	PRIVATE


PRIVATE "TYPE=PICT;ALT="
h. Identify and report all drawings, subassemblies, personnel and other design data associated with the project.
i. Associate line fonts, character fonts, and crosshatching patterns with a project. The "project font file" shall be accessible by all models, and drawings associated with the same project.
j. Relate descriptive (text) data elements in the RDBS, GDBS or both, to projects, subprojects, and drawings.
                                                                                                                                                                                              C8.6.2. PROJECT ACCESS SECURITY CONTROL

The MDMS shall provide multiple levels of access security control based on specific privileges. These access privileges shall be based on user, project, drawing, files, assembly, and other criteria. In addition, it shall:

a. Provide assignable access levels per project, subproject, and user such that a higher level user can control access of lower level users (e.g., a project leader can assign access levels to team members).
b. Provide cross-referencing to define access levels for titles such as project, group, and task leaders. 
c. Deny access of a file, files, or project data base to a user or group of users.
d. Assign read-only access to a file, files, or project database to a user or group of users.
e. Assign update and copy access to a file, files, or project data base to a user or groups of users.
f. Prevent more than one user from receiving update privileges on the same file at the same time.
g. Provide query and reporting of access levels for files, users, and other data related to a project.
h. Provide query and reporting of audit trails for all project files listing dates changed, user name, access levels, user ID, telephone numbers, or other user defined parameters.
                                                                                                                                                                                     C8.6.3. DESIGN VERSION CONTROL

The MDMS shall control and report the status of engineering change orders, design versions, and release procedures for all project data. In addition it shall:

a. Allow the MDMS or project manager to specify release procedures and required approvals prior to the release of project data.
b. Provide notification upon part activation or user request that indicates whether project files are approved for release, preliminary issue, or in process of release or preparation.
c. Issue warning messages of attempts to change lower level drawings and associated geometric models, nongraphic files, and entities while working on higher level drawings of a project.
d. Report all project files affected by a change and those files actively modified as a result of a user specified option.
e. Update higher or lower level project files and associated files at the request of the user when a related file is changed. 
f. Freeze project designs for release and unfreeze for possible later updates.
g. Save all versions of a project file until deleted by the project manager or designer.
h. Append to the file user-defined revision stamps. The
system shall allow the user to:
1. Apply a revision stamp to the file when created. 
2. Change the revision stamp when the design has a major release.
3. Change the revision stamp when the design is updated.
4. Change the revision stamp when the design is archived.
i. Provide notification, upon part activation or user request, that indicates project reference parts, subparts, and figures updated since the last editing session. This message process shall be turned off or ignored at the user's request.
j. Disallow updating of reference parts, subparts, and figures without the user's knowledge.
k. Provide an audit trail for query and reporting of all design versions, change orders, and approvals related to a project.
l. Archive and restore per project all MDMS and related project data.
m. Purge unwanted or archived data at the user's option.
                                                                                                                                                                                            C9. FACILITIES ENGINEERING APPLICATION SOFTWARE

C9.1. GENERAL REQUIREMENTS                 

This section defines requirements for facilities applications software. Each facility engineering applications software product shall incorporate appropriate requirements in Section C8, and all integration requirements in Section C6.

C9.1.1. ANALYSIS AND DESIGN ROUTINES

Each application program shall provide the following features:

a. All analysis and design programs shall be based on industry facilities design criteria. 
1. These industry standards are the minimum design specifications required for analysis and design computations:
a) International Conference of Building Officials, "Uniform Building Code," Whittier, CA, May 1985.
b) Southern Building Code Congress International, "Standard Building Code, 1985 Edition," Birmingham, AL, 1985.
c) Building Officials Code Administrators International, "National Building Code," Country Club Hills, IL, 1987.
d) National Fire Protection Association, "National Electric Code," Battery March, MA.
e) International Association of Plumbing and Mechanical Officials, "Uniform Plumbing Code," Los Angeles, CA.
2. Graphic symbols shall conform to standards established by the American National Standards Institute (ANSI), recognized facilities design professional organizations, and by recognized manufacturing associations associated with the facilities design industry.
a) The ANSI standards shall include the series Y10 (lettering), Y14 (drafting practice), and Y32 (graphic symbols) as they apply to facilities drafting documentation. A minimum set shall include (the dates have been removed from the ANSI document number to indicate the most current publication):
1) ANSI Y.14.6 Screw Threads
2) ANSI Y.32.2 Graphic Symbols for Electrical and Electronic Diagrams
3) ANSI Y32.2.3 Graphic Symbols for Pipe Fittings, Valves, and Piping
4) ANSI Y32.2.4 Graphic Symbols for Heating, Ventilation, and Air Conditioning
5) ANSI Y32.2.6 Graphic Symbols for Heat-Power Apparatus
6) ANSI Y32.4 Graphic Symbols for Plumbing Fixtures for Diagrams Used in Architecture and Building Construction
7) ANSI Y32.7 Graphic Symbols for Railroad Maps and Profiles
8) ANSI Y32.9 Graphic Symbols for Electrical Wiring and Layout Diagrams Used in Architectural and Building Construction
9) ANSI/AWS A2.4 Symbols for Welding and Nondestructive Testing, Including Brazing
b) Graphics symbols not specified in the ANSI standards listed above shall conform to "Ramsey and Sleeper Architectural Graphics Standards, Eighth Edition," John Ray Hoke editor, John Wiley and Sons, Somerset, NJ, 1988.
b. Documentation (including text, equations, tables, and figures) of the procedures, methods, and criteria used in analysis and design routines shall be provided as specified in Section C11. using magnetic or optical storage media described in Section C5. 
c. Analysis and design programs shall interchange data with the:
1. GDBS
2. RDBS 
d. The system shall minimize user input to analysis and design programs that could be obtained from the:
1. GDBS
2. RDBS
3. Design criteria data stored in data files or in a relational data base.
e. A method to establish and change default values for all programs shall be provided. 
f. Each software product shall output data that conform with the following standards:
1. Structured Query Language (SQL):
a) Embedded language interface.
b) Subroutine call interface.
2. Data Descriptive File (DDF).
3. ASCII character file.
4. Computer Graphics Metafile (CGM).
5. Initial Graphics Exchange Specification (IGES).
6. Standard Generalized Mark- up Language (SGML).
g. Each software product shall input data that conform to the following standards:
1. Structured Query Language (SQL):
a) Embedded language interface.
b) Subroutine call interface.
2. Data Descriptive File (DDF).
3. ASCII character file.
4. Computer Graphics Metafile (CGM).
5. Initial Graphics Exchange Specification (IGES).
6. Standard Generalized Mark-up Language (SGML).
h. Analysis and design programs provided by the Navy will typically utilize standards to exchange (import and export) data with contract provided applications. The following standards shall be provided for this purpose:
1. Structured Query Language (SQL). 
a) Embedded Language Interface.
b) Subroutine call interface.
2. Data Description File (DDF).
3. ASCII character file.
4. Graphical Kernal System (GKS).
5. Programmer's Hierarchical Interactive Graphics System (PHIGS).
6. Computer Graphic Metafile (CGM). 
7. Initial Graphics Exchange Specification (IGES).
8. Standard Generalized Mark- up Language (SGML).
i. Environmental data required for analysis applications, such as electrical lighting and daylight analysis, energy analysis, hydrologic analysis, and earthquake analysis shall be obtained from:
1. Data bases maintained by the National Oceanic and Atmospheric Administration (NOAA); National Climatic Data Center, Asheville, N.C., and National Geophysical Data Center, Boulder, CO.
a) Applications having existing interfaces with the NOAA data shall utilize the existing interface; therefore, when data is loaded into the system, it shall be formatted correctly for the respective applications.
b) Magnetic tapes obtained from NOAA shall be read and the data shall be stored in the relational data base.
c) The public switched telephone communication networks shall be used, as a user's choice, to extract data from the remote NOAA data base if available and store it for use in a program.
2. Algorithms for computing sun position shall be obtained from the Nautical Almanac Office, Naval Observatory, Washington, D.C. 
j. All graphics, analysis and design software shall produce answers consistent with customary architectural and engineering practices.
                                                                                                                                                                                      C9.1.2. GEOMETRIC AND MASS PROPERTY CALCULATIONS

The system shall provide for the calculation of:

a. Section properties for planar architectural and cartographic areas.
b. 3-D architectural and cartographic geometric and mass properties.
                                                                                                                                                                                                C9.1.3. INTERFERENCE CHECKING

The graphics system shall have a feature to automatically identify all interferences. Interference is defined as the intrusion of a system or component into the physical or logical space occupied by another component of the system or by another system. The system shall:

a.  Identify all interferences between the following:
1. All structural, plumbing, HVAC, architectural, and electrical systems.
2. All underground utilities systems.
b. The dimensions used in interference checking shall be the actual physical dimensions of the modeled component, or if physical dimensions are not available (symbols, for example), logical size shall be used. 
c. The system shall allow the user to specify required physical or logical clear spaces around each component. 
d. A feature for interactive identification of the systems selected for interference checking shall be provided and shall be triggered by the digitization or identification of one component of each system to be checked. 
e. The software shall trace all the components of the selected systems and indicate interferences graphically in a different color. 
f. Upon request, text output shall consist of:
1. The location of the interference.
2. Whether the components physically occupy the same space or if the interference is an intrusion into a user- defined clear space.
3. The minimum distance between the components at that location.
4. Identification of the system components involved in the interference.
                                                                                                                                                                                          C9.1.4. GUIDE SPECIFICATION INTERFACE

  A feature using Section C8.4.10.7.2, associative data, shall be provided to create and extract specification number references from graphic entities to produce a reference report. The software shall:

a. Assign from one through four specification number references and a Julian revision date to each graphic entity. Each reference shall be a 2 to 8 character string.
b. Assign specification number references to stored figures of various types (such as doors, windows, chairs, trees), to subassemblies or subparts (such as specialized equipment or modular spaces, and to application entities (such as wires, walls and concrete footings), but not to drafting features such as lines, dimensions, and text.
c. Generate a report listing unique entities name and specification number references.
1. Use the following format:
COLUMN         DESCRIPTION
1 - 12                  Building component or system being described.
15 - 23                First specification reference.
25 - 33                Second specification reference.
35 - 43                Third specification reference.
45 - 53                Fourth specification reference.
60 - 65               Approval Julian date, 5 numbers YYDDD.
2. Typical data (dash shown as placeholder):
Door        81111      B5      - -      - -      72246
Switch     16510     A5      - -      - -      78025
Brick        04200      C6   04211   Y        - - 
d. Generate an overall report listing all disciplines, graphical entities, and specification references.
e. Produce the report by a single command, and place it into a text file.
f. An interactive command shall select and report up to 100 graphic entities in a model.
g. Accommodate at least 50,000 graphic entities within the extract, report, and summary features.
h. The Government shall have unrestricted rights to this product.
                                                                                                                                                                                        C9.1.5. COST ESTIMATING INTERFACE

A feature using Section C8.4.10.7.2., associative data, shall be provided to create and extract data to produce reports. The software shall:

a.  Provide an interface between material take- offs (Section C9.1.6.) for cost estimating and the model data base.
b. Create and extract cost codes, object counts, and linear, area, and volume quantity information from a graphics model, and then produce a composite cost code and quantity report. 
c. Assign a cost code to a graphic entity. The cost code shall consist of a 6 to 8 character sequence.
d. Transfer the cost estimating extract to a DBASE III Plus data base.
e. Assign cost codes to stored figures of various types (such as doors, windows, chairs, trees), to subassemblies or subparts (such as specialized equipment or modular spaces), and to intelligent application entities (such as wires, walls, and concrete footings), but not to drafting features, such as lines, dimensions, and text.
f. Assign a unit of measure to graphic entities that will determine how quantities are reported. Units shall include at least:
1. EA, for each, which signifies that the entity is tallied.
2. LF, for linear foot lengths.
3. SF, for square foot areas
4. CF, for cubic foot volumes.
g. Generate a material take- off for each discipline.
h. Determine the appropriate quantities, lengths, areas, and volumes for appropriate items included in the graphic model.
i. Generate a report that will list item codes, units of measure, and quantities. 
1. Use the following format:

COLUMN          DESCRIPTION

10 - 20                 Building component or system reference.
22 - 32                  Item code.
33 - 43                  Quantity.
47 - 57                  Units of measure.

2. Typical data:

Chair            WWWW      02      EA
Wire             RRRRR          75      LF
Conc            ZZ                 100     CF

3. Sort data in item code sequence.
j. Generate a report listing all disciplines, graphical entities, and cost references.
k. Produce the report by a single command and place it into a text file.
l. An interactive command shall select and report up to 100 graphic entities in a model.
m. Accommodate at least 50,000 graphic entities within the extract, report, and summary features.
n. The government shall have unrestricted rights to this product.
                                                                                                                                                                                         C9.1.6. MATERIAL TAKE-OFF

Features shall be provided to generate summaries of materials used in designs. That summaries shall:

a. List unique items.
b. Count like items within the designs.
c. Sum various lists from specified designs.
d. Merge material quantities with descriptive data contained in a relational data base.
e. Use the associative data concept in Section C8.4.10.7.2.
f. Provide a construction and facilities cost estimating feature equivalent to R.S. Means:
1. Construction Specification Institute (C.S.I.) Master Format.
2. Square foot and cubic foot cost divisions.
3. National average costs with location modification factors for cities.
4. Include costs for:
a) Material
b) Crew
c) Equipment
d) Assemblies
e) Subassemblies

C9.1.7. ARTIFICIAL INTELLIGENCE

The system shall provide:

a. Interdiscipline and intradiscipline design rule checking:
1. Industry design rules contained in national and regional standard building codes (e.g., UBC, NEC, UPC, ACI).
2. Features for design rule expansion or modification.
b. Integration of expert system applications into the disciplines applications.
c. Artificial intelligence technology shall be used in architecture, civil engineering, structural engineering, mechanical engineering, electrical engineering, and geoprocessing application software products.

C9.2. GEOPROCESSING SYSTEM

C9.2.1. GENERAL REQUIREMENTS

The geoprocessing system is a logical combination of the following software products that shall be provided:

a.     MAPPING: This product shall include the Basic Mapping features of Section C9.2.2.

b.     GEOGRAPHIC INFORMATION SYSTEMS: This product shall include the Geographic Information Systems features of Section C9.2.3.

c.     IMAGE PROCESSING: This product shall include the Image Processing features of Section C9.2.4.

d.     DIGITAL TERRAIN MODELING: This product shall include the Digital Terrain Modeling features of Section C9.2.5.

e.     UTILITIES MANAGEMENT: This product shall include the Utilities Management features of Section C9.2.6.

f.     FACILITIES MASTER PLANNING: This product shall include the Facilities Master Planning features of Section C9.2.7.
                                                                                                                                                                                      C9.2.2. BASIC MAPPING MODULE
                                                                                                                                                                                                Basic mapping software is commonly used by cartographers, planners, and engineers to portray areas of interest for planimetric studies.

a. The Basic Mapping Module shall provide features for both cartographic production and for analysis of geographic information.
1. Maps produced from the system shall range from large scale (1:10) to small scale (1:1,000,000), with a mode about 1:2400 for planning and 1":40' for utilities systems.
2. The system shall preserve spatial resolution of data in accordance with the latest edition of "The Proposed Standard for Digital Cartographic Data" (available through U.S.G.S., National Mapping Division). 
3. The system shall combine and overlay maps of any scale.
b. Seamless mapping shall be provided so that one digital map can be maintained for each Naval installation and it shall support multiple disciplines and applications. 
c. Graphic mapping features shall include:
1. A mapping symbols library
2. Line fonts, Section C8.4.11.b.2.
3. Building squaring by least- squares method.
4. Area shading with variable gradation of color.
5. Text annotation with variable size and orientation.
d. The system shall provide input, storage, analysis, and display of contiguous spatial data.
1. The system shall not introduce artifacts into the data, such as discontinuous module boundaries that do not match at the edges.
2. The system shall provide analysis and display of "seamless windows" or study areas.

C9.2.2.1. LEGAL DESCRIPTION INPUT FEATURES

The system shall provide features for generating boundary graphic entities and annotation from a legal description of real property. The system shall provide the input of:

a. Generic metes and bounds descriptions. Graphics and annotation shall be generated from user input of: 
1. Lines by bearing expressed in degrees, minutes, seconds (to at least 0.01 second) and referenced to either grid North or true North, and distance.
2. Arc description, including at least these choices: 
a) Radius bearing and distance and the angle through which the arc sweeps.
b) Radius bearing and distance and the chord distance.
c) Radius bearing and distance and the arc length.
d) Chord bearing and distance and the angle through which the arc sweeps.
e) Chord bearing and distance and the radius bearing.
f) Chord bearing and distance and the radius distance.
g) Input spiral curves as defined in Section C8.4.10.6.9.c.
3. Hawaii Land Court System. Graphics and annotation shall be generated from user input of azimuths from true South for lines and input of chord azimuths, chord lengths, and radius lengths for arcs. 
b. Public land survey descriptions, as defined in the "Manual of Instructions for the Survey of Public Lands of the United States," (Bureau of Land Management Pamphlet P221). Graphics and annotation shall be generated from user input of meridians, parallels, sections and townships.
c. Survey information identified in Section C9.4.2.

