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lB-IRJéSE &?L 2017 B+TREES

S

o A NODE HAS AT LEAST N/2 KEYS AND VP TO N KEYS
(EXCEPT THE ROOT NODE)

o LEAVES HAVE KEYS AND VALVES

o THE B+TREE IS BALANCED (IE ALL LEAVES ARE AT THE
SAME LEVEL)

o OPERATIONS :
o ADD
o DELETE
O BROWSE




LDAP 'CON  B4+TREES, CONTINVED

S

Loo N crepsrTions

LOCKS ARE VSED TO GUARANTEE CONSISTENCY
ON AVERAGE, THE B-TREE NODES ARE 3/t AULL
TRANSACTIONS ARE COMPLEX TO IMPLEMENT...




LDAP 'CON  B-7TREES WMHAT FOR ?

R

o USED EVERYWHERE
o DATABASE (INDEXES)
O FILE SYSTEM
m HSF+
m NTFS
BTRFS
EXTY
REISER  (B¥*TREE)



lE?IRJéSE t?_ >2017 mMvec

STANDS FOR "MuLTI-VERSION CONCURRENCY CONTROL”
TNVENTED BACK (N 1978 (DAVID P. REED)

ALLOWS CONSISTENT CONCURRENT READS AND WRITES
LOCKS CAN BE AVOIDED WHILE READING

TRANSACTIONS CAN EASILY BE IMPLEMENTED

THINK ABOVT VERSION CONTROL SYSTEMS...



CON  ApaCHE DIRECTORY SERVER

ENTRIES STORED N A B-TREE

JNDEX STORED (N B-TREES
IN-MEMORY B-TREES NEEDED
TRANSACTION SUPPORT CROSS B-TREES
MULTI-VALVE SUPPORT



LDAP \CON  €yppEeNTLY...

R

o Usinec TJDBM
O HNO CROSS B-TREE TRANSACTIONS
o N6 LOCks
O MNO CRASH RECOVERY SYSTEM
o N6 BULK LOAD
o AVL TREES (N MEMORY
o LOCKS ALL OVER THE SERVER TO GVARANTEE CONSISTENCY




LDAF, /CON  87THER oPTIONS ?

S

o BDB JE
o INCOMPATIBLE LICENSE...
O COMPLEX CONFIGURATION
o HEAVY...

o LMDB
o € ¢obE BASE (1, TNI ..)
o FIXED SIZE INITIALIZATION
o MNEeep A Tava UWRAPPER
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LDAF, S9N HisTory

o CovcHbDB
o 2006 CONFERENCE
O  SADLY, ERLANG CODE BASE
o HOWEVER, A PERFECT AIT

o JTJDBM LIMITS REACHED
o 20)) : ADDING LOCKS ALL OVER THE SERVER
0 2012 : IMPLEMENTING A CRASH RECOVERY SYSTEM RESULTING (N AWFUL
PERFORMANCES
o N6 TRANSACTION (WELL, NO CROSS B-TREE TRANSACTIONS)
O NO BULK LOAD TOOL
O DATABASE CORRVPTION




LDAP\ /CON  AMAST WANTED FEATVRES

mMvec

CROSS B-TREES TRANSACTIONS
CRASH RESISTANCE
BuLk-LoAD

IN-MEMORY AND PERSISTED
MULTI-VALVE SVPPORT

FAST



LDAF, 'CON  Yaw DOES IT WORK ?
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lB-IRJéSE (H?L 2017 OPERATIONS

S

o READ o WRITE
o Cursor Browse() o DELETE(K)
o CURSOR BROWSEFROM(K) o (NSERT(K, V)
o BOOLEAN COnTaINS(K, V)
o V GeT(K)
o BOOLEAN HASKEY(K)
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lB-IRJéSE &?L 2017 Cursor

R

o NAVIGATION

o ArrerLasT()
o BEFOREFIRST()

o WNext()

o PREV()

o ACnown
o ¢cLOSE()

o oEN)

o STATE

O

®)
®)
O

AVAILABLE()

HASNEXT()
HASPREV()

1s€LoseD()



lB-IRJéSE \ )L 2017 B—TQEE MA’”A&EME”T

R

o ADDING A B-TREE :
o CREATE ITS DEFINITION
o JWNSERT IT IN THE RECORDMANAGER
m CREATES THE B-TREE
B STORES ITS FIRST REVISION (N THE BOB
m ADDS IT TO THE LIST O6F MANAGED B-TREES
e No DELETION (ATM)



LDAP, CON  EXAMPLE : INIT

RecordManager recordManager = new RecordManager( “/tmp/mavibot.db” );

// Create a new BTree
try ( WriteTransaction transaction = recordManager.beginWriteTransaction() )
{

btree = recordManager.addBTree (
transaction,
"test",
LongSerializer.INSTANCE,
StringSerializer.INSTANCE ) ;



LDAF, CON  EXAMPLE : INSERT

long[] wvalues = new long][]

