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CPU B9fR38,
1.1.2 88 A KT
(1) RZEBIRZLHR
eBPF IE{TIEMIESIE , AILASCHEE A=Ak B 2o S 5,
(2) BIER2EE
FIFA eBPF TLASCHISERT IR R ets , AT RIFHIELEBTERIEHTR.
(3) RPE2RER
eBPF IZRFHHUTESIRN , XFD T RIEFERSaN R RN,
1.1.3.F Bz 4
(1) EHHMEEE
eBPF AILAEMS I UREIESS | Fd T FaE BRGNS LS,
(2 ) BEMEEREHERR
eBPF 2R AT LA BENG RIS E—Le3 AR , WA TiE% AR TIER.
(3) IFEERYEREUIL

eBPF F2fF Al LIRIE R STRISEINE TR ARG TEEE | SCHFERAIMEREITIL.
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1.1.4.32 F R P4 6E
(1) Z5eHA

eBPF HISER S BIR S SR AL SIS TSI R R ANS i ER.
(2) ERERE

eBPF AL EAEMSEEADR , R RN NS REEHE.
1.1.5.RESHEENAE
(1) ERARERLE

eBPF BT AIRIE | 127 T SURAMBIURER , MTHRF T &R A=,
(2) FPee

FEME CPU S IMSSEERAURF T 18Y , thEE TR BN RAEGE.
(3) fRALTEER

eBPF AJLAERE4-SIRISEIEBXRIFIA | EREHIIERE D,
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1.2 FES

RIRVERESREAESERFPSCIN eBPF 52K | LAINIE raft SEEFANIZETT. SETRRSWIL
{“Electrode: Accelerating Distributed Protocols with eBPF”. Symposium on
Networked Systems Design and Implementation) = eBPF X3 paxos WHMYAHNENR ,

AINEERIBR eBPF SARIMER raft FRRIZR: dragonboat #1TIEL,

—. HEXEH

2.1 Raft N EARRIE

Raft M 2—MoHh N —EMEEE (FHREX) | HRRES M T RYE—FHE
R —HRIEX | AMEHIES T REFE | WESIENFRR  BAREST R  HNESRS

HEE KA A,
2.1.1 SFREN

Raft BiZETEHIMASH Replicated State Machine 122! AF LHME2E— M EEHE
SEHNEZE. ERRRARSHREHLZEK , REREHTEN T REZHEH RS
( Sate Machine ) . HiE ( Log ) F1I—&t4#EER ( Consensus Module ) = MAEHIBRAY.
SHRENARLET RIS , BEUBTFICR T RAVEMERSE , BAEHRE (Entry )

Bpk ; —HMHRRNBRSNI T RZERNEIE—EE. =ZFXR0NE 1fvr
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@) \\.
2
/@ ferver (State Machine ) |

Client Consensus X: 3
Module y: 9
z:0

Log
X3 |y<1|y<9|- |

\=J/

1 BREMN
2.1.2 fAEE

Raft R HEHHAED HMSE( Leader ). BRMNE( Follower F{&i%&E( Candidate ),
1. Leader

BRFOE, SEATEHSRR. EXEFiniaX , 71 Follower BEHiEREE.
2. Follower

ESHIFAK Leader BB |, 7£ Leader SMAETLUERR G , IBZAE. X4
Leader HIMEIFRERT , FEoHEFER O HREA
3. Candidate

Leader a3 I EFRIIEIT AR, RMEMTRKEBEKEEER  NFRIRERSEER |
WEF+7 Leader,

HEARRIEIRRRIE 2 fi
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times out, receives votes from
startsup  timesout,  new election maijority of servers
starts election O o

. X
Fo!!ower) (Candfdate) C Leader )

N ol A

Idls;covers current discovers server
eader or new term with higher term

2 ABEIGXRE

2.1.3 {EH8

HFTRAMER , HA1 Leader T4 , ERHFENFENT [P HE— I
Leader , IX/MIFEHFR/91ESE election, BIRIEHELE— N FAVERS term ( HiFiB
1) MNSRERPEET NN Leader , BBAXMEIISSAHEIX Leader EEIHT
.

B Follower HZEREHEF— current_term ATFHRRCHNSHMES , HEZE

BRI ATz E AN Leader Tk,

term 1 term 2 t3 term 4
4 4 & >
\ \ / . terms
election normal no emerging
operation leader

3 {EEEE
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2.1.4 H7E

H&2 Raft AU OES. Raf (RIEASEESE—HH , FEREREBERAIEHER
BEERSININFREZ. BRETCRES :
@ (i term : £RIZFRICRA Leader XIRAYEHA
® 35| index : HEHEHMIRF
® @< command : AJHUTHIIRSHIIES
—BEEFHTHRIGSBINSHHITY | BRARAIFRXFICRAEREE committed ,

Raft fRIEERRZHICRASER.

1 2 3 4 5 6 7 8 log index

1 1 1 2 3 3 13| 3
xe3|ye1l|ye«9|xe2|x<0|y«7|x<5|x<4 leader

11 ]1]2]3 A
Xe3|lyellye9|xe2|x<0

1 1 1 2 3 3 13| 3
Xe3|lyel|lye9|xe2 | xe<0|y«T7 | x5 x4

% followers

1 1
Xxe3|yel

1 1 1 2 sl =l e
Xe3|ye1llye9|xe2|x«0|y«T7|x<5 _)
|« o

committed entries

4 HEER
2.1.5 E&KiRiE

Raft BB o —EMEDEAZ N FER , B3F Leader %2 ( Leader election ) |
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HEEH (Log replication ) . Z&&tE ( Safety ) . HEESE ( Log compaction ) &, &

EHEEPRERLERD.
(1) Leader i&&¢

Raft {73 (O BkEBRT ( heartbeat timeout ) HHIKRRA Leader &2, TRBINIE
INETF Follower X7 , S8R Follower #BETRUEI Leader LEKEE , £
Candidate HEEMTRARL RequestVote 153K,

& Candidate WE|FEHLAERNIEREZERA Leader , FHAER B EMT AR
AppendEntries EKUAERFE Leader AU, Leader S /EELLRIEDEE Follower

RYOBHBRIALEI X SfA , FHIAFT—eRTIEES,
(2) BESH

EPREET , B Leader MIMEMIRSS , EFinS Leader HTIEERT , BNME
KEBE—ZTUERSNPITHDS. & Leader EEKNEIGSZE  BASBGS®IR
A—EFINAY BHEICR log entry , FHEINZEIAMBAIAES, AfEWEA AppendEntries &
XFESERZIEMT R EEF,

LEEWEFFNTFETB R LR , Leader RBXEZHTHEENHS 123K commit

IREIPT |, RISHHRITERSAE iR,
(3) KE&RE

1Ei%%ERT |, Raft RIUEFAY Leader HEBERIRAIAE | 81 Follower 5

EREMSNE Candidate FIAEERS| , FHEBHHESATER Candidate IRERE |
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FHULER Follower Tm#fR T H#ME SWE Candidate PR THIEIRECEHIE
ZHEE

EiR3ZAERT |, Leader REMRERBCSAIAFENBEE | MNRICREXHAT Leader
FEIEERY | BRASXFICRMERIZIA ST R LAY | Leader BIRTLURARIXFRICRIURZ
HIRYICR.

