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s ABSTRACT

~

. This project will implement an interactive system that '
. i ok |
allows users to interrogate the hierarchic program Library Index.

<
Major components include transformation of the existing

Index into the necessary Data Base and the Design and Implemen—
tation‘of the interactive query-answer system.
The system will include the SCHEMA, SUB~-SCHEMAS . and the ,

required anolication Programs.
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CEAPTER I
6 ,
"INTRCDUCGCTION . \ -

This project 1n\o ves the design and the inplementatiﬁn
of a Data Base which will use the software modules of the CDC-
DMS-170 system to achieve its purpose, -

_ The data will be stored in records forming files which
will be joined togethér.in meaningful relaticnchips.

The D}S-170 functional configuration is shown in fig. 1
together with 211 modules comprising the system (DDL, CDUS\\;C..?

Before we state the problem and the method which we will
use to attack it will be wise to state some definitions and intro-
duce briefly some ternms used"in the design of 2 Dgéa Base.

in CHAPTéR-E we will discuss the gesign of the Data Ba-
se for the particular problem and eiplaiq the reasons vhich led us
to uee that specific approach. |

In CHAPTER-3 vwe will discuss the imnlementation of the
Data Base, the vraogramming techniques used and the difficulties
faced in implementing the Data 3ase. |

_We start with a brief theoretical description of a Da-
ta Base. . “ ‘

A "Déta Base" ma; be defined as a 6ollection of interre-'
lated data stored together without harmful or unnécessary redun-
dancy to serve one or mcre applications in an optimal féshioh;n

the data are stored so:that théy_@re independent'of precgrams
which use them, )



"

The above definition introduces the following maiﬁ attri-
butes of a Data Base, -
i) Data independence which imvlies that the data and the appli-
. cation program; which use them are independent so that either may
be changéd wifthout changing the other. .
ii) Beal-timé accessibility wﬁigyﬂimplies that the data wi}l be
quickly (fast reapongg) available.to users at almost all times

/
when they need then,

iii) Privacy which.implies that unauthorised access to Fhe data
will be prevented, | ‘

iv) User-machine transparency which implies that the user need
.not use the 1engthy oneration of writing programs in any progra—
ming language to retrieve the data. ‘

' The methods to attain all these attributes will be dis-
cussed in ch. IT, where the design techniqués will be lajiped,

The design starts with a logical description of t ata

Base, re%erred to as a Schema. | .
DDL: is a high-level COBOL-like 'language used to describe the
schema, from the designer's chart'td ygogram-statemen;s easily
assimilated by the‘Cogputer, through the DDL-Compiler. ’
A Schemé: is.a chart:ofldétailed description of the entire Data
Base,*

- The description is gen;rated\by-ﬁDL statements that nane
: the schema, organize it into -addressable storage units (files)
called ggégg, and describe each record together with.the charac-

-~

teristics (mode, size) of the data comprising the record.

w0 25 AR
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* Only one schema exists for the Data Base,

+

The descrintion starts by giving unique names to all the
above-nentioned addressable units, It also establishes and na-

nmes the neaningful relationships which join the different files,
. . . e .

-

A Sub-Schema: is a chart of detalled descriptions of the portion

of the Data Base that is available to a_particular progran.

The description is generated by DDL statements and re-
places the DATA DIVISION of all¥application prograns using that
portion., Any number of application programs can refer to a sub-
schéma.. Any numbér of sub-schemas can exist for a Data Base.

The format of the Library Tndex has been designed and
dikcussed by K. A, Redish in a Paper: "Tree structures for a Pro-
gram Library Index", where an explanation is given for the reason
why the Tree structure classification was used to design a user-
orientéd vrogran Library Index.

A very short summary of this procedure'is given below,

According to this method, the various fields of interest
(problems and éﬁb-problems) for.-which there are available routi-
nes, have been given classification numbers and classified thus
into successive leyels in the form of tree structures (fig. 2):

Tﬁe root of every Library tree, labels a discrete group
of related problems; every child {(a node of higher level) is re-
ferred to a subgroup of its father group, so the "pathchart" is
effectively ja tree and so ideally each path through this tree will
end in a unique leaf where the routines (if there aré available

ones) will exist for a particular application,

L



If there is“no routine(s) for a certain application, the
Data Base facilit} will allow tie ingertion of a routine(s) as
soon as it becom8s avaiiable, without causing any "havoc" in the
system or any moﬂification of the existing application programs.

The source da;a to be stored in the Data Base have befh
provided by Dr. P. Dunmore, program Librarian, in the fgrm of fi-
‘1eé containing information concerning the different aVaii;ble
routines of the subprogram Library to be used by indiViduals‘Qho

-

wanted to solve specific mathematical or scientific'problems.

The parameters of the existing ;outines are stored 2 a
separate file which is linked to ®e routine file, so anygﬁz'can
retrieve iﬁformation concerning any parameter through the routine-
parameter relation if he knows the routine name.

There is f;gally a private file wvhere informatlon nerti- .
nent only to the program librarian is stored and it ;s only acces-
sible by him through the routine-private relation.

The librarian can access this file if hé wants to retri-
eve info;matioq_ab;ut any routine; this file is inaccessible to
the user,

The design of the Data Base has been done on the basis
that it will be used by interactive programners. )

The strategy of attack is a\top-down query ‘of the Libra-
ry tree down to the leaves, where the specific routines are re-
trieved. Then the user can éet any information concerning their
tasks, parameters, control cards etc,

I; the design of the systen Ehe man-machine dialzgue has

Y.
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to cenform with a sample dialogue proposed by P, Dunmorg/for

wvhom the system primarily has been dé;iéned.

The sample dialogue below is given to Ehow from the very
beginning one of the mg}n objectives which the Data Basq‘system
ha;“to fulfil. _

'g§§g—indicates the interactive user at the terminal.

CRT-indicates the system response on the TV-terminal.

ol O Al s A L A



CRT:

SAMPLE DIALOGUE

4

HELP, LIBRARY °

THERE ARE AVAILABLE THE FOLLOYING AREAS IN‘THE LIBRARY

A, FACILITIES, SORTING, PLOTTING

CHOOSE ‘ONE: -

-
€

B, STATISTICS

C. ENGINEERING

D. NUMERICAL ANALYSIS

? A

SELECT ONE OF:-

0003
0106
0109
0302
0306

0601

0606
0607

0708
0804
0806

? 0003

"TAPE HANDLING

FILE ORGANIZATION

TIMING

-

COMPILERS

PREPROCESSING AND EDITING

SORTING | |

CHARACTER AND SYMBOL MANIPULATION
INFORMATION CLASSIFICATION, STORAGE AND
RETRIEVAL | ¥
INPUT.

OUTPUT-BCD

PLOTTING

SELECT ONE OF:~

}  0003A -VOLUME



Q003B PART

USER: P COO3A
CRT: SELECT ONE OF:- &
O003AB  COPY
USER: 7 00O03AB
CRI: _WE HAVE THE FOLLOWING ROUTINES:- <
1, COPYST - UTILITY PROGRAM TO CONVERT A CODED SCOPE
«  FILE TO A STRANGER TAPE-USEFUL IN® TRANSFERRING DA-
“ TA FILES T0 OTHER INSTALLATIONS.
| 2. 'TPCON - UTILITY PROGRAM TO CONVERT A 7~TRACK
'STRANGER TAPE TO A FILE IN SCOPE FORMAT.
» IF YOU WANT MORE TNFORMATION ABOUT A PARTICULAR ROU-
TINE, PLEASE TYPE NAMES,
USER: P TPCON Q
CRY: TPCON - CAN BE ACCESSED WITH CONTROL CARDS GRRS
(ACLIB), LDSET (LIB MCLIB) , ,
USAGE IS: ’ ‘
| CALL TPCON (A,N,IA) ' ’
20 YOU WANT A DESCRIPTION OF ARGUMENTS OF THE ROUTINE?
TYPE YES OR 10, |
USER: P YES .
~ CRT: THE ARGUMENTS WRE AS FOLLOYS: *¥"

A - NUMBER OF CHRS IN INPUT TAPE
o N - NUMBER OF CHRS IN SCOPE TAPE -~ - "~
IA - FORMAT CODE

DO YOU WANT MORE INFORMATION. FROM THE SYSTEM?

I'd



TYPE YES OR NO. /

USER: ¢ HNO

w——————— *

— OFF

Q
o,
-
.

During jhe design of the Data Base system the data have
been stored in such a way, as to be able to conform with the abo-
ve mentioned format of the man-machine dialogue.

Data concerning the parameter file have not been providéd
due to the fact that they were not available at that time, so the
dialogue stops at th; end.of the routine level. ‘

The schema and sub-schemas of ﬁhe entire Data Ba@e, enconm-

pass the parameter file, so only the application programs to

[}

create and retriéve that file need to be written in the future,

vhen the data for the file exist,

** The argument description is ficticious for display purposes,
since no argument information has-be?n provided yet. :

¢

-
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CHAPTER .II
THZ PROsGRAM LIBRARY DATA BASE

DESIGN LT

SCHEMA %

R

A system study originates with a recognition of a pro-
blem within an organization, then the analysis of the problem ’
becoqes a proaect. ,

There 18 no easy formula or checklist approach to making

-a systems study or development, since each case is different. )

/

Ohce the problem has beeh posed, as explained in ch. I, a design‘.

step-by-step bettom-up prscedure will be followed to organize the.

supplied~informstion in the form of data itens, inte aggregates,
files which will compose the Data Base. A’{}owchart"of the de-
sign procedure is\given in figi e |
2.,1. Probiem Deflnitlon. .

This is the most important and it has already been sta-

ted precisely and agreed upon all napbtsssconcerned.

A sample of the'output format has been defined and given .

»

-2.2 Information Gathering -
As the flrst step we become famillar with the existing

R

system, the history and backgroung of organization.

The design of the Index, the classiflcatzon trees and the

related routines attache@-to the‘leaves of eachltree has already

»

<S>
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,” been done and supplied to me by K. A. Redish.

The Daya concerning- the classificatiah trees and the re-

@

elated subroutines already exist stored in direct access devices

undexr certain item forméts, and Héve been provided by Dr, P. A,
Dunmore program Librarian in the form of two files concerning; -
1) Data for the classification trees.

ii) Data for the routlnes related to these.

" The format of these, data items' the type, size, and the mode of

each one have been specified to a certain extent, Of course-

these data will be reduced or expanded and reorganized so as to

‘fit our des%gg (record and file structure) without violating the

required specification.

The specifications of data sppplied were as follows.

24201 Data conce?nlng“classiflcation trees:
 Here we prespnt the data supplied, their size and fype .
( A,lehaﬁetic, AN alphanumerié, N numeric) and the;r gescription.:
1. *Classification code: 12 AN chrs, of which the first four(s)

. are digits ideptifyiﬁg (selecting) a particular Library tree out '

J‘\?I

of Library Index; the remainfﬁg 8 chars are-letters to select any

one of the subordinate nodes of-a higher level, filled with blanks .

to a total of 8 chrs. An example is given in fige e
é. Library Index‘ A chrsy which is blank 1r this subgecﬁ is .

T included in the progr L1brary Index, otherwise the letter .

“3, Note: 4 A, not, in use e for the-time being but the space has
been resenved by blanks for future use. ‘

he §2b‘éé€ descriotion: A' ~ ¢ .

PP'
It =



" Procedure followed for the data base design.

*

A%

.

