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CHAPTER 1.

INTRODUCTION TC CODOS

CODOS  (Channel-Oriented Disk Operating System) is an extremely powerful and
versatile disk operating system for the MTU-130 microcomputer. It is a program
which provides all the necessary functions for managing the resources of the
MTU-130 computer, and includes a Conscle Monitor for direct contreol of the system
from the keyboard. CODOS provides a single-user operating system with exceptional
levels of performance and reliability. The system is designed from the ground up
for integration with the MTU-130%'s Disk Controller and takes full advantage of its
many enginesring achievements,

CODOS is loaded from disk into memory automatically on power-up by the on-board
bootstrap loader PROM {(Programmable Read-Unly Memory). Loading the system takes
about one second, after which CODOS enablez the hardware write-protect on the
igystem" 8K of memory in order to prevent an errant user program from inadvertently
"erazhing” the system by accidently writing inte system memory. Once loaded into
memory, the CODOS Monitor assumes control. The Monitor first reads a file of
commands from a special "STARTUP" file on disk. This STARTUP file allows any
desired list of programs or Monitor commands to be executed automatically withouu
operator intervention when the system is powered-up, facilitating turnkey applica-

Wnen all the commands on the STARTUP file have been completed, the CODOS
accepte addition
m

commands from the operator in an interactive mode.
- commands allow you to execube prograns, store or retrieve files from disk,
examine or modify various system atiributes, ete. For example, toc execute your
inventory-management program, you might type "INVENTORY", and the file named INVEN~-
TORY would be located on the disk by CODOS, loaded into memory, and executed. This
type of program is called a "User-defined command”.

The CODOS Monitor provides 326 built-in commands with free-format input. These
commancs are quite versatile., For example, the command "TYPE MYTEXT" will display
the contents of the file called MYTEXT on the Console, "TYPE MYFILE P" will print
“he file on a line printer, and "TYPE MYFILE YOURFILE:1" will create a duplicate
copy of the file with a new name on disy drive 1. If you make a mistake, English-
language error messages such as "FILE NEEDED WAS NOT FOUND" help pinpoint your
arrors quickly. An almost unlimited number of Ussr-defired commands can be added
tn the built-in commands. For example, typing "SAVE FFT 2000 2340" creates a new
User-Command called YFET" which executes using memory locations $2000 through
$2340, Once defined, this command can be executed by merely typing its name as
input to the Monitor. Arguments may also be passed to user-defined Commands. For
example, "FFT NEWDATA" executes the User-command FFT with the argument NEWDATA.
Any kind of commands can also be read from disk files or other devices, allowing
for BATCE processing. For example, +typing "DO TUESDAYJOB.J" would tell CODOS te
read and execute 2ll the Monitor commands found om the file called "TUESDAYJOB.J".

The convenience of CODOS has not been gained at the expense of efficiency.
Disk operations are much faster than on competetive systems. For example, CODOS
can typically locate, load, and begin execution of a 32K byte program in 3 seconds.
CODOS uses relatively little memory and address space because it is written entire-
1y in optimized machine language and uses over 15 overlays. These overlays are
automatically loaded into memory only when needed. This loading operation occurs
so fast that it is generally imperceptible to the operator, and provides the
functionality of z much larger system in less than 12K bytes.



CODOS provides true device-independent I-0 over logical "channels", as found in
many mainframe computers. A program can output to a printer, display, or disk file
with equal ease. Since I-0O channels can be assigned by a Monitor command, prograns
can access different devices or files without modification. Disk I-O is completely
transparent to application programs, which do not need to provide buffers, "File
Control Blocks", or other artifices in order to do disk I-0. 4 disk file can be
randomly accessed at any position in the file with one disk access or less. Disk
files may be as large as the remaining space on the disk, and can be inereased in
size at will. Unlike many other systems, no "compaction" is needed.

Both single and double-sided 8 inch disk drives may be used. CODOS will aubto-
matically use both sides of a double-sided disk, and only one side of a single-
sided disk in a double-sided drive, allowing the double-sided owner complete
flexibility in reading or writing both single and double-sided disks. Single and
double-~sided drives may be freely mixed on the same system. Up to four drives may

be used, allowing up to a whopping four megabytes of formatted online storage using
double~sided drives.

