pre-flush 2| 2=

staging 9! undo O[0|X|Z 2t glo| gj=C}
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MVCC 2|57} prev version lsa AFE2 2R mf hop OICF S LSA £ #AHA watermark copied lsa 2tH|u 3._ f

OleiH 7|= HEE 7110 2™ in-flight 2= 0|A] staging 5! =55 &0 1 -EO| udata Of|A
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E'I - OI E E_O_I OEI% al'EI' 04

| —_

MVCC 2|57} O|F A sp = %Ioaqq MY AT Loc s EA7|2EZ FD priorlist MHIE 23 HO|X|2 Lo F=C
ot

— drain 2 #2ff 2[H2[ 0| ofL[Ct. 1 2|H= heap HI0|X| latch £ Z & 7|Cl2]| 2, F|Z writer FE2} flush H|=20] A
=
Mvcce 2|H LOG_CS —M7| 5t ([ writer
T =S M2 ol § c drain 2 &
0| HH0| o= Tt > 2095 HHS Y ot ol *Jlilb L een
SAHolc prior list HH|S 27 H0|x|2 Lojuc writer
o rain x &
[heap o1 lach 125 ) logpb_prior_lsa_append all_list () ) ’
= drain. g2 flush G| 22| Lo|ct flush cf|2
CjA3 /0 2R

#2 drain 2Io| t|20] 51H 2| 0.3 ps, 2| 7E=715HH 2] 1.6 ms L} 4| X314 X0} TR Ci7|Ct.
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e Ao 2RI} Al 2 .

O Mo x| ® H|IX} 217 OF=t:q-14 4|
45. 106 s =R RS TME F=ot  F=Y. append_lsa £ pageid:48 + TZ. 7t== H hop 2F 2Lt & 1 0|= hop
Ct. MVCC 2|47} M7| BEZ F|H & offset:16 F HIEZEC} 2t gl0| 2EM i 2 logpb fetch page 7t CHA| THESIEZ
writer 2| drain 2t flush HI=22] x._ o] H&E Y= AHOH MZ 2= = + AW, =9 Jte= O e 55 0|1, 29[ 2%0| &
Ch 2|HE s2i= 7] M2|Z0] REX| =7  ToDO 7} 00| 2AE QIFstCt. QHoi| M TH=EQIEX] LY.
ZCt.

2|3 o] th7|= H 2 heap HIO|X] latch £ # & 20{ Tt — HIZ0| 2|¢f XRiof| 2X|X] @41 22 H|O|XIE ZX[2{= EAMTMNIX] F|= 2ICt,

CUBRID © CUBRID Corporation



ARE|= 3t = .

o|E = mHEksICH— Of2 =
// heap_get visible version from log — src/storage/heap file.c (AS-IS) > 2l== BRI — OR0A £5
oldest prior lsa = *log_get append lsa (); /* TODO: fix atomicity */ log get undo record () 7t"O|Z2E
if (LSA LT (&oldest prior lsa, previous version lsa)) = 0|0] H|O|X|of QICH E MA|IBIEZ, 1 FA|
— — P = =
{ =ot=o| &
n ZiC
LOG CS ENTER (thread p); S0 F11 SOz,
logpb_prior_lsa append_all list (thread p); » AlFE f’é. ol ool 22 FHI2 ﬁPOI_I'é'}h
LOG_CS _EXIT (thread p);
assert 7t QICh

oldest prior lsa = *log get append lsa (); 2|6 AESE dllo|C —
assert (!LSA LT (&oldest prior lsa, previous version lsa)); ==~
} heap get visible version -

heap get visible version from log
- logpb fetch page -
log get undo record .

-

7IEE= append lsa < 28 = B3I logpb fetch page & = = LY — S22 Zld O 20|10, 2F Qtof|lA] $F H I =l
SICt 7k=0il= 1 Ao gict.
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27 3| AC T R|LE= M 2 o

27 | RE= SO0 C]AT0| Z7I7EK| Ml K2 S AHEICE 2 Ato]2] £ 0F0| 2= 0|F0| drain 1t flush 2ol 23] 40{ L2Ct
—olej2 1 58 Tt
oy @ prior list . @ 23 b|0|X| I @Az
YIS ohert ’ oz e HE 2 AE drain C|A3 Hjo|x|et 22 flush active log 2} archive
L C0iT} JHE malloc ' HIO| E B %] ' fdatasync 7tX| ELto}
OF=| oftH o] X|oi| = giCk 2=t A S dol T durable
pmmmm——— e ————————— 22| —o=2] H 22| >HEEA
i 0| PR O| Ct3 = Xt2] i
i

drain = ®->@ (H=ZE[>H=Z2|), flush = @->@ (H=Z2|>XFZEX]). 0| PR 0| CIF= X2|= @ prior list SHLC
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AS-IS ZE HE — M| Zze}

