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1. INTRODUCTION

The Central Data Processing System {CDPS) is the Central Integration
Facility whicn transforms the raw data collected at remote sites into
performance evaluation information for asse351ng the performance of
solar heating and cooling systems.

This CDPS Software Performance Specification (CSPS) provides the medium

for baselining the overall software system requirements. After baselining,
the software requirements will be placed under change coniiguration control
and can be changed only through formal change procadures established by

the Marshall Space Flight Center (MSFC). Through this procedure, the
document will remain current with the requirements/capabilities of the

CDPS software throughout the contractual period.

.The objective of this document is to establish the requirements which

must be satisfied by the CDPS software. All descriptions of and references
to the CDPS hardware configuration are only to facilitate explanation of
the software requirements and not to control the configuration of the
hardware. The CDPS hardware is controlled by IBM and is used for support
of multiple . .contract programs. To support this varying ucilization
environment, IBM must maintain the flexibility to modify the configuration

. as required. Because of this flexibility requirement, the CDPS hardware

configuration may vary during the performance of the SIMS contract, but
the capability to satisfy all SIMS processing requirements contained
within the CDPS Hardware Performance Specification will be maintained.

This document will not be updated to reflect changes in the detailed

CDPS hardware configuration which do not affect CDPS software requirements.

The programming standards to be used in development, documentation and
maintenance of the software are discussed in Appendix A. 1In addition,
the CDPS operations approach in support of daily data collection and

‘processing is discussed in Appendix B.



1.1 CDPS ROLE IN SOLAR HEATING AND COOLING PROGRAM

The CDPS, located at IBM's FSD facility in Huntsville, Alabama,
provides the resdurces required to assess the performance of solar
heating and cooling systems installed at 60 remote sites. These
remote sites consist of residential, commercial, government, and
educational types of buildirgs, and the soiar heating and cooling
systems can be hot-water, space heating, cooling, and combinations
thereof. The instrumentation data associated with these systems -
vary according to the application and must be collected, processe:
and presented in a form which supports continuity of performance
evaluation across all applications. In addition, data must be - . o
maintained for historical purposes and for detailed analysis. ‘ : e

In supporting the overall program objectives, the CDPS satisfies the
following functional requirements: o

Data Collection - The CDPS daily collects instrumentation data
from all remote sites via standard voice-grade 1200 Baud telephone
lines. In addition, non-instrumentation data available from MSFC,
ERDA, HUD, etc., which 1s needed in performing overall system
evaluation, is collected via manual means.

[

Data Processing -~ The CDPS accepts raw data, as collected by the
data collection function, and performs the data processing "
functions required to transforam the raw data into processed S ,
information for use in system evaluation/analysis activities. The :
CDPS also provides the resources to maintain a performance :
evaluation data base, containing both raw data and processed
information, for use in support of periormance analysts.

Data Archiving - To provide capability for detailed analyses of
gystem performance and to maintain data for historical purposes, i
the CDPS provides the capabilitiles to archive data collected and .

processed durirg the program. Both raw data and processed data is

retained on magnetic tape, and formal reports are archived in a Eg
library. ' _ i
Data Distribution - In addition to collection, processing, and - §_<

archiving of data, the CDPS provides the essential function of
distributing the data to the appropriate organizations.
Distribution is in the form of printed reports, data plots, and
magnetic tapes.

v b 2 5 garens

Systems Analysis Simulation - An essential capability in
‘agsessing the performance of solar heating and cooling systems is
the ability to predict performance for correlation with
operational performance. The CDPS provides the resources needed
in gupport of this simulation activity and provides capabilities
for automated correlation of predicted and actual performance.

Sisyem,
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As shown in Figure 1, the CDPS consists of three major elements -

communication interface computer, central data processing computer,
and performance evaluation data base. These three elements provide
the capabilities required to satisfy the functions mentioned above.
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1.2 CDPS FUNCTIONAL REQUIREMENTS

In performing its role within the solar heating and cooling
demonstration program, the CDPS, through its hardware/software; shall

. satisfy overall system requirements. A summary of these system

requirements is given in the following paragraphs:

' Growth Potential - Because of the distinct possibility of growth
in the data collection and processing requirements as additional

" sites are added to the program, the CDPS shall be designed to allow
growth in capability with a minimum of cost.

Data Collection - To support timely processing/presentation of
data in support of the performance evaluation activities, daily
collection of data shall be provided from all remote sites.,

Timely Processing of Data - The processing data flow within the
CDPS shall minimize the delay between receipt of data at the CDPS
and availability of processed information. An operations goal
will be to provide processed information and reports at the start
of first shift each day.

Operations Personnel - The design goal of the system shall be to
minimize operations personnel utilization during data collection
and processing. Software shall provide built-in error '
detection/recovery techniques to allow maximum of automatic
control.

SDAS/CDPS Communication - Because of :the availability of
gsoftware/proven concepts on other programs which use telephone
lines for automatic data collection, maximum benefit of this prior
experience shall be utilized to reduce program risk.

System Recovery - The overall data collection concept shall provide
the flexibility to ensure that site data is not lost through
failure of the communication interface or host computer. Backup
shall be provided to restore entire contents of performance

. evaluation data base in the event of computer malfunction.

Data Archiving - Within any demonstration program, .availability of
historical data must be provided in order to support the
performance evaluation activities. The CDPS shall support this
archiving of data and provide the means of identifying the
location for timely retrieval. '

User Support - Because of the requirements generated through a
diverse user community, the CDPS shall provide a flexible user
support capability which can be easily structured to satisfy
needs.




Flexibility -~ Because variations in instrumentation at remote
" gites, the CDPS shall support the processing of variable input

formats.



1.3 CDPS HARDWARE DESCRIPTION

As shown in Figure 1, the CDPS hardware consists of a communication
interface computer configuration and a host computer configuration.
The following paragraphs briefly describe the components of each of
these configurations

1.3.1 Communication Interface Configurntion -

" The communications interface configuration provides the capability to
collect data from remote sites via 1200 baud voice-grade telephone
lines. WATS lines will be used for this communication and will be
supplied by the Government. In addition, the communications facility
at MSFC will provide the necessary communications hardware to support -
the data collection functions. Automatic dial-up and command
interface with the remote sites will be prov1ded by the communications

Interfdce computer.

The communication interface configuration operates in a standalone mode of
operation and consists of:

(1) An IBM System/7 computer with input/output peripherals to
support operator interface, report generation, and data
storage.

(2) Communication interface hardware for communications with
remote sites via telephone lines.

(3) Hardware to support collection of data via manual means.

(4) Communication hardware for transfer of data to the host
computer configuration (IBM S/370-145).

- The overall hardware elements are shown in Figure 2 and are discussed
irn the following paragraphs. :

1.3.1.1 System/7 Computer

As can be seen in Figure 2, the System/7 computer configuration
consists of the following hardware:

(1) Central Processing Unit (CPU)
(2) Memory

(3) ‘Teletype Keyboard/Printer (50?8)
(4) Disk Storage (5022)

(5) Printer (7431)



KEYBOARD

t

5028 TELETYPE

PRINTER

s
* HOST @——— c 24K x 16 BITS
A N
TELEPROC
. 7431
MULTIPLEXER 5022 PRINTER
MODULE DIsK
MODEM < AUTO CALL
COUPLER i
CASSETTE

—

READ

Figure 2, Communication Interface Configuration

A-8




These hardware, with capabilities relative to CDPS objectives, are
discussed below:

Central Processing Unit (CPU) - The Central Processing Unit
supports an interrupt-driven, multi-program environment through a
priority interrupt system. A total of &4 interrupt levels with 16
qulevelq are provided. Seven index registers, an accumulator
register, and an instruction address register are supported for
each interrupt level. The CPU also provides 2 interval timers for
timekeeping and program control. Addressing capability for up to
64K - 16 bit words is supported. .

Memory - 24K Words of 16 Bits Each - Main storage provides the
communication processor with fast access, adequate storage to
provide the control, interface and application programs necessary
for control of the communications interface. The main storage can
be expanded to 64K words through field wodification.

Teletype Keyboard/Printer - The Teletype Keyboard/Printer provides
the operator interrace required during program load, initiation of
data collection and SDAS troubleshooting. In addition, the

_ printer provides hard copy reports in support of communication
logging, memory dumps for software debug, and maintains status of

software operation.

Disk. Storage - The baseline configuration contains one disk unit
which provides storage for a maximum of 2. 457 million 16-bit
words. The unit supports mountable disk files to allow storage of
data in excess of 2.457 million words.

Printer - The printer provides the’ capability for generation of

communication and error reports during data collection. The

printer has the capability to print 113 characters per second.
1.3.1.2 Communication Interface Hardware
The communication interface hardware provides the interface
capabilities which allow the System/7 computer, under software
control, to automatically collect data from remote sites via telephone
.lines. This hardware, shown in Figure 2, consists of:

(1) Teleprocessing Multiplexer Module (TPMM)

(2) Auto-Call Unit

(3) Modem

(4) Coupler

The following paragraphs briefly describe these hardware elements:



-

Teleprocessing Multiolexer Module (TPM{) - The TPMM provides the
‘communication interrface logic for controlling up to eight
asynchronous communication lines simultaneously. The TPMM also
provides the interface to the System/7 for control of the
communications with remote sites.

Auto-Call Unit - The Autocall Unit consists of a Western Electric
801 Autocall Unit and provides the interface with the TPMM for.
‘dial-up information and status. The Autocall Unit is an output-
only device and performs automatic dialing of the remote sites as
commanded by the System/7 via the TPMM.

Modem - The nodem is a Western Electric 202C device which is
~compatible with the modem in the SDAS unit at the remote sites.
The modem performs modulation/demodulation of signals being
transmitted to/from the remote site. . v

Coupler - The coupler is a standard Western Electric device which
provides voltage transient protection for the telephone lines.

1.3.1.3 Manual Data Collection (Cassette Read)

To support collection of data via manual means from remote sites, the
communication interface configuration contains a prototype Site Data
~Acquisition Subsystem (SDAS). Cassette tapes manually retrieved from
sites will be inserted into the prototype unit and transmitted to the
Systen/7 via local telephone lines. : : :

1.3.1.4 System/7 - Host Computer Communication (SBCA)

The Sensor Based Communication Adapter (SBCA) provides the capability
for high-speed data transfer between the System/7 and the host
computer. The SBCA will transfer data at a rate of 2,2 megabits per

second.

1.3.2 Host Computer Confizuration

The host computer configuration receives raw data collected from all
remote sites, on a daily basis, via the comaunication hardware from
the communication interface configuration. This data is then
_processed and stored iato tHe performance evaluation data bank for use
in evaluation activities. he host computer coniiguration consists of
an IBM System/370-145 which is shared with other users. The
configuration is shown in Figure 3, and significant elements are
discussed in the following paragraphs. Detailed descriptions are
available in existing I3M equipment reference manuals.

' 1.3.2.1 Sensor Based Control Uanit (SBCU)

A-10
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The SBCU provides the communications medium for receipt of data from
the communication interface configuration for processing. Data
.transfer rate is 2.2 megabits per second.

-1.3.2.2 - Terminal Support

IBM. 3277 terminal units are provided for access/update of the

performance evaluation data base. Two terwminals will be dedicated to
the solar energy applications to ensure availability. Tabular output
can be displayed on these terminals. : ‘

- A Tektronix 54015/4631 display hard copy unit provides the capability
to generate either text or graphical data representative. This unit
is dedicated to support of the analytical/reporting requirements of
the program. . '

1.3.2.3 Magnetic Tape Units

The configuration provides both 9-track and 7-track magnetic tape
- handling capabilities. Density for 9-track tapes is 1600 BPI oR 800
BPI; whereas, 7-track rapes are 800 BPI. The magnctic tape units will
be used to generate deliverable tapes to MSFC for use in updating the
MSFC solar energy data base and to other data users as required. In
"addition, archival data will be placed on magnetic tape for storage.

1.3.2.4 Disk Storage Units

The configuration provides IBM 3333/3330 disk units for use in
gupporting the performance evaluation data base. The present
configuraticn contains storage capacity of 400 megabytes; however, the
system supports expansion without hardware modification to 2 billion
bytes of atorage. One disk unit, which provides storage for 200
megabytes, will be dedicated toyCDPS functions.

o S\m§
1.3.2.5 High-Speed Printers

Three high-speed Printers (1100 lines per minute) are provided for
support of report generation/distribution requirements. In additionm, .
reports created during processing of data will be printed for
analysis. :

1.3.2.6 Console

The operation console provides the operator with visibility into and
control of operations within the computer. It will be used to allow
the operator to initiate daily processing of data from remote sites.
Status during processing and opérator actions required will be
presented on the console.

1.3.2.7 Mainfranme
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The Mainframe of the host computer congists of a memory capacity of 1
million -bytes, input/output channels, and the Central Processing Unit
(CPU). Memory utilization of. approx'mately 256K bytes 1is anticipated
in support of data processing functions; ‘thus, significant margin
(excess capacity) exists. The CPU grpvides the instruction set,
memory addressing logic, registers, and input/output control functions
required in support of software execution.

1.3.2.8 Operating SystemA.

The System/370 operating system (0S/MVT) is utilized to control the
execution of data processing functions within the software. 1In
addition, the operating system provides the language processors.
(compiler/linkage editors/etc. ) used in generation of both the $/370
and System/? software.

A,processing priority system is utilized by the operating system to
maximize computer utilization. To ensure that solar energy data is
processed within specific time constraints, a high prlority level will
be assigned _

A-13



1.4 CDPS OVERALL SOFTWARE DESCRIPTION

Within the CDPS, the major software tasks to be performed are:

o . Communication Interface - for data collection .
o .Input Processing - for conversion of raw data into
" information
] File Maintenance - for updating/maiptaininé performance

evaluation data base

°] User Support - for generation of outputs to satisfy the needs

of the data user community.

As can be seen in Figure 4, the major software tasks have been

- allocated to CDPS hardware configurations. This allocation is based‘ c

on the philosophy of the System/7 computer configuration’s performing
the data collectrion functiou and the host computcr coniiguration's
performing detailed data editing, data conversion, file maintenance,
and user gsupport functions.

- Also shown in Figure 4 is the performance evaluation data base. This
data base will contain all data required to support the periormance

analyst and will reside on disk storage and magnetic tapes within the

host computer configuration.

Subsequent sections of this document define the detailed requirements
which must be satisfied within the software elements and the data
base.

A-14
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2.0  COMMUNICATIONS INTERFACE SOFTWARE REQUIREMENTS

The communications interface software will reside in a System/7
computer and provide the communications incerface functions for the
central data processing system.

The System/? communications interface software will sequentially dial
gites over switched asynchronous telephone lines and collect sensor
data. A site directory on disk will be used to control the proper
sequencing of site data collection. After data collection is complete
. the System/7 - host computer link will be used to transmit the data to
~the host for subsequent detailed processing and data base update.

A-16




2.1 FUNCTIONAL SOFTWARE REQUIREMENTS

The communications interface software must provide communications with
each SDAS, control the collection of SDAS sensor data, and send the
‘data to the host computer. In order to meet these requiremeﬁts, the
following functional capabilities will ‘be provided.

(o}

o}

(o]

Access. to Remote Sites via automatic telephone calling
sequences contained within a site directory.

Control of communications signals to support a switched
telephone interface to each SDAS.

Control of each SDAS over telephone lines for data
collection.

Temporary buffering and disk storage of the data from each
SDAS. :

Transmission of SDAS data to the host computer.

Manual control of SDAS commands for troubleshooting.

The detailed software requirements associated with each of the above
functions are presented in the following paragraphs:

-

- . AT

L A e T



2.2 SITE DIRECfORY REQUIREMENTS

A site directory containirg information on each site shall be provided
for the communications interface software to control the data
collection prccess. This information shall be maintained on the
System/7 disk to insure data integrity during power off conditions.

2.2.1 Site Directory Information

Information in the site directory is required for each site. The
information shall be organized on cisk by site records and fields of
data. Each site shall have a record of information that contains
fixed data fields. Each field of 3DAS information required will be
described in the following paragrapns:

2.2;1.1 SDAS Station Address

This field shall contain the unique station address associated with
each gite. Tnis field will be used to obtain the station address for
SDAS command messages described in Section 2.4.1.

2.2.1.2. SDAS Status

This field shall provide the operational status of each SDAS. It
shall be modified by the communications interface software as each
site 13 called, commands sent to the SDAS, and data collected. The
gtatus field will allow proper sequencing during a restart of the data-
‘collection process. :

2.2.1.3 'SDAS Dial Digits

This field shall contain the autocall dial digits required to
automatically call a site over switched lines. These digits shall be
enter=d by an operator when the remote site becomes operational and -
shall remain fixed thereafter.

- 2.2.1.4 SDAS Process Requirements

This field shall specify how often data will be collected from a site.

It will contzin the number of days desired between data collections. ‘
A "1" 4n this field for instance would indicate daily collection.

This field shall initially be input by an operator when the site

becomes operaticnal and shall be changed only if collection

requirements change. ' :

2.2.1.5 ©SDAS Data Collection Time
This field shall be required by the communication interface software:

to determine when data is to be collected from a site., It shall
contain the time (year, day, hour, nin, sec) that data was last
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collected. By subtracting this field from the current time and
'comparing the result with the SDAS process requirements field, the
goftware shall automatically determine when to collect data from a
aite.

2. 2 1. 6 SDAS Error -Information

This field shall contain error information received from a site ddring
data collection. Error information is contained in the reply message
- from a site and is described in Section 2.4.2,2.

2.2.1.7 Number of Site Disk Extents

Data collected from each remote site shall be temporarily stored on
disk until forwarded to the host computer for processing. To provide
the flexibility to continue the collection from sites when either the
data transfer link (SBCA) or the host computer 1s not functioning, the
goftware shall allow provisions for up ‘to five daily collections
‘before data transfer to the host must be accomplished. This field of
the site directory shall indicate the number of times data has been
collected since last transfer to the host computer. Upon completion

~of data transfer, this field shall be reset to indicate that no data
i3 being retained on the disk.

2.2.1.8 Site‘Record‘Index

Thig field shall indicate where the data collected from a site 1is ,
. atored on disk. This field shall have the capability to contain five
entries due to the collection requirement specified in 2.2.1.7.

2.2.1.9 Site Byte Count

This £ield shall indicate how many bytes of data were collected and,

” when used with the field specified in 2.2.1.8, will indicate where
data was stored on disk and how much data was stored. This field will
hold up to five entries (one fox each possible data collection).

