




































































































































































































































































































































































































































































































































































































































































































































































































































































































































Selection Routine 

eq 

°LET T$ = "GO" 
°Read a record (sequential 
file reads) 

°FOR 1=1 to Number of 
Tests 

°FOR J=l to Number of 
Items 

°IF Name to be Tested 
(I) = Item Name (J) GOSUB 
Selection Routine 

°NEXT J 
°NEXT I 
°IF T$ "GO" PRINT 
°GO TO START 

°Perform routine to move 
item (J) from record 
buffer to Item Value. 

°Convert Comparison (I) to 
comparison number (1 
through 6). 

°GO TO eq, ne, gt, ge, It, 
Ie, ON comparison number. 

°IF Item Value <. > Test 
Value (I), LET T$ = 
"NO" 

° RETURN 

The "PRINT record" used above may be replaced with 
GOSUB Print Formatting routine. This would be the 
case in a full blown REPORT program which allows 
the user to specify report headings, define a 
subset of a record's items to print, and allow the 
formation of new report items formed from record 
items and/or previous report items. 

This type of sophisticated REPORT program might 
have the following starting dialogue: 

HOW MANY COLUMNS IN THIS REPORT? 4 

COLUMN #1 HEADING? Employee Name 
DATA (D) OR FORMULA (F)? D 
DATA ITEM NAME? NAME 

COLUMN #2 HEADING? AGE IN MONTHS 
DATA (D) OR FORMULA (F)? F 
NUMBER OF COMPONENTS? 1 
COMPONENT NO. 1 FROM? D 
DATA ITEM NAME? AGE 
MULTIPLIER? X12 

COLUMN # 3 HEADING? ANNUAL SALARY 
DATA (D) OR FORMULA (F)? D 
DATA ITEM NAME? SALARY 

COLUMN #4 HEADING? SALARY/AGE RATIO 
DATA (D) OR FORMULA (F)? F 
NUMBER OF COMPONENTS? 2 
COMPONENT NO. 1 FROM? D 
DATA ITEM NAME? SALARY 
MULTIPLIER? Xl 
COMPONENT NO. 2 FROM? R 
REPORT COLUMN NO.? 2 
MULTIPLIER? Xl 
COMPONENTS 1 & 2 OPERATION? / 
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The REPORT program can be given these capabilities 
of selecting records for printing, formatting the 
output, forming report items from combinations of 
data items and previous report items and could 
also be equipped to print grand totals of columns, 
subtotals for columns, and counts of the reoccurrence 
of specific items. 

The actual print formatting would be done by 
defining a 132 byte output record (for line printers) 
and performing the "Move n bytes into the record 
beginning at positon m" routine. 

Sorting the Report 

The need to sort a report into a particular order 
introduces a redesign into MDBMS and MIS components. 
Considerations of remaining general purpose, 
increasing processing speed, etc., dictate the 
REPORT program outlined above to be segmented into 
a SELECT program which performs the selection of 
records to be processed, and a format-and-print 
only REPORT program. One alteration is made to 
each of SELECT and REPORT, and a new program SORT 
is defined. 

°SELECT writes the record key (Social Security 
Number in our example)·and the corresponding 
data record number into the last 20 bytes of 
a 120 byte TAG file, and blanks the remainder 
of the TAG record. 

°If the selected records are to be reported in 
a sorted order, SORT will determine the sort 
keys by item name, from major to minor, 
access the data file by the record numbers in 
the TAG file, and move the corresponding item 
values into the first 100 bytes of the TAG 
file. 
The TAG file is sorted as though the entire 
120 bytes were one sort key. 

°REPORT sequentially uses the record keys and 
data record numbers from the last 20 bytes of 
the TAG file to read data records and print 
its report. 

Do Your Own ISAM 

The discussion presented in the preceding pages 
mentions the Key File and record keys several 
times. While MDBMS and MIS is operable completely 
with sequential files, it performs as though it 
had Indexed Sequential Access Method (ISAM) capa­
bilities. 

ISAM gives the user and programmer the capability 
of referencing the storage location of a data 
record by its user-defined key (Social Security 
Number, Catalog Order Number, Course Code, etc). 
The only restrictions imposed are a maximum size 
(bytes) and uniqueness of record keys (no two 
alike) . 

The large system lSAM's are markedly faster than 
the do-it-yourself concept outlined below, but 
often have severe operational limitations. Some 
of these are: 
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1. Files must be initially built via an I SAM 
loading utility. 

2. When sufficient records have been added to 
fill the allocated ISAM file or its overflow 
area, it must be rebuilt. 

3. Some ISAM's (e.g. , IBM 1130) do not allow 
adding a record in the same program which is 
upda ting the file. 

In particular, most small systems do not have an 
ISAM utility, and those that do have restrictions 
which make their use in a user controlled environ­
ment prone to operational errors. 

MDBMS fulfills the ISAM concept in its Key File 
and search routines. 

Consider the Key File as a unique sorted file of 20 
byte records, each record containing a unique record 
key (15 bytes) and an associated data record number 
(5 bytes). Set Key File record #1 aside as a special 
record to be considered later. 

ISM Search 

Each program in the MDBMS series must be able to 
locate the data record defined by a user key. In 
our example, this means that each program must be 
able to take the Social Security Number 518-18-
1818 and locate the corresponding data record 

ALBRECHT RDBERT M38l5000 Yes. 

At least two search schemes are available: 

1. Perform a binary search of the Key File. 

2. 

For- fairly concise coding and needs no extra 
core tables. 

Aqainst- requires a significant amount of 
extra disk accesses (10 for a 1,000 
record file). 

Build a in-core directory of highest-key-in­
this-disk-segment values. 
For- fast, only requires one disk access to 

locate a key where segment = buffer 
read. 

Against- may require a large core table if 
the file is large and the segment is 
small, or trade-offs of table size 
versus number of segments per high-key, 
and the subsequent increase in disk 
accesses. 

In either case, the logic of the search routine is 
the same. 

The physically first record of the Key File contains 
a count of how many records (including #1) are in 
the Key File. This record is maintained with 
sufficient leading blanks to ensure that it will 
always sort to the front and remain the first (#1) 
record. The record count is updated by UPDATE if 
records are added or deleted. 
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An initialized Key File for a system capable of 
dynamically adding records would contain: 

(15 spaces .... ) 00001 

An initialized Key File for a system requ~r~ng 
allocation of file space would contain: 

(15 spaces •• ) 00001 
zzzzzzzzzzzzzzzOOOOl 
zzzzzzzzzzzzzzz00002 
zzzzzzzzzzzzzzz00003 
zzzzzzzzzzzzzzz00004 

The search and write routines for an ADD would be: 

1. read the #1 record and get COUNT (done once). 
2. read the COUNT+l key file record and get the 

record number of the first available data 
file slot. Place this data file record 
number in RECNUM. 

3. Write the user key for this new record in the 
Key File at COUNT+l, and set COUNT = COUNT + 
1 in core. No further accesses of the #1 
record would be required until UPDATE ends if 
this is a single user environment. 

4. after completing the formation of all the 
data required for this new record, write the 
data into the Data File at RECNUM. 

Both the binary and directory search techniques 
require that the Key File be sorted at some time, 
and also need an additional routine to handle that 
unsorted portion of the file created by ADD's 
while UPDATE is in operation. 

Briefly, the search routine must be capable of: 

1. fast searching the sorted portion of the Key 
File, and 

2. sequentially searching the add-on portion. 

SUMMARY 

The Mini Data Base Management System described on 
these pages can be implemented in any computer 
language having the capability of moving an arbi­
trary (defined at run time) segment of bytes from 
and to a buffer area. 

It is a single set of programs, CREATE, UPDATE, 
SELECT, SORT, REPORT and TRANSFER*, which allow 
the creation and maintenance of user defined data 
files, and the selective report generation from 
these files. 

This system has been implemented in BASIC, COBOL 
(with a macro), and RPG (with an assembly sub­
routine) . 

*TRANSFER looks at the old and new Driver files, 
and moves selected data from the old Data file to 
the new Data file. 
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DESIGN CONSIDERATIONS IN THE IMPLEMENTATION OF A HIGHER-LEVEL LANGUAGE 
Including Details of the Internals of Cromemco "16K BASICH 

William F. Wilkinson 
Shepardson Microsystems, Inc. 

20823 Stevens Creek Blvd., Building C4-H 
Cupertino, California, 95014 

Purpose and Scope 

This paper will try to serve 
several purposes: First, it will intro­
duce at a tutorial level some of the more 
important considerations that must be 
weighed in the design of a compiler or 
interpreter. It will also present a few 
of the techniques commonly employed in 
various language processor implementations. 
And, finally, it will discuss in some de­
tail an actual and successful BASIC lan­
guage interpreter. 

As noted, a sizable portion of 
the material herein will be of interest 
to those who might be relative novices in 
the field of system-level programming. 
On the other hand, it is hoped that more 
advanced programmers will appreciate the 
information presented relating to the in­
ternals of Cromemco' s new stand-alone. ,and 
disk-based BASICs • -- '.-

Terminology 

Some of the terms used within 
this paper may be unfamiliar to many read­
ers. As an aid to better understanding 
of the contents herein, a glossary of some 
of the more important and/or complex terms 
has been included as an appendix. 

The first usage of a word or 
phrase that maybe found within the glossary 
will be flagged by a double asterisk (**) 
for the reader's convenience. 

TYpes of Language Processors 

In subsequent subsections, the 
advantages, disadvantages, relative memory 
requirements, and relative user-program 
execution speeds of the following types 
of language processors will be briefly 
considered: 

COMPILERS 
1. One Pass 
2. One Pass plus Assembly 
3. Multi Pass 

INTERPRETERS 
1. Unaltered Source 
2. Keyword Token (Partially 

Syntaxed) 
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3. Fully Syntax Checked 
4. Incremental Compilers 
5. Compile and Go 

An example of each type as represented by 
an available software product will be given. 
However, this author can not claim with ab­
solute certainty that the examples given 
are correct since, in some cases, external 
indications were the only indications as to 
type. 

Compilers 

A compiler is a type of language 
processor which reads a user's source pro­
gram one or more times and produces (as 
final output) actual machine language code. 

Typically, programs which are com­
piled need 'support' from system 'libraries' 
of subroutines. These subroutines are used 

- when the compiled program needs to perform 
a function too complicated to be included 
directly in the machine code. Examples 
of routines found in system libraries in­
clude I/O (Input/Output) routines, trans­
cendental functions (Log, Sin, etc.), and 
array processing. On machines such as IBM 
370's which include floating point arith­
metic in their instruction set, such instruc­
tions are obviously included in the object 
code. But for a microprocessor lacking these 
capabilities, the routines for floating 
point arithmetic must also be included in 
the system libraries. 

Advantages of compilers include 
generally lesser memory requirements and 
faster user-program execution speeds (because 
the output code really is machine language). 
Note, though, that some-of the speed of 
compiled code is lost on microprocessor-based 
systems where significant amounts of floating 
point arithmetic is performed. Even on small 
systems, however, there is no denying the 
advantage of compilers when performing in­
teger based routines. 

Disadvantages of compliers include 
the fact that the machine code output is often 
very difficult to debug and that turn-around 
time between program revisions is longer 
(since both the debugging and the compliling 
consume significant amounts of time). 
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Sophisticated (especially disk­
based) compilers can overcome some_of the 
disadvantages noted by including an 
equally sophisticated debug program that 
is aware of where variables** are stored 
in memory, where program lines have been 
compiled, etc. This can produce an 
interactive debugger with trace capa­
bilities similar to an interpreter. 
Even the best of such debuggers still 
cannot make program modification as easy 
as an interpreter can. 

One Pass Compilers are often a good 
choice for microcomputer systems, 
especially those without a disk. They 
read the source code** only once, sim­
plifying input from serial devices such 
as teletypes and cassettes. Neverthe­
less, the better ones are often capable 
of local optimization** on at least a 
per-statement basis. On a system with 
a given amount of memory, one-pass com­
pilers often cannot handle source prog­
rams as large as those compiled by other 
techniques; this is especially true if 
the compiler is expected to output its 
object code** directly to memory instead 
of to a mass storage device. 

An extremely good one-pass com­
piler is a true example of the system 
designer's (and programmer's) art: 
after all, such a compiler is actually 
performing several functions at once 
(see next section). 

The Microsoft-produced Fortran 
IV Compiler for the 8080 and Z80 is a 
one pass c-ompiler. It is available from 
several sources now, including Cromemco 
and, of course, Microsoft. 

One Pass plus Assembly Compiler. This 
is also a type of compiler that reads 
the user's source code only once. But 
it then produces an assembly language 
intermediate "source" program which 
then must be assembled by a more or less 
standard one or two pass assembler**. 

The chief advantage of this type 
of compiler is that it is the easiest 
kind to design and implement! In fact, 
given a system with a good macro-assembler, 
an enormous amount of "housekeeping" is 
removed from the compiler-writer's 
bailiwick. 

Often, this type of compiler 
will do little or no optimizing. The 
extra passes through the assembler can 
be a nuisance to the user if not fully 
automated. 

On the other hand, the person 
familiar with assembly language can 
often take advantage of the availability 
of the assembler listing and thereby 
significantly reduce debugging time. 

WEST COAST COMPUTER FAIRE 452 

Also, since the compiler is simpler, it 
generally requires less memory to run than 
a one-pass type. If the assembler used is 
similarly compact, significant memory savings 
may be realized at the expense of compile 
time. 

An interesting note here is that 
Data General's Fortran IV compiler is a 
one-pass-plus-assembly type (two pass 
assembly, at that) and was, for quite some 
time, the only Fortran compiler offered by 
the company! This contrasts sharply with 
their "Fortran V" compiler discussed in the 
next section. 

Sidelight: one pass plus assembly 
type compilers were especially popular in 
machines of a few years back because of their 
reduced memory requirements. When memory 
was extraordinarily expensive and disks 
were cheap (compared to memory), the approach 
made a lot more sense than it does in today's 
cheap-memory market. 

Multi-Pass Compilers. These compilers, as 
their generic name implies, must read the 
user's source program several times before 
producing machine code output. 

The primary reason for writing a 
multi-pass compiler is usually to facilitate 
global optimization**. They are typically 
capable of Significantly more efficient 
object code than the one-pass types (though 
some two-pass compilers might only be simr 
plifications of one-pass types). The object 
code mayor may not be more compact, but 
it is virtually always significantly faster 
at execution time. 

Th-eonly real disadvantages ofmulti-­
pass compilers is that the compiler itself 
is usually a huge program which requires 
much machine time to operate. A secondary 
disadvantage is that once global optimization 
has taken place the dis-assembled object 
code might in no way resemble the input source: 
this can be a real handicap at debug time, 
especially if the compiler has a bug in it! 
(Which actually happened to this author.) 

IBM's Fortran Level H is an example 
of a multi-pass optimizing compiler. In 
fact, with. this compiler, the user may even 
specify one of three of levels of optimization 
to be attempted. Data General's Fortran V 
compiler is rumored (rumored!) to be a thirteen 
pass optimizing compiler. In any case, it 
produces remarkably efficient code for'a 
minicomputer compiler. 

Some Interim Notes 

Before proceeding to a description 
of types of interpreters, a comment on the 
compiler versus interpreter controversy seems 
appropriate. 

Generally speaking, the only programs 
that really need computational speed are 
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those doing a large amount of "number 
crunching". But, if a program involves 
any significant amount of floating-point 
arithmetic (especially transcendental func­
tions), the time required to perform such 
routines is usually significantly more than 
the time spent on the supportive control 
functions. Similarly, programs involved 
in primarily I/O processing on devices 
no faster than floppy disks are generally 
seldom bound by the speed of the control 
operations being performed. 

So what kind of program really 
needs the extra measure of speed pro­
vided by compilers versus the inter­
preters? There really are many such 
programs: real-time process control, 
music processors, programs which need 
to run on memory-limited systems, and 
others. But the hobbyist should probably 
carefully consider whether the programs 
he is writing fall into any of these 
categories. If not, he should seriously 
consider using an interpreter, for 
reasons which will be noted in the next 
section. 

As a final note on compilers, 
it should be noted that one feature of 
Fortran compilers is they may be made 
to process a particular subset of Fortran 
(ANSI standard Fortran), and other comr 
pilers on other systems should be able to 
handle the code with little or no modi­
fication. 

Interpreters 

The primary difference between 
compilers and interpreters is that the 
latter were designed to facilitate inter­
active computer usage while the former 
come to us from the days when batch pro­
cessing represented the only computing 
power available. 

Generally, an interpreter will 
allow the user to sit down at his ter­
minal and/or computer and enter a program 
one line at a time. He may enter several 
lines and then RUN the resultant partial 
progr~m,. verifying that it is performing 
the function assigned to it. He may pro­
ceed in this manner, adding a few program 
lines at a time and checking that they 
function properly, until the whole pro­
gram is entered and checked. 

Depending on the interpreter 
being used, several additional aids to 
debugging may be available: Most Basics 
allow the user to execute several (if not 
most) statements in an immediate or 
direct mode. For example, in Cromemco 
Basic, only the DATA, DEF (user function), 
and FOR/NEXT statements may not be directly 
executed. Virtually all interpreters 
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allow the user to halt program execution 
through some break or escape key, after 
which he may examine the value of variables, 
status of flags, etc. Many basics even 
allow the user to change, delete, and in­
sert program lines after executing such 
a break and then continue execution of 
the modified program! 

But various types of interpreters 
have varying abilities, some of which are 
discussed in the sections which follow. 

Unaltered Source is a term used herein 
to mean that the program as actually 
typed in by the user is stored in essen­
tially unaltered form (i.e., extraneous 
spaces might have been removed, etc.) in 
memory. The interpreter then executes 
statements by actually reading the source 
and operating on the commands therein. 
No validity check is made on the source 
until execution is attempted. Some sys­
tems use this "feature" to advantage: 
since no checking is performed, any data 
may be entered and treated as a program 
ilne. Since Basic (for example) will 
rearrange incoming lines in numerical order, 
this allows the user to implement a poor 
man's text editor. 

The disadvantages of this method 
of interpretation are numerous: chief of which 
is relatively slow execution speed (although 
even here a clever designer can earn his 
money). Another significant problem is 
that the user has no idea that he has made 
an error in entering a line until it is 
actually executed, which may not occur 
for some time in a complex program. 

There are several so-called 
"tiny Basics" available which are imple­
mented in this fashion. Despite their 
name, many of these Basics actually can 
handle some very sophisticated programs. 

Keyword Token (or Partially Syntaxed). This 
term is used to classify a type of inter­
preter that scans incoming lines of pro-
gram for the keywords defined in the syntax** 
of the language, converting them to internal 
format bytes (tokens). However, a Basic 
interpreter of this type is liable to allow 
a statement of the following form without even 
protesting about the utter nonsense of it: 

100 NEXTSTEPFORPRINT 
Such a Basic would be very likely to list 
that statement back out as: 

100 NEXT STEP FOR PRINT 
It was capable of recognizing all those 
keywords, but did not realize that they 
were used incorrectly. (Of course, the 
nonsense would be found at execution time 
and an error message would result.) It 
seems obvious, then, that in some ways 
there is little advantage in this type of 
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interpreter versus the unaltered source 
variety. Were we only concerned with 
validity checking, that would be true; 
however, the keyword token concept allows 
somewhat higher execution speeds, since 
chere are fewer bytes to scan to deter­
mine statement type and since the appro­
priate keyword token can immediately vec­
tor off to its processing routine rather 
than having to first decode it and then 
vector.** 

Both the keyword token and un­
altered source interpreters are capable 
of performing all their feats in the 
direct mode, although many interpreters 
nevertheless exclude certain functions 
as direct because they may not truly 
make sense unless executed within a 
running program. 

Many, many of the available 
microprocessor Basic's are of the 
keyword token type. Prime examples 
are most (all???) of the Basic 
interpreters written by Microsoft, 
including,as a specific example, 
Applesoft as distributed by Apple 
Computer. 

