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ABSTRACT

Molecular objects are treated at higher levels of abstraction as atomic units of data; at lower lev-
els they are defined in terms of a set of tuples possibly from diflerent relations. System R’s com-
siex objects are exampies of molecular objects

i

-

his paper, we present a framework for fﬁi&éyé% & generalized concept of molecular objects.
We show that abstract data types unify this framework, and the framework itself encompasses
e recent data modeling contributions by researchers at IBM San Jose, Berkeley, Hoeing, and
mgmzssm ng lap gagg%féasa structure paradigm is seen as a way of developing and
owWer f>§ logical data models. A primary consequence of this g}&m{iigm is that future
‘ 51 four és%ﬁaﬁz types of molecular objects: disio gi‘.f%}@ﬁwﬁzwmg@ nd

vo existing DBMS presently supports all these types

*}’
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Introduction
The role of abstract dats types and data abstraction mechanisms in logical data modeling is
becoming progressively more important. A classics) rela tionship between abstracy data types and

data models was established some time ago by Schmidi ([Sch78 21,

E

5,

[Row79]}, Wasserman ([Was?

H

and others who identified relations (of Relational databases!

with sbstract data types; a fixed set of operations could be performed on relations while the

implemeniations of relations thermselves were hidden,
More recently, new and important r relationships have been independent 2ily recognized in the

context of database support for CAD, engineering, and statistical database applications ([Sto83]

3], [Bro83|, [Has82]). The atiouships can be understood in the follow-

I

iLor83a-b], [Joh83, |

ing way: part of the schema definition of 2 relation is equivalent to a PASCAL, ADA, C, ete,

record definition where the underlying data types are strings, integers, and reals. In the context of

CAD databases, Stonebraker et al, {{Sto83]} proposed that the underlying set of data types be
enlarged by the addition of user defined types. They present practical examples of linear and mul-

tidimensional arrays that have special properties and o

perators. The name given o this proposal

- {[5u83], [Bro83]) started with a

ypes fe.g., sel, veclor,

in sddition to the standard ones, and wavs were provided in

%

‘pes could be used to define new dats types. A relation, for example, could he
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ut of a relation could be another relation. 'Complex dats
P

The underlying theme and direction of both works was to introduce s ophisticated data types
- i.e., ahatract dats types that are nested or unpes sted, user or sysiem defined - to relations. More-

over, boih works are characterized by the notion

a single tuple {of whatever composition) becom mic unit of data. Atomic aggregation is

symonymous with the aggregation concept of Smith and Smith [Smi77].



In the context of CAD dat

indepeadent

That is, 2
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dain, Lorie's ason’s are called ‘stru

tures’.

The interest in mol

> i8 & growing
need to provide users wilh ilhe capability of manipulating and retrieviag moleculsr ohjects 2a
primitives, rather than placing the burden on users to hunt for an object’s underlying tuples {see

[Has82], [Lor83a-bj}. for molecular objects is especially important in CAD and other

son-traditional environmenis where molecules arise paturally sud consist of lens or even

thousands of tuples each. Here's an example.

Consider a catalog o

ture diagram of some corporale, universily, or governments

number and is explained by 5 catalog description.
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Suppose we describe the conlesis

% justification of this choice in Section 2). As E-B disgram of 2 data

entities, Each box and arrow has 2 pame. An arrow

We use the data struciare digram example i
reference o applications Lhat mre unfamibiar to most readers.



type) to ome or more diffierent boxes {the member record types). * These connections are
represented by the PARENT-OF and CHILD-OF relationships

The underiving tables of Figure 22 and the seven tuples that define the daln structure
diagram of Figure 1 are shown in Figure 2b. ® 1t is this sel of seven tuples that ¢ epresents the

olecular eatalog entity 'C33’. Note however that the E-R diagram of Figure 2 is not complete
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talog number 'U5Y and catalog description ‘Grade Database’ have aot been assochs
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a partieniar colalog entity. In Bection 2, we will returs io ihis example and show how H ean be

modeled correctly.
{a} ARROW
{b} ARROW({ ANAME , PARENT-BHAME) CHILD-OF (ANAME . BNAME)
(STUDENT) {SG, STUDENT) {56, GRADE)
(GRADE ) (CG, COURSE ) (CG, GRADE)

{COURSE

£ st

Struyeture Diagram and its Underlving Tables

Like all other objects, molecular objecle or molecular entities can have only certain opera-

g

For example, one cannot add boxes and arrows o a dala structure

diagram at random; potions of connectivity must be preserved. For this reason, molecular objects

3

can be yndersiood in terms of abstract data types.

o

¢t if the underlying seis of tuples that define them are disjoint. The

ai are supported by System H {ie., complex objects] are disjoint molecules.

