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ABSTRACT

*. This thesis describes the development of a magnetic tape

library system (TLS) for the Computer Science Department of

the Naval Postgraduate School, Monterey, California. The TLS

was developed using the Ingres VM UNIX Version 2.1/15 VE.04

database management system on the 4.2 BSD UNIX operating sys-

tem. The thesis includes a requirements analysis and design,

and a description of implementation.
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I. INTRODUCTION

. The Computer Science Department maintains a variety of

magnetic tapes for their instruction laboratory. The current

combination manual/computerized library system is ineffi-

cient. The department wants a computer-based system by which

Nlibrarians may add, locate, update, and provide reports

regarding tapes in the library. There are currently six li-

brarians who are staff members of the department. In addi-

tion to their librarian duties, they are responsible for some

*u form of maintenance of the department's two VAX 11/780 and

one VAX 11/750 computers. The maintenance administration is

performed with the VAX 11/780/UNIX operating system. The

department wants a tape library to be developed using the

Ingres (VM UNIX Version 2.1/15VE.04) database management sys-

tem (DBMS), the 4.2 BSD UNIX operating system.

The database development process will be used to build a

tape library system (TLS) . It will be developed in four

stages -- requirements specification, evaluation, design, and

implementation.

A. REQUIREMENTS SPECIFICATION

The management of the Computer Science Department has

already defined the need, and estimated the cost/benefit of

•he project. The'/ approved its continuation wn ;,

* - -' - uiested that tne 1]ibrarv be ,eveicoed 'bv r theSiS Student

I0
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The current tape library is a combination of a casual

computer listing of approximately 600 tapes, and opened

cabinets in which tapes are segregated by type.

The library system must facilitate use by the six li-

brarians. The need to store and catalog tapes dependably

is critical. It must ensure the security of the data and

tapes. Guidance for logging data must be well defined and

interactively p. :npted to ensure input of all necessary

information.

Development of the library by a thesis student for use on

the VAX 11/780/UNIX operating system and Ingres database will

keep costs to a minimum. No new hardware, software, or per-

sonnel purchases will be required. Because all the librar-

ians have extensive experience with the system, minimum

training will be required. This thesis describes development

of the TLS.

Detailed user requirements will be determined by exten-

sive interviews with the users. The department has assigned

a user team leader. The current system and desired chances

will be documented in Chapter II by a narrative and data flow

diagrams. The proposed system will be documented by data

flow diagrams, process mini-specifications, data items, and a

specification data dictionary. The new system will be re-
viewed and approved by the users before the evaluation state

commences.

3
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B. EVALUATION

The evaluation stage will be limited because the depart-

ment has already delineated the system hardware, operating

system, application language, data technology, and people.

The database design, application program, and procedural

alternatives will be developed for evaluation and selection

by the user. A project plan, outlining major devlopment

tasks, will be documented for use by the developer and user

in following project development.

C. DESIGN

The design stage will include definition of the database6

structure application program, security and control, and

functions of the database administrator.

In Chapter III, the database structure will first be

defined logically, independent of the requirements of Ingres,

according to the rationale of the data record relationships

and fields. These relationships will be illustrated by data

structure diagrams (Bachman diagrams). They will be defined

in a logical schema.

In Chapter IV, the logical structure will be mapped tc

t.-e physical structure of Ingres. The relations, data,

formats, and the functions and interfaces of the modules will

be included in the design data dictionary. The application

prcaram will be designed in parallel with the database

Security and control rocedures will e 1 scned



into the application program to ensure that only authorized

users may access the library.

A tutorial will be developed in parallel with the appli-

cation program and will be included as Appendix G. It will

_- include operating procedures, security specifications, and

the database administrator's responsibilities for mainte-

nance of the library.

D. IMPLEMENTATION

The application will be coded in the Ingres DBMS lan-

guage. A small representative database will'be loaded into

the database. All modules will be tested. Users will be

trained. Full loading of the 600 tapes will be accomplished

by the staff librarians. Instructions for implementation are

provided in Appendix F. Final conclusions and recommenda-

tions will be included in Chapter V.

k' 'C



II. REQUIREMENTS ANALYSIS

A. NARRATIVE

1. Background

The Computer Science Department's current tape li-

brary is a combination of a casual computer listing of 600

tapes, and opened cabinets in which tapes are segregated by

type. Tape labels contain as much information as possible in

case the information in the library listing is inaccurate,

incomplete, or nonexistent. The information in the listing

is not standardized. It consists of whatever one of eight

librarians considered necessary for identification or re-

trieval when (s)he entered the tape into the library. Fre-

quently customers help themselves to shelved tapes, and new

boxed tapes sometimes disappear. Few staff and student

personnel request the library to store their tapes. The

department would like to provide secure, dependable library

services.

Compounding the problem, the computer facilities are

rapidly expanding. Dependence on the facilities is increas-

ing and people are requesting better library services. Con-

currently, requests for backup tapes are increasing as is

the length of time between when a backup is created and re-

triev ed. More tapes are getting lost. The need to scre an

-atalcq tapes de-endablv is critical.
.1
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2. Users

N Approximately six to seven staff personnel, all

extensively familiar with computers, perform librarian duties

and will have access to the library and tapes. Because of

the large number of librarians, guidance for logging data

must be well-defined and interactively prompted to ensure

that all necessary information is input.

3. Storage

The tapes will be stored in locked cabinets with sep-

arate slots for each tape. The staff would prefer not to

physically separate the tapes by category and not to have

* descriptive information on the tape labels. This will help

.-"Z to prevent customers from helping themselves to tapes they

need if cabinets are inadvertently left unlocked. Only the

librarians should have access to the tapes.

4. Tape Entry

Tapes are received into the library in three ways:

1) boxes of new tapes; 2) tapes from vendors, and 3) written

tapes requested for safekeeping by private owners. To pre-

vent pilferage, it is desired that new tapes be identified

0 and placed into the library immediately. Physical informa-

tion about these blank tapes must be included. They will

eventually be used to write backups. Vendor tapes are iden-

tified and catalogued as soon as possible. They are never

retired for use as backups. Tapes input for safekeeping must-

be identified. If abandoned by the user, they may be usec

12



for backups. Essentially, the moment a tape is received by

the library, it should be identified with as little informa-

tion as possible on the label. It should be labelled with an

identification number only, which can be used to locate

assigned space in the cabinet and its descriptive information

in the library.

-' 5. Backups

It is the function of the tape librarians to perform

backups. They do routine system backups, and "individual"

backups by special request for staff, faculty, or student

personnel. For individual requests, the owner's tapes main-

O tained by the library may be reviewed to determine if there

is sufficient space available on one to read the disk files

requested to the partially used tape. To perform an individ-

ual backup when an appropriate, partially used tape cannot be

found, or to perform any other backup, the librarian must

first find a "scratch" tape, either new or previously used.

It must be of sufficient condition, density capacity, and

length to accommodate the backup. After the information on

backup tapes is retired, the librarian makes the tape avail-

able for rewrite.

a. Routine Backup

Daily disk backups are written to tape each week.

Weekly, disks are written to tapes. Full backups of the

system are written to tape mcnthly. Information kent in t1~

13



library must enable the librarian to access the tapes and

write them back to disk. They must be identified by the

. date and time of backup, the system, utility, software used

to generate the tape, and path information such as partition

or disk, or source. Each daily backup is 1-2 tapes long,

weeklys require 2-3 tapes, and monthly's 4-6 tapes. The

library will save dailies for one month, weeklys for two

months, and monthlys for six months.

When a Computer Science class graduates (14-17

-.- students) the librarian creates a tape backup of graduated

student disk files for each system. Each is 1-2 tapes long.

Again, the librarian must find a tape of the appropriate

length, condition, and density capacity. After writing the

tape, the librarian must catalogue information which will

enable retrieval of a student's files to write them to disk

or another tape. This information must include date, student

name, the .specific files, the operating system hardware and

utility used to generate, and device. The tapes will be kept

for two years.

DATA RETENTION

DAILY BACKUPS 1 MONTH

WEEKLY BACKUPS 2 MONTHS
MONTHLY BACKUPS 3 MONTHS

GRADUATION BACKUPS 2 YEARS

INDIVIDUAL BACKUPS 2 YEARS

VENDOR BACKUPS 5 YEARS

14
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b. Nonroutine Backups (Individual Tapes)
Staff, faculty, or students frequently request

that a disk file be written to tape. The librarian first

checks to see if the individual currently owns a tape in the

library of the same system, copied with the same utility and

device as required to access the file(s), that has a suffi-

cient unused portion to write the file(s) requested. If an

appropriate tape is found and used, the addition of the new

file(s) must be recorded into the library. If there are

none, the librarian must look for an adequate scratch tape.

If a new tape was used because the owner had no previous

* tape(s) on file, the librarian identifies it as a new set

with a new sequential order. A set of individual tapes can

include up to three volumes. After copying the tape, the

librarian catalogs the information necessary to find which

tape the new file is on and how to write it to disk or

another tape.

6. Administrative

a. Condition of Tapes

The librarian is responsible for monitoring the

condition of the tapes and to recopy or throw out tapes as

required. Condition is determined in one of two ways: errors

and bit age.

(1) Errors

Errors are unreadable bit spaces on the tape

and are communicated to the librarian by the utility each

15
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time the tape is read or written. Ten to twelve errors

(after head cleaning) is considered maximum life. The

librarian must catalogue this information each time the

physical tape is read or written. Physical tapes exceeding

their maximum cycle or error life are permanently deleted

from the library and thrown away.

(2) Bit Age

Bit age has to do with the information

written on the tape and applies only to active tapes (vendor

or backups). It is the age of the oldest bit on the tape.

Bits deteriorate after five years so the tape information

must be copied to another tape. The physical tape, however,

may be reused. Checks for bit age must be done on all tapes

on a periodic basis.

b. Retirement of Tapes

The librarian requires a flexible means of con-

trolling the length of time all active tapes are retained by

the library, other than by condition. The reasons could vary

per type of active tape. When the retirement date occurs, a

disposition decision will be made.

c. Lending of Tapes

Vendor, scratch, and individual tapes may be

loaned. The library must maintain information regarding

which tapes are on loan, and to whom.

L6



7. Deleting Tapes

Backup tapes may be retired to scratch tapes, or any

tape may be thrown away. For retiring backups, the librarian

must provide a means to delete backup information but retain

the physical tape information. It must allow deletion of all

tape information and reflect the availability of a vacant

labelled slot in the cabinet when a tape is thrown away.

B. DATA FLOW DIAGRAMS (DFD)

-< 1. Current Library

An overview of the current TLS described in the

narrative is illustrated by a DFD (Figure 1). Minispecifi-

' cations and file descriptions follow the DFD.

2. Proposed Library

A general overview of proposed library procedures is

reviewed in DFD(O) (Figure 2). All procedures are to be per-

formed by a librarian. Subsequent DFDs (Figures 3-10) are

more detailed. The procedures are numbered 1-9. The pro-

cedures and data input and output for each procedure varies

according to the function the librarian performs. A DFC is

written for each function to illustrate the specific proce-

dures and data inputs and outputs required. Functions are

assigned letters A-H. Mini-specifications of the procedures

and a specification data dictionary follow each DFD. The

-*- procedure numbers of the functional DFDs match the procedure

to the definition provided in the overview DET(O) and *r
I '"I1
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preceded by the appropriate function letter. For example:

"A.2" should be read - Function A, Procedure 2.

For some functions, a procedure is broken down into

sub-procedures. Sub-procedures retain the function and pro-

cedure number, followed by a decimal number (i.e., A.2.1

should read - Function A, Procedure 2, Sub-procedure 1).

Cabinets and the database will be the only files used

to store library objects and information. Cabinets will con-

sist of labelled slots, consecutively numbered left to right,

top to bottom. The range of the numbering system will be

expanded as tapes are added. Cabinets will be known by the

range of numbers assigned. For example, a cabinet may be

known as 100-300.

The library data will be the only source of infor-

mation regarding labelled cabinet spaces, the physical con-

dition of tapes assigned, and the data preserved on a rive

tapes (vendor tapes and backup tapes). A backup tape is a

tape with information which the library safeguards.

1
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DATA FLOW DIAGRAM: CURRENT SYSTEM OVERVIEW
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MINI-SPECIFICATION: THE OLD SYSTEM LIBRARY - OVERVIEW

1. Edit Request The librarian or requestor edits the re-
quest at this time to determine what
action to take.

2. Query for The requestor or librarian searches for
Tape(s) the tapes which will satisfy the request.

3. Select The librarian or requestor selects the
Appropriate equipment, if required, to satisfy the
Equipment request.

4. Get Tape(s) The librarian gets appropriate tape(s).

5. Perform The librarian or requestor performs the
Read/Write read/write, if required.

6. Return Tape(s) The librarian returns the tape(s) to the
* cabinet; the requestor might or might
-. not.

* 7. Update The librarian updates the database; the
Database requestor does not.

FILES

Four objects serve as files in the current library.

CABINETS Cabinets have slots which hold the tapes. These
slots are not numbered. The tapes which are
contained in them have labels with numbers and
tape information. An attempt is made to place
reels of similar systems and tapes in specific
sections of the cabinets. The cabinets are
opened and easily accessible to anyone at NPS.

1 DATABASE A vaguely defined computerized file of tape num-
bers with information for the librarian regarding
the tape. Information required to perform subse-
quent functions is frequently omitted. This data
is also written onto the tape label.

NEW BOXED New tapes received are left in boxes near the
cabinets. The physical parameters of the tapes
appears on the labels. The bcx is accessible to
anyone.

SINK Tapes sometimes disappear.

20S
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a. DFD(O): Proposed System Overview
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Figure 2. Proposed System Overview



Function: General Procedures of the Proposed Library

Mini-specifications 0

The following procedures are required by most of the

functions the librarian performs. The combination of pro-

cedures and the data input and output for each procedure will

vary according to the function requested.
1. Edit An event/discussion with a requestor

to determine the function required.

*. For example:

Add empty cabinet slots
w. -Add scratch tapes

Add vendor tapes
Write disks to tape:

To partially used individual tape
To backup tape

* OTo scratch tape
Read active tape to disk
Loan Tape
Receive returned loaned tape
Delete tapes

2. Query TLS Data Provide criteria upon which the
information requested is retrieved.

3. Select IDs Select the id numbers which are
required to perform the function.

4. Label Make labels for, and label objects for
each id number selected.

5. Get Tape(s) G to the cabinet slot labelled with
the selected id number and withdraw
the tape(s).

6. Perform Perform write disk to tape or read
Read/Write tape to disk, as appropriate.

7. Replace Tape(s) Replace tape(s) to the cabinet slot
which matches the identification
number on the tape label.

9. Update TLS Data Add to, or update TLS data with new
information recardinq the cnerat~cn
performed.

22
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Function: Add new scratch Tapes to Library

Mini-specifications A

1. Edit: Request to log scratch. Log new un-
Log Scratch labelled tape(s) upon arrival. Read

physical parameters from manufacrer's
label.

2. Query Query library data for lowest empty id.
Empty Slots

3.1 Calculate If no empty slots are available,
New id calculate new id number

3.2 Assign id(s) Select the id(s) to assign to the
scratch tape

4.1 Label Tape(s) Label the tape(s) with the'assigned sict
id number.

4.2 Label Cabinet Label the cabinet space with the new id

8. Add Scratch If id was of an empty slot, update tape
physical parameters to the id record.

.. If new id, add id and tape parameters.

Data Items A

Physical = length + density

Type = (type = empty)

Empty Slot id = id + (type = empty)

None = no empty slots

New id Selected = max id + 1

-'-. Labelled Tape = Tape + id

Label = a label with an id number to be put
on the cabinet space

Scratch Record = id + (Type = scratch) + length;
, density

-4
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C.DFD (B)
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*. Function: Add Vendor Tapes

Mini-specification B

1. Edit: Vendor The tape is software from a
vendor for the library to log and
maintain

2. Query Empty Slots Query the library data for lowest
empty id

3.1 Assign id(s) Assign the id to the vendor tape

3.2 Calculate New If no empty slots are available,
id Numbers calculate the new id number

4.1 Label Tape(s) Label the tape(s) with the
assigned slot id number

4.2 Label Cabinet Label the cabinet space with the
Space(s) new id

8. Add Vendor Tape(s) Add software tape(s) record to
to TLS the library data

Data Items B

Physical = bpi

Software = (type = vendor) + system +
utility + label + date
received + retirement date +
owner + contact phone + soft-
ware + vendor + description +
sequence

Pr-

Type = Type empty

Slot id = id + (type = empty)

None = No empty slots

New id max id + 1

Software Tape Record = id + (type = vendor ) bpi
+ software

,%2 6



d. DFD (C)

zz

ZIZ

*'w

0

Figure 5. Write Individual's Disk to Tape
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Function: Write Individual's Disk to Tape

Mini-specification C

1. Edit: Write If type = individual staff,
Disk to Tape faculty, or student backup.

If not go to DFD(E).

1.1 Determine File By discussion or may require
Location and searching files.
Length of Files

1.2 Select Equipment The computer and operating sys-
tem combination determines the
device. The device determines
the density which can be used.

2. Query Owner's Query the library data for a
Tape(s) listing of the owner's backup

tapes which may be used to copy
the files requested.

3. Select Tape Select a backup tape wh'ich may be
used to write the requested file.

D.1.2 Go to If none of the owner's tapes are
Procedure D.1.2 appropriate to use, go to Proce-

dure 1.2 of DFD(D) and resume
looking for a scratch tape to
perform the write.

5. Get Tape

6. Perform Backup Write disk files to the tape.

7. Return Tape

8. Update TLS Add the record of the new files
* to the library data. If the
*utility reads error information

different than that recorded for
* the tape, update.