1)
PROBLEM DeFINITIONM

A

INFORMATION GATHERING

-Callection of xl) exis
ting data & informo
tion concerning the
System

W

PATA . MANACEMENT

~'scnema evolation
thru NoRMALIZATION
technique

- Pt orgaxn/Eion

L

FiLE D‘éilGN

-Record type s
» length\

» layout
A
File .:.l.é’eure QN&

» or8anizakio
Method of sterage
Selection of Keys

‘Relaxtions

YE s 4o s

i

N

| FINAL SCHEMA

-

&

| FIG.. 3

13
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code, describing the partidular subject,

2e2+2 Data concerning the subroutines:.

The following data are specified for every subroutine

available in the Library,.

1. Routine name: 15 AN chrs, which name the particular routi-
ne; although it should be unigue for any particular. routine, the=-

re is a group of routines which have the same name (SPSS). For

the time being no one routine has more than 7 chars, but it has

been required to reserve space for future expansion,

2. Library name: 7 A chrs, {t refers to the Library to which
the subroutine belongs. This Library may be onéxof the following
eight: MMUIMSL, SSPLIB, PLOTLIB, MACLIB, ETSPACK, OPTISEP, BIDP,
BMD, o |

pa

3, Availabilivy level: 1 N chr, in the range from O to 4; for

the time-being only tkree "levels are used:
‘l. means that the brdgram~is available on~line to all jobs,
;A"main-program caﬁ,bé §Xecuted\by a single control card
and this particular saibroutine can be called by any FT -
job. |
2. means that the program is available on-line, but that
additiogai control cards are required to make}it.aVailf
~able to.your -job. ﬂ
3. means that the proéram is nbE available on-line, but
."that a soyrcedeck may-be obtained from-the~épp1icgtioﬁs
%ibrarian at the Computer Centre. L |

4, Supvort level: 1 A chr; one of A/B/U/X. It indicates the
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support priority provided to this subroutine by the inétitution.

It may be one of the following: ’ .

. A, means that this routine is fully supported by the Compu-
ter Centre and full priority will be given in its debug-
ging, by the programming assistant.

B. means that -this routine is supported by tke Coquter
Centfe, in the sense that errors will be corrected when
resourcés available to the library maintenance effort
permit, - |

Ue meaﬁs that th; routine is unsupported, and is made avail-

able to users on an "ag is" basis. ‘ |
Correction of any errors is the responsibility of the
user,

X. means that the routine is fully supported by external

soufces at-a level comparable to that of level A,

5« Documentation number: 8 AN chrs, a reference to the docu-

mentation of the program.
i
. o
6. Classification code: 12 AN chrs, the same as the tree Tlas-

s;fication code., It ﬁeans that a‘pointer in the node-record
points to the routine-record having;the Same classification code.
So several routines may have the same classification code (in ca;
se that more than one rou}iﬁe\exists.for ; certaiq subject).

7. Description of the routine: An - alphanumerlc variable

text in ASCII code, glving the descriptidi of the routine's, task.

8.-4Argument ‘names: 7 AN chrs, the names of the routine's para-

meters in the order they appear in the call statenment,



The number of parameters for each routine is variable.

9. Type of arggmeﬁt: 1 A chr, one of R/I/D/C/H, that mean,
Real, Integer, Double Precision, Complex, Hollerith respectively.
10. Innut/Output: 2 A chrs, one of 1/0/I0, that means, Input

variable, Outpui variable or both respectively. '

‘11, Descrivtion of argument: Alphanumeric Yariable text in

ASCII code, describing the use of each parameter.

12, Pointérs to equivalent arguments in other routines: For

each argument there are several data items, indicating the name
of another routine (mainly in matrix_routines) where an equiva-
lent argument is found.

?

13, Source language code: 1 A chr, which may be F/M/A/C, that

specifies the languaée in whigh the source code of this subpro-
gram has been written.

2623 Data concerning vrivate information:

-

There are§data which either are of non-importance to the
user or itheir access nmust be prevented for »rivacy reasons or
both.. On the contrary thé; are useful and imzortant to the »ro-
gram Libr;rian (statistics, information reasons) so these data

are stored in a different file,

1. Source tape: 7 AN chrs; gtores the tape Label containing
the binary code of the particular routine.
2. Deck name: é AN characte??.

3. Monitoring nane: ?‘AN chri,

L, " Filé position within source: 1-100 &igits.

5. Documentation source: 1 A chr, may- be I/X/U.
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€. Meaintained by: 4 All chrsz. This data item can {;;e us to a

rmaximum of L occurrences.

2+3 ~Data Management:

" Data management is he process of organizing data into a
logiéal structure and providing methods of access tec these dat;.
Here we shall face the problem of:
i) Structure céfdataJ
{g) Organization of data. .
The question pf how data should be structured ddépends upon the
hierarchy of information., |
We‘proceed from the (bottom) lowest form of data to the

\

’ highést (data item-record-file-data base),
The method which will be used is based upon the Normali-
zation technique discussed by James Martin in his book Computer

Data Base Organization, ' -

~

2e3.1 Normalization technique:
. : - .
Normalization technique solves the problem of complica-

ted Data Base systems. As a Data Base grows, then the system

o

- becomes complicated, cumbersome, inflexible since the logical .

linkages become a net web, Entanglements built up in trees -and
F

"

. ~_/ .
plexes are solved by the Normalization technigue, This technique
is applied to the logf%al description of the data (user's view)
and not to the physical representation,

: . ® : . ‘
Normalization: is & .process which step-by-step replaces complica-

-

\.ted relationshins (as in networks) by a 2-dimensional tabular -

form {.flat file), without loss of any information. This step-by-
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step prccedure is based on the principleﬁ

m A file which is "flat" (fig, 5) except for a repeating
grouv, can be normalized by removing the repeating group into g
separate table or flat file without any loss of information",

B B .
The new file related to the previous one (as consisting

a vart of it) is given a new name, ' /
. /

2.3.2 Schema creation procedure:

r .
The following procedure is ndthing else than a mere '"nor-

'

malization of a tree structure" as our problem is. 'This procedu-

sire is going to provide a first approximation to a schema for the .
designed Data Base, Other considerations then, are going to

establish the final form of the schenma.

From first glance at the data which we have at our dispo-
sal we see that they can be easily divided into thfee~discrete
groups; the data concerning the classification treeé,:the data
concerning the rou%iﬁes, gnd privéte information for eﬁery routi-
ne. So, based on the fact that, a record consists of all data
items logically related to one particular object and a file.is
a collection of such records, then as a first approximation we
should expect three (3) ;écord types and tﬁe.cgllectionlof eac?
record type composes one file, so we have three (3) files.

In one file we store all the records concerning the clas:
sifiqétion trees, one record per node, , :

. In the second file we store all records concerning the

available routines, one record per routine containing all theé da-

. ta related to this routine.

The third file contains all the records containing "% =
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Fl

te information ﬁonccrndng‘the‘available subroutines, one record
ver rputine. ?his file will be inaccessible to users for pri;a-
cy reaso@;.i_This observ?tion at the beginipg may oe a;good.hint
for the future. A |
WYe tny now, to deduce the schema using the normalization

: IR
techniqde, knowing from the above observation roughly what we
should expect as a result. = Our basic structuré igsaﬁclassificg~
&ion érge,\where each node of this tree is of the saﬁe recorg
kype (one node for each subject) and everyotree extends to a dif-
ferent level, Therefore the classification tree is a homogenedus
tree of variable depth. S0 it cah be represented by cne file

ccnsisting of one tyre of record.

At a leaf of the tree the routines are attached from O

(no-routine) to any number of them, Since the routines attached

to a node consist of repeating grours ve normalize. We start by )
removing the repeating group (o% vector) intc a separate file in-
corpbrating as a key of the relation or as a joining item in the
new }ile the key of the file abowve it. This procedure takes

place at every level until all repeating groups (or vectors) have

»

-'been removes and we end up with a flat file.  With such a proce-

dure the tree structures evolve into successive levels (a file

ver. level), In fig. 6, 6a the successive diagrams show how the
first a~proximation of the schema is derived throqgh s ccessive
apélicatigns of: the normaliZatién technique at eéch level when-
ever a ré?esting groun is encountered.

At the next level, in,the'routine file, every routine re- .
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T

: . !
cord contains the arguments of t:e routine, which viyéf:n nunber

'

together with the argument details. So there i§ ﬁﬁrepeating

groun, which is removed and é new file is formed containing‘the
arguments of each rbutinE'on a record type. Care should be taken
in the new file to include as a.lining ‘item the xey of the rou-

tine file (routine-name) together with each argument of this rou-

N <

tine (cne to many relationshin).
Privacy requirements alsc dictate another record tyve to
.form another file fér all vrivate informaticn. .QO,JWe naintain

. s T
one recor¢ for each routine t: contain all nrivate information,

comrising another file,

-

|}

‘Cerfain:reétrictions are placed on variable Sgcnrrence
dnta items in the CCBCL sub-schema. if the CCBOL sub-schema is
a consideration when the seaema is created, tﬁe following rules
apély: | A

~Onl& one variable occurence data item can te specified
for a r;cord.
~This Varlable occurrénce data item must be the last itenm
‘1n the record,
Jased cn taese, we ooserve that 1n the record type of the
arfument flle we have two ;arlaole occurrence data items (they
are sc spec1fled in our subplied data) the variable text of the
argument description and the_Vgrgable numoer of"thg vointers to

other routines, So we are obliged‘to norrmalize further, removing

. N AN - o . 6
one of the twd’repeating items 'into a sevarate file. Te.can
A . v : [ ‘¢

choose either the description or the pointers (#ig. 6b).:
. 3 . e LI -
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v
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(Removal of the argiment repe /a, /ing group). -
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We prefer the first choice in order to have all the mariable tewt

in one file; so- the first schema-approximation is given in fig., 7

2.3.,3 File desigﬁ:
File design requires the description of the characteri-
stics of the file.épd the records which make it up, including
. :each item withing each record and its position.:
f To refine the schema untiltthe finalhform is- achieved,

some additional factors must be taken into consideration.

Record tyne' Since variable text exists in esack file (node des~

cription, routine descrintlon argument description, pointers) a
variable lengfh record has to be chosen for each file, CYBER Re-

+ ‘cord Manager (CRM) which performs execut&on—ﬁame I/O processing
for'DMS-l?O,‘supports a variéty of record typés from which we
nust choose otie, 'Thesé record types include fixed length (Ri::F),
Zero byte (RT——Z) and character count (RZ=D)., An easily handled
1ength record is the trailer count (RT=T) which we choose ror all
‘t‘qe files, excent the: Tas;,? 6ne (private) which will be chosen to
be of type fixed (RT=F) since it contains a vector of constant
length (4 times). - .. }- 4n’ | L : ,

N

RT::T-type recordsz consast of a fixed-length base and a variable

number of fixed-léngth trailer'items. A couht ‘field (a data; item:l)

*n the flxed-length base spe01fles the number of flyed-lenght
o trailer itemg appended to each record.‘. |
- COBOL sub-scheﬁa requireé thatr
.~The data ltem controlllng the. number of occurences of

the variable size vector should be, the item Just be-

T e——

$
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) ol
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ARG-NAME | _DESCRIPTIO

FIC.

