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l't>:',.:in!..'.. m1·,.:•,1ging :md queuing and database are 
needvd But they •lre needed in ways not currently 
ddiH•red. Ht· :'l'"" this as :\Iicrosotrs opportunity. 

Fur :1 ,·n1111xlli,.:nn. see page :29 \Vhere Keith 
Ho,;per• tJf!nti>nnix cle;;c1ihe,.: ho,,· database vendors 
are a,;,.:wning a tran,.:action role. That [nfonnix is 
climbirn.; tlw trari,.:;1dion ladder i,; clea1·. He almost 
deli\·t•r,.: ;\ knnckPut hlow when he remarks how little 
comp<'liti,·e acl,·ant;1ge Infonnix and its partners have 
obtained by adding transaction monitor links. 

At tlw ,.:;1me time he confirms that gro\\ing up 
, frl>m PC;; ;mrl \Y<irk,;tations and LA.'\"s1 - rather 
th•rn mo,ing 1iff 1 and do\\111 from hosts - is ,,·here 
th<> action i:::. It i:-: no accident that Inforrni.x has 3000+ 
n•ndurs •elling application;; on its databases, '~ith 
oH'r :ino.un11 licence;; ,.:old. This may he a small per
n•inage of ;jll():\[ hut it is an order of magnitude 
brger than ,i11 m,1inframe transaction processors 
eH'r ,;old . .-\nd thi,.: i,; from only one vendor; think 
about adding< >rncle. Sybase::\licrosoft:. Borland, ... 

Other threats 
Thl• :\litTO:'oli: and lnfmmi..x 'iev\'S :>en·e notice of 
intenti .. n,.: to 1;irce change. Elsewhere in this Report 
two ditferL•nt threah are discussed. namely: 
• tinw inckpL·ndence 
• ir:111•.:l'tio11,1I 00. 

Timi· ind1·p1·11dt•11ce i;; hardly noH'l. either techno-
1 .. g·iL·,1!1'· nr for m:111agement. Ne,·e1'thele,;;; much of 
tlw L'al'i:, ! 'lHll-< ,-,,mputing model ;:;eem;:; to depend 
" " ··xplic!t l'11!1m·L"li1111:' - that updates are commit
ll·<' :di : it •H~•·l· , ,r n• it <ll all. In centralized ,:ystems this 
"' - ad1 i···:;·,i.j, .. In di,;uibuted sy;;tems. using facili-
1i1 ·.- !ikv i\\t·- ph:1:'e commit. this becomes much 
'';ink·r i .. ·[,•!i' 1·?·. ;:;1111w e,·en claim it is impossible. 

! int• 111,:\\1·•· "ill ht• mes;;aging and queuing. It 
·1 1.1hJ, .• •;:! ~ :· ;ndqJ1·ndi>nce ior ·almost real time', if 
: i,,,: l" .,, h.n i. 11v .. dt·r! . _-\dd thi,; capability to 00 and 
'" ' ·.n:-. 1d i"ll __ , •t••m,; ;md flexibility can be brought 

\:._1i,,,.,_;!i thL·n· i:- much talk is about 00 and 
i J":11h1lti1,:· . p1c.:·· · II ;rnd 47 ". the pmhability is that 
:n1--•.1c:i::..; .ind 'l'-'"uing. <Jr tn:msactional messaging, 
'' Ii! .; .. :il :ht· lirn1·li'-!ht in thl' late 1990s ipage 161. 
rl11 · r"t-; 1:-1111 i.-< that it i,- applicable in most distributed 

,·111"1vri,.., .,.. \\.h11 \\·ill L'Xplnit thi:> remains to be seen. 

Management conc!usion 
\'..il1·n lo11king :lt d1L· computing indu:>try for 1994 
""llll' trend:' Pllll'rge: 
• traditi,,nal OLTP i:> being ma rginalized on the 
ntiinfr:ime 
• :lw :1ppliL·ation de,·elopers· focus is mo\;ng to 
•l·i• ·<·ting lhl' tight d.itahase 
• l !w n<·•·d 1; ir tinw independent proce~sing in the 
di.-: i·ihutt-d <'lllL'qJJi"<' ,,;11 steadily assume greater 
i mpurtanlt'. 

< ' ha rn..:L· i=- needed. It is coming. But not from 
th""" "ith traditinnal IS skills or products. That is 
'' h,n I ~194 nnwntly looks likely to b1;ng. 
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Requirements for today's 
I database server architectures 
1 - Part I 
I 
1 Management introduction 

Current business and technology trends are dri\ing 
the database industry toward a certain class of archi
tectural features. Business organizations and com
puting technologies have traditionally fostered an 
artificial division between OLTP. batch processing 
and decision support. Typically Infmmation Systems 
tIS1 departments responded to cust.omer senice and 
business management needs by decomposing busi
ness requests until they could be processed in an 
OLTP environment, a batch processing ernironment 
or a decision support environment. 

Today's businesses are increasingly infomw.tion 
and service oriented. They need the ability to uni(Y 
these classes of data processing. creating an intE'
grated class of data processing. 

This suddenly popular class of data processing i;: 
called on-line complex processing 10LCP1. OLCP
capable platfo1ms can pro\ide busine;;;;(•;: \\·ith tlw 
ability to: 
• answer customer requests 
• manage the business directly 
• pro\ide this in a single. integrated emironnwnt. 

The single most c1itical factor in an OLCP plat
fonn is the database serwr architecture. Part I tof 
two analyses1 desc1ibes the architectural feature,.: 
which a database sen·er (and a rchitecture 1 must po:-
sess in order to meet today's trends and opportuni
ties. 

Key developments 
At the same time that business has begun to recog
nize the importance of OLCP, technology has been 
making rapid ad\'ances. On the one hand new hard
ware technologies ha\'e made lower cost. higher 
powered computers readily a\'ailable plus network 
speeds haw improved and memory costs cany on 
decreasing. On the other hand. while disk capacities 
have continued to increase. disk speeds have not 
kept pace. 

Yet b:· far the most impmtant change in computer 
architectures has been the mO\·e toward using multi
ple processors to increase computing power. 
Although platfom1,.: today are dominantly uniproces
;;or. three hardware architectures are becoming 
increasingly important: 
• S:1nmet1ie '.\IultiProcessing 1S'.\1P1 - the most 
common fom1 of tightly coupled multiprocessor sys-
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terns; that is. sy5tem:; which share main memory ser
\ices and, u::mall.\·. disk storage 
• loosely coupled multiprocessor systems - sys
tems which may share di:-:k storage but ha\·e sepa
rate main memory senice:-: such as are found in 
clusters 
• Massively Parallel Pruce.~"ing "YStl·lll>' 1'.\IPP1 -
systems which combin" hundred=- or eYen thousand~ 
of CPUs. 

SMP as the mainstream 
.-'\.lthough all three- oft he.;;e system:' h:l\"e had ,.;onw 
success - and can he expected t (1 bernnw increa,.:
ingly important - S'.\fP syst(·ms represent the main
stream in th!' near future. The main rl'a;;on for thi,
mow to" m·d S'.\lP i;; h1\1--eo,-1 ,_;caJability. 

