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Engines, Tasks and the SQL Server
Scheduler

Presentation to the Sybase European Users’
Conference
9 October 1995

Svbuve European Users” Conference, London, Y Ociober 1995 CCopyrrehs 1995 Svhase ™ [y

Key Definitions

® Process

» An execution environment scheduled onto physical
CPUs by the operating system

® Engine
» A process running the SQL Server binary which
communicates with similar processes via shared
memory. Together, these engines constitute a single
server.

® Task

» An execution environment within SQL Server,

: 4
scheduled onto engines by the SQL Server

N
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Engines and Tasks

(S

Engine O Engine 1
oS Process-IL g OS Process = g

Running Running
Shared Memory =3 7B
Runnable| Sleep ‘
Queue Queue L
Svhise Eve ean Users Conterence, Longon, 9 Ocabor 1995 Wk Vt'\ﬂ’ O Coprvright 1995 Svbave ™  Inc.
[
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Engine Configuration Parameters s« meste

® cmaxonline

» Maximum number of online engines

M

Server bootstrap will attempt to start this many engines.
» Should have at least as many physical CPUs
» Same as sp_configure parameter, max online engines
@ cminonline
» Enforced, but currently of little use
® cengadjinterval
» Unused

Svhase Eurcpean Users” Conference, London, 9 October 1995 © Copyright 1995 Svhase™ | Inc.
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Engine Affinity :

® A task which must be run on a particular engine is
said to be affinitied to that engine

® A task which is not currently affinitied can run on
any engine

® Some system (kernel) tasks are affinitied
throughout the life of SQL Server

® User tasks may be affinitied for short periods

'K
Svhave Eavopean Users” Conterer. . Londor. 4 October 1995 O Copyr oo 1095 Sibase ™ i
Engines and Tasks with Affinity .
Engine O Engine 1
Server-
wide
queues
Running
Engine- Engine-
affinity affinity
runnable runnable
queue  =——jipt @ queue
Runnable Runnable| Sleep
Queue Queue | Queue
Svbase European Users” Conference. Lundor. 9 October [995 © Copyrizhr 1995 Svbaxe™ _ Inc.



Network Affinity in System 10 -

ngine 1 Engine O Engine 0 Engine 1

%
® All network I/O is done on engine 0

» Network listener task which handles user connections

RPC

Connect |
! Results

QOO
O

O
O

000

O
O

OO
O
O

» Network I/O completion task

» User tasks are temporarily affinitied when starting
network I/0O

Svhise Barope cm Dvers C oererone Do 50 giper J0us O Coprrizcir 1995 Svhave ™ Inc

Problems with Network Affinity

::——-———-————:_—_—————'————_:::‘_———m—_—m

@ Single engine network I/O can create a bottleneck
in multi-engine servers

» A single engine performs all the network I/O, thereby
overloading it

» Other engines have to wait for engine 0 to perform the
o

® Scalability is reduced

Svbase Europesn Users” Conference, London. 9 October 1995 © Copyrigit 1995 Svbase™ | Ine.



System 11 Network I/0 -

® System |1 introduces multiple network engines
® Network I/O can be done on any engine

® Engine O still handles user connections

® One network I/O completion task per engine

® After connection. load balancing is used to select
an engine for network [/O

® Reduces network /0 bottleneck

® Allows more network connections

Svbuise European Uver € GO, e O Copnrrahr J9US Subine ™ g

B\fj ;,,,Loj% N L(QV wa(“”)’ élélh wj-‘im,- 2y, (,(,cj/lf RKing,
Ee bGvan s Lo et L‘/«,(tmt‘a, peo étf;rouw

Engine Synchronisation )

Y

® Since memory is shared between engines, engines
must synchronise access to shared data structures

@ Failure to do so can result in corruption

® Protection of critical sections is done using
» spinlocks - engine loops while waiting

» semaphores - task is rescheduled while waiting

>
W
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Spinlock Granularity

® One spinlock to protect all of shared memory
» Easy to implement!

» Poor performance - single threaded server

® One spinlock to protect a single occurrence of each
shared data structure

® Need to strike a balance with spinlock granularity
® Granularity has been increased for kot spinlocks

» Buffer manager has per-cache spinlocks

» Lock manager uses per-hash table spinlocks

® Each engine operates a clock which interrupts
normal server processing on a regular basis

® This enables housekeeping functions to be
performed on a regular basis

» updates monitoring and other statistics, eg. CPU time
» handle processing of alarms eg. WAITFOR DELAY
» checks currently running task for timeslice errors

® Time of day still handled by the O/S

a
N
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Cclkrate Configuration Parameter .

