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SOFTWARE

February through March 7

An initial investigation into how much of the FMS software can be
transported to DEMS has resulted in two basic conclusions which support our
initial estimate of the situation. First, since DEMS is different in concept
from FMS, the microprocessor will take on more responsibilities than the
central site minicomputer (C3M). Secondly, although the CSM software will be
carried over to DEMS from FMS3, it is expected that only a subset of this
software will satisfy the requirements of DEMS. Much of the software is
super fluous to DEMS, in particular, much of the real-time capabilities of the
system.

Personnel have been assigned to DEMS in the following capacities:

Clyde G. Roby, Jr. - Technical Director

Mike Rowan - C3SM modifications

Chuck Batterman - Microprocessor modifications

Enclosed is a copy of documentation relating to the microprocessor, as the
sponsor has requested. Documentation of FMS is nearing completion thus
allowing DEMS software development to proceed at a faster pace. The sponsor
has requested that a short course, lasting no longer than one week, be taught
to his personnel, concerning the schedules and modules to be put into the
system, and in particular, the microprocessor. FMS development and testing is

proceeding well, thus DEMS development is proceeding smoothly. The sponsor

has been notified of potential problems concerning building retro-fit and some



of the potential problems of sensor calibration. The sponsor has been
cautioned that the design and testing of algorithms is still an "unknown" and
not fully understood, art or science. Therefore, he may expect to experience

a slow learning curve until he has achieved sufficient expertise,

The sponsor has been notified that exceptions in the operation of the
system will have to be handled in the scope of FMS as it is now implemented.
Although this will mean that operator communications with DEMS will be far
from optimal, the capability to handle these exceptions will exist in DEMS as
it currently exists in FMS. Exceptions, as it is used here, indicates those
periods of time when a sponsor's customer may desire to come in on Sunday, for
example, and a new schedule must be entered into DEMS for that customer (or
potentially, many customers) possibly Friday evening. This has been noted as
a shortcoming in FMS but will be carried over to DEMS as per contractual

requirements.



March 10 through April 15

It is expected that DEMS will generate a sorted report of customer usage
by account number. This automated report will serve as a basis for a manually
generated detailed customer report. In this regard, towards the end of March,
a report format should be available for the sponsor's examination.
Documentation will continue in this time period with the emphasis shifting
from FMS to DEMS in particular. Clyde Roby will be leading this effort. The
seminar that has been requested by the sponsor is tentatively scheduled for
the week of April 14. Chuck Batterman will probably be the instructor in this
course, If time permits, the project director and technical director will sit
in on this course.

Further work on FMS and DEMS will continue with Mike Rowan leading the
work on DEMS. Doug Wrege will be working closely with Mike since Doug will be
working in a parallel manner on FMS. Microprocessor software will continue

with the following tentative schedule (Chuck Batterman assigned the task):

1. Implementation of central computer emulation locally in microprocessor
- 2 weeks

2. Provision for the capability of reading returned data from the power
prediction function - 1 week

3. Instruction of short course - 1 week

It is anticipated that Clyde Roby will visit the sponsor's site when he has
installed his central site minicomputer (CSM). This is tentatively the week

of March 17. Revision 5 of 0S/32, the operating system for the C3M, may have



corrected some problems that FMS has to work around now. Mike Rowan will
gather information concerning what is currently available in the system that
can be logged and determine how to log this data. In his modifications of the
microprocessor software, Chuck Batterman will end up with a document
describing changes and additions made. Georgia Tech will also come up with a
definition of what we perceive as the sponsor's "standard" module definition.
This will then be discussed with the sponsor so that he may gain some
knowledge from it. In order to implement the microprocessor independence as
described by the microprocessor modifications above, Carol Agee will modify

TOKEN for the DEMS project.

HARDWARE

Procurement and fabrication of the Intel-based development system, two
building-level energy management controllers, and two remote data transceivers
have begun. All necessary hardware has been ordered and we are awaiting
delivery. Building controller I/0 card wire-wrap has begun. About 70% of P-C
artwork for the RDT boards is completed and submitted for manufacture. The
mechanical redesign of the building controller power supply for rack-mounting

has started.
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March 10 to April 1

Documentation has proceeded with the emphasis on user documentation rather
than technical documentation. However, only microprocessor documentation has

been delivered to the sponsor.

Mike Rowan has made several modifications to FMS sources for the Real-time
portion of DEMS that will be run when the system is delivered to the sponsor.
Carol Agee has begun modifications of the TOKEN program to implement the
microprocessor independence commands. As mentioned in a previous report, Doug
Wrege has been brought on board FMS and has gotten the real-time portions of
FMS to properly synchronize with one another. He has also modified the
communications routine so that fewer errors are made due to high activity.
Microprocessor software has been modified by Chuck Batterman to include the

DEMS-required changes as well as some improvements for FMS.

Clyde Roby visited the Megaplex site during the week of 19 March and all
seems ready there for software delivery. The sponsor knows that a printer is
not needed upon delivery but should be acquired soon. Also, the sponsor's

configuration is a console terminal and one other CRT.



April

DEMS will generate a sorted report of customer usage by account number.
This automated report can then serve as a basis for a manually-generated

detailed customer report. The report format has not yet been designed.

It is still anticipated that the sponsor-requested seminar will be taught
by Chuck Batterman. However, the time for this seminar will be closer to the

end of the project period instead of in mid-April.

Mike Rowan will continue to gather information concerning what data is

available in DEMS which is useful and how it should be logged.

Further documentation is forthcoming from Chuck Batterman concerning the

changes made in the microprocessor.

Georgia Tech will also come up with a definition of what we perceive as
the sponsor's "standard" module definition. When this is done, a meeting with

the sponsor is expected so that everyone will be knowledgeable about this.



EXPENDITURES

A report of March expenditures will be made in mid-April.
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SOFTUARE

April

Documentation has procecded with  cmphasis continuing on  user-oriented
software and or the microprocessor documentation changes which reflect an
evolution of F¥S funztionality towards PEMS spncific functions.  Since those
modifications were made by Chuck CDatterman he is  coninuing the documentation

effort.

The modifications in the TOKEN program of the cross-compiler for the

microcomputer module genzration have been completed by faro?! Agan.

A oore-release version of the DEUS softvare was  installed in the sponsor's
mini-computer  in mid-April. Appropriate modificetions wore mada  to venter
sotware to activate a Command Precossor talking to an Intncolor terminal.
Problems uore dotected in ~ommunicating with  the microcnmputer  from the
Parkin-Elmer 2222, Turing the last  two wusoks of "pril, cxtensive rescarch and
investiqation into prohablc causes finally resulted irn the conclusicn that
IT" under Revision 5.1 of 0S/32 canrot commwunicate propar'y with  the

microcomputers, so a Revision 4.3 operating  systom was  qgeonerateAd.

Communications with the microprocessor waore then established without errors.



Hay

We anticipate that in May tha2 original contract requirements will be met.
Both phasas should be complete by wid-llay, with possible extensions qoing

heyond that date.

In early May, Version 1.0 of DEMS will be delivered for the mini-computer.
2y thz second or third week of May, the now micro-computar software in the

PRO¥s should be delivered.

CSTL is tarceting & 16 “ay date *to finish up contractual requircments for

this projest and in particular i1l have done the fellowing:

1. Genoratcd o rveport of custemer useage by account nunbter.
2. Dcoun to tecach a short course to spoarsor porsonnzl about DEUS.
. Completod documontetion of Version 1.7 of BCMS as described in tho

contract.

e anticipate that in the “irst or sccond wock of “ay “ogaplex and 7STL
“4il? confer to ostoblish goa's for future Tistrihuted Encrgy  Managoment

Systems or'.



HARDWARE

March

~

Two building microprocessors and two 2DTs were fabricated. The
microprocessor and 80T for the Megaplex building were readied for delivery and
held for minicomputer software idinstallation. The nmicroprocessor ‘levelnpnient

system is complete except for disk drives.

April

Th

[g°]

building micraprocessor ar? RDT wore installed at “egaplex. The
design of battery backup and pouer-fail hardware wore  couplotet arnd  the

artworx finished.

The Adsvelopment  system will he completod and  the fabricetion of the
P Y p
prototype  battery backup chassis. Initial DEYS testing will he done at

Megaplex.



EXPENDITURES

A report of April expenditures will be made in mid-May.



% Georgia Institute of Technology

ENGINEERING EXPERIMENT STATION
ATLANTA, GEORGIA 30332

15 May 1980

Mr. John Stewart
Megaplex Metworks, Inc.

5188 Roswell Rd. NE
Atlanta, GA 30342
Dear John,

Inctuded herewith is the budget breakdown for DEMS to supplement the April
Monthly Status Report being sent to you.

If you have any questions, please advise me.

FISCAL TOTAL
MONTH YEAR CONTRACT

PERSONAL SERVICES

Budget 14,155.00

Expended 6,262 .57 11,572.20 11,572.20

Free Balance _ 2,582.8C
RETTREMENT

Budget 1,396.00

Expended 546,72 1,085.90 1,085.90

Encumbered .00 .00 .00

Free Balance 310.10
MATERIALS AND SUPPLIES

Budget 15,291.0C

Expended 2,471.23 5,882,03 5,882.02

Encumbered -1,375.15 4,621.50 4,621.50

Free Balance 4,787.47
TRAVEL

Budget 400.00

Expended 7.80 7.80 7.80

Encumbered .00 .00 .00

Free Balance 392.20

AN EGUAL EMPLOYMENT/EDUCATION OPPORTUNITY INSTITUTION



TOTAL DIRECT CHARGES

Budget
Expended
Encumbered
Free Balance

OVERHEAD
Budget
E xpended
Free Balance

TOTAL
Budget
Expended
Encumbered
Free Balance

9,288.42 18,547.93
-1,375.15 4,621.50
4,759.55 8,794.87
14,047.97 27,342.80
-1,375.15 4,621.50

Yours truly,

W. A. Baird
Project Director
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May

Version 1.1 of DEMS was delivered to the sponsor. New PROMs should have
been delivered in the microcomputer, since the new programs for these have

been “burned".

