






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 7-2 

EXP(X) 
DEXP(X) 
CEXP(Z) 
ALOG(X) 
ALOGlO(X) 
DLOG(X) 
DLOGlO(X) 
CLOG(Z) 
SQRT(X) 
DSQRT(X) 
CSQRT(Z) 
SIN(X) 
DSIN(X) 
CSIN(Z) 
COS(X) 
DCOS(X) 
CCOS(Z) 
TANH(X) 
ATAN(X) 
DATAN(X) 
ATAN2(X,Y) 
DATAN2(X,Y) 
CONJG(Z) 
RAN(l,J) 

FORTRAN IV Language Summary (Cont.) 

' e raised to the X power (Xis Real) 
e raised to the X power (X is Double) 
e raised to the Z power (Z is Complex) 
Returns the natural log of X (Xis Real) 
Returns the log base 10 of X (Xis Real) 
Returns the natural log of X (Xis Double) 
Returns the log base 10 of X (Xis Double) 
Returns the natural log of Z (Z is Complex) 
Square root of Real argument 
Square root of Double Precision argument 
Square root of Complex argument 
Real sine 
Double Precision sine 
Complex sine 
Real cosine 
Double Precision cosine 
Complex cosine 
Hyperbolic tangent 
Real arctangent 
Double Precision arctangent 
Real (X/Y) 
Double Precision arctangent of (X/Y) 
Complex conjugate 
Returns a random number between 0 and 1 

7.3 COMPILER OPERATION 
The FORTRAN IV compiler accepts a source written in the FORTRAN 
language as input and produces an object file and a listing file as output. 
The object file must be subsequently processed by the operating system's 
linker program, for example, the Linker or Task Builder, to produce an 
executable program. 

Command String Specification Options 
In the input/output file specification command string issued to the FOR· 
TRAN IV compiler to request program compilation, the user can specify 
a number of switch parameter options. Some of the parameters are: 

SPECIFY LISTING OPTIONS 
The user can request a number of listing options. By default, the user is 
supplied with diagnostics (if any), a source program listing, and the 
storage map. In addition, the user can request a generated code listing, 
or can combine any of the listing options in a single listing. The gener· 
ated code listing contains a symbolic representation of the object code 
generated by the compiler, including a location offset from the base of 
the program unit, the symbolic Object Time System (OTS) routine names, 
and routine arguments. The code generated for each statement is labelled 
with the same internal sequence number that appears in the source pro­
gram listing, for easy cross reference. 

COMPILE DEBUGGING STATEMENT LINES 
The user can request the compiler to include in the compilation those 
lines with a "D" in column one. These statements allow the inclusion of 
programmer-selected debugging aids (see below). 
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ENABLE/DISABLE THE COMMON SUBEXPRESSION OPTIMIZER 
In general, the optimizer will make the program run faster. Disabling the 
optimizer can reduce program storage requirements, but will increase 
execution time. 

INCLUDE OR SUPPRESS INTERNAL SEQUENCE NUMBERS 
Suppressing internal sequence number accounting reduces program stor­
age requirements for generated code and slightly increases execution 
time, but disables line number information during traceback. 

ALLOCATE TWO WORDS FOR DEFAULT LENGTH 
OF INTEGER VARIABLES 
Normally, single storage words will be the default allocation for integer 
variables not given an explicit length specification (i.e., INTEGER*2 or 
INTEGER*4). Only one word is used for computation. The user can re­
quest that the default allocation be two storage words. 

ENABLE/DISABLE VECTORING OF ARRAYS 
Array vectoring is a process which decreases the time necessary to refer­
ence elements of a multidimensional array by using some additional 
memory to store array accessing information. If array vectoring is en­
abled, 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 vec­
toring 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 compilers run­
ning on PDP-11 operating systems. For example, a warning message is 
generated if a variable name exceeds six characters in length. This is po­
tentially dangerous if another variable name has the same first six char­
acters. Another example is that statement ordering restrictions are not' 
imposed by the FORTRAN IV compiler, but are imposed by the FORTRAN 
IV-PLUS compiler. A program written for the FORTRAN IV compiler which 
does not conform to the FORTRAN IV-PLUS convention could not be com­
piled by both FORTRAN IV and FORTRAN IV-PLUS compilers. The warning 
diagnostics are normally enabled, bt:Jt the user can suppress their inclu­
sion in ihe diagnostics iisting. 

Internal Operation and Structure 
Instead of using temporary files to process source programs, the FOR­
TRAN IV compiler performs all its activities in main memory. It reads the 
entire source program once, stores it in memory in a compacted format, 
and processes the compacted code in memory. The advantage to this 
method is that the FORTRAN IV compiler does not require a disk device 
for its operation. In addition, since a disk device is not used for tempo­
rary file operations,. compilation speed is significantly increased. 

To reduce the memory requrements of such a compilation system, the 
FORTRAN IV compiler employs a multi-phase overlaid structure. The com-
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piler consists of a large number of overlays, each of which occupies no 
more than 1 K to 1.25K words of memory. Most of the space allocated to 
the compiler is occupied by the compressed source code. Figure 7-1 illus­
trates the compile-time memory map. 

SYMBOL TABLE 
(DYNAMIC) 

(GROWS DOWNWARD) 

f- ______ j _______ 

CURRENT INTERNAL 
FORM OF SOURCE 

PROGRAM 
(DYNAMIC) 

l /0 BUFFER AREA 

ACTIVE OVERLAY AREA 

ROOT SEGMENT AND 
OVERLAY LOADER 

VECTORS AND SYSTEM 
COMMUNICATION AREA 

HIGH ADDRESSES 

.25K 

MINIMUM 
1.25K WORDS 

.25K WORDS 

.25K WORDS 

LOW ADDRESSES 

Figure 7-1 Compile-Time Memory Map 

The compiler goes through a series of processing phases, one for each 
of its 18-20 overlays. Each program segment is processed separately, 
generally using the entire sequence of overlay phases. The basic process­
ing phases are: 

1. Source program compaction and listing 
2. Syntax analysis and error reporting 
3. Non-executable statement processing 
4. Code generation 
5. Code optimization 

The compiler begins by reading in as much of the source subprogram as 
it 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 seg­
ment 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 at a glance, FOR­
TRAN 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 begin­
ning of the object module, and compacts the internal source code further. 

To begin the next stage of code generation, the compiler enters all vari· 
ables and constants not yet processed into the symbol table, and per­
forms the syntax scan of the executable statements. The program is 
trarislated into an internal format in preparation 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, standard se­
quences are needed to locate an element of a multidimensional array, 
initialize an 1/0 operation, or simulate a floating-point operation not sup­
ported by the hardware configuration. 

The common sequence·s of PDP·l 1 machine instructions are contained 
in a library known as the FORTRAN Object Time System (OTS). The FOR· 
TRAN IV compiler does not actually generate pure machine instructions 
for the FORTRAN source code statements. It simply determines which 
combination of appropriate OTS routines are needed to implemeflt a 
FORTRAN program. During the linking process for an object program, the 
linker utility includes the needed OTS routines into the load module. Dur' 
ing pr_ogram execution, these routines are chained together to effect the 
desired result. 

The compiler references a library instruction sequence by generating a 
word containing the address of the first instruction in the OTS routine, 
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 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 a"nd in· 
direct addressing facility to have the OTS routines executed at run-time. 
Register 4 (R4) is used to chain together the selected OTS routines. The 
last instruction executed in each library routine is a JMP @(R4)+, which 
transfers control to the next library instruction sequence. 

Optimizatio·ns 
The FORTRAN IV compiler performs the following optimizations during 
code generation: 

1. Compiled FORMAT Statements 
The compiler interprets the FORMAT statements at compile-ti~e, 
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 ar­
ray. If an array is vectored, a particular element in the array can be 
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located by a simplified mapping function, without the need for multi­
plication operations. A table lookup is performed to determine the 
location of a particular element. 

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 are 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 

Librari~ . 
The FORTRAN programmer can create a library of commonly-used assem­
bly language and FORTRAN functions and subroutines. The operating sys­
tem's librarian utility provides a library creation and modification capa­
bility. ·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-ti.me errors. This feature locates the actual program unit and line 
number of a. run-time errqr. Immediately following the error message, 
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 
b!;!en traced_ back to a specific line number in the main program,-This 
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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 condi· 
tionally compiled. These statements are considered comment lines by the 
compiler unless the appropriate debugging lines switch is issued if1 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 moni­
toring 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. 

7.4 FORTRAN IV OPERATING ENVIRONMENTS 
The FORTRAN IV compiler and OTS is available as an optional language 
processor for the RT-11 operating system. 

The operating system provides additional features particular to ·the en­
vironment. For example, the monitor programmed requests or executive 
directives are usually availabie as a library of FORTRAN-callable routines_ 

Under RT-11 
The RT-11 System Subroutine library (SYSLIB) is a collection of FOR­
TRAN-callable routines which allow a FORTRAN user to utilize various 
features of the RT-11 Foreground/Background (F / B) and Single-Job mon­
itors. SYSLIB also provides various utility functions, a complete character 
string manipulation package·, ·and 2-word integer support. SYSLIB is pro· 
vided as a library of object modules to be combined with FORTRAN pro· 
grams at link-time. 

SUMMARY OF SYSLIB CAPABILITIES 

• Complete RT-11 1/0 facilities, including synchronous, asynchronous, 
and event-driven modes of operation. FORTRAN subroutines may be 
activated on the completion of an input/output operation. 

• Timed scheduling of asynchronous subjobs (completion routines). (Un· 
de.r F /B operation only.) 

• Complete facilities for interjob communication. (Under F/B operation 
only.) 

• FORTRAN interrupt service routines. 

• Complete timer-support facilities, including timed suspension of execu· 
tion (F /B only), conversion of different time formats, and time-of-day 
information. These timer facilities support either 50 or 60:cycle clocks. 

• All auxiliary input/output functions provided by RT-11, including the 
capabilities of opening, closing, renaming,. creating, and deleting files 
from any device. 

• All monitor level informational functions, such as job partition param­
eters, device statistics, and input/output channel statistics. 

• Access to the RT-11 Command String Interpreter (CSI) for acceptance 
and parsing of standard RT-11 command strings. 
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• A character string manipulation package supporting variable-length 
character strings. 

• INTEGER*4 support. routines that allow two-word integer computations. 

SYSLIB allows the RT-11 FORTRAN user to write almost all application 
programs in FORTRAN with no assembly-lang·uage coding. 

Also available under RT-11 is the Scientific Subroutine Library, providing 
FORTRAN-language routines for mathematical and statistical applica­
tions. 
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CHAPTER 8 

BASIC 

8.1 FUNCTION AND FEATURES 
BASIC is an incremental compiler which provides immediate translation 
and storage of a program written in the BASIC source language while it 
is being entered. A single-user BASIC system and a RT-11 multi-user 
BASIC system are available as an option for the RT-11 operating system. 

BASIC provides the following features: 

• incremental compiler for immediate source translation 

• immediate mode for ease in debugging and use as a desk calculator 

• ASCII sequential files compatible with FORTRAN 

• integer, string and floating pofnt virtual array files for random access 

• dynamic allocation of string storage 

• PRINT-USING statement for output formatting 

• complete set of string manipulation functions 

• user-defined functions 

• programs chained together can pass data through common 

• CALL statement for assembly language subroutines 

8.2 LANGUAGE 
The BASIC language is a conversational programming language which 
uses simple English-type statements and familiar mathematical notation 
to perform operations. BASIC is one of the simplest computer languages 
to learn, and once learned, provides advanced techniques to perform in­
tricate data manipulations and efficient problem expression. 

A BASIC program is composed of lines of statements containing instruc­
tions to the BASIC compiler. Each line of the program begins with a 
number that identifies that line as a statement and indicates the order of 
statement execution relative to other lines in the program. Each state­
ment starts with an English word specifying the type of operation to be 
performed. 
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All BASIC statements and computations must be written on a single line. 
Statements cannot be continued on a. following line. More than one 
statement, however, can be written on a single line when each statement 
after the first is pr~.ceded by a backslash. For example, 

10 INPUT A,B,C 

is a single statement line, while 

20 LET X = 11 "- PRINT X,Y,Z "- IF X =A THEN 10 

is a multiple statement line containing three statements: LET, PRINT, 
and IF. 

Constants and Variables 
BASIC treats all numbers (real and integer) as decimal numbers. The 
advantage of treating all numbers as decimal numbers is that any num­
ber or symbol can be used in any mathematical expression without 
regard to its type. Numbers used must be in the approximate range 
10-38 to 10+38. 

In addition to real and integer formats, BASIC accepts exponential nota­
tion. Numeric data can be input in any one or all of these formats. 
BASIC automatically uses the most efficient format for printing a number, 
according to its size. It automatically suppresses leading and trailing 
zeros in integer and decimal numbers and formats all exponential 
numbers. 

Both floating point and integer formats are used when storing and cal­
culating numbers. If a number can be stored as an integer, .it is handled 
as an integer unless the operation requires that it be stored as floating 
point. 

BASIC also processes information in the form of strings. A string is a 
sequence of alphabetic, numeric or special characters treated as a unit. 
A string constant is a list of characters enclosed in quotes. A string con­
stant can be used in the PRINT, CALL, and CHAIN statements. These 
usages of'string constants are allowed in versions of BASIC that do not 
support strings. 

In BASIC with string-support,· string constants can also be used to as­
sign a value to a string variable, for example, in the LET and INPUT 
statements. 

BASIC recognizes four types of variables: numeric and subscripted nu­
meric, string and subscripted string. A numeric variable is an algebraic 
symbol representing a number and is formed by a single letter or letter 
optionally followed by a single digit. For example: I, B3, or X. 

Subscripted variables provide additional computing capabilities for deal­
ing with lists, tables, matrices, or any set of related variables·. In BASIC, 
variables are allowed one or two subscripts. For example, a list might 
be described as A(I) where I goes from 0 to 5: 

.-A(O), A(l), f\{2), A(3), A(4), A(5). 
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This allows reference to each of the six elements in the list, and can be 
considered a one-dimensional algebraic matrix. Two-dimensional matrices 
are also allowed. 

Any variable name followed by a dollar sign ($) character indicates a 
string variable. For example: A$, C7$. Any list or matrix variable name 
followed by the dollar sign character denotes the string form of that 
variable. For example: V$(n), M2$(n), C$(m,n), G1$(m,n). 

The user can assign values to variables by indicating the values in a 
LET statement, by enterine the value as data in an INPUT statement, 
or by a READ statement. The value assigned to variable does not change 
until the next time a statement is encountered that contains a new value 
for that variable. 

Operators 
BASIC performs addition, subtraction, multiplication, division and ex­
ponentiation. The five operators used in writing most familiar formulas 
are: 

+ A + B Add to Band A 
A B Subtract B from A 

... A ... 8 Multiply A by B 
I A I B Divide A by B 

t A t 8 Raise A to the Bth power 

In addition, BASIC allows unary plus and minus arithmetic operators. 
For strings, the concatenation operator ( + or &) puts one string after 
another without any intervening characters. 