& P N P 5 . . .
® The resiriciion that vwaer record iypes canmob also be member record types of the sume ot would be 2x-

pressed by ap integnty constraint.

B disgram. In Fig-
AME) table. This is
VRENT-OF table are in 101

aily there s & distinct table that and i of an
the PARENT-OF{EH A 51 A

possible because each arrow siarts
correspondence with eninies ip the ﬁ‘iﬁuf iazsée




From comrmon knowledge of programming languages and data structures, there are implementa-

tions of abstract dats types {i.e., molecules) that are nof disjoint. Figuse 3 shows an example of

two nondisioint molecules. It shows two lists that bave two nodes comimon. Rach list s a2

molecyle; each pode can be ropresented 25 5 single tuple in some relnid
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Figure 3. Two Non-disioint Molecules

it iz our belief that

plefatom sharing in molecules occurs natur and is guite common.

m«.
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31} present an example of non-disjoint molecules. Additional examples are

given in Sections 2 and 3. We conjecture that as more CAD, statistical, and other special-purpose

applications are supported by database systems, resiricting molecules to be disicint {as is done in

die the needs of many applloations. Noadisioint molecules

vident that recent efforts o extend the data modeling

pon-traditional applications are unified by the concept of

o

rection indicated by these works leads to the
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pabilitics thal are alresdy present

es {eqg., CLU [Lis77), ALPHARD [Wul75], ADA

[Genss]i. 15, the types of ‘entities’ and 'relationships’ thal can be expressed in programming

funguages today cannot be hasdied by exisiing datas models. Future dals models should be more

powerful in this respect.

cenciusiog could be drawa from 2 diffevent line of repsoning. In the 1850,
ok to handie the procesmsing of some {airly simple-formatisd data. Az the
cut and éﬁx.:rﬁ’;,,ﬁf 2%5&3&%?3‘?}%3% systems were developed. Today, special pur
poSe prograing ars g*’} ﬂ”; 2g very comple LW ¢ pow seeing effoits to develop the s

eration of Ble znd da 5¥5 this Lis

be expressed in %&m&
& abstract d

sext gea-
sged must




Two important implications foliow. First, we are not awars of any application which can-
potl be expressed in o progra
models bave the data abstrac

eral enough to handle any application {T:

low record types and

identified with the record types and relationsh

be the case that secord type declarations of programming

&

by some [futvre} data model whose dest

he weed to develop the schemas o

{We will present dis that this is possie

ble later in the paper). Moreover, a single set of operators would be used to access and manipy-
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late both internally and externslly stored records. This is one approsch that would achieve 3
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ification of programming language and logical data modeling constructs. Such a unification,

unfortunately, is 2 long way off. However, it is worth noting that research is already underway to

o f e

raraming languages to database

Laf83], [Ger4}}. We believe more of this type of research is iikely to become

dats struciure with certais

limitations of exisiing data models or data modeling concepts. The advantage of this approach is
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concepls that are proposed later,
in the following section, we present s general framework for studying molecular aggrega-
tions. In Section 3 we will further illustrate molscular aggregation concepts with examples taken

from non-traditional database gpplications.

3. A Framework for 8tudying Moleculsr Aggregations

Most of the work relating abstract dats types and dats models has involved the Relational
model. It is well-known that the Relational model has semantic limitations. Therefore, attempts
have been made to expand it to include different types of aggregation ([Smi77], [Ced79], [Dats2],
{Has82], [Lor83a-b}, [Sto83]}.

