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Chapter I

INTRODUCTION

1.1  SCOPE

This report develops a style for user documentation. Using
current standards for good technical documentation and many
of the attributes of a formal model, this style is presented
as an example of desirable structure for user documentation.
Its specific focus is a description of how an Atari 850
Interface Module works in an inter-computer communications
mode. The following disclaimer must be stated:
manufacturer-provided documentation was used as the source
of all technical information. The current Atari manual
concerning inter-computer communications instructions, the
Atari §50 Interface Module Users Manual, vas found to be
inadequate when applied to a nom-trival inter-computer
communications requirement d ve to ambiguity and
disorgqanization. Two examples of this are provided below.
Therefore information in the Atari manual has been revised
and presented in a more organized manner. This revision is
not intended to represent a cowmprehensive explanation of the

full capakilities of the Atari Model 850 Interface Module.



It 1is focused on a specific function to demonstrate the

applicability of style to user documentation.

1.2 PRUBPOSE

This report presents an example of good user documeatation
combining the techniques of Software Engineering and

Technical Writing.

1.3 BACKGROUND: PROBLENS OP TECHNICAL DOCOMENTATION

Recently a number of factors have greatly improved the
attractiveness of uiéro computers for both the home
enthusiast and the small business owner. These factors
include:

t. Significant reductions in price.

2. Increases in overall capability.

3. More prewritten software.

3, More "user friendly" software and operating systenms.
In combination these factors result in more and more naive
usérs buying fairly powerful micro coaputers. The level of °
sophistication and capability of these personal mricro
computer systems is approaching that of the *larqge® main
frame computers of‘just a few yvears ago-

Herein lies the gemesis of a significant problenm. In
their haste to qet.the nevest and best hardware and software

in the market place, manufacturers and vendors give cursory



attention to user documentation. They frequently £fail to
give the same level of development effort to documentation
that is given to designing the hardware or developing the
softvare.

The environment of micro computer documentation may be
vieved as a circle. The circunference of the circle is that
portion of the user documentation most frequently
eacountered 5y the user. That outer portion represents such
things as the introductory guidance for setting up the
machine, the iastrucﬁions for using commcn devices, and the
primary langquage manual used with the systea. This crust is
firm as the documentation tends to be simple, unambiquous
and ccrregi. However when one moves beyond these simplistic
areas and attempts to take advantage of the inherant
capabilities of the equipment, all too frequently the
documentation 1is disorganized, ambiguous and incorrect.
Certainly this is unintentional and results from the fierce

competition for resources in a highly ccmpetitive industry.

1.8 GOOD TECHHNICAL DOCUNENTATION

The Software Engineering discipline is beginning to develop
precision, lreliahility and cost effectiveness in engineered
software proﬁﬁcté- Unfortunately, a review of current
articles on Softvare Engineering reveals a distressing

failure to project software Engineering principles into the



final software domain: user documentation. I+ is evident
that an excellent system, built using the finest Software
Engineering tools, is dcomed to failure if the user cannot
use it because the instruction manuwal is unintelligable.
Similarly a mediocre system that 1is presented to the user
with instructions that are siaple, well organized, and
correct can be a great success. These obvious truths will
become increasingly clear as nalve users become a force in
the market place.

What is good technical documentation? The answer to this
question is hiqghly subjective, with little agreement amang
Technical Writing authors. Inevitably the answers are
presented in terms that are thesmselves subjective, such as
"sinple“; "yell organized™, "clear"©, "complete®, and
“correct". Howard presents three principles of Infarmation
Design <HOWA-81> which seem to encompass the concepts
proposed by nuserous other Techaical Writing authors
<TEBE-80>, <PFULL-B80>, and <BAKE-61>. The three concepts are:

1. Content -~ defines the breadth and depth of the

material in a dccument.

2. Organization - gives shape and direction.

3. Format — makes the information nndersfandahle through

language and illustnatioh.
Most authors add a fourth principle, expressed in'a variety
of terms, which alludes to accuracy or correctness of the

information presented.



Technical 9riting principles are not far removed from the

goals cf Software Engineering <ROSS-75>. The verbhal
descriptions of the Software Engineering goals,
modifiability, efficiency, reliability, and

understandability, can he'reorientated from programs and
systems to documentation without changing intent. When
modified, the similarity of these goals to the principles of
technical writing suggest that Softvare Engineering concepts
are applicable to user documentation. Structured Analysis
<R0SS-77> fits with the ideas of organization angd fﬁrnat by
suggesting procedures that lead to objectivity.

The combination of ideas from Software Engineering and
Technical Writing vields six attributes that can bhe
objectively measured. As these ideas represent an
apalgamation of ideas from numerous authors, significant
literary license has been taken in developing the titles and
definitive descriptions.

1. Correctness:

a) The document contains no conflicting instructioms.
b) The information presenﬁed can be tested and
produce consistent results.
. 2. Correlation: Illnstf;tions are supported in the text
by reference to objects or Xeys.
3. Structure: The organization of +the docnment should
be hierarchical from the general to the specific,
providing direction and bounds.

- 5 -



4. Models:

a) Physical models should be developed in relevant
illustrations and text.

b) Logical models should be developed in
illustrations and text to reflect finite states
and transiticas.

5. Procedures and Specifications: Fach user-initiated
procedure should be explained in terms of the
parameters and results as they affect the transition
of state.

6. Vocabulary standardization:

a) Technical terms, particularly those <for which
there is no universally accepted usage, shauld be
defined prior tﬁ use.

b) Teras and names should be used comnsistently.

The attributes above tend to fall into +two categories.
Procedures and Specifications, Models, and Structure are
generally gqlobal and measured in terms of their presence or
absence. Correctness, Correlation, and Vocabulary
Standardization are measured by countin each instance and
comparing success against failure.

Having used the objective attributes, above, the author,
reviewer, or reader must determine the threshold of "good"
and "bad". A few errors or violations do not necessarily

condenn the docupent. Conversely, a dJdocument that has all



the "good" attributes can still be "bad" based on other
subjective factors.

The Atari 850 Interface nodule‘ Users Manual <ATAR-80>
fails tc meet most of the obiective measures listed above.
An example of violating correctness is demonstrated in the
power-up or bootstrap segquence instructions. Under the
section entitled POWER-UP on page 12 the user reads, "When
the Interface Module and a Disk Drive are used in your
system, they will ©both have to boot up before they can be
used, so they both have to be powered on before you power on
the console.". However, Jjust three paqges further the user
reads in Table 2.1 that the correct power-up sequence is,
"furn on 810 <Disk Unit>,. then comsole, then Atari 850
<Interface Module>" (comdents added between < > by author}).
On page 83 under the\ title "Payer-on Bootstrapping
Operation” the user is told, "The bootstrapping operation is
enabled by turning ON the power to the Interface Module
before the 400 or 800 computer.'. Although a scheme for
presentation is given in the introduction, organization of
information is disjoint throughout the manual. Detailed
-discnssion of almost every subject takes place in more than
one location. For exaaple the Confiqure BAUD Rate commangd,
the variable values allowed in : fo O and the impact of those
values are discussed in three different locatioms. The

reader must be mystic to understand the title of the



discussions and their relevance to the Configure BRAUD Rate
command. The manual uses very few illustrations and those
are not closely correlated to the nearby text.® Very few
terms are defined even though their meaning, as used, is not
standa:dly accepted. Purther, nuaerous inconsistencies of

use exist.

