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ABSTRACT

The purpose of this program is to provide a higher level
language programming capability on a Control Data Corporation 3100
Computer for use by a staff of Operations Analysts. The CDC 3100
Computer has compiler capability for several higher level languages.
under the SCOPE and MSOS Operating Systems, but these systems cannot
be used because of the ECDAPS (Evaluation Center Data Processing System)
Software Package. ECDAPS is a dedicated software system which has
been designed to accomplish an important military mission. The
military mission requires ECDAPS twenty-four hours daily, but ECDAPS
does not provide the needed programming capability. Thus ‘a higher
level language programming capability is possible only if a special
program, an Interpreter, is augmented to the ECDAPS Systemn.

The purpose of this manual is to thoroughly document the v
important features of the program as well as to teach all potential
users to write .the language. Much of the language, in design,
resembles FORTRAN, but in striving for additional flexibility,
‘particularly in character string manipulations, and for implementing
a more descriptive instruction set, some features from BASIC and
ALGOL have been used. ;



THE IMPLEMENTATION OF A SPECIAL LANGUAGE

INTERPRETER FOR THE CONTROL DATA 3100 COMPUTER



I. THE CDC 3100 COMPUTER SYSTEM

A. Hardware Configuration
The CDC 3100 Computer and its associated peripheral equipment

help make up a highly sophisticated 32K computer system. The System's
main memory is achieved from three interconnected storage modules of
8K, 8K, and 16K words of memory while additional memory is also
available with two CDC 863 storage drum units. Each drum has a
storage capacity of 1,048,576 words with a 500,000 word-per-second
(Z,QO0,000 characters per second) transfer rate and a seventeen-milli-
seéond access time.l From the main frame, four communication channels
join the computer with its peripheral I/0 equipment. One of the
channels connects to a CDC 3316 Multiplexor which enables the addition
of even more peripherals to the system. The various I/O equipment
includes five teletypewriter circuits which are used for direct data
input to the computer's data base from other military installations,
a CDC 217 Cathode Ray Tube (CRT) Reader's Display Station which is
used for operator data maintenance, a CDC 3192 Console Typewriter, an
IBM 523 Card Punch, a CDC 501 High Speed (1000 Lines per minute) Line
Printer, a CDC 405 Card Reader, a CalComp 502 Digital Incremental

Plotter, and four CDC 604 Magnetic Tape Transports (see Figure 1).

lControl Data Corporation, CONTROL DATA COMPUTER SYSTEMS,
Section 3. '"Peripheral Equipment Data,' (St. Paul: Control Data
Corporation 1971), p. 7.
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In addition to the I/0 equipment mentioned above, a mini-
computer system interfaces, through the Multiplexor, with the CDC 3100
Computer System. The second system, consisting of a Sander's Computer
Interactive Display (CID), a Scientific Engineering Laboratory (SEL)
810B mini-computer (16K), an ADDS 900 Digital Converter, and a Bell
Telephone Laboratories 202 Data Set, enables a user—controlled display
of data that is in the computer. A program request initiated from the
CID Station causes a program execution at the CDC 3100 Computer with
the subsequent data output transferred to the SEL 810B computer.

From the SEL 810B system, the data is forwarded by the ADDS 900 to
thelSander CID for display. Since data are displayed simultaneously

by this system in both an alphanumeric and a geographic mode, a CID
system is a key part of the overall CDC 3100 system, but the second
system is always subordinate to and dependent upon the CDC 3100 system,

and should be thought of as another I/0 device.

B. The ECDAPS Software System

The hardware described above becomes a complete system with the
addition of ECDAPS. As stated earlier, ECDAPS is a dedicated software
system which operates twenty-four hours daily on the CDC 3100 Computer.
The software package was initially developed by, and is still maintained
by the Bell Telephone Laboratories, Greensboro, North Carolina. The
first ECDAPS, in 1968, was packed into only 16K words of core; hence,
the main frame is composed of interconnected storage modules (as
opposed to one larger unit) and other special-function optional modules
which mark the gradual growth of the system. As the system has grown,

new hardware has been added to the old, and new software has been added



to ECDAPS. 1In recent years, ECDAPS has seen major hardware additionms,
such as the two CDC 863 storage drum units and the CID System. With
these additions and continuing research developments, ECDAPS has
changed and is still changing.

Through all the additions, ECDAPS has developed into a massive
system of programs, most of which operate on a single data base or
other data bases .which are derived from the one data base. Among the
different types of programs in the system are routines which list the
data (in different formats), routines which calculate statistics or
perform other meaningful analysis, routines which handle d;ta«maintenance,
and routines which drive the CID System. The large volume of programs
requires speciai storage consideration to eliminate the many possible
conflicts which might occur with swapping programs in and out of core.
For this reason, the first drum is divided into regions of 12K words
each for program storage. When a program request is made, the computer
loads the entire 12K region into core. Filling dut the main memory is
a section of program called Utility. Utility contains the data con—
version routines, the mathematical functions, and other miscellaneous
ofteh—required routines which are essential for program execution.

The region loaded is then able to link with the Utility routines
and perform the requested program execution. When execution is
complete, -the - 12K region is returned to its place on the drum.

Although desirable; the ECDAPS does not have multiprogramming
or an adequate priority interrupt system. As a result, many times
the system will require users to wait for the completion of current

‘program requests even though the waiter may have a higher priority



need. This problem, though, will not be everlasting. The.immediate
future of ECDAPS calls for a priority interrupt system. The interrupt
will cause longer-running less important jobs to be interrupted fo
allow the processing of more important requests. The ECDAPS System is
good now, but with the interrupt system, it will be much better.

The reader may be concerned about the pertinence of the above
paragraph. Its purpose is to stress that even as ECDAPS programs are
changing, the system supervisor is changing and the system Utility
is changing, and in future years they will continue to change even
more. All of these changes affect how the Interpreter must appear to
theUSystem. Since the Interpreter in ail probability will have to
stand through the changes, it must be developed to be as independent
as possible of the ECDAPS System. With this in mind, it is necessary
to_set a few ground rules which will provide maximum assurance that

the program can stand almost any changes to ECDAPS.

C. An Unchanging Program In An Everchanging System

‘Before it can be decided what the Interpreter may or may
not use from the CDC 3100 System, including ECDAPS, an initial
assumption must be made. Since all programs in the current ECDAPS
versions have been stored in regions of 12K words each, (often more
than one program will be in one region), and the Interpreter must also
exist in the same region structure, it must be assumed that ECDAPS
will always have regions for program storage. Although the above
assumption is made, it is not imperative that these regions always

be 12K words in length. The Interpreter will tell the supervisor where



it lives by a region number, and the supervisor will then take over.

So with this assumption, the concern can rightfully turn to which
routines, or more accurately, which type of routines are to be included
or excluded. Logically those routines which are still in a develop-
mental mode and are likely to change must be excluded. Such routines
are the ones which support the CID System. The CID System is still very
new, and is constantly changing. Of consideration would be to duplicate
some vital CID functional routines as part of the Interpreter, but the
amount of core required makes such thinking impractical. So whereas
‘the CID System might have been beneficial to users with access to the
higher level language capability provided by the Interpreter, its

sof tware must bé regarded as continually changing software to be avoided.
Also likely to change over timé are routinés which pass arguments.

The arguments passed by these routines are often subject to change

as new system capabilities or needs are created; therefore, routines
which pass arguments and also routines which may in the future be
required to pass arguments should be removed from the Interpreter.
Essentially after a review of ECDAPS, it becomes apparent that most
routines cannot be used for one of the two above reasons. Therefore,
rather than try any longer to second guess the future of ECDAPS, the
Interpreter wili rely only on the system routines which have not
changed, and whic¢h logically should never change. These routines are
mostly of the variety which make I/0 requests of the peripheral
equipment and those routines which access the computer's data base.

It should be noted that even these routines are hot absolutely

guaranteed never to change, but they should not change significantly



enough to affect the Interpreter. Therefore, the routines which
have been borrowed from ECDAPS for use with the Interpreter are as
follows:

1. CARD--This routine connects the card reader to the computer
and causes one card to be read into a specified buffer area.

2. PTONE--This routine causes a pulsating tone from the card
reader to alert the user that the reader is ready to read a card.

3. CPRINT--This routine connects the line printer to the
computer and causes a single line of data from a usgr—specified.buffer:
area to be prinfed,

4., SNAPSHOT--This routine will enable a core dump at the
user's request upon either a normal or abnormal termination of his
program. Within the Interpreter, the core dump request is regulated
by jump switches which allow the user to make program decisions during
the execution time.

5. EJECTP--This routine causes the printer to skip to the
next page.

6. TYPOUT--This routine connects the typewriter to the
computer and causes a specified buffer area to be printed on the
typewriter.

‘7. TYPIN--This routine allows the computer to accept data input
from the typewriter. The data is stored in a user-specified buffer area.

‘8. ENDRQl—-~This routine returns control to the system
supervisor upon completion of program execution.

9. QUERY--This routine enables the Interpreter to retrieve

data from the ECDAPS data base. Parameters to make a call to QUERY are



defined by the user with the Interpreter's FILE Statement (see Section
IIB, para. 1b5). Once the data has been retrieved from storage,

QUERY places it in a special area and makes it available to the
Interpreter by a pointer called ENTRY. ENTRY is a location in core
which contains the absolute address of the data buffer. With that
information, the Interpreter can fulfill user-oriented requests on the
data.

10. DATA--QUERY is only responsible for initially retrieving a
block of data which matches tﬁe specified parameters. Once the data
is retrieved and stored in core, QUERY is finished. DATA then becomes
gecéssary for repeated calls to the already stored special buffer.
Essentially, DATA serves to update the pointer ENTRY.

11. ENTRY--As the reader probably has noted, ENTRY is the
magic key which leads the Interpreter to the location of the data
retrieved and stored by QUERY.

12. T777--When the end of file was found by QUERY, it made a
notation, T777, which could alert the Interpreter that the end of file
was encountered. As a result, the Interpreter carries the tradition
to the user by conveniently providing a technique whereby the
Interpreter will continue to load data from the data base until the
end of file is found (see Section IIB, para. 15b).

13. GCLFLT--This is the system's location for the computer clock.
The Interpreter uses the computer clock to avoid an infinite loop in
the nonconvergent case of the WHILE Statement (see Section IIB, para.

1la6).



14. PHOLL--This routine causes an eighty-character, user-
specified buffer area to be punched in Hollerith code on the card punch.
With such a small selection of system routines used by the

Interpreter, many subroutines are required to £ill the gaps. The

user program, when read into the computer, is in binary coded decimal
(BCD) format and must be converted to binary. Conversely, when the
results of the program are ready to be printed, the data must be
converted back to BCD from binary. Conversion routines will be
necessary to convert real numbers, or floating point numbers, to the
floating point notation for input and subsequent calculatiops, and from
flo@ting point notation back to a BCD real number for output. 1In
addition, all mathematical routines must be developed and coded. Thus?
a major effort in the developmenf of the Interpreter will be the
creation of a library of programs'or utility routines to satisfy the
prégramming requirements of the user. 1In the following pages, these

routines will be discussed more carefully as seems appropriate.



IT. THE INTERPRETER IN DESIGN

A. The First Pass

Although the Interpreter involves execution of each instruction
as read, some instructions may require branching to another part of
the program, or it may involve the execution of a programmed logical
loop. If these types of programming options are to be available to the
user, then the Interpreter must have certain vital information about
the user's program for ready reference. Such information might include
the address of a statement which is to be branched to or the location
of pertinent input data. To make ready this information for the
Interpreter, a two-pass technique is employed. The Interpreter, in
the first pass, will read and .store the user's source program, will
set up tables of names and address pointers, and will maintain
significant counters. As a result, when a branch to another part of
the program is requested, the address of the next instruction will
be readily available without requiring a clumsy and time-consuming
program search. In addition, when a variable is used, its location,
data type, and current value will be on hand and easily accessible.
Paying c¢lose attention to the construction of the tables in the first
pass will result in a smoother flowing execution phase in the second
pass.

Tables to be maintained and developed in the first pass are a

‘source text listing table, a variable reference table, a table of

10
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statement numbers, a table of the first character addresses of each
instruction, a table of character string lengths, and a table of data
values (see Figure 2). Each table and a description of how it is to be
maintained will follow.

1. PERM (Permanent Program)--This table will store the source
text of the user's program. However, the text is not stored exactly
as read. From the very beginning, the,Intefﬁreter is trying to set a
level of simplicity which will result in a systematic and efficient
program execution. To explain,. in most higher level languages, the
instruction set is composed of meaningful words which are easy for the
user to remember when writing his program, but which are often of -
varying character string length and not easy for the Intgrpreter to
recognize during its execution attempt. In this Interpreter, the
problem is solved in the first pass and never revisited. First, a
routine called PREPROC reviews each instruction to identify the key
words, or reserved words. As in ALGOL, the Interpreter responds to a
reserved word list. Briefly, they are TERMINATE, REAL, INTEGER,
STRING, BOOLEAN, FILE, SCRATCH, CARD, ENTER, DATA, WRITE, MAT, GOTO,
ABS, IF, THEN, FOR, TO, WHILE, BACK, PUNCH, SIN, LN, FACT, COS, ASIN,
ACOS, ATAN, TAN EXP, LOG, AND, OR, EOR, CNVRT, and SQRT. Observation
will reveal that none of the above words begin with the same first two
characters.2 Therefore, after PREPROC has found all the reserved
words on a line, it rewrites the line and replaces the reserved word

with the two-letter code preceded by a single quote. The single quote

2Lee, John A. N., "The Anatomy of a Compiler" (New York, D.
Van Nostrand Company, 1974), p. 22.
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is included to alert the Interpreter that a reserved word follows and
not just a two-digit variable name. Of note, the single quote should
never appear to the Interpreter at any other time except in a
character string; however any character string will be enclosed between
double quotes and protected from a possible misinterpretation by the
Interpreter. In addition to establishing a simple instruction
recognition procedure, the above_methdd of program storage can help
reduce the amount of core required for program storage. Final prepara-
tion for storage is to add a semicolon to end the instruction. This
actually has a two—-fold purpose. First, the user can extend his
statement from one card to another without concern. In many highér
level languages, like FORTRAN, the user mugt put a special character
in a particular column on his card to have multi-card instructions,
and this can be bothersome. Secondly, the semicolon assists the
Interpreter in locating the end of an instruction. Of course, the
Interpreter can continue to read the user's program until the next
instruction is found or until the Interpreter thinks it has found the
next instruction, but this would require more extemnsive and really
unnecessary programming. Also, as in the case with the single quote,
the semicolon should not in any way cause horrendous problems for the
Interpreter by way of misinterpretation. Now that the instruction has
been prepared for storage, a few examples follow of the instruction

as the Interpreter sees it:

INPUT IN STORAGE
REAL X, Y, Z 'REX, Y, Z;
A=(B+TAN (X))+75 A=(B+'TA(X))+75;

TERMINATE 'TE;
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As stated above, the problem of instruction recognition is
resolved in the first pass. This is possible through a special routine,
DETRMN (Determine Instruction Type), which has been developed as a
follow-up to the above program preparation. Thus, whenever a single
quote is found, the next two characters are read, and a call is made.
to DETRMN. When the instruction type has been determined, the routine
returns the first word address of the routine which will execute the
instruction.

2. TABLES--When the Interpreter has knowledge of the statement
type being used, the next problem to be encountered is the variable
name. When the Interpreter reads a variable name in the user's
program, a numbér of questions are asked. First of all, was the
variable properly declared by a Declaration Statement (Declaration
Statements will be discussed below)? If not, then the Interpreter
does not recognize it, and no analysis or calculation can take place.

A secornd question asked by the Interpreter is, What is the variable's
data type? This is important because if the type is string variable,

then the Interpreter is dealing with variable length constants. If

the type is real number, then the Interpreter must be ready to deal

with floating point notation; that is, to make floating point

conversions and calculations. If the data type is boolean, then the
Interpreter must use a special routine for boolean expressions (BOOLSTOR) .
Only if the type is integer does the Interpreter do nothing special

‘to prepare. Another question to be answered is, Are arrays being

used? If they are, the Interpreter is then tasked with determining the

displacement between the first word of the array in storage and the
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desired element of the array. When you consider the variable word
lengths used by character strings and real numbers, then you can begin-
to imagine the difficulty that the Interpreter must face. A final
problem or question, as if the Interpreter needs any more, is, Where
can the data variable's current value be found in storage? To provide
the Interpreter with the answers to these questions is a table called
TABLES; however, before any entries can be made, the Interpreter must
find one of the following Declaration Statements: -

(a) REAL X, Y, Z,...

This instruction enables the user to specify a variable whose
value will be a real number; that is, it will contain a decimal point.
In addition, large numbers using scientific notation are to be expressed
and declared as real numbers.

(b) INTEGER X, Y, Z,...

This instruction enables the user to specify a variable whose
value is an integer; that is, it does not contain a decimal‘point.

