




CHAPTER 26 

QUESTIONS AND ANSWERS ABOUT CPL (R) 

This chapter answers some of the questions most often asked about CPL. 

26.1 IS CPL THE SAME AS PL/I? 

CPL implements a subset of the ANSI PL/I language standard. 

The full PL/I language is enormous. Only two vendors have implemented 
the full language, and both of those implementations required hundreds 
of man-years of effort. CPL makes no claim to have matched that level 
of development. 

On the other hand, the CPL subset is a very powerful programming 
language. All the PL/I program control constructs (IF, DO, 
PROCEDUREs, and ON for error handling) have been implemented. There 
are six computational data types (FIXED, FLOAT, CHARACTER, CHARACTER 
VARYING, BIT, BIT VARYING) and one non-computational variable data 
type (POINTER) • There are all four PL/I storage classes (AUTOMATIC, 
STATIC, CONTROLLED and BASED). And almost all PL/I statements are 
implemented or partially implemented. Read the chapter entitled 
"Comparison of CPL with ANSI PL/I Standard." 

26.2 WHAT IS AN INTERPRETER? 

A "raw" computer cannot handle a complex language like PL/I. A 
computer can "think" only in the sense of executing very simple 
instructions (such as "add these two numbers and store the result 
there"). A complex programming language like PL/I, with its IF and DO 
statements, its PROCEDUREs and its input/output, is much too complex 
to be handled directly by the computer. The computer requires some 
intermediate program, a "translator" of some sort, which will make the 
complex statements of the language accessible to the simple computer. 
The statement "I=J+l;" means nothing to a computer unless some 
intermediate program tells the computer where to find I and J, that 
"+" means add, and that "=" means "store the result in." 

The most commonly used intermediate program of this type is called a 
"compiler." A compiler is a program which translates a high-level 
computer language (like PL/I) into a actual computer instructions. 
The symbols appearing in the high-level language program are turned 
into simple individual instructions at the hands of the compiler. 
FORTRAN-IO is an example of a compiler of the FORTRAN language on the 
DECsystem-lO. 
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When you use a compiler, you usually have to go through several steps: 
First, the compiler translates the program into an "object" format, 
then this "object" format must be loaded into core storage, and 
finally the computer is told to executed the loaded program. 

An "interpreter" works somewhat differently. It is not a "translator" 
in the same sense. A true interpreter executes the program directly 
from the high-level source statements. It takes a statement like 
"I=J+I;" and it "interprets" the statement by causing it to be 
executed immediately. If the statement is in a loop, then a true 
interpreter will re-interpret the source each time that it is 
executed. 

CPL is actually a "semi-interpreter." CPL maintains the statement in a 
form known as "reverse Polish notation." This notation represents a 
source statement in a compact internal form which can be executed 
quickly. This translation to internal form is done in two stages: 

1. When you type the statement in, CPL "parses" the statement 
into a form of this internal notation which does not take 
into account the data types of the variables appearing in the 
expression. 

2. The first time that the statement is executed, the internal 
format is translated further into a form which takes into 
account the data types of the variables. This translation 
will not have to be repeated unless you change some 
declarations in your program. 

CPL executes the statement by interpreting this final internal form of 
the statement. This method IS not as fast as having the computer 
execute the translated instructions, but it is not nearly as slow as 
executing directly from the source code each time. 

26.3 WHAT ARE THE ADVANTAGES OF AN INTERPRETER? 

There are a number of advantages to an interpreter which offset the 
disadvantage of slower execution speed. 

CPL provides true source-level debugging for PL/I programs. When CPL 
executes a program, it checks for a number of execution errors which 
are not checked by language systems with a compiler. An example is 
the validity of POINTER variables; CPL guarantees that a POINTER 
points to only a valid storage area, while a compiler system may 
permit a program to wipe out important data in storage inadvertently. 

When CPL discovers an error in execution, a detailed error message is 
typed out. The user then has several options. He can find out the 
values of variables to find out where his program went wrong. He can 
modify program statements or insert additional statements, save his 
modifications on disk, and then continue execution of his program 
without having to start from the beginning. Source level breakpoints 
are also available. 
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26.4 WHO CAN USE CPL? 

The high level of execution support make CPL uniquely suited for 
certain types of users. 

26.4.1 Beginning Or Infrequent Prog~ammers 

A person who needs to write an occasional progra~ to get an answer 
will find CPL a useful tool. As the first chapter of the User's 
Manual shows, the beginner with no previous experience in using 
computers can begin getting answers as soon as he begins using CPL. 
The first chapter will show him how to write simple programs quickly. 

26.4.2 PLII Program Developers 

Users who are developing production PLII programs to be run on PL/I 
compilers on other computers can use CPL as a program checkout tool. 

26.4.3 Students Learning Programming 

The advanced features in the CPL subset, particularly the block 
structuring and BASED storage, make it a useful educational tool. In 
addition, the thorough error-checking features of the CPL interpreter 
aid the learning process. 

26.5 HOW WAS CPL WRITTEN? 

CPL was written as a programming experiment to prove that modern 
programming techniques could be used to substantially reduce software 
development costs and improve programming quality and reliability. 
CPL was written by one person (John Xenakis) in an eight month period, 
during which he also wrote the program documentation and the quality 
assurance test system. 

26.6 HOW DOES CPL WORK INTERNALLY? 

A module called DRIVER invokes the various CPL phases. 
are as follows: 

These phases 

1. ACCEPT -- DRIVER calls this phase to input the statement from 
the terminal (or the LOAD file) and break up the statement 
into statement tokens. 

2. PARSE -- this phase parses the 
Polish notation, an internal 
statement in compact form. 

source text into reverse 
format which represents the 

3. LINK -- DRIVER calls this phase if the statement is collect. 
This phase causes the collect statement to be linked in with 
the other statements in the proper position. This phase also 
processes DECLARE statements and other declarative 
statements. 
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4. EXECUTION -- DRIVER calls this phase if the statement is 
direct. This phase executes the statement and returns, 
unless the direct statement causes other statements to be 
executed (as an EXECUTE statement would). 

5. SEMANTIC RECOMPOSITION -- the EXECUTION phase calls this 
phase the first time that a statement is executed. This 
phase mOdifies the reverse Polish notation to take into 
account the data types of the variables in the statement. 

26.7 WHY IS THE LIST COMMAND IMPLEMENTED AS IT IS? 

When you type a statement into CPL, CPL removes all leading blanks and 
tabs. When typing it out as a result of the LIST command, CPL indents 
two tabs if the statement is unlabeled, and one tab if the statement 
is labeled. 

This format was chosen after many discussions with a number of people. 
It is the only one which satisfied a number of constraints: 

1. The listing should not look sloppy if the statements were 
entered sloppily. 

2. The output format for the LIST statement must be the same as 
the output format for the SAVE statement. 

3. If statements are typed in, the LIST format should be 
identical to the format produced if the same statements were 
read from a file as the result of a LOAD or WEAVE statement. 
The same must be true of statements typed in with the NUMBER 
statement and read with the NUMBER option of the LOAD or 
WEAVE statement. 

26.8 WHY ISN'T INTEGER DIVISION PERMITTED? 

Full ANSI PL/I permits division of FIXED quantities, but specifies it 
in such a way that it cannot be implemented in any system that does 
not support scaled data types. 

As a compromise, CPL has implemented the non-standard functions DIVI 
and DIVF. 

26.9 WHY IS "OPEN" A NOP IF THE FILE IS ALREADY OPEN? 

The ANSI PL/I standard specifies that if the file specified by the 
FILE option of an OPEN statement has already been opened (and hasn't 
been closed with a CLOSE statement), then the OPEN statement will be a 
"no-operation," even if different file attributes are specified. 
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26.10 WHY AREN'T PL/I STRUCTURES IMPLEMENTED? 

Although CPL was designed to permit structures to be implemented in 
the future, it was not possible to implement that feature in the 
limited time when CPL was being developed. 

26.11 WHY ARE LINE CONTINUATIONS SO AWKWARD? 

In implementing a conversational version of PL/I, the following 
problem arises: Most users will type their programs with precisely 
one statement per line. They will require more than one line for a 
statement very rarely. 

In ANSI PL/I, you indicate the end of a statement by 
semicolon character. Therefore, if a line does not 
semicolon, the language processor knows that the statement 
onto another line. 

typing a 
end in a 
runs over 

But in CPL, we have provided a more logical way: The semicolon will 
be inserted for you since, in the vast majority of the cases, this is 
what the user wants. But in the exceptional case where you need 
several lines for a statement, then you type an additional 
character(&). 

This is not an ideal solution. It is ugly and unpleasant to use. But 
is is consistent with the conversation nature of CPL, and will serve 
the needs of most users most of the time. 
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CHAPTER 27 

COMPARISON OF CPL WITH ANSI PL/I STANDARD (R) 

27.1 DESCRIPTION OF CPL SUBSET 

The following is a fairly complete description of the ANSI features 
which are and are not supported by CPL. 

27.1.1 Statements 

1. The ALLOCATE and FREE statements are supported for CONTROLLED 
and BASED storage, but not for AREAs. 

2. The assignment statement is supported, but no aggregate 
assignments are permitted. 

3. The BEGIN statement is fully implemented. 

4. The CALL statement with dummy and not-dummy arguments is 
implemented. So are function PROCEDURE invocations. 

5. The CLOSE statement is implemented. 

6. The DECLARE statement is implemented, permitting factored 
attributes and variables in the extent expression fields. 

7. The DEFAULT statement is implemented with the following 
options only: RANGE, FIXED, FLOAT, AUTOMATIC and STATIC. 

8. The DELETE statement is not implemented. 

9. The DO statement is fully implemented, with the WHILE, BY, TO 
and REPEAT clauses, multiple specifications, and permitting 
non-arithmetic control variables. 

10. The END statement is implemented, permitting full multiple 
closure. 

11. The ENTRY statement is not implemented. 

12. The FORMAT statement is implemented, but must be in the same 
block as the PUT EDIT statement referencing it. 

13. FREE statement -- see ALLOCATE. 
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14. The GET statement is implemented, with the FILE, STRING, 
SKIP, and LIST options. The COPY, DATA and EDIT options are 
not implemented. Aggregates and DOs are not permitted in the 
input list. 

15. The GOTO statement is implemented, permitting termination of 
a DO-group or a block. 

16. The IF/THEN/ELSE statement is completely implemented, along 
with all interactions with the DO statement. 

17. The LOCATE statement is not implemented. 

18. The null statement is implemented. 

19. The ON statement with the SNAP and SYSTEM options, and 
permitting arbitrary BEGIN/END block ON-units is implemented. 
All ON-units are recursive. 

20. The OPEN statement is implemented, with the TITLE option and 
all supported file attributes including ENVIRONMENT. The 
TAB, LINESIZE and PAGESIZE options are not available for 
PRINT files. 

21. The PROCEDURE statement is implemented, with the RETURNS 
option. All function and subroutine PROCEDURESs are 
recursive. Parameters may be declared to have any supported 
data type. 

22. The PUT statement is implemented, with the FILE, STRING, 
SKIP, PAGE, EDIT and LIST options. The LINE and DATA options 
are not implemented. Aggregates and DOs are not allowed in 
the output list. 

23. 

24. 

25. 

The READ statement with the INTO 
implemented. The SET, KEY and 
implemented. 

The RETURN statement for subroutine 
is implemented. 

