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a. TECHNICAL INTERFACE SPECIFICATIONS: The Contractor shall 
provide detailed technical interface specifications for any hardware components (e.g., processors, controllers, tape units, disks, printers, networks) to the Contracting Officer's Technical Representative (COTR) upon request. Refer to Exhibit F.

b. GENERATED NOISE: 
1. The noise produced by the workstation, server and peripheral equipment shall not exceed 75 dBA
measured at any point when the equipment is placed on an acoustically reflective surface and the measurement is made at a distance of 1 +/- 0.1 meter from the equipment.
2. The normal operation noise level produced by all workstation and peripheral equipment assigned to an office work area shall not exceed 60 dBA measured at any point when the equipment is placed on an acoustically reflective surface and the measurement is made at a distance of 
1 +/- 0.1 meter from the equipment.

c. ENVIRONMENTAL AND UTILITY CONDITION: The hardware products shall operate as specified below:
1. The voltage will, at time of ordering, be either:
a) 115 VAC +/- 10%, 60Hz, single phase, a maximum of 15 amps per workstation.
b) 220 VAC +/- 10%, 50Hz, single phase, a maximum of 15 amps per workstation.
2. Temperature: 75 degree F +/- 15 degree F.
3. Humidity: 50% +/- 30% noncondensing.
4. Maximum footprint: 8 sq. ft.

d. HARDWARE INTERCHANGEABILITY: All hardware devices and equipment modules shall be interchangeable with any other device having the same model number.

e. CABLES: All cables shall be provided, as required, for installation. 
1. All cables shall be durable.
2. Power cable - Provided in appropriate lengths, sized, and rated in accordance with current National Electric Code.
3. All cables with metallic members shall be 100% shielded in accordance with EIA standards.
4. Peripheral equipment shall be provided with signal cables of an appropriate standard length.

f. WHEELS: Wheels or equivalent that move easily for maintenance or cleaning shall be provided for all floor standing equipment.

g. SIZE: All equipment specified in Section C5 shall permit entry through a 34- inch- wide by 80- inch- high doorframe. 

h. BATTERY SUPPORTED CLOCK (BSC): A battery supported clock shall be provided with each workstation and server processor. Batteries shall be replaced under warranty and hardware maintenance plans for the life of the contract. 

i.DEFAULT INTERFACES: Each hardware device specified in Section C5 that shall connect to a FAN shall be delivered with an IEEE 802.3 interface. 
1. The interface shall include BNC and 15- pin D connectors. 
2. The user can order additional interfaces for each hardware device.

j. CONNECTORS: All external connectors shall be secured with twist lock or equivalent connectors.

k. THERMAL PROTECTION: Thermal protection function shall be provided such that the workstations and servers shall execute an orderly shutdown when the ambient temperature exceeds 97 degrees F (see Section C5.1.c.2.).

 C5.2. WORKSTATIONS

C5.2.1. GENERAL WORKSTATION REQUIREMENTS

This section defines the minimum requirements for Engineering Workstations. The workstation is the fundamental platform in the CAD/CAE system. It will be the primary tool of each Navy engineer, designer, and technician. The workstations are modular machines which can be configured by the individual user to meet his needs. All general requirements given in Section C5.1. shall be incorporated.
a. The following workstation components have been identified: 
 1. Processors.
 2. Graphics subsystems which consist of:
 a) Graphics display device.
 b) Graphics processor.
3. Mass storage devices including:
a) Removable disk drive.
b) Nonremovable disk drives.
c) Magnetic backup drives.
d) Floppy disk drives.
e) CD- ROM.
f) Optical digital storage drive.
4. Memory upgrades.
5. Digitizers and pointing devices.
6. Asynchronous I/O ports.
b. A workstation processor, graphics display, graphics processor, mass storage devices, and operations system have been configured to form basic workstations. The following basic workstations shall be provided (Section C5.2.2.):
1. Component Design Workstation.
2. System Design Workstation.
3. Facilities Design Workstation.
c. All workstations shall have the following characteristics:
1. Operate in an office environment without the requirement for special environmental conditioning or power conditioning.
2. Consist of a multifunctional, multitasking device designed with tightly coupled processor, graphics and mass storage subsystems. 
3. Have a minimum of a full 32- bit architecture (32-bit 
internal register operations and 32- bit 
transfers to/from memory).
4. Provide 32- bit and 64- bit floating point arithmetic equal to the IEEE 754 specification, running under standard language compilers and executing widely accepted portable software. Provisions for storage of zero on underflow shall be included.
5. Provide a math coprocessor, floating point processor or accelerator.
6. Incorporate a bus structure to allow for expansion and modularity.
a) Provide a 32- bit data path.
b) Be an open bus architecture. An open bus architecture shall be defined as a bus whose technology and documentation are available to third party developers and manufacturers without special licensing or restrictions.
7. Support any combination of mass storage devices. 
8. Be provided with a pointing device (mouse or equivalent) and a dedicated interface for the device to the workstation.
9. Be provided with a detachable alphanumeric keyboard which supports the full 8- bit ASCII character set, a programmable numeric keypad, cursor movement keys, and programmable function keys in accordance with ANSI X3.23- 1982.
10. Include the following communications components as defined in Section C4:
a) IEEE 802.3A interface.
b) CAD2 FAN interface (Section C4.3.1.).
c) DOD protocols (Section C4.3.3.).
d) Transparent File Access (TFA) or Network File System (NFS) (Section C4.3.9.a.).
e) At least one asynchronous communications interface port (Section C4.7.2.).
11. Provide expansion to at least two asynchronous communications interface ports (Section C4.7.2.).
12. Provide expansion for:
a) Memory described in Section C5.2.3.1.
b) Synchronous I/O ports (Section C4.7.1.).
c) Mass storage devices described in Section C5.2.3.4.
13. Include operating system software, Sections C7.1. through C7.12. and C7.14. 


C5.2.2. TYPE OF WORKSTATION

C5.2.2.1. COMPONENT DESIGN WORKSTATION

This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.1.a. through C5.2.1.c.
b. Processor, 0.3 MFLOPS: See Section C5.2.3.1.1.
c. Graphics Display Device, 13-to-17-Inch: See Section C5.2.3.3.1.
d. Graphics Processor: See Section C5.2.3.2.1.
e. Mass Storage Device, 300 MByte Nonremovable Magnetic Disk: See Section C5.2.3.4.2.
f. Physical size and configuration of this workstation shall easily fit on top of an office desk, not to exceed 20 inch height X 20 inch width X 20 inch depth.

C5.2.2.2. SYSTEM DESIGN WORKSTATION

This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.1.a. through C5.2.1.c.
b. Processor, 0.8 MFLOPS: See Section C5.2.3.1.2.
c. Graphics Display Device, 19-Inch: See Section C5.2.3.3.2.
d. Graphics Processor: See Section C5.2.3.2.1.
e. Mass Storage Device, 575 MByte Nonremovable Magnetic 
Disk: See Section C5.2.3.4.3.

C5.2.2.3. FACILITIES DESIGN WORKSTATION

This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.1.a. through
C5.2.1.c.
b. Processor, 2.0 MFLOPS: See Section C5.2.3.1.3.
c. Graphics Display Device, 23- Inch: See Section 
C5.2.3.3.3.
d. Graphics Processor: See Section C5.2.3.2.1.
e. Graphics processor upgrade: See Section C5.2.3.2.2
f. Mass Storage Device, 575 MByte Nonremovable Magnetic 
Disk: See Section C5.2.3.4.3.

C5.2.3. WORKSTATION COMPONENTS

C5.2.3.1. WORKSTATION PROCESSORS

C5.2.3.1.1.     0.3 MFLOPS PROCESSOR

This product shall incorporate the following minimum features:
a. Processing power, have a floating point rate of at least: 
1. 0.30 MFLOPS sustained on the LINPACK benchmark systems of 100 equations, full precision, using all FORTRAN, as described in Dongarra's Argonne National Laboratory Technical Memorandum No. 23, "Performance of Various Computers Using Standard Linear Equations Software in a FORTRAN Environment," dated 4 Aug 1988.
2. 0.30 MFLOPS based upon the Livermore FORTRAN Kernels (LFK) geometric mean as described in McMahon's Lawrence Livermore National Laboratory report UCRL 53745, "The Livermore FORTRAN Kernels: Computer Test of the Numerical Performance Range."
b. Base Memory: 8 megabytes.
c. Memory Expansion: Memory expansion to at least 16 megabytes orderable in increments of at least 8 mbytes.
d. Mass Storage Expansion: At least two mass storage devices as described in Section C5.2.3.4.

C5.2.3.1.2.     0.8 MFLOPS PROCESSOR

This product shall incorporate the following minimum features:
a. Processing power, have a floating point rate of at least:
1. 0.80 MFLOPS sustained on the LINPACK benchmark systems of 100 equations, full precision, using all FORTRAN, as described in Dongarra's Argonne National Laboratory Technical Memorandum No. 23, "Performance of Various Computers Using Standard Linear Equations Software in a FORTRAN Environment," dated 4 Aug 1988.
2. 0.80 MFLOPS based upon the Livermore FORTRAN Kernels (LFK) geometric mean as described in McMahon's Lawrence Livermore National Laboratory report UCRL 53745, "The Livermore FORTRAN Kernels: Computer Test of the Numerical Performance Range."
b. Base Memory: 16 megabytes.
c. Memory Expansion: Memory expansion to at least 32 megabytes orderable in increments of at least 8 mbytes.
d. Mass Storage Expansion: At least four mass storage devices as described in Section C5.2.3.4.

C5.2.3.1.3.    2.0 MFLOPS PROCESSOR

This product shall incorporate the following minimum features:
a. Processing power, have a floating point rate of at least: 
1. 2.00 MFLOPS sustained on the LINPACK benchmark systems of 100 equations, full precision, using all FORTRAN, as described in Dongarra's Argonne National Laboratory Technical Memorandum No. 23, "Performance of Various Computers Using Standard Linear Equations Software in a FORTRAN Environment," dated 4 Aug 1988.
2. 2.00 MFLOPS based upon the Livermore FORTRAN Kernels (LFK) geometric mean as described in McMahon's Lawrence Livermore National Laboratory report UCRL 53745, "The Livermore FORTRAN Kernels: Computer Test of the Numerical Performance Range."
b. Base Memory: 16 megabytes.
c. Memory Expansion: Memory expansion to at least 64 megabytes orderable in increments of at least 8 mbytes.
d. Mass Storage Expansion: At least four mass storage devices as described in Section C5.2.3.4.

C5.2.3.1.4. WORKSTATION 0.3 MFLOPS PROCESSOR TO 0.8 MFLOPS
PROCESSOR UPGRADE
The workstation 0.3 MFLOPS processor shall be field upgradeable to a workstation 0.8 MFLOPS processor. The upgrade shall in no way require the replacement of any existing peripherals, mass storage devices and application software products.

C5.2.3.1.5. WORKSTATION 0.8 MFLOPS PROCESSOR TO 2.0 MFLOPS
PROCESSOR UPGRADE
The workstation 0.8 MFLOPS processor shall be field upgradeable to a workstation 2.0 MFLOPS processor. The upgrade may, at the Contractor's option, include a complete replacement of the workstation processor. The upgrade shall in no way require the replacement of any existing peripherals, mass storage devices, and application software products.

