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Abstract 

In order to represent mhentance, several recent de- 
signs for database programmmg languages have made 
use of class construct, which can be thought of as a re- 
stncted data type with an associated set of mstances 
Moreover, these classes are persistent they survive 
from one program mvocauon to another ms paper 
exammes whether it 1s necessary to he together type, 
extent and persistence m order to model mhentance and 
suggests that they may be separated to provide more 
general database programmmg languages In parhcular 
we shall see that it 1s possible to assign a genenc data 
type to a function that extracts all the ObJects of a given 
type m the database so that the class hierarchy can be 
denved from the type hierarchy We shall also exam- 
me ObJect-level mhentance and its relationship to data 
types for relaaonal databases A final section exam- 
mes how the various forms of persistence interact with 
mhentance at both object and type level 

Introduction 

The concept of mhentance 1s now well established 
m databases [Snut77, Hamm81, Shlp81], arhficlal mtel- 
llgence [Brac79] and programmmg languages [Gold80], 
and It 1s therefore not surpnsmg that several recent de- 
signs for database programmmg languages have mcor- 
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porated some form of mhentance mto theta type system 
At the same time, several “knowledge base” extensions 
to exstmg languages have been developed to deal wltb 
mhentance, though usually m a way that 1s less &- 
rectly mtegrated with the data types of the language 
In a recent survey of database programmmg languages 
[Atlu85a], the authors - as a result of their own de- 
sire to construct a database programmmg language - 
attempted to survey past and current implementations 
and designs m order to understand what open problems 
remam One of the most mterestmg aspects of recent 
designs 1s how the various languages represent mher- 
stance and how mhentance interacts with other com- 
ponents of the language The rum of tis paper 1s to 
summanze some of the research problems m ths area 
and to m&cate that it may be possible to combine rela- 
uonal and obJect-onented database programmmg within 
a uniform type system. 

Prom the outset, even the termmology of mhen- 
tance 1s confusmg When we try to relate concepts 
such as Person and Employee, we may use terms such 
as “subtype”, “subclass”, “speclahzation”, “Is-a” to lm- 
ply that there 1s some ordermg on these concepts How- 
ever, there are at least three thmgs that we may mean 
by this ordenng 

a) that any operation we can perform on a value of 
type Person can also be performed on a value of 
me Empkwe, 

b) that the set of all Employee values m the database 
1s constramed to be a subset of the set of all Person 
values m the database, or 

c) that any Employee value can be created by addmg 
Information to some Person value 

Whether or not these definitions are all really &s- 
unct depends, of course, on a precise definition of the 
terms “value”, “type “, “mformauon” etc However, we 
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shall see that various languages do &stmgmsh between 
these notions, moreover, It 1s an mterestmg and open 
question as to whether a prog rammmg language should 
attempt to tie them together 

Another notion that is going to figure m this do+ 
cusslon is persistence Data base programmmg - and 
presumably knowledge base programmmg, If there 1s a 
merence - is &stmgulshed by the reqmrement that data 
persist beyond the duration of a program In tradrtlonal 
programmmg languages, the only persistent structures 
are files, and the management of these structures 1s left 
largely to the operatmg system Some mteracuve pro- 
grammmg languages have a form of all-or-nothing per- 
sistence by which an m&ractwe sessmn may be halted 
and ~sumed later, but between files and all-or-nothmg 
persistence only a rather small number of languages 
have attempted implement persistence for more com- 
plex data structures In fact, one way of &sunglllshmg 
database programmmg languages from other languages 
IS by the mechamsms that they use to support perns- 
tence 

In creatmg, say, an employee database m Pascal, our 
first step would surely be to create an Employee data 
type Tlus alone wdl not suffice because Pascal has no 
&ect means of keepmg track of the Employee records 
we have created durmg the execution of a program We 
therefore create some further data structure, perhaps a 
hnked hst to mamtam an extent for the type Employee 
which descrrbes the set of all Employee records that 
are currently m the database Fmally, we wdl want 
to ensure the persistence of the database by mappmg 
it to a sultably persistent data type, such as a file Al- 
though the last two steps may often be combmed snnply 
by usmg files due-ctly, thts 1s not always the case and 
we should Qstmgulsh between a type, its extent, and 
its persistence Now m [Atlu85a] the authors have ar- 
gued that an &al language would separate these three 
In fact they have clamed that persistence should be 
more properly associated with value-s rather than types 
- somethmg that we shall review m the last section 

To Jusafy the claun that extent should be divorced 
from type, it 1s first of all obvious that there are many 
types, such as Integer for which a unique extent 1s al- 
most useless We nught well want to create a set of 
integers, but this set would certamly not contam all the 
integers that were created durmg execution of the pro- 
gram; moreover, we would very hkely want to have 
several such sets. Even when we deal ~nth types such 
as Employee, there are often cases for havmg mula- 
ple extents One may want to expernnent with hypo- 

thetml states of the database, or, as a more practical 
example that we shall d~cuss later, one may want to 
create a new, temporary extent m order to Improve the 
effiaency of a program by memotzzng - stormg mter- 
me&ate results to avoid repeated computauon 

The last example 1s also an example of an extent 
which is not requrred to persist, and there are many 
more such examples especmlly m relahonal database 
programmmg, where one creates an mtermdate, tran- 
sient relation m order to snnphfy or opmze some 
huger computahon Other examples of the use of non- 
persistent extents aflse from using database-hke data 
structures to do non database-l&e computations Mer- 
rett lJkkrr84] gms several examples of the use of re- 
lational algebra to solve a v;mety of problems drawn 
from areas as &verse as computational geometry and 
text processmg 

