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"S.M.A.R.T." Map 
SITE MAP ATTRIBUTE RETRIEVAL TECHNIQUE 

by MicheZe Brown-RaZZ 
Lawrence Livermore National Laboratory 

Space and Site Planning 

Introduction 

Plant Engineering's Space and Site Planning (S&SP) organization at 

Lawrence Livermore National Laboratory (LLNL) has developed a new tool, 

which is a computerized mapping system that can graphically illustrate 

facility characteristics. The current "base" map being used is the LLNL Site 

Map prepared by Plant Engineering's CADD Support group. Using current 

information in the Facility Information Tracking System (FITS) database, a 

Microsoft Excel spreadsheet, an electronic sort can be made, tying in the 

AutoCAD-generated site map to specific database fields. This link is 

accomplished by using a software overlay called the CadPLUS InfoEngine. 

The fields in the database include such things as, facility number, 

occupant program, population, facility age, facility quality, security level, etc. 

By selecting one or a combination of the fields, a map is generated, illustrating 

in color and hatch patterns the facilities or entities that are associated with the 

chosen fields. This process can be very useful for seeing the LLNL site at a 

glance, with highlighted characteristics for particular areas of interest. The 

generation of large complex graphics, using large-scale databases selectively, 

can be accomplished quickly. These extractions and links between data and 

graphics create a S.M.A.R.T. Map. 
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About CadPLUS 

The CadPLUS InfoEngine is a complete information management 

system that works within AutoCAD (Autodesk, Sausalito, California). It can 

link any type of information to any kind of AutoCAD entity. InfoEngine 

organizes and stores information about graphical objects in separate files or 

tables. It has the ability to associate up to 128 fields of information to any 

entity in an AutoCAD drawing. It includes 38 example tables, but can easily 

generate customized data tables that can be edited to include new categories of 

information as needed.1 The InfoEngine is a complete drawing information 

system that lets you associate data with objects with a minimum of effort. 

One of its many applications is its ability to sort data for a report by various 

fields, creating it from selection sets of AutoCAD entities or from an entire 

project comprised of hundreds of drawings.2 InfoEngine requires that five 

steps be performed: 

1. Assign the drawing to a project. 

2. Select a data table to use. 

3. Link AutoCAD entities and table information. 

4. Edit or view information. 

5. Generate a report. 

Because of the reporting features and data table extractions that can be 

made, the InfoEngine can be used as a facility management application, as 

well as a planning tool. 

* CadPLUS Total AE Design System InfoEngine, Preliminary Documentation, 
CadPLUS Products Company, NM, Copyright 1994. (pg. 11) 
21bid., pg. 17 



System Requirements 

CadPLUS is set up as an individual user system for either the 

Macintosh or PC. CadPLUS InfoEngine operates with AutoCAD Release 12 

and 13. InfoEngine is supported on PC Compatible 386-486-Pentium 

computers running DOS, Microsoft Windows 3.1 or Microsoft Windows-NT. 

InfoEngine runs on the Apple Macintosh using System 7.1, Sun Sparcstations 

running SunOS 4.1.3 or Solaris 1.1, and Hewlett Packard (HP-UX) systems. 

InfoEngine minimally requires the standard 8 Mb of RAM that 

AutoCAD requires although, 16 Mb of RAM is required for the S.M.A.R.T 

Map due to the complexity of the AutoCAD drawing. It uses about 2 

megabytes of hard disk space for DOS and Windows platforms and about 1 

megabyte for other platforms.3 It is better than using attributes and less 

cumbersome and more easily supported than using ASE (AutoCAD's SQL 

Extension). ASE is a command set to access external databases from AutoCAD. 

The cost of the complete system, including all design disciplines 

"QuickSTARTS", is $1195. A stand-alone system is available for $495 when 

facility management and database linkages only are being used. 

Features 

InfoEngine can be customized and set up by an average user. Reports 

can be set up and maps can be generated without hiring an "expert". It has a 

fast response for visual identification that is essential to quick, yet efficient, 

planning solutions. It is very user friendly, and many commands and 

functions can be completed in as few as 3-4 simple mouse clicks. The sorts are 

completed in seconds. 