As a word of precaution though, the Interpreter only reserves one
word of core for an integer, so the maximum value allowed in storage
is 77777777 (octal) or 16777215 (decimal). However this value is
further reduced by the WRITE routine which uses the left-most BCD
character as a sign bit. Therefore, the restriction imposed upon an
integer X is that it must be in the range -9999999 (decimal)

< X < 9999999 (decimal). Any integer not within the above range must

be declared as a real number.
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(c) STRING (N) X

This instruction allows the user to declare character strings.
Since variable length character strings (up to 150 characters) are
permitted, the N in the syntactic above is to indicate the number of
characters in the string. If N is left blank, the character string
length will be assumed to be four (4) characters. Of note, a String
Declaration Statement only allows one string variable to be declared
per statement.

(d) BOOLEAN X, Y, Z,...

This instruction enables the user to specify his logical
variables. These variables will always assume the values of either
true or false. On input, the user may enter his logical values as
"F," "T," "FALSE," or "TRUE," and the Interpreter will always print
on output "TRUE" or '"FALSE," whichever is applicable.

NOTE: To avoid repetition with each statement above, comment
on 'X, Y, Z,..:" has been saved until now. Any number of variables,.
so long as the overall instruction length does not exceed 160
characters, are allowed in an instruction. Each variable name may be
up,fo four (4) characters in length, and any variable name may be used
as an array name providing standard array notation has been used; that
is, ARA (N1, N2, N3,...) up to six dimensions.

When the Declaration Statement has been discovered, the
Interpreter begins a review of the line to retain certain significant
data. First, it looks at the variable name and compares it with the
current list of variables already declared to ensure that the name has

not been previously used, and then, if this check is satisfied, the new
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name is stored in TABLES. Next, since the data type can be taken
directly from the instruction type, the Interpreter stores the,type,ini
.TABLES. This information is stored in a two—digit notation (IN——Integerg}
RE--Real, ST--String, BO--Boolean). If an array is being declared, |
the Interpreter stores the relative character address of the array's
dimensioning specifications in PERM for later use by a routine which
will locate the absolute storage location of a given array element
(ARRAYLOC--Array Element Locator). This relative character address

is stored along with the data type because it can be stored in the
other two character positions of the variable's value in the data
tables. A pointer to the data tables is kept, and as new variables and
arfays are decIared, the pointer increments through the data table

to the next available storage location. Before the pointer is
‘incremented, though, its value is. stored in TABLES as the storage
location of the variables declared. The ‘actual format of entries

into TABLES is as follows:

XXXX PPTT AAAA
where XXXX is the variable name, PP is a pointer to the user's program
in PERM if the entry is an array declaration, TT is the two-digit
indicator, and AAAA is the relative displacement of the variable's
storage location from the first word of the data tables.
If the variable 18 a string variable, then the Interpreter

must store some additional data. As stated earlier, a string character
may be up to 150 characters in length which requires special
preparation for storage. So that the Interpreter will not become

confused with varying strings lengths, a special table, STLGTAB
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(String Length Table), is kept, and the table entry will be in a
two-word format as follows:
XXXX OLLL
where XXXX is the string variable name and LLL is the field length,
Another situation requiring special consideration is the
handling of statement numbers. A user will normally use statement
numbers to mark entry points into his program. Eventually these
statement numbers will become operands of conditional and unconditional
branch statements; thus, they will play a large part in the execution
of the user's program. When the Interpreter encounters these statement
numbers and the operand of a branching instruction, it must be able to
determine if the statement number has been used as an entry point, and
if it has, then where is that entry point. The questions asked here
are similar to those asked when the Interpreter found variable names.
Thds, the storage of the information is closely related. For this
reason, when the Interpreter reads one of these entry points in the
first pass, an entry is made into TABLES, and that entry is in the
following format:
NNNN bbbb AAAA
where NNNN represents the statement number (of note, the statement
number cannot exceed 999 (decimal). This restriction exists because
the Interpreter expects a colon to follow the statement number in the
user's program, and the colon is stored as part of the number to serve
as a delimiter), the bbbb indicates blanks because a statement number
has no datatype and the space is not needed (of note, the word of core

is sacrificed here to maintain the consistency of the table structure),
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and the AAAA is the relative address of the statement number in the
user's program as stored in PERM.

In discussions of variables and statement numbers, concern has
been expressed about knowing that the variable or statement number
had not been previously declared. The error is obvious; if a
variable or statement number has been declared two or more times? the
Interpreter will not know which storage location to store a value, or
it may not know which entry point to go to on a branching operation.
To check each Declaration Statement for duplicate variables and each
statement number for repetition is a special routine called TABSCAN
(Table Scan). If the routine finds the error, a message is sent to
the user (see Séction IV, para 23). Although TABSCAN is instrumental
in determining duplicate variables and repeated statement numbers, it
is also useful to retrieve the specific information whiéﬁ\was retained
on the variables and statement numbers. The routine makes a TABLES
search to locate the name or number and return with the stored
information of that name or number.

In the discussion above, note was made of the different problems
which the Interpreter must face and resolve for successful processing
of variable names and statement numbers. With the specially comstructed
TABLES and the routine TABSCAN, the task of the Interpreter in this
area is no longer so difficult.

3. STMTTAB (Statement Table)--This table contains the relative
address as stored in PERM of each instruction of the user's program,

except the first, which the Interpreter already knows to be zero. This



20

table is significant during the execution cycle, because it directs
the Interpreter through each instruction of the program.

4. DATATAB (Data Tables)—-This table holds the current value
for each data variable which is declared in the user's program. Entries
are made either through a DATA Statement, which is processed in the
first pass, or by an Assignment Statement, which is processed in the
second pass and will be discussed as part of the second pass
discussion (see Section IIB, para 2). The DATA Statement is of the
form:

DATA NAME, VALUE, NAME, VALUE,...
where NAME is the variable name and it can be an array, and VALUE is
thé value assigned to the variable (for character strings, including
Boolean values, VALUE must be enclosed in double quotes).

When the Interpreter finds ‘a DATA Statement, the first task
is to determine the variable used, if it exists, and if it does, then
where does it live? All these questions can be answered using TABSCAN.
Use of TABSCAN will return the data type and the storage location of
the variable, but if the routine is unable to find the variable, then
an error is printed (see Section IV, para 5).

Once the Interpreter knows the type of data that it is working
with, it can make the necessary conversions to get the data stored.
Since the storage area has already been assigned by the Interpreter,
according to data type, the Interpreter is concerned only with the
proper conversion and storage, which is no problem; thus, with the
data type returned by TABSCAN, the Interpreter chooses one of the

following conversion techniques:
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(a) Boolean Variables--Boolean variables take on values of either
TRUE or FALSE. These values are entered into the computer in BCD
forma;, and stored in BCD format, so no conversion is necessary.

They are stored as read.

(b) String Character Variables--Integers are read into the computer
in BCD format, but since the computer performs calculations in
binary arithmetic, it will be necessary to convert the integer BCD
value to an octal (binary) number. The Interpreter has two routines
which perform the desired conversion. The first, BCDOCT, is designed
to handle small integers known to be fewer than four digit. This
routine is simple and efficient for quick conversions. For data input,
théugh, it is not known whether the value will be large or small, so
the Interpreter assumes that it will be larger than four digits. For
the large BCD-to-octal conversions, the routine BCDOCTL will convert
numbers up to 12 digits in length7 The limitation on BCDOCTL might warn
the user that if he expects an integer larger than 12 digits, he 'should

‘declare it a real number and use scientific notation for input to
avoid an error.

BCDOCTL converts large and small BCD numbers to octal in
three successive calls to BCDOCT. 1Initially, the BCD integer is
stored in a three-word storage area, NUMA, left justified and zero
filled to the end of the storage area, and a counter is kept for the
number of BCD digits in the number (call it n). On the first call to
BCDOCT, the first four characters of NUMA from the left are converted
to octal, multiplied by 100,000,000 and stored in a temporary storage

area. On the next call, the second four characters are converted by
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BCDOCT, multiplied by 100,000 and added to the above number -in the
temporary storage area. On the last call, the last four numbers of.
NUMA are converted and added to the sum in the storage area. All of
this multiplication and addition has created a very large number.
To bring it back into the correct value, the number is divided by 10%%
(12-n). This division will yield the final solution ready to be stored.
(d) Real Number Variables--Real numbers are exactly like the BCD
integers discussed above except that they normally have a &ecimal
point.. It is not necessary for a floating point number to have a
decimal point, but the notation assumes it. Essentially, floating
poiﬁt notation is a scientific notation for binary numbers. Instead
of measuring the number as a power of ten, floating point expresses
the decimal number as its binary equivalent value raised to a power of
two. The routine which performs the conversion is BCDFLPT. First,
the number is converted as though it did not contain a decimal, -and
then it is divided by the power of ten which brings the decimal back
in place. To understand better how this works, recall the 12-digit
storage area, NUMA, which was used for BCDOCTL. As then, the number is
stored in NUMA, and a counter keeps the number of BCD digits in the
number. However, another counter is required for BCDFLPT which counts
the number of digits to the right of the decimal point (of note
though, the decimal point is not stored in NUMA). When the number is
in NUMA, it can be converted to octal just as before, and then
BCDFLPT converts this simple integer to its floating point integer
equivalent. Finally the floating point value is 'divided by ten raised

‘to the power m, where m is the number of digits to the right of the
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decimal. The division is floating point division; hence, the answer
is in floating point notation and ready to be stored (see Figure 3).

A problem alluded to earlier but not discussed was locating
the elements of an array. Now that data has been converted and is
ready to be stored, we have to tell the Interpreter where to store it.
In most cases, the Interpreter can use TABSCAN to retrieve the storage
location of the wvariable and store the value there, but in the case of
arrays, special calculations must determine the relative displacement
between the first element of the array and the desired element. This
calculation is done by the routine ARRAYLOC (Array Locator) using the

formula:
6

(x,. 7 n,))

relative location of element = c(
it .. 3
1 j=itl

i

o

where d is the dimension of the array (limited to six dimensions’because
of  the Interpreter's limit to 12K.words of core), Xy is the ith para-
meter of the array element, nj is the jth parameter of the declared
array as specified in the Declaration Statement, and ¢ is a multiplicative
constant which indicates the number of words of core used by each
element of the array. The multiple is automatically set to one for
integers and boolean variables, two for real numbers, and the value
in' STLGTAB divided by four (plus one for any remainder) for string
characters.

Once the Interpreter has read all the user's program and
stored the required information for the tables discussed in this
section, there are only a few administrative tasks and then, the
Interpreter is ready for the second pass. The first administrative

function is to check to see if the user has requested a data dump.
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Step 1. The Interpreter first reads the value into a buffer,
NUMA, ignoring the decimal but counting the digits. After being read,
the buffer and counters will contain the following:

NUMA 1045 3125 0000 with NUMCOUNT 0012 (octal) count for

total digits.

DECOUNT 0007 (octal) count of
digits to the right of
the decimal.

Step 2. Next, through three successive calls to BCDOCT, the
value in NUMA is converted to octal (ignoring the decimal). Then the
number is further reduced by division.

1. First call: 1045 (decimal) 2. Second call: 3125 (decimal)
converted to 2025 (octal). converted to 6064 (octal).
575360400 (octal) for 100000000 ’ 23420 (octal) for 10000
X 2025 x 6064
1412453672400 (octal) 167127500 (octal)

Note: The third call to BCDOCT returns the value zero. The’
two values are then added together.

1412453672400 (octal)
+ 167127500 (octal)
1412643022100 (octal)

. Step 3. When the calls have been completed to BCDOCT, control
returns to BCDOCTL. The above sum is divided by 10**(l2-n) where
n=10 (decimal).

7623431620 (octal)
144 1412643022100
1412643022100

Step 4. Now the number is ready to be converted to floating
‘point, which the floating point value of 7623431620 is 20367623
43162000. Division will be by the floating point value for 10%%m,
wherée m=7. This value is 20304611 32000000. The floating point
division yields the final value:

20076421 00000000.

-Figure 3. Above is an example of the conversion routines, BCDOCTL
and BCDFLPT, in operation. Assume the value 104.5312500
is the object for floating point conversion. TFor the
conversion back to BCD, see Figure 6.
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It is possible, by using jump switch 63 on the computer console

(see Section III, para 4), to obtain a data dump of all the tables
which should be developed in the first pass. The dump allows the user
to ensure that his tables have been set up correctly before he
continues to the second pass. More discussion will be given on the
data dumps in Section III. Next, the Interpreter must check to see if
the last card is .terminate. If it is not, the program must -be
abnormally terminated by the Interpreter, or the Interpreter will not
be able.to terminate itself properly during the execution phase.

One final operation must occur before the Interpreter can move
on ;o the second pass. As an added capability of ‘the Interpreter,
instructions which retrieve data directly from the CDC 3100 system's
data files are provided. When trig functions are used, the value PI
is very frequently desired. By the development of the Interpreter,
the user is required to first declare PI as a variable (real), and
then set it equal to 3.141592654; however, the requirement for PI can
be and is anticipated by the Interpreter. Before leaving the first pass,
the Interpreter adds the variable name PI just as though it had been
declared, and literally follows the same routine. as other variables
which are formally declared. In addition, the constant value stated
above is placed in its appropriate location in the DATATAB. When using
data from the .computer's data base, the same situation again arises.
Without intervention by the Interpreter, the user would be required to

declare an eighty character string variable; however, since the

3Control Data Corporation, CDC 3100 COMPUTER SYSTEM REFERENCE
MANUAL (St. Paul, Control Data Corporation, 1965),p. 7-30.
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Interpreter knows of the requirement, it simulates the declaration

of a string variable (80 characters in length) and gives it the name
STAR. When a line of data is retrieved from the computer's data base,
it is stored in STAR.

Now that all the tables have been completed, the Interpreter
is ready to move to the second pass (see Figure 4).

B. The Second Pass

In the second pass, the Interpreter is ready to begin
execution of the user's program. To enable a sequential execution of
the program, the Interpreter has a program counter, STMINUM, which
actually contains the first character address of the current
inétruction, and a cyclic routine which directs the Interpreter as
STMINUM steps through the program.

Most program counters are increnented by one after each
instruction because the counter is an instruction counter, but since
the Interpreter must read each instruction chargcter by character to
interpret and execute it, and since the program is stored character by
character, then the program counter will be a character counter. Now
the reader might recall the development of the table STMTTAB (see
Section IIA, para 3), in the first pass which stored the relative
character address of the first character of each instruction. This
table is used to update STMINUM after the execution of each instruction
until the completion of the program. It should be noted that
completion of the program will be indicated by the TERMINATE Statement,
not the end of the STMITAB table, although both events should occur
at the same time. In some cases, though, the user might end his

program with a TERMINATE Statement which is correct and was checked
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User's Program: INTEGER A,B(7),C STMTTAB 14 (octal)
REAL D,E(2,2) 30
STRING F,G,H 41
STRING (5) I 52
BOOLEAN J,K 61
STRING (13) L(3,3,3) 100
DATA A,7,E(1,2),3.5,F,"CAT,"I,"LIVER," 203
J,"T,"L(1,2,1),"ABCDEFGHIJKLM"
TERMINATE .
00 01 02 03 04 05 06 07

PERM 0000 'INA ,B(7 ),C; 'RED LE(2 ,2); 'STF ,G,H
0010 :'ST (5T  ;'BO  J,K; 'ST¢C  13)L. (3,3 ,3):
0026 'DAA  ,7,E (1,2 ),3. S5,F, "cAT ",I, "LIV
0030 ER," J,"T ,"L( 1,2, 1)," ABGD EFGH IJKL
0040 M"; TE; ' ' ' '

TABLES NAME DATA TYPE LOCATION STLGTAB NAME LENGTH
A ' IN 0 (octal) F 4 (octal)
B 07IN 1 G 4
C IN 10 H 4
D RE 11 I 5
E OCRE 13 L 15
F ST 23 -
G ST 24
H ST 25
I ST 26
J BO 30
K BO 31
L QZST 32
DATATAB Q0 01 02 03 04 05 , 06 07

0000 0007 0000 00060 0000 0000 0000 0000 0000
6010 0000 0000 0000 0000 0000 2000* 0000 0000
0020 0000 0000 0000 CATO 0000 0000 LIVE RO0O
0030  TOO0O0 0000 0000 0000 0000 0000 0000 0000
0040 0000 0000 0000 0000 0000 0000 ABCD EFGH
0050 IJKL MOO00 0000 0000 0000 0000 0000 0000

*The value in octal locations 0015 and 00i6 is 20027000
00000000. The obvious discrepancy exists because this is the only value
in the table which is in octal format. All others are in BCD. The
value, being floating point, must be printed in octal or it will have no
meaning to the reader.

Figure 4. Above is a sample program to demonstrate the development
of the first pass tables.
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for toward the end of the first pass, but due to some program bug, such
as an infinite loop, his program may not be able to terminate. To
eliminate this problem until the user can correct his program, the
Interpreter will recognize an emergency abort which can be enacted by
the user by depressing jump switch 2 on the CDC 3100 computer console,
The abort will completely terminate the execution of the Interpreter
and return control to the ECDAPS.

