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BERBHPRZREZR , FEBERTERAINS

. &4 :CPU+GPU/TPU/NPU BFR. K8/ ESMERT
e %% : Ethernet + RDMA / DPU B, {KIER IWNTIHTE
. 1% : DRAM + NVM / NVMe SSD NER. KB= FAEFAL

CPU

Intel Xeon Ethernet

2x 48 cores 100/200 Gbps
w/ HTM

IB CX6

DRAM 2x 200 Gbps

DDR5
512 GB

SRR
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NVM ( AFRASAN )  XIHRR. FHERSR. HUEE. RRER

PP #2 : FROEHIREE. BMHFIIEETEHL

HTM ( ESEH1T7/ACI ) : Transactions, F&iz=H]. VM Introspection
TEE/SGX ( 22[BE ) : o{Sit&. Sandbox, XHgEiR, HhMiritE

RDMA/SmarntNIC (ESTiffFite ) « REdss. SUH. WEEE. B3y s
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amazon.com. =xuE

Amazon SoIU 420 1ellls pel secolu $9 3 b|II|on/day

during its ‘best ever’ holiday season  Alibaba’s ‘Siiigles Day rings up HAETFE
$9.3 billion in new record
9.56 million N PavPal Erpinse
ﬁckeis/dqy e than 9.56 million 11. 6 million
e

“isle “aDec19, anew high payments/day
daily sales, as people rushed to book tickets miluun payments 1o our

home before the Spring Festival. customers per day.
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RDMA 101 Al 1L

RDMATEGELIL

Coroutine @OsbI'16

RDMAZE(E

 One-sided: READ | WRTIE | ATOMIC .
« Two-sided: SEND | RECV « Qustanding Requests @SIGCOMM14
« Doorbell Batching @ATC16
One-sided Primitive Two-sided Primitive e Passive ACK @0SDI'18
CLIENT SERVER CLIENT SERVER
CPU  RNIC RNIC CPU CPU  RNIC RNIC CPU
postl-send postl-send . “ “
i 5 i pol L-comp ?‘k'ﬁﬁg — ’HEEE
12 ‘ 24
:I 2 g o 8% - éazo_' S p— S | Sowe
poll-comp le---=-""""" é% 2V © X ® @ ég:: | < T T m 1 == +outstanding
______ . E o) % A :
| potl-comp - post-send s 4l x N 8§ 8 = ég | - iﬁZEL?f;[ACK
8 ol S >O<H | 41 >C<>|—| é
F Lo O F Lol Sl
One-sided Two-sided One-sided Two-sided

----- % Network Flow ——3> MMIO




HEFRDMAKSHSESLIE

7V \T+1= .ﬂ 13
RDMA+DTX %t READ(A) One-sided Two-sided
. i s
One-sided Z48fA3% - Coordinator NAVF T VT A
@SOSP’15 @FAST’22
DriM FORD Lookup A Read A RPC send RPC recv
+ Two-sided RAMRTE : A’s Store S ' _
FaRM @SO0SP'15 FqSST @OSDI'16
T FRFAERAYOCCHMYEEI Throughput Vv X
30 #Round-trips >=2 1
, = BEFRDMAM SR ESLE |
ﬁ i {8 F§ One-sided i& & Two-sided CPU util low high




iR P HNRSUIERS

HEMYNER
DrTM+H @0sdis . EFRDMARSSTIMDTX A \

EXECUTION VALIDATION LOGGING COMMIT

+ BENREABRDMASLH : one-sided & two-sided R AR ERHIE

v\ owrite

° %&*@#Etm‘iy 1 ﬁBﬁEﬁi‘Eﬁ%U ;1 r e‘ad \l :validate \* *X
NER : FUTIE, BNV, HRL. BRIC g i 21

Lock ¥ write&
B, ” unlock —
Y . S NP = serialization—o» write .
- MR : BURIEFHERDMASLIL , point " committed
* /N S HE AZ 1 MY AZ IAEARRAL =TT
= = DN ESITNZM ERERReE FIRFPRDMASLIE]
IBF200%EMHE | [F{E65%AT3E :
RW-TX RO-TX
21'5 * FaSST-0CC §150 * FaSST-OCC | '22'0 Execution =31 E v L c R v
:1.2 I -4 DrTM+R ; 1 ‘;120 F -4 DrTM+R i 1 ;1.6 3 VT_I;dat:zn 2 1
£05| = D | £ o0 = o o B Gommi, FaRM I II+4I I  II I I
‘_go_a_ B U S -2 .. g 601 [ 3 SR 1 DrTM+R I I+I I I+I I I
8% < § BV -t | FaSST II II II II II II
o L | i 1 I 0 L L L i L L
oThpOt';Jerofﬁac?iisne%cl t)?ﬁss/s;l6 0Thp1t pe?maschin‘ta (I\/?txnes/s)7 /\QOQ ((,gb‘& &Qg (@‘q’ DrTM+H I/ II I/ 1T L. I/ II I/ I I
(goe )