FEEEY

etz o M= XL QEZX ZH0| 0] PR 0] 2} Ze2Ho| FSi= SiRA=XIC

08

Zel HYUERH FAS k=7t O|PRO| 2= A
Y- rnd prior lsa alloc and copy data () / crumbs 2haloM == 24 > prior 1sa mutex 2HOiIA register 7t 07| 2
append () LSA &g-2l3-attach =rt
- prior_lsa_next record _internal ()
- prior_lsa start append ()
prior_lsa end append ()
ZA logpb_prior lsa append all list () & X|F M — flush B2 - ZH flush - Wall-retire 7} 67|
drain -> logpb append next record () (=0} logpb fetch page 2|2 Qtzfetol. MAtxt ==t
backpressure - MVCC 2| 7}=
1] heap get visible version () hop OICH AFSE LH2AZICEH heap HIO|X| latch £ # AHCF = THHO| 7| 7[0{E
reader - heap get visible version from log () Ct
- logpb fetch page () -
log get undo_record ()
CHiW == X|Fo| o] 2| 7ol ELHOIC} —drain £ F2= O § W2 4= Z0[7Lt o2, stLtZE MveC 2|C{Ct. 4H0j| A "HEo| FEE U

Ctr 1 ok 240 0| 2| 1 E£0|1, 0| PRO| X|2= Ak O F StLtCt.
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drain 3} flush = A~ ==7}

drain — prior list - H|0|X| H{I{
® =¥ flush 2H FHOIOICE— LHE L2 | Hoj| g4 H[2CF
® flushH2

® logpb_fetch_page 9|
2} oF T =tol

® MAMZAbackpressure

ZJ|H wakeup (2Z #4!)

Yot= HO|X| 7} OtE| ot DHEOH S wf. B HoflA{ SHH { H
O gicoH

prior list 7} &4$H64M-256M)0 ZHES . MH 2EEHIES
M1 1 ms ZHC}

® Mvcceald e 2| S HT0| OF% SAF T mf — O] PR 2] CHY

// prior_lsa next record internal () — log_append.cpp
if (log Gl.prior_info.list_size >= (INT64) logpb get memsize ())
{ /* 2|&2 H0|X| K7} OfL2} prior list 37| */

perfmon_inc_stat (thread p, PSTAT _PRIOR LSA LIST MAXED);
/* Me| EE: ZF X §0 HjE2S MR EC *+/
log wakeup log flush daemon ();

thread sleep (1); /* 1 msec — log prior list maxed wait */

273tC 0| PR

CUBRID

} /¥ 57-SA REW X7|7F LOG_CS E EX drain */

09

flush — H|O|X| HI{ > C|A3

#Hdl log commit ()
commit postpone
()

a& A% F7]

Hl0|Ef HO|X|Z LH2|7|
ol

=g .. HA log final () &

ZIH flush = g4 drain £ HXA SiCH— D2 #{8I0Ct @

hml= ]

0
0| PR 2 flush £ £LCix| gt=C}
18 #H4l-fsync & 2 LM =o|ct,

2|67k 7|2 E 22 flush 7F OtL|2} drain O|ACE CHAl Z2ll M2 logpb prior lsa append all list () £ S0{7} LOG (S MI|BREE
2 1F @ Sttt g4 oM “J=7t R & M2t O 2 L — LIHX| Wt flush B2 JCi2C
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SIEIA HHof|A{ DHS T, OHoj|A] DHCHCE 10

2|ZEE prior list 0l BHCH= 22 & THAIZ LiF(0] QACE O] 2&H0] F{oflAM 2FH =F2f HiEo| EICt,

o

1EH — 2t QlS 25HA|
prior lsa alloc and copy data () / crumbs ()
- =& malloc st

- undo - redo payload § S ATt

- 7|&2S doH zlib S EMX| 07| M ZpHCk

— prior_lsa_mutex ¢t

prior lsa next record internal ()
——Pp | - HAF MOl start_lsa & LS AC

- 23 LSA E #2C} (back / forw / prev_tranlsa)
- 2|AE Wa[of DiE D HME HEIAIZICH

attach 92 — 0| X|H 0|% OIF= 0] L. E0j| AX| gb=C}

—

attach 7 9HgtEl o= ot AY|EE O - E2| payload 2} 8|0l AAX| 4=C}. 23 LSA 2F attach S0 Xi$I X1, payload = 3 Foj| O]
O] gkl ACt
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27} T HEAE B} .

heap 2lIZ=0|= £|A HHT H=Ct MVCC 8IE2| prev version lsa 7t 23 |ZEL| AIZFLSA & 7I2[7|1, O 8|2 EC]
undo O|0|X|7} ZIF HFO|C AEEE NULL Of|A BLCH— MVCC INSERT = E|S2! LH20| 8101 undo £ H7|X| Y=L} A&
= ¢t Zt 2ot o|F A SHLIE 2i= THelE hop 0[2F RELH.

heap 33E EIYIEA EIYIEB

Z| M B{HOE =0

[udata = vl « ZH HH ] [udata = v0O — EHEHH J

MvCC i ME LSA : :
prev version lsa —P | prev version lsa P | prev version lsa —> NULL

MVCC INSERT = undo £ H7|X| =0

ra

0|8l Z4AIXEe] undo £ gf= Z10| MVCC 2{7|2| ™A HZCH — of|2|7t OILICE PostgreSQL 2 heap £Z AlE, InnoDB = undo
tablespace 2} &8 F2I MVCC 2|67} WAL & 8i= Z =27} 8iC}. CUBRID 0l2t = H|2fo|Ct.
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O B2 O{C|A O{ZH| o] 2Lt -

T ARACEH 2G| 2 HIOIET} ofC|of] AL=Lof| w2} 2= W#o| Ct=1, ARALE CH=CE

2|rioiet 27 A

2|C) 1 — A= P memcpy 16 KB . o -
- — a
[ char log pgbuf[16 KB] « 25—-ZR2IHOK S
log Pb.buffers[] -
2| 2 — A o memcpy 16 KB P =0 giom 3% _[A3
char log pgbuf[16 KB] - LOG_CSH?| RE2 HD SA F ZA 50 - logpb_read page from file ()
16 KB

[ ELH 317 ﬁEj“b 116 KB] ] < it HY 49 — 2|7t 2T Sert

char log pgbu
#2 undo 2 5= 2R} 3t M

152 0] Z HA7} 8ict — e =2 udata & 72| H=C HO[X] SA4HO, Lo cs 0, 2A 2] 0.

