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What 1s the challenge?

Develop Enterprise support for GIS Operations
Important Business Drivers:

- Mature and growing GIS Operations

- Rapidly expanding GIS Data Infrastructure

- Evolving IT Infrastructure

DOI Enterprise GIS Challenges

- Define requirements for a scalable architecture
- Connecting User Applications with Data Sources

- GIS: Understand the proper architecture strategy

- IT: Establish an Actionable Infrastructure Blueprint that
supports business needs (GIS Operational Requirements)
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GIS Software Evolution Overview

GIS Department Desktop Viewers Distributed Internet Enterprise Federated g
Professional Query and Analysis  Qperations GIS Operations GIS Operations GIS Operations °

Remote Users
Data Development Project Research Specific Operations Internet Desktop Interface Web Search Engines
Data Ma'intenance Ad Hoc Mapping Wo.rk Manageiment Map PPO(?UC.tS Enterprise GIS  Collaboratjve Qperation
GIS Projects . General Operations Delivery Routing Data Publishing N Personal GIS . Mapping Services
Map Production Emergency Response  Data Integration uery / Analysis Web Commerce
Embedded Applications \
Arclnfo ArcView GIS MapObjects ArcView IMS ~ ArcGIS Desktop
. - Arclnfo 1
1982 1992 ArcInfo ODE MapObjects IMS - e 2 Geography Networ
1996 .
c - ArcV
X-Emulation ArcIMS B fA‘rfr(c}EInEing
Windows Terminal Clients 1997 - ArcGIS Server
2004
Web Data|Sourges
Arclnfo Shapefiles Spatial Database Engine Intelligent Data
C.overa.ge/ ArcStorm 1997 ArcSDE Distributed
Librarian _ Map Servers Geodptabase
Appllc?tlon Servers web Servers
Local Area Networks Terminal Servers
GIS File Servers Wide Area Networks

3 of 55 ®



Department GIS

Department File Servers

GIS User @

GIS User
GIS User
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Organizational GIS

Department File Servers Centralized Data Warehouse

Assessor
Assessor
Arc Desktops
Arc Desktops
Distributed Client/Server Centralized Database
D L GIS R — Data Warehouse
epartmenta Departmental GIS Operations
ArcIMS/WTS  Centralized Data Sharing
(server consolidation)
Parks
Assessor

Centralized Database

Enterprise GIS Operations
Centralized Data Administration
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WWw Comp IS

Arc Desktops County GIS

Assessor

Arc Desktops

Enterprise GIS Operations
Department and Central Database
Data Integration

Arc Terminals/Browsers

Application Service Provigdef's o
Regional
Metadata ¢ g -

ArcIMS/ Internet GIS Operations
Terminal Servers Shared Database Environments
Data Integration

Federated GIS
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System Architecture Options

Data Resources

File/lmage I
Server
ArcS
Sery
O 100 Mbps Ethernet
Arc Desktops Arc Browsers
-Analysis I'_ E,;l I"_ E,;l @ -Map Products
-Maintenance e &=——1 -Analysis
-Operations -Operations
-Studies -Studies

ArcGIS Architecture

G.NET Architecture

N\

Geography Netwo

Regional

Web

Web Browsers

R 24 -Data Download
Arc Terminals A ap tops Maps on Demand
-Analysis -Data Updates -Data Shipping
-Maintenance Analvsis I .

-Operations K Arc 8 Mobile Users
-Studies . -Data Updates

-Analysis
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System Design Strategies

GI1S Product Architecture




ArcGIS System

------- ArcGIS Desktop -------

Terminals =~ Arcinfo A{gg,g:},g'[_____f:mv‘ew ArcExplorer Browser
- = [ =1 [E [ = =i

Terminal Services
ArcGIS Desktop

ArcEngine

Files Databases
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System Design Strategies

GI1S User Needs




GIS Business Plann

Optimizing your Benefits
(Prerequisite for purchasing hardware)

ot £l

Data Requirements

Business Processes (Information resources) Application Needs

(User workflows) Infrastructure Requirements (User productivity tools)

System Design Strategic Deployment Plan

2003 2004 2005

GIS Deployment Strategy QTR1 | QTR2 | QTR 3 | QTR4 | QTR1 | QTR2 | QTR3 | QTR4 | QTR1 | QTR2 | QTRA | QTR 4
° L E RA MJ|J ASONDMFRMAMIJASIONDII ERMAMJL ASOND
Tzer Eequirements Analysis Plalllllllg < I & I Q |

Data higration
Database Design
Lpplication Development

Application Deployment

Planning with regular commitments leads to success
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System Architecture Design
What Is System Architecture Design?

pcifications

Hardware

Applications
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System Design Process

System Architecture Design

Technology Overview

Existing Environment

GIS Workf,low Analyst GIS User Needs Overview J
(Customer Business Processes) 7

System Configuration Alternatives

System Design Components
System Loads Analysis
Hardware Sizing/Selection

Implementation Strategy

GIS System Design Consultant
(Customer System Design)
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Software Technology Options

Desktop Applications or Web Services?