2.2.1.10 Initial Real Time Clock AReading~
LochaL 'ﬁ ~ME)

This field 1s required in order to determine the actual (£38F) time of

" gensor readings in the collected data. It shall contain the time
(year, day, hour, min, sec) in CST that the Real Time Clock in each
SDAS read zero. This field shall hold five entries (one for each
possible data collection)

2.2.1,11 BCH Errors

This field shall indicate the number of BCH errors detected during
each data collection (five entries shall be provided). BCH error
processing 1s discussed in Section 2.3.2 of this document.
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2.2,2 Site Directory Update Reguirements

The ability to manually update the site directory from the System/7
teletype shall be provided. The fields wnhich shall be updated are:

o' 'SDAS Dial Digits
) "*SDAS:Pfécés;'Requirements

All other fields shall be'updated under program control during data
collection and subsequent transmission to the host.

All the site directory fields dasecribed in section 2.2.1 shall be
printed, either upon request or when the site directory is-initially
generated. -This function will not be done on-line during data
collection but shall be initiated as an off line progranm. ‘
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2.3 COMMUNICATIONS HARDWARE INTERFACE REQUIREMENTS

In order.-to automatically collect data from remote sites, software
shall be provided to communicate with each SDAS via the communications
hardware. Figure 5 shows the communications hardware'with which the .
'software shall interface. The software shall initiate commands to the
‘Teleprocessing Multiplexer Module (TPMM) to establish proper
communications to the autocall unit and modem for both transmission to
and receipt of data from the SDAS. In addition, the software shall
perform status checking after every input/output operation to ensure
correct operation. The following paragraphs define the detailed
requirements to be satisfied in interfacing with the communication
hardware. : :

2.3.1 Interface Command Requirements‘

Interface commands and required software action to initiate
. ~communication operations are shown in Table 2-1.

Table 2-1. Interface Commaﬁas/Software Required Actions

COMMAND ~ SOFTWARE ACTION:
OPEN' A LINE . i| Initialize a communications line for asynchro-
nous send/receive operations or a dial operation
"CLOSE A LINE Place a communications line in the inactive
state.
- DIAL-A REMOTE Automatically issue dial digits to the Bell 801
SITE " | autocall unit and complete a connection to a

site over a switched telephone line.

- - ISSUE SDAS COMMAND Transmit data (SDAS commands) over an asynchro-

S ’ nous communications line and then receive data
(SDAS reply) over the same asynchronous communi-
cations line.
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- SYSTEM/7:

INTERFACE
SOFTWARE

COMMUNICATIONS

SYSTEM /7'1/0
CONMANDS

TELEPRQCESSING
MULTIPLEXER
MON'ILE (TPMM)

DATA T élﬁm’ G”T‘“{ DIAL INFORMATION

WESTERN
ELECTRIC
TYPE 202C
DATA SET

WESTERN
ELECTRIC
TYPE 801

{ACU)
J‘

SWITCHED _
TELEPHONE LINES

4

/‘

' SDAS

Figure 5. Communication Interface Hardware
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2.3.2 Data Integrity Requirements

A validity check shall be required on all data sent or received over
the communication system. This validity check will be sent/received
.every eight bytes ag part of the data and will provide a data
,integricy check’ down to eight bytes. :

The method of validity checking shall be a cyclic redundancy code
method called Base-Chaudhuri-Hocquenghem (BCH). A BCH shall be

- calculated and sent with all data transmitted to a SDAS. The SDAS

will calculate a BCH for the data received and verify the BCH sent 1is
the same value. If the value is not the same, an error reply message
(as defined in Section 2.4.2) shall be sent to the System/7. A

gimilary verification shall take place in the communications interface

software in the System/7 for all data received from the SDAS. Action
taken by the System/7 software for error conditions is discussed in
Section 2.4.2. place in the communications interface software in the
System/7 for all data received from the SDAS.

2.3.3 Communications Hardware Status Reguirements

During each interface command specified in Section 2.3.1, status

. checking shall be performed and status information made available

after the operation. The types of errors required to be detected and
required software actions are defined in Table 2-2.
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Table 2-2. Communication Error Detection/Softwarg Aétion_

ERROR STATUS . SOFTWARE ACTION
Data Set Check Make three attempts to reestablish
o Loss of Data Set Ready - communications and retry the com-
during a read mand. If unsuccessful, continue
@ Loss of Carrier Detect to next site*

during a read

o0 Loss of Clear to Send
during a write

0 ACU not . ready during a

dial
-Data Qverrun Retry command three times, then
Q@ Character interrupt continue to next site*

occurred before previous
character serviced

System/7 XIO Error Retry command three times, then
‘ ' continue to next sitex*

- Time Qut Between Characters Make three attempts to reestablish
communications and retry the com-
mand. If unsuccessful, continue
to next site*

‘Time Qut = No SDAS Reply Make three attempts to reestablish
communications and retry the com-
mand. If unsuccessful, continue
tn next sitex

- BCH Error in Received Data Retry command three times then
L error for all commands reestablish communications and re-
other than "Read Tape." try three times then continue to
10 errors for "Read Tape." next site* .
Software Error - Stop**

FIf retrys are unsuccessfully attempted on two consecutive sites, the error
will be considered a hard failure and processing will stop. Operator will
notify comnunications personnel for trouble shooting.

fk*System recovery shall be under operator control (reload of system and
restart/contact System/7 prograrmer) :
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2.4 SYSTEM/7 - SDAS COMMUNICATIONS REQUIREMENTS

The System/7 communications software shall initiate all communications
with a site., Each site communications shall be initiated with a
command message from the System/7 and be followed by a reply message
from the site. Figure 6 illustrates the communications command/reply
sequences necessary to collect sensor data ‘from a site. The following
paragraphs describe the System/7 - SDAS communications requirements.

'2 4.1 Command %essage Processing

Upon establishing communications with a remote SDAS via the
communications hardware (described in paragraph 2.3), the ‘
communications software shall transmit a command message to the SDAS.
Each command message shall contain:

1. _A unique command code for the SDAS function to be performed;
2, SDAS identification information
3. BCH code for data validity checking

The format of the command message 1s discussed in paragraph 2.4.4.
After transmission of the command, the software shall delay for 21
seconds awailting a reply message from the SDAS. 1If no reply is
received within the time limit, the communications software shall
disconnect from the telephone line, print a message indicating failure
to respond, and attempt to reestablish the command interface. The-
software shall attempt to establish communications three times. If
not successful, a message shall be printed indicating unsuccessful
communications, and the software must proceed to the next remote site.

2.4.2 Reply Messages Processing

A reply message shall be sent to the System/7 from the SDAS after each
gsuccessfully received command message. Reply messages will vary in
length depending on the command which was transmitted to the SDAS;
however, each reply message will contain the follewing informatiom:

1. Command Code (as received by SDAS)

2. Site Identification (as received by SDAS)

3. Status of the SDAS

4. BCH Code generated by SDAS for data validity checking.
Forﬁa: of the Reply Message 1s discussed in Paragraph 2.4.5,
Two types'of Reply Messages shall be received from the SDAS:

Normal Reply Message - Bit 0 of the SDAS status code contains a
: I|Qll.
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SYSTEM/7 -

DIAL

>
ANSWER '
-+
READ CONFIGURATION AND END OF FILE COMMAND
- .
READ CONFIGURATION AND END OF FILE REPLY
-4
_REWIND COMMAND
-
REWINN REPLY T
-
READ TAPE COMMAND
. |
: READ TAFE RCPLY
C
REWIND COMMAND
-
T
REWIND REPLY
-
DISCONNECT COMMAND
o
DISCONNECT REPLY

Figure 6. Command/Reply Sequerce
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Error Reply Message - Bit 0 of the SDAS status code contains a
Illll. ' ) ) i °

Upon receipt of a Reply Message, the software shall determine the type
of reply and perform the processing functions required for the type.
These processing requirements are discussed in the following
paragraphs.

2.4.2,1 Normal Reply Pfoqessing

The software shall examine the status and BCH codes returned with the
reply message. If the BCH returned with the data does not agree with
the BCH calculated for the data, the software shall repeat the command
gequence up to three times. If the reply data 1s incorrect for three
consecutive attempts, a message shall be printed, communications shall
be reestablished and three more attempts made. If still unsuccessful,
the software shall proceed to the next aite for contlnuation of data
collection.

If the status returned indicates an SDAS error, the message reply is
considered an error reply message and the actions specified in section

2.4.2.2 shall be performed.

For normal reply messages which pass BCH and status tests, . the
software shall proceed to the next command in the site data collection

sequence.
2.4.2.2. Exror Reply Message Processing
The error reply message shall contain status codes indicating the

error which exists within the SDAS. These errors, with the
corresponding required software action, are shown in Table’2-3.

- - A-27
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Table 2-3;~ SDAS Error Conditions and Software Action

Error Condition

Software Action

1.

2.

0o0O0O0OO0OO

BCH Error in Previous

- Command

.InVaiia Cbmménd Received

Invélid Station Address
Received

‘SDAS,Devices4Failures

o MPX'L «
o MPX 2
- MPX 3

Al Basic o
Interface.Timer O
Tape Control
Realtime Clock
Interval Timer 1

Reissues command to SDAS
required) then continues

Reissues command to SDAS
required) then continues

Reissues command to SDAS
required) then continues

A message containing the

Seccion 2.2.1.6

(3
to
(3
to

&
to

times, if

next site

tines, 1f

next site

times, if
next site.

status re-
ceived is printed and the software
proceeds to the next site. The SDAS .
error information is placed in the -
site directory field specified in '

P T

]
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2 2.4,3 Command Definitions

"The communications software shall support the commands to the SDAS as

shown in Table 2-4,

The actions taken by both the SDAS and the

communications software in ‘accomplishing the command function are also

shown.

Table 2-4. System/7-SDAS Commands/Software Action

COMMAND

SDAS ACTION

REPLY ACTION

‘Read Configuration &
End-of-File

End of file written to
tape cassette and reply
message with current
Realtime Clock (RTC)
reading sent to System/7

System/7 computes when
SDAS RIC was initially
"0" and proceeds to
next command

Disconnect

e e

System/7 and SDAS dis-=
connected from com-
munications '

Rewind - - Tape cassette is re- Reply message verified
"' wound and reply sent and next command
to System/7 issued
. Reéd Tape Tape cassette is placed | Tape cassette data 1is
R in play mode and data | read, BCH checked, &.
[T T | on cassette sent as stored on disk
reply message
Reply message sent to Reply message verified-

any-new. command must
dial to reestablish
communications with
SDAS

Disconnect & Rewind

Reply message sent to
System/7, SDAS dis-
connected from com-
munications, and tape
casette rewound

Reply message verified-
any new comnand must
dial to reestablish
communications with
SDAS

Read -Configurationk:

Reply message sent to
System/7 with current
SDAS RIC reading

Reply message verified

-Reinitializen®.

and software executed

Reply message sent to
System/7 and a master
reset of SDAS hardware

Reply message verified -

*This command useful for verifying status of SDAS
**Not used during operational data collection.
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2,4,4 Command Message Format

All command ﬁessages shall have the following format:

<

HH

fu'f_ﬁexade;imal digit - 4 bits

2.4.5 Reply Message Format

- 6 bytes

Pad Sync Command SA BCH Pad -
Pad - FF Circuit Activation Bits - 1 byte
_Sygg» -4.'u6C Synchronization byte
'CommAﬁ& ’; : ;ﬁH* pnique cormand code
SA - HH . Station Address - SDAS Identification"Coﬁe.
BCH - - Block Cﬁeck Code for previous two bytes

All reply messages with the exception of the Read Tape reply shall
have the following format. '

Clock

A-30

P - 3 or 8 Bytes -

- L
PAD SYNC COM. | SA |. STATUS | REC. CT.|REAL TIME CLOCK | BCH {PAD
L 1 1
leRead Contigufation e
Commands Only

Pad - FF Circuit Activation Byte - 1 byte

Syne - 6D Synchronization 3yte

Command =~  HH* Command Received

SA - HH SDAS Station Address

Status - HH . SDAS Status

Record = HHHH. Unused

Ct.

‘Real - HEHHHH. -~ 24 Bit SDAS Real Time Clock Reading

Time -




BCH - HH Block check clock for previous 3 or 8
‘ bytes depending on reply

*H - Hexadecimal digit - 4 bits each
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2.4,6 Read‘Tape Reply

The Read Tape reply contains data transmitted from the cassette tape
in the SDAS. This reply message shall vary in length depending on the
amount of sensor data on the tape. The format of the Read Storage
Table reply is shown in Figure 7. ' '

2.4.7 Communiication Renort Requirements

During the System/7 - SDAS communications required for data collection
an operational log or report shall be generated. This report shall
maintain a history of each site command/reply activity and shall
contain the following:

6 'Time information with each message

’3 Commands sent to SDAS-

o Status information associated with each commandA
Vo' Action taken after errors
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DATA TIME DATA B8LOCK DATA BLOCK DATA B8LOCK
1
5 N0 a2 2evies | wovres) | SMECK | wevves | [T | wevTEs) chEcK
g PARAMETERS) {18YTE) {(1BYTE)
BUFFER - ,
FCRMAT
(512 BYTES MAX)
PAD SYNC  [COMMAND) STATION | SYATUS | RECORD |TIME BLOCK | DATA DATA |PAD’ BLOCK - | RECORD | pAD
‘| ADDRESS BYTE CHECKS | SCAN | +...... | SCAN CHECK |BLOCK | (18BYTE)
(1 BYTEN] (1BYTEN (1 BYTE) " evTED WevTE)l | SunT |aBYTES)] (tevTE)| o NO.N |(8BYTES) CHECK
(2BYTES) ‘ (V8YTE) | (18YTE)
TAPE BUFFER BUFFER BUFFER END-OF TAPE
FORMAT | DUMPNO.1 | DUMPNO.2 o DUMP NO. N MARKER
- (5128YTES) | (512 BYTES) (512 BYTES) (12 8YTES) .

Figure 7. Read Tape Command Reply Format




2.5 DATA STORE REQUIREMENTS ' .

The communications interface software shall accept and store on disk
-all incoming SDAS sensor data. This data will be received as the -
reply to a Read Tape Command and will be in the format described in
Section 2.4,6. The data store software shall provide the following:

o =~ Buffers in System/7 memory to accept the data transmitted
-from the SDAS. Two separate, chained buffers will be
required to allow one buffer to accept data while data is
being written to the disk from the other,

o' Provide storage (non-volatile) of the data on System/7 disk

o Maintain the Site Directory fields that provide an indéi to .
the data on disk.

0 Méinta;n the time'(CST)'that the data waé collected
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2.6 TRANSMIT DATA TO HOST COMPUTER

The ¢ommunications interface software shall provide a host forward
store capability. This software. shall perform the following:

o Automatically retrieve the sensor data for each site from the
System/7 disk. : :

) Build an identification/header record to be sent to the host
with the data from each site.

) Update the Site Directory fields on System/7 disk.

e} 'Transmit the header records and data from site to é data set
on the S370-145 host computer.

o Provide error recovery during System/7 - HOST data transfer.

The required format of the header records and data to be sent to the
host are shown in Figure 8.
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" ID RECORD

4 2 3 45 67 89 10111213 141s 16171819 25
| ucH B’M?fé‘w‘s” g??ensE?Nor © o FNLL
o= |ERHOR | YEAR | DAY | HOUR [MINUTE|SECONDInaTA LAST DATA | . (ZEROES)
UNT neconos | RECORD
< - VR
T
CLOCK START TIME AT SITE
DATA RECORDS
> . . - 2 254255256
o 8 _8 1011 1819 51 256 1 23145 12 13 14 41 4
s | M pata  [B]L 1 pata | oata |Blf| opara {8 r Fl oava |B}F
NED f, A mro  [Slal® * "t inFoO INFO | § |a wFo flalt ' ' |a| INFO HiA
G G 1 G G G G
RECORD 1 ‘ RECORD 2

"RECORD 5
BCH - BLOCK CHECK CHARACTER ,

FLAG - INDICATES WHETHER THERE WERE ERRORS IN THE PRECEDING 8 BYTES OF DATA . -
DATA INFO | |

END OF EXCESS YO
BLOCK BLOCK 8L0CK BLOCK SITE COMPLETE RECORD

(BLOCKS ARE ALIGNED TO BEGIN ON A BYTE AFTER A FLAG BYTE)

Figure 8. System/ 7 Output Format .



END OF SITE.

N 2 3__.4 _ 9
F?E?AND " o | FF16 |
~ (END OF SITE IS 8 BYTES LONG, AND BEGINS AFTER A FLAG BYTE) .
SAIS STATION ADDRESS /SC IS STATUS CODE |

wok 1

BLOCK ’ END OF MORE FF'S

START
SCAN SCAN SCAN - SCAN | BLOCK UP 10 .
COMMAND 8 BYTES OF FF‘IG NEXT BCH BYTE

SCAN

(BLOCK STARTS ARE ALIGNED AFTER A FLAG BYTE, SCAN'S ARE NOT ALIGNED, END OF BLOCKS ARE
NOT ALIGNED BUT MAY BE PADDED WITH EXTRA FF'S.) |

= BLOCK START COMMAND_
) 2. 3 a4 5 6 8 TIME IS A COUNT IN 2 SECONDS ELAPSED SINCE CLOCK
COMMAND BLOCK 'START TIME AT SITE. TIME AT START OF BLOCK.

CODE SA SC | count TIME
5016

eV

SCAN

1 2

* TIME IS LEAST SIGNIFICANT 2 BYTES OF COUNT
rwe | scawpaTa LengTi AN ARnANGEMENT | IN 2 SECONDS ELAPSED SINCE CLOCK START
_ , TIME AT SITE.

Figure 8. System /7 Output Format (Continued) ‘



2.7 MANUAL SDAS CONTROL REQUIREMENTS

The ability to manually select and send commands to the SDAS and
monitor the reply shall be provided as an aid in troubleshooting SDAS
or system anomalies. This capability shall also be used in ‘initially
bringing a site on line. The commands provided as operator input from
the System/7 teletype shall be as follows:

(]

Q

-]

(-]

Reinitialize
Read Configuration
Read‘Configuratién and End of File

Disconnect

.’ Rewind

Pisconnect and Rewind

Read Tape

Tha reply from the SDAS and the communication hardware status shall be
printed after each command. Printing of the data received from the
"Read Tape" command (data written on cassette) shall be under control
of the operator. . ’
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'3, INPUT PROCESSING SOFTWARE REQUIREMENTS -

The input processing software, as shown previously in Figure 4,
executes in the S/370-145 host computer configuration. The overall
function of this software element is to transform raw input into
processed information for input into the performance evaluation data
base. This transformation requires that the software satisfy the -
requirements as stated in the following paragraphs. . : :

3.1 FUNCTIONAL REQUIREMENTS

~

The input processing software, in performing its data processing role
within the CDPS, shall perform the following o

o Accept raw site data from the System/7.

-0 Extract varlables from scans and convert to engineerinc units,

o  Test converted variables in accordance with performance analyst
inputs. .

o Compute perforﬁance analyst defined variables..

o Compute performance evaluation parameters.

o . Generate input for data pase update;.