The short course which was to have been taught to sponsor personnel under
this contract has been postponed. The sponsor may prefer that it be taught

under another project currently being proposed by CSTL.

Documentation is almost complete. Final program 1listings have, for the
most part, been generated. Copies must now be printed to satisfy contractual

requirements.

The DEMS system was brought up on the sponsor's computer system. A
problem was discovered in DEMS, version 1.0, and was corrected with the
delivery of version 1l.1. Several modules were written and tested for the

sponsor's building. A thorough test of the system was conducted.



[N
[
3
o

Contractual requirements for DEMS should be completed in June. The
sponsor will have received the latest version of DEMS and its software

documentation. This will include program listings.

The anticipated short course will probably not be taught under this

contract but will probably be postponed until a later date, or under a

different contract.

EXPENDITURES

A report of May expenditures will be made in mid-June.
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The 1level of the June DEMS effort was low, and mainly confined

wrapping-up activities anticipating project completion.

July

We expect to make the final transfer of deliverables in July, and

finish this first Megaplex distributed-energy management project.

EXPENDITURES

A report of June expenditures will be made in mid-July.

to

to
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A final report for DEMS was drafted, comprising a detailed description of

the DEMS software. It will be reviewed and completed during August.

The engineering drawings of the DEMS hardware are being gathered and
blueprinted for delivery to the Sponsor. This effort will be completed during

August.

Administrative review and approval of the final report will probably not
be completed during August, but the Tlevel of chargeable effort will be

virtually nil.

EXPENDITURE
FISCAL TOTAL
MONTH YEAR CONTRACT
PERSONAL SERVICES
Budget 14,155.00
Expended 1,373.19 1,373.19 21,138.81
Free Balance -6,983.81
RETIREMENT
Budget 1,396.00
Expended 94.86 94,86 1,899.87
Encumbered .00 .00 .00
Free Balance -503.87
MATERIALS AND SUPPLIES
Budget 15,291.00
Expended 33.30 33.30 10,878.73
Encumbered 100.00 100.00 100,00

Free Balance 4,312.27



TRAVEL
Budget
Expended
Encumbered
Free Balance

TOTAL DIRECT CHARGES

Budget
Expended
Encumbered
Free Balance

OVERHEAD
Budget
Expended
Free Balance

TOTAL
Budget
Expended
Encumbered
Free Balance

This represents

implementing DEMS.

.00
.00

1,501.35
100.00

1,000.31

2,501.66
100.00

virtually all

delivery work to be completed the

Contracts Administration

his verbal orders

the costs

.00
.00

1,501.35
100.00

1,000.31

2,501.66
100.00

which will

400.00
46.80
.00
353.20

31,242.00
33,964.21

100.00

-2,822.21

10,758.00
16,022.18
-5,264.18

42 ,000.00
49,986.39

100.00

-8,086.39

be 1incurred in

However, in order for the remainder of the reporting and

must confirm to the Office of

of June and July that work should

continue despite the expenditure of the original estimate of development costs.
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PREFACE

This report provides a detailed description of the DEMS software and its
differences and likenesses with the FMS software. As such it constitutes one
of the several required deliverables to fulfill the contractual agreements
between Megaplex Networks, Inc. and the Georgia Institute of Technology.
Taken together with the Minicomputer Command Processor Users Manual and the
Microcomputer Processor Users Manual (both provided under separate cover),
this report provides the requisite information needed for operation of DEMS

software.



1.0 INTRODUCTION

1.1 The Georgia Tech Facilities Management System

Rising energy costs on the Georgia Tech campus provided the original
impetus for the development of the prototype Facilities Management System
(FMS). Design efforts began in 1977 at the Computer Science and Technology
Lab (CSTL) under the sponsorship of the Physical Plant Department (PPD) to
develop a computer controlled system for reducing campus-wide energy
consumption. The system has evolved to the point where numerous other
functions are included in its capabilities. The system has become, in
essence, an integrated set of generic software tools to process user-defined
data. The data can be represented for example, by user-written programs,
device control equations with corresponding constraints, or time dependent

schedules. Moreover, the FMS capabilities are being continually upgraded%

1.2 Differences in the FMS/DEMS Operating Environment

Megaplex, Inc. of Atlanta contracted with GTRI to have the FMS adapted to
permit them to offer an energy management service to the public. The software
generated to provide this service is known as the Distributed Energy
Management Systems (DEMS). Essentially, the nature of the proposed Megaplex
operation, as compared to the one on the Georgia Tech campus, necessitated
modifications to the FMS computer code. There are three key differences

between the Georgia Tech FMS and the Megaplex DEMS which necessitated these

1This evolution is reflected in the report by addressing software components
that will be added or modified. For example, the EVENTSUB component planned
to be in the Command Processor and listed in Appendix A is now planned to be
called EVENTMGR and to be a component for the Real-Time Processor.



software modifications. The basic entity in the Megaplex operation is the
individual account, with the typical physical configuration being a single
building to control, using a building microcomputer, Remote Data Transmitter
(RDT's), and associated sensors and controllers. These individual accounts do
not have or require a functional relationship with each other. On the other
hand, the basic entity in the Georgia Tech operation is the zone, typically
comprised of dozens of buildings with a common metered power feeder line, and
hence is processed as a single billing unit.

The central site minicomputer in the DEMS operation functions for efficiency
in the provision of the service. The customer (individual account) need not
purchase mass storage devices or hire specialists to prepare control modules.
The system, however, does not take actions in one building (account) because of
current conditions in another, a typical situation in the FMS.

A second difference between the operating environments of DEMS and FMS is
the geographic area covered and its impact on communications. The campus area
is relatively small, so that communications between the control microcomputer
and various campus buildings is over hard-wired lines at 9600 baud. Megaplex is
trying to serve a market, dispersed throughout the Atlanta region, and
therefore, will utilize common carrier lines at potentially slower speeds.

Finally, FMS was developed on a Perkin-Elmer Interdata 8/32 under the
operating system 0S32 version 3.2. Megaplex purchased a Perkin-Elmer 3220 with
0S32 version 5.0. Although the machines are compatible, the different operating

system versions necessitated some FMS software modifications for DEMS.



1.3 Software System Attributes
The system has the following attributes:
. Distributed processing
. Real time
. Multi-tasking
. Data acquisition and process control

. Integrated hardware and software system

The distributed nature of the system is represented by a central site
minicomputer which communicates with numerous micro-computers, generally one to
a building. The building micro-computers, in turn, are connected to remote data
transceivers (RDT's), microprocessor based devices, that communicate with
sensors and control points within a building. Each level in the hierarchy has
specific processing functions and maintains a data base to accomplish its tasks.

Each Tevel 1in the hierarchy contains tasks which execute at a given time
interval or specified time-of-day, and other tasks which continuously monitor
the state of the system and make appropriate adjustments whenever significant
changes or events are detected.

The central site minicomputer software executes under the control of a
multi-tasking operating system (0S32). Additionally, a master control program
controls the execution of tasks according to time-of-day, events, or requests
from other tasks. At the microcomputer level, a multitasking executive controls

resource sharing among tasks.



1.4 Scope
This report focuses on the central site minicomputer software. It addresses
the major components and their functions, and then discusses specific tasks.

Finally, a comparison of FMS and DEMS is presented.

-

2.0 SOFTWARE DESCRIPTION

2.1 Minicomputer Software

The minicomputer software can be subdivided into two major modules composed
of several tasks each; the real-time module and the command processor module.
Table 2.1 and 2.2 list the functions accomplished by the modules with examples.
In order to successfully process these functions, a series of components were
developed. In some cases, a component can be represented by a single task or a
portion of a task; whereas in others, the component resides as a portion of

several tasks. These major components are listed in Tables 2.3 and 2.4.



Table 2.1
COMMAND PROCESSOR
FUNCTION EXAMPLE

. Schedule input and editing
Data preparation . Control equation input and compiling

. Access to power consumption history

Status-checking/monitoring . Listing alarm and error files
. Access to equipment table variables
in micros

. On-line editing, recompiling, and down-
Fine-tuning loading of control equations
. Modifying control variables, i.e.,
desired never exceed power level

Manual intervention . Shedding or restoring equipment
when appropriate . Modifying control point status
Data transmission . Download schedules

. Download modules

System access control . Verifying operators
Logging all commands



Table 2.2
REAL-TIME MODULE

FUNCTION EXAMPLE

. MASTER starts up system
Task-control . MASTER releases ALARM at requested time
. EVTQMAN requests MASTER to start BOY
after receipt of alarm from ALARM

Status-checking . Alarm polling
Data collecting/evaluation/ . Power use evaluation/shed or restore
response . Activating user defined event-initiated
procedures
Data transmission . Shipping next hour schedules to all

building micro computers

. Alarms
Logging . System errors
. Printing log files
. HWritting system common to disk



Table 2.3
COMMAND PROCESSOR MODULE

Major Components:

Organization:

Access control (security)

Command interpreter

High and low level command processor
Control language (FORCE)

Editors

Compiler

Data base management capabilities
Micro communications handler

User 1/0 handler

Task common data

Core resident kernel & I/0 handler
Non-core resident tasks
Overlays

Interactive



Table 2.4
REAL-TIME MODULE

Major components:
. Master control program.
. Function specific tasks i.e. ALARM, SCHED.
. Inter-task communication
. Task common data
. Communications with micros

. Logging & file control

Organization:
. Core resident tasks
. Non-core resident tasks (initiated by MASTER)
. Task priority scheme

. No user intervention



The two major modules are not discrete units, rather they interact at
several points and utilize common subroutines and/or components. Real-time
tasks, for example, need to output information to an operator's terminal. If
the terminal 1is currently assigned to a command processor task, the real-time
task sends a message to the command processor's I/0 task, whereupon 1/0 is
cancelled, permitting the real-time task to output the information. Upon
completion, another message is sent, telling the I/0 task to re-initiate 1/0
operations.