\"a1iou,- soft11·an· trends an· now hegi1ming to 
t.akl· ad\·a.ntage ofS'.\lP capabilities: 
• platform do\1·n=-izing ha,- become commonplace· 
• communication:=: ,;tand~,rd,; ha\·e enabled a \1·idt· 
Ya1iet:· of di:-:t1ihuted computing ! for examplt-. 
client. ,;erwr computin_g takt·s direct ad\·antage of 
the ahilit.\· to inkrconnect .~y,;tem:-: and di1ide the 
work load 1 

• independent =-caling of tlw hard\1-;U"e 111ithout 
adding to tlw administrative burden or requi1ing 
re111iting of applicat ion;: 1 ha,; bel'n found to bt· key to 
the suppmt of both cliPnt and i'('rYer proce,;ses. 

All of the;;(, a re 11·ell ,;upported by S'.\1P systems. 
Yet. for all the bendit,- an1ilable now from tlwse 

changes in hardware. software tespecially operating 
systems and DB'.\1Ss 1 mu,:t he \11itten to take ad\·an
tage of the real power of S'.\1P. TI1ey must not limit 
the ability to use uniprocpssor systems today or to 
migrate to loo:-dy coupled. uncoupled or l\lPP sys
tems tomonow. \\'hen used efiiciently. Sl\1P system,,: 
can prO\ide scalable. OLCP-capable platform:=: at rela
ti\·ely low-cost. 

Key requirements for database server architectures 
Modem databa:-:e ;;erYer architecture,: are d1i\·en b:· 
four ke,\· requirenwnt:::: 
• scalability 
• pt>1fo111rnnce 
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• OLCP 
• arnibbility. 

LH:h. along \\ith the key facto1·s which differenti
ate databa:::e ,;erwr architectures. is discussed 
below. 

Scalability 
Scalability is the property of a system which pennits 
prL<lictable suppo1t of additional users. higher per
formance. greater throughput. etc: 
• by adding computing resources 
• \\ithout changing the application or administra
tive practices. 

There are two wn.vs of scaling a database server: 
• h01izontal 
• w1tical. 

H01izontal ::;cnling can be achieved when multiple 
,;e1Yers interoperate transparently and share the 
workload. This method of scaling \\ill become 
,.;teadily more popular a,; loosely coupled systems 
and di;;t1ibuted d~1tnbases are better suppo1ted. The 
down,;;ide i,.; that it u:<ually requires additional admin
i:4 ratin· ,;;uppoit. 

\·ertical ,.;rnling. in which a single set-Yer is scaled 
up. can lw ;1chi<''·ed when computing resources -
;;uch a:< fa.:ter or additional CPCs - can he added to 
a platfonn to impron• re,;ponse time and throughput. 
Dntaha;.;c :-:Pr..-cr :-:upport for , ·ertical ;;caling should 
not requin· tlw addition of extra :;oftware modules 
h1:-c:1u:-:<· thi,.; incrL·a,.;e,; admini,.:frntion rnmplexity 
and dt1.:rea:'L'=' pn•dictahility. 

\\nether thr ho1izontal or Yettical ;;caling is used. 
it,; eflectivene,;,; depend,;; on how well the database 
,;;ern:'r ,;oftware u:'e:' the a\·ailable resource:>. 

Thi::: analy,;i,: focu,.;es on ve1tical ::;caling because 
it i,; the mt:thod 11·hich is :;eeing the most rapid 
gl'(IWth tod;l_\·. 

Scalability is an important goal today for two p1i
mary rL•;1,:on,;: 
• with bu,.;int•,;,.; rt•qui1·ements changing so rapidly, 
it i,; no longer po,;,;iblt:- to petfotm the kind of rigid 
and tirne-mn,-uming long-tetm capacity planning that 
was once promotPd in ;\HS: instead an incremental 
approach i,; 1·t·quirrd 
• \\ith technology ehnnging equally rapidly, new 
eapahilities - and lower hardware costs - are 
ah\·ay,;; appea1ing. 

Without an incremental appr'!ach. businesses 
cannot afford to take ad,·antage of new technology 
\\ithout depreciating older technology. 

Scalability at e,·ery le,·el is crucial. In today·s busi
ness emironment. this often means that older busi
nesses cannot competl' with newer ones because of 
outdated capital im·estment:>. These facts require 
that hoth the hard\\·at-e and the software. and espe
cially the HDB.\IS. he o>calable. 

The key enabling factors applicable to scalability 
are: 
• multiprocessor ;;uppo1t 
• architectural scalability. 
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Multiprocessor support 
Sl\IP systems are used increa,:ingly to achie,·e verti
cal scaling becau;;e they permit the addition of'CPC:; 
v.ithout changing the entire platform. While :\f PP 
can also be used to achieve \·e1tical o>caling. thi::: 
approach is cunently being u,.;ed only in specialized 
applications. 

Two key issues for an Sl\IP databao>e ser•er archi
tecture are extensibility and tran,;parency. 
Extensibility demands that the database server archi
tecture not be spe-
cialized to any 
particular number 
of CPUs; it should 
be equally capable 
of supporting one 
or half a dozen 
CPUs: 
• \\ithout reinstal-
lation 
•without 
changes to off-line 
configuration para
meters 
• ''ithout 
tional 
options. 

addi
software 

Such an archi
tecture "ill be 
equally u,;eful and 
efficient if the plat
form consist;; of 
one CPC 1a 
uniprocessor •. 
multiple prcx:e,,:
sors 1Sl\IP1 or 
e\·en many proce;;
sors fl\IPP l. The 
user should not 
ha,·e to purchase 
separate products 
specialized to a 
type of platform. 

In contrast 
transparency 
demands that the 
database server 
architecture be 
able to hide 
changes on the 

\'Vithout an 
increme11tal 
approach, 
1;:.tJs1· ne.,... s C' ~. ,.~..,.. £ ~ .· ; . . '· £§~ ;~ :.: "• 
:;;-.JJt· . - · J>;; . ...... ti? 

.... ,,., ........ "" ff . d "'. ~:~~~~ ~ · . ~r · t·o 
•• . , - 'it- ~~ . v 

adv an-

platfo1m architecture from applications. In particular, 
a uniprocessor or SMP system might use shared 
memory for communication, while a loosely coupled 
system might use messaging. 

Applications should not need to be changed if the 
platform changes or if the communication mecha
nism changes. Data manipulation and the database 
API should remain the same. 

Efficient support for multiprocessing requires 
that the database server be capable of scheduling 
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task;; to use tlw aniilable re;:;ow-ces. TI1i;; can be 
achie\·ed by scheduling requesb sequentiall:· or by 
di\iding requests intCJ subtasks \1·hich can be per
formed in parallel. 