° Create history/archi;e t;pes.A

° -Create inpdt'summary reports and error messages. -

The detail requirements associated with above functions are described
in the following paragraphs:

~ et v o

© i
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3.2 ACCEPT RAW DAT: "°2M THE SYSTEM/7

Software on the S/370 ":all communicate with ‘the host forward store
software on the Syst... 7 for the transfer of raw data. Communication
shall be through a Sunsor Based Control Unit (SBCU) attached to the
$/370 to a Sensor Based Control Adapter (SBCA) attached to the
System/7, Raw data received from the System/7 shall be .stored into a
S/370 data set on disk for subsequent processing. The input format
fron the S/7 was shown previously in Figure 8, and the format of the
data on the S/370 data set shall be identical to the input., Data
snhall not be passed to subsequent processing steps 1f errors are
encountered during data transmission. Data transfer shall be attempted
five times if errors occur. If transfer is unsuccessful after five
tries, the custcmer engineer shall be notified. - :

AAError ‘conditions which shall be detected during the transfer are shown
in Table 3. l.
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Iable 3-1. System/7 - ﬁpé; Communication Error Conditions

Error Conditions

Required Actions

10'

4,

5.

10.

lll

12.

- 13.

14.
15.

l6l

Channel Control Check
Interface Control Check
Chaining Check

Channel D;ta Check
Command Reject

Bus Out Check

Equipment Check

Data Check

Overrun

Controller Read Timeout

End of Block Resﬁonse
Timeout

Incomplete Read Operation

Invalid Controller Address

Incomplete Sense SBCU
Invalid Order Response

Iﬁvalid Branch

1.

Message issued to console. Retry of
transmission will depend on sense
settings associated with error.

.Message issued to console.

Retry of

transmission will depend on sense settings
associated with error.

Message issued to console. No retry.

Message issued to console.” Retry response
on sense settings associated with error.

Message issued
formed.

Message issued
formed.

Message issued

 performed.

10.

11.

12.

13.

14,

15.

16.

Message issued
formed.

. Message 1ssued

formed.

Message issued
performed.

Message 1ssued
performed.

Message issued
performed.

Message issued
performed.

Message issued
performed.

ﬁessage issued
performed.

Message issued
Performed.

A-41

t .

to

to

to

to

to

to

to

to

to

to

to

to

console.
console.
conséle.
qonsole.
console.
console,
console.
console.
éonsole.

console.

console.

console.

One retry per-
One retry‘per-
Five retfies
No retry per-
No retry per-
One retry

No retry

No retry

No retry

No retry

No retry

No retry



" Table 3-1. System/7 - Host Communication Error Conditions (Continued)

Error Conditions

Required Actions

17.
:18.
19.
20.
21.
22.

23.

Invalid End-of~Block Response
Invalid AttentionAResponsa

No Controller Selected

No Request Code

Order Respon;e Timeout

Requesﬁ Code Overflow

ALU Check

17.

18.

19.

20.

21,

22.

23.

Message issued
performed.

Message issued

performed.

Message 1ssued
performed.

Message issued
perforacd,

Message issued
performed.

Message 1issucd
performed.

Message'issuéd
performed.
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to

to

to

to

to

console.
c?nsole.
console.
console.
concola.
console,

console.

No

No

No

No

No

No

No

;etry
retry
retry
rétry
retrry
retry

retry



3.3 DECOMMUTATE RAW DATA INTO SCANS

Decommutating raw data into scans shall include:
o  Separating BCH's and flags from the data.

o  Determining the location of Block-Starts, End-of-Blocks,
and End-of-Sites.

o Extracting scans from the data.

o Coﬁputing scan times in local standard time at the site from the
site base time and the relative time values in block-starts and
in the time value preceding each scan. -

Error processing shall include:

o Stopping the processing for a site if the program cannot locate
where blocks and scans begin and end. An error message shall
also be printed indicating that data has been rejected.

o Storing a scan into a rejected-scan data set if the time of the
. scan is uncertain because of BCH error or the time fails time
continuity tests. An error message shall also be printed
indicating time of scan and reason for rejection.
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S
3.4 EXTRACT VARIABLES CONVERT TO ENGINEERING UNITS

A ' ‘
The input processing software shall process variable formats for data
variables within scans. The software shall maintain a site
description directory to provide a detailed definition of the location
of each variable wlthin each site's input data stream. :

" To extract variables from scans, the scan file created during
decommutation shall be used as input. The software shall locate each
variable requiring calibration/conversion through use of the site
description directory.

Variables shall be calibrated and converted to engineeting units using -
performance-analyst-supplied conversion. type and conversion constants
for each variable. The following conversion types shall be provided:

Linear: . Eng-Units = A +(B x Raw)

Quadratic: Eng-Units = A +(B x Raw) + (C x Raw?) ~

Third Order: Eng-Units = A +(3 x Raw) + (C x Raw2) + (D x Raw3)
Discrete: Eng-Units = 1 1f A < Raw < B :

0 otherwise
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3. 5 COVVERTED VARIABLE TESTING

After conversion to englneering units, indiv1dual variables shall be
tested for:

o Excee&ing‘limits specified by the ﬁerforméﬁce analyst

) A change between successive readings which exceeds a max imum
o specified by the performance analyst '

o A BCH error flag for thevportion of the“data stream from
which the variable was extracted.

A variable which fails.two of the above tests shall be rejected. A
failure indication value shall replace the computed value in the
output used to update the data bank. The rejected computed value,
along with identifying information (site id, time, and an indication
of which variable the data 1s for) shall be stored in a rejected
variable data set and shall be included in error messages/reports to
the analyst. : :

The capability shall be provided to perform tests for no change in a
variable. This capability shall be selectable via performance analyst
4dnput. Variables falling this test shall be included in error
messages provided to the analyst.

Control over the level of detail of error messages shall be provided

to the analyst. Capability shall provide detail messages (to the
variable level), summary messages, Or no messages.
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3.6 COMPUTE PERFORMANCE ANALYST DEFINED VARIABLES

To provide the analyst with flexibility in analytical evaluation of
site system performance, the input processing software shall provide
the capability to compute new variables which are functions of input
variables within the data stream. These variables shall be computed
based on input provided by the analyst. Capability to combine up to
four input variables mathematically (add, subtract, multiply, or
divide) and to multiply the resultant value by a coefficient shall be
provided within the software. The software shall be designed to accom-
modate additional mathematical functions (as required by the analyst).

If any variable specified to be used in a performance analyst defined
variable has been rejected during testing, the performance analyst
defined variable shall not be cemputed. The output shall be set to
-99999 to indicate that cemputation was not performed.

" Performance analyst defined variables shall be computed on a detailed

lavel (Scan). These variables sihall be included in data base update
information. : L ‘
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3.7 COMPUTE PERFORMANCE EVALUATION -PARAMETERS

Since a standav€d set of solar heating and cooling system performance
evaluation ¢riteria will be used, the input processing software shall
utilize the s/te instrumentation data and manually provided data to
compute thes@ evaluation criteria. Instrumentation input to these
computations shall consist of input variables after conversion to
engineering units and testing functions have been performed. .
Variables at the scan level shall be utilized.in conputations. Manual
input of parameters such as system type, collector area and hot water
temperature required in computation of performance~parametefs, shall
be provided by the performance analyst. Resulting performance
parameters shall be included as output for entry into the data base.

The following performance evaluation parameters shall be computed:

o] Solar energy'providedhfor hot water

o Auxiliary energy required for hot water

o Solar énergy provided for space heating

o Au#iliafy energy required for space heating
o Solar energy provided for space cooling

o Auxiliary energy required for space cooling
o Hot water subsystem loss

o  Total available solar energy

o Total collected solar energy

o Collector array efficiency

o Total sélar energy utilized

) Solar system conversion efficiency

o Solar system operating energy required
o Total auxiliary energy required

o  Percent solar applied to load

o Conventional energy savings

o . Percent of time dwelling comfortable
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o Percent ofjfime hot water available

Table 3-2 Eontains the equations which shall be utilized in computing

the above parameters. Also included in the table is the definition of
terms and units shown in the equations.

In the computation of the performance parameters, use of any
instrumentacion variable which has failed testing criteria shall
result in the performance parameter being set to a -9999 value.

"In this manner, no invalid periormance parameter shall be calculated
and entered into the data base. '
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Table 3-2.

10

11

12

13

14

15
16

17

18

" Page 1 of 3
SOLHW = FPH.DTPH.CP+FLDENS+K1
T AUXHW = WHWAU
SOLSH =  FHCDTHC+CP.FLDENS.K1, if DC = O
‘ . 0, otherwise
AUXSH = WAUE , 1f DC = 1
otherwise
SOLSC = FHC CP FLDENS K1, if DC = 1
.0, otherwise
AUXSC = WAUE , if DC =1
0 , 1f otherwise
HWLOSS = (SOLHWHAUXHW) - (FHW. THW-TSW)+ CPW+ DENSW- K1)
SOLAVL = HT.CLAREA.K2
SOLCOL = FCA.DTCA.CP.FLDENS«K1
COLEFF = SOLCOL
SOLAVL . 100
SOLUTL = SOLHWH+SOLSH+SOLSC
SOLEFF = SOLUTL
SOLCOL  -100
SOLOP = WCP+WPHP+WHCP, 1if collector type = liquid
: WCF+WPHF+WHCF, 1f collector type = air
AUXTOT = AUXHW+AUXSH+AUXSC
PCSOL =  SOLUTL
: "(SOLUTL+AUXTOT . 100
SOLSAV = SOLUTL ,

. .(CONEFF/10Q) ~SOLOP
PCTDC .= 100, 1f TID & RHP within comfort limits
(72< TID < 78, 20 s RHP < 60)

0, if otherwise
PCHWA = 100, if THW > THWREQ

0, otherwise
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Table-j-ﬁ; Page 2 of 3

Description

c
o)
= -
(24
7]

A-50

Code
SOLHW Solar energy provided for hot water KW
AUXHW | Auxiliary energy required for hot water KW -
SOLSH Solar energy provided for space neating KW
AUXSH Auxiliary energy required for space heating |KW
SOLSC Solar energy provided for space cooling W
AUXSC Auxiliary energy required for space cooling |KW
- HWLOSS | Hot water subsystem loss KW
SOLAVL | Total available solar energy KW
SOLCOL | Total collected solar energy KW
COLEFF | Collector array efficiency Percent
SOLUTL Total solar energy utilized ) A
SOLEFF | Solar system conversion efficiency Percent
SOLOP Solar system operating enérgy recuired . KW
AUXTOT | Total auxiliary energy required KW
PCSOL Percent solar applied to load Percent
SOLSAV | Conventional energy savings KW
PCTDC Percent of time dwelling comfortable |Percent '
PCHWA Percent of time hot water -available Percent
FPH" - Preheater heat exchanger flow rate Gallons
' Minute in liquid system,
Cu Ft.
Minute in air systems
DTPH Preheater input differential temperature °F N
Cp Specific heat of transfer fluid BTU
’ o Pound.f°F v
K1l Conversion constant .0176 From §I§ to XW .
Minute
WHWAU Domestic hot water auxiliary power KW '
FHC Load heat exchanger flow rate Gallons ,
‘ Minute in liquid systems,
Cu, Ft. :
L o Minute in ailr scystems
DTHC Load heat exchanger differential temperature|°F '
WAUE Auxiliary Electric Power ‘ ‘ Kv o
DC Cooling subsystem discrete 1 = cooling, O not cooling
FHW Domestic hot water flow rate Gallon
: Minute
THW Hot water supply temperature °F
TSW Domestic service water temperature *F
CPW Specific heat of water 1 BTU
‘ Pound-*F
" DENSW .Density of water Pound -
, Gallon
HT Collector incident total solar radiation BTU

Sq. Ft. - Hour
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Table 3-2. Page 3 of 3

Code Descriptions. Units
CLAREA | Collector area Sq. Ft.
K2 Conversion Constant .000293 BTU
. ‘ . Hour to KW
FCA Collector array flow rate Gallon
Minute in liquid systems,
Cu Ft
Minute in air systems
DTCA Collector array different temperature - °F
WCP Collector pump power ' KW
WPHP Preheater pump power KW
WHCP Load heat exchanger pump power KW
WCF Collector fan power KW
WPHF Preheater fan power o KW
WHCF Load heat exchanger fan power : KW .
CONEFF | Conventional energy conversion efficiency Percent
TID Dwelling indoor dry bulb temperature . °F
RHP Dwelling indoor relative humidity Percent
THWREQ | Hot water minimum temperature required °F
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3.8 GENERATE INPUT FOR DATA 3a4SZ UPDATE

The input processing software shall generate input to be used for
updating the data base. The input for each detailed scan shall be
formatted as shown in Figure 9. These scans shall be blocked such
that each input record to the file maintenance software contains six
hours of data from the remote site. Each element of the input format.
shall contain one of the following: :

(1) A value which has passed all testing criteria

" (2) . An indication that the element does not apply to the remote
site

(3) An indication that tbﬂ value has been reJected during
processing

The definition of each element's conteats, format and engineering
units 1s shown in Table 3-3. -

Data base update records shall consist of:

(1) Detail data (scan level)

(2) Hourly data (summarized from detail data)
(3) Daily data (summarized from hourly data)

The tequirements associated with the generation of these data are
discussed in the following paragraphs.

Detaill Data

Detail records shall conrain values of dlrectly-read wvariables,
performance analyst-defined computed variables, and perfnrmance

. evaluation parameters. These data shall be at the scan level
(baselined at 5 minutes) All variables, which either are not
applicable to this site or have failed processing testing shall be
flagged with apprOpriate ind{cator £1li worcs.

Hourly Data

Hourly data shall be computed from the detail data described
previously. If all values of a variable within the corresponding
detaill data (12 scans) have either failed testing criterid or are not
applicable, the hourly value shall be set to -99999. 1If values exist
which have passed tests and 1f the detail data 1s applicable to the
site, the hourly computed varizble shall be computed as shown in
Figure 1Q and written tQ the data base input file.
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Daily Data:

Daily data shall be computed from the hourly data. If all hourly
values of a variable have been set to -99999, as described above, the
corresponding daily variable shall be set to -99999. If hourly values
exist which have passed testing, a daily data computed value shall be
computed as shown in Figure 10,

For these daily.variables which are totals, a summation of hourly
totals shall be performed.

The data base input shall contain detail records for the past month,
hourly records for the past month, and all daily records generated to
date. Daily input for data base update shall contain all site
operational records to be put into the data base not just new or
changed rec¢ords. ' ’
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TBCUTY NIES TNPUT, /% RECOPD FOR INPUT Th NIBS «/ Sl .

2 NIPS CHAR(Y) L/ CONMSTANT _*N* FOR_NI®S . " x/0
2751TZ_1D 91¢C 159898V /NSITE 16 . . ) =7

2 SYS_TYPE CHAR(2)s /= SYSTEW TYDE 4 A %/

2 YEAR OIC 30, /% YEA2 CF THI3 cccapo &/

i 2 DAY PIC ®3<a1, /% DAY _CF _THIS ©2Z¢CH =y
2 HClI= PIC ' 300, 'l H‘)U‘" or Tﬂ[a ”‘-C"JRO oL * /

2 OR[N L DIC Y3, /= "MINUTE AF THIS RECORD ' o oy

2 LEVEL CHARI(1), /= LEVEL? ASDETAILR=HOURLYSC=DATLY s

e @ RO I TIXEG(R1HE) »/*STCRAGE . TANK UYLLAGE DRES3URE =y

2 PCPD BIM O FIXED(3132) 3 /«COLLICTOR 0umd QUTLET D2FES5URE Y2

2 PCFU FIN FIXEN(3142) o/ xCOLLECT IR FAN CUTLET PXNESSURE - =/

2 PHCPO  BIN FIXED(31+7) «/sL0AD HIAT —thvcs DyuUpP DUTLST PRfsg=y -

2 PHCEC AN FIYIRI3 et e /2 TAR “iéLm‘YHHA\ R FAN TUTLEY PSS Sxy

2 PP AIN FYKEL(Z1,0) o/ «RFWIAT S DUAE “}TL T 9E5505 8 = /-

2 bPCP nry ﬁlKED(ﬁIoh).IVC“LL:’TD\ SUNP DIFFSIENTAIL PASS =7

‘ 2 CPRCF AIN FIXED(R144) «/°CCLLICT IS TAMN DIFFERENTIAL POESSUO %/ -
2, 0PHCD RN FIYED(T1le5) s /s A2 HIAT _SXCHANGES _ "A!.L.'.‘.R-_.?.IP:_F__P__? ISAk/.
2 DPHCF 3TN FIXEC(21.28) ¢/ =xLTAD HEAT SXCHANSGER FAN DIFF POEg %/

2 TD4 SIM O FIXES(3T4%) 9/=2UTDACR (AARIENT) DRV BULA TEuP =/

2 TwH M FIXKED(2142) o/ ~2UTSS0F (AMBIENT) WET 3L TEMP %/

- =TI ;LLHLNEL&EQA%LJ:)A/‘>*“L'I“" INDIG2 Q%Y UL T2 c/
2 TCAl RIMN TIXEC({I1e5) 2 /xCOLLECTRE ASTAY TRLET TZ98 =/

2 ICs QI FITED(S142 ) o/ SCOLLAATARS SURFACE TFWDFwATUDE =/

2 TPHS FIN FIXEO(I143) o/vCHESTIC PREAZATIR CUTLET TEMmP x/

e 22 IST L INM FIXED(319A) ¢ /=5TIRAGE TAMK -TEMIERATURT o x Y
N 2 THZ1 BIN FIXED(214h) o/ sLCAC HIAT SXCHANGER [NLET TEwO 'y
2 TCH BIN FIXEC(3143) o /«CHILLER QUTLET TEMPEQATUSE . x/

2 TCTS AN FIXED(31.£)./ COCLING TOWIR SUPPLY TEWPSERATUSE =/

2 TS5 SINM_FIACO{31ef) o /2NCVUESTLS SZRVICE wWATIS T MPERATYIS =/

Z THW CRIM FIXEC(3 130 ) o/ <HOT WATER SUPPLY TEUDESATUIE x )

z DT=H 3IN FIXED(3145) o/ =PREHIATER INPUT DIFF TEMDERATURE s/

2 DTHC TIN FIXED(2145) o /%L 0AD HEAT S XCHANGER DIFF TEMD x/
o2 BTCTY DI FIXED(3145)y/¢C00LING TDWED DIFF TEMREPATURE | ___*/
2 orcd GTd TIZES(3147) o/ =\B303IPTN CHILUSR EVA2RTIE DIFF FEME=y

2 0OTCA SIM FIXSL(31e2) s/ «C0LLECTOR ARPRAY OIFF TESVMDERATUISE =/

2 FHw BIN FIXED(31+5)/720CYE3TIC HDT WATIR FLON ZATS =/

- 2_Fenr M _FIKED(I N €) 0/ xOREHT ATER HEAT | ~‘C“A\G’° FLOW RATE=>/
. 2 FHC FINTFIXEN (3103 o 72 AN THELAT T TEXCHANGEF FLDw SATE =/
& FCA BIN FIXED(Z2Lyv6) o /=CCLLIC TR ARRAY FLow 2ATE = /.

