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Copyright (c) 2013-2015, Kyu-Young Whang, KAIST
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted
provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions
and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR
ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS
OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN
IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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» QLINFA AX

QLM S2A/00SQL
QLTS 2A/00SQL API

Q L[ M| $2£/COSMOS (coarse-granule locking version)
Q LT[R 2A/COSMOS API

LOM Tightly-Coupled Tightly-Coupled
(Low Object Model Manager) IR Engine Spatial DB Engine

LRDS (Low Relational Data System)
SM ' (Scan Manager)

OM LOT BtM MLGF
: (Large Object (Multi Level Grid
RM (Object Manager) Tree Manager) (Btree Manager) File Manager) ™ ,
(Recovery (Transaction
Manager) BfM Buffer Manager) Manager)
/ RDsM (Raw Disk Managen \
Database | .o ceeen .. Database
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QLMY A/EduCOSMOS Project

— Coarse granule locking H|& 2 L[M|2A/COSMOSS| EF &= T+iot
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Z2HE M3

.FI

=
- 2OMEA/COSMOse] 2528 THA2EMN DBMS 4 BEE /IS
—_— Or—=oO
= 1400
e Project
— EduBfM
« Buffer managerOf| Cigt HALES TS
— EduOM
« Object manager®} page 28 20| Cigt GitES Foiet
— EduBtM
« B+ tree 2@l manager®f| CH3H HAS S e
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EduBtM Project
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%‘s =95| Metel €F 7|5t 7=
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Root
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Btreeleaf

PagelD id
Four lags
Four reserved
One tygoe
BtreeLeafHdr | | Two nSlots
Two free
ShortPagelD prevPage
ShortPagelD nextPage
Two unuse
Leaf cee
Index Entry
HO|& :
oo Contiguous free area
SIotarray[ Slot

Btm_LeafEntry

Two  nObjects
Two klen
char  kval[]

|

)
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PagelD  leaf
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Btreelnternal

PagelD id
Four lags
Foour reserved
ne type
BtreelntemalHdr | | SportpagelD B’g
Two nSlots
Two free
Two unused
Intemal
Index Entry
Ci| O E :
e fe Contiguous free area
Slot array [ Slot

Btm_lnternalEntr)

ShortPagelD spid
Two klen
char kvall[]

— — \_ Y
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sm_CatOverlayForSysTables

. e
— G|O|H file 5! 2tH MOl fileOf| Lot HEE X &S| {2t
HIO[E ==

« HO|H file: M2 Z& U= objectE0| MEE pages2| &t

. f—z'l*g._l 1;i(||e+:+|31|0|51 fileOf -dEl B+ tree M2=S T45}t= page
= o)
=— dHdHd

e
— data
« O|O[H file0| Chet SEE MYSt7| ?let HlO|H +=
— EduOM project manual &1

— btree
o MOl file0f| Ciot HEE XN 2SH7| ¢

Ok

gjojE 2=

QLINRA/EAuCOSMOS Z 2 A E Manual, KAIST Copyright © 2013-2015 by Kyu-Young Whang



sm_CatOverlayForBtree

. e
— Aol filed Ciot SEE MEot7] fot MO =

__I_L)\'l
S
— fid
« MOI fjleQ] ID
— eff
« MOl fileO extent fill factor2Al_EduBtMOJ A= AFSHX| B
S (EduBtM function T1SIA| 0|2 FA|
— firstPage
« MOl fileg T485t= X YR pagel| H=
— XX M=l B+ tree *—'10._|9| root pagel | H
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Btreeleaf

. e
— B+ tree MOI19| |eaf nodeE LtEILH = page H|O|E

S
. 2

— hdr
o Pagedi| Ciiot BEE X &ESt= page header
— datal]

* Leaf index entry== X &5t= HO|H Y
— Index entry2 A <object2| key, object ID> pair X 2H# HEI} X
o

— OIOJH S92 a4 50% O|&f XHLI™ QU0{of ot
» 0| 2|: page?| rootQ! 42
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— slot[1]

» Page®| H|OJE| S0 XFEl index entry2| offsets X &0}
= S|OtEO| array

— X R slot (s/of0]) & M| |st LIHX
S njmz| 2¢HS HolE ¥
MR slot2| array inde

» Ef slot2| array index
O|™ slot2| array index — 1

» Slot H = |slotl| array index|

2280 AMZ 2|5l index entry2| offset=2 index entry2| key
Agg HEL[0| slotS 0] XAHE

» X HR slot: page LOIA 7t& &2 key 2f2 A= index
entry°| offsetO| M& =&

» OFX|9 slot: p page LHOM 7t 2 key a4 A= index entry
of offsetO] A2}l

» OJO|Ef FYAO|A 2| index entry= AHH|C| MEH2 ZQ ¢

= HA

slotE (slof[-1] ~ slof-n])

|
o B3
ex =0

A

o
=
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BtreelLeafHdr

. e
— B+ tree M Q19| leaf pagedi Ciiot B2 E X &ot7| #fet HIO[H =

. 7Y
pid
« Pagel| ID
flags
. Page°| type2 LIEtLH= bitS2| HE!
A I bit S M W bit7t 25 set = AL (BTREE_PAGE_TYPE): B+ tree M9l page

OIO L|-E|-
_ glelel bit=2 EduBtMO|A| = AFESIA| %S (EduBtM function £ A| 0|2 FAISH =
=)
— reserved
« PageOf CHot F7tX Q0 WEE X &SH7| ft ofH| H==

— type
. B+ tree A0l pagel| type= LIEIL = bit=2| &t
_ th bit7} set & Z<2 (ROOT): root page°'° I—rErL“
- % A bit7} set E 42 (INTERNAL): internal page® S LIEHH
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— M HH bit7f set =l S (LEAF): leaf page°|° L}E}LH
= E:f I bit 3 U HAY bit7t 25 set B 42 (FREEPAGE): deallocate & page2 Lt

o=
— gl)ﬁalel bit=2 EduBtMO|A| = AFESIA| %S (EduBtM function £ A| 0|2 FAISH =

— nSlots
. Page°| slot array®| 37| N
(= AMEZQl slot & OHX| S slote] H + 1)
— Index entryZ} & 4/AHK| EO WE slot arrayl| 27|17 SHL 2 Hate

[

_

free

« Pagel| H|IO|H B & contiguous free areal| A|Z} offset

A&
N
— Contiguous free area: HOlY 4 M01|)\1°| OFX| 9} index entry O| 22 %E' e
ﬁ>< CF OtX| 2k index entry7f AHERAS e @XﬂE._' index entryS| A|ZF offset
0|°° oz =l XtS FA0[ contiguous free area’t &)
prevPage / nextPage
« CtS/0|H leaf pagel| H=
— B+ tree M QIO |eaf page=7t2| doubly linked list & FX|E QI AHEE
— unused
« Pagel| HO|E] ¥ F contiguous free areas XM 2Ist AH7 Y2l 27(9| &
(':+o bytes)
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Btm_LeafEntry

. e
— B+ tree M QIO

MOI9| leaf paged| M&E[= leaf index
entryE LtEfL= H[O|H =

. 7

— nObjects
e Index entry0f] A& E Z2 key 2f2 X< objectl i
- 99 keyE AHB3H= EduBtMOIAIE 2t key 3t A= objects o
JHoF Z= XY et

— klen

e Index entryOfl K& & key 4t2| 20| (EHS: bytes)

— Align =l key B2 3 7|7t Ot key 42| &M ZO
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— kval[]

o <object®| key, object ID> pair?t HZ&|+= O O|H
Y

— Ojbect®| key 2t0] MEE A2 49| His= (32H|E 2F
I1IX1I01IA1°I Hzal atg 7|2 TRl 7t == align &
» Of]) Z0|7} 32l key @f "abc” 7} M E B2,

abc.

L
nObjects  ken  Aign Elkey @Y ObjectD
(1 x4 byte)

kvall]

Btm_LeafEntry
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Btreelnternal

. e
— B+ tree MO19| internal node& LIEFLHE= page HO]

S
.« T8

— hdr
o Pagedi| Ciiot BEE X &ESt= page header
— datal]

e Internal index entry=2 X &3dt= O[0|H EH
- =Xk jecte KA ol HE ir 9 3}
l’%dﬁeéfe%%%' 1 <object?| key, At4! pagell > pair &

— OIOJH S92 a4 50% O|&f XHLI™ QU0{of ot
» 0| 2: page?| rootQ! 42

QLINRA/EAuCOSMOS Z 2 A E Manual, KAIST Copyright © 2013-2015 by Kyu-Young Whang



— slot[1]

» Page®| H|OJE| S0 XFEl index entry2| offsets X &0}
= S|OtEO| array

— X R slot (s/of0]) & M| |st LIHX
S njmz| 2¢HS HolE ¥
MR slot2| array inde

» Ef slot2| array index
O|™ slot2| array index — 1

» Slot H = |slotl| array index|

2280 AMZ 2|5l index entry2| offset=2 index entry2| key
Agg HEL[0| slotS 0] XAHE

» X HR slot: page LOIA 7t& &2 key 2f2 A= index
entry°| offsetO| M& =&

» OFX|9 slot: p page LHOM 7t 2 key a4 A= index entry
of offsetO] A2}l

» OJO|Ef FYAO|A 2| index entry= AHH|C| MEH2 ZQ ¢

= HA

slotE (slof[-1] ~ slof-n])

|
o B3
ex =0

A

o
=
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BtreelnternalHdr

. e

— B+ tree 2219 internal pagelf CHot BEE X&5H7| {2t HO[H F+&

. T
pid
« Page?| ID
— flags
. Page°| type= LIEIL = bitE2 e

I=|

— X HW bit X M HA bit7t & set & E2
Ef'r:*.*

— 0]2|9| bit=2 EduBtMU| A= AFESHK| &S (EAuBtM function T+¢iA| Ol FA|S] = &)
— reserved