The first database programmmg languages made a 
clear separahon between type, extent, and persistence 
In PascavR [Schmt773 one would construct an em- 
ployee database by first declarmg an Employee record 
type A declaration of the form 

type EmpRel = relation of Employee, 

then &fines a relation type whose values prov& ex- 
tents The persistence of a relation 1s obtamed by plac- 
mg it m a database 

var EmpDB = database 
Employees EmpRel 

end, 

where the type database behaves l&e a record type, 
but has persistence controlled m the same way that it 1s 
for files In Pascal/R there is a resttrction that only re- 
lutton data types can be placed m a database PS-algol 
[Adu83] takes a more general approach to persistence 
and allows arbitrary values to be placed m a database, 
it 1s also a straghtforward matter to construct a genenc 
set type m PS-algol to &fine extents 

More recent database programmmg languages have 
not always mamtamed a clear separation of type, extent, 
and persistence, and the reason 1s certamly that tho 1s 
more &fficult to orgamze m the presence of mhentance 
Tummg back to our possible charactenzauons of mher- 
stance, m a normal database programmmg enmnment 
we would normally want the hierarchy on types to de- 
fine the mclusmn hierarchy on extents But fi we do 
thus, we are lmphcltly assummg that each type has a 
umque associated extent Does this mean that we have 
to forgo our desve to separate type from extent, or can 



we find a more general framework that allows us the 
best of both worlds? The answer to this, whch 1s not 
completely resolved, 1s discussed m the next sechon 

Inheritance, Data Types and Extents 

A number of attempts have been made to de- 
sign database programmmg languages that exploit some 
form of mherrtance, 111 pal'hCUliU there are ObJeCt- 
orrented languages [Cope841 that Implement persistent 
ObJects In the behef that, for databases, type-checkmg 
IS one of the best techmques for ensurmg program 
correctness, our mam concern wfi be ~th languages 
whose type system 1s designed for predommantly szufzc 
type-chechng m the tradmon of Pascal [wut8 11 How- 
ever, m this context the types of Pascal are madequate 
not only because they do not represent mhentance, but 
also because of the more general cntrcism that they 
cannot represent genenc code, code that can be applied 
to values of more than one type. The second hrmta- 
tlon has been taken care of m languages such as Ada 
[Ichb79] and ML [Gord79] which form the basis for 
several of the languages we shall &scuss 

The languages of interest to us also represent mher- 
mnce m some way In Taxis Mylo80] for example, m- 
hemance 1s fundamental, and programmmg constructs 
such as type, transaction, procedure, exception, set and 
record all have analogs m Taxis as classes, which are 
dewed through some form of mhentance from a um- 
versal class Taxis, m fact, supports two forms of re- 
lauonshtp among classes zIIstume and subcluss. For 
example the declarahon 

VARIABLECLASS EMPWYEE isa PERSON with 
characteristics 

Empno. integer, 
attribute-properties 

Departmentz char& 
. 

end, 
makes EMPLOYEE an mstance of the meta-class VARY- 
ABLE-CLASS, whose mstances have the property that 
they have an associated extent &fined by exphclt m- 
setion and deletion It also makes EMPWYEE a sub- 
class of PERSON thereby ensurmg that every mstance 
of EMPLOYEE also has the atmbutes of an mstance 
of PERSON If PERSON had also been &fined as an 
mstance of VARIABLEC~SS, the declaratton above 
would ensure that every mstance of EMPWYEE wdl 
be m the extent of PERSON. 

In the other database p rogrammmg lwwages, only 

the subclass (or subtype) hrerarchlcal relatmnslup was 
supported with any genera&y The &stmcaon between 
the two herarches 1s nevertheless Important. Some of 
the semantic. network models used m Art&al Intelh- 
gence, e g &One [Brac85], Qshngulsh between “W 
a” and “1s-a-kmd-of” relahonshtps, and m others they 
ate confused I%r much of thts paper we shall thmk of 
the mstance (is-a-kmd-of) hierarchy as havmg just two 
levels. type and value, or object and class However 
it 1s worth a brref &gresslon to note that m database 
design we can move up and down the mstance hler- 
anzhy qmte eastly This 1s illustrated by the followmg 
two scenarios, which are both based upon actual design 
problems 

The only mformauon mamtamed on cars m the 
Umverslty parkmg lot 1s the registrahon number 
(tag), and make-and-model Information such 
as the length, whti 1s used to derwe charges 
and the avatlabthty of space, 1s derived from 
the make-and-model 

Dependmg on the database management system 
which was to be used, one would probably employ a 
separate relahon to hold mformatmn associated with 
make-and-model, or one would make make-and-model 
a compound atmbute of car, but both of these soiu- 
hOnS obscure the fact that a given car 1s an stance of 
a make-and-model type, and fad to represent properly 
the mstance hlenzrchy In the second, and more mmd- 
bogglmg scenarro, tbe level m the mstance hierarchy 
depends upon an attrrbute 

Products m a certam manufacturmg plant that 
are above a certam pnce are treated as &vldu- 
als and have atmbutes such as weight and com- 
pkhOn date of construchon. Below that pnce 
they are treated as classes and have weight and 
number m stock as properaes of the class 