GIS Data Source

@

Internet Service

= Map Server
LAN ) — — g .
| | — PDA

Mobile Services
%IZI_ O =
= =i =i

=i

-ArcPAD
Browser Workstations -Tablet PC
Desktop Applications Web Services
-ArcIMS
-ArcGIS Server

Terminals
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City of Rome Planning
Work Flow Analysis — Year 1

City of Rome Peak Usage
January 1, 2004 Total ArcGIS Desktop Web
Department Workflow Info. Product User Type Users | Arcinfo = ArcEditor | ArcView | Reqg/Hr
Site 1 - City Hall
Flanning Zaning 1.0 Flanner 20 8
1.1 WiWeb Service 2 B00
Fermits 1.2 Inspectar 20 10
1.3 Appraiser 15 8
1.4 SUpenvisar 2 2
1.5 WWeh Service GO0
Engineering Sewer Backup 2.1 Engineer 4 3
2.2 WWeh Service =]
Elec. Breaks 2.3 Electrician 13 B
24 Supervisar 2 1
25 WWeb Service =]
Hwy Repair 2k Field Eng. 10 4
27 Contracts 4 4
IT Department Public 5.0 Yieb Service 5 000
Subtotal City Hall a0 15 31 5 B00
Site 2 - Operations Facility
Operationg [Clean-up Prog. 3.1 Op. Staff 4 2
Subtotal Operations 4 2
Remote Field Offices (WAN)
ite 3 Freebery Inspection 4.1 Field Engineer 40 35
Site 4 Willsherg Inspection 4.1 Field Engineer 30 20
Field Offices Inzpection 42 YWeb Service 1,200
Subtotal Field Offices 70 55 1,200

CITY TOTALS

User Needs Templates — Year 1
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City of Rome Planning
Work Flow Analysis — Year 2

City of Rome Peak Usage
January 1, 2005 Total ArcGIS Desktop Web
Department Workflow Info. Product User Type Users Arclnfo ArcEditor ArcView Req/Hr
Site 1 - City Hall Network
Planning Zoning 1.0 Planner 25 15
1.1 Web Service 2500
Permits 1.2 Ingpectaor 258 15
1.3 Appraiser 20 10
1.4 Supervisor a 2
1.5 Weh Service 500
Engineering Sewer Backup 2.1 Engineer =] 3
22 Weh Service 1,000
Elec. Breaks 2.3 Electrician 13 [
2.4 Supervisor 2 1
2.5 Web Service 1,200
Hwy Repair 2B Field Eng. 11 7
27 Contracts 4 4
IT Department Fublic 5.0 Web Service 10,000
Subtotal City Hall 110 19 44 16,400
Site 1 - Police Network
Palice (Firewall) Patral Sched. 5.1 Adrnin. 10 3
5.4 Weh Services | 200
Crime Analysis 5.2 Detectives 10 5
Spec. Events 5.3 Traffic 10 3
Subtotal Police 30 5 6 200
Site 2 - Operations Facility
Cperations Clean-up Prog. 3.1 Op. Staff 4 2
an Response 3.2 Call Takers 50 40
3.3 Weh Services 4 000
Remaote Wehicles Dispatch 3.4 Drivers 30 30
Subtotal Operations 84 72 4,000
Remote Field Offices (WAN)
Site 3 Freeberg Inspection 4.1 Field Engineer 45 30
Site 4 Willsherg Inspection 4.1 Field Engineer B0 40
YWAN Field Office Inspection 4.2 Web Services 1,200
Subtotal WAN Offices 105 70 1,200
Remote Field Offices (Internet VPN)
Site 5 Perth Inspection 4.3 Field Engineer 10 2
Site B Wawash Inspection 4.3 Field Engineer a0 40
Site ¥ Jackson Inspection 4.3 Field Engineer B0 20
Internet Field Offices Inspection 4.2 Web Service 1,300
Subtotal Internet Offices 120 202 3.700
CITY TOTALS
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City of Rome

