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This paper describes a project for evaluating the ANSI/SPARC frame-

work. This framework proposes a three schema-level architecture in

which the outermost level supports different user views through differ-

ent data models; the central level provides an unbiased description of

the overall database , and the innermost level supports efficiency-

oriented concepts. The three levels are connected by mappings.

This architecture is currently being studied by a study group of

the American National Standards Institute as a possible model for data-

base standardization . This project will test the feasibility and

appropriateness of the architecture by actually building a database

3ystem conforming to the architecture . The system will test a number

of potential problem areas and possible solutions. This paper discusses

these potential problems and some of the project’s approaches to them .

• AMS (MOS ) Subject Class i f ica t ions  - 68-02

Key Wor ds - Database architecture , multiple views ,
multiple data models , mapp ings

Work Unit Number 8 - Computer Science

1 Cheops, Egyptian king of the 4th dynasty (~ 2900 B.C.), builder of the
Great pyramid at Giza. We chose this name because of the “double
pyramid” structure of an ANSI/SPARC database management system i SeAll .
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CHEOPS
1

A PROJECT FOR EVALUATING ANSI/SPARC ARCHITECTURE
2

A. Klug

1. I n t r o d u c t i o n

The standardization of database management systems is no

longer a topic for idle speculation . Already subcommittees of

the American Nationa l Standards Committee on Computers and

• Information Processing (ANSI/X3) are proceeding with standardi-

zation efforts for Codasyl database facilities . Back in 1975 ,

the Standards Planning and Requirements Committee (SPARC) of

F ANSI/X3 established a study group to investigate the overall

standardization problem for database management systems . This

study group proposed a fram ework for database mana gement sys tems

wi thin which the standardization of specific DBMS components

could be discussed precisely [ANSI75 ,ANsI771. In August of 1978 ,

ANSI/X3/SpARC established a new database study group in response

to the continued pressure for some guidelines and direction for

database standards . One of the main responsibilities of this

currently active study qroup is to develop further the concepts

• of the former SPARC Stud y Group Report” . That is , the framew ork

for database management systems will again be a focal point of

in terest. In view of this clear interest in the so—called

‘Cheops, Egyptian king of the 4th dynasty ( 2900 B.C.), builder of the
• Great Pyramid at Giza. We chose this name because of the “double

pyramid” structure of an ANSI.’. PARC database management system~SeAl) .
2
Computer Sciences Department, Universityof Wisconsin , Madison , WI 53706

Sponsored by the United States Army under Contract No. DAAG29-75-C-0024 .
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ANSI/SPARC framework , it is important to understand the techni-

cal implica tions of basing DBMSs and standards for them on this

fram ework. up to the present time , there has been research only

on isolated aspects of the framework an overall ,, comprehen-

siv e investigation including an implementation has been lacking .

The Cheops project described in this document has as its goal

-• 
the under stand ing of the unique technical implica t ions of having

DBMS s conform to the ANSI/SPARC framework.

This document consists of four parts. The first is this

• introduction which briefly motivates the need for the research .

Sec tion 2 gi ves a descrip ti on of the DBMS framewor k as defined

by the first study group. The third section discusses the

Cheops project~. Subsections include statements of overall pro-

ject goals , necessary theore t ical wor k comp leted and to be done,

and a description of the interfaces and languages in Cheops.

SectIon 4 will give a summary and conclusions.

2. The DMBS Framework

2 .1  D e s c r i p t i o n  of t

The framework proposed by the ANSI/X3/SPARC Database Study

G roup consis ts of a number human roles , processing functions and

interfaces . The most important of these are represented in the

• following diagram:

• _____ •~~~-~~~ ~~~~~~~-~~
-—— - - — — - -- -~~~ -~~~ • —~~ • - - •~~
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functions and a set of interfaces among elements of these sets.

The framew ork is partitioned into three realms or levels: the

internal , the conceptual and the external. At each of the

in ternal  an d concep tual levels there  is one schema descri b in g

the database. At the external level there are any number of

external schemas , each describing some par t of the database.

The internal schema contains performance and other computer—

orien ted information . For example , an internal schema may have

as objects d i rec t access f i l e s , indices and pointer arrays. It

is sometimes said that -the internal database is what is stored

on the computer. This may or may not be true , depending on

one ’s poin t of view and also on the system architecture. For

example direct access files may be implemented as B—trees which

in tu r n  resi de on a paged da ta set which , on the disc , con ta ins

error checking bits. The framework draws the line (which is

expected to move with time) between database system concerns and

computer system concerns. In any case, the In ternal  level is

the lowest “abstract machine ” level direc tly involved in data-

base management. The database administrator , who manages the

in te rna l  schema , can view the conceptual schema through inter-

face 3 and manipulates the internal schema and the conceptual—

internal mapping (for tuning) through interface 13.

If one considers the framework as describing an “oni on ” of

nes ted machines , then the conceptual level will be the next

layer out from the internal level. The objects declared in the

conceptual schema model the entities of interest to the enter-

pr ise  (the def ined env i ronmen t in which  the da ta base system w il l

operate). These objects are not oriented towards efficiency or

_ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~
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towards user requirements . The objects declared in the concep—

tual schema are to give an overall , un b iased descr i pt ion  of the

enterprise. The i mposition of the conceptual level between the

external and internal levels also allows both of these latter

le ’els to evolve , for their own reasons , wi thout one unneces—

sari ly affecting the other. The conceptual level provides a

mechan ism for the centralized control over the use and content

of the database. The enterprise administrator manages the con-

ceptual schema through interface 1.

The outermost , external level provides application— oriented

views of the database . The role of this level is to provide

each application (e.g., payroll , mar ket in g , research and

development) or application famil y with the portion of the data-

base it needs in a form nost suitable to it. The most suitable

f o rm , tha t is , data model , may in p r inci p le cons is t o f For t ran

arrays or complicated semantic networks or any other structure

class. An appli cation administrator manages externa l schenas

and external—conceptual mappings throuçjh interface 4 and views

parts of the conceptual schema through interface 3.

