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C7.15.15. ADA COMPILER

A standard ADA compiler shall be provided with the following:

a. A DOD certified, standard ADA Compiler, in accordance with FIPS 119 and MIL- STD- 1815A.
b. Compatible with cross development tools, such as, ADA syntax directed editors, linker/loaders, interactive source code debuggers, cross reference generators and assemblers.
c. Optimization features and non- cryptic, well- written compilation error messages that reference the appropriate section and paragraph in MIL- STD- 1815A.
d. Any required interfaces to standard library manager and linker/loader.


C8. ENGINEERING INFORMATION MANAGEMENT SYSTEM (EIMS)

C8.1. GENERAL REQUIREMENTS

The Engineering Information Management System (EIMS), Figure C8- 1, is a set of coupled, modular, unified tools or software products that support the logical structuring, physical storage, data control, and interface(s) to all data bases. The EIMS features described herein shall create, manipulate, store, and control access of geometric and nongeometric data. The required integration levels are specified in Section C6.1. Specifically, the EIMS is a logical combination of the features described in Section C8. as identified below:
a. Geometric Data Base System (GDBS), is a logical combination of the features described in Sections C8.2., C8.3., and C8.4. The following products shall be provided:
1. Wireframe Modeling: This includes software for only wireframe modeling. These features are described in Section C8.4., excluding: 
a) Computervision Data Base(s) (Section C8.4.4.b.)
b) Surface Geometry (Section C8.4.10.4.b) 
c) Solid model Geometry (Section C8.4.10.4.c.)
d) Surface Creation (Section C8.4.10.6.10.)
e) Solid Model Creation (Section C8.4.10.6.11.) 
f) Solid Model Manipulation (Section C8.4.10.10.4.)
g) Color- shaded Image Viewing of Solids and Surfaces (Section C8.4.10.12.3.) 
h) Drafting Applications and Drawing Generation Section C8.4.11.) 
i) Geometric and Mass Property Analysis (Section C8.4.12.)
2. Surface Modeling: This includes software for only
surface modeling. These features include:
a) IGES Pre/Post Processor Translators (Section C8.4.4.c.)
b) Surface Geometry (Section C8.4.10.4.b.)
c) Surface Creation (Section C8.4.10.6.10.)
Excluding:
d) Computervision Data Base(s) (Section C8.4.4.b.)
e) Solid Model Geometry (Section C8.4.10.4.c.)
f) Solid Model Creation (Section C8.4.10.6.11.)
g) Solid Model Manipulation (Section C8.4.10.10.4.) 
h) Drafting Applications and Drawing Generation (Section C8.4.11.) 
i) Geometric and Mass Property Analysis (Section C8.4.12.)
3. Solids Modeling: This includes software for only
solids modeling. These features include:
a) IGES Pre/Post Processor Translators (Section C8.4.4.c.)
b) Solid Model Geometry (Section C8.4.10.4.c.)
c) Solid Model Creation (Section C8.4.10.6.11.)
d) Solid Model Manipulation (Section C8.4.10.10.4.) 
Excluding:
e) Computervision Data Base(s) (Section C8.4.4.b.)
f) Surface Geometry (Section C8.4.10.4.b.) 
g) Surface Creation (Section C8.4.10.6.10)
h) Drafting Applications and Drawing Generation
(Section C8.4.11.)
i) Geometry and Mass Property Analysis (Section 
C8.4.12.)
4. Drafting and drawing generation: This includes
software for only drafting and drawing generation. 
These features include:
a) Computer Graphics Metafile (Sections C8.4.4.a.)
b) IGES Pre/Post Processor Translators (Section C8.4.4.c.)
c) Drafting Applications and Drawing Generation (Section C8.4.11.)
5. Geometric and mass property analysis: This
includes software for only geometric and mass
property analysis. These features include:
a) IGES Pre/Post Processor Translators (Section
C8.4.4.c.)
b) Geometry and Mass Property Analysis (Section 
C8.4.12.)
b. Relational Data Base System (RDBS), shall be provided as a combination of the features described in:
1. Information Resource Dictionary System (Section C8.2.)
2. Report Generator (Section C8.3.)
3. Relational Data Base System (Section C8.5.)
c. Modeling and Drawing Management System (MDMS), shall be provided as a combination of the features described in:
1. Information Resource Dictionary System
(Section C8.2.)
2. Report Generation (Section C8.3.)
3. Modeling and Drawing Management Systems
(Section C8.6.) 


C8.2. INFORMATION RESOURCE DICTIONARY SYSTEM (IRDS)

An Information Resource Dictionary System (IRDS) shall be provided with a central mechanism for defining common nongeometric data requirements that link the RDBS, the MDMS, and the GDBS. This function is similar to the Data Dictionary defined for the RDBS. The IRDS shall at a minimum:
a. Define data types, schemes, and features.
b. Assist a user in identifying types of data.
c. Provide a query feature.
d. Describe and report associations between data types and data bases.
e. Implement the IRDS Standard ANSI X3.138- 1988 as adopted by FIPS 156, within the time limit specified in the FIPS standard or within 12 months of publication of the FIPS standard if a time is not specified.

C8.3. REPORT GENERATOR

The report generator shall be provided with standard report commands for creating reports from information extracted by the RDBS, the MDMS, and the GDBS. 
a. The report generator shall, at a minimum:
1. Accept data extracted from the GDBS.
2. Accept information from the MDMS.
3. Accept information in the RDBS.
4. Provide for a menu-driven, fill-in-the-blanks report writer tool and a command-driven report writer.
5. Provide features to:
a) Create a report. 
b) Save a report.
c) Modify report information.
d) Save a modified report with the same or a different name.
e) Execute a report query.
f) Print or display a report.
g) Invoke Help.
h) Rename a report
i) Call a custom report menu. 
6. Each function, when executed, shall lead the user through sub-menu routines to build a report.
7. Provide for custom user-definable menus.
b. Features for creating reports shall include the following minimum requirements: 
1. A separate command file that is unique for each report shall include the following: 
a) Output device.
b) Pausing between pages.
c) Printer offset.
d) Special printer control codes.
e) Options on printing field labels.
f) Number of copies desired.
g) Number of forms per printed page.
2. Features for modifying the print specifications shall be provided. 
3. Specify margins and page dimensions in inches or the number of rows or columns. 
4. Create headers and footers with the following features: 
a) Located at top and bottom of every page.
b) Report Title.
c) Date.
d) Printout time.
e) Page number, generated automatically starting at a user defined page number.
f) Break point value.
5. Provide conditional formatting with: 
a) Separation (blank lines).
b) Subtotal and total lines.
c) New page constructs on a break point when a particular field value changes. 
6. Provide multiple key sorting.
7. Column calculations shall include:
a) Column total.
b) Average value.
c) Count of entries.
d) Column minimum and maximum values.
e) Subtotals.
f) Average of a group.
g) Count of a group.
h) Minimum values.
i) Maximum values.
j) Data formats such as currency, sign and two decimal places.
k) Column title, repeated on consecutive pages. 
8. Derived columns:
a) Specify formulas for arithmetic and comparison.
b) Specify invisible columns.

C8.4. GEOMETRIC DATA BASE SYSTEM (GDBS)

This section defines the requirements for geometric data and manipulation. These features shall be supported by or included in: wireframe modeling, surface modeling, solid modeling, drafting, and the applications software described in Section C9 and C10. Figure C8- 2 is a schematic of the GDBS. The GDBS shall:
a. Operate in three types of configurations:
1. Local processing on stand- alone workstations.
2. Distributed processing among multiple workstations and data base and file servers managing the data throughout the entire network.
3. Centralized on data base and file servers.
b. Support data bases spanning multiple disk volumes.
c. Provide concurrent access of multiple, independent users to a shared data base.
d. Provide common command syntax for all similar commands or operations (e.g., the command for generating a circle or arc shall be the same no matter which application on the workstation is being used).
e. 2- D, 3- D wireframe, surface, and solid, geometric data bases, and vector and raster drafting data bases shall be: 
1. Used with each other.
2. Viewed with each other.
3. Referenced with each other. 
f. Provide the following functions for figures, figure libraries, and parametric parts as described in Section C8.4.10.8.
1. A group technology system or a search program to locate a library element. The library element shall be found by using either a logical tree structure or by specifying the parameters of the element. If the specified part cannot be found, notify the user.
2. Transform an entire library into the exchange format described in Section C8.4.4.c.
g. Translate any geometric data base to and from the graphics and product data exchange specifications in Section C8.4.4.c. without having to enter the graphics mode.
h. Archive a model, including all drawing and model elements, such that the complete model and all drawings shall be reproduced completely, including all library parts, line fonts, text fonts, and associated data. 
1. These items shall not be changed in the archived part even when the library figure, line font, text font, and associated data on the system are changed. 
2. No loss of data shall occur when these archived models are transported to independent systems from this contract which may have different libraries, line fonts, text fonts and properties. 
3. No modification shall be made to existing libraries, line fonts, text fonts, and associated data as a result of reactivation of an archived part.
i. Provide backup and recovery to preserve the integrity of data in the event of either a machine, software, or user error.

C8.4.1. PARTITIONED GEOMETRIC DATA BASES

Features shall be provided to partition new and existing data bases into modular data bases. A simple methodology shall be provided to define a partitioning strategy for multiple applications or large data base projects. 
a. Partition the data base by the following strategies:
1. Individual and groups of layers as defined in Section C8.4.10.5.
2. Coordinate values and ranges.
3. Model boundaries.
4. Application package (e.g., piping or structural design).
b. Provide a methodology for changing existing partitioning strategies.
c. Merge partitioned data bases into a single product data base.
d. Merge partitioned data bases for view-only access. The view-only geometry shall be updated upon user request.
e. Error checking of the partitioning strategy shall be provided to ensure data integrity.
f. Shall interface with the MDMS of  Section C8.6. to control access to the partitioning software and partitioned data bases.
g. Prevent concurrent write access to a partition.

C8.4.2. NONGEOMETRIC ASSOCIATIVE DATA

Features shall be provided for the storage of nongeometric associative data into the RDBS. 
a. Extract associative data from the GDBS into an ASCII file.
b. Extract associative data from the GDBS into a Data Definition File (DDF) (ISO 8211).
c. Extract associative data from the GDBS into the RDBS without the use of the ASCII or DDF file.
d. Store associative data in the RDBS without the need for extraction from the GDBS.

C8.4.3. TRANSFER OF RDBS, ASCII, OR DDF DATA

A feature shall be provided to create a RDBS, ASCII, and DDF files containing the entity descriptions of Section C8.4.10.3. and import the entities defined in these files directly into the GDBS.

C8.4.4. DATA BASE TRANSLATORS

The following translators shall be provided to interface the GDBS with various data bases.
a. COMPUTER GRAPHICS METAFILE (CGM): In order to provide a uniform device interface and computer independent method for storing and exchanging graphical display information, the Computer Graphics Metafile (CGM), ANSI Standard X3.122- 1986, shall be provided. 
1. Each geometric application software package shall create and interpret a CGM file.
2. A hard copy of a CGM file shall be printed on any of the graphics output devices defined in Section C5.4 using the Computer Graphics Interface (CGI), deans X3.161.
3. A feature for displaying a CGM file on any workstation type shall be provided.
4. A CGM interpreter shall be provided for CGM input.
5. Upon request, CGM output shall conform with MIL- D- 28003.
b. COMPUTERVISION DATA BASE(S): It is optional (EOP) for the Contractor to provide a translator to read and convert Computervision CADDS 4X revision 2.0 through revision 6.0 part files. 
1. The translator shall input existing NAVFAC CADDS 4X graphics data bases to the format of the graphic data bases described in Section C8.4.
2. The translator shall provide a report of all graphics, text and associative properties that do not translate properly.
3. All Computervision defined entities listed in Table C8- 1 shall be converted to the corresponding entities in the contractor's data bases. 
4. CADDS 4X parts to be translated shall be imported from either:
a) Binary files in CADDS 4X format on a workstation or server mass storage device; or
b) Files on half- inch magnetic tape in Computervision CGOS FUTIL tape format.
5. Interface with the wireframe modeling product.
6. Interface with the surface modeling product.
7. Interface with the solid modeling product.
8. Interface with the drafting and drawing generation product.
c. IGES PRE/POST PROCESSOR TRANSLATORS: All geometric data bases shall support fully the Initial Graphics Exchange Specification (IGES), as specified in Section C3.4.a to provide for data exchange between noncompatible geometric data bases.
1. The user shall define default library names for the creation of models from the subfigure definition.
2. All attributes associated with an entity, including user- defined associative data shall be provided.
3. The following information about the IGES translation shall be reported:
a) IGES translator version.
b) IGES version.
c) Model name.
d) Summary of entities in IGES file:
1) IGES entity type
2) Quantity of each entity type
e) IGES file name.
f) Processor start time. 
g) IGES processor error and warning messages.
h) Entities that were modified by the translator.
i) Entities that were not translated.
j) Entities that were translated.
1) IGES entity type.
2) Quantity of each entity type.
k) Processing time.
4. Upon request, output shall conform with MIL- D- 28003 Class I or Class II.
d. RASTER TRANSLATORS: The Contractor shall provide a raster translator to and from the CALS standards MIL- STD- 1840A and MIL- R- 28002 raster format.
e. RASTER-VECTORCONVERTER: The converter shall:
1. Translate scanned raster images to vector format from all scanner devices in Sections C5.4.6 through C5.4.8.


TABLE C81

COMPUTERVISION ENTITIES

ENTITY 
NUMBER               NAME 

      2                         Point
      3                         Line
      5                         Arc
      6                         Conics
                                 Ellipse
                                 Hyperbola
                                 Parabola
      7                         2Dspline
      8                         Bspline
      9                         Curve Pole (CPOLE)
    16                         Tabulated cylinder
    18                         Ruled Surface
    19                         Bsurface (B- spline)
    24                         Shape
    25                         Rectangle
    31                         Crosshatch
    32                         Feature Control
    33                         Linear (LDIM)
    34                         Angular (ADIM)
    35                         Radial (RDIM)
    36                         General Label
    37                         Diameter (DDIM)
    70                         String
    71                         Nodal Line (NLINE)
    73                         FEM
    74                         Grid Point
    75                         Mass Point
    76                         Contour Map
    80                         Subfigure instance (SFIG)
    81                         Connect Node
    82                         Text Node (TNODE)
    83                         Nodal figure instance (NFIG)
    85                         Text
    86                         Nodal Text (NTEXT)
    91                         Solids
    92                         Face
    93                         Edges
    94                         Vertex
  250                         Part parameter entity

2. Provide a feature to overlay the raster images on digitized vector data bases.
3. Provide editing features described in Section C8.4.11.2.
f. DXF TRANSLATOR: All geometric data bases shall fully support input and output of DXF files compatible with AUTOCAD Release 10.