(BTREE_PAGE_TYPE): B+ tree 249l page®2 Lt

« Pagel| CHSH Z=7bE 0l MuE XES7| Yo o] B4
— type

¢ B+ tree A Ol page?l| type= LtEtLf = bitE2l &
— A B bit7} set E A2 (ROOT): root page S LIEHH
— 5 B bit7} set E A2 (INTERNAL): internal page® = LIE}H

XISt
|=|
LtE

QLN
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— M HW bit7t set = AL (LEAF): leaf page® = LtE}HH
_ z ijﬂ bit X Y| HA bit7} 25 set =l B (FREEPAGE): deallocate & page

_ 0|99l b %% EduBtMOI M= AHESHX| 2 (EduBtM function T+21A| 0| &£
A= &
— po
» Page®| 3 HW index entr &slot HZ = () 9 kgy AELCEH 22 key o
= W= index entry=0| A& E A4 pagel| H=
— nSlots
. Pageol slot array2| 37 N
AMES 2 slot= & OFK[E slotl] H= + 1)
- Pag O| Ol S99 S S8HC 2 ALE5L7| f|5l, index entryZ £ &1/2HH & 0
[CH2} slot array°| 77 sEL = Hale
— free
« Pagel| H|O|Ef ¥ & contiguous free area®| A|Z} offset
— unused

. Pag e9| H|0|Ef @A = contiguous free areaE N 2|3t At7 FHE=9|
12 2 (EFHSI: bytes)
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Btm_InternalEntry

. e

— B+ tree M Q19| internal c_:i_eOﬂ 7(1”
internal index entry= LtEf

4
— spid

« AXY index entry2 ke

rlo‘<

ent O| key 4rELCH Ak ke = 4= index entry=
KymEl )ﬁ 79 page9| Hl__léy HA = Y=
— klen
e Index entryOfl &=l key 72 Z 0| (TH: bytes)

" Mign & Bo|& @ejo| A7|7} ofd ke Ztol x| Zo|
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— kvall]
» Discriminator key/} A& Ekl= HO|H EY

— Discriminator key gf1t k/en0| M= A2 4 (32H|IE
= 3M A ML H2e| 2 7|2 THRl) of =7t &=
£ align &

» Of) 20]|7t 32! key #f “abc” 7t H&E B2,
Btm_InternalEntry
T[T
spid klen Align =l H[O|H G |

L J

@ x4 byte)
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KeyValue

. e
— B+ tree MQIO|M ALEEZ| = key ot X 2HH YEHE XNESH| £
or HO| =

— CtE &4 key 9 variable length keyE XN& 7ts%
L THE &4 key: % 7 0|A0] SHEE PHE key

74
— len
« Key 242| Z0|
— val[]
« KeyE T+35t= &4 452 sequence
Z

=2
— Sequence &O0|A 2t £d 42 M2 FE5H7| fIet HE = KeyDesc H|O[Ef T+
of X%z
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— & 240] variable length string typeQ! 4%, &8 240 O Z0|Qt &4 M E
» Of) 3 (integer type2| & Z}) 1} “abcde” (variable length string type2| &
a2 2 FEE key U

val[]
3 5 abcde
J
. 4 bytes 2 bytes 5 bytes .
Integer type Variable length string type
24 ¢ 242t
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M
o
flag
« Key2| type= LIEIW= bit=2| &g
— ﬁ AR bit7} set = Z (KEYFLAG_UNIQUE): 5 key 2 LtE}
— 0[2|9] bit=2 EduBtMO| M= AFESHX| %= (EduBtM function
1Al O|F FAlBHE &
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— kpart[]

« KeyQ| 2t £M0f Cf3t M2 HESHS array HOE 71X

— type
» 549 type
* Integer type?l &%, type := SM_INT
« Variable length string type®@! 4%, type :=
SM. VARSTRING 0 /PE= S P
e 0]2|9] typeS2 EduBtMO|AM = AFESHA| 2= (EduBtM
function +o1A| O| & FA|SE &)
— offset

FO| offset@ 2 A,

» KeyValueQ| vaf] arrayd| &=l &4 ¢ . =
X| %2 (EduBtM function 7+ A| 0| &

EJUBtMO|| A= At-E S}
S =)
— length
» &g U2l £0

» Variable length string type2| &4 gto| 42 ALESIHX| %S

-
o
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BtreeCursor

. e
— B+ tree MOI9| |eaf index entryE 7t2|7|&= cursorE LIEILHE=
EO[El A=
- g 2= BESE= object=0fl CHOE =Xt BAAl A B A4S
Ol leaf index entry & 3 Cr= HAE |eaf index entry @2 =
M&ESH| {5 ArE =

o
— flag

e Cursorl| &EHE LtEIL = H=
— %UE?%BHON: cursor?t AM ZHEZ UESH= leaf index entryE 7t2[7|12 J}Z
= [ |
— CURSOR EOS: M ZAS THESIE leaf index entryZ 9SS LIEHH (BHM
= £ o|Ogh

— oid
 Cursor?t 7t2|7|= leaf index entry0| XZ&El object ID (OID)

QLINRA/EAuCOSMOS Z 2 A E Manual, KAIST

Copyright © 2013-2015 by Kyu-Young Whang



— key
e CursorZt 7t2|7|= leaf index entry2| key f

— leaf
. lC[;Jrsor7f 72| 7| = leaf index entry?t X & El leaf pagel| page
— overﬂow
o TSI key AHEA %% = 2= object=2| ID (OID) £0|
XA =] pageolg ge A, 58 keyZl= Ar&ot= EduBtMOj
ME AR S} € (EduBtM function +2IA| 0|2 RA[SH= =)
— slotNo

e Cursor?t 7}2|7|= leaf index entry2| slot H=2
— oidArrayEImNo
. 3—. key AFHEA| S ke % 2= object=2| ID (OID) =0
A& E array2l index24, 52 key2t= ArE5H= EduBtMOj| A
= AIBSIA] &S (EduBtM function T &IA| 0|5 ZASE &)
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B+ tree M Q= H-d / 4|

B+ tree M Q10| A|==2 objectE & &
—- U= QIS overflow EHA| split H4t= Defgt

B+ tree *”°|01|*1 objectE 41Kl
_ AH| QiAte] PES WA} oftl Myl
e Extra credit?} =0 %!

— A2 QIot underflow Z/EA| m
M& 5= functioneS S9f X2

ge/redistribute 4t

mer

_|_
O
-

B+ tree Q0| M objectE 4
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23518t AP| Function =

 EduBtM_Createlndex()

e EduBtM_Droplndex()

* EduBtM_InsertObject()

« EduBtM_DeleteObject() - optional
e EduBtM_Fetch()

e EduBtM_FetchNext()

(X API functions 2 p42| 2L|M22/COSMOS APIS| ZF & 2|0|gh)
(¢ API: Application Programming Interface) 32
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EduBtM_Createlndex()

o I} EduBtM_Createlndex.c

S
° E%:l
— MOl fileO|A] {22 B+ tree MOIZ M St M
MEl MOIO| root pagel| page IDE Hhztat
 btm_AllocPage()& S &350 MOl fileQ| & HW page
= Sict 5o
= =2 O =
- A HIK % e O| 2= sm CatOverlayForBtreeQ| firstPage
A0 MEEO U=
- ST A2 pageE root pageZ x=7|s}&t
« Z7|2}E root pagel| page IDE Hretet
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o I}Z2}0O|E
— ObjectID *catObjForFile

IN) B+ tree M OIS Mg MOl file 3! AHOIE [|O|E fileO] CHSH
S & (sm_CatOverlayForSysTables) 7t X & =l object®| OID

— PagelD *rootPid
(OUT) M-8 =l B+ tree M 29| root pagel| page ID

— Four O3ZE

edubtm_InitLeaf(), btm_AllocPage(), BfM_GetTrain(),
BfM_FreeTrain()
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FduBtM_DropIndex()

o I} Q: EduBtM_Droplndex.c

S
¢ E%:l

— MOl file}{| Al B+ tree A4

O]
« B+ tree M 219 root page A
Zt 2k deallocate &
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o If2}0|H

— PhysicalFilelD *pFid
(IN) B+ tree M Q12 A QI fileQ file ID (= B+ tree A2l fileQ| X HIM page
9| page ID)

— PagelD *rootPid
(IN) &K e B+ tree M Q12| root page2| page ID

— Pool *dIPool
(INOUT) M2 dealloc list elementE && 27| 2|3t pool

— DeallocListElem *dlHead
(INOUT) dealloc liste] & H® elementES 7t2|7|1 QU= header

-

T

o Hizh7

— H

— Four 0Oz{ZE

[1ot
P

. T

edubtm_FreePages()
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EduBtM_InsertObject()
o I} EduBtM_InsertObject.c

S
¢ E%:l

— B+ tree MOQI0| {22 objectE &I E
e edubtm_Insert)& 2 =5t MZ2 objectdf CHot
<ob|ject9| key, object ID> pairE B+ tree A Q10]|
S2key
» Root pageOf|l Al splitO] Z-dSIH M Z2 root page
M0 HRst A2, edubtm_root insert)& 2=
ofd O|E Mgl

d
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o IZt0|H
— ObjectID *catObjForFile
(IN) B+ tree MOl file 2 MOI=l (|O|H fileOf| CHP FE (sm_CatOverlayForSysTables) 7t X & El object2| OID
— PagelD *root
(IN) B+ tree Q19| root pagel| page ID
— KeyDesc *kdesc
(IN) key2| 2t £d ¢S M2 F2517| flct &
— KeyValue *kval
(IN) &f 22t objectl| key 4k
— ObjectID *oid
(IN) &f 22 ojbecte| OID
—  Pool *dIPooI
INOUT) M Z22 dealloc list elementE &2 7| |2t pool2 A, EduBtMO| M= AL SHA| @FZ (EduBtM function
SIA| 0|2 FAISHE &)
— DeallocListElem *dIHead