& F=A| It AgdHt 2|67t st
12 prior list LOG_PRIOR NODE prior list 712|H HEC— SAL SIS
eidl= epoch 2=
2Z H|O|X| HTH log Pb.buffers[] HASRE LOG €S 97| 2= + H0|X] M memcpy
3&C|A3 ot IH A| AR LH AEH HIHZ read

9 20| ZARILE— 29 20| HO|XIS &3 K| 97| SIMCE L0 (S S 7| ZER AT memcpy 5 BHZ ST Oi7Hs 2T 20l MBS 16
KB AL, 12/ HHAIZH 8 A SICH— hop OCHHIHS S2fohn ChA| R 22 ERMO| 242 0T HFHS Yl BIE O SASICH (Zel0] Hletolc).
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29} - AS-IS Il—I-SOHEg IHE z* I OIEI-

13
1 HEO|E7} o= B0 YEXIE JlEs HS FMEC) a2iE FHEES Ke gho] S0|3, A= B2t ME CHECE— nxio 1sa
= CIAINX| (“24X] L=71), append lsa = BAX|("AS £ A=7H). nx1o_1sa < append lsa O|X|DtSIZS CIE &
OlM FE8iA= ¢t EICt — =0| Ct2C}

C|A30f Ok%} | 0| X| E{IHO{ Tt UL} prior list O 2t QUCt — O] SAL
nxio_lsa append_lsa
flush F-E - atomic EAEIEE - H|2IR}
“S4X| =T s S AT
struct log lsa { int64 pageid:48; int64 offset:16; }; FACSTtol0| IFet 2H|CH
Hets| guto| E¢io]| REM Y2 F H=S o2 F2E + ULk /* TODO: fix atomicity issue on x86 */

append lsa &= HZESILIE = Sot|ct H SEQICt — & - EIY Sl - undo - redo
Agto| E¢ Mo|CH — o (At ZZHE(El0]). eeidie &

. 0pR2|. J2HM B2 8RS = ol
ZHelD]). UAZS A} QIO THKIX|D FARS o
T x| Qb (S5)7} 7124E]= oKLt

s L=

DX EICE 19HO|IM “TILF atomic 22 Hf
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o7 |7kXI7t XIg2| J&o|ct. M| attach 2t drain AtO|2| O|SAF #7E2 ot 2 F{EICE writer =(CBRD-26808)0|
prior lsa mutex £ Z0jljz= &2 6L QEHZ 7H O = A0S HelD, JPF MVCC |57t O #E B tiEE @
ECt— S8 C oM 1 2|2 == Fol4 OF2] 11 EATMO staging Off 17| hZ0|CH

Ao Hel Aol do| MVCC 2|7 Bt Bl
|
!
attach ~ drain © ot
J

U B — AT HE A

0f|2F ~ memcpy 22 H

%2
we
=4 C — E-HM Y staging
ofl2k ~ M 2/37| K splice & EidiMd 32

—\
. J

0| PR o] 24j= 1 ZHIE SMZ MUt — staging 0] 2 $HE += U= HE HEFL0|E2 HO| EMHME A2E memcpy #2E MVCC 2|4
£ A X2|of|lA H=CL
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7|Ctzlo] ofL|2t CIE 27| A=

| Mvcealcizt 22 iz ofciM gi2X] hop OiCh 121, “0F&| ZAt o $ict & 7|Ck2lo] ofLlzt ChE 27| A2 Hal3ict,

copied_lsa 2| H9| SI2% urstaL obXBIC}

» append lsa & Z2 HMEE std::atomic 2Z SH|st > EIMX|H — ITZ &7 SO0 AR 3t ¥ O S0f2t ol
o CF (2FH)

> 2H3H0| H|ZE ZAOIMEE LojLITH— ZARL Bt XS > 2B — »o[0] Ho|X|oj| YUCH T YT W% drain & AL
append_lsa , & CHS 2|2=2| A[Zto|Ct J2{A S0 st 01 2= CllOIEI & el=CH (X1Y).

THEICE 0] 2 of2li= M prior list S MHILCt.

» append lsa XM= SAF =SS0 HE6H HZE
Z = UCH— 198 S5 9| 7|2 A7} 0| Z40|Ct.