C9.2.2.2. MAP PROJECTION FEATURES

The system shall allow the user to input origins, central parallels, and central meridians for the following map projections and allow the user to convert map data from one projection to another and store it, in the geometric data base:

a. Albers Conic Equal Area.
b. Universal Transverse Mercator.
c. Lambert Conformal Conic.
d. Mercator.
e. Polyconic.
f. Polar Stereographic.
g. Azimuthal equidistant.
h. Gnomonic. 
i. Transverse mercator

C9.2.2.3. SPHEROID FEATURES

The system shall provide, by user selection, at least the following spheroids: 

a. Clarke 1866.
b. International 1924.
c. Australian National (1966).
d. Krassovsky (1940).
e. Global Reference Spheroid (GRS) 1980.
f. World Geodetic System 1972, 1984. 
g. Bessel 1841.
h. User-specified sphere and spheroid parameters such as
semi-major axis, semi-minor axis, and user-specified elevations above any sphere and spheroid listed above.

 C9.2.2.4. COORDINATE INPUT

The system shall allow the user to input coordinate data expressed in either English or metric units in the following coordinate systems and convert to the internal data base format: 

a. Geographic coordinates (latitude, longitude).
b. Universal Transverse Mercator (UTM) grid coordinates.
c. Universal Polar Stereographic (UPS) grid coordinates.
d. State plane coordinates.
e. A user-defined local coordinate input feature for adding other coordinate systems (such as Long Range Antenna (LORAN))

.C9.2.2.5. DIGITIZING

Provide the following features for digitizing: 

a. Attributes associated with:
1. Point locations.
2. Linear features.
3. Polygons (series of arcs) by name or by digitized interior coordinates.
4. Symbols.
b. Processing of islands within polygons for topological structure digitizing.
c. Creation of topological data structures with verification that the network is complete and correct.
d. Interactive editing and update of topological data structures.
e. Calibration of points on the document to real world coordinates in the data base.
f. Thinning of stream-digitized coordinates during input and a postprocessing filtering feature to minimize the number of stored coordinates required to represent an arbitrary feature.
g. Perform automatic matching of line end points while digitizing.
h. Free format digitizing.
i. Real- time graphic display of points being digitized and edited.
j. Topological error checking and graphic display including:
1. Missing arcs.
2. Overshoots.
3. Undershoots.
4. Missing polygons.
5. Multiple labels per polygon.
k. Interactive modification of existing data by adding, deleting, modifying, and replacing features. 
                                                                                                                                                                                    C9.2.2.6. SCANNING

The system shall provide for input of existing maps, documents, and photographs using the scanning hardware described in Section C5.4.

a. The software shall include a text recognition feature for text at any orientation.
b. A separate input step or postprocessing routine shall force vectors representing features such as building walls to be at right angles to each other.
c. Scanning distortions shall be corrected to undistorted geometry (rubber sheeting).
d. The data shall be, upon request, converted from raster to vector format and stored in the geometric data base.
e. Shall allow editing of scanned maps in raster or vector format.

C9.2.2.7. TABULAR OUTPUT

The system shall provide the following tabular output features:

a. Specify report format and contents interactively using the report generator, Section C8.3.
b. Determine the bearing and distance for any line in the data base and generate graphic text in user- selected legal format documenting:
1. Bearing.
2. Azimuth referencing North or South.
3. Distance.
c. Report coordinates in English and metric units within the same report.

C9.2.3. GEOGRAPHIC INFORMATION SYSTEM
This software is commonly used by planners to portray mapped areas in three dimensions and identify areas with common spatial characteristics. This software also includes basic image processing techniques.

C9.2.3.1. GEOGRAPHIC INFORMATION SYSTEM (GIS) MODULE

Provide the following:

a. Features for both cartographic production and for analysis of geographic information.
1. Maps produced from the system shall range from large scale (1:10) to small scale (1:1,000,000), with a mode about 1:2400 for planning and 1":40' for utilities systems.
2. The system shall preserve spatial resolution in accordance with the latest edition of "The Proposed Standard for Digital Cartographic Data."
3. The system shall combine and overlay maps of any scale.
b. The geometric data base shall maintain one digital map for each complete Naval installation and shall include multiple disciplines and applications.
c. The system shall support input, storage, analysis, and display of contiguous spatial data.
1. The system shall not introduce artifacts into the data such as discontinuous module boundaries that do not match at edges.
2. The system shall allow for analysis and display of "seamless windows" or study areas.
d. Facilities geographic information shall be used for analysis associated with:
1. Facilities master planning.
2. Real estate management.
3. Natural resources management.
4. Environmental analysis.
5. Utility master planning and layout, and management.
e. Statistical analysis features:
1. Area - A surface area measurement expressed in squared units such as feet, meters, yards, rods, or two- dimensional units such as acres or hectares. 
2. Correlation - A statistical measure of two or more surfaces in which the similarity of topological features is measured and reported. 
3. Cross- tabulation - A two-way table showing the land area occupied by user- defined categories across two surfaces. 
4. Descriptive statistics - Reports the mean, median, standard deviation, and other useful descriptive statistics for a surface.
5. Histogram Generation - A graphic and numeric report presenting the frequency of data values within specific value ranges, the percent of data values above and below that range and a bar chart visually relating the frequency distribution. 
6. Percentile generation - An analytic operation similar to ranking in which each data value is described at its relative percentile of the total population. The highest value receives 100 percentile, the lowest is zero. 
7. Perimeter calculations - A measurement of the linear distance around an area expressed in units such as meters or feet. 
8. Ranking - An analytic operation in which each data value receives a number representative of its position in the value range of the surface. The highest value is numbered 1, the second highest 2, and so on. 
9. Regression - A statistical technique for determining the shape of the relationship between two or more variables. 
10. Variance - A statistical technique for identifying the similarity between or among two or more variables. 
11. Volume - A volumetric measurement expressed in cubed units such as feet, yards, or meters.

C9.2.3.2. MACHINE-READABLE INPUT

The system shall read the following standard data types from 9- track tapes and reformat the data into the geometric data base.

a. DEM - Digital Elevation Model. A file with terrain elevations recorded for the intersections of a fine- grained grid, commonly obtained with an orthophotoscope and organized by quadrangle as the digital equivalent of the elevation data on a topographic base map. DEMs are developed by both the U.S. Forest Service and the U.S. Geological Survey (USGS) as fairly standard products for selected USGS 7.5-minute quadrangles. 
b. DIME - A geographic base file with Dual Independent Map Encoding, with the linear elements in a network coded to represent both their bounding by area units and their cobounding by the points at which the linear links meet. The U.S. Bureau of the Census and a number of private firms supply DIME files.
c. DLG - Digital Line Graph. A file containing lists of point coordinates describing boundaries, drainage lines, transportation routes, and other linear features, commonly digitized manually or scanned and organized by quadrangle as the digital equivalent of the linear hydrographic and cultural data on a topographic base map. The USGS supplies DLGs as a standard product for selected 7.5- minute quadrangles.
d. DTM - Digital Terrain Model. A land surface represented in digital form by an elevation grid or lists of 
three-dimensional coordinates. DTMs were originally produced from 1:250,000 Defense Mapping Agency (DMA) maps with a contour interval of 200 feet and a grid size of approximately 200 feet (0.01 inch at scale). DTMs are now distributed by the USGS.
e. TIGER - Topologically Integrated Geographic Encoding and Referencing System files contain geographic information required to conduct field operations and to tabulate census data. These files not only contain all census areas but show all roads, railroads, water, and other boundary information. The U.S. Bureau of the Census supplies the TIGER files.
f. GNIS - Geographic Names Information System. This system contains five data bases that provide information, the integration of which provides users of spatial data with a powerful tool for local, regional, and national analysis. These files are available from the USGS.
g. DTED - Digital Terrain Elevation Data. The file contains terrain elevation data with known geographic control produced by the Defense Mapping Agency (DMA). Elevations are expressed in meters and referenced to Mean Sea Level (MSL) and the horizontal datum is the World Geodetic System (WGS). There are two levels of DTED information; Level 1 is a 1-degree square by 1-degree square cell while level 2 may be less than a full 1-degree square cell.
h. DFAD - Digital Feature Analysis Data. This data is collected at two different levels. Level 1 DFAD provides information such as that capable of supporting projections of radar reflectiveness; the density of detail which approximates 1:200,000 - 1:250,000 scale charts. Level 2 DFAD provides information capable of supporting such activities as targeting exercises in selected areas of interest with the level of detail approximating that of 1:50,000 scale charts. These files are available from the DMA.
i. WVS - World Vector Shoreline. These files are compiled at 1:250,000 scale by the DMA with Polar Stereographic, Lambert, and Mercator projections. While information is currently limited to the Mediterranean Sea Areas, files will be available through the DMA.
j. World Data Bank II - Data base of shoreline, major geopolitical boundaries and some rivers compiled at the scale of 1:3,000,000. The World Data Bank II and World Data Bank I are compiled and available through the Central Intelligence Agency.
k. NGS Data Base - National Geodetic Service Data Base files contain horizontal, vertical, and gravity data. Horizontal control is currently referenced to both North American Datum (NAD) 1927 and 1983. These files are available through the National Geodetic Service.
l. NOS Data Bases - National Service Data Base include hydrographic survey and nautical chart data. These files are available through the National Ocean Service.
m. National Wetlands Inventory - Files containing wetland maps for the U.S. according to the wetlands classification scheme by the Department of Interior. These files are available through U.S. Fish and Wildlife Service.
n. IGES data files.
o. SDTS - Spatial Data Transfer Specification. The American Cartographer, January 1988.

C9.2.3.3. SPATIAL ANALYSIS FEATURES

The system shall provide the following vector operations:

a. Polygon overlays for the following:
1. Complete Boolean (AND,OR,NOT,IF,THEN,EXCEPT) functions.
2. Provide features to generate polygons automatically from arcs without manual intervention.
3. Calculate area and perimeter of overlay.
4 Sliver polygon removal.
5. Relate attributes from input files to output files.
6. Overlay any two polygon networks to create a third polygon network in which the polygons have the combined nongraphic information of the parent networks.
7. Superimpose polygon data over digital terrain data in both perspective (3-D mesh) and topographic contour modes.
8. Allow point features to be overlaid on polygon features to relate point attributes with polygon attributes.
9. Allow line features to be overlaid on polygon features to relate line attributes to polygon attributes.
10. Allow point features to be overlaid on line features to relate point attributes to line attributes.
11. Allow line features to be overlaid on line features to relate line attributes to line attributes.
12. Allow point features to be overlaid on point features to relate point features to point attributes.
b. Create topology (relationships) for a polygon network from boundaries created in any order, with no requirement for prior insertion of intersection nodes into the data base.
c. Permit the user to modify polygons interactively to change node locations, edge connections, merge nodes, and divide edges, with adjustment of graphic and nongraphic related data.
d. Distance and proximity features to:
1. Compute distance calculations from point, line, or polygon features.
2. Compute distance buffers from point to: point, line, and polygon features.
3. Resolve overlapping buffers resulting from convoluted source features.
4. Allow buffers to be created from multiple source features.
e. Utility features for: 
1. Comparison - Logical comparisons between two or more surfaces shall be performed, resulting in new data values from all possible combinations that could occur.
2. Convert raster to vector - Convert from a grid type of data topology to a linear type of topological structure.
3. Convert vector to raster - Convert from a linear topology to a grid topology structure.
4. Extreme value - The extreme value search technique is used to search through a series of data planes to identify the minimum or maximum condition occurring on any of the candidate planes.
5. Line filtering - Simplify linear phenomena by using suitable criteria to eliminate selected points in the linear feature.
6. Mathematical Operations:
a) Change a surface's values by multiplying, dividing, subtracting, or adding another surface to the original surface.
b) Change the surface by a constant applied to all areas of the surface. 
7. Numerical interpolation - The estimation of a surface with the value at each data point weighted according to different types of equations based on criteria such as the inverse of distance and direction from the interpolated point.
8. Numerical interpolation barriers - With an interpolation barriers function, different levels of impedance, up to 100%, shall be used to constrain and limit interpolation along natural barriers.
9. Polygon filtering - Simplify a surface represented by a polygonal structure by using suitable criteria to eliminate selected polygons.
10. Polynomial interpolation - The estimation of a surface based on "nth" order (n shall not exceed 6) orthogonal polynomial equation with a variable number of terms. 
a) This type of surface is also known as a trend surface.                                                                                                b) The surface features described in Section C8.4.10.4.b. shall be used where practical.
11. Registration - Align two surfaces with each other, or matching ground control points with points on a map to achieve geographical accuracy.
12. Edge matching - The system shall adjust and match the positions of geographic features along edges of adjacent areas.
13. Translation - A given surface's values are changed on an individual basis into a new set of values. In this process, several different data values shall be assigned to the same constant; hence, a simplification of data is accomplished. This technique is commonly used to extract a special subset of data from a more complex category.
14. Windowing subareas - The display of only those portions of a digital map lying within a specified frame or window.
15. Mosaic subareas - The system shall provide a feature to assemble mosaic subareas into a seamless module.
f. Nongraphic Information:
1. Associate nongraphic information with polygons.
2. Transfer nongraphic information from polygons to points or symbols within the polygon.
3. Transfer nongraphic information from points or symbols within a polygon to the surrounding polygon.
4. Access nongraphic information for display or reports created with the report generator, Section C8.3.
g. Slope polygons - Once a digital terrain model has been generated (as described in Section C9.2.5), the system shall provide for the user to generate a slope polygon network such that each polygon encloses an area with a specified range or subrange of slopes.

C9.2.3.4. SPATIAL DISPLAY FEATURES

All spatial display commands and techniques shall provide the following features:
                                                                                                                                                                                                 a. Overlay features such as roads, political boundaries, and point features on maps. 
b. Overlay latitude and longitude tic marks, grid marks, or both on maps. 
c. Overlay UTM, UPS, State Plane, and other tic marks, grid marks or both on maps. 
d. Map projections from data base coordinates to:
1. Universal Transverse Mercator (UTM).
2. Albers Conic Equal Area.
3. Lambert Conformal Conic.
4. Mercator.
5. Polar Stereographic.
6. Azimuthal Equidistant.
7. Gnomonic.
8. Polyconic.
9. Transverse Mercator.
e. Geographic coordinates:
1. Latitude and Longitude.
2. State plane.
3. Public Land Survey System (PLSS).
4. User- defined sphere and spheroid as described in Section C9.2.2.3.h.
5. Universal Transverse Mercator (UTM).
f. Prepare output data files for:
1. Data Descriptive File (DDF).
2. Structured Query Language (SQL).
3. Initial Graphics Exchange Specification (IGES).
4. Computer Graphics Metafile (CGM).
5. Standard Generalized Mark- up Language (SGML).
6. Spatial Data Transfer Specifications (SDTS). 

C9.2.4. IMAGE PROCESSING

Basic image processing software package is commonly used by geographers, planners, facilities managers, environment personnel, architects, and engineers.

C9.2.4.1. RASTER IMAGE PROCESSING

The system shall:

a. Read satellite images and aircraft multispectral scanner data tape formats including: 
1. Land Satellite (LANDSAT):
a) Return Beam Vidicon (RBV).
b) Multi Spectral Scanner (MSS).
c) Thematic Mapper (TM).
2. Systeme Probatoire d'Observation de la Terre (SPOT).
3. Thematic Mapper Simulators (TMS).
4. Thermal Imaging Multispectral Scanner (TIMS).
5. High resolution airborne scanners having variable blocking factors (e.g., AIS, AUIRIS, FLI).
6. Digital Radar (e.g., AIRBORN, SIR).
7. Advanced Very High Resolution Radiometer (AVHRR). 
b. Read an unlabeled image data tape to determine image format.
c. Scan paper and transparent images having at least 9-inch by 9-inch format into an internal raster image format of at least 2048 x 2048 pixels.
d. Input raster data from all scanners and video input devices in Section C5.4.

C9.2.4.2. GRID CELL OPERATIONS

The system shall provide the following raster manipulation features:

a. Aspect - Given slope and elevation, the direction of slope (bearing or azimuth of slope face) shall be computed for
modeling qualities such as revegetation, solar radiation, or snow retention.
b. Distance - The distance function computes the distance in user specified units to a given location or physical feature from each target location. 
c. Route Selection:
1. For connecting two or more points in an optimum (least- cost or least- impact) manner, the optimum path shall be found.
2. For highway or transmission line routing, the route model displays the optimum and alternate routes and their relative values. 
d. Slope - Using an elevation file (or any file with a discrete data value in each cell), the slope in each cell shall be calculated and saved as a map suitable for further analysis. 
e. Suitability modeling - A modeling technique for combining many geographic data types in order to identify spatial areas possessing selected criteria. 
f. Sun intensity - A model for calculating single source illumination characteristics on a surface. Usually used for insulation. 
g. Viewshed analysis - Identifies what features can be seen from any selected point and elevation.
h. Shift and rescale the origin of a cellular grid.
i. Expand grid resolution by subdividing cells and contract grid resolution by aggregating cells.
j. Mosaic grid cells - Concatenate grids for adjacent modules into one file. 
k. Save grid cell files.
l. Filter grid cell files by binomial smoothing.

