

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































FORTRAN

tional memory to store array accessing information. If array vectoring
is enabled, the compiler decides whether to vector a multidimensional
array based on the ratio of the amount of space required to vector the
array over the total space required by the array. If this ratio is greater
than 25%, the array is not vectored, and standard mapping is used
instead. If size is a more critical factor than speed, the user can disable
the vectoring of all arrays. If arrays are vectored, it is so noted in the
storage map listing.

Enable/Disable Compiler Warning Diagnostics

Warning diagnostics report conditions which are not fatal error condi-
tions, but which can be potentially dangerous at execution time, or
which may present compatibility problems with other FORTRAN com-
pilers running on PDP-11 operating systems. For example, a warning
message is generated if a variable name exceeds six characters in
length. This is potentially dangerous if another variable name has the
same first six characters. The warning diagnostics are normally en-
abled, but the user can suppress their inclusion in the diagnostics
listing.

Internal Operation and Structure

Instead of using temporary files to process source programs, the
FORTRAN IV compiler performs all its activities in main memory. It
reads the entire source program once, stores it in memory in a com-
pacted format, and processes the compacted code in memory. Since
a disk device is not used for temporary file operations, compilation
speed is significantly increased.

To reduce the memory requirements of such a compilation system,
the FORTRAN IV compiler employs a multi-phase overlaid structure.
The compiler consists of a large number of overlays. Most of the space
allocated to the compiler is occupied by the compressed source code.
Figure 12-1 illustrates the compile-time memory map.
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HIGH ADDRESSES

SYMBOL TABLE
(DYNAMIC)
(GROWS DOWNWARD)
______________ -
CURRENT INTERNAL
FORM OF SOURCE
PROGRAM
(DYNAMIC )
1/0 BUFFER AREA .25K
MINIMUM
ACTIVE OVERLAY AREA M <Ds
ROOT SEGMENT AND
OVERLAY LOADER -25K WORDS
VECTORS AND SYSTEM 25K WORDS
COMMUNICATION AREA | OW ADDRESSES

Figure 12-1 Compile-Time Memory Map

The compiler goes through a series of processing phases, one for
each of its overlays. Each program segment is processed separately.
The basic processing phases are:

. Source program compaction and iisting
. Syntax analysis and error reporting

. Statement processing

. Code generation

g H W N =

. Code optimization

The compiler begins by reading in as much of the source program as
can fit in memory. It then compresses the source code in memory by
removing blanks and other unnecessary data. It continues to read in
more source code, compressing it as it goes, until the entire program
segment fits in memory.

Once the source code is compacted into memory, the compiler begins
processing the internal form of the source code as a whole. Because
the entire program segment is available to the compiler, FORTRAN IV
does not require statement ordering restrictions.

During the first stage of code generation, the compiler immediately
writes as much information as possible to the object file. This step is
necessary to further compress the internal source code to enable the
symbol table to grow in the later stages of processing.
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The non-executable statements are eligible for immediate processing,
since the information they provide is not needed until run-time. There-
fore, the compiler searches for all the occurrences of non-executable
statements, such as FORMAT and DATA statements, produces the
beginning of the object module, and compacts the internal source
code further.

The compiler enters all variables and constants not yet processed into
the symbol table, and performs the syntax scan of the executable
statements. The program is translated into an internal format in pre-
paration for final code generation.

Object Code Generation

A few executable FORTRAN statements can be translated directly into
machine instructions. Typical FORTRAN operations, however, require
long sequences of PDP-11 machine instructions. For example, stan-
dard sequences are needed to locate an element of a multidimension-
al array, initialize an I/0 operation, or simulate a floating point
operation not supported by the hardware configuration.

The common sequences of PDP-11 machine instructions are con-
tained in a library known as the FORTRAN Object Time System (OTS).
The FORTRAN IV compiler does not always generate pure machine
instructions for the FORTRAN source code statements. It simply deter-
mines which combination of appropriate OTS routines is needed to
implement a FORTRAN program. During the linking process for an
object program, the linker utility includes the needed OTS routines
into the load module. During program execution, these routines are
chained together to effect the desired result. However, in-line code is
used for improved execution speed for some operations where appro-
priate.

The compiler references a library instruction sequence by generating
a word containing the address of the first instruction in the OTS rou-
tine, followed by the information upon which the routine is to operate
(the operands). For example, an OTS routine used to perform the end-
of-DO-loop sequence must be passed to the location of the index
variable, the limit value, and the address of the beginning of the loop.

The compiler and OTS make use of the PDP-11 general register and
indirect addressing facility to have the OTS routines executed at run-
time. Register 4 (R4) is used to chain together the selected OTS rou-
tines. The last instruction executed in each library routine is a JMP
(R4)+, which transfers control to the next library instruction sequence.
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Optimizations
The FORTRAN IV compiler performs the following optimizations dur-
ing compilation:

1. Compiled FORMAT Statements

The compiler interprets the FORMAT statements at compile-time,
translating the format into an internal form. This not only increases the
execution speed of the program, it decreases its size, because less
run-time code is needed.

2. Array Vectoring .

Array vectoring decreases the time necessary to reference elements
of a multidimensional array by using additional memory to store the
array. If an array is vectored, a particular element in the array can be
located by a simplified mapping function, without the need for muitipli-
cation operations.

3. Constant Folding
Integer constant expressions are evaluated at compile-time.

4. Compile-time Evaluation of Constant Subscript Expressions
Constant subscript expressions in array calculations are evaluated at
compile-time.

5. Elimination of Unreachable Code

Statements that are never reached by flow of control are eliminated
from the object code.

6. Common Subexpression Elimination

Redundant subexpressions whose operands are not changed
between computations are replaced by a temporary value calculated
only once.

7. Peephole Optimizations

The compiler examines the internal form of the object code on an
operation-by-operation basis to replace sequences of operations with
shorter and faster equivalent operations. For example, the compiler
replaces a divide-by-two operation with a multiply-by-one-half opera-
tion. There is a large set of these kinds of operations.

8. Branch Optimizations for Arithmetic and Logical IF

Branch structure optimizations improve program speed and decrease
its size. For example, an arithmetic IF statement can often be im-
proved:

IF(A-7.0)100,200,100 !goto 200 if A is equal to 7.0
100 CONTINUE

The compiler will optimize this statement to:
IF(A .EQ. 7.0) GOTO 200
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9. Register Allocation
Register allocation is optimized over a series of statements or loops to
minimize direct memory references for variables.

10. Loop Optimization

The optimizer locates expressions dependent on the loop index vari-
able, and reduces them to less complex arithmetic operations. For
example multiplies are replaced with adds and subscripts are re-
placed with direct memory references.

Libraries

The FORTRAN programmer can create a library of commonly used
assembly language and FORTRAN functions and subroutines. The
operating system’s librarian utility provides a library creation and
modification capability. Library files may be included in the command
string to the linker utility. The linker recognizes the file as a library file
and links only those routines in the library that are required in the
executable program. By default, the linker also automatically searches
the FORTRAN system library for any other required routines.

Debugging a FORTRAN Program

Two debugging facilities are available to the FORTRAN programmer.
The FORTRAN Object Time System provides the traceback feature for
fatal run-time errors. This feature locates the actual program unit and
line number of a run-time error. Immediately following the error mes-
sage, the error handler will list the line number and program unit name
in which the error occurred. If the program unit is a subroutine or
function subprogram, the error handler will trace back to the calling
program unit and display the name of that program unit and the line
number where the call occurred. This process will continue until the
calling sequence has been traced back to a specific line number in the
main program. This allows the exact determination of the location of
an error even if the error occurs in a deeply nested subroutine.

In addition to the FORTRAN OTS error diagnostics which include the
traceback feature, there is another debugging tool available. A “D” in
column one of a FORTRAN statement allows that statement to be
conditionally compiled. These statements are considered comment
lines by the compiler unless the appropriate debugging lines switch is
issued in the compiler command string. In this case, the lines are
compiled as regular FORTRAN statements. Liberal use of the PAUSE
statement and selective variable printing can provide the programmer
with a method of monitoring program execution. This feature allows
the inclusion of debugging aids that can be compiled in the early
program testing stages and later eliminated without source program
modification.
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FORTRAN IV OPERATING ENVIRONMENTS

The FORTRAN IV compiler and OTS is available as an optional lan-
guage processor for the RT-11, RSTS/E, RSX-11M and IAS operating
systems. The compiler operation and facilities under each of these
systems are essentially identical.

Each operating system provides additional features particular to the
environment. For example, the monitor programmed requests or exe-
cutive directives are usually available as a library of FORTRAN-call-
able routines.

Under RT-11
The entire FORTRAN |V system is operational in 8K words under the
RT-11 SJ, FB, or XM monitors. The RT-11 System Subroutine Library
(SYSLIB) is a collection of FORTRAN-callable routines which allow a
FORTRAN user to utilize various features of the RT-11 Fore-
ground/Background (F/B) and Single-Job monitors. SYSLIB also
provides various utility functions, a complete character string manipu-
lation package, and 2-word integer support. SYSLIB is provided as a
library of object modules to be combined with FORTRAN programs at
link-time. SYSLIB allows the RT-11 FORTRAN user to write almost all
application programs in FORTRAN with no assembly language cod-
ing.
Also available under RT-11 are:
e A library of FORTRAN-callable graphics routines supporting the
VT11, GT40, GT42, and GT44 graphics hardware systems.

e Plotting support for the LV11 electrostatic printer/plotter.

e Laboratory data acquisition and manipulation routines used in con-
junction with the LPS-11 and AR11 laboratory peripheral hardware.

e The Scientific Subroutine Library, providing FORTRAN-language
routines for mathematical and statistical applications.

e Stand-alone program execution

Under RSTS/E

RSTS/E FORTRAN IV operates in interactive or batch mode under the
RSTS/E monitor. The FORTRAN IV system includes the FORTRAN IV
compiler, the Object Time System (OTS), and several utility programs.

The entire system (including compiler and optimization components)
is completely functional in an 8K-word user area. A system interface
occupying 4K words of memory is sharable among all FORTRAN [V
users on the system. In addition, the FORTRAN IV system provides
overlay support for programs and data, allowing extremely large pro-
grams to be run in a small region of memory.
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RSTS/E FORTRAN IV provides assembly language subprogram sup-
port, using the MACRO assembler. Although the assembly language
subprogram can not issue any monitor calls, MACRO provides the
experienced user with a tool to further enhance computational per-
formance.

Under RSX-11 and IAS

In RSX-11M, the FORTRAN IV compiler runs in a minimum partition of
7K words. If run in a larger partition, it uses the extra space for pro-
gram and symbol table storage. In RSX-11D and IAS, the compiler
task requires 8K words minimally and can be extended when it is
installed. As with RSX-11M systems, the additional space allows the
processing of larger FORTRAN programs.

An RSX-11/1AS library consists of object modules. Two types of librar-
ies exist, shared and relocatable.

Relocatable libraries are stored in files. Object modules from
relocatable libraries are built into the task image of each task refer-
encing the module. The Task Builder is used to include modules from
relocatable libraries in a task image. When a library specification is
encountered in the command string, those modules in the library
which contain definitions of any currently undefined global symbols
are included in the task image. The user can construct relocatable
libraries of assembly language and FORTRAN routines using the Li-
brarian utility.

Shared libraries are located in main memory and a single copy of each
library is used by all referencing tasks. Access to a shared library is
gained by specifying the name of the library in an option at task build
time. Shared libraries are built using the task builder. They must con-
tain sharable (reentrant) code.

Each RSX-11/IAS system has a system relocatable library. The system
relocatable library is automatically searched by the Task Builder if any
undefined global references are left after processing all user-specified
input files. The FORTRAN OTS may be included in the system library
and hence is loaded automatically with FORTRAN programs.

The RSX-11/IAS system library provides FORTRAN-callable forms of
most executive directives. The FORTRAN programmer can schedule
the execution of tasks, communicate with concurrently executing
tasks, and manipulate system resources through these calls.

Industrial Society of America (ISA) extensions for process |I/0 control
are available in FORTRAN-callable format under RSX-11M. Support
for laboratory and process control peripherals is also included.
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FORTRAN IV-PLUS FUNCTIONS AND FEATURES

The FORTRAN IV-PLUS Compiler and Object Time System is an op-
tional language processing system for the RSX-11D, RSX-11M, and
IAS operating systems. The FORTRAN IV-PLUS compiler accepts
source programs written in the PDP-11 FORTRAN language and pro-
duces an object file which must be linked prior to execution. The
FORTRAN IV-PLUS language is a superset of PDP-11 FORTRAN and
is based on the specifications for the American National Standard
FORTRAN X3.9-1966.

Both the FORTRAN IV and the FORTRAN IV-PLUS compilers can be
used in the same RSX family environments. If both FORTRAN compi-
lers are to be used on the same system, two separate FORTRAN
library files are maintained. One compiler must be selected as the
“default” compiler. The one selected as the default is the one that can
be used in batch processing.

The primary differences between the FORTRAN IV compiler and the
FORTRAN IV-PLUS compiler are that the FORTRAN IV-PLUS compi-
ler:

® supports extended language features
e produces highly optimized PDP-11 machine language code
® requires the FPP Floating Point Processor option

The FORTRAN IV-PLUS compiler generates optimized code resulting
in fast user program execution. The FORTRAN IV compiler is de-
signed to provide high-speed program compilation and to operate on
minimum core configurations.

With the exception of virtual array support in FORTRAN IV, the
FORTRAN IV-PLUS language is upward compatible with the PDP-11
FORTRAN IV language. The FORTRAN IV-PLUS system supports the
same enhancements to the language standard as FORTRAN IV. In
addition, FORTRAN IV-PLUS also includes the following extensions:

o ENTRY statements can be used in SUBROUTINE and FUNCTION

subprograms to define muitiple entry points in a single program
unit.

e PARAMETER statements can be used to give symbolic names to
constants.

e Lower bounds as well as upper bounds of the array dimension can
be specified in array declarators. The value of the lower bound
dimension declarator can be negative, zero, or positive.

® The data type INTEGER*4 provides a sign plus 31 bits of precision.
INTEGER*4 allows a greater range of values to be represented than
INTEGER*2. Both data types can be used in the same program.
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® A compiler command line specification allows all INTEGER and
LOGICAL declarations without explicit length specifications to be
considered as INTEGER*2 and LOGICAL*2, or INTEGER*4 and
LOGICAL*4, respectively.

® The following I/0 statements have been added:
READ (u’r,fmt)
Direct access using formatted records
WRITE (u’r,fmt)

These 1I/0 statements provide formatted direct access I/0 opera-
tions, since the READ and WRITE statements contain references to
FORMAT statements or format specifications in arrays.

e Generic function selection by argument data type is provided for
many FORTRAN library functions.

e The control variable of a DO statement can be a double precision
data type as well as an INTEGER*2, INTEGER*4, or REAL data type.
The initial, terminal, and increment parameters can be of any data
type and are converted before use to the type of the control variable
if necessary.

® The INCLUDE statement incorporates FORTRAN source text from a
separate file into a FORTRAN program.

® The number of times a DO loop is executed (called the iteration
count) is determined at the initialization of the DO statement and is
not re-evaluated during successive executions of the loop. Conse-
quently, the number of times the loop is executed will not be affect-
ed by changing the variables used in the DO statement. That is, the
terminal and increment parameters can be modified within the loop
without affecting the iteration count.

LANGUAGE EXTENSIONS

The following paragraphs discuss some of the additional language
components that FORTRAN IV-PLUS provides to the FORTRAN IV
language. Table 13-1 at the end of this chapter compares the im-
plementation of the FORTRAN IV and FORTRAN IV-PLUS languages.

I/O Statements

FORMATTED DIRECT ACCESS INPUT/OUTPUT

Formatted direct access READ and WRITE statements are used to
perform direct access |I/O of character data with a file on a direct
access device. The OPEN statement is used to establish the attributes
of the file. Each READ or WRITE contains an expression that specifies
the number of the record to be accessed.
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The formatted direct access READ statement causes the specified
record to be read from the direct access file currently associated with
the given logical unit. The characters in the record are scanned and
converted as indicated by the given format specification. The resulting
values are assigned to the elements in a list.