A sidelight: This type of 
interpreter is popular with system 
programmers because it is reasonably 
fast at execution and yet does not re­
quire the double level of complexity 
necessary to the type of interpreter 
discussed next. Shepardson Micro­
systems, for example, felt much more 
constrained in space than in speed 
w.hen its 6800 Basic was designed, and 
hence- -chose-- this me-thode 

Fully Syntaxed is a term used to describe 
a type of interpreter which actually 
completely takes apart the user's input 
line and reassembles the pieces as in­
ternal codes (tokens), checking for syntax 
errors right then and there. As an ex­
ample, assume a Basic which accepts 
only standard Dartmouth variable names 
(single letter, optionally followed by 
a single numeral); consider the result 
when the user enters the following line: 

530 PRINT FORB 
The keyword token type interpreter will 
most probably syntax that as: 

530 PRINT FOR B 
It sees the keyword "FOR" and processes 
no further. The fully syntaxed type of 
interpreter, however, would realize that 
a FOR keyword cannot appear after a PRINT 
statement. Depending on whether the in­
terpreter in question allowed logical 
expressions using the keyword OR, it 
might syntax that line as: 

530 PRINT F OR B 
If,however, it did not allow logical 
operators, it would flag that statement 
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as being in error. Another level of co~ 
plexity is added to the_problem if the 
interpreter allows both logical operators 
and long variable names: is FORB the var­
iable "FORB" or is it the expression "F OR B"? 
Since both constructs are legal, it is the 
designer's job to decide on one or the other 
and then clearly state his choice in the 
user's manual. 

Generally, a fully syntaxing in­
terpreter enjoys all the advantages of 
the keyword token type (i.e., faster ex­
ecution speed through token vectoring) plus 
the added advantage that the user is made 
aware of his syntax errors as soon as he 
types them in. 

An example of this style of inter­
preter is Apple Basic, the integer-only 
Basic placed in ROM in the APPLE II. This 
is a Basic complete and fast enough to 
enable the user to program video games 
directly in Basic. 

Incremental Compiler is actually a type 
of interpreter which takes the fully­
syntaxed concept a step further. An in­
cremental compiler not only fully checks 
for correct syntax as the source is being 
entered, it also immediately resolves 
any references to undefined items! The 
internal code produced mayor may not be 
actual machine language; in fact, it is 
more likely that a more generalized form 
of tokens will be produced. 

The CROMEMCO 16K BASIC interpreter 
is an incremental compiler, and details 
on its inner workings will follow in later 
-8ec:t:-tons~-- Another example-of this type 
is Data General's Basic. 

The primary advantage of the 
incremental compiler is execution speed. 
Since variable and line number references 
are already resolved, no execution time 
is spent searching tables for (for example) 
variable name match. User's of Cromemco's 
Basic enjoy excellent execution speed even 
though the system provides them with as 
many, if not more, features as any other 
microprocessor-based Basic. 

The primary disadvantage of this 
type of interpreter is that the interpreter 
itself requires significantly more memory 
than other types. For example, Cromemco's 
Basic requires 16K bytes for the stand-alone 
version and somewhat more for the disk-based. 

Compile and Go is a type of interpreter 
which is often an interpreter in name only. 
Some of this type might be more accurately 
described as interactive compilers. A 
typical method of implementation involves 
a two-step interpreter: the first part 
functions only as an editor, allowing the 
user to change his program. It mayor may 
not be a partially or fully syntaxing editor. 
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The second part of this interpreter is 
the actual compile-and-go part: it 
accepts the edited source (which may 
have even been converted into tokens 
for ease of compiling) and resolves 
all line number and variable references 
and then runs the resultant object. 
This type of interpreter is easy to 
recognize: it is the type that, when 
the user types RUN,responds immediately 
with error messages regarding missing 
END statements, GOTOs to non-existant 
lines, etc. (The other interpreters 
discussed usually cannot give these 
error messages until the line in ques­
tion is actually executed.) 

The obvious advantage of this 
type of interpreter is that it is 
fast. The HP2000 series time-shared 
BASIC systems use this methodology 
and are often able to successfully 
support significantly more users than 
(for example) Data General can with its 
incremental compiler, even though the 
DG machine may be faster and more pow­
erful than the HP CPU. 

The biggest disadvantage of 
the compile-and-go interpreter is that 
usually very few operations are avail­
able in direct (immediate) mode. On 
the HP2000F and below, for example, the 
user cannot even print out the values 
of variables after encountering a pro­
gram break or error. In this respect, 
the user is often more uninformed than 
he would be with even a straight compi­
ler, and debugging can sometimes be 
somewhat time-consuming. 

More On Interpreters 

We have seen that the primary 
advantages of interpreters over compi­
lers arein the area of user interaction 
and debugging. Their major disadvantage 
lies in their memory requirements: not 
only must the interpreter be memory 
resident, even tokened source code tends 
to occupy more space than truly compiled 
code. Of course, speed is also a con­
sideration; but many, this author in­
cluded, feel that speed is often not 
overwhelmingly important in hobbyist 
appli~ations. Of course, nobody likes 
to wait forever for a program run, and 
so Cromemco Basic was designed to be 
as efficient as possible while retaining 
virtually all other desirable features. 

Another point worth mentioning 
is that memory prices are still drop­
ping at a fantastic rate, so complex 
programs are coming into the reach of 
more and more people. 

And finally, with regards to 
what can be calle'd' the state of the 

WEST COAST COMPUTER FAIRE 455 

art in microprocessor-based BASIC inter­
preters: Watch this space. 

CROMEMCO 16K BASIC 

The name of this interpreter is 
somewhat of a misnomer in the case of the 
disk-based version: it currently occupies 
18.5K and is likely to grow. Cromemco 
Basic was designed from the start to be 
many things for many people. It can def­
initely be considered a business-oriented 
product: it has easily accessible random 
and sequential files, three different 
precisions of arithmetic (including 14 
digit decimal floating-point), and user­
program trappable processing of errors 
and escape requests. All this was accom­
plished with little sacrifice in speed: 
the interpreter handles double-precision 
arithmetic as fast as most interpreters 
do single-precision. Of course, all these 
features added to the memory requirements, 
but the biggest memory-eater was the imple­
mentation used, namely the incremental 
compiler method. 

An incremental compiler requires 
a number of tables both in the code of 
the interpreter and in user program space. 
These tables will be discussed in later 
sections and then an example program line 
will be followed through the entry and 
execution phases. 

Syntax Related Tables 

As each program line (or direct 
command statement) is entered from the 
keyboard (or some other I/O device), it 
is checked for correct language syntax 
and converted into an internal format. 
Actually, the routine which does the 
syntax checking also converts source items 
into internal "tokens" at the same time. 

Basic's syntaxer is actually driven 
by a set of syntax tables, the purposes 
of which are described following. 

The Reserved Name Table contains a list 
of all statement, function, and operator 
names that are recognized by Basic. This 
table is used to equate the user's ASCII 
input to a particular internal token. 
Thus, in addition to the reserved name, 
each entry contains the token to be used. 

The Main Syntax Table. Once the first 
reserved name in a statement has been found, 
the statement may be classified as to type. 
The type directs Basic to an entry in the 
main syntax table, where an entry is simply 
made up of a list of required and/or op­
tional further items (actually their equated 
tokens) that must be fo~nd in the statement. 
If a required item is not found in the 

BOX 1579. PALO ALTO CA 94302 



proper position in the input line, a 
syntax error is generated. This table 
is really quite complex, as even such 
things as arithmetic expres~ions in all 
their variations must be covered. There 
are even syntax subroutines included 
here, so that a statement type may re­
quire (for example) a subscripted string 
name by calling for a subroutine which 
in turn requires a string variable, a 
left parenthesis, subscripts, and a 
right parenthesis. (Please note that 
this is not actually how the search is 
performed; it is actually more segmented 
and more highly organized than stated 
here.) 

The syntax table contains other 
information about statement types, such 
as whether they are allowed in direct 
mode, within a program, or both places. 
It can also declare that a statement must 
be the last one in a line or that sub­
sequent statements on the same line are 
permitted. 

The Binding Strength Table is more 
properly described as a run-time table, 
since it determines the priority in 
which operators (+,-,AND,NOT,etc.) are 
to be executed. It is included here 
because it is used to relate the internal 
tokens for the various operators to their 
priorities. 

On Listing a Program 

After a program has been con­
verted to internaitoken-furm,it-is­
obviously desirable to be able to imple­
ment the LIST statement. On unaltered 
source. types of interpreters, this is 
simply a matter of dumping the memory 
contents back out to the list device. 
In Cromemco Basic, the problem is signif­
icantly more complex: Each token must 
be reconverted to its ASCII form and (as 
we shall see later) constants must be 
reconverted to external format. 

Tables in User Program Memory Space 

Generally, these types of 
tables may be referred to as "run­
time" tables, though many of them 
are established at program entry time. 
They are the fundamental tables which 
the interpreter uses in executing a 
user program. 

The Statement Table is not strictly 
speaking a table. It is simply an 
area of memory where all program lines 
are stored after they have been conver­
ted to internal format. The most dis­
tinguishing feature of this table in 
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Cromemco Basic is that the last line ~ 
tered is always at the end of the table. 
Only when a line is deleted or modified 
is it necessary to "slide" the table (in 
order to recover the space occupied by 
the deleted parts). Also note that the 
program's line numbers are not stored 
in the statement table. Instead, the 
line numbers are found in the 

Line Number Table. This table is also 
known as the Label Table. Herein are 
stored the actual line numbers. Also 
in this table each entry has the address 
of the beginning of its corresponding pro­
gram line within the statement table. 
The third item in each entry in this table 
is the address within the table of the 
next logical succeeding line (i.e., the 
line next to be executed unless program 
flow is altered by a GOTO, GOSUB, or 
NEXT statement). Note the implication 
here: even this table is not organized 
in line number order! As each new line 
is entered, its label entry is simply 
appended to the table and the logical 
successor pointers are updated as needed. 

Variable Table. When a variable is first 
defi~d (which occurs as the first line 
usingAis entered), an entry is created 
for it in this table. Types of informa­
tion contained herein are many: All var­
iables have their name (' AI' , 'A$' , 'E') and 
variable type (string, integer, short or 
long floating point, and/or array) stored 
here. In addition, scalar variables (non­
arr-ay--niifiiet'ics) have tfleif actual value 
stored here. Strings have their dimension 
and current length stored also. Arrays 
have the number of dimensions in use noted 
as well as the maximum value of each dim­
ension. In addition, arrays and string 
entries contain the address of the actual 
location of the data for each. The data 
so addressed is located within the 

String/Array Table. Again, this "table" 
is not so much a table as simply a sec-
tion of memory reserved for the storage 
of array and string data. Of the tables 
mentioned so far, this one is unique in 
that is is allocated (expanded) at run­
time. That is, since statements of the form 

310 INPUT J 
320 DIM A$(J)3B3(J32) 

are legal, arrays and strings cannot have 
their space allocated to them until they 
are actually dimensioned during program 
execution. 

The For/Next Table. An entry is placed 
in this table whenever a FOR statement is 
encountered. Information kept here includes 
the address of the corresponding variable 
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table entry, the size of ~TEP requested 
(or implied), the terminating TO value, 
and the address of the entry in the label 
table corresponding to the line logically 
following the FOR statement. If a FOR 
statement is executed using a variable 
with an entry already stored in the FOR/ 
NEXT table, the old entry is deleted, the 
table is adjusted, and the new entry is 
appended. 

GOSUB/RETURN Table. A very simple table, 
this consists simply of the address of an 
entry in the label table which corresponds 
to the line logically following the GOSUB 
statement. 

User-Defined Functions Table. Since only 
user-defined functions FNA through FNZ are 
allowed in Cromemco Basic, this is a fixed 
length table with 26 entries, each active 
one of which contains the address of the 
label table entry corresponding to the line 
where the function was defined. 

AN EXAMPLE 

There follows an actual example 
of what happens internal to Cromemco Basic 
when a program line is entered (syntax time) 
and then executed (run time). It is assumed 
that any existing program and/or data has 
been removed via a SCRatch command and that 
the example line shown is the first (and 
only, though this is not significant) line 
entered towards creating a new program. 

Herewith the example line: 

100 IF A2 = 3. 7 THEN 300 

Syntax Time 

The first thing detected is the 
line number, '100'. This line number is 
placed in the label table along with the 
address of the beginning of the statement 
table (where the encoded line will be 
stored). Since this is the only entry in 
the label table, the successor pointer will 
be set to zero to indicate no successor. 
Since the label table works from the top 
down, the pointer to the bottom of the 
table would be updated to indicate where 
to place the next entry. So far, then, 
the label table looks something like this: 

2 bytes --pointer to statement in 
statement table 

2 bytes --pointer to successor label 
(zero, currently) 

3 bytes --the line number, 100, in 
BCD (5 digits significant) 

Next, the keyword 'IF' is encountered 
and recognized as a valid statement type. 
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It is translated to a single byte internal 
token and the syntax table entry for 'IF' 
is accessed." The syntax for 'IF' requires 
that the keyword be followed by an arith­
metic expression, so the appropriate syntax 
subroutine is called. 

Without going into detail as to 
what is a valid arithmetic expression, and 
how the syntaxer determines that it has or 
has not encountered one, it is sufficient 
to note that certainly 'A2 = 3.7' would 
be considered valid. That being so, 
the variable 'A2' makes its first appearance 
and must be added to the variable table. 
It's entry would look something like this: 

2 bytes the variable name ('A2') 
1 byte the variable type, assume 

a 02, short floating point 
4 bytes the actual value of the 

variable, in the length 
required for its type ••• 
set to zero until altered 

The statement table would receive a byte 
signifying that a numeric variable had been 
found followed by two bytes which are the 
address of the entry for 'A2' within the 
variable table. 

The equals sign ('=') would be 
recognized as an operator, and its internal 
code stored next in the statement table. 

The value '3.7' would be recognized 
as a floating-point constant (integer 
constants don't have decimal points), and 
a routine would be called to translate it 
to internal format. The statement table 
would receive a byte signifying a particular 
type of constant (short-floating here) fol­
lowed,and then the internal constant would 
be stored. 

The 'IF' syntax requires that the 
expression be followed by a 'THEN' keyword. 
When it is found, its internal token is 
stored in the statement table. 

'THEN' may be followed by either 
another whole new statement or (as in this 
case) by a line number. The processing of 
this line number is partly what qualifies 
the Cromemco Basic interpreter to be called 
an incremental compiler. 

The lable tabel is scanned for a 
line number '300'. When it is not found, 
an entry is made for it similar to the one 
previously made for line '100'. However, 
for line number 300, the address of its 
corresponding line in the statement table 
is set to an illegal value to indicate that 
it doesn't exist! (But, later, if a line 
300 were entered, the addressed would be 
changed to reflect the fact.) Also, the 
entry for line 100 is updated to reflect 
that its logical successor is line 300 
(the next sequentially numbered line). 

The statement table receives a token 
to indicate that a label table address 
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will follow, and then the address of the 
label table entry for line '300' is 
stored. Finally,a byte of zero (00) 
is stored to indicate the end of line. 

At this point, then, the statement 
table will contain the following: 

1 byte 
1 byte 

2 bytes 

1 byte 
1 byte 

4 bytes 

1 byte 
1 byte 

2 bytes 

byte 

Run Time 

token for the 'IF' 
token, a variable table 
address follows 
the variable table address 
for' A2' 
token for '=' 
contains 02 hex to indicate 
that a short floating 
point constant follows 
the internal form of the 
constant '3.7' 
token for 'THEN' 
token, a label table address 
follows 
label table address for 
line number 300 
value 00 hex, indicates 
end of line 

Assume now that the user requested a 
RUN of the program (and, incidentally, even 
this simple statement must go through the 
syntax process before it is executed!) 

Basic searches out the first logical 
line of the program from the label table 
and then performs the following steps: 

First, the address of the statement 
within the statement table is found. Then 
th~_ fir~t _byt_~ ~.f the statemellt is_~_~~_~LtQ 
vector to the routine responsible for pro­
cessing IF statements. 

The 'IF' processor knows that what 
follows is an expression, so it call5the 
expression execution routine to evaluate 
'A2 = 3.7'. 

The expression evaluator notes that 
the first item is a variable, so it uses 
the variable address to extract the value 
of the variable from the variable table 
entry for 'A2'. It places this value in 
an area of memory referred to as the argu­
ment stack. 

The '=' operator (note: this is not 
the same thing as the assignment operator 
'=' used in LET statements) is then pushed 
onto another Basic-maintained stack known 
as the operator stack. 

The constant token causes the short 
floating point constant '3.7' to also 
be placed on the argument stack. 

Since there is no more to the expres­
sion, the expression evaluator calls on 
the processing routine for the equal oper­
ator. The equality processing routine 
extracts the two values (contents of 
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'A2' and the value '3.7') and returns either 
a one (1) if they are equal or a zero (0) 
if they are not. The expression evaluator 
is finished and returns with this value to 
the 'IF' processor. 

At this point let us examine what 
happens if the value returned is '1' (which 
it can't be in our example). The 'IF' 
processor ignores the 'THEN' token (it has 
to be there, the syntaxer passed it!) and 
encounters the label table token. This 
implies a change in program flow to the 
line specified in the table entry. So the 
'IF' processor simply places the entry en­
countered in Basic's own 'next logical 
statement' location. It then checks to 
ensure that a line really exists to corres­
pond to the entry. Lo and behold, the 
line does not exist and Basic issues the 
error message, "GOTO UNDEFINED LINE NUMBER". 

Now backtrack a bit and assume that 
the expression evaluator had returned with 
a '0' instead (which it would in our example). 
In this case, the 'IF' processor simply 
aborts processing of its line and returns 
to allow Basic to execute the next logical 
line. When Basic encounters the next log­
ical line ('300' in our example) it checks 
to see if the line exists (it doesn't here) 
and executes it if it does. If it does not, 
Basic ignores the line and "falls through" 
to the next logical line. Since line 300 
does not exist, and since there is no 
logical successor Basic would print out 
"***END***". 

Summary 

Theid_ea behind -presenting this 
example was that in so doing the reader 
might be presented with a better under­
standing of the beneficial effects of 
the incremental compiler. 

In many Basics, several operations 
described herein would have proceeded much 
differently. As examples, the variable 
'A2' might cause a sequential scan through 
a variable table looking for a match on 
the ASCII characters; the constant '3.7' 
might have to be converted from ASCII to 
internal format; and the processor might 
have had to sequentially search lines in 
order to locate line number 300. 

In Cromemco Basic, there is no speed 
penalty for using any and as many variables 
wherever desired in the program, there is 
no reason to put certain statements (i.e., 
subroutines) first in the program, and 
constants in programs execute as fast or 
faster than variables. 

No attempt has been made here to 
explore the various features of Cromemco 
Basic. This paper was intended primarily 
to show why the particular interpreter 
design used was chosen. 

BOX 1579, PALO ALTO CA 94302 



GLOSSARY 

There follows a glossary of 
some of the more complex terms as well 
as some of the terms with implied meanings 
as used in the body of this paper. 

Assemblers, One and Two Pass. Assemblers 
are language processors of sorts that 
translate assembly language into machine 
code. One pass assemblers usually must 
either play "tricks" or put limitations 
on the user in order to function. When 
a one-pass compiler is implemented, it 
must actually perform the functions of 
interpreter and assembler, all in one pass. 
Suffice to say this implies several 
programming tricks. When a one-pass­
plus-assembly compiler is implemented, 
in often uses a macro assembler for the 
assembly phase, thus allowing the compiler 
writer to generate his own intermediate 
language-sensitive code which the assembler 
is "taught" to recognize. 

Source and Object Code. Generally, source 
code is the original typed (keypunched, 
handwritten, etc.) program as entered into 
the machine, stored in characters recog­
nizable to the language processor (ASCII 
representation is almost universallyu..~ed 
for microcomputers). As a special case, 
though, Basic often considers source code 
to be what the user entered after it has 
been stripped of blanks (spaces) since the 
original Dartmouth Basic was not sensitive 
to the presence of blanks. 

Object code might mean the actual 
machine code output by an assembler or 
compiler, the intermediate "code output 
by a one-pass-plus-assembly compiler, or 
even the internal token form output by the 
first phase of a Basic interpreter of the 
keyword-token or incremental compiler variety. 

Optimization refers to a technique often 
found in compilers whereby like expres­
sions are recognized and extracted from 
more complex expressions, statements, pro­
gram loops, and even whole programs. Fo.r 
example, even most moderately good compilers 
could optimize the following: 

B(J+K-l) = B(J+K-l) + 1 
The sub-expression '(J+K-l)' would be cal­
culated before any other part of the line 
is executed. 

A somewhat better optimizer would 
be able to treat that expression as simply: 

INCREMENT B(J+K-l) BY 1 
Generally, Local Optimization refers 

to that done within a single expression (or 
statement, etc.) while Global Optimization 
refers to broader, multi-line or even multi­
subprogram optimizing. 
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Syntax Checking refers to the process of 
validating the executability of a (set of) 
statement(s). In other words, the language 
processor must ensure that the statements 
given to it follow the rules of the 'grammar' 
of the language which it compiles/interprets. 
For example, the statement 

701 FOR I = 5 TO 100 STEP 5 
may work great in Basic, but a Fortran com­
piler would get lost after the first three 
or four characters and should give the user 
a "syntax error" message to tell him something 
is amiss. 

