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Wait-free mpocopoiwoetlg avbaipetwv avtinetpuevey

Eyovpe det 61t 10 TEORBA Mo T opopwviag dev pmopet vo emtAvbel pe ypnon
wovo read/write xoTorywENTOV.

[ToMol povtepvol ene€eynoteg ToEEYOoLY EMTEOCHETH AYOLS HATAYWEYTES
Tov elvat TLo Loyveol, m.y., LL/SC 7 Compare&Swap.

Ou peretnoovpe 1o anorovbo epwtnpa:

Aedopévwy 600 TOTWY ATOMMWY avTMelnevey X uot Y, vrapyet wait-free
TPOGOPOLWGY| TOL TOTOL X YOYCLULOTIOLWVTAG UOVO XTOMMUK KVTIXELUEV TOU
tmov Y xot read/write natorywETES;

O ATAVTNCOLIE TO EQWTNIA AVTO TEWTX Yo non-blocking npocopolwoetg:

H non-blocking 15t0mtat TeQUaTIOUOL yyudTol OTL GTO GLGTNA LTAQYEL
UATOLX TEOOOOGC TAEOTL O TEQUATICHOS TWV ASLTOLEYLWY GUYXEXQLULEV®Y
Slepyaotwv Unoel vo anotpenetot/ nabuotepel SLapnag.
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‘ [Mopdderypo: [Tpooopolwon pag ovpag FIFO |

Ot Aettovpyleg mouv vrootnetlovtoat and o ovpa FIFO etvou:

¢ [enq(Q,x), ack(Q)] OTIOL X ElVOlL YL OTOWXONTOTE TN TOL €Xel amobnuevTel
O [deq(Q), return(Q,x)] o™V ovpd (1 deq pmopet va emtoteédet nill)

Ozswornpa 1

Yrapyet consensus adyoplipog yi 2 dlepyasteg p, #xt p; TOL XOYVOLLOTOLEL
utoe oved FIFO now read/write notorywontéc.

IToglopa 1
Aev vmapyst wait-free mpocopoiwon g ovpdg FIFO ond read/write
nATY WENTES (Ytoe omotodNmote Ao dtepyactwy).
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‘ [Topaderypa: Ipooopotwon pag ovpag FIFO |

ITgotaon 1

O nopondtew akyoptbpog emdbet T0 TEOBANUX NG OpOYwviag Yoo 2
SLeQYxOLEC.

Algorithm 46 Consensus algorithm for two processors, using a FIFO queue:
code for processor p;,t = 0, 1.

Initially @ = (0) and Prefer[t] = 1, =0,1

Prefer(i] := z
val := deq((Q)

if val=0 theny := x /I dequeued the first element, decide on your input
else y := Prefer|1 — 1]

// write your input

£ Ll B =

// decide on other’s input
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‘ H oyvpn Aettovpyia Compare&Swap |

valne Compare&Swap (X: memory address; old, new: value) {
previous = X
if (previous == old) then X = new;
return previous;

Algorithm 47 Consensus algorithm for any number of processors, using
compare&swap: code for processor p;, 0 <1 < n — 1.

Initially First = 1L

1: v :=compare&swap(First,L ,x)

2y ifv=_1 then // this is the first compare&swap
3: Y = // decide on your own input
& eleny =y // decide on someone else’s input

ITootaon 2: O nopanave adyoplfuog emthbel 10 TEORMMUA TNG OUOPWVLNG
Yl onotoonnote aEtnd dtepyactwy.
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‘ [Mopdderypo: [Tpooopolwon pag ovpag FIFO |

Ozswornpo 2

Aev vrapyet akyopLBpog eniluong Tov TEORANIATOS TNG OROPWYLAG Yo n > 2
dtepyaotieg yonotponotmvtag hovo ovpég FIFO xou read/write notorywomteg.

Anobeién

Xonotponotovvtat valency arguments.
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‘ H wait-free tepopyto |

Ta atopna avTinelpeve umoEovy va xatryoprtonotnboiy Baoet evog xottnplov
nov Bootletar oy UVOTNTA TOLG VX ETADOLY TO TEORBAMMUX TNG OPOPWVIAG
YL CLYUEUQLUEVO aPLOUO Olepyaatmv.