Interfacing for user-written Assembly-language programs is provided in the form
of "Supervisor Call" Pseudo-instructions (SVCs), which simplify program development
and enhance portability among different CODOS-based systems. Programs using SVCs
may usually be exchanged between the MTU-130 and KIM, 3YM, AIM-65, and PET compu-
ters using CODOS without modification. Many examples of 3VC usage are given in
sections 5 and 6, and a complete demonstration program is provided in Appendix D
which illustrates CODOS's ability to perform high-speed, direct-to-disk data agqui-
sition using interrupts.

in addition to the built-in Monitor commands, several Utility programs are
provided. A FORMAT Utility initializes new disks and erases old disks. It «can bte
used +to convert any scft-sectored disk to CODOS format. If desired, the FORMAT
Utility can thoroughly test disks for defective sectors. If bad sectors are found,
they are bypassed automatically by the system when allocating disk space so that
the disk ean still be used without errors. File copying utilities are provided for
both single and multiple-drive systems, The COPYF Utility can copy files individ-
wlly, copy in groups, or copy an entire disk. For example, typing "COPYF STUFFY
copies only the file called "STUFF" from drive O to drive 1, “COPYF OLD¥®.7" copies
all file names which begin with "OLD", and "COPYF" will simply copy all files which
do not already exist on the destination disk.

Extensive provisions have been made for "custoemizing" CODOS to your particular
needs. An interactive utility program called SYSGENDEVICE is provided for adding
additional devices to your system (such as a line printer). Once devices have been
added to the system, they can be assigned to any CODOS I-0 channels at will. &
second Utility program is used for optimizing the performance of your disk drives.
Tables are provided detailing the system memory map and the location of Kkey system
variables.

Be sure to fill out the system registration card that came with your MTU-130
and return it to the factory. This card assures that you will receive announce-
ments of future CODOS upgrades, changes, and new software offerings as they become
available.

IMPORTANT NOTE
If this is the first time vour MTU-130 has been used please refer to the First

Time Power-lUp section of the Setup and Installation manual at the front of your
manu..l binder for first time use procedures.

1-2



CODOS 2.0 SPECIFICATIONS AND SUMMARY OF FEATURES
DISK TYPE: 8 inch Shugart-compatible {loppy disk, single or double-sided.
NUMBER OF DRIVES: One to four. BSingle and double-sided drives may be mixed.
CONTROLLER REQUIRED: MTU K-1013 Floppy Disk Controller/16-K RAM Board.

DATA RECORDING TECHNIQUE: MFM double density; IBM-compatible soft-sectors, 256
bybes per sector, 26 sectors per track, 77 tracks per side.

MAXIMUM FORMATTED CAPACITY: 4 Megabytes (4 double-sided drives).

MAXIMUM NUMBER OF FILES: 2U7 per disk.

MAXIMUM FILE SIZE: 500K bytes, single-sided; 1M byte, double sided disk,

FILE NAMES: 2 to 12 characters with optional l=character extension denobing type.

NUMBER OF I-0 DATA CHANNELS: 10. Up te 8 may be assigned simultanecusly
disk files. All channels are bi-directional.

te active

USER RAM REQUIRED FOR OQPEN FILZ: None.

MINIMUM SYSTEM MEMORY REQUIREMENTS: Normally uses the top 16K of memory system
residence, user buffers, and standard 1/C drivers. Uses locations $0200-$C6FF on
the CPU board for system parameters, Can be reduced to 10K or less if necessary.

DISK OVERHEAD: For single-side drives, all of +track 0 and 12 plus sectors 0
d

I d
through 5 of track 13 are used for the system and directory. For two-sided drives,
sectors O though 25 of track 0 and sectors 0 through 31 of track 12 are used.

“ILE SPACE ALLOCATION: Files are dynamically allocated using a unique inverted list
allocation method which requires no "compaction".

FILE ORGANIZATION: Files consist of an arbitrarily large array of bytes, accessible
at any position. Files may be appended at any time.

RESERVED CODES ON FILES: Nene,

F

L3 ACCESS METHODS: Seguential or true random access. Any byte in the file can be
sele

ctively accessed with one disk access.

RECORD SIZE FOR FILE ACCESS: Any size desired, 1 to 65,534 bytes, variable within
the same file.

TRANSFER METHOD: Direct Memory Access (DMA).
CYCLES LOST DURING DMA TRANSFER: None.
AVERAGE CONTINUOUS THROUGHPUT RATE: 19,600 bytes per seccnd, typical.

INTERRUPT SUFPORT: IRQ and NMI are both fully available to user at all times.
Interrupts are permitted during disk acecess without harm.

BOOTSTRAP LOADER: 256 byte PROM.



SYSTEM MONITOR: 36 built-in commands. User Commands may be added at wili.

