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1.1 HISTORICAL OF LCATABASE
Tn the past when DISInG ation slow, it
was  onossible TOr an accoy ach accounting

enptry and carry Lt through npdating. When
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end of the day,

position of the
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is  husinesses became more inktricate - with branch offices

scattaread about +he country - accounting became more comnpleX.

fechanization appeared and the bookkeeper was supplied with

.
jos

3

calculating  ecguipment, accounting machines, a 4 eventually onunched

card eguipient. In  order to make punched card equipment more

implamentad each function in a separate

anivaersal, the wmanufactur

unit-record mact ficiency, all similar itenms,

such  as  payroll, accounts raceivabls analysis, etc., ware

processed  in Tt becamse impossible to summarize a business
activity at of =zach davy., Tnstead, 1t had to be done

semi-monthly, monthly or guarterly. Batches of

ormaticn pertaining t£0  the raports were accumilated and run in

ame  larger, more and faster

it-record machines could not

5 - Ty
aquipment was neaded.

keap up with the pace. The time came for the introduction of the
electronic computers. Initially computerized systems used the sane
oncepts as previous unit-racord systems. The power of the computer
served only to spesd up the processing.

Tn the early 1960f's managers Tealized that they were heing

by an ocean of reports, which, while containing all the

ils to provide a conceptual view of the state
of thn hagan to use the computer to sift through
+ he nass of details and to nroduce summary ianformation pertinent to
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Attanticn was now drawn to a disadvantage of cyclical processing.
11 manacement reports were historical; that is, they reflected what

a weck ago, a month ago, or in the last guarter. FPreguently
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which can be usad
+t+hat that a MIS
is i+t3 Database

largely dependant

an e¢lephant and
+he output of a constipated mosanito®. This comment, mnade by a
disqgruntled uaser, T. Bolivar Shagnasty in a rec=ant SHARE publication,

nf wmary computer professionals regarding

DBus, Tt is probably also an indication that
systems analysts are not database wis=, Many systems analysts design
of previous systems. They have not

hase technclogy.

system to he a+ed in sequences and formats d4ifferent from those
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regquiren nrocessss, The seguential nature of
a

unit-racord processing and  the Dbinding of processes to dat is not
sult of a DBHMS to remove from the

data formats and organization. In

is used by €ach process. This

hy the DBMS tc the physical database. Data
t

itemns ars +his mapping. In & MIS the DBAS mus
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facilities to ical relationships hetween data items v
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product ABC 1in fthe past

entory of preducts ABC and ZZZ falls

are in shipping send me a massage.
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ires +the use of more than cne record typs and

ormation stored in various

T

reguests effectively and

sfficiontly a facility wmust exist which does not Taguire a conplete

sequential scan of cach file to ccllect the required information. Such

eneralized Database Hanagement Systen
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(GDBHS) crovide a generalized, ccrpmon and integrated
1

collection of organizaticnal data to fulfill the data requirements of

}

all apolications which access 1it. Generalized implies an ability to

its data content. Common

Integrated implies that
hat is, an artificial

files 1is not reguired.

structures involving any or
all data 1ltems in
As yaet no form database. Howaver, on& can

and say what ths database

dnoes  and does  not Dok 1 A database is the union of Physica

Storaga Structure, Data ar

-

1
4 Contrcl Information, and Logical
raelationships, A database is not a collsction of data files for

data within the database should,

aral Te=lated applications.
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structiared *to model the natural data

haps even nmust,

i onghips which exist within an organization,
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fam  is referenced  the sane information is returned since
the data item is stored uniguely.

2. A database may provide more information and less data through

. Data may be information only when

itens in a defined manner.

LA

data processing cost savings for a

(z) The collectlion, ¢diting and maintenance oparations ars

aouted

only once for <each data item since it is
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maintanance <Costs  may bhe

o

iz no nead to design and implement file

rlication, Data structure and

invisible to application

4. Dats ansparant to the hardware

ot
H
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and In a dvnawnic or nulti-systen
environmaent this can represent considerable savings in

conversion costs while making information wmore Teadily

-+
g

availabls roughout the organizatich.

1
¥

by the

5, Data security and integrity is enhanced 1in a database

accass to data via a GDBHS

result of

on the part and partly

sof+twars immaturity which produces DBMS? 0
aforementioned design criteria. Recently, newar GDBHUS's

dzvelop2d which attempt to provide the facilities lacking in
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ature has app2ared describing the

~»  of databases. Unfortunately each author has
T

logy to ds= his ideas.
Farencoe familar and new systems 1in order to

t5, Often it +urns out that the new ideas are
only o©ld ideas masked in new terminology. One of ths significant
a

dvantages +o be gainad by the publicaticn of the CODASYL DATA BASE

TASK  GROUP  BEPORT of APRIL 1871 wmay be the establish

terninology of the CODASYVL raport.

ing of major data processing users
and was held for the purpose of

<

considering Dboth ibility of establishing a

common  language for the programming of electronic conputers to solve

-
problenmns releva husiness data processing environment. Large
I B e

NSeTS and vparticularly the J.S5. goverament, vwers beconing concerned
7 7 o]

nf program and data transferability bhetween computers.

od for ona set of hardyare were guickly made obsolete
hy new hardware and could not be used cn computers produced by other

actarers. While TFORTRAN had Dpecoms the de-facto standard for
scientific applications, Dby virtue of its being the f£irst r=asonanly

ient high-level languaage, 1o such language standard existed in

data DIOC2ES ing araci,.

IRH, SPERBRRY-RAND, and HONBYWELL were all

pushing languages of their own design. The ourgrowth of this concern

(1 ;
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-
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]
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T
et
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O
@

1959

was the organization of the

o
(CODASYL). Committes members wers selected from
DASY

nser communities. Since that

t
+o  includs the definition of a Data
h

Language ant of tunt common to other high level

languages, and the modification cf COBOL to ipnclude data
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with +his conmon language. In

panipulation statenents Lo acCC2s3s the Aatabase described

in +the ccamon data des

ption language are tc he addad to COBOL. The

CONASYL April 1971 Report is the resnlt of this ccecmmitiee s work.

2.3 OBJECTIVES OF CODASYL £ DATARASE

COLASYL committee are

LS IR .y gy AT ey b om e o~ PNy .
U ne Specilliicatlions S3R2T OuT

echnology. It is their
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for actual

o
intent that thig specificationan  provide the Dba
implementations of systaas using the CODASYL syntax. In the
introduc+ion +o the April 1971 Report the fcllowing objectives for a

databa nanagempent gystem are specifie:

1. a4llow data +n5 ha structured in the manner most sultable t

that data may Dbe used by other applications -- such
+

Lo he achiaved withoat reguiring data

2. Allow more than ons run-unit to congcurrently retirieve or

update the data in

3, Provide and perait the a variety of search strategies

against an entire datahass or portions of a database
4, Provide oprotection of the database against unauthorized
access of data and from untoward interaction of programs.

5. Provide a centralized capability to control the physical

lacement of data.
5. Provide dovice independence for programs.

laration of a variety of data structures rangjing

~
«
o
e
o
- :
)
Ao
+
-
[
o]
0
”)

“rom those in which no conneczion exists bhetween data itens
to peitwork structurss.

8, Allow tl qser to interact with the data while bheing relieved

6f +the mechanics of maintaining the structural assoclations
which have Dbeen declared.

3, Aliow prIc +5 ne as indenendent of the data as current

*Gchniques will permit,.

(o
]

e
-
e
A

10, Provide for

»
r

dascriptions of the data i

and of +the data known 0 a progran.



of the database which 1is

11. Providsa for a

indapendent o

12, Providsz an architect

2.4 DATABASZE TERY

Jsing the terminology oI CODASYL report, a DATABASE can be
viewsed as a hisrarchy of DATA ITEMS and DATA AGGRIGATES which are
combined +o form RECORDS. Records may be involved in SET relationships
as OWNER and AR¥%As allocatad within the

address space

A DATA cf named data within the

T - 3 o~
database.
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data itewns, all of which have identical characteristics. A repeating
qroup is a collection of data that occurs an arbitrary number of times

within a record occurr A collecticn may consist of data-itenms,
vectors, and repeating groups. & RECORD is a named collection cf zero,

bt
0

nct necessary for the

ona 0L HO or data aggregates. It

contents of a database record to ba stored physically contiguously. In
fact, the data i1tewrs comprising a record may not all be physicall
present in the database, They nav bes calculated when referenced.
2ecords are addressed by DATABASE KEY. The database key value 1is
alus n al datanasa re 4
valus uniguely identifies a database record.
part of the database record. The database key

removed from the

the Jdatabase ke z he allocated to a new

contains a
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An ub-4ivision of addressable storage spaca in
the da+tab occurrences of records and sets, or parts

of s=ts, of various




contain one

rbitrary number of

occuaTren

record
to thea

fine the

{schemna)

ot

logical

{sub—-schena) .

databass kKaonwn to a

logical database

ianipula

includa24 in

(ﬁ
[

non-proced: »1f-ccntainaed languages. In

sued either

j=p

commands. Th

enhanceaant

major LBMS

2xisting

puTpose

cntalned

relationship

o

impose a discipli

zupstitu

jo1)

to the

progran

trained

reguest

conceptualized

illustrates the

the COLASYL
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interaction, as shown, is always from user to DBMS. The DBNS
t

to the file

schema and  sub-schema  to formulate a reguas

=
Ui

©
AN

in

the huffar pool of the DBHMS, The inforwmation required by the user is
copied from the buffer pool %o a user work area (JWi). Cer ain status
informa+tion relevant to a particular user is stored in a system area

n +the user region. The usar may then manipulate data in his work area

e

using the facilities of his host language.
The GDBMS provides a number of ntilities to support the database.
There are utilities to:
a) dump, edit and print the database,
3

the databas=,

h

fode

le

&)

recondition the datanrass, (¢g. preformat direct

2) collect statistics and analysis performance

to he changed and effect antomatic

g) allow areas to be allocated in selected location on selected
devices.

The GDBHS provides for datanase reccovery including logging,

hetween users of the database,

the GDBYUS, and in the datahase belcngs to the Data

3

Rase Adwnin T (DBAY. This is a human function and involves the
following spe
1. Describing data structures which wmodel +the business or
aplished through DDL statements which

define the schama and sub-schena.
2. Controlling +the assignment of names to data itens, data

t
nd sets to ensure unigueness

- - ~ - e Pgpa) ~ - Ly
aggregates, TACOTAS, ArRas,

a
42 mwmay use synonyms to protect uniqueness of names 5 already

i




5. Assigning  privacy  locks and issuing privacy keys at various
kil +he  database, based on the need O

atanase affacted by privacy

and issuing privacy

7. Assiqgning areas to davices and addresses basad on time/space

O
th
o
o}
[}
-

- o
D
I
o
4]
T w
o =
v
i
o
o
&

yritten routines. e will usually be
certain of the sub-schena.

continually for:

{z) usage

{b) reszponse

(1) potential reorganization.
Tnformation +o assist in this function 1s provided by the GDBMS

log files

10. Rsorganizing
(a) reassigning areas aedia

schena

{b) changing

(c) changing the dat in the schana

{4y some form ©

T 1

L run-unit is a task of the Operating Systen. The GDBMS considers
sach Tun-unit to be a uniqgue user of +he datahase and provides a User
York Area {(U%A 4 set of communication locations, and a set of

)
currency indicators. A currency indicator is the database key of the

last record occurrence acca2ssed by the Tun—unit cf:
(1) =ackh known +tc +the run-unit - of

{2) =@ach set-type known To the run-unit — current of set-nane
h area name known to the run-unit - cuarrent arsa-nane

(4 +*he last record prL ‘ocessed by +the run-unit - current of

A database key is a unigue and peramanent value as signed to 2ach

racord occurrence on creation. The database key may be used for direct
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STRUCT

3.1 INTEODUCTION TO DATABASE DATA STRUCTURES

ch can be ussad

entioned design

A Generalized Database Hanajement System  {DB#S3) provides a
variety c¢f Adata structures fron which the data base administrator

{DB 1) chooses those suitahle to each application., The DBA must weigh

&
the costs of e2ach data striucture against the performance criteria

1

stablished  for the application. There are four functions for which

Costs pust be determined:

(
()

9]

b

n

fas

{

o

[red

o

[ TR
U

~ ’»)
D

o

=

©

Q

o}

i
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™

1.
2. the

Costs aris2 in four areas:

amount of proc=s5so0r storage used +to parform a function,

1

2. the armount of external device storage required to support the

3. the nuwmber of I/0 oparation

e
0

5 regquired to perforn a function,
and

the amount of processing time required tc perform the function.

he DBA requires certain informaticn about the environment in

which the databas> application run-nunits are to operate. Specifically

he must d=2termine:

1. the expected numher of record addi tions, retrievals, updates
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functions bhatched or run

2. the processing
on line),

3. the required response times for specified functions, and

K
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the distribution of functions over time, {(ie Are all database
modifications bhatched or they submitted throughoutr the total
>3

time the system is available

= the use of systenm resources and raspon
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olas data structures an important
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time cften make

and difficul+t task.
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3.2 SEQUENTIAL DATA STRUCTURES

- e . b e = 3 = o

Records and data 10 seguential data s
3

defined
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Records are typically accassed in seguence

within each record. Sequential organizaticn is used for tape, printer,

- 3.2.%1 PURE SEQUENTIAI

Records are stored in  physical seguence of a kev within each
racord., Storage 1is required for the record data and a delete flag.
sequentially f£rom the beginning of the data base
>articular record. A record to be updated nust be

rewyritten at the same address after internal

modificaticn., Records may not physically be changed in length. Records

ve inserted must be nresanted in key saqguence. Additions take nlace

ot

O

fte

o
rh
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the last record in the data structure. If saguence is

maintained, a deleted record of the same size may be replaced by a naw
record., The data management system will usnally allow additions to

take place =zt end £ the structure without reading all precaedinc
ords, Records cannot be physically deleted from the file but are
flagged with a delete flaq and recognized by the run-unit as deleted,

The diagram below strates the organizaticn of a pure seguential
a

Record Relative o o o e e e}
NO. Byte Addr | Rec Kev | Data I+tens ]
fom e Fr o e +
1 4S9 ] 321 I L===D
% ?13 | 119 | De—=D ]
4 33 D=~
4 5% §§ oL f D===1D :
5 7;} i OQ1 i L---D i
5 388 1 3141 —
] AVEG e i)
] 1004 | a233 D===D |
+ . .
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3.2,2 SEQUENTIAL WITH
tooslight  modification  of  the pure sequential data stru ture

c
aliows racords to be insertsd logically a+ any pesition in the file. &
pointar field (usually 4 bytes) is added to each record to Do )

ogical and physical sequence do not correspond.
New records ares gstored in an overflow area in entry sequence while

ra2cords in the prime area are maintained in ke sequence,

Racord lative  d-mm—mm——ee e e e e e e ———————
Ho. te Addr | Rec Kev | Data Itenms i 901nta: }
dom R . e e e e +
] 4G9 1 8321 | L--=D I I
2 517 | 8419 ! L==~=D | |
3 557 I 8733 ! D===D | ]
4 6596 ] 84699 i L=-=D ]
H 743 1 9101 | D==--=D ] 0
7 824 | 9205 i L-—=D i 0
3 928 P9 117 H D===D ] 18392 |
o e e e e e e +
Ovarfilow Area
Reoord Relative +-m————eewx o e e ———+
No, Byte Addr | Rec Key | Data Itens | Pointer |
..{,._...___,._‘.....__,_.4.._‘_.__«_.___.—._....-._‘__.____’?_.q_.‘___, _____ +

3345 [ 9001 [===D i 743
2 18392 i 9233 ——=7 : 8214

.

seguentially from the beginning of the data

chains to overflow area nust be followaed to retriave

g
o
4]
¢¥)
o
o
i
9!

successive records.  Records aro updated exactly as in the pure
seguential form. Records can be inserted anywhere in the logical
Saguer I

ce of the database. When 1insaerting a new record hetween two
i

ined *to store the new record.

jod]

ra2cords an overflow area is

3_4
r+
F" «J
K]

exi o]
The address of this ©record is stored in the logically preceeding
record. The address £ the logically succeeding record is stored in

the new record, Record deletion is tvpically done exactly as in the

pure seqguential database. It 1s possible to improve parformance by
physically deleting records in overflouw and medifying pointers +o this

record., Record updating is dons exactly as in the pure sequential data

technique stores all record in the
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overflow area, This technigue is known as Embedded Link.
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These exanples illustrate +he relative ease with which records
i

]

[

D

can bz added and deleted  Fron. a 1

(

inked data structure once the
eC

reguired record has decessor pointer is included

in each rtecord, deletion operations must be

a
Record retrisva quires searching the chain fron a starting

and  lookinc at each record successively until the raeguired
4

&}
]
i-J
+

is fournd,

-
&
Q
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Record updating is in  core update, and rewrite

oy

—~ g ~ - 1. [ FON
sS2quence Wnen tind re

cord key is not modified. Typical implenentations
require that the records be fixed 4in length. When the keyv is modified

the operation isg a delete, insert sequence.

i

U

In applications requiring gsecondary keys several chains can he
built and maintained through the database. Inserts, updates and delete
operations reguira that sach chain he maintained.