N 1C



Data Items C

Type individual, staff, faculty, or
student backup

Owner = the owner of the individual
backup tape

Approximate File (some or all) (system + owner
Path + partition/disk)

Type individual, staff, faculty, or
student

Density bits per inch (bpi)

Tape Requirements (some or all) (type = indivi-
dual) + owner + system +
density

Owner Tape Listing id + length + density + loaned
+ system + utility + label,0
percent used + retirement date

File Path Partition/disk + saveset/
source

File Lengths Approximate length of magnetic
tape needed to copy the files

Utility Utility

None No tapes meet the requirements
for the backup

Errors = Error, date of errors

Record of Backup = id + errors + date of errors
+ partition/disk + saveset/

* source

or
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Function: Write Disk to Scratch Tape

Mini-specification D

1. Edit: Write Disk If type = daily, weekly, monthly,
to Scratch or graduation backup

1.1 Determine By discussion or may require
File Location searching files
and Length

1.2 Select Equipment The computer and operating system
Required combination determines the

device. The device determines
the density which can be used.
The utility is determined by the
system and the density

2. Query Scratch Query the database Eor scratch
tapes which have the physical
parameters required by the edit
procedure

3. Select Scratch Select ids from the listing of
Tape(s) scratch tape(s) provided by the

database

5. Get Tape(s) Retrieve tape(s) with the id(s)
selected

6. Perform Backup Write disk files requested to

the tape

7. Return Tape(s)

8. Add to TLS Enter the information regarding
the backup to the library data

Data Items D

Function: Write Disk to Scratch

Approximate File = (some or all) (system + part/disk +
Path saveset/source)

Type Backup daily, weekly, monthly, graduation,
or individual backup

'voe Tape = Type = scratch

J.
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Density = bits per inch (bpi)

Tape Requirements = (Type = scratch) + length + density +
errors + date of errors

Scratch Tape List id + length + density + errors + date
of errors + loan

File Length Approximate length of magnetic tape
needed to copy the file(s)

File Path Partition/disk + saveset/source

Equipment System + utility + density

Errors Error + date of errors

Equipment = System + utility + density

Record of Backup = Various according to type:

Daily id(s) + type + errors + date of
errors + label + sequence + date
created + retirement date + system +

-'S utility + description + partition/
disk + saveset(s)/source(s)

Weekly/Monthly id(s) + type + errors + date of
errors + label + sequence + date
created + retirement date + system +
utility + description + partition/
disk + saveset/source

Graduation id(s) + type + errors + date of
errors + label + sequence + date of
graduation + retirement date + system
+ utility + description + partition/
disk(s) + saveset(s)/source(s)

e.i Individual = id(s) + type + errors + date of
errors + label + sequence + percent
used + date created + retirement date
+ system + utility + description +
owner + advisor + contact phone +
partition/disk(s) + saveset(s)/
source(s)

32
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Function: Read Tape to Disk

Mini-specification E

1. Edit: Read Tape Requestor would like a vendor or
to Disk backup tape read to disk.

2. Query Backup/ Query the library with as much
Vendor Tapes information as the requestor can

provide concerning the tape.

3. Select Backup Select from the database listing
Tape(s) the exact tapes needed to perform

the read.

5. Get Tape(s) Retrieve tape(s) with the id
numbers selected.

6.1 Select Equipment Select the equipment defined in
the database.

6.2 Perform Read

7. Return Tape(s)

8. Update TLS If the physical information
provided by the utility regarding
the tape is different than that
in the library data, update.

Data Items E

General Backup (Some or all) type + date created
Description + system + name of owner + software

+ vendor

Approximate Tape (Some or all) Varies according to
type:

Vendor (Type = vendor) + system + software
+ vendor

Periodic = (Type = daily, weekly, monthly, or
graduation) + date + system +
partition/disk

Individual (Type = staff, faculty, student)
V. + system + owner

-6'<h
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Tape List - Varies according to type backup:

Vendor = id(s) + density + loan + errors +
V label(s) + sequence + date received +

system + utility + description +
owner + contact phone + software +
vendor + partition/disk + saveset(s)/
source (s)

r'-V Periodic = id(s) + (type = daily, weekly,
monthly, or graduation ) + errors +
label + sequence + date + system +
utility + description + partition/
disk + saveset(s)/source(s)

Individual = id(s) + (type = staff, faculty,
student) + density + loan, errors +
label(s) + sequence + percent used +
date + system + utility + owner +
advisor (if student) + contact phone
+ description + partition(s)/disk(s)
+ saveset(s)/source(s)

Equipment = system + utility + density

File Path = partition/disk + saveset/source

.Errors - errors + date of errors

* . Error Record = id + error update

uW%
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Function: Loan Tapes

Mini-specification F

1 1. Edit: Request to If requested by anyone but a
Borrow Tape(s) librarian to remove a tape(s)

from the library. Type tape must
be vendor, individual, staff,
student, faculty. Permission
from the owner should be obtained
before lending.

2. Query for Query database for id of tape(s)
Tape(s) Requested requested.

3. Select Tape(s) Select ids of requested tape(s)
to Lend from database listing.

* 5. Get Tape(s) Retrieve tape(s) with the id
numbers selected.

8. Add (Loan Update the library to contain
Information) information regarding the loan.
to TLS

Data Items F

General Backup (Some or all) type + date created
Description + system + name of owner + software

+ vendor

Approximate Key (Some or all) Varies according to
type:

% Vendor (Type = vendor) + system + software
+ vendor

Periodic (Type = daily, weekly, monthly, or
graduation) + date + system +
partition/disk

Individual (Type = staff, faculty, student)
+ system + owner

Tape List Varies according to type bac-u.:

Vndor ""id(s) + densitv + Ican
label(3s) + sequence
s. tem - utility + C
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contact phone + software + vendor +
partition/disk + saveset(s)/source(s)

Periodic id(s) + (type = daily, weekly,
monthly, or graduation) + errors +
label(s) + sequence + date + system
utility + description + partition/disk
+ saveset(s)/source(s)

Individual id(s) + (type = staff, faculty,
studen-1 + density + loan, errors +
label(s) + sequence + percent used +
date + system + utility + owner +
advisor (if student) + contact phone +
description + partitiion(s)/disk(s) +
saveset(s)/source(s)

* Loan Agreement = loan + date loaned + estimated date of
return + loanee + loanee's contact
phone

* Record of Loan = id + loan agreement

-
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Function: Returned Loaned Tapes

Mini-specification G

1. Edit: Returning The requestor (loanee) returns
Borrowed Tape(s) tape(s) borrowed from the

library.

2. Query Loaned Query the library to find which
Tape(s) tapes are held by the loanee.

3. Verify Correct Verify the returned tape(s)
Tape(s) belonging to the library, that

all are present, etc.

5. Replace Tape(s)

8. Delete Loan Delete the record(s) of the loan
from the library data.

Data Items G

Tape = tape + id

Loaned Tape List = loanee + id(s)

Updated Record(s) = id + (loan = no) + (delete
record of loan)

0
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Function: Delete Tapes (erase backup or trash
physical tape)

Mini-specification H

1. Edit: Request to Valid if:
Delete Backup
or Tape(s) Any type tape is first copied to

another tape and then logged into
the library.

Daily, weekly, monthly, or
graduation backup = retirement
date <= current date.

Vendor or individual staff,
faculty, student = owner =

requestor.

2. Query for Tape(s) Query library for a listing of
* tape(s) which satisfy the

requestors description of the
tape(s).

-.2 3. Select Tape(s) Select the id(s) of the tape(s)
desired for deletion.

4. Get Tape(s) Included only if trashing
tape(s).

8. Delete Records Delete records to reflect the
erasure of backup or the trashing
of a physical tape

Data Items H

General Backup (Some or all) type + date created
Description system + name of owner + software +

vendor

Approximate Key (Some or all) Varies according tc
type:

Vendor (Type = vendor) + system + software
+ vendor

42



Periodic (Type = daily, weekly, monthly, or
graduation) + date + system +
partition/disk

Individual (Type = staff, faculty, student) +
system + owner

Expired Retirement Requirement date <= today's date
Date

Tape List = Varies according to type backup:

Vendor = id(s) + density + loan + errors +
label(s) + sequence + date received
+ system + utility + description +
owner + contact phone + software +
vendor + partitioin(s)/disk(s) +
saveset(s)/source(s)

Periodic id(s) + (type = daily, weekly,
monthly, or graduation) + errors +

* label(s) + sequence + date + system
* utility + description + partition/
disk + saveset(s)/source(s)

Individual id(s) + (type = staff, faculty,
student) + density + loan, errors +
label(s) + sequence + percent used +
date + system + utility + owner +
advisor (if student) + contact phone
+ description + partition(s)/disk(s)
+ saveset(s)/source(s)

ids = ids

New Record:

If to Delete = (type = scratch) delete backup
Tape Data record

If to Trash = (type = empty) delete physical
Tape and backup record

Li . 4.
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C. DFD DATA DICTIONARY

Advisor = The name of a student's advisor

Contact Phone = The phone number of the owner

Date of Errors = The date the errors were provided by
the utility

Date of Graduation = The graduation date of the students
whose files are contained in a
graduation backup tape

Date Loaned = The date a tape is loaned

Date ReceiveC = The date the tape was received by the
library

Density = The bits per inch which may be read to
tape

Description = Notes by the librarian regarding the
software

Disk = Used with the VMS operating system to
define a major subdivision of files of
disk

Errors = The number of "bad bits" on a physical
tape. The figure is provided by the
utility when a tape is read or written

Estimated Date of = The date the librarian assigns as the
Return date the tape should be returned to the

library

Identification = A unique number assigned a slot in the
Number (id) cabinet. Slots are numbered consecu-

0- tively left to right, top to bottom, so
the number may be used to locate the
slot. When a tape is logged into the
library it is assigned the identifi-
cation number of the slot in which it
is stored.

44
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Label = The VMS operating system requires that
each tape be assigned a "label" by the
librarian. When the tape is mounted,
the label verifies to the system that
the tape is VMS. If the "copy" utility

* is used to read or write the tape, the
label must be entered by the librarian
when mounting the tape.

Length = The total length of a reel of tape

Loaned = Whether or not the tape is loaned from
the library

Loanee = The person to whom the tape is loaned

Loanee Contact = The phone number of the loanee
Phone

Owner = The name of the owner of the tape

Partition = Used by the UNIX operating systems to
* define a major subdivision of files

Percent Used = The percent of the tape containing
backup data

Retirement Date = The date the librarian assigns to the
tape for retirement

Saveset = Used with the VMS "backup" utility to
mark the beginning of each file or set
.of files

Software = The name of the software on the tape

Source = Used with other than VMS operating
system, and "backup" or "copy" utili-
ties to describe a file or set of files
on a tape

System = The combination hardware and operating
system by which the tape data may be
read or written

Type = The use of a tape maintained by the
library

-4 5
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Type Daily = Disks are read to tape each day. These
daily tapes are written to one set of
tapes each week and identified as a
daily backup

Type Graduation = A backup tape containing disk files of
students of a graduated class

Type Individual = The type tape is an individual staff,
faculty, or student's backup tape

Type Monthly = Each month, all disks are read to tape
and identified as monthly backups

Type Scratch = Blank tapes assigned to slots in the
library available to read data from
disk

Type Vendor = Tapes containing vendor software

Type Weekly - Each week, all disks are read to tape
and identified as a weekly backup

Utility - The software utility which must be used
to read or write the tape data

Vendor = The name of the company which produced
the software

," .wl
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III. LOGICAL SCHEMA

A. BACHMAN DIAGRAM

=1

i "{iSET

. '4 I ACTJVE

,,.<FILE LOAN
. DESCRIPTION

:'U '"STUDENT

B. SPECIFICATION DATA DICTIONARY

The Specification Data Dictionary defines the entities

and data elements in the tape library. It groups each of the

data elements under the entity to which it is logically

related. The definitions describe the meaning and use of the

entities and elements in the library. The Specification Data

Dictionary is provided in Appendix A.
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IV. DESIGN

In this chapter the design of the TLS is described in

detail. First the logic of the design is discussed. It is

followed by a description of the tables. A chart of the

application module and a description of each frame is pro-

vided. The modules association with the functions described

by the DFDs are provided by charts. Integrity, security,

the database administrator, and validation and test are dis-

cussed. The design data dictionary and frames definition are

derived from this chapter and are provided in Appendices C

and D for ease in future reference.

A. LOGIC OF THE DESIGN

"-. %Several factors were considered before mapping the logi-

cal schema to the Ingres database. They were prioritized as

fcllows:

A- User

Interactive standardization and validation of input
Simplicity
Librarian functions

Ingres
Database requirements
Query by forms (QBF) limitations
Report by forms (RBF) flexibility
Applications by forms (ABF) capabilities

Logical Schema
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1. User

Non-standard record input, incorrect data input, and

an inability to control the sequential consecutive assig.nment

of identification (id) numbers are the major problems in t7

current library system. An interactive forms-based int

method with validation capabilities can correct these prob-

lems. The TLS must be kept simple and quick to facilitate

the task of logging tapes and retrieving data.

2. Ingres

Ingres is a relational DBMS. It provides a means -tc
store data in tables. The basic method for enterin, re-

S trieving, and manipulating data is by use of its data manip-

. ulation language, "QUEL". The user of QUEL must understand

the language commands and syntax, and the structure and con-

tent of each table. Data manipulation with QUEL is too t:ie

consuming and distracting for the daily functions of the Ii-

brarians. However, Ingres provides Query By Forms (QBF), an

automated forms processing interface, which simplifies 2a>

,aipulat ion. The user may interactively aprend,

rlace, or retrieve data from one table at a time in -

--.atabase without knowledge of yJEi.

QBF provides an automated methcd for the fun c-t i,7

I:c:1-., cuery, update, and deletion of values of re. or" _
07.

7->h t3le at 3 i T. It or-sents forms to tie u:- r
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may be edited by the application developer by using the

Visual Forms Editor (VIFRED) to limit the data the user can

input or manipulate. The editing capabilities include the

deletion or addition of fields in a form, definition of fiel

parameters, and definition of field attributes for valida-

tion, mandatory input, error messages, automatic repetition

of field values, and special display modes.

;-.. QBF requires different user procedures for each of

its functions. The Append function must be used for initial

entry of a record. The Append function has an autcrnate;:

facility which simplifies the sequential input of reccr--

which have many fields of equal value. After the first0

record is entered, the user may duplicate the field values i7

subsequent records by pressing a function-key. This simpii-

fies input and can be used to remind the user of the previci:s

value input.

. The Update function must be used in QBF to replace or

delete values in existing records. When using Update, t>

Sirst display of fiel-s is presented for the user tc

t,.e record or records desired. After the cuery is n

n .cnres retrieves the records and displays them on t. - ter-

mnal, one at a tine, for update. Update does not have

.u. plication facility.

3 F,,r 1i itat ions of QF -reatlv affected cr icn: n

%i *
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% query in the Update function, they appear on the terminal one

a. at a time. This format is not useful for reports or records;

3) QBF only allows manipulation of data on one tahle 3- a

time; and 4) QBF does not provide for any interna -:--' -

pulation and assignment of data values.

Report By Forms (RBF) is a forms-based record speci-

fier available for retrieving reports without knowledge of

QUEL. RBF allows the developer to select, design, and

present multiple record reports from one table at a tinn,

through the use of views. RBF's facility to present rorts

with data from multiple tables greatly influenced t'e des' 7",

* of the application.

The developer may integrate the functions and fo...

of QBF and RBF into a single application by using ingrs

Applications By Forms (ABF). The application uses fcrms ons

the vehicle for interaction between the application and user.

The user uses menus to select operations desired and forms tc

append, cuery, or update, or to retrieve reports fr-.- -i-

° :ataa . nowl-d :ge of QCUEL is not recuired. ,-" -,

.ove 1 Djer greater flexibi Ii t y than the functions a,-i cto."

__-DF and PEF. PBEF, bowever, was sufficient for th,-'.

-" • --rtain cases, whieres JF was no4 . I> .es- ,--.:,

-. iossible to matci a task wit1 ony ni,, table. T,

- u r r i r
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librarian. Additionally, the assignment of id numbers

required control to prevent duplication and ensure consecu-

tive, sequential numbers. This required a search of curre-nt

id numbers, a possible arithmetic operation on the maxiru, in

and assignment of the result to the form. ASF enables

flexibility by allowing development and integration of proce-

dures into the application by the developer. The proceour-_'eS

may be used with forms developed by the use of VIFRED. The

forms have the same capabilities as those described asro:.

AiPF will oe discussed further in Section D.

3. Logical Schema
:_,2

a. Data Class TAPE

The data class TAPE was mapped intact to t7.bie

TAPE in the logical schema. The fields values in table T?-T.

provide physical tape characteristics which retain their

importance throughout the life of the tape's existence in the

library whether or not any data on the tape is of importance

to the library.

Ti;e rFp': tale stores all -.

iS j e~ in th-e I irr. AS discussed bv, s:i

" -_ to id numiers, and -ie a ddition 7=..
S

" 7 r sre ccntrol ,  te au)lication *_ ininr.:,

ca ente r te vu: eS (idi, lengt>, anu oft> 7n 7

C", r F
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the field attribute of repeating values to the form defini-

tion. Data integrity and future retrieval is assured by

writing validation criteria into the form definition. Two

fields, errors and date of errors, are entered and maintained.

by the librarian at other times - after the tape is read or

written. As a separate task, the record is updated. After

an active tape is retired, but the physical tape is retained

by the library for rewrite, all of the values in TAPE are

retained. If the tape is thrown away, all of the values o:

T.APE are updated to null except the id number wic1 isre-

tained. Such an id number is known as an empty slot and wi

be used by the application for future assignment to a new

scratch or vendor tape.

b. Data Class SET

Data class SET must be related to TAPE so t at

the id number in SET allows the librarian to access the nv-

sical characteristics in TAPE when a tape is to be read cr

wri t ten.

.: s ,- : ..: ri C~ S SE'? iS 1, ' - 5- h .

,2ccor -rinc to its t',e ac i,,o t ,erefre, , 0 e

a"! e, to 2-T. Sir 0e d-ata c -s s A T V .r[ a u n -

t .. I". ., a t , o e t Ime 6 t S F, a

CA z ~ '-,i a lv_ 'l s,' ro eae to SET, i *s _ n-__ .i _

,.'i * . .j _ _ r:S. , ] .- -- *..: - 2jiL. i" ' .. - ,' *S -1 :

!--. . .. . . *,
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tapes are added, SETS values are appended to the SETS table

by the application.

The timing for entering backup tape data is

different. In order to read a backup to tape, the librarian

must first find an appropriate scratch tape in table TAPE.

