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ABSTRACT

D

This thesis is an attempt to prove the value of the

Control System Design Environment by designing a shipboard-
9

or ground-based data link receiver to communicate with the

data link installed in the Coast Guard HH-65A helicopter.

The Control System Design Environment was intended to allow
I

a designer to use a highlevel language to describe the

required inputs and outputs of a system. This high-level

language, the Control System Design Language (CSDL) is
I

translated into a list of primitives by a Pascal program,

CSDL.PAS. The primitive list is then compiled into assembly

language by a FORTRAN program, NEWCSDL.FOR. The final
I

output includes the hardware and software lists to build a

controller that meets the designer's specifications. This

particular project includes a project design much more

ambitious than any previously attempted in the Control

System Design Environment.
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I. INTRODUCTION

The design of electonic equipment, including micro-

processor-controlled equipment, has traditionally been a

time and money consuming proposition. The design must be

worked out manually and paper-tested, changes and

improvements made, and more paper-testing performed. When

it appears that the design is feasible, one or more

prototypes are built and tested. Building prototypes is

expensive because they are labor-intensive and fail to

benefit from economies of scale. The use of computer aided

design (CAD) has become more prevalent in many design

applications in recent years because of these reasons. One

such design aid is the Control System Design Environment

proposed by Matelan [Ref. 1] and implemented by Ross [Ref.

2].

The Control System Design Environment makes use of the

Control System Design Language (C9DL). This high-level

language provides the user with a method to describe the

inputs and outputs of a controller and specify time

constraints for completion of the required tasks. A

translator program takes the CSDL problem statement written

by the user, tests the syntax, and then generates symbol and

variable tables. It also translates the CSDL statements

7
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into a format called the primitives list with the associated

parameters and selection criteria. The primitives are used

as macro calls to the realization libraries. These

libraries are based on families of microprocessors. The

original library built by Ross consisted solely of the Intel

8080 family. Recent additions to the realization libraries

include the Zilog Z80 by Smith ERef. 3] and the Intel 8086

by Cetel [Ref. 4].

A family of microprocessors is chosen for the

implementation by the designer and noted in the CSDL

description. A solution is attempted and if it fails,

another family is chosen and another solution is tried. If

all families fail, the failure is reported to the user.

When there is a success, software is generated to support

the hardware, and monitor code is output for the overall

control of the system. The automation of these functions

i makes it possible to rapidly and inexpensively design,

build, and test prototypes. The ability to describe the

functional specifications of a control process in a

high-level language and let the CSDE provide output in form

of hardware and software design can greatly simplify the

work involved and thus lower the cost of producing working

prototypes.

The application of the Control System Design

Environment (CSDE) to the design of hardware and software

for controller applications has been explored by a number of

10
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researchers since Ross first designed CSDL. Some of those

who have contributed to CSDE include Carson, Cetel, 0

Heilstedt, Pollock, Riley, Sherlock, Smith, Walden, and

Woffinden. Their accomplishments and contributions are all

recorded in their respective theses. [Refs.5-133

The goal of this thesis is to attempt a validation of

the Control System Design Environment. This will be

accomplished by using CSDE to design a microprocessor-based

data link receiver for the data link to be installed in the

Coast Guard HH-65A helicopter. Since CSDE was designed to

produce process controllers, the production of a data link

receiver will demonstrate the flexibility of the Control

System Design Environment to handle additional and more

complex types of problem descriptions beyond those

considered in the original design of CSDE.

This project is a departure both in size and scope

from any previous attempt at using the CSDE system. Several

researchers have used CSDE to design controllers. Pollock ..-. -

used CSDE to design a fuel injection system for an

automobile in 1981 rRef. 143. Heilstedt designed digital

filters using CSDE in 1983 [Ref 15). The latest CSDE design

is an automatic start sequencer for a jet engine performed

by Riley in 1984 (Ref. 16]. The design of a micro-

processor-based data link receiver is a much more ambitious

application than any of these previous works. It requires

the movement of strings of data throughout the system while 0

9

.~• - ,°



watching for keyboard input from an operator. The goal of

the project is concerned with the use and abilities of the

CSDE and not with producing a working prototype of a unit

that will function according to Coast Guard requirements.

The data link receiver will be a subset of and not a

complete implementation of the Coast Guard requirements and

specifications as outlined in the next chapter.

10
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II. DATA LINK RECEIVER SPECIFICATIONS

Development of systems, including computer systems,

can be costly due to the time and effort required to design,

build, and test prototypes. The use of the Control System

Design Environment can dramatically reduce the time and

effort involved in designing a microprocessor system and in

producing the associated software. The cost of a system is

spread over the number of items produced, and in general,

prototypes are produced in small, and thus expensive,

quantities. The automation of the design of hardware and

software promises to greatly reduce the cost of the design

and prototyping portions of new systems development,

especially those systems that will be produced in small

numbers.

An example of a system currently under development was

chosen for an implementation under CSDE for this thesis.

The U.S. Coast Guard is presently acquiring a new heli-

copter, the HH-65A. One of the features of the aircraft

avionics suite is a data link transceiver which will

automatically send and receive flight information data.

Unfortunately, there is no compatable transceiver available

for use aboard Coast Guard cutters or at air stations. The

potential contributions to a wide range of Coast 6uard

11
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missions, not to mention the safety of flight ramifications,

make automated communications between Coast Guard

operational units via data link extremely desirable.

It is virtually impossible today for the U.S. Coast

Guard to conduct truly covert law enforcement operations

with helicopters deployed aboard cutters or based at air

stations. Safety procedures call for a number of emitters

to be employed for the duration of the flight. A properly

equipped smuggling operation can gain considerable

intelligence against the Coast Guard, particularly from

voice communications. Voice communications are notoriously

susceptible to monitoring with any of a number of relatively

inexpensive scanners available in the electronics market.

Making such communications protected or secure can deny the

smuggler the information contained in the transmissions, but

it cannot conceal Coast Guard presence during the critical

preliminary search. A system is needed that will allow the

passing of safety and other important data between a

helicopter and its cutter or air station and, at the same

time, lend a higher degree of covertness to the operation.

Since the new HH-65A helicopter is being built with a data

link capability installed as part of its avionics package,

there exists an opportunity to conduct covert law

enforcement operations with cutters or air stations. Since

the data link can send position and operations information

automatically using preselected time periods, the pilots are

12
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relieved of one more duty that distracts from the mission

accomplishment.

From the pilots' point of view, a data link capability

means that their attention need not be diverted from the

normal scan of aircraft instruments, the airspace around the

helicopter, and the water or ground over which they are

searching. The onboard computer system does many of the

navigation functions automatically and, with the install-

ation of data link capability, can make the required

operations reports to the controlling Coast Guard unit. On

a typical mission the aircrew must monitor the UHF and/or HF

radios for communications with their controlling unit, the

VHF-AM radio for normal communications with FAA facilities

and other aircraft, and the VHF-FM radio for communications

with vessels. Thus, the pilots must monitor up to four

different radios simultaneously while communicating with

other members of the aircrew over the internal

communications system (ICS). These communications

requirements tax the concentration of the aircrew and

contributes to their fatigue. The data link can relieve the

crew of one duty while enhancing the security of the flight

operation.

The Coast Guard Office of Operations sent a memorandum

to the Office of Research and Development in June 1983

requesting development of a shipboard version of the data *

link. The performance standards and specifications listed in __

p .. . ~ . ~ * ~ * ~ * *-..p--. *



that request have been used as a basis for the functional

specifications for the CSDE implementation of this thesis

project.

The performance standards and criteria outlined in the

request for support specified a "shipboard version of the

data link built into the HH-65A helicopter". This language

does not reflect the possible use of the data link at a

Coast Guard Air Station. This thesis will assume that the

design of shipboard equipment will be more than capable of

working ashore as well as at sea.

It would be possible to use a commercially available

microcomputer for this project. Writing the assembly

language software to drive that system would not be too

difficult. This approach, however, would provide a software

engineering problem without adding anything new to the

knowledge base of computer-aided design. It is far more

enlightening to attempt the project through the use of CSDE

in order to reduce design costs for new systems.

The goal of this project is concerned with the use and

abilities of the CSDE and not with producing a working

prototype of a data link receiver unit that will function

according to Coast Guard requirements. The data link

receiver designed using CSDE will be a subset of and not a

complete implementation of the specifications listed by the

Office of Operations. Because of this, there will be no

14
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effort to fully meet the performance requirements specified

in the request for support.

The following is a listing of the requirements and

performance standards as stated in the request and describes

"o ."24

how each "ill be addressed in this project.

The data link receiver system:

1. Must operate on all frequencies (selectable)

from HF to UJHF (30.000-399.975 MHz).

Comment: This is outside the scope of the

thesis work and will be assumed to have been met.

The point of this thesis is not the solution of

interfacing problems with the radio transmitters.

2. Must be compatible with the AN/ARC-182

transceiver on the HH-65A helicopter.

Comment: This is outside the scope of the

thesis work for the same reasons as cited in the

paragraph above and will be assumed to have been

met.

3. Must be compatible with data link system

presently installed in the HH-65A. This system,

manufactured by Collins, operates at a 300 baud rate

with data burst.

15
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Comment: This is central to the design but

little information was available for use in this

thesis. The details will be addressed later in this

sect i on.

4. Must be of the smallest size and weight

practicable for installation in CIC/CSC on all

flight-deck equipped cutters, up to 200 feet from

transceiver and antenna. A remote readout for the

pilothouse is extremely desirable.

Comment: The small size and weight should

follow from an efficient design. The installation

aboard cutters will be assumed as will the solution

regarding the distance between transceiver and .

antenna. The remote readout requirement will not be

addressed. It is expected that the addition of a

remote readout will be relatively simple when the L

system design is complete.

5. Must be capable of automatically tracking and

polling at least three aircraft in sequence at

selective time intervals from 5-30 minutes, and must

be capable of manually polling an aircraft data _

link.

Comment: These requirements will be met in

full.

16
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6. Must be capable of providing an automatic

response to an aircraft interrogation. This 0

response would give the cutter's position by the

best electronic navigational aids available and

would provide for data verification, as in the 0

HH-65A system.

Comment: The acknowledgement of a message

receipt and the reply with a position will be met.

Provisions for manual input of navigation

information for use with a stationary receiving unit

(an air station) will be included. This will also p

mean that manual input will be possible aboard a

cutter if the electronic navigational aids become

unusable. The data verification will not be

included for reasons stated later.

Attempts to acquire the actual protocols for the .

communications and the technical specifications for the data

link equipment installed in the HH-65A helicopters failed.

Coast Guard sources could not provide the necessary infor-

mation. The Collins Government Avionics Division of

Rockwell International Corporation, makers of the H4-65A

data link, did not respond to requests for the information. .

The protocols, message formats, and other specifications

used in this thesis are estimates of what and how the data

17
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link system should work and not the result of any

propproprietary information.

The data link receiver is configured as shown in

Figure 1. There are four inputs: from the radio interface

unit, the electronic navigation devices interface unit, the

clock, and the keyboard. There are four outputs: to the

radio interface unit, the video display unit, the printer,

and the clock. All nputs to and outputs from the system are

digital signals using ASCII code.

There is a pattern of levels of abstraction in this

view of the project. At the center is the data link

receiver processor designed for this thesis. This processor

is responsible for the proper routing of messages to and

from memory, calling menus from ROM and sending them to the

video display terminal, updating positions, and performing

tasks in response to input from the keyboard. It is assumed

that there is a radio interface unit that receives and

processes all signals. If a message is addressed for this

particular Coast Guard unit, then the radio interface unit

receives the message, checks the correctness of the message,

and sets a flag to tell the data link receiver controller

that a message awaits.

The electronic navigation devices are an abstraction

for the actual machines that compute the receiver unit's

position. These devices may include LORAN-C, OMEGA,

navigation satellites, or any other navigation instruments

18
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that may be polled by the navigation interface unit. These

devices pass their position information to the navigation

interface which sets a flag to let the main processor know

that a new position has been computed. The system operator

may override the automatic polling of the interface unit by

the system processor in the event of a malfunction in the

navigation instruments. In the case of a shore unit, there

is no need for a navigation interface. The operator would

manually enter the position of the air station and set the

system to prevent the interface being polled in the case

where the receiving unit is a shore unit and thus in a

constant position. The same method could be used for a ship

at anchor when most navigation devices are normally secured.

It is essential that the ship's position be sent as often as

necessary to keep the helicopter's computer updated.

The third input comes from a clock. The clock is used

for time-stamping the positions computed by the navigation

devices. This information is passed as part of the acknow-

ledgement messages sent in response to a helicopter's

message and also when polling helicopters. The radio

interface unit is assumed to have direct access to the clock

to obtain the time. The output to the clock from the

processor is for setting the date and time and is entered by

the operator through the keyboard.

All commands to the system are entered using a

keyboard. Menus are provided on the video display unit for

20
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the operator's assistance. Most inputs through the keyboard

consist of single keystrokes for the selection of operations

as listed in the menu currently displayed. There are

several cases where more than one keystroke is required.

When an aircraft is logged into or out of the system, the

clock is set, or the position of the receiving unit is

manually inserted, the operator must enter the appropriate

number of characters.

The video display unit may consist of some sort of

smart terminal or it may be an interface unit between the

main data link processor and the VDT. In either case, the p

data link receiver's processor need only send certain codes

to the video display port. These codes trigger the

appropriate actions by which a driver in the video display

interface causes the menus to be displayed on the screen.

Messages from the helicopters are displayed in a similar

manner. This is another advantage of the levels of

abstraction. The technology, architecture, and implementa-

tion of the device is invisible to the data link receiver

processor. .

The printer receives its commands and data in a manner

similar to that of the video display terminal. It does not

receive as much text as the VDT because the menus are not

printed. It exists in the system mainly to provide hard

copy output of the message traffic during a mission. Should

the hard copy not be required or desired, the operator has

21
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only to secure the power %witch of the printer. This makes

the overall system simpler because there is no need to 0

include an on/o4f function for the printer in the system.

This approach of levels of abstractions is a

reasonab's one for several reasons. It would be difficult

for CSDE to design a controller that would perform all the

requirements of this controller and still be able to meet . "

the required time constraints for each task. The overall

system must monitor the airwaves, receive a message, check

it for validity, and store it properly not to mention all

the other functions required to drive the video display

unit, monitor the keyboard for input, and other such tasks.

One criticism of CSDE has been that there is no way to

force a design with two CPUs [Ref.173. CSDE will design a

system with two processors when one cannot perform all the

functions set forth by the designer within the required time

constraints. Nor does CSDE presently allow for more than

two CPUs. There are, however, ways around these limit-

ations. The central part of the receiver is designed with

the assumption of several "smart" interfaces. These other

interface units may also be designed using CSDE as long as

the user is careful to specify compatible links between the

units. The result is a number of processors integrated into

one system much as an operating system or a communications

network may be viewed as consisting of layers.

22
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The radio interface will receive messages sent to the

particular receiving unit. The message will be tested for

completeness and correctness. If the message passes this

test, it is held in a buffer and a status flag set. The

processor checks the status bit when it polls the radio

receiver and if it is set, it reads the message into memory

in a serial fashion and passes it to the video display unit

and the printer.

The radios, navigation devices, and the keyboard are

polled according to the time constraints in the CSDL

contingency list. The number of polls of a device per time

period vary with the immediacy of the input. For instance,

the keyboard will be polled more often than the navigation

device. The system must respond to keyboard inputs fast or

the operator may become frustrated or think the system is

locked up. The position of the unit doesn't change at a

fast rate so the position need only be updated every minute

or so.

The system will handle at least three helicopters

simultaneously. A maximum of ten aircraft may be logged in

at any given time. The tail numbers of the helicopters must

be logged into the system memory manually by the system

operator. The system will receive and process messages from

an aircraft not logged in as long as the receiving unit is

specifically addressed in the message. It will not,

23
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however, poll any helicopter that is not logged into the

system .

The polling of aircraft is done either automatically

or manually as selected by the operator. If the polling is

on automatic, the operator must select a polling time period

from I to 30 minutes in duration. The normal reporting

period for a Coast Guard helicopter is every 15 minutes.

The performance standards and criteria for the system

specified periods between five and thiry minutes. A one

minute interval was added for closer monitoring of a

helicopter during an in-flight emergency or a critical

period during a search and rescue case or law enforcement

action.

Messages from the helicopters are fixed in format.

The messages are received and held in a buffer by the radio

interface. While the message is read into memory, it is

printed on the video display terminal and on the printer.

Messages are acknowledged by the radio interface by sending

the position of the receiving unit and the time the position

was calculated back to the helicopter. The position is 0

read from the navigation interface by the processor and

stored in memory. It is called from memory when needed and

passed serially to the radio interface.

A garbled message from an aircraft is not

acknowledged. When a message is not acknowledged, the

helicopter's data link processor will resend the message 0

24
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after waiting a random period of time. The message will be

sent again and again with random wait times between

transmissions until acknowledged. After being sent a

certain number of times without acknowledgement, the pilots

are notified by a message printed on their VDTs.

If two or more helicopters send messages simul-

taneously, none will be acknowledged. This contention is

not serious since the helicopters will resend their messages

after waiting a random period. The messages are short (less

than 64 bytes sent at 300 baud) and most cutters operate

with only one helicopter at a time. An exception are the

five polar icebreakers that normally carry two helicopters.

Operations from air stations present the highest probability

of contention since they might have two or more helicopters

airborne on missions at the same time. The short duration

of the messages coupled with the few aircraft generally

under the control of one unit plus the random timing for

resending a message creates a situation where the contention

is self-correcting.

The messages are stored in the same packed form as

they are received. When the messages are processed for

display, they are filled out with the necessary descriptive

enhancements. The overlays or templates for this purpose

reside in ROM and are inserted by the video display unit as

the messages are displayed on the VDT. The system has the

ability to store the last ten messages received in memory.

25
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The protocol of the data link transmissions include

the preamble, control data, and information. The preamble

and control data sections are used by the radio interface.

The information section alone is passed to the processor by

the radio interface. The information section of the message

follows the format below. The number of characters in each

field are shown in parentheses.

1. Helicopter number. (From)

4 digits (1409)

2. Ship/ground station identifier. (To)

4 digits (7184)

3. Date and time. (DTG for message numbering)

12 characters (311545ZHAY84)

4. Position time. (This is the time the position

was calculated. The time may be local or Zulu,

depending on local doctrine).

4 digits (1543)

5. Message type. (Message types include normal

position reports, poll response, etc., or mission

type such as fisheries patrol, drug interdiction,
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search and rescue, etc., and can declare an aircraft

emergency)

1 character (3)

6. Position. (Latitude/Longitude. Format is

degrees, minutes, and tenths of minutes followed by

N or S for latitude, E or W for longitudel i.e.,

Lat =ddmantN, Long =dddmmtW)

13 characters C36429N088321W)

7. Ground speed (in knots).

3 digits (105)

S. Track (in degrees true).

I

3 digits (220)

9. Fuel (in pounds, less reserve).

4 digits (1200)

10. Wind direction (in degrees true).

3 digits (345)

11. Wind velocity (in knots).

3 digits (022)

,h. 27
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12. Altitude (in hundreds of feet).

2 digits (12)

13. CRC (cyclic redundancy check. This is used in

the radio interface unit but is not read into the

processor's memory).

Each field of the message will be complete, that is,

each field will use its full number of characters. If the

information for a particular field is unavailable for some

reason (the failure of an instrument such as the

omnidirectional airspeed indicator or lack of an updated

position because of loss of LORAN lock on) the field will be

filled with blanks (20H). Fields that are short will use

blanks (20H) or zeroes (OOH) as appropriate to pad the data

field.

The format for the examples given above looks like

this:

31 34 30 39 37 31 38 34 33 31 31 35 34 35 5A 4D 41 59 38 •

34 31 35 34 33 33 33 36 34 32 39 4E 30 38 38 33 32 31 57

31 30 35 32 32 30 31 32 30 30 33 34 35 30 32 32 31 32

These numbers are hexidecimal representations of the ASCII

characters for the numbers and letters used in the

exampl es.
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Keyboard inputs provide the operator's control over

the system. The input system is simplified to the point

where single keystrokes are all that are necessary to invoke

different functions. When a keyboard input is detected, the

appropriate menu is placed on the video display unit. The

operator uses single keystrokes to select and invoke the

different system functions. The menus are contained in ROM

and are written to the VDT by the video display unit

interface. The data link receiver processor sends the

appropriate code to the video display unit interface to call

the menus to the screen.

29
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III. CSDL DESIGN

The Control System Design Environment was first
p

proposed by Matelan [Ref. 18] as a method of simplifying the

design of process controllers. Ross implemented the Control

System Design Language (CSDL) as part of this environment

[Ref. 19]. The designer of a controller system describes

the inputs and outputs needed and the required response

times for different functions. Using this high-level
I

language makes the design of the controller much simpler

than it would be without the use of computer-aided design

tools.

Some of the syntax rules of CSDL should be mentioned.

CSDL programs must be in upper case characters only. Most

statements end in a semicolon. The names of functions end

with a colon while task names end with a semicolon. The

final end statement has no punctuation. Variable names

cannot exceed ten characters. Because they are later
I

truncated to six characters, the user should insure that the

first six characters in a name are unique. A complete

listing of the formal syntax of CSDL is available in
I

Carson's thesis CRef. 20].

There are five sections to CSDL programs. The

sections are Identification, Environment, Contingency List,
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and Procedures. The Identification section is simply the

name of the designer, the date, and the project name. It is

intended to identify the program and does not have any

.9" Ieffect when the program is run. It appears in this format:

IDENTIFICATION

DESIGNER : "SUTTER FOX"
DATE : "05-31-84"
PROJECT : "COAST GUARD DATA LINK RECEIVER"

The second section is the design criteria. This is

the portion of the program where the designer can choose the

primitive list and processor family for CSDL to use. At

present there are three realization libraries. They are

based on the 8080, ZBO, and 8086 microprocessor families.

The format for the design criteria section is:

DESIGN CRITERIA
• " METRIC FIRST; :

VOLUMES 1;

MONITORS 1;

METRIC FIRST refers to the first realization that meets the

the timing requirements of the system. Alternatively, the

designer may prescribe cost or power as the minimum

requirements for the system. VOLUMES refers to the

realization libraries in the order they are numbered. Since

only one volume was resident when this project was

translated, the first (and only) volume was designated. As

with the realization volume, there is only one monitor

volume for the realization volume, and thus the first (and

only) monitor is selected.
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The design variables are declared in the environment

section. The system f or the data link receiver produced

under CSDL requires a greater number of variables than any

earlier attempt at a CSDE controller generation .This will

be discussed in more detail later in this chapter. There

are three types of variables in a CSDL program. Input

variables are values that are sensed by the controller from

the outside of the controller processor. The output

variables send values outside the controller. The

declaration of these variables includes the number of lines

necessary between the controller and the outside world and

the type of technology desired for their design. The third

type of variable is the arithmetic variable. Arithmetic

variables used in computations within the controller

itself. The declarations made in the environment section

are analogous to declarations made in a block structured

language such as Pascal, Ada, or PL/I. The format of the

environment section is:

ENVIRONMENT

INPFUT :KEYFLG,1,TTL; KEYCHAR,B,TTL;
MANPOS,B,TTL; END INPUT;

OUTPUT :MENU,8,TTL; POLL,6,TTL;
MS6VDT,8, TTL; MSORCVD, 1,TTL;
END OUTPUT;

ARITHMETIC :KEVINMAIN,9; MINTAC,8;
NEXTMSG,8; NEXTAC,8; COUNT,B;
END ARITHMETIC;
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The procedures section is much the same as found in

block structured languages. This section contains the high-

level descriptions of the arithmetic and data manipulations

required to make the system work. There are two types of

blocks within the procedures section: functions and tasks.

The functions and tasks are always coupled in what are

referred to as contingency/task pairs. Each function is

evaluated in its turn as set forth in the contingency list.

If it is true, its associated task is performed. The

requirement that each function have one and only one task

creates some problems with programming with CSDL that will

be discussed later. An example of a function and a task

fol lows.

FUNCTION KEYINMAIN:
BINARY, 1;
SENSE (KEYFLA);
IF KEYFLAG = I THEN KEYINMAIN : II END IF;

END KEYINMAIN;

TASK KB IWAI N;
MENU: =O ISSUE (MENU);
SENSE (KEYCHAR);
IF KEYCHAR = 1 THEN MINTAC := 1; END IF;
IF KEYCHAR = 2 THEN MMSGDSPLY := 1; END IF;
IF KEYCHAR = 3 THEN MLOCATION := 1; END IF;
IF KEYCHAR = 4 THEN MCLOCKSET := 1; END IF;
IF KEYCHAR = 5 THEN MLOGINOUT := 1; END IF;
KEYINMAIN := 0;

END KEYINMAIN;

FUNCTION KEYINIAIN is called according to the time

constraints set forth in the contingency list as described

in the next paragraph. The keyboard active status flag is

checked by SENSE (KEYFLG). If the flag is set, then the
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variable KEYINMAIN is set. Thus, the function is true and

the associated task KIDNPIAIN is performed. This task calls

for the video display interface to put the appropriate menu

on the VDT with the statements MENU:=O and ISSUE (MENU).

The menu presents the five selections available to the 0

operator and waits for input. Upon pressing a number key

from one to five, the appropriate variable is set to one.

Note that the variable is the same name as a function in the

CSDL program. When that particular function is tested and

is found to be true, its associated task will be performed.

The final line sets the function associated with the task to

zero so that it will not be performed again until set. It

is important in this data link receiver project to insure

that no more than one function be set at any given time in _.

order to preserve the flow of program control.

The fifth section is the contingency list. In this

section the designer lists the contingencies (functions)

that occur and the time constraints for performing the

associated tasks. This is where CSDL differs greatly from

languages that execute in a linear manner such as FORTRAN,

BASIC, or Pascal. The timing requirements may be such that

some functions are tested several times before another

certain function is tested at all. Some procedures (tasks)

may be performed every designated time period. The

execution of functions and procedures are dependent upon the

timing requirements the designer delineates in this section
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of a CSDL program. An example for the contigency section

is:

CONTINGENCY LIST
WHEN KEVINMAIN :100 11S DO KDINPMAIN; .-

WHEN MINTAC :100 MS DO INTAC;
WHEN SPIMANUAL :100 MS DO MANUAL,
W1EN SMAUTO : 100 MS DO AUTO;
WHEN TPOLL :100 MS DO POLLAUTO;
WHEN MLOCATION : 100 MS DO LOCATION;
WHEN TMLOCAT ION: 100 MS DO MANLOC;
WHEN POSCH : 100 MS DO POSUPDATE"
WHEN MMSGDSPLY :100 MS DO MS6DSPLYJ
WHEN MCLOCKSET : 100 MS DO CLOCKSETI
WHEN MLOGINOUT :100 MS DO LOGINOUT;
WHEN TLOGIN :100 11 DO LOGIN;
WHEN TLOGOUT :100 MS DO LOOUTI
WHEN SGIN :100 MS DO MSGSTORE;

Writing code in CSDL is not as easy or convenient as

in many high-level languages. There are several factors

that can make it a frustrating experience for those who are

used to the constructs available in languages such as

Pascal, PL/I, and even BASIC. The reader should not judge

CSDL too harshly. It should be remembered that the CSDL '

language was designed for simpler controllers than the one

attempted in this thesis.

There are no comments in CSDL other than those

enclosed in quotes in the Identification Section. It is

widely accepted that commenting within programs makes it

easier to maintain those programs. Since most candidates

for a CSDE implementation are relatively simple, and since

most CSDL programs will be written and implemented in a

fairly short time, this may not be a very big problem.

o5
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The data link receiver project would normally be a

candidate for an interrupt-driven system. As it is pres- p

ently implemented, CSDL has no ability to design systems

that use interrupts.

Since all contingencies and tasks in CSDL must be in a

one to one ratio, all the functions and tasks have been

placed together in the listing for this data link receiver

CSDL program. This makes it clearer for the reader (not to

mention the programmer) when perusing the code. There are

many menus in this system and the functions and tasks have

been named to reflect the fact that some menus are called

from other menus. The main menu presents five choices. If,

for instance, the operator selects "Interrogate Aircraft",

FUNCTION MINTAC is set to 1 (true). FUNCTION MINTAC is

paired with TASK INTAC. Functions generally have more

letters in their names than their tasks since functions

generally have a prefix added to the name of the associated

task. TASK INTAC calls up a menu wherein the operator may

select a return to the main menu without any function being

carried out, or the operator may elect to interrogate the

aircraft manually or automatically. If the selection is to

interrogate automatically, FUNCTION SMAUTO is set true.

TASK AUTO is paired with FUNCTION SMAUTO, and by now the

pattern may be clear to the reader. The name of function

that is set to true by a selection made under the main menu

is prefixed with an M. A menu called from a task that is
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associated with "M" function has a function prefixed with

"SM" for secondary menu. When there is another submenu, the

function name will be prefixed with "TM" for tertiary menu.

Tasks have names similar to their associated functions but

without the prefixs.

One construct that would be most welcome in CSDL is

the CASE statement. This would allow ease of programming

when one out of several possible paths would be chosen. The

lack of a CASE construct requires one to write multiple IF

statements which does not make for the most elegant

programming. Several of the procedures in this data link

receiver project have ten IF statements where some other

languages would be able to express the same function in one

or two lines. This does take up some space in memory but

when compiled it requires less space and may be

insignificant in terms of overhead. The real problem that

is evident is that there are many more variables than

necessary in most other high-level languages. CSDL does not

allow for subscripting variables which leads the designer of

a system to writing many more lines of code and having to

name each variable instead of using subscripts. For

exampley ten messages are required to be in memory at any

given time. This requires ten different variable names for

these ten messages. A pointer must keep track of the next

message block available for use and it would be quite simple

to use subscripted variables for this purpose. Since this
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is not possible, a series of nearly identical IF statements

must be traversed when locating the next block. The same

problem occurs when printing the messages. The code must

explicitly name each of the ten variables. It would require . -

less memory for the program to be able to refer to these

variables with subscripts and would also make for clearer

code. The complexity could be simplified by adding now

primitives that would allow for the constructs using

subscripted variables. Examples of tasks with multiple

statements that could be handled with a CASE statement

include KBINPHAIN, INTAC, and AUTO. Nearly every task in

this program could benefit from the use of subscripted

variables.

The original design approach was to divide the memory

for the ten messages according to the number of aircraft

logged into the system. Two message memories were to be

reserved for messages from helicopters not logged in. Thus,

there would have been a maximum of eight aircraft tracked

where each would have one message available for immediate

recall. This would be the worst case scenario and also

highly unlikely. If only one helicopter was logged in, the

system could maintain the last eight messages for that one

helicopter. Since CSDL does not provide a capablity for

indexing variables, it would be diffi-ult to provide such

dynamic allocation of the ten message memory areas.
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It is highly likely that there will be three or less

helicopters logged into one system at any given time. It is

less likely that there would be four or more aircraft logged

in simultaneously. Standard safety procedures call for a

helicopter to maintain a radio guard at all times and send

an "operations normal" and position report every fifteen

minutes. If there were three helicopters logged into one

system that would mean 12 reports in an hour. This means

that the two earliest reports would be overwritten by newer

messages at the end of an hour but there would be at least

three messages remaining for each aircraft. Even if there

wtere ten aircraft using the system, there would be at least

one message in memory for each aircraft. This would be the

last position sent and would be used as a datum for search

and rescue procedures should communications be lost with the

aircraft. Position reports include heading, track, ground

speed, and other environmental data that would provide

excellent search planning information. Since manual polling

of the helicopters is provided, it would be possible to

manually poll one or more helicopters enough times so that

there would not be any messages in the memory from a

particular helicopter. There are two backups in this case.