Some formal work @u1183] has suggested how 
these two hlerarchuzs nught be manipulated, but m 
database programmm g languages only Taxis appeaxs 
to deal with the mstance hierarchy and then only m 
a hlntted three-level framework In general, If we are 
to thmk of the value-type relaonshlp m programmmg 
languages as an example of the mstance hierarchy, and 
If we want to treat this as more than a two-level hlerar- 
thy, we will have to mtroduce the notton of meta-types, 
meta-meta-types, , somethmg that 1s well beyond our 
prachcxd Understanbg of types Let us therefore tum 
to the subtype or subclass hierarchy and use the con- 
venhon that by class we mean a type with an associated 
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extent, notmg that this B not what B meant by a CLASS 
m Taxis 

There are several other (statmlly) typed database 
programmmg languages that support classes In Taxis, 
as we have seen, a VARIABLE,CLAsS defines both 
a type and an extent. There 1s also an AGGRE- 
GATE&!&S that 1s sn~~lar to VARIABLE-CLASS, but 
does not have an associated extent. One can thmk of 
AGGREGATELXASS as bemg smular to a record type 
in other programmmg languages Adaplex [Srmt81] 
ties the notmns of type and class together m a smgle 
entity type In Gahleo [Alba85], one defines first a 
type and then uses the type to construct a class This 1s 
less resmchve, but it does not appear to be possible to 
construct two extents on the same type What 1s most 
mterestmg about Gallleo 1s that the type upon which a 
class 1s based 1s not restncted, one may, for example, 
construct a class of mtegers In Adaplex and Taxis, 
the types associated wrth a class are resmcted to bemg 
somethmg hke nzcord types (although they are hnuted 
in the types that can be asslgned to thev components ) 

Designers of programmmg languages tend to be 
parsimomous in the number of constructs they mtro- 
duce Among other thmgs, a programmmg language 
with few constructs 1s probably simpler to implement 
and programs m that language are probably easier to 
reason about We therefore ask whether the notion of 
class is fundamental or whether it can be derived from 
more prmutwe constructs In parhcular we want to ask 
whether class 1s Just a parametetlzed data type like ar- 
ray m Pascal That is, should we be able to wrote class 
of a m the same way that we can wrote array of a for 
any type a? To do this we shall contrast the three lan- 
guages we have Just memOned ~rlth the programmmg 
language Amber [Card843 which supports mhentance 
on types and a very general form of persistence but 
which has no bulk-m class construct. Amber 1s m fact 
partly based on Gal&o which m turn was dmved partly 
from ML [Gord79] 

To dlustrate the dtstmctlon between Amber and the 
other languages, compare the Adaplex declartion for 
a person-employee database, 

type Person is entity 
Name Strzng( 1 32), 
Address 

end entity, 
type Employee is entity 

Empno Integer, 
Department Strmg(1 8) 

end entity 
include Employee in Person 

with the correspondmg de&muon m Amber, 
type Person is 

aName Strzng, Address , w 
type Employee is Person with 

eEmpno Int, Depr Strang, w 

Although syntachcally sunJar, these declarations 
perform very &fferent funcuons In the first place, type 
declaraUons m Amber such as those for Person and Em- 
pZoyee serve only to create names for types Thus the 
Amber de&muon for Employee above 1s eqmvalent to 
the declarauon 

type Employee is 
edGame Smng, Address , . , 

Empno Int, Dept Smng, .W 

and It would shll be mfemzd, from the structure of the 
defimhon, that Employee 1s a subtype of Person In 
Adaplex, types ~nth the same structure are not nec- 
essady dentml, and the subtype hierarchy has to be 
explicitly defined by means of include dmxtwes 

In Adaplex, the mcluslon relationships among the 
extents associated with entity types follow duectly from 
the exphclt hierarchy of entity types Thus creatmg an 
instance of Employee will also create a new mstance of 
Person In contrast, Amber, has no associated extents 
and it 1s not nnmedtately obvious how to create a data 
structure that will provide the desued extents One way 
would be to represent the database as a hst of values 
and then wnte functions that would extract the values 
of a given type. This requres us to mamtam a 1st 
of heterogeneously typed values (the database) and to 
Interrogate theu types in order, say, to extract all the 
values of type Employee. Although Amber 1s a strongly 
typed language, the type-checlung mechanism IS not 
enarely stahc, there 1s a special type Dynarmc whose 
values carry around both a value and a type O&nary 
values, such as Integers can be made dynarmc by a 
dynamic operator, and coerced back to ordmary values 
with coerce Thus in 

let d = dynamic 3, 

let 1 = coerce d to Int, 
let s = coerce d to String, 

d IS made a dynanuc type d 1s not an mteger, and any 
attempt to use an integer operahon such as addmon on 
d is a (staac) type error The value m d can be “re- 



vealed” by usmg coerce so that z, which 1s statically 
determmed to be an integer, is bound to the value 3, 
but the subsequent hne will rase a run-tnne exception 
because the type associated with d 1s not strzng Dy- 
nanuc types, as we shall see, give us one method of 
treatmg persistence umformly 

We can therefore construct a database by creatmg 
a hst of dynanuc values, but we still need to be able 
to enquire about the types of these dynanuc values m 
order, say, to extract all the Employee values m the 
database To do thts, Amber provides a special type 
Type whose values descnbe types, and a special func- 
uon fypeOf that takes any dynanuc value and returns a 
descrrption (another value) of its type 

Usmg these, it 1s possible to wnte funcuons of the 
form (this 1s not Amber syntax) 

function getPersons(d Database)* PersonLzst, 
function getEmployees(d Database) 