Properly implenwnted. the lattc>r appro:ich is the 
most efficient and the benefits \1ill not depend on 
application t.v-pe. The granularity at \\·hich load bal
ancing and task scheduling ocrnr;; has a strong 
impact on efficiency: 
• if the granulmity is too high rfor example, per 
SQL statement 1. the collect inn of CPl7 and memory 

resource:; \1ill not 

Parallel disl{ 
110··\· ~· ~ta· hies··. l.1 . ~-~ .. ., . 

be shared effi
ciently tCPlJ 
1·e,;ources may not 
be used while wait
ing for disk l/O 1 
• \1ith lower 
granulaiity, shar
ing of resources 
can occur \1ithin a 
single request and 
- e\·en more effi
ciently - for mul
tiple concmTent 
requests. 

t L~ £~ ,,,f ":"$ ,,,. ~ 1~ a c; '""-')'., g i ~ ~~ ~,.,;: ~ u ~ . '~ ~. ''.f_; 

ser\1er to 
mal<e effi ... , 

Architectural 
scalability 
Regardless of the 
degree of po1tabil
ity or suppmt for 
standards and par
allelism. a data
base server 
architecture that 
has built-in limita
tions \1ill not scale. 
Lin1itations on: 

cient use of 
multivo,lun1e 

and 
L ~ • 

ta1;~e parti-
• table sizes 

tioning. • database sizes 
lin bytes as well as 
nwnber oftablesJ 

I 
I 
I 
I 

• log sizes 
• number of con-

cuJTent connections 
• memory 1buffer1 sizes 
• numbers ofu:::ers 
• etc. 
are ju;;t as constraining as a DBMS that will not sup
port multiple platforrn configurations. 

Factors which limit query complexity - espe
cial!:· those which control the depth of recursion. 
such a" stack size - should be managed d_vnami
call.'· and ·not require sy,;tem shutdown. Replacing 
>'L'l"\'t'r hardware \1ith a more po\n•1ful configuration 
\\ill have no effect if these limits are internal to the 
DBl\1S. 

Common architectural bottlE'neck.$ also appear in 
the fo1111 of the inability to d:namically tune the data-
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base serwr. The ability to tum· - the amount of 
memory. the number of CPl',;. the number of cun
cunent thread;: of execution 111·hether act uai 
thread;;. prnce,;;;e~. or \irtu:~l p!·<•('e,.:,.:e,.:• and tlw 
number or not-neee:;,;ariiy-di:=:ioint talill' panition,.; 
<called fragments by C. J. Date and their di,.:k di:"t1·i
bution - \lithout h;i\ing to shut d<1\\11 and n·;;tal1 
the database serYer ,;htiuld all make it possible to 
respond to changinic applirntion requin'ment:;. 

Ideally. €'arh of these \1ill change d~1mmiralh· 
\1ithin user "et limit~ . Suppon for ;;uhque1ie.- and 
cascading lliggC'ro: arl' (l\ni <>u;, t•x,rn1pll'" of tlw 1wvd 
for recursiun. 

Performance 
1\vo of the main ml'thod" of achit".i n;.: hi ~hc·r peii• 1! .. 
mance - gi\·en rnda~-';; h:1rd,,·ar .. :md opt·i·at in;: "·' ·,.:
tern software - an·: 
• support for para!lt·li:.:n: :rnd parallelized ab ·,. 
ritluns 
• multi-threading. 

Parallelism and parallelized algorithms 
One way of ac·hie\ing higher perfonnam·l· in a dat:i
base sen·er is through parallelization of algmithm,.;. 
There are three t.\-pe;.; of parallelization 11·hich need tu 
be addressed hy a modern databa:.:(• SflYl'r architel'
ture: 
• parallel disk 1'0 
• parallel utilitie;;: 
• parallel query prore;;sing. 

Parallel disk 110 en:ib]e,.; thl' database serwr to 
make efficient use of multi-wilume tabh.•s and table 
partitioning. Support for phy:::ical t<J.ble pai1-itioning is 
particularly impo1tant for parallel disk l ·O. It greatly 
improves efficiency and re,..ou1-ce management 11·]wn 
properly implemented. 

Parallel utility operation 1 so1ting. index huilding. 
load. backup. and reco\·ery 1 all in\·oh·e parallel pro
cessing as well as parallel disk l/O but tj-picall.\· haw 
only a few component operation,; that can he paral
lelized. 

By contrast \\ith parallel disk l .'0 and parallel util
ities, parallel query processing is much more com
plex. Processing a query nmmally invokes 
im·ocation of a number of atomic database opera
tions. 

The composition and sequence of these opera
tions depends on the specific query and the execu
tion plan selected by the quer:> optimizer. Ordinmik 
database operations a1·e performed in a stii~t 
sequence, with the output of one operation feeding 
the input of the nel\.'t. 

Essentially. parallelization is a di\ide and conquer 
approach. like assigrung multiple worker;:: to a single 
task by di\iding the work and thereby completing 
the task sooner. 

For a database server to suppo11. parallel querv 
processing. vendors must select atDmir datahas~ 
operations which can: 
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• h1· n-:..ii<:t'.•.•d .t· ~ ·: '.he!1 ca:: pr<X.'t'='=' rl.iffo:·l'l1t por
t J 1 ~n . ...: 11f · ht· d. l ~, 1 ,_.i 1: ·n:'..i r~·i_·n t l.\· 
• c"11" :1c· '.ht· , ., _ ,.iiit~ :.i- rh1•u::;h :1 :-mg!t· thn•:id 1Jf 
1 ·~t·L'lil! 1 1!'. h:!d !.ir.1·i;·! ·: -: :··:l tht· 1'lJ1·!·:1tl1 ::n. 

:\lt't.·t1n~· th i- ~.~.1: "f"''!l:!!'t'·- th~1: L!Ut·?-it·:--- h1,.1 dt.·<.:i .1n1-

p11-,-<.! ;.t: -~ tl pt'•'ll ·.-~1 ·· i ::1i•'!-'•::Hk·nt - 1r'~h·· ;_'tlffil11UIHC;.1-

:!1ill:O: ~ii\hi ~.1·• · ·.·.· . . >·i.·: -...:_....·: . .-:t•d hy Jn_._. particular 
h::,.d•s:u·r· C«!'ili:.:1.:r:,: .. -.:i. ·I 'r«:lt111g multiple l'op1c-s tJf 
: 1 p:in in:'.. ff 1.b• . .11': 1:-, '•!i··". ,, i' ·11 \\ hich ran nm m µar
:dlt>l i:' L·:1!il•d h<>riz .. rn:!! p:1rallL·li,.111. ' 

l f 1•ach .,f th · dat:1: >.1"c' uµt•rat it<ll:' i:' dt:·:'Jf!lll'd "" · 
th:ll It i=- ~:,•m:md ·:lri\"l·n . .i d:l!:! ·~l<l\\' :1pprr >:1ch ·. thr.· 

d:11;:hil."•' ."<'!Y<·r c·:u1 .li"" :1chie<.·e µ:1 r:dk!i,.;m h' n111-
11in,..:· difl\ !'• ::t 0 '. :1t:d,,",. ·•pc•rntinn,.; concwTently. Fin· 
L·xampl<>. ,1 d;1t;: :,,,"" "P<'rati»n I\ hich =-eiL•ct,: n.:c1;rd=
h,i""d n11 '.!w ,-,uu1· .. :· : i tiL·id ."huuld run l'oncurrf'ntly 
WJlJi ;l d:it;!h:!."L' <ll>t·!'; !\it<I> \\'hich ~ll'l't':':'e,.; l'el'ord,..; 
fr<>m di .~k .11 ~ d r1L·1•<1 :1· •t \\:lit until all n·4w·,;tl'd 
;\·1.. 11nt ... h :l\.t· ht:t·n n ·: 1d . 

