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INTRODUCTION B SECTION 1

This manual contains a functional description of the
TDC 4500 process control computer system, manufactured
by Honeywell Inc., Process Management Systems Division.
The TDC 4500 is part of Honeywell’s Total Distributed
Control Architecture. All standard functional subsystems
and options are described, including all pertinent param-
eters, speeds, capacities, data and instruction formats, and
tolerances.

1.1 MAJOR FEATURES OF THE TDC 4500
PROCESS CONTROL SYSTEM

The TDC 4500 system is an upward extension of the
Honeywell 4000 series process computer systems. Use of
the Read Only Memory (ROM) and microprocessor concept
have reduced the execution time of some instructions by as
much as 75% over similar prior models. A block diagram of
the system is provided on Fig. 1-1. While retaining the pre-
vious instruction set, major improvements and added fea-
tures appear in the 4500 system which significantly
improve performance and modularity, while reducing the
physical size and cost of the equipment, as compared to
earlier systems with similar capacity. Specifically, the 4500
system provides the following major features:

e Increased Memory Speed'and Capacity

Main memory cycle time is reduced to 600 nano-
seconds, thereby accelerating instruction execution
and improving throughput. The minimum 32 k Metal
Oxide Semiconductor (MOS) memory may be ex-
panded in the factory or in the field to up to 256 k
(262,144) 24-bit words - four times more memory
than in earlier systems. Provision has been made for
possible future add-on options. Instructions and data
read from the main MOS memory are guarded by an
Error Detection and Correction (EDAC) feature
which detects and corrects all single bit errors, de-
tects all two bit errors and 90% of other multiple
bit errors.

e Single Central System Unit Contains All Basic Con-
trol Functions

‘The Central Processor and all basic peripheral and

process 1/0 controllers are contained in a single 30”
wide Central System Unit (CSU). See Fig. 1-2.

e Remote Intelligent Process 1/0

The CSU may be located up to 5000 cable feet
from the Process Interface Units (P1U) which provide
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analog and digital connections to the process. This
permits the CSU and peripherals to remain in a con-
venient central location. /O data, parameters and
instructions are exchanged between the CSU and up
to 63 TDC 2000/7100 devices such as Operator
Stations, Controllers or Process Interface Units over a
single coaxial cable called the ‘“‘data highway”. The
cost and complexity of connecting a CSU to the pro-
cess is thereby significantly reduced.

In addition to providing digital and analog 1/0 facili-
ties, each PIU contains a microprocessor to monitor
process operation. After being loaded with operating
parameters, the PIU may be allowed to report on ex-
ception (i.e., limit or alarm conditions) thus taking a
considerable burden off the CSU.

Fig. 1-2 Central System Unit



e Floating Point Option

While floating point instructions are provided in the
basic processor, faster instruction execution may be
obtained with the firmware floating point option.

The firmware floating point option provides medium
speed performance single precision and most double
precision floating point instructions. It is implement-
ed by adding an additional set of ROM integrated
circuits to a Central Processor board. The following
floating point operations are provided: add, subtract,
multiply, divide, fix, float and floating mode shift
(d/p fix is always a quasi; floating mode shift is
always a hardwired instruction).

Modular 1/0 Packages

The peripheral device controllers, process I/0 control-
lers, and remote communication controllers are
installed on the GENIE* 1/0 Bus for communication
with the Central Processor under program control, via
Table Input and Output Operation (TIM/TOM), or via
Direct Memory Access (DMA). The fully modular I/0
Bus concept permits the addition of any controller at
any time by plugging the controller into an unused
slot on the bus. Controller addresses and interrupt

priorities are selected via option pins or switches on’

the controller modules. GENIE Bus chassis are pro-
vided or added to 4500 systems as required to accom-
modate the controller complement.

Upward Program Compatibility

The 4500 system retains the same instruction set used
on 4400 and 4010 systems and is program compatible
with those systems. New Byte and Field instructions
have been added to simplify programming and in-
crease performance. Most former software Quasi
instructions and increased memory addressing capa-
abilities have been implemented into Honeywell’s line
of proven software designed expressly for process
control systems.

Easy Expansion

The modularity concept of the 4400 process compu-
ter is carried over to the 4500 and improved.
Virtually all additions and expansions are accom-
plished merely by plugging in the new hardware and
attaching interconnecting cables. The GENIE 1/0
Bus permits an almost unlimited variety of process
1/0, remote communications, bulk memory, and
peripheral device controllers to be implemented.

*Trademark

o Improved Man/Machine Interfaces

The ease with which plant operating personnel can
communicate with the process control system is
important to the overall effectiveness of the system.
The 4500 process control computer system offers
two video display subsystems which provide excellent
interaction with the control system. The video dis-
play subsystems provide either monochromatic or
seven-color video displays of alphanumeric characters,
symbols, and punctuation marks. In addition to the
video displays, both standard and specially designed
process operator’s consoles are available. These sub-
systems and devices are capable of providing the
operating personnel with a wide variety of informa-
tion, and where appropriate, allow the entry of data
and control commands into the computer system.

Advanced Packaging - Modular F urniture

The 4500 system is packaged using advanced packag- '
ing techniques which take advantage of state of the
art electronics and integrated circuits. The system
cabinets and optional modular furniture are appear- .
ance coordinated, and designed for ease of use and
comfort for the operators. The modular furniture
line provides an extensive variety of tables, desks, and
consoles to accommodate the peripheral devices,
video displays and keyboards, and process operator
consoles.

e Maintainability and Product Support

The design and packaging of the 4500 system con-
tribute to its maintainability. The modular design
of the system electronics permits quick and easy
access to replaceable subassemblies. Test and diag-
nostic programs are supplied to verify the perform-
ance of each standard subsystem. Documentation
provided with each system includes theory of opera-
tion publications; maintenance manuals with detailed
performance testing, preventive maintenance, and
troubleshooting procedures; PWB drawings; parts
lists; this General Description;a Site Planning Manual;
and Standard Software manuals. Training for cus-
tomer personnel is available in both hardware main-
tenance and programming. An experienced Field
Engineering force is ready to support the equipment
on an ‘“‘as needed” or contract maintenance basis.
For additional details, refer to the 4500 Site Planning
Manual.

- 8/79



e Additional Features

Many valuable features proven significant in previous
4000 series computers are included in the 4500 sys-
tem. These include 24-bit word length, relative
addressing, bit manipulation and testing, logical oper-
ations, TIM/TOM for tabular I/O operations that do
not affect the AU registers, optional Memory Protec-
tion, and proven software.

Some new features include Memory Battery Back-up
option, an automatic rechargeable power system
which preserves the contents of MOS memory for a
minimum of 15 minutes after ac power failure; Auto
Reboot, a feature which initiates reloading main
memory from bulk storage if necessary following ac
power failure, and a Timer Alarm Package.

The Timer Alarm Package contains:

1. A 2 kHz programmable clock with interrupts
for high resolution timing.

2. A hardware status monitoring system with con-
tact outputs.

3. Facilities for up to eight programmable output
contacts and up to eight readable contact in-
puts.

4. Two remote control inputs. .

1.2 SCOPE OF THIS GENERAL
DESCRIPTION

This document defines the 4500 process control system
and its functional features. The features and performance
of each standard subsystem available in the 4500 system are
described. The actual contents of any individual 4500 sys-
tem are described by the procurement documents for that
system. Honeywell Inc. reserves the right to modify at any
time without notice to customer the contents of this doc-
ument or the design or functions of the system or any part
thereof for reasons of improved performance and opera-
tional flexibility. If any conflicts exist between this General
Description and Honeywell’s applicable Functional Design
Specifications, the latter will take precedence. In a given
transaction between Honeywell and a customer, the pro-
visions of the contract document will define Honeywell’s
obligation to the customer.

8/79

1.3 REFERENCES

This manual is intended as a general reference for hardware-
oriented users, software-oriented users, and those con-
cerned with the interrelationships between the hardware
and software. Reference to other manuals and publications
may be useful or necessary in understanding and using the
4500 functional subsystems described in this General
Description. The publications and manuals referred to here
are available from Publications, Process Control Division/
Phoenix.

Software publications include:

e RTMOS* (Real-Time Multiprogramming Operating
System)  Summary Manual, RTMOS Planning
Manual, and RTMOS Application manual.

e Summary and Application manuals for software sys-
tems that run under RTMOS, including Deacon/CIA,
FILES IV, and FREETIME IV.

Similar manuals are available for other standard soft-
ware subsystems.

e PAL (Process Assembly Language) and Process
FORTRAN language manuals.

Other publications of interest to both "software- and
hardware-oriented users include:

e TDC 4500 Summary of Hardware Characteristics. A
pocket folder listing all instructions alphabetically
‘and by operation code. Specification summaries for
the principal subsystems are also provided.

® Instruction Reference Manual. A more detailed de-
scription of the 4000 series instruction set than is
provided in Appendix C to this General Description.

o Computer Operator Subsystem (COS) Manual. A
manual for operators using COS, which runs under
RTMOS, for program loading, memory changes,
dumps, memory comparisons, placing devices or sub-
system in or out of service, updating system data and
time, etc.

While the theory of operation publications, which are pro-
vided in the documentation supplied with each shipped
system, are primarily intended for the use of hardware
maintenance personnel, they often are useful to Program-
mers, System Engineers, and Analysts in understanding

*Trademark



some of the more intricate features of the subsystems they
describe. It is intended that this General Description will
describe all necessary machine level operating and program-
ming details with no theoretical discussion, but in some
cases, the meaning of those details can be better understood
if the theory is known.

In addition to the Theory of Operation book sets provided
with each shipped system, a Computer Maintenance
Manual, and a System Drawings book set are provided. The
theory, maintenance, and drawings book sets are made up
to reflect the actual contents of each system.

Several references to the TDC 4500 System Configuration
Guide and to some Engineering drawings appear in this

General Description. These documents are available to
Honeywell personnel as they are needed in determining
specific system configuration details.

