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Abstract

Sandia National Laboratories,Albuquerque,may soon have more responsibilityfor the
operationof its own telephone system. The processesthat constituteproviding
telephone service can ali be improvedthroughthe use of a central data information
system. We studiedthese processes, determinedthe requirementsfor a database
system, then designed the firststages of a systemthat meets our needs for work
order handling,trouble reporting,and ISDN hardwareassignments. The design was
based on an extensiveset of applicationsthat have been used for five years to
manage the Sandia secure data network. The system utilizesan Ingresdatabase
management systemand is programmedusingthe Application-By-Formstools.
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Introduction

Sandia National Laboratories (Sandia) is located on Kirtland Air Force Base (KAFB)in
Albuquerque, New Mexico and as a base tenant shares the telephone system with the
U. S. Air Force (USAF), Department of Energy (DOE) offices and other base tenants.
The USAF is responsible for maintaining telephone service for the entire base;
however, Sandia funds its portion of the system based on the number of lines installed
and estimated usage.

Recently the USAF began a telephone system upgrade project that will bring digital
telephone service to ali of KAFB. As part of the system upgrade, switch hardware will
be located in Sandia facilities allowing Sandia to exercise some administrative control
of those portions of the telephone system. In order to perform administrative functions,
it is necessary to have accurate information available regarding existing telephone
services, available hardware, and cabling. The vehicle chosen to provide this
information is a relational database system that will document existing services, track
the progress of work orders, aid in resolving trouble reports, and help in assigning
Integrated Services Digital Network (ISDN) hardware.

This paper outlines the process we used to create and implement the database
system and highlights the basic elements of the database application program.

System Requirements

The first step in implementing the telephone system database was to determine the
system requirements. Our preliminary examination of the processes that make up
telephone service at Sandia showed us that the service work order process was the
most visible and important to the telephone users and had the most promise for
improvement. The conclusion was that a carefully planned telephone service work
order system would improve customer service while reducing the efforts of the
telephone service technicians. In addition to examining the service work order
process, the telephone service record system and the trouble ticket systems were also
identified as targets for improvement. The examination revealed that both of these
processes could also benefit from an automated data information system.

Process Requirements in More Detail

Work Order Functions - Processing a work order, a request for some service by a
telephone user, can be improved in several areas by use of a database system.

Using the Integrated Services Digital Network (ISDN) portions of an AT&T 5ESS
telephone system requires complex and careful record keeping in the area of
equipment module assignments. Telephone system design engineers, customer-site

........................ :_ ......_........ r....... • ........................................................... I]1



system administrators, and switch field engineers ali tell us that an automated system
external to the 5ESS is essential to effectively using ISDN, even for the assignment of
secretarial coverage telephones.

• Availability of complete cable and wire records can speed up the installation of
telephones. Without complete records, installation of a telephone requires manual
tracing of building wiring to locate the proper wire for a designated jack. Complete

' records can completely eliminate the wire tracing step in the installation. And that
type of record-keeping is standard in commercial telephone operations today.

Perhaps most importantly, a computerized wo=._order function can put information at
the disposal of responsible individuals more quickly. The parallel work efforts needed
in most jobs can be recognized. For example, a typical telephone installation will
require several distinct functions such as 1) determining what equipment is needed
and checking stock, 2) determining if the cables and jacks are in place and requesting
plant work if they are not, 3) updating the database of the switching system, 4) doing
any field connection work. A person doing any one of the individual functions often
needs to know if one or more of the other functions are complete. Looking at an
on-line record of the order is certainly faster than attempting to contact the other
individuals one-by-one or waiting for a completed form to arrive in the office mail.

Making future improvements to the work order process will constantly require answers
to questions like: How long does it take to get the equipment ready for an
installation? Which part of the process is the most lengthy? What is the expected
process interval for an order? Are we getting the order done on the day requested by
the customer? Analysis of orders to get answers to those type of questions is much
more easily done if the raw information is recorded as a standard part of the everyday
working rout!ne.

Trouble Tickets - When a customer has telephone problems and calls the extension
assigned for trouble reports, he wants the problem solved as quickly as possible. To
solve the problem fast, the answering technician may need information about the
customer's line: location of the telephone, its corresponding line card location in the
switch, cable pair information, service record, etc. Ideally, ali that should be available
knowing only the telephone number of the line in trouble.

How long does it take to solve the average problem? How many times does a
customer need to call before the problem is completely resolved? Do we get many
calls that map to lines on the same switch line card? How many calls require a
technician to be dispatched to the field? These are questions that are more easily
answered with an automated record system.

Conduit and Cable Assignments - If one duct in an 8-way conduit system is needed
for supplyingtelephone service to a buildingto be completed a year from now, how

4
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can we be sure the duct will be available at that time? Are there wire pairs free for
two more phones in an existing office? Complete central conduit and cable records
annotated whenever any work is planned or completed can eliminate routine manual
searches of wire closets and speed telephone installation service. In the case of a
multi-use conduit and manhole system, a central record system tied to the plant
drawings and accessible by ali responsible individuals will allow engineers to find out if
facilities are already assigned or if facilities are undergoing modification by another
project team.

Switch Hardware Upgrades- Some small scale hardware upgrades that
resulted in changing some telephone numbers to the 845 prefix from the 844 and 846
prefix, showed the importance of complete information. A lack of accurate records
caused disruption of phone service to many of those affected customers. Because of
poor records, it was difficult to notify customers of possible changes or verify the use
of many lines; for example, certain facsimile-connected lines, lines in laboratory areas,
and numbers recently changed, lt is imperative that data be assembled and kept
up-to-date for periodic hardware upgrades.

Build or Buy?