%

We believe that the concepts of molecular aggregation are independent of the model or

notation that is used to express them. However, for the purposes of developing and explain ing

io wse the diagrammatic notations of the B-B model

b

these concepts, we have found i convenien

i,
ety

Che76]}). An advantage of using E-R dingrams is that they can be reduced to tables which, in

turn, can be identified with relations. ® As we will see Iater, the B-H model, like the Helntional

-

n our {ramework, we identify recursive and non-recursive molecules and disjoint snd non-

disjoint molecules. The ideas required to describe such molecules are progressively developed and

oo
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-

illustrated by a carefully chosen set of examples. The development is motivated by basic

servations that follow from the programming lasguage/data structure paradigm.

2.1 Modellng Non-Hecurslve, Dislolnt Moleeulsr Entitles

M

\hetract data types allow data to be modeled at diffcrent levels of absiraction. That is, one
can treat a molecular entity at one level of abstraction as an stomic entity; at a lower level, the

atoms that compose the molecule are seen. At any particular level, existing modeling technigues

€ There is 50 guarentes that the tables produced will be in Xonormal form. Techniques of normalization ey
zeed to be applied o reduce thes les to the desived state {eg, BONFL We are 5ot proposing that the IR

model i3 2 substitute for the relational model, we are simply vaing its dizgrammatic conventions,




should be adequate fo express the entities and relationships thal may exist. ¥ is the mapping or
G @ 7 pping

correspondence of enlitiss, altribules, and relationships al one level of abstraction to thos

of

e

another that needs to be introduced. This gives rise to the modeling comsiruct correspondence.
Here is an example,
Recall the data structure diagram cstalog. At 2 bigher level of sbstraction, we are desling

with 'catalog’ entities or data structure diagram

pr—

DSD} entities. DSD entities are identified by

their catalog number (CAT#) and are explained by their description (CAT-DES). The E-R

s the database at this level of abstraction is shown in Figure 4a.

CAT# CAT-DES)
{a}
¢§$@? Teval 550
Tevel 1:1 corresbondence between
T e USD entities and
; molecular entities
S CETRED
izifwb ] @y molecular
; ;,gf’§ . “\xji aggregation
(o) BOX ARROW
Lower «\W
feval : o THILD-0
{c}
tahles BOX(C

PARENT-BNAME)}

56, STUDENT) (53, 5G,
(&, CCURSE ) {C53, (G,

Figure 4. A Non-recussive, Disjoint Entity

At a lower level, the implementation details of data structure diagrams are captured by the

E-R disgram of Figure 4b {Figure 2b). The tuples {atoms) that define an occurrence of this
bined by disjoini molecular aggregation to form a DSD entity. Disjoint molecu-

lar aggregation is shown by a box drawn around the E-R diagram which defines the relationships

among atoms of the molecule. The dashed line connecting the DSD entity box and the molecular

box denotes that each molecular entity corresponds to precisely one DSD entity, and vice versa,
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siruciyre diagram, bul aesd not be distinet throughoul ihe catalog. This is the resson why the
primary key of the upper-level entity is inherited by each table at the lower level. ® In contrast,
Svetern B generales primary keyvs for ‘sntilies’ thal are unigue lo the entirs database. These
keys, called surrogates {{Cod79]), can be treated in ihe E-R model like any other atiribute, but

the underlying tsbles that are formed will have redundsacies. For example, 2 isble that

s
0‘%

uresents an E-H relationship will contain the pr
the primary key of the molecule. The presence of the molecule key is redundant - ie., iransi-
tively dependent - because its association with each of the entity keys is already recorded in the
tables that describe these entities. Such redundancies can oaly be eliminated by applying normasl-

ization technigues.

2.2 Modeling Non-Recuralve, Non-Dislolint Molecular Entitles

Suppose that data structure disgrams of subschemas for each eatalog entry are also o be

present in the database {see Fig 6} This can be modeled at a higher level of abstraction by data

hems data structyre diagram {5DSD}
entities. The HAS relatiovnship relates both entity sets {see Fig. 7a)l. Note that SDSD entities are

weak entities becsuse they are existant dependent on DSD entities. Thst is, if 2 DSD entity is

deleted, so are its dependent SDSD entities.

SIS 51 et e . n .