1«5 1] RY

While hardware is getting more complex, the number of naive
users is increasing. At the same time the "goodness" of user
documentation is not keeping up with +the growth of the
computer industry. The dévelopinq Software Engineering field
has principles and tools that are applicable to user

documentation and should improve it.



Chapter 1I

THE ATARI INTER CONPUTER CONNUNICATION BODEL

2.1 IBNTRODOCTION

The Atari micro computer is capable of inter-computer
conmunication in two seguential modes; through an
accoustical connection and through a direct wired conmection
{RS—232-C compatible) . This chapter addresses only
inter—computer communications in the sequential direct wired
mode and 1is organized ’into two sections, one for the

definiticn of terms to be used and +the other for a

presentation of the inter-computer communications model.

2.2 DEFPINITIONS

The definitions of terms presented in this section are a

synthesis of several sources or are unique to the Atari

Ranuals. Bach definition will follow the rrocedure of
<BARN-74>, that is, DEFPINITION = ITEM, CLASS,
DIFFEEENTIATION.

1. BAODD is the rate of data transmission measured in
bits per second. 300 baud is approximately 30 eight

bit characters per second.



3.

4.

6.

Circuit 1is the conductor or systesm of conductars
through which an electrical current is intended to
flow. ’

Chapnel is that part of a communications systes that
connects the message source with the message
destination.

Interface is the process of causing two or more

conputing devices (computers or peripherals) to work

together.

Inter-computer communication is the process of

electronicly traansfering data between two or more
computers.

Parallel Input/Output 1is the process of transfering
one or more eight bit characters at a time.

Port 1is the electrical plug receptacle and the
associated .'praqrans and data structures that
facilitate the creation, translation, and reception
of electrical siqgnals representing data.

Protocol is the predefined circuits, signals, and
procedures required to interface computers.

RS-232-C is a technical standard of the Electronics
Industries Association entitled "Interface Between
Data Terminal Eguipment and Data Conmmunicatioans
Equipment Employing Serial Binary Data Interchange®.

The standard specifies electrical signal



characteristics—-and circuit names and defines the
function of the signals and control circuits which
make up the standard interface.

10. Segquential Input/Cutput is the process of transfering
data one bit at a time usually on a single circuit
between two devices.

11. Hord is the grouping of 8 bits, normally used to
represent a single character. Rach character in the
Atari ch;racter set is represented in a word.

12. Short Hord is the use of word leaqths of less than 8
bits. The full ASCII character set can be represented
in 7 bits; therefore, many manufacturers choose to

use short woords for data transmission.

2.3  BODELS

Operatioﬁs with wsicrocomputers require an understanding of
the transitions between finite states. User understanding of
these states and transitions 1is gained by integration of
physical and logical models. The fully developed integration
of these models leads the user to a level of knouiedqe
necessary to apply state transition procedures @meeting his

need s.



2.3.1 PHYSICAL HNODELS

In its mnormal <confiquration for use the Atari systenm
consists of the comsole, disk unit, interface module, and
printer. These devices are physically linked by wire cables
as shown in Fiqure 1 . Cperating imstructions for the
console, disk unit, and printer are contained im applicable
Atari instruction manmals. Those instructions will not be

repeated here uniess they are specifically applicable to

inter-computer communications .

2-3. 1.1 SERIAL I/0 PORT

The serial I/0 port at KEY 2 in Pigure ! supports all input
and output operatiohs between the Atari 800 computer and its
peripheral devices (except the TV monitor}. It is a 13 pin
electrical plug receptacle which has the circuits shown in
Figure 2. For a detailed explanation of the us; of these
circuits and the electrical standards, refer to Chapter III

of the Atari Hardware Manual and Chapter 9 of the Atari

Operating System Users Manual.

p . P (s PABRALLEL PRINTER PORT

Data for the'printer is sent to the interface module,
buffered, then sent to the printer using the 15-pin
electrical connector plug receptacle, at KBY 3 in Figure 1,

in a parallel data format. Pigqure 3 shows the circuits

- 12 =



MONITOR @_‘ PRINTER

e
INTERFACE
MODULE

1. MONITOR CABLE

2. SERIAL I/0 PORT(13 Pin)
3. PARALLEL I/O PORT (15 Pinm)
4. SERTAL I/C PORT{13 Pin)
5. BRS=232=-C PORT(9 Pin)

' ’ éi
-
bt s M s gt A M. M s Sk S — TPy, ettt e Gt g v Ve s gy W gy ot g e o}

B hs e e O S M s W g Ak i R . SR e B i, b i S g S i oy Skt e P e P o s

Figqure 1: ATARI INTER COMPUTER COMMUNICATIONS CCNFIGURATICN
ased. For a full explanation of the electrical standards

refer to Appendix 11 of the Atari Interface Module fsers

Manual.
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] 2 4 8 10 12 l

} o a o Q o I

] ¢ Q o o Q o |

] 1 3 7 9 11 13 |

+ +
Computer Clock I 2. Computer Clock Out
Computer Data In 4. Ground
Ccrputer Data Out 6. Ground
Command 8. Motor Control
Proceed 10. +5v/Ready
-Ccmputer Audig In 12. +12v

Interupt

bt e e St e e e kB . i g S s o e i o

Piqure 2: SERIAL I/O PORT
i 3 |
1 1
1 & - I
] ] 1 3 5 9 11 13 15 | |
i 1 o o o o o o o | |
} l a o o o o o] } |
! | 2 ) a8 10 12 14 ] I
1 + + ]
1 |
| |
i 1. Data bit 6 8. Fault ]
I 2. Data bit 7 9. Data bit 2 |
] 3. Data bit 5 10. Signal Ground |
i 4. Not Used 11. Data bit 1 |
} 5. Data bit 4 12. Data pins pull up I
] €. Busy 13. Data bhit 0O |
! 7. Data bit 3 14, Not Used i
| 15. Data Strobe i
i l

Figure 3:
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2.3.1.3 RS-232-C COMPATABLE PORTS

The RS=232-C compatible port at KEY 5 in Fiqure 1 above is a
9 pin 'electrical ©plug receptacle which is designed to meet
the essential electrical and circuit requirements of the
standard, allowing communication with other computers tiat
‘also meet the Standard. Three differemt circuit protocals
are available and shown in Figure 4. Por a detailed
explanation of the electrical standards and circuit
directional regquirements see Appendix 1 of the Atari
Interface Rodule Users Manule.

Although port 4 1is BS—232-C compatible it will also
interface with devices that require a 20mA lcop. FPigure S
shows this capability. A full explanmation of connecting this
port with other devices is found in Appendix 11 of the Atari

Interface Module Users Manual.