First, the printer should be enabled so that there would be

hard copy of all the messages. The second is the

multi-track audio tapes that monitor telephone and radio

. traffic at air stations and aboard the flight-deck equipped
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cutters. Should it be required in an emergency, the tapes

could be run back as far as necessary and then replayed to

feed the raw radio signals to the radio interface device.

Reading messages in from the electronic navigation

device interface created a problem when coding the program.

Each message is 56 bytes long and the input to the processor

is 8 bits wide. In order to read in the message, the 56

bytes must be read into the processor and sent to memory,

the video display unit, and the printer in a serial

fashion. There was no construct in CSDL that would read in

a string of characters of this length. This function is one

that is basic to the operation of this system. String

handling can be added by writing a new primitive that would

read in the 56 bytes or any other number by overloading the

SENSE (input) statement in CSDL. Without this addition to

the language, there could be no CSDL implementation that

would satisfy the requirements of the data link receiver

project. A similar primitive can be specified to write a

message out to the VDT and printer when the operator selects

that function. These primitives can be general enough that

they may be used for different sizes of strings.

When the CSDL program is completed, it is translated

by Carson's CSDL.PAS program. This program, written in

Pascal, takes the high-level CSDL program and translates it

into a primitive list for the controller. The primitive
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I

list is used in the next step in the control system design

environment process.

4 __-
I
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IV. IMPoEMENTATION

The next step in the process from the high-level

description to the hardware and software listings is to take

the output of the CSDL translator and feed it through Ross'

FORTRAN program, NEWCSDL.FOR.

The main task performed by NEWCSDL.FOR is to map the

primitive list compiled by CSDL.PAS to the selected

realization library. The output includes a listing of the

hardware to implement the controller and the assembly

language software to run it. Two files, the primitive list

and another containing information about the contingency

list, are used by the Optimizer Module in NEWCSDL.FOR to set

up a formatted application table and an index to the

selected realization volume. The Functional Mapper

constructs the Realization Timing Table and determines if

the realization is feasible. A monitor sequence is added

and actual values are substituted for dummy parameters and

an output listing is generated. If the Timing Analyzer

fails to find a feasible single processor realization, the

contingency/task list is partitioned and a dual processor

realization is generated under the control of the

Optimizer. For greater detail, see Ross' dnctoral

dissertation [Ref. 213.
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The project at this point had progressed from the CSDL

description through translation by Carson's CSDL.PAS

program. This was the second attempt to use CSDL.PAS on a

project. The first use was for a test of CSDL.PAS conducted

by Carson by running Riley's jet engine start sequencer

controller through the translator.

There were some problems getting the CSDL description

for the data link receiver project through the translator.

The data link receiver required so many variable names that

it exceeded the size limits set in CSDL.PAS. One problem

concerned a CASE statement in the CSDL.PAS program where 20

possible cases existed. This problem was resolved by

increasing the allowed number of cases to 95. There were

other errors generated in translation that were quite _

frustrating. One problem was overcome when it was

discovered that CSDL.PAS would generate errors whenever a

tabkey had been used to produce spacing within the CSDL

description. All tabkey spacing was removed and replaced

with spaces generated using the spacebar. CSDL.PAS should

be modified to allow for spaces generated by either the

space bar or the tabkey.

More problems were discovered when trying to run the

primitive list generated by CSDL.PAS through NEWCSDL.FOR.

FORTRAN is notorious for the inflexibility of program

inputs, which is a carryover from the days of card input.
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NEWCSDL.FOR is no exception. Title lines for functions and

procedures in the primitive files have the format:

1 6 23

p xxx t.gerierated for: procedure name

where xxx represents the line number of the primitive and t

stands for title line. The t.generated for primitive marks

the beginning of a new procedure. The procedure names in

the title lines of the primitive list as generated by

CSDL.PAS were in column 22. When NENCSDL.FOR is run with

the procedure name in the wong column, everything between

the title lines is ignored and error messages are generated

for each title line in the file. Each title line in the

primitive list had to be reformatted to meet the

requirements of NEWCSDL.FOR.

Another problem encountered in the translation was

that the s.ni primitive should have appeared as:

p xxx s.ni (':)

The s stands for a software primitive. An h stands for a

hardware primitive. The colons inside the parentheses are

required because they are used to separate variables,

parameters, and attributes. They were not in the primitive

list generated by CSDL.PAS. The colons were added using the

text editor. A similar error was discovered in the s.main

primitive.

*The entire primitive list must be in lower case

letters except for the function and task names. They may be

44SI°°%



:.:-- --

in upper or lower case as long as they are consistent with

the case used in the contingency list file. Although

CSDL.PAS allows variable names of up to ten characters in

length, NEWCSDL.FOR has a maximum of six characters. The

designer must insure that no two variables have the same six

first characters.

While the formatting errors and the lack of colons in

the proper places created some unnecessary work, the biggest

problem at this point was the incompatibility of the

primitive list and the Z80 realization library. For

instance, the function of one basic primitive is to sense a

. value on a particular input line to the processor. This

primitive has the form:

p xxx s.sensecond (keychar:8)

where sensecond stands for sense condition, keychar is the

name of some variable, and eight refers to the arithmetic

precision of the variable. It was discovered that the ZSO

realization library did not contain any realization of this

primitive.

The ZBO library was designed by Smith at the same time

Riley was working on the jet engine start controller. This

was before Carson's CSDL.PAS program was available. Riley

had to translate the CSDL listing into a primitive list by

hand. Since he chose to implement his project using the ZSO

library, he and Smith worked closely together. Prolog

equipment was used for the project implementation and so
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Smith geared the Z90 library toward that end. Thus, the ZSO

library was not as general as needed to produce contollers

using other hardware. In particular, the I/O primitives

were designed specifically to match the Prolog hardware.

The s.sense and s.issue primitives were not needed for the

Prolog implementation and thus were not included in the ZO,

realization library.

At this point it was decided to shift the emphasis

from using the ZBO realization library to the 8080 and 8086

realization libraries. There were two reasons for this.

First, the designer of the 8086 library, Cetel, was still

available to make adjustments to the library. Second, the

8086 library closely followed the example of the original

8080 library built by Ross. If the primitive list could be

adjusted to run under NEWCSDL.FOR, then two realizations of

the data link receiver could be produced. This would help

standardize the realization libraries to where any library

could be used with the primitive list output by CSDL.PAS and

further processed by NEWCSDL.FOR. --Z

Other problems remained stemming from the incom-

patibilty of the primitive list produced by CSDL.PAS and the

realization libraries. CSDL.PAS produced other primitives

that did not -,xist in the realization libraries. These

primitives included s.inputport and s.outputport. Inputport

and outputport are both primitives that remain to be added

to the realization libraries.
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The s.forcons and s.forend primitives in the 8080 and

8088 libraries are not in the same format. These primitives 0

mark the beginning and end of for-next loops. There are two :1 "

variables for the upper and lower values of the loop.

NEWCSDL.FOR expects actual numbers but CSDL.PAS produces

variable names instead.

The s.exitproc primitive marks the end of a procedure

in the primitive list. NEWCSDL.FOR was designed to use the

contingency name in the parameter list to reset the value of

the contingency to zero after the task was executed. The

CSDL program written for this project included a statement

at the end of each task explicitly resetting the

contigency. Ross decided that the realization libraries and

NEWCSDL.FOR would be changed to adopt this latter method of

resetting the contingency.

There are several different primitives with the same

names in a realization library. This is to allow for

different precisions of arithmetic manipulations.

NEWCSDL.FOR performs a binary search to find a primitive

name. When it finds the primitive, it searches up the 1 "

realization library index to find the first instance of the

primitive name. NEWCSDL.FOR then works down through the

index to find the first instance of the primitive that will

satisfy the precision required. For instance, s.var and
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s.cons primitives in the 8086 realization library had the

format:

s.var (nam,val: 0,8 :...etc)
s.var (nam,val: 0,16 :...etc)
s.var (namval: 0,24 :...etc)

where the O,n referred to variables with zero to n bits of

precision. It was discovered that NEWCSDL.FDR was choosing

the greatest precision available every time. This was

corrected by changing 8086 realization library to the

format:

s.var (nam,val: 0,8 :...etc)
s.var (namval: 9,16 :...etc)
s.var (nam,val: 17,24 :...etc)

The correct precision is now selected for these particular

primitives but the entire 8086 library must be examined for

other instances of this precision error.

NEWCSDL.FOR requires a listing of the contingency/task

pairs in a file named IADEFL.DAT as one of its inputs.

CSDL.PAS creates such a file but it is not in the required

format. A new line for the system must be added as the

first line in the file. The other columns must be corrected

to the format as set forth in Ross' doctoral dissertation.

The multiplication primitive, s.mult, was present in

the 8086 library as s.mul. The two precisions of multiply

were renamed s.mult to conform with the standard. The

s.mult primitive in the 8080 library had been changed by

Polluck from a strictly software implementation to one that

called an arithmetic chip to do a hardware multiply. The
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chip had been removed from the library at some point before

this project was started. Either the chip or the software

multiplication routine must be restored for the 8080 library

to correctly handle multiplication.

The size of the program also created problems in

NEWCSDL.FOR. One of the stacks in the Formatter Module

proved to be too small for the data link receiver project.

The stack overflowed before the completion of the

realization. The program was adjusted by Ross to allow for

a greater stack size. The output of NEWCSDL.FOR for the

8086 library is in Appendices D and E.

At the time of writing this thesis, the following

corrections and alterations to the primitive file must be

made for NEWCSDL.FDR to properly process it. The two lines

with

t.generated for: SYSTEM *********.

must be corrected to start the word system in coluar 23.

The second line,

s.MAIN C::)

must be changed so that the word main is in lower case

letters. All lines with s.inputport or s.outputport must be

removed from the program altogether until those primitives

are added to the realization libraries.

Even with these changes, some errors were still

produced. To avoid problems with the s.in, s.ni, s.forcons,

s.forend, and s.exitproc primitives, the original CSDL
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program was rewritten to remove for-next loops and timed

blocks. These primitives must be standardized before they •

say be used without concern for any errors they may

produce. The revised CSDL program is in Appendix B.

The two realization libraries now produce the software

and hardware listings to implement the data link receiver

project but not without errors. One prominent mistake is

that each time an input is sensed, another chip is added to •

the hardware listing. There should only be one I/O chip

produced for a particular input or output. At the time of

this writing, CSDL.PAS and NEWCSDL.FOR are being patched to 0

correct some of the problems discovered while designing the

data link receiver.

0

0

S
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V. CONCLUSIONS AND RECOMENDAT IONS

The Control System Design Environment holds great

promise as a tool for simplifying the work of designers and

reducing the expense of producing controllers. This

ambitious data link receiver project has shown that the CSDE

has greater application than may have been realized by those

who did the early work on it. This project has shown that

it may be possible to design a system in modules and use

CSDE to design each each of the modules independently of the

others as long as the interfaces are compatible.

This project has also demonstrated the necessity for

compatibility among the different programs within the

Control System Design Environment. Since the output of one

program is the input of another, there must be a conscious

effort to standardize the interfaces.

Heilstedt has recommended that NEWCSDL.FOR be

rewritten in a newer language than FORTRAN [Ref. 22]. While

it is true that other languages may be easier to maintain

than FORTRAN, there are other items in the Control System

Design Environment that should be addressed first for a

better return on the investment of the time and effort that

would be required. Since VMS on the VAX computer allows a

file produced under one language to be used as input to
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another languages there is no need to rush a reprogramming

of NEWCSDL.FOR. A rewrite of NEWCSDL.FOR would make the

input less column-dependent. A more critical problem is the

incompatibilty among the different realization libraries.

There should be a standardization of primitive names and

their associated functions. Without this standardization,

the mapping from primitive lists to the realization

libraries will continue to be a hit or miss proposition.

One of the major objectives of the Control System Design

Environment is that much of the work can be automated to

make designing, prototyping, testing, and implementation of

controllers faster and less expensive. The lack of

standardization requires the intervention of the designer to

make the transitions between the various elements of the

system.

Along with the standardization of the realization

libraries, CSDL.PAS should be updated to incorporate the

standards. This program is a real boon to the designer

since it removes the tedious work of translating the CSDL

program into the primitive list. As previously discussed,

implementing some other high level constructs in CSDL.PAS

4 would be an enhancement of the value of the program for the

system user. These constructs should include CASE

statements and the use of subscripted variables.

The Control System Design Environment has great

promise and could be a lucrative product when it is improved
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to provide an automatic transition from CSDL description to

the hardware and software listings. As presently .

implemented, it requires too much effort while moving

through the different segments of the system. A great deal

of work remains to be done, especially the testing of the 0

interfaces between the different sections and of the

realization libraries. It seems that the work will be well

worth it.

S
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APPENDIX A

CSDL PROGRAM1

13ENTIFICATION
DESIGNER : "SJTTER FOX"
DATE : "05-31-84~"
PROJECT :"COAST GUARD DATA LINKJt RECEIVER" -

DESIGN CRITERIA
METRIC FIRST;
VOLUMES 1;
MONITORS 1;

ENiVIRONMIENT

TNPUT:KEYFLG,t,TTL; KEYCHAR,P,TTL; MANPOS,8,TTL;
NEbWPOS,1,TTL; POSITIONJ,1,TTL; MSGREADY,1,TTL;
MESSAGE,B,TTL;ACNUM,S, TTL;

END INPUT;

OJTPUT: MENU,8, 1TL;POLL,8,TTL;N1SGVDT,8,TTL;
MSGRCVDI ,TTL;

E'JD OUTPUT;

ARITHMETIC: KEYINMAIN#B; mINTAC,8; "MSGDSPLY,B;
MLOCATTON,8; MCLOCKSET, 8; 4LOGINOUT,8; SMMANUAL,8;
SM'ALTO,8; ACO,8; ACIrB; AC2,F8; AC3,8; AC4,8;AC5,8;
AC6,.8; AC7,; AC8,8; AC9v8; INTPERIOD,B; MSGO,8;H
MSGI,8; MSG2,Ri; MSG3p8; '4SG'J,8; MSG5,8; MSGb,8;
MSG1,8; MSG8,8; MSG9#8;T4LOCATlON#8; TLOGIN,1;
TLOGOUT,l; %EXTMSG,B; NEXTAC,S; TPOLL.1; COUNT,8;

E"JD ARITHMETIC;

PROCEDURES

FANCTION~ KEYINMAI"J:
BINARY, 1;
SENSE ("EYFLG);
IF KEYFLG~l THEN KEYINMAIN:=1; END IF;

ENID KEVINMAIN;

TASK KBINPMAIN;
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MENU:=O; ISSUE (MENU);
SENSE (KEYC-IAR);
IF KEYCHAR:I THEN MINTAC :=I; END IF;
IF KEYCHAR:2 THEN MM4SGDSPLY:=1; END IF;
IF KEYCHAR=3 THEN MLOCATION:=1; END IF;
IF KEYCH4AR:C THEN mCLOCKSET::l; END IF;
IF KEYCH.AR=5 THEN MLOGINOUT:=1; END IF;.
KEYINM4AlN:=0;

END KBINP4AIN;

FiNCTION MINTAC:
BINARY, 1;
SENSE (KEY CHAR) ;

END %IINTAC;

TASK INTAC;
MENU::!; ISSUE (MENU);
SENSE (KEYCHAR);
IF KEYCHAR=0 THEN KEYINM1AIN::1; END IF;
IF KEYCHAR:! THEN S4IMANIJAL :=I; END IF;
IF KEYCHAR=2 THEN SM'AUTO :=I; END IF;
MINT AC: :0;

END INTAC;

FJNCTION SMMANUAL:
BINARYv!;
SENSE (K EYCH AR);

END SMMANUAL;

TASK MAIUAL;
IF ACO/=0 T-IEN POLL:=0; ISSJE (POLL); END IF;
IF ACI/:0 T'IEN POLL::!; ISSJE (POLL); END IF;
IF AC2/:0 TI~EN POLL:=2; ISSJE (POLL); END IF;
IF AC3/=0 TI$EN POLL:=3; ISSUE (POLL); END TF;
IF AC4/=O TIEN POLL::'J; ISSUE (POLL); END IF;
IF AC5/=0 T'IEN POLL:=5; ISSJE (POLL); END IF;
IF ACb/:0 T4EN POLL:zb; ISSUE (POLL); END IF;
IF AC7/:0 T-IEN POLL:=7; ISSJE (POLL); END IF;
IF AC8/:0 T-IEN POLL:=8; ISSUE (POLL); END IF;
IF AC9/=0 1TEN POLL:=9; ISSJE (POLL); END IF;
SMMANUAL : 0;

END MANUAL;

FiNCTION SMAUTO:
BINARY, 1;
SENSE (KEYC*IAR);

END SMAUTO;
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TASK AUTO;
MENU:=2; ISSJE(mENU);
SENSE (KEYC4AR); 0

IF KEYCHAR=O THEN KEYINmAIN I= 1 ; END IF;
IF KEYCHAR=! THEN INTPERIOD := 30 ; END IF;
IF KEYCHAR=2 THEN INTPERIOD := 20 ; END IF;
IF KEYCHAR=3 THEN IlTPERIOD :1 15 ; END IF; -
IF KEYCHAR=4 THEN INTPERIOD 1: 10 ; END IF;
IF KEYCHAR=S THEN INTPERIOD := 5 ; END IF; S
IF KEYCHAR=b THEN INTPERIOD I 1 ; END IF;
S4AUTO:=O;
TPOLL:=1;

END AUTO;

FJNCTION TPOLL:
BINARYI;
IF INTPERIOD=30 THEN IN 30 4 DO TPOLL:=I;

END IN; END IF;
IF INTPERIOD:20 THEN IN 20 4 DO TPOLL::1; •

END IN; END IF;
IF INTPERIOD=15 THEN IN 15 4 DO TPOLL:=l;

END IN; END IF;
IF INTPERIOD=10 THEN IN 0 M DO TPOLL:=1;

END IN; END IF; -

IF INTPERIOD: 5 THEN IN 5 4 00 TPOLL::1; P
END IN; END IF;

IF INTPERIOD= I THEN IN I M DO TPOLL:=I;
END IN; END IF;

END TPOLL;

TASK POLLAUTO; .
IF ACO/=O THEN POLL:=O; ISSUE (POLL); END IF;
IF ACl/=0 THEN POLL:=; ISSUE (POLL); END IF;
IF AC2/=O THEN POLL:=2; ISSUE (POLL); END IF;
IF AC3/=O TIEN POLt.:=3; ISSUE (POLL); END IF;
IF AC4/zO THEN POLL:=4; ISSJE (POLL); END IF;
IF ACS/:O THE4 POLL:=S; ISSUE (POLL); END IF;
IF ACb/:0 TIEN POLL:=b; ISSUE (POLL); END IF;
IF AC7/=O TIEN POLL:=7; ISSUE (POLL); END IF;
IF AC8/0 THEN POLL:=8; ISSUE (POLL); END IF;
IF AC9/=o TIEN POLL:=9; ISSUE (POLL); END IF;
TPOLL:=O;

END POLLAUTO;

FJNCTIOJ 4MSGDSPLY:
BINARY,!;
SENSE (KEYC4AR);
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E'JD MMSGDSPLY;

TASK f4SGDSPLY;
MSGVDT::MSGO; ISUE(MSGVDT);
MSGVOT:=MSGI; ISSUE(MSGVDT);
MSGVDT::MSG2; ISSUE(MSGVDT);
MSGVDT::=4SG3; ISSUE(MSGVDT);
MSGvDI:=MSG4; ISSUEQ(1SGVDT); *--

mSGVDT::MSG5; ISSUEt'ASGVDT);
MSGVDT::t4SG5; ISSUE(MSGVDT);
MSGVOT::MSG7; ISSUE(MSGVDT);
MSGVDT:zMSGS; ISSUE(MhSGVDr);
MSGVDT::MSG9; ISSUE(MiSGVDT);
M4MSGDSPLY : 0;

E4 MSGDSPLY;

FJNCT1O0J %LOCAT10NJ:
BI NARY, 1;I
SENSE (KEYC-IAR);

ENDO 4LOCATION;

TASK LOCATION;
MENIJ:z3; ISSUE (MENJ);
SENSE (KEYCIAR);
IF KEYCHAR=0 THEN KEYINP4AIN:=1; END IF;
IF KEYCHAR:1 THEN NEwPOS::1; END IF;-

* IF KEYCHtAR=2 THEN NE#xPOS:=0; TMLOCATION::1; ENJD IF;
NLOCATION::0;

ENJD LOCATION;

FJNCTIO4 TMWLOCATION:
BINARY, I~

* SENSECKEYCHAR);
EN M4LCATION;

TASK '4A'4LOC;
SENSE (MANPJS);
POS!TION::MANPOS;
T'MLOCATO'4: :0;

EN4D M4ANLOC;

FANCTION 4CLOCKSET:
3INARY, 1;
SENSE(KEYCHAR);

E'JD 4CLOCKSET;

TASK CLOCKSET;
MENU:=4; ISSUE (MENJ);
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SENSE (KEYC4AR);
MCLOC'(SET:=O;

E0D CLOCKSET;

FJNCT104d 4LOGINOUT:
* BINARY91;

SENSE (KEYC-IAR);

E4D 4MLOGI'40UT;

TASK( LOtGINOUT;
MENU:=S; ISSUE (MENU);
SENSE (KEYC4AR);
IF KEYCHAR=O THEN KEYINmAIN:zl; END IF;
IF KEYCHAq:1 THEN TLOGIN:=1; END IF;
IF KEYCHARz2 THEN TLOGOUT:z1; END IF;
MLOGINOUT:=O;

END LOGINOUT;

FJNCTION TLOGIN:
BINARY, 1;
SENSE(KEYCHAR);

E0O TLOGIN;

TASK LOGIN;
ACNUMl::O;
FOR COUNT FROM 1 TO 4i:4 DO-.*

SENSE (KEYCHAR);
ACNJ'4:Z(ACNUM*I O)+KEYCHAR;

END FOR;
IF NEXTAC=O AND ACO:O THEN ACO:=ACNUM; END IF;
IF NEXTACl AND ACIzO THEN AC1::ACNUM; END IF;
IF NEXTAC=2 AND AC2:O THEN AC2::ACNUM; END IF;
IF NEXTAC:3 AND AC3:O THEN AC3:=ACNUM4; END IF;
IF NEXTAC:=J AND AC4:O THEN ACL4:=ACNUkM; END IF;
IF NEXTAC=5 AND ACSzO THE4 ACS::ACNJM; END IF;
IF NEXTAC=6 AND AC6:O THEN AC6::ACNUM; END IF;
IF NEXTAC:1 AND AC7=O THEN AC7::ACNUM; END IF;-
IF NExTAC=8 AND AC8:O THEN AC8::ACNUM; END IF;
IF NEXTAC:9 AND AC9=O THEN AC9:=ACNUM; END IF;
NEXTAC:=NEXTAC+1;
IF NEXTACzlO THEN NEXTAC:=O; END IF;
TLOGIN:=O; -7

END LOGIN;

FJNC7104 ILOGUUT:
BINARY, 1;
SENSE(KEYCHAR);

*E0D TLOGOUT;
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TASK LOGOUT;
ACNUM4:zO;
FOR COUNT FRnM I TO 4:L1 DO 0

SENSE (KEYCHAR);
ACNU4q:=(ACNUM*10) ,KEYC'IAR;

END FOR;
IF ACO=AC4U4l THEN ACO:=O; END IF;
IF ACI=ACJU4 THEN ACO:=1; END IF;
IF AC2=ACNUAl THEN ACO::2; END IF;
I F AC3=ACNIPI THEN ACO::3; END IF;
IF ACL4:ACNU4i THEN ACO::*4; EID IF;
IF AC5:ACVUO THEN ACO:zS; END IF;
IF AC6=ACNU41 THEN ACO:=b; END IF:
IF AC7=AC4U1 THEN ACO:=?; END IF;
IF AC8=ACNU41 THEN ACO::8; END IF;
IF AC9=AC4U4I THEN ACO:=9; END IF;
TLOGOUT:=O;

E4D LOGOUT;

FANCTION POSCH:
BINARY, 1;
SENSE (NEAPJS);
IF NE4dPOS:1 THEN POSCH:1l; END IF;

END POSCH;

TASK POSUPDATE;
SENSE (POSITION);
POSCH:=O;

END POSL)PDATE;

FJNCTIOI 4tSGIN:
BINARY, 1;
SENSE C(SGREADY);
IF MSGREADY:1 THEN MSGIN::1; END IF;

END USGIN;

TASK MSGSTORE;
SENSE (MESSAGE);
ISSUE C4SGRCVO);
IF NEXTM4SGzO THEN ACO::MESSAGE; END IF;
IF NEXT4SG=1 THEN ACI::MESSAGE; END IF;
IF NEXT4SG=2 THEN AC2:=MESSAGE; END IF;
IF NExT4lSG=3 THEN AC3::MESSAGE; END IF; ..
IF NEXT43%G=t4 THEN ACLI::MESSAGE; END IF;
IF NEXT4iSQ:5 THEN AC5:=MESSAGE; END IF;
IF NEXT4SG~b THEN AC6::'4ESSAGE; END IF;
IF NEXT4lSG=7 THEN AC7:=MESSAGE; END IF;
IF NEXT4S!=B THEN ACB:=MESSAGE; END IF;
IF NEXT41SG:9 THEN AC9:=MESSAGE; END IF;



NEXTMSG::=4EXTMSG+1;
IF NEXT4SG=10 THEN NEXTMSG:2O; END IF;

E4D 'SGSTORE; -

CJNTINGENCY LIST
WHEN KEYIMAIN : 100 MS DO KBINPMAIN; .

WHEN MINTAC : 100 MS DO INTAC;
WHEN SMMA1UAL : 100 4S DO MANUAL;
WHEN SMAUTO : 100 4S DO AUTO;
WHEN TPOLL : 100 MS DO POLLAUTO;
wHEN 4LOCATION : 100 MS DO LOCATION;
WHEN TMLOCATTON: 100 4S DO 4ANLOC; ,
WHEN POSC4 :1000 MS DO POSUPOATE;
WHEN 4MSGDSPLY : 100 MS DO 4SGDSPLY;
WHEN MCLOCKSET : 100 MS DO CLOCKSET;
WHEN MLOGIN3UT : 100 MS DO LOGINOUT;
WHEN TLOGIN : 100 MS DO LOGIN;
WHEN TLOGOUT : 100 MS DO LOGOUT;
WHEN 4SGIN : 100 4S DO MSGSTORE;
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APPENDIX B

CSDL PROGRA~4

(REVISED)

IDENTIFICAT ION

DESIGNER :"SJTTER FOX"0
DATE : "05-31-84"
PROJECT :"COAST GUARD DATA LINK RECEIVER"

DESIGN CRITERIA
METRIC FIRST;
VOLUM4ES 1I
40ONITORS 1;

E'JVIRONAENT

INPUT:KEYFLG,ITTL; KEYCHAR,8,TTL; MANPOS,8,T'L;
NEV4POSol,TTL; POSITIO'l,8,TTL; MSGREADY,1,TTL;
PESSAGE,8, TTL; ACNUM4j, TTL;

END INPUT;

OJTPUT: MENU,8, rrL;POLL,8,TTL;MSGVDT,8,TTL;
MSGRCVD, I TTL;

E0D OUTPUT;

ARITHM4ETIC: KEYIN4AIN,8; MINTAC,B; MMSGDSPLY,g;
'LOCATION,8; 4CLOCKSET,8; 'LOGINOUT,8; SW4IANUALr8;
SMAUTO,8; ACOo8; AC1,8; AC2,8; AC3,8; ACL~,8;AC5,8;
AC6,8; ACT,8; AC8,8; AC9,8; I'JTPERIOO,B; MSGO,8;
MSG1,8; MSG2,8; MSG3,8; MSG4,93; MSGS,8; MSGb,8;
NISG7,8; MSG9,8; MSG9,8;TMLDCATION,8; TLOGIN,1;
TLOGOUT,1; *EXTMSG,8; NEXTAC,B; TPOLL,1; COUNT,8;
CLOCKB

END ARITHMETIC; >

PROCEDURES

FJNCTION KEYINMAI:
BI1N AR Y, vI
SENSE (KEYFLG);
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IF KEYFLG:1 THEN KEYINMAIN::l; END IF;
END KEYINMAIN;

TASK KBINPMAIN;
mENU:=0; ISSUE (MENU);
SENSE (KEYCIAR);
IF KEYCHAR:1 THEN MINTAC I:1 END IF;
IF KEYCHAR=2 THEN M% SGDSPLY:=1; END IF;
IF KEYCHAR:3 THEN MLOCATION:=1; END IF;
IF KEYCHA3=Q THEN MCLDCKSEj:=1; END IF;
IF KEYC1$A4=5 THEN mLOGINOUT:=1; END IF;
KEYINMAIN: :0;

END KBINPMAIN;

FANCTION MINTAC:
BINARY, 1;
SENSE(KEYCHAR);

END MINTAC;

TASK INTAC;
mENU:=1; ISSUE (MENA);
SENSE (KEYCIAR);
IF KEYCHAR=0 THEN KEYINMAIN:=1; END IF;
IF KEYCHAR:I THEN SMMANUAL :=I; END IF;
IF KEYCH$AR=2 THEN S'4AUTO :=I; END IF;
MINTAC: :0;

END INTAC;

FANCTION SMMANUAL:
BINARY, I
SENSE (KEY CHAR) ;

END S'4MANUAL;

* TASK MANUAL;
IF ACO/=0 T-IEN POLL::0; ISSJE (POLL); END IF;
IF Adl/= TI~EN POLL::); ISSJE (POLL); END IF;
IF AC2/=0 TIEN POLL:=2; ISSJE (POLL); END IF;
IF AC3/z0 TIEN POLL:=3; ISSJE (POLL); END IF;
IF AC4i/=O T-IEN POLL::LJ; ISSUE (POLL); END IF;IL ACII/=II N ! PfLL: ~ IJ S (POLL); END IF;

IF Ab/= TIN POL~z; ISUE(POLL); END IF;
IF A7/= TIN POL~x; ISUE(POLL); END IF;
I FAC8=O IENPOL:=S ISJE(POLL); END IF;
IF A9/z TIN POL:=; ISJE(POLL); END IF;

* END 4ANUAL;
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FJNCTION SmAUTO:
BINARY,l
SENSE (EYC4AR);

END SMAUTO;

TASK AUTO;
MENU:=2; ISSUE(MENU); --.

SENSE (KEYC4AR);
IF KEYC4AR=0 THEN KEYIN4AIN : I I ; END IF;

IF KEYCHAR=I THEN INTPERIOD :: 30 ; END IF;
IF KEYCHAR=2 THEN INTPERIOD :: 20 ; END IF;
IF KEYCHAR=3 THEN INTPERIOD := 15 ; END IF;
IF KEYCHAR=4 THEN INTPERIOD :: 10 ; END IF;
IF KEYCHAR=5 tHEN INTPERIOD := 5 ; END IF;

4i IF KEYCHAR=6 THEN I4TPERIOD :: 1 ; END IF;
SENSE (CLOCK);
INTTIME :z fLOCK;
SMAUTO:=O;
TPOLL::I; .

