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€cture 24:  Need for Speed: Parallelism

Learning Goals
= When {0 paralleliza9
» Understand Scalability
* Speed-Up & Amdahl's g
* Parallelization OLTP vs. 0SS

Data warehouses ofien confain la

rge tables and require technigues both for managin
>lar - N s q ques
_{/;hemr ge tables and-for Providing good query performance across these large tables. %

T ———

— e
———

E&;ra:.ilc:ila:z:; E:_u tfor d_ramatica}]_\,- _"Ed“WS response time fo data-ime;éiv cptraliuns_'da‘i"-\
wa%chi:sus::s?b% Ypically ssociated with Decision Support Systems (DDSS) and data ~

25 YOU can also implement parallel execuiion on ceriam types of online
transaction processing (OLTP) and hybrid systems.

Parallel execution is sometimes called parallelism. Simply expressed, parallelism is the
idea of breaking down a task so that, instead of one process doing all of the work in a
query, many processes do part of the work at the same time. An example of this is when
four processes handle four different quarters in a year instead of one process handling all
four quarters by itself. The improvement in performance can be quite high. In this case,
data corresponding to each quarter will be a partition, a smaller and more manageable
unit of an index or table.

24.1 When to parallelize?
Useful for operations that access significant amounts of data,

Useful for operations that can be implemented independent of each other “Divide-&-
Conquer”

Parallel execution improves processing for: z_{
st
&

s ®  Larg cans' an@
Sirg = (Creatiomoi large indexes
D&C = Partitioned index scans

Sire = Bulk inserts, updates, and deletes
nec @ Apggregations and copying

Every operation can not be parallelized, there are some preconditions and one of them
being that the operations to be parallelized can be implemented independent of each
other. This means that there will be no interference between the operations while they are
being parallelized. So what do we gain out of parallelization; many things which can be
divided into two such as with reference to size and with reference to divide and conquer.
Note that divide and conquer means that we should be able to d‘!vide the 'pl’ﬂblal:[’l and then
solve it and then compile the results i.e. conquer. For exa}nplc in case of scanning a large
table every row has to be checked, in such a case this can be done in parallel thus

reducing the overall time. There can be and are many examples too.

e o ————— —— e e ——
. 201

© Copyright Virtual University of Pakistan




Do m_Wa rehousing (CS61 4)

% S_If;,ppr:}achus 0. 5 approaches N

pxample-1: £=5% and N = 100 they g = 16.8 Mot
prample-2: F=10% and N =200 then § =956/ rato

The processing for parallel tasks can be spread across multiple processors: S0, il
pur processing can be parallelized and 10% must be ;;1].-,}1] we can speed up the: process by
a factor of 3.08 when we luse four independent Pi'nécsc:-:rs for the ;Jarui]el portion. This
example also assumes 0 overhead ang “perfect” parallelism. Thus, a database query {hat
would rum {nr 10 minutes when processed serially would nilils example, run in 2.63
minutes (10/3.08) when the paralle] lasks were executed Ul‘l..fEJer independent processors.

g0% of

g can see, if we inen
"%, :;:L[JM -u--lr]’e]ig]:&.H-&[U‘:ase the overhead for parallel processing or decrease the
aniol paraiielism available to the processors, the time it takes {0 complete the query
will increase according to the formuly above

Amdahl's Law: Limits of parallelization

For less than 8B0% paral Muj “ u n IIJM

| At 90% parallelism, 128 processors give performance of less than 10 processors.

i =
Figure-24.4: Amdahl’s Law

As we can see in the graphical representation of Amdahl’s Law as shown in Figure24 4,
the realized benefit of additional processors is significantly diminishes as the amount of
sequential processing increases. In this graph, the vertical axis is the system speed-up.
As the overall percentage of sequential processing increases (with a corresponding
decrease in parallel processing) the relative eflecliveness (utilization) of additional
processors decreases. At some point, the cost of an additional processor actually exceeds

the incremental benefit.

r—

243 Parallelization OLTP \js. DSE B /??__f o
o

There is a big difference.

DSS
i ' 205
© Copyright Virtual University of Pakistan




ONLYSSBEEDZUP

|

JAHLESIFAWAKAS

i T.: Time on sernal processoy |
=
Sequential Execution Ideal Parallel Executio,

[ ] Contralwork ('overhead’)

oy
K4 |
i |
T |
l 5 n |
18 lime unils B time unlts
Speedip=18= 300% \
b
: ap —
Figure-24.3: Quantifying Speed-up

Data dependencies between different phases of computation introduce synchronizatip
requirements that force sequential execution. Moreover, there is a wide range of

capabilities available in commercially implemented software in regard to the level of
granularity at which parallelism can be exploited.

As shown in figures 24.2 and 24.3, , the goal of ideal parall
parallelize those parts of a computation that are not cons
The smaller the portion of the program that must be e
the scalability of the computation,

el execution is to completely
trained by data dependencies.
xecuted sequentially (s), the greater

24.2 Speed-Up & Amdahl’s Law

Reveals maximum expected speedup

from parallel algorithms given the roportion of
task that must be computed sequentiall - & b

y. It gives the speedup S as

- ST

i is: the fraction of the problem that must he cc-mpl.miall /
N is the number of processors Y 2
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Parallelization of-a SINGLE query

OLTP

Parallelization of MULTIPLE queries
Or Batch updates in parallel

During business hours, most OLTP systems should probably not us
During off-hours, however, parallel execution can effectively proces

operations. For example, a bank can use parallelized batch progr
f?/r? ,{-1 millions of updates required {o apply interest to accounts.

€ parailg] cxecutiun
S high-vojyna bateh
ams in Perfomy, the

The most common example of using paralle] execution is for DSS, C
as those involvino

omplex qQueries, g,
8 joins or searches of very large tables, are oiu_:‘n best run in paralje].

ey
o =
Brief Intro 1o Parallel Processing (;f//g@-{’ {
Parallel Hardware Architectures _
*  Symmetric Multj Processing (SMP)

Distributed Memory or Massively Parallel Processing (MPP)
Non-uniform Memory Access (NUMA)

24.4

Paralle] Software Architectures

*  Shared Memory
*® Shard Disk

= Shared Nothing

Shared everything

Types of parallclism

* Data Parallelism
Spatial Parallelism

24.5 ‘];i;ﬁlﬁ :;;é;;- ﬁé;gﬁiiﬁé;___"“‘=~=_ﬁ‘ﬂ -

Usually on'an SMP system, all memory beyond t
for each CPU. In NUMA SYSIems, some memory
parts; and thus called as Non-Uniform Memory

describe a shared-memory computer containing a hierarchy of
access times for each leve] in the hierarchy, The distinguishin
required to access memory locations is not uniform i.e.
can be different.

he caches costs an equal
can be accessed
Access, This ler

amount 1o reach

m is generally used (o
memories, wiih different

g feature is tha

the time
access limes

to different locations

SymmmW
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chared disk E.;.]Dpl;fﬂai‘:h, lransactions Tunning on any instance can directly read or modify
any part 0 e ﬂlahas.‘e:: Such systems Fequire the use of inter-node communication 10
5y'nchfﬂ“’ze update activities performed from mulliple nodes, When two or more nodes
contend for the same data block, the node that has a lock on 1h:: data has to act on the data
and release the lock, before the other nodes can access the same data block.

wmtnges, A DICIC LDy & it peetitr @ &

Atbenefit of the shared disk approach is

! = : 1Uprovides a high Tevel of Taull tolerance with all
data remaining accessible even Em.ew_i_n.LiEEEEuﬁﬁfi'g_p node

Disadvantages:

?ﬂ_ammlp_ﬂ?_-{k___lng: consistency over all nodes can become a problem in large clusters.
So I can have multiple database instances each with it's own d—_arabas?b_g_"u i
accessing the same set of disk blocks, This is a shared everything disk architecture, Now
if multiple database instances are aceessing the same tables and same blocks, then some
locking mechanism will be required to maintain database buifer cash cuhérency', Because
if a data block is in the buffer cache of P] and the same data Block isin fhe Bufter cash of
P2 then there is a problem. So there is something called distributed Tock management that

has 10 be implemented to maintain coherency between the databases buffer cashes across
these different database instances. t

And that leads to a lot of performance issues in shared everyihing databases because
every time when lock management is performed, it becomes serial processing. There are
two approaches to solving this problem ie. hardware mechanism and a software
mechanism. In the hardware mechanism, a coupling facility is used, The coupling facility
manages all the locks to control coherency in the database buffer cash. Another vendor
look a different approach; because it sells a more portable database that_runs on any
platform, therefore, it couldn't rely on special hardware. Therefore, there is a software
lock management system called the distributed lock manager, which is used to mange
across different database instances. In most cases both techniques must guarantee that
there is never incoherency of data blocks across database instances.

e

Shared Nothing RDBMS Architecture

Clients/Users
—

Figure-24.8: Sharcd Nothing RDBMS Architecture

in Fi there is no lock
hn Shitect chown in Figure 24.8,
e of share ‘ chitecture. 52 ine proble alse have
Ear:tt!n'tigzr-:;d tz'efe?nh:enga; time you have locking problem then you

Yright Virtual University of Pakistan
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1gure-24. 5. Symmetrica] Multi Processing

GMP (Symmetric Muhiprncessing}
performance by making multiple ¢
simultaneously (multiprocessing}. Ln
can be assigned any task, and addition
handle increased work load. A varie
arrangements are available to support
the code allows multithreading,

IS a computer architecture that provides fast
PUs available to complete individual processes
like asymmetrical processing, any idle processor
al CPUs can be added to improve performance and
ty of specialized operating systems and hardware
SMP. Specific applications can benefit from SMP if

SMP uses a single operating system and shares common memory and disk input/output
resources. Both UNIX and Windows NT support SMP.

Distributed Memory Machines

B EE|EE
| Mam 1] s | Mam EIF:" | Mam or |

Bus, Switch or NHetwork

Figure-24.6: Distributed Memory Machines

Special-purpose multiprocessing hardware comes in two flavors ie. shau'_et:%.1 mema:zyszl‘ig
distributed memory machines. In a shared-memory maching, all RIOERSSOLS a;e E'i(Et e

a common main memory. In a distributed-memory machine, r.a::rh ch??u{ as its c:;:?l
main memory, and the processors are conrjected thrm.lgh 4 50?!“%“'33’[; m cm“““::anel
nelwork. A collection of networked PCs is also a kind of distributed-memory p

machine,

i ces i important prerequisite for all but the most
Communication between processors: s an 1mpo _
frivial “g:ﬁgf rgcessing f&sks (thus bandwidth can be:cnme A b‘onlencck.}.. In a1 sh:ézi
me;ﬁg s }--'p 4 processor can simply write a value into & pa_rtwular memory loc: h’ne‘
o ﬁ,rma]:: line, Pssot's can read this value. In a distributed-memory mic tlhu;
'exuh;]g;;; :;; -ifg? v’aﬁablﬁs involves explicit communication over the network.
need for a high speed interconnection network.

I\; Distributed Shared Memory Machines J

= e

© Copyright Virtual University of Pakistan




o Jnhe At
table partition in 5@ i
ialization i idea is that each database . Jatal Stang,
serralTﬁluun issue. Tf:"';;l‘ieixizﬂérdcr (able exist on all tl:ﬁhfia;zb:sg 1;:]5:n~tes' So
S.E. 12 customer ta i i o ; oo " : . ‘
pa%ai]ull'sm is really already buill in. IL'] i;ere;?tfr:e'{ﬁ; “.-:;[}1;1:3 partitioning cn[mnnt‘e;;{,!. ":E?
locking problem, If we join two tables vith | sk nd
pai‘[iﬁfm'?‘l; was Pﬂl'ftirmcjd Using hash partitioning, then th it and i ver}l
efficient,

i se instance to send the desired colum

A request will be made to the “owning dambab.ﬂl ;;;lc when data is required
Tojection) from qualifying rows of the source : . }‘_i?m_,
EiZIa{Jase f'n]sr-.mcc t!Jmt i:r pfﬁilioned to a different dz;%gife&ni;::h? b;niggﬁ.:"nm“ﬂ
shipping approach, the column and row filtering 15 p SriGASELG racTiestis dem b
database instance so that the amount of information cummtl AL diskg mahas_?
instance is only what is required. This is d1fTﬁrB_n!_ ]d 10/ the 1ot s dalah.ase
architectures where full data blocks (no filtering) are shippe s databag,

e & haved 1T ROKS Sttt e

Advantages : . .
( This works fine in environments where the data ownership by __fiﬂdesc_haﬂg%__iﬂ%y

infrequently. The typical reasons for changes in ownership are either databaga
reorganizations or node failures,

There is no overhead of maintaining data locking across the cluster

Disadvantages

The data availability depends on the status of the nodes. Should all but One system fajf
Ahen only a small subset of the data is available.
1 pa

Data partitioning is a way of dividing your tables elc. across multiple servers according

10 some set of rules. However, this requires a good understanding of the application apgd
its data access patterns (which may change).

24.6  Shared disk Vs, Shared Nothing RDBMS

* Important note; Do not confuse RDBMS architecture with hardware architecture,
* Shared nothing databases can run

on. shared everything (SMP or NUMA)
hardware.

Shared disk databases can run on shared nothjn
Now a very important point here ig not to ¢
hardware architecture, And there
shared nothing database architec
hardware architectures, that's not

& (MPP) hardware,
‘ onfuse the software architecture with the
15 lots of confusion on that point, People think that
tures can only pe implemented on shared nothing

that shared everything database

mean that the hardware hasTto be s :

- ared noihip SMP ; : e
hared m : : e SMP s symme ing.
o s i ST 10 Sty el o
: i 2y “hitecture Which was origin impl rﬁeniﬁﬂ
Ware architect *Vhich is an Spp machii‘gl; i
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" Skew

As 1 said i‘u the firsy lecture

el Smcaluza_paruilc.ism. intuitively we feel that as the number of
linear speedup, | lowever, § p shf‘uzd also increase, Thus theoretically there should be a
el o E-,:, rt f@;:hl_\,- this is ne the case. The hig;-;,csi hurled is the
Amd r.,.,i,hne e 5“1';' :L1 :;I::iiuss.m in detail. The other Iprol:r':cm is the startup cost, il
e e | 5S¢ slarted and that time when amortized over the entire
procesin time r a less than o linear speedup. Then is the interference among

or the dependani:
: ndencips 3 e
the problem itself gycp, ac,p cTeles among the processes or some operations within

: empti : i i : i ;
performanice. 'PEIDE. (of the pipeline, this resull in' degradation of

Finally the skew in i}
1e data: . e :
utilization of the p]'ncessr:-};a-. rd‘rauﬂwl'c’” is based on the premise that there is a full
there is a skew in the parjyj Sk all of them are bust most or all of the time, However, if
'oning of data i.e. a non-uniform distribution, then some of the

rocessors will be workine ! :
Emc ey rk_lng, While other will be idie. And the processor that 1akes the mast
most data too) will become the bottleneck,

Sl So7Tr79
G :??f_ﬁef’:’ --;?3’/“'?'17 . /::}3?"?'{,:'7/,:(;} ol ’*?j"
5 e q (e -
B 2021 foriT 70y At 1S
' (W s I,f/c’? 4, le /I'J’;"f;f-'* A 777D cal
Sting (772) probtiesss: S
" bt st (V) Solelrer:
Sample the dela at Start
o Jeerime ST T

ﬁ /1"-?‘1;"?/{< ;
ﬂ/?/é , 114 S f)(f%ﬁy( b ey
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50 shared d@k databases some times called shared everything databases are also run on
sharcd n.nlJ’Llrlg hard':wre, Oracle is a shared E‘Jer}l‘ﬂ‘gin'g database architecture and the
mig.i""’i l]]lp]c"{iﬂﬂﬂialt?ﬂ of the parallel query feature was written on machine called the

JCube machine. ‘N-(_.uhe machine is an MPP machine that is a shared nothing hardware
ﬂﬁ.hj,ec:u]-e but that has a shar.ed everything database, In order to do that, @ special layer
of softWar® called the VSD (Virtual shared disk) is used. So when an 1/O request is made,
in @ shared everything database eénvironment like ORACLE every instance of the
Jatabase €an see every data biluck* If it is a shared nothing en,vimnmem how do | see
other d'm:-‘i mofkls?' ‘n'\-.rlﬂ-l a basically an 1/0 device driver which looks at the 1/O request
and if it 18 local, It says ok access it locally, if it is remote, it chibs the 1/O request 10
another Oracle instance it does the 1/0 for me and then it ships the i R

447 Sha red Nothing RDBMS & Partitioning

shared nothing RDBMS architecture requires a static partitioning of each table in the

= Hash partitioning 'ZL
= Key range partitioning. /%_g
= Lijst partitioning. F/
s  Round-Robin
¢ Combinations (Range-Hash & Range-List)
ool o SRR TR
Range partitioning maps data to partitions based on ranges of partition key values that
you establish for each partition. It is the most common type of partitioning and is often
used _wiih dates, For example, you might want to partition sales data into monthly
pamtmns.

database. ___——
i & e
How do you perform the partitioning? "\

1
i

Most shared nothing RDBMS products use a hashing function to define the static
partitions because this technique will yield an even distribution of data as long as the
hashing key Is relatively well distributed for the table to be partitioned. Hash partitioning
maps data to partitions based on a hashing algorithm that database product applies to a
partitioning key identified by the DBA. The hashing algorithm evenly distribules rows
among partitions, giving partitions approximately the same size. Hash partitioning is the
‘deal method for distributing data evenly across devices, Hash partitioning is a good and
gasy-lo-use alternative o range partitioning when data is not historical and there is no
obvious column or column list where logical range partition pruning can be

advantageous.

List partitioning enables you 1o explicitly control how rows map 10 ;{artiﬁnns. You ':ie this
by specifying a list of discrete values for the partitioning column in the description for

each partition. This is different from range panitiunin >, where a range of va!pes is
associated with a partition and with hash partitioning, :.arh?re you have no control c_i" the
fow-to-partition mapping. The advantage of list partitioning 1is that you can group and

organize unordered and unrelated sets of data in a natural way.
Round robin is just like distributing a deck of cards, such that each player gets almost the
same number of cards. Hence it is “fair”.

© Copyright Virtual University of Pakistan
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y forth. Another table mighy identif

¥ prod i :
uels with g umigue product 10 and fidlds

3I1'-'J at 4 : 3
ying price, brand, inventory Jaye] i

;d;:ﬂi”

W jmagine a simple query: how m
o qnY customers are there in K h m
arachi? The simplest

« 10 do this is called a table scan:
iy sean: merely read every row sp 1
quentially and count
the

Wi s =
r of times you find a CITY fia|q containi
n

r||_|1!]b£'

. will take a very long ti : B KHI, In ¢ ;

”M-:Ibv e grythe Euslt!;i In this case, 4 simple in‘:‘;xﬂ;ﬁ{gﬂ database, of course,

geeess D) , er table by the city field. Of c;l g.rca:&l_l:{r speed up data
2 urse, this means that a

Database Administrator (DBA) has to create the iy

1dex and keep it up to date
. consider a more complex query: how many ¢ .
Apr::lj i INLC"SW;;EIE:: d:lj;?ﬁﬂ_ must perform what igr ::?I::im: I;ié:l;“?afﬂ?‘ji e i
]{13 1 s I{;cki .ymg the CALL DATE field in term"m\:'n- S
Customer ht t e th 3 & dlrlhe CITY field. Table joins are alv.h S el S
DBA Mig ; une the atabase by creating a summary Lab B bl e
month and, again, the DBA would have to Keep it u?—{a ?ia:e b

L~

e re compl :
ig;‘* ;T;:“Ehe Gaifa‘;?; CI(L:I:ITI}' :-fhoal.;:‘:se 1o ask for the records of customers in Karachi that
Aliy . Per customer i s B - FEEADEL
mf’“'dim]ﬁsmnal query that requires building a multif:a: ieajll::rjgné:\f;r;n;;; Foa
might call fof B4 SLEIERR o6 [reul thet is 1t may reqire ail of the sbave o T
he mathematical averaging of the SAMOUNT fields from all the qualifyin  Calls, Apain,
4 DBA can create and update a summary table o handle this kind of query L e

Need For Indexing: 1/O Bottlenec
Shart A

C_Tllmwi{}g more hardware at the problem doesn't really help, cither. Expensive and muiti-
processing servers can certainly accelerate the CPU-inlensive parts'of the process, but the
hottom line of database access is disk access, so the process is 1/O bound and Iid doesn't
scale as fast-as CPU power. You can get around this by putting the entire database into
main memory, but the cost of RAM for a multi-gigabyte database is likely to be higher

than the server itselfl Therefore we index.

h DBAs can overcome any given set of query problems by tuning, creating
indexes, summary tables, and multiple data marts, or forbidding certain kinds of queries,
they must know in advance what queries users want to make and would be useful, which
requires domain-specific knowledge they often don't have. While 80% of database queries
are repetitive and can be optimized, 80% of the ROI from database information comes
from the 20% of queries that are not repetitive. The result is a loss of business or
competitive advantage hecause of the inability to access the data in corporate databases in.

a timely fashion.

Althoug

262 Indexing Concept
base concept and has nothing to do with the logical
invisible to someone who is doing the
cess the index directly, it is the

o da so. The reality 18
the performance

Indexing is purely a physical data
model, In fact an index should be completely
programming on the database. You should never ac :
optimizer that should chose to use the index when it is appropriate t

of course is that the programmer generally will know what are

© Copyri ght Virtual University of Pakistan
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In this case, normally only one key per data block is kept. A sparse index Uses Jegg
at the expense of somewhat more time to find a record given its key. SPagy

What happens when record 35 is inserted?
e et

Sparse Index: Adv & Dis Ady
* Store first value in each block in the sequential file and a pointer to the bloc

* Uses even less space than dense index, but the block has to be searched, oy, o

unsuccessful searches.

* Time (1/Os) logarithmic in the number of blocks used by the index.