2 wWCo SIN FIXED(21.8)4/5COLLLCTOR DyUUw oW . Ry

e 2. ¥CF  IN FIXED(315%2)/«IOLLECTIR FAN POWER 7
- 2 TAERAU TR IM TFIXED(I 10 ) o/ xDOIESTTC HiGT AATEF AUXILTASY POWES</

2 woHD Bl FIXED(3146) 4 /aDREZIATIS DUME LOwE R w0

2 WPEF RIM FIXED(31+8) e /72285 HITATEST FAN POYER - s/

2 WHCD TN FIXED(31 2/ ) /YL CAL HEAT INCHANGEDT Dyud pawSQl » /

R 2TWHCFET TTEIRTE [XKEU3 LY W AU TN RIS S XCHANGE R FAN TR ONER </
2 WAUER BIN FINED(Z3146) e/ 7s3UNILLARY ELECTIIC OOW=ER : =/

2 vwaAus 2IN FIZED(314€) o/xAUXILIARY 53435 POWESR ‘- «/
2 wAuUn DIN_F}XED}BILC)./JAUKXL!\RY STL POWER %/
S WCTER  8IN FIXYEC(31 98 ) o /2CCOLINSG THraR EEVARFATN PUME POFER "=/

Figure 9. Form of Input for Data Base Update

Page 1 of 2
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,/<RETUIN AIR EAN POWER L kg

2 WRAF _ BIN FIXED(31,6)

2 HT -~ 21N FIXED(31,8)./*CCLLECTOR INCIDENT TOT SQLAR RAD _*/
T 2-RAP - BINM FIXED{31+5) +/2D%ILLTING INDOGR RELATIVE HUMIDITY /%
2°DHC L ZIN FIXED(3146),/ % CAC HEAT EXCHANGEP ON/OFF DISCRET=/:

: 2 DCTRP.. BIN FIXED(31+6),/=CO0LING TOWE® PUMP GN/OFF DISC?ETrzl
2.0C . BIM _FIXED(31+6)s/=xCOOLING SUARASYSTEM DISCRETE =/

2 VwND ST FIXED (31460 s/ %9 IND SPEED . =/

2 CwNO SIN FIXED(3146)s/=<4IND DIRECTIGN cLo x/

2 sP1 3INM FIXED(31456)+/2SPART | . x/

2 S22 2RIN_FIXESUI1,48) o /=838 2 - : =/
~2 SP3 3TN FIXED(3146) 4/ =SDARE 3 Y2
T2 SP4& T BIN FIXED(3146),725P20% 4 - N R T
42895 BIN FIXED({31sR)«/x3PARE 3 $ T k)
2. 5r6. - 2IM FIXED(31,5) ,/232A0% & L SN .. L4

2 sP7 AIN FIXEC(314¢)4/xSFART 7 A , - o x /
T2'SP8 0 T BIN FIXED(3146) 4/ xSPARE 3" - LT ,' x/-
-2 SP3I AIN FIXED(31+6) +/=SPARE 9 ’ Tt =y
2 _SP1% 3IN FlXEQj}L,ﬁ)./stA~~ 1o ‘ ; = %/
T2 SOLAN L AIN FIXED(31496) +/*SULAD ZNERGY P20V FOR HOT WATER =~ =/
2 AUXH¥ 3 In FIXED(31,A),/=AUXIL ZWNFRGY REQ FOR HOT WATER . &/
©2.SCLSH QIN FIXECL(31.,6)+/%530LAR ENERGY PROV FOR2 SPACE HEATMG=/|
ocioaini 2 AUXSH_ S IMN FIXED(314A),,/xAUXIL - SNEKRSY REQ FCR_SOACT HEATINGE/L!
- 2 SCL3C BIN FIXEL(231+5)/%SALAR ENERGY PROV FOR SPACE COGUNG=/
-2 AUXSC  BIN FIXED(31.6) ,/<aUXIL ENSRGY REQ FOR SPACE COOL ING=/.
2 HWLOSS 81N FIXEG(31+6)/%¥H0NT WATER SUBSYSTEM LJSS . o=/
~ 2 SCLAVL, 818 FIXEQ(31vA)/*TOTAL AVATLARIE SOLAR SNERGY, =/
2 SCLCOL EIN'FIXED(Bloé)o/'T"TAL COLLECTED SCLAR ENERGY . =/
2: COLEFF SIN FIXED(3146)4./=C2 CTOR AR2AY EFFICIENCY .. = . =/
2. SOLUTL, RIN Frxso(sx.e)./arovAL SOLAR ENERGY UTILIZED® x5
2. SCLEFF_2IN_FIXED(31+5)+/%xSTLA_SYSTEM CINVERSICN _SFEICIENCY~/

2 SOLNP  JIN FIXES(31v5)+/=SCLAR SYSTEM OPERATING ENERGY REQ =/
T2 AUXTOT 3IM FIXED(3146)e/=TOTAL AUXILIARY REQUIRED - xS/
.2 PCSOL BIN FIXED(316)./«PEFCENT SOLAR APDLIED TN LOAD «/

2 SOLSAV RIN FIXEC(21,A)«/*CONVENTICNAL ENERGY SAVINGS /.
: 2 RCTUC. OIN FIXED(3146) 4/ *PE3CEINT CF TIME DWELLNG COMFORTASIL =/

~ ¢z=PCH«A LBIN CEIXED(3156)i/%XRPERCENT, OQF..TI ME .HOT WATEKWAVALLADQ:

Figure 9. Form of Input for Data Base Update ( Continuéd}
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Z0DE

VARIABLE DESCRIF 11V “\m: _________ .
S TU S Ton Aol TANK UL Asn:  2HESS — i -
2¢P0 ~OLLECTER Pl GUTLET aRE )SU i PSIG ESTIMMATED ESTIMATED
PCFO COLLTCTAOP FaN OQUTLET p:ztc.su:ez-: ! AVERAGE AVERAGE
DHCEZO  LOAD HEAT T XCHNGR PUMD QUTLET oprg PSIG PSIG
DHCFG LOAD HEAT TXCHANGR. FAN JUTLET. PRES
HoHP  PPEHEATER NUMP DUTLET PRESSURE ;
prCe CILLECTOR DUMP DIFFERENTAIL PRIS |
DPCF COLLECTOR FAN DIFTERENTIAL PFESSURI ESTIMATED ESTIMATED
NPHCP.. LOAD. HEAT_CLXCHANGZR _PUMP._DIFE_PRES | PSID AVERAGE AVERAGE
DOHCF. 'LOAD HEAT €XCHANGES FAN DIFF O2ES | PSID
03 SUTDNDOR (AMBIENT) ORY 3uLl Tguwo
TwS 'OUTDOOR (APRIENT) WET 3ULA TEMP
1D, DWELL ING INDOCR .ORY BULR. TEMP_. __ .
A1 COLLECTOR ARRAY INLET TEMP ESTIMATED ESTIMATED
TCS COLLECTORP SURFACE TEMPERATURE AVERAGE AVERAGE
TOHQ DOMESTIC PREHEATER JQUTLET TEIMP of oF
T35 e 3TIRAGE_TANK . TEUPERATURIT _.m ... — -
THCI 1.OAD HEAT EXCHANGE INLET TEnMP °
TCO CHILLER DUTLET TZ4OzZQATURE . ’
TCTS COQLING TOWER SJUPPLY TEMPRPERATYRE
TSW . , DOMESTIC SERVICE WATER.TEMPERATURE
THW HOT WATER SUD2LY ToH4PERATUOE
LT O DREHEATER [NPUT DIFF TEMPERATURE
T HC LIJAD HEAT £ XCHANGEIR DIFF TEMD
PTCY o .COCLING.TNAER. DIFFE TEMPERATURE - S
L TCE IA3SOPPTN CHILLFR ZVAPRTR DISE TEue
OTCA g LLFCTOR ARRAY OI[FFE TIM2ERATURZ
HW MESTIC HOT WATER FLOW RATE _ IW[GAL/MINUTE  |EST AVG GAL/MIN EST AVG GAL/MIN
o PREHLATER HZAT SXCHANGEZ FLOW 2- E“Eiﬁﬂ?%ﬁ%n EST AVG EST AVG SAME
',A’,*.C :LOlADLr#_AT nﬁng\N’:th‘ FL.'.;d=QATE 1 CU FT/MIN SAME AS DETAIL UNITS AS DETAIL
A _iCHLLLLTOR ARAY FLOW RATS Y R SYSTFAL Al
LI WCOLLECTOR PUMD DrwaR i
WwCF COLLECTOR FAN POWER e . |
WHiwAU DOMESTIC HIT WATE3 AUXILIARY POWER| kw KWH KWH 7
W IHD POEHEATER PUMP LNDWER i EST OF KWH USED EST. OF TOTAL :
WO HF DREHEATE? FaN POWER : THIS HOUR. KWH USED THIS DAY
wHCP . LDAD HEAT S XCHANGEP PUMP ﬂowpn___ i SAME AS EST. AVG. i
WHCF LOAD HEAT & XCHANGER FAN POWER OF KW '
wAaUE AUXILIARY ELECTRIC P0OWER ‘
waA UG AJXILIARY L AS PQugR :
WAUD . AJXIL [ARY OIL.POWER o ..o .. [|GALMINUTE | EST.AVG EST. AVG.
wCTED . (HOLING TszaarvaﬂuATN DIJMP DOWIR
:«'...A..F—-. RETUEN ALS FAN pfn.,r-q e i e KW KWH KWH (EST. TOT.)
2;p ra%LECICD k“CXQ"}: TOT SNLAR 24D :|8TU/(HRSQ FT) | EST. AVG. EST. AVG.
S =i ;Ml;Ls:chr IE' ::SA{ ’ﬁl-‘*(;IJ‘//O"F;M;!!g?l*ng_f:E-nCc)::.‘n £ST. AVG, PERCENT EST, AVG, PERCENT
cCiP .COOLX*JG TJIWER DUuD ON/NEF DI SCRETE 0= OFF EST. AVG. EST. AVG.
be COOLING SUASYSTEM DISCRETE 41 = COOLING EST. AVG EST. AVG
v AND WIND SPESED o iMiEs A o7, AVG. MILES/HR EST_AVG, MILES/HR
1WND WINO DIRECTION ‘ CTIN o EST. AVG ' EST. AVG
321 SPARFE ] B - -
a2 SPARRFE 2 ,
5P 3 'SPARE .3 ——- ——— - - -
SPa SPAGE & UNKNOWN EST. AVERAGE _EST. AVERAGE
05 30ARE 5
LR6 3DARE 6
<n7 ¢ RF 7 -
nag t1GDAE A
¥ ele) 3DARE ©
SP 1L SPARE 17 . i
CLMW . SOLAR ENERGY PRIV FIR . HIT wATER.T|
AL)Xi4w AUXIL FMNERGY REFQ FOR HOT waATZ? !
SOLSH  SOLAR ENTRGY ©ONOV FOR SPACE HIATNG
AUXSH  AUXIL ENERQGY REQ FOR SPACE HEATING KWH. KWH.
SCLSC .SOLAR ENFRGY PROV FCOR SPACE. COOLNG| XW ESTIMATE OF TOTAL ESTIMATE OF TOTAL
AUXSC -AuxlL ENCPGY REO FNR SOACE COOLING K S PNE As KWH USED THIS
MWLOSS NMOT WATER SURSYSTEM LOSS : RormMaTED ava. kw. | 22T
TOLAVL TOTAL AVAILASLET SOLAR ENZ 3G ) )
SOLCOL.TOTAL. COLLECTED. ANLAR .ENERGY— '
(JLEFF :COLLECTOR ARPAY _SFFICICNCY _’PERCENT EST. AVG. PERCENT EST. AVG. PERCENTY
SOLUTL TOTAL SNLAR ENERGY UTILIZED "KW KviH KVWH (EST TOT)
SOLIFF :SOLAR SYSTEM CONVERSION FFFICISNCY[ PERCENT EST. AVG. PERCENT EST. AVG. PERCET -
5000P "iSOLAR 3YSTZ4 OPSRATING ENERGY REQ..| -
CAUXTOT TOTAL AUXILTARY REOUYIRED | KW KWH KWH (EST. TOT)
PCSOL  DERCENT SOJLAR 222 IZD TO LGAD . PERCENT EST. AVG, PERCENT. EST. AVG. PERCENT ¢
gQ%géV.gowXENTIEHAL ENERGY SAVINGS KN O H EST S57.70T) !
N td SECENToOF TIME DaLLLNG. COMECRTADLT ToT ) EST. AVG. -
| PCHMA | DE2CENT OF TIWE HOT_WATER AVAILASLS ﬁféﬁ"%& ﬂ'-%éﬁ’%gCENT TIME PERCENT

« o ————

——— - ——
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o VALUE
‘ : ‘ 8 3 VALUE ,
‘———?VALUEf . | ﬁ‘?
; VALUE ,
i T | |
| I I }
[ 1 I
! | | | |
STARTOF  TIME , -, TIME CTIME 5 " TIME ;- END OF
HOUR/DAY _ _ - HOUR/DAY

@ VALUE 1, VALUE 2, VALUE 3, AND VALUE 4, REPRESENT
"GOOD’ VALUES READ WITHIN THE SAME HOUR

® HOURLY COMPUTED VALUE =gy [ (Min+ 1).
VALUE{* (Mlnz‘ Min1). VALUEz + (-\v1ln3 - Mlnz ).
VALUE3 + (59 - Ming). VALUE |

® 'MIN; = MINUTE PORTION OF TIME; (0<Min;<59)

DAILY COMPUTED VALUE =1 (HOUR 1. VALUE1) + (HOUR, HOUR ), VALUE,) |
+HOUR3~HOUR,), VALUE, +(HOUR 4~HOUR). VALUE, ,....

(24—HOUR,3), VALUE24

.' 'Figure 10. Weighting of Values in Comput/'ng Hourly/Daily Variables
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3.9 CREATE HISTORY/ARCHIVE TAPES - _ : : i

The input processing software shall provide the capability to create
and maintain history and archive data (raw data and processed data) on
magnetic tapes. ‘Raw data received daily from the S/7 computer shall

. be written to disk storage and organized into a data set for each
day's data. The corresponding site description data file containing

" calibration/conversion information shall also be written to the data

set on a daily basis. On a monthly.basis, this data shall be written
to magnetic tape for archival purposes. Magnetlc tapes shall be
cataloged to relate days of information with tape identification for
retrieval purposes.

Processed data shall be maintained on tape for history purposes.
Monthly, after all data for the month has been processed, the detail
records for the month, organized by site ID, shall be stored on detail
record archive tape(s). Hourly records for the month, organized by
site 1d, shall be stored on hourly record archive tape(s). Daily
summary records remain i the data base, thus there {s no requirement
to keep them on archive tapes.

~-
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-3.10 CREATE INPUT SUMMARY REPORTS AND ERROR MESSAGES

‘To assist the performance analyst and data base maintenance personnel,
the input Processing Software shall create input summary reports and
error messages. To provide these reports and messages, the software

shall:

)

Generate daily reports to specify the number of data base input

~records by site and scans

Generate a report to specify the number 5? records by site placed

in monthly data base detail record history files

Generate a daily summary report to specify the number of sites
processed and the number of sites for which processing failed

‘Geﬁerate daily messages if a site is dropped or a block of data
is dropped T : :

Supporf user selection options for site summary reports on raw
input processing. These reports shall include the following types
of information: : '

- Number of blocks

- Number of scans
- Time of first and last scan
- Summary or errors in variables.

Support user gelection for error messages on individual
variable errors (BCH errors, out of limits, variable changing
too fast, variable rejected) during raw input processing.

Support user gelection option for printing data base detail
records created by raw input processing.

Provide a report of calibration/conversion parameters for each
remote site. Report shall include:

- Calibration/conversion data for each input parameter

~ . History of changes in calibration/conversion data
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4, FILE MAINTENANCE SOFTWARE REQUIREMENTS

The file maintenance software shall execute in the S$/370-145 host
computer and shall provide the capabilities required in support of the
performance evaluation data base. The software shall execute in a
shared environment under control of the S/370 OS/MVT operating system.

4.1 FUNCTIONAL REQUIREMEINTS -

"To support the management of the performance data base, the file
maintenance software shall: '

o] Update the data base from the 6utput of Ihe. Input
' Processing Software

) Provide capability for manual input to the data base for data

collection/addition/correction -

o Pruvide capabilities required in performance of data base
maintenance, access, and update functions

o Provide security of data base contents. -

The foilowidg paragraphs address the detailed requiremehts which must
be satisfied.
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4,2 AUTOMATIC UPDATE OF DATA BASE

The file maintenance software shall accept the output of the input
processing software and create the performance evaluation data base.
The input to this software shall be of the format shown previously in
Figure 9 and shall be sequenced by site identification and all data
for each site shall be in time sequence. The input shall contain 30
days information for each remote site and shall be stored onto the

" disk unit, within the host computer facility, which is dedicated for
solar heating and cooling system evaluation data., Directories
required for access/update of the contents of the data base shall be
created during the update process.

Errors encountered during creation of the data base shall be provided
for data base correction activities.



4,3 MANUAL INPUT-TO THE DATA BASE

The performarnce evaluation data base shall contain non-instrumentation
data relating to description and performance of solar heating and
cooling systems. In addition, manual input for correction of data
base contents shall be supported. Both terminal input and. batch input
cechniques shall be provided.

'The manual interface capability shall be used to generate initial data
files within the data base and shall be used to enter non-
instrumentation data, problem descriptions, Droblem solutlons, and
other text~type information. .

During the manual input of data, the software shall perform editing on
format of input to ensure thet incorrect data is not entered into the
data base. Messages shall be provided to indicate erroneous input (on
display tube from terminal input and via printout for batch mode).

A-62



4.4 DATA BASE MAINTENANCE, ACCESS, AND UPDATE

The normal data base maintenance, access, and update capabilities
shall be provided for support of the performance evaluation data base.
The file maintenance softwa;e shall provide: ’

o Predefined operations to be performed on the data‘elements
when maintenance is being performed. —_—

o Interface between the data base processing language and user
' written routines for data editing. :

o Data field editing while performing file maintenance.

o  Indication of errors in data makeup for corrective action,
o Statistics on system characteristics for use in improving
"~ performance. . ,

o Ability to access multiple files within the same processing
sequence, '

o  Capability for keyword/secondary indexing of data fields.

o System recovery/restart. . ,

o] Data migration (archiving) of data'frpm the data base on selected
basis,

o Support of restructuring data files to allow for changes in either’

file size or content.