® Frequency of this interrupt is governed by the
cclkrate configuration parameter
» Units are in microseconds
» Granularity 1s O/S dependent
» Typical value is 100000 microseconds (1/10 second)

® Sometimes this is referred to as a server tick

Svhase European Usees Comterence, London 005 caber [ows o Coprigh

SQL Server Tasks

® A task, or thread is an entity that is schedulable by
the server scheduler

® Analagous to an operating system process
® Managed within the server on most platforms
@ Server bootstrap creates some tasks

» network listener task
» network I/O completion task

® User tasks are created when a client makes a
connection to the server

(b

» Limited by the parameter cusrconnections

Svbase European Users Conference. London. Y G tober 1995 © Copyright 1995 Sybase™ | Inc.



User Task .

Kernel Process id or kpid Server Process id or spid
—+ Kernel Task Pss
Login information
Stack
Stack . .
Guard Query Processing Information
CS : r\:te;n Statistical Information
User Task
Svbase European Users” Conterence, London. 9 Ociober 1995 O Cmvrighr [ 995 Svhase™ | Inc
Components of Kernel Task

® The kernel process id, or kpid is a unique number
which the scheduler uses to manipulate the task

® Stack
» Size determined by cfgstacksz parameter

® Stack guard area

M

> Used to prevent stack overflow
» This has a signature that the server routinely checks for

» If the signature is corrupted, a stack overflow error
occurs

v

> Size determined by cguardsz, typically 2048 bytes '

N
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Pss

® Most tasks, including all user tasks, have a Process
Status Structure, or Pss

® Sybase sometimes uses the word Pss to mean task
» For example, the message "“Pss found with open sdes™

@ All tasks with a Pss will be reported in the system
table, sysprocesses

® The Pss contains most of the information required
for query processing

Sviuive European Users Conrerence Loncon 9 Octoler 1995 G Cop et J9S Nl !N I

Infected Tasks

3
® A task which causes an unexpected exception is
considered bad, or infected
@ There is no choice but to terminate the task
® Typical causes of infection are
» signal 10, a bus error resulting from unaligned access to
data
» signal 11, a segmentation violation from dereferencing
an invalid address
® Infection while holding a spinlock results in a
server crash 7 E
N
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Scheduler .

® Good guy scheduler

» A task vields control to the scheduler at convenient
points
» Not pre-empted

® One scheduler task per engine

® Kemel task
» NoO Pss

» Does not show up in sysprocesses

Shave Earopean Users Conterense London = October 1995 C Copurgnr 1995 Svbave ™ Ing

Yielding Task

@ A running task will voluntarily yield when it has
used up at least its timeslice

® A task will automatically yield when it goes into a
sleep state
» waiting for I/O to complete
» waiting for a lock

® A task that goes into a sleep state will therefore not
necessarily run for its whole timeslice

a>
oW
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Task Timeslice

® The configuration parameter ctimeslice defines the
size of the timeslice. in ficks

® When a task is scheduled to run, a counter in the
Pss is initialized to ctimeslice

® Each clock interrupt, this value is decremented

® At frequent intervals, the task checks whether the
counter has gone negative

® If so. it voluntarily gives up the CPU

@ This scheme means that a task can run for more

713
than ctimeslice ticks :‘
Svhave Eurcpear Users” Conterence, Limdon s Ocober 1995 [ A
Task Yielding to Scheduler .
it
Check for Start a
negative disk I/0
Pss counter
1 \/
l I l |
ctimeslice 0 -1 -2 ctimeslice 0 -1 -2
Time —» Time —»

Voluntary Yield

Svhase European Users’ Conference, London. Y October 1995

Automatic Yield [

N\
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Timeslice Errors

o

ctimeslice 0 -1 -2 Time —» -ctimemax Timeslice

Error
@ ctimemax determines the maximum time a task

can run without yielding

® The Pss counter is checked each clock interrupt for
a value less than -(ctimemax)

® [f so, it 1s infected as having a timeslice error

Sohase European Lors” Conterence London 9 Ociober 1995

‘»
[
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Scheduler Task

oid -
Task  cmaxscheds cschedspins
Check Timer *Check Run- e'
Completions able Tasks '
y4 7.
Nothing to
Schedule do - Sleep
New Task
Svhase European Users’ Conference. Londan, 9 October 1995 © Comvrighr 1995 Sybase™  Inc.
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Task Priorities

0 1 2 3

Kernel Tasks Unused Threshold User Tasks
Task
Network /O Checkpoint
Handler Site Handler Audit
Mirror

Decreasing Priority s

® Cannot change the priorities of tasks

Svhise Ear ean Users Conterence, London v Ociober 1995 C Copyright 1995 S0 ™ ne.