An extensive survey and trial of commercial software failed to turn up a system that
would have cost or performanceadvantages over buildinga data informationsystem
based upon a similarsystem Sandia has been using to manage its secure data
communications. The secure data communicationssystem has the same core of
customers- employees - as the telephone system, incorporatesa copper and optical
fiber distributionsystem as extensive as the telephonesystem, and has two large PBX
systems as well as Ethernet and other high-speed data networkingproducts.

The basic dilemma is that commercial systems are either too small, based on a single-
user PC, or they are large systemsthat computerize paper-basedsystems and require
more supportstaff than could be assigned given the service improvementthat would
be obtained.

Of the larger data systems, many of the functionsare difficultto use and have
software modules without good documentation and with many operational bugs. The
implied method of usage for work orders would have a printed copy of the work order
circulated to the technicians who do cable and telephone installation work, then
passed back to someone to close the order in the database. One system, although it
interfaces to the 5ESS for updating line features, does not read data from the switch
for updating its information. This means that changes made on the normal switch
consoles are not reflected in the database. This characteristic removes useful tools
from the hands of trained switch field engineers. On the positive side, that system
performs automatic equipment and cable assignments balancing the circuit load b



across the telephone switch hardware.

The typical commercial system would need the addition of several customized
database tables and screen based applications to augment the system in the areas of

- tracking the progress of service requests, helping the customer service representatives
in translating customer requests to hardware features, dealing with point-to-point
communications circuits, and validating database information. Also, programming of

• specialized reports would be required. A staff of three people might be necessary to
support the data information system in addition to maintenance from the supplying
firm.

To gain our greatest process improvements we must 1) recognize parallel work efforts,
2) allow the switchand cable field engineersto use ali tools at their disposal and
make ali decisionsthey can in work scheduling,3) extractdata from the switch and
other records,4) have an aid to ISDN hardwareassignment. Our best way to roach
those goals was to builda core database system by extensively drawing upon the five
years of work in this area on the processingsystem used in the secure data
communicationsarea. The proceduresused to process ordersshouldstart out
rudimentaryand should be augmented only while they are being used for at least a
small portion of telephone service functions. As we learned in organizingthe prior
system, the people using the proceduresand tools every day in their job must be able
to give early feedback to the systemdesigners.

Database System- Performance and Operational Goals

Given the dat,_basesystem requirements, the evaluation of commercial products, and
previousexpenence with the developmentof a database to supportdata
communicationscircuits,a set of system goalswas developed. The first, and in most
ways the most important goal, is to develop a systemthat providesthe responsible
individualswith the means to documentwork as it is being performed.A second goal
is to create a systemthat allows easy informationexchange through the computer
rather than via paperworkpassed hand-to-hand. A third goal for the systemis to
create a database that is reconciledwiththe telecommunicationsswitch by
downloadinginformationfrom the switch. Instead of loadingdata from the database to
the switchand assumingthat the switchand database are reconciled,the database
must query the switch for informationand modifythe database to match. The
telecommunicationsswitch is the ultimateauthorityon the networkconfiguration.
Combiningthese goals yields a systemwith uniquecharacteristics.

There are two additional performance considerations. One is to have a system that is
accessible to many technicians simultaneously. Another is that system must have
foundation management software that insures that we cannot lose any transactions
that have been entered by the technicians.

.................................... ,,,i,,. ,r,,,,.-.._ ............



Sandia Developed Telephone Database System

The Sandia telephonedatabase systemwas designedto meet our operational
requirementsand goals.The system is based on the five years of experience gained
with a similar database system used to documentthe operationof the Sandia secure
data communications network. A Digital Equipment Corporation VAX 8350 running
VMS and the Ingres relational database software served as the development platform
and the application software was developed using the Ingres product, ABF
(Applications-by-Forms), which is a 4GL implementation. The tables and database
queries were created using SQL, the IBM developed Standard Query Language.

Structurally, the database
system consists of the
database application program System Records
and the set of database tables. Customers, Cables,

The application and the Switch Hardware, Circuits
database are named
PHONEDB. Functionally,the
database applicationcan be
divided into three parts:work
order processing,trouble
report processing, and direct Work Orders "rouble Reports
manipulation of system A_._...=.,- _"_"_
records. See Figure 1. _,,,_. _,,,,_,.

Work Order Processing
Figure 1 - Database Architecture

Work order processing
consists of a set of database tables and database application screens that provide the
environment to record customer service requests. Once a request is entered, progress
can be monitored. The primary work order entry screen provides a structured
environment for recording the customers' requirements without resorting to paper
forms. This activity is meant to be an interactive process between the customer and
technician accepting the order. Such a process serves to eliminate ambiguities and
provide the customer with positive feedback.

This process flow is meant to be essentially paperless with the customer request
being placed by phone and entered directly into the database. A confirmation memo
can be sent to the customer to provide feedback. Also, a technician may print working
papers, but these can be discarded when the task is done.



Trouble Report Processing

The screens supporting trouble reports are intended to be a fast tool for the use of
someone answering a trouble report phone number. Calling customer number and

• circuit identification are entered, additional information is extracted from the database,
and trouble symptom and action is chosen from a menu. The call can be closed
immediately if the problem is resolved, or a trouble ticket can be assigned to someone

° for further work. The resulting records can be sifted and searched in various ways.
Each open report is closed by the assigned individual when the trouble is cleared.

Records - Circuit, Hardware, and Customer Information

Many individualized screens aid in the entry and viewing of the elements that make up
the telephone system. Customers are uniquely identified by a customer number. We
have initially used the company assigned employee number with the understanding
that this will change to social security number soon. The system can assign a number
for customers who do not already have a unique number. Cables are recorded with a
name, pair or fiber number range, and end locations. A line class of service (COS) list
is defined to identity the various types of telephone service as well as specialized
circuits (for example, fire alarm circuits). The telephone switch hardware configuration
is enterer into tables recording the telephone numbers themselves, line equipment

" number (LEN), type of equipment, protocol handlers, etc.