Nepe OTL éva OTOMXO AVTIMEIEVO TLTOL X EMAVDEL TO TEOPRAMUX NG
opopwviag pe wait-free tp0mo Yy n Olepyaoleg av LTAEYEL Wwalt-free
ahyopLOpog emiAuong Tov TEORANUATOS TG opoYwving Yoo n dtepyxoieg (n-1
ATO TG OTOIEG TOPOLY VA ATOTLYOLY), O OTOLOG YOY|OLLOTOLEL LOVO XTOUIAX
avtixeipeva Tmou X xon read/write notaywenTEC.

O apBpoc opoywviag evog TOTOL ATOUUOL  avTixelpevoL X elvol N
(CN(X) = n), av n eivot 0 peyahdtepog aptbdg dtepyaotwy Yo Tov omoto o X
eMAEL TO TEOPRANpX ™G opoywviag pe wait-free tpomo. O apbpdg
OpoYwvLag elvat 00 av 0 X eMALEL TO TEORBAN A T™NG opowviag yroe xabe n.
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‘ H wait-free tepopyto |

I'ia xabls tomo avuxsévovr X mowa slvar n unpotepn tun mov umopel va Exet o
CN(X)?

O CN 1wy read/write natorywoerntey eivar 1.

O CN 1tov anolovbwv atopwy aviretpevwy etvar 2: test&set, swap,
fetch&add, stacks.

O CN tov Compare&Swap eivat o0.

Yropyetr poe tepoEylor Twv TOTWV TV XTOUMWY avTinelhevwy Baost tou CN
toug. Byet anoderybel ot vapyovy atomna aviireipeva pe CN = m, yw
nabe m.
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‘ H wait-free tepopyto |

Ozswonpa 3: Av CN(X) = m xat CN(Y) = n > m, t01e dev vmapyet wait-free
TE0COUOIWo ToL Y and atopnd avtireipeva TOnov X xot read/write noTorywENTES
O¢ OLOTYLX E TIEQLOCOTEQES A0 M OleQYAOLEC.

A7d6etEn: Me e dtono anaywyn. Eotw 6t vndpyet pa npocopoiwon tov Y and 1o
X now and read/write xataywentég oe ovotua pe k > m Sepynoiec. 'Eotw 1 =
min{k,n} xo éotw o1t 1> m.

Ou detéovpe o1l vaYyel wait-free akyopBpog yi 10 TEOBANKA ™G opopwviag Yo
SleQYaoleg TTOL YOENOLLOTOLEL LOVO aTopd avixelpeva tomov X xot read/write
nataYwENTeS. Auvto etvat atomo apod CN(X) = m <L

Ao 1 £ n, 3 wait-free tpocopoiwon tov Y and tov X yx 1 Stepyaotec.

Emniong, vnapyet wait-free ahyoptbpog A emiAvomng tov TEORANUATOS T1G OUOPWVLAG
vioe 1 Sepyaoieg yonorponotwvtag atopnd oaviieipeve tonov Y xar read/write
notaywentes. Avunabiotodbpe nabe avuineipevo t1Omov Y 100 A Ao Evol GTLYILOTLTO
¢ walt-free mpocopolwong tov anod tov X!

= 3 alyopLOpog opopwviag yo 1 Stepyaoieg and avireipeve tonov X s read/write
NATOY WOV TEG!
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‘ H wait-free tepapyto |

IToglopo 2

Aev vroyet wait-free TEOCOROIWGY] OTOLOLONTOTE AVTIMELEVOL [e OO
opoypwving  peyaddtepo  and 1 yonowpomorwviag  povo  read/write
NATOY WOV TEG.

ITogiopo 3

Aev vmapyet wait-free TEQOCOUOLWG?Y] OTOLOLONTIOTE AVTIMELUEVOL UE xELOKO
opovmviag peyaAdtepou and 2 yonorponotwvtag ovpes FIFO ot read/write
NATAY WO TEC.
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‘ Kabohnotmnra |

'‘Evag tOnog atopwmod aviretpévon X eivor ua@oMxog oe cvotnpata n
SLEQYXOLWY oV LTAYEL Wait-free TPOCOUOLWEY| OTOLOLANTIOTE AAAOL ALTOULLOD
OVTIXELLEVOL IO ALTOULE ovTinelpeve TOmoL X ot read/write notorywENTeg
O€ TETOLXL CLOTYHXTA.