C5.2.3.2. GRAPHICS PROCESSOR

C5.2.3.2.1. GRAPHICS PROCESSOR
This product shall incorporate the following minimum features:
a. Operate in conjunction with all workstation processors in Sections C5.2.3.1.1. through C5.2.3.1.5.
b. Performance shall be measured in true minimum viewable pixels, not antialiased pixels.
c. Line draw rate: 1 million pixels/second.
d. Character write: 5,000 char/sec displaying ASCII characters from ROM.
e. Minimum simultaneous displayable colors: 256.
f. Minimum color palette size: 4096.

C5.2.3.2.2. GRAPHICS PROCESSOR UPGRADE
This product shall upgrade the graphics processor with the
following minimum features:
a. Operate in conjuction with all workstation processors in Sections C5.2.1.1. through C5.2.3.1.5.
b. Performance shall be measured in true minimum viewable pixels, not antialiased pixels.
c. Line draw rate: 3 million pixels/sec.
d. Simultaneously displayable colors: 4096.
e. Color palette size: 16 million.
f. The upgrade shall in no way require the replacement of the attached graphics display device.

C5.2.3.3. GRAPHICS DISPLAY DEVICES
These products shall incorporate the following minimum features:
a. Operate in conjunction with all workstation processors in Section C5.2.1.1. 
b. Provide noninterlaced color raster scan.
c. Include an integral tilt and swivel mechanism. 
d. May employ antialiasing techniques to improve the perceived resolution of a display device as long as the requirements for the true minimum viewable resolution of the device are met.
e. Easily accessible brightness control.
f. Have integral antiglare properties.
g. Display working area shall be the diagonal measurement from the lower right corner to the upper left corner of the portion of the screen that is visible with any casing, filter or other items in place for proper viewing.

C5.2.3.3.1.    13- to 17-INCH GRAPHICS DISPLAY DEVICE
This product shall incorporate the following minimum features:
a. Shall incorporate the general requirements in Sections C5.2.3.3.a. through C5.2.3.3.f.
b. Display working area: 13- to 17- inch diagonal color display.
c. Display resolution: no less than 1.0 million pixels of image area on video display.
d. Horizontal scan line: no less than 80 dots per inch using square pixels.
e. Landscape orientation.

C5.2.3.3.2.    19-INCH GRAPHICS DISPLAY DEVICE
This product shall incorporate the following minimum features:
a. Shall incorporate the general requirements in Sections C5.2.3.3.a. through C5.2.3.3.f.
b. Display working area: 19-inch diagonal color display.
c. Display resolution: no less than 1.0 million pixels of image area on video display.
d. Horizontal scan line: no less than 80 dots per inch using square pixels.
e. Landscape orientation.

C5.2.3.3.3.    23-INCH GRAPHICS DISPLAY DEVICE
This product shall incorporate the following minimum features:
a. Shall incorporate the general requirements in Sections C5.2.3.3.a. through C5.2.3.3.f.
b. Display working area: at least 23-inch diagonal color display.
c. Display resolution: no less than 1.3 million pixels of image area on video display.
d. Horizontal scan line: no less than 80 dots per inch using square pixels.
e. Square or landscape orientation.
f. Shall interface to the 0.4 MFLOPS and 1.0 MFLOPS workstation processors.
g. Shall interface to the upgraded graphics processor.

C5.2.3.4. WORKSTATION MASS STORAGE DEVICES
These products shall incorporate the following minimum features:
a. Operate in conjunction with all workstations in Sections C5.2.2.1. through C5.2.2.3.
b. Be provided in a 5.25-inch, or smaller, form factor.
c. Include all controllers, cables and interfaces, formatting utilities, etc., necessary to install and use the mass storage devices on the workstations.
d. Adhere to one of the following specifications:
1. Enhanced Small Device Interface (ESDI).
2. Small Computer Systems Interface (SCSI), ANSI X3.131- 1986.
3. ANSI Intelligent Peripheral Interface (IPI), ANSI X3.129- 1986.
e. The mass storage system (hardware and software, including data format, buffers, controllers, channels, etc.) shall be configured to optimize the workstation performance such that the primary mass storage system has the highest priority and greatest importance.

C5.2.3.4.1.    300 MBYTE REMOVABLE DISK DRIVE
This product shall provide either removable media or a removable sealed disk unit and shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through C5.2.3.4.e.
b. Device capacity (formatted): 300 megabyte minimum.
c. Device effective transfer rate: 1.25 megabyte/second minimum.
d. Device average access time: less than 30 milliseconds.
e. Provide two additional blank formatted media if media is removable, or one additional formatted sealed disk unit if disk unit is removable.
f. Blank media or disk unit shall be orderable for the life of the contract in single unit lots.

C5.2.3.4.2.    300 MBYTE NONREMOVABLE DISK DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through C5.2.3.4.e.
b. Device capacity (formatted): 300 megabyte minimum.
c. Device effective transfer rate: 1.25 megabyte/second minimum.
d. Device average access time: less than 20 milliseconds.

C5.2.3.4.3.    575 MBYTE NONREMOVABLE DISK DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through C5.2.3.4.e.
b. Device capacity (formatted): 575 megabyte.
c. Device effective transfer rate: 1.25 megabyte/second.
d. Device average access time: less than 20 milliseconds.

C5.2.3.4.4.   CD-ROM DISK DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through
C5.2.3.4.e.
b. The CD-ROM shall adhere to ISO 9660, "Volume and file structure of CD-ROM information interchange."

C5.2.3.4.5. OPTICAL DIGITAL STORAGE DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through
C5.2.3.4.e.
b. Read from and write to 5-1/4-inch optical disk platters.
c. Device capacity (formatted): 650 megabytes.
d. Comply with ISO 9171 Format B (Sampled Servo) tracking Format.
e. Write Once Read Many (WORM).
f. Provide two additional blank formatted media.
g. Blank media shall be orderable for the life of the contract in single unit lots.

C5.2.3.4.6.     5.25-INCH FLOPPY DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through
C5.2.3.4.e.
b. Device capacity (formatted): 1.2 megabyte minimum.
c. Physically read and write the following formats:
1. MS- DOS 360 Kbyte double sided, double density.
2. MS- DOS 1.2 megabyte high density.
3. Contractor native formats.
d. Be provided in a half-height form.

C5.2.3.4.7.     3.50-INCH FLOPPY DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through
C5.2.3.4.e.
b. Device capacity (formatted): 1.4 Mbyte minimum.
c. Physically read and write the following format:
1. MS- DOS 720 Kbyte double sided, double density.
2. MS- DOS 1.4 Mbyte high density.
3. Contractor native format.
d. Be provided in a half-height form.

C5.2.3.4.8.   EXTERNAL MASS STORAGE EXPANSION CABINET
This product shall incorporate the following minimum features:
a. Floor column model, maximum 24-inch width.
b. Maximum height, 32 inches.
c. Maximum depth, 32 inches.
d. House at least 4 mass storage devices (Section C5.2.3.4.).

C5.2.3.4.9.   MAGNETIC BACKUP DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.2.3.4.a. through
C5.2.3.4.e.
b. Storage capacity: at least 300 MByte.
c. Storage media: cartridge or cassette.
d. Single file search and recovery.
e. Direct disk image backup and restore.
f. Provide two additional blank formatted media.
g. Blank media shall be orderable for the life of the contract in single unit lots.

C5.2.3.5.   WORKSTATION GRAPHICS TABLET
This product shall incorporate the following minimum features:
a. Operate in conjunction with all workstations in Sections C5.2.2.1. through C5.2.2.3.
b. Tablet with active area of at least 11 X 17 inches (B size drawing).
c. Interchangeable stylus and multi- button puck.
d. Resolution - at least 0.005 inch.
e. Accuracy - at least 0.025 inch.
f. Repeatability - at least 0.010 inch.

C5.2.3.6.   WORKSTATION DIGITIZER
This product shall incorporate the following minimum features:
a. Operate in conjunction with all workstations in Sections C5.2.2.1. through C5.2.2.3.
b. Interface to the workstation processor via one of the following methods:
1. An asynchronous I/O port RS-232 interface.
2. A dedicated digitizer or pointing device port.
c. A minimum active digitizer surface area of 34 inches by 44 inches.
d. Interchangeable stylus and multibutton puck.
e. Resolution - 0.001 inch.
f. Accuracy - 0.010 inch.
g. Repeatability - 0.002 inch.
h. Adjustable back lighting.
i. Motorized lift for the digitizer surface.
j. Balanced tilting mechanism for the digitizer surface.
k. Software X or Y axis locking mechanism.
l. Drawings or sketches prepared with graphite lead shall not affect digitizer operation.

C5.3. NETWORK SERVERS

All network servers shall operate concurrently with all other devices that are connected to the FAN.

C5.3.1.   DATA BASE SERVER
This product shall incorporate the following minimum features:
a. Be based on the workstation components described in Section C5.2.
1. Workstation Processor: 0.80 MFLOPS (Section C5.2.3.1.2.).
2. Workstation memory upgrade (Section C5.2.3.1.2.c.).
b. Shall include the following storage devices:
1. Workstation mass storage device: 575 Mbyte non-removable disk drive (Section C5.2.3.4.3.).
2. Additional internal/external mass storage configurations:
a) Any combination of workstation mass storage devices (Section C5.2.3.4.).
b) Any combination of server mass storage devices (Section C5.3.7.).
c) Any combination of server and workstation mass storage devices.
d) Expansion to at least 2 gigabytes using any combination of 300 or greater Mbyte magnetic disk drive.
c. Operate in the following three modes:
1. Provide dedicated data base services to other servers and workstations on the FAN.
2. Provide dedicated mass storage services to other servers and workstations on the FAN.
3. Operate in a dual mode, simultaneously providing data base and mass storage services to other servers and workstations on the FAN.
d. When used as mass storage file server, the features shall include at least:
1. Primary mass storage resources for any workstation via the Transparent File Access (TFA).
2. Transparent file access and service to any workstation or server on the network via the Transparent File Access (TFA).
3. Magnetic tape services (read and write) for any workstation or server on the network.
e. Support the following operator's consoles:
1. An alphanumeric terminal (Section C5.4.13.).
2. A workstation with an authorized user on the network.
f. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
g. Operating system Sections C7.1., C7.4., C7.7., C7.8.,
C7.10., C7.11., and C7.14.

C5.3.2.   FILE SERVER
This product shall incorporate the following minimum features:
a. Be based on the workstation processors described in Section C5.2.1.
1. Workstation Processor: 2.0 MFLOPS (Section C5.2.3.1.3.).
2. Workstation memory upgrade (Section C5.2.3.1.2.c.)
b. Shall include the following mass storage devices:
1. Workstation mass storage device: 600 Mbyte non-removable disk drive (Section C5.3.7.1.).
2. Additional mass storage configurations:
a) Any combination of workstation mass storage devices (Section C5.2.3.4.).
b) Any combination of server mass storage devices (Section C5.3.7.).
c) Any combination of server and workstation mass storage devices.
d) Expansion to at least 4 gigabytes using any combination of 300 or greater Mbyte disk drive.
c. Operate in the following three modes:
1. Provide dedicated mass storage services to other servers and workstations on the FAN
2. Provide dedicated data base services to other servers and workstations on the FAN.
3. Operate in a dual mode, simultaneously providing data base and mass storage services to other servers and workstations on the FAN.
d. Mass storage features shall include at least:
1. Primary mass storage resources for any workstation via the Transparent File Access (TFA).
2. Transparent file access and service to any workstation or server on the network via the Transparent File Access (TFA).
3. Magnetic tape services (read and write) for any workstation or server on the network.
e. Support the following operator's consoles:
1. An alphanumeric terminal (Section C5.4.13.).
2. A workstation with an authorized user on the network.
f. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
g. Operating system Sections C7.1., C7.4., C7.7., C7.8.,
C7.10., C7.11., and C7.14.