Once the first character address of the next instruction has
been loaded, the Interpreter begins a character by character search
of the instruction looking for either a single quote or an equals sign.
The single quote (see Section IIA, paéa 1) will alert the Interpreter
thatian instruction type will follow and can be determined from the
next two characters. If the Interpreter finds the single quote, théﬁ'
these next two characters will be read, the instruction type will be
deﬁgrmined by using the routine DETRMN, and control will be passed to
the routine which evalues and executes the instruction. Onvthe other
hand, if the Interpreter finds the equals sign, then it knows that
an expression is being calculated instead of an instruction being
eéxecuted, so it will be necessary to use a special routine to process
t/ instruction. However, before the expression can be evaluated, the
Intgrpteter must learn the final storage area for the results of the
expression. This information can be found in the argument on the left
side of the expression. The Interpreter has a special routine,
EXPRHOME (Expression Home), which will evaluate the left side of
the expression and advise the Interpreter of the place to store the
final solution. Now to return to the above discussion, a special

routine must be used to evaluate an expression, but because the
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evaluation of the Boolean expression differs so greatly from any
other expression, the Interpreter has two routines for solving
expressions. To execute Boolean expressions is BOOLSTOR, and to
evaluate normal expressions is EXPRESN. As the reader might guess,
the expression type returned by EXPRHOME will direct the Interpreter
to the correct routine to be used.

At this point, it should be evident that the Interpreter
deals with only two broad types of instructioné: (1) Executable
instructions, and (2) Expressions (seé Figure 5). Below will follow
a more thorough inqui;y_into thg mechanics of each of these statement
typés.

1. Executable instructions—-FExecutable instructions can be
further broken down into instructions which give directions to the
Interpreter about program executidn and into instructions which cause
the'Intefpreter to make an Input/Output request of the CDC 3100 computer
system. -Discussion éf these instructions will be offered for the
inspructions which direct the Interpreter in the program execution
foliQwed by the I/O'réquest instructions.

(a) Instructions which affect the program execution

1. The TERMINATE Statement--This instruction is probably
the most important to the Interpreter because it indicates that the
job is done. Without this instruction at the end of the program, the
-program will not execute, and a diagnostic message will be printed
(see Section IV, para 6). Above it was noted that the user has the
option to.get a data dump after the first pass. At the end of the

program execution, a similar option also exists. The final chore of
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I. Executable Instructions

A, Instructions which affect the program execution:
' 1. TERMINATE
2. GOTO N
IF (X) THEN Y
FOR I=n to N
. BACK
. ‘WHILE (I.op.N)

oL W

B. Input/Output Request Instructions
1. n:MAT (X1, X2, ...)
2. WRITE n, (X1, X2, ...)
3. PUNCH n, (X1, X2, +..)
4. CARD n, (X1, X2, ...)
5. ENTER n, (X1, X2, ...)
6. FILE, (list of parameters).

"II. Expressions

A. ‘Normal.Expressioﬁs (functions)

1. EXP (X)
‘2. LN (X)
3. LOG (X)

4. SQRT (X)
5. TFACT (X)

6. ABS (X)
7. SIN (X)
8. COS (X)
9. TAN (X)

10. ASIN (X)
11. ACOs (X)
12. ATAN (X)
-13. CNVRT string name (N1:N2)

b. Logical Expréssions (logical functions)
1.. (x) AND (y)
2. (x) OR (¥
3. (x) EOR (y)

Figure 5.. The Instruction Set capability for the Second Pass of the
Interpreter.
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the Interpreter after it reads the TERMINATE Statement is to provide
a 1isting of the source program and if requested, the data dump. If
before the source listing begins, the user decides to request the
full data dump, he may do so by depressing jump switch 1 on the
computer console. On the other hand, if the user decides not to even
get the source listing, in the case of a long program, then once the
listing begins, he may depress jump switch 2 on the computer console,
and the listing will be aborted (for more discussioh of data dumps and
dump options, see Section III). Upon completion 0£ the printout
;hgblnterpreter will print a message to the userﬁto'indicate a normal
terﬁinaéion of the program.

| 2. fhe GOTO Statement--This statement allows the user to
skip a section of his program which he may not WiShiﬁo eXecute in the
normal instruction sequence. The format of the statement is

H GOTO N

where N is an integer number (less than 999). When theé Interpreter
reads N, it uses TABSCAN to determine the~character¥address associated
with the statement number (see Section ITA, para 2), which should have.
been stored in the first pass, and then a reverse search‘thrdﬁgh
STMTTAB to locaterthe address and determine the new pointer to the
table. The entire procedure is simply to modify STMINUM. Obviously,
when a jump is to be made, the Interpreter is not only concetrned with
properly executing the jump, but also with ensuring that the pointer
to STMTTAB, which is STMTINUM, is updated so that each statement

executed hereafter is the correct instruction. Once the pointer to
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STMITAB is updated, the Interpretef is ready to continue to the next
instruction.

3. The IF ... THEN Statement--This statement gives the
user the capability to execute an instructionlkthe THEN segment)
providing a preset condition holds (the IF segment), and to skip the
execqtion of the instruction if the condition does not hold. The
format of ‘this instruction is

IF (X) THEN Y
where X is any logical expression containing two operandsvégparated
by a_logicél operator, and Y is any executable instruction. _The
expression (%), for any two operands, x and y, can make the‘édilowing.

logical comparisoins:

(x.EQ.y) x equal to y

(x.NE.y) x not equal to y

(%.GE.y) x greater than or equal to y
(x.LE.y) x less than or equal po'y
(x.GT;y) X greater than y-

(x.LT.y) X less than y

of note is that the logical operators shown above, like FORTRAN,

are flanked on both sides by periods.

| To actually make the logical comparisons, a special routine,
LEX?RCHK, has been developed.. This routine makes use of the normal
expression routine, EXPRESN (to be discussed later), to return a
single value of TRUE or FALSE to the Interpreter. Even though EXPRESN
"is used, Boolean comparisons are possible because of a specially

designed portion of the two routines (see Section IIB, introduction).
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LEXPRCHK, in solving the expressions,:actually makes two calls to
EXPRESN, first to solve x and then y.of the above examples. As noted
earlier, an expression requires a storage location for its final value
and a data type so that the final answer will be in the correct data
format. LEXPRCHK makes up two sets of temporary storage locations and
uses the data types of the variables in each of the subexpressions, x
and y, to set up.the calls to EXPRESN. When both calls have been made,
a check; using the logical operator, is made to determine if the value
of the logical expression is TRUE or FALSE. The Interpreter uses this
final va}ue to either execute theiTHEN portion of the statement (if
the value is TRUE), or to skip to the next instruction (if the value
is FALSE). Of final note LEXPRCHK, in comparing character strings and
boolean variables, will only check for 'equal to' or 'ﬂat equal to.'
Iq?some higher leyel languages, such as ALGOL, the user can arrange
albhabet%c_constants and strings in alphabetic order by using logical
operators, such as 'less than or equal to' and 'greater than or equal

to.'

This language cannot permit such comparisons, though because the
BCD characters in the CDC 3100 Computer for A and Z are such that
LEXPRCHK would inconsistently assign the following values:

(A.LT.B) TRUE (correct)

(A.LT.Z) FALSE (incorrect)
Therefore, any other logical operator except 'EQ' and 'NE' for
character strings and boolean variables are illegal and an error will
be printed (see Section IV, para 24).

4. The '"FOR I=n TO N' Statement——-This statement functions

similarly to the FORTRAN DO Loop Statement. It gives the user the
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capability to cycle through specified statements until the number

of cycles, or loops is equivalent to the limit entered by the user.

., The format of the statement is as shown, where I'is any declared integer
variable name (note that this variable must be declared using an
Integer Declaration Statement) which acts as the indice or loop
counter, n is the initial value assigned to I (thg)value should also
be an integer; however, if n is a real number, since I was ‘declared

an iﬁfeger,‘it-will be rounded to ﬁﬁé nearest in;ege}), and N %S the
limit pf:I; thus placing a limit op,the npmber_of loops to>be,taken.
Unlike FORTRAN, though, the user cannot specify the value by which I
willfgé incremented with each i;op; tﬁe counter, I, will automatically
‘be ' incremented by one with eacb loop. .

The Interpreter will allow up to six nested‘loops; that is,
oqiy six loops may be used at one'time. The organizati6h7df this
stétement by the Interpreter is not very involved and relétively
uncomplicated. The Interpreter maintains a table which contains’
tﬁé:relativé addressb(relative to DATATAB) of thefcountef'é storage
location (determined;£y TABSCAN), a table which contains the final
value, or limit, of the counter, and a table which contains the
character address of the first statement followiné'the'iFOR' Statement.
The construction of these tables enables efficient processing and
execution of the 'FOR' Statement. Finally, the 'FOR' Statement
requires another statement which acts as a delimiter to the loop. This
additional statement will indicate to the Interpreter that the end of
the loop has been found, and the Interpreter must either execute the

instructions of the loop again, or close the loop and continue to the
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next instruction. The statement referred to here is the BACK
statement.

5. The 'BACK' Statement--This statement, as stated above,
signals the conclusion of a set of instructions. This conclusion will
be either to a group of instructions involved in a 'FOR' Statement
loop or a 'WHILE' Statement loop. The format of the Statement is as
shown above. The statement has no formal parameters.

When used with the 'FOR' Statement, the 'BACK' Statement will
cause the Interpreter to examine the tables developed by the 'FOR'
Statement and do one of the following things. (

(aj- If the value of the counter, I, has not yet reached'itSziimit,
the-Interpreter will retrieve the relative character address of the
statement following the 'FOR' Statement and transfer it to the
instruction which begins the loop ‘again. Just prior to transferring,
though, the counter, I, will be incremented and restored.

(b) If the value of the counter, I, is equal to its limit, then
the Interpreter will‘close the‘loop, by decrementing a counter to
the tables, and continue to the next executable imstruction.

(c) 1If the value of the counter, I, exceeds its limit, then the user
must have incorrectly used the '"FOR' Statement. Most likely, such an’
error would be initializing the value of I, n, to be a value larger
than the limit, N. In such a case, an error message will be printed
.for the user (see Section IV, para 18).

When used with the 'WHILE' Statement (to be discussed later)
many of the above actions will take place. In particular, though,

since the variable in the 'WHILE' Statement is not automatically
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incremented with each loop, the 'BACK' Statement must also check to
see if the variable is converging to the limit, If not, the computer
verges on an infinite loop, and the program must be aborted. To
coordinate this, the Interpreter uses the computer's intermal clock
to limit the loop execution time. If the program must be aborted, an
error message will be printed to the user (see Section IV, para 26).

6. The 'WHILE' Statement--The 'WHILE' Statement, borrowed
from ALGOL, is very much like the 'FOR' Statement, except that the
variable I is not restricted to being an integer, and the .user is not
required to initialize the loop counter. The format for the.'WHILE'
Stafement is

WHILE (I.op.N)

where as seen with the FOR Statement, I is the variable which is
compared with N, by the logical oﬁerator, op, to determine if the
set of instructions in the nest will be executed. Obviously, if the
condition (I.op.N) is TRUE, the instructions will be executed; other-
wise, execution will skip to the first statement following the WHILE
loop. As with the FOR Statement, the set of instructions for,fhis
statement will need the 'BACK?‘Statement as a delimiter (seE'Séction
IV, para 27). |

(b) Input/Output Request Instructions—--Before moving into the
specific I/0 instructions and their formats, a few words will be offered
to introduce the Interpreter's I/0 System.

In storage, many values are not in a desirable or understandable
format for the user; thus, conversion and formatting of data for output

becomes important. If floating point notation has been used, it must
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beiconverted to its real number equivalent (in BCD) before printing;
if the number is octal, it must be converted to decimal since most
people do not work with octal values; and if it is in string notation,
the data is stored in the correct format, but it must receive proper
handling for printing according to its specifiéd string length.

‘To do the aboye important tasks are two routines for data
conversions and three routines for data formatting. First we will
discuss the data conversions.

For real number values stored in floating point notation, the
‘routine FLTDEC (Floating Point to Decimavaonveréion) is used.

FLTDEC actually performs the conversion in two parts: first, it
converts the floating point number to its integer value (BCD) withouf
the fraction and stores it; thgn it finishes the conversion by processing
the decimal portion which is precéded by a decimal énd stored behind the
BCﬁ-integer. The BCD integer 'is arrived at by unfloating the real
number into an octal integer and fraction; the fraction is placed in
temporary storage. The integer then is converted to BCD by dividing it
by the largest possible power of ten (such that the resulting quotient
be greater than one Eut less than ten), where the quotient represents
the leftmost significant digit, and from there by continually dividing
the remainder of the previous division by the next smallest power of
ten, to produce each additional significant digit (from left to right),
until the divisor becomes one. When the divisor is one, the integer
conversion is complete. At this point, the fraction is retrieved from
its storage -area, and converted to a decimal frac¢tion by continually

multiplying the fraction by ten (decimal) until the desired accuracy
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(seven places) is achieved. Each multiplication_produces one
significant digit (from left to right), where the significant digit will
be found to the left of the decimal. As the reader can see, the
routine is complicated, particularly when dealing with negative numbers
and decimal numbers (less thamn abs(l)):; however, without 1F3 the
Interpreter cannot provide the user with a meaningful answer.

Another such routine within the Interpreter is FLTBGCD (Floating
Point te BCD Conversion), which converts octal intggers to BCD. decimal
integers. From the above paragraph, it should be noted that . the
Interpreter was tasked with converting the floating point number to an
intéger (decimal) and a deciﬁél (fraction) number; thus, conversion
of integers is identical to real number conversipns excep; the
fraction is excluded. So the integer conversion will use the same
technique and the same routine, FLTOCT, initially, but if there is any
fréction, it will be rounded off to the nearest integer (see Figure 6).

Now that the data has been converted to the correct data
structure for printing, the user must be concerned about the output
format. Otherwise, there will be times when the computed format
will appear messy and inadequate to the user. For example, the
Interpreter in converting real numbers to BCD format, uses the standard
seven digits on each side of the decimal. If the user is working in
dollars and cents, he will most likely only want two digits to the
right of the decimal; another case is for small numbers, the Interpreter
fills out the value with leading and trailing zeros, which the user may
or may not want in his printout. Therefore, because at times the user

will not be satisfied with the computer's format, and at other times,
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Note: Imitially, it will be assumed_that the value 20076421
0000000C is already in storage waiting to be converted to BCD format
for printout purposes.

Step 1. Unfloating the floating point number yields:

150.42.
Retain the 150; temporarily store the 42.

Step 2. Next the number is converted by digit through
division. The number is divided by the largest power of ten which
produces a quotient greater than one but less than ten. The single
digit quotient is a significant digit in the conversion and is saved,
while the power of tem is reduced one place as a divisor for the remainder
of the previous division. Continue dividing in this manner until the
power of ten is zero.

a). Dividing by 144 (octal for decimal 100) yields:

144 11
1

b). Dividing by 12 (octal for decimal ten) yields:
0 -
12 14
-0
A
¢). Dividing by 1 (octal for decimal one) yields:
4
1 I4
-4
0
Step 3. Next place the three digits from the calculations
above in order to form 104. At this point, FLTBCD, for integers,
rounds off the fraction (.42 (octal)), and returns the BCD integer
value 105.
‘ Step 4. Multiply .42 (octal) by 12 (octal for decimal ten)
seven consecutive times as below to determine the decimal fraction.
1. .42 2. .24 3. .10 4. .20 5. .40 6. .00 7. .0O

12 12 12 12 12 12 12
5.24 3.10. 1.20 2.40 5.00 0.00 0.00

Step 5. The final step is to place the leftmost digits from
each multiplication above with the 104 to arrive at the BCD value
104.5312500.

Figure 6. Above is an illustration of the FLTDEC and FLTBCD routines
which prepare data for the user's eyes.
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he will want to use the computer's format, the Interpreter provides
the option of either formatting or not.