For each chain in which a reacord participates as owner or member
a U byte pointer field is maintainsd. A data structure which contains
more  than a single chairn is a THREADED or MOLTI-LIST structure. wWhen

out a database get very long it may be convenient to

at structure no
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list may exceed a given length. Instead a list i onstructed which
gives several entry points into the chain. This reduces chain
I

i€ number of I/0 operaticns to retrieve records.
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The list lengths can vary from one to the numbar of records in
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12 list length is the number of records in the chain, the

r g=2thod of partitioning a
database is known as CELLULAR PARTITIONING. TIn this data structure the
database is partitioned into cells. A4 list is maintained of entry
points into cach cell. As the cell size decreases the Jatabase beconmes
invertad until for a «cell size o©f one record the structure is an
inverted list. Large cell sizes *tend toward sither a multi-list if the
cell is internally awmulti-listad, or a saqguential structure if the
database 1s not internally list structured, If the cell is internally
inverted Dy an Inverted List then, regardlass of cell size, the entire
file is inverted but in a aultistage hierarchy.

The primpary stcorage requirements of embeddzd link systenms is
small, The address of <the next record is always available from the
record in  primary storage, The algorithm fcr processing an embedded
link systen is very simple and thus *he amount of cod ing to support
the data structure is ainimal. In order to improve parformance many
buiffers may be used to stora a larger number of records in primary
storage at once. In  a multi-user environment the probability of
finding a record in primary storage will be increased when the nunber
cf records in primary storage is increased. Blocking of the physical

racords and attemptin to store logically seguential records

Kol
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ATR STRUCTURES

“hen an  apnplication rTequires nulti-ke Yy access to a database a
ccmmon  technigue involves  +he raintaining of inversion lists which
give key values and recorad tointers for all fields defincd as key. A

or 'involute' database SUpports access based on every

ned in the record. In this data strucinre the data exists as
the concatenation of the inversion lists, In practice only a subset of

lefined as key, ard a key value is stored as
occurrence., Since the inversion lists
for records tc be stored in blocks any
stored in (equivalent to VSAM control

for a description of VSAM). Blocks are

ilitated by the use of list searches o

hoolean search argument. If 1
a

argest the unumber of ccmparisons

m
existence is the answer to +he
=

minimized at each step. Hhen record
query, no data record nesd be retrieved, since existence information
is available from the lists.

The GILBUS's implemented using the inverted list tachnigue are all

proprietary., The davelopers of packages refuse to make available
detailed +*echnical specifications about the algorithms used %o build
and maintain their inverted files, The implementation suggestad he

is a possible technicgue.

As sach physical record is  loaded it is assignad as internal
storage number  (ISN) wvhich remains with the record wuntil it is
n ISN-BLOCK table is built which associates the TSN with the

n

ecords are stored in fixed
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length Dhlocks, Each Dblcck may then contain as many variable length
records as will fif. At load tine free space 1s laft in =ach block to
allow for record expansion and insertion. All fields are storzd in a
compressad  form. High order zeroes and right blanks are removed fron
fields and null fields are not stored. A rull field is a field dafined
in  the physical zrecord but not present in the logical record. Tf a

=

11 will no longer fit in the b it is removed and

&
ol

racord  grows A

o) i
captures the space as

stored in another block. nriginal blcck T
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The relativa block number is the only antry in fthe ISN-BLOCE
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dingy on the number of blocks which
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Tf a record field is defined as key an in

Cross  refsrence
which the value
ISHN

duplicate tabhle, and

containing this value.

wnd I

N DN O

The primpary list is maintained in key segusnce. The duplicate

list 1s a chain of ISi¥’'s of other records containing the key value of

the oprimary 1list entry point. It contains the ISN eof a record with a

key value in the Primary List and a pointer to the next duplicate.

The +third table waintained for =zach kev fisld cross referaences



complished in

3%
AT . . 3 - 3 e v e 3
SN's and vprimary list key
znce to facilitate insertion and

- ey A oy T ON
occurrenc: nas i1ts LSH

value

Primary List storad.

i
Accessi records based on  a

-
houe
1]

following manner:

1. If possible select the key

the shortest.
2. Build a temporary HIT-TABLE
value.

3. Select

4, Match the HIT-TABLE to th

values, It i

a particular

of the ISN's satisfying this

remaining unprocessed kevs that key with
table,

is  list
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maintained in ISYN

5

rtrieval, BRach record containing
and a pointer to its entry in the

key value involves

occurrence of the key value, If
of records

field.

with this kev wvalue,
The ISN's of all
primary list a
vcinted to by the DUP-PTR

3

search argument 1is

ihcsa assoclated primary list is

key

the

0]
[ua¥
[}
o]
=
ot
=
[

and

5. Continus (3} and {(4) uantil all kevyvs have heen matched.

6. Tha resulting IIT-TABLE contains  the ISN's of the records
satlsfving the ssarch coriteria, f +the reguest 1is for
existence of rTecords sati ying the search argument or for
the number c¢f records ! rmation 1s now

must

aYalid

ISN-BLOCK

then the

the address of
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the desired racords.

Note the algorithm will work regardless of the order of keyv
selection. If an AND/OR boclean scarch criteria is used, *then the kevs
nust  he in an order which satisfies the boolean algebra.
Selecting the short lists is purely an efficiency consideration.

The  PRIMARY LIS i3 maintalined 1in  key sSeguence. Sequential
processing nay thus take place with little difficulty. The ISN's of
successive rtecords are found by seguentially piocessing the PRIMARY
LIST and following DUP-PTR when nNecesSsSarye.

Than racord is updated and no key fields are modified only the

ISH-BLOCK hle wmay ne22d to be modified., If the record is lengthened
and sc moves to a new block then the ISN-3LOCK entry must be updated
to reflect this change. When a record update modifies key fields then
the other tables are affesctaed, A1l changed k2y values must be entered
in theilr respective PRINARY LISTS. The entry for the previous key must
he purged. The ISHN—-XEY YREF table must be updated,

than a record i1s deleted the ISN of the record must be removed
firom the PRIMARY LISTS of cach key field in the record. The ISN-KEY
YREF table entry nmust he deleted for =ach key field in the record. The
ISH-BLOCK =entry is flaggad.

The PRIMARY LIST <can be searched using a binary search or a
hashing algorithm. The ISN-BLOCK table is directly indexable by ISN
and the ISN-KEY XREF tahle can be searched using a binary search. If
the table 1s created using a hash function then the hash function may

be an effective retrieval method.

It is gsible to reduce the amount of table
implement an inverted file systen but this will caus
afficiency of updating and sequential procs
applications which batch uvdate requests and seldon
in a seguential wmanner. Police Information Syste
this type of application.

Consideranle storage 1is raguired for the 1
related tables,. If this infornmation 1is maintained
the costs 1Ay he  excessive, particularly whe
yperat ion aquire the =storage of infermation
Tachnigue of key compression and bit cod

n nulti-key

space reguired to

@ a decline in the
The

oG

Paegpee )

re

ing. are

process a database

3

ms are exanples of

nversion lists and
in primary storage
;9+

ieval
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saveral
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or keys.

ing ISN-BLOCK
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compared across bit  vectors to select rec

criteria.

CHARACTERISTICS DATA RECORD
CHARACTERISTICS
A 5] C A B C
R T e i e e e e T +
[ O N blox | I X I X |
fmmmd Ammmd d——— o —————— L Tt e ————
| [ D G I O | ! | X | X | |
fmmmt Fmmmt f——— e T R e it e e
X0 [ ] | X I | J
e I T S e ¥ e T e e i
G T U G B B S i X1 X1 X |
e T T e o e e e e 4 o o m i = e
! | I D O i i ! X | !
T et T et R —————— T R
X0 Xt | | X X i ]

Thesa bit vectors are often combined intc a bit profile which is
appenda2d to each record in a sequential fil=2. The file 1s then

retriaved. The bit profile

it profile may be maintained

ach reccrd which satisfies a

ctively when the fields on which
enquiries will be nmade are known in advance, and when the field values
can be representad as a single bit. An extension of this technigque
supports the use of bhit strings for data value coding. To b2 an
affective tochnigue, +the algorithms tc¢ ccnvert data to 1its bit
representation should be simple. ¥hen sufficient core exists to store
the hit vectors or bit profiles in core very rapid retrieval on
multi-key ssarch arguments 1s  possible. As  in  the inverted data

structure only records satisfying the conditions need be retrieved.
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within a

Key scquence

record location is
which then return a

3.6.1 PURE DIRECT
& pure direct data struce Ure
data s*ructure in which records ar
"Rel A Key value assigned +o
secondary storage . the record ig
Xnown, Storage is required for
indicator, The key £ield need not

structure requires that the inrlen
and that every possinle  key he
occurrence; for 2xanpl 4 ccmpany
This allous 16,000 records to
2xXternal storage are reserved for
3.6.2 HASHED DIRECT

Racords are 1locatazqd direct
transformation algorithm which map
address, The Key field c¢f +the
determine whether the desired reco
it is possible that nore than on
5ingle racord address (see ACH

g:
e directly addressable.
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NSFORMATION

may be organized in any manner

and physical sa duence are typically

determineqd by arplying a function to

record location indicator,

e can be viewve

>guantial

a record is egual to itg address on
directly addressable when its key is

the record data and a dumny record
be stored with the record. This data
entor contrcl tha all Location of keys
assigned to a valid or dummy record
allocates keys in the range 0-¢999,

and 10,000 locations on

tly at an address calculated by a key

5 the supplieqd key value to a record

record retrieved isg compared to
rd has heen retrieved, Unfortunately
2 key value will be transformed to a

vol 16, #10 for analysis of

n functions), Subseguent records are called synonyms and
ST som2how  he relatad tc the first recorsd at a particular record
dress
The first onmeasure 0f effectiveness cf a key transformation
tunction is  the npumber 0L  synonyms which occur at varying packing
lensities (ie. degree of fullness of +he data space),
The second and  usually npore important consideration when
evaluating +his technique is +he handling of sSyaonyms. Space must be
tound to hold the new record apa scwe mathod must bhe includad to
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relate syncnymse

W

several rethcds have Feen wused tc hardle this situvation. ia
sirwrlest and usnally werst methcd'is tc search fcr the next availanle
open slot in which the new reccrd will fit. A syncnyr chaln way be
censtructed t¢ redrce retrijeval tima, This ethcd decrades vory
~rapidly (see diagram) cnce the file packing exceeds SC%. Thre expected
number cf rrotes . tc - retrieve a fparticular reccrd 1ncreases
expcnentially until at 957 it exceeds 10 and cver SC% approacaes

infirity.

DIRECT FIIE® MAINTENANCE WITECUT ECINTEERES

Averaqge Kurmker cf TFrckes tc Eetrieve a Feccrd

Average 10

tO.

ct 9

Frobhes

Eer | 8

Eeccrd
7
6
o)
1]
3
2 |

R it Bl el el Dbl Ebbet Eebted Eieted el

0.1 0.2 0.3 0.4 (.5 C.6 C€.7 C.8 C.c 1.0

A seccnd technicue the VISSCIZKY FMEIECD attenpts tc improve spacz
wtilizaticr by applying a second trarcsfcrmaticn tc the kcy and usinyg
the rprew address fcr the syncnvm. Sthseguent syncryms are cuained and
"space is allccated in some uway. This methcd aprears tc wcrx «well IoOT
packing ur tc 907, wi‘h the exrected number cf trrckes atcut 2.5. AR
extension tc this method which might alsc work is tc allocats 2 or
more reccrd +ype= inrtec the sawe Jataspacc. If +the keys oi the
sutseanent recerd +types fcllow a different distributicu then the
prirarv key, this methcd should tend tc use the tctal space more

contletely,
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- VYSSQTZKY ﬂETﬁOD FCR ¥AINTRINIXCG LIFECT FILES

Average Nugpker of Frotes tc Retrieve a FReccrd

Average 19
NOoo
of

Erches
Fer

Peccrd

@ N W BN N DWW

|
!
fmmmm e [ mmmm == mm | mmmm | m o e | | e e fm——-

0.1 0.2 0.3 0.4 CaE‘ C°6l C.7' O,EI €. ¢ 1.0‘

In tcth toese methcds availatle space must te naﬁaqed in some way
so that syrcnyrs can be allccated tc vnused svace efficiently.

A third technigue kncwn as BUCKETTING sinplifies space management
by ,hashinq tc a FUCKET which then peints tc a tlcck ccrtaining 'n!
reccrds., TFree tlccks arce maintaired bty an availatle tlcck chain and
allccated as needed. Blccks need nct te ccntigucus ard are“immediately
 ;reusak1e if deleted. The number cf I/C cperaticns required to retrieve

‘a reccrd decreases as the nunter c¢f reccrds rver blecck increases.

. . However, tte arcun®t c©f unucsed snace alsc increases, since cnly secords

hashing +tc address 'B! pay te stcred in BLCCK{ECCKEIT(E)). Tha bucket
size is - ricked as a prime number sucht ttat the rrcduct c¢f the bucket
size and the nurker «cf —1records 'n' per blcck slightly exceeds the

~expected rurkter cf teccrds in the datatass,
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EUCEKET BALDRFSS SEACE
--------- D et o e —— o e e
IKev Valurl | L el e |
--------- pmmm—— e } e el e |
! 14 ] [=mmmmmmmmmmmmmm e R |
o I B e T Tr jm—mmm i
| 21 |mmm——--- e |
o ——————— + | em—— |=— ]
i 123 | [mmmmmmmmmm—mmmm e fm————m—m- |
i I e - ——————— ‘
Fr—— e ———— +
BUCKETTING FCR DIRECT FIIF FAKACEFENT )
Expecteﬁ Initial Overflcw Fcr Varicus [Bucket Sizes
Fxpegted
Tnitial
- Cverflcwu

LCAT FACICF CF FILE

Records are retrisved fror +he address determined by the key
transfcrmaticn aldcrifhm c¢n the irpvt keve If the reccrd is a synonyn
it wmay ke necessary to retrieve several reccrds tc fird the .correct
.reccrd. Urdating inveclves the retrieval, internral rcdification and
“rewritting of the reccrd at the pre-determineé address. Record length
may nct te increased excert ir the tucket technigue. 3ecords are
deleted Ly updatinq the duroy reccrd flagq. In the kucket tecanigue
space can bke reccvered within a blcck wten a reccrd is deleted fron
the rlcck; a blcck 1is rtecovered when every reccrd in the block is

deleted, Reccrds are added tyv retrieving -the 1reccrd. from the

%
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gtrieved

synonva

not malntailn
the stora
inherent in this method. The address of
from the key transforration algorithm.
the algorithm, and racords pres ently

technigue

primary

desirable to increase the numher of huff
in primary storage. In anner the
record bheing satisfied fron primary
several Dhuffers allows the schednling
from several devices, which will
environment with distributed requests.

. i < .\ .
operaticn must

improve
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record is a dummy the operation

he invoked.

structure 13 not

>d in any logical sequence.

re of control information 1is
a desired record is available

rimary storage is reguired for
ng
further storage

bei processed in primary

is required to

ing records vpresently being
rulti-user GIDBHUS it may be
ers available to store records

probability of a request for a
storage increases., The usge
0of asynchronous I/0

re2gsronse in a
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VSAM Index Structure
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In  ¥5AY the seguence set contains the key of, and a pointer to,
cach physical block {control interval). The data records within a
block are maintained physically in key seguence. Logical ssquence of
the dataset is maintained by successive ssguence sat pointers.

There are two basic insertion strategies which can be used in an
indexed structure: in-place and out-of-place. In-place insertion is
used when the seguence set 1s nondense and out-of-place when the
seguence set 1s dense.

Out-of-place insertion involves inserting new records into an
overflow area and pointing the index to the naw record. Space for
overflow may be allocated within or external to the prime data area. A
"variation"™ of this method 1s used in the Indax Seguential Access

Hethod (ISAM).

-place insertior is somewhat more ccrmplicated; since the number
of insertions and their location is not predetermined, space cannot be
reserved in advance within the prime data area. VSAM uses the in-place
insertion technigue in both its dense and nondenss implementations., A
physical block (in VSAM a control interval) is fixed in length for all
entries 1in a dataset, 1ithin the «control intarval records may be
variable in length, Record lengths are maintained in contrcl
information stored within each contrcl interval. teserved within a
control interval to the insert and update operations.

The uanit of llocation in VSAM is the contrel area. When more
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The algoritham to insert a Tecord into a VSAHN dataset is most

ily presentsd as a s2guance 0L ae cisions and steps adapted from the

1. S=arch <the index and locate the control interval into which

the data record is to be inserted.