(INOUT) dealloc list2| % £ eIement§ 7t2|Z7| 1 Qe headerZA], EduBtMOU| Al = AR SHX| &4Z (EduBtM
function SIA| 0|2 ZAB| & =

-

It
A
— Four O|3ZE

edubtm_Insert(), edubtm_root_insert(), BfM_GetTrain(), BfM_FreeTrain()
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EduBtM_DeleteObject()

o I} EduBtM_DeleteObject.c

. MO
= O
— B+ tree M QIO Al objectE M7(1|$.:.*
» edubtm_Delete()S = =0t A2 object0] Lot <object

9| key, object ID> pairE B+ tree *”OI | Abx|SH

« Root ga% Of| A| underflowZt Zot A2, btm_root_delete()
= Of

O] Ael=t

— bt rrlroot delete )E nd rflow”7} 2445t ro

o
£ =eI5t0 H] E A2 root page% AT

o
=]
e Root pgfc[;e()ﬂkl splitol 2ot 3%, edubtm_root_msert()g

=

Eage7f H| O] A=K

age. C’I index entry”} length7} I |
mdex entry= WA S 2 9fo B £, root pagedi| A spI|tO| HEAK

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST Copyright © 2013-2015 by Kyu-Young Whang



o IZt0|H
— ObjectID *catObjForFile
(IN) B+ tree MOl file 2 MOI=l (|O|H fileOf| CHP FE (sm_CatOverlayForSysTables) 7t X & El object2| OID
— PagelD *root
(IN) B+ tree Q12| root page2| page ID
— KeyDesc *kdesc
(IN) keyQ| 2t £ 4t& ME FE35H7| ¢
— KeyValue *kval
(IN) A2 objectO] key X
— ObjectID *oid
(IN) 24X ojbect2| OID
— Pool *dIPool
(INOUT) M2 dealloc list elementE &% 7| I3t pool
— DeallocListElem *dIHead
(INOUT) dealloc liste] & HRY elementE 7t2|7|12 Q= header

rot

g4

H
— Four O3ZE

edubtm_root_insert(), edubtm_Delete(), btm_root_delete(), BfM_GetTrain(), BfM_FreeTrain()
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EduBtM_Fetch()

o IIY: EduBtM Fetch.c

. A
= O
~ By tree MOIO|A A TS OHSSLE M AT objectS
AMTtn HMEl objectE 7t2|7|= cursorg Hretet
« Wt2t0|HZ FOE startCompOp?t SM_BOFY AL,
— B+ tree MQIO| X BB object (71E X2 key 442 A= leaf index
entry) & Mgt
« Wt2t0|HZ FOT startCompOp?t SM_EOFY E 2,
- B+ 7t4riﬁ::—'1 O1o| OtX|8t object (7HE & key #t2 L& leaf index entry)
= o=5s
- 0[2|9 BF,
— edubtm _Fetch()& S Z=3}0] B+ tree MM HM XHE OLESH=
X HRY <object®| key, object ID> pair/l A& = |eaf index entryE &
i otel

>~
= =
ok
-

leaf index entryE 7t2|7|+&= cursorg

Copyright © 2013-2015 by Kyu—-Young Whang
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« IZt0|H
— PagelD *root
(IN) B+ tree Q12| root page2| page ID
— KeyDesc *kdesc
(IN) keyel 24 £ %= M2 297 flet &
— KeyValue *startKval
(IN) A A%} key &t
— Four startCompOp
(IN) Z2 A|Z} key 240 CHOE H| W ALK}
— KeyValue *stopKval
(IN) 2M = key 2
— Four stopCompOp
(IN) ZM Z= key 240 CHot H| W HLX}
— BtreeCursor *cursor
(OUT) M =S DtEFSt= R HM objectdl| i SSt= leaf index entryE 7t2|7]= cursor

H
— Four O3ZE

edubtm_Fetch(), edubtm_FirstObject(), edubtm_LastObject()
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EduBtM_FetchNext()
e Il EduBtM FetchNext.c

A

¢ E%:l
— B+ tree MOIO| Al AM XA (4

DHSHA| A0, AM Z=F key ofFF 10

=~

=
55t= 2 objectl| Tt objectE AAMSHL, A
=l objectE “IE|7|= cursorg Hrerel
e edubtm_FetchNext()S @ Z=5}0 B+ tree A Q0| A A
M ZAZ THESHE X leaf index entry2| CtS leaf
index entryS Z A%t
« AMEl leaf index entryE 7tE|7|= cursorg Hrere

—

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST
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o If2f0O|H
— PagelD *root
(IN) B+ tree Q12| root page?| page ID
— KeyDesc *kdesc
(IN) key2| 2t £4 & M2 =517 flet &
— KeyValue *kval
(IN) 2 B2 key 3t
— Four compOp
(IN) B Z= key a0l CHSE Hjw ALEX}
— BtreeCursor *current
(IN) X object0i| Ci S5t leaf index entryE 7t2|7|+& cursor
— BtreeCursor *next
(OUT) M =S THESH= CHS objectdf| CHS3t= leaf index entryE 7+2[7|= cursor

e HIZ}Z}

L- T— HA
— Four Q3Z2E

. B S

edubtm_FetchNext(), edubtm_KeyCompare(), BfM_GetTrain(), BfM_FreeTrain()
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e edubtm_InitLeaf()

e edubtm_InitInternal()

e edubtm_FreePages()

e edubtm_Insert()

e edubtm_InsertLeaf()

e edubtm_Insertinternal()
e edubtm_SplitLeaf()

e edubtm_Splitinternal()
e edubtm_root_insert()

e edubtm_Delete()

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST

1515t Internal Function =

edubtm_DeletelLeaf()
edubtm_CompactlLeafPage()
edubtm_CompactinternalPage()
edubtm_Fetch()
edubtm_FetchNext()
edubtm_FirstObject()
edubtm_LastObject()
edubtm_BinarySearchLeaf()
edubtm_BinarySearchinternal()
edubtm_KeyCompare()

Copyright © 2013-2015 by Kyu—-Young Whang



edubtm_InitLeaf()

o I}t edubtm_InitPage.c

- 29
— PageE B+ tree Q19| |eaf page= 7|2t
« Page headerE leaf pageZ =7|3}gt
— pid := I2t0|H 2 FO0{Zl page ID
— flags
» Page”f B+ tree A9l page® S LIEILHE bitE set &
— Type

» Page?} leaf page2 2 LIEFLHE bitE set &
» EL}EEfD|E1§L-’,SO1I,_I root’t TRUEQ! 4%, page”} root page¥ 2 LIEFLH=
It= set &

— nSlots := 0

— free:= 0

— prevPage := NIL
— nextPage := NIL
— unused :=0

QLLINRA/EAQUCOSMOS Z 2 A E Manual, Copyright © 2013-2015 by Kyu-Young Whang



. I}2}0[FH
— PagelD *leaf
(IN) 7|2t page?| page ID
— Boolean root
(IN) £7|2t& page?t root page® = LIEILHE= flag
— Boolean isTmp

(IN) 7|2k page’| temporary page@= LIE H—HE fla EH EduBtMoﬂ
AL A2 OFS (EduBIM function S5IA] 0|5 2AISIE
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edubtm_InitInternal()

« IO} edubtm_InitPage.c

S
¢ EECID:|

— PageE B+ tree M Q19| internal pageZ x£7|3t%t
« Page headerE internal pageZ x7|3}&
— pid = Tt2t0|HE F0{ Tl page ID

— flags
» PageZ} B+ tree MQl page® S LIEILHE bitE set &
- bpe

» PageZ| internal page®= LtEILH= bitE set
» LRetOlE{2 FOE rooZt TRUEQ!I B2, page?} root page® =
LIEFLH= bitE set &
— p0:= NIL
— nSlots .= 0
— free:=0
— unused .= 0
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. I}2}0|F
— PagelD *internal
(IN) 7|2t page?| page ID
— Boolean root
(IN) £7|2t& page?t root page® = LIEILHE= flag
— Boolean isTmp

(IN) 7|2k page’| temporary page@= LIE H—HE fla EH EduBtMoﬂ
AL A2 OFS (EduBIM function S5IA] 0|5 2AISIE
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edubtm_FreePages()

o I}t edubtm_FreePages.c

A
e M

— B+ tree A9l page% deallocate &t
. lLfEH:'lai T ¢l page?| 2= Xf’i! page=0f Clich MAHH2=
edubtm FreePages& EEOI' e page== deallocate &
 HOt2t0|HZE Tl pageE deallocate &
— Page header2| fyped A dlE page7f deaIIocate 2 page®2 LtEIL= bitE
set 3 '—fEHX| bitS= 2 unset ot

- i3 o pages deaIIocate
» EFEPDUHE FOo| Tl a’/POO/Oﬂ*‘l MZ& dealloc list element 3t 7| £

FCF HF
o =

Mot

+ Dealloc list: deallocate & page=2| linked list

» 2 2 element01| deallocate & page HEE X &&t
» Deallocate & gge MEI} X‘Iﬂﬂ elementE dealloc list2| & HRY
element= &y *
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o I}Z2f0|H
— PhysicalFilelID  *pFid