I Sparse Index: Multi level \‘
Data File

Sparss 2nd level
185 0] | ég
90| a0 L\\‘
1700 s S
250/ i \q'l:l
Bad] ff'n S0
A 10 LY 13 E‘D
I N '
570\ : 70
\ 170 B0
190 =T
\ 210
230 \

Figure-26.3: Sparse Index: Multi level

26.4  B-tree Indexing gﬂp‘{/yé‘/{

f = Can be seen as a general form of multi-level indexes.

® Generalize usual (binary) search trees tB_ST}.

*  Allow efficient and fast exploration at the expense of using slightly more space.
= Popular variant: B+-free

= Support more efficiently queries like:

SELECT * FROM R WHERE 4= 11
SELE’CT * FROM R WHERE Q<= b and b<42
B-tree Indexcs are the most common index type used in typica] OLTP applications
provide stce et evels:of finctionality and botformance. Cse it ot GLLP and

warehouse applications, they speed access 1o taple data when users exccute queries ¥

varying criteria, such as equality condtions and range conditions, B-tree indexes impo*
the performance of queries tha select a smal] Peméntagc'-nf i-;aws from a table. i
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patd Ya

o “Which students frq

m Lal
Parorma Bty 1018 gra enrolled iy

S8 AND of two bilmaps:

‘C—S’IJ“
aAnswer — 5] and 59

o “How many students dre enrolled iy <
[ 81 ?“

Count 1's ip th
: ede :
Answer is 4 Eree bitmap vectqr

_:-'"-'-'_._-'_._-_

“pitmap Index: Adv.

» Very low storage space. ,é"

e
z . ==
¢ Reduction in 1/O, just using index, f@%

nd
o

= Counts & Joins 4;7& @?ﬁ?’?‘)
« Low level bit operations. ﬁ?w £

An obvious adw_mtage of this tgchniqu-:: is the potential for dramatic reductions in storage
overhead. Consider a la_h]e .wﬂh a million rows and four distinct values with column
header of 4 bytes resulting in 4 MB. A bitmap indicating which of these rows are for

ihese values requires about S00KB.

More importantly, the reduction in the size of index "entries" means that the index can
sometimes be processed with no I/O and, more often, with substantially less /O than
would otherwise be required. In addition, many index-only queries (queries whose
responses are derivable through index scans without searching the database) can benefit

considerably.

Database retrievals using a bitmap index can be more flexible and pnwerﬂ.!‘i than a B-tree
in that a bitmap can quickly obtain a count by inspecting only the %ndex, v..'ﬂh?m
retrieving the actual data. Bitmap indexing can also use multiple columns in combination

for a given retrieval.
n opl erations at the bit level 10 perform
Finally, you can use low-level Boolean logic op B

oredicate evaluation at iricreased machine speeds, Of course,
factors can result in better query performance.

Bifm&p Index: Performance Guidance
' execution times

eedups;
erformance speedup o6 that benefit

f magnitude. The que

Bitmapped indexes can provide very impressive p
tics:

ol certain queries may improve by several orderPT 0 s
the most from bitmapped indexes have the following ¢ AaHE

ty columns

; _cardinali
*  The WHERE-clause contains multiple fests on low-cardin

B Co pght_ Vi U niversi of Pakistan




L_Earnillg Gﬂﬂ].s
e Index Structures
e Performance
e Bitmap Indexing
o Clustered Iudexing

a full table scan (reading every
4 lengthy and inefficient process,
- 1on. Although indexes can be quite
W performarice of database writes, This

s mn actually rcqui‘r\es two database

oreflect a corresponding change in the
€ are primarily write-intensive, it is
elevant tables. Indexes also require a
ered when allocating resources to the

database. (S jg)y’ Z‘ ) |

Before looking at your indexing opti i
R E.d ptions, we must first discuss the two ways to access
ensliagt oy : cyed access, Nun-keyed access uses no index, Each record
: o 5 access_e sequentially, beginning with the first record, then second, third
and so on. anaccess 1S good when you wish to access a large portion of the database
(greater than 85‘/6}. Keyed access provides direct addressing of records. A unique number
or charaFtcrfs} Is used to locate and access records. In this case, when specified records
are reqmred (say, reco_rd 120, 130, 200 and 500), indexing is much more efficient than
reading all the records in between.

—

Special Index Structures

| > | et
= [Inverted index J—IC' g : g}

Bit map index
Cluster index
Join indexes

Student Name A Campus Tech
81 amir 20 Lahore Elect
52 javed 20 Islamabad CS
53 salim 21 Lahare CS

54 imran 20 Peshawar |  Elect

<5 majid 20 Karachi | Telecom

sB taslim 25 Karachi Cs

s tahir 21 Peshawar | Telecom

s8 sphaib 2B Peshawar s

s9 afridi 18 Lahore 3
i 'TaMcial Index Structures

© Copyright Virtual University of Pakistan
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used
dppropriate for complex ad-hoc queries that contain lengthy WHERE. o]
Performance, storage requirements, and maintainability should be considered yy, -
evaluating an indexing scheme. “
Vi
Bitmap Index: Dis. Adv. g/ .
A€
* Locking of many rows
* Lowcardinality
* Keyword parsing
* Difficult to maintain - need reorganization when relation sizes change ey

¥

Data Warehousing (CS614)

*  The individual tests on these Tow-cardinality columns select a large My
Bf of

rows

*  The bitma
columns

*  Thetables being queried contain many rows

poed indexes have been created on some or all of these m“"*ﬂrdiqa]-
i[}-

A significant advantage of bitmapped indexes is that multiple biimappe_ﬂ ndexes Can
10 evaluate the conditions on a single table. Thus, bitmapped indexes are Very
Useg

bitmaps)
Row locking: A potential drawback of bitmaps: involves locking. Becausze a Page in g
bitmap contains references to so many rows, changes 1o a single row inhibit CONCHIrent
access for all other referenced rows in the index on that page.

Low cardinality: Bitmap indexes create tables that contain a cell for each row times each
possible ‘value (the product of the number of rows times the number of
Therefore, a bitmap is practical only for low- cardinality columns that divi
a small number of categories, such as "M/F", "T/F", or "Y/N" values.

unique valyes),
ide the data inty

Keyword parsing: Bitmap indexes can parse multiple values in a column into
keywords. For example, the title “Marry had a little lamb” could be retrieved b
the word “Marry" or “lamb" or a combination. Although this key

capability is extremely useful, textual fields tend to contain h
number of values) and therefore are not a good choice for bitmap indexes,

27.3  Cluster Index: Concept
e
* A Cluster index defines the sort order on the base table. @

: p— (B
* At most one cluster index defined per table.

Cluster index may include one or multiple columns, \\J

e _1\‘
* Reduced u@
L/

© Copyright Virtual University of Pakistan
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word parsing and lookup
igh-cardinality data (a large

Ordering may be strietly enforced (guaranteed) or opportunistically mﬂintahiE@




pata Warehousing (CS614)

=

Quﬂlif}*ing blocks for T
ble B

Jpin cost A&B = 500 + o
. 50x700 =
Join cost B&A =700 + Wﬂxsgg = 35,500 [/0s
= 50,700 1/0.
5 |.I"{:]3

ig_.jﬂ'_.iﬂ-ﬂ“-“i‘”—r—-——@_ﬂf_.________ﬁq_
about 43¢
‘o,

por example, if qualifyi

; in :

Table B QB(B) = 100 angdb]_n cks for 7 able

blocks then Join cost A&B _5‘2*3 of Tab] .

j"ub.r’E_B outer table and T{J;E 300 + 50x
e

:.[}. (N i i e : i3 | Fa
5 J 0 1/Os i.e. an iner ase in IjD f 1 r table the jﬂ'.
O about 39 ‘ N -cost B&A 0+ A
ut 4 ’ 70 100xS =
00

P Nested-Loop Join: Variants
- g 125¢

1. Naive nested-loop join
&"

TU‘ij

2. Index nested-loop join

3. Temporary index nested-loop join

Working of Query optimizer

There are many vari

: iants 4

entire table is scanned; Sl sinc i Jiote cooRlon. es ,

index is exploited men it is 'cz?lézd 4 '?31;3 nested-loop join. If 111;13 i:?’;:f ?SE LRSI R0

of the query plan and an index nested-loop joir Is an index, and that

e subsequently d e p join. If the index is buil

join. All these vari ntly dropped, it is called as a t S 15 buifns pan

variants are considered by the query '-':r]:ﬂimizr::rrrl bpeE;'LTg;;iE nes’tﬁd-lmp
ing the most

appropriate join algorithm/technique.

284 Sort-Merge Join

Joi : :
ined tables to be sorted as per WHERE clause of the join predicate.

Query optimizer scans for (cluster) index, if exists performs join.
r WHERE clause.

I .
n the absence of index, tables are sorted on the columns 25 pe

clause, some merge columns used.

If multiple equalities in WHERE

that both tables o sorted on those columns

to be joined ar
e of the jom predicate.

;;he Sort-Merge join requires
at are identified by the equality in the WHERE claus

erged based on the join columns. The query optimizer
5 of the join, if one exists on the

Subsequently the tables are m
s which are part
ot lumns 10 be joined.

typically scans an index on the
Ise the tables aré sorted !
in rare €ases, there may be multiple

case, the merge columns aré

ex. Howevers n
taken from only

':;S"PEF set of columns, fine, €
: Ult_lr}g in what is called @ cluster
equalities in the WHERE clause, in such @

some of the given equality clauses.

© Copyright of
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1’ , = P {: 1,."
() VY Loy
LS - "’f_-qj {_,L—" A-JE/' . ;_ ;:__-).-Er‘r’-,
I‘—I” 7 "{“— :.'{"/ S Lj&; rS:.M?t‘."
pata warehousing séfﬁ'j"ﬁ L o gt
= F e J f
i (7Y . :
Lo 5 A e
e
f !"JLJ'- 2 B fectu
(W b ST 28 Joi |
= 'ﬁft‘:}j .JJ’.?LC’III TEEhmquﬂs

qing Goals 7

. Join Techniques D rev J;"(}é‘;‘;ﬁP?’ 4
. Nested loop join o ' =
. Sort Merge Join & "—fﬂéﬁvﬁﬂ{ﬂ_w »
. Hash based join @ 4: R ";f e

) - / f’?‘?ﬁofﬁ ,/i oS
& re -

= U[¢,'Z:;/i 1 ’
» Used to retrieve data from multiple fables, /ég%j i 'ﬂ’/ j 7Z

1) Dy ?%fc w7 7=

proving.or /;ilEjzing {hem.
ﬁ A e ﬁ .

works in most ¢ i :
CAsEs 15 nested-loop join but results in quadratic

en

]

pa ckground

» Joins used frequently, hence lot of work on i
im

« Simplest join that
fime complexity.

« Tables identified by FROM clause and condition by WHERE clausg

« Will cover different types of joins,

Join cnnzimanl:ii are statements that retrieve data ﬁ'l;_]m multiple tables. A join is identified
by mull.!:rle tables in the FRDN‘{ clause, and the relationship between the tables to be joined
!s_fsrabl1shed_1l1rnug_h the existence. of a join condition in the WHERE clause. Because
joins are 0 frequently used in relational queries and because joins are so expensive lot of
offort has gone into developing efficient join algorithms and techniques. The s‘impﬂ::st e
nested-loop join is applicable in all cases, but results in quadratic perfarmance. Several
Tast join algorithms have been developed and extensively used; these can be categorized
s sort-merge, hash-based, and index-based algorithms, In this lecture we will be covering
the following join al gorithms/techniques:

Nested loop join /’f"l S."f
¥

Sort Merge Join
Hash based join
Efc.

. = f{/d
About Nested-Loop Join /) (eﬂ( M/ jt?”; M :
_ pJ /V Mmfﬁtnj'.ﬂw g ﬂ’f/)f)

8.1

/ Typically used in OLTP environment.

Limited application for DSS and VLDB

: { data.
In DSS environment we deal with VLDB and large sets 04

. : ianments, but for many
Traditionally Nested-Loop join has bee and is 1._75&:1 lit:l [%L:rll’dﬂg;?:mimnmbnu. Nested
tessons, such a join mechanism i 1! suitable fOr VLo o ifthe join condition s

3 a ] : f data are.jﬁlﬂﬂ [ﬁ;limitaﬁﬂmsl we will

loop joins are useful when small subsels Despite these restrictio

the inner table,

. Ctfficient way of accessing

239
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Fig-28.2 shows the Proce

4 i 4 ST 58 of .
the METZINg IS similay mtl'g]n,
Algorithm course, © the mﬂrginl;‘. l;vr:?usu"cd tables vy,
Must haye ' IDs show
st 1 - n. Cﬂn
Sort-Merge Join: Note 7/? ZJ Hdies in Merge_Snrtc?EuﬁL{
allrrec

Vcry fast.
Sorting can be expensive
Presorted data can be Obtained from existi
g B-free.

Sort-Merge join itself i
: ' S very fast, by i
required frequently i.e. th » but it can he ap :
Lo e Co EXpens e

of the sort order. However itn:gms of the tabjes chzneg;!\;;jmce if sort operations are

desired data can be thaine,d pre:gns?j happen that even if 1]1; Lzs:cultmig ) oo

oo a tha iy .

join is often the fastest available join algg-:;?i: eXisting B-tree, For suchnaucma:e‘zuiﬁelhﬂ
M. -merge

28.5 Hash-BasedJoin:Working i W )

Suitable for the VLDB environment hﬂ (pﬁ P, 74 /g/y
4 . =)

The choice which table first gets hash :
o 2 ed plays a : .
the join operation, this decided by the Upﬁm??.er,pwml role in the overall performance of

The joined rows are identified by collisions i.e. collisions are “good” in case of hash join

Hash joins are suitable for the VLDB environment as they are useful for joining large
data sets or tables. The choice about which table first gets hashed plays a pivotal role in
the overall performance of the join operation, and left to the optimizer. The optimizer

decides by using the smaller of the two tables (say) Table A or data sources to build a
the WHERE clause. It then scans

hash table in the main memory on the join key used in _
the larger table (say) Table B and probes the hashed table to find the joined rows. The
joined rows are identified by collisions i.. collisions are “good” in case of hash join.

The optimizer uses a hash join to join two tables if they are joined using an equijoin and if
either of the following conditions are true:

eeds to be joined.
e needs to be joined.

e tw

« A large amount of datan

+ A large portion of the tabl )
main memory. The

en the smaller table o tables. Else the

the data for th .
m"I}trs in unnecessary delays and degradation

This method is best used wh

cost is then limited to @ single read pass i
partitioned which res

*smaller” table has to be par o
of performance due to undesirable 1/0s.

© Copyright Virtual Univers
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Lecture 29: A Brie ¢l Inumﬁﬁmn fo Data mining (DM F—”J:t:;

Learning Goals /4_________4;’ !/J/,-:Jj/ _,),..3
e Definition

What'is Data Mining? L———-— f.{,-'l_,/‘/ pa?ﬁﬂ ‘???/ i )-;J

/5 =2 / « How Data Mining is different?
f/ﬁ c‘.-' (,’/ Data Mining Vs, Statistics
ed ” pumng the pieces together”. One gf the

eces was data mining.
< a broad discipline, dedicated courses being offered solcly.

introduction of the field 50 that we get ampj

things in those pi
something oiif of a lot. It 1
However, we will go through a briel

knowledge about data mining concepis; aj

29.1 _What is Data Mining?: ]|1f<:-rmﬂ1 5‘/@

splicatigns and technigques.

il here a.rc things that wek !-cnt:lw that we 1-.now
L e LIS CET @)

'
fu* e |' o ,.»-"--" _Q‘I
“vﬁé" (f)laa /ifJ f{hérr. are things 1h1:}vc Lamw that \Ze don't Lnow/_’/ju
S o S 5 «—-—Jf (/”__,;
ther c{ l:dllung_.,s that we don't Know we: “don't Wﬂf UM fﬁ @

i /-"L" L /
"ﬂf; a‘bo}%{:{ﬁ‘—mhf@fd el L_Jf"f

LS Secretary of Defence ,_)

,/(f ,;.0

Let's start data mining with a interesting statement. Why
interesting becaunse the statement covers the overall concept of DM
and is given by a non-technical perspn who neither is a scientist nor
a data mining guru. Fhe stateme¢nt, g oiven by Donald Rumsfeld,

Defense Secretary of the USA in intcnflew., is as under.

—

-

"
gl

rere-are things we know that we know like you
We also know there are known unknowns. Thal
things we do not know like what one is thinking .
days, what will be result of a lottery and so on. But
he ones we don't know that we don't know. Are they
miul no to know them?

As we know, there are kaown knowns.
krow your names, youy parent’s namey,
is to say, we know that there are son
about you, what yowwill eat after si
{here are also unksown unknowns.
beneficial if you know? Orit is h

W

—
o

L -
,—.—"
K=

e

There are alsg unknown knowhs, things we'd like to know, but don't know, but know
someone whio can duclor il om and pass lhem off as known knowns. To associale

"-"
[
b 4

&
s
>
o
—
==
=]
?-
o
©
=
=
o

nown unkmown
nknown unkn

4
L
.
.r",u--"‘__,.__;:-'
La Ko
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Original
Relation

\A-Q\ Tahle Ain ma‘in memory Disk 'I
Tahle B on disk

rgntites Sy el 12
Figure-28.3; Working of Hash-based join D

—— L sl 4,
Cost of Hash-Join
« In partitioning phase, read + write both operations requires 2(M+N) 10s, |

« In matching phase, read both requires M+N I/Os, J.

Hash-Based Join: Large “small” Table
s Smaller of the two tables may grow 100 big to fit into the main memory.
» Optimizer performs partitioning, but is not simple.
s Multi-step approach followed, each step has a build phase and probe phase.
« DBoth tables entircly consumed and partitioned via hashing.
» Hashing guarantees any two joining records will fall in same pair of partitions.
e Task reduced to multiple, but smaller, instances of the same fasks.

It may so happen that the smaller of the two tables grows too big to fit into the mait
memory, then the optimizer breaks it up by partitioning, such that a partition can fit in the
main memory, However, it is not thal simple because the qualifying rows of both
{ables have to fall in the corresponding partition pairs that are hashed (build) and proted
Thus in such a case the hash join proceeds in several steps. Each step has & build phasé
and probe phase. Initially, the two tables are entirely consumed and parﬁtmnﬂﬂ (u'ﬁ’“ga
hash function on the hash keys) into multiple partitions. The number of such il'*lf'“’“mTs
sometimes called the partitioning fan-out. Using the hash function on the hash ke
(based on the predicates in the WHERE clause) guarantees that any two joining recotd
~ must be in the same pair of partitions. Therefore, the task of joining two large tables ¢

reduced to multiple, but smaller, instances of the same tasks. The hash join is thett apph®
to each pair of partitions, '
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The tems 1 3‘, and 4 dedl with “Kﬂ'
r}wn‘r!'

red. It is an art of digging gy . Data min:

: wh nini i

busincsi The me 10&0103‘! e :; EFE‘.‘.H}- we defe’ 135 rEiE\'ancE to the third P'f.}il‘ll o
1

Tk
oW that we must know in our

£
ﬁ??ﬁ?]'r}wmf and the ﬁnaﬂy 10 “kner 'St conver ke
Wi & OWR unkowns™ into  “kaewn

nowny !,

Whatis D ini
29.2 v fif“,taﬁnfmg?: Slightly Informay
= Tell me something { stennl B S el st s
e i T S
11 - i"‘-:-"f," 3 f - 5
en you don’t know w at you should 20 cgfgf,fa?:j'%"f
ould be knowing, how do you write SQL?

S

You cant!! = E = >
L (s Lo <res

Now 8 slightly technical view .
understand.  Tell me snmmhin{;ft[‘r?;ﬁl r[ 1'»;;:.1 thiat m”""-}{ technical but you may easily
repusilurﬁf that tell me something that 1 dgn’{iu]l{io]:m: ]Lt:}.l )r?:; &Sk your DWH, data
now what we actu ' . 0F | should know. Since w i
];gL‘s for getting alils!xfretri;) Tlliltcckzﬂw H:!d what we must know to know, w;zan‘tt {:ﬁ;t‘;
oack. whers browsi ¢ do in OLTP systems. Data mining is an exploratory
L e ki G through data using data mining techniques may reveal
smm?thmg, that m‘_ghi be of interest to the user as information t'r:tt was 3: know
prevmusl}r, Hence, in data mining we don’t know the results as ‘unknown

9.3 What is Data Mining?: Formal f :
G i

» Knowledge Discovery in Databases (KDD,

= Data mining digs out valuable non-triviil information from large
multidimensional apparently unrelated data bases (sets).

= [{'s the integration of business knowledge, people, information, algorithms,

statistics and computing technology.
e Finding useful hidden patterns and relationships in data.
formal view of DM, consider the quote that you

might have heard in your childhood i.e. finding a needle in the haystack. 1t is a tough job

{o find a needle in a big hox full of hay. Dm is finding in the hay stack (huge data) the
needle (knowledge). You don't have idea about where the needle can be found or even

you don't know whether the needle is there in the haystack or not.

Refore looking into the technical or

data has been given a variety of

n of finding useful patterns in i : _
on discovery, information

knowledge extraction, informati or
and data pattermn processing. The term data mining has
mostly been used by statisticians, data aﬁalystsz-an_d the management én'gz%rgua% f:?:’etn;
(MIS) culhmuniﬁes. 1t has also gained popularity in the database field. KDL rt:mfm_5 e
overall ﬁrﬁcess of discovering useful -knowle:dge from fiatat, andf_data 'T':-nai_}lgurithms .
particular step in this process. Data mining is the ﬁPPm‘fﬂ“?}.‘; ]gnﬁper;:};ss- -sguch SR
extracting patterns from data. The ad‘ditiqnai steps in th; . Em ri’or e
;Pmparat'ion,.datﬁ selection, data cleani?t%,_ ;2&21?132210; OES :frﬁﬁf mf effsura e
illligwplz?igf iﬂfgﬁtgmﬁg;%zmd application of data-mining methods (ﬂg'ﬂﬂ

Historically, the notio
names, including data mining,
harvesting, data archacology.