_1
h

i

there is space within the centrol interval, merge the

+scord to bhe dinserted in secuence within the control

interval. ©No wupdate of the ncndense index is required. The

dense index must be updated for the new record and for each
e

val changes.
ro

ot

2TV
3. T +here is insufficient svace within the controcl interval,
int

rf
’D

checx to see if there is a spare control srval in this

4, TFf there is a spare control interval then:

(a) Map the first half of +the =zecords fromn the targe
contro intorval into the spare contrel interval along

with +he new record if it fits with this sequence, and
T

{h) Update he seguence set racord for the control area by

om the activated control interval
and write +the wupdated seguence set racord. Update the
seguence set entries for each dense index. The seguance

set for each rtecord moved to the new control interval
T T

e a

{c) Map the second hall of +he records of ths target control
interval into +the first half of the target control
interval. Merge the record tc be inserted if it fits

into +this ssguence., H®rite the updated target control

5, TFf thers is no spare control interval then:

(a3} Allocate a new control area and a new segquence set

.
(b)y HMap the first half of the target ccntrcl area intervals
+

into +the new area and build the seguence set record for
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+he new arada. Hrite control area and sejguence

entry into the high-level index for the new
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{3) Upihﬁc the target seguence  set record by making the
first nalf of +he ccntrcl intervals fre= control

{2) The insertion can now he done via Rule 4.

in uplate operation ot increase the size of a data
record or change the data reco a simple retrieve, update in
core and rewrite. If arn update changes the record length or change

bsccmes analogous to a delete

ot
Vo
=
D
i}
4]
Q
C
i}
foda
o
¢}
~4
fa
ey
O]
1
o
s
o
W
o]
T
¢
H
o
ot
4
@]
3

jata Tecords are retrieved randonrly by a top-to-bottonm le ft to

right search of the index When the desired saquence set try
is retrieved a binary search of the entries in the seleacte equencea

set control interval is used to find the Relative Ryte Address (RBA)
4 data contrcl interval. Sequential processing

n
uses +the sequence sst  from left 1o right to recover logically

I
i

ial control intervals.

Record deletion involves record retrieval, an in-core deletion
and laft shift of the contrecl interval content and a rewrite of the
control interval. Indices are never updated for a deslete operation.
When all the r=cords 1in a control interval are deleted the control
interval is added to the free contrel interval list to be used in case
of a control interval split. gipilarly when all records in a control

area are deletsd, the contrcl area is made available for reuse.
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: f_3°8s TREEF AND NETYCFK STRUCTURES
The tasic loaical structures tsed in a datakase are the tree and
netwcrk. fThe structures previously examined are uvsed ir the building

of trees ard netwerk structxres.

BCOT
a

VERTIEX '
B SUCCE%SOF

Tres Structure

A rccted tree is a oraph ccnsistira cf a ccllecticn cf edges and
vertices with each edqe ccntaininag exactly twc vertices. The vertex at
the uprer end of an edce is the predecesscr cf the vertex and the
vertex. at the lcwer end c¢f an =2dae is the successcr cf the vertex. 1In
adéificn:

1. Thkere is a unique wertex (rcct) which has nc gredecessors.

2. EFvery vertex cther tham the rcct has exactly cne fredecessor.
2, Every vertex cther thap the rcct is ccnrected to the root
ty a (umicne) path suchk tkat the path becirs at the root and -
ends at the vertex, ard svch that eaclk vertex cn the path

cther than the root has exectly cne edce erterirc it.
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- B directed coraph (diaqraph) ic a set F cf cidered rairs (edges)

>f elerents frcr a set V called vertices cf the gratrh.

‘E/B\\}f cl;’/c\\‘ﬂ ’1//[\{1

‘Pirected Grarh

A netwerk 1is a ccnnected diacrarh which ccrtains nc circuits.
flnlike a tree, there are no restricticns «c¢n the nurter of edges
sptering a vertex., Tie vertices c¢f the gracvh ccrresgend tc records in
1 Jdatatace strructure, & set is the suhtree fcired bty a ncde and 1ts

Leaves,.

 Metwcrk Structure-

Tree structures in a datatase are directec. In tle hierarchy,
T

_ t
.~ seccrds in tho structure ate cwners cr cwrad., A reccrd is cwned oy its
.mpediate rredecesscr in the grarh and cens ite imrediate successor.
‘n a tree structure, 2ach reccrd except the rcct has a single owner
yu¥ wmay cwn any nunter of records. Tf a reccrd has mcre tlhan a single
Jwmner, the ararh is a network. If a reccrd is cuned by itself then the
jraph ccntains a circuit. In data structures cf irterest in a database

sirtcyits are nct allcwed.

CIFCULIT
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ACCHESS METHODS

,m

The operating systems ander which GDRMS run provide several
iplify the data management function. These access
methods have evolved over time and are implementad in various ways by
+he computer manufacturing and wuser communities. In inplerenting a
data sStructure within a datalkase, data access is usually accomnplished
through an access method Toutins. Reguests fcr records from the
database are converted by <+the G6DBMS file system into a seguence of
access nothod rTeguests, which in turn generate raguests to the Input
Qutput Suparvisor (I0s) through which data transfer is handled. Data
items from the physical data records are combined to create the

logical data racord requested by a user.

The Access lNethod Services routines exist with the operating
svstem +to provide the user with certain data management facilities at

ge level. Scme of these facilities are:

1
L
H
w3
M
"__l
o
o)
o
)
QO

D

a non mact

1., READ/WRITE/REWRITE commands for the handling of logical or
physical data recor

2. Rlocking and deblocking of physical rtecords to 1logical

records.

3. Asynchronous axecution of Input Output operations and
nrocessing.
4, Handling of end-of-volune end-of-file and error special

conditions.

5. Access to data by name only.

6. Deferred definition of data characteristics until execution
time.

7. Allocation, deletion and renaming of data files.

8., Data 1integrity in case of accidesntal system or progran
failure.

9.

d, variable and undefined record types.

L

9]

apport for £iux: a
10. Access to data organized into seguential, indexed, or direct

structures
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prior +o the advent of Generalized Data Base Management Systenm's
efinition of data was included as an integral part of
ograms wera bound *to their data at ccmpile time and a

the data format caused at least a reconpilation of =ach
program referencing the data. Most GDBUS's prcvide for the definition
of data to be input sevarately from the program operating on the data.
s builds a directory which is used with the program at
axscution time. In this way a change in the database can be reflected
ory without a reccmpilatiocn c¢f any program not directly

affected by the change. TIn most systems data definition facilities
exist at two levels; the ophysical level, toc describe the actual
structure of the entire database; the logical level, to describe the
0f +the database known to a particular run-unit. In the

CODASYL spaecification +the SCHEMA defines data at the physical level
and the SORB-SCHEMA defines data at the logical lsvel. Data Description
anguagas (DDL'S) exist to define the schema and sub-schama. A DDL for

a
+he gub-schema i3 to be dafined for each programming language

supported by the GDBMS. A single DDL ccmmon to all users is defined
for the schema definition.




uu

o
=
>
v

4.2 Variations between the SCHEHMA and the SUE-SCHEMA

L  sub-schema  must be  a  consistent arnd lcgical subset of the
chena., The sub-schema definition can be used to crsate new record

ata Ttens nay be declared t0 have different
acteristics.
riptions ¢f specific data itenms may be omitted

ha  ordering of data items within data agyggregates may bhe

OF—EOOU
6]
0
Oﬁ

o
j&3

nged.

2. At the data aggregate level

{a) Descriptions of specific data aggregates may be omitted.

{h) The ordering of data aggregates may be changed.

{(c) Vectors may be redefined as multi-dimensional arrays.

{(dy Data irems or 4 ggregates may be zelected and givan a
qroup name.

{e) Additional structure mappings may be provided by the
facilities of a particular sub-schema DDL.

3. At the record level

{(a) Descriptions of specific record types may be omitted.

(b} Record occurrences included in specific areas may be
omitted, while other occurrences of that record type are
included.

4, At the set level
(a) Descriptions of specific set types may be cmitted.
(b) Different set selection criteria may be specified.
5. At the area level

€

) Descriptions of specific arsas may be omitted.
6. At all 1levels the sub-schema allows the definition of a

syronym which can be used in place of a schema defined naune.
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4,3 Data Independence

1

The schema and sub—-schenma interface with each cther such that:

T

W
@

60

An object versicn c¢f the source code schemna may be complled
independently of any user progras Oor any sub-schemnas

Obdject versions of a source code sub—-schema may be compiled
independently o¢f any user program, and stored in a user or
system library.

An arkitrary mnumber of sub-schema may be declared on the
hasis of & given schena.

The declaration of a sub—-schema has no effect on the

.

declaration of any other sub-schema and sub-schena may

e

cverlap one ancthear,

Bach sub-schema must be named.

A user program invokes its sub-schena.

The sanme sub-schema mayv be inveked by an arbitrary number of
prograns.

Only the areas, records, data itamns, and sets included in the
sub-schama inveoked by a program may b2 referenced by that
PTOYTAN.

Since sub-schema are host language oriented a program nust

e B 6

invoke a sub-schema consistent with its source language.




av]
@

=]
=
N

CODASYL
4,4 DATA DEPINITICN LANGUAGE FOR SCHENA

4,4,1 Syntax Definiticn Terminology

of EBNTRY

@)
h
rh
o]
jany
]
[
g
go
®
o1}

The syntax of the CCLASYL schema consisis
which:
Tdentify the schema (Schema Entry).
Define areas (Area Entovy).

Nefine racords (Record Entry).

ach schema. One entry is
defined for each area, record and set type. The entries must be
e} o] are rasclved. The sSchana
entry is first, followed by areca, record and set entries. No record
can be defined until its associated area entries have been declared.
similarly no set entry can appear until all of the record types which
are ownar and menbers in the set have appzared.

An entry consists of one or more clauses which describe its
attributes. The Record Entry has a Data Item sub-entry. The Set Entry
may have Member sub-=santries., More than one occurrence of a sub-entry
may appear within a single entry. Fntries and sub-entries are
terminated by a period. The notation used in all formats and the rules
which apply to all formats are:

The elements wich make up a clause consist of upper-case words,
lower-case words, special symbols and special characters.

Upper case words which are not underlined are optional words and
Lowar case words are generic terms which must be replaced by

appropriate names or values

Th meaning of enclosing a portion of a general format in

+
|
{ 0 or 1 occurrencas
1
+
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Cne cccurrence

FAVAVAS
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at Least one oeoecurrence

1yt most cna occurrence of =ach

QO '

An ellipsis {(that is, *...7') indicates repetition is allowad. The

portion c¢f the format which may be repeated is determined by the ' 7

or ' ' yhich logically matches the ' ' or ¥ 7 to the immediate l=2ft of

CHARACTER B5ET

The character set consists of 51 characters which include letters
of the alphabet, digits and symbols. The symbols = < > are reserved
for future use., The special symbols are + — % , 5 . " () 5.

HORDS

3 word 1is a seguence of not more than 30 characters. Rach

character is f letters and digits and the

4
¢

Q
~+
m
forr]
i
[}
O
=
-+
=
D
0
o ot

3
o

symbol -7, The =% gsymbol may notr appear as the first or last

character of a word,

RESERVED HWORDS
Resaervad words are a list of words which have special
significance., They may not be used as user-defined words. The reserved

word list dis given in.Appendix D.

NAMES
A name has two forms. A word beginning with a letter may be used
n escape form provides that any string b2 a word if it is
hin the «currency symrhol *5*, The string may includes the
o5

s2ars twice 1n succession.

LITERALS

4 literal is a s

¥

ring of characters vhose value 1s implied by the
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rderzd set  of characters of which the literal is composed. Every

O
™

e}

{v {
]

%3}

et

o

b

xlonys o one of two types, numeric and nonaumaric.

A nonnumeric literal is a string of any allowable characters in
the computer's charvacter set, of any length, delimited by guoctation

rks. The guotation mark may be included if it is written twice

consecutively for each of its occurrences. Embedded Dblanks are

considered to be part of the noanumeric literal.

NUHMER LITERALS

I
A numeric literal is defined as a string of digits, the symbols
and -7 and *,' and the character 'E'., Numsric literals may be

yritten ags fixed-point or floating point decimal.

i
jons
il
B
D

Ccmments nmpay app=2ar anywy that spaces may b2 used as a

delimiter and are delimited by /%7 ¥%/7 pairs.

The following punctuation characters are used:
One or more consecutive spaces, when nct ccntained in a comment

or delimited string, is a separator.

The comma is used as a separator.

]
s
o

semi-colon mav be usaed to separate clauses.

=3
e
[

period is delimiter £for an entry or sub entry and is

required.

DATA-BASE~-DATA-NANMES

53

P
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<

data-hase- a-name may not be ithscripted or gqualified unless

da si
spercifically permitted by the tules of the forwat in which it appears.

DATA-BASE-IDENTIFIERS



A data-base-identifier =may be hoth qualified and subscripted or
either gualified or subscripted.
QUALIFICATION

Yhara the sane data-base-data-name is declared in more than one
Record Entry, 1its use as a data-base-identifier wmay bhave to be
qualified to achieve Uniguensss. Syntax rules specify vwhen
gualification may be necessary. & name can be gualified though it

ripts can

within a data aggregate.
The rTange of pern
nunber of occurrences s
written in order of succas
organizaticn.
FORMAT
The format of a

quaiification.

subscript must be an integer.

used cniy
Tha

wnan

subscript

the

reference is made to a

inclugsive dimensions

valus 1s

data itemn

1T to the maxinmum

OQUCURS clause.

the

record-nanpe

DDL for

!

of the

cripts are

data

the schena
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“Functions

modification of schema w
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the schema into the sub-schema
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operation is restricted.
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definition.
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given a unigue name, This nanme
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sch database containing the

D

ax of the Schema Bntry is given

literal-1 >
lock=-name-1 >
FEOCEDURE d-b-proc-1>

st

unauthorized access through the

be restricted for any or all of the

and LDCKS. alter access permits the

ith lock
of

viewing

the exception of the privacy

-gchema definition to copy portions

Disrlay permits the

on of the privacy locks. Locks permits

ing of privacy lock clauses throughout

the the contents of
to

procedures return a yes/no access

GDBMS matches

initiates the privacy procedures
Vacy
appear in
the privacy FOR option is omitted
apply to all

use of that

and data-base-procedures nmay

fox
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11ls lcck-nanes

[
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function then



G,4,3 AREA ENTRY
The unit of exiternal storage allocation for the datanase ({equivalent

to an OS dataset) 1s the AREA.
\REA NAME 1s area-nama-1

An area 1s +that portion of the database containing all records

having a range of database kevs. Fach area defined within a database
is uniguely named.
The physical placement of an avrea is handled through the use of
Operating System data management facilities., The use of areas allows
the Data Base Administrator to ccntrcel placement cf data as a means of
optimizing performance., This facilitates the allocation of areas to
offline storage if the records with an area are not always reguired.
Areas will be gepar “Lé& to minimize contenticn problsms on secondary
storage devices.

A

Areas may be temporary (ie allocated for the duration of the

run-unit) or permanent.

+= -+
| sAREA IS TEMPORARY i
- -

Temporary areas belong tc the run-unit which allocates them. They
are deleted on termination of the run—-unit., Concurrent access to
temporary areas 1is rnot supported. Rescord occurrences in a temporary
area cannot participate, either as cwner or nmnember records, in
occurrances of sets which contain records that are not in temporary
areas. Thls ©prevents set paths from Dbeing built Jhlch will have
discontinuities vwhen the tfenmporary area is delsted. Temporary areas
have application as work areas for production pregrams. Their primary
use is as the area assignsd to a non-rrocedural user who works from a
terminal and defines a temporary file tc prcduce a reaport or sone

t ar eas ensures that space will not be
retalned for the storage of uselsss data. It also allows the GDBMS and
Operating Systen data management routines to place the areas

dynamically on volumes whegse present use count is low.
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i | !
! i RETRIEVAL 1
i i !
+- i i1 |
| e I I |
| sPRIVACY LOCK | FOR |] UPDATE i
! | I ]
- | ] - ‘
| 1 pport-func-1, support-func-2 ... |
+— -+
The PRIVACY LOC clauses apuply as in the Schema Entry when the

specified type of access 1s requestad.
Support-functions are vparts of +the GDBHS and 1include such
functions as loading, copving, patching and dumping part of the

database. The availability of +these functions in the GDBMS allows

dynamic maintenancs +o0 take place on subsets of the databkase.
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minimun disruption to normal service

will bhe experienced by regular uUSers.