2.3-.1.8 BOOTSTRAPPING

There is more than one computer in Piqure 1 above. The Atari
850 Interface Module as wvell as the Atari disk wunit are
themselves computers. Each contains a micro processor, a
program in ROM, and Input/Output capabilities. Purther, each
contains information required for inter-computer
cammunications . This informatiom is tranmsfered to the Atari
800 Computer. When powvered up, the computer polls the system

to determine which of the peripherals are available. Since



PORT 1 PORT 2+3

- '-+
B 3 5 7 9] ]11 13 15 16 17}
lo 0 a o] al 10 o] (o] 0 ai
i o o Q o |
l 12 14 1w 18 )

PORT 1

1~ Signal Ground

2. Not Dsed 2

3. Recieve Data (In)

4. Clear To Send (CTS, In)

5. Send Data [Out)

6. Request To Send (RTS, Qut)

7. Carrier Detect (CRX, In)

8. Data Set Ready ({DSR, Ready In)
9. Data Terminal Ready (DTR, Ready)

PORT 2+3

11. Signal Groumd

12. Not Used

13. BRecieve Data (In)

14. Not Used

15. Send Data {(out)

16. Not Used

17. ¥eot Used

18. Data Set Ready (DSBR, Ready In)

19. Data Terminal Ready (DTR, Ready Out)

[ e S o i S g A G G S S AL S St Mo T N G S it et Wt o, Bt gy S Gt B Sl S St iy . 28
i S v b g i g i — — s gy L WTE e W e fmee R e e oviie (EE S gpten Saiin drtt WD G it )
P

Figure 4: BRBS-232-C POR?TS
the rperirtherals contain information to allow general

operation in a variety of configurations, it is important to

bootstrap in the correct sequence.
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21 23 25 27 29
o o o o o
a g g o
22 24 26 28

L
e —

PORT 4

21. Signal Ground

22. -8v

23. Receive Data ({In)

248, Not Used

25. Send Data {Qut)

2€. Request to Send (RTS, Out) *=*

27. Not Used

28. Not Used

29. Data Terminal Ready (DTR, Ready out) *=*

*% Port 4 Only Always +10v

r—-——-—hn—-—l-——-ut—“——u-”--nc-um._ﬁ
b b S S S e ok SRR b st A b M S ity S ey W fpags Sty Mt e S s Sl

Pigqure 5: BS—232-C PORTS

) It is gené&ally correct to apply pover to any peripheral
prior to applying pover to the coqsole. flowever, if the Disk
Operating System (DQS) is DOS I, the disk unit may not be
. used while the interface module is being used for
inter-compunter coamaunications . Therefore the disk unit nust
not be powered up before the console. This mpeans the disk
unit is not bootstrapped and cannot be addressed by the

computer. With DOS I, rebootstrapping is required between

use of the disk unit and inter-computer comaunications . If

= T



the DOS 1is D0OS II then the disk umit may be used during
inter-computer communications and there is no requirement
t0 rebootstrap, either before or after amn inter-computer
communication session. However the program AUTOROUN.SYS mast
be resident on-the disk used during bootstrap. AUTORDN.SYS
contains operating instructions that are used to control
inter-computer communication when the disk wunit is in the

system. Table 1 shows the correct bootstrap sequence for the

systen..
TABLE 1
BOOTSTRAP SEQUENCE

¥ 1
| |
| DEVICE SEQUENCE §
l I
] DosS I DOS II i
i ' |
{ Disk NOT 1 !
} U=nit ALLOWED |
| ]
| Ccntreol 1 2 |
| Module i
] i
| Console - 2 3 |
| ' |
| Printer NO ' NO i
] EFFECT EFFECT |
) !

When the console is powered up predefined RAM allocations

exist. PFigure 6 shows these allocatioas.

- 18 -



BEX

¥ 1
| ]
| I
4 ADDRESS |
i ]
i co000 =+ . + |
] i PAGE 0 { |
| 00FF + -+ |
! i PAGE 1 | |
] O1PF + + |
] i PAGE 2-4§ | |
| 04FF + + |
| | PAGE 5~6 | |
i CGPF + + |
| ' i BOOTSTRAP { i
| ] SOFTWARE OR ] |
| | FREE RAM | |
1 + + l
i | SCREEN DISPLAY | |
| ™oP i LIST and DATA | i
| of ¥ ‘ -+ i
} RAM |
} !

Pigure 6: MENCRY MAP

Page 0 R2AM is used by the 0SS, Device Handlers, and the
Floating Point Package.

Page 1 .BAH is used as the hardware stack region and for
interupt processing.

Pages 2-4 are used for 65 database variables, 0s workinq
tables, and data buffers.

Pages 5-6 are available for user workspace except location
0S7E through O0SFF which are used by the Floating Point

Package.

- 19 -



BAlthough Pages 0 through 4 contain locations that are, at
times, available for user work areas, extreme caution should
be exercised hefore these areas are used. Users should he
thoroughly familiar with the contents of the Atari Operating
System Users Manual prior to attempting use of any location
in Page 0 to 4 as a work area.

#hen the Congole is povered on, the QOperating System (0S)
resident in ROM causes a sequence of actions to be
performed. A partial list of these actions is shown in Table
2a The last entry 1in Table 2 is the most important to
inter-computer communication. This step 1in the bcotstrap
sequence begins the actions that will prepare the system to

accomplish inter-computer communicatiom.

— ) o=



TABLE 2

CS POWER UP SEQUENCE

DETERMINE THE HIGHEST RAM ADDRESS
CLEAR ALL RAM TC ZERCS
ESTABLISH ALL RAM INTERRUPT VECTORS
POBRMAT THE DEVICE TABLES
ISITIALIZE CARTRIDGE(S)
SET 0P THE SCREEN
BOQT THE CASSETTE IF PRESENT
CHECK CARTHIDGE SLOTS FOR DISK BOOT INSTRUCTIORS
BOOT THE DISK IF PRESENT

TRANSTER CONTROL TO THE CARTRIDGE, DISK BOCTED
PROCGRAM, CASSETTE BOCTED PROGRAM, OR
BLACKBOARD PROGRAM

e G i, S e S o, S e B (Dt S s B b B Gy S i, U fieal ot i S M T gt b M Sy o e
b e ks et g P Bk Sk Sy S— e Sl e S St B ey vt gt i e G gpmn o, A g T dnt S et Sl m— O

When the disk unit is present and boatstraped, 0s
transfers control to the DQS II area which imn turn calls
program AUTOROUN.SYS. AUTORUN.SYS establishes the fixed and

default values for the RBRS—-232-C port device tables then

- —-



calls the interface mocdule to load and initialize the four
port device handlers. The défault values for +the port
handlers and device tables are then returned to the
interface module. This series of actions is shown in Figure

7.

1

i

CONSOLE DISK UNIT |

¥ + |
+==-1 0S8 | l
1+ - load + + i
|+—] DOS II | <===========| D0S II j=——2+ |
i1+ + load + -_—+ | |
11 | AUTORUN.SYS | {===========] ADTORON.SYS ]-+| |
o+ + * ===+ 11 |
il call 1] !
I+ — +] {
l call ! {
A + |
]

- !

CONSOLE |

+ + i

| OS5 i 1

| DoOs IX | I

¥ = i
+4-—{ ANOTORUN.SYS | INTERFACE MODULE |
1] + + load + ik !
11 | BRs-232-C | {===========>| ®S-232-C | }
{}*+-] HANDLERS | { HBANDLERS |—+ |
Ll ¢ + load + + | I
j++-1 TABLES | {===========3] TABLES | ] l
i + 4 ¥ + | |
i call 1 ]
+ + I
1

F ]

et iy B M et G e s G S gy — e B SR g M et by M o e G S e ST G gt S ke e

Figure 7: PORT INITIALIZATION WITH DOS II



If the disk unit is not ©present the O0S <calls the
interface module to load and initialize the port handlers

and device tables. This series of actions is depicted in

Figure 8.
4

! ]
| CONSQLE |
1 L + |
1 +--=1 08 H INTERFACE MODULE |
i | ey f t
{ 1]+ + + + |
} i } BRS=-232-C |[<{==s=======—====>| RS-232=-C |-—+ |
| I1+] HANDLER 1 | HANDLER | | |
l 143 +— ‘ + + -+ ] |
1 [} +-1 TABLES | <=========z=====>| TABLES I |
1 | +==1 | l (I |
| H - + + + | l
J i call | l
| = + I
] I
I ]

Pigure 8: PORT INITIALIZATION WITHCHIT DISK UNIT
FPigqure 9 shows the internal communications processes and

data structures as they exist after the computer has been

powered up and hoatétrap completed.
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All user programs ccmmunicate with the peripheral devices
through the CIO utilities that are part of the 0S. The CIO
utilities use the Input/Ooutput Control Block (IOCBi and
device tabhles tc provide the necessary device-unique
parameters to the device handlers vwhich supervise the
Sequential Input/Output (SIO) utilities in performing the
actual transfer of data and commands. Most peripheral
devices have internal handlers and talles ta accept or
return the data as required. This includes the four RS-232-C
compatible ports in the interface module.