C9.2.4.3. IMAGE OPERATIONS

The system shall provide the following image operations:

a. Image correction features:
1. Filtering - Used to block out noise or to isolate a particular range of frequencies. For example, a low pass filter shall allow low frequencies to pass, but will block high frequencies or "noise."
2. Geometric correction - The magnification, translation, or rotation of an image to correct for distortion due to movement of the sensor.
a) Compute coordinate transformations for Ground Control Points (GCP's) and provide minor Root Mean Square (RMS) errors.
b) Compute coordinate transformations for Latitude/Longitude, UTM, State Plane, and other coordinate systems.
c) Magnify the scale of an image.
d) Reduce the scale of an image.
e) Rotate an image about its axis through a selected angle (0-360 degrees). 
f) Register an image geometrically using control point pairs .
g) Geometrically rectify an image using nearest-neighbor, bilinear interpolation, or cubic convolution methods.
3. Radiometric correction - A process which corrects for degradation of an image due to the effects of atmosphere and imaging systems limitations. 
4. Rectification - A process of removing from a photo or image the distortion caused by tilt, which occurs when the optic axis of an imaging system is not truly perpendicular to the horizontal plane.
5. Registration - The process of aligning two images with each other using common control points.
b. Image enhancement features:
1. Contrast stretch - This performs a specified contrast stretch on an image. Features shall be flexible and include linear, piecewise linear, histogram equilization user- defined and logarithmic stretches. 
2. Edge detection and enhancement - An algorithm applied to an image which intensifies borders and aids in perception of edges of features.
a) Convolution filtering.
b) Histogram equalization.
c) Piecewise linear transformation.
d) Nonlinear contrast stretch.
e) Destripping.
f) Density slicing.
3. Ratioing - This process produces an image that is the ratio of two input images. Scaling factors are computed to cause the ratio image to fill the dynamic range of gray levels. 
4. Restoration - An operation that restores a degraded image to its original condition. 
5. Translation - A process that changes the gray levels of an image based upon a mathematical function (i.e., linear, exponential logarithmic, or trigonometric). 
6. Principal components analysis - a statistical technique which derives uncorrelated linearly transformed components from the original (usually highly correlated) data set. The technique transforms the data in such a manner that scene variance is maximized by the first transformation axis with subsequent axes made to be orthogonal and uncorrelated with the preceding axes, thereby keeping the variance and reducing the dimensionality.
c. Image classification features:
1. Change detection - Two images of the same area, both produced at different times, are compared to determine what changed from the first image to the second. 
2. Contingency tables - These present the classified results of an analysis in an "n by m" table.
3. Density slicing - An operation which assigns a range of gray values to one gray value.
4. Histogram generation - Computes and plots a histogram representing the frequency of occurrence of gray values in an image.
5. Maximum likelihood decision - Decision rule that treats patterns independently and assigns a pattern or feature vector to that class that most probably gave rise to the pattern or feature.
6. Derivation of spectral training statistics.
7. Minimum distance classification.
8. Parallelpiped classification.
9. Calculate the transformed divergence for class pairs.
10. Unsupervised clustering.
11. Interactive spectral training field selection.
d. Frequency domain transformations:
1. Generate Gaussian and exponential shaped filters.
2. Perform a forward Fourier transform of an image.
3. Perform an inverse Fourier transform to produce an image.
e. Arithmetic operations for image manipulation and analysis:
1. Add, multiply and divide images, pixel by pixel.
2. Perform Boolean logical operations on images.
f. Utility features: 
1. Perform annotation and labeling of an image.
2. Create a uniform valued image.
3. Imbed rectangular grid lines in an image.
4. Save and retrieve pseudocolor tables.
5. Save and display annotated screen images.
6. Subset and mosaic images.

C9.2.4.4. CARTOGRAPHIC DISPLAY OF GRID CELL DATA

The system shall produce:

a. Vector flow arrow maps showing flow from cell to cell or drainage characteristics. 
b. Shaded (cross-hatched and color fill) thematic maps based on cellular values. 
c. Isoline (contour) maps of gridded cellular matrices with the following characteristics: 
1. Both system default and user-specified contouring parameters.
2. A feature to label every "nth" contour line.
3. A feature to make every "nth" contour line bold.
4. A feature to choose contour line values.
5. A feature to set the lower and upper contour line values.
d. 3-D perspective mesh diagrams from gridded cellular matrices with hidden line removal.
e. Cross-section profiles of gridded cellular matrices.
f. 3-D perspective of contoured surface.
g. Color fill and continuous tone shaded surface displays.

C9.2.4.5. RASTER IMAGE DISPLAY

The following raster image processing features for display and analysis shall be provided:

a. Zoom and pan of the screen image:
1. Minimum of 2048 x 2048 pixel object space.
2. 4096 x 4096 pixel virtual memory space.
b. Windowing and split screen.
c. Dynamic configurable image memory with a range of 4, 8, 16, or 32 bits per pixel.
d. Image overlay.
e. Overlay of annotation onto the image.
f. User- selectable palette for true and false color.
g. Histogram generation and analysis.
h. Hard copy output utilizing the hardware specified in Section C5.4. 
i. Produce statistical files of raw and classified data in tabular format.
j. Plot scatter diagrams of the classification statistics.
k. Plot class statistics as ellipses, boxes, and circles in 2-D feature space.
l. Produce color images of multispectral data true and false color with the feature for user- specified map scales, map color and geographic referenced tic marks.
m. Produce gray scale maps of images.
n. Produce image data in compatible format for transfer to film recorder.
o. Produce color shaded image displays.

C9.2.5. DIGITAL TERRAIN MODELING

The digital terrain modeling package shall allow the user to develop 3-D graphic representation of terrain surfaces with a wireframe grid. The model shall provide terrain visualization using surfacing routines, volumetric computations based on differences between other digital terrain models, and shall generate contour maps of a user-defined area. All digital terrain modeling applications shall be compatible with the general mapping specifications described in Section C9.2.2., Section C9.2.3. and Section C9.4.4. The digital terrain modeling software shall provide the following features:

a. Generation of a 3-D rectangular grid network that describes the terrain surface. The size and spacing of the grid network shall be generated with a user feature provided to allow manual control of the grid spacing intervals. 
b. Set tolerance levels based on statistics that describe the accuracy of the grid to be generated. Portions of the grid shall not be generated in sections of the model where inaccuracies exceed the tolerance level.
c. Generate a model by triangular irregular network such that grid node points coincide with known data points.
d. Graphic verification of slope from model.
1. Provide a command to verify terrain slope at a user- 
specified location.
2. The average terrain slope and distance between the points shall be displayed.
3. Provide a feature to insert the information into the graphic data base.
e. Allow for digital modeling from any combination of the following:
1. Random points
2. Gridded points
3. Contour lines
4. Grade break lines (e.g., ridge lines, flow lines)
f. Compute the volumetric differences between two different digital terrain models covering the same area.
g. Allow the user to apply a scale factor to exaggerate or reduce the elevations of an entire digital terrain model.
h. Input 2-D entities (e.g.: points, lines, arcs, etc.) onto the surface of a digital terrain model.
i. Generate 3-D contour maps from digital terrain model data.
j. Generate graphically 2-D and 3-D sections showing layer stratification from multiple digital terrain models.
k. Differentiate soil strata layers by:
1. Soil classification labels defined in ASTM D2488- 84.
2. Graphics symbols and patterns for soil types as defined by "Ramsey and Sleeper Architectural Graphics Standards," Section C9.1.1.2.b.

C9.2.6. UTILITIES MANAGEMENT

The utilities management products shall include the basic mapping features in Section C9.2.2., geographic information system features described in Section C9.2.3., image processing features in Section C9.2.4. and digital terrain modeling features in Section C9.2.5. to analyze and maintain graphic and nongraphic information for utilities management. The software shall maintain data for the following utilities:

a. Electrical distribution systems. 
b. Water distribution systems:
1. Fresh water.
2. Salt water.
3. Chilled water.
4. High temperature water.
c. Waste water collection systems.
d. Industrial waste
1. Oily
2. Chemical
e. Storm water and drainage systems.
f. Gas distribution systems.
g. Steam distribution systems and condensate return.
h. Communications systems:
1. Voice.
2. Video.
3. Digital.
i. Security systems.
j. Energy monitoring and control systems.
k. Fuel distribution system.
l. Compressed air systems.

C9.2.6.1. ENGINEERING FEATURES

The system shall model and analyze, utility systems by providing the following:

a. Model and simulate utility systems operations:
1. The results shall be presented both graphically and in a report format. 
2. The model or single line diagram and the associated graphics shall reside in the same data base. 
b. Extract data from 3- D models for use in following the engineering analysis programs:
1. Stormwater runoff, Section C9.4.11.
2. Water distribution, Section C9.4.12.
3. Wastewater collection, Section C9.4.13.
4. Electrical distribution, Sections C9.6.3. and C9.6.5.
5. Communication and ancillary systems, Section C9.6.4.
6. Piping systems, Section C9.7.2. 
c. Extract data from 3- D models into user- defined ASCII data file formats. These data files will be used as input for Government- owned third party utilities analysis software.

C9.2.6.2. DATA MANAGEMENT

The system shall provide interactive queries or Boolean type search operations on the associated data in the geometric data base and the relational data in the relational data base. These data bases are defined in Section C8.

C9.2.6.3. MAPPING FEATURES

The system shall simplify the production, display, and modification of utility maps or drawings by providing the following:

a. Trim at intersections of utility distribution lines. 
b. Shall allow differentiation of distribution lines or line segments (such as voltage carriers or by pipe sizes) by layer while ensuring the connectivity of the system.
c. Insert symbols into lines with appropriate trimming of line without user intervention. 
d. Create a 3-D model from a 2-D plan with appropriate associated elevation data. 
e. A method to link the 3-D data base to 2-D base drawings, such as plans, elevations, and sections. 
f. Generate single-or multiple-line utility distribution lines from single-point inputs. 
g. Insert symbols and fittings onto lines with updating of graphics and line networks. 
h. Duplicate any portion of a distribution network at any desired location or in a new orientation. 
i. Route pipes interactively in 2-D and 3-D by either:
1. Direct input.
2. Specifying coordinates using one of the coordinate systems specified in Section C9.2.2.4.
j. Allow the operator to layer the data and define and enter attributes.

C9.2.6.4. UTILITIES MODELING

The system shall:

a. Provide connectivity or continuity between all parts of elements in each utility system.
b. Model breaks or interruptions in service at any point in each utility system and identify each downstream (this implies flow direction can be identified) building by number and function that would lose utility service as a result of the break.
c. Specify report format and contents using the report generator described in Section C8.3.

C9.2.7. FACILITIES MASTER PLANNING

The facilities master planning product shall include the mapping features in Section C9.2.2., geographic information system described in Sections C9.2.3., digital terrain modeling described in Section C9.2.5., image processing described in Section C9.2.4., surveying in Section C9.4.1.a., and traffic engineering in Section C9.4.1.h. to analyze and maintain facilities master planning data.

C9.2.7.1. IDEAL MODEL GENERATION

The system shall:

a. Determine the optimal layout of functional areas for a facilities master plan according to affinity relationships and constraints assigned by the user or generated by application software, including:
1. The case where there are no existing facilities. 
2. The case where location of some functional areas is constrained by the location of existing facilities, or by safety criteria.
3. The area definition shall:
a) Represent functional areas such as supply, public works, operations, etc.
b) Express the affinity and proximity relationships between a given function and others.
c) Be defined by:
1) Manually inputting the polygon boundaries.
2) Using a previously prepared data file.
b. Calculate the cumulative relationships between multiple areas based on user input values. 
c. Generate a graphic representation of:
1. The functional relationships developed above.
2. A graphic representation of the optimal layout.
d. Represent the area of each function using:
1. Color fill.
2. Pattern-hatching.
e. Store the results of a solution and then generating others based on user- adjusted values. 
f. Identify all areas generated with a name, number, or symbol. 
g. Preset the shape of the areas and later accommodate adjustment by the user. Shapes shall be simple forms, such as circles or rectangles, or be complex polygons with preset dimensions. 

C9.2.7.2. SITE PLAN DESIGN

The system shall:

a. Provide features for developing a site plan design based on:
1. Existing site constraints (poor soils, street setbacks, fire zones, etc.).
2. Utility locations.
3. Parking requirements.
4. Circulation requirements.
5. Functional and operational orientation.
6. Facility footprint.
b. Define and display the usable area of the site, including:
1. Facility footprint and form, based on data for area, number, and height of stories, fixed dimensions, roof type.
2. Required parking area based upon:
a) Facility square footage.
b) Facility occupancy and usage.
c) Number of cars defined by the user.
3. Identify required utility connections.
c. Provide for site plan editing to allow generation, storage, and display of alternative site plans.

C9.2.7.3. SPACE MANAGEMENT SYSTEM

The system shall:

a. Analyze the physical spaces and related operating functions for space management purposes.
1. Define functional areas.
2. Define physical spaces.
3. Once defined, all definitions shall reside within an existing map data base for a naval installation.
4. Compare existing capacity with a basic facility requirement defined by the user.
5. Locate and display vacant functional space throughout an activity.
b. Analyze intrafacility space using the features described in Section C9.3.4.
c. Analyze intrafacility industrial processes and space using the features in Sections C9.3.4. and C9.3.6.

C9.2.7.4. IDEALIZED MAPPING

The system shall:

a. Provide a feature to produce a simple, stylized map of the installation for publication in the installation master plan.
b. Provide a feature to transfer mapping graphics to the Technical Document Authoring Package, Section C9.8.

C9.2.7.5. MASTER PLAN DOCUMENTATION

The following plates and drawings shall be produced:

a. Facilities Master Plan Plates (Size A):
1. General development map
2. Transportation corridors
3. Steeply sloped areas
4. Wildlife management areas
5. Historical and archeological sites
6. Sanitary landfill areas
7. Existing land use
8. Safety constraints
9. Proposed land use
b. Cartographic Drawings (Size C and larger)
1. General development map
2. Restricted land use map
3. Proposed land use map
4. 3-D land use model

C9.3. ARCHITECTURE SYSTEM 

C9.3.1. GENERAL REQUIREMENTS

The architecture system is a logical combination of the following software products that shall be provided:

a. Architectural Programming and Design, Section C9.3.2., and general requirements given in Section C9.1.

b.    Architectural Documentation, Section C9.3.3., and general requirements given in Section C9.1.
c.    Interior Design and Space Management, Section C9.3.4., and general requirements given in Section C9.1.
d.    Landscape Architecture, Section C9.3.5., and general requirements given in Section C9.1.
e.     Industrial Process Simulation, Section C9.3.6., and general requirements given in Section C9.1.
                                                                                                                                                                                      C9.3.2. ARCHITECTURAL PROGRAMMING AND DESIGN

Programming is a process leading to the statement of an architectural problem and the requirements to be met. The design process is a procedure for synthesizing the results of the programming process.

C9.3.2.1. ARCHITECTURAL PROGRAMMING

The programming process establishes goals, collects and analyzes facts, determines needs, and tests the concept. The system shall create and analyze proximity matrices. A matrix is a framework developed to seek out approximate space relationships and adjacencies. Features shall be provided to:

a. Develop an adjacency matrix through menu-driven software. 
b. Change, alter, and edit bubble and block diagrams, and the finished plan adjacency relationships.
c. Recompute relationships in the proximity matrix.
d. Highlight values in conflict with the original assignments.