© Copyright Virtual University of Pakistar
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:hms and systems to mine large, massive and high g
L

1. developing algor e
data sets; e Mg
2. developing algorithms and systems to min ypes of daty (imaggg
. videos): N inTrast - " sl
3. developing algorithms. protocols, and other infrastructure to mine dismhuteq
¥ dﬁ
and i

ing the ease of use of data mining systems;

4, improy : -
: acy and security techniques for data mining

5. developing appropriate priv
Data mining evolved as a mechanism to cater the limitations Df.ULTP-S}*SlemS ?
massive data sets with high dimensionality, new data types, multiple he“’fmge“enm

resources ete, The conventional systems couldn’t keep pace with the ever changiy day
increasing data sets. Data mining algorithms are built to deal high d'menﬂunaligy d:;;t
2

new data types (images, video etc.) , complex associations among data items di'ﬂribu-eﬁ
E ; 7 ;
data sources and associated issues (security etc.)

29.6 Data Mining is HOT!

= 10 Hottest Jobs of year 2025
Time Magazine, 22 May, 2000

= 10 emerging areas of technology _
MIT's Magazine of Technology Review, Jan/Feb, 2001

The TIME Magazine May 2000 issue has given a list of the ten hottest jobs of year 2025
Data miners and knowledge engineers were at 5" and 6" position respectively, The
proposed course/Curriculum will cover Data Mining. Hence Data mining is a hot field

having wide market opportunities.

Similarly, MIT's Technology Review has identified 10 emerging areas of technology fhat
will soon have a profound impact on the economy and how we live and work. Among the
list of emerging technologies that will change the world, Data mining is at the 3" place.

Thus in view of the above facts, data miners have a long career in national as well &
international market as major companies both private and government are guickly

adopting the technology and many have already adopted.

29.7 How Data Mining is differeutg 0}75 ;/M Vﬂﬂ-{

B Knowledge Discovery
—@%seat] process of discovering useful knowledge

./ ®m Data Mining (Knowledge-driven exploration) b
-- Query formulation problem.
-- Visualize and understand of a large data set,

-- Data growth rate too high to be handled manually,

® Data Warchouses (Data-driven exploration);
-~ Querying summaries of fransactions, etc. Decision support .

© Copyright Virtual University of Pakistan
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¥ Traditional Databgg, T

-~ Querying data in We“-dﬂﬁ;i

Conventional data PrOCessing syste
s or

lie at the bottom leve], nline tranesa:
mowledge disc i s SYStems haye o 5 a0S8ction procetis :
know _g scovery is Petforme nave wey) define ‘ B Systems (OLTP)
traIRACHIRG 304 Ho hot SUPPOTt deg; . SYstems e Meant 274 o any. sort of
with the analogy that when you travm]on making in any way, w o support day 1o day
same route very ofien, Wi el from - We can

betler und '
your hon . erstand
e.0n ; €lou

buildings every day provid e VB you wil see same e, s L MY follow o
every day you see differen ‘

ed yvoy follow trees, same signals
trees, and same
t buildin e € same royte. It is not possible that
oL P_ systems where you have " egll’d;?‘ﬂ than 1h:a- Previous day. Simijar I8 th:zgﬂa;:j‘
sort of results you can gey. e

d quer :
Nothi JUSTIes by ranning which you k
hing new o 1o discoveries are hurg. e s
Data Mining provide :
: ng p S a global MACToscopic view or peri Lvi
easily see what ¥ou could not 18l view of your data. You can

: see at mj o
algorithms data must be brought ; Microscopic level, Byt bcf.n;e a;t:_plyi}lg mlining
£ exploration from huge,

: In a form so thay the knowled

}E)Tﬁﬁg-cngous and multi Source d_aia can efficiently and effectively be performed. Thus
W lf E11:: process of hnpgmg Mput data in a form fhat can readily be used béy dala

mining techniques to find hidden patterns. Bog, terns KDD and DM are sometimes used

to refer to the same thing but Kpp refe : .

15 10 the overall process from data extraction from
legacy source systems, data Ppreprocessing, DWH building, data mining and ﬁnally the

output generation. So KDD is a mega process having sub processes like DWH and DM
being its constituent parts.

How Data Mining is different... % i f{
(- Data Mining Vs. Statistics {g

" Fm‘mal inference i{;assumgtiuﬁ)driven i.e. a hypothesis is formed and
d ag

validated againsi the data.

s “Data MmN :MLG. patterns and hypothesis are automatically

extraci rom data.

L]
—

i { iming e driven, while statistics is human
* Said another way,| data mining 1s knowledge d

driven.

Although both of the two are for data ‘analysis and none is good or bad, some of the.

difference between statistics and Data mining arc;

igis ing the historical data and is then
v i;r;ﬂlﬁpfgiis becomes a model else_ the:
: UMDM _on the other hand, is disg:mfen{ drwe-n.
Ily extracted from the data. The purpose 15
the data sea otherwise. Thus data mining

Statistic is assumption driven. A l:t}*Pﬂ\‘.]l
validated against current ._kn_o_ﬂm ﬁai;a. tars
Process is repeated with 'dlffere_nt*parﬂm atit;ﬂ
2. based on the data hypothesis is 28078 T2
o find patterns which are implicit ar}dh e
is knowledge driven while statistics 15 u .
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Now where 1o place a specific news item on the web site? What shoy
hierarchical position of the news item, what should be the news chapter, categqy E} t'_‘f the
it should be in the sports or weather section and so'on. What is the problem i“}d- Eithey
this? The problem is that it’s not a matter of placing a single news item, Them?g al}
already mentioned contains a number of content developers and also many cmegns_“ﬁ s
sorting is performed humanly, then it is time consuming. That is why ‘5‘3551{“?“'5 If
techniques can scan and process the document to decide its category or class, Hum’mm
what sort of processing will be discussed in the next lecture. It is not possible Bndwl and
are flaws in assigning category to any news document just based on the ke whe"“
Frequent occurrence of the word keyword cricket in a document doesn’t ngcﬂsmym:rd'
that the document be placed in the sporis calegory. The document may be actu:]q;

developers,

political in nature.

30.2 ESTIMATION

As opposed to discrete outcome of classification i.e. YES or NO, deals with

valued outcomes

Example:
Building a model and assigning a value from 010 1 to each member of the set.

Then classifying the members into categories based on a threshold value:

As the threshold changes the class changes.

an be solved with DM is using estimation. In
classification we did binary assignment i.e. data items are assigned to either of the two

categories or classes, this or that, The assignment value was integer in nature, and to be
ahsolute was not essential. However in case of estimation a model/mechanism is formed
then data analysis is performed in that model which was actually formed from data itself.

| is formed from the relationships in the data and then data

The difference is that the mode
categorized in that model. Unlike classification, categorization here is not absolute but
hat is between 0 and 1. This number tells the probability of a

there is a real number 1

record/tuple/item etc. to belong to a particular group or category or class. So this is a

more flexible approach than classification. Now the question arises how a real number
belonging 10 a class? Why not an item falls in

between 0 and | reveals the probability of
two groups or more at the same time? The answer is that categorization is performed by

setting the threshold values. It is predefined that if the value crosses this then in this class
else in another class and so on. Note that if thresholds are reset which is pussihle-?i’,és

nothing is constant except change so ¢

“Next category of problems that c

hanges can be made in the threshold) then the

511
-

5 ﬂ.ll

Pl

ik
1l

category or class boundaries change resulting in the movement of records and tuples in

other groups accordingly.

30,3 PREDICTION
.____.-—-—"—--..\\‘

Same } oL
predicted future behavior or estimated value.

M _2"5{}
iversity of Pakistan :
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Data Mining is...

Tt O DAL T M&{é’qfff}ﬁ?r/f_'rtﬂ.?ﬂ 7’_’5:_7(/-’-2__ e

T e S\ e A )
[. : ._\.__ I ; &‘: E&’C‘/’/{’y/ /"O’J
o (j

& Lo

A
2 a7t 7 o}{gﬁgk |

.- N_:a aral Networks

o
Yec: Sy ca o B

= Rule Indu_ctimr:)

; - z L":F/f_" L &
{2 e o Sy
- }ﬁ”j/g: L sl L2

»  (Clustering_

| - :_'-- 5 : 2 : éﬁ" f .- .‘J; _. h
Lol qu_é/ﬁwgﬁ”jﬁﬁﬂét"_ .
= (Genetic Algorithms \

Now lets discuss something about what is included in DM and what is not. First we i
discuss what DM is.

Decision Trees (DT): Decision trees consist of dividing a given data sel into proiy
based on some criteria or rule. The final structure looks like an inverted tree, hence the
technique called DT. Suppose a table having a number of records. The tree construction
process will group most related records or tuples in the same group. Decision at wuh
node is taken based on some rule, if this then this else this. Rules are not known 2 prien
and are digged out of the training data set.

Clustering: It is one of the most important Dm techniques; we will discuss it in detailin
coming Jectures. As a brief for understanding it involes the grouping of data ifems
without taking any human parametric input. We don’t know the number of clusters and
their properties a priori. Two main types are one way clustering and two way clustering:
One way clustering is when only data records (rows) are used. Two way clustering s
when all the rows and columns are being used for clustering purpose.

Genetic Algorithms: These are based on the principle survival of the fittest Tn these.

techniques, a model is formed to solve problems having multiple options and many
values. Briefly, these techniques are used to select the optimal solution out of 4 1umX
possible solutions. However, are not much robust as can not perform well in the presence

of noise.

© Copyright Virtual University of Pakistan
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It could be the {irst siep to the markel segmentation effort. )

Whﬂt else dats minillg can do? We cin do {_‘.HI!\'iCTinriE with M. Chnmering 5 1h
of reshuffling, relocating exiting segments in given data which is mostly heten s Migue
so that the new segmenis have more homogensous data items. This can be ";T?genm“s
m?defsmud by a'simple example. Suppose some iterns have been sepmented ¢ 3 ity
of color in the given data. Suppose the ilems are fruits, then the green SEET:r:hE sy
::umam_ all green fruits like apple, grapes eic. thus a helerogeneous mikitire ;f“l:
Clustering segregates such items and brings all apples in one segment or cluster g {tﬂm :
it may contain apples of different colors red, green, yellow etc. thus a mﬂfﬂ'homngta:iugh
Blg

cluster than the previous cluster.

Clu_slering is a difficult task, why? In case of classification we already know the ny

of classes, either pood or bad or yes or no or any number of classes. We alsg 'r1|.‘f«:rllt)ET
knowledge of classes properties so ils easy to segment data irito known classes HEWZ‘:hE
in case of clustering we don’t know the number of ¢lusters a priori. Once clusters s
found in the data business intelligence, domain knowledge is needed to analyze the ﬁ;'.;?r Z
clusters, Clustering can be the first step towards markel segmentation i.e. we cap L:ls,:
countermining to know the possible clusters in the data. Once clusters found and analy;aq
classification can be applied thus gaining more accuracy than any standalone Tethniqlm
Thus elustering is at higher level than classification not only because of its complexity hu.t

-also because it leads to classification. "6,
é,ﬁ ﬁaﬁ

. Examples of Clustering Applications

who make lot of Jong-distance calls and don’t have a job. Who are they? Studens:

(' » Marketing: Discovering distinct groups in customer databases, such as customers
Marketers use this knowledge to develop targeted marketing programs.

Insurance: Identifying groups of crop insurance policy holders with a high average
claim rate. Farmers crash crops, when it is “profitable”.

Land use: Identification of areas of similar land use in a GIS database,

Geismic studies: Identifying probable areas for oil/gas exploration based on

\‘ seismic data.

We discussed that what clustering is and how it works. Now to know the real spirit of it,
lets look at some of the real world examples to show the blessings of clustering;

1. Knowing or discovering about your market segruent: Suppose a telecom company
whose data when clustered revealed that there is a group or cluster of people or
customers whose long distance calls are greater in number. 18 this a discovery fhat
such a group exists? Nope not really. The real discovery is analyzing the cluster, the
real fun part. Why these people are in a cluster? Is important to know. Analysis of the
cluster reveals that all the people in the group are unemployed! How come it is
possible that unemployed people arc making expensive far distance calls? The
gxcitement lead to further analysis which ultimately revealed that the people in the

i
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* Produce d‘«‘DEllden._-}. e Aning ¢ Of items '.
, on others €5 thay Fedicg \
| “'-‘Eurri:nl:u in I
. . l.li:'[!] ha‘.-t |
. » 9
| = Applications; a l'

| . -"'*"lﬂI'l'i*.‘:ting1 sal

|
€S promog;
| Inventury ma tion gy

Nagemeng d shelf

I T
| TID |Iltems
I| 1 Bread, Cola, Milk
| 2 Juice, Bread

3 Juice, Cola, Diaper, Milk
Juice, Bread, Diap

er, Milk
Cola, Diaper, Milk

___—_'_—-——.____-__-
—— Table -30.1; Discm-ering a8sociation ryjes

Discovering ‘Association Rules is another fins
rules are formed from the dependencies amon
8 OCCHEFECuE 1!‘:em _bz_:sed 4 GFhers ‘€. Suppose hardware shop where whenever
customer buys color tins it is more likely that ;

based on the occurrence or event of paing purch

oY

o

look at the Table 30.1, here two corumns HU transaction 1)) ang oumer 15 the list ot
jtems. This is not the view of a real database, as 4 single column can not contain multiple
entries like items column here. This is an example table just 10 show rule formation
process. Looking at the table we come to know that whenever milk 15 purchased, cola is
also purchased. Similarly, Whenever diaper and milk are purchased juice is also
purchased. So, the two association rules are obtained ffom [he sample data in Table 30.1,
Now a question arises which of the two rules strongly implies? T!ns_ can not be aniwercd
depending on a lot of factors. However, we can tell what ha§ |:.rt:t'l'l cho}remd here? \.?Hf'ha‘at
is the unknown unknown? The discovery is that the sa?lc of juice W_‘ith Eiiapcrs and mi I--i hw
non trivial. This can never be guessed because no obvious association is found among the

items. = \, A /
o c:-"‘—“% KQJWK’(;/,J g_bﬁp;ja/m/}/wﬂu—’&"’(f

J0.5 CLUSTERING

as g ion int of more
Task of segmenting a heterogeneous population into a number

;
homogenous sub-groups or clusiers.

J
el
, lasses.
Unlike classification, it does NOT depend on predefined cla

if any. to attached to resulting clusters. -

rmi aning,
It is up to you to determine what meaning 263

—
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Robusiness: this is the ability of {he 1. ==

; or data wi isgi S dheth e

noisy. dala a with missing valyes 0d 10 make correet pregicy
Ons/groupin

we discussed different data min;
od and which bad? Or S _
go 4 1o speci ! Ea}j ]tkﬁ W s oW 1he question
we need 10 specify evaluation criteria i ' ;
jecture. The T}atrlcs we pse for compaﬁsul e data
N L norDu
Au“m; i;iatacz:{: Cf 1? Ehe measure of correciness of

ave 1w , raining and test ge
: : e ts. A classificati ! .
properties and relationships in training data Orfcséf;:;?f:}]l Mmodel is built based nﬁa:rla:nd:te
= bui & mo a

ms of % correct resu : 3
Eerecif e Its as the classification of the test n:latdﬁ‘1 15 tested for aceuracy in
specily S or confidence leyel of the techniquod 1a 15 already known)So e

mierms Gfb accurac

yeurmodel ¢.g. in classificat;

speed: In previous lectures we dj =
crucial aspect of Dm techniques. g;;:?::f:gelrfﬁ“ Need for SPFEE[“‘ Yes speed is a
O (n) and another has O (1 log n) fime Corplexies et S
better. This is the computational time but user or business dcci]:‘xh = h:kﬁ er? Yes O () is
5[1{: absol_ute clock time. He has nothing to do with cof"P"f:xitiesG{:g;lm Ier is interested in
s, knowing _hnw fast he gets the answers. So just comparing m‘i.lhc basim I? mterelste:.‘l.m
is not sufficient. We must lock at the overall process and intﬂrdepﬁnder::iz e
which  ultimately result in the answer or information Sla::f?egn:;i?

Robustness: It is the@bility of the techniquidto work accurately even in conditions of

noisy. or dirty data. Missing data is a reality and presence of noise also true. So a
technique is better if it can run smoothly even in siress conditions i.e. with noisy and

missing data.

in our initial lectures that the main motivation for data
f data. So scaling is very important, which is the
the data size is huge.

Scalability: As we mentioned
warchousing is to deal huge amounts o
ability of the method to work efficiently even when

DR
Interpretability: It refers to the vel of understanding and insight that is pm.wded by the
method. As we discussed in clustering one T the complex and difficult tasks is the cluster
. e the basis of their interpretational ability €.g.

itional functionalities 0 provide meaning i

d curve fittings etc.

analysis, The techniques can be tumpa}red on
there might be some methods which gIve add
the discovered information like color coding, plots an

© Copyright Virtual University of PaKISta"
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i cEtpEE
A ﬂﬁ'ﬁ/ _g’/;"/?’f',éé??i‘ ?:’-} /{j{{f)}d! 297 Yo %

PN 17+ 7 :
& : p ﬁ:
it o T8 /M:if ; % o S
7 - = ! e j;'j'
ﬁfﬁﬁﬁéffnusﬁﬁfrgﬁm g S
or sizé :thiat t-:E;rc normally? The size of records (rows) is- much greater than the e

25 but the: numbesaSsNNININEIEa S
of columns, The Bmibmfs..].?ji,::r I.Eﬁ?ﬂu. .5_._. gt HIEribl:iIES bu.L thi m:ﬂ;zi
uuliper PI cnllt{nn.., - l. aid previously that lhe mobile users in Pa!nstan are abop i
m?i}if' . ;T nzglfﬁn:;};;e.? hlasphfj of the customers then 3.3 fgk-: crl;s:g_:]r;et: records in ha
-2::51::::::;:1- t:blf:. Tﬁu:s greater number of rows than cu[un;?;' i:)IF af :ell i:-lv c:ﬂi}‘;’;:& iang
j in the table and you can pick the particular conle : INg the

intersection of the two indices.

alled the similarity matrix. Lets talk abayy, ite

brief background. Similarity or dissimilarity man.'jx is m[-?' ;10:;’-:']*‘; ”;Z Slmjlﬂ“f}* or
dissimilarity obtained by pair wise comparison of !‘O‘Iﬂ]i IHSG i Igccd ::‘-'f’fjur‘: the
similarity of the row! in data matrix with itself that wil 'eh il a}:d : Mdex 1, 1
of the similarity matrix. Then you compare r'owrl with row ¢ I ﬂmf_l’iEﬂSLlre or
similarity value goes at index 1, 2 of the similarity matrix ﬂl?tl, S0n. In 1his way {he
similarity matrix is filled. It should be noted that the 511111'|ﬂi:“}‘ EIWBE{T TOM and row?
will be same as between row 2 and 1. Obviously, the similarity matrix will then be a
square matrix, symmetric and all values along the diagonal will be Syﬂc‘(here 1). So if
your data matrix has » rows and m columns then your ::lrm]an?_‘,r ma}tr:‘x u..rﬂl have i Tows
and » columns, What will be the time complexity of computing 51m1|ar15)-fdxssimilaﬁ1y
“matrix? It will be O (r°) (m), where m accounts for the vgctpr or headler size of the data,
Now how to measure or quantify the similarity or dissimilarity? Different techniques

Loy gy

The second matrix in the Figure 31.1 is ©

e L T R e e oy h;‘uﬂc

- mas o d LA AR, R e R

used Pearson correlation which you might have studied in your statistics c:_:jgu_zs[e-.
! g

312  Main types of DATA MINING o

A

? E?J."/ﬂ( ) !
Aoiz 7 %) f:( "

Main types of DATA MINING —I

ml B e

Supervised
* Bayesian Modeling

* Decision Trees
= Neural Networks
« Ete.

Type and number of
classes are known in
advance

S S

*  One-way Clustering

Type and number of
*  Two-way C!uslcring YP

classes are NOT
known in advance

Unsupervised }

.@-.Eﬂpyl'lslu ViUt e

L R \)_; 1 uM-}ld“

!

il



Lecture 31: Superviseq Vs, U : TR e
727D i R :
":'“iﬁ&ﬁﬁ;l;c's oi‘Da:'f A hf‘]\.r/uz;{ﬁ: ﬁfﬁrﬂg %
: Si:jﬂﬁfﬁiiﬁﬁ% dan O palaspt 2 o M%’f}é?fw
: Eil;:;ﬂ:?;ﬂﬂ:{::néfE;eans Cluslerigg = _,__,-':":‘Jorj"f_}p’___,# & / .- ~

> B ;
S N e

g =
o the previous lecture we discusseq briefly Dy CONCEDIS. Now we Ioo i C/’M/ P
gregter details, 1o main DM methods SUDervised ang yngpepetery 0.9 some
,:,,ﬁrn fig 15 when you are performing DM the sy R sed learning: upervised

' pocess is also availabley” What could be g infamﬁﬁ%mgﬂgé%%? i
-_f;'m, many groups or classes Your data set Contains. What are the pmpef‘tics t:;“ EE::E
casses or elusters? When we will talk aboy, Unsupervised learning you will not haye such
nown or @ priori knowledge. In-other words you can nop 8Ive such factors as input (6 the.
pV technigue which can fam]ﬂ:ﬂ!& your DM process, 8o Wherever the user gives some
iput the is supervised else that is unsupervised ]ea‘_ming.

