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NEPINAHWH

H €€€A€n oTOV XWPO TWV KOTOVEUNMEVWY CUCTNUATWY Slaxeiplong dedopévwy,
dlaitepa HLOG KATNYOPLOC TETOLWY CUOTNUATWY TTOU avartuxbnkav ta tTeAsutaia 15-
20 xpovia yvwota Kal w¢ cuotiuata NoSQL, eival paydaia. Mwa mAnBwpa TETolwv
ovotnuatwyv Paociletol oe TMoOKIAeG oxeSLAOTIKEG amodACELS TTOU £0TLALOUV OTNV
BeAtiotomoinon ylo CUYKEKPLUEVOUC TUTIOUC dapuoywy, HopPpwv SeSopévwy Kal
XOPOAKTNPLOTIKWY GOpTOU epyaciac. Ta CUCTAMOTO QUTA AMOTEAOUV cUVAOWG LEPOG
noAvenimedwv edpappoywv Kavwyv va eumnpetouv GOPTO HEYAANG KALHOKOC
(ouvnBwc mpoepxouevo amd to Internet) katw amd moAUTAoKeC ouvOnkec. Evag
ONUAVTLKOC 0TOXOG Ylat TOUC TTopOX0UG UTINPECLWY £lvat va Staodalicouv to eninedo


https://diavlos.grnet.gr/epresence-conference-9951
https://www.youtube.com/channel/UC7uE3QiMTQjkrpByB_Gnt6Q/live

anddoong TwV CUCTNUATWY QUTWV TIAPA TIG ECWTEPLKEG N eEWTEPLKEG AANAYEG Kal
TIPOKANOELG TIOU avTLUETWIi{ouV. Evag TETOLOG 0TOX0C UIMopEl va emiteuxBel péow
HUNXOVIOUWY TIPOCAPHOYNG TIOU EMLTPEMOUY oTa cuotnuata Siaxeipiong dedopévwv
va mpooapuolovial ot aAlayég autopoata Kot Ue Sladdvela, Slatnpwvrag
TIAPAAANAQ TOUG OTOXOUG KOl TNV AMOSOTIKOTNTA TOUG.

e auth tn SlatplPr] SLEPEUVOUUE UNXAVIOUOUG TIPOCAPUOYNAG O KOTAVEUNUEVA
ovotnuata Siaxeiplong Sedopévwy ToOU €PYOVIalL OVTLLETWNO HE OAAAYEG TOU
ninyalouv €lte amo TO €0WTEPLKO TOU (6lOU TOU CUCTAMATOC N MO e€wWYeVE(C
napayovteG. MeAetdpe Slaitepa aAAayEG TOU QVTIUETWIEL TO ouoTnUA AOyw
avénong tou GOPTOU €PYACLOC, TNV EKTEAECH EKTAKTWV/TIEPLOSIKWVY SpACTNPLOTHTWY
OTO TIAPAOKNAVLO 1 TNV AaAANAEMiSpaon Kal CUVEPYELD UE EEWTEPLKA CUOTALOTO TA
ormola efeAiooovtal avefdptnta Kol TapaAAnAa pe Ta cuothpota Slaxeiplong
Sebopévwy. Mpoteivoupe VEOUC UNXAVIOUOUC TIPOCAPOYHG TWV CUOTNUATWY KaBwg
Kol PBeATIWOELS Ot UPLOTAUEVOUG HNXOVIOUOUG ot Ttpia Stadopetika mAaiola
(EAaOTIKOTNTA TOU OUOTAHOTOC, SlaXelplon TNG EMIMTWONG SpACTNPELOTATWY TOU
EKTEAOUVTAL OTO TIOPAOKNVIO KOL OTOSOTIKOTEPN OUVEPYELA Kal aAAnAemiSpaon He
efwteplka ovotnuata eneepyaciag Sedopévwy). MeAetdue mPokAnoelg mou Sev
elyav aVTILETWTTLOTEL HEXPL OAUEPA HE OTOXO TN PeATiwon TNG CUVOALKNG amodoong
TWV CUOTNUATWV.