(IN) deallocate & page?t &3t MOl fileQ] file ID (= M2 fileQ| & HF pagel
page ID)

— PagelD *curPid
(IN) deallocate & page?| page ID
— Pool *dIPool
(INOUT) M 22 dealloc list elementE &Y 27| 2%t pool
— DeallocListElem *dlIHead
(INOUT) dealloc liste] & H® elementES 7t2|7|1 QU= header

-

SL7F
2r X

— Four Ofz{mE

rx

—_——

ru

[ok

1

FA
[ T

fM_GetNewTrain(), BfM_FreeTrain(), BfM_SetDirty(),
til_getElementFromPool()

co
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edubtm_Insert()

o ItY: edubtm_Insert.c

- 23
— O}2I0|EH 2 F0 ._| (%Q%_I_I‘OO’[ ageZ o= B+ tree
Aolof M2 22 object CH ot [JeCtO| key, object
ID> pairg °|=.'O 11, root pageO®ifA] splitO H”é; ok
ZE sphtEE d8E MER pageg “tE|7|=

internal index entry= Htztat
« LEI0|EHZE FOZE root page7f internal page? 4<%,
_ ME2 <object?| ke iect ID> pairs g
oo Tre o2 wee X ’! page—p =S e
— A™El XA pageE root pagei Sh= B+ s
<obéect°| key, object ID> pairE & &l5t7|
edubtm Insert()E 2=

—|oc

|5H J(Hw'll’i*.gi
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- 28El A4 pagedil A sjplitol 2 82, o split2 =
HEE MER 7E)agee F2]7| = internal i dex. entryS I}
2tO|EH 2 FO{ 2 root paged| & et

» Ol & index entryol A QK| (slot HZ) & ZHE
e Slot arraydj 7(10 ._| index entr QI offset= O| index
entry2| key =22 FHE| 0O
» edubtm_Insertinte rnal)2 2E5}0] 7“8%' slot HZ 2
index entryS & %t

itO] EfMst AL, ST

— Jle'-fDIHE —,—01 Xl root page||
7| = internal index

split22 MAE W2 L pages 7t
entryS ':.'_*9._“.3:.F
o O}2t0|EH 2 T T root page7f |
— edubtm_InsertLeaf() S S &6}0{ sl Ig?geoil MEZ

s

<object2| key, object ID> pair% o
— SplitO| Y5 42, ST split2 2 MMEI 2R pageE
712|7| = internal index entry% Hiorer
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Th2to| B
—  ObjectlD *catObjForFile
(IN) B+ tree 49! file 3 A QIEI G|O|E] fileOf CHSH M & (sm_CatOverlayForSysTables) 7t H& &l object2| OID
- PagelD *root
(IN) B+ tree M219| root page2| page ID (edubtm_Insert()& MHH2ZE callk|EE, 0| page?| type2 root page?t Ot == U
—  KeyDesc *kdesc
(IN) key2| 2 £ 42 M2 F2317| 918t &
—  KeyValue *kval
(IN) & e object?| key 2t
—  ObjectlD *oid
(IN) &g ojbecte| OID

- Boolean *f
(OUT) root page?t merge Z|RA S S LIEILlE flag2 A, EduBtMO| A= AFESIX| %S (EduBtM function T18IA| O|& RA|SH= &)
- Boolean *h

(OUT) root page?} split E|ASS LIEI £ flag
- Internalltem *item
(OUT) root page split2 2 ‘#dEl 22 pageE 7I2|7|+= internal index entry
- Pool *dIPool
(INOUT) M2 dealloc list elementS &% 27| 2|3t pool2 A1, EduBtMO|A & AF23HX| 242 (EuBtM function T-31A| 0|2 FAISHE =)
- DeallocListElem *dIHead
(INOUT) dealloc liste] & HW elementE 7t2|7| 1 = header2A], EQuBtMOAM = AFREIX| %2 (EduBtM function TLEIA| 0|2 ZAIBHE &)

—  Four O3=E

InsertLeaf(), edubtm_Insertinternal(), edubtm_BinarySearchinternal(), BIM_GetTrain(), BfM_FreeTrain(), BfIM_SetDirty()
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edubtm_InsertLeaf()

o LI}: edubtm_Insert.c

A
i EDo:|

— Leaf paged| M Z& index entryE & ®I5tL, split0] Yot B2, split2 = HdE M
22 leaf pageE “t2|7|= internal index entryE ghetet
o MZ2 index entry2| & & X (slot Hz) & 2
— Slot arrayOfl XZ&El index entry2| offset=0| index entry2| key =22 FHE|0{0F &
— ME index entry2| key 2t1F & U3t key 242 X+ index entry?t EXdt= %
eDUPLICATEDKEY_BTM error & Hakst
. MZE index entry S 98} LR KL Yoio| 7|5 74k
— Align & key @92 1243t M2 index entry2| 37| + slote| 37
« Paged| O|& F4O| A= B2,
- Z8A| pageE compact &
— ZYE slot HZ 2 ME2 index entryE & g
» Page?| contiguous free areall Aj2=2 index entryE SAFE
» AEE slot H2F = slotg ALE5H7| 29l slot arrayE AHHi St
» AEE slot H2F 2= slot0l {22 index entry2| offsetE A&
» Pagel| headerE A%t
« Pagelf| {7 FEO| gl= 8% (page overflow),
— edubtm_SplitLeaf)& Z=3+0] pageE split &
— Split2 2 WHE MER leaf pageE 7t2|7|+= internal index entryE Hhetet
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QLA

LA /EQuCOSMOS =2 A E Manual, KAIST

2ol
— ObjectID *catObjForFile
(IN) B+ tree MOl file 5! A
— PagelD *pid
(IN) index entry% A leaf pagell page ID
— BtreelLeaf *page
(INOUT) index entryS &
— KeyDesc *kdesc
(IN) key2| Z £ 2 M2 FE317| flet &=
—  KeyValue *kval
(IN) & ¥ index entry2| key 4t
—  ObjectIiD 0|d
(IN) & ¥ index entry0fl XZH =l object ID (OID)
— Boolean *f

Ol=l HIO|H fileOfl CHEH M E (sm_CatOverlayForSysTables) 7t M & &l object2| OID

AU leaf pageZt XZ&HEl buffer elementdi| Cist Z OIE

(OUT) page?t merge E|9SS LIEHHE flag2 A, EJuBIMOI A= AFESEX| %S (EJuBtM function 3 A| 0|2

— Boolean *h
(OUT) page?t split = ASES LIEIHLH= flag
— Internalltem *item
(OUT) page split@ 2 M-dE MZZ leaf pageE 7t2|7|+= internal index entry

edubtm_SplitLeaf(), edubtm_CompactLeafPage(), edubtm_BinarySearchLeaf()

FAHE F)
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edubtm_Insertinternal()

e I}Q: edubtm Insert.c
- 29
— Internal p c9e01| MZ2 index entryS & 1511, SF_P|ItO| =l ot
8%, splitS 2 WEE MZ2 internal pageE 7I2|7| = internal
index entryS et
« MEZ2 index entry &2

o 11—
— Align &l key @92 8ot |22 index entry2| 37| + slot2| 37|
« Pagel 0|7 01040| URE BF

o 1
— 82X\ pageE compact &

— O2t0|HZ FOHEl slot H'|30| CHS slot HES 2 MZ2 index entryS & %t

H o
» Page2| contiguous free arealll MZ2 index entryS SAtgt
» BHE slot HZ E 4=

Flofl 2Rt Xtx S IV|E ALt

O
O

S A< slot2 AFESL7| 3l slot arrayE AHi St
» A™E slot HSE ZHE slotd] MZ2 index entry2| offsetS X Ztet
» Pagel| headerE Al

E O | I |
» Page0f 017 30| Bl= & (page overflow)
— edubtm_Splitinternal)& 2 =50 pageE split &
— Splite 2 M=l M|E22 internal pageE 7t2|7|= internal index entryE Btetet

| B T |

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST
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orefo| e
— ObjectID *catObjForFile
(IN) B+ tree MOl file 2 MOIZl (|O|H fileOf| CHP FE (sm_CatOverlayForSysTables) 7} X & El object2| OID
— Btreelnternal page
(INOUT) index entryE & 2% internal page?t M& =l buffer element0i| CHEH Z QI
— Internalltem *item
(IN) & 22 index entry (align Z|X| %&)

- Two h|gh
(IIN) S-IFOIOF index entry®| key ZtE2 Lt E2 key S X £ index entrys & 7H& 2 key S X £ index entry|
slot H=

— Boolean *h
(OUT) page?t split E|ASS LIEILH= flag
— Internalltem *ritem
(OUT) page splite 2 M-gE 22 internal pageE 7t2|7|& internal index entry

H
— Four O3ZE

edubtm_Splitinternal(), edubtm_CompactinternalPage()
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edubtm_SplitLeaf()
o I} Q: edubtm_Split.c

A
¢ E%:l

— Overflow?} 225t leaf pageE split SH0] 1}
2tO|E 2 FO0 Tl index entryE “O'*LT_'
splitS 2 MM El MZ2 leaf pages 7t2|7|=

internal index entryS Btetat
SICF HF S

« M2 pageE 2 3
« S B2 pageE leaf pageZ x=7|3tet
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7|Z index entr % S &1t index entry= ke& =2 HEH5}
O overflow”Zt Z-dot page I & ¢ |
—- HMXA, overflocwgf

ruE
0=
rot
©
Q
(@)
(O]
2
I

. Sty ufo pageE Ieaf page= 79 doubly linked listOfl =7}t
ow”t

= ;%;E;[ Ht2 page?t overflow?t 25t pageQ| CHE page?t =& F
o
« SHEHHF2 pageE 7t2|7|£ int ternal index entrys ‘d-d
— Discriminator ke 2t = & 22 pagel| A HIRY index entry (slot H
2 =0) 2 key &t