C8.4.5. GEOMETRIC DATA BASE SYSTEM MANAGEMENT

Features shall be provided to access the geometric data base to validate geometric and nongeometric entities, and perform data base maintenance without having to enter the graphics mode. As a minimum, the system shall:
a. Provide information about the following data display and selection items:
1. Model.
a) Name.
b) Units.
c) Size.
d) Owner.
e) Creation date.
f) Access date.
g) Drawings.
h) Views.
i) Images.
2. Drawing.
a) Name.
b) Units.
c) Size.
d) Owner.
e) Creation date.
f) Access date.
g) Views.
h) Digitizer calibration file and description.
3. Views.
a) Name.
b) Description.
c) Location.
d) Extents.
e) Layers active within the view.
4. Images.
a) Name.
b) Description.
c) Location.
d) Extents.
5. Layers.
a) Name.
b) Number.
c) Description.
d) Active.
e) Assigned.
f) Group name.
g) Group description.
h) Entities.
6. Font file.
b. Provide the following information about geometric items:
1. Entity type.
2. Name.
3. Canonical form.
4. Associative data.
5. Subordinate geometric items (e.g., points in spline).
6. Text and text parameters.
7. Duplicated entities.
8. Layer.
9. Location.
c. Provide the following information about figures and libraries:
1. Figure name.
2. Library name.
3. Owner.
4. Creation date.
5. Access date.
6. Associated nongraphic data.
d. Print and display a sorted index of library figures referenced in the geometric data bases from any level of the operating system's hierarchical file directory structure.
e. Identify and correct the following type of errors in the geometric and drawing data base:
1. Entities which are outside of an (X,Y,Z) range.
2. Figure inconsistencies.
3. Compression and reorganization of the data base to minimize storage requirements and maximize operational throughput.
4. Drawing entities that are outside of the drawing boundaries. 
5. Entities that have a length or radius of zero.
6. Provide a detailed text report as to the outcome of the check and any corrections performed.

C8.4.6. GRAPHICS USER INTERFACE

A graphics user interface shall be provided for all interactive devices on all workstations described in Sections C5.2.2.1. through C5.2.2.3.                                                                                                                                                                                                                          
                                                                                                                                                                                               a. APPLICATION COMMANDS: The command terminology for geometry and graphics shall be unique and consistent for Sections C8 through C10.
1. All user requests shall be entered with 
a) Menus.
b) Icons.
c) Keyboard commands.
2. A feature shall be provided to echo commands as they are executed at the users option.
3. The system shall permit users to interrupt executing commands at any time without losing previously input data.
4. Provide backup within a command or set of commands to revise data and re-execute the command(s).
                                                                                                                                                                                              b. MACRO COMMANDS: The system shall provide macro commands to create and store a series of commands, menu selections, macro routines, and key selections to be activated with a single command or menu selection. The following macro command features shall be provided:
1. Access to general utility functions and the relational data base management system.
2. Parameter entries into the macro shall be supported at the time of execution. Parameters not entered shall assume default values established when the macro was generated. 
3. A pause in macro execution that waits for operator entry of parameters or values. 
4. Macro length shall be limited only by on- line storage.
5. File name, string parameters and text string operators.
                                                                                                                                                                                               c. GRAPHICS PROGRAMMING LANGUAGE (GPL): The system shall be provided with a Graphics Programming Language (GPL) for nonprogrammers to utilize in performing graphic operation on the system.
1. Provide the user with features to:
a) Perform mathematical calculations.
b) Verify and manipulate data bases.
c) Make logical decisions (branching).
d) Manipulate text strings.
e) Perform input/output operations to all devices.
2. Upon request, perform all geometric modeling and drafting applications covered in Section C8.4.
3. The GPL shall utilize the same commands as utilized in normal graphic input operations (i.e., the command to create a line in a graphics input function is the same command in the GPL).
4. The GPL shall be compatible with FORTRAN and C to allow easy interface of specialized routines between the languages. 
a) The GPL shall link with FORTRAN.
b) The GPL shall link with C.
c) The subroutine shall permit return of variable data.
5. Upon request, the GPL shall be edited and compiled incrementally.
6. Upon request, the GPL programs shall execute interactively by allowing the user to digitize selectively and identify geometry and text during execution of the GPL program.
7. The GPL shall provide for retrieval of graphic and specific entity data used in creating a specified geometry. This data shall be edited or modified (i.e., assigned variable names) and stored in the GPL program.
8. The GPL shall provide complete error handling.
9. Include on- line documentation.
10. Geometric entities and nongeometric entities shall have assignable names for reference in a GPL program.
                                                                                                                                                                                              d. DIGITIZING: The following digitizing features shall be provided:
1. Digitize from 2- D layouts.
2. View digitized data interactively while digitizing and select and view specific areas or graphics windows of the digitized data.
3. Define and reserve user- specified areas of any digitizing surface for a menu of functions that shall be selected and executed.
4. Digitize continuously under user control by:
a) Time interval. 
b) Distance.
5. Digitize a single point at a time. 
6. Rescale digitized entities to model units.
7. Digitize area independently in each axis.
8. Reduce the number of points, upon request, with point- pattern direction change filtering.
9. The digitize process shall:
a) Yield an ordered set of points.
b) Create a geometric straight line string or curve.
10. Associative data shall be added, upon request, to entities created as part of the digitizing operation.
11. Provide a feature for defining the function of each button on any workstation pointing device described in Section C5.2.1.c.8. and the digitizer described in Section C5.2.3.6.
12. Provide a feature for calibrating the digitizer to accept data from original documents that are printed or drawn on media that has become distorted. The following shall be included:
a) Correction of X and Y axes that are not 90 degrees and not parallel to the digitizer's axes.
b) Independent correction of X and Y scaling.
c) Correction for regional distortion in X and Y axes.
d) The calibration for a document shall be saved and listed.
1) The name shall consist of at least 20 characters.
2) The description shall consist of at least 50 characters.
                                                                                                                                                                                               e. COMMON USER INTERFACE: The graphic user interface shall:
1. Utilize (Section C7.2.) (e.g. reside in a window)
the WBGUI.
2. Be common to all graphics modeling software.
3. Be common to all applications software.
4. Be common on all 3 workstations.
5. Provide a common menu and ICON style (e.g. all
menus at the top edge of a window).

C8.4.7. CALCULATOR MODE

The system shall provide a user programmable calculator mode for computation of the scientific functions as described in Section C7.9.

C8.4.8. AUTOMATIC FILE OPERATION AND DATA BASE PROTECTION

The following shall be provided in addition to geometric data base error identification and correction described in Section C8.4.5.e.:
                                                                                                                                                                                                 a. The system shall, at user command, redisplay all graphic data from the current model by obtaining all information from the data base.
b. The system shall save the geometric data to a "checkpoint" file:
1. At the completion of the most recent command.
2. At user setable intervals.
3. At a default interval. 
c. The system shall create a log file that contains all commands and data entered by the user during the work session. This file shall:
1. Contain all the information required to duplicate all operations performed on the model since it was last saved.
2. Become available to the user in the event of an abnormal termination of the work session.
3. Behave as a macro defined in Section C8.4.6.b. 
4. Upon user request, this feature may be defeated at the time the model is accessed.

C8.4.9. USER PROGRAM MODEL INTERFACE

a. Features shall provide Navy- developed analysis and design computation programs written in FORTRAN and C:
1. To extract geometric and non- geometric data.
2. To return subsequent updated data. 
3. Updated data shall replace the original data values. The nongeometric data extraction shall use the relational data base support utilities described in Section C8.5.1.a. and C8.5.1.b.
b. Provide a means for allowing programs written in C and FORTRAN to access the GDBS through:
1. PHIGS bindings, ANSI X3.144- 1988, extended by Generalized Drawing Primitives (GDP) and ESCAPE functions.
2. GKS bindings, ANSI X3.124- 1985 level 2C, extended by Generalized Drawing Primitives (GDP).
3. IGES files.

C8.4.10. GEOMETRIC MODELING AND GRAPHICS

Requirements in this section shall apply to all application packages detailed in Sections C9. and C10. unless otherwise specified. All the software provided shall meet the following American National Standards Institute (ANSI) for graphic symbol standards as they apply to facilities drafting documentation:
a. Series Y10 (lettering)
b. Series Y14 (drafting practice)
c. Series Y32 (graphic symbols) 

C8.4.10.1. GENERAL REQUIREMENTS

a. MODEL SIZE LIMITATION: The only limitation shall be the capacity of the mass storage devices. 

                                                                                                                                                                                                                                                        b. UNITS OF MEASURE AND PRECISION: The system shall support both English and SI conventions of measurement. 
1. Any item generated in one convention shall be converted to the convention of choice when referenced to any item with another convention. 
2. Upon request, the system shall switch between the two conventions as the base convention for the model. 
3. The system shall support fractional units for any value entered, including multiple unit values such as feet and inches and fractional powers of 2 
(e.g., 1/16).
4. Common Units and Precision:
a) Graphic model precision shall support computations requiring at least 14 significant decimal digits for the mantissa with a base ten exponent range of plus or minus 38.
b) The basic engineering unit for the data base shall be defined upon model creation and shall include at least the following:
1) Inches, 1/10 inch, 1/100 inch, mils.
2) Feet. 
3) SI units, millimeters through kilometers.
c) Provide user selection of the mode for all data input and output as follows:
1) User selection of the default input mode.
2) An explicit unit and format override mechanism for individual coordinates, angles, and other values.
3) At least the following data input and output units and formats: 
(a) Linear Measurements 
(1) Feet (both feet- inches and decimal feet).
(2) Inches (both fractional inches and decimal inches).
(3) Millimeters.
(4) Centimeters.
(5) Meters.
(b) Angles
(1) Degrees with decimal fraction.
(2) Degree, minute, second with decimal fraction.
(3) Degrees, minutes with decimal fraction.
(4) Radians.
(5) Gradians.
(c) Area
(1) Square inches.
(2) Square feet.
(3) Square millimeters.
(4) Square centimeters.
(5) Square meters.
(d) Volume 
(1) Cubic inches. 
(2) Cubic feet.
(3) Cubic centimeters.
(4) Cubic millimeters. 
(5) Cubic meters.
(e) User selection of displayed output precision.
(f) Units and precision values, including display precision, shall be stored with the data base.
d) Provide a feature to input, check and output information in English engineering units, including setting the scale fraction to at least the following sizes: 1/2, 1/4, 1/8, 1/16, 1/32, and 1/64 of an inch.
5. Cartographic and Surveying Units and Accuracy:
a) Cartographic and surveying accuracy and precision shall be in accordance with national mapping and surveying standards as defined in "The Proposed Standard for Digital Cartographic Data" (Available through USGS, National Mapping Division.).
b) The basic engineering unit for the data base shall be defined upon model creation and shall include at least the following:
1) Miles.
2) U.S. survey feet.
3) Kilometers.
4) Feet (both feet- inches and decimal feet).
5) Inches (both fractional inches and decimal inches).
c) Provide user selection of the mode for all data input and output as follows:
1) User selection of the default input mode.
2) An explicit unit and format over- ride mechanism for individual coordinates, angles and other values.
3) At least the following data input and output units and formats: 
(a) Linear Measurements 
(1) Miles.
(2) U.S. survey feet.
(3) Kilometers.
(4) Feet (both feet- inches and decimal feet).
(5) Inches (both fractional inches and decimal inches).
(6) Nautical miles.
(7) Fathom (decimal and fathomfeet)
(b) Angles
(1) Degrees with decimal fraction.
(2) Degree, minute, second with decimal fraction.
(3) Degrees, minutes with decimal fraction.
(4) Radians.
(5) Gradians.
(c) Area
(1) Acres.
(2) Hectares.
(3) Square miles.
(4) Square kilometers.
(d) Volume.
(1) Cubic miles.
(2) Cubic kilometers.
(3) Cubic yards.
(e) User selection of displayed output precision.
(f) Units and precision values, including display precision, shall be stored with the data base.

C8.4.10.2. DATA DISPLAY AND SELECTION

The system shall provide the user a means of interactive generation of models and drawings. Viewports shall be provided to contain views of the model and to perform drafting operations. The system shall provide the user a means of defining model views within these viewports to perform modeling. The system shall provide a means for selecting entities by windowing within the viewport. Figure C8- 3 is an example of these concepts.

C8.4.10.2.1. VIEWPORTS

Viewports are user selected areas of the workstation display. The viewport shall be associated with the model and shall contain all the model views and drawing entities.

a. VIEWPORT CREATION: The following viewport creation features shall be provided:
1. There shall be no software limit to the total number of definable viewports for a model.
2. Each viewport shall have a user defined name and description.
a) The name shall consist of at least 20 
characters.
b) The description shall consist of at least 50 characters.
3. The viewports shall be rectangular in shape and shall be adjustable in size, position and location at the user's request.
4. The model shall have default viewports which are displayed at the user's option when the model is referenced initially. The user shall specify default viewport names, sizes, and positions.
5. The viewport shall be independent of screen size.

b. VIEWPORT OPERATIONS: The following viewport operation features shall be provided:
1. Create views and entities as described in Section C8.4.
2. The portion of the views and drafting information that exceeds the viewport boundary shall not be displayed.
3 Viewports shall be selectable on (visible) and off at any time without loss of data or current state when selected off.
4. Upon request, the system shall list the names and descriptions of all viewports for the model.
5. The viewport name and description shall appear in the viewport upon request.

C8.4.10.2.2. VIEWS

Views are visualization aides used to access and display the model. They shall be placed in the viewport for display and interactive manipulation of the model. Views encapsulate the "eye" or "camera" position in relation to the model.

a. VIEW CREATION: The following view creation features shall be provided:
1. Each view shall have a user defined name and description:
a) The name shall consist of at least 20 characters.
b) The description shall consist of at least 50 characters.
2. The system shall support at least 32 independent views of a model.
3. Each view shall be independently user- defined and scaled. 
4. The user shall control the location of the point from which the model is viewed using absolute Cartesian coordinates and relative X, Y, and Z distances. 
5. The user shall have the option to create one- , two- , and three- point perspective views.
6. Upon request, at least four views shall be displayed in a viewport.

b. VIEW OPERATION: The following features shall be provided:
1. The system shall provide dynamic operation that will allow the user to modify the view position and orientation. 
a) This shall include continuous control over rotation, translation, and zooming of the view. 
b) The user shall have the choice to save the final position or return to the original. 
c) There is no change to the actual model for this operation.
2. The user shall have the choice to independently zoom, rotate, translate, and clip each view of the model in the global and local view X, Y, and Z coordinates.
3. The user shall control viewing directions, scales, perspective angles, and planar rotations of views.
4. Control points and the vantage- point to center- of-vision line of a perspective in an alternate view shall be displayed graphically upon request.
5. Upon request, views shall overlap without hiding other views.
6. Upon request, views shall be blanked and called back either singularly or in groups.
7. Upon request, the system shall restrict visible objects selectively to the cone of vision.
8. The system shall provide for split- view construction (partial views of continuous geometry delineated by "breakline"). Where geometric models are converted to split views, common geometry shall be incorporated into the associated split views. View and model continuity shall be maintained.
9. All planar and geometric data types shall be selected in multiple views without any intervening selection of view commands.
10. Upon request, the system shall list all view names, descriptions and identify their placement.

C8.4.10.2.3. IMAGES

An image shall be a rectangular subdivision of a viewport by which a specific model position shall be saved and recalled to perform graphic operations. Upon request, the image shall use the full area of the viewport for viewing. 

a. IMAGE CREATION:
1. An image is a rectangular boundary selected by a graphics window within a viewport. The image shall fill the viewport with the horizontal dimension of the boundary if the area is not the same proportions of the viewport.
2. The system shall store and recall at least 50 images for each viewport of the model. Each image shall have a user- defined name and description.
a) The name shall consist of at least 20 
characters.
b) The description shall consist of at least 50 characters.
3. Upon request, an image shall be created that displays all visible entities. The scale of the image shall be no smaller than necessary to display all of the specified data.

b. IMAGE OPERATIONS: The following features shall be provided:
1. Center the image about any position in the viewport.
2. Move image boundary by a specific X and Y distance.
3. Magnify/rescale the specified graphics window or zoom the image by increasing/decreasing the image scale by any factor specified by the user.
a) Expand the horizontal dimension to the full graphics display width (with the vertical dimension magnified by the same ratio).
b) Expand the vertical dimension to the full graphics display height (with the horizontal dimension magnified by the same ratio).
c) Provide commands to view the part of the image which, because of expansion, extends beyond the boundaries of the screen by:
1) Fixed distance.
2) Continuous panning.
4. Display the rescaled graphics window so that its rescaled edge coincides with the boundary of the display screen, and relocate and rescale all graphics window elements proportionally.
5. Display the adjacent image whose boundary coincides with the boundary of the currently displayed image for any specified distance offset.
6. Rotate image about a local Z axis by specified angle and in any sequence desired.
7. Upon request, the image shall be scaled by absolute value, relative to current scale, and returned to the starting scale.
8. The display screen shall be updated and redrawn at the given command. 
9. Upon request, the following information shall be listed:
a) Image name.
b) Image description.
c) Image location relative to view coordinates.