»

K Data base utility functions for data conversion.
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' 4.5 DATA BASE SECURITY

The file maintenance software shall provide security in access of the
.data within the data base. The data base security capabilities shall"
be utilized in either the terminal or batch mode of operation.

Details of the security requirements are contained in the following
paragraphs:

Terminal Access

Data base security within the terminal access mode shall consist of
sign-on, password, and file classification security techniques.

At sign-on to the terminal, the user shall specify accounting
information and name., This information shall be verified for
correctness, and 1f incorrect, a message shall be displayed specifying
that incorrect accounting informaticon has been entered. The user
shall be allowed to retry three..times before the terminal input is
ignored. A sign-off shall be required before the terminal will be
reactivated within the system. o :

If a log-on is successful, a password shall be required before
proceeding., Three consecutive errors in password entry shall result
in terminal being ignored by the system. Error messages shall be
provided to the terminal during password editing.

Successful completion of password processing shall result in a user's
being allowed to request that a data file be opened for access.

If a data file open request 1s entered, the software shall ensure that
the user has the authority to access the data file being requested
through file classification. The software shall ailow the user access
to: (1) read only, (2) write only, or (3) both based un the access
table within the system. If the user coes not have proper file
classification code, he shail not be allowed to address the data file,
and an error message shall be displayed.

Batch Access

Security within the batch mode of operation shall be similar to that
described above for terminal access with the exception of '"sign-on"
security which does not apply to tatch operations. For password and
file classification protection, erroneous requests shall result in the
batch job being terminated and error messages being printed for user
action.

Access Authority

Authority to access the data base shall be controlled via formal procedures.
Management approval shall be required prior to releasing password information
and shall be required to add user's identification to the access list.
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5. USER SUPPORT SCFTWARE REQUIREMENTS

The user support software executes in the S/370-145 host computer and
provides those capabilities which are critical to the performance
‘evaluation activity. Presentation of information in a form supporting
evaluation and satisfying the needs of a diverse user community shall
be the overriding objectives of this element of the software.

© 5.1 FUNCTIONAL REQUIREMENTS.

The user support software shall utilize the contents of the
performance evaluation data baSE to provide the following:

o .

o]

o

Information retrieval capability for report generation
(non ‘scheduled)

Plot capability for support of analysis activities and inclusion
in reports

Generation of daily, monthly, and annual reports (scheduled output)

Generation of magnetic tapes

i

Terminal/Batch capabilities

The detailed requirements in the above capabilities are described in
subsequent paragraphs.

-
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5.2 INFORMATION RETRIEVAL

The user support software shall provide the user with the capability
to access the data base contents on a non-scheduled basis for
generation of reports/plots to support his daily analytical
activities. An Information retrieval language shall be provided to
allow the user to generate queuries to satisfy his own unique
requirements. The retrieval capability shall be supported in both
terminal/batch mecdes of operation arnd shall provide the following:

0

o]

Retrievals against single/multiple files.
Data qualification via user generated subroutines.
Terminal data entry/collection from desired files.
Batch processing of lg;ge data retrievals/updates.
Multiple answer files from one retrieval.

Versatile output formatting with headers, labels and boolean
processing capability. ’

Library capability for temporarily storing queries for
repetitive use.

Display statistical summaries of selected parameters.

» EE . \
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5.3 PLOT CAPABILITY

The ability to provide the performance analyst with plots of A
instrumentation shall be an essential capability within the user
support software. The software shall provide the ability to:

.

. o Plot selected parameters versus time
:o ) Plét parameter versus paraﬁetef éver time intervai'
o Plot muitiple parameters against time
) Provide multiple plots on the same CRT image

The Tektronix 4015/4631 terminal-hardcopy unit shall be supported by
the software to provide both plots for analysis on the display and
hardcopy of plots for inclusion in reports. :

Input to the plot support software shall be a file created through use
of the information retrieval capability. The ability to process
multiple input files to produce multiple hardcopy reports shall be
provided. Interactive capability with data base for plots will not be
required.

Representafivevexamples of plot ;equirements are shown ih'Figﬁre 11.
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COLLECTOR INCIDENT SOLAR FADIATION CAHLECTOR SURFRACE TEMPERATURE
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Figure 11. Terminal Graphs and Plots
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5.4 GENERATION OF $CHZDULED REPORTS

The user support sof tware shall provide the capability to access the
data base on a planned basis for generation of scheduled output
reports. The softwar® shall provide libraries of standard information
retrieval querlesvﬁuch create the reports: in the required formats.
After completion of the daily data base update, the daily summary
reports shall be generated and will Ppresent data summarized on an
hourly basis for analysis.

On~a-monthly basis, the monthly sﬁmmary reports shall be generated.
These reports shall have data summarized to a daily basis, shall be
analyzed for accuracy, and delivered to users for evaluation and )

archiving.

Capability to generate annual reports shall be provided. Daily
summarized data shall be summarized into months and the monthly data
presented over the annual reporting period.

A representative example of a scheduled summary report is shown 1in
Figure 12. Reports shall be provided to MSFC, ERDA, and MSFC
assoclate contractors.
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SOLAR HEATING AND COOLING PROGRAM

ERDA 1-0037

12/16/76 DAILY SYSTEM PERFORMANCE SUMMARY ‘ PROCESSING DATE: JANUARY 4, 1976
SITE NUMBER: 0037 o ' COLLECTOR SIZE: 65 SQUARE METERS

SITE LOCATION: 1915 WAXLEAF GREEN, HHUNTSVILLE, ALABAMA 35803 COLLECTOR TYPE: REVERE COPPER

SITE NAME; T : ' S : STORAGE SIZE: 1200 GALLONS

OPERATION START DATE:  OCTOBER 17, 1976 : 4 ' STORAGE MEDIA: 100% WATER ‘
LATITUDE: 347N , : : SYSTEM TYPE:  HOT WATER, HEATING &

LONGITUDE: . 86.6°N o o COOLING

DATE OF DATA: DECEMBER 16, 1975
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Figure 12. Representative Scheduled Summary Report .



5.5 MAGNETIC TAPE GENERATION

The user support software shall provide the capability to generate
magnetic tapes compatible with user (MSFC/ERDA/MSFC associate
contractors) computer facilities. Magnetic tapes in either 9-track
1600/800 BPI or 7-track 800 BPI formats shall be generated. The
information retrieval capability shall be utilized to access the data
bank to create data files containing the required data in the correct
format. User support software shall be provided to access the data
files and write the data to the magnetic tape for delivery to users.
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5.6 TERMINAL/BATCH CAPABILITIES

In support of users, the user support software shall provide access to
performance evaluation data bank contents via both terminal and batch

modes.,

The terminal supported shall be IEM 3277 units located with

the IBM facility (local terminals). An interactive terminal
capability shall be provided for access and display of data base

- ..contents, Displays shall te text or numerical information and shall

" be used for on-line performance evaluation activities. Hardcopy
outputs and graphic displays cannot be generated on the interactive
terminals but shall be provided via the batch mode (hardcopy) and plot
capabilities (graphic on the Tektronix 4015/4631 display unit
dedicated to.support of performance analysts within the IBM facility.

The terminal processing software shall provide the user the capability

to:

o

[¢]

The batch operating qapabi}ity.shall‘provide the capability to perform -

Generate and execute {ﬁforﬁation retrieval queries
'Exécute prédefined infofmacion retrieval queries
'Submit'b;tch job; vié rémote.jOb entry

Use a display language to define output formats

" Perform maintenance on existing data files

the following:

.

(o)

(o]

Generate and execute information retrieval queries
Execute predefined queries

Production of hardcopy reports
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6. PERFORMANCE EVALUATION DATA BASE REQUIREMENTS

The performance evaluation data base shall be located on disk storage
and magnetic tapes within the S/370-145 host computer and shall
contain all data files required in support of performance evaluation
activities, Management and access to data within the data base shall
be via the data base management and user support software.
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6.1

FUNCTIONAL REQUIREMENTS

The performance evaluation data base shall be organized to provide

each

major data bank user with his own data file yet provide the

capability to correlate information among the files. The data
contained within the data base shall include both automatically—
-entered and manually—entered data.

The data base shall provide files for the‘following:

Each

6 Remote site description

o Remote §itg operational data

0 :System analysis simulation/weather data
o Sys;em interaction data

o  Subsystem evaluation N

o Configuration ﬁanagement

° Software development

o  Raw data file
of the files shall héve the following design requirements:

Fixed Data Elements - Data fields, which represent record keys,

site/system characteristics, site/system identification,
geographical, and past climatological information, shall remain’
fixed within data set records for life of the Solar Heating and
Cooling Development contract. These fields shall ba protected
from arbitrary access and inadvertent destruction to avoid propa-
gation of error throughout the remainder of the data base.,

‘Periodic Data Elements - Data values, which represent solar

system and subsystem integration and testing data, and data

_collected from operational sites will recur on a fixed periodic

basis as input to the data base. The periodic interval shall be
one of the following: five minute sampling interval of raw data
readings, surmarization intervals such as hourly, daily, etc.,
and pre-defined intervals in accordance with the schedule for
system and subsystem testing. Periodic data shall be pre~
processed (converted to engineering units, limit checked, scaled,

h etc.) prior to being included in the data base.

Variable Information - Variable data fields shall contain text

and commentary. information and also as polnters to data items in
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off-line storage. Of particular importance will be the A
maintenance of failure history information for each remote site.

Grouped Data Elements - To simplify data manipulation and
retrival, continuous fields of related data shall be grouped and
secondarily named as one field when appropriate. For example,
the latitude, longitude, and elevation of a site shall be grouped
under one name, 'location’', to facilitate data operations.

Data Value Modes - Both alphameric and numeric data value shall
be stored in the data base. Record elements which are defined as
alphanumeric mode shall require EBCDIC characters to be stored as
. bytes. These fields shall not require mathematical processing.
Record elements (fields or groups) containing numeric values

- shall require processing using mathematical operators.

.Data Set Record Sizes - One record of each operational data set
shall be equated with generated or -collected data for each 6-hour
period out of a 24~hour day. Since the site operational data set
requires the largest data base storage, the maximum physical
record size is determined by the volume of data remotely
‘collected in one 6~hour period as shown below:

1 Physical Record = One 6~hour period of data per site

Period' 1 00:00 - 06:00 hours
- Period 2 06:00 - 12:00 hours
Period 3 12:00 - 18:00 hours
.Perdod 4 18:00 - 24:00 hours

Number of recordings/hr = 12 (1 every 5 minutes)

Number of data parameters read = 42 (maximum) per reading
Avg. number of bytes per parameter = 4 (1 word)
Total bytes per hour = 12 x 41 x 4 = 2016 bytes/hr
Record Overhead = 16 percent T
.- Total Physical Record Size = 1.16 X 12,096 = 14K

Catalogued Procedures - To ease the requirement on the user to
supply all the necessary job control statements and language when-
ever a system component is used, cataloged procedures shall be
prepared. These procedures are sets of previously written job
control statements wnlch will require prior storage into the
System Library, uniquely named, and automatically retrieved during
execution. Examples of required procedures are those to generate
routine and fixed format reports, such as daily, weekly, monthly
and quarterly analysis and evaluation reports.
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Assembly and Hizher Level Languaze Routines Support - The data
base user shall be provided the fliexibility to process his data
directly from the data base and optionally update the data base
from the calculated results. This requires that the user be
provided temporary work files on which to store intermediate
evaluations and redefine inputs to the data base. Usage of
programming languages will require conforming to the programrming
linkage conventions as defined in the NIPS File Structuring
User's Marual.

Secondarv Indexing Capabilitvy - Secondary indexing shall provide
the user with the capability to index files in the data base by
the contents of a field or fields other than the record key
identificationx (e.g., cate/ system/site ID). The primary purpose
of this capability 1is to provide a faster response time for
qualifying records during retrievals. Representative fields
which are required to bte indexed due to their frequency of use
Are: .

o Subsystem (cullector, storage, etc.) manufacturer's
identification i

o V Subsystem type identification

o‘.. Subsystem material type identification

o  Subsystem cost category (economical, marginal, uneconbmical)

o Subsystem efficiency category (very high, high, average, low,

very low)

IBM Standard 370 Software - The Svstem/370 Partition Data Set
(PDS) arcess method snhall be utiiized to support software
development and configuration management. The Partition Access
Method allows rapid access to software modules and configuration
management reports by 'uname'" alone. Each name and 1its associated

data is a member of a PDS.

Interfile Cutput - Interfile output (IFO) 1s the capability to
.combine data from several related files (data sets) during output
processing. This capability shall be required when the user
requires information frcm several files to satisfy a complex
information retrieval query.
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6.2 REMOTE SITE DESCRIPTION

The remote site description file shall contain physical chracteristics
of the remote site, description of the solar heating and cooling
system, auxiliary power costs, and other characteristics needed to
evaluate performance of the system. Since no instrumentation data is
included within this file, manual input shall be required to generate,
update, and maintain the file. Correlation information shall also. be
included to allow interfile access to satisfy complex queries
requiring information from several files. Pointers shall also be
included for correlation to off-line documents pertinent to each site.

The remote site description file shall reside on the disc and be
immediately available throughout the life of a remote site.
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CODE 20234 -
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6.3 REMOTE SITE OPERATIONAL DATA FILE

The remote site operational data file shall contain the daily .
processed instrumentation data from each remote site. Because of the
volume of data, only one month's input shall be maintained on disk for
immediate access. Data more than one month old shall be maintained on
magnetic tape. ' '

This file shall be organized by remote site ID and operational data
shall be in chronological order over the month interval. In addition

to the detalled instrumentation data, the file shall contain _

hourly summaries (over previous month interval), daily summaries :
(over life of remote site), performance evaluation parameters computer
during the input processing activities, and correlation information to
support interfile queries. This file shall also contain correlation
information to files which contain manual input such as non-instrumented
data, site anomalies, failures, etc. The file shall be automatically
updated on a daily basis. :

Because this file shall contain thé data of most interest to the

performance analyst, the design shall optimize data organization to
minimize retrieval/ access times in generation of reports/plots.
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6.4 SYSTEMS ANALYSIS SIMULATION/WEATHER DATA

In the prediction of system performance at a remote site, systems
analysis simulations will be performed. The results of the simula-
tions performed for reference with operational performance shall be
maintained in this data file. Weather data (US Weather Service Data)
used during development of reference predictions shall reside on
magnetic tapes; however, the data file shall contain reference to
weather data used. ' ‘ ' '

The results of remote site predicted performance simulations shall be
provided in summary form for correlation with data reports generated
from the remote site description and remote site operational data
files. The results of reference simulations shall be organized by
site ID and automatically entered into the data file by the simula-

tion software.
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6.5 SYSTEM INTEGRATION DATA

"Each solar heating and cooling system installed in remote sites shall
be assigned a unique identification for evaluation purposes. The
file shall contain the identification of subsystems comprising the
system, characteristics of the system as determined during testing or
from vendor provided information and pertinent test data. :

This- data file shall be manually updated and shall reside on disk for
lifetime of the solar heating and cooling system.

6.6 SUBSYSTEM EVALUATION DATA

Each subsystem provided to IBM by MSFC for use in systefis integration

shall be included within this data file. Characteristics of the

subsystem (both vendor data and MSFC test results) shall be included

within this data file. The file shall be organized according to

. subsystem type (collectors, storage, hot water, cooling, heating,
etc.). :

The data file shall reside on disk and shall be manually maintained.
The file entry for each subsystem shall remain active throughout the
utilization of the subsysten. :

6.7 CONFIGURATION MANAGEMENT

- The configuration management data file shall provide the capability to

maintain historical data pertaining to change activity. Both hardware
and software changes- shall be maintained on disk within the host
computer. Upon release of first articles for use, an entry within the
configuration management data file shall be established. All changes
made to these baselines shall be entered into the file along with
associated documentatiomn. '

6.8 SOYTWARE DEVELOPMENT DATA

The software development data file shall contain the library of
baselined software deliveries and shall be modified only through
configuration management approval. Boch source and load modules shall
be included and shall ‘be identified by 'name' within the file.
Security shall be provided to ensure controlled access to the file.

6.9 RAW DATA FILE

The Raw Data File shall reside on magnetic tape and disk storage
within the IBM facility and shall contain a history of all raw data
received from each remote site. The data less than one month old shall
be maintained on disk and shall be dumped to magnetic tape on a
monthly basis. Raw data shall be organized according to day of
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receipt and shall be sequenced in the order in which remote site data
was collected. o
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7. SOFTWARE VERIFICATION REQUIREMENTS

Verification of the CDPS software shall be performed prior to the
overall CDPS becoming operational. This verification shall be
performed while utilizing the CDPS hardware and shall consist of three.

phases:

Deveiéﬁment'Verification - Analysis and testing perforumed to

ensure that elements of the CDPS software satisfy requirements.

Qualification Verification ~ Testing to ensure that the software
system satisfies overall design requirements. :

Accqp;ance Verification - Testing to ensure that the soflware
system satisfies normal operational requirements. '

During qualificatiod and acceptance verification, test procedures"
shall be prepared and followed.-- Test results shall also be

documenced.

Details of the vérification plan and approach are contained in the
"CDPS Verification Plan" and other CDPS documentation.
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' APPENDIX A
PROGRAMMING

STANDARDS
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1. INTRODUCTION

During the development, documentation, and maintenance activities
associated with providing an operational CDPS capability throughout
‘the lifetime of the demonstration program, a set of programming
standards shall be utilized. The use of these standards results in ‘an
organized and systematic approach which provides reliable software
which is easily understood and maintained.

1.1 SOFTWARE IMPLEMENTATION STANDARDS

The standards/conventions/procedurcs eslablished for the software
implementation phase are to provider continuity among the many
programme.s assigned., The implementation phase is usually the most
difficult to control because of the individuality involved. A
significant objective of standards is to establisii a more structured
approach to the coding process and to nbtain program listings more
easily understovod and transferable.

Standards to be utilized during software developmenc are dlscussed in
more detail in the subsequent paragraphs.

1.1.1- Structured Coding Technicue

In concept, structured coding is an extension of the approach utilized
in hardware design and development, of constructing complex circuits

from elementary AND, OR, and NOT gates. The software analogies to the

hardware componenCS are:
o Sequence of 'two operations.
o Conditional branch to one of two operations and return.

Programs written using structured code can be literally read from top
to bottom typograpnically; there is never in line.branching as is
typical in trying to read code which contains "GO TO" statements.

An important task in assuring that a program meets its design
requirements is the detailed audit procedure. Since this audit is
best performed by someone not initimately in the program development,
readability of the code is of prime importance. One of the advantages
of the structured code technique is that it provides a basis for
systemnatic reading of the program. The reading sequence within each
segment 1s strictly from top to bottom. As a result, audit procedures
are made more systematic and result in higher software reliability,
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1.1.2 Prdgram Support Library

The programming support library (PSL) is a set of clerical and
computer procedures designed for use in a software development
environment, plus the clerical support needed to make it work. The
principal objective of the library is to provide up-to-date
representations of the programs and test data in both computer and
human readable forms. The design of the procedures permits most of
the clerical and recordkeeping operations associated with programming
to be isolated from the programmer.