ApXLKa goTtlaloupe oTnV GAcn TNG EMEKTAONG TOU CUOTHUATOG KOTA TN SLAPKELD TNG
omolag evowpatwvovtal véoL Topol wote va BeAtwwbel n amoédoon tou Kal va
avtamnokplBel otnv avénon tou GOPToU Kal TWV MPOKANCEWY TTOU AUTH CUVETTAYETAL.
Ta bebopéva avaKOTOVEUOVTOL ECWTEPLKA WOTE OL VEOL Topol va AdBouv Tto
avaloyoUv Ttoug Uepidlo ¢optou. MEeAETAPE TOV AVTIKTUTIO OTnv amodoon Tou
ocvotnuartog e€attiag tng petadopdg Sedopévwy mavw amo To SIKTVo KaTd autr TV
avakatavoun Twv dedopévwy. Mpoteivoupe Evav UNXaviIopo o omoilog dSnuloupyel kat
epapudlel éva mAdvo petadopds Twyv SESG0UEVWY OE UKPOTEPA AUTOVOUA TUAUATAL.
KaBe ¢opd mou n petadopd evog tUAHOTOC TwV Sedopévwyv OAOKANPWVETAL, N
e€umnpétnon tou poptTou mou avtiotolxel ota dedopéva auTd yiveTal amo Toug VEOUG
TOpouC. Me auUTOV TOV TPOTO TO CUVOALKO cUOCTNUA €VEPYOTIOLEL ODEAN TWV VEWV
nopwv kabwg n Sladikacia eméktaong Pploketal akopa umo e€EAEN (mpv
oAokAnpwBel n mAApnG petadopd OAwvV Twv OeOOUEVWV) HPE OMOTEAECHA  va
au€avetal mPooSEUTIKA N CUVOALKI XWPNTIKOTNTA TOU CUCTHUOTOC.

TN OUVEXElM, MeAETAPE OSpaAoTNPLOTNTEC TIOU €KTEAOUVTOL OTO TOPACKAVLO
(Aewtoupyieg yla tnv eowtepikn avodlopydvwon Twv OeSOUEVWV 1) EVEPYELEG
Snuioupyiag avtiypadwv oodpAAslag) oL OMOoIlEC KATAVOAWVOUV TIOPOUG TOU
OUOTNUATOG HE OMOTEAECUO vo €XOUV apvnTikn emibpaocn otnv amnoédoon Tou
ouvotnuatog. OL KOUPBOL TwWV CUCTNUATWY QUTWV €ival ocuvhBw¢ opyavwuévol o€
opadec avtlypadwv yla Adyoug Stabeoipotntog twv Sedopévwy. TuoTipaTa To onola
urnootnpilouv loxupn ouvémela twv Sedopévwy meplopilouv TNV avayvwon Kot
eyypadn twv dedopévwy oe €va umooUVoAo KOUPBwv. Mpotelvoupe €val PNXQVIOUO
TIPOCAPHOYNG TNG OHASAG avTlypddwv woTe oL KOUPBoL TTou eEUTINPETOUV KUpPLWG ToV
doOpTO TWV XPNOTWV va eival autol ol omoiot dev €xouv evepyec Olepyaoieg
mapooknviou. EMUTAEoV MOPATNPOULE OTL O HNXOVIOUOC aAAayng TwV KOUBwWV mou



g€unnpetoLV Tov POPTO TIOU MAPAYOUV OL XPHOoTeG epndavilel pia aduvauia n onoia
oxetiletal pe tnv kpudn pvnun (cache). Autr odelletal oto OtL Ta deutepevovta
avtiypada Sev evnuepwvouv TANPWE TNV cache Toug pe aMOTEAECUO va KNV €lval
ETIOPKWG TIPOETOLUOOMEVO OTAV KAAOUVTOL va EEKLVAOOUV Vol €EUTINPETOUV TOUG
XPNOTEG. AUTH N MaPATAPNON KaG 08 yNoE va MPOTEIVOULE Evav VEO UNXAVLOUO TIOU
ETUTPENEL 0 Oeutepelovta avtiypada va Statnpolv evnuepwiuéves caches. O
HUNXQVLIOUOG Tou mpoteivoupe Baoiletal otnv Sladoon Twv EVTIOAWV avAyvwong o€
OAou¢ TouGg KOpBoug mou dulofevouv avtiypada Twv Sedopévwv Xwpilg va
OANOLWVETAL TO MOVTEAO OUVEMELOG Kal Slabsowpdtntag twv Sedopévwv TOU
OUOCTAMATOG.