Common files are also processed by the two major modules. For example,
schedule files are created utilizing the command processor and the real-time
task, SCHED, extracts the next hour schedule for each building micro and
transmits the data. Moreover, task common data are shared by the two modules.

Finally, the modules have parallel capabilities. The command processor, for

example, permits the operator to transmit schedule data.

2.2 Real-Time Tasks
2.2.1 MASTER

The MASTER program is a core resident task that oversees the timing and
execution of all other tasks in the real-time module, and it assures the
initialization and maintenance of important system and task common data items
during initial start-ups or power-fail restarts. Moreover, it updates a disc
file of task common variables whenever another task reguests the action of
MASTER. The controlling of task execution is attained both by logic embedded

in MASTER and by requests from other tasks. Since the requests can be random,



MASTER also contains 1logic to assure that the task due to be started has
finished a previous execution. Subroutines QUEUE and Send Message
(SNDMSG) from the FORTRAN seven run-time 1library are utilized for intertask
communication.

The difference in the MASTER task in DEMS as compared to FMS is in the
tasks which are controlled. In both systems, MASTER processes the tasks
ALARM; BOY; EVTQMAN; SCHED; PMDAP; and MASLOG. FMS has additional control for
FIVMIN, a zone power consumption forecasting and control task, and TMPO, a
task to distribute temperature information to all microcomputers. These tasks

are not included in DEMS, hence the code has been removed.

2.2.2 ALARM

The function of the core resident ALARM task is to poll the building
microcomputers for information on any fire, security, or equipment alarms. If
any alarms are encountered, messages containing the type of alarm, building
number (account number for DEMS), and location in the building, are sent to
the operator's console. Alarms are 1logged in the file ALRMLOG for access by
other tasks and the alarms are sent to the event queue manager (EVTQMAN) which
transfers them to the event-initiated processor (BOY). Any communication
errors or micro software errors resulting from the polling are also Togged.
The task calculates 1its next execution time, informs MASTER, and suspends
itself. It remains inactive but core resident until MASTER releases it at the
appropriate time, and it executes again.

DEMS has an additional capability in its ALARM task which is not found in

the corresponding FMS task, that of polling for temperature alarms. Every

tenth polling iteration of the ALARM task, it requests information on

temperature alarms as well as the other alarms, logs the information, informs
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the operator, and passes the alarms to the event queue manager task. FMS has

these capabilities in the FIVMIN task, which is not included in DEMS.

2.2.3. SCHED

The scheduler task (SCHED) downloads the schedules for the next hour to
each building microcomputer that is on-line. The task reads previously
established files and transmits the next hour's schedule to the building
microcomputers between 5 minutes and 59 minutes after the hour. This timing
permits the program to run at a low priority and not interfere with critical
programs such as the alarm processor, while permitting the building
microcomputers to switch to the desired schedule on the hour. This method
also permits the program to more efficiently perform its secondary function,
which is to determine if a microcomputer is missing necessary control modules.
If the control modules necessary to execute schedules are missing, due to an
initial start condition or 1long power outage, the task downloads those
modules. The control modules are stored in the building equipment/sensor
files maintained on disc by the minicomputer. The program will download only
those control modules not in the microcomputer.

The scheduler task is identical in FMS and DEMS.

2.2.4 EVTQMAN

The function of the event queue manager task (EVTQMAN) is to assure the
orderly transfer of events (detected by real-time tasks) to the
event-initiated processor task (BOY). EVTQMAN is core resident and remains in

a trap wait until it detects receipt of a message. If the message contains an

event, the task determines if BOY is active and if not requests MASTER to
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start it. The event is put in a first-in/first-out queue and the task waits
for BOY to request events.

EVTQMAN is similar in both FMS and DEMS.

2.2.5 MASLOG

The purpose of the MASLOG task is to print out the contents of the alarm,
micro software error, communication error, temperature alarm, and operator log
files. The task is normally executed once each day by the MASTER task. The
task prints out, on the 1line printer, the files for the past day, deletes
them, and prepares the files for the current day's logging operations. Upon
completion of the printing functions, the program sends a message to MASTER so
that MASLOG is not executed again until the next day.

The FMS and DEMS versions of this task differ in two of the five
subroutines because of the individual account nature of the Megaplex
operation. The routines which print the alarm log (fire, security, and
equipment) and the temperature alarm log sort the output by account rather
than sequentially 1isting the file according to the order of event occurrence
as is done with communication and micro software errors. The latter two files
contain information on system reliability and are utilized internally, but the

DEMS presents the other alarm information for customers.

2.2.6 PMDAP
PMDAP is the preventative maintenance data acquisition program. It
determines which buildings (microcomputers) are on line, the modules executing

in those microcomputers, and then polls the micro for data from its equipment
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tables for the total number of starts and total run-time. The task then
updates the information in the building equipment files. PMDAP is executed by
MASTER once each day.

There are no differences between the FMS and DEMS versions of PMDAP.

2.2.7 EVENTMGR

The purpose of this task is to assure that the creation of event modules
in the command processor task COMPREV and the execution of event modules by
the event-initiated processor (BOY) do not attempt simultaneous processes with
regard to a module, thereby negatively impacting the system. EVENTMGR manages
the event module file and controls which event modules are known to the system.

DEMS and FMS versions will be identical.

2.2.8 BOY

This task is the event-initiated-processor. It processes user-defined
modules which are to be executed at specified times of the day or if an event
occurs, such as a fire alarm. BOY is activated at regular time intervals to
check for time-based modules, or the EVTQMAN task can request MASTER to
activate it randomly whenever events occur. When BOY is activated, it sends a
message to EVTQMAN asking for outstanding alarms. It then communicates with
EVENTMGR to determine if a corresponding module exists or if a time-based
module is due to be processed. If the module exists, EVENTMGR grants access
to the module and BOY interprets the compiled instructions and executes the
module. After processing all requisite modules it terminates. FMS and DEMS

arc identical.
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2.2.9 SYSREAD

The purpose of the task is to perform console input on behalf of the
command processor with interruption capabilities by real-time tasks. Whenever
a command processor task needs to do input, it sends a message to SYSREAD
containing a unique key. SYSREAD gets the input and places it in a task
common location, identifiable by the unique key; and then releases the command
processor task, which has been in a HOLD state. This configuration permits a
real-time task to output information to the terminal. The real-time task
sends a message to SYSREAD which frees the terminal. Upon completion of the
output, another message is sent to SYSREAD which reassigns the terminal for
its needs. It is a core resident task.

The task does not differ in the DEMS and FMS versions.

2.3 Command Processor Module
2.3.1 COMPR
The Command Processor (COMPR) is currently composed of a memory-resident

task which performs the following functions:

1. Displays a sign-on message

2. Asks for an operator identification
3. Verifies operator identification

4. Prompts for commands

5.  Checks operator security level vs. command

14



6. Loads in one of the sub-command processors

7. Executes the sub-command
8. Logs the command in operator log file

9. When operator logs off, displays logout message

It is also composed of several other sub-command tasks which perform various
functions on different portions of the database. Currently, there are five

such sub-command processors:

1. "Low-Tevel" commands

2. "High-1evel" commands

3. Commands to manipulate the schedule database

4. Commands to mainipulate the equipment and sensor database

5. Commands to manipulate event modules

These sub-command tasks are described in more detail below. Certain commands,
because of their ease of implementation, are contained in the memory-resident

task COMPR. These commands are: DATE, TIME, OFF, and BYE.

2.3.2 COMPRLO
The "low-level" command processor executes commands which can be executed
by an operator. These commands are broken into several functional areas, each

one executed by a different overlay segment of the low-level command

processor.

ADD Add a building to the system. This effectively allows the

real-time programs to communicate with the particular building.

15



DELETE

CHANGE

DISPLAY

STATUS

LIST

Remove a building from the real-time system. No more
communications will be allowed with the building that has just

been deleted. The building is still in the database.

Allows modification of many portions of the database, as well as
direct communication with any of the building micros to modify a
device state. Portions of the database that can be changed are:
the 7-day default schedule file, the 30-day schedule file, the
state of a building (see ADD and DELETE). Through direct
communication with a building micro, an Equipment Table value or
a device state can be modified, to ON, OFF, or a particular

value.

An operator can display on his console any of the following log
files: communication errors; micro-processor software errors;

temperature alarms; or fire, security, and equipment alarms.

Via access to portions of the database or via communications
with particular bui]ding microprocessors, the status of the
following can be determined: whether a building 1is on-line or
off-line to the real-time system, whether a piece of equipment
is ON or OFF, the value of a sensor (including temperature,
humidity, or pressure sensors), the value of an equipment
variable in a module, or the value of 2all sensors for a

particular module.

The 1list command can 1ist those buildings which are on-line to
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LIST

HELP

SHED /RESTORE

SEND

MODULE

The 1ist command can 1ist those buildings which are on-1ine to
the real-time system; or can examine portioné of the database,
in particular, any schedule in any of the schedule files, and
any segment of a control module in any equipment file. More
details are given on the 1latter two in explanations of the SCHED

and EQUIP sub-command processors, respectively.

Displays information about the commands that are allowed to be
executed by a "low-level" operator. In addition, the operator

can request help for a particular command.

This command 1is executed to shed and/or restore certain pieces
of operating equipment via their controlling modules in building
microprocessors. In addition, this command allows temperatures

to be floated and/or restored in buildings by similar means.

Allows an operator to send a schedule down to a building
microprocessor for a particular module, or for all modules in

that building.