The principal advantages galned from use of the program library on
software development are:

o Frees the programmer from clerical duties.

o Centralizes the séftware systen develqpmgnc activity.

o Providés discipline to system development process. 

o Increases maﬁagement visibility and control over software

development.

1.1.3 Top-Down Developnment

The top-down development technique is the application of the natural.
system design approach. This technique requires the software control
architecture and interfaces be established and developed first and
succeeding levels of "detailed logic implemented in a downward fashion.
Top-down development provides an ordering which allows for continual
software integration of system components and provides for well-
defined interfaces at each level.

- In top~down development, the system is organized into a tree stucture

of segments. The top segmenc contains the nighest level of control
logic and decisions within the program and either passes control to
lower level segments, or identifies lower level segments for inline
inclusion. The process continues for as many levels as required until
all functions within a system are defined in executable code.

Many system interfaces may occur either through data base definition
or calling sequence parameters. The top-down approach requires the
data base definition statements be coded and actual data records be
generated before exercising any segment which references them.

The top-down approach provides the capability of evolving the product
in a manner which maintains the characteristic of being always
operable, modular, and always available for the successive levels of
testing that accompany the corresponding levels of implementation.
The quality of a system produced using this approach is increased, as

.reflected in fewer errors in the module integration process.
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Inconsistencies are eliminated, and lower level segments can be
generated by referencing implemented code.

1.1.4 Coding Standards

A critical item in the production of software which is easily
understood, transferable, and maintainable is the establishment of
standards to be utilized during the coding process. The output of the
coding process, the program listing, is the most highly utilized '
portion of the documentation package and must be controlled through
the application of standards. High order languages, which support the
structured progrzmming concept, shall be used.

1.2 SOFTWARE TESTING STANDARDS

The software shall be tested in an atmosphere which emphasizes the
need for planning of testing. Because of the emphasis of high quality
in the operational use of software, a highly structured approach must
be followed to ensure that, in addition to satisfying user .
requiremens, the operational system satisfies the objectives of
maintainability and transferrability.

1.2.1 Top-Down Testing

Top-down testing concentrates all testing activities on verifying
functional capabilities of the software in the system enviromment,
The benefits are increased system reliability, reduced testing cost,
and a more visible testing process.

Using the top-down approach to software system development and a
programming support library, all tests shall be performed in the
system environment. The top-down approach ensures that all interfaces
needed to execute are available when testing begins. Hence, program
interface assumptions are never made and all testing verifies the real
interfaces. Testing new programs or program changes in a teaporary
mode, without permanently modifying the systems, is easily doné. When
‘the program is tested, it shall be incorporated into the master system
via the system build after receiving I2M management/NASA review for
change control. Perfcrming all tests against the master system
accomplishes integration testing continuously as the functional
capabilities are verified.

1.3 SOFTWARE DOCUMENTATION STANDARDS

The software documentation shall be generated in a continuing fashion
throughout the software development phase. As was discussed, the
programning support library will provide the central facility for
generation of documerntatioa. .The primary documentation output shall
consist of:
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o Software Requirements Document
o  Software Design Document
o Users Manual

1.3.1 Structured Documentation

Documentation consists of the products of the definition and design
activity. Implementation, verification, validation, and delivery will
only modify design docunmentation. Employing top-down design will
require that documentation be developed in a hierarchical, tree-like
fashion. Top-level descriptions will reflect functional software
operations. These high level descriptions will, in turn, be explained
and/or expanded by lower level descriptions, and the process continued
to the lowest module level. This produces documents that can be read
and understood at any level. In addition, physically seaprate
documentation required by volume can be done without impacting
readability.

Readability shall be provided by describing software operation in the
following manner:

- o Visual Table of Contents | -

o Ovefview diégrams‘

o] Detail diagr;pg

o Supporting text and annotated data
Functional documentation proceeds from a topvlevel Visual Table of
Contents diagram down to a basic module diagram of input, Processing,

- Output, functional chart. For each task to be performed, a module
diagram shall be developed.

1,3.2 Flow Chart Standards

Although use of high-level language for software development reduces
the usefulness of flow charts, flow charts will be required for
deliverable documentation. The flow charts will depict how the
software performs in the satisfaction of requirements.

To provide ease of correspondence between program listings and flow.

charts, the picture-on-a-page technique applied during coding will be
applied to the generation of flow charts. Through this technique, a

flow chart will exist for each routine of the software, and both the

flow charts and listing will provide direct correspondence.

A-87



APPENDIX B

CDPS OPERATIONS APPROACH -

A-88



1. INTRODUCTION

The CDPS must satisfy the processing and user support requirements
resulting from daily data collection from all remote sites. To
provide data to analysts by the beginning of first shift each day, an
operations procedure has been established and is discussed in the
following paragraphs.

1.1 DATA COLLECTION

SDAS data collection will occur during the evening hours (beginning at
2000) . The collecting will continue until approximately 2330 (60
sites require approximately 3.5 hours) and upon completion, will be
transferred via data link to the S$/370-145 (requires 30 seconds).
Computer operator intervention will be performed at the start of data
collection time period to initiate the System 7 software. During the
data collection time period, the communication interface computer
console will be monitored for imdications of telecommunications
progress in contacting and receiving data from the SDAS equipment. In
the event of communications difficulties, effort will be undertaken to
resolve the problem during the hours dedicated to data collection.

The communication operations personnel will be guided in the problem
"resolution by directions frem the S/7 software analyst. The operator
will, as required, interface with the MSFC Telecommunications Systems
Status Center (TSSC) for resolution of communications difficulties.

1.2 DATA PROCESSING

Data processing on the ‘host computer will occur between the hours of
midnight and 0700 each day in order to provide error reports and
summary reports and performance reports for SIMS analysts at the
beginning of first shift (0800). The Input Processing portion of the
CDPS software system will be executed, upon completion of data

* communication and retrieval by the Communication Interface computer,
and will process the forwarded data from the System/7., All processed
data .containing no errors will be converted. into engineering units,
performance calculatlons performed, and data made ready for insertion '
into the performance evaluation data bank. Errors encountered during
processing will be flagged such that erroneous data will not be
entered into the data base, and error messages/reports will be
provided for analysts.

1.3 DATA BANK PROCESSING

Upon completion of the Input Processing phase, the Data Base/User
Support software will be executed in a batch environment under control
of computer operations personnel. This processing will be
accomplished in a manner to satisfy data availability requirements and
output distribution.
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To ensure timely completion, a high priority will be assigned to the
processing of input data and will be monitored by operations
personnel. If conflicts occur, the processing will be assigned the
highest priority and will override any other processing.

Archiving of data will be provided through the use of software within
the host ccmputer. Raw data, processed data, and performance reports
will be maintained within the cempucting facility and will be
distributed as required for analysis/storage.

1.4 USER SUPPORT

User support will require that the data base management software allow
ready access to the data base contents via local terminals and support
batch job access to data for speclal analysis activities. When the
IBM performance analyst requires a terminal capability to access the
performance evaluation data base the computer operations personnel
will, upon request, initiate the terminal processing capability of the
NIPS 360 softwarz. This will free computer resources (core memory)
for use by other processing requirements instead of tying those
resources up when terminal activity 1is not required.

1.5 DATA BASE MAINTENANCE

In addition to the daily scheduled updating of the Performance
Evaluation Data Base witn input from the Input Processing Software
there will be the capability to perform selected maintenance on an as
required basis.

-

1.5.1 Error Correction

Error conditions on data fields within the data bank corrected during .
first shift will be entered into the data base via local terminals
(for small data volume) or via batch job submission. Upon completion
of error correcticn, the performance evaluaticn data within the data
base will be formatted and written to magnetic tape for transfer to
the MSFC Solar Energy Data Base.

1.5.2 Non-Instrumentation Data Handling

Data elements to be added to the data base which are not gathered by
the SDAS and processed in the CDPS, such as site locatlon, site
equipment availability, weather data, etc., will be entered into the
data base via terminal or batch mode using the NIPS-360 File ‘
Maintenance capability. This will allow for text type data to become
part of the data base aad avatiladle for reporting purposes.
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1.0 INTRODUCTION

The Central Data Processing System (CDPS), through its hardware and software,

shall provide the data collection, data processing, data archiving, and data
distribution functions associated with performance evaluation of Solar Heating
and Cooling Systems. The hardware, included within the CDPS, shall reside

at IBM's FSD facility at Huntsville, Alabama and shall consist of two elements -
a communications interface configuration and a host computer configurationm.

The performance specifications associated with this hardware, in support of the
Systems Integration of Marketable Subsystems (SIMS) contract, are discussed

in the following sections of this performance specification document.

2.0 TYPE OF HARDWARE

The hardwara, to be used within the CDPS, shall consist of commetcially
available hardwate.



3.0  COMMUNICATION INTERfACE CONFIGURATION
The Communication Interface Configufaﬁion shall provide:

@9) Hardware required to interface with the Site Data Acquisition
Subsystem (SDAS) via telephone lines for data collection.

(2) The computational capability to control automatic call-up
of each remote site on a daily basis, to control communication
protocol with the SDAS, perform error checks on incorrect
data, format data for subsequent processing on the host
computer configuration, and store data for transmission to
the host,

(3) Input/output capability for operator intervention in event
of errors and for logging of communications activity and error
conditions.

(4) A multiprogram environment for software execution.

(5) Hardware for transmission of recorded data to the host
computer configuration.

(6) Mass storage for temporary storage of recorded data.

(7) Operational environment which‘requires minimum operator
support during the data collection activities.

The performance specifications relative to the above capabilities are discussed
in the following paragraphs: :

3.1 SDAS INTERFACE

The SDAS interface hardware shall provide the capability to: (1) accept
automatic dial signals from the communication interface computer, (2) perform
the automatic dial function, (3) provide interface to a modem compatible with
the modem contained within the SDAS, (4) receive data from the SDAS via the
telephone lines, and (5) interface the data to the communication interface
computer. A feedback mechanism shall exist in all hardware for signalling
correct/incorrect operation. :

The hardware associated with the above functions shall consist of:

(1) - Teleprocessing multiplexer (TPMM) for computer controlled
operations.

(2) Auto-call unit to support automatic dialup feature.
3) Modem for telephone line interface.

The specifications of these hardware elements are discussed below.
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2 3.1.1 Teleprocessing Multipiexer Performance Specifications .

'u The Teleprocessing Multiplexer shall provide the following capabilities In, s &#1:
support of computer functions: - , : ,

(1) Software selection of operation (asynchronous mode for SIMS), :

(2) Internal mode of clocking to support asynchronous transmission. :

3) Receive/transmit at 1200 Baud Rate on telephone. : o o :

(4) Automatic call of Remote Sites under software control. ' : ; g

(5) Interrupt communication processor on each byte of data o - i
transmitted/received (aerial to parallel and parallel to "

serial conversions). W

(6) Status information regaroing communications status. :

3.1.2 Automatic Call Unit Speoifications - A ' . ' :

The Automatic Call Unit (ACU) shall accept the above signals from the TPMM ;
hardware under control of the computer software and perform the Automatic o 2
Dial Functions. The Automatic Call Unit shall provide the TPMM with control -
information regarding the dial function. : . ' A g
The sequence of operations between the TPMM and the Automatic Call Unit shall :.
consist of: . . : 3

8

1 Call Request (CRQ) line - activated by the computer to 1ndicate k 3

that a call is to be placed. 3

(2)' Present Next Digit (PND) - activated by the ACU to signal the com- :

puter that the ACU is ready Lo daccept the next digit for dialing. .
(3) Digit leads (NB1l, NB2, NB4, NB8) - activated corresponding to 21

the digit to be dialed. . )

(4) Digit Present (DPR) lead - activated by the computer to signal
: that . a digit has been placed on the Digit leads (NB1-NB8),

(5) Data Line Occupied (DLO) lead - indicates to the computer
whether the line is busy or not.

(6) ~Abandon Call and Retry (ACR) lead - indicates to the computer
that the called party does not answer or that, for some reason
or other, the call is not completed.

R NEE I ol Y

(7) Data Set Status (DSS) lead - activated by the ACU when the con-
nection has been established.

1N07
- a A

The ACU within the CDPS shall be Bell 801 or equivalent.
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3.1.3 Modem Specifications

The modem within the CDPS shall be the Bell 202C or equivalent and shall be
compatible with the modem within the SDAS. ‘
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.

3.2 COMPUTER PERFORMANCE SPECIFICATIONS

The communications interface computer shall provide the control, interface, and
application programs necessary for complete control of the Communications”
Interface. The computer shall be interrupt driven, provide cycle capture of
data to memory, and have growth potential in both storage and processor CPU
cycles.

3.2.1 Processor CPU Specifications

The CPU shall provide support for priority level processing through the use
of an interrupt handling system within the hardware. When an interrupt
occurs, the current status of the processor shall be automatically saved
within specific save areas for continuation of processing after interrupt
servicing. Four levels of priority processing shall be provided with -the
capability to define 16 sublevels of priority within each primary level.

The instruction set provided by the CPU shall include the following classes
of instructions:

(1) Loadlandetore
(2) Arithmetic

- (3) Logical
(4) Shift
(5) Branch
(6) Register-to-Register

.(7) Input/OQtpuﬁ '
The CPU shall be capable of handliﬁg multiple input lines simultaneously.

The CPU shall perform parity checks on all data stored or retrieved from the
Memory Unit of the computer. An odd-parity technique shall be provided.

The CPU shall provide capability for addressing storage and for maintaining

computer status within the computer.

The following registers and indicators shall be provided:
(1) | Storage Address Register ~
’(2) Instruction Address Register
(3) Index Registers

(4) Accumulation Registers
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(5) .Inte;tuﬁtfkggisters N

(6) Carry Indicator

(7 Overflow Indicator

(8) R;sult—Zero Indicator

(9) Result-Even Indicator
(10) Result-Positive Indicator
A(ll) Result-Negative Indicator

: , (12) Interval Timer Registers

3.2,2 Memory

The memory of the computer shall be sufficient to support the anticipated
needs of the software (approximately 24K 16-bit words) and shall provide
the capability for expansion through field modification to the baseline
system. Maximum required memory shall be 65K 16-bit words.

3.3 INPUT/OUTPUT SPECIFICATIONS

A complement of—peripheral 1/0 devices shall provide support to the software
executing in the processor to satisfy the operational requirements of the
CDPS. ' '

_ 3.3.1 Operator Console

The operator console shall provide hard copy for information inquiries, status
messages, memory dumps, and control and maintenance of the Communication
Interface Software.

3.3.2 Direct Access Storage

A direct access storage device shall provide on-line storage for the
--Communications Interface Software and provide temporary storage for incoming
input data. The direct access disk shall provide the capability to store

information from 60 sites.

3.3.3 Additional Devices

The Communication Interface Processor shall have adequate growth capability
and flexibility in terms of new I/0 modules/devices. This growth shall be
supported by the initial computer architecture and shall not require any
significant reprogramming or hardware design effort. ‘

3.4 HOST COMMUNICATIONS

An interface or data link from the Communication In;erface Processor to the
host computer shall be provided. The communications interface shall not
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require constant host communication and shall support a stand-alone
environment. The host communication link shall be a coaxial cable,
and the distance supported shall be less than one mile.

3.5  OPERATIONS

After manual initiation, the communication interface configuration shall be .
capable of unattended operation during daily data collection from remote sites.
In the event of errors which cannot be circumvented under automatic control,
operator intervention shall be required. '
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4.0 HOST COMPUTER PERFORMANCE SPECIFICATIONS

The host computer shall provide the capabilities, through its peripheral devices
and processing capabilities, to create, support and maintain the SIMS perform-
ance evaluation data base. The host computer shall receive remote site data
from the communication interface computer over the Host/Communications

Interface data link and accept manual inputs via cards or terminals for
non-instrumentation data. The following sections specify the functional
performance requirements of these elements.

4.1 MAIN MEMORY

Main memory shall provide the hest computer with fast access, directly address-
able storage of data. Main memory shall be of sufficient size to allew both
SIMS data and programs to be loaded and processed. Main memory shall also

have growth capability. The maximum storage requirements is estimated to be
256K bytes.

4.2 CENTRAL PROCESSING UNIT

.The CPU shall be the controlling element for the host computer and shall
provide facilities for:

.o Addressing main storage
o Fetching and storage of data
o Executing instructions
o Initiating communications between main storage and I/0-
devices

The CPU shall support Both fixed and floating point arithmetic operations as
well as logical operations and shall be sufficient speed to support the SIMS
data processing requirements.

4.3 INTERRUPTS

The host computer shall have an interrupt system to allow efficient use of
I/0 devices and for dynmamic and fast response to peripheral equipment
requirements. The interrupt system shall be used in a manner that results
in a multi-program environment for the host computer. :

4.4 INPUT/OUTPUT

The host computer shall have an input/output system that will adequately

handle SIMS data transfers between main storage and the I/0 devices. The
input/output system shall be flexible and allow for additional devices to
be added with minimal system impact.

I8S..0088. 1 ' o o
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4.4.1 I/0 Channels

Channels are the direct controllers of I/0 devices and control units. The
host computer shall provide channels with the ability to read, write, and
compute and relieve the CPU of the task of directly communicating with the
I/0 devices. .

4.4.2 Direct Access Storage

The host computer shall have direct access storage available to provide
auxiliary storage for the performance evaluation data base and off-line
storage for program storage. Direct access space required for SIMS is
estimated to be 200 million bytes,

4.4.3 Display Terminal

The host computer shall provide high speed, visual, interacrive communications
between the host computer and the user via display. The terminals shall provide
the SIMS user with the means for entry and change of information in the  host
computer, The Interactive mode shall be provided via IBM terminals. Graphics
capability shall be provided via a Tekrronix 4015/4631 Display Unit or cquivalent.

4.4,4  Magnetic Tape

The host computer configuration shall support the production and delivery of
magnetic tapes containing performance evaluation data. These tape units
shall support 9-track 1600/800 BPI density and 7-track 800 BPI density.
4.4.5 Printer .

The host computer shall provide high-speed printers (1100 lines per minute) for
creation of reports to be delivered to users of performance evaluation data.

4.4.6  Card Reader/Punch

‘The host computer shall provide a card reader/punch for program and data
input to the system. ~ . .

4.4.7 Communications Interface

A éommunication data link shall be provided from the host computer to the
communications interface configuration for high-speed transfer of data collected
and buffered by the communications interface (see Paragraph 3.4).