Selection of Next Runnable Task

!

Svhase Eurvipean Users’ Conference, London. 9 October 1995

P2
Affinitied 1 Priority 0
Non-
Affinitied Priority 2 | | Engine-specific
runnable queues]
Scheduler 2 3 Priority 3
looks
for tasks in Priority 0
this order
@ Priority 2 | |Server-wide
runnable queues]

Y @ @ @ Priority 3

4

© Copyright 1995 Sxbase™  Inc.



Server Idling

h-'—''-—'_—————————--———-—-—.____.____________________'
R

@ When there is nothing to do, the scheduler enters
an 1dle loop

® Repeatedly checks for work to be done
® The number of times this is done is given by the

configuration parameter cschedspins 4 geft vce Celll,

] !’Mftﬁ s

® Has the effect of using CPU, even though server is
idle
® If no work is found after cschedspins iterations,

the scheduler sleeps for a short time
a

N
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Responsiveness to 1/0

® On many platforms, a busy scheduler will only
check for I/O events only once in every
cmaxscheds times it schedules a runnable task.

® The cmaxscheds configuration parameter is
therefore a means of balancing I/O-bound tasks
against CPU-bound '

® Defaults to 10

4"

N
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Tuning .

® Best results obtained by application and database
design
® Default values are often sufficient
® Changes should be made one at a time
» Measure effect of change
» Backout the change if it has a negative effect

® Do this with Sybase Technical Support
supervision, or do it at your own risk

N

(L

Svbase European Users' Conference, Londen, 9 October 1995 © Copyright [995 Svhuse ™ o,

Changing Configuration Parameters

® Use sp_configure for user parameters
® Use buildmaster for internal parameters
» buildmaster -dmasterdevice -yparameter=value

® Parameters referred to are buildmaster parameters

® In System 11, all buildmaster parameters will be
modifiable via sp_configure

N
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Responsiveness

® The perceived time it takes to perform a job, such
as a transaction

® Depends on the characteristics of the job
» CPU-bound
» Network I/O-bound
» Disk I/O-bound

Determining Load Mix N
\\ Using CPU Doing Network /0 Doing Disk 110

CPU intensive

(T

Sybase European Users’ Conference, London, 9 October 1995 © Copvright 1995 Svbase™ | Inc.



Throughput

® The amount of work that the server is able to do
® Decreased throughput can be the result of extra
overhead
» More task switching by the scheduler
» Checking for non-existent events
® Throughput will naturally increase if no trade-off
1s needed for gains in responsiveness

® Therefore use increase or decrease in overhead as
a responsiveness-independent means of measuring

throughput changes. "“
S ovase European Users Conterence, London. 9 October 1995 C Coprrignn 1995 Svhine ™ ng
Responsiveness and Throughput L
CPU Overhead
bound I/0 bound
task
Default/ Ideal: Increase in responsiveness Ideal:
Recommended Decrease
value in brackets in overhead
Increase in

® Increase in overhead does not always mean throughput
decreased throughput M

. . - ' ‘

» Increase in responsiveness might make up for the loss

Sihase European Users' Conference, London, 9 Ocrober 1995 € Copyrighr 1995 Svbave™ | Inc.



Taking Advantage of Task Affinity

CPU

bound
Use 'T5102 task

Overhead

Network
1/0 bound
task

® Trace flag 5102 ensures that engine O only runs
affinitied tasks
» Has the effect of dedicating engine O to network /O
» Avoids CPU intensive tasks running on engine O

» Need at least 4 engines online

@ This can improve performance on servers which B

perform large amounts of network I/O L‘
Svhase Envopean Users Conzerence. Lonacr 9 Ociober 1993 © Copyrigrs 1995 Svhase™ . [n.
Cmaxonline

cmax10nlin CPU Overhead
U bound
task

@ Should only be increased to a value equal to the
number of processors

@ More engines available for processing

@ May want to leave one processor for other
processes .