ARG-NAME POINTERS .|
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~

6t Separation of more than one

per record, '
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) .
node -4

-

'LASS-COPé] LIBR-INDEeX [MOTE ‘SUBT-DESCR -

rouyhnc

RouT-NAME | ROUT-DeT |TEXT-PEsSCR

1

ARSUM~NAMS ARSUM-DET

3 \

PriJva ke parameter,
|rriv-inE0®] owiNers ARGUM~- PESCR

NORMALIZED FORM OF THIS SCHEMA

NODE (C}4SS~CCDE, LIBR-INDEX, NODE, SUBJ-DSSCR)-

ROUTINE zCLASS-CODE, ROUT~NAME, ROUT-DET, TEXT-DESSCR)
ARGUMENT zCLASS-CGDL‘, ROUT-NAME, ARGUL-NAME, ARGUH-DET) .
PANAMETER (CLASS-CCDE, ROUT-NAVE, ARCUL-ITALE, ARGUM-DIZCR).
PNIV'TE (CLASO-CODE, ROUT-NAME, PRIV-INFO, O MIR3)

Thé item nrior to parentheses is the name of the relation,

"The items inside the parentheses are the n2mes of the data
itens,

The miderline_\d ‘itens are the primary keys,
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- fore the vector,
The format of a T~type record is shown in fig. 8. According to
"this format, another data item, the counter field, is added to

¥

each T-type record. :

Layout: The positioh of data items in the records is not critical
' \/ ’

in most cases, but it should follow some logical sequence which

will be easy tc read and understand. Exceptions are thre vari-

able vectors, which must be the last items-on each reccrd and the

count filed the last but one.

Actual record length: The totzal number of characters contained in

the record should be specified.

‘

"For T-tyne records the formula is:

*

Actual Total Length= HL+ (n x TL)

HL+(neTL). h
7 : | -

W
l':::; 'i n Truu.ers of 1!\'\3“! TL
n § y -« e e o
-
&-CL-1L, C le—TL - ’ Tl —p
i . :
. 1 * ® [ n
' . H L .

¢ ) . Tetal length . ’

| FiG. § THE FORVAT OF"T~ty?€'RECORD

AN



where HL Header length (sum of characters of ail data items).
TL Trailer length (number of chrs in one trailer iten).

n ---An integer from O to n.

’

To define the size of the integer n we consider -the next condi-

tion. .

Future area: To avoid having to change an entire file at some la-

ter instance, some blank space can be left which can be defineéis
as "For Future Aree Use",‘on any record type for which we expect
~ that more data items will be needed for ﬁhe future., For existing
vectors, mofe trailers than We need nov sheuld;be taken, for fur-
ther text addition, This consideration affects the size of the
integer Ne ‘ - o ..

In our case a data 1ten has been reserved in the node-
record now filled with blanks.

To define the maximum size uf the count-field data 1tem
so as to reserve the necessary space in the schema, we made a
test run of the-sﬁpplied files conta;ﬁing the data for ?he clas;
Eification_trees and the routines. A COBOL program.extracted the
‘ maxmmue number of the trailers from each file whlch wvas found tc
‘be 8§ 1tens for the node file and 44 items’ fcr the routlne~f11e
(of 10 chrs each) containing the vgriable ASCQ; text.,

To take care for the future addition of-Lore record in-
stances o”'nossible expansion of the variable text, in order to
glve nore information, we increase the number of traxlers, so the
lscbema will reserve the necessary snace for the variable te"t_ )

’

'1n advance. . We,reserved respectively 25 1tems-f0n the node-re-~
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cord and argument record, and 100 items for tle routine-record
and argument-record,

Life: The life of the data file should be specified in terms of

the updating cycle (daily, weekly, monthly) refention periods
etc. In our case, since .the file is almost not volatile at al
no consideration has been taken at all for the updating (&dditionm,

deletion) of the files.

Number of files: Ve have created five apeés (files) with one re-

cord type per file, in order to avoid the use of record code ne-

1

cessary when nultiple record typés exist within % file.
?REEAREA-‘stOres the data concérning Library trees.

ROUTAREA-~ stores tﬁe data concerning thé routines,

ARGUMENTAREA- stores the data concerning routine arguments, exc;pt
argument descriptiqn.

 PARAMETAREA- stores thé variabie te;t"of arguments description.

PRIVATEAREA- stores information éoncérning only the program li-

PR - -

brarian, inaccessive to the users.

File organization: Four filé organizations are supnorted by CYBER
Record Manager gnd can be éccessed by CDCS: sequential (SQ), in-
dexed‘sequential (1IS), direct access (DA} and actual key (AK).

The file choice is specified in the FILE control state-
ment and ‘is stored i@Athé schema directory. The choice of the
organizatioh e speéify for each’érea;(file) depends upon theiéur—
poée.of the Data Base and the way. we want to use iﬁ. \Thg purnose
of our Data Base is\to access data both }andomly and sequen@ially

’

) from glmoét‘all fileé.-

[l
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In the schema corresponding t¢ a file in o program is the
ARZA which is the portion of mass storage, the schema definition

reserves; it can be accessed in the same wmananer as a file,

Treeareca: Both accesizmethods will te used here; sequentially- if
we want to retrieve one or more routines‘;elaied to a particular
subjéct, wve must reach the leaf of the tree whi;h describes the
rarticular subject. To do this, we must traverse the tree from
nodé;to-node, top-dovn through a successive query along the le-
vels of'the tree, leading us to the leaf where the routine or the
‘ ;outines will be attached for our particular choice. QRandomly-
sinée the whole trees representing tﬁe sﬁbjecfs have been divided
into groups of interest, such as Science, Engineering, Statistics
etc., 50 having sorted all relevant trees in group of trees in
ascending order of claséific;tion code, in order not to read se-
quentially, passing through all groups if we want to access a cer
tain gr?up; vie fandomly access the root of the first tree of the

) par%icular group containing the relevant subject and then read so-
quentially the roots of all trees of the group until we cﬁgose
the one which suits*our requirements, Ve then read, sequentially,
from top-to-bottom through the nodes of higher A{Ser levels until
ve get our routines. 5o the organi?ation of this’ file will: ve’
indexed seaquential (IS),

yRouta;ea: This file is accessed through its »arent file,fbyipsing

the classificdtion code*of'Treeérea to retrieve the routine-re-

éordsfhaving the same classification code, attached to the leaf

-
en <

containing the subject of interest. This is a randon access area,

o



If we want also to retrieve information concerning a2 nar- /™
t@cular routine, we use the routine-name as a Xey to retrieve the
particular record instance out of the roﬁtine file. So the orga- ™
nization easily could be DA, but since this file has been orga-
nized before as sequential with alphabetic order of routine-name

for sequential listing, in order to satisfy this reguirement we

choose it to be also IS,

Argumentarea, Parametarea: Those areas (files) could.easily be or-
éanized as sequeptial s;nce they will almost never be accessed di-
rectly, but through fheir ovmer routine record of the routine fite
as will be seen in the relation description below,

,To‘make these files more flexible for future use, in case
someone‘wanted to access these files directly, let us say if one
wants to get information concerning e parameter of a certain rou-
tine, or if he wanted to list the parameters of certain routine,
it is chosen to be IS,

Privatearea: This is the same case as the nrevious two files,

since it is accessed through its parent routine-file,

To make it independent, in case the prograz Librarian
wanted to access it directly through the routine-number we choose
it to be, IS.

»
Methods of storage: Since our fileg are all IS we store all data

on disk, *

Selection of Keys: Since our files are indexed sequential, every

*record should have sone means of identification which is uniaque

to thét record.,



@ {eys are often obvious, however, tﬁey are sometines ﬁard‘
to create,

Another fact which must be talien into oohsideration here,
is that since we use CCZCL sub-schéma, using CORCLS to write the
anplication proérams wve must conform to the regulation that:-

ﬁp dunlicate primary keys are supported by COBOL?.

The .Key of the tree-record is obvious, the classification
code vnich uniquely identifies a sublgct. For fﬁe routine file,"
the routine-name could be eas;ly selected asua primary Key, in .
cg§§'it was unique {(as exvected), but strangely with the supplied
data, there were routines with the saume name;;gttached at diffe-
rent nodes, .This is the cése withuthe 18 routines with the same
name SPSS, attached to nodes with classification code 0804, 1302,

"1303., One way to make a unique fey is to concatenate both data
itens (routine-%ame and glassif-code) and create one Kéy, as the
normalization r;quires. Another way is to create a new Key; this

~

is the way I prefer.

The unique Key easily constructed is the routine-aunmbver,

Simvly at a run of the existing file a counter generates numbers
’ T

<=
from 1 to the number of routines at steps of 10, to allow for
future insertions, assigning a numdber to a created new data item

on the routine-record.

-

In the argument-file,  the argument-name is not eligible

bty itself to be chosen as a %ey, since many routines could have

the same argument for different purposés. .Again as -previcusly,

7

a concatenatirn of routine-name (major Key) and arguuent-nane

.

L v

et

Lt g g
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(minor feyj could make 2 unigue name (this is wnat normalization
requires), but still I dislike concaténation as lengthening data
dtems, so I prefer to crggte a new unique jrimary ey, tﬂe afgu-
ment-number as in the routine-file. .

Aéarametarea, begause it has been chosen IS, it has the
argument-number as % unique primary Key, though it is accessed
througn its‘parent regérd parameter-record., The primary Key for

- . e
Private-area is the routine-number.

~

' Relationships: Here we shall establish thé relationships and the
joininé items, There are taree nelationshiops joining our files
into meaningful relations.

. Routretrieve: The ﬁay we retrieve the particular routines for a

P ertéié*subjeet is to search sequentially the tree-file until we
jéhcou@ter the leaf ccntaining the subject for which we need a rou-

-

tine. Then using the classification code of this node-record as. -

-

a Key, ve réndomly access the qoutine-filc to retrieve all the
routines under the same classification code (alternate Key for®
routine—file), But, if we do not want to use the classification
code as an alternate Key in the roﬁtine—file e simpiylrelétedthe
two files, by joinihg any record instance of the tree-file with
all the instances (one-to-many relation) of the rebord of theé
routine-file having the same classification gpde\witﬁ its parent .
records 6: tree-fiie. This means that we Jjoin a}lvtheﬁroutines
relevant to a subject to the notle containing the subject (in
othef'words,,weréttach the routines to the leaves of the treas).

Accessing the tree-record contzining the suhject of ifterest,



wve retrieve at the sane tirme sll the relafed routines, The re-
!:lation is one to many, because for a certain node (subject) there
ray exist more than one routine,
Routparam: Under this ;elation there are related thrfee areas ({fi-
les), Rputarea-argumentarea—pafémetarea,
Here we relate one particular routine with all its argu;
. ments, one-to-many relation, so we join all record instances .of
routine-file with those records of parameter-file having same rou-: .
tine-number.
In this way, through the first part of the relation, we
retrleve all the arguments of a certain routlne, as soon as We
have accesoed that routine and at the same time also through the
second part of the relation (argumentarea-parametarea) Qe retrieve
the iﬁstance.of the”record froﬁ the parameter-file containing the
description of this“p;rticular argument, a one-to-one relation

between these two files,

SE
FIES

Routnrivate: Here we join any one routine record of routine~file =

with one record instance 6f the private-file containing the infor.

nation for that particular routiné, a ohe;toéone relation.

Kex,modiflcatlon of tree area: The phys1ca1 layout of the dnta

r' the tree-file supplied by the program lerarian was the left- .

kst layout in the top~down~left~right sequence (45Al1 of 'IBN).
"In this sequence (fig. '9) a sample tree (root clasif-code - :
1305) is nepresentéﬂ physically in ascending order of the'classif

ficatidon code key. This layout is of no use at ail ‘for our ap--

. plications, Since we actess this file sequentially in order -to
- N . o



srot the subject of‘our interest, the 1eft—;ight layout will

force tﬁe systeﬁ to read alnost evefy record before we select i
the one ye want, If, }éﬁ us. say, we wanted t'e 1305 'BCA record,
we should read 14 records (fig., 9) before we reach it with the
above arproach, But, if we arrangg'our records, so that we ac- i
cess ever&time all the';ecords (nodes) of a successiveiy higher
level,‘this will reduce the searching time drasticallf. As the
varents of the successive higher levels are collect;vely display-
ed for choice, at any successive display of a level, we shall eli-
’ minafe whole branches (of'highér levelg) leaving only the ones of

interest to search for.