» B+ tree AHOI01|A-| internal index entrv2| key af édiscriminator
key 2b) Ol leaf index entry®| key 2tif S2= £ ¢l

— XAl pagel| HZ = St BE2 pagel| HZ
« MM El index entryE Htztat

—_—
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o IZt0|H
— ObjectID *catObjForFile
(IN) B+ tree MOl file 2 MOI=l (|O|H fileOf| CHP FE (sm_CatOverlayForSysTables) 7t X & El object2| OID
— PagelD *root
(IN) overflow?} 43t pagel| page ID
— BtreelLeaf *fpage
(INOUT) overflow?} &’ lot page?t M & buffer element0fl CHoH & Q1E

— Two high
(IIN) %._I*S.EI% index entry2| key 2t Lt &2 key 42 XA £ index entrys & 7H& & key @42 Z £ index entry2|
slot H=

— Leafltem *item
(IN) &f 22 index entry (align Z|X| %)
— Internalltem *ritem
(OUT) page split@ 2 MM El MZ 2 leaf pageE 7I2|7|= internal index entry

H
— Four O3ZE

AL
— o1

edubtm_InitLeaf(), edubtm_CompactLeafPage(), btm_AllocPage(), BfM_GetTrain(), BfIM_GetNewTrain(),
BfM_FreeTrain(), BfM_SetDirty()
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edubtm_SplitInternal()

It Y: edubtm_Split.c
=29
— Overflow7f UMot internal pageE split 3P04 Ir2f0jHE
£l index ent;y% ROt splite 2 d-d= MZF internal
page= 7t2|7|= internal index entryS st
« MEZ pageE %“é* ==
o SHCHHF2 pageE internal pageZ x7|3}st
e 7|F index entrys X YU index entryE key =2 = HEHSI0]
overflow7} SHAST page & %':* 2= page01| L0 Maet
- HX, overflow7f 25 pageO I:1|0|E1 AS 50% O|& *2= 2| index

entrys= A&
- g H*o pag e°| header2| p0 #==0f OfX] JH’“Elxl ?JS inde
R index_ entry (15t entry) 7f 7t2]7| & XHA pagel| HS & A%t
— 1stentrys &2 2H2 pageS 7t2|7|= internal index entry2 A 3}0] Hztst
» KtA| pagel| H= = & 22 pagel| HZ
— X index entry=2 &Y 22 pagelll M&e
— 2 page®| headerg ALl

=
_—
-
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LAl

=
— ObjectID *catObjForFile

(IN) B+ tree M QI file 3! AQI=l OO E fileOf CHSt " E (sm_CatOverlayForSysTables) 7 X & &l
object2| OID

— BtreelLeaf *fpage
(INOUT) overflow7t &5t pageZt K& El buffer elementdi Ciot Z QIH
— Two high

(_N) &g index entr °| key SrELCE &2 key 242 # = index entrys & 7t 2 key o
index entry2| slot &

— Leaﬂtem *item
(IN) &2 index entry (align T/ X| %S
— Internalltem *ritem
(OUT) page split2 2 H-d =l MZ2 internal pageE 7F2[7|= internal index entry

mjo

2t
=

T

H

Four OHZE

| TE
rtot
>

2t gk
edubtm_Initinternal(), edubtm_CompactinternalPage(), btm_AllocPage(),
BfM_GetNewTrain(), BfM_FreeTrain(), BfM_SetDirty?)

kJ
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edubtm _root_insert()

e I}IY: edubtm_root.c

. A
= O
ﬁgﬂtyage7f split =l B+ tree M2l= ?[¢t {22 root page=
. AHE-.I_- pageZ SHf ure
[=) =]

=
« 7|E root pages T4 &
« 7| root pageE ME& root pageEA| x=7|3tgt
— B+ tree M Q19| root pagel| page IDS LIt:|H SX[5H7| I
« 2 &2 page?f root page split2 & H-gEl page’t MZ= root
age®| At pages0| T =& HHE

%E)Il'EOE MHEl pages 7PEI9I = mternal index entryE MZ2 root pagedi| &
o

- AHE—n— root page2| header2| p0 H=0f| & 22 pagel| HZE MY

— MZ2 root p pages °| = Xt page=0| Ieafo._I AL, 5 X4 page=7t2| doubly
linked list& A7dg

» Split2 2 MHE page?t & 22 pagel| Lt page?t £ =& 27
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. Ij2to|H

— ObjectID *catObjForFile

(IN) B+ tree MOl file 3 AOI=l |O|H fileOf LT HE
(sm_ CatOverIayForSysTabIes) 7 M &tel object2| 0D

— PagelD *root
(IN) split El root pagel| page ID
— Internalltem *ritem

(IN) root page split2 2 H-d = MEZ pageE 7I2|7|= internal index entry

)
C
—_
.,.

7

—_——

(=)
[y

— Four OHZE

. T S

edubtm_Initinternal(), btm_AllocPage(), BfM_GetTrain(),
BfM_GetNewTrain(), BfM_FreeTrain(), BfM_SetDirty()
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edubtm_Delete()

- edubtm_Delete.c

228 XA pages

|*1 overflowZ}
St internal index

M
= O
- IHoD|E| 2 22017 pageS root page® St B+ tree A1 10| A <object2| key, object
ID = SHE
> palr &=
o ItetolE{2 FO0 %l root page?t internal page® 42,
- ﬁﬂ%t <object@| key, object ID> pair?t M % leaf pageE &7| ?I3 Ct22=
=SS"™
- AgE xfélﬁagea root page2 of = B+ subtreef| M <object2| key, object ID> pairE A{H|ot7] ¢
sff Zf X 22 edubtm_Delete()E = =¢t
- ZHE X} page® A underflowZt 2l A2, btm Underflow()% § 6}04 0| X1 2|t
» UnderflowZt 24t Xt4 page2 | 22 gagcei tetOjE 2 =
2ol 25'—?—, edubtm. Insertintern al)S ==3}0 overflowi
entryE 22 page0f &gt

« edubtm_Insertinternal() @& Z1tZ 2 page

_Insertinte M S 7t sgllt E|B 2, out parameter® hE
TRUEZ 2 Spsieianl sphtOE MHE 2L page= 7t2| 7| internal index entryS HFzt
o

h%

—_

—_

» btm_Underflow() 2= 212 M TE[0|E 2 F0{Fl root pagel) LHRO| HAZ|OZ

btm_Underflow() Z& = root page2| DIRTY bitE 12 set of{Of &
o Itetole{ 2 F0 7% root page?t leaf pageo._| a4,

— edubtm_Deleteleaf()& &SI 3T pageOf Al <obJect°| key, object ID> pairE
s %Tgfeloilﬁ underflow 7} Ha”g'?i 4% Ifjl? el data 39 & A Bl A7 > (pagel| data B

o™ 7| / 2)), out parameter®! MM

A A2
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. ot2fo| g
—  ObjectlD *catObjForFile
(IN) B+ tree 49! file 3 A QIEI G|O|E] fileOf CHSH M & (sm_CatOverlayForSysTables) 7t H& &l object2| OID
- PagelD *root
(IN) B+ tree M Q19| root page?| page ID
—  KeyDesc *kdesc
(IN) keyol Z} &8 22 M2 FEH7| St BE
—  KeyValue *kval
(IN) AH|E objectO| key 4t
—  ObjectlD *oid
(IN) &H|E object®| OID

- Boolean *f
(OUT) root paged| Al underflow?} A3 2 LIEILE flag
- Boolean *h

(OUT) root page?t split E|ASS LIEI £ flag
- Internalltem *item

(OUT) root page split2 2 ‘#dEl 22 pageE 7I2|7|+= internal index entry
- Pool *dIPool

(INOUT) M 22 dealloc list elementE &g 27| 2/ pool
- DeallocListElem *dIHead

(INOUT) dealloc list2| & H® elementE 7t2|7|1 UL+= header

. Hhotgt
- Four O2{32E
. mE U
edubtm_Insertinternal(), edubtm_DeleteLeaf(), edubtm_BinarySearchinternal(), btm_Underflow(), BfM_GetTrain(), BfM_FreeTrain(), BfM_SetDirty()
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edubtm_DeletelLeaf()

« ItY: edubtm_Delete.c

A
- 23

— Leaf pageO| A <objectl| key, object ID> pairE
&A=
« AXE <objectl| key, obf'ec’galD> Fg_iﬂf MZEEl index
entry2| offsetO| X & slotE A&
— Slot array S7t0l| 4FA| =l Hl slotO] BI=% slot array2
compact &
e Leaf page®| headerE AAlat
* Leaf pageO| A underflow?| &t %ﬂ—?—(pacgeQI data
S A7 GEe 37| > ( agre9| data

o
o S
37| / 2)), out parameter?! f=
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PhysicalFilelD *pFid

(IN) B+ tree M2l fileQ| file ID (= B+ tree 2l fileQ| & HM page2| page ID)
PagelD *pid

(IN) index entryE & leaf pagel| page ID
BtreeLeaf *apage

(INOUT) index entryE &H| & leaf page?t MEEl buffer elementOf| CHSF Z QIE
KeyDesc *kdesc

(IN) key2l 2 £ 42 M2 F2317| 98t &
KeyValue *kval

(IN) AH|E index entry2| key
ObjectlID *oid

(IN) A& & index entryOfl X{ZEl object ID (OID)

