THEOREM, ,Spec, /=> DeadlockFree

<1>_ DEFINE TO_==_Trying(0)
vouooouooouT1p==Trying (1)
LuuuuuuuuuoSuccess==,InCS (0) ,\/,InCS (1)

<1>1-uSPeCu=>u[]LInVuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuupROOF
UU(*************************************************************************)
uu(*uThiSuiSuauStandarduinvarianceupr00f-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH*)
uu(*************************************************************************)uDMITTED

<1>2. SUFFICES_ ASSUME, [1LInv_/\,[] [Next] _vars,/\_Fairness

vuuuuuuououuuuuPROVE DeadlockFree  uuuuuuuuuouounuuuuouounuuouounuouuooouuuuPROOE
uuuu(***********************************************************************)
UUUU(*UByuluandutheUdefinitiOHUOqupec-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH*)
uuuu(***********************************************************************)uDMITTED

<1>3.SUFFICES ASSUME,[] “Success
LuuuuLuuLuLLUuLUPROVEL (TOLN /U T1) ™ > FALSE  uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuPROOF
uu(*************************************************************************)
uu(kuThisisa standard, temporal, proof by, contradiction, sincey  uuuuuuunun®)
uu(*uDeadloCkFreeuequalsu(Tou\/uTl)U~>usuccess-HHHHHHHHHHHHHHHHHHHHHHHHHHHH*)

iy Cskskesksk sk stk sk sksksksk sk sk sk ok o ok ke sk ok ok sk sk sk sk sk sk sk sk sk sk sk ok ok sk sk skok sk sk sk sksksksksk sk sk sk ok ook koo skskskskskskskskskoskskok ok k ok ok ) | OMI TTED

<1>4.,TO,~>_ FALSE
uu<2>1'UT0U~>u[](pc[O]U=u"e2")HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPRGOF
uuuu(***********************************************************************)

uuuu (kfuAssumptiony [1LInvimplies process O is never at e3 or e4. Luuuuuuuuuu®)

uouu (¢ Therefore, by the ,code and jassumption Fairness, we_ see that if TO  *)

uouu (xListrueand, process 0 never reaches cs, (which is_implied by the i u*)

uuuu (xLassumptiony, [] “Success, then, process 0 eventually reaches e2 ,and i *)
\_“_||_||_|(*HStaySUthereuforever-I I | | I*)

Ly (ofesksksk stk skskeskeskosk sk sk sk sk o o ke ok ok ok sk sk sk sk sk sk sk sk ok sk sk sk ok ok sk sk sk sk sk sk sk sksk sk sk sk sk sk ok ok ok koo sk sk sk skskskskskoskskskok ok kk ok ) | OMI TTED
uu<2>2-u[](PC[O]u=u"92")u~>u[]((PC[O]u=u"92")u/\u~X[1])

uuuu<3>1. ,SUFFICES, ,ASSUME, [] (pc[0] =_"e2")

HHHHHHHHHHHHHHHHHHHPROVEHUTRUEU~>u[]~X[1]HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPROOF
uuuuuu(*********************************************************************)
Uuuuuu(*uByutheu[]~URUIe-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH*)

L (skoskokokoskosk sk sk sk sk sk ok sk sk sk okook sk sk sk sk ok okskosk sk ok ok skosk sk sk sk sk okokok sk kokok sk sk sk sk skokokokokkokskok sk sk skokokokokskokkokskokk ) | OMITTED
UUU\J<3>2 o LJTR'UELJ~>\_’( [] (PC [1] u=u "ncs " ) \_l\/LJ [] Tl) \_1uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuPROOF
L (esksksk sk sk skokook ok sk sk ok o o o o ok sk sk sk sk ok ok ok ok ok ok ok ok ok o o o ok sk sk sk sk sk sk ok ok ok ok ok ok ok o o ok ok sk sk sk sk ok ok ok ok ok ok sk sk ok ko ok )

uuuuou (kfuThe ,codeand, jassumption, Fairness, imply that if process, 1 never i *)

uuuuuu (kureaches csy, (bythe assumption  [] “Success) , then eventually it uuu*)