C5.3.3.   OPTICAL MASS STORAGE SERVER
This product shall incorporate the following minimum features:
a. Maintain medium to large amounts of infrequently accessed data on-line and available to the servers and the networked workstations. (Note: An optical mass storage server is sometimes referred to as an Optical Disk Jukebox.) 
b. Provide transparent file management and access to other servers and workstations on the FAN (i.e., the files and file operations for data on the optical mass storage server shall appear identical to that of the other magnetic mass storage devices). Files may be copied and accessed using standard operating system commands and procedures.
c. Be provided with removable media (herein referred to as optical disks) which can be transported between sites by the Government.
d. Provide one of the following:
1. Write Once Read Many (WORM), or
2. Write Many Read Many (WMRM).
e. Provide at least 16 gigabytes of on-line storage.
f. Minimum expandable storage capacity to at least 120 gigabytes.
g. Include a loader that accepts new optical disks and places them in the server library.
h. The operator's console shall be one of: 
1. An alphanumeric terminal (Section C5.4.13).
2. A workstation with an authorized user on the network.
i. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
j. Operating system Sections C7.1., C7.4., C7.7., C7.8., C7.10., C7.11., and C7.14.
k. The general hardware requirements in Sections C5.1.a. through C5.1.k.

C5.3.4.   PLOT SERVER
This product shall incorporate the following minimum features:
a. Efficient plotting of large format graphic intense drawings.
b. Provide plot spooler.
c. Perform rasterization.
d. Support at least two non-impact plot devices simultaneously.
e. Support the following:
1. Nonimpact monochrome plotter, Section C5.4.2.
2. Nonimpact color plotter, Section C5.4.3.
f. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
g. Operating system Sections C7.1., C7.4., C7.7., C7.8., C7.10., C7.11., and C7.14.
h. The general hardware requirements in Sections C5.1.a. through C5.1.k.

C5.3.5.   COMPUTE SERVER
This product shall incorporate the following minimum features:
a. Process computation intensive computer aided engineering (CAE) applications including:
1. Finite element analysis
2. Thermal analysis
3. Fluid flow analysis
4. Water distribution analysis
5. Electrical distribution analysis
6. Surface modeling
7. Solids modeling
b. Operate in the office environment, Section C5.1.c.
c. Processor characteristics:
1. Processing power, have a floating point rate of at
least:
a) 4.00 MFLOPS sustained on the LINPACK benchmark systems of 100 equations, full precision, using all FORTRAN, as described in Dongarra's Argonne National Laboratory Technical Memorandum No. 23, "Performance of Various Computers Using Standard Linear Equations Software in a FORTRAN Environment," dated 4 Aug 1988.
b) 4.00 MFLOPS based upon the Livermore FORTRAN Kernels (LFK) geometric mean as described in McMahon's Lawrence Livermore National Laboratory report UCRL 53745, "The Livermore FORTRAN Kernels: Computer Test of the Numerical Performance Range."
3. Base memory: 16 megabytes.
4. Memory expansion: Memory shall expand to at least 64 megabytes in increments of at least 16 megabytes.
5. Provide at least 32-bit and 64-bit floating point arithmetic with quality comparable to the IEEE 754 specification, running under standard language compilers and executing widely accepted portable software. Provisions for storage of zero on underflow shall be included.
d. Mass Storage:
1. Minimum of 575 megabytes using one device, Section C5.2.3.4.3. or Section C5.3.7.1.
2. Expand to at least 1 gigabyte using any combination of 300 or greater Mbyte magnetic disk drives from Section C5.2.3.4.3. or Section C5.3.7.1.
3. The mass storage system, which includes controllers and channels, shall be selected to optimize the compute server performance.
e. Optimization features shall be provided to enhance computing performance of computation intensive applications:
1. Computation enhancing hardware features shall be utilized when computing with optimized applications. Computation enhancing hardware features may include parallel processing, processing, or other proposed technique.
2. A compiler optimization feature to envoke enhanced computing performance shall be provided for the:
a. FORTRAN compiler.
b. C compiler.
3. Applications targeted for the servers and provided via this contract shall utilize the optimization features to enhance computation performance on this server. 
f. Attach to a functional area network and interoperate on the network with workstations, other servers, and peripherals. If a workstation is used as a host, the workstation shall be included in the subcontract line item and price.
g. Physical size shall be compatible with the office environment and on the order of the workstations. 
h. The operator's console shall be one of:
1. An alphanumeric terminal (Section C5.4.13).
2. A workstation with an authorized user on the network.
i. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
j. Operating system Sections C7.1., C7.4., C7.7., C7.8., C7.10., C7.11., and C7.14.
k. The general hardware requirements in Sections C5.1.a. through C5.1.k.

C5.3.6.   COMMUNICATIONS SERVER
This product shall incorporate the following minimum features:
a. Be based on the workstation components described in Section C5.2.:
1. Workstation Processor: 0.3 MFLOPS (Section C5.2.3.1.1.c.)
b. The server mass storage devices shall be:
1. 300 MB nonremovable disk drive, Section C5.2.3.4.2.
c. The server communications ports, in addition to the FAN connection, shall be any combination of:
1. Synchronous communications interfaces (Section C4.7.1.).
2. Asynchronous communications interfaces (Section C4.7.2.).
d. Support the following operator consoles:
1. An alphanumeric terminal.
2. A workstation with an authorized user on the network.
e. Communication interface:
1. CAD2 FAN interface (Section C4.3.1.).
2. DOD protocols (Section C4.3.3.).
f. Operating system Sections C7.1. C7.4., C7.7., C7.8., C7.10., C7.11., and C7.14.
g. Be a host for the Network Management Product, Section C4.8., when installed.
h. Include the Communications Access Control Software, Section C4.7.3.
i. Be a host for the DDN PSN suite, Section C4.3.5., when installed.

C5.3.7.   SERVER MASS STORAGE DEVICE
This section defines magnetic disk and tape storage devices
for the servers. Provide the following:
a. All necessary cables, interfaces, and software drivers.
b. Multiple data transfer and operations control paths to single or multiple storage devices.
c. Bit error rate of no more than 1.0E- 12.
d. Error correction.
e. Adhere to one of the following specifications:
1. Intelligent Peripheral Interface (IPI), ANSI X3.129- 1986.
2. Storage Module Device (SMD) family of protocols (e.g., Enhanced Storage Model Device (ESMD), SMD- H).
3. Enhanced Small Device Interface (EDSI).
4. Small Computer Systems Interface (SCSI), ANSI X3.131- 1986.
f. General requirements in Sections C5.1.a. through C5.1.j.

C5.3.7.1.   600 MBYTE NONREMOVABLE DISK DRIVE
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.3.7.a. through C5.3.7.f.
b. Be an on- line peripheral to the servers defined in Section C5.3.
c. Fixed media disk drive.
d. Formatted capacity of at least 600 MB.
e. Effective byte transfer rate of no less than 2.4 MB/sec.
f.  Average access time of no greater than 18 milliseconds.
g. Disable (logically remove) any drive without impairing the operation of the remaining disk drives (excluding the system disk).
h. Record error profiles and statistics to permit subsystem evaluation.
i. Detect and avoid bad disk blocks with automated procedures.

C5.3.7.2.   NINE-TRACK MAGNETIC TAPE DEVICE
This product shall incorporate the following minimum features:
a. Incorporate the general requirements in Sections C5.3.7.a. through C5.3.7.f.
b. Use one-half inch wide commercial grade magnetic tape.
c. Provide tape paths that are accessible for cleaning without use of tools.
d. Provide an automatic reread when a tape error is detected (except for Phase Encoded (PE) and Group Coded Recording (GCR) errors which can be corrected). There shall be no more than 15 retries with the same threshold levels of the read amplifiers.
e. Accommodate 6-inch, 7-inch, and 10.5-inch reels.
f. Software-controlled density selection. 
g. Record of single bit errors detected and corrected. 
h. Automatic loading and threading of 6-inch, 7-inch, and 10.5-inch reels.
i. Write ring feature.
j. Handle tape media of various thicknesses to allow up to 3600-foot reels of tape.
k. Complies with the following ANSI standard read and write characteristics:
1. 6250 BPI (9-track). These units shall read and
write according to ANSI X3.54-1976 (6250-BPI group coded recording (GCR)). 
2. 1600 BPI (9-track). These units shall read and write according to ANSI X3.39- 1973 (1600-BPI phase encoded (PE)). 
l. Read and write speed no less than 75 inches per second.

C5.4.  PERIPHERALS
The following peripherals shall be provided for use with the FAN and appropriate servers and workstations as listed in Table C5-1. The general requirements in Section C5.1. shall be incorporated.
a. All software applications, whether they are located on a server or a workstation, shall have the feature to output directly to a user selected hard copy device. For example, all graphics software shall output to all plotters and hard copy devices. 
b. Text-based applications, such as word processing, text editors, and electronic spreadsheets, shall have the feature to output to all the printer devices. 
c. Any hard copy device which is located on the network (i.e., the hard copy device need not be directly attached to the workstation) shall be selectable by the user from any node on the network.
d. All peripherals shall be supplied with all necessary device drivers (Section C4.3.10.), controllers, cables, and documentation to provide for installation. 
e. In determining the effective plotter area, only those areas marked by all marking devices, mechanisms, or scribes shall be used as the computational basis. 
f. Resolution, repeatability, and accuracies shall be maintained over the entire effective printing/plotting areas. 
g. Quality output shall be provided. The Government shall be the sole judge of quality.
h. All graphic devices shall implement the Computer Graphics Interface (CGI), ANSI X3.161. This shall be in addition to a proprietary interface.
i. Provide one of the interfaces listed in Table C5-1 for each peripheral.
j. The general requirements in Sections C5.1.a. through C5.1.j.

C5.4.1.   PEN PLOTTER
This product shall incorporate the following minimum features:
a. Accommodate 36-inch-wide media.
b. Accommodate cut sheet up to 50 inches in length.
c. Have an effective plotting width of no less than 34 inches.
d. Be vertically oriented to conserve floor space (in contrast to a flat bed plotter).
e. Accommodate:
1. Wet ink.
2. Fiber tip.
3. Ballpoint pens.
f. The following drawing media shall be accommodated:
1. Vellum.
2. 3-mil and 4-mil polyester film - single side coated and/or double side coated.
3. Bond.
g. Position the marking mechanism and establish the position as the origin (X=0, Y=0) anywhere on the surface of the plot.
h. Number of pens - at least 4.
i. Mechanical Resolution - 0.0005 inch or finer.
j. Repeatability - 0.005 inch or finer with a given pen.
k. Accuracy - 0.010 inch or finer.
l. Unattended operational features.