The proposed framework provides a structure within wh i ch mu l—

tiple views and multiple data models can be supported. It

allows a hiqh deq ree of data i ndependence and control over the

database and facilitates dynamic reorganization (data transla—

tion ) . It also can form a basis for well—structured distributed

databases .

—~~~ —---— - —~~~~~~~~ 
--
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.~~. .~ Issues

It is hoped that the framework described above can provide a

sound basis for DBMS standardization , for data independence and

f o r DBMS c o n t r o l .  However , numer ous technica l issues must be

understood before the framework can be fully applied. This sec-

tion describes some of these issues and notes what our research

program will contribute towards their understanding .

2..~.1 Conceptual Level Constructs

The c c in c ep t u a l  schema and c on c e p t u a l  level  c o n s t r u c t s  in  gen-

or a l  have been the  sub ject  of r~~~~ rous  r e sea rch  r epo r t s  and even

an entire ISO committee (ISO/TC97/SC5/WG3) . There has been

d e bat e  on w h e t h e r  the ob jec t s  d e f i n e d  in  the  concep tua l  schema

should be binary relations[BrPP ) , i r r e d u c i b l e  r e l a t i o n s ( H a O T I

n—ary relations , entities (Chef) , ro les  (Bach )  and so on.  The

Cheops p r o j e c t  w i l l  show t h a t  t h i s  debate is i r r e l e v a n t , j ust  as

the  debate  on w h i c h  of the  h i er a r c h i c a l , n e t w o r k  and r e l a t i o n a l

n o d e l s  is best f o r  use rs  is i rr e l e v a n t.  We w i l l  show t h a t  the

only real requirement for a conceptual model is that it is pre-

cisely defined and that it has sufficient power to model the

referenced subset ot the real world . The Cheops conceptual data

model will be relationa l. 1~. conceptual schema will contain

declar ations of (norma l form) n— ary relations , relation keys and

fot c ian key constraints , it it is necessary , this model ca n be

ex t o n d ~ d t o  in clude more const ra i nt types. ~1oweve r , the con-

st r u c t s  trom the entity—relationship model , t he  r o l e — m o d e l  and

— ,, ~~- -  ~~~~~~~~ _
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t ron other proposa is w i l l  n o t  he added  d i r e c t  ly  t o  t h e  node  1 and

will not be needed .  If an ent erpri se adm in i st rat ci~ p~~o t o ! s  t o

work with these concepts , it will h~ a simple M a t t e L  t o  a t t ~~ch

an interfac e to the conceptual sch ema  p r o c es so r  w h i  oh w i l l

present the conceptual schema in t he  d e s i r e d  f o r m a t .  We do n o t

need to use binary or irreducible relations b e c a u se  by a l l o w i n a

null values in the ranges of t h e  domains , o u r  m o d e l  w i l l  he

mathematicall y equivalent to models w i t h  only binary rel ati ons

or irreducible relations.

Another issue w h i c h  has  a t t r a c t e d  a t t e n t io n  is  t h e  q u e s t i o n  c i t

wha t  da t a  m a n i p u l a t i o n  o p e r a t i o n s  need to be p r o v i d e d  a t  the

conceptual level. First of  all , we note that there must he some

data manipulatio n language at the conceptual level , s i n ce

dynamic data independen ce[Nelt ] reqii~ res mapping t h r o u g h  t h i s

level. We will show that a simple relational l an q u a a e  consist-

ing of r e t r i e v e s , i n se r ts , de l e t e s  and updates will he su t ~~i —

ci ent  f o r  a c on c e p t u a l  l eve l  d a t a  m a n i p u l a t i o n  lanquaqo .

L o c k i ng and access c o n t r o l  a t  the  c o n c e p t u a l  l e ve l  is also

necessa ry. ~ predicate lock mechanism [E(~LT) can op e r a t e  u s i n q

-• • i n f o r m a t  i o n  in the s t r u c t u r e  m a p p i n g s .  T h a t  i s , each  appi ica—

tion expresses t he  1oc~ s i t  needs  i n  term s ci t its external v i e w ,

and the  schema m a p p i n a  is  used to t r a n s l a t e  these  l o c k s  i n t o

locks  on concep tua l  l eve l  o ble c t s .  D e c i d i n g  w h a t  access  contr ol

p r i m i t i v e s  a r e  n e c e s sar y  is a more  i n v o lv ed prcihl en ( S e t ’ n e x t

section).

There  has been some con ce r n  exp re s sed  t h a t  m u l t  i p l e  e x t e t  n a l

d a t a  mode l s  w i l l  i n t e r f e r e  w i t h  each  c i t h e r [ } ’~iPe 1  , th e n i o h i e m

- p -

~~~~ 
•
~~~~ 

_ _  

_ _
_ _  
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be i ng called “cross data model interference ” . Some responsibil —

i t y  f o r  t h i s  has been l a i d  to the  c o n c e p t u a l  l eve l  c o n s t r u c t s .

Cheo ps w i l l  d e m o n s t r a t e  t h a t  t h e r e  is no such p r o b l e m .  I n  f a c t ,

si nce the d i f f e r e n t  e x t e r n a l  da t a  models  a r e  a l l  d e f i n e d  by a

t r a n s l a t i o n  to a c~~ onica l relational model (see Section 3.1.3)

a l l  models e s s e n t i a l l y  look the same . There may be problems in

v e r i f y i n g  the c o r r e c t n e s s  of e x t e r n a l — c o n c e p t u a l  and

c o n c e p t u a l - i n t e r n a l  m a p p i n g s , bu t a f t e r t h i s has bee n do n e , we

need onl y m a i n t a i n  cons i s t ency  t h r o u g h  t r a d i t i o n a l  l o c k i n g  pro-

tocols.