The REVERT statement is implemented. 

and IGNORE options is 
KEYTO options are not 

and function PROCEDUREs 

26. The REWRITE statement is not implemented. 

27. The SIGNAL statement is implemented. 

28. The STOP statement is implemented. 

29. The WRITE statement is implemented. The KEYFROM option is 
not implemented. 

27.1.2 Data Attributes 

1. The following data type attributes are implemented: BINARY, 
BIT, BIT VARYING, CHARACTER, CHARACTER VARYING, ENTRY, FILE, 
FIXED, FLOAT, FORMAT, LABEL, POINTER, REAL, RETURNS. The 
following data type attributes are not implemented: COMPLEX, 
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DECIMAL, ENTRY VARIABLE, FILE VARIABLE, FORMAT VARIABLE, 
LABEL VARIABLE, OFFSET, PICTURE, GENERIC. 

2. The following file attributes are implemented: INPUT, 

3. 

OUTPUT, PRINT, RECORD, SEQUENTIAL, STREAM, ENVIRONMENT. The 
following file attributes are not implemented: DIRECT, 
KEYED, UPDATE. CPL supports only ASCII files for INPUT or 
OUTPUT. No binary files are supported. 

All four storage classes are supported: STATIC, 
BASED and CONTROLLED. Also, PARAMETER is 
EXTERNAL is not supported. 

AUTOMATIC, 
supported. 

4. Arrays are supported. DEFINED, STRUCTURE, LIKE, POSITION and 
REFER are not supported .. 

5. The following additional attributes are not supported: 
ALIGNED, UNALIGNED, AREA, CONNECTED, INITIAL, REDUCIBLE and 
IRREDUCIBLE. 

6. Arbitrary variables and expressions 
attribute declarations. 

27.1.3 Formats 

Formats are supported for PUT EDIT .only. 

are permitted in 

1. The following data format items are implemented: A, B, Bl, 
B2, B3, B4, E and F. The C format item is not implemented. 

2. The COLUMN, 
implemented. 

PAGE and SKIP control format items 
The LINE and TAB format items are not. 

3. The remote format item (R) is implemented. 

4. Repetition factors are permitted. 

are 

5. Arbitrary expressions are permitted in format expressions and 
repetition factors. 

27.1.4 ON Conditions 

CPL does not support condition prefixes. All supported conditions are 
always enabled and cannot be disabled. 

The following conditions are supported: CONDITION, ENDFILE, ERROR, 
RECORD, STRINGRANGE, SUBSCRIPTRANGE, UNDEFINEDFILE and ZERODIVIDE. 

The following conditions are not supported, although the errors 
corresponding to these conditions can be processed by the ERROR 
condition: AREA, CONVERSION, ENDPAGE, FINISH, FIXEDOVERFLOW, KEY, 
NAME, OVERFLOW, SIZE, STRINGSIZE, STORAGE, TRANSMIT and UNDERFLOW. 
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27.1.5 Built-in Functions And Pseudo-variables 

There are several non-ANSI built-in functions 
implemented. Refer to the "compatibility" 
chapter for a list of those. 

and pseudo-variables 
section later in this 

1. The following ANSI arithmetic functions are implemented: 
ABS, CEIL, FLOOR, MAX, MIN, MOD, SIGN, TRUNC. The following 
are not implemented: ADD, BINARY, COMPLEX, CONJG, DECIMAL, 
DIVIDE, FIXED, FLOAT, IMAG, MULTIPLY, PRECISION, REAL, ROUND. 

2. All the ANSI mathematical functions are implemented: ATAN, 
ATAND, COS, COSD, EXP, LOG, LOGIO, LOG2, SIN, SIND, SQRT. 

3. The following string-handling functions are implemented: 

4. 

AFTER, BEFORE, COLLATE, COPY, EVERY, HIGH, INDEX, LENGTH, 
LOW, REVERSE, SOME, STRING, SUBSTR, TRANSLATE, UNSPEC, 
VERIFY. The following are not implemented: BIT, CHARACTER, 
DECAT, VALID. 

The following array functions are 
HBOUND, LBOUND. The following 
PROD, SUM. 

implemented: bIMENSION, 
are not implemented: DOT, 

5. The following storage control functions are implemented: 

6. 

ADDR, ALLOCATION, NULL. The following are not implemented: 
EMPTY, OFFSET, POINTER. 

The following 
implemented: 
ONSOURCE. 

ON-condition built-in functions are not 
ONCHAR, ONFIELD, ONFILE, ONCODE, ONKEY, ONLOC, 

7. The following functions are implemented: DATE and TIME. 

8. The following functions are not implemented: BOOL, LINENO, 
PAGENO. 

9. The following pseudo-variables are implemented: STRING, 
SUBSTR and UNSPEC. The following are not implemented: IMAG, 
ONCHAR, ONSOURCE, PAGENO, REAL. 

27.2 COMPATIBILITY WITH ANSI STANDARD 

27.2.1 Compatibility Philosophy 

CPL was implemented with the philosophy that it must be a true subset 
of the ANSI PL/I standard. This meant that any extensions to the 
standard must be clearly documented as extensions, must be easy to 
avoid by any programmer who wants to, and must not be easy to confuse 
with a feature of the standard language. The last criterion is very 
important, in that it means that, for example, a new option of the DO 
statement would be unacceptable since it would be too easy to confuse 
it with existing options. 

The last criterion was, however, broken in two very important cases -­
the default FLOAT rules and the use of the VFORM file option. These 
incompatibilities were implemented only after many hours of agonizing 
on the part of the implementor, and only after deciding that CPL's 
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ease of use for the beginning user would be overwhelmingly improved. 
In fact, the first chapter of this manual would simply have been 
impossible to write under the default rules defined by the standard. 

Of course, the first two criteria above are still valid, and a user 
wishing to be fully ANSI standard can simply use the methods described 
in the next section. In fact, CPL will be fully ANSI standard if the 
user starts his session by inserting the statement: 

1. DECLARE SYSPRINT PRINT; DEFAULT(RANGE(*» FIXED; 

into his program. 

27.2.2 List Of Incompatibilities 

The following is a complete list of places where CPL is incompatible 
with the ansi PLII standard. To write a fully standard program, you 
must avoid these features. 

1. All CPL variables default to FLOAT rather than FIXED, as the 
standard specifies. To make your program completely 
standard, insert a default statement which specifies defaults 
for all variables. For example, you may insert: 

1. DEFAULT (RANGE(*» FIXED; 

to force CPL to make all your variables default to FIXED. 
Or, you may insert 

1. DEFAULT (RANGE(*» FLOAT; 

so that when your program is moved to other systems, the 
default of FLOAT will be carried over. 

On some early implementations of PLII, the "I through N rule" 
was used. This rule specifies that all variables default to 
FLOAT except those whole first letters begin with I-N; these 
default to FIXED. If you would like to be fully ANSI 
standard and still be compatible with this rule, then you 
should insert these statements in your program: 

1. DEFAULT (RANGE(I:N» FIXED; 
2. DEFAULT (RANGE(A:H) !RANGE(O:Z» FLOAT; 

2. Default PUT LIST output to the SYSPRINT file is in "variable 
format." Furthermore, the VFORM option of the ENVIRONMENT of 
the FILE declaration permits the programmer to specify this 
option for other output files. This option specifies that 
when a FIXED or FLOAT quantity is printed by means of a PUT 
LIST statement, the format used depends upon the value of the 
quantity being printed. (For example, 2.3EO will be printed 
as 2.3, rather than as 2.30000000E+OO). 

The user wishing to write a fully standard program should 
avoid the VFORM option, and should prevent the VFORM option 
default for SYSPRINT by inserting this statement at the 
beginning of his program: 

3. DECLARE SYSPRINT FILE PRINT; 
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Note, however, that one of the sample programs given in the 
chapter entitled "CPL Programming Examples" shows how to 
implement the variable format as a PL/I PROCEDURE. 

3. The CLOSE FILES statement is not in the ANSI standard. If 
you wish to write standard programs, then you should restrict 
use of this statement to direct mode. 

4. The DELAY statement is not in the ANSI standard, although it 
is available in IBM implementations of PL/I. 

5. The SNAP statement is not in the ANSI standard. However, the 
SNAP option of the ON statement is standard. 

6. The following mathematical built-in functions are not in the 
ANSI standard, although they are available in some other PL/I 
implementations: ACOS, ASIN, COSH, SINH. 

7. The following built-in functions are not available to any 
other PL/I implementation known to this implementor: DIVI, 
DIVF, FLTED, ONMSG, RANDOM. 

8. The ATTENTION ON-condition is not in the ANSI standard. 

9. The "?" statement should be replaced by the PUT LIST 
statement. 
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CHAPTER 28 

RUNNING CPL UNDER TOPS-IO (R) 

This chapter sows you how to run CPL if you are running under the 
TOPS-IO operating system. Please refer to the next chapter for 
information on running under the TOPS-20 operating system. 

28.1 HOW TO LOG ON AND RUN CPL 

This section shows you how to log on to the DECsystem-10. 
already now how to log on, you may skip to the next section. 

28.1.1 How To Log On 

In order to begin using the system, do the following: 

1. After you turn the terminal on, press the CTRL key. 
is still in the down position, press the C key. 
called "typing a Control-C." 

If you 

While it 
This is 

2. After you see the period (.), type the word LOGIN and press 
the RETURN key. 

3. After you see the #, type your project-programmer number and 
press the RETURN key. 

4. After you see the word 
press the RETURN key. 

PASSWORD:, type your password 
Your password will not be printed. 

and 

Steps 1 through 4 above are called the logging-in procedure. Below is 
an example of the logging-in procedure, where the underlined portion 
is what you type: 

.LOGIN <RETURN> 
JOB 32 R5725D SYS #40/2 TTY73 
#27,4072 <RETURN> 
PASSWORD: <RETURN> 
1131 2l-JAN-75 TUE 
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28.1.2 How To Use A Telephone Connection 

If the terminal you are using is not a local terminal (hooked directly 
to the computer), you must make connection with the computer through 
the use of a telephone. The procedure to establish this connection 
is: 

1. Turn on the terminal. 

2. Check the speed setting of the terminal (most terminals are 
labeled either 10 CPS (characters per second), 15 CPS and 30 
CPS or 110 baud, 150 baud and 300 baud.) It should initially 
be set to either 10 CPS or 110 baud. 

3. Dial the phone number to the computer. 

4. Wait for a steady tone (sometimes this is a high pitched 
beep). 

5. Lay the receiver in the slots provided for it either on the 
terminal or on the acoustic coupler. 

6. Wait for the carrier detect light to come on. 

7. If you see nothing printed on 
Control-C characters until you 
words PLEASE LOGIN OR ATTACH. 

the terminal, type two 
see either a period or the 

8. Follow the logging-in procedure listed above. 

28.1.3 Running CPL 

After you have logged in and the system has typed a "" to indicate 
that you are DECsystem-10 monitor level, you may enter CPL by typing 
the command: 

.R CPL <RETURN> 
CONVERSATIONAL PROGRAMMING LANGUAGE 
* 

After CPL has typed out the asterisk shown on the last line, CPL is 
ready for commands. 

28.2 HOW TO LOG OFF 

This section shows you how to leave CPL and log off the DECsystem-lO. 

28.2.1 How To Leave CPL 

To leave CPL, type the command "MONITOR", or its abbreviation, "MON". 
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28.2.2 How To Log Off 

When you are finished using the system, do the following: 
and press the RETURN key. 