C5.4.2.  NONIMPACT MONOCHROME PLOTTER
This product shall incorporate the following minimum features:
a. General requirements in Sections C5.4.a. through C5.4.j.
b. Resolution: at least 400 X 400 dots per inch.
c. Paper width: no less than 36 inches.
d. Two-minute maximum plot time, including rasterization, for typical ANSI E- size drawing. Plot time shall be defined as the end of data transmission to the plotter controller until the final paper plot is delivered to the operator. A typical E size drawing shall be said to consist of approximately 25,000 vectors.
e. Plot data shall be generated from the data base and not as a screen dump from the workstation graphics display.

TABLE C51

ALLOWABLE PERIPHERAL INTERFACES

Peripherial                                                        FAN              RS 232     Workstation     Contractor's
                                                                     (IEEE 802.3                                   Video              Interface
                                                                      or 802.3A)
C5.4.1     Pen Plotter                                              X                     X
C5.4.2     Nonimpact Mono-                                 X                     X
chrome Plotter
C5.4.3     Nonimpact Color                                    X                     X
Plotter
C5.4.4     Color HardCopy                                     X                     X                     X                         X
Printer/Plotter
C5.4.5.1  Low Speed Nonimpact                          X                     X                                                 X
Printer/Plotter
C5.4.5.2  Medium Speed Non-                             X                      X
impact Printer/
Plotter
C5.4.6     Drawing Scanner                                   X                       X                                                X
C5.4.7     Aperture Card                                        X                       X                                                X
Scanner
C5.4.8     Document Scanner                                X                       X                                                X
C5.4.9     Color Graphics                                                                                       X                           X
Photo Recorder
C5.4.10   Workstation Video                                                                                X                           X
Tape Output
C5.4.11   Workstation Video                                                                                X                           X
Input
C5.4.12   Large Screen Color                                                                                X                           X
Projector
C5.5.13   Alphanumeric                                                                    X 
Terminal

f. Plot quality shall be consistent over entire plot.
g. Accommodate the following drawing media:
1. Vellum.
2. 4-mil polyester film.
3. Bond.
h. Automatic take-up spool which can accommodate one complete roll of media.
i. Unattended operation.
j. The plot controller shall produce a mirror plot as a user's choice.
k. The plot controller shall rotate plots 360 degrees in increments of at least 90 degrees at the user's selection.
l. Accommodate at least a 100- foot roll of drawing media.
m. Provide at least 100 feet of bond and at least 100 feet of polyester film.
n. Blank rolls of bond and polyester film drawing media shall be orderable for the life of the contract in at least 100 foot rolls.

C5.4.3.   NONIMPACT COLOR PLOTTER
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Resolution: at least 400 X 400 dots per inch.
c. Provide high quality output for shaded images and solid models.
d. Accommodate the following drawing media: 
1. Vellum.
2. 4-mil polyester film.
3. Bond.
f. Unattended operation.
g. Paper width: at least 36 inches.
h. Colors: no less than 1024.
i. Provide an automatic take- up spool which can accommodate one complete roll of media.
j. Accommodate at least a 100-foot roll of drawing media.
k. Plot times (defined as the end of data transmission to the plotter controller until the final paper plot is delivered to the operator):
1. Color: 15-minute maximum plot time, including rasterization, for typical ANSI E size drawing. A typical E size drawing shall consist of approximately 25,000 vectors.
2. Monochrome: Two-minute maximum plot time, including rasterization, for typical ANSI E size drawing. Plot time shall be defined as the end of data transmission to the plotter controller until the final paper plot is delivered to the operator. 
l. The plot controller shall produce a mirror plot as a user's choice.
m. The plot controller shall rotate plots 360 degrees in increments of at least 90 degrees at the user's selection.
n. Provide at least 100 feet of bond and at least 100 feet of polyester film.
o. Blank rolls of bond and polyester film drawing media shall be orderable for the life of the contract in at least 100 foot rolls.

C5.4.4.   COLOR HARDCOPY/PRINTER/PLOTTER 
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Resolution - at least 300 x 300 dots/inch. 
c. Plotting sizes - ANSI A (8.5 x 11 inches) and ANSI B (11.0 x 17.0 inches).
d. Colors - at least 4096.
e. Allows a user of a workstation to print a hard copy of the workstation screen.
f. Device drivers shall be provided which allow all graphics- based applications defined elsewhere in this specification to utilize the unit as a printer/plotter device.
g. Plot on transparent and opaque media.
h. Provide at least 100 feet of bond and at least 100 feet of polyester film.
i. Blank rolls of bond and polyester film drawing media shall be orderable for the life of the contract in at least 100 foot rolls.

C5.4.5.   NONIMPACT PRINTER/PLOTTERS
The following requirements apply to both types of nonimpact printer/plotters:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Utilize ADOBE POSTSCRIPT Page Description Language (PDL) or equivalent as the default. 
c. Print at a resolution of at least 300 dots per inch (DPI).
d. Include sufficient local memory to enable it to print a full page of graphics at the highest possible resolution and to store at least five additional downloadable fonts.
e. Paper Handling:
1. Cut sheet feeder for 8.5 x 11-inch or 8.5 x 14-inch paper.
2. Adjustable for paper quality from 15 to 24 pounds using standard bond paper and transparency material.
3. The paper input tray shall hold at least 250 sheets of paper or transparency material.
f. Stack output paper unattended in collated fashion.
g. Include UNIX filters for troff, ditroff, plot, and Diablo 630 print files.
h. Provide no less than 8 shades of gray.
i. Utilize opaque and transparent media.

C5.4.5.1.   LOW SPEED NONIMPACT PRINTER/PLOTTER
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.5.a. through C5.4.5.i.
b. Print at least 8 pages per minute, including graphics images.
c. Have a duty cycle of no less than 10,000 pages per month.

C5.4.5.2.   MEDIUM SPEED NONIMPACT PRINTER/PLOTTER
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.i.
b. Print at least 20 pages per minute including graphics images.
c. Have a duty cycle of no less than 45,000 pages per month.

C5.4.6.   DRAWING SCANNER
This product shall incorporate the following minimum features:
a. The general requirements in Section C5.4.a. through C5.4.j.
b. Scanning method: raster scan.
c. Effective scan area: at least 34 inches wide by 44 inches long.
d. Source media: transparent, opaque, paper, mylar (clear and matte), and vellum.
e. Imaging: black ink, lead (graphite and plastic), blueprint, negative and positive image, and photographic artwork.
f. Resolution: at least 200 by 200 dots per square inch, user selectable at 2 higher resolutions with the highest not less than 600 by 600 dots per square inch.
g. Accuracy: Less than or equal to 0.01% of total scan area.
h. Scan time for a 34-inch x 44-inch drawing: 
1. Minimum resolution: 3 minutes maximum.
2. Highest resolution: 14 minutes maximum. 

C5.4.7.   APERTURE CARD SCANNER
This product shall incorporate the following minimum features:
a. The general requirements in Section C5.4.a. through C5.4.j.
b. Scanning method: raster.
c. Scan area: compatible with MIL-C-9877B and MIL-C-9949.
d. Scan source: silver halide and diazo type film with front or back emulsion.
e. Resolution ratios: 16x, 24x, and 30x.
f. Scan resolution: The resolution shall apply to the original document placed on the film, sizes A,B,C,D,E and F. The resolution shall be at least 200 by 200 dots per square inch and one higher resolution to be no less than 300 by 300 pixels per square inch.
g. Minimum scan width: 0.035 mm.
h. Scan speed: 3 frames/minute.
i. Automatic card feed from feed tray which holds at least 50 cards.
j. Hollerith reader which reads automatically any keypunched data on the cards and then files that data with the scanned raster data. At the user's selection, the Hollerith data shall be used for indexing the scanned data for later recall.
k. Automatic card discharge tray that holds at least 100 cards.

C5.4.8.   DOCUMENT SCANNER
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Scan method: raster.
c. Maximum scan area of no less than 8.5 x 14 inches (legal size).
d. Automatic sheet feeder which feeds at least 50 sheets.
e. Scan resolution of at least 300 by 300 dots per square inch.
f. Scan both text and graphics images.
g. Convert or translate text into any of the formats listed below, maintaining document intelligence such as tabs, paragraphs, centering, indents, form feeds, underlining, etc., when selected by the user:
1. Office Document Interchange Format (ODIF), ISO DP8613.
2. ASCII format.
3. SGML, ISO DP 8879
h. Mark or identify any text character which is not identifiable for later correction.
i. Recognize at least the following typefaces:
1. Courier 10.
2. Courier 12.
3. Pica.
4. Prestige Pica.
5. Elite.
6. Prestige Elite.
7. OCR- A.
8. OCR- B.
9. Letter Gothic.
j. Recognize proportionally spaced fonts.
k. Allow the user to preview the image on the workstation screen before saving it to a disk file.
l. Allow the user to specify the rectangular area of the scanned image to be saved to disk.
m. Allow graphics to be saved in one of the following image formats:
1. 4-bit grey scale.
2. Halftone image (monochromatic dithering).
3. Line art.
n. Allow graphics to be saved in one of the following file formats:
1. Tag Image Format File (TIFF).
2. Computer Graphics Metafile (CGM) ANSI X3.122 - 1986.
o. Provide color document scanning, storage, and display.

C5.4.9.   COLOR GRAPHICS PHOTO RECORDER
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Variable photographic output:
1. 35 mm.
2. 4 inches by 5 inches.
3. 8-inch by 10-inch projectable color transparency.
4. 8-inch by 10-inch color prints, instant developing.
c. Image resolution:
1. NTSC standard television format, 525 interlace.
2. RGB, 1.0 megapixel.
d. CRT distortion: geometry and overall linearity less than 1.5%.
e. Film characteristics: push- button switch accessible from the front to provide settings for most major types of film and automatic adjustment for film speed and color characteristics.
f. Operation modes:
1. MCE - Monitor, Contrast, Exposure mode is used when color or black and white pictures are required to form a color source.
2. RGB - Red, Blue, Green mode used to create pictures from a monochrome computer graphics source.
g. Image recording in color and black and white.
h. Controls:
1. Picture:
a) Contrast to vary tone scale.
b) Light/dark to vary exposure time.
c) Tint to vary the color.
d) Fill to eliminate raster lines.
2. Operation:
a) Color or black and white.
b) Print to start filming cycle.
3. Status indicator:
a) Filter currently being used.
b) Film is in exposure cycle.
4. RS 232C I/O port for remote control operation.
5. Override manual controls to set and control system parameters and operation.
6. Provide for multiple copy prints and animation.
i. Monitor mode:
1. Check picture before photographing.
2. Obtain photometric readings of picture brightness.
3. Automatic intensity calibration.
j. If the device accepts digital data (i.e., vector or raster), then it shall be software compatible with the Computer Graphics Interface (CGI), dpANS X3.161.

C5.4.10.   WORKSTATION VIDEO TAPE OUTPUT
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Interface to VHS and 8mm video recorders from workstation display.
c. Selectable automatic and manual synchronization.
d. External video input to combine a second video source with display to system.