Fts 712

» LA release, 27|= acquire.

st

J2fA O] gt2 E4t store 0| E| max () Z}OIL|CE O{C|AM W3SHE O

=
—
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D =

MVCC 2|57t =
I giCh Of2HH 2

o

7t2£= 240| copied_Isa Ct

At
-0

(H|O|X| H{IY) = 3Z(C|AS)0|1, I E2 J|ZE AE J2ch

0l

16

LSAE copied lsa 2tH|W$ICE 2H 15 — 2IE0j[A staging ==2 ZIH 211, /0 EH7|= LOG CS

— 'y | 15 — priorlist (0] PR 0] C{8t= )

MVCC 2| — hop 8}Lt in-flight 2| 0f| A staging ‘== £ 4ot
25 LSA B— 3 .9 udata Of|A = i=rt
o{C| M 22 #Holzt /o glS - ti7] 812 - LOG_CS 8iS

bt

2% — 21 H|0|X] I
_> 7|Z logpb_fetch_page 4= - H|22| 2tof| A ShCt
o}z
" 3z _rjA3 . ool

2-352 3S7t 2Tt
0| PRO| AE=2|X| =Lt

J|E 2 OtZ el

O| PRO| Cidt= A2 1520|Ct. e= 58 SARHX| et — 22 SSE LEELSA R
Ct.
CUBRID

> N e o o o o e e e /
= 10’8 37| MI0| 10 prior list 2 12|t H=
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MVCC 2|7} B L E= 2Hd el AL} 7

"CHE A|E7F A0 Q= HIZE2|E 4= 2 OFLIZE 71 71 BIA o fARCE JX| @81, 2= 20| ofL|2t 2= &=AMCt,
OF1=%:7 @ attach 3 stamp
2ols prior_lsa_mutex 2t heap H|0|X] latch ¢t
- malloc > . start_lsa 2= > heap 2| Z =0
- undo - redo payload SA} -3 LSAME - prev_version_lsa S =Lt
-+ zlib S=EIHX] - 2| AE J2fof| 0f =7
l
0| 77t LHL OFR = i =0j MX| eb=C}
[ MVCC 2|C= 3) 2 21 S0{2Ct
MVCC 2|E7} FIst=s Rt &71= heap @ prev version lsa 0|1, 1 2f0| W3|= A2 attach 7t BietEl FICh 2EXHOZ Mol L.E

E 0| QiICt— 122 UQTZS = |g}7} ofL|a} £ Bk2|ct,
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SHA LK —2|ROIM B®E 5
# =

18

i LSA = TfZ 71510 HEif =|Z0|=IX| e4=Ct

12 attach gtet 5| MVCC 2|57} ¢l= HEO|| OFR = MX| gh=Ct
I3 copied lsa = append lsa — SMX|Qt=C}

14 retire &A = register &A] (CHA2 &4 22 head)

15 finalize AIE0| pin 2§ MVCC 2|7} giCt

11-14 = 3= 2 74 S Z0| 2 o] Xt2|oj|A]
= x

+5IC
LOG_CS £ EX| k=Lt (27 152] 2FOoICh. 22HM 2to] 1 2|HE HHA[sH =X
15 = EHTMO| GlCH = 2F AFof| 7| et

Ch" 10 M=Ch 15 = "1 A|F0|| 2210|1UE E

—

CUBRID

mjo

MVCC 2|57}

&2 WALS TEO| RUH Hol Lo g gjert

i
1
o
o
=
Q
[e]
i)
a
]
11
no
rir
n

AR2HZEL E|O| S0 M CIASEEE H=0t

IC}. 15 OF FE HO|Ct — finalize = LOG_CS AM7| ZEOA EX|2F 2IES =2|HE
| 2T — ZE =AM “0|0] pin & £ 2lH&= HHEX| b=
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of [ ZHCFSt 0] OFLIRILE .

HEE 7|E2 Mlo|ct— P-1 20| EEEI 7|, P-2 2| Z20|M Y X XA, P-3 LSA HA| &=A0f Af M|2F2 TSR] 2471.
2 3y
S0 HEdrain — ZQ3H I=E JpF 2RO U0 d=Ct 7|2 — MVCC 2|07t o Fe] 4 A= 5713t 7HY (P-2 0|E3)
S1 =2t FE watermark CH7| 712t — ®Y AL gto|2t Rast EMMMA0| 0| SAL ZtIkX| | |ChzIct
S2  staging 3% == =HF gl=Ct KHEH
S3  undo O|O|X| Hx FHA| HiF — AMOICH SAPZESHLE 510 HA 37| P 25|, S2 9| CHete =z E
S5 append lsa XHH|E atomic 2= 7|2t — ==o| Ct2cC}, O ke y3E =742 72 2 £ 9ot

EEH 22 A H= I A0t — S1 2 writer = 2317t S{2A0F 2|0|7F H7|X|2, S2 = X5 ZE0M 3 XHHZ L0G_CS £ H|AHBILY.
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IR 15 A — 2010] BT 2010] gLt 2

= AA a0 A
15014 B2 2 250 BE 2
O Al S2l5k=7t — copied lsa 2| oH% Hak oty 3 0 I3 gAcize— 20 2= - & - £F - 712H
5, e AE =5

[] ALIZIR 4 - 5 — 2t gl OFFN0| AR o] S0 22 ct
[] SWAl 1114 — 0{7| LT}, OfLIS of 2 2T} e}

FC SO LZE 242 0f7] Mo| SCt— |5 = 11 AIH0] 2240|QIE EHMMO| QIC} = 2% AR 7[EHC 15014 £ B M2E of K2jof
7|1 252 ATk . 0f7|M #ICH— 251 0] FHRE ChA| QiCt,
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ag-

c I[l-I-lOI EII olo g —0-|.Q.|'|:|- 21

7t= E3t Z0| Al2tX|1, hop OfCt A4 &t~ heap get undo record for version () Ol copied lsa & acquire 2