Future Directions

Further development; of the database system may proceed in several directions. First
the system will be enhanced to meet Sandia's AT&T 5ESS telephone switch needs for
both the Albuquerque and Livermore sites. A direct connection from the database
system to a 5ESS man-machine port will provide a method of reconciling the database
to the 5ESS data. Using 5ESS configuration reports, the switch specific database
tables will be updated with the latest information automatically. Periodic updates will
be scheduled to ensure database accuracy. As development progresses, a method
will be added to update the 5ESS from database tables.

A second area of further development would add increased functionality to the
application programs. In addition to work order and trouble call processing, the
database could support telephone directory, billing, and inventory functions. These
functions could easily be added to the system as the basic records data provides the
necessary information.

We also expect to move a copy of the application programs and database to a small
Unix computer sometime in the Fall of 1991.



Appendix I - System Data Entry Screens

A few of the system'sscreens are representedhere to illustratethe general layoutof
the presentationto the user. Additionalscreens are shown in the "GettingStarted"
appendix.

(Application Main Menu Frame)

4 +

t PhoneDB I I
JTelecommunications Data System I

4 F

Select -> RECORDS to view or update circuit, customer,
cable entries, & switch configuration

WORK ORDERS to enter, update, or close work orders

TROUBLES to enter, update, or close trouble reports

(c) 1991 Sandia National Laboratories

(System Records -- Main Menu Frame)

+ .

ISystem Recordsl
+ +

select-> CUSTOMERS to search/modify customer descriptions.

LINES to search/modify circuit descriptions.

CABLES to search/modify cable descriptions.

SWITCH to search/modily the switch configuration

E CABLES to search/modify special entry cable connections

COS to search/modify line classes of service

8



(Search/Modify Telephone Circuit Information Frame)

+ ........ +

• ICircuit" Customer, Location, & Equipmentl

Circuit Id: 00400012 Telephone No: 8444448 Location: AREA IV
• Customer No: E00021367 Station Equip: STD Building: 980

Name: NELSON, SPENCER D Line Cos: II Room: 105• Jack: 1469

+

Keyword/Cable _ame IISDN Line Detailst ol 3 / Pr 3 Col 4 / Pr 41

len (circ id) : 00400012
phone number: 8444448

PSU shlf PH cb: 000004
DPIDB: Ii

TS: 1

I I i
4 + _ . +

(Select/Define Line Class of Service Frame)

+ + _ +

ILine COS - Class of Servicer ILine Cos: Ii I Card Type: U
+ + + +

Description:
ISDN telephone, voice only, 2 wire U card, D channel used for
dialing, ro data module.

pps D: 9 pps B:
Usage percent D: 5 Usage percent B:

pro, ess: ISDN telephone only, no data port



Appendix II -- Database System Development Environment

The Sandia Telephone Database System is being developed using the Ingres relational
database product running on a DEC Vax 8350 using the VMS operating system.

PHONEDB Account and Database General Information

Database PHONEDB is owned by user PHONEDB.

The file TABLES DEF.TXT contains the commands to create all the tables in

PHONEDB.

Source code for the applications is in directory ud:[phonedb] on VMS VAX SAV65.
Temporarily some source code was developed on a II/750 Ultrix VAX (directory

/usr/user/phonedb of account phonedb). Moving the entire application and
database between the Ultrix and VMS environments was accomplished in a matter of

a few hours using the Ingres Unloaddb and Copydb commands. The query language
is SQL.

The planned application, written using Ingres ABF tools, is called phonedb and
initially includes records (circuit and administrative information on the phone
connections), work orders (work order entry and tracking), and trouble reports
(trouble ticket entry and tracking).

The long term plan is to do software development on one VAX (SAV65) with users
and the actual phone data operatir9 on another VAX (SAV80).

References for requirements

Memo dated January 23, 1991, to M. O. Vahle, 2934 from S.D. Nelson, 2934 "The

Telephone Service Work Order Process and Some Suggested Improvements"

File report of S. D. Nelson, 2934, "The Telephone Data System Project" dated
I/4/91.

Ascii versions of the above references are on SAV65 in the phonedb directory as
filenames

woproces.txt
dbargu.txt

Conventions for programming

Keep column names and table names directed toward a general telephone

application rather than Sandia specific.

Make operation of forms as close as possible to TCCDATA and DCRS of the TCCDATA
application.

Allow cables to run from one location to many locations, but with transition to
only two ends per cable name.

Allow a "circuit" to have no phone number to allow for roving ISDN telephones.
Allow for multiple number appearances per phone and a phone number appearing on
more than one phone instrument.

The following definitions are the single Frskey definitions to use for the indicated
menu items if they are present:

Menu Key menu = pfl
help = frskey2
quit = frskey3
Get no = frskey9
InRow = frskeyl0
DelRow = frskeyll
Add, Save = frskeyl3
Drop = frskey14

10



Change = frskeyl5
Clear = frskeyl6

Select, Pick= frskeyl7
Find = frskeyl8

The following menu items should appear in the order given AT THE END of all menu
items for the screen (if they appear at all).

Get no
InRow

DelRow
Select
Find
Add or Save

Drop
Change
Clear

Help
Quit

Planned Application Development Order

Basic tables definition

Rudimentary "records"
Rudimentary "work orders"
Rudimentary ISDN line assignments
Rudimentary "trouble"

Update all functicns
Continuing support

Maintaining Database Integrity During Circuit Assignment

While entering circuit information into the database, through database
administrative screens or work order screens, it is imperative that the operator

not destroy the database integrity. During the circuit assignment process
various resources are selected for the circuit one-at-a-time. However, the
resources are not "tied" to the circuit until the operator writes the
information to the database with a "Save" command. This type of operation leads

to the possibility of making partial assignments and creating orphaned
resources. The need to allow multiple users to access the database
simultaneously serves to exacerbate the situation.

