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CUBRID XI2+Z — OID 7|, LK _ENTRY, O0|&Z & A2
Dc dE, €5, oA, of|AZz2jo|M

—_y) O =y /™ 1y

A AR — CH7|-9I%t e

OFF2]: CUBRID L{H — H|u AA.
BE A: HZ(Lock)2t 2iX|(Latch), &1Z H|u,
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g _—

al
iy

t21= ol

sejA oig) o g9 HRA AND Hi7[At2 . MVCC-HIZ4 SeiA &
‘ el ronL | oz | ammz < st - TESY RC 2E0IH S T2
— = & . 4 “-m__q_____.
Tople—  +mpleisan &t — OhLlo @lEg— 78l A 8
DA AHEH B 20| AtO|S EHA \
Clo = Clo|O| O e glES S SH CFolo] Al O S|ES
o 5 B9l X SiA HHelo] ClHIE HFE =S5t Ol & el AN &3S =l Sotrt

$ o = a —/
o D2 FUSFO|Ct, oiXf 57l ZE Ot 2t o|0| CHY|Eol| /= EEX A 2QISITHZ|of BEX] ZEX]).
C

o SfH| AIE2 Helol| o2t Ch=0 MvCCe-HIZd 2220 M= RCIF 2 B2l 2 SiHSHH, 1 29 3L A +&2
A Fets FX| =0t XiMlet LHE2 §"shiA| Z="0f| A CHECE.

0| SEf0|=0| M= ZF XIS =lthore] 1 7| Atz xS FESH, IHE I0[A EX API #HE HHELCL

A
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Zr2(Lock) vs 2l X|(Latch)

H3 A =2l EdMM NP 22|H AERE

KX Azt EHTM HA 0{ < %

NEelxl e/f E=SH0lE H|O|X| / FZH| LS
CUBRID LK ENTRY PGBUF_LATCH

Ol 28 2335

O 22 Hluet & ¢ o= &5 A0A CHEL.

© 2026 CUBRID Corporation. All rights reserved.
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2PL — 5 CHA|, StLtQ]
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-

=
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= 252 &= QO Sttt SF|SH=s =2, == THA|7F AIRFElC
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olLC}.
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S2 =7t
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1&%lCt o 0]
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<
<H

o M2| (Eswaran 1976): 2= EHMIMO| 2PLE Z=4L5IH

Yof| 2tet #E0|Ct.

St=LE7F OfL|2}, lock(R) / unlock(R) =ZE9| E}O]
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= =
2PL HY — 7|8, 4, ZH|
Y 2= O S8 AFE %l
7|2 2PL 30| o oA TR QoKX= A 7t
fAHSE 2P MY| E2S HOUYSCHK| BES =
ZA 2PL OE IS HIUEEX BER g

o ulitA(Petrov ch. 5; Database System Concepts, ch. 14)= &
Hofl shxista T.7F RE

o G SEl
2PLE O]
e« CUBRIDE= X

ol =0l et 2t
ARE, AlB|2

o
de=

H}
—
, =20]

"HA"2 WAL =77t HH|St= 7|E40[C ST Al] &
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Ct T,0| RO|| CHH X

o=
oo=

AEMOZ KFTIBILY
X Z2oll Y3t 2PLE AR
SELECTE=

o
ELRS =T

2P\

'c'>'|-|:|- EE X
SoX|

se

e

da2 HAUMK] RX| L

Ot=C}. RC-vs-RR S ZZ ol|X| =& M

H—

Il

EZzM0| Ol 2|9 MY[E EX| ZHS moj[2t 2t StCt.

—_ 1 —

; \4

271= MVCC ZA0|2 2, AFEX}
MVCC-H|&d 2z}
M, HA apply-info)dI2t lock unlock object by isolation 2 S MEEICt.

CUBRID



2PLo| H|E — | 7[X| & tHEH
o W Z|2s} JHs T AF|F (01 0|4 HAE 918)
o HI #1: AT 20 £ Tl XY RotS D)
o HIS #2: Wt M. R-Cf7] + 28 o|ES YuH o2 1Y 4 girt
o Ul 7HR| EE i

— = o
o HX 2PpL — XY AZ M ZE E=S 0|2] 2SeiCt w2 Mel|E TS| 2 m|SHK| 2 = A7 &Y Hed

— =
2| 2OtOf SFLf,

ot
mjo

Of

o CH7|-flTt 2= AFO|2 EBfM . CUBRIDS| F &X| =t (lock detect local deadlock).
o EtYABHE 3|m| — Ci7|-AtZ(wait-die), 2K -LH7|(wound-wait). EHH M LIO|E 7|F2 2 £7t 7|CHEX| 2H
St 24 A7|(Spanner, CockroachDB)OIA E3tH, £t DBMSOHIAM = ESLY.