INRICREZAI Leader FTEIER , NREZA Leader BIBRNICRIIRR/G , A8E

RANXLE 2 # Leader BIEAAE.

2.2 Dragonboat SEI JRIE

Dragonboat 2— NS 14862 H Raft FRHNE , H Go IESEW , HELSEF
C++11, EERRMEBERIHIESZEEN | (RIEEXZHIRS S TTRNER TR F(IEE
#1517, Dragonboat BT S/ Raft BESEI—NERF , (FHE5E5MEETLURIINE

ESiEK , NTHES 7 ZAENaT BEfMae,
2.2.1 NodeHost

NodeHost £5#4:2 dragonboat 12{#AIFFEThEEAYI JE%E O . &4 NodeHost 3L H

H RaftAccess BMHHRR ) BREEEEEPRLER, FHEMMNEEIRSIEEN LIETT,
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= NodeHost A LAEIERBiF SR Raft 4B ( #3749 Raft £8F ) #Y Raft T, 84
Raft SEB¥&FEHEL ButterID #xiR. &> Raft SEBEHS M RERN XTI HBE NodelD
{Bt7R. XBR— Raft ERFIIT RMIZD AR NWEZRIARE NodeHost SLf L |, X915
REEAE T IR | BARZEAESETE NodeHost S0 ( RIEREEN ) &
FA . TRETEILESE Raft SSRFARAON FRFE R EER A LAGE R,

FAF N FARFTLUBIESSIE IStateMachine B43£FIF Dragonboat HsCITAY

Raft 1MYAYEATIEE. BN TRERS— [StateMachine SLAIfEXEX , EREREH.

i

ERFIIRERN AR AR,

FIF R ARRRFALAER NodeHost §9 API k& #H IStateMachine SLAFPIRZ | IXFR
JIRHEW , —B# Raft EERFHIASHTRER ZIREBHEINER FISNAT Raft
SERFIFTERR T R MAEFEA LU TEMEIEEREIDH [SateMachine SLEIRPIAT.
Dragonboat {3 ReadIndex il RSEIL LI, BAATE leader TRBHAIRERIT |

(BERENSREIFEEAT < LB,

2.2.2 FRINAIIERK

LAPRZ—INBIEK (FR Propose , BMRIN ) f& , NEREEBR—REHRRML
ZI4018 |, MEEEF. Go LW , —iREH channel KEF , FiElT channel BRI
AUERIEBLA R R IRATER S

B2, XETWR—EMMEEERE , IRREEM channel FEH—MEKREIE—HIE,
i channel 21N IHEEFERIMERE |, ELINIERYRHEREYS channel BB EEEAI LIS

KIMERIREE.
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f£ Dragonboat FR4MEERMEKET |, 19ERER channel (UETEIERIES. IR
HRWEK L | (ERNEBAMA slice KEHETMIRAAI— T LARRSIEAR queue , BIR
ENHH 2471 slice RRYRTEFFRINERK , —REFH ( batching ) ithsepdRiX , HLLTER T 14E8E

AL,
2.2.3 Raft Log Entry B RTF

£ Raft B9SCEIA , HEK# commit B9 entry Z/DET A28 LT TR
7 XHRIRRZE quorum 775 , &2 FVAEMEE commit iy entry, SZBWERXFH
AR Log Entry BN , EAEHEX , (HIRRNEIENE ASREWE TR SHE |
HMieRIER S &I 4EE.

LA RocksDB % Key-Value store FESRTZ(# Raft B9 Log Entry EERBI , SFFEA

Raft HME , BEEA log entry #{FA—FKICRFE , ©HY key # value 3NE 5 F.

Keys Values
Type ClusterlD Index Index Term Session Payload

1 100 1 1 1 S1 P1

1 100 s | ||mamm e R P2 -
1 100 a 3 1 3 P3 8
1 100 4 4 1 sS4 P4 ';:
1 100 5 5 1 S5 s || &
1 100 6 6 1 S6 P6 | §
1 100 7 7 1 S7 P7 | ®
1 100 8 8 1 S8 P8 |

5 &— log entry fY key #[] value {B45%4
XEFENRITTEER—ERIERE |,
1. Key # Value BEFEXRENESE , 11 LEAT ClusterID 1 Term FE& ,

2. [EHY Key 7 Value BB AERERERE , 21 EEPAY Index FER,
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3. 81 entry FIRER— Key-Value store RIIBR , AJHIRIHBIESHE, BXFFHHR
FEMS | & L entry ROHIEIRGRENGBEEM , & entry #iEE5 LS , B 4% Log
Entry {REJRERIEE D EEHIA0.

X _EAEEEAIZLT , EXTAEAMIER 1000 FRE , NIEFERIN 1000 FEIER
W& 1000 5 MEZLEER ClusterID 5 Term iBR |, IXWARIRIHEN.

LA etcd A9 , H WAL 8= Rafty Log Entry B{R1F , &% Key-Value Store
BRABREMEFHRE ClusterID , B EIR=NARE eted {KFAEBEE,

Dragonboat # , Log Entry R9fFfi#E 52 LIRIARRI="MEIRE, 1E Leader %5 , MAiTD
Term 3% Index IEEHBIERIBERBR T , KIEMEE 7 TERZNISANTRAIFR , XJHE

IRRISEHRBE.

2.3 Electrode SCIREREIE

Electrode 2—MSM#ZM4E1% T Paxos Y EIEEIR% eBPF F2FRIMELR | LUR>
AP -AZR AR, BIRERITH eBPF BIESEEREF
@ KiIBRL IZIERTTHLURSERE |

o (FHKISFRFMRZZTIEINEE , LAMRFHEEIE eBPF FREMAIASEIMRIRE,
ATEME— BT  FEEEPBLERAIR R ERRE MR AR FH TEE. 10

TERTR , Electrode B#TIHES #&. REFANIEEFES=12F. NELTLUEH

eBPF {ERRIRJIEIR , AEUEIBMERIL T Electrode BT,
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. Request Preparation Acknowledgment Response

Client . T T T
\: : IM\/

A o~ =77 @pm-‘o%
Follower 1 | ‘

eBPF \\/ / \\
Follower 2 - H

SR B/ AR AN

v/

Follower 3 : ' \/ : \
eBPF : j , :

Follower 4 A

(b) Electrode-accelerated Multi-Paxos/Viewstamped Replication.