"Syntax" is used loosely within this 
paper as a noun and verb in various forms, 
and where appropriate should be thought of 
as "Syntax Checking". 

Vector, as used herein, refers to the 
technique of using a code or coded value. 
to access a table of similarly encoded items, 
the idea being to choose from several possib­
ilities. For example, a one byte code could 
be used to "vector" into a table of 256 
different addresses, each of which might 
represent a different statement type, function 
to be performed, etc. 

_ _ s = _ = = _ = = = = = = = = = = = = = 

The author would like to acknowledge the, 
permission of Cromemco, Inc., owner of 
the 16K BASIC describedberein, to divulge 
the details of their product. 

PLEASE NOTE that Cromemco is the owner of 
this language, although produced by 
Shepardson Microsystems, Inc.,.and any 
requests for copies of the interpreter, 
documentation, or simply more general 
information ~ be addressed to them. 

Shepardson Microsystems is the owner of the 
6800 Basic noted.herein,lbut it is currently 
available only on an OEM basis. 

Inquiries about .. the design philosophy, etc., 
of these and other software products are 
inVited, and comments on any of the foregoing 
would be ve~ much appreciated. 
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II II 
II Ari tlTnetic Evaluator - Karl Nictolas II 11 ____________________________________________________ -11 

This example demonstrates t\\O basic algorithns: substitution and a bit of 
systematic juggling. \'lhat this exaInple does is enable tm user to express 
equations in a fonnat approaching Uat of API.. oo\\ever still canpletely 
canpatible wi th SA~76 of couroo. The user invokes "EXP" (expression), 
ari thnetic expression = value. One can get too expression s:anned in ei tter 
direction by using neutral or active fetctes. A normal active fetch will 
give a normal left to right s:an. For an example of too left to right 
s:anner: 

tJ-------------------
{} %EXP,2+10\2/=6 
{} 

or an example of too right to left s:anner: 

tJ----------------------
{} &EXP,2+10\2/=7 
{} 

or to get what you v.ent from eitoor scanner: 

tJ-------------------------
{} %EXP, 2+{l0\2 }/=7 
{} 

~\s you can ooe, hierarchy is established by use of curly braces, ttey can be 
infinitely nested, of couroo. The user defines all otter functions by use of 
tte "define" function. Thi s function creates t\\O simultaneous lists where in 
too first is too symbol to be used in tte evaluator and in tm mcond is too 
SA~76 function or user defined function to be substituted in its place. The 
user invokes "define", first list append, second list append. For example: 

tJ-----------------------
{} %define,+,ad/= 
{} %define,\,di/= 
{} %vt, list1/= 
{} , +, \ 
{} %vt, list2/= 
{} ,(,ad,),(,di,) 
{ } 
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This will cover too functions used in th::: previous exai1lple. A view text on 
define reveal s: 

1}----------------------------------------
{} %vt,definel= 
{} %dt, list1, &ft, list1/( , ( [1] ) ) /' 
{} %dt, list2, &ft, list2/( , ( , [2] , ) ) 1 
{} 

This one is simple; tte extra carrnas in list2 are ttEre to ~parate numbers 
from functions for tte evaluator:. 

The procedure that tests for tte neutral and does tm substituting is "EXP". 
Looking at i t ~ ooe: 

1}--------------------------------------------------
{} %vt,EXP/= 
{} %nL' 
{} (%dt,arith,([1])/%pt,arith,{,}%ft,list11/' 
{} %EXP11, %arith,<%EXP11, >, <!>%ft,list21 1 I} , , 
{} (%dt,arith,([1])/%pt,arith,{,}%ft,list111' 
{} %EXP1,%arith,<%EXP1,>,<!>%ft,list2111)1 
{ } 

The first thing "EXP" does is test to ~e if tte fetch to "EXP" WlS neutral 
or not. In both ca~s it defines text arith as what ever was after "EXP" 
tam partitions out of arith tte curly braces and all list1 symbols. After 
that it fetctes which ever evaluator it' s suppo~d to depending on tte 
neutral implied, substituting arith with carmas in betw:=en all numbers and 
list2 replacanent functions. The procedure trot does all tte evaluating is 
eitter "EXP1" or "EXP11". "EXP11" evaluates from right to left and to ~e 
what it does v.e will do a view text on it: 

1}-------~-------------------------------------
{} %vt,EXP11/= 
{} %iL [2] ,,[1] , (% [2] , [1] , %EXP11 [#3] / /) / 
{} 

This is very similar to the recursive algorittrns except trot tte nunbers and 
fmctions are user defined in each ca~. "EXP1" tten evaluates from left to 
right. A view text on it gives: 

1}---------------------------------------------
{} %vt,EXP1/= 
{} %iL [2]" [1], (%EXP1, %[2] , [11, [3] 1[#4] I) 1 
{ } 
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This time it takes tha first set of nunbers and f\l1ction and evaluates it 
than loops back on i tsel f until only a nunber is left. If you Wlnt to use an 
user defined functions make sure you follow tIE same format as alwsys. 
(nunberFUNCTIONnunber) If tIE fLllction only requires one nunber it must be 
enclosed in curly braces because no otter fonn of hierarchy is programned 
in. 

II II In thi s section I would like to just go to tm 
II Examples II teleprinter and show some examples using this 
11 ___________ -11 evaluator. Remember everything ttat tas been defined 

in this ~tion is still mre and valid. r1y main 
example will be simulating APL sort of. MY\'06y on with tIE show: 

tl-------------------------------------------------------------
{} %dt,FAC,!%ii,q2,,1,(%mu,q2,%FAC,,%su,q2,1///)////////= 
{} %pt,FAC" q2/ / / /= 
{} %define,-,exp/= 
{} %define,(@!),FAC/= 
{} %define, (@i) ,mrn/= 
{} %define,*,mu/= 
{} %define,-,su/= 
{} %dt,APL,! %ca, %xc,OD//\ut,**/\apl///= 
{ } %dt, ** , ! %os, 
{} EXIT/%ri/ / /= 
{} %dt,apl,!%os, 
{} /%os, 
{} %EXP,&IS///%apl///= 
{} \APr./= 
{} 3+3 
{} 6 
{} 
{} 2 
{} 
{} 3 
{} 

256 

5+3-2*3\9 

3#27 

{ } 
{} 
{} 
{} 
{} 
{} 
{} 
{} 
{} 

!l00 
933262154439441526816992388562667004907159682 
643816214685929638952175999932299156089414639 
761565182862536979208272237582511852109168640 
00000000000000000000000 

!200 
EXIT 

To make clear tow I exited, because it is a little tricky, I defined a user 
trap Uat means thlt when a delete code w:lS hit during a multiply f\l1ction 
tre text .,**,. \eS executed. With a little imagination one can get closer and 
closer to real API. but never all tre ~y trere because flllctions don't cane 
before multiply and divide and 9) on. Ho~ver let me see you simulate API.. 
wi th a different kind of language, especially one ttat gets a factorial of 
one hLlldred wi th ALL significa"lt figures. 
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APPENDIX 

Beginner's - Part I ~ Operation and Syntax 
II 
II ___ lI 

The SAM76 language deals mostly with the manipulation of text. It is 
designed for use through a reactive machine such as a personal carputer such 
as a "rone reckoner" set. 

The language design has the structure to allow interaction of functions 
resident in the machine with expressions, scripts or procedures written by 
the user; in this manner the language gives the user an unusual amount of 
flexibility e1d freedom for invention and extension. 

The syntax consists first of a "warning character" followed by the 
expression itself then terminated by a different second "syntax marker"; in 
the follOWing discussion the "warning characters used will be one of the 
follOWing three: % - percent sign, & - arrpersand oJ:! - exclamation mark; 
the "syntax marker" will be the / - slant sign for exanple: 

% •••••••• / or & .......•. / or else ! ......... / 

The foregoing three examples represent re~ctively the three types of 
expressions used in the SA~76 language and are known re~tively as 
"acti ve" , "neutra 1 " or "protected" expreSSions; the signi ficance of the 
three types will be explained later. 

The expression itself is made up of arguments which are separated by conmas. 
The first argument designates the action to be taken. If this first argument 
consists of two or three alphabetic characters, the action to be taken may 
well be one defined as a function builtin to the language or otherwise a 
language primitive function. Each argument following contains text or data 
to be dealt with by the action taken within the execution of the expression. 

For instance we wish to add two and four; consequently we type everything in 
the follOWing exarrple up to and including the "=" equal Sign which tells the 
canputer to do its thing: 

{1---------------
{} %ad,2,4/=6 
{} 

The two letter code "ad" signifies the primitive of addition. Upon 
execution, which was initiated by the equal sign after the slant sign, the 
value of the second argument or 2 was added to the value of the third or 4. 
Then the value cOll'Puted is outputted. The syste-n then returns to a waiting 
condition known as the idling program which identifies itself by moving the 
"curoor" or printer to the beginning of the next line. 

The idling program is actually the following expression: 

%os,%is// 

When starting, the innernost expreSSion is located which contains an "is" 
primitive; "is" - or "input string" accepts input from the keyboard up to 
the reception of the current "activator" namely (in our case) the equal 
sign. The corrputer replaces the %is/ expression with this typed in text. Now 
the system goes back one level of nesting to the expression whose conmand 
was "os" or "output string"; this expression outputs the contents of the 
second argument which is now the text accepted from the keyboard, thus 
repeating what was typed in. For exarrple: 

{1---------------------------
{ } %os, %i s/ /=ABC=ABC 
{} 
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In actual fact the expression "%os,%is//=" is executed every time the idling 
program is loaded; it is not printed out and lives in what is known as the 
working area of the memory so actually the printed exarrple should be: 

{J--------------
{} ABC=ABC 
{} 

It is important to be able to store text, script or procedures in memory. To 
this end the "dt" which is the mnemonic for the "define text" function is 
used. If we wish to define a text to be named "A" containing the words "AN 
APPLE" we type: 

{J-------------------------
{ } %dt, A, AN APPLE/= 
{} 

Now stored in mem::>ry is a "text" named "A" containing the words "AN APPLE". 
To retrieve this information we "fetch" the "text" named "A", and in this 
processs the second argument of the idling program will contain the words 
stored and the "os" will output the value returned in the fetching of "A" 
thusly: 

{J-------------------------
{} %ft,A/=AN APPLE 
{} 

When we defined the text "A" nothing was returned since "dt" does not return 
any value on execution. 

To Continue - "pt" or "partition text" removes one or more characters from a 
string and in its place sets markers which represent the value of the 
partition. 

{J--------------------
{} %pt,A,AN/= 
{} 

The second argument holds the name of the text to be dealt with; the third 
argument is the string of characters which if found in the "text" will be 
removed and replaced by partitions. Now to examine "A": 

{J-------------------
{} %ft,A/= APPLE 
{} 

Note that "A~" is miSSing and nothing shows its presence because the 
expression that fetched "A" above did not require any partitions to be 
"plugged" in a manner to be shown later. 

We will now define another text to be named "B": 

{J------------------------------------
{} %dt,B,THE SHACK O~ THE HILL/= 
{} 

We partition that text on space: 

{J-------------------
{} %pt,B, /= 
{ } 
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We fetch "B" and get: 

{j--------------------------------
{} %ft,B/~HACKON1'HEHILL 
{} 

Notice the spaces are omitted. 

"fe" or "fetch element" returns the contents of the text designated by the 
second argument: but on finding a partition it stops output. On the 
execution of the next "fe" on that text the next element of the text bet\oJeen 
partitions are returned: 

The first: 

{j------------------
{} %fe,B/=THE 
{} 

The second: 

{j------------------
{} %fe,B/=SHACK 
{} 

The third: 

{j---------------
{} %fe,B/=ON 
{} 

It is very simple to find out where the partitions and the divider happen to 
be at any time by using the "vt" or "view text" primitive thus: 

{j------------------------------------------------
{} %vt,B/=THE[l]SHACK[l]ON[l] [I]THE[l]HILL 
{} 

In this view of text "B" the partitions, all of value "I" are shown as (1], 
and the location of the text divider is shown by [I]. 

At the end of the "text" there is nothing left to return: 

{j---------------
{} %fe,B/= 
{} 

The gadget which remembers where one left off in the "text" is known as the 
"text divider": each text has one of its own. This divider may be moved 
arOlmd by the execution of a a number of different primitives or may be 
ordered around through the use of the "md" - "move divider" function thus: 

{j---------------
{} %md,B/= 
{} 

will return the divider to the beginning or left end of the "text" nailed 
"B". 

l ,-
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Now to explain 00w to replace the parti tions in a text with characters; to 
do this we add arguments to the expression that is used to fetch the text. 
For instance if we wish to fetch "B" replacing the partitions with an 
asterisk: 

{1---------------------------~--------
{ } %ft, B, * I=I'HE*SHACK*ON*THE*HILL 
{} 

Now we can redefine "B" as this value retuned and in other words return it 
to the original: 

{1-----------------------
{} %dt,B,%ft,B, 11= 
{} 

If we now fetch "B" it would seem that the original has never been changed: 

{1-------------------------------------
{} %ft,B/=I'HE SHACK ON THE HILL 
{} 

Since the S.z\M76 language works from the inside to the outside of the 
expression, it first fetched "B" replacing the partitions with spaces; then 
on doing the next expression a "text" named "B" was defined (erasing the 
original and partitioned out version). This usage of interactive functions, 
primitives within primitives is called nesting. In theory this can be done 
to any depth - in other words it is limited only by the amount of memory 
available. 

Another example of nesting: 

{1---------------------------------
{} %dt,C,H/= 
{ } %Pt_,~~ __ ~ ft_,~/I:= _ 
{} %ft,B/=rE SACK ON TE ILL 
{} 

In the above exanple the text named "B" was partitioned on the basis of the 
characters received on fetchi1l9 the text named "C". To return it to the 
original form we type: 

{J--------------------------
{} %dt,B,%ft,B,%ft,CIII= 
{} 

In the latter reconstitution, text "C" was first fetched then this in the 
act of fetching "B" was used to replace partitions found therein; the result 
was then the argument of the define text expression. 

At this tirre we will introduce a short cut in the act of "fetching". If the 
name of the text to be fetched is not the sarre as any of the primitives or 
built in functions then the first argument "ft" may be left out and the name 
of the text is used as the first argument of the expression. As we are using 
one character names for all our exarrples we can do this quite safely from 
now on. 
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In order to find out what the primitives in a system are you can do this by 
executing the "@f" - "what f\D'lction" ccmnand thus: 

{}~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

{} &@@f, I={function list will be here} 
{} 

Observe the use of the & - anpersand instead of the t sign as a warning 
character to start the expression: also since @ is in its own right a 
warning character, it is protected by precedin<J it with a second @, and the 
space after the carma is used to tell the function what you wish to use to 
separate the individual function IlIlE!I'OOnics fran each other. 

The SM76 language provides the ability of executing text strings and have 
the functions or expressions in that string executed. This is done by 
enclosing these executable expreSSions wi thin the bounds of a "protected 
expression" thus inhibiting execution at the time of definition. These 
protected expreSSions are also called procedures or scripts. 

{}~~-~~-~~~~~~-~~~~-~~~~~--~~~~~~ 

{} tdt,O.! tptiB, tel 111= . 
{} ~/= 

{} 'B/=rE SACK ON TE ILL 
{} 

The fetching of "0" caused the execution of the procedure stored therein 
which in turn said - partition text "B" on the contents of "C". 

Next we can define a text that will restore "B" to its original state: 

{}~~~~-~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~ 

{} 'dt,E,!tdt,B,\B,telllll= 
{} %E/= 
{ } tB/=rHE SHACK ON THE HILL 
{} 

The part of the expression to be executed is enclosed betM!en an ! -
exclamation mark and a I - slant Sign sb::>wing an executable procedure. It is 
easy to go fran here and let the expression call another expression or 
itself by silrply fetching the text it is contained in. This ability of 
recursion lets individual strinqs act as "subroutine" expressions. 

There are two other. ways of protecting procedures, besides using the ! •.••• I 
form: these are by usin<J ( ••••• ) or < ••••• > : in this manner you can 
incotpOrate ! and I in your text witOOut having them act as if they were 
warning characters. 

Let us now say that we wish to be able to fetch one string and have it 
partition out of "B" the cootents of "C": then output the contents of "B" 
and then restore "B" to its original form. To do this we need to use the 
"os" or "output string" primitive. This primitive outputs the contents of 
the second argument of its expression: 

{}~~~~~~~~-~~~~~--~ 

{ } %os,ABC/=ABC 
{} 

Now if we nest the expreSSion that fetches "B" within the "os" expression, 
the contents of "B" Will be displayed on execution: 

{}~-~~-~~~~~~~~~~~~~~-~----~~-~~~~~~~~ 

{} %os, \811=rHE SHACK ON THE HILL 
{} 
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We will now use "os" in an executable expresssion to display the contents of 
"B": 

{J----------------------------------
{} %dt,F, !%O/\os,%B//%E///= 
{ } %F /=TE SACK ON TE HILL 
{} 

First on execution of "F" , "D" was fetched. Execution of "D" caused the 
parti tioning of "B" on the contents of "C". The execution of "os" displayed 
"B" as it stood with its partitions errpty or "null". Then "E" was fetched 
and in its execution "E" caused the redefinition of "B" replacing the 
partitions with the contents of "C" thus restoring it back to its original 
condition. 

Finally we would like to know just what we have created and stored in the 
"text area" of memory. To do this we use the "It" or "list text" primitive: 
the second arg\l1lellt represents the character string we wish to use to 
precede each name just so we can tell them apart from each other thus: 

{J----------------------------
{} %It, /= A C D E F B 
{} 

In this exarrple we used a space which precedes each na.'1le: note that "B" is 
last in the list - that is because it was redefined for the last time when 
we fetched "F" in the previous exarrple. 

II II The editor of this beginner's description of the SPtM76 
I I Nota Bene II language wi shes to credit Robert M. Evans, from whose 
I .... I _____ ~II first technical writing effort this was derived. 
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ALGOL-M 
AN IMPLEMENTATION OF A 

HIGH-LEVEL BLOCK STRUCTURED LANGUAGE 
FOR A MICROPROCESSOR-BASED CO~~UTER SYSTEM 

LT Mark S. Moranville 
Naval Postgraduate School 
Code 52MI 
Monterey, CA 93940 
PH 408-646-2449 

~stract 

The design and implementation of the ~LGOL-M 
programming language for use on a microprocessor­
based system is described. The implementation is 
comprised of two subsystems, a compiler which 
generates code for a hypothetical zero-address 
machine and a run-time monitor which executes 
this code. The system was implemented in PL/M 
to run on an 8080 microcomputer in a diskette­
based environment with at least 20k bytes of user 
storage. 

History of Algol 

The definition of the algorithmic language 
(ALGOL-60) was the result of the work of a 
committee of distinguished computer scientists 
and was originally published in 1960 [2]. The 
nurpose of the developers of ALGOL-60 was the 
establishment of a universal computer language 
specifically designed to allow for the logical 
and efficient program representation of 
algorithms. Additional versions and extensions 
pf ALGOL-60 such as ALGOL-68 [5] and ALGOL-W [6] 
~ave been developed and have found acceptance in 
~he academic communities and in Europe. 

~icrocomputer Software 

The rapid development of microcomputer hard­
ware since 1975 has generally resulted in a con­
~iderable lag in the corresponding development of 
compatible software, particularly that of high 
level languages. The Intel 8080 microprocessor 
is one of the few microprocessors which has 
endured long enough to permit software developmem~ 
to advance beyond the assembly language level. 
The majority of high level languages currently 
~vailable for microcomputer based systems are 
extensions of the original Dartmouth BASIC and. 
~lthough they allow for a reasonable level of 
~rogramming sophistication, they are encumbel, 
by the inherent limitations of the BASIC langu~je 
constructs. 

Objectives of ALGOL-M 
The major objective of this project was to 

develop a dynamic, block-structured, recursive 
~igh level language which would provide adequate 

programming power and flexibility for 
applications programming using microcomputer 
based systems. ALGOL constructs were chosen 
because of their simplicity and power and 
because it was possible to write the grammar in 
LALR(l) form for use with available compiler­
compiler generated parse tables [4]. ALGOL-M 
was developed to run on 8080 based microcomputer 
systems because of the availability of a high 
level system development language (PL/M) Il] 
which produces 8080 object code and which could 
be run on the Naval Postgraduate School's IBM 
360. The ~vailability of an 8080 based disk 
operating system (CP/M) [3] simulator on the 
IBM 360 and the widespread use of CP/M were 
also strong factors in the choice of 8080 micro­
processor and CP/M operating system. 