END AUTO;

FJNCTION TPOLL:
BINARYv;
SENSE (CLOCK);
IF CLOCK-INTTIME > INTPERIOD THEN TPOLL::I; END IF;

END TPOLL;

TASK POLLAUTO;
IF ACO/:O t4EN POLL:=O; ISSUE (POLL); END IF;
IF ACI/=O THEN POLL:=1; ISSUE (POLL); END IF;

IF AC2/=O T4E4 POLL:=2; ISSUE (POLL); END IF;
IF AC3/:O T4EN POLL:=3; ISSUE (POLL); END IF;
IF AC4/=O THEN POLL::U; ISSUE (POLL); END IF;
IF AC5/=O THEN POLL:=5; ISSUE (POLL); END IF;
IF ACS/=O THEN POLL:=5; ISSUE (POLL); END IF;
IF AC7/=O T4E4 POLL:=7; ISSUE (POLL); END IF;
IF AC8/=O THE4 POLL:z?; ISSUE (POLL); END IF;

IF AC9/=O THEN POLL:=9; ISSUE (POLL); END IF;
rPOLL:=O;,

END POLLAUTO;

FJNCTION MMSGDSPLY:
BINARYI;
SENSE (KEYCHAR);

END MMSGDSPLY;

.TASK MSGDSPLY;
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mSGVDT:=MSGO; ISSUE(MSGVDT);
MSGVDT::MSG2; ISSUE(MSGVDT);
MSGVDT:=MSG3; ISSUE(MSGVDT);
MSGVDT::MSG3; ISSUE(MSGVDT);
MSGVDT::P4SGQ; ISSUE('4SGVDT);
MSGVDT:=MSG6; ISSUE('4SGVDT);MGVDT:=MSG; ISEMGVDg)

MSGr)T=MSB;ISSUE(MSGVDT);

4 E'D MSGDSPLY;

FANCTION MLCTIN
BINARY, 1;
SENSE (KEYCrIAR);

E'4D MLOCATION;

TASK LOCATION;
MENU:=3; ISSUE (MENU);
SENSE (KEYC-IAR);
IF KEYCHAR=O THEN KEYINMAIN:=1; END IF;
IF KEYCHAR~1 THEN NEJPOS:=1; END IF;
IF KEYCHAR:2 THEN NEMPOS:=O; T'LOCATION:=1; ENJD IF;
MLOCATION::O;

E4~D LOCATION;

FANCTION TMLOCATION:
BIN A R Y, vI
SENSE (KEYCHAR);

EVD TMLOCATION;

TASK MANLOC;
SENSE (MA'IP)S);
POSI rION: :MANPOS;
TMLOCATION:zO;

ENID MANLOC;

FATO MCLOCKSET:
BINARY, I~
SENSE(KEYC4AI);

E'QJ twCLOCKSET;

TASK CLOCKSET;
MENU:zM; ISSUE (MENU);
SENSE (KEYC-IAR);
MCLOCKSET:=O;

E4dD CLOCKSET;
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FJNCTION 4LOGINOUT:
BINARY,!;
SENSE (KEYC'IAR);

END mLOGINOUT;

TASK LOGINOUT;
MENU:=S; ISSUE (MENU);
SENSE ('(EYCriAR);
IF KEYCHAR=O THEN KEYINMAIN:=1; END IF;
IF KEYCHAq:1 THEN TLOGIN:=l; END IF;
IF KEYCHAR=2 THEN TLDGOUT:=1; END IF;
MLOGINOJT :=O;

END LOGINOUT;

FJNCTION TLOGIN:
BINARY, 1;
SENSE(KEYCHAR);

END TLOGIN;

TASK LOGIN;
ACNU'4::O;

SENSE (ACNUm);
IF NEXTAC=O AND ACO:O THEN ACO::ACNUM; END IF;
IF NEXT4Cz1 AND ACI:o THEN AC1::ACNUM; END IF;
IF NEXTAC:2 AND AC2=O THEN AC2::ACNUM; END IF;
IF NEXTAC=3 AND AC3=O THEN AC3::ACNUM; END IF;
IF NEXTAC:LI AND AC4:O THEN ACLI:=ACNUm; END IF;
IF NEXTAC=5 AND AC5=O THEN ACS:=ACNU ; END IF;
IF NEXTAC~b AND AC6:O THEN AC6:=ACNUI; END IF; 9.
IF NEXTAC:7 AND AC7=O THEN AC7:=ACNUMA END IF;
IF NEXTAC=8 AND AC8:O THEN AC8:=ACNUM; END IF;
IF NEXTAC:9 AND AC9=O THEN AC9::ACNU4; END IF;
NEXTAC:=NEXTAC+1;
IF NEXTAC=lO THEN NEXTAC::O; END IF;
TLOGIN:=O;

END LOGIN;

FiNCTION TLOGOUT:
BINARY, I;
SENSE (KEY CHAR);

EV~D TLOGOUT;

TASK LOGOUT;
ACNUm:=O;

SENSE (ACNU*4);
IF ACO:ACJUv THEN ACO::O; END IF;
IF ACI:AC4U4~ THEN ACO::!; ENID IF;
IF AC2=AC4UM THEN ACO:=2; END IF;
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IF ACS=AC4JUM THEN ACO:=3; END IF;
IF AC4J=AC4UM~ THEN ACO:=4; END IF;
IF AC5=ACNUq1 THEN ACO::5; END IF;
IF AC6:ACNUMi THEN ACO::b; END IF;
IF AC7=AC4JU4 THEN ACO::7; END IF;
IF AC8=AC'NUA THEN ACO:=8; END IF;
I F AC9:ACNUMl THEN AC0:=9; END IF;
TLDGOUT:=0;

END LOGOUT;

FANCTION POSCH:
B IN A RY.;
SENSE (NENPJS);
IF NENPDS:1 THEN POSCH:=1; END IF;

END POSCH;

TASK POSUPDATE;
SENSE (POSITION);
POSCH:=0;

EID POSUPDATE;

FANCTION M SGIN:
B INA R Y, 1I
SENSE (MSGRE4DY);
IF mSGREADY:1 THEN ASGIN:zl; END IF;

END MbSGIN;

TASN SGTOE
SENSE (4ESSAGE);
ISSUE (SGRICVD);
IF NEXT4SG=O THEN ACO::MESSAGE; END IF;
IF NEXT% SG:1 THEN ACI::=4ESSAGE; END I F;
IF NEXT4SG:2 THEN AC2::=lESSAGE; END IF;
IF NEXTMISG=3 THEN AC3::P4ESSAGE; END IF;
IF NEXTM4SG:4 THEN ACL4:=MESSAGE; END IF;
IF NEXTMSG5G: THEN AC5::=1ESSAGE; END IF;
IF NEXT4tSG~b THEN ACb::N ESSAGE; END IF;
IF NExT'4SG=7 THEN AC7:=MESSAGE; END IF;
IF NEXT4SG=B THEN ACB:=MESSAGE; END IF;
IF NEXTMiSG=9 THEN AC9:=MESSAGE; END IF;
NEXTN1SG::NEXTMSG.1;
IF NEXTMSG=1O THEN NEXTMSG:=0; END IF;

END MSGSTORE;

C3NTINGENCY LIST

WHEN KEY1'JMAIN :100 M1S DO '(BINPMAIN;
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WHEN MNTATC : 100 MS DO INTAC;
WHEN SMMANUAL : 100 MS DO MANUAL;
WHEN SMAUTO : 100 MS DO AUTO;

WHEN TPOLL : 100 MS DO POLLAUTO;

WHEN MLOCATION : 100 MS DO LOCATION;
WHEN TMLOCATION: 100 MS DO MANLOC;
WHEN POSC4 :1000 MS DO POSUPDArE;
WHEN MMSGDSPLY : 100 MS DO 4SGDSPLY;

WHEN MCLOCKSET : 100 MS DO CLOCKSET;
WHEN MLOGIN3UT : 100 MS DO LOGINOUT;
WHEN TLOGIN : 100 MS DO LOGIN;
WHEN TLOGOUT : 100 MS DO LOGOUT;
WHEN MSGII : 100 MS DO ASGSTORE;

ENJD
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APPENDIX C

CSDL.PAS OJTPUT
PRIMITIV'E LISTING

P lt.generated for: SYSTEM
P 2s.'nain (:
P lbs.var (KEYINMAIN:8#O)
P 17s.var (MINTAC:E8,0)

*P l8s.var (M'SGDSPLY:8,0)
P 19s.var ('LOCATION:8#0)
P 2Os.var (M4LOCKSET:8t0)
P 21s.var (MIALOGINOUT:8,0)
P 22s.var (SMMANUAL:8p0)
P 23s.var (SMAUTO:8#0)
P 24s.var (ACO:810)
P 25s.var (AC I: 8 p0
P 26s.var (A62:8e0)
P 27s~var (A:3:8OP)
P 28s.var (AC'J:8,0)
P 29s.var (A:5:8,0)
P 30s.var (ACb:8p0)
P 31s.var (AC7:8,0)
P 32s.ver (ACE8:8v0)
P 33s.var (A'69:8r0)
P 3 4Is.var (I'TPERIOD:8#0)
P 359.ver (MSGO:8,0)
P 36s.var (M~SG 1:8 p0)
P 37s.var (MSG2:BP0)
P 38s.Var (MSG3:8v0)
P 39sovar (MSGLI:8,0)
P LI0s.var (MSG5:8,0)
P 41s.var (M4SG6:8v0)
P '2s.var (mSG7 : 8,0)
P £3sovar (MSGR: 8, 0
P 4s.var (MSG : 8,O0
P 45sovar (T4LOCATION:BP0)
P 46sover (TLOGIN:1,0)
P 47s.var (TLOGOUT:IP0)
P 48s.var (NEXTMSG:8,0)
P I9s.ver (NEXTAC:8p0)
P 50s.var (TOOLL:1,O)
P sls.var (C3UNT:8p0)
P 52s.var (CLOCK:8pO)
P 53t.jenerated for: KEYINMIAIN

P 50s.Ovoc (KEYINMAIN:)
P 55s.sensecond (KE-YFLG:1)
P 56s.eq (@iT01KEYFLGvaC01:8vl,8)
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P S7s.jmof (@TOI,aI:S)
P 58s.assign (KEYINMAINIC011,V8)
p 59s.loc (0101:)
P b0s.exitproc (KEYIN4AINIKEYP4'4AIN:)
P 61t.jenerated for: KBINP'4AIN

P 62s.oroc (KBTNPMAIN:)
P b3s.assign (MENU,aC02:8,8)
P bas.issuevelt (MENIJ:8)
P 65s.sensecond (KEYCHAR:8)
P bbs .eq (@TO1 ,KEYCH4AR,iJCOl :8,8,8)
P 67s.jmof (a@TOI,&O2:8)
P 68s.assign (MINTAC,iCOI:8#8)
P 698.10C (@02:)
P 70s.ecj (@TO1 ,KEYCHAR,@CO3:8t8v8)
P 7ls.Jmpf (@ro1,O3:8)
P 72s.assign (M4SGDSPLYPJCOfl8,9)
P 73s.loc (@03:)
P 74s.eq (@TO1 ,KEYCHAR,@CO4'*8,8r8)
P 75s.jmpf W0T1,40'e:8) -

P 76s.assig' (MLOCATIONP@CO1:8#8)
P 77s.loc (0
P 78s.eci (@TO1 ,KEYCHAR,i@COS:S,8p8)
P 79s.jmof W0T1,30O5:8)
P 80s.assigm (PCLOCKSETe@CO1:8,8)
P 81geloc (0iO5:)-
P 82s.eq (@TO1 ,KEYCHAR,@CO6:8,8,8)
P 83S. jmpf (OTO1,51O:8)
P 84s.assig' (MLOGINOUT,@COI:8,8)
P 85s.'Ioc (@06:)
P 86s.assigi (KEYINMAIN,@CO2:1*8)
P 87s.exi toroc (K3INPMAIN,KRINP4A IN:)

P 88t.generated for: MINTAC

P 899.0roc (MINTAC:)
P 9Os.sensecornd (KEYCHAR:8)
P 91s.exitoroc (MINTAC,MINTAC:)
P 92t.generated for: INTAC

P 93s.Oroc (14TAC:)
P 914s.assigm (MENU,@iCO1:8,8)
P 95s.issuevent (MENU: 8)
P 969.9ensecond (KEYCHAR:S)
P 9 7s.ea (@TOI ,KEYCNAR,@)CO2:8,8,8)
P 9FIS mof (@TO1IP7:8)
P 99s.assiqn (KEYINMAIN@CO:1.8)
P lO0S.loC 00~7:)
P tOts.ea (@TOI,KEYCHAR,@CO1 :R,8,8)
P 1O2s.jmof (@TO1I#@08:8)
P 1038.assig' (SMMANUAL,iCO1:8#A)
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P lO59.eQ (4TO1,KEYC'iARp@CO3:8,8)
P10 6 s .jm of (&TO1,i0O9:8)
P107s.assign (SAAUT0,@CO1:8pS)

P 1088.0C (@Oq:
P 1O9s.assigm (MINTACi@CO2:1*8)
P ll0s.exitoroc (IJTAC,INTAC:)
P lllt.generated for: SMMANJAL

P 11?s.0roc (S4 MANUAL:)
P 1I3s.sensecond (KEYCHAR:8)
P 114s.exitoroc (S4 MANUAL,S'4kAANUAL:)

*P 115t.generated for: MANUAL

P 116S.0roc (MANUAL:)
*P 1179.me (4TO1,ACOp4CO2:8v8p8)

P 118S.jmof (3olv1.0:8)
P 119s.ssignr (P)-L.,,CO2:8,8)
P 12Os.issuevemt (P3LL:8)
P 12 1 .Io c ( 10:
P 122s.ne (@TO1,AC1,2)CO2:8,8)
P 123s.jimof W101.8
P 124s.assign (PJLLPi@CO1:8#8)
P 125s.issuevent (P3LL:8)
P 126s. Ioc M I1:
P 127s.ne (@TO1,AC2v3CO2:Sp8p8)
P 128s.jmof W0T1,412:8)
P 129s.assiin (P3LL,@CO3:8p8)
P 130s.issuevent (POLL:8)
P 131 S. Ioc (@ 12:)
P 132s.rne (a@ro1,AC3,iCo?:8v8,8)

*P 1 S38. mpf (h)O1,@13:8)
P 134s.assign (PJLLP@COL4:8,8)

*P 135s.issuevent (POLL:8)
*P 136s.loc (@~13:)
*P 137s.ne (@TO1,ACQpiCO2:Sv8,I)

P 138s.jmof (@TOI*@14:8)
P 139s.assign (P3LLvaCO5:8v8)
P 1'*O,.issuevent (POLL:8)
P 1418.10C (@14:)
P 1'J2s.rie (iiTO1,AC5,4C02:8v8,8)
P 1'3S.jmof W0T1,415:8)
P 1411s.assigm (PJLL,@CO6:8*8)

*P 145s.issuevent (PJLL:8)
P 1L169.1oC (1
P 147s.n. (&T0I,AC6,iICO2:8*,8)
P 1'48s .jmof (aT0l,@1b:8)
P 149S~assig, (P3LL,@CO7:8,8)

*P 150s.issuevent (POLL:8)
P 151s .Ioc (416:)

*P 152s.ne (@T0I#AC7,4CO2:9,8p8)
P 153s.jmof imirot,at7:8)
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P 154soassjgn (P3LL,4CO5:8v8)
P 155s.issuevent (POJLL:8)
P 156s'loe 03 170.
P 157s.ne (@TO1,AC8vihCO2:8,8t8)
P 158s.imof (aTO1,@18:8)
P 159s.assjirn (PJLL#4CO9:8p8)
P 160s.issuevent (POLL: 8)
P lbls.loc (1318: )
P 162s.ne (4TO1,AC9p4CO2:8,Sv8)
P I 63s ,jimof W0T1,419:8)
P 164s.assicr, (P3LL#4CIO:9#8)
P 165s.issuevent (POLL:8)
P 166s.Joc (al 9:) .
P lbls.assign (S4MANUAL,4CO :1,8)
P 168S.eXitorPOC (MANUAL#MANJUAL:)
P 169t.generated for: SMAUTO

P 17Os.oroc (S4AUTO:)
P 171s~sensecond (KEYCHAR:8)
P 172s.exitoroc (S4AUTOPSMAUTO:)
P 173t.geeratedi for: AUTO

P 1?7is.oroc (AJTO:)
P 175s.assign (MENU~dCO3:8,8)
P 176s.issuevent (MENLJ:8)
P l77s.sermsecond (KEYCHAR:8)-
P 1789.eq (@TO1 ,KEYCHAR#@CO2:S8v8)
P 179s~jmot W0T1,420:8)

*P 180s.assign (KEYINMAIN,@COI:1,B)
P 181S.loC (@20:)
P 182s.eQ (,3TO1,KEYCHAR,.1C01:8v~,8)
P 1839.jmof (VOI~r0121:8)
P 184s.assign (I'TPERIOD,4IIl:8#8)
P 18ssloc (@21:)
P 186s.ea (@T~l ,KEYC'1AR,41CO3:8,8,8)
P 187s.jmpf (IT01pa)22:8)
P l8RS.assi gn (INTPERIOD,1CI 2:8,8)
P 189S.loC (@22:)
P 190s.eQ (@101 .KEYCH1AR,@ICO4:8, A,8)
P l91s~impf (@TOI,@23:8)
P 192s.assign (MTPERIOD,@C13:S,8)
P 193S.loC (@23:)
P 19L4s.eq ar0I ,KEYC'1AR,@C0S:8,8,8)
P l9 5s .j mpf (@T01,42'4:8)
P 196s.essigm (14TPERIOD, 1C14: 8p8)
P 197s.loc (2:

*P 198s.eQ (&101 ,KEVC-ARv*)CO6: 8,8.8)
.4P 199s~imof (@101,125:8)

P 200s.assign (INTPERIOD,@C0b:3,8)
P 201s.loc (o)25:)
P 202s.eQ (aTOI ,KEYCHAR,JC07:8,8,8)
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P 2O3a.jmpf W0r1,426:8)
P 2O4s.assign (14TPERIOD,4CO1 :8p9)
P 205s.loc (@26:)
P 208s.assign (INTTIME,CLOCK:8#8)

P 207s.assign (S4AUTO,i@CO2:1*8) .-.

P 2O8s.assigm (TPOLL,4COl:1,8)
P 2O9s.exitoroc (AJ1'O,AUTO:)
P 210t.generated for: TPOLL

P 211s.oroc (TPOLL:)
P 2l2s.sub (alTO1 ,CLOCK(, NTTIME:8,8,8)
P 213s.qt (sITO1 ,@TO1 , NTPERIOD:8,8,8)
P 21L4s.jmcof (@TO1,@27:8)
P 215s.assign (TPOLL,@JCOl:1,8)
P 2169.)oc (dl7:)
P 217s.exitoroc (TPOLL,TPOLL:)
P 218t.generated for: POLLAJTO

P 219s.oroe (P3LLAUTO:)
P 22Os.rne (@TOIPACO,@CO2:8*8,8)
P 2219. jqof (@ro1,@28:P)
P 222s.assign (POLL,ilCO2:8,8)
P 223s.issuevent (POLL:8)
P 224s.1oc (#)28:)

*P 2 '5s.ne (@TO1,ACl,?CO2:83,8,8)

P 226s.iof (aTO1,@29:8)
P 227s.assiqn (P3LL,t@CO1:8,8)
P 228s.issuevent (POLL:8)
P 229s.'Ioc (al29:)

*P 23Os.ne (@TO1,AC2viCO2:8v8v8)
P 231s.jmof (aTO1,f3O0:8)
P 232s.asuigi (P3LLP@C03:8,8)
P 2339.issuevent (POLL:8)
P 23'Is.loc (a3O:)
P 235s.rme (;DT 0lPAC 3v C 0 2: 8 8.8
P 236s.Jmof (al O 1 P13l:8)
P 237s.essign (POLL,aCO4:8#8)
P 238s.issuevent (POLL:8)
P 239s.loc 0~31:
P 2M0s.ne (aTO1,ACL4,3CO2:8,8,8)
0 2 4 1sjm o f (@TOIP@32:8)
P 242s.assign (POLLedC05:8,8)
P 243s.'issuevent (POLL:8)
P 244Is.1oc (@32:)
P 245s.fne (4TO1,ACS,i)CO2:8p8v8)
P 246s.imof (aO1,.633:8)
P 24l7a.assign (POLLviCO6:8,8)
P 2'&8*.issuevent (POLL:8)
P 249s.loc (@33:)
P 25Os.ne (arO1,AC6,7)CO2:8v8,8)
P 2 51s.jmof (.aTO1,43'J:8)
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*P 2S2s.assign (P3LL,@CO7:8,8)
P 253s~issuevomt CPOLL:8)
P 254s.loc (&34I:)
P ?55s.ne (@TO1,AC7v3CO2:8,S,8)
P 256s.jmof (@TIP@,35:8)
P 257s.assigm (PJLL,a~CO8:8r8)
P 2S8s.issuevent (POLL :8)
P 259s.loc (@35:)
P 260s.re (&TO1,AC8viCO?:8r,8)

*P ?b18.jmof (@TOI~a36:8)
P 2629.assign (P2LLpi*C0q:S,8)
P 263s.issuevent CPOLL:8)
P 2bL4s.loc (@36:)
P ?b~s.ne (aro1,AC9,4Co2:8p8,8)
P ?bbs.jmof (vlT01Iv237:S)
P 2b7s.asslgn (PDLLvaC1O:8,8)
P 268s.issuevent (POLL:8)
P 269s~loc (@37:)
P 27Os.assign (TPOLL,&CO2:1,8)
P ?71s.exitoroc (POLLAUTO,POLLAUTO:)
P 272t.generated for: MMSGDSPLY t

P 273s.oroc (44SGDSPLY:)
P 274s.sensecond (KEYCHAR:8)

*.P 275s.exitproc (M4SGDSPLY,MM4SGDSPLY:)
P 276ttgemtrated for: MSGDSPLY

P 277s.oroc (MSGDSPLY:)
P 278s.assign (MSGVDT,MSGO:8,8)
p 27qs.issuevent (MSGVDT:8)
P 280s.assig, (MSGVDTPMSGI:8#8)
P 281soissuevent (MSGVDT:8)
P 2829.assiqn (M4SGVDT,N SG2:IgB)
P 283s.issuevent (NSGVDT:8)
P 28L4s.assign (PSGVDT,MSG3:8o8)
P 28Ss.issuevent (MSGVDT:8)
P 286s~assicn (mSGVDTPMSG4I:8,B)
P 287s.issuevent (MSGVDT:8)
P 288s.eisiom C'SGVDT,M1SG5:8,B)
P 289s.issuevent V4SGVDT:8)
P 290s.ession (MSGVDTm.SG6:8o8)
p 2q1s,issuevent (415GVOT:8) V

P 292s.assign (MSGVDT,'4SG7:BP8)
P 2939.issuevent (M'SGVDT:8)
P 2q48S.assiqn (MSGVDT,MSG8:8t8)
P 295s.issuevent CMSGVDT:8)
P 2969.assign (MSGVDTPMSG9:8p8)
P 297s.issuevent (NSGVOT:S)
P 298s.assign (m4SGDSPLY,#1CO2:1,8)
P 29qs.exitoroc (MSGDSPLY,4SGDSPLY:)
P 3O0t.generated for: ML3CATION
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P 301s.oroc (MLOCATTON:)
P 302s.sensecond (KEYCtiAR:8)
P 303s.exitproc (MLOCATION,mLOCATION:)
P 3O0t.generated for: LOCATION

P307s.issuevent (MENIJ:8)

P30Os.jmnscof (KTO1,H3:8)

P309s.eQ (@TO1 ,KEYCHiARp@CO3:8,8,8)
P 318s.jmof (aTOlv@3O:8)
P 3119.assign (KNMPOS,CO:1,8)

P 310s.assign (T4LPOCA,C1:,)
P 316s.loc (,339:)
P 317s.eQsg (MTlKCYCION, C:,8,8
P 3 35.jmtof (alOCAION LCATON:
P 319t.aseinet fNo: St@LCATION8

P 320s.assig (TALOCATION,@O) 88

P 322s.srsecn (MEYCAIONR:8),B
P 3239.exitoroc (TLOCATIONLOCATION:)
P 328t.generated for: TMLOCATO

P 329s.oroc (MALOC:)IN:

P 32s.ses nd (TKEYCATIR: CO:1
P 323s.exitoroc (TMLOC,ATINTLOCATI
P 33'It.;erersted for: MCLOC(E

P 325s.oroc (MANLOC:)
P 330s.sensecond (KEYCHAR:8)

P 337s.exitoroc (MCLOCE,fwLOCST)
P 338t.generated for: MCLOCKSET

P 3359.roc (MCLOCKSET:)
P 336s.asescon (KENUCOR:8)

*P 337s.eisevrot (MENU:8) MCOCSE:
P 3'32s.gensecrt or (ECHAR:8)T

P 3'3s.ussic (CLOCKSET,3O 18
P 34 1 s.assitor (CLOUC0sET,6CsE

P 345t.senseretd for: MLOGINOU
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P 34 6s.oroc (MLOGINOIJT:)
P 347s.sensecond (KEYCHAR:8)
P 3482.exitoroc (NLOGINOUTPMLOGINUUT:)
P 349t.lenerated for: LOGINDUT

P 35Ss.Droc (L3GINOUT:) .-

P 3519.assign (MENU#@CO6:8,8)
P 352s.issuevent (M4ENU:8) 0
P 353s.sensecond (KEYCHAR:8)
P 354s.scQ (@TO1,KEYCHAR#@CO2:8s8#8)
P 355s.jmof W0T1v&41:8)
P 356s.assign (KEYINMAIN,aCO1 :1,8)
P 357s.Ioc (4141:)
P 3S8s.ea (&TO1,KEYCHAR,@CO1:8,8,8)
P 359s.jmof W0T1#@42 :8)
P 360sessign (TLOGIN,@CO1:1,8)
P 3b1s.loc (al42:)
P 362s.eq (slTO1,KEYCHARoaCO3:8,8,8)
P 363s.jmof (itO1,a143:8)
P 3641s.essign (TLOGOUT~aC~l:1,8)
P 3b5s.loc (a43:)
P 3669.assig, (PLOGTNOUT,3CO2:1#8)
P 367s.exitoroc (LOGINOUTPLOGINOUT:)

*P 368t.generated for: TLOGPI

P 369s.oroc (YLOGIN:)
P 370s.senseconl (KEYCHAR:B)

*P 371s.exitoroc (TLOGINPTLOGIN:)
P 372t.generated for: LOGIN

P 373s.oroc (LOGIN:)
P 374s.assigm (ACNUM,@CO2:8p8)
P 375s.sensecond (ACNUM:S)
P 3769.eq (aT~loNEXTAC@C2:B,8p8)
P 377s.ea (at02PACOP&CO2:8,8p8)
P 378s.and (0TO1,aTO1,aTO2:9,8,8)
P 379s.jmof WaOlta44:8)
P 3809.assign (ACOrACNUM:8,8)
P 3818.10C (4:
P 382s.eq (8TO1,NEXTACa)CO1:8,8,8)
P 383s..q (aTO2,AC1,@CO2:8,8,8)
P 3841g.and (dTO1,;TiTOT0:8p8,8)
P 385s.jmof (taOlp,35:8)
P 386s.assign (ACI',ACNUM*:8t8)
P 3879.loc (@4*5:)
P 388s.eq (@TO1,NEXTAC,@CO3: S,8p8)
P 389s.*Q (@TO2pAC2viCO2:8,8,8)
P 390s.erid (arO1,c@To1,@TO2:8p,8)
P 3912.ijmof (ato1,.a'I6:8)
P 39 2seassign (A?2,ACNUM:8,8)
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P 3933. 1oc('b)
P 3941s.eQ (&@TO1,NEXTAC,.@CO'J:5#8,8)
P 395s.eq (@TO2,AC3,iCO2:8,8,8) 0
P 396s.and (@TOI,@d01,.iTO2:8,8,8)
P 39 7s.jmof (iJTOI,@4I7:5)
P 39 8s.assign (ACS,ACNUM:9#8)
P 399S.10C (@4 7)
P 4O0s.ecq c@TO1,NEXrAC,gC05:BA,8)I P 'I0ls.ec (4T2,AC4,@CO2:8,8p8)
P 402s~and (@TI,4TOlr@TO2:8,8,8)
P 40O3s.jmof (@TOI,@48:8)
P 40O's.assign (AC4e,ACNUM:8,B)
P 405s.1oc (@48:)
P 40Obs~eQ (.TO1,NEXTAC,@CO6:S,8,8)
P L07s.ea (@T02v ACS,3iCO2: 8,8v8) I
P 4O8s~and (@TO1,a@TOIP@TD2:8o8p8)
P L4O9s.jmpf (&@TO1,#L49:8)
P L4l0s~assig, (ACSPACNUM:8#8)
P 411ls. 1oc (@4L9:)
P 412s.eq (@TO1,NEXTACo@CO7:8v8,8)
P 413seo (@TO2, AC6,@iCO2: 8,8p8)
P 41L4s..gr (iTO1,,4TO1,,TO2:8,8,8)
P 159. jmof (@TO1,@50:8)
P '16s.assign (A6,ACNUbI:8p8)
P '17s.loc (@50:
P 418s.eq (@IO1,NEXTAC,i@CO8:8,8,8)
P 419s.eo (@TO2,AC7,@CO2: 8,8#8)
P 42Os.and (RTOI,@~TOI,@TO2:8pB,8)
P '4219.jmof (aTO1,@51:8)

wP 4*2s9.assign (AC7,ACNUM:8o8)
P 423s.loc (as1:
P q4'Is.eq (@TO1,NEXTAC,&@CO9:0,8,8)
P 425s.eQ (aTO2,AC8,iCO2:8#8,8)
P 26s.and (@TOI,@TO1,;DTO2:5,8,8)

P 4427s.ionof (&TO1,i@52:8)
P 428s.assignr (AC8#ACNUM:8,8)
P 429s. Ioc 0~52:)
P *30s~ea (@TO1,NEXTAC,i@C1O:8,8,8)
P '31s.eQ (@TO2vAC9,3CO2:8,8#8)
P L32s.end (@TOIP@TO1,*ITO2:BPS,8)
P L33s.jmof (4TO1 P453: 8)
P L43L.assign (ACq,ACNUb :8,B)
P 4359. 1oc (@53:)
P '436s~add (@TOI*NEXTACr4CO1 :8,8,8)
P 4379.assign (NEXTAC,i4TO1:8,8)
P Li38s.eq (iDTO1,NEXTACviCI4:8s8,8)
P L39s.jmof (,ITOI,@54:8)
P 440s.assign (NEYTAC,,iCO2:8,8)
P L441s*1oc (@5SI:
P '442s.assign (TLOGINiCO2:1#8)
P 44'3s.exitproc (LDGIN#LOGIN:)
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P 4446t.generated for: TLOGOJT

P '45S.oroc (TLOGOUT:)
4 P Ll6s.sensecond (KEYCHAR:8)