MONITOR DIALOG: Commands may be entered directly from the Console keyboard or from
any I-0 device including disk files, giving a BATCH capability. STARTUP file is
executed automatically on power-up.

COMMAND FORMAT: Free-format; command verb can be abbreviated. Arguments spearated
by blanks and specified by position; many have defaults.

NUMERIC COMMAND ARGUMENTS: Free-format arithmetic expressions using hexadecimal or
decimal values and addition, subtraction, multiplication, division, and remainder
operators.

ERROR MESSAGES: 50 different error messages specified by number and English explan-
ation. Provision for User-defined error processing.

SUPERVISOR CALL FACILITY: 31 SVCs provided for address-independent input-output and
utility functions. Inecludes 16 bit arithmetic pseudo-processor with multiply and
divide operators.

1-0 METHCD: True device-independent Input-Qutput over data channels. Channels may
be assigned to any device or file on disk.

UTILTIY PROGRAMS: Automated file copy for single and multiple-drive sysbtems; disk
initializer (FORMAT); System generation programs; File attributes list; more than
15 other programs.

EXTENDED MEMORY SUPPORT: Full support of programs arnd data in any of the MTU-130's
four memory banks (256K byte address space).

RELIABILITY ENHANCEMENTS: Hardware Cyclic Redundancy Check (CRC}:; hardware write-
protect for operating system nucleus and directory; multiple automatic retry with
reset on read/write errors and sesk errors; FORMAT utiltiy tests and bypasses any
defective sectors on disk; all critical directory information is redundantly recor-
ded; utility programs for generating backup files and backup disks; files are
individually write-protectable in software; disks are individually write-protect-
able in hardware.
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DISK RELIABILITY - ITS REALLY UP TO YOU!

Floppy disks provide an excellent low-cost storage media for programs and
c¢ata, with very high reliability. When used with the high-quality MTU-130 Control-
ler and CODOS Software, the incidence of data read-write failures should be virtu-
ally nil, provided a few simple handling precautions are observed. The way floppy
disks are handled and stored will materially affect their lifetime and reliability.
To insure that you receive the reliability and performance the MTU-130 system is
capable of, follow the rules below religiously:

1. Always keep the diskette in its protective envelope. Get in the habit of
removing a disk from the drive directly to the paper envelope. Dust particles look
like a boulder to a recorded bit!

2. Do not touch the exposed recording surface of the disk. Fingerprints are 2
killer, too.

3. Do not bend the disk. It's called a flexible disk, but vou may damage it
if you try to prove it!

4, Do not write on the disk directly with pen or pencil. Use only a soft-tip
marker, and write only in the label area, or ycu may damage the magnetic surface
underneath.

5. Avoid exposure to harsh environments such as extreme heat or cold. Storage
in a locked car on a hot day is a Killer!

6. Keep the diskette away from strong magnetic fields such as speakers and
magnetic note hangers.

7. Cigarette smoke i3 bad for disks as well as people.

If you follow these simple procedures, don't be surprised if you never get a
read/write error. Other disk systems don't often work 1like that, but we're sure

you won't mind dolng without the disk errorst

WHAT KIND OF DISKS SHOULD BE USED?

Any guality soft-sectored 8 inch floppy disk may be used. We recommend Dysan
double density disks for maximum data integrity. However, satisfactory results can
usually be obtained even with diskettes rated only for single density if they are
of good guality, due to the exceptionally high-quality z separator used in the
MTU-130 doubie-density controller, and the automatic error recovery software bullt
into CODOS. The FORMAT Utility will automatically record -he proper double density
timing marks on any soft-sectored disk.




GENERAL INFORMATION ABOUT FLOPPY DISKS

Filoppy disks are normally sold in boxes of 10, and can be purchased from almost any
computer or business supply house. The disk supplied by MTU is called the Distri-
bution disk {(Note: your MTU-130 may have been supplied with two diskettes. The one
labelled CODOS 2.0 is the Distribution disk.) Figure 1-1 illustrates the important
parts of the floppy disk, which are:

1. Manufacturer's permanent label.

2. User's label and MTU Copyright notice. These blank labels are provided in
several colors with the box of disks. Fill ocut the label before affixing it to the

disk, and be sure to include the CODQS Copyright notice on all disks which are to
contain a copy of the system.

