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Abstract 

A high-level user front-end for the experlmental 

relatIona database system MEMODAX 1s described 

It 1s based on the universal relation model, and 

It allows quering and updatlng a database without 

any knowledge of Its conceptual structure We sur- 

vey the maln features of USIL, the Universal Schema - - 
Interface Language for MEMODAX, and show how to re- - 
trieve data from a database wlthout loglcal access 

path speclflcatlon We addltlonally demonstrate how 

to update the database when the user 1s aware of 

attributes only We give a descrlptlon of the syn- 

tax and parts of the semantics of USIL lndlcatlng 

that this language 1s getting close to a natural 

language interface 

1 Introduction 

Conventional relatlonal database systems let users 

access their data through high-level languages that 

allow quering In terms of the conceptual schema 

One has to know the attributes and their dlstrl- 

butlon over base relations For updates, the user 

again has to remember names for relations in con- 

nection with the particular attributes correspon- 

ding to them In both cases there is no need for 

him to be aware of details of the internal database 

organization, hence he 1s working on a loglcal le- 

vel with physlcal data Independence 
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Actually, the relational model of data orlglnally 

aimed at achieving logical data Independence as 

well, which means that retrieval and update may be 

done without even remembering the conceptual 

schema A vehicle that has proven useful in this 

context 1s the so-called universal relation (IJR-) 

model [MUV], in which the user sees the whole 

database as if It was just one relation In this 

model all semantic lnformatlon about the real 

world that the database 1s intended to represent 

1s carried by the attrlbutes alone the user Just 

has to refer to attributes when he 1s working with 

the database 

Several proposals for the design and lmplementa- 

tlon of a universal schema interface (USI), as the 

user front-end based on the UR-model 1s commonly 

termed, can be found in the literature, see [MRWI 

for a survey Well-known examples are AURICAL 

[CKPSI, DURST tBB1, 21, PIQUE [Ml, 2, msswl, and 

System/U [KKFGUI Common to all these approaches 

1s the fact that they concentrate on the aspect of 

querlng a database AURICAL and System/U seemingly 

provide a pure query language, the cited referen- 

ces do not mention any update features of the data 

manipulation languages, resp The situation looks 

better for DURST Update operations are allowed 

ln case the operation refers to all attributes of 

exactly one relation, and in addition insertions 

are possible if values for some complete Joln path 

through the database are provided In [St1 it is 

described how to update PIQUE databases Any up- 

date has to malntaln the containment condition for 

assoclatlons and 1s dlrected against a relation 

over some assoclatlon, hence the user has to be 

aware of the corresponding association structure 
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of the database and not of the attrlbutes alone 

So we see some kind of "contradlctlon" with respect 

to loglcal data Independence, since the database 

schema Isusually hldden only for querres One rea- 

son for this may be the belleve that "updaters" of 

a database should be more sophlstlcated than 

"readers" With the growing dlssemlnatlon of micro- 

computers, however, we do not think that this 1s 

reasonable any longer The advent of database 

systems In the offlce environment, where the typl- 

cal user like a secretary 1s of type "ad hoc", 

forces us to make reading and updatlng 01 data 

possible to any user, a point of view that 1s also 

supported in [Sa3] 

Therefore, we are developing a USI for our rela- 

tional database system MEMODAX [KV,VZ] that is 

really "universal" It 1s based on the UR model, 

and it combines retrieval and update capabilities -- 
In a homogeneous way All that the user has at hand 

for working with the database 1s. a global set U of 

attributes that has to satisfy certain requirements 

(see sectlon 2) For query and for update purposes 

he always refers to an imaginary relation u over 

IJ that may contain null values for unknown Informa- 

tlon The use of nulls, however, 1s restrlcted by 

so-called update-sets which are "meaningful" por- 

tions of U on which defined tuples have to be null- 

free The answer to a query then 1s some total 

proJectIon of u which satlsfles certain selection 

criteria, updating of u 1s performed In corres- 

pondence with the update-sets 

In [BV],we have presented the theoretical frame- 

work underlying the design and implementation of 

USIL, the US1 Language for MEMODAX that 1s going -- 
to replace the currently running algebraical lan- 