:-;i1111 1. :+ -.·!•·l':"d :·L·l'"r<b can be ft' d to a :'Ol1 
:1 d;t;nv ti1r !n:ti,!1 p.~!·1:~i·•ning ~H:cording tu the :-:011 
k1-1 " ·hjJ,. li11: !: ti~. "t·! .. c·ti«1·, ·lJlt'l·:1t1on and the- aL-ce:':' 

' r·"·r-i1 i.·1: -.·. 0 : : ~ : 11 ::.·. Ii: :1dditi1;i1 t« :n ckpi:ndt·nn.· . .;( 
1h, .i::p i t·n~i·nt.:~·'·! 1 rt·i i111 th\· dt ·grt·e 1·1(p;lralil·li...:ni. a 

. 11 :n.!! ·.~ ! 1_: ~· .. t ·!· •!1- ... :_·:1 ,d_ ... < pt \n111t....: tr;.111:-:p;1re11t 

:: ·,, rp11~ ··; ~i .. r' ./ ;_,·'.'. ,;.: i·:::- ; l:~dl_._ . p~tr;.i:!v! ~d~tll~thrn ...: 

:- ·: .. 1. ·, • ·- ·· .. :-~, -~· :.: _,•!11:,.r:-- '..!' Ll ~t: .HL:un~-t~-l' nt 

... . : ~ : ·-. :.· . .. .. r1 ;1 -_. : :· '.~! ~~ :-:·-.1 :1··d1 lP !tnp:·;n·t: pt.'rti1r
·:·.: 1·:t 'l'. 

l: ~ . . , . ....... , ·-

Multi-threading 

.): ~ ; ,_ i ·: ;: k-· 1 n- :!·~1L·t;.,n 1;:pt·lin1r::.! i1~ 
. ,,, :, .. J ·. ,·:·: w:1i p;i:·::lkli:•m. Tht· 

··~ ,; ;_'. :p i:; ~! : H i i !1 -11 Tl'~L...:t ·~ nl::-p11fi~t · 

;_ ::---u~ 1! -1 ·1p_tl'!1tic.1I pn ..... ·t·~:-:ing 
:·:11p1.,,.,.,.,i;.·t:t i" ,.:pr'l'Ul'd up. 

T !·:c· m<-th"d .. r !, .. -- : :: , .c. <i•_;;;i :1J,. tl:'l'r !'PC{lll':-'t,.: that 

h~: ... ·!~t' ]ii\\l ·:""'1 ii"-"v:· :H·. 1ti : .... t~""'..!t· n1ulti-thr~ading 1a:-' 

it-: : _l.ll~hc·d !":11P -:: ·:d.:kJ 111ulti-threadin~1. .-.\ 
:11 :·1 .:-1 i" :1 Lt1: 1t ": · L'"!·.:l'.'.t 111.m~!genwnt undl'l' the 
1..•.:: :!··ii : ~f.1 :-i n_;,. p!·1 il'v:-':-:. ~1nd can be: 

• ,-:!h,·r in~p i11:, L·?1 lt'd 1\·nhin thL· proce,;E' 1the data
hc.t :-:t.· :o.:t.~r'.·t ·r , 

• 11r \ia •lpera!in'! ,:_1·=-tc·111 !'iL'IYiCL·:-:. 
. .\11 nµL·!': 1t1n~ ·"· "tt'111-lL·\· .. I proce,:::' context ,;witch 

:.- ' "•1:.•1 <k1·:1hi_\· ;11«rL' L·u~tly ·in .-'l·,.;tt·m ten11,; 1 than a 
•_ht·l'~td - 1,·" ·,·! L'Ontl·:--t ,.,,,·itch. The ,::unL' i=- true for 

v• •c"''"' cn·ati•Hl :rnd cit•:'tll.ll'l l<Hl cmnpared to thre<:id 
l'l't 'at i• •ll :Hid de::'truct1un. 

In p1incipll' thn•acb c:tn al,.;u pe1forn1 concull'ent 
t:t"k" hy cloning thL·m:::eh'e:'. creating ,;ubthread:=: 
much iik<.· .-uhproce,;se,;. Bec:wse the operating sy:::
ll'm 1wed not l'l'L·ate. ,;dwdule or tenninate multiple 
pr«Cl'='-"l'=". on·rhead for a multi-threaded databa,;e 
-e1Yer i:-: !<J1\·er than for other architecture::: . 

·n1u,.: :i ltUL' multi-tlu·t>aded architecture prn\ide:;; 

a higher deg ree of re,.;ource sha1ing - and tends to 

make peli(inn<:ince more :;;table 1vith respect to the 
number;; of user,: enabled - than do ::;hared multi-
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pron':::.• architt:cture.- . In ;1dditiun_ multi-thn>~1ding 

can abo prn\ide ;1 higher dt·~'ret> of moduil' indt>pL·!l

dL'nl'e .•inn~ tlw l'Xen1tion of logical operation=- l'an 
be e,·<.·nt-ba:'L'd rather th:rn c1mtn.il flu11·-h,1:'1'd. 'Il1i:' 
nlt':111,.: th<lt •er·n'I' cndi: can h(· expl•cted to be m"n· 
~ubk· when ne"· ti.inctionalit_\· i=- ;1dded. 

B\· c<>mpideiy m:1nag1n;..; .ill tlw rP;:m;i·ce::' rw .. di:d 
b.' the RDB:\IS - including bufft>r ,;pace. di=-k ~pal'e. 
:rnd lncking - :1 multi-thn::idL•d databa.-t• :'L'?Yer 

architt•cture i:; e,;=-erHiaily a dt•dic~lled •lperatrng ·"Y='
tem which ,,;cheduk~ thread ewcution. The ,;ched · 
ule!· can be e ither pn•empti\·c- or non-preempti1·e: 

• in a 11011-preempti\·e ,.;c:hedulL'I' thread;; execute 
until they :;ignal the .•chedult·r thnt they Me 1\illing to 
l.ri1·l· up the pmce=-,.:or ' the ;:clwduler frequently u;;e;; ! 

:1 round-rubin algu1ithm which perrnitE' each thre~1d 
to nm until it hlo<:k:; or until a pe1iod of time known 
a,.: :1 tinw ,;liL'C' ha,: 1~lap,;ed 1: .-:uch scheduling i;; effi

cii:nt for a dedicated Ll:'l' Jataba:::e ,:en·L·J'. :::ince the 
number of type.:' of thre<:ids \1·hich a prnce:;s need 
L''.'\L'l'Ute are relatin•ly fl_'\\'. can be tightly controlled 

and an· highly predictable 
• in a prt·emptiv·e :'cilL'dult-r. thread:; can be intPr
rupted by the ,;rheduler ha;;ed on. for example. the 

!ll'L'd for a thrt·ad with higher p1i01ity to begin exe
c•1tin.:: =-uch a ,.;cheduler i,; efficient for dataha,.;e 
.-e1YC'?'." \\ hich must :;hare re:=:ources \\ith non-d<:it<:i
ha:-e .1pplications . 