I 

Relational operators allow comparison of two values and are used to 
compare arithmetic expressions or strings in an IF-THEN statement. The 
relational operators are: 

Equals (alphabetically equal) 
< Less than (alphabetically precedes) 
< = Less than or equals (precedes or equals) 
> Greater than (alphabetically follows) 
> = Greater than or equals (follows or equals) 
< > Not equals (not alphabetically equal) 

Statements 
The following summary of BASIC statements gives a brief explanation 
of each statement's use. 

REM 

LET= 

DIM 

DATA 

Contains explanatory comments in a BASIC program. 

Assigns the value of an expression to the specified 
variable. Variable and expression must be of the 
same type. 

Reserves space in memory for arrays according to 
the subscripts specified. 

Used in conjunction with READ to input listed data 
into an executing program. Can contain any mixture 
of strings and numbers. 
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READ 

OPEN FOR 
INPUT [OUTPUT] 
AS FILE 

INPUT 

IF END 

PRINT 

PRINT-USING 

RESTORE. 

RESET 

CLOSE 

NAME-TO 

KILL 

RANDOMIZE 

DEF FN 

CALL 

FOR-TO 

NEXT 

IF 

GOSUB 

Assigns values listed in DATA statements to the 
specified values. Variables can be numeric or s!ring. 

Opens a file for input (or output) and associates the 
file with the specified logical unit number. 

Reads data from the file associated with the logical 
unit specified or from the user's terminal. Variables 
can be arithmetic or string. 

Tests for an end-of-file condition on input sequential 
file associated with logical unit expression. 

Prints the values of the specified expressions on the 
terminal or, when specified, to the file associated 
with the logical unit expression. The TAB function 
·can also be included. 

Prints the values of the specified expression on the 
terminal or, when specified, to the file associated 
with logical unit expression in the format determined 
by the given string. Both numeric and string ex­
pressions can be used. 

Resets either the data pointer or, when specified, the 
input file associated with the given logical unit num­
ber to the beginning. 

Equivalent to RESTORE. 

Closes the file(s) associated with the logical unit 
number(s) and virtual file logical unit number(s) 
specified. If no logical unit number is specified, 
closes all open files. 

Renames the specified file. 

Deletes the specified file. 

Causes the random number generator (RND func­
tion) to produce different random numbers every 
time·the program is run. 

Defines a user function. 

Used to call assembly language subroutines from a 
BASIC program. 

Sets up a loop to be executed the specified number 
of times. 

Placed at the end of the FOR loop to return control 
to the FOR statement. 

Conditionally executes the specified statement or 
transfers control to the specified line number. When 
the condition is not satisfied, execution continues at 
the next sequential line. The expressions and the 
relational operator must all be string or all be nu­
meric. 

Unconditionally transfers control to specified line of 
subroutine. 
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RETURN 

GO TO 

ON-GOSUB 

ON-GO TO 

CHAIN 

COMMON 

END 

STOP 

Functions 

Terminates a subroutine and returns control to the 
statement following the last executed GOSUB state­
ment. 

Unconditionally transfers control to specified line 
number. 

Conditionally transfers control to the subroutine at 
one line number specified in the list. The value of 

· the expression determines the line number to which 
control is transferred. 

Conditionally transfers control to one line number in 
the specified list. The value of the expression de­
termines the line number to which control is trans­
ferred. 

Terminates execution of the program, loads the pro­
gram specified, and begins execution of the lowest 
line number or, when a line number is present in the 
statement, at the specified line number. 

Preserves values and names of specified variables 
and arrays when the CHAIN statement is executed. 
Both string a.nd arithmetic variables and arrays can 
be passed. The statement also dimensions the spec­
ified arrays. 

Placed at the end of the physical end of the program 
to terminate execution (optional). 

Terminates execution of the program. Placed at the 
logical end of the program. 

BASIC provides a variety of functions to perform mathematical and 
string operations. 

ARITHMETIC FUNCTIONS 
ABS Returns the absolute value of an expression. 
ATN Returns the arctangent as an angle in radians. 
COS Returns the cosine· of an expression in radians. 
EXP. Returns the value of the constant e (approx. 2.71828) raised 

to a given power (expression). 
INT Retu.rns the greatest integer Jess than or equal to a given 

LOG 
LOGlO 
Pl 
RND 
SGN 
SIN 
SQR 
TAB 

SYS 

expression. 
Returns the natural logarithm of an expression. 
Returns the base 10 logarithm of an expression. 
Returns the value of pi (3.141593 approx.) 
Returns a random number between 0 and 1. 
Returns value indicating the sign of an expression. 
Returns the sine of an expression in radians. 
Returns the square root of an expression. 
Causes the terminal print head to tab to column number 
given by an expression (valid only in PRINT). 
Special system function calls; control terminal 1/0 and per­
form special functions. 
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STRING FUNCTIONS 
ASC Returns the ASCII code in deci!'1al for the l·character string 

BIN 

CHR$ 

DAT$ 
LEN 
OCT 

POS 

SEG$ 

STR$ 

TRM$ 
VAL 

expression. 
Converts a string expression containing a binary number to 
a decimal value. ' 
Generates a l·character string whose ASCII value is the low· 
order 8 bits of the integer value of the given expression. 
Returns the date as a string. 
Returns the number of characters in the given string. 
Converts a string expression containing an octal number to 
a decimal value. 
Searches for and returns the position of .the first occurrence 
of a substring in a string. 
Returns the string of- characters in the given positions in the 
string. 
Returns the string which represents the numeric value of 
the given expression. 
Returns the given string without trailing blanks. 
Returns the value of the decimal number contained in the 
given string expression. 

USER-DEFINED FUNCTIONS 
In some programs it may be necessary to execute the same sequence 
of statements in several different places. BASIC allows definition of 
unique operations or expressions and the calling of these functions in 
the same way as, for example, the square root or trigonometric tune· 
tions. Each function is defined once and can appear anywhere in the 
program. 

A function definition consists of the function name, a dummy variable 
list (up to five), and an expression. 

When the user-defined function is used in the program, the expressions 
in the argument list passed to the function will replace the dummy_ 
variables in the defining expression. Any variable in the defining expres· 
sion that is not in the dummy variable list will have the value that the 
variable is· currently assigned. · 

Programming Example 
The POS function is used to find the position of a substring in a string. 
The POS function can be used to map a string of characters to a cor· 
responding integer value which can be used for subsequent processing. 
This technique is called a table look-up. The table string is the first ar· 
gument of the POS function and the string to be mapped is the second 
argument. For example: 

LISTNH 

10 
15 
20 
100 
110 
120 
130 

REM PROGRAM TO TRANSLATE MONTH NAMES 
REM TO NUMBERS 
T$ = "JANFEBMARAPRMAYJUNJULAUGSEPOCTNOVDEC" 
PRINT "TYPE THE FIRST 3 LETTERS OF A MONTH"; 
INPUT M$ 
IF LEN(M$) < > 3 GO TO 200 
M = (POS(T$,M$,l) +2)/3 
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140 REM CHECK IF MONTH IS SPELLED CORRECTLY 
150 IF M < > INT(M) GO TO 200 
160 PRINT M$" IS MONTH NUMBER "M 
170 GO TO 100 
200 PRINT "INVALID ENTRY-TRY AGAIN""'- GO TO 100 

READY 

RUN NH 

TYPE THE FIRST 3 LETTERS OF A MONTH? NOV 
NOV IS MONTH NUMBER. ~1 
TYPE THE FIRST 3 LETTERS OF A MONTH? DEC 
DEC IS MONTH NUMBER 12 
TYPE THE FIRST 3 LETTERS OF A MONTH? JUN 
INVALID ENTRY-TRY AGAIN 
TYPE THE FIRST 3 LETTERS OF A MONTH?iC 
STOP AT LINE 110 

READY 

8.2.1 BASIC Files 
Data is stored either in sequential files or in random access, virtual array 
files. Sequential files are treated in the same way as terminal 1/0; data 
is read by an INPUT statement and written by a PRINT statement. Se· 
quential files are useful for storing data that is processed serially. 

Virtual array files are similar to arrays stored in memory. An element of 
data in a virtual array can be part of any BASIC expression just the same 
as an element of a normal array. An element of a virtual array file can 
be assigned a value by a special form of the LET statement. Virtual array 
files allow data to be accessed in a random, non-serial manner and are 
the only BASIC files in which existing data can be updated without re­
writing the entire file. 

There are three data types for virtual array files: integer, floating point, 
and string. A file can contain only one data type. 

8.2.2 Creatin~, Modi~yin_g and Executing BASIC Programs 
A BASIC program is entered in the system using the editing commands. 
Once a program has been entered, it can be saved, retrieved, listed or 
executed using the editing commands. When the BASIC system is run­
ning, it prints the message READY on the terminal to indicate that it is 
ready to accept an editing command. 

The BASIC system's editor is a replacement editor. That is, an incor­
rect line is changed by entering a new line with the same line number 
as the incorrect line. The editor replaces the old line with the new line 
entered. A line can be deleted by typing its line number and a carriage 
return. Both the line number and the line are removed from the pro­
gram. The following provides a summary of the BASIC editing commands. 

NEW Clears the user area in memory and assigns a specified 
name to the current program. Used to create a new pro­
gram. 

8-7 



LIST 
LISTNH 

RUN 
RUN NH 

CLEAR 

RENAME 

SAVE 

OLD 

REPLACE 

APPEND 

LENGTH 

SCR 
UN SAVE 

BYE 

Types on the terminal the program currently in memory. 
A range of line numbers can be specified. If the command 

· does not have the ''NH" suffix, the program header is 
printed. 

If issued with no file specification, executes the program 
currently in memory. If a file specification is issued, clears 
the user area, reads a program in from the file, and exe-
cutes the program. If the command does not have the 
"NH" suffix, the program header is printed. 

Clears the contents of the user array and string buffers. 
This command is used when a program has been exe­
cuted and then edited. Before rerunningthe program, the 
array and string buffers are cleared to providP. more mem· 
ory space. 

Changes the current program name to a specified name. 

Copies the contents of the user area to a file, lists the con­
tents on the line printer, or punches the contents on paper 
tape. 

Clears the user area and reads a· program from a specified 
file into the user area in memory. 

Replaces the specified file with the program currently in 
memory. 

Merges the program currently in memory with a program 
stored in a file. All lines in the program in memory that 
have duplicate line numbers with the program in the file 
are replaced by the lines from the program in the file. 

Displays on the terminal the amount of storage required by 
the BASIC program currently in memory. This information 
is useful in determining the minimum user area in which 
a specific program can run. 
Erases the user area in memory. 
Deletes the specified file. 

If the BASIC system supports multiple users, terminates 
the session at the terminal. 

In addition to the editing commands, the BASIC system recognizes the 
following special control characters: 

CTRL/C Interrupts program execution and prints the READY mes-
sage. 

CTRL/0 Enables/disables console output.· 
CTRL/U Deletes the current line being entered. 
RUBOUT Deletes the last character typed. 

8.3 COMPILER OPERATION 
When the user enters a BASIC program, the BASIC system does not store 
the program exactly as it is typed or read from the input file. Instead, 
it translates the program into an intermediate form which can be used in 
two different ways. The intermediate code can be returned to its initial 

8-8 



form by the LIST or SAVE commands to produce an ASCII program which 
looks like the input program, or the translated code can be quickly in­
terpreted by the RUN command to execute a program under the operat­
ing system. 

Immediate Mode of Execution 
It is not necessary to write a complete program to use BASIC. Almost 
any BASIC statement can. be executed in immediate mode. This latter 
facility makes BASIC an extremely powerful calculator. 

BASIC distinguishes between those lines entered for immediate execu­
tion and those entered for later execution by the presence or absence of 
a line number. Statements which begin with line numbers are stored; 
those without line numbers are executed immediately. 

Immediate mode operation is especially useful for program debugging 
and desk calculation problems. 

To facilitate debugging a program, STOP statements can be placed 
throughout the program. When the program is run, each STOP statement 
causes the program to halt. The data values can then be examined and 
modified in immediate mode. The immediate mode statement 

GO TO line number 

is used to continue program execution. The values assigned to variables 
when the RUN command was issued remain intact until a SCRatch, 
CLEAR or another RUN command is issued. 

If the STOP statement occurs in the middle of a FOR loop, modifications 
can not be made to the section of the program which precedes the 
FOR statement. 

If CTRL/C is used to halt program execution, the GO TO command 
can be used to continue execution at the line where execution stopped. 

When using immediate mode, nearly all the standard statements can be 
used to generate or print immediate mode results. Multiple statements 
can be .used on a single line in immediate mode. For example: 

A=l "- PRINT A 
1 

Program loops in immediate mode are allowed in multiple statement 
lines. Thus a table of square roots can be produced as follows: 

FOR 1=1TO10 "-PRINT l,SQR(I) "-NEXT I 
1 1 
2 1.41421 
3 1.73205 
4 2 
5 2.23607 
6 2.44949 
7 2.64575 
8 2.82843 
9 3 
10 3.16228 
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Certain-statements, while not illegal, make no sense when used in imme· 
diate mode, such as COMMON, DEF, DIM, DATA and RANDOMIZE. The 
INPUT statement is illegal in immediate mode. Also, function references 
in immediate mode are illegal unless the program containing the defini· 
tion was previously executed. 

User Area Allocation and Program Size 

The BASIC system stores each user's program in memory in the follow­
ing format: 

Arrays high addresses 

Buffers 

Strings 

Symbol Table 

User Code low addresses 

The symbol table and user code area are created when the program is 
entered. When the RUN com.marid is issued, the user program is 
scanned and arrays are set up. The string area is created during pro­
gram execution. 

The SCRatch command clears all the user code, symbol table, strings, 
and arrays from memory. The CLEAR command clears the arrays and 
strings but does not affect the user code or symbol table. 

A symbol table entry is created for each distinct line number or variable 
name referenced in the program. These entries are not deleted, how­
ever, even when all references in the program 'to a particular line number 
or variable are removed. Thus, if the program in memory is heavily 
modified, it may be desirable to save it with the SAVE command and 
then restore the program with the OLD command to obtain the largest 
possible user area. 

The LENGTH command displays on the terminal the amount of storage 
required by the BASIC program in memory. This information is useful 
in determining the minimum user area in which a specific program can 
run. 

LENGTH prints the number of words used and the number of words 
remaining free in the user's area. The LENGTH command always re· 
turns the current memory requirements; they may differ depending on 
when the command is issued.· The number of words in use includes 
memory currently needed by the BASIC program itself, arrays, string 
variables, and file buffers in the user area. To determine the size of 
the program alone, issue the LENGTH command immediately after an 
OLD or CLEAR command. Arrays are created after the RUN command 
is issued and file buffers are created when the OPEN statement is ex· 
ecuted. The memory required for string variables and string arrays 
varies with the current values of the strings. 
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8.4 BASIC ENVIRONMENTS 
Two BASIC versions are available for the RT·l 1 operating system: the 
standard single-user version and a special multi-user version. 
The following paragraphs discuss the features and capabilities of the 
BASIC versions available. Table 8·1 compares the features and language 
elements of each version. 