ATLIEZ/NBER , ARHERRERI Paxos BIEEREIBEIAZPSLHL., Electrode ¥
— B SRMREBRERF AP, BINMES | Electrode FHIERSIIEE EZEARKRF
AISLIEIZARS VR 1198 NOPaxos fR{AIHEIFHTLE, XLREFESAFRIRIETEL
|, BHLAUBT eBPF HOEHSIOIE.

ALETNEE , BN AR RIR, eSS TR T,
2.3.1 ITERE (RURE)

B% . AFEFS eBPF EFHEESMMEZOR hook R L, BERFPERER
Electrode f2{}tH9 API iR eBPF ENEAIRENEFREY eBPF AMERIER | &5 eBPF i2/%
ERFNAMIE BRNEE | ERERNZTP M BRI WS AR ZEM A,

Paxos WY PHIZTTER |, B (locks ) . [ERE ( barriers ) . EcES4IFREBEAN

BAMUAREF , EFHE eBPF (A, HEaNHAFRFLE,
2.3.2 SMFESR

FEEY ebpf HATIEKAIR="88 : TC PRIER #& . XDP FRIRIEHIA, TC +
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XDP &9 Wait-on-Quorums,

EEMRSCIE KNSRI E LR 751 ebpf 12/ :

tc_broadcast_and_quorum : tHFEFZEEHERER. S 7IHEN BHLHIF0
EEEHM tc_ebpf R,

xdp_dispatcher : WEFIBIAEENBRRIZEE , HABBMNAYSBERLGERER |, BY
=8 ACK ((VERST R LEE ) fiEs ((NVERETREEK) BR  FRERENA
handle_ACK #1 handle_preparation 277,

handle_ACK : xdp_ebpf ER#{ , FETFLH wait-onquorums o AITHEE , BES
FAZE ACK BR , MUEAREEHER ACK BRERERAFTENBERF.

handle_preparation : #&NIEKEEEZMER , BRI , BEREAZEIBEF=EN
NFRER. EIERRRT (KSEERT ) |, BI5EA write_buffer LIFFA fast_ACK,

write_buffer : ItFEFRIGIHE/AURBEEFERINZAEY | AR TENERERFHE
1TEERNER. AIRIFTA | EEFA eBPF REMX LI AEHIREN , AT | iZ2FEAR
fast ACK 12

fast ACK : ERFHERRKEINEE PR , LIglE— ACK 8FBEAIEHZ.
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User-Space Applications

drop |[quorum f Non- | Non-critical 'poll

T reaching /ACK/prep | path cases

handle_ fing
preparation

Kernel Networking Stack |

tc_broadcast_
and_quorum

“~.clear set-’

handle_ ACK

[ Sl L _.-~""push
1S, . .
o bitset write_buffer
5 5l [gge] Y
o e fast ACK
L |

Y Y

NIC Driver

[ | Message broadcasting [ ]Wait-on-quorums [ ] Fast acknowledging

6 Electrode £514
(1) BRI &

iHREJ HE7E Paxos {EFRIS iz | Leader T follower Ti&IX prepare iBR , &
leader T3 follower TRAIEX commit jBE.

SRS A EEFERMRERIEENBRZEREAEU S X REERRY , &
overhead f follower AYIENNTIEAN , MEA follower T MY overhead A3, ZHEAY
leader fRIMEIRE, IP ZRESTUNIFBEREAFRAST .

{§5F8 eBPF B9 TC hook , {5/ helper &#{ bpf_clone_redirect\ZERZFEHIRE |

FERE BRI RIAI,
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4 send() :
Leader paxos XX J,'”_L
Socket Lpyer —5— f,’ _

URP Stack ’ -2

L7 ,."'_!_&’—
- / j..n"
rafjc Cgntr g G
! __,rf '.? LU

NIE Dryer A - I

I aNya P
TR WEET e S ES

“““““““ —
1 send()

Leader paxos

Socke] Layer

B 7 £/ eBPF 3HE EAISHTEE

(2) BRERA

RIFEFIARZ Paxos FRIERIEREERIFZ— , 1% follower TTRHISIXIAR prepare

RNEFERNZEEF HAEFRTENARLSRIE. WZEEH BPF_MAP_TYPE_RINGBUF

X4~ ebpf map BIEEHASEH , BEARSAIEE.




e O IzAppend log
J;:“ - "—:h— Follower paxos
Socket Layer
ax UDP Stack
ot
Traffic Control
b NIC Driver
NIC Hardware
. | 1 q
: recv() send()
Folower paxos <.* SuE
Socket Layer ", Bif
UDP Stack =
Tra_ffic Control
BEEMNR
NIC Hardware qz #ZPRIringbuf
1 recv() 1 send()

E 8 f#F eBPF M REHMIARISHTEE
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Client R :
VN% | &
: G Wait for quorum . Execution @@Qo
Leader I ' <
| o |\ kemel -> user user -> kernel
: % X net. stack logic TX net. stac Execution
Follower 1 %

5 | K
= logic < | % Execution
Follower 2 ; ; G

9 [REGFIERE

{£F eBPF HTIULE . RARMBERSEIBERYIET.

Client Ty E £
: ; &
. Execution Ao
Leader ! i
- B, ; :
eBPF | o, : Execution
Follower 1 ) k ] S " l
! ‘55\ logic C'.h!:' ! Qa :
eBPF ' = i & | = Execution
Follower 2 : . o ]
10 eBPF {fi{t/EERE
(3) EEFHF

EEFFE Paxos FRIXKEIER | Leader TRHBEE(RIEEKZH follower TREE
LB ZIRNERNEIAE , F8EHIT commit TRkiEK.

