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TfiE MOORE SCHOOL MTENDZD MANAGEMENT FACILITY (EDMF) 

SECTION 1 

INTRODUCTION 

1-1 GENERAL 

The purpose of the Moore School Ektended Data Management F a c i l i t y  

(EDMF) i s  t o  make avai lable  t o  the community of users the f u l l  power of 

the  recent software systems which have been developed, and t o  allow users 

from di f ferent  discipl ines  t o  share these systems resources and data 

i n  a common storage. This large scale integrat ion of software makes 

possible general purpose information storage, re t r ieva l ,  and dissemination 

capabi l i t ies .  

The f a c i l i t y  i s  comprised of a hardware computer complex using the  

RCA SPECTRA 70/46~ computer and various peripheral equipment a s  shown i n  

Figure 1-1. I n  addition t o  time-sharing, multiprogramming, multi-access, 

real-time, and on-line capabi l i t ies ,  t h i s  f a c i l i t y  includes a hierarchy 

of memory devices sui table  f o r  s tor ing  various types of information. 

These devices include a magnetic drum, magnetic tapes, and a high capacity 

magnetic disc  storage f a c i l i t y .  Ut i l iz ing  the hardware f a c i l i t i e s  and 

the software capabi l i t ies  associated with the RW SPECTRA 70/46, an 

integrated system known as the  Extended Data Management F a c i l i t y  (EDMF) 

has been implemented, comprised of such components a s  on-line f i l e  

creation, record storage, and information r e t r i eva l .  This EDMF provides 

the user  with general purpose information storage and re t r ieva l ,  programming, 

and f i l e  management capabi l i t ies .  Capabili t ies a r e  l i s t e d  under four 

1- 1 
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bas ic  categories; 1nput/Cutput Record Spec i f  i ca t  ion, f i l e  mnagement , 

data management, and interactive problem-solving f a c i l i t i e s .  

The EDMF software organization is pictured i n  Figure 1-2. 
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FIGURE 1-2 EDMF SOFTWARE ORGANIZATION 



1 -  INFUT/CUT~JT RECORD SPECIFICATION 

Any f a c i l i t y  with information storage and r e t r i e v a l  capabili ty 

i s  concerned with records. In tu i t ive ly ,  a record i s  any col lect ion of 

information which i s  t o  be handled logical ly  a s  a uni t .  I n  normal 

use a record i s  f a r  from being an amorphous col lect ion of data.  Instead, 

a record usuall-y has some in terna l  structure,  which i s  important i n  

processing the information contained therein.  Above the  record i n  the 

data-structure hierarchy is the f i l e .  Thus, a f i l e  i s  a col lect ion of 

records. A s  with the record, the  f i l e  has an in terna l  s t ructure,  cal led 

a f i l e  structure.  Records within a par t icu lar  f i l e  a r e  usually considered 

t o  contain information on the  same general subject and often have ident ical  

or  similar record s t ructure (e .g., an Inventory f i l e )  . For the  purpose 

of discussion, a record can be thought of a s  a se t  of ordered pa i rs  ( f i e lds ) ,  

i n  the form (an a t t r ibu te ,  i t s  value). A record may be uniquely determined 

by i t s  f i e l d s  (attribute-value pa i rs ) ,  assuming there a re  no duplicate 

records i n  the  system. Any of these f i e l d s  may be used f o r  the r e t r i eva l  

of records, although it i s  recommended t h a t  only the  shorter  ones be so used. 

Before records can be retrieved f o r  processing, they must f i r s t  

be introduced in to  the system. Record specifications a re  needed t o  intro- 

duce raw material  i n to  the system a s  records, these specifications enabling 

the  user t o  describe the input material  i n  terms l i s t e d  i n  mble  1-1. 

Once the raw material  i s  completely specified, it may be entered in to  the  

system. The language processor w i l l  then extract  data from the raw 

material ,  transform it i n t o  f i e l d s  with a t t r i b u t e s  and values, pack the 



TABLE 1 - 1  RECORD SPEC1FICATIONS. 

