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Abstract 

The research activities in %he area o f  data base systems are reviewed. 

Most of the issues considered b y  research institutes center around 

models of information~ interactive data manip~lation~ system aspects~ 

implementation ±echniques and modelling and analysis. Comparison with 

industry ac%ivl%ies and documented user requirements shows differences 

of emphasis between research and development. Conclusions are drawn 

with respect %0 established and potentially emerging principles in the 

area of da%~ base des~n and architecture and with respect to poten- 

tial future %rends i n  data base research° 
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1 .  INTRODUCTION /49, 192/ 

T h e  o b j e c t i v e  o f  t h i s  p a p e r  i s  p r i m a r i l y  t o  p r o v i d e  a n  o v e r v i e w  o v e r  

past and present research activities in the data base area. This ~a-- 
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per does not survey commercially available data base software, Vurth-- 

er~ information retrieval systems and non-compute~orlented aspects of 

information systems are not addressed. We are well aware of the danger 

o f  such limitations and recommend to the reader, w h o  iS interested in 

an introductlon to the field, to study In depth some of the commer- 

cially available data base systems~ such as I M S  {A,J. Barnett and J.A. 

Ll~htfoot: Information Management System [IMS) -- A Users Experlence 

with Evolutionary Development. [n D~ta Base ~{anagemen[ S[stems (D.Ao 

Jardlne editor) T No~th ~olland~ Amsterdam, 1974} in addition to the 

litemature referenced in this survey. 

What Is a data base system? This Is already a question, which has been 

and still is subject of debates. We will make o u r  definition with the 

help of a scheme ~ which in our experience is widely accepted. It is a 

simplification o f  an architecture scheme employed b y  a major standard-- 

ization group (ANSI/X3/SPARC} and is very similar to schemes shown in 

Date's or WedekindVs book. To the authors knowledge~ the IMS designer 

have been the first who implemented~ consciously o r  unconscioesly, 

such a scheme nearly a decade ago. 

The scheme is shown in fig. I and shows persons~ views of information, 

data mappln~s~ programs and ~ data flow during retrieval o f  informa-- 

tion. The concept~l view is the central point. It pepresents the way 

information is seen by the group responsible for the system aspects of 

stored, integrated information. This group is usually referred to as 

the "data base administrator". F o r  a ~iven system installatlonT a 

conceptual schema specifies which type o f  information may exist at the 

conceptual level. A schema describesv what Is legal or "correct" and 

is therefore similar to a g r a m m a r  defining the syntax of a langua@e. 

The conceptu~l view is never used directly. It serves as a central 

reference point for other vlews of information. For examplel the phy- 

sical or internal view of information reflects the way the Informatlon 

is actually stored in memory. Given the data base in conceptual form~ 

we can construct the corresponding physical form with the help of a 

mapplng~ the conceptual to internal mapping {fig. [ mapping C[!), 

T h e  u s e  o f  c o n c e p t u a l  i n f o r m a t i o n  i s  t h r o u g h  m a p p i n g s .  A l l  o f  t h e s e  

m a p p i n g s  a ~ e  i n  t h e  r e s p o n s i b i l i t y  o f  t h e  d a t a  b a s e  a d m i n i s t r a t o r  a n d  

a r e  s p e c i f i e d  i n  a d a t a  d e f i n i t i o n  a n d  m a p p i n g  l a n g u a g e .  T h e  m a p p l n ~ s  

between conceptual and external views serve a double purpose: {a} to 

selec± the subpart of information neces~ry and sufficient for a spe-- 
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cific use of the data base and {b} possibly~ to transform %he selected 

subview %0 a view~ which is "more natural" for %he specific use. Polnt 

{a) represents %he primary purpose and is of importance for reasons of 

protection, scheduling v user isolation etc.~ i.e. essentially for sys- 

tems aspects. 

There ape two major end-user groups to consider. First we have the 

query language user~ also called the interactive problem solver and 

typified by the "non-DP-professional". The query language users vlew 

of data is very slmilar to the conceptual view. Ke performs data manl-- 

pulation at a fairly high level without needln~ help by experts. This 

is different for the "parametric user"y who performs well defined ac-- 

%ions with parameters of a simple structure. This user interacts wlth 

the system via application programs written by application programmers 

in some ~ r o g r a m m i n g  language into which a data manipulation language 

is incorporated as a sublanguage. We talk o f  a host language -- sublan-- 

g u ~ g e  rela%ionship. In general~ the query data manipulation language 

is at a higher level than the application programmers data manlpula- 

%fen language. 

I n  practlce~ large amounts of stored information are extremely unlike- 

ly to be used by only one person. It is therefore a requirement t o  a 

data base management system that it allows sharing of and concurrent 

access t o  the s±ored information. Concurrency creates a number of 

problems in connection wlth system Integrity~ schedullngT deadlock 

preven%ion~ reeovery~ protect[on~ and efficiency in solving all these 

problems. 

While commercially employed systems (like IMS) p~imarily support ap- 

plications Involving parametmic users~ research concentrates on S U p - -  

pert of the interactive problem solver. Correspondingly we find a 

large number of research activities oriented towards the data model 

used for the conceptual view and to a single user high level query 

language system. Sections 2 and 9 are devoted to data models and data 

manipt*la%ion languages t O  describe this research. In section 4 we wlll 

discuss research in the area of system aspec±s. Section 5 describes 

contributions of research to implementation techniques such as a sto- 

rage structures and search algorithms. Section 6 will refer to some of 

the modellin~ ~easuremen% and analysis efforts and section 7 will 

contain conclusions with respect to primary results T recognizable 

trends and some major problems deserving research. 
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2. DATA MODELS 

The conceptual view has been introduced ~s the central point of refer- 

ence in a data base management system. Cle~rly~ such a vlew should be 

as close as possible %o in%ultive notions of information. Proposals 

for a conceptual view ape known as data models. A conceptual data 

model provides a set of possihili%ies of how to encode conceptually 

information which exists in The Peal world. Of course~ The mapping 

between Peal world information ~nd conceptual information is not for- 

malized. 

Closely connected with the notion of a conceptual data model is that 

of a conceptual schema. Fo~ illustration purposes let us consider an 

extremely simplified real world situation® We have sets P o f  pPofes-- 

sors~ S of students~ and C of courses. Each of the objects in these 

sets has a number ~ which is unique within the set~ and a name. Furth-- 

er~ we know f o r  every p r o f e s s o r  which students he advises and which 

courses are Tough± by him. A student has exactly one professor as ad- 

visor and may attend a number of courses and a course ks taught by 

exactly one professor and attended by a n~mber of students. Fig. 2 

shows the Information in an attempt to be close to reality without 

biasing towards any data model. 

Conceptual data models are all more o r  less based on the notions of 

set theory. One of %he earlier attempts is the Information Algebr~ of 

CODASYL /34/. Other models and s±imulatln~ ideas are due to Mealy 

/124/~ Feldman and Rovner /74/, andv Ash and Sibley /3/. The most 

successful model An terms of acceptance and as a stimulus for data 

base research has been developed by E.F. C o d d  in a series of papers to 

which we will devote the next subsection. 

~ .  I .  C o d d ~ s  ~ e l a t i o n a l  M o d e l  { C R ~ )  [ 3 9 - - 4 1 ~  4 3 /  

In CRM information is a finite set of named rel~tions of assorted de- 

gree. A n--ary relation is a finite subset of a caPtesian produc~ 

D1 x D2  x ~*~  Dn 

where the Di are potentially infinite sets of "scalar" data values 

such as numerical values o r  string values, in other wordst a n-sPy 

relation ks a set Of n--tuples® To any Pelationv the elements of %he 
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professors 

P# :I 
PN :A 

P# :2 
PN :B 

students 

S~ :1 
SN :L 

courses 

~ C~ :I 
CN :M 

--•C# :2 CN :C 

S~ :2 
SN :L 

~ C~ :3 
CN :0 

S~ :3 
SN :M 

professors 

advises 
one : many 

students I~" 

teaches 

courses 

many : many 

Fig. 2:Example situation and schema 
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tuples ~re n~med with attribute names for ease of reference. A rela-- 

tion is homogeneous# i.e. any two elements of the same relatlon have 

the s~me attribute names associated with them. This allows a tabular 

listing o f  a relation as shown in fig. 3~ the representation of the 

example information in CRM. 

Some domalas wl±hin a relation may be keys and/or references. Two dis-- 

tinct tuples in a relation have different values in their key ele- 

ments. A PefePnce domain actually is used %o refer to some value that 

is element of another tuple in the same or another relation. For exam- 

play P# in P is a key domain~ but P~ in S is a reference domain which 

contains only such integer values~ which appear as P~ in P. 

The relatlons shown in fig. ~ and corresponding to the schema indicat- 

ed in fig. 4 are all in socalled first normal form. This means t that 

all elements of a tuple a~e scalar {and not sets or lists or structur- 

al in any other way). This has consequences in the way information can 

be modeled. Consider the ~elationshi9 between students and p~ofessers. 

Principally there are at least two ways to store %hls information: 

(a) we can build the set of all students (or their unique numbers} 

advised by one professor and store thls set wlth the professor tuple 

o~ 

{h) we store with every student the professor [or his unique number)~ 

which advises the student. Case [a) would not be in "firs± normal 

form". For%unately~ case (b) is in thls form. 

The relationships between professors and students or pro~essors and 

courses are one to many (i.e. one professor advises ~ students]. 

In these cases we s¢o~e %he converse relation %o satisfy normallza- 

tlon. However~ the student/course relationship Is many to many and 

therefore requires the int~oductlon of an additional relation, the 

relation SC. Codd has defined further normalizationsT the "second" and 

"thlrd normal ferm"v which essentially serve to remove some redundan- 

cies. The Peade~ Is referred to Codd /41/~ Date /49/, or Wedeklnd 

/192/. 

T h e  a d v a n t a g e s  o@ C R ~  a r e  i t s  a p p a r e n t  s i m p l i c i t y  a n d  i t s  a p p e a l  %o 

t h o s e 7  w h o  a r e  u s e d  t o  " t h i n k "  i n  t a b l e s ~  i n  p a r t i c u l a r  f o r  r e s e a r c h -  

e r s  w i t h  a b a c k g r o u n d  i n  t h e  e l e m e n t a r y  n o t i o n s  o f  d i s c r e t e  m a t h e m a t -  

i c s .  S i n c e  a r e l a t i o n  l s  a s e t ~  s e t  o p e r a t i o n s  l i k e  u n l o n T  l n ± e r s e c -  

tlon~ relative complementatlon etc. can immediately be applied if the 

relations agree In domain names. More Importantiy~ pro3ection may be 
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S 

S~ SN P# 

I L 2 

2 L I 

3 M 2 

P 

P# 

I 

2 

PN 

A 

B 

CI~- 

1 

2 

3 

C 

c~ P~ 

M 2 

C I 

0 I 

SC 

1 3 

2 3 

Fig. 3:Normalized C~{ relations 

S (S~ int, SN char, P49 int) key (SJ# r ef (P~ t_.oo P.P~ ) 

P (P@6 int, PN char) key (P~#) 

C (c@int, CN char, P]~ int) key (C~ ref (P~ t_o P.P# ) 

SC (S#~ int, Cj~ char) key (S# , C}% ) ref (S~ t_oo S.S.~ , C}% t_q C.C# ) 

Fig. 4 CRM schema 
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applled to relations and relations of different structure may be com- 

bined using well known methods of composition such as cartesian pro-- 

duct O r  Pierce product~ oN a generalization called Join in Codd~s ter- 

minology. In a slightly different approach every relation may be 

viewed as a stoned predicate and first o~der pPedlcate calculus may be 

applied t o  define new ~elations. Codd has investigated both approach-- 

es, the "relational algebra" a n d  the "relational calculus" and has 

shown that %hey are equivalent /41/. 

The relational model has been subject to a number of critical consid- 

erations /20, 43/. It is obvious that It does n o t  offer the full Pang, 

o f  structures to w h i c h  we are used within computer science. It has, 

for example, no equivalen± ±o the hierarchic record organization of 

COBOL? PL/I~ PASCAL or ALGOL68y a structure which is simpler corres- 

ponds t o  intuition and is most frequently used. This is only one im- 

portant example of a structure violating the "first normal form" con-- 

dition° 

The example of %he rela%!onshlp between students and professors has 

shown how the schema is ~ffected by constraints. Per example~ if the 

one:many constrain% of the professor - student relationship is relaxed 

to a many:many constr~in%~ a completely new relation has to be intro- 

duced. 

A n o t h e r  c o n s e q u e n c e  o f  n o r m a l i z a t i o n  i s  t h e  f a c t ,  t h a t  b a s i c  i n f o r m a -  

t i o n  has %o be encoded with the help of other informatlon9 which is 

often of no Interest to the requester of the basic information. For 

example, in order to know %he name of the adviso~ of the student with 

name "M", the "system" has %0 learn that this advisor has the profes- 

sor number 2~ since there is no other way to get %0 his name. This may 

be considered tolerable, howeverT more Critical si%uatlons ariseT if 

we allow a user to see only a subset of domalns~ which does not con- 

rain the key values. For example~ a particula~ user may he allowed to 

look at every employee's salary and compare it with the employee's 

manager salary, but for reasons of privacy he is not allowed to look 

at the man numbers associated with the salaries. There are immediately 

two problems. FirstT in order to find a man's managem's salary~ the 

user has to know the man number of thls mana~e~, contradicting the 

privacy constraint. Second, if the man number is projected out it may 

well happen that two persons with the same salary appea~ as one %uple 

In the projection~ thus making any statistles on salary distribution 

in the projection invalid. One can imagine ways around the f i r s t  prob- 
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lem though no elegant ways are known to the authors. The second prob- 

lem is solved in at least some of the experimental systems [like 

INGRES~ SQUARE} by allowing "duplicates in sets". These implementa- 

tions are actually implementing a homogeneous flat file model as it is 

described~ for examples 

by McGee /122/o This model is in turn a special case of the g r a p h  

model described later i n  this section. It cannot be claimed that im-- 

plementatlons of the homogeneous flat file model find their clean, 

theoretical foundation in CaM, t h o u g h  some opera%loon s llke joins s 

make sense wlth both kinds o f  data structures. 

