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Database Management and Warehousing: ER-model, relational model: relational algebra,
tuple calculus, SQL, integrity constraints, normal form, file organization, indexing, data

types, data transformation such as normalization, discretization, sampling, compression;
data warehouse modelling: schema for multidimensional data models, concept hierarchies,
measures: categorization and computations.
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Although a database system provides a high-level view of data,
ultimately data have to be stored as bits on a storage device. A v, - ng}f\
vast majority of databases today store data on magnetic disk CP W ull W\W ME' E)
and fetch data into main memory for processing. -—Ll — m\)
Pl
The physical characteristics of storage devices play a major role [ jwd
in the way data are stored, in particular because access to a %E"’ G&ﬁ/
random piece of data on disk is much slower than memory
access: Disk access takes tens of milliseconds, whereas memory >
access takes a tenth of a microsecond. | S
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The set of all tracks with the same diameter is

called a cylinder, because the space occupied by these
tracks is shaped like a cylinder;

A cylinder contains one track per platter surface.

Each track is divided into arcs called sectors, whose size is
a characteristic of the disk and cannot be changed.

The size of a disk block can be set when the disk is
initialized as a multiple of the sector size.
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10.2.1 Physical Characteristics of Disks

Physically, disks are relatively simple (Figure 10.2). Each disk has a flat,

circular shape. Its two surfaces are covered with a magnetic material, and infor-

mation is recorded on the surfaces. Platters are made from rigid metal or glass.
When the disk is in use, a drive motor spins it at a constant high speed

(usually 60, 90, or 120 revolutions per second, but disks running at 250 revolutions
per second are available). There is a read-write head positioned just above the
surface of the platter. The disk surface is logically divided into , which
are subdivided into A is the smallest unit of information that can
be read from or written to the disk. In currently available disks, sector sizes are

#+ Example calculation (rough scale)

Let's take a 1 TB HDD (older generation):

Component Approx. Value Comment
Sectors per track 500 (average) varies with zone
Tracks per surface 100,000 typical

Bytes per sector AD96 modern format
Surfaces 8 (4 platters) commeon layout
Then:

8 surfaces x 100,000 tracks/surface x 500 sectors/track x 4096bytes/sector ~ 1.6 x 10'* bytes ~ 1.6TB

That's in the right ballpark (after formatting overhead, you get = 1 TB usable).

deg ool W

in ol waz

Inter-seclor gap




The read —write head stores information on a sector magnetically as
reversals of the direction of magnetization of the magnetic material.

Each side of a platter of a disk has a read —write head that moves across
the platter to access different tracks. A disk typically contains many
platters, and the read —write heads of all the tracks are mounted on a
single assembly called a disk arm, and move together.

Since the heads on all the platters move together, when the head on one
platter is on the iy, track, the heads on all other platters are also on the
I, track of their respective platters. Hence, the iy, tracks of all the
platters together are called the i, cylinder.

- Yo—
S -
‘ >
MAV %
St end.
?) 142 |DQW

— gvgsuéf eylea  Tof 0 O Codtt - optt

Nisk _Ct_sn_h{fk TS

/

A interfaces between the computer system and the actual
hardware of the disk drive; in modern disk systems, the disk controller is im-

plemented within the disk drive unit. A disk controller accepts high-level com-
mands to read or write a sector, and initiates actions, such as moving the disk
arm to the right track and actually reading or writing the data. Disk controllers

also attach to each sector that is written; the checksum is computed
from the data written to the sector. When the sector is read back, the controller
computes the checksum again from the retrieved data and compares it with the
stored checksum; if the data are corrupted, with a high probability the newly
computed checksum will not match the stored checksum. If such an error occurs,
the controller will retry the read several times; if the error continues to occur, the
controller will signal a read failure.

The sum of the seek time, if any, and the rotational delay
equals the access time, which is the time it takes to get

W
into position _’ggfread‘or write.
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Once the head is in position, the read or write operation
is then performed as the sector moves under the head;
this is the data transfer portion of the operation; the time
required for the transfer is the transfer time.
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Some means is needed to locate sector positions within a track.
Clearly, there must be some starting point on the track and a
way of identifying the start and end of each sector. These
requirements are handled by means of control data recorded on
the disk. Thus, the disk is formatted with some extra data used
only by the disk drive and not accessible to the user.
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Consider a disk with a sector size of 512 bytes, 2,000 tracks per surface, 50
sectors per track, 5 double-sided platters, average seek time of 10 msec.
1. Whatis the capacity of a track in bytes? What is the capacity of each

surface? What is the capacity of the disk?
2. How many cylinders does the disk have?

3. Give examples of valid block sizes. Is 256 bytes a valid block size? 2,0487
4. If the disk platters rotate at 5,400 rpm (revolutions per minute), what is

the maximum rotational delay?

5. Assuming that one track of data can be transferred per revolution, what is

the transfer rate?
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@ The question given below: concern a disk with a sector size of 512 bytes, 2000 tracks per surface, 50 sectors per track,

five double-sided platters, and average seek time of 10 milliseconds

If T' is the capacity of a track in bytes, and S is the capacity of each surface in bytes, then (T, S) =

A. (50K, 50000K)
B. (25K, 25000K)
©(25K,50000K) "

D. (40K, 36000K)
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Consider;idisk, having 6 platters, with an advertised average seek
time of 4 ms, rotation speed of 15,000 rpm, and 512-byte sectors
with 500 sectors per track. The track-to-track access time is 1ms
Suppose that we wish to read-a file consisting of 2500 sectors for a
total of 1.28 Mbytes. We would like to estimate the total time for
the transfer. y
1. Assume that the file is stored consecutively on a cylinder.
2. Assume that the file is stored consecutively on a .(5 ?:aqs)
3. Assume that the file is stored randomly in sectors throughon
the disk.
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INn decreasing order of closeness: The data on a disk is ordered in the following way:
they could be on the same block, It is first stored on the first sector of the first surface of
they could be on the same track the first cylinder. Then in the next sector, and next,

] until all the sectors on the first track are exhausted.
the same cy linder, Then it moves on to the first sector of the second

an adjacent cylinder. surface (remains at the same cylinder), then next
sector and so on. It exhausts all available surfaces for
the first cylinder in this way. After that, it moves on to
repeat the process for the next cylinder.
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sectors per track, 8 platters each with 2 recording
surfaces and 500 cylinders. The address of a sector is
given as a triple (c, p, s), where c is the cylinder

number, p is the surface number and s is the sector
number. Thus, the Oth sector is addressed as (0, 0, 0),
the 1st sector as

(0,0, 1) and so on. The address <300, 6, 27>
corresponds to sector number
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m Block - a contiguous sequence of sectors from a single track

data is?ransferred between disk and main memory in blocks

sizes range from 512 bytes to several kilobytes
Smaller blocks: more transfers from disk
Larger blocks: more space wasted due to partially filled blocks

Typical block sizes today range from 4 to 16 kilobytes
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If that is the case, there is no speed advantage to using separate DBEMS
blocks.
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"" That's a very natural conclusion — and you're thinking in the right direction.
At first glance, it looks like if the DBMS ultimately relies on the OS to read/write the same disk sectors, then

defining its own block size adds no real speed advantage.

But actually — the DBMS's own block system is not about raw disk alignment speed alone.
It exists for architectural control, caching efficiency, and predictable |/0 behavior that the OS file system

can't provide.

Let's go step by step to see why DBMS blocks still matter a lot.

# 1. File system |/O z DBMS 1/0O needs

The OS and file system are general-purpose:

They're optimized for arbitrary files — documents, binaries, logs, etc.
A DBMS, on the other hand:

« accesses data in highly structured ways (tables, indexes, records), and

* needs to control when and how much |I/0 happens, for correctness and performance.

So even if the OS already uses blocks, the DBMS needs its own “logical I/0 unit” tuned for database

semantics, not just for storage efficiency.

4 2. DBMS blocks give control over caching

The OS already has a page cache — but that’s too generic.
If the DBMS relied on it directly:

» it wouldn't know what's cached,

« it couldn't evict pages intelligently, and

« it couldn't coordinate cache with transaction consistency.