2 . 2 . 2  Access Co n t r o l

A n o t h e r  class of p rob l ems  w i t h i n  the  f r a m e w o r k  r e l a t e s  to the

use of m a p p i n g s  f o r  d a t a b a s e  control.

C o n s i d e r  the  f o l l o w i n g  concep tua l  sc~iema in w h i c h  employees

a r e  a s s igned  to p r o j e c t s  w h i c h  are  a s soc i a t ed  w i t h  d e p a r t m e n t s :

E m p ( E # ,Na me ,J *)
Proj(J*,Name ,Security# ,T)#)
Dept ( DI , Name , Mg r

An external schema might contain the relation:

Empioyee(E#,Name ,Mqr) ,

and users of this schema might be given read access tc the El

and Name f i e l d s  of the Emp concep tua l  r e l a t i o n  and to the  Mqr

f i e l d  of the Dept conceptua l  r e l a t i o n .  Now consider the follow—

ing mapping : 

-—
~~~~~~~~~~~~ • -

~~~~~~~~~~ -
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E m p l o y e e  <— select Emp.E#,Emp.Narne ,Dept .Mg r
where Emp .J# = P r o j . J #  and

P r o j . D #  = D e p t .D #

A c c o r d i n g  to t h i s  mapping , the query

select Employee.Mg r where Employee.Name= ’Wong ’

w o u l d  be t r a n s l a t e d  as:

select  D e p t .M g r
where Emp.Name ‘Wong ’ and

Emp.J# = Proj.J* and
Proj.D# = Dept.D#

This query requires access to the Proj r e l a t i o n .  Yet as long as

the external queries are translated by the above mapping, the

user will never see any part of t h e  P r oj  r e l a t i o n .  The re  is  a

problem , then , to devise the appropriate access control formal-

ism which will allow properly translated queries and updates

iccess to conceptual objects to which the user nominall y has no

access.

Access cont rol  in Cheops is based on the  idea of a concep tua l

subschern a . The e n t e r p r i s e  a d m i n i s t r a t o r  d e f i n e s  a c o n c e p t u a l

subschema by specifying w h i c h  domains of which relations are to

appear. In addition , horizontal subsetting can be specified by

restriction clauses. Everything visible in a conceptual

subschema has retrieval access. Modify access must be expli-

citly declared. Providing access to conceptual level objects

only through conceptual subschemas yields some access control ,

but in some cases there must be access for mappings but not for

the external application programs. This may require a general

mapping capability from the conceptual schema to a conceptual

subschema .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -.-— ~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -  
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2.2.3 M a p p in g  Lan~~~ages

A mapping consists of two parts: a structure or schema mapp ing

and an operation mapping . Structure mappings define the

cor respondence  between d a t a b a s e  s t a t e s , w h e t h e r  c o n c e p t u a l —

external , internal—conceptual or internal—external. They pro-

vide the information needed for translating queries , that is ,

r e t r i e v a l  reques t s  and f o r  t r a n s l a t i n g  lock reques t s .  Opera-

tion mappings define the interpretation of operations at one

level in terms of operations at a lower level (external as con-

ceptual , conceptual as internal , external as internal). Experi-

ence is needed in desi gning and implementing mapping languages.

For external—conceptual structure mappings , the mapping language

is similar to a query language. We intend to show further that

there only needs to be one structure mapping language no matter

how many external data models there may be. We need only one

external—conceptual mapping language because we are defining the

semantics of the three external data models be i ng used in terms

of a sinqle “canonical” relational model. More details are

g i v e n  in S e c t i o n  3 . 1 . 3 .  Our s i n g l e  s t r u c t u r e  mapping language

will be based on relational alqebra. For operation mappings ,

the situation should be much the same . As with structure map-

pings , we intend to define only one operation mappinq language

which will be used with all external data models . Inserts ,

deletes and updates based on relational algebra are the only

o p e r a t i o ns t h a t  w i l l  be needed , hut  the l a n g u a g e  c o n s t r u c t s

needed to combine these operations with sufficient flexibility

to support the various data model operations is not decided.
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Our  l a n g u a g e  w i l l  at  l e a s t  have  c on d i  t i oni 1 statement s using

some test  on t he  d a t a b a s e  st a t e  or t h e  opt ’ r~1t i o n  to be

t r a n s l a t e d . More  d e t a i l s  a r e  given in Sect ion 3 .  . 4 .

2 . 2 . 4  Sche ma and Maj ~p i n~ P rocessors

K ey e l e m e n t s  in  the framework are the processors whos i n p u t

consists of schemas at t h e  t h r e e  l eve l s  and m a p p i n g s  be t w ee n

t h e m. These p roces so r s  mus t  be a b l e  to t e l l  when  schem as  a t e

sclf—consistent. They must be able to tell when schema  m a p p i n g s

w i l l  e n s u r e  t h a t  t h e  c o n s t r a i n ts  in the base schema will impl y

all constraints in  t he  other schema . They must recoanizo w h e n

operations will he correctl y interpreted by the o p e r a t i o n  map-

pings. These requirements imply that the processors m u st  i n c o r —
I

porate some sophisticated algorithms to make the necessary

checks. The a l g o r i t h m s  m u s t  be bo th  sound  and  c o m p le t e . Sound-

ness is necessary,- since otherwise incorrect results w o u l d

ensue. Completeness is also necessary because we do not want.

co r r e c t  r~a p p i n q s  to he r e j e c t e d  b y t h e  system. As part of t h e

Cheops project , algorithms are be i ng developed for use i n  t h e

schema and nappin g processors. More details are g i v e n  i n  Se e—

tion L~~.

