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EXECUTIVE SUMMARY

The technology of microelectronics continues to evolve toward higher
and higher density circuitry with increasing performance requirements in
terms of speed and reliability. In the military electronic systems arena,
only limited quantities of any device are produced and the performance
requirements are always pushing against the forefront of technology. To
facilitate the continual exploration and evolvement of new designs for
electronics to meet new threats, the Electronic Technology Division of the
Air Force Avionics Labhoratory maintains a Computer Aided Design (CAD) sys-
tem, resident on the AVSAIL DEC System 10.

The CAD programs couple the computer to digital design, manufacture,
test, and documentation to lower cost and increase productivity. This is
accomplished by having the computer handle the routine time consuming tasks
in order to allow man more time to be creative.

This manual presents a general functional description of each of the
CAD programs. To fully understand the routine tasks performed by the CAD
programs, one must have a working knowledge of the processes used in the
design, fabrication, test, and documentation of digital electronics. To
comprehend all the details of each program is somewhat overwhelming and
generally unnecessary as the average user will only be concerned with a
small subset of the overall system and need not be confused by the number
of program options and details which exist. The primary purpose of this
manual, then, is to give enough of a functional description of each program
to allow a person to comprehend the basic fundamentals of that program in
order to determine if indeed it will perform the tasks required. Once this
decision has been made, then the user can proceed to a specific subset of
Users Manuals rather than having to deal with the entire program set.
Since considerable knowledge of the system under design, in addition to job
planning and control, is required to make the most cost effective use of
the CAD programs, the user should be prepared with the necessary informa-
tion required to work within Computer Aided Design. Successful use of the
system requires strict adherence to standards. Many decisions made in the
early stages of the job are not easy to change later if they are found to
be inadvisable. Adequate resources such as computer time, mass storage
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media, and trained personnel must be planned for and provided at appro-
priate times in the cycle.

The programs available to the designer simulate a logic design, link
the logic design to a physical design, determine testability of the design,
and generate layout information. These programs encompass a broad spectrum
of software tools ranging from custom Large Scale Integrated Circuit (LSI)
designs at a cell level to a complete Printed Circuit Board (PCB) layout.
The programs used in the design of PCB's are LOGIC 4, ASPEC, ASSIGN, PCPRA,
SCELL/MOSTRAN, CONVRT, PRF, CHPCHP, and MCHPCK. The primary functions of
these programs are: logic simulation, fault analysis, chip layout, logic
element association, and printed circuit board layout and routing. In
addition, programs are available for analyzing and optimizing microwave
designs and for providing thermal and structural analysis of any design.
These programs are: MAGNET, SAP IV and SINDA. The data interaction of all
of the CAD programs is controlled via the data base management program
LIBBER. The interaction and generalized capabilities of the programs are
described in the brief functional descriptions that follow.

The simulation program (LOGIC 4) is normally the first and perhaps
most important program used. Inputs to this program consist of a descrip-
tion of the logic design to be simulated. This may be individual logic
blocks such as gates or LSI chips and includes an input sequence to exer-
cise the circuit described. Outputs are many useful lists of tables and a
timing diagram so the designer can verify that the circuit is performing as
intended. A Verification mode is included in which the program compares
the specified output signal levels for a good circuit to the same outputs
for a faulted circuit to determine if there is a difference in the output.
If a difference is noted a detected fault is listed. A Fault Isolation
mode is included in which the actual circuit locations of the fault are
determined through the analysis of unique fault signatures or signature
sets for each fault detected. The Advanced Simulation Program for Elec-
tronic Circuits (ASPEC) is designed to perform nonlinear dc, nonlinear
transfer function, nonlinear transient and linear ac simulation of circuits
containing independent sources, linear elements and nonlinear devices.

The ASSIGN program is normally run after the design has been proven to
be of sound logical structure, and serves as the introduction and the link
to the physical design process. The program assembles the logical design
information, previously supplied to the simulation programs, into lists for
use in component interconnection on the board.
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The PCPRA program is a printed circuit wire routing optimization pro-
gram for production of two-sided or multilayer printed circuit boards. It
consists of four parts that are normally used in order, yet can be used
independently. The placement part (PLACE) selects a placement of the pack-
ages to be used on a PCB so as to minimize total printed wire length. The
organizer part (WORGZ) accepts the output data from PLACE, organizes it,
and formats it for input to the router part (PROUTE). The router performs
printed circuit wire routing for two-sided or multilayer boards. The art-
work (or printer) part (MLPLOT) presents a printer plot of the routing.