Whether format statements are used or mnot, the'Interpreter begins
its analysis in the same way. First, the Interpreter reads the
statement to look for a statement number. If it finds one, the number
is stored for later use. If_not, a flag is set to indicate that no
format statement is being used. Then the Interpreter transfers to a
routine DATAREAD, which finishes reading the I/0 Imstruction to
identify which data variables are required for the printout. DATAREAD
creates a table, IOREQ, to store the data type, the storage location of
‘the data item to be processed, and when a string variable, the N
string length. In the case of arrays, the absolute address is
calculated .and stored, rather than storing the array's first element
word address. Once the table is established for the line to be printed,
the Interpreter moves to another routine, MATEVAL, which actually
constructs the line for output. Before this second routine gets
started though, it checks for the statement number, which, if it
exists, would have been stored earlier. 1If there is a statement number,
then the line cannot be constructed until the MAT Statement is evaluated
so that guidance will be available for MATEVAL. To perform this
evaluation, the routine MATSTA has been developed. MATSTA, first of
all, determines the location of the MAT Statement (using TABSCAN,
see Section IIA, para 2); then, it makes a character by character
replica of the desired output line, using only characters (X--for
blank,'Rr—for integér portion ‘of real number, D——for decimal of the

real number, F-~for fraction of the real number, C--for character
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stringé,‘and I--for each integer digit) insteah‘of the actual values.
'Latef,;MAIEVAL will use tbis»replica-tb determine the exact location
to,stofe‘blanks, numbers (also paying attenti;n~to the size of Ehe
'ngmber'in digits to be printed), and character strings. Once the
replica.line has been constructed, MATEVAL uses the table constructed
by DATAREAD to retrieve eachwdata item listed; it uses the conversion.
‘routine discussed~above to put the data in the correct format; and
finally,;igloverwrites the rebliga’;ine~according Fd the placing of the -
format characters on the line. It'should be noted. that the Interpreter
does nqﬁﬁéctuall§ ove;write the'replica line, bu£ Writes-in patallel
to aho%her buffer area of the same size. 'Overwri;ing the replica line
would iengto pfqblems because the nature of the procedure described
above implies thaf the Interpreter must scan the replica line iﬁ

g
search for X's,_R{s,<DTs, F's,_C’s, and I's. Aésuming éhat a character
stfing“is part of the output, if a second line were not used for the
data,zﬁhé.lnterpretgr would be hard préésedvtdiéeparate actual q§ta
items=(characte£$) from the format notes. The'aifficulty is not worth
the extra core s;ved:by using oﬁiy one buffer. -~Thus ﬁhis problem is
avoided by storingAthe character string label in the second buffer
(the buffer which is actually printed). Since the label was to appear
4in this location in the second buffer anyway, no harm is done, and much
confusion is avoided.. In accordance with the above discussion of format
statements, the format of the MAT Statement is introduced below:

n: MAT (X1,X2,...)
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where n is the statement number followed by a colon, and (X1, X2,...)
is made up of any data formats using the cases as illustrated below:

(a) Fw.d--where w is the field length (including the decimal), and
d is the number of characters to the right of the decimal.

(b) Iw--where w is the number of digits in the integer to be
printed.

(c) Cw--where w is the number of characters in a string to be
printed;

(d) nX--where ﬁ'Specifies a certain number of'bianks to bé!
printéd.
of ¢6urSe, as noted earlier, F, I, C, and X must appear as part of the
field length information to identify the data type for MATEVAL.

Next to be considered is the case when a format statement
has not' been used;' If no statement number is indicated in the I/O
Insfruction, then the Interpreter is saved some analysis, bu; it does
not escape totally free from the spell of formats."Although not
officially entered by the user, when no format statement is used, the
interpreter must still supply an odtput format. in this iﬁstance, the
data to be printed can only be taken directly from storage and dumped;
thus, the concept of a standard format is begun.
Even though no format statement exists, as noted earlier,

the Interpreter wihl still go tﬁrough DATAREAD to set up the table of
data types, storage locations, and string lengths. From DATAREAD, the
Interpreter goes to MATEVAL, but since there is no format number, the
Interpreter will not use MATSTA. Since no direction is provided from

MATSTA, it is necessary to keep a column counter, or tab counter, to
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keep abreast of where each data value is to be stored. As these
values are stored, the tab counter will increment accordingly to move
down the line as the Interpreter moves through the table which was
produced by DATAREAD. Obviously, some form of spacing must be used.
The Interpreter automatically assigns four words of storage to real
numbers and to integers. Since the format of these data items is
unadjﬁsted, they will be printed in long form; that is, integers will
be seven digits (with leading zeros), and real numbers will be fifteen
digits (with leading and traiiing zeros). Character strings will be
stored in their entirety, and the spacing will be a skip to Fhe‘end of
the current word and then skip one full word. The character string
skipping is irregular because the Interpreter does not readily know where
the address of the next word of buffer storage is. Therefore, it must
divide a character byAfour, round the quotient, and add one word to
ensure adequate spacing. (For examples of the I/O System, see Appendix
A).

Now that the user has seen how the I/0 structuring operates
for output, discussion can turn to the actual I/0 Instructions which
make use of the above concepts:

‘1.” The 'WRITE' Statement--This instruction provides the
user with the capability to make I/0 data requests of the printer.
As was seen above, the option to use or not to use format statements
exists. The format of the WRITE Statement is:

WRITE n, (X1, X2,...)

where n is the optional statement number of the format statement

used, and (X1, X2,...) are the data variable names for the quantities
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to he‘printed (the parentheses are optional). The data variables
can:be any‘type; they can aleo be in array:format.'hThe routine DATA—:
READ, -as discussed above,.will‘properly handle'the data type, data
1ocation, the striné length where applicable, and‘store the;information
i:iy' ;{’ table. ” H
ii The 'PUNCH' Statementé—The-PUNCH.instrudtion'is identicai

to the WRITE Statement except ‘that the output perlpheral is a card
‘1punch 1nstead of a’ llne printer. The format for this instructlon“is.
' . PUNCH n; (X1, X2,...) B o
;,Whe;e‘the'abOVe symbols are as represented in]the;WRITE Statement,_r

A'ff As: above where it was necessary to prepare, through conver51on
routlnee’and formatting routlnes, the data in. storage for: themnaer 5”
eyes; now it is neceesarf to consider the rec1procal operation, thatr
'is;.preparing input data for the computer s eyee,J,The prOCesseis not
to dlffer greatly from the above method of convertlng the output
data, however, Just by the fact that the data is moving in a different‘
directioncmeans.that additional routines arevnecessary. For example,
the Interpreter cannot very well convert BCD quantities to binary
(octal);or floating point values by‘using the same routine which
converts.fromyfloating point and binary to BCD. In the same manner,
instead'of using MATEVAL which stores information to a line in its
tinallformat ready‘for print, a different routine will be required
which nill take the data from the line as read into the computer,
convert it to its proper format for computer use, and store it in its

proper storage location in DATATAB. Therefore, it is necessaryito
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determine what parts of the current‘i/o system can be salvaged for
iﬁfdt,’énd what parts must be developed.

h As stated above, different routines‘will'be needed to convert
the‘data'structures recognized by the computer. Fortunately, these
f6Utines have already been deﬁéidped for use in the DATA Statement
(see ééction IIA, para 4). Théy are BCDFLPT, which converts thébBCD
real number into .its floating point equivalent, and BCDOCTL, which
convg;té a BCD integer value into its octal equivélentf Therefore, it
is oniy;necessary to read the line of data and determine what value is
to be converted, use the above ro;tines to convert it, and then,to
store the data. First let us Céngider the storage of the data. As
was discussed earlier, to store_data<which is in BCD format, the
Interpreter must have a data type and data storage location. Now the
regder‘m;ght recall that the Interpreter constructed a tabie,;using the
rOﬁtine‘DATAREAD, which contained precisely the needed information for
data}storage. DATAREAD‘was introducedAas airoutiné which stored
the .type, storage lpcation, and character. count of -string variable for
oqtpﬁt conversions;gbut the same,roﬂtine will now be used to store the:
Adata:t?ﬁé, storage_;oéation, and‘strigg length‘for input. The‘obvigus
différégc; will'be in.the-nex; step Where different conversion routines
WillVbéiused depenﬂing upon whether the operation is input or output.
?hus thé féal-change to be made will be in the routine which causes
A the data conversion. To ‘carry the thought one more step, another
difference is the final_destination of the data storage; one case will
. cause data to be stored to a buffer forwprinting'or'pundhing, while the

other case will cause the data to be stored to the computer's data
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tables for future processing. In the output mode, the routine which

T .

converted and stored the data was MATEVAL. Thus, for the input
operation MATEVAL must be the ¥outine to be replaced, or actually, to
be redone to reverse the direction of the data. The replacement
routine will be MATINPT, which will follow DATAREAD, and use the
table established by it. 1In addition the system will use the routine
MATSTA, which, as the reader will recall, constructs a replica line
of the format lime, if used. Then these three routines together
will get data from the input queue of the computer to the correct
storage location in the data tables. In cases where no format is used,
the Interpreter will just read the information and recognize commas
as data delimiters. .

Now that the user has seen how the I/0 is done for input,
it is time to turn to the instructions which will cause the above
concepts to be uged.

3. The 'CARD' Statement—-This instruction will give the

user the capability to enter data with cards. The structure of this

statement is:

i

/

CARD n, (X1, X2,...)
where n is the optional format statement number, and (X1,X2,...)
are the data variable names which indicate the storage location for
the input data. Of note, the parentheses above are optiomnal in
all of the Input Routines as they were in the Output Routines.
4., The 'ENTER' Statement--This instruction provides the
user with the capability to enter data into the computer from the

console typewriter. The format of this instruction is:
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ENTER n, (X1, X2,...)
where the symbols used are identigal with the ones used in the
CARD Statement.
" Thus far, the Interpreter has dealt with computer input and
outpug in terms of its peéipheral»equipment, suéh as the printer, card
reader, card punch, and the typewriﬁer. However, there is one more
1/0 iqétruction to be considered, A major feature of the Interpreter
is~that.the user will have access to the data base in the computer.
To make the data retrieval, it is necessary to use two routines of
the ECDAPS Software System; ope%ierﬁERY, which when supplied with a
1is§’0f parameters for data retrieval pptions,*will‘gearch the data
base gndfbring‘thé'desired data inpo'ajbuffer of ‘the computer. Output
fr;m éUERY to the interpreter can call up the data line by line for
the user. All subsequent calls for a line of data is coordinated by
the ECDAPS routine DATA, which updates the pointer to the data buffer.
After each line of data is read, it is necessary to update the pointer
to the next line.

Normally.the Interpretef'acts as the middle man between the
user and the ECDAPS Software System. Thus, a routiﬁe must be
‘developed to enable the user to define his data needs of the system and
to state those needs to the two ECDAPS routines to be used. To better
understand what such a routine must look like, it will be necessary to
understand a few things about the data base of the computer. Since
the data is classified military information, it will not be possible
to‘discuss in great detail the purpose or design of the data. However,

it is important for the reader to understand that the computer is a
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'data-gathering ceﬁte£; The deea‘comeifrom'Gafiougimiliteﬁy'iﬁeéallationsff
k end_iegentered directly into Fhechm?eter 0veruphe'teletypeWriﬁer»ci;cuigél
 dise;ésedAiﬁ:Section IA.. Sinceee,peéber offinetallations are;ipvq1§ed, .
_#hevdeﬁe entry\haefen.identifieetiQn.fieldﬂto dietinguish betWeenjtheJ*
vseet%ens sending. ;Therefore one:?agametefnéor;theeeer';_aa;a';equest;; ﬁf
willf;eeée;examiﬁe'Qniy data.ffoéyatee}taiﬁ”statidhl Aﬁoeﬁerkﬁeramefer.fv
_will be time. Each data,eptryjhés‘35£1me on it to indicate when the
regqrﬁ_ie Written. -Now,'althqﬁgh!they_caqnot be»éisdussed; theedata o
kcan\ee‘eneefed intoiehefCOmputef}iﬁi;eQer;i}diffefe;t formats;reéch>:
format'for a dlfferent task,: and et 1s necessary :to allow data:
retrlevalrby the type>of report . des1rea Thus, w1th theee pafameters,{u :
- the: 1ﬁstruct10n can now ‘be developedwkr
;1;51' The 'FILE' Statement~—The FILE Statement prov1des the;
’userlw1th the capablllty to retrleve ‘data from the main systeﬁ 'S,
‘datavbase. The format of the instruction is:
| (a) 'FfLE;NSTAR—TGT ,.TMODAHEMN
. (b) FIiﬁ,ﬁECNUM,TMODAHkMﬁe}”
(o) FfLé;QNlng...Ns;v1v2;,,VB,TMQDAHRMN
ﬁhetefin céées (esweeé;(£5-abéye; ﬁ is’a type,¢f?feport indicator.
N ma&‘have the ﬁalue‘R (reports) or A‘(abstracts), STARTGT is.the
stationlidentifier end'ECNUM'is a data identifier"(beéause of ehe
MclassifiCation, these cannot be further explained). TMODAHRMN(is a
‘time parameter; the T musﬁ appear to alert the Interpreter that the
‘ﬁimeg;nput is requested. MODAHRMN is to indicate the month,'day, hour,
,and‘mfnupe as a start time for the data to be reerieved. In case.(c),

" the user has still another option for recalling the system's data.
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Because the data is in the form of an 80 column string (see Section

ITIA, closing remarks), the data can be requested based on stated

column values. The columns to be compared will be NIN2...N8 (note no
comma between column numbers), up to 8, and the values to be compared
against for the respective columns will be V1V2,..V8 (again no comma).
Of note, the values specified by Vi should be only one digit even though
they are implied to be two digits.. With this capability, the user

can reqﬁest to see ail lines of data in the computer with a 3 in column
27 by using the instruction FILE,C27,3.

So that the reader will not be confused by use of this
instruction, an explanation must be given. From above, it seems that
the instruction will load an entire buffer of data into an area for
the user to use. This is not the case. The buffer has been loaded by
QUERY for the Interpfeter to use, but aue to the limitation on storage
‘fOrAthe”Interpreter,~it is not possible for the Interpreter to load
this data for the user. Instead,_the FILE instruction causes a singlg
line of data to be loaded. For more data, it is necessary to loop
through the instruction each time a new line is required. Now, an
obvious way for the user to override the Interpreter's intent here to
conserve storage is to déclarevan 80 column string array, read a line
of data and store it in each successive element of the array. However,
when a line is called up, it is automatically stored in an area set
aside by the Interpreter (STAR), and can be operated on from that
special location. The desirable method to use the FILE instruction
capability’' is to read a line of data, operate on 'it, and return for

another line. 1In this way, the user can still use the data without
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tying up the Interpreter's storage area. To loop the FILE instruction
as recommended, the Interpreter has developed a special technique to
continue reading data until the end of file is reached. The loop
should look like this:

WHILE (STAR.NE."T")

FILE, (followed here by requested parameters)

BACK

TE&MINATE
As can be seen, the Interpreter performs the loading operation
with the WHILE Statement. Once the last line of data has been found,
the_Interpféfer enters the letter 'T' in the first character position
of STAR.

6. The 'SCRATCH' Statement—-The simple function of this
command is to void the current file of data, which had been earlier
retrieved, when the user is ready to fetch new data. After this
statement, the user can reinitialize his QUERY parameters. Then,
when he specifies the new parameters in another 'FILE' Statement,
the new buffer of data can be loaded.

Now that the I/0 instructions have been discussed it is
time to look at the instructions and functions which revolve around
the Interpreter's expressions. Since the computer is filled with

‘calculations, the solving of expressions is highly important.
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‘2. Expressions--Developing a method-to'splve expreséiop;
is extremely complex because expréésions can be"simple invqlving‘no
variables, or cumbersome involving variables, functions, or_just a
.combipgpion of these. They may be long or:shqft,;with parenﬁheses or
’wiﬁhout;/ in each.éasg, one rdﬁtine must be abléméo accommo&ate the
problem. The first task for the Interpreter to h;ndle when
:éonfronﬁed by an expression is tQ d¢;ermine the expression's home;'thatiiiﬁ
5is}vpngeva'fina¥”solupion hasubeén"éAICu;ated?{fhg Interpreter’must
know_ﬁhefe to storéfif and in which data form. ihus aSVQaéfstated inR ‘

thg-ihtroduction to the Second Pasé} a rouﬁipe,_EXPRHOME, will read

gthe{naméJof the”vafiable,'includingfartays,3opfthe left side~qf‘the'

[ ¢

expression, andvdetermine and~étorg’thé'locatiSn_of the_variébie'aﬁd‘flsv}f}

its . data type. v ,%i
Once the location and type are known, i;”is,necessary to’

tackig»ﬁﬁe right'side of the equa;ionj-howeverg:bécagse éhe'éalculatiohf§ f

of exﬁﬁessions are handled differently in the casé of Boolean variablés;ﬁ

it is pebessary to have two techniques to solvefexpressionég Thus,

hdisquséibn of eachadf éhese routines will follbﬁ}

(a) Ndfmal Expressions—-The routine to solve normal expressions,
EXPRESN, is divided into.two main parts; one, EXPRESN, has the
capability to solve expressions which have both real numbers and
iﬁtegers.éontained within it, and two, EXPRESN can process string
variable assignment statements.

FirSt,'let us consider the‘string'variable assignments.
A ‘string ‘variable may be assigned a value either by giving it .the

value of a string constant which is enclosed in double quotes, or by
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setting it equal to another string»variable. Therefore, ifﬁthe
Interpreter, in scanning the expression, finds a double quote, it“knows
immediétely to store the characters following as ‘the strinQ’s_value.

In the other case, if the string variable is set equal to another
string variable, the Interpreter simply copies the characters .from

the first location in core to the new location. As is readily seen,
this first type of expression can be easily handled by the Iﬁterpreter.
The Sqlving of this string Variable,problem is'éccomplishe@,primafily
byvallQWing the Interpreter to utilize programming designed for the
second type of normal expression.