SRR | SR T

HeEk - S SRS | SEI “1+1>2”7
RS« LANEEFRDMAZIL |, BEEESER
FHTM, FEZBRMERENVMERTHE S EREE
HITREG. BE "ZEFEY" =IiRE—INsEEMRYE R

B4 JRiE (primitive)

N\ read | write | cas | xadd | send | recv | ...

xbegin | xend | xcommit | xabort | ...

clwb | sfence | pcommit | nt-store | ...

load | store | ... (on 128-512 bits, SIMD)
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REM THE - FaRM @SOSP'15 FaSST @O0sDI16 DrTM+H @Osdi1s
{EFAIRDMASEIIERSS MY , JNOCC @SOSP1I5/EurSys1s
MRESZHR « I2HversioningZ N 4IFR(RERDMATSZ—EE

BEFHTMRYESLIBAT
KEMT/E : DBX @EuroSys'14 | gjs et al. @OSDI'16
{ERAHTMSCIIESS 1Y |, Y1OCC @EuroSys'14 TS @ICDE14
HESR  HRESEE , BURTENESHT

RDMA
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PRUEZ MRIERYIR
FI%

HTM
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BinFHERR.
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HIM: Hardware Transaction Memory

a non-transactional code will unconditionally abort
a fransaction when their accesses conflict Strang

Atomicity

17




P HINESIE : RDMA © HIM

HIM: Hardware Transaction Memory

a non-transactional code will unconditionally abort
a fransaction when their accesses conflict Strang

Atomicity

RDMA: Remote Direct Memory Access

one-sided RDMA operations are cache-coherent
with local accesses Strang

Consistency

7 N \T+1= ﬂ

18




P HINESIE : RDMA © HIM

HIM: Hardware Transaction Memory

a non-transactional code will unconditionally abort
a transaction when their accesses conflict

RDMA: Remote Direct Memory Access

one-sided RDMA operations are cache-coherent
with local accesses

RDMA ops will abort conflicting HTM TX

4

Basis for Distributed TX processing

Distributed HIM

3TV E

553977

19
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DrTM @SOsP15 - HEDjstributed-HTMEJ S tH B4
SIRTE

. TEIRRDMA+HTMA2PL!

MY

«  ([FERAHTMEZSCILERYSES5AME
B0 HINEETFE (DrTM-KV)

« HTFDistributed-HTMEYS

Worker Threads

Transaction § . §
Layer

key/value ops

Memory

Store

L".\\".\\".\\".E TR R R R R R R

=55 (Distributed TX) > E2#J1555% (Local TX)

[ —— i — — — —— — — — e

e o e e o — — — — — — — — — — — — — — — — —

anS Rl
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DrTM @SOsP'15 - HEDistributed-HTME S th =, B4R
FtEk #2

- #bhk #1 . ETRDMABIREARIELI

D HIVES I

« BAR# . RAETFHAS(Lease)iIRDMA
5, \'ﬂj I\l/ \?%J\*EJU

Porediock  sate:[ 755 T8

Lease's end-time machine-ID! exclusive-bit

000...000, unlocked ' DELTA is used to tolerate the | |
2 unlocke | DELTA is used to tolerate the |

000...yyl, exclusive locked

| time bias among machines |
.000, shared locked = = = ‘-rormmrmmimomomomsosoosmooomoooooooooo
EXPIRED: if now > end-time + DELTA