The MOS Cell Layout Program (SCELL) is a general purpose cell layout
program for designing metal-oxide-silicon (MOS) cells. Based on a library
of basic device configurations, defined for each new techmnology, it pro-
vides a rapid and accurate means of defining cell geometries; that is, the
placement and interconnection of devices that form a cell. The SCELL pro-
gram is designed to interface with the MOS Circuit Transient Analysis
(MOSTRAN) program for a circuit transient analysis test of the cell layout.
The MOSTRAN prog..~ provides a simulation of circuit dynamic operations.
This program is an automated design tool for use in analyzing MOS transient
circuit performance and displays the output either as a list or as a plot
of current (I), voltage (V), or power (P).

The chip layout programs CONVRT, PRF, CHPCHP, and MCHPCK are used to
aid the design engineer in generating the data necessary for automated chip
fabrication, starting with a logic design and utilizing cell definitions in
the cell parameter library. The chip layout programs perform three primary
functions: conversion of input data (CONVRT), chip layout with automatic
placement (PRF), chip layout with user placement (CHPCHP), and checking of
chip layout (MCHPCK).

The Microwave Network Analysis and Optimization Program (MAGNET)
allows computerized analysis and optimization of a large class of linear
microwave networks for gain, VSWR, phase linearity and noise figure. It is
capable of modeling any network that can be built from pairs of linear
two-ports. MAGNET is designed primarily for microwave networks; however,
it may also be used for classical filter design, if suitable scaling is
performed.

The Structural Analysis Program for Static and Dynamic Response of
Linear Systems (SAP IV) is a computer program designed specifically for
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structural analysis and has the capacity to analyze very large three-
dimensional systems. The systems to be analyzed may be composed of combi-
nations of a number of different structural elements such as three-
dimensional truss and beam elements, pipe and boundary elements, two and
three-dimensional solids, as well as plane stress and strain elements.

The Systems Improved Numerical Differencing Analyzer (SINDA) is a
software system suited for solving lumped parameter representations of
physical problems governed by diffusion-type equations. The system con-
sists of two main pieces: (1) the preprocessor which accepts problems
written in the SINDA language and converts them to the FORTRAN language,
and (2) the library which consists of a collection of commonly needed pre-
written FORTRAN subroutines.

The LIBBER program is a data base management program which is used for
the maintenance of all standard data libraries and archive files. It pro-
vides the basic capability to store and retrieve data in standard card
image format either as a stand-alone program, or as an integral part of
many of the programs at both the cell and chip levels of design.
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SECTION 1
SYSTEM OVERVIEW

1.1 INTRODUCTION

The Computer Aided Design (CAD) Users Manuals are reference manuals.
They describe the details of format and functions of the computer programs
that aid electronic hardware design engineers in the design, manufacture,
test, and documentation of digital printed circuit boards (PCB's), hybrids
and integrated circuits. The purpose of this section is to provide an
overview which enables the users to understand the broad scope of the sys-
tem without becoming involved with the actual program details. Users that
require more detailed information on a specific topic should refer to the
appropriate section describing the program. Table 1l.1-1 is a listing of
the CAD programs which are described and the corresponding section con-
taining the detailed description.

TABLE 1.1-1 CAD Programs

SECTION PROGRAM PROGRAM FUNCTION
2.0 LIBBER Data Base Management
3.0 LOGIC 4 Logic Simulation and Fault Analysis
4.0 ASSIGN Element and Net List Generation
5.0 PCPRA Multilayer Board Chip Placement and Routing
6.0 SCELL/MOSTRAN Cell Layout and Transient Analysis
7.0 CONVRT/PRF/ IC Chip Layout
CHPCHP/MCHPCHK
8.0 MAGNET Microwave Network Analysis and Optimization
9.0 SAPIV Structural Analysis
10.0 SINDA Thermal Analysis
11.0 ASPEC Electronic Circuit Simulation
1
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1.2 PROGRAM CAPABILITIES

The CAD system is a set of programs available to the designer to simu-
late a logic design, link the logic design to a physical design, determine
the testability of the design, and generate layout information. These pro-
grams encompass a broad spectrum of software capability ranging from custom
LSI design at a cell level to a complete PCB layout. In addition, programs
are available for analyzing and optimizing microwave design and providing
thermal and structural analysis of any design. The interaction and gener-
alized capabilities of these programs are shown in Figure 1.2-1 and de-
scribed in the general functional descriptions that follow.