In our case the record 1305 BCA can be séottea in 3 dis-

plays and 6 recards -have to be read before we access it, as fol-

lows: ‘ A
-1st Display - 2nd Display 3rd Display ° o ’ -
13054 conéinudus 1305BA Poisson 1305BCA Random withrepl/ment 4

' 1305B discrete 130588 Hypér/trib , 1305BCB Random with
| 1305BC Random ’ _norepl/ment

. ' .
Al

Since we know in advance, that our vroblem will be dis-.

'créte statisticsyconéerning random vdriables with replacement
, from the lst"display we shall eliminate all the,éontinuods branch,

in ‘the second display we shall ‘eliminate all branches but Randon

variables, in the'3rd display we shaii nickout our record, "

In order to access records wvith = leyelnbyllevel sequence
we nust modify the classification code before we sort the file

.
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into ascending order of this key. To do bhis we adé as a prefix
ta every key its level number (O-max ie&el dexnth), so the key-of"
every successive level «ill be of higﬁer order from the key of its
previoes levégﬁ in every tree. Since the t&ee:file is a collect.
ion of trees, so all the foo%s of the trees (0 Level) will be in
sequence together and all the.lévels o( the same depth of theq
treeslwill'be sequentially ordered, so the system in every suc-

cessive, access will display level-by-level the selected tree's

“levels until the leaf waere the routineSAare, will be found.

To do this modification e increase the length of the

cla831flcat10n code data item frcm 12 chrg to 13 chrs to add the

<

., level number prefim~;n each key bef®re we create our data base:

-

file, from the supnlied one.
The method of modification is an implementation technique,

. ) i ' ﬂ‘ h 3 > 03 . -X%«R
discussed in the next chanter, but. here in the schema definition

$

a \ .
we reserve the neCes ary snace for that. The comnleted schena .

_with relations is shown in fig. 10. The nglCul name of the

_schema LIBRARY, where the schema directory Has been stored, is

\

"HELPLIBRARY.DE.and the Physical file name'gngsCH.’

(-9

o,
: : =
- ", SUB-SCHEMAS 7

| The sub-schema desidns depend on the particular app1lca-
tions 1nvolving the stored data, and every anpllcatlon nay use
all or pert of the data Wn;ch Have been stoped in the devices.

vif a éroup of applications use a particular portion of

( T

N



39

vizy

ETUTN '

VIEVANIWNOBY

VIaviiuvivyg

vIuvinoid

N avIaul

01 94 D (o)x V- (L)X (€)% | toodx | (x| (me
S -+ | smesod- | ravi~ ,
AB-LNIVW |¥003~2300 [AMYN-LINOK | ANVN-%33q 3914 | ¥n0s | ON-INILNOY
1 i —
: . : | 933 ~oaNI Parad
: (obax 666 . | (Me "
' wo«o?do.. i S DTS2
| ¥asIa-uvd Wan' | Wan-p3v
. —=T 23¥ -33% X.._}uf .
Et.:ososc .n‘ .
v ., W]
(N6 66 vy v o [ox| (e | (me 3
Lno-ant | do-as | MASN: , M
Lno-dui | 40-23A1 | wasuy ) o . .
¥-LN10J | LN[0d-s0-0N [ SVLIG -wWasay | ONTL003 | ON-D3y. | . :
w o S TR OFE-Wydvd
- \. ’ . L4
fft _
; ‘\u:o . .
(91X 666 | 6 v ROTEIK? 6 | (€x (VY | (sHIX e ﬂ
- AV=NWN- | DJdAL~ Qov.czﬁ- oM~ [ AD1- | vamy~ . : L
, 11-3M1n 153 -30- dwas | ¥30u4 ¥nes | wndos [-d4ns | qivav} INYN- YN~ . " )
Ax . , HLONZY S1lvLyg-100d - | ON-gs¥1> g dno¥ [ON-INLOOY |
! 1 338 -Laoy
. f ’ . - - . P N
) (o1rx% 666 my & - v ] (gnxs
.h .. NOILGIYISIq -~ naub?.“z... ‘ i f.. . - .
300N “HE9N3T m.roz ,,xunz_.»u.:os oz&,_...mc._u
{ T .uJ.- ) e . N
533 FAON

- : <£w1uw mo »m««miﬁmz



10

. ° .
N ¢
. - f :
N N
. . <., ' .
. ) ' '
. ! .
AY

. the Data Base, then one su b-schema can deocribe these deta and
can be accessed by any nunbter of appllcatlon programs using this
nortlon of the data, Strictly speaking tke schema is nct acces-
sed-directly from'the application programs, but through sub—
schemas. The lntedheebetween schema and sub-schema is the €5CS mo-
dule,‘part of Drs 170 (fig. 1, “ch. I). CDCS_intervenes between

. schema and sub-schema, interrogates schema, converts data, maps °

etc. | : a . , g\\\

QA;‘the prograrW1ng 1evel sub—schema record descrifptions
replace the COBOL ann1icatlon progran record deacriptldns, in
;A other words the COBQL anp‘ication program DATA DIVISION concer-
ning (descrlbing) the Data Base flles involved is included in the

sub-schema which the- partlcular appliéation program accesses,.

A

2. Suh—schema-Comnilation: o

When the DDL¢Comp11er conpiles a sub—schema it stores it

as

in a LIBRARY*,(flg. 11}, This .LIBRARY is automatlcally creeted .

when the first sub-schema is complled and saved, Any other sub~
&

- schema after the flrst is ADDVD to the LIBRARY.

-

Any sub-schema nay be deleted by pURGE comzand of DDL
‘from the LIBRARY. ' )

- “

Any sub»schema can replace another in the sane LIBQARY

2.4¢i Data'Secufitx:

.

In the DMS-170 modular Data Base data uecurlty is achle-‘

ved not through nasowards, but through dif ferent sub~scheaa LI~

“w*

.. BRARIES. - ' e

LA et 4 e =



. \
- \
: ™~
e T "N

THE SUR~SCHEMA : !

LIPRARY ‘ .

FiG, 11

B .
b * »

*

'In case we want: to secure files from user access, then

¥e -create a séwarate LI“_aQY of vhich the name is uSed ‘as a nas-
Ara] H

»

svord and store on éhis LIDRARY tie sub-schemas describing the

Data Base nortigns (areac) which should be for private access.

Sub~ocheuh

%

soue ar-lication »rograz accevses are not avallab e to this nro~

¥r sub-schema IIBRARY different from the.one

‘\

. -

E‘r n\.

'2...2 The Date Base creation sub-schemas: -

Thé fact that not all files are available for the fize

being excevt the two first (Treefrea, Routarea) and for tra;nl .

purposes, on-sub-schemas I used 4 subpschemas (instead of 2, one

-

fov all the files but the private and onc for the private) for

_cr on and one. sub-schema for RetrieVal : ' .



0

L2

The Creation sub-schemas for all the files excent the
nrivate, were s%o;ed on a separate LILCRARY,

The sub-scinema for creation and Retrieval of the private
filg, for security nurnoses, as has been discussed above, has‘
been stored on another TIZRARY, '

The logical design of ‘the Creation sub-schemas has been

drawn with the presuposition that every file is going to Be cre-

" ated sevarately, so every sub-schema contains l flle, TRBEFIBE—‘

CREATIOVSUBl ROUTFILECREATIOJSUBZ, PRIVATEFILEGREATIOHSUBA
(fig. 12, 12a), ° '
Ih‘PA?A&FILWCREATIGNSUBS‘-the case of the third Creation
sub-schema for the argunent-flle ., at the same time the parame-
ter—flle (contalnlng tﬁ% vquable 1ength text of the arguments

description) ls-created, 50 both- flles are created in one runm,

- This sub-schema will contain both files, but not any relation-

ship. Even tﬁéuah there is not any relation defined in the cre-

”

ation subaschena of the two files (argument, pareAeter) uhich are

'supposed to be related by a . named. relationship (Routparam) as the

' schema indlcates, the Data Base CDCS ‘module will interrovate the

-,

schena and will join the ;ndlc ated data items to relate the two -

files (fig. 13), It WOuld be redundant to redefine a relation-

.

.ship‘in the'sub-scheha,‘though it can be done.

2.4,3 The Data Base Retrieval sub-schemas:

The fifth sub-schema, RETRIEVALSUB5 is stored on separate

LIBRARY from the creation suﬁ-sghemas.
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This sub-schena retrieves information from all files but

the private, it will be exactly the saue as tihe schema, with the

only difference that.the private file and the relationship ROUT-

PRIV bet7een Rout-file and Private~file will be absent. All the

other relations will be indicated, as been used for the retrie-

‘Val ( fig. lLl') .

A Retrieval sub-schema for the nrivate file has not been

drawm.,

»

" Distribution of the sub-schemas between

the different LIBRARIES

L3

LTIBRARY NALE

SUBSLIB (»fn:CYL2CRS)

A

PRIVLIB (»fn:CYL3PRS)

]

+

SUB-SCHEMA NAME

~TREEFILECREATIONSUBl: sub-sche -
’ ma for .the Creation of Fhe 1"0-
'DE-FILE. |
_-ROUTFILECREATIONSUB2: sub-sche-
ma for- the Creation of thé éOU@i
FILE. g
~PARAMFILECREATIONSUB3: su;t);sche-
ma for the Creation of the ANCGU-
MENT-FILE and PARAMETER-FILE,
~PRIVATEFTLECREATIONSUBL: sub-
schema for the Creation of tne

P'RIXATE-FILE.

: subf

f



’

DETRLIBR (nfn:CYLLRTS)

b

£

L
schema for the retrieval‘has

not been drawn yet.

-RETRIEVALSUBS: sub-schnena for +
the retrieval of information
from all the files of the Data

Base, except the »nrivate one.