User Application Requirements

January 1, 2004

January 1, 2005

CITY OF ROME Total Peak Loads Web Total Peak Loads Web
Users Al AE AW  Reg/Hr | Users Al AE AV Req/Hr
Site 1 - City Hall Network
Flanning a7 o] 20 3,200 75 12 30 3,500
Engineering 33 7 11 1,400 35 7 14 2,800
IT Department (Fublic YWeb Services 5,000 10,000
Subtotal City Hall] 90 15 31 9,600 110 19 44 16,400
Site 1 - Police Network
Police (Firewall) 30 5 B 200
Police totals 30 3 6 200
Site 2 - Operations Facility
Cperations 4 2 4 2
911 50 40 4,000
Femote Yehicles 30 30
Cperations Totals 4 2 84 72 4,000
Remote Field Offices (WAN)
Site 3 Freebery 40 35 BOO0 45 30 Ba0
Site 4 Willsbery 30 20 BO0 B0 40 GO0
Subtotal WAN Offices| 70 55 1,200 105 70 1,200
Remote Field Offices (Internet WPN)
Site 5 Perth 10 2 100
Site B Wawash 50 40 BO0
Site ¥ Jackson B0 20 GO0
Subtotal Internet Offices 120 62 1,300
CITY TOTALS 164 15 88 10,800 449 24 254 23.100

Mote: ArcGIS Desktop (Al = Arcinfo, AE = ArcEditar, AW = ArchView)

User Needs
System Architecture Design Overview
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Database Configuration Options

Centralized Computing Environment

Site 1 City Hall Phase 1

AtFiaar Site 2

1) F Lo Operations Facility
LAN

’nerur 'I
13t Floor -Il

J11/Dispatzel

Police Dept

Z2nd i oor

Central IT\Dept

jiil | ATeSDE u
__________ ©

Firewall

T1

"
Fr r
Internet E

\g
: Eﬁﬁ T

|
56 Ki)ps
/ Siteyw
! 4 Ja&on
y

Wireless
| E c

T1 = 1.54 Mbps Roger Tomlinson,
Managing an GIS Seminar, July 2003

/
56 Kbps
Wireless

sbe
Wi rg

Pt
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Platform Loads

Central Computing Environment

January 1, 2004 January 1, 2005
CITY OF ROME Total Peak Loads Webh Total Peak Loads Webh
Users Al AE AV  Req/Hr | Users Al AE AV Reqg/Hr

Site 1 - City Hall Network

Planning 57 8 20 3,200 =) 12 30 3,500

Engineering 33 7 11 1,400 35 7 14 25800

IT Department (Public Yeh Services 5,000 10,000
Subtotal City Hall] 90 15 31 9.600 110 19 44 16,400

Site 1 - Police Network

Police (Firewall) 30 5 =] 200

Police totals 30 5 6 200

Site 2 - Operations Facility

Operations 4 2 4 2

o911 A0 40 4 000

Fermote “ehicles - P 30 P gc g
Operations Totals] 4 AL A 2) 84 A ) A72) 4000

Remote Field Offices (WAN) ( ¢ ¢ ¢

Site 3 Freebery 40 35 G500 45 30 500

Site 4 Willshery 30 P 0 GO0 &0 Al GO0

Subtotal WAN Offices] 7001 £ ) | A55) 1,200 1wy L ) AT0) 1,200
Remote Field Offices (Internet WVPHN) y y 4
Site 5 Pearth 10 2 100
Site B Wawash
Site ¥ Jackson

Subtotal Internet Offices|
CITY TOTALS 164
Mote: ArcGlS Desktop (Al = Arcinfo, AE =

krc ditor, A

Januar
Peak
Al

Server Platforms

City Hall Computer Room
ArcSDE Geodatabase
Windows Terminal Servers
&rclbS Wieb Server

Requests per hour 10,300
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Database Configuration Options

Distributed Computing Environment

_ _ Phase 1 Site 2
Site 1 City Hall e : ili
y Backpors Operations Facility
.
Police Dept - : -.l
“Aned Eloar