3CadPLUS Total AE Design System InfoEngine, Preliminary Documentation, 
CadPLUS Products Company, NM, Copyright 1994. (pg. 12) 



S.M.A.R.T. Map 

Why we use CadPLUS InfoEngine ... The S.M.A.R.T. Map is not a Geographic 

Information System (GIs), but offers some features that have become crucial 

to our operation. The mapping of these fields, and any combination thereof, 
. 

helps to redefine how economic and environmental resource decisions are 

made and may present opportunities to expand the scope of environmental 
planning for the LLNL site, which can be quite complex due to it's size. In 

population, density, and infrastructure support, LLNL is similar to a small 

city. The site has 630 buildings and over 6.5 million square feet of facility 

space for approximately 10,000 employees and contractor personnel. 

The Department of Energy (DOE) has a growing need for professional 

land use planning and Space and Site Planning at LLNL has a need to 

represent the physical changes taking place over the laboratory site. This 

representation has been accomplished best by graphic illustrations by means 

of mapping. The requests from the twelve LLNL Directorates and other 

clients have been such that colored mapping that could illustrate constantly 

evolving and changing needs/values have been required. Clients from all 

programs at LLNL need to review the site and various building characteristics 

and data quickly and frequently; and the CadPLUS InfoEngine has offered the 

means by which the S.M.A.R.T. Map could be created to support this need. 

The need for it to be created, indirectly, originally came from a DOE Order to 

track specific data and inventory. The map makes graphical use of these 

required data and inventory giving LLNL more value out of the system. 

S.M.A.R.T. Utilizes Existing Facility Data Bases 

DOE uses the Real Property Information System (RPIS-2) data, a 

requirement of DOE Order 4300.1C, as a source of accurate information about 

what they own, including all of their laboratory facilities. The FITS database 
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(Facility Information Tracking System) was developed as the need for 

additional information about LLNL was required. FITS is a large and detailed 

spreadsheet used by organizations at LLNL as a site-specific facility database. It 

is a more detailed offshoot from the RPIS-1, which DOE began using in 1983 

as an oversight and management tool to manage the real property inventory 

at all of the DOE sites. The FITS database is downloaded from a link to Oracle 

through an Excel extraction. The data are then reported in an Excel 

spreadsheet format. 

At this time approximately 20 fields are extracted for S.M.A.R.T. from 

approximately 50 available in the FITS database. (See Attachment #1 for 

entire list of fields) These fields are representative of a set of information for 

facility identification and management at LLNL. Example of some of the FITS 

database fields used with the S.M.A.R.T. Map include the following: 

Facility Ownership (by Associate Director) 

Program Occupants Facility Number 

Facility Use Facility Age 

Security Level Population 

Financial Info. (DOE Funding Sources) 

Construction Type Hazard Level 

Gross/Net Square Footage Quality 

Facility Type 

Accessibility 

The fields listed above are those of most frequently requested. As programs’ 

needs and requirements change and shift, these characteristics can be reflected 

readily in the S.M.A.R.T. visual format for users to have at their finger tips. 

How the S.M.A.R.T. Map works ... 
The original Excel database must be saved as a DBF file. The 

InfoEngine allows the user to define the new table, by creating a new table 

layout (see Fig. 1). To define the new table, a table description or name is set. 



CadPLUS Info EnginL 

Database Utilities 
Oefine New Table: Modify Current Table: 

Change 'eble Layout 

Change Table Name 

Copy Current Layout 

Modify Current Layout 

Audit Current Table 

Pack System Tables 1 
lmport Oata... 

[F] ( Import Table. .. 1 
[""J (Cancel] 

Figure 1 

The column parameters are set by defining whether it is numeric, characters, 

or dates; the column or database field length is inputed. Once the table has 

been defined, the data are imported in the form of a DBF File. The columnar 

data from the database are mapped to the new field name. At this point, 

entities can be highlighted to illustrate the data link to the drawing entity or 

block. 

"Build Query" is the command used to write a query expression that 

creates the visual identification of the linked entities (see Fig. 2). 

Hilight by: Expression.- 
Build Query ... ] 

Add to Query ... 1 
Keyword Query ... 