C9.3.2.2. ARCHITECTURAL DESIGN

The architectural design process includes manipulation of proximity matrixes, bubble diagrams, block diagrams, stacking diagrams, schematic designs, and preliminary designs. In context all these parts are put together to form a coherent design solution.

a. BUBBLE DIAGRAMS: Develop a plan view of areas from the adjacency matrix. Features shall be provided to:
1. Prepare a bubble diagram from information in the program data and the adjacency matrix.
2. Change the bubble diagram, including move and copy.
3. Alter the adjacency matrix when the move is executed.

b. BLOCK DIAGRAMS: Space relationships with actual scale of spaces and clear representation of a developing 2-D plan. Features shall be provided to:
1. Prepare a 2-D block diagram of the plan from the bubble diagram.
2. Edit the block diagram, including move, copy, rotate, and stretch.
3. Generate a 3-D block diagram.

c. STACKING DIAGRAMS: Representation of how spaces are related to one another (floor-to-floor relationships). Features shall be provided to:
1. Prepare stacking diagrams when the boundaries of the plan are defined by indicating the floor levels assigned to each space.
2. Produce stacking diagrams that shall support different space shapes for space in the same stack.

d. SCHEMATIC DESIGN: Features shall be provided to:
1. Develop the block diagram to create a schematic diagram.
2. Substitute spaces defined in the schematic with predefined 2-D and 3-D space layouts stored in a master data base of predefined modules. The predefined modules shall be a single space and a combination of spaces, including ancillary facilities.
3. Edit the schematic, including move, copy, translate, and stretch and contract in 2D and 3D.

e. PRELIMINARY DESIGN: Using the schematic design Section C9.3.2.2.d, the following features shall be provided to:
1. Produce a preliminary plan view from 2- D and 3- D schematic diagrams indicating: 
a) Wall thickness.
b) Polygon space definitions. 
c) Column annotation. 
d) Space, door and window symbolic labeling. 
e) Dimensioning. 
2. Produce preliminary building section views including: 
a) Wall thickness. 
b) Column annotation. 
c) Space labeling. 
d) Indication of space elevations and related dimensions.

C9.3.2.2.1. FUNCTIONAL AREA ANALYSIS

The system shall provide features to:

a. Calculate building area based on predefined spaces: 
1. Fire zones - Defined by Fire Ratings for Occupancy Separations.
2. Departmental zones.
3. Heating and cooling zones.
4. Functional zones. 
5. Phased construction. 
6. Floor loading.
b. Provide area report extracted from the plan or data base.
c. Compute building efficiency values to evaluate utilization. 
d. Provide a data base that includes attributes for the following items:
1. Volume
2. Usage
3. Furniture
4. Utilities
5. Equipment

C9.3.2.2.2. EGRESS BUILDING CODE CONFORMANCE

The system shall provide features to:

a. Evaluate travel distances. 
b. Calculate occupant loads. 
c. Evaluate exit and exit-way widths. 
d. Evaluate fire rating of doors, windows, and exits. 
e. Evaluate fire rating of walls, ceiling, and floors.

C9.3.2.2.3. ACOUSTICAL ANALYSIS
The system shall provide features to perform acoustical analyses of spaces and zones by extracting pertinent information from the model data base.

C9.3.2.2.4. ELEVATOR AND STAIR DESIGN
The system shall provide features to:

a. Output elevator plans, sections, and details from parametric data. 
b. Output stair plans, sections, and details from parametric data. 
c. Size elevators and stairs from egress and occupant loads. 

C9.3.2.2.5. ENVIRONMENTAL ANALYSIS
The system shall provide features to:

a. Calculate sun angles as a function of location and time.
b. Access climatic data (see Section C9.1.1.i.), including but not limited to, temperature, precipitation, sun angles, and wind.
c. Cast shadows of a building on the ground and nearby structures.

C9.3.3. ARCHITECTURAL DOCUMENTATION
The architectural documentation product combines the different data or output of the Architectural System, Section C9.3.; Civil Systems, Section C9.4.; Electrical System, Section C9.6.; Mechanical System, Section C9.7.; and Structural System, Section C9.5.; and provide drafting features to produce complete presentation drawing, contract drawings construction drawings and schedules.

C9.3.3.1. ARCHITECTURAL 3-D MODELING
The system shall provide features to:

a. Produce a 3-D model from a typical set of 2-D drawings.
b. Combine two half- wall thickness (i.e., half 8-inch block equals 4 inches) 3-D modules into a single integrated model to allow for 3-D modularization of single or multiple space layouts, including utilities.

C9.3.3.2. PRESENTATION DRAWINGS
The system shall provide features to:

a. Produce interior and exterior views:
1. Perspective.
2. Isometric. 
b. Remove hidden lines. 
c. Provide shade, shadows, transparency, and reflectivity from a light source defined by user.
d. Provide color rendering:
1. Tone fading into another tone on one surface.
2. Replace one tone with another tone. 
3. Employ more than one multiple light sources.
4. Surface texturing for wall types and finishes.
e. Provide free hand sketch features.
f. Produce color video tapes of presentation graphics.
g. Use image processing Section C9.2.4. to superimpose scanned photographic data and 3- D model data.
h. Add text commentary to the drawing using Section C8.4.11.8.

C9.3.3.3. CONSTRUCTION DRAWINGS
The system shall provide features to:

a. Produce space plans, elevations, sections, isometric, and 2 and 3-point perspectives from 2-D and 3-D schematic diagrams:
1. Hidden line removal on 3-D model from any vantage point, with or without perspective
2. Change, alter, or edit the 3-D model from all views
b. Produce double line wall graphics with a single line input.
c. Trim wall intersections without user intervention.
d. Insert windows and doors into walls with automatic trimming of wall graphics.
1. Include floor to window and window heights and widths.
2. Include door heights and widths.
3. Include window and door schedule symbol.
4. Insertion shall be from:
a) Floor plan view.
b) Wall elevation view.
c) The 3-D model.
e. Label spaces, doors, windows, and fixtures.
f. Duplicate any portion of a floor plan at any desired location or new orientation.
g. Produce and trim ceiling grids:
1. Selected intervals. 
2. Space centerline reference upon request. 
3. Within specified boundaries.
h. Produce and trim column grid lines:
1. Use the column grid line 3-D schematic as a basis for the framing plan.
i. Generate dimensioning based on traditional dimensioning practices for architectural drafting as defined by Ramsey and Sleeper "Architectural Graphic Standards" (Section C9.1.1.a.2.b).
1. Feet and inches and fractions-of-an-inch format. 
2. Metric equivalent dimensions displayed, upon request, in parentheses.
3. Metric dimensioning, omitting English equivalent.
j. Produce detailing features:
1. Use standard detail annotation practice as defined by Ramsey and Sleeper "Architectural Graphic Standards" (Section C9.1.1.a.2.b.).
2. Supplement detail name and sheet reference with detail location on the sheet to affect automated detailing.
a) Use a window to select detail graphics from the reference plan or elevation view.
b) Use the standard details contained in a detail library.
3. Material identification:
a) Pattern- hatching using industry standard architectural pattern symbols defined in Ramsey and Sleeper Architectural Graphic Standard (Section C9.1.1.a.2.b.).
b) Materials commonly displayed.
4. Architectural detail shall include, but not be limited to:
a) Doors.
b) Windows.
c) Wall sections.
d) Handrails.
e) Casework.
f) Parapets.
g) Roofing.
k. Produce construction drawings, including:
1. Site plan.
2. Grading plan.
3. Floor plan.
4. North, south, east, and west elevations.
5. Building sections.
6. Roof plan.
7. Reflected ceiling plan.
8. Foundation plan.
9. Floor framing plan.
10. Roof framing plan.
11. Structural elevations.
12. Plumbing floor plan.
13. HVAC floor plan.
14. Electrical plot plan.
15. Power plan.
16. Lighting plan.
                                                                                                                                                                                  C9.3.3.4. SCHEDULES
The system shall provide features to

a. Extract from the model data base:
1. Door schedules. 
2. Window schedules. 
3. Finish schedules. 
4. Hardware schedules. 
5. Equipment schedules. 
6. List of materials.
7. Furniture schedules.
8. Beam and column schedules.
9. Footing schedules.
10. Plumbing schedules.
11. Electrical schedules.
b. Produce schedules that include, where appropriate:
1. Item count.
2. Cost Estimating System (Section C9.1.5.) data.
3. Reference to associated schedules.
4. Guide Specification System (Section C9.1.4.) data.
c. Design matrix charts showing:
1. Functional relationships.
2. Block diagrams.
3. Hierarchical stacking.

C9.3.3.5. LIBRARIES
The system shall provide features to:

a. Contain furniture and equipment:
1. Represent furniture and equipment in typical dimensions.
2. Part generator for furniture and equipment.
3. Assign attributes. 
b. Generate doors and windows by parametric description.
c. Toilet space fixtures (at least 50 fixture figures).
d. From user-selectable attributes, the system shall search and sort the model for all library figures with those attributes,
output the nongraphic data to the screen or output device, and highlight these figures graphically.
e. Provide access to McGraw- Hill Electronic Sweets Data Base Products. 
f. Utilize user-defined pattern- hatching patterns.
g. Provide access to the International Conference of Building Officials (ICBO) Evaluation Service Product Information Retrieval System (PIRS).

C9.3.4. INTERIOR DESIGN AND SPACE MANAGEMENT
This section define features for a designer to prepare 
a complete interior development package in which a technical assessment for the various levels of equipment and items that need to be obtained is made. The system shall:

a. Provide 2-D and isometric furniture and equipment layout features:
1. Provide furniture figures for:
a) Furniture libraries from at least two manufacturers.
b) Modular furniture libraries from two manufacturers.
2. Use library figures and part generator.
b. Provide space utilization reports:
a) Space number.
b) Occupants name or space use.
c) Job description including employees required.
d) Square footage.
e) Telephone number.
f) Storage space.
g) Lighting conditions.
h) Other user defined items.
c. Provide material, furniture, and equipment quantity take- off summaries with associated procurement specification reference.
d. Based on a parameter change (i.e., change in personnel square footage), recompile the information and produce a new space utilization report.
e. Generate time line projections:
1. Cost.
2. Growth.
3. Expected life.
4. Inventory control.
5. Maintenance control (i.e., report on all items with expiring warranties in a selected time period).
f. Quantify the physical spaces and related functions performed within a building for space management purposes considering:
1. Functional areas.
2. Physical space boundaries.

C9.3.5. LANDSCAPE ARCHITECTURE
The system shall provide features for the:

a. Display of the completed project grounds:
1. Perspective and isometric views.
2. Vegetation.
3. People.
4. Vehicles.
5. Military equipment, including ships and aircraft.
b. A vegetation data base containing:
1. Common names.
2. Scientific names.
3. Climatic and seasonal requirements.
4. Soil requirements.
6. Water requirements.
7. Light requirements.
8. 2- D and 3- D graphic models.
c. Irrigation design features:
1. Calculate flow rate in gallons per minute.
2. Calculate total pipe length.
3. Pressure calculations.
4. Head type and spacing.
5. Calculate pipe sizes based on flow rates and water system supply characteristics. 

C9.3.6. INDUSTRIAL PROCESS SIMULATION
A general purpose simulation software product shall be provided for modeling complex industrial processes. The product shall:

a. Provide a simulation language, post analysis statistics, and animation features.
b. Provide natural language syntax and require minimal programming by the users. 
c. Provide conceptual guidance for describing the interaction of events, processes, and activities of the system to be modeled.
d. Provide network model simulation to study and analyze variability that occurs within a system by describing the variability of random discrete events.
                                                                                                                                                                                              C9.3.6.1. GENERAL REQUIREMENTS

The simulation package shall provide the following features to:

a. Adjust the number of entities in the system as conditions vary.
b. Relate entities to one another and to their common environment.
c. Aid in defining the classes of entities within the system.
d. Create random numbers and variants.
e. Advance time by either one unit or to the next event.
f. Record system data and provide for statistical analysis of the output.
g. Report logical inconsistencies of the model and other error conditions.

C9.3.6.2. STATE TIMING MECHANISMS
A feature shall be provided for modeling systems and subsystems with the following timing mechanisms:

a. Discrete event where the system state variables change only at discrete points in time (event times).
b. Continuous event where the state parameters change continuously over time and are often defined by differential equations.
c. Next event where system state variables change at random points in time.

C9.3.6.3. SYSTEM STATE ORIENTATION

The simulation package shall describe systems or subsystems in any combination of the following three modes:

a. Event-oriented - Consists of a finite number of random events at which state changes take place. All events and their conditions shall be statistically defined and the events logically linked to one another. Examples of random events shall be parts arrival, service or process rates, and start of machine breakdowns. Occurrences of events shall be defined randomly based on pre- determined probabilistic characteristics. The occurrence of an event triggers the scheduling of one or more future events. State times shall be determined by the next schedule event.
b. Process-oriented - Consists of a sequence of events that occur in a predetermined pattern while parameters such as service distributions or resource allocations vary. Examples of such a system is the flow of work pieces through an assembly line.
c. Activity scanning - The events are known but can be scheduled only in terms of certain state variables. Time is advanced in equal increments, and conditions evaluated to determine if any event can be started or terminated. Examples of such a system would be shutting down a process for cooling when a variable reaches a predetermined value.

C9.3.6.4. MODEL CREATION

The package shall provide the following features for inputting and defining the model:

a. Batch mode construction and editing with a text editor.
b. Graphical construction utilizing a network or flow diagram. Specialized symbols shall be provided for representing system 
activities, resources, events, networks, and control mechanisms.
c. User-definable macros for system components.
d. A comprehensive library of FORTRAN and C callable subroutines and functions for defining parameters such as distributions, queuing behavior, and random number generation.
e. A feature to utilize user- written FORTRAN and C callable subroutines and functions.
f. Data input from files and tables.

C9.3.6.5. MODEL EXECUTION
The package shall provide the following features for executing the model:

a. A feature to allow independent compilation of subsystem models and link these modules at run time.
b. A mechanism to trace the step- by- step progress of the simulation variables, events, and resources over time and record the values for output. Both batch mode and interactive tracing shall be provided.
c. Batch mode and interactive execution.
d. A feature to specify multiple simulation durations.
e. Interactive halt and restart of the execution module.

C9.3.6.6. MODEL OUTPUT
The package shall provide a feature to output results graphically in bar charts, histograms, pie charts, and other formats. Features shall be provided to output the following statistics:

a. Average, maximum, minimum, and standard deviation of server utilization. Maximum server idle and active time and count of total transactions processed.
b. Average, maximum, minimum, and standard deviation of resource utilization and availability.
c. Average, maximum, standard deviation, and count of activity transactions.
d. Average, minimum, maximum, and standard deviation of system variables. Final values of nontransient variables and total number of observations for transient variables.

C9.3.6.7. ANIMATION
The package shall provide a feature for animating a simulation model graphically. Provide features to pan, zoom, and use multiple windows. 

C9.3.6.8. SPECIALIZED MANUFACTURING MODULE
A specialized material handling and manufacturing module shall be provided. This module shall provide a specialized feature to model unique manufacturing systems, including flexible manufacturing cells, conveyors, and palleting and fixturing systems.

C9.4. CIVIL ENGINEERING SYSTEM

C9.4.1. GENERAL REQUIREMENTS
The civil engineering system is a logical combination of the following software products that shall be provided:

a. Surveying, Section C9.4.2.

b. RESERVED
c. Site Modeling and Material Quantity Estimating, Section C9.4.4. and general requirements given in Section C9.1.

d. Shallow Foundations Design and Analysis, Section C9.4.5. and general requirements given in Section C9.1.

e. Slope Stability Analysis, Section C9.4.6.

f. Retaining Wall Design and Analysis, Section C9.4.7. and general requirements given in Section C9.1.

g. Environmental Engineering, Section C9.4.8. and general requirements given in Section C9.1.

h. Traffic Engineering, Section C9.4.9.

i.  Pavement Systems, Section C9.4.10.

j. Hydrology, Section C9.4.11.

k. Water Supply Systems, Section C9.4.12. and general requirements given in Section C9.1.

l.      Wastewater Systems, Section C9.4.13. and general requirements given in Section C9.1.
                                                                                                                                                                                                 C9.4.2. SURVEYING
The surveying software product shall allow the user to enter field survey data into the system, perform area and traverse adjustment calculations, and produce site drawings. The product shall also allow the user to develop an alignment on the system and produce data for layout and field stakeout work.

C9.4.2.1. COORDINATE GEOMETRY (COGO)
The system shall allow the user to input survey information interactively and explicitly by:

a. Automatic input of information stored in a survey data memory device associated with electronic distance measuring equipment (EDM). Input software shall include the formats of EDM data recorders from the following manufacturers: 
1. Wild.
2. Geodimeter.
3. Zeiss
4. Kern.
5. Hewlett-Packard.
6. Topcon.
7. Nikon.
b. Read a formatted input data file from a field survey of a proposed construction site, road, utility, or other alignment.
c. Stadia elevations shall be measured by stadia readings at points on, or offset to, a given baseline.
d. Polar coordinates shall be measured from a fixed location, specified in terms of distances and angles, including vertical angles.
e. Traverse coordinates shall be measured along a route specified in terms of distances and angles, angles measured as deflection angles, azimuths, bearings, and vertical angles.
f. Profile elevation coordinates shall be entered along a route; points specified in terms of distances and vertical angles, horizontal angles, slopes, or grade percentages.
g. Resection points shall be located based on distances, angles, or both to known points.
h. Intersection points shall be located based on distances, angles, or both from known points.
i. Mapping input shall include data entry in:
1. Northing, easting, and elevation
2. Southing, westing, and elevation
3. Latitude, longitude, and elevation
j. Input spiral curves as defined in Section C8.4.10.6.9.c.
k. Input vertical and horizontal curves using arcs, parabola, and spiral entities.
l. Input slopes in vertical alignments by specifying positive or negative percent grade.
m. Provide commands to allow the user to access and report the geometric properties of all lines, curves, spirals, templates and alignments
n. Provide the user with commands to:
1. Label bearings, distances, angles, markers, etc.
2. Control line font, width, and color.
3. Modify or create line fonts using solid and dash codes.
4. Control size, color, and font of text in labels.
5. Control location of labels.