INVALID: if now < end-time - DELTA

ﬁ%iﬁ ??%;%EBEEI’\J HTMSCH

XA TX Chopping #7/RSCI)
SEEET D

/Y\*i’—#fs‘mm 21
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DrTM @SosP'15 - HDistributed-HTMAJ 9t B =S4ME
- 6TIERDMALEE L , TPC-CEHEMEIXE 5.52 BASEEEY , B ESREMLE S (Calvin)
MBEIRTT201S , SR ZERR (K FER2MNEE R
.+ FELLERARDMASIIINER % , FHEH—SI1EF50% , HFEFEFNY Bt

w/ logging

6 ; ; - O 4 : : : o6
3 e Calvin(8) ] Standard-mix (txns/sec) | 3,243,135 g DITM-0CC(8) h 8 -
@ -o- DITM(8) New-order (txns/sec) 1,459,495 2 .| = DrTM(e) | &
g 4+ -3- DITM(16) 3 average 15.02 S X 4t
- = =
=3 o 50% 7.02 2, Z,l
N _ Latency (bS] g0 30.45 5 5
s 2. 99% 91.14 4l 52
3 18- 1 Capacity Abort Rate (%) 43.68 3 3 1t
c it b =r e o o o o N e o o o AP o o o o = c L L 1 1 < 1 L L L
< 0v1 g 7 7 ;g, ﬂg Fallback Path Rate (%) 14.80 = 0} 5 5 . 5 6 F o555 30 24

Number of Machines Number of Machines Number of Machines
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HFRDMA+NVMEEISH]|

HRSHES

HMARDMAFINVMtIt o E BT B | (&S | EURES

KZF=MT/E . Octopus @TC17 QOrion @FAST19 AgymNVM @ASPLOS20
MEESIR | (NEE T RDMA+NVMAESFIERME |, MEMLESE

EILog Fx

g \JRDMA

Client Server

Performance

Hardware Limit

\

~ RDMA write NVM

\\

One-sided write payload
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=78 NVM fE(H451E (e.g., Intel Optane PM)
« 5DRAM , LIKBZXEIRIERERAER
« NVMMEEEAZT : Yang et al. @AST20 | Kglia et al. @S0CC20
»  Intel BEEPHVEH T RDMARIEFENVM LAGEA (5%
- RDMASNVMRXEAFINEZR , FEITFSHEErEMH

- ]Last Level Cache
™0~ One-sided |
® Iil RDMA WRITE NIC 1 PCle Ctrl l '

NVM

Server




= AZESHE - RDMA © NV ATl

EAMETASE ROMA+NVM BYERER L 75 i% @At
SE=SERMAE [9 Hints] |, FHEBMEMWHE Octopus
EIERDMA+NVME S ERIEEERNFNT EE8UE

SR - DrTM+H @OSDI8 37{4 =45 : Octopus @ATC17 o8

optimizing T

> T DrTM+H
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RAIETE ROMA+NVIV fYIEER fifb s ik @are 2! Hardwa
o RE=FmEILEN [9Hints] |, FHRBMMHAFSE

-  EIMERDMA+NVMEZ RN FN G EZE

~ " RDMA write NVM
SR - DrTM+H @0SdI8 Yr{f-Z245 : Octopus @ATC17

—
5\
b R —

Performance

One-sided write payload

Configuration (H1-H3) RDMA-NVM L6 (H1-H9)

/ H1. 37 KEHEE{E ANT-store

H2. &% 5% { FH B socketijj|g]
imizati i Access pattern (H4-H8
Optimization Hints < p ( ) PETTIYPE ST

H4. /L3 & CPU NVMif3 5]

\. Persistent operation (H9)
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RDMA+NVM {fiftiEiN
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e H5 : %7 DDIO LSS T4h M EERIETS )%Z;’SB‘E:‘S?S.TE s =

Server

NVM G IE
.- MR IS >> NS

ZAIA RDMA+NVM 1374 H2 H3 H5
- DDIO £f/i5%tiE RDMA BENEF
- ZEEFUBIEINES NVM

NIRRT RE

‘/ ‘ {Last Level Cache
“IN
PCle Ctrl ‘

= NVM

HS5
H3 HéI
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njﬁﬁggﬁlu\ . RDMA D NVM

RDMA+NVM {fiftiEiN

: Last Level Cache

One-sided

Server
NVM {451
« NVMIEERTEZINEIEK
FAA RDMA+NVM 1373 H2 H3 H5
£ BE [ BE

- RDMA ERANH#HRE PCle &/ \RifE
- PCle BELZTCIEHRES

NIRRT RE

NVM

H3 Hé
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FIFRINE{L RDMA+NVM E & HEALL
o DHEZLIE DrTM+H@OSDI8 : 1 44X @TPC-C i

o PIIIUEESE Octopus@ATCt? : 2 40X @Data I/0 I I I I I I I

RDMA-NVM {t{tiEiX (H1-H9)