1.4 IMPROVED 4500

Early in 1979, slight production changes were made to
improve the basic 4500. The principle feature of these
changes is a redundant bulk memory bootstrap loader
as described in part 4.1.15 and 4.6 of this document.
Other minor differences are noted in this document where
applicable. A kit is available to convert 4500A models
to B models but this step may also require some system
reconfiguration and should be planned with the help of
a Honeywell representative.

8/79



SOFTWARE

One ‘of the most important features of the TDC 4500 com-
puter system is its line of standard software products. In
order to provide assurance of a successful and efficient
process computer system at minimum project cost, the hard-
ware and software have been designed to complement each
other. The standard software product line is extensive, is
designed to minimize the amount of special programming
required for individual process computer systems, and is
under continuing expansion, as the technology grows. The
software products which are offered with an individual sys-
tem proposal are described in the proposal material.

The standard software products can be divided into two
groups: 1) programs which run while the computer is
on line and controlling the process, and 2) programs which
may run while the computer is off line. All of the programs
in the first group run under the control of RTMOS. In-
cluded in RTMOS are the process and peripheral input and
output subsystems and memory protection subsystem.
Program systems under the control of RTMOS include
FREETIME IV, VIEW*, DEACON*/CIA, and the software
for product systems such as SEER* and SCADA plus
several other routines and subsystems necessary to the
operation of the process computer system. The programs
in the second group consist principally of assemblers, pro-
gram loaders, printed and punched memory dumps, hard-
ware test programs, and other operator communication and
language processing products. Loaders, dumps, and operator
communications packages are also available for use on line,
as a part of, or under the control of RTMOS.

TDC 4500 computer system programs can be written in one
or a combination of two languages: USASI standard
FORTRAN 1V and Process Assembler Language (PAL).
FORTRAN is most useful for mathematical computations
necessary in every process control system, especiaily in
“areas subject to change such as mathematical models and
performance calculations. PAL offers maximum efficiency
in the use of time and memory, especially in those areas of
the program system pertaining to logical operations, house-
keeping, and program control.

A large family of standard software products is available to
minimize the time required to get the computer on line
controlling the process. Additional programming for spe-
cific process applications can be easily combined with the
standard software.

The standard software for the TDC 4500 provides process
control through RTMOS and application programs in the
foreground, and through FREETIME 1V, it provides back-
ground processing and program development. RTMOS

*Trademark

SECTION 2

schedules and controls the programs in the family, handles
the input and output of information, and oversees the per-
formance of the computer hardware. Refer to the applica-
tion and user manuals for these software systems to
determine specific hardware configurations necessary to
support them.

2.1 RTMOS

All of the TDC 4500 on-line programs operate under con-
trol of the Real-Time Multiprogramming Operating System
(RTMOS). RTMOS is the most powerful process control
operating system available. It is designed to meet the re-
quirements of the total process environment. RTMOS is
field proven in a variety of applications and it has won a
reputation unequaled by any other operating system in the
industry.

RTMOS is a software system which supervises program
interaction with process events, time, the computer periph-
erals, and the central processing area of the CSU. RTMOS
takes care of code conversion, peripheral device status mon-
itoring, interrupt response, memory allocation, and many
other functions.

RTMOS determines the mixture of programs to have in
main memory, and which of these to execute on the basis
of time, events, and priorities. A high load factor on all
system resources is attained because the hardware is not left
waiting while some other function is being performed.

RTMOS is a true multiprogramming operating system. It
allows several programs to be active simultaneously. A pro-
gram, once started by RTMOS, runs until it is interrupted,
completed, or until it delays itself.

If the highest priority program that needs to run is not in
main memory, RTMOS finds space there, and transfers the
program from bulk memory. If a lower priority program is
in main memory, and is asking to run, RTMOS runs that
program while the bulk transfer is taking place. The relative
addressing hardware permits the location of the programs in
any avaijlable memory space.

If a program must be interrupted, RTMOS reloads the pro-
gram from bulk memory if necessary, when it can be run
again. It restores registers and intermediate data, and the
program continues where it left off.

- A Computer Operator Subsystem package is provided with

RTMOS -which allows access to memory through an input/
output typer. This package permits on-line memory



changes, media conversions, dumps onto the typer, cards,
or tape, and changes to several system functions.

2.2 FREETIME IV

FREETIME IV allows program debugging and development
on the 4500 computer while it is on line and controlling the
process. It makes use of the frequent relatively short inter-
vals, when the computer system is not involved in active
process monitoring and control.

FREETIME IV permits a faster system start-up by allowing
a portion of the process control system to be on line while
other portions are being debugged.

Programming costs are reduced through the use of
FREETIME IV because:

e FREETIME
debugging.

IV  diagnostic aids permit faster

e Full USASI Standard FORTRAN is available, making
faster program writing possible.

2.3 DEACON/CIA

DEACON (DElineator And CONtrol) is an off-line
debugging program designed to aid the programmer by
allowing him to examine or change the contents of registers
or memory locations. DEACON can be instructed to search
memory for locations containing values which are equal to,
not equal to, greater than or less than a certain number. It
can trap illegal instructions and monitor for specified condi-
tions Input to DEACON may be in any of five formats
including octal, ASCII, or binary.

CIA (Core Image Analyzer) also a debugging program, may
be used to print the contents of one or many memory loca-
tions, search working or bulk memory for locations con-

taining values which are equal to, less than, greater than, (or

the converse thereof) a specified value. CIA can search
memory for bit patterns and compare the contents of work-
ing memory with bulk memory. ‘

Both DEACON and CIA run under RTMOS and need at
least one typer to operate. While not required, a line print-
er is desirable for long memory dumps.

2.4 FILES IV* SYSTEM

FILES IV is a software system designed primarily to facili-
tate creation and easy modification of source programs,
data and other files from CRT terminals. Other features of
the system include: '

*Trademark

e Interface to FREETIME IV capabilities (i.e., source
programs can be compiled from a file, rather than
cards)

® Media-to-media file transfers and file maintenance
e File backup to other media

e File access by using callable resident subroutines

The FILES IV system operates as a background function in
the real-time process control environment and will run ata
priority level defined for the specific system. At its lowest
priority level assignment, the system will only have access
to CPU time not essential to the process control system
running in the foreground.

2.5 OPO

OPO optimizes process operation. It uses a customer gen-
erated mathematical model of the process to adjust the
values which represent process conditions and materials,
such that the optimum use of such material is made and the
process objectives are maximized.

The mathematical model of the process is written in
FORTRAN. In many applications, it can be written by the
process control engineer, who may already know
FORTRAN, or can learn it easily. The model is integrated
into the OPO system by the user, and OPO may then pro-
vide on-line process optimization or may provide data
pertaining to the results of a simulation of the process and
its optimization.

2.6 TASC

Tabular Sequence Control (TASC) is a high-level, interpre-
tive language that allows coding directly from symbol form,
using the parameters of a process control flow chart.
Several question, action, and breakpoint symbols are de-
fined. Process input and output data can be given actual
point ID’s or can be given symbolic names. Process param-
eters are specified in decimal. Inherent in the TASC system
is a structure for control system design incorporating the
use of video, a dedicated pushbutton panel, and printed
messages to the operator. ‘

Scheduling and execution of the TASC programs are per-
formed by the TASC Operating System. It functions in the
environment of the SEER product system and relies upon
SEER for scanning alarming and video functions.



2.7 PRODUCT SYSTEMS

It is common to think of computer systems, including com-
puterized procesé automation systems, as consisting of two
different but related products: hardware and software. A
significant feature of Honeywell Process Control Division/
Phoenix’s products is that they are not separate hardware
and software, but are fully integrated product systems,
consisting of hardware, general purpose software, and
application software, all combined into a product system
package that can readily be applied to specific customer
applications. The more prominent product systems are
TDC PM/C, SEER, and SCADA. These are briefly described
in the following paragraphs. Refer to the brochures and
summary manuals on these and other product systems for
further information.

2.7.1 SEER

SEER is a Steam Electric Evaluation and Recording system
designed for electric utility steam stations. SEER scans
hundreds of plant conditions, records the information,
alerts operators to out-of-limits and alarm conditions, prints
hourly and daily logs of plant conditions, and provides
trends of variables as loads and other conditions change
with time.

2.7.2 SCADA

SCADA is a Supervisory Control And Data Acquisition
system that is applied to power distribution systems and to
industrial processes. The data acquisition and control are
accomplished through HS7024 Telecontrol Equipment
Remote Stations which communicate with TDC 4500

process computer over voice grade lines. The Remote

Stations are located at distant, typically unattended, re-
mote sites such as power substations, remote generating
units, gas transmission stations, pipeline stations, and water
treatment plants. The SCADA system offers a powerful
human interfac¢ subsystem that puts dispatchers and
process operators right on top of the situation.
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2.7.3 TDC PM/C

TDC Process Monitor and Control is a product system con-
sisting of standard hardware and software that comprise a
complete system that can be applied to virtually all indus-
trial applications where process interface, operator inter-
face, and data base management are required. TDC PM/C
can be used as a data acquisition system only, a scan-log-
alarm system, a supervisory control system, a direct digital
control system, or any combination of these.

The basic TDC PM/C software, like all standard on-line
software products, runs under RTMOS, and is prepro-
grammed to minimize the time and effort needed to get on-
line. Its application to the process is defined by the cus-
tomer and/or Honeywell through fill-in‘the-blanks forms,
through Honeywell’s BICEPS Programming Language
(BPL), through FORTRAN, or a combination of these pro-
cedures. '

TDC PM/C systems can start quite small and be expanded
as the process and PM/C’s application to it grow. It can
utilize our complete line of process interfaces and offers
operator interfaces ranging from inexpensive black and
white video consoles to seven-color video display consoles
offering character-graphic schematic displays and alpha-
numeric tabular displays. '

2.8 VIEW

VIEW is a video display software feature provided as part of
SEER, SCADA, or AGC that facilitates the construction
and modification of interactive video displays for process
operator and engineer interfaces. VIEW allows process en-
gineers to define the displays that provide process operators
with a realistic view of the process and the computer’s
interaction with the process. The engineer builds or modi-
fies the displays and defines the behavior of various display
elements through English language statements entered
through a video display and associated keyboard. Once a
family of displays is built for a specific process application,
VIEW’s display generator produces the display, as request-
ed, through the RTMOS video display interface software.
Currently VIEW is supported by the HPV-2 (Honeywell
Process Video) display system described elsewhere in this
publication.