That's why every major DBMS (Oracle, PostgreSQL, MySQL/InnoDB, SQL Server) manages its own buffer
pool (in RAM), organized by DBMS blocks.

Example:
« Suppose the OS block size = 4 KB, DBMS block size = 8 KB.
« DBMS buffer pool caches data in 8 KB chunks — one per DBMS page.

» The DBMS knows which table/index each page belongs to, when it was last used, and whether it's dirty

(modified but not yet written to disk).

= The DBMS buffer manager can then decide what ?:L:un‘te, when to flush, and in what order — critical for

transaction performance and recovery.

¢ 6. Summary

Question Answer

Do DBMS blocks align perfectly with OS blocks?

If not, does that hurt performance? Slightly, but DBMS design mitigates it.

So why define DBMS blocks at all?

organization at the database level.

Is there speed advantage?

not through faster individual reads.

In short:

DBMS blocks aren't about reading faster per se —
they're about reading smarter.

Not always, but usually multiples for efficiency.

#+ 3. DBMS blocks enable logical organization of data

Inside the database file, each DBMS block stores:

+ apage header (metadata about that page),
« records (tuples) or index entries,

« and maybe free space for new inserts.

So DBMS blocks are not just I/0 units — they're also logical containers for data organization.

This allows:

« indexing structures (like B+ trees) to reference page IDs, not byte offsets.
« recovery logs to record changes at the page level.

« buffer management, checkpointing, and WAL (Write-Ahead Logging) to work efficiently.

¢ 4. Performance control beyond OS behavior
Even if alignment is perfect, the OS file system caching strategy is not optimal for databases.

05 cache behavior DBMS needs

Prefetches sequentially Needs random access patterns

Writes asynchronously with its own heuristics Needs strict write ordering for durability (WAL)

Flushes based on system-wide LRU Needs fine-grained eviction (e.g., keep hot index pages)

That's why DBMSs often use:
+ O_DIRECT (Linux) or direct I/O to bypass OS cache,

« and implement their own I/O scheduler and write-ahead logging.

So DBMS blocks let the database bypass 0S-level uncertainty.

¢ 5. Speed advantage — not raw |/0O, but smarter |/O
Even though both layers move the same bytes, DBMS blocks enable speed through:

Mechanism Benefit

Buffer pool caching Avoids repeated disk reads for hot data

Prefetch and write-behind Optimized batch I/0 for pages

Checkpoints and WAL Controlled, predictable disk writes

Index-based access Accesses only relevant DEMS blocks, not whole files

So yes — the raw disk |/0 cost per byte is similar —

but the total I/O performed is much less, thanks to smart DBMS block management.

To control caching, 1/0 scheduling, recovery, and data

Yes — through reduced total I/0 and better predictability,
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inside a Variab_le Length Record

[able R (int A, varc¢har B|6], varchar C[10])
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inside a Variable Length Record

Table R (int A, varchar B[6], varc¢har C[10])
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An alternative is to reserve some space at the beginning of a record for use as an array

of integer offsets—the ith integer in this array is the starting address of the ith field

value relative to the start of the record. Note that we also store an offset to the end of

the record: this offset is needed to recognize where the last field ends. Both alternatives
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For variable-length records, different records have
different sizes. Let the average record size in a file

be R, and number of records in the file be r.
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Assume that Block size is B bytes, and K bytes are _>
used for Block Header. Using spanned
organization, find the number of blocks needed to e
store this file? = bhz - % @\fﬂ)
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back to disk. The address of the last file block is kept in
the file header.
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Table 16.3 Average fAccess Times for 1F[: of b Blocks under Basic File Organization:

Average Blocks to Access
Type of Organization| Access/Search Method a Specific Record

Heap (unordered) Sequential scan (linear search) b/2

Ordered Sequential scan b/2\—
o . , . T
Ordered Binary searchn— ( log, b ™\

Dlpck cddiess ﬁ i‘-;ﬁfg ’

RuAd  addw — bock addiess olfset % gesd  sBing point
AL Q

oy Gadds D) 1 et
p{fbsd

Exercise 13.5.1: Suppose a record has the following fields in this order: A %Eﬂ LD%O{
character string of length 15, an integer of 2 bytes, a SQL date, and a SQL time ,Sf 9@/
(no decimal point). How many bytes does the record take if:
(SQL dates require 10 bytes, and SQL times require 8 bytes)

a) Fields can start at any byte.

% lcta + 1018 -;-":3553‘1‘23

b) Fields must start at a byte that is a multiple of 4.

Exercise 13.5.2: Repeat Exercise 13.5.1 for the list of fields: a real of 8 bytes,
a character string of length 17, a single byte, and a SQL date.

Consider a disk with the following characteristics (these are not parameters of any particular disk unit): > 7 [/ ﬂ/d — [a —f' }
| e . ; - a ohal ’519

block size B=512 bytes, interblock gap size G=128 bytes, number of blocks per track=20, number of
P —— z —

tracks per surface=400. A disk pack consists of 15 double-sided disks. - 5121 ' 3_)0 p—— /-‘57’& B

“a) What is the total capacity of a track and what is its useful capacity (excluding interblock gaps)?
e R ———— — e EEE———————————

+(b)y"How many cylinders are there? D
B TR LoD

« () What is the total capacity and the useful capacity of a cylinder?

n = 275 kB
) 1‘-.‘ll.l"t it is [hL total capacity md the I.lHLiLIlLi.r}iLll"f of a disk pack? ﬁ) TDM = /Q 5K 3

200 kB
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\.(e)"Suppose the disk drive rotates the disk pack at a speed of "-I'[]'Hlm revolutions per minute); what M ID K 549 P
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are the ALr lmtu I m in h\. te xfms.u and the h]mk transfer time btf in msec? What is the average

e

rotation: || delay ui in msec?
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(f) Suppose the average seek time (time to go to the correct track mechanically) is 30 msec. How
much time does it take (on the average) in msec to locate and transfer a single block given its

‘ . -
block "1{]{111:&*-; )

1

(g) Calculate the average time it would take to transfer 20 r: uldnm blocks and compare it with the
lum_ it would take to transfer 20 consecutive blocks using Llllllh]L hutlulm to save seek time and
rot: llmn al del: 1y. —
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A file has r=20,000 STUDENT records of Ii.{t-d-l::n}._:lh. Each record has the following fields: NAME

(30 bytes), SSN (Y bytes), ADDRESS (40 bytes), PHONE (9 bytes), BIRTHDATE (8 bytes), SEX (] q\ - aofooc)

byte), MAJORDEPTCODE (4 bytes), MINORDEPTCODE (4 bytes), CLASSCODE (4 bytes, inte-

ger), and DEGREEPROGRAM (3 bytes). An additional byte is used as a deletion marker. The file is

stored on the Liih.!';h_\j]ll.'th‘ parameters are given in Problem 1 . > Pplﬂflflgr — S/o.B

(a) Calculate the record size R in bytes. )

(b) Calculate the blocking factor b fr and the number Jof file blocks b assuming an un..ap;inm*-.i organi-
zation. : ' '

Suppose that only 80% of the STUDENT records from Exercise 16.28 have a
value for Phone, 85% for Major_dept_code, 15% for Minor_dept_code, and 90%
for Degree_program; and suppose that we use a variable-length record file.

deletion marker and a 1-byte end-of-record marker. Suppose that we use a
spanned record organization, where each block has a 5-byte pointer to the
next block (this space is not used for record storage).
a. Calculate the average record length R in bytes. BIDL[CSK)% =5
b. Calculate the number of blocks needed for the file.