@ Better responsiveness and throughput L‘

Svbase European Users” Conference, London, 9 October 1995 © Copyright 1995 Sxhase™ | In.



Cusrconnections/Cfgstacksz

25/28672 VAN
cusrcon- CpPU Network
nections/ bound /O bound i Overhead
fgstacks task task I/ODblSk p
oun

task

@ On servers with little memory, decreasing the
number of user tasks (cusrconnections) and stack
size (cfgstacksz) can free up memory for the
buffer (or procedure) cache

® A single user connection costs around 32K with
cfgstacksize set to 28K a

Shase Ea-opean Usery Conterence. Loenden. 9 Ocrober 1995 © Copnright 1995 Svbase™  Inc.

Ctimeslice

. . Overhead
ctimeslice CPU
(1) bound

task

® Allows CPU-bound tasks to run for longer before
scheduling out

@ Less task switching and more stable buffer cache

mean decreased overhead
® Major degradation to I/O responsiveness -
4"
@ Not recommended
A\

Svhave Esropean Users” Conference, London. 9 October 1995 © Copyright 1995 Sybase™ | Inc.



Cclkrate

(100000) CcPU
cclkrate bound
task

Overhead

® Only means of emulating a decrease in ctimeslice
® CPU-bound tasks run for a shorter time
® More evenly balanced with I/O-bound tasks

® Too much decrease results in high interrupt
overhead. Do not decrease beyond 10% of default a

Shase Ewropean Usery” Conterence. London. Y October 1995 © Copyrighr 1995 Syhase™ . Inc

Cschedspins (Multi-Engine)

]

Overhead

® On engine 0, scheduler sleep is in O/S network
poll routine

® Engine 0 will be more responsive to the network

® All engines will be less responsive to CPU-bound
tasks, and disk I/O completion

® O/S needs to re-schedule process more frequently

Svbase European Users’ Conference. London, 9 October 1995 © Copyright 1995 Sxbase™ | Inc.



Cschedspins (Single-Engine)

Network
hedsoi /O bound
schedspin task Overhead
CPU Disk
4} bound I/0 bound
task

task

® Responsiveness to network events will decrease

@ Responsiveness to disk events and CPU-bound
tasks will increase

@ Competing processes can be starved of the CPU on
single processor machines

: s
® Value between | and 10 is recommended :!
Svhane European Users” Conrerence. Loncon. 9 Ociober 19935 © Copyright 1995 Sybase™  Inc
Cmaxscheds
CPU
bound
r task )
Disk Overhead

1/0 bound

® Increases the number of times that I/O events are
checked for

® Therefore responsiveness increased for I/O bound
tasks

® Overhead of sometimes checking for non-existent
I/O events

Svhase European Users” Conference, London, 9 Ociober 1995 © Copvright 1995 Svbase'™ | Inc.
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' Generalized Architecture Framework For Data
Warehousing and Sybase Architecture Product Suite

The Architecture for Change

Ade Osinubi, PhD
Principal Consultant
Svbase Worldwide Professional Services
Parsippany. New Jersey 07054
USA

Agenda !

a Definition of Data Warehousing / General
Considerations

A Overview of SAFE Methodology

A Data Warehouse Business Problems and
Drivers

A Generalized Architecture Requirements






Agenda (contd)

A Generalized Data Warehouse Logical
Architecture Framework

* Real - Life Examples
a Generic Data Warehouse Product Suite
A Sybase Data Warehousing Products

» Warehouse Works
« Consulting and Architectural Services

A Conclusion

What is a Data Warehouse?

“A Data Warehouse is an
Architecture, Not a Product!”

- The Gartner Group




Definition of A Data Warehouse

A Data Warehouse is a
» subject oriented
* integrated
e ron volatile
e time variant

collection of data in support
of management’s decision

-W. H. Inmon

Conceptual Data Warehouse Model
-Ade Osinubi, 1995

Subject Areas
Data Inflow / I

Metadata
! i > \{
Highly Summarized fevel

i

VARV

Operational Light . ol
Systems ightly Summarized Lev!
Detail Level
Metadata

Metadata are information about data

Czzyngnt, Ade Osinub:

1 to n sites

/
>

>
>

DSS Systems

End Users
(ad-hoc)

Scheduled
Feeds




Five Essential DW Components

A Operational Data Stores

A Data Conversion / Extraction

A Data Warehouse DBMS

a Data Warehouse Administration
A Business Intelligence Tools

Key Design Considerations For Data
Warehouse

A Granularity (most important aspect)

