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The idea of navigation in a database,
understood as a way of user thinking, is for-
mulated in such a manner that no storage or-
ganization concepts are introduced to the
user’ 8 awareness, The user may simultaneously
control an unlimited number of navigational
paths. Hence the proposed facilities are clo—
se to the features of high-level query langu-
ages. A concept of "navigational statement"
is defined and studied. The navigational sta~
tements allow to a user to Ywalk through" a
database, They may improve network database
query languages. They may also be used to im-
prove relational query languages, for example
to improve the SEQUEL., Several aspects of the
navigational statements, like incomplete sta-
tements, sets of statemenits, nested state-
ments, etc. are presented.

INTRODUCTION

The idea of a navigation in a database
was presented in [1] s where it was undex-
stood as a rather new way of user /program~
mer/ thinking. The "materialization™ of this
idea in the CODASYL DBTG proposal [5] meets
with a great criticism /e.ge (7] /. The cri-
ticism concerns the following disadvantageous
features:
¢ "a~record-at-a-time"™ technique, which is
considered tiring for a user,

¢ many storage organization detalls are a
burden for non-professionals and reduce the
level of data independence,

¢ no mathematical definition,

Additionally, the currency mechanism was cri-

380

ticised as it may lead to situations a prog—-
rammer finds hard to controle.
In contrast, many high=level languages

/sublanguages/ were introduced mainly in a

context of the relational model, e,g. ALPHA
(6] , SEQUEL and its successors (2] , gﬁ] ,
and Query By Example [12] . These are free
of disadvantages stated above and are based
on well-established mathematical theories,
Therefore they are clalmed to be the future
of database systems,

We return to the idea of navigation and
we intend to show,that this idea, as a way
of user thinking, is at least as good as the
relational algebra, the relational calculus,
the SEQUEL mappings, etc. In order to do this
we try to remove three main sources of cri-
ticism: the "one-at-a-time" technique, dea-
ling with storage details and lack of mathe-~
matical theory. Thus we introduce a formal
model of access in a network database and
formally define the semantics of the propo-
sed facilities., They will be defined in such
a way that no physical concepts are introdu-
ced to the user’s awareness, Thus the level
of data independence will not be reduced.
Besides, a user will deal with navigation,
where he can simultaneously control an unli=
mited number of navigational paths.

A basic concept introduced here is cal-
led the "navigational statement", From a
syntactic viewpoint a navigational statement
is a sequence of data names and data values,
As far as semantics is concerned, a naviga-
tional statement is a function which maps a
set of addresses onto an other set of addre-~
sses., /Addresses introduced here are "logi-
cal"sy they should not be associated with
physical addresses,/ That is, a navigational
statement determines the navigation from
addresses which are "departure points" to
addresses which are "arrival points".

The navigational statements may also be
defined for the relational databases [10] 3
what is more important, navigation in a re-
lational database has some essential advan-~
tages in comparison to the well-known query
language features,

In this paper we assume, that the navi-



gational statements are a tool which may be
used for improvements in other database query
languages,for example in SEQUEL, since the
navigational statements defined here are not
poverful enocugh to be a self-contained, com-
plete gquery language. An alternmative approach
is possible, when well-known query facilities
(11] are embedded into navigational statemen-
ts making them relationally complete /if the
property of relational completeness one con-
siders essential/, Beeides, the navigational
statements may be embedded in a general pur-
pose programming language /see e.g. [8] ,[9]/
which frees us of considerations about their
completeness,

In thie paper we consider some aspects
connected with the idea in question, like
some general properties which should be sati-
sfied, elliptic /incomplete/ navigational
statements, nested navigational statements,

a "where" clause in navigational statements,
sets of navigational statements and naviga-
tional joins. We intentionally do not intro-
duce very sophisticated constructs since thee
re are doubts if they will be really used in
practical DBMS, We intend to show that navi-
gational statements have positive impact on
the user and machine efficiency, since they
8implify most of the queries and they have a
simple, effective implementation.