The formatted direct access WRITE statement writes the specified
record in the direct access file currently associated with the given
logical unit. A list specifies a sequence of values which are converted
to characters and positioned as specified by a format specification.

Specification Statements

INCLUDE

Specifies that the contents of a designated file are to be incorporated
in the FORTRAN compilation directly following the INCLUDE state-
ment. An INCLUDE statement can appear anywhere a comment line
can appear. When the compiler encounters an INCLUDE statement, it
stops reading statements from the current file and starts reading
statements from the included file. When the end of the included file is
reached, compilation resumes with the statement following the IN-
CLUDE statement. An INCLUDE statement can be contained in an
included file.

The INCLUDE statement provides a mechanism for writing modular
reliable and maintainable programs by eliminating duplication of
source code. A section of program text that is used by several pro-
gram units, such as a COMMON block specification, can be created
and maintained as a separate source file. All program units which
referenced the COMMON block then merely INCLUDE this common
file. Any changes to the COMMON block will be reflected automatically
in all program units after compilation.

EXTERNAL*name

Specifies that a name refers to a user-defined external FUNCTION or
SUBROUTINE subprogram, in order to differentiate it from a
FORTRAN library processor-defined function.

PARAMETER

Allows a constant to be given a symbolic name. The symbolic name of
a constant assumes the type implied in the form of its corresponding
constant. The initial letter of the name has no effect on its type.

User-Written Subprograms

ENTRY

Provides multiple entry points within a subprogram. It is not executa-
ble and can appear within a function or subroutine program after the
FUNCTION or SUBROUTINE statement. Execution begins with the first
executable statement following the ENTRY statement.
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Library Functions
The following additional FORTRAN library functions are provided:
ASIN(X) Real arcsine

DASIN(X) Double precision arcsine

ACOS(X) Real arccosine

DACOS(X) Double precision arccosine
SINH(X) Real hyperbolic sine

DSINH(X) Double precision hyperbolic sine
COSH(X) Real hyperbolic cosine

DCOSH(X) Double precision hyperbolic cosine
TANH(X) Real hyperbolic tangent

DTANH(X) Double precision hyperbolic tangent
TAN(X) Real tangent

DTAN(X) Double precision tangent

NINT(X) Real to integer nearest integer
ANINT(X) Real nearest integer

IDNINT(X) Double to integer nearest integer
IAND(l,J) Integer bitwise AND

I0R(1,J) Integer bitwise OR

IEOR(l,J) Integer bitwise Exclusive OR
NOT(l) Integer NOT

ISHFT(1,J) Integer bitwise shift

Generic Function References

Generic function names provide a means by which some of the
FORTRAN mathematical functions can be called with selection of the
actual library routine used, based on the type of the argument that
occurs in the function reference. For example, if X is a real variable,
then SIN(X) will reference the real-valued sine function. If D is a double
precision variable, then SIN(D) will reference the double precision sine
function. It is not necessary to write DSIN(D).

Generic function selection is performed independently for each func-
tion reference. Given the above example, both SIN(X) and SIN(D) can
be used in the same program unit.

The set of functions for which generic name selection is performed is
shown below. Generic function selection can only be used with the
argument types shown.
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SYMBOLIC NAME TYPE OF TYPE OF
ARGUMENT RESULT
ABS Integer Integer
Real Real
Double Double
Complex Complex
AINT, ANINT Real Real
Double Double
INT, NINT Real Integer
Double Integer
SNGL Integer Real
Double Real
DBLE Integer Double
Real Double
MOD, MAX, MIN, SIGN, and DIM Integer Integer
Real Real
Double Double
EXP, LOG, SIN, COS, and SQRT Real Real
Double Double
Complex Complex
LOG10, TAN, ATAN, ATAN2, ASIN, Real Real
ACOS, SINH, COSH,and TANH  Double Double

COMPILER OPERATION AND OPTIMIZATIONS

The FORTRAN IV-PLUS compiler accepts a source written in the
FORTRAN language and produces an object file which must be linked
by the IAS/RSX-11 Task Builder prior to execution. The compiler uses
a work file system to produce the object file. This work file system
allows very large FORTRAN programs to be compiled in a limited
amount of memory.

The compiler generates PDP-11 machine language code, including
FP-11 instructions, for the object program. During compilation, the
FORTRAN IV-PLUS compiler performs many code optimizations.

The FORTRAN IV-PLUS optimizations are designed to produce an
object program that executes in less time than an equivalent non-
optimized program. The optimizations are also designed to reduce the
size of the object program.

The FORTRAN IV-PLUS compiler performs the following optimiza-
tions:
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e Constant folding. Integer constant expressions are evaluated at
compile-time.

e Compile-time evaluation of constant subscript expressions in array
calculations.

e Elimination of unreachable code. An optional warning message is
issued to mark unreachable statements in the source program list-
ing.

® Recognition and replacement of common subexpressions.

e Peephole optimization. The code is examined on an operation-by-
operation basis to replace sequences of operations with shorter and
faster equivalent operations.

® Branch instruction optimizations for arithmetic or logical IF state-
ments.

e Compile-time constant conversion.

e Argument-list merging. If two function or subroutine references
have the same arguments, a single copy of the argument list is
generated.

e Removal of invariant computations from DO loops.

® | ocal register assignment. Frequently referenced variables are re-
tained (if possible) in registers to reduce the number of load and
store instructions.

e Assignment of frequently used variables and expressions to regis-
ters across DO loops.

e JMP/BRANCH instruction resolution. The BRANCH instruction is
used wherever possible to eliminate unnecessary JMP instructions.

A FORTRAN IV-PLUS program is computationally equivalent to a pro-
gram according to the definition of the FORTRAN language. Thus
identical numerical results are obtained and equivalent run-time diag-
nostics are produced. Messages may not, however, occur at exactly
the same statements in the source programs.

Compile-Time Operations on Constants
The FORTRAN IV-PLUS compiler performs the following compile-time
computations on expressions involving constants, including PARAM-
ETER constants.
® Negation of Constants. For example,
X=-10.0
e Type Conversion of Constants. For example,
X =10*Y
is compiled as
X =10.0"Y
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® Integer Arithmetic on Constants. For example,
PARAMETER NN=27
I =2*NN+J
is compiled as
| =54+J

In addition, array subscripts involving constants are simplified at
compile-time where possible. For example,

DIMENSION {(10,10)

1(1,2) = 1(4,5)
is compiled as a single MOV instruction:

MOV 1+130,1+26

This not only significantly increases the speed of the program, it re-
duces its size.

Elimination of Common Subexpressions

Often the same subexpression appears in more than one computa-
tion. If the values of the operands of a common subexpression are not
changed between computations, the value of the subexpression can
be computed once and its result can be substituted where the su-
bexpression appears. For example, the sequence:

A= B*C+E*F
H= A+G-B*C

IF((B*C)-H)10,20,30

contains the common subexpression B*C. The sequence is compiled
as:

t= B*C
A= t+E*F
H= A+G-t

IF((t)-H)10,20,30

where t is a temporary variable created by the compiler. Two compu-
tations of the subexpression B*C are eliminated from the sequence.
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A more subtle application of common subexpresson elimination oc-
curs in the following example. The statements:

DIMENSION A(25,25), B(25,25)
A(1,J) = B(1,J)

are compiled, without optimization, as the sequence of instructions in
the following form:

t1 = J*25+I1
2= J*25+1
MOVE B(t2) TO A(t1)

The variables t1 and t2 represent equivalent expressions. The
redundancy is recognized and the following shorter, faster sequence
is generated:

t= J*25+1
MOVE B(t) TO A(t)

Removal of Invariant Computations from DO Loops

The speed with which a given algorithm can be executed is increased
if computations are moved from frequently executed program se-
quences to less frequently executed program sequences. In particu-
lar, computations within a loop involving only constants and variables
whose values are not changed within the loop can be moved outside
the loop.

For example, in the sequence:

DO 10,1=1,100
10 F=2.0*Q*A(l)+F

the value of the subexpressions 2.0*Q is the same during each itera-
tion of the loop. Transformation of the sequence to:

t=20"Q
DO 10,1=1,100
10 F = t*A(I)+F

moves the calculation 2.0*Q outside the loop and eliminates 99 multi-
ply operations. )

Generated Code Example
The FORTRAN routine:

0001 DIMENSION A1(25)
0007 AMIN= A1(1)

0008 AMAX= A1(1)
0009 DO 401=2,N
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0010 IF (A1(1) .LT. AMIN) AMIN= A1(l)
0011 IF (A1(1) .GT. AMAX) AMAX= A1(l)
0012 40 CONTINUE
is compiled into the following code:
;Statement 0007.
SETF

LDF A1,FO ;AMAX is bound to FPP register
;F0 and initialized to A1(1).

LDF FO,F1 ;AMIN is bound to FPP register
;F1 and initialized to A1(1).
;Statement 0009.

MOV #2,R0 ;The DO loop control variable |
;is bound to register RO and
;initialized to 2.

L$GACD:
;Statement 0010.
MOV RO,R1
ASL R1
ASL R1

LDF A1-4(R1),F2
;For each iteration of the
CMPF F1,F2 ;loop, A1(l) is bound to FPP

CFCC ;register F2.
BLE L$GAPE
LDF F2,F1
L$GAPE:
;Statement 0011.
CMPF FO,F2
CFCC
BGE L$GAFF
LDF F2,FO
L$GAFF:
;Statement 0012.
INC RO
CMP RO,N

BLE L$GACD

STF F1,AMIN ;Atthe end of the loop, the
STF FO,AMAX ;values of AMIN, AMAX and |
MOV ROl ;are stored in memory.

ENVIRONMENTS
The FORTRAN IV-PLUS compiler is available as an optional language
processor for the RSX-11M, RSX-11D and IAS operating systems. The
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compiler’s operation and facilities under each of these operating sys-
tems are essentially identical.

In all operating systems, the hardware configuration must include the
FP-11 Floating Point Processor. The FORTRAN IV-PLUS compiler
requires a minimum partition size of 17K words to execute in an RSX-
11D or IAS system. Under RSX-11M, the compiler requires a minimum
partition size of 18K words.
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CHAPTER 22
APL (V1)

OVERVIEW

APL-11 uses one of the most concise, consistent, and powerful char-
acter sets ever devised. It is flexible enough to solve problems in text-
handling and commercial data processing as easily as it can solve
problems in mathematics and statistics. The RSTS/E and RT-11
operating systems support APL-11 as a language option.

FEATURE TOPICS

Features and Functions

- Applications

- APL onthe PDP-11 Systems

- APL Equipment and Character Set

Language Elements

- Data Structures

- Statements

- Monadic and Dyadic Primitive Functions
- Primitive Scalar Functions

- Extension of Scalar Functions to Arrays
- Primitive Mixed Functions

- Relational Functions

Input/Output Operations

- Quad Input Mode

- Quad-Del Input Mode

- Normal Output Mode

- Heterogeneous Output Mode

Communication with the System

- System Commands

- |-beams

APL Statement Execution

APL Operating System Environment
- Workspaces

- File System
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FEATURES AND FUNCTIONS

APL is a concise programming language suited for handling array-
structured alphanumeric data. APL is used as a general data process-
ing language as well as a mathematical tool. The language is flexible
enough to solve problems in text handling and commercial data proc-
essing as concisely and easily as it can solve problems in numerical
mathematics and statistics.

APL allows user-defined functions to be expressed with the same
syntax used to express primitive language functions. Thus the user
can expand the capabilities of the language to handle the require-
ments of any application.

Applications

APL is used in engineering, commercial, and educational applications.
Current applications include: data reduction and analysis, simulation
and forecasting, financial modeling, design engineering, electric cir-
cuit analysis, engineering analysis, inventory and payroll manage-
ment, data base manipulation, reservation systems, computer-
assisted instruction (CAl), and education (high school and college lev-
el) in programming.

APL on the PDP-11

The APL system is implemented as a language interpreter on the PDP-
11. APL can operate on a wide range of hardware processors and has
been implemented to run under either of two operating systems, RT-
11 or RSTS/E.

The APL run-time system is preconfigured by DIGITAL to match such
installation-dependent characteristics as:

e the PDP-11 processor used

e the operating system (RT-11 or RSTS/E) under which APL will run
e the availability of hardware floating point processor

e the selection of single precision or double precision arithmetic

These characteristics are supplied as different modules in the distri-
bution kit.

APL Equipment and Character Set
The user interacts with APL using a terminal or CRT. Two types of
terminal are supported by the PDP-11 for use with the APL system.
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DIGITAL APL Terminals

Description Character Set
Any terminal without the APL character set ASCII
DECwriter Il model LA37 with APL option APL/ASCII

The full APL character set can be represented using a keyboard illus-
trated in Figure 22-1. All characters on this keyboard are received and
interpreted by APL. Note that letters, numbers, and some of the
special characters appear in the conventional keyboard positions.

Terminals Without the APL Character Set

ASCII terminals do not support the use of the special APL characters
illustrated in Figure 22-1. If the user has an ASCII terminal or is operat-
ing in console terminal mode on an APL terminal, special APL charac-
ters can be represented by keyboard mnemonics. To represent the
APL rho symbol (p), for example, the user enters the .RO mnemonic.
The .GO mnemonic is used to express an APL right arrow (—).
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LANGUAGE ELEMENTS

The APL language system provides functions and operators to
manipulate data, and system commands to control the program envi-
ronment.

Data Structures
Numeric and character data can be structured in a variety of ways. The
following data structures are supported by APL:

® scalars

® vectors

® matrices

® arrays with three or more dimensions

A scalar is a single numeric or character value with no dimensions. A
character scalar is enclosed in single quotes; for example:

enter: A<C
A
returned: C

A vector is a one-dimensional array or character string consisting of
any number of values. A numeric vector is entered as a list of values
separated by at least one space; for example:

enter: A<—1234
A
returned: 1234

A matrix is a two-dimensional array consisting of rows and columns.
The user must enter values corresponding to each element of an ar-
ray, and must also specify the shape of the array. The shape of an
array is the number of dimensions which it has and the length of each
of these dimensions. For example, a matrix can have six elements
arranged as two rows and three columns or three rows and two col-
umns, as illustrated by arrays A and B below.

A

1 2 3
4 5 6
B

1 2

3 4

5 6
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The APL primitive function rho (p) is used to specify the shape of a new
array or to reshape an existing array. It can also be used to create a
null vector, which is useful in certain APL operations. Following is an
example of creating a simple matrix with the rho function:

enter: A<42p01234567
A
returned: 0 1
2 3
4 5
6 7

Arrays of three or more dimensions are also supported by APL. There
is a limit of 16 dimensions on arrays in the current implementation of
APL; however, a more significant restriction is that the size of the array
must not exceed the size of the user’s workspace.

Statements
A program consists of one or more lines called statements. There are
two types of APL statements:

® assignment statements
® branch statements

Assignment statements include both calculation and input/output op-
erations. Branch statements are used to restart a function or to handle
the transfer of control from one part of a program to another. Branch
statements are relevant only to user defined functions.

An APL statement can contain the following components:
e identifiers

e constants

® APL primitive functions

e user-defined functions

Monadic and Dyadic Primitive Functions

APL primitive functions are implemented in two forms: monadic and
dyadic. Monadic functions take a right argument and are of the type
+A (reciprocal), !B (factorial) or ~1 (logical NOT). Dyadic functions
take both left and right arguments and are of the type 3+2 (addition),
and X=Y (equal). The syntax of the function (i.e., the presence of one
or two arguments) determines whether the function is monadic or
dyadic. For example, |A is a monadic function used to determine the
magnitude or absolute value of the argument A. AB is a dyadic func-
tion used to obtain the residue or remainder available after dividing B
by A. The particular operation specified by the | symbol is dependent
on the context of the statement.
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Primitive Scalar Functions

APL primitive functions are of two types: scalar and mixed. Scalar
functions generally take single-number (scalar) arguments and yield
scalar results. They are used primarily for basic arithmetic and logical
operations, such as addition, exponentiation, maximum value, and
logical OR. With a few exceptions, the primitive scalar functions take
numeric scalar arguments. The relational functions (<, £, =, >, 2, #)
can take either character or numeric arguments, but only the equal (=)
and not equal (#) primitives may have one character argument and
one numeric argument. The logical functions (A, V, ~, etc.) must have
arguments equalto O or 1.