C5.4.11.    WORKSTATION VIDEO INPUT
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. NTSC standard television format 525 interlace input.
c. RGB input.
d. Image resolution of at least 512 x 512 pixels.
e. At least a 64 level gray or color scale.
f. Selectable level of gray color.
g. Capture a frame from:
1. VHS tape
2. Video camera

C5.4.12.    LARGE SCREEN COLOR PROJECTOR
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. Display any image from the workstation. 
c. Screen dimension of at least 100 inches diagonal.
d. Resolution of at least 1024 by 1280 pixels.
e. The following picture adjustment controls:
1. Battery operated remote control unit.
2. Contrast control.
3. Brightness control.
4. Vertical center.
5. Horizontal center.
6. Convergence.
7. Color balance.
8. Focus.
f. Generate a test pattern to allow operator adjustment of convergence and other parameters as required.
g. Provide a projection screen if required to maintain viewable resolution.

C5.4.13.    ALPHANUMERIC TERMINAL
This product shall incorporate the following minimum features:
a. The general requirements in Sections C5.4.a. through C5.4.j.
b. A RS-232-D with a DB25 connector interface.
c. User selectable communications speeds from 110 bits/s to 19200 bits/s.
d. Auxiliary bidirectional RS-232-D port.
e. Diagonal screen size of at least 13 inches.
f. Color: white on black.
g. Keyboard similar to the workstation keyboard defined in Section C5.2.1.c.9.
h. At least 24 displayable lines.
i. User selectable 80 or 132 columns.
j. At least 8-by 15-character matrix.
k. Fully implements the ANSI X3.28 and ANSI X3.64 control languages.
l. Menu-driven user selectable SETUP parameters.

C5.5.    POWER CONDITIONERS
Two types of power conditions shall be provided.

C5.5.1.   POWER CONDITIONER
This product shall incorporate the following minimum features:
a. The general hardware requirements in Sections C5.1.a through C5.1.k.
b. Single-phase voltage will, at time of ordering, be either:
1. 115 VAC, 60 Hz
2. 220 VAC, 50 Hz
c. Capacity to support any workstation configured with at least three workstation mass storage devices.
d. Surge suppression circuitry conforming to IEEE 587 1980 to clip surges and spikes.
e. Circuit breaker for large power surges.

C5.5.2.    UNINTERRUPTABLE POWER CONDITIONER
This product shall incorporate the following minimum features:
a. The general hardware requirements in Sections C5.1.a. through C5.1.k.
b. Single-phase voltage will, at time of ordering, be either:
1. 115 VAC, 60 Hz
2. 220 VAC, 50 Hz
c. Capacity to support any workstation configured with at least three workstation mass storage devices.
d. Surge suppression circuitry conforming to IEEE 587 1980 to clip surges and spikes.
e. Circuit breaker for large power surges.
f. At least a 10-minute power duration.

C6.    INTEGRATION
a. Integration is a critical issue in this acquisition. Historically engineering computing resources have primarily been a collection of independent applications, where the collection usually failed to span all of the necessary engineering tasks. The independent applications often enhanced productivity for a given task, but in the aggregate of many interrelated computer- aided tasks the result became a productivity liability instead of an asset. Furthermore, improvements have been made to reduce errors in independent applications, while for interrelated applications the error burdens have compounded. Application integration provided by this acquisition will help rectify these situations. 
b. The basic integration challenge is that of data reuse and productivity enhancement. Productivity, for the purpose of this acquisition, is defined as accomplishing individual tasks more effectively and economically than can be accomplished using current or contemporary methods. The scope of this acquisition is to provide the Navy with a comprehensive suite of cost effective, integrated CAD/CAE hardware and software. 
c. The existence in industry of a large number of applications, many from a variety of developers, plus the current utilization of a variety of computing resources creates a complex integration challenge. This section will characterize the integration issue so the system will initially have a cost effective level of integration that can be enhanced within reasonable cost limits over the system life. 
d. Each application software product described in Sections C8., C9. and C10. shall be treated as a collection of software. An application product will be permitted to execute in an integrated workstation MS-DOS environment described in Section C7.13 for a period not to exceed 24 months from the contract award date. However, use of the MS-DOS environment shall not relax the data interchange requirements in Section C6.1.b. and Table C6- 1.

C6.1.    INTEGRATION REQUIREMENTS
Integration in this specification is defined by three components: coexistence, data interchange, and interaction. Each addresses a facet of the integration issue. Table C6-1 lists the minimum levels of integration required at proposal submission for each application software product specified in Section C. Figure C6-1 through C6-5 show the data interchange requirements.
a. COEXISTENCE: Coexistence describes where the application software programs are stored, where applications software programs are executed, where the application data are available to the programs during execution, and where the applications data are stored after execution. The following environment(s) shall be provided: 
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1. The applications software shall be stored on the following platform(s):
a) Workstations (all types) = WS
b) Compute Server = CS
c) Data Base Servers = DS
d) File Servers = FS 
2. The applications software shall be executed on the following platform(s):
a) Workstations (all types) = WS
b) Compute Server = CS
c) Data Base Servers = DS
d) File Servers = FS
3. The applications data shall be available during execution from the following platform(s):
a) Workstations (all types) = WS
b) Compute Server = CS
c) Data Base Servers = DS
d) File Servers = FS
4. The applications data shall be stored on the following platform(s):
a) Workstations (all types) = WS
b) Compute Server = CS
c) Data Base Servers = DS
d) File Servers = FS
b. DATA INTERCHANGE: Data interchange describes the data acquisition relationship between applications. This relationship includes how data produced by one application will be receivedby a second and how the results of the second will be avail-able to the first or other applications. Figures C6-1 through C6- 5, C8.1., and C8.2. depict the data acquisition relationship via the logical geometric and relational databases. Five data interchange techniques are defined below. Specifying the more complex technique also requires the presence of the less complex. The data interchange techniques, in ascending order of complexity are:
1. Manual data interchange occurs when data are viewed and keyed in by the user (noted as MD on Table C6-1).
2. Manual file editing data interchange occurs when the output data file is edited by the user to prepare it as an input data file. Additional information, if required, could be added to the input file by the user (noted as ED on Table C6-1). 
3. Translator program data interchange occurs when the output data file format is translated into an input data file format by means of a translator program. The translator program could prompt the user for additional information, if required, or a manually prepared secondary file might be created and merged. The final input data file would contain all required information in the expected format (noted as TP on Table C6-1).
4. Neutral file data interchange occurs where an agreement has been reached so the format for output from one program coincides with the input format for the second (noted as NF on Table C6-1).
5. Common data base data interchange, means both applications have record and field locations in the geometric and the relational data bases for input and output data (noted as CD on Table C6-1).
c. INTERACTION: Interaction refers to the man/machine interface, describing how the user will interact with the application(s). Examples of interactive visual aid features are icons, graphical prompts, display highlighting, blinking characters, reverse video, and half-brightness background screen guides (i.e., trailing dots and shadow cursors) used in menus, operating system windows, graphics windows, and layers. There are three user interaction conditions. The operating system and applications software shall have at least one of the following interaction conditions:
1. "As is" interaction refers to the interaction method employed by an application in its current state (i.e., without influence from this specification). This classification implies that an application can be installed and used without modification to its existing command syntax or interaction methodology (noted as AI on Table C6-1).
2. "User definable" interaction allows the user to specify an interaction methodology (noted as UD on Table C6-1). This classification allows an application to be installed with an interaction methodology that masks or replaces the "as is" method. The selected interaction methodology shall interface through the Window Based Graphical User Interface (Section C7.2.) of the operating system and the POSIX shell (Section C7.1.b.2.). Implementation of this methodology might be by the user, or it might be accomplished by a programmer utilizing a user- defined specification. The interaction methodologies selected by the user shall include at least one of the following:
a) Questions issued by the application and answers supplied by the user. 
b) Menus that include alphanumeric or icon styles. 
c) Protected screens with search and edit features.
d) Tabular input prepared by interactive editor.
e) Problem oriented language.
f) Verb, noun, modifier command structure.
3. A "common interaction" methodology implies that all applications utilize the same interaction methodology. In this manner, graphics, file, and ancillary operations will be accomplished with the same command set. Unique commands would only exist where there are unique application functions (noted as CI on Table C6-1).

C6.2.    INTEGRATION OBJECTIVE
This section describes how in addition to Section C6.1. integration shall be implemented within six years after contract award. The Government believes industry is currently moving in this direction and will achieve this level of integration during this time period. The Government plans to acquire this additional level of integration via software upgrades and technology refreshments. The offeror shall specify when it plans to provide the level of integration required for each application software product.
a. OPERATING SYSTEM: The operating system shall integrate thusly:
1. POSIX and Transparent File Access (TFA) shall operate on all workstations and servers. 
2. Data interchange shall be implemented via POSIX Interchange File Format and neutral file formats (e.g., IGES, CGM, DDF, etc.).
3. User interaction shall be based upon the POSIX standard by using a common POSIX shell on all workstations and servers.
b. RELATIONAL DATA BASE: The relational data base, Figures C8- 1 and C8- 4, shall integrate thusly:
1. Shall coexist on all platforms. 
2. Interchange data directly with the application programs. Application specific neutral files may be utilized to improve efficiency; however, a DDF alternative shall also be available. 
3. User interaction shall include the full Structured Query Language (SQL). User definable macros and protected screens shall also be available. 
c. GEOMETRIC DATA BASE: The geometric data base, Figures
C8-1 and C8-2, shall integrate thusly:
1. The geometric data base(s) shall be stored on the mass storage server. 
2. Data interchange shall be via common data bases and neutral files. Particular emphasis shall be placed upon IGES and PDES for passing product data information, and CGM for passing completed pictures. Application programs developed by the Government shall communicate with the geometric data base via GKS and PHIGS. 
3. A common interaction method shall be provided for wireframe, surface, and solids modeling; and drafting. This level shall also be provided for geometric modeling in the applications software.
d. MODELING AND DRAWING DATA BASE MANAGER: The modeling and drawing data base manager, Figure C8-1, shall integrate thusly:
1. The modeling and drawing data base manager shall coexist on all platforms. 
2. Data interchange shall be directly with the geometric and relational data bases. 
3. The common interaction method shall be provided. 
e. FACILITIES ENGINEERING APPLICATIONS: The facilities engineering applications for utilities management (Figure C6-1), facilities master planning (Figure C6-2), architectural documentation (Figure C6- 3), and environmental engineering applications (Figure C6-4), shall integrate thusly:
1. Shall coexist on all workstations. The data base server shall be utilized for extensive data base work. The file and mass storage servers shall store large facilities or project data bases. 
2. The data interchange between applications shall be based upon a common database or the following: All modeling and graphic communication shall be directly with the geometric data bases. Associated data shall be used to link graphic concepts with ancillary information contained in the relational data base(s). This shall be done via a neutral file arrangement. Computation applications associated with the various disciplines shall obtain geometric data from the geometric and relational data bases via translator programs or more sophisticated means. Likewise, data obtained from these programs shall be similarly passed to the geometric and relational data base(s). 
3. A user-definable interaction method shall be provided for all facilities engineering applications.

f. TECHNICAL DOCUMENT AUTHORING PACKAGE: The Technical Document Authoring Package shall integrate thusly:
1. Shall coexist on the workstations. 
2. Data interchange shall be via a common database. Particular emphasis is placed upon SGML and CGM for document exchange.
3. The user-definable interaction level shall be provided.
g. ENGINEERING ANALYSIS APPLICATIONS: The engineering analysis applications, Figure C6.5, shall integrate thusly:
1. Shall coexist on all workstations and the compute server.                                                                                      2. Data interchange shall be via a neutral file.
3. The user-definable interaction level shall be provided. 