guage Hence, USIL differs from most other US1 

languages In that It 1s not a QUEL derlvate, the 

underlying idea 1s that the user's view consists 

of a two-dlmenslonal (universal) table (or 

more often a subtable of It which 1s a relation 

over some ZU) and that this table should be 

accessible by (vertical) proJectIon and by (horl- 

zontal) selection This (sub-)table over X acts 

like a "window" on the database, and It 1s com- 

puted by a so-called wlndow function, denoted [Xl 

In this paper we describe the language Itself We 

indicate Its use by a sequence of examples and end 

up with a presentation of Its syntax and the main 

definitions of its semantics In detail, we will 

proceed as follows 

Section 2 brlefly reviews some necessary termlno- 

logy and presents a sample database that will be 

used throughout the paper Section 3 contains an 

lntroductlon to USIL from a user's point of view 

We Illustrate its simple use when formulating que- 

ries or update requests In section 4, we present 

aBNF-description of theUSIL-syntax and parts of the 

semantics for USIL-queries Section 5 summarizes the 

main ideas for executing Insertions and deletions, 

which are described in [BV] in more detail The 

final section 6 summarizes our work and takes a 

short look at open problems and future research 

2 Prellmlnarles 

We assume the reader to be quite familiar with the 

brass tacks of relatlonal database theory and with 

the nature of relatlonal languages,at least on the 

level of [Ml, Ul] In this section we briefly cla- 

rify our terminology 

Let X = {A,, , Am} be a finite set of attributes 

(which we sometimes abbreviate as A A 
1 2 

Am) with 

associated domains, and let dam(X) = U dam(A) 

Next let F be a flnlte set of funct&& dependen- 

cies (FDs) over X of the form f L + R, L, R C X, -- 
which are used to express special integrity con- 

straints and mainly keys An update p (also called 

object In [SC]) over X 1s a subset of X that con- 

strains the use of null values, as is shown in a 

moment A triple R = (X, F, P), where P 1s a finite 

set of updates, 1s called relation schema A 

(valid) relation r over R is a finite set of tuples 

1-I X + dam(X) u N, where N is a countable, 

possibly infinite set of Indexed null values of 

type "value exists, but 1s presently unknown" 

LSa.21, such that 

(1) (V A E X) p(A) Edom(A) v u(A) & N, 

(2) r satisfies F, 

(3) Cd 1-1 E r) G p E P) (V A E p) v(A) & N, 

(4) each two nulls Ln r have different indices 

(unless equality 1s enforced by some FD), 

(5) r 1s free of subsumed (redundant) tuples 

A database schema 1s a pair D = (R, P) where R 1s 
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a finite set of relation schemas, 

R = { R1 = (Xl, F1, Pl) 1 1 = l(l)k 1, and P is the 

set of all updates that are supported by D A data- 

base d over D 1s a flnrte set of relations, 

exactly one over each R E R 
1 

We postulate that any D under conslderatlon satls- 

fles the universal relation schema assumption 

(URSA) stating that the attributes in D carry all 

the semantic lnformatlon about the speclflc real 

world sltuatlon that is modeled by D Hence, 

attribute names have to be globally unique so that 

they alone can be used to refer to data in the 

database In addition, we require the unique role 

assumption (URA) to hold, meaning that among any 

set of attributes there 1s at most one connection 

Example 1 Consider the following data requlre- 

ments for housing estates For a collection of 

houses in a colony and for the flats In those 

houses an agency wants to store data concerning 

houses, represented by street name S and street 

number Sn, each house has a certain number N of 

flats, and for each individual flat there 1s a 

floor number Fl, an area A, a rent R, a current 

tenant T and a manager M Hence the universe under 

conslderatlon 1s 

U = tS, Sn, N, Fl, A, R, T, Ml 

The following FDs are required to hold 

F = {S Sn-rN, T + S Sn Fl A M, S Sn Fl -* T R A, 

SA-rMR} 

For the moment we define two updates only 

P = IT S Sn, A R} 

So we are given a UR schema RU = (U, F, P), only 

the U-component of which will be seen by the users 

Obviously It 1s unreasonable to store a correspon- 

ding universal relation u to which queries and up- 

dates will refer expllcltely Instead, we renlace 

Rv as usual by a sultably chosen D and store rela- 

tions over the resulting R By "suitable" we mean 

that D 1s the result of an appllcatlon of the syn- 

thesis algorithm [BDB, Vl] to RU, which we have ex- 

tended In [BV] in such a way that the user- 

specified updates from P now trigger the algorithm 

so that they become embodied into D The maln re- 

sults of our new synthesis proposal are as follows 

(1) If f 1s an FD over U with attrlbute A on Its 

right side and with a non-redundant left side L, 

then LA 1s also consldered as an update (since L 

may be regarded as some "key" and A as a property 

of that key) 