Table 22-1 Primitive Dyadic Circle Functions

X°y X (=X)°Y
(1-Y*2)*0.5 0 (1-Y*2)*0.5
SINY 1 ARCSINY
CcoSY 2 ARCCOSY
TANGENT Y '3 ARCTANY
(1+Y*2)*0.5 4  (C+Y*2)*05
SINHY 5  ARCSINHY
COSHY 6  ARCCOSHY
TANH Y 7 ARCTANHY

Tables 22-2 and 22-3 summarize the primitive scalar functions
available in APL.

Table 22-2 Primitive Scalar Monadic Functions

FUNCTION  MEANING

+Y Y

=Y negative of Y

XY signofY (71,0,1)

=Y reciprocal of Y

Y e to the Yth power

Y magnitude of Y

[y ceiling of Y

LY floor of Y

oY natural logarithm of y

Y factorial Y (for integral Y gamma function
of Y+1 for non-integral Y)

Y arandom integer fromY

°Y mtimes'Y
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Table 22-3 Primitive Scalar Dyadic Functions

FUNCTION  MEANING

X+Y add XtoY

X=Y subtract Y from X

XXY multiply Xand Y

X+Y divide X by Y

X*Y X to the Yth power

XY residue of Y

Xry maximum of Xand Y

XLY minimum of Xand y

Xey log of Y to the base X

Xy binomial coefficient (number of combinations
of Y things taken X at a time)

Xey trigonometric function (Y is in radians)

Extension of Scalar Functions to Arrays

The primitive functions are considered scalar functions because they
generally take scalar arguments and yield scalar results. The opera-
tions performed by these functions can, however, be extended to ar-
rays. A primitive scalar function is applied to an array on an element-
by-element basis. Thus, if the user specifies an addition operation in
which both arguments are vectors, the corresponding elements of the
vectors are added, for example:

enter: 589+672
returned: 1115 11

The arrays on which the primitive scalar functions operate can be of
any dimension. If a dyadic function is being executed, the arrays spec-
ified as the arguments of the function must generally have the same
number of elements and be the same shape (e.g., a 2-by-3 array is not
equivalent to a 3-by-2 array). There is one exception to this rule. If one
argument is an array and the other is a scalar or a single-element
array, the single value is applied to every element of the array. The
following two examples are therefore equivalent.

enter: 555+672
returned: 11127
enter: 5+672
returned: 11127
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Table 22-4 Primitive Mixed Functions

FUNCTION MEANING
pY RETURN SHAPE OF Y
XPY RESHAPE Y TO MAKE DIMENSION X
LY GENERATE THE FIRST Y CONSECUTIVE
INTEGERS FROM CURRENT ORIGIN
XY FIND THE FIRST OCCURRENCE OF Y
WITHIN VECTOR X
Y RETURN THE RAVEL OF Y [MAKE Y A
VECTOR
X, Y CATENATE X TO Y ALONG THE LAST
DIMENSION OF X
X [N] Y LAMINATE X TO Y ALONG THE Nith
DIMENSION OF X
X/Y X (LOGICAL) COMPRESSION ALONG
THE LAST DIMENSION OF Y
x/[N]y X(LOGICAL) COMPRESSION ALONG
THE Nth DIMENSION OF Y
XY X(LOGICAL) COMPRESSION ALONG
THE LAST DIMENSION OF Y
X\Y X (LOGICAL) EXPANSION ALONG THE
LAST DIMENSION OF Y
x[N]Y X (LOGICAL) EXPANSION ALONG THE
Nth DIMENSION OF Y
XXy X(LOGICAL) EXPANSION ALONG THE
FIRST DIMENSION OF Y
X4y FOR X>0, TAKE FIRST X ELEMENTS OF Y
FOR X<0, TAKE LAST |X ELEMENTS OF Y
X4 Y FOR X>0, DROP FIRST X ELEMENTS OF Y
FOR X< 0, DROP FIRST |X ELEMENTS OF Y
&Y TRANSPOSE THE DIMENSIONS OF Y
(FOR A MATRIX, EXCHANGE THE ROWS
AND COLUMNS)
XY TRANSPOSE ARRAY Y ACCORDING TO X
év REVERSE ALONG THE LAST DIMENSION
OF Y
#[N]Y REVERSE ALONG THE Nth DIMENSION
OF Y
ey REVERSE ALONG THE FIRST DIMENSION
OF Y
Xy ROTATE BY X ALONG THE LAST
DIMENSION OF Y
XNy ROTATE BY X ALONG THE Nth
DIMENSION  OF X
X8y ROTATE BY X ALONG THE FIRST
DIMENSION OF Y
XAy GENERATE AN INDEX VECTOR SUCH THAT
X[4Y] IS IN ASCENDING ORDER
XYy GENERATE AN INDEX VECTOR SUCH THAT
X[¥Y] 1S IN DESCENDING ORDER
X1y DECODE THE REPRESENTATION OF ¥
IN NUMBER SYSTEM
XTY ENCODE ¥ IN NUMBER SYSTEM X
2y ROLL AN INTEGER SELECTED RANDOMLY
IN RANGE 1 THROUGH Y (SCALAR
FUNCTION)
X2 Y DEAL X INTEGERS SELECTED RANDOMLY
IN RANGE 1 THROUGH Y WITHOUT
DUPLICATION
ey EXECUTE THE CHARACTER STRING Y
Xey DETERMINE THE MEMBERSHIP OF X IN
ARRAY Y
gy INVERT THE MATRIX Y
XBY PERFORM MATRIX DIVISION, SOIVE LINEAR

EQUATIONS, FIND A LEAST SQUARE
SOLUTION
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Primitive Mixed Functions

Scalar functions take scalar arguments, yield scalar results, and are
extended to arrays on an element-by-element basis. Mixed functions,
on the other hand, may take vector arguments and yield scalar or
vector results, or may take scalar arguments and yield vector results.
In expressing mixed functions for arrays of greater dimensions, it may
be necessary to specify the particular coordinate of the array to which
the function applies. Table 22-4 summarizes these functions.

Table 22-5 Composite Operators

OPERATOR MEANING

724 The « reduction along the last dimension of Y
«/[N]Y The « reduction along the Nth dimension of Y
at¥Y The « reduction along the first dimension of Y
XY Generalized inner product of Xand Y
X°.a¥Y Generalized outer product of Xand Y

Relational Functions

In APL, the relational functions (<, <, =, >, >, #) return results; they
are not simply comparison operators. An expression of the form A<B
yields a result of 1 true if A is less than B and 0 false if A is greater than
or equal to B. For example:

enter: 9>6
returned: 1
enter: 4>6
returned: 0
enter: ‘C’>'A
returned: 1

Table 22-6 summarizes these functions.
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Table 22-6 Logical Functions

FUNCTION  MEANING

X<Y XlessthanY

X<y Xless than or equal to Y
X=Y XequaltoY

XzY X greater to or equalto Y
X>Y X greater than'Y

X#Y XnotequaltoY

XAY XANDY

XVY XORY

XAY X NAND Y (not both X and Y)
XY neither X nor Y

~Y NOTY

INPUT/OUTPUT OPERATIONS
Input/output statements are a special variety of assignment state-
ments. In APL, input and output operations are generally expressed
by the special quad operator, [J.

Quad Input Mode

The most basic form of input to APL is called evaluated input. In this
mode, the value entered by the user is assigned to the variable to the
left of the specification arrow. In the following example:

K<{]
18

The K variable takes on the value 18 entered by the user at the termi-
nal.

If a quad symbol appears anywhere in an APL statement except im-
mediately to the left of a left-arrow, input will be accepted from the
terminal as in the following:

A<371+5
7

Here the value of A becomes 36=3X(7+5).

Quote-Quad Input Mode

A version of the quad operator called the quote-quad operator ([J) is
used especially for the input of character data. An example of quote-
quad mode is shown below.
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X<L{]

THAT’S AMAZING
X

THAT'S AMAZING

Unlike evaluated input, quote-quad input allows character strings to
be entered without explicit quote characters. When APL encounters a
[] symbol, it positions the carriage at the left margin and accepts the
data entered by the user up to the next carriage return as a character
string. If a single character is entered, APL treats it as a literal scalar; a
string is stored as a literal vector. If the user enters only a carriage
return, APL treats this input as a vector of length zero. This is signifi-
cantly different from the handling of empty input in evaluated input
mode, in which APL rejects the input and waits for the user to reenter
it.

Quad-Del Input Mode

A special version of the quad operator, the quad-del operator (M) is
used to input characters exactly as typed by the user. No special
editing of APL characters is performed. The backspace, for example,
is treated as a special character, and an overstrike symbol is not
created. The following statements illustrate this difference between
quad-del and quote-quad modes.

X<{1]
M PA

pX

4

X<
1 oA

pX

2

p'OA’

2

Normal Output Mode

If a quad symbol appears immediately to the left of a left arrow, the
value of the expression to the right of that specification arrow is out-
put. Terminal output can also be accomplished simply by entering the
name of the variable whose value is to be displayed. For example, the
APL statement:

[1<B
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using the quad symbol is equivalent to the statement:
B
since both have the effect of displaying the value of B.

The quad output mode is especially helpful when an APL statement
consists of multiple specifications. For example:

X<15—-[J<«3+4
7

Here the quantity 7 is assigned to the quad operator and displayed.
The value of X is computed (its value is 8) but not displayed.

Table 22-7 Keyboard 1/O Operators

OPERATOR MEANING

X<T{] quad (evaluated) input from keyboard

X< quote-quad (character) input from keyboard, up to
but not including carriage return

XM quad-del (unedited) input from keyboard

[«X quad output (display value of X)

Heterogeneous Output Mode

It is often desirable to mix character and numeric data on the same
output line. Mixed output lines of this kind are called heterogeneous
output. The APL user requests heterogeneous output simply by
entering a series of vaues or expression, separated by semicolons, in
the order in which they are to appear; the values can be parenthe-
sized. The output displayed as a result of this specification contains no
carriage returns, except where required by the data.

COMMUNICATION WITH THE SYSTEM

There are several ways in which the user can communicate with the
APL system to change system parameters, determine hardware or
operational characteristics, and modify workspace parameters. The
system commands facilitate many of these system operations, and the
I-beam functions allow APL users to communicate with the system
from within the APL language itself.
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System Commands

System commands provide a means of communicating with the APL
system and controlling the operational environment in which an APL
session is conducted. System commands allow the user to examine or
change the state of the system in the following ways:

e Clear, identify, or save the active workspace

e Load or delete a workspace from a secondary storage device
e Listvariable and function names

e Display the status of functions and variables in the workspace

e Set the index origin, maximum number of significant digits, output
line width, and comparison tolerance

I-beams

I-beams are APL functions used to communicate with the APL system
to change user workspace characteristics and to report statistics
about the workspace and the APL system. Unlike system commands,
these functions are subject to the APL language syntax and rules of
function definition. They can be included in user functions and defined
in conjunction with other language operations.

There are two types of I-beam functions. The first category consists of
functions used to return workspace and system information. Exam-
ples of information returned by the I-beams in this category are:

e symbol table size and remaining available space
e date and time of day

e system job number, user’s project-programmer number, and termi-
nal character set

e line numbers in the state indicator

e precision of APL version

e values of system assembly parameters

Some of these |-beams report general system characteristics (e.g.,

date) and others return information relevant only to the particular
user’s workspace and session.

The second I-beam category consists of functions used to perform
system actions and change workspace parameters. Examples of ac-
tions performed by the I-beams in this category are:

e turning error displays for the execute operator on and off
® terminating the APL session

® selecting the terminal character set

® changing the random number sequence
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APL STATEMENT EXECUTION
APL statements can be executed in either of two modes:

o Immediate mode, in which functions, statements, and expressions
entered by the user are evaluated and executed immediately

e Function-definition mode, in which the user can contruct a program
consisting of APL statements, and name and save the program

The APL user can shift from one mode to the other by typing a mode-
transfer “del” (v) symbol. The syntax of the APL language itself is
identical in both modes. Some special symbols are defined for ease of
editing in function-definition mode.

Defining the Function

In the APL language, a program is implemented as a user-defined
function. A user-defined function can include both APL primitive func-
tions and other user-defined functions. The user develops a program
in APL function-definition mode. Once developed, that program may
be used with the convenience of a primitive function.

A function is constructed in two parts: a function header and a function
body. The function header defines the name of the function, the syntax
of the function call, and any variables defined to be local to the func-
tion. The function body consists of a number of program statements
that define the actions to be performed by the function when it is
executed.

Editing the Function

A function definition can be altered by the user in a variety of ways.
Definition lines can be added, deleted, displayed, and changed; and
the function header can be altered. The APL statements that make up
a function definition are neither executed nor checked for syntactic
validity when entered by the user. In function-definition mode, the user
simply enters statements, edits them to correct obvious mistypings
and inconsistencies, and saves them for future use.

Executing the Function

The process of defining a function associates the function header
provided by the user with the statements entered as the function body.
When the user executes the defined function, the function is used as if
it were a primitive APL function. The information provided in the func-
tion header specifies the number of arguments to be supplied in the
function call and determines whether or not a value will be returned.
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Debugging the Function

Function execution is suspended before normal completion if an error
occurs or if a stop vector is set. When execution is suspended, the
name of the suspended function and the line number of the statement
that would have been executed next are displayed. APL then awaits
input in immediate mode. The user can perform any other APL opera-
tions at this time. The user can resume execution after fixing the
problem and can observe function nesting.

The Trace Vector

For debugging purposes, the user may find it helpful to obtain an
automatic display of the intermediate results of function exection. As a
program tracing aid, the values computed by one or more function
statements can be output each time those statements are executed.
To establish a trace for lines 4, 6, and 7 of function F, the user includes
the following statement in the function definition:

TAF<467
For execution of the specified line numbers this command causes the
following information to be displayed, in the order shown:
e function name
® line number
e final value returned by the statement

The Stop Vector

APL allows the user to suspend execution of a function from within the
function itself. A stop control vector is available, with a syntax similar
to that of the trace vector. The stop can be used to suspend function
execution just before execution of one or more specified statements.
To cause function F to be suspended before executing line 12 and line
19, the user includes the following statement in the function definition:

SAF<12 19

For each suspension, this command causes the function name and
line number that was about to be executed to be displayed. To disable
the stop vector for function F, the following specification is supplied:

SAF<0

After function execution has been suspended by the stop control vec-
tor, the system is in the normal suspended state. Execution can be
resumed by specifying a branch to the desired line number.

The stop control vector can be set from within a function to cause
suspension only under certain circumstances. Editing a line for which
a stop vector has been defined causes the stop vector to be disabled
for that line.
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ENVIRONMENTS

The RT-11 and RSTS/E operating systems provide APL users with
many of the standard features of the PDP-11 real-time and timeshar-
ing environments. When configured for single-user access under RT-
11, the APL interpreter uses four overlay segments and requires about
14K words of memory. When configured for use with RSTS/E, several
users can simultaneously access the APL system. The APL interpreter
can be configured as a RSTS/E run-time system. Each user shares the
reentrant interpreter code, and only the user’s workspaces are
swapped. The APL run-time system uses approximately 16K words of
memory.

APL can be used on a variety of PDP-11 processors. It has been
optimized to make efficient use of systems that offer hardware floating
point processors, for example, the PDP-11/34, 11/45, 11/55, and
11/70. However, APL can also be configured for use with processors
that do not have floating point processors, or, in the case of RT-11,
those processors that have the FIS instruction set. If a hardware proc-
essor is not available, a software floating point package will be includ-
ed with the APL interpreter to simulate the floating-point hardware.