Under RT-11: Single-user Version 
BASIC/RT·ll interfaces with the RT-11 monitor. BASIC is loaded under 
control of the monitor by typing the "R BASIC" command. Users can 
access any RT·ll supported device, including paper tape reader/punch 
and floppy disk (RXVll). BASIC/RT-11 files can be processed by FOR­
TRAN IV/RT-11. At least 8K words of memory are required to run BASIC. 
In systems with more than 8K words of memory, BASIC/RT·ll provides 
alphanumeric character string 1/0 and strirlg variable support. 

Under RT-11: Multi-user version 
MU BASIC/RT-11 is a multi-user BASIC system, capable of accom· 
modating up to eight users simultaneously. Each user independently 
creates and executes BASIC programs. All of the features of MU BASIC, 
including statements, commands, functions and immediate mode execu· 
tion are available to all users. 

MU BASIC runs under the RT·ll monitor. Users can access the follow­
ing devices supported by RT·l 1: paper tape reader /punch, line printer 
(LAVll) and floppy disk (RXVll). 

Up to eight users can be supported on Single-job systems with at least 
24K words of memory. Up to four users can be supported on Single· · 
job systems with at least 16K words of memory, or on Foreground/ 
Background systems with 28K words of memory. 

To accommodate multiple users, MU BASIC provides a scheduling 
supervisor and terminal handler. In addition, the system provides a log 
on procedure and file protection as options. 

The log on procedure requires that users obtain a user ID and password 
from the system manager to gain access to the system. The HELLO and 
BYE commands are used in this case to log on and log off the system. 

The file protection system provides several degrees of file access. There 
are three classes of files: public, group, and private. Public library files 
are available to all. users. Group library files are accessible to all users 
have the same first character in their user ID. A private file is accessible 
only to the user who created it. 

If file protection is desired, a file can be given any of the following access 
characteristics: 

Run 

Read 

Update 

Allows access by the RUN command or CHAIN statement. 

Allows access by the OLD or APPEND command or the 
OPEN FOR INPUT or OVERLAY statement or use of the 
value of an element of a virtual array. 

Allows a virtual array file to be updated. 
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Complete Allows access by all of the above and by the SAVE, REPLACE 
or UNSAVE command or the OPEN FOR OUTPUT, NAME TO 
or KILL statement. 

A nonprivileged user is allowed complete access only to the user's own 
private files. A nonprivileged user can have Run and Read access to 
files in the public library and the user's own group library. Nonprivileged 
users are not allowed access to other user's private·library files or other 
group's files. The access allowed a nonprivileged user to al! files other 
than the user's own files can be modified by the inclusion of a protection 
code in the filename. 

A privileged user has complete access to all files. Group library and 
public library files can only be created by a privileged user ... 

In addition to the log on procedure and file protection, MU BASIC in· 
eludes the following commands: 

HELLO 

ASSIGN 

Allows the user to log on. to the system (optional). 

Assigns a specified device to a user if it is available. 

DEASSIGN Deassigns a specified device. 

TAPE 

KEY 

SET TTY 

Disables echoing for the low·speed paper tape reader. 

Enables echoing after the TAPE command (or a disable 
echoi'ng system function call). 

Sets the system to allow different terminal characteristics. 

MU BASIC provides a comprehensive set of system functions. Certain 
system functions are availabl!l to all users. These functions enable the 
programmer to cancel CTRL/0 typed at a terminal, disable/enable echo­
ing, enter single characterlnput mode, scratch the user area in memory 
and return to the READY message, and return the current user's ID. 
Certain other system function calls can be executed only by a privileged 
user. These functions include the ability to disable the CTRL/C interrupt, 
set the user ID, terminate the privileged user status, and cause BASIC 
to exit and return control to the RT-11 monitor. 

The single character input mode system function call is useful for special 
read operations. It returns the decimal ASCII value of the next character 
input from the terminal or a file. It is the only method for BASIC pro· 
grams to process terminal input without waiting for a carriage return 
to be typed. This allows interactive programs to use single character 
response and not require a carriage return. 

Single character input mode allows data in any file to be read with no 
need for separating commas or carriage returns. Binary fileS' can be 
copied exactly. 
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Table 8-1 BASIC Language Implementations 

Language Elements MU 
BASIC BASIC 

RT RT 

FUNCTIONS 

Mathematical (ABS, SIN, COS, SGN, LOG, EXP, 
ATN, INJ, RND, SQR) x x 
String LEFT, RIGHT, MIDdle LENgth 
String LEN, SEG x1 x1 
String search for substring x1 x1 
TRM$ (delete trailing spaces) x1 x1 
ASCII code of character x1 x1 
Character equivalent to ASCII code (CHR$) x1 x1 
Date x1 x1 
Numeric string conversion x1 x1 
Octal and binary functions (OCT and BIN) x x 
Common log (LOGlO) x 
TAB for print positioning x x 
Assembly language routines x x 
PROGRAM LINES 

Multiple statement lines x x 
Assignment 
LET x x 
Word LET optional x x 
Control 

GOTO x x 
IF-THEN x x 
IF-GOTO x x 
FOR, NEXT x x 
FOR-WHILE, FOR-UNTIL 
ON-GOTO x 
CHAIN x x 
Subroutines and Functions 

GOSUB x x 
RETURN x x 
ON-GOSUB x 
DEF, single line x x 
1/0 
READ x x 
DATA x x 
RESTORE x x 
INPUT x x 
LINPUT x 
PRINT x x 
PRINT USING x 
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Table 8-1 BASIC Language Implementations (Cont.) 

Language Elements MU 
BASIC BASIC 

RT RT 
Files 

OPEN 
CLOSE x x 
NAME-AS 
NAME-TO x 
KILL x 
IF END x x 
Virtual files x x 
Specifications 

REM x x 
DIM x x 
RANDOMIZE x x 
COMMON x 
Miscellaneous 

CHANGE string to/from array 
STOP x x 
END x x 
END statement optional x x 
Editing 

RENAME x x 
LIST x x 
LENGTH. x 
Program storage I retrieval 

NEW x ~ 
OLD x x 
SAVE x x 
REPLACE x x 
UN SAVE x 
APPEND x 
Miscellaneous 

KEV x 
TAPE x 
RUN x x 
HELLO x 
BYE x 
Immediate Mode x x 
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1.1 GENERAL 

CHAPTER 1 

EDUCATIONAL 
SERVICES 

Like DIGITAL's computer systems, training facilities span the globe­
Japan, Australia, Great Britain, Germany, France, the Netherlands, Swe­
den, Italy, and throughout the United States. Services are centered 
around 14 fully equipped Regional Education Centers and a staff of sea­
soned educators dedicated to providing all aspects of education and 
training needed in support of all DIGITAL systems. 

1.2 CATALOG COURSES 
Catalog courses are regularly scheduled classes offered at training cen­
ters. Presently, there are more than 100 scheduled classes that cover 
the range from first-time user to highly specialized training on theory of 
operation. Most catalog courses include extensive hands-on laboratory 
time, and all incorporate the use of a broad assembly of student work­
books, reference manuals, and other instructional materials. 

1.3 CUSTOM COURSES 
Specialized training is available for users with unique applications or 
training situations. This approach is designed to give the student the 
maximum relevant material for specific applications, while minimizing 
extraneous information. The custom courses are tailored to the individ­
ual customer's schedule and typically comprise a series of courses. 
These can be modified from existing courses or be entirely new pro­
grams based on mutually agreed upon objectives. 

1.4 ON-SITE INSTRUCTION 
Customers with a group of individuals to train may find it more econom­
ical to have Educational Services conduct courses at the user's .home 
site. On-site instruction of both catalog and custom courses eliminates 
travel and other expenses incurred by students attending classes at 
training centers. This method of instruction further enhances training 
by allowing DIGITAL instructors to emphasize points of particular value 
to the student's applications and operations. 

1.5 AUDIO-VISUAL COURSES 
By taking advantage of the latest in audio-visual techniques, Educational 
Services has developed a series of courses that offers independent learn­
ing. Audio-visual courses are convenient, self-contained, and modular in 
topic. The self-instructional format allows students to progress at their 
own rates, study when and where they wish, and play back modules for 
review. Audio-visual course material is available in several forms-video­
tape, videocassette, or audio/filmstrip cassette-all supported by stu­
dent workbooks. 

1.6 LSl-11 AND PDP·ll/03 RELATED COURSES 
DIGITAL's educational group offers a series of courses on the hardware 
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and software for your LSFll. PDP·ll/03 systems. A list of these 
courses, with a brief abstract of each follows: 

• INTRODUCTION TO MINICOMPUTERS-This course is designed for 
the individual with no computer experience or the programmer with 
compiler-level background only. It covers computer concepts and the 
fundamentals of Assembly Language programming and provides back­
ground for further hardware or software training on any of our sys­
tems. It is also useful as a stand-alone overview course. 

• INTRODUCTION TO DIGITAL COMPUTER LOGIC-This course concen­
trates on the internal construction and functional operation of the 
logic circuitry of which DIGITAL's computer systems are built. This 
examination of the internal building blocks used in DIGITAL's com­
puters can be useful to anyone about to enter the field of computers. 
This course is a prerequisite for entering hardware familiarization or 
maintenance courses on other DIGITAL computers. 

The course covers the operation of digital computer circuitry from a 
logic rather than electronic point of view. 

A DIGITAL computer laboratory exercises to implement some of the 
logic circuits discussed. 

• LSl-11 AND PDP-11/03 HARDWARE AND INTERFACING-This course 
is intended to provide design oriented engineering personnel with an 
overview of LSl·ll system operation and detailed interfacing infor­
mation. 

Emphasis will be placed on Bus timing structure and standard DIGI· 
TAL interfacing modules. 

Laboratory periods will be provided for student familiarization with 
the LSI and 11/03 system including machine language programming 
and standard DIGITAL interfaces. 

• PDP-11 FUNDAMENTALS AND INSTRUCTIONS-This course is in­
tended for data processing personnel who will be programming for 
any model within the PDP-11 family. It covers the instructions and 
features common to all PDP·ll models. It does not cover options or 
features unique to the more powerful models. The course is also ap­
propriate for a manager or supervisor requiring a fairly detailed 
knowiedge of the PDP-11 and its instructioii set. 

• MACR0-11-This course is intended to provide the inexperienced as· 
sembly language programmer with a MACR0-11 programming back­
ground for entry to any of the following operating systems courses: 
DOS-11, RT-11, RSX·llM, RSX-llD, and IAS. Classroom and labora· 
tory exercises will supplement the lectures. 

• PDPll REAL-TIME OPERATING SYSTEM (RT·ll) STANDARD-This 
course is designed for users who have limited operating systems ex­
perience and wish to acquire·a working knowledge of RT-11, including 
both Single-Job and Foreground/Background monitors. Emphasis is 
placed on system programs and on techniques for programming in a 
foreground/background real-time environment. 
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For complete information on course content, prerequisites, pricing, and 
scheduling, consult the Educational Courses Catalog available through 
DIGITAL's Educational Centers listed below: 

Boston area: 
Digital Equipment Corporation 
Educational Services Department 
Maynard, Massachusetts 01754 
Telephone: (617) 897-5111 
Ext. 3819 or 6331 

Chicago area: 
Digital Equipment Corporation 
Educational Services Department 
5600 Apollo Drive 
Rolling Meadows, Illinois 60008 
Telephone: (312) 640-5520 

Philadelphia area: 
Digital Equipment Corporation 
Educational Services Department 
Whitpain Office Campus 
1740 Walton Road 
Blue Bell, Pennsylvania 19422 
Telephone: (215) 825-4200 Ext 26 

Washington, D.C. area: 
Digital Equipment Corporation 
Educational Services Department 
Lanham 30 Office Building 
5900 Princess Garden Parkway 
Lanham, Maryland 20801 
Telephone: (301) 459-7900 Ext. 315 or 215 

San Francisco area: 
Digital Equipment Corporation 
Educational Services Department 
310 Soquel Way 
Sunnyvale, California 94086 
Telephone: (408) 984-0200 Ext. 293 or 294 
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CHAPTER 2 

DECUS 

Additional programs and applications packages may be obtained from 
DECUS, the Digital Equipment Computer Users Society. DECUS is a not· 
for-profit computer users group (the largest such group, worldwide) that 
sponsors technical symposia, publishes a periodic newsletter and sym­
posia proceedings, and maintains a library of more than 2200 programs 
for the various DIGITAL computers. Every customer who has purchased 
or ordered a computer manufactured by DIGITAL is eligible for an in· 
stallation membership in DECUS. Associate membership is also available 
to any person with a bona fide interest in DIGITAL computers. Member­
ship in DECUS is strictly voluntary, and does not require payment of 
dues. Programs from the DECUS library are available to all members 
for nominal reproduction and handling charges. A complete catalog of 
available programs may be obtained from the Society. 

Further information on the DECUS Library, publications, and other 
DECUS activities is available from the DECUS offices listed below: 

AUSTRALIA AND 
NEW ZEALAND: 
DEC US 
P.O. Box 491 
Crows Nest, N.S.W. 2065 
Australia 

CANADA: 
DEC US 
P.O. Box 11500 
Ottawa, Ontario K2H 8K8 
Canada 

2·1 

EUROPE AND 
MIDDLE EAST: 
DEC US 
Case Postale 340 
1211 Geneva 26 
Switzerland 

ALL OTHERS: 
DEC US 
146 Main Street 
Maynard, Massachusetts Oi 754 
U.S.A. 
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CHAPTER 3 

MAINTENANCE 

3.1 GENERAL -
DIGITAL offers a wide range of maintenance servic_es to LSl-11, PDP-
11/03, and PDP-11 V03 customers. These services are provided through 
DIGITAL's Customer Services Organization and have been designed to 
meet our customer's complete maintenance needs, either on-site or off­
site. These service plans provide complete DIGITAL maintenance on-site 
by our factory-trained engineers, or provide module and unit repairs 
off-site for those customers desiring to perform their own mainten_ance. 

3.2 ON-SITE SERVICE 
DIGITAL's service organization provides on-site maintenance service with 
a staff bf over 4,000 factory trained engineers in 300 locations world­
wide. Each service office maintains adequate inventory to support its 
customers and is fully supported by our logistics operation in Maynard, 
Massachusetts. 

o Serv.ice Agreements-On-site contract service is available for all PDP­
ll V03 systems, and PDP-ll/03's subject to minimum hardware con­
figurations. This service provides corrective maintenance, preventive 
maintenance, and all applicable engineering changes to ensure your 
products are operational and kept completely up to date. In addition 
to priority service, contractual maintenance allows DIGITAL customers 
to budget for their annual maintenance needs. The monthly contract 
charge covers all travel, labor, and material. 