Features of the ALGOL-M Language 

Although ALGOL-M was modeled after ALGOL-60 
no attempt was mnde to make it a formal subset 
of ALGOL-60. This was done intentionally in 
order to provide a language which would be best 
suited to the needs of applications programmers 
using microcomputer systems. However, the basic 
structure of ALGOL-M is similar enough to ALGOL-
60 to allow simple conversion of programs from 
one language to the other. This was considered 
particularly important in view of the fact that 
the standard publication language is ALGOL-60. 
Therefore, there exists a large source of 
applications programs and library procedures 
which can be simply converted to execute under 
ALGOL-M. 

Type Declarations. ALGOL-M supports three 
types of variables: integers, decimals, and 
strings. Integers may be any value between 
-32,767 and +32,767. Decimals may be declared 
ith up to 18 digits of precision and strings 

7. be declared as long as 255 characters. The 
:ault precision for decimals is ten digits 

.. :" j the default length for strings is ten 
characters. Decimal and string variable lengths 
may be integer variables which can be assigned 
actual values at run-time. 

Another form of declaration in ALGOL-M is 
the array declaration. Arrays may have up to 
255 dimensions with each dimension ranging from 
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-32,767 to +32,767. The maximum 8080 micro~ 
processor address space of 64k bytes limits 
practical array sizes to something smaller than 
the maximum. Dimension bounds may be integer 
variables with the actual values assigned at 
run-time. Arrays may be of type integer, 
decimal or string. 

Arithmetic Processing. Integer and binary 
coded decimal arithmetic are supported under 
ALGOL-M. Integers may be used in decimal 
expressions and will be converted to decimals 
by the compiler. The integer and decimal 
comparisions of less-than, greater-than, equal­
to, not-equal-to, less-than-or-equal-to, and 
greater-than-or-equal-to are provided. 
Additionally, the logical operators AND, OR and 
NOT are available. 

Control Structures. ALGOL-M control 
structures consist of BEGIN, END, FOR, IF THEN, 
IF THEN ELSE, WHILE, CASE, and GOTO constructs. 
Function and procedure calls are also used as 
control structures. ALGOL-M is a block 
structured language with a block normally 
bracketed by a BEGIN and an END. Blocks may 
be nested within other blocks to nine levels. 
Variables which are declared within a block 
can only be referenced within that block or a 
block nested within that block. Once program 
control proceeds outside of a block in which 
a variable has been declared, the variable may 
not be referenced and, in fact, run-time 
storage space for that variable no longer 
exists. 

Functions, when called, return an integer, 
decimal or string value depending on the type 
of the function. Procedures do not return a 
value when called. Both functions and 
procedures ma-Yha,'-ef-zeroor mor-e- parameter sf 
and may be called recursively. 

Input/Output. The ALGOL-M WRITE statement 
causes output to the console on a new line. 
The desired output is specified in a write list 
which is enclosed in parentheses. String 
constants may be used in a write list and are 
characterized by being enclosed in quotation 
marks. Any combination of integer, decimal and 
string variables or expressions may also be used 
in a write list. A WRITEON statement is also 
available which is essentially the same as the 
WRITE statement except that output continues on 
the same line as the output from a previous 
WRITE or WRITEON statement. When a total of 
80 characters have been written to the console 
a new line is started automatically. 

Console input is accomplished by the READ 
statement followed by a read list of any com­
bination of integer, decimal and string 
variables enclosed in parentheses. If embedded 
blanks are desired in the input for a string 
variable, the console input must be enclosed in 
quotation marks. A READ statement will result 

in a halt in program execution at run-time until 
the imput values are typed at the console and a 
carriage return is sent. If the values 
typed at the console match the read list in 
number and type, program execution continues. 
If an error as to number or type of variables 
from the console occurs, program execution is 
again halted until values are re-entered on the 
console. 

Implementation 

The implementation of ALGOL-M consists of 
of two subsystems, a compiler and an interpreter 

Compiler Implementation. The compiler was 
designed to read source language statements 
from a diskette and to produce an intermediate 
language file with optional source listing at 
the console. A two pass approach was used to 
facilitate the implementation of GOTO statements 
forward subroutines, and control statements. 
Pass one builds the symbol table and saves all 
branch locations for resolution during pass two. 
Pass one also computes the size of the program 
reference table(which is used at run-time for 
maintaining the actual memory locations of 
variables, arrays, and subroutines) and writes 
this information out to the intermediate file. 
Pass two resolves all forward references and 
emitsqode to the intermediate file on disk. 

Interpreter Implementation. The ALGOL-M 
pseudo machine, as shown in Figure 1, is a soft­
ware simulation of a stack-oriented CPU with an 
instruction set which is particularly well 
suited for execution of ALGOL-M programs. The 
ALGOL-M interpreter is loaded at address 100 hex 
(as are all executable programs under the CP/M 
operating systemfcind proc-eedst6- read the 
ALr~L-M intermediate code from disk, 
constructing the pseudo machine begining at the 
first free memory location. The ALGOL-M inter­
mediate code is read into a buffer in 128 byte 
segments. The first two bytes of the 
intermediate code represent an integer value 
equal to the number of bytes to be used for the 
program reference table (PRT). 

The remaining intermediate code is 
manipulated in accordance with the algorithm 
shown in Figure 2 in order to construct the 
pseudo machine code area. 

The ALGOL-M interpreter uses the pseudo 
machine code area as input data. Each pseudo 
machine operator is equated to an integer value 
which is evaluated in order to provide the 
correct entry into a large case statement in the 
interpreter. Each entry in the case statement 
contains the necessary code to cause proper 
run-time execution of the specific ALGOL-M 
pseudo instruction. The case statement is 
executed continually until the ALGOL-M program 
has been completed, at which time control is 
passed back to the operating system. A run-time 
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stack is used to facilitate the execution of 
ALGOL-M pseudo instructions and for run-time 
storage allocation. Figure 3 illustrates how 
the stack is used in allocating decimal and 
string variables(integers are stored directly in 
the PRT). Each time a new block is entered the 
block level pointer is set to the top of the 
stack. When a block is departed the top of 
stack pointer(RA) is decremented to the address 
of the previous block level. Therefore the 
storage allocated for variables within a given 
block is automatically de-allocated when the 
block is departed. 

Conclusions 

This project has resulted in the con­
struction of a high-level, block-structured, 
applications oriented compiler for micro 
computers with 20k bytes of memory or more. 
When compared to a fully dynamic scheme, the 
stack storage allocation and retrieval scheme 
presented here appears to enhance program 
execution speed, reduce memory requirements, and 
simplify compiler implementation. Included in 
appendix A are benchmark programs 4, 5, 6, and 
7 obtained from REF [7]. These benchmark 
programs illustrate the structure of ALGOL-M 
as compared to BASIC. 
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Be"ch~ark Proqra~ 4 

300 PRINT "START" 
400 K=O 
500 K=Ktl 
510 A-K/2*3t4-5 
bOO IF K<1000 THEN 
700 PRIr..T "END" 
800 END 

500 

BEGIN 
INTF.GER A,K; 
~RITE("START"); 

K:=O; 
wHILE K<1000 DO 

BEGIN 
K:=Ktl; 
A:=K/2*3tl.l-5; 

END; 
wRITE("ENO"); 
END 

Benchmark ProQram 5 

300 PRINT"START" 
400 K=O 
1500 K=KtJ 
1510 A=K/2*3t4-5 
520 GOSUB 820 
bOO IF K<IOOO THEh 500 
700 PRINT "END" 
800 END 

475 

BEGIN 
INTEGER A,K; 
PROCEOURE OONOTHING; 

A:=O; 
wRITE("START"); 
K:=O; 
wHILE K<1000 00 

BEGIN 
K:=l<tl; 
A:=K/2*3+1.I-'j; 
DONOTHING; 

ENI); 
v.lRITE("ENO"); 
END 
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300 PRINT"STAR1" 
'"'00 K=O 
430 Dl~ M(5) 
500 K=K+l ; 
510 A=K/2:A:3+4-5 
520 G'OSUA R20 
530 FOR L-l TO 5 
540 NlXT L 
bOO IF K<1000 THEN 
700 PRINT"ENO" 
ROO END 

300 PRINT ~START" 
400 K=O 
a30 DIM "'1(5) 
500 K=K+1 
510 A=K/2*3+4-5 
520 GUSUB 820 
530 FUR L=l TO ~ 
535 M(L)=A 
540 NE:.Xl L 

~enchmark Program b 

C;OO 

REGIN 
INTEGE:.R A,K,L; 
INTEGER ARRAY M(1:5)i 
PROCEDURE OONOTHING; 

BEGIN 
A:=O; 

END; 
WRITE("START")i 

K:=O; 
WHILE 1«1000 DO 

BEGIN 
K:=1<+1; 
A:=1</2*3+4-5; 
DONOTHINGi 
FOR L:=1 STEP 1 UNTIL 5 DO 

A:=O; 
t::NO; 

WRITE("END"); 
END 

Henchmark Program 7 

BEGIN 
INTEGER A,I<,L; 
INTEGER ARRAY M[I:5J; 
PROCEDURE DONOTHING; 

BEGIN 
A:=O; 

END; 
~RITE("SIART"); 

1<:=0; 
bOO If ~<1000 THE~ 500 
700 PRINT"ENO" 

wHILE 1«1000 DO 
BEGIN 

800 END 
A20 RETURN 
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1<:=K+1; 
A:=K/2*.3+4-5; 
DONOTHINGi 
FOR L:=1 STEP 1 UNTIL 5 DO 

MlLl :=A; 
ENDi 
wRITE("END"); 
END 
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SPL/N - A CASSETTE-BASED CONPILER 

Thomas W. Crosley 
1675 New Brunswick Ave. 

Sunnyvale, CA 94087 

Abstract 

SPL/M is a subset of the PL/M 
language suitable for systems 
programming on small computers. The 
subset was necessary in order to fit 
the one-pass compiler into the 
author's system, which has 20K of RAN 
and two cassette decks. 

The paper describes how the 
subset was selected, and includes the 
&~F for SPL/M. The implementation is 
also described, with an emphasis on 
the code generation and optimization. 

Intrcduction 

My hobbiest software interests 
lie rr.ostly in the systems programming 
area. Tnerefore shortly after I had 
my 6800-based system up and running, 
and had lt/ri t ten an assembler in 
machine language, I was already 
looking around for a suitable 
high-level language to use instead of 
assembly code. In particular, I 
wanted a procedure-oriented systems 
programming language tha t had: 

1. Arbitrary length identifiers 
2. Structured programming constructs 
3. Block structure (local variables) 
4-. Ari thmetic & logical opera tors 
5. Pointer variables 
6. String and charac ter manipula tion 
7. Direct access to user memory 
3. Recursion capabilities 
9. Easy linkage to assembly language 

The language also had to be 
compilable in one-pass, since the only 
secondary stonage on my system 
consists of two cassette decks. 

Rather than try to desien yet 
another high-level language, I chose 
one I already knew, namely PL/M. PL/N 
was specifically desigr:ed for 
imnlement~tio~ on 8-bit micro-
processors, and also fully net all cf 
the conditio~s stated above except (6) 
and (3). PL/l'; h:1S no built-in string 
functions but one can write user 
functio~~ instead. Recursive 
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procedure calls are possible; however 
automatic stacking of rarameters is 
not rrovided. 

PL/N was originally designed as a 
cros~-comTIiler for the Intel 8008 
microprocessor and was later made 
available for the 802~ [1J. However I 
am usine as my primary languaee 
reference the implemen ta tion by 
Intermetrics of PL/N6800 [2J, also a 
cross-compiler. Intel has since come 
out wi th a resident version of PL/l~i-80 
for the 8080, but it is not compatible 
with their cross-compiler version. 
(It also requires 64K and dual 
floPfYS. ) 

Description of SPL/~. 

I had decided to write the 
compiler in a subset of PL/N, and then 
hand-translate it to assembly 
language. Once the subset was up and 
running the compiler would be able to 
compile itself. I would then be able 
to incrementally add features to the 
compiler until the full language was 
implemented. 

The initial subset included only 
those features necessary to write the 
compiler. :For example, the only 
arithmetic operators available were 
addition and subtraction. 

After I had the initial version 
of the compiler running, it was lar£e 
enoU{"h that it was obvious a full PL/N 
version would not fit on my system. 
Therefore I decided to continue to 
expand the oriEinal compiler (by 
adding addi tional PL/H fea tures . in 
assembly code) until I had a verSlon 
of the. languRce that met my needs. 

The resulting subset is called 
SPL/E (for Small PL/l-1). The features 
of SPL/l"l (Version 1.0) are listed in 
Figure A-1 at the end of the p3per, 
while the full grammar of the subset 
is shown in Figure A-2. 

A detailed list of the 
features that are not in 
given in Figure A-3, along 
reason for leavinp them 
general for each feature 

the PL/N 
SPL/~; is 

with the 
out. In 
that was 
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removed there is an alternate 
construction available in SPL/M that 
will do the same thing. 

Some of the features that were 
removed are expected to be added back 
in for the next version of the 
compiler, as indicated in the comments 
colurr~ of Figure A-3. However I do 
not plan on putting GOTO's back in; 
think of this as promoting structured 
programming. I did however add a 
BREAK s ta temen t to SPL/M (borrowed 
from the language C) for abnormal loop 
termination. 

Another extension to PL/M are the, 
MEM and NEMA arrays. They are 
predeclared to s tart at memory address 
0, and allow direct access to memory 
like the POKE and PEEK functions in 
some BASIC's. HEM and NEMA are also 
used to simulate based variables which 
are not included in V1.0 of SPLINe 

HEN is tYJ:e byte, while MEMA is 
type address. The normal doubling of 
subscripts for address variables is 
not done for MEMA; for example, 

JvlEJ·iA (38H) = OF050H; 

sets memory locations 38 and 39 to the 
hexadecimal value F050. 

The last extension added was to 
allow the construction CALL <number> 
in addition to CALL <identifier>. 
This makes it easier to call assembly 
language ~rccedures. Typically the 
<number)~s- -substituted at compile 
time via a DECLARE LITERALLY, so that 
the source code is still symbolic. 

Except for the above three 
extensions, SPL/M is syntatically a 
proper subset of PL/M. The major 
semantic difference is in the 
treatment of mixed mode (byte/address) 
statements. In PL/M, the result of an 
ari thmetic opera tion is based only on 
its immediate operand(s). Therefore, 
assuming X is an address variable, the 
PL/M s ta temen t: 

X = -1; 

would set X equal to OFFH, rather than 
the expected OFFFFH. This is because 
the unary operation -1 is the same as 
0-1, which involves two byte 
operands. 

In SPL/1vi, I have chosen to make 
the result of an arithmetic operation 
equal to the highest precision 
encountered so far in the statement; 
therefore in the above example X would 
be se t to OFF .t""1'H in SPL/N since the 
destination is type address. 

WEST COAST COMPUTER FAIRE 478 

Implementa ticn 

Because all variables and 
procedures must be defined before they 
are referenced in SPL/l4, the language 
can be compiled in a single pass over 
the source code. One-pass compilers 
have a few special problems, namely in 
code generation tdiscussed later). 
However the overall organization of 
the compiler (scanner, parser, code 
generator, and code optimizer) is the 
same as most other compilers. There 
is just more happening in parallel. 

-Scanner. The lexical scanner 
reads the source characters out of an 
internal buffer, and from these 
constructs the source program "tokens" 
(such as identifiers, reserved words, 
integers, and one or two character 
symbols) • Each token is represen ted 
internally by a token index value. 

The scanner is implemented as a 
subroutine which is called by the 
parser. When called, the scanner 
recognizes the next source program 
symbol and pa~ses the token index up 
to the parser. 

The scanner knows very little 
about SPL/N, leaving that to the 
p3.rser. However it does resolve some 
ambiguities for the parser,- such as 
the difference between a variable at 
the beginning of an assignment 
statement and a label in front of a 
procedure declaration. The scanner 
also removes comments (delimited by a 
/* */ pair) which may appear anywhere 
a blank is allowed. 

51mbol Table Routines. Since 
SPL/I-'I J.s a bloC'l{S'truc tured language, 
each block can have its own symbol 
table. Thus the overall symbol table 
is organized as a stack. 

The head of each symbol table 
block consists of a fixed portion 55 
bytes long. The first two bytes are a 
backwards link to the previous block. 
The next byte is the nesting level for 
the current ·block. The last 52 bytes 
are used as pointers into a dynamic 
area for the block. The pointers are 
indexed by the first letter of the 
symbol. Each entry in the dynamic 
area con~~ins the following fields: 

1 • Two byte link to the next entry 
in the chain. 

2. l~umber of characters in the 
symbol. 

~/, 2nd throueh nth character of the ,.". 

symbol. 
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4. Token index. 
Address (only 
procedure) • 

if a variatle or 

The token index indicates whether 
the symbol is a reserved word, byte or 
address variable, or a procedure. 

Each tirre the scanner scans eut 
an identifier, it first searches the 
first symbol ~~ble block to see if it 
is a reserved word. If not, then the 
most current block is searched. If 
the symbol is still not found, the 
backwards link field is used to search 
the next most current block. This is 
repeated as necessary until all the 
blocks have been searched. 

For DECLARE statements, the above 
procedure is performed except that the 
search is stepped after only searching 
the reserved word block and the most 
current block. 

Every time a DO or procedure 
block is entered, the current nesting 
level is incremented. However a new 
symbol table block is not allocated 
until a variable (if any) is declared 
within the block. At the end of the 
00 grouI" or procedure, the current 
nesting level is compared with the 
nesting level for the current symbol 
table to see if it should be 
deallocated. 

parsi~. The parsing technique 
used by ~e compiler is called 
recursive descent. It was chosen 
because the resul till[' parser closely 
follows the ENF of the erammar, and is 
therefore easier to debug and modify 
than bottom-up parsers. 

For ins tance the SPLIt-: procedure 
GROUP (Figure A-4~ corresponds to the 
production; <eroup> in the erammar. 
Since DO groups can be nested, it 
first stacks two of its variables 
which allows the procedure to be 
called recursively. It then calls the 
procedure GRP$HEAD which will parse 
out either a plain DO group or else a 
DO-~HILE. GRP$HEAD also calls a 
procedure to increment the nesting 
level. 

On return from GRP$HEAD, if there 
have beer: nc syntax errors so far 
(E=O) then zero or more statements are 
parsed out (rrocedure STNT) until an 
END is encountered. At the end of 
GnOVP, a call is made to EXIT$BLK to 
decrement the nestin[ level and delete 
the symbol table block if one was 
allocated. 
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Errer Handling. Errors are 
caught by loth the parser and the 
sca~~er. When an error is detectec, 
the source line is printed followed ty 
a line containine one or more siqgle 
letter flags indicating the error(s). 
For example, 's' is used to indicate a 
syntax error, 'V' means an undefined 
identifier, and 'D' stands for a 
duplicate definition. 

The flaes are positioned under 
the token where the error was 
discovered. For example in the 
printout below, 

0210 
**** 

TBL(I) = 
U 

CTR1 ++ CTR2 
S V 

TEL and CTR2 are undefined, and there 
is a syntax error because of the 
second '+'. When a syntax error is 
discovered, the remainder of the 
statement is ignored (up to the next 
';'), except that the scanner 
continues to flae. undefined symbols. 
Also, \o:hen undefined symbols are 
encountered code is still generated 
(assuming an address of 0) to allow 
p3.tching. 

Generation of error messages was 
another factor in choosing recursive 
descen t for rarsi~. Because top-down 
parsing is gcal orlented, at any point 
the parser knows exactly what symbol 
(or symbols) should come next. This 
makes it easier to locate the'S' flag 
under the offending token. 

Code generation. Since the 6800 
has a--limlted number of reeisters, 
code generation is not complicated by 
having to perform elaborate register 
allocation as it would be with the 
8080 microprocessor. 

Accumulator A is used for all 
byte expressions, with accumulator B 
used only for address operations. (In 
the latter case BA is treated as a 16 
bit accumulator.) If there is a value 
in either accumulator that must be 
saved temporarily, it is pushed onto 
the run-time stack. Later the 
temporary is accessed via the index 
register. For example, 

PSHA (save temp value) . 
(code which reloads ACCA) . 
TSX 
ANDA O,X (X points to temp) 
INS 
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. l'he index register is primarily 
used however to address arrays. 
Subscripted addresses are built up in 
BA and then transfered to the X 
register via a subroutine. (The lack 
of a instruction to do this is 
probably the single greatest weakness 
in the 6800 instruction set.) Tbe 
orily other subroutine calls generated 
by the compiler are for multiplication 
and division. The compiler does not 
have to generate the the above three 
subroutines since they are all 
available in my system ROM. 

