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“ |coPPOMWVTOG TO KOOTOG TNG OLVAKTNONG XWPOU Kot Tou avénpuévou 1/0 ot
ocuotrpata KAELSLoU-TLHNG Baotopéva oto LSM 8€vtpo e tnv uBpLdikr) tonobétnon
{euyaplwVv KAELSLOU-TLUAG ”

NepiAnyn

H texvikn tng dtoxwplong KAELSLOU-TIUAG ELOAYEL TUXOLOTNTO OTA poTiBa mpooBaong
WOTE Vo HELwOoEeL To emumAéov |/O ota cuotripota KAEWSLOU-TIUNG TTou €ival Baclopéva
oto LSM &€vtpo Kkal oToxelouV TLG yprYOpEeG oUOKEUEG amoBrikeuong (NVMe). H texvikn
™¢ Staxwplong KAEWSLOU-TIUNC amoBnkevel ta {euydpla os €va log Kal amoBnkeUel
KArmola. petamAnpodopia yla TNV avaktnon twv O6eSopévwyv OTO EUPETHPLO TOU
cuotnuartog. Map' OAa auTtd n TEXVLKN TNE StaxwpLong KAELSLOU-TLUAG EXEL EVO GNLLOVTLKO
HELOVEKTNUO TIOU TN KAVEL AlyOTEPO €AKUOTIKN. T TIG Asttoupyieg Slaypadng kot
EVNUEPWONG TIOU €lval onUAVTIKES yia Ta workloads mou epdavilovtal otn Blopunxavia
mipokaAoUv cuxva tnv akpPn Asttoupyia avaktnong xwpou (Garbage Collection) oto log


https://zoom.us/j/91906158786

TOU CUOTAMATOG KoL KABLOTA TA CUCTIUATA TTOU XPNOLUOTIOLOUV QUTH TN TEXVLKN VO NV
glval MpaKTIKA.

Ie autn TNV gpyaocia, oxedlaloupe kal bAomoloUpe to Parallax, To omolo mpoteivel pia
uBpLldIk TomoBétnon Ttwv leuyaplwv KAELSLOU-TIUNAG TIOU HMELWVEL TO KOOTOG TNG
OVAKTNONG XWPOU CNUAVTLKA KoL LEYLOTOTOLEL TO KEPSOG OTAV AMOONKEVOUE TIG TLUEG
o€ éva log. Npwta povteAomoloU e Ta KEPSN TN TEXVIKAG Staxwplong KAELSLOU-TLUAG yLa
Sladopa peyEON. XpnoLLOTIOLOUE TO LOVTEAD YL VO KATNYOPLOTIOLOOUHE Ta {euydpla
KAELSLOU-TIUNG OE TPELG KATNYOPLEG OTN UIKPN, TN LECAL, KOL TN UEYAAN.

ITtn ouvéxela, to Parallax xpnowomolel SlapOopPeTIKEG TPOOEYYIoELG yla T KABe
katnyoplia: TomoBetel ta peydha {euydpla mavta o€ éva log kat ta pkpd {euydplo mavta
oTo eupetnplo. MNa TNV pecala Katnyopio XpNOLUOMOLEL LA MELKTA OTPATNYLKN TOU
ouvbualel ta kEpSN Tou log yla OAa €kto¢ amd ta teAeutaia emineda (ouvABwg To
teAevutalo ) mpoteAeutaio) otnv LSM Sopur, OTou payUaTomoLEL pia TARpn capwaon oTo
log koL TomoBetel TIC TIHEG LECA OTO EUPETNPLO. META TN 0APWON AVOKTA TO XWPO TOU
peoaiou log xwpig va xpelaletal n Aettoupyla tng avaktnong xwpou (Garbage Collection).

ITNV TEPAMATLKA Hag avaAluon cuykpivoupe To Parallax pe tn RocksDB mou tomoBetet
OAEC TG TIUEG LECA OTO EUPETNPLO TNG Kot T BlobDB mou tomoBetel OAEG TG TIUEG OF Eval
log. KataAnyoupue otLto Parallax auv€avel tnv anodoon amno 12.4 péxpt 17.83x, LELWVEL TO
eruumAgov 1/0 amo 26 pexpl 27.1x Kot aUEAVEL TNV ATTOTEAECHATIKOTNTA TOU EMEEEPYAOTH
a6 18.7 péxpl 28x avtiotoya yla 0Aa ta workloads tou YCSB ektOG¢ amd autd mou
Bacilovtal o scans.
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“Balancing Garbage Collection vs I/O Amplification using hybrid Key-Value Placement
in LSM-based Key-Value Stores”

Abstract

Key-value (KV) separation is a technique that introduces randomness in the 1/O access
patterns to reduce 1I/O amplification in LSM-based key-value stores for fast storage
devices (NVMe). KV separation has a significant drawback that makes it less attractive:
Delete and especially update operations that are important in modern workloads result
in frequent and expensive garbage collection (GC) in the value log.

In this thesis, we design and implement Parallax, which proposes hybrid KV placement
that reduces GC overhead significantly and maximizes the benefits of using a log. We first
model the benefits of KV separation for different KV pair sizes. We use this model to
classify KV pairs in three categories small, medium, and large. Then, Parallax uses different
approaches for each KV category: It always places large values in a log and small values in
place. For medium values it uses a mixed strategy that combines the benefits of using a
log and eliminates GC overhead as follows: It places medium values in a log for all but the
last few (typically one or two) levels in the LSM structure, where it performs a full
compaction, merges values in place, and reclaims log space without the need for GC.

We evaluate Parallax against RocksDB that places all values in place and BlobDB that
always performs KV separation. We find that Parallax increases throughput by up to 12.4x
and 17.83x, decreases |/O amplification by up to 27.1x and 26x, and increases CPU
efficiency by up to 18.7x and 28x respectively, for all but scan-based YCSB workloads.