2 . 2 . 5 D a t a  In d ep e n d e n c e  — Sch ema ( ‘bongo s

T h e r e  i r e  v e r y  i n t e r es t  i ng  p t  ohler’n; i n v o l v e d  in pi oc i d i  ng d a t  a

independenc e and  in n a n i g  i ng s c h e m a  c h an g e s .  ~~II idr’i i i i  i st i t  ion

p r o t  o c ol  niist he dove  l o ped  t o t  l o ck  i r i g  s c t r , ’m c i s , nod I v  j u t

m u ; , l ock  i r ig  and  nod I f y i 11(1 m a p p i n g s  and  f o r  r o p op u  l i t  i rig (lit 0

IL - — ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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objects. For example , one question which must be considered is

whether there is any difference between schema changes be i ng

effected by permutations to a single schema or by always defin-

ing a new schema . After a schema change there should be a pro-

cessor which can decide which mappings do not need to he

changed , which mappings can absorb the change with a suitable
- 

• ~~de-Hiiition and which mappinqs cannot absorb the change ,

requiring the associated schema and/or application program also

to be changed. There are several kinds of data Independence a

system can support iMelti : static with early binding , static

with late binding and dynamic. With Cheops ’ conce ptual da ta

language , even dynamic data independence can he provided.

Although work has been done on how to modify application pro—

grams to accommodate a schema change (NaSul , the goal of the

ANSI/SPARC framework is to avoid these changes whenever possi-

ble.

2.2.c Efficiency Consi de r a t i ons

There is no doubt that Interpretation through the conceptual

level will adversely affect system performance. Whether or not

a system with the flexibility of Cheops is ever commercially

viable will depend on the ability to “compose ” ex ternal—

conceptual and conceptual-internal mappings. That is , the sys-

tem will have to be able to take an external—conceptual m a p p i n g

and a conceptual—Internal mapp ing and automatically produce an

efficient external -internal napping . The processors for d o i ng

this would u s e  the techni ques already known for access p at h

select inn , bu t  there would need to he development of ways to

—~~~~.~ --~~-----~-- ~—-•—-—- -
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commun ic~ te the needs of the application program to the DBA , who

controls the internal schema . A long range qoal of the Cheops

project is to show that the only real additional cost In sup-

porting a multiple —view , multiple —data—model DBMS with three

schema levels is the cost of providing fast access

paths — a cost which is not new to database management.

2.2.7 Other Data Models

The data models used at the external level (see Section 3.1)

in Cheops were chosen as a result of a compromise: They faith—

fully represent the essential features of the three major

V 
approaches to data modelling , yet they have compatible data

types and constraint types , and their query syntax is similar.

We want to Investigate the problems arising in supporting di !—

ferent data models , but we do not want to make the initial task

any more difficult than necessary. However , the fact must be

recognized that the data models in use in today ’s database

management systems are not so compatible: There are disparate

data types; constraint types may not be consistent; data

languages are both record—ori ented and set—oriented. Eventu-

a lly, the Cheops system will he extended to accommodate more

diverse data models , and we will be able to study how incon-

sistencies can be minimized or neutralized .
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2.2.8 Error Handling

It is qenerally recognized that external views should let the

user see the database in the form most useful to him/her. A

corollary of this , one which does not seem to have received much

t attention , is that error messages from the conceptual or lower

levels should also be tailored to the particular view. For

example , suppose a user issued the following statement (which

uses a schema given in Section 3.1.3)

for each dept having name = ‘comp sci’
and ancestor school (having name = “UW’)

i nsert course having num = 401 and descr = ‘op sys ’

The “m e a n i n g” of this statement is the relational algebra state-

ment:

insert course (school(l= ’iJW ’](1=llcourse (2= ’comp sci’l)
(1,41 ~ {<40l, ’op sys ’ > )

which would probably be simplified to:

insert course < ‘UW ’,’comp sci’ ,401 ,’op sys ’>

If there were no dept tuple with school—name = ‘UW and name =

‘comp sd ’, then the system would re turn an err or :

error —— violation of constraint:
subset course(school—name ,dept—name) in

dept (school—name ,name )

However , this message would not he meaningful to the user of the

hi erarchical view . The message this user should get is:

err or —— no such dep t paren t

Thus we must have a methodology for translating errors just as

we translate queries .

_ 
- ~~~~~--V- Vi
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L The Cheo~ s Project

Having flhMS s conform to  the ANSI ‘SPAHS ft im ework can provi de

many benef its , but as we have ~-oe n , there are problems on w h i c h

we at least must have a hand-hold before these benefits accrue .

The goal ot the i ’heops project is to help understand the above

problems.

3.1 Lan~ ua~ e luescr ip tion s

In this section we discuss the data and mapping models used in

Cheops .

The external level in Cheops supports three di fterent data

models : “JDL, wh i ch is a network model , RDL which is a rela-

tional model and HDL , which is hierarchical . All three models

are set—oriented. The conceptual level supports a relational

model and t h e  external—conceptual mapping model is relational.

A HNF syntax is give n for these data models i n  the appendix.

3.1 .1 The Hierarchical External Model

The hierar ch ica l model is patterned after }IQLrFehdl . #~ sample

scherra i s  the fol low i rig :

dept (dno: integer , narie :strin g (.~))1 key dno
course (cno:inteqer , nane :strinq(.~5), cr e dits:in te g e r l

key cno
Instructor (name: st  r i n i  ( ~~~~ ) , off i c e:  st r i na (1 () l 1 key mari e
student (sno : integer , nam e: striniL’~ ) ,  na o r : s t r i n g ( 4 t )

key srio

4

. 