Figure 2 
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For example, the query or question might be, "Show me all facilities that are 

trailers." The query can be a combination question by using a Boolian of 

"And", "Or", or "Not". A combination query can have up to five questions 

included in it. This query might be the following: "Show me all facilities that 

belong to Plant Operations 'and' all facilities that are trailers 'or' permanent 

buildings 'and' all facilities that are poor quality 'and' greater than 5 years 

old". The values given in the example above are limited to six operations: 

equal to, greater than, less than, not equal to, greater than or equal, and less 

than or equal (see Fig. 3). 

"Hilight" can be by Flash or Hatch. The S.M.A.R.T. Map has always 

been used as a visual tool that requires hard copies, therefore, Hatch has been 

chosen as the method to "Hilight". (Flash , simply, indicates the entity match 

in a flashing color on the computer screen.) To Hilight with a hatch, the user 

chooses the color, layer, spacing and rotation of the hatch pattern (see Fig. 2). 

Before building a query, the AutoCAD drawing must be in MODELSPACE. 

(MS) or TILEMODE 1. 

Build FxpreAion i 

Eoolia 

[Keyurord...] 

(Clear] 
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f i l l  : I - 1 1 '  I , . . . , . . . . * I  - 

Figure 3 



Once the query expression is written and the "Hilight" has been made, 

entities can be edited. The operation is called "Edit Item". The entity is 

selected and a dialog box is shown listing all of the data associated with that 

entity. By double clicking on any one field, a new value can be entered to 

replace the previous one. (Figure 4 is an example illustration of the database 

fields and the column values associated with the entity or block named 

"B298", representing building no. 298.) 

CadPLUS InfoEngine 
FACILITIES DATABASE 

Figure 4 

Conclusion 

With the ability to edit items instantly and view them quickly, 

planners can respond to clients' needs. The S.M.A.R.T. Map makes use of 

existing available data and is adaptable to various review agendas brought 

forth by clients throughout LLNL. By analyzing building data and 

characteristics, a systematic review is made. Facility planning decisions can be 

implemented based on the balanced overview of all data taken from the FITS 

database. In addition, data can be utilized from other Microsoft Excel 

databases. In the immediate future, S.M.A.R.T. Map will be extended to link 



the LLNL site map with data taken from the Plant Engineering Maintenance 

and Operations Department (M&O) facility databases. 

The graphic illustrations and associated data utilizing AutoCAD, 

CadPLUS InfoEngine and Microsoft Excel databases allow great flexibility and 

opportunity for future mapping and facility tracking needs. Obviously, a GIS 

could accommodate the operations involved with the S.M.A.R.T. Map. 

When constraints such as time, funding, and workforce availability limit the 

resources available to use a complex geographical system, the S.M.A.R.T. Map 

becomes valuable as an inexpensive, yet productive tool for facility and site 

planning. 

This document was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States 
Government nor the University of California nor any of their employees makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy. completeness, or usefulness of any information, apparatus, product, or process disclosed, or 
represents that its use would not infringe privately owned rights. Reference herein to any specific commercial products, process, or service 
by trade name, trademthe United States Government or the University of California. The views and opinions of authors expressed herein do 
not necessarily state or reflect those of the United States Government or the University of California and shall not be used for advertising or 
product endorsement purposes. 

Work performed under the auspices of US. Department of Energy by Lawrence Livermore National Laboratory under Contract No. W- 
7405-Eng-48. 



Attachment 1 

FITS II DATA FIELD DESCRIPTIONS 
The Facility Information Tracking System (FITS 11) database is used at LLNL tc track Real Property information. 
The data fields require input from the directorate( Le. AD Facility Manager, Bldg. Facility Manager, Bldg. 
Coordinator, etc.) that has responsibility for the facility in order to keep the database current as well as other sources 
which are indicated in the "Input From" column. 

FITS I1 DATA FIELDS 

DATA FIELD 
Facility ID Number 
Facility Name 
Status 
Site 
Facility Type 

Location 

Security 

Ownership 
Gross Sq. Ft. 