APL can be generated to perform either single precision or double
precision arithmetic. Single precision provides an accuracy of approx-
imately 7 digits, and double precision offers an accuracy of about 16
digits. I-beam 37 can be used to determine the precision of a particu-
lar APL system.

Workspaces

An APL workspace is a buffer in the user’'s memory area which stores
the functions, variables, values, and temporary results obtained while
executing APL statements. Using the APL system commands,
workspaces can be saved, retrieved, and erased in the same manner
as any other file. They can be stored on a variety of PDP-11 devices,
including disk, magnetic tape, DECtape, and floppy disk.

A workspace can be saved in either memory-image or ASCII format.
Workspaces saved in ASCII form can be created and edited with any
DIGITAL editor. This is an important feature not found on many APL
systems.

There may be several workspaces stored in the user’s disk area. The
workspace currently available to the user is known as the active work-
space. The maximum APL workspace depends upon the operating
system and the amount of memory in the system. In an RT-11 system
with 28K words of memory, the workspace may be approximately
24,000 bytes.
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File System

The APL file system allows the APL user to access data and program
files on a variety of system devices, including disk, DECtape, magnetic
tape, and floppy disk. The file system is implemented as an integral
part of the APL language and provides an interface to the RSTS/E and
RT-11 operating systems.

The APL file system support is provided by:

e System commands for use in assigning, creating, closing, reading,
writing, and renaming files

e File operators for byte pointer, input, and output functions

Table 22-8 File I/O Operators

OPERATOR MEANING
Channel-Number [type]l N set file pointer
Channel-Number [type]l N file input
Channel-Number [type] data file output

In the APL system, input and output functions can be specified for files
associated with any of 13 channels, one of which is reserved of use by
the user’s terminal. The ASSIGN file system command is used to asso-
ciate an existing file with a channel. CREATE is used to create new files
on specified channels by allocating space for them.

Two types of files are supported by the APL system:
e ASCII sequential
® Random access

APL ASCII sequential data files can be read and written sequentially
by any other RT-11 or RSTS/E language processor (e.g., BASIC,
FORTRAN, or MACRO). In addition, an APL program can create and
read any standard ASCII files. Because APL workspaces can be read
and stored in ASCII format, the file system can be used to save, re-
trieve, and manipulate these workspaces.

The APL system also supports the use of random access files. The
system treats a file as random access memory, and the user can
access any byte in the file directly by specifying the individual byte or
value to be read or written. APL can access random files in any format,
created with almost any language processor or system. For example,
random access mode can be used to read and write FORTRAN direct
access data files.
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CHAPTER 23
RPG Il (V8)

OVERVIEW

RPG Il is a complete program generating system that provides users
with a ready means of developing applications programs. It supports
almost all functions offered by industry versions of RPG Il, and pro-
vides significant improvements over RPG |I. The RSTS/E operating
system supports RPG Il as a language option.

FEATURE TOPICS

® Description

e | anguage Specifications

e Features
- File Support for. Peripherals
- File Organizations
- Record Access Methods
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DESCRIPTION

DIGITAL’s Report Program Generator (RPG Il) is a high level computer
language system with a one-pass multi-phase compiler and an object
time library system.

RPG Il requires as input an ordered set of RPG Il source specifications
and generates as output a machine language object program. In addi-
tion, RPG |l optionally produces a source program listing with error
diagnostic messages, if any.

LANGUAGE SPECIFICATIONS

Effective use of RPG Il requires following these basic steps: analyzing
the problem to be solved, including design of the input and output
data formats; encoding the data formats and requisite calculations for
interpretation by RPG IlI; entering the coded specifications into the
system; compiling the specifications into an object program by RPG II;
preparing an executable program from the object program; and exe-
cuting the resulting RPG Il program to perform the desired process-
ing.

The coding specifications have seven possible formats. They are:

e the Control Specifications (H Format), which supply information

pertaining to the compilation as a whole

e the File Description Specifications (F Format), which describe files
to be used by the program

e the Extension Specifications (E Format), which describe the tables
and arrays to be used by the program and provide for additional file
information

e the Line Counter Specifications (L Format), which give special infor-
mation about print output

e the Input Specifications (I Format), which describe input records
and fields

e the Calculation Specifications (C Format), which describe the oper-
ations to be performed on previously specified data and define the
data fields which are not previously defined

e the Output Specifications (O Format), which describe the format of
output records and the types of data fields.

FEATURES

DIGITAL’s RPG Il supports almost all functions offered by industry
versions of RPG il and provides significant improvements over the first
level of RPG. These features make the language easier to use and
more flexible. Among the features of RPG Il are:
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An easy-to-use programming language with standard application-
oriented specification statements.

A full set of 31 instructions.

A complete set of compiler diagnostics available to aid in program
debugging; also, a DEBUG facility that allows tracing of user RPG |l
programs. DEBUG allows source-level debugging by printing the
setting of indicators and the contents of any field.

Full support for a wide range of peripheral devices including:
Card Readers
Magnetic Tape
Disk
Printers
Terminals

File organizations:
Sequential
Direct
Indexed

Record access methods:
Consecutive
Sequential by key
Sequential within limits
Random by key
Random by relative record number
Random utilizing ADDress ROUTing files

A DSPLY operation code that provides the ability to display mes-
sages on a user’s terminal during program execution and to accept
datain reply.

Support of console devices as normal files. This differs from the
DSPLY function which supports the console as a field-entering de-
vice.

Support of ASCII, binary, packed decimal, over punched, and zoned
decimal numeric data.

Control of page length and overflow via line counter specifications.

Repetitive printing of the initial first page output line to assist in the
proper alignment of printer forms.

Up to nine matching fields to control multi-file processing.

Access to the system data previously entered via the system moni-
tor. This allows the entire date, or any of its three parts, to be
referenced by the reserved names UDATE, UMONTH, UDAY, or
UYEAR.
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® Access to the contents of fields in records awaiting processing
through the Look Ahead feature. Calculations, testing, comparisons,
or output may be made using the contents of these fields.

e Control over which file and record are to be processed in the next
RPG Il program cycle, through the FORCE operation code.

e Use of switches (U1-U8) which are set at execution time to control
calculations, input files, output files, or specific output records.

® Access to records from a demand file during calculations cycle
through the READ operation code.

e Control of random record access by key or record number through
the CHAIN operation.

e Ability to load tables and arrays at compile time or from input files.

e Ability to punctuate numeric output fields by specifying a single
character edit code.

® Ability to write records during total or detailed calculations through
the EXCPT operation.

e Executions of internal subroutines from any point within calcula-
tions.

e Ability to compute the square root of the value in a given field
through the SORT operation.

e Page-overflow processing control provided by the fetch overflow
feature.

® Ability to set and test bits of a one-byte binary field.

e Table and array processing features including maintenance, argu-
ment searching, and calculations operations on individual elements
or entire arrays.

e Ability to do multiple updating functions within the same program
cycle.
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CHAPTER 24
FOCAL (V1)

OVERVIEW

FOCAL, the FOrmula CALculator programming language has been
designed to function effectively in a real-time scientific environment
where extensive statistical analysis and numerical calculations are re-
quired. FOCAL allows calculations and operations to be performed
immediately in response to a user command. The user can also string
together FOCAL commands to form a program. In addition, a com-
plete set of statements to perform arithmetic operations, program
control, and input/output functions is provided.

FEATURE TOPICS
® Features
- Real-Time Support
- Time Queuing
- Interrupt Handling
- Analog Input
- Digital Input and Output
- Time Measurements

e Graphics Support
- Video Terminal Graphics
- VT11 Graphics
- Point-Plot Graphics
® Minimum Focal System Requirements
- Support Options
e | anguage
- The Command Interpreter
- The Program Storage Area
- The Variable Storage Area
e FOCAL Program Structure
¢ FOCAL Commands

o FOCAL Function Calls
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FEATURES

FOCAL (FOrmula CALculator) is an interactive high-level program-
ming language designed for scientists who require a real-time lan-
guage that is easy to learn and use. FOCAL provides both data acqui-
sition and experiment control, as well as data analysis capabilities.

FOCAL allows calculations and operations to be performed immedi-
ately in response to a user command (calculator mode), or the crea-
tion of programs from these commands. Because FOCAL is an
interactive language, users can rapidly develop, debug, and modify
their problem-solving programs without separate edit, compile, link,
and load phases. All programs may be saved or loaded from mass
storage files, and very long programs may be implemented by dividing
them into segments that are chained together; i.e., each segment can
be pulled from mass storage as needed.

Since FOCAL operates under the RT-11 operating system, a program
may read or write data in a totally device-independent manner. Device
handlers and buffers are resident only when actually being utilized.
FOCAL may define single or double subscripted variables to be virtual
variables. In mass storage, such variables may hold vectors or arrays
composed of hundreds or thousands of elements, and yet the user
may use these variables in computations as if they were held entirely
in memory. Virtual variable files may also be read or written by BASIC
or FORTRAN IV programs. They are also compatible with LA-11 (Lab-
oratory Applications) data files. Also, user-written MACRO routines
may be easily incorporated into FOCAL to provide additional func-
tions.

Two versions of FOCAL are provided. One version supports single
precision floating point arithmetic, which allows approximately 7 sig-
nificant digits. The other version supports double precision arithmetic,
which allows approximately 17 significant digits.

Real-Time Support
FOCAL has real-time features which enable the user to control com-
plex processes while acquiring data.

Time Queuing

Mini-tasks written in FOCAL may be scheduled to occur at certain time
intervals. The time intervals may be specified either in one-second
units, or at line frequency resolution.

Interrupt Handling

Mini-tasks in FOCAL may be linked to interrupt vectors so that exter-
nal events can bring about a series of FOCAL commands. Each mini-
task may have its software priority set to one of seven levels.
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Analog Input

Multi-channel analog data may be acquired and placed into a ring
buffer at rates up to 5 kHz. Moreover, by using special functions,
analog data can be moved continously to a mass storage file at rates
over 3 kHz. Data can be read from the ring buffer by the FOCAL
program while sampling proceeds.

Digital Input and Output

A functionis provided for handling multiple digital input/output
options, as well as multiple digital-to-analog channels. This function
will also control user-implemented devices connected to the system. A
function has been implemented for the setting, clearing, and logical
testing of specific bits in data words.

Time Measurements

Extensive real-time clock functions have been implemented to allow a
wide variety of time-related operations. Timing resolutions of 1 mil-
lisecond may be effected both for generating timed events and for
measuring the time intervals between external (or internal) events.

Graphics Support

Graphics displays have an important role in both data collection and
data analysis. FOCAL is strongly graphics oriented and supports a
range of graphic display systems.

Video Terminal Graphics

The VT55 video graphics terminal is fully supported by FOCAL/RT-11.
This support is provided by a set of functions which may be used with
the real-time laboratory functions. Thus, a researcher may use the
VT55 to display the statistical analysis of data. The VT55 support mod-
ule may be used without the lab functions to provide a computational
terminal with graphic display utilizing double precision data and virtual
subscripted variables.

VT11 Graphics

FOCAL provides control of the VT11 graphics processor. Both points
and vectors may be drawn at any one of eight intensities on the CRT,
and hardware-generated characters may also be displayed. FOCAL
provides control over the hardware features of the VT 11, including the
light pen.

Point-Plot Graphics

FOCAL supports graphics for point-plot, refresh CRTs. Relative or
absolute points may be specified by loading coordinates into the ad-
dressable graphics buffer. It is possible to specify alphanumeric char-
acters in the same manner. Characters may be positioned anywhere
on the screen and may be generated in one of five different sizes. The

505



FOCAL

user may expand or alter the character set, as well as create a new
dictionary which generates characters composed in other than the
standard 5 x 7 matrix format. Elements of the display, including char-
acters, may be moved dynamically on the CRT under program control.
Moreover, entire pictures may be created and saved in a mass storage
file, and later retrieved and displayed on the CRT at rates of up to 24
pictures per second.

General Features

A variety of general features has been implemented in FOCAL. For
example, error conditions may cause a specific group of statements to
be executed; constants may be either decimal or octal; data may be
printed in integer, decimal, scientific notation, octal, or binary formats;
and a user may respond to a request for information by entering it in
scientific notation, as a decimal or octal number, a series of alphabetic
characters, or even an arithmetic expression.

Minimum FOCAL System Requirements
1. Any system which supports RT-11
2. 8K of memory (16K recommended)

Supported Options
e Memory: up to 28K words

Line frequency clock

Extended Arithmetic Element (EAE)
Extended Instrument Set (EIS)
Floating Point Instruction Set (FIS)
Floating Point Unit (FPU)

Line printer

UNIBUS programmable real-time clock

UNIBUS multi-channel A/D converter

UNIBUS multi-channel D/A converter (with or without CRT control)
Multiple digital 1/0 options

VT11 graphics processor system with CRT, light pen

VT55 video graphics terminal

LANGUAGE
The FOCAL system consists of three parts:

The command interpreter that reads the FOCAL command and
performs the indicated operation.

506



FOCAL

The program storage area, used by FOCAL to remember the pro-
gram written by the user.

The variable storage area, the area sharing the same space in the
computer’'s memory as the program storage area. When FOCAL is
loaded, all memory not occupied by the command interpreter is set
aside for programmed variable storage.

FOCAL PROGRAM STRUCTURE

A FOCAL program is a collection of commands that are organized to
perform a given task. The method by which these commands are
organized is the key to FOCAL programming.

A FOCAL statement is a set of one or more FOCAL commands
placed on line. The FOCAL statement is the smallest section of a
program which may be referenced by FOCAL. An example of a FOC-
AL statement is:

SET A=15;TYPE A;QUIT

The FOCAL commands SET, TYPE, and QUIT would be executed in
that order. When more than one FOCAL command is placed on single
line, they are separated by semi-colons (;).

When a user wishes to store a FOCAL statement for later use, it is
assigned a statement number as a reference. The statement number
may be any value from 1.01t0 99.99 in .01 increments, with the excep-
tion of those numbers ending in .00. Line numbers do not require that
two digits be specified after the decimal point. The line number 2.1 is
equivalent to 2.10. When a user wishes to store a FOCAL statement,
the line need only be prefixed by the appropriate statement number.
For example:

1.1 SET A=1.5;TYPE A;QUIT

This FOCAL statement would be entered into the FOCAL program
storage area, and could be referenced by FOCAL commands using
the number 1.1. If another FOCAL statement with this line number
currently exists in the program storage area, it will be replaced when
the new line is entered.

All FOCAL statements that have the same integer as a portion of their
line number are collectively referred to as a FOCAL group. This allows
certain FOCAL commands to refer to these FOCAL statements as if
they were all a single long FOCAL statement. FOCAL groups are refer-
enced using the integer portion of the line number. For example:

1.1 SETA=1.5TYPEA
1.2SETB=24,TYPEB
1.3SETC=A*B;TYPEC
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2.1 SETD=A+B;TYPED
22TYPETHEEND

2.3 QUIT

The FOCAL command ERASE 1.2 would remove just statement 1.2,
while ERASE 1 would delete lines 1.1, 1.2, and 1.3.

FOCAL COMMANDS

Each FOCAL statement consists of one or more FOCAL commands
with their associated arguments (if any). FOCAL commands may be
abbreviated by a single character. They require at least one space
between the command and its associated arguments. This conserves
memory, as one word of memory is required for each two characters
in the user’s program. The following table lists the FOCAL commands.

Command

ASK

COMMENT C

DO

ERASE

Abbrev

A

E

Example

ASK X

C EXAMPLE

DO 2

ERASE 4.1
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Function

Assigns values to vari-
ables from the key-
board.

Allows the user to
document his program
with comments or non-
executable program
steps.

Directs program exe-
cution to a statement
or group of statements
which will be executed
until either a “RE-
TURN” command is
executed or the end of
a statement or group is
reached. When this oc-
curs, the next state-
ment executed is the
statement following the
fast DO command en-
countered.