The MODULE sub-command processor allows one who 1is intimately
knowledgeable of the microprocessor and its environment to
control what is going on in a microprocessor. This includes
single module capabilities such as: IGNORE a module, turn a
module OFF and IGNORE it, make a module a candidate for
SHEDDING, SHED a module, restore a SHEDDED module, disable

module SHEDDING, enable floating a control variable CTHC 1in a
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2.3.3 COMPRHI

module, delete a module, download a module, check existence of a
module in a building microprocessor, and send the current
temperature to a module in equipment variable TMPO.
Multi-module or microprocessor commands are also available:
start control equations, delete all modules, download all
modules, start all modules, send the current temperature to all
modules via the equipment variable TMPO, and send the current
time to a microprocessor. In addition, the temperature can be

sent to all building microprocessors which are currently on-line.

The "high-level" command processor executes those commands which have been

labeled as "dangerous" or "secure." Only operators with a "high-Tevel" access

can execute these commands, which are broken down into functional areas, each

one of which is executed by a different overlay segment.

MANAGE

SECURE

INSPECT

Manipulates the HELP file so that it can be used by the Command

Processor.
Allows additions, deletions, and modifications to the security
file. Operator numbers, passwords, security levels, and names

of operators are kept in the security file.

Only an operator with an intimate knowledge of the entire

overall system should have access to this command. The INSPECT
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command allows access to a global common area in memory which

affects the proper running of the entire rea]-fime system.

2.3.4 COMPREQ

The EQUIP commands are implemented as various overlays in the COMPREQ
sub-command processor. The commands that are available are ADD, EDIT, CROSS,

and INSERT.

ADD Allows an operator to add a new control module to the equipment
file for a particular building. The information needed includes
such items as: equipment constraints and power, any sensors and

their definitions, and the actual control equations written in

FORCE.
EDIT With the EDIT command, an operator can edit any of the control
module segments: equipment, sensors, or control -equations, as

well as add or delete sensors. A major subroutine (KONED) is

used to edit the FORCE control equations.

CROSS Is used to cross-assemble a completed control equation segment
by idinvoking the FORCE cross-assembler. In the process of
compiling the control equations, the equipment and sensor data
portions of the control module are accessed so that the final
pseudo-codes generated will contain all the information needed

by the microprocessor.
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INSERT Allows an operator to insert a new control module in the
equipment file for a particular building. " This command is

similar to the ADD command.

For each of these commands, the operator will be prompted for any data that

the system may require.

2.3.5 COMPRSC
Like the EQUIP commands, the SCHED commands are implemented as various

overlays in the COMPRSC sub-command processor. The commands that are

available are: ADD, EDIT, INSERT, and DELETE.

ADD Is used to build a daily schedule for a control module and to
add that schedule to a daily schedule file for a building which
is not yet in that schedule file.

EDIT Allows an operator to edit individual hourly schedules within a
daily schedule file. Any number of hourly schedules may be
edited in a session.

INSERT Is used to insert schedules into a daily schedule file.

DELETE Allows the operator to delete a daily schedule from a daily

schedule file.
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The operator 1is prompted with self-explanatory messages so that he may enter

exactly what the program needs.

2.3.6 COMPREV
The EVENT sub-command processor consists of several overlays where each
one implements the various EVENT commands. Commands to be 1implemented are:

EDIT, COMPILE and INSTALL.

EDIT Allows the operator to create an Event Module. In addition,
after the initial creation of an Event Module, it can be edited

with the Event Module Editor.

COMPILE Compiles an Event Module into a form that can be used by the

Event Initiated Program.

INSTALL Properly places some control information about a compiled Event
Module into the database so that the Event Initiated Program can

access it as a result of an event.

In all cases, the operator 1is prompted by the system for the necessary

information that it wants.

2.3.7 DEMS and FMS Comparison

The command processor modules in the FMS and DEMS versions are nearly
identical. The areas of difference include the file containing the signon and
signoff messages; the temperature units utilized by the system; and the CPRINT

statement requested by Megaplex. CPRINT is a statement which permits the
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micro to simulate any valid central site minicomputer request or instruction.
The information is returned to the requesting module for subsequent
processing. Changes in the command processor module are in the COMPREQ task
which contains the equipment module compiler. The compiler was modified to
accept CPRINT as a valid statement, and the corresponding files of tokens or
op codes were similarly modified. Megaplex also wished to use Fahrenheit
degrees instead of Centigrade, so the appropriate modifications were made in
the conversion routines in task COMPRSC.

Appendix B shows the structure of the real-time and command processor
tasks. It includes the calling sequence of both user-written and system
subroutines along with the file names where the code resides. Descriptions of
the system library subroutines can be obtained from Perkin-Elmer supplied
manuals. Appendix C includes descriptions of the purpose of user-written

subroutines.

3.0 SUMMARY

[t is appropriate to emphasize the functional nature of the FMS/DEMS
systems. It is a data collection, evaluation, and control system which has
been flexibly designed to interface with numerous types of equipment, sensors,
and controllers and to permit the user to define the control strategy. The
important implication of these attributes 1is that the user defines the overall
functional nature of the system (i.e. energy management).

Most of the tasks in the minicomputer and microcomputer are generic
processes designed to implement the flexible control strategy. Examples of
such tasks include editors, compilers, a control language communications
handlers, task controllers, and a pseudo-code 1interpreter to execute compiled

control modules. Other tasks, however, are specific to the energy management
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function of the system such as the five minute tasks in both the mini and
microcomputers which retrieve and evaluate power consumﬁtion information.
Finally, the system is designed for operating in a real-time, stand-alone mode
once the necessary control data have been entered; however, for additional
flexibility, parallel capabilities for on-line intervention by operators are
included.

As a result of the general nature of the system, the conversion of FMS to
the DEMS operating environment was not a major task. It was facilitated by
both being implemented on Perkin-Elmer equipment, 1in the same language, and
with similar operating systems. Some of the conversion work involved removing
FMS specific file volume names and making the code reflect the desired DEMS
peripheral device configuration. The latter was modified to allow for some
expansion in the future.

The most prominent functional difference is the absence of some FMS tasks
from the DEMS version ({see Appendix A). These tasks relate to the Georgia
Tech campus configuration needs, specifically the central control of power
consumption. DEMS wutilizes control module capabilities to achieve energy
savings in each individual building microcomputer.

The other modifications mentioned 1in this report do not affect the
functional similarity of the two systems. In one case, data were reordered to
facilitate providing information to individual customers versus one report for
the Georgia Tech campus, but both systems are 1logging information to evaluate
system reliability and to record specific events. In other cases, functions
found in an FMS task were moved into another task in DEMS, because the
original task was not transferred to DEMS, but the component was desired.

DEMS is an commercial, time-sharing application of FMS.
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Future modifications are planned for the event-initiated portions of the
system, and these changes impact both the command procegsor and real-time
tasks due to the interactions. Briefly, events are user defined and can be
time based or represent a condition (i.e., fire alarm). The user creates
modules (programmed actions to be taken if and when the event occurs) using a
control language {FORCE-B) and the event module editor. The modules are then
compiled and placed in a file of executable modules. A real-time task,
EVENTMGR, controls access to the file for both the command processor task
placing the module in the file and the real-time task BOY which executes the
module. The master controlling program loads and starts BOY at specificed
intervals to check for time-based modules, or when requested to start it by
EVTQMAN when a condition has been detected. EVENTMGR has yet to be
implemented. When it is completed, BOY and the command processor task COMPREV
must be modified to coordinate the access to event module files. It has also
been proposed that the control Tlanguage FORCE-B be enhanced thereby adding
capabilities. If these changes are made, the compiler and BOY need
corresponding modifications to  process the instructions. Finally, BOY

currently needs to be enhanced.
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APPENDIX A

FMS/DEMS DIFFERENCES

Real-Time Module Tasks

FMS DEMS VERSION

MASTER 17% of the code removed
other portions identical

ALARM code added for temperature
alarm processing
5% more code

MASLOG code added for sorting by account
13% more code

SCHED no difference

PMDAP no difference

EVTQMAN no difference

BOY no difference

TMPP not a DEMS task

FIVMIN not a DEMS task

TOTAL - DEMS version consists of approximately 80% of the FMS code.

Command Processor Module Tasks

FMS DEMS VERSION
SYSREAD no difference
COMPR no difference
COMPRLO utilizes different temperature
units (FO/CO)
COMPRHI no difference
COMPREQ added capability to compiler to

accept and process CPRINT command

as an addition to the FORCE language.
token files also reflect CPRINT
addition. additional code < 1%

COMPRSC utilizes different temperature units
COMPREV no difference
EVENTSUB no difference

TOTAL - with the exeption of CPRINT, temperature units, and the log-on files,
the versions are identical.



APPENDIX A
FMS/DEMS DIFFERENCES

(continued)
Micro Computer Tasks
FMS DEMS VERSION

System Clock no difference

Central Site no difference
Communications

Central Site no difference

Request Decode

Pseudo Code modified to accept CPRINT

command. takes message
generated by PRINT command and
reroutes to central site request

decode

Five Minute no difference
Information

Local Operator no difference
Communication

Local Monitor no difference
Sensor Interface no difference
RDT Communication no difference

TOTAL - Less than 1% of the code differs.