CUBRID= WFG ZX|E F HAHLIZELZ XHEHSI D, WFG RX[7t FHMZE = @HYH EIQ0IROZ H2tsir},

A
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Ml 7tX] O|E2H 7|t

7|12 SIX 2 ©oq, Ml 7tX| 0| 20| 2 E AN &2 2t2|Xte| HEfE ZH-oiCt:
1. Q”HIM BE (1S, IX, SIX)—LCHE MEM HZ. 52 20| I 5[0l Mt HZE2 FSE EE MATOZEM,
T EfMMO| Z2 H|0|E2 MZ LIE 2 2 M HIO|E £+F0N S ERTt S=0| WI|X| Y=Lt
2. S8 #E _— 2x2(S, X) - 5x5(QEIM T _, CUBRIDO|A 12x12(BU, SCH-S/M, U, NON2PL £7}).
3. e — Xpilo| &HFE M m= 20| =8{okX|, Xp7| Xpalaf wm il AEjol| XM= oF EICH M EE= ER 2
Col @K mEO| »xX| A AbSH(|ub)**0|LC},
Hol. =2 2E AXIO|AM lub(A, B) = A2l BE SAI0| Bt&ESH= 7H& 212 ZECE Of: lub(S, IX) = SIX,

Lub (IS, S) =S, lub(S, X) = X.

OIE 19| XIR2RZEE O] M| 245 LK ENTRY + &2 ZE dHH + Het {022 AR SICL

© 2026 CUBRID Corporation. All rights reserved. 9 “I CUBRID



QlElM HETL EHRst O|F

QIEIM BE(IS, IX, SIX) R0l= A B H=z0M & 7HX| S otLtS =S OF BICt:

SUATAH S/ X HAME  FMI| EWMMH2 OHE WM SA0 EME = AHS St HO| S0l A SA[EO0[ OHL Lt
Sl &3 eSS A 50| M= EHMMO| DDLO| 22 S2HAE ALTER TABLE SUS & = glg  A7|0t H2|7t fE

QIEIM BE= = ZH|E SAlof sfATICE S2HA0 1X E FSdt= A2 "Lz 5Hl2l £|A ot Hof| X E B/ A 0|2t
MASH= Z0|Ct O Huf:
o CIE WO M= F EMMME FeA0 IX E SAO| ERY = UL —FE AUAS(IX A IX = /).
e DDL2 SCH-M 2 #|S4HH 0| IX o SSSICH M7| ERMIMME2 DDL AKX 7|CHE| X2 M7] ZF LS SA|A
2 {X|ECt
o Z2iA A0 s 7 HAst |7 EMHMME IX ot SS0ILt — SR AE A1 Qoo 2 Moot SEH0|LCL

IS/ IX/SIX 20|= MGLO| S/IX MEOF ZI4ZICt O] BEJI QOMH SUSH S et HHO| A &l T CIo|E SA|M + EciA tHe DDL ES
2 sh| o=}t
= O — — .
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DBMSO|A ZEOCZ HO|= 2 JIX| ojE

Eaut 2k 22
|AA S|M — OID EE= (relation, key range)
EHA BE A — total holders mode (O(EKAH - O(1))

0|5 B AdE —2|AA B+ EHMM &

v

MGL + QIEIM BE S X, S, SIX, X
H2k(lub) HIO|& — S + IX = SIX
FIFO CH{7|E + 7|Of WX| BX| — HRX} A CHZ|X}

N o 0ok W D PE

CUBRID= 0| MEHX| =7t9| of X|FHO|X|, {22 ZFO| OtL|Ct.

A
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CUBRID= %€ 7| CO|HA

© 2026 CUBRID Corporation. All rights reserved. ~ CUBRID




OIDE 2 E Z0j| 0|8 E0]7]

CUBRID2| Al &3} 12

Database / Root Class

Table / Class

Record / Instance

doleflo|, ol elas AASL
B ODE B@E 4 Y&t

)

- int pageid

- short dotid
short volid

db_identifier DB_IDENTIFIER;
db_identifier

pageid;
slotid;

volid;

DB_IDENTIFIER 0ID;
dbtype_def.c: 969

© 2026 CUBRID Corporation. All rights reserved. 13
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{ LOCK RESOURCE TYPE type; OID oid; OID class oid; };

{
LK RES KEY key;

LOCK total holders mode;

LOCK total waiters mode;

LK ENTRY *holder, *waiter, *non2pl;
res _mutex;

};

{
LK RES  *res head;

tran_index;

LOCK granted mode, blocked mode;
count;

LK _ENTRY *next;

LK _ENTRY *tran_next, *tran prev;