C9.4.2.2. SURVEYING CALCULATIONS

The system shall perform the following calculations, with all calculations accurate to 14 significant figures:

a. Traverse error of closure
b. Area enclosed by a boundary.
c. Traverse adjustment by:
1. Transit rule
2. Compass rule
3. Crandall's rule
4. Least Squares Method
d. Account for errors and limitations of measurement equipment including:
1. Accuracy of distance and angular measurements
2. Accuracy of vernier scales
3. Number of times angle or distance was measured
4. Centering error
5. Temperature gradient
6. Allow for angular weighing factors
e. Points of Intersection with any combination of the following entities:
1. Lines
2. Curves (circular, parabolic, elliptical, etc.)
3. Spirals
f. Resection.
g. Produce data for layout and field stakeout of alignments (lines, chords of arcs and spirals, etc.)

C9.4.3. RESERVED
C9.4.4. SITE MODELING AND MATERIAL QUANTITY ESTIMATING
This software product shall allow the user to model a building site, an alignment, and other areas using contours, stations and elevation control points, and shall calculate material quantities and volumetric cut and fill quantities. The system shall provide the following analysis features:

a. Data input and production of site plans including contours, profiles, cross sections, templates, and reports of cut and fill volumes for design.
b. Generate 3-D graphic contour maps from elevation control points.
c. Generate a profile view of a roadway, utility, or other alignment with the feature to display the elevation of the terrain surface with respect to the alignment.
d. Define cross-section templates for use in cut and fill calculations:
1. The templates shall allow the use of multiple slopes to define the cross section.
2. A description for cut and fill conditions shall be allowed for each template.
3. The software shall allow the user to create as many cross section templates as required.
e. The software shall enable the user to generate cross sections of user- defined stations along an alignment.
1. The cross sections will appear in a 3-D graphic data base.
2. The software shall allow the user to insert a cross section of a station at a location or series of locations along an alignment with one software command.
3. The following properties of a cross section shall be stored and computed as nongraphic and graphic properties:
a) Area of cut.
b) Area of fill.
c) Total net area (cut or fill).
d) Station number (e.g., 1+50, 3+35.56, 20+00).
e) Total volume of cut between stations.
f) Total volume of fill between stations.
g) Net volume of cut and fill between stations.
f. Modify cross sections globally by modifying the corresponding template. The software shall recompute the cross- section properties identified in Section C9.4.4.e.3.
g. Perform volumetric cut and fill calculations between cross sections. Output format can be defined by user and available for graphics display. Variables available to the user for output shall include the properties identified in Section C9.4.4.e.3.
h. Provide an expansion coefficient for cut quantities.
i. Provide a compaction coefficient for fill quantities.
j. Label stations along an alignment with the feature to offset labels from centerline.
k. Label elevations of selected points along a profile or contour.
l. Allow users to define, store and access a library of cross section templates.
m. Generate on command 2-D hardcopy drawings that include contours, alignment, and cross-section details.
n. Generate updated 2-D and 3-D contour maps from existing contours and 3-D cross sections along an alignment.
o. All the analysis features identified above shall be compatible with the digital terrain model (DTM) software described in Section C9.2.5. The following additional features shall be provided when working with digital terrain models:
1. Generate an unfolding profile view of the terrain surface from an alignment defined by one or more geometric entities.
2. Update 3-D contour maps from revised DTM topography or alignment data.
3. Update the DTM automatically to reflect cut and fill generated from 3-D cross sections along an alignment.

C9.4.5. SHALLOW FOUNDATIONS DESIGN AND ANALYSIS
Software shall be provided to analyze and predict settlements for shallow foundations.

a. Provide software to size multiple footings with both symmetrical and nonsymmetrical loadings for bearing capacity considerations.
b. Provide software to analyze settlements for symmetrical and nonsymmetrical loading conditions.
c. Provide software to calculate large differential settlements between footings.
d. Provide software to analyze soil systems comprised of multiple layers of cohesive and noncohesive soils.

C9.4.6. SLOPE STABILITY ANALYSIS
The software shall include the following features: 

a. Analyze slopes comprised of multiple soil layer types for stability.
b. Account for surcharge or footing loads in analysis of a given slope.
c. Analyze the effects of a water table.
d. Account for water seepage forces.
e. Graphics output showing both an echo of input data and solution assumptions.

C9.4.7. RETAINING WALL DESIGN AND ANALYSIS
Provide software to compute overturning, sliding, bearing capacity, and stability factors of safety for cantilever and gravity type retaining walls.

a. Provide software for designing both masonry and concrete retaining structures. Features shall include:
1. Required dimensions for wall thickness (including variable thickness).
2. Depth, width and thickness of footings.
3. Size and spacing of steel reinforcement.
4. A summary of the stresses in the wall (i.e. bending moment, punching shear, diagonal shear, etc).
5. Description of the bearing pressures on the soil from the retaining wall.
b. Calculate and graphically display moment and shear diagrams for both the stem and base of the retaining structure.

C9.4.8. ENVIRONMENTAL ENGINEERING
The environmental product shall provide features to model and analyze site conditions, model and track hazardous material contamination and cleanup, and prepare restoration feasibility studies.

a. The software shall provide modeling and analysis in two and three dimensions for the following environmental conditions:
1. Chemical dispersion modeling:
a) Aqueous contaminant transport.
b) Airborne contaminant transport.
c) Vapor transport in soil.
d) Unsaturated zone fluids migration.
2. Resource inventory and mapping.
3. Groundwater movement.
4. Solid waste disposal.
5. Surface water and sediment transport.
6. Geostatistical analysis - Spacial data statistics including variograms and kriging.
b. All spatially referenced environmental data shall be accessible in a three-dimensional format to permit manipulation and display utilizing the features in Section C9.2.2. Basic Mapping; Section C9.2.3. Geographic Information Systems; Section C9.2.5. Digital Terrain Modeling; and Section C9.4.4. Site Modeling and Material Quantity Estimating. 
c. The software shall also enable the user to generate maps, subsurface cross sections, fence diagrams, profiles, contour mapping of subsurface horizons, boring log displays, and fluid contacts.
d. The software shall maintain an environmental permit data base for programs required by the Solid Waste Disposal Act, Toxic Substances Control Act, Resource Conservation Recovery Act, 
the Federal Water Pollution Control Act, the Clean Air Act, and the Clean Water Act; 
1. Provide a template for the relational data base software in Section C8.5 to maintain an inventory data base for environmental permit programs including:
a) Underground Storage Tanks (UST) Program.
b) Air Pollution Permit Program.
c) National Pollutant Discharge Elimination System (NPDES).
d) Long-term spread and shrinkage to ground oil spills, ground-water contamination, and hazardous waste site monitoring.
e) PCB Transformer Program.
f) Hazardous Waste Storage.
2. The data base shall contain at least:
a) Descriptive location of each site.
b) Building number, if applicable.
c) Permit expiration date.
d) Parameters that are monitored.
e) Ownership of the facility and point of contact.
f) Violations and exceptions to the permit.
g) Map data base and location.

C9.4.9. TRAFFIC ENGINEERING

Traffic engineering software shall consist of an interface or template to the relational database to monitor traffic control and safety. Software shall be provided to analyze traffic flow.

a. The software shall provide a traffic engineering template for the relational data base software in Section C8.5. The template shall be used to develop and maintain a road inventory data base. The data base shall allow the user to monitor and analyze the following data for each road:
1. Traffic control device inventory.
2. Timing of progressive traffic signals.
3. Accident data.
4. Traffic flow statistics.
5. Availability of parking.
b. The following analysis features shall be provided:
1. Intersection capacity analysis.
2. Peak hour identification.
3. Traffic count simulation.
4. Traffic modeling.
5. Traffic signal management.

C9.4.10. PAVEMENT SYSTEMS
Software shall be provided for the design of the following types of pavements:

a. Asphalt concrete airfield pavements.
b. Portland cement concrete airfield pavements.
c. Asphalt concrete roads.
d. Portland cement concrete roads.

C9.4.11. HYDROLOGY
This software package shall perform hydrological analysis for water runoff for areas ranging in size from large watersheds to drainage of small building sites.

a. Provide a flood hydrograph package (for example, Army Corps of Engineers HEC1 program, Hydrologic Engineering Center, Davis, CA.).
b. Provide a water surface profile package (for example, Army Corps of Engineers HEC2 program, Hydrologic Engineering Center, Davis, CA.).
c. Provide a storm, storage, treatment, overflow and runoff package (for example, Army Corps of Engineers STORM program, Hydrologic Engineering Center, Davis, CA.).
d. The software shall interface with the following:
1. A hydrologic data base (for example, Army Corps of Engineers HECDSS data base, Hydrologic Engineering Center, Davis, CA.).
2. Topographic information (Section C9.2.3.) and environmental data (Section C9.1.1.i.) to define the basin characteristics, including slope, soil, and vegetation.
e. Software shall be compatible with meteorological data from Section C9.1.1.i.
f. Provide a storm water runoff package (for example, Soil Conservation Service TR-55 program).

C9.4.12. WATER SUPPLY SYSTEMS
This software product shall extract data from the graphics and relational databases for water distribution system design and analysis.

a. The software shall provide the user with the feature of interactive extraction of nongraphic data necessary for water distribution analysis attached to the graphic database model of a fresh or salt water supply system.
b. A hydraulic analysis package shall be provided for pipe network analysis, flow direction, carrying capacity, flow restrictions, pumps, pressure reduction valves, fixed pressure at nodes, and uniform and gradually varied flow in open channels (For example, University of Kentucky KYPIPE program).

C9.4.13. WASTEWATER SYSTEMS

This software package shall extract data from the graphics and relational databases for wastewater system design and analysis.

a. The software shall provide the interactive extraction of nongraphic data necessary for wastewater systems analysis associated with the graphic data base model of a wastewater disposal system.
b. A hydraulic analysis program shall be provided to perform pipe network analysis, gravity flow, carrying capacity, flow restrictions, and uniform and gradually varied flow in open channels as they apply to waste water collection systems.

C9.5. STRUCTURAL ENGINEERING SYSTEM 
C9.5.1. GENERAL REQUIREMENTS
The structural engineering system is a logical combination of the following software products that shall be provided:

a.     Structural Systems Layout, Section C9.5.2. and general requirements given in Section C9.1.

b.     Structural Analysis, Section C9.5.3. and general requirements given in Section C9.1.

c.     Steel Detailing, Section C9.5.4. and general requirements given in Section C9.1.

d.     Concrete Detailing, Section C9.5.5. and general requirements given in Section C9.1.

e.     Masonry Detailing, Section C9.5.6. and general requirements given in Section C9.1.

f.     Timber and Light Framing Detailing, Section C9.5.7. and general requirements given in Section C9.1.

C9.5.2. STRUCTURAL SYSTEMS LAYOUT
The system shall provide features for layout and modeling of structural models for analysis and design.

a. Provide the following column grid line features:
1. Display of grid lines on the structural model.
2. Notation of the grid line numbers.
b. Provide features for preparing models with dimensions of 2-D and 3-D structures including the following structural elements:
1. Shear walls.
2. Floor and roof.
3. Frame.
4. Truss.
5. Continuous beam.
6. Simple beam.
c. Provide features to generate and plot 3-D graphic representations of the models created with the features in Section C9.5.2.b.
d. Provide the following features for the display and calculation of loads:
1. Display and plot load sets, patterns and cases on the structural model using color to discriminate loading sets. 2. Definition of load tributary areas.
3. Conversion of tributary area loads to equivalent distributed member loads.
4. Determination of appropriate loads according to ANSI A58.1. "Standard Building Requirements for Minimum Design Loads in Buildings and Other Structures."
e. Provide features to replicate assemblies of structural members for the modeling of lattice-work structures, including features to replicate nodal coordinates and member connectivity.
f. Export data for structural analysis products defined in Sections C9.5.3., through C9.5.7.
g. Prepare 2-D construction drawings.
1. Framing plans.
2. Structural elevations.

C9.5.3. STRUCTURAL ANALYSIS
The system shall provide the following structural analysis and design features:

a. Static and dynamic analysis of determinate and indeterminate beams, 2-D and 3-D frames and trusses with the following characteristics:
1. Symmetrical sections, where symmetry is about one and two axes. 
2. Unsymmetrical sections. 
3. Prismatic members. 
4. Nonprismatic members.
5. Variable member end conditions (i.e., pinned or fixed combinations)
b. Analysis, including the definition of loads and combination of load cases shall provide:
1. Analysis of the following distributed member loads:
a) Loads that are constant over the entire member length. 
b) Loads that vary linearly over the entire member length.
c) Constant or linearly varying loads over a portion of a member. 
2. Analysis of up to 10 concentrated loads at any position on a member.
3. Analysis of force and moment distributed member loads.
4. Analysis of force and moment concentrated nodal loads, and nodal displacements.
5. Definition of analysis load cases and patterns, and combination of these cases and patterns.
6. Analysis of moving loads, including the following features:
a) Analysis of up to two independent or connected moving loads.
b) Generation of influence lines.
7. Analysis for the results of thermal expansion and contraction of members.
8. Seismic analysis with equivalent static loads using the procedure specified in Section 2312 of the 1988 edition of the Uniform Building Code (UBC). 
c. Design structures in Section C9.5.3.a. by selection of members based on member section properties (e.g., area, moments of inertia, section modulus, and torsion constant):
1. Selection of preliminary members by user specification or by selection of member section properties by approximating the members as fixed or simply supported, analyzing for specified loads, and selecting member section properties so that analysis results (e.g., stress or deflection) are within specified allowable limits. 
2. Preliminary structural design by selecting structural members which have the section properties determined in Section C9.5.3.c.1.
3. Final design of the structure by an iterative process of structural analysis and use of the analysis results to improve the member selection.
d. Dynamic analysis:
1. Mode shape and frequency calculation.
2. Response history analysis by mode superposition. 
3. Response history analysis by direct integration. 
4. Response spectrum analysis. 
5. Read response spectra and time histories for analyses from National Oceanic and Atmospheric Administration (NOAA) data tapes.
e. Display and plot axial force, moment, shear, stress, and deformed shape diagrams for structural elements or systems using results directly from the analysis. Also provide features to:
1. Generate deformed and undeformed structure graphics with the following diagram elements in various colors:
a) Materials.
b) Sections.
c) Loading.
d) Boundary conditions.
2. Generate structure diagrams showing the following analysis results in various colors:
a) Axial force.
b) Moment.
c) Shear.
d) Deflection.
e) Stress.
3. Display the diagrams in Section C9.5.3.e.2. in a range of at least 16 colors, from blue for minimum values to red for maximum values.
a) Include user-selected maximum and minimum thresholds.
b) Include thresholds from common industry practice such as specified by AISC, ACI, and AITC for the following materials:
1) Steel.
2) Concrete.
3) Masonry.
4) Timber.
c) Include a feature to display values that exceed specified thresholds as:
1) Red for values greater than specified maximum thresholds.
2) Blue for values less than the specified minimum thresholds.
f. Display support reactions. 
g. Perform shear wall analysis. Include the following features: 
1. Integration of the shear wall and frame elements. 
2. Reinforced concrete, reinforced masonry, and steel cross braced shear walls. 
3. Analyze shear walls with openings. 
4. Analyze floor and roof diaphragms.

C9.5.4. STEEL DETAILING
Provide features for the design and detailing of steel members and connections and the generation of graphics for steel members and connections.

a. Provide the following graphic features:
1. Generate 2-D section views from the 3-D structural model at planes cutting through the 3-D model.
2. Remove the display of hidden entities in the 2-D view.
3. Highlight the 2-D section cuts on the 3-D model.
4. Dimensioning of structural drawings. 
5. Allow a user to enter notes on the drawings.
6. Allow a user to generate beam and column schedules and position them at any point on the drawing.
b. Provide software for generation of 2-D and 3-D graphics for standard steel members using geometry from the American Institute of Steel Construction (AISC) manual tables stored on the system.
c. Provide parametric software to generate welding symbol graphics, labels, and associated text strings and dimensions conforming to the latest American Welding Society (AWS) specification.
d. Provide software that performs quantity take-offs for structural members in a drawing.
e. Provide steel member design software with the following features:
1. Select or check the following steel members in accordance with the American Institute of Steel Construction (AISC) manuals:
a) Allowable Stress Design (ASD 9th edition)
1) Beams
2) Girders
3) Columns
4) Column baseplates
b) Load and Resistance Factor Design (LRFD 1st Edition)
1) Beams
2) Girders
3) Columns
4) Column baseplates
2. Check or select member size based on the results of
an analysis performed with the features specified
in Section C9.5.3.
f. Provide software for generation of steel beams schedules and connection schedules for bolted and welded connections. 
g. Provide software that performs cross- section property calculations that use the features of Section C8.4.12.2. for irregular shapes and built up sections. 
h. Provide steel bolted and welded connection design software that follows the provisions of AISC and AWS.
i. Provide steel detailing software that follows the latest AISC and AWS detailing practices. Provide features to allow the user to create and maintain a library of welded and bolted connections.