On-Line Complex Processing 
Tlw i;\·,iiution of ,.;y::;tem,; toward OLCP is char<:icter-

:rnd 1i,1!L'h prnce,.;,;ing :::lwre common dat<:i processing 
re:'<>Uffl'" ,md manipulate the same data 1 also see 
Figw· .. :; . Hm\·e\·t·r it n'mains t1ue that resource 
man:1;.:ement. tuning and administration CJf hyb1id 
Pminm.ment:' j,; mht·!'P11tl.\· lll<ll'l' difficult than when 
a phtf<11111 i::: dl:dicated to a pa11irular type of process

ing. 
In addition the dill;·rent types uf application sup

pot1L•d often requin:· conflicting ;;ystem ronfigura
tion,.: . \\nen ..;ucce:::sfi.dl.\· implemented as a hyb1id 
emironment. ne1\· :1ppl icationE' themseh-es bec:ume 
hyh1id. O\·pr time que1ie,; and transactions in such 

emirnnment,.: change character and become more 
complex. The <lppiication de:;ign begins to address 
hu,;ine,::=: concern,; direl'tly, and to reflect data pro
ce,.;,.:ing solutions less. 

08:\IS 1·endors often architect \'ersions of their 
products for diflerent classes of application. For 
example. n databa:::e ;;en·er which is dedicated to 
OL TP can depend on ::;e\·eral conditions: 
• tran .. .:;actions are typically of short duration 
• transactions generally do not inte1fere \\ith each 
llther 
• statements generally affect only a few rows 
• only a few tables have many rows or are very 

volatile. 
DBMS vendors that focus on OLTP take advan

tage of these facts by using physical methods to 
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improve performance or by requi1ing applications to 
enforce noninterference of transactions. The query 
optimizer component of the DBMS need not be espe
cially powerful nor need the data access and process
ing methods be capable of efficient access to and 
manipulation oflarger amount..-; of data. 

Nevertheless. \\ithin a h_\'b1id emiromnent. such 
systems suffer severe perforrnance penalties. They 

often require unac
ceptable le\'els of 
database and appli-

. 
• .•• !:"· 

'· 

c.~ '!{ - ~ -~ . ~ . . 
~ f• ·~· 1a . . :.. 

•.,; 

·"·· 

cation mainte-
nanct•. 

From thi,.: it can 
S\\ifl.ly lw set•n 
that key factors 
inrnh·pd in a data
ba:::e ,.:t>!Yer archi
tPct ure capable of 
.-'upporting OLCP 
111u,.:t inC'lude: 
• <>ptimization 
• ef flClt'n 
n·=-nmTl managL'
ment 
• )Xll\11Jt-! 
pr<•L"'""ing. 

Optimization 
Thl' capal1ilitil·, of 
a dat.:iha"l' ,.:t•?Yl'l' 
quL·1-:- optimiz,·r 
dt·tt•1111i1w. tn a 
largp d,·grt·l'. tlw 
ahilit_,. of the 
HDl'.:\1:--; to pc·r
fonn dlil'it•nt ,.:pt 

procC'.-<"ing In par
llcul.ll" th!· ;1bilitY 
of tht· (j\Jl'I"\ opti
mizt•r tn u,.:e an 
aµprup1i;1it• indc.·x 
for n·=-t:ic.·ting tht· 
!"<>\\",.: ,.:elL·Ctl'd. or 
t" 111:m;ig(· qtw1ip;; 
,,·hit"h l'l'fl·rvnc(• 
man.' tahk". i,.: 
impo11;mt. 

Optim il t>r, 
,;hould 1111! ht- =-»n 
,.:iti\·t· to :-l(lL ".'11 -

tax. Tlwy ,.:hnuld 
l>t> ,;t•n,.:iti,·e tu cfata =-tati,.:tic=- and dat;1 ,-aluv di . .-llihu
tions. ln th1::: wa,· tht•\ ('({Jl c·\·,iluatv the t>xpt.•t"tl'd cu;;t 
.. ft ht' pu,.:_,ihlt> q~it-n ·t·xt•cuti•>n pLtn." and tlwn st•ll'cl 
tlw <•rn· \\"ith t ht• h•wt>.-:t co:-:t. 

\\lwn ,:pt pn1('<·=-.-:ing· qut-rie~ art> pron·,.:sed. the 
,·aii•>U:' pun ion, oft ht- pn 1c.·e,:,:in!-'. can lw interlea,·ed 
<>r scht·dult·d t .. impron· c·o11cu1Tt•nc.·,· and rt•:-:ou1-cP 
u:--age. 

In order to do th.is properly an RDB.:\IS must haw 
a scheduler \\·hich: 
• cooperates \\ith the optimizer 
• takes into account the transaction isolntion Je,·el;; 
of all transaction;; \\·hich are executing concmTently. 

Resource management 
Efficient resource management con;;ist:;: of addre:;s
ing two issue:;: 
• tran:-pan·nt ;;uppon for apprnpiiate re:;ources 
• efficient u;;p of pai-ticubr re=-ource~. 

Transpan·nt re=-ornw• ,:upp011 i~ crncial. For 
example. in dPH'loping a clil'nt ;.;pJ"\"Pr application . 
the desigrn•r cannnt •and should not haH· to ; makt> 
asswnption:; <1hout huw the dient and sen·er commu
nicatL'. \\netlwr :1 n!'l work or ,:hart>d men101-:-· ser
\ice;; are u;;ed ,:]wuld not aff1·ct thl' de;;i~'l1. nor 
should the de:>ign cC>n,-train tlwir U:'t·. 

\\npn a relational app]i('ati<111 rt·:'idt•.-: on tht> :;anw 
physical pl:1tfom1 a=- tlw databa;.;1..· engint:. the app]i(':1-
tion and the· datah:t:'t· enf!ine can ".'11chrnnizt· .-:t.1te 

infonnation dliciPnt!y tlm>ugh .-;h<trl'd 111t'rn1>1Y. Thi=
i:-< pm1icularly i111pnl1<1m ,,·Jwn lll:l!1a!-ring },>L·k;; and 
,,-hen bufl<·1·iri .~ rt·.-:ult .-:t:t=- for ;1 ('ll1".-<u1·-d1i't'll intt•r
facl' . 