U DA 2029 T i 2ty 12 Do %
3if Daj}_Siruetu:ein Data I,:ﬁnin‘_ 4:.’.‘1-"3:.‘7.-; ;_:_,,f,,ﬂ/g‘ie’ﬂ ; : f_,éi— :

ta Structures in Data Mining

f = Table or database CualCrz]lis] .. [le o]
| = nrecordsand m
attributes, 5

(] " pEE=m

|| |

| ealeal ]

il #

||+ Similarity matrix 1 [5a]50] . [

| ’ C S);memc Square SN | S0 S,,
o 1 s,

| " axnormxm | Sqy Sni i

4 50 [l 1T

Figure 31.1: Data Structures in data mining

o " DS mean here? You can
First of al] we will talk about data structures in DM. what dﬂe;h?f;;u_ store your data.
2Ser it a3 pure data structure but we specifically m?-a“m_at'ﬁ'x_' Data matrix means
‘e 31| shows two metrics data matrix and mﬁ.mm-ﬂmwwhat will be the dimensions:
bl or database used as the input to the DM algorithi. '

269
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technique. Figure 32.9(B) is the clustered outpul and W;lEl]lf GlU_Sier detection will 4

performed on B, three clusters will succfessﬂill}f be detecte - ‘?I I5 taken as inp, 0 '.ht;

cluster detection algorithm instead ‘of B, you may end wi 1_ﬂ0thing, Thess
luster detection is a simple task. They ¢

misconception among new data miners th+at v : :
that using K-means is everything. This 1S not always the case, k-means can 1

always. Can it work for matrices A and B? Wait till last slide for the answer,

s 4
hing
Worl

31.7 The K-Means Clustering

F Given k, the k-means algorithm is implemented in 4 steps:

= Partition objects into k nonempty subsets

Compute seed points as the centroids of the clusters of the currey
partition. The centroid is the center (mean point) of the cluster.

Assign each object to the cluster with the nearest seed point,

= (o back to Step 2, stop when no more new assignment.

Before mentioning the strengths and weaknesses of the k-means, lets first discuss it
working. It is implemented in four steps.

Step 1: In the first step you assign k clusters in your data set. Thus it’s a supervised
technique as you must know the number of classes and their properties a prior

Step 2: The sccond step is to compute the seed points or centroids of your defined
clusters i.e. which value is a most representative value of all the points in a cluster. For
A the sake of your convenience, we are talking about 2- D space, otherwise k-means can
work for multidimensional data sets as well. The centroid can be the mean of these
points, hence called k-means.

Step 3: In this step you take the distance of each point from the cluster centroids O

means. On the basis of a predefined threshold value, it is decide that which point belongs

to which cluster. '

Step 4: You may repeat the above steps i.e. you find the means of newly formed cluster

then find the distances of all points from those means and clusters are reconfigured h

g;?t:ssem];ﬂrmauy repeated until some 'thanges oceur in clustefs and mostly you g
results. LIPS







— The K—Mearlsmm?——___

Exy mple

| L - - = — .l
L — Fi 10: The 7 :
1gure-31.10: The K-Means Clustering Example

Consider the example in the figure 3219 for b e :
Figure A shows two sets of color points and tﬁget:z.}én{izrli;inf::;%e;me?\:z ‘;F;"]f-'kmgi
GEMSES-..ThE pulygnl?s drawn around points in different clusters signify the 1::1?1:.;?21'
hnundfmes. Now at Figure B a red point has come in each of the two clusters. This is il
centroid or mean of the value in that cluster. The next step is to measure the ;iistanc' lef:‘
all the p(}II}I.IS ﬁ_'ar.n each of these centoirds, So those distances which are above :jn?e
threshold will go in a cluster for each mean point or centroid. Now look at the fisure C.
here on the basis of distances measured in the previous step new cluster bnundariE's have
been made. In figure D the boundaries have been removed and we see that a point has
been removed from one of the clusters and added to the other, As we will repeat the

process, the result will get more and finer.

£The K-Means Clustering: Comment Y, 7 /;7, /ﬂ /{

= Strength
= Relatively efficient. O(txn), where n is # objects, k is # clusters, and ¢ is #
iterations. Normally, k, 1 <<n.

Often terminates at a local aptimum. The global optimum may be found
using techniques such as: deferministic annealing and genetic algorithms

*  Weakness
*  Applicable only when mean is defined, then what about categorical data?
| * Need 1o specify & the number of clusters, in advance
a T | " N E L8] 7~ y: - -
* Unable to handle noisy data and oufliers

S
© Copyright Virtual University of Pakistan
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Jpat skills are required?

1' |evel of complexity involved in
house must not be underestimagey
] skills for data warehousing deye

SHCcess || Tor
Y designing ang 'Implemt:nting a data

+ Time
“]usl b{f 5
lope Pent 1o acquire ang
PETs and users, Some Options are: sievelop

.ct in just-in-time trainj :
,mv:.ﬁt_ in Justs ng {Dm\rlded by
, Use pilot projects as seeds for payy te‘:hm-hdﬂla wlar.glmusiug tool véndors)
: Dc,_,ﬂmp.reward systems that ENcourage ey gy trammg
. Use outside system integrators ang i”di‘f'idE:jr':EE“t?“““

“Onsuliants

ware
qdditiond

As additional motivation for dats Warehousing ¢
heing created. Cnmpamas are begillning_ il

Sfeu.'ar_d_:_ Pg[a_Wa e Architect, Dagq
T n 2
| st /L
S,

D"’.;;;»/’/? ENHANCE — v a
& g :
— By [ PROTOTYPE ]__,___ d [,\,, j/ ,-,xlg/‘{
|‘ \
OPERATE
“ DEPLOY e

Figure-32.1: DWH Development Cycle

Although specific vocabularies vary from organization to organization, the data
warchousing industry is in agreement of the fundamental data warehouse lifecycle model

as shown in Figure 32.1. The eyclic model consists of ?112 r steps described as follows

L Design: It involves the development of robust star-schema-based dimensional data

models from both available data and user requirements. It is lhuug_ht that Ehe best data
able organizational data and incompletely

warehousing practitioners even work with avail | an
expressed user requirements. Key activities in the phase typically include end-user
inferview cyeles. source sy: catalogui finition of k rormance lrjdmamrs and
offier critical business definitions, and logical and physical schema design tasks which —

f_winexi phase of the model directly..

: : Pt L data mart design,
2 Prototype: In this step a working model of a data wa;?huuse = abeniE
Suitable :‘EE actual use, o deployed for /2 select group of end users. The Protobyping

287
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4 Lse tools specifically desipneq . _

cOBOL, SQL, etc. Instead ye ar rapid Prototyping, S ;
database. se the visua develDplr%ém.!?:u{];ﬁ:l:ﬁn; C,'IE-;:I
Wi [

member a protot i i
EEE s muri:a expyrse 18 NOT the f ;
: ssive - ae ; :
understanding and vision G?,blﬁ-: rec:utremems i ﬂfvcr]::gﬁ-,: 11;1:3:15; fnfmaklmg
r S¥slem, a clear
production models. Once 111e-pmfﬂtype51’rmm}'pes are meant to be copied into

151 i ar \Opg ;
processing using development tools, siich as :: Sgr\f_%jfu], begin the development
wtny dava, SQL, eto, —

nal application,

d Development; 7

Irulctllﬂ:mm anicsp are :?rhen, a project has more than 10 o i
multiple P Periorming the development. o murepffs?r;::at L?v: hﬁm Tr it
: ctured development

management approach is required, Note that rapid prototyping can be a subset of th
- a subset of the

ed develo ; Ee
gructured development approach. This approach applies a more disciplined approach to

house develo

{he data warc pment. Documentation requ;

S ’ . 3 equirements i

is crlilﬂ?], WS«. the cnurnhcr of reviews increases, Whi?e snm;];:r??r;:g:r’ qu?_ii,{ry. cﬂﬂl]i‘ﬁll
of the time, they can save a project from pro e y seem like overki
ovele. problems, especially late in the development

ata-Driven Methodologies: Bill | i

;::ml warehouse em*imnm%nts are da{:ixihé: Ei:D::ifgm{'}if dmt;1 wlare]:.ousmg Al
nave a requi_remcnt driven de*:féluprnent lifE.I:-}‘,E]c. Accordis:g to.u Ii;f:lwr;g::fﬁég: ;2
e last thing to be considered in the decision support ﬂe'vefopment lifecycle.
Requirements are understood AFTER the data warehouse has been populated with data
and results of queries have been analyzed by the end users. Thus the data warehouse
development strategy is based on the analysis of the corporate data model and relevant
iransactions. This 15 an extreme approach ignoring the needs of data warehouse users a
priori. Consequently company goals and user requirements are not reflected at all in the
first eycle, and are integrated in the second cycle.

Goal-Driven Methodologies: In order o derive the initial data warehouse structure,

nehnlein and Ulbrich-vom Ende have presented a four-stage approach based on the SOM

(Semantic Object Model) process modeling technique. The first stage determines goals
the second step, the business.

and services the company provides to its customers. In
process is analyzed by applying the SOM interaction schema that highlights the
customers and their transactions with the process under study. In third step, seguences of
(ransactions are transformed into sequences of existing dependencies that refer fto
information S}'étems; The last step identifies measures_:am} 'dimc_i*isinns, by .enfo‘rcing
(information request) transactions, from existing dependencies. This approach is suitable
only well when business processes are designed throughout the company and are

combined with business goals.

S " I : < to choose a business process
Kimball also proposes a four-step approach where tfe starts to ¢ . ety
i gmiﬂ.'gﬁhé.pfﬂce‘“ and chooses dimensions and facts. He defines @ business

T ' m}'pmcéss. in the organization that is supported by some Kind

process as a major operation s SR E S
of legacy s')"stergi (or [;;stems}; We will discuss this in great etail in lectures 33-34;
User-Driven Methodologies: Westerman descrioes 28 approach that nee f:ﬁ‘;gj{:};‘
2 Lot implementing business strategy. 1he mett _
Wal—M.aﬂ and has its main focus on m;];m B - s an 4 the entire company will

sstimes that the company goal 1S the.




r—"’" 33.2

TP/} — T{Ei C H' Ij,-"{/,{/z,g.?rgrb ‘{/f‘a‘f’ 7_)‘-51 I'f'-"!{{_':‘?- = Dy II
B0

(/s

specific beginning and end, ONEOINE Projss®

the remainder of the lifecycle on track.
DWH Lifecycle: Key steps /Lf( o
B —

14y |

Data Warehousing (CS6

meskEARRERGRtaundatio, ,
: 0k
“Cin

P —

Project Planning e
Busincss Requirements Definition

Parallel Tracks
logy Track

3.1 Lifecycle Techno
7 3.1.1 Technical Architecture

3.1.2 Product Selection

el B
+ L = 0%

3.2 Lifecycle Data Track
~3.7.1 Dimensional Modeling
3.2.2 Physical Design 2
3.2.3 Data Staging design and development _

i3 Lifecﬂg_&@lﬂiimiimmnslmnk
3.3.1 Analytic application specification
3.3.2 Analytic application development

4. Deployment

5 Maintenance

Lifecycle Key Steps
Lifecycle begins with project planning during whisheiic assess the organizatiy
e RS el S IS

1§05 chwonan e preliminary scope and justificatiop

PERTor

Jfadinace for g dateas
obtain resources, and launch the project.

The second }rnajnr task focuses on business requirements definition. The two-w
between project planning and business requirements definition (as shown in Fi ’a:# ﬁrr‘uw
shows the much interplay between these two activities. Data warehouse desi it
undgrsiand the needs of the business and translate them into design co IQZEFIS e
_Busmess _us-fars and their requiremenis have an impact on almc-s:L eve n:il @almns.
implementation decision made during the course of a warehouse project in?nadeiga; ?L]n'd
| , this:

is reflected by the three parallel tracks that follow.

H T - ;
ﬁvg:; Lﬁgﬁrl?ciyd::;; :r;lh uizc:l;c;]ogi,t. l“ec};mcal architecture design establishes the overall
framework ort gration of multiple technologies. Usi
identified in the architecture design as a shopping list -wg-:: tl:tensgil:m};fe C:Egb!;ﬁ
3 v

specific products.

The middle tr i Wb
beE tm”5?;I;iiegn:§:;:22§irr;arﬂln;n?;fgess éequiremems definition focuses on data. We
: : oy 0 a dimensions st o
into a physica : o t dimensional model which is t d
straiegieg gunh!iss;;ug?’t:g;t‘ioihﬁécal- design activities foeus on peﬁgizg;iszfiﬁ\?Eg

SEaveinG , dexing, and partitioni ' i o
Extract-Tra e i ; » partilioning, La

nsform-Load (ETL) processes are designed aﬁd deiteﬁ:;'e%m B

The final set of tasks sp ' :
2 Ly : ata warehouse project isn't done when ¥¢

© Copyright Virtual University of Pakistan
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. iver data. Analytic applications in the fo
: Tim

O e will satisfy a'lar et
palyses, Will salisfy alarge percentage o e analyti

of parameter-driven templates and
¢ needs of business users.

gles e
. Equally sized boxes (as shown in Figure 33
efforts, there is a vast differen gure 331

activity

: ) don’t represent e '
c . gually sized
© in the time and effor required for each major

2. Data warehousing is an ongoing proc .
woyele WL Sreeuic hEginniniP;nd ?ns:c:i‘:h implementation project should have

DWH Lifecycle- Step 1: Project Planning 7 @ WM é;‘—f,

« Assessing Readingss ’

LE

o
» {F'e(r:l;;s

: /= Business sponsor
5 l * Business motivation

* Feasibility
Business/IT relationship
Culture

333

= Scoping
el a2

The DWH lifecycle begins with the project planning phase. It consists of multiple
sctivities that must be performed before proceeding ahead in the lifecycle. Let's discuss

the planning phase in detail;

Rezdiness and risk assessment: Before proceeding ahead with significant data
warehouse expenditures, it is prudent to assess the organization's readiness to proceed.
Five factors have been identified as leading indicators of data warehouse success; any
shorifalls represent risks or vulnerabilities. Brief description in rank order of importance

follows.

Business Sponsor: 1t is the most critical factor for successful data warehousing. Business
sponsors should have a clear vision for the potential impact of a data warehouse on the
organization. They should be passionate and personally convinced of the _projeci's value
while realistic at the same time. Optimally, the business. sponsor has a track record of
success with other internal initiatives. He or she should be a politically astute leader who
can convince his or her peers to support the warehouse.

Business motivation: The second readiness factor is having a _strong,_ comp_ellling bus'im?ss
motivation for building a data warehouse. This faclnr_ often goes hand in hapld‘va}t!m
sponsorship. A data warehouse project can't merely deliver a mt::e-rtofhavel ca‘;lamhg, it
needs 1o solve critical business problems in order to garner the resources required for a
successful launch and healthy lifespan.

feasibility, but data feasibility is the most cm?t&l. Ar;e we collecting re _
Operational source systems to support the business req

© Copyright Virtual University of Pakistan
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Lecture 33:  DWH ﬁnplemen tatiﬂﬂfgﬂg Ifnirf:n Aﬁgpﬁ;ﬁ; ,7.5?5.:;7"...‘!"

| carning Goals A Ll9h Jevef yp Aef S(oy ﬁ’ /J)Z{ '

. Business Dimensinna! Lifecycle i =
11 Road Map Ralph Kimball's Approach ‘{’*4 e ( 077747 ¢ wre L /f{ff{f«f_

* _wH Lifecycle /
. DW 6’/ a La A LA e €

(Lecture based on “The data warehousing toolkit by Ralph Kimball and Margy Ross, 2
Edition) '

"
I'"I,.FI

33,1 Business Dimensional Lifecycle: The Road Map Ralph Kimball’s Approach

Wﬂg a data warchouse requires| Elﬁhﬂxi integrated activities.]As we discussed

satlier, there are different. DWH implementation strategies, we will be following
w-j ‘Kimball is considered as an anthority In the DWH feld, and his /
goal driven approach is a result of decades of practical experience/ This presentation is a

‘e overview of a data warehouse project lifecycle, based on this approach, from inception
through ongoing maintenance, identifying best practices ai each step, as well as potential
yulnerabilities. 21t is believed that everyone on the project team, including the business

2 : atabase design ;{ao_t;; stagel and analytic appiicaﬁcn@

evel understanding of the ¢ ifecycle of a data warehouse >

'rieeds a high-

I
I
|
I
I
i

B o Taimingance |
\Dimensional. | FPhysicals)| Tl [ el T RS
. NModeling Dasian : | ' LG
Diefiniion A L k|

| Brojectifan

1 I

33.1: Business Dimensional Lifecycle (Kimball’s Approach)

Figure - -

’ i ife k. as shown in Figure 33.1, is depicted as @
The business dimensional lifecycle frarn?wor +8) o the unfansilins Joume

man, that is extremely ¢ we're about to embark on imilia yof
Euad map,]-[ﬂmt'ls e?m?{iﬁhgiﬁ iltf;;.;:tei;e Jata warehouse daf,_[_gl_mme_m:_.gr Enﬁhﬂ;:;vs
w% oy ALl IEEER e 'i\" ; - : . :
on decades of experience to develo __t_lye_:_ ioe dimensional liccycl
Because it reinforced several of key (eneis =

Successtul data warehousing. 'Fir:i;:I alr;dl

ense [N, 1S Lk s, oous ondhe nesie o1 Ce MRS S

: ost, data warehouse P e must’hi’.‘-.dimmm“ﬁ']'Fm y e e

I:t:pmenmdto;hiﬁzusézﬁmh1mplﬂmﬁntﬂuﬂﬂ project should have a finite eycle .
N ongoing Process, & leme

289
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elivery ]‘.Irl:leCTS, as well asg tha
tional change on behall of
dated transactions in the souree

o T
Also, lessons learned from prior lnfmmnlmﬂem
- . " 3 = ¥ L]
organization's willingness 1o aLEOF“m{_’d‘HLTD.P up
warehouse, can be uncovered such as identifying

system. ’
,/'f = yr ;;:m ?f j:?d /m ol / < i I ;4-'];::&{.{;’)F ly
3 DoeiuiEeArchitecturs Requirene? ° protess. is leveraged and supplemental 17

ho quirene
Once the business requirements definition = ciih
Linterviews conducted, ?he findings need t be documented. A simplistic MATRIX can be

used for this purpose. The rows of the atrix list each bus%!:LESS I:qul-‘»_ﬂ:!m?;‘ﬂ'ﬁ ?h:_l has an
impact on the architectuse, while/ﬂiﬁifiﬁ columns contain the Hist of architecturg]

implications.
: is lly and there is a need to deliver
As an example supposes that a Bulipess is spread globaily anc ferc-is LR, -
P {Wf . Bloke B gcrfurfﬁancc data E{I a niphtly basis. The technical implications might include

—

24/7 worldwide availability, data mirroting for loads, robust metadata for support global
access, adequate network bandwidth, andssufficient staging horsepower 1o handle the

complex integration of operational data and so on.

DWH Lifecycle- Step 3.1: Technology Track

7
4. Develop a high-level Arch. Model £ /9 /

e Several days of heavy thinking in conference room.
e Grouping of reqiiirerients (data staging, data access, meta)

e - High level refinement {up-front, nuts-bolts hidden) of major systems.

5. Design and Specify the Subsystems 95:5

For each subsystem (data staging), detailedlist of capabilities.

Do research (internet, feers etc.) m‘?vﬁlaphic models generated.
Also consider security, phy3igal infrastructure, and configuration.
Sometimes infrastructure i.e. and S8W pre-determined.
Determine Architecture}mﬁlemenl ion Phases.

o Formore than ]TI?}}WI—I, revisit infrastructure.

After the architecture requirements have been documented, models are formulated to
support the identified needs the architecture task force cften sequesters itself in a
conference room for several days of heavy thinking. The team groups the architecture
requirements into major components, such as data staging, data access, metadata, and
infrastructure. From there the team drafts and refines the high-level architectural model.
This drawing is similar to the front elevation page on housing blueprints. 1t illustrates
what the warehouse architecture will look like from the street, but it is dangerously
simplistic bacause significant details are embedded in the Pis it e

It'is Hme now t6 do'a detailed design of the subsystems. For each component, such &
data staging sez_‘-}fffce_s,_ the task force will document a laundry list of requisite capabilities.
T hg.mm:e specific, the h:a_tter, bf:-c'aus_a what's important to your data warehouse is not
et s Py r 1 s prfniy s o e
il o s T s we}irlu t ergr is no shaﬂage of information and TesOuUrtes
specification spsilts Ty di:l"z't"' e as nlm pem_rorkmg_ __wﬁh peers. T_he _sub?ysmm

| onal detailed graphic models. In addition to documenting the

L ]




wH Lifecycle- St .
ur B y P 3.1: Technology Track

1. Estabhsh.an Architecture Task Force (2.3
| e Tasl 3 peopld) L2 7
. ' htad R
e § uirements s
Amhﬂed:f;d's »}_ HW'_not other way mun(dd{f?él
: im llgaﬁnns of busine:;s needs

[ ]

e Timi 1

> T{g},]ﬁe;;m n:e : ¢ and availability needs

Hiads Cople for Current standards. direct: i
i » directions and boundaries,

3. Document Architect i
~2Oeunent Architecture Requirements -
. P‘xrza:lm:E d matrix (row busi yﬁ{é
implication)
e Global sales cover
a €I'= ? - [T - 't
o lh/gc. 47 availability, data mirroring, adequate

€55 process & column architectural

§ Step Process

11 warehouse teams a : :
Data e .SEPYUHCI:I the technical architecture design process from opposite
e P . me teams are so focused on data warchouse delivery that th
irchiteotife: foin B S 2 d.lsna(}ﬁ”” and impediment to progress and eventz;}il aih.l .
ICBIS often end up* rebmldmg_ At the other extreme, some teams want fo invest T.:r::- ecai':
designing the zf_rchnecture while forgetting that the pr‘imai-y purpose of a data Wareguuse
's to solve business problems, not address any plausible (and not so plausible) technical
chellenge. Neither end of the architecture spectrum is healthy; the most appropriate
response lies somewhere in the middle. Kimball suggests an eight-step process for
building technical architecture. All steps will be discussed in detail one by one, '

| Establish an Architecture Task Force
1 is most useful to have a small task force of two to three people focus on architecture

design. Typically these are technical architect, the data staging designer and analytic
application developer. This group needs 1o establish its charter and deliverables time Jine.
It also needs to educate the rest of the team (and perhaps others in the IT organization)

about the importance of architecture,

3. Collect Architecture-Related Requirements: : e

Defining the technical architecture is not the first box in the lifecycle c‘!mgram, as shown

in Figure 34.1. This implies that the architecture is created to support high value business
rchase the latest, greatest products.

needs; it's not meant to be an excuse (O pu
come from the business requirements

The key i i :on process should ¢ i
e key input into the design p o drive the architecture design. The

definition findings with a slightly different filter ; : e design. |
focus s to unco%ser me“a'rchig::mral implications associated with the businesss critical
needs e.g; like any timing, availability, and performance needs.

process, additional
urely technology-
directions, and.

