Unes: lock-free Ha HemoanUUMpyOLLKMX TOM. NOPAAOK
onepauusx

B pamkax gaHHou naeun paspaboTtaem anroputm, koTopsbiii 6yaet lock-free, ecnvu nobasneHne pebpa He HapyLLaeT TEKyLLMI TONONOrMYECKUn NOPSAoK, 1
BepeTcs 6rnokuposka npu onepaumm mogudukaumm. OcHOBHas naes 3aknoyaeTcsi B TOM, YToObl He Npon3BoAUThL "xopolmre" (He HapyLiatowme Ton.
nopsigok) nobasneHns guanyeckn, a 4O06aBNSATb UX B HEKYHO ovepeb.

BHUMAHME! TYT ECTb BAr1! MHOIMO!

cl ass Node {
O der AndEpoch: Long or Descriptor // should have volatile semantics

fun Od(): Int // returns order
fun Epoch(): Int // returns epoch when the order has been nodified

}

data cl ass Descri ptor(newal ue: Long)

shared Epoch: Int
shared AddQueueTail: Milti pl eProducer Si ngl eConsuner Queue<Edge>

shared Ordint: Map<int, Node> // Maps orders to the nodes, for nodifier thread only

fun add((u, v): Edge): List<Cycle> {
retry: while (true) {
/1 Read current epoch and orders of the edge endings
val curEpoch = Epoch
val ordU = u. Order AndEpoch
val ordV = v. Order AndEpoch
/| Check that ordU and ordV are not Descriptors,
/] otherw se help to conplete the operation
if (ordUis Descriptor) {
u. Or der AndEpoch. CAS(or dU, or dU. newval ue)
continue retry
} else if (ordVis Descriptor) {
v. Or der AndEpoch. CAS(or dV, ordV. newal ue)
continue retry
}
/1 Add the edge
if (ordu < ordV) {
/1 Edge could be added without topol ogical order nodification.
/] So add it to the "add" operations queue if the epoch has not been changed
val success = atomically {
AddQueueTai | . add( (u,v) )
assert (cur Epoch == Epoch)
}
} else {
/1 Qtherwi se we should rearrange nodes between v and u
exclusively {
/1 Try to add the edge without nodification after the witer lock is acquired
if (tryToAddW t hout Modi fication((u, Vv))
return noCycles() // just an enpty |ist
per for mAl | Oper at i onsFromAddQueue() // Optimisation only
(newTopOrder, success) = count NewTopOrder() // Count new topol ogical order
if (success) {
/1 1f (u, v) edge could be added successfully,
/'l update the topol ogical order values for other threads.
/1 Add descriptors firstly (for |ock-free unnodifiabl e operations)
for (i =v.Od() .. u.Od())
ordinv[i]. O der AndEpoch = Descri ptor(newlTopOrder[i])
/1 ... Increnent the epoch
Epoch++
/1 Edge (u, v) has been added, but it is not guaranteed
/1 that new edges in the queue do not break new topol ogi cal order,
/Il so check it and revert topol ogical order change if needed
val successAdd = addEdgesFr onfueuel nBat ch()
if (successAdd) {
/1 Edge (u, v) has been added successfully, replace Descriptors with new values if



needed
perfornmDescriptors(v.Ord(), u.Od())
el se {
/1 "Good" edges fromthe queue create a cycle,
/1 revert nodification operation
revert TopOrder ()
/1 Conpl ete previous descriptors replacenent
perfornDescriptors(v.Od(), u.Od())
/'l Revert topol ogical order
for (i =v.Od() .. u.Od())
ordlnv[i]. O der AndEpoch = Descriptor(prevTopOrder[i])

/] Start new epoch

Epoch++

/1 Replace descriptors with their val ues

perfornmDescriptors(v.Od(), u.Od())

/1 Find cycles and return them

return getCycles(u, v)

}
} else {
/1 Find cycles and return them
return get Cycles(u, v)

}
}
return noCycles() // just an enpty |ist
}

fun perfornDescriptors(from Int, to: Int) {
for (i =from.. to) {
val ordl = ordlnv[i].Order AndEpoch
if (ordl is Descriptor) // Oherw se another thread replaces the descriptor with its value before
ordinv[i]. O der AndEpoch. CAS(ordl, ordl.newval ue)



	Идея: lock-free на немодифицирующих топ. порядок операциях