—

o - - . JOVYI 4% 5
A file has r = 20,000 STUDENT records 2 . Each record has the
following fields: Name (30 bytes), Ssn (9 bytes), Address (40 bytes), PHONE

(10 _bytes), Birth_date (8 bytes), Sex (1 byte), Major_dept_code (4 bytes),
Minor_dept_code (4 bytes), Class_code (4 bytes, integer), and Degree_program
(3 bytes). '
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Store the addresses of n free blocks in the first
free block. The first n—1 of these blocks are
actually free. The last block contains the
addresses of another n free blocks, and so on. S l J‘IM
{?-szs)c

bit map would be

For example, consider a disk where blocks 2, 3, 4, 5, 8,9, 10, 11, 12, 13, 17,
18, 25, 26, and 27 are free and the rest of the blocks are allocated. The free-space

001111001111110001100000011100000 ..

dfcient o dnd fast foe block- &>
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, Consider a 1.3 GB disk with 512-byte block
LS blox K b The system uses a bit-vector to allocate disk
poldlfes5 ﬁb space. =
nextn R What be the size of bit map to keep track it
—

ks free blocks??
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Q 33 bik = lebyle b
With a 1-KB block and a 32-bit disk block
ith a ock and a it disk bloc bk | ke = ook QJ‘”

number, each block on the free list can hold
? b —
how many numbers of free blocks: o e (e % = &7 __—

jﬁzwm o gk s nonby i > T Lkl ik prefhod will g

%m bfmﬂp [cF™] =  Database Management System Go il

To create a file, we search the free-space list for
Generally, the required amount of space and allocate that
Free Blocks are used to hold the free list, so the space to the new file. This space is then

storage is essentially free. removed from the free-space list.

when a filedS deleted, Its disk space Is added to
the freesspace list.

The free-space list may be implemented as
bitmap or linked list.

Basically, Linked Free List method doesn't eat uy
our useful space...

It takes space, BUT from the Already Free space
It takes.

Paudice. Quesh™ B dotal  block
; o

Free disk space can be kept track of using a free list or | dduy = O bits
a bitmap. Disle-

oo L= DY
Disk addressés require D bits. For a disk with B blocks, p ul. Ww 2{ \
F of which are free, state the condition under which JDM Sf B bis

the free list uses less space than the bitmap. (fa]’tbg _SFaU'__ R.ﬂﬁVAUd b«a IOII’maP | -
. eSS

" b

=

A bit-map can be used to keep track of which blocks are free in a file-system's partition on disk
Assuming, 1 KB block size and a disk size of 40 GB, what s the size of the bit map?

10
For a Hard disk of Capacity 20 MB . Disk block address of 1€ bits and disk block size of 1 KB . The number of disk &ﬁ M‘g B a D% Q k U blﬁit WEd
|'1|ru':l-:‘_:= "|-‘-|'| lred to store a | the Fres F'. OCKS '|r=:|"|'_: EilTl"‘|.—'1|‘1 meThnod 1S 2
| hlpck. = | kB
7
q0X2

‘-_-___-___...---'

How much space will be required to store the bit map of a 1.3 GB disk with 512 bytes block size? . v )

6
A 3328K8 L 2{ 2

B.33.6KB @JI}_,

M~ e M D
C. 20062 KB

D. 256 6 KB | ' 2 | %
: ' 3




[he beginning of a free-space bitmap looks like this after the disk partition is first for
. : | t }
l.;in_p a larper block size in a fixed block size lile SVSiem leads to

\A. better disk throughput but poorer disk space utilization

Show the bitmap after cach of the following additional actions: R

better disk throughput and better disk space utilization
(a) File £ 15 written, using five blocks. C. poorer disk throughput but better disk space utilization

( b B - d ....- acicicd . : ' I
1:“ File A is deleted _ D. poorer disk throughput and poorcer disk space utilization
(c) File C 1s written, using eight blocks.

(d) File B 1s deleted.
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The first record in each block of the data file is
/ﬂéﬁ&gg 662;1—/ B called the anchor record of the block, or simply the
- block anchor.

An Example

Data file:
No. of blocks b = 9500
Block size B = 4KB
OKF length V = 15 bytes
Block pointer length p = 6 bytes
; Index file 0V OF K °
o No. of records r; = 9500
| Size of entry &1 E?t"fjf‘lg

Blocking factor BF,; = ,ér}t&mg/ AE =
No. of blocks b, =
Max No. of block accesses for getting record
using the primary index
Max No. of block accesses for getting record
without using primary index :

wolst (e




Q: Suppose that we have an ordered file with r = Wﬂﬁbf hSe. — ﬂ%}' b_] = [0‘39 (7500 = ,Lé";—
L

300,000 records stored on a disk with block size B =
4,096 bytes. File records are of fixed size and are
unspanned, with record length R = 100 bytes. whele b ~ :H?b‘ﬁ(/b

Assume the file is ordered by a Key field \V-&we. A6 Y,
mak%ﬁ;ﬂ’ query to, find the record ggving /27 bts = lrwo

then w Isthe worst case number of disk blocks we

need to access for this query?? 300 000 7500

N ab?Ve Quesh?M JD we  Seadch indeodl bz Fblocke = ,_-;5”'
d

Ent nen jﬁudlﬁnel

Wt case = Mb

- " - A D"l
Now suppose that the ordering key field of the fileis V = 9 \ﬂd.{)( Q\gwﬁd, = 6”’6 =15 hﬁ‘

bytes long, a-block pointer is P = 6 bytes long, and we have
constructed a primary index for the file. Lfo‘?' J sz g 3 W bLDLL
Q3 b[rx_ts

imluinok ot =

a4 ooy e L]
Wﬂ'y\j{,’ [(ASe. = [/5?& IO’\,\——{ 54—[ bfac.j

The number of Blocks needed to store the Primary Index
IS??

/

éJMLS%W‘ﬂ IndeX . ok CM(-LQAes aweql}xg;ud F ot

<5 )} e dable Is gaoyxe:wﬂj/ﬁ Rdaad. % &2, e
Jhe mdex VSINg <eaflih ka,.& i called oo C %

[f file records are physically ordered on a nonkey field—which does not have a dis-

tinct value for each record—that field is called the clustering field and the data file
is called a clustered file. We can create a different type of index, called a clustering

index, to speed up retrieval of all the records that have the same value for the clus
tering field. This differs from a primary index, which requires that the ordering
field of the data file have a distinct value for each record.

A 76700
10101 | Srinivasan| Comp. SCi| 65000 |
15565
|
HLL I:nw ?ﬁDU{][]
W
Singh | Finance | | 50000 |

l

- 766 | Crick 7200( .
(;_..1_‘,;;;_;._i_ sl e Soadn oy | Block g2
+lec. H‘. : " / g et e . .

I\ﬂf 7 - —
. JCl. / OUUL
98345 | Kim 8000( S N %Q:ﬂ‘
2121 e 1o
76513 T [ e—— — Pt =T
32343 FI Said | History || 60000 \° o S @G
583 | Califieri | History || 62000 = — block
flozart [ Music || 40000 - . | : {, LS@?J-J?\ \€ Valuz—
Physics || 95000 — ' %
Physics N-{ 87000 - I —— ,
Index entry: | Distinet value Vil address of the first . — — —> This blo '3’ Se)eve y
“ " | of the OF block that has a record with OF value V, a‘! ﬂp't *e'
——— | — —] ron ot Seg oRAS
Index file: Ordered file (sorted on OF) — ML&Nt quQLﬁn b}d’ VQLW
size — no. of distinct values of OF ¢




[-™4 - Database Management System
Q: Suppose that we consider the same ordered file with

GO Classes

r = 300,000 records stored on a disk with block size B =
4,096 bytes. Imagine that it is ordered by the attribute
Zipcode and there are 1,000 zip codes in the file (with an
average 300 records per zip code, assuming even
distribution across zip codes.) Assume s-byte Zipcode
and 6-byte block pointer.

We create Index on Zipcode. Number of Index entries?
Blocking Factor of the Index?? Number of Index
Blocks? > p—

Example 2. Suppose that we consider the same ordered file with r = 300,000
records stored on a disk with block size B = 4,096 bytes. Imagine that it is ordered by
the attribute Zipcode and there are 1,000 zip codes in the file (with an average 300
records per zip code, assuming even distribution across zip codes.) The index in this

case has 1,000 index entries of 11 bytes each (5-byte Zipcode and 6-byte block
pointer) with a blocking factor bfr; = (B/R;) =_Llf-l,[}‘tit’;.-.r"l_ 1)]= 372 index entries per
block. The number of index blocks is hence b, =| (r;/bfr;) ={ (1,000/372) | = 3 blocks.