C9.5.5. CONCRETE DETAILING
Provide features for the design and detailing of reinforced and pre- stressed concrete members and connections, and the generation of graphics for concrete members and connections.

a. Provide the following graphic features:
1. Generate 2-D section views from the 3-D structural model at planes cutting through the 3-D model.
2. Remove the display of hidden entities in the 2-D view.
3. Highlight the 2-D section cuts on the 3-D model.
4. Dimensioning of structural drawings. 
5. Allow a user to enter notes on the drawings.
6. Allow a user to generate footing, beam, and column schedules and position them at any point on the drawing.
b. Provide concrete member design software with the following features:
1. Analyze and size the following in accordance with:
a) American Concrete Institute (ACI) 318-1989
1) Reinforced concrete members, including:
(a) Beams 
(b) Columns
(c) Footings
(d) Walls
(e) Slabs
2) Prestressed concrete members, including:
(a) Beams
(b) Columns
(c) Slabs
3) Select reinforcing bar sizes and arrangements 
b) American Concrete Institute (ACI) 318.1-1983
1) Unreinforced concrete walls
2) Unreinforced concrete footings
2. Size the members based on the results of an analysis performed with the features specified in Section C9.5.3.
c. Provide software for quantity take-offs for concrete members shown in designs.
d. Provide software for generation of concrete beam and footing schedules.
1. Member size.
2. Steel reinforcement requirement.
3. Steel reinforcement bending data.
e. Provide software that performs cross-section property calculations with the features of Section C8.4.12.2. for irregular cross sections. 
f. Provide software for quantity take-offs for concrete and reinforcing steel shown in a drawing.
g. Provide concrete detailing software that follows the latest detailing guidance published by ACI, Concrete Reinforcing Steel Institute, and Prestressed Concrete Institute. Provide features which allow the user to create and maintain a library of concrete and reinforcing steel details.

C9.5.6. MASONRY DETAILING
Provide features for the design and detailing of masonry members and connections, and the generation of graphics for masonry members and connections.

a. Provide the following graphic features:
1. Generate 2-D section views from the 3-D structural model at planes cutting through the 3-D model.
2. Remove the display of hidden entities in the 2-D view.
3. Highlight the 2-D section cuts on the 3-D model.
4. Dimensioning of structural drawings. 
5. Allow a user to enter notes on the drawings.
6. Allow a user to generate beam and column schedules and position them at any point on the drawing.
b. Provide masonry member design software with the following features:
1. Size reinforced clay and masonry members and select reinforcing steel sizes and arrangements in accordance with the American Concrete Institute (ACI) and the Masonry Society (MS) specifications (ACI 530- 88 and UBC Chapter 24).
2. Size the members based on the results of an analysis performed with the features specified in Section C9.5.3.
c. Provide clay and masonry detailing software that follows the current industry practice and the recommendations of ACI and the Masonry Institute of America. Including features which allow the user to create and maintain a library of masonry details.
d. Provide software for quantity take-offs for clay masonry members shown in designs.
e. Provide software for generation of masonry and footing schedules.
1. Member size.
2. Steel reinforcement requirement.
3. Steel reinforcement bending data.
f. Provide software that performs cross- section property calculations with the features of Section C8.4.12.2., for irregular cross sections. 
g. Provide software for quantity take- offs for masonry and reinforcing steel shown in a drawing.

C9.5.7. TIMBER AND LIGHT FRAMING DETAILING
Provide features for the design and detailing of timber and light framing members and connections, and the generation of graphics for timber and light framing members and connections.

a. Provide the following graphic features:
1. Generate 2-D section views from the 3-D structural model at planes cutting through the 3-D model.
2. Remove the display of hidden entities in the 2-D view.
3. Highlight the 2-D section cuts on the 3-D model.
4. Dimensioning of structural drawings. 
5. Allow a user to enter notes on the drawings.
6. Allow a user to generate beam and column schedules and position them at any point on the drawing.
b. Provide timber member design software with the following features:
1. Size timber members in accordance with:
a) The American Institute of Timber Construction (AITC) for glue laminated member.
b) National Forest Products Association National Design Specification for Wood Construction for timber.
2. Size the members based on the results of an analysis performed with the features specified in Section C9.5.3.
c. Provide software for connection, diaphragm, and shear wall design, including nailing patterns. 
d. Provide software for timber connection details using "Simpson," "Silver," or "Teco" framing connectors.
e. Provide software that performs quantity take- offs for timber and timber connectors. Also provide software for preparing lumber lists for bidding purposes.
f. Provide timber and light framing detailing software that follows the current industry practice and the recommendations of AITC and the National Forest Products Association National Design Specification for Wood Construction. Including features which allow the user to create and maintain a library of timber and connection details.

C9.6. ELECTRICAL POWER AND LIGHTING SYSTEM 

C9.6.1. GENERAL REQUIREMENTS
The electrical power and lighting system is a logical combination of the following software products that shall be provided:

a.     Indoor Electrical and Lighting Design, Section C9.6.2. and general requirements given in Section C9.1.

b.     Outdoor Electrical and Lighting Design, Section C9.6.3. and general requirements given in Section C9.1.

c.     Communications, Control, Fire, and Security Systems, Section C9.6.4. and general requirements given in Section C9.1.

d.     Electrical Analysis, Section C9.6.5. and general requirements given in Section C9.1.

C9.6.2. INDOOR ELECTRICAL AND LIGHTING DESIGN
Software shall be provided for indoor electrical and lighting
design.

C9.6.2.1. GENERAL REQUIREMENTS

The system shall provide the following general features:

a. All circuits shall be numbered and distributed equally to balance the phase loading.
b. All electrical energy converted to heat shall be in BTUs and passed to the heating, ventilating and air conditioning programs in Section C9.7.5.
c. All circuit information shall be stored in the data base for schedule and one- line diagram generation.
d. In all circuits, the program shall calculate the size for conductors, neutrals, conduits, grounds, and protective devices. The component size and characteristics shall be based on a requirement to regulate voltage within National Electric Code (NEC) limits or user- specified standard.
e. Allow adjustment of conduct or size and transformer impedance (secondary) to compensate when voltage drop criteria cannot be maintained. The software shall highlight the subsystem and display where the limit is exceeded; list the deficiency, and underline the problem in a tabulation of calculated voltage values.
f. Model motor starting behavior:
1. Across the line.
2. With autotransformer reduced voltage starting.
g. After conductors and transformers have been selected based on voltage drop criteria, calculate fault duties throughout the system and select protection components with adequate interrupting capacity. The fault current calculations shall be based on a maximum available fault duty specified by the user for any single point in the system.
h. All system components shall be inserted in the data base for retrieval by a materials take- off feature.

C9.6.2.2. COMPONENT DESIGN

The software shall provide the following features:

a. GENERAL PURPOSE BRANCH CIRCUITS: The software shall:
1. Provide general purpose branch circuit design support that includes digitizing the general purpose receptacles.
2. Sum the branch circuit current and power as the receptacles are digitized.
3. Indicate when the capacity of the branch circuit is exceeded and provide a choice to create an additional circuit. 
4. Regenerate an updated design after modification.
b. MOTOR CONTROL CIRCUITS: The software shall:
1. Produce a complete motor control design and main power circuit design when the motor nameplate data (horsepower, voltage, design type, locked rotor kVA code, etc.) is input to the program. 
2. Query for the circuit protection type; fuse, circuit breaker, etc., per National Electrical Code (NEC) and provide the system component sizing to meet code requirements. 
3. Regenerate an updated design after modification. 
c. LIGHTING BRANCH CIRCUITS: The software shall:
1. Provide lighting branch circuit design support for use with material take-offs, Section C9.1.6., and manual placement of luminaires by the operator. 
2. Regenerate an updated version after modification.
d. LOAD CENTERS: The software shall:
1. Provide load center design support using the branch circuit design information of Section C9.6.2.2.a.
2. Size the panel bus and protection device for branch circuit and panel bus. 
3. Regenerate an updated version after modification. 
e. FEEDER DESIGN: The software shall:
1. Provide feeder circuit design support using standard commercial components in accordance with requirements of the National Electrical Code (NEC) and data from the Branch Circuit Sections C9.6.2.2.a. and C9.6.2.2.d.
2. Insert unique components in the library at the discretion of the user.
3. Route the feeder path.
4. Calculate and size conductors, neutrals, grounds, conduits, and protective devices.
5. Regenerate an updated design after modification. 
f. SERVICE ENTRANCE: The software shall:
1. Sum all the electrical loads and provide a design for feeder circuit protection, service entrance panel, bus capacity (including provisions for spares and growth), and service main circuit protective devices. 
2. Insure that the main input protective device is not over stressed by excess available short circuit current. 
3. Regenerate an updated design after modification. 
g. SCHEDULES: The software shall:
1. Generate panel board, load center, and switchboard schedules from the data base. 
2. Regenerate an updated design after modification. 

C9.6.2.3. LIGHTING DESIGN
Software shall be provided for indoor lighting design. 

C9.6.2.3.1. GENERAL REQUIREMENTS
The software shall:

a. Provide a library of luminaries from the standard Illuminating Engineering Society (IES) of North America luminare types. 
b. Allow user input to override default IES parameters for each design.
c. Store parameters for reuse by:
1. Lighting and electrical analysis programs.
2. Material take-off program. 
d. Use IES methodology for all lighting calculations. 
e. Determine the watts per square foot for comparison to National Electrical Code requirements and to be used in the feeder circuit design.

C9.6.2.3.2. INTERIOR LIGHTING, LUMEN METHOD
The software shall determine the number of luminaires using the Illuminating Engineers Society (IES) methodology.

C9.6.2.3.3. INTERIOR LIGHTING, POINT BY POINT
The software shall:

a.  Calculate, display, and plot illumination levels on work surfaces.
b. Calculate, display, and plot isofootcandle curves using the IES point by point method of calculation for footcandle levels on a room grid of at least 20 by 20.
c. Integrate with the daylighting program, Section C9.6.2.3.4., to allow design of daylight augmented electrical lighting systems. 


C9.6.2.3.4. DAYLIGHTING ANALYSIS
Software shall be provided for daylighting analysis. It shall:

a. Calculate daylighting levels of interior spaces of structures, and for interior lighting levels for structures in any orientation and proximity to other buildings or natural objects. 
b. Calculations shall include:
1. Daylight data for any continental U.S. site.
2. User supplied shading conditions.
3. Interface with environmental analysis, Section C9.3.2.2.5., for shading information. 

C9.6.3. OUTDOOR ELECTRICAL AND LIGHTING DESIGN
Software shall be provided for outdoor electrical and lighting design.

C9.6.3.1. COMPONENT DESIGN
The software shall assist design of:

a.     SERVICE TRANSFORMERS: The software shall:
1. Allow input of transformer supply and load voltages, transformer impedance, phase configuration, load KVA, and access system impedance from design computations.
2. Include available short circuit current with an infinite input bus or inputted short circuit capacity.
3. Size the secondary fuse and disconnect switch.

b.     PRIMARY PROTECTION: The software shall:
1. Determine the primary protection from the transformer, load, and supply characteristics. 
2. Size the load break switch to the exact or next higher standard value.

c.     DISTRIBUTION LINE SIZING: The software shall:
1. Based on the load characteristics of the design, size the power distribution lines using standard commercially available cable.
2. The power source and distance will be provided by the user. 

d.     DISTRIBUTION SYSTEM DESIGN: The software shall provide features for electrical distribution system design that include:
1. Export line sizes and support locations for structural analysis.
2. Complete distribution system design, insulators and line protection design for the system, including lightning protection. 
3. All poles, structures, and insulators in the design and account for ground clearance and physical loading.

e.     BASE-WIDE DIAGRAM: The software shall:
1. Display a complete base-wide electrical distribution system. 
2. Provide a one-line diagram of base electrical power distribution with design and demand data. 
3. Zoom and scroll to any specific area or distribution node and display the electrical characteristics of the distribution system and its components.
4. Provide an electrical site plan of any specified area. 

C9.6.3.2. LIGHTING DESIGN
Software shall be provided for outdoor lighting design.

C9.6.3.2.1. GENERAL REQUIREMENTS
The software shall:

a. Provide a library of exterior luminaires. 
b. Allow user input to override default parameters for each design.
c. Store parameters for reuse by:
1. Lighting and electrical analysis programs.
2. Material take-off programs.
d. Use IES methodology for all lighting calculations. 

C9.6.3.2.2. OUTDOOR LIGHTING, POINT BY POINT
The software shall:

a. Calculate, display, and plot isofootcandle curves for horizontal and vertical illumination using the IES point-by-point method of calculation for footcandle levels on a surface grid of at least 1000 elements. 
b. Support a grid range from square for parking lots and ball fields to highly rectangular for Navy piers. 

C9.6.4. COMMUNICATIONS, CONTROL, FIRE, AND SECURITY SYSTEMS
Software shall be provided to design communications, control, fire, and security systems.

a.     TELEPHONE: The software shall provide design features for:
1. Complete telephone systems for buildings.
2. Service entrances, main terminal rooms and all risers and internal distribution cabling. 

b.     INTERNAL COMMUNICATIONS: The software shall provide design features for voice communication systems for internal building operation. 

c.     TELECOMMUNICATIONS: The software shall provide design features for:
1. Local area networks for single and multibuilding data communications.
2. Electromagnetic protection from lightning utilizing a design consistent with electrical noise mitigating methodology. 

d.     ENERGY MONITORING AND CONTROL SYSTEMS: The system shall provide design features for:
1. Determining the energy monitoring and control system design requirements for single buildings, including sensor placement and control elements. 
2. Digitizing placement of sensors and control elements and wire routing.

e.     FIRE DETECTION SYSTEMS: The software shall provide design features for:
1. Fire detection systems that use wire, fiberoptic, and radio frequency transmission to the central dispatch area.
2. Placement of the detectors and route of the interconnect wiring.

f.     SECURITY SYSTEMS: The software shall provide design features for:
1. Security systems for buildings and structures. 
2. Video monitoring of building entrances and secured indoor and outdoor areas and monitoring of physical sensor outputs at a central location. 
3. Placement of power and communications paths, sensors, and central monitoring station.

g.     VIDEO TRANSMISSION SYSTEMS: The software shall provide design features for:
1. Video transmission systems for on-base generation and distribution of television information.
2. Feeders and antennae for commercially generated television.
3. Placement of input signaling to the main distribution device or head end, the processing and distribution device, all output signal paths, line amplifiers, transmission lines, and building risers.
                                                                                                                                                                                      C9.6.5. ELECTRICAL ANALYSIS
Software shall be provided for electrical analysis with the following features:

a. VOLTAGE DROP CALCULATIONS: Calculate voltage drop, percent voltage drop, and nominal working voltage of any branch circuit, feeder bus, service, and electrical power distribution system.
                                                                                                                                                                                               b. ONE-LINE GENERATION: Extract data from the indoor and outdoor electrical products and generate a one- line diagram. 
1. Generate a one-line diagram of an individual circuit, a specific building, a specific distribution circuit, or the entire data base of the complete power distribution system, including all components.
2. Extract the specific component parameters and all library symbols for the one- line generation.
3. Structure the data for input to the short circuit and coordination programs.
                                                                                                                                                                                               c. SHORT CIRCUIT ANALYSIS: Perform a short circuit analysis on the design.
1. Determine fault currents on multiple bus systems in accordance with the recommended practices of the Institute of Electrical and Electronic Engineers (IEEE). 
2. Provide user-expandable libraries of standard component impedances.
3. Determine and display the stress on all system components and highlight all overstressed components graphically in red.
4. The software shall analyze systems containing at least 300 busses.
                                                                                                                                                                                               d. PROTECTIVE DEVICE COORDINATION ANALYSIS: Perform a protective device coordination analysis on multiple bus systems in accordance with the recommended practices of the Institute of Electrical and Electronic Engineers (IEEE). The program shall graphically highlight all incorrectly- coordinated components and graphically display the coordination of any bus or branch circuit. The software shall analyze systems containing at least 300 busses.
                                                                                                                                                                                               e. HARMONIC ANALYSIS: Analyze harmonics of the fundamental frequency and their effect on electrical system tuning. Graphically highlight any combination of power system inductance, capacitance, and resistance that will resonate or cause overstress anywhere in the system. 
                                                                                                                                                                                                f. LOAD FLOW ANALYSIS: Analyze indoor and outdoor electrical distribution circuits.
1. Provide the design parameters (voltage, current, power factor, percent voltage drop) and analyze the effect of changing loads anywhere in the distribution circuit.
2. Provide loss data between all busses in the system.
3. Update the data base as the distribution circuits are modified by the design modules.
                                                                                                                                                                                          C9.7. MECHANICAL ENGINEERING SYSTEM 
                                                                                                                                                                                                C9.7.1. GENERAL REQUIREMENTS
The mechanical engineering system is a logical combination of the following software products that shall be provided:

a.     Pipe Network Analysis, Section C9.7.2. and general requirements given in Section C9.1.

b.     Energy Analysis, Section C9.7.3. and general requirements given in Section C9.1.

c.     Industrial Ventilation Analysis, Section C9.7.4. and general requirements given in Section C9.1.

d.     Heating, Ventilation, and Air Conditioning (HVAC), Section C9.7.5. and general requirements given in         Section C9.1.

e.     Plumbing, Section C9.7.6. and general requirements given in Section C9.1.

f.     Fire Protection, Section C9.7.7. and general requirements given in Section C9.1.