+ - +- -+ -+
11 | < <1 |EXCLUSIVE {| <UPLATE >> >0 11
+- i | < <} iPROTECTED {1 <RETRIEVAL>>..>! || |
| [ | < <;4?CN—«X”TU%IVE;; >T 01
j + ON §}OP£V{ FoR< _ >¥ j} ‘
i | < | JEXCLUSIVE I > [
-~ il | < ] |]PROTECTED il > 41
11 { < | {HCN-EXCLUSTIVE| >1 11
i - -+ 1
i1 T
{ JCLOSE Piod
+ -+
—
CALL data-basa-procedure~-3le.s- =
-+
The CW clause is used to provide usage contrcl over an area. When
an ARFA in OPENed or CLOSEd the procedure specifisd is executsd. The

code and returns an ERROR-STATUS. The
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command code specifies the type of access reguested. A non zero
arror—status indicates that ancther run-unit has contrel of the area
in a manner which precludes control as reguested in the On clausa.
This clause 1s used to maintain integrity over an area when a run-unit

is +to update records in the ars

o))

Tf OPEN or CLOSE 1is not specified the procedure gets control
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close. If OPEN is specified
ocedure 1s exacuted whensaver
If the POR ortion is stated,
ified, then the procedure is
the specified typs of open,
UPDATE or RETRIEVAL are
roczdure is aexecuted when an

#hen the FOR option is used

o usgsed but only scme of the
qualifiers apply only to the
example FOR EXCLUSIVE

TE EXCLUSIVE RETRIEVAL.

For

control rrecludes the use of
tical <tThat the Data Base
unit reguests only the level
. Usage statistics should be
access raquested. These will
ized exclusive or protected

pinimum distupticn to normal

Userss
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4.4,4 RECORD ENTRY

n record type is assigned a name unique to the schema. The record
is  the GDBMS unit database., Each record
is assigned a unigque

RECORD NAME IS record-nane-1i

y is selscted from those available to the area in
which +he record will be storad. Datahase key values remain invariant
1

+ti1 tha record is removed from the database. Only

then can +the GDBHS reassign the database key tc a new record. Each
data item and data aggregate is logically asscciated with a record
LYDEe.,
<DIRECT <data-lase-name—1> >
+ - < <data-base—identifier-1> >
! < - -+ , >
| :LOCATICN MODE IS <CALCi1d-b-~proc—1{ USING d-p—-ident-2 >
1 < - - >
< +- -+ >
- < j,d-b-ident-3]..- >
< += -+ >
- -t >
< DUPLICATES ARE JHOTL ALLS >
+- =+ >
<YIh set-name-1 SET >
Tha LOCATION clause provides the GDBMS with a record retrisval

nethod.

Three access nodes are defired. DIRECT accessing implies that the
database key of +the record 1is available when a reqguest is made to
retriave %

CALC accessing uses a key transformation procedure to calculate
the database key. The procedurs is supplied by the GIDBMS or optionally

rom which to calculate

D
3]
0
m

hy +the wuser. A parameter list of identif
the key i3 supplied as argument o ocedure. The DUPLICATES
clanse which must be stated when LOCATION MODE IS CALC is used, refers
+to +the CALC keys, If the DUPLICATES ARE NOT ALLOWED clause is
specified no additional occurrence of this record type will be allowed
+o exist if all of its <CALC keys are identical to those of an
occurrence already in the same area. This aveids storing records which
can never e retrieved, since the calculation will always return the

address of the first record.
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record can be retrieved from the

a
lause defined in the Set Entry provides

crmation on how to select the correct occurrence of the

Set,
sWITHIN arca—-name-1
+ - -+
l<,area-name-2>... AREA-ID IS data-base-data-name-1]
+— -+
A rscord occurrence 1in the HWITHIN clause 1is assigned to a
particular area. Record occurrences may be stored in a single area or
in cne of 1list of arsas. In the second case the storage area is
determined dvnanmically by the run-unit at exscution time. Record

occurrences of a particular record type may be stored in different

areas. This vprovides the user with ccntrel over placement of records

to optimize retrieval, A typical use of this feature concentrates the

+ = -+
INSERT )
REMOVE {
STORE i
+ - DELETE i
1;0ON DELETE ONLY ]
- DELETE SELECTIVE| | |
DELETE ALL i
MODIFY
IND

G2y

=

4
{
{

+

CALL data-hase-procedure=2]«a.o. -
-
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| P INSEE 1
i VIRENOD I
! 1 {3TORE [
’5”:. e . i" . § §D’1L } z 1
IPRIVACY LOCK|FOR|[DEL] Lo
- i | | DEL Bl
! i I DEL I
j {1nen 11
| PP IN o
{ {1 GET I
+ - -
_ . <PROCEDURE data-tase-procedure-1>
I5 <literal-1 >
lock-name=-1 >
o -+ -
i <PROCEDURE data-tase-procedure-2> | {
’OR <llt€,’~al“‘ ; > i »aa! 2 ° o £y
i <lock-name=-2 > ]
- . -

Access to records 1is  controlled through the PRIVACY and ON
clauses. Tn addition the ON clause gpecifies the type of access that
the run-unit requires. Control of access at this level provides record
level enqusueing as opposed to the area level enqueusing defined in
the area entry On clause. Siaultaneous access to a record which may be
modified is controlled by the database procedure. The GDBMS provides
data integrity through a facility known as monitoring. The current
record of the run-unit is alwavs in monitored or extended monitored
moda. No other record known to the run—-unit can be in monitored node.
Monitored mode 1s established automatically when a record becones
current of run-unit. A racord remains in monitcer=d mode until it
ceases to be the current record of a run-unit or a REMONITOR is
axecutad for the record. A record is placed in extended monitor mode
by execution o¢f a KEEP. This allows any number of records to be
controllad Dy the run-unit. If a record in monitored mode or extended
monitor mode 1s changed in any way the GDBMS determines whether the
record has been modified by a concurrently executing run-unit. If the
racord has not Dbeen concuarrently wmodified the change is executed,
otherwise an error status code is returned to the run-unit and the
change 1s not done. The run-unit must GET the record again and reapply
the change,
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cgates which are dafined to be part of

g T
the Tecord type specified ia the preceeding Record EBntry are defined

- -+
jlovel-numbai| 1
A —_

The Jdata-basa-data-name assigned to e ch data item and data

ggregate must be unigue within the Treco . A level number may be

o intra-record structures

s

a T
assigned to each data-base-data-name to defi
The lavels represent node levels 1in the hi

rarchical intra-record

(1

- -+
} s PICTURE 1S ¢character—-string-picture=-specl ification>® |
i <nameric-picture-spacification >
& - -+
<P I<SBINARY >} +- - —t—t >
<I{<KDECIMAL>]] in to;ar-iiglw+eqer 21 1 >
CYIKFIXED >1| +- 4=t >
<1 {<FLOAT >1] >
<1 |<REAL > >
4 <{ | <COMPLEY>] | >
| < >
| sTYPE IS < <BIT > +- -+ >
- < <CHARACTER> linteger-3| >
< = -+ >
< CATABASE-KEY >
< implementor-type >
define the internal storage type of

The PTCTURF and TYPE clause
t

PSR

h em and scaling, mode and decimal alignment, The PICTURE
clause contains a sequence from the set of characters ' 1 2 3 9 VP o
A ¥ S T ® +# - " plus a repetiticn factor of the form " ({n)character",
pictorially describe the format of a data iten. A data 1tem gets

¥l

0

typa string or arithmetic from the occurrence cf thess characters. The
myp® clause when used in conjunction with the PICTURE clause provides
for the storage of the data item value in a fcrm other than character.
valid data types are FIXED BINARY or DECIMAL and FLCAT BINARY or
DECIMAL for arithmetic data items and string types CHARACTER or BIT.

o
The TYPF clause when usad without the PICTURE can define a wide
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varisty of arithmetic and siring +type data storage formats. For
etic data types BINARY or DECIMAL for FIXFD, FLOATING, REAL and

COMPLEX  npumbers way Dbe defined, Por string, BIT and CHARACTER types

may bea defined. Integer-1 and integer-2 are used to sp

cala of arithmetic iteas an I
1 irplementor defined data type Di

the database key valuz., This data itenm has gpecial meaning and a data

item with this +type cannot participate in arithmetic operations or

i
comparisons axcept for eguality with other data items of the sane

g

tvpa. The final data +type is a potpourri. Any data type the

¢

implementor cares to define may be declared. Normally data types will
be defined for values such as DATE and TINP. This provides a facility

to have *the DATE or TINZ returned s the value of a data iten.

o)l

Additional types will be peculiar to applications. 4s an example a
data itewm may Dbe defined to have type CURRENT-PRICE-OF-WHEAT, in an

application where this is a useful valus

+- -+
| OCCURS <integer—4 o > TIHES|

| {data-base~-identifier-1> |
- -4

The OCCURS clause 1is used to define a vectcr Or repeating-group
nf Tfixed or variable dimension. Data-base-identifier-1 mnmust be a
data-iten in the record described by the corresponding Record Entrv. A
repeating—-group may be defined as an alternative to dofining a new

record type and a set type which contains the record as member.
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RESULT OF data-base-procedure-l

- R B -+
JUSING A-b-ident-1 |,d-h-ident-21... |
+ - - _ -+
+ - - 4+~ —+ -4 -3+
| MEHMBERS lrecord-nane-11,tecord-r ana~23 set-nama-—1] |
i - - -+ -+ |
+ - -

The ACTUAL/VIRTUAL

»l
S

=

SULT clause specifies a procedure to be

ata item value, A data item defined with the

jof]

executed to obtain the
ACTUAL RESULT clause is physically includad in the record,
Data-Base-Procedure-1 1s invoked to update +he data item whenever any
data items or wmenber records of set-name- 1 are altered in any way
which affects the result, A data itenm defined with the VIRTUAL RESULT
is rnot physically included in the racord., Data-base-procadure-1 1is
invoked when a reguest for a virtual result data item 1is received,
Actual Tesult data items are useful as total data items. They may
confain the result of an arithmetic function executad on several other
data items in the database. When referenced the result of the function
is  immediately available, When the result is very dynamic or seldom
requested 1t way Dbe stored as VIRTUAL to save space OFL maintenance

+ime. In this case the procedure aust be executed before the data itemw
a

d. #hen very rapid response tc a reguest for the data

‘.

item is not essential result data items should be definesd as virtual,

+- -+
| <ACTUAL > ) _ , |
1;13 < > SOORCE IS d-b-ident-1 OF CWNER OF set-name—1|
i <YTIRTUAL> i

w5
+
ja
s

ACTUAL/VIRTUAL SOURCE clause specifiss the origin of the
contents of a data item and whether or not that data item is to exist
nhysically within the data hase A data item defined to be actual

source is physically includad in +he menmber record. The GDBHS is

reaponsible for keeping tha values of the da+ta item egqual to the value
! >
of Aatabase-identifier-4, The clause is used +to store data itenms



nhysically redundantly.

the =eoxpsnse ct redunt

update to any of the
updated, The virtual

record., Thea

is stored or

ococurrence

PAGE 650

This can expedite the ratrieval function at

maintenance. A single logical
s|

data items to be

cally included in

item frcm the record

roturns a imolementater definad null value if
t

ifier-4 gdoes not
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| ] G> +- -
| TOR < > {ALWAYS] CALL data-hase-procedure-1|
i <PRCODING> +~ -+ 1
+ - -+
The ENCODING/DECODING <clause 13 used to cause data items to be
converted according to the rtules o¢f data—-base-procedure-4, This

facility is used when non-standard data conversions are to  be
ax¥ecuted, It also can be used to encrypt data either for ssecurity or
a
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1] 5B OF ~erai—1 THRU literal-2 }%
o P T
jjd-o—proc-1 USING d-b-name-1 },i—b~1dent—?}ﬂaoll
P += -+

i i
A e et

The CHECK clause is used to inhibit data conversion or to cause
validity checking of +the data itenr value. When a data item value is
stored 1t can be checked for reascnableness. The value can be checked
to ensure  that the value satisfies the constraints of its PICTURE
hat the value lies between a RANGE

-

definition. The GDBMS can verify t
of two values. The GLBMS can call

a user suprlied procedure to verify

the value using a list of cther values in the reccrd.

4+~ -+
+- | 1{STORE ]! |
{;0N | JT{GET il | CALL data-base-procedure-]
+- I 1{MODIFY|| |
+— -+
-+
+— -4 ]
+= ~t b
tJ ING A= | d=b-ident=21... g ; .o
o e §
AEL
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+- -
} | <PROCEDURE d-b-proc-1>
| PRIVALCY LOCK |TOR IS <literal-3 >
| : ] <lock-nama-1 >
- -
-+
4o -+ i
i <PROCEDURF d-h-proc-2> | |
JOR <literal-2 > Jese Jeos e
i {lock—=-name—2 > |
+- -+ {
-+

The PRIVACY and N¥ clauses provide functional control of access
i These clauses will typically be used at this
itive data. It 1is very axpansive to execute

on i
s5¢ procedures for each access to a data item.




The set entry defines Inter-record structure.
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Tha set nam2 clause defines a name for a set type which is unigue

within the database.

< +- -4 >
:MODE IS <CHAIN |LINKED TO PRIOR{>
< +- -—+>
< + -+
<POINTER-ARRAY 13YNA£IC];
< -+
<implementator—name >

The MODE clause defines the manner in which reccrd occurrences 1n
o)

i
a set type are acssociated, Records participating in a set occurrence
whose wmods is CHAIN are lin?ed'to successor records. The chain may
optinnally Dbe two-way (ie LINKED TO PRIOR). Chains wmay be implemented
as embhafdded links or non-embedded 1lists. The record pointer is a
database kay.

L DOTNTER-AFRAY is functionally ecguivalent to a non-embedded
chain. The databagse kevs of all member record occurrences are
contained within +the occurrence of the owner record. Tha NEXT record
is +the record whose database key occurs next in the list. The use of

+

a
lists may provide an efficient method for enguiries using Boclean

?

AND/0OR conditions. Records satisfying the conditions can be found from
sa

+he 1lists without retrieving unnece ry recerds. Pointer-array mode

-

should be used when only a subset of the records in a record type will

he wmembers of +he daclared set type. This avoids the overhead of
storing a pointer in each occurrence of a record of the record type.

A DYNAMIC s=2t is one in which ne rsecord types ara dec
members of the set type. At run time any record type in the
n dynamically be associated with a dynamic set occurrence. The
dynamic cpition «can only be used with a PCINTER-ARRAY since 1t is not

a
possible +to anticipate when a record fype or oCCurrence will become a

¥

member of the set typ=2. It is therefore not possible to identify the
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location of & dynamic set chaln in a record cccurrence. For the sanme
reason memhar records of dynamic sets cannot peint to their owners.
The inmplementor-name mode provides for the implementation of

-+ .

fyrther set relationships. INDEXING mnodes will almost certainly be

aade available wherc access method data management services exist to
support this data structure. In conjuncticn with the POINTER-ARRAY,

ector information structires may be implemented to allcow for more
multi-kev search arguments. The keys stored in a POINTER-ARRAY

might be implemented as data i1tem key values to alleow indirect

ot

addressing t0 T2COrdS. Tnformation about record content can then be

format—1

+ - -+ LTFTIRST>
sORDER IS |ALWAYS] <LASI?
+ - -+ LUEXT>
<PRIQR>
format-2

- +— , -t
: ORDER IS SORTED [INDEXED |[NAXE IS index—-nanme-1} |
- + - -4

[
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|
ALLOWED|
|

|
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The ORDER clause controls the lcgical ordering of member record
occurrances within each set  cccurrence., In the first format nevw
records are inserted:

FIRST - as +the immediate successor to the ownar record

~

+o the owner record

‘:“‘l
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[#2]
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NEYT, PRIOR - after or before another record occurrence vwhich is

current to the run—unit.

Use of ALWAYS indicates +that the run-unit cannot override the
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schena DDL order clause.

of a kev dafined in the

Specifying only ORDER IS
SORTED causes menber record occurrences to he sorted on the regular
i of each record within recordi type. When the set type is

no ordering can be defined for petential member record types

ay field canrnot be d2fined at schema definition time. Records
can optionally be stored in sequence cf database key within record

name or strictly by datakase key. Member racords can be assocliatsd by
S

o

+ructiare. The GDBMS interfaces the

G2
@]

an implementor defined index s
schema Wwith the Operating System data management routines via an

index-name. Durlicates an be not allowed or allowad. New duplicate

1

irst i

-t

c
pccurrances can optionally be stored last or f 1 the sequence of

duplicates.

Privacy and On ide protecticn and control of the set

0
d
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1
ralationships. Monitorzd control is available for set modification.,

Access can be restricted for anv set functions

+- -+
= 1 |]ORDER 1| ‘ -
j;ON | {1INSERT]| CALL data—base-Procedure=1 ...
4= | || REMOVE}]] | -

+—- -+
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ROCEDURE data-basa-procsdure—-22
iteral-1 >
cck-name-1 >

4 <
jor <
+= <

1t,ral—2

ROCEDURE data-base-procedure~2> —+
ock-name—-2
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+
|
> -+ |




type declared as owner.

ablishes the existence of a

Fach occurrence of the racord type

1

i
2t occurrance, A special type of set, the SINGULAR set has only one

U
v

currence and has as owner

(€]
9!
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lenber Sub-Entry

The meaber suhb-entry namss record types which may be member
racord occurrences in the occurrencs of the set tyre of the set entry.