Sbsb# STUDENT SDSD#: 52 COURSE

SOSD-NAME . SOSD-NAME .
ey 3 e
Student 56 Course o
Subschema Subschema .

GRADE GRADE

Figure 6. Subschemas of Figure |

Be

s, the sets of tuples that underly

not be disjoint. We dencte non-disjoint molecular aggregation by

this molecular sggregation with the B-B notivn of wead entities
ey aod relaticnships that snderdy 2 melecular entity are dependent
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2.5 Modeling Hecurgive, Delolnt Molecular Entliles

A binary tree can be defined as being either empty, or a root node with left and right binary

{subjtrees. A recursive disjoint molecular diagram defining binary trees is shown in Figure 9a. At

a higher level there are cnly tree entities which have tree number identifiers {T#} and tree names
{TNAME]. At the lower level, there are node entities, which have node number identifiers (N#)

and contents (CONTENTS). There are also (subliree entities, described as in the higher lev

<
P

The left and right subtree relstionshios are modeled by LEFT and RIGHT.

.
: TREE
%
B H
{a) .
™ P e
i { L{}z‘i?%%% § }
7

has a simple

SE B

poluter: & pointer s used to |

at that NODE,

of

P

is made according to the leve

b the pointer

reference is made. As this e
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&
=
gt
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ohiects exist at two or more levels of absiraciion

it is possible for there to be a shift in their semantics going from one level of absiraction o the



next. We will see that such shifls are common,

The general scenario for recursive, disjoint molecules is shown in Figure 10a. The
MOLECULE and 77 T, tables that underly this diagram are formed exactly as if the
molecules were pon-recursive with one exception. The upper-level MOLECULE table is uuneces-

%

sary since & copy of it also exists at the lower level. To account for the correspondence, the pri-

mary key of the upper-level molecule {now denoted M™) is inherited as an ordinary aitribute of

&
&
[
feal
ot
i

able st the lowser level and is not subsuined 28 2 kev prefix. Thus, table 7 has nrimary ke
W

B

K’ and has descriptive attributes M** and A,, - - - . The MOLECULE table has primary key AM®

3

and has descriptive attributes M and M, - - - M, (see Fig. 10b).

= 5
HMOLECULE MOLECULELH Mis wees Moo W

A E-R DIAGRAM o i L
{ E-R DIAGRAM K‘\ ;Z{gi Rgps -oos o)
C ™ e

‘ MOLECULE /// (P ™
S V TS A e M)

,,,.,/’/

s

{a) (b

s

Figure 10. Modeling Hecursive, Disjoint Molecules

Two tables result in applying this procedure to Figure Ya: TREE A{T#, TNAME, PARENT-
T#) and NODE{N#, CONTENTS, LEFT-T#, RIGHT-T#, PARENT-T#). ° Because of the 1:1

cosrespondence between node numbers with tree numbers, data values that are assigned to the

"«

¢ attributes of the

Dl table are identical, and henee

&

into » single attribute. That is, the PARENT-T# of 2 NODE is the T# of the TREE which has

Moreover, since NODE entities and TREE entities are in 111 correspon-
dence, the NODE and THEE tables can be combined into 2 &smgﬁe table NODE-TREE(T# or N#,

CONTENTS, LEFT-T#, RIGHT-T#, TNAME, PARENT-T#}. The two names gives to the

ot
[O5]



table’s primary key refiect the possible interprelations of s values,

From our experience i appears to be common

a single upper-level entity - molecular aggregation correspondence. In the binary tree example

the additional correspondens numbers and tree pumbers. In every example

primary key M’ to be redundant, and hence

The presepce of the PARENT-T# aliribule in table NODE-TREE

subtree, we know tha
tuple, the given subtree is rveler

T# were stripped fro

it is worth noting that when PARE

Eas

T-T# is removed, the table that results (Fig

record layout that is commonly used in programs to manipulate binary trees.

that it is possible to derive the intuitive record layouls of dala structure:
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LIST{(L#, LNAME}, NODE(N#, CONTENTS, FOLLOWING-L#), NODE-CT{PARENT-L#,