2,2. Graph Oriented Data Models 

The common idea behind the data models discussed In this section is 

the implicit or explicit notion of labeled graphs over entities or 

named binary relations between entities • The origins of the model in 

computer science goes back %o McCarthyWs abstract objects {as models 

O f  information) which have to conform to an abstract syntax {as %he 

schema to the model). (McCarthysJ.: Towards a Mathematical Science of 

Computation. Proc. IFIP CongP. 19627 North Holland 9 Amsterdam, 1963)0 

McCarthy's w o r k  has influenced the activities o f  a g r o u p  in the IBM 

Vienna Laboratories to model the interpreter states during execution 

of p r o g r a m s  (Lucas P. and K. Walk: On the formal description of PL/I. 

Annual Reviews of Automatic Programming 6, 3 {1969)}. The data struc- 

tures in languages lime COBOL, PL/Iv PASCAL~ and ALGOL68 are adapta-- 

tions and extensions of this model s in ~eneral with restrictions as to 

what may be specified in a schema. "Schema" appears now as a synonym 

for "declaration u or Wabstmact syntax". Some of the data models de- 

signers refer explicitely to this origin /I, 56/. Practically all com- 

mercially available data base systems are based on the graph model. 

Within data base research activ[tles the graph model shows up more or 

l e s s  c o n s c i o u s l y  i n  a n u m b e r  o f  p a p e r s .  M c G e e  d i s c u s s e s  a g r a p h  m o d e l  

in 1968 /121/. The entity set model of the DIAM system designed by 

A s t r a h a n ,  A l t m a n ,  F e h d e r  a n d  S e n k o  i s  e s s e n t i a l l y  a b i n a r y  r e l a t i o n a l  

m o d e l  a n d  t h e r e f o r e  a g r a p h  m o d e l  / 1 5 S / .  ~ O t h e r  w e l l  k n o w n  g r a p h  m o -  

d e l s  a r e  t h o s e  d e v e l o p e d  i n  C O D A S Y L  a c t i v i t i e s  a n d  g e n e r a l l y  k n o w n  a s  

t h e  D B T G  m o d e l  / 3 S ~  3 7  s 3 8 / .  We f i n d  t h e  g r a p h  m o d e l  a l s o  I n  A b r l a l l s  

"data semantics" /1/ and many other research papers /20~ $6~ 63~ I$~/o 

Schmid and Swenson employed recently some sort of graph model to es-- 
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tabllsh a connection between relations in CRY and the real world 

/isi/. 

Among the earlier data base research activities the DIAM effort de- 

serves special attention /155/0 It contributed essentlally to the ac- 

ceptance of a data base system structure as shown in fig. I® Its data 

model, the entity set model, had and still has impact on standardiza- 

tion activities. The D I A M  data model has not been defined wlth the 

same mathematical rigor as CRM. T h i s  is related to the fact, that its 

designers stressed %he closeness of the model to the real world more 

than pure mathematical formallsm. We will not dlscuss the DIAM model 

in more detail here ~ince it can be mapped in a straightforward way to 

The subsequently described graph model and as su~zh find a clean mathe- 

matical foundation. 

The essential notion of the graph model is that of an abstraction of 

objects as nodes in a ~raph. To be consistent with the most frequently 

used terminology we call such a node an entity. An entity may be any-- 

thing "that has reality and dlstlnction of being in f a c t  or in 

thought, eeg. objects, associations, concepts, and events" /34, 155/. 

Some entities have unique denotations like 

5, 7 or IABC'. Other types of entitles can only be uniquely identi- 

fied with the help of relationships between entlties. 

I n f o r m a t i o n  I n  t h e  g r a p h  m o d e l  i s  s t o r e d  a s  a f i n i t e  s e t  o f  n a m e d  f i n - -  

I t s  b l n a r y  r e l a t i o n s  b e t w e e n  e n t i t i e s .  S i n c e  e n t i t i e s  a r e  n o d e s  i n  a 

g r a p h ,  r e l a t i o n s  c a n  b e  r e p r e s e n t e d  a s  d i r e c t e d  l a b e l e d  e d g e s  i n  t h e  

graph. To represent unary rel~tions (which are sets of entitles) we 

assume a given node as the entry node to the information and inter-- 

prete the binary relation between entry node and any other node as a 

unary relation. For simplicity in drawing a graph we represent ed@es 

from the entry node %o other nodes by labeling these nodes with the 

relatlon name. Fig. ~ and fig. 6 shoe the graph model representation 

and schema for our example. 

A f i r s t  a d v a n t a g e  o f  t h e  g r a p h  m o d e l  o v e r  C~H i s  t h e  f a c t  t h a t  o n l y  

b i n a r y  r e l a t i o n s  a r e  u s e d .  T h i s  r e m o v e s  t h e  n e e d  t o  d i s t i n g u i s h  b e t -  

w e e n  the domains via symbolic domain names. More importantly, due t o  

i t s  e x p l i c i t  n o t i o n  o f  e n t i t i e s ~  w h i c h  i s  n o t  p r e s e n t  i n  CaM,  ~ t  i s  

clean and clear in the mathematical sense without the need %o deviate 

f r o m  i t  f o p  T I p r a c t i c a l "  r e a s o n s  o f  c o n v e n i e n c e .  L i k e  f o r  CRM~ I t  i s  

possible to develop calculus or algebra oriented languages with the 
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C~ 

~C 
CN 

~N 

?S 

SC 

Fig. 5 :Information as a graph 
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PC 4-- 

CN 

,s4-- 
S C ~  

c-~ 

i n t  

i ch: I 
s~ ~_~ 

R~--~ one : one 

R ---~ many : one 

R 4}-- one : many 

R -- many : many 

Fig. 6:Schema to the graph model 
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. . . . .  s A ~ ,  >1 ,, 

I O "SAL 

I ...... 

2300 

2800 

1950 

] 

I 

Fig. 7:Subgraph of E, MGR and SAL 
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same rigor /12~/. On the other side it does not provide difficulty to 

• urnish a user with a subvlew of the data base {i.e. a subgraph) which 

restricts to the relationships~ which m a y  be seen by the user. See 

fig. W for an lilustratlon, Since practically all known structures in 

computer science can be mapped conveniently to some form of grephs~ it 

does not force us to exclude these structures from our high level data 

modeling. 

2.3. The Equivalence o.f Data....__Mode~s 

It is not at all surprising that the different models are equivalent 

in the sense that information encoded in the DBTG or DIAM model can be 

encoded in CaM and vice versa. Moreoverv in most cases there is a sim- 

ple and straightforward way to eonve~% a schema in one model to a COP-- 

respondin~ equivalent schema in the other. The question of choice bet- 

ween two dlfferen% models must be decided on how "convenient" or 

"natural" processing becomes in the models° This [s~ however~ not only 

a question of the data model but also a question of the data manlpule-- 

tion language. In the next section we will therefore come back to the 

question of equivalence. 

The question of equivalence of data models h a s  been investigated by 

Bobrow /17/, Neuhold /134/y Sihley /167/ and McGee /122/0 Different 

models are likely to coexist for a while {at least in the world o f  

researches) ~ even on the same system. This creates a new mapping prob- 

lem7 namely of how to superimpose a model A on a model By a problem9 

which creates the need for a nsuperimpositlon theory" Rs it was stated 

by EeP. C o d d  /43/. First results in thls direction are reported by 

Frasson /82/® 

3. DATA MANIPULATION LANGUAGES 

3. i. Low Level Versus High Level LoLic 

As we can see in fig. is data are accessed in external form either vla 

an application p r o g r a m  or interactlvely at a terminal, In the first 

onset records are typically retrieved one by one and processed sequen- 

tially in a programming language. This type of p~ocessing i s  referred 

%o as "low level" oe as "one record at a time logic"° Typical for the 

second case of access is the higher level "multiple records at a tlme 
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logic". Research activities are primarily oriented towards the higher 

level logic. It is important to realize that also in the application 

program case "multiple records at a tlme logic" is required t O  specify 

in advance on w h i c h  subset of %he data the program is going to oper- 

ate. The system needs this informatlon for scheduling and resource 

allocation purposes, In ef~ect~ %he selection O f  the sub space to a 

program Is a mappln~ between the conceptual and the external viewv 

which by the nature of its use has to be specified in a high level 

logic, Even though research projects ape prim~rily oriented towards 

interactive access to data and even though thelm implemented systems 

are modest compared to commerclally available systems~ their Pesul±s 

may very well be of relevance for the type of processing through ap-- 

plication programs as it Is still more common in todays user Installa- 

tions, 

Subsequently some of the data manipulation lansuages developed by re- 

searchers wlll be referenced. We start wlth %he CRM Implementatlons~ 

then we continue w l t h  languages based on other data models, A s p e c i a l  

s u b s e c t i o n  i s  d e v o t e d  %o l a n g u a g e s  w h i c h  a r e  c h a r a c t e r i z e d  b y  t h e  w a y  

I n  which they are used. Finally we will come back to the equivalence 

of data models. 

3.2. Some CRM Implementations 

Table I lists some of the experimental systemst which claim to imple- 

ment CRMt though for some it would be more correct to claim that they 

System location ......... remark reference 

IS/I IBM UK algebra Todd 

MacAims MIT algebra Goldstein 

RDMS M I T / M U L T I C S  a l g e b r a  S t e u e ~ t  

M O R I S  Mllano calculus Bracchi 

SQUARE IBM R e s e a r c h  m a p p i n g  B o y c e  

SEQUEL IBM Research mapping Chamberlin 

INGLES Berkeley calculus Held 

ZETA Toronto definitional Mylopoulos 

DAMAS M I T  calculus Rothnie 

T a b l e  I .  S o m e  r e l a t i o n a l  s y s t e m s  
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implement homogeneous flat file. Of the nine systems shown) %he first 

four represent early experlments, SQUARE is a language based on the 

concept of vlmapping"v an approach which is somewhere In between rela~ 

tlenal algebra and relational calculus, I% is implemented on top ef 

XRM~ a data management supporting n-ary relations or) better) homoge- 

neous flat files /111/. XRM in turn is implemented en top of RAM, a 

d~ta management) which supports stered binary relations and mesembles 

the graph model /110/. SQUARE has a compact syntax. The query lan@uage 

SEQUEL is derived frem it with more Engllsh keywomds. INGRES stands 

for a system) which offers QUEL and the graphics ePiented CUPID as 

snduser interfaces /S3) 119/. ZETA is a system which is currently be- 

ing developed ~% Toronto, It has a data management supporting rela-- 

tions and provides a ~WsynTax directed" definitional tool %o let the 

user implement hls high level query language on top ef low level prim- 

i%Ives. DAMAS is a system specifically used by its implementer to stu- 

dy a n  optimization aspect of data access. 

Te give an impression of the different styles of query langua~es~ let 

us consider the following query: 

What is the name of the advisor of the student~ whose name 

is "M"P 

In IS/l) the rela%ion~tl algebra approach) we obtain: 

( {P ~ {S; C2 = ~M" )); Cl = C5) % C2 

This expression is a sequence of a selection (operator = ';'), a 

cartesian product {operator = v*') I a second selection and a projec- 

tion {operator = )%s). Ci refers %o the value in the iIth domain. 

In QUEL) %he calcuius oriented query language to INGRES) we obtain: 

RANGE OF PRO~ IS P 

RANGE OF STUD IS S 

RETRIEVE INTO R(PROF.PN) WHERE PROF.P~ = STUD.P~ AND STUD.SN 

= ~M ~ 

Here The answer is in the result relation ~) a unary relatien. Clearly 

P~OF and STUD are variables in the predicate calculus sense ever which 

existential quantifications are applied by defaulT. 
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I n  SEQUELt the "mappln~" approach~ we obtain: 

SELECT PN FROM P WHERE P,P~ IN 

SELECT P# FROM S WHERE S,SN = 'M'; ; 

All of the nine systems represent what might be called first genera- 

tion research data base systems. This means that their contribution to 

the solution of data base problems~ though already significant as 

pointed out above~ may be Increased by follow--on development, At least 

for the three systems SEQUEL~ INGREST and ZETA we know that such on@o-- 

ing research is planned. The follow-on system to SEQUEL is called 

System R, 

3.3. S o m e  Non-CRM Systems 

As already mentloned~ most research activities are usin~ CRM as their 

d a t a  model. In this subsection we will discuss some languages which 

are usin G a graph oriented data model, 

First t h e r e  i s  DIAM with RIL (Representation Independent Language} as 

its data manipulation languase /72/. The DIAM work continues in an 

effort called DIAM II with FERAL as its query language /157-IS9/. 

Senko's FERAL has the interestin~ property of a graph {or binary rela-- 

tional} model oriented query language for the composition of relations 

between entities. The example query of the preceding subsection can 

be formulated in FERAL as follows: 

P{PN} where for PS SN = VM1 ; 

FERAL establishes the connection between professors and students with 

a single identifier where IS/I oP QUEL need at least one comparison. A 

recently descrlbed system~ developed In Nice~ Implements the graph 

model o n  top of I~IS and offers a query languase with similar advantag- 

es /82~. Mcgee describes a data manipulation language to a conceptual 

graph medel~ which is very similar to the DBTG model /123/. 

A v e r y  i n t e r e s t i n g  r e s e a r c h  d e v e l o p e d  s y s t e m  i s  S I M S  / 1 9 4 /  w h i c h  o f -  

f e r s  a query language and a data definition language. The data defi- 

nition language allo~ to map data given in their internal form and 

possibly generated on another computer~ to a hierarchical conceptual 

form, This hierarchical form can then be accessed by the query lan-- 
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gua~e without actually converting the data~ SIMS meets wlth these fea- 

tures ob~ee%ives~ which a~e missed by most other experimental systems~ 

though SIMS Is one of the earlier implementations. 

report generation, i~e= the design of i~you%s of computer generated 

reports is a non--trivial p~oblem which to solve with the help of a 

computer seems natural. Dana and Presser report about an interestln~ 

hl~h level langua@e specifically designed for this task /46/. 