In order to overcome these difficulties, the resource selection screens limit

what the operator can do. The operator will only be able to select one resource
of each type for any particular circuit. If a second resource of the same type
is chosen the operator will be queried as to whether he wishes to change the
resource assignment from the original. If the assignment is changed, the

original resource will be returned to the status of "FREE". Once a resource is
chosen it is marked "RESERVED" in th: database. This "RESERVED" status is only
intended to last for the duration of this work session and serves to provide

concurrent operation for several people.

The "RESERVED" status of the selected resources will be reset to "FREE" if the

operator aborts the session with a Clear or Quit command before using the Save
command. The Save command replaces the "RESERVED" status with the circuit ID

(usually the line equipment number) in each of the resource tables. The software
determinations as to which resources should be returned to "FREE" status are

made by examining the list of resources maintained in hidden fields. In case of
session abort those resources listed in the hidden fields that have the status

aRESERVED" are returned to "FREE". These hidden resource fields would include:

htn telephone number
hlen line equipment number

hdpidb hidden dpidb
hts time slot

hqtr_ts quarter time slot
• hpsu shelf, protocol handler, and member

11



hsm switch module
hislu ISDN line unit

The following figure illustrates the circuit assignment/resource selection
process from the viewpoint of an operator working with the PHONEADM screen. For
clarity not ali user commands have been included. The example illustrates the
various operations possible when choosing a telephone number for a circuit. A
similar process would be used for choosing any other resource such as an LEN or °
protocol handler.

Resource Assignment Process -- State Transition Analysis
Phone_m ISDN2 Resour_ (m)

i CJellr_
Ent_ ISDN ,i

oki

Quit ISDN
r_0clrc_

ISON (_>,JIt
Rnd

Pick

TN
information

Save

Yes

I_ _ SelectC_ Clear Quit new

Free I
kSON (R)

NO resources

Oult no i

Exit _. Yes | Free l I,

l:_nt -_ I t)s°urces? /

Figure 2- Resource Assignment Process
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_,jL:_mdix ZZZ _ Relttional Database Table 8t:uatu:e8

The following definitions are documented in a form compatible with the Ingres SQL

query language and could be extracted from this document and passed to the Ingres
interactive monitor program for execution. These procedures would create all the

tables required by the database system.

• /* TABLES DEF */
/* Defini[ions to create ALL the tables for the database PHONEDB */

• commit;

\g

create table customers
(customer no char(9) NOT NULL, /* customer number, ie. SSN */
name char_24) NOT NULL,

organization char(5),
category char(4),
classification char(10),
tn char(7)) with noduplicates, journaling;

\g

commit;

\g

/* modify customers to isam on customer no; */
/* create index name_index on customers_name) with structure=isam; */

commit;

\g

create table phones
(fen char(15) NOT NULL, /* switch line equipment number OR unique ID*/
tn char(10), /* telephone number if assigned */
customer no char(9),
line cos-char(5), /* line class of service; ISDN, analog, etc. */
loca[ion char(10), /* geographic location */

building char(6),
room char(6),

jack char(6), ,/
station equip char(10)) /* station equipment model #, etc.
with noduplicates, journaling;

\g

commit;

\g

/* modify phones to isam on len; */
/* create index phone no on phones(tn) with structure=isam; */
/* create index phone_cust on phones(customer_no) with structure isam; */

commit ;

\g

create view cust_phones (
fen,
tn,
customer no,m

line cos,
location,

building,
• room,

jack,
station_equip,
name,

organization)

13



as select phones.len, phones.tn, phones.customer no,
phones.line cos, phones.location, phones.building,
phones.room7 phones.jack, phones.station equip,
customers.name, customers.organization

from phones, customers
where phones.customer_no = customers.customer_no;

\g

commit;

\g

create table cables
(name char(20) NOT NULL, /* cable name */

first_pair integer NOT NULL,
last_pair integer NOT NULL,
endl loc char(10),

endl-bldg char(10),
endl-room char(10),
endl-cab char(8),
end2-1oc char(10),

end2-bldg char(10),
end2-room char(10),
end2-cab char(8),

type-char(10) )
with noduplicates, Journaling;

\g

/* modify cables to isam on name; */

commit;

\g

create table conductors
(name char(20) NOT NULL,
element integer,
fen char(15))

with noduplicates, journaling;

\g

/* modify conductors to isam on name, element */

commit;

\g

create table circuits
(fen char(15) NOT NULL,

seq_no smallint,
item char(20),
coll char(15),
co12 char (15),
co13 char (12),
co14 char (12))

- with noduplicates, journaling;

\g

/* modify circuits to isam on fen, seq no; */
commit;

\g

/* The work order table has fewer fields than the work order screen since

14



** some fields of the screen are extracted from the customers and phones
** tables using the fields that are in work orders. For example, org,
*" name, and phone for the user are extracted from customers using the

** key user_cus_no as the customer number.
*/
create table work orders (

order no integer NOT NULL,

' pkg_no integer NOT NULL,
request_type char(25), /* A choice from the wo_types table */
entry date date, /* Date the new work order was entered */
sch rout char(l), /* Scheduled or Routine (S/R) work order */

• complete_by date,
user cus no char(9), /* A customer number for the end user */

req_cus_no char(9), /* A customer number for the requester */
cur tn char(10), /* Telephone number currently operating */
cur len char(15),
new-tn char(10), /* Telephone number to be assigned */
new-loc char(10), /* Location, to go into the phones table .. */

new_bldg char (6) ,
new room char(6),

new_jack char (6),
new fen char(15),
new cos char(5),
new model char(10),
comments char(210),

entry_by char(8) /* From login info when new entry was entered */
)

with noduplicates, journaling;
\g
commit;

\g

create table wo actions (m

order no integer NOT NULL,

seq_no smallint NOT NULL,
item char(30) NOT NULL, /* An action item to-do */

assigned_to char(20), /* The person or group assigned to do the item */
assigned date,

assigned_by char(8), /* Who put the date into assigned; from login info */
done date,

done_by char(8) /* Who put the done date in; from login infJ */
)

with noduplicates, journaling;
\g
commit;

\g

/* actionlist keeps the possible items that can go into the wo actions table.