APPENDIX A

FMS/DEMS DIFFERENCES
(continued)

Micro Computer Tasks

FMS DEMS VERSION
System Clock no difference
Central Site no difference
Communications
Central Site no difference

Request Decode

Pseudo Code modified to accept CPRINT
command. takes message
generated by PRINT command and
reroutes to central site request

decode

Five Minute no difference
Information

Local Operator no difference
Communication

Local Monitor no difference
Sensor Interface no difference
RDT Communication no difference

TOTAL - Less than 1% of the code differs.
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Appendix B

CALLING SEQUENCES OF TASKS

MASTER

DEFLST
SETQUE
sSv(Cs
OPENW
TIWE
DATE
GRYTE
ICLOCH
Svce
TRAPW
MERGE
ERRCOD
CLOSE
RTL
STTSK
RELSE
L0OAC
START
CFILW

.o FIN

e 200 o 0 o IO o e oo A A o B NN o OB o M on IO e IO o R e o o 2NN o o |

[ MASTER.FLX/2 1

F7RTL 1

F73V(CS.CAL/9
F7SVCS.CAL/9
F7RTL 1

F7IRTL 1

F7RTL 2

F7SVCS.CAL/9
F7RTL 1

F7SvCS.CAL/9
F7SVCS.CAL/S
F7SvCS.CAL/9
FRRCOD.FLX/2
FTRTL
FTRTL
F7RTL
F7RTL
F?7RTL
F7RTL
F7TRL

[0 I U W Ry 6 O DU O |
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AL ARM C A
« OPENW

«» CLOSE

« SNDRCV

. e« ASITANM
« s WAIT

+« s SvCe

« e S8SVC15
. e« MERGE
. . SvC2

. « MOVRYT
« =« GCRC1e
« e GBYTE
. « DETTAM
e« o RTL

+ o DEFLST
«  SETQUE
. « GADNR
o » TRAPW
e eaeFIN

s EPRPRNC

« MICERR

. ALARYM

. . QUFUE
. esoFIM

« TIME

e PRINT

. . OPE uw
. o ERPCCD
« o CLOSE
« o BQJEUE
. sasFl

« LMICEP

. . oPEAyY
. . ERRCOND
. e CLOSE
- . Rt uE
. seoFI

. ALRL DG

. e 0OPU M
. . ER-COD
. « TE"DOF
. . . aPE
- [ ] L] rRR
. . « SND
TS
- . ) rl O
. . « NVIE
- . esFIN
. « SHNNMSG
- L] NAIT

. . CLOSFE
- .OQFI“

. IcLOCXK

« QUFUE

. HOLD
ea.FTH

LARIFMS,,FLX/2 1
L F7RTL 3
L F7RTL 2
L SNDORCV3.FLX/2 3
C F7SVCS.CAL/3
F7RTL 13
F7SwCS.CAL /S
F7SVCS.CAL/9
F75vCS.CAL/9
F73vCS.CaL/2
F75vCS.Cat /2
F7SvCS.CAL/S
F7SvCsS.CAaL/O
F7SvCsS.CAL/9
F7RTL 13
FIRTL 13
F7SvCS.CaolL /9
F7SvCS.CaL/S
F75vCS.CAL/3 2

d
i

[0 [ I Iy Oy O R R Uy W R |

[ |

oo Mo IO o B BN o o A e Mo M B o B o B o B |
(W]

ALARMFMS ,FLY/2 1
ALARMF4S ,FLY /2 ]
ALARMF#S,,FLx/2 1]

L B e B o |

L F7RTE T

F7RTL 1

BALARMFVS FLX/2 ]
L F7RTL 1]
[ ER2CODLFIX/2 1
L FIRTL 3
f F7RTL 3

m™

T ALARMFMS . FLy/2 3
C F75TL 13
[ EcRCCOPLFiXrs2 3
[ F7-TL 1
r FreTL 3

[ GLARF 2 F12/2 )
rF727TL )

T ErWZONFLY/Z2 ]
T ALAIMFMS,FLX/2 1
Ry T F7RTL 12
cnon C FRRCONLFLX/2 1]
MSE U F7RTL 3
T r F7RTL 1
QF rfFreT1 9
"IF r F7RTL 0
r F7RTL 1
r F7-_7L 13
L F7nTL ]
r FIRTL I
C F7RTL 1
C F7RYL 1
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Y [ SCRKED,FLX/2 12
Ty~rr L F7RTL 1
oI r L NMLINELFLX/2 1
e RTEIRT r F7RTL 1]
o-.FI '
DATE r F7RTIL %
0P, [ F7TRL 1
SUFUC r F77TR2I. 1
JLOS8K F F7TRL 1
JHTIAN I JILIANGFLX/2 1
AEEKDAY [ JULIANJFLX/2 1
ICLGCK F F7RTL 1
S~IRTVY I SLIOPCV3ILFLX/2 ]
. ASTITA™Y £ F7svCs.CaL/9
. WAIT L F7R7TL 1]
« SVCH L F7SvCS.CAL/S
. V1S I F7ISvCS.CAL/S
. MERGE I F75vlS.CAL/S
. VL2 L F7RvCS.CaL/S
. VIOVRYT C F73vCs.CAL /S
« G(RC-T1A [ F7SvlS.CAL/9
. TEITA i F7I5vyCsS.CAL/9
. rTL T OFYTL )
. STERT [ e737L 3
. CET Mk F F73vis.Cal /9
o Lt r F7SvCSs.CaL/®
. TRA I F75vCs.CalL/s9
..Ir]’
VA [ MIOSURLFLX/Z2
. [RTR I c F7RTL J
. T r F777L 1)
. cL~~t r F7artL 2
. SR Cy r SNORCV3,.FLY 1
. TaF r F7<TL 12
. T T F7RTL O]

1T r F72:701
o1
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MASLOG [ MASLOG,FLX/2 3

. OPENWK L F7RTL 1]

. CaARCON [ F7RTL 2

- DATE L F7RTL O

. PALOG [ MASLOG.FLX/2 1
. . OPE W [ F7RTL 3

e o« WAIT L F7RTL 2J

- . Cl1 NSF r Fm=m 3

« o DFTLY r FTRTL 3

« o CFILW r F7rTL 2]

e eessFIi

« PTEMPL { MASLOG.FLX/2 1
s o« OPCHNM L F7RTL 3

- « WAIT L F7RTL 32

. « CLOSF r F7RTL 1]

. e DFILW C F7RTL 3J

- « CFILU L F7RTL 2]

. easFIN

. PMIKEP T MASLOG.FLX/2 O
. « 0OPENU £ F7RTL 3

. e WATT L F7RTL 1]

. . CLOSE r F7RTL 3

" e« DFILY r F7RTL 3

. o« CFlLW L F7ATL 2

[ ] ‘OOFI""

. PCOLDG [ MESLOG.FLX/2 O
. o OPT'Ji C F7RTL 3

. « WAIT [ F75TL 2

. « CLNSE L F7RTL 1

. e DFILW [ F7TrTL 1

- e CFILW [ F7RTL 1

. eesFIMi

« LGPRNTY T MLIGPRITLFLX/?2 1
- « QPENW t F7=7TL 1

. « CLNSE C F7RTL 3

. e DFILW L F7rT7L 1]

[ ) ...FII\'

. CLOSE L R7RTL 13

. QIEUFR I F7TL 1

eo FI™

B-4



EVTINAN L VIa¥at.FLX/2 2

£
« OPENV L F7RTL 1
« CFILw L F7RTL )
« DEFLST [ F7RTL 3
e SETIUE I F?73vCS.CAL/9 1
« MSGLNK [ F7RTL 1
« SVCS € F75vCS.CAL/9 1
. SKNOMSa L F7IPTL 9
. WATT L F727T1 1
. TRAPW [ F78vCS.CAL/S "
« RTL C F77T1 1
« BFTMSH C F757L 1
« MSGLKA [ F7RT1I 1
- STTSK [ ¥F7RTL 1
r 3

. QUEUE

se.FIN

F7TAL
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SYSREAD L SYSREAD.FLX/2 1]

. TRAPY r F7QUCS.CAL /9 1
. RTL r F7RT1 9

. MOVRYT [ F7SVLS.CAL/9
. PRELSE [ F7RTL 1

. CLOSE [ F7RTL 1

« GFTMSG [ F7RTL 1

. MSGLKA [ F7RTL 1

. 0BEv £ F7RTL 1

. Sysin [ F7RTL

. DEFLST [ F7RTL 1

. SETOUE [ F7SvCS.CAL/9 1
. MSGLN¥ [ FIRTL 3

. SvC9 [ F7RVCS.CAL/9 1
ee.F1
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COuPR

* s s * s 8 & @

.
s & & @

OPENW
CFILW
PROMPT

o« SYSIO
s SREAD
o-.FIh
CLOSE
TRAPW
SvCs

RTL

LOAD
START
DFFI ST
SETQUE
MSGLMK
SvV(eo
SADONMSG
WAIT
DATE
TIME

e FTH

L
L
r

Lo Mt B ion O oo o N o T M NN o TN o BN o BN N o BN o

[ COMPR,.FLX/2 1

F7RTL 1

F7RTL 1

PROMPT .FLX/2 1

C F7RTL 1

[ SYSREAD.FL¥X/?

