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“AnodotikéG YAomotnoelg ATopkwy Ztiyptotunwyv Kowvoxpnotng Mvrung”

NEPINAHWH

Tnv tehevtaia dekaetia £xel auénBel aloONTa n Xprion Twv MOAUTIUPNVWV CUCTNUATWY,
oL epapuoyEC Twv omoilwv KaAUTITouV €va gupl daoua, onweg EEumva thAEdwva Kal
UTIOAOYLOTEG €WG OLOKOULOTEG 0 olyxpova TAnpodoplakd kévipa. Ta moAumupnva
CUOTNUATA TTOPEXOUV KOAUTEPEC EMLOOCELG LOVO UTIO TNV IpoUnoBeon OTL oL ebapHOYEC
TOUC MUMOPOUV VOl XPNOLUOTOLiOOUV TIC SuvatotnTeC TOANAMAWY UTIOAOYLOTIKWY
TupAVWV. QOTOC0 AUTO SeV ElvOL TETPLUUEVO, ULOG TIOU O TTOPAAANAOC TTPOYPOLUATIOUOG
elval apketd SuockoAOtepog amd Tov Oelplakd. H xpron amodoTikwv Kowoxpnotwv
Sopwv debopévwy wotooo, divel Tn duvatotnta MARPOUS ALOTIOINCNG TWV TTOPWV EVOG
TLOAUTIUPNVOU CUCTAUATOG.



Mta StadeSopévn kowvoxpnotn Sour) SeSoUEVWY ELVOL TA ATOULKA OTLYULOTUTIA TAL
omola kot €xouv MANBwpa £opPUOYWY OTNV EMLOTAKN TWV UTIOAOYLOTWV. Ta QTOMIKA
OTlyULOTUTIA. UmopolV va xpnotgomolnBouv ywa tnv emiluon mpoPAnudtwy, Omou
OUYKEKPLUEVEC EVEPYELEG TTPETIEL VOL YIVOUV OTAV N KATACTAGN TOU CUCTHUOTOC LKAVOTIOLEL
KATIOLEG OUVONKeG. EmmpooBeTa, n Xprion QTOUKWVY OTWYULOTUNWVY eival dlaitepa
Sladedopévn yla tnv oxediaon aAld kat tov €Aeyxo opBOTNTAG KOWVOXPNOTWV SOUWV
Sedopévwy, OTWG 0TNV KATAOKEUN concurrent timestamps rj randomized consensus.

Eva  QTOMIKO OTWYULOTUTIO QmOTEAE(TAL OamO M  OUVIOTWOEG, OL OTOLEC
armoBnKeVOULV HLa TLUA amd éva PokaBopLlopévo cuvolo Tiuwyv. OL dlepyacieg pmopouv
va tporornolouyv f/kat va dtapalouv ta amodnkeupéva SESOUEVA TOU OVTLKELUEVOU LECQ
ano v kKAnon twv dtadikacwv UPDATE kat SCAN. H UPDATE 6ivel tn duvatotnta
oTLG Slepyacieg va TPOMOTIOLCOUV TNV TLUN ULOG CUVLOTWOAG BETOVTOG 08 AUTA ULa TLUN
amo To MPoKaBoPLoUEVO GUVOAO TIHWVY. ATO TNV GAAN, N SCAN emiotpEdel Eva GUVETIEG
avtiypado Twv TIHWV OAWV TWV CUVIOTWOWV TOU OTLYULOTUTIOU. 2TV tapoloa pyacia
pueAetape SLAPopeC KATNYOPIEC ATOULKWY OTLYULOTUTIWY. Mpwta HeAETApe Ta single-
scanner oTLYULOTUTIO, O€ QUTEC TG UAOTIOLNOELG LOVO pLa evepyn) SCAN emutpEnetal va
UTTAPXEL OTO OUOTNUA OTMOLOSHATIOTE XPOVIKN) OTLYUN, TAUTOXpova TO cUOTNUA OPWE
unootnpilel tnv ouvumapén moAAwv UPDATE. Muwa &gUtepn katnyopia eival ta multi-
scanner oTLyULOTUTIA, OTIOU AUTA UTIOOTNPIL{OUV VA TACA XPOVLKH OTLYUA TNV Untapén oto
ocvotnua moAwv UPDATE aM\d kat SCAN. Mua 18laitepn nepintwon, Twv multi-scanner
elval ta A-scanner oTlyulOTUTIA, OTIOU aUTA umootnpilouv A evepyéc SCAN ava maoca
XPOVLIKN OTlyun kot ocodnmote moAég UPDATE. Otav to A eival (00 e TO GUVOALKO
mANBo¢ Slepyacuwy o€ éva cuotnua ToTe éva A — scanner ATtoUKO OTLYULOTUTIO €lval
Tautoonuo Pe Eva multi-scanner.