4n COEOL 5, There is mother high level language, with which

&

“CHAPTER III
n oo WPLEMENTATION

PN

OF THE DATA BASE

3,1 APPLICATION PROGRAMS

After the desigh of the schema and the several sub-sche-.

nas and thejir coding, the last step is the design qf the applica-"

tion programs, These are the programé with which we shall use

the.Data Base facility. 'The application programs will be vwritten
DMS-;?O.has an interface, the QUERY-UPQATE*A'which could have
been used eqqally.“f prefer COBOLS, bgcaﬁse? quﬁY;U?DATE is a
machine dependent lgnguage (fd; cDe ma@zgnég); Eﬁile'cdﬁbL cén.be
implemented (with possibly minornmédiﬁicatioqgi on anquachiﬂé..
. 1 The COBOLS progran accessesithe'ééb-schppa which is the -

interface between it and the.CDCS. (fig. 15).,

- - - o
Any CCBOL application program can refer only to one sub-

schema, though a given sub-schena cah‘be referred by any number
° 4 , - . '

of application programs;‘ The coding of an d»plication program is
the same as a.usual COBOL‘prqgfam, with some minor requirements:
and féstrictiqns. These are found in the CDC~CDBOﬁ5'refere;ce
maﬁual; . e ‘ ‘
,~A required sub-schema 'clause in the SFECIAL NAMES ?aré;
graph names the refered s&ﬁ-schema. B ,‘1‘

* . ~The DATA DIVISION does not include FD-gntries-for DB-fi-

~

i 48
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o : : . :

les, because they are defined in the attached sub-sche-

s . % i Lo ‘

. ' X.'.‘la. v . :
~Two more statements, READ and WRITE relations are inclu-
ded in the repertoire and used in the PROCEDURE DIVI-
SION to handle relations which do not exist in an ordi-
nary COBOL pfogramf ‘

2.2 Creation of anolication nrograms:

In our case, ‘the purpose of these programsg - s stnaight~ ,

-~

forward to read sequential files as innut, modlfy them and cre-a

- ate IS-files. as outppt to conform with the file-structure and or-

ganization defined.in the schema. The separite sub-schemas for
every file, require one creation aPPliqation"programafor~ever§
file. Since the format-Crecord‘structure) of the supplied input

files is not exactly the one which we haVe defined in our scheuna

< *0

and ﬂub-SChemas, rearrangements and modifications have to be do-‘,

ne by an appllcatlon program, prior to creation of the Data Base
IS~fiies. - Y ¢

| One of the main purposes of the Data Base facility, ‘as
has.been mentioned in Ch, I, is the 1ndepende%ee of application’
programs'from the strﬁcture of the existing data. To achieve
this, and ?eep creatlon ap nllcatlon programs lndenendent and as
szmple as pousible~ 1nstead of creating the Data Base files di- ,

rectly from the existlng ones, we use an 1ntermed1ate stage. We

create temnorary soquent:.a1 ‘files with ‘the required format, to -

<

) conform wutn the sub-schema deflnltion, and from them we create

‘~the required Data Base,IS-flles. " so UmILETY—COeOL programs wl,d

[



o
un

JowONALY] (R4 NG w..quu g} »nidig

St

. r ‘ )
. - &
. EOTN YTy 3 )
. vwayag-qng " aaunog
| . wpdwo) < swoydIS-qng
.00 708Q3
- o .
L JHwweibory
| . ncozwumia< *
Jsabeuepy 9po sapdwon ¢ wesGoy \
pioday <=1 ! soap 1 wolao .__mmow .,omoM K
. H3BAD 10803 : ) .
aseq) g 103530044 / / |
_Xapuy = o o
) adn g / :
. e . r \ i h w
B , 4 '
. .
A Asoiaiqy - ‘ " 9aun0,
cwaydg < . sdwoy - oo
WINRLIBIY - s
aseg mieg \ 1ad 1aa



o~

'have one letter

51
nake thne reayrangeneﬁts and modifications to the existing files,
prior to crec-tion application programs (fig. 16), SO the crea-

. . ] . N ' .
tion apnlication programs will only be used to transfer the re-

‘cords from the temporary files to Data Base files, record by re-

cord, .

-

3021  UTILITY PROGRAMS:

These COBOLS programs will access the existing SQ-files

contsining the data, modify and rearrange the records'ts the re-

-quired format dsfined‘ﬁﬂ‘the schema and sub-schema and also sort

fhe files-to the sequence we prefer. The resulting output files

\ will be stored as SQ-files which will be used as Input files to .

the db-creation application programs.

3,2.2 °- Temporary NODE-FILE construction:

Classification code mddificafidn; As hassbeen discussed earlier,

instead of left-list layout we shall use level~by-level layout,

by prefixing the level numver in front of the ealstlng clas 1f;-

,9“
cation code. In thls process, we define ail the roots of the -

.ex1sting trees to be of Level-0,

The classification code item has been constructed to be

~a'aoﬁsatenation of q—dlglts (identifying a partlcular tree, out

of the forest of LIBRARY trees) aind an alphabetic part Iilled uy

vitn spaces to a maximum of 8 cnaracters (tree denth is 8 levels}
to indicate the successive levels of a tree (Ch. IT, fige 4Ya’

e ”\f chordlng to the above deflnition the Level-0 of a ‘tree

w111 have all syhaces catenated to the dlglts, the LeVel—l v;ll

d spaces catenated and so on, Based on. that

a .



fact, our srograms in order t: flnd tne Tevel nusber of a nodc Oy
nmust count the nunoer of C°tenated letter on the rlGQt ‘'of the
Q-digvt part, and a851gn thwt coumt as & Level number. Since

there is a maximum of 8 character positions in the item, it is

easier to count the number of spaces 2nd calculate the Level nug-

ber from the relation: T .-

8 - numbe}mof spaces = nﬁmber of‘letters:z Level number ‘
and this nunber iin the range O~8)“will be pref&xed in an avai-
lable 1 character dqta 1tem ahead of the 4-digit number. To a~
chleve thls, we QnDBFIW“ the classif-no data item as a group
(flg. 17) and use tne IISPECT verb of CODOL5 to count the. number
of spaces to the right of the h—diglt part. ‘The resu}tlns flle,
befoﬁe it 1s stored as a temuorary flle,~is sorted with respect

-

to the new c1a331f~coae aata iten; after socriing, the records ha-

ve- been arranged in Revel ~-by-I evel sequence and thus they =re &é— )

cessed by our Qntrleval applﬂcatlon pri L e

-

Durinﬂ the creatlon run the classif-code is‘accoﬁodated

: us a. PIC X(l}) data item (deflned at the sub~schema%o' )

The sysuem chart of the whole procedure is sbown in flg.

" . - . B
18. , |

f3 23 Temnorazy RCJT FILD constractlcn.
%, '

For the Qoutlne-flle">1nstead of'ualng 28 3 prlmary ey

the concatonated routlne-name ‘and cla331f—code, as norm*llz tlon

\]

rrocedure reoulres, we ‘have dec*ded (25 has been discussed in Cn.”

"II) to create a new key, the Qoutﬂne-number‘whlch unzcuely iden-

-

F e PR



suppLigD |\ TEMPORARY

FILES aq-sa;hf;/

ol o e S ok v om >

- e S - - . -

pa . : Vi
UTILITY COBOLE CREATION APPL)
PROGRAMNS ' PROGRAMS
reate 1S-db
EiLES
L . *
. FIG416
~> ’ ¢ -
' ) 7
tifies-each routine-iécord. : - .
S He:}e’ our UTILITY prosram CREATB- 20UTFI-TEMP2 accesses .as

Tnput *he ouppl ed - flle PROGPAP (by Pro gram L_bra 319 modif*es

l

_the clas 51f-code, which is here the 301n1ng Wtem to the NODE-FI-

LE, ¥y the 32me prccennre as has beeq used for the NGDnAFIuE

' Tne only alfference iz that the RObT-xIJB, w111 not bn

sorued wlth respect to the clasolf-code item as wa; the NODm-

. FILE: 1c4wi,l remalv-scmted in the alpnabet*c crder, of the Pou--

]

;tlne~names, tba» is, the initial eequence (BROGP“P seqaence\-wi.l(.

not be a¢tered. _— ~'§h fﬂ*fh' o NP

. u-\, ,

Dur*ng the run wve “ha11 also create the'przmary Le" ctf,

"'~the f;le. As vie tr“nsfer tnc recorae from tbe PPOGUAD~£1;e to

tbe T:hPa flle a counter in rteﬂs of IP dlglts ﬂlll 1nsert 1t;
AB ¥ -

' count in a newly created dat* ltcm, POUTINE- He, . to be used. as

A

. - . . .
° : . ot * v
. - . Ser . , - g .
’ o s [ - 1, . .
.. - . 4



. & pri‘mé?'y xey. - “
With the 10° digit interval between twec succeséive reco;'ds
ve p:‘O\ldEsfor i‘u‘tare inse*‘t*o ¢f routines. With this tec'mi-

., que also, the ROUT}'.NE—-file :i.s ordsa réd automaulcalay in 'tscend*m:
crdpr‘ of its primary key. 7N'o’§hing else special is dene with this
i‘il.e. . The "Creation application E;rc.grams are strzyj;éhi' :(‘oﬂmnd é\nd
the program comments in the li.st,i;:s are enough to ex?i;vin waat is "

- done,” C

""REE-'KE-Y R 4—-—-INPU'" I‘ILE—TR“E"AP
— ' L ' p Definitiaon of the
$ 0,6 A A C. Y- class~code item.
4506 ANC pp |1 e |

7
"XUZ)
SR \_
1
‘. .
‘ 7 CLASSIF-CODE - 4——HODIF/TI0N UTTLITY
AFTR -FiXe PROGRAK
5 0 6 ArTAtC - . - Redefinition of tke
4L ‘ ‘ 1= [ J J “ ‘ item as e Mgroup" item,
! ! (12) ' S
| -
i
| ' R .
!
\ l 3 5 - = nef.mition of the. 'ttem
A D 6 T R ‘
' ‘\ . 4 A T L[ l f L _
B s 1) BT S
A l_..__-__.—nqr;*):x( YEL #). _3 58 S“AGES =5 1E-0. .
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ROTRIIVAL APPLICATTCL PROGRAM:

This is the most important and umost complicoted prorram

~of th prﬁject. It is =2r intcractive CO30LS5 prog;am°which car-
ries out the dialogue wl‘h the user,

By sucpcssive interrogation, the program using the user's
selection as aaguide, buiids up step-by~sﬁep the search Rey.fo

& .
access and retrieve only those records from the file, which are

required in the user a;piication The procedurc is eipleined in
Che 1T, ' \
The Petr1GVal program docuneﬁtatlon “esrpladns in deteil

»almost exbaustlvely, uaao every paragraph in thé “fOCEDURE DIVI-
SICH doése. A Flowchart'of this progren is given in f;g;*l;—19c..

The most compliczted techniques of this progran wil?

21ks0 be discus‘ d here,

2
o

Group-choice:

'fofessor K. A, Reéish, wﬁq handed to ame the Libra-
ry trees, had /already éividcd them into distinct groups,;efér&-
5roup contﬂln ng relevant subaects, ba ed on- the root (of every
tree),subject dESCrlﬂqlon.

The irst choice of the User ie one of ‘the dlab7ay0d
g?oups u&lch will 1nclude the tree which will cont ain tng;nb-
Ject ofv¥%s 1nterest in one of its ncdes.

“ 1 en the User cnﬂoses a froup, the s}stem ﬁst~dis§lay
tne roct;!(O-Level) of alx the treos of ¢ vh; greu;, so the USER

Maj e ablle to choese tne root of the tree wn%bh udst likely

contalng its QuUJect. In case 0; wronrr soTGCtlou tne "chF“w"

~

T ]

[T L R TR



fac*lity, exnleained later,.will allow aim to £o bock and choose

again, If, for examle, hig ¢ ub3act is "Ma *1\ trﬂnonQ91tlon"

the rset "“atrlces" hos to be chosen.

To dowthis:in the vrogram, the lowest and the hisghest

class-code item (key of the file) of O-Level of every group have
been stored as constant data items, so acecording to the groun
ch01ce, the 1owest cTa;s-cod is noves to become the current ey

of searcn -with whdch we start the file randomly. Then, since the
lieys are arrangcd in ascending order eznd the highest key of the
group is also known, a seq/al readinc retrieves all the records

L] ° .

. of the group, one by one, and,the key oif each one befofe being ’

diénlayedvi coupa;ed to the highest ! ey (last reccrd of the .
group) of the group,'which is the conditioq to teruinate the
”Seq/tlal readlng, 50 readlng ends xhen“bnly‘the:records,of‘this
partmcu)ar group are desn1ayed. "

5

Key~valid1ty fa0111tx* Every tine a recnrd lu dlelaved its ey

(class—code) is/saved in WORK IHG—S”OQAG table C"CthA?LE~1n
sucpessiVe'locations G“?CK ITEM(I) ultb the statenent:
ACVL CLAS~-CGDE C :F NODE-LIHE-RQC TO ChEChLITbh(*) in the

CQT UISPIIAY“DAH LY

"
5

Since there are pégggbilfti es of miopunching by the user

vhen he .chooses one of the displéyed keys, the entered kev befcrc

it becomes the current sezrch cey, is coﬁpared x1th a11 tne. saved

«

heys in KEY-VALIDITY-PAR. .Tf it is one of them, thefaystemnpré-’

ccseds tc access the neyt lcv ;1 records, else p 1messige is dis—
N 3 - i ) ..

played to. the user to re-eanter again one of the displayed lieys.