C8.4.10.2.4. ENTITY SELECTION

Entity selection shall be performed by a single- entity method and by a graphics- window method. The two methods shall be completely interchangeable. All selected entities shall be highlighted to indicate their selection. Upon request, the system shall deselect previous selections, followed by additional selections, while preventing reselection of the deselected entities within the same command sequence.

a. SINGLE- ENTITY SELECTION:
1. The workstation tablet and keyboard shall be fully interchangeable as a means of specifying geometric positions and selecting entities within a part. The process of selecting a location is called a digitize, or "dig."
2. When selecting entities, select the closest entity to the dig position. The user shall have a feature for specifying the trap tolerance for nearness to the dig position. This trap tolerance shall be modal and included in any automatic workstation or model initiation procedure. 
3. Entity selection shall be filtered as follows:
a) Only entities not selected.
b) Only specified types of entities.
c) Only specified layers.
d) Only by one of several associative data values, selected by value range (e.g., greater than, less than, or equal to a set value).
e) Only by one or several associative data items.
f) Any combination of the above.

b. GRAPHICS-WINDOW SELECTION:
1. The system shall support rectangular and polygonal graphics windows for entity selection and operations. 
a) Rectangular graphics windows shall be defined by a rectangle with sides parallel to the viewport, by specifying two end points of diagonal opposite corners.
b) Polygonal graphics windows shall be defined by a series of points connected by lines around a specified area. 
2. Graphics windows shall select all displayed entities and views.
3. Graphics windows shall be used to select multiple entities and views for desired operations. 
4. The graphics window boundary shall default to a view boundary upon request.
5. The entities shall be selected as follows:
a) Only entities fully contained within the graphics window.
b) Only entities cut by the graphics window boundary.
c) Only entities fully outside the graphics window.
d) Only specified types of entities.
e) Only specified layers.
f) Only by one of several associative data values, selected by a value range (e.g., greater than, less than, or equal to a set value).
g) Only by one or several associative data items.
h) Any combination of the above.

C8.4.10.2.5. GRIDS

The system shall provide a user-definable grid plane representing intervals of measurement that shall be overlaid on the model upon request.

a. The graphics system shall support cartesian and polar coordinate grid systems.
b. The display of a grid shall be turned on and off by the user without loss of grid status. 
c. The Cartesian coordinate grid shall allow for user control over the horizontal (X) and vertical (Y) spacing and the grid origin. 
d. The radial (polar) coordinate grid shall allow for user control over grid point distance, number of degrees per section, number of sections in the grid, and the grid origin. 
e. The working grid shall be used to force input to be placed at grid- intersection points (i.e., "lock- on to grid- point"). This lock- on shall be turned on or off by the user.
f. Upon request, the lock- on feature shall operate when the grids is not displayed.
g. The dimension of the grid shall be determined from user direction as a multiple of the basic unit of measure in the data base. 
1. The distance between grid points shall be in accordance with the basic unit, regardless of the image magnification.
2. In the event that grid density is too high, a message shall be output to the display device and the grid shall not be echoed.
h. Imposition of a grid shall neither affect a temporary nor a permanent version of the drawing. 
i. Upon request, the grid plane shall be translated in the grid 'Z' direction, at any position or at increments in the grid 'Z' direction, or along any user- specified vector.
j. The current status and parameters of the grid shall be saved and restored with the model.

C8.4.10.3. ENTITY TYPES

There are two types of entities: geometric and nongeometric. An entity is an independently definable and referenceable datum unit or a collection of data that is addressable as a unit. All entities shall be input to and output from the system's geometric and nongeometric data files via disk files and magnetic tape. 

C8.4.10.3.1. NONGEOMETRIC ENTITIES

Nongeometric entities are all data other than geometry. They include all alphabet, symbols, and numeric characters defined as the standard ASCII 96- character set in FIPS PUB 1. They also include associative data and numeric values, including ASCII and IEEE 854 or IEEE 754 representation for real and integer numbers associated with the graphic entities and symbols.

a. C8.4.10.3.2. GEOMETRIC ENTITIES

a. 2-D ENTITIES: 2- D or planar entities are defined as all geometric entities that are uniquely expressible in two dimensions. The 2- D entities shall be defined in planes in 3- D space, where the planes are defined by the user. 2- D entities shall include, but are not limited to: 
1. Points.
2. Straight lines.
3. Polygons.
4. Geometric strings.
5. Circles.
6. Arcs.
7. Ellipses.
8. Hyperbolas.
9. Parabolas.
10. Other conic sections.
11. Curves as defined in Section C8.4.10.6.9.

b. 3-D ENTITIES: 3- D entities are defined as all geometric entities that are uniquely expressible in three dimensions. 3- D entities shall include, but are not limited to: 
1. All 2- D entities above defined in planes in 3- D. 
2. Nonplanar spatial curves.
3. Planes.
4. Spheres.
5. Cones.
6. Cylinders.
7. Surfaces.
8. Solids.

C8.4.10.4. GEOMETRY FORMS

All geometric entities shall exist in wireframe, surface, and solid forms. The system shall ensure geometric accuracy in conversion among wireframe, surface, and solid forms for geometric entities. Conversion between equivalent forms shall be supported.

a. WIREFRAME GEOMETRY: All geometric entities shall, upon request, be represented in a wireframe form. The following features shall be provided:
1. The edges and vertices of the geometric entity shall be displayed.
2. The user shall have a feature for generating wireframe geometry from all solids or surfaces.
3. Upon request, the wireframe shall remain associated with the solid or surface from which it was generated.
4. Upon request, the system shall display a mesh on any 3-D geometric entity with independently set U and V parameters subdividing the sides of the region.
5. Overlay wireframe geometry on a raster image.

b. SURFACE GEOMETRY: All 3-D geometric entities shall, upon request, be represented in a surface form. The following features shall be provided:
1. Only a zero- thickness surface shall exist between the edges of the surface. 
2. Objects closer to the field of view block out the portions of the object lying behind them in accordance with Section C8.4.10.12.4.
3. Generate the surface geometry from a solid. 
4. Upon request, the surface shall remain associated with the solid from which it was generated. 
5. Upon request, the surface shall be updated by the system when the solid is modified.
6. Upon request, the system shall generate a surface interactively from a wireframe.
7. Overlay surface geometry on a raster image.

c. SOLID MODEL GEOMETRY: All 3-D geometric entities shall, upon request, be represented in a solid model form. The following features shall be provided: 
1. A filled homogeneous interior that shall be cut and viewed.
2. Create solids interactively from either wireframe or surface geometry.
3. Upon request, all solid geometric entities shall be represented in solid, surface, or wireframe form.
4. Overlay solid model geometry on a raster image.

C8.4.10.5. LAYERING

A means of layering many different classes of data within one model and operating on any subset of layers shall be provided. 
a. Upon request, the system shall list the status of all layers at any time.
b. Each entity shall be placed on any one of a minimum of 1024 usable layers. 
c. Upon request, the contents of any layer shall be:
1. Visible.
2. Invisible.
3. Editable.
4. Referenceable.
d. The system shall place all subsequent data on the layer selected by the operator. 
e. The selected layer identification shall be modal and need not be reentered unless the operator requests a change.
f. Each layer shall be identified by: 
1. A number (0- 1023).
2. A user- specified name of at least 20 characters.
3. A description which shall consist of at least 50 characters.
g. The system shall provide for grouping of layers and selecting all layers in the group as a single reference. Each group shall have a user- specified name and a description.
1. The name shall consist of at least 20 characters.
2. The description shall consist of at least 50 characters.
h. Upon request, the system shall provide a list of all assigned and active layers.
i. Upon request, the following information shall be listed:
1. Layer name.
2. Layer description. 
j. Layers shall be referenced by name or number interchangeably.
k. Upon request, the following information shall be listed:
1. Layer group name.
2. Layer group description. 
l. Upon request, the system shall move and copy entities between layers.
m. Upon request, the system shall filter entity selection by layer.
n. Upon request, the system shall move and copy data between a layer or layers from one model to a layer or layers in another model.
o. In those cases in which entities and figures which use multiple layers are inserted into a layer, then, upon request, inserted elements shall be placed:
1. On the layer selected by the operator.
2. On different layers using the absolute layer number.
3. On different layers relative to the currently selected layer and offset from this layer as a relative layer zero.

C8.4.10.6. GEOMETRIC ENTITY CONSTRUCTION

C8.4.10.6.1. GENERAL REQUIREMENTS

The following general geometric entity construction features shall be provided:
a. The system shall perform geometric construction in 2- D and 3- D.
b. The construction mode shall be independent of the plane of the screen and shall be accomplished in any view or combination of views. 
c. Upon request, construction in any one view shall be displayed in all affected views. 
d. Upon request, an axis system shall be displayed that depicts the viewpoint reference system and scale relative to the model reference system. 
e. Construction shall be performed in any coordinate system specified by the user. The system shall allow the user to use any coordinate system freely at any time without special commands. It shall include the following coordinate systems:
1. Rectangular Cartesian
2. Cylindrical
3. Polar
4. Spherical 
f. The system shall provide and save or restore, upon request, a local coordinate system for geometric construction and reference. The local coordinate system shall be selected by referencing its absolute orientation to the global coordinate system, its relative orientation to any other coordinate system, geometric entity and user definable name.
g. A category or group name associated with each entity. 
1. The category or group name shall have at least 20 characters. 
2. The category name shall be modal and shall apply to created or selected entities until it is turned off or changed by the user.

C8.4.10.6.2. POINT CREATION

The system shall create individual points and point patterns.

a. POINTS: Points shall be generated in no less than the following ways:
1. Digitized from a graphic input device.
2. Explicitly keyed absolute coordinates.
3. Explicitly keyed relative coordinates.
4. At the end point of an existing geometry entity.
5. At the intersection of two 2-D geometric entities.
6. At the midlength of a 2-D geometric entity.
7. At a vector distance from an existing point.
8. Taking X, Y, and Z values from different entities.
9. Normal distance from a designated point on an entity.
10. Explicit lock- on to grid point.
11. Point of tangency between two entities.
12. On a circle at an angle or arc length from a specified point.
13. At the intersection of a 2-D and 3-D geometric item.
14. At the center of any closed geometric construction and on its surface or in its plane or along its length upon request. 
15. Multiple point generation upon request along any contour (2-D or 3-D):
a) With equal distance along the contour between points.
b) With a specified number of points equally distributed. 
c) With an arithmetic series progression.
16. Multiple point generation along any contour (2- D or 3- D) such that the chordal (i.e., straight line) distance between the points is equal. The user shall specify either distance or number of points.
17. On any entity.

d. POINT PATTERNS: A point pattern is a grouping of points with a sequentially ordered relationship. The system shall provide for creation and manipulation of point patterns in no less than the following ways:
1. Rectangular matrix patterns defined by the point separation, row separation, offset angle between the rows, starting and ending points.
2. Arc patterns with point spacing and order direction defined by the user.
3. Linear patterns defined on an entity or as specified by the user.
4. Circular area patterns defined by the pattern diameter, point separation, row separation, offset angle between rows, and the starting point for the pattern as specified by the user.
5. Fill patterns defined by the closed boundary composed of all defined entity types, point separation, row separation, offset angle between rows, and starting point for the pattern as specified by the user.
6. Ordering of points shall default to across the row, dropping directly down to the next row, and repeating through the pattern. At user request and at the control of the user, point ordering shall be defined and modified.
7. Parallel to existing entities.
8. At angles to existing entities.
9. Copy, rotate, mirror, and translate operations shall not affect order of pattern points.
10. Deletion of points shall not affect the order of the remaining points.

C8.4.10.6.3. STRAIGHT LINE CREATION

The system shall construct lines to facilitate geometric construction. Lines shall be generated in no fewer than the following ways:

a. Digitized from a graphic input device.
b. Explicitly keyed absolute coordinates.
c. Explicitly keyed relative coordinates.
d. Between two points defined using Section C8.4.10.6.2.
e. Connecting a series of points.
f. Horizontal through a point in current coordinate system.
g. Vertical through a point in current coordinate system.
h. Parallel to another straight line at an offset distance in current coordinate system. 
i. Tangent to a geometric entity in a particular direction, at a specified angle, or through a point. 
j. Tangent to any two of the following: 
1. Curve (spline, B-spline).
2. Circle.
3. Ellipse.
4. Conic section. 
k. Through a point in a vector direction for a specified length.
l. Connecting the ends and origins of lines, arcs, and curves.
m. Line normal to geometric entity through a point on or off the entity.
n. Through a point at a specified angle and at a specified distance.
o. Specified point and normal to the face of the display.
p. Break an existing line or curve into several lines with user-selected spacing.

C8.4.10.6.4. POLYGON CREATION

A polygon shall be a closed geometric figure composed of straight line segments. The following features shall be provided:

a. Define a planar regular polygon of any number of sides (three or greater), with each line segment having the same length and each interior angle having the same value. It shall be established by specifying the number of sides and:
1. One segment plus orientation of center.
2. Any circle definition referring to the inscribed or circumscribed polygon.
b. Define an irregular polygon with any number of sides by length, angle, or orientation of the elements. The segments shall reference existing line geometry or be specified by the user using any line string or point definition available.
c. Upon request, the system shall decompose a polygon into lines or strings from its segments and into points from its vertices.

C8.4.10.6.5. GEOMETRIC STRING CREATION

A string shall be composed of connecting geometric entities. 
The following features shall be provided: 

a. A string shall be a single entity in the system. 
b. Upon request, a string shall be decomposed into its component entities from its segments and points from its vertices.
c. Edit and update the string, while retaining geometric string entity status. The positions of the other string segments shall be translated and rotated as an individual segment is modified. 
d. Close the current string construction sequence by connecting the first and last entities upon request.

C8.4.10.6.6. ARC AND CIRCLE CREATION

The system shall construct arcs and circles to facilitate geometric construction. Arcs and circles shall be generated in the following ways:

a. Specified by radius or diameter and center point.
b. For an arc:
1. Specified arc beginning and end points.
2. Start and central angle.
c. Specified through three specific points on the circumference of circle or arc.
d. Center point and point on the circumference.
e. Given center point and tangent to another geometric entity.
f. Specified by a tangent line, a point on the circumference, and the radius.
g. Fillet between any two and three geometric items.
h. Conversion from arc to circle and vice versa.
i. Offset from existing arcs and circles.
j. Arc with specified centerpoint, start of arc (establishes radius) and end of arc (defines angle).
k. Fillet with selectable trimming of original geometry.
l. From a specified point and tangent for the circle; another point on the circle at a specified distance from the first point; and at a specified angle from the tangent.
m. Divide arcs and circles into user- specified arcs.
n. The radius shall be modal and need not be redefined for subsequent circle/arc constructions without a separate command to set the modality.

