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CCC 1 <<< DATA STORING HIERARCHY

Data Base system�t �ù data�� 9$üq �L, î� [ýý °. � data�� accessþ :

�� I�® �� 1� #®�� ,�¤ = � � layerõ �©b ¢°.
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�� 1: DATA STORING HIERARCHY

�õ�8, \¡f"�� table��°L�A �.� \¡f"�� table�t"A¢ recordõN

I4²L ¢°8 Íx DBMS� File Manager�3 \¡f"�� table� "A record� rid(record

id)õ&PsL� record�Â¢ dataõÅu¢°. File Manager� \¡f"�� table�U& �

,ú Ý
 L, rid��� logical page ¥Òõ NI 6�� Disk Manager�3 logical page� Â

¢ dataõ Åu¢°. Disk Manager� logical page® mappingüq �� physical pageõ üI4

L, � page� dataõ physical diskõ access � NI6 � °è File Manager�3 � dataõ î

²u°. File Manager� rid� o�setú÷S©tî²�ù data4�t DBMS�Åu¢ record�

Â¢ dataõ üI6 � DMBS�3 °è return¢°.

°è Aý 8, File Manager� tableú ;�:÷¿ [ý L, 9 $W�ú  #� logical¢

page³æ¿ Ã8t dataõ î�[ý ¢°. Disk Manager� logical page® physical ¢ blockú

mappingèÅ� �£ú  6, block³æ¿ physical disk� access¢°.
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�©3 DBMS® physical disk� File Manager® Disk Managerõ � ,ù �©3 |�

layerõ �÷¿� DBMS� hardware independent 3 ô� 3  � æ©t�°.

� 8 ìC table� qN3 physical disk� mappingü��õ �õ �©t NIÃ�. v11ù

\student"� table�°.

v1� physical disk� �q� ?åù v22 ® �°. v2� disk map�t� ¢ page� 2��

record� �q��°. � ¥« disk page� tableú [ý � æ¢ data� �q �°L �A �

°. DBMS� \student" table�t rid� 4:1
 recordõ Åu �°8, disk� 0« page� AÃ

õ�q(Is�s accessüt¿ bu�er��ú� ��¾°) \student" table� 1¥ page(logical

page0)Ùâè�¥úNI4L, page linkõ0� 7¥(logical page1), 3¥(logical page2), 18¥(logical

page3) ú ò»¿ access¢ �, ���÷¿ 11¥(logical page4) page� access ¢ � pageõ H8

bu�er¿ �K£°. �©3 �K£ page data� t Ù � recordõ 5I4� æ© � page� 1¥

locatorõ ÷S � o�setú NI6 � Ù � recordõ DBMS�3 dataõ î²u°.

æ� physical map�t  #� pageõ XÌ ��& NIÃ� æ © ÝÂõ  8 v33Y �°.

¢ page��õ�8 1k bytesÓù 2k bytes¿�ØqK�L, � page�� current page, next

page, header, record, indicator#� �q�°. æ� ��t� \1"� current pageõ, \7"� next

page� L, � pageõ [ý � æ© �Å¢ AÃ�ù \header"ÙÛ� �q�°. \3"Y \33"ù

1¥ record® 0¥ record� è� æXõ �òÇ°. � rid� t o�set� 0��8 � record� �

page� è�>Ùâ 33 bytes�Ùâ è�¢°� ,�°. Record ID� v44® �� � ÙÛ÷¿

#�K � °.

1÷L�Ò
2÷L�Ò
3÷L�Ò
4÷L�Ò
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CCC 2 <<< EXAMPLE OF A COMMON ACCESS TO DATA

�c 600<� ¡f�¿ �Øq� data� \student" table� 9$üq �L,  #� page�� 2�

� record��q�°L�Aú �.�:, DBMS¿Ùâ�:� \F"
¡f�� dataõ(v15÷

S) return êÀ Åuõ �U°8, ³¿ 3 \student" tableú ÷S£ EÍ, 600/2=300 ��

pageõ diskõ �©t access©b ¢°.

�: [C>ù memory access timeù 10 ns³æ 
Ú ü©t disk access timeù 10msÂ¿

105 { 106�# ¡� (ÿ°� ,�°. 0�t, Database System�t� �® �ù disk accessõ

/Â¢ v�b� ¢°. �õ ©@ � æ© �  �� data access method� ��Ú �õ �8

indexing, hashing, b*-tree, b+-tree#� �°. ��t� indexing� Â©t � U_ Ã�¿ ¢

°.

CCC 3 <<< INDEXING METHOD

Íý� þ�t index� Â©t ü�°L f�©Ã�. � 8 Íý� þ X�tÙâ ò»¿ �q

#�8t üú ½ �ú ,�°. � # � � ªù CX# üîñ:��� ,ú �� N ½ �°.

� : Íý� þ � �Å, � indexÙÛú ÃL index� q�õ ü�°.