Describes t he  length,  type, and code coilve~ibiorl 
Charac te r i s t i c s  of each datum and the  layout of the input  data. 

I-lssigns data  t o  t h e  a t t r i b u t e s  and t h e i r  
Composition 

Record Format 

, 

F i l e  S t ruc tu re  

Defines the  re la t ionsh ip  among t h e  g ive~ i  
f i e l d s  . 

1)ef ines  t h e  re la t ionsh ip  among t h e  given recor-ds  . 



f i e l d s  into records according t o  format, and arrange t h e  records in to  

a. f i l e  wi thin  t h e  prescribed logica l  structure. The same specif icat ion 

can be used t o  specify a new output record format for records already 

i n  t h e  system. I n  t h i s  case, re tr ieved records w i l l  be transformed in to  

the new output format from the  or ig ina l  by the EDMF. 



1- 3 FILF: MANAGEMENT 

The EDMF provides f l e x i b l e  use of d i f f e r en t  f i l e  s t ruc tu res ,  

f u l l y  automatic creat ion and de le t ion  of f i l e s ,  and p i v a c y  protect ion 

of a f i l e  t o  an extent  determined by t he  owner of the  f i l e .  

A s  mentioned i n  paragraph 1-2, some of the  shor te r  fie]-ds ( a t t r i bu t e -  

value pa i r s )  can be used f o r  r e t r i e v a l  of records. These f i e l d s  a r e  

ca l l ed  keywords. However, it i s  not enough merely t o  i den t i f y  records 

by keywords t o  obta in  e f f i c i e n t  r e t r i e v a l .  Addit ional  information rnust 

be provided so t h a t  records with common keywords may be r ead i l y  re t r i eved .  

For example, i f  a l l  records with the  keyword (author,  smith) a r e  connectetj , 

then  these  records can be re t r i eved  through t he  connection. 

The EDM?? provides t he  user  with the  choice of any one of the nor.mu l 

indexed sequent ia l ,  M u l t i l i s t ,  o r  inver ted  f i l e  s t ruc tu res ,  and, i n  

addi t ion,  allows the  user  t o  specify other  bas ic  f i l e  s t r uc tu r e s  a t  will. 

Using a generalized f i l e  s t ruc tu re ,  t h e  system can provide tlie use r  g rea t  

f l e x i b i l i t y  i n  f i l e  generation and organization.  For example, a user  

may experiment with various types  of s t ruc tu res  t o  determine which y i e l d s  

f a s t e r  access  f o r  spec i f i c  data  records. Furthermore, use rs  who have 

had f i l e s  processed by o ther  information r e t r i e v a l  systems may a l ready 

know t h e  type of f i l e  s t r uc tu r e  be s t  su i t ed  t o  t h e i r  p a r t i c u l a r  problems. 

The preferred type of f i l e  s t ruc tu re ,  then, would be spec i f i ed  when using 

t h e  system. 

The f i l e  management capab i l i ty  of f u l l y  automatic c rea t ion  a n d  

de l e t i on  of f i l e s  precludes t he  user having t o  be aware of t he  devices 

on which t he  f i l e s  res ide .  Within the  system, mecllanisms a r e  a v a i l a b l e  

which enable a f i l e  owne:. t o  d i r e c t l y  incorporate addi t ional  tnearis u f  f i l e  

protect ion.  



1-4 nATA MANAGEMENT 

The EDMF provides a l l  the data management f a c i l i t i e s  ordinarily 

associated with a time sharing system, and a l s o  provides the following 

addi t ional  capabi l i t ies :  

(1) Automatic storage of records in to  a f i l e  according t o  t h e i r  

common f i l e  structure.  

(2) Retrieval of records by Boolean and arithmetic expressions 

of multiple keywords. 

(3)  Effective r e t r i eva l  s t rategy f o r  use i n  a multiple access 

and time-sharing environment. 

(4) A query language f o r  specifying the  multiple keyword r e t r i eva l  

which can be used e i the r  through terminals interact ively or  

users '  programs d i rec t ly .  