Téhog, otn Swatplpry autr Slepeuvolpe ta 0dEAN TOU QUTOUATOU GCUVTOVIGHUOU
KOTOVEUNUEVWY CUOTNUATWYV SLoxeiplong Se60UEVWVY e EEWTEPLKA CUCTAUOTO LE TA
ormoia autd oaAAnAemdpolv (T.X. KOTOVEUNUEVA oOuoTAUATA enefepyaaciag
6ebouévwyv) HEOW TOU OUVTOVIOMOU TNG avamtuéng TwV CUOTNUATWVY Eml Twv
UTTOAOYLOTIKWV Kal armoBnkeuTikwy Nopwv. MNpoteivoue éva cuotnua mou Slepeuva
OUVEXWG EUKALPIEG OUVTOVIOHOU HETAEU TWV OUCTNUATWV Kal PBeATiwvel Tnv
tonoBeoia Twv Sedopévwy wote va Bplokovtal eyyuTtepa oToug OPOUG eNefepyaciog
ToUC. O OUVTOVIOUOC TWV CUCTNUATWY ETLTUYXAVETAL XPNOLULOTIOLWVTOG UNXOVIOUOUG
TIPOCAPUOYNE TIOU oxetilovtal pe TNV dnuoupyla avtlypddwv Kol thv petadopd
S6ebopévwy. ETmAéov peletape yia mpwtn ¢opa 0€ QUTO TO MAALCLO TNV TPOCAPUOYH
TOU UNXOVLOMOU WE tov omoio ta dedouéva Slapepilovial Kal KATAVEUOVTIAL OTOUG
KOUBOUG TOU CUCTHUATOC.

H nelpapatiky afloAdynon Twv PNXOVIOUWY TIOU UEAETWVTOL O auth TNV dtatppn
emPeBalwvel Ta odEAN toug otnv BeAtiwon tng amodoong eupéwg dtadedouévwv
cuotnUatwy. H peAétn aut cupBAaAAeL otnv €€ALEN Twv cuoTnudtwy Slaxeiplong
6ebopévwy TPog TNV KateLOUVON CUOTNUATWY TIOU UIMopPoUV va Tpocapuolovtal
amoSOoTIKA KABWG £PXOVTAL AVILLETWTIA LUE ECWTEPLKEG N EEWTEPLKEC AAAAYEC KATA TNV
SLapkela Tou KUKAOU {wn ¢ Tou .
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ABSTRACT

The evolution of distributed data management systems, especially a class of systems
developed during the last 15-20 years commonly known as NoSQL data stores, has led
to a multitude of designs optimised for different application types, data formats, and
workload characteristics. Given the complexity of the environments they operate in
as parts of multi-tier software stacks driven by Internet workloads, data stores are
facing significant challenges during their operation. An important objective for service



operators is to ensure that data store performance levels and guarantees are
maintained despite internal or external changes that they face. Such an objective can
be reached via automated adaptation mechanisms by which data stores adapt to
changes automatically and transparently while maintaining efficiency and
performance goals as the data store transitions to new configurations.

In this dissertation we explore adaptation mechanisms in distributed data stores facing
internally or externally-induced changes, with a focus on workload variations,
occasional background activities, or the evolution of an external middleware
component that interoperates with a distributed data store. We propose novel
adaptation mechanisms and improvements to existing mechanisms in three different
contexts (data store elasticity, masking background activities, and alignment with
external distributed middleware), aiming to improve the overall performance during
the aforementioned contexts in the lifecycle of scalable data stores, aiming at
challenges that had not been addressed so far.

First, this dissertation focuses on the expansion phase of a data store when the need
arises to adapt its capacity as workload demands increase and the system tries to
improve its performance by incorporating more resources. We study the performance
impact of data transfers over the network during this phase and propose a mechanism
that schedules data transfers in a fine-grain manner, reducing their performance
impact while progressively increasing the processing capacity in an incremental
fashion. The proposed method realizes early benefits from data transfers during the
elasticity action as it incorporates new resources and makes data sub-sections
available prior to completing the full data transfers.

Next, we study the performance overhead of background activities that often impact
data store performance. We propose replica-group reconfiguration as a way to mask
performance bottlenecks in replicated data stores and investigate the benefits of
changing replica-group leadership prior to resource-intensive background tasks (e.g.
internal data reorganization, garbage collection or data backup tasks). Our observation
of an occasional performance glitch during reconfiguration actions, caused by cold-
cache misses in the cache of a new leader that was not adequately prepared for the
transition to the new configuration, led us to propose a new mechanism to maintain
up-to-date read caches across replicas without affecting the data consistency and
availability by disseminating read-hints within the replica group.

Finally, in this dissertation we investigate the benefits of automatically aligning data
stores with distributed middleware systems that rely on those data stores to maintain
their state. We do that by appropriately co-locating data partitions of data store with
processing tasks of the distributed middleware systems. We propose a system that
continuously strives to discover such alignment opportunities across systems and
improve data locality. The alignment actions combine multiple data store mechanisms
in common use, such as data replication and migration, as well as the adaptation of
the partitioning schemes across systems, a mechanism that has not been studied
before in this context.



The evaluation of the proposed mechanisms over widely deployed systems confirms
their performance improvements, advancing the state of the art in distributed data

stores in the direction of systems that adapt more efficiently and in new ways through
internal and external changes in their lifecycle.
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