Most compilers translate the 
entire source program into so~e 
internal form, such as a tree or a 
list of quadruples. Additional passes 
translate the internal form into the 
object code in addition to performing 
optimizations. 

Since SPL/M is a one-pass 
compiler, this technique is hot used. 
Instead code is generated as the 
parsing takes place. For example 

. (again referring to Figure A-4) , at 
address 1517 a jump (7EH) is generated 
back to the beginning of the the DO 
WHILE following the 'F~D'. (The 
address to jump to had been previously 
saved in GH$ADDR by procedure 
GRP$F.EAD) • 

Code generation in a one-pass 
compiler is complicated by not knowing 
what is coming next in the source. In 

.. _~l'l_ IF o:rP(L \'mILEsta temen t, a jump is 
required to go to . the end·· or- the-
statement if the <expr> evaluates 
false, bu t the end of the s ta temen t 
isn't known yet. So the compiler 
generates a jump to 0 instead (see 
address 1567), and later a Iffixup" is 
performed to patch up the jump to the 
proper address. Code generated for 
fixups is listed in parentheses on the 
printout (e.g. see code following 
address 156D). 

Ini tially I tried to handle code 
generation fer expressions in the same 
manner; i.e. in the same routines that 
were p3.rsing out the expression. 
However because of the hierarchy of 
operators I found it difficult to 
generate the proper code at the right 
,time. I therefore separated the code 

_ ·e~neration for expressions into 
individual routines for each 
operator. Commurica tion between the 
p~rser and the c~]e generator is via 
two stacks: erie for operands and the 
other fer operators. 

Entrie~ on the operator stack are 
all one byte long, and consist of p.n 
inteFer representine ~he p<'3.rticvla.T 
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operator. The operand stack has 
variable lenrth en tries fror.; one to 
three bytes- in length. Fach entry 
describes the operand type and where 
it is currently located (at ~-time): 

Code Lerl£th l";eaning 

0 2 Eyte constant 
1 ~ A_ddress cons tan t ..,I 

2 1 Byte value in A 
3 1 Address value in BA 
4 1 Byte value on TOS 
5 1 Address value on TOS 
6 3 Byte variable 
7 7, Address variable ..,I 

8 1 Byte variable, addr 
a 1 Addr variable, addr ~ 

p. 1 Byte variable, addr 
B 1 Addr variable, addr 
C 1 Byte variable, addr 
D 1 Addr variable, addr 

A - Accumulator A 
BA - Accumulators EA 
TOS - Top of stack 
X - Index register 

As an example, the statement: 

X = 500 + Y * 31H ; 

is represented internally as: 

in Bp-
in BA 
on TOS 
on TOS 
in X 
in X 

Opera.!l~ Stack OJ:era tor Stack 

o (byte const) 
31 
7 (addr var) 
HIGH(. Y) 
LOW(.Y) 
o (addr const) 
01 

~4(addr var) ~ ~~~: ~~~ :~ 
HIGE(.X) B code for assign =) 
LO\J( .X) 0 beg of stmt) 

where HICH(.Y) and 1O\·;(.Y) refer to 
the high and low bytes of the address 
of variable Y. 

As each operand in an expression 
is parsed out, it is pushed onto the 
operand stack. However as each 
operator is parsed out, a pair of 
vectors (called F and G functions in 
Gries [3J) are u~ed to see if the code 
for the cr€rator already at the top of 
the operator stack should be generated 
first. 

This is donE: b;y comraring the F 
value corresyonding to the orerator at 

BOX 1579, PALO ALTO CA 94302 



the top of the stack with the G value 
for the new cperator just parsed. If 
the F value is greater, then a code 
generation routine is called for the 
operator at the top of the stack. It 
will remove one or two operands from 
the operand stack, delete the operator 
from the top of the operator stack, 
and push a descriptor of the result 
onto the operand stack. 

If instead the F value is less 
then the G value, the new operator is 
just pushed onto the operator stack. 

The values for the F and G 
vectors reflect the operator 
precedence for the language. I wrote 
a BASIC program to compute the 
vectors, based on an algorithm on page 
116 of Gries. The input to the 
program consisted of strings 
representing the BNF for SPL/M 
expressions. 

Code Optimization. .P.ecause of 
the llIDltat10ns on the size of the 
compiler, optimizations are performed 
only on expressions within a single 
statement. In particular, no attempt 
is wade to remember the value of any 
of the registers across statement 
boundaries. 

1-10s t of the optimizing is done be 
exandning the operand and opera tor 
stacks for particular patterns after 
parsing out an entire expression. For 
example the statement 

I = 0 ; 

is placed on the two stacks as: 

o 
o 
6 

Operand 

HIGH( .var) 
LOvJ( • var) 

Operator 

B (assign=) 
o 

When the compiler recognizes this 
pattern, it generates a CLR memory 
instruction rather than a CLRA, STAA 
memory sequence. 

The same technique is used to 
optimize statements such as 

into an InC memory instruction. 
However if the statement was written 

1=1 + I ; 
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the pattern would not be recognized 
and no optimization would be 
performed. However the second form is 
much less likely to be written. 

vJrther optimizations done in 
this way include using the index 
register for double precision loads 
and stores where appropriate. 

Another type of optimization is 
performed for IF and DO \~lHILE 
statements. In SPLit·; (as in PL/I~), an 
expression is true if the rightmost 
bit of the result is a one. So the 
general code for an IF <expr) THEN 
statement is: 

(code for <expr» 
13RA 
BCS 3+* 
J~W (to end of IF) 
(code for true part) 

However if the expression is a 
<logical primary> of the form: 

<arith expr> <reI> <arith expr> 

the code R"enerated would be rather 
inefficient: 

(code preceding REL test) 
Exx 3+* (conditional branch) 
CLRA ( false) . 
BRA 2+* 
LDAA =OF}~ (true) 

* (end of code for <expr» 
ISHA 
BCS 3+* 
JMP (to end of IF) 
(code for true part) 

since the test ends up being performed 
twice. Therefore the sequence is 
optimized to just 

(code preceding REL test) 
Bxx3+* 
JNP (to end of IF) 
(code fer true p3.rt) 

Refer to Figure A-4 for examples 
of the various optimizations discussed 
above. 

Cassette I/Q Routines. The 
compiler 1S designed to operate with 
two cassette decks - one in "play" 
mode, reading in source, and the other 
in "record", for wri tine out the 
object code. 

To keep the HAl·; requirements to a 
miniu;um, the source program is read in 
as a series of clocked records into a 
2K buffer, each block consisting of 
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(typically) 100 source lines. The 
scanner, on detecting the end of a 
buffer, calls the cassette read 
routine to read in the next block. 
This is continued until the last line 
of the program (containing "EOFfI) is 
read. 

The object program is also 
divided into blocks; however a double 
buffer system is used, each buffer 
being 512 bytes long. This insures 
that the fixup routine used to patch 
up forward references always has at 
least 512 bytes to look back into. 
This is considered adequate since 
fixups are always done within a single 
procedure. 

Each object block consists of a 
header, which includes the block name, 
length, type, and s tart address. An 
object block is written out whenever 
the current buffer overflows, or if a 
new origin is found. The compiler 
generates only absolute code. 

System Considerations 

The compiler is presently 
designed to run only on the Sphere 
6800 system, Model 330~ In 
pa.rticular, it assumes the existence 
of: 

CRTj1 
KBDj1 or 2 
Cass I and II 
Printer 
MEM/l (20KRAM- total) 
PDS V3N ROM se t 

The printer is the only device 
that will vary from one system to 
another. Therefore two user routines 
mus t be provided: one called at the 
beginning to initialize the printer 
ACIA, and a second to print a single 
character contained in accumulator A. 

The compiler object is just over 
8K in length. It should be possible 
to run the compiler in a 16K system, 
and still have around 2.5K available 
for the symbol table. Tha t would be 
adequate for approximately 200 
six-character symbols. The total 
number of symbols in a program could 
be much higher than that, since symbol 
table blocks are dynamic. 

Compile Time Options. The 
compiler has several opt~ons relating 
to the input/output devices. 

Source input normally comes from 
Cassette I, but as an option it can be 
instead input from the keyboB.rd. This 
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is useful for debugeing and 
demonstrations. Since SPLjN is a 
one-pass compiler, the code will be 
output following every statement. 

By defaul t, a full lis ting is 
output to the CRT only, with just an 
error printout going to the printer. 
However as an option the full listing 
(including generated object code) can 
be printed as shown in Figure A-4. 

An additional option allows the 
symbol table to be printed out. Each 
symbol table block is dumped out (just 
before it is deallocated) in the same 
order it is stored in memory; 
therefore symbols are alphabetized on 
the first letter only. Along wi th 
each symbol is listed the type (BYTE, 
ADDR, PROC, or LIT), and its value. 

Summary and Conclusions 

My original goal was to write a 
compiler for PLfM that would fi t in my 
system. I did not fully succeed in 
doing that, but I have implemented a 
compiler for a useful subset of the 
language. Even so that took over one 
and one-half year~ of part time 
effort. 

I feel it was worth it, since 
wri ting sys terns software in SPL/~j is 
much easier than using assembly 
language. However I find that the 
compiler, on the average, generates 
about twice as much code as I'do when 
coding in assembly level. 

... The· text forma tterI am using .. to. 
print this p3.per was the first major 
SPLjM program I wrote; it consists of 
approxilJBtely 8C() lines of SPLjN and 
is just over 5K bytes long. While 
debugging the formatter I was able to 
trace only one bug to an error in the 
compiler. 

My next major goal is to complete 
Version 2.0 of SPLjM, which I hope 
wi 11 be much closer to being a full 
PL/M. 
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Statement ~: 

DECLARE 
Assignment (e.g. COUNT = 1i) 
IF-THEN (wi th optional ELSE) 
DO-\t.r'HILE (loop control) 
Grouping (00;_ statement list END;) 
PROCEDURE definition 

Declare tions: 

Define variable t~s~ either BYTE (8 bits), or 
ADDRESS (16 b1tS) 

Define arrays (one dimension only), either 
variable or constant (DATA) 

Define compile time numeric substitutions (IJTERALLY) 

Operators: 

Ari thme tic: 
+ - * / MOD (modulo) 

Logical: 
NOT AND OR XOR 

Relational: 
< } = <= >= <> (not equal) 

Procedures: 

Defined wi thin a PROCEOORF-END pair and called via a 
CALL statement 

Built-in functions: 

Ty~ conversion (LOW, HIGH, DOUBLE) 
Direct memory access (MEM, l-1EMA) 

Niscellaneous: 

Identifiers may be any length 
Decimal, hexadecimal, and string cons tan ts 
Integer arithmetic only 

Figure A-l. SPL/M Language Features (Vl.C) 
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<program) ::= <stmt list) EOF 

<stmt list) ::= <stmt) : <stmt list) <stmt> NIL 

<stmt) ::= <basic stmt) : <if stmt) 

<basic stmt> ::= <assignment) 
: <group) ; 
: <proc def) ; 
: <call stmt) 
: RErURN ; 
: BREAK ; 
: <decl stmt) 

<if stmt) ::= <if clause> <stmt) 
<if clause> <basic stmt) ELSE <stmt) 

<if clause> ::= IF <expr> THEN 

<group> ::= <group head) <stmt list) END 

<group head> :: = 00 ; 
: 00 WHILE <expr> ; 

<proc def> ::= <proc head> <stmt list> END 

<proc head> ::= <identifier>: PROCEDURE 
: <identifier>: PROC ; 
: <origin> <proc head) 

<call stmt> ::= CALL <identifier> : CALL <number> 

<decl stmt> ::= DECLARE <decl element> 
: DCL <decl element> 
i <decl stat> , <decl element> 
1 <origin> <d.~clf>_t!llt> 

<decl element> ::= <identifier> <type> 
: <identifier> ( <number> ) <type> 
: <identifier> <data list) 
: <identifier> LITERALLY '<number>' 
< <identifier> LIT '<number>' 

<type> ::= BYTE ADDRESS: ADDR 

<data list> ::= <data head> <constant> ) 

<data head> ::= DATA ( 
: <data head> <constant> , 

<origin> ::= <number>: 

(assignment> ::= <variable> = <expr> 

Figure A-2. SPL/M Grammar 
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<expr> .. -.. - <logical factor) 
: <expr) OR <logical factor> 
: <expr) XOR <logical factor> 

<logical factor> ::= <logical secondary) 
: <logical factor> ~D <logical secondary) 

<logical secondary> ::= <logical primary> 
: NOT <logical primary) 

<logical primary> ::= <arith expr) 
. : <arith expr> <relation> <arith expr) 

<relation) ::= = : < : ) : <> : <= : )= 

<arith expr> ::= <term> 
: <arith expr) + <term> 
: <arith expr) - <term> 

< term> :: = <secondary) 
: <term> * <secondary) 
: <term> / <secondary) 
: <term) MOD <secondary) 

<secondary> ::= <primary> 
: - <primary> 

<primary> ::= <constant> 
: <variable> 
: .<identifier) 
: ( <expr> ) 

<variable) ::= <identifier> 
: <identifier> ( <expr> ) 

<constant) ::= <number) : I<string) I 

<identifier> ::= <letter> 
: <identifier) <dec digit) 
: <identifier> <letter> 
: <identifier) $ 

<letter> ::= A : B : C ••• : Z 

<number) ::= <dec number> : <hex number) H 

<dec number) ::= <dec digit> 
: <dec num> <dec digit) 
: <dec num) $ 

<hex number> ::= <dec digit) 
: <hex num> <hex digit> 
: <hex num> $ 

<dec digit> ::= 0 : 1 : 2 ••• 9 

<hex digit> ::= <dec digit) : A B : c : D : E : F 

<string> ::= <str element) : <string> <str element) 

<str element> ::= <ASCII char) : II 

Figure A-2 Continued. SPL/M Grammar 
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Fea ture Removed 

GOTO and labels 

I.bedded &: JBUl. t­
iple assignments 

00 CASE 

Based variables 

I tera ti ve 00 

Proc plraBte ters 

User defined 
functions 

Shift functions 

Rationale COJlllent 

not needed EREAK added 

use multiple 
sta tellen ts 

use nested 
IF's 

use MEM,HEMA planned for V2.0 

use DO WHILE planned for V2.0 

use globUs planned for V2.0 

use ~obals planned for V2.0 

use * or / planned for V2.0 

LENGTH &: LAST .- use OCL LIT planned for V2.0 
functions : <nuaber> 

I 

• :ESc tored DCL' s : use au! ti ple planned for V2. 0 
: DCL'S . 
• • INITIAL attribute' use DATA 

DCL LIT <string> 

Binary &: oc tal 
constants 

Inte~rupt access 
and 6BOO flags 

use hem­
deciE.l 

write in 
assembly 

Figure A-3. PL/M Features Not in SPL/M Vl.O 
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0012 152CH: 
0013 GROUP: PROCEDURE; 
0014 
0015 DCL GPI BYTE; 
0016 
0017 400H: DCL GP$STK f20H~ ADm, 
0018 GH$STK 20H' ADDR; 
0019 
0020 GP$STK{GPI) = GP$ADDR; 

152C: 96 7A 
152E: 5F 
152F:·48 
1530: 59 
1531: 8B 00 
1533: C9 04 
1535: BD FE 29 
1538: 96 66 
153A: D6 65 
153C: E7 00 
153E: A7 01 

0021 GH$STK{GPI) = GH$ADDR; 
1540: 96 7A 
1542: 5F 
1543: 48 
1544: 59 
1545: 8.B 40 
1547: C9 04 
1549: ED FE 29 
154C: 96 68 
154E: D6 67 
1550: E7 00 
1552: A7 01 

0022 GPI = GPI + 1; 
1554: 7C 00 7A 

0023 /* PARSE OUT DO OR DO-WHILE * / 
0024 CALL GRP$HEAD; 

1557: ED 16· FA 
0025 IF E = 0 THEN 00; 

155A: 96 5B 
155C: 27 03 
155E: 7E 00 00 

0026 00 WHILE N <> END$TOKEN; 
1561: 965A 
1563: 80 86 
1565: 26 03 

0027 CALL STMT; 
1567: 7E 00 00 
156A: ED 18 1C 

0028 END; 
156D: 7E 15 61 

(1567: 7E 15 70) 
0029 IF GH$ADDR <> 0 THEN DO; 

1570: DE 67 
1572: 26 03 
1574: 7E 00 00 

Figure A-4. Example Compiler Printout 
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0030 /* GEN JUMP TO BEG OF DO * / 
0031 CA(O) = 7EH; 

1577: ~ 7E 
1579: 97 70 

0032 CA(1) = HIGH(GH$ADDR); 
157B: 96 68 
157D: D6 67 
157F: 17 
1580: 97 71 

CA(2) = LOW(GH$ADDR); 0033 
1582: 96 68 
1584: D6 67 
1586: 97 72 

0034 CALL GEN3; 
1588: ED OC 43 

0035 /* FIXUP JUMP TO END */ 
0036 PAT$ADDR = GP$ADDR; 

158B: DE 65 
158D: DF 69 

0037 CAIL FIXUP; 
158F: ED 1A BB 

0038 END; 

(1574: 7E 15 92) 
0039 END; 

0040 GPI = GPI - 1; 
( 155E : 7 E 15 92) 
1592: 7A 00 7A 

1595: 96 7A 
0041 GP$ADDR = GP$STK(GPI); 

1597: 5F 
1598: 48 
1599: 59 
159A: BE 00 
159C: c9 04 
159E: BD FE 29 
15A1: E6 00 
15A3-:-A6 01 
15A5: 97 66 
15A7: D7 65 

0042 GH$ADDR = GH$STK(GPI); 
15A9: 96 7A 
15AB: 5F 
15AC: 48 
15AD: 59 
15AE: 8B 40 
1500: cg 04 
15£2: ED FE 29 
15£5: E6 00 
15B7: A6 01 
15B9: S7 68 
15BB: D7 67 

0043 CALL EXIT$BLK; 
1500: ED 15 AD 

0044 END; /* GROUP */ 
1500: 39 

Figure A-4 Continued. Example Compiler Output 
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AN EXPERIMENTAL PASCAL-LIKE LANGUAGE FOR MICROPROCESSORS 

H. Marc Lewis, Information Systems Manager 
Regional Information Systems, Eugene, OR 97401 

Introduction 

This paper describes an experimental PASCAL­
like high level language oriented to microproc­
essor implementation and use. The design cri­
teria include modest memory requirements, se1f­
compilation, simplicity, reasonable access to 
hardware features, and ease of extensibility. 
Program structure, data declarations, and cont­
rol structures are described and examples given. 
Novel features of the language are discussed. An 
appendix gives a formal description of the lan­
guage via syntax graphs. 

Background 

As a computer scientist I have always been 
disappointed with the plethora of articles about 
the BASIC programming language which have app­
eared in the various computer hobbyist publi­
cations. That is not to say I donlt like BASIC 
itself, in fact I think itls an excellent lan­
guage for introducing someone to the programm­
ing game. But it has its limitations, as do 
all languages, and is not well suited to the de­
sign and implementation of systems software. I 
am not a hardware type, and I donlt particularly 
get off on tracking down electronic problems 
with my microcomputer. I am very interested 
however in systems software design, i.e. device 
drivers, operating systems, monitors, compilers, 
and even some end-user applications like real­
time and process control stuff. 

You may think I should be coding in Assem­
bler, but I disagree. The debate on the merits 
and disadvantages of writing systems software 
in Assembler versus some higher level language 
has been going on for many many years among com­
put~r scientists, and the scales, though still 
not stabilized, have tipped towards high level 
languages. Burroughs Corp., always in the fore­
front of computer architecture in my mind, has 
built several machines designed to be programmed 
at the lowest level by a high level language. 
And even companies producing more conventional 
hardware architectures are now specifying that 
all systems software will be written in a high 
level language. Texas Instruments, for example, 
has chosen PASCAL for all development on their 
computers, from the micros to their super-com­
puter, the ASC. 

But enough rhetoric, the purpose of this 
talk is to explain why I felt justified is de­
signing yet another language, and in particular 
why it looks the way it does. There are certain-

~ WEST COAST COMPUTER FAIRE 489 

ly plenty of languages and variants of lan­
guages now, so why another? 

Well, to start with, there currently does 
not seem to be any suitable Systems Implemen­
tation Language (Illl abbreviate with SIL from 
now on) available for microprocessors. Sure I 
know that there is at least one good PASCAL 
implementation available for the Z-80, and .~ 
there are 8080 and 6800 versions also in the 
works or on the street. But PASCAL is not 
really a candidate for a SIL, Dr. Wirth even 
admits that the language wasnlt designed for 
that {however, his newest language, MODULA, is} 
even though it contains an excellent assort­
ment of data and control structures which 
allow straightforward and well-structured 
program design. And I hope we all agree that 
BASIC, FORTRAN, PILOT, etc. are not even worth 
considering as SILls. 