Net Sq. Ft. 
Building Efficiency 

DESCRIPTION INPUT FROM 
Unique number given to facility - used only once 
Name used for facility Directorateluser 
In Service, In Standby, Excessed, Leased 

Permanent, Interim, Trailer, Off-Site Lease, 
Barracks, Utility, Other Structure 
Quadrant on-site where facility is located 

Level of Security in the facility (Limited, Controlled, 

Owned, Leased, Leased-to-Own, Off-site Lease 
Facility total sq. ft. (each type of space is entered, office, 
lab, etc. Key Plans* 
Usable sq. ft. only Key Plans* 
Percentage based on usable sq. ft. vs. non-usable Automatic Calculation 

Assigned by S&SP 

S&SP/User 
S&SP 

PE Project Mgr. 

Whether facility is at LLNL, S-300 or Off-Site Lease 

(NE, NW, SE, SW) S&SP 

Open) security 
PE Proj. Mgr.,/S&SP 



No. of Trailer Units 
~ No. of Workstations 

Population 

Peak Population 
Total Office Population 
Office Utilization 

Percent Occupied 
Quality of Facility 
Technical Status 

Predominate Use 
Replacement Plant Value Factor 
Replacement Plant Value 
Marginal Facility 
Hazards Control Team 
Hazards Classification 
NEPA Document Type 
Original NEPA Document Date 
Current NEPA Date 
Facilities for Handicapped 

Construction Type 

FITS I1 DATA FIELDS 

How many single units in a facility 
Number of "work areas" i.e. desks, in each this means 
a desk or designated work space that is used by one person. 

PE Project Manager 
S&SP/Directorate 

LLNL, DOE, and Other individuals who are 
housed in the facility. 
Highest number of recorded occupants 
Occupants who actually occupy office space 
Office square footage based on office population 

Percentage of facility occupied - Maximum of 100% 
Excellent, Good, Adequate, Fair, Poor 
Fully Current, Satisfactory, Unsatisfactory 
(how well does the facility meet its current use needs) 

What facility is used for predominately 
Multiplier per sq. ft. to determine value 
Current RPV for facility 
Is facility excess to your needs? 
Team assigned to facility 
Hazards Level assigned to facility, Low, Moderate, High 
Type of documentation done for NEPA 
First NEPA documentation done for facility 
Most recent date NEPA study was done 
Restrooms, Toilets,Showers, Parking Spots 
Number of each in the facility 
Type of material used to construct facility. 

Directorate 

System generates 
Directorate 
System Calculates 

Directorate 
CAMO/S&SP/M&O 
CAMO/S&SP/M&O/User 

Directorate 
PE Construction Estimating 
Automatic Calculation 
Hazards Control 
Hazards Control 
Hazards Control 
EPD 
EPD 
EPD 
Directorate 

PE Project Manager 
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Life Expectancy of Facility 
Asset Type 
Beneficial Occupancy Date 
Acquisition Cost 
Improvement Costs 
Total Cost 
Operational Status 
Increment Data 

Facility Responsibilities 

Sponsor Codes 

occupants 
Occupant Percentage 

Facility Conditions 

Vendor Name & Address 
Acct. Number 
Lease Terms and Payment Amt. 

(i . 

FITS I1 DATA FIELDS 

Based on construction type 
Building, Trailer, Utility, Infrastructure, Other. 
Date accepted after construction completion 
Purchase Price - original 
Incremental increases to facility value 
Total of Acquisition and Improvement Costs 
Percentage of facility Active or Inactive 
Additions to facility value: 
Date, Quantity, Description, Dollar Amount 
AD, AD Facility Manager, Building 
Facility Mgr., Bldg. Coordinator, 
Assurance Officer, etc. 
B&R codes and percentages that fund 
the activities/tasks performed in the 
facility 
Programs/Organizations housed in facility 
Percent of facility occupied by an organization 
or program, etc. 
Conditions that exist within a facility, Le. 
faulty wiring, mechanical systems deteriorated, etc. 
For Leased Facilities 
Charge Acct. for Lease Payments 
For Leased Facilities 

System Defaults 
S&SP/PE Proj.Mgr. 
PE Project Manager 
Property Accounting 
Property Accounting 
Automatic Calculation 
Directorate/S&SP 
Project Manager/ 
Property Accounting 
Directorate 

Directorate 

Directorate 
Directorate 

Plant Engineering 

Procurement 
Directorate** 
Procurement 
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