Boolean *f
(OUT) leaf page®|Al underflow?t 243 SS LIEIL £ flag
Boolean *h

(OUT) leaf page?t split Tl ASS LtEILHE flagE A, EJuBtMOIIAl & AFESHR] 242 (EduBtM function 73 A| 0|8 RA|SHE )
Internalltem  *item
g_EOI)UT) leaf page split2 2 ‘= M2 pageE 7t2|7|& internal index entry2A{, EduBtMO|A{= AL SHX| &2 (EduBtM function T8 A| O|& FA[SH =

Pool *dIPool
(INOUT) MZ2 dealloc list elementS & 27| [ poolZAl, EduBtMO A= AR SIX| %S (EduBtM function T3 A| 0|2 FAHE )

DeallocListElem *dIHead
(INOUT) dealloc liste] & H® elementE 7t2|7|1 U= headerZAl, EAuBtMO|AM = AFESIX| % (EduBtM function TL3iA| O|& ZA[SH T &)

Four OZE=

_BinarySearchLeaf(), btm_ObjectldComp(), BfM_SetDirty()
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edubtm_CompactLeafPage()
o LtE:

edubtm_Compact.c

A
- 28

— Leaf pagel| H|O|H FHO| B = A7 SHO| B
contiguous free areas SABIEE index entry= 9| offsetE
(@2 |
o OI2tOEE T slotNo?t NILO| Of il

- 5/01‘N001| CHS o= | dex entr%/— XﬂEE pa

Ao| It AR | Al M2t
» Index entry = AM: L S3t= slot
- 5/02‘N001| O 85t= 'ndex entryS

Ho =
HOIE Y &0l 2l OX| 2t index entry2 X
. -|-L|'E|'D|E'|E T Zl slotNo7F NILSI B2,
— Pagel| 2 index entryZE I31|0|E1 | 7t A
» Index entry X% &=Af: L &5t slot H
e Page headerE A4

S

S
o
3,
O

-|II

=
=
ISP

Q

el 2 & index entry=< H|O|E

ror
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o IIZ}0O|H
— BtreelLeaf *apage
(INOUT) compacte leaf page”t X &=l buffer elementO]| CH
of I OIH
— Two slotNo
(IN) pagel| HIO|E BY &0A OFX|Bt e = MEE index
entryQ[ slot HZ
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It edubtm_Compact.c

edubtm_CompactinternalPage()

A
=3

— Internal page2| O|O|
contiguous free area

S
£ &
-

00| P15l BfLto
£ & index entry=2| offsetE =&
+ IHEtOIE 2 0T s/otNoZt NILO| OfHl &2,
- 5/02‘N001| O S 5= ndex entr — X1|9§ page?| 2 E index entry== IO
o{of 717 2 $5$ 15 e
» Index entry X% *‘l O 5P._ slot t"|§ o=
- 5/01‘N001| O & 5t= 'ndex entry= OO E9F &0MQ| OFX|Z} index entry= X
. TRIO]E 2 FO0|Z slotNo?t NILO! B2
— Pagel| 2=

o T,y
index entryZ = 0o E1 gzl
» Index entry X%

e g o
A-I I:Hoo + slot H'|§
e Page headerE A4

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST

Copyright © 2013-2015 by Kyu—-Young Whang



. I}2}0|E

— Btreelnternal *apage
(INOUT) compactZ internal pageZt XZ&HEl buffer element0]
LSk Ol E

— Two slotNo
(IN) pagel| IO EY &0 OX|2 2 2 X Ze index
entryQ[ slot 1=
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edubtm_Fetch()

o IIY: EduBtM Fetch.c

. 2
— 20| £ F0{ %l pageE root pageE St= B+ tree AH
Oloj x| 7% THS GRS X K .

oot page?| internal page®@ 42,
' object ID>_pairZt A%

> pair/ =l |eaf 2| Al
M=l leaf index entry= 7I2|7|= cursorg Etetet
Ol

AN I 7
=l leaf pageS &7| Q8 Cre o2 B2t AfAl pages ZAM Y
- AZE X4 Rageé.root pageE Sh= B+ subtreeOj A AM =S T
o= A R <object2| key, object ID> pair?l X &=l leaf index
entryS AASH7| 26 X{HE2E edubtm_Fetch()E 2 =%
Al
-

A=l leaf index entryZ 72|7|= cursorg ghetet
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o IZt0|H
— PagelD *root
(IN) B+ tree Q12| root page2| page ID
— KeyDesc *kdesc
(IN) keyel 24 £ %= M2 297 flet &
— KeyValue *startKval
(IN) A A%} key &t
— Four startCompOp
(IN) Z2 A|Z} key 240 CHOE H| W ALK}
— KeyValue *stopKval
(IN) 2M = key 2
— Four stopCompOp
(IN) ZM Z= key 240 CHot H| W HLX}
— BtreeCursor *cursor
(OUT) M Z=HE TESH= A R <object?| key, object ID> pair?t M &= leaf index entryE 7t2|7|+& cursor

H
— Four O3ZE
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edubtm_FetchNext()

o IO} EduBtM_FetchNext.c

., M
= O
— B+ C)’cre e AN 52 ZAS TrFHof= T leaf index entry°|
Efal_ eaf index entry= &+4ot1l, AME leaf index entry= 7t
2|7 |: cursorg kel
« HAM XHZ UESH= CHS leaf index entryE A2t
- Y U2 ME0HE FOIT A TR key o X HlL AUXE Sof &
Ny=]
» SM_EQ: H|1 Ci& object?] key f0| M B key ﬁkﬂf 42 4% s
» SMLLT: H| W CH4 objectQ| key 71O 7“” —'—E key 2tELCH 22 Z OtF
» %MEIFI;EIJE CHel object2| key f0| &M F& key af2CH 2AHL 242 4
L |__—h|(|3:|
» SM_GT: H| 1l CH4 objectl| key 2t0| AM = key 4L 2 8% UEE
» %ME%E::HII'L CH A+ object@] key 240| 7“” TE key 4ECHIAALL £ 2 B
L |__—h|(|3:|
« ZMEl |eaf index entryE 7t2|7|= cursorg dhetet
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o If2f0O|H
— KeyDesc *kdesc
(IN) keyQ| 2 &4 ¢t M2 #E517] flot &
— KeyValue *kval
(IN) B2 Z= key 2t
— Four compOp
(IN) B2 Z =& key 240 Co Bl ALK}
— BtreeCursor *current
(IN) ZM ZAHZ 0ESHE S XY leaf index entryE 74| 7|= cursor
— BtreeCursor *next
(OUT) M ZHZ DESH= CHS leaf index entryE 7H2|7|= cursor

e HIZ}Z}

L— 1— HA
— Four Qj2{2E

. B S

edubtm_KeyCompare(), BfIM_GetTrain(), BfIM_FreeTrain()
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edubtm_FirstObject()

o I} edubtm_FirstObject.c

. MO
— B+ tree MOIO|A A HIY object | 7t &2
key 442 A= leaf index entry) & 7|:.“‘—*.'3.:.F
e B+ tree M QIO K HAY leaf pagel| A K] |eaf

index entryE 7t2[7|&= cursors t.'i?ﬁ:.
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o If2f0O|H
— PagelD *root
(IN) B+ tree Q12| root page?| page ID
— KeyDesc *kdesc
(IN) key2| 2t £4 & M2 =517 flet &
— KeyValue *stopKval
(IN) M Z2 key 3t
— Four stopCompOp
(IN) B Z= key a0l CHSE Hjw ALEX}
— BtreeCursor *cursor
(OUT) B+ tree MQIO] A £ object0ll CHSSt= leaf index entryE 7+2|7|= cursor

e HIZ}Z}

L— 1— HA
— Four Qj2{2E

. B S

edubtm_KeyCompare(), BfIM_GetTrain(), BfIM_FreeTrain()
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edubtm_LastObject()

e I} edubtm_LastObject.c

S
¢ E%:l

— B+ tree M 20| M OrX|E} object (V1Y 2 key
W= W= leaf index entry) & AAHE

« B+ tree MOQIO| OX|} |eaf page2| OFX|E index

entry (slot H=@ = nSlots - 1) & 7I2|7|= cursor

E —t |
S Hrete
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o If2f0O|H
— PagelD *root
(IN) B+ tree Q12| root page?| page ID
— KeyDesc *kdesc
(IN) key2| 2t £4 & M2 =517 flet &
— KeyValue *stopKval
(IN) M Z2 key 3t
— Four stopCompOp
(IN) B Z= key a0l CHSE Hjw ALEX}
— BtreeCursor *cursor
(OUT) B+ tree M Q10| OrX|G} objecti| CH-S3t= leaf index entryE 7t2|7|= cursor
o Hishgf
— Four Qj2{2E

. B S

edubtm_KeyCompare(), BfIM_GetTrain(), BfIM_FreeTrain()
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edubtm_BinarySearchlLeaf()

« IO} edubtm_BinarySearch.c

S
¢ EEC|>:|

— Leaf page®f| A I}
key 2&%9 2= ind
O & X[ (slot

. It}
=X

ox U
oM rE
<

[ ~—
~
()
<
S
=
my!
rlo
~
()
<<
N
[0
AN
rr
=
o
()
X
(©)
D)
=
<
N

~

— UES
o Lfcf OJ?F_I key 2f1t £ 2 key 2= &= index entry”t

==

AE oo 2t oFO

2 ZE index entrys & 7t

[
uE
I

[

>

HI
Mmoo

T 20| E idxQ| 242 -12 ™St FALSEE Bhatst

I
o
C
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o If2}0|H
— BtreeLeaf *lpage
(IN) B+ tree 2 212| root pagel| page ID
— KeyDesc *kdesc
(IN) key2l| 2 9 4= M2 #2517 flct S&
— KeyValue *kval
(IN) DA key 2k
— Two *idx
(OUT) A El index entry2| slot H=