Luuuun (kfumusteither reach and jremain forever at ncs, or Tl must_ become y, *)

uuuuou (kutruepand remaing trueforever . LuLuLLLLLLLLLLLLLLLLLLLLLLLLLOOLUOOOLX)

L (esksksrsk sk skoksk sk sk ok ok o o o ok ok ok ok sk sk ok ok ok ok ok ok ok ok o o o ok sk sk sk sk sk ok ok ok sk sk sk sk ok ok o o ok sk ko skskokskskskskskkk ok k ok ok ) | OMI TTED
I_H_II_II_I<3>3 o [] (pc [1] \_|=|_|"ncs")|_|=>|_| [:] ~X [1]I I | 1 IPROOF
L (eskskskskskeskeskosk sk sk sk sk o o o ok sk sk sk sk sk sk sk sk sk sk ok ok sk sk e o o sk sk sk sk sk sk sk sk sk sk sk sk ok sk s o o ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk o ok ok )

uuuoon (kL [1LInv implies x [1],equals FALSE, when process_ 1l is at ncs. uouuoun*)

LI (eskoroskosk ke skskook ok ok sk sk ok sk o sk sk ok s ok sk sk ok sk o sk sk ok sk o ok sk sk ok sk ok ok skok ok sk sksk sk sk ok sk sk ok sk ok sk sk ok sk ok ksksk sk sk ok kokokk ) | OMI TTED

Ly (oo ook ok sk sk ok sk ok o ok sk ok sk ok o ok ok ook sk sk ok ko sk ook sk ok ok ko ok o sk sk ok ko ko ok ook ok ok ok )

uuuoou (rupe [01 = e2" yimplies ;x [0] ,  sothe step,<3>1 assumption implies i *)
voooon (¢u [0x[0] . LuThe code, Fairness,[] “Success, and,[1x[0] imply that, T1, *)
uuuuuu (*uleads toprocess; 1 reaching and jremaining, forever at e with x[1], %)

uuuuuu(*uequalutOuFALSE-uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu*)
L (otoksrokokok sk ok sk ok sk sk ok sk sk sk ok sk ok sk ok ok ok sk sk ok sk ok sk ok ok sk okokok sk sk ok ok sk okokok sk sk okokoskskokokokskokokoskskskokokokkokokokok ) | OMITTED



UUUU<3>5-UQEDHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPROOF
uuuuuu(*********************************************************************)

uuuuuu(*uBYu<3>1_<3>4uanduLeadS_T0uIndUCtion-uuuuuuuuuuuuuuuuuuuuuuuuuuuuuu*)
uuuuuu(*********************************************************************)uDMITTED
I_H_I<2>3 oL [] ((pc [O] |_|=\_l"e2")|_|/\\_l~x [1] )I_I~>\_IFALSEI | IPROOF
uuuu(***********************************************************************)

uuuu (%L Thecodeand Fairness,imply that, (pc [0] =,"e2") u/\u[]1"x[1] 1leads to,*)

[T (*upIOCeSSuOUreaChinguCS s uCOntradiCtingu [] “Success. uuuuuuuuuuuuuuuuuuuu*)
|_“_“_“_|(***********************************************************************)L,DMITTED
I_“_|<2>4 © UQED| I | | | |PROOF
\_“_“_“_|(***********************************************************************)

Lo (kBY<2>1 - ,<2>3jand, Leads-Toy Induction. L uuuuuuunuunuunuunuunuonuunu®)
Ly (skskokokokokokook sk sk sk sk ok ok ok sk skokokosk sk sk sk ok ook sk okokokook sk sk sk skokok ok s kokokok sk sk skokokokoskokokokokok sk sk sk skokokokskokokokskokk ) | (OMITTED

