k SF_v(A) izt 4,
WRE—NERZ NEXT {71718, IBAX IR S 1—4
AFIENE . R — R R TR _ B T 8 s
A, PAERTARI3hE Al

S T R8s 24 WE HSF A0 “HeE7. BiE
Byl X L 55T i € Nat @ F(i) , HAXT Nat FRIFTA i,
S FE) %F WE_v(AG) 5% SF_v(A()) FH << A() >> v
32 Next W T#/E. 54 L 2 S A FEME. AR
BECRERASTFS s 3R B A BRIERE AT A EYE, RErE
e L M e sEE.

FEER TAR R o @ A2 SF_v(A(0)) MBEIEIREISE
—HPIRES; SRR SF_v(A(0)) /\SF_v(A(1)) FYSRIEHRE] 5
CAYHRAS R SFv(A(0)) /\SF_v(A(1)) /\SF_v(A(2))
P REER B AR SRE s, 55 88ra st
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