T

e HIZ}Z

L-1—- H

— Four TRUE E+&= FALSE

>

. T

edubtm_KeyCompare()
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edubtm_BinarySearchlnternal()

o I}Q: edubtm_BinarySearch.c

HE SO0t key aidr €2 key alE &= index entry”}
EEEY
= index entry2| slot H=

O
o
« LI2tOIE 2 FO0{ % key 2fdt 22 key 2fS A& index entryZ}
(@)
I}
N,

N OF L o
Xl - 7C:>|_I_:

20| 2 FO{ Xl key gfELCH ZE key gf2 #HE i 1t
key 2t2 #= index entry@| slot HH= Sl FALSEE gHatel
Xl key 240| page LH2| 2= index

-

St

S
o
(O]
X
(O]
»)
'—|-
-
'I_P<
m|n

I
o
C

T Ot2H0/EH idxQ| S -12 M350 FALSES Htstst
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o If2}0|H
— BtreeLeaf *lpage
(IN) B+ tree 2 212| root pagel| page ID
— KeyDesc *kdesc
(IN) key2l| 2 9 4= M2 #2517 flct S&
— KeyValue *kval
(IN) DA key 2k
— Two *idx
(OUT) A El index entry2| slot H=

T

e HIZ}Z

L-1—- H

— Four TRUE E+&= FALSE

>

. T

edubtm_KeyCompare()
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edubtm_KeyCompare()

e I} edubtm_Compare.c

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST
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. I}2}0|E

— KeyDesc *kdesc
(IN) key2| & &4 4S M=E F&=6t7| et &

— KeyValue *key1
Hlmgt A HRWY key af

— KeyVaIue *key2

. izt
— Four EQUAL, GREATER, EE= LESS

Copyright © 2013-2015 by Kyu-Young Whang
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N|=Z|= APl Function =

. BfM _GetTrain()
g écral § buffer element0] fix 5t11, 3i' buffer elementO CHSH &
Q

?%Hg?%@dion%% page/traing accessot”| 0| SiE page/traine buffer0f|
ix off OfF &
« DiskO|M MEA & oI-E._ e/traing buffer] fi
Sl BfM_GetTrain() CHAI Bﬂ\/ﬁg _GetNewTrain()= =
- °Ho pa&le/traln._ empty page/trainO| 22 &S 201.27] 215k diskOf assess% e
Aoy, BfM_GetNew ram( = diskOll accessotA| Bl SHf'E empty page/trains
buffer01 | fix &t
— IOl
e TrainlD *trainld
(IN) Fix & page2| page ID =& train2| A H® page?| page ID
e Char **retBuf
(OUT) Fix =l page/trainO| X & & buffer element0f| CHoH Z QI
« Four type
(IN) Buffer2| type
— Hi=kgt
« Four OHZE

vy, é*lﬁf':'d ds dd= A

POP—h
S,
_O'_|-—|—
rlr
N
©)
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- O

Four edubtm_Fetch(
PagelD *root, /* IN: ID of the current root page of the subtree */
)
{
BtreePage *apage; /* pointer to a buffer */
/* Fix the page to the buffer */
e = BfM_GetTrain(root, (char **)&apage, PAGE_BUF);
if (¢ < 0) ERR(e);
}
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e BfM_GetNewTrain()

— Disk &0l M MEH &EE page/traing buffer
elementd| fix St11, S buffer elementOf C{T I Ol
EE Bhatsh

_ oj2to|E

e TrainlD *trainld

(IN) Fix & page?l| page ID EE= train2| R R pagel| page ID
e Char **retBuf

(OUT) Fix =l page/trainO| K& & buffer elementd| CHH Z OIE

e Four type
(IN) Buffer®| type
— Hrekdk

e« Four H3ZE

QLINRA/EAuCOSMOS Z 2 A E Manual, KAIST
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Four edubtm_InitInternal(
PagelD *internal, /* IN: ID of the page to be initialized */
)
{
Btreelnternal *page; /* pointer to a buffer */
/* Fix the page that has been newly allocated on the disk to the buffer */
e = BfM_GetNewTrain(internal, (char **)&page, PAGE_BUF);
if (¢ < 0) ERR(e);
}
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e BfM_FreeTrain()

— Page/traing buffer elementOA] unfix &
_ oj2|0| E

e TrainID *trainld
(IN) Unfix & page?| page ID EE&= train2| & HW pagel]
page ID

 Four type
(IN) Buffer2| type
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Four edubtm_Fetch(
PagelD
)
{
if (¢ < 0) ERR(e);
}

*root,

/* IN: ID of the current root page of the subtree */

/* Unfix the page from the buffer */
e = BfM_FreeTrain(root, PAGE_BUF);

QLINRA/EAuCOSMOS Z 2 A E Manual, KAIST
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e BfM_SetDirty()

— Buffer elementOf| X &=l page/train0| =8 &
A== #ASH7| 2[5l DIRTY bit= set &

— of2|0|

e TrainlD *trainld
(IN) DIRTY bitE set & pagel| page ID E+ trainl| & H
M page?l| page ID

 Four type
(IN) Buffer2| type
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Four edubtm_Initinternal(
PagelD *internal, /* IN: ID of the page to be initialized */
..
{
/* Set the DIRTY bit */
e = BfM_SetDirty(internal, PAGE_BUF);
if (¢ < 0) ERRB1(e, internal, PAGE_BUF);
}
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« Util_getElementFromPool()

— PooIOHH AHE—I— dealloc list elem nt 3._F NS
— lLfEH:'l E1
e Pool *aPool
(IN) &F= 5 AFEE element pool
e void *elem
(OUT) =& HF2 dealloc list element
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Four edubtm_FreePages(...
PagelD *curPid,  /* IN: ID of the page to be freed */
Pool  *dIPool, /* INOUT: pool of the elements of the dealloc list */
DeallocListElem *dIHead) /* INOUT: head of the dealloc list */
{
DeallocListElem *dlElem; /* pointer to the element of the dealloc list */
/* Insert the deallocated page into the dealloc list */
e = Util_getElementFromPool(dIPool, &dIElem);
if (e < 0) ERR(e);
dlElem->type = DL_PAGE;
dIElem->elem.pid = *curPid; /* ID of the deallocated page */
dlElem->next = dIHead->next;
dIHead->next = dlElem;
}
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N &&= Function =

« btm_AllocPage()
— B+ tree M0l pageE AFEY MER pages 29 ot
1, & E pagel| page IDE ghetet
_ m}abo|
* ObjectID *catObjForFile

(IN) pages 2 e B+ tree MOl file U AMOIEl §|O|E fileOf CHEH
B (sm_CatOverlayForSysTables) 7t X &= object| OID

« PagelD *nearPid

(IN) &= pagel| page ID = & FE page’t disk &0l S2|H
O 2 Q16| 0F St= page?| page ID

« PagelD *newPid
(OUT) 2 El pagel| page ID

e« Four H3ZE

LLIANRA/EAQUuCOSMOS =2 A E Manual, KAIST Copyright © 2013-2015 by Kyu-Young Whang



- O

Four EduBtM_Createlndex(

ObjectID *catObjForFile, /* IN: ID of the object that contains the catalog
information */

PagelD *rootPid) /* OUT: ID of the root page of the newly created B+tree */

{

sm_CatOverlayForBtree *catEntry;  /* pointer to the B+tree file catalog
information */
PhysicalFilelD pFid; /* ID of the first page in the file */

MAKE_PHYSICALFILEID(pFid, catEntry->fid.voINo, catEntry->firstPage);
/* Allocate a new page to be used as a B+ tree index page */

e = btm_AllocPage(catObjForFile, (PagelD *)&pFid, rootPid);
if (¢ < 0) ERR(e);
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* btm_ObjectldComp()
~ Of2t0j e 2 FO0 &l & object ID (OID) 2| CH
AZ B3l D, Hlm ZTE gt
_ nj2Ho| g
e ObjectID *firstOid
(IN) gt & #H&Y object ID
e ObjectID *secondOid
(IN) gt &= #HR] object ID
i)

e Four EQUAL, GREATER, EE= LESS
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Four edubtm_DeletelLeaf(...
ObjectID *oid, /* IN: ID of the object to be deleted */

)

ObjectID tOid;  /* ID of an object */

{

;’; Compare two object IDs */
if(edubtm_ObjectldComp(oid, &tOid) == EQUAL) {...}
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e btm_root delete()
— B+ tree M 21| root pageli A Lot underflowE X2
%I-
— It2f0f B
» PhysicalFilelD *pFid
(IN) B+ tree QI fileQ| file ID (= B+ tree 2! fileQ| & WM page?
page ID)
« PagelD *rootPid
(IN) B+ tree M Q19| root pagel| page ID
e Pool *dIPool
(INOUT) M 22 dealloc list elementE & 27| 2|3t pool
e DeallocListElem *dIHead
(INOUT) dealloc liste| & HM elementE 7t2|7|11 U= header
_ uhsg
e Four 022 E

-
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Four EduBtM_DeleteObject(...
PagelD *root, /* IN: ID of the root page */

Pool  *dIPool, /* INOUT: pool of the elements of the dealloc list */
DeallocListElem *dIHead) /* INOUT: head of the dealloc list */

Boolean If;  /* TRUE if a page is not half full */
PhysicalFileID pFid; /* ID of the index file containing the B+ tree index */