A device tahle is ipitialized for each peripheral device.
Bach table contains the device name and the address of the
-unique handler vector table created for the device during
bootstrap.

The handler vector table contains the addresses for
primitive utilities oriented to each device that perfora I/0
functions.

Eight IOCBs are formated during bootstrap. One 1is
assigned to each device as it is 0PENed. For example IOCB 0
is OPENed and assigned to the Screen Editor by @S during
bootstrap. IOCB is a 16 byte block that contains the fields
shovn in Table 3.

A final view of the physical model of the Atari system as
it is héctstrapped and ready for the user to start the
process of configuring for inter-computer communicatioms is

in Pigqure 10.
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TABLE 3

The INPUT/OUTPUT CCNTEROL BIOCK

o iy M S ous T et iy S Gl Bil S i S g (ot e et 0ot B Mt (i B et e e made S e S Gt S S G WS s Gieke Bl S fuen

NOUN
NANE

Handler Il.Da

Device Hamber

Ccamand Byte

Status

Buffer Address
{low)

Buffer Address
{high)

Put Address
{lcw)

Put Address
(high)

DATABASE HEX

VARIABLE ADDRESS

NAME

ICHID

ICDNO

ICCMD

ICSTA

ICEAL

ICEAH
ICPTL

ICPTH

0340

0341

0342

0343

0344

0345

0346

0347

DESCRIPTION

Index ta Device
Table, Set by CIO on
GPEN command, reset
to null on CLOSE.

Set by CIO on OPEN
command to distinguish
between npultiple
devices of same type.

This byte is set
by the I/0 command to
be executed i.e. PUT,
GET, INPUT, PRINT,and
STATUS.

This byte holds the
status after each CIO
action. The high order
bit is | on error with
the remaining bits
holding the error
condition code.

Initially set to the
32 byte system buf-
fer. Can be modified
by user.

Initially set *o
"I0CHE ¥ot OPENT
rautine in CIO.
sed to support
Basic on OPEN.

b, e s Do . Sum Sl D i G G — — T — — — O — — e 0 G ety Wl . Sl iadiie  dasves el vt m— —" T p— onts o ] .
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TABLE 3

CONTINUED
Buffer Length ICELL 0338 Set to 32 on boot.
Byte Count ICBLH 0349 Set to 0 on boot.

Incremented by CIO on
I/0 ccamands.

Auxiliary ICax1 034a Set on OPEN conmmand.
Information Specifies direction of
1/0.
ICAX2 034B Contains device
] specific informaticn.
ICAX3 034c Area used by device
3 handlers im proc-
ICAXS 034F essing I/0Q.

MBI G i B M D S ey G S T e g it S et e i
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CONSOLE INTERFACE

MODULE
% + ~ +
} OS ] CONTROL UTILITIES i
fp—m + - il
] DEVICE HANDLERS ] DEVICE BANDLERS i
3 + +
}] DATA STRUCTURES } DATA STRUCTUORES i
* Handler YVector + +
Tables ] I/0 UTIIITIES 1
* Device Tables + +
* 10CB | BUFFERS i
+ +

I/0 UTILITIES

USER PROGRANMS

DATA

L R R e e et e ol o

I
I
]
1
|
| BUFFERS
l
!
=

P A Moo biimies M ) St G i T i S e ki (e B gy Bteh oy s P m— e )
e Smme e T s e S e S S e S et T e e (T e pems S e e

{

Pigure 10: SYSTEM VIEW

2.3.2 THE LOGICAL NODEL

Preparing the Atari computer to interact with another
computer is an extremely conplei task. The éasiest vay to
explain these preparations is to 1logically develop from the
physical model of the system toward a final state which will
allow inter-computer communication. Computers are finite
state machines in that they work in discrete steps
transitioning from one state to the npext based om the

current state. and the next input. The key to success is
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controlling the sequence of state changés to accomrplish the
desired task. Therefore the logical model must show how to

control these state changes.

2.3.3 Initial BRS-232-C Port State

During bootstrap the RS=-232-C port handlers are initialized
and returnmed to the interface module along with a set of
external device handling tables. The initial state of these

tables is shown in Table 4.
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TABLE 4

INITIAL STATE of VARIABLES

300 BAUD
8 BITS PER WORD
1 STOP BIT PER WORD
INPUT PABRITY NOT CRECKED
QOTPUT PARITY BIT SET TO ZERO
LINE FEED OFP
LIGHT TRANSLATION
DTR AND RTS NCT SET

-————-&u—“-“hn—w
e S . S iy . e T b B gy e gl

2¢3.3.1 PORT CONFIGUBATION COMHANDS
Figure 11 contains an abbreviated reference for the
configquration commands. Detailed information is comtained in

the sections that pertain to each command.

2.3.3.2 POBT FUXCTICYH SEQUERCE

The sequence of functions shown in Pigure 12 is fixed and
cannot be directly changed by the user. Yet the sequence of
these functions significantly influences how the user must
approach control of input and output for inter-computer

coamunications.

2.3.3.3 ATART BASIC CONNANDS .



STATE 1 COMMAND
XIo 32 IIO 34 XIo 36 XIO 38 QPEF XIO 40
Force S5/8 | CMD |
Set DTR 1
Set RTS |
Set IMT l
BAUD }
Word Size i
In Circuit |
Translaticn |
In Parity ]
i
|
|
{
|

AUX1
AOX1
ATUX2
AUX?
AUX1
AUX1
AUX?
AUx2

Out Parity
Append LF
Won't trans
I/0 Mode
Start Con I/0O

s g e B ama Bem enn gy G G g e e e

|
l
I
!
|
|
|
|
!
I
I
|
!

CMD

o S s Gl e Sl At B e S, dtt SO G it s Mnms P e et 4
. et Dot WIS gagy. Sehor Wi pman AEEY mast S S g G
bt e M ST e i P Bt e dmkie i SN D b RSN SR e R b e

FPigure 11: PORT CONFIGURATION COMMANLS

O OTPOT
1« TRANSLATION
2. PARITY
3. TRUNCATION

INPUT
1. BEXPANSICHN
2. PABRITY
3. TRANSLATION

b S B e B e S s S e el B
e S . P S e e S . Sl den e

Figure 123 PORT PONCTION SEQUENCE

Pigure 13 shows the syntax of the Atari Basic commands that

confiqure the RS-232-C ports.