1. THE NETWORK DATABASE ACCESS MODEL

Let A be a set of addresses, N be a set
of data names and V be a set of atomic values.
Suppose that A, N and V are disjoint sets. We
consider a database an ordered palr <F,con?,
where FC A is called "field of vision",
con=A xN x(AUYV) 48 a relation which
will be called “"database content", A database
content contains triples <a ,n,az) or
{ayn,v)> . The first triple &ea.ns that at add~
ress a, there is a datum with name n and with
pointe} leading to date at address a,. The
second triple means, that at address™a there
is a datum with name n and with atomic
value v,

Example 1

The schema of a network database is presented
in Pig.1. It has two types of records,
EMPloyee and DEPartment and three relation~-
shipss WORKS_IN, EMPLOYS /reverse to WORKS_IN/
and MGR., Arrows indicate the access direction,

Three example recoxrds of such database
may, in our formalism, be written as a data~-
base LP,,con.,> where F, = 31,32,33,...} ’

con, = a.,EﬂPa)<1 8,5
<‘ ’mm,smith>’ <a .SALARY. 1000) ’

12 13
@-14"'03!3_]39‘3) ’ (GZ.M,&Z.‘) ’
Q@9 BMPas, > 5 {8y BMPya,5) ) <3,y BMPya,0
{ay, +E8,E2), <a,,¢ENAME,Brown) ,
<8,39SALARY, 2000 4 <a,,,VORKS_IN,a.> ,
<‘3’DEP9331> ’ (9'3)DEP9532> ’ <359DEP’33 > 9
(aB,DEP,a“) ’ <331,D*,D‘!> ’ <a32,DNME,Toy),
<a 'm'a > '} <a ,EM.'PLOYS,& Y

33 2 34 12
<23, EMPLOYS,8,> 5 o0},

We introduce some basic definitions and
notation., Let B A. We put

values (B,o0on) =

={veV:(IbeB,neN) (’b,n,v)éoon} /1/
pointers(B,oon) =
- {aea: (v eB,neN) <byn,ap€c0n } /2/

When con is fixed beforehand, we shall use
values(B) and pointers(B). We define

pointers’(B) = B
pointersj'(B) = pointers(pointers 1'1(3))

for i = 1,2440. 13/
and o0
pointers*(B) - U pointers® (B) /4/
i=0

pointersi (B) denotes all addresses which are
accesgible from B in exactly 1 steps.

pointers*(B) denotes all addresses accessible
from B, We denote a projection of the rela-
tion con on the first domain by con IA ’

con IA - {a.: (Inex,xearvv) (a,n,x)econ}/ /
S

We also denote con*(B) =
- {(a,n,x}écon: a €& pointers*(B)} /6/

con*(B) denotes the set of data accessible
from B in the database content con.

The following general conatraints
should be obeyed by any database {F,con)

Fig.1. A schema of network database /c.f. Example 1/
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J/i/ No pointer leads to "garbage":
pointers (conIA,con) c <=on|A 11/

/ii/ The field of vision does not contain
garbage: F < con|, /8/

/iii/ The whole database is accessible from
the field of vision: con = con®*(¥) /9/

2, NAVIGATIONAL STATEMENTS ~ THE GENERAL
ASSUMPTIONS

Let S be the set of navigational state-
ments. Before considering the definition of
syntax and semantics of S we have a look at
some more general assumptions, Let s € S,
The semantics of the statement s we denote
by lsl . By definition, §sl) is a function
which maps a set of addresses into other set
of addresses. The set of argumente of the na-
vigational statements will be called the de-
parture points and the result - arrival
points, The function f|sl depends on particu=
lar database content con, thus Usll is regsn-

ded as a mapping [sh: Q(A)X cox ——Q(A) ’
where CON is a set of 2ll possible database
contents. If there are no doubts which
con € CON is investigated, instead of
Usli(Bycon) we shall write |sl(B) . The gene-
ral syntactic assumption about the set S is
as follows. We assume that given is a set
of atomic statements such that any navigatio=
nal statement may be revresented as a sequen-
ce of atomic navigational statements. In the
sequel the operation of concatenation will be
represented by a dot or by nothing at all,
Let us consider a navigational statement
8 €5, vhere 8 = 8,48,0 o0 o8y 3166'

If the statement 8 is applied to the set of
addresses AOSE &, then we can define a traje-

ctory of navigation, which is a sequence of
address sets <AO,A1,A2,...,Ak) s where

a, = lla,ll(ay)

A, = ||a1.szl(Ao)