HRISEI T EEERIMRERRIA R R ZARIEERA follower T7mAY ACK ER i
17itE. BRERNAEZEENGAT leader A7 CPU,

F3 eBPF SEEFFEBEING , FE—MUEHERTICRER | AXTEERAE

HEWEREIAFSRA. E TCH BRI , £ XDP 5 LB,
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4 recv()
Leager paxos ox {f_"é,_
SOdket Lpye — ,/
UPP Sigck 3¢ , B
’ L —e—
s o
"= mow f ”
Traffic Cqntro A
: v B
N Drifer 5 P G e
NICjHardare} |. -7 _--
AR . T T 5
it i— - ne

Traffic . .ontrﬂl

E 11 M eBPF WEEBSFHAIBIETRE

IRl

2.3.3 KBS

(1) IRBEIESH

Electrode [RIBHFEGD AW MEBLAS :
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%— , £ "VR/" T VR ( Viewstapped Replication ) #1¥ , fAABSRBEHENME
Paxos ( https://github.com/UWSysLab/specpaxos). Eeffffl 7T —LSKSLIMIhRE, &

KRN

“~ T
> tests

client.cc

clienth

replica.cc
replica.h
M Rules.mk

vr-proto.proto

12 VR/ BREH

%, [@d eBPF £ "xdp-handler/” HsCEL Y =ML , HIRMAZEERE [BMCIHY
TEACRE (https://github.com/Orange-OpenSource/bmc-cache).

v xdp-handler

C fast common.h

C fast kern.c

. fast_user.c

M Makefile

13 xdp-handle/r BREEH
SERID R EIR] |, Electrode H3XF paxos MY AKIBERR B FHEMNME Paxos , T&
ZINBIRES , NEBTHOHT  FERPEIEHTIE.

specpaxos IE 544 :
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EHTF eBPF B Raft {iHYNiE

v specpaxos-master\ specpaxos-master
> bench
> common
> fastpaxos
lib
> nistore
> spec

> timeserver

unreplicated

vr

1 Makefile

¥ readme _chinese.md
README.md

14 specpaxos/ BRE

® bench : —PLARATEERAGEEHITROEENIN

@ fastpaxos : fast paxos , ISLIL TEAENR ( AR fast paxos IEHIEMHA &
AR AIREREH—SRIZIEN )

® nistore : —NEFJMRETME ( "nistore” ) |, SHHEREE— N TRIISIRAES
MFF AR ERBESRMA &I, (I X2REPERATEE TAPR )

® spec: Speculative Paxos , #:MltE paxos , SCVEUIEIEFRIE. ELMEIMNY.
( EFEAFIX S )

@ timeserver : — AT S HIAIFHER AR RAVE ARARSS =8,

@ unreplicated : —MEEBTFLLERIRIANRA

® vr : Viewstapped Replication ( VR) , X% Multi-Paxos , 183X "Viewstamped

Replication Revisited"ssCIAY , BIEENZAIHEALERGULL

OS TIBEHERREE TR
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EEEARRBEYER{L |, Electrode BRI IBNAEHTE replica.cc # replica.h BN

3,
(2 ) Electrode X$EtH3
replica.cc

344 replica.cc PEERFRHEFTEINRE

1. request_polling BR#1

1. int request polling(void *ctx, void *data, size t data sz)

3. VRReplica *pt = (VRReplica *)ctx;

4.

5. sockaddr in sender;

6. sender.sin_family = AF INET;

7. sender.sin port = *(in port t *)data;

8. data += sizeof (in _port t);

9. sender.sin addr.s addr = *(in_addr t *)data;

10. data += sizeof (in addr t);

11.

12. uint64 t size = *(uint64 t *)data;

13. static RequestMessage request;

14. request.ParseFromString (string((char *)data + sizeof (uin
t64d t), size));

15.

16. UDPTransportAddress senderAddr (sender) ;

17. pt->HandleRequest (senderAddr, request);
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18.

109. return O;

IZREUETEREN T FAST_BATCH BHE TIE1TH) BREIEZ =S8 ot L 385 ),
data ( #EI85t ) |, data_sz ( #EK/N ) BIEE— UDPTransportAddress 35 , ®=
RIEERIMELE , FEAA HandleRequest /5L EIEK

2. prepare_polling E&Eg

1. int prepare polling(void *ctx, void *data, size t data sz)

2. |

3. VRReplica *pt = (VRReplica *)ctx;

4,

5. uint64 t size = *(uint64 t *)data;

0. static PrepareMessage prepare;

7. prepare.ParseFromString ( ((char *)data + sizeof (uin
t64d t), size));

8.

9.

10. pt->HandlePrepare Kernel (prepare);

11. return 0;

12.)

#ifdef FAST_REPLY

Bl #8 T — 1~ PrepareMessage X B EFE T LT E prepare , A5 HE
prepare.ParseFromString 75 £i58E#TE] prepare & , HandlePrepare_Kernel
RISEIPY
3. ModifyKernelState ERZ

1. void VRReplica::ModifyKernelState ()

2.
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3 /) TEX T —INaGH paxos ctr state, BT —LRE1EE

4 struct paxos ctr state

5 {

6. enum ReplicaStatus state;

7 int myIdx, leaderIdx, batchSize;

8 __u6d view, lastOp;

9. } state;

10.

11. state.state = status; VVAE—1:/L.v)

12. state.view = view; // HETHES ( ?

13. state.lastOp = lastOp; /) Rg—IKHEE

14. state.myIdx = myIdx; /) HEITRAES]

15. state.leaderIdx = configuration.GetLeaderIndex (view); //
N7 Z T %5/

16. state.batchSize = batchSize; /) HAPFEA

17.

18. unsigned int zero = 0;

19. // VEH bpf map update elem EREIER EMENE A
paxosﬁctrﬁstateﬁfdH‘YBPFb%ﬁf

20. if (bpf map update elem(paxos ctr state fd, &zero, &stat
e, 0) < 0)

21. {

22. fprintf (stderr, "Error: bpf map update elem \"ctr st
ate\" failed\n");

23. exit(1);

24. }

25. // asdl23www: maybe here is a polling?

26.}

#if  defined FAST_REPLY || defined FAST_BATCH || defined

FAST_QUORUM_PRUNE & PIIZIRZ.
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TENX T —NEMIR paxos_ctr_state , BT —LRHEE HaWES. Halk&. R
FE—RE#ZE., ST RNES. ISETAWERS. #HLEEXN BH
bpf_map_update_elem FREHEEEFZIZ /9 paxos_ctr_state_fd B9 BPF BRET

4. GenerateNonce ERZf

VRReplica: :GenerateNonce () const
{
::random_device rd;
::mt19937 64 gen(rd());
::uniform int distribution<uint64 t> dis;

return dis(gen);

Bl B

}
IZERETHRER D& R | EFBRE(HRALAIBBHEHIIA(LRENES 2 | B 64 (UBEISS

o, REEMFHREI— 64 (FEEEEL,
5. Amleader FHE
®i¥ GetLeaderIndex(view) == myldx R9#|iff , EEHRHIERTERSER.