Assertion
- 31 -



COMMAND YAME, IOCB#%, AO0X1, AUX2, "DEVICE and NUMBER:"

EXAMPLE: XIO 36, #1, 136, 25, "R1:"

OPEN, #1, 13, 0, "R1:%

I e St g M . S St Sy
PSP P G T —

Figure 13: CONWFIGURATICN COMMAND SYNTAX

1. COMMAND NAME = XIO plus (32, 34, 36, 3B, or 40) or

OCPEN.
2. IOCB%# = # plus 0 through 7.
3. ADX?1 = sum of parameter values from appropriate

Figures or 0.
4. AUX2 = sum of parameters from appropriate Figqures or

0

]

5. Device "R (for RS—-232-C ports).

6. Nupmber 1 through 4 followed by :%,

Specifications

The XI0 ccmmands and the OPEN command are used to convey one
or more parameters used by the system to transition from the
initial states for inter-computer coamunications. The IOCB
number will be used by CI0 to assign values to the IOCB and
haﬁdler vectaor table. The AUX1 and AU0X2 values are used to

set internal tables or are passed to the interface module
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for setting its tables. The device numker must be one of
the four RS-232-C ports in the interface module. Several of
the available IOCBs pmay already be assigned during the
bootstrap process. Por exanple IOCB #0 is assigned to the
screen editor by 0S. The Atari users manual for each
peripheral will tell uhich.IOCB is used £for that device
{some manuals call the IQOCB a Channel). The AUX1 and AUX2
values are +the sum of one or more values selected from a
menu aprlicable to each command. The individual selections
may be added by the user or Basic will add the values,
example; ,136, or,100+30+6,. Care must be taken to establish
and continue the Trelation between the IOCB and the device,
That is, Lf IOCE #3 is used for port "R4:" them all XIO
commands and the OPEN command must continue ¢this relation.

The IOCCB to device and device to IOCB relation is singular.

2.3.3.42 XI0o 36 BAUD Bate, Word Size, Stop Bits, Input
Circuits

Syntax

XIo 36, IOCB#, AOX1, AOX2, "R:"

e 90 s, )
DS Gy S gide e

Assertions
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S.
6.

7.

8.

10.

P bonis s s G Sk G P B TS K B g e

XI0 36 must be used before IO 40.

IOCB may be OPEN.

IOCB not OPEN to another device.

System Reset will not change states established by
XIC 36.

AUX1 = BAUD Rate + Word Size + Stop Bits.

AUX2 = Input Circuits.

BAUD Rate = Figure 14.

1

BAUD EAUD i
RATE BAUD RATE BAUD |
VALUE RATE VALOE RATE i
1 ceees 45.5 9 tee.. 600 1
2 w50 10 eeee. 1200 I
5 eeeee 110 13 vee.. 4800 i
7 ceees 150 15 wee.. 9600 I
!

]

Figure 14: BAUD RATE

If OPEN = concurrent mode then BAUL rate less than or
egual 300.

word Size = Pigure.1S.

If Word sSize less than 8 them output = Block Output

mode and ipnput = concurrent {half duplex).
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HORI SIZE
VALUE WORD SIZE
0 cosencensses O DILS
t6 > ESO 20 Pe P e 7 bits
32 ecemccsvesesss € hits
ua > Pa s b v et e 5 bits

Py s G et e P G e,
e P i P e S e e i,

Fiqure 15: WORD SIZE

11. If Word Size 1less than 8 then high crder bits
truncated for output and filled with 1s for input.

12. Stop Bits = Piqure 16.

WORD SIZE
VALOE STOP BITS/WORD
a 1 ’
128 2

¢

P e WL B S0 gugs i W)
o e g — g S—

Piqure 1€: STOP BITS SENT PER RORD

~

§

13. Incoming Circuits = Figure 17,
134. DTR not supported on port 4.

15. CTX and CRX not supported on ports 2, 3, and 4.
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CIRCOIT TO

T 1

| |

{ |

} MCNITOR MONITOR |

i VALUE i

| |

) |
| 0 None |
~ | 1 CRX |
{ 2 CTS i

| 3 CTS, CRX ]

i 4 DSR ]

{ 5 DSR, CRX |

1 6 DSR, CTS ]

{ 7 DSR, CTS, CRX |

| {

i }

Figqure 17: MONITOR INCOMING CIRCUITS

XI0 36 is used to set the BAUD Rate, Word Size, number of
Stop Bits, and Incoming Circuit ready monitoring values in
the interface module tables. Data can be received and sent
at discrete fates ranging from 45.5 to 9600 BAUD. The baud
rate set must meet the protocol established between bhoth
computers. The Atari system can communicate with systems
that use from 5 toc 8 bit words. Sending and receiving short
wvords may require tramslation. rFor output the high order
bits are tru#cated toc meet the word size specification,
while for input the high order bits are set to ! to Meet the
Atari word size reguirement. The Atari systesm will apply
either ome or two stcp bit to each word of ontput.. The stop

bits are added to the character bits by the interface module
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prior to transmissico. Any combination of one to all three

of the inconing circuits can be monitored.

2.3.3.5 XI0 38 TRANSLATION and PARITY

Syntax

XIo 38, ToCB#, AUX1, AUX2, "“R#:"

e e

[* e S e

Assertions

tf XII0 38 must be used before XIO 40.

2. VYalues set to interface @module are not changed by
System Reset.

3. AUX1 = Translation + Input Parity + oOutput Parity +
Append Line Peed.

4. ADX2 = Won't Tramslate Character.

S. Tramslation = Figure 18,

6. If output and Translation = 1liqht +then Atari EOL
changed to ASCII CR and high order bit set to O.

7. If 4input and Translation = 1light them ASCII CR
changed to Atari EOL and high order bit set to 0.

8. If input amd Tramslation = heavy and word = ASCII

(decimal 32 to 124} then high order bit set to 0 and
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10.

1.

12,

13.

18.

18«

TRANSLATICN TO GET

VALOE

0 LIGHT ATARI/ASCII TRANSLATION
16 HEAVY ATARI/ASCII TRANSLATION
32 RO TRANSLATION

R e a gpaay
b s S s TV e i ]

Figure 18: TRANSIATION

¥ord sent to S5I0 else word set to Won't Translate
Character and sent to 3I0.

If ontput and Translatiom = heavy and word = ASCII

then high order bit sef to 0 and word sent else word
changed to Won't Translate Character and sent.

1f inpat and Translate = heavy and Won't Transl;te
Character = 0 and word not equal ASCII then word not
sent to SIC.

If output and Translate = heavy and Won't Translate
Character = 0 and word not equal ASCII then vword not
sent. |
If Translate = none then words are received and sent
as formed.

If Word Size less than 7 and Translate = 1ight or
heavy them word = gﬁfbage.

Input Parity = Figqure 19.

Input Parity disabled if WordSize less than 8 bits.
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INPUT

PARITY TQ GET

VALUE ;

0 IGNORE, NO CHANGE
8 CHECK ODD, CLEAR
] CHECK EVEN, CLEAR
12 NO CHECK, CLEAR

-, e e
T oy e el B

Pigure 19: INPUT PARITY OPTICN

1€. Output Parity = Figure 20.

LI Ll
) |
| OUTP UT 1
i PARITY . TO GET |
¥ VALUE I
] |
| 0 DO NOT CHANGE PARITY BIT |
| 1 SET OUTPUT PARITY ODD |
i 2 SET OUTEUT PARITY EVEN |
| 3 SET HIGH ORDER BIT TO 1 |
| !