Erases part of a pro-
gram or an entire pro-
gram.



Command

FOR

GO

KILL

LIBRARY

MODIFY

OPERATE

QUIT

Abbrev
F

FOCAL
Example

FOR I=1, 5; SET
X=X+1

GO 2.4

IF(A)1.1,
1.2,1.3

KILL

LIBRARY RUN

TEST

MODIFY 1.1

OPERATE TK

QuUIT
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Function

Executestheremain-
ing command on aline
while incrementing the
value of the variable
specified in the FOR
command over the de-
fined limits. This is
used for loop control.

Begins executing com-
mands at the statement
specified. Used to
direct program control
to the lowest line num-
ber, or to a specific
group or statement.

Conditionally directs
program execution us-
ing the results of test-
ing the sign of A.
(—,0,0or +)

Stops the program and
1/0 activity.

Allows the program to
access file-structured
devices. (RT-11 ver-
sion only)

Used to alter words or
characters in a stored
program statement.

Used to select non-file
structured 1/0 devices
for 1/0.

Used to terminate pro-
gram execution and re-
turn control to user.
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Command  Abbrev Example Function

RETURN R RETURN Used to return pro-
gram execution to the
statement following the
last “DO” command
executed.

SET S SET A=1.531 Assigns the value of
the result of an expres-
sion to the variable.

TYPE T TYPE Sends output to the
“HITY, currently selected out-
A put device. Used to

print text, results of
calculations, and val-
ues of variables.

WRITE w WRITE 1 Used to list part or all
of a program.
XECUTE X XECUTE FPRM Used to call and exe-
(3,1) cute functions.

Several commands may be put together in the same FOCAL statement
as long as the total statement does not exceed 79 characters in length.
Semi-colons are used to separate FOCAL commands within a state-
ment.

All FOCAL statements must be terminated by the carriage-return
character. A FOCAL command can be terminated by either a semi-
colon (;) or a carriage-return. For example:

1.10 FORI1=1,5;D0O 2;TYPE “I",1,!

There are a few exceptions to this rule: the COMMENT, ERASE, and
certain LIBRARY commands can be terminated only by a carriage-
return.

FOCAL FUNCTIONS

The FOCAL functions (subprograms internal to FOCAL) improve and
simplify arithmetic capabilities, and give the potential for expansion to
additional input/output devices.

In general, the FOCAL functions may be used anywhere a number or a
variable is legal in a mathematical expression. A standard function call
consists of two or more letters beginning with the letter F and followed
by an argument expression in parenthesis, Fxxx(expression).
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The following standard functions are available:

FOCAL Function Call
FSIN(R)

FCOS(R)
FEXP(ARG)
FLOG(ARG)
FLN(arg)
FX(func,addr,data)
FCHR(arg)
FRAN()
FADC(channel)
FCLK()
FABS(arg)
FSGN(arg)
FITR(arg)
FSQT(arg)
FSBR(group, arg)

FPRM
(parameter, value)

FERR(group/line)

FINT(vector, group, pri,
CSRaddr, mask)

FQUE(count, group, in-
terval, delay, priority)

Function

Sine function (radians)

Cosine function (radians)
Exponential function

Logarithm to the base 10.

Natural logarithm

Access to UNIBUS or Q-bus devices
Print and accept ASCII codes
Random number function

Analog to digital converter function
Clock function

Absolute value function

Sign function

Integer part function

Square root function

User programmed function

Alter FOCAL internal parameters

Define error handling routine

Establish a routine to be executed on the
detection of a specific hardware interrupt.

Schedule a group or line number to be run
count times, once every interval seconds,
starting delay seconds from now. The rou-
tine will have a priority of priority.
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APPENDIX A
GLOSSARY

absolute address A binary number that is assigned as the address
of a physical memory storage location.

absolute loader A stand-alone program which, when in memory,
enables the user to load into memory data in absolute binary format.

account number A discrete code used to identify a system user. It
normally consists of two numbers, separated by a comma, called the
project number and programmer number or the group number and
member number. See also user identification code.

active task list A priority-ordered list of active tasks used normally
in an event-driven multiprogrammed system to determine the order in
which tasks receive control of the CPU.

address A label, name or number that designates a location where
information is stored.

alphanumeric Referring either to the entire set of 128 ASCII charac-
ters or the subset of ASCII characters which include the 26 alphabetic
characters and the ten numeric characters.

ancillary peripherals In the MUMPS-11 system, peripherals not un-
der control of the data base supervisor.

append To add information to the end of an existing file.

application program A program that performs a task specific to a
particular end-user’s needs. Generally, an application program is any
program written on a program development operating system that is
not part of the basic operating system.

array Anordered arrangement of subscripted variables.

ASCIl The American Standard Code for Information Interchange,
consisting of 128 7-bit binary codes for upper and lower case letters,
numbers, punctuation and special communication control characters.

assembler A program that translates symbolic source code into ma-
chine instructions by replacing symbolic operation codes with binary
operation codes and symbolic addresses with absolute or relocatable
addresses.

assembler directives The mnemonics used in an assembly lan-
guage source program that are recognized by the assembler as com-
mands to control and direct the assembly process.
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assembly language A symbolic programming language that can
nrormally be translated directly into machine language instructions and
is, therefore, specific to a given computing system.

assembly listing A listing produced by an assembler that shows the
symbolic code written by a programmer next to a representation of the
actual machine instructions generated.

assigning a device Putting an I/0 device under control of a
particular user’s job either for the duration of the job or until the user
relinquishes control. See also attach.

asynchronous A mode of operation in which an operation is started
by a signal that the operation on which it depends is completed. When
referring to hardware devices, it is the method in which each character
is sent with its own synchronizing information. The hardware opera-
tions are scheduled by ready and done signals rather than by time
intervals. In addition, it implies that a second operation can begin
before the first operation is completed.

asynchronous system trap A system condition which occurs as the
result of an external event such as completion of an 1/0 request. On
occurrence of the significant event, control passes to an AST service
routine.

attach To dedicate a physical device unit for exclusive use by the
task requesting attachment. See also assigning a device.

backup file A copy of afile created for protection in case the primary
file is unintentionally destroyed.

bad block A defective block on a storage medium that produces a
hardware error when attempting to read or write data in that block.

base address An address used as the basis for computing the value
of some other relative address.

base segment The portion of a program using overlays that is al-
ways memory-resident. See also root segment.

batch processing A processing method in which programs are run
consecutively without operator intervention.

batch stream The collection of commands and data interpreted by a
batch processor that directs batch processing.

binary The number system with a radix of two.

binary code A code that uses two distinct characters, usually the
numbers 0 and 1.

binary loader See absolute loader.
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bit A binary digit.

bit map A table describing the state of each member of a related set.
A bit map is most often used to describe the allocation of storage
space. Each bit in the table indicates whether a particular block in the
storage medium is occupied or free.

block A group of physically adjacent words or bytes of a specified
size which is particular to a device. The smallest system-addressable
segment on a mass-storage device in reference to 1/0.

Boolean valued expression An expression which, when evaluated,
produces either a true or false resulit.

bootstrap A technique or device designed to bring itself into a de-
sired state by its own action.

bootstrap loader A routine whose first instructions are sufficient to
load the remainder of itself into memory from an input device and
normally start a complex system of programs.

bottom address The lowest memory address in which a program is
loaded.

breakpoint A location at which program operation is suspended in
order to examine partial results. A preset point in a program where
control passes to a debugging routine.

buffer A storage area used to temporarily hold information being
transferred between two devices or between a device and memory. A
buffer is often a special register or a designated area of memory.

bug An instruction or sequence of instructions in a program that
causes unexpected and undesired results.

byte The smallest memory-addressable unit of information in a
PDP-11 system. A byte is equivalent to eight bits.

carriage return key The key on a terminal keyboard most often
used in PDP-11 systems to terminate input lines.

Central Processing Unit or Central Processor That part of a com-
puting system containing the arithmetic and logical units, instruction
control unit, timing generators and memory and I/0 interfaces.

character A single letter, numeral, or symbol used to represent in-
formation.

checksum A number used for checking the validity of data transfers.

clock A time-keeping or frequency-measuring device within a com-
puting system.
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code A system of symbols and rules used for representing informa-
tion.

coding Writing instructions for a computer using symbols meaning-
ful to the computer itself, or to an assember, compiler or other
language processor.

collate To combine items from two or more ordered sets into one
set having an order not necessarily the same as any of the original
sets.

command or command name A word, mnemonic, or character
which, by virtue of its syntax in a line of input, causes a predefined
operation to be performed by a computer system.

command language The vocabulary used by a program or set of
programs that directs the computer system to perform predefined
operations.

Command Language Interpreter The program that translates a
predefined set of commands into instructions that a computer system
can interpret.

command string A line of input to a computer system that generally
includes a command, one or more file specifications, and optional
qualifiers.

Command String Interpreter A special program or routine that ac-
cepts a line of ASCII string input and interprets the string as input and
output file specifications with recognized qualifiers.

common A section in memory which is set aside for common use by
many separate programs or modules.

compile To produce binary code from symbolic instructions written
in a high-level source language.

compiler A program which translates a high-level source language
into alanguage suitable for a particular machine.

completion routine A routine that is called at the completion of an
operation.

compute bound A state of program execution in which all opera-
tions are dependent on the activity of the central processor; for exam-
ple, when a large number of calculations are being performed. See
also 1/0 bound.

computer operator A person who performs standard system opera-
tions such as adjusting system operation parameters at the system
console, loading a tape transport, placing cards in a card reader, and
removing listings from the line printer.
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concatenate To combine several files into one file, or several strings
of characters into one string, by appending each file or string one after
the other.

conditional assembly The assembly of certain parts of a symbolic
program only when certain conditions are met.

configuration A particular selection of hardware devices or software
routines or programs that function together.

consecutive access The method of data access characterized by
the sequential nature of the 1/0 device involved. For example, a card
reader is an example of a consecutive access device; each card must
be read one after another, and no distinction is made between logical
sets of data in or among the cards in the input hopper.

console The console of a central processor is the set of switches
and display lights used by an operator or programmer to determine
the status and control the operation of the computer.

console terminal A keyboard terminal which acts as the primary
interface between the computer operator and the computer system
and is used to initiate and direct overall system operation through
software running on the computer.

constant A value which remains the same throughbut a distinct
operation. Compare with variable.

context switching The switching between one mode of execution
and other, involving the saving of key registers and other memory
areas prior to switching between jobs, and restoring them when
switching back. A common example of context switching is the tempo-
rary suspension of a user program so that the monitor or executive
can execute an operation.

contiguous file A file consisting of physically adjacent blocks on a
mass-storage device.

control character A character whose purpose is to control an action
rather than to pass data to a program. An ASCII control character has
an octal code between 0 and 37. It is typed by holding down the CTRL
key on a terminal keyboard while striking a character key.

control section A named, contiguous unit of code (instructions or
data) that is considered an entity and that can be relocated separately
without destroying the logic of the program.

core memory The most common form of main memory storage
used by the central processing unit, in which binary data is represent-
ed by the switching polarity of magnetic cores.
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corecommon Seecommon.

crash A hardware crash is the complete failure of a particular de-
vice, sometimes affecting the operation of an entire computer system.
A software crash is the complete failure of an operating system char-
acterized by some failure in the system’s protection mechanisms. In
actual occurrence, itis a system-level trap, e.g., trap to location 4 or 10
(attempt to execute an illegal instruction, parity error, etc.) when the
system’s trap routines have been destroyed.

create To open, write data to, and close a file for the first time.

cross reference listing or table A printed listing that identifies all
references in a program to each specific label in a program. A list of all
or a subset of symbols used in a source program and statements
where they are defined or used.

CTRL/C The control character issued from a terminal which is most
commonly used to return the operator to communication with the sys-
tem-level program. In most PDP-11 systems, it is typed on the terminal
keyboard to gain the attention of the operating system before com-
mencing the login procedure, or to terminate the currently-executing
program and return to communication with the monitor. In some
cases, it simply issues a call to the console listener or console service
routine without interrupting current program execution.

CTRL/U The control character issued from a terminal that tells the
program currently accepting input to ignore the characters entered on
the line up to the point where CTRL/U was typed.

CTRL/Z Used in RSX-11 systems to terminate the system program
currently waiting for input from the terminal. It is essentially an end-of-
file character.

data base A collection of interrelated data items organized by a
consistent scheme that allows one or more applications to process the
items without regard to physical storage locations.

data base management system A scheme used to create, maintain
and reference a data base.

debug To detect, locate, and correct coding or logic errors in a
computer program.

DECnet A family of hardware/software products that create distrib-
uted networks from DIGITAL computers and their interconnecting da-
talinks.

DECtape A convenient pocket-sized reel of magnetic tape devel-
oped by DIGITAL for extremely reliable data storage and random ac-
cess.
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default The value of an argument, operand or field assumed by a
program if a specific assignment is not supplied by the user.

delimiter A character that separates, terminates or organizes ele-
ments of a character string, statement or program.

detach a device Free an attached physical device unit for use by
tasks other than the one that attached it.

device A hardware unit such as an I/0O peripheral, e.g., magnetic
tape drive, card reader, etc. Also often used synonymously with
volume.

device controller A hardware unit which electronically supervises
one or more of the same type of devices. It acts as the link between the
CPU and the I/0 devices.

device driver A program that controls the physical hardware activi-
ties on a peripheral device. The device driver is generally the device-
dependent interface between a device and the common, device-inde-
pendent 1/0 code in an operating system.

device handler A program that drives or services an 1/0 device. A
device handler is similar to a device driver, but provides more control
and interfacing functions than a device driver.

device name A unique name that identifies each device unit on a
system. It usually consists of a 2-character device mnemonic followed
by an optional device unit number and a colon. For example, the
common device name for DECtape drive unitone is “DT1:".

device unit One of a set of similar peripheral devices; e.g., disk unit
0, DECtape unit 1, etc. Also used synonymously with volume.