C8.4.10.6.7. ELLIPSE CREATION

The system shall construct ellipses to facilitate geometric construction. Ellipses shall be generated in the following ways:

a. Specified major axis, minor axis, and a center point.
b. Specified rectangle, with ellipse tangent to sides at the midpoints.
c. A portion of an ellipse shall be deleted to form an elliptical arc.
d. Three points, with two points defining the major axis, and the third point defining a point on the perimeter of the ellipse.
e. Four points on the contour of the ellipse.
f. Two points defining the foci of the ellipse.

C8.4.10.6.8. OTHER CONIC CREATION

The system shall define a general conic section curve. The
following features shall be provided:

a. Parabolas and hyperbolas shall be constructed by a single operation.
b. Upon request, the system shall define a general conic with two through four points depending on the method being used. (For example, four points define the contour of a parabola, two points define the vertex and focus of a parabola).

C8.4.10.6.9. CURVE CREATION

a. COMPLEX CURVE: The system shall construct complex curves. 
1. The following types of complex curves shall be provided at a minimum:
a) Nonuniform rational B-spline (NURBS) (see Section C8.4.10.6.10.b.(11).
b) Piecewise cubic polynomial spline.
c) B-spline of order 2 through 7.
d) Bezier spline of order 2 through 7.
2. The curves shall be 2-D or 3-D, open or closed curves using up to 400 data points or vertices.
3. The user shall control the slope of the curve at any point of definition for the curve.
4. The curve shall pass through the points of definition. Upon request, the system shall smooth the curve and deviate from selected points of definition.
5. The system shall generate off-set curves at a specified distance normal to an existing curve.
6. The system shall generate a curve at the intersection of two defined surfaces.
7. The system shall add and delete points or vertices in order to extend, refine, and simplify curves.
8. The system shall allow interactive modification of any curve by translating definition points, adjusting slopes, and adjusting rate of change of slopes.
9. The system shall define a curve as the edge of a surface created by intersecting a surface and a solid.
10. Modification of curve degree, smoothness, and other parameters to form a revised curve without re- entry of points of definition.
11. All of the above curves shall be smoothed or faired by the following methods upon request:
a) Selected point deviation with a specified tolerance.
b) Rate of change of slope tolerance within a range of the curve and throughout the curve definition.
c) User specified tolerances of curve fitting in either one direction, radius (two directions), and a sphere (3- D).
d) Weighting of a tolerance of defining points along the curve.
e) Matching the slope of an intersecting curve at an end point.
12. Upon request the system shall define a blending curve that has nth degree continuity with two other curves at user- specified points on the two curves. 

b. LEAST-SQUARES CURVE: Upon request, a least- squares polynomial curve up to degree 15 with a minimum of 400 points shall be defined. The highest numeric precision shall be used. Upon 
request, the least squares fit shall be specified in the X, Y, and Z direction or any combination.

c. SPIRAL CURVE: The system shall create a 2-D spiral curve. A 2-D spiral curve is a curve which blends a straight line and a circular arc at specified points on each.
1. The 2-D spiral curve shall be created through a specified point on the line and a tangent point on the circle.
2. The straight line shall not intersect the circle of the arc to be blended to ensure constructability.
3. The approximating cubic 2-D spiral curve shall also be provided. The following equation assumes that the straight line is the local X axis and is tangent to the 2- D spiral at the origin:
                
                3
Y = - - - 1- - 
        6  R  L
Where:
L = total length of the 2-D spiral.
R = radius of the circle.
l = length along the 2-D spiral.
Y = local Y cartesian coordinate.

d. INVOLUTE CURVE: The system shall generate an involute curve.

C8.4.10.6.10. SURFACE CREATION

The system shall construct surfaces in bounded form. The surface display shall show edges of a curved surface (such as a cylinder) properly in any view. 

a. ANALYTIC SURFACES: The following types of closed- form surfaces shall be provided:
1. Plane with any orientation and edge configuration.
2. Cylinder with any end plane orientation.
3. Cones, frustrated or truncated, with user specified planes. 
4. Spheres and truncated spheres with a user defined plane.
5. Polyconics and truncated polyconics with user specified planes.
6. Torus.

b. COMPLEX SURFACES: The following types of complex surfaces shall be provided:
1. The system shall create surfaces by specifying points on the surface.
2. Surface of revolution resulting from rotating a geometric entity about any axis.
3. Swept surface by moving a planar cross- section contour of any form along a smooth path such that the cross- section plane is always perpendicular to the path.
4. Bezier surfaces, sculptured and free- form surfaces.
5. Ruled surface.
6. Fillet surface with the radii of the fillet varying along its length as described by a spline.
7. Mesh surfaces defined from known curves, matching the curves exactly, and with smoothing, upon request.
8. Linked (chained) surfaces.
9. Sculptured surface through known points with continuous first and second derivatives everywhere.
10. Bicubic biparametric B-spline patches with second degree continuity as defined by the tensor product surface:
a) Equations (note that E represents the mathematical summation symbol):
              n   m
X(s,t) = E   E  X    N     (s)  N   (t)
                          i,j      i,k         j,k
             i=1 j=1

                      n  m
       Y(s,t) =  E  E   Y    N     (s) N    (t)
                                  i,j     i,k         j,k
                    i=1 j=1
                     n  m
       Z(s,t) = E  E    Z    N     (s) N    (t)
                                  i,j     i,k         j,k
                   i=1 j=1
      with two parameters s and t

                     (p- q )N       (p)     (q    -p)N            (p)
                                  i,k-1              i+k      i+1,k- 1
 N(p) = - - - - - - - - - - - - - - - + - - - - - - - - - - - - - - - - - - - 
                   q            - q                 q      - q
                     i+k-1         i                 i+k      i+1
p = s or t
q = x,y or z
k = The degree of the basis function, order up to K=4

b) The appropriate parameterization and choice of knots shall ensure that the defined surface patch has data points coincident with the polygon points at the patch corners. Furthermore, at a boundary polygon point, the tangent direction along the interior defining curve shall be given by the line joining the boundary polygon point and the adjacent polygon.
c) A blend patch generated as a smooth patch between two or more patches with user specified derivative continuity at the boundaries.
d) A fillet patch generated between two existing patches to produce a fillet of first derivative continuity.
e) The system shall define a B-spline surface which consists of many B-spline surface patches. 
11. Nonuniform rational B-spline (NURBS) surfaces:
a) Equations (note that E represents the mathematical summation symbol):
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with two parameters s and t, and k = degree of basis function. It shall be possible to specify up to k = 4, providing third order continuity, where N(s) and N(t) are as defined in Section C8.4.10.6.10.b.10.a.
b) The system shall allow the set of knots defining the two sets of basis functions to be nonuniformly spaced and with multiplicity greater than unity.
c) The system shall define a NURBS surface that consists of many NURBS surfaces.

c. PLANAR PATCH SURFACE: The system shall create a surface consisting of planar patches passing through user specified points. 

d. TRIANGULAR PLANAR PATCH SURFACE: The system shall create a surface consisting of planar triangles passing through user- specified points. The surface shall have only first- degree continuity along the edges of bordering triangles.

e. PLANAR PATCH SURFACE CONVERSION: The system shall convert lower- order triangular patches to one of higher order to improve visibility.

f. SURFACE OPERATIONS: The system shall provide the following features for complex surfaces:
1. Access to the data base definition of mesh, sculptured, and spline surfaces for the manipulation of factors 
controlling mesh fineness, smoothness, rate of curvature, and boundary slopes. 
2. The appearance of a surface shall be changeable to allow for blanking of a portion of a surface when detailing the part.
3. Trim surface(s) to accommodate any cutting plane or intersection with a surface or a solid. 
4. Blend surface into any number of surfaces with user- specified continuity.
5. Break a surface into any number of surfaces.
6. Define the contour of any two intersecting surfaces automatically.
7. Insert multiple holes onto a surface. The holes shall be defined from 3-D closed surfaces and from solids.
8. To extract offsets from isogirths and from a surface contour that is cut by a 3-D entity.
9. Combine surfaces that have a common edge.


C8.4.10.6.11. SOLID MODEL CREATION

a. BASIC SOLID MODEL CREATION: Solid models shall be created from the following minimum set of primitives:
1. Block.
2. Sphere.
3. Torus.
4. Cylinder.
5. Wedge.
6. Tube.
7. Cone.

b. ADVANCED SOLID MODEL CREATION: Solid models, other than primitives, shall be created using the following criteria:
1. Profile projections with positive and negative (e.g., hole) areas of a user- defined depth in a user- defined orthogonal axis.
2. Volume of revolution about any user- defined axis, with user control over the start and end angles, using both closed or open profiles.
3. Profile sweeps or extrusions along planar and nonplanar paths. These paths shall be open or closed curves, polygons, or any combinations of geometric 2-D or 3-D paths for piping, wiring, duct work, frames, and other applications.
4. Ruled surface solids.
5. Surface network solids where the user defines a number of surface latitudes and longitudes with user control over the surface interpolation between the defining geometries.
6. Free form surface solids where a text file of XYZ values is used as input with user control over the interpolation between points.
7. Boolean operations union, intersection and difference using primitives in combination with any and all of the models resulting from the techniques listed above.
8. Truncation of a primitive with a plane.
9. Specify a thickness on either or both sides of a surface at a specified angle.
10. Sewing together of surfaces which create a bounded volume.

C8.4.10.7. NONGEOMETRIC DATA GENERATION

Nongraphical data types shall include text, associative data, and descriptive data.

C8.4.10.7.1. TEXT ENTITIES

The following text features shall be provided:

a. GENERAL TEXT FEATURES: The following text features shall be provided:
1. The system shall accept, display, and output at least the 96- character "American Standard Code for Information Interchange" (ASCII) graphics complement.
2. The system shall, upon request, use these characters for subscripts and superscripts to standard character sets. The system shall use these characters both independently and in conjunction with other alphanumeric character sets.
3. Default text associated with drawing presentation shall conform to ANSI- Y14.2M. 
4. At least 30 sizes of text shall be active at any one time. The size of text is to be determined by the user. Sizes shall be changed upon request.
5. At least 12 different character fonts shall be provided:
a) Leroy.
b) Fast stick type font.
c) Helvetica.
d) Double stroked bold Helvetica.
e) Fully filled bold Helvetica.
f) Calcomp.
g) Two additional thick line fonts.
h) Two additional filled fonts.
i) "Shadowed" bold font.
j) Mathematical symbol set.
k) Greek alphabet.
l) Shadowed Leroy.
6. Proportional, uniform, and normalized spacing of all fonts.
7. Support additional text fonts.
8. A utility to create unique text fonts and symbols from graphic information created in the same manner that normal graphics are created on the system. Upon request, the utility shall update existing fonts.
9. Text modifiers shall be user- definable for each text item and shall accept modal defaults:
a) Vertical and positive/negative slant.
b) Right, left, or center justification.
c) Top line, bottom line, or center line justification for multi- line text.
d) Weight (width of lines that make up text):
1) Single.
2) Medium.
3) Heavy.
4) User- specified width.
e) Spacing between letters:
1) Condensed.
2) Normal.
3) Expanded.
f) Subscript.
g) Superscript.
h) Fractions: Create a fraction such that its height shall be constrained as follows:
1) Top of fraction shall be located half the distance between the top of text in which fraction is contained and bottom of the text in line above fraction.
2) Bottom of fraction shall be located half the distance between the bottom of the text in which fraction is contained and top of the text in line below fraction.
i) Mirror/no- mirror attribute.
10. Text modifiers shall be implemented and discontinued anywhere within a text string.
11. Text addition to the model at any specified XYZ coordinate.
12. Text shall be handled independently of other drawing entities only when requested by the operator.
13. Provide the following features:
a) Text file input and output.
b) Speller package as defined in Section C9.8.4.z.
c) Basic screen editor features, such as search/replace, block move/copy, etc.
d) Screen editor commands shall have a command syntax and structure as Section C7.5.
14. Shall edit for single text items, grouped text
items, and single text items within groups of text.
b. TEXT MANIPULATION: The following text manipulation features shall be provided:
1. Text addition to selected items such that any commands that affect the selected item (move, rotate, etc.) shall affect text in the same way.
2. Text addition to a specified layer.
3. Change the layer the selected text is located on.
4. Add text rotated or rotate selected text at a specified angle in 1 degree increments over 360 degrees.
5. Move text with copy.
6. Display all text or blank out all text.
7. Mirror text about any line or plane. All text associated with mirrored geometric entities that are transferred shall remain in readable form (i.e., text transferred but not mirrored). Upon request, left- adjusted text shall be changed to right- adjusted text and vice versa.
8. Text entry shall be from any input station (keyboard, predefined menu, another drawing data base, file, etc.) and shall be justified (right, left, or centered) about any point specified by the user.
9. Text shall be transformed (rotated, copied, translated) by appropriate commands.
10. An on- line graphics text editor shall be provided:
a) To edit the text independent of the model.
b) To insert an existing text file in whole and in part to a model while the model is being modified. 
11. Text shall be retrievable by the user for editing and replacement or for use elsewhere.
c. TEXT FORMS: The following text form features shall be provided:
1. The system shall provide for optional display of a predetermined symbol to represent an origin for text insertions. This symbol node shall contain text parameters which, when used with a text insertion graphics command, shall insert text into the graphics display using these symbol parameters.
2. Figure text nodes shall be provided that have no less than 127 addressable locations that are located with respect to a specific point of a figure. Each text node shall have the following variables that shall be preset or changed upon request:
a) XYZ location of text with respect to a specific point on a pattern.
b) Size of text.
c) Layer where the text is to be located.
d) Text justification (center, right, and left).
e) View from which text is seen.
f) Angle that text is rotated with 0 degree being at 3 O'clock.
g) Text aspect ratio.
3. All alphanumeric text shall have the following user definable parameters:
a) Height.
b) Aspect ratio.
c) Rotation.
4. Upon request, the system shall print text along and perpendicular to any irregular curve.

C8.4.10.7.2. ASSOCIATIVE DATA

The linkage of the geometric data to the applications data described in Sections C9. and C10. and contained in the relational data base described in Section C8.5 shall be made through the use of associative data. This data shall be used by the applications software in assembling complete systems from their components.

a. Associated data shall be included with all Contractor supplied application libraries identified in Sections C9. and C10. The user shall have the choice of addressing, expanding, deleting, and omitting contractor- supplied parameters.
b. Associative data values shall be any data type described in Section C8.5.e.
c. At least 128 attributes shall be associated with any geometric entity (described in Section C8.4.10.3), figure (described in Section C8.4.10.8), parametric part (described in Section C8.4.10.8.3 and assemblies and subassemblies (described in Section C8.4.10.14).
d. Report definition and report extraction shall be provided to build and store various user- defined Schedules, Bill- of- Materials, and other forms and reports from any application's graphics data base.
e. Provide links to the RDBS and the report generator contained in Section C8.5.
1. A report and form definition shall be provided to create forms and reports, establish data fields and formats, and store the definition in a user- named file.
2. Single and multiple fields shall be extracted from an application nongraphic data base.
3. The system shall extract information about the geometric data base described in Section C8.4.5.
4. Upon request, the system shall route the results to a text file and a graphic form or schedule.
5. Select and reject records based on conditional exist/nonexist and boolean operations (equal, greater than, less than) on the contents of fields and on figure and part names. At least five conditions shall be described for a single extract.
6. Provide direct routines for accessing user- defined property data bases for all library parts by user defined hierarchies.
f. The system shall update the model based on data obtained elsewhere in the system.