"CONDITION GENERAL INDUSTRIAL OFFICE
A A1l A2 C
Operating Temperature:
Room Ambient 0%-50°C 0-60°C 5°-40°C 18%-29°C
Cabinet - Internal 0°-70°C 0°>-70°C 5°60°C 18%-44°C
Relative Humidity 5% - 95% 5% - 95% 5% - 95% 10% - 80%

(32° C Max. Wet Bulb)

Storage or Shipment
Temperature

Operating Altitude

~ Shipping or Storage

-36°to +70°C (all classes)

to 7500 ft. (all classes)

to 35,000 ft. (all classes)

Table 3-1 Environmental Classes
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GENERAL INFORMATION

The information in this section applies to all TDC 4500
process computer system equipment unless specifically
excepted in the remaining sections of this manual.

3.1 ENVIRONMENTAL SPECIFICATION

Detailed environmental specifications for the 4000 series of
process computer systems are provided on drawing no.
68A974933, Equipment Environmental Specification. In
that specification, the equipment is divided into two major
classes, according to the intended environment for the
equipment. The two classes and a summary of the principal
environmental conditions for each class are indicated on
Table 3.1.

The environmental class for each standard subsystem and
device, and any exceptions to that class pertaining to the
subsystem or device, are specified in the remaining sections
of this General Description. The environmental statement
for each device or subsystem will be found near the end of
the description for each subsystem or device. A complete
4500 system is subject to the most restrictive environmen-
tal class of any of its devices or subsystems, unless the
equipment subject to more restrictive environmental condi-
tions can be enclosed or housed in an area conforming to its
class, which is apart from the equipment in a less restrictive
class. Normally, the CSU and all of its contents are in en-
vironmental class A. The process I/0O termination cabinets,
the Process Interface Units and the contents are usually
rated for environmental class Al. Peripherals using paper
media (cards, tape, etc.) must be maintained between 20 to
65% relative humidity. For additional information on the
environmental classes, refer to the TDC 4500 Site Planning
Manual.

3.2 INPUT POWER
3.2.1 System Cabinets

The Central System Unit (CSU), Auxiliary System Units
(ASU), and process I/0 termination cabinets require single
phase 104 to 127 Vac power, supplied on three lines
(high, neutral, and safety ground), at 47 to 63 Hz. 220V,
50 Hz operation may be achieved by using a suitable trans-
former. The CSU power system is designed such that start-
up current surges will not exceed three times the full load
current value. See the TDC 4500 Site Planning Manual for
input connection information and current requirements.
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3.2.2 Memory Battery Backup Option

An optional Memory Battery Backup chassis is available to
preserve the contents of MOS Memory in case of ac power
failure. The MOS Memory is automatically switched to
battery power during ac power outages. Battery power is
sufficient to preserve the contents of a 256 k memory for
at least 15 minutes. Battery output is monitored and
power is automatically disconnected from memory if the
voltage deteriorates below a safe level. An operator can
determine whether memory power was lost by observing an
indicator on the chassis. When ac power returns, the CSU
firmware senses the battery condition to determine an
appropriate start-up sequence. The batteries have an es-
timated four to five year life and are kept charged by a
trickle charger.

3.2.3 Peripheral Devices

All peripheral devices, including typers, card readers, paper
tape readers, card punches, paper tape punches, line print-
ers, video display equipment, etc., plug into standard three-
pin wall sockets (high, neutral, and safety ground) supply-
ing 105 to 129 Vac. They are normally supplied from the
same ac distribution system that supplies the CSU or ASU
that controls them. See the TDC 4500 Site Planning
Manual for input current requirements.

. 3.2.4 Bulk Memory Units

Drum Units are supplied via a three-wire (high, neutral, and
safety ground) power cord with a plug. Input requirements
are 105 to 129 Vacat 59 to 61 Hz or 217 to 253 Vac at 41
to 51 Hz. Refer to the TDC 4500 Site Planning Manual for
input power requirements.

Disc Units require either single phase 102 - 132 Vac 60 Hz
+ .6, -1 Hz or 220 Vac 50 Hz power. Each unit requires 8.2
amps running current at 120 Vac.

Large Core Store Units are powered by 117 Vac, 47-63 Hz.

Fully populated LCS units require 5 Amps maximum
running current. ' ’

3.3 CONSTRUCTION AND MODULARITY

3.3.1 Cabinets

All of the electronic circuitry in the computer system,
except for that contained in the peripheral devices, Drum



Unit, Disc. Units, etc., is housed in heavy-duty cabinets,
suitable for use in an industrial environment. Where neces-
sary, the cabinets are cooled by blower-driven air. Air filters
are installed in cabinets with blowers to remove dust and
dirt from the air supply. The standard “30-inch” cabinet
used in most applications is approximately 76 inches high,
30 inches wide and 32 inches deep. 19-inch mounting
flanges are used to hold standard modular electronics
chassis. Front and rear access is provided by magnetically
latched doors. The top and side panels are removable.
Cable access is normally through the bottom. 30-inch
cabinets are used. to house the CSU, AX or VX Expan-
sion Cabinets, Shared memories and APIA/APID series
process 1/0 termination electronics. TDC 7100 Process
Interface Units (PIU) also use the standard 30-inch cabinet
except for Low Energy units which use a NEMA 4 en-
closure. TDC 2000 process I/0 equipment mounts in 19-
inch or 24-inch wide cabinets from 28 to 77 inches high.
Refer to the TDC 4500 Site Planning Manual for addition-
al information. :

3.3.2 Printed Wire Boards

All electronic components, except for some components
used in power supplies, are installed on plug-in printed wire
boards. Integrated circuits are used almost exclusively.
The integrated circuit complement includes small, medium,
and large-scale (SSI, MSI, and LSI) units.

3.3.3 Modularity

The Central Processor and all basic system controllers are
installed in a single Central System Unit as shown in Fig.
3-1. Larger systems, incorporating many 1/O controllers
and or devices, may require one or more Auxiliary System
Cabinets to house additional modules that exceed the capa-
city of the CSU. All TDC 4500 system hardware is fully
modular and can be implemented in the factory or in the
field by plugging-in and/or bolting on the necessary mod-
ules. The chassis are normally prewired to accommodate
all optional modules at the maximum capacity. There may
be cases where special wiring to accommodate a customer’s
particular requirements is provided, and a very few func-
tional subsystem options are implemented by minor wiring
changes. The vast majority of functional subsystem options
are implemented by installing printed wire boards or by
selecting jumper pin or switch configurations.
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3.3.4 Maintainability

TDC 4500 process control computer systems are designed
for maximum reliability and availability. The modularity
of the system hardware contributes greatly to its maintain-
ability. Modern construction techniques and circuitry
reduce the physical size of the equipment and thereby
minimize the degree of difficulty and time in locating
suspected defective components. Several functional sub-
systems utilize built-in register and status displays and
manual intervention controls to aid in troubleshooting.
Special test aids are also available for some of the sub-
systems, and test and diagnostic programs are provided for
all standard subsystems. The system documentation, which
includes theory of operation manuals, detailed maintenance
instructions, and necessary engineering drawings, is de-
signed to minimize the degree of specialization required of
maintenance personnel.

BATTERY B/U

MEM EXP

CPU

1/0

PS1

1/O EXP -

1/0 EXP

1/0 EXP

PS2

oh dh

Fig. 3-1 TDC 4500 CPU With Major Options
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- CENTRAL SYSTEM UNIT

The Central System Unit (CSU) is the control, sequencing,
and computational center of the TDC 4500 process control
computer system. It contains all of the basic control
modules in the system, including the Central Processor and
the basic controllers for all standard functional subsystems.
The Central Processor is the primary computational and
control center and it consists of the Microprocessor-based
Arithmetic and Logic Unit, the Memory Bus Controller,
GENIE I/0 Controller (which includes automatic program
interrupt logic) and main memory. Supporting functions
such as the Floating Point option, Program Load, Auto
Reboot and Memory Protect may be considered as func-
tions of the Central Processor. The Central Processor is
often called the “processor” or “CPU”.

Basic Central Processor Unit model ACPU11 includes the
cabinet, Arithmetic Unit, GENIE I/O Controller, Program-
ming and Maintenance Console, first Power Chassis and one
8-slot 1/0 Bus chassis. CPU model ACPU12 adds a second
8-slot I/0 Chassis and a second Power Chassis. Models
ACPU13 and ACPU14 add a third and fourth I/0 Chassis.

The Processor, Memory Bus Controller and GENIE I/O
control boards use five card slots in the Processor Chassis.
The three remaining card slots may each hold a memory
board for up to 192 k memory in this chassis. The Memory
Protect Option, if used, goes in card slot 3 (but will also
work in slot 2) and then leaves room for a 128 k memory in
the Processor Chassis.

By adding ‘an 8-slot expansion chassis, additional memory
boards may be placed in the CSU cabinet for a total 256 k
MOS. memory. Metal Oxide Semiconductor (MOS) mem-
ory boards come in two sizes, 32 k and 64 k (k = 1024).

Only one 32 k memory board may be used and it must be
the last section of memory.

The CSU options and their model numbers are:

o ACME11 Memory Expansion Chassis
] AXMEéZ 32 k MOS Memory Board
e AXMEG64 64 k MOS Memory Board
e AXMP11 Memory Protect Board

e AFFP11 Firmware Floating Point

e ABBU11 MOS Memory Battery Backup
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The Firmware Floating Point Option is a set of PROMs
(Programmable Read Only Memory) which plug into
the Processor Control Board. With this option, floating
point instructions are executed about ten times faster than
with a standard quasi software package.