P 447s.Oeitcroc (TLOGOUT,TLOGOUT:)
P 48t.genreated for: LOGOUT

P 449s,.oeroc (LOGOUT:)
P 450s.assign (ACNUMv@CO2:8pS)
P 4SIls.sensecond (ACNUM:8)
P LI529.eq (@TOlACOPACNUM:8,8,8)
P 453s.jmof (RTO1,0J55:8)
P 454*.essign (ACO,&CO2:9,B)
P '55s.Ioc (a5'5:)
P L456*.eq (@TO1,ACI#ACNUM:8#BP8)

*P 457s.jmof (OIa6:8)
P '458s.assig, (ACOr@CO1:8,Fl)
P '59s.Ioc (&56b:)
P 46b0s.eo (aTO1,AC2,ACNUM:B8,8)
P 461*.jmof (.DTO1,@57:8)
P L62s.assign (ACO,.iCO3:8,8)
P 463s.loc 0~57:

I-P 464s..ci (,iro1,AC3,ACNUm:*8,8,8)
P 4659.jmpf W0T1,458:8)
P 4669.assign (ACOp&CO4:S,8)
P 467s.loc (@Sg:)
P a68s.eQ (@TOIPAC~*ACNUN :8#Sv8)
P 4699.1mof (OTOI,b59:8)
P 47Os.assigm (ACO#@CO5:BP8)
P '71s.Ioc (@59:)
P q72s.eQ (i4TO1,AC5,ACNU'4:8,SP8)
P 473s.jmof (@TOl,*)60:8)
P 47L4s.assign (ACO,a)COb:8,B)
P 475s.loc (46O:)
P 476s.eq (@TO1,AC6,ACNUM:8,BP8)
P 477s.jmpf (OTO1,361:8)
P 478s.assigm (ACOP@CO7:SP8)
P 479s.loc (461:)
P 48se (41O1,AC7FACNUM:B8,8)
P 481s.jmof (OTO1,4b2:i)
P 1 82s.essigm (ACO,aC08:BP8)
P '4839.1oc (.362:)
P LI84s.eq (mITO1,AC8pACNUM:8,5,8)
P L485s.jmof (IO1,63:8)
P 486s.essign (ACO,@CO9:B,8) 7 7
P 487s. I oc 0463:)
P '188s.eca (@TOI,AC9vACNUM:8vS#8)

*P L89s.jmof (@TOIP@64!8)
P 49Os.assicvm (ACOP@ClO:8,B)
P 419 1oc (O6IJ:)
P 492s.assigm (TLOGOUT,iiCO2%1#8)
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P 4 93s.exitoroc (L)Gour,LOGOUTr:)
P 494St.2ewmerated for: POSCH

P 495s.oroc (PDSCti:)
P '96s.sernseconl (NENlPOS:1)
P L97s.eq (@TO1 ,NEWdPOS*@COl :8,1,8)
P EJ98s.jmcof (@TOI,@65:8)
P '999.assig, (PJSCH*@C01:1,8)
P 500S.1oc (@65:)
P 501s.exitoroc (P)SCH,POSCH:)
P 502t.generated for: POSUPDATE

P 503S.Oroc (PJSUPDATE:)
P 5O*s.sensecond (P3SIrION:8)
P 505s.assiqn (POSCHP@C0O?:IP8)
P 5O6s.exitoroc (POSUPDATE,POSUPDATE:)
P 507t.generated for: MSGIN

P 508s.oroc e4SGIN:)
P 5O9s.sensecond (MSGREADY:1)
P 5109.eq (@T01 ,MSGREADY, @C01:8,1,8)
P 1511g.jmpf (@TObIP6b:8)
P 512s.assign (PSGIN,&@CO1:1,8)
P 513S.10C (@66:)
P 51L4s.exitoroc (MSGIN,MSGIN:)
P 515t.generated for: MSGSTORE

P 516s.oroc (MSGSTORE:)
P 5179.sensecond (?ESSAGE:8)
P S18s.issuevent (MSGRCVD:1)
P 519s.eq (@T01 ,NEXT4SG,@CO2:8,8#8)
P 520s.Jmof 5) T01 t 6 7 :8
P 521s.assiqn (ACO,MESSAGE:8,8)
P 5228.10C (@i67:)
P 523s.eq (@TO1.NEXT41SG,@C01 :8,8,8)
P 5?L4s.jmof (@r01,@68:8)
P 525s.assignv (ACI,MESSAGE:8p8)
P 5269.loc (@68:)
P 527s.eq (@TOINEXTMiSG,iC03:8,8v8)
P 528s.jmpf (@T01,a)b9:8)
P 5299.assign (AC2,MESSAGE:8*8)
P 5309.10C (@69:)
P 53190eq (@TOI ,NEXT'4SG,a.COLI:S,8,8)
P 532s.jmpf (@T01,@70:8)
P 533s.essign (AC3,MESSAGE:S,8)
P 534s.loc (a70:)
P 535s.eQ (@r01,NEXTASG,@C05:8,8,8)
P 5369.jmof (aTO I #71 :8)
P 537s.assign (ACL,MESSAGE:8r8)

*P 538s.1oc (dl7t:)
P 539s.eq (iTO1,NEXTMSG,@COb:8,8,8)
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P542s.loc (4372: ) *

P 543s.eq (.3TO1,NEXTASGva)C07:'3,8p8)
P 54ILs.imof (.TOIPi173:8)
p 545s.assign (ACb,MESSAGE:8,8)
P 5'46s.loc (@373:)
P 547s.eq (;f01 ,'4EXTMSG,3C08:8,BP8)
P 548S.jmof (V3r0,@74:13)
P 549s.assigrt (AC7,MESSAGE:8,8)
P 550S.Ioc 0374:

P 55ls.eq (i)TO1 NEXT'4SG,@iCO9:8,8p8)

P 55?s.jrnof (.3T01,i75:8)I
P 553s.assign (A.C8,NIESSAGE:8,8)
P 554s.loc (@375:)
P 555s.ea (3101.NEXTMSG,.3CIO:8,8t8)
P 556s.jmof (VT1.I)@7b8)

P 557s.assign (AC9,MESSAGE:9,8)

P 559s.add (.TOI,NE.(V4SG,.COI:8,8#8)
P 5b0s.assign (NEXTMSG,.3TOfl8,8)
P 561s.eq (3101 ,NEXr4SG,3C1I:8,8v6)
P 5b2s.jmof (.3101,@77:1)
P 563s.assigm (NEXTMSG,iC02:8,8)
P 5b4s.loc (@377:)
P 5b5s.exitDroc (MSGSTOREv'4SGSTORE:)
P 566t.gernerated for: SYSTE4t
P 567s.cons (icol,1:8)
P 5b8s.cons (.CO2,0:8)
P 569S.Coms (alC03,2:8)
P 57Os.coms O.C04I,3:8)
P 5719.cois (aIC05,iJ:8)
P 572s.cons (@C06,5:8)
P 573s.coris (@C07#6:8)
P 57as.cons (.C08,7:8)
P 575s.cons (@C09,8:8)
P 576s.cois (3cIO,9:8)
P 5779.cois (@CII,30:8)
P 578s.cons (4C12,20:8)
P 579s.cons (@C:13,15:8)
P 580s~cons (@C14#10:8)
P 581s.var (.3101:8)

P~ ~ ~ 5893 (@T02:8)



APPENDIX D

NEWCSDL.FOR OUTPUT
LISTING (SOFT.OARE)

I -°

- intel 80Ab realization -

$YSl4 equ ODOOOH" -

Sy$13 equ OCO00H ..
sys12 equ O0OOOHSvsII eIu OAOOOH

sVslO eou 9000H"""
svs9 eju 8000H'-".sysl equ 7000H
sys7 ezu 6000H

SYS6 eau 5000Hsyss eau 4000H

SYS8 eju 300H-

sys3 equ 2000HSyS e~u '000H :::

;this routine allows for a 1K stack. a stack that . .

qrows larger thar -.
i'i;this will overflow into the data seqment, to allow a*,

,- larger stack..
.; ;the ramotr global primitive in s.main must be set to -the e uired

;value. this method overlaos K of a segment and

:; ~64K of data :'.'
; segment* -_-

or- ;ro addrss-..nt
tmov DXO3FFH ;set data segment a

base address

mov DSDX ;to 1024
meh rX, OH ;set stack seoment

base address

" mov SS,OX ;to OOOOH
" no OFOOOH ;jump to low
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address of highest
;6K block

org ;rom address oointer
j -o OEOOOH ;to bottom of 2nd

high 64K(
;block

orq 1024
;define 8-bit storage

orq 1023 ;8 bit variable KEYINM •
i n ram

KEYINM: do 0

org 98304b ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable MINTAC
in ram

MINTAC: do 0
org 983046 ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable MASGDS

In ram
M4SGDS: do 0 3

orp 98304b ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable MLOCAT
in ram

MLOCAT: do 0

org 983046 ;rom address oointer .
;define 8-bit storage

orq 1023 ;8 bit variable MCLOCK - . -

in ram
MCLOCK: do 0

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable MLOGIN
nI ram

MLOGIN: do 0
org 983046 ;rom address oointer

;define 8-bit storage

orp 1023 ;8 bit variable S4MANJ
in ram

S,MANU: do 0
orq 983046 ;rom address oointer

;define 8-bit storage
orq 1023 ;8 bit variable S4AUTO

in ram
S4AJTO: do 0

org 983046 ;rof address oointer
;define 8-bit storage

rmorg 1023 ;8 bit variable ACO inramc

ACO: db 0
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org 983046 ;ron address oointer
;define 8-bit storage

org 1023 ;8 bit variable ACI in-
ram

AC I: db 0 .:.:
org 983046 ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable AC2 in

ram
AC2: db 0

orq 983046 ;rom address oointer
;define 8-bit storage

orq 1023 ;8 bit variable AC3 in
ram

AC3: db 0
org 983046 ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable AC4 in

ram
ACS: db 0

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable AC5 in

ram

ACS: db 0
org 983046 ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable AC7 in

ram
AC6: db 0

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable AC7 in
ram

AC7: db 0
org 983046 ;rom address oointer

;define 8-bit storage
orq 1023 ;8 bit variable AC8 in

ram
ACS: db 0

org 983046 ;rom address oointer
;define 8-bit storaae

org 1023 ;8 bit variable c9 inT
r a m

TC9: db 0
org 983046 ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable INTPER", -

1 - ram"'"

IITPER: do 0
org 983046 ;rom address pointer ..
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;lefine 8-bit storage
org 1023 ;8 Pit variable MSGO

i , ram S
MSG0: do 0

0 rQ 983046 ;rom address Pointer
;define 8-bit storage

org 1023 ;8 bit variable MSGI
iW r am .--

4SGI: do 0 •
org 983046 ;rom address oointer

;define 8-bit storage
orq 1023 ;8 bit variable MSG2

in ram
MSG2: do 0

orq 983046 ;rom address oointer ,
;define 8-bit storage

org 1023 ;8 bit variable MSG3
i n ram

MSG3: do 0
orq 983046 ;rom address oointer

;define 8-bit storage P
org 1023 ;8 bit variable MSG•

in ram
MSGM: do 0

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable MSG5
in ram

MSG5: do 0
org 98304b ;rom address oointer

;define 8-bit storage
org 1023 ;8 bit variable MSGb

in ram I
MSG6: do 0

org 983046 ;rom address Pointer
;define 8-bit storage

orq 1023 ;8 bit variable MSG7
in ram

MSG7: dO 0
org, 98304b ;rom address oointer

;define 8"bit storage
orq 1023 ;8 bit variable MSG-1 1 ram ::::':

MSG8: do 0
org 983046 ;rom address Pointer

;define 8-bit storage
orq 1023 ;8 bit variable MSGq

in ram
MSG9: do 0

org 983046 ;rom address oointer
;define 8-bit storage L
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org 1023 18 bit variable T41LUCA
i n ram

T4LOCA: do 0
og 983046 lrom address ooiriter

,def ine 8-bit storage
org 1023 ;8 bit variable TLOGIN

i n ram
TLOGIN: d o 0

org 983046 ;rom address oointer
;define 8-bit storage

og 1023 ;8 bit variable TLOG0J
i n ram

TLOGOD: do 0
org 983046 ;rom address ooirnter

;define 8-bit storage
org 1023 ;8 bit variable NEXT4S

i n ram
NEXTMS: do 0

'I'

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable NEXTAC
in ram

NEXTAC: do 0

orq 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable TPOLL
* jn ram

TPOLL: Ib 0
orq 983046 ;rom address ointer

;define 8-bit storage
orq 1023 ;8 bit variable COUNT

i n ram
COUNT: b 0

org 983046 ;rom address oointer
;define 8-bit storage

org 1023 ;8 bit variable CLOCK
ik ram

CLOCK: d 0
org 983046 ;rom address oointer

;orocedure KEYINM
KEYINM: noo ;entry point for

KEYINM
;detect coniion-type input (16-bit)

in AX,0 sense environmental data
inov KEYFLGAX

;test for equality between KEYFLG and )COI (16-oit) '
AXKEYFLG ;fetch KEYFLG

*-,--

orqD AXB@0O ;compadres argumnte
;dein S-b4 stornd routnei



t rue
ffov TOI10,O ;not eoual, wrOl 0

;branch on false S
nov 4L,@TOI ;load value into

accumulator
Cmo AL,0 ;compare to zero
j1Z @01 ;jumo to @O1 if

fa Ise(O)
;assiqn value of one variable to another variable S

(16-bit)
nov Ax, COI ;assiqn @C01
,nov KEYINMAX ;to KEYINM

Ol: moo :define location i.01
* .1

;orocedure KBINPM p
@KBINP4: noo ;entry point for

K3INPM
;assign value of one variable to another variable

(16-bit)
nov AX, &C02 ;assign iCO2
'nov MENUAX ;to MENU .

;send condition-tyce output (16-bit)
n ov AX,MENU ;issue control
out 0, AX

;detect condition-type input (lb-bit)
in AX,1 ;sense environmental data
' Ov KEYCHArAX .

;test for equality between KEYCHA and @CO1 (lb-oit)
nov @TOI,I ;presuppose equality

'nov AXKEYCHgA ;fetch KEYCHA
CmO AX,@COI ;compare arguments
Jz S+ ;end routine if

true
'nov @TO1,O ;not equal, @T01 0

;oranch on false
'nov AL,iTO! ;load value into

accumulator
cmo AL,O ;compare to zero
jZ @02 ;jumo to @02 if

fal se(:O)
;assign value of one variable to another variable

(16-bit)
'nov A x, CO 1 ;assign )CO--
no OMINTACAX ;to MINTAC

aO2: noo :define location @0? 2
;test for equality between KEYCHA and @CO3 (lb-Oit)

ov @TOlI ;presuppose equalit tY
71ov AXKEYCHA ;fetch KEYCHA
cmo AXFCO3 ;comoare argumnents
jZ $+ ;end routine if

true
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Mov qTO1,O ;not equal, TO1 0
;branch on false

.ov ALe@TO| ;load value into
accumulator

* Co ALO ;compare to zero
z Z03 ;jump to 03 if

fat se(ZO)
;assiqn value of one variaole to another variaole

(16-bit)
nov AXaCOI ;assiqn @C0..
'"ov M4SGDS,AX ;to MMSGDS

;D03: hop :define location @03
;test for equality between KEYCHA and @CO4 (lb-oit)

Mov TO1 , ;presuppose equality
"OV AX,KEYCHA ;fetch KEYCHA
cmO AX, CO4 ;compare arguments
jz S+4 ;end routine if

true
m ov @T01,O ;not equal, @TO= 0

;oranCh on false
.ov AL,&TO] ;load value into L

accumulator
' ALO ;compare to zern

Sjz @04 ;jumo to @04 if
fslse(=O)

;assign value of one variable to another variable
(16-bit)

nov AX,&CO ;assiqn iC01-
,nov MLOCATAX ;to MLOCAT

O 4: nop :define location @0"4
;test for equality between KEYCHA and @COS (16-it)

n ov 4TO1,1 ;oresupoose equality
'nOV AX,KEYCHA ;fetch KEYCHA
oMo AXv@CO5 ;comoare arouents
) jz $+4 ;end routine if

true
'ov aTO1,O ;not equal, iTO= 0

;oranch on false
"u*lar ov AL,@TOI ;load value into

. accumulator. '

C m O ALO ;compare to zero

* false(=O) 0"uv-t.i) i
;assign value of one variable to another variable

(16-bit)
n Ov AX,@COI ;assign iCO
nOV MCLOCKAX ;to MCLUCK

,D5: nop :define location @05

;test for equality between KEYCHA and @COb (lb-oit)
Tov iTOI,1 ;oresuooose enuality
'Rov AXKEYCHA ;fetch KEYCHA

:13
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cmD AX,4C06 ;comoare arquments
jz S#4 ;end routine if

t rue
"ov @TOI,O ;not eoual, @TOI = 0

;branch on false
"ov AL,@TO1 ;Ioid value into

accumulator
Cmo ALO ;comoare to zero

jz @06 ;jumo to @O if

fal se(:O)
;assign value of one variable to another variable

(16-bit)
71OV AX,@CO1 ;assiqn 6COI
iov MLOGIN,AX ;to MLOGIN

a06: noo :define location @06

;assign value of one variable to another variable
(16-bit)

7ov AXiCO2 ;assiqn @C02

'ov KEYINMAX ;to KEYINM

;orocedure 4INTAC
@MINTAC: noo ;entry ooint for

4'MINTAC

;detect condition-type inout (1b-bit)
in AX,2 ;sense environmental data
Inov KEYCHAAX

;orocedure INTAC
. aINTAC: noo ;entry point for

IYTAC
;assign value of one variable to another variable

".: ~(16-bit) - "
i ov AX,@COI ;assiqn @COl
" ov MENUAX ;to MENU

;send condition-tyoe output (16-bit)
m"Ov AXrMENU ;issue control
out 2,A X

;detect condition-tyoe inout (l6-bit)
in AX,3 ;sense environmental data
,OV KEYCHAAX

;test for equality between KEYCHA and @CO2 (1b- it)

no0v ;i T 0l P ;oresupoose equality
'no V AX,KEYCHA ;fetch KEYCHA
cono AXr4C02 ;compare argunents
j z+4 ;end routine if

t rue
nov @T 0O ;not equal, @TOI 0

;branch on false

J1ov AL,@TOl ;load value into
accumul ator

CM3 AL,O ;comnare to zero

89

d e ..d.. . . . . .. . .O- . -



*, .- '-.. ~ .. - - - - - *~ -

V2 .ZIe-01i- w -

jz ~iO7 ;jump to 4O7 if
false(=O)

;assign value of one variable to another variable
(16-bi t)

7OV AX , COI ;assign @COI
n ov KEYINMAX ;to KEYIN"

@07 noo :define location @07
;test for equality between KEYCHA and @CO! (lb-bit)

;Dov TO1,I ;oresuppose equality
'nov AXKEYCHA ;fetch KEYCHA
cno AX,@CO1 ;comoare arquments
j z S+4 ;end routine if

true
@roto ;not equal, 4TOI 0

;branch on false
n ov AL,@TOI ;load value into

accumulator
CmO ALvO ;compare to zero
jz @08 ;jump to @08 if

false(:O)
;assign value of one variable to another variable

(16-bit)
'nov AX,COl ;assign @COI
'ov SMMANU,AX ;to SMANU

@08: noo :define location @08
;test for equality between KEYCHA and @C03 (lb-oit)

'nov 4TOII ;oresuoose equality
'nOV AX,KEYCHA ;fetch KEYCHA

AX,@C03 ;compare arguments
j z S+4 ;end routine if

true
'ov 4TO1,0 ;not equal, TO! 0

;branch on false
anov AL,-jTO! ;load value into

accumulator-:,°

cmo ALrO ;compare to zero
jz D09 ;jumo to @09 if

fal se(=O)
;assign value of one variable to another variable

(16-bit)
Tov AX ICOI ;assiqn CO"I
'nov S4AUTO,AX ;to SMAUTO

&09: noD :define location @09-.-.
;assign value of one variable to another variable

(16-bit)
nov AK,C02 ;assion @C02"
'ov MINTAC,AX ;to MINTAC

;orocedure SMMANU
aSMMANU: noD ;entry ooint for

*, SMMANU
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;dietect condition-type input (lb-bit)
in AX,LI ;sense environmental data
71ov KEYCHAAX

;procedure 4AIUtAL .**-

@'NUL ANIJAL: noo ;entry Point for

;test if ACO not equal 3CO2 then &TO1 = 1 (lb-oit)
,now @T01,I ;Presuppose

i ,equalit y
,nov AX , ACO0 ;fetch ACO
MD AX,@lCO2 ;compare argumnents

ine +4;end routine if
true

,o iTOI,O ;equal, @)TOI = 0 0
;orench on false

710ov AL, JTO I ;load value into
accumul ator

^M0 L, ;compare to zero
jZ @ 10 ;jump to @l0 if

f 0 se(=0)
;assign valie of one variable to another variable

(16-bit)
Tov AX,@C02 ;assign @)CO2
no0v PJLL,AX ;to POLL

;Send condition-tyoe output (lb-bit)
,nov AXoPOLL ;issue control P-
out 4,A

.310: noo :define location @1l0
;test if ACI not equal @1C02 then 4TO1 = 1 (lb-bit)

,nov @T 0 1 ;presuppose
inequality

Ilov AX,ACI ;fetch ACt
cmD AX,@iC02 ;compare arqusnents
j ne S4;end routine if

t rue
,nov @TO 1 0 ;equal# @T01 0

;orench on f a Is
lov AL,&TOI ;load value into

accumul ator
Cnio ALr0 ;compare to zero
j z dIi ;jumnp to @i11 if

f al se(=O)
;assign value of one variable to another variable

(16-bi t)
710v AX,3CO1 ;assign @COI
no0v POLL,AX ;to POLL

;Send condition-type output (lb-bit)
710ov AX,POLL ;issue control
out 6,AX

all:nop :define location @11
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;test if AC2 mot eoual &C02 then TO1 1 (16-bit)
fov @TOloA ;oresuppose "

i~equality

Inov AXAC2 ;fetch AC2
C AX,4C02 ;compare arguments
jne $+4 ;end routine if

t rue
nov 4TO,O ;equal, @TO1 0

;oranch on false
Mov AL,4TO1 ;load value into

a:cumulator
cmo AL,O ;comoare to zero
jz 412 ;jump to @12 if

fal se(=O)
;assign value of one variable to another variable

(16-bit)
Mov AX,4C03 ;assiqn @C03-
710V POLLAX ;to POLL

;send condition-tyoe outout (16-bit)
mov AX#POLL ;issue control
out 8,AX

i12: moo :define location @12
;test if AC3 not equal @C02 then WTOI I (16-bit)

m ov iTO,I ;presuooose
*.inequality ...

n ov AX,AC3 ;fetch AC3

cmo AX,@C02 ;compare arguments
jne S+4 ;end routine if

t rue
nov @TO1,0 ;equal, @TO1 0

;branch on false
nov AL,@TO! ;load value into

a:cumulator
cm AL,0 ;compare to zero
az @13 ;jumo to @13 if

;assign value of one variable to another variable
(16-bit,

0nov AX,@CO4 ;assiqn @CO4
."ov POLLAX ;to POLL

;send condition-type outout (lb-bit)
V ov AXPPOLL ;issue control

*out 10,AX
@13: noP :define location @13
;test if AC4 not equal @C02 then WTO = 1 (16-oit)

nov @T01,1 ;oresupoose
i nequality

nov AX,AC4 ;fetch AC4

Cmo AX.@C02 ;compare arguments
ine S+4 ;end routine if

..t rue

q9



@ov @TO1,O ;equal, @TO1 0

;branCh on false
Tov AL,@TO! ;load value into

accumul ator
.MD ALtO ;compare to zero

jz 1)lQ ;jump to @114 if
f al se(=O)

;assign value of one variable to another variable
(16-bit) S

71ov AXi)C05 ;assign i)CO5
ov POLLAX ;to POLL , -

;send condition-type outouc (l6-bit)
710V AXPOLL ;issue control
out 12,AX

@14: no :define location n)14J P
;test if AC5 not equal @C02 then &TOl 2 1 (16-bit)

nOv &TO1,| ;oresuopose
inequality

'nov AXAC5 ;fetch AC5
Cm0 AX,@C02 ;compare arguments

jne S+I ;end routine if P
true

T OV @TOI,O ;equal, @T01 0
;oranch on false

7OV AL,@TOI ;load value into - -

accumul ator
cmo ALO ;compare to zero
jz @15 ;jumo to @15 if

fal se(O)
;assign value of one variable to another variable

(16-bi t)
'nov AX,@CO6 ;assiqn i)C06
lov POLL,AX ;to POLL

;send Condition-tyoe outout (lb-bit)
nv OAX,POLL ;issue control
out 14,AX

015: noo :define location h)15
;test if AC6 not equal @C02 then @TO1 1 (16-bit)

7O0 V TO I, I ;presuppose
Inequa i t y

i1ov AXAC6 ;fetch ACb
cmo AXj@CO2 ;comoare arquments ...

jne S+4 ;end routine if

t rue
710v *)TOIO ;equal, @TOI 0

;oranch on false
,nov AL,@T0 ;load value into

accumul ator
Cma AL#O ;compare to zero
jz ;)16 Fjumo to "'b if

false(=O)
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;assign value of one variaole to another variable
(16-bi t) 0

nov AX,&C07 ;assiqn iCO7
nov PIL L rA X ;to POLL

;Send comdition-tyoe output (16-bit)
Mov AXPOLL ;issue control
out 16,AX

6np:define location @l16
;test if AC7 not equal @C02 then aTO1 I (16-bit)

710V V01),1 ;Presupp'ose
1i qual it y

n"ov AX,AC7 ;fetch AC7
c3 AX,4CO2 ;comoare arqu'nents

ine + ;end routine if
t rue

Inov @ T0 1,O0 ;equal, @TOI 0
;branch on false

n"ov AL,@TO1 ;woad value into
accumnulator

CD ALO Icomoare to zero
iZ :017 ;jump to @1I7 if

;assign value of one variable to another variable
(16-bit)

no0v IX@O assign @COB
no0v POLL,AX ;to POLL

Send condition-tyce output (16-bit)
no0v AX# POLL ;issue control

*out 18,AX
@17: moo :define location @17
;test if ACS not equal 3CO2 then @T01 1 (16-bit)

inequalit & o T01l ;oresupoose

nov A X ,AC 8 ;fetch AC8
C'no AX,@C02 ;compare argunents
ine S+ end routine if

t rue
Ifov )TOI,O ;eoual, ilTOI 0

;oranch on false
no0v AL,4TO1 ;load value into

accumul ator
cmao AL , 0 compare to zero
i z i18 ;jumnp to @1 if

fe91 se (=O)
;assign value of one variable to another variable

(16-bit)
710V AX , iCO9 ;assign iCO9
no v POLL,AX ;to POLL

;sen~d condition-tyoe output (lb-bit)
n1ov AX,POLL ;issue control
out 20,AX
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'@8: noo :define location @19
;test if AC9 not equal @C02 then iTOl = I (lb-bit)

nov @TO,I ;oresuopose
inequality

SV AXAC9 ;fetch AC9
emo AX,@C02 ;comoare argunents
Jmne 5+41 ;end routine if

t rue
mov 1TOIO ;equalf @TOI = 0

;oranch on false
'"ov AL,;TO! ;load value into

accumulator
AL,O ;compare to zero

jz @19 ;jumo to 419 if
fel se(=O)

;assign value of one variable to another variable
(16-bit)

OV AX,@CIO ;assiqn @CIO
'"ov POLLAX ;to POLL

;send condition-type outout (16-bit)
nRov AXPOLL ;issue control

out 22,AX
@|q: noo :define location l-9
;assign value of one variable to another variable

(16-bit)
i ov AX,@C0 2 ;assiqn @C02
n ov SMMANUAX ;to SMMANU

;orocedure SMAUTO
iSMAUTO: noo ;entry ooint for

S°AUTO
;detect condition-tyoe inout (lb-bit)

in AX,5 ;sense environmental data

71OV KEYCHA,AX

;orocedure AUTO
@AUTO: noo ;entry point for

AJTO
;assign value of one variable to another variable

(16-bit)
SOV AX, ;C03 ;assign @CO3
Sov MENU,AX ;to MENU

;send condition-type output (lb-bit)
nov A X, ENJ ;issue control
out 2qAX

;detect condition-tyoe input (lb-bit)
in A, b ;sense environmental data
t f V KEYCHA,AX

;test for equality between KEYCHA and hC02 (16-oit)
nov 4TOlI ;presuppose eoualitv1nov AX,KEYCHA ;fetch KEYCHA
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CMD AX,@C02 ;compare arguments
jz S+4 ;end routine if

t rue
To TOO ;not equal* @TO= 0

;oranch on false
Sov AL,,TO ;load value into

a cc umu lat or .
au a ALO ;compare to zero .

jz @20 ;jumo to @20 if
false(=O)

;assiln value of one variable to another variable
(16-bit)

Sov AX, CO1 ;assiqn @CO.
nov KEYINMAX ;to KEYINM

@20: noo :define location o)20
;test for equality between KEYCHA and @COI (16-oit)

4ov TO1,I ;oresuooose equality
'"ov AXKEYCHA ;fetch KEYCHA
CMo AX,@COI ;comoare arguments

iz S+4 ;end routine if
true

"nov @TO O ;not equal, 4TOI 0
;branch on false

nov AL T 01 ;load value into

accumulator
ctn AL,O ;compare to zero

jz V21 ;jumo to @21 if
false(=O)

;assiqn value of one variable to another variable

(16-bit)
"nov AX, @Cl ;assion i)C- '

Tov I'TPERAX ;to INIPER
42l: noo :define location @2 1

;test for equality between KEYCHA and @CO3 (6-oit)
n1OV a)TO1,I ;oresuooose equality
71OV AXKEYCHA ;fetch KEYCHA
cmD AX,@CO3 ;comoare arguments - . -

jz S+4 ;end routine if
true

nov )TOI,O ;not equal, )TO = 0
;branch on false

nov AL,3 O1 ;load value into
a:cumulator

cmo ALO ;comoare to zero
jz @22 ;juMo to @22 if

false(cO)
;assign value of one variable to another variable

(1-b i t)
nov AX, iC12 ;assiqn IC12.
Inov INTPERAX ;to INTPER

n22: moo :define location @22
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test for eqiuality betwdeen' KFYCHA and @iCO'4 (16-bit)
Mo TOl,I ;presuppose equality
nov AX.(EYCHA ;fetch KEYCHA

CMD AX , )CO4I ;comoare araufflents
z S+4;end routine if

t rue
'nOV @iTO1,O0 ;not equal# a)TOI 0

;oranch on false- -.