DrTM+HZR R
H1. 3T KEIEERI{EANT-store i .
H2. & % {F FH IS socketifj o] 1. W&%}E@EE H2,HS \j
H3. B2 LUNFxp | i nedss BE B35 1] 2. Lt BHE45H H3, H6-H8

H4. 57035 CPU NVMiA|G] 3. M BEFAMLEN H1, HI
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PSS L IEmInaFEII &R

No Skew

Ium
X

- TREANY > MEERIRTE. FIE S

~
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o
=]

N
a

% CPU Utilization

o

il

. HSERE | BURELITH
¥

Imbalance —Live Reconfiguration—>  Balance

No I 2e% | |Fao ser 1o NO BB 35% 1400
o1 B [20,30) |P2 & 1200

°| | [30,45) |P3 @
N1 [ 10% & 1090

N Y 5% p2 BB %

[ 0,10)|Pe 3 15% &

% [10,20) |P1 =

N2 [EEY sex [20,30) |P2 3

[30,37)|P3 =

L loal | N2 X} 35% =

. PO LT z= N1
« P3 952LpE P3 F P4, P4 1E41TREEI N1

P rtition ID

FliE
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Skew Skew Skew
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% CPU Utilization

|

Lat

30
P rtition ID

AF=aal 31

High Skew

% CPU Utilization
N o ~
& & &

o

30

o

10 20
Partition ID

SEH E-Store @VLDB’14

AIZE

Low

High
Skew Skew Skew

Low

High
Skew Skew

Mt 45 Rk ERDMAE S B R4 DrTM+R@EuroSys’16
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PHABSUERFAIEL

° F)()Est (:()F))/ @SIGMOD15 -

BEELIES
ot tE. EiEEuE

- ERERIRATEHKIAZRY. BEEELERSS

o RETEEIEEIRS

o HIERTEINRIRFIH

1000
800
600

Thpt (K txns/sec)
N
3

s/ IMAT(E] : 4.7F) <

é—downtime-—é%———-degradation ———% done
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I3 Primary
- Recfg msg
@® New plan
Update PN
B Trace data
#@> Send data
- Send TX
[ ™Xon PO

400 |

{E1EIRSS . THPT=0
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33

DI'TM"'B @ATC17 : Ea:HAﬂg RD MAE’J@EEE%;i* Iterative Pre-copy Commit

PY v L DATA-SYNC

o DHEUARARHARME “—HitZEIR” swspend ol Eﬁm
« AR : FE D (Pre-copy). RDMARZEHIF1TTREN T
- W ERCEIEMEEIRERETE. SIRNE4ERaE

SRAHARIAE , BidiEiFEN

\ LK g
Pre-copyiF#% o 1000 — ; ‘ 1 : ‘
[&] | i | AN LA sl A O
=5 : : AR DN
38.5. U)
==
I Primary */
[N] Backup < 1000 — : :
@ J—
- R & soof Throughput ___ | __
7] — Latency |y
® New plan S 600 | ;
X T ! .. } Update PN X 400 bassooarsme = Fomo
I.'. % ": .': ..‘. ...‘ -':"" -= ---}--—--L____.l ____|_ .
N1 % o VaNT ] B/l B 20T WSSy
e & m &> Fetch data 040 20 0 _20 40 60 80 100
Time (msec)
[NX] oo YANX]
Po|Ne|P|E Po|NO|P|E Po[NO|P|E
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{EZXESUIE D Serverless Computing

- FMREMRIERHIB I S8
o KFMETVE : FaRMv2 @SIGMOD'19 Be|dj @0SDI20 Heys et al. @DEBS21

« Serverless#3EZE : PolarDB / AWS Aurora / Azure SQL / CockroachDB Serverless
o LR RN RETW. FREEEMA

Serverless Cock.roachDB serverless is generally
Azure SQL Database serverless Amazon Aurora Serverless Databases on available & more product updates
Article » 10/29/2022 « 18 minutes to read + 14 contributors ) Feedbi - _— ( _ ) MongoDB Written by Nate Stewart on Septembeer, 2022
App[ies to: ° Azure SQL Database b Aurora Serverless v2 FF Amazon Aurora

Deploy a serverless database to meet _
Serverless is a compute tier for single databases in Azure SQL Database that automatically sc variable application demand with minimal
compute based on workload demand and bills for the amount of compute used per second. configuration and a reliable backend you
serverless compute tier also automatically pauses databases during inactive periods when or Amazon Aurora Serverless /& Amazon Aurora I—# %% B Y AR ERA. Amazon Aurora Serverless S1RIEN ARFMEREFEE can trust.
storage is billed and automatically resumes databases when activity returns. FBesefl, BRI TR,