LK _ENTRY *class entry;
ngranules;

beh

A 2= 520 2 28d A O(ERAHoIM O(1)2 EU =L

A
© 2026 CUBRID Corporation. All rights reserved. ‘1.' CUBRID




Y EZ EHIO|E — 1k_global data
m_obj_hash_table obj free entry list
LK_RES KEY — LK_RES ™ LK_ENTRY Z2|Z|AE

r

LK_RES (% 0)
HO X} Ci7|& - hash_next

oA B

v

CHZ| X A2l LK_RES (H[2l)

tran_lock_table[]

HEX LK_ENTRY A2l
QX LK_| i tran_index E|0| S

S93t LK_ENTRY,
o2yarz
P
LK_TRAN_LOCKIO]
inst_hold_list -
class_hold_list LK_TRAN_LOCKIN]

root_class_hold -
lk_entry pool[10]

Ml M & SHA| E|O[=( MAX _NTRANS x 300 &%), 1071 24 =2 77 EfHMME HO|F, X122 2ot 37 ZE2[2|AE,

© 2026 CUBRID Corporation. All rights reserved. 15 \1-' CUBRID



ANEZ| £7|=2t — {7} vs K}Ct

(LK _ENTRY *e, tran, LK RES *res, LOCK lock)

e->tran_index = tran;
e->res head res;
e->granted mode = lock;
e->blocked mode = NULL LOCK;
e->count ;

(LK_ENTRY *e, THREAD ENTRY *th, tran,
LK RES *res, LOCK lock)

e->thrd entry = th;
e->granted mode NULL LOCK;
e->blocked mode = lock;

#2 =N, F 7K MExt BRAH= granted_mode 7t 24 HEO|1, CH7|XH= blocked_mode 7t E440|Ct Mgt X%
Aol AF2SICt. granted mode = $X 2=0|11 blocked mode = ¥12||0|= SHL.

A
© 2026 CUBRID Corporation. All rights reserved. 16 ‘1.' CUBRID




e ——————————————— ]
: LK_TRAN_LOCK 0 LK_TRAN_LOCK 1 LK_TRAN_LOCK 2 }
1

1| LKENTRY * inst_hold_list e LK_ENTRY * inst_hold_list + LK_ENTRY * inst_hald_list « }
: LK_ENTRY * class_hold_list o | LK_ENTRY * class_hold_list -\‘ LK_ENTRY * class_hold_list ' }
: LK_ENTRY * root_class_hold e LK_ENTRY * root_class_hold =1 | LK_ENTRY * root_class_hold e }
I

|
1
poTTTTTT T *\I"__________'_________________'_"_"______________"\
| Hash Table \ )
I T \
LK_RES_KEY | \
i — \
LOCK_RESOURCE_TYPE I o . \
K. i wee ||~ o LK_RES 0 \ LK_RES 42
alp oid = |1 LK_RES_KEY ey » \ LK_RES_KEY key
eIt dassoid = |1 LK_ENTRY * holder +—— LICENTRY 5, £ LK ENTRY 2 LK_ENTRY * holder o
: LK ENTRY * waiter LK_ENTRY * “('e" LKENTRY * nekt e LK ENTRY * waiter o
! — LI RES * hmsh et - LKENTRY *  tran hext | | LKENTRY*  trannext s LK RES * hashinesd 4
: LK_ENTRY * tran_prev = LK_ENTRY * tran_prev s
| | —
| I — \ /
N \ / //
I — \ ’
| \ e
| 2 (- \ / <
| H | P
\ [ LK_RES 2 \
| T \ ~
| LK_RES KEY key )
| LK ENTRY * holder s+ LK ENTRY 6 - LK ENTRY 4 LK_ENTRY 1 ‘
I - . /
i LKENTRY ity LK_ENTRY * net ¢ 1| LKENTRY * next LK_ENTRY * next i
: - LK_RES * hash_next IKENTRY*  trannext ¢ | | LKENTRY®  trannext LKENTRY *  tran_next }
! ICENTRY * tranprev = | | LKENTRY*  tranprov o | | LKENTRY*  tran_prev = }
I
I
|
— |
|
I
! I
! L
I
! I
|
I

o SUTH LK ENTRY 7} & 2|AEQ| SA|0]| &2tC},
AAEH-RE LI HQSH=T? o next. EZHXM H.

o HS A0z ERAM 2| AES &2l @

—

|> TIr

ri
0x
oY
>
rr
AL

A
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1274 2E 5]

@les e

0 NA / NULL = MESE

1 NON2PL RCOM MVCC-H|&H SefjAel s &I X7 slixet 7| =Xt
3 SCH-S / SCH-M  A7|0t ot™ / HE (DDL2 SCH-M #|5)

4 IS / IX QIEIM 35 / QIHIM HHEL

5 S Eary

7 BU U2 A4 (loaddb ZE)

8 SIX 35 + 2IEIM HHEL

9 u 39 MEfZ X ¢T30|= o™

10 X HHE}

Gray2| 57§ 2E(IS / IX / S / SIX / X )+ CUBRID &7} 771.