The optional Memory Battery Backup package prevents loss
of MOS memory contents during power outages of 15
minutes or less. If memory contents are lost, the standard
Auto Reboot or Manual Program Load function will reload
the main MOS memory from bulk storage.

The CSU cabinet may have up to four 8-slot GENIE Bus
Chassis. Typically, each controller on the GENIE Bus uses
one or two slots. When more 1/0 Bus space is needed, one
or more Expansion Cabinets (see section 14) can be added
next to the CSU cabinet. Refer to part 4.5 for a descrip-
tion of the GENIE I/O Bus Controller and GENIE Bus
operation. See 4.5.1 for a description of the device con-
trollers available for use on the GENIE 1/O Bus.

4.1 PROGRAMMABLE ARITHMETIC UNIT

The Programmable Arithmetic Unit, sometimes called the
“AU”, may be thought of as a microprocessor with support-
ing registers, data paths and micro-control instructions.
The AU controls the sequencing of the Central System Unit
and of controllers external to the CSU. It performs calcula-
tions and logical operations, and it controls the distribution
of data throughout the computer system. All of these
functions are accomplished as the AU executes programs
stored in main memory. It executes such programs by
“fetching” coded instructions from the memory and exe-
cuting them in sequence. The AU features a large machine
instruction repertoire, designed especially for use in process
control programs that run on a real-time basis, as condi-
tions in the process change, and as operators direct the
computer’s control of the procéss.

4.1.1 instructions

There are more than 100 variations of the six basic instruc-
tion types described below. New Byte, Field and Bus Con-
trol commands have been added to the standard 4000 series
instruction set. Appendix C of this General Description
explains each command.

e Full Operand instructions perform arithmetic opera-
tions, logical operations, Index Register control, data
transfers to and from main memory, and program se-
quencing and branching.



e GEN 1 instructions manipulate data in the A Regis-
ter, manipulate the ] counter, and set or reset the
Test Flip-Flop as the result of certain tests. The func-
tion to take place is specified by microcoding of the
instruction word and a very large number of such in-
structions is possible. The defined GEN 1 instructions
are described in Appendix C.

e GEN 2 instructions are used mostly with GENIE 1/O
device controllers. They are used to input or output
data and for test and control. The GEN 2 instructions
perform some internal functions such as allowing or
inhibiting APIs.

® GEN 3 instructions are used to shift the A and Q Reg-
isters either direction in a logical, circular, or arith-
metic manner.

e Bus Control instructions are used to communicate
with modules on the internal CPU/Memory Bus such
as the Memory Protect or Memory Bus Controller
units.

® Quasi instructions link the running program to a sub-
routine. A Quasi operation code causes the next
instruction to be fetched from a dedicated memory
address. This memory address is usually (but not
always) equivalent to the Quasi operation code (bits
18-23). Quasi instructions store their effective oper-
and in memory location 2 where the subroutine can
find and use it to perform the desired function. The
subroutine is provided by standard RTMOS software
and could contain one or many other instructions.

4.1.2 Principal Registers, Counters,
and Indicators

The principal functional components of the Arithmetic
Unit are described in the following paragraphs. Fig. 4-1 in-
dicates the major information paths between these compo-
nents.

e Accumulator (A) Register. A 24-bit (23 bits plus
sign) register which stores data for arithmetic opera-
tions, bit manipulation, logical operations, and tem-
porary storage for data being transferred in or out of
the AU through the use of GEN 2 instructions. The
A Register has left and right shifting capability, in-
cluding double word shifting when the Q Register
serves as an extension of the A Register.
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Q Register. Main memory location 10g, also known
as the Q Register assists the A Register in performing
some instructions such as multiply or divide. The A
and Q Registers are coupled together as a 48-bit reg-
ister for double length shift commands such as DLA,
DRC, DLL, etc.

Memory Data (MD) Register. A 24-bit register which
normally contains the last word read from memory.

Memory Address (MA) Register. An 18-bit register
which tells the memory where to store or fetch an
item. GEN type commands use it to control shifting
of certain registers.

Program Counter (P) Register. Bits 0-17 of this regis-
ter hold the memory address of the next instruction.
The P count is usually advanced by 1 while executing
a program but not always. GEN 2 jump instructions
can increment the P count by two when testing for
ready or error conditions. Branch instructions load
the P counter with a new address, from which pro-
gram sequencing will continue. Only the lower 14-
bits of an instruction may be used to specify a mem-
ory address but the P count can be extended by rela-
tive addressing or indexing.

P Register bits 23-18 are used for status indicators as
follows:

18 IAI2, Inhibit all interrupts

19 Memory Protect enabled

20  Test Flip-Flop indicator

21 PAI Flip-Flop (Permit level two API’s.)

22 Overflow Flip-Flop

23 Floating Point Mode indicator
Index Registers. Main memory locations one through
seven are used as indexing registers. Index registers
are easily incremented or decremented. When an in-
struction calls for indexing, the lower 18 bits from an
Index register are added to the instruction operand.
Indexing is useful for memory address modification
or when setting up or reading from a table.
] Counter. A 5-bit counter chiefly used with GEN 1

commands to keep a tally of bit-counting operations.
It is read with the LXC instruction.
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Overflow Flip-Flop. The Overflow Flip-Flop is set
when arithmetic overflow occurs. Overflow occurs
\Jvhen the result of an arithmetic operation is a num-
ber whose magnitude is greater than can be stored in

23-bit register for single word results, or a 46-bit
:!egist:er for double word results. The status of this
ip-flop is indicated by P Register, bit 22.

Test Flip-Flop. The Test Flip-Flop is set or cleared

when a test condition, which must be retained for
suhsequent action, occurs. The test conditions are

efined by full operand instructions DMT and TXH,
and by numerous Test Flip-Flop related GEN 1
commands. The status of the flip-flop is indicated by
B Register, bit 20.

NOTE

Contents of the following registers cannot be
displayed on the Programming and Maintenance
console.
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X, K, and CI Registers. These are all internal registers.
The 3-bit Index (X) Register is loaded with bits 17-15
of an indexed instruction. The K Register usually
contains the last constant emitted by a microcoded
instruction and the 48-bit CI Register acts like an in-
struction register for the microcoded control instruc-
tions.

I Register. An internal register which holds an

instruction which it is decoded and executed.

B Register. A 24-bit internal register used to store
addresses and temporary data results. It helps to exe-
cute some of the GEN 1 and 3 commands, also mul-
tiply and divide commands.

ALU and Microprocessor. The Arithmetic Logic Unit
eFfment has two inputs: A and B. The registers shown

on Fig. 4-1 are selectively connected as source inputs
A or B. Control instructions (firmware) tell the ALU
element to perform one of 32 functions. Typical
functions would be: add A and B, complement A,
output just A or just B, output 1’s or 0’s. The firm-
are also selects a destination for the ALU output.
The ALU, stored control instructions and associated
registers make up a “microprocessor” which executes
“‘macro-instructions’ from main memory.
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4.1.3 Main Memory Addressing
4.1.3.1 Summary of Addressing Techniques

A Full Operand instruction has a 14-bit operand field (bits
13 through 0) and can, therefore, directly address any of up
to 16,384 main memory locations. When relative address-
ing is used, a single instruction can address any location
within +8191 to -8192 locations from the one containing
the instruction. Using indexing, an instruction can address
up to 256 k (k = 1024) of memory.

The memory addressing capability of the Arithmetic Unit
contributes to the system’s speed and facilitates program-
ming. The relative addressing hardware allows the Real-
Time Multiprogramming Operating System (RTMOS) to
make optimum use of main memory by finding room for
programs to be run and dynamically relocating the pro-
grams as required with no changes in operand coding.
Addressing outside the program area is normally necessary
only for communication with the resident portion of
RTMOS, which is in lower memory and can be addressed

. directly. System throughput is maximized in that paging

and indirect addressing are usually not necessary, and
indexing is used only infrequently for large address modifi-
cations, or when it is advantageous, such as in modifying an
operand by a constant or a variable value.

4.1.3.2 Detailed Description, Memory Addressing and
Address Modification

In executing AU operations, instruction words and data are
exchanged between the main memory and the AU. The lo-
cations in main memory from which, or to which, instruc-
tion words are to be transferred, are specified by a memory
address word selected by the Memory Address Register for
application to the Memory/CPU Bus address lines. Memory
addresses generated in the execution of instructions may be
the direct address indicated by the instruction operand, or
the address may be modified by the contents of an Index
Register. The address may also be converted to an address
relative to the instruction. Both Index and Relative Oper-
and Modification may be specified in the same instruction
word. Index Address Modification and Relative Address
Modification function as described in the following:

o Index Address Modification. Main memory locations
1 through 7 are dedicated as Index Registers. When
bits 15 through 17 of an instruction word are not
equal to zero (except ABP, INX, TXH, LXK, LXC,
LDX, STX, and DMT), index modification of the
operand is specified. The modification consists of the
addition of the contents of the 18 least significant




GENIE I/O MEMORY BUS MAIN
‘_
1/0 Bus CONTROLLER CONTROLLER MEMORY
b MEMORY/CPU BUS 3
00 g3 | $
CONSOLE v
*l MA MD I
A 4
A B .
DECODER
-9
CONTROL
ROM
i Cl
 J v v
P ALU }
ﬁ 8
TSTF JCTR
.

Fig. 41 Functional Block Diagram

14



bits of the Index Register specified by bits 15, 16,
and 17 of the instruction word, to the operand of the
instruction word.

e Relative Address Modification. When bit 14 of a Full
Operand instruction word equals one, Relative Ad-
dress Modification is specified. Relative addressing
permits addressing of a location within plus 8,191 to
minus 8,192 of the instruction address. If both bit
14 and bit 13 of the instruction word are set, the
value of the Main Memory Address of the instruction
word is subtracted from the operand field of the in-
struction word. If bit 14 of the instruction word
is set and bit 13 is equal to zero, the value of the
Main Memory Address is added to the operand. When
13 is set, indicating subtraction, the operand is in 2’s
complement form.

o Index Modification of GEN 1, 2, and 3 Instructions.
The operand. portion of the GEN 1, GEN 2, and GEN
3 instructions does not specify a memory address.
Modification of the operand portion of such instruc-
tions by indexing may be accomplished but it changes
the microcoding of the instruction, and therefore
may produce an unexpected result. -Jndex modifica-
tion of GEN 2 instructions may be useful in modify-
ing device addresses, and it is not uncommon to find
such indexing used in hardware test and diagnostic
programs, as it facilitates modifying such programs to
run on systems with differing device addresses.