Pigqure 20: OOTPUT PARITY OPTICN

17. Output parity disabled if word size less than 8 bits.

18. Appexnd Line Feed = Pigure 21.

19. If Append Line Feed = ON then interface module sends
ASCII line feed character immediately after each

ASCITI CR.
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APPEND

LINE FEED IC GET
VALOE
0 DO NOT AFPEND LF
64 APPEND LF AFTER CR

'
o e RS s M e N S el iy s )
b e e s I B i Mt e e o

Figure 21: APPEND LINE FEED OPTICN

20. Append Line Peed disabled for ingput.
Specifications .

The XI0O 38 command is used to set values in the interface
module tables to implement code conversion (translatiom),
parity, appending line feed, and estahlisﬁinq a wvon't
translate character. Internally the Atari system uses an 8
bit character code which includes the ASCII character set as
a subset. This results in m@most non—-Atari devices not
rTecognizing the full Atari character set. Translation will
convert the Atari unique characters to the ASCII character
set. Three levels of character translaticn can be selected.
}, Bo Translation results in the interface nmodule
receiving the 8 5it'atari character from SIO and

sending that part of the character that remains when

the word size option of the XI0O 36 command is

- R -



invoked. On input the word will be padded with 1s to
£il1l 8 bits, if reguired.

2. Light Translation is applicable only if 8 bit words
are being sent. On output the high order bit (7) is
set to 0 and the Atari End of Line (EOL) character,
decimal 155, is converted to the ASCIT CR, decinmal
13- On input the hiqh order bit is set to 0 and the
ASCII CR ccnverted to an Atari ECIL.

3. Beavy Traanslation assumes little correlaticn hetween
ASCII and the interface character set. 0On output the
high order bit is set to 0, all characters with a
decimal value between 32 and 124 are sent, the Atari
BEOL is coverted to an ASCII CR and sent, -and the
Eelaining'characters are not sent. On input the high
order bit is set to 0. Characters that match the
ASCII character set are sent to SIC. If the character
is an ASCII CR it is converted to an Atari EOL.
Otherwise the character is converted to the "Won't
Traﬁslate Character".

If the received character set is ‘totally different from
ASCII the user should accept the character without
translation and devise his own tramnslator. Parity checking
must be consistant .with the protocol. However —paxity
checking is disabled if short words are being received or

sent. This is because bit 7 will have been set to 1 when the
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short word was filled to 8 bits. The ASCII line feed (LF)
character may be added after each ASCII CR (translated frona
Atari EoL). The ™"™won't +tramslate character" will be
inserted in the input instead of a non-ASCII character when
heavy translation is used. The decimal value of a single
ASCII character, the "von't translate character", will be
entered in the AO0X2 field of the XID 38 comaand. This
provision applies only to Heavy Translation. With Heavy
Translaticn and no "won't translate character" the non-ASCII

input will not be sent to SIO.

2.3.3.6 XI0 34 Camtrol of Outgoing Circuits

Syntax

XIOo 34, IOCB#, AUX1, AUX2, "R&:"

o i . 89
R T

Assertions

1. XIO 34 must be used before XIO 40.
2. 7Values set to interface module are not changed by
.
Systen Reset.
3; AUX1 = DTR + RTS + INT.

3. DTER, BTS, and XMT = Figqure 22.
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DTR ' TO GET
VALUE

0 eecececess NO CHANGE PHOM CURRENT SETTING

BTS TO0 GET
VALOE

0 <eecesss NO CHANGE PROM CURRENT SETTING
ua * 8 & oS BS RTS ON

mr TO GET
VALODE

2 eceeswses SET XINT TO SPACE (0)
3 awecense SET XNT TO MABRK (1)

P S o et PGS Em e G e maw e G e ke SR g D Mt G fen S Ber e =)
I b vt e e G PEE g e mpmm e S g Sy S gy, S iy S A e 48

Pigure 22: VALUES FOR DTR, RTS, XNT

5. If OPEN = Block Output mode and XMT = space then

BEREAK is sent.

Specifications :

In addition to meeting a variety of protocol regquirements in
hardvare the Atari system allows control of the outgoaing
¢circuits DTR, RTS, and IHT;. These circuits can be controled
individually at each of the RS-232-C ports that has the
circuit available. SEE PFIGURES 4 and £ above. The XIO 3%

coamand is used to set table values in the interface module
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and may be used after the port has been OPENed in the Block
Qutput mode{to be discussed later). This command allows the
user ¢to send a BREAK by changing the state of the XAT
circuit. The normal resting state of INT is MARK {(RS-232-C
Standard). An extended space state is interpreted to be a
BREAK signal. Use of this convention 1is usually based on a
conditional situation such as the when buffer is full. The
protocol in effect dictates the use of this conventicn. The
AUX2 field of the 32IO 34 command is not currenmtly used,
placing any value in AUX2 other than 0 may result in

undesirable results.

2.3.3.7 OPEB CONMNAND

Syntax

OPEN IOCB#, AOX1, AU0X2, "R#:"

P e Ty
e e e, o

Assertions

1‘.
1. OPER is used by CIO toc set IOCB bytes Handler I.D.,
Device Number, Put Address (low), and Put Address
{high). See Table 3.

2. Values set by the OPEN will be reset by System Reset,

- 44 -



4.

5.

When OPEN is invoked ICCB may not be OPEN to another

device.

AlX1 = Pigure 23.

" ENTER 1IN To OSE THE _ HODE
ADX 1 PORT FOR

— et o el

5 eevnsssss INPUT ONLY eeweee CONCURRENT]
8 eeswsess OUOTPUT ONLY ..... BLOCK |
9 suwmmesy OUIDIT ONLY wewes LCONCOHRRENT|
13 eeesswss LNPUT and COTPUT CCNCORRENT]

J

P et e S e e Gt S S S

Pigure 23: I/0 MODE VALUES

AO0X1 is used by CIO to set I/0 direction indicators
the IOCCB Auxillary Information hyte..
If mode = concurrent then BAUD Rate less than or

equal 300 and no oather peripherals may be used until

port is CLOSEd.

If mode = concurrent then Basic I/0 commands LIST,
SAVE, LOAD, and ENTER may not be used.

If mode = Block OQutput then no iﬁput is received.
ADX2 = 0.

The device field is used by CI0 to select I/0

primitives for the handler vector table.

Specifications
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CIO uses the values in the OPEN command to set the Handler -
I.D., Device Number, and Auxillary Information bytes of the
IOCB and establist the primitive I/0 wutilities that are
assigned to the Handler Vector Table. Other configquring
information is sent to the interface mcdule to .set table
values. In essence the OPEN conmmand causes the system to
Tecognize the RS—-232-C ports as devices. The OPEN command
may not be used to an IOCB that is already OPEN. Likewise
two IOCBs aay not be OPENed to the same device. The AOX1
field of the OPEN comnaﬁd is used to set the direction of
1/0 operations in the 3uxillary Informaticm byte (ICAX1) and
causes device specific information to be placed in the
second byte of that field (ICAX2). A value other than 0 in
the AUX2 field may result in unpredictable And undesirable

resunlts.

2.3.3.8 FORCE SHOBT BLOCK

Syntazx.

X10 32, IOCB#, AUX1, AUX2, "R#:"

e et e e o]

‘
S et el e Y

Asserticns
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1. XI0 32 does not set values in any tables or blocks.
2. XI0o 32 forces the device handler to release a data
block prior to normal release.