3. Index hole. There is a hole in the disk surface and a hole in
While the disk rotates in 1its jacket inside the drive, a beam of 1light shines
through the hole. Onece each revolution the holes line up and the light passes
through, triggering timing ecircuits in the drive. Double-sided disks have their
index hole slightly further off center than single-sided disks, as shown in Figure
2+2, Soft-sector diskettes have only one index hole in the disk itself, but hard
sectored disks (which cannot be used with the MTU-130) have 33.

the jacket.

4. Drive spindle hole. When the disk is in the drive, the drive
spindle into this hole and clamps on
inside its Jjacket.

inserts the
the exposed disk surface, spinning the disk

5. Head slot, This portion of the disk

is exposed for access by the read/-
write head.

6. Write-protect notch. This noteh should be covered with the
label provided in order to write on the disk and should
writing on the disk. WARNING: User-supplied disk drives may
-protect labels and can therefore write on a protected disk.
by MTU will honor write-protected disks.

small gummed
be removed to prevent
not M"recognize" write
Disk drives supplied

Disks should be inserted into the drive in the direction indicated by the
arrow, with the label side towards the movable part of the door.
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FIGURE 1-1: FLOPPY DISK

FIGURE 1~2: DISTINGUISHTNG DOUBLE-SIDED DISKS
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CHAPTER 2. .

CODOS SYSTEM CONCEPTS

The CODOS Operating System is a2 powerful computer program for managing the
resources of the MITU-130 computer. 1In particular, it provides a convenient method
for storing and retrieving programs and data on floppy disk storage. The user will
normally interact with CODCS prinecipally through three built-in facilities:

1. The CODOS System Monitor for direct operator control.
3. The CODOS SVC Processor for assembly-language programs.
3. The CCDOS Interface Library (CIL) for BASIC programs.

The System Monitor provides a simple methed for you to interaect directly with
CODOS Dby typing commands on the MTU-130 keyboard {hereafter called the Console).
These Commands are most often used to tiate execution of other programs, examine

the status of various system attributes (such as the names of files present on
floppy disk), or to alter the status of the system [(for example, adding a new

,Aog;am to floppy disk). e CODOS System Monitor is initiated automatically when
the system is "booted" up. A prompting message is issued on the console display.
and the system awails your commands. These commands may be either Bullt
commands, Utilities or User-defined commands. All three types of commands ars
des *r:bed in detaii later.

ALl users of the CCDO3 m i he functions of the System Monitor to

some degree. In additio 2VEr, DrOgrAmmers wi 11 also want programs to interact
with the operating sysuem. For example, assembly language programmers will wish to
be able to display messages on the Conscle and input characters from the keyboard.
In most conventional microcomputer systems, support for this type of activity is
provided in a limited sense by making available Lo the programmer a list of addres-
-ses of syster subroutines which perform the basic input/output functions essential
to programming., The programmer can use these functions by writing a Call (JSR)
the appropriate system subroutine from within the application program. coDoS
previdez a different, thigher-level method of support for user-written assembly
language programs$ called the SUPERVISOR CALL (SVC). Although not normally found on
microcomputers, SVC's are used extensively on the mainframe computers. Instead of
a JSR instruction to a system routirr, the SVC consists of a BRK (%$00) instruction
followed by a byte which identifies tre function desired. There are several advan-
tages to this method, the most important ¢f which is that SVCs are address-indepen-
dent. This means that a program using SVCc will run without modification regard-
less of the loeatlion or version of the operating system. SVCs are discussed in
detail in a later Sections 5, &, and 7.

The MIU-130 BASIC Interpreter provides a limited interface te CODOS at all
times for saving and loading BASIC programs. Use of the CQDOS-BASIC Interface
Library (CIL) gives the BASIC programmer full access to the many features of CODOS
ineluding sequential and random access files, file creation and deletion, and even
provision for executing any CODGS command from a running BASIC program. These
powerful extensions to BASIC are described in the MTU-130 BASIC Reference Manual
and in the CIL manual,

N
1
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CHANNELS

CODOS provides a capability not normally found on micros called device-inde-
pendent I-0. Device-independence means that a program (or System Monitor command)
can perform input or output to or from a variety of devices or disk files without
modification. For example, a program which normally displays its output on the
system Console device can be run with the output directed instead to a printer,
without any modification whatsoever to the program. Input or ocutput can also be
re-directed to a file on disk. This feature lends great flexibility to programs.
The devieces to be used can be selected by a simple Monitor command, or by the
executing program itself.