• Per Call-DIGITAL also offers on-site per call service. DIGITAL will 
respond to maintenance needs on a billable travel, time, and ma­
terials basis. 

• Installation and Warranty-On-site installation and warranty service is 
also available for PDP-11V03's, and PDP-11/03's subject to minimum 
hardware configurations. This service must be purchased at the· time 
of original order. 

3.3 OFF-SITE SERVICE 
DIGITAL offers complete unit and module repair services to customers 
capable of performing their own maintenance. The Customer Returns 
Area (CRA) has been established ln Maynard, Massachusetts, to offer 
single-point interfacing for all off-site repairs for North American cus­
tomers. The CRA assures the customer of complete "one-stop shopping" 
for ail factory-level warranty and post-warranty services. All repairs are 
affected at our Module Repair Facility in Maynard. 

For European, Australian, and Japanese customers, we have established 
Product Repair Centers (PRCs) in eleven countries. Customers can re­
turn defective material to the PRC in their country without the burden 
of customs, duties, and licensing requirements. The PRCs offer the same 
services to these customers as the CRA in Maynard. 
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For information on services in Latin and South America, contact the 
CRA in Maynard. 

• Warranty Service-All products are warranted against defects in work­
manship and materials under normal and proper use in their unmodi· 
fied condition for a period of ninety (90) days from date· of initial 
shipment. As a condition of this warranty, customers must obtain a 
DIGITAL Repair Authorization (RA) number and return the products 
prepaid, together with a written description of the claimed defect, to 
the nearest authorized DIGITAL Repair Center as listed here. 

RA numbers may be obtained by contacting the CRA in Maynard (PRC 
if non-U.S.) and providing the following information: 

1. Customer name and location. 
2. Part number/serial number of failing item. 
3. Part number/serial number of next higher assembly if a module 

or subassembly. 
4. Product line and date purchased. 

• Post-Warranty Service-DIGITAL offers its post-warranty services in 
several forms: 
1. Loose piece subassembly repair. For a minimum order, customers 

may elect to return loose piece subassemblies and take advantage 
of flat rate pricing. 

2. Prepaid module. mailers. Available on specific module types, this 
is the fastest repair service in the industry. Customers with current 
discount agreements immediately qualify and, upon payment, are 
assured of seven-day turnaround of their subassen:blies. 

3. Annual subassembly ·contracts. A new and unique service offered 
only by DIGITAL, this contract compliments DIGITAL's subassembly 
warranty policy. For a fixed· annual fee, all subassemblies used in 

- DIGITAL supplied equipment are eligible for return and repair. This 
is the most cost-effective service available anywhere. DIGITAL cus­
tomers realize considerable repair cost savings by performing the 
diagnosis of their system and returning only the failing subas­
sembly. This service is made available only on PDP-11/03 and 
PDP-11 V03 systems. 

4. Firm quote product and option repair. For the smaller customer 
with only occasional service needs or those who do not .have any 
in-house troubleshooting capability, this service offers total support 
with no risk. Upon return and inspection, the customer is quoted 
a fixed fee for product repair and/ or refurbishment. He may 
choose exactly what level of service he feels is right for his en­
vironment. 

For more complete information and pr.icing on any of the services listed, 
contact the repair center nearest you. 

The following repair centers .have been established to provide complete 
off-site repair services. These centers should be contacted for all off-site 
warranty and post-warranty services and prices. All defective material 
should be set to the address indicated with your RA number appearing 
on the shipping label. 
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North America 
Digital Equipment Corporation 
Customer Returns Area 
111 Powder Mill Road 
Maynard, Massachusetts 01754 

RA Number 
Telephone Number: 617-897-5111, Ext 6871 

Canada 
Digital Equipment of Canada, Ltd .. 
100 Herzberg Road 
Kanata, Ontario, Canada 
ATTN: Forward to Customer Returns Area 

RA Number 
Telephone Number: 613-592-5111 

Europe 

Austria 
Product Repair Center Manager 
Digit Equip Corp, GES. M.B.H. 
Gumpendorferstrasse 65 
P.O. Box 438 
A-1061 Wien 
Austria 
Telephone: (0222) 57-36-49 

Belgium 
Product Repair Center Manager 
Digital Equipment Sa/Nv 
108 Rue D'Arlon 
B-1040 Bruxelles, Belgium 
Telephone: (02) 13-92-56 

France 
Product Repair Center Manager 
Digital Equipment France 
2, place Gustave Eiffel 
Cidex L225 
18, Rue Saarinen 
94 533 Rungis, France 
Telephone: (01) 687-2333 

Germany 
Product Repair Center Manager 
Digital Equipment GmbH 
D-8000 Munchen 40 
Wallensteinplatz 2 
West Germany 
Telephone: 35031 
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Holland 
Product Repair Center Manager 
Digital Equipment Bv 
Kaap Horndreef 38 
P.O. Box 9064 
Utrecht, Holland 
Telephone: (030) 63 12 22 

Italy 
Product Repair Center Manager 
Digital Equipment S.P.A. 
Corso Garibaldi 49 
1-10121 Milano 
Italy 
Telephone: (02) 879051 

Sweden 
Product Repair Center Manager 
Digital Equipment AB -
Englodsvaegen 7 · 
S-17141 Solna 
Sweden 
Telephone: (08) 730-08-00 

Switzerland 
Product Repair Center Manager 
Digital Equipment Corp. AG/SA 
Schaffhauserstrasse 315 
CH-8050 Zurich/Oerlikon 
Switzerland 
Telephone: (01) 46 41 91 

United Kingdom 
Product Repair Center Manager 
Digital Equipment Corp., Ltd. 
Digital House, Kings Road 
Reading RGl·4HS 
England 
Telephone: (734) 58 35 55 

General International Area 

At this time, the only service offered in the GIA is firm quote product/ 
option repair through the Tokyo and Sydney repair centers. During Fiscal 
Year 1977 this will be expanded to include other services and locations 
and will be announced separately. 
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GIA Product Repair Centers 

Australia 
Product Repair Center Manager 

·Digital Equip. Australia Pty. Ltd. 
132·125 Willoughby Road 
P.O. Box 491 
Crows Nest 
New South Wales, 2065 Australia 
Telephone: (02) 435 2566 

Latin America 
South America 
·contact the CRA, Maynard. 

Japan 
Product Repair Center 
Digital Equipment Corp. Int. 
#5 Shin/Taiso Building 
2-10-7 Dogenzaka, Shibuya/K.U. 
Tokyo 150, Japan 
Telephone: 404·4082 
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APPENDIX A 

GENERAL REFERENCE DATA 

A.1 SUMMARY OF LSl-11 INSTRUCTIONS 

WORD FORMAT 

15 1, 12 11 9 B 0 

I I BINARY-OCTAL 
.___..__ ___ _._ ___ _,_ ___ -L ___ ___,_ ___ __, REPRESENTATION 

Mode 

0 
1 
2 
3 
4 
5 
6 
7 

Name 

register 
register deferred 
auto-increment 
auto-i n.cr deferred 
auto-decrement 
auto-deer deferred 
index 
index deferred 

Symbolic 

R 
(R) 

(RH 
@(R)+ 
-(R) 

@-(R) 
X(R) 

@X(R) 

MODE 

Description 

(R) is operand [ex. R2 = %2] 
(R) is address 
(R) is adrs; (R) +(1 or 2) 
(R) is adrs of adrs; (R) +2 
(R) -(1 or 2); is adrs 
(R) -2; (R) is adrs of adrs 
(R) + X is adrs 
(R) + X is adrs of adrs 

PROGRAM COUNTER ADDRESSING Reg = ! 

2 
3 
6 
7 

immediate 
absolute 
relative 
relative deferred 

LEGEND 

Op Codes 

#n 
@#A 

A 
@A 

• = 0 for word/l for byte 
SS = source field (6 bits) 
DD = destination field (6 bits) 
R = gen register (3 bits), 

Oto 7 
XXX =offset (8 bits), +127 

to -128 

MODE 

operand n follows instr 
address A follows instr 
instr adrs + 4 + X is adrs 
instr adrs + 4 + Xis adrs of adrs 

Operations 

( ) = contents of 
s = contents of source 
d = contents of destination 
r = c.ontents of register 

+- =becomes 
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Op Codes Operations 

N = number (3 bits) X = relative address 
NN = number (6 bits) % = register definition 

Boolean Condition Codes 
(\ 

v 
v 

=AND 
= inclusive OR 
= exclusive OR 
=NOT 

= conditionally set/cleared 
= not affected 

0 
1 

SINGLE OPERAND: OPR dst 

15 

OP CODE 

Mne-
monic Op Code Instruction 

General 

CLR(B) • 050DD clear 
COM(B) • 051DD complement (l's) 
INC(B) • 052DD increment 
DEC(B) • 053Db decrement 
NEG(B) • ·o54DD negate (2's com pl) 
TST(B) • 057DD test 

Rotate ~ Shift 

ROR(B) • 060DD rotate right 
ROL(B) • 061DD rotate left 
ASR(B) • 062DD arith shift right 
ASL(B) • 063DD arith shift left 
SWAB 000300 swap bytes 

Multiple Precision 

ADC(B) • 05500 add carry 
SBC(B) • 056DD subtract carry 
SXT 006700 sign extend 

Processor Si:ai:us (FSj Operators 

MFPS 106700 move byte from PS 
MTPS 1064SS move byte to PS 

=cleared 
=set 

SS OR DD 

dst Result N 

0 0 
,_, d .•. 

d + 1 ::: 

d - 1 ::: 

-d ::: 

d ::: 

.... C, d . .. 
C, d <- ::: 

d/2 ... 
2d ... 

... 

d + c * 
d - c ::: 

0 or -1 -

d <- PS ::: 

PS <- s . ,. 

DOUBLE OPERAND: OPR src, dst OPR src, R or OPR R, dst 

15 12 11 6 

OP CODE SS DD 

15 

OP CODE SS OR DD 
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0 

z v 

1 0 
... 0 
::: ... 
::: ::: 

):: .•. 
... 0 

:;: ::: 

... ... 
::: ::: 

... ~ 

... 0 

... :;: 

. ,. ::: 

... 0 

::: 0 
., . ::: 

0 

0 

c 

0 
1 

... 
0 

::: 

... 
::: 

.•. 

0 

::: 
., . 

::: 



Mne- N z v c 
monic Op Code Instruction Operation 

General 

MOV(B) • lSSDD move d 'i-S .,. ... 0 
CMP(B) • 2SSDD coma pare s-d ... ... ., . :;e 

ADD 06SSDD add d<-s+d ... ... ::: .. . 
SUB 16SSDD subtract d<-d-s ... ... ... . .. 

Logical 

BIT(B) • 3SSDD bit test (AND) s d ... ::: 0 
BIC(B) • 4SSDD bit clear d <- (,_,S) A d ... ... 0. 
BIS(B) • 5SSDD bit set (OR) d<-svd . .. ::: 0 
XOR 074RDD exclusive. (OR) d<-r-v-d ... ... 0 

Optional EIS 

MUL 070RSS multiply r<-rxs ::: ... 0 ... 
DIV 071RSS divide r <- r /s ... ... ... ... 
ASH 072RSS shift arithmetically ... ... ::: ... 
ASHC 073RSS arith shift combined ... ... ... ., . 

Optional FIS 

FADD 07500R floating add ... ., . 0 0 
FSUB 07501R floating subtract ... ... 0 0 
FMUL 07502R floating multiply ... ... 0 0 
FDIV 07503R floating divide ... ::: 0 0 

BRANCH: B-location . 

If condition is satisfied 
Branch to location, 
New PC<- Updated PC+ (2 x offset) 

15 

BASE CODE 

Op Code = Base Code + XXX 

Mne­
monic 

Branches 

BR 
BNE 
BEQ 
BPL 
BMI 
BVC 
BVS 

Base 
Code 

000400 
001000 
001400 
100000 
100400 
102000 
102400 

Instruction 

branch (unconditional) 
br if not equal (to 0) 
br if equal (to 0) 
branch if plus 
branch if minus 
br if overflow is clear 
br if overflow is set 
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adrs of br instr+ 2 

xxx 

Branch Condition 

(always) 
#0 
=0 
+ 

z =0 
z = 1 
N = 0 
N = 1 
v =0 
v = 1 



Mne­
monic 

Base 
Code Instruction 

BCC 103000 br if carry is clear 
BCS 103400 br if carry is set 

Signed Conditional Branches 

BGE 

BLT 
BGT 
BLE 

002000 br if greater or ~ O 
equal (to 0) 

002400 br if less than (0) < 0 
003000 br if greater than (0) > 0 
003400 br if less or equal (to 0) =::;:; O 

Unsigned Conditional Branches 

BHI 101000 branch if higher > 
BLOS 101400 branch if lower or same =::;:; 
BHIS 103000 branch if higher or same ~ 
BLO 103400 branch if lower < 

JUMP & SUBROUTINE 

Mne-

Branch Condition 

c =0 
c = 1 

.N"'ttV=O 

N-vV= 1 
Zv (N-v-V) = 0 
Z v (N-VV) = 1 

CvZ= 0 
CvZ = 1 
c =·0 
c = 1 

manic Op Code Instruction Notes 

JMP 000100 jump PC +- dst 
JSR 004RDD jump to subroutine } 
RTS 00020R return from use same R 

subroutine 
MARK 0064NN . mark aid in subr return 
SOB 077RNN subtract 1 & br (R) - 1, then if (R) =F 0: 

·(if =F 0) PC +- Updated PC -
(2 x NN) 

TRAP & INTERRUPT: 

Mne-
manic Op Code Instruction Notes 

EMT 104000 emulator trap PC at 30, PS at 32 
to 104377 (not for genera'! use) 

TRAP 104400 trap PC at 34, PS at 36 
to 104777 

BPT 000003 breakpoint trap PC at 14, PS at 16· 
IOT 000004 input/output trap PC at 20, PS at 22 
RTI 000002 return from inter~upt 
RTT 000006 return from inte·rrupt inhibit T bit trap 

MISCELLANEOUS: 
Mnemonic Op Code Instruction 

HALT 000000 halt 
WAIT 000001 wait for interrupt 
RESET 000005 reset external bus 
NOP 000240 (no operation) 
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CONDITION CODE OPERATORS: 

15 

OP CODE BASE~ 000240 v c 

0 =CLEAR SELECTED COND. CODE BITS 
1 =SET SELECTED COND. CODE BITS 

Mnemonic Op Code Instruction N z v c 
CLC 000241 clear C - - - 0 
CLV 000242 clear V 0 -
CLZ 000244 clear Z - 0 
CLN 000250 clear N 0 - - -
CCC 000257 clear all cc bits 0 0 0 0 

SEC 000261 set C - - - 1 
SEV 000262 set V 1 -
SEZ 000264 set Z - 1 
SEN 000270 set N 1 - - -
sec 000277 set all cc bits 1 1 1 1 