N#), and LIST-CT(PARENT-L#, L#). Because of the 1:1 correspondence between node

numbers {and node entities) and list numbers {and list entities), the NODE and LIST tables can

be combined into s single iable NODE-LIST. Also, since the atiributes N# and L# slways

assume the same data value in ench NODE-LIET tuple, e, 5 pointer to 3 NODE is identical 40
the pointer to the LIST headed by that NODE, N# and L# can be combined into a single attri-

bute. For this same reason, identical data values are assigned to PARENT-L# and N# attri-

butes for each entry of a NODE-CT table. That is, NODE-CT tuples are ordered pairs

£ye
botk elements of 2 paly are equal. Therefore, the NODE-CT table is redundant and csn be elime

: & il " A 9 Y
innted {see Fig. 11b).

The LIST-CT table is redundant and also could be eliminated. Entries in it are pairs of
{parent-list, sub-list} identifiers. Just as in the binary tree example, if the LIST-CT table were
eliminated, its contents could be inferred. That is, given the identifier of the parent-list, there is
s NODE-LIST tuple which corresponds io this Het. The POLLOWING-L# dats value of this

ple is the sub-list identifier. Note that ihe resull of eliminating these vedundancies iz NODI.
Ey

LIST: a record format that is commonly used in programs to manipulate linked lists. Here again

we see molecular aggregation modeling fechniques can be used to devive record formals of com-

2.5 Modeling External Features of Moleeular Entitles

The previcus sections have described a general methodology for medeling molecular ol

in this section we will show that the programming language/data structure paradigm leads us to

how molecular objects are addressed at higher levels of abstraction. In

particular, we examine the ides of molecules having externsal features. At the same time, we will
also find Hmitations in the B-H model
The approach taken in CLU, ADA, and ociher programming languages is that instapces of

abstract data types are featureless enptities. For example, M could be an instance of a mabrix.

Very often it is uselul Lo give some of the internal features of an abstract data type external

ot
foal



projections so that they may be referenced easily. Viewing the element M[2,3] is such an exam-
ple. For this reason, projection operators {i.e., [i,j]} are defined for that type. A similar situzation
applies to molecular entities: molecules have internal features that need external projections.
Consider the circuit of Figure 13 which defines a 4-input AND gate in terms of Z-input AND
gates, wires, and terminals. At the higher level there is a GATE entily with its dependent PIN

entities. PIN entities ure exiernal fealures of GATEs (see Fig. 14a). At the lower level there ar

TERMINAL entities {i.e., pins that are not associated with lower-level gates), GATE entities and
their dependent PIN entity features, snd WIRE entities which connect pins and terminals o
other ping and terminals. Mote that upper-level PINS correspord to lower-level TERMINALS:

5

P are weak entities; TEMINALS are strong eniities. Here again is » shift in semantics

iy

between levels of abstraction, a shift that is similar to that of node and iree identifiers.

The type of correspondence that is shown in Figure 14a is slightly diflerent than what we

is cal

fr

have encouniered before. It ed subsel correspondence. It means that every molecular entity
is 3 GATE entity, but sot all GATE entities are molecular entities. In the example, the 4-input

AND gate is cerlainly 2 molecular entity, but its 2-input AND gates are primitive and are not

defined in terms of lower level gates,

¢ given in Figure l4c. They follow directly from
in the previous section: GATE

INT-G#), and WIRE(W#,
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ecule simply by starting at the GATE's terminals and by following

his 18 identical 1o the procedure for determi

ing the nodes of a list: start a2t the head of

the list and follow pointers. The inclusion of PARENT-G# in these tables may be necessary for

8: it is much faster to consult a single atiribute to find component gates than
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The model of ocur circuil has some deficiencies, Consider the POINTS table. It is evident
that external festure tuples of Zdnput AND gales are repeated. Clearly what is needed is the
notion of templating: s femplele s 2 definition; instances of o template simply refer 1o this com-
mon definition. If the definition is changed, so are all of its instances. The source of the problem
in our circuit example is nol due to molecular aggregations, but rather it is with the E-R mode]
itself. mplating appears to be 3 difficult concept to express in the E-H model; it requires spe-

&

cinl notations and rules for reducing template diagrams o tables. Expressing such tables in the
5

Relational and network models is trivial. (System R, in [{act, supports templating of complex

objects).