- -+
MBER IS record-name~1 <HANDATORY> <JAUTCMATIC> JLINKED TO OWNER|
<OPTIONAL > <MANUAL > T o
+
{ DUPLICATES ARE NOT ALLOWED FOR data-base-identifier-1
T - -+ -+
|,data-base-1dentifier—2l.s+ Joss
+ -+ -+

A record which is declared as a member of a sst type may also
appear as member or ouwn2r c¢f other set tyres. No record may bhe
declared as ouner and member 1n the same s=t type.

AU TTIC mewmbership dimplies that each occurrance of the record
named becom=2 a member of selected set cccurrence., MANUAL
membershi implies hat the run-uni must dissue a DML command to
affect membersh An OPTICNAL member wmayvy be 7Temoved from a set
occurrenca  into which it has automatically cor manually been placed. A
MANDATORY member may never be removed freom 1ts set occurrence, without
being deleted from the database, once it is establishad as a member
RING structures are creatsd with the LINKED TIC OWNER clause. If it is
not desirable to insert a record into a set occurrence as member when
key fields are completely duplicated within an existing occurrence,
then the DUPLICATES clause instructs the GDBMS to disallow an
attempted insertion. Since the GDRBHS allows modification of key fields
and the logical veshuffling of records to maintain sa2t order, it is

to generate

a duplicate

o

changing an sexisting kKey. Such an

at**mpt, when the DUPLICATES c¢lause 1is used, will fail and the
database will remain unchanged. The run-unit will be notified of the
failure via a status code.

Manual membership may be defined vhen it is desirable to have
record insertion done Juring prime *ime, but the 1load on the system is
too great to allow the updating of all set relaticnships to be done at
store time, I this cas2 seat ndatin may be done when time is
available or batched and rTun 1in non—rrime time. This allows new
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records to ba storad 1n the databasa when they are receivad but defers
+he updating of non-critical relationships.

Optional membershin i1s us2d when 1t is desirzsd to remove a record
from a set relationshi but retain the vrecord in the databhase,
Historical data records are likely *to use this facility. When a racord
is first entered it is current and Dbelcengs 1n  the current set

ralaticnshin. After some rperiod £ time the record is no longer
i

o)
current but 1t still has historical value. The record can be deleted
from the current set and stored in the historical set. TH@ DML has a
delete selective facility which allows records to drop membership in
sets without being renoved physically from the database.

If one or more member rzcords of a set are declared as MANUAL it
enerate & cycle. Since automatic membership in a set

occurrence of a meabar Tecord is unconditionally

occurrence of 1its associated set type, when the

3

record  is added, at least one record type in a cvcle must be a manual

memnber. In crder to insert an automatic wmember record occurrenca into
a set occurrence  1ts owner nust exist. If all members are automatic
then nce tecord can be the first stored. If however one is manual and

its LOCATICN MODE is other than VIA then the record for which no owner
exists can Dbe stored independently of its ouner existence. Once the

rad subseguent rescords, autcmatic and manual, can bhe
stored basa: on it as owner. Bventuallv a reccrd may be stored which

has as member the original record. For example if A is a manual aember
n

and it is stored, A is the owner of B and C which are storzd. B is the
owner of D, E, and F which are stored. D is the owner of A which has
been stored and a cycle now exists ie ABDA.
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i; <ASCENDING » |FANGR} KEY IS d-b-ident-3 |,d-b-ident-4] ...
|’ <DESCENDINGD>
o - -+ 4 -+
- o -4 —_——
IDUPLICATES ARE |FIRST| P
Vi JLAST | ALLOWED] | oss
[NOT | P
o -+ -

When an CRDER IS5 SORTEDR clause, with other than the DATABASE XKEY
option, appears in a set entry the ASCENDING/DESCENDING clause must be
used to specify the scrt contrcl kevs for the member record. When the
ORDER I5 SORTED clau do

the DUPLICATES CLAUSE may he specified in the ASCENDING/DESCENDING

se does not indicate what to do with duplicates

clause., If no seguencing is defined then database key is usad as sort
control key., The RANGE option specifies that the named identifie

implies a range of values to be used in compariscn for set occurrance
selection. Eguality between the range key and the input argument value
cd for a record to be
. A match will occur

ied as ascending or

The input argument value in the UWA eguals the value of any

The UWA wvalue 1s less than the lowest value of any range key;

then the match will occur with the lowest range kev.
The UWA value lies between two adjacent range key values; then
the match occurs with the "higher range kay values.
A match will nct occur if the UWA is greatsr than the largest
value of any RANGE kev.
RANGE keys can significantly reduce search time to recover a
record. As an example, suppose an alvhabetic key is defined as a RANGE

sed to subdivide rTecord occurrences
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38 records each. Where previouslyv the search
of a 1linked set of 1000 records takes an averagse of 500 record
accassaes, the search now fakes only an average of 13 + 19 = 32 record

ACCE3Sad ring structure and mors range ka2vs can be used to further

Jl
s

reduce  searching. This indexing schenme 1s very usasful when the number

cf records in a set occurrence can be largs and when the distribution
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The SEARCH clause provides the GDBNS with a technigque for finding

particular member record cccurrences within a selected set occurrenca.

[}

Three search strategies are provided. The CALC technigne uses a GDBMS

d
suppli=d key +transformation on the identifier 1list +o find the

(D

datahase key 0of the desgsic: 2d index

0]

1 fi
is created when no USING information is given. The INDEX technigue
£

implies the existance of an Overating Syste plied data managemant
t

a e
indexing access method. The index—name relates the 0S index with the
schema description., Optionally a user may provide a procedure to

1

perate on the identifier ist and oroduce a database key for the

0 ,
~desired record occurrence.
The SEARCH «c¢lause 1s used when it is expected than many member

records will cccur for particular st occurrences.

The DUPLICATES clause is used to sepecify vwhether record
occurrences with completely duplicate search keys will be inserted
e retriesved by kXey values
A

s
subsequent cccurrences of records with identical K@VS will not be
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format—2
+
13 8ET OCCURRENCE SELEBCTICHN IS THRU set-name-2 USING
.;.....

SCURRENT OF SET

<LOCATION HODE OF CUNER

= -+
}ALIAS FOR d-b-ident-01 IS d-b-dataname-1} ... >
+= -+
+- -+
< <YSING d-b-ident-2 |,d- Q—vdﬂﬁ*~ | 50 >> ]
< o -+ >> |
<set-name-3 < > . 001 s
< <ALIAS FOR d-~b-ident-4 I5 d-bH—d-name-2>...>> i
-+

The SELECTICN clause is used to define rules for the selaction of

a set occurrence containing a particular member record occurrence,
henever the set 1s npon singular. A sufficient condition to sele the

set occurrence is to find the owner record occurrence., AN owner record

o~

may be the current record of set to the run—unit, in which case it is
immediately available. It mayv be possible to locate the owner record
using the LOCATION HMODE informaxtion given in its Record Entrv. The

3

arquments used ir lecating the record are those of the Record Entry

o]

use and may be provided in the USING and ALIAS

o}

LOCATICN HMODE ¢l

e rTun-unit must ensure that thev are available. If the

LOCATION MODE is not VIA a set then the cccurrence is immediately

‘accessible whenever the nacessary identifiers are available. When the
t

1

LOCATICHN HMODE is VIA then the GDBMS must trace back through a chain of
set relaticns until & set whose ownar record is directly accessible is
located

The tvw

ormats of the SELECTION clause diff in that the seccond

O
[

er
form is used when a set path must be defined. That is, when the
iamediate owner Tecord of the set occurrence to be selaected cannot

N

ba uniquely selected except 1in terms of iis meabership in

4y

itself




which is CURRENT, or c
MODE 1s DIRECT or CALC.

An  ALIAS clause naa
deafined as a member of n
has the same CWner reco
provide more +than one ar
retrievals of the recor

ran—-unit to establish alts

When the LOCATION
pccurrence  is being sale
necegsary  to use a USING

ased in the selection of t
Specificaticn of the

be aware of all set and re
a comrplete Kknowledge of
criteria., Much of the
declaration, and in order
may have to produce se

informaticne.

s2t are includad in a

icn may occur tc an arbitrary number of

tually an owner record must ke reached
an Lbe gselected uniguely because its LOCATION

be required when a particular

¥

ore than one set typre and each such set type
rd type. In this case it may be necessary to

qunent value for an identifilier in

d. An  ALIAS vprovides a facilit or the
rnate values for the identifier in his UWA.
HODE  of the Record Entry is VIA and the set
cted using LCCATICN FODE OF OWNER then 1t is
or ALIAS clayse to sgrecify information +o be
he VIA set ocgurrence.

Set selactilon criteria reguires that the DBA

cord descriptions in the database.

recify efficient

=2 can e 5 g
complexity of the schema DDL lies in this
to simplify the definition the DDL analyzer
t, <record and repeating-group relational
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The Data Manipulation Commands provide, in conjunction with a
host  language, facilities to access and rmanigulate records defined in
a sub-schema consistent with *he host language. COLASYL envisions
time when sach host language will bhe extended to inc lude a sub-schen
and a DYL for use with databases defined in the commcn schema DDL. Th
CODASYL DBTG Report of April defines a sub-schema and DML for COBOL.

The DHAL requires +that the host language make available fixed data
areas rfor the communication of informati i10n  between the GDBMS and
run-unit, Six special registers contain status information maintained

a

by ths Generalized Data Base Hanagement System (GDBHS) but available

Q
ot
D
3
o
o

-unit for interrogation.

DAT

kJ

ABASE-STATUS is a special register carpable of containing five

=4

alphanumeric characters. The executicn of every DHL comumand causes a
value to he stored in DATABASE-STATUS, This value known as the Data
Base Status Indicator, is made uv of a 5tatement Code in the leftmost
character positions, and a Status Code in the rightnost character
positions. When the exsacution of a DHL ccemmand results 1n a Data Base

]
ception Cendition it is rosted in the Status Code and *he command

code 1s posted in the Statement Code. Valid exscutions result in a
zero indicator. The run-unit is responsible for the interrogation of

DATABASE-STATUS. Execution logic should he based on the posted status

u)

after zach DHL ccmmand ig executad,

T he data-names DATA3AS E-AREA-NANE, DATABASE~RECORD- NAME, and
DCATABASE-SET-NAME definse special registers carabls of holding 30
alphanumeric characters each. %hen the execution of a DHL commands
results in a Database Exception the associated area, set and record
hames are stored 1n these registers. The run—-unit can examine these

actioen based on their ccontents.

ICT 15 a special reqgister capable of containing the
values 00 to 15, The 2rs DATABASE-CONFLICT when the current
Tun-unit attempts to alter a record or record telationship that has

+

been altersd by a concurrent

i

ste

e
0

DATABASE~PRIVACY-KEY is a snecial ag: capable of holding at

r
least ten alphanumeric charac ers, It blished by the run-unit

1

ta
mmand on protected data. The

O W
()

aQ

before an attempt is made to exzcute a
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DATABASE~PRIVACY-XEY <can be changed only by the run—unit for the

current record.

Currancy status information 1s alsc kept to identify the last
record oscurrence accessed by the run-unit. The current database key

is maintained for:

1. =ach record-type known to the run—-unit (ie ‘Mcurrent of

Z. sach set-type known to the run-unit (i  ‘Ycurrent of
set-namaly, {(This may be any record which participates in
the set type, eithar as owner or member.)

3. @ach area-name known to the rTun-unit {ie M"current of
area-name") , and

. any record-type known to the run—-unit (ie '"current record of
Tun-unitt).

The GDBMS maintains the currency indicaters and the run-unit may
access them at any time. Many of the DML ccmmands use the currency
indicators to «control exacution. Unless «c¢therwise gualifiad the
“"current record® is assumed to curraent of run-unit.

The DML commands are of three <tyres: those which operate on

¥

records, those which operate on s2ts, and ThoSe oparating on areas,
é h I'4 i

1

Onl those data iltens racords, areas and sets defined in t
¥ F4

o
=

”

sub-schema may be explicitly referenced by DHL ccrmands.

When a c by a run—unit it is placed in
monitored or extended monitored mode {by a KEEP command). Commands
which wmodify recor lationships enqueue on all records
which may be affected by change. Concurrently executing run-units may
not access a record which 1s 2ngueued upon by ancther run-unit. In
addition all areas containing records or relationships *to be mondifiad
must b2 readied for update before a ceommand which causes update can be
axecuted, Failure <o rezady an area preperly will cause a database

1

excaeption condition when the DML ccocmmand 1s executed.
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Chapter 5
5.2 Area Integrity Ccrmands
The two READY and FINISH ensure database integrity at
the area level., Throughout this s=action the terms area and realn are
considerad to be synonynous

5.2.1 READY Cormand
The READY command specifies the access intent of a run-unit for

an ar=2a or areas.

<= -+ >
{}|set—-name-1 loao>
A= -+ >
{4 -+ >
{Irealm—name—T]...>
<4 —+ >

[#¢]
s}
s
<

+ - -+
! i |
S USAGE-MODE IS <BETRIEVALD

| <OPLATE

| |
- .t

Temporary areas balong to a single run-unit and must therefora be
readied as ZXCLUSIVE UPDATE. Any sets dafined in temporary areas must

be readied with the sanmc intent.

(0

The READY command 1s designed +to aveid ‘'interlock? {ie two
run-units reqguesting the sanme record, and at least one requesting
update, at the same time). In cenjuction  with the exclusive and

v

protected operands the ready command helps to ensure that conflicting

"
o+

accas 0 a realm is not initisgted.

Spacification of an area-name causes the entire contents of the
to be readied for the given intent. Similarly, readying a
set-name causes all areas which ray conrtain record occurrences for the

set specified to be readied. If all reguired areas cannot he readied

RETRIEVAL vpermits access to database records and is the default

value. UPDATE vpermits DRETRIEVAL and modificaticn of the contents of

PROTECTED vpravents other run-units from executing a READY UPDATE
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or EBXCLUSIVE intent for the area. BEYCLUSIVE Frevants other run-uanits
from =xecuting a READY ACEa.

Exacution of a READY for an area which is readied with a
contlicting intent causes the run-uni+t +to set a datakase status
tndicator and wait for availabili:y of +he required areas.

5.2.2 FINISH Ccmmand

The FINISH command indicates to the GDBMS that the run—-unit has

completad its processing on ths specified areas.
< +- -+ >
< |set-name-1) ... >
FINISH < +- -+ >
< b -+ >
< Jrealm-name—-T1{ ...>
< H e -+ >

Only areas which were readied by the run-unit may be finished by
the run-unit,

If a set-list 1is =zpecified +then all areas which may contain
record occurrences in sets of the nanmed types are removed from ready
mode, If peither a set-1ist nor area—list is specified then all rezady
areas are renoved from ready mode.,

On cecmvnletion all currency indicators for +he selected areas are
null and an implied FRFE is oxecuted for all records which are in
extended monitored mode in the selected areas.

An impli=sd FINISH is executed +to remove all rzady areas of a

rian-unit ¢n run-unit termination.
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5.3 Set
The four set oriented
DORDER,
5.3.1T IF Ccmrand
Data Base Conditions
record involvemant in set

Tenancy Condition

run~unit can 4

K

-~

l

enable

3
coern

N

o3

i

pulaticn

ands ar

£
3 =

the

zlationzships,.

ne  whet

manber, oOr owner, 6r either {tenant
QCCUrrences.
$= -t -
IF PHOTE |
B IR U S
5.3.1.2 Menmber Condition
The run—unit can deterwminse whet
occurrancs has any membhers,
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Ccrmands
: IF, CONNECT, DISCONNECT, and

test for current

run—-unit to

her

)

the current record 1is a

in cre cr more specified set

her c¢r not a specifiesd sat

= =+
IT sa2at-name IS |NOT| EMPTY
- -4
The set cccurrence is the one selectad by the current record of
set—-type Ysat-namef, '
5. 3.2 CONNECT Command
The CONNECT command causes the current record, which was
previously storad as a MNANUAL or OPTIONAL member, to becoma a member
of one or nore sets for which it's record typme has been daclared an
2ligible anenber.
- - >
- -+  <set-nane-1 |{,set-namne-2} ...>
CCNNECT zrc<oc3—wanfi TO < + - -+ >
+- -+ <ALL >
Becord-name nmust be ths current record ¢f run—unit., When ALL is
specified the record must be a MANUAL or OPTIONAL menmber of at least
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one s3et tyne, When

8]
JANUAL  or OPTIONAL member of cach set named. The record is connects
in accordance with the crdering defined in the set ent

bacomss current

If the record be connscted to every set specifi
connected  toe any, Execution of a connect causes the current record +

be placed in monitored nmode.

The DISCONNECT statement logically reroves the current record
o)

+~ -+

' - -+ <{set-name-1 |,set-name-2] ...,>
DISCONHNECT }LPFOrﬁ—TdP”[ FROM < +~ -+ >
-+ <ALL >

The record type of the current record must be defined to be an

~5

OPTTONAL member of all specifiesd set typas., ALL indicates that the
DISCONNECT applies to all sets for which the current record tvype is

declared as an OPTIONAL menber. Currency indicators are not affected.