The key to device-independence In CODOS is the use of software I-0 Channels.
The System Monitor and programs communicate with the outside world over channels.
At any time, these channels may be associated with a given device or file. The
standard CODOS system has ten channels, numbered 0 through 9.. Each of these chan-
nels may be used to send or receive data, or both. For example, a channel assigned
to a a printer would be used as an output-only channel, but if it was assigred to
the system Console it could both send and receive data.

Certain channels have pre-defined uses, and other channels have been given
suggested standard uses in the interest of uniformity among applications. Thess
channel definitions are given in Table 2-1,

The way in which channels are used will become clearer in follewing sections
which introduce the CODOS Monitor Commands. The section on interfacing to user
programs, Section 5, describes the use of channels from a programmer's point of
view.

Figure 2-1: Conceptual View of CODOS I-O Channels

l. channel
- channel
— channel
~ channel
i~ channel
PROCRAM [~ Shannel
| channel
channel
channel

APPLICATION

O~ YU I N =

CODOS provides "software patch cords" which let you select what device or file is
to be accessed without modifying the program.




TABLE ?-1: STANDARD CHANNELS

Channel 0: Reserved for internal CODCS operation.
Channel 1: Input commands to CODOS Meonitor.
Channel 2: Qutput from CODOS Monitor.
Channel 3: Available. (Input preferable).
Chanrel 4: Available. (Input preferable).

=

Channel 5: Standard input for programs.
Channel 6: Standard output for programs.
Channel 7: Avallable.

Channel 8: Available. (Qutput preferable).
Channel 9: Availa :

NOTES FOR TABLE 2-1:
t. Channel 1 and Channel 2 are normally assigred to the console by default.

The notation "input preferable" or "output preferable" simply means that
convenient to do so, input should be assigned to the lower numbered

rels and output to the higher channels. This i ly @ convention and i:

reaed in any way. ALl channels n be used in either direction or bi-direction-

DEVICES

As we have already seen, CODOS communicates with the outside world over
numbered channels. These channels can be associated with either physical devices
or with files., The devices available on any given system are defined during system
generation Dy using the SYSGENDEVICE Utility, and are identified by a single
letter. Every system has at least two devices: the system Console and the Nul:
. The system Console is the MTU-130 keyboard (for input) and the MTU-13C CRT

d
display {for output), and is given the device name "C".

Tne null device is given the name "N" and is predefined to mean a device that
does nothing. This may seem of dubious merit, but 1is actually very useful. For
example, if you wish %o run a program which normally generates diagnostic messages
on channel 9, you can suppress the diagnostics by merely assigning channel § o the
null device.

Additional devices, such as a printer, may be available on any given system,
and may be named as desired during system generation. In the interest of uniform-
ity Pmong systems, the recommended device names are given in Table 2-2 for selected

cevices.

Remember that all devices have a single letter name. The use of device names
will be illustrated shortly in the section describing Monitor commands.
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TABLE 2-2: DEVICES

Device Name Description

(@]

Console. Input-output terminal device. (Required)
Null device. (Required)

Printer.

Paper tape reader and/or punch.

Terminal {e.g., a Teletype)

Memory .

Xl oy

NOTES FOR TABLE 2-2:

" Other devices may be named as desired during system generation, using a
ngle letter for each. See Chapter 10 and the SYSGENDEVICE Utiltiy program
scr

si
de ibed in Chapter 4.

Programs, text, and data tyoe  can be stored and retrieved from floppy
disk for permanent storage using CODOS. A File is a ecollection of related infor-
mation stored as a logical entity on disk. Eaeh file on disk has a unique name,
designated by the creator of the file, The name corsists of from two to twelve
characters, optionally followed by a "." and a one-character file extension. The
first character of the name must be alphabetic. The remaining characters may be
alphabetic, numeric, or the special character " (underline), which is used to
improve readability of composite names and to help search for related files using
"wildeards", as will be discussed in Chapter 4. The single-character file exten-
sion may be alphabetic or numeric. If the optional file extension is omitted, a
default file extension of ".C" is assumed by the system. Thus some examples of
legal file names include:

a2

TANK
MY3RDFILE. A
HIS_STUFF.T
OLD_X_Y DATA.8

The first two file names above will have a default extension of ".oM appended by
the system. The single character file extension is intended to provide the user
with an indication of the kind of file. lthough CODOS does not enforce any
particular convention, Table 2-3 lists the standard file extensions which are
strongly suggested for use, Unlisted extensions may be freely used to cover
special kinds of files not included in the 1list. Note that the extension must be
exactly cne character long if given. Alsc remember that a’l file names must have
at least two characters. This enables CODOS to distinguish between device names
(which always have one character) and file names.