** The seq_no column is used to assign a number that will determine the
** relative order of display of the items on the work orders screen.

create table actionlist (

seq no smallint NOT NULL,
item char (30) NOT NULL
)

with noduplicates, journaling;
\g
commit;

\g

/* Table for work order type (used by work orders frame)
** and the actions to take in

** updating phones table according to
** work order request type (See notes in procedure close_wo.osq)

create table wo types (

request type char(25),
cur actlon char(8), /* What to do for current fen, tn */

" new action char(8) /* What to do for new fen, tn */

15



)
with noduplicates, journaling;

\g
commit;

\g

/* Miscellaneous integers used to form work order numbers, temporary
** customer numbers, trouble ticket numbers, etc. are held here.

create table numbers (

type char(10) NOT NULL,
numbers integer
)

with noduplicates, journaling;
commit;

\g

/* Table for closed work orders */
create table closed wo (
order no integer NOT NULL,

pkg no integer NOT NULL,
request type char(25), /* A choice from the wo types table */
entry date date, /* Date the new work order was entered */
sch rout char(l), /* Scheduled or Routine (S/R) work order */

complete by date,
user cus-no char(9), /* A customer number for the end user */

req cus no char(9), /* A customer number for the requester */
cur-rh - char(10), /* Telephone number currently operating */
cur-len char(15),
new-rh char(10), /* Telephone number to be assigned */

new-loc char(10), /* Location, to go into the phones table .. */

new_bldg char(6),
new room char(6),

new, jack char(6),
new len char(15),
new-cos char(5),
new-model char(10),
comments char (210) ,

entry_by char(8) /* From login info when new entry was entered */
)

with noduplicates, journaling;

\g
commi _ ;

\g

create table clo actions (
order no integer NOT NULL,

seq no smallint NOT NULL,
item char(30) NOT NULL, /* An action item to-do */

assigned to char(20), /* The person or group assigned to do the item */
assigned date,

assigned_by char(8), /* Who put the date into assigned; from login info */
done date,

done_by char(8) /* Who put the done date in; from login info */
)

with noduplicates, journaling;

\g
commit;

\g

/* Table of 5ESS preconstructed features extracted from the CD-ROM
** documentation, Recent Change, Table J

create table all features (w

feature char(ll),

description char(198)
)

with noduplicates, journaling;

\g
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create table tn ( /* phone numbers and if they are assigned */
tn char(10),
status char(3) /* F=free, A=active assigned, R=Reserved */

)
with noduplicates, journaling;

\g
• /* modify tn to btree on tn; */

create table len ( /* Line Equipment, Line Cards */
/* len for ISDN is sssillcc where sss=sm, i=islu, ll=ig c, cc=card */
/* len for analog is ssslcgwv sss=sm (1-192), l=lu (0-7), c=conc (0-9), */
/, g=swg (0-i), w=sw (0-7), v=Ivl(0-3) */

len char(15) NOT NULL,/. T, U, Z, A=analog card channel */
card type char(3), /* F=free, A=active, assigned, R=reserved */status char(3)

)
with noduplicates, journaling;

\g
/* modify len to btree on fen; */

/* Define a view that allows finding the used or free fen for the 5ESS

grouped by igc or switch group - possible 32 lines each.
,/
create view len trunc (len_trunc, card_type, status)I

as select

left(fen, 6), card type, status
from len;

\g
commit;

\g
/* Get the number used or free with a query like this:

select len trunc, card_type, count(len_trunc)
from fen Erunc
where status='A ' /* or 'F' for free */

group by len_trunc, card_type

order by len_trunc;
*/

create table dpidb (
sm smallint, /* 1-192 */
islu smallint, /* 0-7 */

dpidb smallint, /* 2-11 */
ts smallint, /* 0-31 */

qtr ts smallint, /* 0-3 */
igc- smallint, /* Line Group Controller for time slot */
fen char(15) /* len if assigned, R=reserved for fen in */

/* qtr_ts above, F=free */

)
with noduplicates, journaling;

\g

create table ph ( /* Protocol Handlers */
sm smallint, /* 1-192 */
islu smallint, /* 0-7 */
shelf smallint, /* 0-4 */

ph smallint, /* 0-15 */
ph member smallint, /* 0-127 but only each 4rh entered initially: 0,4,8 .. */
len char(15), /* fen if assigned, F=free */

pps t float4, /* pps x usage estimated; see line cos table;0 if free */
type char(4) /* D for D channels, B for on-demand B, A for all */
)

with noduplicates, journaling;

\g
/* Get usage per ph with a query like:

• select sm, islu, shelf, ph, xx=sum(pps_t)
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from ph
group by sm, islu, shelf, ph
order by zm, islu, shelf, ph

*/

create table line cos (

line cos cha?(5) NOT NULL, /* Line class of service: e.g. Al, I2 */
reqd-- integer, /* Required service: see cos_procs tbl.*/