The current record is rplaced in monitored mode for the duration of

3
Q)

execution of the DISCONNECT,

S« 3.4 ORD®R Command

-

The ORDER statement 1s used to logically recrder members of a

given set occurrence.

4= -+
ORDER set-name |LOCALLY|
4 -+

AANA

é s

CASCENDING
<+ o -+ -+ > >
<}}}:ecord~name*1§4rac0rl name—2}... | EECOBD—N‘ME}f> >
SRR + - -+ -4 11> >
<] j+- +- -+ -+ [ (20002000
<tilrecord-nane-1{,record—nane— 41,5, | CATABASE-XKEY{ | > >
<= += -+ 11> 2
<]} identifier-1 <,»dontir;e:-2> s s 1> >

"
o
ot

A 32t occurrence can bha permanently reordered cnly when it is
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ixad in order. LOCALLY is used

jot)
\b
ih
-
]
&
o3
o
s
)

mplies that a temporary ar=a

+the newly ordered recocrd occurrencess for

111 record types refarenced wmust  be member of the set type
get-name®, If the record occurrenceas exist in non—-temporary areas
then +the arca must be opened for =2xclusive or protected retrieval 1f

usive update when recrdering is permanent.
rembers of the set occurrance but not part of
ly placsd at the end of the set occcurrence.

RECORD-NAME implies that records ars

]

to be ordered by
record-nane, DATABASE-XEY impli that records are to be orderead by

as
The identifier list causes records to be ordered using

the identifisrs in each record. Only one identifier may

a
he gpecified for each record 3

=<

D&
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5.4 cord Accessing Ccwmmpands
The record wmanipulation are divided into two types:

se used in  the accessing S oF rds and those used to 1a1n+ ain

& the ERASE, GET, MODIFY and
mmands., The MONITQEH, R NITOR, KEEP, and FREE commands
vida features to ensure record integrity. The FIND ccoamand is used

a
0 ensure vrecord integrity and tc¢ make a record available for further

ssion 1is used to indicate to the GDBMS

the c¢riteria +to be used in salecting the reccrd to hecome current
record of run—-unit. Record selection exrpressions appear only in FIND
e record salection expression

permit absolute and relative record selecticn criteria. & record may
be selected Dbased on its content, database kay value, or present
currency indicator, Hhen racords are sgelected using currency
indicators either a current record or a reccrd relative to a current

racord can be selscted.

Format—-1
~+ - 0
i“‘cor&~ rame—1}: DATABRASE-KEY identi
-+
Format-2

<ANY > i ~
< > record-namne-—2
>

+= -+
set-name~1 DUPLICATE USING identifier-2 |,idsntifier-3{...
e -+



ormat-4
<NEX
<PRIC
EFZR recordi-namna—3
LAST
<in
<id:
format
+ - -4
jarea-name-1 |
;s.A-namc 2 ] CURRENT
| record-namne-4|
+ - -
Format—-o
sat-name~-3 OYNER
Format-7
R -4
cord-name—5H |WITHIN CURRENT]
+ - -
+ - e e
| OSING i1dentifiser-5),1dentifier=61...]
R o - -3

211

raecords  addressed hy a record solection expressicn amust exist in

areas which are opened and available (ie not under exclusive control
of another run—-unit). Thers are several considerations when using the
various formats of +the record selection ex

record-name~-i is used 1t is implicitly assumed th

area-name. It may alsc be re

0
rressions. Whenever
a

t the record-name

ba qualified with a RECORD O0OF SET set—-name or RECORD OF AREA
AcC

ey

the word RECORD, in which case

O TS
l’J
o8}
(
(]
jo7)
=,
’_J
ot
pna

T this expression.

In format-—-1:

If specified, record—-name-1 npust have a database key egual to
the value of identifier-1. Identifier-1 must be declarsd as

type database—-kevy.

In format-2:3

Record-name-2 wust be declared with LOCATION MODE CALC., The
USING values must have been initialized by the run-unit.

When records exist whose key values are duplicated, the ANY

N

option returns the record whose datatase key is lowest., The
DOPLICATES opticn retuzns the next record following the

current record.
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format-
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format-
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LANGUAGHT
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selected record ha
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set-name—1i and The
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record-napse—3 13 us
is  executed using

value, In each of t
database kevy. The

highest database X

the next

52

racord gselected 1
r unit, Yhen
selected will be cur
non= o©f the optio

carrent of run-unit.

62

Ly
he

in

optional

same

re

it

current of record

re

83

PAGE

vpe as the current record of
f all nanmed identifiers are
cord and the current record of

s unqualified form the selection
type database key
forms records are relatesd by
the next

with

cord is the record with

PRIOR record is the record

recory

the

i-nams or

record

he qualifisd set or area. When
presented the record select=ad is

name-3 must not be singular.

73

identifiers mnust be defined +to be part of record-name-5
wirich must be gualified by a set-name. If WITHIN CURRENT is
specified then record-name-5 is a wmemnber of the set
occurrence in which the current record of the set type is a
member. When WITHIN CURRENT is not specified then the set
cccecurrence containing record-name-5 as a member must be
selected using the set selection criteria specified for the
gualifying set type. ¥hen USING is specified the identifiers
must be intialized in the U¥WA record area by the run-unit.
They are matched +to the record selected by the GDBHMS to
locate the <correct record occurrenc2. The search and

ordering dinformation

- .
S22 le the

cl

- 1
a the

1

n

logically

declared

appropriate

in +the schema is used in

record occurrence, When no USING

crdered first member record
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5.4.1.2 TIYUD Ccumand
The FIND command 1s uased to establish a specific record

occurrence as available for subseguent processing. The selected record

occurraencs becomes current of run-unit.

FIND record—-sslection-axprassion
+ - -+
| _ ) <{|AREA >11> |
{ tRETAINTNG CURRENCY FORL||<SETS >1 >0 0]
| <)< - — 2112 |
<|§<§o*-narl_11,set~nam0~2ias.>§j>
<1< = -+ >ii>
] <] | RECORD >l 1> |
4 -4

When BETAINING 1s not spcecified +the record selected becones

current of run-unit record type, area name, and set type. The

5

RETATINING

the run-unit to suppress the modification of
A

"ABASE~AREA-NANE and

»«?
o]

currency pecial rTegisters DAY

el

g

DATABASE-RE locaded with the asgssociated arsa and record
nawre of the selected record occurrence.,
The PINI conmand ensures that the selectsd rscord occurrence 1is

in mcnitored mode. A racord may have previously been put into extended
monitored wmode by execution o©f a KEEP; ctherwise it is put into

nonitored mode.

5.4,7.3 REMOCNITOR command

-

The REMONITOR command 1s used by a run—unit to ensure that all

o
monitored or extended monitored mode, If the

fodo

records reguired are

is
. i

o)

f"‘)
'-ml

i
operation 1s unsucesst a status indicator is set. REMONITORing
.«t.

conceptually involves the ending of monitored or extended monitor mode

1

he immediate re-establishment of

o+
an
o

for each record selected an

monitored or extended monitored mode for the same rscord.,

+— -+
REMCNITOR JALL |
| E -
jrecord—nane—~1},record-name—2{... |
- oo - =1

When ALL is specified then all records which are in monitored or
extandad monitorsd wmode axcept the current record are selected. If a
T

acords with the exception of the:



i3

current racord are selected, When neither ALL or a rscord list appears
the current record is salected.

There must be at least one record occurrence available for each
selacted record. If all selected 1records ars not in monitored or
extaendad monitored mode then The EKFEMCNITOR fails and a status
indicator 1is set.

5.4,1. 4 XKEEP command

The KEEP command causes +the current record to he put into

axtendad monitoread mode.

Ey g " -1
5.4,7.5 FRER command
The FRER command 1s used to

<ALL
< 4 - -+
FREE <record-name—1t,record-namns—2]
< - -+
Tf ALL is used then all records
the c¢current record are seleci=d and
specified then only the specified
are gselectad, There must be at leas
record or no recoerd is freed.

records and

TRamove records fron

EE ]

VIV VYV

xtended mcnitors

in e

@

d mode except
a record-name list is
the

of

frecd. When
racord

lected

not curren

nt
t one occurrence each se
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5.4,2 Record HManipulaticn Commands

=
=
[92]

Jos

he four rocord manipulation ccamands %, GET, HODIFY, and

[N

1

STORY  oprovide the capability to delote, retrieve, update and store

5,0.,2.7 ERASE Command

i
}._J
Ui
fourd
U
]
]
o]
r_.-l
o]
£
|...J
(@]
jo3)
§-
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D
;,:3
(@]
<
D
(6}
v
’._J
®
Q
o
0
[N
I
]
Q
@]

The TRASE command

- -+
+= -+ | PERMANENT]
ERASE |(record-name| SELECTIVE TEMBERS
+- -+ JALL
+- -+

pre-selected with a FIND conmand, The areas containing all selected
racords nust be veadied for update. Arcas containing identifiers used

in the calculation of ACTUAL RESULT data items nmust also be opened for

update, T+ i1s the responsibility of the run—-unit to ensure that the
sub-schena specifies the correct access controls

Tha current record is logicallv removed from the databa

not longa available in a FIND., Tf neither PERMANENT, SELECTIVE nor

h

ALL is spacified then the current record may not be the owner of a sat

Y

occurrence containing any member reccrd coccurrences. IL PERMANENT is

ch MANDATORY member cf a set cccurrence for which the

w
o
o

specified thes
current record is owner recursively becomes current and is ERASEA from
the database. OPTIONAL member record cccurrences are DISCONNECTed from
+he set occurrence but not ERASEd., If SELECTIVE is specified then =2ach
OPTIONAL member record occurrence of the set cccurrence which is not a
menhar rTecord occurreacs in any other set cccurrence is ERASEd. ALL
specifiss +that +the current rescord is logically rtenoved from the
datapase and all wmember rascord cccurrances of set occurrences for
a

ygically removed from the

!
{&
}——J
reaY

which the current record is  cyYner

database,

I¥ all selected records cannot he deletad or disceonnectsed then no
racords are affected. The current of run-unit is null on completion of

fan
g
113]
=
|2t
e
Ji
<)
®

nuring execution of the ERASE command the subsequently current
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records are not available to concurrently executing run-units.
S5.Us2.2 G
The causes atabase record, Or an
antira Aatabase record, to bs assocliate racord area

,_J

-

ot
s

o)

jo=4

o

r
G
i
3

The record to he accessed nust first have been the obiject of a
t

when no identifier 1list is given, or the identifier list is a

v

record-name, then the entire current record is made available in the

=

WA, When thea ideptifier ist is specified all identifiers must be
defined as part of the current record., Only that data explicitly nanmed

other data iltems remaln unchanged.
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5,4,.2,3 MODITFY cemumand
The HMODIFY nd  is used to alter the content of one or more
data items in a record and/cr To change the sat membership of the

record.

Pormat—1

e -+ =
4ONITFY |Jrecord-name| [<INCLUDING>
- - -
-
<ALL > ]
< > MEMBERSHITD|
£ += -+ > i
<set-name-1 {,set-nane-2| os. >
< +- -+
-
Format—2
- -
MODITY identifier-1 |,identifier-2| ...
= -+
- -
| <ALL > |
P INCLUDING < +— -+ > MEMBERSHIP|
| <set-nama—1 |,set—nane—2}...? |
| += -+ > 1
+- -t

ust have been the object of a FIND and be the cuarrent
record. Only identifiers whickhk nhysically exist within the current
record occurrence may be modified. Areas centaining all records and
relaticnships addressed wmust be opened for updates

MODIFY and HODIFY INCLUDING cause the ccntent of the current
racord to be physically updatad in ths database with the content of
+he ocurrent record {(format-1) or identifiers {format-2) stored in the
run—-unit UWA. NMODIFY ONLY does not affect the content of any data
iten.

MODTFY ONLY and HMODIFY INCLUDING cause changes in the sat
memhershin of the current record. Menbership is affactad for ALL, or
only +the nanmned sets, based on fthe SET OCCURRENCE SELECTION criteria

nd sub-schema. The value of appropriate

jo3]

specified in the schema

currency locations and identifier and data name values is used 1n the

a
o+ ion of a set occurrence. The current record hecomes current of

L

"y causes the GDRMS +to engueune on the current record and make

ncurrently executing run-unitss
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=
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5.4,2.4 STORE Command
T he STORE command causes a new record occurrence to he stored in
the database from the asscciated record area in the UWA,
STORE record-name

o~

I's

CURRENCY

AT AYAYAYAYAS
EOANANANN

The record is incorporat
automatic wmember or owner., Sot

and ordering

e oY
~ 14} o 1
SUD-8SCnema,.

The record becomes the
option 1s used the Tecord bac
location. The record rTenmains ava

A database key 1s alloc
information supplizd in  the ¥
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. 6.1 INTBODUCTION

: A GDBMS is the interface betyeen a8 user and his data. The CODASYL
GDBMS acts inp response to DML ccmmands issued in Fespect to logical
-records, described in & sub-schena DDL, to affect associated physical
Tecords, described in the schena DDL, in the database. Each of the
components of the GDBMS relates to and depends upon other components
of the GDBMS. In implementinq the GDBMS it is important to Ccreate the
Components in an order which provides €ach component access to the
components required for its operation. ‘

The development of the GDBMS is best illustrateg by a sequence of
schematics illustratinq the interacticn of CCIronents. A user submits
his vprogram with its embedded ppIL commands and logical record
descriptions (sub-schema) to g compiler which in turn produces two
object nmodules. The sub-schena object is rassed as is to the GDBHS at
execution time, The USer program object module, with its DML commands
compiled as calls to the GDBHS, is passed to g linkage editor to be .
converted to 1loag modqle form before execution.

- TGO
LIinKACE
ED1TOR
LSErR |
A chbﬁPlLER
PRogRAM
(Rewug o)

> SUB~-SeMEMALS o
GORM S

At execution tipe the GDBMS has access  to an object schemna
describinq the user datatase, the 1ser chiect sub-sch2na angd the user
database., 1Inp Ta2sronsa to DY req ts from the user program, loqgical

u
records are created and maintained inp the User 9ork Area., The mapping
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N

of sub-schema and schema descriptions determines the placement of
physical records in the database.

CoDE 3 _ DaTARASE
W w. A R
OSER M

DML codp A
SWLB- SCHE MA S

V ORIt er '
' WSER
) DAra BASE

The object schema is created by a schema DDL compiler frcm input

DDL statements describinq the database. The object schema is
maintain24 in a database of scheras, the schema database. Internal

structure cf the object schema is described by the schema schena,

Sc Hima Sewegma R /;ZHEMA

by
DDLU ComprLe 7 MS \ TARAST
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The object schema in this case is merely ancther enﬁry in the
schema dataktase. .The object schema describing the schema database is
created in a similar manner to all other object schema. Before the
original object schema is created it is necessary to hand code the

object schema structure. into the schema ccapiler.

ScuiEMA ScHEmA
ScuEMA CONPILER | DATALASE
IHL 7] v

When an cbject schema exists is it possible to use the GDBMS and
DML conmmands. Physical and logical organizaticn c¢f the schema database

is identical.
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As mpart of this hesis a vplan for the implem=ntation of the

CODASYL spacificaticn 13 developed, The i1mplementation us2s  tThe

Pranslator ¥Writing System (T4S) developad and implemented by William
M. McKeeman, James J. Horning and David RB. Woriman and modifiad and

implenented at the University of #Manitoba by Brent D. Beach,.

A  Dbrief descripticn of the TS 1is included here to provids
backgrecund for the implementaticn mechanism. The f£following ex
from A Compiler Genesrator, a text authored by the developers of the
TWS, describes the components of the system:

Our T¥S utilizes +the language XPL (a dialect of PL/I), for the
n of vprograms, and the metalanguage Backus-Naur Form

ascription of languages. It consisis of three

from BHNF into syntax tables, which

¢
jos
}—Ji
how
§><
t"‘

2, SKBLETON, a table-driven proto-ccmpiler writt

et
D

which when supplied with syantax tables and suitab:
semantic routines mav be compiled by
3, ¥COM, a translator from XPL to Systen/3560 machine code.
The TS has two mnadjor advantages over direct inmplemantation of the
syntax. First, the syntax can be debugged — anvy inconsistencies in the
syntax are detected by ANALYZER - before coding any semantic routines.
Changes in the gramm=r are readily dinccrporated into the BNF
descripticn of the grammer, often with minimal changes to the semantic
routines of SKELETOK., S=cond, writing the syntax in BNF breaks the
syntax into logical units, In AHALYZER the semantic routines which a
programmer wWrites correspond to the production rules of the grammer
BNF. Syntatic units are presented to the programmer in a
stack. Only & small part of the total syntax nesd be considered at any
me. Tha system forces wodular programmning, since the production
rules define the syntax as a seguence cf logical modules.
The dinplementation plan details 1in  bottom up fashion the steps in
ing the schematic outline presented in the introduction.

i
1. Define in BWF the svyntax of the schsma Data Description
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ccntain  the infermation 1n a
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3. Imxplement the semantic routines and modify SKELETON

»

to accepnt

3
y

the scherma DDL as 1aput. Build the data structure of (2) as

I
(

output. The set relationshiovs in the database must b2 hand
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initions. Name the program DDLVI,
4, Define, using +*the schema DDL, a database which has the
structur of {2). Process this schema and name the output

1

database SCHEMAT. SCHEMA1 is a database containing an objsect
‘iption of the schema database.

