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AJITOPUTM pacnpenejleHHOU
ONOKNPOBKM

e Heckonbko npoueccoB B pacnpefeneHHoOn cucTeMe MblTatoTes
MNONYUYNTb SKCKO3UBHbIN AOCTYN K pa3aensieMoMy pecypcy

« Kak ybeauTbcs B 3KCK/IIO3UuBHOCMuU poctyna? [lonyckaetcst
MCMNO/1b30BaTb TO/IbKO 0OGMEH COOBLLEHUSIMI MEX/Y NPOoLieccamu

« ANTOPUTM pacnpeaeneHHol 6/10KMPOBKM peLlaeT UMEHHO 3Ty 3aaady
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CBONCTBO B3aMMHOI0O UCK/1KOUeHus

- T / \ -
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i L ; = Pecypc

B nto6oil MOMEHT BpPeMeHW AOCTyn K pa3fensieMomy
pecypcy UMeeT He 60/1ee 00HO20 npoLecca.




[louemy He B3aTb roToBoe?

e [TOBbILLEHHbIE TPeboBaHNSA K
HaOeXXHOCTU pa3pabarbiBaemMom
CUCTEMbI

e OTCYTCTBME KOMMOHEHT C
3a/laHHOW CeEMaHTUKOW B
NHppacTpyKType Erlang

e JKCnepTn3a B 061acTu
NMPOBEPKN KOPPEKTHOCTU
pacnpeneneHHbIX asirtopuTMoB




oyemMy He B3dATb airopmtm

¢C
N3 KHUXKKN?

* He OoTKa3oycTon4ymBbIe

* He cnoCo6HbI MEHATL rpynny DI STRI B UTE D
Y4aCTHWKOB B npoLecce padoThl principles, Algorithms, and Systems

asiropnTMa COMPUTING

Ajay D.Kshemkalyani
and Mukesh singhal

e OTCYyTCTBME DOPMaA/IbHbIX
nokasaTe/bCTB




Anroputm Pukaprta-ArpaBsana

#0 ik
et | Technical Report TR-869 February 1980
Request (1, 1}!

o Bt !

2anpoc oT pl1 oTnoMeH,
Tak kak (0,1 < (1,1}

OTeedaem Ha zanpoc po,
Tak kak (0,13 < (1,1}

AN ALGORITHM FOR MUTUAL EXCLUSION

A i IN COMPUTER NETWORKS

E-J'IUKH[L‘IUEIKE BEKEIE'-IEHIET

KputHueckan CEKLWHL:I

Oceofowpnaem BNoKWpOBKY, OTBEYARA HA
OTNOXEHHEIA 3anpoc pi

Glenn Ricart
Ashok K. Agrawala

EKPHTHHECKEH CEeKUWA
| I3
w0 o (idl,seq1)<(id2’seq2)@seq1<seq2\/(seq1:seq2/\id1<id2)
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[lpeactaBneHune anropnrtma

tnitial ReceiveRequest

Lock
\
ReceiveRequest
Unlock procmsg _
ReceiveReply
ReceiveReply
\

Receive
Lock 1 Lock O Request O

Receive
Lock O Lock 1 Request 0

oo 0"




CocTtosaHue npouecca

(* A state of a process *)
Record PState :=
{
id: ID; (* unique id *)
clock: Clock; (* process logical clock *)
deferred: list RequestSig; (* list of unresponded requests *)
await from: list ID; (* list of ids we are waiting a reply from *)
mbox: list Msg; (* message box of a process *)
fsm state: FsmState; (* abstract machine instruction *)
{*

defErred_cluck » Clock; maximum of all received clocks *)

{* e 232322 EL LI LTI 222 EEFETEEESES S22 22T ESEEEERS *]

(* Ghost variables used only for proofs, no control decisions are made using those *)
{* S S SRS FESEE S FES S S S FEEIFIEEFEE IS EEFESEE S EZFESEFIEE LSS EE LS EEEESES *]

received from: list ReplySig; (* list of arrived reply msgs *)
reply sent : list ReplySig (* list of replies we sent to others *)
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OTHoweHue Step

Inductive step: GState -> FsmInput -> GState -> Prop
| stepInitial s i:
fsm_state (s i) = Initial
-> step s (Lock i) (send_all_requests i s)
| stepProcessRequestInitial s i j j_clk:
fsm_state (s i) = Initial
-> hd_error (mbox (s i)) = Some (Request j j_clk)
-> step s (ReceiveRequest i j j_clk)
(uncond_reply i j j_clk s)
| stepProcessRequest s i j j_clk:
fsm_state (s i) = ProcessMessages
-> hd_error (mbox (s i)) = Some (Request j j_clk)
-> step s (ReceiveRequest i j j_clk)
(process_messages 1 s)
| stepProcessReply s i j j_clk i_clk:
fsm_state (s i) = ProcessMessages
-> hd_error (mbox (s 1)) =
Some (Reply j j_clk i_clk)
-> step s (ReceiveReply i j j_clk)

(process_messages 1 s)
| steplLocked s 1i:

fsm_state (s i) = Locked
-> step s (Unlock i) (unlock i s).
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OTHOoLweHne StepStar

Inductive step_star:
State -> list Label -> State -> Prop :=
| refl s:
step_star s nil s
| steps s1 1s s2 1 s3:
step_star s1 1ls s2
-> step s2 1 s3
-> step_star s1 (ls ++ [1]) s3.
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OcHoBHasa TeopemMa HaAE>XXHOCTU

Theorem ra_mutex_safety:
forall st t 1 j,
Clients <> []
-> 1 <> j
-> step_star Ginit_state t st
-> fsm_state (st i) = Locked
-> ~ fsm_state (st j) = Locked.