210 27|50t miss M MA| watermark £ CHA| 2{11 JefE Y2 @@t LOG CS drain O|C}

( r
=_ o

heap_get_visible_version_from_log hop ffck (=22) - £18 iion_—'f:.ookup - ==0iA 27| - unpin
7= "3t = — MFE —> heap get undo record for version () L )

copied_lsa E acquire £ 210{ £7| WV miss

k v ’ (2.32 oy 7= 23)

miss 2}  opx|at Acke Opx|at) ) L logpb_fetch_page - log get undp record

(1) watermark 2 CIA| 24=Ct

@ J2e &2 afPt LOG_CS drain

302 (ME)-FFRH 3]

log get undo record from data () — 2% o + SAt

M B2} 7|E B=E thMlsHx] ek=Ct — 7|1E

E T2 30 0 ol & T o ol E=0) oS siAer SAk= ML E S8 1e| Siit
Ao} 2estoz uislgf ojn|7t Zal xi2|7t

=21

59_ OH
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EED 2|0 22 — 20 ofA| s :

PR Of| A &0}7t7| — src/storage/heap file.c > heap_get undo_record for_version () -heap_get visible version_from log
()

src/storage/heap_file.c — 7= @t =0| Al2tE xta|

— oldest prior _lsa = *log get append lsa (); /* TODO: fix atomicity issue on x86 */

- if (LSA_LT (&oldest prior_lsa, previous_version lsa))

- { LOG_CS_ENTER (thread p); logpb _prior_lsa_append all list (thread p); LOG_CS EXIT (thread p); }
3 X2lof hop OiCt H#E2&= MM F4$I1 EO{RCE

+ LOG_LSA copied lsa = log Gl.append.get copied lsa ();

+ if (LSA LE (&copied lsa, version lsa))

+ {

- if (log get undo_record from inflight (thread p, version lsa, recdes, &window_scan))
- { perfmon_inc_stat (thread p, PSTAT LOG_INFLIGHT WINDOW HIT); return window scan; }
- perfmon_inc_stat (thread p, PSTAT LOG_INFLIGHT WINDOW MISS);

+ copied lsa = log Gl.append.get copied lsa (); /* « THEQI */

+ if (LSA_LE (&copied_lsa, version_lsa)) { LOG_CS_ENTER .. }  /* OtX|8f £Eb */

AH|E St *._| gf=7t 2 DHUOICt — X|2 EFH0| o= A=K o SHH0f|lM CHEEICE. LOG CS ENTER 7} 7k 4% 7|2 2t A
0| 0| diff 2| R7FO0|CH.

CUBRID © CUBRID Corporation



eIy 2 &l — O]A AL T .

221 FCo| S HHuY if (LSA LE (&copied lsa, version lsa)) O ==6t= HARLCL =37 2I&0|ACt0 2HIZ
LOG CS 2 7HX| 9411 watermark £ 8t O 2}= 0|R7t 07| QICt.
#  OAng ox] 471=7} il T
1 SE ol ofl 3= udata ZF 1HLE MVCC M| EtR] 0| OfL|Ct — o ZX=0i| 2| X| §b=Ct x ZHl drain
2 attach ij 20| ZC} flush 7t 22 20| 7I5 — 558 ZUFCt (holder OOM & 2| degrade) x ZA| drain
3 A7 detEC} 7t L= A=l 4ki gfol2k Z7[RCt x ZH drain
4 pin & zio| gict U= 7t L AL E7t-standalone R E — Z=3| & X} OF SIC} x ZA| drain
5 U3 SAE] E20| SRt EHY 2t 23] Atolof drain Of X|LtZECE v 2-3&

CHA & siLtt Z2{EICE drain O] copied lsa £ retire ECH XA 22|22, £R0| ALRZIHCIH watermark = 0]0] 22k7t QUCH— xHefel
20| 4™ HUS LOG_CS 20f|A] ACE. LIHX] L2 HHZ OFX] oF SALE! 21012t AU A= 2 7T, 0] £7|7f Z|2fe] ZA|0|11, O %|2t0] AS-IS
of Z}.
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in-flight 21 — XI21X

24

= L EE EASHA| g4=C) 2|2 S2E L EE | SA 2 &= 0% 37| 010|171, £20| 712]7 = 20|l 2|57 3H= HIo|E T}
ICHE AL
exdz=168 EOIE| Ak — 2IC{7} 2shs HHOIEN|
start 1sa I . LOG_PRIOR NODE
8B - 7|0|XH & Eei0 8B node * log header
data header -
SIFEIRNULL_LSA 2 S50 4 2t 247k 2 710 udata < undoOlu[x] I | Esilol:?;l} Jmowglx\HL21||E§|7}mtr }
64Ki(=65,536) 7t X 16 B=1MiB I® - R uj& rdata S
A =seq & (2716 - 1) — DL~ oh ¥, HORHZE H2{7t §lCk inflight holder _>[ ol P?ept?\caagrlag?alwdgowa J
8 8717t W2lsts 274: N _ ger
LOG LSA = pageid:48 + offset:16 - H26| 8 B } 371 8 — MEE prior list of 2|2 F=rf
. 2 1 MiB prior list— 7|2 64M-256M
244 flush 7+ 2/ 2o 9K AL, Jnf SE0| UET 2/ A F22 WojHC),
7|E start_lsa SILIE & 4= QU= 20| A HM|2] HH|CH — 8HIO|E2} std::atomic<L0G_LSA> 7}lock-free 0|11, J2fAf 2|7} 2f
810l 7|2 10 & XOIHC| RRHNX| 22 o= THEDIC} (271H 2l 7o)
CUBRID
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A2 E — TCE0f| YA HiHSHL} #