-

~~~~~
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This schema declares a hierarchy of four nodes with the struc—

ture:

de1t

cou1se

instructor stu ent

A typical query  against  t h i s  schema is the fo l lowing :

for each course having ancestor dept (hav ing  name= ’comp sd ’) :
V 

list cno , name , (name for each student having  na ]or= ’m ed ’)

Mod i f i c a tion comman ds, e.g., delet ions , have a similar format:

fo r  each course having  ( 5 s tudent :  delete

3.1.2 The Network External Model

The network model , NDL , has schemas such as the following one :

~~~~~~~~~~~~~~~~~~~~~~~ 

- -- - 

- V 
-

-~ - 
V~~~~ ~~~~~~~~~ ~~~~~~~~L - - -
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record dept (dno:Inteqer , name :string (20)) key dno
record course (cno:inteqer , nane:string(20)) key cno
:ecord employee (eno:integer , name:string(25) , sal: integer)

key eno
record enrol ()
set d— c

owner dept
member course
mandatory

set teacher
owner course
member employee
optional

set c—enro l
owner course
mem be r en r ol
mandatory

set c-enrol
owner employee
member enr ol
mandato ry

The data—structure diagram for this schema is the tollowing:

de~ t

d—c

course

L~_1 c—enrol
teacher enrol

e—enrol
i f

employee

A typical query using this schema would be:

for each employee having owner teacher (having ‘ 35 c—enrol)
list name , dno of (teacher ,d—c)

A modification command , for example , a dele t ion , has a similar

format:

for each course having K 30 c—enrol: delete permanent

L~V . V 
_  

V i
- ~ % 
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3.1.3 The Relational External Model and Canonical Model

The relational external model RDL contains relation declara-

t i o ns , key declara t ions and subset constraints (fore ign key con—

st raints ) . This model is also the canon ical rela t ional model

used to “define” HDL and NDL.

An example RDL. schema is the following :

employee(name:string(25 ), sal:integer , dept:integer)
dept(num:integer , mgr:string(25), floor:in teger)
key of employee is name
key of dep t is num
subset employee(dept) in dept(num)
subset dept(mgr) in employee(name)

The data manipulation language for RDL is base on relational

alqebra (Codd~~. Queries have the form:

retrieve ((employee(dept~ num ]dept) (ngr=name] employee)

delete from employee (employee(dept=namel (dept(floor= ’2’J))(l ,2,31

As the canonical model , RDL is used to g ive a common seman t ics

to HD L and RDL. For example , the definition of the hierarchical

model HDL is embodied by three a]qorithms as follows:

rhierarchical l Idefin iti onal l 
______ 

(equivalent ~schema f ~~~~Ischema I — - H~Irelational I

L J Ltra
~~

lat0r J [~chema J

- __________________
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Is~~emaJ

( h i e r a r c h i c a l  d e f i n i t i o n a l 1  ~equ i v a l e n t
dm1 -- - — —)  query L--- 

~~-—-— )Ir
el . alg .

Lstatement translator 
J 

Lstatem~~
t

sc hem aj

\1,

hierarchical definitional relational j
state or f— —-- state (

----- -—— —--- state
query translator query
resul t result

The following examples will illustrate these procedures . The

lanquaqes used are HDL and RDL.

school (name,state) key name
dept(name ,chair) key name

course(nwn ,descr) key num

—-——-schema translator~~~ —-

school (nanu e ,state)
dept (school—name , nam e , chair)
course (school—name ,dept—name ,name ,descr)
key of school is name
key of dept is school—name , nam e
key of course is school—name , dept—name , name
subset  co u r s e ( s c h o o l - nam e ,de p t — r i a m e )  i n

dept (school—name ,name)
subset dept(school—name) in school(name)

for each dept having name= ’conp sci’ and
ancestor schoo l  ( h a v i n u  st a t e = ’ c a I i t ’ ) :

list chair , (descr for each course)

—  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V~~~_~~~~V_ _ _  _ _ _ _ _ _ _ _ _ _ _ _
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——- dml translator

retrieve (deptr2= ’comp sci’ l [l=l ]
( s c h o o l [2 = ’ c a l i f ’ f l [ l , 2 =l , 2 J
course) [3 ,9] order 3,9

for each school having state= ’w isc ’: delete

- -------—-- ----dml translator-——— -- ----)

delete from course course [l ,2=l ,21 (dept(l=ll (school[2= ’wisc ’]))
delete from dept dept (l=l1(school [2= ’w isc ’])
delete school tstate= ’wisc ’l

chair descr
smi th artificial intelligence
smith data structures
smith programming languages
wong artificial intelligence
wong dif ferential equations
wong programming languages

~~—-—result translator~~~~~

chair descr
smT€~ a r t i f i c i a l  i n t e l l i g e n c e

data structures
programming languages

wong V

artificial intelligence
differential equations
p r o g r a m m i n g  l a n g u a g e s

Similar examples can be given for NDL .

~~~ Externa1-Conc~~~ ua1 Map~j~n~ Model

As the previous section has shown , we need only one external—

conceptual mapping model , and it is based on RID E.. ~\ schema nap-

ping , which is similar to a collection of view definitions , is

specified by associating with each relation in the canonic al

external schema a relational algebra expression over relations

- 
-- - - — V - - V —~~ - —— -V - ~~ -~ -—. -— - .—--
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in the  c o n c e p t u a l  schema . A BNF syntax is given in the appen-

dix. He:e we will qive an example:

canonic al external schema :
employee (emp* ,name , addr ,sal , mg r)
key of employee is emp*
subset emplo yee(mgr) in employee(emp#)-

conceptual schema :
emp(emp* ,name , sal , dept) -
person (name , addr)
dept (dno ,mgr)
key ot emp is emp#
key ot person is name
key of dept is dno

mapping :
employee = ((emp[name=name]person)

[dep t= d n o ] d e p t )  [emp# ,nam e,addr ,sal ,mgr l

Operation mapp ings associate with each operation on each canoni-

cal view relation a compound operation on the conceptual schema .