<1>5.,T1,"> FALSE
Uu<2>1'uT1u=>u[]T1HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPROOF
uuuu(***********************************************************************)

uouu (x From jthe code, we see that if Tl is_ true and, process il never  ,uuuu*)

uuuu (kureaches csy (which is implied by the_ assumption,[]~Success), then T1 *)
|_“_||_||_|(*uremalnsuforeverutrue R | | | I*)

Ly (feskesteskesteskeskeskeskesk sk ok sk sk s o o ke ok sk sk sk sk sk sk sk sk sk sk ok ok sk s o ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok ok ok koksksk sk sksksksksksksk sk sk sk ok ok k ok ) | OMI TTED
wu<2>2. [ T1Ly™>u0 (TOLN /L [ (T1L/\L"T0))

Ly (oksteskskosk s sk sk ok o ok sk sk ok ok o sk sk ok sk o sk sk ok s ok sk sk ok sk o sk sk ok sk o ok sk sk sk sk ok sk sk ok sk ok sk skok sk sk sk sk sk ks sk sk sk ok kokskk ok ) | PROOF

uuuu(*uBYutheutaUt010gieSuFu~>u(Gu\/u(Fu/\u[]~G))uanduuuuuuuuuuuuuuuuuuuuuu*)

uuuu(*u[]Fu/\u[]Gu<=>u[](Fu/\uG)-HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH*)
uuuu(***********************************************************************)uDMITTED
UU<2>3-U[](Tlu/\u~To)UU~>uu[](Tlu/\u~X[O])HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPROOF

s (o Kok ok sk o ok ok ok o sk ok ok ok ok oK ok ook ok oK ok o ok KoK ok Kok K oK oK Kok oK ok oK K ok Kok K ok ok ok Kok ok ok ok Kok K ok ok )
uuuu (¢ By the code jand, Fairness, []“TO implies that eventually, process 0y *)
uouu (xuisgalwaysat ncs, which implies thatx [0] always_equals FALSE. _u*)
s (oo ok ok sk sk ok ok sk sk ok ok ook ik ok ok ok sk ok ok sk Kok Kok ok sk kkok ok sk kR ok ok kokokxok ) | OMITTED

UU<2>4~U[](Tlu/\u~X[O])u~>UFALSEHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHPROOF
uuuu(***********************************************************************)

uuuu (%L Thecode, Fairness,and,, []"x[0]  imply,that_ process 1l eventually i *)

uuuu (xreaches e2. , Assumption Fairness_and,,[]“x[0] then, imply, that o uuou*)

uuuu (kuprocess 1 reaches cs, contradicting the assumption, []~Success._ Luuuu*)

s (o ok ok sk sk ok ok o ok sk ok ok ook kR ok ok sk sk kR ok sk kR Kok ok sk kKR ok ok kR ok kkkkok ok ) | OMITTED
\_“_|<2>5 . I_IQEDI | | | O IPROOF
Ly (s sk ok ok o s sk ook ook ok ok sk o ok ook ok ok koK ok ok K ok KK oK Kok ok KoK ok ok KKK oKk ok )

wuou (kBY<2>1 - <2>4, <1>4,,and Leads-ToyInduction. yuuuuuuuuuuuuuuuuuuuonu®)
Ly (oreskokokosk sk ok skok sk ok s ok sk sk ok sk ok sk ok sk ok sk sk ok ok sk sk ok sk ok sk sk ok sk skok ok sk sk ok ok sk okokok sk sk okokosk sk okokokskskok sk skskokkokkokokokok ) | OMITTED

<1>6. LQEDLLuuuuunnnuuLnnouLnnoULLLDLLLLDLULUDOULCCoOLUOCDOOUOCDDOULGDDODLGoD0GL00PROCOE
uu(*************************************************************************)

uu(*uBYu<1>3u‘u<1>5uanduLeadS‘T0uIndUCtion-uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu*)
L (okskokokokosk sk ok sk ok sk ok ok sk sk ok ok sk sk ok ok sk ok ok ok sk sk ok sk sk sk ok ok sk ok ok ok sk ok sk ok sk okokok sk ok okokosk sk okokokskokokok sk skokokkskkkokok ) | OMITTED

CLOSE