A.2 NUMERICAL OP CODE LIST 

Mne- Mne- Mne-
Op Code manic Op Code manic Op Code manic 

00 00 00 HALT 00 60 DD ROR 10 40 00} 
00 00 01 WAIT 00 61 DD ROL 

EMT 00 00 02 RTI 00 62 DD ASR 
00 00 03 BPT 00 63 DD 10 43 77 
00 00 04 IOT 00 64 NN MARK 
00 00 05 RESET 00 67 DD SXT 10 44 00} 
00 00 06 RTT 

TRAP 00 00 07 ~(unused) 00 70 00 

} '""""di 
00 00 77 10 47 77 

00 01 DD JMP 00 77 77 10 50 DD CLRB 
00 02 OR RTS 10 51 DD COMB 

01 SS DD MOV 10 52 DD INCB 
00 02 10 

}(<e•eNed) 
02 SS DD CMP 10 53 DD DECB 
03 SS DD BIT 10 54 DD NEGS 
04 SS DD BIC 10 55 DD ADCB 

00 02 27 05 SS DD BIS 10 56 DD SBCB 
06 SS DD ADD 10 57 DD TSTB 

00 02 40 NOP 
07 OR SS MUL 10 60 DD RORB 

00 02 41 07 1R SS DIV 10 61 DD ROLB 

} oo"d 07 2R SS ASH 10 62 DD ASRB 
codes 07 3R SS ASHC 10 63 DD ASLB 

00 02 77 07 4R DD XOR 10 64 SS MTPS 
10 67 DD MFPS 

00 03 DD SWAB 07 50 OR FADD 
07 50 IR FSUB 11 SS DD MOVB 
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Mne· Op Code Mne- Mne-
Op Code manic manic Op-Code manic 
00 04 xxx BR . 07 50 2R FMUL 12 SS DD CMPB 
00 10 xxx BNE 07 50 3R FDIV 13 SS DD BITB 
00 14 xxx BEQ 14 SS DD BICB 
00 20 xxx BGE 07 50 40 

}(uou•od) 
15 SS DD BISB 

00 24 xxx BLT 16 SS DD SUB 
00 30 xxx BGT 
00 34 xxx BLE 07 67 77 

00 4R DD JSR 07 7R NN SOB 17 00 00} 
RE· 

00 50 DD CLR 10 00 xxx BPL SERVED 
00 51 DD COM 10 04XXX BML 17 77 77 
00 52 DD INC 10 10 xxx BHI 
00 53 DD DEC 10 14 xxx BLOS 
00 54 DD NEG 10 20 xxx BVC 
00 55 DD ADC 10 24 xxx BVS 
00 56 DD SBC 10 30 xxx BCC, 

.00 57 DD TST BHIS 
10 34 xxx BCS, 

BLO 

A.3 EIS/FIS OPERAND FORMATS 

EIS Data (Fixed Point) 

16-bit single word: 
15 14 0 

NUMBER 

32-bit double word: 

0 

HIGH NUMBER PART 

15 0 

LOW NUMBER PART 

S is the sign bit. S = 0 for positive quantities 
S = 1 for negative quantities; number is in 2's 

complement notation 
FIS Data (Floating Point) 

0 

EXPONENT I FRACTION (HIGH PART) 

HIGH ARGUMENT 

15 0 

FRACTION (LOW PART) 
I 

LOW ARGU\IENT· 
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S = sign of fraction; 0 for positive, 1 for negative 
Exponent= 8 bits for the exponent, in excess (200), notation 
Fraction = 23 bits plus 1 hidden bit (all numbers are assumed to be 
normalized) 

A.4 PROCESSOR STATUS WORD 

L .I. 
r .!.____~~~:~;LOW 

_ ~------ NEGATIVE 
~------ TRACE TRAP 

PRIORITY 

A.5 ABSOLUTE LOADER 

Starting 
Address: -500 
Memory Size: 

4K 017 
BK 037 

12K 057 

Relocation Software Switch Register Address = 516 
(eg.: relocation switch register address in a 4K system 

= @17516) 
16K 077 
20K 117 
24K 137 
28K 157 

A.6 RESERVED TRAP AND INTERRUPT VECTORS 

000 (Reserved) 
004 Bus Timeout and Illegal Instructions (eg. JMP RO) (Odd Address 

and Stack Overflow Traps Not Implemented on LSl-11) 
010 Illegal and Reserved Instruction 
014 BPT Instruction and T Bit 
020 JOT Instruction 
024 Power Fail 
030 EMT Instruction 
034 TRAP Instruction 
060 Console Input Device 
064 Console Output Device 
100 External Event Line Interrupt 
200 LAVll 
244 FIS (Optional) 
264 RXVll 
300 Floating Vectors start here 
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A. 7 RXVll BOOTSTRAPS 
Full Length Version 

~1000/000000 12702 <LF> 

001002/000000 1002n7 <LF>* 

001004/000000 12701 <LF> 

001006/000000 177170 <LF> 

001010/000000 130211 <LF> 

001012/000000 1776 <LF> 

001014/000000 112703 <LF> 

001016/000000 7 <LF> 

001020./000000 10100 <LF> 

001022/0000~ 10220 <LF> 

00102~/000000 402 <LF> 

001026/000000 12710 <LF> 

001030/000000 ~ <LF> 

001032/000000 6203 <LF> 

001034/000000 103402 <LF> 

001036/000000 112711 <LF> 

001040/000000 111023 (LF) 

001042/000000 30211 <LF> 

001044/000000 1776 <LF> 

001046/000000 100756 <LF? 

001050/000000 103766 <LF> 

001052/000000 105711 <lF> 

001054/000000 100771 <LF> 

001056/000000 5000 <LF> 

001060/000000 22710 <LF> 

001062/000000 240 <LF> 

001064/000000 1347 <LF> 

001066/000000 122702 <LF> 

001070/000000 247 <LF> 

001072/000000 5500 <LF> 

001074/000000 5007 <CR> 
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Abbreviated Version 
(DRIVE 0 ONLY): 
@1000/000000 5000 <LF> 

001002/000000 12701.<LF> 

001004/000000 177170 <LF> 

001006/00000g 105711 <LF> 

001010/000000 1776 <LF> 

001012/000000 12711. <LF> 

001014/000000 3 <LF> 

001016/000000 5711 <LF> 

001020/000000 1776 <LF> 

001022/000000 100405 <LF> 

001024/000000 105711 <LF> 

001026/000000 100004 <LF> 

001030/000000 116120 <LF> 

001032/000000 2 <LF> 

. 001034/000000 770 <LF> 

001036/000000 0 <LF> 

001040/000000 5007 <CR> 

*n = 4 for Unit 0 

n = 6 for Unit 1 

<LF> = Line Feed 

<CF> = Carriage Return 

Starting address = 1000 



A.8 DEVICE REGISTER ADDRESSES 

Device Interrupt 
Device Registers Address Vector 

Line Time Clock 100 
(external event) 
interrupt 

Console Terminal 
Input Control/Status RCSR 177560 60 
Input Buffer RBUF 177562 
Output Control/ Status XCSR 177564 64 
Output Buffer XBUF 177566 

LAV11 High-Speed 
Printer 

Printer Status 177514 200 
Printer Buffer 177516 

High·Speed Paper Tape 
Reader/Punch 

Reader Status 177550 70 
Reader Buffer 177552 
Punch Status 177554 74 
Punch Buffer 177556 

RXVl 1 Floppy Disk 
System 

Status RXCS 177170 264 
Buffer RXDB 177172 

REVl 1 ROM Programs _ 165000-165776, 
p3000-173776 

A.9 CONSOLE ODT COMMANDS 

Format 

RETURN 

LINE FEED 

t or] 
-E- or -

@ 

r/ 
I 
$nor Rn 

r; G or rG 

Octal 
Code 

015 

012 

135 
137 

100 

057 
057 

De~ription 

Close opened location and accept next 
command. 

Close current location; open next sequen· 
tial location. 

Open previous location. 

Take contents of opened location, index 
by opened location plus 2, and open that 
location. 

Take contents of opened location as an 
apsolute address and open that location. 

Open location r. 

Open last location. 

044 or 122 Open general register n (0-7) or S (PS 
register). 

073 107 or Go to location r, initialize the bus, and 
107 start program. 

A·9 



Format 

nL 

Octal 
Code 

114 

Description 

Execute bootstrap loader using n as de­
vice CSR address. 

;P or P 073 120 or Proceed with program execution. 
120 

RU BOUT or 177 Erase previous character. Response is a 
DELete backslash ". (134) each time RUBOUT is 

entered. 

M 115 Maintenance. Display of an internal CPU 
register follows the M command. Only the 
last digit displayed is significant, indicat­
ing how the CPU entered the Halt (ODT) 
mode, as follows. 
Last 
Digit Halt Source 
0 or 4 HALT instruction or BHALT L bus 

signal asserted. 
1 or 5 Bus arror occurred while getting 

device interrupt vector. 
2 or 6 Bus error occurred while doing 

memory refresh. 
3 Double bus error occurred (stack 

was non-existent value). 

4 Reserved instruction trap occurred 
(non-existent Micro-PC address 
occurred on internal CPU bus). 

7 A combination of 1, 2, and 4 
occurred. 

CTRL-SHIFT-S 023 For manufacturing tests only. Escape this 
command function by typing NULL and 
@ (000 and 100). 

A.10 REVll·A, REVll-C COMMANDS/OPERATION 

Command 

$OD 

$XM <CR> 

$XC <CR> 

Function . 
Halt processor; system responds to console ODT 
commands. 

Execute memory diagnostic program. Program 
result in displaying: 

$ Pass condition, or 
xxxxxx Halt (fail) condition 
@ 

Execute processor diagnostic program. Program 
execution results in displaying: 

$ Pass condition, 
xxxxxx Halt (fail) condition 
@ 
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Command 

$AL <CR>, or 
$Aldddddd <CR> 

$AR <CR>. or 
$ARdddddd <CR> 

$DX <CR>. or 
$DXn <CR> 

Function 

Execute XC, XM, and absolute loader programs 
using console device (default) or device CSR = 
dddddd. Successful load results in automatic 
program start or program halt at 165626. ,.._, 
Execute XC, XM, and absolute loader programs 
for relocated loading operation using console 
device (default) or device CSR = dddddd. The 
program halts and allows the relocation address 
(nnnnnn) bias to be entered into the software 
switch register (R4) as follows; restart program 
execution by entering P command: 

@R4/xxxxxx nnnnnn <CR> 
@P 

Successful load results in automatic program 
start or program halt with 165412 display. 

Execute RXVll floppy disk system bootstrap for 
disk 0 (default) or disk n (0 or 1). 

NOTES 
1. $ is the prompt character for all REVll-A and 

REVll-C commands. 

2. <CR> is a carriage RETURN (octal code= 
015) command delimiter required by all com­
mands except OD. 

3. REVll-A and REVll-C starting address is 
173000, resulting in non-memory modifying 
processor diagnostic test execution. Success­
ful completion results in the $ prompt char­
acter being displayed. 
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A.11 7-BIT ASCII CODE 

Octal Octal Octal Octal 
Code Char Code Char Code Char Code Char 

000 NUL 040 SP 100 @ 140 " 001 SOH 041 101 A 141 a 
002 STX 042 102 B 142 b 
003 ETX 043 # 103 c 143 c 
004 EOT 044 $ 104 D '144 d 
005 ENQ 054 % 105 E 145 e 
006 ACK 046 & 106 F 146 f 
007 BEL 047 107 G 147 g 
010 BS 050 ( 110 H 150 h 
011 HT 051 ) 111 I 151 
012 LF 052 * 112 J 152 j 
013 VT 053 + 113 K 153 k 
014 FF 054 ' 114 L 154 I 
015 CR 055 115 M 155 m 
016 so '056 116 N 156 n 
017 SI 057 I 117 0 157 0 
020 OLE 060 0 120 p 160 p 
021 DCl 061 1 121 Q 161 q 
022 DC2 062 2 122 R 162 r 
023 DC3 063 3 123 s 163 5 

024 DC4 056 4 124 T 164 t 
025 NAK 065 5 125 u 165 u 
026 SYN 066 6 126 v 166 v 
027 ETB 067 7 127 w 167 w 
030 CAN 070 8 130 x 170 x 
031 EM 071 9 131 y 171 y 
032 SUB 072 132 z 172 z 
033 ESC 073 133 [ 173 

~ 034 FS 074 < 134 " 174 
035 GS 075 135 ] or t 

.. 
175 } 

036 RS 076 > 136 A 176 ,.._, 
037 us 077 ? 137 - or~ 177 DEL 
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A.12 LSl-11 BUS PIN ASSIGNMENTS 

Row A Row B 
(Same as Row C) (Same as Row D) 

Module Side 1 (Component Side) 

AAl 8SPARE1 8Al 8DCOK H 
A81 8SPARE2 881 8POK H 
ACl 8AD16 8Cl SSPARE4 
ADl 8AD17 801 SSPARE5 
AEl SSPAREl BEl SSPARE6 
A Fl SSPARE2 BFl SSPARE7 
AHl SSPARE3 8Hl SS PAR EB 
AJl GND BJl GND 
A Kl MSPAREA BKl MSPARE 8 
All MS PAR EA BU MSPARE 8 
AMl GND 8Ml GND 
ANl 8DMR L 8Nl BSACK L 
APl SHALT L BPl BSPARE6 
ARl BREF L 8Rl BEVNT L 
ASl PSPARE3 BSl PSPARE4 
ATl GND BTl GND 
AUl PSPAREl BUI PSPARE2 
AVl +58 BVl +5 

Module Side 2 (Solder Side) 

AA2 +5 8A2 +5 
AB2 • -12 882 -12 
AC2 GND 8C2 GND 
AD2 +12 802 +12 
AE2 BDOUT L BE2 BDAL2 L 
AF2 BRPLY L BF2 BDAL3 L 
AH2 BOIN L BH2 BDAL4 L 
AJ2 BSYNC L BJ2 BDAL5 L 
AK2 8WTBT L BK2 BDAL6 L 
AL2 BIRQ L BL2 BDAL7 L 
AM2 BIAKI L BM2 BDAL8 L 
AN2 BIAKO L BN2 BDAL9 L 
AP2 BBS7 L BP2 BDALlO L 
AR2 BDMGI L BR2 BDALll L 
AS2 BDMGO L 852 BDAL12 L 
AT2 BINIT L BT2 BDAL13 L 
AU2 BDALO L BU2 BDAL14 L 
AV2 BDALl L BV2 BDAL15 L 
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APPENDIX B 

INSTRUCTION TIMING 

8.1 LSl·ll INSTRUCTION EXECUTION TIME 
The execution time for an instruction depends on the instruction itself, 
the modes of addressing used, and the type of memory referenced. In 
most cases the instruction execution time is the sum of a Basic Time, a 
Source Address (SRC) Time, and a Destination Address (DST) Time. 

INSTR TIME= Basic Time+ SRC Time+ DST Time 

(BASIC Time = Fetch Time+ Decode Time + Execute Time) 

Some of the instructions require only some of these times. All timing in­
formation is in microseconds, unless otherwise noted. Times are typical; 
process timing can vary ±20 percent. A 350ns microcycle is assumed. 