© 2026 CUBRID Corporation. All rights reserved. 18
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SQL +£0| &3 2E0]| IHHE|= 4

otLie| fE2 HEM O = F I FF = FSOCh SaA B QEHIE F=(lock scan ER/)aH & thel A &=
(lock object &{)O|CL.

SQL = EREE( Lock_scan IIREN( Lock object )

SELECT (¥%h IS MVCC-ZX ZjA0ME S - MVCC-HIZM SaAAZ[E S)HME S

SELECT .. FOR UPDATE IX U « "gIo|l=EoH s"

INSERT IX M &oi| x

UPDATE IX Zh Aol x

DELETE IX Zt &oj| x

LOAD DATA /Y& XNxj BU X

CREATE / ALTER / DROP TABLE SCH-M — (DDLZ 22HA +Z0h)

DDL ¥ & iAo gt SELECT SCH-S — < SCH-M FollAM ci7|

. IX o] BhEE|= 32 o= Ho|c BE ¥ Bgl M| SYUSH ZefA Tl QIHIE BES F|SHC STy WOl

LIHXIE Xe[gtct, u (F33[0|= oF s)= olel=, Het 20| =0 ChA| AE T

© 2026 CUBRID Corporation. All rights reserved. 19 “I CUBRID



zehd dE + 7|oF YX| FA|

BT I T

SCH-S v

IS 7 v 7 7 v X v X X

S v v v v X X X X X

IX v v v X v X X X X

BU v v X X X v X X X

SIX v v v X X X X X X

X v v X X X X X X X

SCH-M v X X X X X X X X
M 282 total holders mode 2} total waiters mode B2} SeHE[0{Of BtCt 2 X7t 7|0F &X| &X|=2, HEHel s 80| L7 ¢l
X & Y& 7= AS Y=Lt

© 2026 CUBRID Corporation. All rights reserved. 20 ‘1.' CUBRID



&E Of|& — Z[oF BX] x|

S RO M| ESHZHMO| O] 22X 2 MBI}

T1: S &  T1(8) - NULL
2 T2 X 88  TIS) T2(X) S X CHol (X A S = X)
3 T3 s 8"  TIS) T2X) S X CH7| — ERXIet= S| X[2H CHI|XIRE S A X = x
o t = 30N "ERXIIt" HAAFMUCH TI30||A 517142 AOICHS A S = v).
o Atk HAMFTIE T2 FlO| & MIR2LH— ™ E0| 245t= ’éi@ SZEH0|LCY,
CHZ| X} AAL @l0|= &St s @HFO0| 7| 5 EE X E FotH :Z Z0|LC}. PostgreSQL2 0| E strong-lock fairness2t= 0|5 2 S}

Al Feiot QUL

© 2026 CUBRID Corporation. All rights reserved. 21 “I CUBRID



=l
=
(o
11
bt
b

2%t(least upper bound). Z= =02 HHE &HZ 2E AXI0|A, Lub(A, B) = A%t BE SAof Tt

Xl
Xelol Zas MY we= gae)|0[=3HOFX], X7| Apalnt WA AEHO]| A A= ¢t ZICt.
&l granted mode < lub(granted mode, requested mode)

o lub(S, IX) = SIX —3RYMI[QHE T TR

o lub(IS, S) =S — s&0|0] 1s E Wxg

o lub(S, X) =X — X=0[0] s E Ljxe

T2 (BER, 283) o= QlHME HYH H|O|§ — src/transaction/lock table.c.
Hel SOl HRXe H20|=7t 2t2 & Wi7FX] granted mode (ZH)2F blocked mode (BH) F WEEXE AN
ot

© 2026 CUBRID Corporation. All rights reserved. 22 ‘1.' CUBRID



accounts
accounts balance

50 s &2 NULL LOCK MAER|; r o ERXl 2[AEN =7}
2 QY RE x gt = — HStHIO|S: lub(S, X) = X .LCHE E/XAgl2 = elE2o|A ¥azo|l=
3 A o|lE & X NULL LOCK SUst LK ENTRY , 2= ZEDHEHA

LK RES 2| &AL &H| HAEIC}E: total holders mode 7t S - X.HRFXIIREE 1 /X
o XtAlof ZFE MM HSH= A2 "&= Al + xH2l5"0] OfL|C}. Het EHO|E2
& T2t StLEE CHA[SHCE,

off 2%t ﬁﬁJ HIO|S glol= 2= Y20|=7t B =S MA SiA6of st2 =, ChE EAMMH0] 7]01= 50| dZICt J22{H T12 X0
PN

U= olAe =S 7|02 WA SEfof

© 2026 CUBRID Corporation. All rights reserved. 23 ‘4. CUBRID



- T1 (Y33[0]) T2 (CIE 27]) ARl LK ENTRY |
roff s

&= T2(S)