(2) For each "orlglnal" update p E P, there 1s a 

key Included in D,so thatarestrlcted kind of loss- 

lessness can be guaranteed 

The desirable propertles that any D should have 

(and that our algorithm yields) are the following 

(1) L x1 = u, 
1=1 

k + 
(11) (U F1)+ = F , 

1=1 
and every f E Fl is a key- 

dependency for Rl, 

(111) 
k k 

P = U P1 u U { Xl} u P, and for each p E P 
1=1 1=1 

there exists some f L + R E Fl (for some 1) 

such that L 1s a key for p 

Example 1 (cant ) For ----- s given above, our design 

procedure yields the following D 

R,=(SSnN, {SSn+N},{SSnN)) 

R2 = (S Sn Fl A T, {S Sn Fl + A, S Sn Fl + T, 

T + S, T + Sn, T + Fl}, 

IS Sn El A, S Sn Fl T, T S, 

T Sn, T Fl)) 

R 3 = (S A M R, {S A + M, S A * RI, IS A M, S A RI) 

~~ = (RA, {RA+RA~, {RA)) 

Furthermore, 

4 4 
P = IT S Sn) u I; {Xl} u U I' 

1=1 1=1 = 

Note that a lot of updates has been added to the 

original P, and that it 1s still possible to update 

a relation "according" to its schema The flexlbl- 

llty of storing data that stems from the use of 

updates should become clear from the following 

sample database 

rl 

r2 

S Sn N 

Park Lane 10 4 

Traf Square 5 15 

Park Lane 7 3 

S Sn Fl A T 

Park Lane 10 1 70 Hart 

Traf Square 3 62 61 Jones 

Traf Square 64 2 63 James 
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r3 - S A M R 

Park Lane 70 King 3 
Traf Square 20 '6 250 

r4 R A 

250 20 

260 30 

(Note that It may happen that there exist tuples - 

such as (Traf Square, 64, 2, 63, James) zn r2 - 

which are defined on a union of updates, this is 

even consldered as a valid relation In our con- 

text ) 

Next we remind the reader of some basic operations 

on relations, which we will use In subsequent sec- 

tions SelectIon (u) looks for tuples satlsfylng 

certain condltlons, proJection (a) drops columns 

and after that removes duplicates, and (natural) 

Joln @) concatenates relations via equal values 

for common attrlbutes We will use total proJection 

(?l*) if the result should contain total tuples 

only 

Another property of D that will be of crucial im- 

portance in our further developments 1s that every 

database d over D should possess a so-called re- - 
presentatlve Instance, denoted rep(d), which 1s 

defined as follows 
k 

rep(d) = sub(chaseF( U padU(rl))) 
1=1 

In this deflnltlon, "pad" stands for paddlng out 

base relations with (new) Indexed nulls so that 

they get "width" IUI, "chaseF" denotes the chase- 

process [Ml] for FD-rules, and "sub" means that 

the result 1s subsumptlon-free [Sa21 

Example 1 (cant ) Let d = {r,, r2, '3, r4) be as 

above, then rep(d) 1s the following universal re- 

lation 

S Sn N Fl A T M R 

Traf Square 5 15 

Park Lane 7 3 

Park Lane 10 4 1 70 Hart King 

Traf Square 3 Jones 

Traf Square 2 James 

Traf Square 20 250 

30 260 

where open posltlons represent different nulls 

As [Sal, 21, we consider rep(d) as the correct re- 

presentation of the contents of d The main reason 

1s that the user has a global view of the database 

at any time that he 1s working with It (1 e , at 

the design and at the manlpulatlon time) This 

global view 1s the basis for the deflnltlon of the 

semantics of any Weak-Instance wlndow function, 

of which rep 1s a special case Computational win- 

dows, however, take the actual database schema 

into account when deflnlng a wlndow-semantics, 

which may lead to amblgultles Ln answers to que- 

ries Furthermore, rep(d) has several propertles 

which are consldered desirable In the context of 

the UR model 

Theorem 1 Let d be a database, for which rep(d) 

exists, X G U, and let [X] = ?~f (rep(d)) Then 

(1) hRw1 [xl 2 7r; ([YI) lf x E Y 

(1 e , [Xl satlsfles the containment 

condition) 