0.4. User interface Aspects 

In %his section we will discuss some data manlpulation languages whose 

deslgners apply a specific technique with respect %o the interface to 

the use~® 

A series of research efforts has as Its target to embed the query lan- 

guage Into a ~eneral purpose p~og~ammlng language to combine the data 

access with powerful computational facilities. Two of these efforts 

have as their specific research ~oal %o develop and study protection 

mechanisms /44~ 75/. Earley describes a proposal for the inclusion of 

CRM data structures into an ALGOL llke language /59/. Schauer proposes 

to build an Interactlve C~M query language in a data base system for 

the evaluation of measumement data on top of APL /149/. 

A question, which is currently s%lll open~ is whether the traditional 

way of defining r i g o r o u s l y  a formal language Is the best way %o at- 

%rac% all end--user groups to the computer. Some reseamchers believe in 

the possibility %ha% a freedom in syntax as offered by a natural lan-- 

guage~ might make %he computer more attractive fo at least some user 

groups. Codd proposes such a natural language system~ called R~ND~Z-- 

VOUS~ which is currently being implemented /42/. TORUS is a natural 

language system being developed at Toronto. It uses ZETA as its data 

management /131/. Thompson, Petrlck and Kraegeloh report a b o u t  exper- 

imental languase systems, which are already Implemented / 1 8 4 ,  147, 

I02/. Further references %o systems natural language ~nd ±he lin~uis- 

tLc approach can be found in /156/. 

T h e  f e a s i b i l l t y  o f  t h e  ~ t c o m m u n i c a t i n n  w i t h  t h e  c o m p u t e r  i n  n a t u r a l  

language" is subject TO rather sceptical considerations. In the case 

of data manipulation languages many of these considerations are not 

applicable~ since %he "universe of discourse" is essentially restrict- 
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ed to the objects and verbs stored in the data base and described i n  a 

simply structured d a t a  dictionary, 

A completely different approach is taken by Zloof~ McDonald and 

Schauer /198, 1 1 9 ,  149/o Their method requires a d i s p l a y  device, w h i c h  

IS used to display the descr~ptlon of the stored CRM relations in some 

graphical form. In ZloofWs Query By Example the user fills "examples" 

Into free spaces of the relation description. Simple queries can be 

formulated easily and wlth a low probability of error. In McDonald's 

C U P I D ,  the used has to draw a flew diagram llke plctuPe (with the help 

of a menue ) which expresses the semantics of The query° Sehauerts 

extended query by example is an extension and modiflcatlon of ZloofWs 

method. It Is natural to use a display device 19 information is asso-- 

clated wlth geographic locations. GADS /2S/ is such a system in which 

a user can point %o locations or subareas within a displayed map to 

o b t a i n  information related t o  the g r a p h i c  entities. 

The questlon~ wether one user-lnterface oriented approach Is more suc- 

cessful than another cannot be answered by abstract reasoning. Inves- 

Tigations are under way, which employ the methods O f  experimental psy- 

chology to find unbiased answers to the posed question /143, 183/. One 

of the reported experiments seems to indicate that questions of syntax 

(or more generally of the form as opposed to the contents) are o~ a 

slight significance f o r  the unskilled while questlons of semantics are 

slgniflcan% independent o f  the users skill /143/. 

3.5, pate Model Equivalence 

A s  p o i n t e d  o u t  e a r l i e r ~  a n d  i l l u s t r a t e d  b y  e x a m p l e s v  we  k n o w  t h a t  d i f -  

f e r e n t  d a t a  m o d e l s  a r e  { o r  " c a n  b e  m a d e " )  e q u i v a l e n t  w i t h  r e s p e c t  t o  

corresponding schemata. Subsequently we will briefly indicate that 

equivalence can easily be extended to the equivalence of the query 

languages. To this end we introduce informally two query languages, 

one (CRM) for CRM and the other (GRAPH) for the graph model, Both lan- 

guages are very similar to SEQUEL. In CaM we deal with relation names, 

attribute names and variables. A variable is denoted by a relation 

name followed by a period followed by an attribute name. 
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Example 

S eelation name 

SN ~ttribute name 

SoSN variable 

In GRAPH w e  deal with sets (unary relations) and relations (binary 

~elatlons), A set denotation is a set name o r  a set name followed by 

a period followed b y  a relation denotation. A relation denotation is a 

relation name or a relation n a m e  followed b y  a period followed b y  a 

~elatlon denotation. A set denotation may also be used as a varlaDle 

with the obvious meaning that the variable 'W~unsU over all elements of 

the set. 

Example 

S~ S.SC~ S. SC,CN sets (or variables) 

PS~ FSoSC~ PSoSC.CN relations 

It should be noted that GRAPH is recursive in the definition of sets 

while CRM is bound to two levels, 

The period ls in both languages used as the operator for functional 

composition ~rom left to right. 

A query is of the form: 

SELECT listl FROM llst2 WHERE predicate: 

In CR}{ llstl is a llst of attribute names~ list2 is a list of relation 

names~ and the predicate is over variables which can be built startin@ 

with fhe ~elatlons in lls%2® 

In G R A P H  list[ is a list of relation denotationst list2 is a list of 

set denotations and the predicate is over set denotations which can he 

built with ~he help of relations starting wlth the sets in llst20 

In both languages the use of subscripts may be necessary to avold 

ambiguity. The subsequent examples are such that ambiguity does not 

arise. 
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Q u e r y  1 

Name o f  the professort w h o  advises student M, 

CRM: 

SELECT PN FROM P,S WHERE P.P~ = S.P~ and S.SN = IMt; 

GRAPH 

SELECT PN FROM P WHERE P.PS.SN = VMt 

Thls simple query illustrates already the essential difference between 

the two data models. C~M normalization requires %hat some logical re- 

lationshlp between entities are encoded wlth %he help of unique por-- 

pertles o f  these entities while in the g r a p h  model these relationships 

may be used directly. Therefore, CRM has t o  make a comparison where 

GRAPH simply uses functional composition as we do in natural langua@e. 

This will become even more apparent in the next query° 

Q u e r y  2 

Names of courses attended by students which are advised by 

vBm° 

CRM: 

SELECT CN FROM P~ $7 C~ SC WHERE P.PN = 'B t and P.P~ = S.P# 

and S.S@ = SCoS~ and SC.C~ = C.C~; 

GRAPH: 

SELECT PS.SC.CN FROM P WHERE P.PN = WBt ; 

T h e  b r e v i t y  a n d  e l e g a n c e  o f  t h e  G R A P H  f o r m  c o m p a r e d  t o  t h e  CRM f o r m  

should~ however~ not be used to conclude an essential superiority of 

the graph model over CRM. In fact, it Is possible %0 extend the CRM 

language with a macro processor which accepts as definitions relations 

between entities in terms of their CRM encodings. Thls m a c r o  processor 

can then accept GRAPH queries and convert these queries i n t o  CRM quer- 

ies in a simple straight forward algorlthm. With other words, we can 

implement the GRAPH language on t o p  of a CRM implementation such that 

the user has all the advantages of the graph model. The differences 
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of the languages and thei~ underlying models appear on a level which 

is primarily of a syntactical nature since they can be transformed 

away with the help of syntax macros. Issues of one data model versus 

the other are of little practical relevance glven the right sort of 

implementation. Many other questions like those discussed in subse- 

quent sections deserve and a~e in the process of receivlng more atten- 

tion. 

4o SYSTEM PROBLEMS 

4, i, Introduction 

The major peoblems in a data base system like IMS are connected with 

concurrent access to data shared by many users~ with application pro- 

gram management and schedu!Ing~ with system enforced data Integrity~ 

with Iocklng and recovery o r  error isolation~ with data independence 

and last7 hut not leasfT with high enough transaction rates and s h o r t  

enough response times to make the whole system attractive for the 

user. 

The implementation of such a system~ even for experimental purposes~ 

may turn out to be quite costly in time and manpower, It is therefore 

natural that only few mesearch projects aim at a larse portion of the 

full set o f  data base management system functions, Among the systems 

mentioned in section 3~ DIAM in I t s  original c o n c e p t i o n  w a s  at least 

very ambitious wlth ce~pect %o data independence and supported stora@e 

structures. System R7 the follow--on activity to SEQUEL~ though be[n~ 

expePimental~ plans to provide solutions in nearly all of the problem 

areas mentioned above. 

The fact that eesearchers so far have not developed full size opera-- 

tional data base systems does not mean that they have ignored problems 

outside data models and high level query languages. In subsequent 

sections we will reference a conslderable number of relevant pafers in 

the area of data independence and data integrlty and recovery in con- 

nection with multi--user systems. In addition~ the mender will find 

references to research in the area O f  security and authorization in 

the attached bibliography, 
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4 . 2 .  Data,,,Independence / 1 7 5 [  

A data base system supports data independence %o the extent in which 

it allows transformations of the internal or conceptt~l forms of data 

without affecting {a  maximum of} existing programs in the sense that 

non-affected p r o g r a m s ~  which run correctly before %he transformatlonsT 

run also correctly after the transformations. ~ence T data indepen- 

dence is in effect the independence of programs wlth respect to data 

transformations. This makes clear that data independence Is not the 

automatic consequence of the selection Of a certain conceptual data 

model as it is sometimes claimed, 

We d i s t i n g u i s h  b e t w e e n  i n t e r n a l  a n d  c o n c e p t u a l  d a t a  i n d e p e n d e n c e ,  T h e  

need for internal data Independencev i.eo independence of application 

progeams with respect to changes of the internal form of the data~ 

while the conceputal form stays invariantT Is a consequence of %he 

widely recognized fact tha% there is no absolutely best internal data 

organization /182/. The performance of an application program depends 

heavily on how many of its access paths ape directly implemented (for 

example via links or inverted files or other storage structures; see 

section 5). Every such direct implementation means redundancy In stoP- 

In~s i.e, requires additional update activities, The data base ad- 

mlnls±rator will attempt to optimize the internal organization for a 

given mix of application programs. Since the mlx changes wlth tlme~ 

there will be a need t o  adapt the internal data organization. 

The need for conceptual data independence arises due to additions of 

new types of Informations or more generallyv changes In the conceptual 

schema. In generals at least some of the existing application programs 

are affected~ while stlll a large part may remain unaffected. Consid- 

ers for example~ the addition of a domain %o a CRM conceptual data 

base. There should he no need to alter programs~ which only read data~ 

since the old model Is a subview {projection} of the new model. This 

may already be different fop programs which update Informationv since 

there may be a dependency between the changed domains and the new do-- 

main. Certalnlys at least some of the programs which insert new ele- 

ments into relatlons are aftected~ since otherwise the new Information 

cannot be entered. Other changes In the conceptual model~ for examplev 

relaxing the many ¢o one constraint of a binary relation to a many %o 

many constPalnt s may even affecl read only programsy if these programs 

a r e  d e s i g n e d  s u c h s  t h a t  t h e y  r e l y  o n  t h e  o l d  m a n y  t o  o n e  c o n s t r a i n t .  
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Support of conceptual data independence requires that the system Is 

capable of de±ermlng for each of its application programst whether I% 

is affected or not. This involves a very complex decision problemT 

which is not solvable in general, [% is fherefome necessary #o res- 

trict the data mappln~ languages such that the decision pmoblem re-- 

mains solvable. Thls requires a type o f  theory~ which has not been 

extensively applied /exceptions appear~ in other eontexts~ in 5 3  and 

65/. 

Support of Internal data independence ~equires the following: 

1 .  A data definition and mapping language~ which specifies 

the Internal form to every conceptual f o r m  allowed by the 

schema. The degree of data independence to a given conceptu- 

al schema is the set O f  different mappings supported for the 

conceptual schema, 

2, To any given application program the system must be capa- 

ble o f  ~ecognlzing the predeflned access paths in the inter- 

nal schema~ which meet "optimally n the program's needs~ and 

exploit these access paths during execution o f  the program, 

This process has been called reduetlon of the external ac- 

cess to the internal access, A system without This optimiz- 

ing reduction may be "logically" data independent but prac-- 

tically se~ves no purpose . In other words$ what Is neces- 

sary is a data independence which results in pemformance 

galns for the user. 

Almost all of the expe~ImenTal query language Implementations des- 

cribed in section 3 support data independence to a limited de~ree in 

the following way: When a user (in his "data base administration 

role") introduces a new relation he may specify which attributes 

should be inverted. However~ a query is formulated independently of 

whether there exist Inverslens or not. During execution of a query The 

system exploits the advantages offered by inversions and maintains the 

inversions wi±hou% any burden on the user except unavoidable stomate 

and time overhead /175/. 

A m o r e  c o m p r e h e n s i v e  a p p r o a c h  %o d a t a  i n d e p e n d e n c e  s t a r t s  w i t h  t h e  

d e v e l o p m e n t  o f  a f l e x i b l e  d a t a  d e f i n i t i o n  a n d  m a p p i n g  l a n g u a g e .  T a y - -  

l o r ~  a n d  w i t h  a s l i g h t l y  m o d i f i e d  m o t i v a t i o n ~  S m i t h  h a v e  d e v e l o p e d  

such languages for a data model very close %o the DBTG model /1797 
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169/. As pointed out earlier, SIMS has also such a language, which 

enables it to operate on given data without conve~ting these da~a as a 

whole I194/o The importance o f  the possibility to access data b y  means 

of a description and without converting the data as a whole is illos- 

trated b y  the existence o f  data collectlons~ which to convert to a 

standard f o r m  is mope expensive than rewriting all the application 

p r o g r a m s  operating on these date /166/. 