Replication j

13t rloor ql
911/Dispatch
N i i
WAN = |

; .... V'-WTS ArcIMS

rcIMS| T1
" Firewall

b
F | r
= internet 4
ArcIMS T v

1 /
56 Ki)ps

Wireless

Replication

~ ~

ArcSDE
Server

Central T Dept

56 Kbps = - T
Wireless

sbe
Wi rg

% J:;&zn
Vehicles Phase 2

T1 = 1.54 Mbps Roger Tomlinson,
Managing an GIS Seminar, July 2003

perth
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Platform Loads

Distributed Computing Environment

January 1, 2004 January 1, 2005
CITY OF ROME Total Peak Loads Webh Total Peak Loads Webh
Users Al AE AV  Req/Hr | Users Al AE AV Reqg/Hr

Site 1 - City Hall Network

Planning a7 8 20 3,200 ia 12 3o 3,500
Engineering 33 i 11 1,400 35 7 14 2900
IT Department (Public Yeh Services 5,000 10,000
Subtotal City Hall] 90 15 31 9.600 110 19 44 16,400
Site 1 - Police Network
Police (Firewall) 30 5 =] 200
Paolice totals 30 5 [ 200
Site 2 - Operations Facility
Operations 4 2 4 2
o911 a0 40 4 000
Fermote “ehicles 30 30
Operations Totals] 4 2 84 72 4,000
Remote Field Offices (WAN)
Site 3 Freebery 40 35 B00 45 30 B00
Site 4 Willshery 30 20 B00 GO A0 KOO
Subtotal WAN Offices| 70 55 1,200 105 70 1,200
Remote Field Offices {Internet VPN}
Site 5 Perth 10 2 100
Site B Wawash a0 40 B00
Site ¥ Jackson =i 20 GO0
Subtotal Internet Offices 120 62 1,300
CITY TOTALS 164 15 88 10,800 449 24 254 23,100

Mote: ArcGlS Desktop (Al = Arclnfo, AE = ArcEditor, A% = Arciview)

January 1, 2004 January 1, 2005
Server Platforms Total Peak Loads Web | Total Peak Loads Web
Users Al AE AV  Req/Hr | Users Al AE AV Req/Hr
City Hall Computer Room
ArcSDE Geodatabase 15 =15 19 176
YWindows Terminal Servers 55 132
ArclMz Web Server Requests per hour 10,800 Requests per hour 15,200
Police Computer Room
ArcSDE Server 5 B
ArclMS Weh Server Requests per hour Requests per hour, 200
Operations Facility
ArcSDE Geodatabase 2 72
YWindows Terminal Servers 30
ArclMz Web Server uests per hour uests per hour
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System Design Strategies

Network Communications




GIS Applications Network Impact

s
~

What GIS Does ...

» Graphic Data Representation (Maps)
* Large Quantity of Data Analysis
e Lots of Network Traffic
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Network Design Guidelines

Local Area Networks Concurrent Client Loads

Bandwidth File Servers SDE Servers Windows Terminals Weh Producis
10 Mhps LAN 2-4 10-20 250-700 150-300
16 Mhps LAN 3-6 16-32 350-1100 250-500
100 Mhps LAN 20-40 100-200 3,500-7_ 000 1,500-3,000
1 Ghps LAN 200-400 000-2,00 35.000-70,000 15, 000-30. 000
Wide Area Metworks Concurrent Client Loads

Bandwidth File Servers SDE Servers Windows T ;
56 EKhps Modem ME ME 2-4
128 Ehp=s ISDIN ME ME 3-10
256 Ehps DSL ME ME 10-20 3-10
512 Ehp= ME ME 20-40 10-20
154 Mhp=s T-1 ME 1-2 S0-100 25-50
2 Khps=s E-1 ME 1-3 Ta-150 A0-20
6.16 AMhps T-2 1-2 A-12 200-400 100-200
45 Mhps T-3 10-20 S0-100 1,500-3,000 FO0-1500
155 Mhps ATM 30-a0 150-300 5.000-10,000 2.500-5,000
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ArcIMS Network Performance

Wide Area Network Peak ArclMS Requests/Hour {based on Average Image 5ize)
Bandwidih 10 KB 30 KB 50 KB 73 KB 100 KB 400 KB
56 Khps Modem 2016 S A 269 202 a0
154 Mhps T-1 55 440 158,480 11,033 7 392 5544 1,366
6.16 Mhps T-2 221 760 /3920 44 35 29 565 22178 5544
45 Mbps T-3 1,620,000 540 U0 .24 000 216,000 162,000 A0 500
155 Nhps ATM 5,580 000 1,860,000 1,116,000 744 000 555 000 139 500
Hote: 1 EB=10Eh HTTP traffic
Wide Area Network Image Transfer Time (sec) hased on Average Image 5Size
Bandwidih 10 KB 30 KB 50 KB 79 KB 100 KB 400 KB
19 Ehps Modem 5.3 15. 5.3 395 526 2105
28 Ehps Modem 3.6 26.8 35.7 142.9
56 Ehps Modem 1.8 13.4 17.9 /1.4
256 Ebps 0.4 249 3.9 15.6
512 Ehps 0.2 1.5 2.0 7.5
154 Mhps T-1 0.1 0.5 0.6 256
6.16 Mhps T-2 0.0 0.1 0.2 0.6
45 hbps T-3 0.0 0.0 0.0 0.1
155 s ATM 0.0 0.0 0.0 0.0
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Data Download Performance