In addition to Jeveraging the ‘business requ_iremqmsd ﬂ;}‘;mtmn
interviews within the 1T brganizaliqn a;e also ggﬂducm b Bdeie ?rﬁfa 1
focused sessions to understand current standards, planned 1ech:
onnegotiable boundaries.
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Dﬂ %ﬁ .1-.’;,:34.-?3:: “i;; T S

options to a short list and
mf available in the market, ufmfa?m detailed evaluations, Despite the plethora
Y only a small number of vendors can meet both

qarro?
;Jf [de" :anality and technical ]

our fune !mnialrixﬁ we should tl‘—cqu”emtms' By compari fos

,..-;]]LIﬂUU'nd pbiG OCUS on 4 narrow HJ’ Q‘fﬂg preliminary scores from the
jous &7 q 'Iy S'T- Onee we're 4 AT _‘-'E[Idt}rs about whom we are
pegin the detal ed evaluations, Bys g with a limited number of vendors, we

: ; ; iness : ved
k o evaluating data aceess o rspmseinlalwes should be invol in this
. Svaluators, we should dri S
1 ve the process

JTOCESS
ran allow the vendors to do Foft
the drwmg. We share relevant information from the

qther |
chitecture plan so that the sessions focys

histles: Be Sure 10 talk with vendor refere
licited from your informal network. If possi
ized installations:

pWH Lifecycle- Step 3.1: Technology Track
3.1.2 product selection and Installatiop
w Conduct pr pe. ifnecess — &
. {;gne clear winner bubbles up, it is good
» badulsts :
= "t‘"er du 10 eXperence, relationship, commitment
qrﬂ oty ‘~'f'1t T0 more than two products
Llemonstraté using a limited, yet realistic application using flat text file.

_~u Keep the competition “hot” >

(¢ * Evenifsingle n&?'a'ﬁer, keep 4t least two i y :
: . It two in / T
f) » Usewvi 31}0 petition to bargain with the winner _g/é&’}(f/f?? /%%,j
= Select product, install on trial, and negotiate
r = Make private not public cemmitment.
* Don’t let the'vendor ydu are completely sold.
/ = During #7al perigd, put to real use.

= Nearthe end of trial, negotiate. i

if necessary:_After performing the detailed evaluations, sometimes
to the top, oflen based on the team's prior experience or
the leader emerges due to existing corporate commitments.
didate emerges as the winner, we can bypass the prototype
we conduct a prototype with no.more than two

/

onduct prototype,
& clear winner bubbles
relationships. In other cases,
In either case, when a sole can :
step. If no vendor is the apparent winner,

products.

n if a single winner is lefi, it is a good piece of advice

: 2 The sole vendor may take benefit of #
- wo. What if you keep 0nes 1HE 585 sl

r:al e}lwat_:;s kﬂlfp ;‘ l?:i:_; only player and create a situation favprab_le for him. He might

the situation t_ at he he bargaining process, and mold things a-:c?rdmg to his facility and

get an upper hand in { ‘<{ a competitor too, even if a single vendor is the-

: ituation enl : : .
benefit. To avoid such a situd petitive environment which may ultimately turn into your

winner. This will creale @ com
favor.

© Copyright Virtual UiV
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DWH Lifecycle- Step 3.1: Technology Track f?

and Insmi]nﬂi ("I:/} éi’ J"‘_J

Lg.l.l Product selection

M*CIO — s Understaid corporate ur-:;hasin_ rocess

Por27—* Brod ct evaluation matrix e
/) o Not too yagpe/generic Z( f C /j
o Nottoo specific : Py
L —* Market research (own ugly son) ‘
" o' Undérstand players a;lgiuffcrmg,s ~e ,0
-gxhibitions ete. 3t

o Internet, colleagues; :
o RFP isan optiof, but time consuming an

f‘j ¢ f; __ '« Narrow options. perform detailed evaluations _
o Few vendors can meet tech.& f’g,nclmnal requirements

d beauty contest

o Involve hisiness reps: /

o Youdrive the process, ngjzfﬁe vendors.

o Cenfered around needs/not bells-and-whistles.
o

Talk to references of similar size installations.
process: The first step before selecting new

Understand the cbi‘puratc purchasing _
are and software purchase approval processes,

products is to understand the internal hardw: :
whether we like them or not. Perhaps expenditures need to be approved by the capital

appropriations committee. Or you may be asked 10 provide a bank guaraniee against the

funds released to buy hardware.

Develop a product eviluation matrix: Using the architecture plan as a starting point, we

. develop a spreadsheet-based evaluation matrix that identifies the evaluation criteria, along
with weighting factors to indicate importance. The more specific the criteria, the better, If
the criteria are oo vague or generic, every vendor will say it can satisfy our needs. On the
other hand, if the criterion is too specific, everyone will shout favoritism.

Conduct market research: We must be informed buyers when selecting products, which
mean more extensive market research to better understand the players and their affering's.'
We)lm_.l_st not place the ball in vendot’s court because he will never bring forth limitations
of his tool. Its like once a Badsha Salamat asked his Wazir to bring the most beautifu
child of h.m- Kiqg;da_m. Wazir returned thrice with the same boy who was ugly Badshah
warned his Wazir of severe consequences and gave him yet another chance to search:
Wazir returned with the same boy again. Badshah was astonished and angry (at the same
time) and asked his Wazir why he was bringing the same ugly boy again and again
f;ihgﬁgh. hlg ":'33 E]Bé e the standards? JWazir replied that he had walked around all ove!
ﬁi‘gst:r:;?rél; _:;ve%;rg“ﬁ;ﬂmne as beautiful as that boy, who was his son. Thus V¢
e e o et o oo the o0l
net, industry puh’licatmnzi” ﬁv ¢ can s potential research sources including the 10i<
(although be aware that ;19-@ eagues, conferences, vendors, exhibitions and analyst
#) ¢ that analyst opinions may not be as objective as we're lead to believe)
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ical 10 this prioritization process; While

» £ p i
b ltj’l‘.lbﬂr of spﬂtiﬁc aﬂa]ysa:_; that can bE

15 application

! S may not sound i

ot : A : nd lik

||.1_ Lo Jariables will surprise you, created from a single template m:r:;;c;;

we start designing the initial applicar; ;

. 100s, 1t's h | s
s, such as common H ; elpful 1o est:

Ez standards, we spei?fg d:;]; Tmf-s ﬂ“d"=°"siséri:dgtf;uﬁiﬁ?}mf
bout the la : "l application tem X o
on @ youl, input variahles, calculations ﬂzt%mgigmrmﬁ il

‘ 50 that both {
share a common understanding, L

afore "
f.pﬁcﬁ“
Ir it
o mall
sforme i i

.I.,I Plii-'ﬂ“ on developer and business represeniatives
it the application specification activity
: gnization of thr.: applications. We need t-':;
s the applications, reflecting the way use
. Web and customizable information p

gisseminating application access.

?;: f:_IS_D. must pive: consideration to the
: tﬁ.ﬁy siruc‘curer:] navigational paths, to
o mk about their husiness. Leveraging
s are the dominant strategies for
oWH Lifecycle- Step 3.3: Analytic Applications Track
« 3.3.2 Analyiic applications development

= Standards: naming, coding, libraries etc.

= Coding begins AFTER DB desi
: n complate, .
subset Bt Ristorieal data loaded. g plete, data access tools installed.

= Tools: Product specific high performance tricks, invest in tool-specific
education. :

= Benefits: Quality problems will be found with tool us.ag'e => staging.

» Actual performance and time gauged. @-’;”[‘ 2 ,é : ,ﬂ
> ﬁ(j’,ﬂg f(f/f) ﬁ‘?’:ff@/ﬂ

Whet W T S e S nt phase for the analyticapplications, we again need
o foeuss on standards. Standards for naming conventions, calculations, libraries, and
coding should be established to minimize future ework. The app ication development M
aclivity_can begin once the databasc dosipn 15 complete, the data access tools and =
meladata are installed, and & subset of historical data been loaded. The application
template speciﬁcéﬁéhs should be revisited to account for the inevitable changes to the
daia model since the specifications were completed. |
Each too] on the market has p_rﬁﬂ_ue_t-.spgciﬁc tricks that can eause it to Ii_ter_all}r :waui,_qn s
head with eyes closed. Therefore, rather than trying to learn the techniques via trial and
error, you should invest in appfapriate-t_qcl-s._peciﬁc education or supplemental resources
for the development tea.

developed, several

While the applications are bei PEdy DERELE A
developers, F;f'mad with a mhur;% data access 100k iy w.:iﬁ_ taging applicati
the data haystack despite the quality assurance pe_r_f_?n_'nad o e"ﬁ: o %fpacﬁvi'ty prior to
Ko n why we prefer f0 get started on the application deve n.?n-lé'in e et
the supposed compleﬁtﬁl of slagiﬂg Qf wurse, we fn-?exd I%i}g;;i?:ﬁfs-ﬂﬁﬁ-ill-"hé' the
address any flaws identified by the analytie apphcaﬁunsth time to begin reviewing our
fist to realistically test query’ Tesponse HMmES: el lisiage S SSE

iqpmc

ancillary benefits result. Application
| find needling problems in
on. This
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is time to se_!ct_:t a produet, Rathe: i
our negouatmg_pqwcr by ”!akinla
single vendor. Embark on a trial period Whemf 4
sal use in your environment. As the tria dranu
purchase that's beneficial 1o ay F'ﬂrll‘{::

Select product, install on trial, and ‘ncgﬂil::’;’\f; }'
immediately signing on the dotted line, pres
private, not public, commitment to 8
have the opportunity to put the pr(.:-d uct to reds .
to a close, you have the ppportunity 10 negotid
involved.
plications Track

;34.3 DWH Lifecycle- Step 3.3 Analytic Ap

= Qverview . _
Design and develop applications for analysis.

I is really the “fun part™.
Technology used to help
Strengthen relationship between
‘The DWH *face” to the busin€ss User.
Querying NOT completely ad-hoc.

Parameter driven querying satisfy large % of needs.
Develop consist analylic frame-work instead of shades of Excel macrgs,

the business. ;
IT and business user.

The final set of parallel activities following the husir}ess requirements deﬂniLifm i_n Figure
34.] is the analytic application track. where we design and develop the applications (hy
ements. As a well-respected application

address a portion of the users' analytic requir : | : .
developer once told, "Remember, this is the fun part!" We're ﬁﬂall}f using the investmep
in technology and data to help users make better decisions. The applications provide a

key mechanism for strengthening the relationship between the project leam and the busi.
ness community. They serve to present the data warchouse's face to its business users, ang

they bring the business needs back into the team of application developers.

While some may feel that the data warehouse should be a completely ad hoc query

environment, delivering parameter-driven -analytic applications will satisfy a large
percentage of the business community's needs. There's no sense making every user slart
from scratch. Constructing a set of analytic applications establishes a consistent analylic
framework for the organization rather than allowing each Excel macro to tell a slightly
different story. Analytic applications also serve to encapsulate the analytic expertise of
the organization, providing a jump-start for the less analytically inclined.

DWH Lifecycle- Step 3.3: Analytic Applications Track

= 3.3.1 Analytic applications specification

e

Starter set of{0-15 applications: -_

Tz‘E‘.&ﬁdT’l’;ﬁrﬁmm-cﬁticﬂ] capabilities.
(¢Single template usé fo get 15 applications,
(et standardsy Menu, O/P, look feel.

Erom standartts Template, layout, /P variables, calculation
» Common understanding betweer(business & IT users,

Sllowing the business requirements definition, we need to review the findings &1
collected sample reports 1o identify a statter set of approximately 10 to 15 anah/€

apphc&ﬂqns; :We_ want 1o narrow our initial focus to the most critical capabilities 50t i
i can manage expectations and ensure on-time de]i\re_].'}ri Business community input will

© Copyright Virtual University of Pakistan
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® The data design is finished before participants have experimenteq With

the
and live data, As we have discussed at length in lecture ng, 3. mDE" Ol
business users from the very beginning, get user requirement definitiy, Fecq = the
and follow it,

< &
35.2  Eleven Possible Pitfalls é{/’” T!Pﬁh

1. Weal business sponsor: Getting stuck by office politics, need Cxg o ,
side. Ja

2. Not having multiple servers: Penny wise pound Foolish. (i) Both 2oing dg
(ii) Performance degradation ¥

3. Modeling without domain expert:

4. Not enough time for ETL: Giving too little time or over complicating by
including everything conceivable. Users will forgive:

* Less Formatting, slow system, few features, few reports BUT NOT
incorrect results

11-Possible pitfalls in DWH Life Cycle & Development

Many early data warehousing projects failed, having fallen into one or more of

the trap;
we will discuss: These pitfalls are still difficult to avoid, unless those sleering T.hﬁ'pmje];
are able 1o understand and anticipate the associated risks. :

1. Weak business sponsor

This phase often turns out to be the trickiest phase of the data warehousing
implementation and is also the Part-ll(a) of your semester project. Because data
warehousing by definition includes data from multiple sources spanning many different
departments within the enterprise. Therefore, there are often political battles that center
ot the willingness of information sharing. Even though a successful data warehouse

* benefits the enterprise, there are occasions where departments may not feel the same way,

As a result of unwillingness of certain groups to release data or to participate in the data

warehousing requirements definition, the data warehouse effort either never geis off the

ground, ‘or could not get started in the right direction defined origmdily When this
happens, it would be ideal to have a strong business sponsor. If the sponsor i at the CX0

level (X: Informatmn, Km}wledge, Financial etc), he/she can often exert enough influence
to make sure everyone cooperates.

2. Not having multiple servers

This is a classical example of penny wise and pound foolish. To save capital, offen data
warehousing teams will decide to use only a single database and a single server for the
different environments ie. development and production. Environment separation 5

‘achieved by either a directory structure or setting up distinct instances of the database.
This is awkward for the following reasons:

- Sometimes it is possible that the server needs to be rebooted for lhﬁ
development environment. Havmg a separate development ‘environment Wi
prevent the production environment from being effected by this.

@ Copyright Virtual University of Pakistan




N7 (TR L7 E Zgil ) e ;
: f)fqr{‘ Jfé{c?#f'/éﬁ?.{éﬂﬂ ey A o
yieod Ef  data

puts WirebeRaiRtC 20 1)

e Pitfalls, Mistakes, Tips

Lecture35: DWH Life Cyqj
C

[earning Gogis
possible pitfalls in DWH Life Cyq
common Dama warehouse mistakes?a :vi‘iélwelupmem
' Koy SIEpS for a smooth DWH implementar; o

{:Dn{']usit‘rﬂﬁ

351 Five Signs of troubleC_—
_~'1. Project proceeded for I\.-:ru months and :
: : nd nobody has touched the dat
: ?i&iﬁﬁmﬁﬁn&%ﬁ%g&n {dis-;?.n from day one thmugho:j::ﬂ':: E;1"r'EJ_iE'ram.
J " accesstools. 414 design (modelers and DBAS) have never used the
4. Summary tables defined e : :
Ill been built. before raw atomic data is acquired and base tables have
- g;i;"" design finished before participants have experimented with teols and live
| ;
Signs of trouble

First of all we will discuss 5 signs of trouble”. Any of these signs if present, will serve as
a key indicator that the data warehousing project is under threat. The following situations

indicate a projeet in trouble:
» The project has proceeded for two mon hs and nobody has even touched the data.

Id have had /a thorough
dents, “know

{ involved hands‘on from day ofie throughout the
Ane will accept, and

i -sysiems that m_i {

s The future consumers are j
arketing for you and

program. Working in isolz |
consequently none is géing 10 use. res
your company. Thus #void this atall ¢
* The team mem}x rs...-dning'.:da:{a desfgn (modelers and DBAs) have never nsed the

acs toole. You need experiented campaigners no S G
access tools. You need exp b ot those who/vill learn on the job, and e tha

You need _apié :whn"._fi;-_:"_iﬁw the job,
process sifik the ship.
' ' /efined before the rdw atomic data is acquired and base

h&ve been buil /' converse process has been followed, which again is @
recipe fordisaster.
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ittt FUECEST ot 14

i Lrﬁﬁ they don't, your organization like s i1 4 warchouse effort from the

1151;; s effectivelys Get their support prior (o launciip: 1ot be able to use the data
L ..5"::

e S Doing.a ':eg'p ?o;nﬂreﬁremr'ue and detd Necic 1o o

i % - ' = = L 3 o ol

M g time; ery few organizations agli’ human beings g ’;E:E:Z; ﬁ::’ﬂ ui:th
pertect

i ks fan for a data war L 1
ensive P Ehousefrunl. Not only are ‘%&ssaﬁ of an

.:ll]'| ;
ik d )

: oo vast and complex lo degitib -

 qization 1 B Sibe complete :
nﬂ:"“lq " change significantly oved pletely, but also urgent business
,j.,-||v:;_jui|1  data warehouse bus archflc
Elér]_ ind then puild vour data warehou
failas

![ 1‘{1"-:"' (e

mE‘@ 1'?‘: of the data wareh . Start “with
% itrc o conformed -dim_ensicn's and conformed
eratively. You will keep altering and buildine

istakes to Avoid (Continued...)

WM______
., Mistake 6: Assuming the business users will develop their own ‘killer \

application " on their own.

Mistake 7: Training users on the detailed features of th ,
and consider it a success. f the tool using dummy data

Mistake 8: Isolating the IT support people from the end or business users.

Mistake ' 9: After DWH is finished, holding a planning and communications
meeting with end users. . .

Mistake 10: Shying away from operational source systems people, assuming they
are too busy: :

Mistake 6: Assuming the business users will develop their own "killer application” on
fieir ownr; Business users are not application developers. They will embrace the data
warehouse only if a set of prebuilt analytic applications is beckoning them. y

Mistake 7: Training usersm&e detailed features of fhgi using dummy data and
whsider it a success; Delay trégning until your first data plart is ready 10 g0 live on real
dta, Keep the first training sess short, and focus only/on the simple uses of the access.
wl. Allocate more time to the date content and anahfie applications rather than to the
ool. Plan on & permanent series o eginning traiying classes and follow-up training
tlesses as well, Take credit for the us : milestone when your users are still

tsing the data warehouse six months after they ha''e been frained.

Mistke 8: Jsolating the IT support ;:--'f from the end ar‘bmine_ss- users; Data
Virchouse support pebplEﬁ'fshbuldfbe: physizally lecated in the business dﬁll“““_‘““@f-““"
while on assignment, they should spend’all their W ing hours devoted o the bUSInESs
ent o the departments they serve,/Such a relation-aip engenders trust and credibility
"ihthe business users. : -

- ﬁni_cﬂﬁﬂm_mézfingwﬂh

:;’;‘3:‘“ 9: Afier DWH is finisked, holding a planning and ¢ox
ers; Newsletters, trainiiig sessions, and ongoing personagr |
R s for the first roliout of he data “warehouse.

i :
Mmunity should be to gatiier items. =

Pyright Virtual i | ?Emtyﬂf Pakistan

o

isupport of the business

317



'I / /4 Financial service/insurance.
il II Ifl'

|

w‘arth“ L)
umber of ::::;0::‘ Sntwhat Is large is this circular logiclr a trick question?
;‘J'[TETW"- arge CUSQY €an tens of thousands of customers dhd similarly tens and
Nl s of (ransacigls per week. Note that what we call lareglon our country, may be
U e dcveiup: vorld. Once you have identified such ol ompany suhm?tf’a my
_.-n:il_a” (his report_<. ; rFP“}‘* should have four reasopd why ynu?have sel tp:'ﬂn.tr
we * jar company ot orgegzation. What could be thosglfour reasons?, this s e; . n:
ion; the TOUF S0 £2 the number of customeg(ii) the number of tran':ac%:ns
q“’; wpical early adopter (frorMiypext slide) and (iv) #fy other reason, Once ou have
El;i;miﬂﬁd the report, you can not [jgt by de'fault mogon to Part-11(b) of the.prggﬂ:t The
fEIE‘I ny selected must be approved the instruct before ¥ou can proceed ahead, l

jarge qnd Typical Early Adopters
A

A €

Financial service/insurance.
Telecommunications.
Transportation.

Government.

Educational.

'

ol P S R

i would be asking ; qu_estion, what is meant bySan carly adopter? Will discuss
d of the lectugdlbut if you can’t wait, please ché fig-36.1. For a deve]bping

n the phase of talking about typicligearly adopters of DWH.
ed world; this stage is no longer there foljgany large companies,

¢ mainstream. The types of organizations ZMlk business listed ara
e W ENISACT ONS,

Here ¥©
{iis at the en
country 1ike ours, We ag
uowever, in the deve

o DWH are now i

Z:::el];;grarget Organizations - - 7‘ [/
7{ oni) m f#

b 3 { i )

- UnionBank
I' — State Bank of Pakistan
f +  Telecommunications.
f — UFone
' — . PICE:
' ~ PAKNET
|+ Transportation.