{
14, 7, 43, 37, 49, 3, 20, 26, 17, 29,
40, 33, 21, 18, 9, 30, 45, 36, 12, 8
}s;

try ( WriteTransaction writeTxn = recordManager .beginWriteTransaction () )

{
for ( long value : values )
{
BTree<Long, String> btree = writeTxn.getBTree( "test" );
btree.insert( writeTxn, value, Long.toString( value ) );
}



LDAP 'CON  ExAMPLE : BROWSE

try ( Transaction readTxn =

{

recordManager .beginReadTransaction() )

BTree<Long, String> btree = readTxn.getBTree( "test" );
TupleCursor<Long, String> cursor = btree.browse( readTxn ) ;

while ( cursor.hasNext() )
{

cursor.next () ;
Tuple<Long, String> tuple = cursor.get();

System.out.println( “<” + tuple.getKey() + ”,” + tuple.getValue() + “>" );
}
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LET'S GET OVR HANDS
DIRTY...
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LDAP 'CON  AMAVIBAT LAYOUT : FILE

——

MAVIBOT DATABASE IS STORED (N A SINGLE FILE

THIS FILE IS SPLIT (N FIXED SIZE PHYSICAL PAGES THAT MAY
BE LINKED TOGETHER : PAGEIOD

mavibot.mdhb RMH
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LDAP\ /CON  MAVIBAT LAYOVT ;: PAGEIO

PHYSICAL PAGES (PAGEIO) ARE HOLDING THE CONTENT OF
LOGICAL PAGES :

o LeaFr v |
o MNODE EE g‘ H PagelDs
o BTrecHEADER e
i 7
o BTreelwro Logical page




-
A,

LDAP, CON  MAVIBAT LAYOUT : RMH

S

THE RECORDMANAGER HEADER |5
THE VERY FIRST PAGE

RecordManager Header

IT STORES REFERENCES TO
MAVIBOT CONTENT :

B-TREE OF B-TREES
COPIED PAGES B-TREE
FREE PAGES LIST
ID COVNTER




lB-IRJéSE&)L)zm? RECORDMANAGER HEADER

R

o OWNE SINGLE PAGE, CAN BE WRITTEN (N ONE 170
o ALWAYS VPDATED AFTER EVERY REVISION CREATION OR
VERSION CLEANVP
® STORES THE CURRENT STATVS :
o CURRENT REVISION
o CURRENT PAGE ID
O NUMBERL OF MANAGED B-TREES
o PAGE-IO sSIZE



i
LDAP. \CON  MAVIBAT LAYOUT : B-TREE

A MAVIBOT B-TREE IS :;

2

rar |
o A B-TREE HEADER PAGE s |
o A B-TREE INFO PAGE Fermrrrr AN
o SOME PAGES \
o MNODES N S DO = jonE s o
o Leaves




lB-IRJéSE &)}: 2017 B—TQEE “EADE&

R

o THE B-TREE ENTRY POINT B-tree Headerml‘i
o POINTS TO THE ROOT-PAGE ragei ’
o POINTS TO THE B-TREE INFO Reulson N
o CONTAINS THE NVMBER OF e

sLemenTs =
o CONTAINS THE CURRENT

___________________________________

REVISION
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IB-IRJQSE &)}: 2017 B"'TQEE IIIFG

——

THE B-TREE INFORMATIONS e
pageNbElem |

o B-TREE NAME ==

o NB ELEMENTS PER PAGE

o KEY SERIALIZER coperalaarias

o VALVE SERIALIZER ceyseialzerFach
IMMVTABLE e

________________________________________



LDAF\ 'CON B_7REE PAGES

2 FLAVORS OF PAGES :

o LeaF: vP 76 N KEYS AND VALVES
o WNODE : vP TO N KEYS AND N+) OFFSET

EVERY PAGE HAS :

o A WNIQUVE ID (A (' BITS LONG)
o A REVISION
o THE NUMBER OF ELEMENTS STORED

Page

common

pagelD

revision

nbPageElems

Node (nbPageElems < 0)

Page[0] offset

I Key(0]

I Page[1] offset

Key[1]

|

l Page[nbPageElems - 1] offset

Key[nbPageElems - 1]

|

[ Page[nbPageElems] offset

Leaf (nbPageElems == 0)

‘ Value[0]

Key[0]

Value[1]

Key(1]

Value[nbElems - 1]

‘ Key[nbElems - 1]