6. CommitUpTo %\

1. void

2. VRReplica: :CommitUpTo (opnum t upto)

3. {

4.

5. while (lastCommitted < upto)

6. {

7. Latency Start (&executeAndReplylLatency) ;

8.

9. lastCommitted++;

10.

11.

12. const LogEntry *entry = log.Find(lastCommitted) ;
13. if ('entry)
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14. {

15. RPanic ("Did not find operation " FMT OPNUM " in
log"™, lastCommitted);

16. }

17.

18. /) BITIREFIERE

19. RDebug ("Executing request " FMT OPNUM, lastCommitted)

20. ReplyMessage reply;

21. Execute (lastCommitted, entry->request, reply);

22.

23. /) REEIR PRI FIERES

24. reply.set view(entry->viewstamp.view);

25. reply.set opnum(entry->viewstamp.opnum) ;

26. reply.set clientreqgid(entry->request.clientreqgid());

27.

28. [/ BRICERIEACIER

29. log.SetStatus (lastCommitted, LOG_STATE COMMITTED) ;

30.

31. /) BHE i, I0RIEIR

32. ClientTableEntry &cte =

33. clientTable[entry->request.clientid()];

34, if (cte.lastReqld <= entry->request.clientreqgid())

35. {

36. cte.lastReqgld = entry->request.clientreqgid();

37. cte.replied = true;

38. cte.reply = reply;

39. }

40. else

41. {

42. /) HWREELHILEIEMAS  AAXTIERBUNNEEE Finthk , 1w BIoR
27

43. }

44. /) HIRILENE Fimhgatt , KX ER

45, auto iter = clientAddresses.find(entry->request.clie
ntid());

46. if (iter != clientAddresses.end())
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47. {

48. transport->SendMessage (this, *iter->second, repl
49. }
50. Latency End(&executeAndReplyLatency) ;

51. }
52.}

ZRESEH T — MEMER BSERE HENRRLHIT —RIIBIFESARiEE
RUERMES (inclusive ) . BALREE - 8% , MIRPREFFRIER B34 HRURME
HX , WEMMETHENALSEE  AERRSER | A5, EREFRIIINSER |
EE  BMERNRSRERE i ; &E  ICRMNRIERERERISE NI ZAIRTEH
¥ LUiniEitet. X—IiEBENATAMARRTRINSHEFZR  BRSIM RN
B{F—E%. @param upto IEERERREIBMNEFS.

7. SendPrepareOKs ERZEL

1. void

2. VRReplica::SendPrepareOKs (opnum_ t oldLastOp)
3. ¢

4

5. for (opnum t i = oldLastOp; 1 <= lastOp; i++)
6. {

7

8. if (1 <= lastCommitted)

9. {

10. continue;

11. }

12.

13.

14. const LogEntry *entry = LFind (1) ;
15.

16. if ('entry)
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17. {

18. RPanic ("Did not find operation " FMT OPNUM " in
log", i);

19. }

20. /) BFE : EEIHGERIELATLL T~ PREPARED KA

21. ASSERT (entry->state == LOG_STATE PREPARED) ;

22. /) ERE i

23. UpdateClientTable (entry->request) ;

24.

25. // ME& PREPAREOK JHE

26. PrepareOKMessage reply;

27. reply.set view(view);

28. reply.set opnum(i);

29. reply.set replicaidx (myIdx);

30.

31. // FTETEIR1EE , HEHIEEX ¥ PREPAREOK JHE

32. uint32 t my data[3] = {(uint32 t)view, (uint32 t)i,
(uint32 t)myIdx};

33. RDebug ("Sending PREPAREOK " FMT VIEWSTAMP " for new
uncommitted operation",

34. reply.view (), reply.opnum()):;

35.

36. // &% PREPAREOK JBE% M. WRKEXM , RFTEIEEZE.,

37. if (! (transport->SendMessageToReplica (this,

38. configuratio

n.GetLeaderIndex (view),

39. reply, my da
ta)))

40. {

41. RWarning ("Failed to send PrepareOK message to le
ader") ;

42, }
43, }
44 .,

EERIAAIX PREPAREOK JER , RTHIAFAIARIZSSEE. M oldLastOp Z|

lastOp RIFTEER{E | XIBBLFTERIESZAIERIE , &KiX PREPAREOK jH/&. PREPAREOK jH
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BESRMES. MESHIREENERS

@param oldLastOp ZIAMRE—MEIES ,MEE] SendMessageToReplica ERE] ,
2788, IERENHREERIREEZ TIXM 28, [FEHIFR.
8. SendRecoveryMessages ]

RIEWEERGEEEIA | LUSKIKERE.

9. RequestStateTransfer ERZEY

IBIRSERIRE, SRMIRPASHRER , SEALREREREIIRE,

10. EnterView BRZX
PSR TIETHRRER | iR R 2R SMEEHITAERNBIELIE  FETH

ANFTERT A TR N AR S BB T iR E R
xdp-handler

eBPF FERIUAMAIBSCINE xdp-handler/dr |, IXANMEFIREF bmce BIRES |, BLE
AR 2IRIE bme X4RAY.

XJF xdp-handler &1 fast_common.h #17EERR , T34 replica.cc & :
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o D BIRE EES BHY B0 SR SO M & = DB ma o X

o ¢ - 1 c € repticace2 x =]

fast_ commonth 22—k, TBEN T —EFE. KRESBMERK , LIR—&

e X AY XDP #2/F#0 TC F2FRRIZR(ERD.

@ ETH_ALEN : LUKRItIEAOF 5%

@ CLUSTER_SIZE : &8¢k, BN 3

@ FAST REPLICA MAX : RAXEIAEE , (B 100

® NONFRAG_MAGIC #1 FRAG_MAGIC : FBFREIFES B0 B EURA0EEL

® MAGIC_LEN, REQUEST_TYPE_LEN. PREPARE_TYPE_LEN, PREPAREOK_TYPE_LEN.
MYPREPAREOK_TYPE_LEN, FAST_PAXOS_DATA_LEN : FAFE N EERHKE

® BROADCAST _SIGN_BIT : " #EiRa&(L

® QUORUM_SIZE : jEEHE A/

® QUORUM_BITSET_ENTRY : BFiCREEHENMNEAZB AN

2. ENTHEKE ReplicaStatus
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H8HE ="K : STATUS.NORMAL . STATUS_VIEW_CHANGE .
STATUS_RECOVERING , ZREIRHIRZS
3. BXTRAMKERE , H55IFRR XDP 27 TC RFRYRED
4. TBXT—NEMK paxos_configure , F3F-17tE Paxos BCE(ER , &24F IP ihllk, im0