C8.4.10.7.3. DESCRIPTIVE DATA

Data that modify, identify, or index any other data type are descriptive data. They include, but are not limited to: element names, element numbers, applicable layers, and font types. This system shall display this data to the user upon request, and shall provide a feature to edit this data.

C8.4.10.8. FIGURES AND FIGURE LIBRARIES

The system shall create libraries of figures. Figures shall contain all entities.

C8.4.10.8.1. FIGURES

A figure is a collection of entities that shall be added easily to the model data base and manipulated as a single entity. The system shall provide the following features:

a. Figures shall contain all entity types and shall not be limited in size or complexity.
b. Upon request, the system shall convert a figure to its primitive geometric and textual entities.
c. A figure shall be defined by:
1. Creating a model and then instructing the system to treat it as a figure.
2. Specifying a polygon boundary enclosing the components.
d. A unique graphic marker shall denote the origin of a figure and shall be displayed upon request.
e. Upon request, a figure shall be either scaled, rotated, mirrored, and translated.
f. At least the following modes shall be provided for figures:
1. United - cannot be edited in a referencing model.
2. Separate - shall be edited in the referencing model.
g. The system shall list all library figures used in a model.
h. Upon request, an entire model shall become a figure.
i. A unique graphic character shall be used to denote a junction on a figure and shall be displayed upon request.
j. Figures shall remain with the part once entered and shall remain unchanged even if the library part is changed unless otherwise specified by the user. Any appearance changes made to the figures shall remain after updating.
k. Nesting of figures within other figures.
l. Entities shall appear the same in the model as they appear in the figure. All font data shall be stored with the figure and remain unchanged in the figure even if system fonts are changed, unless requested by the user.
m. Each figure shall have a user- defined name and description.
1. The name shall consist of at least 20 characters.
2. The description shall consist of at least 50 characters.

C8.4.10.8.2. FIGURE LIBRARY FEATURES

The system shall provide general purpose utilities for generation, maintenance, and placement of libraries of figures. The system shall list available figures upon request. The system shall allow the user to search the library interactively based on user- definable search criteria for geometric and nongeometric attributes.

a. There shall be no software limit to the number of figures within a library. 
b. A feature to link a figure to a library shall be provided. Upon request, the reference of a figure in a file shall be updated when the figure in the library is updated.
c. Figures shall be retrieved from a library upon request. 
d. The system shall allow a library figure to not be linked to the library; however, the figure shall retain its name and library identification.
e. Any modification of a library figure within a model shall not affect the stored library figure. The associative link to the library figure shall be broken upon request.
f. User- specified default libraries shall be provided to minimize the required unique library name called by the user. 
g. A figure library shall be assigned to the user while the graphics system is being used. New figures created by the user shall be entered in the user's library and used as if they were library entries without affecting the permanent libraries. 
h. Figures shall be added to the graphics system from a previously created library maintained on any storage device.
i. A figure shall be modified, rotated, mirrored, or rescaled on initial generation or after it has been positioned in a drawing without modifying the figure components in the library. 
j. Figures shall be added from other libraries to create a new library or to modify an existing one.
k. By selection, each library figure shall be linked to another library figure so that it shall be interchanged with that figure.
l. Figure libraries shall have a user- specified name of at least 40 characters. 
m. The system shall print and display a sorted index of library members from any level of the library structure in sorted order when requested by the user. 
n. The system shall provide a formal library entry procedure that shall ensure that all the members of the library are error free and documented.
o. Upon request, the system shall initiate a procedure to document the figure as the figure is created or added to the figure library. The document shall be associated with the figure and shall include:
1. The geometry of the figure in all its appropriate forms (solid, surface, wireframe, and schematic) and appropriate orientations in default views that shall be overridden by the operator.
2. Associated properties.
3. Figure name.
4. Library name. 
5. Creation date and time. 
6. Developer, organization and office. 
p. Upon request, the system shall transform an entire library or set of libraries into the product data exchange format described in Section C3.4.
q. Figure library members shall have all the functions of entities in Section C8.4.

C8.4.10.8.3. PARAMETRIC PART FAMILIES

The system shall create, store, and edit parametric parts. A parametric part family is a collection of similar parts that are described in parametric form. The defined parameters determine the necessary dimensions to describe the part with the added features of associating nongeometric data to the part.

a. PART GENERATOR PROGRAM: Programs shall be provided to create 2-D and 3-D parts that shall be described parametrically.
1. Upon request, the system shall search specified libraries to determine if a specific part exists before it is generated. Library parts shall be located using a logical tree structure to identify the part, or by using the parameters of the part to allow the system to identify the part more uniquely.
2. If the specified part cannot be found in the user selected libraries, the system shall prompt the user for values for the parameters required to generate the part.
3. Parametric parts shall be generated, at the request of the user, as 2-D graphic entities, 3-D wireframe models, and 3-D solid models.
4. All generated parametric parts shall have all the properties and features of any entity described in Section C8.4.
5. Any part generated by the parts generator shall be inserted by request into any existing drawing or model on the system. 
6. Each geometric shape shall have a standard parameter table and a user- defined parameter table.
7. New parametric parts shall be created upon request by merging existing parametric parts.
8. The program shall display a graphic image of the part and a table of the attributes upon request. This graphic image shall output to any hard copy device in an 8.5- x 11- inch format. 

b. PARAMETRIC PART CREATION: A part shall be created from a predefined standard table by inputing the part attributes required by the part generator. At the time of part generation, the following features shall be provided: 
1. Generate the part as separate entities that are indistinguishable from the same entity generated by the user without the benefit of a parts generator.
2. Generate a figure.
3. Store the executable code the program used to generate the part initially.

C8.4.10.9. DATA EDITING

All commands shall execute while working within any view. All the commands shall allow explicit and implicit input of entities using absolute or incremental data in all coordinate systems. This shall include, but not be limited to, the following: 
a. Insert any data type.
b. Delete (including selective delete).
c. Move to any predetermined location in any coordinate system.
d. Group and ungroup.
e. Blank and unblank.
f. Duplicate at any predetermined location in any coordinate system. 
g. Project (parallel, perpendicular, at a specified angle, and along a vector).
h. Change definition of selected items from one item to a different item (solid line to dash line, etc.).
i. Abort the last command given before it is executed.
j. Abort all commands that have stacked up in the buffer before they have been executed.
k. Intersections.
1. Trim or extend to create intersections of all combinations of the geometric entities.
2. Trim nonintersecting entities in a viewport at apparent intersection in any given view and trim at the point(s) at which they are in closest proximity.
3. Trim all entities which intersect a user- specified line in a single operation.
l. Arcs.
1. Trim or extend a selected arc along its contour by a specified angle.
2. Replace a selected arc by a new arc that is the remainder of the circle.
3. Extend an arc until it becomes a circle.
4. Change the start and end angles of an arc.
m. Angles.
1. The system shall calculate the angle between two selected entities. Angles to be calculated by system will be indicated interactively at the time command is given. Angles shall be displayed on screen.
2. The system shall calculate the angle of a single line with respect to a specific axis.
3. Angles to be displayed in degrees- minutes- seconds and in decimal degrees as a user option at the time of execution.
n. Change selected items from one layer to another.
o. Extend an entity a specified distance.
p. Change thickness of a specified line within a given geometric entity in any selected view.
q. Select, move, copy, and delete by rectangular and polygonal windows.
r. Stretch entities.
s. Break and join entities.
t. Copy and repeat along a vector and at the other selected positions.
u. Change start and end point or change orientation.
v. Hidden object removal for 3- D geometric figures constructed from any geometric data type.
w. Insert a component in a line (i.e., break line, insert the component, and reattach line and component).
x. Insertion of interconnecting lines between components shall snap to the nearest connection node associated with each component.
y. Extend or trim a surface to another surface or plane.
z. A line end shall be edited by indicating a new end position.
aa. A line or curve shall be divided into a user- defined number of equal or unequal segments.
ab. Backup and undo the last command as described in Section C6.4.b.4.

C8.4.10.10. MODEL MANIPULATION 

The following model manipulation features shall be provided.

C8.4.10.10.1. GENERAL FEATURES

The following features shall be provided:

a. Chain entities and unchain entities.
b. Scale in any combination of X, Y, and Z coordinates with default scaling that scales figures and adjusts the numeric value of dimensions accordingly. 
1. Scale entire figures without changing the numeric 
values of their dimensions. 
2. The scale factor that applies to any geometric item shall be provided at the user's request.
c. Section any three- dimensional entity at any angle or plane and display the section. Only those entities touching the cut plane shall be displayed upon request.
d. Measure along any curve, arc, and other geometric item.
e. Deletion of selected entities.
1. Entities that are part of a set of entities 
defining a wireframe model associated with a solid 
or surface shall not be deleted unless the entire wireframe or associated solid or surface is also deleted. 
2. Surfaces associated with a solid or wireframe model shall not be deleted unless the associated solid or wireframe is deleted.

C8.4.10.10.2. CROSS-HATCH AND PANEL FILL

The system shall provide the following features to cross-hatch and panel fill areas:

a. Cross- hatch any generated area with a user- defined angle, width, and font.
b. The area shall be a closed boundary composed of all defined entity types, and shall be defined on any 2-D and 3-D surface. An area identified by a series of selected positions shall be implicitly closed at the first and last positions. 
c. Omit pre- or post- defined areas inside the designated boundary. 
d. Panel fill any area without a pattern using uniform and shaded colors.
e. Change existing cross- hatch and panel fill areas by changing only the desired parameters.
f. Put more than one cross- hatch pattern and panel fill inside a boundary without having the previous one deleted.
g. Control the origin or start point of the cross- hatch pattern.
h. The cross- hatch or panel fill area, once inserted, shall not depend on the boundary staying in the data base.
i. All lines comprising the cross- hatch area shall be associated so that the user shall delete all of the crosshatching in a given area in one command. However, the system shall have a feature to disassociate any subset of lines of the cross- hatch area for modification or deletion.
j. Cross- hatching shall include separate and distinct fonts in accordance with ANSI Y14.2.
k. Cross- hatch or panel fill area shall be trimmed upon request.
l. Architectural patterns such as brick, soil, wood, insulation, and concrete.
m. Mapping patterns and symbology for geographic topologies
defined by the following agencies: 
1. U.S. Geological Survey (USGS).
2. National Oceanic and Atmospheric Administration (NOAA).
3. Defense Mapping Agency (DMA).

C8.4.10.10.3. GEOMETRY MOVEMENT

The following features shall be provided:

a. Rotation and translation of any 2-D and 3-D entity in any view. 
1. The axis of rotation and point of translation shall be user- definable. 
2. Rotation and translation shall be dynamic upon request.
b. Upon request, the selected geometry shall be translated and duplicated or rotated and duplicated without affecting the original geometry. 
c. Translation and rotation shall be controllable dynamically by the user.
d. Generate a mirror image of any collection of geometric entities with respect to any line and plane whether it exists or is defined by two points. Mirror with copy shall be provided.
e. Copy, step, and repeat commands for any entity at a given X, Y, and Z distance.
f. Polar copy, step, and repeat with user- definable values for the center point, the number of times to be copied in the plane of the face of the display, and the angle at which the center point of the last copied item will be positioned relative to the center point of the first item. 
g. Stretch and translate entities shall be provided in which all selected entities shall be rerouted to a new location and connected respectively as before the entities were moved. 
h. Upon request, text shall be kept legible when rotating text along with other geometry. The text shall always be facing the viewer.
i. Select entities and groups of entities and redefine dynamically the location, orientation, and size of the selected entities. The system shall:
1. Include translation and rotation in any direction and rescaling of the entities. 
2. Upon request, the modified geometry shall be saved and the original deleted.

C8.4.10.10.4. SOLID MODEL MANIPULATION

The following solid modeling manipulations shall be provided:

a. Boolean operations shall include union, difference, and intersection between any and all predefined solids.
b. Obtain the individual and total mass properties of assemblies of solids, as described in Section C8.4.12.3, of a multipart, multi- density assembly. Upon request the locations and degrees of any or all interferences between solid parts shall be displayed.
c. User control over scale factor for each of three user defined orthogonal directions for parametric magnification and shrinking of solid models shall be displayed.
d. Upon request, two- dimensional geometry and nongeometric data shall be referenced to the surface of a solid.

C8.4.10.10.5 TOPOLOGICAL RELATIONSHIPS

Geometric information shall be described in topological form. The topological form describes the relationships among geometric entities and the basic geometric definition. From this information, the absolute coordinates of the geometric entities shall be derived. The topological form provides the information necessary to update the data base when changes are made. The following topological relationships shall be supported:

a. Upon request, the system shall retain the topological relationships so that if any of the bounding entities are changed, the related entity is redefined. 
b. An entity defined by a topological relationship shall have all of its appropriate associated data updated when any entity in the relationship is changed. 
c. Entities shall have their topological relationship with other entities removed at the user's request.
d. An edge of a surface shall be defined as the intersection of surfaces. If the geometry of the surface and any bounding surface is changed, then the edges of the surface shall be updated. A surface shall be bounded by any number of surfaces.
e. An entity that has been defined topologically shall be changed when the reference entity is changed.

C8.4.10.11. GEOMETRY VERIFICATION

The system shall allow the user to verify selected geometry location, attitude, associative data, etc., in the global or user- defined local system. The selection of entities, upon request, shall be restricted to specific sets of entity types. The types of verification shall include, but not be limited to, the following:

a. Entity type.
b. Name.
c. Canonical form of any entity.
d. Resident layers, with layer number, name, and layer group name.
e. Associative data.
f. All basic geometry items that make up another geometric item (e.g., points in spline).
g. Text and its parameters.
h. Check for continuity of selected entities.
i. Check for overlapping or duplicated entities.
j. Check for nonassociativity between geometric entities and dimensioning details.
k. Provide a list of entity types found on each requested layer and a list of layers used by each requested entity type.
l. Identify entities that are outside of an (X,Y,Z) range as requested by the user.
m. The following information about all curves and surfaces shall be obtained.
1. Original and interpolant points.
2. Equations of segments of curves.
3. Coordinates and tangents of endpoints for each segment.
4. Normals, tangents, and curvature for any point on the curve or surface identified by the user. 
5. Gaussian curvature.
6. Polygon vertices (where applicable).
n. Distance between parallel lines. 
o. Distance between two user- selected points along with delta coordinates. 
p. Shortest distance between any two geometric entities and location of the points that are closest.
q. Angle of a line relative to XYZ axis.
r. Angle between two lines.
s. Length of selected lines and arcs with coincident end points.

C8.4.10.12. GRAPHIC APPEARANCE

The system shall provide the following features:

a.  User control of which solids and surfaces are displayed and which are not.
b. User control of section plane orientation, location, shape, and extent.

C8.4.10.12.1. DATA BASE COLOR ATTRIBUTES

a. Upon request, the system shall change color by layer. 
b. Each entity shall have a color attribute associated with it.
1. The user shall change color by window, layer, or entity.
2. Color shall be displayed, when requested, based on the entity color attribute.
c. Multiple colors shall be displayed on the same layer.

C8.4.10.12.2. APPEARANCE CONVENTIONS

The system shall display wireframe entity types using the line conventions specified in ANSI Y14.2M and Contractor provided line conventions.

a. The system shall provide for special symbols within the fonts such as arrowheads and tics. 
1. The user shall be allowed to define new symbols. 
2. The size and spacing of these symbols shall be edited by the user. 
b. The system shall create user- defined fonts. 
c. The system shall allow the user to edit fonts in the graphics data base without having to delete and reinsert a new font. An example would be changing dashed length and spacing of a dashed line or changing a solid line to a centerline. 
d. Font thickness shall be definable by the user and shall be correctly output on all display and plot devices.
e. All fonts shall be stored in a project file and remain unchanged even if system fonts are changed, unless specified by the user. The project file shall contain all data such as line and character fonts and crosshatching patterns, that are common throughout a set of models which comprise a single project.
f. Upon request, the system shall remove, change fully or partially, or modify the appearance of any entity from any view without affecting the appearance of that entity in any other view. The appearance of that entity shall be replaced in that view at any time without affecting the appearance of the entity in any other view. The appearance of an entity shall include line fonting and blanking.