Among tht' mn,;t imponant n·,.:ouin·,; i.-; mL·l11•J1-:- . 
:'.lan;q .. rin~ mt·nH •l".' con,:urnpti•111 in a d;1t:d1a,:<' .-<t'l"\l'r 
i,.: a .' impo11 :ml " ·" th·· pro •n·,.;:< m;u1aµ-P111vnt O\"l'rlw,icl 
that i,; addrv.--'1 ·d hy ;1 niulti-thn·adl'd arcliit t•cttll"l'. 
HJ)B\I::; ,1p)'li c.·;1t i11n,; lb<' Jllt•mrn-:-· tn: 
• m.tintai•1 t!w .-:!:ill- t1L1 l"C1!1IH'ct io11 
• c.iclw n·qul'•l• ;ind n·,; ulL::- . 

~11 n1t ...;t.• r-. ·l·!·:-= alh•eal<.' ~t11d tn:ina.i.!t· n1f:'1 not~\· :-:Pp:!-

1·att-]_, fi ·i· t·: 1c.·h t:.-:t·1· Thi,.: mean~ that dat a ur indl'x 
paµ\•, in !1lt·1111w_,. fin· onl' u,-pr arl' 111>! acct·;;,;iblt> to 
:mntlwr U.-'t·J w1ti! tht·.\· ha,·t· h l'l'll n·n ·ad fn>m di,;k. 

( ltlwr :'« !Yt·~·- t"11n"ull1v undut· amuu1H:< of nwm
«1"\· f( ,r mai1"11dini11µ· pn .. ·v"" contt•xt. Thi;; contra . .-t,; 
''ith mult i-thr"ading ,,Jiich U>'E.'." minimal aJ11<>Lmt -of 
me11Jt>r_,. for('• >ntPxt 111a11agl'nW11t . 

\\'ith .. ut ,,f!icit>n! managl'llll'nt of,;h;ired memo1-:-. 
c1 dat:1ha.-:t· =-··n·<·r :1rcl1itt'Clttn' cannot addn·,-,: tlw 
.-:imulta1w1.1u,: m•vd, of ( lLTI'. DSS. and hatch pru
('t'f'."in!.:· - ki ;d. •11l· eomplex (jlll'lit.•,; and trnn,;ac
t ion.•. For <>x;unplt-. if a ta,.:k block" ' \\"ail ing for ;;um<· 
rl';;oun-<· =-uch a.-: ll>i. it i,; imprn1ant that it clop:; nut 
euntinut:' \1> h·ild n·.-:·· ~ll"L"L':' . ln.-:tPacl. thf· \"t'hi('lt> of 
1:xt-('utio11 ;a thn·ad ur a proce;;,; • ,;hould mm·e on to 
exPCUlt• :' t11l1(· t;nhl11L·k,·d. t>XPCutablt• task. 

Tht· pol1i•.•n .. f;, !;1.•k th:1t mu,.:t completl' bef(orc· it 
i=- "·illing In _\it ·ld r<·-· •t1l"l·1·, i,.; tl1L'rl'fore highly impor
tant. If it i.-. :ti t lw l•.·n·l uf :1 ~QL ,.:ta!Pmt:nt. rt>,.:ourc·t>.-: 
\\ill he wa ... tvd "·hl'JH'\·vr thv ta.-:k block,. In an ULCP 
t'mironment. an t•nt irl' ~~L st:1lt'l11l'l1t in a hatch 
pnK't:':'' m ight prc·u·nt c1itic:il < lLTl' applicati1>11" 
from meeting c1itical rP='P"nse time n·quirl'ment .-<. 
Thi;; i,.: w1accl'}1tahlt'. 

Parallel query processing 
Paralll'l qupn· pruc1.'."=-i ng <>fl<·1·,; ;1 .~olution H> tht· 
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pmhl1·m .. r Jl""r f)l'rt; irmance on cllmplex queiie;; or 
a!!ain,.;t larg"t'. rnlatil;- database:<. By accessing and 
prt•Cl'='='irn..: poni• .•rb 11C the <lffectt>d data in parallel. 
para I!,, I qu1·ry pr()ct':'.-in!! can greatly impro\·e pe1for
nwnce of[)~;:.; :md h:itc-h proci: . .;:;ing. 

Such imprm·l·nwn t,.; in v·rii11111"nn· make it po,;,.;i
hlt> Ill includl' c· .. mph:x qtwtit>:' in rL•ad \\·1ite trnn,.;ac
tilln,; \\ ithout ,.;ac:nticiu..:: <fota integ1ity or tran;;acti1m 
i,;olatinn. With ad<"4ll<lt•· re..;pon;;t> time. DSS queiies 
that m>uld not h(' pn,.;.-ible in a traditional ;;ystem: 
• beconw po,-,;;ihle 
• nt>ed not c•m1petl' de,.:tnicti\'i'l.\· \\llh OLTP appli
cations. 

On·line administration 
Iclt>:11ly. adrnini,.:tration utilitie;; ;;upport continuou,; 
•>pPration. Tht- ,;y,;tem -hould r(·duce or l'\·en elimi
n:ltt' hnth planned <1lld unpbnned 1iutage,;. 

In practict>. and too oftl'n. HDB}.IS:: mu,.:t be t:1ken 
•ifl~lint' in •J!'dvr to !'Un =-<•me utility. 

To pr11\·idL· high ;1\·aibhility. util itie,.; - such as 
cbt,th;1,.:e loaclin1". h<1L'kup. l'l'L'm·e?;. . intl'l,.'lity \·alida
ti .. n. incll'\ rl'or.~·; 1 niz :1t1•>11. rte. - ,.;hould all be e\e
cut:1bk' on-line. 

For 1:x:1mple. if <1 failure •!l'l'Lll'=' du1ing ,.:uch main
tPnance Ofll'r;1t~on:<. tht· utility .-'houlcl not hnn' to be 
l"<':-te1r1.t•d ti·om tlw h•·c:·mning of the <>pvration. The 
utilit \ mi:.;:ht p1·11iirn1 p1·1iudit' checkpoint:; or t•\.l'n 
fu!i _J<>llrll;\J;ng _.;.; th~\l 11tiH•r utiiitit>:' L';\J1 rnnti!lUL' pro-
1.'l'":'lllg fr"m t hl' p11i1: t, 1f 1;1ilun'. 

1 >tlH· r t'apahilitit.'=-' -ud1 a:- •111-lin1 · :md auto111atic 
. 1rd11\ :d ,,j' :·ull !, •;.: fil''" · aut"11 u tic t\·:':an · nu 11ppra
!•>r rntt'l'\l'l1ti"n ' .. md n11itrnl} ;1hk• .='.\ "\t•m re,-ta1t 

tim1·=- ,\rl' :d.''' imp11tt;111t. B.\ ::1111imizi11g th•: upera
ti»!i." :·,.qumng th1 · lx[)f{\[;o; to Ii" t:1h ·n .. 1J~line. ;1\·ail
:1hilit:, ,,.. l!ll}ll'< \\ l'd. 

l·~, v11 ,..,,_ :d:ni1'.i."tnti<>n t:i,.;k,; - including moni
" ':·:n:..: :ind• .. ,... ".1rc1· 111:111.1;.c•.'!1"«-nt - fre4ucntly inte1·
t1.· 1·t· \\ ~ th ::\·.u l.d1iiity. I ·. !1·.t:l~. - . utiJit_,- opt..lration~ on 
;;m . .:" :.d •lt-" - ,•.wh a:- h.:c·l,up. J,.ad. indt·\ creation. 
.:nd :ndt''.\ r<'11L.'.:l! ' tl.:!t in:1 - .-!h >Utd not require that 
111\ • i.it:l unit - -::di .i." .r : :ihl,•. prntion of a table. 1lr 
t!w d.it:1h;1,;, . - l ,._. madv Ldl;! \,;ihhk· for e ither read 
t 1r ,,. ~·1t c· ~ ll'i..'t' ..;.~_ 

Ir 1t i,.; :h·c• ·""' ' : ~, th.11 the· d :it:1 unit 1 .. . t,tkt•n off 
!in<·. t li;; t t~ll't ,.:h1Juld nut intP1frn· "'ith acce:'s to 
"tlH·r d:lla tmit::. 