L5 1106020 00CMUXUMO20 COCMOSIHUS U 07151 /110600 hapbl
npoyeccos cnpased/iuBo mo, 4Ymo ec/iu 8 0aHHOM COCMOSTHUU
00UH hpouyecc ob6s1adaem 6/10KUpPOBKOU, Mo opyaou npoyecc He
Moxxem ob6s1adamb 6/710KUPOBKOU B 3MOM XK€ COCMOSHUU.

12/20



TexHUKa nokKkasatTelbCTB

—» HaxoxgeHvne nHeapuaHta -

A set of all possible

—> [lepenncbiBaHne /, I;ETT H \

—» VHAayKumnS )

—> TeHeBble NepemMeHHble | i <5 o>

—> Teopusa StepStar f i

—» ABTOMaTuM3aLuA .
.ﬂl() KasaTesJ/ibCTB (ItaC) Invariant P <=> P init /\

(stepstopst' APst - Pst)

Kon-Bo cTpok crneyndukaumin: 1915, KonmyectBo CTPOK
AoKasaTe/fbCTB: 2156
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NHBapunaHTbI

Definition locked_implies_two_things (st: GState) :=
forall i,
(fsm_state (st i) = Locked
\/ fsm_state (st i) = Initial)
-> await_from (st i) = [].

Definition rf_plus_af_equ_inv (st: GState) :=
forall i j,
fsm_state (st i) <> Initial
-> In j (known_to 1)
-> In j (get_id (received_from (st 1)) ++
await_from (st 1)).

e 10 MHBaApPMAHTOB NOTPEOOBAIOCH A/19 YCMNELUHOTrO
[loKa3aTe/IbCTBa OCHOBHOWN TEOPEMbI

(safety)
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He,[lOCTaTKI/I K1dCCNYECKOro aiaropmrma

« He cnocob6eH nepexnBaTb 0TKasbl OTAE/bHbIX MPOLIECCOB

 He cnocobeH npuHYMaTb HOBbIE MPOLECCHI B rpynmny
NnpeTeHAeHTOB 3a pecypc

e [poLiecc He cNOCcO6eH MOKMHYTL TPyNnMny NPeTEHAEHTOB 3a
PECYPC; ladke eC/ii OH He NpeTeHayeT 3a AO0CTyN, eMy MNo-
MpeXHeMy Heobxo4nMo OTBeYaTb OCTa/IbHbIM Mpoueccam
Ha UX 3anpocs|

« Kak ycTpaHuTb 3TN HEJOCTAaTKN?
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PaclunpenHas

Client Process Node i

Start, Stop
Lock
Unlock RAPIus

messages

Mutex Process

Join Monit A
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GroupMgr Failure Detector
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Cucrema nepexoanoB RAPlus
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CBoiicTBa Haae>XHOCTU N Nporpecca

Definition 4.4 (Safety property).

Vi,7 € Process : U(i # 7 =
(fsm_state(i] = Locked = fsm_state|j] # Locked)) (4)

Definition 4.5 (Progress property).

Vi € Process : fsm_state|i]| = ProcessMessages ~

(fsm_state[i] = Locked V fsm_state[i] = Stopped) (5)

N = Makc. KO/1-BO NpoLEeccoB B cucteme
L = Makc. Kon-BO 3anpocoB Ha AO0CTYN K pecypcy
C = Makc. Kon-B0o npoLeccoB, KOTOPbIM paspeluaeTca “ymepeTs”

TLA+ moaenb AaHHOro pacLunMpeHHOro asiropyutma bbina nposBepeHa Ha
Takux napameTpax:

(N=3,L=3,C=1),(N=3,L=2,C=2)

Ona (N =4, L =2, C=2) npoBepka He 3aBepLuniacb B pasyMHble CPOKK
(6onee cyToK paboTbl)

’Kene3so: 32-core Intel Xeon, 1TB
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Bknan padoTbl

e CBOWCTBO HaZleXXHOCTU asiropuTmMa
PukapTa-Arpasasia qoopmMasin3oBaHo u
AokasaHo B cucteme Codg, Mcnosib3ys

/ Mozesib MpoueccoB C NOYTOBbIMU
AWMKamMun
/' PacwupexHne
asiIroputma

* [1peacraBnieHO pacLimpeHne asiropuTmMma
(HoBbIN anroputM Ha3sBaH RAPIus),

— yCTpaHsoLuee HegocTaTku UCXOAHOTro
asiropytma

/ RAPIlus \

- Anroputm | .
\PMKapTa-ArpaBana\ e CBOMCTBaA HaIEXXHOCTU U nporpecca
(OcHoBa) HOBOro asiropuTma obl11 NPoBepeHbl Ha

& % orpaHndyeHHon moaenn B TLA+

e ApTdpaKTbl AOCTYMNHbI ANIA N3YUYEeHUS
(ncxoaHbIn koA Ha Erlang,
dopmanmzaumna B Coq, moaenb TLA+)
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J

Email: evgeniy.shishkin@gmail.com
Repo: https://bitbucket.org/unboxed_type/ra_mutex/src