3. XI0 32 is used in Block oOutput mode oﬁly-

4. ADX? 0.

5. AUX2 = 0.

Specifications

In the Block Output mode the device handler causes SIO to
send 32 byte blocks of data to the interface module. While
the interface module sends that block, the computer waits
and cther device handlers have access to SIO. Therefore
other devices such as the printgr or disk unit may be used
while the 8S—-232-C port is OPEN 1in the Block Output mode.
Block oOutput mode causes the device handler to place 32
bytes in the Page 4 memory buffer area. 5SI0 is called to
send this buffer +tc the interface wmodule on three
conditions.

1. The buffer £fills up.

2. The IOCB is CLOSEd

3. An Atari EOL is placed in the buffer.
The XIO Bi command may be used to override these normal
conditions by forbing the contents of the buffer to be sent
at the point the command is invoked. 7This is normally done

as a conditional event, such as sending a few characters at
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a time to ensure the receiving device is not overloaded.
Block Output mode is used for output only. ©No input may be
received in this mode. Neither the AUX1 or AUX2 fields of
the XI0O 32 ccmmand are currently used. Values other than 0
in the AU&I and AU0X2 fields may result in umnpredictable and

undesirahie resitlts.

2.3.3.9 CLOSE COMMAND

Syntax

CLOSE IOCB#

P Sty s o
e S s o

se cns
1. If IOCB OPENed in concurrent mode then IOCB nmust be
CLOSEd before other peripherals can be used.
2. CLOSE does not change the state of parameters in the

interface module.

Peripheral devices such as the printer and the disk unit may
be used vhen the port is OPEN in Block Cutput node without
CLOSEing the port. In concurrent Mode the port must be

CLOSEd before other devices can be used. Further it is
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importent to CLOSE the concurrent OPEN before any other
CLOSE occures. Failure to do this can cause unpredictable

results.

2.3.3.10 XI0 80 STARY CONCURRENT I/0

Syntax

fI0 40, IOCB, AUX1, AUX2, "“R:=:"

-—u—-—uh‘
b b ey S

Asserticns

1. 1IIC 30 must be used after IOCB is OPEN and mode =
ceoncurrent.

2. Concurrent I/0 is terminated bty System Reset or
CLOSE.

3. XIO 40 sets values in the interface module tables.

- 3. After YIO 40 external devices, o¢ther that one OPEN

port, may not be used.

5 AU0OX1 = 0.

6. AUX2 = Q.

7. If OPEN and mode = concurrent then device handler
sends each character as its read to the interface

module for transaission.
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B. When XIO 40 is invoked the iaterface module tuffer is
used for inmfput.
9. If OPEN and mode = coacurrent and XIO 40. invoked then

BAOD Rate must be egual or less than 300.

Specifications

XI0 40 changes the state of the interface module by changing
the use of the internal data buffer. Unliké block output
mode, concurrent mode sends each character to the interface
module as it 4is read. The interface amodule then processes
the characters ome at a time. When input is expected, that
data is stored inm a 32 word buffer until the interface
module is asked to sent it to SI0. If more data arrives than
will fit in the buffer, the oldest data is overwritten. To
preclude this the user program must process fast enough to

clear the buffer before it fills.

2.3.3.11 BASIC I,/0 CONMANDS
This section is intended to address only those astects of
the Basic 7I/0 commands that are related to inter-computer
communications using the Atari 850 Interface Module. For a
complete explamaticn of Atari Basic I/0 the user should
refer to the Atari Basic Users Manule.

A review of the buffers and data flow involved in the two

I/0 modes supported by the interface module is in order. Two
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buffers are available; however, their use is determined by
the I/0 mode selected in the AUX1 field of the CPEN. Figure
24 illustrates the use of the buffers in the Block Output

mode.
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USER VARIABLE |

- or ———t

SCREEN EDITOR | |

+ |

|

P o wa

PRI E=mmmmes DEVICE
BT e amman BANDLEER
] ] l
"oy e e o o e =
" peme——————s 32 BYTE I/0 |
" | BUFFER i
" Pt e e e . e o e o
" I
P———mee GTO +
{
| INTERPACE |
i NMODUOLE |
{ BOFFER i
e +

=== Control
-—== Data FPlow
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b e G PR e v e Sl s M i S e — e St S Sl s — A S m— e o PEee

Pigure 24: BLOCK OUTPUT I/O EUFFERS
Figure 28 shows the device handlers taking the data from a

user defimed variable or the screen editor and moving it to

~a 32 byte buffer located in page 4 memory (see Figure §).
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The buffer is allocated to —sﬁbport the RBRS~232-C ©rport when
the OPEN command is invoked. The IOCB bytes, Buffer Address
{low) and Buffer Address (high) {see Table 3}, point to the
specific area allocated. When the device handler detects one
of the fellowing conditions, it calls SIO to pass the buffer
contents to the interface module.

1« An Atafi EOL is encountered.

2. The huffer is full.

3. The IOCB is closed.

3. The XIO 32 coammand is invoked.

The interface module accepts and stores the - data in the
{intarface nodule buffer prior to sending it om to the other
computer. Input is mot supported in the Block Output mode.

PUT causes a Qingle 8 bit word to ke placed in the I/0
buffer. The buffer contents are not sent to the interface
module until one of the release criteria listed above is
zet.

PRINT causes a single line of data ending with an Atari
EOL to be moved to the I/0 buffer. The device handler will
take care of necessary interupts if the buffer fills bhefore
+he EQL is encountered. The primitives that implement the
Print aléorithn.require an EOL. Otherwvise, an I/0O error will
occur.

_ Fiqure 25 illustrates the use of btuffers and the data

flov in the concurrent mode.
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Pigure 25: CONCURRENT I/O BUFPERS
In concurrent Dpode the interface module buffer and the
I1/0 buffer are dedicated to recieving inrut from the other

computer. Therefore, output is handled differently than in
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the block outpnt mode. In concurrent mode the output data is
sent one word at a time through the interface module to the
other coaputer, passing throuqh the chain, device handler,
sio. interface module, and other computer, without being
placed in a tuffer.

Input from the other computer is stored in the interface
module buffer until called. It then moves through the chain,
interface module buffer, to SIO, .to I/C buffer, to device
handler, to anser variable or screenm editor. When the other
computer sends more data than the interface module buffer
will hold, there is no automatic provision to prevent loss
as the oldest data in the buffer is overwritten.

PUT and GET cause a single word (8 bits) to be-
transfered. The difference is that in concurrent mode PUT
causes the word to be sent directly to the other computer.

PRINT and INPUT are line oriented, but PRINT causes each
word to be sent to +the other computer until the EOL is
encountered. Both ccmmands require an EQL or am I/0 error

will occur.

Syntax
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GET IOCB#, user defined variable
POT IOCB#, aritﬁietic expression
INPUT IOCB#; user defined variable
PRINT ICCB#; user defined variatle

PRINT IOCRE#, user defined variatle

R L
bt e i b e e — e e S i S

Assertions (Global)

f. IOCB must be OPEN to direct I/0 commands to a port.

2« If OPEN = concaurrent node then I/0 Lbuffer and
interface module buffer dedicated to input.

3. If OQPEN = Block Output mode then I/0 buffer and

interface module buffer dedicated to output.

Assertions (Qutput)

f. Basic output commands are PRINT and- PUT.

2. If OPEN = Block 6utput made and data stream longer
than 32 hytés then device handler prevents loss of
data.

3. If OPEN = Block Output mode then one of four release
criteria must be satisfied.

a) Buffer is filled.

b) Atari BOL is encountered.
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4.

¢) IOCB is closed.

d) XI0 32 command is invoked.

If OPEN = cancurrent then I/0 buffer and interface
module buffer are not used.