El a . N ~ . 4 ) o . N

~



THE FLOWCHART OF THE RETRIEVAL

" ( START )

[}

v

k2

OPEN THE FILES

DISPLAY TO THC USER MESSAG
ES ABOUT THE PURPOSE OF THIS
FAcn.\‘rY AND leTRUCTtoNs
HOW TO ULSE IT

-

v’

\n
2

PROGRA M

vy -

PISPLAY TO THE USER THE AVAl
LABLE €ROVPS OF THE LIBRARY
SUBJECTS FROM WHICH TO.CHOO
SE ONE

THE USER SELECTS
AND INPUTS THE
-GROUP WHiecH -
‘SUITS WiM BEST

FI6, 19

Gnoun

D!SPLAY 70 THE USGR ALL THE sul
JECTS INCLUDED N T™E 5&&6(1‘(!3 s

{0-devel mispiay

Here all the roots
°f the krees inclu
ded-in this qroup
 xre disﬂaygs

}"9}‘- 'en! _DISPLAY’

ch uu nales with
the same major Key

are d ;splay‘rj P

o, g
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n
\le)

.
M - v

DISPLAY TO THE user ALL
THE RECORD OZCURENCES
OF THE SUBJECTS OFTHE
LoOwWER LEVEL FROM THE
ONE JUST PISPLAYED, IN
CASE USER MAY CHOOSE
PNOTHER KEY ’ '

THE USER SELECTS AND EN
TERS THE KEY OF 175 PRE
FERENCE,OUT Oof THE
PISPLAYED ONES

L

]

engers
GIVEUP

/ entkers
y KeY~-NUMBER

’
- The VSER 'may | ,/
" want to choose o
another . grau? s
-
of subjecks p
/ '
’
’
- 4
s
P .

3.

[

I

!

! :

I -
r* ) —‘

i.. THeE rRocRAM_SAVES THe EnTerep KEY

AT THE save: KEY 1TEM,,

2. THe PROGRAM CONSTRUCTS THE rey

OF THE NEXT LEVEL TO msnar

'rne PROGRAM SAVES THE KEY OF THE
FIRST RECORD, oUT oF THE ON€sS JUST

"OISPLAYED AT BAER-UP ITEM

P e

The vseg :)ust fivds out that
the wrong subject ‘has been
chosen,so he wernts to fo
‘becck one ievei to'cboose
the . nght one




-

THE SYSTEM USING THE

.| NEwLY consTRUCTED KEY
’ MTTEMPTS TO ACCESS THE
NEXT LEVEL

RECORD wiTH

THAT XBY FOUNDP AT
THE NEXT LEVEL

There is mo higher

€ = — = = . _|devel node in this

,~MOVE THE SAVE_KeY 1TEM
’ (z.:eu_-'-uone) TO BecoM E A

" CURRENT KeY OF SeARCH
AGAI N,

~$€T Count 100 0 .
~ START Nope-FILE

°

—>

" Reap ReLATION

ﬁogn’ts'rmsva

branch,se the prev
tously sexved Key
(at savE-KEY) is the
Key of a leaf.

Ve retrieve the

« mstances of RouT- REC

Linked to the NoDe-REC
bcv'lr\q the current
Key of reference

DISPLAY THE OCCURENCE OF
THE ROUT-REC JUST RETRIEVED

)

2

‘x» @

. FIGs 19b

oY
5
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. 15 THE ROUTS
YES Rec pin@d with (1)
COUNT=0 CHARACTERS AND
. count=0
v
PISPLAY O
NO ROUTINE :
AYAMILABLE
FOR THE PAR .
‘] TICULAR suUB ’
Li6cr’

(o]

COUNTH 0

€

G

L
N
v
PISPLAY:

"HERE ARE ALL
THE AVAILAS
#LE ROUTINES
FOR THIS PUR
PosSs”

: 4

-

}[cu.qse ML FiLeY

o

L4

STOP RUN ’

LAV

™
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Svery time, only the nost rccently dis.layed keys ofe s-ved in

. -

Ci:ECI-TALBLE, cverwritins the previously saved heye,

Bagkup facility: Any time‘the &Eer selects a key whic@ moctly
suits‘him, and éhe disnlay gtarts, tﬁe‘class~¢ode Eeyvof_the
first of the displayed records is saved in the BAGFUP-KEY dnta
item with the state;ents: s \

HOVE LEVEL TC ITEH-1 ‘ *

X o i ~—
HOVE CKVQ§~TTBH(1) TC ITEM?Z in the NCDE-CIOICE-PAR.
ThejBACKUP—ITEH at any time accomodatpo the ey of the

first of the currently displayed records. . - -

B ¥hen the.next higher‘level records’ére dié@layed, if the

ﬁsgr finds out that he had made a wrong choice mreviously and

) f
>

‘wishes ta.choose ajain another key,of the previous level, he
\ N \ , -

uguat e§t5§3 the‘keyw&rd "BACKUD" The progran then branches to
DnCISION‘-PAR. ~ . Sy T

.
»

If the preiiéusly displayed nodes vere the roots cf the

tréesV(O—Levcl"display):of a ﬁarﬁicular group, that is the user .
' ‘ ‘ ' R

i

had chocen the wromg group, then -the control.is transfered tc

DIALCGUE-PAR to redisplay the aveilsble Troups, S0 the user will

-chaose an“ther group. . .- ) - St

Tf the *sreva.ous dls*)lay was Level 1 dl...ulay that is, the

user hau choaen the root of the<vrong tree out o% the. tree of
tce groun, then control ig trﬁn fered to ZERO—I“V“L—PAR to redis-

play the rootsi s0 the user w1ll choose anﬁtner root; else the
g .

-

vreviouoly saved TAC UP-KEV becomes the current ey of refereice
'to oturt thr node-file agalnsgt that rechdAnnﬂ the séﬁ&entiai



[
N

reoding red isplays all the records from that acde on, Since
> % . .
only thg ey of one .revipus level is saved at ‘a tine, the uscr

oce he wust 'CTVIUR)

«

cannot cc rore than one level back; 'in such

0

terminating the job and logeing in 272in froa tie beginning,

Routin-rotrieval technigue: Any timé the user selects the hey of

his vrefefence and after the Loy hao been cheched for v;lidlty

=}

(1t is one of the dlsnlayea keys) control is trpnofcred fo FATT-

——

FOUND varzgranh, There, before the level-nunber is modified by
s . ,

the statement:

-

- ADD 1 TC LEVEL
so tha t the chosen key becomes the nev current key of search,
the chosen key is saved in the SAVE-KEY item: Then, the next’

level is accessed. - The user (or'the system) does.not-lmow in

'S

advance if there is a next higher level for this record; Bant

1s, if the request ~sy be further resolved (in other words, at
&

tne access, tine of each node 1t is not kaown if

)

»nat part;cular

, .

node is a lezf or mot). ' . L :
y )

© (>\\~//Spé§%forg, as the access arm, directed by the ?rogram,

searches the higher level nodes randomly: trying to locnte the
current %ey of search in the STgRT—?AZ,-if it can not loc-te

sﬁch‘afkg Y, tHen this means thnt the nrovious node was a lﬂﬂf

L

" a2nd no. hlgher level exzsts for this brench. In tnat case, thn

*

THVALID XEY Optlon is act*vated trawsrerwng cdntrol to PACI»UD

- ) .
- 4y ! v ’
Parasruph- G ' . .
. . ' . - . .

What i done here is obV1ous, the snved ey ffon the

L

s
~
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»revious love’ becomes again the turrent key of refcrence with
: e .
the statement: AN

“OVE"SAV3-KEY T0 RETRIEVAL-YEY
and the access arm is nov positiénéd in NODE-FILE at that record
(START HODE~FILE). Control is then passed to the RﬁAD-RELATIOH-
PAR, ule”e use is made of the Data Base RLLAT;OV fac111ty.

The START statement in the BACF~UP PAR has already posi-
)

“tioned the root file (here NCDE-FILE) at‘the particular record,

before the first sequential relation is read.

‘

Then the READ ROUTRETRIEVE NEXT RECORD retrieves sequen-

' t;alTy all -the routine records joined to the node-file,record

P }

(aust positioned) havzng the claS$—COde equal to save-key (clas-

. 51f-code ol the leaf ndde). : '

SAVE-KEY dsta’item, at this particular time, stores the

. clas s-code‘of & leaf. Tf there is no routine for the particular

A 3

subJect then no routine record w111 be Joined to the partlcular

node-rec and the system Cfszzjulll subn*t‘a NUI.T "record occur-

rence to-the, buffer. -
. . / . - . Py .
1sts ofa dlsnlay fode rlghj bracizet

t

(E ) in each character nos tlon. ‘If thls NUTT récord is presen-

A NULL record’ ¢

~ted‘with the first aqcess o} the ROUT-FIL@,‘then the agta item

1-CMTR -vhich sﬁéres the numb

»

f accessed roﬁtiQFS'and is

ib

;advenced by,ope for every routlne—rec retrieved w1 3 -be éQual to

oY 1f it is ‘tes ted, 50 Wndlcatlng that no rortine-rec has beon

netrlev?d, In.thls case the message ’HO AVAIL ABLE- RGUTIWE» FOQ

L] e o

e e e



TITS PURDCSE! will be-displayed.. L
If umdrqc TR0 when a KULL record has-been encountered,
+ l‘ .
it means that all relzted routine records have been retrieved

~and tnere are no more for this subgect, In that~casé the messa-
ge AERL ARE ALL THE AVAILABLE ROUTINES FOR THIS PURPOSEY will
be displayed. ° °

. ‘ . & ' .
Choice of disvlayed records: The paragraph which chooses the re~

rcords qualifyiﬁg to_be disﬁf;yed, out of ﬁhé.recbrdé read, is the’
REC-DISPL~PAR which is cilled by READ-PAR when a condition for «
display is rﬁ, ) | -
"Thé tecHniaue used for that, "the chonplng technlque" |

(which w111 becone, apparent later) uses a number of data iteﬁs
of nrogre031vely increased length differlng by one characte" the
one‘from the ‘other. Thése items are defined in the WORKING STO~
| BAGE (itéms X-6"to X=12), )

. This‘éecﬁnique‘ﬁofks asyfolldws' . Using thé le*el-bya
leve1 seauence to order the records on-the storing media, thv
-same level of every tree is stored in ascending order of the tree
roqt number (fig. 20). Level-o ‘and Levelul nodes read by the
: s&étem are_ali qualifled to be displayed. The Leve1¢O of a purtb-.
cular grgup(gré‘thé roots of the included treeé ffom which one
h&s to be éﬁdéeg, The whole Level—l of a tree hao to be dlsplay— -

i’ed s@ tae ‘user w;ll choose a nartlcular node, In LeVel-Z to Le—'

vel—& the records Of every 1eve1 flourxsh at a. higa rata and . K

‘(';s*nce not a11 gf fhem are qualmfled for display (Jut only the

*chlldren 03 the- prEW1cusly chosen node) as some oT them have

=3

.
b s
‘ . .
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Lkak\N;i '._;,,—Roor NUMBER
01303 . AR
o13%4 :
21305 01305
Q3 5.01 - . r

1130%4 A
:..;nglr; . ] -
11304 11305 A ) 113058
STARY -——) a {11305.11 ] ’ :
: 113053 : .
115014 B A

‘115018 | ', — ’
2130444 , I, . s
13088 . M AB AC AD | 8a él\ )

. 2130434 " .
STy 57130540
) 21305A8 no-

.213054¢ {."1eMHAY J . -
213054D *

2130524
2130553
213053C
2130531

- 2150244

2150243

Rea

RE Ao

313034BA
31303ABB | - .
- 3130%BAA . S
S (31305008, -
. | 31305anR ¢ ) ‘ .
&/ 31305838 + -
A9 31305ABB
. 313053 o .
31502Ana g : 16, 20

Classz.f Code’ is ordered at any level ::.n |

ascendlng order of the root number part.




been eliuinated by the previous level choices, it will be useless

to display thoem.