TIEE #2 :

RiEBE &

RDMASES54L

- ¥bkk : RDMAFE
. BIEFIER RCQP ZEHE=R >> MiReinr 0

¥ : RCQP = Reliable Connected Queue Pair

10° —
104
102

Latency (us)

10° |-

erbs control

E Bz S EInrIgkE (#1)
| (Control Plane) FFEK L <z

7 N \T+1= mﬁL

35

S8 == LITE control -

“+ Verbs data

v%_

10°

F=diE SHEE
SE— i
. 4A A
open_device, create:\qp change ITS \ f
reg_mr, etc !
\%«:}zk\g\e rtr)
' RDMA requests
S1 (T :
Init Create + Configure
__—> Verbscontrol |~~~ [ N 15.7ms
— LITE control [l 2ms
/ Vel’bS data 2’15 I I I
0 5 10 15 20
Time (ms)
L Init Bl Create HE Handshake . Configure

102 104 10° 108
Throughput (op/s)
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KRCore @ATC22 : fEbEg. =Salil
- HWIZKRCQPitE : ZeHE
- DCT QP44
- RCQPEHM

106

(us)

Latency
[}
i

=
o
o

RRDMAHIH

ﬁj:%': : g*)-l!/ <=

—|—|—/|\‘ I)? .

Rarel

y executed

Latendy (us)

—
S N MO © |O

7.74 |

=104

Verbs control
LITE control

- -+ KRCORE control
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10° 102 10* 105 108

Throuahput (op/s)

1
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Ia EQ&
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Sudden Bursts

ROMASSOMBEE R SRIEIGRONEE (#2) . oo | o o
.+ BRI offinezEonline H | H H H
© P - EETREENE (B , SmEmdiEe0%il & oL

Time (minute) Time (minute)

B SR o e
Gateway Server 18]
| 2ms , | 100 — 1000ms . 100ms . 100 — 1000ms l l1 — 1OOms.l

LEIEIER TEIRER Bl ESBTHHEN FSAE
dispatch (docker pull) (e.g., cgroup) (e.g., python) TPC-C




IIEE #2 : RiEBD &

RDMASES54L

. BRI MoflineETonline

- bk - BT REDNE (RE5D) . ANERATEI90% LA E

- WBETEFINENNEFEOAXERR

0.5ms

EB I SRTEIGRIHESE (#2)

AWS Lambda Provisioned Concurrency:
The End of Cold Starts

7 N \T+1= mﬁL

BT BER D —— EEaNgr )
——————————————————————————————— ZERE ~ D
EEFIAR <t ja]
Gateway Server N

oms {100 — 1000ms 100ms 100 — 1000ms ) 1— 100ms
| | | || | |

AMIBEIER THBEZ BEAL B S B TR #IIAM B

dispatch (docker pull) (e.g., cgroup) (e.g., python) TPC-C

38




IDEE #2 : REBD &

/\ \J/\Ti - M - [’émm

RDMASESZAIRE BRI S HEIGRIHEEE (#2)
- IHEFEIERIFIRM M offlineEMonline
- itk - BT RBE (255) . EW@EHH‘I‘E@%%L‘XJ:
- IBEETEFIIRENL EZEZEELRXE

FREFFAZ : AWS Lambda Provisioned Concurrency
-  EWYMTEE : $0.05 per GB-hour for 1 provisioned concurrency
and 1 function (1 version)
o FAZEFHITIRKE , Provisioned Concurrency = HF&iEKEL
- MELUEMRTUEEENETFZEE (Provisioned Concurrency)

Provisioned concurrency

.
. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Standard concurrency

39

AWS Lambda Provisioned Concurrency:
The End of Cold Starts

Autoscaling with Provisioned Concurrenc Y
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MITOSIS @0sDrz: : HERDMARIERIBEN &

EES RN

HETFRDMASCIIET mAFIREY,. Page fault,
B TR. FRRE (~
1R BEa &%10,000

ERSEIR

3ms)