So, where does that leave us? How about in 
a place where some new language, incorporating 
some of the better features of more general and 
ambitious high level languages, and which was 
very modest in its requirements for memory, 
could fit? The language live designed, which 
incorporates features of PASCAL, MODULA, and C, 
is just such a language. Incidently, I havenlt 
yet named the language so please forgive the 
awkward references to simply liThe/This Lan­
guage". 

Basic Design C~iteria 

The following criteria were considered in 
the design of this SIL: 
1. Small memory requirements (less than 16K 
if poss i b 1 e) . 
2. Self-compiling: The language would first 
be developed for one particular machine and 
then the compiler would be written in its own 
language. Thus by simply modifying the code­
generating portions of the compiler it could 
be adapted for any target machine. 
3. Simplicity: The language, and its compiler 
implementation, should be as simple and strai­
ghtforward as possible to allow novices in 
compiler construction to modify it to their 
particular requirements. 
4. Versatility: The language should allow 
access to as much of the hardware as possible, 
including the stack, I/O registers, the accum­
ulator{s), etc. 
5. Extensibility: This is an experimental 
language, therefore it should be easy for some­
one to experiment with it, for example includ-
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ing some desirable feature or extending the 
language to make it more suitable for a par­
ticular application. 

The Language Itself 

A program consists of zero or more data 
definitions, followed by zero or more PROCEDURE 
definitions, followed by one or more executable 
statements, in the form of a BLOCK. The lan­
guage is "block-structured" in the manner of 
ALGOL, PL/l, and PASCAL. 

Data Declarations. The simple data types 
supported are INTEGERs, CHARs, and STRINGs. A 
DECIMAL type may be added later if it seems 
necessary. Constants of either type may be 
defined. 

Singly dimensioned arrays may be defined 
for INTEGERs and CHARs by appending the integer 
array size enclosed in brackets to the defini­
tion statement. An array of size "n" will have 
"n+l" elements, the first element being the zero­
th element, which in the case of character arrays 
contains the current length of the string. 
Arrays of strings are implemented as a vector 
of pointers to the individual character arrays. 
The maximum length of a character array is 255 
characters due to the 8-bit character size of 
most machines. 

Strings are actually pre-defined character 
arrays. The size of the strings for any given 
program is specified once, in the data declara­
tion section, by appending the integer string 
size (between 0 and 256) enclosed in brackets 
to the STRING keyword. Examples of data dec­
larations: 

INTEGERA-,B-,-£; 
CHAR LINE[80], NEXTCHAR, EOFBYTE; 
STRING[64] PAGE[32], HEADER; 

There is no static initialization of var­
iables as in PL/l. Initialization must be per­
formed explicitly (and dynamically) via an 
assignment statement a la PASCAL and MODULA. 
This requirement arises out of the necessity 
for recursion in PROCEDURE calls. 

To simplify the compiling process CONSTants, 
which may not be dimensioned, must be declared 
first, then any INTEGERs, CHARacters, or STRINGs. 
The syntax charts in appendix A-l depict this 
graphically. 

Comments. Comments may appear anywhere in 
a program and are enclosed by a familiar "slash­
star" and "star-s 1 ash" of PL/l and PL/M. PASCAL 
type comments, delimited by (* and *) are also 
valid. Comments within comments are not recog­
nized. 

Control Sturctures. For control structures, 
the language contains the standard sequencing 
structure of sequential execution of statements 
unless modified by selection or repetition 
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structures. Statements are separated by semi­
colons as in PASCAL, rather than using semi­
colons to terminate all statements as in PL/M. 

In this language assignment is denoted by 
the familiar two-character symbol ":=" of 
PASCAL, C, and MODULA. This symbol (which I 
read as "gets") has the advantage of having a 
single meaning, unlike the "=" operator of 
PL/M which indicates either assignment or a 
test for equality, depending upon the context. 
Examples of assignments are: 

A:=B 
A:=SIZE MOD 2 
CELL[I]:=SIZE*8 

A novel feature of this language is that 
expressions are restricted to the form of a 
single (possibly signed) constant or variable, 
or a pair of constants and/or variables separ­
ated by an operator. Operators are arithmetic 
(+,-,/,*,MOD), boolean (AND, OR, XOR), rela­
tional (>,<,>=. <», or shifting «<,»). 

An unary "address of" operator (the argyle) 
and an increment/decrement operator (++,--) 
are also provided. For example, A:=@B; puts 
the address of variable "B" into variable II A" , 
++A; increments variable "A" by one, and 
A:=A«3; shifts variable "A" left 3 bits. 

The justification for limiting the com­
plexity of expressions comes, again, from the 
design goal of keeping the compiler small, and 
from the desire to see if such a restriction 
places undue constraints on the programmer. 
In a study of a large number of student-written 
FORTRAN programs by Knuth, it was found that 9 
out of 10 assignment statements had only one 
or two terms on the right of the equals sign. 

The IF statement and the CASE statement 
comprise-lneseTifcli 0'; c-6htr6Istructure-s ~ 
The IF statement has the forms: 

IF condition THEN statements END 
IF condition THEN statements 

ELSE statements END 
IF condition THEN statements 

ELSIF condition THEN ... END 
and the CASE statement has the form: 

CASE expression OF 
caselabel: BEGIN statements END; 

caselabel: BEGIN statements END 
END 

These are fairly common forms for these con­
structs and are borrowed directly from MODULA. 

Repetition is handled by the LOOP construct 
of MODULA. This single type of statement is 
sufficient to express all repetitions. Thus, 
in striving to keep the language and its com­
piler small, no WHILE, REPEAT, FOR, or DO 
statements are included. 
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The general form is: 
LOOP statements WHEN condition DO 

statements EXIT 

END 

statements WHEN condition DO 
statements EXIT 

. 
statements WHEN condition DO 
statements EXIT 
statements 

However, more simple forms of the LOOP statement 
are also valid: 

Example of an infinite LOOP 
LOOP GETCH{CELL[I]; ++1 END 

Exa!!J?le of a 10-Iteration LOOP 
1:=0; (* initialize loop counter *) 
LOOP GETCH (A); 

END 

++1; CELL[I] :=A 
WHEN 1=10 EXIT 

Example of a "WHILE" LOOP 
LOOP WHEN CH=I;I EXIT 

GETCH(CH) 
END 

Example of a "REPEAT" LOOP 
LOOP GETCH(CH) 

WHEN CH=I;I EXIT 
END 

Notice that there is no LABEL definition 
as in PASCAL. This is because there is current­
ly no GOTO statement, thus labels (excluding 
CASE labels, which are constants) are unnecess­
ary. As with MODULA, the omission of the GOTO 
statement is an experiment only, and if it fails 
the GOTO (and labels) will be included in the 
language. 

Procedures 

PROCEDURE calls are subroutine calls in the 
PL/M sense. No function calls are defined (ex­
cept predefined or external PROCEDURES 1 ike 
GETCH, ORO, etc.). All PROCEDURES are declared 
immediately after the data declarations and be­
fore the first executable statement of the main 
program. Parameters are passed by reference, 
not by value. This allows parameters to be mod­
ified by the called PROCEDURE. Examples of 
PROCEDURE calls are: 

OOIT(A,B,l00*8) 
SWITCH(CELL[I],CELL[J]) 
READLN 

PROCEDUREs may be called recursively, there­
fore the allocation of storage for local varia­
bles must take place at execution time rather 
than at compile time. Each PROCEDURE has asso-
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ciated with it a data segment called an "act­
ivation record" which contains 1) the return 
address of the caller, 2) a dynamic 1inkpoin­
ter to the activation record of the calling 
PROCEDURE, and a static link pointer to the 
activation record of the PROCEDURE in which 
the called PROCEDURE is declared, and 4) the 
storage for locally declared variables . 

Built-In Functions 

Built-in functions include: 
CHR(n) -returns a character whose 

numerical value in the 
collating sequence is given 
by Un". 

ORD(lal) - returns the integer value 
of the ASCII character la l • 

GETCH{A) -gets the next character 
from the input stream (prob­
ably the terminal) and places 
it in character variable "A". 

PUTCH(A) -prints or displays upon the 
standard output device the 
character contained in vari- -
able "A". 

READ(A,B, ... ) -performs formatted 
input. Character variables 
are filled to their current 
length with the next Inl 
characters from the input 
stream, and integers are con­
ver.ted from ASCII to binary 
and placed into their corres­
ponding INTEGER variables. . 

WRITE(a,b, ..• ) -performs formatted 
output. The ~'verse of READ. 

READLN( ... ) -like READ but will 
position the input stream to 
the first character of the 
next line before returning. 

WRITELN( ••. ) -like WRITE but termin­
ates the current line with 
appropriate new line charac­
teres). 

PUSH(A) -pushes variable "A" onto the 
stack 

POP (A) -removes the top element of the 
stack and places it into "A". 
If no variable is specified it 
simply decrements the stack 
pointer by one. 

STACK(n) -places the value Inl in the 
stack pointer register. 

Formal Language Definition 

I have chosen to describe the language via 
syntax graphs, rather than the more common BNF 
form. I did this for two reasons, first be­
cause syntax graphs are easier for humans to 
read and understand, and second because the 
compiler will be written with a technique 
called recursive descent (a top-down or goa1-
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directed approach) which can be directly derived ~ 
from the syntax graphs. Most PASCAL compilers ~ . , 
use this technique. There are superior compiler ~~ 
construction schemes, my own favorite is called 
SLR(k), a table driven technique, but given the 
design criteria the recursive descent method 
was the best choice. 

The graphs are read from left to right, and 
generally, from top to bottom. The arrows show 
the flow of the parser. Symbols enclosed in 
circles or oblongs correspond to terminal sym­
bols, i.e. variables, reserved words, operators, 
constants. Symbols enclosed in boxes or rec­
tangles correspond to a recognizer for that par­
ticular non-terminal, i.e. a CASE statement in 
its entirety, a BLOCK, etc. Such recognizers 
are implemented as PROCEDUREs to recognize the 
desired construct. Where the arrows branch 
either path may be taken, thus in the example 
which follows, an "Integer Dec1aration" consists 
of the reserved word II INTEGER II foll owed by an 
identifier name, optionally followed by a left 
bracket, optionai1y followed by a comma, another 
identifier name, etc. 

Integer Declaration 

Example Program 

/* find the smallest & largest number in 
a given list */ 

CONST N=10; 
INTEGER I,X,Z,MIN,MAX,A[10]; 

BEGIN 

/* assume that array A has been 
initialized with the values 
12, -6, 98, 7, 47, -1, -50, 
0, -72, 33 */ 

MIN:=A[l]; MAX:=MIN; 1:=2; 
LOOP 
X:=A[I]; Z:=A[++I]; 
IF X>Z THEN IF X>MAX THEN MAX:=X END; 

IF Z<MIN THEN MIN:=Z END 
ELSE IF Z>MAX THEN MAX:=Z END; 

IF X<MIN THEN MIN:=X END 
END; 
++1; 
WHEN I >N EXIT 

END 
WRITELN(' Max. value is ',~~X); 
WRITELN(' Min. value is ',MIN) 

END. 
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AN INTRODUCTION TO PROGRAMMING IN PASCAL 

Chip Weems 
Graduate Teaching Assistant 

Department of Computer Science 
Oregon State University 

Corvallis, Oregon 97331 

Abstract: 

This paper will concentrate heavily 
on the use of the Pascal language at 
the beginner's level. A minimal know­
ledge of some other programming lang­
uage such as fORTRAN, BASIC or ALGOL 
is assumed. 

The areas which will be covered are 
simple and structured statements in 
Pascal, simple and structured data 
types, plus procedures and functions. 
Emphasis will be placed on using Pascal 
statements, although some discussinn of 
the power of user defined data types 
will also be included. 

A list of machine models for which 
implementations of Pascal are known to 
exist, is provided as an appendix. 

Part One: What is Pascal? 

Historical Introduction: 

Pascal is not an acror,ym, unlike 
many languages the letters which make 
up its name do not stand for anything. 
This is perhaps a first indication that 
Pascal is something different and a 
little special. 

Pascal was named after the famous 
mathematician Blaise Pascal (1623 -
1662) who, among other things, invented 
an eight digit calculating machine 
which could perform addition and sub­
traction. Multiplication and division 
were performed by repeated addition or 
subtraction, respectively. He com­
pleted the first operating model at the 
age of 19, and built 50 more during the 
next 10 years. 

The Pascal language was originally 
specified in 1968 by Niklaus Wirth at 
the Institut fur Informatik, Zurich. 
This makes it a relative newcomer to 
world of programming languages. The 
first Pascal compiler became operation­
al in 1970 and was published in 1971. 

The following table shows just how 
new Pascal really is. Remember that 
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most compilers are not introduced 
until three to five years after their 
initial specification. (for example, 
APL was initially spacified in 1962.) 

Language Introduction Date 

fORTRAN 1957 
COBOL 1960 
ALGOL 1960 
LISP 1961 
SNOBOL 1962 
BASIC 1965 
PL/1 1965 
APL 1967 
Pascal 1971 

After two years of experience, the 
language was revised and re-released 
in 1973. This version of the language 
is now generally referred to as stan­
dar-dPascal. The important thing to 
note here is that Pascal was the first 
major new language to be developed 
after the concept of structured pro­
gramming was introduced. 

Structured Programming and Pascal: 

There exists no exact definition 
of structured programming, although it 
has been termed "A collection of all 
good and wonderful programming prac­
tices." One fact becomes obvious in 
discussing it with groups of program­
mers: Some people love it, and some 
people hate it. However, those who 
hate structured programming are now 
finding themselves more often in the 
minority. 

Some features to be found in a 
structured program are that it is gen­
erally more readable and more easily 
shown to be correct. The design of a 
structured program usually involves 
stepwise refinement, or top-down pro­
gramming. Languages designed with 
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structured programming in mind will 
usually include a large group of pro­
gram-flow control structures, which are 
entered at only one point and from 
which there is only one exit. Another 
notable point about such languages is 
that they often require explicit defi-

'nition of all variables and data struc­
tures in the code. What does all of 
this mean? How does it relate to 
Pascal? 

Readability: 

One of the outstanding features of 
Pascal is that well written Pascal code 
is very readable; more so than most 
other programming languages. Probaply 
the greatest single factor which makes 
this language so easy to follow, is the 
construction of data names. In Pascal 
there is no limit to the acceptable 
length of names. Generally, the com­
piler only uses the first eight charac­
ters of a name to distinguish it from 
all others, with the remainder of the 
name simply being ignored. This lack 
of constraints usually leads to very 
meaningful names in Pascal. Note that 
1 have specifically avoided writing 
'variable names'. Pascal permits not 
only variables to be named, but also 
constants, files, records, complex data 
structures, procedures and functions; 
all with the same naming conventions in 
effect. Compare this to ather lang­
uages such as BASIC or FORTRAN! 

Pascal's readability is also en-
.hanced by the wording of its state­
ments. When meaningful names are used, 
al~ost always the coded statements will 
make sense as english phrases. This 
would almost seem to take the place of 
program comments, but even so, Pascal 
provides one of the most flexible com­
menting schemes possible. Comments may 
appear anywhere in a Pascal program 
except in the middle of words! 

Stepwise Refineme~t: 

In writing a Pascal program it be­
comes very easy to use top-down pro­
gramming style. This is mainly due to 
the flexibility and ease of writing 
procedures and functions •. It is not 
unusual to see incredibly complex 
Pascal programs, several hundred lines 
long, in which the main program ac­
counts for less than one hundred lines. 
Such a main program will usually con­
sist of the overall program flow-logic 
with dozens of calls to well-named pro­
cedures and functions. 
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Procedures and functions correspond 
roughly to subroutines and functions 
in FORTRAN, but are actually part of 
the' Pascal program. This means that 
procedures and functions inherit all 
variables defined in the main program, 
similar to subroutines in BASIC, but 
they can also include declarations of 
variables and constants which are only 
valid within themselves. 

It should also be noted that pro­
cedures and functions are fully re­
cursive in Pascal, that is they may in 
turn call themselves. 

Simply using the name of a pro­
cedure or function will invoke it; 
thus it becomes very easy to write 
code with procedure names and worry 
about all of the messy details at a 
later date. This is, of course, the 
basis of top-down programming. 

Explicit Definitions: 

Another level of stepwise refine­
ment is careful pre-planning of a pro­
gram~ Usually, Pascal programs are 
most easily planned-out by using a 
form of loose, english-like pidgin 
ALGOL. 

One thing should be noted here: 
Pascal is probably best classified as 
a descendant of ALGOL. People who 
know ALGOL seldom have any difficulty 
in learning Pascal. In fact, ALGOL-60 
is generally considered to be a subset 
of Pascal. 

Careful pre-planning is encouraged 
by the fact that Pascal has very rigid 
rules requiring virtually all data 
structures to be defined at the start 
of a program. Unlike many languages, 
you can't just throw in an extra ~ar­
iable, in the code, when you discover 
that you need it. Because Pascal also 
requires such things to be defined, 
careless pre-planning often becomes 
quite self-evident just by looking at 
the declarations. This feature is 
something which BASIC programmers typ­
ically have a hard time getting used 
to, but it often makes Assembly Lang­
uage hackers feel right at home. 

Probably the greatest single new 
idea to come out of Pascal is the user 
defineable data type. This construct, 
which appears in the declarations, per­
mits the programmer to specify new 
types of data beyond the standard Real, 
Integer, Character and Boolean types. 
Data types of arbitrary complexity may 
be constructed; in fact adding complex 
numbers to a Pascal program is gener­
ally considered to be a trivial case! 
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Users may define data types as outra­
geously complex as say, a five dimen­
sional array of records of arrays, sca­
lars, records with variant parts, 
pointers and complex numbers. The 
programming power added by this concept 
is almost difficult to imagin~; it 
provides us with the ability to create 
structured data as well as structured 
processes. 

Single-Entry / Single-Exit Control 

Structures: 

One of the requisites for being 
able to show that a program will work 
correctly is that it must be possible 
to trace out all of the possible exe­
cution paths, through the program, for 
given sets of inputs. Usually, this 
is done by first breaking the program 
down into small units, showing that 
each unit works correctly, and then 
showing that combinations of units 
work correctly and so on. 

This all sounds very simple, 
except for one item -- the GOTO state­
ment throws a monkey wrench into the 
whole thing. The problem is that it 
doesn't take too many GOTO's combined 
with conditional branches, before an 
almost infinite number of possible 
execution paths appear in a program. 
How can you prove that a block of code 
will perform correctly, when you can't 
even be sure where it will be entered 
from, or where control will exit to, 
-one-e---lt -tras --c-omp-teted-?- -------

As an example, consider a section 
of a BASIC program, possibly a scoring 
routine for a game, which is invoked 
by GOTO's from 20 different locations. 
In addition, these GOTO statements 
jump into the scoring routine code at 
six different points, depending on 
flags set by previous passes through 
the routine, and upon other outside 
event$. Depending on the data present 
and the entry point, the routine may 
branch to several places in itself, 
loop in two places, or fall straight 
through. Also, when it completes, 
depending on outside conditions and 
also upon previous passes through it, 
the routine may branch to anyone of 
eight other program sections. stop 
and think about how much effort it 
would take to trace all possible paths 
through such a mess! This code might 
be clever and efficient, but is it 
worth all of the headaches which it 
will cause in the long run? 
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Not only is such convoluted logic 
difficult to follow and understand, 
but it is also a major chore to get 
all of the bugs out of it; and you can 
never be sure that all of them ARE out. 
As if that isn't enough, just try to 
make a major change to such a piece of 
code -- it would probably be easier to 
discard the whole thing, rather than 
try to patch it. 

Now that we've raked the GO TO 
statement over the coals, what is there 
which will take its place? The answer 
is: single-entry / single-exit control 
structures. Flow of control, in a pro­
gram, always enters the top of such a 
structure, and will only exit out 
through the bottom. This means that, 
if the program unit inside of the 
structure is correct, we can trace an 
effective straight line through the 
whole thing. A familiar example of 
a single-entry / single-exit structure 
is the FOR-NEXT loop in BASIC, but 
without any GOTO's which enter or 
or leave the middle: Flow will enter 
at the top, looping will occur, but 
eventually flow will continue through 
the bottom of the FOR-NEXT. 

As it turns out, there are only 
three structures required to replace 
the GOTO statement. They are: The 
WHILE statement, the IF-THEN statement, 
and Compound statements. In Pascal, 
anyplace a statement can go, may be 
placed a Compound statement. Compound 
statements consist of the word BEGIN, 
followed by any group of statements 
{Whic-h may inc-l-ude more Compound- state­
ments.), followed by the word END. 
Pascal also includes WHILE and IF-THEN 
statements, plus several other single­
entry / single-exit structures which 
add to the convenience of GOTO-less 
programming. 