F7RTL 3
F7SVCS.CAL/9 1
F7SVCS.CAL/9 3
F7RTL 3
F7RTL 3
F7RTL 3
F7RTI 1
F7SVCS.CAL/9 1
F7RTL 1
F7SVCS.CAL/9 3
FIRTL 3
FIRTL 3
FIRTL 1
FIRTL 1
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COrPRLO L COMPRLO.FLX/2 1]
DEFLST L F7RTL 1
SETQUE U F7SVCS.TAL/5 ]
MSGLNK C F7RTL 2
SvCo L F7SVCS,CAL/9 1]
~ TRAPW [ F78vCS,CAL/97]
OPENW £ F7RTL 1
IFETCH £ F7RTL 1
~ CLOSE € F7RTL 1]
CHANPR L CHANl.FLX/2 1
« SREAD [ SYSREAD.FLx/2 1

HELPPR™ T HELPPR.FLX/2 1]
EQIDIN C ERID1.FLX/2 1
e SREAD L SYSREAD.FLX/2 3]

« OPENW C F7RTL 1]
o CLOSE L F7RTL 1]
eeoFIN

OPE"W C F7RTL 1

CLOSE C F7RTL 1
‘D3JED € D30EDL.FLx/2 13

« RDINPT L ROINPT.FLX/2 )
e OPEMNW C F7RTL 1

« SMORCV [ SNDRCVT.FLX/2 T T

)
i
i

« ERRCOD [ ERRCODLFLX/2 1]
e CLOSE L F7RTL 1
e CFILW L FTRTL 1

..0’..0.‘.0.00.0.00

|

. SREAD [ SYSREAD.FLx72 T
. DATE C F7RTL 3J
L ] ...FIN

s OTEDTIT T OVEDTIT.FLX/72 T — — 7~
e o  ROUINPT L ROINPT.FLX/2 1

. . OPEMW C F7RTL 12
s« e« CFILd T F7RTL 7

ERRCOD C ErRRCOD.FLX/2 1

CLOSE € FTRTL 1
T « SREAD O SYSREADJFLX/2 T
oooFIN
s o FIN
~ . DOISPPR T OISPI,FLX72 1T

SREAD L SYSREAD.FLX/2 1
HELPPR L HELPPR.FLX/2 1]
LOGCOT T COML.FLX/2 7

o o« CPEMNM f F7TRTL 3
+ « CLOSE C F7RTL 13
L] Q..FVI‘J
« LOGWIC [ MODMICL.FLX/2 1
e« o OPENW L F7RTL 1]
o e o CLOSE™ [ F7RTL I
s ee.FIN

LOGTEM C TEML.FLX/2 3

:.. ® @ L] s o ® | e o o L ] [ ] O[. s o e o ' e o L ]

i
§
|

. OPEMW T FTIRTL ]

< SREAD [ SYSREADLFLX/3 3 =
« HELPPR [ HELPPR.FLX/2 1]
+ QPEMA L F7RTL 1

e« -« o CLJSE L F7RTL 1
e o eesFIN
T« & TLOGFSE [ FSELW.FLXz2 1
e« o« o OPENW L FTRTL 1
e« o o CLOSE € F7RTL 2
e ¢ eeesfFIN
o eesFIN
« AODPK L ADD1.FLX/2 1]



R T S 3] S B ——

« WATT L F7RTL 3]

« CLOSE L F7RTL 3

eooFIN |

DELEPR [ DELE1,FLX/2 2

« SREAD L SYSREAD.FLX/2 3
. HELPPR T HELPPRJFLX727J
. OPENW [ F7RTL 3

. CLOSE L F7RTL 3
TSTTQUEUET € F7RTLT]

seoFIN
SHEDPR [ SHEDNEw.FLX/2 1]

, « OPENW L F7RTL 1 °
C

+« SREAD [ SYSREAD.FLX/2 3
o HELPPR [ HELPPR.FLX/2 3
. SNDRCV [ SNDRCVT.FLX/2 1

o« CLOSE
-.‘FIU

F7RTL )

STATPR [ STAT1.FLX/2 2]
SREAD [ SYSREAD.FLX/2 12
HELPPR [ HELPPR.FLX/2 3

GETID [ GETINI.FLX/2 1
. OPE W C FTIRTL 3
e« ERRCOC [ ERRCODLFLX/2 1

!

e SREAD f SYSREADL.FLX/2 1
o« CLOSE £ F7RTL 2
seoFIN
TSHDRCVTTTC SEMREVTLFLX/Z2 3T
oPENW £ F7RTL 3
ERECOD [ ERFCODLFLX/2 )
° LOTATE T LOTATE.FLXx/2 1
CLOSE £ F7RTL )
eoF 1l

-* L .

Ho °

TISTPE U LISTI.FLXx/2 1
SREan [ SYSREAL.FLX/2 1]
HELPPK [ HELPPRWJFLX/2 1

1

® s ol s o 8 o &2 o

SCREAD [ SCREADWFLX/2 1

+ SREAR L SYSREAD.FLX/2 ]

. OPEHY [ F7RTL 1]

o« SCDISP 7T BCDISP.FLX/2 ]
« CLOSE [ F7RTL )

« RCOINPT € ROINPT.FLX/2 3]

|
|

. . SRFAND [ SYSRFAD.FLX/2 v

. PRPIPS O B

» EGIZIN [ FQID1.FLX/2 23

e« SCPRT [ SCPRT,.,FLX/2 1]
ERRCOD [ ERRCONLFLX/2 1

essFIN

“ L] L ] ®
1
|
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T EARCAD T [ EQREAD.FLX72 )
SREAD [ SYSREAD.FLX/2 3
OPENw FIRTL 3

C
CLOSE ™ L F7RTL 2
ERRCOD [ ERRCOD.FLX/2 1

C

LSTHOD LSTMODLFLX/2 3]

TOCATE L LOCATE.FLX/72 3 '
REPORTY [ REPORTLFLX/2 1
KONED [ KON1.FLX/2 3]

+ SREAD TTTSYSREADLFLX/7Z2 17
FITTER [ KONFIT.FLX/2 2

.

.

. .

. e« CFILW [ F7IRTL 2

. s OPLNW L F/RTL 3

. « ERRCOD [ ERRCOC.FLX/2 3
N « CLCSE L F7IRTL 3

. . OFILW C F/rTL 1

. . GETOK L KON2.FLX/2 1] -
. . LSTMOD [ LSTMOD.FLX/2 3
. . GETINC [ KO2.FLX/2 1]

. . . DPENA T F7RTIL J

. . * LOCATE L LOCATE.FLX/2 2]
. ¢« o CLOSE L F7RTL 12

. . eeoFIN

° sesoF I

. « ROUTNPT L RIOINPTJFLX/2 1]

. eeoFIN

e OPENK L F7RTL 32

e CLOSE T F7RTL 3

...FI"J
MO3JUPR [ MODULl.FLX/2 1

SREAD 7 € SYSREADWCFLX/72 3
EQINI [ ERIUl.FLXx/2 3

®* e | & & O (o O o (» o S| & € ]|® o ¢ ¢ S| o & S|e ¢ S| ¢ o 6 © S| ¢ o 0 S o

e SHDRCV L SNORCVT.FLX/2 1]
. MOODN T L MODDNGFLYXsZz 30 T T
« o« OPEHLW L F7IRTL 3
e o« ERRCOD L ERRCONLFLX/2 1
e » CLDSE L FIRTL I -
e o SNDRCV [ SHUDRCVT.FLX/2 3
ee TN
MODALL T T MODALL.FLX/2 1 -
. OPENW [ F7RTL )
. ERRCOD [ ERRCON.FLX/2 1]
. TIMF C FTRTL 3
o CLOSE L F7RTL 1
e« SILDFCV L SNDRCVT.FLX/2 2
S 2 _AHDRCV 4
TINE { F7RTL 3

STRALL [ STRALL.FLX/2 3

W OPEIW L FRTL I
+ ERRCOD [ ERRCOD.FLX/2 3

« CLOSC L F7RTL 3 |
. SNDRCLV ™ T SMDORTVY.FLX/271
eeoFIN



THMPD f MODUL«FLX/2 ]

T . PEINPR T PRINI.FLX/72 3

e s o SHDRCV ~ € SNDRCVT.FLX72 1
. . « EQIDINW C EQID1,.FLX/2 1]

o . . OPLC MW L F7RTL 3

e e @« ERRCOD L ERRCOD.FLX/2 1
. . . CLOSC L F7RTL 3

e o eesFIN

e« o OPENW T F7RTL 3

. . CLOSE f F7RTL 1

. eeoFIN

« SREAD L SYSREAD.FLX/2 3
e HELPPR f HELPPR.FLX/2 1
eeoFIN

SENDPR L SEND1l.FLX/2 3]

e« =+ SREAD [ SYSREAD.FLX/2 1

. e TINME L F7RTL 3

. e STTSK L F7RTL 3

e o EQIDIN [ EQIN1.FLx/2 3

e « ROINPT T ROIGPY.FLX/72 1 —
. « DATE £ F7RTL 1J

. . DPENW [ F7RTL 3

e + ERRCDOD [ ERRCODLFLX/2 ] o
. e« CLCSE C F7RTL )

. e« SNIRCV f SUORCVT.FLX/2 3]

. seesF 1IN

« HELPPR L HELPPRL,FLX/2 3]

. « 0OPENW L F7RTL 1]

.« o+ CLISE [ F7RTL )

L * e ‘FI"-I

° SuoMse [ F7RTL 3

« EXIT [ F7RTL 2

ve F Il



COvMPRHI

[ 2 [ L ] L ] * L ] L] * [ . ] L [ L] L ] L ] [ ] ® L [] * o | ] ® * ® [ ] ® . L 2. 2 [

DEFLST
SETQUE
MSGLNK
Sveo
TRAPW
OPENY
IFETCH
CLOSE
SECMAN

L COMPRHI.FLX/2 3
L F7RTL. 1]
[ F7SVCS.FLX/9 1
L F7RTL I
L F7SVCS.FLX/9 1
L F78VCS.FLX/9 3
L F7RTL 3]
L F7RTL 1
[ F7RTL 1

[ SECUl.FLX/2 2]

INS

OPENW
SREAD
CLOSE
RDINP

« SREAD
OCQFIN
FIN

PECT C
I4VECT

. GETSU
SR
Pt

L F7RTL 1]
T SYSREAD.FLX/2 1
€ F7RTL 1]
L SECU1.FLY 1
L SYSREAD.FLX/2 1

CPINSPl.FLX/2 3]

L CPINSPl.FLX/2 1

R L CPINSP1.FLX/2 1
FAnN L SYSREAD.FLYX/2
T8YT [ CPINSP1.FLX/2
ISBYTE C F7RTL 3]

 J
.
.
*
L]
L
L 3
L)
L 3
[

I2v

® ® § o e 8 o ©o & & ¢ O 0 e

L]
KMR
[ ]