28.3 FORMAT OF A TOPS-IO FILE-SPECIFICATION 

A file-specification is used in several CPL commands: 

1. The LOAD, WEAVE and SAVE statements 

2. The TITLE option of the OPEN statement 

The format of a TOPS-IO file-specification is as follows: 

dev:name.type[project-number,programmer-number] 

Type KIF 

Usually, any of these file fields may be omitted, and CPL will supply 
a default. 

The meanings of these fields and their default values are as follows: 

1. The "dev" is the file device name, which specifies which 
physical or logical device the file is on. If it is not 
specified, then the default device is DSK, the disk. 

EXCEPTION: In the TITLE option of the OPEN statement, if the 
FILE option specifies either SYSIN or SYSPRINT, then the 
default device is TTY, your terminal. 

2. The "name" field is the file-name. Not all devices require a 
file-name; however, if one is required then you must specify 
it, since there is no default. 

3. The "type" field is the file-type (also known as the 
~filename extension" field). It may consist of up to 3 
letters or digits. If no file extension is specified, then 
the default file-type is the following: 

1. In the case of the TITLE option of the OPEN statement, 
the default file-type is DT (for "data"). 

2. In the case of the LOAD, SAVE or WEAVE statement, the 
default file-type is CPL. 

4. The "project-number" and "programmer-number" fields each 
consist of one to six octal digits. If you do not specified 
a ppn (project-programmer-number), then your own ppn will be 
used as the default. 
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CHAPTER 29 

RUNNING CPL UNDER JOPS-20 (R) 

This chapter shows you how to run CPL if you are running under the 
TOPS-20 operating system. Please refer to the preceding chapter for 
information on running under the TOPS-IO operating system. 

29.1 HOW TO LOG ON AND RUN CPL 

This section shows you how to log on to the DECsystem-20. If you 
already know how to log on, you may skip to the next section. 

29.1.1 How To Log On 

In order to begin using the system, do the following: 

1. Get someone to show you how to turn on the computer terminal. 

2. After you turn on the terminal, press the 
and, at the same time, type the letter C. 
typing Control-C.) 

key labeled CTRL 
(This is known as 

3. After you see the "@" character, type LOGIN, and press the 
key labeled ESC. (On some terminals, this key is labeled 
ESCAPE or 'ALT or ALTMODE.) In the example displayed later in 
this section, the ESC key is shown as a dollar sign ($). 

4. After the system prints (USER), type your user name and press 
the ESC key again. 

5. After the system prints (PASSWORD), type your password and 
press the ESC key. 

6. After the system prints (ACCOUNT), type your account number 
and press the key labeled RETURN (or CR). 

Below is an example of how you would log in if your user name were 
PORADA, your password were WILKS, and your account number were 10300. 
The portions that you type are underlined; all other parts are typed 
by the operating system. 

V 1.02.36, TOPS-20 DEVELOPMENT MONITOR, 19-JAN-72. TOPS-20 1(100) 
@LOGIN$ (USER) PORADA$ (PASSWORD) ~ (ACCOUNT) 10300 

JOB 17 ON TTY20 19-JAN-76 13:00 
@ 
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29.1.2 HOW TO USE A TELEPHONE CONNECTION 

If the terminal you are using is not directly connected to the 
computer, you must connect to the computer via a telephone. The 
procedure for obtaining this type of connection is: 

1. Turn on the computer terminal. 

2. Check the speed setting of the terminal. Most terminals are 
labeled in either characters per second (CPS) or bits per 
second (baud). If your terminal is labeled in CPS, set it to 
30 CPS. If your terminal is labeled in baud, set it to 300 
baud. 

3. Dial the phone number to the computer. 

4. Wait for a steady ton. Sometimes the tone is a high-pitched 
beep. 

5. Place the telephone receiver in the slots provided for it in 
either the terminal or the acoustic coupler. 

6. Wait for the carrier detect light to come on. 

7. At this point, if nothing has been printed on the terminal, 
press the key labeled CTRL (or CONTROL) and, at the same 
time, type a C. 

8. Follow the logging-in procedure listed above. 

29.1.3 Running Cpl 

After you have logged in, and the system has typed a "@" to indicate 
that you are at the DECsystem-20 monitor level, you may enter CPL by 
typing the command: 

@CPL 
CONVERSATIONAL PROGRAMMING LANGUAGE 

* 
After CPL has typed out the asterisk shown on the last line, CPL is 
ready for commands. 

29.2 HOW TO LOG OFF 

This section shows you how to leave CPL and log off the DECsystem-20. 

29.2.1 How To Leave CPL 

To leave CPL, type the command "MONITOR," or its abbreviation "MON." 
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29.2.2 How To Log Off 

When you are finished using the system, do the following: Type LOGOUT 
and press the RETURN key. 

29.3 FORMAT OF A TOPS-20 FILE-SPECIFICATION 

A file-specification is used in several CPL commands: 

1. The LOAD, WEAVE and SAVE statements 

2. The TITLE option of the OPEN statement 

The format of a TOPS-20 file-specification is as follows: 

dev:<dir>name.type.gen . 

Usually, any of these file fields may be omitted, and CPL will supply 
a default. 

The meanings of these fields and their default values are as follows: 

1. The "dev" is the file device name, which specifies which 
physical or logical device the file is on. If it is not 
specified, then the default device is DSK, the disk. 

EXCEPTION: In the TITLE option of the OPEN statement, if the 
FILE option specifies either SYSIN or SYSPRINT, then the 
default device is TTY, your terminal. 

2. The "dir" field is the directory-name, consisting of up to 39 
alphanumeric (including hyphen, dollar sign and underline) 
characters. The directory-name is enclosed in angle 
brackets. If you do not specify a directory-name, then the 
default is your own personal directory. 

3. The "name".field is the file-name, consisting of up to six 
alphanumeric characters. Not all devices require a 
file-name; however, if one is required then you must specify 
it, since there is no default. 

4. The "type" field is the file-type. It may consist of up to 3 
letters or digits. If no file-type is specified, then the 
default file-type is the following: 

1. In the case of the TITLE option of the OPEN statement, 
the default file-type is DT (for "data"). 

2. In the case of the LOAD, SAVE or WEAVE statement, the 
default file-type is CPL. 
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CHAPTER 30 

CPL PROGRAMMING EXAMPLES (B-D) 

This chapter gives some examples of complete programs, illustrating 
both simple and advanced features of CPL. 

30.1 SIMPLE PROGRAM TO TYPE PRIME NUMBERS (B) 

10. /* THIS PROGRAM TYPES OUT PRIME NUMBERS */; 
20. /* ALL PRIMES IN THE SPECIFIED RANGE ARE TYPED */; 
30. /* COPYRIGHT 1976 BY DIGITAL EQUIPMENT CORPORATION */; 
40. /* WRITTEN JANUARY 1976 BY JOHN XENAKIS */; 
50. START = 3; 
60. END=lOOO; 
70. DO I START TO END BY 2; 
80. DO; 
90. DO J = 3 TO SQRT(I) BY 2; 

100. IF MOD(I,J) = 0 THEN GO TO NO_PRIME; 
110. END; 
120. PUT LIST(I); 
130. END; 
140. NO PRIME: 
150. END; 

This program illustrates the following features: 

1. The MOD built-in function, which returns the remainder which 
results from dividing the two arguments. 

2. DO-groups, IF statements, and structured programming. 

For extra practice, you may try the following problems: 

1. Change statements 50 and 60 so that a different range of 
prime number is typed out. 

2. Use PUT SKIP to make each prime print out on a separate line. 
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10. 
20. 
30. 
40. 
50. 
60. 
70. 
80. 
90. 

100. 

CPL PROGRAMMING EXAMPLES (B-D) 

TABLE OF SINES AND COSINES (B) 

/* THIS PROGRAM TYPES OUT A TABLE OF SINES AND */; 
/* COSINES IN THE RANGE 0 TO PI IN INCREMENTS */; 
/* OF 0.2. */; 
/* COPYRIGHT 1976 BY DIGITAL EQUIPMENT CORPORATION */; 
/* WRITTEN JANUARY 1976 BY JOHN XENAKIS */; 
PUT EDIT( 'X', 'SIN(X)', 'COS(X) ') (COL(3) ,A(6) ,A(lO) ,A); 
PI = 3.14159; 
DO X = 0 TO PI BY .2; 
PUT SKIP EDIT(X,SIN(X) ,COS(X)) (F(4,1),2 F(10,6)); 
END; 

This program illustrates the following CPL features: 

1. The SIN and COS mathematical built-in functions 

2. The PUT EDIT statement with the "F" format item. 

For extra practice, try the following: 

1. Type out a table of other functions (LOG, EXP, etc.) 

2. Change the F format item to E, and experiment with other 
forms of output. 

3. Cause the output to be directed to a disk file, by inserting 
the statement 

55. OPEN FILE(SYSPRINT) TITLE('DSK:X.DT'); 

to cause output to go to the disk file X.DT. 
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1. 
2. 
3. 
4. 
5. 
6. 

10. 
20. 
30. 
40. 
50. 
60. 
70. 
80. 
90. 

100. 
110. 
120. 
130. 
140. 
150. 
160. 
170. 
180. 
190. 
200. 
210. 

CPL PROGRAMMING EXAMPLES (B-D) 

MAKE A "CONCORDANCE OF LETTERS" (C) 

/* THIS PROGRAM ACCEPTS AN INPUT LINE FROM THE */; 
/* TERMINAL, AND TYPES OUT A "CONCORDANCE" OF THE */; 
/* NUMBER OF TIMES EACH LETTER OF THE ALPHABET */; 
/* APPEARS IN THAT LINE. */; 
/* COPYRIGHT 1976 BY DIGITAL EQUIPMENT CORPORATION */; 
/* WRITTEN FEBRUARY 1976 BY JOHN XENAKIS */; 
DECLARE S CHAR(200) VAR; 
DECLARE ALPH CHAR(26); 
ALPH = SUBSTR(COLLATE() ,66,26); 
DECLARE COUNT(26);' 
DO WHILE(l=l); 
PUT SKIP LIST('TYPE LINE: '); 
READ FILE(SYSIN) INTO(S); 
UNSPEC(COUNT) = "B; 
DO J = 1 TO LENGTH(S); 
I = INDEX(ALPH,SUBSTR(S,J,l)); 
IF I > 0 THEN COUNT(I) = COUNT(I) + 1; 
END; 
PUT SKIP; 
DO I = 1 TO 26; 
PUT EDIT(SUBSTR(ALPH,I,l)) (X(l) ,A); 
END; 
PUT SKIP; 
DO I = 1 TO 26; 
PUT EDIT (COUNT (I) ) (F(2)); 
END; 
END; 

This program illustrates the following CPL features: 

1. CHARACTER string declarations 

2. Using the SUBSTR and COLLATE built-in functions to obtain the 
entire alphabet. 

3. Arrays (the COUNT array is declared in statement 40) 

4. The READ statement, which allows you to input a CHARACTER 
string which is not enclosed in quotes. 

5. The A format item 

6. The LENGTH and INDEX built-in functions. 

7. The use of the UNSPEC pseudo-variable as a trick to zero out 
an entire array. 

For additional practice, do the following: 

1. Print out the letters in a different format. 

2. Extend the "concordance" so that it handles additional 
characters (like punctuation, digits, etc.) 

3. Change the program so that it does not use the COLLATE 
built-in function or the UNSPEC pseudo-variable 
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30.4 HEXADECIMAL ADDING MACHINE (C) 

10. 
20. 
30. 
40. 
45. 
46. 
50. 
55. 
60. 
70. 
80. 
81. 
82. 
83. 
90. 

100. 
110. 
120. 
125. 
130. 
140. 
150. 
160. 
170. 