The following is a list of all of 
the structured statements in Pascal 
along with flowchart segments to in­
dicate how they function: 

This is, of course, the well known 
IF-THEN statement: 

IF 
CONDITJON 

THEN 

FALSE 

,~ 

TRUE" ANY 
r STATEMENT 

I 
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A convenient form of the IF-THEN 
statement is the IF-THEN-ELSE: 

The WHILE statement has the form: 

This next one is the REPEAT-UNTIL 
statement. There is an important 
difference between this and the WHILE 
statement which should be noted: If 
the condition is false, when a WHILE 
statement is entered, no action takes 
place -- control skips around the ANY 
StATEMENT part. In a REPEAT-UNTIL 
however, the ANY STATEMENT part always 
gets executed at least once, regardless 
of the conditional part. 

FALSE 

REPEAT ANY 
STATEMENTS 

The FOR-UPTO statement is very 
similar to the FOR-NEXT statement in 
BASIC,"except that it is restricted to 
an increment of 1. This is intended to 
add to the reliability of the construct, 
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since most digital computers can not 
exactly represent fractional numbers. 
If other increments were permitted, it 
might be possible for the increment to 
not exactly match the terminator when 
it reached the desired value, and so 
perhaps the loop would continue for an 
extra pass. This is a ,very frustrating 
problem, because it is usually highly 
machine dependent, and will typically 
only show up in a very few specific 
instances. All of this is eliminated 
by Pascal's restriction of the incre­
ment value to 1. One positive side 
effect which results from this is that 
the speed of the statement is often 
greatly increased, since many machines 
have single instructions for incre­
menting and testing memory locations, 
or registers. 

The FOR-DOWN TO statement is iden­
tical to this, except that the index 
is decremented by one, each time 
through the loop: 

ANY 
STATEMENT 

INDEX:=INDEX+1 

This last one is the CASE state­
ment, which is somewhat like the ON­
GOTO statement in BASIC: 

LABEL LIST 1 

LABEL LIST 2 

LABEL LIST n 
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All of this should not be taken to 
imply that Pascal is a GO TO-less lang­
uage; it does have labels and GOTO's. 
The important point is that the exper­
ienced Pascal programmer will almost 
never use them, since they are never 
needed and only rarely of any value. 

Part Two: A summary of Pascal state­
ments, with examples. 

Character Set: 
The standard Pascal character set 

includes: Letters A - Z (and depending 
on the implementation, a - z), numbers 
o - 9, special characters + - * / = < 
> ( ) [ ] • , ; : ' f (and the space or 
blank character). 

Names: 
~ames in Pascal consist of letters 
and/or digits, and may be any number of 
characters in length. The first char­
acter must be a letter, and the first 8 
characters must be different than the 
first 8 characters of any other name. 

Examples: 

ENDOFDATA TYPES AVERAGE SN7473A 
TOTAL SCORtS PAYRATE CARDCOUNT 

Numbers: 
Numbers 

or integer. 
unsigned. 

in Pascal are either real 
They may be signed or 

Integers are a string of digits. 

----Txam j:fl e s: 

+7 43 365 -18 8388607 4092 

Reals have three forms: 

digits.digits 
digits.digitsEscale factor 
digitsEscale factor 

o 

The E notation indicates multipli­
cation by 10 raised to the scale factor 
power. 

Examples: 

3.1415 6.02E23 9.11E-31 -1E9 

Note that the scale factor is always 
an integer. 

Comments: 
Anything typed between the symbols 

(* and *) will be ignored by the com­
piler as comments. On systems which 
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have them, curly brackets{ } are used 
instead. 

Operations: 
Integer operations 

* Multiplication 
DIV Division (Integer part only, 

remainder discarded.) 
+ Addition 

Subtraction 
MOD Modulo (A MOD B = 

A-((A DIV B)*B)) 
Real operations 

* Multiplication 
/ Division 
+ Addition 

Subtraction 

Boolean operations 

AND Logical AND 
OR Logical OR 

NOT Logical NOT 

Relational Operations (give boolean 
results) 

A * B 

< > 
= 

< = 
)= 

< ) 
IN 

X DIV Y 

Less than 
Greater than 
Equal to 
Less than or equal to 
Greater than or equal to 
Not equal to 
Used with data type SET, to 
determine membership of an 
element 

A times B 

TOP (= BOTTOM 
ABOVE AND BEYOND 

X divided by Y 
Numerical comparison 
True if both (ABOVE 
and BEYOND) are true 
boolean variables. 

Functions: 

Name 
ABS 
SQR 
TRUNC 
ROUND 
SUCC 
PRED 
SIN 
COS 
ARCTAN 
LN 
EXP 
SQRT 
ORD 

Action 
Absolute value 
Square 
Truncate to integer part 
Rounded-up integer form 
Next highest (Integer or Char) 
Next lowest (Integer or Char) 
Trigonom~tric sine 
Trigonometric cosine 
Trigonometric arctangent 
Natural (Base e) logarithm 
e raised to the power 
Square root 
Numeric value associated with 
the character 
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Name 
5iR 

ODD 

Action 
Character associated with the 
numeric value 
True if the integer argument 
is odd 

EOLN 
EOF 

True when end-of-line is reached 
True when end-of-file is reached 

Result type for argument of type 
Name 
ABS 
SQR 
TRUNC 
ROUND 
SUCC 
PRED 
SIN 
COS 
ARCTAN 
IN 
EXP 
SQRT 
ORD 
CHR 
ODD 
EOlN 

EOF 

Integer Real Character 
Integer Real 
Integer Real 

Integer 
Integer 
Real 
Real 
Real 
Real 
Real 
Real 

Character 
Boolean 

Integer 
Integer 

Real 
Real 
Real 
Real 
Real 
Real 

Character 
Character 

Integer 

Argument is always a file name, 
result is always boolean. 
Argument is always a file name, 
result is always boolean. 

Statements: 

Program Heading: 
PROGRAM programname (filename, 

filename, ••• ); 

Exmaple: 

PROGRAM TESTSCORES (INPUT,OUTPUT); 

Constant Definition: 
CONST constname = value; constname 

= value; ••• 

Example: 

CONST ENDOFDATA = -1.0; PI=3.141592; 
MAXSCORE = 100; MINSCORE = 0; 

Note that the constant definitions 
can continue onto more than one card, 
but the CONST is only typed once. 

There are some predefined values 
which do not need to be declared as 
constants in Pascal programs. These 
are: 

Boolean true value 
Boolean false value 

TRUE 
FALSE 
MAXINT largest integer the computer 

can work with 
NIL Null pointer 
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Variable Definition: 
VAR varname, varname, ••• :type; 

varname, varname, ••• :type; ••• 

Example: 

VAR SCORE,MAX,MIN,TOTAl: INTEGER; 
RADIUS,DIAMETER,CIRCUMFERENCE: 
REAL; 
FOUND,DONE,FLAG,OK:BOOLEAN; 

Note that the declarations may 
continue on several lines, but only 
one VAR is required. 

Procedure Definition: 
PROCEDURE procname (value 

parameters; VAR variable 
parameters); 

body of procedure 

Example: 

PROCEDURE INCREMENTBY (INCREMENT:REAl; 
VAR VARIABLETOBEINCREMENTED:REAl); 

BEGIN 

END; 

VARIABlETOBEINCREMENTED := 
VARIABLETOBEINCREMENTED + 

INCREMENT 

Function Definition~ 
FUN C T ION fun c t n a iiI ( val u e 

parameters): result-type; 
body of function 

Example: 

FUNCTION RADIUS (CIRCUMFERENCE:REAl): 
REAL; 

CONST TWOPI = 6.2831; 
BEGIN 

RADIUS:=CIRCUMFERENCE/TWOPI 
END; 

Assignment Statements: 
varname := expression 

Examples: 

WEEKSPAY := PAYRATE * HOURSWORKED; 
VOLTS:=AMPS*OHMS; 
CONEVOlUME:= (PI*SQR(RADIUS)*HEIGHT) 

/3.0; 
ARRAYLOCATION :=ARRAYLOCATION + 1; 

Note that the assignment statement 
is very free-form: Spaces may be 
inserted as needed, the assignment may 
continue onto more than one line, etc. 
The only restriction is that words 
can not be broken in the middle. 
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The Compound statement: 
In Pascal, any place where a state­

ment can be used, a compound statement 
may also be used. A compound statement 
is formed by the word BEGIN, a group of 
any statements, followed by the word 
END. 

Examples: 

BEGIN 
SCORESUM:=SCORESUM+SCORE; 
SCORECOUNT:=SCORECOUNT+1 

END 

BEGIN 

END 

X:=(Y+Z)/100; 
BEGIN 

T:=(Q/75)+15; 
F:=N-18 

END 

Placement of Semicolons: 
The simplest rule for the place­

ment of semicolons, in a Pascal pro­
gram, is: Place·oa semicolon between 
any two Pascal statements. 

Note: BEGIN a~d END are not Pascal 
statements, they are simply delimiters. 
A compound statement is a statement, and 
must be separated from other statements. 
Also note one exception in the rule --

, The ELSE in the IF-THEN-ELSE takes the 
place of a semicolon in separating the 
two statements. 

Criridilional Statements: 

The IF-THEN Statement: 
IF expression THEN statement 

Example: 

IF MAXSCORE < SCORE THEN MAXSCORE:= 
SCORE 

The IF-THEN-ELSE Statement: 
IF expression THEN statement ELSE 

statement 

Example: 

IF TIME ( 0 THEN TIME:=O ELSE TIME:=1 

The CASE statement: 
CASE expression OF 

case-label-list:statement; 
case-label-Iist:statement; 

case-label-Iist:statement 
END 

Example: (* Determine command grour 
from a command number *) 

CASE COMMANDNUMBER OF 
0,1,3 GROUP:=1; 

2,4 GROUP:=2; 
5,9,11 GROUP:=3; 
6,7,8 GROUP:=4; 

10 GROUP:=5 
END 

Repetitive Statements: 

The WHILE-DO Statement: 
WHILE expression DO statement 

Example: 

WHILE NOT EOF(INPUT) DO 
BEGIN 

END 

READ(SCORE); 
SCORESUM:=SCORESUM+SCORE; 
SCORECOUNT:=SCORECOUNT+1 

The REPEAT-UNTIL Statement: 
REPEAT group-of-statements UNTIL 

expression 

Example: 

REPEAT 
X:=X-1; 
Y:=Y+1 

UNTIL (X < 0) OR (Y > 0) 

The FOR statement: (Two forms.) 
FOR can t r a 1 - v ar i at) i e-: -=- i nit i a 1 -

value TO final-value DO statement 
FOR control-variable ._ initial­

value DOWNTO final-value DO statement 

Examples: 

FOR INDEX := 1 TO ARRAyrOp DO 
ARRAY[INDEX] := 0 

FOR INDEX := 100 DOWNTO ARRAYBOTTOM 
DO IF ARRAY[INDEX] < 0 THEN 

ARRAY[INDEX]:= 0 

Transfer of Control Statements: 

The conditional and repetitive 
statements previously described are 
sufficient control structures to 
perform any required computation. 
Remember that although labels and 
GOTO's are provided in Pascal, they 
are unnecessary and will often only 
create confusion in program logic. 
Therefore it is recommended that the\ 
be avoided except in t~iose rare ex· 
treme cases where they actually have 
some value. 
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Label Definition: 
The label definition is placed 

after the CONST declarations in the 
program. 

LABEL integer, integer, •.• ; 

Example: 

LABEL 10, 20, 25, 100, 9999; 

GOTO Statement: 
GOTO label 

Example: 

GOTO 9999 

Input and Output in Pascal: 

Pascal I/O statements are not 
really statements, but are actually 
calls to predefined procedures. None 
the less, they are often referred to as 
statements. 

Input Procedures: 
READ(variable-list) 
READLN(variable-list) 
READ(filename, variable-list) 
READLN(filename, variable-list) 

Examples: 

READ(X,Y,Z,MAXVAL) 
READLN(HIGHSCORE,LOWSCORE,AYGSCORE) 
READ(WEATHERFILE,TEMP,HUMIDITY,PRESSURE) 
READLN(CUSTOMERFILE,NAME,NUMBER,BALANCE) 

The filename must have been de­
clared in the program heading. 

The differ~nce between READ and 
READLN is that successive READ state­
ments will continue to input successive 
values from the same record, only 
going to a new record when all values 
~n the current one have been exhausted. 
A READLN, on the other hand, will skip 
any additional values on the current 
record, and go to the next record to 
begin reading values. 

Example: 
Two records: 

0.01.02.01 

3.0 4.0 5.0 I 
READ(A,B); 
READ(C,D) 
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The result of this ~ould be A=O.O, 
B=1.0, C=2.0, D=3.0. 

READLN(A.B): 
READLN(C~D) . 

Would result in A=O.O, B=1.0, C=3.0, 
D=4.0. 

Output Procedures: 
WRITE(expression-list) 
WRITELN(expression-list) 
WRITE(filename, expression-list) 

. WRITELN(filename, expression-list) 

Examples: 

WRITE(A,B,C) 
WRITELN(X*Y/Z,MAX,SQRT(Q),'*****') 
WRITE(NEWFILE,NAME,ADDRESS,PHONE, 

AMT+1.0) 
WRITELN(PLOTFILE,XCOORD,YCOORD,PENPOS, 

MARK) 

Successive WRITE statements cause 
the values to be written~ all as one 
record. Each time a WRITELN is exe­
cuted, however, a new record is output. 

Examples: 

WRITE('A','B'); 
WRITE( 'c I, 'D') 

Would output ABCD. 
WRITELN( 'A', 'B'); 
WRITELN( 'C', 'D') 

Would output AB 
CD. 

Formatting numeric output is very 
easy in Pascal. Each expression in a 
WRITE or WRITELN can actually have one 
of the following three forms: 

expression 
expression:width-expression 
expression:width-expression:fraction-

width-expression 

The expression gives the value 
which is to be output. The width­
expression gives the minimum number of 
rharacter positions to be included in 

'e output. If the expression value 
~sn't require all of the positions, 

extras will be filled with blanks. 
1, the number is too big to fit in the 
area, the area size is expanded to 
accommodate the number. 

The fraction-width-expression spec­
ifies how many digits will be printed 
to the right of the decimal point for 
a real number. 
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Examples: 

A=100, B=1.5, C=137875~3217, 
0=128.34152 

WRITE(A:5,B:5,C:5,D:9:3) would output 

100 1.5137875.3217 128.341 

WRITE(A:3,B:5:2,C:9:1) would output 

100 1.50 137875.3 

Carriage Control: 
Although this is machine and im­

plementation dependent, most Pascal 
systems will destroy the first char­
acter of each record output to a 
printing device. Thus, an extra char­
acter must be provided at the start of 
each output line, usually a space. 

In reality, this character acts as 
a carriage control command, which is 
either directly implemented in the 
hardware of the printer, or which is 
simulated by the monitor or operating 
system, in software. 

The following are the standard 
carriage control command characters 
used in Pascal: 

Character 
Space 

o (Zero) 
1 

Action 
Normal, single spacing 
Double space, skip 1 line 
Page eject 

Depending upon how the carriage 
control is implemented, using other 
characters may have different effects, 
which may, or may not be desireable. 

Data Types: 

All data type definitions are 
placed between the CONST and VAR 

. declarations at the start of the 
program. 

Scalar Types: 
TYPE typename = (identifier, 

identifier, ••• ) ; 

Example: 

TYPE MONTH = (JAN,FEB,MAR,APR,MAY,JUN, 
JUL,AUG,SEP,OCT,NOV,DEC); 

Sub range Types: 
TYPE typename = constant •. constant; 
VAR varname-list : constant •• con­

stant; 
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Examples: 

TYPE LETTER = A •• Z; 
TYPE WINTERTERM = JAN •• MAR; 
VAR SCORE:0 •• 100; 

Array Types: 
TYPE typename = ARRAY[index-type] 

OF element-type; 
VAR varname-list : ARRAY[index­

type] OF element-type; 

Examples: 

TYPE COEFFICIENTS = ARRAY[0 •• 4] Of REAL 
VAR SAMPLELIST = ARRAY[0 •• 100] OF REAL; 

Note: INTEGER and REAL are not 
permitted as index types. 

Multidimensional arrays are defined 
by specifying multiple index-types. 

TYPE typename = ARRAY[index-type, 
index-type, ••• ] OF element-type; 

VAR varname-list : ARRAY[index­
type,index-type, ••• ] Of element-type; 

Examples: 

TYPE SIMLINEQS = ARRAY[0 •• 5,0 •• 6] Of 
REAL; 

VAR FOURSPACE : ARRAY[0 •• 10,0 •• 10, 
O •• 10,0 •• 10] OF INTEGER; 

VAR NAMELIST ARRAV[1 •• 100,1 •• 30] Of 
CHAR; 

Pfici<eq arrays ax,-e ~J_rIl_~_st~dentic~t __ 
to normal arrays, except that by dec­
laring an array to be packed, it may 
be possible to reduce the size of the 
memory space used by it. The amount 
of reduction depends upon the machine 
and the implementation, and may in 
fact be nil. This may also reduce the 
running speed of the program. 

TYPE typename = PACKED ARRAY 
[index-type-list] OF element-type; 

VAR varname-list = PACKED ARRAY 
[index-type-list] OF element-type; 

Example: 

VAR FOURSPACE : PACKED ARRAY[0 •• 10, 
0 •• 10,0 •• 10,0 •• 10] OF INTEGER; 

Elements in arrays are referenced 
by placing the index expression(s) 
between square brackets associated 
with the array name. 

array-name[index-expression-list] 

Examples: 

A[1,5] FOURSPACE[X,Y,Z,T] LIST[N+1] 
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Record Types: 
TYPE typename = RECORD field-list 

END; 
VAR varname-list= RECORD field­

list END; 

Examples 

TYPE COMPLEX = RECORD REAL,IMAGINARY: 
REAL END; 

TYPE CUSTOMER =~RECORD 
NAME,STREET:ARRAY[1 •• 30] OF 

CHAR: 
CITY:ARRAY[1 •• 20] OF CHAR; 
STATE:ARRAY[1 •• 2] OF CHAR; 
ZIP: O •. 99999 

END; 

In addition to fixed format rec­
ords, a case construct can be added to 
the record description to permit var­
iable structure. 

Example: 

TYPE 
THIRTYCHARS=PACKED ARRAY[1 •• 30] OF 

CHAR; 
EMPLOYER=(GOVT,PRIV,SELF,OTHE); 
TWENTYCHARS=PACKED ARRAY[1 •• 20] OF 

CHAR; 
TWOCHARS=PACKED ARRAY[1 •• 2) OF CHAR; 
EMPLOYMENT=RECORD 

NAME:THIRTYCHARS; 
ADDRESS:RECORD 

STREET:THIRTYCHARS; 
CITY :TWENTYCHARS; 
STATE :TWOCHARS; 
ZIP :0 •• 99999 

END; 
SEX:(MAL£,FEMALE); 
SOCSEC:INTEGER; 
CASE TIMEEMPLOYED : EMPLOYER OF 

GOVT:(YEARS :INTEGER; 
BRANCH:TWENTYCHARS); 

PRIV:(YEARS :INTEGER); 
SELF:( ); 
OTHE:(DESCRIPTION:THIRTYCHARS) 

END; (*EMPLOYMENT*) 

There are two different ways to refer­
ence fields in records. The first is a 
format for writing the variable name, 
the other is a statement which selects 
a particular group of records and 
allows reference to fields directly, 
within the confines of the statement~~ 

recordname.fieldname 

Examples: 

EMPL.NAME CUST.ZIP EMPL.ADDRESS.STATE 

The WITH statement restricts the 
program to only those records which 
it specifies. This permits the pro­
grammer to directly reference fields 
within those records. Typically, this 
statement is used in conjunction with 
a compound statement which performs 
all of the desired functions on the 
restricted record set. 

WITH recordname-list DO statement 

Example: 

WITH EMPL,COMP DO BEGIN 
-A: = NAME; 
B:= ADDRESS; 
C:= REAL; 
0:= IMAGINARY 

END 

Set Types: 
TYPE typename = SET OF base-type; 
VAR varname-list = SET OF base-type; 

Examples: 

TYPE LETTER = SET OF 'A~ •• 'Z'; 
VAR DIGITS: SET OF 0 .• 9; 
VAR SIZE: SET OF (SMALL,MEDIUM,LARGE); 

Note that the base-type must be a 
scalar or ~ubrange type. 