Ou anodeiéovpe ot

Kabe avuneipevo X pe aptbpo opoywviag n eivot xabolnd oe chotua pe 1o
TOAD N OLEQYXTLEC.

Baoun I16&a:
[Mapovoalovpe nabohno  adyoptbpo (mov mpocopolwvel OTMOLOONTOTE

OVTIXELEVO) OE OLOTNUA [E N OLEQYXOLES YOY|OLLOTOLWVTAS WLOVO NTORINX
avTIKelpLeva opopwviag Yo n Stepyooteg not read/write xotorywENTES.

Eva atopind avtinelppevo opouviag n SLEQYAoLwY EMUTOENEL O N OLEQYNOLES
VoL ETUADOLY TO TEORBAPX T1)G opoYwviag (pe wait-free 1pOTO).
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M non-blocking mpocopolwon anod

atopna avtneipeva torov Compare&Swap

Baounn I16ca

AVOTHQAOTUCY] AVTILELLEVOL GV [l OLothoLOalOpMEVY) GLVOEDEEVN AMOTA TOL TIEQLEYEL
TNV SLATETAYUEVY] anOAOLOLX ASLTOLEYLWY TOL AVTIXELLEVOL.

H exteheon pag Aeltoveylog TOOCOUOLWVETAL ATO TNV ELOAYWYY] XS VEAS EYYOXPNG
OTNY ®OELYY TG MOTAC.

H Swayeipton g nopvyng g Alotag head yivetar pe ™ yonon evog Compare&Swap
OVTLXELULEVOD.

Kabe Aettovpyla avamapliotatatl amo pia St otalOIEVY| EYYOXYT] e TEdL:
¢ inv: »Anom Aettovpyiog & naEdpeTEO!

O new-state: 1] ¥ATAOTOGY] TOL AVILMELLEVOL TIOL TOOUVLTITEL WETA TNV EXTEAECT] TG
AELTOLOYING

O response: 1 amoO%ELOT 077 Aettovpyla & 1 LT ATORELOTG

O before: Seintg oty eyypopy TOL AVTIOTOLYEL OTY] TEOYYOLUEVY AELTOLEYIX OTO
XV TIXELUEVO
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M non-blocking mpocopolwon anod

atopna avteeipeve Torov Compare&Swap

Head
anchor
4 nv ) [ 1ny h a inv=_1
new-state new-state new-state=initial
response f response f f response=_1
before 5 . before \_ before=L
Algorithm 48 A nonblocking universal algorithm using compare&swap:
code for processor p;, 0 <z < n— 1.
Initially Head points to the anchor record
;' when inv occurs: // operation invocation, including parameters
2 allocate a new opr record pointed to by point with point.iny := iny
X repeat
4: h := Head
% point.new-state, point.response = apply(inv,h.new-state)
6: point.before := h
Te until compare&swap(Head, h, point) = h
8: enable the output indicated by point.response // operation response
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M non-blocking mpocopolwon anod

atopna avtneipeva torov Compare&Swap

- Ta onpela  ocelElOTOINGNG TV  AELTOLEYLWY  TOL  AVTIXELLEVOL  TOOG
npocopolway xxbopilovior and v Stdtaén TwV AELITOLEYLWY OTY] MOTA.
'Erot, 1 oelplonomot ot ta Loy el TEOPAVEG.

- O alyopBpoc eivar non-blocking: Av xanowx Stepyaoio dev emttdyet va

eLoGyEL T7) AetTovyla Tov oTny AMota, O meenet ) compare&swap #xmoLxg
GAANG OLEQYXOLAG VO ETULTUYEL.

- O alyopifpog Sev eivar wait-free opod UTOQEL Vo ETULTUYYAVEL TAVTA 7]
compare&swap 10U {0lov ene€eEyuoTY| xAL OAOL Ol AAAOL eTEEEQYACTES VX
U7V AXTUPEQVOLY VA EXTEAECOLY TY] OLKY| TOLG AELTOLEYLA.