[ ] L] L] L] L] L] L] . - *
A-k - “310520 ese oSk"(Ao) - “S“(Ao)
The trajectory of navigation /trajectory/
forms the path of "walking through" a databa~
se, The user may control the trajectory acco=
rding to his needs by means of atomic state~
ments 8,, These atomic statements may be, for
example, data names or data values., For sta=
tement s and departure points A, the trajec=
tory will be denoted traj(s,A,) « The follo-
wing general constraints concérning the navi-
gational statements are assumed:
/iv/ The function s does not depend on the
unaccessible part of the databases
/11/

flall (B,c0n) = | &l (Bycon® (B))

For any one~to~one mapping I: A — A

holdss
I(fsl(Bycon)) = [is[|(T(B),I(con)) /12/

/10/

/v/

382

vhere I(«€) denotes the structure formed from
¢ by replacing each a & A occeuring in o€ by
I(e) . This constraint states that addresses
are only auxiliary means for determining the
comnections among data, but their particular
values are insignificant,

/vif 1f traj(s,Ay) = {Agrh ehyyeeeyhy > then
for L = 1,2,4..9k holds:

1=~1

A, C potnters” (U 4, ) /13/

i= 50 9
This constraint says that navigation is "con-
tinous": a next element of a trajectory may
be obtained from the former elements exclusiw
vely by means of pointers,

Corollary /by induction/:

pC pointeré*(Ao) 114/

The constraints appearing below are not
mandatory for all the defined navigational
atatements, but if they hold, it may be nice
for the user,

/vii/ Additivitys

HEI(B1 UBz} - uﬂu (31) v lﬂ“ (32) /15/

The navigational statements defined in this
paper usually possess the above property.
However, this constraint may be contrary to
the postulated high selective power of navie
gational statements, therefore for some ex-
tensions of navigational statements it may be
dropped.

/viii/ Simple Markov’s propertys Let 8 =

™ BieBse ese o, bewa navigational statement

and let traj(s,Ag) = {Apshqpeneyhy > o The

simple Markov’ s property holds for statement
8, if there exists a fixed function g such
that for any such trajectory, for i = 1,2,,,

holds Ai - 8(81’A1-1) /16/

/This property is analogous to the property
of controlled Markov's processes./ As in the
cagse of additivity, this constraint may be
nice for the user since only the last result
of navigation is essential for further navi=-
gation. However, for similar reasons as abo-
ve, this constraint may be dropped,

/ix/ Generalized Markov' s propertyt Given the
assumption as in previocus rule, the generali=
zed Markov’' s property holds, if there exists
a fixed function g and fixed natural number

t such that for i P %, 1k

Ay = (50 CAy_gody poqrecerdy D) /17/
In other words, the result of i-th step of
navigation depends on signal 8y and the re-
sults of t previous steps., If t =« 1 then
the generalized Markov' s ?roperty is equiva~
lent to the simple Markov' s property. In this
paper we assume, that the defined statements
satisfy the simple Markov’s property or the
generalized Markov' s property for ¢ = 2,

In the sequel we define some classes of
navigational statements for network databases



assuming that each next class is an extension
of the previous classes. When there will be a
danger of ambiguities between the metalangua~
ge and the defined language, the syntactic
objects of the defined language will be given
in brackets [ « These hrackets do not have
any other function.

3, SIMPLE NAVIGATIONAL STATEMENTS
Syntax: We assume Ge N UYV and the following

ruless
neyY =% nées

/41,
/i1/, s€SAneN=> [sn)es

/j.j.:./s s€SAneN Ay eV = (@n.v)es

Semantics: The semantics of simple navigatio=
nal statements will be denoted by [l..fl,

/j./s ||n||B(A0) = {a €Ayt (3x) ¢apn,x> eaon}'8
/ii/ Nsanll (85) = llnlls(pointers(llslls(ﬁ.o))

/1i1/ lle.n.vlla(lo - {a € (Islls(.ﬂ.o):
(31 € pointers(a))<b,n,vD>€Econ } /20/

Examples We refer fo Example 1 assuming th
that the set of departure points is the field
of vision F1o

Q1. Give all employeest EMP

Q2. Give salaries of all employeess
EMP,SALARY

Q3. Give all employees who earn 1500:
EMP .SALARY, 1500

Q4. Give the name of Smith’s manager:

EMP ,ENAME . Smith.WORKS_IN,DEP,MGR.EMP,ENAME

Q5. Give the names of Toy employees, who earn
15002

DEP.DNAME,Toy.EMPLOYS ,EMP , SALARY ¢ 1500, ENAME

4. ELLIPTIC NAVIGATIONAL STATEMENTS

For the simple navigational statements
data names are used as "sign posts", and all
names on the path of navigation must be used,
Usually such precise determination is not ne=
cessary, Hence in navigational statements
gsome names may be dropped. /The same question
for the came of relational model is conside—
red in [3] ./ When we drop some names, the
system must "spontaneously" search in the
proper direction. In the sequel we assume
that the number of spontaneous steps is limi-
ted to one. Similarly, elliptic navigational
statements may be defined, where the number
of spontaneous steps is greater, or where
this number is unlimited, The elliptic navie
gational . statements defined below contain
simple navigational statements as a special
case, therefore the numbering of rules starts
from this section,

i néN =5 n €S
/i1/ e€SAneX => (sam)es
fiil/ veEV =3 v €S
/iv/ s e€SAveV = (s,v)es
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Semantics: The meaning of the above naviga=

tional statements we shall denote [eeol
The symbol [ee.ll g Will be used in the sense

of the previous section,

/1/  lnli(4y) =

. "n"s(AO) if this set is not empty 121/
[l (pointexrs (fsl] (AO)) otherwise

/11/ llsenl(8y) = [nl(pointers(fell(4,)) /22/

[111/ "Yll(Ao) - {a € Ay1v €values (pointers (a))

23/
/iv/ Let traj (s,Ao) - <AO'A1'A2""’A1<-1’A1:>'

Thus
{a €Ay 41V € values (Ak)}

llB-'u(Ao) - if this set is not empty /24/

{a €4, v evalues (pointers (a.))}
otherwise

Examples
Q6. The address of Smith’s record may be ob-
tained by one of the following statementss

EMP,ENAME,Smith , ENAME,Smith , EMP,.Smith ,
Smith , Smith,EMP , .
Q7. The salary of Smith: Smith.SALARY

Q8. Give the record of Smith who earns 1500
Smith.1500

/If one considers this form "too elliptic",

a2 less elliptic form may be used, e.g.

EMP.Smith.SALARY, 1500

Q9. The names of Toy employees earning 15002
ToyEMPLOYS ¢ SALARY s 1500 ,ENAME

5« SETS OF NAVIGATIONAL STATEMENTS

Now we assume that set S contains expre=
ssions which are equivalent to sets of expre~
ssions from the previous section,.

Syntax: We introduce auxiliary syntactic do-
maing called "factor" and "subfactor",

/v/ x €eNUV => x is a factor,

x is a subfactor
VL] 0 € {mby<3€,3 2,00} AV EV=D>
(ov] is a factor,

[6v]) is a subfactor
/vis/ £i9fp9e0e,f; are subfactors =

[(f1,f2’ooo,.f1)] is a2 factor, 1 = 1929¢0
/viii/ £19fs00esf) are factors =3
(f.'ofza LEX ] ofk] € s, k= 1,2,.0.

Semanticss The semantics of factors will be
denoted by ﬂ...llf .

/v/ llxlf = {x} /25/
/vi/ “Gvﬂf = {u: uev} /26/
/Vii/iu(f19f29--'vfi)“f -
= leylle U e 0,0 oo U s /21/
/viii/
| E SO SR N [CA sLéJS sl (ay)
! /28/



where 51 - uf1ufx “f2“f’ see ""fkur /29/

Examples

Q10, Give employees who earn more than 25003

EMP,SALARY, » 2500

Q11 Give names of employees working in the

Toy or Stationery depariments earning more

than 1000 and less than 15003

DEP,. (Toy,Stationexy ). EMPLOYS , EMP,SALARY,
$1000.SALARY, £ 1500,ENAME

6, NESTED NAVIGATIONAL STATEMENTS

In a navigational statement the value v
can be replaced by an other navigational sta~
tement. The meaning of the inner statement 8,
mgy be considered a set of values placed at
addresses which constitute the arrival points
of navigation according to 8,. /This idea is
employeed e.gs in SEQUEL (4]’ ./ Thus, after
this meaning is known, the outer statement
may be evaluated as before. For the sake of
syntactic distinction the inner statement
will be given in square brackets.