I PROlIM %t0}7t7] — src/transaction/log prior _inflight ring.hpp-log_append.hpp

log_prior_inflight_ring.hpp — 2% 8 7t
struct slot

+
+{

+ std::atomic<L0G_LSA> start lsa; /* the key, and the publication flag - NULL_LSA once unlinked */
+ std::atomic<log prior_node *> node; /* ordered by start lsa above, so relaxed access is enough */

+ 1

+ slot &slot at (std::uint64 t sequence) { return m slots[sequence & (CAPACITY - 1)]; }

log_append.hpp — LOG_PRIOR_NODE Off {8t CiAlm Zelg

+ /* Non-NULL while registered in the in-flight window. Holds the node for epoch

+ * reclamation, and tells the drain to retire it instead of freeing it. */

+ log prior_inflight holder *inflight holder;

slot at 2 & (CAPACITY - 1) O] OfA3 QIHlA0|:D T HO2tRE =0} QI =& N7} HHRICH= AFAM2
log_append.hpp % hunk Ol|X2t £QICH — I} 2 FHX| %OH ZXICE
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register

append 22, prior lsa mutex ©FgHY
writer. tail FHTAIZIEZ LSA&MIL
T2 2 27 ik,

| I-k“ Gl'c':'l' 26

retire pin_lookup

2|6 EZ, 2t gl wait-free A7H.

drain 27} - = 3IL}2 H|0]|X| 2 EAFSH XIS %
B AHARE 25 4Ki £E27HX2t 230 ZI|$iC

LOG €S QHolM 1 == wirt—

copied lsa £ £2I C}20|Ct head = Ofuf
HEIpCt S5 &2 Zot tHA2 &4t head 0
1, OfL|™ fatal O|C}.

[

head tail
| SA B =00 7| A whECH | attach @ o470l H2ICH
3|48 3|48 A3 A4 A5 A6 A7 gl 2t Lk
NULL_LSA NULL_LSA node* node* node* node* node* —
LY 7o — ME A2} g &M} EiTHCH
M= F (register) @ node £ relaxed 2 WA - @ start lsa £ release 2 — 0[Zi0] ¥ - & tail

4o
rir

=

S release £ =2 A7 Helo| MY

% (pin lookup) start lsa £ acquire & ®XA Ad=Ch — 32[0F node ERIEZ7E |FSICH

U 712671 et
=g

CUBRID

=O0|F — LSA = = 20|=|X| gfebz L= ZQIEE H2

5l start lsa E ot O Ho| Z2oH 1 XQIE= 1 LSA 29 A
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e ’HiS roy CL
243t S| — =0l of<2A| BrHEHLL 7
I PR O &HO}I}7| — src/transaction/log prior inflight ring.hpp = push () -pop_if head () -find ()

push (): M= & — attach T, prior_lsa_mutex ¢. tail 0| 0{7|x HZEIstCt
+ s.node.store (node, std::memory order relaxed);

+ s.start_lsa.store (start_lsa, std::memory order_release); /* publishes the slot */

+ m_tail.store (tail + 1, std::memory order_release); /*¥ ... and admits it to the scan range */
pop_if_head (): M= & - 5AF E=F, L0G_CS . head 7 17| FHZEgptct

+ if (s.node.load (std::memory order relaxed) '= node) return false; /* head 7t 31 =7} OfL|™ ©oF #iC} */
+ /* Unlink before the owner retires the node: a later reader cannot reach it, and one already

+ * holding it is the owner's problem, not the ring's. */

+ s.start lsa.store (NULL LSA, std::memory order release); /¥ « BH|. 7€ &0 E=F| oM X|2C} */

+ m_head.store (head + 1, std::memory order release); /¥ « 1 Ct20|| head MEl */

find (): 8l & - 7|8 HA, HMUREH HPE

+ if (lsa.is_null ()) return NULL; /* NULL_LSA is the unlink marker, not a key */

+ LOG _LSA slot lsa = s.start lsa.load (std::memory order acquire);

=M7L M HO R de{ AUCt — @ BH|Pt head MZIELHHA (FIRS|H head 7} X|LIZE £20]| 40} U= 717} =L - @ unlink Zfretire
u|

t
HCHHA (0|7 Z&6HE 2|6 = £ X7t S7HS3HEICH - ® = Ch release 2t 2|62 acquire o ®S O|ECY. 0|0 2 2|H= pin 0] R=Ct
— &9 KO| OfL|CL
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Anie AMOR Mirt

epoch reclamation —CH41 &

» MVCC 2|EE= 247] Fofl 43l H4 id
CHunpin).

» CEEHED
CHretire).

d £ H1(pin), Ct gIoH X2

» SliH= EA Y id 20t A2 =202 QoL
St a7t o]

» pinZH start tran ~end tran )O| EH U= S
3|4= AZH AtO[2]

HZEICH— ==7F OfL|2t AIEE EH=LL unlink 2+
seq_cst SEI2|7t 1 ®o|Ct (208).,

» drain A — @ H0|X| 2Al > @ copied lsa £ HA 3 >
® HOollA i 3|2,

CUBRID

= A siIstA| g0 Juhef id £ & Ch?|Za| =

28

7}2E1 CHA

» window hit / window miss — %t 0| Ot staging Ol
ot=7}
AN .