Z¢êt[�t database�[¢þúü�°L �.� 8Íý�êt*_�t database�

� ³qõ �³¢°. � 8 database� [¢ þ� q%� ��� qE 4Ìú ºL ���� Â

© Ã�u°. � ¢ � ª�t PÌü� ,� �¿ index�°. �, Íý� üL�  � dataõ ¿

ò:÷¿ üú �Å {� Íý� üL�  � data� �ÙÛ(key)÷¿ � ò3 ü� �ª�°.

Indexõ PÌ 8 X�t �¿ �}Ï DISK ACCESS ì½� �� z 3 vq�°. Íý�

�A �õ ¡f½� 600<�L page¾ record½� 2 �L £:, �Å¢ page½� 300��L °

°. � 8 DISK ACCESSì½� 300ç. DISK ACCESS� MEMORY ACCESS� (ý� è

�� 105 � 106� �� ,ú f� 8 Xt �¿ �}Ï ,ù CX# üîñ:��� ,ú N

½ �°. � # indexõ f�©Ã8 Xs�� ò�� Ý�& �Ó�°. �Aù X� �AY �L

INDEX ¡> TABLEù ¢ page¾ 30�� record� �q�°L  �. � 8 INDEX ¡>� �

Å¢ page½� 20��L �,ù DISK ACCESS� 20 + �Aê¿ vq�°� ,ú 
¢°.

INDEX� °ô �ª�Ã° ^ù >� �ú«? sq� dataõ 
ý ü� ,ù hashing� ^

ú ,�°. � # RANGE QUERY# LIST QUERY�ù ,ù index� Ýì& `ý °.

RANGE QUERY� ¥ù sequential access�Lê ¢°. �õ �q �¾ P 9ô�t 14ô�

5÷L�Ò
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P� ¡f� dataõ uL òú : indexõ PÌ 8 `ý °. Index� EÍ�� index table�

orderedüq �� :[� Íý� üL� � dataõ Ö3 uú ½ �°.

LIST QUERY� ¥ù DIRECT ACCESS�Lê ¢°. �õ �q �� t Ð, ÙS, as


¡f� dataõ uL� £ : PÌý°.

� # Íý� ��t �L Jq�b £ ,� �°. Y� index� sequential 3 ü� �ª

Ã° ¨\ ^ù�� Â¢ ,�°. �c ¢ page� 2�� record� �ú : index table� �ýÅ

� RID� ��� page� 0¿ �°L  �. �, ¢ page� �� 2�� recordù ôè� index

table� �q�� M°L �A �. �©°8 index table�� ¢ page¾ 30�� RID � �L Z

¢ 20�� page� �Å t¿ DISK ACCESS� /J� EÍ $� 600� �²3 ý°. �,ù

sequential 3 ü� ,Ã° ýC overhead � ¾� :[� index� ¨\ ^°L� 
£ ½ {°.

CCC 4 <<< DENSE & SPARSE(NONDENSE)

Index� [ê�� dense® sparse(nondense)� �°. Dense� index table� ?� record� Â¢

idõ ��L �� EÍ�°. � EÍ�� index table� v�� ³>� �°.

÷L�Ò� ��1� dense indexõ #Í4L ��2� �� 0ô disk mapú Ã�u°.

Sparse� index table� "A page numberõ ��L �� EÍ( � EÍ�� ©¾ data�

index key� 0� sorting¢ \×¿ 9$üqb ¢°. � EÍ� � index table� \Â:÷¿ �

��, dataõ 9$£ : sC# 9$ ¿t� �8qt ©b  � q²Ó� �°. Z¢ Sparsingù

 #� key attribute� Â©t� �  °. ·= 8 ¢ key¿ sorting� ý \×�t °ô key	

÷¿ ôè� sorting£ ½� {� :[�°.

÷L�Ò� ��3� sparse indexõ #Í4L ��4� �� 0ô disk mapú Ã�u°.
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CCC 5 <<< ISAM

ISAM(Indexed Sequential Access Method)� sparse index� ¢ [ê�°.

5.1 """���

�� 2�t Ã"� Âv:
 sparse indexing�ª÷¿t index table ú hierarchical 3 ��q

t [ý L �°.

¢ indexing nodeõ access � æ©t Ã�  #� disk operation(¢ blockú ¢ node¿ #

Í4}ú EÍ)ú  3 ý°.  �� hierarchy level � Â� access©t Ù � dataõ üú ½

�÷t¿ o$& îñ: �ú N ½ �°.
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�� 2: A heavily populated sparse hierarchical index
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5.2 OPERATION

5.2.1 DELETION

� Deletion� �ª

CASE 1 Normal deletion

data block� ©¾ Ú�â� �×Püú #Í 4� tagõ  � ,� ;Ù�°.

CASE 2 No data in the page

data block� ?� data� �×Pú EÍ � data blockú disk manager�3 J;s

L � blockú index � key� C$� ý°.

