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NEPINAHWH

OL edapuoyéc ouviBwg mpoomelalvouv T OUOKEUEG  amoBrkeuong
Xpnolpomnolwvtag KANoelG cuotiuatog (system calls) yia avayvwon kat eyypadn.
EmumtAéov, xpnolwdomolouv Mo Kpudry HUVARN yla va UELWOOUV TI aKPLBEC
TIPOOTIEAACEL OTIC OUOKEUEG amobrkeuong. Qotdco, CUCKEUEC amoBrikeuong
vPNnAnG taxvTnTog, apExouv MAEov pooBacon ota Sedopéva og xapunAo xpovo. Kata
OUVETIELQ, TO KOOTOG TwV avalnToswyv otnV Kpudr uvhiun (mou yivete oe AoyLouLko)
OAAQ KOl TwV KAN)OEWV CGUOTIUATOG YIVETOL ONUOVTIKO UTIO QUTEC TG OUVONKEG.


http://video.ucnet.uoc.gr/live/show/320
https://www.youtube.com/channel/UC7uE3QiMTQjkrpByB_Gnt6Q/live

Ze autn t OSwtpPn, mpoteivoupe tnv Slaxeipon ™G Kpudpng HUVAUNG TOU
xpnotporoleitat yia eicodo/€€060 (E/E) HEOW QMELKOVIONC TWV CUCKEUWYV OTN UVAUN
(memory mapped 1/0), pe otoxo tnv e€AAewn TOU KOOTOUG OTIC TEPLUTTWOELG
evotoyiag (hits) otnv kpudn pvApn. Me TNV AMELKOVLON TWV CUCKEUWV amoBnKeuong
otn MvNun (Linux mmap), o xprioTtngG UMoPEL va QIMELKOVICEL Eval ApPXELO OTOV XWPO TWV
glkovikwy SleuBuvoewv plag Slepyaociag kat va amnoktroetl mpooPaon ota dsdopéva
TOU XPNOLUOTIOLWVTOC TIG €VTOAEG doptwong kat eyypadng (load/store) tou
eMe€epyaOTH. Z€ QUTHV TNV TIEPLMTTWON, TO AELTOUPYLKO cloTNUa elval ulteuBuvo yla
™ petadopd Sedopévwy PeTa TNG KUPLOG LVANG KOL TWV CUCKELWV amobnkeuong,
™ Snuloupyio/Kotaotpodr AVILOTOLXIOEWV ELKOVIKAC ME UGCLKA HVAUN KoL TOV
XEPLOUO TNG amoppuPng Kot eyypadng ceAibwv tng KpudNG UVAUNG OTLG CUCKEUEG
anoBrkeuong. Emopévwg n Staxeiplon Twv mpooBAacewv otnv KPUdN KV N TIou elvat
gvotoxeg (hits) yivetat €€ oAokApou amod To UAIKO MECW TOU HNXOQVLOMOU yla TNV
HETADPOON ELKOVIKWY SLlEUBUVOEWV.

Apxika, oxedlaloupe KoL UAOTIOLOUME €va clotnua  amoBnkeuong leuyaplwv
KAELSLOU-TIUAG TIOU XPNOLUOTIOLEL TNV QTTELKOVLON OTN UVAUN Yyl TV Slaxeiplon tng
KpudnG uvNung EE kot yia va aAAnAemidpd e TIG CUOKEUEG amoBrkeuong. Itnv
OUVEXELQ, TIAPOUCLAJOUUE TA TIAEOVEKTHUATA TOU OE OUYKPLON MUE TIG avalnTAOELG
otnV Kpudr HvhAUn ou gival UAOTIOLNUEVN O€ AOYLOULKO. AEiXVOULE OTL TO LOVOTATL
OTO AELTOUPYLKO cuoTNUa Linux ylo TNV QmELKOVION OTn UVAMUN TWV CUOKEUEG
anoBnkevong €xel MOAAG TpoBARUATA OTNV MEPIMTWON £PAPUOYWV HE HEYAAEG
avaykeg o mpooPacn SeSopuévwy MAVW ard CUCKEVEC Ypryopng armobnkeuong, otav
To oUvolo Twv O&ebopévwyv TOug Oev XwpAa otn KOPLA WPVAUN. € autd
niephappavovtat: (1) n EAewdn eAéyxou yla tnv anoppupn ceAibwy, L6KA KATA TNV
TEPUMTWON TWV gyypadwv, (2) n KN EMOPKNC KALLAKWON O cuvaptnon Ue tTnv avénon
ToU aplBpol Twv vnuatwy Kot (3) to uPnAd K6oToG TWV opaApdtwy ceAidag mou
oupBaivouv KaTtd TNV SLAPKELD TWV ACTOXLWV OTNV KPpUdr UVAUN.