+  Government.
- NADRA

/e \/r/x???/@/

il

— —*\\

mereial Bank has 900+ branches:
per branch, the total number of
Id not be surprising if the weekly ATM
anks are potential candigiies for a

\_—
For examnla ae = .seareh.com Muslim Com
omers

ol over Pakistan, With an average of 500 cust
tustomers is in the order of half a million. It wou
Irnsactions all over Pakistan run into millions. Such bank
dtta warehouse, Same js. true Mg telecommunication COMPANIGRFTAS Per recent
Sovernment figures, there are 10+ mi mobile phone usgusdi Pakistan, and as per
¥4 com the mumber of mabile phone uSergf Mabffink is 3.7 million. Agan, 7
Yould not be surprising to have literally millignsssfmobTRaloN c:.ai_Is:r_r_tat}?frﬂs:ﬂ:v? ]i;i*;
tay. So these businesses fall under thasseegory which you shos ¢ looking at to seice
dstudy as part of your semneetef project. '

Tart ﬂ»‘w A
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to be devising ETL procedures to seek out and retrieve information like this forey,

You do yourself and the project a great service by establishing a methog of dﬂ;"'“!ﬂre.

right the first time. Have your development people put in the extra time 1o “Eillng iy

data thoroughly, characterize “dirty” data issues realistically, and 1o goq " thd

implement robust extraction and transformation procedures exhaustively, Thanl o

portion of a data warehouse can consume as much as 80 percent of y ;':TL
A

. ; OUr {nta) pi
resources! Make sure you spend wisely. :
i ém/f == (Pf §+ )

7. Be a diplomat NOT a technologist
_ Thebiggesf problem you will face during a warehouse implementation will be people
‘the technology or the development. You're going to have senior man&gm'nm
mpletion dates and unclear objectives. You're going to }?: 1:‘;

complaining about, complet | unclear objectives
development people protesting that everything takes too long and:
-ald way? You're going to have users with-outrageouslyunrealistic-expeetations, wh, a;_

used to systems that require mouse-cticking)but not much intellectual investment thei

part. And you're going to grow exhausted, separating out Needs from Wants at a) ]E?E]H
Commit from the outset to work very hard at comniunicating the realities, e“‘:ﬁuragi;-
investment, and cultivating the development of new skills in your team and vour Uﬁtrgs

(and even your bosses).

Most of all, keep smiling. When all is said and done, you'll have a resource in place gy
will do magic, and your grief will be long past. Eventually, your smile will be efforjase

and real.
35.5 Conclusions é’ /%? {Qé/ﬁ‘
77 Mg

’(’. = DWH is not simple.
= DWH is very expensive.
*= DWH is not ONLY about technology.

DWH designers must be capable of working across the organization.

* | = DWH team requires a combination of many experiences and expertise,

\

Conclusions : _
By now you have realized that a building a data warehouse is not an easy task. DWH are

very expensive to build, with the average cost of a system valued at around US$ 2
million. Hence, the right people, methodology and experience is critical. The dependence.
on technology is only a small part in realizing the true business value buried within the
mountain of data collected and stored within organizations business systems and
operational ‘databases. Data warehouses touch the organization at all levels, and the
people that design and build the data warehouse must be capable of working across theé
organization at all levels as well, thus communication skills of the people are of utmost
importance. Thus the key requirements are industry and product experience of a diverse
team, coupled with a business focus and proven methodology. This will make ffe
difference between just a functional system and true success story.

@© Copyright Virtual University of Pakistan
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Lecture 37:  Case Study: Agri-Data Warehouse
- i . =
Learning Goals f.-f__—f" v -jd?ff.‘ﬁ”/ 2 pps e TE /g/;}

= Impact of Agriculture in Pakistan
Major Players 1 Agricufiure
Economic Threshold Level ETL_A
The Need of IT in Agriculture
Dimensional Model of Agri-DW1

Chs

\ Data being recorded for decades by se?ga].mganimtion, mostly never digitized anq
& mever used for decision making. Under-utilization.

N
3
A

\ Every year different government departments are iasked 1o monitor dynamic agricultural
situations all around Punjab- the breadbasket of Pakistan. As a result, thousands of digital
and non digital daia files are generated from hundreds of pest-scouting and yield surveys,

F\ metrological data recordings and other such undertakings. The data collected.due to iis

multivariate nature and disparate origins, is hard to integrate and thus does not provide a

complete picture. Thus the lack of data integration (and standardization) contributes {0 an

Data is horizontally wide i.e. 100+ attributes and vertically deep i.e. tens of thousands ¢
TOWS.

-

Huge potential for long-lerm and short-term decision making.

Decision making not data driven, but based on “expert” judgment, sometimes with tragic
results. ' F

N
A\ under-utilization of valuable and expensive historical data, and inevitably results in a
\i\h limited capability to provide decision support and analysis.

n} In this case study, the implementation of a Pilot Agriculture Data Warehouse (Agri-

N DWH) is discussed. Such a data warehouse can support decision making using Data

Mining and Online Analytical Processing (OLAP). Based on literature review, no such
work was found to have been undertaken in the agriculture sector of Pakistan and
olsewhere, Data warehouses are quite popular in telecommunications, travel industry,
government ete. but an application in agriculture extension is a novel idea, The strength
of this novel idea is demonstrated fhrough a pilot implementation and discussion of

interesting findings using real data.

|
5,
3
\t\ 37.1 Background
\ Impact of Agriculture in Pakistan
Pakistan is one of the five major cotton-growing countries in the world. Almost 70% of
world cotton is produced in China (Mainland), India, Pakistan, USA and Uzbekistan. As
N ftextile exporis comprise more than 60% of Pakistan's total exports, the success of failure
of cotton crop has a direct bearing on the economy. Cotton production is the inherent
ﬂ\ comparative advantage of the textile sector of Pakistan; with total textile industry exports

amounting to US$ 7 billion and 68% share in export earnings.

© Copyright virtual University of Pakistan
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* Cotton Leaf Curl Virus (CLCV) __

== f:/,_-"_ :_'L'-‘l__-'J

[n_the context of this case study, a pest is an insect that Eats the ergy e

being considered, so some of the pests considered are Jassid, Tth R RO
Worm) ete. A predator is an insect that eats the pests. Some uf;hps*l SBW ¢ Spﬁil r“ :
are ladybug beetles, spiders, ants, Assassin Bug etc. A sample Ofe “0llon pag -1;:] L
predator are shown in Figure-37.2, Other than pests, the coy c0tton yi, " :_Ia“l.h

: : : : 4 01 erop je : Beg

viruses, the predominant one being CLCV (Cotton Leaf Curl Virys ais..u effe e u
field would mean the cultivated land, with certain area and ownershig- N this g, s?u;}
i ¥ . ¥

Pests & Predators =~ — ——

Source: United States Department of Agriculture {USD4)

Figure 37.2: Cotton pests and predators

37.3 Economic Threshold Level ETL_A
" ’I‘]'ne.pest:populalion beyond which it is cost effective to use pesticide.
= Pesticide is a poison which is used to kill pests.

» Note that eradicating pests is NOT feasible, controlling pest population is fcam{:{:].-t
ETL_A: Economic Threshold Level in agriculture extension is that pest P“‘::;h'
beyond which the benefit of spraying outweighs its cost. It is highly mfe“:”;m:'yést
expensive to eradicate all pests, therefore, pest control measure are employ et 1:]"[! Hoi
populations cross @ eertain threshold. This threshold varies from pest to pest 2% 55
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o pigure-37.3 shows the ETL_A by a dou ; : :
(o CrOp- D wpe” above the said line. Y otted line, and undesired pest

* Economic injury

ETL_A

1= Lamongy LIS el |
po B [ A R S =

Time

Figure-37.3: Agriculture Economic Threshold Level (ETL_A) and time.

The Need

:E}!’;

ensive losses fo cotton crop due to pest attacks in 1983 resulted in the
esiablishment of Directorate of Pest Warning in 1984,

gince 1984 scouts from the Directorate have been sampling fields and recording
data and advising farmers.

During 2003-04 season, Boll Worm attack on the cotton crop resulted in a loss of
pearly 0.5 M bales. =

Weather not the only factor. but points to a multitude of factors, requiring efficie

and effective data analysis, for better decision making. % /{ P {
L v /% =

sampling process that provide field specific information

7 Pest scouting 15 & systematic field s
anily recorded by

" o pest pressure and crop injury.
the Directorate of Pest Warning, and Quali
e 1084, However, despite pest scouting,

The pest scouting data is being const

ty Control of Pesticides (DPWQCP), Punjab
yield losses have been ocgurring. The most
3-04, resulting in a foss

E?j problér?? iC A Yl T ?Z'?]

he cotten ¢rop during 200

rezent being, the Boll Worm attack on t :
s can not be attributed 1o weather alone, but pointstoa J

| of nearly 0.5 million bales. This los
muliitude of factors, requiring efficient

and effective data analysis, for better decision

muking.
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The need: IT in Agriculture

The volume of pest scouting data accumulated todate is enormous both

horizontally and vertically.

A typical p:s_t.smuting.sﬁgcl consists of 35 variables or attribufes.

Metrological data consists of S0+ variables.
Coarse estimate of pest scouting data recorded for the cotion crop alone stands al
5+ million records, and growing.

—{
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Lecture 38: Case Study: Agri-Data Warchouse

Learning Goals

e Data Acquisition an
Data Transform, Transport
Resolving the Issues
Deployment & System Managumr:m

d Cleansing
& Populate

.-FP .
381 Step 6: Data Acqujsiliun & Cleansing
Trained scouts from DPWQCP permdmall:.f visit randomly selected points and mgaps
Table 2. These hand-writien “hee,f”?
drg:

note 35 atiributes, with some given in
subsequently filed, For the last 10 years, the data collected was recorded by typin, the

hand-filled pest scouting sheets.
Figure-38.1(a).

Copy of a hand fi lled pest scouting sheet is Shﬁwn
in

T e =
;}"
& taa .I-J:u-w: D:t:-r

&
¢ o = 1“,,

MR TR
“_tT' T R T Y ,n-.-nr-r'}

o o T T .ur.-J-f:

: 1 e, S 2l i
”1-::'-: -ulurmjn Talsr;r \' ':1?-”?;"1;? lg:r? ! * .2 s i J':...“* ; ! E : ‘:- y : ~
Fong | imtig "'t_i 0»114; & = T =) i T
‘a I'I}r* | : : 3 = P L Lokl AL oIt
n‘uu A s Y r,‘gﬂ et S T T e e oS A 5 iion
2 2 i Tem R} T e - AT Akghrt
NELERE 3 g s i 28 W ] Pl?:.; ¢ 1 A 3 £ £ = :‘5! i ¥riw TN
i zﬂ';w; sty R e kel e au e
31&: il S | i Tl b i"-"‘ﬂ!ti'{““
* B N LU S e e )

Figure-38.1(h): Typed Pest Scnntmg shwt

The * i
in Figure-38.1 cﬂrrcspcm-:!s to pest hot spot or flare-up or ETL_A

Step-6: Issues '5?.?? /?,

" The pes{ scouting sheets
are larger ( 1 -
was cropped when scanned on ﬂgﬂat-}!;?:g i: :;z gﬂfm :r 117), hence the right end




,o"‘?) )
kb/

/2 » IT is an enabler, and has the potential 1o benefit everyone when applied iy

Tasking the human brain alone, for synthesis of informati

: . T g ’
only impractical bul dangerous 100, i ks d""‘ﬂm
[‘ﬁ;ﬂ

" Need a Data Warehouse, OLAP tools and Data Mining to analy.,, thad
iy,

The volume of pest scouting data that has been accumulated untj) now b

enormous both horizontally (scores of factors or attributes) and vertjcy); 2 DPy¢ :
records. A lypical pest scouling sheel consists of 35 variables qp m':ﬁlkf Ml ule

estimate of pest scouting data recorded for the cotton crop alone stangs o 5 ;

million records, and growing. Tasking the human brain alope for Mire ¢ ;

information from this data is not only impractical but is unjust 100, The ub'-} j-hi:f\ﬁ af

work discussed in this case study is, complimenting knowledge d iscovery “;I:El'.‘. of i

ydata set, using proven information management tools and techniques, s, .'1:“31r|nhsi|,-.:.
decision making. = 10 Supoye

& A rfciﬁf'fﬁ#*rf (S /ﬂﬂ{ﬁ.f’w‘jng‘- .,;-7/
Agro-Informatics %Q_}ﬂﬁﬂdﬁ‘

= LT sector is at the heart of the economic revival of Pakistan®

TS,
Pakistan, Launching of VU, Mar. 23, 2003. esideny of

»  Agriculture is the backbone of our economy, upto 70% of the POpulatia
dependent on it. L

Agriculture.
= [T+ Agriculture: A win-win scenario.

IT touches a fraction of our population, but everyone has {o eat and cloth, this agrioultyre
affects everyone. Using IT in agriculture i.e. Agro-Informatics has the potential to bensfi
everyone, and can bring about an economic revolution in Pakistan, thus everyone will be
a winner. To know more about Agro-Informatics, visit www.nu.edu.pk/cairindex.asp

How to go about? Wﬁ ///{d?‘ J’f)’ﬂ!{lﬁ‘/ f’u‘g

= Discussed several DWH implemeniation methodologies in leciures 32-35, .
w;vﬁmgg? e%?l 7;1; ¢/ cf’c:»‘m‘ﬁg?zg‘ 107 o Pl |

» Will adopt a pilot project approach, because: '

i= A full-blown DWH requires extensive investment,

L= Show users the value of DSS.

% = Establish blue print for full-blown system.

Y= Identify problem areas.

J'= Reveal true data demographics.

{>» Pilot projects are supposed 1o work with limited data.
A pilot project strategy is highly recommended in data warehouse construction, 2 full.
blown data warehouse construction requires significant capital investment, effort

: o and 8
resources. Therefore, the same must be attempted only after a thorough 31131?5:51;:“1
valid proof of concept. A small scale project in this regard serves marny _PU_TP"SE'--f;r e
(i) show users the value of DSS information, (ii) establish blue print processes 10

"© Copyright Virtual University of Pakistan
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U:,/ The right part of the scouting sheet

pesticide names for a single record i alsgthe gt woublesgms; heoales ¢

typed on multiple lines i.e. for multiple

v farmers,
W= As a firsl step, OCR ;
L_/ i o th (Optical Character Reader) based image to lexi
Sl

e pest-sconl :
ling sheets was attempted. But it did not work even
i

- for relatively clean sheets wi
_ Sl o3t
u'j\_}/'n Subsequently DEQ's {D;;lh;:n high scanning resolutions.
seouting sheets by typing. . ntry  Operators) were employed to digitize the L
1
Ve

# pest scoutin ; ;
_:rip}];ed when mﬁniiiefn“;‘*ﬂg“;{f’;"’““ Ad size (8,5” x 11%), hence the right end was
i5 also the most troublesome, be:uu:; ;}Za scanner. The right part of the scouting sheet
multiple lines i.e. for multiple farmers. pesticide names for a single. tecord typec on

. As a first step, OCR i ]
Asi-:.:-cdinin,gl} shccef: 5?5;11:21 Character Reader) based image to text transformation of the
B b Emljlled. But it did not work even for relatively clean sheets
Opefalc?'s} it ;;;“E g«‘ﬁtﬂ]'j;iﬁns. such as 600 dpi. Subsequently DEO’s (Data Entry
¢ oyed to digitize the scouting sheets b i To.fe i
st s Ryt s by typing. To reduce spellin
errors in pesticide names and addresses, drop down menu or combo hoxes with slgndarﬁ
and correct names were created and used. '

382 Step-6: Why the issues?

= Major issues of data cleansing had arisen due to data processing and handling at

four levels by different groups of people
1. Hand recordings by the scouts at the field level,
2. Typing hand recordings into data sheets at the DPWQCP office.
3, Photocopying of the typed sheets by DPWQCP personnel.
4. Data entry or digitization by hired data entry operators.

rdization is probably the largest part in an ETL exercise. For
data cleansing had arisen due to data processing and handling
s of people i.e. (i) Hand recordings by the scouls at the
data sheets at the DPWQCP office (iii)
persannel.and finally (iv) data entry or

Data cleansing and standa
Agri-DWH major issues of
at four levels by different group )
field level (ii) typing hand recordings into
photocopying of the scouting sheets by DPWQCP
digitization by hired data entry operalors.
a was loaded into Teradata data
QL for erroneous entries. Some
nonstandard or invalid variety
A h as variety type upoo™ or spray_date
g intrinsic crrﬂ;;;if::: r:iss'mg vwah?&g.-. Variations found in
were removed by comparing them with

ty, the dat

able level of data quali _
bed using S

aach column was pro

After achieving accept
orrect data in wrong columns,

warehouse; subsequently
of the errors found were €
names etc. There werc som
112:00:00 AM" inserted bY the systefm
Pﬁﬁtiﬁiﬂe names &ﬂd cotlon variety NAMes

standard names.

Step 7: Data Trgjusfprm,.Tr““f’P““ & Populate

A - = @ hﬂ
e erformed 0 the ;u‘rplﬂmcqtah_-.:m, un!y th

t;:n 15 ﬁ:gﬁ,}l‘gfm}:ions for field individualization will be

Among the different types of
more complex ie: multiple
discussed in this section:

S TV Un el
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The media deliverad by a Web warehouse include not only data, but text. Braphics, jm,
sound, video, and other forms = 5
N el

I
39.1 ' Reasons for web wa rehonsing
€

1. Searching the web (web mining).
2. Analyzing web traffic,
3. Archiving the web,

The three reasons for warehousing web data are as listed in the slide.  Firsp. Wel
warehousing can be used 1o mine the huge web content for searching information gf
interest. Its like searching the golden needle from the haystack. Second reason of Wal
warehousing is to analyze the huge web traffic. This can be of interest 1o Web Sija.
owners, for e-cominerce, for e-advertisement and so on. Last but not least Teason of Wek 1
Warehousing is to archive the huge web content because of its dynamic nature. A5 e 1
% proceed we will discuss all theses concepts in further detail, X

392 Web searching

mai'gc,- actually very large. '.

To make it usefyl must be:ble to find the page(s) of interest/relevance,

How can the search be successful?

I Keyword-based search
2. Querying de2p Web sources
3. Randor surfing Sl ol S

( Three major types of searches, as follows:

L
The success of google paee—— L N

D]

The Web—an immense and dynanic collection of pages that includes countless:
hyperlinks and huge volumes of access and usage information—provides a rich and
unprecedented data mining source. How can a search identify that portion of (l'e Web that
is truly relevant to one user’s interests? How can a search find high-quality Web pages on:

a specified topic? A /gfpf; .'5;1 lin

Currently, users can choose from three major app;uaches when accessing information

soredon Be W {0y "y fant

(i) Keyword-based search Jor 4bpic-'dire::tary!hrowsin'g with_search engines such as
Google or 00, Which Use keyword indices er=manuabiy=lmit=direstorics to find

documents with specified keywords or topics;

unlike the surface Web, cannot be accessed throj;
(iif) Random surfing that followsTWeb linkage poi

(ii) Querying deep Web sources—where] information) such as/amazon.com’s| book daa
mdgm@ﬁw-em data,/hides] behind fScarchable database query oring—that,

Coght Virtual Uni.f-Pakisfa
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Motivation for Transformation

* Trivial queries pive wrong results.

Sial!c and dynamic attributes
Static attributes recorded repeatedly

;?:g; 2131 Ts d?iaiis of the main atiributes recorded at each point. Static attributes are
= dributes that are recorded on each visit by the scouts, usually does not changes
T@}gé i 7&}?/() : L
—_— 3 i e Es e R o T | R e e = Al
A ARt R R R DI At bl ]
W 1 Farmer Name 1 Date of Visit
2 Farmer Address 2 Pest Population
3 Field Acreage 3 CLCV
4 Variety(ies) Sown 4 Predator Population
5 | Sowing dnl%}:’:{ I, [ }~| 5 | Pesticide Spray Dates
6 Sowing method 6 Pesticide(s) Used —
Table-38.1: Cotton pest scouting attributes recorded by DPWQCP surveyors

@e data recorded consists of two paris:i.e.:stalic and dynami(Table-38.1). On each

visit, the static, as well as the dynamic data is recorded-by The scouts, thus resulting in
static values getting recorded repeatedly. Since no mechanism is used to uniquely identify
each and every farmer, therefore, trivial queries, such as total area scouted, distribution of
varieties sown etc. gives wrong results. For example, while aggregating area, the area of
the farmer with multiple visits during the season is counted multiple times, giving
incorrect results, same is true for varieties sown. Therefore, to do any reasonable analysis
after data cleansing, the most importani step of data transformation being
individualization of the cultivated fields, not farmers. The reason being, a farmer usually
has multiple fields, but a field is associated or owned by a single farmer.

Step-7: Resolving the issue

= Solution: Individualization of cullivated fields.

= Technique similar to BSN used to fix names.

= Unique ID assigned to farmers,

= BSN used again, and unique ID assigned to fields.
=  Resulls:

Before | After
Area (peers): 2001 | 23,203 | 14187
Area (ncers): 2002 | 26,088 | 13,693
Farmers 2,696 1,567

=« Limitation: Field individualization not perfect. Some cases of farmers with same
geography, sowing date, same variety and same area. Such cases were dropped.

Mﬁw 342
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- Viewi“g which pages; |,|$i!"|_g which puﬂh and how IIZ'}I'![:'I aview, i:,i‘.l

Be

= Which visitors spent the most money... .==L'T:|

gu=

= Thus a lot to discover, V"

56

First, you can determine who is visiting your Web site. Minimally, you cap q \ ot

what company the person is from (the host computer that they are using mmennine W‘I

Web—ford.com would be the Ford Motor Company, for example), ﬁdd-n-m“a?;""f_i' 8’

visitor filled out an online form during a visit to your Web site, you can link the f iy Al

with his or her Web site traffic data and identify each visitor by name, address a::;m data 2r
number (and any other data that your online forms gather). »8nd phiong

3

You can also learn where your visitors are coming from. For example, did they fing .
site by using a search engine such as Google or did they click on a link at anothey s Fgur
they did use a search engine, which keywords did they use to locate your site? il

Furthermore, you can identify which pages your Web site visitors are viewing, what
they are taking within your site, and how long they are spending on each page and G?:lﬁ:hh.s
site. You can also determine when they are visiting your site and how ofien they retury ;

At the highest level, you can determine which of your Web site visitors spent the mog
money purchasing your products and services and what the most common paths and
referring pages were for these visitors.