/* HEXADECIMAL ADDING MACHINE */; 
/* COPYRIGHT 1976 BY DIGITAL EQUIPMENT CORPORATION */; 
/* WRITTEN FEBRUARY, 1976, BY JOHN XENAKIS */; 
DCL S CHAR(40} VAR; 
DCL (SUM,SUMMAND) FIXED; 
DCL BE BIT(36) ; 
DO WHILE(l=l); 
PUT SKIP LIST('TYPE FIRST SUMMAND'); 
SUM = 0; 
READ FILE(SYSIN) INTO(S); 
DO WHILE (LENGTH (S) > 0); 
SIGN = 1; 
IF SUBSTR(S,l,l)='-' THEN SIGN = -1; 
IF INDEX('+-',SUBSTR(S,l,l)}>O THEN S=SUBSTR(S,2); 
S = ""! !COPY( '0' ,9-LENGTH(S)}! !S!!" 'B4 '; 
GET STRING(S} LIST(BB); 
UNSPEC(SUMMAND) = BB; 
SUM = SUM + SIGN * SUMMAND; 
PUT LIST('ENTER NEXT SUMMAND'); 
READ FILE(SYSIN) INTO(S); 
END; 
IF SUM < 0 THE N PUT E,D I T ( '- ') (A) ; 
PUT EDIT(SUM) (B4); 
END; 

This program illustrates the following CPL features: 

1. The B4 format item for hexadecimal output 

2. The use of GET STRING 

3. The use of B4 to indicate a hexadecimal bit string 

4. The use of the UNSPEC built-in function and pseudo-variable 
to perform machine-dependent bit-string manipulations 

You probably will not understand the above example unless you 
understand the 36-bit format of a DECsystem-lO/20 word. 

For additional practice, try the following: 

1. Change each occurrence of "B4" to "B3" so that the program 
becomes an octal adding machine. 

2. Use an ON ERROR statement so that if the person running the 
program types in an illegal character, the program will 
continue executing. 
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30.5 PROCEDURE TO SIMULATE "VFORM" FILE ATTRIBUTE (D) 

1. /* PROGRAM WHICH IMPLEMENTS THE 'VFORM' ATTRIBUTE */; 
2. /* COPYRIGHT 1976 BY DIGITAL EQUIPMENT CORPORATION */; 
3. /* WRITTEN JANUARY 1976 BY JOHN XENAKIS */; 

10. VFORM: PROC(X) RETURNS (CHAR(40) VAR); 
20. DECLARE (X,Y,Z) FLOAT; 
30. DECLARE CC CHAR(40) VAR; 
35. DECLARE SO FIXED; 
40. DECLARE (N,I) FIXED; 
45. DECLARE S CHAR(l) VAR; 
50. IF X=O THEN RETURN('O'); 
60. Y=ABS(X); 
70. IF Y > lE-29 THEN DO; 
75. I = 8; 
80. UNSPEC(Z)=SUBSTR(UNSPEC(Y) ,1,9) !!SUBSTR(UNSPEC(I) ,10); 
90. Y=Y+Z; 

100. END; 
101. SO = 8; /* # SIGNIFICANT DIGITS */; 
105. IF X<O THEN S='-'; ELSE S=' '; 
110. CC = SIGN(X)*Y; 
120. N = SUBSTR(CC,SD+4)+1; 
130. DO I = SD+l TO 4 BY -1 WHILE(SUBSTR(CC,I,l)='O'); 
140. END; 
150. 1=1-2; 
160. IF N>8!N<-8 THEN IF 1=1 THEN DO; 
170. RETURN(S!!SUBSTR(CC,2,1} !!SUBSTR(CC,SD+3}}; 
175. END; 
180. ELSE RETURN(S!!SUBSTR(CC,2,I+l} !!SUBSTR(CC,SD+3}); 
200. CC=SUBSTR(CC,2,1}! !SUBSTR(CC,4,SD-l); 
210. CC=SUBSTR(CC,l,I); 
220. IF N>=O THEN DO; 
230. IF I<N THEN RETURN(S!!CC!!COPY('O',N-I)}; 
240. IF I=N THEN RETURN(S!!CC}; 
250. RETURN(S! !SUBSTR(CC,l,N}!!'.'! !SUBSTR(CC,N+l}}; 
260. END; 
270. RETURN(S !! ' , !! COPY( '0' ,-N} !! CC}; 
280. END VFORM; 

This program consists of a function PROCEDURE which returns a 
character string. If you type "XEQ" you will not get any output since 
there are no statements in the program which invoke the VFORM 
procedure. 

To invoke this function, type something like the following: 

? V F 0 R~l ( 2 3 4 • 5 ) 

The VFORM function simulates the effect of the non-standard VFORM file 
attribute. It takes a floating point number as an argument and 
returns a "variable format" representation of that number as a 
character string. 

This program illustrates the following CPL features: 

1. A function PROCEDURE which returns a CHARACTER string 

2. The SUBSTR built-in function for bit strings. 
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3. The UNSPEC built-in function and pseudo-variable 

4. The COpy built-in function 

5. A DO-clause with a negative "BY" increment 

If you would like additional practice, try the following: 

1. Change the format so that it types out a plus sign if the 
number is positive. 

2. Change the format so that it types a maximum of 6 significant 
digits. 

3. Change the format so that it switches to an "E" type format 
when the number is greater than lE6 rather than lE8. 

4. If you have available to you an implementation of PL/I on 
another machine, convert this PROCEDURE to run on that 
machine. Statements 70 through 101 are machine dependent and 
will have to be changed. Statements 70 through 100 "round" 
the argument to prevent output of the form "1.9999999" rather 
than "2". Statement 101 sets SD to the number of significant 
digits in a floating-point number. 

If you do that, then you will have a way of printing variable 
formats on other implementations of PL/I. 
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30.6 FORMAT CPL PROGRAMS FOR OTHER PL/I IMPLEMENTATIONS (C) 

10. DECLARE S CHAR(250) VAR; 
20. DECLARE (IN INPUT, OUT OUTPUT) FILE RECORD; 
30. DECLARE CTAB CHAR(l); CTAB=SUBSTR(COLLATE() ,10,1); 
40. DECLARE CCONT BIT(l); 
50. DECLARE PNAME CHAR(31) VAR; 
60. ON UNDEFINEDFILE(IN).BEGIN;?ONMSG(); GO TO GETIN: END; 
70. GETIN: PUT SKIP LIST('INPUT FILE: '); 
80. READ FILE(SYSIN) INTO(S); 
90. OPEN FILE(IN) TITLE(S); 

100. ON UNDEFINEDFILE(OUT) BEGIN;?ONMSG(); GOTO GETOUT;END; 
110. GETOUT: PUT SKIP LIST('OUTPUT FILE: '); 
120. READ FILE(SYSIN) INTO(S); 
130. OPEN FILE(OUT) TITLE(S); 
140. PUT SKIP LIST('PROGRAM NAME:'); 
150. READ FILE(SYSIN) INTO(PNAME); 
160. S = , , !! PNAME !! ': PROC OPTIONS (MAIN) : ' ; 
170. WRITE FILE(OUT) FROM(S); 
180. S = ' DFT (RANGE(*» FLOAT:'; 
190. WRITE FILE (OUT) FROM(S); 
200. ON ENDFILE(IN) GO TO CLOSE; 
210. CCONT = 'O'B; 
220. DO WHILE(l=l); 
230. READ FILE(IN) INTO(S); 
240. IF ACCONT THEN S = AFTER(S,CTAB); 
250. CCONT = SUBSTR(S,LENGTH(S) ,1) = '&': 
260. IF CCONT THEN S = SUBSTR(S,l,LENGTH(S)-l); 
270. S =' '!! S: 
280. WRITE FILE(OUT) FROM(S); 
290. END; 
300 . C LOS E : S = ' END ' !! PNAME !! ';'; 
310. WRITE FILE(OUT) FROM(S); 
320. CLOSE FILE(IN) ,FILE(OUT); 

CPL programs contain line numbers and continuation characters which 
are not used in other PL/I implementations. This program reads a file 
containing a CPL program and writes out a disk file containing the 
program in a format which other implementations use. 

This program illustrates the following CPL features: 

1. A utility program which reads one file, modifies it, and 
writes a new file as output. 

2. A factored FILE declaration in statement 20 
identifiers IN and OUT. 

3. The ON-conditions UNDEFINEDFILE and ENDFILE. 

4. The READ and WRITE statements. 

5. The OPEN statement for an arbitrary disk file. 

For additional practice, try the following: 

for the 

1. Modify the program so that it removes all tabs from the file. 
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2. Modify the program so that it will flag the use of those CPL 
built-in functions which are not in the ANSI standard. 

3. Rewrite the program so that it goes in the other direction 
takes a PL/I program written on some other machine and 
transforms it to the CPL format. 
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30.7 PROGRAM WHICH PRINTS ITS OWN SOURCE (D) 

Consider the following problem: 

Write a program which print~ its own source, but which does not read 
any input files. 

This problem was posed to the author in 1968. He did not solve it 
until 2 years later. 

The following is a solution for CPL. The LIST and XEQ statements will 
produce the same identical output, even to the comments. 

If you type this program in, you must be certain that every line 
number and character is exactly as shown, even in the comments. 

100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
Ill. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
120. 
121. 
122. 
123. 
124. 
125. 
126. 
127. 
128. 
129. 
130. 
131. 
132. 
133. 
134. 
135. 
136. 
137. 

/* COPYRIGHT 1976 BY DIG EQUIPMENT CORP */; 
/* WRITTEN 2/76 BY JOHN XENAKIS */; 
DECLARE S(104:122) CHAR(60) VAR; 
DECLARE TABS CHAR(2), DOL CHAR(l); 
S(104)='/* COPYRIGHT 1976 BY DIG EQUIPMENT CORP */;'; 
S(105)='/* WRITTEN 2/76 BY JOHN XENAKIS */; '; 
S(106)='DECLARE S(104:122) CHAR(60) VAR; '; 
S(107)='DECLARE TABS CHAR(2), DOL CHAR(l); '; 
S(108)='TABS=COPY(SUBSTR(COLLATE() ,10,1) ,2) ;'; 
S(109)='DOL=SUBSTR(COLLATE() ,37,1) /* DOLLAR */;'; 
S(110)='C=104-1; '; 
S(lll)='DO L=100 TO 137; '; 
S(112)='PUT SKIP EDIT(L,$.$,TABS) (F(4),2 A); '; 
S(113)='IF L)103&L<123 THEN DO;'; 
S(114)='PUT EDIT($S($,L,$)=$$$) (A,F(3) ,A);'; 
S ( 115) = 'PUT ED I T (S (L) , $ $ $ ; $) (A) ; , : 
S ( 116 ) = ' END: ' ; 
S(117)='ELSE DO:': 
S(118)='C=C+l:': 
S (119) =' PUT EDIT (TRANSLATE (S (C) , $$$$ ,DOL)) (A) ; '; 
S(120)='END:' : 
S (121) = ' END; , ; 
S(122)='PUT SKIP; '; 
TABS=COPY(SUBSTR(COLLATE() ,10,1) ,2); 
DOL=SUBSTR(COLLATE() ,37,1) /* DOLLAR */; 
C=104-1; 
DO L=100 TO 137; 
PUT SKIP EDIT(L, '.' ,TABS) (F(4),2 A); 
IF L)103&L<123 THEN DO; 
PUT EDIT ( , S ( , , L, , ) = ' , ') (A, F ( 3) , A) ; 
PUT EDIT(S(L), "'; ') (A); 
END; 
ELSE DO: 
C=C+l : 
PUT EDIT (TRANSLATE (S (C) , , , , , ,DOL)) (A) : 
END; 
END; 
PUT SKIP; 

This program illustrates the following CPL features: 
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1. CHARACTER string arrays 

2. The use of SUBSTR and COLLATE built-in functions to obtain 
special characters (in this case, tab and dollar sign) 

3. The COpy and TRANSLATE built-in functions 

4. PUT EDIT with the A format item 

For extra practice, try doing the same thing in FORTRAN. 
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CHAPTER 31 

LIST OF CPL ABBREVIATIONS (R) 

CPL provides abbreviations for certain keywords and built-in 
functions. The abbreviations themselves are keywords or built-in 
functions and CPLL will recognize them as synonymous in every respect 
with the full denotationss, except that in the case of built-in 
functions the abbreviations have separate declarations and name 
scopes. 