Hence , an operation mapping will have at most 3*n entries if

there are n relation s in the canonical external schema . The

syntax for operation mappings is given in the appendix. Here

we will give an example:

canonical external schema :
employee(emp#,addr ,sal)
key of employee is emp#

conceptual schema:
emp(enup* ,addr ,sal ,dept)
dept(dno ,loc ,mgr)
key of emp is empi
key of dept is dno
subset emp(dept ) in dept (dno)
subset dept( ngrl in emp(emp *)

schema mapping :
employee (enp[dept=dnoldept [mqr= ’ sm jth’l )[emp* ,addr ,sall

operati on mapping:
delete employee x --- -

i t  x . s a l  “ 10k t h e n  d el e t e  emp x
else replace emp x dept =null

_
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3.1.5 The Internal Model

The internal model of Cheops will initially contain the basic

file types. Eventually, the internal level will be an important

focus of work , but for the present , we are concentrating efforts

on the external and conceptual levels.

3.2 Processing Functions

As we noted in Section 2.2.4, the schema/mapping processors

require algorithms to recognize consistent schemas and correct

mappings. The conceptual level and the canonical form of the

extern~ I leve l will both be based on the relational model , and

the structure mappings will be defined by relational algebra. V

The ext9rnal—conce ptual mapping processor will receive state—

ments identifying canonical external relations with relational

algebra expressions involving conceptual relations. For each

external relation and its associated relational algebra expres-

sion , the mapping processor must determine if the constra i nts on

the relation declared in the external schema will be conse-

quences of cons traints in the conce ptual schema over relations

appearing in the expression. A very simple example is the fol-

lowing :

external schema : emp(eno - addr ,mgr)
key of emp is eno

conceptual schema : empl (eno,addr deptno)
dept (deptno , b c  ,mgr)
key of enpl is eno
key of dept is deptrio

mapping : emp = (empltdeptno=deptno 1dept)[eno ,addr ,mgr~

_ _ _  _ _ _  
4
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The napping processor must recognize that the key declaration in

the external schema is a consequence of the key declarations in

the conceptual schema the mapping .

The mappin g processor must also be able to reject mappinqs

when they will not result in valid external constraints. The

next example ill us t r tes this:

exte :nal schema: part(pno ,wt ,price)

key of part is pno

conceptual schema: car—part(cp no ,wt ,price)

boat—part (bpno ,wt , Pr ice)

key of car—part is cpno

key of boat—part is bpno

mapping : part = car—part U boat—part

The key constraint in the external schema is not a consequence

of constraints in the conceptual schema , and it therefore will

not always hold.

We must not only have an algorithm for calculating the valid

constraints on a relational algebra expression , we must also

prove that the algorithm calculates exactly the valid con—

straints — that it misses none and that it does not calculate

any false ones.

For the case of constraints consistinq of functional dependen—

cies we have developed an algorithm which does just this [Kluq l

We are investigating extensions to include subset constraints.

A complete napp ing also has an operation part , and the nappin g

V ~~V ~~~V V -~~~~~~~ ~~~~~~~~~~~ 
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processor must also test the correctness of operation mappings.

Given a structure mapping already shown to be correct , the map-

ping processor must test a given operation mapping to see if it

will always map inserts and deletes on the canonical external

relation to operations on the conceptual relation s such that the

desired operation will appear to have occurred via the structure

mapping . As in the case of structure mappings , there needs to

be an algorithm which will recognize all and only those opera-

tion mappings which will correctly interpret the external opera-

tions according to the given structure mapping . We also have an

algorithm for a weak form of the problem .

3.3 Human Interfaces

There are five major interfaces between human roles and the

DBMS . Using any of these will , in general , require a password

or an authorized user id. This section describe s these inter—

faces and the commands available at each3.

[01 Cheops <db—name> H
This is the top—leve l command given to the operating system

(unix). After this command is entered , the user may request

access to any of the following six interfaces:

supe r

ea

dba

aa <appl>

The n u m b e r  i n  brackets “1 1 ” indicates the level of
the command . Some commands have important parameters
explicitl y given. 

~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ .
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ap <es)

usr <a p>

[1) super

This is a “super user ” interface used to modify top—level

authorizations and passwords and to modify system routines.

[1) ea

Th’s is the enterprise administ rator interface. The major

commands at this interface are the following :

define—cs (conceptual schema )

edit-cs

compile—cs

establish—cs

disestablish —cs

define—css (conceptual subschema)

edit— css

perm i t—css

permi t—c s

fll define—cs , edit— cs

These commands manipulate the source forms of conceptual

schemas , including display ing the conceptual schema .

[ 2 )  compile—cs

This command will produce the object form of a conceptual

schema . Tests for self—consistency are performed.

( 1 1  ( d i s ) e s t a b l i s h — cs

The e~.tab1ish—cs command makes the specified conceptual

:;chema the current conceptual schema for the database.

- 
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Disestablish—cs removes the currency. These commands provide

a tentative means for altering the current conceptual schema

for a database. To modify the schema the following procedure

cau - -be used: Use the define—cs and edit—cs co~nmand s to pro-

duce a source form of the modified conceptual schema . Com-

pile the new schema . Disestablish the old schema , and estab-

lish the new one. A more dynamic mechanism for modifying

conceptual schemas will be one of the issues investigated in

the Cheops project.

(2) define—css , edit—css , compile—css

Thes e commands manipula te conceptual subschemas , which f orm

windows for application administrators to view the conceptual

schema . They also contain update access specifications.

There will be one conceptual subschema for each application .

(2] permit—css

This command is used to give and revoke access to conceptual

subschemas to specified application administrators.

[2) permit—cs

This command will allow access to a conceptual schema by a

database administrator.

[11 dba

This is the database administrator interface. The major corn—

mands at this interface are the following:

display—cs V

define—Is (internal schema )

edit—is

compile—is

__._ -__ --_ _ _ - _ p ~~~~~~ 
- -~~~~~ - —~~~~~~~--- - - - 
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reorganize

define—map

edit—map

compile—map

establish—map

disestablish—map

(2] define—is , edit—is , comp ile—is

These commands have the same functions as their analogs under

the ea interface .

(21 reorganize

This command essentially causes an internal application pro-

gram to be run . (An internal application program is a pro—

gram which references art internal schema.) For example , the

reorganize command might transpose a file , build an index or V

compress a file . This command is used with the establish—map

and disestablish—map commands to tune the database.