Syntax:

Jix/ s €s => E[s]] €S

/x/ 51952 €S =3 [[81.[82]] €S
Semantics: l.J
s]l - .
Jix/ |Le1l(a, vev1uv3\(Ao) oy
where V, = values (lsfl(4,))
/31/

Ix/ Wepelsdl(a) = U s ovl(a)
veV2 .

where V, = Values(lszﬂ(Ao))

Example
Q12, Give employees whose salaries are the
same as the salary of Smith:

EMP.SALARY, [Smith,SALARY]

7. A "WHERE" CLAUSE FOR NAVIGATIONAL
STATEMENTS

As in many othexr database languages,
after the key word "where" there appears a
formula, which tests addresses belonging to
the recently obtained result. Por each of
these addresses the formula produces a truth
value and addresse®for which the formula is
false are removed from the result.

Syntax:

Ixi] 8148,&5 N B E{mhy <y Kye 3 =
{é1eszﬂ is a formula

[xii/ 8 € S => 8 18 a formula

/xi1i/ 8 €S and g is a formula =3
(= vhere (g)} €S

Semantiocs: The semantics of formulas will be

my ﬂ...llb .
/xi/ “31952“1,(%) = true <>
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<> (3 v, e values(|s | (4)))
(Av,¢ values((ls,[{(4,))) ¥48v5
/Othervise it is false./

[x11/ Usl, (8g) = true <> [sl(4) # 6 /33/
/Otherwise it is false./

[x111/ s where (g)"(Ad) -

- .{a € lsl((AO) :llglb(pointers(a)) - tme}

Bxamples

Q13. Give employees who earnm more than their

managexrs

EMP where ( SALARY > WORKS_IN,MGR;SALARY )

Q14. Give employees who work for Brown and

earn more than 2500:

EMP where ( DEP.MGR.Brown).SALARY, 2500 ,ENAME

/32/

/34/

8. NAVIGATIONAL JOINS
Now we assume that the meaning of navi=

‘gational statement is a function which to

some set of addresses subordinates a some
k-ary relation over addresses,

Byntax:
/xiv/ BysByseceysy € 5 =
(511921 eee X sk]és
/x¥/ 848485000098, € § =2
_ [s.(s1 X8, XeeelX sk)] €s
Semantics:

/xiv/ N8, X oee X 8, Ml(4) =
- {<a1,..,ak>= (Jaeay) a, ¢ ugi“(a)} /35/
[xv[ Use(eq X ooe X 8 )fi0g) = /36/

= ley X oo X s (IR (8)))

Examples

Q15. Associate employees with their departe
ments: EMP X EMP.WORKS_IN,DEP

Q16. Associate names of employees with their
salaries and with names of their managerss
ENAME X SALARY X WORKS_IN.M:R.ENAME

Many other rules for navigational joins
may be introduced, '

9. NAVIGATIONAL STATEMENTS FOR RELATIONAL
DATABASES

Theoretically, the navigational state=
menta defined so far may be used for the re=
lational database., For example, for the sup-
plier~and~part model the query:

Q17. Give names of suppliers supplying Bolts.
may be expressed as: SUPPLIER,S#,

[s? .P#.[PART . PRAME,Bolt.P#] .S#].SNAME
However, we are forced to an extenaive use
of the nested navigational statements, thus
the proposed facility ocan not confirm its
advantages. Therefore we formulate naviga=-
tional statements for the relational databa=
se somewhat differently by introducing a new
technique of navigation. The main idea re-
lies on navigation according to identical



values stored in a database., That is, when
during 2 navigation we reach an address in a
database with value v, we simultaneously
reach all other addresses with value v. Ine
cidentally, this technigque may also be used
es an additional tool for navigation in a
network database,
The relational database
We introduce the following setss R -~ a set
of names of relations, A = a Bet of names
of attributes and V - a set of values
/a universal domain/., Let X & A, X=tuple
/tuple/ is a mapping which associates a va~
lue with each name in X, We shall write
"% maps a" if t is an X-tuple and a € X,
Row is an oxdered pair <r,t?, where ré€R,
% is a tuple. Relational database /database/
is a set of rows, Place is an ordered triple
{ryt,ad>, where (T,t> i8 a Tow, 2 € R »
The place <r,t,ad> has a value +(a) »
A place determines the fragment of a table
lying at the intersection of a row and a co=
lumn. The remaining relational model folkloe
re is inessential for +this papex.