The evaluation of a data definition and mapplns language in a full 

slze data base management system is a v e r y  complex task, This fact has 

p r o b a b l y  given impetus to experiments w i t h  such languages in the area 

of data translatlon T which has also a justification in its own right, 

Data translation is %he conversion o f  dataT which have been created 

and processed in one systemT %o a data organizatlon which allows pro- 

cesslng in anothe~ system. The orientation of these projects combines 

practical orientatlon wlth experimental evaluation o f  the power of 

mappin~ lan~ua~est while the projects still remaln small enough to be 

conducted in less than a large ~roup, 

Ramlrez et al. have built a compiler~ which generates conversion pro-- 

grams from data descriptions /142/. This work makes use of the men- 

tioned data definition and mapping language developed by D. P, Smith • 

S i m i l a r l y ~  T a y l o r l s  l a n g u a g e  i s  u s e d  i n  a n o t h e r  m a j o r  a c t i v i t y  a t  t h e  

U n i v e r s i t y  o f  M i c h i g a n  / M e r t e n ~  F r y )  1 2 6 / .  T h i s  w o r k  i s  c o n t i n u i n g  

with increased functions being built into the currently runnning pro- 

totypes. The underlying data models in both projects are DBTG ori- 

ented, The usefulness of CRY as internal form of data during transla-- 

tion has been investigated by Navathe and Merten /133/ with a negative 

resul±, Liu and Heller have used contextfree grammars as data descrlp-- 

tions at the record level /i08/. ~ouseIT Lum and Shu have developed a 

language DEFINE {mapping to a hierarchical structure) for data defl-- 

nition and a language CONVERT (mappins between hlerarchleal struc- 

tures} fop translation definition and plan to implement these languag- 

es in a prototype / 9 5  v 165/o Again their model of data is that o~ a 

Sraph~ whichT for the purpose of translatlon~ is decomposed Into ble-- 

rarchles. In a network of computers~ such as the ARPA net~ data con-- 

version iS of particular importance. Su and Lam~ and also Schneider 

and Desautels describe an approach to data translation specifically 

oriented towards this use /177~ IS3/. 
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4.3. Data Intefl=Xlt[_and Recovery in MuI~I User Systems 

Though the pcoblems~ whlch exist wlth respect to data integrity and 

recovery are also present in single user systems~ they are enormously 

increased in a system with many concurrent users. In fact~ without 

multl--user suppor%~ traditional means under used responsibility may be 

adequate for dealing with these problems, In a multi-user system the 

system has by necessity to take over some o f  the responslbility for 

the solution, 

The notion of data integrity is closely connected w l t h  the notion of 

consistency and the schema. A schema may be viewed as a collection o f  

assertions a b o u %  the data base contents which stay invariant during 

processing0 These assertions are also called consistency rules. Such 

Pules may state that Information is in a certain sense complete {for 

example~ whenever something is known about a person~ then its mannum- 

ber~ name~ address and birthdate are known}, A mope complex rule m a y  

require that a person cannot be Its own ancestorv or~ that the sum of 

different expenses in a department m a y  not exceed the budget allocated 

to the department. A data base supports data integrity to the extent 

in which it allows a user %o specify consistency rulesT which are sub-- 

sequently enforced by the system. 

A straightforward approach t o  specifying such rules could consls% of 

the following. 

I~ Provide the user with a general language llke predicate 

calculus o r  a query language t o  specify assertions. 

2. Whenever the data base has been modlfied~ the system 

checks~ who%her the assertions still hold, 

T h i s  a p p r o a c h ~  p r o p o s e d  f o r  e x a m p l e  i n  / 1 ~ 7 8 /  a n d  r e c e n t l y  a l s o  i n  

/ 6 6 /  h a s  %o b e  c o n s i d e r e d  w i t h  c a u t i o n .  F i r s % ~  i t  i s  f o r  a g e n e r a l  

language undeoidable whether the assertions are in themselves consls- 

tent. Second? it has to be carefully defined when the consistency o f  

a data base is checked~ since a user must in general perform a number 

o f  modAfica%ions to a data base before a consistent state Is a~aln 

transformed into a consistent state. Third~ checking of a set O f  com- 

plex c o n s [ s ± e n c y  rules m a y  require access to a large portion of a data 

baser which can range f r o m  hours f o r  small data bases to several weeks 

for lar~er data bases in processing tame. 
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The first problem c~n be solved only~ if the language in which the 

consistency rules are expressed~ is slm~le enough so that the consis- 

tency of the rules remains decldable. Practical systemsy llke IMS~ 

certainly satisfy this criterion. 

The second problem has been recognized and has lead to the introduc- 

tlon of the notion of a transaction /65, 661. A transaction is a se- 

quence of transformations of the data base by one user~ which are sup- 

posed to transform a consistent state into a consistent state. Be~in-- 

nlng and end of a transaction are under user control. Now consistency 

checking can take place whenever a transaction is complete, 

The third problem is in some way connected ¢o the first one. Given a 

consistency ruler the system must he capable of determlngT how costly 

Its checking during d a t a  base transformations will be. The variation 

o f  c o s t s  o f  c h e c k i n g  a c o n s i s t e n c y  r u l e  m a y  h e  I l l u s t r a t e d  w i t h  a n  

e x a m p l e :  G i v e n  a f a t h e r  r e l a t i o n y  a c o n s i s t e n c y  r u l e  m a y  s t a t e  t h a t  

the subgraph containing only edges labeled with father is cycle free. 

Checking this rule requires an algorithm that is in execution tlme 

proportional to n*#3, where n Ls the number of objects participatln~ 

in the father relation. If the stored information contains in addi- 

tion f o r  every person the hirthdate~ the rule that the blrthdate of 

the father precedes the birthdate of the sony serves the same purpose 

as the previous cycle ruleo This Pule canv however, easily and ef~i- 

clently be vePfled for every data base change. I n  most situations 

"system enforced integrity" makes only sensey if the time needed for 

the enforcement is bound by a linear function O f  the time necessary to 

perform processing without integrity assurance. A compiled approach 

llke the assurance of integrity constraints by query modificatlon~ as 

proposed by Stonebrecker /176/~ may help since It allows comparative 

analysis o f  the queries with and without constraints. Of courser such 

an analysis does not have to be at the source level. 

The problem of integrity is increased with concurrent access by more 

than one user. The system has~ in addltlon~ to ensure that the users 

do not interfere wlth each other d u r i n g  update operations. To this 

e n d  t h e  s y s t e m  m u s t  p r o v i d e  a f a c i l i t y  w h i c h  g i v e s  a u s e r  e x c I u s t v e  

a c c e s s  t o  a p a r t  o f  t h e  d a t a  b a s e  f o p  a l i m i t e d  t i m e .  B a s i c  m e c h a n -  

i s m s  f o r  g r a n t i n g  e x c l u s i v e  a c c e s s  t o  a u s e r  a r e  w e l l  K n o w n  f r o m  o p e r -  

a t i n g  systems under the names of l o c k i n g  or semaphores. 

T h e  s i t u a t i o n  i s  a n a l y z e d  i n  a t e c h n i c a l  r e p o r t  b y  E s w a r a n  e t  a l  
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/65/. A complication of locking in data base systemss also explained 

in /65/~ is the need to lock ob~ectss which may not yet exis%, from 

being created /30/. There are an infinite number of objects which may 

potentially be created ( t h o u g h  the set of created objects is a l w a y s  

finlte). Such locks may b e  described by predicates with an infinite 

extension. Performance requirements dictate that it can be decided for 

two such predlcates whether they overlap. This imposes restrictions on 

the formulation of predicates to be handled b y  the system /6S/. 

Locking has as consequence the danger of deadlocks. As in operating 

systems there are essentially two ways to deal with deadlocks. The 

fi~st~ proposed for example by Everest /67/ Is preclaimingo With pre- 

claiming of resources the system can schedule the user's transactions 

such %hat no deadlock appears. The second Solution is preemptions 

i.e. taking away resources from one process %o give the resources to 

the other process. The preempted process has then to be positioned 

b a c k  to a state in which it did not hold the resources. This is possi- 

ble w i t h  the help o f  journals and checkpoint files~ l.e. data sets 

which record the internal state of a process during its execution 

/83/. This method is discussed by Chamberlin e% al /29/. It should be 

noted that these files are required in most systems for recovery pur- 

pose. 

Recovery is necessary whenever i% is impossible for a transaction t o  

terminate normally. The cause for thls may be a deadlockt a logical 

error in the userWs program (a zerodivide exception or a consistency 

check failure~ for example) v a hardware failureT or the failure of a 

transaction which has directly or indirectly (via the data base) de- 

livered input t O  the transaction. The first objective O f  recovery Is 

the isolation of a failures such that an error does n o t  propagate in 

the data base. A second objective is to restart all transactions w h i c h  

have been affected by a failure without being the cause such that they 

continue execution as If no failure had appeared. Thls is to a large 

extent posslbleo Recovery algorithms have been described by Genton 

/83/, Davies /50/, Bjork /iS/s Edelberg 162/ and Sayanl /148/. The 

basis for much of this work has been laid by recovery in operating 

systems such as MULTICS /81/. 

A l l  s o l u t i o n s  t o  t h e  i n t e g r i t y  a n d  r e c o v e r y  p r o b l e m s  m u s t  o f  c o u r s e  

a v o i d  p l a c i n g  a n  u n n e c e s s a r y  b u r d e n  o n  t h e  u s e r .  T h e  m o s t  t h a t  s h o u l d  

be expected feom an application programmer is t o  inform the system o f  

the beginnin~ and the end of trsnsactlonso The interactive problem 
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solver should not be required to know about transactions, He should~ 

as far as the query language is concerned~ be able to act as if he 

were the only user of the system. 

As with data independencet the problems discussed in this section are 

at the beginning to be understood, There is ce~talnly signlfican% r o o m  

for improvement over proposed and existing solutionsv in partleularv 

In providin~ The functions with improved performances 

5° STORAGE STRUCTURES AND SEARCH ALGORITHMS 

Data Independence as discussed in the preceding section derives Its 

value (a) from the existence of storage organize%Ion techniques which 

reduce the sometimes enormous search t i m e  required otherwise and (b) 

from the existence of algorlthms which allow to utilize the s%ore~e 

structures without binding the programs t o  these structures. The next 

tWO subsections are devoted to These two topics, 

5.1. Strra~e Structure§ 

One of the frequently employed techniques is the acceleration of a 

search with one parameter wlth the help of an inverted file. If the 

Inverted file is repeatedly inverted we obtain an hierarchical Index 

organization described by Hayer and McCrelgh% and known as IB--Treel. 

~-Trees allow a logarithmic search tlme for retrlevalt update and In- 

sert /9/. Lum introduced multl--a%trlbute Indexes which allow quicker 

answers to queries of hlgher complexity /112/. Finkel and Bentley 

describe an extension of binary trees to quad trees supportln~ Ioga- 

rithmic searches with two parameters /77/° HaerdeP describes methods 

of address list compressions (Ibit llsts t } to reduce the storage costs 

of indices In certain cases /90/, 

A n o t h e r  m e t h o d  o f  r e d u c i n g  s e a r c h  t i m e  i s  h a s h i n g .  H a s h i n g  h a s  b e e n  

extenslvely studied in connection with its application to data manase-- 

meat /113, I151. Ghosh and Lum have recently shown that under Their 

assumpTionsv lhashlng by dlvlslon I is in general best /8~/. 

O f  c o u r s e ~  t h e r e  a r e  ~ n u m b e r  o f  a d d l t i o n a l t  e s s e n t i a l l y  b a s i c  t e c h -  

n i q u e s  a p p l i e d  t o  d a t a  o r g a n i z a t i o n  s u c h  a s  l t n k s  b e t w e e n  o r  T h e  

s p l i t t i n g  o f  r e c o r d s .  T h e s e  m e t h o d s  m a y  b e  c o m b i n e d  i n  v a r i o u s  m o d l f I - -  
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cations° Storage structures have been extensively studied in the past 

and are well described in textbooks and Surveys /54, 99, t00, 118, 

120y 13S, !60/. The problem remains to offer this richness o f  Struc- 

tures to programs without binding the programs to specific structures) 

I.~° to offer the structures with data independence. In the case in 

which the program does n o t  know the Internal organizationl it is the 

system)s responsibility to utilize the storage stractures optimally° 

Attempts to solve this problem are discussed i n  the next subsection. 

~.2. The Reduction Problem 

Reduction is the problem of reducing external accesses t o  internal 

access) where the relationship between internal and external represen-- 

tations are given by mappings of these forms %o a conceptual form 

(fig. I)o Reduction is somethin~ llke an Woptlmizatlon" with the pri- 

mary objective to reduce the number of accesses to secondary storage 

during execution of a query or an application program. The term 

"optimizatlon ~' should not e v o k e  unrealistic expectations; the problem 

is too complex and is loaded with similar problems as optimization In 

a compiler. 

Variations in the objectives o f  optimization are connected with the 

handlln@ O f  intermediate expressions over data sets. Conslder~ f O r  

example, the expression 

(A o p l  B) o p 2  (C op3 D} 

where A 9 By C) D are large relations and opl to op3 are operators in 

the relational algebra. A straightforward evaluation might c o n s t r u c t  

two intermediate relations AB = A opl By and CD = C op5 D and then 

evaluate AB op2 CD. Such an algorithm requires in addlton to enormous 

amounts of secondary storage accesses also an enormous amount of auxi- 

liary stomagey which may by far exceed the storage occupied by the 

underlyln@ relations A v B) C) and D* On the other hand) there are 

drastic improvements in the evaluation of some queries if dorin@ thelr 

evaluation a% least some temporary inversions can be built. Most of 

the research in this area is primarily oriented towards the interac- 

tive use of a data base of modest slze and consequently assumes that 

auxiliary data sets {i.e. indices) can be built temporarily for one 

query execution. 
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One of ~he earlles% comprehensive investigations into thls problem is 

due to Palermo /140/. Palermo claims that for the investigated type of 

queries no tuple has to be accessed mope than once. This is achieved 

by building indices and restricting the domains of variables in calcu- 

lus expressions and applying a "least growth principle" for the se- 

quence of operations. A reduction algorithm applicable to the DIAM 

system is described by Astrahan, Ghosh and Senko /5, 84/ • GPeenfeld 

and Rothnie look a t  %he problem of handllng quant~fication in calculus 

expressions efficiently /89, 547/. Another implemented verslon of a 

reduction algorithm is described by Astrahan and Chamberlln /6/e Their 

problem consists of primarily taking advantage of inversions, b u t  

t h e i r  a l g o r i t h m  i n v o l v e s  a l s o  t h e  c o n s t r u c t i o n  o f  i n t e r m e d i a r y  l i s t s  

{indexes} by merglng of InversiOnSo 

A paper related to the reduction problem is due to Wong/Chiang. They 

assume that each query iS a boolean expression over elementary quer- 

ies. In thls case the data base can be organized according to the ele- 

mentary queries and reduction becomes essentially the problem of put-- 

tlng a boollan expression into some standard form /19S/. 