1-5 IN'.ERACTIVE PROBLEM SOLVING 

The EDMF provides a simple but powerful in te rac t ive  language 

schema. This language schema enables the user t o  define new problem 

solving procedures and t o  make use of previously defined procedures. 

Each statement of the  language schema enables the  user t o  bring i n  a 

program by name (writ ten i n  any language avai lable  i n  the  system, e.g., 

COBOL, FORTRAN, and ASSEMBLY) from h i s  f i l e  f o r  execution, and t o  provide 

the running program with parameters and records. The parameters may 

ac tua l ly  be included i n  the  language schema, with the  records belonging 

t o  some f i l e .  The user i s  merely required t o  specify the s e t  of records 

with a Boolean and ari thmetic expression of keywords, and t o  include the 

expression i n  the  language schema. The language schema processor w i l l  

then r e t r i eve  these records by the  expression, then pass these records 

one a t  a time t o  the  running program whose name i s  i n  the  same language 

schema. Using t h i s  convention, the  user may aetempt t o  solve problems 

with stored programs and data without having t o  use the operating system 

job control  language f o r  cal l ing,  loading, and executing a program, and 

f o r  re t r iev ing  data f o r  the  program. 



- 6  SYNOPSIS OF SYS!l33B CAPABILITlCES 

Ihe EDMF simplifies f o r  the  tlser the problem of designating 

those records which the user wishes t o  use or  process. The user does 

not need t o  know the ac tua l  addresses of the desired records; it i s  

necessary only t o  specify i n  a logica l  expression the charac ter i s t ic  

contents of the records. The EDMF then assumes the responsibi l i ty  of  

determining the  ac tua l  record addresses and uses these addresses t o  

re t r ieve  the records. The heart  of the system i s  the implementation of the 

generalized f i l e  s t ructure and i t s  general r e t r i e v a l  algorithm. The 

generalized f i l e  s t ructure enables the  user t o  choose among many f i l e  

s t ructures ,  including the inverted f i l e ,  m u l t i l i s t  f i l e ,  and indexed 

sequential f i l e  t o  organize the records. A s ingle  se t  of access routines 

work with a l l  the above f i l e  structures,  and a l l  other definable f i l e  

s t ructures .  

The EJ3MF data management f'unctions a r e  summarized i n  mble  1-2. 



level access control, s e t s  up f i e l d  
level access control, establishes Type of processing t o  be 
f i l e  use pr ior i ty .  done on f i l e .  

Logical expression of key- 
words describing portion 
of f i l e  t o  be opened (no 
records outside t h i s  

Releases system control information 
f o r  f i l e  processing, releases f i l e  disconnected from pro- 
use pr ior i ty  which was established 

Reactivates a r e t r i eva l  request from 
where it l e f t  o f f .  

Name of f i l e  t o  be stored See Chapter 10 

TABLE 1-2 DATA MANAGEMENT FUNCTIONS. 



Record number iden- 
tifying record to 
be modified. 

Obtains specified records from Name of file to be used 
designated file. in search. 

Logical expression of key- 
words describing records 
to be retrieved. 

Number of records to be 
retrieved, either a fixed 
number or an indication 
that all records satis- 
fying the description 
are to be retrieved. 

Output specification - may 
specify user terminal, 
system printer, core image 
records, or a count of 
the records satisfying 
the description. 

Label which may be used in 
a CONTINUE request to 
refer to the retrieval. 

Deletes existing records from Name of f i l e  to be pro- 

TABLE 1 - 2 EDMF DATA MANAGEMENT FUNCTIONS (CONT'DJ 



record organization and f i l e  

F i l e  s t ructure - e.g. 
W t i l i s t ,  inverted 

TABLE 1- 2 EDMF DATA MAN4GEMEN.T FUNCTIONS (CONT'D.) 



SECTION 2 

RECORD ORGANIZATION 

2-1 GENERAL 

The EDMF utilizes a general record organization from which many 

fixed and variable length records of hierarchical and network fortnats 

can be derived. By identifying the characteristics of the record organi- 

zation, it is possible to segregate and store the global record structural 

information from the local and non-structural information. Such segrega- 

tion facilitates efficient use of storage, record reorganization, and 

multiple organizations for the same set of records. 