FALAK R stk

R BiiES RAE

[ |

) 3

3.1 kern.c 5&(H

RIES @I bpf_clone_redirect SLHL , EFAREERB—FEESFHINESE A9k
FRERIBF. FEIiTRES |, 66 Appl SkHRY Message Type {EAFIRIZREFRIFRABRE

HEEIRES/ LK. ATEEGFFPE (wait on quorum ) |, TEBREEE—EUES

( bitset ) ,
1. if (type str[l] == 'p' && type str[0] == 's'")
2. |
3. id = !ctr state -> leaderIdx;
4, nxt = id + 1;
5. nxt += ctr state -> leaderIdx == nxt;
6. type str[0] = nxt;
7. type str[l] = 'M';
8. if (nxt < CLUSTER SIZE) bpf clone redirect (skb, skb -> ifi
ndex, 0);
9. )
10.
1ll.else

OS JIREHbAEREESTHY



. EF ¢BPF £ Raft HHYINE

12.¢

13. nxt = type str[0] + 1;

14, nxt += ctr state -> leaderIdx == nxt;

15. type str[0] = nxt;

16. if (nxt < CLUSTER SIZE) bpf clone redirect (skb, skb -> ifi
ndex, 0);

17.3

18.

19.if (msg_type == FAST PROG_XDP HANDLE PREPARE)

20. {

21. 132 idx = msg lastOp & (QUORUM BITSET ENTRY - 1);

22. struct paxos quorum *entry = bpf map lookup elem(&map quor

um, &idx);

23. if (entry && entry -> view != msg _view || entry -> opnum !
= msg_ lastOp)

24. |

25. entry -> view = msg view;

26. entry —-> opnum = msg_lastOp;

27. entry -> bitset = 0;

28. )

29.)

HRIEFAIA ( fast ack ) FEEHL follower FERZHRHTEIE , RILFERLERFSAVK
&, NMEREIE. XBE—NEA ctr_state (IBRETRELH. RAERBEREEFEE—
ringbuffer /b, i EEABKIEZE. RIEESLEE 7 AFIBEKIOXERE  EFEIER%

AJREBEITEEERRER | FERH LELE.

1. char *pt = bpf ringbuf reserve (&map prepare buffer, MAX DATA

_LEN, 0);

2. if (pt)

3. ¢

2. for (int i = 0; i < MAX DATA LEN; ++i)

5. if (payload + i + 1 <= data _end) pt[i] = payload[i];

0. bpf ringbuf submit (pt, 0);

7. bpf tail call(ctx, &map progs xdp, FAST PROG XDP PREPARE R
EPLY) ,7 N B N B B B B

8. )

ZHhE (wait on quorum ) £ER leader EFRIZFPEFENEKS| (Index ) iIF3#

E—RMRES LR , ®RZFE (entry ) EZRILUER (commit) . XERRBERST
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#& (broadcast ) 2 , BTER/DMEIMURANBEHIIBPS SRS Z B, FEiE
f2h | (FRMES ( bitset ) #7118l , CEBEEM. NESSHRIES #E( fast broadcast )

REER , —MREEE 71T REE—

1.

2. if (ctr state -> state != STATUS NORMAL)

3. return XDP_DROP;

4,

5.

0. if (msg _view < ctr state -> view)

7. return XDP_DROP;

8.

9.

10. if (msg view > ctr state -> view)

11. return XDP_PASS;

12.

13.

14, if (msg _lastOp <= ctr state -> lastOp)

15. ¢

16. bpf tail call(ctx, &map progs xdp, FAST PROG XDP PREPARE R
EPLY) ; N N N - - N

17. return XDP PASS;

18.

19.

20.

21. if (msg _batchStart > ctr state -> lastOp + 1)

22. return XDP_PASS;

3.2 user.c M55

BB EERENNFIRET ( map ) 1 eBPF 127, BRGTIR T IERHARZ , NRFEERF
A, AR (ringbuffer) , REBERHEEE—MIEIMIE. XBEAERE—X

ARSI T17h0 eBPF 727 | IXE A TSSHIEIREA . NTIrRILARS eBPF 2L
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RIBHIRG, LHUBIRRRISTSCAER R AL B N AZBRET .,

eBPF EZ281E 5 1> XDP 25 1 NimEzdl (TC) 2 |, eflnslBEEm N ERERF , 2

(LZEEERENIE R =R

vr iI5aR5

VR @—#1% Paxos LY , Electrode {A{LEETF VR #17H). AFSEE@ISIET ( map )
EHTRIRE SR FIERAE. FEREHIA (fast ack ) 1, eBPF 7£ XDP HiZRIEIEER |
HIEEIREEMEE— IS DX (ringbuffer ) fh, BFREEWIMZE DX TR , 8

BATIERRINZCEERZTLE | W TEFESIIL.

1. irf (progs[i] .pin)

2. |

3. if (snprintf(filename, PATH MAX, " $s/%s", BPF SYSFS ROOT,
progs[i] .name) < 0)

2. exit (-1);

5. else if (snprintf(filename, PATH MAX, "%$s/%s", BPF SYS
FS ROOT, progs[i].name) >= PATH MAX)

6. exit (-1);

7.

8. FLAG:

0. if (bpf program pin instance (progs[i].prog, filename, 0))

10. {

11. fprintf (stderr, "Panic: Fail to pin program '%s' to path

$s\n", progs[i].name, filename);

12. if (errno == EEXIST)

13. {

14. fprintf (stdout, "BPF program 'S$s' already pinned, unpin
ning it to reload it\n", progs[i].name);

15. if (bpf program unpin instance (progs[i].prog, filename,

0))
16. {

OS TIREHEEERBESTH



17. fprintf (stderr, "Panic: Fail to unpin program '$s' at
%s\n", progs[i].name, filename) ;

18. exit (-1);

19. }

20. goto FLAG;

21. }

22. exit (-1);

23. }

24,

ATERAZRBGIMER  BRSHEERGEN Appl LRI , BIEMN—1

FAST_PAXOS_DATA_LEN =¥ , B R BB MEMIRRATERIZL,

1. void VRReplica::ResendPrepare ()

2.

3 ASSERT (AmLeader () ) ;

4 if (lastOp == lastCommitted)

5 return;

6. RNotice ("Resending prepare");

7 if (! (transport->SendMessageToAll (this, lastPrepare

8 #ifdef TC BROADCAST

9. , Sgn_bits

10. #endif

11. )))

12. RWarning ("Failed to ressend prepare message to all r
eplicas");

13.,

14.

15.void VRReplica: :ReceiveMessage (const TransportAddress &remot
e, const string &type, const string &data)

16.[1]

17.