: M The prinary key 01 search RDTPIBVAL-I EY is constru?zted

step=by-ctep by the program accordlng tc the user's request and

: V°rles in 1easth, becoming WOnger and lowger as we moceed to

higher 7evels (fig. 2C). o
.The part ‘of the key variable in lenvth 4s the LETTER-PART

which increases by one character at every level,

R:Tmevm. KEY ‘
| ARITHM-PART | LETTER< PART

Definition of thke .

21 osa.a | Spimary key
Al il Sl N T IR o Fn
XCS) - %x(8) . T
.'w'-\' ‘N‘- . N s < ) l,‘ -
Major key o - FIG. 21

The ARITHM—P&RT remains constant in length since the 5-

u'aigit part ident*fwes the par»laalar tree“VHich has been cno*en

from t .e, Very beglnlng. We therefcre define the 5-dlgit lending

"part of the key as a Fajor &ey. So to read only records (noues)

of the se1ect d tren, out of tqe Same level of the other treos,

[ we shall etart our .access arm: *rom the flrst record vh1ch~v1“l

.have arltnm-part*' major key rlth the Statemeqt &15'h21%{ -

. S‘IART r\oms FILB KEZ = mmm—wm in START-PAR
e . (flgna ).

L A

Tnen ve vil’ perform the RaAD s»atenent until tae above conﬂmtﬂo

.is nov satwsfled, In th*s way tne sys»em viTI read a11 ‘the ncdes

(reccrla) of t e same level (same maaﬂr uey) of tbe partlcuT«r

. o

L4



' h+-n ‘at a narticular 1evel

B »

tree only ‘fig. 20). But when we réad the Qhole levei, say Le-
vei-z, we do not want ta have al’ the recoras of this ie;el dis-
played, but on*y the nodes of the branch (chilaren) of vhiCn the
father node‘has been previously selected by the users , . |
.«fIf say, the user has selected 11305A, then only the re-
cordsegi SAA, 21305AB,'21305AC qualify te be displayed out cf :
a}l reaf records, Here is where the "ChOpplng technlque" is usmLe
| . “hen the user chooses a nodey the key is moved to NG IVLf
YE“ iten -and its level (flrst digit) is wnc;eased by 1 and s0 be-

comes the major_key of eearch for the next‘level. The chosen

113054, becomes 213054 (fig. 22). The access arm is located at

"-, J

' °21305AA and reads until encounters 2150244,

At eVery succea31ve readmng, the RETRIEVAL-ERY Wthh ac-

comodates the ey of the most recently read record, is move to 2

g dvta item which has 1ength one charaeter less than the number
- of characters different from\agace character (A) ia the RETRIE-
: VALwKEY. The number ofachafécters différeﬁt from the smace (D).

‘characte” at a particular level-n (n C-8) is 5+-n. Therefore the -

&

item used to chon the last character qhould have lenght 54+ n-1=

o

: When tne Level-Z is read RETRIEVAL~KSY accomodatcs 5+-2-

1'7~chs other than snace.. " ' Sl

v The kc" 21305AB moved to X~6 whlch has length 4+'2 6 dns

'becomea aft er cho 1n5 aIBOWA Wﬂ&ch uhen con*ared uwth “the ”L.l—

: :RALaKEE containing its father node, qualeles to he displajed s

“
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‘CHOP’I_’I.NG‘ TECHNIQUE

| NOMINAL-KEY \
COMB-NUM-PART| ALPHAB —~ PART
TN )
20913,9)50A L 1 ol

hX-'ﬁ " ‘RETRIEVAL-KEY
\' - AR)THM-PART | LETTER - PART
1.3.0,5 A 1,3 0.5/AB
2,143,945 I CYAN LAl T B I B R
. - A~ ey -
F\~ ' . ‘.,u-o"'-..'—- T ’
X;“ﬁ\ o ' : ‘RETRIEVAL:KEY
— _ | ARITHM-RART | LETTER - PART
224305 8|° . 421305t A - . . .
| Sl Tt B Tt sl I R 2‘! 113 T SN Y e A S
. v f‘\\_ . ) - . . ',,, . "-"' “n B ~’- e ‘, e
N ,,..“ R ~\\a-;~' . . _,_” ] ! B} "
- T 1 (< A~ S M

e CT et
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* LS - . ' ' . . *
_¥7‘ (fig. 22), =

5 Key 21305BA being moved to X-6, it becomes 213M5B after
choping nd is diffcrent frow KGXIﬁAL»KEY; so It belongs to ano-

»

ther oranch and iv not displayed.

» ' . If the user choooes ZISOSAA from-Level-2, then NCHIJAL-

panht

ABY will contain 31305AA, and after coping of the Level-} at X-7

. iten naving le ngth 4%—3 7 on*) records 313C EAAA, )1305AAB will
qualify for disnlay (fig. EOl.‘

4

3.4 ASCTI-DISPIAY CODE Conversion:
. - \g - N
While the information stored on the fixed part ‘of ebvery
. . ' . K A o ‘ v
B record is in CDC‘diSplay code, that is 10 chrs per word (6-bit

3er chr), the variqble nart $s5 in ASCII code. o : '

e The input structure of one te"tﬁworﬁ 15'

4 bit of zero .
' to?al_EO bits
o o- ) -, %

x 7-bit characters

‘«and~so each itém in the Data Base consists of H»worda;of 8 chrs

) ver vord (flg. 23). -l \ : e
e e - ' ,’ ' N o

R For'sortlng manlnulatmon pu*poses CDC prenrﬁeu a routlne -
© HWOVE {xy, s d,l? uhlgh cofiverts a strlng of I2-bit chrs in ASCTI oo
‘/;ﬁjﬂ ’ i - . - ’ )
. b2 EB CDTC or" 6-01t dlSy aJ code. o ,,u*’ T T e
‘ - S e D L e L T e
o Fere.‘ ? R ’ﬁyf E RS L o K “i
;;n; "f4;l Y A utrlng,gf-?aoof% chrs ln.Ap T “;%
R “*vG strlng of 12—01t chru LnnﬂbCDTG wianst o
e o ) = xm;etflnﬂ-@4/6 bxﬁ chfs in CDC Das?iéy. R -
’:' :—,T ; ' -~ " ’ i & . y ” s . Y ) N = -7 /"" a0 - v ';
. ‘ N - o N ' . o e L:\‘ —’/ , . * ] P . L . ”,;-{":r_‘: ’;;__
AT . . B . PR S ’ - z

Ll
{
N
N
-
1
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- and ‘
vy-parsmeter is writtem in 2Hwy form.
, ’ ‘s-parameter denotes the stax:\;. loc~tion of the scurc'f
. character string to be moved. .
d-péran}:ter denotes the start locsticn of the decgi—
_nation chariacter string.
‘ l—parameter is an integer éeéignati;xg' the number of
c’hara%\ter.: 1n th‘ input strlng to be moved.
To tahe advantage of this faclln.’cy we must first mohfy
., t};n ’ASCTI "rord for*‘zat of § chrg x. 7 bit per v word to be in the 'fozi-
nat of 12-b1t characters, that is 5 characters per word :n; "ASCII.
So ezch 7-?.;it charactér g;:des into .a} i@—bit' character in the .
- form? ' ) H
, ’5-bi’t‘s of zero o o
. _ : § ¥ 5 &0 bits
' 7 bits of ghar‘act‘er o -
- : and fig. 23 shows “the nappiug. T ‘ ’ T
T \T}he FORTRA‘I subroutlre ASCII performs t}‘lo task usr*g bit -
manlpulatn.on funct1ons. \ . ) .
. - The last step is to co*wari: the 12-b1t characters 01‘ psc:r
i ‘_ﬂ ;‘:l,’ -’c_,ojé'-blt,chara\cters of FDC'-,Dlspla.y__podenus:g:ng the ‘subroutine XMO< .
SE R - - o R I -
- 'I‘he Usage ms. '_ I S
m fir -m;i;ffé;::‘ﬁ? "':‘M ,,, %mr‘vx:(aux,rscp‘ ICUT omcm)
R rthe;'e ,f :;ﬁ" :-;r%,fm's«,- - ~ ‘
LT '_f;;__;,'“k F’ a Naﬁgffﬁ-denotes the conve?‘s:mn oi“*32~151’6 };SP(w:ﬁTﬁ;cc:de to
T o, t’ ' ;\'S*Fﬂt CDC-Display code. "'*” ""“f““"‘w

A

Sttt
AT A e
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\

0000 |7 bida)Pbids [Thits [T00bs | T bvbs [ Toods | Thids [Thits | § INPUT
_ . ‘ | " | . WorD

- & chrs of 7-bLit erch in ASCII code per word.

YJORD FCRMAT MODIFICATION

N " o i [ touteuT
00000 Thits [00000: Tbis{00000:Tbils poooo:T bilslocono:Tbrts WORD
: : : : ; e

ssee
ange

.
-

g . . : : =- i ‘
.. 5 chrs of 12-bit each in ASCII code per vmrq.

[S

XNMCVE SUBRCUTINE

. S T - |1piseuy
§ bits [6bids | Cbids [Chiks [Cbids [Cbds |€ bids 6 bids |G bids [¢bids| woRD

&

-

10 cirs of 6-bit each in CDC-display. ccde per word.,

- -

myyrm

5 .
e
Ve

.2 DMORD FCRUAT COF THD VARIAZIE ASCIT TZXT
. "y . - . ¢
+ ‘ ’ : ’
Lo K F1G. 25
»
-
~ i
Y .:
- 1
’ *
*
4
— ¥
Al
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ISCR -is the sourece array containing the ASCIT cide.

1CUT -is tihe destinetion array which will accomcdate

the outrut display code.

P . : 4 el Y, . .
OUTCNT -iz the integer viich cnunta the nuwater ol -
‘ \

ASCI¢ chhracters vaich will be moved from

s
—

ISCR ?rra" to IbUT urrayo

P The ASCT] conve cn subroutine is entered tirough the
CO20L program fig. aﬁf““\\> :
0G-FILE

. "
f ™
L 2N . ¢
DESCR-TABLE 7 pescp-TABLE-QUT
1 ‘ 2, ) co' FTN ‘ . ) : : .
| - —P~| convarsion Jfﬂ-}-_ CRT~ DISPLAY
. ROUTINE
- M . c'osou.
“ t . T 1
. . Msciz-code T . PISPLAY=-Code
- ) ' L o "
v PIC, 24

.