If OPEN = condurrent then each 8 bit word is sent to
interface nodule individually. |

If OPEN: = Block OQOutput mode <then INPUT and GET

commands will cause I/0 error.

Assertions (Input)

1.
2.

Basic input ccmmands are INPUT and GET.
If OPEN = concurrent mode thenm input data can be lost

in the interface module buffer.

Assertions (PRINT)

1.
2.

l.

PRINT = line of data ending in Atari ECL.
If PRINT syntax = semicolon (3;) then Atari EOL sent

to interface module.

‘If PRINT syntax = comma {,) then Atari EOL not sent

to iqterfacq module.

Assertions (INPUT)

T

2.

INPOT = line of data ending in Atari EOL.

User defined variable = stripng variable or numeric

variable.
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3. If user defined variable = numeric then input data =
digits, sign (optional), decipal point {optional),

_and exponent {opticnal).
Assertions {GET)
'« GET = transfer of one 8 bit word.
Assertions {PUT)

1. PUT = transfer of one arithmetic expression.

2. Arithmetic expression = 1 to 255.

Specifications

The output coamands, PRINT and PUT, cause data to e
transfered from the Atari computer to the interface module.
In Block Output mcde, 32 byte blocks of data are tramnsfered.
In concurrent mode both commands result in sending one byte
at a time. The essential difference im concurrent mode
output is that PUT must be invoked £for each arithmetic
expression (byte) +transfered, while PRINT causes a line of
data to be transfered one bhyte at a time until an EOL is
encountered. String data must be converted to a decimal
equivalent for PUT to be use&.

The input commands, TINPOT and GET, are used only in the

.

concurrent mode. #hen INPUT is used the data type received

must match the user defimed variable. That is, Character
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data cannot be INPFUT to a numeric variable. Further INPUT
requires that the input data stream <c¢ontain Atari EOLs.
That nmeans the ASCII CRs must be converted to EOLs by
translation 1in the interface module. If the input data:
strean cannot nmeet this requirement them the GET command

should bhe used.
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Chapter 1III .
A SANPLE INPLENENTATION

The physical and logical mnmodels of Chapter 2 will now be
used to develope a brief Atari Basic program to demcnstrate
the  applicability of the systen to inter-computer
communications. A Perkin Elmer model 8/32 will be used as
+he far end of this network. Preparatory actions will be
described in the section Protocol followed by an

Inplementation section and a Comments section.

3.1 PROTOCOL
The Perkin Elmer serves a large number of customers so
negotiation of the protocol is not possilkle. The protocol
currently in effect must be used. The following list details
the requirements to Le met.
1. The ASCII character set is used.
2. The Perkin  Elner reflects a copy of eéch data
character received.
3. The BAUD rate is set to 300.
4. The Perkin Elnef requires a DSE signal from alll
resote sites. |

5. 7 bit words are used.
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6. 2 stop bits are used.
7. EBach Perkin Elmer transmission will contain lead and
trail padding characters. Example: _ _ - data - _'_.
8. Circuit signal requirements are BS-232-C compatible.
The protocol reguirements are within the capability of the

Atari systex; implementation is possible.

3.2 I ENTATION

Having determined that the protocol requirements can be met,
implementation becomes a matter of configuring the Atari
systen to perform within the stated limits. This will be
discussed in three parts; Physical Environment,

Confiquration of Ports, and Execution.

3.2.1 PHYSICAL ENVIRONHENE

Physical preparation of the system consists of ensuring that
the required incoming and outgoing circuits are properly

matched. Pigqure 26 shows the relations needed.

L 1 |
! ]
H ATARI PERKIN ELMER |
i |
1 TR {=====um ¢ DSE |
i Receive Data s Send Data |
] Send Data ====== Receive Data |
| signal Ground {====== Signal Groumnd |
i ]
L ]

Figure 26: CIRCUIT MATCHING
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3.2.2 CONPIGURATION QF PORTS

The default or inmitial state for the ports is shown in Table
4 abaove. While the ;araneters BAUD rate, append lin; feed,
and tramslation aeet the protocol requirements, the
remaining parameters will require a state change. The Atari

Basic commands that will make the needed changes are XI0 34

and XI0 36. These commands are shown in Pigure 27 below.

XI0 33, #2, 192 + 3, 0, "RI:®
XIc 36, #2, 16 + 128, 0, "RT:z"

PT Bt B dmie Same Y
e

Figure 27: EXAMPLE CONFIGURATION COMMANDS

The. ADX?1 value of the XIO 34 command sets DTR = ON and XMT =
MARK . This will cause the interface module +to send the
expected sigqnal to the Perkin Elmer on DTR. The Atari users
panuals dc not tell the initial state of the XMT circuit so
it is set to MARK tc be sure. The AUX! value of the XIO 3&
command changes Word Size to 7 and Stop Bits to 2, @meeting
the protcoccl. Traaslation is left on Light to handle the CR
and ECL conversions.

Translation requires some explanation as it will be used
in cosjunction with short words. A review of the interface

module input and output function sequence is in order. When
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the interface module receives a 10 bit word from from the
Perkin Elmer, the start bit and +two stop bits are stripped
and the 7 data bits expanded by setting the hiqh arder bit
to 1. Parity, the next step is disabled because the word
size is less than 8. Translation sets the high order bit to
0, <checks for a CR, changes it to an EdL, then sends the
word to SI0O. When the interface module receives the word
froma SIQ the opposite sequence occurs. Translation checks
for an ROL, changes it to CR, then sets the high order bit
to 0. Again parity is disabled because of word size. The
high order bit is truncated and the word is sent. Therefore,
Tranélaticn can be used even though short words are being

sent.

3.2.3 EXECUTIOR
A brief Atari Basic program is listed below to demonstrate
the use of the port configuration commands by sending a

"sign on" message and receiving a responce. .

10 DIM OUTRECS (32)

20 LET OUTRECS = “SIGNON NAME,21,Cs720v
30 XI0 38, #2, 192 + 3, O, "Ri:"

30 XI0 36, #2, 16 + 128, 0, "Rizn

50 OEEN $#2, 8, 0, "R1s"

€0 PRINT #2; OUTRECS
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70 xI0 32, #2, 0, 0, "R1z"
B0 CLOSE #2

90 QPEN #2, 13, 0, "R1:"
106 INPUT #2; OOTRECS
110 CLOSE #2
120 PRINT OUTRECS

130 sTOP

The +trival program above has 1little value other than
demonstrating the port configuration commands. The program
configqures the port, 1lines 30 and 40, to meet the protocol
discussed above. The IOCB is OPENed to the port, line 50, in
Block Output mode. The "signon" messaqe is output, lines 60
and 790, and forced to the interface module. The port is
CLOSEd, line 80, and reOPENed in concurrent 1/0 mode, line
90. The Perkin Elmer responce is captured, line 100, and the
port CLOSEd, line 110. That portion of the responce that was

not overwritten is printed to the monitcr, line 120.

3.3 Cgo TS

The example does not work. Although it demomnstrates the use
of the Atari configuration commands, it fails. It appears
that there are u#dccunented faults in the Atari 0S which

cause the failure.
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<FULL-80>
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ABSTRACT

This report developes a simple yet formal model of
inter-computer communications for am Atari micre computer
systen. The model is presented as an example of desirable
structure for technical docﬁmentation. Finally the model is
used to 1illustrate an example Atari configuration for

inter-computer comaunication with a Perkin Elmer 8/32.