TABLE 2-3: FILE EXTENSIONS

Extension Meaning

A Assembly language source program.

.B BASIC Program {tokenized memory image format)

.C Command (User-defined command programs and System Utility Programs).
D Data.

.E BASIC program (ASCII format, use BASIC ENTER command to load).
.G Graphic data or Display memory image.

.H Hex file {i.e., paper-tape-type format).

J Job file (i.e., a text file of CODOS Monitor commands)

L Listing.

o7 Text.

¥4 Executable code other than a command (e.g., subroutine package).
.2 CODOS reserved system file,

NOTES FOR TABLE 2-3:

1. If the extension iz not given, ".C" will be assumed. While running BASIC,
the default file extension is ".B".

7. Other extensions may be devised by the user as needed.

The extensions given are recommendsd b5ut not required. Any kind of file
can have any kind of extension, so long as it 1s one alphanumeric character.

CODOS SYSTEM MONITOR

The CODOS Monitor is an interactive program which allows the user to enter
commands 4o the system. The Monitor is part of CODOS and is entered automatically
during startup of the system. When the system is "booted™ up, the CODOS memory
image 18 loaded into memory f{rom the disk in drive 0. A special file called
STARTUP.J is then read by the Monitor and all commands on that file are executed.
At the completion of the startup pricedure, a prompting message will be issued
indiecating the versiocn of CODOS which iz active, and the prompt, "CODOS) " will
appear. At this time, a valid command can be entered from the Conscle keyboard.

Every command typed must be terminated by a carriage return, which signals the
Monitor to execute the command. Certain characters may be used for ccrrecting
typing errors or editing the command line during entry; these are summarized in
Table 2-U, In particular note that you can use the BACKSPACE, RU2CUT, cursor left
and curscor right keys to make corrections to your commands. If the line has been
edited, the cursor may be left in the middies of the line when the carriage return
is entered and CODOS will see everything that you see on the displayed command
line. You can also add a comment t¢ your command line if you wish. Any characters
after the ";" character will be ignored by CODOS. To use editing characters in
Table 2-4 which start with CTRL, you must hold down the CTEL key and then depress
the other character indicated.

There are two main types of commands in CODOS: User~defined Commands and
Built-in Commands. Built~in commands are pre-defined by the system. User commands
may be added easily at will by writing an assembly-language program and defining it
as a Command using the built-in SAVE command. 1In the following discussion, only
puilt~in commands will be discussed, so the term "command" will be understood to
mea” "built-in command”.
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In order to improve readability and ease the learning process, CODOS commands
ususally consist of full English words which suggest the function to be performed.
However, any built-in command (not user command) can be abbreviated using the "IV
character. Thus, for example,

ASSIGN

ASSI?

AS!
are all equivalents for the ASSIGN command. It is only necessary %o type enough
characters before the "!" to uniquely identify the command desired. ALY built-in

commands must be spelled using uppercase letters.

Most commands require one or more arguments following the command keyword.
These arguments tell the system what entities the command is to operate on. For
example, the command,

ASSIGN 6 MYFILE.T

has two arguments. The first argument in this ecase is a channel number, and the
second argument is a file name. The command tells CODOS to assoeciate channel A
with the file called MYFILE.T.

Arguments must be separated from the command Keyword and from each other by
one or more BLANKS (not commas!). A few commands use other special delimiters such
as "=z" or M:M in certain places in the command; these will be clearly defined.

Sometimes arguments are optional, in which case the user may elect to specify
the argument or else accept the default argument which will be assumed by the
system. In other cases, the user has a choice of several different kinds of argu-
ments. I you type in more arguments than CODOS expects, the extra arguments are
treated as comments and ignored. Often an arbitrary number of arguments may be
given. In order for this manual to have a uniform method for describing the syntax
of various commands and arguments, the Zollowing notation is adopted:

1. Angle brackets, "{" and "D>", are used to enclose words describing the kind
of entry required.

2. Square brackets, nln ang "]", are used to enclose optional arguments or
symbols, which may be included or omitted as desired.

3. Ellipsis, "...", are used to indicate an arbitrary number of repetitions
of the previous argument(s).

4, Symbols not enclosed in angle brackets are literal symbols which must be
typed exactly as shown.

5. Curly brackets, "{" and "}v, are used to enclose each of several mutually-
exclusive choices, only one of which may be selected.

For example, we could use this meta-language (a meta-language is a language
used te describe another language) to describe several BASIC statements as follows:
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