¢ Dual Level of granularity applicable to most
organizations

A Partitioning
* breakup of data into independent units
A Data Warehouse follows CLDS life cycle

» “give me what you have and | can tell you what |
really want”

A Design for about 50% fit and then iterate
or add increments




Sybase Architecture Framework For
The Enterprise (SAFE) Methodology

(1 199% Syvbase, Inc - Propnietary and Contidential

Data Warehouse Business Problems
and Drivers

A Reduce Cost

 storage
« charge back

a Eliminate Redundancy
A Improve Data Integrity
a Increase Revenue



Data Warehouse Business Problems
and Drivers (contd)

a Provide consistent and comprehensive
access to customer information across
multiple business areas

Ao To Better Understand Customers and
meet their individual needs

A To meet Congressionally mandated
requirements for reporting information
and maintaining historical data

Generic Architecture Requirements

A Data Architecture Requirements

A Application Architecture Requirements
A Technology Architecture Requirements
a Support Architecture Requirements




Data Architecture Requirements

A Multiple Levels of Granularity of Data
A Very Large Data Volumes

» could be terabytes in size

Ao Data Warehouse Levels Distributed or
Centralized

A Synchronization of Multiple Data Sources

Data Architecture Requirements (contd)

A Scheduled Feeds to Users
a Distribution of customized views to users

A Direct Retrievals From DW by Business
Functions

A Extensible Data Model



Application Architecture Requirements

Assembic

L Metadata
¢ Q C> m Q End Users
Data Extract/ /

Data Warehousg
Opcrational

Data Stores  {Convers:or,

Transtorm Access

Distributor] @ Scheauled Feeas
Detail Leve:

@ ¢ Routines Q ¢ I API I C> Direct Access
O 0 4

Agg‘rcganon |
Ad-Hoc S
Data Warenousd © ¢ Ena Lsers

Summary Level Q Distributor Q Scheduled Feeds

¢| API | Q Drrect Access

Technology Architecture Requirements

SRN—

A Ability To Manage Large Data Volumes
A Ability To Manage Multiple Media
A Freely and Easily Index and Monitor Data

a Interfaces To Many Technologies

L-cak,hv/vwl W Pt ng{,'(- f"i‘-'*k’“%s



Téé'hnology Architecture Requiremeﬁi—s—
(contd)

a Programmer/Designer Control of Data
Placement

a Efficient Loading of Data and Data Access

- Store and access data in parallel

Technology Architecture Requirements
(contd)

[ Regional Site | I ] Regional Site
Detail Level Detail Level
- Hardware
- Software
Summary Level
Central Site ]
Market WAN Pre-Sales]
Res. Service T3
goncep{ Marketing
i Sales us. Plan
& Mgmt
Post-Sale




Support Architecture Requirememts

Multiple Functions:
Planning

Design and Consulting Support
Administration
Training

Planning

‘Application Design
and Consulting

Training

Generalized Data Warehouse Architecture
Framework

A Logical Data Architecture

A Logical Application Architecture
A Logical Technology Architecture
A Logical Support Architecture




T

Example Existing Environment

LEGACY
SYSTEM

SEFRVICE ORDER SYSTEMS ! BILLING SYSTEMS

|

SOSY1
FORMATTER

O

M

<

508v2 I BSY1 J [ Asy

l i Rys?

¢ 0

S0OSY2 B8SY1 BSY2 BSY
FORMATTER FORMATTER FORMATTER FORM

< o S oo

ATTER

DATA
STORES
AND
FEEDS

FEEDS

AppUsrl $5OSY1

AppUsr2 BASE
P g1 GB
App2 1M

SOSY2 DB |} sOSY2 JCALL LEVEL DETAIL DATA
g2 GB, t2 M| Archuve g3 GB, t3 mo.