(11) [BVI If d (over D) possesses a (pure) uni- 

versa1 instance u, then for any X S U 

there 1s a relation r over X such that 

r = am = nX(rep(d)) 

Consequently, when a user queries the imaginary u 

over U, his query will in our approach be 

answered with respect to rep(d) (see sectlon 4) 

The crux here 1s that the existence of rep(d) does 

not come for free It may happen that the chase- 

process produces FD-vlolatlons If applied to 

1& padU(rl) Therefore update-operations have to 

be performed very carefully such that an already 

existing rep(d) 1s not get lost We ~111 brlefly 

return to this point In sectlon 5, for the moment, 

we restrict ourselves to notlclng that we are able 

to guarantee the existence of rep(d) even If d 

undergoes updates Details can be found in [BVI 

3 USIL from a User's Point of View 

In this sectlon we give an introductory survey of 

USIL features We do so by presenting a sequence 

of examples of sllgthly lncreaslng dlfflculty, 

which ~111 all refer to the housing estates data- 

base from sectlon 2 We brlefly turn to retrievals 

first The material In that subsection 1s not to- 

tally new, what should mainly be noticed 1s the 
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algebraic character of USIL queries The reason for 

that is that USIL evolved from relational algebra 

which 1s currently running In the MEMODAX system, 

while other approaches such as [BBI, 2, KKFGU, Ml, 

M2, MRSSW, MRW, U2] primarily focus on QUEL-deriva- 

tes After that we turn to updates and exemplarily 

show how to accomplish this with USIL as well 

3 1 Querlng a database 

The simplest query a user may pose to an "ordinary" 

relatIona database 1s one which can be expressed 

by an SPJ-expression that "connects" two relations 

via a JoIn, selects certain tuples from the result 

or from the operands and flnally projects onto cer- 

tain attrlbutes. 

Example 2 Consider the query q, "Print the num- 

ber of flats in the house where Hart lives II 

Remembering from example 1 that houses in our 

sample database are represented by the pair (S,Sn), 

a relational algebra formulation of q, 1s 

(1) nN(r, W 71 S Sn oT='Hart'(r2)) 

Having the US1 at hand, this query can only refer 

to u = rep(d), an lmaglnary relation over the unl- 

verse U of attributes Since there 1s neither a 

need nor a posslblllty to write down a Joln path, 

the expression above reduces to 

(2) 71*cu N T='Hart'(U)) 

( We see from (2) that actually there was no need 

In (1) for explicitely lncludlng nS Sn in the ex- 

presslon although this may reduce the amount of 

tuple transfers internally ) Note that In both 

cases the result 1s "N = 4" 

An Important notion that should be Introduced at 

this point 1s that of a mention set [Ml, 2, MRSSW], 

which was originally Introduced for tuple variables 

and 1s here "extended" to queries Informally, let 

q be an English language query, then the mention 

set of q, denoted men(q), 1s the set of all attri- - 
butes mentloned In q (if these attributes belong 

to the database) 

Hence, men(q,) = {N, S, Sn, T) So we actually 

need not consider the whole relation u In (21, but 

It 1s sufflclent to look at TI* men(q,j(u), since all 

relevant lnformatlon 1s contained In this projec- 

tlon already We lmmedlately arrive at a straight- 

forward strategy for the UR-formulation of a great 

variety of queries The user first formulates his 

query in a natural language such as English, and 

then determlnes the mention set of It Next he 

calls upon the system to generate a corresponding 

"view", which in our context 1s a proJectIon of u 

onto men(q), this step 1s called RETRIEVE In the 

USIL-syntax, abbreviated "R " (see sectlon 4) 

To this view he finally applies selections and a 

(total) proJection yleldlng the desired answer 

As an aside we mention that we use total proJection 

for several reasons Firstly, we agree with [BBI, 

Sa2] in that If the user refers to the attrlbutes 

in men(q) or a subset of this set, then he 1s not 

Interested In Incomplete lnformatlon on this sub- 

universe (remember from the end of sectlon 2 that 

queries ~111 be answered with respect to rep(d)) 