As you can see, you can discover a great deal about your Web site visitors—and we g
touched upon a few introductory fopics. i

F—-—I———-_-_-_-_._-_
“* Where does traffic info. come from?

1. Log files.
2. Cookies.
3. Network traffic.
4, Page tagging.
5. ISP (Internet Service Provider)
6. “Others
To track traffic on a web site _
http:/www.alexa.com/data/details/traffic_details?q=&url=htip://www.domain.com

§
(_f.The Erincigal sources of web traffic are as follows:
T g f1les.
2. Cookies.
3. Network traffic.
4, Page tagging.
5515
Others

We will not discuss all of them.

-opyright Virtual University of Pakista
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Carches
 ( Limited)to keyword baseqd maichi |
¢ T inguishbetweer, the lI:}::Ete i ’
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Datd Wﬂf‘ﬂ?"””“;?‘“"g“ﬂms are being app|
.. ‘ch engines € Deen used T N radits ;
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hasic ¢ - SR LSCOVRTY, but have go om the Web. Thedll serve the

' . SR veral o
pased on. keyword Rgarches Timited 1o string maf;;\'ubackg' Most of thesffengines are
eirieval options. AlIS§ we have links, at times sevéf:ﬁ E}yf Tf;at gy
©Is of then®in a particular

context. But simple s@grch engines dg o . LS
present in firse Hirles, TR provide dil‘ec??:qfﬂ?r;;.lr?gxl: Justice fo obtaffling information
link information. Also if ave files related to cortain Ei{?::g, but #ot enough indirect
the coupling has to be done anually. Web search ot5 Jﬂa i DE:_ | ced 1o cnuplg these,
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grea of Web knowledge discoWiey and have Openéd the wind {Uﬁhc:.' resedrch in the
Warehousing.. 10 the world of Web
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Why web warehousing-Reason no. %
* Web data is unstructured and dWgamic, keywordfearch is insufficient.
* Toincrease usage of web must malg it more fomprehensible.
= Data Mining is required for understan®ngghe web.

* Data mining used to rank and find high #Rglity pages, thus making most of

search time.

4 fertileWground for data mining. [lowever,
& information stored on the Web

The Web with billions of Web pages provid :
l ticated and dynamic than the

searching, comprehending, and using the
poses a significant challenge because this g
mnformation that commercial database syt
rstone for Web search
o In this context, data
: ‘and enhances Web
we must improve
As researchers

To supplement keyword-based indg
“gines; researchers have applicd
nining helps Web search engig

| i ity Web page
find high-quality Web |
1o ;E:ach if:full potential, howeve

' senvices, make it more cgfprehensible, and BEEEE s connolgy il play
; b el Ti5 SN -y AN et . 2 : "

mecting the ch

Mreasingly important role |
Why web warehousin
Web log contaifs
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| ;ﬁﬁﬂ—fﬂ?ﬁ tal formJthe clickstream jsfey 0T, This is called as the clicksiream. Tnits
: £ fickstream contains a number of peyw RS SVent recordediby t o SEW(:-T TEF:S
: i :_’) e

s Warchousing (CS614)

Web-intensive businesses

A Ithc-ugh most exciting, at the St
frustrating. Ume it can be the:most difficul
icult and most

Not JUST another data soyrpe @l &
ity

b Sty Lot

o atansiVe DUSITIESSEs have - -

/ wfﬁ-li'! = aCCESS to .

[ isting of the Bestures of every Web site yigigay. Sro. O S84, in some cases literall
15 2 5 €5 literallv

21 environment, -

b

viousl . g sug ; -
were previously unknown in eonventiona] ch aspagesGession, angd referrer-that

The clickstréam is a stréam of data, eas; ; -
i 4 ]].y bB]ng thE -I
argest text

have ever considered for a data warehoyse. Although the ¢lick ST
1cKstream is the most exciti
- citing

Lew development in data warehousin
- i : ; at the B
most frustrating 1o handle and pmc'ess_g Sdme time it can be the most difficult and

Theclicksiream 1s ot just another data soure i

; € that isiext
e h ’ : : Xiracted, cleaned, a i
IH-E data \;ar:ien ﬂuifif: it is.an evolving cc_;] lection of data sources having mo’:: ltlljumpecdi nto
Web serv rne r%ts : }fat O_rtflj.als_ for capturing clickstream data. These formats ha:: {? 1'02“;
data component o used, can be very helpful in identifying visitors : ptiona
que meaning of behaviay, Sy sessions, and the-

[ssues of Clickstream Data

and visitor identities is something of

» (lickstream data has many issues. l/

1.

2. Identifying the Session’
3. Identifying th& Visitor
4. Proxy Servers
5. Browser Caches-

Unlike data from OLTP system, where there were nice user identifications such as unique
IDs that were the primary keys, in the contexi of a web log, this is one of the most issues
e, identifcation of the visitor, 50 15 where the visitor a;l_ually came.ﬁ'{:m.lin OLTP
system there was a clean session beginning and session ending, Dut Web IS Session el
is very difficult and challenging to identify the session ofa visitor, and the list goes on.

Clicksiream data contains many ambiguities. iy
an interpretiy

challenging.

Identifying visitor origins, visitor sessions,
e art, Browser caches and proxy Servers

make these identifications even more

ldentifying the Visitor Origin |

. not (your) site issetasa
¥

rate click ot &

* There is no easy way fo deiet’ " 1e from a log whether of
browser's home page of the visitor. i

* The site may be reached as & rBEult of a click through--=—2

text or graphic link from gnother Site. | ! ..
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{ _ff_rf/é/ &l
Format of web log dependent an many factors, such as:
*  Webserver

: *  Application
*  Configuration options S
Several servers support- CLE-ECEFfsfimat.

Web log file formats vary depending on the Web server application and coflliourat:

options selecied during iftallation. Maost Web server applications (includi thngsu r;:mn
Apache, Microsoft and tscape) support Common Log file Format (C] i SOTIIZI' o
pronounced "clog") or Hfitended Common Log file Format (ECLF), F’ and Egnf%
formats share the same iniffal seven fields, but ECLF adds referrer and ent elements :

Web log file formats

Web Log File Formats
Fiald Desciiption : mpla —
host ' e ol Tha disnd o Ik IF addiem E e ToET)
Idani d by v cliend if | Seatiby Chack aplion is 1
j erdiediG etdom uand)
authusps || U ured in 2 nisessul Bl reqaert r
date  HThedete and lime of thBreqiest (o o | day, menth, 1174000, 1058 12 -0E0d)
year, hour, minule, secolld, zore]
request | Regues) ing- fram the chely browset FORT ferstacits Himd HTTR
slalis l Three digh HTTP siatus codl retumed Lo thiPclient 200
hyres WRjurn bes of Byles retumed 1o 1f biwezir far =)
1he requesled objecl ‘
refeconr (IURL of referring sarver and o L d fite from =ie g Wiy st o, saim
It wciat s ol i
agent Brawser and aperaling s}dem and yeision s O (W Pt 22001

Table-39.15 eb J File Formats

Our example proxy log data file cgfitained folloWing fields

i. Timestamp (date in Table 39

ii. Elapsed Time e
This is the time that transaftion busied the cache, Thi%time is given in milliseconds. For

the request where there yas a cache-miss this time is nmimal, where the request engaged
the cache, this time is ghnsiderable.

iii. Client Address (iost in Table 39.1)

iv. Log Tag o
This field tellsfhe result of the cache operation.

§de (status in Table 39.1)
v. HTTP { ) 5
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s Using Traﬁéient Cookies
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pati

g rime-contiguous Log Enfries

—

o ﬂ ,;: 2
P T i 7 /
A sEssion EM'MLQBE.WI ‘ / 7 £

B osi (Internet Proto ceting ' entri
; col, or 1P, aqd e B 1 '_“TE*WHQQ&UI“ the

. ‘Cimitations address).
e 'rhc‘me{hnd breaks down for visis
(3« pifferent IP addresses ors from large 1SPs
: :
Yaa Browsers that are behind s .
{]‘_‘:,. ome ﬁreWans.
Ly CASES, the individual hj i
If:ﬂ':.c:iniiguous log entries frm::siﬁumpmmg a session can b ’
|ﬂ - dins B i S o v::' same host (Internet Pr e consolidated by collating
i:a;mpfc.'one hour), one can reason iI:-lh the same host 1D ir?m“;-.h or IP, address). If the
¢! ably assume that the f:mrl&: i t';_l'l p}ﬂrlod e
4 are for the 5 i
o same session.

This methodybreaks down for vis ot
: N0 Visitorsifrom|Jarge'1SPs because different visi
B 151t0rs

may rsuse_ﬁynamical ly assigned =) = =
gned IP addre el
_ Addresses over arief time |
St 1 time period.

i :I iﬂf rent 11 ﬂdﬂrﬂsseslma be used w 7
b=t — ; i " for the same visilor.

. This approach alsofpresents problems whendealing with browsers
Zome Frewalls= *——=P._ﬂ_bieﬁfwhemdEﬂ“ngw_i.ﬁi_ﬁjb_wsms hat are behind

e

o d
twithstanding thes L
Notwiths g these problems, many commercial log analysis products use this method

of session tracking, which requires no cookies or special Web server features

s 9 F

s« Let the Web browser place ﬁsﬁﬂ@% intd the Visitor's WEE.Er_uv}sér.j

et .
x @1@ can serve as allemporary sessm

L]

s Limitations
= You can't tell when the visitor retuns 10 the site at a later time in.a new
3ession. \J

Web browser place a session-level
| last as long as the browser is open
sessions. The cookie value can
1D not only to {he browser but also to any application that
m the browser. This request must come from the same Web
server (actually, the same domain) that placed the cookie in the first place. lff'i“%'ﬁ
iransient cookie value as @ temporary session 1D for t:ml_h the cl;ckstrﬂam a.ﬂdhaPP lﬂatiéi'f;
logging allows et raightfﬂmard .,ﬁppraach to associating the data from hoth these source
during post session log processing:

atisfactory method is 10 let the
browser, This cookie Wil
Jable in'subsequent browser

nother, much more s
cookie into the visitor's Web
and, in general, won't be avai
serve gs a temporary Session
requests the session cookie fro

¢ visitor returns 1o

Limitation ' |

! ) t {ell when th
Usin o dicadvantage et YOU ST o

¢ a transient cookie has th 2 new transient cooklie.

session with

the site at a later time in @ NEW
365
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\j,\ﬁv' f ﬂng?é"‘_ f Jﬁngﬂaﬁ_@ k{ /effg"f

; fgj,r%'gf R Bl y SRR
{/ # fﬂcnlr:c data warehouse applications require every visitor session (visit) 1o

: — (RansieAt ool es
(= There are several ways 1o dothis 2 &
TC L }'=  Using Time-contiguo 15 Fé’/j,g 1€ f'gﬂﬂz’ (oo )GeL
L = Using{Transient Cookie (o2l e B
—"‘C_. 3 = Using HTTP' secure sockets layeriSSLYSES S 1077 T D fﬂmﬁ 2
' 4 = Using session ID Ping-pon - ﬁhﬂ
S L J = Using Persistent Cookies {— . =

Data vy rehousing (CS614)

Let’s start with he origin of the visitor.

}T-::‘:: ;Sa;z e.?;)irs\\:ay 1o delerm‘ine from a log whl{sther Or not your:site is'sel g5
ae hm;w - is Erelty unlikely unless one is the wEbmgslcr for a portal siie or g
set his or her U[itﬁe-‘ tl.lli n;an}' sites have buttons that, when clmkl.:d_. Prompt the visitg, 12
the site s ‘ 45 e browser's home page. Unfm'tunaletg_.f. a visilor may be directeqd |
rom a search at-a portal such as Yahoo! or Alla Vista. Such referrals cap i‘-ﬁm::

Euher from the portal's index or table of contents, for which placement fee might hay
€en paid, or from a keyword or content search, E

browser,

T'he site may be reached as a result of a click through---a deliberate click oy 5 text

graphic link from another site. This may be a ﬁaid-fnr referral as via a banner ad or a rrm
T?fﬂrfﬂ from an individual or cooperating site. In the case of click-throughs, the rei'crrlm':
site jcllmu'..it always will be identifiable in the Web site's referrer log data. Capturing t]l-:i
cruciai clickstream data is impartant to verify the efficacy of marketing programs, |y alsz

pmvid_es: crucial data for auditing  invoices one may receive from click-through
: ”ﬂ(advemsmg charges ;

have its own unigue identity

.

t  The basic protocol for the World Wide Web, HTTP, stateless so smsio@
must be established in some other way '

e e

“‘-‘.._\__ e . . . i - " (3o ]
veb-centric data wareliouse applications will require every visitor session (visit) to

have its own unique identity tag similar to a grocety store point-of-sale ticket 1D or
session ID. The rows of every individual visitor action in a session, whether derived from
the clickstream or from an application interaction, must contain this tag. However, it must

n

be kept in mind that the operational application generates this session 1D. not the Web
server,

The basic protocol for the World Wide Web, HTTP, is slateless-ihat is, it lacks the
concept of a session. Vhere are no intrinsic login or logout actions built into the I-JTTF,.sc-
session identity must be established in some other way. There are several ways to do this

1. Using Time-contiguous Log Entries

2. Using Transient Cookies

3. Using HTTP's secure sockets layer (SSL)

4, Using session ID Ping-pong

5i Usjing Persistent Cookies

© Copyright Virtual University of Pakistan
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',;fﬁﬁrﬂ rd Proxy s
Crha ty FOXY we ar : o

fhe type of proxy we are o discussion j - '
ouiside of our control because elongs to aner 15 called a forwarg p]‘ﬂxy_ﬂt is

3 ~ 2 Networking bompanylor ad ISP
ﬁy -
it/ e
itz - 523 £ sl
ﬁﬁl verse Prnxy‘ﬁ/ L VD /{:" "F'-’T;IL e L;g/

/ Another type of proxy server, calleg 4 TeVerse proxs
; ; . : PIOXY, can be placed in frg -
enierprise’s Web servers to help them offload requests for ﬁequfmi}' accEsser.‘I; rc::::r:'r

This kind of proxy is entirely within our control and y :

B - sually presents i
Web warehouse data collection, [t should be able to su;p]:;}f thr:.- Sg;_ﬂmk;dn;m;_ml 2
iformation as that produced by a Web server. °E

Browser caches

* Most browsers store a copy of recently retrieved objeets in a local object cache in
the PC's file system.

" A visitor may return to a page already in his or her local browser cache.
* We can never be certain that we have a full map of the visitor's actions.

* We can attempt to force the browser to always obtain objects from a server rather
than from cache

* A similar uncertainty can be introduced when a visitor opens multiple browser

windows to the same Web site
- i 11 the evenis: that
Browser caches also introduce uncertainties in our 'aﬂgmptsgit"areu:;ﬁ:l; retrieved objects
oy uring a visitor session. Most i 2 e the PCs file system. If the
e a5 HTMI, pages and images in a local objec ache (for example, by
Visifoy retunisLtgaEB;aage 'a!rea%iy in his or her _.— e

o
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identification is only

for the computer { i
, not for the & ecifi et :
company emplovee m: i _SPECIHlic vistor. Any family me
ployee may have been using that particular computer at tha nrmn}:ull-fntL'rmmr his
LN time
We can't assume thar a

n individual is always
e il ¢ i ! Lys at the same computer.
ookies identify a computer, not an individua # o

; I. If someone access
rom-an office computer, a h e
| » @ home PC, and a laptop computer i
C 3 a differe
I$ probably put into each machine. p. el
‘-—._-_-_-_-_

: . / s i
r_' 403 [Proxy servers _ ﬁ?.f % / ¢ f{%’@ T.‘E_(‘i /

CF Provided
TC-ng site
b site cookie

]

An HTTP request is not always served from the server specified in a UR], 7

i)
G Many 1SPs make use of proxy servers to reduce Internet traffic.

O Proxy servers can introduce three problems:

* May deliver outdated content.
= May satisfy a content request without properly notifying the originating
server that the request has been served by the proxy.

N C'/J Web site will not know who made the page request unless a cookie is present,

4

When a browser makes an HTTP request, that request is not always served from the
server specified in a URL. Many ISPs make use of proxy servers to reduce Internet
traffic. Proxy servers are used to cache frequently requested content at a location between
its intended source and an end visitor. An HTTP request may not even leave the visitor's
Pe. It may be satisfied from the browser's local cache of recently accessed objects

Proxy servers can introduce three problems, as illustrated in Figure in next slide
i. A proxy may deliver outdated content. Although Web pages can include
tags that tell proxy servers whether or not the content may be cached and
when content expires, these tags often are omitted by Webmasters or
ignored by proxy servers.

ii. Proxies may satisfy a content request without properly nolifying the
originating server that the request has been served by the proxy. W_hen_ a
proxy handles a request, convention dictates that it should fqrward: a
message that indicates that a proxy response has been made 10 the -mtenq_gd
server, but this is not reliable. As a consequence, the Web warehouse may
miss key events that are otherwise required to make sense of the events
that comprise a browser/Web site sessio.

ifi,  If the visitor has come though a proxy, the Web site will not know who
made the page request unless a cookie is present.

e ——— e
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Matiy ofganizations: need 1o Centralize data 1o improve corporate decision-making,
Huwcjfcr. II!F‘]!‘ data may be stored ing variety of formats and in different locations, Data
Transformation Services (DTS) address this vital business need by providing a set of
Jools that let you extract, transform, and consolidate data from disparate sources into
single or multiple destinations Supported by DTS connectivity.

_DTS allows us 10 cosneet through any data source or destination that is supporied by
|OLE DB/ This wide range of connectivity that is provided by DTS allows iis to exiract
| ~data from wide range of legacy systems, Heterogeneous source Systems store data with
their local formats and conventions. While consalidating data from variety of sources we
need 10 transform names, addresses, dates ete into a standard formal, JFor example
consider a student record management system of g university having foir campuses, A
tampus say ‘A’ follows convention 1o stare city codes “LHR"™ for Lalore. An_other
tampus say 'B' stores names of cities “Lahore™, campus *C” stores city names in block
letters *LAHORE?, and the Jast campus “D” store city names as *lahore’. When the data
from all the four campuses is combined as it is and query is run “How many students
belong to ‘Lahore’?" We get the answer only from campus B because no ather
convention for Lahore matches to the one in query,

To combine data from heterogeneous sources with the purpose of some useful analysis
requires transformation of data, Transformation brings data in some standard format.

Microsoft SQL Server provides graphical tools to build DTS |mrlc.-1ges.l These tools
provide good support for transformations, Gcomplex transformations arg achieved through
VB Serinl r Java Script that is loaded in DTS package. Package can also be programmed

U¥ using DTS object model instead of using graphical tools but DTS ORI g )

rather complicated,

_—
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|

Data Transformation Services

| « DTS Overview
| . ent carver Fnterprise Manager

/[ +DTSBasics
—DTS Packages { l.
—DTS Tasks -
—DTS Transformations .L;?‘ﬁf“ &< '{ |
—~DTS Connections '
K —Package Workflow ) l

o - —_DiH-Ahann Al ﬁ.Jd.JL'h " 4
I |

M:mcsm:tﬂ?) SOL Server™ 2000 Data Transformation Services (DTS) is a sel of graphical
t.onls an programmable f}hjt‘l.'.‘l.:i that allow you extract, transform, and consolidate data
from disparate sources into single or multiple destinations. SQL Server Enterprise

Manager provides an easy access to the lools of DTS. * |

E"f@gﬁﬁ?ﬂc L‘:’;“:; l];“:l{';‘m. '151 lnglel an understanding of DTS basics, which is necessary |
tools. These DTS basics describy Hiliges o '
summarize the business problems it addresses. e the capabilities of DTS and

@Cﬂpjmght\hmal Un:wmtyﬂfralﬂstan =S S e e .
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all the three locations. So whije consolidating data names are tr

spellings of sl S”,“”a”}‘ Date formats are different in both source system
standardized in destination system (middle one).

Slide 6 _wﬁ 29 D)ty fasl 2y

DTS Overview: Operations

ansformed 10 51a:143{c|
g and 1l 15

( - Asetoftools for

! = Providing Sonnectivity to different databases
-~ Building query graphically Q?,/;/?

% — Extracting data from disparate databases #./

i — Transforming data

g = Copying database objects /

{>— Providing support of different scripting
languages( by default VB-Script and J-Script) J

BWH-Ahaan Avguian ag

DTS contains a set of tools that provides a very easy approach to build a package and
exceute it. Writing or building a package through programming is a complex task but
DTS tools like DTS Designer and Import/Export Wizard do this entire complex task for

user just through a single click of button, Not only package building but query building
has also very sophisticated support in DTS tools.

> I Al fo A
Slide 7 p /S Zﬁég /Z%? - ﬂ/ /y’(jﬁ 77777 ez

DTS Overview: Tools

"+ DTS includes

| —Data Import/Export Wizard
~DTS Designer

—~DTS Query Designer iy ,ﬁ’?ﬁ
—Package Execution Utilities ¢
« DTS Tools can be accessed ,‘;”"

through “SQL Server Enterprise
Manager”

Er & i Abddlahy L]

Package execution utilities are used to run or execute a packape, no matler package is
designed through the tools provided by DTS or any exlemal‘ tool like Visual Basic. All
these tools can be accessed through the SQL Server Enterprise Manager,

Open the node Data Transfer Services in SQL Server Enterprise Manager. Choose the
option in which any finished package is saved. Right click the package and get option to
Execute it.