N - T1(S),

2 ol s 85 . 57k (SAS=V) T2ES§ granted mode = S
HY I E3™MM IIH  TI(S), t = - block =X <
3 X 2% (UPDATE) (j T3, (S) grar;ed_mode S blocked mode
=) T2(S) tho| =
4 re| CH7| Xt 2| AEO|M YA| SE 718! - S S| T1(S) Bl T
Mol total holders mode = S (Xt =&t granted mode = X - blocked mode =

5 T1(X)

= NULL LOCK

At ARte] X}O|: THA| 30f|A] T12 SA|0| ERXH( S )O|HA CHZ|XF(for X)CL T12 tH7| SUHE S £ SiA[SHX| =L}, O]
Z10| LK ENTRY 7t & 7o 2E HEE Zt= O|RLY.

© 2026 CUBRID Corporation. All rights reserved. 24 “I CUBRID



Xt7] 380|E — Al A vs Al B H| 12

A 2 ERALE|AE T1(S)

min

3) (52 24 EX)

T1(S), T2(S)
Hot @ AlH granted mode = S - X ¥ &  granted mode = S, blocked mode = X

Ti0l T7| & s S alidsh=7t?  oiE Glg — 7| 8lg

=y =) OlL|R, SE A& ER
A 2|0| = Kpch shA| =A s — A T29| HEI(E= )
T19| LK ENTRY count ol ahahl

AL8El[E 2E TE

granted mode Tt granted_mode 2} blocked mode ZF

S LK_ENTRY HEH, & 7IX| 2= H=Z HE H0|S2 = ZFE ESICH A2 2= Aol 1ub 7F %[0 ULEE, e ol =
B D= ZX ot}

M —— ) © O

A
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EAA 100] Hlo]E Ao X LOCK 8.7

i Hash Tabl i
‘ |
| — wait_msecs7}F LK_ZERO_WAIT2HA dj7]8 4 glcbal I
| - LK_NOTGRANTED_DUE_TIMEOUTE ytgtalm g £ !
| S |
| I
H |
} L LK_ENTRY LK_ENTRY |
} H ——> LK_RES 1 int tran_index 10 int tran_index 7 I
} A LK_RES KEY key {1 LOCK granted_mode  IX_LOCK LOCK granted_mode  IS_LOCK :
| S LOCK total_holders_ mode  IX_LOCK LOCK blocked_mode  NuLL_LOCK LOCK blocked mode  NuLLLOCK |
IoH — LOCK total waiters mode  X_LOCK LK_ENTRY * next LK_ENTRY * next  NULL :
} L LK_ENTRY * holder LK_ENTRY * class_entry  NULL LK_ENTRY * class_entry  NULL :
| | | | tkENTRY* waiter LK_ENTRY :
} LK_RES * hash_next  NULL int tran_index 11 l
} ] LOCK granted_mode  NULL_LOCK :
| — LOCK blocked_mode  X_LOCK |
} [ LK_ENTRY * next NULL I
} LK_ENTRY * class_entry NULL :
| - |
| I
= 71X API B, lock 1 id, mod HA Ehef QIEIM lock obj d oid
e &7 M, lock scan(class oid, mode) — SeiA T QIEIM EHZ . lock object(record oid,
O|AE{A CHO| AlF| Xt
) — RULSEL B =4 oE.

e lock internal perform lock object LHE: Aj 2[AA , 57t O 2|0f= total holders mode A
total waiters mode ZEHM HAF - {7t CH7|XIE &), EE= LAl SH
e enum LOCK WAIT STATE 2| 7HO{t &Ql: LOCK RESUMED, TIMEOUT, ABORTED (ulZ} AE{ W[SHXL,

_ INTERRUPT . P
© 2026 CUBRID Corporation. All rights reserved. 26 ‘1; CUBRID



&£ MEH 7|4 — lock _internal perform _lock object

(THREAD_ ENTRY *th, tran, 0ID *oid,
0ID *class oid, LOCK lock, wait msecs)

(class oid && !'0OID IS ROOTOID (class oid))
lock escalate if needed (th, class entry, tran);

Lk GL.m obj hash table.find or insert (th, key, &res);

LOCK agg = res->total holders mode | res->total waiters mode;

('res->holder && 'res->waiter)
(compatible (agg, lock))

M ZER] 2t 2etg HAts FAIZ & 2 25 ( 2)XF | ti7Ixt)E =0t — HiZ 7|oF &X| FHX|C}.

A
] 1
© 2026 CUBRID Corporation. All rights reserved. 27 ‘17 CUBRID



ofiAl|: stLtel =& Fx|7} ol Ml 7kX] E

(force) {
lock internal perform unlock object (...