4.1.4 Arithmetic Operations

The AU performs both fixed point and floating point arith-
metic operations. Fixed point arithmetic has the advantage
of speed and somewhat greater precision than floating
point. Floating point arithmetic has the advantage of ease
of use by users and programmers and the ability to repre-
sent a2 much wider range of values. Fixed point operations
require that the programmer/user keep track of the decimal
point ‘location and scaling used to represent the values,
while floating point numbers can be converted by standard
software routines to and from decimal values with a cor-
rectly positioned decimal point. See 4.1.5 for a description
of the fixed and floating point data formats used in the
4500 system.

Fixed point arithmetic is accomplished by six Full Operand .

instructions: ADD (add), SUB (subtract), MPY (multiply),
DVD (divide), DAD (double length add), and DSU (double
length subtract). These instructions are described in
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Appendix C. These operations are fast and the 24-bit word
length provides high precision with minimal need for the
scaling of results. Less shifting of data and fewer instruc-
tions are required than might be necessary on 16-bit
machines, thereby minimizing program size and running
time.

In addition to the four single-word fixed point instructions,
there are also double-word fixed point addition and sub-
traction instructions.

Floating point operations are accomplished by four Quasi
instructions that are executed by standard Quasi subroutines
if the Firmware Floating Point option (see 4.4) is not
present, or by the execution of a single instruction if the
Firmware Floating Point option is present. The four Quasi
instructions are FAD (add), FSU (subtract), FMP
(multiply), and FDV (divide). These instructions are de-
fined in Appendix C. The hardware automatically uses the
Firmware option when it is present.

Floating point operations will be single ordouble precision,
depending on the state of the Floating Point Mode indi-
cator. The Floating Point Mode is determined by the Float-
ing Mode Shift (FMS) instruction.

4.1.5 Arithmetic Data Formats

As indicated in the preceding discussion of the arithmetic
operations, fixed point arithmetic operations result in
either a single-word format or a double-word format. The
fixed point formats represent negative numbers in two’s
complement form. Where the double-word format is in use,
the sign bit of the most significant word is the sign of the
entire number, and the sign bit of the second word is
ignored.  This is illustrated in the following sketches.

Single-word fixed point:

23 22 0

\ _J
N
Sign of Data
fraction (Two’s complement if negative)

0=+

Range; +8,388,607 to -8,388,608



Double-word fixed point:

23 22 0 23 22 0
0
(- J
N .
Data
Sign of
fraction
0=+

Range; +70,368,744,177,663 to -70,368,744,177,664
Floating point arithmetic operations may be in single-word
or double-word formats as indicated in the following

sketches.

Single-word floating point:

23 22 1716 0

\— _/

Absolute value
of fraction
(Normalized)

Power of two
exponent, +40g
(40g = Zero)
Sign of
fraction
0=+

Range (approximate); +2.15 x 10+?

Double-word floating point:

23 22 1413 0 2322 0
0
— I\ -
Fraction
(Normalized)
fS|gn .of Power of two
ora_cilon exponent, +400g
= (400g = Zero)

1‘=-

Range (approximate); +5.8 x 1076
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The Firmware Floating Point option (see 4.4) performs
single-word floating point operations as much as 20 times
faster than the Quasi routines.

4.1.6 Logical, Bit Manipulation, Field, Byte and
Shifting Operations

Process conditions are stored efficiently in the TDC 4500
system because logical variables which originate from pro-
cess contacts, logic voltage inputs, and process operator
consoles can be stored as individual bits in the 24-bit com-
puter data words. An extensive set of hardware-implemented
logical instructions provides the means by which the
computer evaluates and acts upon these logical variables.
These powerful instructions provide a means for efficient
manipulation of logical process data without extensive
and complex masking operations used by our competitors.
The following instructions are described in detail in
Appendix C.

e Word length logical operations are accomplished by
Full Operand instructions ANA, ERA, and ORA.

e Individual bit manipulations and bit tests are pro-
vided by GEN 1 instructions CBK, IBK, LDO, RBK,
ROD, SBK, SEV, SOD, TER, TES, TEV, TOD, TOR,
and TOS.

e Bit counting is provided by GEN 1 instructions CLO,
CLZ, CMO, and CMZ.

e Bit manipulations and register tests are accomplished
by GEN 1 instructions CPL, LBM, LDZ, LMO, NEG,
REV, RNZ, SNZ, TNM, TNZ, TSC, TZC, and TZE.

e Operations which copy part of a specified memory
location into the A Register are provided by the Byte
and Field commands LBY, LBI, SBI, LDF, and STF.

e Comparison operations are performed by TXH, CME,
CML, and some of the GEN 1 register test operations.

e Single-word data shifts are accomplished by GEN 1
instructions SRA, SRC, and SRL, and by GEN 3
instructions SLA, SLL, and SLC. These include
arithmetic, logical, and circular shifts.

e Double-word data shifts are provided by GEN 3 in-
structions DLA, DLL, DRA, DRC, and DRL. These
include arithmetic, logical and circular shifts between
the A and Q Registers (see 4.1.2).



4.1.7 Subroutine Linkage

Main memory utilization is improved and running programs
can be made more efficient if maximum utilization is made
of subroutines. A subroutine is a program module that per-
forms a function used repeatedly by one or more programs.

If the computer hardware provides a means of saving the
status' of the principal control flip-flops and the current
program count before branching to a subroutine, and is able
to restore this information in the hardware when the execu-
tion of the subroutine is completed, then the subroutine
may be included at any point in any program, and may be
executed almost as if it had been added to the instruction
repertoire. This type of subroutine linkage is provided in
the 4500 system by Full Operand instructions SPB (Save
Place and Branch), and LPR (Load Place and Restore).

SPB stores the required information in memory location
one in the form shown by the following sketch, and it in-
hibits inhibitable interrupts. If the subroutine uses memory
location one, the first instruction in the subroutine should
store the contents of location one in some other available
location. LPR is the last instruction in the subroutine and
it transfers the linkage information from its storage location
to the appropriate flip-flops and the P Register. LPR causes
the main program to resume at the location following the
SPB if the subroutine left the stored P count unaltered, or
it may return at a point determined by the subroutine,
which is indicative of its outcome. Refer to Appendix C
for additional details pertaining to the SPB and LPR in-
structions.

23|22|21(20(19|18/17 0
C(P)+1

|— 1AI2 Flip-Flop Status*
Memory Protect Status
Test Flip-Flop Status

Permit API Status
Overflow Flip-Flop Status

Floating Point Mode
0 = Single, 1 = Double Precision

*Saved by SPB, but not restored by LPR.

Subroutine Linkage Information Word
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4.1.8 Circular Lists

Circular lists are used to store data for input and output
operations and for inter-program communication. They are
configured and maintained by a subset of List instructions.
A program that wishes to use the list needs to know only
the address of a control word at the beginning of the list.
Programs appending data to, and removing data from the
lists can operate at different times and different speeds.

List instructions ABL and AEL append data to the begin-
ning and end of the list, respectively. RBL and REL remove
data from the beginning and end of the list. The list appears
in memory as indicated in the following sketch.

6543 0

23 1514
Control
N f L
Word* F — f_ —
4 A
v |
[
Next-to-Ending Item |
REL —  » Ending Item I
removes AEL puts new item here [
————— — = |
Unused Area |
ABL puts new item here |
RBL —» Beginning Item I
!
removes Second Item |
I
|
| [
N
*F = location of next beginning item
N = number of items in list
f,e = listis (e) empty,
list is (f) full
L = length of list
Circular List



4.1.9 TIM/TOM Feature

While data may be transferred between the A Register and
the input/output modules and peripheral devices by means
of GEN 2 instructions, the TIM/TOM hardware provides
interrupt driven tabular data exchanges that are faster and
require less programming effort. The Table Input to Mem-
ory/Table Output from Memory hardware provides a path
through the AU to or from main memory for the transfer
of characters 6, 8, 12, or 24 bits in length, without disturb-
ing the programmable registers or flip-flops in the AU. Each
such data exchange is initiated by an interrupt from an
activated I/0 controller on the GENIE I/O Bus (see 4.5).

The TIM/TOM feature makes effective use of the interrupt
structure in the 4500 Central Processor to provide high
throughput with minimal disturbance to the running pro-
gram. When data is transferred through a high speed 1/0
channel, such as through the GENIE I/0 Bus, the running
program is delayed slightly. Then, the running program
resumes where it was interrupted on completion of a TIM/
TOM transfer, without the necessity of saving or restoring
of information related to the program.

Each TIM/TOM channel provides for communication in one
direction (input or output) and each channel is associated
with a data exchange API and an echo/end-of-record API
(see 4.3.2). An input/output device, such as an I/O typer
requires two TIM/TOM channels. Theoretically, a system
can have as many TIM/TOM channels as the number of
possible GENIE 1/0 Bus controller device addresses or 256
channels. Since any practical system would have several
GENIE Bus device addresses and corresponding API re-
sponse addresses assigned to other functions, the maximum
number of TIM/TOM channels is less than 256.

The TIM/TOM hardware makes efficient use of main mem-
ory because it can pack or unpack 1, 2, 3, or 4 characters
per 24-bit word, as required by the 1/0 device or module.
The sequence of events in a TIM/TOM operation is as
follows:

1. The program loads the main memory location serving
as the API response address with an appropriate TIM
TOM control word. :

23 18117 1615 14|13 0
N (o (d Y

N = One’s complement of number (up to 631q) of
words to be transferred.
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C = Number of characters remaining to be packed
into or unpacked from a word (normally set
initially equal to P).