(21 define—map, edit—map

These commands are for manipulating the source form of

conceptual—internal mappings.

( 2 1  compile—map

This command involves several functions. First , the mappinq 
t

is checked for correct syntax. The mapping is checked for

consistency, that is , that every constraint in the conceptual

schema will be maintained by the internal schema constructs

according to the associations in the mapping. The mappinq is

checked to ensure that every relation in the conceptual

schema which represents part of the computerized database is

- 
- - 
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actually mapped to some object or objects of the Internal

schema .

[21 establish—map, disestablish—map

These commands make a mapping curren t and remove a current

mapping , respectively.

(1] aa <appl>

This is the interface through which an application adminis-

trator interacts with the database . The parameter to the

command specifies which application is desired. (We assume

this is the same as the name of a conceptual subschema.) An

application consists of a conceptual subschema , a number of

external schemas, a number of mappin gs and a numbe r of appli-

cation programs along with necessary authorization informa—

tion. The major commands at this interface are the follow-

ing :

di splay—css

define—cs <dm>

edi t—cs

compi be—cs

dis play—cs

de fine—map

edit—map

compile—m ap

establish—map V

disestablish—map

permit—es

perm it—ap

_ _- ----- 
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( 2 )  display—css

This command causes the conceptual subschema to be displayed

to the application administrator so that externa l schernas may

be written against it.

( 2 1  define—es <dm>

This command is analogous to the define—c s and define—is com-

mands except that the parameter specifies which data model is

being used . The data model is RDL , NDL or HDL.

[21 edit—es

This command is analogous to the edit—cs and edit—is com-

mands.

[2J compile—es

This command t ransla tes the source f o rm of the ex ternal

schema to an object form. This process includes checks for

consistency of the schema . In addition , this interface wi l l

produce a canonica l form of the external schema. For RDL

schemas , the canonical form is the same as the orig inal. ~‘or

MDL and HDL schemas , the canonica l form is a rela t ional

schema with the same information content.

[2) display—es

This command will display the canonical form of the specified

external schema . This interface is needed when the applica-

tion administrator writes a mappinq from the external schema

to the conceptual subschema .

[2] define—map, edit—map

These comman ds are used to man ipula te the source form of
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external—conceptual mappings.

[31 compile—map

- . 
This command translates the source form of a mapping to its

object form. Besides the usual checks for syntactic correct—

V ness, this processor must ensure that all of the constraints

In the external schema can be derived from constraints in the

conceptual (sub)schema .

[21 establish—map, disestablish—map

These commands bind and unbind , respectively, an external

schema to the conceptual schema with different mappings.

[21 permit—es
4

Thi s command will allow application programmers to have

access to an external schema in order to write application

pr ograms .

[2) permit—ap

This command gives access to application programs to users.

[1) ap <es)

This is the interface application programmers use for

developing and testing application programs which run against

the specified externa l schema . The major commands at this

interface are :

define—ap

edit—ap

comp i le—ap

run—ap

These commands have the usual meanin g .

IL~ 
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(11 usr <ap

This is the interface through which users invoke canned”

•1 application programs.

4. Sumrna~ y and Conclusions

The ANSI/SPARC framework has potential for being a valuable

tool in the future of database management . Before this value

can be realized , we must understand the technologica l imp lica—

tions of the framework. This document has described some areas

relative to the framework which need to be investigated. We

have also described the Cheops project which will focus on these

areas .

The Cheops database system will support network , hierarchical

and relational external data models. The conceptual data model

will be relational , and the external—conceptual mappings will be

based on relational algebra. One of the functions of the exter-

nal schema processor will be to translate from network and

hierarchical external schernas to a relational form on which the

mapping s will be defined . Other processors will check the

structure and operation mappings for correctness. If desired ,

there will be other interfaces to the conceptual schema so that

i t  can be m a n i p u l a t e d  in  terms of entities , roles and other con-

structs.

-— - ~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~ ~~~- -  _____
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~~~~. Appendix

/~ H D L  B N F  ~/

/~ ~;chema ~/

h d l -schema --‘s DEFINE HDL SCHEMA ID : sch—def
sch—def —— ) seq
seq —— ) ID (field—list) key—def desc
key—det -- ‘

~ KEY (name—list)
name—list - — ‘s ID I name—list , ID
desc --> (desci) I empty
descl —- > seq I descl seq
field—list —-- ‘s field—def I field—l ist , field—def
field—def - —

~~~ ID type
type -—) INTEGER null—opt I STRING (NUMBER) null—opt
null—opt --~~~ * I empty

/* dm1 */

strnt —— ) tor : action ;
for —- “ FOR EACH seq—name qual
qual -— ‘- HAV ING quall
quail --‘ val-qua l (quall and—o r quail)
and-or -- ‘b AND I OR
va l—qual --~~ val rel—op val I comp—val rel—op comp—val
~‘o m p — v a l  — -

~~ ( v a l — l i s t )  I (val—list OF seg—name )
va l— l ist —— > val val—list , val
val -- field—name value I field—name OF seq—name

func ( val OF seq—name qual
value —-~~ N U M B E R  I STRINGCONST
t u n e  -- ‘b AVE I SUM I COUNT
icti on -- ‘s list I insert I update I delete
list — — ~~ LIST (va l— list i [comp—val]
insert - -‘  INSERT seq—name qual
update —- ‘s UPDATE up—list
up—list — — ~~ up—el I up—list , up—el
up—el — — ~~ field—name = up—expr
up—expr -— ‘s val (up—expr arith—op up—expr )
an ith —op — — + I — I * I /
delete - —