C8.4.10.12.3. COLORSHADED IMAGE VIEWING OF SOLIDS AND SURFACES

The system shall provide the following features:

a. All user controls of viewing defined in Section C8.4.10.2 for shaded imaging.
b. User control of the color, brightness, translucency, transparency, and texture of each individual surface of any and all solid objects within the view.
c. User control of location, direction, color, and brightness of at least two of the primary point light sources.
d. User control of color and brightness of diffuse background light used to govern the degree of shadow.
e. User control of the color, brightness, and location of secondary light sources to simulate the effect of lighting fixtures in a room or compartment.
f. Simulated x- ray vision by user definition of selected surfaces of the solid objects to be transparent or have varying degrees of translucency.
g. Saving and recall of color- shaded image files.
h. User control of facet approximation of curved areas with facetted surfaces for display purposes (on or off).

C8.4.10.12.4. HIDDEN OBJECT REMOVAL

The following features shall be provided:

a. Control of the display of any and all hidden objects or portions of objects in any and all views specified by the user.
b. The display of the hidden objects shall, at the request of the user, be represented as lines that are solid, fonted, invisible, or gapped (i.e., the hidden lines are gapped as they cross object lines). The modification of the display of these hidden lines shall not adversely affect the validity of the model.
c. All hidden surface and solid geometry and text shall be removed.
d. By user selection the hidden object removal process shall be observed beginning with the object furthest from the viewer's eye, progressing forward until only the visible surface is displayed. Provide a pause feature to permit the user to "freeze" the process to observe interior objects or entities.
e. A single command to remove all hidden lines and objects.

C8.4.10.13. ANIMATION

The following animation features shall be provided:

a. Fixed and moving pictures of graphic entities shall have a feature for viewing the elements in the model from specific locations and orientations in the model. 
1. Clipping of all portions of elements behind the camera position shall be provided. 
2. The appearance shall be user selectable as 
projective or perspective.
b. The camera position shall be moved along a predefined path defined by any string of space lines, curves, arcs, ellipses, and conics with steering orientation. Depth of field of view and angle of view shall be specified by the user.
c. Apparent lighting from a minimum of two sources shall be provided yielding shaded images of the objects in view.
d. Shaded image viewing for animation of kinematic assemblies shall be provided.
e. Upon request the system shall display 3- D time- related displacement positions (frames) generated by application analysis programs or any other model generator. Each frame shall be displayed sequentially at the speed set by the user.
f. Upon request, the system shall specify a viewing position and orientation and be able to move the position, zoom, and pan during the timed display cycle. 

C8.4.10.14. ASSEMBLIES

The system shall allow assemblies to be created from any number of geometric model subassemblies. There shall be no software limit to the number of subassemblies.

a. SUBASSEMBLIES: Create subassemblies using modeling techniques in Section C8.4.

b. SUBASSEMBLY INTEGRITY: Upon request, the subassembly shall be linked to other subassemblies. The subassembly shall maintain its unique characteristics and identity.

c. SUBASSEMBLY LINKING: Subassemblies shall be linked in the following ways:
1. Welded (fixed).
2. Bushing (rotating).
3. Splined (sliding).

d. EXPLODED VIEWING OF ASSEMBLIES: The user shall be provided control of the scale factor by which each subassembly in the assembly is shrunk about its mass center.

e. ASSEMBLY ANIMATION: The system shall animate an assembly as follows:
1. Upon request, the system shall define various time displacement functions for individual subassemblies within an assembly. All linked subassemblies shall move with respect to other subassemblies as linked.
2. Upon request, the system shall define a clock speed for the entire assembly by specifying the time step interval between frames for the time displacement functions, and the amount of time each frame will remain displayed.

C8.4.10.15. DATA OUTPUTS

The following methods for outputing data from the system shall be provided:

a. PLOTTER OUTPUT: Upon request, the system shall plot the contents of a user- specified viewport or image to any of the plotting devices provided by Section C5.4. The system shall provide the user with the following features to control the plotter output.
1. Scaling of the hard copy.
2. System scaling to force the entire viewport or image to fit on the output media.
3. Rotation.
4. Plots that are larger than the available plotting area on the designated plotter shall be segmented incrementally and provided with alignment marks in order to facilitate the accurate concatenation of the plot segments.
5. Map display colors to plotter colors.

b. PEN PLOTTER OUTPUT: For pen plotters, the system shall provide the following additional features:
1. User control over color and tip size.
2. Optimization of the plot file to reduce plot time.
3. User controlled slewing of the plotter pen in the X and Y axes.
4. For purposes of plotting, all objects hidden behind other objects shall be deleted from the plot file and shall not be "overplotted" by the plotter pen. When a user requires an overplot, a special line font shall be made available.

C8.4.11. DRAFTING APPLICATIONS AND DRAWING GENERATION

The system shall use 2-D and 3-D geometry as described in Section C8.4, and 2-D and 3-D geometry created by the applications in Sections C9 and C10, to produce drawings formatted for issue and release. All drawings produced shall comply with the engineering drawing standards and symbol standards described in:

a. DOD- STD- 100. Military Standard Engineering Drawing Practices.

b. Graphic symbol standards shall conform to standards established by the American National Standards Institute (ANSI), recognized professional organizations, and recognized manufacturing associations. The ANSI standards shall include series Y10 (lettering), Y14 (drafting practice), and Y32 (graphic symbols) as they apply to facilities drafting documentation. The following shall also be included as a minimum. 
1. ANSI Y14.1. Drawing Sheet Size and Format.
2. ANSI Y14.2M. Line Conventions and Lettering.
3. ANSI Y14.5M. Dimensioning and Tolerancing.
4. ANSI Y14.6 Screw Threads.
5. ANSI Y32.2 Graphic Symbols for Electrical and Electronic Diagrams.
6. ANSI Y32.2.3 Graphic Symbols for Pipe Fittings, Valves, and Piping.
7. ANSI Y32.2.4 Graphic Symbols for Heating, Ventilation, and Air Conditioning.
8. ANSI Y32.2.6 Graphic Symbols for Heat- Power Apparatus.
9. ANSI Y32.4 Graphic Symbols for Plumbing Fixtures for Diagrams Used in Architecture and Building Construction.
10. ANSI Y32.7 Graphic Symbols for Railroad Maps and Profiles.
11. ANSI Y32.9 Graphic Symbols for Electrical Wiring and Layout Diagrams used in Architectural and Building Construction.
12. ANSI/AWS A2.4 Symbols for Welding and Nondestructive Testing, Including Brazing.

c. Architectural drafting standards shall conform to "Ramsey and Sleeper Architectural Graphics Standards, Eighth Edition."

C8.4.11.1. DRAFTING DATA BASE

The following drafting data base features shall be provided:

a. Upon request, the system shall create many drawings within a single viewport. A drawing is a rectangular portion of a viewport with a specific plotter output size and name assigned.                                                                          b. Upon request, the system shall create up to 64 drawings within a single viewport.
c. Both the model and its drawings shall exist in the same data base.
d. When the model is revised, all associated drafting displays shall be updated concurrently.
e. Geometric and nongeometric data created in drafting shall appear only in the drawing in which it was created. 
f. No operations performed in the drafting mode shall have any effect on the model data base or any other drawing unless specifically indicated by user action. 
g. Plot raster and vector drawing files shall be plotted on the devices specified in Section C5.4.

C8.4.11.2. DRAFTING MODES

Vector and raster drafting features shall be provided such that the modeling features in Section C8.4 shall be used concurrently (i.e., when the model is modified, the drafting display shall be updated).

a. Operation and use of these functions shall be transparent to the user.
b. In either drafting function, the system shall allow the user to modify the model without having to leave the drafting mode. 


C8.4.11.2.1. VECTOR DRAFTING

This function shall provide all features described in Section C8.4, except for the creation of 3- D geometry. Upon request, all data types and entities shall be referenced and included as part of the drawing. Vector drafting shall relate the model to the drawing through the use of true 3- D views.

C8.4.11.2.2. RASTER DRAFTING

This mode shall use 2- D graphics generated through hardware scanners or raster data supplied to the system. Raster drafting shall permit overlays with the vector drawings. 

a. BASIC FEATURES: The following additional basic features shall be provided:
1. A drafting entity pixel shall be defined to reference the display raster data.
2. Any closed boundary shall be permitted in selecting pixels.
3. When selected by the user, pixels shall be highlighted by the system.
4. Commands that cause pixels to be deleted, 
cut and pasted, erased, copied, translated, 
rotated, or moved to another graphic display level shall result in pixels.
5. Upon request, the system shall assign 256 colors from the color palette.
6. Upon request, the system shall perform Boolean operations on pixel data to determine which elements are on and off and assigned a color (i.e., appearing on top of or underneath other pixels).
7. Upon request, the system shall perform free- form sketching that allows user- defined brush geometry.

b. EXTENDED FEATURES: The following extended features shall be provided:
1. Pixels shall be placed in groups called Pixel Element Groups (PEGs) based upon a closeness factor stated in units of inches or pixel widths. All pixels within the closeness factor shall be in the same PEG as the pixel selected by the user.
2. Any closed boundary shall be permitted in selecting PEGs.
3. When selected by the user, PEGs shall be highlighted by the system.
4. Upon request, selected PEGs shall be blanked or deleted and then redisplayed.
5. Upon request, PEGs shall be deleted, cut and pasted, erased, copied, translated, rotated, and moved to another graphic display level.
6. Upon request, the system shall convert pixel groupings to vector or text elements. This function should include as a minimum:
a) Recognition of machine or template- generated text at any angle.
b) Recognition of hand- lettered text at any angle.
7. Upon request, the system shall assign 256 colors from the color palette of colors or shades of color to a PEG, and allow the variable alteration of colors within a PEG.
8. Upon request, the system shall perform Boolean operations on PEG data to determine which elements are on and off, and assigned a color. (i.e., appearing on top of or underneath other pixels or PEGS).
9. PEGs shall be modified to portray texture but still remain a valid PEG.
10. Operate on binary file data from the drawing scanner systems in Sections C5.4.6 through C5.4.8. 
11. Operate on pixel data from the video input device in Section C5.4.11. 
12. Automatic removal of unwanted specks.
13. Semiautomatic removal of unwanted specks.
14. Make all lines in a user- defined area perpendicular or parallel to one another within a user- defined tolerance (i.e., all lines within 5 degrees of 90 degrees relative to another line shall become perpendicular to each other).
15. Adjust line width to a user- specified number of pixels.
16. Correct X and Y scaling independently.
17. Correct for regional distortion in X and Y axes.
18. Load multiple drawings on various layers in order to build a "composite" drawing.

C8.4.11.3. DRAWING PARAMETERS

The following drawing parameters shall be provided:

a. The system shall define the size of a drawing by either inputing its explicit height and width or by specifying a drawing sheet size as defined in ANSI Y14.1 (A,B,C,D,E,F).
b. The system shall increase or decrease the size of a drawing.
c. Drawings shall have an independent coordinate system from the model. The system shall allow the user to position the origin of the drawing coordinate system at any location on the drawing.
d. The system shall, upon request, change the name of a drawing.
e. The drafting mode shall allow the user to rearrange, rescale, including independent scaling in the X and Y directions, and perform any geometric construction command to create a usable drawing for issue.

C8.4.11.4. DRAFTING DISPLAYS

The following drafting display features shall be provided:

a. Each single drawing display shall support at least 64 true 3- D views per drawing. If more than one drawing appears in a viewport, the total number of visible views in all the drawings shall not exceed the number of views allowed in a viewport.
b. Upon request, the system shall extract all required projective and perspective views automatically from the design model. 
c. The system shall scale views up or down, independent of the X and Y directions, to specific values. The scale shall be specified as "drafting units = model units" and shall be expressible in English or SI units.
d. Upon request, the system shall merge and copy drafting displays to form a new drafting display. 
1. All visible entities shall appear to be 2- D entities and shall be disassociated from the model. 
2. The drafting display shall be inserted into another display as a unit or as a separate entity. 
3. The receiving display shall be in a different model.
e. The system shall, upon request, remove and redisplay model entities in selected views.
f. The drafting mode shall support its own unit of measurement and grids independent of model mode.
g. The system shall, upon request, create an exploded view of an assembly as described in Section C8.4.10.14. 
1. The exploded view shall be created by repositioning the subassemblies such that the relative 
orientation of the subassemblies is retained. 
2. There shall be no graphic interference between subassemblies. 
3. The absolute position of the subassemblies within 
the model shall not be affected.

C8.4.11.5. DETAILING FEATURES

The following detailing features shall be provided:
                                                                                                                                                                                               a. The system shall place labels in drawings. The label shall consist of text (at least 10 lines, 80 characters per line), multiple leader lines, and arrowheads to different entities or locations.
b. Upon request, the system shall produce Lists of 
Materials, Lists of Equipment and Lists of Parts via extraction of descriptive information and tallies from 
the model data base as described in Section C8.4.10.7.2. 
c. Upon request, enter text notes on a drawing.
d. Include drawing formats created by the user.
e. Upon request, remove, change partially or fully, and modify the appearance of any entity from any view without affecting the appearance of that entity in any other view. 
1. The appearance of that entity shall be replaced in that view at any time without affecting the appearance of that entity in any other view. 
2. The appearance of an entity shall include line fonting and blanking.
f. Weld symbols in accordance with ANSI/AWS A2.4.
g. Insert a centerline in a user- selected circle or set of circles arranged with their centers in a straight line. 
h. Insert a circular centerline through the centers of circles lying on a common arc.
i. Upon request, fill a form with text by relating text to location by a name or other identifier.