LDAP\ \CON B-TREE OF B-TREES

R

o THIS B-TREE STORES A REFERENCE TO ANY MANAGED
B-TREE (EXCEPT ITSELF AND THE COPIED PAGES B-TREE)

o WE CAN RETRIEVE A GIVEN B-TREE FROM IT

o NEW REVISIONS ARE STORED IN THIS B-TREE

READ AT STARTUP TO LOAD EACH B-TREE (N ITS LATEST
VERSION



LDAP\ /CON  €apIED PAGES B-TREE

R

o WMWHEN WE CREATE A NEW VERSION, THE COPIED PAGES ARE
STORED (N THIS B-TREE

o UWMHEN THE REVISION |S FREED, THE ASSOCIATED COPIED
PAGES CAN BE RELEASED AND MOVED TO THE FREE LIST




LDAF, CON  FREE PAGES LIST

o WE VSE A LIST 6F FREE PAGEIOS

o THEY ARE RE-VSED ON DEMAND

o WMEN EMPTY, WE CREATE A NEW PAGEIO AT THE END OF
THE FILE

o THE FREE PAGEIODS ALE LINKED

o WE CAN GRAB MORE THAN ONE PAGEID

o WRITES VUSE ONE SINGLE THREAD, NO LOCK NEEDED FOR
THIS LIST
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FEATURES



LDAF. \CON  (Dg)SERIALIZATION

S

VALVES/KEYS HAS T6 BE (DE)SERIALIZED (BYTE[] <->
OBTECT)

Access to key/value A

(De)SeriaLIZATION IS CO!

Logical \ physical

Dl%ﬁ“]& S.AVES. nMe Af? E null T null A f null

deserialization E
byte[] | byte[]

byte(] | byte[]

l null null VA null
- deserialization E

bytel] | bytell bytel] | bytel]
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CACHE

NODE'S CHILDREN ARE REFERENCED
VSING THEIR PAGE OFFSET

PAGES ARE ¢ACHED (LRV)
BETTER HAVE A BIG CACHE !

WEAKREFERENCE |5 TOO SLOW...

Leaf

ref|Value

ref|

Value ref

ffset

ffset




'CON  LREE PAGES MANAGEMENT

NODE'S CHILDREN ARE REFERENCED
VSING THEIR PAGE OFFSET

PAGES ARE CcACHED (LRV)
BETTER HAVE A BIG CACHE !

WEAKREFERENCE |5 TOO SLOW...



LDAF, CON  RgLEASING VERSION
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LDAF, CON  RgLEASING VERSION S

rl/ol
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LDAF, CON  Rg| EASING VERSIONS S AND ¥

rl/ol
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LDAP, CON  BuLkiLoab

Rt

o LOAD THE DATA FROM THE BOTTOM VP
o DATA MUST BE SORTED BEFOREHAND
O QUICKSORT 1IN MEMOrY O(N Loa(N))
O MERGE SORT WHEN MEMORY IS LIMITED O(N Loa(n)
O RESVULT IS DENSE
o Blo TRANSACTIONS
O SIMPLER BUT SLOWER
o LESS DENSE



LDAF. \CON BuLkLAAD (2)

42
11 17 || 26 || 33 47
/ “ \ /
1 12 13 15 17 18 22 2

5 26 | 27 (| 28 [| 30 33 ([ 34 (|37 (|39 42 || 43
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TRANSACTIONS




LDAP 'CON  READ VS WRITE TRANSACTION

S

o READ TRANSACTIONS ALE CONCURRENT

o WRITE TRANSACTIONS ARE SERIALIZED

o EVERY COMMITTED WRITE TRANSACTION CREATES A NEW
VERSION

o WRITE TRANSACTIONS CAN GATHER MORE THAN ONE
OPERATION

o READ/WNRITE TRANSACTIONS ARE CROSS-B-TREES



LDAP 'CON  TRANSACTION PROCESSING




ONE VS MANY OPERATION/TXN

' e s o s
T w2 i
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o et ] moa
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MAVIBOT + APACHEDS




LDAF, CON  CURRENT VERSION

APACHEDS EMBED VERSION ).O.0-MF
TWICE FASTER THAN TDBM

NO TRANSACTION SVUPPORT (N ).0.0-M¢
FREE PAGE MANAGEMENT IS NOT OPTIMAL
MULTI-VALVE ELEMENTS SVUPPORTED
TN-MEMORY B-TREE SUPPORTED



LDAP, CON  New versiown

R

N6 MULTI-VALVE SUPPORT : APACHEDS TO DEAL WITH IT
CrOSS-B-TREE TRANSACTION SUFPPORLT

FREE PAGE MANAGEMENT ON THE FLY

NO (N-MEMORY B-TREE

FASTER THAN ).O.O-MF

CACHE



o ENTRY
e APACHEDS INDEX

O o O O O O O O O

55555555555555555555

cn index

* PRESENT Ber
* OBIECTCLASS x
* ENTRYUVID e
* ENTRYCSN T

*% QDN + REVERSE
ALIAS + REVERSE B iiigis
ONEALIAS e

ObjectClass: top

SVBALIAS s pe
E
ADM‘”AOLE g:n;rjl?eh;pa(he So e Foundat
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CONCLYSION



LDAF. \CON  MAT A BIG CODE BASE

R

|§ 25T sLoces

LoNG LASTING EFFORT (DAY TOB, FAMILY EVENTS...)
SOLVE A LOT OF ISSUES

SHOULD BE COMPLETED SOON !
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