ALLOCATE 
ALLOCATION 
ATTENTION 
AUTOMATIC 
CHARACTER 
CONDITION 
CONTROLLED 
CONTINUE 
CONVERSION 
DECLARE 
DEFAULT 
DIMENSION 
ENVIRONMENT 
EXECUTE 
FIXEDOVERFLOW 
INITIAL 
MONITOR 
OVERFLOW 
PARAMETER 
POINTER 
PROCEDURE 
SEQUENTIAL 
STRINGRANGE 
STRINGSIZE 
SUBSCRIPTRANGE 
THROUGH 
UNDEFINEDFILE 
UNDERFLOW 
VARYING 
ZERODIVIDE 

ALLOC 
ALLOCN 
ATTN 
AUTO 
CHAR 
COND 
CTL 
CONT 
CONV 
DCL 
DFT 
DIM 
ENV 
XEQ 
FOFL 
INIT 
MON 
OFL 
PARM 
PTR 
PROC 
SEQL 
STRG 
STRZ 
SUBRG 
THRU 
UNDF 
UFL 
VAR 
ZDIV 
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CHAPTER 32 

CPL SUMMARY (R) 

This chapter is a short reference summary of the CPL language. It 
includes examples of all the program elements and statements. 

32.1 PROGRAM ELEMENTS 

Identifiers are 1 to 31 characters. The characters are all letters 
and digits and the "break" character, "" The first character must 
be a letter. 

FIXED constants: 2, 23, 34567. 

FLOAT constants: 2.3, 4.5ElO, 3.9876992E-20. 

CHARACTER constants: 'ABC123', 'THAT"S OK'. 

BIT constants: 'OlOOl'B, '032l3'B2, '0374573'B3, '029CDFAB53'B4. 

Repetition factors: (5) 'AB' is same as 'ABABABABAB'. 
same as 'lOllOl'B. 

Arithmetic operators: +, -, *, I, ** (exponentiation) 

Comparison operators: =, ~=, )=, <=, ), <, A), ~< 

Logical operators: (or), & (and), ~ (not) 

Concatenation operator: !! 

Comments: 1* *1 

Line numbers: 1.00 to 9999.99 

Direct statements: "A=5:" is executed immediately. 

(2)'lOl'B is 

Collect statements: "10.3 A=5" is saved as part of the collect 
program. 
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32.2 DIRECT-ONLY STATEMENTS 

LIST 10, 50 THRU 60, 1000 THRU 
your program. 

... , lists the indicated statements in 

ERASE 20.34~ erase statement 20.34. 

ERASE THRU •.• ~ erase entire program, resetting all storage. 

SAVE 'DSKC:PROG.C[10,3701]'~ save program in specified file. 

LOAD 'PROG'~ load program from file PROG.CPL. 

NUMBER 100 BY 5~ generate automatic line numbers starting from 100 
and continuing 105, 110, etc. To terminate automatic line numbering 
mode, type the single character "I", followed by a carriage return. 

LOAD 'PROG' NUMBER 3000~ load PROG.CPL, renumbering the statements 
starting from 3000. 

WEAVE 'NEWPRG' NUMBER 2000~ load 'NEWPRG.CPL' without erasing the 
existing program, so that the two programs will be combined. 

XEQ; execute the program. 

XEQ FROM 21.3; execute program starting from statement 21.3. 

CONTINUE; continue after a breakpoint, cr reexecute the statement 
causing an error. 

CONTINUE FROM 2310; continue executing from statement 2310. 

BREAK 22+4; set breakpoint on fifth statement on line 22. 

NOBREAK 22+4; remove this breakpoint. 

NOBREAK; remove all breakpoints. 

MONITOR~ return to monitor. 

32.3 DECLARATIVE AND STORAGE ALLOCATION STATEMENTS 

DEFAULT (RANGE(I:N}) FIXED; 
beginning with letters I 
default to FLOAT. 

sets the 
through 

"I-N" rule: all 
N default to FIXED; 

identifiers 
all others 

DECLARE A FIXED, (B,C) FLOAT~ makes A FIXED, and Band C FLOAT. 

DECLARE Cl CHAR(lOO}, C2 CHAR(23} VAR; makes Cl CHARACTER with fixed 
length 100, and C2 CHARACTER with varying length less than or equal to 
23. 

DECLARE Bl BIT(lOO}, B2 BIT(23} VAR~ same for BIT. 

DECLARE ARR(10,2:5}; declares a two-dimensional array, with the first 
subscript ranging from 1 to 10 and the second subscript ranging from 2 
to 5. 
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ALLOCATE A; allocates CONTROLLED identifier A. 

FREE A; frees CONTROLLED identifier A. 

32.4 ASSIGNMENT AND FLOW OF CONTROL STATEMENTS 

A=B+LOG(F+2); assign to A the value of the expression to the right of 
the equal sign. 

LABl: A=5; the assignment statement "A=5" is given th~ statement 
label LABI. 

GO TO LABl; transfers control to the statement with label LABI. 

IF 1>5 THEN A=I+2; ELSE GO TO XYZ; specifies that the action to be 
taken depends upon whether I is greater than 5. 

IF 1>5 THEN DO; ••. , END; ELSE DO; ... , END; allows the user to 
specify a group of statements for the THEN and ELSE clauses. (The 
statements in the group may be placed on individual lines.) 

DO wHILE (A<=B+5) ; .•. , END; Keep executing the group of statements 
as long as A remains less than or equal to B+5. 

DO 1=3,5,6 TO 9,15; .•. , END; Execute the group of statements. The 
variable I will take on the values 3, 5, 6, 7, 8, 9 and 15. 

DO 1=1 REPEAT(I+I) WHILE(I<=32); ••. , END; Execute the group of 
statements. The variable I will assume the values 1, 2, 4, 8, 16 and 
32. 

STOP; causes program execution to stop. 

DELAY(2000); will cause CPL to go to sleep for 2000 milliseconds (2 
seconds) . 

32.5 ON CONDITIONS AND ERROR HANDLING 

ON ERROR SNAP GO TO RESTART; specifies that if any program error 
occurs, type out a snap dump and then transfer to the statement with 
label RESTART. 

ON ENDFILE(F) BEGIN; CLOSE FILE(F); GO TO END FILE; END; specifies 
that when end of file is reached in reading file F, then close file F 
and transfer to the statement with label END FILE. 

ON ERROR SYSTEM; specifies that if an error occurs from that point 
on, the standard system action (usually to type an error message and 
halt execution) is to take place. 

SIGNAL ENDFILE(F); specifies that the named condition is to be raised 
artificially, so that the ON-unit for that condition can be invoked. 

REVERT ERROR; specifies that any ON-unit or SYSTEM option specified 
for the ERROR condition in the current block is to be canceled, and 
the status of the ERROR condition is to be the same as it was when the 
current block was entered. 
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LIST OF ON-CONDITIONS 

Here is a list of the condition names, and the occurences which cause 
the conditions to be raised: 

1. SUBSCRIPTRANGE -- array subscript is out of range 

2. STRINGRANGE -- argument to SUBSTR is out of range 

3. ZERODIVIDE -- division by zero 

4. ENDFILE(filename) -- end of file on input 

5. UNDEFINEDFILE(filename) -- file cannot be opened 

6. RECORD{filename) -- record length error in READ statement 

7. ERROR -- error for which no other established ON-unit applies 

8. CONDITION(ident) -- programmer-named condition; may only be 
raised by means of SIGNAL statement 

9. ATTENTION condition 
executing 

32.6 INPUT/OUTPUT STATEMENTS 

Control-C typed while program is 

PUT LIST{A,B+C); type out the values of A and of B+C. 

?A,B+C; ? .. is an abbreviation for PUT LIST( .•. ). 

GET LIST{X,Y,Z); reads the values of the variables X, Y and Z from 
the terminal. 

PUT EDIT{A,B+C) (F{2) ,E{12,3»; prints the values of A and B+C in the 
specified formats. A complete list of format items is given below. 

PUT STRING{S) LIST(A,B+C); stores the values of A and of B+C into the 
CHARACTER string S. 

GET STRING{S!!' 2 ') LIST(X,Y,Z); obtains the values of X, Y and Z 
from the CHARACTER string expression S!!' 2 '. 

In the following, assume F has been DECLAREd to be a FILE. 

PUT FILE{F) SKIP LIST(A,B); puts the values of A and B into the file 
F at the beginning of a new line. 

GET FILE{F) LIST(X,Y); gets the values of X and Y from file F. 

OPEN FILE(F) TITLE('XYZ.MAC'); opens file XYZ.MAC for input. 

OPEN FILE(F) OUTPUT; opens file DSK:F.DT for output. 

READ FILE{F) INTO(C); reads a record from RECORD file F into the 
CHARACTER scalar C. 
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READ FILE(F) IGNORE (5) ; skips 5 records in file F. 

WRITE FILE(F) FROM(C); writes a record into file F from the CHARACTER 
scalar C. 

CLOSE FILE(F); close file F. 

CLOSE FILES; close all open files. 

32.7 PUT EDIT FORMAT ITEMS 

In all of these, w is the width of the field. 

DATA FORMAT ITEMS 

1. F(w) -- integer 

2. F(w,d) -- d digits after the decimal point 

3. E(w) -- E-type constant, with 7 digits after the decimal 
point and 8 significant digits 

4. E(w,d) -- E-type constant, with d digits after the decimal 
point and (d+l) significant digits 

5. E(w,d,s) -- E-type constant, with d digits after the decimal 
point and s significant digits. 

6. A[(w)] CHARACTER 

7. B[(w)] or Bl[(w)] BIT 

8. B3[(w)] BIT in octal format 

9. B4[(w)] BIT in hexadecimal format 

10. B2[(w)] BIT as base 4 integer format 

CONTROL FORMAT ITEMS 

1. X(w) -- print w blanks 

2. SKIP[(n)] -- skip n blank lines 

3. PAGE -- skip to new page 

4. COLUMN(n) move to the n'th column on the page 

REMOTE FORMAT ITEM 

R(label) -- use the specified FORMAT statement 
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32.8 SUMMARY OF BUILT-IN FUNCTIONS 

The following chart summarizes the built-in functions supported by 
CPL. 