EmployeeLast, 

where PersonLzst, EmployeeLast and Database have 
been previously defined as hsts contammg values of 
respective type Person, Employee and Dynamzc These 
functions therefore provide us with extents m the sense 
that getpersons will always return a larger ltst than 
getEmployees, and those records obtamed by “proJe-ct- 
mg” the Employee records returned by getEmployees 
will always appear in the result of getEmployees 

There are some drawbacks to this solution In the 
first place, this “database” 1s completely unconstramed 
we can put any dynanuc value m rt Secondly, thus 1s 
not a very efficient soluhon smce we have to traverse 
the whole database m order to obtam a small subset, 
we also have the overhead of havmg to check the struc- 
ture of each value we encounter Another posslblhllty 
would be to keep a set of (statically) typed hsts with 
appropnate structure sharmg, and further possrbhttes 
ate discussed m [Chan82] This may solve some of the 
problems of efficrency, but It requnes more elaborate 
functions and control mechamsms for creatmg new val- 
ues and msertmg them m the database But the mam 
tificulty with either of these methods 1s that we have 
to wnte both the code for each get funcaon and de- 
clare the type of each result list for all types m the 
database Moreover the code to decompose the type 
of a dynanuc value can be lengthy Thus without the 
abthty to wtlte genetrc code, this approach cannot be 
cons&red practicable 

What is requved 1s a smgle genenc Get funcuon 
that would work for any type 

function Get[t](d Database)Lut[t 1, 

m which t 1s a type parameter that should be supphed 
m addmon to the database parameter Thus we would 
wrzte Get[Employee] to get a list of employees m the 
database of type Lzst[Employee] Is there a type sys- 
tem powerful enough to allow us to wrrte such generrc 
code? In a recent paper, Canielll and Wegner [Card85a] 
mvesugate the consequences of combmmg mher&mm 
with various forms of type parametenzauon Although 
they do not deal due&y with the problems of perso- 
tence or dynarmc types, theu type system does allow 
us to express the type of genmc funcuons such as Get. 

Consider an obJect-onented language m which the 
result of Get[Employee](d) IS a hst of obJects m the 
database Each ObJect m this list necesstiy has type 
Employee, but it may also have a type that 1s a subtype 
of Employee, e g. the ObJect may also be of type Stu- 
dent How do we express the type of this ObJect when 
we do not know exactly what It 1~7 In the Cardelh- 
Wegner system we say that such an ObJect o has type 
3 t 5 Employee Thus reads “there exists a subtype t 
of employee such that o has type t” Note that what we 
are doing 1s speclfymg an abstract type we don’t know 
what the type or representation of o is, all we know 1s 
that we can perform on 0 any operation associated with 
the type Employee 

Just as we can use the metaphor of exlstenual 
quanticauon to descnbe abstract data types, we can 
also use universal quantification to descrrbe polymor- 
phzsm Many languages, Pascal for example, have bult- 
m polymorphic types such as arrays Thu means that 
for any type Q the type array. of cy 1s a valid type, 
and operations of access and update are &fined for 
each type a Only recently have languages that al- 
low user-defined polymorphic types been implemented 
These mclude ML, Poly lMatt85], Argus Fsk83] and 
Ada [Ichb79] although m A& one obtams the effect 
of a polymorphic type by use of a (generrc) pack- 
age In the Cardelh-Wegner system, the function Cons, 
which puts an element on the front of a list 1s of type 
va (a x Lzst[cz]) -+ Lut[a], which reads “Cons 1s a 
funcuon that, for any type a, takes a value of type a 
and a value of type Lzst[a], and returns a Lzst[crl”. Note 
that our funchon Get is smularly polymorphic It 1s de- 
fined for any type t In fact, using both universal and 
exlstenual quantification, we can ante down the type 
of Get as 

Vt Database + Lzst[W t’ 5 t] 
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What we have done 1s to show that with a suf- 
ficiently powerful type system, It IS possible to wnte 
down the type of a fimchon that extracts the ObpXtS 

of a given type from the database Moreover the use 
of this funcUon can be type-checked srutzcully, even 
though a certam amount of dynanuc type-checkmg may 
be needed m the Implement&on Thus there 1s no need 
for a titmgulshed fanuly of types for which mhentance 
1s defined, nor 1s it necessary to have unique extents as- 
soclated with these types 

In order to provide a type system powerful enough 
to asslgn a type to funcuons hke Get, a certam amount 
of computaUon has to take place at the level of types 
The complier must be able to mampulate type ex- 
presslons and decide d they are eqmvalent. Now 
the Cardelll-Wegner type system, while providmg this 
power has the property that equal@ of type expres- 
slons IS decldeable, and there are no non-termmatmg 
computaUons at the level of types This 1s an obvl- 
ously desirable property of type systems, but whether 
we can mamtam this posmon for database programmmg 
languages 1s an open quesUon 

The problem arises with respect to data models 
Our trtiUonal approach to database programmmg has 
been to combme an exlstmg programmmg language 
with an exlshng data model Smce the types of the 
language never match precisely the forms of data ab- 
stracUon assumed m the data model, special-purpose 
mtificabons need to be made to the types of the lan- 
guage. Now we nught ask If there 1s a sufficiently 
general nouon of “type” m which we could dvectly ex- 
press an arbitrary data model For example, we rmght 
ask for a type system m which we could wnte down the 
Enuty-RelaUonshlp model [Chen76] or even a (snnph- 
fied) Network data model as genenc types Database 
schemata described by these models are represented as 
some form of labelled graph If we are to represent 
these as types, we require a type system that is power- 
ful enough both to allow the representaUon of labelled 
graphs (as types, not values) and to allow the checkmg 
of mtegnty constramts such as acychc con&Uons Such 
type systems have not yet been properly developed, and 
it 1s an open queshon whether they ~rlll be One so- 
luuon 1s to treat types as values, this does not mean 
that one has to abandon type-checkmg, but does al- 
low the posslblhty of non-termmatmg computahons on 
types The quesuon of whether types should be treated 
as values, thereby sacnficmg some of the theoreucal 
properUes of decldeable type systems 1s the SubJect of 
some recent debate [Burs84, Meye m programmmg 