DIGITAL Network Architecture (DNA) The common network archi-
tecture of DECnet.

direct access Seerandom access.

direct mode The mode of MUMPS-11 system operation which en-
ables the programmer to: enter commands and or functions for im-
mediate execution, and create or modify steps of a user’s program.

directive A type of executive request issued by a program that
provides a facility inherent in the hardware which is controlled and
organized by the operating system. See also programmed request.

directory A table that contains the names of and pointers to files on
a mass-storage device.

directory device A mass-storage retrieval device, such as disk or
DECtape, that contains a directory of the files stored on the device.
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double-buffered 1/0 An input or output operation which uses two
buffers to transfer data. While one buffer is being used by the pro-
gram, the other buffer is being read from or written to by an I/O
device.

executive The controlling program or set of routines in an operating
system. The executive coordinates all activities in the system including
1/0 supervision, resource allocation, program execution, and operator
communication. See also monitor.

executive mode A central processor mode characterized by the
lack of memory protection and relocation by the normal execution of
all defined instruction codes.

exponentiation A mathematical operation denoting increases in the
base number by a factor previously selected.

expression A combination of operands and operators which can be
evaluated to a distinct result by a computing system.

external storage A storage medium other than main memory.

file A logical collection of data treated as a unit which occupies one
or more blocks on a mass-storage device such as disk, DECtape, or
magtape. A file can be referenced by a logical name.

file gap A fixed length of blank tape separating files on a magnetic
tape volume.

file name The alphanumeric character string assigned by a user to
identify a file, and which can be read by both an operating system and
a user. A file name identifies a unique member of a group of files
which: 1) has the same file name extension and version number (if
any), 2) is located on the same volume, and 3) belongs in the same
User File Directory (if any). A file name has a fixed maximum length
which is system dependent (generally six or nine characters).

filename extension The alphanumeric character string assigned to
a file either by an operating system or a user, and which can be read
by both the operating system and the user. System-recognizable file-
name extensions are used to identify files having the same format or
type. If present in a file specification, a filename extension follows the
file name in a file specification, separated from the file name by a
period. A file name extension has a fixed maximum length which is
system dependent (generally three characters, excluding the preced-
ing period).

file specification A name that uniquely identifies a file maintained in
any operating system. A file specification generally consists of at least
three components: a device name identifying the volume on which the
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file is stored, a file name, and a filename extension. In addition, de-
pending on the system, a file specification can include a User File
Directory name or UIC, and a version number.

file structure A method of recording and cataloging files on mass-
storage media.

file-structured device A device on which data is organized into files.
The device usually contains a directory of the files stored on the de-
vice.

file type See filename extension.

floating point numeric A floating point number which, if stored in
four words, is approximately in the range 10738 to 1038,

foreground The area in memory designated for use by a high-priori-
ty program. The program, set of programs, or functions that gain the
use of machine facilities immediately upon request.

format The arrangement of the elementscomprising anyfield,
record, file or volume.

formatted ASCIl Refers to a mode in which data is transferred. A file
containing formatted ASCII data is generally transferred as strings of
7-bit ASCII characters (bit eight is zero) terminated by a line feed, form
feed or vertical tab. Special characters, such as NULL, RUBOUT and
TAB may be interpreted specially.

formatted binary Refers to a mode in which data is transferred.
Formatted binary is used to transfer checksummed binary data (8-bit
characters) in blocks. Formatting characters are start of block indica-
tors, byte count and checksum values.

formatted device A volume which has been prepared for use on a
system under program control.

function An algorithm accessible by name and contained in the sys-
tem software which performs commonly-used operations. For exam-
ple, the square root calcuilation function.

generation number See version number.

global A value defined in one program module and used in others.
Globals are often referred to as entry points in the module in which
they are defined, and externals in the other modules which use them.
Also, in the MUMPS-11 system, a global array.

global array A data file stored in the common MUMPS-11 data
base. Global arrays constitute an external system of symbolically
referenced arrays.
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global variable A global variable in the MUMPS-11 system is a sub-
scripted variable which forms a part (or node) of a global array.

handler See device handler.

hardware The physical equipment components of a computer sys-
tem.

high-level language A programming language whose statements
are translated into more than one machine language instruction. Ex-
amples are BASIC, FORTRAN, and COBOL.

/O page That portion of memory in which specific storage locations
are associated directly with 1/0 devices.

1/0 rundown A process which delays the availability of a partition
until all transfers to and from that partition have been stopped or have
been allowed to complete. I/0 rundown is invoked when a task is
terminated and has outstanding transfers pending to or from its parti-
tion.

idle time That part of uptime in which no job could run because all
jobs are halted or waiting for some external action such as 1/0.

image mode Refers to a mode of data transfer in which each byte of
data is transferred without any interpretation or data changes.

impure code The code which is modified during the course of a
program’s execution; e.g., data tables.

incremental compiler A compiler that immediately translates each
source statement into an internal format, ready for execution.

indirect file A file containing commands that are processed sequen-
tially, yet which could have been entered interactively at a terminal.

indirect mode The mode of MUMPS-11 system operation in which
steps of a stored program can be executed. In this mode, neither
commands nor functions can be entered at the terminal, nor can
programs be created or modified.

indirect reference A feature of the MUMPS language which permits
the symbolic representation of an argument or argument list in a com-
mand by a string variable. In operation, the string value of the variable
is taken as the argument or argument list for the command. The indi-
rection symbol, a back-arrow or underscore must precede the vari-
able reference.

initialize To set counters, switches, or addresses to starting values
at prescribed points in the execution of a program, particularly in
preparation for re-execution of a sequence of code. To format a vol-
ume in a particular file-structured format in preparation for use by an
operating system.
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interactive A technique of user/system communication in which the
operating system immediately acknowledges and acts upon requests
entered by the user at a terminal. Compare with batch.

interpreter A computer program that translates and executes each
source language statement before translating and executing the next
statement.

interrupt A signal which, when activated, causes a transfer of control
to a specific location in memory, thereby breaking the normal flow of
control of the routine being executed. An interrupt is normally caused
by an external event such as a done condition in a peripheral. It is
distinguished from a trap which is caused by the execution of a pro-
cessor instruction.

interrupt service routine The routine entered when an external
interrupt occurs.

interrupt vector address A unique address which points to two con-
secutive memory locations containing the start address of the inter-
rupt service routine and priority at which the interrupt is to be ser-
viced.

1/0 bound A state of program execution in which all operations are
dependent on the activity of an 1/0 device. For example, when a pro-
gram is waiting for input from a terminal. See also compute bound.

job A group of data and control statements which does a unit of
work; e.g., a program and all its related subroutines, data and control
statements; also, a batch control file.

journaling The parallel writing of updated records to a second medi-
um in addition to the original file.

keyboard monitor A program that provides and supervises
communication between the user at the system console and an oper-
ating system.

latency The time from initiation of a transfer operation to the begin-
ning of actual transfer; i.e., verification plus search time. The delay
while waiting for a rotating memory to reach a given location.

leader A blank section of tape at the beginning of a reel of magnetic
tape or at the beginning of paper tape.

library A file containing one or more relocatable binary modules
which are routines that can be incorporated into other programs.

library A class of MUMPS programs listed in the system program
directory and available to all users of the system.
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line A string of characters terminated with a vertical tab, form feed
or line feed.

linked file A file whose blocks are joined together by references (a
link word or pointer imbedded in the block) rather than consecutive
location.

linker A program that combines many relocatable object modules
into an executable program module. It satisfies global references and
combines control sections.

linking loader A program that provides automatic loading, reloca-
tion and linking of compiler and assembler generated object modules.

listing The hard copy generated by a line printer.

literal An element of a programming language which permits the
explicit representation of character strings in expressions and com-
mand and function elements. In most languages, a literal is enclosed
in either single or double quotes to denote that the enclosed string is
to be taken “literally” and not evaluated.

load To store a program or data into memory. To mount a tape on a
device such that the read point is at the beginning of the tape. To place
aremovable disk in a disk drive and start the drive.

load image file A program that can be executed in a stand-alone
environment without the aid of relocation.

load map A table produced by a linker that provides information
about a load module’s characteristics; e.g., the transfer address and
the low and high limits of the relocatable code.

load module A programin aformat ready for loading and executing.

local variable In the MUMPS-11 system, a local variable is a vari-
able which is stored only in the partition in which a program is
executed (as opposed to a global variable).

location An address in storage or memory where a unit of data or an
instruction can be stored.

log in To identify oneself to an operating system as a legitimate user
of the system and gain access to its services.

log outorlog off To sign off a system-

logical block An arbitrarily-defined fixed number of contiguous
bytes which is used as the standard 1/0 transfer unit throughout an
operating system. For example, the commonly-used logical block in
PDP-11 systems is 512 bytes long. An I/O device is treated as if its
block length is 512 bytes, although the device may have an actual
(physical) block length which is not 512 bytes. Logical blocks on a
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device are numbered from block 0 consecutively up to the last block
on the volume. A logical block is synonymous with a physical block on
any device that has 512-byte physical blocks. See also virtual block,
physical block, logical record, and physical record.

logical device name An alphanumeric name assigned by the user
to represent a physical device. The name can then be used synony-
mously with the physical device name in all references to the device.
Logical device names are used in device independent systems to en-
able a program to refer to a logical device name which can be as-
signed to a physical device at run-time.

logical record A logical unit of data within a file whose length is
defined by the user and whose contents have significance to the user.
A group of related fields treated as a unit.

logical unit number A number associated with a physical device
unit during a task’s 1/0 operations. Each task in the system can estab-
lish its own correspondence between logical unit numbers and physi-
cal device units.

macro Directions for expanding abbreviated text. A boilerplate that
generates a known set of instructions, data or symbols. A macro is
used to eliminate the need to write a set of instructions which are used
repeatedly. For example, an assembly language macro instruction
enables the programmer to request the assembler to generate a pre-
defined set of machine instructions.

main memory The set of storage locations connected directly to the
Central Processing Unit. Also called (generically) core memory.

main program The module of a program that contains the instruc-
tions at which program execution begins. Normally, the main program
exercises primary control over the operations performed and calls
subroutines or subprograms to perform specific functions.

mapped system A system which uses the hardware memory man-
agement unit to relocate virtual memory addresses.

mass storage Pertaining to a device which can store large amounts
of data readily accessible to the Central Processing Unit; for example,
disk, DECtape, magnetic tape, etc.

master file directory The system-maintained file on a volume that
contains the names and addresses of all the files stored on the vol-
ume.

memory Any form of data storage, including main memory and
mass storage, in which data can be read and written. In the strict
sense, memory refers to main memory.
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memory image A replication of the contents of a portion of memory.

memory mapping A mode of computer operation in which the high-
order bits of a virtual address are replaced by an alternate value,
providing dynamic relocatability of programs.

memory protection A scheme for preventing read and/or write ac-
cess to certain areas of memory.

modulo A mathematical operation that yields the remainder function
of division. Thus 39 modulo 6 equals 3.

monitor The master control prograrn that observes, supervises,
controls or verifies the operation of a computer system. The collection
of routines that controls the operation of user and system programs,
schedules operations, allocates resources, performs |/0, etc.

monitor command An instruction issued directly to a monitor from a
user.

monitor console The system control terminal.

Monitor Console Routine (MCR) The executive routine that allows
the user to communicate with the system using an on-line terminal
device. MCR accepts and interprets commands typed on the terminal
keyboard and calls appropriate routines to execute the specified re-
quests.

mount a device or volume To logically associate a physical mass
storage media with a physical device unit. To place a volume on a
physical mass storage drive unit; for example, place a DECtape on a
DECtape drive and put the drive on-line.

multiprocessing Simultaneous execution of two or more programs
by two or more processors.

multiprogramming A processing method in which more than one
task is in an executable state at any one time.

naked syntax A feature of the MUMPS language, providing an ab-
breviated method for accessing global variables, which controls the
disk access time. The node reference includes only subscript(s) for
the element; the global variable name is assumed from the last global
reference in which a name was explicitly stated.

node A dynamically allocated set of bytes from a node pool used for
system communication and control in an RSX-11/IAS system. An ele-
ment of a global array in a MUMPS-11 system (also called a global
variable).

non-contiguous file A file whose blocks are not physically contigu-
ous on the volume.

526



GLOSSARY

non-file structured device A device, such as paper tape, line printer
or terminal, in which data is not referenced as afile.

objectcode Relocatable machine language code.

object module The primary output of an assembler or compiler,
which can be linked with other object modules and loaded into memo-
ry as a runnable program. The object module is composed of the
relocatable machine language code, relocation information, and the
corresponding symbol table defining the use of symbols within the
module.

object program The relocatable binary program which is the output
of a compiler or assembler.

Object Time System The collection of modules that is called by
compiled code in order to perform various utility or supervisory opera-
tions. For example, an Object Time System usually includes I/0 and
trap handling routines.

off-line Pertaining to equipment or devices not under direct control
of the Central Processing Unit.

offset The difference between a base location and the location of an
element related to the base location. The number of locations relative
to the base of an array, string or block.

on-line Pertaining to equipment or devices directly connected and
under control of the Central Processing Unit.

operating system The collection of programs, including a monitor
or executive and system programs, that organizes a central processor
and peripheral devices into a working unit for the development and
execution of application programs.

overlay description language The set of instructions interpreted by
a linker that defines the overlay structure of a task.

overlay segment A section of code treated as a unit which can
overlay code already in memory and be overlaid by other overlay
segments.

overlay structure A task overlay system consisting of a root seg-
ment and optionally one or more overlay segments.

p-section A section of memory that is a unit of the total task alloca-
tion. A source program is translated into object modules that consist
of p-sections (program sections) with attributes describing access,
allocation, relocatability, etc.

pack To compress data in storage by using an algorithm for its stor-
age and retrieval. A removable disk.
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parity bit A binary digit appended to a group of bits to make the sum
of all the bits always odd (odd parity) or always even (even parity).
Used to verify data storage.

parse To break a command string into its elemental components for
the purpose of interpretation.

part number In the MUMPS language, the integer portion of a
program step which is used to refer collectively to all steps having a
common integer base.

partition A contiguous area of memory within which tasks are load-
ed and executed.

patch To modify a program by changing the binary code rather than
the source code.

peripheral Any device distinct from the central processor which can
provide input or accept output from the computer.

physical address space The set of memory locations where infor-
mation can actually be stored for program execution. Virtual memory
addresses can be mapped, relocated or translated to produce a final
memory address which is sent to hardware memory units. The final
memory address is the physical address.

physical block A physical record on a mass storage device.

physical device An |/O or peripheral storage device connected to
or associated with a central processor.

physical record The largest unit of data that the read/write hard-
ware of an 1/0 device can transmit or receive in a single 1/0 operation.
The length of a physical record is device dependent. For example, a
punched card can be considered the physical record for a card read-
er; it is 80 bytes long. The physical record for an RK11 disk is a block;
itis 512 bytes long.

position independent code Code which can execute properly wher-
ever it is loaded in memory, without modification or relinking.
Generally, this code uses addressing modes which form an effective
memory address relative to the central processor’s Program Counter
(PC).

priority A number associated with a task that determines the prefer-
ence its requests for service receive from the executive, relative to
other tasks requesting service.

privilege A characteristic of a user or program that determines what
kinds of operations that user or program can perform. In general, a
privileged user or program is allowed to perform operations normally
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considered to be the domain of the monitor or executive, or which can
affect system operation as a whole.

program development The process of writing, entering, translating,
and debugging source programs.

programmed requests An instruction available only to programs
that is used to invoke a monitor service.

programmer access code The system identification code that en-
ables a user to gain access to a MUMPS-11 system in direct mode to
create, modify and execute programs.

project-programmer number See account number.

pseudo device A logical entity treated as an I/O device by the user
or the system, but which is not actually any particular physical device.

public disk structure The disk volume or set of volumes which are
used as a general storage pool available to any users having quotas on
the public structure.

pure code Code that is never modified during execution. It is possi-
ble to let many users share the same copy of a program that is written
as pure code.

qualifier A parameter specified in a command string that modifies
some other parameter. See switch.

queue Any list of items; for example, items waiting to be scheduled
or processed according to system or user assigned priorities.

Radix-50 A storage format in which three ASCIl characters are
packed into a 16-bit word.

random access Access to data in which the next location from
which data is to be obtained is not dependent on the location of the
previously obtained data.

real-time processing Computation performed while a related or
controlled physical activity is occurring so that the results of the com-
putation can be used in guiding the process.

record A collection of adjacent data items treated as a unit. See
logical record and physical record.

record gap An area between two consecutive records.

recursive Pertaining to a process that is inherently repetitive. The
result of each repetition of the process is usually dependent on the
result of the previous repetition.

reentrant The property of a program that enables it to be interrupt-
ed at any point by another program, and then resumed from the point
where it was interrupted.
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resident Pertaining to data or instructions that are normally per-
manently located in main memory.

restart address The address at which a program can be restarted. It
is normally the address of the code required to initialize variables,
counters, etc.

root segment The segment of an overlay tree that, once loaded,
remains resident in memory during the execution of a task.