/* 1-99 reserved for ISDN */

/* 101-199 for LU POTS lines */

pps_d integer, /* packets per second estimated */
usage_d smallint, /* percent of time-in-use estimated */
pps_b integer, /* packets per second estimated */
usage_b smallint, /* percent of time-in-use estimated */
card_type char(3), /* T, U, Z, or A (A=analog card) */
description char(195) /* Text like 'ISDN telephone, 4 wire T card */

/* local power at phone, no data module */
) with noduplicates, journaling;

\g

commit ;

\g

create table cos_procs (
reqd integer, /* See reqd in line cos table */
comment char(70) /* Text that displays instead of the */

/* reqd number for line cos */

) with noduplicates, journaling;
\g
commit;
\g

/* Special table for entry cables that map to logical/other cables
to make the transition to a cable scheme of interconnected real

cable (segments) from the scheme of logical cables that have a
single name for a cable that has pairs peeling off to various buildings.

See the table e_cablemap for the physical-logical mapping.

create table e cables

(e name char(20) NOT NULL, /* cable name */

first_pair integer NOT NULL,
lastpair integer NOT NULL,
endl loc char(10) with null,

endl bldg char(10) with null,m

endl room char(10) with null,

endl cab char(8) with null,
end2 loc char(10) with null,

end2 bldg char(10) with null,
end2 room char(10) with null,
end2 cab char(8) with null,

type char(10) with null )
with noduplicates, journaling;

\g
commit ;

\g

create table e cablemap
( e name char(20) NOT NULL, /* from table e cables */

e_pairl integer NOT NULL,
e pair2 integer NOT NULL,
name char(20) NOT NULL, /* from table cables */

pairl integer NOT NULL,
pair2 integer NOT NULL)
with noduplicates, journaling;

\g
commit;

, \g
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create table troubles (
number smallint,
len char(15),
customer no char (9) ,
tn char (I0),

date_reported date,
date cleared date,

• assigned_to char(24),
symptom char(30),
action char(30),
notes vchar (150),

• comments vchar(150)) with noduplicates, journaling;

\g

create table trobl act (action char(30) not null)

with noduplicates, journaling;

\g

create table trobl symp (symptom char(30) not null)
with noduplicates, journaling;

\g

create table trobl auto (number smallint, symptom char(30),
action char(30)) with noduplicates, journaling;

\g

/* Table of miscellaneous information used as starting points for

searching for resources in large tables, to spread resource
usage across the switch, etc.

*/
create table misc (

item char(15) not null with default,

vl integer not null with default,
v2 float4 not null with default,
v3 char(20) not null with default

);
\g

grant all on customers to public;
grant all on phones to public;
grant all on cables to public;
grant all on conductors to public;
grant all on circuits to public;

grant all on work orders to public;
grant all on wo actions to public;
crant all on actionlist to public;

grant all on wo types to public;
grant all on numbers to public;
grant all on closed wo to public;"
grant all on clo ac[ions to public;

grant all on all-features to public;m

grant all on tn to public;
grant all on fen to public;
grant all on dpidb to public;
grant all on ph to public;
grant all on line_cos to public;
grant all on cos_procs to public;
grant all on e cables to public;

grant all on e-cablemap to public;
grant all on troubles to public;
grant all on trobl act to public;
grant all on trobl_symp to public;

grant all on trobl auto to public;
grant all on misc to public;
\g
commit;

• \g
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A_md_z 1_ -- 5_88 Z_N BA_w&=e JLssi_t _lee

Outline notes from various sources and observations:

Rules for the system confiquration and equipped hardware:

Max of 16 LGCs per ISLU
Max of 32 Llne Cards per LGC
Max of 12 PIDBs per ISLU (but one source also says 16)

Max of 12 DPIDBs per ISLU
Even number of PIDBs or DPIDBs

Max of 5 PSU shelves per ISLU

Max of 16 PHs per PSU shelf
Min of 8 DPIDBs per fully equipped ISLU
Max of 16 PIDBs per fully equipped ISLU with 8 DPIDBs
Max of ii, Min of 2 = assigned number of a DPIDB assigned to an ISDN line card

Rules for assiqninq equipment to a line:

Odd numbered (ii, 09, 07, ..) DPIDBs allocated to LGCs 0 to 7 (ISLU half I)
Even numbered (I0, 08,06, ..) DPIDBs allocated to LGCs 8 to 15 (ISLU half 0)
B-PHs for 64kbps B-channels with X.25 or D-channels with >8 dpps
D-PHs for D-channels with <8 dpps or D-channels with Q.931 signalling
Max of 128 logical channels per B-channel
Max of 16 logical channels per D-channel
Max of 128 logical channels per PH
Max of 50 pps for 5E5 PH2
Max of 160 pps for 5E6 PH3
Max of 4 time slots from each LGC to each DPIDB

LGC to DPIDB time slot allocation according to formula below
Max of 5 DPIDBs with access to an LGC

Max of 20 time slots per LGC to the PSU (from 4ts/DPIDB x 5DPIDBs/LGC)
i/4 time slot used by packet D-channel (assumption for 5E4; <8 dpps)
Max of 32 B-channels per PH allowed by original ILAS assignment system
37 dpps equated to a time slot weight of 1 in first uses
Each forth PH member assigned by some systems (0, 4, 8 ... 32 max channels)

Goals for line assiqnments:

Get SM, ISLU, LGC, Card; example=004-0-00-01=00400001

Get Shelf, PH, PH Member ; example 0-02-000=002000
Get DPIDB, TS, Qtr TS; example Ii-]-0

5ESS Recent Chanqe Screen 23.2 selected lines:

line I0 = SM [1-192], ISLU [0-7], LGC [00-15], Card [00-31]
line 13 100047 = PSU Shelf [0-4], CHL Group [00-15], PH Channel [000-127]
line 23 DPIDB ii = [I-II]
line 24 TS 0 = [0-31]
line 25 QTR TS 0 = [0-3]

Formula £or DPIDB TS to LGC assiqnments:

Igc=( ((mod(DPIDB+I,2))*8)+mod(TS+7+8-(II-DPIDB-mod(DPIDB+I,2))/2,8))

where DPIDB in range [11-2]
where TS in range [0-31]
mod(n,b) = n modulo b
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Ap_m4kLz V -- Gettlmg Stazt_

Basic Instructions on Using the Albuquerque Version of Phonedb:

I. Connect to the VMS VAX SAV80 by:

a. Use the IBX by
I. Turning on a terminal hooked to an ADI data set.