language research 

Inheritance on Values 

SuppOSe we create an ObJect o of type Person m 
the database and at some later tune wish to extend this 
object so that It becomes an Employee ObJect, o’ There 
is a sense in which we have added mfOrmahOn to o to 
create a more mformauve ObJect o’, and we can wnte 
0 E 0’ to express the fact that 0’ contams more mfor- 
mahon than o Note that we have chosen an ordermg on 
objects (L) that 1s the reverse of the ordermg (5) that 
we expect on theu types a more mformahve ObJeCt 

appears to have a type that 1s lower m the type hler- 
archy The database programmmg languages Adaplex, 
Gahleo, Taxis that have bmlt-m defimtlons of classes 
all have some method of extendmg an ObJect so that it 
belongs to a new sub-class On the other hand m Am- 
ber two record values are never comparable, and there 
IS no method of extendmg a record to become a more 
mformahve record The only way to transform a Per- 
son record into an EmpZoyee record would be to delete 
the less mformauve record and add a new one, and dus 
may not be an equivalent operauon when there are ref- 
erences to or from that record Agam, special-purpose 
code would be requued for each such transformahon 

Gwen two ObJects o and 0’ with o & o’, there 1s an 
mterestmg queshon as to whether both o and o’ should 
be allowed to exist snnultaneously m the database Ac- 
cordmg to the tenets of ObJect-onented programmmg 
[Cope84, Borg85], ObJects are not idenhfied by mtrm- 
sic properties, so there 1s no reason why we should 
not allow two comparable ObJects to co-emst For ex- 
ample, suppose that, in the University parkmg lot ex- 
ample cited m the previous secuon, one &d not keep 
reglstrauon (tag) mformatron on cars One could then 
have two idenhcal cars in the database, and to prevent 
the lot overfillmg, one would want to mamtam separate 
records for each car The problem of ObJect idenhty 1s 
well-known m philosophy and is related to the &shnc- 
Uon between types, or classes, and values that we have 
been Qscussmg throughout tins paper In ordmary du+ 
course we can very easily switch levels m the instance 
hierarchy, e g “My car 1s a Chevvy Nova The Chevvy 
Nova weighs 3,000 pounds “so presumably we should 
be able to switch with same ease m databases If the 
type/value relaUonshlp 1s part of the mstance luerarchy, 
we do not yet have the same flexlblllty of changing 
levels m programming languages 

In database programmmg languages that are based 



on the relauonal model, collecuons of ObJects are sets 
and It 1s therefore assumed that two 0bJect.s (tuples) m 
a relation can only be drstmgmshed by some mtrmslc 
property. If we want to mamtam the natural ldenhty 
of tuples we usually Impose natural or art&al key 
atmbutes on suitably chosen classes Moreover the nn- 
posltmn of keys wdl also prevent comparable values 
(under E) from coexistmg m the same set. If, for ex- 
ample, we mslst that Name is a key for Person, we 
cannot now place two comparable ObJects whose type 
1s a subtype of Person m the database, for If they were 
comparable, they would necessardy have the same key 

The problem of ObJect identity 1s one of the seflous 
mcompaubdlhes between ObJect-OrIented database pro- 
grammmg and relational database programmmg There 
an2 at least three important bfferences 
a) As we have seen, a relation 1s a set of tuples that 

are ldenafied by mmnslc proper&es One cannot 
give a tuple m a relauon an mdependent ldenuty 

b) There 1s no representation of mherrtance m the re- 
lational data model. 

c) Relations are jiut We cannot store complex shuc- 
hues such as arrays or other relations as values a 
relahon This is the well-known fust-normal-form 
condmon on relauonal databases 
In fact these &fferences had appeared nreconcll- 

able The first suggestion that it was appropnate to 
corder tierarchles m a relational settmg was made 
by Zamolo [zanl84a] m a treatment of null values m a 
relauon More recently A&Kacl, gave a precise char- 
acteflzauon of mhentance and showed [AltK84] how 
one could actually use mhentance to provide a model 
of computation (Although Att-Kacl refers to this as 
type subsumptton, there 1s m his formahsm no do- 
tmctmn between ObJeCts and types, and the operations 
on types are equally applicable to values ) Zamolo 
lZam84b] has also suggested that “non-flat” data mod- 
els may be more appropriate to express the relaaon- 
ship between databases and logic programmmg, and 
Banqlhon [Ban5$6] has shown how some of the rela- 
uonal database concepts can be used m connection with 
“non flat” data models 

Whether it 1s possible effectively to combme object- 
orrented with relauonal database programmmg 1s 1s not 
yet clear, but If we violate the flatness constramt of re- 
lauonal databases (c above) and violate the prmclples 
of ObJect-onented programmm g by not allowmg com- 
parable 0bJect.s o and 0’ to exist snnultaneously m a ser 
(a above), we can make some headway Here 1s a beef 

mformal sketch of how this may be done We can thmk 
of our 0bJect.s as records such as 