2-2 ORGANIZATION 

A f i e l d  (or  data item) consis ts  of two par ts ;  the  f i r s t  i s  ca l led  

an a t t r i b u t e  (or  f i e l d  name), and the second i s  termed i t s  value. The 

charac te r i s t ics  and re la t ions  of a f i e l d  may be specif ied t o  reveal the 

information ty-pe and organization of the f i e l d ~ ~ w i t h i n  a col lect ion.  

F ie ld  specif icat ions  of a col lect ion determine the  record organization 

of the  collection; such a col lect ion i s  referred t o  a s  a f i l e .  A record - 
of a f i l e  is, therefore,  a subset of f i e l d s  sa t i s fy ing  the record organiza- 

t i o n  of the f i l e .  A f i l e  may consis t  of one o r  more records, a record 

\ 

consist ing of one o r  more f i e ld s .  Since a l l  records i n  a f i l e  contain 

s imilar  information type and organization, f i e l d s  of one record always 

contain t he  same information ty-pe and a r e  re la ted  t o  each other  a s  a r e  

f i e l d s  of another record. The information which d i f f e r s  from one record 

t o  another i s  the  value of the  a t t r i b u t e s  and the absence o r  presence of 

cer ta in  optional f i e l d s  within t h a t  record organization. For example, 

it w i l l  be noted i n  Figure 2-1 t h a t  a l l  Par t  No. records i n  the  Par t  No. 

f i l e  contain the same a t t r i b u t e s  of information and have the same organiza- 

t i o n  (four f i e l d s  re la ted  i n  the  same order and with the same indentation),  

but d i f f e r  i n  -the values associated with the a t t r i b u t e s  (par t  No. i n  

one record i s  TX 4240, i n  another record rlX 0035). 



F I G U R E  2-1 TYPICAL RECORD ORGANiZATlON 

4 r 

r f 

DATA 
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VENDOR 
FILE 

rr; 

r< + --------- 7 
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RECORD 
y C---- 

\ VENDOR NAME, JOHN 0. DOE 
' ; 
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\ PURCHASEORDER,POOZS f I 1  

I t 
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VENDOR 
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2-3 FIELD UVEL 

Each f i e l d  i s  assigned a l eve l  number. These l e v e l  numbers f o r  

a l l  of the  f i e l d s  es tab l i sh  a hierarchical  record organization. Thus, 

a record may be viewed as a t r e e  s t ruc ture  where each node of the  t r e e  

i s  a f i e l d  and the  depth of the  node i n  the  t r e e  represents a l e v e l  

number. The root of the  t r e e  i s  a t  the  top and i ts  f i e l d  i s  assigned 

the  l eve l  number zero. For a given non-terminal node of the  t ree ,  

there  is  always a subtree whose root is  t h a t  node. The f i e l d  associated 

with t h a t  node i s  cal led a superior f i e l d  and the f i e l d s  associated with 

t he  subtree a r e  cal led subordinate f i e l d s  of the  (superior)  f i e l d .  The l eve l  

number of a f i e l d  is  l e s s  than the l e v e l  number of each subordinate f i e l d .  , 

However, the  ac tua l  l e v e l  number assigned t o  a f i e l d  need not  be equal 

t o  t he  depth of t ha t  f i e ld ;  i n  e f f ec t  the  l eve l  number i s  r e l a t i v e  t o  

a l l  other l eve l  numbers assigned t o  the  other f i e l d s .  If there  are no 

f i e l d s  between a subordinate f i e l d  and a superior f i e l d  the  subordinate 

f i e l d  i s  cal led an i m e d i a t e  subordinate f i e l d  of the  (superior)  f i e l d .  

Conversely, the  superior f i e l d  i s  cal led the immediate superior f i e l d  of 

the  i m e d i a t e  subordinate f i e ld s .  