C9.7.2. PIPE NETWORK ANALYSIS

The system shall analyze flows and pressures in steam, gas and water utility systems. The program shall have the following features:

a. Steam according to ASME/ANSI B31.1.
b. Size hot and cold water distribution systems, natural gas, and sanitary systems based on flow rates, fluid velocities, friction losses, piping materials, and climatic conditions.
1. Calculations and algorithms shall comply with the Uniform Plumbing Code (UPC).
2. Pipe and vent sizes shall be determined using the:
a) Uniform Plumbing Code Methodology
b) ASHRAE Methodology 
c. Perform hydraulic analysis of fire protection systems, including water flow and pressure calculations, halon volume and weight requirements, and sizing of associated piping networks and fittings.
d. Pipe network analysis characteristic shall include:
1. Pipelines shall be continuous through pieces of secondary equipment (such as valves, elbows, and meters).
2. Major equipment ends a line at its nodes.
3. A pipeline shall enter a "T" divide, and remain the same pipeline for generating reports. This situation is where branches lead to less important "take- offs" (e.g., vents or drains). 
4. A piece of pipe shall have pieces of equipment (i.e., sensors) attached to it that in no way cuts the pipe or alters the flow. 
5. The label or name of a pipeline shall be assigned to any piece of pipe in the line:
a) Names, sizes, or specifications shall not be attached to other pieces of pipe.
b) Names that are attached to downstream portions of the same pipeline shall be the same. 
6. From-To Reports shall state origin and ends of pipelines:
a) According to the names associated with the component that terminates the pipeline.
b) In the case of a line terminated at other lines, it shall use the name associated with the other lines. 
7. If a pipeline branches to paths in several directions, all branches shall be followed for From-To reporting purposes.
8. If there are several connection points associated with a major component, these shall be named individually and these names should appear in the From- To Reports.
9. All pipelines shall have direction.
10. Any design rule shall be overridden by user intervention.
11. User-specified minimum clearances.
e. Structural design and analysis for thermal gravity, seismic, and water and steam loads. 
f. Display and plot the pipe network diagram:
1. Turn labels or names on or off.
2. Turn direction markers on or off.
3. Turn connection points on or off.

C9.7.2.1. PIPING ANALYSIS, PREPROCESSING AND POSTPROCESSING
The system shall provide a module for preprocessing and 
postprocessing piping analyses.

C9.7.2.1.1. PREPROCESSING

The following preprocessing features shall be provided:

a. Formatted output from the dimensioned piping diagram geometric data base for input into the analysis program of Section C9.7.2.2.
b. A preprocessor that provides complete input streams for the analysis program of Section C9.7.2.2. The preprocessor shall create a complete input stream for the analysis code including, the following information:
1. Geometry:
a) X,Y,Z coordinates of endpoints.
b) Pipe diameter.
c) Wall thickness.
d) Bend radius.
e) Component names.
f) Valve and flange generation.
g) Offset elements.
2. Branch information and from/to lists.
3. Material properties "E", "1/R", "e/D", and thermal expansion.
4. Load conditions:
a) Point load.
b) Unit weight of material.
c) Distributed loads.
5. Fluid flow and logic analysis data.
c. Creation of a graphic part data base utilizing the geometry types of Section C8. from the analysis program of Section C9.7.2.2. data file.

C9.7.2.1.2. POSTPROCESSING
The system shall provide a translator that uses the results of the analysis packages of Section C9.7.2.2. (stress and displacement data) to produce: 

a. Deformed shape display, color coded to highlight stress variations.
b. Maximum values.
c. Force, moment, and stress symbol plotting.
d. Interactive and batch tabular reports.
e. Sorted stress listings.

C9.7.2.2. PIPING SYSTEMS ANALYSIS
The system shall provide a software package for piping systems analysis.

a. The system shall analyze both compressible and incompressible fluids. 
b. The software shall include, but not be limited to, the following analysis features:
1. Structural requirements - Hanger analysis, including spring supports.
2. Pipe and vessel stress analysis requirements:
a) Pipe flexibility analysis (based on weight, temperature, and pressure loads).
b) Normal mode analysis and DDAM shock analysis.
c) Pipe sizing and optimization.
d) Sprinkler system pipe sizing and head selection.
3. Fluid flow analysis requirements:
a) Pipe system balancing.
b) Pressure drop.
c) Fluid flow.
4. Heat transfer requirements:
a) Heat loss analysis (with and without insulation).
b) Heat transfer analysis.
5. Dynamic analysis requirements:
a) Shock spectrum analysis.
b) Harmonics analysis.
c) Transient analysis.
6. Surge analysis.
c. The analysis package shall:
1. Analyze an unlimited problem size (limited only by hardware constraints).
2. Provide output of pipe support loads for input to the structural design package specified in Section C9.5.4.
3. Analyze relief valve reactions (pipes and pipe supports).
4. Provide flange leakage checks.
5. Analyze distributed expansion joints with automatic pressure thrust.
6. Analyze multiple thermal and pressure cases (supplied loading, e.g., pressure, temperature, and weight).
7. Provide automatic nozzle flexibility calculations.
8. Analyze orthogonal and skewed single directional restraints.
9. Provide interactive error checking.
10. Analyze multiple load combinations per analysis.
11. Analyze guide and limit stops with gaps.
12. Analyze restraints with connecting nodes and conservative friction.
13. Provide cavitation reports.
d. The system shall highlight portions of the piping system based upon user-defined criteria, such as excessive pressure loss in fittings or pipe segments, excessive noise generation in fittings or piping segments, duct runs with highest pressure loss, etc. 

C9.7.3. ENERGY ANALYSIS
The system shall perform the following energy analysis features:

a. Calculate the cooling and heating load requirements for a building:
1. On an hourly, daily, weekly, and monthly basis. 
2. Based on the American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE) standards and climatic data from Section C9.1.1.i.
3. Analyze the use and applicability of:
a) Solar energy space heating systems (water, air, and passive).
b) Solar energy absorption cycle air conditioning systems by one of the following methods:
1) In tandem with conventional HVAC.
2) As the primary systems using conventional HVAC as a backup. 
c) The solar energy contributions on an hourly, daily, weekly, and monthly basis. 
d) Energy due to electrical lighting.
b. Calculate energy usage based on building type, construction, orientation, and location using climatic data from Section C9.1.1.i.

C9.7.4. INDUSTRIAL VENTILATION ANALYSIS
The system shall perform industrial ventilation analysis on 3- D models of industrial ventilation systems. The following features shall be included:

a. Size and balance of such systems shall be in accordance with the velocity pressure method described in "Industrial Ventilation," a manual of recommended practice by the American Conference of Governmental Industrial Hygienists. 
b. Analyze systems composed of different materials (e.g., PVC, black iron, sheet metal).
c. Analyze systems that handle nonstandard air at various conditions of temperature and moisture from various sources.
d. Provision shall be made for air cleaning devices of several types (e.g., panel filters, baghouses, wet scrubbers, mesh pad mist eliminators).
e. Allow the use of several air cleaning devices in series in each industrial ventilation system to be analyzed.
f. Calculate the size of each duct branch, static pressure at each junction, fan horsepower, volume flow rate, and static pressure.

C9.7.5. HEATING, VENTILATION, AND AIR CONDITIONING (HVAC)
The system shall provide for 3-D graphic representation and manipulation of duct networks and perform an interference check with electrical, plumbing, and other structural networks.

C9.7.5.1. GRAPHICS FEATURES
The following graphic features shall be provided:

a. Generate single and double-line 3-D models of duct layouts with fittings equipment (e.g., air handling units, exhaust fans, various types of air cleaning devices, etc.) from single-point inputs. 
b. Generate 2-D and 3-D double-line representation of a single-line model with and without hidden line indication. 
c. Insert duct fittings onto ducts and other fittings with updating of graphics and duct networks. 
d. Duplicate through mirroring, rotating, and translating, any portion of a duct network at any desired location or in a new orientation, and update graphic and duct network. 
e. Generate 3-D ducts, equipment, and fittings to be inserted as a library part in a library file for that fitting type containing the generic name, size(s), scale factors, and other assigned attributes necessary for identification purposes, which shall be extracted for further use. 
f. Delete and edit ducts and components and their assigned attributes with automatic updating of graphics and duct networks. 
g. Insert unique and custom fitting sizes defined by the user.
h. Generate 3-D graphics from one- line diagrams of the main and branch duct lines. The 3-D graphics shall be based on data generated using the load requirements in Section C9.7.5.3.
i. Edit and update graphics and attributes of the models generated from Section C9.7.5.1.
j. Check for interference with electrical, plumbing networks, and structural members.

C9.7.5.2. REPORTS
The system shall generate reports that:

a. List all ducts, fittings, and components in each duct run, including user-selectable attributes. The user-selectable attributes shall include length, size, material, and cost. 
b. List equipment and all associated components, including user-selectable attributes. These attributes shall include nomenclature, capacity, horsepower, electrical requirements, size, material, and cost. 
c. Output to Guide Specification data format, Section C9.1.4.

C9.7.5.3. ANALYSIS FEATURES
The following analysis features shall be provided:

a. Calculate the cooling and heating load requirements for a new or existing building based on the American Society of Heating, Refrigerating and Air Conditioning Engineers, Inc. (ASHRAE) standards and climatic data from Section C9.1.1.i.
b. Duct and fitting sizing:
1. Size ducts, fittings, and components based on heating and cooling load factors for various types of HVAC systems, including the equal friction method and static regain method according to the Sheet Metal and Air Conditioning Contractors National Association, Inc. (SMACNA) standards.
2. A "ductulator" shall be available through a system window, Section C7.2 (A "ductulator" is a calculator designed to compute the size of ducts).

C9.7.5.4. LIBRARY PARTS
The system shall include:

a. Library parts for ducts, fittings, and components in all common sizes in accordance with SMACNA standards.
b. Library figures:
1. Duct models to be created.
2. Design and analysis routines to be executed.

C9.7.6. PLUMBING

The system shall generate single line 3-D models and 2-D schematics of the plumbing network with fittings, valves and other components. It shall size all hot and cold water lines, vents, and drain lines of the plumbing network.

C9.7.6.1. GRAPHICS FEATURES

The system shall:

a. Generate a single-line 3-D model of a pipe layout with fittings, valves, bends, and other components.
b. Generate double-line graphics from a single-line model, with or without depiction of insulation, and with or without hidden line removal.
c. Generate a 2-D schematic.
d. Duplicate mirror, rotate, and translate, any portion of a pipe network at any desired location or in a new orientation and update the graphics.
e. Delete or edit pipes and components and their assigned attributes.
f. Generate library parts of 3-D pipe and equipment fitting with associated attributes indicating name, size, and scale factors.
g. Provide all plumbing symbols in conformance with ANSI Y32.2.3 and Y32.4 standards.
h. Upon request, highlight and magnify any fitting that is unidentifiable at its actual size (i.e, a 1-inch valve in a 100-foot-long pipe at a scale of 1 to 50).

C9.7.6.2. REPORTS
The system shall generate reports for:

a. A list of all pipe, fittings, and components in each pipeline.
b. Bills of Materials.
c. Symbol legends.
d. Equipment schedules.
e. Pipe friction losses, pipe stress analysis, and thermal stress analysis.
f. Output to Guide Specification data format, Section C9.1.4.

C9.7.6.3. DESIGN AND ANALYSIS
The system shall:

a. Size hot and cold water distribution systems, natural gas, sanitary systems, based on flow rates, fluid velocities, friction losses, piping materials, and climatic conditions. 
All calculations and algorithms shall comply with the Uniform Plumbing Code (UPC).
b. Include the pipe analysis characteristics in Section C9.7.2.

C9.7.6.4. LIBRARY PARTS
The system shall:

a. Include library parts for pipe, valves, fittings, and components in all common sizes from 1/2 inch to 24 inches.
b. Library figures shall have attributes for:
1. Pipe models.
2. Design and analysis routines.
c. Provide all plumbing library symbols in conformance with ANSI Y32.2.3. and Y32.4. standards.

C9.7.7. FIRE PROTECTION
The system shall provide features for analysis, design, sizing, and graphic representation of the fire protection network.

C9.7.7.1. GRAPHICS FEATURES

The system shall generate complete fire alarm and sprinkler riser diagrams, including annotation of zones.

C9.7.7.2. REPORTS
The system shall generate reports for:

a. A list of all pipe, fittings, and components in each pipeline.
b. Bills of Materials.
c. Symbol legends.
d. Equipment schedules.
e. Pipe friction losses, pipe stress analysis, and thermal stress analysis.
f. Output to Guide Specification data format, Section C9.1.4.

C9.7.7.3. DESIGN AND ANALYSIS
The system shall:

a. Select preliminary and final pipe sizes.
b. Perform hydraulic analysis of fire protection systems, including water flow and pressure calculations, halon volume and weight requirements, and sizing of associated piping networks and fittings.
c. Include the pipe network analysis characteristics in Section C9.7.2

C9.7.7.4. LIBRARY PARTS
The system shall:

a. Include library parts for pipe, valves, fittings, and components in all common sizes from 1/2 inch to 24 inches.
b. Library figures shall have attributes for:
1. Pipe models.
2. Design and analysis routines.
c. Provide all plumbing library symbols in conformance with ANSI Y32.2.3. and Y32.4. standards.

C9.8. TECHNICAL DOCUMENT AUTHORING
The Technical Document Authoring Package shall assist the engineer in accomplishing low volume technical document processing. The software shall:

a. Provide internal data exchange between modules in an efficient and easy manner with less than 5 keystrokes.
b. Establish capability levels associated with individual users (e.g., an "Expert Mode"). 
1. Level selection, help screen, and documentation shall support users ranging from novice to experienced. 
2. Allow users to select a higher level in order to accomplish more complex tasks, if desired, or move to lower levels through the assistance of system's utilities.
c. Generate concise application messages and distinguish between types of messages (e.g., user-input illegal command versus an application failure message). 
1. Provide error messages in the event that a user enters an illegal command. 
2. Messages shall be provided to advise the user of problems or events relating to system hardware or software (e.g., printer not ready). 
3. System messages shall not require additional interpretation by the user, such as table lookups or references to documentation. 
4. Messages shall contain:
a) A clear and concise textual description of the error condition or system status.
b) The required operator action, where applicable, and examples of proper command entries available to the user at a given level.
d. Perform foreground and background operations concurrently. This shall include such processes as printing, telecommunications, and archiving. 
e. Provide a "HELP" utility, allowing the user to input a command or query to aid in determining proper procedures. The HELP utility shall be activated at any point.
f. Perform transaction journaling for all applications so that an abrupt system failure, such as power loss, shall not result in a loss of data. 
g. Execute functions with a mouse or tablet, supplemented with keyboard input.

C9.8.1. DATA EXCHANGE STANDARDS
The Technical Document Authoring Package shall support data exchange using the Department of Defense Computer-aided Acquisition and Logistics Support (CALS) standards.

C9.8.1.1. INPUT AND OUTPUT FORMATS
a. The following text formats shall be supported for input:
1. SGML, MIL-M-28001.
2. ASCII text file.
3. Wordstar.
4. Wordperfect.
5. Multimate.
6. Wang PC.
7. DCA file.
b. The following graphics formats shall be supported for input:
1. Computer Graphics Metafile (CGM), ANSI X3.122-1986
and MIL-D-28003.
2. Hewlett Packard Graphics Language (HPGL).
3. AUTOCAD DXF files.
4. Initial Graphics Exchange Specification (IGES) Technical publishing class of MIL-D-28000.
5. TIFF files.
6. Postscript and Encapsulated Postscript files
7. CCITT Group IV raster and MIL-R-28002.
c. The following formats shall be supported for output:
1. SGML files.
2. ASCII text files.
3. Postscript and Encapsulated Postscript files.
4. Hewlett-Packard LaserJet Series II standard files.
5. CGM, MIL-D-28003. 
d. All plotters, printer/plotters, and scanners in Section
C5.4.