10
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10

�� 3: deletion

� Problem � �� �Í8 �� 3�¤ ;� tree uS� balanceõ �3 ý°. �¢ [C>�

ú èA � æ©t B+ treeuS# B*uS� #Í#3 ü}°.
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5.2.2 INSERTION

� Insertion� �ª

CASE 1 Normal insert

block� �q� �ý� �qt �B Y�ü� EÍ

CASE 2 Over
ow

��:÷¿� ^¿Ï block�!&L �� Â¢ indexê ^¿ f¡°. ^¿Ï block�

��q�8 over
owý block� Ú� â� <�� ^¿Ï block÷¿ �ôüL �ôý

data|�t �$ �ù 	 ú index¿  � ^¿Ï index key� f�ý°. <�� 4>
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�� 4: insertion

{ CASE 1 : X page� �Û� �ú :

�� 5�¤ index key� ©¾ü� data(50)� �q®t over
ow� f �� EÍ

data block� �ù Ú�â(50)� �ú : X data block� þ W �� �÷8 �
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V� Ú�âõ �qOL tag©s� �ª�°.
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�� 5: CASE 1 of insertion

{ CASE 2 : y = v+ � :

�� 6ê"�¢P¨
Ú 55��q®t insertionú �Ú over
ow��q.°.

�®�ùP¨�8^¿ÏÚ�â blockú��L over
ow��q& datablock�

<�ú ^ block÷¿ ¦¡°. �: ^Ä3 datablock� fD÷t¿ indexingú

©sqb  �Ú �� 6Y �ù EÍ� ^Ä3 ��q� block� data� °ü

block��$�ù data®BXt¿ ^Ä3 indexing �ML³¿& pointing�

©u°. �ýL °ü block�� tagõ u°.( tag� �y: 60��� data� X

block�ê �°� �y¿...)
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�� 6: CASE 2 of insertion

{ CASE 3 : y = v � :

�� 7�t� over
ow� �q& block� �ù 	(60)� ?� �q� 3 ü}L ^

Ä3 ��q� block�� 60Y ¥Í Ã° À 	� �q� � 3 üq�L ^Ä3

��q� block� over
ow� f¡ blockú indexing¢ pointerõ �ôqt ^Ä

3 ��q� blockú indexing � EÍ�°.

� Problem insertion�t �fþ ½ �� �  �� Ä!¢ EÍ� f�3 ý°. Z¢ inser-

tionú �©t ¢ Å node� �q#t unbalancedü� EÍê �f ¢°.
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�� 7: CASE 3 of insertion

CCC 6 <<< Implementation

Íý S� �le�°� �\ diskõ uÇ �¿  �°. � disk� linear block�� ?��°. �

diskK� ìC index node�Y data�� uÇ þ , �°. °ü class�ú f�© Ã�.

/****************************

DISK

*****************************/

#define SECTORSIZE 512

#define SECTOR_NUM 100
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class Disk{

public:

. . . . . . . .

. . . . . . . .

WriteSector(....); // disk¬¹ block ¬Ûå ­ÍÞ £Ûá ³Éí ªÁ

ReadSector(....);

. . . . . . . . . .

. . . . . . . . . .

private:

// 0 ¨Íá®µ sector £Ûá bitmap ¬Æ ¦¼ ­Íá¯¹ sector¬Ç free or occupy ¦Ûå £´±´£Êá¤´.

char zero_sector[SECTORSIZE];

// ¯Íð ¨Íá®µ sector £Ûá page to block¬Ç mapping ¡Òá¡» ¦Ûå £´±´£Êá¤´.

char frist_sector[SECTORSIZE];

char* disk_name;

};

/***********************

Page¬Ç header

************************/

Struct Header{

int pre_page ; // ¬É÷ page ¦Ûå £´±´£Êá¤´.

int next_page;

int freecount; // ³Ïá page ¬¹ ¨È¬¸ ¬Ýñ £Ûá ¡Ñò¡Éá¬Ç ¬Ëò ¬Ûå £´±´£Êá¤´.

};

/***************************************************

Page type : page ¡´ ¬¸¥Íá ³Ïò±µ¦Ûå ¥È¡¹ ¤¿£Ûá­È ¬È³µ³´§Ïá

ªÙî¤´.
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*****************************************************/

Struct Page{

Header head;

char data[];

int locator[];

};

/******************************************

Index

*******************************************/

Class Index{

public:

. . . . . .

. . . . . .

Look_up(key);

Insert(key);

Delete(key);

. . . . . . . .

. . . . . . . .

private:

_Overflow();

_Underflow();

_Merge();

_Redistribution();

Page* root;

int order;

};

Struct NodeElement{
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int ptr;

char key[];

}

/************************************

Index node ¦Ûå ¡Òá¦È³µ ­Á£Ûá ¡Íð

*************************************/

class IndexNode{

public:

. . . . . . . .

. . . . . . . .

Insert(key);

Element look_up(key);

Delete(key);

private:

int element_num; //node ¬¹ ³Ïá­µ¬Ýñ £Ûá element¡Êð ªÁ

int node_type; //root, internal, leaf

Page* which_page; // ³Ïá­µ ¬È node¡´ £´±´£Êá £Ûá Page

};
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