« ST=

N
HLPMAM
« OPE
« CLO
eeoFIN
SHD“EG
ExIT

LFIN

L]
[ ‘..FIN
seoFIN
RINvVAL
PUTRYT
SPFAD
BSET
. BCLR
‘..FI'\J
FIN
ECT L
GETSUR
BINVAL
FIl
JH C
SREAD
12VECT
FIi
ING C
PUTAYT
SREAD
FI

C CPINSP1.FLX/2 2]
L CPINSP1.FLX/2
[ SYSREAD.FLX/2
L F7RTL 1
C F7RTI 3

CPINSPl1.FLX/2 1
[ CPINSPl1.FLX/2 13
[ CPINSP1,FLX/2 ]

CPILSPl.FLX/2 1
L SYSREAD.FLX/2 1
[ CPINSPl.FLX/2 ]

CPIMSPl1.FLX/2 1
{ CPINSPYI.FLX/2 2
[ SYSREADWLFLX/2 1]

[ HLPY1.FLX/2 1
r F7RTL 3]
[ F7RTL 3

N
SE

L F7RTL 1
L F7TL 1
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COvPRE® L COMPREQ.FLX/2 1]

DEFLST C F7RTL 1
SETQUE L F7SvCS,CAL/9 1]
MSGLNK L F7RTL 3

SVCS L F7SVCS.CAL/9 3]
TRAPW L F7SVCS.CAL/9 1
OPENM L F7RTL 1]

IFETCH T F7RTL 3
CLOSE L F7RTL 3
EGADD L EQADDLFLX/2 1]

SREAD L SYSREAD,.FLX/72 2]
CFILw FZRTL 1
ERRCOD ERRCOD.FLX/2 3

OPENK FTRTL 3~

LSTMOD LSTMOD.FLX/2 ]

REPORT REPORTL.FLX/2 3
KONED KON1.FLX/2 3
« SREAD [ SYSREAD.FLX/2 1

C
C
C
cLosE € F7RTL 13
C
C
£

FITTER [ KONFITL.FLX72 ]

e CFILW £ F7TRTL ]

« OPENW L F7RTL 2

e ERRCOC [ ERRCOD.FLX/72 3

« CLOSE L F7RTL 12

e DFILW L F7RTL 2

s  GLTOK T KON2.FLX/72"T

e LSTMOD [ LSTMOD.FLX/2 3

e GETINC [ KON2.FLX/2 2

s e« OPEWW T FIRTL ]

e o LOCATE [ LOCATE.FLX/2 3
e« o CLOSE L F7RTL 1

. P Y o -
...FIN

RDINPT [ ROINPT.FLX/2 1

PITKUP T ILCLUDELFLX/72 1
e OPENW [ FIRTL 3
« ERRCOD [ ERPCOD,FLX/2 12

e CLOSC T F7RTL 3

e o L [ ] L ] . * o L ] L] [ ] L L * o [ ] [ ] * o L ] * & e L J * [ N ] L ]

~» CLOSE T F7RTL ]

eeoFIN
eeoF 1IN
EQEDTT T EGEDTT.FLX/2 3
o« SREAD [ SYSREAD.FLX/72 1]

OPENW L F7RTL 2

ERPCOD L ERRCOD.FLX/2 3
LSTMOD L LSTYOD.FLX/2 1]

REPORT L REPORT.FLX/2 1
KOKED C KON1.,FLX/2 3]

L] ® | o * @ .i... * e ° * o L * ® ° [ ] * o s e o (o o e je ¢ o | @ = e @ o | ¢ o e e e (¢ @ * | @ [ ]

RDINPT — T RCINPT.FLX/2 T~ °

« LOCATE [ EOCATE.FLX/2 T
QQQFIN



EQCROS

[ EQCROS.FLX/2 13

« CLUSE T F7RTL J

e« RESET L EGXASML.FLX/2 1]

« NIBTAB [ EGXASMFLX/2 1

e ERRAVMES T EQXASNV,FLX/2 3] N
. e« RESET [ EQXASwM.FLX/2 1]
L) ...FIN

e FITTER T KONFITL.FLX72 J

o« OPENW L F7RTL 1]

e DFILW L F7RTL 2

« CFILW T FI/RTL 3

eeoFIN

EQINS [ EQINS.FLX/2 1

»
« e SREAD [ SYSREAD.FLX/2 3]
e o UOFENRW L F7RTL T
e« o CLOSE C F7RTL 13
« =+ ERRCODD [ ERRCOD.FLX/2 1
e o LSTMOD [ LSTMOD.FLX/2 1]
e« o LOCATE L LOCATE.FLX/2 ]
e« o REPOKRT U REPORTLFLX/2 ]
e« e FITTER L KOHNFIT.FLX/2 1
e o RDINPT [ RCINPTW.FLX/2 1]
e o PICKUP T PICKUPJFLX/2 T
[ ] LN .FI'\'
o« DELMOD C DELMOD.FLX/2 3]
e o SREAD U SYSREAD.FLX/2 13
e « LOCATE C LOCATESFLX/2 3
¢« o LSTMOD [ LSTMOD.FLX/2 1]
e « FITTER U KOWFIT,FLX/2 3 T
e o ERRCOD C ERRCODJFLX/2 3]
«  QOELRL T oELRL.FLX/72 1]
o ¢ o DFILW { F7RTL 13
e« o o CFILW [ F7RTL J
e e o OPCLw ~ 7T FIRTL DY 77
e« o o ERRCOD L ERRCODLFLX/2 2
e o o CLOSE { F7RTL 1
L] . [} RENA”EvT V.F?RTL—j
e« « o LOCATE [ LOCATE.FLX/2 1
. L [ .FIN
T . « CLDSE T L FYRTL 3 )
. es o FIN
. SNDMSG [ F7RTL 13
s EXIT T F7RTL 3
oo FIN
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T CUAPRST [ CUOPPRSC.FLX/Z ]
DEFLST [ F7RTL 23

SETQUE [ F7SVCS.CAL/9 1
YSGLNK T T F7RTC T 7
SVC9 L F7SVCS.CAL/9 )
TRAPW L F75vCS,.CAL/9 1]

OPENW C F7RTL 3

IFETCH C F7RTL 1

CLISE C F7]TL 2

SCADND L7SCAI0ILFLX 1

« SREAD L SYSREADLFLX/2 13
CFILW C F7RTL 1

ERRCOD L ERICID.FLX/2 3

OPEW L F73TL 2

ROINPT C ROIWPTLFLX/2 ]
o« SREAD L SYSREAD.FLX/2 1]

o CLOSE C F7]/7L 1
[ ..CFIF\I

S ¥
SCEDIT [ SCEDITi1.FLX/2 1]
o« SCDISP L SCIOISP.FLX/2 1

« SREAD T SYIREADLFLx/2 3
« OPEMW C F7RTL 1
« ERRCOD L ERRCID.FLX/2 1
o« ROINPT [ RIOIINPT.FLX/2 T
« ¢ CLOSE L F7RTL 1
...FIN
. OSCINS T SCIWST.FLX/72 1T
« o SREAD T SYSREADL.FLX/2 1]
. « OPE"IW C F7TL 13
« « ERRCOD T ERRCOD.FLX/ZZ2 7T
o CLOSE L F7RTL 1]
.Q.FIF‘J
T T« SCDELE T U SCOELELl.FLY T
e« e SCDISP £ SCNISP.FLX/2 1]
» o SRENMD L SYSREAD.FLX/2 1
« OPEMW T F7RTL T
e -« ERRCOD C ZRRCIDWFLX/2 1

. ROINPT L POIYMPTLFLX/2 1
T e e TERIDIN UL EQITl.FLx/2 YT T T
. . CLOSE C F7RTL 1
. eeoF I
I -
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0
@)

“PREV

DEFLST

[ COMPRE
C F7RT

VeFLX/72 1]
L 1

SETGUL
MSGLNK
sSvC9
TRAPY

F7S5VES.CALZ7S ]

FTRT
F7SV

L 3
Cs.CAL/3 2]
CS.CAL/S 12

OPENW

IFETCH
EVEDIT
PRO

FTRT
F7RT

T
C
L
[ F7s8v
T
C
[ EVED

L]
L2
ITJ.FLX/2 1

MPT [ PRO4PT.FLX/2 1

SYSIO

{ F7RTL 1

OPL

« SREAD

FIn
Hw F

L SYSREAD.FLX/? 1]

7RTL 1

ouT
CF1I
GET

L¥ F

L
MS6T L P
C
C L 6

ROYPT.FLX/72 1
7RTL 1]
ETC.FLX/2 3

ILBRYTE
ISRYTE
FIh

[ F7RTL 3
L F7RTL 2

PUT

C [ PUTC.FLX/2 2

ILBYTE
ISKYTE

L F7RTL 12
L F7RTL 2

GET

FIN
O [t
GETC C

VIOKER ,FLX/2 23
GETCL.FLx/2 3

CLO

PUTC o
FIN
SE L F

eesFIN
BCCOMP

DFI

PUTCFLX72 ]

TRTL 3

LW L F7RTL 3

L BCCOMP.,FLX/2 1

|

GET

TOK LB
PUTC
« ILRYTE

. ISBYTE

esoF I
ERRCMP

« ILRYTE
« ISEYTE

..,'."'..?...

t.oF}N“_
FIN

CGETTOK,FLX/2 3
[ BCSUBS.FLX/2 2
[ F7RTL 3
TTTFTRIL Y

[ RCSUBS,.FLXx/2 3

£ F7RTL 3
L F7RTL 3]

GETC — T BCSuUfs,.FLx/2 1
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CWHEN C BCCWHEN.FLX/2 3

e GETTOK [ BCGETTOK.FLX/2 2
« ERRCMP [ BCSUBS.FLX/2 3
eeoFIN

CDEFIN [ BCCDEFIN,FLX/72 ]
e« GETTOK L BCGETTOK.FLX/2 1
ERRCHMP [ BCSUES.FLX/2 1

e GETEOL [ BCGETTOKL.FLX/2 1

« o GETTOK [ BCGETTOK,.FLX/2 1
[ ] ...FIF\!

