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“Anodotikn Avtiypadn Eupetnpiwv yia Zuotipata Moviung Alofnkeuong
Zeuyaplwv KAeld100-Tiung Baotopéva os LSM”

NepiAnyn

Ta cuvotuata anobrikevong evyaplwv KAEWSLOU-TIUNG Baolopéva o 6évdpa Log-
Structured Merge (LSM) é€xouv yivel éva PBaolkO KOUMATL TWV AOYLOULIKWV
amoBnkevong Oedopévwv oe kévipa OSedopévwy Kal UMNPECIEC UTTOAOYLOTIKWV
vedwv. TETOlA OUOTAUOTO TIPEMEL va avilypadouv Ta Sdedopéva Ttoug, alAd Kot
puetadedopéva OMWE TO EUPETHPLO, WOTE VO VA EMITUXOUV va €ival aflomota Kot
SlaBéopa. Q¢ Twpa, Ta cuoTAUATa amoBrnkeuong anopeuyouv va Snuoupyoulv Ta
avtiypada twv dedopévwy oto eninedo Tou cuoTHUATOG anobrnkeuong (evyapLwV
KAELOLOU-TIUAG KOl TIPOTIHOUV va KAVOUV auTéEC TIC Olepyacieg oe unAotepa
oTpwpaTa, OMWE yla apadsypa otnv Pacn Sedopévwy OV TPEXEL TTAVW ATIO TO
ocvotnua amoBnkeuong leuyoplwv KAEWSLOU-TIUAG. MoaAaitdtepol  oxeSilaopol
CUOTNUATWY amoBnkeuong KAEWSLOU-TIUNC TPOTLHOUV VO LELWOOUV TNV KUukAodopia
oto Siktuo Kot va auénoouv to PEYEBOC TwV aTnUATWY gyypadrc Sdedopévwy otov
6loko. Emopévwe ekteAolv compactions yla va avadlopyavwaoouv Ta dedopéva Katl
ota KupLla Kat ota Seutepevovta aviiypada twv dedopevwy, adou anopelyouv va
oteilouv 1O gupetrplo xpnolponolwvtag to Siktuo. Kabwg 6Aot ol kOpPBol os €va
KaTaveUnUévo ouvotnua amobnkeuong leuyaplwv KAEWSLOU-TIUNG A£LTOUPYOUV
TouTOXpPOVA WG KUPLOL Kol WG Seutepelovteg KOUPoL yia Stadopetika dedopéva, pia
TETOlA TPooEyyLon PAATTEL TNV antddoon 0AGKANPOU TOU CUCTHUATOG.


https://zoom.us/j/96070560075

Ze autn TNV gpyacia, oxedlaloupe Kal UAomoloU e To Tebis, éva anodotikd cuotnua
anoBnkevong {evyoplwv KAeLSLOU-TUNG Paoclopévo oe 6€vépo LSM pe otdoxo tnv
Opaotik peiwon tou I/O amplification kal tou emefepyactikol KOOTOUG ylo Ta
Sdeutepelovta avtiypada wote va yiveL TPAKTIKN N avtlypadr twv SeSopévwy oTo
eninedo tou cuotAuaTog amodrkeuong levyaplwyv KAELSLOU-TIUAG. Baowopaote ot
Vo napatnpnoelg: (a) n avénuévn xprion tou RDMA ota kévtpa Se6ouEVwy, TO Omoio
HELWVEL TO EMEEEPYOOTIKO KOOTOG yla emikowwvia HeTaly koupwv kat (B) tnv
Slodebopévn xpnon Ttou Sloxwplopol leuyoplwv KAELSLOU-TIUNAG O oUyxpova
ocuvotnuata amoBnkeuong leuyaplwv KAEWSLOU-TIUNAG.  XpnollomoloUe  €va
TPWTOKOAAO avtiypadnig dedopévwy primary-backup omou pévo o kUpLog KOUBOC
UTTOAOYLZEL TO EUPETNPLO KOL OTN CUVEXELA TO OTEAVEL O OAOUC TOUCG SEUTEPEVOVTEG
KOpBoug, anodelyovtag £ToL OAa Ta compactions otoug Seutepevovteg KOpBoug. H
TMPOOEyylon Hog mepAapBAvel kol €vav omoSOTIKO UNXOAVIOUO HETADPAONG TWV
Selktwv Tou eupetnpiou petatly SlodpopeTikwv KOUPwv. Ta amoteAéopata HOG
Selyvouv otL To Tebis pewwvel to I/0 amplification €wg kat 3 popEg, To enefepyaoTikd
KOOTOG £w¢ Kal 1,6 dpopEC, KAl TNV LvhN TTou XPELAleTal yia Tnv eyypadn dedopévwv
€wg Kot 2 ¢opég, auvéavovrag ta Sedopéva tou Siktuou £wg to ToAU 1,3 dopéc.
JuvoAlKa, Seixvoupe OtL N PEBOSOG pag £xel 0hEAN OKOUO KOL OE TIEPLITTWOELG OTIOU
TO PULKPA KAELSLA KupLapxouv (80% - 90% Tl TOU CUVOAOU KAELSLWV-TIUWV). TEAOC, N
HEBOSOG pOG ETUTPETMEL O ocuoTAUaTa amoBrnkeuong {evyaplwv KAEWLOU-TIUAG va
AeltoupyoUV e peyalUtepoug puBuouc avénong dedopévwy ano eninedo oe eninedo
(growth factor), onwg 10 €w¢ 16, HELWVOVTOG TNV TIEPLTTH XPRON AmoBNKeUTIKOU
Xwpou Adyw Twv moMamAwv emunédwv (space amplification) xwpig va emudépel
EMEEEPYAOTLKO KOOTOG.
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"Tebis: Efficient Index Replication for Persistent LSM-based Key-Value Stores

Abstract
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Log-Structured Merge tree (LSM tree) Key-Value (KV) stores have become a
foundational layer in the storage stacks of datacenter and cloud services. Current
approaches for achieving reliability and availability avoid replication at the KV store
level and instead perform these operations at higher layers, e.g., the DB layer that
runs on top of the KV store. The main reason for taking that approach is that past
designs for replicated KV stores favor reducing network traffic and increasing I/0 size.
Therefore, they perform costly compactions to reorganize data in both the primary
and backup nodes since they avoid sending the index over the network. Since all nodes
in a rack-scale KV store function both as primary and backup nodes for different data
shards (regions), this approach eventually hurts overall system performance.

In this paper, we design and implement Tebis, an efficient rack-scale LSM-based KV
store that aims to significantly reduce the I/O amplification and CPU overhead in
backup nodes and make replication in the KV store practical. We rely on two
observations: (a) the increased use of RDMA in the datacenter, which reduces CPU
overhead for communication, and (b) the use of KV separation that is becoming
prevalent in modern KV stores. We use a primary-backup replication scheme that
performs compactions only on the primary nodes and sends the pre-built index to the
backup nodes of the region, avoiding all compactions in backups. Our approach
includes an efficient mechanism to deal with pointer translation across nodes in the
region index. Our results show that Tebis reduces in the backup nodes, I/O
amplification by up to 3x, CPU overhead by up to 1.6x, and memory size needed for
the write path by up to 2x, without increasing network bandwidth excessively, and by
up to 1.3x. Overall, we show that our approach has benefits even when small KV pairs
dominate in a workload (80%-90% of the total key-values). Finally, it enables KV stores
to operate with larger growth factors (from 10 to 16) to reduce space amplification
without sacrificing precious CPU cycles.



