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Abstract
Many-core processors have already become a norm in the processor industry. Nearly

every machine nowadays is equipped with these many-core processors. Most of these

processors relax the order of execution of instructions in order to minimize the latency

caused by write instructions. As a consequence, a correct program under the SC memory

model might exhibit an erroneous execution under relaxed memory models. Therefore

there is a need to verify the correctness of a concurrent program with respect to underlying

memory model. In this work, we consider safety properties of concurrent programs as

correctness specification.

In this thesis we propose a trace partitioning based approach as a method of proving

correctness of concurrent programs under those memory models which have a well-

defined operational semantics. We take up the SC, TSO, and PSO memory models in

this work. We give an alternating finite automata (AFA) based construction to represent

a set of similar traces. Such a similarity measure allows us to partition the set of all

traces of a concurrent finite data domain program in a finite number of equivalence

classes. To extend this approach for the TSO and PSO memory models we propose an

equivalent alternate semantics of these models. Such a semantics allow us to construct

a set of symbolic traces of a program under these memory models. These traces are

then partitioned using AFA in a number of equivalence classes. To handle the unbounded

buffer size of TSO and PSO memory models we prove the existence of a fixed point k0 for

every program P such that it is sufficient to prove the correctness of P with buffer size k0.

This theorem makes our approach complete for the TSO and the PSO memory models.

We implemented this approach in a tool ProofTraPar which works very competitively

against state-of-the-art tools.

For language memory models which are defined axiomatically, like C11, we explore

the possibility of using concurrent separation logic (CSL) as a feasible proof method.

We consider the C11 memory model and extend CSL to propose Relaxed Separation



Logic (RSL). We apply the idea of the transfer of ownership from CSL to model different

atomics proposed in the C11 model.



lkjka'k 

dbZ&dksj çkslslj igys ls gh çkslslj m|ksx esa cgqr çfpfyr gks x, gSaSaA vktdy yxHkx gj e'khu 

bu dbZ&dksj çkslslj ls cuh gSA buesa ls vf/kdrj çkslslj dke dh xfr dks c<+kus ds fy, funsZ'kksa 

ds Øe dks cny nsrs gSa ifj.kkeLo:i ,d ,slk çksxzke tks fcuk Øe cnys lgh lkfcr fd;k x;k Fkk] 

Øe cnyus ds ckn ,d xyr ifj.kke ns ldrk gS A blfy, bu çksxzkEl dks lgh lkfcr djus ds 

fy, cnys gq, Øe dks /;ku esa j[kuk cgqr t:jh gks tkrk gS A bl dke esa ge dqN eseksjh e‚MYl] 

tks fd funsZ'kksa ds Øe dks vyx&vyx rjhds ls cnyrs gSa] dks le>rs gSa vkSj ;g ns[krs gSa fd og 

fdlh çksxzke ds lgh dke djus ds xq.k dks dSls çHkkfor djrs gSaA  

bl Fkhfll esa ge Vªsl foHkktu vk/kkfjr ,d fof/k dks çLrkfor djrs gSa tks fd ;g ekywe djrh gS 

fd dksbZ çksxzke fdlh fn, gq, eseksjh e‚My esa lgh rjhds ls dke djsxk ;k ughaA bl Vªsl foHkktu 

dh  fof/k dh çHkko'khyrk fn[kus ds fy, ge rhu eseksjh e‚MYl ds lkFk  dke djrs gSa ftudk uke 

,llh] Vh,lvks] vkSj ih,lvks gSA fdlh çksxzke ds gj fØ;kUou dk çfrfuf/kRo djus ds fy, ,d 

vYVsjusfVax QkbukbV vkVkseSVk vk/kkfjr fuekZ.k djrs gSaA bl vYVsjusfVax QkbukbV v‚VksesVk  ds 

}kjk ,d rjg ds lHkh fØ;kUou ,d lkFk cuk;s tk ldrs gSaA lhfer MkVk Mksesu gksus dh otg ls 

bl rjg ds v‚VksesVk Hkh lhfer gh curs gSaA bl fof/k dks ,llh eseksjh e‚My esa ç;ksx djus ds ckn 

ge bl fof/k dks Vh,lvks vkSj ih,lvks eseksjh e‚My ds fy, Hkh vkxs la'kksf/kr djrs gSaA bl Øe esa 

ge ;g lkfcr djrs gSa fd vlhfer eseksjh cQj esa çksxzke dks lgh fn[kus ds fy, mls dsoy ,d 

fuf'pr cQj vkdkj rd gh lgh fn[kkuk i;kZIr gksrk gS A bl fof/k dh n{krk dks okLrfod çksxzkEl 

ij fn[kus ds fy, geus bldk ,d çksxzke cuk;k ftldk uke çwQVªsij j[kkA ;g çksxzke nwljs 

ledkyhu çksxzkEl ds le{k dkQh tYnh vkSj vPNk dke djrk gSA blds vykok bl Fkhfll esa geus 

C++ Hkk"kk ds eseksjh e‚My ij Hkh dke fd;k vkSj fn[kk;k fd LokfeRo gLrkarj.k dk ç;ksx djds 

bl Hkk"kk esa fy[ks çksxzkEl dh lR;rk ds ckjs esa dqN egRoiw.kZ rF; lkfcr fd;s tk ldrs gSa A 
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