71ov ALTOI ;load value into9
accumul ator

cmo AL,O ;comoare to zero
jz $23 ;jumo to u23 if

f oa se (=O
;assign value of one variaole to another variaole

(16-bit)S
no0v AX,iC13 ;assign a'C13
-nov ITPERAX ;to INTPER

2: moo :define location @23
;test for equality between KEYCHA and .CO5 (lbDit)

'nov ciT 0 1 ;presuppose equality
Inov AX,KEYCHA ;fetch KEYCHA S
"MOvCP, ;co;toare arguments
jz S+ ;end routine if

t rue
Ilov )TOI,O ;not equal, iT0- 0

oranch on false
"ov AL,KYTO1 ;load value into

accumnulator
Cmo AL,O0 ;cooare to zero
jz @24 ;juno to u24 if

f true i0:
;assign value of one variable to another variaOle

(lb-bit)
no0v AX, 3)C 14 ;assiqn @iC14~
nov INITPER,AX ;to INTPER

'34noo :define location i i24
;test for equality between -EYCHA and a)COb (lboit)

n ov @1, TOI ;oresuoose equalit
'ov AX,KEYCHA ;fetch KEYCHA
Cm AX,aCOb ;compare aru'ents
jz S+4 ;end routine if

true
nov @7T01,0 ;not equal, olTOl 0

;oranch on f aIs e
'nov AL,iIT01 ;load value into

accumnul ator
Zma AL,0 ;compare to zero
jz 425;jump to @125 if

f al se(:O)
;assign value of one variaole to another variable

(16-bit)
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'nov AX,iCO6 ;assign @COb
Sov INTPER,AX ;to INTPER

@2S: noo :define location @25e-
;test for equalitv between KEYCHA and @CO1 (lb-bit)

ov @T01,1 ;oresuooose eauality
'nov AXKEYCHA ;fetch KEYCHA
cmo AX,@CO7 ;comoare arauments

z S+4 ;end routine if
t rue

'"ov )TOI,O ;not equal, @To1 0
;oranch on false

'nov AL,@T01 ;load value into
accumul ator

Cmo AL,O ;comoare to zero
jZ 126 ;jump to @2b if

fal se(=O)
;assign value of one variable to another variable

(16-bit)
n Ov AX, 4CO1 ;assiqn iCO!
'nov INTPER,AX ;to INTPEN

@26: n1o :define location @26
;assign value of one variaole to another variaole

(16-bit)
nOV AX,CLOCK ;assign CLOCK

• ovINTI IM,AX ;to INTT14

;assign value of one variable to another variable
(16-bit)

,noV AX,9C02 ;assiqn @CO2
'nov SMAUTO,AX ;to SMAUTO

;assign value of one variable to another variable
(lb-bit)

Tov AX,@COI ;assiqn CO1
'nov TPOLL,AX ;to TPOLL

;orocedure TP3LL
@TPOLL: 1o3 ;entry Point for

TDOLL
;subtract 1b-oit CLOCK - INTTIm = @TOl

nov 4X,CLOCK ;fetch subtrahend
suo AX,INTTIm ;fecth and subtract

m i nuend
n ov 4TO1,AX ;store answer in TOI

;test if iTO1reater than INTRER then @TO1 = I
(16-bit)

'ov VTOI,l ;oresuopose aril >
arq 2

'ov AXi0TO1 ;fetch @TO1
m AX,I NTP ER ;comoare arguments
j q S$+U a;end routine if

t rue
'ov 4TO1,O ;not > , @TO1 0
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;oranch on false
mov AL, TO ;load value into

e~cunul ator
CMD AL,O ;compare to zero

jz 47 ;jumo to @27 if
f1aIse(:O)

;assign value of one variable to another variable

-ov AX,3CO1 ;assiqn iCOI
n ov TPOLL,AX ;to TPOLL

n27: moD :define location @27

;orocedure OOLLAU
VOLLAU: noo ;entry Point for

P)LLAU

;test if ACO mot equal 9C02 then TO1 = I (1b-bit)
71ov @TOlI ;oresuooose

inequality
71ov AX,ACO ;fetch ACO
cMD AX,@C02 ;comoare arguments
jne $+4 ;end routine if

true
11ov @ TO1,O ;equal, 5TO1 0

;oranch on false
Nov ALiTOl ;load value into

a:cumulator
CMD AL,O ;compare to zero
j z @9 ;jumo to @28 if

fal se(=O)
:assign value of one variable to another variable

(16-bit)
Vov AX,4C02 ;assign @C02
11ov POLLpAX ;to POLL

;send condition-tyoe outout (lb-bit)
'"ov AXPOLL ;issue control
out 2b,AX

328: noo :define location @28
;test if ACI not equal @C02 then &TOI = I (16-oit)

a rOlI ;oresupoose
i 1equal it y

AKOV AXACI ;fetch ACI
Cmo AXv@C02 ;comoare arauments

jne $+4 ;end routine if

true

1'ov )TOl,0 ;equal, iTOI = 0
;oranch on false

nov ALvTOI ;load value into
a:cumulator

ALO ;compare to zero
7 29 ;jumo to @29 if
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;assign value of one variable to another variable
(16-bit )

M AX,JC0l ;assiq, @lC01
'"v POLL,AX ;to POLL

Send condition-tyoe output (lb-bit)
fflov ALL ;issue control
out 8A

1129: nov :define location @129
;test if AC2 not equal iC02 then 4~T01 =I (lb-bit)

'novt r I1, ;oresupoose
i equa 1 i t y

Tnov AX,AC2 ;fetch AC2
c!"D AX,@1C02 ;compare arqu'nents
ine S4;end routine if

true
'nov 3T01,0 ;equal, ilT01l 0

;oranch on f alIse
no0v AL,iJTol ;load value into

accumulator
crno AL sO ;comoare to zero

11 30 ;jumo to i)30 if
f 91se(=O)

;assign value of one variable to another variable
(lb-bit)

Ito v A X , iC03 ;assign 11C03
'nov PcJLL,Ax ;to POLL

send condition-type output (lb-bit)
710ov AX,POLL ;issue control
out 30,AX

&30: noo :define location @30
;test if ACS not equal @1C02 then rJT0l 1 (lb-bit)

'nov 4 T 0l1 ;presuppose
nequal ity

'nov AX,AC3 ;fetch AC3
cvnlo AX,11CO2 ;co'noare argumnents
ine $4;end routine if

t rue
61v T01,0 ;equal, @Tot 0

;oranch on false
n1ov AL,@T01 ;load value into

accumnul ator
cmD AL,O0 ;comoare to zero
j Z @31 ;juno to @131 if

;assign valie of one variable to another variable
(16-bit)

710 V AX , )CO4;assign OCOLI
,ed'nov POLL,AX ;to POLL

;Sn condition-tyoe output (lb-bit)
no0v AX,POLL ;issue control
out 32, AX
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a3l: noo :define location @31
;test if AC not equal @C02 then 4TOI = I (lb-bit)

1ov TOtel ;oresuooose
inequality

Tov AXAC 4 ;fetch AC4
AX,@C02 ;comoare arouments

jne S+4 ;end routine if
t rue

0 v jT01,0 JeQual, onT01 0
;oranch on false

nov AL,.4TOI ;load value into
accumulator

c ALO ;comoare to zero
jz i32 ;jumo to @32 if

f l se(aO)
;assign vslue of one variable to another variable

S(lb-bit)
nOV AX,3C05 ;assign @C05
'ov POLLvAX ;to POLL

;Send condition-tyoe outout (16-bit)
nOV AXPOLL ;issue control
out 3'1,AX

@32: noo :define location 432
;test if AC5 not equal iCO2 then @TOI = I (1b-bit)

nov iTOI,I ;oresupoose
inequelity

710v AXACS ;fetch AC5

CmD AX,iC02 ;comoare arguments
ine S+4 ;end routine if

t rue
" 'nov @T0O0O ;eoual, 1TO = 0

;branch on false
nov AL,@TO1 ;load value into

accumulator
co ALO ;compare to zero
jz i33 ;jumo to 433 if

fslse(=O) '

;assiin value of one variable to another variaole
(16-bit)

nov AX,@CO6 ;assign COb-
nov POLLpAW ;to POLL

;send condition-tyoe output (lb- bit)
ov AX,POLL ;issue control
out 3b6AX

D33: nop :define location @33
;test if ACb not equal @C02 then @TOI = I (lb-bit)

nov fiT01,I ;oresupoose
inequality

rov AX,AC6 ;fetch ACb
CMo AX,@C02 ;compare arqu-nents
ine $+ ;end routi-ne if
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t rue
@o T01,O ;eoualp iTOl 0

;branch on f aIs e
Tov AL,i TO1 ;load value into

accumul ator
MD AL,O ;comoare to zero

jz a)4;jump to 4i34 if

;assign value of one variable to another variable
(16-bit)

mov AX(,3C07 ;assign @CO7
."Ov POLL, AX ;to POLL

;send condition-tyoe output (16-bit)
710V AXPPOLL ;issue control

out 39, A X
@3: nop :defitne location @3

;test if AC? not equal @lC0? then hTOI 1 (16-bit)
Tov V 0O1, I ;presuppose

inequality
Vo v AX,AC7 ;fetch AC?
c.M3 AX,@lCO2 ;compare arguments

!me $+ ;end routine if
t rue

'nov 4TO0,0 ;equalp @)TOI 0
;Oranch on false

'nov AL,JTo1 ;load value into
accumiul ator

cvno AL, 0 ;compare to zero
iz Z 35 ;iurnp to iL35 if

fal se(:0)
;assigm valie of one variable to another variable

(16-bit)
mov AX 4CO08 ;assign @)COB
n"ov POLLAX ;to POLL

;send condition-ty~e output (lb-bit)
nov AXPOLL ;issue control
out 40O,AX

435: noo :define location @35
;test if AC8 not equal @C02 then 3T01 = 1 (16-oit)9

'nov 4T 0 1,I ;oresuvoose
iiequal ity

mov AX,ACM ;fetch AC8
cino AX,3)C02 ;compare arqumemts
jne S+'J ;end routine if

t rue9
'ov 4T 0 1,0 ;eoual, a)TO1 0

;oranch on false
'nov ALIriTOj ;load1 value into

accumwul ator
ALo0 ;cornoare to zero

j z 4 36 HJumo to @36 if
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false(:0)
;assign value of one variable to another variable

(16-bit )
0 v AX,@C09 ;assign @C09 .

n1ov POLLAX ;to POLL
;send conlition-type output (lb-bit)

Tov AX,POLL ;issue control
out L2,AX

@36: noo :define location 3h
;test if AC9 not equal @C02 then aT01 = I (16-oit)

nov @T0|l, ;oresupoose
i equal ity

' ov 4X,AC9 ;fetch ACQ
AX,@C02 ;compare arguments

ine S+4 ;end routine if
t rue

'nov O 01,O ;eQual, @TOI = 0
;tranCh on false

n ov ALPTOI ;load value into
a:Cu'nul ator -.

cno ALO ;comoare to zero
jz i37 ;jumo to @37 if

false(:0)
;assiqn value of one variable to another variable

(lb-bit)
'"ov AX,3Cl0 ;assign @ClO
Sov POLLAX ;to POLL

;Send condition-tyoe outout (lb-bit)
I ov AXPOLL ;issue control
out 44,AX

@37: noo :define location @37
;assign valIe of one variable to another variable

(16-bit) |
bov AX,3C02 ;assign 9C02

o ov T*OLLAX ;to TPOLL

;orocedure 4MSGDS
44MSGDS: noo ;entry ooint for

M SGDS
;detect condition-tyoe inout (16-oit)

in Ax,7 ;sense environmental data
,o V KEYCHA,AX

;orocedure 4SDSP
M SGDSP: noo ;entry point for

NSGDSP

;assicln value of one variaole to another variable
(lb-bit)

'"ov AXXSGO ;assion MSGO
'nov MSGVDT,AX ;to MSGVDT

;send condition-tyoe outout (lb-bit)

103

. .. .. .....- *** • . ..- ~* .~* .*. • .-. x .. . * . . . . .-. * . , . . -..-



SOv AX,4SGVDT ;issue control
out 4b,AX.

;assign value of one variable to another variable S
(16-bi t)

nov AXMSGI ;assiqn MSG
Mov MSGVDreX ;to MSGVDT "":"

;send condition-tyoe outout (lb-bit)
-nOv AxMSGVDT ;issue control
out 48,AX 0

;assign valje of one variable to another variable
(16-bit)

71Ov AX,4SG2 ;assign MSG2
71OV MSGVDT,AX ;to MSGVDT

;send condition-tyoe outout (lb-bit)
"ov AX,MSGVDT ;issue control S
out 50,AX

;assign value of one variable to another variable
(16-bit)

nOV AX,MSG3 ;assiqn MSG3
71ov MSGVDT,AX ;to MSGVDT

;send condition-tyPe outout (lb-bit) a
nov AxMSGVDT ;issue control
out 52,AX

;assign value of one variable to another variable
(16-bit)

lov AX,MSG4 ;assiqn MSG
71ov MSGVDT,AX ;to MSGVDT .

;Send comdition-tyoe outout (lb-bit)
71ov AX,mSGVDT ;issue control
out 54,AX

;assign value of one variaole to another variaole
(lb-bit)

Tov AX,MSG5 ;assiqn MSG5 -
n"ov MSGVDTAX ;to MSGVDT

;send condition-tyoe output (16-bit)
-nov AX,MSGVDT ;issue control
out 56,AX

;assign value of one variaole to another variaole
(lb-bit)

n ov AX,MSG6 ;assign 4SG6
,nov MSGVDTAX ;to MSGVDT

;send condition-tyoe outout (lb-bit)
Inov AXESGVDT ;issue control
out 59,AX

;assiqn value of one variable to another variable I
(16-bit)

-nov AXDmSG7 ;assiqn 4SG7
'ov MSGVDT,AX ;to MSGVDT

;send condition-tyoe outout (lb-bit)
n1ov AXMSGVDT ;issue control
out 60,AX .

I
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;assign value of one variable to another variable
(16-bit)

nov AX,MSG8 ;assiqn MSG8

1 Ov MSGVDTAX ;to MSGVDT
send condition-tyoe output (lb-bit)

nov AX,MSGVDT ;issue control
out b2,AX

;assign value of one variable to another variaole

(16-bit) 
N ov AXMSG9 ;assiqn MSG9
nov MSGVDT,AX ;to MSGVDT

;send condition-tyoe output (lb-bit)
i ov AXSGVDT ;issue control
out b J,AX

;assign value of one variable to another variaole
(16-bit)

Vlov AX,@C02 ;assiqn @C02

"1ov M4SGDS,AX ;to MMSGDS

;orocedure 4L)CAT
44LOCAT: noo ;entry point for S

MLOCAT

;detect condition-tyoe inout (16-bit)
in AX,8 ;sense environmental data

i OV KEYCHAAX

;orocedure LOCATI

4LOCATI: noo ;entry ooint for
L3CATI

;assign value of one variable to another variable
(16-bit)

ov AX,@O4 ;assian @CO 4
nov MENU,AX ;to MENU | .

;send conlition-type outout (lb-bit)
nlov AX,MENU ;issue control

out 6b,AX
;detect condition-tyoe input (1b-bit)

in AX,9 ;sense environmental data

*nOV KEYCHAAX

;test for equality between KEYCHA and 4CO2 (Ib-oit)
Tov @TOI,1 ;oresupoose equality
ov AX,KEYCHA ;fetch KEYCHA

AXrC02 ;comoare arqurents

jz ;end routine if
true

nov i TO1,O ;not equal, i)TOI = 0
;oranCh on false

-nov AL, TOI ;load value into

a:cumulator

c m3 ALO ;compare to zero - -

jz @39 ;jumo to @38 if

1 05
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f al se(:O)
;assigqn value of one variable to another variable

6-bi t) 0
11ov AX,@COt ;assign @COI
Inov KEYINMAX ;to KEYIN.

@38: noo :define location @38

;test for eouality between KEYCHA and @COI (lb-oit)
;oresuooose equality

iiov AXKEYCHA ;fetch KEYCHA 0
.mo AX,JCO1 ;compare arquvents
jz $+/ ;end routine if

t rue
rOV @TO1,O ;not equal, 3TOI =

;branch on false
ov AL,@TOI ;load value into a

accumulator
cmo AL,O ;compare to zero
iz @39 ;juTo to @39 if

false(=O)
;assign value of one variaole to another variaole

(16-bit)

71OV AX,@CO ;assign @CO1
71ov NEWPOS,AX ;to NEWPOS

@39: no :define location @39

;test for equality between KEYCHA and @CO3 (1b-oit)
o ,TO1,1 ;oresupoose eauality

'Ov AXKEYCHA ;fetch KEYCHt .
AX,@CO3 ;compare arguments

jz $+ ;end routine if
t rue

'ov @TO1,O ;not equal, @TOI = 0
;oranch on false

11ov AL,@TO1 ;load value into .

a:cumulator
Cmo AL,O ;compare to zero

iz 40 ;jumo to 440 if
fal se() "

;3ssion value of one variable to another variable
(16-bit)

nlov AX,@C02 ;assiqn @C02
nov NEWPOS,AX ;to NEhPOS

;assign value of one variable to another variable
(16-bi t)

,nov AXiCOI ;assiqn iCOI
n ov TMLOCA,AX ;to TVILOCA

@40: noo :define location ,40
;assiqn valie of one variaole to another variable

(16-bit)

n ov Ax,@C02 ;assiqn iC02
nov MLOCAT,AX ;to MLOCAT
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;orocedure TMLOCA
@TMLOCA: noo ;entry Point for

T4LOCA
;detect conlition-tyoe inout (1b-bit)

in Ax,l0 ;sense environmental data

,noV KEYCHA,AX

;orocedure 4AVLOC-
@MANLOC: noo ;entry Point for p

MANLOC

;detect condition-ty'e inout (lb-bit)
in AX,11 ;sense environmental data

'"ov MANPOSAX
;assigqn value of one variaole to another variable

(lb-bit) nov AX,MANPOS ;assiqn MANPOS i

'nov POSITI,AX ;to POSTI:
;assign value of one variable to another variable

(16-bit)
'"ov AX,i)C02 ;assign iCO2
71ov TMLOCA,AX ;to TVILOCA

;orocedure 4CLOCK
i1CLOCK: noo ;entry Point for

MCLOCK

;detect condition-tyoe inout (lb-bit)
in AX,12 ;sense environmental data
nov KEYCHA,AX

;orocedure CLOCKS
@CLOCKS: noo ;entry ooint for

CLOCKS
;assion value of one variable to another variable

(lbbit)
-ov AX,@CO5 ;assign CO.5

71ov MENUAX ;to MENU

;send coniition-tyoe outout (l6-bit)

Inov AX,UENJ ;issue control

out b8,AX
;detect condition-type inout (lb-bit)

in AX,13 ;sense environmental data

n ov KEYCHAAX
;assign value of one variable to another variable

(16-bit)
Tov AX,@C02 ;assion @C02
'nov MCLOCK,AX ;to MCLOCK

;orocedure 4LGIN
@MLOGIN: noo ;entry ooint for

MLOGIN
;detect coniition-tyoe inout (lb-bit)

1,07
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in AX,1I ;sense environmental data

'nov KEYCHAAX

;orocedure LOSINO
@LOGINO: noo ;entry ooint for

L3GINO
;assign value of one variable to another variable

(16-by t) '-_
7V AX,@CO6 ;assion @C0b
'ov MENUAX ;to MENU

;send condition-tyoe outout (16-bit)
'ov AX,MENU ;issue control
out 70,AX

;detect condition-tyoe inout (1b-bit)
in AX,15 ;sense environmental data
Inov KEYCHA,AX

;test for equality between KEYCHA and 4C02 (lb-bit)
71ov @T01, I;resuooose equality
'nov AX,KEYCHA ;fetch KEYCHA
cmo AX,@C02 ;compare arguments

jz S+ ;end routine if
t rue

'nov 4T0l,0 ;not equal, 4TOI= 0
;oranch on false

'nov AL,@TO ;load value into
accunul ator

cM'o AL,O ;compare to zero

jz @J1 ;Jump to @41 if
false(=0)

;assign value of one variable to another variable
(16-bit)

'nOV AX,@COt ;assign iCO-
nov KEYINM,AX ;to KEYINM

@41: nop :define location @41

;test for equality between KEYCHA and @C01 (1b-oit)
nov il@0T,1 o;resuppose eqjality

'nov AX,KEYCHA ;fetch KEYCHA
cmo AX,@C01 ;comoare arguments

jz + ;end routine if
true

'nov @T01,0 ;not equal, DTOI 0

;branch on false
n ov AL,@T01 ;load value into

accumul at or
:mo AL,O ;comoare to zero
i z )2 ;jumo to @42 if

fal se(=O)

;assiin value of one variable to another variable

( 6-bi t)
nlov Ax,iCOI ;assign @COl
"ov TLOGIN,AX ;to TLOGIN
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@42: nop :define location a42

;test for equality between KEYCHA and C03 (lb-oit)
Toy @TO1,1 ;oresuooose equality
'nov AXtKEYCHA ;fetch KEYCHA
cmo AX,iCO3 ;comoare arnuments
jZ S$+ 4 ;end routine if

t rue
7oV 4T01,O ;not equal, TO1 0

;oranch on false
'ov AL,@TO! ;load value into

acumulator
cmo AL,O ;comoare to zero
jz i 3 ;jumo to @43 if

false(=O)
;assign vaije of one variable to another variable

(16-bit)
ffov AX,ilCO1 ;assiqn 3COI
'ov TLGOU,AX ;to TLOGOU

@43: nop :define location o)43

;assign value of one variable to another variable
(16-bit)

n Ov AXiC02 ;assiqn a)C02
71ov MLOGTN,AX ;to MLOGIN

;orocedure TLJGIN
@TLOGIN: noo ;entry ooint for

TLQGV
;detect condition-tvoe inout (lb-bit)

in AX,16 ;sense environmental data
0 v KEYCHAAX

;orocedure LOGIN
4LOGIN: noo ;entry ooint for

LOGIN
;assiqn value of one variable to another variable

(lO-bit)- .-

71OV AX,3C02 ;assign @C2-
'nov ACNLIMAX ;to ACNUM

;detect condition-type input (lb-bit)
in AX,17 ;sense environmental data
71nov ACNUJ'4AX

;test for equality between NEXTAC and 4C02 (lb-oit)
70 oV @Tot~ I I;oresuooose equalitv
ItoV AX,NEXTAC ;fetch NEXTAC
cmo AX,4C02 ;comoare arquments
jz ;end routine if

true
' ov @T01rO ;not equal, )TOI = 0

;test for equality between ACO and iC02 (lb-bit)
7 V 4TO2,1 ;oresuooose equality

'nov AXACO ;fetch ACO

.~~~~, . .
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mo AX,4C02 ;comoare arouments
u z S+4 ;end routine if

t rue S

710V @TO2,O ;not equal, ilTti2 0
;logical and. (lb-bit) 9TOI *and. @TO2 @TO-

'nov AX,@TO.
and AX,@T02
*nov @ TO,AX

;oranch on false
'ov AL,3TOl ;load value into

accumulator

CM0 ALO ;compare to zero
jz @44 ;jumo to @44 if

false(=O)
;assign value of one variable to another variable S

(lb-bit)
Inov AX,ACNU4 ;assign ACNUM
n ov ACO,AX ;to ACO

@44: noo :define location @ -44
;test for equality between NEXTAC and @COI (1|-oit)

'nov @TOI,I ;oresuopose equality
Mov AXNEXTAC ;fetch NEXTAC
:mo AX,@COl ;comoare arguments
iz S+4 ;end routine if

true
'nov @TOI,O ;not equal, iTOI = 0 _-._

;test for equality between ACI and @C02 (16-bit)
n1ov @T02,I ;oresuooose equalitv
11ov AX,ACI ;fetch ACI

AX,@C02 ;compare arguments
iz S+4 ;end routine if

t rue
nov @TO2,O ;not equal, 4T02 0

;logical and. (lb-bit) 9TOt .and. VT02 = )TOI'nov AX,@TOI 1''

and AXpT02

'nov @/OI,AX
;oranch on false

'ov AL,@TOI ;load value into S

accumulator
CMD AL,O ;compare to zero

jz 945 ;jumo to @45 if
fal se(=O)

;assign value of one variable to another variaole
(lb-bit)

'ov AX,ACNU4 ;assiqn ACNU4
'nov ACIAX ;to ACt

noo :define location -:::
;test for equalitv between NEXTAC and iC03 (lb-oit)

'nov @TO1,I ;oresuooose equality
'nov AxNEXTAC ;fetch NEXTAC
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cmD AX,@CO3 ;comoare arquments
jz S+ ;end routine if

true
y TOlVO ;not equal, iTOl = 0

;test for equality between AC2 and @C02 (l6-bit)
nov TO2,l ;oresupoose equality

Aov AXAC2 ;fetch AC2

Ao AX,4C02 ;compare arquvents
jZ S+4 ;end routine if p

t rue
nOV @T02,O ;not equal, iTO2 = 0

;logical and. (16-bit) 4TO1 ,and. a)T02 = a)TOI 'Y

nov AX, @TOI
anJ AX,@TO.

7nov @TOIAX
;oranch on false

nov AL,1T 01 ;load value into
accumulator

Cmo ALO ;compare to zero
jz 44 b ;jump to 64b if

fal se(=O)
;assign value of one variable to another variable

(16-bit)
nov AXACNUm ;assign ACNUM.

nov AC2,AX ;to AC2
54: nop :define location @4b
;test for equality between NEXTAC and @C04 (Ib-oit)

Mov 0) TO11 ;presupoose equality
71oV AX,NEXTAC ;fetch NEXTAC
CMo AX,@CO ;comoare arquments
jz S+4 ;end routine if

t rue
4nov T 01,0 ;not equal, T01 0

;test for equality between AC3 and iCO2 (16-bit)
-.ov a)TO2,I ;presuooose equality "
nov AXAC3 ;fetch AC3
CmO AX,@C02 ;comOare arguments
jz S+4 ;end routine if

t rue
Ov a)T02,0 ;not equal, @T02 = 0

;logical ani. (16-bit) i)tO and. @T02 = TOI

ov A X, T01.

and A X , @TO02
7nov 4 TOI,AX .

;oranch on false
mov ALpTOI ;load value into

accumul ator
cmo AL,O ;comoare to zero

jz 7 jump to @47 if
f al se( =0)

;assign value of one variable to another variaole

1 ::
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(I6-bit)
ffov AX,ACNUq ;assian ACNJA
71ov AC3,AX ;to AC3

a47: non :define location .147
z ;test for equality beteen NEXTAC and iCOS (lb-oit)

i"ov @TOI,I ;oresuooose eiualitv
, ov AXNEXTAC ;fetch NEXTAC
cMo AxpC05 ;comoare arguments
z $+4 ;end routine if

true

noV &TO1,O ;not eoual, TOl = 0
;test for equality between AC4 and @CO2 (lb-bit)

, ov iTO2,I ;oresuooose equalitv
71ov AXACq ;fetch AC4
fM AX,3CO2 ;comoare arau'ents
jZ S+ ;end routine if

true
nov &TOO ;not equals -TO2 0

;logical and. (16-bit) UTO1 ,and. il02 =TOI
: ov AX,DTO!
and AX, )TO2

TIOV 3TOlAX
;oranch on false "

IOV AL,3TOI ;load value intoaccumul ator |..