C6.3.    GENERAL SOFTWARE REQUIREMENTS
Friendliness, ease of use, concurrent operations, and fast response time are the features with the highest probability of increasing user efficiency in accomplishing tasks.
a. USER INTERFACES. All user input operations to the workstations and servers shall be based upon:
1. The operating system shell (Section C7.1.c.1.).
2. The Window-Based Graphical User Interface (Section C7.2.).
3. Tablet and digitizer menus. (Section C8.4.6.d.3.).
b. FRIENDLINESS. Friendliness is characterized by an environment that issues warnings; required verification prior to executing commands that may corrupt or destroy data the user has or is the process of creating; protects information the user is modifying or creating; and provides efficient ways for the user to recall command and application information in an outline or condensed format for guidance assistance in accomplishing tasks. The following features shall be provided for both the operating system and applications:
1. Prevent physical damage and notification to users of:
a) Errors in loading/unloading media.
b) Start-up/shutdown and physical connection errors.
2. Ensure that the user's files and working buffer space are correctly maintained in the event of:
a) An error that terminates execution.
b) Any forced logout such as a system crash or fault on the communications media.
c) User allocation space limitations for memory, disk, or tape are exceeded.
3. Minimum command history buffer of at least the last ten commands with the following features:
a) Single command recall.
b) Integrated with the full screen edit functionality.
c) Ability to select and reuse commands or series of commands after editing.
4. Undo operation for all commands that:
a) Can be recalled from the command history buffer.
b) Perform operations that create, destroy, or modify objects known to the operating system or application.
c) Modify objects in such a way that sufficient information is retained to return the object to its state before modification.
5. Interrupt command to abort the current active operation and return to the previous state or a stable state.
c. EASE OF USE: Ease of use of software on both the workstations and the servers shall be characterized by the following features of both the operating system and applications:
1. Consistently used, clearly labeled, or dedicated function keys.
2. Software that assists and guides a user through software operations in a clear, easily understood manner via user selectable walk- through- theprocedure prompts, menus linked to a HELP function that provides outlines and explanations, and thorough messages that correspond to the application reference or user's manual. All software shall provide:
a) Clear and precise English error messages with correction path identified where appropriate.
b) Syntax and additional information, including examples, to aid beginning users in understanding, learning, and using each command's function and to minimize requirements for memorizing codes, procedures, and complex commands.
c) Outlines and tutorials.
d) Efficient shortcuts for advanced users.
d. CONCURRENT OPERATION: All operating system and application software shall support concurrent operation of:
1. Any operating system software being executed from any workstation or server operator console.
2. Any applications software executed at any time.
3. All communication and device driver software.
e. FLEXIBILITY: The system shall be designed for
flexibility of configuration.
1. Application software shall be limited only by physical system limitations, such as available memory.
2. All data bases and files shall be compatible between consecutive versions of software. A bidirectional translation utility to convert between formats shall be acceptable.
3. All equipment shall accommodate future expansion without rendering inoperable any software operation that was functional prior to the installation of the new equipment.
4. All application software shall run on all three classes of workstation processors with full functionality.
5. All application software shall print to all printers, and printer/plotters (Section C5.4.).
6. All application software shall plot to all non- impact plotters, printer/plotters, and the color hardcopy printer/plotter (Section C5.4.).
f. EXECUTION AND ACCURACY OF RESULTS: The following features shall be provided:
1. Minimum static accuracy to compute the solution of a single problem with an accuracy of 14 significant decimal figures over a range of 1.0 E-38 to 1.0 E+38 is required. Calculations shall be at least the performance of the IEEE 754 and 854 floating point arithmetic standards.
2. Dynamic Accuracy - shall perform any serial calculations and preserve the required static accuracy at all times.
3. Interface accuracy requires exchange of data with existing software systems in data forms sufficiently accurate to preserve the original intent and usability:
a) Coefficients of curve forms and other intermediate data forms for all systems must be sufficiently accurate to allow generation of coordinate data accurate to the requirements of the customary architectural/engineering practice.
b) Transformations shall be sufficiently accurate in expression to allow at least ten consecutive transformations within the coordinate system range specified in static accuracy without any danger of violating the coordinate static accuracy.
4. Unless explicitly specified within each application section, application algorithm solutions (e.g., a surface intersection) shall carry an accuracy of at least ten significant decimal digits when compared to the exact mathematical solution.
g. RESERVED
h. SIMULTANEOUS PROGRAM EXECUTION: Execution of all software products in Sections C8., C9., and C10. shall not be restricted to a specific workstation type. Hardware "Keys", encoded serial number, package-dependent passwords, or time dependent restrictions are expressly prohibited. Licensing agreements shall provide the Government with options that minimize system management requirements for multiple users. As a minimum, software executable code shall be provided in the following forms:
1. Single user execution: Only 1 executable program segment executing at any time on the network.
2. Multiple user execution: A multiple number of at least 10 program segments shall simultaneously execute on the network (i.e., network license). Prices for multiple user software licenses shall be for 10 simultaneous users.
i. SOFTWARE INSTALLATION: All software shall be provided with an automated installation procedure for Government installation. This shall include all device drivers and software modifications. Documentation shall be provided that clearly describes all steps in the installation procedures.

C7.    OPERATING SYSTEM SOFTWARE

C7.1.    OPERATING SYSTEM
This section defines the minimum features of all system software for all workstations and servers. For the purpose of clarity, the term "computer" will be used to denote both workstations and servers from this procurement. All integration requirements addressed in Section C6 shall be incorporated.
a. The operating system shall provide: 
1. A common user interface.
2. The transportability of all Navy software developed using standards implemented on this contract to any other computer using the same standards.
3. The transportability of all Navy databases created using standards implemented on this contract to any other computer using the same standards.
b. The Contractor shall implement existing National Institute of Standards and Technology (NIST) Application Portability Profile (APP) Federal Information Processing Standards (FIPS) Publications (PUBs) and all new APP FIPS PUBs as they are approved. The Contractor shall provide the following: 
1. The operating system shall be in accordance with FIPS PUB 151-1. 
2. POSIX Shell and Tools: operating system shall include features contained in the draft FIPS (e.g., IEEE 1003.2).
3. POSIX System Administration: operating system shall comply with the draft FIPS.
4. POSIX Terminal Interface: operating system shall comply with the draft FIPS.
5. Other approved FIPS Application Portability Profile Standards.
6. As additional APP FIPS PUBs are approved, the Contractor shall provide an updated version of the operating system in accordance with the new APP FIPS PUB within the time limits specified in the standard or within 9 months of publication of the new FIPS PUB in the Federal Register if time is not specified in the standard.
7. Operating system features that are not yet defined by an approved FIPS, shall be derived from AT&T System V, Berkeley Standard Distribution Version 4.3 UNIX, OSF, or X/OPEN.
c. The Operating System (OS) shall: 
1. Contain a user definable shell or shells functionally equivalent to the C-Shell (csh) and the Korn Shell (ksh).
2. Be compatible at the source code level across all computer types (i.e., source code files shall be copied from any computer type to any other computer type, compiled, loaded, and executed while providing consistent results without the need to modify any of the source code files copied). This applies to:
a) Contractor-furnished application software.
b) Government-owned software (e.g., ANSI FORTRAN, C, GKS).
3. Allow all data files to be transferred and used across all computer types that use the same standards implemented on this contract.
4. Provide file locking to prevent more than one user/process from modifying any given file at the same time. The user/ process shall be informed that a file has been locked by another user/process when they attempt to access the file.
5. Include the appropriate device drivers and other software to support all of the hardware specified in Section C5, and the communications hardware and software specified in Section C4.
6. Support the processing needs of at least eight concurrent users.
7. If shared memory is supported, provide protection of the shared memory against concurrent use by multiple processes.
8. Provide the Transparent File Access (TFA) or Network File System (NFS), Version 2.0, with both server and client features on all workstations and servers.
9. Provide functionally equivalent commands to the Berkeley "r" commands (rcp, rlogin, rsh, ruptime, rwho).
10. Provide automatic logout after a specified period of inactivity.
11. Shall detect a corrupt file system automatically from power or other failures and repair the damage at boot-up time.

C7.2.    USER WINDOW ENVIRONMENT
A common user window environment shall be provided. It shall at a minimum: 
a. Serve as the primary man-machine interface for bitmapped displays.
b. Implement a user window environment equivalent to the MIT X Window System Distribution Version 11, Release 3 or later with PHIGS Extension to X Windows (PEX) for 3D graphics support (PHIGS and GKS-3D). 
c. Provide a Window Based Graphical User Interface (WBGUI) with the following:
1. A graphical windowing based feature to allow the user to create multiple overlapping windows containing both text and graphics in order to manage multiple concurrent processes and operations visually.
2. The following minimum user interfaces for interaction with the computer input devices.
a) Pop-up, pull-down menus and/or cascading menus activated with no more than one user action, (i.e., mouse click, keystroke, etc.).
b) Icons for manipulating the window environment so that by placing the cursor over an icon and pressing a key or mouse, the indicated icon action shall be performed.
c) Graphical control panel style user interfaces implementing such things as buttons, sliders and menus as a minimum.
d) Pop-up text information windows which display status, information, and help messages;
3. The following window manipulations:
a) Resize a window.
b) Reduce a window to an ICON.
c) Move a window on the screen.
d) Repaint a window.
e) Repaint the entire screen.
f) Push a window to the bottom of the stack.
g) Pop a window to the top of the stack.
h) Delete a window and its process.
4. User interaction with the window environment shall be via a combination of input devices (i.e., keyboard, pointing device, digitizer) to provide versatility.
5. Graphics and text shall be easily transported (copied) from window to window via a cut and paste methodology.
6. A visual indication of the active window when more than one window exists on the display.
7. A parameter control menu which allows the user to set the WBGUI environmental parameters such as color usage, keyboard, pointing device parameters, etc.
8. Graphics and text shall be easily copied from a window or windows to all hardcopy output devices in Sections C5.4.2., C5.4.3., C5.4.4., and C5.4.5.

C7.3.    ANALOG OR DIGITAL CLOCK EMULATION
An analog or digital clock emulator shall be provided. It shall at a minimum:
a. Be a window-based graphical display in the WBGUI.
b. Display the date along with the time.
c. Display the time in either 12- or 24-hour format at the option of the user.

C7.4.    AUDIT TRAIL ROUTINES
Audit trail utilities shall be provided with the following minimum features:
a. Invoke an audit trail selectively on any file, user, class of users, or computer any time an access protection is violated.
b. Capture the following information on the audit trail:
1. Name of file/or equipment.
2. User/accessor Identification.
3. Type of violation and time of occurrence.
4. Location of user.
c. Display and analyze the audit trail.
d. Support the communication audit trail described in Section C4.8.e.1.