Another reason 1s that although Indexed nulls are 

used logically, non-Indexed ones (represented by 

always the same symbol) are stored physically by 

MEMODAX for efficiency reasons 

The query formalism described so far will be 

sufflclent for most of the "everyday work" with a 

database There are cases, however, In which we are 

forced to use addltlonal power of our language 

Readers who are familiar with tuple relational 

calculus and Its adaptions to the USI-context ~111 

remember that queries usually involve one tuple - 
variable ranging over the universal relation But 

In certain cases It 1s necessary to introduce a 

second tuple variable which ranges over u as well 

A typical example 1s 

Example 3 Consider the query q2 "Print all mana- 

gers who are also tenants In the colony 11 In this 

case we have to check whether or not there 1s an 

M-value (In r3) that also appears In the T-column 

of r 2 An obvious algebraic formulation 1s 

oTcM(nT(r2) w nM(r3)) , 

but a selectlon that 1s able to compare attrlbute- 

values directly 1s not always present In a DBMS 

So we have to devise an alternatlve formulation 

which uses the rename-function for attributes 

aT(r2) W rename )$zT('M(~~)) 

When querlng through the USI, we are obviously not 

allowed to express this request simply by TI&d , 
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since URA implies that if the "connection" T M 1s 

Intended to refer to a tenant in a flat that 1s 

supervlsed by manager m, then no second relatlon- 

ship between T and M is possible In u, but this 

former connection 1s established by the specIfica- 

tlon of the FD T + M with respect to the universal 

schema Hence, a database-wise navlgatlon 1s 

needed, and we still have to use renaming in USIL 

since the algebraic character of our language 

does not Include tuple variables So the expres- 

slon above reduces to 

* 
TIT(u) W rename M =,(+u)) . 

where W now degenerates to a Cartesian product 

Again, the answer In both cases 1s an empty rela- 

tlon over T 

3 2 UpdatIng a database 

In this subsection we exemplarily compare how to 

update a database in case we do not have a USI at 

hand and In case we have it The first three exam- 

ples refer to the Insertion of new tuples which 1s 

usually done In correspondence with the defined 

relation schemas With a US1 that 1s aware of up- 

date-sets independent of relation schemas, this 

process 1s considerably slmpllfled and becomes 

much more flexible. The same is true for deletions, 

which will be shown in the fourth example Note 

that we have not yet Implemented a MODIFY-command, 

at the moment we leave It to the user to perEorm 

this operation by an appropriate delete/lnsert- 

sequence 

Generally speaking, any Insertion or deletion 1s 

done In two steps as 1s described in section 5, 

and has to be performed In such a way that for the 

result rep(d) always exists Since we do not re- 

qulre that D satisfies the uniqueness condition 

[Sa2], an InsertIon or deletion 1s (internally) 

not always local with respect to a single base 

relation 

Example 4 Suppose a user wants to insert the fact 

that Smith lives at Park Lane No 15 Since this 

lnformatlon "fits" into r2 above, he normally ~111 

enter a command like "INSERT R2," and after that 

the tuple (Park Lane, 15, 6, 6, Smith) (The nulls 

in this tuple will be converted to 6 
7 

and 6 8' resp 

by the system ) 

In USIL, he again determines the "mention set" 

first, which now refers to the attributes of the 

Intended insertion, and enters 

INSERT(S, Sn, T), 

Now the system checks whether or not S Sn T 1s 

known as an update (-set) Since this 1s the case, 

the user 1s asked to enter a (totally defined) new 

tuple over S Sn T, namely 

(Park Lane, 15, Smith) 