To perform a binary search on the index file would need |—{|u:.-_,'3 hl.]_] = (log, 3)]=2

“K accesses. Again, this index would typically be loaded 1n main memory (occu
pies 11,000 or 11 Kbytes) and takes negligible time to search in memory. One block

access to the data file would lead to the first record with a given zip code.
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account_num
A-101
A-102
A-20]
A-215
A-217
A-222

A-305

rancn_name | balance
500
400
YO0
/700
75()

/700

| Downtown
Perryridge
Brighton
Mianus
Brighton
Redwood

Round Hill

\_:' :-ﬁ\.

Option 3, which is more commonly used, is to keep the index entries them-
selves at a fixed length and have a single entry for each index field value, but
to create an extra level of indirection to handle the multiple pointers. In this

scheme, the pointer P(i) in index entry <K(i), P(i)> points to a e
disk block, which contains a set of record pointers; each record pointer in e
that disk block points to one of the data file records with value K(i) for the

indexing field. If some value K(i) occurs in too many records, so that their
record pointers cannot fit in a single disk block, a cluster or linked list of
blocks is used. This technique is illustrated in Figure 17.5. Retrieval via the




:ﬁ; [ﬂdek Enf"\fﬂg ﬁiﬁmj L dd}ﬂ{ﬂ'(ﬁ/ | An Example

e g b Data file:
>[ def E?\ - <V % / E}Mi 7 No. of records r= 90,000  Block size B = 4KB
e Lu}‘ - jeﬂ?‘dﬂ kfij' Record length R = 100 bytes BF = 4096/100 | = 40,

b =[ 90000/40 |= 2250

Dok . NOF length V = 15 bytes length of a record pointer P, = 7 byte
S Index file :
_— R = Jlx ) ndex file :
J?£> Jf’l&&{ g FR = f?) Iy 96 [nde¥ gﬂﬁm No. of records r; = 90,000  record length =V + P, = 22 bytes
(V413 Yy = 234 9y BF. = |4096/22 |=186  No. of blocks b, = [90000/186 | = 48.
7 | , |
P = QWM 74 ‘
G!. ‘n Cl.CJﬁ %r‘.ﬂ-« Max no. of block accesses to get a record | _
A= 4:1:9\?;:’-0’\ S/ using the secondary index 1 + |log," 10
:H:Iﬁdﬂk B/ﬂ[k.( — __&_____ _ :H: dey &nke& Avg no. of block accesses to get a record .
A= In without using the secondary index b/2=1125

A very significant improvement

pRAcTCE

-ﬂatabase l\fanagement System GO Clnsns @ ge.s-[."m | @ Wd‘\SJL‘ w),\ -
Q1: Cons:c_:ler relation R(A,B,C,D) | - dagl (A -, ﬁ 9@ =
Assume A is the Key:. File R stored in100 A ¢ care — 10D
Blocks. Wors
SELECT *.FROM R WHERE a=10;
No Index. File R uses Heap Organization.
Number of Disk Block Access needed??
9 FU(& s Rdeud J“’é A

| UM lﬁd@k — !

Q 12: Consider relation R(A,B,C,D) f aﬂﬁ Toled k
Assume A, B are two Keys. Cllvﬂ@"”} Indet —0

File R Is sequentially ordered by A. Cuond ndex pn1 k’ﬁ Iy

How many Indexes can we create (using Suf"di;{/ \ndex on NN kvr —o
single attribute search key) simultaneously??
Mention their types.

Q 16: Consider relation R. _ ot posible
— % L oo ety ol e 07

e dent
We create an Index | onR. The (Physical) <> f&  (T— pide? olmost  same exéeft s@i@* e

Order of search key in | is same or almost v
.4 Quirdls W -

same as order of R. .
selokien - [lews
> S| = Ve AR (o oNn o ?%y}é{é/

Then | i1s?
— GATE CSE 2013 | Question: 15

A clusterning index 1s defined on the fields which are of type

A, non ]»l.,:». and utth'tlt'_‘,' '\_//
B. non-kev and non-orderning
C. key and ordering

D. key and non-ordenng

[’?\. An index is clustered. if

A. it is on a set of fields that form a candidate key *

B. it is on a set of fields that include the primary key -

4 € the data records of the file are organized in the same order as the data entries of the index

D. the data records of the file are organized not in the same orger as the data entnes of the index



A file is organized so that the ordering of the data records is the same as or close to the ordering of data entries in some index.
['han that index 1s called

A. Dense
B. Sparse \/
C. Clustered ——

D. Unclustered

A record id, or rid for short, is a unique identifier for a particular record in a set

of records. An rid has the property that we can identify the disk address of the

page containing the record by using the rid. The number of 1/0’s required to read

a record, given a rid, is therefore 1 1/0.

lLBM lnde K.
) T Fae el in s BT
Processing a range query (e.g., salary "i Yot
BETWEEN 10000 AND 20000) using a
clustered index Is always faster than using

an unclustered index.

Q 31: True/False 77

Consider a relation stored as a randomly
ordered file(i.e. Heap Organization) for which
the only iIndex Is an unclustered(secondary)
Index on a field called sal.

If you want to retrieve all records with sal > 20, is
using the index always the best alternative’?

@’Fmg‘% &cdse,

Processing a range query using an
unclustered index is always faster than | o hisn\
using a file scan. = Resgming, e

Table 17.1 lypes of Indexes Based on the Properties ot the Indexing Field

Index Field Used for Physical Index Field Not Used for Physical
Ordering of the File Ordering of the File

Indexing field is key Primary index Secondary index (Key)

Indexing field is nonkey Clustering index Secondary index (NonKey)

Table 17.2 Properties of Index Tvp
Number of (First-Level) Dense or Nondense Block Anchoring
Type of Index Index Entries (Sparse) on the Data File
Primary Number of blocks in data file Nondense Yes
Clustering Number of distinct index field Nondense Yes/no*
values
Secondary (key) Number of records in data file Dense
. . ' : » h : .
Secondary (nonkey) Number of records” or number Dense or Nondense
of distinct index field values'
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Making the Index Multi-level

Index file — itself an ordered file
another level of index can be built
Multilevel Index
Successive levels of indices are built till the last level has one block

height — no. of levels

block accesses: height + 1

(no binary search required)

For the example data file:

- . ; . . Second level
No of block accesses required with ; ;..

multi-level primary index: 3 | block i
without any index: 14 49 blocks

First level




Consider a disk with block size B = 512 bytes. A block pointer is P = 6 bytes A’O"”
long, and a record pointer is Pp = 7 bytes long. A file has r = 30,000 t;b [2 - 39"1" ‘f'{’?-’d

EMPLOYEE records of fixed length. Each record has the following fields:

= |16

T.Lér‘«,g/—--@

nk
b~Calculate the blocking factor bfr and the number of file blocks b, assuming 29{000 — 75 00 29[ !
" an unspanned organization. = na l »ﬁl&- b[ scks =— _____I__é,f- /

Name (30 bytes),Ssn (9 bytes), Department_code (9 bytes), Address (40 bytes), re'
Phone (10 bytes), Birth_date (8 bytes), Sex (1 byte), Job_code (4 bytes), and
Salary (4 bytes, real number). An additional byte is used as a deletion marker. b

_a"Calculate the record size R in bytes.

Fi —

c. Suppose that the file is ordered by the key field Ssn and we want to con-
~ struct a primary index on Ssn. Calculate (i) the index blocking factor bfr; ' 5}3 r 2,’_.?*_-- Z' lf
(which is also the index fan-out fo); (ii) the number of first-level index = |&——
entries and the number of first-level index blocks; (iii) the number of lev- [ v ﬁ_f—-é
_els needed if we make it into a multilevel index; (iv) the total number of - -
blocks required by the multilevel index; and (v) the number of block . . ’(500
accesses needed to search for and retrieve a record from the file—given - ; | vdeX eﬂ[ﬂ& i agl

its Ssn value—using the primary index.