O Tape
FEEDS (Wh 0

TEEDS

Applsrl =

Apprlsry

AppUsry

Appl ]Appz IAppa ] B5YS
AGGREGATOR JT°O>

Ad Hoe

v GB per
Billing Cuvete

Logical Data Architecture

[NS———

Enterprise Data Model
Data Characteristics
Data Storage

Data Distribution



Logical Data Architecture (contd)

a Data Synchronization
A Data Integrity

Blin war  bohaaggle bt

2 "#Vlw il Tote j,lé(f,eq'é{

Logical Data Architecture (contd):
Enterprise Data Models

A ldentify Subject Areas
A Data Model Approach

+ Relational
¢ Multi-Dimensional or Star Schema



Logical Data Architecture (contd)

n Regronal Sios

[ BILLER DATA |
~
FORMATTER
Detail Level | - artitioned | Partitioned | Partitioned
-g GB Databases | Databases |Databases
*n Sites AGGREGATOR VLDB
*>=] Month [ S—_——— SERVEK
of Data Daxl\ Cv d MERGER
-2-3GB PROCESS STAGING
AREA

ON-LINE Enterprise
ADDITIONAL @* DATABASE Summart
SUMMARY ACCESSOR/SPLITTER |- v GB

DATA
FEFD: t Rolling Months
O ot Data

Post-salesJ F’re-Salesl [ Bus. Plng. l {Marketing] r.“kh ResurchJ

Logical Application Architecture

[OTHER LEGACY SYSTEMS] I BILLING SYSTEMS ] - Call Detail
— - Point of Sale Data
OPERATIONAL G - Interactive TV Usage Data

SYSTEMS FORMATTER
chlon 1-n Applications

[ DETAIL LEVEL DATA AppUsrl
CUSTOM FORMATTER Others
ACGREGATOR
B AD HOC

r ENTERPRISE LEVEL SUMMARY DATA ‘

AD-HOC FEED

ADDITIONAL v AppUsrl
SUMMARY META
DATA DATA Others
FEEDS

IPosLsales ] lPre‘SalesJ rBusA Plng. J [Marketinﬂ [Mkt. Rcsurchl




Logical Technology Architecture

MVS Regional WH Central WH
UNIX UNIX
Location 1 f——  gorver F—_} Server
LAN
1
- UNIX - Archive Semm====__ WAN or Tape
z Location2 ——L>  gerver rocess|
© [ st
Location 3 p———oyp  UNIX IAppUsr1
Server ppUsr
UNIX
oy DOWNStream
Applications
Loemtons (——04 S,
‘; Downstream
= I ™1 Applicabons
N
Locations > s":“::' ‘ AppUsrzl
Downstream
=== Applications
2 UNIX
Z | Location6 ———DM  gerver Downstream
o AppUsr3 Applications

Logical Support Architecture: Mission

a Facilitate Development
a Encourage Usage
A Sustain a production environment



Logical Support Architecture:
Delivery Strategy

A Combined Resources

A Seamless View to Useir Community

A Corporate ITS - day to day focus

A Data Warehouse Personnel - plan/consult

Logical Support Architecture: Organization

Support

|
Planning Administration Consulting |

CITS and DW Personnel i




Logical Support Architecture: Deployment

A Headquarters
A Regional Sites
A CITS Sites

Logical Support Architecture:
Planning Function

A Capacity

A Integration

A Transformation Management

A Support Requirements Planning




Logical Support Architecture:
Planning Function (contd)

Ao Metadata Management
A External Communications

Logical Support Architecture:
Administration Function

Systems Administration

Capacity Monitoring

A

A Warehouse Monitoring

A

A Intermediate Data Store Management




ﬁ Logical Support Architecture:
. Administration Function (contd)

a DBMS Error Correction

a Metadata Maintenance

a Query Library Management
a Start Up Services

Logical Support Architecture:
Administration Function (contd)

Problem Management

A

A Help Desk
A Security
A

Change Control



Logical Support Architecture:
Administration Function (contd)

A Backup / Restore

A Software Distribution / Release
Management

A Operations
A Performance Management

Logical Support Architecture:
Consulting Function

A User Assistance

A Data Model Development Coordination
A Query Creation Assistance

A Requirements




Logical Support Architecture:
Consulting Function (contd)

A Integration
a Planning and Education

Logical Support Architecture:
Service Definitions

a Description
A Skills Required

a Training Required to meet skill
requirement

A Procedures / Authorizaiions
A Materials / Forms




Conclusion

Data Warehouse Defined

Data Warehouse Business Drivers
Examined

4 Generalized Data Warehouse Architecture
Framework Developed Using SAFE

Ao Sybase Data Warehouse Products and
Services Explored

Generalized Architecture Framework For Data |

Warehousing and Sybase Architecture Product Suite l

Ade Osinubi, PhD
Principal Consultant
Sybase Worldwide Professional Services
Parsippany, New Jersey 07054
USA
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