Wide Area Network

Bandwidth

Peak FTP Downloads/Hour (based on Average File Size)

56 Ehps Modem
154 Mhps T-1
6.16 Khps T-2
45 Khps T-3
155 Mhps ATM

H
370

Mote: 1 KB =10 Kb FTF traffic

Wide Area Network

Bandwidth

File Transfer Time (sec) based on Averaqge File Size

19 Ehp= Modem
28 Ehps Modem
56 Ebhps Modem
128 Ehps

256 Ehps

154 RMhps T-1
6.16 Khps T-2
45 Khps T-3
155 s ATM




ArcGIS Desktop
Network Design Planning Factors

. Data per Query Traffic per query| Bandwidth per user
Client Platform KBpqg Compressed KBpq| Kbpqg Kbps
ArcSDE Client 1,000 500 5,000 500
File Server Client 1,000 5,000 50,000 5,000
Terminal Client 100 28 280 28
ArclMS Browser Client 50 50 500 50
ArclMS ArcMap client 200 200 2000 200
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Network Loads

Central Computing Environment

January 1, 2004

January 1, 2005

CITY OF ROME Total Peak Loads Web Total Peak Loads Web
Users Al AE AV  Req/Hr | Users Al AE AV Reqg/Hr
Site 1 - City Hall Network ArcSDE /ArcIMS for all offices and Public
Planning 57 8 20 3,200 75 12 30 3500
Engineering 33 7 11 1,400 35 7 14 2800
IT Department (Public YWeh Services 5,000 10,000
Subtotal City Hall] 90 15 31 9,600 110 19 44 16,400
Site 1 - Police Network ArcSDE for local clients / dialup foy remote patrol cars
Puolice (Firewall) 30 5 =] 200
Police totals| 30 5 6 200
Site 2 - Operations Facility Terjminal WAN access for local clients /JInternet access for remote vehicles
Operations 4 2 4 2
911 50 40 4 000
Remote “ehicles 30 30
Operations Totals 4 2 84 72 4,000
Remote Field Offices (WAN) Terminal WAN access to City Hall
Site 3 Freeberg 40 35 E00 45 30 E00
Site 4 Willshery 30 20 GO0 B0 40 G00
Subtotal WAN Offices| 70 55 1,200 105 70 1,200
Remote Field Offices {Internet VPN) Terminal Internet VPN Interijet access to City Hall
Site & Perth 10 2 100
Site B Wawash 50 40 B0O0
Site ¥ Jackson &0 20 00
Subtotal Internet Offices 120 62 1,300
CITY TOTALS 164 15 i 10,800 449 24 254 23,100
Mote: ArcGlS Desktop (Al = Arclnfo, AE = ArcEditor, AW = Arciview)
January 1, 2004 January 1, 2005
Network Suitability Bandwidth Peak Loads Web Total Peak Loads Web
Mbps Al AE AV  Reg/Hr Users Al AE AV Req/Hr
City Hall
City AN Connection 1.54 57 1,200 142 5,200
Internet Connection (T-1) 1.54 5000 B2 11,300
Operations Facility
YWAN Connection (T-1) 1.54 2 1.54 42 4,000
Remote Field Offices
Site 3 Freeberg 1.54 35 &00 1.54 30 &00
Site 4 Willsbery 1.4 20 G00 1.54 40 G00
Site 5 Perth 1.524 1.54 2 100
Site B YWawash 1.524 1.54 40 G000
Site 7 Jackson 20
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Network Suitability Year 1