I n  Figure 2-1, f i e l d s  a t  the  seme l e v e l  extend from the same v e r t i c a l  

l i ne s .  Note t h a t  the f i e l d s  containing vendor number and vendor sources I 

a r e  a t  the  same level .  Although f i e l d s  containing vendor name, vendor 1 

address, purchase order, and date of purchase a r e  a t  one leve l ,  t h i s  l eve l  
I 

I 

i s  subordinate t o  the  l eve l  of the f i e l d  containing vendor sourwce. The 1 

l e v e l  number i s  assigned t o  a f i e l d  exp l i c i t l y  by the programtier. The 

organizat.lon of f i e l d s  i n  term& of l eve l  o r  hierarchy iu a reco~+cl cull bc 



used to identify related field6 as sub-groups, groups, and divisions 

for ease in  reading and modifying f ie lds .  



Within a  record, some a t t r i b u t e s  may appear once, others many 

times. Figure 2-1 shows the following a t t r ibu tes  appearing twice 

within a  record: vendor source, vendor name, vendor address, vendor 

order, and date of purchase. This i s  qui te  common i n  business reports 

or records, but it becomes tedious t o  specify these a t t r i b u t e s  each time 

they a re  t o  be repeated within a  record. To ease the programmer's e f fo r t  

i n  specifying a  repe t i t ive  a t t r ibu te ,  a  repe t i t ion  number i s  assigned t o  

the a t t r i b u t e .  The repe t i t ion  number of an a t t r i b u t e  indicates the number 

of repe t i t ions  of the a t t r i b u t e  i n  the record. If the repetit iorl  number = n, 

the f i e l d  must occur n-tl times. I n  addition, the repeated a t t r ibu tes  will 

have the  same l eve l  a s  the or iginal  and every required a t t r i b u t e  of a  

lower l eve l  w i l l  be repeated. The absence of a  repe t i t ion  number indicates,  

by default ,  t ha t  the repe t i t ion  number i s  zero. A s  a  r e su l t ,  when specify- 

ing the  a t t r i b u t e  vendor source, it i s  necessary only t o  assign repe t i t ion  

number 1. Furthermore, when specifying the a t t r ibu tes  vendor name, vendor 

address, purchase order, and -- date of purchase, it is not necessary t o  

assign any repe t i t ion  number. (The absence of a repe t i t ion  number indicates 

implici t ly  t h a t  there i s  no repe t i t ion  involved.) Since the four a t t r ibu tes  

l i s t e d  above a re  a t  a  l eve l  lower than the r epe t i t i ve  a t t r ibu te ,  they will 

be repeated each time the  a t t r i b u t e  vendor source i s  repeated (see Figure 



2- 5 ATTRIBUTE OCCURRENCE 

Referring t o  the purchase order record i n  Figure 2-1, it w i l l  

be noted tha t  the a t t r i b u t e  p a r t  description appears f i r s t  under quantity 1, 1 - 
then under quantity - 3. However, there i s  no par t  description under 

quantity - 2.  This i s  a case where an a t t r i b u t e  does not occur uniformly 

i n  the  record. Furthermore, an a t t r i b u t e  may not always occur uniformly 

i n  every record of a f i l e .  Such an occurrence of an a t t r i b u t e  i s  termed 

the optional occurrence of the  a t t r ibu te .  On the  other hand, the a t t r i b u t e  

purchase order no. appears i n  every purchase order record. Such an -- 
appearance of an a t t r i b u t e  i s  termed the required occurrence of the  a t t r ibu te .  

In  addition, if the occurrence of an a t t r i b u t e  of a f i e l d  is optional, 

then the occurrence of each a t t r i b u t e  of i ts  immediate subordinate f i e l d s  1 

w i l l  be determined by the following: 

1. The a t t r i b u t e  must occur i f  it is required and the optional 

a t t r i b u t e  of i t s  immediate superior f i e l d  appears. 

2. The a t t r i b u t e  cannot occur even though it i s  required i f  the 

optional a t t r i b u t e  of i t s  superior f i e l d  does not occur. 