8.2 SOURCE AND DESTINATION TIME 

SRC TIME SRC TIME DST TIME DST TIME 
MODE (Word) (Byte) (Word) (Byte) 

0 0 0 0 0 
1 1.40 µ,S 1.05 µ,S 2.10 µ,S 1.75 µ,S 
2 1.40 1.05 2.10 1.75 
3 3.50 3.15 4.20 4.20 
4 2.10 1.75 2.80 2.45 
5 4.20 3.85 4.90 4.90 
6 4.20 3.85 4.90 4.55 
7 6.30 5.95 6.65 7.00 

NOTE FOR MODE 2 and MODE 4 if R6 or R7 used with Byte operation, 
add 0.35 µ,s to SRC time and 0.70 µ,s to DST time. 

B.3 BASIC TIME 

OOPS (Double Operand) 

MOV 
ADD,XOR,SUB,BIC,BIS 
CMP,BIT 
MOVB 
BICB,BISB 
CMP,BITB 

OMO = Destination Mode 0 
NOTE 

DMl-7 = Destination Modes 1 through 7 

B-1 

OMO 

3.50 µ,S 
3.50 
3.50 
3.85 
3.85 
3.15 

DMl-7 

2.45 µ,S 
4.20 
3.15 
3.85 
3.85 
2.80 



SOPS (Single Operand) OMO 

CLR 3.85 µS 
INC,ADC,DEC,SBC 4.20 
COM,NLG 4.20 
ROL,ASL 3.85 
TST 4.20 
ROR 5.25 
ASR 5.60 
CLRB,COMB,NEGB 3.85 
ROLB,ASLB 3.85 
INCB,DECB,SBCB,ADC 3.85 
TSTB 3.85 
RORB 4.20 
ASRB 4.55 
SWAB 4.20 
SXT 5.95 
MFPS (106700) 4.90 
MTPS (1064SS) 7.00 

* For MTPS use Byte DST time not SRC time. 
* Add 0.35 µs to instr. time if Bit 7 of effective OPR = 1 

JMP/JSR MODE 

1 
2 
3 
4 
5 
6 
7 

INSTRUCTION 

JMP 
JSR (PC = LINK) 
JSR (PC =F LINK) 

DST TIME 

0.70 µS 
1.40 
1.75 
1.40 
2.45 
2.45 
4.20 

BASIC TIMES 

3.50 µS 
5.25 
8.40 

DMl-7 

4.20 µS 
4.90 
4.55 
4.55 
3.85 
5.95 
6.30 
4.20 
4.20 
4.55 
3.50 
4.90 
5.95 
3.85 
6.65 
6.65 
7.00 * 

ALL BRANCHES 
SOB (BRANCH) 
SOB (NO BRANCH) 

3.50 (CONDITION MET OR NOT MET) 

SET CC 
CLEAR CC 
NOP 

RTS 
MARK 
RTI 
RTT 

4.90 
4.20 

3.50 
3.50 
3.50 

5.25 
11.55 
8.75 * 
8.75 * + 
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INSTRUCTION 

TRAP, EMT 
IOT,RPT 

WAIT 
HALT 
RESET 

BASIC TIMES 

16.80 * µS 
18.55 * 
6.30 
5.60 
5.95 + 10.0 µS for INIT + 90.0 µS 

MAINT INST. (00021R) 
RSRVD INST. (00022N) 

20.30 
5.95 (TO GET TO µADDRESS 3000) 

* If NEW PS HAS BIT 4 or BIT 7. SET ADD 0.35 µs FOR EACH 
+ IF NEW PS HAS BIT 4 (T BIT) SET ADD 2.10 µs 

B.4 EXTENDED ARITHMETIC (KEVll) INSTRUCTION TIMES 

EIS Instruction Times 

MODE 

0 
1 
2 
3 
4 
5 
6 
7 

INSTRUCTION 

MUL 

DIV 
ASH (RIGHT) 
ASH (LEFT) 
ASHC (RIGHT) 
ASHC (LEFT) 

SRC TIME 

0.35 µS 
2.10 -
2.80 
3.15 
2.80 
3.85 
3.85 
5.60 

BASIC TIME 

24.0 to 37.0 µS 

64.0 µs Worst Cas.e 
78.0 µs Worst Case 
10.1 + 1.75 per shift 
10.8 + 2.45 per shift 
10.1 + 2.80 per shift 
10.1 + 3.15 per shift 

If both numbers less than 
256 in absolute value 
16 bit multiply 

FIS Instruction Times (us) 
INST. TIME= BASIC TIME+ SHIFT TIME FOR BINARY POINTS+ SHIFT 

TIME FOR NORMALIZATION 

INSTRUCTION 

FADD 
FSUB 

BASIC TIME 

42.1 µS 
42.4 
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EXPONENT DIFFERENCE ALIGN BINARY POINTS 

2.45 µs per shift 0- 7 
8--15 

16-23 
3.50 + 2.45 per shift over 8 
7.00 + 2.45 per shift over 16 

EXPONENT DIFFERENCE NORMALIZATION 

2.1 µs per shift 0- 7 
8--15 

16-23 
2.1 + 2.1 per shift over 8 
4.2 + 2.1 per shift over 16 

INSTRUCTION BASIC TIME (µs) 

FMUL 74.2 to 80.9 µs if either argument 
has only 7 bits of precision, i.e., the 
second word of the 32 bit argument 
is 0. 

121.1 µs worst case (i.e., arguments 
have more than 7 bits. of precision). 

FDIV 151 µs typical 
232 µs worst cas·e 

8.5 OMA (DIRECT MEMORY ACCESS) LATENCY 
OMA latency, which is the time from request (BDMRL) to bus mastership 
for the first OMA device, is 5.25 µs, maximum. This time is the longest 
processor DATIO cycle which occurs for an ASR instruction with destina­
tion modes of 1 through 7. OMA requests are honored. during memory 
refresh by the processor. 

8.6 INTERRUPT LATENCY (ALL TIMES IN MICROSECONDS) 

a. If processor is performing memory refresh 
(regardless whether KEVll is present): 

Time from interrupt request (BIRQ L) 
to acknowledgement (BIAK I:.) 

Time from acknowledgement (BIAK L) 
to fetch of first service routine 
instruction 

Total time from· request to first 
service routine instruction . 

b. If processor is not performing memory refresh 
(and KEVll not present): . 

Time from interrupt request (BIRQ L) 
to acknowledgement (BIAK L) 
(Longest instruction is IOT) 

Time from acknowledgement (BIAK L) 
to fetch of first service routine 
instruction 

Total time from request to first 
service routine instruction 

8-4 

118 µs max 

16.5 µs max 

134.5 µs max 

18.55 µs max 

16.5 µs max 

35.05 µS max 



c. If processor is not performing memory refresh 
and KEV11 option is present: 

Time from interrupt request (BIRQ L) 
to acknowledgement (BIAK L) 

Time from acknowledgement (BIAK L) 
to fetch of first service routine 
instruction 

Total time from request to first 
service routine instruction 

NOTE 

27.6 µs max 

16.5 µS mqX 

44.1 µs max 

During all KEVl 1 instructions (EIS and FIS), de­
vice and event interrupt requests are periodically 
scanned. If present, the instruction is aborted 
and all processor state information is backed up 
to the beginning of the instruction. After the in­
terrupt is processed, the KEVll instruction is 
re-executed from the beginning. Caution should 
be observed with the frequency of event inter· 
rupts; if the frequency is too high, the KEVl 1 
instruction will never complete. It is suggested 
a maximum frequency of 3.3 kHz be used on the 
event input if the KEVll option is present. With­
out the KEVl 1, the maximum frequency should 
not exceed 20 kHz. Both times allow approxi­
mately 50 µs for the interrupt service routine. 
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APPENDIX C 

LSl-11, PDP-11 PROGRAMMING/HARDWARE 
DIFFERENCE LIST 
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Activity 

ALL = Assembly Level Language 
HLL = High Level Language 

Applicable to 
Programming 

Language Levels 

Applicable to 
the PDP·ll 

HO = Hardware Only ALL HLL HO NOTE LSl·ll 05/10 15/20 35/40 45 

1. OPR %R, (R)+ or QPR %R, -(R) using the same 
register as both source and destination: contents 
of R are incremented (decremented) by 2 before 
being used as the source operand. 

OPR %R, (R)+ or QPR %R, -(R) using the same 
register as both register and destination: initial 
contents of R are used as the source operand. 

2. OPR %R, @ (R)+ or QPR %R, @ -(R) using 
the same register as both source and destination: 
contents of Rare incremented (decremented) by 2 
before being used as the source operand. 

OPR 0 %R, @ (R)+ or OPR %R, @ -(R) using 
the same register as both source and destination: 
initial contents of R are used as the source oper· 

·and. · 

x 

x 

x 

x 

3. OPR PC, X(R); QPR PC, X(R); OPR PC, @ A;· OPR : X 
PC, A: location A will contain the PC of OPR +4. · 

OPR PC, X(R); QPR PC, @ X(R); OPR PC, A; OPR 
PC, @ A: location A will contain the PC of OPR 
+2. 

x 

x x 

x x x 

x x 

x ·x x 

. x x 

x x x 



4. JMP (R)+ or JSR reg, (R)+: contents of R are in­
cremented by 2, then used as the new PC address. 

JMP (R)+ or JSR reg, (R)+: initial contents of R 
are used as the new PC. 

5.· JMP %R or JSR reg, %R traps to 4 (illegal in­
struction). 

JMP %R or JSR reg, %R traps to 10 (illegal in­
struction). 

6. SWAB does not change V. 

SWAB clears V. 

7. Register addresses (177700-177717) are valid 
program addresses when used by CPU. 

Register addresses (177700-177717) timeout 
when used as a program address by. the CPU. Can 
be addressed under console operation. Note ad­
dresses cannot be addressed under console for 
LSl-11. 

8. Basic instructions noted in PDP-11 processor 
handbook. 

SOB, MARK, RTT, SXT instructions.' 

ASH, ASHC, DIV, MUL, SPL instructions. 

x 

x 

x 

x 

x 
x 
x 

x 

x 

x 

x 

x x 

x x x 

x X· x x 

x 

x 

x x x x 
x 

x x x . x 

x x x x 

x x x 

x 



XOR instruction. 

,t,ctivity 

ALL = Assembly Level Language 
HLL =High Level Language 
HO = Hardware Only 

Applicable to 
Programming 

Language Levels 

Applicable to 
the PDP-11 

ALL HLL HO NOTE LSl·ll 05/10 15/20 35/40. 45 

x x x 
·----·····--·-·················································-·····--------·-····································-···· .. ···-------·············--· .............................................................................................................. . 

The external option KEll·A provides a MUL, DIV, 
and shift operation in the same data format. 

The KEll·E (Expansion Instruction Set) provides 
the instructions MUL, DIV, ASH, and ASHC. These 
new instructions are 11/45 compatible. 

The KEll·F adds unique stack ordered floating 
point instructions: FADD, FSUB, FMUL, FDIV. 

The KEVll adds EIS/FIS instructions. 

SPL instruction. 

9. Power fail during RESET instruction is not recog­
nized until after th·e instruction is finished (70 
ms). RESET instruction consists of 70 ms pause 
with INIT occurring during first 20 ms. 

Power fail immediately ends the RESET instruction 
and traps if an INIT is in progress. A minimum 
INIT of 1 µs occurs if instruction aborted. 

x 

x 

x 

x x 
x 
x. 

x 

' x x 

x ' 

x 

x 
x x 

x 



Power fail acts the same as 11/45 (22 ms with 
about 300 ns minimum). Power fail during RESET 
fetch is fatal with no power down sequence. 

Reset instruction consists of 10. µs of INIT fol­
lowed by a 90 µs pause. Power fail not recognized 
until the instruction is complete. · 

10. No RTI instruction. 

If RTI sets the T bit, the T bit trap occurs after 
the instruction following RTI. 

11. If RTI sets "T" bit, "T" bit trap is acknowledged 
after instruction following RTI. 

12. 

If RTI sets "T" bit, "T" bit trap is acknowledged 
immediately following RTI. 

If an interrupt occurs during an instruction that 
has the "T" bit set, the "T" bit trap is acknow-
edged before the interrupt. 

If an interrupt occurs during an instruction and 
the "T" bit is set, the interrupt is acknowledged 
before "T" bit trap. 

13. "T" bit trap will sequence out of WAIT instruction. 

"T" bit trap will not sequence out of WAIT in­
struction. Waits until an interrupt. 

x 

x 

x 
x 

x 

x 

x 

x 

x 
x 

x 

x 

x x 
x x x 

x x 

x x x 

x x x x 

x 

x x x 
x x 



Activi~y 

14. Explicit reference (direct access) to PS can load 
"T" bit. Console can also load·"T" bit. 

Only implicit references (RTI, RTT, traps and in­
terrupts) can load "T" bit. Console cannot load 
"T" bit. 

15. Odd ·address/non-existent referens;es using the S'P 
cause a HALT. This is a case of double bus error 

0 with the second error occurring in the trap ser-
m vicing the first error. Odd address trap not in 

LSl-11. 

Odd address/non-existent references using the 
stack pointer cause a fatal trap. On bus error in 
trap service, new stack create~ at 0/2. 

16. The first instruction in an interrupt routine will not 
be executed if another interrupt occurs at a higher 
priority level than was assumed by the first in­
terrupt. 

The first instruction in an interrupt service is guar­
anteed to be executed. 

17. 8 general-purpose registers. 

Applicable to 
Programming 

Language Levels 

Applicable to 
the PDP·ll 

ALL HLL HO NOTE LSl-11 05/10 15/20 35/40 45 

x x x 

x x x x 

x x x x 

x x x 

x x x x x 

x x x x 

x x x x x 



0 

16 general-purpose registers. 

18. PSW address, 177776, not implemented must use 
new instructions, MTPS (Move To PS) and MFPS 
(Mqve From PS). 

PSW address implemented, MTPS and MFPS not 
implemented. 

19. Only one interrupt level (BR4) exists. 

Four interrupt levels exist. 

20. Stack overflow not implemented. 

Some sort of stack overflow implemented. 

'i 21. Odd address trap not implemented. 

Odd address trap implemented. 

22. FMUL and FDIY instructions implicitly use R6 
(one push and Pop); hence R6 must be set up cor­
rectly. 

FMUL and FDIY instructions do not implicitly use 
R6. 

23. Due to their execution time, EIS instructions can 
abort because of a device interrupt. 

EIS instructions do not abort because of a device 
interrupt. 

x 
x x 

x x 

x x 
x x 
x 
x 

x x 

x x 

x 

x 

x 
x 

x x x x 

x 
x x x x 

x 
x x x x 

x x 
x x x x x 

x 

x 

x x 

x x x 



24. 

25. 

\>. 26. 
co 

Activity 

Due to their execution time, FIS instructions can 
abort because of a device interrupt. 