01 = {Name = J Doe, 
Addrcsa = {Caty = ‘Awn’}} 

m which the components may themselves be records 
We may create a better defined record ather by addmg 
new fields or by better &lining one of the exlstmg 
fields, thus 

g = {Name = ‘J Doe’, 
Address = (Caty = ‘Au&n’), 
Emp-no = 1234) 

and 
03 = {Name = ‘J Doe’, 

Address = (Caty = ‘Awn’, Ztp = 78759)) 

are both better defined than o1 Thus 1s what we mean 
by “addmg mformation”, 1 e o1 G oa and o1 C o3 

We mentioned above that one often wanted to add 
mformation to a record, e g one mtght want to turn a 
Person into an Employee To do tins, there must be a 
Join operator u that effecavely merges the mformauon 
in two records, thus 

{Name = ‘J Doe’) U {Emp-no = 1234) = 
(Name = ‘J Doe’, Emp-no = 1234) 

As a more comphcated example, the Jam of 02 and 
03, oa u 03, above is 

(Name = ‘J Doe’; 
Address = {Ctty = ‘Austin’, Zap = 78759}, 
Emp-no = 1234) 

however, we cannot always Jam two records together 
smce they may &sagree on a common fieId For ex- 
ample, we cannot Jam o1 ~nth {Name = ‘K Smtth’}, 
since there 1s no value we can put m the Name field 
that 1s “better than” both ‘J Doe’ and ‘K South’ 

Erom the foregoing we have seen mformally that 
ObJects form a pumzl order under E and that there is a 
Jam operation u. More generally, it can be shown that 
tlus ordermg is a complete parhal order In fact, thts 
class can be extended to contam more general structures 
than records For precise defimttons of this ordermg and 
further examples, see [AitK84] or [Bans86], but the 
reader 1s warned that these authors use lattices rather 
than complete parhal orders 

The next step we take 1s to consider sets of such 
ObJects, and in keeping with our earlier ticussion, con- 
sider only sets of mutually incomparable objects. We 
shall call a set of ObJects R a (generallzed) reluhon if 
whenever ol, o2 E R then neither o1 L e nor 0~ E o1 

hold (sets wth this property are called cochaans m the 
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{{Name = ‘J Doe’, Dept = ‘Sales’, Addr ={ Czty = ‘Moose’ 
(Name = ‘M Dee’, Dept = ‘Man@ ?’ 
(Name = ‘N Bug’, Addr =( State = MT)} j 

Rl 
((Dept = ‘Sales’, Addr =( State = WY }), 
(Dept = ‘Adnun’, Addr =(Ctty = ‘Ballangs’ HY 
(Dept = ‘Manuf’, Addr ={ State = MT }}} 

92 
((Name = ‘J Doe’, Dept = ‘Sales’, Addr =(Czty = ‘Moose’, 
(Name = ‘M Dee’, Dept = ‘Man@, Addr =( 

,$5; = WY)}, 
= MT)), 

(Name = ‘N Bug’, Dept = ‘Ma@‘, Addr =( State = MT)), 
(Nm = ‘N Bug’, Dept = ‘Admm’, Addr =(Caty = ‘Ballmgs’, State = MT))) 

RI W&J 
Figure 1 A Jam of genertid relattons 

Jargon of lathce theory ) What this means mformally 1s 
that we wdl not adnut an ObJect o mto a relation R tf 
there is almdy an ObJect m R which contams as much 
mformahon as o, and if it 1s more mformahve than ob- 
JOCKS already in R, we will subsume those 0bJect.s m 
R We may now ask how relattons themselves may or- 
dered One way of definmg an ordermg on relahons 1s 
to say that 

RE R’zffforeveryobjecto’m R’thereIsan 
ObJect o m R such that o E o’ 

In other words, R G R’ if every obJect in R’ is more m- 
formative than some ObJect m R Agam, E is a parhal 
order on relaaons and we may ask d there 1s a corre- 
spondmg JOHI operation There zs, and it IS a general- 
ization of the “natural Join” for 1NF relauons Figure 1 
shows an example of such a Join The same notahon 
( } has been used for both sets and records This 
1s because both structures can be derived from a more 
general structure, a partuzl functwn, and the ordenngs 
&fined both on sets and on records are naturally derived 
from from the ordermg on parhal functzons Moreover 
from a shghtly dzfferent ordermg on relations a a pro- 
Jectton operator can be defined, and the mteractmn of 
these two orderings allows us derwe the basic results of 
the theory of functional dependencies @zne861 More 
mteresung m tis context ti that the analysis makes no 
formal dzstmctmn between a type and a relatzon; m fact 
the type {Name : Stnng; Age Int} can be seen as 
a very large relauon, 

((Name = s, Age = t} 1 s E String, Age E hat), 

moreover zt 1s meazungful to talk about the Jorn of thzs 
relauon with a relatton R to extract all the 0bJect.s m 

R whose type 1s a sub-type of (Name Strmg; Age 
Int} Thus 1s precisely the the operahon of extrachng 
sub-classes that we were attemptmg to &fine m the 
previous sectzon 

Whether what has been presented here 1s a forced 
mamage of relattonal and ObJect onented programmmg 
languages, or 1s a natural extension of both zemams to 
be seen There are certamly a number of open prob- 
lems. We have not given an account of keys for general- 
md R&IhOnS, nor have we properly related ObJect-level 
mherztance to mherztance on types descrzbed m the pre- 
vious sechon. A part3a.l SduhOn t0 the latter problem 
IS presented m @me851 where it 1s shown that a rather 
mmor modtficauon can be made to the type system 
of Amber to allow for ObJect-level mhentance and to 
use this to assign a type to relahonal operators such as 
Jozn Given the apparent connechon both with relahonal 
database theory and with data types, tlus approach may 
bear fruit for database programmmg languages 