_ 1380\ _ B _ e’jW’*(
3 Lond level  bloc k= B:_"‘:‘;\ | “ \D #Cﬂ% cxt =" Llecks

= o= B2ES

d. Suppose that the file is not ordered by the key field Ssn and we want to
construct a secondary index on Ssn. Repeat the previous exercise (part c)
for the secondary index and compare with the primary index.

e. Suppose that the file is not ordered by the nonkey field Department_code
and we want to l..L'!_I}HE]Ll_L[ a secondary :'mfr:.i{;:1:1_Departn‘|ent_codcz1 using

n};-t'iun 3 of Section 17.1.3, with ap-extra level of indirection that stores

record pointers. Assume there ard 1,000 Mistinct values of Department_code

and that the EMF’LO-?E? records are eygn_1}-'_d'1“.~_:_[r_i_hit_c_t_i__mm_ﬁ_ﬁg lhi“t .S[ﬂ,ﬂ,':' q—f’é r\]& — Pa.NS

values. Calculate (i) the index blocking factor bfr; (which is also the index ’@ Elvﬂk fD{ d hdlw

fan-out fo); (ii) the number of ﬂm_@:.d by the level of indirection Voe f

that stores record pointers; (iii) the number of first-level index entries

and the number of first-level index blocks; (iv) the number of levels — 5__1_3.-— - glf’

needed if we make it into a multilevel index; (v) the total number of

blocks required by the multilevel il_}d_-:iﬂ&hu bluu:_kaﬂ_a_u_l_&ﬂ_t\h_LLtl_i - 1000 — 7D

lix_n,l of indirection; and (vi) the apps ""']"atc_ELﬂan{ l"}lil_cliﬂcidiiﬂﬂ ndeX (dat_k_g — —_—

I}EE_dE&i—%ﬁ%l_i.ll‘ and retrieve @ll records in the file that 11;13"_15;1ecii‘i_+;‘_' -

Department_code value, using the index.
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A common file organization used in business data processing is an ordered file with a

Index_

: * ot oL
> Moty ik R s o
Qlﬂl_li&{_*l_prinmr}' index on its ordering key field. Such an organization is called an erah\[dlyz S,J'a.h(——-'

( indexed sequential fileland was used in a large number of early IBM systems.

An ISAM (indexed sequential) file consists of records of size 64 bytes each, including key field of size 14 bytes. An address
of a disk block takes 2 bytes. If the disk block size is 512 bytes and there are 16 K records, compute the size of the data and index
areas 1n terms of number blocks. How many levels of tree do you have for the index?

R_phg , DikBok= 5028 , R=lbk bR = J22|= ¥ , thddk blocks = 162% = 2000blocks

%@b U\ﬁﬁ,—::-» ﬂf’f”a—:[ég éﬁﬂ&\/ﬁﬂi C% = rl_aj’ga Z_CW’I F‘E/;?——%S

6 e

AEenkiss = 20 (s S onkies =
6% 4 bloks = |

; Toal. et blocks — patbt = pb e TP
0




One giga bytes of data are to be organized as an indexed-sequential file with a uniform blocking factor 8. Assuming a hlnLL

size of 1 Kilo bytes and a block refrencing pointer size of 32 bits, find out the number of levels of indexing that would be required
and the size of the index at each level. Determine also the size of the master index. |he referencing capability (fanout ratio) per
block of index storage may be considered to be 32

Block stge= [DakB Duies lign ohout  indef Bﬂl’ﬁ , 8t aboukt  dotn o H3eordt 0 data /s

bis = % - e We feed  Hrbloeks i daba  Qssuming, [SAM ()
not Required.  SM

— 3 Q0 QY
G it =38 | e e X &

—

Dot sige= | (8 <5 )8
Dlock. poinkh 328 le t
?0 zﬂ;ﬁg mr (& = g/; w@ﬁ = 1% 22 &) = lgia 2 =2 b

TL3 b2 TLA c
) k= 3 k=3 | ks = 2
M‘a/

Q0 a]l'; blﬂf'/(} ks> = __,& bf«%}c' Ipele) = a #b’p;(ﬁ"-ﬂ"’r
s = &7 Jblock -gg;’ g .

8- +a TSN b""“/‘“

/"" nO{f/\( <->" =

Consider a file of 16384 records. Each record i1s 32 bytes long and its key ficld is of size 6 bytes. The file is ordered on a
non-key field, and the file organization is unspanned. The file is stored in a file system with block size 1024 bytes, and the size of a
block pointer is 10 bytes. If the secondary index 1s built on the key field of the file, and a multi-level index scheme 1s used to store
the secondary index, the number of first-level and second-level blocks in the multi-level index are respectively

A. 8and 0 ST (UDKEYD HTIL trkies = #F datatpstds — [ 23k
B. 128 and 6
. e ;[',}/f}

/_,f: . :’.r'h ‘-Illtl .1 "[;J// S%_f é o= {bﬁ» %m}u 354

). 912 and 5

_ _ b Ip T2
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™ 1. Binary Search Tree (BST)

A BST is a binary tree with ordering rules:

» Left child < Parent
« Right child > Parent
» No duplicate keys (usually)

Properties

» Search: average O(log n), worst O(n) (when unbalanced)

« |Insert/Delete: same as above

Issue

BST can become skewed (like a linked list) if elements are inserted in sorted order.

Use cases
« Implementing sets, maps
« Searching sorted data

« In-order traversal gives sorted order

™ 2. AVL Tree (Balanced BST)
An AVL Tree is a self-balancing BST.

It maintains the rule:

Balance Factor = height(left) — height(right) must be -1, 0 or +1
If violated, the tree performs rotations (LL, RR, LR, RL).

Properties

« Search: O(log n) worst case

« Insert/Delete: O(log n) (rotations may occur)

« Always height-balanced

Use cases

* When fast lookup is MOST important
« Databases, memory indexing (rare now; often replaced by B-trees)

™ Summary Table
Structure Balanced? Search Insert/Delete Typical Use
BST > No Avg O(log n), Worst Same Basic searching,
o(n) learning
AVL Tree & Strict O(log n) O(log n) + rotations Fast searches
Heap > NotaBST 0(n) search O(log n) Priority queues
2-3-4 Tree ¥ Yes O(log n) O(log n) Databases, file systems

I'he In-memory Data Structtres are NOT suitable for Disk Data
Structures... WHY?

Ask yourself:

What should be a NODE in the Tree??

In main memory, a Node was a Structure, having few Bytes only,
So, suitable for Memory as we access main memory in Words...

BUT Disk Access happens Block by Block & Block size i1s VERY Large
than the main memory word size... .
So, If we use in-memory data structures for Disk, A LOT of space
per block will be Wasted...

f g W~

™ 3. Heap (Binary Heap)

A heap is a complete binary tree with heap property:
 Min-heap: parent < children

« Max-heap: parent = children

Not a BST - no ordered left/right property.

Properties
« Insert: O(log n)
« Delete-min / delete-max: O(log n)

« Search arbitrary element: O(n) (not sorted)

Implemented using

« Arrays (very efficient)

Use cases

» Priority Queues
» Dijkstra’s algorithm
« Heap sort

« Event simulation systems

™ 4. 2-3-4 Tree (B-tree of order 4)

A 2-3-4 tree is a multi-way self-balancing search tree.

Each node can have:

e 2-node: 1 key, 2 children
e 3-node: 2 keys, 3 children
* 4-node: 3 keys, 4 children

Properties

« Always perfectly balanced
« Height is O(log n) but very small (shallower than AVL)
« Insert/Delete: O(log n)

Special feature

Nodes can split when full.