CPU usage has not received much attentlont perhaps under the assump- 

tlon that CPU time is not the bottleneck in the system. Thls assump-- 

tion As~ hoverers not always valid. To reduce CPU tlmet less dynamic 

and less interpretive seaTch stategles are required, which can be com- 

piled Into a CPU efficient search module or access module per appllca-- 

tlon. As mentioned earllert the compiler approach has been taken or 

proposed by several researchers primarlly~ however, for other reasons 

than efficiency IMehl, Pernandez9 Conway~ also Taylor in 125, 75, 44 

and 180/. 

It should be clear that the reduction problem is very complex. ~very 

algorithm de$crlbed above has to make a number of assumptions wlth 

respect to system structureT which are not generaEly valid° This has 

to be soy as long as there Is no generally respected data base archl- 

tectuPee Questionst which potentially deserve more attention in future 

research are the Pecognltlon of constraints in storage requirements 

and CPU time In addition %o "minimizing" secondary stoeage accesses. 

6. MODELLING AND ANALYSIS 

R e s e a r c h  i n  t h e  a r e a  o f  m o d e l i n g  a n d  a n a l y s i s  h a s  a s  I t s  o b j e c t i v e  t o  
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learn about existing systems b y  analyzing their behavlour and to de- 

velop slmple probabillstic models for the components of a data base 

management system, Such models may help t o  predict the Influence of 

changes in a system or system deslgno Thus the desIsner o f  a data base 

management system and even motet the data base administrator should 

have p r i m a r y  interest in these research activities. 

The need for modeling of data management system and data base systems 

has been recognized early by Senko and hls colleagues and lead to the 

development of an analysis tool called FOREM and a follow-on tool 

called PHASE II /154~ 138/. ~aerder has recently performed a compara- 

tive analysis of current indexlns techniques using these tools /91/. 

FOREM and PHASE II ape useful to evaluate storaze organlzatlonst but 

limited with respect to overall data base system slmula±ion, Nakamura 

e% al. report about a data base simulation model which they have con- 

structed with the help o f  a conventional simulation package /132/, 

Their model is a fairly detailed, event driven simulator of the pro- 

cesses in a data base management system. These processes are so com- 

plex that questions o f  simulation performance may become critical. A 

possible way out may be the development o f  comprehensive data base 

system simulating Tools. A step in this direction Is proposed by Rel- 

ier / ~ 4 / ®  

Data base systems have also been objects of analytical modeling activ- 

itles though they are clearly too complex to be analytically treatable 

as a whole, Analytical studies restrict themselves therefore to well 

defined parts of the system, FOREM IS an example of a determlnlstlc~ 

analytical tool f o r  the analysis o f  storage structures. The methods 

proposed by Cardenas in ~22/, Y a o  in /196/ and Wedeklnd in / 1 9 3 /  are 

also essentially deterministic. 

T o  m e n t i o n  i s  a l s o  t h e  a n a l y t i c a l l y  t r a c t a b l e  q u e u e i n g  m o d e l  o f  t h e  

D L / I  c o m p o n e n t  o f  I M S  d e v e l o p e d  b y  L a v e n b e r g  a n d  S h e d l e r  / 1 0 3 / .  

T h o u g h  t h e y  a l l o w  f o r  " r ~ T h e r  g e n e r a l "  d i s t r i b u t ! o n s T  t h e i r  m o d e l  I s  

at a gross level, For example, It does not expllcltly represent the 

physical storage organization and total I/O is represented by a sin@le 

server queue. Extensions of the model are, however, likely %o make 

simulation necessary, 

P e r h a p s  t h e  m o s t  f r e q u e n t l y  i n v e s t i g a t e d  q u e s t i o n  I s  t h e  s e l e c t i o n  o f  

i n d i c e s  %o a f l a t  file, AuThors~ w h o  h a v e  c o n t r i b u t e d  %o r e s e a r c h  o n  

this problem under varying assumptions are Lum and Ling /114/, Palermo 
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/ 1 3 9 / ,  S t o n e b r a k e r  / 1 7 4 / ,  K i n s  t 9 8 / ,  C a r d e n a s  / 2 3 / ,  S c h k o l n l c k  /15G/~ 

Yue and Wong /197/ and Farley and Stewart /71/. Shneiderman has inves- 

tigated the question of index size at different levels /164/o 

Data may be allocated to o r  destributed over a variety of categories: 

first 7 data have to be allocated within a storage hierarchy in an at- 

tempt to balance between costs and access time r second T data have %o 

be assigned to physical devices to minimize contention given Their 

position in the hierarchy, %hlrd v in case of a network (like the ARPA 

net}~ data have to be assigned to nodes In the network to improve ac- 

cessibility and reduce line costs. Lum etal. as well as Buzen and 

Chen have considered the problem of allocating data within a storage 

hlerarchyT given statistical information o n  the usage of the data sets 

]l16y 21]. Lum et al. specify a total cost function to an allocation 

and an algorithm which finds the allocation to a minimal cost. Buzen 

and Chen's model takes in addition queuelng effects at the hierarchy 

levels Into consideration. Their algorlthmWs target ls to minimize 

response tlme under given storage constralnTs. 

The second problem~ minimizing disk arm contention by suitably distri- 

buting data sets over a number of disk drives given their usage sta- 

%Istlcs~ has been considered by Chandra and Wong and recently also by 

Easton and Wong / 3 1 ~  60/. There Is no best algorithmic solution, but 

heuristic approaches are given and some bounds for The optimality ape 

derived. 

Casey and Chang have considered the third problem of allocating data 

within a simplified network of computers to reduce line costs /26, 27, 

32/. Chang has extended Casey's linear cost functions to a more gener- 

al function. Both specify algorithms~ which attempt to minimize line 

costs. 

W i t h  t h e  a n a l y s i s  w o r k  r e p o r t e d  s o  f a r ~  a t  l e a s t  o n e  q u e s t i o n  r e m a i n s  

o p e n :  w h a t  a p e  T h e  c h a r a c t e r i s t i c  i n p u t  d a t a ?  O f t  w i t h  o t h e r  w o r d s ~  

h o w  i s  t h e  w o r k l o a d  o f  a d a t a  b a s e  s y s t e m  s t a t i s t i c a l l y  c h a r a c t e r l z e d ~  

Nakamura etal. In their simulation raise the further question of the 

validity of their model. Answers %o such questions can only be found 

by actually observing operational systems and collecting statistics. 

Rodrlguez and Hildebrand describe how relevant data ranging from a log 

of the userVs messages~ over a trace of the appllcation program calls 

(tO the data base system} t o  a trace of physlcal disk address refer-- 

ences can be collected in operational systems /145/. Lewis and Shedler 
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derive from such observations that the interarPival times between 

tmansactions can be satisfactorily modeled by a non-statlonary Polsson 

process (i.eo a Poisson process with a time dependent rate) /I07/. 

In a semi--empirlcal approach~ Ghosh and Tuelv a n d  also Easton~ deter- 

mine the parameters o f  a theoretlcally established model to make the 

model flt %0 empirical data /86~ 61/® Ghosh and Tuel model cer%aln 

interactions in a data base system by linear relationships and deter- 

mine the coeffleien%s b y  comparison with measurements~ which are also 

used To validate %he model. Easton has proposed to use an extension 09 

the independent reference model for the sequence of references of ap- 

pllcatio, programs %o blocks on secondary storage and again has vali- 

dated this model by comparison with the behaviour of a large data base 

system. 

It is clear that the objective to obtain representative models and 

valldated workload characterizations has not yet been convincln@ly 

met. The reasons for this are connected wlth the current state of the 

art of data base research in general~ which will be summarized in the 

next section. ~owever~ it is also clear %hat research on modelln@ and 

analysis of data base systems as described in this section has made 

slgnlflcant pPogress~ and that its continuation is extremely Important 

from a practical poin% of view. 

7. SUMMARY AND CONCLUSIONS 

Before we try to summarize %he research activities of the past~ at 

least two major factors have to be consldered: 

D a t a  base systems ape i n  t h e i r  objectives o f  a c o m p l e x i t y  that is i n  

our opinion by far greater than the complexity of programming language 

Implementatlon~ or operating systems. Consldec alone the goals of data 

integrity and data independence. In conventional sys±ems~ the integei-- 

fly remains the responsibility of the user~ in a d a t a  base system the 

system has to take over a large part of this responsibility. In a con- 

ventional system~ a userVs program may be devlce independent due %0 

Implementation of equivalent storage structures on different devices. 

The goal in a data base system requires that the userms program is not 

only independent of different storage on the same (or a,otheP) device~ 

but a l s o  that the system tREes adwanta@e of cumrent structures during 
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access where restructuring Is under control of %he user in his data 

base admlnis%rator role. 

The area of data base systems research is new. A|ajor activities start- 

ed only a few years ago. Understanding the Peal problems takes a lar@e 

amount of t i m e ;  demonstrating the viability of a solution requires 

expensive prototype implementation efforts. Before such large Imple- 

mentations are performed t the rlsk of fa[lume has to be reduced by 

prior assessment, This Justifies that a falr amount of research was 

spent in clarification. For exampleT It is sometimes held against the 

researchers that they are engaged in a "religious war" around data 

models. The question~ which data model is takenT is certainly [mpor-- 

%ant and o f  a similar nature as the questionT which p r o g r a m m i n g  lan- 

guage should be supported. However~ data base researchers are now d{s-- 

cussing the problem of different models wlth a changed attitude: It is 

not so much the q~stlon of selecting between two mode~s but mope the 

question of how one model can be repmesented on top of %he other. 

A number of promising activities have been started and will contlnuev 

whlch design and evaluate the man--machine interface for the interac- 

tive problem solvem. In another branch of researchv Investlgatlons 

Into the system aspects have reached a level that prototype efforts 

are justified and now under way. 

Data translatlon~ driven by data description and mapping langua@esv 

continues to be investigated wlth increased power of the lan~ua@es. 

With respect %0 storage stmuctures there is already more available 

than can be intelligently handled by data base management systems. 

Research probably has %0 put mope emphasis on how these structures can 

b e  efficiently utilized, 

Modeling systems in a way that significant help results for the data 

base administrator is in its beginning. It will take some timer before 

the research which has already been conducted and has to be continued 

is combined into a useful set of tools for the system deslgner or ad-- 

ministrator. 

C o m p a r i n g  t h e  o b t a i n e d  r e s u l t s  w i t h  i n d u s t r y  ~ c t i v i t i e s  we m a y  s e e  

first a difference of emphasis, Systems llke Iris are prlmar{ly de-- 

signed fop and employed by parametric users while research systems are 

prlmarily designed for the interactive problem solver. With the cur- 

rent state of art~ it is llkely that research changes priority some- 
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what in favour of the parametric user. The modeling and analysis work 

described in section 6 is already now primarily oriented towards run- 

ningt productive systems. 

Conclusions 

With the wealth of research existing~ it becomes meaningful %o ask: 

what are a m o n g  ~iI these results the major achievements? Are there 

any trends recognlzable with respect to a change of research direc- 

tion? Whet are currently the major problems? While we are tryin8 to 

answer these quesflons~ we are well aware that the reader may whole-- 

heartedly disagree. 

Major r e s p l t s  

I. Model Development for Data ~ndependence 

One of the primary achievements of p e s t  research is the 

a~reement on a type of data base system structure~ which is 

s h o w n  i n  f i g .  ~® I n  p a r t i c u l a r t  t h i s  m e a n s  t h a t  w e  h a v e  t o  

deal with at least three levels of information {conceptual~ 

i n t e r n R t v  e x t e r n a l }  t h a t  u s e r s  a s s u m e  d i f f e r e n t  r o l e s  

{parametrlcs problem solving, application p r o g r a m m i n @ ~  and 

data base ~ d m l n i s t r a t i n g )  and finally that the user in his 

d a t a  b ~ s e  a d m i n i s t r a t o r  function has control over storage 

structures to tune the performance of his installation. 

2 .  M u l t i p l e  R e c o r d s  a t  a T i m e  L o g i c  

D u e  t o  t h e  o r i e n t a t i o n  o f  r e s e a r c h  t o  t h e  i n t e r a c t i v e  p r o b -  

l e m  s o l v e r ,  h i g h  l e v e l  m u l t i p l e  r e c o r d  a t  a t i m e  l o g i c  h a s  

been developed exceedin~ in power and flexibility the ~ea-- 

% u r e s  o f f e r e d  i n  m a n y  c o m m e r c i a l l y  a v a i l a b l e  s y s t e m s .  I n  

p a r t i c u l a r  t h e  n o t i o n s  o f  v i e w s  a n d  p r e d i c e t e  l o c k s  a r e  o f  

s i m i l a r  i m p o r t a n c e  t o  t h e  p a r a m e t r i c  u s e  o f  d a t a  b a s e s  a s  t o  

t h e  p r o b l e m  s o l v i n @  u s e ®  

3 ,  S t o r a g e  S t r u c t u r e s  

S t o r a g e  s t r u c t u r e s  l i k e  t h e  B - - t r e e s  o r  t o  s a y  i t  m o r e  g e n e r -  

a l l y  " w h a t  c a n  b e  f o u n d  i n  K n u t h  V O l o  3 t  c h a p t e r  6 "  o r  o t h e r  

t e x t b o o k s  r e p r e s e n t  i m p o r t a n t  r e s u l t s  a n d  a r e  b a s i c  t o  f u -  

t u r e  r e s e a r c h  ~ c t i v l t i e s .  
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Recognizable Trends 

I, Data Model Coexistence 

After years of controversies~ it is increasingly realized 

that different models have their justi~icatlon even within 

the same system° The coexistence of different models in one 

system is called the superimposition problem and likely t o  

f i n d  m o r e  a t t e n t i o n  i n  t h e  f u t u r e .  