:-;m1ilarl,\·. phy:-1cal dat:1b:1,;l' alJ,,.;;1ti1111 :rnd rl'orgn
ni1..ttiu11 . .;pace· managenwnl. ].,g ,1rchi\·ing. and ;;ys
:,.m n·-'Ul't ,;h1ll;ld ha\·L· :1 minimal impa.:t on 
:1pplil·atiun,-. 

T!w rlataba:::e ,;.:n·er ~hould ,1J,;o h.1\·e f1exiblt> 
:nonitn1ing l':tp,1h1litiL·i' \\·h ich p.:1mit U:'L·r:; tu huild 
n r,;tom utilit ll ' ' · \L1infr:1m•: admini,.;trati• in function
ality - .='ud1 ;\.-' unatkndvd :md ;;chhliiled utility 
op<,·r:lli11n,: - - i,.: JU:'t ~1;.; i.':i::'t>lltial for a database ,;en·er 
;1 rd1itect ure. 

Equal!.\· tht> ability· to acid additional tape d1frt>s a;; 
:11--<..'L'='"ary and ;;uµp•ll't for paralll'I utilitie,.; ' backup. 
rL·;;torL·. load. etc.• <lrL' e,.:s1:ntiDl if a database se1Yer 
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a1·cllitl'Cture i,.; t11 ,.;ati,;f~· to tilt' h igh :tu ilahil ity and 
pL'1fon11:1nct: re4uirenwnt:; •>fCJLCP. 

Robustness 
Rnbu;;tne'" "'h tJuld reduce the· impnrtann· tJf' a µa1tic
ular failure• and n:'l'o\·pr from it t ran;:parently. The 
RDB}.IS ,.:hould prll\ide both read :rnd \\lilt" UlTe:i.~ 

to data regardlp;;,- of th<.> circumstam'es. including 
hard\l·arl' ,;y,:tem or component fa ilure. 

St>\·eral diflt>rent facet:; of robu;;tne:-:;; need to be 
incorporated in <l database ;;erver architecture. 
including: 
• redundancy 
• replica ti on. 

Sy:;tem:< \\·hich prmide such high a\·ailability are 
=-•tid t11 ht• fault tok•rant . Fault tolerant sy;;tems nllen 
rl'ly •.lll \·~uiou,; fo1111s of redund.mcy. Two of the most 
impo1t:111t are: 
• ~y<:tt'm hardware redundancy 
• controlled data redundancy. 

Sy;;tpm h:1rd\l·are redundancy may inrnh-e com
pletPh- rL·duncl;int hardware platfonn.:'. standby 
proce,.;,-nr,;. dual-pmted di,;k d1ives and the like. A 
common fin111 i,,: hardware minming in which one 
d i,.;k d1i\"!' i,; de;-;ignated as a copy of another and pro
tect:' aga in.-'! nwdia failure,;. 

:-;y;:tem hardware redundancy - nlthough impor
tant 1; 1r fault tulerance - is not integrated \\ith the 
iw1uirl·mt>nt,.: uf a clataba;;e ::;eri•er. It is uru·esponsi\·e 
to tran.-';1ctinn houndaiies. atomic read,\nites. and 
ge rM·ally th" DB:\IS ca1rnot take advantage of thi:; 
redunda ncy t•> impr<)\·e p.:>1f01111ance . 

Cnnt1dled cbu redundancy occurs in two forms: 
• _,.:oftw:trL• mi1To1ing 
• reµlicati• .111. 

Soft ware mitToring - al;;o called duple:-..ing or 
multiplPxing - can ,.:imult;ineously: 
• pmtt>ct :igain,;t hard\\·,1re failures 
• be u."•'d t<> •>ptimizi· pl•iformance. 

It i:-: the pr, •ce;;." h\ 11 hich the DB:\-IS duplexes a 
unit of data · ta bk- .'pac·e. dh:;pace. chunk. or logical 
de\iCe !. Lhll<ill.'· •H\ a diffc•rL•nt physical de\ice. In par
ticular. the cop;. i,.: defined as the nlin-or and any 
\\lites are t1·:m.-parPntlv \\litten to the min-or. Read 
operation.< can be distiihuted between the ptimary 
de\iCe and it.::: rnimir. leading to improvement in per
ftmnanc<; <t:' a ;:ide L'ff Pct of minming. ! Of course, 
minu1ing may he uf little value if the copies are 
lo.:-akd on the saml' physical de\ ice. 1 

In thE- ' ' '"'!nt that a de\ice is conupted - for 
ex<lmple hy media failure - the damaged copy 
,:hould autolll<llically: 
• be taken lu~'lcally off-line 
• ha\·e all read:; ,111d \\lite,,: directed to the remain
ing uncl,1maged copy. 

The key i,; that no interruption .;hould be per
cei\·ed by the u::;er when this occurs. Once the dam
aged de\ ice i~ repaired or replaced, it can be brought 
bac:k into s.rnchronization with the undamaged copy 

b;.: a process known as on-line remi1Toring. 
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Replication is similar to minoring - except that 
the copy may be remotely located and 1wed not be 
s:-nchronously updated. It may ewn copy an "'ntire 
database. \Vhen used to copy an entin· d<ttabase. its 
purpose is usually to create a ·warn1 standby'. 
However. some implementation:-: add another bl•nefit 
- they make the standby copy an1ibble for read
only access. 

Replication can pro,ide ;.:ignificant hl·twfit;.: to 
hybrid ernironments. For example it can pennit 
DSS, repo1i generation and other re;1d-m ily hat('h 
applications to haYe acce,;;: to da ta on : 1 standh,· s~·;: 

tem while OLTP application:- upd<1k tlw prim<tn· """
tern. 