Use cases

« Basis for Red-Black Trees
 Used in file systems, databases, where disk access matters

» Preferred when data must stay balanced with minimal height
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n A 5,?.1342, tode known as a tree. We briefly introduce the terminology used in discussing tree data
e | pode = | block structures. A tree is formed of nodes. Each node in the tree, except for a special
* mwu’l le onddes M Hock node called the root, has one parent node and zero or more child nodes. Th_:: root
v iflle P node has no parent. A node that does not have any child nodes is called a leaf node;
= N0 Wﬁfﬂy/ a nonleaf node is called an internal node. The level of a node is always one more
than the level of its parent, with the level of the root node being zero.” A subtree of
a node consists of that node and all its descendant nodes—its child nodes, the child
nodes of its child nodes, and so on. A precise recursive definition of a subtree is that
it consists of a node n and the subtrees of all the child nodes of n. Figure 17.7 illus-
trates a tree data structure. In this figure the root node is A, and its child nodes are
B, C, and D. Nodes E, ], C, G, H, and K are leaf nodes. Since the leaf nodes are at
different levels of the tree, this tree is called unbalanced.

B-trees and B™-trees are special cases of the well-known search data structure

Figure 17.7
A tree data structure that shows an unbalanced tree.
Subtree for node B Root node (level O
-+— Nodes at level 1

Nodes at level 2

Nodes at level 3

(Nodes E, J, C, G, H, and K are leaf nodes of the tree)
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Generalizing BSTs

 In a multiway search tree, each node stores an
arbitrary number of keys in sorted order.

T

« That key splits the “key space” into two pieces, and ,. >, firdans

p >
S R L P Rk R caxie A 4 > - D e
each subtree stores the keys in those halves. Soviea \ 13
| 4
i

* In a binary search tree, each node stores a single key.

7183
5'_‘“*;{_>

32 37/41 7379 89(97

 In a node with k keys splits the “key space” into

k + 1 pieces, and each subtree stores the keys in
Values less than two Values greater than two those pieces.
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Each internal node in the B-tree (Figure 17.10(a)) is of the form

<Py, <Ky, Pry>, Py, <Ky, Pry>, ..., <K, _y, Pry_>, P>

g-1» q

where g < p. Each P; is a tree pointer—a pointer to another node in the

B-tree. Each Pr; is a data pointer'’—a pointer to the record whose searcl Each node has at most p tree pointers.

key field value is equal to K; (or to the data file block containing that record) Each node, except the root node , has at least [ (p/2) | tree pointers.
Within each node, K; < K, < ... < K The root node has at least two tree pointers unless it is the only node in

. ] _ . the tree.
For all search key field values X in the subtree pointed at by P; (the ith sub
tree, see Figure 17.10(a)), we have:

Lf‘ l-

A node with g tree pointers, g < p, has g — 1 search key field values (and
hence has g — 1 data pointers).
Ki-i<X<Kjforl1<i<g; X<Kjfori=1;and K; ; <Xfori=gq All leaf nodes are at the same level. Leaf nodes have the same structure as

: N— . 30 OV ’ - 3 31 1 ot 1 ore P. are
'OA data pointer is either a block address or a record address: the latter is essentia ly a block aadress internal nodes L:"*Lt'pt that all of their tree p{””h' rs j aI'€ NULL.

Q 14.10: (Ullman DBMS Book 2" Ed| Rlok = Le06 @

Suppose our blocks are 4096 bytes. Also let e =
- . RS ol

keys be integers of 4 bytes and let pointers in o block o ! Y f

be 8 bytes. If there is no header information

kept on the blocks, then find the Order of B

Tree(where order is defined as maximum V‘J dode 2 @_-b% g

number of tree pointers per B tree node) - poinc}

%J
=
\

p < 4%5 :
| G Lasses | - Database Management System GO Classes

- Database Management System GO Classes

—%%wg wn succelurl ngecMw goes i lack leopr
— Post case i<
— Wisst (e

[ ‘QNCP, B"b J@é’
* Searching in a B-Tree

Doing a search in a B-tree involves

» searching the root node for the key, and
 if it's not found, recursively exploring the correct child.

Using binary search within a given node, can find the key or
3 the correct child in time O(log number-of-keys).
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The algorithm for insertion takes an entry,
finds the leaf node where it belongs, and
Inserts it there.
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Insertion In B-Trees
* OVERFLOW CONDITION:

R THee d‘:ﬁg‘;aﬁ S . \

Trsedhon 2 ; s Lol
L« ,f- Node Is , [ ) A root-node or a non-root node of a B-tree of order m overflows if, after
— a key insertion, it contains m keys. (i.e. the node, before insertion was

full and had m-1 keys)

s v ) b)atov)
il Iqje_qu\j L {5 ¢ 79 * Insertion algorithm:
- . " P If a node overflows, split it into two, propagate the "middle" key to the
_. _ Selit parent of the node. If the parent overflows the process propagates
5 Q@ —— upward. If the node has no parent, create a new root node.
?“’T“ﬁdﬂ Ly W * Note: Insertion of a key always starts at a leaf node.

Insertion in B-Trees
Insertion in a B-tree of odd order

Example: Insert the keys 78, 52, 81, 40, 33, 90, 85, 20, and 38 mn this order n

an mitially empty B-tree of order 3

2 Dont  dlawn Pk in & Kol

Q: | \ I |
Creating a B tree of order 5. ~FLev (Preshor '{9’ md,t)tsl'w?cbﬂi PLW% /F\ / \
AGFBKDHMJESIRXCLNTUP g a b 0 Fh AR F [ MG hke frgp !

F7 R CJ = /

E/@H/L \kN\\SY. / | h RS / >HKN1 / \
He? AspE GHr KM AgD o
ol
cFJ e




‘_SP@ya,ﬁ CaSe P::éum_ = Mq,( #‘Jcaﬁ,g ‘:":P—l -.-:c::c(_d_

€q - p=l gk 5, 1% S * Insertion in a B-tree of even order

At each node the insertion can be done in two different ways.

b right-bias: The node is split such that its right subtree ‘\has more keys than the left subtree.
Whn é' - 8 ]Qt’\' bl‘ Q-B'Q..OL * |eft-bias: The node is split such that its left subtree has more keys than the right subtree

5 .1 I b « Example: Insert the key 5.in the following B-tree of order 4:
5} 1, %; o — ==

1 JET
/N
—6 5_ (6‘ J]'D m L . left-bias insertion
— 1" ght-bias insertion T
(5] [
— R 5 1% 6> ~
Define B Tree. Create a B Tree of order 4 Q3% B —4'/——5 / \ B lf\—az
using the keys: 9, 3k 3,70
21,34, 65,78, 90, 09\(3\1 1. 55 76,22, 33
and make the tree a t-Riased”. 33, b5
W i 21,2365 e / ’i AN
0
/ ‘ 55 15,18,
. a&/ 21hss 161810 N3
|
[cF®] - = Database Management System GO Classes . Database Management System 0 cin

Q:

Does Order in which keys are inserted in B Tree Matter??
Can we get Different B trees, of Different heights for the
same set of keys, But using different order of insertion of

keys in B tree? m
E .
a, k_/ O

k_ Consider a B Tree of Order 3, and the following T hhd MO G
set of keys: {1,2,3,4,5,6,7} [V s
1,2,3,4,5,6,7 G ~
- 'y Y
| 75,73 Ra -
- e e A
ewwgncla

\gs,%

. Using the B-tree of order 3 shown in Figure 10-24, add 50, 78, 101, and 232. \
10,15

[ AN F

¥l
5,“-10
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A B-tree starts with a single root node (which is also a leaf node) at level 0 (zero).
Once the root node is full with p — 1 search key values and we attempt to insert
another entry in the tree, the root node splits into two nodes at level 1. Only the
middle value is kept in the root node, and the rest of the values are split evenly

between the other two nodes. When a nonroot node is full and a new entry is
inserted into it, that node is split into two nodes at the same level, and the middle
entry is moved to the parent node along with two pointers to the new split nodes. If
the parent node is full, it is also split. Splitting can propagate all the way to the root
node, creating a new level if the root is split.

b ic Pﬁﬂdﬂ(e’swg Inorder Predecessor of a node X
ob 1N Iﬁ' « If X has a left subtree — predecessor = rightmost node in X.left

)((ID « Else - predecessor = nearest ancestor for which X lies in its right subtre
f% fx< A= FX

Inorder Successor of a node X

ID s gwcfa:_,g,ﬁ'{ &6 G- « If X has a right subtree —. successor = leftmost node in X.right
/

« Else - successor = nearest ancestor for which X lies in its left subtree
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Conclusion/Results:

1. Immediate successor of every key in non leaf

IS always in a leaf.
2. Immediate predecessor of every key in non
leaf is:always in a leaf.