A major feature of the Interpreter in dealing with character
strings is the capability given to the user to work with partial
strings. This means that the dSer may print just part of the string
variable, or in an assignment, he may give it the value of only part
of éndther string. The feature exists in ALGOL WA; it cannot be found
in FORTRAN or most other scientific languages. The notation adopted
by the Interpreter to indicate a partial string is

STR (N1:N2)
where STR is the string variable name, N1 signals to the Ihterpreter
to skip the first vacharacters, and beginning with N1+1, use the
next N2 characters.

In the second type of normal expression, the Interpreter is
much more involved with the expression. In the previous type, the

Interpreter was concerned with relocating data from the expression

4Sites, Richard L., "ALGOL W Reference Manual," (Stanford
University, 1972), p. 40.
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or from a location in storage to the location of the variable being
assigned the value. 1In this problem, though, the Interpreter deals
with arithmetic expressions which . may be nested in parentheses and which
may contain many variable names and arrays. In either case, tﬁe )
Interpreter must break the expression down into simple, easily solvablé
components of the original problem. In undertaking this task, the
Interpreter first scans the line in search for each data element
(variables, constants, and functions). As each element is discovered,
it is converted into its fldating»pointyvalue; that is, variables
are retrieved from storage, and ifvrequired, are converted, and
conStaﬁts are all assumed to be real numbers ana-are automatically
converted to floating point. When these floating point numbers are
_arrived at, they are stored in a'table called VALU. Since a fioating
point number requiresitwo words of_coré, the relative address of
these in VALU are 0, 2, 4, ..., which in BCD will be 00, 02, 04,...,
‘respectively. As the values are being stored in VALU, the Interpreter
is rewriting the expression by replacing each value by its relative
address in VALU, bu£ Without changing the symbols apd'other'notation
of the expression. Below is an example of how this process works:
DEMO = (3.0+ARA(2,3))*7-VAR**EXP
where ARA(2,3)=2
and VAR =4
and EXP .=6
From rewriting the expression as described above, the result is
=(0+2)*4-648 where VALU 20026000 00000000
+2 20024000 00000000
+4 20037000 00000000

+6 20034000 00000000
+8 20036000 00000000
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Note that the symbol for exponentiation, *%*, is rewritten as a +.

This is deliberate. From close observation of the rewrit;én expression
above, the reader will note that the line can now be reread,tand,the.
Interpreter will with each character load the address of a value, or a
parenthesis,,or an arithmetic operator. With the new structure, the
Interpreter has surpassed the problem of character names and .lengths

as well as variable and value stringrlength. Next, higher level
Alanguages deal with the execution priority sequence. Usuélly theyv
willﬁexecute everything in parentheses first, thenvthey‘willbexecute
~each operation on the line accordipg_to the operator priority. Thus
the Interpreter will execute everytﬁing in parentheses. It Wiil
acéomplish the task by reading and storing the expreésioh;U‘Whgnever

a begin parenthesis is encountered, the Interpreter forgeté.what‘itu
has read, and from the point of the new parenthesis it begins to read
and store the remainder of the expression. Whenever an end parenthesis
is encountered, tHé-Interpreter solves whatever portion of the
expfession has been stored at that point. When the expressipn‘Withip
the parenthesis has been calculated, the final value determined will

be stored in VALU in the lowest relative address of this mini-expression,
and the expression will be rewritten, only this time, with one less
level of parentheses. When the Interpreter does not find any
parentheses, it will run into the semicolon stored at the end of the
instruction by PREPROC, and then it will solve the expression which has
"been read. When more than one operator is in an expression, priority
is given in the following order: #%*,/,% + -, Within the example

given above, the final solution would be derived as follows:
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=(0+2)*4-648 (0+2) is evaluated and stored in O
=0%4~618 648 is evaluated and stored in 6
=0%4-6 0*4 is evaluated and stored in O
=0-6 0-6 is evaluated and stored in O
=0 Final value will always be in zero

From the breakdown given above, the two points are'worth noting;
first, the final will always be in relative address 0 in VALU, and
secondly, the Interpreter does not require four passes through the 1ine'v
to solve such a trivial problem. The Inte;preter requires one pass to
rid thg,expression of the pagentheses; and one pass to solvg'the prqﬁlem}A
One part of expression solving which has been ignored‘until now
is function processing. When the Interpreter comes across a functiqn
rquést4such as TAN, SQRT, etc., it must come up with a quick evaluation:
of fhat expression before it can contihUe to the actual mecbanics of
'éxpression solving which were discussed above. ”Thus before ﬁoving on,
it is necessary'tq jump back to discuss the functions which COmg_withv
theSInterpreter, and how they work.
1. EXP (X)--This function solves the problem, e**X, where
e=2.718281828. The Interpreter arriveé'at‘theﬁv;lue_by a method of

: . 5 . . " L
series expansions™ through the first sixty expansions. The equation is

0 1 2 59
X X X" X
EXP (X) = _6_!_... + _.]..j._ + _._2_T_ + ...+ ....5...9..!. .

The expansion is carried so far, because when dealing with real numbers,
the Interpreter calculates the solution to seven decimal places.
In problems where X is extremély large or small, the seven place

accuracy can be obtained only by going through sixty expansions.

‘ 5National Book of Standards, Handbook of Mathematical Functions
With Formulas, Graphs, and Mathematical Tables, ed. by Milton
Abramowitz and Irene A. Stegun (Washington, D. C.: U. S. Government
Printing Office, 1964), p. 69.




56

2. LN (X)--This function determines the natural loggrithm of
X." Initially the Interpreter tried using series expansion for'this'
problem, but too many equations6‘were necessary to cover the different
cases for the value of X. Finally, a Newton-Raphson Iterative :type
equationY*was accepted. The equation. is

: _ 5 Y = X-EXP(Y(I))
LN (x) = Y(I+1) where Y (Ifl) = Y(I) + EXP (Y (1))

and XiO.' _
~~Y(I+l)fY(I)j,OOOQQOOOOl

Noté_that“in sdiving”the naturai,log.of X, the Interpreter mékes:use ‘

of the Exponential function discussed above. In many of the function  €;’a

cal@Ulations, the reader Will”nqtigg that the Ingerpreter‘often'3
'liés on;already;developed, tried,Zaﬁdvtested sof tware tO'develQp,newl
;sof£ware,"Above,it was mentioned»iﬁfthe discussion of the exponential
fuqctionlthat sixty'iterations.wereyrequired to attain accuracy for
ceffain X. Another instance where high accuracy is required in'the
exppnential'is With:the natural log ﬁunction since it is dependent
upon the'ﬁormertfundtién. In manf.;aées while éesting the natural log:
,meth9d 6§ calcﬁlation? it was noted that an‘inaccurate valge f&ri .
EXP(Y(I)) prevented the Newton—Raphsép formﬁla from converéihg rapidly
enough. Thus, it was necessary to exfend the series until it provided
the' accuracy to deal with the varying values of Y(I).

:The tolerance factor used in all iterative type solutions is

P

as shown above, .0000000001. Such a small tolerance affords a high

61bid., p. 68.

7Thomas, George B., Jr., Calculus and Analytical Geometry,
(Reading,_Massachusetts, Addison Wesley, 1972), p. 463.
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factor of accuracy for all calculations. It should be broughﬁ out
jthat whereas the Interpreter only prints the soiution torseven,;
decimal digits, often the final output will be varied by the lower
joféer'Values. In use of floatihg point notation, the Interpreter can
express up to twelve digits of a number. These digits may be to the
right or left of the decimal; however, more often than not, the
Iﬂterpreter will bé calculating numbers to the nihth and tenth decimai;
plgbe.~ Thereforegain discussing the accuracy_of calculations,.mgny’
tiﬁes the Interpreter is.dealing:witﬂ the 1ower order values éhiéh may
not bé p?iﬁted, bﬁyiobviously affegp-the final s&lution,

3. LOG (X)--This routine will calculate the common logarithm
of1X;4»The‘meth6d~isivery simple using the identity

| LOG (X) = (2.302485093) * LN(X), X>0.

Again,the reéder“cgnrsee where thé preciseness all the way back to
EXP (X) will be required just to calculate the common logarithm of X.

‘Z. SQRT‘(X)f—This routine will calculate the square root of
X. As might be'expe;ted, the solution is determined by using the
famous”&ewton—Raphéon'method of iteration. However, as the reader has
been told, the Interpreter, whenever possible, will make use of already
developed technology for continued developments, so the decision had
to be made as to whether to use the exponentiation of X to the one
half power. The problem was quickly resolved by the examination of
the two techniques. Whereas in every example tested (see Appendix B),
the.solutions were identical, the Newton-Raphson method proved itself
quidker in reaching the final solution. It was iInteresting and

reassuring to note that each method, even though completely different
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~software was used for each, produced’ the identical value to thé‘seventh
decimal place. The Newton—Raphson iterationAformula for the 'square
root is

ana X>0 , ‘
Y(I+1)—Y(Ili.OOQOOOOQOl

5. FACT (X}——This functionfwill‘ca%culate the faétorialtof X;
‘The routine begins with X, decremenps Ey one, .and multipligs.the'tWO'toi
argivé.atmfhe product: Then,ﬁit coﬁtinuesfto,déCrement‘fhé valﬁe of |
X:By'oné,‘multiplying the new number by the previdus,prodgé£; Which RN
yie}dé*a new product, and continues gﬁﬁbughxthe cycle\uﬁtil i;beCOmgsv_
eqﬁéi:tq'one. Theq}the finaléyalue hég been‘foﬁqd:‘ Of‘note,‘X.must:géﬁﬁ i
a'£é§it£§g}integer; or an error will reSu1t>(éee.S;ction IV:;Qgpa 13);;
’Th:a}_ equation is- A

FACT (X) = (X)(X-1)(X-2) . . .(1), where X is a positive
a integer. - .

. 6. ABS (X)--This routine determines the absolute value of X..
The déterminatiqﬁ is made according to the following relationships

o X=X for X positive or zerb
ABS (X) = | I
X==X for X negative.
7. .. SIN (X)%—This routine will calculate the sine of X by

L , : 8 "
using the series expansion method. The formula is

1 3 5 7 9 11
SIN (x) = Ko - X XX, X XT
' 1! ! 5! 7! ! 11!

Brbid., p. 822.
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Note‘tbat the series is alternating in sign; also note that thg series
is expgnded only to the sixth‘expansion. The sefies is short‘bepause
it‘pfovides a quick and highly accurate convergénce_to the solution.
An additional capability to the user which_is not immediately

oﬁvious is that the function has radian or degree_input available.
;f;tbg user wishes to»exercise the radian input option, he can precede a
the ﬁérentheses with an R; otherwise degree input will be ‘assumed.

| 8. COS(X)—;Thisiroutinerwill calculate"the‘cosine value of X;;
The series expansion tééhniqué9 i§ also used with@cosine,yéﬁd the.

formula is

0 2 4 6 8 10
Cos (X) = -5T" " 3T + —57T T e + ~57 ~ 157

Notgjhere,also?thatbthe series has an‘giternating,sign, and_it too
is'expapded.only to the 6th element. Although it should not need
meﬁgion; the cosine function has the same option for radian and
degfee'input as the sine function.

9. TAN (X);QThis,routine‘will galculate'the tangent of X.
For thié value, it is simple for the Interpreter to determine the sine
,énQ'coéiné values.of X and use the following“relationship
-Of note, the tangent function has the'éame restrictions and
.advantages as it constituents sine and‘cosine.

10. ASIN (X)--This routine calculates the arcsine, or inverse

sine, of X. The value is calculated using the Newton-Raphson

iterative technique. The formula is

9Ibid., p.. 823.
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) gy . X-SINCY(D))
ASTN (X) = Y(T+1)  where Y(I+1) = Y(I) + “g55057735

cand  Y(I+1)-Y(I)<.0000000001
-1<X<1

11. ACOS (S)-—This routine calculates the value of the
argéosine, or the inverse cosine, of X, again with the ASIN function,
by using the Newton—-Raphson method of iteratiyely'converging to the
solution. The formula is

COS (Y (I))-X

ACOS (X) = Y(I+l)  were Y(I+l) = Y(I)- SIS

and Y (I+1)-Y(I)<.0000000001
~1<X<l

.12, ATAN’(X)—eThis routine will determine the acrtaﬁgent,or
the inverse tangent of X. The calculation is performed by a direct
formula using

2

, X -
A;'AN (X) = ASIN i-T'}_(z 1/2

‘Although not mentiéned with the inerse_trigonometric functions, the
uséf can get his answer either in radians, by using the R preceding
‘the: parentheses in the instructionm, -or by degrees‘by'leaving\thé‘blank'
:as"discussed_with~theitrigonometric functions.

13. CNVRT(STR(NI:NZ))——Tﬁis routine is much simpler than it
appears. When data is retrieved from the computer's data base, it is
given to the user in string character format (see Section IiB, para
1b5); however, the user may often wish to make calculations from the
line of data, such as calculation of time differences, or to perform
other numerical comparisons. Before these calculations are possible,
the data must be converted from string constant format (BCD) to
integer format (binary). Obviously, since the Iﬁterpreter has already

solved this problem in data input processing with BCDOCTL, it will not
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beadifficult to perform the conversion for the useg,"In the,format
above, STR represents thé’striﬁg.variable name (in>the case of the
computer's data base, the name would be STAﬁ), N1 directs the
Interpreter to skip the first N1 character of the string, and)Ni‘is

the nu@per of characters to be converted. T£e Eonversion'Will~be‘doné
‘as- one value inﬁiength of N2 characters up to“twelye digits. As the
”reader‘mai reca;l,‘the limit to twelve digits was_imposed'by BCDOCTL .
(see-Section IIA, para 4d). B

W'¥ Now that.égch of‘the function§ £as beenAdiscussed, theiémﬁha;is1

apprpbri;fély turns #b;the use éf;these fUnctibésf In eachAéf thé
aboje?fqnctions!sthe operand variable X was uséd, $ut there was never
“any:mention of Qhat the'Interpréter expected iﬁix. To make thé:
Aexeéution of funcﬁ?oﬁs more‘systematiéfand smoothgr,athg'Interpreter
psés;§5special’r6utine PARENCHK, Whidh“lodks*ay fﬁe arggment_igathe
fuﬁéti§ﬁ and re;urgs the value which is to be opé;ated on. fhe=on1y‘,ﬁ; 
1res§fi;tioq imposeébby the:routing_is that the argument canqot’be a

éomﬁlex e%bressioﬁ;ﬂéhdfit cannot co;tainxany arrayé;l The-above;statemegti
says‘thaé{complekléx§¥éssions cannot beiused;.so qbviously‘we ;ﬁould :
define.what constitufes a,complex.expressi§n;- Any'expression_@hich'hh
rquire§ the‘use ofvpérentheses,is considered by thg Interpreterito'be
complex.” Thus, the restrictions are feally saying that the Interpreter
cannot handle .any data item whiéﬁ_containg’a pareﬂthesis; thus, an

array cannot be used because of the array elements in parentheses.

Once the routine has returned the value, in floating point form for

computations, the function can derive the value of its desired
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purpose, and the routine to solve expressions can once again commence
execution of the expressions.

(b)‘}Logical Expressions——-As stated gbove,'itvis necessary»to.h;ve
twoﬁé#preséion routines. In solving normal expressions, the Iﬁ;erpreter
is coqqerned-with numerical calculatiéﬁé, in the case of the integef
'and fe$1 number expressions, and with character string manipulations,
The*}eader may be.questioning’' the need fgr.an additional. routine for
Boolean expressions. The.distinction is not drawn because ;f the data
tyﬁes——thap is biné?y arithmetic as opposed to alphabgtic strings. The
differencévin theftwozexpressiOns is £ﬁe operator. “The Boolean
expf;ssionlis using iogical oéerator;; discussed in fhequF;..THEN'
Stateﬁént (see Séctibn’IIB, para la3), whereas the ndgmai-eXpression is -
usiﬁé?hormal arithmgtic”operatorSg.”In the case oé the chgréctef~string |
expreééions; théré.are no operators used. Either the'str%ng'V;fiable
is équal?to a striﬁé‘constant enclosed. in doubléyﬁﬁOtes, or'ig'is
equa;gtO'another string variable.

;Toﬁev;iﬁé;e fgéiBoqlean expression, the inferpfete; has a
rou?iﬁéy,ﬁQOLSTOk, which can ﬁéndle simple,and'go£piex exprésSiéns; Fha£
is, l&giégl~expres$ions which‘may or may not be linked by logical
conjunctid;s; Théilogical conjunctions which 1ink two iogiéal
eXPfCQSions.aré; B

1. The:'_ANDi Logical Connector--For two .subexpressions x
and'y,,the-logical>AND connector will cause the following action:

true if and only if (x) and (y) is true

(x) AND (y) =
‘ false otherwise
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2. The 'OR' Logical Connector--For two subexpressions, x and y,
the logical OR will cause,the'fdllowihg action:
true if either (x). or (y) is true
(x) OR (y) = o ' B
false . otherwise

"'3. The 'EOR' Logical Connector-—For two subexpressions x

and y;‘the'expression'is"evaiuated as follows:

true :ihif‘eithef (x):or (y), but not bOth,:v
(x) EOR (y)'= ‘ " dis true T '

false -~ otherwise
The reader should note that the expressions cited above, x

and y, éreethe same type of expreSSioﬁS‘as-used in the 'WHILE' and "IF'

Stetemeptsf As"such; x and yJWill‘peuexpreesions'ﬁSing legiCai
ope#étors; As ﬁeynbebreca}led, fhese'eperatoys are GE, GT;fLEa LT,
.NE,EEQ,ﬁeqd When eeedjéﬁeyfmustﬂée ﬁl?nked'5§ periods, and4t£e entire"
sube#éreSSion meet_bevencloeea in parentheses ksee Appendix C).
Missing from the. above list of -logical cbnnec;ives is the

'NOT' Operator. This operator has been omitted because the user may

easily set up the inverse of a Boolean character in the following manner.