P = The number of characters (1, 2, 3, or 4) to be
packed into or unpacked from each word:

00= 4 characters
01= 3 characters
10= 2 characters
11= 1 character

Y = One less than the memory address of the data
table.

. After fhe I/0 controller has been activated and when

it has a character ready for transfer or is ready to
accept an output character, a data exchange API is
generated. 1/0 controllers are typically activated by a
GEN 2 OPR instruction, and remain activated until
all characters in a table or record are transferred.

. When an interruptible instruction in the program

sequence is encountered, the running program Iis
temporarily suspended, the control word is trans-
ferred from memory to the AU, the control word is
updated, the character is transferred, and the control
word is returned to memory.

. Steps 2 and 3 are repeated each time an API occurs,

until the proper number of words has been trans-
ferred, at which time the AU returns an “echo” to
the 1/0 controller, which causes an echo API to be
generated.

. The echo API response location typically contains an

SPB instruction (see 4.1.7) which causes the program
to execute a subroutine that either repeats step 1, if
appropriate, or it may deactivate the I/O controller
because the operation is complete. The 1/0 control-
ler may initiate the same API when it detects an end-
of-record character in the data stream. The sub-
routine thus initiated may repeat step 1 if another
record is to be transferred, or it may discontinue the
operation. Typically, a GEN 2 JCB instruction will
determine that the controller is not busy, if an end-
of-record character was detected. A GEN 2 ABT in-
struction issued to a controller also typically causes
an end-of-record API to be generated and sets the
controller “not busy”’.



The transfer sequence is, of course, dependent upon the
API’s associated with the I/O controller not being inhibited
or masked. The AU logic guarantees that at least one pro-
gram instruction will be executed between each TIM/TOM
transfer.

4.1.10 Timekeeping

Real-time and elapsed-time clock information for the oper-
ating system is normally derived from the Line Frequency
Timer, a component of the 1/0 Controller. This timer
derives logic level timing pulses from the input power line
frequency. The pulses generated by the Line Frequency
Timer may be pin selected to occur at the 60 Hz line fre-
quency (50 Hz on systems using 50 Hz power) or at twice
the line frequency (120 or 100 Hz). They are used to gen-
erate a system clock API (location 202) and clock echo API
(location 203).

System timekeeping is accomplished by the Real-Time
Multiprogramming Operating System (RTMOS) through the
use of a Full Operand Decrement Memory and Test (DMT)
instruction stored in the API response address for the sys-
tem clock API. DMT acts as a one instruction subroutine by
decrementing ‘a count preset by the program in a
designated main memory location. When the count passes
from zero to minus one, the DMT instruction generates the
system clock echo, which informs RTMOS that the pre-
determined time interval has passed. RTMOS then takes
appropriate action and reloads the count location. Each
line frequency cycle counted interrupts the running pro-
gram for only 2.2 microseconds, and none of the AU
contents are disturbed. Refer to 4.3 for a more detailed
description of API operation.

Timer Alarm Package option ATAP11 contains a 2 kHz

(+ .01%) programmable clock for precision timing. Inter--

rupts result from clock generator output and DMT echo.
The complete Timer Alarm Package is described in 4.7.

4.1.11 Stall Alarm

This Arithmetic Unit feature is used to detect a program or
hardware malfunction which causes a delay in program se-
quencing. One of three stall-time intervals may be selected
by a jumper clipﬁ The intervals are 64, 128, or 256 line
frequency clock cycles, which equals 1.07, 2.13, or 4.27
seconds at 60 Hz.

The first Set Stall Alarm (SSA) instruction activates the
stall timer. Other SSA instructions are placed at appropri-
ate points in the running program (normally in RTMOS),
and when executed, SSA restarts the timer. If a delay
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occurs which allows the timer to “time out”, a Stall Alarm
signal is generated. This signal illuminates the Alarm indi-
cator on the Programming and Mainentance Console (see
4.1.14) and it is available as one of the system alarms for
external use (see 4.7). A Jumper Clip option will let the

" Stall Alarm generate a ‘“Reset’” signal to initialize or restart

the system.

The alarm indication may be cleared by the execution of
SSA, by operating the Stall Lockout switch on the Pro-
gramming and Maintenance Console while the console is
enabled through its key switch, or by initializing the sys-
tem hardware.

4.1.12 Memory Protect Option

The AXMP11 Memory Protect option provides efficient
and comprehensive protection of process-related programs
while new programs are being designed and debugged on
line under the FREETIME IV program system. Memory
protection is a hardware/software scheme that provides
read-write-branch protection against illegal program opera-
tions, as well as protection from illegal 1/0 operations by
programs running in the protected mode. The Memory
Protect Controller board is normally installed in card slot
three (but will work in slot two) of the Processor Chassis.

When memory protection is used, main memory is divided
into 128 word blocks, each of which is assigned one of the
four protection classes, shown in Fig. 4-2.

As normally used, Memory Protect is set up through the

FREETIME IV Test program which assigns the protection

codes needed to prevent interference to other programs.

The classes are assigned by storing a protection code for

each memory block in the Memory Protect Controller '
board. This is done by an LPM command with the A and Q

Registers as shown in Fig. 4-2.

Memory Protect rules and functions:

1. Memory Protect is activated by execution of the LPR
instruction with bit 19 of the operand equal to
one (and provided that an Enable/Disable switch on
the Memory Protect Controller is in the “ON” posi-
tion). Bit 19 in subsequent LPR commands will be
ignored until Memory Protect is deactivated.

2. Memory Protect is deactivated by the execution of
any trap, the execution of an SPB in an API response
address, or when the Enable/Disable switch on the
Memory Protect Controller board is placed in the
“OFF” position.



3. When Memory Protect is active, external GEN 2 and

JND instructions may not be executed. Attempted
execution of a GEN 2 results in an illegal instruction
trap. This prevents interference with the I/0 chan-
nels and devices by programs running in the protected
mode.

4. Violation of the protection class for any protected

main memory block results in a Memory Protect
Trap.

5. When a trap occurs, the instruction stored at the trap
address is fetched and executed. As used by
FREETIME 1V, this will be an SPB instruction
which deactivates Memory Protect and branches the .
program to a corrective routine. The trap locations

19 18 Meaning
0 1] Violation on data fetch
0 1 Violation on data store
1 0 Violation on instruction fetch

If it is a trap 31, the address generated by the SPB is
stored in location 27g - bits 0-17.

7. When Memory Protect is active, execution time of

store type instructions is increased by approximately
10%. SPB instructions are extended by .45 micro-
seconds and read/fetch operations are not affected.
Memory Protect is normally activated through the
FREETIME IV Test mode when testing a new pro-

are: . gram. When a Memory Protect Trap occurs, the
FREETIME IV software prints diagnostic informa-

20g Normal M/P Violation tion on a system typer which indicates the location
and nature of the program error that caused the viola-
31g Object of an SPB tion. FREETIME IV allows the programmer to

specify the degree of constraints for the program he is
debugging, and to remove constraints gradually as he
identifies and corrects errors, progressing toward his
goal of an error free program. I/O operations are
permitted, if specified as allowable by the program-

6. If a trap occurs, the address of the instruction causing
the trap is stored in location 21g - bits 0-17, and if it
is a trap 20, bits 19 and 18 have the following mean-

ing: mer, by temporarily deactivating Memory Protect.
A REGISTER The four classes of protections are:
23 11110 0
0000000000000 NN NNN NNN NNN ':039“
ode

\ J
~
Number of blocks to be
protected minus one

11 The program may read, store, or branch any-
where in the block.

01 The program may read or branch in the block
but may not store.

Q REGISTER
z 18117 716 2110 10 The program may read or write in the block
000000 BBB BBB BBB BB| 00000 |P P : but may not fetch instructions.

\ —~— J

Starting Block 00 No access is permitted within the block.
Address in Memory
Protect
Code

NOTE: When Memory Protect is enabled, locations 0-10g (the Index and Q Registers) are in a status equivalent to
protect code ““10"'.

Fig. 4-2 A and Q Register Format With LPM Command
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4.1.13 Interrupt Watchdog

This feature provides assurance that programming errors
will not excessively delay the servicing of Automatic Pro-
gram ‘Interrupts (API’s). The Watchdog checks that API’s
inhibited by GEN 2 instructions IAI1 and IAI2 are serviced
within predetermined time limits. It does not check on the
misuse of GEN 2 instruction AIM(Activate Interrupt Mask)
issued to modules on the GENIE Bus (see 4.5). (For further
definitions of these instructions refer to Appendix C and
refer to 4.3 for information on API operation.)

The API Watchdog checks for these errors:

1. When use of the IAI2 instruction has inhibited all
interrupts for an excessive period.

2. Failure to service interrupts because of a long string
of non-interruptible instructions.

3. When the PAI flip-flop has been reset for an excessive
‘period.

4. Failure to service any interrupt request which has
been present for an excessive period.

Checks 1 and 2 are made by counting memory cycles on
the Memory/CPU Bus. If the IAI2 condition is still true, or
if no interrupt has been serviced after 512 or 2048 CPU
memory cycles (pin selectable), the Watchdog Trap (mem-
ory location 24g) is activated. The current contents of the
P Register is stored in memory location 27g. The next in-
struction to be executed is taken from trap location 24g.
The Interrupt Watchdog is then disabled until any interrupt
is serviced.

Checks 3 and 4 are made by counting 16 cycles of power
line frequency through the built-in Line Frequency Clock
circuitry (267 ms at 60 Hz). If interrupts are continuously
present for this time, monitor circuitry attempts to trigger
the level 1 PAI Alarm Interrupt (location 201g).

If power has been off, the Interrupt Watchdog monitors are
not enabled until an interrupt has been serviced. They are
then active whenever the Programming and Maintenance
Console is disabled or when both Interrupts and Stall
Alarms are permitted by their console lockout switches.