2. Integration of the DBMS Into the OS 

Past research has made apparent that many of the problems in 

%he area of scheduling~ resource management and recovery T 

i.eo classic operating system functlons~ cannot be solved 

outside the data base management system° Increased experi- 

ence in this area has already lead to systemsv which in much 

respect contain operating system functlons. It can be ex- 

pected that further research makes the need o f  integrated 

solutions to operatlng~ time sharing and data base mann@e-- 

men% systems even more apparent, 

3. Data Dictlonary/Directory 

With the current merge of operating system and data base 

management system arises a large number of places where des-- 

criptive information about data and programs is stored in 

the systemo A trend is recognizable to combine these differ-- 

e n t  t y p e s  o f  d e s c r i p t i o n s  i n t o  a c e n t r a l  d a t a  d i c t l o n a r y v  

t h e r e b y  e n s u r i n g  m o r e  c o n s i s t e n c y  a m o n g  t h e  d e s c r i p t i v e  d a t a  

and generally offerln~ a simpler interface t o  the user for 

maintaining the descriptive information. 

M a j o r  p r o b l e m  ~ 

l 0  Performance 

P e r f o r m a n c e  t n  t h e  s e n s e  o f  t h r o u g h p u t  a n d  t r a n s a c t i o n  r a t e  

constitutes currently the ma3or problem. It is generally 

felt that current systems do not offer the level of achlewa-- 

ble performance~ though %hls can only be proved by better 

performing alternatives= In partlculavltha% CPU time may 

constitute a bottleneck has not been recognized In the past 

a n d  r e s e a r c h  i s  n e c e s s a r y  i n  t h i s  a r e a .  
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2. Integrity) Data Independencev Recovery 

It is necessary to provide more posslbllties of specifying 

system enforceable integrity Pules and data representationst 

which can be handled by the system wlth efficiency. The em- 

phasis here is o n  m o d e  functlons and efficiency (to provide 

these functions ignoring efficiency is tPlvlal} so that the 

users installation as a whole has benefit. Simllarly tech- 

niques which allow Papld recovery from faliures are extreme- 

ly desirable and lacking, 

3 .  Concurrency 

The problems of concurrency ~deadlonk prevention) schedul-- 

ing) again in connection wlth efficiency) have n o t  been 

solved in & satisfactory w a y .  These problems increase in 

multlprocessing systems and with data bases) which are dls- 

%ribu%ed on a network of computers. 

4, Design Tools 

In todays systems) and even more so in future systems~ the 

user has to make a number of decisions llke: how to model 

%he conceptu~l Information) oP how to select hardware and 

physical repmesentatlon. With the current state of the ant) 

he is not given much InfoPmatlon) which helps in making 

these decisions. Some of the research reported in section 6 

is certainly relevant for the development of such tools, 

S® Data Reorganization 

In a dynamic system wlth addition) de!etion and update o f  

s t o r e d  i n f o r m a t i o n  i %  i s  i n e v i t a b l e  %o p h y s i c a l l y  r e o r g a n i z e  

t h e  d a t a  f r o m  t i m e  t o  t i m e =  T h e  r e a s o n  i s  a t y p e  o f  p b y s l c a l  

disorder l i k e  storage fragmentation) w h i c h  does not a~fect 

t h e  logical order~ but degrades performance and storage utl-- 

llzation. To reestablish physical order) it i s )  in generalv 

necessary to dump and ~eload significant parts of the data 

b~se as ~ wholel which Is therfore not available duping this 

process for normal use. For large data bases) which are used 

around the clock) the interruption may become too long to be 

tolerable. (The time range is from hours %o weeks fop a 

Peorganlzation}o A solution to the reoPganlzatlon problem 

ks necessary which a v o i d s  interruption. 
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ley~ Readlng, Massachusetts~ 197"5. 

Similar To Wedeklndes book~ one of the first attempts of a com- 

prehensive introduction t o  data base systems. Many annotated 

references= 

Davies, C. T. Recovery Semantics for a DB/DC System. 1973 ACM 

Natlo Confo Prec., 136 - 141~ 1973. 

Together with BJorkls paper an easy To understand introduction 

to a recovery concept. 

Dearnley~ P .  A .  Opera%fen of a Model Self Organlzlng Data 

Management System° Comp. Journal 17, 20~ -- 210, 1974. 

Among others The system observes patterns of usage and restruc- 

tures %he d a t a  accordingly° Slmulatlon results are reported. 

Delobel, C., and Caseyw R0 G. DecomposDtlon of a Data Base and 

The Theory of Boolean Switching Functions. IBM J. Res. Develop. 

1 7 ,  3 7 4  - 3 8 6 ,  1 9 7 3 o  

Deals w i t h  t h e  problem of decomposition of a flat file w i t h  

{enormous) redundancy Into a set of flat files having the mlnl- 

mal cover property, E.e. allowing To derive The same Informa- 

Tion as The original file without allowlnS further decompo~i- 

tlon° 

DI Paola, R. A. The Solvabillty of the Declslon Problem for 

Classes of Proper Formulas and Related Results. Rand Corp., 

Santa Monlca~ Callf. Technical Report R--803--PR, August 1971o 

The paper deals w i t h  the solvability of The decision problem of 
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class of questions %0 be processed by Rends Rela±lonal Data 

File. See Levien/Marono 

D~Imperio~ M. E. Data Structures and %help Representation in 

Storage. Annual Review in Automatic Programmlngt vol. 5, PeP@a- 

mon Press~ 1969° 

Dl%fmann~ E® L~ Klasslfizlerung yon Datenunabhaeng£gkelt f u e r  

den System-Entwurf. Technlsche Hochschule Darmstadt. Berlehte 

deP Infomm~%ik- FoPsehungsgruppen DV75--[ 

Doerrscheidt, A~ Des Konzept des ObJektbeschrelbungsbaumes als 

GrundsTruktur elnes gPaphenorlentlerten Datenbankmodells. Lec- 

ture notes in computer science 26, 532 - 541, Springer Verlagv 

Berlin, [975. 

Describes a Typically graph o~iented data model based on LISP 

ideas. 

Durchholz~ R.~ and Rich±er~ Go Concep±s fop Data Base Management 

Systems° Data Base Management Proc, I F I P  Work° Conf. CaPgese, 

Corsica~ April 1974. North ~oll~nd, AmsTerdam~ 1974. 

Influenced by the data model of %he "CODASYL Feature Analysis" 

the authors discuss a hierarchical data model and schema. 

Earley~ J. Towards an Understandlng of Data Structures. CACM 

14, 617 -- 628~ 1971® 

Sketches some ideas related to a Theory of data structures s[ml-- 

lap to the available %henry of formal string languages. 

Earleyz J. Relational Level Data Structures for Programming Lan- 

guages~ Aeta Informal[ca 2, 293 - 309, 1973. 

A proposal for the incorpoPatlon of relational level data struc- 

tures into ALGOL llke languages° 

EasTon~ M. C~ and Wong, Co K. The Effect of Capacity Con-- 

s%Paints on %he Minimal Cost of a Partition. JACM~ 22, 441 - 

449~ 1975. 

A new algorithm %0 %he problem considered by Chandra/Wo.g is 

proposed, whlch accep±s capacity constraln%So 

Easton~ M. C~ ~odel for Interactive Data Base ~eference STring. 

IBM Research Repnm% P C  5050, Sept. 1974. 
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Describes a modification o f  the independent references model, 

w h i c h  describes measured behavlour well, An advantase of The 

model Is its analytical tractahilltly under working set assump- 

tions. 

62. Edelberg, M. Data Base Contamination and Recovery. 1~74 ACM 

SIGFIDET Workshop, ACM~ New York, 1974. 

The paper describes an algorithm v which for a given error and a 

given set of data transfers (i.e° log) de%ermlnes The error pPo-- 

pagatlon Into processes and data blocks. A recovery algorithm 

is also descrlbed~ which restores blocks and reruns processes. 

63. Ehrlch~ H. D, Grundlagen einer Theorle der Datenstrukturen. Acta 

I n f o r m a T l c a  4 ,  2 0 1  - - 2 1 1 ,  1 9 7 5 .  

A graph oriented data model and graph orlen%ed schemata within 

The model are investigated from a more mathematical point of 

view. 

6 4 .  Engles, R° W° A Tutorial on Data Base Organization. Annual Re- 

view in Automatic P r o g r a m m i n g  vol. 7 p a r t  I t  Pergamon Press, 

1 9 7 2 .  

65. Eswaran, Ko P.~ Gray~ J. N°~ Loriev R° A., and Tralger~ I. L. On 

The Notions of Consistency and Predica%e Locks in a Data Base 

System. IBM Research Report RJ 1487~ December i974. 

The p a p e r  defines The no%Ion o f  transaction, consls±ency within 

concurrency~ and predlca%e locks and Their consequences. A lan- 

guage fOr p r e d i c a t e  s p e c i f i c a t i o n  i s  p r o p o s e d ~  a n d  a n  a l g o r i t h m  

is presented which determines whether Two such predicates over- 

lap. 

66. EswaranT K. Po, and Chamberlin, D. D. Functional Specifications 

o f  a Subsystem f o r  Data Base Integrity. IBM Research R e p o r t  RJ 

1601~ 1975. 

Con%alns a classification of consistency rules. Consls%ency 

rules are interpreted as routines To be invoked after changes Of 

the data base. 

67. Everest~ G. C. Concurrent Update Control and Data Base Integ-- 

rity. Data Base ManagemenTT 241 -- 270, Proc. IFIP Work° Cent. 

Cargese, Corsica~ April 1974. North Holland~ Ams%erdamt 1974. 

Preclalmln~ of resources to prevent deadlocks is advocated by 
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the author. 

Faikenbe~, E = ,  ~ e y e r ,  B., and Schneider, J. Resultatspezlflzie- 

rende Handhabung yon Da%ensystemen. Lecture Notes in computer 

science I, Sprln~er Verla~, Heidelberg, 1973. 

Informal discussion of %he "Gegens%andsmodell"T a data model, 

and of a hlgh level manipulation language f o ~  it. 

Falkenberg T E® Time--Handlln~ in Data Base Management Systems. 

Universlty of Stuttgart, Instltut fuer lnformatik, Internal 

CIS--Repor% 07/74, 1974. 

Adds %he dimenslon of time to { f o r  example: A is employee of B 

from T 1  to T2) stored relatlons and extends a data manipulation 

language to cope with the tlme dlmenslon. 

Falkenberg, E. S%rukturlerung und Dars%ellung yon Informatlon an 

der Schnl%%s%elle zwlschen Datenhankbenutze~ und Detenbank--Man-- 

agement--System. Thesisy Unlversity of Stuttgart, 1975. 

A detailed description of a data model and a data manlpulation 

language where both are closely related to concepts in natural 

lanEuage. The model Is graphorlented though It allows f o r  n--ary 

relations which can be {and graphically are} loterpreted as 

Joins of binary relations. 

Farley, J. H .  G., and Stewart~ S. A. Query Execution and Index 

Selection for Relational Data Bases. Technical Report CSRG-53v 

Unlversl%y of T o r o n t o ,  March 1975. 

See also Cardenas for recent investigations into this subject. 

Fehder, P. L® The Representation Independent Language. IBM ~e-- 

search Reports RJ 1121 (1972) and RJ 12Sl (1973|. 

The papers descmibe RIL, the data manipulation language to the 

DIAM system. 

Fehder~ Pc L. The Hierarchic Query Language (HQL) part i. IBM 

~esearch Report RJ 1307, Nov. 1973. 

Describes a query language to operate on IMS like hlerarchlc 

datao 

Feldman, J. A®~ and Rovner, P, P. An ALGOL based Assoclatlve 

L a n g u a g e .  CACM 1 2 ,  4 3 9  -- 4 4 9 ,  1 9 6 9 .  

The high level~ ALGOL llke programming language LEAP is based on 
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binary associatlons~ which are implemented uslng a hash coding 

technique. 

Fernandez~ E. B. t Summers~ R. C.~ and Coleman, C. P. An Author-- 

Izatlon Model for a Shared Data Base. ACM SIGMOD 1975 Intl. 

Conf. on M~mt, of Data~ San Joset 197S. 

Authorization is governed by predicates over applications and 

data base contents and enforced prlmarily at compile time. 

Fledler7 H .  Datensehutz u n d  Gesellschaft. 

p u r e r  Science, vol. 26, 1975 

A survey of The discussions on privacy. 

Lecture Notes in Com-- 

Finkel~ Ro A., and Bentley, J. L. Ouad-trees: a Data Structure 

for Retrieval on Composite Keys. Acta Informatica 4~ 1 - 9t 

1974. 

A generallzatlon o f  binary trees for the search on composite 

keys. 

Florentln, J. J. Consistency Auditing of Data Bases. Compo Jour- 

nal 17, 52 - $8, 1974. 

Consistency rules are predicate calculus expressions over the 

data base contents, Problems of their implementation are dis-- 

cussed. 