1.2.1 Printed Circuit Board Design

There are three programs in the CAD system which are used in the de-
sign of PCB's. These are LOGIC 4, ASSIGN, and PCPRA. These programs per-
form four main functions which are:

a. Logic simulation,

b. Fault analysis,

c. ELEMENT and NET LIST generation,

d. Printed Circuit Board Layout and routing.

1.2.1.1 Logic Simulation

The simulation program (LOGIC 4) is normally the first used. Inputs
to this program consist of a description of the logic design to be simu-
lated. This may be individual logic blocks such as gates or LSI chips and
includes an input sequence to exercise the circuit described. Outputs are
many useful lists of tables and a timing diagram so the designer can verify
that the circuit is performing as intended.

The simulation program can access a large library of LSI devices which
have been defined previously and are documented in system libraries. The
actual delays of the simulated devices do not automatically correspond to
the physical devices; therefore, it is necessary to check critical timing

paths in the design. The timing diagram represents a logic simulation in
such a way as to check pulse by pulse (semi-static) operations.
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1.2.1.2 Fault Analysis

The fault analysis option of the LOGIC 4 simulation program provides
fault verification and isolation information for use in automatic board
testing. The verification option uses the input sequence from simulation
and the tagged ELEMENTS deck from ASSIGN to determine the percentage of
possible user specified faults on the board which can be detected at the
output connector. The user specifies the type of faults to simulate
(ivbuts and/or outputs stuck at one and/or zero). The isolation option
expands on these results to create a list of faults which can be isolated
to a user specified number of IC's. If many fault conditions look the same
at the I/0 connector, it is impossible to determine which of the possible
faults is occurring on the board. Therefore, the testability of the design
is enhanced by judicious test-point selection and an input sequence which
properly exercises the logic.

1.2.1.3 ELEMENT and NET LIST Generation

The ASSIGN program serves as the introduction and the link to the
physical design process. The program assembles the logical design informa-
tion, previously supplied to the simulation programs, into string-lists
(NET LISTS) for use in component interconnection on the board. The program
is capable of doing a random layout constrained only by the order in which
the data is arranged in the card deck. The ASSIGN program does not deter-
mine geometry; therefore, placement and routing information is dependent
upon the manual specifications of the designer.

The data-base necessary for ASSIGN consists of a library of physical
characteristics of the LSI being simulated. These parameters are used to
prepare the net lists, a dc loading table for all signal names on the
board, a computer written parts list, and a table of unused logic and logic
that does not fit.

The ASSIGN program allows the user to punch cards or create disk files
of all output data which is used in other CAD programs. These outputs may
be:




a. A tagged ELEMENTS file which has the position for each element in
the tag field.

b. A string-list for board interconnection for use in the PCPRA
placement and organizer functions.

1.2.1.4 Printed Circuit Board Layout

The PCPRA program produces the physical layout data for two-sided or
multilayer printed circuit boards. This program consists of four parts
which are normally run in sequence but may be used independently. The
first part of PCPRA is the placement function (PLACE) which accepts the
BUCKET and STRING-LIST data from ASSIGN, TYPE-MODEL and MODEL data from
LIBRARIES, and user input data then selects the placement of the component
modules to be used on the PCB. This program optimizes the placement of the
modules in order to minimize the total printed wire length and produces a
GEOMETRY DATA file formatted for input to the second phase.

The second phase (WORGZ) accepts the output data from PLACE and the
STRING-LIST data from ASSIGN, organizes the data and formats it for input
to the third phase. The output from WORGZ is a COVERFILE consisting of
GEOMETRY DATA reformatted into SMIP statements, and an EXTENDED NET LIST
which is computer ordered for routing.

The third phase (PROUTE) performs printed circuit wiring for two-sided
or multilayer boards. PROUTE accepts the COVERFILE from WORGZ and produces
a SOLUTION FILE which may be used by a plotter to produce the actual PCB.
This file may also be applied to the fourth phase of the program to produce
a computer printer plot.