Katomiv, mpoTelvoupE TEXVIKEG ylaL TNV QVILLETWTILON QUTWV TWV UELOVEKTNUATWV.
Mpotelvoupe €vav UNXAVIOMO TIou Xelpilletal TNV amoppun KoL OVIIKATAOTAON
OEASWV pPvRUNG Ke Baon TLg avaykeg tng edpappoync. Na va dei€ouvpe tn dSuvatodotnta
epappuoyng tou, oxedlaloupe kot UAomoloUUE Eva cUoTnUa amoBnkeuvong levyapLwyv
KAELOLOU-TLUAG TIOU XPNOLUOTIOLEL AUTOV TOV UNXOVLOUO. 2T CUVEXELA, KOTOPYOUUE
O\ TOL KEVIPLKA ONUELD OCUVWOTIOMOU KATA TOV CUYXPOVIOMO OTO HOVOTIATL TNG
npaypotonoinong E/E péow amelkoviong otn pvAun. O oxedlaopdg pag mapéxel
KALLOKWOLUN amodoon e T CUOKEVECG amoBrkeuong Kabwe auvéavetal o aplOuog
TWV MUPAVWYV KAl VNUATWV 0TouG eEUTNpetnTEC. TEAOC, Staywpiloupe TNV Mpootacia
KOl TLG KOLVEG AELTOUPYIEG OTO HOVOTIATL KOTA TNV TPOCBOCN OE YPriYOPEG CUCKEVEC
amoBrkeuong HEOW  AMEKOVIONG OTn  MVAUN.  AELOTOLOUPE  ETEKTAOELS
€lKkovikomoinong (virtualization extensions) Tou emegepyaotr) yla va HLEWWOOUWE TO
KOOTOG Twv odpaApatwyv ceAidag (page faults) kat va diwatnpricoupe tnv Loxupn
TPOOTACLO LETAEY XPNOTWV TIOU TIOPEXEL TO AELTOUPYLKO GUOTNHA.



AELOAOYOUUE TIG TIPOTELWVOUEVEG ETIEKTAOELG XPNOLLOTIOLWVTIAG KUPIWG cuoThuata
amoBrikeuong leuyoplwv KAELSLOU-TIUAG TIOU OIMOTEAOUV ONUAVIIKO KOUMATL yLla
MOAQ ocuotnuata enefepyaoiag kot efumnpétnong Sedopévwv kal Seiyvoupe
ONUAVTIKA 0dEAN 6oov adopd TNV KOTAVAAWON 0 KUKAOUG TOou eMefepyaotr, TNV
anodoaon kat TNV npoPAePuotnta.

ErupAénwv: Kabnyntng, Ayyehog Mmidag

ABSTRACT

Applications typically access storage devices using read/write system calls.
Additionally, they use a storage cache to reduce expensive accesses to the devices.
Fast storage devices provide high sequential throughput and low access latency.
Consequently, the cost of cache lookups and system calls in the I/O path becomes
significant at high I/0O rates.

In this dissertation, we propose the use of memory-mapped I/O to manage storage
caches and remove software overheads in the case of hits. With memory-mapped I/O
(i.e. mmap), a user can map a file in the process virtual address space and access its
data using processor load/store instructions. In this case, the operating system is
responsible for moving data between DRAM and the storage devices,
creating/destroying memory mappings, and handling page evictions/writebacks. Hits
in memory-mapped I/0 are handled entirely in hardware through the virtual memory
mappings.

First, we design and implement a persistent key-value store that uses memory-
mapped I/0 to interact with storage devices, and we show the advantages of memory-
mapped I/0 for hits compared to explicit lookups in the storage cache. Then we show
that the Linux memory-mapped |/O path suffers from several issues in the case of
data-intensive applications over fast storage devices when the dataset does not fit in
memory. These include: (1) the lack of user control for evictions of 1/0s, especially in
the case of writes, (2) scalability issues with increasing the number of threads, and (3)
the high cost of page faults that happen in the common path for misses.

Next, we propose techniques to deal with these shortcomings. We propose a
mechanism that handles evictions in memory-mapped 1/O based on application
needs. To show the applicability of this mechanism, we build an efficient memory-
mapped 1/O persistent key-value store that uses this mechanism. Subsequently, we
remove all centralized contention points and provide scalable performance with
increasing 1/0O concurrency and number of threads. Finally, we separate protection
and common operations in the memory-mapped |/O path. We leverage CPU



virtualization extensions to reduce the overhead of page faults and maintain the
protection semantics of the OS.

We evaluate the proposed extensions using mainly persistent key-value stores that
are a central component for many analytics processing frameworks and data serving
systems. We show significant benefits in terms of CPU consumption, performance
(throughput and average latency), and predictability (tail latency).
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