Management conclusion 
This analysis examine,- kP\ requirPnwnt" f(,r a mod
e1n database :::ern•r architt•cturl" The·_-,. n·qui1·e
ments help identif\ the key fr·at url'" '' hich <1 trnl:-· 
OLC'P database st>rYer archnt·ct urt• mu=-t :-upport. 
They can he summa1ized as: 
• multi-threading - for pe>Jiinn1::m·"· l'P'-'<•u1-ee 
usage. and scalabilit:-· ,·ici suppurt of'111ul tipn1t·e;:;;inµ

• parallelism - for ,;calabilit:--. pc'di 11i1unn" and 
resource usage 1 efficient ('Xtt-nsiliilit .' <il'''• "'" h:1rd
ware architectures• 
• optimization - for high(·r p1·Jii1rn1:n1l't· :inci "UP· 
pmi of more complex que1ie" and tran:<tl'ti"r'" 
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• controlled data redundancy - for highL•r "'·ail
ability and improwd pe1fmn1;ince 
• ;;:ystem redundancy - for higher n' ai bhiiit.' of 
the entin• bu:::ine;;s sy:-tem through fault tult·r:lilCl' 
• on-line admini;:tration - for higher a,·aiblii lit.' 
• OLCP :-upp<H't - for efficit>nt "uppun of hy!1ricl 
ernironment;;: with mnc·1nTPnt OLTI'. D~S. and 
batch applications 

A" user;: recognize thP importnnc1' pf ;;u ppon in;: 
either a mixPd :ipplic:11inn ernironmPnt fr"m <l ,.:in:.:IL' 
datab::isP ,.:t·n·t·r or m c1:-C' C<>rnpl"' ql!P!ll'~ • t ht· t"·" 
predominnnt char::ictt•1i,;til';; of OUT" it i" pn1h,1! 1 l•· 
thnt tht· un<lt'rl.\1ng cbtal1a,;L· ,;en·<'·r :m·1·1ityt·tu re " ii! 
become tht· d(llll!ll ~lll t fact()r in pn1duct ~, . ;, vt illn. 

Thi,, is Pa11 J o(tln• onr!fy ...... ,..,.. th, · ..... , '.; ·1 1::1 /. ··:.',' uf •/·<tr ; .·1 

the .'1(/y JH~I../ !'diti"·" 11/ t 1T\I ~;.x·;·; 1·t:111 J\, .f"•!'t " 
about datoha.,,. sen,.,. w'Ciu: . .-unt .·. }':! r: If ;.-;".: , ·' · . , , . 

in<· lune the n1't'(· .... : . ...:.(lr\ /;·ut u 1·1· ... : on ,:: · ·~ ,· :,;, t: h·. ·1, ~ •.• 

111c11or cf a la ho . .;, ·'" ·1·; ·, · " ; 11 • , i; :er.-·: 

• thl' L\"FOHJJJ.\' ( i·:],/11c · f ht;(/! i< . ....:, ' :, 1 

• Om,1c-; 
• SyhaN"'' .c..,·-.-.,t. ·1" J II 

Buth u.,.,., . 11 .",'!i,1 , ii'.· /)u ;·;,i .\! 1;, ,,, ...... r·: 

~·\ltt 'J .J1'(f !i :·j l ~ ·~ ·iu ... !fl::... il · . ..:. •/511t1 .1dt f " ( ·,{ I ; ( ·.·\ .~1:) t 1f}t .' 

Buth r1rt' clrnu ·,. ti·r11u :\Ji f\·~dt!t.1~: .:·. 11f Thn•1. 
I )at~1h.:1:-:!' :)t.·!"\"t ·~· .-\rd~iil. •ctt :1\·~ . . n:c ''· '·' 'it , .: / .~.1.l 1. 1 n·. 

.4..ftt r!iOfi: ·t ]~·c i;!.11/n,:..:,i1·.-..:. 
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Replication is similar to mirroring - except that 
the copy may be remotely located and need not be 
synchronously updated. It may ewn copy an entire 
database. When used to copy an entire databa:;e. its 
purpose is usually to create a 'wann standh;•·. 
However. some impleml·ntatiom add another benefit 
- they make the standby copy arnilable for read
only access. 

Replication can prO\idl· significant benefit;,: to 
hybrid environments. For example it can pennit 
DSS. report generation and other refld-only batch 
applications to haw acce,:;,- to data on a standh.\· s.\·;:;
tem while OLTP application:< update the p1imar.Y i'.\·;;
tem. 

Management conclusion 
This analysis examine.- ke.' rt>quirement;.: for a mod
ern database serYer architecture. The;.:e require
ments help identifS-· the ke.' f(o.ature;: which a truly 
OLCP database se1Yer architecture must support. 
They can be summaiized a,.;: 
• multi-threading - for ped(1nnance. resource 
usage. and i'Calahility \ia ,;upport ofmultiprncessing 
• parallelism - for scalability. pe11omrnnce. and 
resource u;;age 1 efficient ext<·n;:;ibility across hard
ware architectures 1 
• optimization - for higher pe1fonmu1n· anci sup
po1i of more complex que1ies and tran;:action:; 
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• 

• controlled data redundancy - for hig-lwr .,,-;1il
ability and impro,·ed pe1frnmance 
• system redundancy - for high<>r <1 \ ;:ibhii;n 11: 
the entire busines,; s;;;.:tem through fa:..i lt tfl!Pr;l!Kl· 
• on-line administration - for higher a·•:tibbilitY 
• OLCP supp011 - for dTicient ,;uppll!1 11!' hdind 
emironments ''ith concu1n•nt OLTP. n;:.;-.:. ::mi 
batch applications 

As useri' rpcognize thE> importancl' of :-:upp<irtim.• 
either a mi.-xed application emironnwnt frnm a ~ i ngk 

databai'!o' sern'r or mon· complex que1·i!o'::' < thf' t \\" 
predomin<tnt char:ictC'1ii'tic;; ofOLCP1. it j,.. pn1h;ttJ!r, 
that th<· underl_\ing clataha"'' "t' !Yt·r arcliitl'ClU!\· "·il! 
become tlw dominant foct(lr in product "vlvct ion. 

This is Pa11 l o(t1n, c: no/y...:, , ..... ,..lht 8t'c11.1icl u ·; ,'/ C:J''}l, ·c1,. 1 n 
the ,\lay 1994 cchti<Jn o;' < lT'.\l S1J«Cl!1.lll1 l<E•p(i li,.. 
about databa!<C :wn.-r arch1/,·..tun·.' / 'or: II 1cil! 1·_1·,:I!: -
inc hmc the nccc.~.,cir·: ,i;·alii rt ·., r:r, · pn•,.1d/'(! h·. :1:,·, ·, 
majur data base ,,, n ·, ·r i ir· . /u , t.'. . 
• thc!XFORMJX(J11 Li11cll1·11c11ui< :-;,,.,,., 
• Grade 7 
• Sybase:, S,·st1·111 JU 

Both u·cn· unt1t·1, h,· !Ju ( 1ti .\fr(;. ,, .. ··w: ,.: 

.4.ltcnwtii·c· Tccl1111J,,,!.:-i<'.' No1 ,id, r C•· ,.f: . ( . .-\ .«.-.fHI' · 

Both arc drmu1 t i·u111 An [,·, ii::;1: 1" t' ,,r 1l:n·•.· 
D<twha.-;e St-n\•r :\rchitl'ct u1-c•,.; 11un!i.-f;, ·,:· ii: J.'1.'i:; , .. 
.4.ltematil ·c Tech 111 ,/(It:" ··'· 
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