Hore deta11¢ aoout the functions of the different para-

graphs cf the Retrieval provran are contained in the comment
: " acc;mpanying~cvery pqragraph of the program listing in the

- Appendiﬁﬁgi LR _ ‘ o : ‘

. N .
sy [ LTS
.
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CEHAPTER IV

L

COYCLUDING RIUNUARKS

. .
e have mentioned previously that this project will inm-

plenent an intepactive query-answer system, so the retrieval pro-

Py

grans were sunposed to be used interactively through the diffe-
rert ternminals, - . )

‘Under the OS1 Operating System the maximum memofy aTlo-

cated to every user at- the terminals does not exceed the 6??"03

words, while the CCBOL retrieval prqgram together with all the ne-

cessary paékages and attached Libraries (Schema, Sub-sthema) re-
quirec at least 114400B storage words., Because of that, the inm-

mediate’use of the designed systenm interactively has been aoan-

aoned for’ the time velng and a~51mulat10n of the query proc0uure .

h1s bnen‘decided.

4,1 =~ OQutput Samples: . . :

-
3
%

_Instead of the terminals, I used theﬁLineeprinter,\and

3

"the retrieval query-program has beén run in Batch.

v

Taling adVantage of the fact, that we know in advance the

nodes (classif*numoer) where the routmnes are attﬁched, I entereu

the di’ferent Ley—numbers (dlfzerent classzf-codey in sequence),
Xey-words (BACK UP etc., ) and. the Rout1ne~numbers uslng datz c0rds‘

jn the nroner order in which tne actual user s sunposed to do.

»!

" In A?FE!DI/ B, _one can sec seven outputs, uhere the uzer

'fries‘ail tne available poséioillt;es cf the deszgned systen,

- N

. -
Y
a N ———— ) 1

~

VT -
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. : -
The perfcrmance was satisfactory, Here the RACKUP facility is

used at the diffcrent stopes; verking properly and o1 the error

~

checking facilities give the.required results,

~

L4.2 Recormnrendations: " , o

In order to run 1nteract1vely pur retrieval apn1lcation
nrograms, for the tlhe being the RDTROl, a minirun allocated me-
mcry of 1144008 werds 'is necessary to the terminals,

The present physical 11m1tation of 124000B wofﬁ%'creates ‘
2 lot of problems in doihg so. A future expansion iﬁ Central Me-

mory will give the possibility of the interactive use of the sy-
stem. In that case two slight modifications of the existing pro- -

-

grem will convert the RETROL from PATCEH to INTGRACTTVE,
5 ' Oné extra st“tement.W111 be.added in tne S° CIAL-NAI

. naragra’oh‘ . o v o ' Lo

]

'T“RVI?AT"IS CRT-SCREEI

-

" and the SP?CIAL NALE par"granh of the lnberactlve P TRCL nrocram

2
©

will become ‘ ' hES ) .

-

SPECTAL-NAMES. . ~ |
SUB-SCHEHA IS RETRIEVALSUBS
('TERKDNAL' TS CRT-SCRTEY.

A <

The second change will be the’ additlon of the new nmemo-
nic CRT-SCREEN - to all DISPLAY ghd ACCE®T verbs tﬁ?d/éhout the p

?rogram"

lit'eral \ \ > l YITUPE
data.-name} UPON CRT~-SCREEH,

DISPLAY {



® ) ' S

C @ - - 1iteral ‘ : ‘ «
- " . ACCE FRCY ORT-SCREE.
‘ . ACCEPT {data-name}' FROI GRT-SCREEN. ‘ -

: ;_ ~ThegRE?ROl'retrieval apnlicatibn prosraﬂ acceoses tae
two existing files; th:‘NGﬁL#FILm ana\tne ROUT—FI E vh*ch are
linked togethei’j through the ROUTRETRIEVE relation.,
When the new files (AR RET and PARAMETER) will beianeq

' there will be of course thé necessity to access them., Some extra

, E panagraﬁhé inciuded‘in RETRO1 program wilr perform this tésk;

e i“ , n' An issue of READ ROUTPARAM relution w111 retrieve awT’the
o ' ~record 1nstances contalnlng the arguments of the selegted routlne ,
g . | . one by one and fbr éach - argument CDCS uill retrieve its descrip~
,‘,; : tién from the PAR M~-FILE, In the retrleval ann‘mcwtlon prograns

L e wn be added another one: THE R"Taoa., -

A . This nrogram will access directly the QOU”INE—FILE, ARGU-
' VEHT-FILE, PARA&ETER—WILL relatea through ROU”PARAﬁ relatlon and
it mayahg called when the user knqw§~jq‘advange the rqntine and

waiits information about it and its arguments. |

In this nrogram the user is going tc su“ﬂ]" the Routine~

- nane . (vihich 1§’knovn taagim) and the prosram'qill nse it 28 "1ten>§\

‘nate Pey to access ROUT—FILE and retrieve the requlrea routlne or

-~ -4

¢ i

.:;1 ' routines. | Co .
‘P" : ‘ ) A géod 1dea would be to use these two retrxevql DrCErams, “\'
IRE RIITROI RETRO2 as subroutipeS. L . R _

Tooel ! A very small nrlm*tlve nrograw coaed ln COBOZ may ge used

-

- fnas lnteriace-between tne retrieval vrcgrams and the user, Tﬂls

hr'

e ffsmall nrogram ‘111 intérogate tbe user. to find outfwhatxretrweva?~"

v i . ~ . - L -
Yoo - . . UL - 4 ce e
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_program ne prefers, according to hisz inteniion and ccmmunication

.

between theﬁe' s€p rwtely compiled programs will te nttained

throuoh the Inter-program r‘o.wJ.n:!.cJt:L'\rl facility, This facility

zllors a COBOL main yrogram (in our csse the rrimitive interface

'w*ogram) to transfer control to a sub program, wrltten in COROL,

. %

or any high level language (in our case the retrieval sub pro-
grams). K
A CALL statement is used in thie main progran to tran sfer

the control to the .retrieval orograms.. S T

_ The decisions of the user, to what.prqgram'he prefers,

are accessed by both programs, and are passed either through ‘the

CCM1ON~STORAGE SECTION or through parameters (dzata-items) in the

CAL™, statement (then the USI G phfase is,emnloyed in the CAL.

. ¥
.
.

statenent of the calllng program and 2 IINKAGB SECTIQT in the caL-;,/"

-

. s . . ,v . R
- . N .
v . I3 ) . M * \ - . = e ., -
t n . . . wr - . - - . 5
M lO’ S ‘ 8 g - + M T “
L. . . . » N . + .
. . - [ N .
. , . = . N . I . .

led program descripes thé data that is passeu between).

-4

There will be, flnally, the last retrleval program vhlcn .
1s tr1V1a1, thlo program, acces: s.thg~PRIVATE»FIED tnrough the
ROUTIP -f11e and Wlll be used qQnly. by the Program Librarlan.

: Of course the Data Base faclllty wzll allow any proyramer'
vho may have. access to it, to erte any number of a Catlcn 1_.
programs ézrsiny purnose,hdependlng upan h;s requﬂsta and lnten- ' i

13 " .
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USER'S GUIDE

HELTIIBRARY-DB is an interactive query-answer syste- of
which the 1oéical description is ghovn in the Schema fig. 25.

The system will allow the User wpo wants to solve a par-
ticular problem to retrievé the routines which are related to his
problem through a designed man-macnine dialogue, The Creation
sub-schemas are shown in figures 26, 26a, b, c.

The whole Datd~Base consists of 5 areas where all the
aYgilable data can be accowodated,

//f‘ ’ The RETRIEVAL-SUESCHEIIA (fig. 27)'links L(four) of the

above areas (files) into meaningful relations to facilitate the

=
-

man-machine dialogue,

£

The NODE-FILE (TRETAREA in schema) consisting of ﬁODE-REC
contains all the iibrary available problems (éne problem per re-
cord), each problem iden%ified By its classification number,
whiéﬁ is the number denoting the natural pqsitiog of the node in
the Library tree which contains all the relevant probleng to the
one under consideration, .

The ROUT-FILE (ROUTAREA in schema) consisting. of RCUT-REC
contzins all the Library available sub;routines (one subroutine
per recora), which are linked to the relevant problems through the
Data Base ROUTRETRIEVE relation, The ROUT-REC contains all the

—

related information concerning the particular routine,

The PARAMETER-FILE (ARGUMENTAREA in schema) consisting

A

. 170
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B -2
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R
of PrRAIZTER-PRIC ccntains the arguments of the existing routines

with all igformatinn about a particular argument except the des-
cription of its fuanction. The argument records are linked to its
routine records through ROUTPARA!! relation,

The PARAM-DZISCR-FILE (PARAMETAREA in schema) consisting
of ROUT-PARAM~REé;contains the description of the function g%
each parameter and each record is linked to its PARAUETZIR-record
through ROUTPARAM relation. -

The PRIVATE-FILE (PRIVATEAREA in schema) consisting of
PRIV-II'FO-REC contains data concerning only the Program Librarian
and for Privacy reasons is not includéd in the User's'Retrieval
Sub-schema, It is linked to ROUTI!IE-FILE through R05TPRIV rela-
tion,. . '

The orga;ization of the files in this Data Base is INDEX
SEQUEIITIAL so to 'be able to achieve a random and sequential acces
to almost all the files.

The Record type employed is RT=T that is variable length
record to accomodate the variable description of the different
items. The Use of the Data Base facility is based on a man-za-
chine d%ﬁlogue which follows the flowchart of fig. 28, 28a,b,cs

Vheh the User logs in a small interface priuitive pro-

gram in COBOL interogates the User if he knows a routine and he

‘wishes to get more information about its use or he has a particu-

lar problem to, solve and wants to retrieve routines related to -

his problem.‘ According to the answer of the User, the gysten

"loads one of the two progrems RZTRO1 or RETR02, which continue
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the progressive interrogation to the USER until satisfﬁ his needs,
In APPENDIX B there is a q?t of sazmples of this man-na-
chine dialogue together with the USER answers. The USER under
the guidance of the Program which has‘been loaded, chooses and
enters codes and commands out of the ones.%isﬁlayed by the pro-
gram giving information to the program to advance the query until
the final retrieval of the required information (routines, para-
meters, control cards etc.).
Error facilities are provided by the progrim, that is
if USER enters"wrong code or command the program announces vrong
entrance and provides the necessary consulting mesiageé. The lo-
gical name of the schema LIBRARY, where the schema directory has
been stored, is HELFLIBRARY-DB and the Physical device name is
CYL1SsCii,
All the creation sub-schenas:
TREEFI:ECREATIONSUBI: Sub-schema for Creation of the
NCDE-FILE (fige. 26)
ROUTFILECREATIONSUB2: Sub-schema for Creation of the |
' ROUT-FILE (fig. 26a)
v PARAﬁFILECREATIONSUBB: Sub-schena for Creation of
ARGUHENT-FILZ and PARAMETER-
. FILE (fig. 26b)
have -been stored in the LIBRARY having logical name SUBSLID and
permanent Physical name CYL2CRS. ° ’

The PéIVATEFILECREATIOHSUB#: Sub-schema for the Creation
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s
A

AN

¥ . " of the PRIVATE-FILE (fig.
26¢) in the LIBRARY having

logicel name PRIVIIB and permanent Physical name CYL3PRS.

The Retrieval sub-schema RETRIEVALSUBS in senarate LIBRA-

RY with logical name RETRLIB and permanent CYLLRTS,

The RETRIEVALSUBS sib-schema is reffered by the two ap-
“plication retrieval COBOLS programs RETROL and RETRO2, These
applgcation progranms have also stored and saved on a permaneht

file under logical name APLPRGl and APLPRG2, ’

i
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THE FLOWCHART OF THE RETRIEVAL PROGSRAM
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