RUNOFF A program that is used to prepare printed documents by
performing formatting, case conversion, line justification, page num-
bering, titling, and indexing.

secondary storage Mass storage other than main memory.

sentinel file The last file on a cassette tape which represents the
logical end-of-tape.

sequential access A data access method in which records or files
are read one after another in the order in which they appear in the file
orvolume.

sharable program A (reentrant) program that can be used by sever-
al users at the same time.

significant event An event or condition which indicates a change in
system status in an event-driven system. A significant eventis
declared, for example, when an I/O operation completes. A declara-
tion of a significant event indicates that the executive should review
the eligibility of task execution, since the event might unblock the
execution of a higher priority task. The following are considered to be
significant events: 1/0 queuing, 1/0 request completion, a task re-
quest, a scheduled task execution, a mark time expiration, a task exit.

single user access The status of a volume that allows only one user
to access the file structure of a volume.

single-stream batch A method of batch processing in which only
one stream of batch commands is processed.

sliver A 32-word section of memory.

source language The system of symbols and syntax, easily under-
stood by people, which is used to describe a procedure that a compu-
ter can execute.

sparse array Refers to the method of storage allocation used in
MUMPS-11 for local and global arrays in which space is allocated only
as variables are explicitly defined (unlike other languages which re-
quire dimension or size statements for preallocation of storage).
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spooling The technique by which output to low-speed devices is
placed into queues on faster devices to await transmission to the
slower devices.

step number A number in the range 0.01 to 327.67 used to identify
each line of a MUMPS program.

subscript Anumericvaluedexpression orexpressionelement
which is appended to a variable name to uniquely identify specific
elements of an array. Subscripts are enclosed in parentheses. Multiple
subscripts must be separated by commas. For example, a two-level
subscript might be (2,5).

swapping The process of copying areas of memory to mass storage
and back in order to use the memory for two or more purposes. Data
is swapped out when a copy of the data in memory is placed on a mass
storage device; data is swapped in when a copy on a mass storage
device is loaded in memory.

swapping device A mass storage device especially suited for swap-
ping because of its fast transfer rate.

switch An element of a command or command string that enables
the user to choose among several options associated with the com-
mand. In PDP-11 software systems, a switch element consists of a
slash character (/) followed by the switch name and, optionally, a
colon and a parameter. For example, a command used to print three
copies of a file on the line printer could be: “PRINT filename/COPIES:
3”.

synchronous The performance of a sequence of operations con-
trolied by an external clocking device. Implies that no operation can
take place until the previous operation is complete.

synchronous system trap A system condition which occurs as a
result of an error or fault within the executing task.

system device The device on which the operating system is stored.

system generation The process of building an operating system on
or for a particular hardware configuration with software configuration
modifications.

system manager The person at a computer installation responsible
for the overall nature of its operation.

system operator See operator.

system program A program that performs system-level functions.
Any program that is part of the basic operating system. A system utility
program.
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system programmer A person who designs and codes the pro-
grams that control the basic operations of a computer system, as
opposed to an application program.

system UCI The User Class Identifier (UCI) code in a MUMPS-11
system which is assigned to the first entry in the system’s UCI table.
The program and global directories associated with the System UCI
are used to contain both system and library programs and globals.

task In RSX-11 terminology, a load module with special characteris-
tics. In general, any discrete operation performed by a program.

terminal An I/0 device, such as an LA36 terminal, which includes a
keyboard and a display mechanism. in PDP-11 systems, a terminal is
used as the primary communication device between a computer
system and a person.

time slice The period of time allocated by the operating system to
process a particular program.

TRAX A dedicated high-volume transaction processing operating
system.

transaction A single pre-defined data processing operation within
an application.

transaction processor A collection of data tables and software ca-
pable of processing an application’s transactions.

staging The delay of each update to a file until the end of the tran-
saction instance requesting the update.

unformatted ASCIl A mode of data transfer in which the low-order
seven bits of each byte are transferred. No special formatting of the
data occurs or is recognized.

unformatted binary A mode of data transfer in which all bits of a
byte are transferred without regard to their contents.

unmapped system An RSX-11M or RSX-11S system that does not
have a hardware memory management unit available for virtual ad-
dress relocation.

user class identifier An identification code that enables a user to
gain access to a MUMPS-11 system to execute programs.

user identification code The number or set of numbers that serves
to distinguish a particular user or collection of files in a multi-user
system. The common format for a user identification code is two num-
bers separated by a comma, enclosed in brackets.

user program An application program.
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utility Any general-purpose program included in an operating sys-
tem to perform common functions.

variable The symbolic representation of a logical storage location
which can contain a value that changes during a discrete processing
operation.

virtual address space A set of memory addresses that is mapped
into physical memory addresses by the paging or relocation hardware
when a program is executed.

virtual array A RSTS/E file structure that is logically organized as a
dimensioned array.

virtual block One of a collection of blocks comprising a file (or the
memory image of that file). The block is virtual only in that its block
number refers to its position relative to other blocks within the file,
instead of to its position relative to other blocks on the volume. That is,
the virtual blocks of a file are numbered sequentially beginning with
one, while their corresponding logical block numbers can be any
random list of valid volume-relative block numbers.

volume A mass storage media that can be treated as file-structured
data storage.

word Sixteen binary digits treated as a unit in PDP-11 processor
memory.

zero a device To erase all the data stored on a volume and re-
initialize the format of the volume.
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Compiler directive statements (DIBOL) 439,440

Compilers

see also names of specific languages, such as BASIC, COBOL, DIBOL,
FORTRAN

49to 58

Composite operators 490

Concise Command Language (CCL) 38,39,105,106
Conditional assembly directives 352,355
Constants (BASIC-PLUS-2) 400,401

Contiguous file structure 30,31

Control characters
RSTS/E, 106
RSX-11,150

Control commands (IAS) 183
Control sections 359
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Control statements
DIBOL, 441,442
FORTRAN, 455 to 457

CPU-CPU device 201

Crash module
RSX-11M, 137,138

CTRL (control) key 27
CTS-300 (DECFORM) 443,445 to 447
CTS-500 (DECFORM) 443,445 to 447

Data

formats BASIC-PLUS, 395
formats RSTS/E, 110,111

logical characteristics, 15,16
management (see also DBMS; RMS-11) 14 to 26,160,203 to 209
manipulation, DIBOL, 440,441
organization, DBMS, 309
organization, logical, 27 to 20
physical units, 14 to 16
relationships (DBMS), 311
sorting, 271 to 279

storage, 17 to 19,374

structures (APL), 485 to 486
transfer, 19 to 22

transfer modes (RSX-11), 156,157
types (COBOL), 417,418

Data Base Query 315

Data base utilities 313t0 315

Data Description Language (DDL) 308
Data dictionary facilities (DBMS) 313
Data files (RSX-11) 154,155

Data management services
see also DATATRIEVE-11; DBMS; RMS-11; SORT-11
4

Data management/utilities
IAS, 45,191

RSTS/E, 44,121

RSX-11M, 44

TRAX-11, 45,160

Data Manipulation Language (DML) 306,316 to 322
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Data specification statements (DIBOL 440

DATATRIEVE-11

commands, 325,326,333 to 336
formatted reports, 339,340
hardware required, 324,325
overview, 323,324

sample session, 336 to 339
syntax, 329 to 336

terminology, 326,327

DBMS

Common Access Monitor Program (CAMP), 315
Data Manipulation Language, 316 to 322
data organization, 309

DML programs, BASIC, 319

DML programs, COBOL, 319

DML programs, execution, 329 to 322
DML programs, FORTRAN, 319

DML programs, MACRO-11, 319

DML programs, requirements, 320
overview, 307,308

physical space management, 310

set relationship capabilities, 311 to 313
utilities, 313 t0 315

DBX 315
Debugger 42

Debugging

APL, 496
COBOL, 419,420
DBMS, 341
FORTRAN, 468
RSX-11M, 163
RT-11,79

TRAX, 246

DECFORM 443 to 449
DECnet-11D 265,267
DECnet-11M 264,267
DECnet-11S 265 to 267
DECnet/E 85,263,264,267
DECnet-IAS 266,267
DECnet overview 4
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DECnetPhasell 26110267

DECnet/RT 263,267

DECnet-VAX 267

Detached job 91

Device independence (IAS) 174,175
Device/Media Control Language (DMCL) 310

Devices

description, 15

drivers and handlers, 27,28,137
file structured, 21

name in file specification, 23 to 25
RSX-11, 140,141

Device Utility Prgram (DUP) 76

Diagnostics
FORTRANIV, 464
TRAX, 249

DIBOL

overview, 437 to 439
statements, 439 to 442
subroutine library, 443

Digital input/output (FOCAL) 505

Digital Standard Mumps Operating System
See DSM-11

Direct access file access method 30
Directives 41,348 to 355

Directory 33

Directory Program (DIR) 76,77
DIRECT record location mode 309
Disk cache 204

Disk Save and Compress (DSC) 164

Disk structure
DMS-11, 207
RSTS/E, 113,114

DMP (File Dump) utility 164

DSM-11
data management, 203 to 209
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spooling, 202,203

command summary, 215 to 221
executive, 196,197

functions, 221 to 223
journaling, 203

library utility programs, 211,212
MUMPS language, 212 to 225
overview, 3,193 to 196
processors supported, 6,195
special variables, 223 to 225
supported hardware, 195,196
system summary, 45

user interface, 197 to 200
utilities, 209 to 212

1/0 operations, 197,200 to 202

Dump (memory) 163
DUMP utility 42,78
Dyadic functions 486 to 488

Dynamic

file access, 291,292
memory allocation, 132
storage region, 134

EDI editor 162

Editing commands (BASIC) 374 to 376
Edit mode (RSTS/E) 90,91

EDIT program 75,76

EDT editor 162
Emulator Trap (EMT) 40

Errorlogging

TRAX, 249,250

utility programs, 96,97

Event-driven program execution, 13
task scheduling, 128

Eventflags 128,129
Exchanges 251to 253

Executive

DSM-11, 196,197
IAS, 170to0 174
RSX-11M, 133to 138
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RSX-118S, 139

Executive Debugging Tool (XDT) 163
Executive directive services 137
Expression operators 454

Expressions
BASIC-PLUS-2, 403 to 405
MUMPS, 212to 214

Extended memory monitor
RT-11, 64,65

Extensions (filename) 2310 26,98,144,145

FCS
see File control services

Field 15

File compare (CMP) utility 164
File control services 41,153 to 160
File /O operators (APL) 498

File management
TRAX, 250
utilities, 12,42

Filename extensions 2310 26,98,144,145
File processor (FIP) buffering 93

Files

access, discussion, 29 to 33
access, RMS-11, 288 to 292
access, RSTS/E, 85,111to 113
access, RSX-11, 154

access, TRAX, 254

APL, 498

attributes, RMS-11, 292 to 298
BASIC, 374

BASIC-PLUS-2, 407,408
binary, 19

coBOL, 419

copy utility, 164

default types, RSX-11, 144,145
description, 15,16

indexed, 273,285 to 287,289 to 291,296 to 298,300,301
indirect, 66,150 to 153,178,179
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manipulation utility programs, 108
naming, 23 to 26

processing as collection, 327 to 329
protection, BASIC, 379

protection, discussion, 23
protection, RSTS/E, 99,100
relative, 273,284,285,289,299,300

review and update modes (DECFORM), 447,448

RMS-11, 283 to 287,298 to 301
RSX-11M utilities, 164
sequential, 284,288 to 290,299
sharing, RMS-11, 302,303
sharing, RSX-11, 157,158

sorting contents, 273,274
specification, discussion, 23 to 26
specification, RSTS/E, 97 to 100
specification, RSX-11, 143 to 145
structure, 29 to 33,141 to 143

Files-11 141

File storage region (FSR) 156,157
File-structured devices 21

File Verification (VFY) 164

FILEX (File Exchange Program) 42,78
FIP calls 114,116to 120

Fixed lengthrecords 293

Floating point
BASIC, 367
RSTS/E, 92,93

FLX (File Exchange) utility 164

FOCAL 503to511

Forced keys 276
Foreground/background monitor (RT-11)
Format control file (DECFORM) 444
FORMAT program 78

Format statements (FORTRAN) 459
Formatted ASCll data files 111

Forms control (TRAX) 237 to 241

Forms creation language 443
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FORTRAN IV

compiler operation, 52,55,462 to 468
debugging, 468

description, 451,462

DML statements, 319

language, 453 to 462

libraries, 468

library functions, 460 to 462
optimizations, 467,468

overview, 451

specifications, 452,453

System Subroutines (SYSF4), 80,81
under RSTS/E, 469,470

under RT-11, 469

user-written subprograms, 460

FORTRAN IV-PLUS

compiler operation, 52,55,56,475 to 479
functions and features, 451,471,472
language extensions, 472 to 475
operating environments, 479,480
optimizations, 475 to 479

FORTRAN Object Time System 466
FSR (File storage region) 156,157
Function-definition mode (APL) 495,496
Function directives 349,354,355

Functions

BASIC, 371,372
BASIC-PLUS, 387 to 390
FOCAL, 510,511
MUMPS, 221,222

General system utility programs 107,108
Generic function names 474,475

Global

arrays, 33,207 to 209

logical device assignments, 141
symbols, 346

variables, 206,207

Graphics support
BASIC, 373
FOCAL, 505, 506
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GT42 graphics display system 373
GT44 graphics display system 373

Hardware
DSM-11 supported, 195,196
error logging, TRAX, 250

Heterogeneous output mode 493
High-throughput computers 5

IAS

BASIC, 378,381

batch processing, 173,174

COBOL, 422

command language interpreters, 40,176 to 184
DECnet, 266,267

directories, 33 to 35

executive, 170to 174

FORTRAN IV-PLUS, 479,480

indirect command files, 178,179

1/0 services, 174,175

MACRO, 361 to 363

overview, 3,167 to 170

processors supported, 7

program development system (PDS), 176 to 183
program services, 40,41

system generation, 175,176

system summary, 45,170,190,191

timesharing, 184 to 190

utilities, 190

IASBUF 174
IASCOM 174
I-beams 494
IBM 2780 terminal emulator 85

Immediate mode
APL, 495

BASIC, 376,377
BASIC-PLUS, 374

Incremental compilers 49,50,57,58

Indexed files 32,33,273,285 to 287,289 to 291,296 to 298,300,301
Index file (RSX & IAS) 35

Index sort (SORTI) 272,274,279
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Indirect command files 66,150to 153,178,179

INIT code
RSTS/E, 93,94

Initialization utility
DBMS, 314
RSTS/E, 95

Input modes
APL, 491,492

Integers 367,400 to 402

Interactive Application System
see |IAS

Interactive
program execution, COBOL, 418,410
time sharing, 168

Interrupt handling
FOCAL, 504

1/0 buffers
RMS-11, 303,304

1/0 commands 36,37

I/O operations

APL, 491 t0 493,498
DSM-11, 197,200 to 202
IAS, 174,175
RSX-11,155t0 157

1/O statements

DIBOL, 442

FORTRAN, 457 to 459
FORTRAN IV-PLUS, 472,473

Jobs

detaching, 91

maximum number, RSTS/E, 92
scheduling, 128,129,172,196,197
size (RSTS/E), 84

swapping, 91

Journal File Fix 315

Journaling
DBMS, 313
DSM-11, 203
TRAX, 255
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Journalrollback 314
Journal rolliforward 314

Keyboard

APL, 484

1/0 operators, 493

monitor, 38

monitor commands, 66 to 69

Keys
indexed files, 296 to 298
SORT-11, 276

KMC11-A auxiliary processor 258
Laboratory peripheral support (BASIC) 374

Language extensions
FORTRAN IV-PLUS, 47210 475

Language processors

see also names of specific languages, such as BASIC, MACRO,
COBOL, FORTRAN

47 to 58

Languages
DSM-11, 45

IAS, 45,191
overview, 4,5
RSTS/E, 44,121
RSX-11M, 44
RT-11,44
TRAX-11, 45,260

Librarian utility 42,51,54,55,78,162
Libraries 51,468

Library

facility, COBOL, 419

functions, FORTRAN, 460 to 462
functions, FORTRAN IV-PLUS, 474
utility programs, DSM-11, 209 to 211

Linkage (set) 313

Linked file structure 30,31

Linker utility 41,51,54,77

Listing control directives 348,354
Local

Index-15



INDEX

logical device assignment, 141
symbols, 347
variables, 206

Locate mode 157,302,306

Logical

blocks, 29

data organizations, 27 to 29
device assignments, 141

disk structures (RSTS/E), 113,114
functions (APL), 490,491

names, 93

operators (BASIC-PLUS-2), 403 to 405
record, 15

unit numbers (IAS), 175

volume, 16

MACRO

assembler, 52 to 55,357,358
directives, 348 to 355

macro definitions, 352,355,356
overview, 343,344

program sectioning, 351,358 to 361
statements, 344,345

symbols, 345 to 347

under IAS, 361 to 363

under RSX-11, 362,363

under RT-11, 361,362

using DBMS, 319

Macros

command line processing, 160
definitions, 352,355,356

file control services (FCS), 158 to 160
libraries, 353,356,357

Macro Symbol Table (MST) 345

Magnetic tape functions
BASIC-PLUS, 390

Mailbox message 252
Maintenance utility programs 95
Mandatory set membership 311
Manual set membership 312
Mapped file structure 30,31
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Mapped systems 127,128
Mass storage devices 20,21
Master File Directory 23,33 to 35,114,141