Centralized Computing Environment

January 1, 2004 January 1, 2005
Network Suitability Bandwidth Peak Loads Webh Total Peak Loads Web
Mbps Al AE AV  Reqg/Hr Users Al AE AV Req/Hr
City Hall
City WAN Connection ot 1,200 142 5,200
Internet Connection (T-1) 5 000 B2 11,300
Operations Facility
YWAN Cannection (T-1] 1.54 2 1.54 42 4,000
Remote Field Offices
Site 3 Freebery 1.54 35 B0 1.54 30 B0
site 4 Willsbery 1.54 20 = 1.54 40 =]
Site 5 Perth 1.54 \\ J/ 1.54 2 100
Site B Wawash 1.54 T ’ 1.54 40 B0
Site ¥ Jackson 1.54 1.54 20 B0
Combine [~ Convert
1
Jﬂl]llﬂr_‘f 1, 2004
Available User Loads Network Loads Mbps
Network Suitability Bandwidth | ArgGIS | ArclMs ArcGIS ArcIMS Required
Mbps Desktop  ReqlsSec | Desktop Req/Sec | Bandwidth
City Hall Nefwderk Pesign Facfors 0.028 0.5 QLA
City WAN Connection <E» ]g? ° D.g% (1.50 ) 5.1?) Exceed
Internet Connection (T-11 =¥ 1.39 063 ES
Operations Facility Netwerk Design Factors (0.028) 0.5) TOTAL
WiAAR Connection (T-1) 1.64 2 0.05 0.06
Remote Field Offices Netwerk Design Factors (0.028) 0.5) TOTAL High
Site 3 Freebery 1.54 35 017 0.95 0.08 1.06
Site 4 Willsberg 1.54 20 0.7 0.56 0.0s 0.64
Site 5 Perth 1.54
Site B Wawash 1.54
site 7 Jackson 1.54

Design Factors: VWorkstation 0.500 Mbps, Terminal 0.025Mbps, Browser 0.500Mbpg
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Network Suitability Year 2

Centralized Computing Environment

January 1, 2004 January 1, 2005
Network Suitability Bandwidth Peak Loads Webh Total Peak Loads Web
Mbps Al AE AV  Reqg/Hr Users Al AE AV Req/Hr
City Hall
City WAN Connection ot 1,200 142 5,200
Internet Connection (T-1) 5 000 B2 11,300
Operations Facility
YWAN Cannection (T-1] 1.54 2 1.54 42 4,000
Remote Field Offices
Site 3 Freebery 1.54 35 B0 1.54 30 B0
site 4 Willsbery 1.54 20 = 1.54 40 =]
Site 5 Perth 1.54 1.54 2 100
Site B Wawash 1.54 1.54 40 B0
Site ¥ Jackson 1.54 1.54 o 20 , BOO
N /
Combine Convert
January 1, Mﬁlﬁ /
Available USVHI'S / Network Loads Mbps
Netwaork Suitability Bandwidth | ArcGIS/ ArclMSy] ArcGIS ArcIMS Required
Mbps Desktop Reqg/'Sec | Desktop Req/'Sec | Bandwidth
_ City Hall Netwerk Design Factors (0.028) (0.5)
—p | City WM Connection $ 142 1.44 3.88 0.72
= ||nternet Connection (T-1) B2 314 1.74 1.57
Exceed < Operations Facility Network Design Factors (0.028) 0.5)
L= |WAN Connection (T-1) 42 111 1.18 0.55
Remote Field Offices Vetwprk Design Factors (0.028) 0.5)
(b |Site 3 Freebery 1.54 30 017 0.54 0.0s
ngh < = | Site 4 Willzbery 1.54 40 017 1.12 0.0s
Site 5 Perth 1.54 2 0.03 0.08 0.01
> | Site 6 Wawash 1.54 40 0.17 1.12 0.03
Site 7 Jackson 1.54 20 0.17 0.56 0.05

Design Factors: Workstation 0.500 Mbps, Terminal 0.028Mbps, Browser 0.500Mbpg
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System Design Strategies

Data Administration




Database Configuration Options

Centralized Computing Environment

Central
Data Center
Consolidation

File Server ArcSDE Server Attribute Server

AN

N

Web Server
Map Server

LAN

]

Browser  Workstations

WHY CONSOLIDATE?
*Reduce HW cost
*Reduce admin cost

*L.ow implementation risk
Integrated operations

Improved data access

Improved security

[ Browser

Terminals

*Reduce network traffic
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Database Configuration Options

Distributed Computing Environment

Why use distributed architecture?
*Organizational Precedence
*Management Confidence
*Physical Security

*Infrastructure Limitations

ArclInfo or ArcView GIS

Clients

ArclInfo or ArcView GIS
Clients

= | = | = | = | = |

==:

==:

==:

==:

==:

DISTRIBUTED DATA SOLUTIONS g ArcInfo or ArcView GIS

*Increase HW cost
*Increase admin cost
*High implementation risk
*Disconnected operations
*Limited data access
*Reduced security
*Increased network traffic

Clients
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ArcSDE Single-generation Replication

(Personal Geodatabase Checkout — ArcGIS 8.3+)

Disconnected Editing — Personal Geodatabase Checkout

Check-in Version Updates Slngle
Check-out/Check-in
Check-out Transaction
Personal

Geodatabase \ > j

— :
Laptop

= %

Editor

Desktop Prima
Editor Ty

Viewers
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Geodatabase Single- generation Replication

(Database Checkout — ArcGIS 8.3+)

Disconnected Editing — Database Checkout

Corporate
Single
Check-in Regional Version update Check-out/Check-in
ArcSDE Transaction
I:I Check-out
i Regional Reconcile and post
Database Regional updates
Corporate
Editor Reglo i
Vla ArcSDE Vid
J; « —-— - —-— -
——)\ Disconnected| L2 Dj{Sconnected
Resional Editing Regional Editin
P \ Editor & \
—— \ \
S <
L)
Wlw aRegional Regional
_|" Editor _|" Editor
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Geodatabase Multi-generation Replication

Reconcile and post Corporate updates
Download Corporate Version updates

(ArcGIS9.1)

Reconcile and post

Check-out
Regional
Database

Regional updates
. v
Region 1
Vi ArcSDE

L ] - —=—

Editing

Regional
Editor

— Disconnected\

| Editor

Regional
Editor

/.
Regional

Corporate

Reconcile and post Corporate updates

Download Corporate Version updates

Check-out
Regional
Database

Corporate
Editor

Unlimited

Update
Transactions

Upload Regional Version updates

Reconcile and post
Regional updates

\ !
Region 2

V1 AI'CSDE V2
| = == 0
— Dlsconnected\ —)
Regional Editing Regional

Editor \ Editor
| \

Regional
Editor

J0 UL VY



System Design Strategies

Performance Sizing
Fundamentals




Planning for System Performance

Performance Chain

Reduce Cost Improve Productivity

Balanced System Design

@ w (m GeoDatabase
- “‘h‘* .—l"—-—-— ——— Ty, e e

i 1 4

) () (o)

Hardware Infrastructure Database Design User Workflow

Application|)

System Architecture Design
Framework for Productive Operations
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Understanding the Tech

System Performance Factors
How do we address performance sizing?

User Workflow

Display layers/features/complexity

Client Applications
GIS Software

Workstation Performance
(user productivity)

Peak Client Loads —

GeoDatabase Design
(tables, dependencies, relationships)

$Market$

(DBMS, Data Types, Indexing, Tuning)

Database Technology

Performance

ArcSDE Connection

echnology

Wide Area Network
Bandwidth

Hardware Specifications

Server Performance/Capacity

(single server)

Network Communications Bandwidth

Balanced Loads

Internet
Bandwidth
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System Design Strategies

System Sizing Tools




ArclInfo 7.0.2 (Sept. 1994)

—  Sun SPARCstation 10 Model 40, 32 MB Memory
Arclnfo 7.0.4 (Feb. 1996)

—  Sun SPARCstation 20 Model 71, 64 MB Memory
Arclnfo 7.1.1 (Feb. 1997)

—  Pentium Pro 200 MHz, 64 MB Memory
ArclInfo 7.2.1 (April 1998)

—  Pentium II 300 MHz, 128 MB Memory
ArclInfo 8 (July 1999)

—  Pentium III 500 MHz, 128 MB Memory
ArclInfo 8.0.2 (July 2000)

—  Pentium III 733 MHz, 256 MB Memory
ArclInfo 8.1 (July 2001)

—  Pentium IIT 900 MHz, 256 MB Memory
ArclInfo 8.2 (July 2002)

—  Pentium 4 1.5 GHz, 512 MB Memory
ArclInfo 8.3 (July 2003)

—  Intel Pentium 2.4 GHz, 512 MB Memory

ArclInfo 9.0 (May 2004)
— Intel Xeon 3.2 GHz, 512 MB Memory

User Performance Expectations
Arclnfo Platform Selections
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PC Intel Platform Performance

Relative Performance

1800 T T T T T T T 1 2000
. —Sin
1700 Arc04 = 2004 Single ArcInfo o
: e Sf2000
1600 User Workstation Performance
| | | | | | | 04
1500 ] /
- Arc03 = 2003 Single Arcnfo \//
User Workstation Performance
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2003 Hardware Life Cycles