.
’

(Llock !'= S LOCK)

(logtb find isolation (tran index)) {

TRAN SERTALIZABLE: TRAN_REPEATABLE READ:
TRAN_READ COMMITTED:

lock unlock object by isolation (...);

o X 3 — M HAUNKX| SXIEICE 219 lock !'= S LOCK T2 AANM *'0|HE2 SiA|ISHK| Q=Ct*E o|0|¢t
Ct,

LS —
e SEHZ — MvCC-ZA ZeA0ME QICHYE SELECTE 3 22 Z|SSHX| LOH, THA| 42 AHAF 7|Hh,
MVCC-H|Z2HM SeA(RE, Al2|¥, S2|o|M

, HA apply-info)0l|A= RCZ} lock unlock object by isolation
2 E¢ff 12 tHRI2 sli|A|StD, RR / SERIALIZABLE2 7{El7tX]| 1Tx|6_ C}.

o 2clA Fa — 2 AN FX|2CHAHM Ha2 AHAEL 22 RX[E

=).

© 2026 CUBRID Corporation. All rights reserved. 28 :
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5 Oof|H| — RC} RRO| 22 Eflztel

2PL A|Lt2|2Ct. CUBRIDOIAM = MVCC-H|ZM ZeiA (A2 S)0f|2t siEs
FE6HK| UOMH, SUSHO| A A2 AHAFEIO|U O Z X2|=ICt — cubrid-mvee.md &40,

T27t ot ERZ A Qtofl A = H =Lt T12 F 217] AtO[of| =F5t 1 HEIBICL T2= &

T1(2&7]) T2 (8471, Bt EAUTM)

1 SELECT WHERE id=r - 1000 - S

s
dn

2 UPDATE WHERE id=r — X X
3 T1#HY (P8t EQ)

SELECT WHERE id=r — & Hmj 27|

T2 32| = | @ A MFH [t = 2 WISl [t = 4 VR PEP
RC

FEZZA(t = X &7t - HYU 1100 — 8t= E7} ¢{7|
RR T2 7{81 A| T29| s W20 X CH7] 1000 — XHEHE
© 2026 CUBRID Corporation. All rights reserved. 29
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1710l &

As E=71

‘<I

SICE MVCC AFEXLE|O|Z0M= T27F s &
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£a o|AZz|o|M

(!lock check escalate (th, class entry, tran lock))
LK NOTGRANTED;
(class entry->granted mode == IX LOCK
| | class entry->granted mode == SIX LOCK)
max class lock = X LOCK;

max class lock = S LOCK;

granted = lock internal perform lock object (... max_class lock,
LK FORCE_ZERO WAIT, &class entry, );

o IX/SIX » X MEHS SE|AE|O|CH — & Tt SF XE 74 M= AELCH MASICY.

e LK ENTRY & ngranules (0] QIEIM &Z St XfAl )2 class entry (2 224 HHESF ZOIE)E ERot
Ct. 0AZ2|0|EH= & EEE Z5F AE eIt
o EYO|EQI: e B L 22 S22 2| CHE EMMMA| CHet o =X 52 2 E s}
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accounts status created at

oA | &S #ElXte] SE LK_ENTRY EX(EREELE:

1 lock scan(accounts, IX) - S2HA T QIHIE 1 (222 1X)

2 lock object(row 1, X), (row 2, X), ... 1+NdAEE|
3 & N = lock escalation threshold (Gil: 10,000)0lA lock escalate if needed &S ojAZz|0|M E&|A
4 DEH R X AEZ| A A 1X - SaiA x He 1 (A X)

5 L}HX| 40,0008 Z2HA X 2 E5 — A ol G| AEZ| gl 1 Rl

Edjlo|=mo| S4

e MIZ2|7t 0(EESt &l £) KA 0(1) E SHELL.

rot

o 0|= O] S0 CHet 2 2hd HAN= 50,0002 2|AE EHM0| Ot AE 3| ot HO = 2tz FICEH
o CtE EZHTHO0| accounts 2f OfH M= HZ25r2{H O[H| S2HA X Ol M XpHEICH — EHTM 7|2F S0 SA[H0]

SuzIch,
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u A AE| — CH7|-¢let

lock_detect local_deadlock

@715 4

—wWFGO| L3t DFS—»

o T10| T27l EQ%I 322

e lock detect local deadlock O] WFGE #=2|(DFS)StCt. AIO|E YA

dgjm

T1
R1E28. R2{7|

| —

DA ol AOIZ

—»

T2
R2 S, R3 L}7|

.

T3
R3 28, R1047|

T mzsgle—

LE_DEADLOCK_VICTIM

LOCK_RESUMED_ABORTED

7|CH2ICE & WFG %X T1 - T2 37F LK WFG EDGE).