Frank~ R. L.s and Sibley~ E. H. The DBTG Report: An Illustrative 

Example. University o 9  Michigan, ISDOS -- wo~klng p a p e P  -- 7, 

Shows in detail the steps, which have to be made to get a COBOL 

application p r o g r a m  runnlng in the DBTG approach, 

Franks R. L.t and Yamaguchis Ko A Method for a Generalized Data 

Access Method. 1974 AFIPS NCC Proc. vol. 43t 45 -- 52 I 1974, 

Describes ideas and a keyword oriented language to tailor access 

methods to the users specifications. 

Frasert A. G. Integrity of a Mass Storage Filing System. Comp. 

Journal 12, I - Ss 1969o 

Describes the ~ecovery in MULTICSo 

Frasson, C. A System to IncPease Data Independence in an Hier- 

archical Structure. Lecture Notes in Computer Sciences vol. 34 

(GI 1975}s Springer Verla~ Heidelberg s I~75o 
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Descrlbes how [MS structures can be accessed Independent of 

thelr position in the hierarchy. 

Gen%on~ A. Recovery Procedures for dlrec% Access Commercial Sys- 

tems. Compo Journ. 13, 123 - 126, 1970. 

Describes elementary checkpointin@ and journallng techniques. 

Ghosh~ S. P.~ and Senko~ b{. E. String Path Search Procedures fop 

Data Base Systems. IBM J. Res. Dev. 1ST 408 - 422y 1974. 

Within DIAM the reduction of queries to access paths in a net- 

work is considered. An algorithm is given~ which is claimed %o 

yield an access path o f  minimum "path cardinality". 

Ghosh~ S. P®~ and Lum~ V. Y. Analysis of Collision when Hashing 

by Divlsion~ Inform. System I~ 15 -- 22~ 197S. 

I% iS analytically shown that "hashing by division" is in gener- 

al bes±. 

Ghosh~ S= P.~ and Tuel~ W. G® A Design of an Experiment t o  Model 

Data Base System Perfromance. [B~ Research Report RJ 1482, Dec. 

1S74. 

The authors construct ~ linearlzed performance model and evalu- 

ate the model by comparison with measurements in an IMS system. 

Goldsteln~ R. C.~ and Strnad~ A. J. The MacAims Data Management 

System. 1970 ACM SiGFIDET Workshop~ ACM, New York7 1970o 

MacAims is an early relational system. 

Oorens%ein~ S.~ and Galatll Go Data Base ~eorganiza%lon f o r  a 

Storage Hierarchy. IBm| Research Report qC 5063, Oct. 1974. 

The problem considered is %hat of clustering records into blocks 

{I. e. units of transfer) in a way as to mlnimIze the number of 

transfers necessary. 

GreenfeldT N= R. Quan%Iflcation in a Relational Data System. 

1974 AFIPS NCC Proc® vol. 43T 71 - 75~ 1974. 

Discusses op±imlzatlon techniques fop a relational system llke 

LEAP (see Feldm~n/Rovner). 

Haerder~ T. Die Implemen%ierung won Zugriffspfaden dutch Bitl[s- 

ten. Technlsche Hochschule Darms%adt~ Berleh%e der InfoPmatik-- 

Forschun~sgPuppen DV74--2. 
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The author proposes blt lists as an index organization and In- 

vestlgates when bit lists are supePior to conventional methods 

of indexing° 

Haerdery T° Zugrlffszeitverhalten bel der Auswahl yon Saetzen 

aus elner Datenbank, Technlsche Hochschule Darmstadt~ Berlchte 

der Informatlk--Forschungsgruppen DV74--3. 

Analysis of access wlth the help of simulation. Includes a com- 

p~rison of storage structures for indexes. 

Hall~ P. Ae V. Common Subexpress[on Identification in General 

AlGebraic Systems. IBM UK Report UKSC0060~ Nov° 1974. 

Held~ G. D.~ StonebrakerT M° R.~ and Wongt E° INGRES -- a ~ela-- 

tlonal Data Base System. 1975 AFIPS NCC Proc. vol° 44, 4CS -- 

416, 1975. 

INGRES is a relatlonai data management system wlth calculus 

based QUEL as Its high level query language. An interesting 

plan of the authors is to incorporate access control and Integ- 

rity assurance via query modification at preprocesslng time. 

Hoffmannv L. J° {editor}. Securlty and Privacy In Computer Sys- 

Tems. Melville Publishing Companyt Los Angeles~ 1973. 

Housel~ B. C.~ Smlth~ D. Pov Shut N. C°t and Lum~ Vo Y. DEFINE: 

A Nonprocedural Data Descriptlon Language for Defining Informa- 

tion Easllyo Proc° of ACM Paclflc~ San Franc[seoy Aprll 19751 

ACMv New York~ 1975° 

Describes a language DEFINE to map graph structures %o a llnear 

forms which i S  then referenced by (and processed according to) a 

translation speclflcatlon~ written in the language CONVE~. See 

Shu e t  al° 

I n g l i s t  J .  I v e r t e d  I n d e x e s  a n d  M u l t l l l s t  S t r u c t u r e s .  C o m p .  

J o u r n .  1 7 ~  5 9  - &3y  1 9 7 4 .  

D i s c u s s e s  h o w  t o  u s e  m u l t l l l s t  s t r u c t u r e s  i n  o r d e r  t o  m a i n t a i n  

i n v e r t e d  f i l e s .  

K a r p t  R °  M.~  M c K e l l a r ~  A .  C .  v a n d  W o n g ~  C .  K .  N e a r - - o p t i m a l  s o -  

l u t i o n s  t o  a 2 - d i m e n s i o n a l  p l a c e m e n t  p r o b l e m .  IBM R e s e a r c h  ~ e - -  

p o r t  RC 4 7 4 0 v  ~ l s o  %o a p p e a r  i n  S I A M  J o u r n a l  o f  C o m p u t i n g .  

T h e  p r o b l e m  c o n s i d e r e d  i s  t h e  p l a c e m e n t  o f  r e c o r d s  i n  a 2 - - d | m e n - -  
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slonal storage aP~ay~ so that the expected distance between t w o  

e o n s e e u % i v e  ~ e f e r e n c e s  i s  m l n ~ m i z e d .  

98® Kin~ W. F. On the Selection of Indices f o r  a File. IBM Re= 

s e a r c h  R e p o r t  RJ  13411  J a n u a r y  1 9 7 4 .  

See  a l s o  C a r d e n a s  f o r  ~ e c e n %  r e s e a r c h  i n  t h ~ s  a ~ e a .  

99. Knuth~ D. E. The Art o f  Computer Programming~ vol. I: Fundamen-- 

±al Algorithms~ Addlson--Wesleyv Readlng~ M~ssachusetts7 1968, 

I00. Knuth, D~ E~ The At± o f  Computer Programmlng, volo 3: Sorting 

and Searching, Addison-Wesley7 Readlng~ Massachusetts~ 1973. 

l o t .  K o g o n ~  ~ * T  Lat%ermannT D®) Lehmann~ H.~ Ott~ N.~ and ZoepprJ*z~ 

M. User Specialty Languages: General Information, IBM Germanyv 

Scientific Center Heidelberg~ Technical Report 75.08,007~ 1975o 

An interactive system is Introduced designed t O  a data manlpula-- 

tlon lan~uage~whlch is very close to natural language. 

t O 2 .  Kraegeloh~ K® P=~ and Lockemann~ P, C. Retrieval in a set-theor- 

etically Strucutred Data Base: Concepts and Practical Consldera- 

tionsv Proco of International Computing Symposium 1973~ 531 - 

539. North Holland, Ams%erdam~ 1973. 

The described system has a natural language like query langua@eT 

which is translated into a "set theore±ic" In%ermedla%e lanBuage 

suitable ~oP interpretation, 

1 0 3 .  Lavenberg~ S. S®v and Shedler~ G. S. A Queuing Model of the DL/I 

Composent of IMS. IBM Research Report RJ 1561T 1975. 

A simpllfied~ analytically tractable queuln~ model of the p r o -  

c e s s e s  durin~ data base access. 

i04. Lefkovi%z9 D. File Structures for On-Line Systems, 

Books~ 1969. 

Spartan 

i O S .  Levlen~ Re E.~ and Maron~ M. E. A Computer System for IngePence 

Execution and Data Re%rleval. CACM [0, 7 1 S  - 7 2 1 ,  1967. 

Introduces the Relational Data Filer a system based on binary 

relations [see also Di Paola). 

1060 LsvIt%~ G.~ Stewar±~ D° H.~ a n d  Yormarkv B. A Prototype System 

for Interactive Data Analysis. 1974 AFIPS NCC Proc= vol. 43, 69 
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-- 69, 1974. 

Describes an implemented system for analysis of measurement data 

relying on standard analytic procedures. It makes heavy use of 

graphics and statistical me%hods. 

107. Lewis~ P. A. W. t and ShedlerT Go S. Statistical Analysis of 

Transaction Processing In a Data Base System. IBM Research Re-- 

po=% RJ 1629, AuGust 1975. 

Describes The modeling of a transaction stream as a Polsson pro- 

cess with ~ time varying ra%eo 

108. Llu) S.) and Heller) J. A Record OrIentedv Grammar Driven Data 

Translation Model. 1974 ACM SIGFIDET Workshop) ACM~ New York) 

1974. 

Grammars may be Taken as mappings of a string to a tree. 7we 

grammars mapping different strin~s t o  equivalent frees are used 

as a string to string mapping specification. 

109. Lockemann) P. C.) and KnuTsen~ W. D. A MultlpvoGramminG Environ- 

men% for Online Data Acqulsi%Ion and Analysis. CACM 10~ 75~ - 

764, 1967 • 

An earlier a p p r o a c h  %o the problem of measurement data. Prefa- 

bricated programs may be assembled communicating via data sets 

and p a r a m e  tars° 

110o Lorle, R. A., and Symonds~ Ao J. A Schema for Describing a Rela- 

tional Data Base. PrOCo 1970 ACM SIGFIDET Workshop~ ACM~ New 

Y o r k )  1 9 7 0 .  

Describes RAM - a data base management system based on binary 

relations {in some sense llke LEAP of Peldman/Rovner}. 

1 1 1 .  L o ~ t e )  R .  Ao XRM - a n  E x t e n d e d  ( n - - a r y )  R e l a t i o n a l  M e m o r y .  IBM 

S c i e n t i f i c  C e n t e r  R e p o r t  G 3 2 0  - 2 0 9 6 )  C a m b r i d G e  ~ M a s s a e h u s e t t s ~  

J a n u a r y  1 9 7 4 .  

XRM I m p l e m e n t s  h o m o g e n e o u s  f l a t  f i l e s  o n  t o p  o f  RAM ( s e e  

Lorle/Symonds)o 

112. Lum) V0 Yo MulTi--aT%rlbute Retrieval with Combined Indexes. 

CACM 13) 660 - 665) 1970. 

113. Lum) Y. Yo~ Yuen) P, S. Tat and Dodd) Me Key %o Address Trans- 

form Techniques) a Fundamental Performance Study on Large Exist- 



102 

Ing Formatted Files= CACM t4~ v o l ®  4, 1971. 

Con±alas a survey and evaluations o f  hashin 8 techniques as ap- 

plled %0 large data sets, 

114. Lum, V® Yo~ and Ling~ H. An Optimization Problem on the Selec- 

tion of Secondary Keys. Proc, 1971 ACM NAT1. Conf.~ vol. 26, 349 

- 356, 1871. 

One Of ±he earlier Investi~tlons into the problem considered by 

Cardenas and others° 

llS. Lum, Vo Y® General Performance Analysis of Key--To--Address Trans- 

forms%ion Methods Using an Abstract File Concept. CACM 16, 6 0 3  - 

6 1 2 ,  1973. 

1 1 6 .  Lumv V. Y.~ Senko~ M. E®~ Wang~ C. P.~ and Ling~ H, A Cost Ori- 

ented Algorithm for Data Set Allocation in Storage Hlerarcbies, 

CACM 18, 318 - 322 ,  197~. 

A cost function combining the cost of storage7 CPU~ channel e%c, 

is defined and an algorithm for data set allocation is outllned~ 

which minimizes this cost. 

117. Maruyama~ K . ~  and Smith~ S= E, Analysis of Design Alternatives 

for Virtual Memory Indexes, IBM Research Report RC 5087, 0ct. 

1974, 

A number of Implementation alternatives for indexes oPganlzed as 

B-trees are analyzed resulting into formulas~ which are numeri- 

cally evaluated. 

118, Maurer~W. D=~ and Lewis, T. G. Hash Table Methods. ACM Comput-- 

ing Surveys 7~ 5 -- 19~ 1975. 

119. McDonaldt N®, and StonebrakerT M. CUPID -- the Friendly Query 

Language. ACM Pacific Conferencev San Francisco t April 197Sv 

A C M ,  New Y o r k 7  1 9 7 5 o  

CUPID is a grahicy d a t a  flow dlagram-llke language %0 the 

INGRES system. See also Held. 

120. McGee~ W® C~ Generalized Fi!e P~ocessing. Annual Review in Auto-- 

matic Programmln~ volo S~ Pergamon Press~ t96~. 

121, McGee~ W. C. File Structures for Generalized Data Management. 

Information Processing 6 8 7  1233 -- 1239, North Holland, Amster-- 
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dam, 1 9 6 8 .  

Introduces graphs as conceptual models for stored information. 

McGee, W, Co A Contribution %o the STudy of Data Equivalence, 

Data Base Management° Proc, IFIP Work° Conf. Cargese v CorsicaT 

April 19747 North Holland~ Amsterdamv 1974. 

The author presents a number of equivalent organizations in the 

class of homogeneous flat flle (CRM} organizations and of data 

description language (DBTG) organizations. 

McGee~ W. C, File Level Operations on Network Data Structures. 

ACM SIGMOD 197S Intl. Conference T Proc.~ ACM, New York, 1975. 

The paper outlines requirements and a proposal fop a data manl- 

pualtion language operating on network data structures, 

MealeyT Go H. Another Look at Data. Prec. AFIPS 1967 FJCC 525 - 

S34, 1967. 