18. #ifdef FAST BATCH

19. if (AmLeader())

20. {

21. assert (ring buffer poll(rb request, 0) >= 0);
22. }

23. #endif

24. #ifdef FAST REPLY

25. if (!AmLeader ())
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26. {

27. assert (ring buffer poll(rb prepare, 0) >= 0);
28. }

29. tendif

30....

31.3

Y. AiESR

EHDMBEBNUWKS , RMOETELBAT Github ER raft-bench 1E 2R
( https://github.com/alexanderstephan/raft-bench ) , raft-bench 2—4\AFLLER
etcd, hashicorp #1 dragonboat B9 RAFT FEMEEIEENXTE SEMTH Raft —

M RA SRR B SRR R ERERER.

4.1 MUESRAO

1. package main

2.

3. import (

4, rvflag"

5. "log"

0. "os"

7. "time"

8.

9 "github.com/thanhphu/raftbench/dragonboat"

10. "github.com/thanhphu/raftbench/etcd"
11. "github.com/thanhphu/raftbench/hashicorp"
12. "github.com/thanhphu/raftbench/util"

13.)

14.

15.

16.const ¢

17. DefaultHTTPAddr = ":11000"
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18. pDefaultRaftAddr = ":12000"
19.)
20.

2).// main ER¥EEFEFHIALR.

22.// EMEBram ST UHIRIESEIEH) Raft 5| G HENHIRS .
23. func main () {

24. // BIE Raft 5/ZHjmSiThEG

25. engine := flag.String("engine", "etcd", "etcd/hashi/dragonb
oat select the raft engine")

26. cluster := flag.String("cluster", "http://127.0.0.1:9021",
"comma separated cluster peers")

27. id := flag.Int("id", 1, "node ID")

28. kvport := flag.Int ("port", 9121, "key-value server port")

29. join := flag.Bool("join", false, "Jjoin an existing cluster"
)

30. enabled := flag.Bool ("test", false, "use this node for r/w
tests")

31. logFile := flag.String("logfile", "result.csv", "name of cs
v log file (used together with --test)")

32. numKeys := flag.Int ("numKeys", 1000, "Run the benchmark num
Keys * mil times")

33. mil := flag.Int ("mil", 1, "Run the benchmark numKeys * mil
times")

34. runs := flag.Int ("runs", 5, "Number of time to run the benc
hmark™)

35. wait := flag.Int ("wait", 3000, "Time to wait before each st

ep and before read / write")

36. firstWait := flag.Int("firstWait"™, 10000, "Time to wait bef
ore starting benchmark™)

37. step := flag.Int("step", 100, "If read fails, wait this muc
h before trying to avoid overloading the system")

38. maxTries := flag.Int ("maxTries", 10, "Only retry an operati
on this many times")

39.
40. // BJE HTTP FI Raft M S1ThE

4]1. var httpAddr string
42. var raftAddr string
43. var joinAddr string

44. var nodelID string

45.




46. flag.StringVar (&httpAddr, "haddr", DefaultHTTPAddr, "Set th
e HTTP bind address")

47. flag.StringVar (&raftAddr, "raddr", DefaultRaftAddr, "Set Ra
ft bind address")

48. flag.StringVar (&joinAddr, "joinaddr", "", "Set join address,

if any")

49, flag.StringVar (&nodeID, "nodeid", "", "Node ID")

50.

51. addr := flag.String("addr", "", "Nodehost address")

52.

33. // BEXRGSITHEEE

54, flag.Usage = func() {

55. log.Printf ("Usage: %s [options] <raft-data-path> \n", os.A
rgs[0])

56. flag.PrintDefaults ()

57.

58.

59. // MEHTaHSMTEH

60. flag.Parse ()

61.

62. // GIENESHLFIE

63. testParams := &util.TestParams {

64. NumKeys: *numKeys,

65. mMi1l: *mil,

66. Runs: *runs,

67. Wait: time.Duration(*wait) * time.Millisecond,

68. FirstWait: time.Duration (*firstWait) * time.Millisecond,

69. Step: time.Duration (*step) * time.Millisecond,

70. MaxTries: *maxTries,

71. Enabled: *enabled,

72. LogFile: *logFile,

73.

74.

15. // IRIEEFERI 5| E ISR

76. switch *engine {

77. case "etcd":

78. etcd.Main (*cluster, *id, *kvPort, *join, *testParams)

79. case "hashi":

80. hashicorp.Main (httpAddr, raftAddr, joinAddr, nodelD, *test
Params)
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81. case "dragonboat":

82. dragonboat.Main (*cluster, *id, *addr, *join, *testParams)

83. }
84.,

XERABEEEANEAEZRIAND,
BITEE
® TJLUEEMIKAY Raft 5|2 (etcd, hashi, dragonboat ) ,
® SRR HTTP # Raftitilit , HRID , LIREEMAINEEEH,
o REEATUH , BEXHE  MiKpvEEE | WiREsE.
o ESEHEFIEINRES , BTFRETHERE.
TERFIZE:
® ENXTEUARY HTTP #0 Raft itbiik,
o ETISITESHFHRENAE,
@ RIEEEAISIZ (etcd, hashicorp. dragonboat ) , JEFHENAY Main BREUHI T
i
FEIEe:
@ EXARE Raft 5|Z#HTEENS.
o JERENHNSE , iy, FEHHE. EHREF.

0 IFEIIRAERICREI CSV X+ , EFEES.

4.2 Dragonboat jisttELR

1. package dragonboat
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import (

"context"

A fmt nw

HOS"

2
3
4.
5. rencoding/json"
§)
7
8

"os/signal"
9., r"path/filepath"
10. "runtime"
11. "strings"
12. "syscall"
13. "time"

15. "github.com/1lni/dragonboat/v4"
16. "github.com/lni/dragonboat/v4/config"

17. "github.com/1ni/dragonboat/v4/logger"

19. "github.com/thanhphu/raftbench/util"
20.)

22.// RequestType EN TIEKERIEHIZETY,

23.type RequestType uint64

25.// exampleclusterID E—1FENKEE 1D, FFIEREH,

26.const (

27. exampleClusterID uint64 = 128
28.)
29.

30.// Main BEAOFY , HF/E30—1 dragonboat Ti/m , HIRIEIEAHIZH
A& TR TA.

31.// &#:

32.// cluster: BEHRIEFHE , OSEHKIHIEE.