New records are added to table SETS using QBF-append. As

each record is added for each id, common values (those of

data class SET) are automatically called to the form after

the first entry. Only the fields expected to be different

for each id (those of data class ACTIVE TAPES) wi! >e

entered by the librarian. If the librarian loses track ci

which id was previously entered, (s)he may use the function
S

key to recall it.

c. Data Class FILE PATH

Data class FILE PATH is contained in table FILE.

There are many file paths on one active tape or one file path

on several tapes of one set.

Each FILE PATH record must be linked to an

nurbter so the librarian can locate the particular t 'e--e

or. wi..ch the file path was located. Therefore, id was js:-:

tc table TAPE. File records are usually added at tie

Lime new SETS records are added, i.e., wihen a new venc - t

_ rrceived or when a new backup is read. In this ca:;? ,

*?L,-- records ar-, added using the qVE-onr'end functicn.

- ii- h ..."e,:', , n nr', V"lIE[ r9.70rv;. , or- nze. FI i l -,.. s -

"'- S,. " , .... ..S5 . - -- - - - - - - - - - -- €..' ... .... . - . -.. ; . .. ,: - -
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field attributes. The librarian may repeat values by using

the function key. The only exception to the time of entry of

FILE PATH discussed above is on the infrequent occassion when

the librarian adds a new file path to an individual's cl,:.

tape. This task requires fields from two tables to ze

changed - FILE and SETS. In this case, a separate procedure

is provided in the application to ensure the integrity of

both tables.

d. Data Class STUDENT

Data class STUDENT is contained in table STtD, .

New records are added to STUDENT each time a new graduation

"0 backup is added to SETS. Eventually, the librarian must find

on which tapes student files are contained by student name.

Therefore, id was added to STUDENT. New records are added

using QBF-append. A student may have files on many tapes.

-' Data class STUDENT fields are, therefore, repeated by the

form after the first entry.

e. Data Class LOAN

Data class LCA is included in table L. A:,.

tanes are added to table LeAN on ar individua: basis : i -

.uerntiy' as they are by SETS, id was added to the tab.

,rcors a-- added when a tape' is loaned usinc the P? -2 :>..

•Tev re deleted when a tape is returned.

36-
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B. TABLES AND VIEWS

Initial input of library data are stored in the hash

storage structure in which records are stored randomly; new

rows are added to the bottom. Therefore, the entire table

- must be scanned for retrieval. The majority of retrievals

and comparisons in the library involve selection of records

based on id number. Hash tables store each row at an address

determined by a column or columns in a record. Records may

be located directly by the value of the address, without

scanning the entire table. The hash storage structure c :-

greatly excellerate queries run on tables with a large numoer

of rows. After the current library is input, it is recom-

mended that all tables be converted to the "hash" Storage

Structure [Refs. 1 and 2] , using the id number as the

"address" column. Thereafter, the hash structure should ,e

modified when 20 percent of the table is changed. The tables

and views are contained in Appendix B.

TABLES VIEWS

file vind
. loan vloan

* sets vPe
student vretire
Itape vscioan

vscra tch
vs tudent

,ST.
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C. DESIGN DATA DICTIONARY

The Specification Data Dictionary (Appendix A) defines

fields in terms of how they are used in the library. The

Design Data Dictionary (Appendix C) defines fields in terms

of how they are used in the TLS application. Both should be

read for full comprehension of the field's use.

D. THE APPLICATION

The tape library was developed using Ingres Application

By Forms (ABF), and is an interactive application with a

forms interface. The application user interadts with the

form by filling in fields with data. The application inter-

faces with the form by getting values from it, and sometimes

. placing values on it.

ABF applications are built by the use of frames. The

-'- frame is the principal vehicle for interaction between the

user and the forms application. Each full screen the user

sees is a frame. A frame is composed of a form and a pro-

cedure. The upper portion of the frame is the form.

The developer designs the form. It may include trim

and/or fields. When defining a form the developer only

includes the fields which may be manipulated by the frame.

Fields and their attributes are included in the form defi-a'are

nition. Attributes include validation criteria, validation

failure messages, and value "display only", and mandatrv;

input requirements.
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Below the form on the lower left of the frame is a

command menu defined and placed on the frame by the proce-

dure. The menu includes a list of operations which the user

may select. By selecting a command, another procedure is

called to execute the operation. The library application

commands include procedures for movement to other frames,

-4 input or retrieval of data, and a few arithmetic operations.

Frames may be designated as one of four types or usages

by the developer. Three are used in the library - QBF, RBF,

and User Specified (User).

(1) QBF - When encountering a QBF-defined frame, ABF calls
on the QBF subsystem. QBF allows append, query, and

* update operations to be performed on one table of the
database. The developer may limit which of these
operations may be performed by the frame when defining

the frame. A form and one table are associated with a
QBF frame. The procedure is automatically provided by
QBF.

(2) Report Writer - When encountering a "report"-defined
frame in the library, ABF calls on the Ingres RBF sub-
system. Reports and optional forms are associated
with report frames. By defining the report, the
developer controls the output mode format and report
inclusion and layout. The developer may provide a
form in the frame definition. The form allows the
user flexibility in report retrieval. The user may
select records by field values or ranges.

(3) User - When ABF encounters a user-specified frame, it
calls on procedures written by the developer. Pro-
cedures and forms are associated with user frames. In
the library, procedures are written in either the ABF
Operations Specification Language Code (OSL) or in a
combination "C" language and QUEL. OSL simply calls
other frames or procedures, or exits from the appli-
cation. "C" and QUEL were used where such a program
would be more efficient, simpler, or more secure than
-BF, or where an operation required data input to ou
retrieval frcm more than one table.

.L1."2



E. FRAMES

The frames of the tape library are provided as charts in

Appendix D. They are defined briefly in the frame descrip-

tion section below. The frames, and their associated forms,
.%

procedures, reports, and tables are listed and defined in

greater detail in Appendix E.

F. FRAMES DESCRIPTION

1. Topframe (1)

Topframe (1) is a user frame which provides a menu

form. The form spells out the commands available in the

* operations menu. The user may select one of six operations

,khich call the OSL procedure. The first five call another

frame - TQuery/Report (1.1), PQuery/Report (1.2), Add (1.3),

Update (1.4), and Delete (1.5). The last, Exit, ends the

application.

2. TQuery/Report (1.1)

PQuery (1.1) and all of its subordinate frames pro-
N.

vide either a path to retrieval, or retrieval of a report

from the database to the terminal. Terminal reports were

41 designed for use by the librarian to search the database for

a particular tape or set of tapes. The fields, formats, and

sorting was selected for easy reference and relevance to the

librarian. PQuery is a User frame which provides a menu

form. The form defines the commands available on the oper-

ations menu. The user may select one of nine o-eraticns



which call the OSL procedure. The first eight call another

frame - Scratch (1.1.1), Periodic (db, wb, mb, gb) (1.1.2),

Individual (is, if, iu) (1.1.3) , Vendor (1.1 .4) , Student

(1.1.5), Loaned (1.1.6), and Date to Retire (1.1.7). ZEv

selecting Return, the OSL calls Topframe (1). Exit leaves

the application.

(1) Scratch (1.1.1), Periodic (1.1.2), Individual (1.1.3),

Vendor (1.1.4), Student (1.1.5), Backup or Vendor

(1.1.6.2), and Date to Retire (1.1.7). Each of these

frames are report frames which display a parameter

form. The form includes fields in which the user must

enter data to define records to be included in the

report. RBF provides three commands at the bottom cf

the form, Help, Report, and End. Help provides the

user with assistance. Report enters the parameters

and causes the appropriate data to be listed. End

returns to the previous frame. The fields and field

attributes of each form and the report definitions are

provided in Appendix E under the appropriate :r:r

definition.

(2) Loaned (1.1.6) is a User frame which provides a meru

form. The form lists four commands available n tre

operations menu. The user may select one cf thie

c: rat ions to call an CSL procedure. 'e first t---.

Sanother frn - Scratch (1.(.7. 7 C "



Vendor (1.1.6.2). Return calls the previous frame

TQuery/Report (1.1). Exit terminates the application.

(3) Scratch (1.1.6.1) is a report frame which has no asso-

ciated form for parameter selection. RBF presents a

command menu with the commands Help, Report, and End.

Help provides assistance to the user. Report causes

the loaned scratch tape report to be listed on the

terminal. End calls the previous frame - Loaned

(1.1.6). The report fields and format are described

-4 in Appendix E under the appropriate frame definitior.

3. PQuery/Report (1.2)

* PQuery/Report (1.2) , and all of its subordinate

frames, provide either a path to retrieval, or retrieve a

report from the database to a file in the librarian's per-

sonal UNIX workspace. The librarian may then print the file

using the UNIX operating system. The primary reason for pro-

viding printed reports (except in the case of dump reports)

was to provide a means for the librarian to communicate with

library users. Therefore, the fields, format, and sc(r'i:

was selected to group data in a format relevant to us ,r. .

Dump reports were designed to provide the librarian with

printed list of each relation 4n a Format which wOuld fac i-

itate comparisons between relations. All printed repcrts

were Orzi n dto conserve ra-,er. Tngres ocum--ntat..-

;< les , r' -n-o, for n rit n: r, ror ts s ire- " 1 -- - .

*. -'.<L- , ri ? a c , c r. .t , .- : S ." . .C -
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.in all of the current Ingres versions. It will be corrected

in the upcoming Version III. Therefore, this slightly more'4.
cumbersome method of "write to file" was used. TQuery is a

* User frame which provides a menu form. The form spells out

the operations available on the command menu. The user may

select one of nine operations which call the OSL procedure.

The first nine call another frame - Scratch (1.2.1), Periodic

(1.2.2), Individual (1.2.3), Vendor (1.2.4), Student (1.2.5),

Loaned (1.2.6), Date to Retire (1.2.7), Dump (1.2.8). Return

calls the previous frame. Exit terminates the applicatior.

(1) Scratch (1.2.1), Periodic (1.2.2) , Individual (1.2.3),

* Vendor (1.2.4), Student (1.2.5), Backups or Vendor

(1.2.6.2), and Date to Retire (1.2.7). Each of these

frames are report frames which display a paraireter

form. The form includes fields in which the user must

"* . enter data to define the records to be included in the

report. It also provides the name of the output files

to the user. RBF provides three commands at the

bctto- cf t:e form - - Report, and End.

vides assistance to the user. Report enters the r

ameters, selects data, ano writes the report to

End returns to the previous frame - 2Query, 7eor-

(1.2) . Tle reports definitions are orcviled

orKendix F.

.2,; .s L-S'r fr.? 7, E ic-h mrov>.?s i2
-V -- . - . - -.<b --h.. . .,1, S . -
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command menu. The first two call the OSL to call

frame Scratch (1.2.6.1) or Backup or Vendor (1.2.6.2).

Return returns to the previous frame - PQuery/Report

(1.2). Exit terminates the application.

(3) Scratch (1.2.6.1) is a report frame which provides a

form that communicates the name of the output file of
JIj

d the report to the user. RBF provides three operations

on the command menu - Help, Report, Return. Help pro-

vides assistance to the user. Report writes a report

of scratch tapes to the output file. End ret'-rns tC

the previous frame - Loaned (1.2.6)

* (4) Dump (1.2.8) is a User frame which provides a menu

form which writes out the operations included in tie

command menu. The first six call frames - Tape

(1.2.8.1) , Sets (1.2.8.2) , File (1.2.8.3) , Student

(1.2.8.4), and Loan (1.2.8.5). Return calls PQuery/

Report (1.2). Exit terminates the application.

(5) Tape (1.2.8.1) , Sets (1.2.8.2) , File (1.2.8.3),

Student (1.2.8.4), and Loan (1.2.8.5) are r-I

frames which provide the name of the output fl Ul-

the user. RBF provides the operations cn the ccmiraz

menu - Help, Report, and Return. Help 7rcvi {r

assistance to the user. Report selects, sorts, 3n.:.

-rites the report lo file. Return calls the -

c'.c-s Irame - ruin (1.2. ) . r -F r T:c t fi n - ..

0
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4. Add (1.3)

Add (1.3), and all the frames subordinate to it, pro-

vide the means or a path to a means for the librarian to add

a new record to a table or to more than one table of the

database. Add is a User frame which provides a menu form

that defines the operations available on the command menu.

The user may select one of seven operations. All call t:2_

OSL to call a frame - Scratch (1.3.1), Vendor (1.3.2), Backup

(1.3.3), Files (1.3.4), Students (1.3.5), Loan ] .3.t).

Return calls the previous frame - Add (1.3).

(1) Scratch (1.3.1) is a User frame with a form and three

procedures. The form provides fields for data input

into one table. The first procedure is an CSL prc-

cedure which provides a command menu at the bottom of

the form of three operations - Id, Add, and Return.

By selecting Id, the OSL calls on procedure sgetid.

The purpose of sgetid (and vgetid (1.3.2)) is to en-

sure empty slots of the library are filled ano t caV

new ids assigned are the maximum id plus one.

are assigned to the database only when scratch t-

or vendor tapes are added. Sgetid id (like vgetui : "

in frame 1.3.2) assigns the ik labels -c -a ": oc

tapes and slots and informs the librarian of -h c j

r.-,r F- d ceL lces te L n.

,' q" 1~~~.2:!,.ts f:>? >:; r ... *nr,-,r ,r-e..; d.ata ,-fl * -z'_.>.:'' 5]
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updates the fields of an empty slot record in the TAPE

table or appends a new record to the TAPE table if the

entered data meets the procedure and form validation

criteria. It informs the user of the action taken an

what labelling action the librarian should take. By

selecting Return, the previous frame - Add (1.3) is

called.

(2) Vendor (1.3.2) is a user frame with a form and three

procedures. The form provides fields for data inout

to two tables. The first procedure is an OSL prc-

.. cedure which provides a command menu at the bottom of

* the form which includes three operations - Id, Add,

and Returr. By selecting Id, the OSL calls on proce-

dure vgetid which retrieves the lowest empty slot-, or

new id number from the database and puts it on the

form. It tells the user if the id is that of an empty

slot or a new id and prompts the user to enter the

new input and select Add. By selecting Add, the CSE

calls procedure avendorc which enters th r ....

, on tl,,e tw tables if it .ieets tle field attri'u- -i.
toe procedure's validation criteria. Tle rccec i r-

cromots te user to inform him or her of action .'*-

-" '[' C'. selecting Return the previou-s frame - . V .

. ca ! iC.

I" ; *~c': ( ) j/ is t[ser rran" ,.k c.h v..: ,: a :

.'. S

M' '6 - ,' \ ., . - ,.' ,; ' ., . . . ; '' ' . ' - . " " " ' - ., ' , " ' ' . . - . . - . .c , . . ,. . . - . . . . , . . . . . . . . . .. . < .. . . . ,



- 2

OSL procedure. The OSL procedure provides a command

menu of three operations on the bottom of the form

which call other frames - Periodic (1.3.3.1), Indivi-

dual (1.3.3.2), and Return to the previous frame - Aid

(1.3.3).

(4) Periodic (1.3.3.1), Sets (1.3.3.2), New Backups or

Vendor (files) (1.3.4.1), Students (1.3.5), and Loan

(1.3.6), are QBF-append only frames. Each frame pro-

vides a form for data input. QBF provides a command

-,* ~menu at the bottom of the form which includes three

operations - Help, Add, and Return. Help prcvides

assistance to the user in the use of QBF. Add appends

the data to the appropriate table. Return returns tc

the previous frame.

(5) Files (1.3.4) is a User frame which provides a menu

form which writes out the operations provided by the

OSL in the command menu. The OSL provides three

operations which call frames - Periodic (1.3.3.1),

Individual (1.3.3.2). Return calls tne previcus :...-

- Add (1.3).

[ i) Cld Partial Individual (1.3.4.2) is a User frame wit.

a form and two procedures. The form provides fie s

and validation criteria for data input to twc tahes.

: : : s .ccvrar , r:h... . ,i, ca1  13 .2 ;'- <- : , >..:,i:... .
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sets table. Return calls the previous frame - Files

(1.3.4). Exit terminates the application.

5. Update (1.4)

Update (1.4), and the frames subordinate to it, allow

the librarian to update selected information in the database.

The data may require update because the values changed since

they were entered or because they were entered incorrectly.

.4-'" Update is a User frame with a menu form and an OSL procedure.

The form writes out the four operations provided by the CSL

in the command menu. The first four call the OSL to call

other frames - Errors (1.4.1), Backup (1.4.2), and Loan

* (1.4.3). Return calls the previous frame - Topframe (1).

Errors (1.4.1), Backup (1.4.2), and Loan (1.4.3) are

QBF update only frames. Each has one form which provides

selec.ted fields which enable update of one table by the

librarian. QBF provides the command line which prompts the

user for query of the old record, then update.

6. Delete (1.5)

Delete (1.5) is the only frame which al]ois

of records from the database tables. Delete is a User fsaoc

_ith a form and four procedures; tdelete.osl, dloanc, Jbackc,

and dtapec. The form provides a field and lists the 'r-

-,tions in tne command menu provided by tle OSL procedure.

1 er t r s .no th field t7-e io nunb r of t-.. t-s-

. ... *_r *... .. ..

q" + • . . . . . ........ .. . . * .- *



dloanc which deletes records from the LOAN table. Backup

calls procedure dbackc which deletes records from the SETS,

STUDENT, and FILE tables. Tape calls procedure dtapec which

deletes records from the SETS, FILE, STUDENT, and LOAN tables

and all fields from the TAPE table except id. The id num..er

in the TAPE table will then be an empty slot.

.9-
G. DFDS/FRAMES

FUNCTION PROCESS FRAME
.4.

A 2, 3, 8 1.3.1
B 2, 3, 8 1.3.2
C 2 1.1.3
C 8 1.3.3.2, 1.3.4.1, 1.4.1
D 2 1.].i
D 8 1.3.3.1, 1.3.3.2, 1.3.4.1,

1.3.5, 1.4.1
E 2 1.1.2, 1.1.3, 1.1.4, 1.1.5
E 8 1.4.1
F 2 1.1.1, 1.1.3, 1.1.4
F 8 1.3.6

-. G 2 1.1.6.1, 1.1.6.2
G 8 1.5
H 1 1.1.7
. 2 1.1.2, 1.1.3, 1.1.4
H 4 1.5

i:. INTLFGRITY

SDatabase integrity is maintained in seven ways.

i) Permits are defLned to allow ony the 1brarin.

perform any functions on the tabl-s of tie TIS.