C7.5.    COMMON TEXT EDITOR
A common text editor shall be provided with the following minimum features:
a. Be based on the EMACS text editor.
b. An on-line help utility within the editor that displays the functions and syntax of all of the editor's commands.
c. Allow a user to define, save, load, and execute command macros.
d. File journaling for error recovery in the event of an editor or system crash.
e. A feature to edit in either 80-column or 132-column mode.
f. Support start-up files for customizing an edit session.
g. Display the current cursor column position.
h. Display the current cursor row position.

C7.6.    TERMINAL EMULATOR
A terminal emulator shall be provided. It shall at a minimum emulate the features of the following terminals:
a. VT100
b. VT220
c. Tektronix 4010
d. Tektronix 4100

C7.7.    FILE BACKUP ROUTINES
File back-up utilities shall be provided with the following minimum features:
a. Allow a user to copy from any computer to any other computer:
1. All files.
2. Only files that have been modified during a time period specified for the file copy.
3. Only files modified since the last backup.
b. Prior to file copy to a backup media, list files that shall be copied with features for selection and rejection.
c. Verify that data copied to a backup media is accurate and shall be retrievable.
d. List files during copying (selectable).
e. Specify the off-line mass storage device where files reside when the file does not reside on-line and retrieve the file
from the device automatically when the proper device is mounted.
f. Restore from backup with full file name.

C7.8.    REMOTE SYSTEM MANAGEMENT UTILITIES
Remote system management utilities shall be provided with the following minimum features:
a. Allow a designated user, on a designated computer on the network, to perform remote system management functions on any other computer on the network.
b. Provide allocation and management of computer resources that implement the Simple Network Management Protocol (SNMP).
c. Allow a designated user to determine the current software configuration, including version numbers, for any computer on the network.
d. Allow a designated user to upload and install a new version of the operating system, communications software, compilers, utilities, and application software packages.
e. Allow a designated user to define the local configuration for proper operation on the network.

C7.9.    SCIENTIFIC CALCULATOR EMULATION
A scientific calculator emulator shall be provided with the following minimum features:
a. Be a window-based graphical display in the WBGUI.
b. Operate in decimal, hexadecimal, octal, and binary modes (with decimal mode as default) and provide conversion between them.
c. Clear the display without deleting previous entries or results.
d. Clear the calculator with and without erasing the memory.
e. Recall a number in memory to the display without changing the memory.
f. Put a number on the display into the memory.
g. Binary range of at least 20 digits.
h. Hexadecimal range of at least 12 digits.
i. The following functions:
1. Addition, subtraction, multiplication, division.
2. Trigonometric (i.e., sin, cos, tan, cot, sec, csc).
3. Logarithmic (i.e., log, ln).
4. Exponentials.
5. Inverse.
6. Square root.
7. Logical operations (i.e., AND, OR, XOR).
j. Not interrupt work being processed and displayed on other windows on the computer.
k. Support the use of multilevel parentheses for algebraic expressions.
l. Provide an accuracy of at least 14 significant decimal digits for the mantissa with a base ten exponent range of plus or minus 38.
m. A key buffer shall allow storage of the results shown on the display, exit the calculator, and then insert the results into another application at the cursor position.
n. Trigonometric function input shall be selectable between degrees, radians and gradients, with degrees the default mode.

C7.10.    SPOOLING ROUTINES
Spooling routines shall be provided with the following minimum features:
a. Provide queuing and cancelling of spooler requests (graphic and nongraphic data) to any spooled queue on the network.
b. Allow and prevent jobs from going to any queue on the network.
c. Start and stop a device upon request.
d. Configure spooling for any device (i.e., printer/plotter) on the network.
e. Display the status of any queue on the network.

C7.11.    ON-LINE HELP UTILITY
An on- line HELP utility shall be provided. The HELP utility shall assist users in normal operations and command execution. The HELP utility shall at a minimum:
a. Be executed from the operating system command prompt by typing "HELP" or by choosing the HELP icon from the WBGUI.
b. Provide HELP topics structured in a hierarchial manner.
c. Provide all operating system commands and their associated command switches, parameters, and qualifiers documented in the online HELP.
d. Provide all applications software packages that are layered upon the operating system documented in the online HELP. Provide both a brief abstract of the applications software and instructions for executing it from the operating system. 
e. Provide a user- definable HELP library. 
1. This user-defined library shall be added/merged 
with the system help library by an authorized user, (i.e., the system manager). 
2. This feature shall be used to add on-line HELP for user-developed programs and procedures.

C7.12.    ELECTRONIC MAIL UTILITY
An electronic mail utility shall be provided. The electronic mail communications protocols, methodologies, and implementations are defined in Section C4. This section defines the front end user interface and commands. The system shall provide the following minimum features:
a. Automatic message storage for later retransmittal in cases of system failure/problems.
b. Message preparation and editing using the system's text editors.
c. Specify addressees via a user-created distribution list.
d. Offer the user logical choices when given a name or organization that has been entered incorrectly.
e. If distribution information is entered incorrectly, allow the user to modify or edit interactively without affecting the entire message.
f. Upon request, file an electronic mail message in a file previously named by the user or created by the user after the electronic mail message has been drafted.
g. Specify to which user or users the electronic mail message is being sent.
h. Give the electronic mail message a subject or title line.
i. Transmit courtesy copies to a recipient or groups. The distribution list shall be displayed to all recipients.
j. Designate blind carbon copy recipients whose names will not appear on the electronic mail distribution list.
k. Forward a message not created by the user, to another user, without modification to the text.
l. Designate special options such as "For Information Only," "Respond by (date/time)," or "Prepare a Reply."
m. By user selection, notify the sender by return mail of the date and time at which an addressee accesses the electronic mail message.
n. Display the date and time transmission on the message automatically.
o. Allow the user to delete messages that have been sent but not read by the addressee.
p. Display a "Message Waiting" prompt on the user's screen.
q. Allow users to assign priorities to electronic mail
messages (routine, priority, critical).
r. Prioritize messages in recipient mailboxes according to priority of message and date and time sent.
s. Allow the user to access message headers contained in the mailbox. 
t. Predetermine time and date of delivery of electronic mail messages.
u. Allow the user to duplicate an electronic mail message for editing, leaving the original message unchanged.
v. By user selection, display a directory of files established by the user.
w. Allow the user to review an electronic mail message in its entirety before further action is taken (e.g. send, file, etc.).
x. Allow the user to grant "proxy" users query access to their electronic mail system for the purpose of monitoring and responding to incoming messages. Proxy users may query the electronic mail system from any terminal on the system.
y. Access the electronic mail system remotely (e.g. portable computers) which permit the user to utilize all of the functional capabilities.
z. Shall store discarded messages for a period of time designated by the system manager.
aa. Allow selected programmable user IDs to enter a cryptic (or equivalent) designator in a selected range of data elements to simulate signed official approval. This is intended to facilitate official audit trails.
ab. Require verification that a designated recipient is a valid user on the system. In the event that a designated recipient cannot be verified as a system user, the system shall notify the originator immediately.
ac. Indicate revision date and time when a previously distributed message is modified and retransmitted.
ad. Provide Sendmail routing facility compatible with DNS including MX records and UUCP.

C7.13.    MS-DOS ENVIRONMENT
An MS-DOS environment shall be provided with the following minimum features:
a. Run in a window in the WBGUI.
b. Implement fully MS-DOS version 3.3 or greater.
c. In no way interfere with the operation of the applications running outside of the MS- DOS window and vice versa.
d. 640 by 480 pixel graphics features compatible with Video Graphics Adapter (VGA) with 256 colors simultaneously displayed.
e. Read and write to MS-DOS; 
1) 360 Kbyte and 1.2 Mbyte 5.25-inch floppies.
2) 720 Kbyte and 1.44 Mbyte 3.5-inch floppy.
f. Exhibit the performance of a personal computer with: 
1) 16- MHz 80286 processor.
2) 640 Kbytes of RAM.
3) A compatible speed math coprocessor.
g. Support access and use of data contained in MS-DOS files in the POSIX compatible operating system.
h. Support access and use of data contained in POSIX compatible operating system files in the MS-DOS applications.
i. Any necessary hardware components other than the floppy drive shall be provided.

C7.14.    SYSTEM MANAGEMENT TOOLS
A set of system management tools shall be provided to help the systems manager manage the system. These tools shall include as a minimum:
a. A resource monitor listing the status of the various resources with respect to user, task, or process.
b. Disk operations tools for data file consolidation to correct data fragmentation that shall:
1. Not destroy valid files on the disk.
2. Isolate bad spots on the disk so they can't be used.
3. Not require the use of backup tapes.
4. Operate unattended in the background.
5. Not interfere with foreground or other background processes except as an additional load on the CPU.
c. A means to "broadcast" a message to any and all computers on the network.

C7.14.1.    ACCOUNTING
The following accounting features shall be provided:
a. A comprehensive means for storing, retrieving, and reporting accounting information.
b. Resource utilization reports for:
1. Execution priority
2. CPU time
3. Input and output time
4. Peripheral usage
5. Mass storage utilization including storage space used by user, group, and catalog of files.
6. Session or process time
c. Accounting reports shall include:
1. Statistics accumulation by user name and project identification.
2. Accumulate accounting data from various network resources to a master accounting data base.
3. Features to customize reports and tally formats.
4. Graphic historical reports showing user selected information.

C7.14.2    SYSTEM ACCESS CONTROL
Provide the following system access control features:
a. A mechanism to assure valid user accounts, passwords, and project identification are supplied during login in procedures before the user may gain access to any of the system resources.
b. A mechanism to hide the password during the login procedure to prevent unauthorized disclosure.
c. A password encryption algorithm for login and password storage procedures.
d. Passwords shall not be displayed or printed on any system hardware device.
e. A random password generator for new passwords with a user defined new password override.
f. A password reset feature to permit definition of a new password at the user's request.
g. A mechanism to assign a unique account to control each user's authorized access to system resources.
h. The System Manager shall have controls to add, delete, and modify user accounts.
i. The System Manager shall be notified in the event of a file and system access violations. This information shall be logged in a unique file that is accessible only by the System Manager. Systems violations shall include but not be limited to:
1. Successful and unsuccessful logins as "root" listing which workstation or port.
2. Successful and unsuccessful "sus" to "root" listing which workstation or port and by whom.
3. Multiple failed login attempts by any user listing which workstation or port and by whom. Number of failed login attempts to be considered a violation shall be definable by the System Manager.
4. Attempted editing of the password file by anyone other than the System Manager.
j. The System Manager shall have controls to assign authorized users into groups having common access rights.
k. The systems shall automatically update the necessary files on all workstations of a FAN whenever an authorized user account update occurs.

C7.15.    PROGRAM DEVELOPMENT TOOLS
A program development software package shall be provided. 
a. The program development tool kit shall contain the following:
1. General Program Development Features, Section C7.15.1.
2. Archive and Library Manager, Section C7.15.2.
3. Source Code Configuration Management Tools, Section C7.15.3.
4. Linker/Loader, Section C7.15.4.
5. Cross- Reference Generator, Section C7.15.5.
6. Interactive Debugger, Section C7.15.6.
b. Compilers, a knowledge-based shell, libraries, conversion tools, and analysis and tuning tools shall be provided.