Wﬁm
© Copyright Virtual University of Pakistan 375
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P z:-’é?/ Z}.;if ﬁ?f_g?:fﬁ’ 777 8—DTS 1

/)
. !
7 3 { ; A ' L aadl
2/ - 9 27 & 5: Micrasaft OLE DB 1 Microsoft Excel 97. b
XA /' 7 ; . b
i b A 5
Centralized'

fa s f £y
C ?5; 7 (/é?/ A éjﬁf/{/ &/[ A e
A B ' &,
00 bogco???E> é}) 1 o

r:{‘-‘{ [’( ﬂf .;} (,//L/{'W/ (‘57/;’-/42' (7 Text File Q-Ins-mw" Microsoft Access J

The slide shows the heterogeneous sources of data. Position of DTS while consolidating

. . AT el ; TS
the data into a single source is also clear from the slide. In legacy syslems we may come D-=c
: : { ] e of data. Microsolt Access is a database management exe
across the .1c>\t‘ files as a source of Sl 23
system, maintains data in tables, and eolumns validate the mnpu e Sy : )
find legal values are stored in these sort of data management sysICms. But when we deal user
with text files no validation mechanism for input is there, Therefore we may come across has
illegal and rubbish values in text files. This makes the process of transformation further
complicated. Slic
Slide 5

DTS Overview: Example

R OHATED AN T CUURTaTe
SRR e

AL i B ek

MOHAMMAD, ANWAR. 08/06/1978
CHOUDHARY MOHAMMAD ASLAM  23/11M1980
AHMAD JAHANZEB 05/0811880
MOHAMMAD FARRUKH 08/11/1978

E¥e Ahaan Abdulah 5

In the this slide we may see three data management systems. Data is extracted from two E
systems, top and bottom, and is loaded into the standardized system shown in the middle. :
We may see two transformations over here. First one is name transformation and the 1
other one is date transformation. In the database management system shown at the top we |
have two names Muhammed Anwer and Choudhary Mohammed Aslam. Whereas in the
system shown at the bottom we have two different names Ahmed Jahanzeb and
Muhammed Farrukh. Out of four names three names contain Muhammed but ‘with
different spellings. Computer can not identify that the word *Muhammed® is intended at

© Copyright Virtual University of Pakistan 274
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gjide shows how a package looks like. We can only view package as a form of ‘

siects as shown in the slide. Here two connections are established. “Micr;:soﬂggfgm]
priver” and “MICTOSUﬁ Excel 97" are connections. Black Jink between two 2 o
i ransformation task. “Execute SQL” and “Copy SQL Server” both are tasks KE}“}?ECHDHS
blue links are workflows. Green link shows ‘On the Success of* i.e. on thc. maem -amjl"
pomnection establishment execute task execute SQL. Blue link shows ‘On the J;'a;ff;nﬂ
on the failure of the previous task execute another task Copy SOL Server objects. £

Slide 12

DTS Package: Contents Fastc
Y

- [

* DTS Package is an organized

collection of
. —Connections M
=
2

—DTS tasks
I

DWWH-Ahsam Abdullah

—DTS transformations
- : i sks, DTS
A DT i i7ed collection of connections, DTS tasks,
> packies BRI nbled either with a DTS tool or

—Workflows
Ensformations, and workflow constraints @assel i
Mrogrammatically and saved to Microsoft® SQL S.erverm, '_Sgl}llseerver 2000 Me
Services, a structured storage file, ora Microsoft Visual Basic -

ich package contains one or more steps that are executed Se;];:n:;mge correct data
When the package is run. When executed, the package C‘_:'n"d notifies other users of
urees, copies data and database objects, transforms data, an

Procegseg of events.

© Copyright Virtual University of Pakistan
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Before learning to use DTS some hasic concepts like DTS packages, DTS fasks,
transformations and workflows are imporiant 10 understand.

When we want 1o use computers {0 perform some particular task through programming,
what we do? We write a program in SOme programming language. Program is a sequence
of logical statements. that collectively achieve the purpose of the programmer. This
analogy is useful in understanding the concept of package and tasks in DTS. DTS
package is exactly like a computer program. Like a computer program DTS package is

o

also prepared to achieve some goal. Computer. program_contains set of iristructions

Whereas DTS package contains set of tasks. Tasks are _TE_}E._iF_ﬂ_H}'__F_!E_lalt?ji_i___lE cach other,

; T e ] 3
When a compiiter program 1§ run, Some _IIEI'EC..U_E?HS.E_IEFECH!EF’ in sequence and some in
parallel. Likewise when a

Some in parallel. The intended goal of a computer program is achieved when all
Srstrucrions aré successfully executed. Similarly the intended goal of a package is
achieved when all tasks are successfully accomplished.

DTS package is run some tasks are performed in sequence and

DTS task is & unit of work in a package. Tasks can be establishment of connection o

e e R rs el e T e i
source and destination databases, extraction of data from the source, transformation of

data, loading of data to the destination, generation of error messages and emails efc.
e e s e 3

Iin real world systems when we talk about heterogeneous sources of data there arise a lot
of complicated issues. Heterogeneous systems contain data with different storage
conventions, different storage formats, different technologies, and different designs etc.
power of DTS lies in extracting the data from these heterogeneous sources, transforming
to some standard format and convention, and finally load data to some different system
with totally different parameters like technology, design ete. Microsoft SQL Server
provides user-friendly tools to develop DTS Packages. Through graphical editor/ designer
or wizards we can put together set of tasks in a package. Order or sequence in which the
tasks are required to be performed can be set through conditions like “On success of task
A task B should be performed otherwise task C should be performed.” This order or
sequence of execution is called Workflow of a package.

In this lecture we will see these concepts in defail and in subsequent lectures we will
o

G

develop packages and practically get into the use of DTS functionalities.

paté
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Slide 13

DTS Package: Execution

« When a package is run =
= =lt connects to data sources
—Copies data and database objects
—Transforms data

—Notifies other users and processes of
events

D i-Ahsan Abddish

When we run a Data TransformationsServices (DTS) package, all of its connections,

tasks, transformations, and scripting code are executed in the sequence described by the
package workflow.

We can execute a package from:
«  Within a DTS tool.
* SQL Server Enterprise Manager.

» Package execution utilities.

Slidel 4

DTS Package: Creating |

* Package can be created by one
of the following three methods:
—Import/Export wizard
—~DTS Designer

—Programming DTS applications

AWH AN Ayt s =

Microsoft SQL Server provides a good support for the tools that are helpful i i1di
package. Import/Export Wizard and DTS Designer both are the grapﬁicilﬂ;nl:’glll]::i:go?
building a package. Both tools provide SUPPOIt 1o run {he package also. Building a
package means putting all the tasks that are supposed to be performed in. ;
package together and setting their order of

S i d in a particular
Onor definin ' - :
when we actually run a package all the tasks are actually p&ffﬂnﬁedg workflow. Whereas

© Copyright Virtual University of Pakistan
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Slide 22

This shide illustrate the package saving process.

Slide 23

E?”‘al"‘_ﬂz_slreng i C e S i

( gerver Meta Data Services. The
SQL Server 2000 Meta Data Ser
ihe databases involved in the
package. Furthermore packag

pasic file-

advantage which
Vices is that we
Packages and we may
€ can be stored

in a structured fi
s T

—

Wwe get when we store our package to

may maintain meta data information of

Saving a DTS Package:
) lllustration
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Saving a DTS Package:

WM &kwan Abdullah

SQL Server
|1 Console Root R
= €| Microsoft SQL Servers |C0ﬂtain5
= € 5L Server Growp Packages that
=l (ocal) (Widows NT) are saved to|
# | Databases 3 ) |
RS | Data Transformation Serv) this particu lar
9 Local Pa[hdﬂ&s__*ninstance Of:
Meta Data Services P‘ SQL Server I
22 Meta Data s s —
5

keep version information of each
sofl visual

Datg Transformation Services node of SQL Server Enterprise Manager contains three

UPlions to Jocate the package saved earlier. Th
* Packages that are saved to this particular
“Iver may have multiple instances
"€ hose that are saved to this particu

B C“P}'ﬁght Virtual University of Pakistan

e first option is local Packages. These are
instance of SQL Server. Microsofl SQL

on each machine or OVer a Network. Local packages

Jar instance of SQL Server,
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to access DTS Designer

Slide 19

DTS Package: Creating
DTS Designer Environment

2lp  Design Areg

—

The slide shows environment of DTS Designer. In designer we can see four windows
A. Connection toolbar

B. Task toolbar ﬁfh//’
-—-Fr"'_

C. General toolbar
D. Design Area

A. Connection toolbar
Connection toolbar shows all available connections in the form of icons or symbols,

All OLE DB supported connections are available. To establish a new connection Just
click the correct icon and drag to design area. Then set properties to your connection,
In case of any difficulty in identifying the connection icon, click on Connection on

Menu bar just above the connection toolbar.

B. Task Toolbar
Tasks toolbar shows icons for all tasks that are supported by DTS, For example # is
used to set transformation task. This also works as drag and drop. DTS Designer is
very friendly to use as it guides user about what to do after picking a certain option.
For new users who do not recognize the tasks through icons, in the top menu bar

‘Task’ is available. ¢

C. General Toolbar | sal
This toolbar provides general functionality like saving a package, executing

package. * is used to execute a package

D. Design Area

383
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| Source, The Exccute SQL and ActiveX Script tasks allow you 1g Write your own
package Workflow,

SQL statements and seripting code and execute them as a step in a
Slide 33 B

DTS Transformations

* After extraction from source data can
be transformed
—Using available DTS transformations
=Using customized transformations

I Ahuan Ayt
—

While transferring data from source 1o destination that may be 2 single source of tryth

data may require fo be transformed. Power of DTS 1ools lies in the support of dau;

transformations. Some transformations are already available with DTS tools and
“*amized transformations can be performed through VB Scrint axt BT

Slide 34

Available Transformations: Available |

LIS Tryar$/0 75 a7t

|+ Available transformations are:
\ —Copy column transformation

L —ActiveX Script transformations
J —Date time string transformations
of —U_pe_mas'ea‘nag lowercase string
Vs ?ansform' ations

—Middle of string transformations

£ —Read and write file transformations

o= DWH-Ahaan Abduitan 3

va wanaiutinalions that are already available with DTS tm::Is e,
port wizard, Wizard hei 'a support of two

DTS Designer and DTS import/e:
ransformations out of six shown over hese:

¢ Copy column transformation

* Active-X script transformation :
The rest four are accessed through DTS designer and scripts.

Copy Column Transformation: Describes the transformation used to copy source data

0 the destination.

e e et s e T T S T
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Versioning

* Right click any saved package to view
its version information

ey ———

W Select i vy o e DTS o s st 5
G Sl oot

A F DTS Package Operations:

If we want 1o get version information of a package we can see it by right clicking the

packagt_e 31‘_ld s_alect_mg version information. First column contains creation date and the
f\fhﬂ]' C,Clhlmn contains the deggrinﬁr\n ahant chonman (F i in aead g 1

Slide 31 ol !

. / DTS Tasks /

e —— .

/"'+ DTS Package contains one or more
tasks

* Task defines single work item
—Establishing connections
—Importing and exporting data 9 :

— Transforming data ) / o f"{:
—Copying database objects
—efc

DWH-Ahsan Abdutab =

DTS i avnages comain a sequence of tasks, When a package 1S eXeculey Liese rasks are
performed in sequence or in parallel. These tasks are the single work item in a package.
Tasks can be establishing connections, extraction of data from sources, transformations
applied on data, loading data to destination, generation of automated email messages 10
‘administrator in case of some problem during the package execution..

3 5@
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Package Workflow

* Pack [
S tggﬁsusually Includes more than
* To maintain order of e i
tion of
tasks, workflow i iired
S W IS required to be

e

%
Tashk A on ep®
l o™ ot
' Task B CN
; 'g‘-'.rd, ITEEEE l

OWt-Ahsim Abdutah 3

f o Vol

d oD A x?{v‘} *
cedence constraints sequentially link tasks in a package. In DTS, you can use three

types of precedence constraints, which can be accessed either through DTS Designer or

programmically

Unconditional: If you want Task 2 to wait until Task 1 completes, regardless of the
outcome, link Task 1 to Task 2 with an unconditional precedence constraint,

On Success: If you want Task 2 to wait until Task 1 has successfully completed, link
Task | to Task 2 with an On Success precedence constraint,

On Failure: If you want Task 2 to begin execution only if Task 1 fails 1o execute
successfully, link Task 1 to Task 2 with an On Failure precedence constraint AT you want
{o Tun an alternative branch of the workflow when an error is encou ered, use this

constraint.

-

Slide 41 _
Package Workflow: Designer
On Success !
;j.z--—- L ._.___:bi@!
Miorgzoft GLE D5 .. b‘m“"i"'
Lo E On Failure
M osols Exeel 574 %
Cofy S ey
CitH tdan Apoufah i
s
This slide shows the process of making work{lows using the designer. 1t provides 2
graphical .'lﬂtérfaﬁ'e making the workflow management very easy

© Copyright Virtual University of Pakistan
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Slide 38

DTS Connections
Data Source, File Connectilc_-n. Data Link

» Data source connection
= All OLE DB supporled databases
« M5 SOL Server
v Dracle
v MS Accass 2000

= File Connection

= Infermediaie files conlaining connection strings

Pid Bt ain Bbdullah an

/"
/
¢
— Texi files
& j
@f\! « Data link connection

DTS allows the following varieties of connections:
A data source connection. These are connections to: standard databases such as

Microsoft SQL Server™ 2000, Microsoft Access 2000, Oracle, dBase, Paradox; OLE DR
connections to ODBC data sources; Microsoft Excel 2000 spreadsheet data: HTML
sources; and other OLE DB providers.
A lile connection. DTS provides additional support for text files. When specifying a text
file connection, you specify the format of the file. For example:

* Whether a text file is in delimited or fixed field format.

Whether the text file is in a Unicode or an ANSI format.
* The row delimiter and column delimiter if the text file is in fixed field format,

® The text qualifier.
Whether the first row contains column names.

A data link connection. These are connections in which an intermediate file outside of
SQL Server stores the connection string.

Slide 39

DTS Connection:Menu

Set of all possible connections
in designer, drag the required
connection in design area and
set its properties

& Data source connection

File connection

Data link connection

DYWH-Absan Abdulian a7
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ale formais

»-ele ar lous. pi
are obvigys. Microsofi SQL Server ha

1o resolve these issu » Lonventiong of

S a8 gond SUpport

28,

will
puses individuai!y, Then we will standardize t
databases of four cam Puses separately, Fj Ize the

. nally, the data from foyr different campuses wi|
be put mgeiher.{/%ﬂf /_:} %’/%/4/{ 10 Z?ﬂf:’/‘/ Frﬁ/%ﬂwﬁﬂ} g’,?
Exrrjj}tjgglgala Using Wizards 12 o caipt potn — 4, tpardd 7
s .

(‘ = Import and Export Data Wizard provides the easiest method of loading data.
* The wizard creates package which is a collection of tasks
® Tasks can be as follows: _
® [Lstablish connection through source / destination systems

Z- w. Creates similar table in SQL Server

2 " Extracts data from text files 2 2 _

“ = Apply very limited basic transformations if required

j » Loads data into SQL Server table

Lﬂéaddressing the issues we decide {o select a suitable tool iq SQL ﬁ:-‘;:‘-‘;éﬂaﬁs‘;:”sf
At E-SEUE‘S- Al this stage we are not pcrfor.mmg 1ransf‘nrma1_ma:s r:”md o
copying data from source to destination. For this PEDOC o camie o1 ;

'Pyl:i] g"«"w*fz;ari:i would create package for us including all required tasks as:
wizard.

M
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ummariz SOUTCES ol ¢S at differenq ¢ The it ;
summarizes the c?ara Sources at four Campuses. We cap hnl Campuses. The slide \g [ ~3
Campuses are USIng: text fijes while Islamabag S¢e that Lahore ang Peshawar N |
Access and MS ENGE“‘ESp&Cﬁve]y and Karachj “ampuses are using Ms 3\\\
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The second problem is non Standardized attributes across campuses. While look
header of data from different campuses w

¢ came o know
regarding attributes and is summarized

in the table in the slide.
7 (2 W : .
Each of the campflises uses different attribute name for the i

dentification or primary keys
¢.2. Lahore uses S/D while Peshawar uses Regif and so on,

ing at the
the following problems

Different conventions for representing Gender

across the campuses e.g. Lahore campus
uses 0/1 while Islamabad uses 1/0 for representi

ng male and female respectively,

e i ing degree attribute across different
Similarly, there are different conventions !"or representing degree
campuses.

e
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Data VVa rehousing (CS614)

4

* Establishes connection through source / destination systems
= Creates similar table in SQL Server

" Extracts data from text files

= Applies very limited basic transformations, if required

* Loads data into SQL Server lable

Extracting Data for Lahore Campus

* Firstofall load data for the Lahore campus
- 1. Connect to source Text files
2. Connect to Destination SQL Server
3. Create new database ‘Lahore_Campus’
4. Create two tables Student & Registration
5. Load data from the text files containing student information into Student table
6. Lﬁ?d data from the text files containing registration records into Registration
talla
. Importhxport voo vdis sufficient to nerfos- T <= menuoned tyy,,

easily

@ data for Lahore campus includes following tasks\

L. Connect to source Text files
Since theré are many text files for Lahore campus, we need to load those text files

separately. First of all, select the file that is to be loaded first,

2. Connect to Destination SQL Server
In this case our source system is a text file. For transformation and standardization we

will load all data as it is from source file to the SQL server and then through powerful
tools of SQL Server, we will perform these intended task.

3. Create new database ‘Lahore_Campus’
To load data for four campuses we will develop four Separate databases. So, {0 load data

for Lahore campus we will create a new data base named ‘Lahore_Campus’,

4. Create two tables Student & Registration _
All files containing student information will be loaded in one table Student and all other

files containing registration information will be loaded in other table Registration. After
this step we will have two populated tables only,

S. Load data from "0 (x{ nies containing student information into Student table.

6. Load data from the text files containing registration records into Registration

1 &} table



-

3. Choose a Database

*  Specification of file format
4. Specify the Destination
5. Choose Destination Datahase

incase of Text files

Selection of existing database or creation of a new database
6. Select atable

Selection of existing table or creation of a new table
7. Finalizing and Scheduling the package

The slide states seven simple steps to create a package for data loading through wizard.
Lets discuss each of the steps in detail.

Stepl: Launch the wizard(1)

* Two methods to launch the wizard
® Start > Programs > Microsoft SQL Server > Import & Export Dala
= Start > Programs > Microsoft SQL. Server > Enterprise Manager
1) On ¢onsole roet drop Data Transformation Service nuder J
2) Tools > Data Transformation Service > Import/Export data

These are two different methods to latunch the wizard., We can use either.

Stepl: Launch the \\'iznr{[(l}

fi.50
79 50L Server Entarprise Managar - [Console RootWMicrozoft.S|

mm » * DB @ % N.0@3E
& .*sdo R_a;“ i Local Packages 0 Ibénns
=
_..}I.:E';lrtruf.oﬂ SOl Servars Ml Caa— =

= Sarver Group
{? -SEL(L-;.“I;. (indows NT)
+ [ Databages
] Data ranslounstion I
R JLocal Padiages
# Matn Dista Services F
E Mela Data
+ () Managermnt
+ 4 Repbcation
3 &= CeCrmy
| " ___| Suppart Services
i o ) Mata Data Services

ise ge 2 lefl pane we
] QL Server enterprise manager. In the
oy : sereen of SQL Server _ manager. | . e
The slide shows the Wzlgm gee Data Transformation Services 'ti!j.,‘.hhgl.}led{ Expand bljul
& = » 5 . 2 L b TEnLE Bel.
s Lf}ﬂb?lﬂ_mﬂ;}ma Transformation Services and then press Tools in the n
: ng
node mentioni

This will lead you to launch the wizard to load data.
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3 Put ay da ""'i‘:lmity Wide view we
Just . @ a single SOurce

Co
have 5 Single MRine )y Student tapjes ¢
Definj Versity s <

itely No & Student taple?

onv i is di
@ntion jg different in each table
- + |
At this time we have fo, Student tab |

tables to get single source of truth w}es 4 d'ﬂ?erem SQL databases, o son e all
bl ©%an not just piye al] tables because of following
Order of columns are different

Data types of columns gpe different

Number of columns is different

L CoR S

: in each
Date formats are different table
Gender convention is different in each tabje /{Z? g/:fl
Slide 4 t;

Need: Datg Standardization

[ * Before combining all tables we need to
standardize them

Number and types of columns, date formats
and storing conventinns all of them should
be consistent in each table

The process of standardization requires
transformation of data elements

To identify the degree of transfurm:fltion
required we will perform data profiling

L/ "

g us putting all dafa together we need to

r lettin : d
T e factors that are not : _ sency of number an
'stgn;em‘dm?:: aIII: tables. Standardization process involves the cousistency

. P b | GQ“VEH ". C- SS I

"quired we need to perform data proli:ing.
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EXxception 13 ble
* Create Crror ta l

a les exa |
S Student table eXce :Hy Same in structure
~ It doesg not P

* After torre

Ction j
Will be upga 'on in error tapje only those rows

are -ch.emgzz.u:rtt‘mI M original student tables that

& Error or exce tion ta ing

O column in m'iz,fnaI srildﬁ::r?:} ?s_:;;gb ;:he ¢ table e crds that have cormupted values for ol
"y fustead Iof i . ol haw:.rr-:ar tal?u‘]c‘ is the copy of ariginal student table except
. s e fhe ] Cnn_*-m:.m.s column in the error table. In comments
o i - <01 columns i which we encountered errors for this particular
i : Xample consider a record ‘R’, it has missing gender and incorrect date of birth.

Forther e Wi ;i

- I,].Sf; f:}?_lid R we Will have comment [Gender], [Date of Birth]. These comments will
: ile correction of error tables. Afier correction of crror table we will update
Corresponding rows in the original student table.

Slide 8

Towards Standardization: Proiiling,

Exception &transformation &ﬂf
* Data profiling )
— Identify erroneous records 2
—Copy erroneous records to Exception table and
set dirty bit of erroneous records in student
tableofacampus = .
= Correct exception table
— Reflect corrections in exception tablein original
student table
* Transform student table
— Corrected records in student table are then
transformec and copied to the table =10,

Data profiling is a process which involves gathering of information about column through
execution of certain gueries with intention to identify erroneous records. In this process
we identify the following; -

= Total number of values in & column

Number of distinct values in a column P v
1S

[
= Domainofa columf}
s Values out of domain of a column

vValidation of business rules
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