3. For a B Tree of at least two levels:

Number of Leaf Nodes = 1 + Number of Keys in

Non-leaf nodes - J——

yalme -

‘e

wost \@fb nod s Whidn  oves ot

Order of B Tree is p:

Each B-tree node can have at most p
tree/Block/Node pointers, p — 1 data(Record or
Block) pointers, and p — 1 search key field values.

12 \OL&-("
- éu% Vods \
= PU%P gi@ + P

P ya— — P K Values
SR> ke <] T g
/ \ dan Pmnkﬂ
ol D
F node ?DW\!(AS

EXAMPLE 4: Suppose the search field is V = 9 bytes long, the disk block size is
B = 512 bytes. a record (data) pointer is P r = 7 bytes. and a block pointer is P

6 bytes. Each B-tree node can have at most p tree pointers. p - 1 data
pointers. and p - 1 search key field values. These must fit into a single disk
block if each B-tree node is to

correspond to a disk block.

f Some other Definition of ORDER of a B Tree
\ode is given then somef®w get back to OUR
default definition of @rder:
-g: Order of B I¥ee s p:

—ach B-tree-node can have\at most p k@
Fna pd

J P+1)BPp < Rlock g;;&:;(

B
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Eg: Order of B:bree Is(p:

Each B-tree node, except root can have at least
P, and-at most 2p tree pointers. If tree Is non-
empty, root can have minimum 2 pointers.

S 9B 4 @@G[@Dﬂ < Bode g

< [0
Thw?node is°defined as: P("’H’ "I) + é.t-l) L = (00

Each B-tree node candad@ve at most p keys.

Given that the block size is 1K bytes, data record 1p £ 1DAlp — é
pointer is 7 bytes long, the value field is 9 bytes long Q P —
and a block pointer is 6 bytes long, what is the order Zf L
of the B tree node? P =
& T\ qu
- 2o dﬂ{"m“@“ e f

. Hin Vet GS D

— Ratemb® — (fy o ?

The order of a Ie\éff“nodelin a B tree is the maximum 1\
number of (value, data record pointer) pairs it can

hold. Given that the block size is 1K bytes, data

record pointer is 7 bytes long, the value field is 9

pytes long and a block pointer is 6 bytes long, what is j
the order of the leaf node? £, P9

Consider a table T in a relational database with a key field K. A B-tree of order p is used as an access structure on K, where

p denotes the maximum number of tree pointers in a B-tree index node. Assume that K is 10 bytes
bytes ; cach data pointer Py is 8 bytes long and cach block pointer Pg is 5 bytes long. In order for each B-tree node to fit in a single

disk block, the maximum value of p 18

A, 20
B. }"J
C. 23—

D, 32

NOTE that in B tree, ALL the nodes
have the SAME structure...

In the leaf nodes, ALL tree pointers are

NULL
(But tree pointers are present in the leaf

node, even though they all are NULL).

[cF™ -  Database Management System GO Classes

Q: Since leaf nodes require no pointers to children, they
could conceivably store a different (larger) number of keys
than internal nodes for the same disk page size.

r [iNC /A f B t Assume order of a leaf
node of B tree. is the maximum number of keys that can beJ
sored in the leaf node. S P
Given that the block size is 1K bytes, data record pointer is
/ bytes long, the value field is 9 bytes long and a block
pointer is 6 bytes long, what is the order of the leaf node of

P'I' U- C {_\? o«ww.wl&sms.ln

Problem 2: B-tree (20 points)

Consider a DBMS that has the following characteristics:
e JKB fixed-size blocks
¢ |2-byte pointers
e 56-byte block headers

We want to build an index on a search key that 1s 8 bytes long. Calculate the maximum number of records we

a 3-level B tree

long; disk block size 1s 512

o (1) < 103k

P?)@A

56
3p 4 p-1 (1a48) S 0HS-

o
Ffﬁwj 6
can index with

¢H; Uds (n M"” #l i
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Q: Since leaf nodes require no pointers to children, they could |2 P + ?
conceivably store a different (larger) number of keys than internal

nodes for the same disk page size.
~“What will be the answer??

Consider a DBMS that has the following characteristics

’ . ."f —
f’c: Yy m ﬁ*’hﬂ_ Wod g = ()

4 Bp

= 2KB fixed-size blocks
e | 2-byte pomnter

v oiters
* 56-byte block headers

n number of records we can index witl

15 8 bytes long. Calculate the maximur

4 I" r. r -y ! . - >
YR kY el nEde 6|
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Let n =2 0 be the number of entries in the tree. Let m be th
node can have. Each node can have at most m—1 keys
It can be shown (by induction for example) that a B-tree of height h with all its nodes completely filled

tries. Hence, the best case height (i.e. the minimum height) of a B-tree is:

Let d be the minimum number of children an internal (non-root) node must have. For an ordinary B-tree,

ve the worst case height (the maximum height) of a B-tree

Consider a B-tree with Order P, where Order P is defined as P\MQX — L\DB \ Q%L)j _ Ll % Laau E)J .:_-_l'o *f_'::- r%__\fé

usual (maximum number of child pointers a node can

have).
The maximum levels of index required to store 400 distinct @*‘S\ ~
keys in order P= 5 B-tree index _ht(=5 . ? \\mm — \/\5‘6 P

ﬁfle_vdb = hﬂw +

Coluing, ~ Conc
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Example 5. Suppose that the search field is a nonordering key field, and we con_

5

struct a B-tree on this field with p = 23. Assume that each node of the B-tree i§ 69%

full.

Find the-number of keys stored i

(Height 3)7 .1 D

N 4 Levels

— 2—

A B-tree iIs d tjl.l"l.ir'.-' iree

A B ' . - - k.
I E".:'Tl't-r can be used for ¢ xternal storage




Key only in
nonleaf node

There are two differences between the B-tree and the B+tree:
. FEach data entry must be represented at the leaf level, even {hnugh there

may be internal nodes with the same keys. Because the internal nodes are
used only for ht‘;irt'hing. they :L[l'.‘l‘lt'l‘il”\ do not contain data.

, - g g o " |Data or dala Nextleaf | ~~_
Each leal node has one additional pointer, W hich is used to move to the ,.-f""j poin:er node pointer

next leal node in sequence. This structure is shown in Figure 10-21.

Key only in
nonleaf nodEJ

Data or data * Nex’t Ieaf
polnter node pomtEr

21|data @32 |data dd'[d

b e | Pifleverceg of B Txe § B+ The

@ I"ﬂ [\hﬁ]—!eqp f\l@q],tg ; @

No & " Nen- Jeqﬂ

med; <

2 SUCcesseY

|r:'..3 f :'H"'-._'Ir-'
I | Brandt l Califieri Lﬂ- Crick |[4— Pointer to next leat node

[ Srinivasan | Comp. Sci.| 65000 |
Wu Finance 90000
[ Mozart | Music | 40000
Einstein | Phvsics 95000
2343 | El Said | History 80000
56 | Gold Physics | 87000
5 | Katz € omp. Sci 75000
[ Califieri | Hist ory 60000
| 76543 |Singh | Finance 50000
= TH766 Crick E MO ]U ry 72000
~ 83821 | Brand ' 1792000
| 98345 | Kim ; |u. Eng. | 80000
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Figure 11.9 B~ -tree for instructor file (n = 4).