Set Operations: 
+ Union 
* Intersection 

Difference 
- Set equality 
() Set inequality 

(= )= Set inclusion 
IN Left operand is a scalar, right 

operand is a set. Evaluates to 
TRUE if the scalar is an element 
of the set. I n other words, if 
the scalar is IN the set. 

File Types: 
TYPE filename = FILE OF type; 
VAR varname-list = FILE OF type; 

Examples: 

TYPE DATA = FILE OF INTEGER; 
VAR CUSTFILE : FILE OF CUSTOMER; 

References to files are made through a 
set of predefined procedures which are 
listed below. When a file is declared, 
(All I/O files must also be declared 
in the program heading, as was noted 
earlier.) a buffer with the same name, 
followed by an f symbol is created. 
This buffer variable is like a window 
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on the current position of the file. 

Examples: 

B:= CUSTFILEf 
CUSTFILEf := XYZ 

The standard I/O procedures for 
use with files are: 

RESET(filename) Returns the file win­
dow to the beginning 
of the file. 

REWRITE(filename) The file is replaced 
by an empty file, the 
window is set to the 
beginning of the file, 
and the file becomes 
writeable. 

GET(filename) Advances the window 
to the next position 
in the file. 

PUT(filename) Appends the current 
value of filename? to 
the file. Will only 
work if the window is 
at end-of-file. 
filenamef becomes 
undefined after a PUT. 

EOF(filename) Evaluates to TRUE if 
the window is at end­
of-file. 

See the section on input and output 
in Pascal for more information on the 
following: 

READ{filename, varname-list) 
WRITE(filename, varname-list) 
READLN(filename, varname-list) 
WRITELN(filename, varname-list) 

Pointer Types: 
TYPE typename = ftype; 
VAR varname-list: ttype; 

Examples: (A linked list) 

TYPE LINK = fPART 

PART = RECORD 

NEXT:LINK; 

END; 

Pointer variables are only proto­
typically defined by their definition. 
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Actual storage must be allocated for 
them, at run time, by the standard pro­
cedure NEW(pointer-variable). For 
record types with variable field lists, 
NEW (pointer-variable , case-tag, case­
tag, ••• ) is used, where each case-tag 
specified must be listed in the same 
order as in the record description. 

Conclusions: 

Pascal is a relatively new and 
powerful general purpose programming 
language. It is also one of the first 
languages to employ many of the prin­
ciples of structured programming. 

As a result of this, programs 
written in Pascal are usually more 
straightforward and considerably more 
readable than those written in most 
other contemporary languages. 

Since its introduction, Pascal 
has seen an amazing rise in popularity 
throughout the world. This fact is 
well evidenced by the number of col­
leges and universities whose computer 
science departments have switched 
their emphasis from FORTRAN or BASIC 
to Pascal, in the past few years. 
Educators are discovering that Pascal 
is an excellent introductory language, 
since it is not only easy to learn, 
but also teaches good programming 
habits right from the beginning. 

Pascal is certainly not the utopia 
of programminglan-g-u-ages -- it is far 
from perfect. However, it provides 
a significant improvement, in general 
purpose computing, oVer most of those 
older languages listed earlier, thus 
it would seem to be the next logical 
rung on an" endless ladder reaching 
towards a perfect language. 
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Appendix 1: list of Machines with 
Known Implementations 
of Pascal 

The greatest proliferation of 
Pascal implementations appears to 
have occurred on Burroughs B6700, 
CDC-6000/Cyber series, IBM 360/370 
series and DEC PDP-11 series 
machines. Pascal is available in 
forms which will run on most- config­
urations of these machines. 

The following is a list of 
machines for which an implementation 
of Pascal is known to exist. (*) 
indioates that the implementation 
was still under development at the 
time of this writing. For detailed 
information, see Pascal News #9/10 
September, 1977. ------ -------

Amdahl 470 
Burroughs B1700, B3700, -B4700, B5700, 

B6700, B7700 
Control Data Corp. Cyber 18 and 2550, 

3200(*), 3300, 3600, 6000 
series, Cyber 70 series, 
Cyb'er 170 series, Omega 480, 
Star 100 

CII IRIS 50, IRIS 80, 10070 
Computer Automation lSI-2 
Cray-1 
Data General Eclipse, Nova 
Digital Equipme~t Corp. PDP-8 series, 

PDP-10 series, PDP-11 series 
Dietz MINCAl 621 
Foxboro Fox-1 
Fujitsu FA COM 230 
Harris/4 
Hewlett-Packard HP-21MX, HP-2100, 

HP-3000(*) 
Hitachi Hitac 8800/8700 
Honeywell H316, 6000 
IBM Series 1(*), 360/370 series, 1130 
ICl 1900 MK2, 2970, 2980 
Intel Intellec 8080A 
Interdata 7/16, 7/32, 8/32 
Itel AS/4, AS/5 
Kardios Duo 70 

WEST COAST COMPUTER FAJRE 505 

Mitsubishi MEL COM 7700 
MITS Altair 680b 
MOS Technology 6502 (*) 
Motorola 6800 (*) 
Nanodata QM-1 
NCR Century 200 (*) 
Norsk Data NORD-10 
Prime P-400 
Sems T1600 
Siemens 330, 4004, 7000 
Solar 16/05/40/65 
Telefunken TR-440 
Terak 8510A 
Texas Instruments ASC, 9900/4 
Univac 90/30(*), 90/70, 1100 
Varian V-70 
Xerox Sigma 6, Sigma 7, Sigma 9 
Zilog Z-80 (*) 

Appendix 2: Pascal User's Group 

The Pascal User's Group is in its 
third year, and already boasts a world 
wide membership with branch offices 
in Europe and Australia. The Group 
is based at the University of 
Minnesota, under the direction of Andy 
Mickel. The main function of the 
User's Group is to promote the use of 
Pascal, by providing an open forum for 
members, in the form of the quarterly 
published Pascal News. The content of 
Pascal News is determined by the motto 
"All the news that fits, we print." 

Membership/subscription dues are 
$4.00 per academic year. To join, or 
get more information (Your letters may 
or may not be answered -- these people 
are extremely busy. If you just want 
information, it's best to just join, 
and then send in a letter for public­
ation.) write to: 

Pascal User's Group, c/o Andy Mickel 
University Computer Center: 227 EX 
208 SE Union Street 
University of Minnesota 
Minneapolis, MN 55455 USA 

If you are joining, you should 
send alon~ $4.00, your name, address, 
phone number, type(s) of computers 
you are using (Especially if you have 
a Pascal implementation on any of 
them), and be sure to date your letter. 

Better yet, if you know someone 
who already gets Pascal News, just copy 
the All Purpose Coupon from one of the 
issues, and send that in. 

BOX 1579. PALO ALTO CA 94302 
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Plug G. Morrow's integrated 
CPU/console into your S-100/ 
IMSAI bus ... and you've got the 
key to easy programming and 
de-bugging. Octal keyboard and 
digital LEDs monitor or alter 
any CPU register, memory loca­
tion or I/O device ... while you 

run in single-step or pro-
grammable Slow-Step?M 
Complete kit, just $250 
(Cal. res. add tax). Write 
for specs. 

110/23Y5 

(i) 
Have your local com- ThInker 
puter store order it for you. ToiVS'" 12011OthSt., 
Or place BAC/Me orders to 'z Berkeley,CA 
415-527-7548 . 94710 

The 
End noise and 
cross-talk with 
our exclusive 
NoiseguardTM 
system 

Build your 5-100 system 
on the WiinderBussTH 20-
slot bus-board with Noise­
guardTK and you'll get 
"textbook c1~ "-signals. 

The NoiseguardTM: sys­
tem's interlaced ground 
system shields all bus lines 
from cross-talk ... and low­
power active termination 
absorbs noise and signal 
reflections. ' 

The printed circuit 
board is double-sided and 
(of course) has' a solder 
mask. And there's 3 un-

commi tted positions for 
peripheral power. 

The incomparable Wiin­
derBuss™, by Morrow's 
Micro-Stuff, is now avail­
able for $76 alone. With 10 
edge connectors, $120. 
Wi th 20 edge connectors' 
$154. Add $4 handling. 

Thl'nker 
'lbyslV 120110th. St, 

Berkeley, CA 
94710 

Order it at yow local computer shop. 
Or phone BAC/Me orden to (415) 527-7548. 
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HEX - OCTAL - DECIMAL - BINARY 

CONVERSION CHARTS 

4 - COLOR WALL SIZE CHARTS (2' X 4') 

4 BASES ON EACH CHART 
2 ORIENTATIONS TO CHOOSE FROM 

OCTAL HEX 
ENTER WITH OCTAL 
CONVERT TO HEX 
DECIMAL OR BINARY 

ENTER WITH HEX 
CONVERT TO OCTAL:. 
DECIMAL OR BINARY 

Scan either chart for decimal to hex/octal/binary 
-each -chart covers 0 --255 (one byte) 

Regular $6.00 each 

Special faire price both for $8.00 

To order send check or money order to: 

ZETA SYSTEMS CANADA LTD. 
2547 Heather Street 

Vancouver, B.C. V5Z 3J2 

Charts will be sent first class, in a four (4) ply 
mailing tube. 



I. I.r" r-".r ,,_r 
.1.1 U I c:nraLC: a~c: 

The magazine thai ~Is 
mierocompaling in your hands. 

, .. .. -

_____ State Zip __ 
o Visa Card 0 Master Charge 

______ Exp.Date __ 

Signature __________ _ 
Check or money order (U.s. Funds drawn on u.s. Bank) 
Make checks payable to: INTERFACE AGE MAGAZINE . , 
P.O. Box 1234 Dept. CF3. Cerritos CA 90701 ., 

.., bIIaImation on iaue8 Ql/UUGIJfe DOCK 10 1975. 



The Computer Magazine 
You Can Read! 

You don't have to be a programmer 
or-computer -scielltiStto -read -Personal­
Computing. It's the magazine that tells 
you how to get started in computing. 
How to have fun. And how to use the 
computer for your own personal and 
business applications. 

Each month Personal Computing is 
loaded with practical, fun articles de­
signed to help you get the most out of 
your computer. We're the magazine 
with style, color and practicality. Top­
ics covered in recent issues include: 
Getting Into Computer Games, Using 
the Computer to Manage a Drug Store, 
Using Computers in Schools, Learning 
to Program in Three Easy Lessons, Ten 
Easy Steps to Become aCorn puter 
Hobbyist, How to Set Up a Word Proc­
essing System, The Future of Robots, 
A Computer That Speaks English, In­
telligent Video Games, How to Profit 
from Your Computer Hobby, and 
much, much more. 

r---------------------------, PCS, 
()pen--your eyes,puton-¥our -t 

tbinkin4 cap and subscnDe to 
PERSONAL COMPUTING! 
NAME ____________________________________________________________ __ 

ADDRESS __ ~ _________________________________________________________ ___ 

CITY __________________ STATE<-__ ZIP __ _ 

USA 
01 year (12 issues) $14 
02 years (24 issues) $26 
03 years (36 issues) $38 

Charge my: 
o Master Charge 
o Bank Americard 
Account # _____ _ 
Card expiration date ______ _ 

o Bill me 
o Check enclosed (you 'U receive 

one extra issue for each year!) 
Please allow two months for 
processing. 

ADDI110NAL POSTAGE (per year) 
QANADA &:. MEXICO $4.00 surface 

$8.00 air 
OTHER FOREIGN $8.00 surface 

$36.00 air 
(Plea,e remit in US fundi - Thank you) 

BACK ISSUES $3.00/ooPY 
(payinent must accompany order.) 

Mail to: 
PERSONAL COMPUTING 
1050 Commonwealth Ave. 
Boston, MA 0221 S 

L ___________ ~--------------~~ 



501-20. First it was THE SMALL COMPUTER. 
N0Y4 it's THE SMALL COMPUTER SYSTEM. 

A year ago, we introduced the 
Sol-20. It wasn't the first small computer. 
It was the first complete small computer 
with everything needed to get it up and 
on the air as it came from the factory. 
The keyboard, interfaces, extra memc 'Y, 
factory backup, and service notes we;e 

. all there. 
The results are iiI: Sol-20 is now 

the number one small computer in the 
world. Sols' aren't the cheapest, just 
the most valuable. 

We originally designed the SoI-20 
as the heart of a complete computer 
system. So now to solve the problems 
of science, engineering, education, 
business management and control and 
manufacturing, we offer fixed price 
Sol systems in either kit or fully tested 
and assembled form. We offer language 
flexibility, Extended BASIC, Assem­
bler, PILOT* and FORTRAN:" We 

'offer Helios II/PTDOS, an extraor­
dinarily capable disk operating system. 
And remember, though we call these 
small or personal computer systems, 
they have more power per dollar than 
anything ever offered. They provide per­
formance fully comparable and often 
superior to mini-computer systems cost­
ing tens of thousands of dollars more. 

What you get. What it costs. 
Typical systems include Sol 

System I priced at $1600 in kit form, 
$2095 fully assembled and tested. In­
cluded are a Sol-20/8 with SOLOS 
personality module storing essential 
system software, an 8192 word memory, 
a 12" TV /video monitor, and a cassette 
recorder with BASIC tape. 

Sol System II has the same equip­
ment with a larger capacity 16,384 word 
memory. It sells for 51825 in kit form; 
52250 fully assembled. 

For even more demanding tasks, 
Sol System III features Sol-20/16 with 
SOLOS. 32.768 words of memory, the 
video monitor and the dual drive Helios 
II Disk Memory System with the PTDOS 
disk operating system and Extended 
DISK BASIC Diskette. Price. $5795 
fully assembled and tested. 

More information. 
For the most recent literature and 

a demonstration, see your dealer listed 
below. Or if more convenient, contact 
us directly. Please address Processor 
Technology Corporation, Box 0, 7100 
Johnson Industrial Drive, Pleasanton, 
CA 94566. Phone (415) 829-2600. 

*Available soon. 

ProcessorTechnology 

AZ: Tempe (602)894-1129; Phoenix (602)942-7300; Tucson (602)327-4579. CA: Berkeley (415)845-6366; Costa Mesa (714)646-0221; Fresno (209)266-9566; Hayward 
(415)537-2983; lawndale (213)371-2421; Orange (714)633-1222; Pasadena (213)684-3311; Sacramento (916)443-4944; San Francisco (415)431-0640, (415)421-8686; 
San Jose (408)377-4685, (408)226-8383; San Rafael (415)457-9311; Santa Clara (408)249-4221; Sunnyvale (408)735-7480; Tarzana (213)343-3919; Van Nuys (213) 
786-7411; Walnut Creek (415)933-6252; Westminster (714)894-9131. CO: Boulder (303)449-6233; Englewood (303)761-6232. Fl: Fort lauderdale (305)561-2983; 
Miami (306)264-2983; Tampa (813)879-4301. GA: Atlanta (404)455-0647. Il: Champaign (217)359-5883; Evanston (312)328-6800; lombard (312)620-5808. IN: 
Bloomington (812)334-3e07; Indianapolis (317)842-2983, (317)251-3139. IA: Davenport (319)386-3330. KY: louisville (502)456-5242. MI: Ann Arbor (313)995-7616; 
Royal Oak (313)576-0900; Troy (313)362-0022. MN: Minneapolis (612)927-5601. NJ: Hoboken (201)420-1644; Iselin (201)283-0600. NY: Middle Island 
(518)732-4446; New York City (212)686-7923: White Plains (914)949-3282. NC: Raleigh (919)781-0003. OH: Columbus (614)486-7761; Dayton (513)296-1248. OR: 
Beaverton (503)644-2686; Eugene (503)484-1040; Portland (503)223-3496. RI: Warwick (401)738-4477. SC: Columbia (803)771-7824. TN: Kingsport (615)245-8081. 
TX: Arlington (817)469-1502; Houston (713)526-3456, (713)772-5257; lubbock (806)797-1468; Richardson (214)231-1096. VA: Mclean (703)821-8333; Reston 
(703)471-9330: Virginia Beach (804)340-1977. WA: Bellevue (206)746-0651; Seat!le (206)524-4101. WI: Milwaukee (414)259-9140. WASHINGTON D.C.: 
(203)382-2127. CANADA: Ottawa (613)238-7767; Toronto (416)484-9708, (416i482-8080, (416)598-0262; Vancouver (604)738-7474, (604)438-3282. 



1'f()Cessc:w:. 6503 JIIlPlJ. Wear free "ActiftKeyboanl". 
Micro-~ Extensive documentation. FuIIySodwtJecl. 

'Piebug Monitor: Relative address caIcu!lsior. 

Pointer High-low, User Subroutines. Back-step key. 

Cassette Interface: Load & Dump by file #. Tape motion 
control. Positive indication of operatioo. 

Applications systems from $90 (tOurm quantity) 
Devdopment systems from $149 (single unit) 

TO OUR AUDIO PRODUCTS ••• 
SYNTHESIZERS. •• OUR GNOME 
THE ORIGINAL MICRO-SYNTHESIZER, 
TO MODULAR SYSTEMS AND SPECIAL 
EFFECTS DEVICES. 

COMPUTER AIDED SYNTHESIS 
new real-time performance capabilities 
For the Musician/Composer 

COMPUTER MUSIC that sounds not just. 
good but great! For theComputer-oriented 

Hobbyist/PnJfessIonaI 

EXPANDABLE PACKAGES 

MODULAR···TO SUIT YOUR WS1'OMIZING NEEDS 

KITS 
CERTAINLY NOT 

"ME TOO" 
PRODUCTS! 

FROM THE 8700 & TVT-6 
THROUGH 

EXPERIMENTERS KITS BOOKS, 
TAPES AND,SOFTWARE 

EACH IS UNIQUE IN DESIGN, 
COST EFFECTIVENESS AND 

VERSATILITY. 

;1'6~ 

Don Lancaster's ingenius design provides 
software controllable options including: 

• Scrolling • Full perfonnance cursor 
• Over 2K (Xl-screen characters with only 

314Hz bandwidth 
• ~ of line/character formats including 

16/32, 16/64 •••• even 32/64 
• User selectable line lengths 

SEE FOR YOURSELF AT BOOTH's 
410 & 412 

TELL ME MOREl 
( ) SEND FREE CATALOG 

Name: ~ _______ _ 

.. Address: ________ _ 

ELECTROIICS, II&. City: State: __ Zip: -

DEPT. F -C , 1020 W. WILSHIRE 1lID •• _LAHOMA cm. 01 73118 



Since 1972 we've been a place where 
people -'and computers get together. 

Do you know anyone who wants to learn how cOf!1puters 
work? Or ho v to program? Without masses of technical 
jargon? Then send them to People 's Computers! We're a 
bimonthly magazine devoted to demystifying computers. 
Our pages aren't padded with ads- they're packed with 
articles, tutorials, interviews, listings, games, reviews 
and letters. People's Computers covers : 
Computerese - basic principles about how computers 

work; tutorials on how to program. 
Education - ready-to-use programs; tips on how to write 

computer-assisted educational materials ; reports on 
educational uses of computers. 

Blue Sky - Tiny BASIC and Tiny PILOT were born in our 
pages; there's now talk of robots and ... 

People & Computers - examination of the growing impact 
of computers on our lives and society. 

Fun & Fantasy - computer games; whimsical odds and 
ends; and our swashbuckling hero- FORTRAN Man! 

people's c 

Some Comments about People's Computers: 
"One of the first , if not the first, of the people-oriented 

computer publications . At $8 a year, it is a good 
bargain. You'll like it." Kilobaud 

"The editorial flavor is . intended to be readable and 
enjoyable for the neophyte. Our resident non-computer 
people 'at By te grabbed the first issue so quickly that it 
became difficult to find a copy .. . Should be sampled 
to be believed." Byte 

"People's Computers has been plugging away for years as a 
force for good in the community". Personal Computing 

"For the novice as well as the experienced computer 
user . . . an informal style , many useful annotations 
. . . a sounding board for novel ideas. " Computer Notes 

"Here's a first rate magazine for people who want to know 
about minicomputers and microcomputers . .. Power­
ful, low-cost technology is taking off - keep up with it 
by reading People's Computers". The Workbook 

puters 
-----------------------------------------­Please start my one-year subscription (six issues) to People's Computers and bill me for just $8. 

NAM E 
ADDRESS __________________________ __ 

CITY 1ST A T E _________ Z I P ____________ _ 

Outside the U.S.,add $4 for surface postage. Airmail rates on request. 

Unconditional Guarantee: If you ever wish to discontinue 
your subscription for any reason, we will refund the 
complete amount for the remainder of your subscription . 

o Visa Card Number 

o Mastercharge Expiration Date 

Send this fonn or a facsimile to: People s Computers, Dept 57, 1263 EI Camino Real, Box E, Menlo Park CA 94025 
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