2. Type - = until the prompt ENTER AUTHORIZATION CODE appears.
' 3. Enter your authorization code <return>.

4. At the ENTER DESTINATION NUMBER prompt enter SAV80 <return>.
5. At DATA CALL INITIATED press <return>.

OR

b. Connect through the Macintosh network

2. Log into SAV80:
a. At Username: type your username <return>, for example SNELSON.
b. At Passv'_rd: type your password <return>.
c. Be sure that your Ingress terminal type is correct. There are many

choices, but for most uses from VT100 type terminals the command

SAV80> define term_ingres vtl00f <return>

executed from the prompt as shown or in your login command file,
will set things up ok. If you are in doubt, type the above command.

(For a vt200 or vt300 terminal running in vt220 mode, use the
command: define %erm_ingres vt220 )

3. At the SAV80> prompt type PHONEDB <return>.
That starts up the database application program and may take lz
seconds.

4. Go to the circuit record screen:

a. Type R <return> to bring up the Records menu.
b. Type L <return> to bring up the Lines or circuit record screen.

Bringing-up the Lines screen the first time may take 4 seconds;
subsequent moves to the Lines screen will be much faster.

5. To find the record for a 5ESS circuit on LEN 00425120:
a. Note that for 5ESS circuits the circuit id is the LEN (Line

Equipment Number) which is the same as LCEN and OE for the
database. The leading zeroes must be typed.

b. Type 00425120 in the Circuit ID field (no need to press
<return>).

c. Press the PF1 key to move the cursor to the menu line.
On a VT100 terminal thi_ key is labeled PF1.

d. Type F <return> to activate the menu Find function.

6. To clear the screen fields for new entry:
a. Press the terminal PF1 key.

b. Type CL <return> to activate the screen Clear function.

7. Tc. find the record for a 5ESS circuit with telephone number 8457271:
a Clear the screen fields according to step 6 above.
b. Press the TAB key to move the cursor to the telephone number

field.

c. Type 8457271 (no need to press <return>).
d. Press the PF1 key to move the cursor to the menu line.

e. Type F <return> to activate the menu Find function.

8. To find the record for a circuit with id C123:

a. Clear the screen fields according to step 6 above°

• b. Type C123 in the Circuit ID field (no need to press <return>).

21



c. Press the terminal PF1 key to move the cursor to the menu llne.
d. Type F <return> to activate the menu Find function.
e. The circuit should be displayed.

9. To Quit and logoff:
a. Press the terminal PF1 key.

b. Type Q <return> to activate the screen Quit function.
c. Repeat step b until the SAV80> prompt appears.
d. Type LO <return> to log off.

i0. Some SHORTCUTS:

a. On a VT100 terminal (or emulated VT100 terminal), instead of the q

sequence of PF1F <return> you can Just hit the "enter" key with
the cursor anywhere on the screen. This will activate the menu
Find function. The "enter" key is the key on the lower right on
the keypad.

b. Instead of the sequence PF1CL <return> you can just hit the
keypad "0" key. This will activate the menu Clear function.

c. Instead of the sequence PF1Q <return> you can just hit the
keypad PF3 key.

d. Other speed function keys are indicated in parenthesis after the
function on the menu line. You can scroll the menu line horizontally

by repeatedly pressing the PF1 key.

II. Correcting the information typed in fields and moving between
fields:

a. The VT100 "del" key deletes the character preceding the cursor.
b. All the standard Ingres forms movement functions are used. The

arrow keys move the cursor within a field. TAB moves to the next
field. On a VT100, CTRL-P (control P), moves to the previous
field.

c. To scroll tablefields (like where cable circuit entries are done

and in big help files):
i. Press the keypad .....key to scroll down.

ii. Press the keypad "," key to scroll up.
d. Additional functions can be checked by activating the HELP menu

item on most screens.
i. Press PF2.

ii. Type K <return> to look at the key definitions.
iii. PF1E <return> to escape HELP.

12. Customer number and customer name:

a. A customer number or the word SPARE is required for every
circuit. A unique number is used to identify each customer to
get around the problems of people having the same name, the same
name being entered in various ways (Mike, Michael, M.), and to

allow bulk corrections of organization and contact phone number
from the corporate database.

b. A customer number is required for each circuit so we can
identify the resources controlled by each user or organization
and so that we can get in touch with the "owner" of a circuit
in case a circuit change needs to be made.

c. For special use, group identifications, such as the word SPARE,
can be entered into the system as a customer and used in the
circuit records.

d. Customer number is initially the E number for Sandia employees
or an N number for those contract people who have an N number.
Social security number can be _sed also (Sandia is planning

to switch to this in 1992), or the database system can assign
a unique number from within the Customers screen with the menu
item Get No.