AgvnTina

- yonotponotel Compare&Swap xuat Oyl CONsensus AvTE eV

- etvor non-blocking kot Oyt wait-free
- YOY|OLLOTIOLEL ATEEQLOQLOTY| VTN
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M non-blocking mpocopolwon anod

ATORING AVTIMELPEVX OpOYwVing (consensus objects)

‘Eva atopind aviirsipevo opogmviag O vrnootnpilet ) povadun Aettovpyia,
[decide(O,1n), return(O,out)], 6Tov in xat out elvort TLUES EVOG TESLOL TLUWV.

I 11 aolovbieg AetTovEYL®WY TOL AVTIKELLEVOL LOYDEL OTL OAEG Ol out TULEG
elvort LOLEG %Ol LOEG e UATOLX 10 TLUY).

1" ITpoomaOsia

AVTIMATAOTAOY] TOL AVTIELUEVOL compare&Swap e éva consensus object.
ITeoBApa

Metd v mpwt Aettoveyla mov Oa exteleotel o eva AVTIXEIEVO consensus,

avto Oo emotpeper mavta v St Ty, Too avtiveipeva consensus etvot 1-
shot. 'Etot, dev pmopobpe vo YO1CLULOTIOLOLUE TO AVTIUELUEVO ETAVXANTITINAL.
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M non-blocking mpocopolwon anod

XTOUIUG UVTIUELUEVH OUOPWVLNG

Adon
Kabe eyyooyn yonotpnonotel 10 6110 ™G AVTIUEILEVO CONSENSUS.

Avtirabiotovpe 1o medlo before pe eva medio after. To medlo awto etvar eva
GVTIXELLEVO OPOPWYIAG TOL 7] TLUY] TOL V ElVXL 7] ETOUEVY] AELTOLEYIX TOUL
eQUOUOLETOL OTO TEOG TROCOUOIWGY] ATOUIKO AVTIUELULEVO.

ITooRBAnpo
I w¢ yvwpile: »dbs dispyaoia mowa eyyoapr) Boioxstar oty Oson head ¢ Aioragy

Xonowponotetton evag mivanag Head ano deinteg, evav yix xabe Siepyaoia,
nabe eévag amd TOLG OTOLOLG AVATAELOTA TYV TEAELTXLX EYYQXYPY] TOL 7
avtioToyn Oepyaota eyet det ot Béon head g AMotag. Avtol ot Seinteg dev
OElYVOLY ATAQALTYTA TY] CWOTY] EYYOXPY).

Xpnotpomolovvtal enlong sequence numbers.
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M non-blocking mpocopolwon anod

ATOUIUA AVTIMELUEV OPLOPWVING

anchor

4 seq=1

~

inv=_1

new-state=initial

response=_L

1!

f seq ) seq )
nv inv
new-state new-state
response 1 response
L after C after p

- after

W

Algorithm 49 A nonblocking universal algorithm using consensus objects:

code for processor p;, 0 <1 <

n—1.

Initially Head[j] points to anchor, forall j,0 < j <n—1

when inv occurs:
forj:=0ton—1do
repeat

win.seq := Head|i]

// operation invocation, including parameters
allocate a new opr record pointed to by point with point.inv := iny

// find record with highest sequence number
if Head([j].seq > Head[i].seq then Head|i] := Head|j]

seq+ 1

win.new-state, win.response = apply(win.inv,Head[i|.new-state)

Head[t] := win
0: until win = point
1

enable the output indicated by point.response

// point to the record at the head of the list

1
2
3
4
S:
6: win := decide(Head[i].after,point) // try to thread your record
7 .
8
9
1
1

/[ operation response

[Tavayiwto ©atovpov
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M non-blocking mpocopolwon anod

XTOUIUG UVTIUELUEVH OUOPWVLNG

H ocplomomopomtoe eivat eyyunmevy e tov L0lo TROTO OTWS %Al GTOV

TPOYYOLEVO aAyopBuO.
[N #&Be nabohiun notdotaon C, éotw o1t
max-head(C) = max{Head[i].seq | 0 <1< n-1}

Mo #aBe 1, y Head([1].seq eivat povotovina un-gpbivovoa nota ) Srapneta nabe
ENTEAEONC.

Anppo: Av o Stepyaoto extelet | emavadnderg g avoudrlwong repeat, 1ote
to max-head avéavet nata TovAaytotov 1.

O alyopifpog etvor non-blocking.