5. Define in BNF the syntax of a form of the CODASYL Data
Manipulation Language (DML).

6. Implement the sepantic routines and mecdify SKELETON to accept
he DML commands as input. The DML commands operate on the

schema database using SCHEMA1 as the cbiject version of the

7. Meodify DDPLVT to use DALVT and produce a new obiject version of
the schema from a naw schema writiten in the schema DDL. The

et relaticnships are established from those defined in

m

mAl. MNam= the new program DDLVZ, and the new database

SCHEMAZ, SCHEMAZ contains the obdject schema £or the schena

database, DDLVZ2 usas this obdect schema to store obiject

in the schema database.

8. Define 4in BY¥F a = ama which allows the declaration of

data item seansitivity (ie data items from the schema known
)

to the rTun-unit

, Synonyns (ie new names for data items in
+the schema), and characteristics (ie all data items are
assumed character but lenqgth, scaling and output formats are
definable) .

9. Write semantic vroutines and mnodify SKELETON to generate an

uk-schema using the schema and

10. Define in BNF a non-procadural language which allows access
to a databa defined with a user sub-schema.
11. Write senar ¢ routines and modify SKELETON to generate DHL
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commands, language, which can be
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12. Tmplement a GIDBMS t0o sugport the concurrent execution of
multiple run-units using the non-procedural language
statemsnts defined in (10).

5.3 Sunmnmarv of ¥Work Conmpleted
The schema DDL is defined 4in BNF and the data structure to
contain the obijsct schema 1s  defined. This data structure is hand
coded into DDLV1 and a schema description in thse schema DDL is
o)

written., This description has been processed by DDLV1 and loaded into

or syntax errors in the DDL and for missing
identifiers, Dbut manvy of the rossible inconsistencies which can occur
in the definition are not detected. Justificaticn for this is the fact
that extensive wvalidity checking is a very tedious function and the
coding must be redone when DMLV1 is written. Fcr this reason hasically

correct input is assumad for the first schema definition. When the DML

commands are implementad most of the checking is siamplified through
the use of DML ccamands., The DML is defined in BNF., Throughout the

course of the +thesis the CORASYL definition of the DML commands
undervent +two major ravisions. The present descripticn appears to be
almost the final version. The BNF description applies %o the current

description.
Appendix B contain +the BNF descriptions of the schema DDL. The

data structure defined for the schema datahase and the associated DDL

statements are included in Appendix B.

The database 1s treated as a virtual address space. All data
records are referenced by relative byvte address (RBA). I/0 routines
convert the RBA into a block and displacement address. The file is
accessed using the Basic Diresct Access Method which allows direct
access  to @ relative block number., To sirplify space management all
blocks are f£ixed in length. Logical records may be any length,
including greater than the phys i length.

, -

@]
W
}
e
O
i
jou B

umbar allocated to raecords as

they are loaded., A table, maintained with the database schema, relates
14 7

atabase keys +to RBBA. This allows records to be moved within the

i
database with minimal difficulty. Only the DATAEASE XKEY~-RBA table nead
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for records must he resolvable to a list of
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hin  the database 1s done using an inverted list of

facility i3 proevided for use cf the indexed access

orogram has been Wwritten which procsesses the schena
databases and recreates the DDL statements used to create the obijsct

schema. This program will eventually be wodified to produce a graphic
view 0f the data structures defined by the schema. An online version
of +this prograwm, which accesses ussary databases, 1s very useful to the
Data Base Administrator (CRAY attempting to define optimal SET

OCCURRENCE SELECTION criteria. ’

5.4 Zwplementation Considerations
The CODASYL gspecification i3 desicgned to be implemented on
curren® hardware using current software. A primary intent of the task

£

group 1s the specification of a s
D

-

sten which can now bhe accepted,
plemented, and provide a standard for data definition and access.
One topic that the report fails to addraess in sufficient detail, to
direct imrlemsentors, is the area of data integrity.
The integrity of data can be affected directly through dat
through the - intaracticn of ccacurrently exe
run-units. Data can be lost:
1, as +the result of an external destruction of some or all of
tha2 data on a volume (I/0 error on vcoclume), orT
1t of an externally causad termination of a
cuting an update operation, oOr
f errors in the input data or run-unit
procedures, which cause incorrect update operations to be
executed against the database.

ha GDBMS mechanism for recovering from data 1loss involves the

a
vperiodic dumping of the entire database to backup stcrage volumes and

+he maintenance of a run—time log of all system activities. The log
contains  before and after images of each database record involved in
an update operation. n a data communicaticns environment all input

transactions are also 1loggesd. Checkpoint dinformation is logged *0
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acceptable sclution to both integrity problems is o disallow the
sipunltaneous execution ¢f an update Tun—unit with any other run-unit.
he CODASYL GDBMS provides for the specification of exclusive control
of sets ¢r arsas. Bxclusive control can significantly

reduce the availability of data whken sets are stcred over several
A t

Ffectively block access

To avoid the deadlock situation where two run-units reguest
exclusive control of different areas and then one reguests access to
an area under exclusive control of another run-unit, all usage mode
reguests must be given as the first commands of the run-unit.

A better solutiocn to the logical integrity viclaticn problenm is
possible 1f a time stemp is included with each physical record. When a
run-unit begins execution it specifies whether all records retrisved

b

should reflect the state at run-unit initiation or should be the most

o~

£ logical integrity is not a concern then only
physical integrity must be considsered.

Records inserted or deleted are marked with an insert/dzlete time

stamps. Records added after run-uanilt initiaticn will not be retrisved.
Records deleted after run-unit initiation will be retrieved. Record
modification is treated as a delete, insert seguence.

llection run-unit, which saxecutes concurrently with

user run—units, physically TEMOVES daleted <records from set

occurrancas 1f no active run—unit sensitive to the set, was initiated
prior to the time stamp in the deleted record.

are several advantages to this scheme in addition to the

ention of iIntegrity vioclations. The garkage collection run-unit

a

low priority task using cpu cycles not required by user

i

run~-units, Maintenance of

C')

- relationships may be a time consuming
process  whsn a record participates in many sets. Productive work is

not delaysed to affect +the set malntenance reqguired for deleted

pou}

records. Datahase recovery 1s speedad since the time stamp provides a
sasy  mechanism to recognize records current at a time prior to systen
ed in

failure. & disadvantage of this scheme is the overhead introduc




a dynamic environment a

may consist of logically
remotely executed softvare
records would reduce 1!

Physical idintegrity s mor=2 difficult to ensure. The protected
ge modz -of the CODASYL G3DBHS prevents tuwo run-units from bheing
active with update rights to the same area. Viclations of the data of

a read-only run-unit by an update run-unit are avoided when the
read-only run-unit requests that all records be current to the start
time of the run-unit.

Read-update physical-i ntegrity V1olatlo“s can occur 1if time
stamping 1s not wused when an urdate run—-unit podifies the linkages
between <ct=scords besing processed by a read run-unit, A very blatant
example g¢ccurs when read-only  run-unit A is processi 119 a set in

ues a nan—~local O0ORDER command for

O‘

sequance and update cun-unit B iss

Suddenly the seguence in which rTun-unit A Jets his records is

a run—unit will retrieve records

The monitor facility of ths CODASYL GDBYS is used to allow
recognition of a potenti sical integrity viclation. In our
D issues a FIND for R1, then R1 is mcnitored for
A. A subsequent FIND by B for R1 causes 21 +o baccne monitored for B
as well. When A issues a MODIFY for R1 the GLBMS f£lags all mcnitored

.

occurranca2s of A as ncn-uvpdatab The subsequent MODIFY

1

Dy B causes a
nonitor exception to be returned in the status indicatior of B and Rr1
is not upndated. Zun-unit B must re-get R1 and redo the itpdate

operation. This 1is unacceptable since it reguires that all updating

cun—units racovaer frcem monitor exceptions and it may
not be If the update operation performed by B is
the result ansactions which are no longer available it
1s not o the update. It may be necessar y for the
operations ot B A @ backed out and the process restarted using the

the log is a sequential history of events
be guiesced.

is allowed then control of integrity
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y of the data base administrator (D3BA). He
tions  are not designed in which integrity
= possible he will encourage the design of

which all database updating is done in a
of actual and virtual fields increases the
viclations since wore rtecords nmust be
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Chavter 7
7.1 Intreoduction

e have at a rationale for the developmant of datakbase,
databass structures, scme terminclogy, databasse description  and
manipualaticn languagss and  the implementation of a Generalized Data
Base Management Systenm, It seoens relevant at this time to look to the
future. Tirst, w2 look at some of the future reqguirements for the use
of computer systens an particularly tha use of databhase in these
systens Second, we look at the new hardware and software which will
ha developed to support these sysiens.

On~line access to databases will certainly be the norm. Future
ystem rely on the availablity of on-line access. In addition the
development of and inplementaticn c¢f non—-procedural languages will
mak2 the informaticn in databases available to a larger percentage of
the population.

T 2 FUTURE SYSTEAS

Management Information Systems

Future systems will use real-tims data collection and terminal
anguiry and update facilities. Sensor-bassd distributed computing
syvstems will cecllect both analog and digital dinputs at the unit
{operational) level for +transmissicn to plant computers. At the unit
level mini-computers mwmonitor activities, superviss the detailing of
ctivities and directl control winute by minute operations. At the
plant level the input from operations 1is used tc maintain databases
used in optimizing production, scheduling and accounting. At the
corporate level plant databases are manipulated to provide data for

simulation, forec ing and budgeting.

In this environment we can expect to see a significantly greater
sharing ¢f data Dby users with a vight to know than is presently the
case, A fully inteqrated data collection, database maintenance and
database enaquiry systen will make management mcre of a science and
less of an ar+t. As +the Jolly green giant of computers is fond of
saying "not djust data but reality” will be available to management,
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has heen a dream of financial

y
institutions for saveral yvears. The availability of suitable GDBHS and
data-entr hardware 1s all that helds wup the iaplementation. For
financial institutions an on-line lranking cility eliminatas the

float of outstanding chegues; that is, money which has bean paid to an
account but rot received from the buyer, For ccemercial sellers a sale
produces immediate revenus and reduces the amcunt of capital tiad up
in the non-productive float. For an individual it may produce instant
bankruptcy. Those of us who live from month tc month on the delay
between buying and paying for an item will suddenly discover that in
0

ne month we must pay twe anonth's bills.

3
0
]
D
o

wre, however, several advantages to be derived for an
individual or a company. Each transacticn 1s recorded and can
therefore be retrieved at some later date. FExpense racording is
antomatic, No more hunting for bills *o makse up travel e¥penses or to
pay income tax., Budgeting 1s less of a problem. Fixed expanses can
automatically be applied and at any +time present worth can be
1. The full wusefnlness, to an individual, of this systen
awaits the availability of terminal access to the database information
for which the individual has a right of access.
from a corporate point of view the wmonthly batch billing
operations are no longer necessary. The billing process is a machine

to machine ovperation taking place at the +time of transaction

Information Digsenination

An area where vast amounts of money 1s now being spent is
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explcit an 2xisting market for

r+

old vproducts and to create wmarkets for new products. A datahase

detailing available products apreals to those buyers who have a need
and requirs a source. Batons catalogne provides crdering information
and prices., Pictures and text are used tc market the product. This
static., It reflects infcrmaticn at the date of

form of advertising ic
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publication, requires that the advertiser
get the atiention of potential buyers., For this functien the catalogue
18 not really effective, Interrupticn advertising 1is used on
television, radio and to a lessar extent in newspapers and magazines

buyers. The -madium geots the

mpts to sell, A databhase of

product information, in comput

np
cataloque., It is dynanic, reflecting the ¢ tion, pricinq
and availability of products. Further, all sellers of a product are
groupad, It 1s not necessary to 7Tead several catalogues +to do
comparative shopping. Video-tape and grapnics presentations provide

pictorial description cf products. Promoticnal advertising will be

mn

done Using the interruption technigque. For +the privilege of
interrupting a session the advertiser will pay part of the usage
costs, An on-line c¢rder entry system, c¢cnnectad to the product

database, reduces the need for retail outlets. The cost of advertising
o] e

is Dbornse by the seller and interested huyers. For each access to th
data the user and se2ller are charged a fee,

:

Another commodity which relies on advertising +o market its
product 1s the entertainment industry. Once again a database of
available entertainment allows an interested individual to guickly
locate an item of interest to him., Forms of entertainment with limited

e advertised in this way. Only those persons interested
will Dbe notified. If the enguiry facility exists in the hom= then, we
might define criteria spz=cifying products, entertainment, and news

information about which we wish to be automatically informed.

When data 1s stored in a database it can be interrelated and
extracted as wmeaningful information, When the data in news Spapers,
magazines and books 1s available in a database it is possible to
locate specific information on selected topics. Fach individual has
access to an entire library with an indexing scheme designed for his

rossible to retrieve other articles referencaed or ralated
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In this way more complete information 1is

[us
®

he subdect of interes
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th
ilable +to the interested user. This facility reduces the taedious
c

ching which each researcher nust do when
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Personal coapunications are improvad using this facility.
Aessages  which are presently conveved over telephone calls can now be

sant  in  hard copv, not necassarily paper, form. The message can be
sent and raceived at a time conveniant to the sender ang raceiver. The
use ot videc-tape will personalize the nmessage switching operation.
n y offars a facsimile mail

service., #Mail is sent from Xerox—-¥erox via the telephone lines. This
rvice offers guarantesd delivery hetween anv large city in the U.S.
within four hours. The cost of this service is still excessive partly
because of the human intervention involved in carrying the mail from
the sender to the post office and from the rost office to the
gceivaer. Direct linkups from each individual and ccmpany to a postal
abase eliminates the need for personal delivervy and the production

a
f unnecessary paper.

Personal Datanases

In addition +to +he communication advantage for individual use,
these systems will vprovide mechanisms for the stor rage of personal
information. We will be reminded of special dates {eg anniversaries)
and be provided with mechanisms for +the stcrage and cross-referencing

i
of personal information reguired +tc¢ bhe secure but available {eg

diaries).

Computer Assisted Instruction (CAT)
One result of the widespread irplementation of these GDBMS will
he a significant increase in available leisure time. The GDBHMS will be

obligated to vprovide facilities, in addition to <those already

n 1
¥hile +the use éf CATI will not likely replace educational
ons as  the primary source of hasic education, it shonld
supplement them in providing spacialized training in selected aresas.
atabase of games will also. be available. The use of an
intagratad facility provides for the introduction of competition into

the games. Fach individual wmay, if he wishes, ccocmpete against the
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With the increasing concern for and

e¥xpense of non-renewable and

a
of on—-1line informaticn dissemenation

video terminals will becons
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Chapter 7
7.3 New Hardware and Software Reguiremants
Sonme of the applications manticned previously could be

ffective

a1 with existing technclogy but it is ncot vet cost

&
do  so, Further advances in technology can be axpected +to provide

to
cost justification for the implemantation of these systems.

The introduction of a large numhar of users into a GDBMS requires

the availability of sufficient internal storage to store current

ds. Recent advances in bubble nenory, super-cool memories and

-2ffect transistor technclogy, point towards a continuing decline

in the price and and an increass in the speed and size of directly
addrassable memories., Virtual nemory operating systems logically
axpand menory through the nuge o rarchy of storags classes.

¢ of large databases requiras the availability of cheap

7ith a randcm access capability.

EERY
<
}_I‘
[}
W
i~
2

q
large capacity mass storage de

Recent advances indicate that rapid access to moveable head disk

davices containing 10%%9 bytaes of data is now feasible. The cost per
byte ¢f data storage on these devices is .0004 cents for an average
ccess time per record of 27mns. (Computeruorld, Octeber 31, 1973. page

1) Other technigues requiring amincr modificaticn to these devices seen
likely t¢ double and eaven quadruple the capacity with very little
increase in cost., The most obvious of these technigues involves +the
storage and retrieval of information in parallel across the plate to
allow use of a greater surface arsa without increasing data density.

New technology has vproduced randonm access devices with slower
access times  but wmuch larger storage capacities. Prasent drives have

D

ities c¢f more than 10%%12 hvtes (Datamaticn, Oct 1973. p 52).