4.1.14 Programming and Maintenance Console

The Programming and Maintenance Console (Fig. 4-3) is a
primary link between programmers and maintenance per-
sonnel and the interior of the Central Processor. It is
mounted on the front door of the CSU in a position and
attitude convenient to a person sitting or standing. The
console is used to turn the system power on and off, to
load and step through programs, and to display registers,
indicators, and alarm status. It provides controls that
enable or disable several principal system functions such as
Automatic Program Interrupts and the Stall Alarm. The
indicators are bright enough to be easily read from a per-
pendicular distance of six feet.

The Programming and Maintenance Console is not normally
available to process operators. A key switch is provided
which locks out the controls on the console which might
disrupt the computer’s operation if disturbed while on line.

When enabled, the console may be used to place the Central
Processor in Halt mode. Data and instructions may then be

18 0y oe o
Sping ne

o oy

Fig. 4-3 Programming and Maintenance Console
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entered in the A, P, NI, Q, MA, MD and CS Registers. In
the Incremental mode, memory contents may be read se-
quentially. The program may be manually stepped through
each instruction, and the content of the named registers
observed, or it may be used to place the Central Processor
in Run mode, where normal program sequencing takes
place.

In either the Halt mode or the Run mode, the operator may
enter data in the Console Switch (CS) Register for transfer
to the A Register when GEN 2 instruction Read Console
Switches (RCS) is executed, thus permitting the operator to
communicate with the running program via the pattern in
the console switches.

The Programming and Maintenance Console controls and
indicators function as follows:

a. POWER On/Off - This switch turns on sequenced
power to the CPU and generates an initialize signal.
It works in all console modes (enabled or disabled).
The Battery Backup Power Package option (if
present) is wired directly to the power panel and is
not affected by this switch. When this option is
present memory power is supplied from the ac power
lines even with the POWER switch off.

b. PANEL SECURITY - This two-position key switch
either enables or disables the console. When enabled,
either Halt or Run mode may be selected. All controls
and displays may be used. When disabled, all registers
may be displayed but only the CS register may be
changed. The Console Switch Register and Demand
button may be used to communicate with the pro-
gram. When the console is disabled, the program is
automatically set to Run mode with Interrupt Lock
Out and Stall Lock Out features overridden. A remote
console disable signal can be brought through the Op-
tional Timer Alarm board to override the key switch
and assure that the conosle is disabled (see 4.1.16).

c. REGISTER Displays - Eight octal displays show the
contents of whichever register is selected, or informa-
tion being entered through the keyboard. The selected
register will be indicated on the MONITOR panel di-
rectly below the displays. Each octal digit represents
three binary bits as shown just above each display.
When displaying a register or memory and the console
is enabled, the displays are updated approximately
every quarter second. If the console is disabled, the
displays are updated whenever a new display is
selected.

d. MONITOR Indicators - Two rows of LED indicators
just below the digital display panel tell which mode
(Run/Halt) is selected, which register (A, P, Q, NI,
CS, MA, or MD) is selected and show operating status
(Demand flipflop set, interrupts locked out, Stall
Alarm locked out). The Alarm light may be turned
on by:

Memory errors

Interrupt Watchdog

PAI Alarm

Programmed Alarm

GENIE Bus alz;rm line from any bus device

e. CONTROL Switches - Nineteen switches give the
operator control over the CPU. With the console
“disabled”’ (see Panel Security) an operator may set
the Demand flip-flop, enter eight octal digits into the
Console Switch Register and display any of the fol-
lowing:

A The Accumulator Register

P The Program Status and Location Counter reg-
ister

Q  The Q Register (memory location 10g)

NI  The Next Instruction Register holds the com-
mand which will normally be executed next. It
is much like the 4000 series “B” Register

CS The Console Switch Register may be read by
the running program with an RCS command.
This register can be modified by the operator
while the console is disabled.

When the console is enabled, the CPU may be in
either the Run or Halt (single step) mode. In either
- mode, all of the previously described registers can be
displayed and modified. The contents of memory
locations may be displayed and changed using the
Memory Address (MA) and Memory Data (MD) Reg-
isters*. Register information shown on the display is
a “snapshot” of the register’s contents (and not a
direct constant monitor). AU firmware moves
information between the console and actual hardware
registers. In Run mode, most of the registers wiil be

*Except possibly when the area is memory protected.
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changing rapidly as the program uses them, so a
“snapshot” output to the console display is made
about every quarter of a second (provided that the
console is enabled and the cursor is not on).

An operator may enable/lock out the Stall Alarm or
Interrupts using the alternate action pushbutton
switches. The operator can also reset alarms (ALM
RST), set the Demand flip-flop (DMD), RESET/Load
the CPU (described later) or use the Incremental
mode.

Incremental Mode causes the Memory Address regis-
ter to be incremented after displaying or storing each
memory location. This feature is very useful when
storing a small hand loaded program or checking suc-
_cessive memory locations.

'RESET/Program Load - This feature is always used

with one of several keyboard switches. Pressing
RESET does one of the following:

1. Initializes the CPU and sets the P Register to
zero.

2. Moves a program load bootstrap routine from
an internal ROM to upper main memory.

3. Coats memory with whatever pattern is in the
CS Register.

Additional information is provided in part 4.1.15b,
Using the Console. A ‘‘remote initialize” signal may
also be brought in through the Optional Timer Alarm
Package. (See 4.1.16.)

. Keyboard Use - In addition to use with the RESET

button as previously described, the keyboard is used
with the following controls to select addresses and
load registers:

ENTER - Tells the computer that you wish to load
data into a selected register. When pressed, this
button turns on the cursor causing the leftmost octal
digit to blink. As each digit is entered through the
keyboard, the cursor moves one position to the right.
If more than eight digits are entered it will return to
the most significant position.

CE - Clear Entry resets all eight display digits to 0’s
and puts the cursor in the leftmost digit position.
Clear Entry is operable only when the cursor is on.
SKIP/BKSP - Skip moves the cursor right and Back-
space moves it left. This feature is useful when you
only want to change part of the display’s contents.

EXEC - Execute has three uses:

1. If the cursor is on (blinking), EXEC steps data
into the selected register and turns the cursor
off.

2. If MA is selected or if MD and Incremental
mode (INC) is selected, EXEC increments the
Memory Address Register.

3. Otherwise EXEC causes the next instruction in
a sequence to be executed.

4.1.15 Using the Console

a. Register Display or Entry - With the console enabled,

any register may be selected for display. Memory
Data (MD) will display the data contained at the
address shown in the Memory Address (MA) Register.
To change the contents of a register or the address in
MA:

@ Press ENTER - the cursor will blink at the leftmost
position on the display.

e Enter new information through the keyboard
using data keys 0-7, Clear Entry (CE), SKIP, and
Backspace (BKSP) when helpful.

e Press Execute (EXEC) to load the display contents
into the selected register or memory.

When using the MD display, sequential memory loca-
tions, Incremental mode (INC) may be set to advance
the MA Register by one each time that EXEC is
pressed. To use Incremental mode, press INC and
then MD.

. RESET and Program Load - The RESET button is

pressed while holding a keyboard switch (0-7) down
to initialize the CPU and cause one of the following
results:

RESET and O - Sets P counter to address O

RESET and 1 - Generates card reader bootstrap
load routine (address 4002 g).

RESET and 2 - Generates paper tape bootstrap
routine (address 4003g).

RESET and 3 - Generates 1st bulk memory boot-
strap load routine (address
4004g).

RESET and 4 - Generates 2nd bulk memory boot-
strap (address 4005g).



RESET and 5 - Generates Floppy Disc bootstrap
(address 4006g).

RESET and 6 - Generates bulk bootstrap routine
from address 4007g.

RESET and 7 - Loads lower 64 k of main mem-
ory with the contents of the CS
Register.

On 4500B processors, bootstrap routines try to load
from the selected address first, but if that device fails
to work properly, then loading is attempted from an
alternate address. If the second device fails to work
properly, then loading is again attempted from the
first address. Proper operation is determined by
testing the device controller’s “ready” and ‘‘error”
test lines. Loading attempts continue to alternate
between the pair of addresses (unless one is a Floppy
Disc) until either the load is completed successfully
or the hardware is reset. Octal addresses 4004/4005
are a pair, and octal addresses 4006/4007 are a pair.
Once started, a Floppy Disc automatically con-
tinues to execute the program load routine until it
completes successfully or is reset.

Loading routines do not begin until the computer is
set to Run mode. If necessary the operator may load
the CS Register or change the bootstrap routine.
Bootstrap routines will be placed in upper main mem-
ory and the P Register will hold the beginning
memory address.

4.1.16 Timer Alarm Package

The optional ATAP11 Timer Alarm board normally plugs
into the top slot of the first GENIE Bus chassis where
special connections from the Processor Chassis are provid-
ed. This single electronic board contains:

® A precision 2 kHz (+.01%) programmable clock
e Eight programmable relays with output contacts
e Eight readable input lines

® Alarm and hardware status monitor circuits with
individual relay output contacts

® A master alarm relay which is operated if any one of

several selectable alarms or status conditions exist

These alarm and status conditions are monitored:
e Memory errors
e Stall alarm

o Stall alarm locked out*

*These four signals (if selected) each take up one of the eight
input lines.
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e Console enabled

e Interrupts locked out*

e Programmable alarm status
e Two spares

e An external alarm input

There are also two remote control* input lines. One in-
itializes the CSU from a distant point and the other over-
rides the key switch to disable the Programming and Main-
tenance Console.

Terminal strips behind the 1/0 chassis provide output con-
nections from the relay contacts and connections to the
readable input lines. The output contacts are rated for 10
Watts at .250 A or 100 Vdc maximum. The eight logic
inputs expect either ground or an open condition.

Programming - The eight output relays are closed/opened
by corresponding 1-0 bits in A Register positions 7-0 while
executing a GEN 2 OUT command to the Timer Alarm
board.