C8.4.11.6. DIMENSIONING AND TOLERANCING

The system shall have dimensioning and tolerancing features that meet all the requirements of ANSI Y14.5M. Dimensions shall be entered in both model (3- D) and drafting (2- D) modes at the user's request, and all dimensions shall be true measurements as defined in the data base.

a. Dimensioning and tolerancing shall be accomplished in semiautomatic and manual modes.
1. In the semiautomatic mode the user shall identify the feature to be dimensioned. 
2. In the manual mode the user shall select the location of the dimension text.
b. The system shall provide dimensions in SI units and English units. Minimum and maximum tolerances shall be provided as a user's feature. The system shall allow the user to select the precision to be displayed in the dimension text for both fractions and decimals (e.g., to 1/64 or 0.0001 units) independently.
c. The system shall update dimensions if a geometric entity is modified.
d. The system shall update dimensions on enlarged or reduced scale views and obtain true data base values.
e. The system shall allow the user to enter, modify, rotate, or reposition any dimension, tolerance, associated symbol, and other information manually. Manually overwritten dimensions shall be identified at the request of the user.
f. The system shall provide the following features:
1. Limit tolerancing modes.
2. Plus and minus tolerancing modes.
3. Dual dimensioning.
4. Tabular translation of SI and English units.
g. Upon request, the system shall assign default and user defined parameters for dimensioning and tolerancing. These values shall be changeable when inserting a dimension. They shall include, but not be limited to, the following:
1. Number of decimal places and denominator of fractional part, selectable for primary, secondary, and angular dimensions and tolerances.
2. Value of tolerance.
3. Suppression of projection and dimension lines.
4. Arrowheads:
a) Filled: specifies filled triangular arrowheads.
b) Open: specifies open arrowheads.
c) Dot: specifies dot arrowheads.
d) Suppressed: specifies no arrowheads.
e) Diameter: specifies the diameter of a dot arrowhead.
f) Length: specifies arrowhead length.
g) Ratio: specifies the ratio of the arrowhead length to the base width.
h) Location of text: inside or outside of arrows.
i) Slash: a slash is used instead of an arrowhead.
5. Text height, width, vertical and horizontal justification.
6. Associative dimensions: associated with entities dimensioned.
7. Nonassociative: dimensions not associated with entities dimensioned.
8. Centerline with long segment, short segment, and gap. 
9. Check dimension: insures that a valid dimension with a minimum dimension line, extension line, and leader lines is created. Automatic adjustments are made to the dimension text location as necessary.
10. No dimension checking: does not check for dimension validity.
11. Dual dimensioning: a dual dimension contains both primary and secondary dimension values together within a single dimension entity.
a) Position: indicates the positional placement of primary dimension in relation to the secondary dimension: right, left, above, and below.
b) Bracket: indicates the bracket method of dimension placement where the secondary dimension value is always in brackets: right, left, above, below.
12. Dimension layer: designates the layer on which to place primary and secondary dimensions. The customary dimensioning units used are called primary, additional units are called secondary. 
13. Dimension standards:
a) ISO.
b) ANSI Y14.5M.
c) Structural.
1) ANSI/AWS A2.4- 86, Standard Symbols for 
welding, Brazing and Nondestructive 
Examination.
2) "Detailing for Steel Construction",
American Institute of Steel Construction.
3) "Manual of Standard Practice", Concrete
Reinforcing Steel Institute.
4) "ACI Detailing Manual", American Concrete
Institute.
d) Architectural, defined in "Ramsey and Sleeper Architectural Graphics Standards," Eighth Edition, John Ray Hoke, editor, John Wiley and Sons, Somerset, N.J. 1988, page 796.
14. Leading and no leading zero: allows choice of a leading zero or no leading zero before the decimal place of numbers less than one. This applies to the English system only. Metric numbers always use leading zeros.
15. Dimension mode.
a) Model: creates dimensions as model entities. They appear in all views and are subject to view clipping. Only model entities shall be dimensioned when using this modifier.
b) Drafting: indicates the dimensions are drawing entities. Either model or drawing entities shall be dimensioned.
16. Property: specifies that the linear dimension value is computed from coordinate properties associated with the dimensioned entities.
17. No property: indicates that the linear dimension value is not based on coordinate properties.
18. Solid (metric): specifies solid dimension lines. Text is placed above the dimension line.
19. Solid (structural): specifies solid dimension lines. Text is placed both above and below the dimension lines.
20. Nonsolid (English): specifies nonsolid dimension lines. Text is placed between the dimension lines. Orientation of text is user- selectable (i.e., horizontal, vertical, along the dimension line, perpendicular to the dimension line).
21. Dimension text (controls dimension text characteristics):
a) Fixed: dimension remains fixed when geometry is changed.
b) Unfixed: dimension is changed if associative entity is changed.
c) Autocenter: centers text automatically between extension lines (applies to linear and angular dimension).
d) Manual: does not center text automatically.
e) Tangent: specifies that dimension text is tangent to the dimension arc for angular dimensions.
f) Format: controls the format used for the "decimal" point. A point and comma shall be used as a decimal point. 
1) When using the metric system, normal dimension values and tolerances shall retain leading zeroes and drop trailing zeroes. Zero tolerance values shall be unsigned and aligned. 
2) When using the English system, dimension values and tolerances shall drop leading zeroes and retain trailing zeroes. Zero tolerance values are signed and not aligned. 
g) Fractions: one- half text height numbers, three- quarter text height numbers, and full text height numbers either over each other or offset.
h) User may rotate and reposition text.
i) For English unit dimensioning, the system shall allow the user to select "feet and inches," in which case dimensions shall be expressed in inches if the dimension is less than or equal to a user- definable limit, or shall be expressed in feet and inches if the dimension is greater than that limit.
j) The system shall allow the user to position text horizontally, vertically, along the dimension line, or perpendicular to the dimension line.
22. The system shall allow the user to select the size of the gap between the leader and the entity being dimensioned. 
23. Tolerance (controls tolerance specification) values are set by the following levels:
a) Primary: positive, negative, both.
b) Secondary: positive, negative, both.
c) Positive.
d) Negative.
e) Both.
f) Precision: primary, secondary, both, angular, nominal.
g) Type: incremental, limit, dashed, rounded.
h) Angular: positive, negative, both.
24. Units: controls the units used for dimensioning. 
Model units measurement may differ from drawing units. Units shall be specified in SI and English units.
h. Editing features shall exist that allow the user to change parameters and text on existing dimensions or labels without having to delete and reinsert the dimension.
i. The system shall contain a library of ANSI Y14.5M symbols, including, but not limited to, the following:
1. Geometric characteristic symbols.
2. Modifying symbols.
3. Datum target symbols.
4. All around symbol.
When requested to, the system shall generate and add symbols to the library.
j. Dimensioning features shall merge text and geometric tolerancing symbols with the data base values. The resultant entity shall act as one entity. It shall also allow editing without requiring the user to delete and reinsert the dimension.
k. Extension lines, dimension lines, and leaders shall be partially blanked at the user option.
l. The system shall allow the user to use any entity, including those that are part of library figures as references for dimensioning.
m. The system shall allow the user to dimension to a location in 3-D space even when no entity exists at that location.


C8.4.11.7. CROSS-HATCHING AND PATTERN-HATCHING

The following cross- hatching and pattern- hatching features shall be provided:

a.Cross-hatch in one and two directions with user- defined spacing and angles.
b. Pattern hatch any area with any user- defined pattern.
c. Fill any area rapidly with a solid and half- tone color or grayscale.
d. All cross- hatch, pattern- hatch, and fill shall support the features of the plotting hardware defined in Section C5.4.
e. Cuts through solids shall be cross- hatched at user's request.
f. Provide for user defined cross- hatch and pattern hatch libraries.


C8.4.11.8. TEXT FEATURES

The system shall provide the following text editing and merging features:

a. Basic screen editor features, such as search and replace, block, move and copy, etc.
b. Merge graphics from the model and drafting data bases with text from any of the file types listed below:
1. Technical Document Authoring file, Section C9.8.
2. ASCII file.
3. Standard Generalized Mark- up Language (SGML).
c. Once merged, the system shall allow the user to edit the text in the same manner as any other text on the system.
d. Export text from the following:
1. Technical Document Authoring file, Section C9.8.
2. Standard Generalized Mark- up Language (SGML).
e. Spelling checker feature as described in Section C9.8.4.z.
f. The graphic information from Section C9.9 shall be merged using CGM.

C8.4.12. GEOMETRIC AND MASS PROPERTY ANALYSIS

Software shall be provided that calculates and outputs the geometric and mass properties of 2-D and 3-D geometric entities according to the following general requirements.

C8.4.12.1. GENERAL REQUIREMENTS

The system shall:

a. Provide a floating point double precision range of 14 decimal digits times 10**38 to 10**- 38. 
b. Allow the user to select any coordinate system (e.g., rectangular cartesian, cylindrical, polar, or spherical) for the output of geometric results. Mass property results shall be based on a user- selected local cartesian coordinate system.
c. Allow the user to select any set of geometric entities to be included in the calculations.
d. Allow the user to specify a separate mass density or density distributions for any geometric entity or set of entities.
e. Allow the user to specify what units of measurements shall be used.
f. Graphically display cross sections with all pertinent properties and axes, and their resultant values.
g. Allow the user to store resultant values in an ASCII file.
h. Allow the user to store geometric entities and associated properties as named components for future reference and revision.

C8.4.12.2. GEOMETRIC PROPERTIES OF 2-DGEOMETRY

The software shall provide the following features:

a. Through a single command containing all relevant data or a single command that shall prompt the user for all relevant data, invoked while in the geometric modeling software, calculate any of the following properties for any closed area containing an arbitrary number of holes (or if it contains holes, at the user's request, not to include the holes) or any 2- D projection of a 3- D geometry (utilizing the coordinate systems in Section C8.4.12.1.b):
1. Total lengths of the external and internal perimeters and their sum.
2. Minimum and maximum coordinate extents.
3. Area.
4. Center of area.
5. First moments of area.
6. Second moments of area (moments of inertia).
7. Product of inertia.
8. Principal moments of inertia.
9. Direction of principal axes.
10. Radius of gyration.
11. Polar moment of inertia.
12. Torsion constant.
13. Warping constant.
14. Section modulus.
15. Plastic section modulus.
16. Shear center.
17. Shear shape factors.
18. Section moment capacity.
19. Section mass or weight per unit length.
20. Section width to thickness ratio (b/t) effects on thin- walled sections.
21. Stability parameters for combined bending- torsion buckling. 
22. Shear ratio.
23. Eccentricity.
24. Rotation angle.
b. The geometric properties of a 2- D geometry shall be calculated, at the user's request, at the time of geometry generation or at any other user- selected time in the modeling session, and then saved for future recall and utilization (or deleted at the user's request). Geometric properties shall be updated when a geometry is modified.
c. Calculate the geometric properties of assemblies and combinations of 2- D geometries. 
d. Quantities calculated in Section C8.4.12.2.a shall have a minimum accuracy of 0.01% when compared with the exact result.
e. If the user requests, an area designator shall be generated when the calculations in Section C8.4.12.2.a are performed. The area designator shall have the following properties:
1. A unique graphical representation.
2. Initial placement at the area's center of area.
3. All properties computed in Section C8.4.12.2.a shall be stored in the model data base and associated with the area designator.
4. The stored properties shall be referenced to a default coordinate system as specified by the user.
5. The area designator shall be associated to the geometry from which it was formed. When the area designator is manipulated, or active, the associated geometry that generated the designator shall be flagged graphically. If the area designator is moved or altered, a message shall be issued, and the association to the geometry removed. If an existing area designator is merged with another designator(s), the resulting area designator shall be associated with all the geometry used to form the merging designators. For a given model, this associativity shall be removed or not maintained at the user's request.
f. Up to 10,000 area designators shall be present at any one time (i.e., there is no software limitation - only hardware limitations that shall be modified by additional memory resources).
g. The system shall do the following with area designators:
1. Add and subtract to create new area designators.
2. Delete.
3. Translate and rotate with and without copying.
4. Blank and unblank.
5. Interrogate so that all associated properties are printed out relative to a user- defined coordinate system.
6. Edit and change any properties.
7. Move between layers.
h. An alphanumeric name of up to 40 characters shall be attached (automatic or at user's request) to an area designator. The name shall have the following properties:
1. Be an associated property of the area designator.
2. Be blanked when the area designator is blanked.
3. Upon request, be blanked or unblanked when the area designator is unblanked.
4. Be edited without leaving current modeling session and software of Section C8.4.12.
5. Shall be placed on any layer at the user's request.

C8.4.12.3. GEOMETRIC AND MASS PROPERTIES OF 3DGEOMETRY

Software shall be provided that computes geometric and mass properties of three-dimensional geometries (i.e., any combination of surface- defined closed volumes and solid geometries) that may contain an arbitrary number of holes (or if it contains holes, at user's request, not to include the holes). 

a. The system shall report the geometric and mass properties of three- dimensional geometry:
1. Minimum and maximum coordinate extents.
2. Surface area:
a) Total.
b) User- selected surface.
c) With or without holes.
d) Visible projected on a plane.
e) Visible from a designator.
f) Visible from designator with conical limit of interest.
g) Net area perpendicular to user defined axis.
3. Volume.
4. Constant density (or densities specified individually and differently for each component in an assembly) and user- supplied macros for density functions.
5. Weight (weight/unit length for user- defined cross section which may vary over the length).
6. Mass.
7. Center of mass.
8. Moments of inertia.
9. Products of inertia.
10. Principal moments of inertia.
11. Direction of principal axes.
12. Radii of gyration.
13. Polar moments of inertia.
14. Center of volume.
15. Shear shape factors.
16. Section moment capacity.
17. Section mass or weight per unit length.
18. Section width to thickness ratio (b/t) effects on thin- walled sections.
19. Stability parameters for combined bending- torsion buckling. 
20. Shear ratio.
21. Eccentricity.
22. Rotation angle.
b. The geometric and mass properties of a solid geometry shall be calculated, at the user's request, at the time of solid geometry generation or at any other user selected time in the modeling session, and then saved for future recall and utilization (or deleted at the user's request). Geometric and mass properties shall be updated when a solid geometry is modified.
c. Through a single command containing all relevant data or a single command that shall prompt the user for all relevant data, invoked while in the geometric modeling software, the system shall, for any combination of surface- defined closed volumes and solid geometries, calculate the geometric and mass properties of the assembly of volumes and solids. 
d. Quantities calculated in Section C8.4.12.3.a shall have a minimum accuracy of 0.01% when compared with the exact solution.
e. Upon user request, a mass designator shall be generated when the calculations in Section C8.4.12.3.a are performed. The mass designator shall have the following properties:
1. A unique graphical representation.
2. Initial placement at the center of mass.
3. All properties computed in Section C8.4.12.3.a shall be stored in the model data base and associated with the mass designator.
4. The stored properties shall be referenced to the default global model coordinate system.
5. The mass designator shall be associated to the geometry from which it was formed. When the mass designator is manipulated, or active, the associated geometry that generated the designator shall be flagged graphically. If the mass designator is moved or altered, a message shall be issued, and the association to the geometry removed. If an existing mass designator is merged with another designator(s), the resulting mass designator shall be associated with all the geometry used to form the merging designators. For a given model, this associativity shall be removed or not maintained at the user's request.
f. Upon request, a volume designator shall be generated when the calculations in Section C8.4.12.3.a are performed. The volume designator shall have the following properties:
1. A unique graphical representation.
2. Initial placement at the center of volume.
3. All properties computed in Section C8.4.12.3.a shall be stored in the model data base and associated with the volume designator.
4. The stored properties shall be referenced to a default coordinate system as specified by user.
5. The volume designator shall be associated to the geometry from which it was formed. When the volume designator is manipulated, or active, the associated geometry that generated the designator shall be flagged graphically. If the volume designator is moved or altered, a message shall be issued, and the association to the geometry removed. If an existing volume designator is merged with another designator(s), the resulting volume designator shall be associated with all the geometry used to form the merging designators. For a given model, this associativity shall be removed or not maintained at the user's request.
g. Up to 10,000 mass designators and 10,000 volume designators shall be present at any one time (i.e., there is no software limitation - only hardware limitations that shall be modified by additional memory resources).
h. The system shall do the following with mass and volume designators:
1. Add and subtract to create new mass and volume designators.
2. Delete.
3. Upon request, translate and rotate with and without copying.
4. Blank and unblank.
5. Interrogate so that all associated properties are printed out relative to a user- defined coordinate system.
6. Edit and change any properties.
7. Move between layers.
i. An alphanumeric name of up to 40 characters shall be attached to a mass designator or volume designator. The name shall have the following properties:
1. Be an associated property of the mass or volume designator.
2. Be blanked when the mass or volume designator is blanked.
3. At user's request, be blanked or unblanked 
when the mass or volume designator is unblanked.
4. Be edited from within the current modeling session and software of Section C8.4.12.
5. Shall be placed on any layer at the user's request.