13. Finding a customer number when you only know the name:

a. Get to the Customer screen. From the Circuit screen, press PF1,
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then type CU <return>.

b. Move the cursor to the name field (if it is not already there)

by pressing TAB once.

c. Type in enough of the name as you think will make it unique and
unambiguous followed by ".he wildcard character *. See the

• sample in the figure below where "DOE, J*" was typed to find the
name JOHN DOE.

d. Activate the menu item Find by pressing PF1 followed by F
• <return>.

e. If more than one name matches the search, the menu items NEXT

and END appear. Activate NEXT until the proper name appears,
then activate END.

f. Choosing Select from the menu will move the customer number and
name to the Circuit screen. Choosing Quit will return you to
the Circuit screen without transferring the customer number.

+
+-

ICircuit Customer, Location, & Equipmentl

Circuit Id: Telephone No: Location: __

Customer No:+ .... I
Name: I +.... +

I ISystem Customersl I
I + __+ ___ II+

-iCustomer No: urgan_zat_on:
Telephone: I

Keyword/C_bl Name: DOE, J* i
I i
ICategory: Classification:
+

I
I
I
i
[
i
I

I
.mm

14. Class of Service, Line Class of Service, and COS:

Class of Service is the designator that allows identification

of the detailed purpose of a circuit. Some examples are
FIRE for fire alarms circuits, CS1 for analog telephone circuits,
PORT for IBX asynchronous data ports. Having a detailed class
of service allows "s to take special action in the database
software. We would only assign ISDN switch resources to
circuits with ISDN c_esses of service, and so on.

15. Circuit ID, CLEN, LEN, and Port:

These synonymous terms become the basic identifier for a circuit
in the database. The conductors for each cable are internally
marked with the Circuit ID of the circuit using each.For circuits
where there is no "line equipment" number (LEN), or port number,

any unique circuit identifier can be entered or the database
system can assign a number with the circuit screen menu item Get No.

• 16. Searching for a circuit when you only know the customer:
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a. Clear the Circuit screen field.

b. Find and fill-in the customer number.

c. Activate the menu item Find.

d. If the customer has only one circuit, that one will appear. But
if the customer has multiple circuits, the Search screen will be
presented as shown in the example below. Select the circuit you
wish to view in detail like this:

i. Move the cursor to the table by pressing CTRL-P (control P)
or pressing TAB II times (easier to push CTRL-P). •

ii. Move the cursor to the line of interest using the up and
down arrow keys.

iii. Activate the Select menu item with PF1 S <return>.

e. The Search screen can be cleared and then any combination of
information (including the wildcard *) can be filled-in the

top portion to formulate criteria for a Find.

ICircuit Search Screenl
+

Circuit Id: Telephone No: Location:
Customer No: Station Equip: Building:
Name: Line Cos: Room:

Org: Jack:

+ --. +

Circuit ID Phone No Name Customer No Organization

00400119 8450006 DOE, JOHN B. E00012345 04587
C28 DOE, JOHN B. E00012345 04587
765B DOE, JOHN B. E00012345 04587

+

17. Cable and conductor information in the Circuit screen:

The table in the lower part of the Circuit screen shows the wiring
for the circuit. The elements that make up a circuit are listed in

the order in which they are connected. See the sample circuit
below, lt shows that cable 910ESS05 pair 19 is jumpered to cable
910ESSOI01 pair 804. Likewise 910ESS05 pair 20 is jumpered to cable
910ESS0101 pair 805. Cable 910ESS0501 pair 806 also goes to the
destination jack. (The keyword "BDF POWER" or a similar term can be
put in a line between the two cables, but some sites may decide to

skip that addition.)

To add wiring information in the circuit screen:

a. Find the proper circuit using u_e Find menu item.

b. Move the cursor to the tablefield using th_- TAB key or CTRL-P,
whichever is quicker.

c. Type the cable name in the first column, then press <return>
to move to the second column.
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d. Type-in first cable pair number. Press <return> to move to
subsequent columns if more pairs of the same cable are used.

e. If more than one cable is involved in the circuit, move to the

next line by pressing <return> until the cursor moves to the
first column of the next line. Repeat steps c and d until the
entire circuit is shown.

f. Activate the Save menu item with PF1SA <return> or by pressing

the designated single stroke function key.

0

g. Note that as you are typing in the tablefield, if the cable name
you type is not already in the system cable records, an error
message will appear. You can only put in cable names or keywords
that the system already knows about. Keywords can be viewed by
activating the menu item Keywords. Cable names must be looked-
up from the cable manipulation screens.

+

ICircuit Customer, Location, & Equipmentf
+

Circuit Id: 00220006 Telephone No: 2949381 Location: LIVERMORE
Customer No: E00054777 Station Equip: 7506 Building: 910
Name: SMITH, MICHAEL T. Line Cos: II Room: 107

Jack:

Keyword/Cable Name Col 1 / Pair 1 Col 2 / Pair 2 Col 3 / Pr 3 Col 4 / Pr 4

910ESS05 19 20
910ESS0501 804 805 806

+ +

18. Common error messages and how to deal with them:

a. The most common error messages are issued when a mistake is made
activating a menu item. The first line of the error message is
displayed. If you know what has happened (like you pressed X
instead of C), just press <return> to clear the message and try
again. If you want to read the details of the message, press the

"h" key, read the message, then press <return>.

A common problem is not entering enough of menu item's name to
allow the system to determine which item to activate. For
example, some menus have the items "customers" and "clear".
Entering PF1C <return> is ambiguous. You must enter PF1CL
<return> or PF1CU <return> to differentiate the two.

Alternately, use the predefined one-stroke function keys to

reduce keystrokes.

b. The system's internal verification of the values in fields
occasionally results in a message. These messages will occur

• when an out-of-range value is entered in some screen field.
The messages are cleared by pressing <return>. If more details
of the message are available, the prompt will have an option to
press h for "more" as in the menu error messages.

i
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