C9.8.2. DISPLAY CHARACTERISTICS
The following display characteristics shall be provided:

a. Full WYSIWYG ("What you see is what you get").
b. Highlighting (reverse video, underline, blinking, bold, etc.).
c. Vertical scroll (forward and reverse).
d. Horizontal scroll for documents wider than the screen.
e. Full page display and "enlarged area of the page" display.
f. Character size control.
g. Multisize characters on same text line.
h. Character spacing.
i. Line spacing (leading).
j. Justification.
k. Flush right.
l. Superscript and subscripts.
m. Multicolumn.
n. Embedded control code display upon request.
o. Extended character sets - - greek symbols, math symbols, technical symbols.
p. Graphics displayed with text.
q. Ruler guides.
r. Movable guidelines to enhance text and graphics placement.
s. Screen fonts from 6 to 36 points in the following typefaces:
1. Times Roman, or equivalent
2. Helvetica, or equivalent
3. Courier, or equivalent

C9.8.3. FILE MANIPULATION
The following file manipulation features shall be provided:

a. Specify file names with at least 14 characters.
b. Specify device and directory to store the document.
c. Specify a file description of 80 characters.
d. Display directory, document name, description, current document size, and storage room remaining on the media after editing or creating a document.
e. Select from a default format or from a selection of user-defined style sheets or templates; default is no style sheet required to produce a document.
f. Multiple files, such as chapters, shall be linked as one document.
g. Printout queuing.
h. Priority printing.
i. Multiple copy printing.
j. Page selection printing.
k. Interrupt printing.
l. Abort printing.
m. Print directly from the screen.
n. Print portrait.
o. Print landscape.
p. Specify output device for document printing.
q. Save the original document and the revised document. The system shall save the original version in a newly named file.

C9.8.4. TEXT MANIPULATION

The following text manipulation features shall be provided:

a. Import text files prepared with the word processing products in Section C9.8.1.1.
b. Input text directly.
c. Manipulate text through the keyboard or a mouse. Editing actions shall be visible immediately.
d. Automatic hyphenation.
e. Automatic centering.
f. Bold and italics.
g. Automatic page numbering.
h. Automatic header and footers.
i. Left, right, center, decimal, and comma tabs.
j. Automatic word wrap.
k. Automatic justification.
l. Multiple margins within document.
m. Multiple text columns, minimum of four.
n. Input extended character sets, such as greek, math, and technical symbols.
o. Create and edit equations:
1. Adjust baselines for at least 10-level equations.
2. Automatic sizing and placing of fractions, subscripts, superscripts, and exponents.
3. Automatic extension of brackets, braces, radical signs, summation signs, integrals, etc.
p. Global search and replace:
1. Character or character strings.
2. Format commands.
q. Store strings of keystrokes that can be invoked multiple times. 
r. Define function keys.
s. Cut and paste text.
t. Block delete.
u. Block move and copy.
v. Column move and copy.
w. Column delete.
x. Automatic widow and orphan removal.
y. Automatic pagination.
z. Dictionary:
1. At least 50,000 frequently used words and phrases.
2. Allows for the addition of 10,000 permanent words to the master dictionary. Modification of the system dictionary shall be by the authorized system manager.
3. Permit use of an unlimited number of personal dictionaries.
4. Consults the user-specified dictionary(s) first, then the system dictionary(s).
5. Allows a user to modify his personal dictionaries only.
6. Spelling check:
a) Entire document specified for checking.
b) One word checked by placing cursor on it and initiating spelling check with no more than 2 keystrokes/mouse clicks.
c) System indicates word spelled correctly.
d) System presents a list of possible correct spellings for misspelled word. One keystroke/mouse click inserts the correct spelling.
e) Unrecognized, correctly spelled words can be added into a user's personal dictionary, permanently or temporarily.
f) Misspelled, unrecognized words shall be correctly typed by the user.
g) Allows user to ignore flagged words and continue on.
h) Allows user to abort spelling check and continue with editing.
7. Counts the occurrence of user- selected words and phrases within a document.
8. Identifies spelling errors in headers, footers, and footnotes.
9. Identifies spelling errors in prefixes, suffixes, and compound word usage.
aa. Type styles, minimum requirement:
1. Times Roman, or equivalent 6 to 36 point, portrait and landscape.
a) Medium.
b) Bold.
c) Italic.
2. Helvetica, or equivalent 6 to 36 point, portrait and landscape.
a) Medium.
b) Bold.
c) Italic.
3. Courier, or equivalent fixed pitch, portrait and landscape.
ab. Move to a specified page.
ac. Wrap text around graphics.

C9.8.5. GRAPHICS MANIPULATION
The following graphics manipulation features shall be provided:

a. Import graphics in the formats in Section C9.8.1.1.
b. Import photographs and drawings that have been scanned using the document scanner in Section C5.4.8. 
c. Import technical drawings produced via Sections C8.4.10. and C8.4.11.
d. Import maps produced in Section C9.
e. Allow a user to create, insert or modify graphic entities utilizing user friendly editor commands.
f. Once the graphics have been placed into the document, the system shall allow the user to perform the following functions:
1. Crop it.
2. Move it.
3. Scale it.
4. Copy it.
5. Delete it.
6. Change attributes on it (i.e., color, text fonts, etc.).
7. Rotate it.
8. Size it numerically (by ratio).
9. Size objects horizontally, vertically, or both.
10. Add any additional free-form graph or text to it.
g. "Anchor" graphic to a specific point within a text document. The graphic shall follow the text as formatting and reformatting tasks are performed.
h. Create free- form line drawings from system generated graphics and primitives.
i. Place text at any angle within or outside of a graphic.
j. Link all added text and free- from drawings to a graphic so that movement of the graphic shall also move all the added material.
k. Store a wide range of libraries (e.g., engineering symbols, blank forms, data processing symbols, etc.).

C9.9. GRAPHING
Graphing as used in this section refers to the preparation of presentation quality graphs with a limited drawing capability.

C9.9.1. GRAPHING FEATURES
The system shall:

a. Provide at least 16 colors.
b. Provide line, bar, pie, and word graphs.
c. Use Computer Graphics (CGM) export feature that supports graphics text merging using the Technical Document Authoring product features as specified in Section C9.8.5.
d. Add any additional free-form graph or text to any datadriven chart.
e. Create free- form line drawings from system- generated graphics or primitives.
f. Size objects horizontally, vertically, or both.
g. Size objects numerically (by ratio).
h. Duplicate objects.
i. Create mirror image.
j. Crop or erase portions of scanned images.
k. Edit graphic attributes (e.g., line font, text font, and color).

C9.9.2. GRAPH TYPES
The following graph types shall be supported:

a. BAR GRAPHS: Bar graphs shall:
1. Include horizontal and vertical bars.
2. Display values within, above, or below bar graphs.
3. Display bar graphs in a 3-D format.
4. Display at least 20 fill patterns.
5. Generate Y-axis data automatically.
6. Display Y-axis data bidirectionally.

b. LINE GRAPHS: Line graphs shall:
1. Display large data sets (at least 1000 points).
2. Display at least 12 data sets per graph.
3. Include 2-D graphs composed of individual points whose coordinates represent two variables.
a) No connection.
b) Linear connection
c) A spline connection.
4. Include 2-D and 3-D graphs consisting of rectangles whose width and height represent two variables.
a) 2-D projection on two walls and floor.
b) 3-D surface with rectangular grid.
5. Display six different line types.
6. Provide scientific axes scaling feature (e.g., linear, logarithmic, etc.).
7. Provide probability (e.g., Religh, Weibull, Normal) axis scaling.
8. Provide point plotting.
9. Provide scatter diagrams.
10. Provide axis grid at user discretion.
11. Provide contours of 3-D data on a 2-D surface.
12. Provide multiple dependent variable axes scales.
13. Display at least 12 marker types.

c. PIE GRAPHS: Pie graphs shall:
1. Display at least 16 segments per pie graph.
2. Display values inside, outside, or both of the pie segment.
3. Explode any combination of pie segments by a proportion of the pie radius selected by the user.
4. Display pie graphs in a 3-D format.
5. Display at least 20 fill patterns.

d. COMBINED GRAPHS: Combined graphs shall:
1. Combine bar and line graphs into a single display.
2. Display data in tabular form below X-axis.
3. Display at least six line patterns.
4. Display at least 20 bar shading patterns.
5. Place text anywhere on the graph.

e. WORD CHARTS: Word charts shall:
1. Text centering within a chart.
2. Random placement of text within a chart.
3. Underlining within a chart.
4. Font selection. 
5. Left and right alignment.
6. Add at least 20 lines of text per chart.
7. Selectable bullet types.

f. FREE HAND DRAWINGS: Free hand drawings shall provide the following features:
1. User-controlled drawings.

        2. Addition of text to the drawing.

C9.9.3. GRAPH CONSTRUCTION

The software shall construct graphs by the following methods:

a. Enter alphanumeric data directly into the graph via the keyboard.
b. Create a graph using alphanumeric data from a spreadsheet created using Section C8.5.4.
c. Extract alphanumeric data from a document and place data into a graph.
d. Place text at any position inside the graph.
e. Place user labels at any angle within and outside of a graph and rotate up to 360 degrees around the center of the form in increments of 1 degree.
f. Underlining of text within or outside of graphs.
g. Adjust spacing between characters and words inside and outside of graphs.
h. Add free- form graph or text to any data- driven chart.
i. Link text and graph so that the movement of the graph shall cause movement of associated text and vice versa.

C9.9.4. INTERACTIVE GRAPHING EDITOR
The graphing editor shall allow a user to create, insert, and modify graphic entities with user friendly commands. Provide the following features:

a. Rotate all graphs up to 360 degrees around the center of the form in increments of 1 degree.
b. Stretch or shrink all graphs in both directions at the user's discretion. The system shall scale graphic forms from 6 times larger to 6 times smaller than the original size.
c. Scale the graph to the required window.
d. Allow the user to modify graph shape by executing a command at the workstation display without loss of data (e.g., change a bar graph to a line graph).
e. Store user-defined forms and insert them into graphs on demand by the user.
f. Print a screen and a graphic file to all output devices in Sections C5.4.1. through C5.4.5.
g. Allow the user to select and change color of all designated graphic entities.
h. Allow the user to copy graphs to another screen position without altering or moving the original graph.
i. Allow the user to create, edit, change font size, and save a new character font. The new font shall be used interchangeably with any of the inherent system fonts.
j. Store a wide range of libraries (e.g., engineering symbols, blank forms, data processing symbols, etc.).
k. A cursor feature to mark and highlight displayed data.
l. A mathematical condition feature to mark and highlight displayed data.

C9.10. PROJECT MANAGEMENT AND PLANNING

The Project Management and Planning product shall provide features to plan, track, and control of design and construction projects.
a. The system shall manage all project information in a uniform fashion.
b. The system shall support natural expressions and commands.

C9.10.1. PROJECT INFORMATION REQUIREMENT 

Project information shall include the following categories:

a.     SCHEDULE INFORMATION:
1. Activities or tasks to be accomplished.
2. Dates for starting and completing tasks.
3. Resources (money, personnel, supplies, etc.) required and available to perform the work.

b.     COST INFORMATION:
1. Cost estimate or budget baseline.
2. Measurement of the work accomplished against the budget (i.e., earned value).
3. Actual funds expended during project execution.
4. Analyses of variances: 
a) During the project.
b) With completed cost.

c.     TECHNICAL INFORMATION:
1. Project or program components.
2. Design specifications.
3. Drawings or other records.
4. Materials required to complete project.
5. Project vendors or contractors.
6. Other related project data.

C9.10.2. MILESTONE CHARTS
The following features shall be provided:

a. Calendars to monitor time devoted to tasks that make up a project.
b. Standard time units including hours, weeks, months, and years.
c. Accountability for weekends, holidays, other nonworkdays and extended work weeks (such as 8 days on, 4 days off).
d. Designation of "billable" tasks (those that require services from various resources for completion).
e. Designation of calendar tasks (those of fixed duration with no assigned resources).
f. Designation of primary tasks within a project plan.
g. Designation of subordinate or "composite" tasks within primary tasks.
h. Creation of an individual plan for implementing each task.

C9.10.2.1. TASK SEQUENCE
The following task sequence features shall be provided:

a. Schedule tasks to start on a specified date.
b. Tasks with at least nine prerequisites.
c. Start a task before a prerequisite task is complete.

C9.10.2.2. RESOURCE DEFINITION

The following resource definition features shall be provided:

a. Allow one task to have a number of different resources allocated to it.
b. Allow multiples of a resource to be tied to one task.
c. Handle fractions of a resource within tasks to adjust project schedules.
d. Use "resource leveling" when two tasks are scheduled to start at the same time by adjusting project schedule to allow enough time for completion of both tasks (i.e., two jobs, both require two analysts and only two analysts are available).
e. Set a time window over which a schedule is to be produced.
f. Choose time as the primary constraint.

C9.10.2.3. COST DEFINITION
The following cost definition features shall be provided:

a. Assign a charge rate to each resource within a project.
b. Accommodate rate changes during a project and special rate escalations such as overtime.
c. Incorporate an inflation factor into long- term projects.
d. Divide fixed costs into categories.
e. Allow both resource costs and fixed costs to be associated with a task.
f. Depict classification of funds associated with a project or task.
g. Depict status of funds for a project or task (i.e., initiated, committed, obligated, expended).

C9.10.2.4. RISK ANALYSIS
The following risk analysis features shall be provided:

a. Define three values for activity durations:
1. Optimistic. 
2. Pessimistic.
3. Most Likely.
b. Merge three values into a single value by taking the weighted average of the three values according to a formula designated by the user.
c. Change values and formulas randomly for the activity duration.
d. Formulate values to a single duration or many times using a sampling technique of the activity formulas assigned for the activity duration.
e. At each iteration or selection, calculate float along with activity dates.
f. Display the earliest start and finish dates and the latest start and finish dates for a given activity.
g. Calculate the ratio of the number of times an activity falls on the critical path divided by the total number of iterations requested by the user.

C9.10.2.5. "WHAT- IF" ANALYSIS
The following "what-if" features shall be provided:

a. Allow the user to pose exploratory questions with an intention of examining the results of several possible decisions or predictions.
b. Allow the user to pose questions, review the results, and pose additional questions using an interactive process.
c. Copy data to avoid corrupting the original file.
d. Make multiple copies for different scenarios or questions.
e. Change data in the copies easily to suit the question being posed.

C9.10.3. CRITICAL PATH METHOD (CPM)

The software shall have the following features:

a. Target start and completion dates for activities.
b. Schedule work units from 1 minute to 1000 days in duration. 
c. Calculate total float, free float, and negative float.
d. Use Arrow Diagram Method to treat activities as "arrows" connecting two node numbers.
e. Use Precedence Diagram Method to treat activities as "boxes" connected by four constraints (finish to start, finish to finish, start to start, start to finish).
f. Create a flow network from the activity durations and logic relationships of activities identified by arrow connections or box constraints.
g. Determine "late dates" by a backward pass of the network starting with the ending date of the last activity.
h. Determine "early dates" by a forward pass of the network starting with the beginning date of the first activity.

C9.10.4. PROJECT EVALUATION AND REVIEW TECHNIQUE (PERT)
The software shall provide analysis employing the PERT method having the following features:

a. Define three values for activity durations:
1. Optimistic.
2. Pessimistic.
3. Most likely.
b. Merge three values into a single value by taking the weighted averages of the three values according to the formula designated by the user.

C9.10.5. GANTT CHARTS
The software shall have the following minimum features:

a. Produce the following three reports:
1. Task List.
2. Cost Summary List.
3. Gantt Chart.
b. Coordinate and manage multiple tasks.
c. Assign complete prerequisite tasks.
d. Assign partially complete prerequisite tasks.
e. Schedule at least 100 tasks per project.
f. Illustrate the results of network calculations graphically (i.e., bar, continuous line).

C9.10.6. DATA ENTRY
The project management system shall allow the user to select the data entry process that is most effective at a given time. It shall:

a. Allow for screen layouts of data entry to match the input form for novice users.
b. Allow for free format line by line entry of data for experienced users.
c. Allow users to specify validation criteria for data testing before data acceptance in the data base (e.g., a date is within a range or a code is valid).
d. Prompt intermediate users with field name for data entry.
e. Allow the user to change system response and data entry as experience and proficiency increase.
f. Provide a full screen data editing function to enter new values, modify current data, delete fields, or complete records of information.
g. Provide horizontal and vertical scrolling of the full screen data, permitting the user to browse an entire dataset.

C9.10.7. INTERACTIVE PROCESSING
The system shall:

a. Support natural expressions and commands in lieu of abstract symbols.
b. Be uniform across all project management applications.
c. Use abbreviated commands (e.g., the first three characters) to speed operation by experienced users.
d. At any point in the project management system, allow a user to seek help and receive on-line messages and command examples for the area of the system in question.


	