It remains lnvlslble to him which relations are 

affected by this lnsertlon, although it 1s not 

surprlslng that In this case only r2 1s augmented, 

since no FD-violations occur when a chase-process 
4 

1s applied to U padu(rl) 
1=1 

Example 5 Let the next fact to be Inserted be that 

Smith 1s llvlng on the fifth floor The analogous 

process as in the last example now yields In the 

ordinary case 

r2 
S Sn Fl A T 

Park Lane 10 1 70 Hart 

lraf Square 3 
d2 5 

Jones 

Traf Square 
64 

2 
&3 

James 

Park Lane 15 
&7 % 

Smith 

&9 
6 

10 
5 6 

11 
Smith 

where the first four tuples represent the result 

from example 4 Using 

INSERT(T, Fl), 

(Smith, 5), 

the system will now apply the FDs T -t S to replace 

A9 by 'Park Iane', T -+ Sn to replace 61o by 15, 

T + Fl to set 6 
7 

to 5 and finally S Sn Fl + A to 

equate fig and fill Hence r2 1s left with two 

copies of (Park Lane, 15, 5, 6S, Smlth), one of 

which 1s finally discarded 

Example 6 Suppose that a user tries to insert 

(Park Lane, 6, 6, 300) into r3 In the ordinary 

case this attempt would fail since the key S A 1s 

not free of nulls, a requtlrement that 1s observed 

by most present-day DBMSs With USIL, the request 

INSERT(S, R), 

would already be answered with the hint that S R 

1s not a valid update, but at the same time with a 
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presentation of the alternative S A R, which now 

may or may not be used 

It should be mentioned that lnsertlons into non- 

unique relations are more complicated, for details 

and for examples see [BV] 

We close this sectlon with an example that lndl- 

cates how to perform a deletion and some of the 

problems that arise with this operation 

Example 7 If a user wants to delete the fact that 

Hart is living at Park Lane, he normally has to 

look for a relation ln which this information is 

stored and then to enter a corresponding command, 

for instance 

DELETE R2 WHERE S ='Park Lane' AND T = 'Hart', 

The effect ~111 be that every tuple which matches 

the delete-condltlon is dropped from r2 But It 

may be suspected that this was not what the user 

Intended Strictly speaking, he did not want to 

delete the fact that Hart's flat 1s of area 70 , 

or otherwlse he would have included this In the 

condltlon Therefore we believe that the US'IL-way 

of deleting 1s again more adequate Firstly, the 

user enters 

DELETE(T, S), 

and the system recognizes T S as an update Then 

he delivers a (total) tuple over T S representlng 

a fact or a "connection" that 1s to be deleted, 

namely 

( Hart, Park Lane), 

and now all that happens 1s that In 

(Park Lane, 10, 1, 70, Hart), the S-value 1s set 

to null (Note that this correspond to 

MODIFY R2 WHERE S ='Park Lane' AND T ='Hart', 

s = 6, 

In an ordinary system ) 

We have to mention that there are cases 111 which 

deletions are not so simple, instead, the deletion 

of facts In one relation may imply that other 

facts In different relations must also be dropped, 

since otherwlse an efflclent retrieval from the 

representative Instance could no longer be guaran- 

teed For convenience, we mention that we consider 

deletions as being "inverse" to certain lnsertlons 

Hence, If d' 1s the result of one or more dele- 

tions of tuples from database d, then It must be 

possible that state d' 1s also achievable by a se- 

quence of insertions alone 

Furthermore it 1s presently lmposslble to delete a 

set of tuples satlsfylng a certain condition In one 

step Refinements of this kind have to be included 

in further USIL releases 

4 USIL-Syntax and Semantics of USIL-Queries 

In this section we complete our Introductory survey 

of USIL with a presentation of its syntax In BNF 

and 01 parts of Its semantics 

USIL-Syntax 

<USIL-command> = 

<rel-expr> = 

<subrel-ex> = 

<ins-list> = 

<del-list> = 

PRINT <rel-expr>, i 

INSERT <Ins-list>, 1 

DELETE <del-list>, 1 

MODIFY <Ident> WHERE <cond>, 

<assIgn>, I 

RETURN <ident>, I 

<ident> = <rel-expr>, I 

END, 

<subrel-ex> 1 

<subrel-ex> + <subrel-ex> 1 

<subrel-ex> * <subrel-ex> 

( <rel-expr> ) I<ldent> I 

PROJECTION <rel-expr> 

( <attr-list> ) I 

SELECTION crel-expr> 

WHERE ccond> 1 

RETRIEVE ( <attr-list> ) I 

RENAME <rel-expr> 

( <ren-list> ) I 

SORT <rel-expr> 

BY ( <attr-list> ) 

<Ident> I ( <attr-list> 1 

<Ident> WHERE <cond> I 

( cattr-list> ) 