The printer plot output from the last phase (MLPLOT) shows the place-
ment of all component modules and the interconnecting wiring for each layer
produced by PROUTE. MLPLOT will also accept the COVERFILE output from
WORGZ and produce a printer plot showing only the placement of the compo-
nent modules.

1.2.2 Custom LSI Design

The majority of PCB design performed by the users of the CAD programs
can be accomplished using standard TTL logic; however, the system also pro-
vides the capabilities to design custom LSI chips for an even broader spec-
trum of electronic equipment application.
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1.2.2.1 The Basic Approach

The basic approach to custom LSI design is based on the cell system.
A cell is any arbitrary partition of the design where primary emphasis is
placed on circuit design. LSI chips are constructed of cells with primary
attention being given to logic design.

Standard Cells are families of circuits which are designed to meet the
requirements of a series of similar equipment. They are designed to ensure
that the circuits perform over a wide range of voltage, speed, temperature,
and drive requirements. The two cell families implemented with the custom
LSI design program (dynamic two-phase silicon gate PMOS and static single-
guarded metal gate CMOS) are examples of standard cell families with the
additional advantage of being designed around industry standard design
rules.

Custom Cells are circuits which are designed to meet specific objec-
tives such as nigh performance, high volume production, or implementation
of a unique or unusual process. In this case, cells are designed for a
specific chip where performance and size are optimized for the particular
chip design. Using custom cells, the design begins at the circuit level,
progressing through artwork generation largely under manual control.

1.2.2.2 Cell or Circuit Level Design

The CELL program is a general~purpose cell layout program. Based on a
library of basic device configurations, defined for each new technology, it
provides a means of defining cell geometries. Design rules including width
and spacing, both for masks taken individually, and for other unique combi-
nations of masks taken together, are checked.

Interconnect nets are checked to ensure connectivity, to detect
shorts, and to identify extraneous material. During the net check, process
variables such as latent diffusion and mask misalignment are simulated; and
electrical parameters, including actual device geometries, load capaci-
tances, and coupling capacitances, are calculated. These electrical param-
eters are used as input to the tranmsient circuit analysis program, MOSTRAN,
which provides a simulation of the dynamic operation of the circuit.
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The Cell level design aids may be used for either the Standard Cell or
the Custom Cell approaches to LSI design. Limitations of design complexity
affixed to these programs are computer run time and core limiting factors.

The basic limitation in the CELL program is 35 levels of artwork, four
of which may be interconnect. Built-in models in the MOSTRAN program are
restricted to MOS, but models may be added by writing Fortran subroutines
to simulate other technologies.

The final output of the cell level system is a Tecl ,logy Data Base to
be used in subsequent chip design. First, all input data to CELL and MOS-
TRAN is retained for future analysis or modification of any cell design on
a master design file. Second, the details of the geometries internal to
the cells are saved on a master geometry library. A third tile, the master
parameter library, contains the terminal charateristics of the cells; that
is, all the information necessary for chip level programs to lay out,
modify, analyze, and check chip layouts. Finally, a fourth file, master
MACRO library, contains MACRO or subroutine descriptions, test sequence
generation, and fault analysis at the chip level.

1.2.2.3 Chip or Logic Level Design

Relying on the Technology Data Base, either for a standard cell family
or for a completely custom design using a custom cell family, a number of
programs are available to simulate, layout, and analyze LSI chip designs.
The system logic analysis program, LOGIC 4, is a general-purpose program
for the logic simulation and fault analysis of LSI systems. It is a hier-
archical, functional simulator capable of simulation or analysis at any
level of design from initial equipment specification down to detailed
logic.

Once a designer is satisfied with the functional correctness of his
design and has assured himself that the design is testable, chip layout may
begin. For standard cell designs, the automatic layout program, PRF,
places and wires his cells in accordance with the design rules for that
technology. The user has the option of using fully automatic placement,

| manual placement, or a combination of the two. Output from the PRF program
includes final placement, net loading, and detailed chip geometries, which
are all cataloged for that chip design under the Equipment Data Base.
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For a Custom Cell layout, a program called CHPCHP is provided for
short-hand input of placement and routing. This program may be used to
originate layouts of unique or unusual designs, or to alter or append lay-
outs generated by PRF. It also interfaces with the Equipment Data Base and
other related programs via the detailed chip geometries.