Mathematical functions
BASIC-PLUS, 387,388

Matrix

APL, 485,486

BASIC-PLUS, 387,389,390,392,395,396
BAISC-PLUS-2, 406,407

MCR command buffer 133,134

Memory

dump, 163

dynamic allocations, 132

image file, 19

requirements (DECFORM), 445
segmentation (COBOL), 421
structures (RSX-11M), 133 to 138

Messages 26,251,252
Microcomputers 5
Minicomputers 5

Mixed functions 489,490
Monadic functions 486,487

Monitor
commands, 37 to 40
IAS, 170

functions, 10,11
RT-11,63to0 65

Monitor Console Routine (MCR) 39,40,124,145 to 151
Move mode 157,302,306

MRG utility 57

MU BASIC-11/RT-11 379 to 381

Multiple-pass compiler 55,56

Multiple-phase compiler 55,56

Muitiple terminal service 92

Multiprogramming
see also RSX-11; RSX-11M; RSX-11S
13,124,126 to 128
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Multi-user
BASIC, 379 to 381
operating system (see also IAS; RSTS/E; RSX-11M) 12

MUMPS
see also DSM-11
13,14,212t0 225

Networks 261 to 267

Next pointer 313

Nodes 207

Non-file structured devices 21

Nonpriviledged programs
FIP calls, 116 to 118

Numeric data

BASIC, 367
BASIC-PLUS-2, 400,401
COBOL, 418

DSM-11, 205

Object code generation
FORTRAN, 466

Object files
linking, 54,77

Object module
patching, 79

Object module patch (PAT) utility 163
Object Time Systems (OTS) 51,466

On-line Debugging Technique (ODT) 79,163
On-line Task Loader (OTL) 139

Operating systems

see also names of specific operating systems
components, 10to 12

multi-user, 12

overview, 9,10

PDP-11,2t04

processors supported, 6to 8

single user, 12

Operators
BASIC, 368
BASIC-PLUS, 385 to 387
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BASIC-PLUS-2, 403,404
file /0 (APL), 498

Operator services programs 96

Optimizations
FORTRAN 1V, 467,468
FORTRAN IV-PLUS, 475 to 479

Optional set membership 311

Output modes (APL) 492,493

Overlay Description Language (ODL) 56,57
Overlays (COBOL) 421

Owner pointer 313

Page (DBMS) 310

Page Find/Fix 314

Panic dump module (RSX-11M) 137,138
Partitions (RSX-11) 126,127

PATCH utility 79

PAT (Object Module patch) utility 163

PDP-11

central processors, 5

COBOL, 424 to 436

operating systems, 2to 4,6 to 8
software, introduction, 1to 5

PEEK function 120

Permanent Symbol Table (PST) 345
Physical blocks 29

Physical device characteristics 27 to 29
Physical volume 15

PIP (Peripheral Interchange Program) 42,76, 164
Pointers (DBMS) 313

Point-plot graphics 505,506
Point-to-point communications 262
Post-Mortem Dump (PMD) 163

Power failure restart 130,131

Primitive functions (APL) 486 to 490
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Print functions (BASIC-PLUS) 388

Priority (multiprogramming) 126,128,129

Prior pointer 313

Private disk 113,114

Private I/O buffers 304

Privilege 101to 103

Privileged programs FIP calls 118to 120

Program development commands (BASIC-PLUS) 393,394
Program Development System (PDS) 40,176 to 183
Program development utilities 12,51,162,163

Programmed requests
RT-11,64,65,69t0 75

Programmed system services 40,41
Programmer Access code (PAC) 197

Programs

debugging, 79,163
privileged, 102
sectioning, 351,358 to 361

Protection

DSM-11, 197,198,207
files, 23

RSTS/E files, 99,100
TRAX, 237

Pseudo device names (RSX-11M) 140, 141
Pseudo keyboards 92

Public disk 113,114
Relocatable

binary format, 48
image file, 19
program sections, 359

Repeat block 353,356

Report message 252

Report Program Generator (RPG Il) 499 to 502
Reports (DATATRIEVE-11) 339,340
Resource management utility programs 95,96
Resource program (RESORC) 79
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Resource-Sharing Timesharing System/Extended
see RSTS/E

Response message 252
Restart from power failure 130,131

RMS-11

buffer handling, 303,304
COBOL, 416

file access modes, 288 to 292
file attributes, 292 to 298

file management, TRAX, 250
file operations, 298 to 301

file organization, 283 to 287
overview, 160 to 162,281 to 283
record formats, 293 to 295
runtime environment, 301 to 306
under RSX-11, 160 to 162

Rollback 314

Rollforward 314

Round robin scheduling 129,172
RPG 499 to 502

RSTS/E

accounting information, 100,101
APL, 497

BASIC-PLUS, see also BASIC-PLUS, 89
batch processing, 108 to 110
COBOL, 421,422

configuration requirements, 84
data formats, 110,111

DECnet, 263,264,267

device access structure, 97
directories, 33 to 35

file access, 11110 113

file protection, 99,100

file specifications, 97 to 100
floating point precision, 92,93
FORTRAN IV, 469,470
initialization code, 93,94
logical disk structures, 113,114
maximum number of jobs, 92
monitor commands, 38,39
operation, 88to 114
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overview, 3,83 to 87

privilege, 101 to 103

processors supported, 6

scaled arithmetic, 92,93,110,111
SYS system functions, 40,114 to 120
system accounts, 100,101
system code, 88,89

system generation, 91,92

system summary, 44,86,87,121
timesharing, 13,14,90,91

user interface, 103 to 114

utility programs, 94 t0 97,107,108

RSX-11

see also RSX-11M; RSX-11S

data transfer modes, 156,157

default file types, 144,145

file control services, 153 to 160

I17/0 operations, 155 to 157

MCR commands, 146 to 150

MACRO, 362,363

Monitor Console Routine, 39,40,124,145 to 151
multiprogramming, 13,126 to 128
organization and components, 132 to 140
overview, 123 to 125

peripheral devices, 140,141

priority scheduling, 128,129

programmed services, 40,41

system conventions, 140 to 153

system generation, 133

terminal control, 145,146,150

Quad-del input mode 492

Quad input mode 491

Quad output mode 492,493
Quantum 172,173

Quote-quad input mode 491,492
Radix directives 350

Random access mode 290,291

Read protection
see Protection
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Real-time

multiprogramming (see also RSX-11; RSX-11M; RSX-11S), 124
processing, see IAS; RT-11

support (FOCAL), 504

Record files (BASIC-PLUS-2) 408
Record /O 111to 113,155t0 157,393
Record location modes 309

Record Management Service
see RMS-11

Record processing environment (RMS-11) 304 to 306

Records

DBMS, 309

locked, 254

logical relationships, 311
operations, RMS files, 298 to 301
RMS-11 formats, 286, 293 to 295
staged, 255

transfer modes, RMS-11, 306

Record selection
SORT-11, 275,276

Record’s file address (RFA) access mode 291
Record sort (SORTR) 272,274,278
Recovery (DBMS) 313,315

Relational

functions (APL), 490,491

operators, BASIC, 368

operators, BASIC-PLUS-2, 403,404

Relative files 273,284,285,289,290,299,300

RSX-11M

see also RSX-11

On-Line Debugger (ODT), 163
BASIC, 378,381

COBOL, 422

DECnet, 264,267

disk-based operation, 131
directories, 33to 35

dynamic memory allocation, 132
executive, 133 to 138

file manipulation utilities, 164
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file structures, 141 to 143
FORTRAN IV-PLUS, 479, 480
memory structures, 133 to 138
minimum configuration, 124,125
Monitor Console Routine, 124
overview, 3

processors supported, 7
program development utilities, 162,163
system summary, 44

task checkpointing, 131,132
utility programs, 162 to 164

RSX-11S

see alsc RSX-11

DECnet, 265 to 267

executive, 139

minimum configuration, 125
overview, 3

processors supported, 7
system components, 138 to 140
system generation, 138

utility programs, 162

RT-11

APL, 497

BASIC, 378,381

BATCH, 80

debugging, 79

DECnet, 263,267
foreground/background, 12,13,63 to 65
FORTRAN IV, 469

FORTRAN System Subroutines (SYSF4), 80,81
keyboard monitor commands, 66 to 69
languages, 81

MACRO, 361,362

monitors, 63 to 65

operating environments, 63 to 65
overview, 3,61,62

processors supported, 6

programmed requests, 40,64,65,60 to 75
system communications, 65 to 69
system programs, 76 to 79

system summary, 44

text editor, 75,76

Run mode 90,91
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Save-image library (SIL) 88
Scalar functions (APL) 487,488
Scaled arithmetic (RSTS/E) 92,93,110,111

Scheduling
multiprogramming, 128,129,172,196,197

Schema Data Description Language 308

Security
DBMS, 314
TRAX, 237

Sequential Disk Processor (SDP) 201
Sequential file access method 30
Sequential files 284,288 to 290,299
Set(DBMS) 311t0313
Significantevent 13,128,129
Single-job monitor (RT-11) 63
Single-user operating system 12
Slave terminal 145

Software
error logging (TRAX), 249
PDP-11,1t05

SORT-11  271to0 279

Source compare program (SRCCOM) 78
Source Input Program (SLP) 162
Source program creation 52to 54
Source statements (MACRO) 34410353
Source management (DBMS) 310
Space pool 304

Special terminal commands 27

Specification statements
FORTRAN, 459,460
FORTRAN IV-PLUS, 473
Spooling

DSM-11, 202,203
RSTS/E, 96

RSX-11, 158
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TRAX, 246,247
SPOOL program 96
Stack (system) 134
Staging 254,255

Standard MUMPS
see MUMPS

Standard MUMPS Backup and Utility System (SMBU) 210,211
Start-up parameters (IAS) 176
Statement modifiers (BASIC-PLUS-2) 406

Statements

APL, 484

BASIC, 368 to 371
BASIC-PLUS, 390 to 393
BASIC-PLUS-2,408t0 413
DIBOL, 439t0 442

FOCAL, 507,508

MACRO, 344

Station messages 251,252
Stations (TRAX) 250to 254
Stop vector 496

Stream format records 294,295

Strings

BASIC, 367,371,372
BASIC-PLUS, 388,389
BASIC-PLUS-2, 401 to 404
COBOL, 418

DSM-11, 205

virtual, 112

Subpartitioning 127

Subprograms

BASIC-PLUS-2, 405,406

user-written, FORTRAN, 460
user-written, FORTRAN IV-PLUS, 473

Subroutine library
DIBOL, 443
RT-11, 80,81

Sub-schema DDL 308
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Subscripted variables
BASIC, 367
BASIC-PLUS-2, 402,403
DSM-11, 206,207

Supervisory functions (DECFORM) 455 to 447
Swapping 91

Symbols (MACRO) 345 to 347

Synchronous record operations 302,305,306
Synchronous System Traps (SST) 129,130

SYSGEN
see System generation

SYSRES (IAS) 174
SYS system functions 114to 120

System
accounts (RSTS/E), 100,101
code (RSTS/E), 88,89
commands, APL, 494
commands, RSTS/E, 103 to 105
functions (BASIC-PLUS), 389
information programs, 107
library (RSTS/E), 89,90
services, 40,41
summaries

DSM-11, 45

IAS, 45,170,190,191

RSTS/E, 44,121

RSX-11M, 44

RT-11,44

TRAX, 45,260
utilities, description, 11,12
utilities, DSM-11, 209,210

System computers 5
System control interface (SCI) 183,184
System controlled partitions 127

System generation
IAS, 175,176
RSTS/E, 91,92
RSX-11S, 138
RSX-11, 133
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TRAX, 248 to 250
System Image Preservation Program (SIP)

System management utilities
description, 12
RSTS/E, 94 to 97

System Resident Library (IAS) 174
System stack region 134

System subroutine library (RT-11) 80,81
Tag sort, (SORTT) 272,274,279

Task Builder (TKB) 162

Task command files
indirect, 151

Task loader
RSX-11M, 137
Task patch (ZAP) utility 163

Tasks

checkpointing, 131,132
description, 125,126
priority (I1AS), 172

size (COBOL) 421
Tasktraps 129
Terminal

APL, 428 to 484

command, 145

control commands, IAS, 183

control commands, RSX-11, 145,146,150
format files, 407

interfaces, IAS, 176 to 184
ownership, DSM-11, 200

slave, 145

tied, 198

transaction processing, 233 to 237
Text editor 41,75,76,162

Tied terminals 198

Time-based scheduling 129
Time measurements (FOCAL) 505

Time quantum 172,173
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Time queuing (FOCAL) 504

Timesharing
see also IAS; DSM-11; MUMPS-11; RSTS/E
13,14,90,91,170 to 173,184 to 190,196,197

Timesharing Control Primitives 41,184 to 190
Time slice 172

TKB 162

TOPS-10COBOL 424t0436

Transaction processing
see also TRAX
227,242 10 245,256,257

Transaction Step Task (TST) 244,245,256,257
Translation (language) 48to 51

Traps 129,130

Trap vectors region 134

TRAX

applications environment, 232
application terminal, 233 to 237
batch processing, 246,247
COBOL, 422

communications, 257 to 259
data management/utilities, 45,260
debugging, 246

diagnostics, 249

error logging, 249,250

error recovery, 255

file access, 254

file mangement, 250

forms control, 237 to 241
languages, 257,260

overview, 4,227 to 232
processors supported, 8
security, 237

spooling, 246,247

station structure, 250 to 254
support environment, 232,245 to 247
system generation, 248 to 250
system structure, 232

system summary, 45,260
terminology, 241 to 245
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TST library, 258,259

TRAX/TL 258,259

uic 23

Unary operators 368

Unmapped systems 127

User area (BASIC) 377,378

User Class ldenttifier (UCI) 197

User communication utility programs 97
User controlled partitions 127
User-defined functions 372

User File Directory 23,24,331t035,114,141,142
User ldentification Code (UIC) 23

Userinterface
DSM-11, 197 to 200
overview, 26 to 40
RSTS/E, 103to 114

User Service Routine (USR) 28
User Symbol Table (UST) 345

User-written subprograms
FORTRAN, 460
FORTRAN IV-PLUS, 473
Utilities

COBOL, 422,423

DBMS, 313t0 315
DSM-11,209 to 212

IAS, 190

overview, 11,12,41t0 43
RSTS/E, 94 to 97,107,108
RSX-11M, 162 to 164
RSX-118S, 162
RT-11,76to 79

TRAX, 248

Variable length records 293

Variables

BASIC-PLUS, 385
BASIC-PLUS-2,401 to 403
DSM-11, 206,207
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MUMPS special, 223,224
Variable-with-fixed-control (VCF) records
VERIFY program 42

Version number
file specification, 25

VFY (File Verification) 164
VIA record locaton mode 309

Video terminal graphics
FOCAL, 505

Virtual array files 408
Virtual arrays 111,112
Virtual blocks 29,154,155

Volume
description, 15
logical, 16

VT11 graphics display system 373,505

VT52 DECscope terminal
use with DECFORM, 444

VT62 application terminal 233 to 237

VT50H DECscope terminal
use with DECFORM, 444

Warning diagnostics
FORTBAN 1V, 464

Wildcard 26

Workspaces
APL, 497

Write protection
see Protection

XDT (Executive Debugging Tool) 163
ZAP (Task Patch) utility 163

Z commands 218 to 221

Z function 222,223

Z special variables 224,225
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