-.) .\] I . . .. to fiels are r ;:iteri c *F.I : Or .

rln.4 Ir ~ .
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The student record is created when the student gradu-

ates. At that time, all of their files are written to

the graduation backup, including any individual stu-

dent backups they may have owned. All SET records

regarding the student are deleted at this time (in-

cluding the SET contph). Therefore when the student's

contph number is entered to STUDENT, it no longer is

recorded in SET.

(3) Data is validated upon input. Where allowed values

were limited and known not to change frequently, vaili-

dations were defined in forms. They are listed in

* Appendix E.

(4) "Repeat previous value facility". Librarians have

many other duties which may distract them while enter-

ing data on a form. To remind them of their previcus

entry, they may simply press a function key for a dis-

play of previous fields entered when using QBF-append.

(5) Programming. To ensure the consecutive, sequentia]

assignment of ids to cabinet spaces and new tapes, t.

assignment is performed by the application.

E ) Update. Values which change in tie course of ti<, c,

values which have no validation or, input may '- b

dated by the librarian by using the update fran,'es.

-7) he v i r : rcrts Tprovide 1. strin s o , I I . 1- .r



I. SECURITY

" As discussed in Section H, only personnel to whom permits

have been granted may affect the tables of the database.

Only the librarians are assigned permits. Any additional

security measure is login symbols. Login symbols provide

access to the application.

A login symbol is defined in the login files of each of

the librarians to grant them access to the TLS. No one else

* may gain access.

J. DATABASE ADMINISTRATOR

The database administrator will perform the following

functions to maintain the TLS.

(1) Implementation - instructions for implementation are
provided in Appendix F.

(a) Load the current library records

[.. -(b) Change the storage structure of all tables

(2) Maintenance - Instructions for maintenance of the
library are included in the tutorial in Appendix C

(a) To maintain peak performance, system modilica-
tions must be run on each table when 20 nprc-nt
of the records in the table have been charqeu.
Monthly system modifications are reccnmende l i.d
the tutorial.

()) Maintain the integrity of the library by destrcv-
.- . ing and defining permits to tables as personnel

are relieved of their librarian duties and new
librarians are assigned.

De i no- TLS 1 ,ci n 'iol r ,.

-; - 1-c.. Ff 1 r
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K. VALIDATION AND TEST

Frames were developed in a top-down fashion, Topframe

and each of the menu frames first. Append frames were then

developed and tested. Records of 34 tapes, backup data, and

associated data, were entered into the library using the new

frames. The update frames were then tested. The librarian

verified the functionality of the frames and appropriateness

of the fields. The terminal report frames were then develop-

ed and tested followed by the printed report frames. The

librarian verified the reports' inclusion and format. A7l

frames were tested together using the small, representative

library data and a scenario of the various processes per-

formed in the library.

Various bugs in the Ingres DBMS were discovered during

testing:

(1) The Ingres documentation does not describe how to
select records from one table which are not in another
table. This was resolved by an Ingres representative.

(2) The VM UNIX Version 2.1/15VE.04 interface between ABF
and QBF malfunctions. A corrected version has been
sent to NPGS.

(a) In QBF-update mode, updates were not perforirecd.

(b) In QBF - all modes, validations could not be per-
formed between sets.

") The Ingres documentation does not describe hnw to
interface parameter forms with RBF reports. An lraTres
representative explained the procedure.

'4i r kl'vf bug exists in the PBF facility. T,- o"Ccu-
A. (r ]c r, ow r. . . ... .is F

' nn cescri.:- :nw lo Claa in res to . j i--- -

" " ct , t a -rir:ter. The process is oc, e,. -y y-
p: u . v r il.l
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version of Ingres, Version III is developed. There-
fore, the TLS outputs reports to be printed to the
user's UNIX workspace. The report must then be
printed from UNIX.

,
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V. RECOMMENDATIONS AND CONCLUSIONS

Recommendations regarding the use of the TLS, observa-

tions regarding Ingres, and an opinion on use of the

requirements analysis and design process are presented.

A. THE LIBRARY

The tape library system (TLS) is desigi,'-d to enable the

Computer Science Department to provide secure, dependable

library services. They may do so by implementing the -.S

described in this thesis, and by locking the cabinets in

which they keep the tapes. There are ways, however, in which

data can be entered incorrectly. They exist because: 1)

either there is no means of validating the entry; 2) the

4- likelihood of making the error can be reduced by methods

4. other than validation; or 3) the potential error is not

critical or can be easily recognized and corrected by the

librarian.

(1) Ingres forms allow validations which refer to other

fields in the same or other tables. However, these

values are recorded for comparison at the time the

form is initialized. Forms are initialized wien "57

is called. Therefore, when adding records to a s'-,

the values aded after -,as called wil n-

4
o

4.
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values through QBF-append (SETS, FILE, LOAN, STUDENT)

are vulnerable to this lack of validation. Double

entries of id numbers or entry of id numbers which are

not logged in the library can occur. This likelihood

is kept low because of the two procedures provided in

a. and b. below. If either error occurs, it may be

caught and corrected by c.

(a) In order to write a backup the librarian must get
a scratch tape and an id number. They must be
found in the scratch tape list, there is no other
place to find available tapes or id numbers. The

* scratch tape list is created and maintained hy
the application and has very tight integrity.

(b) If the librarian is entering records into the
* tables, and forgets the last id number entered, a

control function may be used to see which was the
last id number entered.

" (c) If an id is listed in SETS, FILES, STUDENT, or
LOAN which was not assigned in the library or
which duplicated a previously assigned number it
will be discovered when a routine backup or
vendor report is run, or when the librarian runs
a dump of the table.

(2) Librarians occassionally enter the wrong dates, esrpe-

cially the year. Ingres does not allow aritl-evi

operations on dates in QBF validation. Therefore, t>

application will not validate date input. :c;e' vr,

current date entry errors are quickly discovered

the library. In the TLS they may be corrected usirce

the update frames.

(3) When reports are retrieved b-Y se lecting paraiterj

r '!i}I "'*- U, t . ',, i : r::Iist -:yct (;y * z" r :



letter or any word). Upper case letters are consider-

ed different than lower case. It is recommended that

all entries be in lower case letters and that the li-

brarians standardize input as recommended in the data

2dictionaries (Appendices A and C). Where likely dis-

crepancies occur, the * symbol may be used within a

word to mean "any letters," or by itself to mean "any

value."

B. INGRES

Various other strengths and weaknesses of Ingres were

learned during the study.

Ingres promotes the use of QBF, RBF, and ABF.in its docu-

mentatio. RBF and ABF are efficient and comprehensive for

use for the tape library and much more complicated applica-

tions; QBF is not. When a QBF form is called from ABF, at

least 15 seconds pass before a form appears on the screen.

This time, and the limitations on validations available, are

burdensome to the user. Input time is faster than it wcu .

be by use of a prccedure, but for simple appends and updates,

I :t dosen't save enough time to compensate. REF takes

to produce a report, which is acceptable considering the oata

retrieval, selection, and sorting process involved. ABF is a

p owerful and convenient tool for building and testi:

*4' aL:;lica icns.
.1 c,
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* Chapter IV, certain procedures were omitted.

Various bugs were revealed in Ingres. This was the

developers first intimate experience with a commercial soft-

ware product. This experience and discussions with more

experienced developers indicates software, at any price, is

always in the test and development stages. It is recommended

that the CS staff maintain close liaison with the helpful

hotline at RTI to improve the NPGS purchase and the RTI

product.

C. REQUIREMENTS ANALYSIS AND DESIGN

A requirements analysis and design process similar to

those described by Kroenke [Ref. 3] and DeMarco [Ref. 4] was

implemented. Although there were times when it seemed the

process was in the way of progress, it was followed dili-

gently. As has been written by Boehm [Ref. 5], and many

others, time consuming requirements result in fewer surprises

during the design process. By the time the design stage -.as

started, both the library and Ingres were well known. Cn>v

V Ingres bugs or deficient documentation caused surprises5

* during design and implementaticn.

- °- .
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APPENDIX A

SPECIFICATION DATA DICTIONARY

A. DATA CLASS: SLOT (included in Tapes)*

Definition A slot in a tape cabinet. Only one tape is
* stored in a slot. Each slot in a cabinet is

identified and labelled with an identification
number. Slots are labelled consecutively left
to right, top to bottom

Elements

Identification A unique number assigned to a slot

* Attribute id**

Type Type is an attribute of tape. Therefore, if
no tape is assigned to a slot, the TAPE
table will have a null entry in all tape
attributes except "id'.

*If all attributes other than "id" in table TAPE have null
values, the record represents an empty slot. If the id
dnd any other attributes in table TAPE have values, the
slot id number is the same as the tape id number.

•* K '
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B. DATA CLASS: TAPE

Definition A 7/9 track reel of magnetic tape up to 3600
feet long, to be used or being used to store
data useful to the CS department. Attribute
values impact the librarian's decision of
whether or not to use the tape for a specific
"read to tape" request.

Elements

Identification A unique identifier of a tape. The same as
the identification number of the slot to
which it is assigned

Attribute id
Constraint unique, key, mandatory

Length The length of the tape. Tapes'are normally
300, 350, 400, 450, 550, 600, 650, 1200,
2400, or 3600 feet long

Attribute length
Constraint mandatory

Density The bits per inch the tape may copy. Densi-
ties are 800, 1600, 6250,a combination 1600/
6250, or 10,000. Combinations shall be
recorded as 6250

Attribute bpi
Constraint mandatory

Errors The number of bad bits on the tape. The
utility provides the number when a tape is
read or written. Used to determine the
condition of the tape. If over 10, the
librarian will run it again when the heads

*Q are freshly changed to get a more accurate
reading. If the figure remains greater than
10, it is considered unacceptable to use to
read certain types of backups.

Attribute err

Date of Errors The date the errors were last checked

Atri oute
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C. DATA CLASS: SET

" Definition A conceptual entity which is one or more tapes
of recorded data (may be called an active tape)
which, together, are identified as a whole.

Elements

Type The category of the active tape(s) by virtue
of what is recorded on it. Types are:

daily system backup (db)
weekly system backup (wb)
monthly system backup (mb)
graduated student's backup (gb)
individually owned-staff (is)
individually owned-faculty backup (if)
individually owned-student backup (iu)
vendor software (v)

Attribute type
Constraints key, mandatory

if w or v, value must = db, wb, mb, gb, is,
if, iu, or v

System A code representing a combination hardware
and operating system from which the tape was
read. Current codes are:

irisl scald2
iris2 sunl
microvaxl sun2
microvax2 unixi
pdpl vmsl
pdp2 vms2
scaldl

Attribute system
Constraints key, mandatory

Utility The software utility which was, and must be
used to read or write the set of tapes.
Utilities currently used by the department
are:

/ingres /usrc
/nps$userl /vlsl
/nps$user2 /vms sys
/nps$userS work

6 1/user
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Attribute utility
Constraints mandatory

Density See "Data Class: TAPE"

Attribute bpi
Constraints must be the same value as Data Class: TAPE

Date Created The date the first bit of the active set was
read to tape. Used to determine the age of
the bits and the period of time the tape
represents. The date to be recorded varies
according to the type of the set.

Attribute dcreate
Constraints key, mandatory

value for each tape is limited to:

db, wb, mb, is, if, iu = date
read to tape

gb = the date the class graduated
v = the first day of the month the

tape was received'by the owner
or department

Retirement The date the active set should be converted
Date to scratch. (In the case of individual

sets, the owner's permission must be obtain-
ed before conversion.) Varying according to
type.

Attribute dretire
Constraints mandatory

value for each type limited to:

db = dcreate + 1 month
wb = dcreate + 3 months
mb = dcreate + 6 months
gb = dcreate + 2 years
v = dcreate + 5 years

is = dcreate + 2 years
if = dcreate + 2 years
iu = dcreate + 2 years

Description Narrative comments about the set

Attribute descr
Constraints none

80
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Name of Owner The name of the owner of the tape(s). Used
only in individual or vendor set types.

Attribute owner
Constraints is, if, iu = mandatory and key

v = optiional
db, wb, mb, gb, = null

.. .Advisor The name of the student's advisor. Used
only in individual student set type.

Attribute advisor
Constraints u, i = optional

db, wb, mb, gb, is, if, v = null

Contact Phone A phone number. Only used in individual or
vendor set types. The person whose number
is recorded varies according to set type.

Attributes contph
Constraints is, if, v = owner's phone number

iu = advisor's phone number

Software The name of the software on the tape,
including the version number. Only used
for set type vendor

Attribute software
Constraints v = mandatory, key

db, wb, mb, gb, is, if, iu = null

Vendor The name of the vendor company which pro-
duced the software. Used only for set
type vendor

Attribute vendor
-: Constraints v = optional

db, wb, mb, gb, is, if, iu = null

00



D. DATA CLASS: ACTIVE TAPE

Definition A conceptual entity which is one tape which, by
virtue of its recorded data is a member of a
set. Attributes are dependent upon the fact it
has recorded data and is a member of an active
set.

Element

Identification A unique identifier of a reel, the same as
the identification number of the slot to
which it is assigned

Attribute id
Constraint unique, key, mandatory

Label The VMS operating system requires that each
tape be assigned a label by the librarian.
When the tape is mounted, the label verifies
to the system that the tape is for VMS read!

* write. If the "copy" utility is used to
read or write the tape, a label must be
entered by the librarian when mounting the
tape. It is not necessary for the librarian
to know the label name when using the other
VMS utility-"backup". The librarian choses a
label name which indicates what is recorded
on the tape.

Attribute label
Constraint if (utility = copy) mandatory

if (utility = backup) optional

Sequence The sequential order of the tape in the
total number of tapes which make up the set

Attribute seq
Constraint if number of tapes in the parent set > 1,

then mandatory

* Percent Used The percent of the tape which contained.
Data used for tapes which are members of set
type individual only; and only tape is
partially used.

Attribute perusd
Constraint if (is. if, iu) and partially used, ther

optional

'p 22
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E. DATA CLASS: FILE PATH

Definition A conceptual entity which provides the path to
the disk location of one or more files. Inher-
ent in the file path name construed by the

00 librarian as the file content.

Elements

Partition A major subdivision of files in the UNIX
operating system. The partition from which
the files were read

Attribute part
Constraint if system = UNIX* then mandatory, key

if system = UNIX* then null

Disk A major subdivision by disk in the VMS oper-
ating system. The disk from which the files
are read

Attribute disk
* Constraint if system = VMS* then mandatory, key

if system = UNIX** then null

Saveset When using VMS "backup" utility, marks the
beginning of each file or set of files. Ter-
minates with an end-of-file marker. When
using the "backup" utility for read/write,
the saveset must be entered by the librarian
in order to mount the tape. Librarians
assign saveset names which indicate what is
in the file

Attribute sav
Constraint if utility = backup then mandatory, key

Source Systems other than VMS and utilities other
than backup and copy do not require the
assignment of label or saveset names. The
librarian has contrived a "source" to be
assigned to a file or set of files on a tape
which is read by other than VMS backup and
copy utilities. The assigned name indicates
the file(s) contents

Attribute src
Constraint if utility = backup or copy and

set type = gb, then mandatory
if utilit- = backup or copy nd

se t-:p e =b, then optional

33

'.



F. DATA CLASS: STUDENT

Description The name given to a person who has graduated
from NPGS and whose files are contained in a
set of graduation tapes

Elements

Name The last and first name of the student

Attribute name
Constraint required key

Advisor The name of the student's advisor

Attribute advisor
Constraint mandatory

4 Contact Phone The telephone number of the advisor

Attribute contph

G. DATA CLASS: LOAN

Definition A conceptual entity which describes the
agreement under which a tape is loaned.