<assign> 

<cond> 

= <attr-ldent> = cattr-rhs> I 

<assign> , <assign> 

= <cond-term> I 

<cond-term> OR <cond-term> 

<cond-term> = <cond-fat> I 

<cond-fat> AND <cond-fat> 
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<cond-fat> = NOT <cond> I ( <cond> ) 1 

<attr-Ident> <cop> <oper> 

<cop> 

<oper> 

= = l<l>lIl2l* 

= <string> I NULL I <number> I 

+ <number> I- <number> 

<ren-list> = <attr-ident> = <attr-ldent> I 

<ren-list> , <ren-list> 

<attr-rhs> = Cattr-expr> I <string> I NULL 

<attr-expr> = <attr-term> I + <attr-term> I - 
Cattr-term> + <attr-term> I 

+ <attr-term> + <attr-term> 

<attr-term> = <attr-fat> I 

<attr-fat> * <attr-fat> I 

Cattr-fao / <attr-fat> 

Xattr-fat> = <attr-ident> I <number> I 

( Cattr-expr> ) 

<attr-list> = <attr-ident> I 

<attr-ldent> , <attr-list> 

<ident> stands for a temporary relation Identifier, 

<attr-Ident> for an attrlbute identifier, each be- 

gins with a letter followed by letters or dlglts 

<number> stands for an unsigned Integer- or real- 

number, and <string> denotes a character-string 

that I.S Included In "'II and may not contain an 

apostrophe 

The following abbrevlatlons are allowed 

for PRINT, P for PROJECTION, 

S for SELECTION, R for RETRIEVE 

Excerpt from USIL-Semantics 

<< R ( <attr-list> ) >> = ~:attr-,lSt,(rep(d)) 

<< S <rel-expr> WHERE <cond> >> 

'U <cond,(<< <rel-expr> >>) 

<< P <rel-expr> ( <attr-list> ) >> 
* 

=TI <artr-llst,(<~ <rel-expr> >>I 

<< RENAME <rel-expr> ( <ren-list> ) >> 

= << <rel-expr'> >> 

where <rel-expr'> 1s derived from <rel-expr> by 

applying cren-list> rt+tt 1s WU", 11*11 1s ttw,, 

For the detalled semantics of INSERT and DELETE 

see [BV] For convenience, we give a USIL-formula- 

tion of our sample 

Example 2 (cant ) 

P S R (T, 

Example 3 (cant ) 

queries from section 3 1 

N) WHERE T = 'Hart' (NJ, 

R (T) * RENAME R (M) ( 'I =T 1, 

5 On the Semantics of Updates 

As was shown In sectlon 3, updatlng 1s a two-step 

process that consists of a dialogue between the 

user and the system In the first step the user 

enters either "INSERT <Ins-llst>,'l or "DELETE 

<del-list>,“, and the system checks whether or not 

the given list 1s a defined update, 1 e an ele- 

ment of P If not, It presents subsets and super- 

sets of it on which lnsertlons and deletions are 

allowed, and the user has to choose one of them 

In case there 1s some p E P that equals the insert- 

or delete-list, resp , the user may in the second 

step enter a tuple )-I that 1s totally defined on p, 

as was shown in examples 4 to 7 This tuple 1s 

then checked for “lnsertablllty” if an InsertIon 

1s required, deletions are always possible, but 

may result In the deletion of more tuples than were 

Intended The reason for both 1s that update-ope- 

rations have to assure that resultlne databases 

St111 possess a representative Instance, and that 

rep(d) can be computed efflclently via so-called 

minimal extension JOIllS 

We do not want to go Into the corresponding details 

here, they can be found In [BV] The key observa- 

tlon on which the execution of update-operations 

1s based 1s that the existence of rep(d) can be 

enforced either by the modlfled foreign key con- 

stralnt [Sal] or by the already mentloned unique- 

ness condltlon [Sa2] In [BV] we have extended the 

latter notlon In such a way that this condition 

becomes applicable to update-sets Since It 1s not 

clear how to design D in such a way that the 

uniqueness of relation schemas 1s achieved, we 

have explored the structure of non-unzque schemas 

and updates, we have derived condltlons that 

exactly tell us how to proceed in case that an 

insertion refers to a non-unique update 

The central point with lnsertlons 1s that a local 

chase 1s performed within the "relevant" base re- 
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lations, which uses the key dependencies Inter- 

relational chasing 1s applied only when the answer 

to a query 1s computed, but it has to be sure that 

this process cannot lay bare a hard FD-vlolatlon 

Since this requirement 1s fulfllled for databases 

that are build up with our Insert-operation, this 

latter chasing can be simulated by minimal exten- 

slon JoIns (as In [Sa2] for the unique case) 