^M3 4LO ;comoare to zero
iz @8 ;juno to 448 if

fal se(=O)
;assign value of one variable to another variable

(16-bi t)
i'ov AXACNUM ;assign ACNUA .
Vo AC4,AX ;to AC4
on: oo :define location "48

;test for equality between NEXTAC and aCO6 (1b-nit)
71Ov @TO1,I ;oresupoose equality

AXNEXTAC ;fetch NEXTAC
Cno AX,4C06 ;comoare arguments
jz S+1 ;end routine if

true
a) TO IO 0;not equal, iT01 0

;test for equslity between AC5 and 1)C02 (16-bit)
nov i T02,1 ;oresuoose equalitv

nov AXAC5 ;fetch AC5
cmD AXp9C02 ;comnoare arauments
jz $+1 ;end routine if

t rue
Sov 3T02,0 ;not equal, vTO? 0

;logical and. (lb-bit) aTO *and. @TO2 i)TOI
Mov AX,3TOI _
an1 AX,4T02

Tov iT0 , AX1,-',
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;branch on false
71ov AL, 4TO1 ;load value into

accumulator

Cmo AL,O ;compare to zero
jz 49 ;jump to @4Q if

fal se(=O)
;assign value of one variable to another variable

(6bt)
'nov AXACNUM ;assiqn ACNU'4
'nov AC5,AX ;to AC5

@49: noo :define location 49
;test for equality between NEXTAC and @C07 (1b-oit)

'ov @TOI,I ;presuppose equality
nov AX,NEXTAC ;fetch NEXrAC
CMo AX,@CO7 ;compare argu'nents
jz $+ ;end routine if

true
Tov 1TO,O ;not equal, rOl= 0

;test for eluality between ACb and 4)CO2 (lb-bit)

'nov pTO2,1 ;presuppose equalit y
'"Ov AXAC6 ;fetch AC6

cmo AX,@C02 ;compare arquments
jz S+4 ;end routine if

t rue
@TO2,0 ;not equal, @TO2 0

;logical and. (lb-bit) @TOt *and. T02 iTOI
'nov AX,@TOI

an AX,@TO2
,no v a)T 01A X

;oranch on false
71OV AL,@TOI ;load value into

accumulator
^mo ALO ;compare to zero a
jz @5O ;jump to @50 if

false(=O)
;assign value of one variable to another variable

(16-bit)
'noV AX,ACNU4 ;assiqn ACNUm
, V ACb,AX ;to AC6

@50: noo :define location JO-
;test for equality between NEXTAC and 4C08 (1b6-it)

'ov JTOI, I ;Presupoose equality
'nov AXNEXTAC ;fetch NEXTAC

Cma AXeC08 ;compare arouments

jz S+0 ;end routine if
true

'nov iTOI,0 ;not equal, @TOt 0
;test for equality between AC7 and @C02 (lb-bit)

v T02,1 ;oresupoose eauality
,nov AXAC7 ;fetch AC?
c Mo AXoiC02 ;comoare arqu'ents
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jz S+4 ;end routine if
true

110v 4T02,0 ;not equal, aTO2 = 0
;logical and. (lb-bit) @TOI .ano. aTO2 TUIl

nov AX, TOI-

and AX,4T02
n ov @TOl,AX"'"-

;oranch on false
i1ov AL,4TO1 ;load value into

a:cumulator
cmo AL,O ;compare to zero
jz 451 ;jump to 451 if

f l se(=O)
;assign value of one variable to another variaole

(16-bit)

n"ov AX,ACNU4 ;assign ACNU4
i ov AC7,AX ;to AC7

451n oo :define location 51 .
;test for equality between NEXTAC and @C09 (1b-oit)

• ov )TOI,I ;oresuooose equality -

iiov AXNEXTAC ;fetch NEXTAC
AX,4CO9 ;Compare arauments

jz $;end routine if

t rue

i ov 4TO,O ;not equal, @TOI = 0
;test for equality beteen ACR and @C02 (16-bit)

Isov @T02,1 ;oresupoose equality

iiov AX,AC ;fetch AC-
cmo AX,4C02 ;compare arquments
jz S+ ;end routine if

t rue

nOV @T02,0 ;not equal, @TO2 0
;logical and. (16-bit) @TOI and. 4T02 aTOI

71ov AX,:T01
and AX,jTO2

.nov iT01,AX
;oranch on false

n"ov AL,@TOI ;load value into

accumulator
cmo AL,O ;compare to zero

jz 452 ;iumo to @S if
false(=O)

;assign value of one variable to another variable
(16-bi t)

71ov AX,ACNU4 ;assign ACNUM
Aov ACA,AX ;to AC8

452: no :define location @52

;test for equality between NEXTAC and @CIO (lb-bit)
nov @TO1,I ;oresuooose equality
n1ov AX,NEXTAC ;fetch NEXTAC
CMD AX,@CIO ;comoare arouments
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;end routine if
true

Mov @TO1,O ;not equal, iTO! = 0
;test for eiuality between AC9 and WC02 (16-bit)

o v )TO2,I ;oresuooose equalit y
nov AXAC9 ;fetch AC9
ZMD AXv4C02 ;comoare arquments
jz ;end routine if

true 0
'nov @T02,O ;not equal, @T02 = 0

;logical and. (1b-bit) &TO *and. 4TO2 = 4TOI
n ov AX,@TO

and AX,@T02
nov @ TO,AX

;branch on false S
Vov AL,1TOI ;load value into

accimulator
AL,O ;compare to zero

jz ;Iumo to @53 if
false(=O)

;assign value of one variable to another variaole S
(16-bit)

'nov AX,ACNU4 ;assign ACNJ'4
nov AC9,AX ;to AC9

@53: noo :define location 153
;add 16-bit NEXTAC + 4C01 = @TOt

'ov AXNEXTAC ;fetch first
arqument

tdi AX,4CO ;add second argument
t 3 f irst...' -,

nov i TO1 AX ;store answer in @TO,
;assign value of one variaole to another variaole

(16-bit) P ..
n ov AX,DTOI ;assign @TOI
nov NEXTAC,AX ;to NEXTAC

;test for eiuality between NEXTAC and 3CI4 (lb-nit)
'ov @TOII ;oresuooose equality
'ov AXNEXTAC ;fetch NEXTAC
cmo AX,,C1L4 ;comoare arquments S
jz S 4 ;end routine if

t rue
1 ov @TOIO ;not equal, VTOI 0

;oranch on false
nov AL,)T01 ;load value into

accumulator
c MO AL,O ;comoare to zero
jZ 454 ;jumo to 054 if

fal se(=O
;asslon value of one v~riaole to another variaole

(16-bit)
mnov AX,)C0P ;assiqn a)C02
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Sov NEXTACAX ;to NEXTAC
@54: noo :define location @54
;assign value of one variaole to another variable 0

(16-bit)
Inov AXriC02 ;assiqn @CO2
Sov TLOGIN,AX ;to TLOGIN

;orocedure TL3GOIJ
@TLOGOU: noo ;entry Doint for 0

TLOGOU
;detect conJition-tyoe input (16-bit)

in AX,18 ;sense environmental data
'nov KEYCHAAX

;orocedure LO;OUT
@LOGOUT: noo ;entry ooint for

LOGOUT
;assign value of one variable to another variable

(16-bit)
v AX,4C02 ;assiQn oC02

noV ACNUM,AX ;to ACNUM
;detect coniition-tyoe inout (lb-bit)

in AX,19 ;sense environmental data
Mov ACNUJ,AX

;test for equality between ACO and ACNUM (lb-bit)
'nov 4TO1,1 ;oresupoose equality
11OV AX,4CO ;fetch ACO
cmo AX,ACNUM ;comoare arguments
jz ;end routine if

true
'"ov ,TOI,O ;not equal, VO1 = 0

;oranch on false
11ov ALiTOl ;load value into

a:cumulator
cmo ALO ;compare to zero
jz (55 ;jump to @55 if

f al se O 0
;assiqn valie of one variaole to another variable

(16-bit)
nov AX,@C02 ;assimn 4CO2
nov ACOAX ;to ACO

@55: noD :define location )5:'
;test for equality between ACI and ACNUM (tb-oit)

IoV VTO1,l ;nresuooose equalitv
Inov AX,ACI ;fetch ACI

CMD AXtACNU4 ;compare argunents
Z $+ ;end routine if

true
nov .ITTO1,O ;not equal, 21TOI 0

;DranCh on false
ALov AL,ITO1 ;loal value into

t 1-6p ..



accumulator
cmo ALO ;comnare to zero
jz i5s ;jump to @5b if

f al se(=O)
;assign valje of one variable to another variable

(16-bit)
Tov AX,4CO1 ;assian i)COl
"ov ACO,AX ;to ACO

a56: noo :define location @56 p
;test for ejuality between AC2 and ACNUM (lb-nit)

oov )TO:, ;oresupoose equality
Vov AX,AC2 ;fetch AC2
cmo AXACNU4 ;compare arguments
jr S+4 ;end routine if

true
Tov n)TOI,O ;not equal, OI = 0 . -

;oranch on false
n ov AL,!TOI ;load value into

accumulator
cmo AL,O ;compare to zero
jz 157 ;jumo to @57 if p

fal se(=O)
;assign value of one variable to another variable

(lb-bit)
nov AX,@CO3 ;assiqn @CO3
1 ov ACO,AX ;to ACO

457 noo :define location 157 .
;test for equality between AC3 and ACNUM (lb-bit)

a)ov @T01,I ;oresuoose equality
noV AX,AC3 ;4etch AC3
cmo AX,ACNU4 ;compare arguments
jz +4 ;end routine if

true ®r
'"ov )TOI,O ;not equal, iTOI 0

;branch on false
Sov AL,@TO ;load value into

accumulator
Cno ALO ;comare to zero
jZ 5R ;iumo to @58 if p

f al se(=O)
;assign value of one variable to another variable

(16-b i t)
no v AX,aCO4 ;assiqn IIC0&
Tov ACO,AX ;to ACO

458: noo :define location @58 p
;test for equality oeteen AC4 and ACNUm (lb-oit)

,nov 4TO1,I ;oresuopose equality
Inov AX,AC4 ;fetch ACa
cmo AX,ACMU4 ;comoare arguments
jZ S+4 ;end routine if

true p
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iov nTO1,O ;not equal, aTUI = 0
;Dranch on false

Mov AL#3TOt ;load value into 0
accumulator

MO AL,0 ;comoare to zero
i Z 459 ;jumo to 459 if

fal se(O)
;assiqn value of one variaole to another variable

(16-bit) 0
Vov AXaCO5 ;assign i)CO5
11ov AC0,AX ;to ACO

459: nao :define location 4S9
;test for equality between AC5 and ACNUM (le-oit)

Tov OTOI,l ;oresupDose equality
Iov AXAC5 ;fetch ACS S
Cmo AXACNUM ;comoare arquments
Jz S+41 ;end routine if

t rue
nov 3TO1,O ;not eaual, 3TO1 = 0

;branch on false
mov AL,aT01 ;load value into 5

accumulator
cmn ALO ;comoare to zero
jZ 360 ;jumo to abO if

false(=O)
;assign valie of one variable to another variable

(16-bit) 
"ov AX,4CO6 ;assiqn iCO6
T ov ACO,AX ;to ACO

11O: moo :define location @60 ...-
;test for equality between AC6 and ACNUM (16-oit) ..-

Sv TOl, ;oresuppose equality
Vov AX,ACb ;fetch AC6 p
cmD AXACNU4 ;comoare arguments
jz S+4 ;end routine if

t rue
1 OV @TOI,O ;not equal, @TO = 0

;oranCh on false
n ov AL,4TOI ;load value into

accumulator
cMo AL,0 ;comoare to zero %
jz 461 ;juio to @61 if

fal se(:0)
;assign value of one variable to another variable

(16-bit)
'ov AxpC07 ;assign @C07
n ov ACO,AX ;to ACO

@h6: noo :define location il
;test for equality between AC7 and ACNUM (16-bit)

o ov 4TO1,I ;oresuooose equality
'tov AX, C7 ;fetch AC7

-,S _
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cao AX,ACNU4 ;comoare arguments

jz S ;end routine if
true 0

0 o oT0tO ;not eaual, aTOI = 0
;oranch on false

710v AL, TOI ;load value into
accumulator

c M 0 AL,O ;comoare to zero
jz (a62 ;jumo to 4b2 if

f a Ise(=O)
;assiqn value of one variable to another variaole

(16-bit)
nov AXeCO8 ;assiqn iC08
nov ACO,AX ;to ACO

n2: noo :define location @h?
;test for equality between ACB and ACNUM (1b-oit)

71ov @TO1.1 ;oresuoose equality
noV AXAC8 ;fetch AC8
cmo AX,ACNU4 ;comoare ariuments
jz S+4 ;end routine if

true
*nov iTOlO ;not equal, 4TOt = 0

;oranch on false
iiov AL,JTOI ;load value into

a:cumulator
cmo AL,O ;compare to zero
jz 463 ;jumo to 4b3 if

false(=O)
;assign value of one variable to another variaole

(16-bi t)
o v A X,C09 ;assign @C09

nov ACO,AX ;to ACO
&63: noo :define location @.3
;test for equality between AC9 and ACNU4 (t6-oit)

mov a)TO1,l ;oresuooose equality
Aov AXAC9 ;fetch AC-

cmo AX,ACNU4 ;comoare arquments
jZ S+4 ;end routine if

true
i'ov 4TO,O ;not equal, i)TO = 0

;oranch on false
'nov AL,@TOt ;load value into

accumulator
cmo ALO ;compare to zero
jz &6 ;jumo to b4 if 5

fal se(=O)
;assiin value of one variaole to another variable

(16-oi t)
71ov AX,4C O ;assiqn i)CIO
71ov ACO,AX ;to ACO

@64: hoo :define location @o4
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;assign value of one variable to another variable
(l6-bit)

'"OV AX,iC02 ;assiqn @CO2
1ov TLJGOU,AX ;to TLOGOU

;orocedure POSCH
4POSCH: noo ;entry point for """

P3SCH
;detect condition-tyoe input (lb-bit) a

in AX,20 ;sense environmental data
-nov NENPOS,AX

;test for equality between NENPOS and @COI (Ib-oit)
11ov @TOI,I ;oresupoose equality

AXNEWPOS ;fetch NEWPOS
cmo AX,@COI ;compare arguments 0

jz S+4 ;end routine if
t rue

71ov jTO,O ;not equal, @TOI = 0
;oranch on false

i ov AL,@TOI ;load value into
accumulator

cmo AL,O ;compare to zero

jz @65 ;jumi to @b5 if
f &I se(:=0

;assign value of one variable to another variable
(16-bit)

rov AX,3C01 ;assign @COl .
Sov POSCHAX ;to POSCH

@b5: noo :define location @b-

;orocedure DOSUPD
;DPOSUPD: noo ;entry point for

P3SUPD .

;detect condition-tyoe input (l6-bit)
in AX,2I1 ;sense environmental data

m ov POSITI,AX
;assign valie of one variable to another variable

(16-bit)
,nov AX,4C02 ;assign 3CO2 .
"Ov POSCHAX ;to POSCH

;orocedure 4SSIN
@mSGIN: noo ;entry ooint for

MSGIN

;detect condition-tyoe inout (lb-bit)
in AX,22 ;sense environmental data
71ov MSGREA,AX

;test for equality between 4SGREA and iCOl (lb-oit)
11ov ifT0,1 ;oresuppose equalitv

i"ov AXMSGREA ;fetch MSGREA
cmo AX,JCOI ;comoare arguments
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jz$¢ ;end routine if

true
a"ov @TOI,O ;not equal, TOI= 0

;oranch on false
,Ov AL,3T01 ;load value into

accumulator
C F": A L,O0 ;comoare to zero
j Z bb ;jumo to @66 if

false(=) .

;assign value of one variable to another variable
(Ib-bit)

1'ov AXDC01 ;assion @COl
n1ov MSGINAX ;to MSGIN

@b6: noo :define location @ob

;orocedure S3STO
@4sGSTO: n~o ;entry ooint for

MSGSTO

;detect condition-tyoe inout (1b-bit)
in AX,23 ;sense environmental data

'"ov MESSAG,AX
;send condition-tyoe outout (lb-bit)

TIov AXeSGRCV ;issue control

out 72,AX
;test for equality between NEXTMS and @C02 (lb-oit)

'"ov @TOI#I ;oresupoose equality
710V AX,NEXT45 ;fetch NEXTMS
CmO AXiCO2 ;comoare arguvents

jz S+ ;end routine if

t rue
n ov )TOlO ;not equal, @TOI = 0

;oranch on false
SV AL,aITO1 ;load value into

a:cunulator
m ALO ;comoare to zero

jz .467 ;jumo to @b7 if

fal se(=O)
;assign value of one variable to another variaole

I6-bit) 0
n"ov AX,MESSAG ;assign MESSAG .

ov ACO,AX ;to ACO
ib7: n:o :define location i)t7

;test for equality between NEXT4S and iDCO (lb-oit)

T ov T, TOI,I ;oresuPDose eaualitv
710V AX,NEXTMS ;fetch NEXT'5
:CMo AX,CO1 ;comoare argu-nents

Z S+4 ;end routine if
t rue

i"ov @iTTO1,O ;not equal, i)TOI 0
;oranch on false

SV AL,@TOI ;load value into
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accumulator
cMo AL,O ;cofmoare to zero
jz @68 ;jumo to ib8 if

fal se(=O)
;assign value of one variable to another variaolp

'Iov AX,MESSAG ;assiqn MESSAG
'nov ACI,AX ;to ACI

@68: noD :define location a)b8
;test for equality between NEXTMS and C03 ([b-oit)

o0 iTO1,I ;oresuooose eiiality
-ov AX,NEXTMS ;fetch NEXTMS
c'no AX ,CO3 ;comoare arguments
jz S+4 ;end routine if

t rue
@TOI,O ;not equal, iTOl 0

;oranch on false
11ov AL,)TOI ;load value into

accumulator
M AL,O .;Comoare to zero

jz @69 ;jumo to 469 if
f al se(=O)

;assiqn value of one variable to another variaole
(16-bit)

-ov AX,MESSAG ;assign MESSAG
1ov AC2,AX ;to AC2

@b9: noo :define location @69
;test for equality between NEXT4S and 4CO4 (!b-oit)

'"ov @TO 1 pI ;oresuooose eiuality
i"ov AX,NEXTMS ;fetch NEXTMS
Cmo AX,@CO4 ;comoare arguments

true jz S+4 ;end routine if
t rue

n1ov @TOI,O ;not equal, i)TOl 0
" ;oranch on false

0nov AL,ilTOj ;loal value into
"-" a:cuulator

cmo ALO ;comoare to zero
jz @70 ;juno to @70 if

Sfal se(=O)
;assign value of one variaole to another variable

(l-bi t)
. ov AX,MESSAG ;assign MESSAG
T ov AC3,AX ;to AC3

@70: noo :define location @70
;test for ejuality between NEXTMS and @CO5 (lb-oit)

nov 1TOI,l ;oresuooose equality.
*'." ov AX,NEXTmS ;fetch NEXT4S

M :no AX,4C05 ;comoare arquments
iz $+4 ;enl routine if

t rue
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fo V iTO1,O ;not equal, iTOI 0
;oranch on false

n"ov ALPTOI ;load value into
a:cumulator

cno AL,O ;comoare to zero
iz *i 71 ;jumo to -d71 if

false(=O)
;assign value of one variaole to another variaole

(]b-bit) e

710v AX,4ESSAG ;assign MESSAG

'"ov AC4J,AX ;to AC4
471 noo :define location V71
;test for equality between NEXTY4S and 4COb (l-oit)

"ov 41OI , ;oresuooose equality
nov AX,NEXTMS ;fetch NEXTMS
Cmo AXo;DC06 ;comoare arquments
jz S+4 ;end routine if

t rue
n ov TO1,O ;not equal, @TO1 = 0

;branch on false

aov AL,3TO1 ;load value into
accu'nul ator

:mo AL,0 ;comoare to zero
jz 4 7 ;jumo to 672 if

fa Ise(=O)
;assiin value of one variable to another variable(16-bit)-

I ov AX,4ESSAG ;assiqn MESSAG

'ov AC5,AX ;to AC5
W2: noo :define location a17?
;test for eluality between NEXTMS and @C07 (tl'oit)

mov @T01,1 ;oresuooose eoualitv

nov AX,NEXTMS ;fetch NEXI.S
AX,1C07 ;comoare arquments

Z S+4 ;end routine if
true

Mov @TOI,0 ;not equal, iTO1 0
;oranch on false

nov AL,*TOI ;load value into
a=cumulator

CM3 AL,O ;co'oare to zero
jZ 37 ;jumo to @73 if

false (=O)
;assiqn value of one variaole to another variable

I -b it ) a( iov AX,4ESSAG ;assian MESSAG

ntov ACb,AX ;to ACb
@73: noo :define location .)73
;test for equality between NEXTVIS and DC08 (lb-oit)

may 4TOl,l ;oresuooose equalit Y
n1ov AXNEXT4S ;fetch NLXL4S
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Cmo AXiCO8 ;comoare arquments
jz S+4 ;end routine if

t rue .
iov T01,0 ;not equal, vTO1 = 0

;oranch on false
o AL, TOI ;ioai value into

accumulator

cmo ALO ;compare to zero
jz s7 ;jumo to 474 if S

fal se(O)
;assign value of one variable to another variable

(16-bit)
AX,4ESSAG ;assign mESSAG

SV AC7,AX ;to AC7
@74: noo :define location n)74
;test for eiuality between NEXT4S and aCO9 (lb-nit)

Tov %TOI,1 ;oresuppose equality

Ilov AXNEXTMS ;fetch NEXTMS
CMo AX,4CO4 ;comoare arguments
12 $+4 ;end routine if

true
ffov iTOI,O ;not equal, @TOt = 0

;oranch on false
fov AL, T01 ;load value into

a:cumulator
C'no AL,0 ;compare to zero
i z 475 ;jumo to a75 if

false(:O)

;assign value of one variable to another variaole
(16-bit)

Sov AXOESSAG ;assign MESSAG
I Ov AC 8,A X ;to AC•

?75: noo :define location 7S
;test for eiuality between NEXT4S and 4CIO (lb-oit)

,,ov ITOI,1 ;presuooose eiuality
iov AX,NEXTS ;fetch NEXTMS
cmo AX,aCl0 ;comoare arguments
jZ ; ;end routine if

true 0
7ov aTOI,O ;not equal, iTO1 = 0

;branCh on false
nov AL,JTO1 ;load value into

a:cumulator

cmo AL,O ;comoare to zero
jz @7b ;jumo to @7b if

f31 se(=O)
;assign value of one variable to another variable

(16-bit)
iuov AX,MESSAG ;assign MESSAG
ov AC9,AX ;to AC9

a76: noD :define location a)7b
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;add lb-bit NEXTMS + 3COI @TO1
,ov AXrNEXTMS ;fetch first

arqument
adi AX,3CO1 ;add second argurent

to first
"nov @TO1,AX ;store answer in iTO•

;assign valie of one variaole to another variable
(lb-bit)

11ov AX,@TO1 ;assign iTOl
Tov NEXTk4SAX ;to NEXTMS

;test for equality between NEXTMS and @C14 (lb-oit)
71ov 4TOwlr ;oresuopose etjality
11ov AXvNEXT4S ;fetch NEXKTS
cmo AXeCI4 ;comoare arguments
jz 1+4 ;end routine if

t rue
1ov @ T0,O ;not eciual, )TOl = 0

;oranch on false
tov ALJTO! ;load value into

accumulator
cmo AL,O ;compare to zero
jz 77 ;jumo to @77 if

f lse(=O)
;assign value of one variable to another variable

(16-bit)
Mov AX,@C02 ;assign 3)C02 -

71oV NEXTMS,AX ;to NEXTMS .
e77: noo :define location @77
;define 8-bit data constant
c 0'1 e.u I
;define 8-bit data constant
4C02 equ 0 -
;define 8-bit data constant
;4C03 equ 2
;define 8-hit data constant
8C01 elu 3
;define 8-bit data constant
4C05 equ .
;define 8-bit data constant
qBCOb equ 5
;define 8-bit data constant
3C07 equ 6
;define 8-bit data constant
&C08 equ 7
;define 8-bit data constant
tC09 equ 8
;define 8-bit data constant
1c 10 equ 9
;define 8-bit data constant
@ClI equ 30
;define 9-bit data constant
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&Cl2 e2u 20
;define 8-bit data constant
5Cl3 elu 15 
;define 8-bit data constant
&C1I eau 10
;Iefine 8-bit storaoe

oro 1023 ;8 Oit variable ilTOl.
in ram

BTOI : do 0 0
ora 986521 ;rom address oointer

;define 8-bit storage
oro 1023 ;8 bit variable i)T02

q ram
V02: do 0

org 986521 ;rom address oointer O

- monitor section -

@sovsr: m3v AXpitable ;initalize table
pi nter

mov @ontrAX ; to beainninq .
inloo: mav BXpontr ;monitor looo

inc BX
i c o3X
i nc 6ix "-.

mov a)ontr,BX
j1o Bx I ..

- data sect ion -

oro 1023
@ont r ds 0 ;table entry

address pointer
oro 986521 ;rom address oointer

atabIe: do 4ontr ;table header
(define too)

[no @tAEYINM ;test for
contingency KEYIN"

J-o at4INTAC ;test for S

contingency MIINTAC
j,-o itS4 ANU ;test for -

continqency SMAN-
j[o JtSMAUTOD ;test for

contingency S4AUT"
[no @tTPOLL ;test for _

contingency TPOLL .-..L.....st fo
jc-no CtrALOCAT ;test for

contimqomecy MLOCAT-..'--

no a)tTMLOCA ;test for
cntinqencv TMLOCA

[no etPOSCH ;test for I.
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contingency POSCH
itA4SGDS ;test for

contingency 4CSGOS
jvo rt 4CLOCK ;test for

contingency 4LOC(Vjvo @tTLOGIN ;test for

contingency TLOGI-
j-no itTLOGIN ;test for

contincency TLOGIJ
i~o 4 tTLDGQU ;test for

continoency TLOGOJ

j o t4SGIN ;test for

contingency MSGIN
ji-o rt4SGIN ;test for

contingency MSGIN
jiio -sovsr ;go to start of

table

RtKEYIN4: call @KEYIN4 ;execute
contingency code KEYINM

ct o KEYINMI ;comoare .
€ontinqency result to ;refa 1 i

;true flaq I1
jnz S +' 5 ;if false do not

execute KBINP"

call @KBINPM ;execute task
K31NPM if true

j ro )mlon ;return to Tonitor

atMINTAC: call @INTAC ;execute
continaency code 4I4AC

c o INTACI ;comoare
contingency result to

;true flag (I)
j nz + 5 ;if false do not

execute INTAC

call aINTAC ;execute task INTAC
if true

jio amloo ;return to mlonitor

atSMMANU: call SMmANU ;execute
continqency code SMAANU

C SMMANUl ;cormoare
contingency result to

;true flag (1)
j S + 5 ;if false do not

execute MANUAL
call MANUAL ;execute task

MANUAL if true
j o im I oo ;return to monitor
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@tSIAUTO: call aSMAUTO ;execute
contingency code SMAUTO

Cio SMAUTOol ;comoare
contingency result to

;true flag (1)

j'z S + 5 ;if false do not
execute AUTO

call AJTO ;execute task AJTO .

i f true 0
jmo @loo ;return to monitor

atTPOLL: call iTPOLL ;execute
contingency code TPOLL

C TPOLLI ;comnare
continoency result to S

;true flag (1)

j'z $ + 5 ;if false do not
execute POLLAU.

call POLLAU ;execute task
P3LLAU if true

jV0 imIoD ;return to monitor S

itMLOCAT: call @4LOCAT ;execute

contingency code 4LOCAT
c'o MLJCAT,l ;comoare

contingency result to ; r.-g-
;true flag (I)

j.Z S + 5 ;if false do not

execute LOCATI
call 3LOCATI ;execute task

LCATI if true
Pno Qmloo ;return to monitor

,tTMLOCA: call @TMLOCA ;execute

Contingency code TMLOCA
C71 TMLOCA,1 ;comoare

contingency result to
;true flag (1).

jiz $ + 5 ;if false do not P

execute MANLOC
call MANLOC ;execute task

MANLOC if true

ji-o nI0loo ;return to monitor

4tPOSCH: call DP3SCH ;execute P
continqency code OOSCH

C 70 POSCH,I ;comoare
contingency result to

;true flap (1)

-Iz S + 5 ;if false do not
execute POSUPD L
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call POSUPD ;execute task
P3SUPD if true

j o 3mloo ;return to Tonitor S

itM4SGDS: cafl @44SGOS ;execute
contingency code 4MSGDS

c 0 MOSGDS,1 ;comoare
contingency result to

;true flag (1)
-1z S + 5 ;if false do not

execute 4SGDSP
call 4MSGDSP ;execute task

MSGOSP if true

jiio amloo ;return to Tonitor
; S

@tMCLOCK: call 11MCLOCK ;execute

Contingency code 4CLOCK
cTo MCLOCKPt ;conoare

contingency result to
;true flag (1)

inz $ + 5 ;if false do not 5
execute CLOCKS

call 4CLOCKS ;execute task
CLOCKS if true

jno imloo ;return to nonitor

@tMLOGIN: :all 4MLOGIN ;execute p
contingency code LJGIN

cto ML3GIN,1 ;comoare
contingency result to

;true flag (1)
j z $ + 5 ;if false do not

execute LOGINO __
call )LDGINO ;execute task

LJGINO if true
no amloo ;return to nonitor

itTLOG!N: call &TLOGIN ;execute
contingency code TL3GIN

C rLOGIN,1 ;comoare
contingency result to

;true flag (1) :::::.

j.1 S + 5 ;if false do not
execute LOGIN

call @LOGIN ;execute task LOGI

if true

j o amlo ;return to Tonitor

itTLOGOU: call TLOGOU ;execute

continoency code tL)GOU

cno TL3GOUl ;eomoare
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continqency result to
;true flap (1)

1z $ + ;if false .3 not S
execute LOGOUT

call @LOGOUT ;execute task
L)GOUT if true

j-o 3mloo ;return to monitor

atMSGTN: call @MSGIN ;execute S
contingenCy code 4SLIN

c ' 4SGIN,! ;comoare
contingency result to

;true flag (1)

j1z I + 5 ;if false do not
execute MSGSTO 3call iMSGSTO ;execute task
MSGSTO if true

jTo imloo ;return to monitor

end ;software listinq
complete r :

this realization consumes 71.180 wacts of Power
3nd contains 162. chips.

IS
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APPENDIX E

NEvVCSflL.FOR OUTPUT
LISTING (IARDNARE)

central orocessing unit
devlce:intel 8086 microorocessor(max-mode,no

connect ions:

a(0:19)
pins 16,15,la,13,12, 1,10,9,R,7,6,5,u,3,2,39

d(0:15)
pin 17 (nvi) gni
oin 18 (intr) qnd
oim 19 3 cik
pin 34 J ohe-bar
oin 33 (mn/m~ax-bar) = nd
oin 32 (rd-har) =n.c.
pi n 31 (rq-bar/qt0-bar) =n .c .
oin 30 (rq-bar/qtI-bar) =n .c .
pin 29 (lock-bar) z n.c.
pin 28 z s2-bar
oinm 27 =st-bar
oin 26 =sO-bar
oin 25 (qs0) = n.c.
oin 24 (osl) = n.c.
pin 23 (test-bar) =gnd
pin 22 =ready
pin 21 zreset
pins 1,20 =qnd
pin 40Q = 5v

clock generator (0.125 us
device: iitel 828*4 clock pen and driver for BO~b

coup ic2
connect ions:
pin I (csync) qn
oin 3 (aeni-bar) = rand
pin *4 (rdyi) +5iv
"in 5 (ready) =ready
p in 6 (riy2) gnd
pin 7 (aen2-bar) ond
oln 8 clk
oi m 10 =reset
oi I~ I res-bar
oin 13 (f/:-bar) = nd
o i 1*4 (efi) = nd
pin I5 (async-bar) +5v -

oi ns lo,17 (xtal(l*:2)) device: 2*4 mhz crystal
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oins 9 = gid

Din 18 = +5v
octal bus transceiver/data bits 0:7
device: intel 8286 octal bus transceiver, ic3
connect ions:
dins 19,18,17,16,15,1l4,13,12 (db(0:7)) do(O:7)
Din I (aO) d (0)
o in 2 (at) = dl)
Din 3 (a2) d(2) S

oin 4 (a3) = d(3)
Din 5 (a4) = d(l)
oin b (aS) d(5)
Din 7 (ab) = d(b)
oin 8 Cal) d(7)
Din 9 (oe-oar) = not. den S

Din It (t) = dt/r-oar

oin 10 = gnd

Din 20 = +5v

octal bus transceiver/data bits 8:15
device: intel 8286 octal bus transceiver, ic4h
connections: "
oins 19,18,17,16,1t5,14 ,13,12 (db(0:7)) = do(b:15)

Din 1 (aO) = d(O)
oin 2 (at) = d()

Din 3 (a2) = d(2)

Din 4 (a3) = d(3)
Din 5 (a'J) = d(4)
Din 6 (aS) = d(5)

"in 7 (b) = d(b)
Din 8 Ca7) = d(7)
Sin 9 (oe-Dar) = not. den
Din 11 (t) = dt/r-bar
oin 10 =qd ..
in 20 = +Sv

ous controller
device: intel 8288 ous controller for 808b cou, ic5
connections:
Din 19 = sO-bar
Din 3 si-bar "
din 18 = s2-bar
o in 2 clk
D in 5 ale
Din 16 : Jen

Din 4 dt/r-bar
Din b (ae-oar) = Qnd
oin I (iob)= +5v
oin 7 = -nric-bar

"in 9 = "mwtc-bar
Din 11 = iowC-bar
oin 13 = iorc-bar
Din 1£4 = inta-bar 0
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Din 15 (cen) + +5v
Din 10 = and
oin 20 = +5v

octal latch/3ddress oits 0:7
device: intel 8282 octal latch for 80Ab cou, icb
connections:oinS 1,pe3p4,5,6,7,9 (di(O=7)) = a(0:7) : "

oins 19p18pl7,lbl,5,14,13,12 (do(0:7) a(0:7)
oin 9 (on-nar) = and
oin It (sto) = ale
oin 10 = and
oin 20 = +5v

octal latch/address oits 5:15
device: intel 8282 octal latch for 8086 cou, ic7
connections:
oins 1,2#3#4,5pb,7,8 (di(0:7)) = a(8:15)
Dins 19,18,17,1b,15,1,13,12 (do(0:7)) a(8:15)
oin 9 (oe-oar) = and
oin 11 (sto) = ale
Din 10 = qnd
oin 20 = +v

octal latch/address oits 1b:19
device: intel 8282 octal latch for 8086 cou, ic8
connections:
oins 1,2,3#4 (di(0:3)) = a(lb:19)
oins 19,18f17,16 (Jo(0:3) = a(lb:l9 )
oins 5,6,7,8 (di(3:7)) qnd
Din 9 (on-oar) = gnd
Din 11 (sto) = ale
oin 10 = qnd
pin 20 = +Sv

address lecoler/address for memory select
device: intel A205 I-of-O binary decoderic9
connections:
Din 15 (o(0)) : csu-oar(1)
Din 14 (o(1)) 2 csu-oar(2)
oin 13 (o(2)) = csu-oar(3)
oln 12 (o(3)) = csu-bar(4)
oin 11 (o(4)) : csu-oar(S)
pin 10 (o(5)) = csu-bar(6)
oin 9 (o(b)) = csu-bar(7)
Din 7 (o(7)) = csu-oar(8)
Din 1 = a(15)
Din 2 = a(16)
Din 3 = a(17)
Din 4 (el-oar) = a(O)
Din 5 (e2-oar) = a(18)
Din 6 (e3) = not. a(lq) .'-."'