Element

Loanee The name of the person to whom the tape was
loaned

Attribute loanto
Constraint mandatory key

Date Loaned The date the tape is loaned

Attribute dloan
* Constraint none

Estimated Date The date the tape should be returned to the
of Return the library

Attribute edr

Constraint edr > dloan

Contact Phone The phone number of the loanee

Attribute Icntph
Constraint none
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APPENDIX B

,, TABLES AND VIEWS

*e

A. TABLES [Ref. 41

*. File, Loan, Sets, Student, Tape

Table: File
Owner: crawford
Row Width: 26
Saved Until: 1-Jan-1999 00:00:00
Number of Rows: 21
Number of Pages: 1
Journaling: disabled
Storage Structure: heap

* Table Type: user table

column name type length column name type length

id i 2 part disk c 9
sav src c 15 err i 1

Table: Loan
Owner: crawford
Row Width: 52
Saved Until: 1-Jan-1999 00:00:00
Number of Rows: 3
Number of Pages: 1
Journaling: disabled
Storage Structure: heap
Table Type: user table

6-7  column name type length column name type length'I:,

id i 2 dloan date 12
-r date 12 loanto c

n ph
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Table: Sets
Owner: crawford
Row Width: 126
Saved Until: 1-Jan-1999 00:00:00
Number of Rows: 12
Number of Pages: 1
Journaling: disabled
Storage Structure: heap
Table Type: user table

column name type length column name type length

id i 2 type c 2
dcreate date 12 dretire date 12
system c 9 utility c 6
owner c 9 advisor c 9
contph c 4 software c 15
vendor c 20 label c 6
descr c 15 sequ f 4
perusd i 1

Table: Student
Owner: crawford
Row Width: 30
Saved Until: 1-Jan-1999 00:00:00
Number of Rows: 4
Number of Pages: 1
Journaling: disabled
Storage Structure: heap
Table Type: user table

column name type length column name type lencth

_ id i 2 name cK advisur c 9 contph c 4

IV€"
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Table: Tape
Owner: crawford
Row Width: 19
Saved Until: 1-Jan-1999 00:00:00
Number of Rows: 18
Number of Pages: 1
Journaling: disabled
Storage Structure: heap
Table Type: user table

column name type length column name type length

id i 2 length i 2Sbpi i 2 err i 1

derr date 12

B. VIEWS

* vind, vloan, vpe, vretire, vscloan, vscratch, vstudent,
vven

VIEW VIND DEFINED

range of t is tape
range of s is sets
range of f is file
define view vind (

id = s.id,
type = s.type,
owner = s.owner,
advisor = s.advisor
contph = s.contph
dcreate = s.dcreate,
system = s.system,

-. utility = s.utility,
bpi = t.bpi,
label = s.label,
part disk = f.part disk,
sav src = f.sav src,
descr = s.descr,
err = t.err,
length = t.length,
perusd = s.perusd,
sequ = s.sequ)
where (s.id = f.id)

. and (t.id = s.id)
" and (s.type - 1i*")
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VIEW VLOAN DEFINED

range of t is tape
range of s is sets
range of 1 is loan
define view vloan

id = t.id,
type = s.type,
system = s.system,
eequ =s.sequ,

owner =s.owner,

software = s.software,
dloan =l.dloan,

loanto =l.loanto,

lcntph -l.lcntph,

edr = l.edr)
where (t.id = s.id)
and (l.id = t.id)

VIEW VPE DEFINED

range of s is sets
range of t is tape
range of f is file
define view vpe(

id = s.id,
type = s.type,
dcreate = s.dcreate,
system = s.system,
utility = s.utility,
bpi = t.bpi,
label = s.label,
part -disk = f.part-disk,
say src = f.sav src,
descr = s.descr,
err =t.err,

sequ s.sequ)
where (t.id =s.id)
and (s.id = f.id)
and (s.type - "*bU)

V,
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VIEW VRETIRE DEFINED

range of t is tape
range of s is sets
define view vretire

dretire = s.dretire,
( type = s.type,

dcreate =s.dcreate,
system =s.system,
sequ = s.sequ,
id = s.id,
length = t.length,
bpi = t.bpi,
err = t.err)
where (t.id = s.id)

VIEW VSCLOAN DEFINED

range of t is tape
range of s is sets
range of 1 is loan
define view vscloan

id =lid,

edr =l.edr,
dloan =l.dloan,
loanto = .loanto,
lcntph = .lcntph)
where (t.bpi != 0)
and (t.length != 0)
and (any(s.id by t.id
where (t.id = s.id)) =0)
and (t.id = l.id)

VIEW VSCRATCH DEFINED

range of t is tape
range of s is sets
define view vscratch

- -. id = t.id,
length =t.length,
bpi = t.bpi,
err = t.err,

I.. kN.derr =t.derr)
*where (t.length != 0)

and (any(s.id by t.id
where (t.id s4id)) C)
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VIEW VSTUDENT DEFINED

range of t is tape
range of s is sets
range of rv2 is student
range of f is file
define view vstudent

name = rv2.name,
dcreate = s.dcreate,
i= s.id,

system =s.system,

utility =s.utility,

bpi = t.bpi,
label = s.label,
part_disk = f.part -disk,
say src = f.sav src,
descr =s.descr,

sequ =s.sequ,,

advisor =rv2.advisor,

contph =rv2.contph)

where (f.id = rv2.id)
and (s.id = f.id)
and (t.id = s.id)
and (s.type ="gb")

VIEW VVEN DEFINED

range of t is tape
range of s is sets
range of f is file
define view vven(

id = s.id,
software =s.software,
vendor = s.vendor,
system = s.systen,
utility = s.utility,
bpi =t.bpi,
label = s.label,
part -disk =f.part-disk,
say src f.sav src,
descr = s.descr,
owner = s.owner,
advisor =s.advisor
contph =s.contph
err =t.err,

secu =s.sequ)

wh'ere (s.id =f.i, )
and (t.id = s.id)

a rA (s.type "

ar
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APPENDIX C

DESIGN DATA DICTIONARY

In Appendix A, the parameters of integers and floating

point numbers were expressed in bytes, as Ingres does. The

parameters of these data types are expressed in bits. Read

"i2" as "integer, two digits." Read fl.1 as "one digit

decimal one digit."

Field: advisor
* Name: advisor

Data Class: set

Definition: The name of the student's advisor.

Parameters: c9

Constraints: First eight letters of last name, first initial
of first name; no spaces or commas.

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.2
student 1.3.5

Maintenance: Table Frame Action

sets 1.4.2 update
student 1.5 delete
sets 1.5 delete

Other: 1.1.3, 1.1.4, 1.1.5, 1.2.3,

1.2.4, 1.2.5, 1.2.8.2, 1.2.8.4

Storage: sets, student
View: vstudent

91



p. Field: bpi
Name: density
Data Class: tape

Definition: The bits per inch capacity of the tape.

Parameters: i4

Constraints: Valid values: [800, 1600, 6250, 10,0001
Mandatory

Where Used: Source Input: Table Frame

tape 1.3.1, 1.3.2

Maintenance: Table Frame Action

tape 1.5 delete

Other: 1.1.1, 1.1.2, 1.1.3, 1.1.4,
1.1.5, 1.1.7, 1.2.1, 1.2.2,
1.2.3, 1.2.4, 1.2.5, 1.2.7,
1.2.8.1

Storage: tape
View: vind, vpe, vretire, vscratch, vstudent, vven

I'.49
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Field: contph
Name: contact phone
Data Class: set

Definition: If field advisor null then the phone number
of the owner

If field advisor !- null then the phone number
of the advisor

Parameters: i4

Constraints: Last four digits of the telephone number
Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.2
student 1.3.5

Maintenance: Table Frame' Action

sets 1.4.2 update
student 1.5 delete

Other: 1.1.3, 1.1.4, 1.1.5, 1.2.3,
1.2.4, 1.2.5, 1.2.8.2, 1.2.8.4

Storage: sets
View: vstudent, vind

3
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Field: dcreate
Name: date created
Data Class: set

Definition: If type = db, wb, mb, is, if, iu then the date
the backup was created

If type = gb then the date the class graduated
If type = v then the date the tape was received
by NPGS

Parameters: c8

Constraints: mm/dd/yr (last two digits)
Manda tory

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.1,
1.3.3..2

Maintenance: Table Frame Action

1.4.2 update
1.5 delete

Other: 1.1.2, 1.1.3, 1.1.5, 1.1.7,
1.2.2, 1.2.3, 1.2.5, 1.2.8.2

Storage: sets
View: vind, vpe, vretire, vstudent

.5-4
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Field: derr
Name: date of errors
Data Class: tape

Definition: The date the errors were last checked.

Parameters: c8

Constraints: mm/dd/yr (last two digits)

Where Used: Source Input: Table Frame

tape 1.4.1

Maintenance: Table Frame Action

tape 1.4.1 update
tape 1.5 delete

Other: 1.1.1, 1.2.1, 1.2:8.1

Storage: tape
View: vscratch

.. ~
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Field: desc
Name: description
Data Class: set

Definition: Librarian's notes about the set.

Parameters: c15

Constraints: none

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.1,

1.3.3.2

Maintenance: Table Frame Action

1.4.2 update
1.5 delete

Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.2.2, 1.2.3, 1.2.4, 1.2.5,

* 1.2.8.2
Storage: sets

View: vind, vpe, vstudent, vven
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Field: dloan
Name: date loaned
Data Class: loan

Definition: The date a tape is loaned.

Parameters: c8

Constraints: mm/dd/yr (last two digits)
Mandatory

Where Used: Source Input: Table Frame

loan 1.3.6

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.6.1, 1.1.6.2,-1.2.6.1,
A 1.2.6.2, 1.2.8.5

• Storage: loan
Views: vloan, vscloan

,~..-

.:N

0?

O9



Field: dretire
Name: retirement date
Data Class: set

Definition: If type = db, wb, mb, gb, is, if, iu, then the
date the backup should be converted to
scratch

If type = v then the date the vendor tape
should be replaced due to old bit age

If type = is, if, iu, then permission must be
obtained from the owner before conversion

Recommended values by type:

db = dcreate + 1 month
wb = dcreate + 3 months
mb = dcreate + 6 months
gb = dcreate + 2 years
v = dcreate + 5 years

is, if, iu = dcreate + 2 years

Parameters: c8

Constraints: Mandatory

Where Used: Source Input: Table Module

sets 1.3.2, 1.3.3.1,
1.3.3.2

Maintenance: Table Module Action

1.4.2 update

1.5 delete

Other: 1.1.7, 1.2.7, 1.2.8.2

Storage: sets
View: vretire
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Field: edr
Name: estimated date of return
Data Class: loan

Definition: The date the librarian assigns for a loaned

tape to be returned to the library.

Parameters: c8

Constraints: mm/dd/yr (last two digits)

Where Used: Source Input: Table Frame

loan 1.3.6

Maintenance: Table Frame Action

1.4.3 update
1.5 delete

Other: 1.1.6.1, 1.1.6.2, 1.2.6.1,
* 1.2.8.5

Storage: loan
View: vloan, vscloan
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Field: err
Name: errors
Data Class: tape

Definition: The number of bad bits on a tape.

Parameters: i2

Constraints: 1-99

Where Used: Source Input: Table Frame

tape 1.4.1

Maintenance: Table Frame Action

tape 1.4.1 update
tape 1.5 delete

Other: 1.1.1, 1.1.2, 1.1.-3, 1.1.4,
1.1.7, 1.2.1, 1.2.2, 1.2.3,

* 1.2.4, 1.2.7, 1.2.8.1

.-. Storage: tape
View: vind, vpe, vretire, vscratch, vven

*161
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Field: id
Name: identification
Data Class: tape

Definition: The unique number assigned to all cabinet slots
- and tapes; key to all tables.

Parameters: i5

Constraints: 1-10000
Mandatory input in all tables

Where Used: Source Input: Table Frame
tape 1.3.1, 1.3.2,

sets 1.3.3.1, 1.3.3.2
file 1.3.4.1, 1.3.4.2
student 1.3.5
loan 1.3.6

Maintenance: Table Frame Action
0

sets 1.5 delete
file 1.5 delete
student 1.5 delete
loan 1.5 delete

Other: 1.1.1, 1.1.2, 1.1.3, 1.1.4,
1.1.5, 1.1.6.1, 1.1.6.2, 1.1.7,
1.2.1, 1.2.2, 1.2.3, 1.2.4,
1.2.5, 1.2.6.1, 1.2.6.2, 1.2.7,
1.2.8.1, 1.2.8.2, 1.2.8.3,
1.2.8.4, 1.2.8.5, 1.4.1, 1.4.2,
1.4.3

Storage: tape, sets, file, student, loan
Views: vind, vloan, vpe, vretire, vsclcan, vscratch,

vstudent, vven
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Field: label
Name: label
Data Class: active tape

Definition: Required by the VMS operating system.

The name of a tape, assigned by the librarian.

Parameters: c6

Constraints: if system = VMS then Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.1,
1.3.3.2

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.2.2, 1.2.4, 1.2.5, 1.2.8.2

Storage: sets
Views: vind, vpe, vstudent, vven

r
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vField: lcntph
Name: loanee contFact phone
Data Class: loan

Description: Phone number of the person to whom a tape is
loaned.

Parameters: cll

Constraints: Three numbers of area code, space, seven
numbers of phone number (no hyphen)

Mandatory

Where Used: Source Input: Table Frame

loan 1.3.6

Maintenance: Table Frame Action

1.4.3" update
1.5 delete

* Other: 1.1.6.1, 1.1.6.2, 1.2.6.1,
1.2.6.2, 1.2.8.5

Storage: loan
-. Views: vloan, vscloan
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Field: length
Name: length
Data Class: tape

Definition: The length in feet of a magnetic tape.

Parameters: i4

Constraints: Valid Value: [300, 400, 450, 555, 600, 650,
1200, 2400, or 3600]

-. Mandatory

Where Used: Source Input: Table Frame

tape 1.3.1

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.1, 1.1.3, 1.1.7, 1.2.1,
* 1.2.3, 1.2.7, 1.2.8.1

Storage: tape
Views: vind, vretire, vscratch
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Field: loanto
Name loanee
Data Class: loan

Definition: The name of the person to whom a tape is
loaned.

Parameters: c15

Constraints: Last name, comma, as much of first name that
will fit

Mandatory

Where Used: Source Input: Table Frame

loan 1.3.6

Maintenance: Table Frame Action

1.4.3' update
1.5 delete

Other: 1.1.6.1, 1.1.6.2, 1.2.6.1,
1.2.6.2, 1.2.8.5

Storage: loan
Views: vloan, vscloan
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Field: name
Name: name
Data Class: student

Definition: The name of a student who has graduated from
- NPGS and whose files are maintained on a

graduation backup tape.

Parameters: c15

Constraints: Last name, comma, as much of first name that
will fit

Mandatory

Where Used: Source Input: Table Frame

student 1.3.5

Maintenance: Table Frame. Action

1.5 delete

Other: 1.1.5, 1.2.5, 1.2.8.4

Storage: student
View: vstudent
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Field: owner
Name: owner
Data Class: set

Definition: The name of owner of the data on the tape.

Parameters: c9

Constraints: First eight letters of first name, first
initial of last name; no spaces or ccmmas

Mandatory if type = individual

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.2

Maintenance: Table Frame Action

1.4.2 update
1.5 delete

Other: 1.1.3, 1.1.4, 1.1.6.2, 1.2.3,
[e 1.2.4, 1.2.6.2, 1.2.8.2

Storage: sets
Views: vind, vloan, vven
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Field: part diskName: partition or disk

Data Class: file path

Description: Partition is a major subdivision of files in
the UNIX operating system. Disk is a major
subdivision of files by disk in the VMS
operating system.

Parameters: c9

Constraints: Mandatory

Where Used: Source Input: Table Frame

file 1.3.2, 1.3.4.1,
1.3.4.2

Maintenance Table Frame Action

1.5 delete

* Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
p1.2.2, 1.2.3, 1.2.4, 1.2.5,

1.2.8.3

-. Storage: file
Views:* vind, vpe, vstudent, vven

10
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Field: perusd
Name: percent used
Data Class: active tape

Definition: If type = is, if, or iu then the percent used
of the last tape of a sequence of tapes which
make up a set. Use only if percent is less
than 100.

Parameters: i2

Constraints: 1-99

Where Used Source Input: Table Frame

sets 1.3.3.2, 1.3.4.2

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.3, 1.2.3, 1.2.8.2

Storage: sets
View: vind
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Field: savsrc
Name: savset or source
Data Class: file path

Definition: If VMS backup utility then marker for beginning
of each set of files.

If not VMS backup utility, then librarians name
of a set of files

Parameters: c15

Constraints: Mandatory

Where Used: Source Input: Table Frame

file 1.3.2, 1.3.4.1,
1.3.4.2

Maintenance: Table Frame Action

1.5 delete

* Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.2.2, 1.2.3, 1.2.4, 1.2.5,
1.2.8.3

Storage: file
Views: vind, vpe, vstudent, vven

or

pl
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Field: sequ
Name: sequence
Data Class: active tape

Definition: The sequential number of a tape in the total

number of tapes which make up a set (read "1.4"
- as "one of four").

Parameters: fl.1

Constraints: Express as sequence number decimal point total
number (e.g. 1.4)

Where Used: Source Input: Table Frame

sets 1.3.3.1, 1.3.3.2

Maintenance: Table Frame Action

1.4.2 update
1.5 delete

Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.1.6.2, 1.1.7, 1.2.2, 1.2.3,
1.2.4, 1.2.5, 1.2.6.2, 1.2.7,
1.2.8.2, 1.3.2

Storage: sets
Views: vind, vloan, vpe, vretire, vstudent, vven

S.
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Field: software
Name: software
Data Class: sets

Definition: The name of the software of a vendor tape.

Parameters: c15

Constraints: Include version number after name. If the name
is too long leave off enough letters to include
version number as last entry.
Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2

Maintenance: Table Frame Action

1.5 - delete

Other: 1.1.4, 1.1.6.2, 1.2.4, 1.2.6.2,
1.2.8.2

0

Storage: sets
Views: vloan, vven

"4~
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Field: system
Name: system
Data Class: set

Definition: Combination hardware and operating system code.

Parameters: c9

Constraints: Valid Values: irisl nbi3 pdpl
iris2 nbi4 pdp2
microvaxi nbi5 unixl
microvax2 nbi6 vmsl
nbil nbi7 vms2
nbi2 nbi8

Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2,- 1.3.3.1,

1.3.3.2

* Maintenance: Table Frame Action

1.5 delete

Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.1.6.2, 1.1.7, 1.2.2, 1.2.3,
1.2.4, 1.2.5, 1.2.6.2, 1.2.7,
1.2.8.2

Storage: sets
Views: vind, vloan, vpe, vretire, vstudent, vven
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Field: type
Name: type
Data Class: set
Definition: The category of active tape by virtue of what

is recorded on it.

Parameter: c2

Constraints: db, wb, mb, gb, is, if, iu, v
Mandatory

Where Used: Source Input: Table Frame
"V

sets 1.3.2, 1.3.3.1,
1.3.3.2

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.2, 1.1.3, 1.1.6.2, 1.1.7,
1.2.2, 1.2.3, 1.2.6.2, 1.2.7,
1.2.8.2

Storage: sets
Views: vind, vloan, vpe, vretire

1
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Field: utility
Name: utility
Data Class: set

I Definition: The software utility used to read or write the
backup or vendor tape.

/ingres
/nps$userl /nps$user3 /usrc /vms$sys
/nps$user2 /user /vlsl /work

Parameters: c6

Constraints: Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2, 1.3.3.1,
1.3.3.2

Maintenance: Table Frame Action

. 1.5 delete

Other: 1.1.2, 1.1.3, 1.1.4, 1.1.5,
1.2.2, 1.2.3, 1.2.4, 1.2.5,
1.2.8.2

Storage: sets
Views: vind, vpe, vstudent, vven
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Field: vendor
Name: vendor
Data Class: set

Definition: The name of the vendor of a vendor tape.

Parameter: c20

Constraints: Mandatory

Where Used: Source Input: Table Frame

sets 1.3.2

Maintenance: Table Frame Action

1.5 delete

Other: 1.1.4, 1.2.4, 1.2.8.2

Storage: sets
View: vven

or
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MENU Update
FRAME update
USAGE user
FORM update
PROCEDURE

update.osi

1.4

__

MN ErosMENU Backup MENU Loan
FRAME errors FRAME ubackup FRAME uloan

USG B-update USAGE QB-update USAGE QBF-update
FORM errors FORM ubackup FORM uloan
TABLE tape TABLE sets TABLE loan

1.4.1 1.4.2 1.4.3



MENU Delete
FRAME tdelete
USAGE. user
FORM tdlelete
PROCEDURES

tdlelete. osi
dloanc.qc
dbackc.qc
dtapec .qc

1.5
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APPENDIX E

-J FRAME DEFINITIONS

,. .