Function #Args Meaning 

********** 
ABS 
CEIL 
DIVF(*} 
DIVI(*} 
FLOOR 
MAX 
MIN 
MOD 
SIGN 
TRUNC 

********** 
ACOS(*} 
ASIN(*} 
ATAN 
ATAND 
COS 
COSD 
COSH(*} 
EXP 
LOG 
LOGIO 
LOG2 
RANDOM(*} 
SIN 
SIND 
SINH(*} 
SQRT 
TANH(*} 

ARITHMETIC 
1 
1 
2 
2 
1 
>=2 
>=2 
2 
1 
1 

BUILT-IN FUNCTIONS 
Compute absolute value 
Compute least integer not less than argument 
Take FLOAT quotient of two arguments 
Take integer quotient of two arguments 
Take greatest integer not exceeding argument 
Compute maximum of arguments 
Compute minimum of arguments 
Compute remainder in dividing two arguments 
Return +1, 0 or -1 depending upon sign of arg 
Truncate argument to integer 

MATHEMATICAL BUILT-IN FUNCTIONS 
1 Compute arccosine in radians 
1 Compute arcsine in radians 
1,2 Compute arctangent in radians 
1,2 Compute arctangent in degrees 
1 Compute cosine of argument in radians 
1 Compute cosine of argument in degrees 
1 Compute hyperbolic cosine 
1 Compute e (=2.7L828~ •• ) to power of arg 
1 Compute natural logarithm of argument 
1 Compute common logarithm of argument 
1 Compute logarithm to base 2 
o Compute random number in interval (0,1) 
1 Compute sine of argument in radians 
1 Compute sine of argument in degrees 
1 Compute hyperbolic sine of argument 
1 Compute square root of argument 
1 Compute hyperbolic tangent of argument 

(*) Function not in ANSI standard 
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Function #Args Meaning 

********** STRING-HANDLING BUILT-IN FUNCTIONS 
AFTER 
BEFORE 
COLLATE 
COpy 
EVERY 
FLTED(*) 
HIGH 
INDEX 
LENGTH 
LOW 
REVERSE 
SOME 
STRING 
SUBSTR 
TRANSLATE 
UNSPEC 
VERIFY 

********** 
DIMENSION 
HBOUND 
LBOUND 

********** 
ADDR 
ALLOCATION 
NULL 

********** 
DATE 
ONMSG(*) 
TIME 

********** 
RANDOM(*) 
STRING 
SUBSTR 
UNSPEC 

2 
2 
o 
2 
1 
3-5 
1 
2 
1 
1 
1 

1 
2,3 
2,3 
1 
2 

Return string following pattern string 
Return string before pattern string 
Return ASCII collating sequence 
Perform concatenations of string with itself 
Test whether every bit is on 
Format floating point number 
Return highest character in collating sequence 
Search for pattern string 
Return length of string 
Return lowest character in collating sequence 
Reverse string 
Test whether any bit is set 
Concatenate elements of NONVARYING string array 
Take substring of string 
Translate characters in string 
Return BIT-string representation of argument 
Verify validity of characters in string 

ARRAY BUILT-IN FUNCTIONS 
2 Return size of array dimension 
2 Return upper bound of array dimension 
2 Return lower bound of array dimension 

STORAGE CONTROL BUILT-IN FUNCTIONS 
1 Return address (POINTER data type) of argument 
1 Return # of allocations of CONTROLLED ident 
o Return null POINTER value 

MISCELLANEOUS BUILT-IN FUNCTIONS ~ . 
o Return current date as character strlng 
o Return error message for error invoking ON-unit 
o Return current time as character string 

PSEUDO-VARIABLES 
o Initialize random number generator 
1· Assign to concatenated NONVARYING string array 
2,3 Assign to substring of string 
1 Assign to bit string representation of argument 

(*) Function not in ANSI standard 
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overriding DEFAULT statement 

attributes, 5-6 
ref in error messages, 25-1, 

25-3, 25-6, 25-9 to 25-10, 
25-12 to 25-13, 25-16, 
25-34, 25-36, 25-42 to 
25-45, 25-53 to 25-54, 
25-59, 25-63 

sample program, 30-7 
scope rules with blocks, 15-2 
the file declaration, 14-5 

DECsystem-lO 
logging off, 28-3 
logging on, 28-1 

DECsystem-20 
logging off, 29-2 
logging on, 29-1 

Default and explicit 
declarations, 15-2 

Default attributes, 5-3 
Default specification of DEFAULT 

statement, 5-5 
DEFAULT statement 

conflicting DEFAULT statements, 
5-5 

default DEFAULT statement, 5-5 
default specification, 5-5 
defaults for parameters, 17-7 
definition, 5-4 
example in summary, 32-2 
I-N rule, 5-5, 27-5, 32-2 
other references, 6-1, 15-2, 

15-5, 16-1, 17-6, 18-3, 
27-1, 27-5 

overriding with DECLARE 
statement, 5-6 

range specification, 5-4 
ref in error messages, 25-16, 

25-43, 25-55 
setting attributes, 5-5 
used with PROCEDURE names, 17-6 

Default storage classes, 16-1 
DEFINE TOPS-20 monitor command 

ref in error messages, 25-28 
DELAY statement 

definition, 21-1 
example in summary, 32-3 
other references, 27-6 
ref in error messages, 25-42, 

25-61 
DIMENSION attribute, 5-2 
DIMENSION built-in function 

definition, 23-6 
other references, 32-7 
ref in error messages, 25-9, 

25-11, 25-61 
Dimensioned variables, 10-1 
Direct statements 

definition, 3-1 
other references, 32-1 

DIVF built-in function 
definition, 23-7 
other references, 7-2, 26-4, 

27-6, 32-6 
ref in error messages, 25-39 

DIVI built-in function 
definition, 23-7 
other references, 7-2, 26-4, 

27-6, 32-6 
ref in error messages, 25-39 

Division of FIXED values, 7-2, 
25-39, 26-4 

Division operator, 7-2 
DO statement 

abnormal termination, 9-3, 9-7 
BASED DO-loop variable, 19-8 
BY clause, 9-3, 9-6 
completely unsatisfied 

specifications, 9-4 
definition of DO-group, 9-1 
DO specification defined, 9-2 
DO variable defined, 9-2 
example in summary, 32-3 
expression evaluation in 

clauses, 9-6 
GOTO-less and structured 

programming, 22-1 
multiple specifications, 9-5 
negative by-expression, 9-3 
non-iterative, 9-1 
normal termination, 9-3, 9-7 
other references, 1-6, 8-1, 

8-3, 15-4, 18-3, 19-5, 
20-4, 26-1, 27-1 to 27-2 

POINTER DO variable, 19-9 
ref in error messages, 25-2 to 

25-3, 25-9 to 25-10, 
25-13, 25-17 to 25-19, 25-43, 

25-62 
REPEAT clause, 9-3, 9-6 
sample program, 30-1, 30-6 
THEN/ELSE clause in IF stmt, 8-3 
TO clause, 9-3, 9-6 
WHILE clause, 9-1, 9-3, 9-5, 9-7 
WHILE only, 9-1 
with non-arithmetic variable, 

9-6 

E format item 
definition, 13-2, 13-5 
description in summary, 32-5 
other references, 27-3, 30-6 
ref in error messages, 25-22, 

25-47, 25-49, 25-55 
EDIT option 

other references, 27-1 to 27-3 
sample program, 30-2, 30-10 

EDIT option of PUT statement, 14-8 
Editing a program, 4-3 

Index-5 



INDEX (CONT.) 

ELSE clause 
omitting in IF statement, 8-2 
other references, 27-2 
separating from IF statement, 

8-2 
END statement 

definition, 9-7 
GO TO to multiple closure END, 

9-8 
of a PROCEDURE, 17-7 
other references, 1-6, 8-3, 

9-1, 17-7, 18-2 to 18-3, 
27-1 

ref in error messages, 25-2, 
25-4 to 25-6, 25-9, 25-19, 
25-49, 25-62 

ENDFILE condition 
definition, 18-6 
description in summary, 32-4 
example in summary, 32-3 
other references, 18-2, 18-8, 

27-3 
sample program, 30-7 

ENVIRONMENT file attribute 
definition, 14-3 
other references, 27-2 to 27-3, 

27-5 
Epilogue 

release of AUTOMATIC storage, 
15-5 

ERASE statement 
definition, 4-2 
example in summary, 32-2 
other references, 1-5, 4-1, 4-5 
ref in error messages, 25-7, 

25-10, 25-46, 25-55 
ERROR condition 

definition, 18-7 
description in summary, 32-4 
example in summary, 32-3 
other references, 18-1, 27-3, 

30-4 
EVERY built-in function 

definition, 23-7 
other references, 32-7 

EXECUTE statement 
definition, 4-3 
example in summary, 32-2 
initialization functions, 4-4 
other references, 4-1, 26-4, 

30-9 
ref in error messages, 25-2 

Executing a program, 4-3 
Execution, sequence of, 8-1 
EXP built-in function 

definition, 23-8 
other references, 32-6 
ref in error messages, 25-21 

Explicit and default 
declarations, 15-2 

Exponent in FLOAT constants, 6-1 

Exponentiation operator, 7-2 
Expressions in CPL, 7-1 
Expressions, logical, 8-1, 8-3, 

9-1 
Extent expressions 

definition of extent 
expressions, 16-2 

variables in AUTOMATIC 
declarations, 16-2 

variables in BASED 
declarations, 19-12 

variables in CONTROLLED 
declarations, 16-5 

F format item 
definition, 13-2, 13-4 
description in summary, 32-5 
other references, 27-3 
ref in error messages, 25-22, 

25-47, 25-49 
sample program, 30-2 

Factoring of attributes in 
DECLARE statement, 5-3 

Fibonacci numbers, 10-1 
FILE attribute 

NAMED CONSTANT storage class, 
16-4 

other references, 16-2, 16-4, 
27-2 

File attributes 
declared, 5-3, 14-5 
in OPEN statement, 14-5 
INPUT, 14-2 
listed, 14-2 
merging during OPEN, 14-6 
OUTPUT, 14-2 
PRINT, 14-2 to 14-3 
RECORD, 14-2 
STREAM, 14-2 
VFORM, 14-4 

FILE option 
GET statement, 14-1, 14-7 
OPEN statement, 14-5 
other references, 13-10, 14-6, 

27-1 to 27-2, 28-3, 29-3 
PUT statement, 14-1, 14-8 
READ statement, 14-9 
WRITE statement, 14-9 

FIXED data type attribute 
definition, 6-1 
division illegal, 7-2, 26-4 
other references, 5-1, 6-1, 7-1 

to 7-2, 7-4, 9-6, 11-1, 
26-1, 27-1 to 27-2, 27-5 

set by DEFAULT statement, 5-5 
FLOAT data type attribute 

definition, 6-1 
other references, 5-1, 5-3, 

6-1, 7-2, 7-4, 9-4, 9-6, 
11-1, 26-1, 27-1 to 27-2, 
27-4 
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FLOAT data type attribute (cont.) 
set by DEFAULT statement, 5-5 

FLOOR built-in function 
definition, 23-8 
other references, 32-6 

FLTED built-in function 
definition, 23-8 
other references, 27-6, 32-7 
ref in error messages, 25-35 

Format items 
A, 13-2, 13-6 
B, 13-6 
B1, 13-6 
B2, 13-7 
B3, 13-7 
B4, 13-7 
COLUMN, 13-8 
control, 13-2, 13-8 
data, 13-2, 13-4 
E, 13-2, 13-5 
F, 13-2, 13-4 
hexadecimal output, 13-7 
octal output, 13-7 
PAGE, 13-2, 13-9 
R, 13-9 
SKIP, 13-2, 13-9 
X, 13-2, 13-8 