C8.5. RELATIONAL DATA BASE SYSTEM (RDBS)

The Relational Data Base System (RDBS), Figure C8- 4, shall provide the following features: 

a. GENERAL FEATURES: The following general features shall be provided:
1. Operate in four types of configurations:
a) Local processing on stand- alone workstations. 
b) Distributed processing among workstations and data base and file servers. Distributed processing shall provide access to the database for applications running on the local node or remote node. 
c) Distributed databases shall be supported where multiple databases on multiple nodes that shall be accessed by a single SQL statement.
d) Centralized on a data base and file server.
2. Enforcement of referential integrity rules shall conform with ANSI X3.135 1989 within the time period specified in FIPS 127- 1 or within 9 months from the contract award date if no time period is specified in the FIPS standard.
3. Provide multiple data bases with each data base having its own access control list and audit trail.
4. Provide data bases and relations spanning multiple disk units.
5. Provide concurrent access of multiple, independent users to a shared data base. 
6. Manage all existing nongraphic data loaded from existing relational data bases and nongraphic data created in the future.
7. Provide multiple data bases, opened simultaneously in a single application.
8. Provide access to any relations in an open data base, provided the user has access rights to the relations.
9. Provide embedded SQL statements with syntax conforming with ANSI X3.163- 1989.

b. DATA BASE LANGUAGE SQL: The RDBS shall fully implement the ANSI X3.135- 1989, Data Base Language SQL (Structured Query Language) and provide the following enhanced SQL features:
1. Interactive and ad hoc query. Shall edit the query statement without retyping it.
2. Data access control. 
3. Validation checks definition at the view level.
4. SQL user- defined functions (e.g., mathematical functions).
5. Integrity enhancement features.

c. DATA DEFINITION: The RDBS Data Definition features shall:
1. Validate new entries in the data base for type, size, range, and duplicates. 
2. Create user logical views of attributes within multiple relations. 
3. Create, modify, and delete data bases, relations, indices, and attributes within a relation.
4. Create, delete, and modify access control lists for data bases, relations, and attributes.

d. CAPACITY: The RDBS capacity shall be:
1. Data bases per RDBS: at least 64 databases. 
2. Relations per data base: at least 8,000 relations.
3. Attributes per relation: at least 240. 
4. Tuples (rows or records) per relation: limited only by the system disk capacity. 
5. Tuple width: at least 8192 bytes. 
6. Total RDBS size: limited only by the system disk capacity. 
7. Number of user identifiers: at least 4096. 
8. Number of concurrent users on the database server: limited by network capacity.
9. Attribute names: at least 12 characters.

e. DATA TYPES: The RDBS shall store and manipulate the following types of data:
1. Integer data. 
2. Floating point data (single (4- byte) and double (8byte) precision).
3. Variable length character data.
4. Logical (true/false) data. 
5. Date and time data (month, day, year/hour, minute,
second). 
6. Monetary data.
7. Null values.

f. INDICES: The RDBS shall allow:
1. Both unique and non- unique indexes on individual or concatenated attributes in a table. 
2. At least 240 indices per relation for logical organization. 
3. At least 16 attributes per relational index key for both logical and physical organization.

g. DATA DICTIONARY: The RDBS shall provide a set of relations that records the names and descriptions of users, relations, views, and information about user privileges and data storage. The data definition facility shall permit:
1. The creation of and updating of relations and attributes.
2. Access control of relations and attributes defined in the data dictionary.
3. A relation identifying privileges allotted to users. 
4. Documentation and descriptions of relations and attributes.
5. The data definition facility shall be an active data dictionary.

h. DATA MANIPULATION: The RDBS shall provide the following: 
1. Commands to perform the following functions:
a) Add new data and rows. 
b) Retrieve data.
c) Update data.
d) Delete attributes, rows, and relations. 
2. Relational operators for performing: 
a) Select. 
b) Project. 
c) Join. 
d) View. 
3. Arithmetic functions (+, - , *, /, **).
4. Comparison and logical operators (=, <, >, <=, >=, <>). 
5. Numerical functions (ABS, ATAN, COS, LOG, SIN, MOD, SQRT).
6. Aggregate functions (SUM, COUNT, AVG, MAX, MIN).
7. String functions (CONCAT, SHIFT, UPPERCASE, LEFT, RIGHT, SIZE).
8. Grouped or nested aggregates. 
9. Pattern matching for single and multiple character data (?, *).
10. Date arithmetic.
11. Substring functions (field position plus length).

i. SECURITY: The RDBS shall provide security measures that control access and utilization of RDBS features. The following measures, as a minimum, shall be provided:
1. Access permission on data base, relation, and attribute based on user- id. 
2. Access permission on data base, relation, and attribute based on specific operations (read and write).
3. Multi- user concurrent control for locking below the relational level to allow for multiple updates at the same time. 
4. Multi- user concurrent control for locking below the relational level to allow for multiple reads.
5. Audit trails shall be turned on and off showing successful and failed accesses, objects accessed, and Data Manipulation Language (DML) statements used; and their success and failure against a relation.

j. BACKUP AND RECOVERY: The RDBS shall provide backup and recovery to preserve the integrity of data in the event of machine, software, or user error. The following features shall be provided:
1. Log transactions, including user- ID, date, and time for the following types of transactions:
a) Read transactions
b) Write transactions 
2. Backup and recovery including both rollback (transaction backout) and roll forward (apply transaction log). 
3. Recovery of the data base when machine failures or error detections occur. 
4. Automatic recovery of the data base following a machine restart.
5. Backup while operations on data base are being performed. 
6. Dump and load facility for transaction log and data base.


C8.5.1. SUPPORT UTILITIES

The following support utilities shall be provided:

a. Compiler support for embedding SQL statements or commands into high- level programming languages:
1. C.
2. FORTRAN.

b. The contractor shall supply a generalized input and output conversion interface facility to edit SQL command files, ASCII character files, and Data Descriptive Files (DDF) ISO 8211. The facility shall:
1. Display and edit an ASCII character file in one format to produce an ASCII character file that shall be used to load the contractor's data base. Such features shall define field size and delimiters and record size and delimiters.
2. Create and execute macros to perform the conversion automatically once the initial conversion sequence has been defined.
3. Display both control and noncontrol characters (all ASCII representations) for physical inspection and manipulation.
4. Provide a conversion facility to create and read a DDF for alphanumeric information interchange based on the ISO 8211 standard.

c. A utility to display the Audit Trail.

d. A performance monitoring facility for observing processes, users, locks, CPU utilization, I/O counts, and accounting information within a data base to allow data base, table, and query performance tuning and monitoring.

e. An application generator that integrates screen, menu and report generation with a fourth generation language (4GL) for calls to the RDBS and process control.

f. Interface to the IRDS to allow for storage, retrieval and query of nongraphic application information extracted from the GDBS applications (e.g., mapping data, mechanical design data, piping data, electrical design data, etc.). This interface shall include:
1. Basic geometry in Section C8.4.
2. Advanced applications in Sections C9 and C10.

g. A utility that supports the re- mapping of keys within an RDBS application to satisfy user and screen (form) generator requirements.

C8.5.2. INPUT FORM DESIGN

An Input Form Generator shall be provided.

a. Two types of form generators shall be provided:
1. A screen (form) generator for user- definable screen layouts from which data shall be retrieved and updated from the RDBS. The screen generator shall provide for:
a) Protected fields (read only and hidden).
b) Default values.
c) Alpha, numeric, alphanumeric, and special fields.
d) Cross- field edit checking.
e) Field validation.
2. A menu generator for creating user- definable English- like command options to group applications and tasks.
b. Input form design shall permit the user to lay out the form, set field length, assign information types, and provide editing against information types. 
c. Data entry areas shall be highlighted with reverse video, cursor placement, underlining, or some other means to guide the user to the proper block.
d. Input form design shall permit the user to layout on a single screen a master tuple with associated multiple detail line tuples:
1. The detail region shall support vertical scrolling.
2. Master and detail tuples shall be edited at the user's discretion.

C8.5.3. NOVICE USER SHELL

The features described in this section are intended to make the relational data base resources available to a user who is not familiar with the entire set of features. The features listed below shall facilitate user data analysis involving information and the storage of information in a data base format.

a. Provide a simplified menu and query by example interface permitting a user to perform the following without programming or knowledge of SQL:
1. Enter and modify data.
2. Display desired data.
3. Utilize the screen form generator.
4. Prepare reports.
5. Invoke a help system to display names and characteristics of tables to which user has access.
6. Invoke a help system to explain menu choices or how the QBE interface works.
7. Access error condition and recovery information.
8. Print labels on fan fold label stock.
9. Perform multi- table queries having more than one selection criterion and more than one sorting criterion.
b. The data base shall also include a natural language interface that allows the user to query the data using natural statements. The system shall allow the user to ask questions relating to what- is, who, how many, where, yes and no questions, date questions, perform calculations, assign selection ranges for any database element, and ask follow- up questions when the system displays insufficient or erroneous solutions.

C8.5.4. SPREADSHEET SHELL

The features listed below shall allow the user to access and modify the relational data base via spreadsheet operations. 

C8.5.4.1. GENERAL REQUIREMENTS

The spreadsheet shall:

a. Accommodate a matrix of 250 columns and 8000 rows containing at least 2,000,000 addressable cells. Each cell shall have the capacity for at least 60 alphanumeric characters.
b. Enter and modify data in addressable cells.
c. View any portion of the spreadsheet through specification of an address or provision of a label for a designated area of the spreadsheet.
d. Recalculate the spreadsheet after entry of a new data element or upon demand by the user.
e. Save the spreadsheet with an option to retain the current name or create a new name.
f. Provide file operations, including storage and retrieval, deleting files, partial loads and saves, etc.
g. Provide label names for cells in lieu of addresses. A cell address shall be the default.
h. Call up "help" screens at any time during a session.
i. Enter formulas into the spreadsheet cells.
j. Display menus for each system function. The user shall select menu items via key entry, cursor movement and pointer.
k. Designate variable width columns within a spreadsheet.
l. Designate individual columns of varying width.
m. Designate global or selectable multiple formats.
n. Move columns within a spreadsheet.
o. Copy cells. 
p. Specify a cell to contain a label to serve as a column heading or title, a row title, or a comment.
q. Specify that a cell contains a value.
r. Specify that a cell is to contain an expression the terms of which are themselves values and functions of other cells.
s. Perform the following functions:
1. General math (e.g., sum, round, square root, absolute value, etc.).
2. Trigonometry (e.g., sine, cosine, tangent, pi, etc.).
3. Statistics (e.g., count, average, maximum, minimum, variance, etc.).
4. Financial functions (e.g., present value, future value, payment, annuity, depreciation, etc.).
5. Arithmetic (e.g., specified date, today, year, month, day, time of day, Julian date, etc.).
6. Logical functions (e.g., if...then...else, and, or, not, true, false, etc.).
t. Perform basic editing functions affecting the cells, such as insert, delete, move, copy, modify, and output formatting.
u. Specify justification (e.g., left, right, center) for data in a row or column.
v. Specify both relative and absolute cell addresses in formulas and spreadsheet commands.
w. Specify row, column, and area ranges in formulas and spreadsheet commands.
x. Provide for general data, currency, fixed decimal, scientific notation, comma, a +/- format, percent, text and data selection.
y. Provide an on- screen calculator (add, subtract, multiply, divide) at any time during a session without disturbing the current data.
z. Provide file operations, including storage and retrieval, deleting files, partial loads and saves, etc.
aa. Move cell contents by pointing or highlighting, inserting rows and columns and deleting rows and columns.
ab. Move and copy functions (e.g., relative and absolute cell addressing, vertical to horizontal copying, and horizontal to vertical copying).
ac. Provide spreadsheet commands (e.g., erase, recalculation, control of column width, etc.).
ad. Load spreadsheet by importing and exporting external files.
ae. Transfer spreadsheet data into an external file. 
af. Specify that a cell is to contain an SQL query of the relational database which, on user command, shall retrieve current RDBS data into a cell or region of the spreadsheet. The spreadsheet shall adjust the region depth and relative addresses to accommodate varying numbers of rows returned by the query.
ag. Specify that a cell is to contain an SQL statement which, on user command, shall insert specified cell values as tuples into the relational database.
ah. Specify that a cell is to contain an SQL statement which, on user command, shall modify tuples of the relational database.

C8.5.4.2. HARD COPY REPORTS

The system shall output the results of a spreadsheet session as a printed report. The system shall perform the following features:

a. Print headers and footers, including date and page numbers.
b. Print column or row headings on every page of a report.
c. Print a user- designated range of cells, set page margins and override any defaults.
d. Set margins for various paper widths and unformatted page printing.
e. Select font size and type from a selection available from the system.
f. File and retain spreadsheets for future access. Print parameters shall remain with file.
g. Create user- defined keyboard macros by selecting a mode for saving a sequence of entries, or writing and saving macros which convert commands into machine- readable commands.
h. By user selection use the report generator described in Section C8.3. 

C8.5.4.3. GRAPHING

The system shall display and output the results of spreadsheet session using:

a. Graph types described in Section C9.9.2.
b. Computer graphics metafile (CGM).
                                                                                                                                                                                            C8.6. MODELING AND DRAWING MANAGEMENT SYSTEM (MDMS)

The Model and Drawing Management System (MDMS) shall manage all geometric data bases and related engineering data, such as bill of material and analysis reports. The MDMS shall view the data as a single project data base. It shall provide for the control of the configuration of an indentured set of geometric models and their associated drawings, nongraphic files, or other data for single or multiple projects. The following shall be provided: 

a. Features to perform the following: 
1. Project administration and control.
2. Project access security control.
3. Product and drawing release version control.
4. Codify and control all files associated with a particular project:
a) Drawing and model files.
b) Specification text files.
c) Cost information files.
d) Bills of material files.
e) Analysis and design computation files.
5. Prepare project reports listing status and 
management information pertaining to files that are associated with a given project.
b. Directories of the storage distribution of all data under MDMS control that shall indicate whether the data is located on immediate disk access or archived on magnetic tape. It shall identify the storage medium (i.e., volume name or tape number) and provide a feature to query the directory by user project and other user defined keys.
c. Provision to create temporary files from any files under MDMS control without altering or destroying the permanent version. All changes made shall be stored in a temporary location, and the permanent files on the system mass storage shall be updated only by authorized requests.
d. Interface to the Relational Data Base Management System (RDBS), the Information Resource Dictionary System (IRDS), and the Report Generator for the storage and reporting of MDMS data. 
e. Comprehensive MDMS error detection and recovery.
f. Interfaces for adding MDMS data pertaining to nongeometric engineering files and project data. 
g. Access to workstation I/O devices for viewing and listing MDMS queries and reports. 
h. Tracking and control of multiple levels of drawings such as system, subsystem, group, assembly, and component levels. The total number of files and projects under configuration control shall be limited only by disk capacity.
i. The MDMS shall operate in three types of configurations:
1. Local processing on stand- alone workstations managing the workstation data. 
2. Distributed processing among multiple workstations and data base and file servers managing the data throughout the entire network.
3. Centralized on a data base and file server managing the data in a central environment.

C8.6.1. PROJECT ADMINISTRATION AND CONTROL

The following project administration and control features shall be provided:
a. Identify the relations of files to projects.
b. Identify multiple levels of drawings such as system, subsystem, group assembly, and component levels related to a project.
c. Subdivide projects into subprojects and identify files and users by both categories.
d. Add and delete personnel associated with a project such as managers, designers, and detailers.
e. Add and delete designs in a project.
f. Partition projects into multiple data bases.
g. Allow a designated MDMS manager to define, add, modify, and delete projects under the MDMS control.