EIS instructions do a DATIP (or DATIO) and DATO 
bus sequence when fetching source operand. 

·EIS instructions do a DAT! bus sequence when 
fetching source operand. 

MOV instruction does just a DATO bus sequence 
for the last memory cycle. 

MOV instruction does a DATIP and DATO bus se­
quence for the last memory cycle. 

27. If PC contains non-existent memory address and a . 
bus error occurs, PC will have been incremented. 

If PC contains non·e~istent memory address and a 
bus error occurs, PC will be unchanged. 

28. If register contains non-existent memory address 
in· mode 2 and a bus error occurs, register will be 
incremented. 

29. If register contains an odd value in mode 2 and a 
bus error occurs, register will be incremented. 

Applicable to 
Programming 

Language Levels 

ALL HLL HO NOTE 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

LSl·ll 

x 

x 

x 

x 

x 

x 

Applicable to 
the PDP·ll 

05/10 15/20 35/40 

x 

x 

x 

x x 

x x 

x 

x x 

x x 

45 

x 

x 

x 

x 

x 



If register contains an odd value in mode 2 and a 
bus error occurs, register will be unchanged. 

30. Condition codes restored to original values after 
FIS interrupt abort (EIS doesn't abort on 35/40). 

Condition codes that are restored after EIS/FIS 
interrupt abort are indeterminate. 

31. Op codes 075040 through 075377 unconditionally · 
trap to 10 as reserved op codes. 

If KEVl 1 option is present, op codes 75040 
through 075377 perform a memory read using the 
register specified by the low order 3 bits as a 
pointer. If the register contents are a non-existent 
address, a trap to 4 occurs. If the register con­
tents are an existent address, a trap to 10 occurs 
if user microcode is not pre.sent. If no · KEVl 1 
option is present, a trap to 10 occurs. 

32. Op codes 210 through 217 trap to 10 as reserved 
op codes. 

Op codes 210 through 217 are used as a main­
tenance instruction. 

33. Op codes 75040 through 75777 trap to 10 as re­
served op codes. 

x 

x 

x 

x 

x x 

x 

x x 

x 

x 

x 

x x x x 

x x x x 

x x x x 



'." ..... 
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ActMty 

Only if KEVl 1 option is present, op codes 75040 
through 75377 can be used as escapes to user 
microcode. Op codes 75400 through 75777 can 
also be used as escapes to user microcode and 
K1;:v11 option need not be present. If no user 
microcode exists, a trap to 10 occurs . 

34. Op codes 170000 through 177777 trap to 10 as 
reserved instructions. 

Op codes 170000 through 177777 are imple­
mented as floating point instructions. 

Op codes 170000 through 177777 can be used as 
escapes to user microcode. If no user microcode 
exists, a trap to 10 occurs. 

Applicable to 
Programming 

Language Levels 

Applicable to 
the PDP-11 

ALL HLL HO NOTE LSl-11 05/10 15/20 35/40 45 

x x 

x x x x 

x x x 

x x 



\' ..... 
..... 

35. 

Activity LSl-11 

Priority of pro­
cessor traps: 
Bus error trap 
Memory refresh 
TRAP instructions 
TRACE Trap 
Power Fail Trap 
Halt Line 
Event Line Interrupt 
Device (BUS) 
Interrupt Request 

HARDWARE DIFFERENCES-TRAPS 
(TRANSPARENT TO SOFTWARE) 

PDP-11/05, 10 

Priority of internal 
processor traps, 
external interrupts, 
HALT and WAIT: 

Bus Error Trap 
Trap instructions 
TRACE Trap 
OVFL Trap 
PWR Fail Trap 
UNIBUS BUS 

REQUEST 
CONSOLE STOP 
WAIT LOOP 

PDP-11/15, 20 

Priority of internal 
processor traps, 
external interrupts, 
HALT and WAIT: 

Bus Error Trap 
Trap Instructions 
TRACE Trap 
OVFL Trap 
PWR Fail Trap 
CONSOLE BUS 

REQUEST 
UNIBUS BUS 

REQUEST 
WAIT LOOP 

PDP-11/35, 40 

Priority of internal 
processor traps, 
external interrupts, 
HALT and WAIT: 

Memory Parity 
Errors 

Memory Manage­
ment Fault 

OVFL Trap 
(red zone) 

TRAP Instructions 
TRACE Trap 
OVFL Trap 

(yellow zone) 
PWR Fail Trap 
CONSOLE BUS 

REQUEST 
UNIBUS BUS 

REQUEST 
WAIT LOOP 

PDP-11/45 

Priority of internal 
processor traps, 
external interrupts, 
HALT and WAIT: 

Memory Parity 
Errors 

BUS Error Traps 
TRAP Instruction 
CONSOLE Bus 

Request 
Memory Manage­

ment 
OVFL Trap 
FLOATING POINT 

Trap. 
PROGRAM INTER­

RUPT Request 
UNIBUS .BUS 

Request 
WAIT LOOP 
TRACE Trap 
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APPENDIX D 

LSl-11, PDP-11/03 ENGINEERING BULLETIN 

LSl-11, PDP-11/03 Differences 
The purpose of this engineering bulletin is to document the specific 
differences existing between the several versions of the KDll-F and 
KDll-J processor modules, which serve as the CPU in LSl-11 and PDP-
11/03 microcomputer systems. Also included are programming recom­
mendations pertinent to the several revisions. 

At present, LSl-11 and PDP-11/03 systems are equipped with processor 
modules having two levels of revision: one level is revisions C and D, 
and the other level is revision E and subsequent revisions. In the de­
scriptions of differences and in programming recommendations, these 
two levels are referred to as Rev C/D and Rev E. The revision designa­
tion for a given processor module is indicated by the letter following the 
date code on the etch side of the processor module quick-release handle. 

Each difference is defined in detail in this bulletin, along with necessary 
recommendations for resolving any departures from conventional PDP-11 
programming techniques imposed by the difference. 

Revision Level Differences 

Length of .BUS INIT 
The period of the signal BUS IN IT, whether asserted by a RESET in­
struction or upon power up,· will be approximately 100 µ,s on revision 
level C/D systems rather than the specified 12 µ,s, as on the revision 
level E systems. For those users having revision level C/D systems, it is 
recommended that only the leading edge or BUS INIT be used and not 
the signal pulse width, when designing user interfaces. 

RTT Instruction and Internal Refresh 
If the T bit is set to 1 by an RTT instruction on systems at revision level 
C/D, and the CPU performs a memory refresh immediately after exe­
cuting the RTT, the one instruction delay for the T bit will not occur. As 
a result, the T bit trap will occur immediately after refresh is completed. 
The difference is present only when the CPU performs a refresh cycle 
so that the incidence should be very low since there is normally very 
little use of the T bit by user software. This difference can be eliminated 
on the present machines by having refresh done externally. As an alter­
native, this difference can be handled in 'a program using the T·bit, by 
making sure that the PC has changed from the previous trace trap. If 
the PC did not change, the program knows that a refresh cycle inter­
vened. 

On revision level E systems, this one instruction cycle delay occurs 
normally after execution of an RTT. 

Possibility of Memory Locations Being Altered When a BUS Error Occurs 
Due to a race condition on revision level C/D systems, the contents of 
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locations 4, 6, 14, or 16 could possibly be altered during the processing 
of a bus error by the CPU, due to conflict on the WD tri-state DAL bus 
lines. 

It is recommended that intentional bus errors, such as memory sizing, 
be kept to a minimum. This alteration, if it occurs, takes place before 
the content of the trap location is read by the CPU. Hence,· if location 4 
is altered, the resultant PC from that location would not be correct. 

PSW Not Initialized for all Power-Up Options 
If a power-up option other than to 24 (Option #0) is selected with the 
CPU module jumpers, on revision level C/D systems, the event and de­
vice .interrupts are inhibited until a specific MTPS instruction is executed. 
However, since the PSW bit 7 may be off, this condition is not apparent. 
Also, the remaining bits in the PSW are indeterminate at this time. On 
Rev C/D systems, for power-up modes other than to location 24, it 
is recommended that the PSW be initialized through the Stack Pointer 
(register R6). An MTPS instruction will not clear the T-bit, which could 
be set to one in this circumstance. 

In the foHowing example, a PC and the desired PSW are pushed onto the 
Stack, and an RTI is executed to load the PSW. The PC pushed onto 
the Stack is the address of the instruction following the RTI, so that 
after execution of the RTI, normal program execution can continue. 

MOV # PSW ·(SR) 
MOV #TAGl-(SR) 
RTI 

Push PSW onto Stack 
Push new PC onto Stack 
Pop new PC and PSW of Stack 

TAG: Program continues here 

However, any trap or interrupt following power-up options 1, 2, or 3 
should be avoided, because if the T bit is on, it will be saved on the 
stack and upon return, the T bit will be honored, since the microlevel 
flag is now set. 

For revision .level E systems, the PSW is initialized to 200 so that in· 
terrupts are inhibited for the power-up to 173000 (option 2). The re­
maining power-up options, other than power-up to 24, specifically op­
tions 1 and 3, still have the above difference. If microcode or ODT 
power-up are selected (options 3 and 1, respectively), the PSW will not 
be initialized. For these two cases, the effect of this difference should 
be minimal since most users will type a "G" (GO) which will clear the 
PSW. However, those who select the ODT power-up option, then enter 
a program, set the PC, and type "P", could experience difficulty. To 
avoid this difficulty, the PSW should be explicitly cleared using the "RS" 
command. 

Certain Reserved Op Codes in Group 7 through 77 Not Reserved 
In the op code group 7 through 77, those codes that have bit 3 = 1 will 
be executed as the maintenance instruction (21R), rather than trapping 
to 10, revision level C/D systems. Those codes having bit 3 = 0 will try 
to execute microcode at micro PC 3000. But as long as a user does not 
add microcode that responds to micro PC 3000, these op codes will 
trap to 10. 
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Rubout Function Does Not Work for Register N.umbers 
This description clarifies a characteristic cif revision level C/D systems; 
specifically, if a user types the following (where the underlined characters 
are those Micro-ODT characters previously typed): 

@R_?"'-6/012345 The response by the CPU is a backslash which 
is the symbol f9r RUBOUT. 

This action will not open register 6(R6) but rather memory location 6. 
Once the "R" is typed, attempting to rubout only the register number 
will change modes and open the corresponding memory location instead. 
Other commands such as "line feed" will indicate that the user is in 
memory mode by typing memory locations and not register numbers. It 
is recommended that when the wrong register number is selected, an­
other "R" be typed along with the new register number. For example, 
@R5R6/123456. 

SRUN Differences 
The signal SRUN is available at module finger CHl on Rev E pro­
cessor modules. This signal is asserted. by Rev E processor modules 
under the following circumstances: 

L Once each time the CPU fetches an instruction. 

2. Once each time the CPU executes a Reset instruction. 

3. Twice each time the CPU responds to assertion of the bus signal 
BDCOK H. 

4. Once each time the CPU times out on a bus cycle,(including timeouts 
occurring when in the terminal mode, and when sizing memory under 
the console "L" command). 

In the PDP-11/03 systems, this signal is connected to a retriggerable 
one-shot to drive the front panel RUN indicator light. 

On Rev C/D processor modules, SRUN does not appear on module 
finger CHL However, on Rev C/D processor modules, SRUN can be 
decoded from the SROM fingers DDl, DEl, DFl, and DHl (SROM signals 
SROMO H, SROMl H, SROM2 H and SROM3 H). These signals are stable 
and valid only while the signal SPH3 H on finger DDl is true, so that 
SRUN can be decoded once each time the CPU fetches an instruction. 
Decoding of the SROM signals is based on SROMl being true and 
SROMO, SROM2, and SROM3 being false, with SPH3 H true serving as 
the decoding strobe. On Rev C/D processor modules,, this particular 
assertion of the SROM signals occurs once during the fetching of each 
instruction and at no other time. 

Condition Codes Not Restored to Original Values After 
EIS/FIS Interrupt Abort 
This difference applies only .to diagnostics that may check this condition. 
Otherwise, it is transparent to a· programmer since all the EIS and FIS 
instructions affect all the condition codes. 

Programming Recommendations 

Micro-CDT Typeout on Power-Up is Dependent on the Character 
in the UAR/T Buffer (DLVll) 
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For both rev1s1on level C/D and E systems and jumpered for power-up 
to location 24 option, the normal micro-ODT type out is the contents 
of the PC followed by a carriage return, line feed, and prompt character. 
If that character is a RUBOUT (177), the typeout will ·be the contents of 
the PC followed by a backslash as a result of a RUBOUT character in 
the UAR/T buffer. The content of the UAR/T buffer can be a RUBOUT 
character as a consequence of DLVll power up. The carriage return, 
line feed, and prompt character will not be typed in this case. However, 
the state of micro-ODT does not change and after the backslash it is 
ready to accept commands. Consider this example: A power-up to 24 
(24 contains 0 and 0 contains 0) normally would type: 

000002 

~ 

If a RUBOUT character is contained in the UAR/T buffer, the typeout 
would be 

00002/ 

Although no prompt character is typed, ODT will accept all commands 
in the normal manner. Also, if the machine halts for any reason and a 
RUBOUT character is in t!le UAR/T input buffer, the same erroneous 
typeout will occur. 

Caution on Storing MTPS and EIS Instructions in ROM 
If MTPS and EIS instructions are executed out of ROM on both revision 
level C/D and E systems, some addressing modes will cause a bus time­
out error. This occurs because the processor performs a read-modify­
write rather than a read when obtaining the source operand. Therefore, 
any mode where the effective source operand address is stored in ROM 
will cause a timeout error. 

The following example causes a timeout: 

MUL #123,RO · 

The timeout can be avoided, however, ·by first moving the literal to a 
general register or to RAM, as follows: 

MOV #123,R4 
MUL R4,RO 

or another alternative is: 

MOV #123,TEMP 
MUL TEMP,RO 

where TEMP is in RAM. 

Event Line not Disabled when "G" and "L" Commands are Used 
If a free-running clock, such as 60 Hz from the power supply, is attached 
to the BEVNT bus line on both revision level C/D and E systems, an 
interrupt to location 100 will occur when using the "G" and "L" com­
mands prior to executing the first instruction. Therefore, with an MTPS 
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as the first instruction, a program can not disable the BEVNT bus line 
by inhibiting interrupts. 

User programs requiring a free-running clock attached to the BEVNT 
bus line can temporarily avoid this situation by setting the PSW (RS) to 
200, loading the PC with the starting address instead of using the "G" 
command, and then using the "P" command. Before using the "L" 
command, the PSW (RS) can be set to 200, thereby inhibiting interrupts, 
to avoid receiving the event interrupt after loading the ABS loader. 