BOOLEAN A, B .-

A+(B.NE."T")

TERMI&ATE.
In the above example, if B is equal to true, then (B.NE."T") will be
false, and A will be false; converseiy, if B is equal to false, then"
“(B.NE."T") will be trhe, and A will be true. Thus even without the

_inverse Boolean operator, the user can still derive the same effect,



64

+This completes the execution stage of the Interpreter. At
'thisxbbint,;the;gger should have a7gbod,ideé of the working of the '’
Intéfpretér, as well as the language itself. Ndw,'the remaining pages

will.bé devoted to' the Error Diagnostics and the:Data.Dump System.



ITII. THE DATA DUMP

Perhaps one of the single most important features of any
computer system is the data dump. When the user's program has gone
astray, confusing both the user and the computer, then the computer
can immediately alert the user of a problem and give -him an indication
.of the error with a dump. The data dump shows its value by providing
ivaluaBle‘informatiOh'to th; user éboutlthe contents of his files,@hich::
will assist him.inﬂcorrectingjthe‘problgms. The dump designed for the
In;eipreter carefully prints'ail data files in an easy to'readnformat;
however,;gince the computer worksfin binary, the files are binary. For
the d#mp, though, some files‘are'dﬁmped in binary octal, and some in
BCD‘(see Figure 7).

| In most every instance when problems occur, the user will need
to see a listing‘of his program. Thus, the first part of the dump is
the program listing: Just above the listing, there will be an address
request which will indicate the location in the interpreter from where
the'dump was requested. This information is provided for the user
with a listing of the Interpreter. It may also be used by the person
‘'who maintains the Interpreter in the event of a system programming
error. To the left of the program listing, there is a seven digit
number which is a character address (decimal, relative to PERM) of
the instruction. The address refers to the first character of the

instruction. Later the reader will see that the first character address
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'ADDRESS REQUEST

ADDRESS
0000000
0000012
0000024
0000033
00000042
. 0000049
0000064

0000131

NAME -
A000
BO0O
€000
DO0O .
E000 .
F0O0
G000
HO00
-1000
Jo0o
K000
L00O

60050
60060
60070
60100
160110

62160
62170
62200
62210
62220

61500

61510

SAMPLE DATA DUMP

00052520

PROGRAM LISTING
INTEGER A,B(7),C
REAL D,E(2,2)
STRING F,G,H
STRING (5) I
BOLLEAN J,K
STRING (13) L(3,3,3) .
DATA A,7,E(1,2),3.5,F,"CAT,"I,"LIVER,"
J,"T "L(l 2 l),"ABCDEFFHIJKLM"

0052

REGISTERS
A 00000001
Q 00006325

Bl 00000241

B2 00000146

‘B3 00000000

66

COUNTERS
. PROG
" COUNT

TERMINATE
B IDENTIFIERS
- TYPE ADDRESS ARRAY-PROG POINTER ABSOLUTE ADDRESS
"INOO 0000000 ) 0000000 00062325
"INOO 0000001 0000007 00062326
"INOO 0000008 0000000 00062335
REQO 0000009 0000000 00062336
REOO 0000011 0000019 00062340
ST00 0000019 0000000 ‘00062350
ST0O 0000020 0000000 00062351
ST00 0000021 "~ 0000000 00062352
ST0O 0000022 ‘0000000 00062353
* BOOO 0000024 0000000 . 00062355
B0OOO 0000025 0000000 00062356
'STOO 0000026 0000057 00062357
: - OTHER CORE--PERM ADDRESS 00060053 ,
0000 0000 0000 "INA ,B(7 ),Cs "RED ,E(2
,2); 'STG ,G,H ;'ST ‘(5)1 ;'BO J,K; "ST(
13)L (3,3 ’3); ’DAA' ‘373E (1’2 (33' v S'st
*caT L,"1, "LIV ER," J,"T SULC 1,2, 1),"
ABCD EFGH TIJKL M"; TE;0 0000 0000 0000
' .. OTHER CORE--TABLES ADDRESS 00062161
0000 A000- O0O0IN 0000 BOOO 07IN 0001 Cc000
O0IN 0008 DOOO  OORE 0009 E000 OCRE 000=
FOOO 00ST 000C  GOOO 00ST 000D HO00 00ST
000E 1I000 .00ST  OOOF J000 00BO 000H K000
00BO 000I LOOO 0zZST  000J 0000 0000 0000
OTHER CORE~-STMITAB ADDRESS 00061505
0000* 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0014 0030 0041
0000 0000 0000 0000 0000 0000 0000 0000
0061 0100 0203 0207 0000 0000 0000

*#The values in this table are printed in octal which means' that

00135
00001
STMTPTR 00008
POINTER 00036
DATAPTR 00135

each value is the eight digit combination of the number above and below

on the 1line.

Figure 7.

Illustrated above is a sample data dump.

The problem here

was earlier selected to demonstrate the development of the
first pass tables (see Figure 4).
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OTHER CORE--STLGTAB ADDRESS 00064045
64040 0000 0000 0000 0000 0000 F000 0004 G000
64050 0004 HO00 0004  I000 0005 L000 000" 0000

B OTHER CORE~-DATATAB ADDRESS 00062325
62320 0000* 0000 0000 0000 0000 0000 0000 0000 -
B 0000 0000 0000 0000 0000 0007 0000 0000
-62330 0000 0000 0000 0000 0000 0000 0000 0000
_ 0000 0000 0000 0000 0000 0000 0000 0000
62340 0000 0000 2002 0000 0000 0000 0000 0000
0000 0000 7000 0000 0000 0000 0000 0000
62350 2321 0000 0000 4331 5100 6300 0000 0000
\ 6300 0000 0000 6525 0000 . 0000 0000 0000
62360 0000 0000 0000 0000 0000 0000 0000 0000
, 0000 0000 0000 0000 0000 0000 0000 0000
62370 0000 0000 0000 2122 2526 3132 4400 0000
. %0000 0000 0000 2324 2730 4243 0000  .0000

,*The values printed in DATATAB, as was'théycase in STMTTAB, .are
printed in octal. '

‘Figure 7 (continued)
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shown with the instruction corresponds to the PERM location of the
statement and not to the printed character location of the statement.-
Recall that the program is not stored exactly as it is read (see
Section IIA, para 1). The purpose here is that the Interpreter uses
the character address as a guide to each statement; so the,addrees

is for the use and benefit of the Interpreter and not the user.

To the right of the program:listing is a summary table which
lists the values, at the time of print, of significant registers and
program counters. Ihe_CDC 3100 computer has five registers whiéh are
displayed on the computer console. These registers are key £b
thelprogramming effort because they are used for all computer operations.
The dump will print a list of theSe reéisters, A, Q, Bl, B2, andiB3,
and their curregt va1ues. BesideutheseAregisters will be a iist,of
the counters: to the more important tables of the Interpreter. These
couhters‘keep a‘checkren PERM which houses the user's input program,
INST;‘Which contains the last instruction read by the Interpreter,
STMTTAB, which holds the character addresses of eech instruction,

.TABLES,_which is the table for'declered variables and statement
numbers, and DATATAB, which of course is the data-.tables for each
declared variable. The counters which prevent any of these tables
from being overloaded are PROG, COUNT, STMTPTR, POINTER, and DATAPTR,
respectively. Periodically, throughout execution of the Interpreter,
«checks are made to ensure that these counters, hence the user's
prbgram, are not becoming too large. The routine which makes these
checks is CNTRCKS (Counter Checks); these checks will be discussed in

more detail in Section IV, para 1.
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After the program has‘been_listed, the Interpreter~prihts
.a table of the statement numbers add declared variables, or as the
reader_might guess, the information contained in TABLES. The name is
ii;tedvfirst; that is, the variablehhame or statement number; theh
the’datavpype, the relative locatioh;ef the variable in DATATAB or
lthefstatement numher‘in PERM, whichever is applicable, followed by *
athezarray,prog poihter, Wh;cthoints to the location in PERM Where‘array:
dimensioning informatiOn for the declared‘variable can be fdund, if
appllcable, and flnally, the absolute address of the varlable s
storage location is prlnted. Slnce the data dump w111 print DATATAB -
1n an octal dump with octal core addresses, the user w1ll ‘need the
'absolute~address in order to 1oeate the'valuetqf;his varlable;d All
‘of'the.informatien listed in this‘table can be found in TABLE§1except
;the.abSOlute address of the Variable, but this information can
ea31ly be determined from the information contalned in TABLES.

After the TABLES listing, the Interpreter prlnts the contents
‘fetitheﬁprev1ously mentioned key tables of the Interpreterb These
tables which are dumped are PERM, TABLES, STMTTAB, DATATAR, and
STLGTAB, each of which should be of interest to the user. PERM, TABLES,
STMTTAB, and DATATABlhave already.been pointed to above for their
impdrtance, but the other one was not mentioned. STLGTAB, as may be
'recalled (see~Sectioh'IIA, para 2), is the source of the declared
length of the string‘variables, and is used to assist the Interpreter
in”proper storage.of string variables. Of the five tables dumped,

" PERM, TABLES, and STLGTAB, all of which contain mostly BCD characters
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are dumped in BCD rather than octél. The remaining two tables are
dumped in octal.

Before each table, a message will be printed to indicate which
table is to follow, and the absolute core location of where it begins.‘
‘Following, of course, is the table dump. The Interpreter is not
respogsible for the octal core dump. It makes use of the ECDAPS
routine, SNAPSHOT,(See Section IC, para 4), which hand1es5the’butput
feqﬁéét; When the dump is completed, the Interpreter has finisbed
egecutién of the user's program, and returns control to théACDCi31OO.
system. -

. To be mentioned is the .criteria for the data dump. “Naturally,
thé;uéer will nbt/alWays,want‘to see the full’data{dump; on the other
hand, there wiil»be special times when the user will want;it; MThe
,Inﬁerpreter‘has'tried to second guess the user in this area by providing
the capability to get a dump at: several strategic evolutions of the
execution cycle,=bﬁt'thé dump is actually provided by the user's
intervention. The user is given the capability to tell the Interpreter
the_¢ircumstances'infwhich the dump will be needed and the Interpreter
responds to the needs of the user. The user is able to communicate his
desires to the Interpreter through the use of jump switches which are
a ﬁart of the CDC 3100. The turning on of a jump switch will cause the
Interpreter to deviate from its normal course, and honor the user's
request. The jump switches and their function are as follows:

1. .SJ1--Jump switch 1 causes a complete data dump at the

normal termination of the user's program. This dump is particularly
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valuable when the user has a problem getting the correct output,
even though the Interpreter has given no diagnostics.

2. SJ2--Jump switch 2 causes the emergency abort of the user's
program in the event of an infinite 1obp. Also, jump switch 2 allows
the user to abort the program listing which follows the execution
cycle. The latter option should not be put into effect until the
listing actually begins to prevent accidentally aborting the program.

3. 8J5--Jump switch 5 will cause a dump i% the Interpreter
finds a diagnostic error. After the Qump,_though,wthe Interfreter
will terminate the program execution. More about diégnostic errors
will"be discussed in Section IV.

4, SJ6——Juﬁp switch 6 -causés a dump of the program and files
after the first pass. This dump will allow the'uééf’to check the
tabies‘which were developed in the first pass (see Figure 4)ugpd
con%inue with the'program execution. This option does not cause the
Vautqmatic abort of the user's program.

The reader will note that the Interpreter makes use of only
foqr of the six'jﬁmp switches. Jump switch 3 has a special functionl
kor'the ECDAPS system which would be pertinent when using the ECDAPS
routines. Jump switch 4 is being reserved for later technology of
the Interpreter if such technology is possible (see Section V for a
discuséion of the ideas for future consideration for the Interprgter)L

In the discussion above, it was mentioned that a program
listing follows the execution of the program. If the user does not

use any of the jump switch options provided, ther the Interpreter
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will follow the program output with a listing of the program. In
nearly every instance, the user will"ﬁant such a listing. 1In those
rare cases when tﬁe:uSet feels the program is too lengthy for the
compléte listing, He may abort the listing using jump switch 2 as
presé?ibed_above.

The data dump routine is rathér simple in style, but it is"
very important to the user when he has a software problem. The;efote,‘7
‘thé interpreter has t:ied.to provide, abovg all~oth¢r features, an
.adequé;é data dump fécility. Another important feafure for thé ;éer
‘when he ﬁés a problem'iS»blear and precise diagnosfics. Discussion

of the diagnostic system will follow in Section IV.



IV. THE DIAGNOSTIC SYSTEM

The Interpreter when executing a program must be constantly
aware of the user's statement structure; otherwise the program may
continue indefinitely, and cause the Interpreter to overwrite itself,
or if a check is not made on the user's declared variables, the
Interpreter may not be able to function efficiently with the input
program. The need for a precise diagnostic system can continue
indefinitely. The reader should understand though, that the error
checks require exactness by the user, because without them, the )
Interpreter may misinterpret the real nee& of the user. -

To coordinate the overall diagnostic system is a short
cyclic routine called SKIP4. When an error is found, the Interpreter
loads the first word address of the error message and the character
count and jumps to SKIP4. From there, the current instruction address
is loaded and printed, and then the error is printed (see Figure 8).
The entire message is bordered by asterisks above and below. Next, the
current count of diagnostics is incremented and checked. If the count
is less than ten, then the Interpreter returns to SKIP3 to pick up
execution with the next statement. From Figure 8 the reader will note
that the diagnostic, in statements 21 and 60 actually is not complete.
The Interpreter made note that C was not found in the variable name
tables. If the reader will refer to statement 12, he will find that A is
a duplicate variable name entry. Thus, when the Interpreter found the

error, it printed the error and moved on to the next instruction.
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STATEMENT NUMBER 0000012

DUPLICATE NAME ENTRY
KREEREKRARRRERARAAKRARARRARRKARA KA R A A%

B S S S R T S R S S

‘STATEMENT NUMBER 0000060

DATA NAME NOT FOUND IN TABLES
e T T e T e L L 2

AhkhAhrrirAkhdrhkhhrhiiihhrrhhhhrrddis

STATEMENT NUMBER 0000021

DATA NAME NOT FOUND IN TABLES
E e T T e P L L L P

KRAKRXARKIRIIRRIRRIKRRKIRFARRKRRAR
STATEMENT NUMBER 0000049

ILLEGAL OPERATOR IN EXPRESSION
L T T e T R T T

ARARRRARRARRAIRARAAFhhhrhddhdhdhdin

STATEMENT "NUMBER 0000096

DATA NAME NOT FOUND IN TABLES
kkkkhhhhhhhhhhhhhrhRdrrohhhhhhrhk

ADDRESS REQUEST. 00052520
ADDRESS  PROGRAM LISTING
0000000 - REAL A,B
0000007 " STRING K
0000012  REAL, A,C,B
0000021  C(1)=B-1

0000030  STRING (3) P
0000038  BOOLEAN L
0000043  L=""T"

0000049 L=(L.GE.L)

0000060 DATA C(1),.0316228,C(2),.01,C(3),.001

0000096  L=(H.LT."THE")
0000111  TERMINATE

Bl
B2
B3

"REGISTERS

00000001
00006325

00000162 -

00000004

-00000022

Figure 8. Above is a sample of the diagnostic messages.
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 COUNTERS

PROG

COUNT

STMTPTR
POINTER

"DATAPTR

00115

00001 -

00011
00012
00001
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The variable C was never declared to the Interp;eter because the
statement had been ;borted due’ to the duplicate.variable name error.
Once statement 12 is corrected, another execution will resﬁlprih an
erfpr in statements 21 and 60 whichsays that an array has ‘been used
bugwhas not been declared. The reader might question the_Intexpreter}éih
negding two separate executions to discover all the errors inltﬁe
ugef's program. :Tﬁe,Interpreter cannot uncover every error because
if;;hg Iﬁterpretér:returned to.thg same line gfter'brihting the
diagﬁogtic message ihstead of mov;hg;to the neXp-instruction,.it.may
lose system contgol'wheﬁ‘it tries to pick up execut;on ofvthe'statemené.
It_éhouldﬁbe»notgd that the Interprefér discovers é;lAer;Ergﬁﬁﬁilg
tr;ing.to execute the instruction, but when an error is found;vthe
Interp;eter'novloﬁger attempts f;‘éxecute the sta#ément. There is-no
presearéh to check for errors. Another example of the same situation
caﬁ.be found in Statement 96. In the first execution attempt, the
Interpreter printed that H could not be found in the variable name .
table‘because it had not been decl;red. Whenfthe‘user declares the
*variable,jthe negt execution attempt will site‘the.same instruction
for an illegal operator; that is, the LT operatdf?is not valid for
string variables (see Section IIB, para la3).