0
}1)
o
0
o

Laser Computer Corp, optimistically predicts 10%%39 byte capacities by
1977. Hore realistic projections of 10%%x17 bytes in 1990 and 10%%21 by
the yesar 2000 are being made, bassd on rast exparience. These devices
require between 10 and 100 seconds +o access a block of data. While
this is slov in cemparison +to fixed head devices, it may be guite
acceptabla 1in archival storage situations. Data migrates from slow to
faster devices depending on +the frequency of its access. Special

Pi's  are used to amove data between storage classes, These



Jatalase Svstewns PAGE 110
operatinns can procesd asynchronously depending on the number of data

paths available, Ampex  (Datamation, Oct 1973. 0p54)
available a dismountable hypertaps with a 362%10%%12 bytse
m v

make available & virtually unlinited amoun* of data sto
may he restricted for data not stored cn an on-line davice.
Virtual Operating Systems are self-tuning, in that they assign

paged data to storage classes based on its frequency of access, An

obvious extension to this requires that the virtual operating systenm
be extended to allow +ruly virtual addressing. (Present systems allow
a maximum of 16,777,214 byte address space.) The database will be
considered as permanently resident and most of it will be paged out
becausa of inactivity. Thus data address ng is done by relative byte

handled in +the operatinq system. This would
Y

vements in system recovery capabilities, already a prime

Distributed cowmputer networks accessing cecmnon datahases present
oblems in controlling and optirizing database access. A

possible solution involves the develorment of a specialized conp
A

u
facility database computer systen slqweﬂ to contain the G

:.4')
I._J
o

Maintenancs of

7}
a
n
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,4.‘...
jot)
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o
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n
W
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will schad non-conflicting access

the buffer pocl is sinplifisd when a single prccessor countrols data
access. Device controllers, with the ability to be prograrmed, accept
requests for data from vrelative byte addresses. The conversion to
actual addresses 1s done in the controller. This provides a lavel of
device independence reguired for this paging environment and not
casily obtainable in present systems. The contrcllers optimize search
requests 10 each device and support parallel searching on all devices
under theilr control,

Specification of well defined interfacs requirsments will bhe
necessary in order to allcy the GDBUS rrocessor and device contrellers
to communicate with all types of hardware. The GLBMS nust raturn data

to the host processor 1in the fornm reguaested. This may regquire that
n

axtensive dat conversions bz done on stored data. Spacial purpose
DLoc this function will be designed and

essors  designed to perform
24

with the GDBMS and device contrcller processors. This may
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hookups in many homes provides a convenient and alr=sady installed
1inkup between a ccamruter systen, its database and each individual.

Scoftware developments ¢ account for nsage and the participation of
finarcial and commercial dinstitutions can bhe expected to accelerate

the widespread uss of database technology,

Relatively 1nexpensiv jata collection systems now exist. These
are primarily used by retailers and credit card companies for data
enguirv. It is =2xpect=2d that they will soon be xpanded to include
Aata inputting capabilities. In Canada the Bank of Montreal is

installing a country wide terminal oriented system which will
introdnce on-line banking to each branch of the bank. Simpson-s=ars

has an order entry system for catalogue shopping installsd in Toronto
nsing touch—-tone telephones. Certaln users are testing ouat this
facility and 1if successful its availability will be expanded to all
users of touch-tone phones. IBM has a System 7 computer systen which
can handle uap to 255 analog and digital inputs. The processor is

comvatible with the larger 360 and 370 series and software exisis to

support cpu-cpu communication. The Systen 7 is used now in DLOCESS
control applications particularly in the communication and
petro-chenmical industries. In wost pplications it 1s conn=cted

a 0
directly to a host 370 and thus to the database of the 3706,

O+ther companies such as DEC, Data General and a company making a
prodict known as the Naked Mini have precduced special purpose
mini-computers which <can be <connected tc larger systems and the
associated databases. These systems are becoming very cost effective

as the «cost of production control and data collection increases with

¢ of micro-film and videotape provide existing means of
entering data into a database (IBM System Journal, Vel 11, 1972. p
56) ., Pyture systenms will provide for the conversion of micro~film and
the printed word into machine readable forw. Vcice input is another
requirement for future systems and work now being dcne indicates that
+his is guite possible, particularly in regions where a high degree of
exists {Telephonvy, réference not available).

B

and privacy of user data nust be guaranteed in such

general use syvstems. Present work has not yvet solved this problem in a-



manner which will allow +tle +type of respcnse reguired in this
envircnnent, Purther research in this arsa will develop systems which

can satisfy the reguirements o users.

A wmadjor task for future designers of general uss GDBHS lies in

i
]
o8]
©

the e¢ducation of user Yery high-level languages will be developed to
allow +the user +o make requests in a form suited to his experience.
1elp facilities will be developed to allow the user to be guided along
sarns to use the systam and take advantage of its facilities.
The first CAI courses will be instruction on the use of the systen.
Considerable research remains to bhe dcne to develop GDBMS's which

can satisfy +the reguirements of future systems. Increasing pressure

]' —
from non-technical users for sSystems responsive to their needs is

1

2phancin +he probability that the near future will see truly 5DBMS's
used in the areas previously mentioned. It 1is an exciting area
nroviding an opportunity for research in a wide range of compuater

related ar=as.
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APPENDIY A

Tn +his section w2 look at a transaction driven system much like
vy all the large telerhons companies in
is bhatch oriented. There are three major

large., Bell <Canada has approximately
c

tions on ea

2. the same transactions are wused in two toll processing
sub-systean
in ceompletely different seguences,
3. the sysitem is implemented on sacond generat
does not support large volumes on randcm access devices,.
h

The batch processing system  1s  ontlined

i

legscription of =ach processing function. Fellowiang this a database

P

organizaticn is outlined which suprorts the same functions and
providas considerable flexibility in the implementation of new

applications.
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FLOWCHART OF THE TOLL SUB-SYSTEMS
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DI AND EYXPAND PROCESS:

This process handles all input +cll transactions. Extensive

validation dis done The toll input transaction is expanded into the
toll raster  transaction by the additicn <of information from the

RAQ/NNX table

-+
=
(=4
o
o
n
m
o
St
ot
o
®
=

Originating and Terminating Haster
Information required for +the billing and settlement functions is
carried with ea ter record. Fach tcll input record is
assigned a unique éerial number. The input toll is a source document
and must ve  retained in a library for 6 menths. The tolls are
pre-serialized with a surface-stamped sSerial nanumber. All rejected
tolls are pulled using this serial number. Rejected tolls are manually

-

correcitad and re-submitted,

INPUTS:

Marksense toll cards are prepared by telephone operators for most
calls which are not dialed directly., These cards are pre-processed on

a 519 Marksense reader punch.
Paperstock toll «cards are handwritten by telephcne oparators in

ba keyrunch e b@for@ subnission.

U‘

manual offices. These mas
Incollect +toll cards are raceived from other companies. Thev are

calls originatad in another companvis area but billed +o this company.

DDD  tolls are resceived cn a 20-channel paper tape, This tape is
punched in the Central O0ffice hy paper tape punches hooked directly
into the switching equipment No priecr prccessing takes place for

these tolls.

The Terminating Point File is an index sequential file containing

all points in Worth America to which it is rossible to dial. The place
name, a vertical and a horizontal ccerdinate, and settlement
information are stored with each termirtating tcint record.

The Originating Point File is an iex sequential file containinq

Pt
ot
it

1

nd a horizontal coordinate,

rom which a user in thi thone ccmpany may place a

o]
(‘!

jai)
ot
]
ol
o]
e
3
¢t
7}
i
e}

ind
s
call. The place nawme, a vertical an
2ment and billing information are stored for each record.

.
The FAO/RNY table is a binary codecd table which is maintained in

core and contains billing information for each originating NWX and RAO
from which a user of this telechone company mav place a call.



expanded tcll record for each

reject infcrmation and Central
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This proc each tcll call wusing
information in Toll Rate Table.
A Teasonat tcll and tolls exceeding

100 minutes in length or 3100 in valus are r
Operator-rated calls which differ from th2 ccmputer rating by
more than 10% are reported., These tcolls are pulled from the library
and verified., Statisti tained of each operator’s misrated
calls.
A statistical sampling of *the +tolls is reported, bassd on
v

parameters specified by cowmpany anditors and varied o

INPUTS
The Toll Master File output from the Edit and Expand process,

1 te Table which is read into core and processed using
date, time, call type and class, and V & H information as indices into
the +table. This table is very dynamic subject t0o a minor change at
iteast once per wonth and a wajor change once or twice a vear.
Occasionally  the structurs of the table changes necessitating changes

to the rating process.

OUTPUTS:
An updated Toll Master Transactiocn File which contains the rating

informaticn for each toll.



Dbecomres the Unbilled

T
Master Record is matched

PAGE 120

his is primarily a merge function. The Urnbilled Toll Master File
itling-number seguence., Fach billing cyvcle the tolls

sre  removed from  the file and the remaining file

Toll Haste

Tach Custonmer to the Unbilled Toll File.
When tolls are found for which no master exists they are reported.
Tach customer master c¢ontains a wmaxiamum toll value, When the

ccumiulated

reported, Final

phones rTemnoved) are
when tolls
service date.

Tolls on the

valusa

customers {ie customers who have asked to have

cxcesds this amount by more than 10% this is
their
reported for all tclls and a special indication is
are found with a date after the customers end of

input Toll Master File which are not billed to

customers in this company are not written to the unbilled file.

INPUTS 2

File output fronm

“he Toll Rating process in seguence

ast
by date of toll within bhilling informaticn.

f)‘{)’i’:’ E U lﬂ ”" z-
Naew Unbilled
informaticn.

Reports

statistics on tcll guantit

showing

sequence by date within billing

values by billing - cycle and

ollar value.
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SETTLEWMENT PROCESSES:

An  operating C¢ompany oOwWns vl operates the central office. A
billing «comiany handlses the billing and collection of tcll revenues,
Each company 1s ernrtitled +to a opercentage of ths call value for
servicas performed. Tn addition, when a toll call is handled by more
than one operating company, each ccmpany is antitled to a share of the
revenues. The determination of these percentages and the allocation of
revanues 135 a function of the Saettlement Prcecess.

CREATE SETTLEMENT RECORDS:

Racords are assigned settlement and traffic breakdown codes,
Based on the to/from information. A breakdown of +the portion of the
call revenue due each «company on the call route is determined. The
sattlement records 1nclude only marksense and DDA tolls. Paperstock
are not settled since they are intra-ccmpany calls. Incollects are
received from other billing ccmpanias and have already been settled.
INPUTS:

The Toll HMaster File output from the ratin 14 process and in
sequance of date within terminating point within criginating point.
ouUTPUTS:

Toll Settlement File with settlement and +raffic Dbreakdown
information

Reporting of revenue breakdown and statistics on call volumes by

gquantity and tinme,
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The Poll Ssettlement Pile is accumulated aftsar each rating
DIOCESS. The file 1is wmaintained after sach rating process with new
settlenment tolls being added in seguence to the existing accumulation.

Bach scttlement period +he settlemsnt reports are run and all tolls

INPDTS
T0ll Settlement File new transactions which have been created

frem the Create progranm.

DUTPUTS 2

New Settlement Faster File containing only tolls after the toll

0ll image forwm {ie 80 character record of

b at
4o3i

£
i

and not including place names efc.).

ormation reguirs

Report showing the Settlement Revenue Breakdcowns by opsrating

vts Rilling Information and statements for custcmers in saguance

by #ats associated telephone number.
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small number of
The
tad

n
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Changes to
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Frequently thi
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in the bhatched af

the files
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when tolls are e

applications which reguire that

seguences are expensive to

statistics as qjustification for

being processed to produce

anticipated when the gystems wers

auditors

cularly critical

designed.

~
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o3
ev It is

they

veral problems arise.

on the tyo files since

rs and operations staff have

are not mwmissed from one

@

wvhen a rerun must be done

egquential. Enguiries against

ire a sequential scan of the
asertad into the billing and
whole

sedu

system for a
antial nature

passed even when inputting

arsa
cther

frequently
frcnm companias
reflected
stage without a complete
toll

a custcmer complaint.

files cannot be

causes problems in
of
the toll files bhe processed
%¥ith an increasing

the toll

oparate

@

rate aprlications,

breakdowns on many catagories not

Future reguirements

dictate +that the entire file must be nsed in producing statistical
analysis, rather than a selected sanmpling as is now done. The problen
of sorting such a volume of reccrds intc many and unforseen sequences
reguires +that a soclution be found which allows dynamnic enguiries
without the necessity of constantly sorting +he files Such a

facililty may by a database
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A Databas2 Sclution
Taing e facilities of the COC Data 1A

{TDLY it is vpossible to design a schame which encorporates into a
single occurrence of the data, the structures required to satisfy
present and and future r;quixementse

If we look at the exis twe major hierarchical
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data struactures are being utilized, These twc structures relate the
same informaticn but in dAifferent relationships. In the toll billing
sub-systen ecords are related by billing-number. Tn the settlement
sub-system records are related by traffic-breakdown, originating

point, terszinating-pcint and bil iling-nunber.

8illing Data Structure

I

[ ] |1
vV vy Vi

o e e i ¥ e e e +
I Originating I | Tvtﬂwvallnq | i Charge I
{Point Record | | P01n Record | ] Record ]
A e R — o e e + o e e e e e
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The combination of these two data structures into a single
structurs produces a network siructure which can be implemented and

3

used in a database

BILLING AND SETTLEWMENT TATA STRUCTURE

e e o e e +
i Billing i | Traffic Breakdown]|
| Recozd ] ] Record {
Frm e e e e 3 F o e e +

+___. _____ e e o ot _..._.___.+ +,...,,,._._4_..._._T ______ _,..-..-+
| Chargs |========s==) | Originating }
i Record STEs=sEITEEE Record |
+ __________________ — +. ___________ SRS S — —-}-

+~ e R i e o

] Terminating i
] Record |
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In the batch systenm each record of each file cor
ococurrencs  of  each of the records defined in the database structiare.
Somae  of the datahase 1records occur redundantly through many of the
hatch systenp records. Assuming an  average file size of 13 % 10%%6
records on each f +the transaction files and a record length
xcluding spa atad for expansicn) of 137 bytes, the sequential

o c
and index sequential files occupy 17.83 * 10%%8 bytes of external

In order *o calculate the space required for the database data
‘}.

structure it is convenient to define the fcllowing notaticn:

)]

= a unigue occurrence of the Billing Record.

—3 —d
i
o

ed numbar of occurrences of N1 in the database
tely 2,500,000.

11 = 1lengt

i

of N1 in bytes ewcluding ccntrcl information. 11

b=

AW
I

o)

unigue occurrence of the Originating Record.

N
t

expected number of occurrences of N2 in the databhase,

nupber of unigue originating points in the Bell System. n?2
4,000,

12 = 1length of W2 in bytes excluding ccntrcl Information. 12

N3 = a unigue occurrence of the Terminating Record,.
n3 = expected number of cccurrences of N3 in the database. n3 =
number of unigue dialable places in Ncrth America and the

world, = 40,000.

it

13 = langth of ¥3 in bytes excluding ccntrcl information. 13
27

N4 = a unigue occurrence of the Traffic Breakdown Record.

n4 = expected number of cccurrences of N4 in the database. nl =
average number of other companies settled with in a normal
month = 8.

14 = length of N4 in bytes excludiag control information. 14 =

N5 = an cccurrence of the Charge Record.

(@]
i

n5 = expected number of occurrences of N5 in the databasa. nf

1 per toll call made = 13,000,000,
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network structure s@pecified here, is the sum of the products of the
lengths and thelr raspective expected frequencies plus the

pointer overhead. The data storage requirement is 7.92 * 10%%8 bytes.

e
inter overhsad requires .52 * 10%*8 bytes. External storage
required to stors the database is €.44 * 10%k8 bytes, This is just
under 50% of the batch total. A saving of 9.39 * 10%%8 hytes. While
the space saved 1s imrressive, similar savings cculd also be obtainsad
by other means. For example using an assembler routine to code the

data items and eliminate npull f£ields would likely produce a 30-40%

n

aving 1n storage reguired. More dimportantly the data is stored

non-radundantly 1in the database. Toll quantities can be controlled by
operations and audit staff. A single processing of the tolls is
sufficient for both

In addition all cther applications
using *the toll information use exactly the same cory of the data.
The Originating and Terminating Pcint rec drds can be directly
ieved and urdated. An update 1is immediately reflected in all tolls
referencing these records.
Sattlement and Billing +tolls are available for random or
seguential processing based on their defined key fields.

New inter-record structures can be added to the database without

impacting 2xisting applications.

Future savings and flexibility can bhe anticipated as the Billing
Master and Eguipment master files are integrated with +the toll
database, Billing and zguipment files duplicate all billing
information. The integrated datahase allows custcmer service
representatives

to access all information about a particular custonmer.

1swers to many and varied reguests.
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D between eguipment rental and tcll revenue?
Wwhat 1s the proijected tcll revenues for *this menth in a particular or
all billing cycles? What is the percentage of bad debt ratio caused by
tolls? What would tcll revenues have been if a different toll rating
a r

had been us=sd? As new gquestions are developed new set

ips may have to be developed, These should bs evalunated as
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to theilr impact on the total system., It may be necessary to implement
non-nprocadaral to allow the creaticn of temporary areas to

0
dvynanic requests. In this way the database

remains uanchanged and seldcom used set relaticnships need not be
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