MENU: Topframe
FRAME: topframe
USAGE: user
FORM: topframe

SELECT FUNCTION

t query/report (terminal)

p query/report (printer)

add

update

delete

exit

T P ADD UPDATE DELETE EXIT:

PROCEDURE: topframe.osl

t = [callframe tquery;3
[* p = (callframe pquery;)

add = (callframe tadd;3
update = (callframe update;]

- delete = (callframe tdelete;)
exit = (exit;]

.-
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MENU: TQuery/Report (terminal)
FRAME: tquery
USAGE: user
FORM: tquery

.V QUERY/REPORT TO TERMINAL

scratch

periodic (db, wb, mb, gb)

individual (is, if, iu)

vendor

student

loaned

date to retire

return

exit

SCRATCH PER IND VEN STU LOAN DATE RETURN EXIT:

PROCEDURE: tquery.osl

scratch = (callframe rscratch;3
per = (callframe rpe;)
ind = (callframe rind;)
ven = (callframe rvendor;3
stu = (callframe rstudent;]
loan = (callframe reploan;)
date = (callframe rdate;)
return = (return;)
exit = (exit;]
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MENU: scratch
FRAME: rscratch
USAGE: report
FORM: rscratchf

ENTER SCRATCH REPORT PARAMETERS

*V mi n_length: max-length:

HELP REPORT RETURN:

Field Attributes: Mandatory - max length

REPORT: rscratch

11-SEP-1985 10:33:04
REPORT ON SCRATCH TAPES

Table is: vscratch

id length bpi err derr
(i5) (i4) (i5) (mm/dd/yr) (mm/dd/yr)

Report Definition: Sort by length, bpi, errors, id
Select lengthi by range at runtime
Output to terminal
Command flag - L80

TABLE: rscratch

F125



1.1.2
MENU: Periodic
FRAME: rpe
USAGE: report
FORM: rperf

ENTER PARAMATERS FOR PERIODIC BACKUP REPORT

Table is: vpe

type: system:

mindcreate: maxdcreate:

partdisk: savsrc:

HELP REPORT RETURN:

Field Attributes:
Mandatory - type, system, max dcreat, part_

* dick, sav src (type = db, wb, mb,
gb, or * only)

Validation- type in [db, wb, mb, gb, *]
system (refer to Appendix C)
* selects "all"

REPORT: rper

11-SEP-1985 10:34:12
REPORT ON PERIODIC BACKUPS

Report on Table: vpe

type: dcreate: mm/dd/yy utility:
id: i5 system: bpi: i5
sequ: p4.1 part disk: label:

sav src: descr:
err: i2

0

Report Definition: Sort by type, dcreate, system,
part disk, sequ, say src

Select-dcreate by range at runtime
Select type, system, part disk,

sav src by value at runtime
Output to terminal
Command Flag - L80

S
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1.1.3
MENU: Individual
FRAME: rind
USAGE: report
FORM: rindf

ENTER INDIVIDUAL BACKUP REPORT PARAMETERS

type: owner:
system:

part-disk: savsrc:

HELP REPORT RETURN:

Field Attributes:
Mandatory - type, owner, system, -part disk,

say src
(type = is, if, iu, or * only)

Validation- type in ["is", "if", "iu", "*"]
System (refer to Appendix C)
"*" selects all

REPORT: rind

11-SEP-1985 10:36:04
REPORT ON INDIVIDUAL BACKUPS

Table is: vind

type: system: utility: length: (i4)
owner: part disk: label: perusd: (i2)
dcreate: (mm/dd/yy) say src: bpi: (i5) err: (i2)
id: (i5) descr:

sequ: (f4.1) advisor: contph:

Report Definition: Sort by type, owner, dcreate,
system, sequence

Select type, owner, system,
part disk, sav src by value at
runtime

Output to terminal
Command flag - L80

TABLE: vind
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1.1.4
MENU: Vendor
FRAME: rvendor
USAGE: report
FORM: rvendorf

ENTER PARAMETERS FOR VENDOR REPORT
Table is: vvenV

software: vendor:

system:

HELP REPORT RETURN

Field Attributes:
Mandatory - software, vendor, system
Validation- system (Appendix C) selects all

REPORT: rvendor

11-SEP-1985 12:48:35
REPORT ON VENDOR TAPESReport on Table: vven

software: part disk: utility:
vendor: sav src: label:
system: descr: bpi: (i5)
owner: advisor: err: (i2)
id: (i5) contph:
sequ: (f4.1)

Report Definition: Sort by software, vendor, system,
owner, sequ

Select software, vendor, system,
by value by runtime

Output to terminal
Command flag - L80

TABLE: vven

2..
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1.1.5
MENU: Student
FRAME: rstudent
USAGE: report
FORM: rstudentf

ENTER PARAMETERS FOR STUDENT REPORT
Table is: vstudent

min dcreate: max dcreate:

name: system:

HELP REPORT RETURN:

Field Attributes:
Mandatory - max dcreate, name, system
Validation- SystEem (Appendix C) *selects all

REPORT: rstudent

1I-SEP-1985 10:37:26
REPORT ON STUDENT TAPES

Report on Table: vstudent

dcreate: (mm/dd/yr) system: label:
name: part disk: utility:
sequ: (fl.1) say src: bpi: (i5)
id: (i5) descr: advisor:

contph:

Report Definition: Sort by dcreate, name, system,
part disk, sequ, sav src

Select dcreate by range at
runtime

Select name, system by value at
runtime

Output to terminal
Command flag - L80

"" ~TA5LE: "' , n
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1.1.6
MENU: Loaned
FRAME: reploan
USAGE: user
FORM: reploan

SELECT TYPE OF LOANED TAPES TO REPORT

scratch

backup or vendor

return

exit

SCRATCH BACKUP RETURN EXIT

PROCEDURE: reploan.osl

scratch = (callframe inscratch;)
backup = (callframe rloan;3
return = (return;]
exit - [exit;)

?1'3
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i 1.1.6.1

MENU: Scratch
FRAME: inscratch
USAGE: report

I FORM: default blank

Il.

".,

HELP REPORT RUN:

REPORT: lnscratch

11-SEP-1985 10:39:14
REPORT ON LOANED SCRATCH TAPES

Report on Table: vscloan

id: (i5) edr: (mm/dd/yr) loanto:
dloan: (mm/dd/yr) lcntph:

Report Definition: Sort by id
Output to terminal
Command flag - L80

TAdLE: vscloan

6,
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1.1.6.2
MENU: Backup or Vendor
FRAME: rloan
USAGE: report
FORM: rloanf

ENTER PARAMETERS FOR LOANED TAPES REPORT
Table is: vloan

min edr: max edr:

loanto:

HELP REPORT RETURN:

Field Attributes:
Mandatory - max edr, loanto

REPORT: rloan

11-SEP-1985 10:40:26

REPORT ON LOANED BACKUP AND VENDOR TAPES
Report on Table: vloan

id: (i5) loanto: type:
edr: (mm/dd/yr) lcntph: software:
dloan: (mm/dd/yr) owner: system:

sequ: (f4.1)

Report Definition: Sort by id
Select - edr by range at runtime

loanto by value at
runtime

Output file - terminal
Command flag - L80
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1.1.7
MENU: Date to Retire
FRAME: rdate
USAGE: report
FORM: rdatef

ENTER PARAMETERS FOR RETIREMENT DATE REPORT
41' Table is: vretire

min dretire: max dretire:

. type:

* HELP REPORT RETURN:

* -Field Attributes:
* Mandatory - max dretire, type

REPORT: rdatef

11-SEP-1985 12:50:55
REPORT ON RETIREMENT DATES
Report on Table: vretire

dretire: (mm/dd/yr) type: length: (i4)
dcreate: (mm/dd/yr) system: bpi: (i5)
id: (i5) sequ: (f4.1) err: (i2)

Report Definition: Sort by dretire, type, dcreate,
system, sequ

Select dretire by range at
runtime

Select type by value at runtime
Output file - terminal
Command flag - L80

- - A3LE: V'ldln
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1.2
MENU: PQuery/Report
FRAME: pquery

VUSAGE: user
FORM: pquery

SELECT PRINTED REPORT

scratch

periodic backups (db, wb, mb, gb)

individual backups (is, if, iu)

vendor

student

loaned

* date to retire

dump

return

exit

SCRATCH PER IND VEN STU LOAN DATE DUMP RETURN EXIT:

PROCEDURE: pquery.osl

scratch = (califrame pscratch;3
per = (califrame pperiodic;3
ind = (callframe pindividual;l
yen = (califrame pvendor;3
stu = [callfrane pstudent;)
loan = (callframe prloan;3
date = (callframe pdate;3
dump = (callframe pdump;l
return = (return;]

xJexit = exit;I



1.2.1
MENU: Scratch
FRAME: pscratch

USAGE: report
FORM: pscratchf

ENTER SCRATCH REPORT PARAMETERS

min_length: max_length:

outputs to file: pscratch

HELP REPORT RETURN:

Field Attributes: Mandatory - max length

REPORT: pscratch

11-SEP-1985 10:41:35
REPORT ON SCRATCH TAPES

Report on Table: vscratch

id length bpi err derr
(i5) (i4) (i5) (i2) (mm/dd/yr)

Report Definition: Sort by length, bpi, err, id
Select length by range at runtime
Output file - pscratch

* command flag - L132

TABLE: vscratch

-.
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1.2.2
MENU: Periodic
FRAME: pperiodic
USAGE: report
FORM: pperf

ENTER PARAMETERS FOR PERIODIC BACKUP REPORT
Table is: vpe

type: system:
min dcreate: max dcreate:
partdisk: sav-src:

outputs to file: periodic

HELP REPORT RETURN:

.4 Field Attributes:
Mandatory - type, system, max dcreate,

* part disk, savsrc
Validation- type = db, wb, mb, gb, *

System (Appendix C) * selects all

* REPORT: ppe

11-SEP-1985 10:42:53
REPORT ON PERIODIC BACKUP TAPES

Report on Table: vpe

id: (i5) type: dcreate: (mm/dd/yr) system:
utility: label: bpi: (i5) err: (i2)

part disk: sav src:
sequ: (f4.1) descr:

Report Definition: Sort by type, dcreate, system,
part disk, sequ, say src

Select type, system, part disk,
say src by value at runtime

Select dcreate by range at runt4Lne
Output to file - pperiodic
Ccmmand Flag - L132

TA.BLE: vce
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1.2.3
MENU: Individual
FRAME: pindividual
USAGE: report
FORM: pindf

ENTER INDIVIDUAL BACKUP REPORT PARAMETERS

type: owner:
system:

part-disk: sav src:

outputs to file: pindividual

HELP REPORT RETURN:

Field Attributes: Mandatory - type, owner, system,

* part disk, sav-src
(type = is, if, iu, or * only)

REPORT: pind

11-SEP-1985 12:45:08
REPORT ON INDIVIDUAL BACKUPS

Table is: vind

type: system: part disk:
owner: sequ: (fl.1) say src:
dcreate: (mm/dd/yr) id: (i5) descr:

utility: length: (i4) advisor:
label: perusd: (i2) contph:
bpi: (i5) err: (i2)

Report Definition: Sort by type, owner, dcreate,
system, sequ

Select type, owner, system,
part disk, say src by value

Output to file -- pindividual
Ccmmand flag - L132

TABLE: vinc
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1.2.4
MENU: Vendor
FRAME: pvendor
USAGE: report
FORM: pvendorf

ENTER PARAMETERS FOR VENDOR REPORT

Table is: vven

software: vendor:

system:

outputs to file: pvendor

HELP REPORT RETURN:

Field Attributes:
Mandatory - software, vendor, system

*O Validation- system (Appendix C) * selects all

REPORT: pvendor

11-SEP-1985 11:53:22
•- REPORT ON VENDOR TAPES

Report on Table: vven

software: system: partdisk: utility: err: (i2)
vendor: sequ: (f4.1) sav src: label: advisor:
owner: id: (i5) descr: bpi: (i5) contph:

Report Definition: Sort by software, vendor, system,
owner, sequ

Select software, vendor, system
by value at runtime

- Output to file - pvendor
Command flag - L132

TABLE: vven

13
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1.2.5
MENU: Student
FRAME: pstudent
USAGE: report
FORM: pstudf

ENTER PARAMETERS FOR STUDENT REPORT
Table is: vstudent

min dcreate: max dcreate:
name: system:

outputs to file: pstudent

HELP REPORT RUN

Field Attributes:
Mandatory - max dcreate, name, system

* Validation- system (Appendix C) * selects all

REPORT: pstud

11-SEP-1985 11:55:35
REPORT ON STUDENT TAPES

Report on Table: vstudent

dcreate: (mm/dd/yr) name: system:

id: (i5) advisor: partdisk:
sequ: (f4.1) contph: say src:

utility: descr:
label:
bpi: (i5)

Ii.

Report Definition: Sort by dcreate, name, system,
part disk, sequ, say src

Select dcreate by range at

runtime
Select name, system by value at

l'a runtime
Output to file - pstudent
Ccmmand flag - L132

, ,! TALL : "/ ':
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• .1.2.6
MENU: Loaned
FRAME: prloan
USAGE: user
FORM: reploan

SELECT TYPE OF LOANED TAPES TO REPORT

scratch

backup or vendor

return

exit

SCRATCH BACK RETURN EXIT:

PROCEDURE: prloan.osl

scratch = [callframe plnscratch;)
back = (callframe ploan;)
return (return;]
exit = (exit;)

140
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1.2.6.1
MENU: Scratch
FRAME: plnscratch

A USAGE: report
FORM: pinscratch

* outputs to file: pinscratch

HELP REPORT RETURN:

* REPORT: plnscratch

11-SEP-1985 11:08:19
REPORT ON LOANED SCRATCH TAPES

Report on Table: vscloan

loanto: lcntph: edr: dloan: id: (i5)
(mm/dd/yr) (mm/dd/yr)

Report Definition: Sort by name, id, edr
Output to file - plnscratch
Command flag- L132

TABLE: vscloan
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1.2.6.2
MENU: Backup or Vendor
FRAME: ploan
USAGE: report
FORM: ploanf

ENTER PARAMETERS FOR LOANED TAPES REPORT
Table is: vloan

min edr: max edr:
loanto:

outputs to file: ploan

HELP REPORT RETURN:

Field Attributes: Mandatory - max edr, loanto

REPORT: ploan

11-SEP-1985 11:10:04
REPORT ON LOANED BACKUP AND VENDOR TAPES

Report on Table: vloan

loanto: edr: (mm/dd/yr) dloan: (mm/dd/yr)
id: (i5) lcntpl-

type: owner: system:
software: sequ: (f4.1)

Report Definition: Sort by name, edr, id
Select edr by range at runtime
Select loanto by value at runtime
Output to file - ploan
Command flag - L132

TABLE: vloan

142
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1.2.7
MENU: Date to Retire
FRAME: pdate
USAGE: report
FORM: pdatef

ENTER PARAMETERS FOR RETIREMENT DATE REPORT
Table is: vretire

Smin dretire: max dretire:
type:

outputs to file: pretire

HELP REPORT RETURN:

Field Attributes: Mandatory - max dretire, type
S

REPORT: pdate

11-SEP-1985 10:47:51
REPORT ON RETIREMENT DATES
Report on Table: vretire

dretire: (mm/dd/yr) type: dcreate: (mm/dd/yr)
id: (i5)

system: sequ: length: bpi: err:
(f4.1) (i4) (i5) (12)

Report Definition: Sort by dretire, type, dcreate,
system, sequ

Select dretire by range at
runtime

Select type by value at runtime
Output to file - pretire
Command flag - L132

TABLE: vretire
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1.2.8
MENU: Dump
FRAME: pdump
USAGE: user
FORM: pdump

SELECT TABLE FOR DUMP REPORT

tape

sets

file

student

loan

return

exit

TAPE SETS FILE STU LOAN RETURN EXIT:

PROCEDURE: pdump .osl

tape = (callframe tape;]
sets =(callframe sets;]
file =(callframe file;)
stu = (callframe student;)
loan = (callframe lcan;3
return = (return;)
exit =(exit;]
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I: 1.2.8.1

MENU: Tape
FRAME: tape
USAGE: report
FORM: tape

outputs to file: dtape

HELP REPORT RETURN:

REPORT: tape

11-SEP-1985 10 :49 :57
DUMP

Report on Table: tape

id length bpi err derr
(i5) (i4) (i5) (i2) (mm/dd/yr)

Report Definition: Sort by id
Output to file - dtape
Command flag - L80

TABLE: tape

145
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1.2.8.2
MENU: Sets
FRAME: sets
USAGE: report
FORM: sets

outputs to 'file: dsets

HELP REPORT RETURN:

REPORT: sets

11-SEP-1985 10:50:29

DUMP
Report on Table: sets

id: (i5) type: (c2) dcreate: (mm/dd/yr)
software: vendor:
descr:

dretire: (mm/dd/yr) system: utility:
owner: advisor:

label: perusd: (i2)
contph: sequ: (f4.1)

Report Definition: Sort by id
Output to file - dsets
Command flag - L132

TABLE : sets

-rW 146
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1.2.8.3
MENU: File
FRAME: file
USAGE: report
FORM: file

outputs to file: dfile

HELP REPORT RETURN:

REPORT: file

11-SEP-1985 11:10:49
DUMP

Report on Table: file

id part di3k savsrc
(i5)

Report Definition: Sort by id
Output to file - dfile
Command flag - L132

TABLE: file

14-
4.