~~~ DELETE
r e l — o p  —— ~~ < I < I ) I I I

—-- s ID
field—name —— ‘

~ ID

/ *  N [) L ~ Y N T A X */

1* sch~’ia *1

nd l— ~;ehema - -
~~~ name—part rec—part set-part

name-part —— ‘ NDL SCHEMA name :
rec_~~u t —— ~~ REC )RI) ~ECTI (N rec—def—l i st
re c— de f— li~;t —— ‘b rec—def I rec—de f— lis~~, rec—defrec—de f —— ~~ n~ino (don—I i st) key—del

L _ _ _V ___  - 

__________
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k e y — d e t  — — ‘ KEY (name—list) I empty
dorn list —— ‘s dorn def I dom list , dom def
dom def —— ‘s name : type
type —— ‘s INTEGER null—opt I STRING(NUMBER ) null—opt
n u l l  — — ~~~ * I empty
set—part --‘ SET SECTION set—del—list
s e t — d e t — l i s t  —— ~~~ set—def I set—del—list set—del
set-det — - ‘  Sl~T NAME name owner—del member—de l

mand-opt—def key—def
owner—de l --‘ OWNER IS name
nember-det -— ‘s MEMBER IS name
m a n d -opt -dct  --‘ MANDATORY I OPTIONAL I empty
k ey - d e l  — -

~~~ KEY IS name I empty

1* dm 1 * ;

s t m t  — — ‘s f o r  : ac t  ion
t o r  — — ~~~ t o r i  rec—spec
to~ I — — ~~~ FOR EACH I FOR UNI )UE
r e c -spec --~~~ rec—name qual
qual —— ~~~ HAVIN L quail

~ualI —— ~~~ val—qua l I ( quail and—or qual :’)
path —— ~~~ path—el I path , path—el
path-el -— ‘ name I Up name I DOWN name
v - i l - q u a l  —-- “ val rel—op val I comp—val rel-op comp-val
c o m p — v a i  — —

~~~ (val— list) I (val— list OF path )
val ~~~- ‘t field—name I value I field-name OF path

tune (val OF path qual )
t une  —— ‘ AVE I COUNT I SUM
act ion —— ‘ list I insert I update I

delete I add I remove
1:st — — ‘s LIST (val— list ) (comp—va ll
val—l is t —— ~~~ v a l  I val—list , val
insert — - ‘s INSERT AND ADD add-list I INSERT
a d d — l i  ~;t — — ‘  add—el I add—list AND add—el
. i d d— ~~~ 1 — —

~~~ IN set —name ~iLIa 1u p d a t e  —— ~~~ ~IP2A T1~ up— i i St
u p— l i~;t — — ‘  up—el I up—list , up—el

I —-- ‘ field—name = up—expr
ip — t txp r —— ‘ val (up—expn arith—op up—expr)

-u i t h — o p  — — ‘ + I — I * I /
delete —— ~~ DELETE [del—qual)
dt ’ l — i u a l  - -

~~~ PERMANENT I SELECTIVE I ALL
add — - ~~~ ADD IN set-name own—qual
r emove — — ‘  Rt -~~OVE FROM set—name

/~ H P 1. Y N T A X ~/

/~ schema *

— — ‘s name—t )art re l—part const n—p art
n -~r~ ’ — p a r t  —— ‘ RI ~ C U E M A  name :
e l— par t —— ‘s In:LATION SECTION rd —del —list

re l—d e f—l is t —— ‘ rel—d et I r el —det—list , rel— cief 
V

r el—de t --‘ RELATION name (dom—def—list )

U 

~io m—~1v f —i i ~;t —— ‘ dom—def I don—def — list , dom—de I
~o m — d e t  — — ‘  name : type

_____________
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type — - ‘s INTEGER null—opt I STRING (NUMBER ) null-opt
null—op t — — )  * I empty
constr-part — — >  CONSTRAINT SECTION constr— def— list
co n s t r — d e t — l i s t  —— ‘b c o n s t r — d e l  I c o n s t r — d e l — l i s t , const r — d e f
constr-def — — ‘s key—del I subs—def I Id—def
kev—det —— ‘s KEY rd —name (don—list)
subs—del —-~~~ SUBSET rd —name (don—list) rel—riame (dom—list)
td—de t - -

~~~ FE) rel—name don—de l—list

‘~~~ dm1 */

stmt -— ‘s retrieve I insert I dele te I upda te
retrieve - —

~~~ RETRIEVE expr
insert -— ‘s INSERT rel—name expr ;

Jolete — - s  DELETE rel—name expr
update —— ‘s REPLACE rel—name expr (update—list)
exp r — — ‘b rel—name I expr {rs—list} I expr (don—l ist)

expr bin—op expr I aqq—join I expr [dom—list = dom— list lexpr
— — ‘

~‘ expr [don—list; fri , dom—list; don—list] expr
r s— l is t — —

~~~ rs—item I r s—list , rs—item
rs—i tem -- ‘s don relop val
don—li st --~~~ don I d o n — l i s t  , dom
don --“ ID I NUMBER
name — — ‘  I D
va l— l ist —— ‘b val I val—li st , val
val —— ‘s sin— aqg I don I value
value — — ~~~

sin— aq~ — — ~~~ t n  ( d o m — l i s t  , expr
In - -“  /WE SUM I COUNT
b i n - o p  — - “  U N I ON I I N T E R SECT I fI F E
u p d a t e — l i s t  —— ~~~ don = up—expr I update —list , dom = up—expr
up—exp r —— ‘s a rith—expr I value
i r i t h—expr —— ‘s expr I arith—expr arith—op arith— expr

— an ith—expr
a r : t h — o ~ —— ~~a + I — I * I /
r~ - — l ~~p — —~~~ ‘

~ I ‘- I I I I
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This architecture is currently being stud ied by a study group of
the American National Standards Institute as a possible model for
Litabase standardization. This project will test the feasibility and
appropriateness of the architecture by actually building a database
system conforming to the architecture . The system will test a number
of potential problem areas arid possible solutions . This paper dis-
cusst~s these potential problems and some of the project’ s approaches
to them.
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