FORMAT statement 
definition, 13-9 
other references, 13-9, 18-3, 

27-1, 32-5 
ref in error messages, 25-14, 

25-34, 25-55 
FREE statement 

definition for BASED, 19-13 
definition for CONTROLLED, 

16-4, 19-14 
example in summary, 32-3 
other references, 19-1, 19-14, 

27-1 
ref in error messages~ 25-2, 

25-10, 25-17, 25-36, 25-53 
to 25-54 

FROM option 
of CONTINUE statement, 4-4 
of WRITE statement, 14-9 
of XEQ statement, 4-4 
other references, 19-12 
ref in error messages, 25-3, 

25-7, 25-14, 25-34 to 
25-35, 25-40 

Function procedures, 17-4 

GET statement 
data type conversions with 

input, 11-1 
default FILE(SYSIN), 14-2 
definition, 14-7 
example in summary, 32-4 
FILE option, 14-1, 14-7 

GET statement (cont.) 
FILE(SYSIN) default, 14-7 
implicit file open, 14-7 
LIST option, 14-7 
omitted data values in input 

stream, 11-2 
other references, 2-3, 18-1, 

18-8, 27-1 
raising ENDFILE condltoin, 18-6 
raising UNDEFINEDFILE 

condition, 18-6 
ref in error messages, 25-1, 

25-4, 25-6, 25-15, 25-19 
to 25-20, 25-23 to 25-24, 
25-27 to 25-28, 25-34 to 
25-35, 25-44, 25-47, 25-59 

sample program, 30-4 
SKIP option, 14-7 
STRING option, 12-1, 14-7 
to terminal, 11-1 

GO TO statement 
abnormal termination of blocks, 

15-4 
definition, 8-1 
example in summary, 32-3 
GOTO-1ess and structured 

programming, 22-1 
other references, 1-5, 9-8, 

15-4, 18-2, 21-1, 27-2 
out of ON-unit, 18-4 
ref in error messages, 25-5, 

25-10, 25-35, 25-43, 25-49 
to multiple closure END, 9-8 

GOTO-1ess and structured 
programming 

sample program, 30-1 

HBOUND built-in function 
definition, 23-8 
other references, 32-7 
ref in error messages, 25-9, 

25-11 to 25-12 
Hexadecimal adding machine sample 

program, 30-4 
Hexadecimal bit strings, 6-2 
Hexadecimal output (B4 format 

item), 13-7 
HIGH built-in function 

definition, 23-9 
other references, 32-7 
ref in error messages, 25-42 

I through N rule with DEFAULT 
statement, 5-5, 27-5, 32-2 

I-N rule with DEFAULT statement, 
5-5, 27-5, 32-2 

Identifiers, 2-2, 32-1 
IF statement 

BIT expression, 8-3 
definition, 8-1 
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IF statement (cont.) 
DO group as THEN/ELSE clause, 

8-3 
example in summary, 32-3 
GOTO-1ess and structured 

programming, 22-1 
nesting IF statements, 8-2 
omitting ELSE clause, 8-2 
other references, 1-6, 8-3, 

9-1, 18-3, 19-5, 21-1, 
26-1, 27-2 

ref in error messages, 25-5 to 
25-6, 25-10, 25-15, 25-40, 
25-55 

sample program, 30-1 
separating the ELSE clause, 8-2 

IGNORE option 
of READ statement, 14-9 
other references, 27-2 
ref in error messages, 25-37 

Implicit file opening, 14-7 
INDEX built-in function 

definition, 23-9 
other references, 32-7 
sample program, 30-3 

Initialization functions used 
with EXECUTE statement, 4-4 

INPUT file attribute 
definition, 14-2 
other references, 27-3 

Interpreter, definition of, 26-1 
INTO option 

of READ statement, 14-9 
other references, 19-12, 27-2 

Iteration factors in format 
items, 13-3 to 13-4 

Keywords, 2-2 to 2-3 

Labels, statement 
as explicit declarations, 15-2 
definition, 8-1 
example in summary, 32-3 
on PROC and BEGIN statements, 

15-3 
other references, 15-2 
used with GOTO statement, 8-1 

LBOUND built-in function 
definition, 23-9 
other references, 32-7 
ref in error messages, 25-9, 

25-11 to 25-12, 25-61 
LENGTH built-in function 

definition, 23-9 
other references, 32-7 
sample program, 30-3 

Line numbers 
automatic generation, 4-2 
definition, 3-1 
other references, 3-1 to 3-2, 

4-1, 32-1 

LIST option 
of GET statement, 14-7 
of PUT statement, 14-8 
other references, 27-2 

List processing, description and 
example, 20-1 

LIST statement 
definition, 4-1 
description of listing format, 

26-4 
example in summary, 32-2 
other references, 1-4, 4-1 to 

4-2, 30-9 
ref in error messages, 25-7, 

25-55 
LOAD statement 

definition, 4-3 
example in summary, 32-2 
NUMBER option, 4-3 
other references, 4-1, 4-3, 

26-4, 28-3, 29-3 
ref in error messages, 25-10, 

25-13, 25-16 to 25-18, 
25-24 to 25-30, 25-41, 
25-44, 25-46, 25-48 to 
25-49, 25-58, 25-61 

Loading a program from disk, 4-3 
LOG built-in function 

definition, 23-10 
other references, 1-3, 23-1, 

32-6 
ref in error messages, 25-21 

LOG10 built-in function 
definition, 23-10 
other references, 1-3, 32-6 
ref in error messages, 25-21 

LOG2 built-in function 
definition, 23-10 
other references, 32-6 
ref in error messages, 25-21 

Logging off 
the DECsystem-10, 28-3 
the DECsystem-20, 29-2 

Logging on 
the DECsystem-10, 28-1 
the DECsystem-20, 29-1 

Logical expressions, 8-1, 8-3, 9-1 
Logical operators, 32-1 
LOW built-in function 

definition, 23-10 
other references, 32-7 
ref in error messages, 25-42 

Matrices, 10-2 
MAX built-in function 

definition, 23-10 
other references, 32-6 
ref in error messages, 25-35 

Merging file attributes during 
OPEN, 14-6 
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MIN built-in function 
definition, 23-11 
other references, 32-6 
ref in error messages, 25-35 

MeD built-in function 
definition, 23-11 
other references, 32-6 
sample program, 30-1 

Modularity 
by means of PROCEDURE 

statement, 17-1 
with structured programming, 

22-3 
MONITOR statement 

definition, 4-5 
example in summary, 32-2 
other references, 4-1, 28-2 
ref in error messages, 25-26, 

25-31 
Multiple declarations in DECLARE 

statement, 5-3 
Multiple specifications in DO 

statement, 9-5 
Multiple statement labels, 8-1 
~ultiple statements per line, 3-1 
Multiplication operator, 7-2 

NAMED CONSTANT storage class 
definition, 16-4 

NOBREAK statement 
definition, 4-5 
example in summary, 32-2 
other references, 4-1 
ref in error messages, 25-58, 

25-61 
NONVARYING data type attribute 

other references, 5-3, 6-2 
NOPAGE file attribute 

definition, 14-4 
other references, 14-3 

Normal termination 
of BEGIN/END blocks, 15-4, 18-4 
of DO/END groups, 9-3, 9-7 
of ON-units, 15-4, 18-4 
of PROCEDURE/END blocks, 15-4 

Not logical operator, 7-4 
NULL built-in function 

definition, 19-7, 23-11 
other references, 32-7 
ref in error messages, 25-53 

Null character string, 6-2 
Null statement 

definition, 21-1 
other references, 27-2 

Null string, 6-2 
NUMBER option 

definition, 4-3 
other references, 26-4 
ref in error messages, 25-58 

NUMBER statement 
definition, 4-2 
example in summary, 32-2 
other references, 4-1, 4-3, 26-4 
ref in error messages, 25-13, 

25-46 
Numeric chars, defineq, 2-1 

Octal bit strings, 6-2 
Octal output (B3 format item), 

13-7 
ON statement 

definition, 18-3 
example in summary, 32-3 
other references, 15-4, 18-1, 

18-9, 26-1, 27-2 to 27-3, 
27-6, 30-4 

ref in error messages, 25-9 to 
25-10, 25-13, 25-15, 25-25 
to 25-33 

RETURN from ON-unit illegal, 
17-7 

sample program, 30-7 
SNAP option, 18-3 
SYSTEM option, 18-3 
with structured programming, 

22-3 
ON-conditions 

ATTENTION, 18-7 
CONDITION, 18-7 
ENDFILE, 18-6 
ERROR, 18-7 
RECORD, 18-6 
STRINGRANGE, 18-5 
SUBSCRIPTRANGE, 18-5 
UNDEFINEDFILE, 18-6 
ZERODIVIDE, 18-5 

ON-units 
definition, 18-1 
example in summary, 32-3 
how invoked, 15-4 
invocation, 15-4 
normal termination an error, 

18-4 
other references, 18-9 
ref in error messages, 25-5, 

25-9 to 25-10, 25-16, 
25-36, 25-49 

scope, 18-8 
ONMSG built-in function 

definitlon, 23-11 
other references, 18-4, 27-6, 

32-7 
OPEN statement 

definition, 14-5 
effect when file already open, 

14-6 
example in summary, 32-4 
FILE option, 14-5 
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OPEN statement (cont.) 
implicit open if no OPEN stmt, 

14-7 
merging of file attributes, 14-6 
other references, 26-4, 27-2, 

28-3, 29-3 
raising UNDEFINEDFILE 

condition, 18-6 
ref in error messages, 25-1, 

25-4, 25-16 to 25-18, 
25-23 to 25-30, 25-41, 
25-44, 25-48 to 25-49, 
25-56, 25-61 

sample program, 30-7 
TITLE option, 14-1, 14-5, 14-7 
with file attributes, 14-5 

Operators 
addition, 7-2 
and, 7-4 
comparison, 7-3, 32-1 
concatenation, 7-5, 32-1 
division, 7-2 
exponentiation, 7-2 
in CPL expressions, 7-1 
logical, 32-1 
multiplication, 7-2 
not, 7-4 
or, 7-4 
precedence of, 7-5 
prefix minus, 7-4 
prefix plus, 7-4 
priority of, 7-5 
subtraction, 7-2 
two-character, 2-2 

Or logical operator, 7-4 
OUTPUT file attribute 

definition, 14-2 
other references, 14-4, 27-3 

PAGE format item 
definition, 13-2, 13-9 
description in summary, 32-5 
other references, 27-3 

PAGE option 
definition, 14-3, 14-8 
other references, 27-2 
ref in error messages, 25-5 

PARAMETER storage class attribute 
definition, 16-3 
other references, 5-2, 17-8, 

20-4, 27-3 
ref in error messages, 25-3, 

25-36 
Parameters 

as explicit declarations, 15-2 
data attributes, 17-7 
data type, 17-3 
introduction, 17-2 
matching with arguments, 17-7 
POINTER data type, 19-10 

Parentheses, used to modify 
priority, 7-5 

Point of invocation, definition, 
17-6 

POINTER data type attribute 
BASED POINTERs, 19-12 
comparison of POINTER values, 

7-4, 19-5 
definition, 19-2 
dimensioned POINTERs, 19-12 
DO-loop variable, 9-6 
in PROCEDURE RETURNS, 19-11 
list processing example, 20-1 
other references, 4-4, 5-2, 