4.5 OPERATIONS
The host computer shall be shared with other users. To insure that SIMS data

processing is processed within specific time constraints, a high priority level
will be assigned, '
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1.0 INTRODUCTION

The Central Data Processing System (CDPS),iwhich 1s comﬁrised of both hardware
and software, provides the essential capabilities of'daté collection, data
processing and storage, and data user supportfféf the SIMS Program.. Because
of its criticality in Solar Heating and Cooliﬁg System performance evaluation,
the system must be verified prior to becoming an qperatioﬁal element of the

' program.

The objecti&es of the CDPS verification activity are to ensure that each
‘element of the system, as well as the overall system,.satisfies or exceeds the
requirements established in the CDPS Performance Specification Documentatioﬁ.
The verification activity, therefore, requires a systematic approach to analy-
'sls and testing and sufficlent documentation to provide traceability of test

results. The approach, however, must ensure maximum confidence in system

operation with the minimum expenditure of resources.

Within this document, all descriptions of and references to the CDPS hérdware
configuration are only to facilitaté explanatlion of the software requirements
and not to control the configuration of the hardware, The CDPS hardware is
controlled by’IBM'and is used for support of multiple contract programs. To
support this varylng utilization environment, IBM must maintain the flexibility
to modify the configuration as required.. Because of this flexibility require- '
ment, the CDPS hardware configuration may vary during the performance of the
SIMS contract, but the capability to satisfy all SIMS processing requiremeﬁts
contained within the CDPS Hardware Performance Specification will be maintained.

1.1 PURPOSE

The purpose of this CDPS Verification Plan is to define thé abproach to be
utilized in verification of the CDPS and to delineate the schedules to be
followed in providing a verified CDPS. '




1.2 SCOPE
This verification plan addresses the verification activities required of the .
CDPS. 1In éddition,'configuration control techniques and test plans are de- - -

fined to provide management and NASA visibility into the verification activities:

1.3 APPLICA3LE DOCUMENTS

The félléwing documents are required in support of CDPS verification!

‘ (1) CDPS Hardware Performance Specification Document
A(2) System/7 Functicnal Characteristics
(3) Site Data Acquisition Subsystem Performance §pecification
(4) Guide to S/370-145
(5) System/370-l45 Functional Characteristics
(6) NMCS Information‘Processing System Manuals
(7) s/7 Teleprocessing Description
'(8) CDPS Software Performance Specification

(9) Programming Guide for Systen/7 Teleprocessing Feature (GC34 =1549)

e



2.0 CDPS DESCRIPTION

Within the overall Solar Heating and Cooling Demonstration Program, the CDPS

performs the following functions:

Data Collection - The CDPS daily collects instrumentation data from all remote

sites via standard voice-grade 1200 Baud telephone lines. In addition, non-
instrumentation data available from MSFC, ERDA, HUD, etc., which is needed in

performing overall system evaluation, is collected via manual means.

Data Processing - The CDPS accepts raw data, as collected by the data collec-

tion function, and performs the data processing functions required to transform
the raw data into processed information for use in system evaluation/analysis
activities. The CDPS also provides the resources to maintain a performance
~evaluation data base, containing both raw data and‘processed information, for

use in support of performance analysts.

Data Archiving - To provide capability for detailed analyses of system perfor-

mance and to maintain data for historical purposes, the CDPS provides the
capabilities to archive data collected and processed. Both raw data and pro-
cessed data is retained on magnetic tape, and,forméleeports are archived in

_a library.

Dafé Distribution - In addition to colleztion, processing, and archiving of

data, the CDPS provides the essential function of distributing the data to the

appropriate organizations. Distribution is in the form of printed reports,

data plots, and magnetic tapes.



3.0 VERIFICATION APPRCACH

The verification of the CDPS will consist of a systematic testing/analys;s -

approach which will ensure that system specifications/requirements are achieved.

or exceeded, Test procedures will be generated and followed during testing of
each CDPS component and test results will be documented in a qualification re-

port for review by management and MSFC. Verification crossereference matrices

will be used to ensure that all CDPS requirements/specifications are addressed

during verification,

Three phases of verification will be performed oﬁ the CDPS as ‘defined in the
following paragraphs:

DEVELOPMENT - Analysis and testing of design approaches to ensure that appreach'-'

selection will meet system specifications.

QUALIFICATION - Analysis and testing of CDPS to design limits. Performed prior :

to entry to acceptance testing of the system.

ACCEPTANCE - Testing of the operational CDPS as a system to ensure that over-

all system satisfies system performance specifications.

The development and verification activities associated with the CDPS are shown

in Figure 1,
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4.0 DEVELOPMENT/VERIFICATION SCHEDULES

\

The CDPS is scheduled to be fully operational by 9/1/76. To achieve this
program milestone, development and verification schedules have been defined
and are shown in Figure 2. Discussion of the schedules is given in the.

following paragraphs.

i

4.1 DEVELOPMENT SCEEDULE

';Development activities have been scheduled to provide software elements which

have undergone preliminary development verification activitles by 7/1/76.

4,2 VERIFICATION SCHEDULE

Development verification will be accomplished during June on individual software/

system elements and during July on §ystem integration activities for the overall

CDPS.

Qualiftcation verification will commence on 8/1/76. and will extend until
approximately 8/25/76. During this period detailed werification will be

performed to test the system to design limits.

Acceptance verification will commence on 8/25/76 and extend to 9/1/76. Upon

completion of acceptance verification, the CDPS will be consideréd operationél

to support the overall program.
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. 5,0 TESTING CONFIGURATION/UTILIZATION

The testing cohfiguration for use in verification of the CDPS cap#bilities
relating to data collection/data processing/data base update/user support is
shown in Figure 3. As can be seen in the figure, the configuration consists

of the following elements:

_ls;Stem/7.&ést Sof tware
Controlled Signal Generation Equipment‘
Prototype Site Data Acquisition System (SDAS)
Teléphone Line Interface
Communication Interface Configurations

Host Computer Configuration

o 0O 0 0O 0o 0 o

Performance Evaluation Data Base

A description of each of these elements and the rationale for their use during

verification activities is discussed in subsequent'paragraphé.

| 5.1 SYSTEM/7 TEST SOFTWARE

To provide the CDPS verification activity with reasonable sensor data, a
System/7 test software packagé will be required. This software will allow an
SDAS sensor configuration to be simulated for the purpose of generating CDPS
test data, Thése simulator signals will be recorded for veference with CDPS
output. The use of the System/7 software for sensor simulation results in a
significant reduction in CDPS verification complexity and provides flexibility
to easily reconfigure the simulation to address varying SDAS applications

(increased sensors, varying formats, etc.).

5.2 CONTROLLED SIGNAL GENERATION EQUIPMENT

The Controlled Signal Generation Equipment will be utilized to provide labora-
tory controlled voltages to the input multiplexer channels of the SDAS and
thus will simulate signals which would be generated by sensors. This simula-

:tionqcapability is required because no sensors are connected to the SDAS until

" C-8
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o REPORTING
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elither system testing at MSFC or installation at a remote site. In support of
CDPS verification activities, the Controlled Signal Generation Equipment will
have the following capabilities:

o Place voltages onto selected input multiplexer channels aof. SDAS

o Support interface to all input multiplexer channels

5.3 PROTOTYPE SITZ DATA ACQUISITION SYSTEM (SDAS)

The prototype SDAS will provide the capability to read the simulated sensor
inputs from the Controlled Signal Generation Equipment and record them on
cassette tape for subsequent transmission via telephone lines. The prototype
SDAS will provide the capability to reduce the sample time to 8 seconds to
speed ﬁp the data recordiﬁg process (24 hours of data gathered in .6 hours)

and -reduce significantly the duration of tests.

5.4 TELEPHONE LINE INTERFACE

- .. - -

To simulate the operational CDPS environment, telephone lines are provided for -

communication with the protototype SDAS. Two lines ‘(a local line and an. IBM
tie-line) will be utilized during verification. The local line will be used
for development verification to perform debug of SDAS/communication interface
'configuration interface. The use of a local liné:reduces'communication 1ine
Errors and thus provides a more controlled enviroﬁment,_ During qualification
and acceptance verification testing, the IBM tie;linetﬁill be used to simulate
the use of a long-distance telephone line. These lines are not of high-
quality and will provide a realistic testing environment. Calls to the proto-
type SDAS via the tie-line will be routed to New'Jerséy'and back to the
Huntsville facilitf. This technique is widely used within IBM to test commu-
nications between teleprocessing elements and presents é worse-case telecommu-

nications ‘environment for testing.
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5.5 COMMUNICATION INTERFACE CONFIGURATION

The communicatioﬁ inﬁerfacg configuration will coritain the operational hard-
ware and software undergoing verification. The operational system will per-
form in an unmodified form and will collect data from the prototype SDAS via
the telephone interfaéé équipment}' Communication reports/error messages A
obtained during data collection can be compared to the reference data érovided
during the sensor simulation/SDAS data gathering phase. Upon completion of

data collection, the data will be transmitted to the host for subsequent

processing.

5.6 ' HOST COMPUTER CONFIGURATION

The host computer configuration (hardware and software)}will be an unmodified .
operational system. Data transmitted to the host from the communications
interface configuration will be processed and entered into the performance
evaluation data base. Error messages/reports'generated will be compared with

System/7 test reference data for verification purposes.

5.7 PERFORMANCE EVALUATION FILE BASE

ory
oty

The data collected and processed will be entered into the data files and will
provide the basis for user support interface verification. Plots/reports/
magnetic tapes will be generated frem the data and analyzed for correct content/

format/etc. .SDAS sensor test reference data will'be used for reference with

user output.
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6.0 VERIFICATION CROSS-REFERENCE MATRIX

A verificatlon cross-reference matrix provides the correlation among the CDPS’
petformance gpecification and the corresponding verification techniques and
phases. The verification matrixes for the CDPS are shown in Table-6-1. " The
metrices, therefore, provide the base for development of test procedures to
address ell'performance requirements/specification. A separate verificationA

matrix 1s provided for each CDPS element.

The verification matrix also indicates the test procedures and test resu;ts
documents which correspond to the Performance Requirement.‘ This approach |
will allow ready access to the veriffcaticn data relating to each entry

in the matrix. Visibility and traceability will be achieved and will

aid in maintaining the complete verification history throughout the mainte-

nance/utilization of the system. 1In addition, as changes are made to require~- .'

ments, updating of test procedures will be simplified.
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wUeaut’

ITEM (NAME AND PART NO.)
CENTRAL DATA PROCESSING

VERIFICATION CROSS
REFERENCE MATRIX

SYSTEM SOFTWARE . (ComunicatipnsfInterface)
. - 1. SIMILARIT ) p
VERIFICATION METHOD SIMIL Y 3. INSPECTION N/A NOT APPLICABLE
2. ANALYSIS 4, TEST ’
VERIFICATION PHASE REMARKS
PERFORMANCE .
; A E
REQUIREMENT DEVELOPMENT |QUALIFICATION| ACCEPTANCE | Teer o+ AEerICABLE
- PROCEDURES | DOCUMENTS
2.2 Site Directory
2.2.1 Site Directory 4 4 4 ‘2.2.1;1
Information
2.2.2 Site Directory 4 4 A 2,2.2-1
Update '
2.2.3 Site Dir;ctbry 4 4 ' 4 2.2.3-1
N Print .. . - . . . i
2.3 Communications
Hardware Inter-
) face
2.3.1 Interface 1,4 4 4 2.3.1-1
Commands
2.3.2 Data Integrity 2,4 & 4 2.3.2-1
2.3.3 Status 4 4 A 2.3.3-1
2.4 SDAS Communica- 4 4 4 2.4-1
tions _ _
2.5 Data Store 4 4 4 2.5-1 f
2,6  Host Trans- 1,4 4 4 -2.6-1
mission :
2.7 Manual SDAS 4 4 4 2.7-1
Control '

Table 6-1. VYerification matrixes (Sheet 1. o_'f‘4)."_
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ITEM (NAME ANDPARTNO) - . VERIFICATION CROSS. © v o i -

CENTRAL DATA PROCESSING = ~ REFERENCE MATRIX
SYSTEM SOFTV/ARE ’ ) - (Input Processing)
VER#ICATION METHOD 1. SIMILARITY . 3. INSPECTION N/A NOT APPLICABLE
: : 2. ANALYSIS - 4. TEST
A 'VERIFICATION PHASE REMARKS
PERFORMANCE R i ' 5
o : A
REQUIREMENT - ' |DEVELOPMENT [QUALIFICATION| ACCEPTANCE | Toer = ors | fEer/CABLE
’ PROCEDURES | DOCUMENTS
3.2 Receive Data - S S . 4 4 3.2-1
" from Communica- : c ' ' '
tion Interface
3.3 Decomnutating 4 4 . 4 3.3-1
Data Intc Scans S :
- 3.4 - Conversion to b S 4 4 3.4-1 | )
Engineering ’ : '
Units ‘
3.5  Limit Checking | 4 ° 4 4 13.5-1
3.6 Computed Var- 4 . 4 4 3.6-1
iables - ‘ ' - -
3.7  Performance 4 4 s 3.7-1
" Evaluation : ' - o
Parameters.
3.8 - Data Base Input 4 4 4 | 3.8-1
3.9  History/Archive 4 4 I 3.9-1
.3.10 Reports - 4 4. 4 3.10-1

Table 6-1. Verirication matrixes (sheet 2 of 4)
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ITEM (NAME AND PART NO.)

CENTRAL DATA PROCESSING
SYSTEM SOFTWARE

VERIFICATION CROSS
REFERENCE MATRIX

(File Mzintenance)

‘REQUIREMENT - :

- 1.SIMILARITY 3. INSPECT N/A NOT APPLICABLE
VERIFICATION METHOD S SPECTION  N/ANO
: 2. ANALYSIS 4. TEST
o VERIFICATION PHASE  REMARKS
PERFORMANCE APPLICABLE | APPLICABLE

DEVELOPMENT |QUALIFICATION| ACCEPTANCE | 1gsT | TesT
. : . . | PROCEDURES | DOCUMENTS

4.2

4.3

[ =
‘[.
w

4.4

4.5
4.5

Automatic Update 1,4 - 1,4 . g 4.2-1

of Data Base

Manual Batch
-Input to Data
Base

Manual Terminal

Input to Data
Base

Data Base
~Maintenance

- Batch Security

Terminal
Security

1 1 4

1 1. 4

1 1 4

1 1 4 | |0s-GC28-6550
1,4 14 4 4,51

Loy

i Table 6-1. Verification matrixes.(Sheet 3 of 4)
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ITEM (NAME AND PART NO.)

CENTRAL DATA PROCESSING
SYSTEM SOFTWARE

VERIFICATION CROSS
REFERENCE MATRIX
(User Support)

: . R . APP .
VERIFICATION METHOD - 1. SIMILARITY 3. INSPECTION N/A NOT LlCAB}.E
: : 2. ANALYSIS 4. TEST .
, VERIFICATION PHASE REMARKS
PERFORMANCE f '
: : : APPLICABLE APPLI
REQUIREMENT DEVELOPMENT |QUALIFICATION ACCEPTANCE TEST TES#’ CAELE
: PROCEDURES DOCUMENTS:
5.2 - . Information 1 1,4 4 5.2-1
' - Retrieval
5.3 Plot Capability 4 4 4 5.3-1
5.4 Report Genera=- 1 1,4 4 5.4-1
tion -
5.5 Magnetic Tape 1 1,4 4 5.5-1
Generation '
5.6 Terminal/Batch 1 1 4
Capabilities

Table 6-1. Verification matrixes (Sheet 4 of 4). f
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- 7.0 DEVELOPMENT VERIFICATION PLAN

Development verification will be performed as a part of the initial CDPS
design activities. Analysis of the proposed designs and testing of initial
concepts will be pérformed to ensure that the CDPS approach selected provides
the growth and flexibility to address system specifications in a cost effec-

tive manner,

Of prime consideration in develoﬁmen; verification will be the utilization of

commercially available hardware and software to satisfy CDPS requirements.

Trade analysisj and performance testing of'availableAéépabilities against'

CDPS System Performance Specifications will provide the bases for selection.

Development verification will consist of detailed testing of each software
element, under simulated input conditions, to ensure that the design satisfies
the software requirements. These tests will be executed in a standalone

_enviromment and will test error paths as well as the normal processing paths.

Upon completion of development verification activities on each software ele-
ment, detailed tests will be performed, using simulated Aata, to test inter-
faces among the software elements. As a result of this interface verification
testing, the overall CDPS design will be proven and the system will be avail-
able for qualification verification.

Development verification of the hardware will be performed in conjunction with
- software verification. Ability to satisfactorily perform software development

verification will prove the hardware can satisfy the design requirements for

each system element.

An interactive relationship will exist among development verificaﬁion and CDPS
design/trade studies/selection processes. Any deficiencies noted in the
approach will be discussed and resolved to the satisfaction of the development
verification personnel. The interactive relationships will be internal to

1BM; however, the results of development verification will §e discussed with

.MSFQ at periodic meetings/design reviews,

. CA1T.



8.0 QUALIFICATION VERIFICATION PLAN

Upon completion of development verification, qualification.verification will

be perforﬁed. The qualification verification activities will consist of for- -

mal tasks performed in the analyses and testing of the elements of the CDPS,
Qualification test procedures will be followed throughout the testing phase.

Qualific&tion verification will be performed in a building-~block concept.

Each system function (hardware and software) will be tested as a unit, and the
units combined in an orderly manner to achieve an'overall CDPS operational
capability. The order in which the elements will be combined and tested dur-

~ing qualification testing is as follows:

(1) S/7 configuration and SDAS for communication and data collection
(2) S/7 - S/370 communicaticn to achieve data flow to S$/370-145
(3) 1Input processing software process aata accunulated from S/7

(4) Data base update capability for user support verification.

Upon completion of qualification testing, the system will be'ready to undergo

acceptance verification.

Test/analysis results achieved as a result of qualification testing will be
compiled into a CDPS Qualification Report, Test procedures will also be

contained 1in the report.

8.1 QUALIFICATION TEST PROCEDURES

Formal qualification test procedures will be generated, provided to MSFC, and
utilized during qualification verification activities. The verification cross-

reference matrices and the CDPS Performance Specification Document will provide

input required to define and detail these procedures.

During CDPS Qualification testing, the procedure will be updated, as required,
to ensure that CDPS elements are thoroughly veriffed. This update procedure

C-18



will be closely controlled and docuﬁented, The test procedures will be re-
viewed with MSFC prior to utilization in testing. The procedures will also be

included in the Qualification Report fer delivery to MSFC.

Program Trouble and Corrective Actioﬂ Reporés will be generated for each prob-
lem encountered. A sample of the form to be completed for discrepancy report-
ing is shown in Figure 4. Discrepancy.reports must be investigated and

resolved prior to completion of qualification verification. Reports on status

of discrepancies will be included in the qualification report.