~ LOCK RESUMED ABORTED - =t
o "2Z" — BA WA MEll= EIJOIRZC E ME[EICE

© 2026 CUBRID Corporation. All rights reserved.
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AE ZX]7] — lock _detect local deadlock

(THREAD ENTRY *thread p)

(1 =0; 1 < num trans; i++)
(waiters[i].state == LOCK SUSPENDED)
add wfg node (i, waiters[i].wait stime);

(1 = 0; 1 < num nodes; 1i++)
('visited[i])
dfs (i, &cycle found);

(cycle found)
{

victim = pick by max (wfg.nodes, .thrd wait stime);
victim->state = LOCK RESUMED ABORTED;

cycle found ? LK DEADLOCK FOUND : NO ERROR;

A
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(©)

xS OfjH| — £ EMHM, = o

—_— -1y

MAM: accounts (id, balance) , X7|%f A.balance = 1000, B.balance = 1000 .5 AM|MO| SA|0]| A|ZH=ICEH

T1 UPDATE accounts SET balance = balance - 100 WHERE id = 'A’ A0 X &=
T1 UPDATE accounts SET balance = balance + 100 WHERE id = 'B' BOll X &=
T2 UPDATE accounts SET balance = balance - 50 WHERE id = 'B' BOll X &2
T2 UPDATE accounts SET balance = balance + 50 WHERE id = 'A’ A0 X &=

T12 AGA BZ O[A[otal, T2= BOIA AZ O[A[SIC}. AHE2 AAE2 7 & EAMMAS OEA nXt Aot E3 JCH, I & olLte =

2= R4 ECt.

A
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&S Of|A| — u X} AAO| AO|2S THEL

-

AXEZ - 57t A EHSX=T1
2 BXZEZ .87 AT1:B: T2
3 BXZEZ - 7] A:T1;B: T2, tH7|XtT1 - WFG: T1 - T2
4 AXZEZ - 7] A:T1, CHZIXFT2;B: T2, CHZIXE T1 - WFG: T1 - T2 - T1 (AO|2)

SHEE EIYOIRE 23 0| J&= o ZSIAX|T, R 29| JH|7 Wit — HX[7|= =4 22| = etof| s ZICt.

—
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&S Of|xl — AHOIZ AlZf=t

t=4 A[EHo| FZ H0|I= HEl CH7|-918t Jef = (ZX| 7|7 £3]3t= Z)
T20| BX &H32
e 3B 7|Ek
91k T1 (X) HOXET2(X) | e EFN LT @;< ﬁ
CHZ| X} T2 CH7| A} T1 T1e| AX &322
7|CH

HIO|E — 22 E7Aet th7|AHE 718 & 7He| LK RES H[ZE.

Z: 2AH|Xel & F
o QEXE: FAMHMOI WFG — Y CHZ|XIOICH L& StLt, "Ci7|XoF EQXAE J[chzlt 2HA|0fC BieF Q= SlX| LY,

o ZX7|= S HASHA| @=Lt RLESR OIS =2l

WFGE &3 HIO|S=2RE Z=E0h 2[2A0 BE (th7|X, 2RAh) 0| &ek SlX| ci7|xt » 2QX} 7h ElCh, 1 29| AfO|Z = WA} AE.

A
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&S of|d| — &X[7|7} s EetCt
lock detect local deadlock 2| ot ElO| Y-S EICHOH CHZ|OICHL Ot FI|H o= ASHED:

1. AHAE 1k Gl o &M CHI|XIE £3|$ICE T12H T2 25 LOCK SUSPENDED AtEHO|EZ WFGOH| =7}t

2. DFS. T10lM AlZF  T22 X[ E matZ - T12E SlX|E W, DFS AE0] 0]0] Rl= = EZ9| HEer olX]
ALO|Z &4,

3. OJSHX}f, AFO|2 Ll =E F thrd wait stime O] 7}& £|2Ql WS MEHSICE 7| = T2(t = 4 Off XFEHED.
4. TH7]. T29| CH7| MEfE LOCK RESUMED ABORTED & MM$ILCL.

5.2, T29| &lE 2OV FCHEe|OE =Ql , ERNMM ZE8d E2Z[7{ , BO| CHet X &3 SfA|.

6.

T1 X oA, Boil Chet T12| th7| Sl X =2&d HAF SqElth(ERA §18). T10] 817t=[0 LHHX| 25 A5t
11 Z= 7{SIett.,

A S EMMMO|M =S jot= 22 giCt XU 2 HIES K| ECL SAh= of2hel =71 o 7|2 =2 #0|Ct,

— = T
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Ml 2t2h sl SHLE T2 CHS LS W2 @A™oiC — +2H-0l 71 - T2 - T3 - T1 H[Ql.

1 R10{l X - 517} —

2 R20{l X - {7} —

3 R30I X - &7} —

4  R20| X - C{7| T1 - T2

5 R30{| X - CH7| T1 -T2 - T3

6 R10I X — CHZ]  T1 - T2 - T3 = T1 (AO|B)

R2 %E—@—m 23t
e . FLCIE|
@ D) ey
(t=16)

e DFS7} T10IA T1-.T2_T3 20= £3|8ICIJ}, T1Q 22| Hutsk oliX| — 2/0| 30| A AFO|S A,
o ISX} =T3(thrd wait stime Z[M). T3 L - R3I6HA - T2 AT - R2 A - T1 MMO{E.