Persistence and Extents 

In [Atlu85a] the authors advocated a more gen- 
eral vzew of persistence m which any value should 
be capable of perSlShng They argued that m most 
database systems ody obJects of certam types were al- 
lowed to perszst., and this mhlbzted the use of database 
management in many apphcaaons such as the many 
branches of engmeermg m which special data structures 
have been developed for varzous forms of design (e g 
CAD/CAM) ThefmtpraChCaldemonstrahOn ofalan- 
guage m which any value could be made persistent was 
PS-algol [A&183] Very few other database languages 
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have adopted this prmcrple, of those we have dtscussed, 
only Gal&o and Amber provrde a umform approach 

In order to use persrstence m a strongly typed en- 
vrronment, the authors suggested two prmcrples that 
should govern the design of a database programmmg 
language 

(1) Persistence IS a property of values and should be 
independent of type 

(2) Whrle a value persrsts, so should rts descrrptron 
OYPa 
The second condmon guards agamst the possrbrlny 

of wrmng out a data structure as one type and readmg rt 
in as another, a common cause of error m mampulatmg 
files in conventronal programmmg languages 

If we are to adopt this view that persistence is mde- 
pendent of type, there are at least three approaches we 
may take to definmg persistence 111 programmmg lan- 
guages The first, and snnplest, IS all-or-norhzng persrs- 
tence that 1s commonly used with mteracuve program- 
mmg languages Some versions of Lisp and Prolog, for 
example, allow one to save the state of an mteractrve 
sessron and resume it later on This 1s usually achreved 
by copying a complete core nnage (or possibly an im- 
age of all user-defined structures) to secondary storage 
While simple to rmplement, this approach does not pro- 
vrde adequate structure for database work it does not 
allow sharmg of values among programs, moreover the 
user cannot separate the relatrvely constant structures he 
has created (the database) from the extremely volatrle 
structures such as experrmental programs In tins form 
of persistence the survrval of the database 1s highly de- 
pendent on the mtegrrty of the programmmg system as 
a whole 

The second form of persrstence 1s controlled by hav- 
mg program mstructums that move structures m and 
out of secondary (persrstent) storage We shall call this 
replzcurzng persistence smce structures are replicated 
in secondary storage In a sense, languages hke Pas- 
cal offer some form of rephcatmg persrstence m fiie 
types However, as we have already seen, the struc- 
tures that can be placed m files are hmtted, e g they 
cannot contam pointers, and they do not carry then own 
types Another example of replicatmg persrstence is to 
be found m APL Falk733 Here arbrtrary values may 
persist and then type 1s camed wnh them, however 
APL’s data structures are all jlat, and therr types rela- 
trvely simple (functrons are stored as character arrays) 
Amber provrdes the most complete example of rephcat- 
mg persistence through the use of dynarmc types For 

example, the code m Amber to perform these opera- 
trons is, approxnnately, 

Qpe database = 
-- Type de&anon for a database 

var d database = 
-- Code to mmahze the database 

extern(‘DBFde’, dynamic d), 

and to access the database m a subsequent program, 
type database = 

-- Type declarahon for a database (as be- 
fore) 

var x = rntern ‘DBFtle’, 
var d = coerce n to database 

-- Code to query or update the database 

where the coerce operaaon would fad rf the type as- 
sociated wrth the dynarmc value d were not database 
In Amber, when a dynarmc value 1s externed, tt tames 
with rt everythmg that 1s reachable from that value such 
as structures that are referenced by that value or, m the 
case of functmn values, varrables that are global to that 
funcuon. 

The name DBFlle III this Amber example serves to 
mamtam a name for a value across program boundartes, 
such names are called handles However, m tins case 
the handle refers to a copy of the data m the program 
To see what this means, m the program 

var n = antern ‘DBFale’, 
-- Co& that modrfies x 

x = zntern ‘DBFale’, 

the modrflcatrons to x will not survive the second m- 
tern operation. Thus If any concurrency 1s to be rm- 
plemented through the use of rephcatmg persrstence, 
lt must be done by ensurmg that the varrous exrern 
and znrern operauons for a given handle are properly 
synchromzed Also, under thus form of persrstence, if 
values a and b both refer to a thud value c then any 
change made to c though a handle for a wrll not be VIS- 
rble from a handle for b, smce these two handles will 
refer to drstmct copres of c This may be the cause of 
both update anornahes and wasted storage 

The thrrd form of persistence 1s what we shall call 
anfmstc persistence Here the idea 1s that every value m 
a program 1s persrstent, however there IS no need physr- 
tally to retam storage for values for whrch ail reference 
IS lost In thrs model of persistence there is no need 
to rephcate data or control tts movement, nor is there 
any drstmctron m the programmmg language between 
prnnary and secondary storage The physrcal represen- 
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tahon of a value 1s determmed entiely by the run-time 
support for the programmmg language it could be that 
all values are mamtamed m secondary storage even dur- 
mg program execution, although thus would not be an 
efficient way of implementmg mtrmsic persistence 

The entue purpose of handles for this form of per- 
sistence 1s to mamtam reference to values To give an 
example of how this rmght work, consider the followmg 
hypothetical program m “Persistent Pascal” 

program Test, 
type DBType = 
var DB DBType handle DBHandle, 
begin 

The sole purpose of DBHundle IS to provide a name for 
the value DB that 1s global to the program Test But 
for the fact that we nught want to use &fferent internal 
names m d&erent programs, there would be no harm m 
simply markmg DB as the global name. Creatmg tis 
global name 1s all that 1s reqmred to ensme persistence, 
there IS no need for any extern or Intern operations 
durmg the execution of the program 