To ensure accuracy and complete conformity to design rules, a checking
program called MCHPCK is provided. Here, exhaustive net checks are per-
formed comparing the original LOGIC 4 definition of the chip against the
final chip geometries. The total LSI chip design capability is limited to
300 functional cells.

1.2.3 Microwave Network Design

The MAGNET program allows computerized analysis and optimization of a
large class of linear microwave networks for gain, VSWR, phase linearity
and noise figure. It is capable of modeling any network that can be built
from pairs of linear two ports. The program is used to minimize input
VSWR, output VSWR, phase deviation from linearity, noise figure, and gain
error, in any combination, for a network in a 50-ohm system. MAGNET is
designed primarily for microwave networks; however, it may also be used for
classical filter design if suitable scaling is performed. The MAGNET
program is used primarily for design of linear two port microstrip; how-
ever, it may also be used in stripline and lumped element design.

1.2.4 Structural Analysis

SAP IV is a computer program designed specifically for structural
analysis and has the capacity to analyze very large three-dimensional sys-
tems. It has available a new variable-number-nodes thick shell and three-
dimensional element, and out-of-core direct integration for time history
analysis. The structural systems to be analyzed may be composed of com-
binations of a number of different structural elements. The program
presently contains the following types:

a. Three-dimensional truss element,

b. Three-dimensional beam element,

c. Plane stress and plane strain element,

d. Two-dimensional axisymmetric solid,

e, Three-dimensional solid,

f. Variable-number-nodes thick shell and three-dimensional element,
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v
g. Thin plate or thin shell element,
>
h. Boundary element,
i. Pipe element (tangent and bend).
These structural elements can be used in a static or dynamic analysis and
are carried out in the same manner. The static analysis is continued by
b solving the equations of equilibrium followed by the computation of element
" stresses. In a dynamic analysis the choice is between:

a. Frequency calculations only,

b. Frequency calculations followed by response history analysis,
c. Frequency calculations followed by response spectrum analysis,
d. Response history analysis by direct integration.

1.2.5 Thermal Analysis

SINDA, the Systems Improved Numerical Differencing Analyzer, is a
software system suited for solving lumped parameter representations of
physical problems governed by diffusion-type equations. The system con-
sists of two main pieces: (1) the preprocessor, and (2) the library. The
SINDA preprocessor is a program which accepts problems written in the SINDA
language and converts them to the FORTRAN language. The SINDA library con-
sists of many pre-written FORTRAN sub-routines which perform a large
variety of commonly needed actions and which reduce the programming effort
which might have been required to solve a given problem.

One of the most outstanding features of SINDA is that it accepts
"program-like" logic statements and subroutine calls as data which, ulti-
mately, permit the user to tailor the program to suit his particular prob-
lem.

1.2.6 Data Base Management

The overall system relies heavily on installation dependent software
for many functions relating to the creation and maintenance of file struc-
tures, bulk movement and manipulation of data, and for on-line editing and
program execution. Use of these functions requires a reasonable familiar-
ity with the computer system being used and will not be treated in detail

here.
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The LIBBER program is a machine independent data base management
program which is used for the maintenance of all standard data libraries
and archive files. It provides the basic capability to store and retrieve
data in standard card image format either as a stand-alone program, or as
an integral part of many of the programs at both the cell and chip levels
of design. All on-line data storage is maintained in nacked form to opti-
mize the use of disk space. Off-line storage is expanded to standard 80-
column card images for permanent storage or for intermachine transfer.

1.3 FILE MANAGEMENT

The CAD system programs perform several interrelated tasks and require
frequent interaction for the complete process. It is essential; therefore,
that the user have a complete list of the unit numbers and files associated
with each program,

1.3.1 File Assignments

To access any of the AFAL CAD programs the user must first use the re-
quired system commands to initiate system operation, after which each pro-
gram must be accessed by the appropriate program select command. When a
program is accessed the system responds with a request for file assignment
(UNIT, FILE?) at which time the user enters the appropriate commands to
reference all files accessed by the program for input data of files created
to store output data.