, BEMER

21T : Fork > RDMA-based Remote Fork

CoW
R

Il Caching
[ FaasNET

I CRIU-local
[ MITOSIS

40

Il CRIU-remote
[ MITOSIS+cache

Coldstart Caching Fork Checkpoint/Restore Remote fork

[9,116] [63, 120, 93,100, 119] [37, 17, 36] [117, 37, 114, 20] MITOSIS

Local startup performance Very slow (100 ms) Very fast (< 1ms) Fast (1 ms) Medium (5ms)  Fast (1 ms)
Remote startup performance | Very slow (1,000 ms) N/A N/A Slow (24ms)  Fast (3 ms)
Overall resource provisioning O(1) O(n) O(m) O(1) O(1)

E(m)atlas i
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AT EREIHEEEIREIE : IO DB

Al for DB and DB for Al

Data Configuration
Query Optimization
Database Design
Database Monitoring
Database Diagnosis

Training Data Generation

A Learned DB System

Query Optimization Data Access

- Cardinality Estimation - Compression

- Cost Model - Storage layout

- Join /j R - Indexes
Ordering H

- Sorting - Data Cubes
- Joins Q -AQP
- Aggregation - Machine

Learning

- Scheduling
Query Execution

a @ o
Data Harlclj';;\;:a\re Workload

58 SageDB @CIDR“19

Thanks to https://github.com/TsinghuaDatabaseGroup/AlDB

For more info, pls. see surveys/tutorials in above github repo
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An Autonomous DB System

SQLl Dashboard 1
SQL Parser | Learned Advisor
Learned Optimizer Self-Monitoring Self-Configuration
: . Anomaly Detection Knob Tuner
Logic Query Rewriter
A Ko (Extreme Value Theory) ‘ (DeepRL) |
| Rule-based | | MCTS | g
— - Self-Diagnosis Self-Optimization
.Cardlnalltleost Etimator System Diagnosis MV Recommen der
[ Histogram-based | [ Tree-L5TM | LB astmekaN (RNN+RL)
Plan Enumerator SQL Diagnosis Index Recommender
| Greedy/Genetic | [ DeepRL | (Tree-LSTM) (DeepRL)

Storage Engine Model Validation | Performance Prediction (GNN) | l

Logs 1 System Metrics } Model Update

Training Data Platform

Model Management Platform

SQL
Queries

5B openGauss @VLDB’21



https://github.com/TsinghuaDatabaseGroup/AIDB
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ETF Two-sided RDMA E{EfFfEigit
- #JFIRDMA SEND/RECVJIIERPC , eRPC @NSD19 &

+  BRSSERCPURLIMEREIRIN , oA FIFRDMAR S HF RDMA RPC {R1{E77h%
+  CPUSRZRIBKEETRDMAM R HERIEEK - s

‘C) B*Tree
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5EE StRoM @Eurosys20
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HF One-sided RDMA $E{E&TFhES1T
« one-sided RDMA EX AR : READ/WRTIE
. R RDMA IB{EXEEEE—E B* fiT5
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EF One-sided RDMA &#{&1FhE

= i RSS2
+ B B EE | QBRI SR Q ¢/ e [\ Beree
D - \//
S FiRIEEEEIESZ IR T MEIRIEE e N (Gl
DRBIEIRIEES 0(log(n)) RIEIER(E Getlid - Vi JRE__ W[ | s
100M $#EEHE , 1)X Get EE 7x RDMA -~ }}}}}jj@je}gv;)}gj-}}}j
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- BFES| (BH) FEE%FT 5 R
1. EREEEPHIETFHEA (100MEEE ~ 650MB) 2Pl
2. HRHR BN EAEERERR , MRS Q © /| o

E 3 > - S = ALl /557
EONAE NS aE = iR
S-RKV <—e.g., DrTM-Tree > 30 ' ‘ ‘ ' ‘ B+$N?\ % | E/‘J
C-RKV @ LAl N -
No cache 7M vs. 76M g 20 m\& QE EF' |ET.| }z=_x B, /'f—\-_'\
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2 levels % iy ‘ aL 7= Get(Kl) V1
3 levels a 3L }% \L
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)} - R z
5 levels 8 1L .
6 levels = - -
All (optimal) < L= SAKV  — CRKV No CPU -
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Throughput (M reqs/s) Time (s)
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Learned (RDMA) Cache : {§ HHMLIZEMGEZRS|ETF
« MUREEFMR : GRETEY , TRE
+ RDMAKIZ3#EE{EEL : O(log(n)) > O(1)
« iR RAEFHE. SEENER
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Learned (RDMA) Cache : i FAMLIEEHEE S5 | 5E1F
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