


« Computers were
» Large
> Unreliable
» Expensive (Millions of $$$)

» People were cheap (comparatively)




Technology Marches On!

Chips (CPUs and memory) got
— Smaller
— Faster
— More reliable
— Cheaper (tens of $)!

» Storage got
— Bigger

— Faster .

— More reliable S

— Cheaper (fractions of pennies)! Q_/
* Communication got

— Faster

— More reliable
— Cheaper!

» Systems got a lot more complex!

* People got
— Not appreciably faster or more reliable
— (a lot) More expensive!

$1000 Buys...

1E+12

| .
Discrete Transistor
Integrated Circuit

°
c
(<)
(5]
Q
(7]
B
o
o
(7]
c
o

=
©

s
3
o
£
o

o

—

| . | | | | |
1900 1920 1940 1960 1980 2000
Reference: Year

"Mind Children: The Future of Robot and Human Intelligence," Hans Moravec, Harvard University Press, 1988,
"The Age of Spritual Machines," Ray Kirzweil, Viking, 1999.




ntegrated Circuit Performance Trends

x Logic Density
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Storage Trends

Storage areal density CGR continues at 100% per year to >100 Gbit/in.. The
price of storage is decreasing rapidly, and is now significantly cheaper than
paper.

Storage Density

Progress from breakthroughs,
including MR, GMR heads, AFC—
media
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Lab demos (year 2001) at 106 Gbit/in2

1e(1831) a1Agn/aotd

Range of

0.1 ==

Since 1997 raw
storage prices have
been declining at
50%-60% per year

@ HDD = DRAM ¢ Flash — PaperIFiIml

0.0001
1980 1985 1990 1995 2000 2005

2010




Today

* Disks on laptops have more capacity than most need
-1 Terabyte for $1 199:  http://www.lacie.com/products/product.htm?id=10118

» CPUs cost less than a good meal
— Complete “bare bones” machines for $200 (retail)
— Example: http://shopl.outpost.com/product/3847537

* Network capacity glut permits streaming voice and
video

* But people, ...

Employment Cost Index (1989 = 100):

Total comp., Professional, Specialty, & Technical Occupations (all civilian)




The High Cost of I/T Management

For example: the cost to manage storage is typically twice
the cost of the actual storage system.

Storageshatssimillionhyoughtini o84 anc 20005

$1 million $2 million

Storage Storgg_e )
Administration Administration

$2 million $1 million
System System

Human Costs Dominate in
Database, Too

Database License
Developer Tools 8.0%

4.0% Upgrades

o
Client Access X

3.0%

Training Costs
16.0%

Implementation
37.0%

Internal Maintenance
28.0%

81% is “People Cost”
Source: The AberdeenGroup, 1998

httpirelay.bvk.co.yu/progress/aberdeen/aberdeen.htm




Directory
and Security, Existing
Dozens of Services Applications
systems and 2rlel Dat
applications
BUSINESS
Data

-~ Data
Wep, Server
Application Thousands of

Server: tuning
parameters

DNS Web
Server | Server

Internet Firewall
Load Balancer
Internet Firewall

Storage Area
Network
Hundreds of
components BPsjand
External
Services

eBay ETrade
Outage: 22 hours 12 June 1999 ? Fel?;uary 1999 ‘hfo:gh |3 Marcf:.h
Operating System Failure 9:9. our outages of at least five
Cost: $3 million to $5 million ours

revenue hit and 26% decline System Upgrades

in stock price Czlllsas of Uhplenned 22 percent stock price hit on 5

’ : : February 1999
APPlICEHERNYOWRHIE

Dev. Bank of Singapore

1 July 1999 to August 1999:
Processing Errors

Incorrect debiting of POS
grade due to a system overload
Cost: $40 n'.ulllon in re_hates Application Cost: Embarrassment/loss of
Fo;é%d(::a:-:z ?I;i:;wnh the Failires integrity; interest charges

AT&T

13 April 1998 outage: Six to 26
hours

Software Upgrade

40%

Charles Schwab & Co.
America Online 24 February 1999 through 21 April 1999:
6 August 1996 outage: 24 hours Four outages of at least four hours

MaintenancelHu!-nan Error Upgrades/Operator Errors
Cost: $3 million in rebates Cost: 2??; Announced that it had made $70
Investment: ?2?? n in new infrastructure investment.

Source: Gartner Group




“If it’s so efficient, why doesn’t it fix itself!”







The Idea

Wouldn't it be great if your
Database (and entire system!)
were as easy to maintain
and as self-controlled
as your

What Is The Self-Managing Vision?

* “Intelligent” open systems that...

§

§

§

Manage complexity
“Know” themselves
Continuously tune themselves

Adapt to unpredictable conditions

Prevent and recover from failures

Provide a safe environment

Frees your business
to focus on business, not
infrastructure
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Huge Scope of DBA Responsibilities

@ Initial Design & Layout
® Hardware configuration
@® Logical database design
® Physical data layout (partitioning, allocation to nodegroups,

clustering)
@ Auxiliary data structures (indexes, view materializations)
® Configuration parameters (hundreds!) 222

@ Security policies, groups, userids

® Dynamic Monitoring & Adjustment

@ Database statistics to collect and when
@ Clustering and Reorganization

® Memory allocation, esp. buffer pool sizes
® System / query status

® Problem determination (deadlocks, bad plans, ...
@ Visualization of all the above

~—

Where DBA’s spend their time
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Install 6% v

J |
Create & Configure =
12 % 1

_,

Software Maintenance ‘
o Load Data 6% 1010"
10101“
1l 10110
!"“"'

Ongoing System Management
55%

e

Source: International Oracle User Group (IOUG) 2001 DBA Survey
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Manageability Challen

Application & SQL Management
Optimizer Stats Response time
Throughput Schemal/Index

Backup & Recovery
Management

Tapes, MTTR

Disaster Recovery

Internal Space Management

ges - Today

System Resource
Management

CPU Utilization
Memory Pools
Processes

Table growth trend Space fragmentation

External Storage Management

Disk Configuration Stripe Size

Data Redistribution
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Core Capabilities for Enabling
Self-Managing Systems

Problem Determination

Common System
Administration

Adaptive Monitoring
Solution Install
Policy-based Management

Complex Analysis

Heterogeneous Workload
Management

Increase { Business Resiliency

Responsiveness
P Discover, diagnose, and

Adapt to dynamically act to prevent

changing environments disruptions
Self- Self-
¥ Configuring Healing

Operational Efficiency e uulii- i Secure

Tune resources and Information and

balance workloads to Resources
maximize use of IT
resources

Anticipate, detect,
identify, and protect
against attacks
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Analyze

-

Monitou/

Execute

_—— -~
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Multiple Contexts for
Self-Managing Behavior

Customer T T Enterprise . .
Relationship Resource Business Solutions
Plannin (Business Policies,
Management 5 E E 5 E E "9 Processes, Contracts)

Server Enterprise Storage
Farm - Networ_l_( 2 Poo_l_ >

o s g e e

--[

Network
Devices

Servers Storage

Middleware Database Applications

Groups of

Elements
(Inter-element
self-management)
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