Av nomolx Slepyaoia exTeAel Evay (1-TeneQaopevo aplbnd Bnudtwy, To max-
head avfaver pn-nemepaopeva. Apa dAleg OleQyaoleg ETLTLYYXAVOLY VX
EXTEAEOOLY TIC AELTOLOYIEG TOUG,

O ahyopfpog Sev etvar wait-free.
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Muwx wait-free mpocopolwoy ano

XTOUIUG UVTIUELUEVH OUOPWVLNG

P Xonotponotovpe ™ webodo helping, n omnota Baoiletar oty mopoyn
Bonbelag yroo 0 SLEUTEEALWOY] UG AELTOLEYING MG OLEQYXOLNG XTTO TIG
GAAEG OLEQYXOLEC.

- [lpemer v elvar yvwotd moteg dtepyaoieg mpoomabovy Vo exTeAecoLY
Aettovpyiee. H  minpowopla auty) natoyoapetol o€ Evay  TvaUo
Announce, onov Announcelfi] elval evag OeIUTNG OTNY EYYEXYPY] TOL
010 TEEYOV BNua N p; tpoonabel va etodyet ot AloTa.

- [le va emtheyet n Oepyaoia mouv Oa Bonbtinbel oe udbe Bnpo,
yonotponotovpe mpotepatottec. H mpotepaiotta amodidetar oe
nabe dtepyaotia ex nepitponyg (round robin) yonotponotwyvtag To ids.

- Av 7 p; Beket vo exteleoel xaTOLL AELTOLEYLX, EYEL TEOTEQALOTTX VX
entehécel TNV k-oot Aettovpyla av k = 1 mod n.
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M wait-free mpocopolwoy] ano

ATOUIUA AVTIMELUEV OPLOPWVING

Algorithm 50 A wait-free universal algorithm using consensus objects:
code for processor p;, 0 <2< n— 1.

Initially Head[j] and Announce[j] point to the anchor record,
forall ,0< 3 <n—-1

1:  when inv occurs: // operation invocation, with parameters
2 allocate a new opr record pointed to by Announceli|

with Announceli].inv = inv and Announceli].seq := 0
3 forj:=0ton—1do // find highest sequence number
4: if Head([j].seq > Head[i].seq then Head[i] := Head|j]
5 while Announceli].seq = 0 do
6: priority := Head[7].seq+1 mod n //'id of processor with priority
7. if Announcel|priority].seq = () // check whether help is needed
8: then point := Announce[priority) /l choose other record
9: else point := Announceli) // choose your own record
10: win := decide(Head[i].after,point) // try to thread chosen record
il win.new-state, win.response = apply(win.inv,Head[t].new-state)
12: win.seq = Head[t].seq + 1
13: Head[i] := win // point to the record at the head of the list
14: enable the output indicated by win.response // operation response

[Tavayiwto ©atovpov
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Muwx wait-free mpocopolwoy ano
ATOMIUA AVTIXELLEVX OpOYwYiag (consensus objects)

Oswenpo: Yrapyer wait-free TEOCOUOLWGY] OTOLOLONTOTE AVTIXELUEVOL GE
oLOTNUA N OLEQYACLWY 1] OTOLX YOYVOLLOTOLEL LOVO UVTIUELUEVX OROPWVING N
OLEQYAOL®Y %Ol HATUYWENTEG  avdyvwong/eyyoawne. Kabe enefepyaotng
ohonhnpwvel ndbe Aettovpyla mov Oeket va entereoet peoa oe O(n) Prpoto
ave€AOTN T ATO TV CLTEQUPORA TWY LTIOAOLTIWY DLEQYACLWV.

A7md6etEn: Eotw C; 1 1" nabolun natdotoon oty onola o p; et endninaoet
™ olxbleoy] Tov Vo exTeAEoEL (o ASLTOLEYLA.

I wabe nabolnn notaotaon C, max-head(C) elvar o péyiotog sequence
number oe nabe eyyoayrn tov Head. To max-head(C) av€avel ywplig opto.

Eotw C, n 1" wabohnn nataotaon oy onota toyder ott max-head(C,) mod

n = 1. H Aettovpyia g p; exet stoaybel otny ovpa peyot my C,.

Oswonpo: Kabe avireipevo X pe CN(X) = n elvoar xabohnd yia ndbe
OLOTNA [LE TO TIOAD N OLEQYNOLEC.
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