What we have Just given is an ldeahzed descrrphon 
of mtrmslc persistence PS-algol [Adu83] and Gem- 
stone [Cope841 implement some form of mtrmslc per- 
sistence, however our descrrpuon here ignores some lm- 
portant pomts In the first place we have unphcltly as- 
sumed a smgle global namespace Although it 1s global 
to the program, 1s it also global to the user, the user 
community, 7 In pracuce one needs to operate with 
muluple namespaces and control the sharmg of struc- 
tures among namespaces As another practtcal matter 
we need to protect ourselves agamst a program farlmg 
when the database is m an undesirable state, therefore 
PS-algol provides an exphclt commzt mstruction Be- 
fore this mstruction 1s called, the persistent value and 
the value being used by the program can &verge 

In spite of the madequacies of this descrrphon of 
persistence, let us look at some of issues m type- 
checkmg Assummg static type-checkmg, the first time 
the program Test is compiled, the type DBType IS as- 
sociated with the handle DBHundZe Now suppose that 
at a later hme, we recompile a mod&zd version of 
Test with a new definition DBType’ for the type of DB 
There 1s no reason why the compllahon will fad if DB- 
Type IS a subtype of DBType’ In fact, by the defimtion 
of subtype, the program should work smce all the op- 
erauons &fined for DBType’ must be applicable to the 
value associated with the handle DBHundZe This sec- 
ond compilahon with DBType’ is simply providmg us 

.3 

with a view of the data 

A more mtereshng posslbtity arms when DBType 
is not a subtype of DBType’, but 1s conszstent with it, 
1 e there IS a common subtype of both DBType and DB- 
Type’ As a result of the second compdatlon, the handle 
now refers to a value with a ocher structure. Prom&d 
we never contrtict any of our previous defimuons, we 
can can contmue to errnch the type, or schema, of the 
database We should note that mtrmsic persistence 1s 
approprrate to this form of typecheckmg, smce the ob- 
vious mterpretatIOn Of an extern operahon for an ObJed 
of type DBType’ IS to replicate an object of that type 
rather than a supertype, thereby losmg structure from 
the database 

While it 1s desirable to have as much static type- 
checkmg as possible, Atkmson & Moflrson [Adu85b] 
argue that some dynanuc type-checkmg m database 
programmmg languages 1s necessary, and a propose a 
mechanism that ~IDVK&ZS both Another important issue 
is whether persistence should be a property of what we 
normally consider modules as opposed to values In the 
Cardelh-Wegner type system this is not a problem smce 
one of the mam contnbuhons of dus work is to demon- 
strate that the combmation of mherrtance and exlsten- 
ual types allows us to treat modules as values However 
there are certam penalues that one pays for this In par- 
ticular the type associated with a module is necessmly 
abstract, one cannot get at its lmplementauon More- 
over there are certam forms of module parametemation 
that appear to be deslrable m database programmmg but 
that cannot be represented m this type system. Some of 
these issues are &scussed m [CardSS], but the general 
problem of what form of module or type parametenza- 
uon is appropnate for database programmmg, and how 
thus mteracts with persistence is still an open qUeShOn 

A final and rather simple observation concerns the 
relationship of ObJect-level mhentance and persistence 
It is that addmg transient IUfOrmahOn to a persistent 
structure can be qmte useful One of the examples used 
m [Atlu85a] 1s a bill-of-matenals computation This 1s a 
text-book excerctie but proved rather awkward m some 
of the languages that were exammed It is requued sl- 
multaneously to compute the cost of manufacturmg and 
total mass of a manufactured part We shall examme 
the simpler problem of computmg Just the toti cost of 
manufacturmg a part A standard recursive program to 
do thn is, m outlme, 

function TotalCost@ Part), 
if pJsBase then p PurchasePnce 
else p ManufacturzngCost + 



sum{TotalCost(q SubPart)*q Qtyl 
q on p Components}, 

where the Components of a partp IS a hst of records that 
desmbmg the part and quanttty for each subpart used 
m the manufacture of p The only dtfficulty vvlth this 
1s that when a gven subpart 1s used m more than one 
way m the manufacture of a larger part, the total cost 
wfi be needlessly recomputed for that subpart. This 
wrll happen when the parts explosmn dmgram 1s not a 
tree but a duected acychc graph. 

The way out of this is to memoue mterme&ate 
results. In order to do this we need to attach further 
fields to the Part type m which to store these results, 
we also need to modtfL the function TotalCost@) so that 
lt first checks these fields to see if it has already done 
the computation for the part p. Now these addrhonal 
fields are not requued to be accessible outs& the the 
computatmn of TotalCost. Even though the Part values 
m wtuch we are mtetested are presumably persistent, 
there 1s no need for the atitional mformahon to persist. 

Conclusions 

When the authors first undertook a survey of data- 
base programmmg languages, they had a general lm- 
presslon that most of the problems m producmg a um- 
form persistent language ~nth a type system appropn- 
ate to databases were related to unplementation rather 
than design. It now appears that many of the issues 
brought out by language design, especmlly m the ar- 
eas of mher&mce, types and persstence, are central to 
programmmg language research as a whole The pur- 
poseoftipaperhasbeentoconveysomeoftheopen 
research areas in the hope of sbmulatmg the database 
commumty to thmk about them 
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