» drain reader guard — MVCC 2|7} &%t drain 2| Sl
oF A2

» drain flush — =IH flush 22| drain.

» list maxed wait — MMXPI} A0 2O ms BE AlZE

O FoHi™ UCH— 4 HEl= hit 0| 31 reader_guard 7} 0 O|CL O O] OfL|A| &= #710] O] EA|7} RU4X|= 41=20]| 1, Ol LIHX| Z0| AFRE
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IES L= 4 pin 17H0] RIS X|7|=7)

PR O M &0}2}7| — Log manager.c - log get undo record from inflight ()-log prior inflight.cpp - pin lookup () -
retire ()

log_manager.c - 2|C{7} pin & OfEHE= H F7I2 0] 4 FEolt

+ LOG_PRIOR NODE *node = log prior inflight pin lookup (thread p, *1lsa, pin);

+ *scan_out = log get undo record from node (thread p, node, recdes); /* « 0| QAT =Lt */
+ log prior_inflight unpin (pin);

log_prior_inflight.cpp — pin O] &8 97|EC} HIEA| SHMCE

+ /* Pin before reading any slot: a node retired from here on cannot be freed until this thread
+ * leaves, because the drain tags what it retires with a later transaction id. */

+ tdes->start tran (); /* « O7|RE ‘L= AE g £ 2Ch */

+ LOG PRIOR NODE *node = log Inflight ring.find (lsa);

+ if (node == NULL) { tdes->end tran (); return NULL; } /* miss M ZA| BE=Ch */

retire & - 0| 70| &3 Y= St sE7t OIFEC

+ std::atomic_thread fence (std::memory order seq cst);

+ tdes->retire_node (*holder); /* %4 @M id 2ot &2 LE0F MH|Z SiFEICE */

T2t0] 3h= Y2 StLict — o] 71ZHo] B U= Sk sHAI7L DR TICE == SHLHE &= A0
ElE 2E =50F e AT unlink = 9X| =L — Zof|A B Fof| 2= 2|HE 2 2K
ZH2 ook BTk 2T 2|4 2 id 7F WA |0 24 C7|H0| X2t (15 & 0] 717H0] B 2100 FM%@EH.

E
=
o
B
rulo
3

Sh= Z0[2f, O AIF O|= retire
Of 2|H= Al =Lt J2iM 7

29
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7[2E CH — OfC| S =11 FARE o=t &

26 22 — hop 31Ut

[ MvCC 21K} ]—>[ copied_lsa B ]—bl 1z x3) ]:o

o[ watermark 3ol ]4»9[ LOG_CS &1 ZH drain —gloimopE A

O —0o|PRO|ZHEA & 7

o[ Z|H flush 2+2] drain — 0| 2|70 retire 7t M2 SOIZiCH ] o[ prior list 7} &Btof| 2o} M MAI} 1 ms Xhs 72— flush 7 S =2t ]
# Ol - &R = 22t FAS k=Tt
1 Num log inflight window hit A e R97t EEF2 XA O] 2A7} L5t A=t
2 Num log inflight window miss &= Zo|tHIRO2 E0I2 X|H OFLIU =2t — AMg CHAS B 2t (231)
3 log prior drain reader guard LOG €S ZIY~shd & 27t glof2{H HE= 1 H[Z0] Hot /=2t

counter+timer

4 log_prior_drain_flush counter+timer EH flush 22| drain

e 0 A2 retire 7t SHZUCH— FHYURIK| LAp=7}
log prior list maxed wait counter+timer A'SHOA MMAZLImsAt= 7 flush 7t YRi=7— 20| kH= QN &
2t

I Sl= 8 —T4210/3130]00|Ct 30]0 0] OHL|H| &= #7H0| O] HA7} RFUX|= 4=0|2, O 2 2} 57} AR S sl =L

71E FEkFI2E = U7X 2UCH— MO EHA[2] mutex-LOG_CS CH7|2} drain SEX1E 26, retired-backlog H|0|X|= ZIEto| BL He2|3 1
flush daemon / flush direct E2 4 s}Lt2 SXC|
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712E L — T E0f| o EA| B sHL
I PR O[] 20}7t7] — src/base/perf _monitor.c-perf_monitor.h (PSTAT * enum)

perf_monitor.c — statdump Off Lt7t= O|§0| O{7|A HafiZict

/* prior list, charged to whoever paid for it */
PSTAT _METADATA INIT COUNTER TIMER (PSTAT LOG PRIOR LIST MAXED WAIT, "log prior list maxed wait"),
PSTAT _METADATA INIT COUNTER TIMER (PSTAT LOG_PRIOR DRAIN FLUSH, "log_prior drain_flush"),

PSTAT _METADATA INIT COUNTER TIMER (PSTAT LOG_PRIOR DRAIN READER GUARD, "log prior_drain_reader_guard"),

/* in-flight window: whether a reader found the version it wanted still staged */
PSTAT METADATA INIT SINGLE ACC (PSTAT LOG INFLIGHT WINDOW HIT, "Num log inflight window hit"),
PSTAT METADATA INIT SINGLE ACC (PSTAT LOG INFLIGHT WINDOW MISS, "Num log inflight window miss"),

+ 4+ 4+ + + + + o+

0] 2XIZ0| = AE{H|O|ACH — oF H LI7HH BL{EZI0] 2 0|F0f| ==Lt 358 &e| &52| "0|1F2 Xz &de A7} 7t 712)7|=

=

Ct.