1.3.2 Command Characteristics

One or more files may be assigned by the user; however the END field
is used only after the last file assignment is made. If the optional END
field is not used on the last assignment, an END must appear as the next
input. If UNIT 5 is assigned, it must be the last unit number assigned in
a series of assignments as the system will then expect all following inputs
to be on logical UNIT 5. In addition, the END statement must appear in the
appropriate field on the data entry for UNIT 5 assignments otherwise the
program will not terminate the file assignment mode.

When a program is initiated, it uses UNIT 5 for the input file and

UNIT 6 for the output file. After each file assignment terminated by the
DONE and carriage return, the system responds with another request for file
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assignment. By reassigning UNIT 6 all program outputs are put on the
assigned disk file. The user must therefore enter the next file assignment
without any additional prompting.

The user must define all input files he will require during that ses-
sion. In addition, the user should define all output files required.
Assignment of output files are not required; however, if not assigned the
system creates a FORTRAN file name that may be destroyed by any other pro-
gram.

Upon completion of a program run, the program releases all file
assignments and returns to the monitor mode. Units 5 and 6 are then re-
turned to their normal input/output peripherals. The system then prints
any remaining user information on UNIT 6.

Xl
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SECTION 2
DATA BASE MANAGEMENT PROGRAM-LIBBER

2.1 INTRODUCTION

The programs contained in the CAD system requires frequent interaction
for a complete circuit design; therefore, it is essential that a data base
be established that can be called upon for many applications. The LIBBER
program provides for this data base. Figure 2,.,1-1 depicts the functional
relation between the LIBBER program and the remaining CAD programs. This
section provides sufficient information to describe the purpose and capa-
bilities of LIBBER and a general description of the various commands and
options available for use. Users need have no programming experience to
use the LIBBER program although some background is helpful.

2.2 PROGRAM PURPOSE

The LIBBER program is used to perform such conventional maintenance
tasks as addition, deletion, or modification of subfiles used with other
programs in the AFAL-CAD system. The program also allows control over the
use of the data on any CAD system file. The program provides aids for the
associated CAD system programs, such as displaying data-category and card-
image heading to assist in coding input categories.

2.3 PROGRAM GENERAL DESCRIPTION

The LIBBER program is a machine independent, data-base management pro-
gram that uses random access reads and wiites to build a LIBBER file and
may be run in either the interactive or batch mode. Data is stored in
LIBBER files in a packed format to make maximum use of disk space. The
data stored on the file can be restored to 80-column card-image format for
use by other CAD programs or intermachine transfer.

The LIBBER program is capable of saving the data base information on
backup tape as off-line storage. The program is used primarily for cre-
ating new subfiles or manipulating existing subfiles as follows:

a. Creates new subfiles.
b. Edits existing subfiles such as:
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Figure 2.1-1. CAD Functional Block Diagram Emphasizing the LIBBER Program
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(1) append additional data,
(2) performs line editing.

c. Deletes subfiles no longer required.

d. Provides listing of subfiles.

e. Transfers subfiles from the main library file to files
accessible by other CAD programs.

f. Combines two separate libraries.

g. Saves libraries on backup storage.

h. Restores saved libraries to a new LIBBER type file.

The LIBBER file structure provides the capabilities for storing all
data categories as subfiles for all AFAL-CAD system programs. The naming
convention used for the subfiles allows for automatically selecting only
the data categories required for a program. The LIBBER file structure also
allows a specified program to select various optional categories depending
on the sort keys associated with each subfile. That is, if more than one
subfile in the library has the same subfile name and family name, the
selecting program may select the appropriate subfile by matching the sort
keys (process names).

2.4 PROGRAM OPERATION

The examples described in this section use data entries contained in a
secondary file which was created using one of the system text editers.
After this file is created, the user may enter the LIBBER program and run
the examples described.

To run the LIBBER program the user must log in using the appropriate
system controls, create the required secondary file, then enter the program
select command. The system will then respond with a request for file
- assignment at which time the user inputs the appropriate command. After
file assignments are made, the system responds with a request for a LIBBER
command, and the user may input the desired command. When the command has
been processed, a request for another command is made. The user may then
again input a request or terminate the program run by an END command.