1.2.8.4
MENU: Student
FRAME: student
USAGE: report
FORM: student

outputs to file: dstudent

HELP REPORT RETURN:

REPORT: student

11-SEP-1985 10:51:51
DUMP

Report on Table: student

- id name advisor contph
(i5)

Report Definition: Sort by id
Output to file - dstudent
Command flag - L80

0

TABLE: student

w.14
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1.2.8.5
MENU: Loan
FRAME: loan

:r.' USAGE: report
FORM: loan

outputs to file: dloan

HELP REPORT RETURN:

* •REPORT: loan

11-SEP-1985 10:52:33
DUMP

Report on Table: loan

id dloan edr loanto lcntph
' (i5) (mm/dd/yr) (mm/dd/yr)

-. Report Definition: Sort by id
Output to file - dloan
Command flag - L132

TABLE: loan

-t.



-4 1.3
MENU: Add

FRAME: tadd
USAGE: user
FORM: tadd

SELECT ADD
.4

scratch

vendor

backup

files

students

loan

* •return

SCRATCH VENDOR BACKUP FILES STUDENTS LOAN RETURN:

PROCEDURE: tadd.osl

scratch = (callframe ascratch;)
vendor = (callframe avendor;)
backup = (callframe abackup;)
files = (callframe aafiles;}
students = (callframe astudents;3
loan = (callframe aloan;]
return = (return;]

-o
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1.3.1
MENU: Scratch
FRAME: ascratch
USAGE: user
FORM: anoscratch

ADD SCRATCH TAPES
Table is: tape

id: length: bpi:

select id; enter data, add

ID ADD RETURN:

Field Attributes:
Display only - id
Repeat values for - length, bpi
Mandatory - length, bpi
Validation- length, bpi (Appendix C)

PROCEDURE (1): ascratch.osl

id = (callproc sgetid;3
add = (callproc ascratchc;)
return = (return;]

s-.S
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1.3.1 (Continued)

PROCEDURE (2): sgetid.qc

sgetid ()
(
## int low;
## int top;
# int new;

int i;

i=low=O;
i# retrieve (low=min(tape.id *retrieve an empty slot
## where (tape.length=O and with the lowest id
## (tape.bpi=O)))

## 
if (low!=O) *if an empty slot exists

## putform anoscratch (id=low) *put the id on the form
## message "OLD ID"
## sleep 2
## return;

3
else *if no empth slots exist

## retrieve (top=max(tape.id))

r 'q, # #

if (top>0)

new=l+top; *increment the max id
assigned by one

putform anoscratch *put the new id number
(id=new) on the form
message "NEW ID"

4# sleep 2
return;

. .

.ABE : tape

5-2
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1.3.1 (Continued)

PROCEDURE (3) : ascratchc.qc

ascratchco(

## int nu;
## int le;
## int b;
## int check;

int i;

i=check=O;
## getform anoscratch(nu=id, *get the values from the
## le=length, b=bpi) form

if (nu==O)

## message "Select ID before *if the user tried to
## entering data" enter data prior to

getting an id
## sleep 2

return;

## retrieve (check=tape.id) *find a record of an
## where tape.id=nu empty slot with the id
## [ number:, i++ ;

## 3
if (check>O) *if an empty slot of the
C id number exists

- replace tape *update the record of
## (length=le, bpi=b) the empty slot in the
## where tape.id=nu tape table
## message "Added to old
## ID; label tape only"
## sleep 2
## putform anoscratch
## (id=O)

return;

else *if the id is not in the
C tape table
append to tape *append to tape table

## id=nu,
## length=le,
4boi=b

153
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* - 1.3.1 (Concluded)

## message "Added to new
## ID, label slot and tape"
## sleep 2
##putform anoscratch *to prevent double entry
# # (id=O)

TABLE: tape, sets



1.3.2
MENU: Vendor
FRAME: avendor
USAGE: user
FORM: advendor

ADD VENDOR TAPES
Tables are Tape and Sets

id: type: dcreate: dretire:

system: utility: label: bpi:

owner: advisor: contph:

software: vendor:

descr: sequ:

*_ select id; enter data; add

ID ADD RETURN:

Field Attributes:
Display only - id, type
Repeat values for all except id

t. Mandatory- dcreate, dretire, system, utility,
bpi, software, vendor

Validation - system (Appendix C) * selects all,
bpi (Appendix C)

PROCEDURE (1) : avendor.osl

id (callproc vgetid;3
add = (callproc avendorc;3
return = (return;]

07
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1.3.2 (Continued)

PROCEDURE (2): vgetid.qc

vgetid()

# # int low;
## int top;
## int new;

int i;

i=low=O;
## retrieve (low=min(tape.id *retrieve an empty slot
## where (tape.length=O) and with the lowest id
## (tape.bpi=O)))

# # t i=i+l;
. ## 3

if (low!=O) *if an empty slot existsc(
## putform advendor *put id and type on the
## (id=low, type ="v") form
## message "OLD ID"
## sleep 2

return;
I
else *if no empty slots exist

## retrieve (top=max
## (tape.id))

i++;

if (top>O)
[ *increment the max id by

new=l+top; one
## putform advendor *put the new id and type
## (id=new, type="v") on the form
## message "NEW ID"

sleep 2
return;

TABLE: tape, vendor
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1.3.2 (Continued)

PROCEDURE (3): avendorc.qc

avendorc.qc ()
[
## int nu;
## char ty[2];
## char da[26];
## char dr[26];
## char sy[9];
## char ut[6[;
## char ow[9];
## char co[4];
## char so[15];
## char ve[20];
## char la[61;
## float se;
# # int b;
## char de[151;
## char ad[9];
## int check;

I int i;

## getform advendor (nu=id, *get the values from the
## ty=type, da=dcreate, form
## dr=dretire, sy=system,
## ut=utility, ow=owner,
## co=contph, so=software,
## ve=vendor, la=label, se-sequ,
## b=bpi, de=descr, ad=advisor)

if (nu==O)[

## message "Select id before *if the user tried to
## selecting add" enter data prior to
## sleep 2 getting an id

return;

i=check=O;
## retrieve (check=tape.id) *find a record of the

"'- ## where tape.id=nu empty slot with the id
## number"" i++;

VT ##
if(check > 0) *if an empth slot of the
.[ id number exists

44 replace tape (bpi=b) where *update the record: of
.4 tape.id=nu the empty slot in the

tape table

.-S 5



1.3.2 (Concluded)

## append to sets(id=nu, type=ty,
## dcreate=da, dretire=dr,

svstem=sy, utility=ut, owner=ow,
## contph=co, software=so, vendor=ve,
## label=la, sequ=se, descr=de,
## advisor=ad)
## message "Added to old ID;
## label tape only"
## sleep 2
## putform advendor (id=O)

return;
4. ]

else *if the id is not in the
. tape table

## append to tape( *append to the tape
## id=nu, bpi=b table

## append to sets(id=nu, type=ty,
## dcreate=da, dretire=dr,
## system=sy, utility=ut, owner=ow,
## contph=co, software, so, vendor=ve,
## label=la, sequ=se, descr=de,
## advisor=ad)
## message "Added to new ID;
## label slot and tape"
## sleep 2
## putform advendor(id=O) *to prevent double entry

TABLE: tape, set

i;
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1.3.3
MENU: Backup
FRAME: abackup
USAGE: user
FORM: abackup

ADD BACKUP TO SCRATCH

periodic (db, wb, mb, gb)

.1i individual (is, if, iu)

return

PERIODIC INDIVIDUAL RETURN:

PROCEDURE: abackup.osl

periodic = (callframe aperiodic;)
individual = (callframe aindividual;)
return = (return;)
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1.3.3.1
MENU: Periodic (db, wb, mb, gb)

FRAME: aperiodic
USAGE: QBF-append
FORM: aperiod

ADD ID AND BACKUP DATA FOR EACH ID IN SET
Table is: sets

id: label: sequ:

type: dcreate: dretire:

system: utility:

descr:

APPEND #1 (CONTROL F TO ADD, <MENU KEY> TO RETURN:
0"

Field Attributes:
4. Mandatory - id, type, dcreate, dretire,

system, utility
Repeat values for - type, dcreate, dretire,

system, utility, label, descr
Validation- Not id in sets

Type in [db, wb, mb, gb]
System (Appendix C) * selects all

TABLE: sets

S%'
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1.3.3.2
MENU: Individual (is, if, iu)
FRAME: aindividual
USAGE: QBF-append
FORM: aindivid

ADD ID AND BACKUP DATA FOR EACH ID IN SET
'.4 Table is: sets

4 id: label: sequ: perusd:

type: dcreate: dretire:

system: utility:

owner: advisor: contph:

descr:

APPEND #1 (CONTROL F TO ADD, <MENU KEY> TO RETURN)

Field Attributes:
Mandatory - id, type, dcreate, dretire,

system, utility, owner
Repeat values for type, dcreate, system,

utility, owner, advisor,
contph, descr
System (Appendix C) * selects all

Validation- Not id in sets
Type in [is, if iu]

TABLE: sets

.%4.
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1.3.4
MENU: Files
FRAME: aafiles
USAGE: user
FORM: aafiles

ADD FILE PATHS TO

new backups or vendor

old partial individual tape (and change perusd)

return

exit

NEW OLD RETURN EXIT:

PROCEDURE: aafiles.osl

new = (callframe afiles;)
old = (callframe adfold;3
return =(return;)

exit =(exit;)



.4"

1.3.4.1
MENU: New Backups or Vendor
FRAME: afiles
USAGE: .L-append
FORM: afiles

ADD FILE PATH
Table is: file

id: partdisk:

* •sav src:

IF ONE FILE PATH HAS MORE THAN ONE ID, ADD ID AND FILE
PATH FOR EACH ID. IF ID CONTAINS MORE THAN ONE FILE PATH,
ADD ID AND FILE PATH FOR EACH FILE PATH

APPEND #1 (CONTROL F TO ADD, <MENU KEY> TO RETURN

Field Attributes:
Mandatory- id, part-disk, savsrc

TABLE: file

2'-.
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1.3.4.2
MENU: Old Partial Individual
FRAME: aafold
USAGE: user
FORM: afold

ADD FILE PATH TO OLD PARTIAL INDIVIDUAL
Tables are: file and sets

id: part-disk: savsrc:

perusd:

enter data and select add

ADD RETURN EXIT:

• Field Attributes: Mandatory - id, part disk,
sav src"

PROCEDURE (1): adfold.osl

add = (callproc afloldc;3
return = (return;)
exit = (exit;)

PROCEDURE (2): afoldc.qc

aflc'ldc()

## int nu;
## char pdf[9];
## char ss[15];

## int pr;

4# getform afold (nu=id, pd=part disk, ss=savsrc,
## pr=perusd)

if( nu == 0)

4# message "You must ender an ID before selectina
S add"

return;



1.3.4.2 (Continued)

## append to file (id=nu, partdisk=pd, savsrc=ss)
## replace sets
## perusd=pr

TABLE: file, sets

Io
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1.3.5
MENU: Students
FRAME: astudents
USAGE: QBF-append
FORM: astudent

ADD ID AND STUDENT DATA

FOR EACH ID THE STUDENT'S FILES ARE IN
Table is: student

Vz..

id: name:

advisor: contph:

APPEND #1 (CONTROL F TO ADD, <MENU KEY> TO RETURN):

* Field Attributes:
Mandatory - id, name, advisor, contph
id in sets
Repeat values for name, advisor, contph

TABLE:, student

A'.%
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1.3.6
MENU: Loan
FRAME: aloan
USAGE: QBF-append
FORM: aloan

-' ADD ID AND LOAN DATA FOR EACH ID LOANED
Table is: loan

id: dloan: edr:

loanto: lcntph:

APPEND #1 (CONTROL F TO ADD, (MENU KEY> TO RETURN)

Field Attributes: Mandatory -id, dloan, edr,
* loanto

TABLE: loan

far
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1.4
MENU: Update
FRAME: update
USAGE: user
FORM: update

SELECT UPDATE

errors

backup

loan

return

exit

ERRORS BACKUPS LOAN RETURN EXIT:

PROCEDURE: update.osl

errors (callframe errors;]
backups = [callframe ubackup;)
loan = (callframe uloan;]
return = (return;]
exit = (exit;)

MA
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1.4.1
MENU: Errors
FRAME: error
USAGE: QBF-update
FORM: errors

UPDATE ERRORS
Table is: tape

id: err:

derr:

ENTER QUERY (<MENU KEY> TO RETURN OR TO RUN):

Field Attributes: Mandatory id

- TABLE: tape

.69
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1.4.2
MENU: Backup
FRAME: ubackup
USAGE: QBF-update
FORM: ubackup

UPDATE BACKUP OR VENDOR DATA
Table is: sets

id: dcreate: dretire:

owner: advisor: contph:

descr: sequ:

ENTER QUERY (<MENU KEY> TO RETURN OR TO RUN):.

Field Attributes: Mandatory - id

TABLE: sets

17 3
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1.4.3
MENU: Loan
FRAME: uloan
USAGE: QBF-update
FORM: uloan

UPDATE LOAN DATA
Table is: loan

id: edr:

loanto: lcntph:

ENTER QUERY (<MENU KEY> TO RETURN OR TO RUN):

Field Attributes: Mandatory - id

TABLE: loan

Ir
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1.5
MENU: Delete
FRAME: tdelete
USAGE: user
FORM: tdelete

DELETE

id:

loan record (return tapes)

backup (retire)

tape (permanently remove)

return

exit

LOAN BACKUP TAPE RETURN EXIT:

PROCEDURE (1): tdelete.osl

loan = [callproc dloanc;)
backup = [callproc dbackc;)
tape = [callproc dtapec;3
return = [return;)
exit = [exit;)
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1.5 (Continued)

PROCEDURE (2): dloanc.qc

dloanc ()

## int nu;

## getform tdelete (nu=id)
## delete loan where loan.id = nu
3

TABLE: loan

PROCEDURE (3): dbackc.qc

dbackco(

## int nu;

"## getform tdelete (nu=id)
## delete file where file.id = nu
## delete sets where sets.id = nu
## delete student where student.id = nu

-• .TABLE: file, sets, student

PROCEDURE (4): dtapec.qc

dtapec()

## int nu;

## getform tdelete (nu=id)
#4 delete file where file.id = nu
## delete loan where loan.id = nu
## delete sets where sets.id = nu
## delete student where student.id fu
## replace tape (length=O, bpi=O, derr=" ")

where tape.id = nu

TAPE: fil2, lean, sets, student, tape

0173



APPENDIX F

IMPLEMENTATION OF THE COMPUTER SCIENCE DEPARTMENT
TAPE LIBRARY SYSTEM

The tape library system (TLS) application for the Com-

puter Science (CD) Department was created using the 4.2 BSD

-J UNIX operating system and the Ingres VMUNIX Version 2.1/15

VE.04 DBMS. It was created under the name talibrary cs using

login name crawfordb. It was developed using Ingres Appli-

cations by Forms (ABF). An executable image [.Ref. 41 has

been built in the file /work/crawford talibrary.exe topframe.

[O It is defined with the symbol cslib.

A. LOADING

The current library may be loaded into the tables at this

time. Chapters III and IV of this thesis should be read

before loading the library data. Data may be loaded into

each table from a file using the copy command. The Ingres

Self Instruction Guide [Ref. 5, p. 8-11 provides a compre-

hensive explanation of the procedure. The following comments

regarding the initial loading of data to file, or directly

via the application will ensure the system operates as

designed.

1. General

Ingres reads the value of an upper case letter

eently than the value rf a lcwer case letter.1a--

174
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reports are called by value. It is recommended that fields

be reviewed prior to loading, and where applicable, values be

standardized where validation criteria is not written into

the application. Computer records may not be duplicated in

the library.

2. Tables

a. TAPE. All tapes in the library must have at

least an id number and either length or bpi. If both length

and bpi are null, the application will report the id number

as one of a scratch tape.

b. SETS. The table SETS fields - owner, software,

0 and vendor - are the most vulnerable to inconsistent value

entry. When a record is loaded into table SETS, a record of

the same id must also be entered in table TAPE. The same id

should never appear twice within SETS.

c. FILE. More than one record in table FILE may

have the same id. If an id is included in TAPE, however, it

must also be in SETS.

d. STUDENT. Student records are kept only for

students whose files are contained in graduation backup tapes

created for a graduating class. All of the graduated stu-

dents files should be recorded on the graduation backup tape.

"'-" The id numbers refer to the graduation backup tapes on which

their files are recorded. An id may appear more than once in

tIe table STUDENT. All ids in the STUDENT table shoui be

tnciuded in abes F[,E, SETS, and TAPE.
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* e. LOAN. An id should not appear more than once in

- table LOAN. All id(s) in LOAN should appear at least in

table TAPE, and may appear in table SETS and FILE.

B. TABLE STORAGE STRUCTURE

The storage structure of all tables is defined as a

"heap". When the current library is loaded, the storage

structure should be converted to "hash" to accelerate

performance of queries. This may be done by the following

procedure. (%UNIX,*Ingres)

%ingres talibrary

- "*modify <tablename> to hash
O The Ingres User's Guide [Ref. 5] and the Ingres Reference

Manual [Ref. 4] provide further information on the structure

and procedure.

C. ACCESS

Only the librarians should have access to the library.

To provide access, the library symbol "cslib" (no quotes)

" must be defined in the login files of each of the librarians.

When the librarian retrieves a printed report from the li-

brary, it is written to their UNIX work spaces. Therefore

the librarians need work spaces large enough to store all

reports defined in the application. Reports are described in

Y.

Chapter IV, Section G. Documentation regarding the provision-. -t-

of access to users is in Applications by Forms [Uef

[22..5-"
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TUTORIAL:
OPERATION OF THE COMPUTER SCIENCE DEPARTMENT
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This Appendix describes the operation of the TLS. Before

using the TLS, librarians must read Chapter III, Section B,

* Specification Data Dictionary; Chapter IV, Section B, Tables

and Views; and Section C, Design Data Dictionary, of the

thesis in order to understand the tables, data fields, and

codes used in the application. Thorough descriptions and

illustrations of the frames, forms, procedures, and reports

are provided in Chapter IV, Section E, Frames; and Section G,

Frames Definition. These should be referred to by frame

number. Numbers are provided below.

This tutorial is in three parts. The first part de-

scribes the types of forms used in the library and their use.

The second part describes the application and which tasks or

functions the various frames perform. The third part de-

scribes procedures for the database administrator to maintain

the library.

The TLS is a frame-based application. Each frame has a

form and/or report and a procedure associated with it. The

librarian communicates with the application by the use of

forms. The application responds to the user by the use of

forms and reports.