. ADDERY”.

e o GETC [ BCSUBS.FLX/2 3

« « PUTC [ BCSUBS.FLX/2 3

e .+ ERRCMP LT BCSUBRS.FLX/Z2 3

e  eesFIN

FIXSYM [ BCFIXSYM.FLX/2 3

. OGETC [T BCSULS,FLx/2 ] -
. PUTC [ BCSUBS.FLX/z 1
O.OFI“

CEXEC [ RCCEXEC.FLX/72 3 -
GETTOK [ BCGETTOK.FLX/2 ]
GETEOL [ BCGETTOK,,FLX/2 1

GEXPR ~ T BCGEXPRLFLX/2 3
o BCsURR [ BCSUBS.FLX/2 )

L]

e o« GETTOK [ BCGETTOK.FLX/2 2
« » GLTC3L T BUGETTOKLFLX/2 3
e o GENCOD [ BCSUSS.FLX/2 3]

e eesFIN

e GENCID [ BCSUBS.FLx/2 ]

e .« GZIC T SCsuURSIFLX72 )

e o PUTC [ BCSUBS.FLX/2 2

[ ] ..lFIb-‘

ERRCMP C BCSUBS,.,FLXx/2 3]
e ADDSYHM [ BCSUBS.FLX/2 13

esok IN
ERRCMP [ BCSUBS.FLX/2 1
SREAD [ SYSREAD.FLX”/2 3]
OPENW L F7RIL J
CFILW £ F7RTL 3
CLOSE [ F7RTL 3]
DFILW L FIRTL I3
oo FIN



BBUILD € RBUILD.FLX/2 3

. « CLOSE T F7RTL 1

e o DFILW [ F7RTL 2

« s SREAD € SYSREAD.FLX/2 3
. « OPENW C F7RTL 3~ T
« o RENAME L F7RTL 2]

« o DATE L FTRTL 2

. .+ ICLOCK L F7RTL 3

* OO.FIN

. SHNDMSG L F7RTL 3

. EXIT L F7RTL 3

oe.FIN
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ADDPR

ALARM

ALRLOG

BINVAL

CHANPR

Appendix C

SUBROUTINE DESCRIPTIONS

Executes the command processor "ADD" option to add a building
on-line; sets the building's status in BLDGS; sets the building

information in POWHDR1.

Processes the return buffer from the micro on alarm polling;

determines the individual types of alarms; informs the operator;

and stores alarms in arrays.

Writes the contents of the fire, secu}ity, and equipment alarm

array to the file ALRMLOG, if available.

Accesses a string of bits from task common block/SYSTEM for the
command processor command INSPECT; displays them; and modifies

them if so requested.
Executes the command processor change option; changing an

equipment table variable, device state, building state. power

consumption level, 30 and 7 day schedule files.

C-1



CONEQ

DELBL

DELEPR

DELMOD

DISPPR

D7EDIT

D30ED

The control equations along with corresponding sensor and
equipment information are converted to a packed unit of op codes
interpretable by the microcomputer software; it includes the

capability to process the CPRINT command.

Deletes blank lines in equipment files.

Executes the command processbr "DELETE" option to delete a
building from the system; changes a building's status in BLDGS and
POWHDR1.

Deletes modules from a building equipment file and updates the

pointer table.

Executes the "DISPLAY" option when requested by the operator;
determines what information (communication errors, micro software
errors, temperature alarms, or fire, security, and equipment

alarms) is to be displayed.

Allows an operator to change a schedule name in the 7 day default

file.
Creates a 30 day schedule file from the 7 day default file, if

none exists; displays and allows the operator to change a schedule

file name for any day in the 30 day file.
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EQADD

EQCROS

EQEDIT

EQIDIN

EQINS

EQREAD

ERPROC

Interactive routine for leading operator through input segments
necessary to build new equipment files or modules; manages the

location of information via the record pointer table.

Verifies that the module information is satisfactory and starts

the cross assembler.

Permits operator to change control modules contained within
equipment files; can access all module segments except op codes;

manages the location of information via the record pointer table.

Requests and processes equipment identification code from the

operator.

Permits operator to add or delete sensors from a control module in
an equipment file and updates the pointer table to reflect changes

in the file.

Permits the operator to read and list information from equipment
modules, specifically equipment identifiers, sensors, and control

equations.
Builds an array of communication errors that occur during a

polling of building microcomputers; stores date, time, building,

and type of communication errors.
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ERRCOD

EVCOMP

EVEDIT

EVINST

FITTER

GETID

GETINC

GETOK

GETSUB

HELPMAN

Qutputs to the operator any difficulties a task has using F7RTL

file handling subroutines.
Compiler routine for event modules (work to be done).

A text editor for creating or editing event modules (work to be

done).

Installs compiled event modules into list of ready modules for the

real-time tasks to execute.

A file management procedure for inserting or deleting records in

equipment files.
Queries operator for module or sensor ID information.

Copies a requested line from a specified module in a specified

file into a temporary file.

A routine to pack a character string of up to 8 characters into a

double precision variable.

Queries operator for an array variable subscript number for

INSPECT.

A routine to manage pointers for the help file.
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HELPPR

I2VECT

I4VECT

INSPECT

JULTAN

KMJRH

KONED

LGPRNT

LISTPR

LMICER

Opens the help file, reads the information requested, and writes

it out.

Accesses INTEGER*2 variables for INSPECT.

Accesses INTEGER*4 variables for INSPECT.

Reads and can change system common variables in task common block

/SYSTEM/.

Calculates the julian date.

Processes data arrays (1, 2, or 3 dimensions) for INSPECT; prints

out all non-zero elements.

Editor routine for preparing control modules utilizing FORCE.

Prints the contents of the operator command log file on the line

printer.

Executes the command processor “"LIST" function to display

schedules equipment, and buildings to the operator.

Writes the contents of the micro software errors array to the disc

file MIKERR.
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LOCATE

LOGCOM

LOGFSE

LOGMIC

LOGTEM

LSTMGD

MICERR

MODDN

MODSUB

Gets the row and column locator pointers from an equipment file

pointer directory for a module in the equipment file.

Displays the contents of the communication error file to the

operator.

Displays the contents of the fire, security, and equipment alarm

file to the operator.

ﬂisp]ays the contents of the micro software error file to the

operator.

Displays the contents of the temperature alarm file to the

operator.

Outputs the module information for EQREAD.

Called when a building microcomputer returns a non-zero software
error code during a polling; stores the date, time, building,
error code, and the header that generated the error in an array.

Sends all control modules to micros.

Downloads a specified module to a building when it is determined

that module is missing in the microcomputer.
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MODUPR - Executes module command processor options; queries for options and

parameters; sends instructions to the micro.

NIBTAB - A cross assembler subroutine for placing op codes in a table for

writing disc file.

ONLINE - Tests that a building ID matches names in the file BLDGS, and if

valid, determines if it is on-line or not.

PALOG - Prints, on the line printer, the contents of the fire, security,

and equipment alarm file ALRMLOG.

PCOLOG - Prints, on the line printer, the contents of the communications

error file COMLOG.

PICKUP - Looks for a match between sensor ID elements given as parameters

and sensor ID's contained in the analog sensor library file.

PMIKER - Prints, on the line printer, the contents of the micro software

error file MIKERR.

PRINPR - Executes command processor report printer option (work to be
done).

PRINT - Writes the contents of the communication error array to the file
COMLOG.
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PROMPT

PTEMPL

PUTBYT

RDINPT

REPORT

RESET

SCADD

SCDELE

SCDISP

Outputs a prompt for operator input; waits; and gets input via

SYSI0 and SREAD.

Prints, on the line printer, the contents of the temperature alarm

file TEMPLOG.

Puts the rightmost byte of a word into a specified location of

another specified word.

A free format numeric input routine processing floating point,

hexadec imal, exponential, or integer data.

Standardized report procedure for equipment file operator

subroutines; gives status of module.

Resets control variables for cross assembler.

Adds a new building and schedules to an existing schedule file, or

builds a new file; queries operator for input and data

verification.

File management procedure to delete a daily schedule from a file;

updates the pointer directory.

Displays a selected dajly schedule to an operator.
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SCEDIT

SCINS

SCPRT

SCREAD

SECMAN

SENDPR

SHEDPR

SNDRCV

Interactive editor for schedule files; operates on one-hour

information.

File management procedure to insert a schedule into a daily
schedule file for a building that already has some schedules in

the file.

Quputs the schedule information for SCREAD to the line printer.

Queries operator for the appropriate schedule information; reads

the schedule file and displays the information.

Manager of the authorized operator file; executes adding,

deleting, changing attributes of operators, and 1listing the file.

Executes the command processor send schedule command; accesses and
verifies schedule information; and warns the operator if the

real-time scheduler has not executed in order to avoid overwrites.
Executes the command processor "SHED" option permitting the
operator to shed or restore equipment by priority in a building;
float temperature contro]Ipoints by priority in a building; and

set and clear the global ignore.

The communications handler for minicomputer/microcomputer messages.
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SREAD

STATPR

STRALL

STRING

TEMPF

TMPO

WEEKDAY

Subroutine for command processor 1/0; sends information to task

SYSREAD and suspends itself.

Executes the command processor "STATUS" option permitting the

operator to get the status of a building, sensors, and equipment

table variables.

Starts all modules in a micro for a given building in the system.

Access string variables for INSPECT.

If the primary alarm log file ALRMLOG is unavailable, it writes

the alarm array information to the temporary disc file TALRLOG.

Retrieves temperature value from sensor and sends value to a

single module or all modules.

Returns a code for the day of the week.
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