2.4.1 Program Access

To access the LIBBER Program, the user must first use the required
system commands to initiate system operation (refer to DEC SYSTEM 10
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Operating System Command Manual DEC-10-OSCMA-A-D). After the system has
been initiated, the LIBBER program is accessed by a program select RUN
command.,

2.4.2 LIBBER File Creating Commands

To create a new LIBBER file two types of commands are required. The
first type establishes the file name and file type of the LIBBER file and
the input file. The second type initializes the LIBBER file and sets up
the file structure. These are both performed through use of the UNIT, FILE
command.

2.4.2.1 File Assignment

Two file assignment commands are used which provide the user access to
a library file to logical Unit 15 with a file name selected by the user and
enables the LIBBER program to access the secondary file. The name assigned
to the LIBBER file may be any legal operating system name and extension.
The commands also define the file types.

All LIBBER commands manipulate the file on logical Unit 15 unless pre-
ceeded by a unit number change command. Therefore, when creating a LIBBER
file the unit number specified should always be Unit 15. In addition, all
LIBBER files are RANDOM access and should be specified as such by the file
type input.

2.4.2.2 File Initialization

The file assignment commands are followed by an initialization command
that determines the file size and structure by allocating a specified
amount of file space for the Library. Initiali_ation is performed by use
of the NEW command.

2.4.2.3 Subfile Creation

’

The ADD command creates new subfiles on the master file, initialized
by the NEW command. The subfiles are created from data contained in the
secondary file. Files may also be created from data supplied by the user
immediately following the command input.

15
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2.4.2.4 File Monitoring Commands

The LIBBER program provides two file monitoring type commands (TOC and
LST) that enable the user to obtain a printout of the master file table of
contents or a listing of an individual subfile. The line numbers are pro-
gram generated during the LST process and are not part of the actual sub-
file. These may be used for editing purposes using the LIBBER edit func-
tion.

2.4.3 LIBBER Exit Command

To exit the LIBBER program the user must input an END command when the
program is expecting a LIBBER type command. This terminates the LIBBER
program execution at which time the user may enter another CAD program,
perform system operations, or log off the system.

2.5 LIBBER COMMAND DESCRIPTIONS

The following sections provide a general description of the LIBBER
program functions by documenting the use and capability of each LIBBER
command.

2.5.1 RUN LIBBER Command Description

The RUN LIBBER command is the program select command that accesses the
LIBBER program and allows the user to perform the various functions
allowed.

2.5.2 File Assignment Command Description

The UNIT, FILE command defines which files and associated units are
assigned or accessed by a particular LIBBER program run. Each command
specifies the unit number, file name, and file type for each assignment.

The user must define all input files he will require during that ses-
sion. In addition, the user should define all output files required.
Assignment of output files is not required; however, if not assigned the
system creates a FORTRAN file name that may be destroyed by any other pro-
gram. For example, if the user outputs to UNIT 23 the file created will be
FOR23.DAT and any other user that writes on UNIT 23 will destroy the previ-
ously created file. Possible needs for file assignments are:
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a. LIBBER Files (Random access only).
b. Input files.

c. Output files.

d. SAVE files (read/write).

e. Restore files.

f. Files to be merged.

The program default units for files not assigned are:

a. Unit 15 (LIBBER files).
b. Unit 5 Input.
c. Unit 6 Output.

2.5.3 HEL Command Description

The HEL (Help) command is provided only as an aid for the inexperi-
enced user. This command provides a listing of all the LIBBER commands
available.

2.5.4 TTY Command Description

The TTY command, used only in the interactive mode, causes the program
to eliminate echoing reprints of operator supplied inputs. The default
mode of the LIBBER program is to reprint each input command prior to execu-
tion of that command. In addition, the system prints all card image inputs
to the program. For example, when the ADD command is used to create LIBBER
subfiles from a secondary file, each input card image of the subfile is
printed on the terminal. The TTY command eliminates this print out, there-
by, speeding up terminal interaction.

255 TOC

The TOC (Table of Contents) command prints out a complete list of all
subfiles, the position of each subfile on the master file unit, and date
and time of each subfile creation. The printout gives a summary of the
master file unit configuration, number of data blocks, size of data blocks
and number of words per table of contents entry.

The LIBBER files are in packed format and the system has 36 bits per
word with seven bits per character. Therefore, the LIBBER files contain
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five characters per word in the packed form. The TOC print out lists the
block number containing the subfile, the first word number of the subfile,
and the number of characters in each subfile.

The DATE TIME reading on the TOC is the creation date time<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>