8.2 S/7-SDAS CONFIGURATION QUALIFICATICH VERIFICATICY TESTING

The qualification verification for the S/7-SDAS configuration will ensure that

the CDPS can perform the functions associated with teleccmmunications, data
collection, ‘and data transmission to ‘the host computer for processing. Table
8-1 contains the list of tests to be pefformed, estitated test duration time,
and test descriptions associated with this qualification verifibation activity.

These tests have been organized according to function performed by the CDPS.

(1) Sité*Directory Requirements

(2) Ccﬁmunicatibn Bardware Interface
(3) §S/7-SDAS Ccmmunications

(4) Data Stoére

(5) Transmit to Host

(6) Manual SDAS Control

Cc-19



. PROGRAM TROUELE AND_COF..=CTIVE ACTION REPORT (PTR)

PROGRAM NAME

DATE

INITIATOR

TEST CASE

PROGRAM MOODULE |D

DEPT" LOCATION

CLOSURE

DATE

DESCRIPTION OF PROBLEM:

HEVIEWEHR'S SIGNATURE

DATSE

RESULTS OF INVESTIGATION/RECOLMENDATIONS:

o220

INVESTIGATOR

DATE

Eirurn 4 Proaram Trouble And Corractive Action Report (PTR)




CDPS SHFTWARE v‘nzmhczmom PLAN

1

properly maintained during normal and abnormal site data
collection and host transmission sessions.

2.2.2-1 : Verify that new site directory entriés may be.created, and
specified fields updated. ‘ ’

"2.2.3-1 DR ‘ "~ Verify that the site directory may be printed. -

ChPS ELEMENT: : COMMUNIC/\TIO.N INTERFACE FILE MAINTENANCE  [] '4 QUALIFICATION (x]
S INPUT PROCESSING D USER SUPPORT - ACCEPTANCE B

SOFTWARE FUNCTIONAL AREA: Site Directory ) " DATE: - June 7, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 2.2 . APPROVAL:

.\‘Tl;;ST NUMBER . DESCRIPTION (lNPLLT[OUTPUl[TECHNIQUE)

2.2.1-1 7 Verify that each of the fields within the sité directory is

c-21
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CDPS SOFTWARE VERIFICATION PLAN

CDPS ELEMENT: COMMUNICATION INTERFACE FILE MAINTENANCE [} QUALIFICATION d
_ INPUT PROCESSING [(] USER surPORT Il ACCEPTANCE O

SOFTWARE FUNCTIONAL AREA: Communicaticns Hardware Interfaca DATE: | June 8, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 2.3 ‘ APPROVAL:

TEST NUMBER

-2.3.1-1

2.3.2-1

12.3:3-1

DESCRIPTION {INPYT/OUTPUT/TECHNIQUE)

Each of the TPMM commands shall ba exercised and proper -
operation verified.

(g
.

BCH encoding and error detection shall be verified.

'

- ‘Fallures shall be introduced to j-force each hardware-status
bit to become active. Proper software response shall be
verified. ’ '

Cc-22
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CDPS SCFTWARE VERIFICATION PLAN

CDPS ELEMENT: COMMUNICATION INTERFACE FILE MAINTENANCE ] QUALIFICATION
3 INPUT PROCESSING -~ [] -USER SUPPORT _ ] ACCEPTANCE

1O

 SOFTWARE FUNCTIONAL AREA: SDAS Communications DATE:  June 8, 1976

- PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 2. 4 APPROVAL:

TEST NUMBER T DESCRIPTION (lNPLLT[OUTVPU‘T[TECHNIIQUE)

:.2-4‘1 L ’ Verify communicétion‘bétween the SDAS and S/7 by exercising
‘ each of the SDAS commands and replies with and without the
introduction of anticipated errors.

Cc-23.
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CDPS SC:FTWARE VERIFICATION PLAN

CDPS ELEMENT: COMMUNICATICN INTERFACE G(:j FILE MAINTENANCE C] QUALIFICATION E]
. INPUT PROCESSING D USER SUPPORT —l_] ACCEPTANCE D

SOFTWARE FUNCTIONAL AREA: Data Store DATE: June 8, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 2.5 APPROVAL:

TEST NUMBER ' | DESCRIPTION (INPU_TLOUTPU_TZTECH!‘GIQUE)

2.5-1 ' The data store routine shall be tested to verify that data is

stored onto disk in the proper order, both with and without
retransmissions from the SDAS.

/ c-24
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CDPS SOFTWARE ;JERIFICATICE'J FEAR

ST v AT

L e e

without the introduction of transmission errors. §/370 '_
CDPS software shall be;used to verify transmission format
"and accuracy. = S

CDPSELEMENT_ T T COMMUNICATION INTERFACE [E] FILE MAINTENANCE “”D" T QUALIFICATION - -
INPUT PROCESSING [:] USER SUPPORT [:] ACCEPTANCE D
SOFTWARE FUNCTIONAL AREA: ~ Data Transmission to Host ' . DATE: June 8, 1976
PERFORMANCE SPECIFICA_'I'IQN DOCUMENT REFERENCE: 2.6 ' . “APPROVAL.:
TEST NUMBER - . . DESCRIPTION [INPUT/QUTPUT/TECHNIQUE)
2.6-1 I _ Data transmission to the Host shall be verified with and

C-25
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CDPS SOFTWARE VERIFICATION PLAN

COPS ELEMENT: COMMUNICATICN INTERFACE FILE MAINTENANCE " [] QUALIFICATION x]
INPUT PROCESSING D USER SUPPORT D ACCEPTANCE D
L SOFTWARE FUNCTIONAL AREA: Manual SDAS Control DATE: June 9, 1976
PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 2.7 ' APPROVAL:
- TEST NUMBER . ‘ ~ DESCRIPTION (INPUT/OUTPUT/TECHNIQUE])
2.7-1 The exercise of_eacfx of the manual commands in both normal
and error coaditions during debug of the SDAS engineering
model hardware shall b& the final test of this program.
L
C\']
O

Table 8-1. §/7 SbAS Cenfiquration Qualification Verification Tests (Shant § of r)




8.3 HOST COMPUTER INPUT PROCESSING OUALIFICATION TESTING

The'host cbmpdtér input processing quaizgication testing will ensure.that the
CDPS host computen,configuration satisfies all design requirements in the
following functional areas:
.(1)“.§/370-145'to s/7 cdm;;nisstion
(2) Arshivingwdf Raw Data
(3) Prosessing of Raw Data
'(4) Computation of Analyst-Requested Variables
(5) - Compurar1nn of Perfnrmance Zvaluation Parameters
(6) Generation of Data Base Update
'(7) Summary: Reports/Error Messages

(8) Historical Data Archiving

The -test to be performed in qualification verification of -these capabilities
is given in Table 8-2. - : .
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CDI'S SOFTWARE VERIFICATION PLAN

COPS ELEMENT- COMMUNICATION INTERFACE []]  FILE MAINTENANCE  [] QUALIFICATION o
INPUT PROCESSING USER SUPFORT D ACCEPTANCE D
SOFTWARE FUNCTIONAL AREA: Receive Tata from Sybstem/7 : I DATE: June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT RESERENCE: 3 9

APPROVAL:

TEST NUMBER

S 3.2-1

DESCRIPTION (INPYT/QUTPUT/TECHINIQUE)

" Fecelpt of data transmitted from the System/7 Communica-
tion Interface shall be verified with and without trans-
mission errors and retransmissions. The output data base
shall be tested with the file maintenance system.

-~
h

’

¥

Table 8-2. u.it Computer Input Processing Qualification Tests (Sheet 1 of. 9)
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CDPS SOFTWARE VERIFICATION PLAN

CDPS ELEMENT:" . COMMUNICATION INTERFACE [} FILE MAINTENANCE [] | QUALIFICATION,

INPUT PROCESSING - [{ - USER SUPPORT [] | ACCEPTANCE

OF

SOFTWARE FUNCTIONAL AREA: : Raw Data Decommutation ‘DATE: June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.3 APPROVAL:

TEST NUMBER DESCRIPTION (INPYT/OUTPUT/TECKHNIQUE)

3.3-1 ) Raw data decommutation and scan time computation shall be
‘ verified with valid input data and with data containing
BCH errors in each porcion of a record.

0

" " Table 8-2. Host Computer Input Processing Qualification Tests (Sheet 2 of 9) .
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F , -
CN?S SOFTWARE VERIFICATION PLAN

COPS ELEMENT: COMMUNICATION INTERFACE [] FILE MAINTENANCE [ ] QUALIFICATION
‘ INPUT PROCESSING K] USER SUPPORT ] ACCEPTANCE

O &l

SOFTWARE FUNCTIONAL AREA: Conversion to Engineering Units DATE:

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: APPROVAL:

TEST NUMBER ' DESCRIPTION (INPUT/QUTFUT/TECHNIQUE)

- 3.4_1¢1' o Verify that scan variables can be extracted and properiy
converted to engineeripng units through the use of the
supported conversion techniques.

o~

Tzhle 8-2. Host Co~npter Innpt Processirn Qualjficzbia- Togt

craen

T T e et
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CDPS SOFTWARE VERIFICATION PLAN

cors ELEMENT: 7. - COMMUNICATION INTERFACE [:] - FILE MAINTENANCE [:] —w |- QUALIFICATION ..
INPUT PROCESSING @ USER SUPPORT D ACCEPTANCE D
SOFTWARE FUNCTIONAL AREA:  Limit Checking DATE: . June 9, 1976
PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.5 . APPROVAL: .
TEST-NUMB‘ER DESCRIPTION {INPYT/OUTPUT/TECHNIQUE)
-1 ' ' Variables within 1irﬁits,, out of limits, and changing too
rapidly, and stuck shall be tested with and without BCH .
errors. ’

-3t

--tv. 0.9 Host fomputer Input Processing Qualificatiion Tasfs (Shoos &4 of o°



‘ - CDPS SOFTWARE VERIFICATION PLAN

CDPS ELEMENT: COMMUNICATION INTERFACE [] ~ FILE MAINTENANCE [}
INPUT PROCESSING USER SUPPORT O

QUALIFICATION
ACCEPTANCE

OE

SOFTWARE FUNCTIONAL AREA: Computed Variables | DATE:

June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.6

APPROVAL:

TEST NUMBER , ' . DESCRIPTION {INPUT/GUTPUT/TECHNIQUE)

3.6-1 L , Computed variables shall be tested with representative
' ‘ algorithms using both valid and invalid input variables.

.
-~

Tahle B=2. Host Computer Inpul Procassing Qualification

]
T
Ih




CDPS SGFTWARE VERIFICATION PLAN

CDOPS ELENENT: ~~ =~~~ COMMUNICATION INTERFACE [ ] FILE MAINTENANCE . .[].....| . QUALIEICATION, K]
INPUT PROCESSING E] USER SUPPORT D ACCEPTANCE D

SOFTWARE FUNCTIONAL AREA: Performance Evaluation Parameters ~ DATE: June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: ‘ 434,7 APPROVAL: .

TEST NUMBEB . N 4 DESCRIPTION (INPUT/OUTPUT/TECHMNIQUE)

3.7-1 - - The computation of performance evaluation parameters shall

be .tested using.both valid and invalid input variables..

-
LS
-~
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CDPS “OFTWARE VERIFICATION PLAN

CDPS ELEMENT: + COMMUNICATION INTERFACE [ ]

FILE MAINTENANCE [ QUALIFICATION
INPUT PROCESSING USER SUPPORT O ACCEPTANCE O

SOFTWARE FUNCTIONAL AREA: Data Base Input DATE:  June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.8 | APPROVAL:

TEST NUMBER

DESCRIPTION (INPYT/CUTPUT/TECHNIQUE)

.8~1 The merge of the latast detail data with earlier detail

data shall be verifi=d. The hourly and daily summary

data shall be computazd using both normal and abnormal
(missing) detail data.

T LIa 09 flact Caespter Innut Processing Qualificaticn Tests (Shaat 7 of 9)




CNPS SHFTWARE VERIFICATION PLAN

COFS ELEMENT: =" - COMMUNICATION INTERFACE ] - FILE MAINTENANCE  [] (.A.QUALU':!CAIJON.'._ x]
- INPUT PROCESSING -USER SUPPORT D NACCEPTANCE D
SOFTWARE FUNCTIONAL AREA: _History/Archive Tapes g DATE: June 9, 1976
PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.9 o APPROVAL:
TEST NUMBER ' 3 .~ DESCRIPTION (INPQT[OUTPUI[TECHNIOU_E)
'3;,9-1 - - | ’ The creation of the history and atchive tapes shall be
: verified with at least 30 days data from at least 2 sites.
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CDFS SOFTWARE VERIFICATION PLAN

CONMMUNICATION INTERFACE D FILE MAINTENANCE D QUALIFICATION
INPUT PROCESSING [x]. USER SUPPORT (] ACCEPTANCE

COPS ELEMENT:

U

: ' T
SOFTWARE FUNCTIONAL AREA: = Summary Repcrts |] DATE: June 9, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 3.10 ' APPROVAL:

TEST NUMBER » CESCRIPTION {INPUT/OUTPUT/TECHNIQUE)

3.10-1 o ALl reports shall be verified for readability and accuracy.
Error messages shall be verified as erroneous data is intro-
duced in aother CDPS Input Proceseing Verification tests.

C-=-36

Tahle R-2, Host Computer Input Processing Qualification Tests (Sheet 9 of §)
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8,4 FILE MAINTENANCE QUALIFICATION TESTING

The CDPS file maintenance capabilities utilize an existing data base manage-

., ment .system which. has been proven on other activities. For thils reason,

' qualificétion testing:will consist of a functional test under maximum inpuk

conditions to ensure that the capability satisfies the design requirements..
Test plans for qualification testing of the file maintenance capability are
shown in Table 8-3, ' '

Functional capabilities to be tested are:
(1) - Aucomatic.Update of Data Base

(2) . Manual Input to the Data Base

(3) Data Base Maintenance, Access, and Update

(4) Data Base Security

C-37
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CDP5 SOFTWARE VERIFICATION PLAN

CDPS ELEMENT: .
INPUT PROCESSING

COMMUNICATION INTERFACE []  FILE MAINTENANCE (Y
kK] USER SUPPORT (]

QUALIFICATION
ACCEPTANCE

O&

SOFTWARE FUNCTIONAL AREA: Irput P_rocessiﬁg/Filc Maintenance Interfacd

DATE:

June 7, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE; . 4.2

APPROVAL:

TEST NUMBER A : - DESCRIPTION (INPUT/OUTPUT/TECHNIQUE)

4,21 R ) .. Input processing shall process test data for 2 sites.
' File maintenance shall use the processed data to update

the data base.

-
™

AT

rol1a 0.1 Fi1a Maintenance Oualification Tests, {Sheet 1 of 2)



CIPS SOFTWARE VERIFICATION PLAN 1
CDPS ELEMENT: COMMUNICATION INTERFACE - []..FILE MAINTENANCE [] | QUALIFICATION _ [{] N
INPUT PROCESSING - [(] USER sSuPPORT U] ACCEPTANCE O
DATE: June 7, 1976

SOFTWARE FUNCTIONAL AREA: File Maintenance Terminal Security
A APPROVAL.:

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: 4,5

v

DESCRIPTION (INPYT/OUTPUT/TECHNIQUE)

TEST NUMBER

, ‘
4,5-1 s : Read only and read/write access shall be tested for proper
) authorization
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8.5 USER SUPPORT QUALIFICATICN VERIFICATION

The user support qualification verification will ensure that the CDPS satis-

fies the requirements associated with support of data base users. These:

verification tests will address the following afeas:

1)
(2)
(3)
(4)
(5)

Test plansifor each of the above functional areas are shown in Table 8-4.

Information Retrieval for Report Generation
Plot Capability

Daily, Monthly, Annual Reports

Magnetic Tape Generation

Terminal/Batch Capabilities

C-40
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CDhPS SOFTWARE VERIFICATION PLAN

CDPS ELEMENT: = =~ COMMUNICATION INTERFACE [J- FILE MAINTENANCE .[]... | QUALIFICATION. .
INPUT PROCESSING [[] USER SUPPORT ACCEPTANCE ]

‘SOFTWARE FUNCTIONAL AREA: User Support o | DATE:  June 7, 1976

PERFORMANCE SPECIFICATION DOCUMENT REFERENCE: | | APPROVAL:

TEST NUMBER

502"’1
5.3-1

5.5-1

DESCRIPTION {INPYT/OUTPUT/TECHNIQUE)

Varied representative queries shall be made of the data
base in both batch and terminal modes.

Representative quantitigs in the detail and summary data
base shall be plotted and verified.- '

.

_ All scheduled rzports shall be generated and clarity and
accuracy verifiead.

Magnetic tapes shall be created with the information and
format necessary to feed into the MSFC data base.

'

s . - Table -4, .Userz Support Qualificatien Vertfleat o

s}
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8.6 OVERALL CDPS QUALIFICATION VERIFICATION TESTING

Upon completion of qualification verification of each of the CDPS elements,

overall end-tc-end tests will be performed on the system. The test configura-

tion will be as discdSsed in Section 5 of thisgreport, and the SDAS input will

be simulated to provide reference input data. These data will provide the

following capabilities:

(1) Nominal (No Error) Conditions
(2) Off-Nominal (Error) Conditions
(3) - Variable Formats (14, 30, 48)

Through use of these reference data, systeu tests can be performed which will

provide the basils for entering acceptance testing.
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- 9.0 ACCEPTANCE VERIFICATION PLAN =

Upon completion of qualification veriflcation, the .CDPS w1ll enter the accep-
. tance verification phase. ' This phase will exercise the CDPS. in .a normal
operational environment and will. provide the capability for testing of opera-
tional procedures. "The testing configuration will be as shown in Section 5 of
this plan, and test data will consist of nominal reference data. Successful

completion of acceptance verification will provide an operational CDPS.

The prototype SDAS will be called via IBM tie-lines and data collected_by the
communication interface configuration. This data will, in turn, be trans-
mitted to the host computer, processed, stored in the data base, and user:
support functions performed. Output will be provided to analysts to ensure

proper content and format.

9.1 ACCEPTANCE VERIFICATION PRochURré

CDPS Acceptance Test Procedures shall be developed and used and will provide

the test/analysis environmeﬁt for demonstrating the overall capability of the
CDPS in an operational environment. These procejﬁres will be developed based
on results of qualification verification and on ‘system performance specifica-

tions., Final approval of the procedures w1ll be the result of IBW/WSFC reviews.
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10.0 CDPS MAINTENANCE VERIFICATION APPROACH

After tbe CDPS has been declared operational, each requiremeﬁt change which
results in modification to the system will be evaluated for reverificatibn

purposes. Those changes which do not impact CDPS inter-element interfaces

will undergo development and qualification verification; whereas, those résult-

ing in interface modifications will unde;go all'verification phases to ensure

overall system continuity. Test procedures and test results will be retained

for all maintenance verification activities.,
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