Itnv napovoa epyacia, mapouotalovtal dUo wait-free UAOTIOLAOELS ATOULKWVY
otyulétunwy. H mpwtn amoteAel uAomoinon €vog single-scanner OTLYULOTUTIOU EVW N
Oeltepn eival ulomoinon &vog A-scanner OTWYULOTUTIOU. TOOO 1N XPOVIKI TOUG
TLOAUTTAOKOTNTA 000 KOl N XWPLKN TOUG TTOAUTTAOKOTNTA (VAL YPAUULKI) OUVAPTNON TOU
A. EmumpooBeta, oL UAOTIOLNOELG HaG €XOUV OXETIKA XOUNAR XWPELKA TOAUTAOKOTNTO
Buoldlovrtag HEPOC TNG XPOVLKAG TTOAUTIAOKOTNTAG. H XYaunAn xwpLki TOAUTTAOKOTNTA TTOU
TLAPEXOUV OL UAOTIOLNOELG HaG TLG KOOLOTOUV EAKUCTIKEG O €PAPUOYECG TIPAYHOTIKWY
OUOTNUATWV.

ApxKa Tapouotaletal plo oAy vAomoinon €vog single-scanner oTLYULOTUTIOU,
tnv omoia ovopdloupe 1 — OPT. Auti n uvlomoinon xpnowornotei O(m) CAS
katoxwpntég. H UPDATE €xeL xpovikn moAurthokotnta O (1), evw n SCAN O(m).



T€Aog mapouaotaletal pa uhomoinon evog A-scanner OTLYULOTUTIOU, TNV omola
ovopalouvpe A — OPT. Auti n ulomoinon xpnowormolel O(Am) Katoxwpntég mn
Tenepaopévou peyeBoug. H xpoviki moAumhokotnta tng UPDATE eival O (A1) evw ekeivn
™G SCAN eival poig 0 (Am).
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“Efficient Implementations of Concurrent Snapshot Objects”

ABSTRACT

During the last decade, there was a rise on the use of multicore and many-core systems.
Their application covers a huge range, from customer products like smartphones and
laptops to servers that equip modern data centers. The multicore and many-core systems
can provide better performance only if the user can use their potential, although this is
not a trivial task since parallel programming is much harder than serial programming. In
order to use to the fullest the power of such a system, utilization of efficient
implementations of concurrent data structures is needed.

A snapshot object is a concurrent data structure that has numerous applications
in concurrent programming. Snapshots can be used to record the state of the system, so
they can provide solutions to problems where an action should be taken when the global
state of the system satisfies some conditions. Furthermore, snapshots have been widely



used for the design and verification of distributed algorithms such as the construction of
concurrent timestamps and randomized consensus.

A snapshot object is a concurrent data structure that consists of m components,
each component storing a value from a given set. Processes can read/modify the state of
the object by executing the operations UPDATE and SCAN. An UPDATE operation gives
processes the ability to change the value of a component of the snapshot, while the SCAN
operation returns a “consistent” view of all the components of the object. In this thesis,
two variants of concurrent snapshot objects are studied. The first one is the single-
scanner snapshot object which, can support only one active SCAN operation on any given
time (whilst supporting many concurrent UPDATE operations). The second one is the
multi-scanner snapshot object that can support multi concurrent SCAN operations at any
given time. A variation of a multi-scanner snapshot object is a A-scanner snapshot object,
where the latter can support only A different SCAN operations to be active at any given
time.

In this work, two wait-free, linearizable implementations of snapshot objects are
presented. The first one is an implementation of a single-scanner snapshot object, and
the second one is an implementation of a A-scanner snapshot object. The operations that
are supported by those implementations have a step complexity that doesn’t correlate
with the number of active processes of the system n, while the space and step complexity
of the A-scanner object is a function of A. Furthermore, our implementations have been
designed to maintain relatively low space complexity even if that means sacrificing some
step complexity. The low space complexity that our implementations provide makes them
more appealing in real system applications.

We first povide a simple implementation of a single-scanner snapshot object,
called 1 — OPT. This implementation uses O(m) CAS registers of unbounded size. The
UPDATE has a step complexity of O(1), while the SCAN has a step complexity of O(m).

Then we present a A-scanner snapshot object, called A — OPT that is based on
1 — OPT. When the number of A is equal to the number of processes in the system, 1 —
OPT implements a multi-scanner object. This implementation uses O(Am) CAS registers
of unbounded size. The UPDATE implementation has a step complexity of 0(4), and the
SCAN has a step complexity of O(Am). This implementation is also wait-free and provides
a trade-off between the step/space complexity and the maximum number of SCAN
operations that can afford to be active on any given point in time.