T Bit is On and a WAIT Instruction is Executed 
If the T bit is = 1 when a WAIT instruction is executed on both revision 
level C/D and E systems, the processor will hang and will not honor 
any device, event, halt, or power-down interrupts. However, refresh will 
still occur. In general, this situation will occur when an application pro­
gram is linked to ODT-11, and the user is single stepping his program 
and a WAIT instruction is encountered. To escape this state, the pro­
cessor must be powered-down and then powered-up again, with an as­
sertion of the DCOK signal. Note that the content of dynamic MOS RAM 
could be lost if DCOK is asserted for longer than 400 µ.S. The use of a 
one-shot multivibrator to assert DCOK is recommended in these circum­
stances. This difference will not affect user software since the T bit is 
not generally used by application programs. 

T Bit and EIS/FIS Instructions Being Aborted by Device Interrupts 
If the T bit is set while executing an EIS or FIS instruction, a subsequent 
event interrupt causes that instruction to be aborted, and the new PSW 
at the T bit vector location plus two (location 16) inhibits interrupts. 
Consequently, the processor will enter an endless loop executing the EIS 
or FIS instruction and the T bit trap and will never service the device or 
event interrupt. 

The reason for this circumstance is that the RTT instruction, which is at 
the end of the T bit service routine, does not arbitrate interrupts if the 
T bit has been set, thereby popping the old PSW from the stack. 

This restriction is imposed in order to guarantee that the T-bit trap is 
not immediately executed in this situation as with the RTI instruction. 
Most system and application software do not use the T bit and only a 
utility such as ODT-11 would use this facility. In those cases where the 
T bit is used, the solution is to allow interrupts to be honored in the T 
bit service routine by lowering the PS priority. Irrespective of T bit state, 
the limiting case concerns an interrupt such as a free-running clock tied 
to the BEVNT bus line which is occurring at such a rapid rate that the 
EIS or FIS instruction never finishes. In such a case, every time the in· 
terrupt is serviced and a return is made to re-try the EIS or FIS instruc­
tion, the interrupt occurs again and the instruction is aborted. 

Caution When Clearing Device Interrupt Enable Bits 
On both revision level C/D and E systems, clearing device Interrupt En­
able bits while the device is still active can lead to a bus timeout error 
when the processor attempts to receive the interrupt vector from that 
dvice. Consider the exampl.e: 

PSW = 0 
CLR@ #177564 
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As a result, the DLVll Serial Line Unit interrupt enable bit is being 
cleared. Now, assume that the transmitter is still active and sending 
characters, and further assume that the Done bit in the status register 
becomes set shortly after the CLR instruction is fetched, but before the 
Interrupt Enable bit can be cleared. The device will now post an inter­
rupt request because Done bit has been set and Interrupt Enable bit is 
still set. The CLR instruction will complete execution and the processor 
will recognize the interrupt request since there was not enough time for 
the device to disable the interrupt request. The processor will then at­
tempt to obtain a vector from the interrupting device. However, a bus 
timeout error will occur because the device now has had enough time to 
remove the interrupt request and will not respond. The processor treats 
this timeout as a fatal condition and halts by entering Micro-ODT. If 
multiple interrupt requests were pending at this time, a timeout would 
not occur since the next device would respond with an interrupt vector. 

One method of avoiding this problem is to disable interrupts immediately 
before the Interrupt Enable bit is cleared. For example: 

MTPS #200 
CLR @ #177564 
MTPS #0 

In this situation, enough time has been allowed for the interrupt request 
to be removed by the device. This feature was included to permit detec­
tion of faulty interrupt operation; specifically when an interrupting device 
does not properly respond within the required time period. 
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APPENDIX E 

PERIPHERALS 

E.1 CONSOLE DEVICE APPLICATIONS 
Peripherals available for use in PDP-11/03 and LSl-11 1/0 applications 
as the console terminal are listed below. All peripherals listed are serial 
line devices which interface via the DLVll Serial Line Unit interface 
module. Refer to Table E-1 for peripheral types, models, brief specifica­
tions, and required interface options (DLVll and either the BC05M 20 
mA current loop interface cable or the BC05C EIA interface cable). Con­
tact your local Digital Equipment Corporation Sales Office for detailed 
information on any of the peripherals listed. 

Typical applications are shown in Figures E-1 through E-3. Although the 
RT02-A is not capable of full console operation, it can be used as the 
console device, but it is limited to the following ODT commands: 

ODT Command RT02·A Keys 

CR SEND 
LF SHIFT and CLEAR 
I SHIFT and+ 

@ SHIFT and@ 
G SHIFT and GO 

RO SHIFT and ERROR 

The console device can either be directly interfaced to the DLVll or it 
ccin be operated in a remote location and interfaced via data sets or 
acoustic couplers and telephone lines. However, only the LA36, LT33, 
VT50, and VT52 are capable of remotely placing the LSl-11 system in the 
Halt state by asserting a line break (continuous "space" transmission). 
(This feature is jumper-enabled on the DLVll through the use of framing 
error detection.) 

TERMINAL 
INTERFACE CABLE (BCOSM) (LA36, LT33, 

-~~~~~=~-- VT50, VT52, 
RT02·A, RTOZ-8) 

Figure E-1 Direct 20 mA Current Loop Interface 

TELEPHONE 
LINES 

Figure E-2 Telephone Line Interface Via Data Sets 
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TERMINAL 
IVTSO, VT52, 
LA36, RT02-A, 
RT02·Bl 



INTERFACE 
CABLE 
(8C05M 
OR BC05CI 

TELEPHONE 
LI NES 

(110-300 BAUD} 

TER MINAL 
ILA36, LT33 
VT50, VT52 . 
RT02-A, RT02-Bl 

Figure E-3 Telephone Line Interface Via Acoustic Couplers 

Figure E-4 LA36 DECwriter II 
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Table E·l LSl-11 Console Terminal Peripheral Options 

Serial Required 
Display 1/0 Speed BREAK Interface Interface 

Model Name Figure Terminal Type Capacity (baud rate) Key Type Options 

LA36 DECwriter II E-4 Keyboard/ Printer 132 characters/line 300 Yes 20 mA loop DLVll, 
optional EIA BC05M 

DLVll, 
BC05C 

LT33 Teletypewriter Keyboard/ Printer 72 characters/ line 110 Yes 20 mA loop DLVll, 
and Paper Tape BC05M 
Reader/ Punch 

VT50 DECscope E-5 Keyboard/ CRT 960 characters 75-9600 Yes 20 mA DLVll, 
Display (80 char loop or BC05M 

l'T1 x 12 lines) optional EIA DLVll, 
w BC05C 

VT52 DECscope E-6 Keyboard/CRT 1920 characters 75-9600 Yes 20 mA DLVll, 
Display (80 char loop or BC05M 

X 24 lines) optional EIA DLVll, 
BC05C 

RT02-A 30 Character E-7 Alphanumeric 32 characters 110-300 No 20 mA loop DLVll, 
Keyboard Re- Data Entry (20 mA) or EIA BC05M 
mote Terminal Terminal 110-1200 DLVll, 
(Limited con- (EIA) BC05C 
sole ODT 
command set) 

RT02-B Alphanumeric E-8 Full Alpha- 32 characters 110-300 No 20 mA loop DLVll, 
Terminal numeric Data (20 mA) or EIA BC05M 

Entry Terminal 110-1200 DLVll, 
(EIA) BC05C 



Figure E-5 VT50 DECscope 

Figure E-6 VT52 DECscope 

E-4 



Figure E-7 RT02-A 30-Character Keyboard 
Remote Terminal 
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Figure E-8 RT02-B Alphanumeric Terminal 
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Figure E-9 LA180 DECprinter 
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""' -..-~-.;; ~ '.'"i ,,, ,,_, , ,. ~- ~ 

' I 

Figure E-10 RXVll Floppy Disk System 
(RXOl Floppy Disk Drive) 

E.2 PRINTERS 
Two basic printers are available for use in LSl-11 applications: The LA35, 
a receive-only version of the LA36, and the LA180 DECprinter. The LA35 
has the same characteristics as the LA36 except no keyboard (send) is 
provided. · 

The LA180 DECprinter (Figure E-9) is available in several models. All 
models feature low cost, high speed, quiet, and reliable operation. The 
DECprinter is capable of printing from 60 to 400 lines per inch, depend­
ing on line length, at 180 characters per inch. Models are listed below: 

Model 

LAVll-PA 

LAVll -PD 

LA180 

LA180-CA 

Description 

115 V, 60 Hz LA180, LSl-11 bus interface controller mod­
ule, BCllS interface cable. 

230 V, 50 Hz LA180, LSl -11 bus interface controller mod­
ule, BCll S interface cable. 

Serial LA180 DECprinter. Requires one (optional) DLVll 
serial line interface and one interface cable. The model 
numbers are defined below: 

115 V, 60 Hz serial LA180, 20 mA current loop interface 
(use BC05M interface cable) . 
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Model Description 

LA180-CD 230 V, 50 Hz serial LA180, 20 mA current loop interface 
(use BC05M interface cable). 

LA180-EA 115 V, 60 Hz serial LA180, EIA interface (use BC05C inter­
face cable). 

LA180-ED 230 V, 50 Hz serial LAlBO, EIA interface (use BC05C inter-
face cable). 

E.3 RXVll FLOPPY DISK SYSTEM 
The RXVl 1 Floppy Disk System is a low cost, random access, mass 
memory device that stores data in fixed-length blocks on preformatted 
flexible diskettes. The RXVll is available in single drive and dual drive 
models (Figure E-10). Each drive is capable of storing up to 256K 8-bit 
bytes of data. Each floppy disk system includes an RXOl floppy disk 
drive (single or dual disk drive assembly), a 15-foot interface cable, and 
an RXVll interface that plugs into the LSl-11 or PDP-11/03 system back­
plane. RXVll models are described below: 

Model 

RXVll-AA 
RXVll-AD 
RXVll-BA 
RXVll-BD 

Description 

115 V, 60 Hz single drive, floppy disk system 
230 V, 50 Hz single drive, floppy disk system 
115 V, 60 Hz dual drive, floppy disk system 
230 V, 50 Hz dual drive, floppy disk system 
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APPENDIX F 

INTEGRATED CIRCUIT DIAGRAMS 

14 13 12 11 

• 

1 2 3 4 
GND 

10 9 

5 6 

Vee 
8 

7 

CP-1271 

F.l DEC 8640 QUAD 2-INPUT NOR GATES 
(Bus Receiver) 

Vee 
14 13 12 11 10 9 8 

2 3 4 5 6 7 
GND 

CP-1272 

F.2 DEC 8881 QUAD 2-INPUT NANO GATE 
(Bus Driver) 
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BUS I 

DATA IN I 
2 

DATA OUT I 
3 

BUS 2 4 

DATA IN 2 
5 

DATA OUT 2 
6 

ENABLE A 
7 

GROUND 
8 

16 Vee 
IS 

BUS 4 
14 DATA IN 4 
13 

DATA OUT 4 
12 

BUS 3 
11 

DATA IN3 
IQ 

DATA OUT 3 
9 

ENABLE B 

/.-- _. l BUS 1 
I 

7 DATA ;~· ;-2- -- '\._,,' 

ENABLE A-:__.....---.. P-----t--o DATA OUT! 

ENABLE B -~9 _.___. 

ONE OF FOUR 

F.3 · DEC 8641 QUAD UNIFIED BUS TRANSCEIVER 
(Bus Receiver/ Driver) 
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•VCC---@ 

•VCC 16 ENAST H 

RCS TA 

ENDATA H 
VECTOR H 1 vcc 

VECRQST8 H RQSTA H 

BOIN L ENAST H 

'Tl INlTO l 15 ENAOATA H 
BINIT L ENACUC H :i:-
BIAKO L EN8CU: H 
BIAKI l 

0 BJRQ L 

(") RQSTB H 

0 
g. BIAKI· L 

'Tl 2 0 BIAICO L 

w -I BINIT L 

fT1 
:::0 
:::0 08 BJRQ l 

c BOIN L 

~ 
(") VECTOR H 
::i: 
,, ENBDATA 

VECRQSTB H 

+VCC 

RQSTB H " 
~GND IN ITO L 



ENB H §--vcc 

BSYNC L DECODER ~GNO 

03 

BOAL2 L .,, 
in SEL 6 L 

02 
SEL 4 L 

.8 BDAll L 01 VECTOR vcc SEL2 L 
0 BDAl2 L ENB H 
0 DO SELO L BDALI L RXCX H 

""' BOALO SEL6 L .,, .,, BWTBT OC004 
SEL4 L 

.j,.. ::0 BDALO L SEL2 L 

0 
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BOOUT l OUTLB l 
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0 
r 
(") RXCX H 

:c 
:;; 

BRPLY l 

BDOUT l VECTOR H 

BD~N l 11 JNWO L 



JAl l I vcc 
JA2 l 

MATCH H 

RECH 4 OATI H 

XMIT H JVJ H 

OATJ H JV2 H 

DAT2 H JV\ H 

BUSJ L MENB l 

BUS2 L • 12 BUSO l 
GND \\ BUSl l 

F.6 DC005 TRANSCEIVER 
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APPENDIX G 

ABSOLUTE LOADER FORMAT 

The Absolute Loader uses the eight general registers (RO-R7) and does 
not preserve or restore their previous contents. Therfore, caution should 
be taken to restore or load these registers, when necessary, after using 
the loader. 

A block of data punched on paper tape in absolute binary format has the 
following format. 

FRAME 1 
2 
3 
4 
5 
6 

001 
000 
xxx 
xxx 
yyy 
yyy 
• 
• 
• 

zzz 

start frame 
null frame 
byte count (low 8 bits) 
byte count (high 8 bits) 
load address (low 8 bits) 
load address (high 8 bits) 
data is 

placed 
here 

last frame contains a block checksum 

A program on paper tape can consist of one· or more blocks of data. Each 
block with a byte count (frames 3 and 4) greater than six causes subse· 
quent data to be loaded into core (starting at the address specified in 
frames 5 and 6 for a normal load). The byte count is a positive integer 
denoting the total number of bytes in the block, excluding the checksum. 
When the byte count of a block is six, the specified load address is 
checked to see whether the address is to an even or to an odd location. 
If the address is even, the absolute Loader transfers control to the ad· 
dress specified. Thus, the loaded program is automatically started upon 
completion of loading. If the address is odd, the absolute loader halts. 

The transfer address (TRA) may be explicitly specified in the source pro· 
gram by placing the desired address in the operand field following the 
.END statement. For example, 

.END ALPHA 

specifies the sym,bolic location ALPHA as the TRA, and 

.END 

causes the absolute Loader to halt. With 

.END nnnnnn 

the absolute Loader also halts if the address (nnnnnn) is odd. 

The checksum is located in the low byte of general register RO. Upon 
completion of a load, the low byte of RO should be all zeros. Otherwise, 
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a checksum error has occurred, indicating that the load was not correct. 
The checksum is the low-order byte of the negation of the sum of all 
the previous bytes in the block. When all bytes of a block including the 
cl)ecksum are added together, the low-order byte of the result should 
be zero. If not, some data was lost during the load or erroneous data 
was picked up; the load was incorrect. When a checksum error is indi­
cated the entire program should be reloaded. 
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