From. the above discussion, the reader can see that the
Interpreter may require several execution attempts before the bugs will
be completely removed. To assist the user in understanding the

"diagnostic messages which are printed; each message will be discussed.
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1. "COUNTER ERROR AT XXXX"--This error appears whe; the user
hés éxceeded the input storage restrictions. Th; five counters which .
éppear inrthé right corner of the data dump--PROG, COUNT, STMTPTR,

' DATAPTR, and POINTER-—are the measurgs_of core used by the user's
prégram. The limits .assigned to each of these counters are as folloﬁs{f‘\
(a) PROG--PROG counts the,number,of.characﬁérs in thenﬁ;er’s
!perﬁanen; program and is restricted to 4000 (deciﬁal) gharaéﬁérs whichlj §

twi;l normally figure to be a 500 instruction program.
| i(b) QOUNTA—CbUNT counts the number. of cﬁata;tgrs §e§dfigtd the

lcu;rentvihstructianand its limit7i%:160 deciméi'éhéfécteré;;iTﬁé‘mainﬁ‘
-reaéOnlfor the extreme length.aiiéﬁanéé is-tO’héndle‘the Qériéglé
:1e?gﬁh-of the string variablegz»zihé,readgr might recall‘thatigﬁ;
_string variable is limited to a 1ength:9f;lSO-Cha£a¢£ers. |

(g) STMTPTR%éTMTPTR'cOuntS“ﬁhe number of ihstructiops.“h
Ité‘actua} purpose is: to point to the table which contains the

G

.statement character‘addresses,pSTMITAB}' The limit for this counter.

d

ié>550 Whidh:will—ééSume,ias doesffROG, that the{é§erage instrq#tiohw;:; 
flength Will.be 8 characters. |

(d) DATAPTR--DATAPTR points to the data tables, DATATAB, The
‘limig‘of data values is set to 1000 words. The data‘tablesfarg‘mixed
up,ﬁifh;integers, fléating point numbers,’énd variable length string
‘characters, all of which require a different number of words iﬁd"
core; thus, it is,néarly impossibleVLO estimate how far this Iimitation
will-gxtend. With 1000 words of core, though,;the user should have

;enopghvstqpége to handle most problems.



77

(e) POINTER--POINTER counts the number of declared variables
and statement numbers. As the reader will recall from Section iIA,
para 2, the Interpreter uses TABLES to store all variable names and
statement numbers; thus, POINTER prevents TABLES from being oVéfflowed.
The limit of variable identifiers is fifty.

After the counter error‘is_printed, the address of the error
location within the‘Interpreter will be printed. Tﬁus, che“ﬁéér,
if he-understands COMPASS, may wish to examine the Interprete?:

If not, the user'can-use the current statement number printed above
the error to trace his error.

2. '"INSTRUCTION FORMAT ERROR IN STATEMENT NUMBER XXXXXXX"'~—~
As diécussed in Section IIA, para 1, DETRMN is a-  routine used to
,léééte ;he‘instruetion type which has beeﬁ usedf If the routine
cannot determine ;he instruction used, it will print this error.

3. '"ARRAY HAS TOO MANY DIMENSIONS'-—-An array because of
storage limitations must be limited to only six fields. The limit
although small is not unreasonable, because few arrays extend any
deeper.

4. "END OF NAME NOT FOUND-~VARIABLE LENGTH ERROR'"--The
Interpreter limits the length of variable names to four ;haracters.
In the execution of the routine, TABSCAN, when the Interpreter is
searching the .variable name and statement number table, if the
variable name which it is searching for is found to be too long, this
error will occur.

5. '"DATA NAME NOT FOUND IN TABLES"--This diagnostic indicates

that the user has not declared one of the variable names or statement



78

numbers properly. The user should review his declaration statements
and his statement numbers to resolve this problem.

6. '"LAST CARD NOT TERMINATE"--This error can be fatal.;g the
Interpreter if not re@edied. When this error occurs, the Inter?rétet
priéts the message of the console typewriter instead of the printer,
and aborts the program. |

7. "ARRAY USED--NOT DECLAREb"——Earlier in this section,”

mention was made of :the variable '

C" (see Figure 4)?which'had'béen

used as an array but not declared in tﬁe standard array format.
With that error, this is the'messagg.tb the user.

8; "ARRAY DECLARED--NOT USED"—;The converse to the PreviOus
error is the case when the user hasﬁdeclared\the array, butftriedvto
usefthe_array as a simple variable. In either éituation,’ghe
'Iﬁterpreter becomgs confused by the statement and must abort‘the
inétrUctibn by one of the above two messages.

9. "EXPRESSION TOO LONG"-~In any cgse“wheré,the Iﬁterpreter
deals:with'expressioﬁs;xthis error may occur. The purpose df‘ﬁhis
diégnqstic'ié'nof just to restrict the user, but primaril& to
return control to the Interpreter when the user has faileﬁ t;.place
a delimiter on his statement. }The restrictions imposed by this
’diagnostic are:

(a) In the FILE Statement, the limit on the number of
_column parameters is eight. Similarly, the time input for this
statement is eighﬁndigits for the date time group, MODAHRMN. If
either restriction is violated, this message is printed.

(b) In the MAT Statement, a check is made to guarantee that

-the»hser has not tried to format too many spaces for data items. For .
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real numbers, the ﬁaximum format ile15.7; for integers,-itAisll7;
and forrcﬁaracters, it is ClSO:'“Ip addition,’the statementfis
limiﬁéd‘to only tén variable names by this diagnostic.

3;(Q2 In a Boolean‘expressiop, the expression is limiged‘to
ptweive}Chafacters'on each side of the operator.
10. . "NAME TOO LONG"--This error is very similar to the

preceding diagnostic. WheneVgrjthis‘mESsage appears, the user should .°. "

:,firétiléok for anjfyariable?ﬁ;méfwhighfexceéd§ ngt'charaCtersfin
leng££§; If thét,is;pogjthe ef;6£; $§me othef;iésténces wher;j;his
message @ay appear are: ‘ )

© (a) In .the FILE Statement, the allowable length for a e
,-Stégioniid;ptifieffis eight dig;tsgf; | h
~ )€2(1’3‘)iI:;h“;ch:éth-OTOStatévt'ne'.nt‘,"‘;glliefvlrifepplgé}t.:ér ehéureSfth;t

the,stétémgnt number does not eXcéedfthree_digits_(see Section ~

IIA, para 2).

i5(§) Ip FﬂefMAT“Statémehﬁ;?fhghmaximum 1éﬁgth whichhqan
“bhe fqrma#éed is.i;Q'fof a lengthy‘chéfacte;‘s;fing: “ |
o iir "UNMA@CHED'PARENTHESESf——The Interprétér mugtidema;d
ipreéﬁse notatio#jfrom the usé;Awheﬁ dealing-wi?h numerical éxpressionéi;;
OthéfW£se,lifathe'ﬁsér is'slgék'inféetting up hisﬂééuation;hthé¢
Interpreter will not be able to ensure that it has evaluated'tﬁé
_é%ptession aszthé:qser had intended:

12. "NO'ENﬁ;PAREN ON NAﬁﬁ"-—Tﬁis error is used to relate to
the user thgt he has not placed an end parenthesié on the array used

on the left side of the expression.
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13, "ILLEGAL EXPRESSION IN PARENTHESIS"--This error is -
ubyiouegn Some of its uses are: ‘
| (a) In specifying the length of string variables 'in the
STRfNé Statement,;if:the input is~not‘numerie;,then this1errurA
Cwill resule. |
(b) .In*threelof the funCtLons,‘FACT Lﬁ and SQRT ﬂthe

‘ operand must be positive. If., they are not, then thls error is

' indieated. '
“=5§_L4. "SIMPLE VARTABLE NOT DECLARED"——The Interpreter pants ;;f "
':thls meesage 1f the user has . tr1ed to use aniarray in the operand o
ofuh}e functlou.LJ, | 7 )

'15, "ILLEGAL TRIG EXPRESSION"—-Thls error occurs when o

the" Interpreter flnds that COS X—O when calculatlng TAN X. Th1s
error is: also a d1v1de fault but the message prlnted is more prec1se.!?fh
16. "TOO MANY SIMULTANEOUS LOOPS''-~The Interpreter alloWS

; Onlyﬂsixsnested loops.at onertlme; The total 1s_der1ved,from_the

.

1number of FOR étatements used at the same - tlme.t

| i?.\ "ITERAIION VARIABLL MUST BE AN INTEGER"——In the FOR
-Stetemeht,btheulteratlon varlahle‘muet be an integer and cannqnlyl
‘be;iueremehted‘h;uinteger values., '

| Hvl8.‘ "ERROR . IN LOOP LIMIT'"-~-In thetFOﬁ;Statement, the
‘iteration variablejcannot deérement»te a negative numher.u'it-may .
only inerement by one to a positive integer value. Likewise, if
the initial value of the loop counter is greater than the limit

declared in the“FORtStatement,'then this error message will apply.
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19. 'DIVIDE FAULT, CANNOT DIVIDE BY ZERO"--This message is
obvious. Somewhere in calculating an expression, the Interpreter
is told to divide by zero, which is of course arithmetically
undefined.

20. '"STATEMENT NUMBER .MUST BE NUMERIC'"--As stated ‘earlier,
(Section IIA, para 2), the statement number must be numeric.
Otherwise, the Interpreter may confuse statement numbers and variable
.names-éinge they are both stqredfin.IABLES.

21. "UNMA&CHED DATA ENTRY ANﬁ~DATA TYPE''--When the user has-
faiied to have Both_sides‘of ah]exﬁreSsion to be of the saméwdaQa
typé,'itgié an errd?. Of note, in dealing with Boolean expgessi¢ns
or other logicéi eXpressions, the final value or splution’must;be a
Boolean value; howeyef; this does'ﬁét“preclude'thé usetdf'nhmeric
vaiues”in the expression. Thus, below are examples of -the type of

error indicated by this diagnostic..

CASE A CASE B’

' INTEGER B INTEGER B
BOOLEAN A BOOLEAN A
A=(B.GE. 0) A=(B.EQ."ABC")
TERMINATE TERMINATE

In case A, the Boolean expression requires that the final solution be
a Boolean value, but this will happen because B, which is an integer,
can be compared to the quantity zero. In case B, the expression is

nof matching data and data type; thus the error would be caught.
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22. "ILLEGAL VARIABLE IN EXPRESSION"~—The message Of_this
dragnostic iSfthe-beSt words for the type'ofLerror. Mostlthhe
adiagnostic is to ensure that the user has not'tried to incorrectly -
inse'Boolean variable‘names in‘normal'expression,v

| 23. "DUPLLCATE'NAMELENTRY”—:The message.here is equally
obviousﬂ A variable should aLways be declared once, but it shOold
neverbbe deblared;more'than Onee;;thnS,»when thé‘interpreter'finds_
the same variable declared :anorethan one p'lace’,“ it prints the’
arror, S -
“ 24, "ILLEGAL OPERATOR IN EXPRESSION”——Thls dlagnostle

occurs When the user ‘has 1ncorrectly tr1ed to use an 1nva11d operator

in Boolean and character strlng express1ons ' Ithhese two cases,

ithe only operators allowed are EQ and NE (see Section IIB, para 1a3). _L.f*

‘In another 51tuat10n, that of the FILE Statement parameter llst, thlsh,
error~can be found,,'The Interpreter must be able_to read the data:
parameter request of the statement,‘or it is an error.ﬂfIf’the_lrst
'has for some reason been mlsproported the_error will oecur.r |
250 "ERROR IN FQRMATTEL) OU'I‘fPUT"—-This‘_‘error is desig‘ne‘d- to
cateh the Interpreter if the_MAT'Statement'has'been improperly
~~oonstrhctedﬁ Without - such a‘meansvto‘regain control, the Interpreter
:coninreasiir write out core. The type of error which this refers
to is when the proper delimiter has been omitted. The'Interpreter,
in/this oase; could continue to write until it‘had overwritten all
) .;,26. "EXPRESSION IN WHILE STATEMENT DOES 'NOT CONVERGE"—fThe

WHILE Statement is probably the most vulnerable. in the Interpreter.
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- If ghé user fails to properly converge the variable in the expression:
to the limit, the-¥nterpreter may become locked in the loop;' To i
,OVércome this problem, tﬁe Interprete£ makes”uSe:bf the‘computef's
iﬁternal clock tg‘checkuthe duratipn of thelé;atement. If thg'timg
‘of‘ex¢¢Ution of the loop exceeds the limit set (éBout 10 seconds) ,.
‘the Interpreter will print this error and move onf' Of note, the
Iﬁte;preﬁer does not ‘abort the program untii teg diagnosticé7haYe
o;cﬁrfed,'so thékmessagejwily actuéiiy be-printga”ten timééFipjmosﬁ.
cases. The advantage here isfthgt'the:InterpreteéfWill continue to
ptiﬁf the next ten éolutiﬁns,éo tﬁat‘the uéér may acthaiiy 6bé¢rve thgt
divergence of his variable. '

27. "INVALID WHILE LOOP"-~To terminate the WHILE Statement, .
tﬁe.. user must f,clcis;.v the 1oop with-a BACK Stat?»eme'n.i‘;-,-orwthe WHILE loop
is’ipVélid, andwghe message will be printed. H

‘Now the uée:-ahd reader have completed_theuihvestigatidn
qf J‘t'hev Ihterpret‘:er: both in th‘e’CSry."'and in opera'tvvion. In every
instanCeéﬂthoughEVhag been directed‘tgward;the'peeds of‘the uéér. b
z Hé@eyet, even as'the~Inﬁ¢rpréter nearsacompletion;-fhere'aie'géverél-" §.
clpéing‘thoughtslwhiéh'must begenteré& as‘possibie improvementg forf
the system. These ideas'wii1 bendiscpssed in the following and

final section.



V. CLOSING COMMENTS

When thoughts first began to develop the Interpreter for the
CDC 3100 Computer, they were somewhat vague and unsophisticated. As
a result, much of the finished InterpreterJis'vague and unsophisticated.
The original idea was to develop aAlanguége which could utilize features
of other popular higher level languages, but as the program began to
unfold, new requests began to surface. The Interpreter began as a
small system primarily for my personal programming needs with the
staff's computer, but soon, others became interested in the planﬂed
capabilities for the system. High among EVeryone's prierities was
a FORTRAN -Interpreter because many of the staff's analysts have massive
FORTRAN programs which can be adapted to the CDC system..

The first attempt at the Interpreter does not have the
FORTRAN Interpreter, but some effort has been made to lay the
groundwork for the change. Essentially, the only modification
required- is to change some instruction names and to perhaps add some
new instructions. It was decided not to move into the FORTRAN
version of the Interpreter with this present system because of the
following reasons:

1. By the nature of the staff's request and the already
mentioned core limitation on the Interpreter, a massive FORTRAN

program cannot be executed in 12K words of core.

84
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2. A major concept in FORTRAN programming which has not
been dealt with in the first version of the Interpreter,naiso
because of core, is subroutine programming. The reader will probably:
‘note that subroutines are designed to save core; however the mechanics
of simulating the FORTRAN subroutine will entail lengthyasoftwére.
It would be nearly pointless to strike out in the direction. of
subroutines too soon if the results were less than desirablé. It is
hoped that the opportunity will later arise to uﬁdéte the'bqr:ent
Interpreter with:ﬁﬁg subroutine capability. |

3. The enti;e.FORTRAN'instruction set is q&ite massive,
and-the expected effort for?£ﬁe original Interpreter was torﬂé
just a few monfhs{:iMy milifarywtqur at the cémmgna{endsvin a
short waile, and I had hoped to leave at least the current higher
‘lévél ianguage programming capabiligy for the staff.