/* Handle underflow that has occurred in the root page of a B+ tree index */
if(If) { // if underflow has occurred in the root page

e = btm_root_delete(&pFid, root, dIPool, dlHead);

if (e < 0) ERR(e);
}
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e« btm_Underflow()
— B+ tree A Q19| under flow7} 24 3._F pagelf CHdl, s pageZ sibling page®t merge SE+& redistribute &
Z:

= O
. HMHg_geﬂ merge e B2, B2 pageO A F page@t ZHA =l index entryZt AKX Of| 2t £ 2 paged| Al underflow?}

l:l

. e7f redlstrlbute Tle AL, 23 paged| A F page?t A E index entryZt IH|E (7|F index entryZt A K| g1
£—?(—J index entryZ} & 21 &) Of 2 bPE pagedi| A overflow 7t SHAi gt o~ %é

— oZiolgy
» PhysicalFilelD *pFid
(IN) B+ tree M2l fileQ| file ID (= B+ tree A2l fileQ| & HM page2| page ID)
» BtreePage “*rpage
(IN) under flow?7} &3t page®| £ 2 page?t MEE buffer elementOf Cist Z I
» PagelD *child
(IN) under flow7} 4%t page?| page ID
+ Two slotNo
(IN) under flow?} 2%t pageE 7t2|7|& index entry2| offsetO] XZ& &l slotQ| slot H=
* Boolean *f
(OUT) 22 page0®Al underflow?t LM43H-SS LIEILYE flag
* Boolean *h
(OUT) 22 page0®A overflow7t MM S S LIEILHE= flag
* Internalltem *item
(OUT) 22 page?| overflow2 QI8 & & |X| Z%t internal index entry
* Pool *dIPool

(INOUT) M 22 dealloc list elementE & 27| 2/ pool
» DeallocListElem *dIHead
(INOUT) dealloc liste| & H® elementE 7t2|7|1 U= header
- Ht=kgf
« Four O3ZE
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Four edubtm_Delete(...
PagelD *root,  /* IN: ID of the root page */

Boolean *f, /* OUT: whether the root page is half full */
Pool *d|Pool, /* INOUT: pool of the elements of the dealloc list */
DeallocListElem *dIHead) /* INOUT: head of the dealloc list */

Boolean If; /* TRUE if a page is not half full */

Boolean |Ih;  /* TRUE if a page is splitted */

Two idx;  /* slot number */

PagelD child; /* ID of the child page */

BtreePage *rpage; /* pointer to the root page */

Internalltem litem;  /* Internal index entry */

PhysicalFileID pFid;  /* ID of the index file containing the B+ tree index */

/* Merge or redistribute the page with the sibling page */

else if (If) { // if underflow occurs
e = btm_Underflow(&pFid, rpage, &child, idx, f, &lh, &litem, dIPool, dIHead);
if (e < 0) ERRB1(e, root, PAGE_BUF);
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Error X 2|

e FError A2| 1A 2

o It20|E{2 0Tl error code e error?t 245t Efo":c'i'j

-\ =
= error log It¥ (odysseus_error.log) Of
o

If(root == NULL) ERR(eBADPARAMETER_BTM)
— ERRB1(e, pid, t)

« Error code eE Htels}7| OlE 2 2
S unfix 5t= A= M 2ISt1 ERRE 2F = L&t

« ALE0]
ife < 0) ERRB1(e, &newPid, PAGE_BUF)

e Error code
$(EduBtM_HOME_DIR)/Header/EduBtM_errorcodes.h ot &1
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Project =3 &

e ProjectO| A AFEE|= I
std=0| 79 OHOF 5PE o+

o Skeleton It (c It
TARIt *”Et5|01 = f nctlonEE TS E o

_ SISO FOIX|E T

Object It (o ItY)
7|8k A|AEIOl @ CIM|22A/COSMOST}

Egoﬂ*‘l Af35| Sl ¥ function

object Tt = compile A2 N, Foie
%% E%‘é QL|MNR2/COSMOSe| B &

2HAE HolH = d2|et function=2| prototype

= 748 o
e HAE R AA FE IOl
Tot B 50| 7|52 HIAE o17| fot HAE EE9| A4 FE Ot
« Solution &2 utg
HUEHAE ZINE 2OlFE M 1Y
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« Project = 2
— Skeleton L} LHO| functione= T+t &
. E?_;?IigEduBtM_HOME_DIR)/Header ClAEz[e & ot =0 HEE 2T macro==2 &
o O O
— make clean (object It 3! 44 El DB
skeleton Lt =1t HIAE B A4 3
« Compile % linking Z z

o
- WME MY ool A 23}

Il

Hu
>~
-
rot
Jul

& YE 7|sTtE #9250 HAE of= 9
< $(EduBtM_HOME_DIR)/Header/EduBtM _TestModule.h It IES HA
< 7o APl 20| B2, i35t A2 4+ TRUEE B Z
< TOIOHX| B2 APl g2| 2, HiSots AR %S FALSER HE
<+ Make BHEONE YEHIA projectE recompile &

0

>

P| f
ot

c

ngt}ig_ln()ﬂkl D=5l L& internal functiona F+eISHXA| 40 S| API function2 T+
o

ot

=]
i;h Ldefault solution function (internal function B0l Al “edu” keyword?} X|7{ &l HEH)
o o
o

|: edubtm_InitLeaf()2| successful default solution function2 btm_InitLeaf() &

mjo.2 Tl

O X —
SPhs
JNE=X-
.0

X4
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Appendix

Function Call Graph



EduBtM Createlndex

EduBtM_CreateIndex

btm_AllocPage

BfM_GetTrain

EduBtM_DropIndex

BfM_FreeTrain

edubtm_InitLeaf

BfM_GetNewTrain

BfM_FreeTrain

edubtm_FreePages

BfM_SetDirty

BfM_GetNewTrain

BfM_FreeTrain
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BfM_SetDirty

Util_getElement
FromPool
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EduBtM_Droplndex

EduBtM_CreateIndex

btm_AllocPage

BfM_GetTrain

BfM_FreeTrain

edubtm_InitLeaf

BfM_GetNewTrain

BfM_FreeTrain

BfM_SetDirty

EduBtM_DropIndex

edubtm_FreePages

BfM_GetNewTrain

BfM_FreeTrain
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BfM_SetDirty

Util_getElement
FromPool
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EduBtM InsertObject

edubtm_InitInternal

EduBtM_InsertObject

edubtm_root_insert

BfM_GetTrain BfM_FreeTrain btm_AllocPage | BfM_GetTrain BfM_GetNewTrain|BfM_GetNewTrain

BfM_GetNewTrain| BfM_FreeTrain BfM_FreeTrain

edubtm_Insert

BfM_SetDirty

¢ edubtm_BinarySearchInternal

BfM_GetTrain BfM_FreeTrain

BfM_SetDirty edubtm_InsertLeaf \

edubtm_InsertInternal

edubtm_BinarySearchLeaf

edubtm_SplitLeaf

edubtm_KeyCompare

btm_AllocPage | BfM_GetTrain

edubtm_SplitInternal

BfM_GetNewTrain| BfM_FreeTrain

btm_AllocPage |BfM_GetNewTrain

BfM_SetDirty

BfM_FreeTrain | BfM_SetDirty

edubtm_InitInternal

BfM_GetNewTrain| BfM_FreeTrain

BfM_GetNewTrain|BfM_GetNewTrain BfM_SetDirty

BfM_FreeTrain

edubtm_CompactLeafPage

edubtm_CompactInternalPage
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EduBtM_DeleteObject

EduBtM_DeleteObject

BfM_GetTrain BfM_FreeTrain

edubtm_root_del
ete

edubtm_Delete

btm_Underflow | BfM_GetTrain

BfM_FreeTrain BfM_SetDirty

edubtm_root_insert

edubtm_InitInternal

btm_AllocPage | BfM _GetTrain BfM_GetNewTrain|BfM_GetNewTrain

BfM_GetNewTrain| BfM_FreeTrain

BfM_FreeTrain

BfM_SetDirty

edubtm_BinarySearchInternal

‘

edubtm_DeletelLeaf .
edubtm_BinarySearchLeaf

btm_ObjectIdComp| BfM_SetDirty

edubtm_KeyCompare

edubtm_InsertInternal edubtm_SplitInternal

edubtm_CompactInternalPage

btm_AllocPage

BfM_GetNewTrain

edubtm_InitInternal

BfM_FreeTrain BfM_SetDirty

BfM_GetNewTrain|BfM_GetNewTrain

BfM_FreeTrain
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EduBtM Fetch

EduBtM_Fetch

edubtm_BinarySearchInternal

edubtm_Fetch

edubtm_BinarySearchLeaf

BfM_GetTrain BfM_FreeTrain

edubtm_KeyCompare

edubtm_FirstObject

BfM_GetTrain BfM_FreeTrain

edubtm_LastObject

BfM_GetTrain BfM_FreeTrain

EduBtM_FetchNext

BfM_GetTrain BfM_FreeTrain

edubtm_FetchNext

BfM_GetTrain BfM_FreeTrain 115
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EduBtM FetchNext

EduBtM_Fetch

edubtm_BinarySearchInternal

edubtm_Fetch

edubtm_BinarySearchLeaf

BfM_GetTrain BfM_FreeTrain

edubtm_KeyCompare

edubtm_FirstObject

BfM_GetTrain BfM_FreeTrain

edubtm_LastObject

BfM_GetTrain BfM_FreeTrain

EduBtM_FetchNext

BfM_GetTrain BfM_FreeTrain

edubtm_FetchNext

BfM_GetTrain BfM_FreeTrain
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