Let @b be a database and let P denote
the set of all places of database db, 1i,e.

P = {¢r,t,a)1¢r, tyCdb and tmaps &} /37/

We agsume that given is an equivalence rela-
tion EGP x P, This relation determines
classesa of places with identical "key" valu=
es8, 6,8+ the definition of relation E mey
be the following:

(1-1,1;1,9.1) E <r2,t2,a2) ire (r1,t1,a1> -
{rpetyeayy or ti(ad = £,(a) €V, /38/
where ng V is a subset of "key" -values,

We assume that relation E defines the addi-
tional, "predefined" access paths to data.
It may be easily recognized that rows and
places are addresses in the sense of the
previous section.
Navigational statements

We define only simple navigational sta=
tements. As In the previous sections, all
the other aspects may also be considered,
More about them is presented in [10] . Syn-
tactically, we assume that navigational sta=
tements are sequences of elements of
R UR UV. The meaning of a navigational sta~
tement is a function whose argument is a set
of rows /a set of places/ and whose values
is also & set of rows /a met of places/. The
meaning of statement 8 will be denoted by
{8l « We assume that

{s.n](Y) = [a[([e](T)) /39/
where 8 is an arbitrary navigational state~
ment, n ¢ RURA UV, This property /which im~
plies the simple Markov’s property/ allows
us to simplify the semantics: it can be gi-
ven for one-~element statements only.

A column name a € f may be applied to
a set of rows H, with the meaning:

lal(H) = {<q,t,891¢q,tDEE A t maps a } /40/
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This operation may be recognized as the usu=
al projection. A relation name r € R may dbe
applied both to the set of rows H or to the
get of places Q. When relation name r is
applied to the set of places Q, it implies
a navigation from places in Q to places con=
nected with them by relation E, Formally

[21(H) = {¢zpt2t {227 €H]} /a1 /
[=1R) = {<=ytrt(Ive A)Tr€Q) p & <r,732>)
A value v may be applied to a set of places

Q. A8 a result we obtain a set of rows
possessing a place from Q having value v,i.0,

Iv1€Q) = {<¢x, 91 (Tb)<x, t, 5D €QAL(D) = v}
: /431

Examples We assume the usual "supplier-and-

-part" model with a descriptions
S (S#,SNAME,CTTY) SP ( S%,P§,QT)
P (P§,PNAME) , Ve also assume that the ar-
gument of a navigational statement is the
whole database /all rows/ and that Vv, con=
tains values from domains S§ and P§~ ,
Q18, Names of parts supplied by Smith:
8,SNAME ,Snith.S&,SP Pk . P, PNANE
Q19, Names of parts supplied by suppliers
supplying Bolts:
P.PNAME.BOI*.”oﬂ.s*osrop‘»opomm
Q20, The quontity of part P2 supplied by
Smith from Londong
S.SNAME,Smi th,CITY,.London.SK.SP.PLP2.QPY

10, REMARKS ABOUT IMPLEMENTATION

The navigational statements have a very
simple and effective implementation. In the
network case the usual means of connecting
data, 0.g. pointers, may immediately be used,
These may be associated with inverted tables
in order to avold sequential searching at
first stepe of navigation.

The implementation of the technique
which we apply for the relational database
is also easy and effective. Below we briefly
describe one of the possible methods., We as—
sume, that ocur pointers may lead to places.
Each place with a value belonging to V, is
associated with such a pointer. The poInters
create rings, where each ring connects places
with the same value, Hence a basioc navigatio-
nal operation - a transition from some place
p to all places q such that pEq =~ may be pexr—
formed very quickly, This method may also be
associated with inverted tahles.

CONCLUSION

We propose new language facilities for
the casual user based on a navigation con-~
cept. We show that these facilities may be
used as an improvement of network database
query languages, ox, after extensions, they
may constitute a self-contained, high-level
query language. They may also be used for
the relational database, where a somewhat
different technique of navigation is assu-



med. The navigational statements, as a quexry
language, have many edvantages, such as sim-
ple syntax, simple and formal semantios,
brevity, possibility of handling incomplete
statements and simple, effective implemente~
tion
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