£0] 00|

31
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32

P8 ofC|M TEsh=7t

40t ALt2(

AL 2|z Y BE — L0G €S -FEIA/O-H7| St Gt

THztelo] of WRIX| — JHE =3 O0]A AFRE 2 glo] et

oA = drain 0] X|LtZt

Z|oto| AS-IS 2 ZLt=

AN 0] A

3

=X MAME

a

£olg — & 380

E
S

BT UM AKX

retire

Kto
[l

-

olo
o3
<+
3
i

or

=0l

TZEOl hop OFC} RL0{0F St

xQ
py]

AFE0| M B0l Z

42 ArEd 4 2+ 5 of Z2] [Ct 2[F0A 0] =22 HA 2L

7ol ok

J

= &l

I.
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IS
i
o)

2|47t E+19l

HZ=C} (CBRD-

INVALID TRANID £ sentinel O|HA uint64 Z|SHZLO|CE O HAO| & 7kX| Aoj

27044) 53

QFEACH

1

Ozt

offE Mx| 2t

@ LS 2l oA

@ ol 2E M2

- BE C|A3ZE 2| m_tranid 7} INVALID - 20| H|SZio|B= o) 7|8 TR 2 - min_tran_id < Z|tHgt 2 ghAb &
Z| gt H A E1p = INVALID (= uint64 %[SiZ}) > — o 7|7HK| = St = SEo|CH ’ » X1 Z0f|M return StCH
1 gho| FHA It 2|30 1 2GS ol 7|EH o2 7| Fotrt - CrAl= 2] eotA| gh=Ct
\ | )
)
PEE D& — retire 30,411 [} reclaim 24 off X| 20| o =Bt}
retire = A& & 1 &0t B0 W 22| ALZ0| A KR 7|E AHBH = retire 0| A1, H|0| 50| &H3| H|= &7to] =E£Ct. )

2EZ2 retire 30,411 reclaim 24. $£H2 22 84 & Z0|
7{alo| AtF5Ho|2t 222 5 X2t 22|5H CBRD-27044 7t H
CUBRID

C} — E0{2 o sentinel O] X{A|AH
X S0{7to} BiCt.

Ltz off sentinel 2 7|S5HX| &43.
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. ol I 34
ZH| drain 0, 47| MH 4.6x
52 0| 2|52 FH|7t OL|X|2 M A THte| 20|22 ZEGH 2L} 7HM M2 2|HE 521% 8.8K ZH|A WHSIC — MY 2l
ATFHo| L= =|E HMEO|CY,
40K 36,593 (4.18 X ( - )
( : 712E| Tgt (readers = 8)
M E
[ 4l drain 10,940 — 0 ]
[ #l&E hit 17,578 ]
20K
| T £t ZX|= g — Mojch 2| drain 0] 0 0] E/Ct ]
——o— * —e i d | M7)= LafR|x| et |
~8.8K Ol|M WY — =/H HE | 1,195-1232-1,278-1,303 TPS i
0 | YCSBL utsto = W (-1.4% / +6.6%) |
1 4 8 16 R et e T et !
readers
271 8,346->82,650 QPS (HE{0I3 £ = A/B 2.05x), 27|= =2{X|X| gt=Ct. ZA| drain ~10,940-0. Ct7t hot & Yllof| ¢itOtCt
7{olst= & 2|2} E510|C}. YCSB X232 22 MM develop CHEZ} 810 O|&E0|H, 21T 3| BT = 8 8 52|H gf0lZEICH ZH2 S
CHA| =0 A/B A 0|2} 8r BF Ao MEH ot =XV} ClEH, EHE2 2Tt
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- - -
nEE A /g A B
O] o — w2 et golot most g
22 —I7|1E MvecC-adbvacuum-57 AQIE v Cl27 81,0 2|7 » 28T 64K (1 MiBEH) — Ii20|H = & et
o] HH| » A7H AMSEAK — Z%ZH0| 2,000-2,500 0|2t 0f-57} 24l OjTto|Ct,
A% 2tE —@®PRO B QU HIAE (test inflight ring.cpp )7t » FI2E C}A2| 0|E — statdump O|S2 AMA 4 QIE{H|[O| ALY
MERXE FEAM  full- A7H 4ot BA - SAl push/pop/find E 21, @ | 2 oput A fatal — AJHHE Li2|= 2i0| 227}
drERELE +HAE MY 257 2| EWS &H| =2 EfFC » CBRD-27044 = Z'S pR2 = 707},

arm B8 [ 4% ZH drain Fe—-

e B4Ki [ 4Ki 0 0

2 full 64 /64 26 0

A7 Aot 64Ki/8 71 0

SAZE(C|A3ZEH E8lim) — csql rc0, checkdb -S rcQ, gt Azt

H2oH —a +E ZX T > 2-NE 7|Thal A[Lo]| 2RTHEETC
PR

Zoko] HH Hio| SRCH— & HRE otz A2 0| OtL|2t drain YI=Ct 822 10248 Z0{ T ZA| drain 2 0 0|11, Z{8!0ICt flush 7t £= 510l M
£ drain & 23 =7} of 374 0|Ct A <22{H AHEIS 0|7 flush & ZAHOF St
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Thank you

Q&A

» PR7580— CBRD-27048 2|5 Z=- CBRD-27044 2|+ AS

Ot

o™ XIQ)™M — src/storage/heap file.c

o

|

» 2= — src/transaction/log prior inflight.cpp
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