6-3, 7-4, 19-1, 23-3, 
23-11, 23-17, 26-1, 27-2 

POINTER DO variable, 19-9 
ref in error messages, 25-6 to 

25-7, 25-13, 25-17 to 
25-18, 25-36, 25-41, 
25-43, 25-47, 25-51 to 
25-54 

used as PROCEDURE arguments, 
19-10 

used with BASED DO variable, 
19-8 

used with PROCEDURE arguments, 
19-10 

Polish notation, 26-2 
Precedence of operators, 7-5 
Prefix minus operator, 7-4 
Prefix plus operator, 7-4 
Prime numbers 

sample program, 30-1 
PRINT file attribute 

definition, 14-2 to 14-3 
other references, 14-4, 27-2 to 

27-3 
ref in error messages, 25-5 to 

25-6 
Printing over fold in printer 

paper, 14-4 
Priority of operators, 7-5 
PROCEDURE statement 

abnormal termination, 15-4 
blocks, 15-1 
default RETURNS option, 17-6 
definition, 17-5 
function procedures, 17-4 
introductory discussion, 17-1 
invocation with POINTER 

arguments, 19-10 
invoked with BASED arguments, 

19-10 
matching arguments to 

parameters, 17-7 
normal termination, 15-4 
other references, 4-4, 5-3, 

5-6, 8-1, 9-8, 15-1 to 
15-5, 16-3, 18-3, 20-3, 
26-1, 27-1 to 27-2 
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PROCEDURE statement (cont.) 
PARAMETER storage class, 16-3 
parameters, 17-2 
point of invocation, 17-6 
PROC block invocation, 15-4 
prologue, 15-5 
recursive, 17-10 
ref in error messages, 25-2, 

25-5, 25-7, 25-9, 25-11, 
25-14 to 25-17, 25-19, 
25-36, 25-42, 25-50, 25~54 
to 25-56, 25-60, 25-62 

sample program, 30-5 
scope of statement label, 15-3 
with RETURNS (POINTER) , 19-11 

Processing, list, description and 
example, 20-1 

Program blocks, definition, 15-1 
Prologue 

allocation of AUTOMATIC 
storage, 15-5 

Pseudo-variables 
and BUILTIN attribute, 5-3 
definition, 23-2 
RANDOM, 23-12 
STRING, 23-14 
SUBSTR, 23-2, 23-15 
UNSPEC, 23-17 
with BASED arguments, 19-12, 

23-2 
PUT EDIT statement, 13-1 
PUT statement 

? abbreviation, 11-1 
default FILE (SYSPRINT) , 14-2 
definition, 14-7 
EDIT option, 13-1, 14-8 
example in summary, 32-4 
FILE option, 14-1, 14-8 
FILE (SYSPRINT) default, 14-8 
FLTED built-in function, 23-8 
format-list description, 13-1 
implicit file open, 14-7 
LIST option, 14-8 
other references, 1-1, 1-4, 

2-3, 9-2, 18-2, 27-1 to 
27-3, 27-5 

PAGE option, 14-3, 14-8 
raising UNDEFINEDFILE 

condition, 18-6 
ref in error messages, 25-1, 

25-3 to 25-6, 25-14, 
25-23, 25-25, 25-28, 25-38, 

25-44, 25-47, 25-50, 
25-55, 25-59 

sample program, 30-1 to 30-2, 
30-10 

SKIP option, 11-1, 14-1, 14-8 
SKIP(O) option, 14-8 
STRING option, 12-1, 14-8 

PUT statement (cont.) 
to terminal, 11-1 
variable format for PUT LIST, 

11-2 

R format item 
definition, 13-9 
description in summary, 32-5 
other references, 27-3 
ref in error messages, 25-14, 

25-55 
RANDOM built-in function 

definition, 23-12 
other references, 27-6, 32-6 

RAN DOl-1 pseudo-var iable 
definition, 23-12 
other references, 32-7 

RANGE option 
of DEFAULT statement, 5-4 
other references, 27-1, 27-5 
ref in error messages, 25-16, 

25-43 
READ statement 

definition, 14-8 
example in summary, 32-4 
FILE option, 14-9 
IGNORE option, 14-9 
implicit file open, 14-7 
INTO option, 14-9 
other references, 18-8, 27-2, 

32-4 
raising ENDFILE condition, 18-6 
raising RECORD condition, 18-6 
raising UNDEFINEDFILE 

condition, 18-6 
ref in error messages, 25-1, 

25-4, 25-7 to 25-8, 25-19, 
25-24, 25-27 to 25-28, 
25-34 to 25-35, 25-37, 
25-40, 25-44 

sample program, 30-3, 30-7 
RECORD condition 

definition, 18-6 
description in summary, 32-4 
ref in error messages, 25-8 

RECORD file attribute 
definition, 14-2 

Record processing with BASED 
storage, 20-1 

Recursive blocks, 15-5 
Recursive procedures, 17-10 
REPEAT option 

of DO statement, 9-3, 9-6 
other references, 20-4, 27-1 
with POINTER DO variable, 19-9 

Repetition factors 
bit string constants, 6-3 
char string constants, 6-2 
example in summary, 32-1 
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Replacing collect statements, 3-3 
Reserved words, 2-2 
RETURN statement 

definition, 17-7 
other references, 15-4, 18-3, 

27-2 
ref in error messages, 25-5, 

25-60 
RETURNS option 

other references, 27-2 
sample program, 30-5 

REVERSE built-in function 
definition, 23-13 
other references, 32-7 

Reverse Polish notation, 26-2 
REVERT statement 

definition, 18-9 
example in summary, 32-3 
other references, 18-8, 27-2 

Sample program 
a list processing example, 20-1 
format CPL programs, 30-7 
hexadecimal adding machine, 30-4 
make a "concordance of 

letters", 30-3 
prints its own source, 30-9 
table of sines and cosines, 30-2 
type prime numbers, 30-1 
VFORM file attribute, 30-5 

SAVE statement 
definition, 4-2 
example in summary, 32-2 
other references, 4-1, 4-3, 

26-4, 28-3, 29-3 
ref in error messages, 25-16 to 

25-18, 25-24 to 25-30, 
25-41, 25-44, 25-48 to 
25-49, 25-61 

Saving programs on disk, 4-2 
Scope rules for declarations, 15-2 
Semicolon, terminating a 

statement, 3-1 
Sequence of execution, 8-1 
SEQUENTIAL file attribute 

other references, 27-3 
SET option 

other references, 20-3 
ref in error messages, 25-6, 

25-43, 25-47, 25-52 
SIGN built-in function 

definition, 23-13 
other references, 32-6 

SIGNAL statement 
definition, 18-8 
example in summary, 32-3 
other references, 18-7, 27-2, 

32-4 
ref in error messages, 25-11, 

25-16, 25-59 

SIN built-in function 
definition, 23-13 
other references, 1-2, 32-6 
sample program, 30-2 

SIND built-in function 
definition, 23-13 
other references, 1-3, 32-6 

SINH built-in function 
definition, 23-13 
other references, 27-6, 32-6 
ref in error messages, 25-21 

SKIP format item 
definition, 13-2, 13-9 
description in summary, 32-5 
other references, 27-3 
ref in error messages, 25-47 

SKIP option 
GET statement, 14-7 
other references, 13-10, 27-2 
PUT statement, 11-1, 14-1, 14-8 
ref in error messages, 25-6, 

25-47 
sample program, 30-1 
SKIP(O) with PUT statement, 14-8 

SNAP option 
of ON statement, 18-3 
other references, 27-2 

SNAP statement 
definition, 15-5 
format of snap dump, 15-5 
other references, 17-11, 18-3, 

27-6 
ref in error messages, 25-7 

SOME built-in function 
definition, 23-14 
other references, 32-7 

Special characters, used in CPL, 
2-1 

SQRT built-in function 
definition, 23-14 
other references, 1-2, 9-2, 32-6 
ref in error messages, 25-20 

Starting execution of a program, 
4-3 

Statement label 
NAMED CONSTANT, 16-4 

Statement labels, 8-1, 32-3 
Statement numbers 

definition, 3-2 
Statements 

?, 11-1 
ALLOCATE, 16-4 
assignment, 7-1 
BEGIN, 15-1 
BREAK, 4-4 
CALL, 17-6 
CLOSE, 14-9 
CLOSE FILES, 14-10, 32-5 
CONTINUE, 4-4 
DECLARE, 5-1 
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Statements (cent.) 
DEFAULT, 5-4 
DELAY, 21-1 
END, 9-7 
ERASE, 4-2 
EXECUTE, 4-3 
FORMAT, 13-9 
FREE, 16-4 
GET, 11-1, 14-7 
GOTO, 8-1 
IF, 8-1 
LIST, 4-1 
LOAD, 4-3 
MONITOR, 4-5 
NOBREAK, 4-5 
null, 21-1 
NUMBER, 4-2 
ON, 18-3 
OPEN, 14-5 
PROCEDURE, 8-1, 17-5 
PUT, 14-7 
READ, 14-8 
RETURN, 17-7 
REVERT, 18-9 
SAVE, 4-2 
SIGNAL, 18-8 
SNAP, 15-5 
STOP, 21-1 
WEAVE, 4-3 
WRITE, 14-9 
XEQ, 4-3 

STATIC storage class attribute 
definition, 16-3 
other references, 5-2, 19-1, 

26-1, 27-1, 27-3 
ref in error messages, 25-3, 

25-42, 25-63 
set by DEFAULT statement, 5-5 

STOP statement 
definition, 21-1 
example in summary, 32-3 
other references, 27-2 
ref in error messages, 25-5, 

25-63 
Storage class attributes 

AUTOMATIC, 16-2 
CONTROLLED, 16-3 
default rules, 16-1 
description, 5-2 
general discussion, 16-1 
NAMED CONSTANT, 16-4 
PARAMETER, 16-3 
STATIC, 16-3 

Storage classes 
BASED, 19-2 

STORAGE RESET message, 4-3 
STREAM file attribute 

definition, 14-2 
other references, 27-3 

STRING built-in function 
definition, 23-14 
other references, 32-7 
ref in error messages, 25-11, 

25-61 
STRING option 

GET statement, 12-1,.14-7 
other references, 13-10, 19-12, 

27-1 to 27-2 
PUT statement, 12-1, 14-8 
ref in error messages, 25-3, 

25-6, 25-20, 25-50, 25-59 
sample program, 30-4 

STRING pseudo-variable 
definition, 23-14 
other references, 19-4 to 19-5, 

32-7 
ref in error messages, 25-11 

STRINGRANGE condition 
definition, 18-5 
description in summary, 32-4 
other references, 27-3 
ref in error messages, 25-8 

Structured and GOTO-less 
programming, 22-1 

SUBSCRIPTRANGE condition 
definition, 18-5 
description in summary, 32-4 
other references, 27-3 
ref in error messages, 25-12 

SUBSTR built-in function 
definition, 23-14 
other references, 18-5, 23-1, 

32-7 
ref in error messages, 25-8, 

25-60 
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definition, 23-15 
other references, 18-5, 23-2, 

32-7 
ref in error messages, 25-2, 

25-11, 25-34 
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WHILE option 
of DO statement, 9-3, 9-5, 9-7 
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25-34 to 25-35, 25-40, 25-44 

sample program, 30-7 

Index-14 



INDEX (CONT • ) 

X format item 
definition, 13-2, 13-8 
description in summary, 32-5 

XEQ statement 
definition, 4-3 
example in summary, 32-2 
FROM option, 4-4 
initialization functions, 4-4 
other references, 1-4, 4-1, 30-9 
ref in error messages, 25-2 to 

25-3, 25-7, 25-9, 25-53, 
25-58, 25-61 

ZERODIVIDE condition 
definition, 18-5 
description in summary, 32-4 
other references, 27-3 
ref in error messages, 25-8 

Index-IS 