(Months)
Technology Current Useful Obsolete | Non-functional
Network Infrastructure
* Local area networks 24-36 37-84 85-120 120+
» Wide area networks* 12-24 25-60 61-84 84+
Computer Hardware
 Data Servers 12-18 19-48 49-72 72+
* Application Servers 6-12 13-48 49-72 72+
* Desktop Workstations 6-12 13-36 37-60 60+
 Laptop Workstations 6-12 13-34 25-48 48+
* Terminal clients 24-36 37-60 61-72 72+

* Internet bandwidth increasing at 300% per year
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Terminal Server Performance

Terminal Server Performance Model

| Terminal

Server
(6 Arclnfo Users/CPU)

Ill [Il
Terminal Clients ,—Q—‘ ,—Q—”—Q—\ y‘%

Terminal Clients
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SPECrate_int2000

Windows Terminal Server

ArcSDE Server Data Source

90 T T 1 . — Arc04
(o) ) ( 12 GB
20 | | WTS User Processing Equivalents Memory
Batch process = 7.5 GIS clients R GB s
Memory
70 Arc03
yd BES
60 6 GB h J/
Intel Xeon MP 4-3000 MHz Memory. = 57.2
50 - J/ Arc02
4 GB
40 | Memory ) L~ Arc01
// Intel Xeon 2-3200 MHz 34.0
314
30 == Intel Xeon MP 2-3000 MHz
”
2GB yd
20 {|Memory /
/ Intel Xeon 2-2400 MHz 17.5
10 1 J
0 |
0 5 10 15 20 25 30 35 40

Total Concurrent Users
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ArclIMS Server Performance

Map Server

| Map Server

0.6-sec average service time 0.3-sec average service time

Based on 2004
Performance Baseline
Intel Xeon 3.2 GHz

o b

Browser Clients Browser Clients
3,000 Requests per hour/CPU 6,000 Requests per hour/CPU
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Web Application Transac

( Simple 9.0 Map Server Application)

0.6-sec average service time

0.3-sec average service time
ArcGIS Desktop (additional 50% of SOC load)
ArcGIS Engine

Java Application (J2SE/J2EE)

Single Platform
0.9-sec average service time

Based on 2004
Performance Baseline
Intel Xeon 3.2 GHz

Browser Clients

6,000 Requests per hour/CPU

(Single Platform: 4,000 Requests per hour/CPU)




SPECrate_int2000

Internet Map Server Performance
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Requests per Hour

ArcIMS/AGS Data Server Loading

50,000 ——r——rr“*rTrrrrrrrrrrrrrrr

ArcIMS data server load = Map Requests per Hr / 1,600

AGS data server load = Map Requests per Hr / 800

Translation based on data server technology
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30,000

25,000

20,000

15,000

10,000

5,000 |

0

Data Server Client Load
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ArcSDE Server Performance

Server Loading Model

ArcSDE Servers

ArcSDE Server
(30 ArcSDE Clients/CPU)

Workstations

Oor©O®
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SPECrate int2000

Workgro

up GIS Data Server

(ArcSDE and File Server)
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Peak Concurrent Clients
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SPECrate_int2000

Enterprise GIS Data Server

(ArcSDE Server)
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Phased Implementation Strategy

Managing Technology Change

2002 2003

stem Deployment Strategy| QTR1 | QTR2 | QTR3 | QTR4 | QTR1 | QTR2 | QTR 3
1 2 3|4 5 6|7 8 92/101112|1 2 3|4 5 6|7 8 0

lanning and Fvaluation
Fequirements Bvaluation 2003-200f Strategic Pjan 2004:2006 Strategic H

Technology Refresh
Reguirements Anglysis I

Test and Bvaluafion
Frofofppe Validation

Sysiem Deployment

ifial Implemenation

Sysfem Upgrade Frocurement
Apstem Upgrade Deployment

FProducfion Sysfem Cwarafions

Deplovment Authorizetion w)m Deplloyment Authorization
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Systems Integration Support Efforts

System Architecture Design Training
(ESRI Training Class)

(Technology Exchange Workshops)

System Architecture Design Consulting
(Professional Consulting for Enterprise GIS)
Enterprise Systems Lab

(Internet Demonstration Site — ( )
Performance Validation Testing

ArcIMS Architecture Design Consulting
(Professional Consulting for ArcIMS Deployment)
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