)

A much betier design would sormalize the POINTS table by replacing i with a POINT-

TEMPLATE{TYPE, P# 1/0O) table that lists the external festures common to all GATE

aship between the POINTS fable and the GATE and POINT-TEMPLATE

&

table is expressible in relational algebra 22 2 join of GATE and POINT-TEMPLATE

>

T

gt

POINTS = [1(cy. rs.1y0, parenr-cpy GATE| TYPE = TYPE] POINT-TEMPLATE

The contenis of the POINT-TEMPLATE in our example would be:

s
“«.e‘
S

T-TEMPLATE 5?*{5}“ N

§Z“ﬁ ﬁgi E}
{2-AND, 0}
{4-AND, i
{4-AND, ]
{4-AND, i)
{4-AND, I
{4-AND, O}

it is clear from the above example that the E-R model, like the Relational and other models,

has its limitations. In this and prececding seciions, we have explained and develop

concepts of molecular aggregation; concepts that can be applied to any model. It is bevond the

ihrough the use of special storage stractures Thiz
PARENT-G4, unnecessary Ir & praciical viewpoint, althon
jementation independent - i s not altogether satisf

8 r makes logical conmeciions, such a8
g arely logical modeling viewpoint - one
a6

pos
s



scope of this paper to correct problems that are peculiar to 3 particular solation, in this case tem-

plating and the -1 model. We will sddress the templating problem in future research,

in the following section, examples are presented of sondisjoint molecular ohjecis that occur
in non-traditional database applications,

zamples of Molecular Aggregation Taken From Non-Traditional Applications

A preliminary data saalysis for s fully integrated chemical process plant resulted in the
identification of approximately 8000 items. The analysis spanned from the process design, and

instrumentation and piping to the complete specification of the plant itsell. Because of the nature

of the design process, different types of data were identified: namely, approved data for project-
wide use, preliminary data used by designers working on a small subportion of the project {which

iz integrated with the project-wide data after approval), aclive and passive catalogs, and meta-

H

data, The mature of this data and problems such a8 versioning, handling of design alternatives,

handling long interactive itransactions, and the ronirol of updale propagations resuled in 2

aD3%e Was

defined to contain approved data, and workspaces were defined for exploring prel

&

ninary solutions

and design allernatives. Setling up workspaces ofien reguired massive extraction of data.

Although molecular objects {as defined in Section 2} were nol supported by the CODASYL-based

o

DBMS that was used to manage these databases, expressing data aggregates 3s molecular objects

would have considerably simplified the extraciion specification.

Some of the 'molecular objects’ of this database were pieces of eguipment, lsometrie views of
[

different pipelines, and the whole plant modeled st o ceriain levels of abstraction. To illustrate

some of the modeling and data management problems that were present, Figures

are documents about a beat-exchanger: they respectively show a small portion of a process flow

sheet (PFS), a piping and instrumentation diagram (P&ID), and a specification sheet. Although

specific details of a heat-exchanger are unimportant to this paper, what i important is that
each document can be viewed ss » molecular object. Although every document appears to be

s,

¢4, in fact they are aot; the PFS and PLZID molecules sha
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4. Conclusions
A general framework for modeling molecular objects has been presented. The framework is

unified by the copcept of abstract dalz typez snd was showsn fo relsie recent contributions on

support for CAD, eagineering, and statistical datsbase spplications. Although the frame-

]
¥

work was explained in terms of the E-H model, the ideas should be portable to 2l models.

types of molecular obhjecis were identifled: disjoint vs. non-disicint and recursive vs.
non-recursive. We have shown that all azise in practice yet no DBMS that we are aware supports
all types. System H, for example, only handies disjolnt molecules,
it is our beliel that someday there will be 3 unificalion of the dats absiraction mechauizms
programming languages and data models. Central to this beliel is the programming

ianguage/data structure parsdigm which was instrumental to the development of our model of

that data structures are databases and logical data

Although unification is » long way off, we feel the idess

g A P

15 paper are s step forward fo this goal. Further research

g
[
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