33.// nodeID: 4BiTHH9 1D,

34.// addr: 24E773 AL,

35.//  join: EBMAHELEHKI G,




36.// test: M ST,

37. func Main (cluster string, nodelID int, addr string, join bool,
test util.TestParams) {

38. if len(addr) == 0 && nodeID != 1 && nodelID != 2 && nodelID !
= 3 {

39. fmt.Fprintf (os.Stderr, "node id must be 1, 2 or 3 when add
ress 1s not specified\n")

40. os.Exit (1)

41.

42. // fEF macos THEE1ESLIERAE,

43. if runtime.GO0S == "darwin" {

44, signal.Ignore(syscall.Signal (0xd))

45.

46. initialMembers := make (map[uint64]string)

47. if !'join {

48. // PITERIIEFHE , FKRIUEE R,

49, addresses := strings.Split (strings.Replace (cluster, "http:
Sty =)y, )

50. for idx, v := range addresses {

51. initialMembers[uint64 (idx+1)] = v

52.

53.

54. var nodeAddr string

55. if len(addr) != 0 {

56. nodeAddr = addr

57. } else {

58. nodeaddr = initialMembers[uint64 (nodelD) ]

59.

60. fmt.Fprintf (os.Stdout, "IAMit: $s\n", nodeAddr)

6l. // REHZEEF,

62. logger.GetLogger ("raft") .SetLevel (logger.ERROR)
63. logger.GetLogger ("rsm") .SetLevel (logger.WARNING)
64. logger.GetLogger ("transport") .SetLevel (logger.WARNING)
(

65. logger.GetLogger ("grpc") .SetLevel (logger.WARNING)

66. // PEHEIEXTIR.

67. rc := config.Config{
68. ReplicalD: uint64 (nodelD),
69. SshardiD: exampleClusterID,




70. ElectionRTT: 10,
71. HeartbeatRTT: 1,
72. CheckQuorum: true,
73. SnapshotEntries: 0,
74. DisableAutoCompactions: true,
75. MaxInMemLogSize: 0,
76. CompactionOverhead: 5,
77.

18. // 15EHIFEER.

79. datadir := filepath.Join (

80. fmt.Sprintf ("wal-dragonboat-%d", nodelD))

81. nhc := config.NodeHostConfig{

82. wWALDir: datadir,

83. NodeHostDir: datadir,

84. RTTMillisecond: 200,

85. RaftAddress: nodeAddr,

86. )

87. nh, err := dragonboat .NewNodeHost (nhc)

88. if err != nil {

89. panic(err)

90.

91. if err := nh.StartReplica(initialMembers, join, NewMemKV, r
c); err !'= nil {

92. fmt.Fprintf (os.Stderr, "failed to add cluster, %v\n", err)
93. os.Exit (1)

94. ,

95,

96. cs := nh.GetNoOPSession (exampleClusterID)
97.

98. // FEAFMERE.

99. time.Sleep (2 * time.Second)

100.

101. ctx, _ := context.WithTimeout (context.Background(), 10
00*time.Second)

102.

103. /7 BATEEN,

104. util.Bench(test, func(k string) bool {

105. _, err := nh.SyncRead(ctx, exampleClusterID, k)
106. return err == nil

107. }, func(k string, v string) bool ({

108. kv := &KVData/{
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1009. Key: k,

110. Val: v,

111. }

112. data, err := json.Marshal (kv)
113. if err != nil {

114. return false

115. }

116.

117. _, err = nh.SyncPropose (ctx, cs, data)
118. return err == nil

119. })

120. }

0 ZHISTERIERAES  UEREFEREEIESHIEL.

o BTmSIT8E  BEDRUMIFIWIRMRRIER.

o REHTCRBIIARERS , LURD R ENBE R,

® TN THTHA (Dragonboat ) EERIECESE , (IEH ID. REBFKBHE.

o IETEHUERSR , AT AENEE WAL ( Write-Ahead Logging ) BRFIT sEH
BHx.

o SIBHBH— M RENES , IAZRIEKR,

o CIE—PFEIFRIE (NoOP Session ) , BTFE5RARE.

o SERFLRERYTE  PUTEEEREMEENH,
RIBNEEIRER AL S TTURSHINE | 81T Dragonboat FESLH] Raft MY , FF

PRSI TIES BRI,

4.3 EENLHESR

. package util

. import (

wWEeen
Irmt

DR WN e

"loq"
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6 "math/rand"
7. "os"

8 "time"

9. )

10.

11l.type TestParams struct {
12. NumKeys int

13. mi1 int
14. rRuns int
15. wait time.Duration

16. FirstWait time.Duration
17. step time.Duration
18. MaxTries int

19. Enabled ©bool

20. LogFile string

21.,

22.

23. func Bench (testParams TestParams, read func(string) bool, wr
ite func(string, string) bool) {

24. defer WaitForCtrlC ()

25. if !testParams.Enabled {

206. return

27.

28.

29. f, err := os.Create(testParams.LogFile)
30. if err != nil {

31. log.Fatal ("unable to create csv log")
32.

33. defer f.Close()

34.

35. time.Sleep (testParams.FirstWait)

36. log.Printf("Starting benchmark...\n")

37. for i := 0; i < testParams.Runs; i++ {

38. 1log.Printf ("BENCHMARK %v OF %v\n", i+1, testParams.Runs)
39. time.Sleep (testParams.Wait)

40.

41. start := time.Now ()

42. failure := 0

43. for k := 0; k < testParams.NumKeys*testParams.Mil; k++ {
44, v := rand.Int ()

45, tries := 0

46. for ok := false; 'ok; ok = write(fmt.Sprintf ("%d", k), fm

t.Sprintf ("sd", v)) {

47. time.Sleep (testParams.Step)




48. tries++

49, if tries > testParams.MaxTries {

50. break

51. }

52. }

53. failure += tries

54.

55. _, = f.WriteString(fmt.Sprintf ("write, $v, %v, %v,$v\n", i+

1, failure, testParams.NumKeys*testParams.Mil, time.Since (st
art) .Microseconds () ))
56.
57. time.Sleep (testParams.Wait)
58. start = time.Now()
59. failure =0
60. for k := 0

; k < testParams.NumKeys*testParams.Mil; k++ {
61. tries := 0

62. for ok := false; !'ok; ok = read(fmt.Sprintf ("2d", k)) {
63. time.Sleep (testParams.Step)

64. tries++

65. if tries > testParams.MaxTries {

66. break

67. }

68. }

69. failure += tries

70.

71. , = f.WriteString(fmt.Sprintf ("read, %v,%v,%v,%v\n", i+l,

failure, testParams.NumKeys*testParams.Mil, time.Since(star
t) .Microseconds ()))
72.
73. log.Printf ("BENCHMARK COMPLETE\n")
74.
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