Informally, if the update p mentioned above fits 

into some unique R 1, then the lnsertlon refers to 

r 1 only, and system-generated nulls or already 

known values are added to pad out the new tuple JJ 

so that It gets the desired format If R1 1s not 

unique, the insertIon has to look for "side- 

effects" that fi may have on other relations, and 

we have been able to show that these can only occur 

within a certain "region" around R1 Hence, the 

system has to check whether "contradictory" infor- 

matlon can be derived wlthln that region, and If 

this can be excluded, the Insertion of IJ yields In 

an "adJustlng" of (extension) Join paths through 

that region If p 1s composed of parts from several 

relations, a corresponding operation 1s performed 

for each such part 

For deletions the sltuatlon is simpler, but addl- 

tlonal deletions may be required since lniorma'cion 

along an (extension) JoIn path through a region 

may get lost by the dropping of fact p 

In conclusion, we have proven the following 

Theorem 2 Let d be a database that was build up 

by USIL-insertions or -deletions, and let p be a 

tuple that has been Inserted but not yet dropped 

(where p was user-defined on update p), then the 

following holds 

(1) rep(d) exists, 
* 

(11) )J E 71 (rep(d)) 
P 

(1 e tpl is "almost" faithful in the sense 

of [MRWI) 

6 Conclusions and Future Work 

In this paper we have given an Introductory survey 

of USIL, a high-level, user-friendly language for 

performlng update and retrieval in a relational 

database We have demonstrated Its use by several 

examples which should lndlcate that It 1s a quite 

easy exercise to learn how to use this language 

This point 1s also supported by our own experience 

that we have achieved during the lmplementatlon of 

the universal schema interface for our experimental 

relational system MEMODAX and during a practical 

course In databases for students at the graduate 

level [V21 

Within a short time USIL will have replaced the 

currently running relational algebra of MEMODAX 

completely, where the only technical problems that 

have to be solved concern the fact that this system 

1s developed on a micro-computer and that this 

machlne 1s now getting close to the limits of its 

capacity 

From a theoretlcal point of view, several other 

problems remain open 

First of all it may be argued that the representa- 

tlve instance In Its present form 1s not the last 

resort The chase-process that 1s hldden In our 

processing strategy 1s able to derive new know- 

ledge about the outside world, but this knowledge 

cannot be retrieved from the database, at least in 

certain cases The most typlcal example is that 

two employees have the same manager, but he is 

presently unknown Neither do they appear in the 

answer to a query that asks for all employees with 

the same manager nor 1s It possible to Insert 

corresponding tuples (with nulls) into the data- 

base A first proposal attacklng this problem can 

be found In [U2] 

Another problem remains because we allow explicit 

modlflcatlons for temporary relations only, but 

not for tuples over updates This may become a 

handicap especially for casual users If they have 

entered a typo, even In this case a correction has 

to be performed via a deletion followed by an in- 

sertlon 

A third problem 1s due to the unique role assump- 

tlon that we have made ln sectlon 2 With this 

assumption it 1s lmposslble to dlstlngulsh, for 

Instance, between "supplies", "stores", and 

"needs" In a supplier-part-connection This 

directly carries over to one of our dlrectlons for 

future work If one thinks of an English language 

query, the mention set 1s derived from the nouns 

of It, as was demonstrated In example 2 
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But what about verbs and the other components of 

such a sentence 7 We think that work 1s needed on 

the relationship between USIs and a natural lan- 

guage database access, because the former seems to 

be a quite adequate prerequlslte for the latter 

Consider, for instance, the problem of mlsslng 

JoIns when queries are Incompletely or superfl- 

clally specified In the RENDEZVOUS system [Ch] 

This problem 1s no longer exlstlng In the presence 

of a USI, since the system now knows from its wm- 

dow function how to build Joln paths Internally 

The syntax of the target language 1s conslderably 

simpler than that of an ordinary database language, 

so that this relatlonshlp deserves further research 
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