Din 8 = :n"
Din lb = +Sv

address decoder/address for memory select p
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device: inte) 8205 1-of-8 binary iecoder,icIO
connectitons:
oim 15 (o(O)) =csu-oar(g) S
Din 14l (o(1)) =CSUi-bar(I0)
oin 13 (o(2)) =csu-bar(I1)
oin 12 ('*(3)) =CSU-Dar(12)
Din 11 (o(4~)) = csu-tar(13)
oin 10 (30)) = csu-bar(1l)
oin 9 (o(b)) = csu-bar(15)
Din 7 (o(7)) =csu-bar(1b)
om 1 a(15)
Din 2 =a(16)
oin 3 a(17)
o in 4J (el-oar) zaCO)
oin 5 (e2-oar) =a(19)
oin b (e3) =a(18)
Din 5 gnd
Din 16 + 5v

address decoder/address for -nemory select
device: intel 8205 1-of-8 binary decoder,icil
connect ions:
Din 15 (o(0)) =csu-bar(17)
"in 14l (n(1)) =csu-tbar(IR)
D in 13 (*(2)) =csu-bar(19)
" in 12 (o(3)) =csu-toar(20)
D in 11 (.D(i) ) =csu-bar(21)
"in 10 (o(5)) = csu-bar(22)
D in 9 (o(6)) =csu-bar(23)
Din 7 (o(7)) =csu-bar(2J)
nim I =a(15) -

oim 2 = .(1)
D in 3 =a(17)
oin 4 (el-oar) = a(0)
p in 5 (e2-oar) =a(18)
oin b (e3) =a(19)
D in 9 n
D in 16 +5v

address decoder/address for iemory select
device: intel 8205 I-of-S binary decoder,icl2
connect ions:
Din 15 (oCO)) =csu-oar(25)
oin 14l (o(I)) =csu-toar(2b)
Din 13 (o(2)) =csLJ-bar(27)
Din 12 (*(3)) =csu-oar(28)
Din It (3(4)) =csu-oar(29) 0
amn 10 (*(5)) =csu-tar(30)
Din q (o(6)) = csu-bar(31)
amn 7 (o(7)) =csu-bar(32)
D in 1I CS
Din 2 z &(16)
Din 3 = a(17) 0
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Din 4 (el-oar) = a(O)

Din 5 (e2-oar) = a(1 8 )
oin b (e3) = .not. a(19) p
pin 8 = nd
Din 16 +3v

address decoder/address for memory select
device: intel 8205 I-of-9 binary decodericl3
connections:
Din 15 (o(0)) = csl-bar(l)
oin 14 (o(I)) = csl-oar(2)
oin 13 (o(2)) = csl-bar(3)

Din 12 (o(3)) = csl-oar(4)
Din II (o(14)) = cs1-bar(5)
oln 10 (o(5)) = csl-oar(b)
oin 9 (o(6)) = csl-bar(7)
Din 7 (o(7)) = csl-bar(B)
oin I : a(15)
oin 2 a(16)
oin 3 = a(17)
oin 4 (el-oar) = bhe-bar
Din 5 (e2-oar) = a(18)
oin b (e3) = .not. &(Iq)
oin 8 gnj

o i n 16 =+5v
address decoder/address for memory select
device: intel 8205 1-of-8 binary decodericl4
connections:
Din 15 (o(O)) = csl-oar(9)
Din 14 (o()) = csl-bar(1O)
Din 13 (o(2)) = csl-bar(11)
oin 12 (o(3)) = csl-bar(12)
oin II (o('4)) = csl-bar(13)
Din 10 (o(5)) = csl-oar(14)

nin 9 (o(b)) = csi-bar(15)
oin 7 (o(7)) = CSI-bar(lb)
oin I a(19)

oin 2 a(lb)
Din 3 a(17)
oi n 4 (el-oar) = bhe-bar
oin 5 (e2-oar) = a(1Q)

Din 6 (e3) = a(18)
oin 8 = gn"
0in 16 +5v

address decoier/address for memory select
device: intel 8205 l-of-8 binary Jecoderpicl5
connections:
oin 15 (o(0)) = csl-bar(17)
oin 14 (o(l)) = csl-oar(18)
oi n 13 (o(2)) = csl-bar(19)
oin 12 (o(3)) = csl-oar(20)
oin II (o(4)) = csl-oar(21)
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pin 10 (o(5)) = cs1-oar(22) "-

Din 9 (o(6)) = csl-bar(23)

Din 7 (o(7)) = csl-bar(20)
Din I = a(15)
on 2 = a(lb)
o i n S = a(17)
Din 4 (el-oar) = bhe-bar
Din 5 (e2-oar) a(18)
Din 6 (e3) = a(1 9 )

Din 8 Ind
Din 16 = + 5 v

address decoder/address for Temorv select
device: intel 8205 1-of-8 binary decodericlb

connections:
oin 15 (o(0)) = csl-oar(25)
Din 14 (o(I)) = csi-oar(26)
Din 13 (o(2)) = csl-oar(27)

Din 12 (o(3)) = csl-oar(28)

pin I1 (o(4)) = cs)-oar(2q)
oin 10 (o(S)) = csl-oar(30)

Din 9 (o(6)) = csl-bar(31)
Din 7 (o(7)) = csl-bar(32)
oin 1 = a(15)
Din 2 = a(lb)
Din 3 = a(17)
oin 4 (el-oar) = bhe-bar

Din 5 (e2-oar) = a(18)

Sin b (e3) .not. a(19)
Din 8 = Ind
oin lb = +5v

condition mode innut interface hardware to sense
sianal KEYFLG

device:intel 8212 8 bit i/o oortpic 17

connect ions:
oins 3,5,7,9,1b,l9,20,22(di(1:8)) = KEYFLG(1:8)

remainder to

around

Dins 4,6,8,1Ot5,17,l9,21(jo(l:8)) = db(l:8)
Din 2 (md) = and
oDin It (sto) = qnd

Din I (dsl-bar) =.not. (decode a(0:7) value 0)

Din 13 (Js2) = ino .and. din
pin 24 = +S5v
Din 12 = and

condition noje inout interface hardware to sense
siqnal KEYFLG

device:intel 8212 A oit i/o oortic 18

connections:
Dins 3,5,7,9,16,18,20,22(di(9:lb)) KEYFLG(9:lh)

remainder to
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ground
pins 4,6,8,IO,15,17,19,21(do(9:Ib)) db(9:lb)
Pin 2 (md) = gnd
bin 11 (sto) = grid.'-:
Pin 1 (dsl-bar) = not. (decode a(8:15) value 0)

oi n 13 (ds2) = ino .and. doin i'.:

in 24 = +-5v
Pin 12 = gid

16 bit outout oort comoosed of two 8 bit Dorts
xl is for low order byte
x9 is for high order bvte

condition-mode outout interface hardware to issue
signal: x1

device: intel 8212 8-bit I/o oort, ic 19 .

connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) db(1:8)
oins 4,b,8,10,15,t 7,19,21 (do(1:8)) : x1(1:8) ;if

8 are re.
oin 2 (mi) +Sv
o in I I (stb) = nd..

pin I (dsl-bar) = wr-bar
Din 13 (ds2) = out *and. (decode a(0:7) value 0)
Din 24 (vcc) = +5
Pin 12 (qnd) = gnd

condition-mode outout interface hardware to issue
sional: x9

device: intel 8212 8-bit i/o oort, ic 20
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) db(1:8)
Pins 4pb, PI0,15,17,19,21 (do(1:8)) = xq(1:8) ;if

8 are req
Pin 2 (ml) = +5v
inm II (stb) = gn.

Din 1 (dsl-bar) = wr-bar
oin 13 (ds2) = out .and. (decode a(0:7) value 1)
o in 24 (vcC) = S.v
pin 12 (gnd) = qnd

condition sode inout interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 21
connect ions:
pins 3,5,7,9,16,18,20,22(di(1:8)) = KEYCHA(1:8)

remainder to

around
DinS 4,6,8,I0,l5,17,19,21(io~l:8)) = t(1:8) : ::

Din 2 (mi) : qnd
Din It (sto) = qnd
pin I (dsl-bar) : .not. (decode a(0:7) value 1)
oin 13 (ds2) = in .and. doin
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Pin 24 = +5v
Din 12 =Qne

condition 'voie input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 22
connect ions:
Pins 3rS#7r9,16,lS,20,22(di(9:1b)) KEYCHA(9:1b)

remainder to

airound
oins 4#6,8,1O,15,17,l9P21(do(9:lb)) dib(9:1b)
pin 2 (md) =cind
pin 1t (sto) = cind
oin 1 (ds1-bar) = mnot. (decode a(8:15) value 1)
Din 13 (ds2) = o *nand. doinS
oin 24 = 5v
o in 12 =qnd

condition voje inout interface hardware to sense
signal KEYCHA

device:inte) 8212 8 bit i/o nort,ic 23
connect ions:
Pins 3,S,7,9*Ib,18,20,22(di(1:A)) KEYCHA(1:8)

remainder to

ground
Pins 4 ,6,8 ,1O,15,l 7 ,l9 ,21(do(l:8)) db(1:8)
pin 2 (md) =qnd
Din It (into) = and
pin 1 (dm1-bar) = *not. (decode a(0:7) value 2)
oin 13 (is2) =inp .and. doin
pin 24 = +v
pin 12 =gnd

condition moje inout interface hardware to sense 3
signal 4EYCHA

device:intel 8212 8 bit i/o oort,ic 24
connect ions:
Pins 3,5,7,9,lb,18#2O,22(di(9:1b)) KEYCHA(9:1b)-

remainder to

ground
Pins 4,6,8,1O,15,17,19,2t(lo(9:1b)) db(9:lb)
oln 2 Cmd) =gnd
pin 11 (into) = nd
oin 1 (dint-bar) * not. (decode a(8:15) value 2)
oin 13 (J%2) =ino .and. doin
Din 24 = 5v
oin 12 =gnd

16 bit outpuit port composed of two 8 bit oorts
xl17i is for low order byte
x25 is for high order byte

condition-mode output interface hardware to -9*tS.
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signal: x17
device: intel 8212 8-bit i/o port, ic 25
connections:
oins 3,5,7,9,16,18,20,22 (ii(l:8)) db(1:R)
pins Lb6,8 10,15,17,lq,21 (do(l:8)) = x17(1:8) ;if

8 are req
p in 2 (md) =+5v
oin 11 (stb) qn.
pin 1 (dsl-bar) = wr-bar
Din 13 (ds2) = out .and. (decode a(0:7) value 2)
oin 24 (vcc) = +Sv
pin 12 (gnd) = qn1

condition-mode output interface hardware to issue
signal: x25

device: intel 8212 8-bit i/o oort, ic 26
connections:
pins 3,5,7,9,16,18,20p22 (di(1:8)) ab(1:8)
Dins L ,b,,10PlSP17,19,21 (do(1:8)) x25(1:8) ;if

8 are reQ
pin 2 (md) +5v
pin 11 (stb) qn-
pin I (dsl-bar) = we-bar
oin 13 (ds2) = out .and. (decode a(0:7) value 3)
Din 2Q (vcc) = +Sv
oin 12 (gnd) = and

condition Toje input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oorttic 27
connections:
Dins 3,5#7,9,PbI8,20,22(di(I:8)) KEYCHA(1:8)

remainder to

ground
pins 4,b,8,10,15,17,19,21(io(l:8)) : db(I:8)
oin 2 (md) = qnd
oin 11 (sto) = gnd
oin I (dsl-bar) = ,not. (decode a(O:7) value 3)
oin 13 (ds2) = ino .and. dbin
pin 24 = +Sv
oin 12 = qnd

condition mode inout interface hardware to sense
signal KEYCHA

device:intel 821? 8 bit i/o oortsic 28
connections:
oins 3,5,7,9,lb,18,20,22(di(9:16)) =KEYCHA(9:1b)

remainder to

ground
Dins ' ,be8,1Oe1,17,19e21(io(9:1b)] : h(q:lb)
pin 2 (md) qnd
pin 11 (sto) = ond
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oin I (dsl-bar) .not. (decode a(8:15) value 3)
oin 13 (1s2) = inp *and. doin
oin 24 = *3v
oin 12 = gnd

condition Tode inout interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oortic 2q
connections:
pins 3,S,7,9,1b,8lP20,22(di(1:8)) KEYCHA(1:8)

remainder to

ground
oins 4,b,8,0,tS,17 lQ,21(do(l:8)) dn(1:8)
oin 2 (mJ) =qnd
oin 11 (sto) = qnd 5
oin I (dsl-bar) = not. (decode a(0:7) value 4)
oin 13 (JS2) = iro .and. doin
oin 2 = +S5v
oin 12 = qnd

condition Toje input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oortic 30

connections:
oins 3,5,7,9,lb,l8,20,22(di(9:lb)) KEYCHA(q:lb)

remainder to

ground
pins 4,b,8,tO,15,17,19,21(io(q:16)) db(9:lb)
oin 2 (md) = qnd
oin It (sto) = gnd
in I (dsl-bar) = .not. (decode a(8:15) value 4)

oim 13 (ds2) = ino .and. doin

pin 24 = +Sv
in 12 = qnd

16 oit outpot port composed of two 8 bit ports

x 3 3 is for low order byte
x1l is for high order byte

condition-mode output interface hardware to issue
signal: x 3 3  0

device: intel 8212 8-bit i/o oort, ic 31
connections:
pins 3,5,7,9,1b,15,20,22 (di(1:8)) db(1:8)

pins Q,6,5,10,15,17,19,21 (do(1:8)) x33(1:8) ;if
8 are req

oin 2 (mi) +Sv
pin I1 (stb) gnl
pin I (ds-har) = wr-bar
oin 13 (ds2) = out .and. (decode a(0:7) value 4)
pin 24 (vcc) +5v
oin 12 (qn1) = qni

condition-m~de output interface hardware to issue

14*0
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sional: x 4 1
device: intel 8212 S-bit i/o oort, ic 32
connections:
pins 3,5,7,9,lb,14,20,22 (di(1:8)) db(1:8)
Dins 4,6,3#10,15917,19,21 (do(1:8)) x41 (1:8) ;if

are req
pin 2 (md) = +5v
oin 11 (stb) ni'

pin I (dsl-bar) = wr-oar
pin 13 (ds2) = out .and. (decode a(0:7) value 5)
pin 24 (vcc) = +5v
Din 12 (qnd) = nd"

lb bit output port covoosed of two 8 oit ports
x 4 9 is for low order oyte
x5 7 is for hiqh order byte

condition-mode output interface hardware to issie
siqnal: x4 9

device: intel 8212 8-bit i/o port, ic 33
connections:
oins 3,5,7,9,1b,I,20,22 (di(l:8)) db(1:8)
pins 4,b,9,10,15,17,19,21 (do(l:8)) x49(1:9) ;if

8 are reo
pin 2 (ml) +Sv
pin II (stb) ind
oin 1 (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value b)
pin 24 (v:c) = +5v
Din 12 (gid) = anI

condition-mode outout interface hardware to issue
signal: x57

device: intel 8212 8-hit i/o port, ic 34
connections:
oins 3,5,7,9,16,18,20,22 (di(l:R)) db(1:8)
pins 4,6,3,10.15,17,19,21 (do(1:8)) = x57(1:8) ;if

8 are req
pin 2 (md) = +Sv
pin 11 (stb) z Qnd
oin I (dsl-har) = wr-oar
pin 13 (ds2) = out .and. (decode a(U:7) value 7)

pin 24 (vcc) = +Sv
pin 12 (qnd) gnd

lb bit outaJt port covoosed of two 8 oit ports
xb 5 is for low order bYte
x13 is for hiqh order byte

condition-mode output interface hardware to issue
signal: xb5

device: intel 8212 8-bit i/o oort, ic 35

connections:
Dins 3,5,7,9,16,#1,20,22 Ci(:)) = (:)
pins S,b,8,10,15,17,19,2l (do(1:8)) eb5(1:8) ;if

8 are rea
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pin 2 (mi) +5v
oPin It (stb) z gnd

pin I (dsl-har) = wr-bar
oin 13 (ds2) = out .and. (decode a(O:7) value 8)

pin 24 (vcc) = +5v
pin 12 (gid) = nd

condition-mode outout interface hardware to issue

signal: x?3
device: intel 9212 8-bit i/o Port, ic 3b
connections:

Pins 3,5,7,9,16,I8,20,22 (di(1:8)) = db(1:8)
pins 4,b,8,10,15,17,1Q,21 (Io(l:8)) = x73(1:8) ;if

8 are re"
pin 2 (m']i +5v
pin It (stb) :gnJ
pin 1 (dsl-har) = wr-oar
in 13 (ds2) = out .and. (decode a(0:7) value 1)

Din 24 (v:c) = +5v
pin 12 (qnd) = gnd

16b it output Port comoosed of two 8 bit Ports .
xS!. is for low order pyre
x89 is for hiqh order byte

condition-mode outout interface hardware to issue
signal: xSl

device: intel 8212 8-bit i/o Port, ic 37
connections:

Pins 3,5,7,9,16,19,20,22 (di(1:8)) db(1:8)
pins 4, ,8,10,15,17,19,21 (do(1:8)) x8l(1:8) ;if

8 are reo
pin 2 (mi) = +5v
Pin It (stb) =qnd-
oin I (dst-bar) = wr-bar
Pin 13 (ds2) = out and. (decode a(0:7) value 10)
pin 24 (vcc) z +5v
Pin 12 (and) = gni

condition-made outut interface hardware to issue
signal: x89• •

device: intel 8212 8-bit i/o Port, ic 38
connectiors: o
pins 3#507,9,16,18,20,22 (di(1:8)) = db(l:8)
pins 4v, 8 ,I0,15,17,tq,21 (do(1:8)) = x89(1:8) ;if - .-

8are reQ ":"'
Pin 2 (mJ) = +Sv" -
o in 11 (stb) = gnJ '':

Pin I (dst-bar) = wr-oar
oin 15 (ds2) = out .and. (decode a(0:7) value 11),Pin 24 (v:C) = +5v : :

opin 12 (ond) = gnd .-..
16 bit output Port co-noosed of two 8 bit Ports ""-

x97 is for low order byte...-'
x 105 is for hiqh order ovte
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condition-mode outout interface hardware to issue

signal: x9 7
device: intel 8212 8-bit i/o oort, ic 39
connections:
pins 3,5,7,9,16,1q,20,22 (di(I:R)) = dh(t:8)..-
pins 4P!, ,1 0,15P17#19,21 (oO(I:S)) = xq7(1:8) ;if

8 are rea

oin 2 (md) +5v

oin II (stb) = qnd
oin I (dsl-har) = wr-oar
oin 13 (ds2) = out .and. (decode a(0:7) value 12)
oin 24 (v:c) = +5v

oin 12 (gil) = Qnl
condition-mode outout interface hardware to issue

sional: xOS
device: intel 8212 9-oit i/o port, ic 40
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) = b(l:.A)-.

bins ,b,8,l0,15,17,19,21 (do(l:8)) xi05(1:8)

;if 8 are req
oin 2 (md) = +5v
oin 11 (stb) =gnd
in I (dsl-bar) = wr-oar

Dim 13 (ds2) = out .and. (decode a(O:7) value 13)
pin 2Q (v:c) = +5v
pin 12 (gid) = qn•

16 bit outaut Port coiiaosed of two 8 bit ports

x113 is for low order byte
x121 is for hiq order nyte

condition-mode output interface hardware to issue
signal: x113

device: intel 8212 8-bit i/o oort, ic 41

connections:
pins 3,5,7,9016,18,20,22 (ii(l:A)) =b(1:8)

oins p,b,,10,15,17,1S,21 (do(1:8)) xl13(1:8)

;if 8 are re-
pin 2 (md) = +Sv
oin 11 (stb) = qnI

oim I (dsl-bar) = wr-bar
in 13 (ds2) = out ,and. (decode a(0:7) value .4)

oin 24 (vcc) = +Sv

oin 12 (gid)= qn.

condition-mode output interface hardware to issue
signal: x121

device: intel 8212 8-bit i/o port, ic 42

connections:pins 3,5,7,9,16,I ,20,22 (di(l:8)) = b(l:9) .:.:.

oins 4,b,8,10,l5,17,19,21 (do(1:8)) x.2(.:)
;if 8 are rea

oin 2 (mi) +Sv
oin 11 (stb) gnJ _

1'43
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pin 1 (dsl-bar) z wr-bar

oin 13 (ds2) = out .and. (decode a(0:7) value 15)

pin 24 (vcc) = +Sv
pin 12 (gnl) = qnI

16 bit outPut port comoosed of two 8 bit oorts
x12 9 is for low order byte
x137 is for high order Dyte

condition-mode output interface hardware to issue
siqnal: x12 9  •

levice: intel 8212 8-bit i/o portr ic 43
connections:
nins 3,S,7,9,1b,18,20P22 (di(1:8)) dh(1:8)
pins 4,b,5,1OrlS,17#l9,21 (do(1:8)) xl2Q(1:8)

;if 8 are re.
oin 2 (md) +5v 3

oin 11 (stb) = qnj
oin I (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(O:7) value ib)
oin 24 (vcc) = +5v

o im 12 (qnkd) = qnd
condition-mode output interface hardware to issue S

siqnal: x137

device: intel A212 8-bit i/o oort, ic 44

connections:

oins 3,5,7,9,16,19,20,22 (di(1:8)) = db(l:8)
pins 4,6,8,10,15,17,19,21 (do(1:8)) = x137(1:R)

;if 8 are re
pin 2 (mi) = +5v

"m iII (stb) =qni
pin I (dst-bar) 2 wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value 17)

pin 24 (vcc) = +Sv
pin 12 (qid) = nd.

lb bit outoit port comoosed of two 8 pit Dorts
xl45 is for low order byte
x153 is for hiah order ovte

condition-mode output interface hardware to issue
signal: x14 5

device: intel 8212 q-bit i/o port, ic 45
connections:
pins 3,5,7,9,16,1,20,22 (di(l:8)) = lb(1:8)
pins 4,6,5,10,15,17,19,21 (do(l:8)) = xI45(1:8)

;if 8 are re-
pin 2 (mi) = +5v
oim 11 (stb) = qn

pin I (dst-bar) = wr-oar
pin 13 (ds2)z out .ani. (decode a(0:7) value 18)
pin 24 (vcc) = +5v

oin 12 (qnd) = gnd
condition-mode output interface hardware to issue

siqnal: xlS 3
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device: intel R212 8-bit i/o oort, ic 46
Connections:
Pins 3,5,1,7916,15,20,22 (di(1:8)) db(1:R)
pins ',r9, ,10,15,17,19,21 (do(1:8)) x153(1:8)

;if 8 are req
nin 2 (mi) = +5v
oin 11 (stb) =nd
oin 1 (dsl-bar) = wr-bar
Pin 13 (ds2) = out .and. (decode a(0:7) value 19)

oin 21 (vcC) = +5v
pin 12 (gnd) = anI

ib bit outoit Port composed of two 8 bit ports
xlbl is for low order byte

x16 9 is for hiqh order oyte
condition-mode output interface hardware to issie

sional: x1b
device: intel 8212 8-bit i/o port, ic 47

connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) : b(1:8)
Dins 4,5,9,OI5,17,19,21 (do(1:8)) x161(1:8)

;if 8 are req
Din 2 (md) = +5v
oin 11 (stb)= qnI
oin I (dsl-bar) = wr-bar

ain 13 (ds2) = out *and. (decode a(0: 7 ) value 20)
ain 24 (vcC) = +5v
pin 12 (qul) = qnd

condition-mode output interface hardware to issue
signal: x16 9

device: intel 8212 8-bit i/o oort, ic 48

connections:
ains 3,5,7,,16,18,20,22 (Ii(1:8)) db(1:8)

pins ',b,9,10,15,17,1Q,21 (do(1:8)) = xl69(1:e)
;if 8 are req

pin 2 Cmi) = +5v
pin 11 (stb) gnd
airn 1 (isl-bar) = wr-oar
pin 13 (ds2) : out .and. (decode a(0:7) value 21)
oirn 24 (vcc) = +Sv

airn 12 (gid) = nd
16 bit output Port composed of two 8 bit oorts

x 17 7 is for low order byte ""

x185 is for hiqh order ovte

condition-mode outOut interface hardware to issue
signal: x1 7 7

device: intel 8212 8-bit i/o oort, ic .49
connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) db(1:8)
pins 4,6,5,, 0,15,17,19,21 (do(1:8)) xl77(1:h)

;if 8 are rei
ain 2 (ml) +Sv
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0 0

Din It (stb) = nl
Pin 1 (Isl-bar) = wr-oar
oin 13 (ds2) = out .anl. (decode a(0:7) value 22)
Pin 24 (v.c) = +5v
Pin 12 (qnd) = gnd'

condition-mode output interface hardware to issue
signal: x18 5

device: intel 8212 8-bit i/o oort, ic 50
connections: 0
pins 3,5,7,9,1b,15,20,22 (ii(l:8)) = db(1:8)
Pins 4,b,8,10,15,ITp9,21 (do(1:8)) x185(1:8)

;if 8 are req
oin 2 (mi) =+v
oin 11 (stb) gnid
Pin I (dsl-bar) = wr-oar S
pin 13 (ds2) = out .and. (decode a(0:7) value 23)
oin 24 (vcc) = +i5v
Pin 12 (gnd) =gnd

condition mode input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 51
connections:
Pins 3,5,7,9,16,18,20,22(di(t:8)) S KEYCHA(I:8)

remainder to

ground
oins 4,6,8,10,15,l7,19,21(do(1:8)) = db(l:8) .
oin 2 (ml) = qnd
oin It (sto) : qnd
oin 1 (dst-bar) *not. (decode a(0:7) value 5)
Pin 13 (ds2) ino .and. doin
Pin 24 + V
oin 12 = gnd .

condition mole inout interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 52
connections:
pins 3,5,7p,9 1b,I8,20,22(di(9:Ib)) = KEYCHA(9:1b)

remainder to 0

ground
Dins 4,6,8,10,15,17,19,21(do(q:lb)) = b(9:lb)
Pin 2 (ml) z gnd
Din I1 (sto) = gnd"
Din 1 (dsl-har) = .not. (decode a(8:19) value 5) 9
Din 13 (Js2) = ino *and. doin
Pin 24 = +Sv
Din 12 = gnd

lb nit output pOrt comoosed of two 8 bit rorts

x19 3 is for low order byte
x20 is for hioh order oyte
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condition-mode outoJt interface hardware to issue
sianal: x193

device: intel 8212 8-bit i/o port, ic 53
connections:
Pins 3#5,7,9,16,13,20,22 (di(1:S)) db(1:5)Pins 4#6,5#10,15,17,19,21 (do(1:9)) = xl93(1: 6:':

;jf 8 are re"
oin 2 (mJ) +5vo in It (stb) g ni " '

Din I (dsl-bar) = wr-oar
oin 13 (ds2) = out .and. (decode a(0:7) value 24)
oin 24 (v:c) z +5v
oin 12 (gnd) = gnd

condition-mode output interface hardware to issue
sianal: x201

device: intel 8212 8-bit i/o port, ic 54
connections:
pins 3,S,7,,lb,18,20,22 (di(1:8)) = db(1:8)
Pins , , ,1 , 5 17,19P21 (do(1:8)) = x201( :F) "

;if 8 are rei
oin 2 (nd) = +Sv
oin 11 (stb) = and
pin 1 (dsl-bar) = wr-bar
Din 13 (ds2) = out .and. (decode a(0:7) value 25)
pin 24 (v:c) = +5v
pin 12 (qnd) = qn"

condition mode inout interface hardware to sense
siqnel KEYCHA

device:intel 8212 8 oit i/o oort,ic 55
connections:
Dins 3,5,7,9,lb,18,20,22(di(1:])) KEYCHA(1:8)

remainder to

around

pins ',b,8,10,15,17,19,21(lo(1:8)) =
oin 2 (mio) = and
Din It (sto) = qnd
oin I (dsl-bar) = not. (decode a(0:7) value b)
pin 13 (ds2) = ino .and. doin
ain 24 = +V5v
Din 12 : and

condition mole inout interface hardware to sense
siqnel KEYCHA

device:lntel 3212 8 bit i/o oort,ic 5b
connections:
Pins 3,5#7,9,lb,18,20,22(di(9:lb)) KEYCHA(9:Ib)

remainder to

around
Pins 4,6,8,t0,19,17,19,21(lo(9:tb)) = lb(9:1b)
Din 2 (md) and

11~47
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oin II (sto) gnd
oin 1 (dsl-bar) = .not. (decode a(:15) value b)
Din 13 (Js2) inn and. doin
bin 24 = *Sv ... /

Din 12 = gid
lb bit outout oort conoosed of two 8 bit ports

x209 is for low order byte
x21 7 is for high order oyte

condition-mode outout interface hardware to issue P

signal: x20 9

device: intel 8212 8-bit i/o Dort, ic 57

connections:
Dins 3,5,7,9,16,10,20,22 (di(1:8)) db(1:5)
Dins 4,b,5,10,15,17,19,21 (do(l:8)) = x20 9 (1:8)

;if 8 are req
pin 2 (md) +5v
Din 11 (stb) grid
pin 1 (dsl-har) = wr-oar
Din 13 (ds2) = out .and. (decode a(0:7) value 26)
oin 2Q (vcc) = +Sv
pin 12 (qnd) = gnd

condition-mode outout interface hardware to issue
signal: x21 7

device: intel 8212 8-bit i/o Dort, ic 5A

connections:
pins 3,5,7,9,16,18,20,22 (Ii(1:8)) = db(1:8)
DinS 4,6, ,10,1'S,17,19,21 (do(1:8)) x217(1:8)

;if 8 are re-
Din 2 (mi) = +5v
oi i II (sto) = anI
Din I (dsl-bar) z or-oar
Pin 13 (ds2) = out .and. (lecode a(0:7) value 27)

in 2q (vcc) = 5v

pin 12 (qnd) : and
lb ait outout Dort conoosed of two 8 bit Dorts

x225 is for low order byte
x233 is for high order oyte

condition-mode outDut interface hardware to issue
signal: x225

device: intel 8212 8-bit i/o Dort, ic 59
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) lb(1:5)
pins 4,6,9oI0,15,17,19,21 (Jo(1:8)) x225(1:8)

;if 8 are re"
pin 2 (ml) = +Sv
oin 11 (stb) = qn,
pin I (dsl-har) = wr-oar
Din 13 (ds2) = out *and. (decode a(0:7) value 28)

Din 24 (vcc) = +5v
pin 12 (gid) = gni

condition-mode output interface hardware to issue

I 4
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signal: X2 3 3

device: intel 8212 8-bit i/o port, ic 60
connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) = db(1:8)
pins 4,6,b8, O,15,17,I9,21 (-o(1:8)) x233(1:6)

;if 8 are reo
oin 2 ('id) = +5v
oin II (stb) = nd
oin I (dsl-bar) = wr-oar
Pin 13 (ds2) = out .and. (decode a(0:7) value 29)
Pin 24 (vcc) = +5v
oin 12 (gnd) = qni

16 bit outout Port comoosed of two 8 bit ports
x241 is for low order byte

?24
9 is for high order byte

condition-mode outout interface hardware to issue
signal: x2l41

device: intel 8212 8-bit i/o Port, ic bl
connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) db(1:8)
Pins 4,6,5,10,15,17,19,21 (do(1:8)) = x2l1(1:5)