As time permits toward the end of my military tour, I hope
to fulfill the expectation of a FORTRAN Interpreter .in the foliowing
ways:

1. The most severe deterrent to the addition of the
FORTRAN Interpreter is, as was cited above, core. From Sectiéh.IV,
the reader knows that the length of the user's program is limited
‘to'SOO instructions (see Section IV, para lc). Surely most lengthy
FORTRAN programs will exceed the instruction limit. In addition,
the size of the data tables is limited to 1000 words of core. These
limitations simply are not realistic for a user's program, and they

must be greatly increased if the Interpreter is ‘to be of value. The
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update ‘to the Interpreter will shift progtamjénd data sto;agglto
taées. This modification alone wili unlock' core to allow'theF
»Inperpreter”to taékle any and .all programs. Ehe use of a tape for
prégram storage and another tape for déta,fil?s'wi;l remoye;the‘userl
from the ridiculous restrictions which must be iﬁposed on the 12K
Inperpfeter, V .

v2, The reaaér will recaiivthat the Inte;érgter uses the
firét_twd:¢haracters to:iden;ify'thg type ;ffinstrUCtion'in‘gjﬁ
St;fement.f The'foutine_PREPROC;éc;uéliy usesﬁé £éble tO'coﬁpg;e the
viﬁé;?ﬁétién ﬁamg‘éﬁgefed by'thé,uséfiwith.thé;iastrqgtiqn néme
;g§bgpized?by'thé,iqtérpreteri" When é,mq;éh ;s'fg§pd-théiroﬁtihe‘
iféﬁ%iteé:the'iﬂstiuéﬁion’us;ng‘£hé“¢§f?espohdiﬁggtwo;;hafacfér?codesv
vfpr ﬁ#e instruétiéﬁjb I1f the tgblg;ﬁééd f;f“tﬁé;comp;risohs3ﬁga a né& &: 9
sefabf'insﬁructioﬁrqames, andL@hejpser chaﬁgeq ﬁisiinstfpétiog éét
{acéofdiﬁgly, then:tﬁe instructiqnvnames have been~changedﬂ‘ Fér examplei;g
Tvip ;he,current ;pstruétion set;:fhei;éér'mu;tiﬁge,%he ;ommandLbARD_to
‘céﬁéélfhg Interpféter to read afgardf"ilf‘fﬁe naméiin'thé tabl¢iwe£§~
pchangéd ;6 READ,'thé“user would be'réquired t&lqgéiﬁEAD tovha§é hisf' "L‘a
card fégd., of note,{the'instructioalin PERM would still be'stored h
':withfthe'séme two q;git‘éodé CA,fo;ICARD,'butdpé_thé-user, the
iﬁsgrﬁction:READ wbéid be executédL{vThe above pfocedure'will be
implémenféa to modify'the current iﬁstruction set to match the =
FORTRAN instruction set. Of course the instruction set which now.
‘egisfs with the Interpreter is only a small part of the set‘which

will be required for FORTRAN. Thus conversion will require not only
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"“changing the names of many of the cnrrent'instruCtions,fbutjalso the - -
> addition' of mananew“routines}: i

,1"

3. As was noted above, the’ addltlon of - subroutlne capablllty : :

;fw1ll be a hlgh prlorlty for the upcomlng changes..

”L_4. In the I/O Statements, the 1nstruct10ns do not prov1de.;
”‘fnrlthe:implied.loop'that is,gthewuser cannot:express the variablei’"

.operand“asban array with the indiceibeing an‘aUtonaticallv" o

fﬂincrenenting;Variablef"At thenpresent“time,~the“user,must’either"loop
;through the statement untll he has covered the de31red elements, or ¥

,he must repeat each element 1n the I/O 1nstruct10n.‘ In the update,'

f’this implied loop,is a planned addition.in

.»"'

-‘ieS, In Sectlon III, the reader mlght recall that the Interpreter

‘ hadlreserved~jump SWitch-4 for*a speCial purpose.' Now that purpose‘g.

*ican be revealed i As programs are wrltten for the Interpreter, a dual

‘gxrequlrement will develop for a FORTRAN Interpreter and- the spec1al uffu«

flanguage-lnterpreter, Therefore, by use-of the Jump sw1tch 4 eé -

'_user;can,have axchoiCe‘of the_Interpreter he"prefers.

,;3f Wlth the’ f1nal changes as outllned above, the Interpreter
~w111 be flnlshed, unless‘of course, more needs occur. At that~t1me,""3

vthe user should have un11m1ted program and data storage areas, and he T;ﬂ

oy .

should have FORTRAN as well as the Interpreter s language w1th wh1ch L

to work.



APPENDIX A
THE MAT STATEMENT IN USE

In Section IIB, para‘ib, the Interpreter .deals wigh the
Ihput/Output Instructions, both formééted and quorma;teq. The
illustration prQSéﬁted here shoﬁld_indicate the advantag; in.théﬁ
MAT Statement, In;Figures Q‘and;lO;xthé user wiii’oﬁserﬁeffhe;
same ‘problem iqkfdgr different outp@t1situation%:

In FiguréTQ;Vthe outputiié‘handled usiﬁg the“MAI Séatgment.

'Inithe listing, ;he“sqlution is dbvioﬁsly easier to read~Because the ©. .

numgers are not sloppily printed Qigh’leadingi;nd t;aiiing zer;es.
The;p;iﬁtout of the real array ﬂas some extra zgidés; howé&ef;
tiey are'th;re'by request from thetMAT’instrgcgiaé'in line 87.
The,MAT,Statement-hgs ordered f;ur real numbers ;6‘be printéd,'
each with field'lengih.sevenfincludiﬁg’twé.digité to the f;ghtrof1
the decimal. i

In Figureth;Atﬁe printouts»arg'not organized by the MAT

_Statément,_so fhé‘formét_designed‘by the Interpreter, as the default:

casé,‘muét'be used. Theé user will note how unorderly these listings
are,,particularly)in the real array case. Witho@t a doubt, the

MAT Statements enable clearer and easier to read output.
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Cése'l), Printing‘of»a fbrmattéd:integer array

".02 03 04 05
03 04 05 - 06
v 04 05 06 07 -
05 06 07 08
ADDRESS REQUEST. 00052520 T A "
ADDRESS: PROGRAM LISTING Cn ~REGISTERS .- - COUNTERS -
0000000  INTEGER A(4,4),I,J .- - A .- 00000001 " PROG ©  00120.°
'~ 0000014  FOR I=1 TO &4 o Q 00006325 COUNT 00001
0000025 FOR J=1 TO 4 B Bl - 00000241 STMTPTR 00009
0000036 - A(I,J)=I+J- -*ﬁ-l*‘ : B2 00000061  POINTER 00012
0000047 * "BACK . ST B3 00000000 . DATAPTR 00015

0000051 ... WRITE 1,A(I,1),A(T, 2) LA(T,3),A(T,4) ST e

0000084 . 1:MAT .(5X, 12 5,12, 5%, 12 5x 12) L co
0000112 - BACK -~ " .-

0000116;;>TERM1NATE

NORMAL TERMINATION OF PROGRAM

iCase 2) Prlntlng of a’ formatted real array - - '
-+0002.00 - '0003.00 . - -0004.00 32"0005:005 LT o
»=f40003.oo © . 0004.00 .. -0005,00 i1 0006.00 ;e st e e o R
“;0004 00 - "~ 0005.00 . ' :0006.00". ... . .0007.00 . .
. 0005.00 :;‘1 0006. 00 -,g;,gooo7ﬂoo,a ﬁgooos 00
ADDRESS REQUEST - 100052520 - PV

 ADDRESS. - PROGRAM. LISTING ;ia;&;ff&i RREGISTERS LR COUNTERS

~ 0000000  REAL’ A(4 4. R . A 00000001 - v".PROG 00131

. 0000010..  INTEGER I,J STl e s Q0 '00006325 ¢ COUNT.¢ 00001
. 0000017 “FOR I=1 TO 4 : .+ ool B 00000262 - STMTPTR 00010
0000028 FOR J=1 TO 4 ... <. ... BZ 00000142 - > POINTER 00012
© 0000039. A(I,J)=I+J N AL BaR.Aoooooooo . DATAPTR. 00030
'0000050'“»BACK S - . L e, ST

0000054 WRITE 1,A(I,1), A(I 2) A(T,3), A(I ,4) .
10000087 1:MAT (sx F7.2, SX F7. 2 5x F7 2, 5X F7. 2)
-0000123. * BACK- .
0000127  TERMINATE ,

. NORMAL_TERMINATION OF PROGRAM

“'Figure 9.° .Above are two cases in which the MAT Statement has been
- +  used. The first case is printing an integer matrix and the
, second case prints the same array but as a real matrix.
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TERMINATE.

Case 1). Printing of an unformatted integer array

0000002 0000003 ‘0000004 0000005

0000003 0000004 0000005 0000006

0000004 0000005 0000006 0000007

0000005 0000006 0000007 0000008

ADDRESS REQUEST 00052520 '

ADDRESS  PROGRAM LISTING REGISTERS. COUNTERS
0000000  INTEGER A(4,4),1,J A 00000001 PROG 00090
0000014  FOR I+1 TO 4 Q 00006325 COUNT 00001
0000025 FOR J=1 TO 4 " BL* 00000156 STMIPTR 00008
0000036  A(I,J)=I+J . B2 00000061 POINTER 00009
0000047  BACK : B3 00000034 DATAPTR 00015
0000051 WRITE A(I,1),A(I, 2) A(1,3),A(T1,4) SR g
0000082  BACK .

0000086 TERMINATE

NORMAL-TERMINATION'OF PROGRAM

Case '2). Prlntlng of an unformatted real array . S

0000002. 0000000 0000003.0000000 0000004.0000000 0000005.0000000

0000003, 0000000 0000004.0000000 0000005.0000000 0000006.0000000

'0000004. 0000000 0000005.0000000 0000006.0000000 0000007.0000000

0000005. 0000000 0000006 . ~000000 0000007 . 0000000 - 0000008 . 0000000

ADDRESS REQUEST 0052520 e '
ADDRESS . PROGRAM LISTING REGISTERS © - COUNTERS
0000000 REAL A(4,4) A 00000001 PROG 00093
0000010  INTEGER I,J Q . 00006325 . COUNT 00001
0000017  FOR I-1 TO 4 Bl 00000161 *STMTPTR 00009
0000028 FOR J=1 TO &4 B2 00000142 POINTER 00009
0000039  A(IL,J)=I+J B3 - 00000034 " DATAPTR 00030
0000050 BACK - . ‘ '
0000054 WRITE A(I, 1) A(L,2),A(T, 3) A(I 4)

‘0000085 :BACK

0000089

NORMAL TERMINATION OF PROGRAM

Figure 10.

Above are two cases using the same matrix as in Figure 9,

only in these examples, the MAT Statement has not been
used. In the first case, the integer array is printed;
in the second case, the real array is printed.



APPENDIX B
FUNCTION ACCURACY

A very significant factor for the‘Interpreter is jﬁst5

how‘well are'the'fucctions,being célculateé; It is definiteiy

important to have an efficient technique to caic@iate-these'valdesy

however, if the values are inaccurate, the user will be in trouble. .
Tﬁerefore, firet*emphasis is given to'accuracy’and second‘concernjto."

'
!

teehﬁidué._
't; In the flgures which follow, Flgures 11 and” 12, the reader,f
w111 observe .a serles of functlon evaluatlons., The»calculated values

.are_printed;to,tbe.seventh'decimal apd;have been Verifiedfto/be

aecuratefto thebseﬁenth»decimal'by a calcﬁlatqr; vBy‘beiﬁg able to

insure,calculator;acburacy for most calculations, the Interpreter.

'paases the accuracy test., Although the example’ programs onl& evaluate’ﬁ
the‘EXP’;LN aSIN; COS and SQRT functlons, each function of tee ;f |
Interpreter has undergene 1ndependent testlng Wlth ‘the same hegﬁ
results,_thus, the Interpreter has 11cked the problem of prov1d1ng szﬁ

dependable solutions. Now, the,concern,can_turn‘to more;efflcient'

operation.
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1.01005- 0.00000 0.17364 0.98480 03.1622776  03.1622776

1.02020  0.69314. . 0.34202  0.93969  04.4721359. 04.4721359

1.03045° 1.09861  0.49999  0.86602  05.4772255  05.4772255.

1.04081  1.38629 0.64278 0.76604  06.3245553  06.3245553
- 1.05127° 1.60943 - 0.76604 0.64278  07.0710678°  07.0710678

1.06183 1.79175 ~ 0.86602 . 0.50000 07.7459666  07.7459666

1.07250. 1.94591 - 0.93969 ©0.34202: 08.3666002 08.3666002
©1.08328 2.07944 . 0.98480 - 0.17364- 08.9442719°  08.,9442719.

1.09417  2.19722 - 1.00000. 0.00000 09.4868329  09.4868329

1.10517° '2.30258 . 0.98480 --0.17364  10.0000000 10. ooooooo, :

pree I‘iiééié‘é (REGISTERS' . COUNTERS
0000000 REAL A(6) A _00000001' . PROG 00225,
0000013 I=1 .- . .-B1.00000161 ' STMTPTR. 00015
0000017, WHILE (I.LE.10) ..»B2 00000242 .. POINTER 00006
0000030  A(1)=EXP (I/100) B3 00000000 "'~ DATAPTR 00013
- 0000046 - A(2)=LN(I) e ’ : ol
0000058 A(3)=SIN(I*10)

‘0000073 " 'A(4)=C0S(I*10)

. 0000088  A(5)=SQRT(I*10)

0000103 . A(6)=(T*10)**(1/2). P ~ SRS -
..0000122 . -WRITE 1, A(l) A(z) A(3) A(4) A(S) A(6) B R ]

- 0000157 - I=I+1 SRR ,

0000163 .. BACK - - '@ .° S o ‘ :

0000167 1:MAT (F7.5,2X,F7. 5, 1x F7 5 2X,F7.5, 2x FlO 7 2x FlO 7)
g‘0000221f~ TERMINATE, - . ‘ : .2

\NORMAL TERMINATION OF PROGRAM

Above -is a sample program which demonstrates the prec1seness

Figure 11.
RO ‘of the Interpreter s functlons



1000. 00000 31.6227766
'0989.26786 31.4526288
0978.53572 '31.2815555
0967.80358 "31.1095416
0957.07144 30.9365712
0946.33930 30.7626283
0935.60716 30.5876962
0924.87502 30.4117579
0914.14288 - 30.2347958
0903.41074 30.0567919
0052520

ADDRESS REQUEST

ADDRESS
0000000
0000009
0000016 -
0000030
0000039
0000050
0000061
0000094 .
0000107
0000111

NORMAL TERMINATION OF PROGRAM

PROGRAM LISTING

REAL A,B,I.
:I=1000
WHILE (I.GT.900)

A=SQRT(I)
B=1*%(1/2) -

WRITE 1,1,A,B

I=1-10.73214

BACK

TERMINATE

31.
31.
31.
31.
30.
30.
30.
30.
30.
© 30.

A
Q

‘Bl

B2

B3

1:MAT (SX F10.5,5X,F10.7, SX FlO.

6227766
4526288
2815555
1095416
9365712
7626283
5876962
4117579
2347958
0567919

REGISTERS
00000001
00006325

-00000126
00000162
00000000

7)

93

COUNTERS
PROG  -00115
COUNT 00001

“STMTPTR 00010
'POINTER 00009 . ~
DATAPTR 00006

Figure 12.

Above is another example which demonstrates the’
accuracy of the squareroot function.



APPENDIX C
LOGICAL EXPRESSIONS I

In addition to performing normal arithmetic éalculatibns, the
Interpreter also provides the capability to evaluate Boolean expressions. .
A Boolean expression in its most simple form is the aSsignméntjto a j*

Bqélean;variable the value of TRUE offFALSE;lfAs;the gxpréésion:beéoﬁes-Q 

moreiébﬁplex, the vaiué is arrived”aﬁ?by:comparing{éwo ;ﬁgéX§fé$gian5; §
X”énd”y, Wherevthel}ével ofAébmparisdﬁvis setbe_aﬁioéiqalprerator.MlTf;:
NF§f a disCussioﬁtof iogical oPeratqfsg“see Sectioﬂ’IIﬁ;gpaféﬂlg3u
.Thé4moét sophis££&;£§d lével‘bfquoiean expressign is gchieﬁéd ;;?.“
,bysédmbining theréﬁo;e SﬁbeXpréssidﬁé‘wiFh anéfher set §f~éubeXPressiéh;
b&_aiibgical conjhﬁétion. Theée,éénjunctions ﬁere“diScusseﬁniA‘ 7
SéqtiOnyIIB, P?ré ?bf For an i;lus§xation:pﬁ thése pres:ééfﬁdbleaﬁ-i

expressions in use, see Figure 13.
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TRUE
FALSE
FALSE
‘TRUE
. TRUE
TRUE
- TRUE
FALSE

ADDRESS REQUEST "00052520

ADDRESS

‘0000000

0000009
0000015

10000020 -
0000026
0000031
0000035
0000040 -

0000053
0000058
0000084
0000089

0000115 -
0000120~
- '0000146..

0000151
0000177
0000182

PROGRAM LISTING
BOOLEAN A, B C
A=""T" "

WRITE A

AB="F>|| .

WRITE B .

=B

WRITE C -

. C= (A EQ "T")

WRITE C

C=(A.EQ."T") AND (B NE. "T")n

WRITE C:‘:

WRITE C ~

C~(A EQ "F”.) OR. (B EQ IIFH)

WRITE C

C=(A.EQ."T") OR (B.EQ."F")
. WRITE C
' TERMINATE

‘Bl
B2

B3

C=(A-EQ."'T") OR (B.EQ. "Tn) s

REGISTERS

00000001
00006325

. 00000271

00000000

oooooooo;.

.95 o

: COUNTERS = *°

PROG

COUNT

STMTPTR
POINTER

- DATAPTR,

00186
00001
00018
00009

00002

NORMAL TERMINATION OF PROGRAM _

Figure 13.

‘Above is a sample program demonstratlng the use of Boolean

expressions
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