C7.15.1.    GENERAL PROGRAM DEVELOPMENT REQUIREMENTS
A common user software program development environment shall be provided with the following features as a minimum: 
a. User interface to the system data structures shall be through a high-level language implementation in the form of callable routines and macros. The system shall allow user software development at the following levels:
1. High-level languages (e.g. FORTRAN and C).
2. Assembly language with macro features.
b. Documentation shall be provided for all compilers and software development tools. The documentation shall specify in detail all salient characteristics, optimization features, error message meanings, interfaces with other development tools, and options that are available.
c. The system shall provide concurrent and non-concurrent diagnostics during user software development.
d. During software development, the operating system shall have a comprehensive set of error messages that inform a user of control language or procedural errors in clear, concise, easy to understand English.
e. Language bindings for all interface routines shall be fully described and documented by the contractor.
f. Any program development utilities provided shall allow object programs of FORTRAN and C source languages to be loaded together, executed as a unit, and debugged together.

C7.15.2.    ARCHIVE AND LIBRARY MANAGER 
An archive and library manager shall be provided that maintains groups of files combined into a single archive file (library). The archive and library manager shall provide the following:
a. File manager shall:
1. Delete named files from the library.
2. Replace named files in the library. A switch shall be allowed that will cause only named files with modification dates later than the archived file to be replaced.
3. Append a named file to the end of an archived file.
4. Print a table of contents of the library.
5. Move named files to the end of the library.
6. Extract named files from the library.
7. Assign a description to any file in the library.
b. Object module manager:
1. The object modules shall be created using any of the compilers, interpreters, or assemblers specified in Section C7.15.
2. The produced file can be loaded using the Linker/Loader.
3. The object modules shall originate from:
a) A single file containing many modules
b) A single file containing one module
4. Shall have hierarchial analysis features to identify relationships between object modules.

C7.15.3.    SOURCE CODE CONFIGURATION MANAGEMENT TOOLS
Program development source code configuration management tools shall be provided to control and account for changes to test files. The source code and documentation of software systems are typical examples of text files to be changed. The source code configuration management tools shall:
a. Store files of text.
b. Retrieve particular versions of files.
c. Control the updating privilege to files.
d. Identify the version of a retrieved file.
e. Allow for documentation of when, where, and why the change was made and who made each change to a file.
f. Identify changes made to a file.
g. Compare two files and identify their differences.
h. Create a single file containing modules or subroutines.
1. Manipulate modules or subroutines using features in Section C7.15.2.a.
2. Extract a single module or collection of modules for editing or compiling.
i. Maintain a change history that allows the user to reverse changes through the use of history records to the beginning of the code development. The user shall also be allowed to move forward and undo the reversed changes.

C7.15.4.    LINKER/LOADER
A common linker/loader, to be used with all specified programming languages, shall be provided with the following minimum features:
a. Create executable program files from the object code output of any compiler and assembler.
b. Resolve external references, to include routines found in a system or user libraries.
c. Allow users to:
1. Include individual subroutines.
2. Specify a search strategy from a minimum of three user libraries as well as system libraries.
d. Allocate memory space by allowing a user to:
1. Rearrange subroutine order.
2. Designate the starting address.
e. Provide default parameters to minimize commands.
f. Provide clear output information to facilitate debugging.

C7.15.5.    CROSS-REFERENCE GENERATOR
Cross-reference features shall be provided for all compilers as either part of a compiler or as an independent software program.

C7.15.6.    INTERACTIVE DEBUGGER
A common interactive debugger for all programming languages shall be provided to include as a minimum:

a. Activate a trace of all branches taken in a program or segment of a program including subprogram names whenever branches result from subroutine calls.
b. Record actual elapsed time of operation of a program or program segment using an internal clock without interfering with normal program operation or significantly affecting the timing.
c. Dump code and data, including shared program data and registers.
d. Dump data files from mass storage, including the option to allow a user to specify the number of logical records to be dumped.
e. Patch memory instructions and data and insert instructions and data.
f. Search a specified portion of memory for a given value. 
g. Display and modify data variables by symbolic names.
h. Interrupt program execution selectively and then resume execution from the point of interrupt or from any user designated program location.
i. Insert commands for the above debugging features at specified locations within a program.
j. Inform the user of any system detected errors or traps caused by his program. Control shall be given to the user without destroying his code or data.
k. Allow the user to interrupt the program and to permit control by the user.
l. Interrupt program execution whenever a data variable has been accessed or changed, and resume execution from the point of interruption or from any designated program location.
m. Step through program execution one statement at a time.

C7.15.7.    ASSEMBLER COMPILER
Provide an assembler, or equivalent system implementation language that shall at a minimum:
a. Allow the construction of commands at the machine language level which can be assembled, loaded, and executed on the computer.
b. Support systems programmers in modifying any user or OS program.
c. Provide a representation in the assembly language for every executable instruction or symbolic instruction used by the OS.
d. Support a symbolic language that allows the manipulation of all programmable computer registers.
e. Provide a general macro facility.
f. Support the calling of subroutines from any language.

C7.15.8.    C COMPILER
Provide a C compiler that shall at a minimum:
a. Be in accordance with ANSI X3.159.
b. Include a cross-reference generator as either a compiler feature or as an independent software program.
c. Generate a source language listing, with and without compiler diagnostic messages, including line numbers.
d. Include a C programmer's interface that allows a user's program to interact with the WBGUI.

C7.15.9.    FORTRAN COMPILER
Provide a FORTRAN compiler that shall at a minimum:
a. Be in accordance with ANSI X3.9-1978, full language.
b. Include documentation of any extensions to the FORTRAN standard and, at the user's request, indicate all extensions in the source code listing of the user's program.
c. Include a cross-reference generator as either a compiler feature or as an independent software program.
d. Generate a source language listing, with and without compiler diagnostic messages, including line numbers.
e. Include a FORTRAN programmer's interface that allows a user's program to interact with the WBGUI.

C7.15.10.    LISP COMPILER/INTERPRETER
Provide a Lisp Development System that shall support at a minimum:
a. Consist of a Common Lisp interpreter.
b. Consist of a Common Lisp compiler.
c. Provide for the execution of operating system commands, including the system text editor, from within the Lisp interpreter.
d. Provide for the incremental compilation of selected buffers, regions, and functions.

C7.15.11.    KNOWLEDGE-BASED SHELL
A Knowledge-Based Shell for expert systems development shall be provided with the following minimum features:
a. Support forward chaining reasoning. 
b. Support backward chaining reasoning. 
c. Provide a run-time execution environment. 
d. Interface to functions written in:
1. C.
2. FORTRAN.
3. LISP.
e. Interface to the Geometric Data Base System (GDBS).
f. Allow the execution of operating system commands from within the Knowledge-Based Shell.
g. Provide a menu-driven feature for entering knowledge rules.
h. Shall support the development of expert systems using rules, frames, objects, and blackboards.
i. Support the incorporation of at least 10,000 rules or rule equivalents.
j. Handle uncertainty and provide confidence levels for results.
k. Provide a development environment based onon integration of an expert system, data base management, communications, graphics, menu-driven and natural language input.
l. Allow for the transfer and use of ASCII files as input.
m. Provide easy to use manuals with instructions on writing rules, frames, etc.

C7.15.12.   SUBROUTINE LIBRARIES
General purpose subroutine libraries for mathematical and statistical applications, general utilities and graphics shall be provided. These libraries shall include bindings for FORTRAN and C languages.

C7.15.12.1.    MATHEMATICS AND STATISTICS SUBROUTINES
a. Provide mathematical and statistical software subroutines for each of the problem classifications listed in NISTIR 90-4237, "Guide to Available Mathematical Software," by Ronald F. Boisvert, Sally E. Howe, David K. Kahaner, Jeanne L. Springmann, Center for Computing and Applied Mathematics, National Institute of Standards and Technology, Gaithersburg, MD 20899, March 1990.
b. Include bindings for:
1. FORTRAN.
2. C.
c. Include both single and double precision versions.

C7.15.12.2.    PROGRAMMER'S HIERARCHICAL INTERACTIVE GRAPHICS SYSTEM (PHIGS)
Provide a Programmer's Hierarchical Interactive Graphics System (PHIGS) that shall:
a. Be in accordance with ANSI X3.144-1988.
b. Include bindings for:
1. FORTRAN.
2. C.

C7.15.12.3.    GRAPHICAL KERNEL SYSTEM (GKS and GKS 3-D)
Provide a Graphical Kernel System (GKS) that shall:
a. Be in accordance with ANSI X3.124- 1985, conforming to Level 2C.
b. Include bindings for:
1. FORTRAN, ANSI X3.124.1-1985 and ISO 8806/1.
2. C, ANSI X3.124.4.
c. Provide ISO DIS 8805 (GKS-3D) extensions.

C7.15.12.4.    COMPUTER GRAPHICS INTERFACE (CGI) ANSI X3.161
The Contractor shall provide a Computer Graphics Interface (CGI) that shall:
a. Be in accordance with ANSI X3.161.
b. Include bindings for:
1. FORTRAN.
2. C.

C7.15.12.5.    COMPUTER GRAPHICS METAFILE (CGM)
The Contractor shall provide a Computer Graphics Metafile (CGM) that shall:
a. Be in accordance with ANSI X3.122-1986.
b. Include bindings for:
1. FORTRAN.
2. C.
c. Provide a CGM interpreter.

C7.15.13.    FORTRAN CONVERSION TOOL
A computer program for converting old style FORTRAN to the current ANSI Standard (ANSI X3.9-1978 or later) shall be provided with the following minimum features:
a. Convert syntax.
b. Convert data types:
1. Separate character data from other data types.
2. Select either long or short integer.
3. Select either single or double precision.
c. Convert common storage:
1. Separate data types using common blocks.
2. Eliminate common redefinition situations.
3. Support a common block include feature in all subroutines using the same common block.
d. Provide the following coding enhancement features selected by the user:
1. Do loop optimization.
2. Do sequential statement renumbering by specified increment.
3. Implement IF-THEN-ELSE structure.
4. Expand statements to improve readability.
a) Insert blanks on both sides of arithmetic operators.
b) Insert blanks following or preceding delimiters.
1) Parentheses, right and left.
2) Comma.
e. Convert intrinsic functions.
f. Provide compiler conversion features:
1. For standard release compilers including:
a) Control Data Corporation, FTN.
b) Digital Equipment Corporation.
c) Prime Computers, FTN and F77.
d) International Business Machines, FORTRAN level G and H.
2. To isolate features that cannot be converted.
g. Provide conversion reports for:
1. Summary of conversion actions showing old and new statements.
2. Cross reference map comparison, showing old versus new.
a) Variables.
b) Statement numbers.
c) Common blocks including order and size.
d) Externals.
e) Intrinsic functions.
f) Size statistics in words and bytes.
h. Convert FORTRAN to C.

C7.15.14.    PROGRAM EXECUTION ANALYSIS TOOLS
Software tools shall be provided to aid FORTRAN or C programmers to achieve optimal performance. As a minimum, the following shall be provided:
a. Program execution analysis indicating the portions of execution time for:
1. Subprograms and entry points.
2. Loops.
b. Recommended modularization modifications.
c. Suggested program modifications for achieving higher degrees of optimization.
d. Language support:
1. FORTRAN.
2. C.