;if 8 are reg
oin 2 (m') + 45v
Pin It (stb) = qnJ
Pin 1 (dsl-bar) = wr-oar
Pin 13 (ds2) = out .and. (decode a(0:7) value 30)
oin 24 (v:c) = +5v

pin 12 (and) = and
condition-mode OutPut interface hardware to issue

signal: x249
device: intel 8212 8-bit i/o Port, ic 62
connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) db(i:8)
Pins 4,6,5,10,15,17,19,21 (do(l:8)) = x249(1:9)

;if 8 are rei
oin 2 (md) = +5v
Pin I I (stb) o nJ ..:

oin 1 (dsl-bar) = wr-bar
oin 13 (ds2) = out .and. (decode a(0:7) value 31)
Din 24 (vcc) = +5v
oin 12 (gnd) =qnd

16 bit outout Port coffoosed of two 8 bit Ports
x257 is for low order byte
x2 65 is for hioh order oyte

condition-mode output interface hardware to issue
signal: x 2 5 7

device: intel 8212 8-bit i/o oort, ic b3
connect ions:
pins 3,5,7,9,16,18,20,22 (di(1:8)) = db(l:8)
pins 4,6,8,10,15,17,19,21 (o(1:8)) = x257(1:6) -

;if 8 are rei
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D in 2 Cmd) +5v
om nI I (stb) gmi
Din 1 (dsl-bar) =wr-oar
pin 13 (ds2) =out .and. (lecole a(0:7) value 3c?)
pin 24 (v c) = +5v
pin 12 (stb) =gn-1

o in 12 (qnl) = Qnd

condition-mode output interface hardware to issue
signal: x265

device: intel 8212 8-bit i/o oort, ic 64J
connections:
Pins 3,5,7,9,16,lq,20,22 (di(1=8)) = db(|:9)
pins 4w, ,,10,15,17,19,21 (cl0(1=8)) = x265(1:8)

;if 8 are rea
oin 2 (mi) = +5v
oin 11 (stb) gnd
in 1 (dsl-bar) = wr-bar

pin 13 (ds2) = out .anj. (decode a(0:7) value 33)
pin 24 (vcc) = +5v
pin 12 (qnd) = qni

16 bit output port composed of two 8 bit ports
x27 3 is for low order byte
x281 is for high order oyte

condition-mode output interface hardware to issue
signal: x273

device: intel 8212 8-bit i/o oort, ic b5
connections:
Pins 3,5,7,9,16,18,20,22 (di(l:8)) db(1:8)

pins 4,6,8,10,15,17,19,21 (do(1:8)) = x2 7 3(1:8)

af 8 are req
pin 2 (rmi) +5v
pin 11 (stb) grid
oin I (dst-bar) = wr-bar
pin 13 (ds2) = out .an. (decode a(0:7) value 34)
oi 24 (vcc) = +Sv
pin 12 (qnd) = grid

condition-mole output interface hardware to issue
signal: x281

device: intel 8212 8-bit i/o oorto ic b6
connections:
Pins 3,5,7,9,16,18,20,22 (ii(l:8)) db(1:8)
pins ,b,8,10,15,17,19,21 (io(1:8)) : x2gl(1:8)

;if 8 are req
pin 2 (Cd = +5v
oin 11 (stb) = qn-
pin I (dsl-bar) = wr-oar
pin 13 (ds2) = out *and. (decode a(0:7) value 35)
pin 24 (v:c) = +5v
in 12 (gnl) z jnl

lb bit output Port composed of two 8 bit Ports
x28 9 is for low order byte
x297 is for high order ovte

150

4. " " . . * % Z ; 2 ' ' . ' .-. ,.. " '''''-..,,..... ''""'''' .. ,.. """" .. - " , .,. """""""""."-"."."."-" . .



w-7-]

condition-mode output interface hardware to issue
signal: x289 . "

device: intel 8212 8-bit i/o port, ic b7

connections:
sins 3t5,7,9,16,18,20,22 (i(1:8)) = db(6:9]

oins 4,b,S,lO,tS,l7,IQ,2l (do(l:8)) x289(1:8)
;Ni f are req

pi m 2 On) = +5v
oin It (stb) = qni
pin I (dsl-bar) = wr-oar
pin 13 (ds2) = out .and. (decode a(O:7) value 3o)
oin 24 (vcc) = +5v
pin 12 (qnd) = qni

condition-mode output interface hardware to issue
signal: x297 S

device: intel 8212 8-bit i/o port, ic b8
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) d b(1:8)
pins Jb,8,10,15,17,19,21 (do(l:8)) = x29 7 (1:8)

;if 8 are req

pin 2 (mJ) +5v S

pin It (stb) gnd
oin 1 (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(U:7) value 37)
pin 24 (vcc) = +Sv

in 12 (Qd) = Qn_
lb Dit Outout port composed of two 8 bit ports .

x3O5 is for low order byte

x 3 13 is for high order oyte
condition-mode outout interface hardware to issue

siqnal: x 3 0 5

device: intel 8212 8-bit i/o oort, ic b9

connections:
pins 3,5,7,9,1b,18,20,22 (di(1:8)) = db(1:8)
pins t,b, ,10,15,17,19,21 (do(1:8)) = x305(1:8)

;if 8 are req
oin 2 (md) +5v
"in II (stb) qnd
pin 1 (dsl-bar) = wr-bar

pin 13 (ds2) = out .and. (decode a(0:7) value 38)
oin 2Q (vcc) = +Sv

pin 12 (aid) = gn
condition-mode output interface hardware to issue

signal: x313
device: intel 8212 8-bit i/o port, ic 70

connections:
pins 3,5,7,9,16, 1,20,22 (di(1:8)) db(l:8)
pins L,b,5,10,15,17,19,21 (do(l:8)) = x313(1:8)

;if 9 are req
oin 2 (mi) = +5v
pi-1 11 (stb) anJ

"o.51
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oin 1 (dsl-bar) = wr-oar
oin 13 (ds2) = out .and. (decode a(0:7) value 3Q)
pin 24 (v:c) = +Sv
oin 12 (Qnd) = qnd

4. 16 bit output port composed of two 8 bit Ports
x3 21 is for low order byte

I. x32 9  is for hiah order ovte

condition-mode output interface hardware to issue
signal: x321

device: intel 8212 8-bit i/o oort, ic 71
connections:
oins 3,5,7,9,16,15,20,22 (di(1:8)) = db(1:8)
pins ,f, , 0 1 , 7 9 21 (do(1:8]] x32)(1:8)

;if 8 are req
oin 2 (mJ) = +Sv
oin 11 (stb) qnd

oin 1 (dsl-bar) = wr-bar
Din 13 (ds2) = out *and. (decode a(0:7) value 40)
o in 24 (vcc) = gSv

oin 12 (gnd) = gn
condition-mode outout interface hardware to issue

signal: x329
device: intel 8212 8-bit i/o port, ic 72
Connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) = db(1:8)
pins 4,b,5,10,15,17,19,21 (do(1:8)) x32Q(1:8)

;if 8 are req
oin 2 (ml) +5v
Din 11 (stb) gnd

oin I (dsl-ber) = wr-oar
pin 13 Cds2) = out .and. (decode a(0:7) value 41) -

pin 24 (vcc) = v --

pin 12 (qnd) = qnd

16 bit outout Port comoosed of two 8 bit Ports
x337 is for low order byte
x345 is for high order oyte

condition-mode outout interface hardware to issue
signal: x33 7

device: intel 8212 8-bit i/o port, ic 73

connections:
oins 3,5,7,9,16,18,20,22 (ii(1:8)) = lb(1:8)
pins '4,bS,1,15,17,19,21 (lo(1:8)) = x337(1:8)

;if 8 are rep
pin 2 (m) = +Sv
oin 11 (stb) = qnJ
oin I (dsl-bar) z wr-oar
oin 13 (ds2) = out .and. (decode 3(0:7) value 42)
pin 24 (vtc) = +5v
oin 12 (and) = qnd

condition-mode output interface hardware to issue

signal: x345
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device: intel 8212 8-bit i/o Port, ic 74
connections:
Pins 3,5,7,9,16,19,20,22 (ii(1:8)) lb(1:8)
pins 4,6,8,l0,15#17, 9,21 (do(1:8)) x3'45(l:8)

;if R are rea
pin 2 (mi) = +Sv
a pin 11 (stb) =qnJ

oin 1 (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value 43)

oin 2Q (v:c) = +Sv
pin 12 (qnl) = qnd

lo bit output port composed of two 8 bit ports
x353 is for low order byte
x b is for high order oyte

condition-mode output interface hardware to issue
signal: x353

device: intel 8212 R-bit i/o port, ic 75
connections:
pins S,5,7,9,16,18,20,22 (di(l:8)) db(1:8)
ins 4,6,9,lO,15, t7,19#21 (do(1:8)) = x353(1:8)

;if 8 are rei
ain 2 (mi) = +Sv
pin II (stb) = gnd
pin I (dsl-bar) = wr-oar
oin 13 (ds2) = out .anI. (decode a(0:7) value .-4)

oin 24 (vcc) = +Sv

oin 12 (gid) = qmnd
condition-mode output interface hardware to issue

signal: x361
device: intel 8212 8-bit i/o oort, ic 76

connections:
Pins 3,5,7,9,16,18,20,22 (diMl:8)) db(1:8)
Pins ',6,9,10,15,17,19,21 (do(1:8)) = x361(1:8)

;if 8 are re-
oin 2 (ml) = +Sv
ain 11 (stb) qnd

oin 1 (dsl-bar) = wr-bar
ain 13 (ds2) = out .and. (decode a(0:7) value 45)
•in 24 (v:c) = +5v
- in 12 (qnd) = qnd

condition "ode input interfaCe hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 77
connections:

Pins 3,5,7,9,16,18,20,22(di(l:8)) = KEYCHA(I: )

remainder to

ground

Pins ', ,8,lO,15,17,19,21(do(1:8)) = do(l:8)

oin 2 (md) = gnd

oin It (sto) =gnd

-; 153 ,- i
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pin I (dsl-bar) = .not. (decode a(0:7) value 7)
Din 13 (s2) = ino .and. doin
Din 24 = +5v 0
oin 12 = Ind

condition -mole inout interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 78

connections:
pins 3#5,7P9,l6,P8P20,22(di(9:lb)) = KEYCHA(9:lb)

remainder to

ground

olns L,6,8,10,15,17,19,21(do(9:16)) db(9:Ib)
Din 2 (md) = and
Din It (sto)= qnd
oin I (dsl-bar) = .not. (decode a(8:15) value 7)
Din 13 (ds2) = inp .and. doin
Din 24 = +5v
Din 12 = gnd

lb bit output port coiTosed of two 8 bit ports
x36 9 is for low order byte
x377 is for high order byte

€onlition-mode output interface hardware to issue
signal: x369

device: intel 8212 8-bit i/o port, ic 79
connections:
pins 3,5,7,9,16,18,20,22 (di(l:8)) : db(1:8)

pins 4r6,SI0,15,17,19,21 (do(1:8)) : x3b(1:8)

;if 8 are req
pin 2 (ml) +5v
pin 11 (stb) = -nd
pin 1 (ds1-bar) = wr-bar
Din 13 (dS2) = out .and. (decode a(0:7) value 4b)
Din 24 (vcc) = +5v

pin 12 (gnd) = qn.
condition-mode outout interface hardware to issue

siqnal: x37 7

device: intel 8212 9-bit i/o oort, ic 80
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) :b(1:8)

pins 4,6,8,10,15,17,19,21 (do(1:8)) = x37 7 (1:8)
;if 8 are reQ

pin 2 (md) z +Sv
Din 11 (stb) = qnd
pin I (dsl-bar) = wr-oar t.
pin 13 (dS2) = out *and. (decode a(0:7) value 47)

oin 24 (vcc) = +5v
pin 12 (9id) = and

16 bit OutPut port composed of two 8 bit norts
x385 is for low order byte
x393 is for high order oyte
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condition-mode outout interface hardware to issue
signal: x385

device: intel 8212 8-bit i/o port, ic 81
connections:
pins 3,5,7,9,16,18,20,22 (Ji(l:8)) = db( 1V)
pins 4,6,5,10#15,17,19,21 (do(1:8)) z x385(1:1)

;if 8 are req
oin 2 (mi) = +5v
oin 11 (stb) qnl
in I (dst-bar) = wr-bar

Din 13 (ds2) = out .and. (decode a(0:7) value 49)
pin 24 (vec) = +5v
pin 12 (qnd) = c.-

condition-mode outout interface hardware to issue
signal: x393

device: intel 8212 8-bit i/o port, ic 82
connections:
pins 3,5,7,9,16,i1S20,22 (di(l:8)) : b(l:8)
pins I,6,S,10,15,17,19,21 (do(1:8)) x39 3(1:8)

;if 8 are red o

oin 2 (Cm) +5v
oin 11 (stb) qni
in I (dsl-bar) = ,r-bar

pin 13 (ds2) = out .and. (decode a(0:7) value 49)
pin 24 (v-c) = +Sv
pin 12 (q~d) = qnd

to bit output port composed of two 8 bit ports
x0 is for low order byte
x4O9 is for high order oyte

condition-mode output interface hardware to issue
siqnal: x-01

device: intel 8212 8-bit i/o port, ic 83
connections:
pins 3#,5,7,9,16,11,20,22 (di(1:8)) = lb(1:8)
pins 4,6,8,10,15,17,19,21 (io(1:8)) =x401(1:8)

;if 8 are req
oin 2 (md) = +5v
Din II (stb) : qni
pin I (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value SU)
pin 24 (v:c) - +Sv
pin 12 (qid) z ond

condition-mode output interface hardware to issue
signal: x409

device: intel 8212 8-bit i/o Dort, ic 8'•4
connections:
pins 3,5,7,9,16,18,20,22 (di(1:8)) = db(l:8)
Dins '46,B,10,15,17,19,21 (Jo(1:8)) = x409(1:8)

;sf 8 are rea
pin 2 (ml) +Sv
pin 11 (stb) = gni
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pin I (dsl-bar) wr-oar
pin 13 (Os2) = out *and. (decode a(0:7) value 51)
vin 24 (v.c) = +Sv
pin 12 (qnd) = qn-

16 bit output oort co'moosed of two 8 bit corts
x417 is for low order byte
x425 is for high order Dyte

condition-mode output interface hardware to issue
signal: x 4 17

device: intel 8212 8-bit i/o oort, ic 85
connections:
pins 3,5,7,9,lb,18,20,22 (di(1:8)) = db(l:8)
pins 4P,6,8,10,15,17,19,21 (do(1:8)) x417(1:8)

;if 8 are re"
oin 2 (md) +5v
pin 11 (stb) and
o in 1 (dsl-bar) = wr-bar

Din 13 (ds2) = out .and. (decode a(0:7) value 5?)
pin 24 (vcc) = +5v

oin 12 (gid) = gnd
condition-mode output interface hardware to issue

signal: x425
device: intel 8212 8-bit i/o port, ic 86
Connections:
pins 3,5,7,,16,18,20,22 (di(1:A)] = db(1:8)
pins 4,b,8,10,15,17,19,21 (Io(1:8)) : x425(1:8)

;if 8 are req
pin 2 (md) = +5v
pin 11 (stb) nd"
D in I (dsl-bar) z wr-bar

o in 13 (ds2) = out *and. (decode a(0:7) value 53)
•in 24 (vec) +-5v

pin 12 (qnd) = qn
16 bit output port comoosed of two 8 bit Ports

x433 is for low order byte
x441 is for high order oyte

condition-mode output interface hardware to issue
signal: x"33

device: intel 8212 8-bit i/o Port, ic 87
connections:
pins 3,5,7,,16,18,20,22 (ii(1:8)) = db(1:8)

hf 8arepins 4,6,9,10,15,17,19,21 (do(1:8)) x'433(1:8);if 8 are req .

oin 2 (m) +5v
pin 11 (stb) qnd

pin I (vsl-bar) = wr-oar
pin 13 (ds2) = out .and. (decode a(0:7) value 54)
pin 24 (vcc) = +5v

Din 12 (gnd) = gni
condition-mode output interface hardware to issue

signal x441
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device: intel 8212 8-bit i/o Port, ic 98
connections:
Pins 3,5,7,9,16,18,20,22 (di(1:8)) Ib(l:8) I
Pins 4,6,5,10,15,17,19P,21 (do(1:8)) x44'1(1:5)

;if 8 are re.
"in 2 (mi) = +Sv
"iln 11 (stb) gn'
Pin I (dsl-bar) z wr-bar
Pin 13 (ds2) = out .and. (decode a(0:7) value 55) S
oin 24 (vcc) = +Sv
oin 12 (9nd) = gnd

16 bit output port coioosed of two 8 Pit Ports
x44 9 is for low order byte
x457 is for high order oyte

condition-mode outout interface ',ardware to issue
siqnal: x449

device: intel 8212 8-bit i/o Port, ic 89
connections:
oins 3,5,7,9,16,18,20,22 (di(1:8)) db(1:9)
Pins q,6,8,10,15,17,19,21 (do(1:8)) = x449(1:8)

;if 8 are re n
oi n 2 (mJ) = +Sv
Oi n 11 (stb) = gnd
oin 1 (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value 5b)
pin 24 (v:c) = +5v
pin 12 (cid) = gnd p

condition-mode output interface hardware to issue
signal: x457.

device: intel 8212 8-bit i/o Port, ic 90
connections:
pins 3,5,7,9,16,15,20,22 (di(1:8)) db(1:8)
oins 4,6#8,10,15,17,19,21 (do(1:8)) = x457(1:8)

;if 8 are re
oil 2 (ml) 2 +5v
"il 11 (stb) = qn.
oiln 1 (dsl-bar) = wr-bar
oin 13 (ds2) = out *and. (decode a(0:7) value 57)
oin 24 (vcc) = +5v
oiln 12 (9nd) = qnJ

16 bit outout port coioosed of two 8 hit Ports
x465 is for low order byte
x473 is for high order oyte

condition-mode output interface hardware to issue
signal: x465

device: intel 8212 8-bit i/o Port, ic 91
connections:
pies 3*,5,7,9,16,18,20,22 (di(1:8)) = db(l:8)
Pins ,6,SlO,15,17,19,21 (do(1:8)) = x4bS(1:9)

;if 8 are req

pin 2 (mI) = +5v
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pin II (stb) gnd
oin 1 (dsl-har) = wr-bar
oim 13 (ds2) out .and. (decode a(0:7) valie 58)
ain 24 (vcc) +5v
oin 12 (gmd) qn"

condition-mode outout interface hardware to issue
siqnal x473

device: intel 8212 8-bit i/o oort, ic Q2

connections:
oins 3,S,7,9,16,18,20,22 (di(1:8)) = dh(l:8)

pins 4r4b,910,15,17,19,21 (do(t:8)) x473(1:8)
;if 8 are re'

oin 2 (ml) +5v
oin II (stb) = nd
Din I (dsl-bar) = wr-Oar
oin 13 (ds2) = out .and. (decode a(0:7) value SQ)
pin 24 (vcc) = +5v

pin 12 (qd) = qnd
16 bit output port comoosed of two 8 bit ports

x481 is for low order byte
x48 9 is for hioh order oyte

condition-mode outout interface hardware to issue
signal: x481

device: intel 8212 8-bit i/o oort, ic 93
connections:
oinS 3,S,7,9,lb,1# ,20,22 (di(1:8)) : db(1:8)
Pins 4,6,8,10,15,17,19,21 (do(1:8)) : x481(1:8-

;if 8 are re.
oin 2 (md) = +5v
oin 11 (stb) = qn
pin I (dsl-bar) = wr-bar
Din 13 (ds2) = out .and. (decode a(0:7) value 60)
Din 24 (vcc) = +5v
Din 12 (qnd) = gnd

condition-mode outout interface hardware to issue
signal: x4 8 9

device: intel 8212 A-bit i/o oort, ic q
connections:
pins 3,5,7,9,16,15,20,22 (di(1:8)) = db(1:8)

Dins 4,6r,,lOlS,7,19,21 (do(1:8)) x4 8 9 (1:8)

;if 8 are req
pin 2 (mi) = +5v
Din 11I (stb) = qnI
pin I (dsl-bar) = wr-oar
pin 13 (ds2) = out .and. (decode a(0:7) value 61)
Pin 24 (vcc) = +5v

oin 12 (qnd) = qn.
16 bit outout port covoosed of two 8 bit ports

x4 9 7 is for low order byte

x505 is for hiah order oyte

condition-mode output interface hardware to issue
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signal: x497
device: intel 8212 8-bit i/o oort, ic 95
connections: 0
oi ns 3p 5e7,9, 16p 18,20, 22 (di (l1:8)) = b 1 9: )

pins 4,0,8,10,15,17,19,21 (Jo(1:8)) = x497(1:8) ..-

;if 8 are rei
oin 2 (md) = +5v
oin 11 (stb) = qnd
oin 1 (dsl-bar) = wr-bar 0
vin 13 (ds2) = out .and. (decode a(O:7) value 62)
Pin 24 (vcc) = +5v
pin 12 (qid) = qnl

condition-made outout interface hardware to issue
signal: x505

ievice: intel 8212 A-bit i/o oort, ic 96 S
Connections:
oins 3,5,7,9,16,18,20,22 (di(1:8)) db(l:8)
pins 46,,8,1O,15,17,19,21 (lo(1:8)) = x505(1:P)

;if 8 are re-
oin 2 (md) = +5v
Pin 11 (stb) =gnd 0
Pin I (dsl-bar) = wr-bar
pin 13 (ds2) = out .and. (decode a(0:7) value 63)
pin 24 (vCc) = Sv
pin 12 (gid) = inJ

16 bit outout Port co'oosed of two 8 bit ports
x5 1 3 is for low order byte S .
x521 is for high order byte

condition-mode outout interface hardware to issue
signal: x513

device: intel 8212 8-bit i/o oort, ic 97 .-
connections:
oins 3,5,7,9,16,18,20,22 (ii(1:8)) db(1:S)
oins 4,6,8,10,15,17,19,21 (do(1:8)) = x513(1:4)

;if 8 are re-
oin 2 (mi) +5v
oin I1 (stb) qnl
oin I (dsl-bar) = wr-bar
oin 13 (ds2) = out .and. (decode a(0:7) value b4) a
pin 24 (vcc) = Sv
pin 12 (qn1) = d"

condition-mide outout interface hardware to issue
signal: x521

device: intel 8212 8-bit i/o oort, ic 98
connections!
Pins 3,5,7,9,16,18,20,22 (di(1:8)) db(l:8)
Pins Q,b,5,10,15,17,19,21 (do(1:8)) x521(1:M) . -

;if 8 are rea
oim 2 (mi) +Sv
oim 11 (stb) 4mj
oim I (dsl-bar) z wr-oar S
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pin 13 (ds2) = out .and. (decode a(O:?) value b5)
Din 24 (vcc) = t5v
pin 12 (qnd) = qnd

condition mode input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oortic 99
connect i ons
oins 3,5,7,9,16,18,20,22(di(1:8)) KEYCHA(1:8)

remainder to 0

ground
pins 4,b,8,10,15,17,19,21(io(l:8)) = db(1:8)
Din 2 (md) z gnd
oin 11 [sto) =-qnd
Din I (dsl-bar) .not. (decode a(0:7) value 8) .
pin 13 (ds2) = ino .and. doin
Din 24 = +5v
Din 12 = gnd

condition mtode input interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 100 ®
connections:
Dins 3*5v7glb,18,20,22(di(9:16)) = KEYCHA(9:lb)

remainder to

ground
pins 4L,6,8,10,15,17,19,21(io(9:1b)) = db(9:lb)
oin 2 (md) = gnd
Din 11 (stO) =gnd
"in I (dsl-bar) = .not. (decode a(8:15) value 8)
Din 13 (is2) = ino and. doin
Din 24 = +5v
Din 12 = gnd

16 bit output port composed of two 8 bit ports
x52 9 is for low order byte
x537 is for high order oyte

condition-mode output interface hardware to issue
sianal: x529

device: intel 8212 9-bit i/o port, ic 101
connections:
pins 3,5,7,9,16,1I,20,?2 (ii(1:8)) =lb(1:8)
Dins 4,b,9,10,15,17,19,21 (do(1:8)) = w529(1:8)

;if 8 are re'
pin 2 (mi) z +5v
pin 11 (stb) =gnd
pin I (dsl-bar) = wr-oar
oin 13 (ds2) z out .and. (decode a(O:1) value bb)
Din 24 (v:c) z +5v
Din 12 (gnd) = qn"

condition-mode output interface hardware to issue
signal: xS3 7
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device: intel 8212 8-bit i/o oort, ic 102
connect ions:
oins 3,S 7,9, 13,1 ,20,22 (1 i(1:8) h(I:8) -.

pins ',6,8,10,I5,17,9,21 (Io(l:8)) x537(1:8)
;if 8 are rea

pin 2 (md) = +5v
Din 11 (stb) = In-'"
oin I (dst-bar) = wr-oar
oin 13 (ds2) = out .and. (decode a(0:7) value h7)

pin 24 (v:c) = +Sv
pin 12 (gid) z qnd

condition -node inout interface hardware to sense

signal KEYCHA
device:intel 8212 8 bit i/o oort,ic 103

connect ions:
pins 3,5,7,0,Ib,18,20,22(di(1:8)) KEYCHA(1:8)

remainder to

around
pins 4,6,8,10,15,17,19,21(lo(1:8)) db(1:8)
pin 2 (md) = Qnd

pin 11 (sto) = qnd
oin I (dsl-bar) = .not. (decode a(0:7) value 9)
oin 13 (is2 = io .and. doin
oi n 24 = +5v

o in 12 = qnd
condition mode input interface hardware to sense

signal KEYCHA
device:intel 8212 8 bit i/o oort,ic 104

* connections:
oins 3,5,7,9,lb,18,20,22(di(9:l6)) KEYCHA(9:16)

remainder to

ground
oins 4,6,8,1O,1S,17,19,2l(lo(9:lb)) db(9:lb)
oin 2 (ml) = qnd
oiln It (sto) = gnd

oin I (dsl-bar) = .not. (decode a(8:15) value 9)
oin 13 (as2) ino .and. doin
o in 24 : +5v
Din 12 = and

condition vole inout interface hardware to sense
siqnal KEYCHA

device:intel 8212 8 bit i/o oort,ic 105

Connections:
pins 3,5,7,Q,lb,8l.,2O,22(di(1:8)) = KEYCH-A(1:8)

remainder to

ground
pins 4,b,8,1O,15,lt,19,21(io(I:A)) do(1:8)

oin 2 (ml) and
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pin 11 (Sto) = nd
Din 1 (dsl-bar) = *not. (decode a(0:7) value 10)
Din 13 (is2) = ino and. doin
oin 24 +5 v
oin 12 = qnd

condition mode inout interface hardware to sense
sianal KEYCHA

device:intel 8212 8 Oit i/o oortic lOb

connections: S
oins 3,5,7,9,lb,18,20,22(di(9:Ib)) KEYCHA(9:lb)

remainder to

qround

ains ,b,8,10,15,17,19,21(io(9:lb)) db(9:Ib)

pin 2 (md) = and 1
pin 11 (sto)= gnd
Din I (dsl-bar) = .not. (decode a(8:15) value 10)
pin 13 (is2) = ino .and. doin
oin 24 = +5v
pin 12 and

condition mole input interface hardware to sense S
signal MANPOS

device:intel 8212 8 bit i/o oort,ic 107

connections:
pins 3,S,7,9,16,18,20,22(di(1:8)) MANPOS(1:8)

remainder to

ground
oins I,b,8,lO,l5,l7,19,21(lo(1:8)) do(1:8)
Din 2 (md) qnd

Din 11 (sto) gnd
pin I (dsl-bar) z.not. (decode a(O:7) value 11)
oin 13 (dS2) = io and. doin
oin 24 = +5v

oin 12 = and
condition mode inout interface hardware to sense

signal MANPOS
device:intel 8212 8 bit i/o oort,ic 108
connections: S
pins 3,5,7,9,16,18,2O,22(di(9:lb)) mANPOS(9:1b)

remainder to

ground
pins 4,6,8,10,15,17,19#21(do(9:16)) db(9:b)
Din 2 (md) z qnd
pin 11 (sto) =gnd
Din 1 (dst-bar) = *not. (decode a(8:15) value 11)

Din 13 (ds2) = o ,and. doin
pin 24 = +Sv
pin 12 =gnd

condition mode inout interface hardware to sense S

162

5-.



signal KEYCHA
* device:intel 8212 8 bit i/o oortric 109

connections:
pins 3PS*7P9t1br18P20,22(di(1 )) =KEYCHA(1:8)

remainder to

grouna
oins L,6,8,10,15,17,19,21(do(1:8)) do(1:8)
oin 2 Omd) =gnd
oin II (sto) = qnd
Din 1 (dsl-bar) = .not. (decode a(0:7) value 12)

Din 13 (ds2) = ino ,and. doin
o oin 24 = +5v

oin 12 = gd.

condition Tode inout interface hardware to sense

sianal KEYCHA
device:intel 8212 8 bit i/O oortic 110
connections:
pins 3,5,7,9,lb,18,20,22(di(9:lb)) = KEYCHA(9:16)

remainder to

grounJ
oins 4',6,8,1O,1,17Iq,21(do(9:16)) = db(9:1b)
ain 2 (md) = and

pin 11 (sto) = qnd
oin (dsl-bar) = .not. (decode a(8:15) value 12)

oin 13 (Js2) = ino .and. doin
pin 24 = +Sv
pin 12 = qnd

16 bit output port comoosed of two 8 bit ports

xS4 5 is for low order hyte
x553 is for high order oyte

condition-mode outout interface hardware to issue

signal: x545
device: intel 8212 8-bit i/o oort, ic 111
connections:
pins 3,5,7,9,16,1P5,20,22 (Ii(1:8)) = Jb(1:8)

pins ',6,5,10,15,17,19,21 (do(1:8)) = x545I(1:8)
;if 8 are re.

pin 2 (md) : +Sv
oi 11 (stb) = gn
pin 1 (dsl-bar) = wr-bar
oin 13 (ds2) = out .and. (decode a(0:7) value 68)
oin 24 (vcC) = +Sv

pin 12 (od) = qnd
condition-mode outout interf3ce hardware to issue

siqnal: x553
device: intel 8212 9-bit i/o oort, ic 112

connections:
pins 3P,5,7,9,16,15,20,22 ('i(1:8)) dh(1:8)
pins 4#,6, ,O,15,17,19,21 (do(1:8)) x553(1:8)
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;if 8 are req
pin 2 (md) +5v
pin 11 (stb) = gnd
pin 1 (dsl-bar) = wr-oar
pim 13 (ds2) z out .anl. (lecode a(0:7) value b9)
oin 24 (v:c) = +5v
pin 12 (qnd) =gnd

condition -node inout interface hardware to sense
signal KEYCHA

device:intel 8212 8 bit i/o oort,ic 113
connect ions:
pins 3,5,7,9,16,18,20,22(di(1:8)) tFYCHA(1:8)

remainder to

ground I
Dins 4,6,8,10,15,17,19,21(do(1:8)] db(l:8]

oin 2 (md) = qnd
pin 11 (sto) qnd
pin I (dsl-bar) = .not. (decode a(0:7) value 13)
oin 13 (ds2) inp .and. dbin .

pin 24 = +Sv "
oin 12 = qnd
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