[.F™  Database Management System eo cin
Q: Maximum number of Pointers per
NDdE, For what vailues of p Is the tree ol below | ::ITJLJ.'{' cl
legal B+ tree?
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Q:

Suppose our blocks are 4096 bytes. Also let w < kol s bp@[pakv"i’“‘gz

keys be integers of 4 bytes and let pointers C[,/_.D- |2 & S P e \waa

be 8 bytes)If there is no header information _u % 1016 p- - < k0%
kept on the blocks, then find the Order of 2 3% o\ = 2 fel T [P"b r %0 T 100,
B+ Tree(where order is defined as maximum p = \}g <l < JklD 217 \/‘
number of pointers per B+ tree node) 2 [P0 S "
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Searching a B+ Tree

* ror exdac ey values: S - 'H- e
F t key val B+ Tree: Search
* Start at the root
* Proceed down, to the leaf « start from root

« examine index entries in non-leaf nodes to find the correct child
* For range queries:

* As .'-]bDUE * traverse down the tree until a leaf node is reached
* Then sequential traversal

* non-leaf nodes can be searched using a binary or a linear search

';-

1
¥ L

For each of the following queries, compute the minimurm number of disk 10s to retrieve
the records (not including the disk 10s to read the records). We assume we need to
follow the sequence pointers of the leaf nodes to traverse the leaf nodes (if necessary).

1. Find record(s) with the key value 160. '5 —3

2. Find record(s) with the key value 280.

3. Find records with the key values in the range 30 to 50 inclusive, =~
4. Find records with the key values in the range 30 to 60 inclusive.—
5. Find records with the key values in the range 30 to 75 inclusive. — L
6. Find records with the key values in the range 30 to 90 inclusive. = n
7. Find records with the key values in the range 30 to 220 inclusive, —— -1
8. Find records with the key values in the range 30 to 240 inclusive, —

3

a) Find records with the key values in the range 30 to 90 inclusive: 3 |'D*5..Y
b) Find records with the key values in the range 30 to 75 inclusive: 3 10s. K
¢) Find records with the key values in the range 30 to 75 inclusive: 5 10s. X
d) Find records with the key values in the range 30 to 220 inclusive: 7 10s. f




Similar to B Tree Insertion, Except when we
split Leaf node.
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Similar to B Tree Insertion, Except when we

iy

split Leaf node.

7]
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Insert 25 1n the below tree:

Place the record in sorted position in the appropnate leat page
. 13

|. Split the leal page including the inserted record
,1 |'|.In. - ‘\11111“1‘ h.."'-. In I'\ Index page n =-.1'-!'[L_'1.1 l.".'|.|.|."!
3. Leht leal page contains records with keys below the middle key

i. Right leaf page contains records with keys equal to or greater than the , v
middle key J 5 10 ‘

I. Split the leaf page including the inserted record

2. Records with keys < middle key go to the left leaf page

3. Records with keys >= muddle key go to the nght leaf page
4. Spht the index page

5. Keys < muddle key go to the left index page

6. Keys > middle key go to the nght index page

1. The middle key goes to the next (higher level) index

If the next level index page 1s full, continue splitting the index pages
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Q 2. True/False??
Every value of leaf nodes is also present in
non-leaf nodes in B+ tree.

Q 4. True/False??
Every value of non-leaf nodes is also present
in the leaf nodes in B+ tree.




Q 5. True/False??
Values in non-leaf nodes are all unique in B+
tree.

Q 6. True/False??

ALL searches (successful OR unsuccessful) in
B+ tree take Exactly same amount of
time(Disk block access or 1/O cost).

rddy  Oueshens

Examplf 6. ;1‘.‘1 n:;llc}u]a]rr.]' thf order p of a B ill't.‘t‘, .s.Llpp{_':seitlmt the search ke}[ field Question 2. [20 marks] o Fory s @ v Gt

is V = 9 bytes long, the block size is B = 512 bytes, a_record pointer is Pr = 7 bytes, . . . aid b petati :

and a block pointer/tree pointer is P = 6 bytes. An il]lL:]'l 1 node of the B*-tree can Suppose that the size of a search key field is V=16 bytes, the size of a data (record)

d d DIOC 1] CrilTEE P €r 1 = D DVIES. ¢ 2I'TE DCE | > D ] : " : § : oy 4
—noeh POIREL — - e pointer is Pr=6 bytes, the size of a block pointer/tree pointer is P=8 bytes, the b

have up to p tree pointers and p — 1 ch field values; these must fit into a single : A e ; : - o
D e O cp- - — — . size B is 1024 bytes. |f we want to construct a B+ tree, what are the maximum values
block. Hence, we have: ¢ )

l\ dea/ j' \;' ]

GATE CSE 2002 | Question: 2.23, UGCNET-June2012-II: 26

Jan 31, 2018 by di_1 ih 10,927 views

(4) A BT7 -treeindexis to be built on the Name attribute of the relation STUDENT. Assume that all the student names are
~  of length 8 bytes, disk blocks are of size 512 bytes, and index pointers are of size 4 bytes. Given the scenario, what

would be the best choice of the degree (i.e. number of pointers per node) of the B™ - tree?

The order of an internal node in a B+ tree index is the maximum number of children it can have. Suppose that a child pointer
takes 6 bytes, the search field value takes 14 bytes, and the block size is 512 bytes. What is the order of the internal node?

The order of a leaf node ina B" - tree is the maximum number of (value, data record pointer) pairs it can hold. Given that the
block size is 1 K bytes, data record pointer is 7 bytes long, the value field is 9 bytes long and a block pointer is 6 bytes long
what is the order of the leaf node?

s onen making. ol
D, 68

Consider a B+ tree in which the search key is 12 byte long, block size is 1024 byte, recorder pointer is 10 byte long and the ="
block pointer is 8 byte long. The maximum number of keys that can be accommodated in each non-leaf node of the tree is 5é ).
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Consider a DBMS that has the following characteristics:

e 2KB fixed-size blocks
e |2-byte pointers

e 56-byte block headers :é aDP \( al LfB +% "56

We want to build an index on a search key that is 8 bytes long. Calculate the maximum number of records we can index wi
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Create a B+tree of order 5 for the following data arriving in sequence

e ——————————

92 24 6 7 11 &°22 4 5 16 19 20 /8

8. Create a B+tree of order 5 for the following
e — s

_592246?1182245161920?8'
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Consider a B+ tree in which the search key is 12 byte long, block size is 1024 byte, recorder pointer is 10 byte long and the ="
block pointer is 8 byte long. The maximum nuinber of keys that can be accommodated in each non-leaf node of the tree is




Comparison Type:

For n Keys, which index, B or B+ tree will take
Less number of levels & less number of nodes..

OQSLYJ Same /D Moye [Q/ddj
\

\4 1S+ —]—}f} ‘DUP“CQU’_Q

*‘ s
[ 7 'n.,...;' [ P ras A D = . . . .
- el . In B+ tree data 1s ordered 1n sequential linked list and the
data 1s stored 1n leaf nodes but in B tree the leaf nodes cannot
be stored in linked list due to lack of the sibling pointers.
2. In B+ tree the data 1s stored in leaf node so searching of any

[ ] . M ~ ~ .
( OI ' Ipa' ISO' I I ype data requires scanning only of leaf node alone, whereas in B
]

tree data 1s stored in non-leaf nodes as well and to search any

Q ,l,’l’ e ;;3 L—Q 6‘)0 | &Ubf, = \ mkegkhd( data value the complete tree needs to be traversed.

5. As the data 1s not there in non-leaf node so the fan out 1s

S higher in B+ tree, tree depth 1s kept shorter and thus there are
Which index, B or B+ tree should be PFEferre*"J?? less reads done from secondary storage. [11]

When we process the data randomly, we modify the tree search to find
the target data only at a leaf. The search time is thus increased slightly. How- BN
ever, to process the data sequentially, we simply locate the far-left entry and D {.t ! AN ® ?{)ﬂdﬂm oL LeRS R, (C5

then process the data as though we were processing a linked list in which o
each node is an array. ¢ g