The user may perform the functions of add, update, delete

and retrieve. Data input is standardized and controlled

through validation criteria. Operations are selected throuc, h

te use of m(enus. The ;st.ructure of the library and fc

ratch ti19 f':nctions tn ,  "ibrarian performs.
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A. FORMS

There are six types of forms associated with frames in

the library:

(1) Menu,
-.. (2) Parameter Entry for Reports,

(3) Run Report Forms,
- "-"( 4 ) Append,

(5) QBF-update, and
: (6) Delete.

Each form has an operations menu at the bottom starting

at the left hand corner. Many of the operation menus include

the operations RETURN and/or EXIT. By selecting RETURN, the
.4.

form of the previous frame will be displayed% EXIT will

terminate the application and return to UNIX. To execute an

operation, the user must enter a unique letter, or set of

letters, which represent the operation to the right of the

menu. For example, if the command menu is:

SCRATCH STUD RETURN EXIT:

enter sc to select SCRATCH or enter r to select RETURN.

Depress <ESC> to execute the operation. Operations are exe-

cuted on all forms by using this procedure. The term

"select" hereafter will be defined to mean "type" the repre-

sentative command symbol, then depress <ESC>.

When using forms which include fields for data input, the

cursor must be moved from field to field. It will move to

the next field automatically if the number of characters or

integ"rs of the value entered fills thf2 field. If it des
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not, however, the cursor can be moved to the next field by

depressing the TAB key. To move it back to the previous

field, depress control P.

1. Menu Forms

Menu forms provide movement to other frames. They

contain the list of other frames on the upper portion and a
matching list on the command menu line. A menu form is shown

in Figure 11.

SELECT FUNCTION

t query/report (terminal)

p query/report (printer

add

update

delete

exit

T P ADL UPDATE DELETE EXIT:

igure 11. rnu Form

A 2 A,AN



When the menu form is displayed, the cursor will

always appear to the right of the operations menu. To move

to another frame, select the frame desired. The new form

will be displayed.

Frames 1, 1.1, 1.1.6, 1.2, 1.2.6, 1.2.8, 1.3, 1.3.3,

1.3.4, and 1.4 display menu forms.

2. Parameter Entry (for reports) Forms

Parameter Entry Forms call reports based o, values

or ranges entered by the user. The forms contain fields in

the upper portion and a command menu at the bottom. A para-

meter entry form is shown in Figure 12.

ENTER PARAMETERS FOR PERIODIC BACKUP REPORT
Table is: vpe

type: system:

min dcreate: max dcreate:

partdisk: say src:

HELP REPORT RETURN:

Figure 12. Parameter Entry Form

V.%1
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"Range" fields always include the prefix min or

max_. Those that do not are "value" fields. Input to value

fields is mandatory. If a report is desired of all values of

the value field, an "*" may be entered. Only the max_ range

field is mandatory. If all range values are desired, do not

enter a value in the min range field and enter the largest

value allowed in the max range field. Parameter Entry Forms

always include the operations HELP, REPORT, and END. HELP

will provide assistance to the user, REPORT will run the

report, and END returns to the previous frame. When a Par-

ameter Entry Form is first displayed, the cursor is always on

* the first field.

HELP may be selected at any time during parameter

entry. The form will be redisplayed intact after HELP has

been obtained. Select REPORT to run the report after ranges

and values have been entered. Select END to return to the

previous frame without running the report.

Frames 1.1.1, 1.1.2, 1.1.3, 1.1.4, 1.1.5, 1.1.6.2,

y' 1.1.7, 1.2.1, 1.2.2, 1.2.3, 1.2.4, 1.2.5, 1.2.6.2, and .1.2. ,

display Parameter Entry Forms.

3. Pun Report Forms

Run Report Forms are used to run reports. ,c

selection of values is available to the user. A Pun Report

Form is shown in Fiigure 13.
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outputs to file: plnscratch

HELP REPORT RETURN:

Figure 13. Run Report Form

The upper portion is either blank or displays a line inform-

..4 ing the user to which file the report will be written. The

* command menu line is the same as report parameter entry

forms.

Frames 1.1.6.1, 1.2.6.1, 1.2.8.1, 1.2.8.2, 1.2.8.3,

1.2.8.4, and 1.2.8.5 display Run Report Forms.

4. Append Forms

Append forms allow the user to append new records to

the library. They display fields on the upper portion for

data entry and a command menu line at the bottom. Append iS

isimple; there are three variations of Append Forms.

a. The first type of Append Form provides programrre:,V.

id assignment, and is shown in Figure 14.

This type of form is associated with a ;rocedure

which automatically assigns an id number and perhaps another

lue , tot( form. The fields which are au erai ca] ,:--

: ned ,re C "r ciisna, nlv. - - .rsor -a] r,

N%'4
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ADD SCRATCH TAPES
Table is: tape

id: length: bpi:

select id; enter data, add

ID ADD RETURN:

Figure 14. Append Form (Programmed id Assignment)

on the first field in which data may be entered when the form

is initially displayed. Before entering new data, the id

number must be assigned. The command line at the bottom dis-

plays operations ID, ADD, and RETURN.

To get an id assigned, first move the cursor to

the command line by depressing <ESC>, then enter i RETURN.

An id and perhaps other data will be assigned. Pelevant

notes regarding the labelling of cabinet spaces and/or tares

w'ill be displayed next to the command line for tvc secs.

If the display says OLD ID, it means the cabinet space .as

.een previously labelled, and the space is empty. Therefore,

only the tape need be labelled. If the displav states ,w

ID, no spaces were empty and a new id has been added to the

i]brary. Both the snace and the tape must be labelled.

tfer ti:e r 35 o .t-a(red, tile cursr

t. h. irst -ie. . . w i ch .:a * *-' [ - < -r i. -. .... .
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data, move the cursor to the command menu line and select

ADD. After the append has been completed the form will be

redisplayed. All fields will contain the old values except

id. A new record may be entered which has all the same

values, except id, by simply selecting ID, then ADD, or a new

record may be entered by selecting ID and typing over the

displayed values, then select ADD. When all new records

have been added, select RETURN to display the previous frame.

Frames which display programmed id assignment

forms are 1.3.1 and 1.3.2.

b. Another type of append frame is the programme

• append, shown in Figure 15.

ADD FILE PATH TO OLD PARTIAL INDIVIDUAL
Tables are: file and sets

id: part disk: sav src:

perusd:

enter data and select add

ADD ETURN EXIT:

Figure 15. Append Form (Programmed Append)

IC 5
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In the upper portion, the form displays fields

into which data may be entered. It displays the command

menu ADD, RETURN, and EXIT at the bottom. When the form is

initially displayed, the cursor will always appear on id. To

add new records, simply enter new data and select ADD.

Frame 1.3.4.2 displays a programmed append form.

c. The third type of append form is a QBF-append.

The initial display of a QBF-append form is shown below in

Figure 16.

ADD ID AND LOAN DATA FOR EACH ID LOANED
Table is: loan

id: dloan: edr:

loanto: Icntph:

APPEND #1 (CONTROL F TO ADD, <MENU KEY> TO RETURN)

Figure 16. QBF-append Form

* To add data, fill in all the data fields 6>-

played in the upper portion and depress control F; t.e cursor

does not need to be on the command menu line. After tine new

record has been entered the following form (Fiaure 17' wi>i

* Le displayed6
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ADD ID AND LOAN DATA FOR EACH ID LOANED
Table is: loan

id: dloan: edr:

loanto: lcntph:

APPEND #2 (CONTROL F TO ADD, <MENU KEY> TO RETURN)

Figure 17. QBF-append Form

In some forms, some of the fields 'ill retain the

previous values. If the previous value is not displayed, it

may be recalled by putting the cursor in the field and

depressing control a. This will be especially helpful if you

cannot remember the number of the last id entered. To add

another record, simply change the appropriate values and

enter control f. If you do not desire to add more records,

depress the menu key <ESC> and the form shown in Figure 18

*will be displayed.

HELP provides information regarding QBF. A:rD

allows you to continue adding data. if EN8 is selected, t-

Previous form will be displayed. Frames which display QBF-

append forms are 1.3.3.1, 1.3.3.2, 1.3.4.1, 1.3.5, and 1.3.6.

More detailed information regarding QBF-append frames is rro-

v.e c in the Ingres B BP Users Guide [Ref. 6

'S.
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ADD ID AND LOAN DATA FOR EACH ID LOANED
Table is: loan

id: dloan: edr :

loanto: lcntph:

HELP ADD END:

Figure 18. QBF-append Form

5. Update Forms

Update forms are used to change values of records

previously entered in the library. The update function con-

sists of two states, the QUERY state and the GO state. While

in the QUERY state, you may specify a query by filling in the

form with the values of the records you are searching for.

After filling in this form, QBF enters the GO state, re-

trieves the row(s) you asked for, and allows you to uodate

each row, one by one. The changes are stored in a tempciar'.

.buffer, as you move from row to row. After changing all ....

rows, you can write out the buffer containing the ciianqes tc

the table. After you update the table, you are returned to

,ithe (_L;UERY state to execute a new query. You can leave tre

C y (7 states at an! tinie, ei ther to e: -7ut e
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QBF-update frames display the form shown in Figure 19

when selected.

UPDATE LOAN DATA
- Table is: loan

id: edr:

loanto: lcntph:

- ENTER QUERY (<MENU KEY> TO RETURN OR TO RUN):

* Figure 19. Update Form (Query State)

This is the QUERY state. Fill in the value or values

* of the records you wish to retrieve. For the TLS, you will

usually call records for update by id. You may use compari-

son operators when specifying a query. These are:

> oreater than >= greater than or equal to
< less than <= less than or equal to
= equal to '= not equal to

ii'ile in the QUERY state, QBF does not check fields to ma-

sure they contain valid data. This is done when ycu enter

the CC state to run the qtery.

C-. fe QUERY state ha; a menu for runnlrg: ar res,r-

-J
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help. To call the menu, depress the <ESC> key. The menu

appears at the bottom of the screen.

HELP QUERY GO END <command>

You may call the menu at any time; it does not affect

your data. If the menu was accidently called, depress RETURN

to return to your form. To exit UPDATE, select the END com-

mand and you will be returned to the previous frame. If you

select QUERY, QBF clears all the fields on your form so that

you can enter a new query. All data on the old form is lost.

If you select GO the query is run. QBF enters the GO state.

QBF will now display the following form (Figure 20) with the

values of the record(s) you requested. You can now edit the

rows you have just asked for by typing the new data over the

old.

UPDATE LOAN DATA
Table is: loan

id: 1 edr: 9/23,?

ioanto: craw fcrd icntL h: -

IYE .NE71 DATA (<ESC> TO RETURN, CONTROL-F FOR N E'T 2 ,'

F'Lmre 20. U j-aze FrTm (32 Stcte

I %-
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If no rows which satisfy the query are found, QBF

displays the message - NO ROWS FOUND - and returns to the

QUERY state so you may enter a new query.

If you wish to go to the next row specified by your
query, depress the control F key. If no rows are left, NO

MORE ROWS LEFT IN QUERY, is displayed.

At this point you have three options: (1) write ycur

changes to the table; (2) start a new query; or (3) exit

UPDATE, using the GO state menu.

Your changes are stored in a buffer each time ycu

depress the control f key. These changes do not change the

table in the library until you issue the WRITE command in the

GO state menu.

To enter the GO state, depress the <ESC> key. The

following menu will be disolayed: HELP QUERY WRITE DELETE

END. You may call this menu at any time. It does not affect

,- your data. To exit without writing your changes, select END.

You will be returned to the previous frame. If ycu want to

-1-c:our query again, select UEPY. T'he chnnes maoe w;

.-..r;sed from the buffer and the QUERY form will be

.n, .  e DELETE ke deletes tne current row &is~l&.ecn 

;cr:en. here is no reason to use rm key iK e.e ] -.iir - r'-

T write tlie changes you have ma¢le to V'e -'

¢[.-- .... ¢ _ct ] ' ;: ITE op;eLat Jon . Tf you have m d '-', , ; . a

-. V

, io ouae
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is displayed: DO YOU WANT TO LEAVE UPDATE WITHOUT WRITING

CHANGES? Enter y for yes and n for no.

Further information about UPDATE is provided in the

Ingres QBF User's Guide [Ref. 6]. QBF UPDATE frames are

1.4.1, 1.4.2, and 1.4.3.

6. Delete Form

The Delete Form (Figure 21) , is used to delete

records.

DELETE

id:

loan record (return tapes)

-backup (retire)

tape (permanently remove)

return

exit

LOAN BACKUP TAPE RETURN EXIT

Figure 21. Delete Form

rOn the upper portion, a field for id and a list of operatiors

.c be nerformed on tie i. nurker is ci splaven.
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The command menu repeats the operations listed on the

upper portion. Additionally, RETURN calls the previous

frame; EXIT exits the application.

To use the delete frame, enter the id number of the

tape on which the delete operation is to be performed. Move

the cursor to the command menu and select the delete oper-

ation desired. The delete occurs immediately.

Frame 1.5 displays a delete form.

B. THE TLS APPLICATION

Each of the librarians has been granted arcess to the

library. It may be called from UNIX by entering (% is the

UNIX prompt): % cslib

The first TLS frame will display a form on the screen.

The name of the frame is Topframe and is number 1 in Appendix

D. Topframe is the main menu of the application. It displays

the major operations performed in the library:

(1) TQuery/Report - print a report to the terminal

(2) PQuery/Report - print a report to the librarian's UNIY
workspace.

(3) Add - add new records

(4) Update - correct incorrect values

(5) Delete - delete records

U.
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1. TQuery/Report (1.1)

If TQuery/Report is selected, a choice of the follow-

ing reports is displayed on the terminal:

o Scratch (1.1.1) - for scratch tapes available.

0 Periodic (1.1.2) - for aperiodic backups stored in the
library (daily backup (db), weekly backup (wb), monthly
backup (mb), or graduation backup (gb).

o Individual (1.1.3) - backups belonging to individual
staff (is), faculty (if), or students (iu) (before they
graduate).

o Vendor (1.1.4) - vendor (v) tapes, no matter to whom
they belong.

o Student (1.1.5) - graduated students and the tapes on
which their accounts are logged.

o Loaned (1.1.6) - a choice of Loaned Scratch Tapes
* (1.1.6.1) or Loaned Backup or Vendor Tapes (1.1.6.2)
F(Date to Retire (1.1.7) tapes by retirement date).

2. PQuery/Report (1.1.2)

If PQuery/Report is selected, a choice of the same

reports as in TQuery/Report, and one additional report is

displayed. The additional report frame available is DUMP.

o Dump (1.2.8) - Dump provides a choice of five reports.
They are each a "dump" of one of the five tables: Tape
(1.2.8.1), Sets (1.2.8.2), File (1.2.8.3), Student
(1.2.8.4), and Loan (1.2.8.5). They contain all of the
fields in the tables and are sorted by id number.

The reports selected by the PQuery/Report frame will

be written to your UNIX workspace file. The name of the file

is displayed on the terminal. The file may then be printed

by using UNIX.
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3. Add (1.3)

* -Add should be selected whenever you desire to add any

new records to the library. Add provides a choice of adding

the following:

o Scratch (1.3.1) - to add new scratch tapes

o Vendor (1.3.2) - to add vendor tapes

o Backup (1.3.3) to be used when a backup has been read
to a scratch tape. Backup provides a choice to add:

- Periodic backups (1.3.3.1) (type db, wb, mb, gb) or

- Individual backups (1.3.3.2) (type is, if, iu)

o Files (1.3.4) - is to be used to record the file paths
which have been read to each tape. A choice of situ-
ations is provided:

S
- New Backup or Vendor (1.3.4.1) - This frame will be

used to add file paths at all times except the
following

- Old Partial Individual (1.3.4.2) - This frame will
be used only when an individual has requested a
file path be read to tape and the librarian selects
one of the individual's old partially used tapes to
perform the read. The new file path should be
recorded using the id of the old tape.

4. Update (1.4)

Update should be selected whenever you desire to

change values which have been previously entered in the

library. Update provides three choices for the changes:

0 Errors (1.4.1) - After a tape is read or written, the
utility may indicate that the number of tape errors is
different than those recorded in the library. Use
Errors to update the number of errors and the date the
new errors are entered.
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o Backup (1.4.2) - Backup enables updates to the follow-
ing fields concerning backup or vendor tape records:

dcreate, dretire, owner, advisor, contph, descr, sequ.

o Loan (1.4.3) - Loan allows you to change fields edr,
*loanto, and lcntph.

5. Delete (1.5) - Delete is the only frame which should

be used to delete records from the library. The operations

available are:

o Loan - Use when a loaned tape is returned. This oper-
ation deletes the record of the loan.

o Backup - Use when a backup tape is retired or erased,
but the tape is retained to be used as a scratch. All
records of the backup are deleted from tITe library.
The data regarding the physical characteristics and
condition of the tape are retained. The tape keeps its
id number, and must be left in its cabinet space.

o Tape - When a tape is permanently disposed. All re-
cords of the tape are deleted from the library. Only
the id number of the cabinet space is retained and the
TLS will define the id number as an empty slot. The
tape must be removed from the cabinet space, and the id
number must be removed from the tape. The cabinet
space retains the id number.

C. MAINTENANCE PROCEDURES

As discussed in Chapter IV, Section J, the database ad-

ministrator will be required to perform tasks to maintain

peak performance, integrity, and the security of the data-

base. The following is recommended.

~196
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1. Peak Performance

On a monthly basis, run a system modification on each

table in the database. This may be done by entering the

following at the UNIX operating system level (% UNIX):

% sysmod talibrary
% sysmod talibrary tape sets file student loan

2. Integrity

Only the librarians should be granted permits to

affect the TLS tables. Destroy and define permits to tables

as personnel are relieved of their librarian duties and new

personnel are assigned. The procedure for- granting and

destroying permits is provided in Appendix F, Section D.

3. Security

Only librarians should have access to the library.

Access is made available by defining the TLS login symbol in

the login files of new librarians. The login sign should be

deleted from the login files of personnel relieved of librar-

ian duties. The procedure for providing and denying access

is discussed in Appendix F, Section C.

4'4
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