A
© 2026 CUBRID Corporation. All rights reserved. 38 ‘1.' CUBRID



=clo|=0f 'R Zet LHE — 2204 87

=/ T 1y

A E[0f QUCt. Of2H =52 S2t0|=0f| BI1X| AL Z AA0f| M ZI7H 210{0F SFCL,

e 2 XE(FZAN glojorz, AEE| 7|}, 25, x|, tAZ2|0[M, WAt e ZHX[)2 2 S2t0| =0 QIZ[RICE #

IHO{'Ef AElf A (A 87K k) LOCK WAIT STATE lock manager.c

BE X753/ B& lock initialize, lock finalize lock manager.c

NON2PL QMEZ| MMX} lock initialize entry as non2pl lock manager.c

12x12 et [ Het H|O| S (&) lock Comp, lock Conv lock table.c

CH7|-flet Jei =49 6l + #£9) wfg * THRE wait for graph.{h,c}

= Ho = 2|HEZlof w2t BTt git grep -n '<symbol>' src/transaction/ O] S83d}Ct,

2M 2XM( knowledge/code-analysis/cubrid/cubrid-lock-manager.md )= updated: 2 7|&9| H|HQl & HS 2|X| TIE H|O|2
= FXIetot.
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ek ot & 29

Bamboo (2021) 718 M X &2 si{xl|. CUBRID2| NON2PL 2 i3t
Brook-2PL (2025) BH o|EH AN BM _, WA MEf gl= 2PL.
TXSQL (2025) M3 ®a 2 = + 3 eIX| AFER.

OCC (Hekaton / Silo /

. &3 H0|S2 8 A[E A5 2= ChA|.
Cicada)

=0 &2 — 2 HE3} IFsHOZE JH= XMH|8 HZ. CUBRIDS| SERIALIZABLES first-updater-wins 2419 AHAF Az
( ER_MVCC_SERIALIZABLE CONFLICT )O|H, ¢l ZZ0| Ot

d

SSI (PostgreSQL)
VLL 3 HIOIZ XA7t H=2 o 2.

CUBRIDQ| C0|Y 9|A|: A H 2PL + MGL + WFG ZtX|. Z AM2I=| MEHo|C},

A
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™

e 2M ZAM: knowledge/code-analysis/cubrid/cubrid-lock-manager.md
.

e IALE: src/transaction/lock manager.{h,c} - lock table.{h,c} - wait for graph.{h,c}

© 2026 CUBRID Corporation. All rights reserved.
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HE A — ZZ(Lock) vs 2{Xl(Latch), L}2tS| H|

H[X5HA| S2|= F ol Z2 DBMS QoAM= 2HX3| CHE J[A|CY,

Ho ofd  EMMM X =M (=2]H) ECH 1z 224 (2, MZE J)
X AlZE EMAMM FA| (= RCOHM 7= ER) YA 74 7[2t (Oto| 2= X)

ME Xl 2F HZHIO|S( LK RES, LK ENTRY )  HO|X| / ZH| LHE( PGBUF LATCH )

S e 2PL(EE - =F x| HEE, 1 T2 =M, A1 L& JEl 8IS
M24d OID YEl: HIO[E{H|O|A, el &, QIABA - HO[X], 2|AE, B{lA| K2
E=SHZ  O7] - WFG ALO|2 B ., msix} S AR = S8 #ES XI7|1H & HE gl=

0H1
5
=
i

Database Internals ch. 52| Xl Huj 2/%l: 0| E8 =
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HE A — ZZ(Lock) vs 2i%|(Latch), ZE0A (CUBRID & 4¢l)

PGBUF LATCH page (X) < physical: nobody else may mutate this page
allocate slot, write record « page is now correct in memory

lock object on (page, slot) O0ID < logical: claim transactional visibility
UNLATCH page < physical exclusion ends here

. continue with the rest of the txn (latch released, lock retained) ...

commit: lock unlock object « logical lock finally released

. H|O|X| B{X|L Ojo|T2& Sotat ZXYSCt — HEO|ET} HZE| = Sotgt
o S AZS HojA AlZHTHITHK| QXIEICH — ESEMO| HUE Ti7tK|,
o = AlZHEEQIS REBI4 KfO|7} LICH 0|2 SESHH 1A I EICk:
o H[O|X] £l Q7 719 S0t A2 HQstw FA| A 257t 2 Ho|X]
o WESD YL S0t XIS HQstH HA| 2 2oyt 1 AdEE S
x r

o B-EZ| 222 eiX|TF AFE Tt — ERMMM JHA|d 2|0]7
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