A GEN 2 IN command addressed to the Timer Alarm
board will read in the status of the eight input lines to bit
positions 7-0 of the A Register. Bits 7-4 may be shared (by
Clip option) with one or more of the following functions:

EE Function

7 Re;note Console Disable
6 Remote Initialize

5 Stall Alarm Locked Out
4 Interrupts Locked Out

The 2 kHz clock is turned on by a GEN2 OPR command
with the S’ bits (3, 4, 5) equal to 001. Unless masked, the
clock then generates an interrupt for each clock cycle. A
DMT echo is also provided. The clock is turned off by an
OPR command with S’ bits equal to 0’s, or an ABT. The
interrupt address is determined by the address set into the
Timer Alarm board’s switchpack (see 4.3.1).

Additional ATAP11 boards are sometimes used to provide
extra clock timers or extra digital I/O points. In such
cases the board may be used in any available card slot but
computer alarm and remote control functions can only be -
used when the board is in the top slot of the first 1/0
chassis.



4.1.17 Traps

Traps are triggered by serious or important conditions with-
in the processor. When a trap occurs, the P Register and its
indicators are usually saved in memory location 27g and
related information is stored in location 21g. The Trapping
Mode, Test, PAI, Overflow, and Floating Point Mode indi-
cators are reset. Finally, the contents of the trap location
are executed. The TDC 4500 traps are:

Location Cause
204 Memory Protect Violation
224 Power Fail Restart
23 Illegal Instruction
244 " Interrupt Watchdog
25g Memory Error (on CPU Transaction)
26g GENIE Bus Arbitration Error
30g Memory Error (on Interrupt Service)
315 SPB Memory Protect Violation

The information saved in locations 21 gand 27g is:

Trap Location 21g Location 27g

20  Address of last valid in- Not meaningful
struction, also status
information - see 4.1.12

22 Undefined Undefined

23 . Illegal Instruction P Register

24 Not meaningful P Register

25 Status - See 4.2 P Register

26 Not meaningful P Register

30 Status - see 4.2 P Register

31 Address of SPB which Address

caused trap - see 4.1.12 generated by SPB

Most traps are discussed in the section where they apply;
the remaining ones are described here. '

a. Illegal Instruction. An illegal instruction is any of the
following when Memory Protect is shut off:

Any GEN 1 ihstruction with bits 11, 12, and 13 set.

Any GEN 1 with bit 8 reset and bits 5 or 6 set and
bits 9 or 10 set.
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Any GEN 2 with bits 14-0 in the range 00000
through 03777 except IAI2 and LPM.

Any GEN 2 with bits 11-0 (GENIE Bus address) in
the range 1000g through 3777g (4500B only).

A Byte instruction referencing a Byte pointer with
bits 22 and 23 set.

Any instruction with op-code 74 and bits 12 and
13 set.

When Memory Protect is enabled, the following in-
structions will cause an Illegal instruction trap:

Any instruction which is illegal with Memory
Protect off.

Any external GEN 2.
JND or LPM
Any Control Bus instruction (op-code 27g)

The Illegal instruction is stored in memory location
21g and the Trap instruction in location 23g is ex-
ecuted.

b. GENIE Bus Arbitration Error. If the GENIE 1/0
controller tries to service an interrupt but gets no re-
sponse or detects a parity error while trying to deter-
mine the Interrupt address, then it triggers trap 26.
The information stored in location 21g is not mean-
ingful.

4.2 MOS MEMORY

Metal Oxide Semiconductor (MOS) memory is the working

memory for the TDC 4500 Central Processor, where data

and instructions currently in use by the running program

are stored. This memory has a 600 ns cycle time and in-

ternally generates a refresh pulse every 2 ms to hold its

contents. Each cell from location 11g and beyond is 30

bits wide. 24 bits are stored data and the other six bits are

used for Error Detection And Correction (EDAC) by the

Memory Bus Controller. Memory locations 0-10g are high
speed 24-bit registers contained on the Memory Bus Con-
troller board.

Memory boards are available in the following sizes: (k = -
1024 words)

32k  Model AXME32

64k  Model AXME64-



Each memory board contains a set of switches to hold its
beginning address. Address switches on each 32 k or 64 k
board are in terms of 64 k, therefore if a 32 k memory
board is put in a system, it must be used as the final part of
memory to provide continuous addresses. One 32 k mem-
ory board may be used with up to three 64 k boards.

Using an optional Memory Expansion chassis, the 4500’s
present maximum capacity is 256 k.

4.2.1 Error Detection and Correction

The Memory Bus Controller (MBC) monitors access to the
MOS Memory. If an error is detected, one of the following
memory errors may result:

Yellow Error - A single bit of memory data was read in-
correctly but has been automatically corrected. This
condition may be detected and reset by CBR/CBW com-
mands. The MBC detects and corrects all single bit
MEemory errors.

Red Error - If more than one bit is incorrect in a word
read from memory the red error results. If the MBC
should detect one of these multiple bit errors it triggers
one of the following traps:

Location 25g Memory error on CPU transaction

Location 30g Memory error on TIM/TOM or
interrupt service

A trap of this type stores the Memory Bus Controller status
into location 21g. The P Register contents are stored in
location 27g and the instruction in the trap location is
~executed.

Blue Error - This error may be caused by an illegal mem-
ory address or by failure of the memory to respond due
to component failure. The same traps described above
will result.

A software trap routine can distinguish between the error
types by testing the contents of location 21g after trapping.
Bits 0, 1, or 2 will be set if a yellow, red, or blue error
(respectively) has occurred. Bit 3 will be set if the Stop On
Error flip-flop is set.

The Stop On Error flip-flop may be set or cleared with a
CBW command (set by A Register bit 8 = 1, reset by bit
7 = 1). When it is set, a red or blue error will lock out any
further access to memory. When the flip-flop is reset,
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these errors will be trapped as already described. A switch
on the MBC board may be placed in the “stop” position to
guarantee that software cannot reset the Stop On Error flip-

“flop. One usage (when the switch is on) would be to com-

mand the flip-flop set knowing that in spite of mistaken
sequencing, a nonrecoverable memory error will block
further access to memory.

Normal operation will more likely leave the Stop On Error
flip-flop fully under software control so that it can allow
red or blue error trapping but set the Stop flip-flop to
assure a full halt in case another of these errors occurs
during the trap recovery routine. If another red or blue
error occurs in the trap routine, the recovery method is to
“reset” the system, either manually or by the Stall Alarm
timeout.

4.3 AUTOMATIC PROGRAM INTERRUPTS

The Central Processor maintains continuous surveillance of
important external and internal events through the Auto-
matic Program Interrupt feature. While such events may
originate in many different sources, all are processed
through the GENIE I/O Bus, where the priorities are re-
solved by the I/0 controllers and the Internal and External
API Buffers on the bus.

No Central Proccssor time is consumed by such surveil-
lance. When an interrupt is accepted, the running program
is temporarily suspended, and one or more predetermined
instructions are executed, to service the interrupt. After an
interrupt has been serviced, control is returned to the run-
ning program with no loss of information or sequencing.
This feature provides fast responses to process conditions,
permits I/0 devices to operate at their full rated speeds
without special attention by the running programs, and
through RTMOS, assures that programs are run in the ap-
propriate order of priority, as time passes and conditions
change.

The interrupting signals are referred to as Automatic Pro-
gram Interrupts, “interrupts”’, or “API's”. Each address-
able controller on the GENIE 1/0 Bus can make one or two
types of interrupt requests. These requests are referred to
as “type 0” and “type 1”. Type O requests have the higher
priority of the two requests for one addressable controller
and normally serve as data exchange, timekeeping, or event
count API’s. Type 1 requests have the next lower priority
of the pair, and are normally used as end-of-record, transfer
complete, or echo API’s. Since there can theoretically be up
to 256 addressable controllers on the GENIE 1/0 Bus, the
maximum number of API’s that can be monitored by the
Central Processor is 512.

Interfupts from subsystems and devices not controlled from
the GENIE I/0 Bus are accepted by the API Buffers. Model
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AIIE11 accepts up to eight logic level or contact closure
interrupt signals from sources external to the computer
system. Each of these buffers uses one of the available 256
GENIE 1/0 Bus addresses for each pair of interrupts.

4.3.1 Interrupt Addresses and Priorities

The relative priority of the interrupt requests from each
controller on the GENIE I/0 Bus is selected independently,
and in any order, by jumper pins or switches on the
modules (see 4.5 for a description of the bus structure).
The priority of each interrupt request pair (type 0/type 1)
on each controller is not related to the controller’s device
address, but the device address does indirectly indicate the
interrupt response address in main memory to which pro-
gram control is transferred when an interrupt is serviced.
When the GENIE 1/0 Bus controller senses an interrupt
request and determines that the request can be serviced, it
applies an acknowledge signal to the bus, which causes the
highest priority controller that is requesting an interrupt to
return its device address to the GENIE 1/0 Bus controller.
The GENIE 1I/0O Bus controller then derives the API re-
sponse per the following equation:

Response Address = 2(DDD - 300g) + Request Type

Where DDD is the controller’s device address, which can
range from 400g to 777g, and the request type is O or 1.
Thus, the 512 response addresses in main memory range
from 200g through 1177g. (The DDD device address is
actually contained in the K3, Kj, and K fields of the GEN
2 instruction words, and the K field of such words may
be used as an S’ subfunction indicator. See 4.5 for addi-
tional GENIE Bus addressing considerations.)

The following GENIE I/O Bus controller addresses and
their corresponding API response addresses are preassigned:

Interrupt Response

Address Function
200 Power Fail
201 PAI Timer
202 Line Frequency Timer
203 Line Frequency Timer Echo

4.3.2 Interrupt Types

Each 1/0 controller on the GENIE I/O Bus may make a
type O interrupt request (data exchange, timekeeping, event
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counting) and/or a type 1 interrupt request (end-of-record,
echo, transfer complete). The types of interrupts that
result from the servicing of such requests, and the general
functions of the instructions executed as they are serviced

-are as follows:

Timekeeping (clock) interrupts are generated by the Line
Frequency Timer and the programmable 2 kHz clock in
the optional Timer Alarm Package. Typically these peri-
odic interrupts cause the execution of Full Operand in-
struction, DMT. This instruction acts as a one instruction
subroutine which decrements a count preset by the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>