One o f  %he earlier papers proposing to view information as sets 

and relations between sets. 

Mehl, J. W,s and Wangt C. P, A Study of Order Transformations of 

Hierarchic Structures in IMS Data Bases, 1974 ACM SIGFIDET Work-- 

shop~ ACMT New York~ 1974. 

A proposal to increase the data independence supported by IMS 

with the held of compiled routines, which intercept the communi- 

cation be%wren appllcatlon program and data management. 

Merten~ Ao G°s and Fry T Jo Po A Data Descrlp%ion Language Ap- 

proach %o File Translation. 1974 ACM SIGF[DET Workshop~ ACM~ New 

Y o r k ,  1974, 

Describes the idea and design behind %he UnivePsi±y Of Micbi@an 

data translation project, 

Merten~ A. Gos and Severance, D. G. Performance Evaluation File 

of Organizations through Modeling. Proc. ACM 1972  Natlo Conf,t 

ACM, New York~ 1972 

MeyerT B.y and Schneider~ H. Jo Predicate Logic and Data Base 

Technology. Course Notesv University of Berlinv available from 

the authors. 

Reviews predicate logic and Its use as a model fop man-machine 

interface llke in Coddes work and in natural language question-- 
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answerin~ sys%ems~ 

Minsky~ N® On !nte~act~on wlth Data Bases. [974 ACM SIGFIDET 

Workshop~ ACMT New YorkT 1974. 

The author discusses concepts~ integrity rules~ user views etc. 

He proposes a cons±Ductive approach %0 integrity by deflnlng 

Vlconsls%ent operators" to be used as prlmi%ives for more complex 

opera%ions. 

Mul!in~ J, K, An Improved Index Sequential Access Me%hod uslng 

Hashed Overflow. CACM 15~ 301 - 007, 1972, 

Mylopoulos7 J.~ Schus%er~ S.~ and Tslchritzis7 D. A Multilevel 

Relatlonal System~ 1975 AFIPS NCC Prec. vol. 44~ 403 - 408, 

197S. 

The mechanism used in %he development of fhe prototype system 

ZETA/TORUS are descrlbed. ZETA is a rel~tional data management 

system with a defini#lon capabillfy %0 define a high level query 

language on ±np of lower level prlmi%ives. TORUS is bulit on 

ZETA as an "intelligent" natural language interface, 

Nakamuma~ F.~ Yoshida~ I.~ and Kondov H. A Slmulation Model for 

Data Base System Performance Evaluation. 197S AFIPS NCC Proc, 

vol. 44, 459 - 463, IS7S. 

DescPiptlon of expe~Iments simulating the processes withln a 

data base management sysfem in a conventional slmulatlon pack-- 

a g e .  

Nava%he~ S® Bo~ and Mer%enT A. G. Investigation into the Appll- 

cation of the Relatlonal ~odel to Data Translation. ACM SIGMOD 

1975 Intl, Conf® Proc,~ 123 -- 138, 

The paper concludes %hat Codd~s relational model ".,® poses ser- 

ious pmoblems when used in the context of data tr&nslaTlen as a 

vehicle f o p  m o ~ e  powerful restruc%urln@". 

Neuhold~ Eo J. Data Mapping: A Formal Hierarchical and Relation- 

al View, University of KaPlsruheT Forschungsberlch±e~ Berlcht 

10, February 1973. 

The paper compares hlePaPchlcal and relational da±a models in 

formal notation. In partIculart It m~Mes clear %ha% %be rela- 

tional model is a special case of the hierarchical model. 
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135. Nlever@elt v J. B l n a r y  Search Trees and File Organization. ACM 

Computing Surveys 6v 3~ 1974. 

136. Notleyy M. G, The Peterlee IS/I System. IBM UK~ Peterleey Report 

UK-SC 0018. 

Describes IS/It one of the earlier Codd ~elationnl implementa-- 

tions. 

137. Olsonl C. A. Random Access File Organization for Indirectly Ac- 

cessed Records° Prec. of 1969 ACM Natl. Confo ACMt New York~ 

1 9 6 9 .  

1 3 8 .  O w e n s l  P .  J .  P h a s e  I I  -- a D a t a  B a s e  M a n a g e m e n t  M o d e l i n g  S y s t e m .  

Information Processing 71T 827 -- 832T North Holland~ Amsterdamv 

1972. 

Phase II is a modeling tool designed specifically fop data 

management evaluation. 

138. Palermo~ F. P. A Quantitative Approach to the Selection of Sec- 

ondary Indexes. IBM Research Report RJ 0730~ July 1970. 

One of the eamlier papers on index selection. See Cardenas fop 

recent r e s u l t s .  

140. Palermo, F° P. A Data Base Search Problem. IBM Research Report 

RJ I072~ July 1972. 

The p a p e r  contains one of the earlier optimizing reduction al- 

gorithms for queries in predicate calculus form. 

141. Petrlckt S. R. Semantlc Interpretation in the REQUEST system, 

IBM R e s e a r c h  R e p o r t  RC 4 4 5 7 ~  J u l y  1 9 7 3 .  

R E Q U E S T  i s  a n  e x p e ~ t m e n t a l ~  n a t u r a l  l a n g u a g e  q u e s t i o n  a n s w e r i n g  

system° 

1 4 2 .  Ramlrez~ J. At~ Rln) N. Ao~ and Prywes~ N, S. Automatic Genera- 

tion of Data Conversion Programs using a Data Description Lan- 

guage. 1974 ACM SIGFIDET Workshopv ACM~ New York~ 1974. 

D e s c r i b e s  a n  i m p l e m e n t a t i o n  o f  a d a t a  d e f i n i t i o n  l a n g u a g e  { d u e  

to D0 P* Smlth}v which complies data definitions Into data 

translating programs. 

1 4 3 o  R e i s n e r ~  P . ~  B o y e e ~  R .  F o r  a n d  C h ~ m b e r l t n  t Do P ,  H u m a n  F a c t o r s  

Evaluation of two Data Base Query Languages - SQUARE and SE-- 
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QUEL~ 1975 A F I P S  NCC Pros° vol. 44, 447 - 452, 1975. 

A psychological experiment with 64 subjects is described and 

analyzed. Only nonprogrammers show a slight but statistically 

significant dependency o n  the language, which differ p r i m a r i l y  

i n  syntax~ 

Rei%er, A~ Data Models for Secondary Storage Representation. 

University of Wisconsin~ MRC Repo~t no. 1 5 5 4 t  May ~97S. 

The data models are designed wlth the objective to be used f o r  

the performance evaluation o f  different implementations. 

Rodriguez-Rosell, J., a n d  Hlldebrand~ D. A Framework for E v a l u -  

a t i o n  of Data Base Systems, Prec. o f  ACM European Chapters In- 

ternational Computing Symposium 197S. 

An Implemented framework for the measurement and evaluation o f  

sequences o f  events at different levels o f  a data base system is 

presented. The dlfferent levels involve c o m m a n d s  issued in the 

application program at the hgih end, and disk address reference 

traces at the low end. 

R o t h n i e ,  J .  8 . ¢  a n d  L o z a n o ,  To  A t t r i b u t e  B a s e d  F i l e  O r g a n i z a t i o n  

in a Paged Memory Environment. CACM 17, 6 3  -- 6 9 ,  1974. 

A combina%ion of "multiple key hashing" and inverted file tech-- 

nlque allowing f o r  a reductlon of the number O f  page faults for 

multi--key--retrieval. 

R o t h n i e ~  J o  B .  E v a l u a t i n g  I n t e r - - E n t r y  R e t r i e v a l  E x p r e s s i o n s  i n  a 

Relational Data Base Management System. 1975 AFIPS NCC Prec. 

v e l *  4 4 ,  4 1 7  - 423~ 1 9 7 5 .  

T h e  e m p l o y e d  s t r a t e g y  a t t e m p t s  t o  u t i l i z e  t h e  I n f o r m a t i o n  g a i n e d  

w i t h  e v e r y  t u p l e - a c c e s s  f o r  t h e  p u r p o s e  o f  o p t i m i z a t i o n .  

S a y a n t y  H .  ~ .  Restart and Recovery in a Transaction Oriented 

Information Processing System. 1 9 7 4  ACM SIGFIDET Workshopv ACM~ 

New York, 1 9 7 4 .  

ReStart and recovery policies are defined and discussed. ]he 

a u t h o r  p u t s  e m p h a s t s  o n  p e r f o r m a n c e .  

Schauer, U. Ein System zur Interaktiven Bearbeltung umfan~rel-- 

chef Messdaten. IBM Germany, Informatlk Symposium 1979t Bad ~om-- 

burg. To appear as Lecture Notes in Computer Science, Springer 

Verlag, ~eidelberg. 
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Introduces an interactive measurement data base system comblnln~ 

Interactive computational facilities {APL)~ a relational data 

storage~ a graphics oriented data manipulation language {llke 

"query by example"~ see Zloof) wlth access to an open ended ll- 

brary of P L / I  o r  FORTRAN subroutines. See also /13/. 

SchkolnlckT M. Secondary Index Optimization, 

Intern. Conf. on Mgmto o f  Data t San Jose~ 1975. 

See also Cardenas f o r  similar research. 

ACM SlGMOD 1975 

Schmld~ H. A.s and Swenson~ J. Re On the Semantics of the Rela- 

tional Data Model. ACM SIGMOD 1975 Intlo Conf. on M~mt. of 

Datay San Jose~ 1975. 

The authors are concerned wlth the gap between the pure formal- 

ism of Codd~s relational model and the modelled part of the real 

world. The authors employ a kind of graph model to fill the 

gap, 

Schmutzt H. Parenthesis Regular Languages and Relations. IBM 

Germanyv Heidelberg Scientific Centerv T e c h n i c a l  Peport 

7 4 . 1 0 . 0 0 4 t  O c t .  1 9 7 4 .  

A special form of context--free grammars is used to describe the 

schema to a hierarchical data model, Pair grammars are used t o  

d e s c r i b e  t h e  m a p p i n g  b e t w e e n  c o n c e p t u a l  a n d  i n t e r n a l  o r  e x t e r n a l  

view. The described system is a model for a theoretical treat- 

ment of important problems In data base systems° 

Schneldery Go M°~ and Deasautelst E. J. Creation of a File 

T r a n s l a t i o n  L a n g u a g e  f o r  N e t w o r k s .  I n f o r m a t i o n  S y s t e m s  I ,  2 5  - 

31~ 1975. 

The authors propose a language for data translation in a network 

such as the ARPA network. 

S e n k o r  M.  E . )  L u m )  V .  Y o )  a n d  O w e n s 9  P .  J .  A F i l e  O r g a n i z a t i o n  

E v a l u a t i o n  M o d e l  ( F O R E M ) o  I n f o r m a t i o n  P r o c e s s i n g  6 8 7  5 1 4  - 5 1 9 ~  

1 9 6 8 .  N o r t h  H o l l a n d ~  A m s t e r d a m ~  1 9 6 9 .  

FOREM is an evaluation and simulation tool specifically designed 

t o  e v a l u a t e  d a t a  m a n a g e m e n t  s y s t e m s .  

S e n k o t  Mt E . ~  A l t m a n ~  E .  B0~ A s t r a h a n T  M. Mo~ a n d  F e h d e r ~  P ,  L .  

D a t a  S t r u c t u r e s  a n d  A c c e s s i n g  i n  D a t a  B a s e  S y s t e m s .  IBM S y s t e m s  

J o u r n o  1 2 ~  3 0  -- 9 3 ~  1 9 7 3 ,  
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This paper descrlbes %he thoughts and ideas behind %he DIAM sys- 

tem T one of %he e~rller comprehensive a p p ? o a c h e s  %0 data base 

research systems, 

Senko~ M. E. Information Sys±ems: RecordsT Pela%ions~ Setsv En- 

tities ~nd Things. Inform. Systems I~ 3 -- 1 3 ,  1975. 

Senko~ M. E. Data Description Lan@u~ge 

tilevel Structured Description - DIAM 

search Report RC 5073~ Oct. 1973. 

in the Context of a Mul-- 

II wlth FORAL. IBM Re- 

Senko~ Me ~® An Introduction %0 FERAL for Users, IBM Pesearcb 

Report RC 5263v 1975. 

Senko~ M® Eo Speclfiea%len of Stored Data Structures and Desired 

Output Results In DIAM II wlth FORALo Proc. of the In%. Confer- 

ence on Very Large Data Basesw Bos%ont 1975~ available from 

ACM. 

The last three references introduce DIAM I[~ a proposed sys%em~ 

w h i c h  is based on binary assocla%ions and has FERAL a s  Its query 

language. 

Severance~ D. O .  Iden%[fler Search Mechanism: A Survey and Gen-- 

erallzed Model. ACM Computing Surveys 6~ 3t 1974. 

Severance~ D. G. A Parametric Model of Alternative File StPuc- 

tures. Inform. Systems [~ 51 -- 55, 1975o 

A scheme is descrlbed~ which maps a "two dimensional space of 

parameters ~v to a set of data organizations including well-knewn 

conven±Ional organlzatlons as special case, 

Shneiderman~ B® Optimum Data Base ReoPganization Points. CACM 

16, 362 -- 365, 1973. 

Shnelderman~ B.~ ~nd Scheuermann~ P° S%ructuPed Data STructures. 

CACM 17~ 566 - 577T 1974. 

The paper describes an approach to deal wl%h integrity in case 

Of cem%aln classes of data sTruc%ures. 

Shneiderman~ B. A Model for Optimizing Indexed File Structures0 

IJCIS 3, 93 - 103, 1974. 

The p~per is concerned wlth the selection of index size at dlf-- 
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ferent levels %0 improve p e r f o r m a n c e .  

Shut N. C.~ Housel~ B. C°, and Lum, V. Y. CONVERT a High Level 

Translation Deflnltion Language for Data Conversion. CACM 18, 

5S7 -- S67, 1975. 

A companion paper to Housel et al. 

SlbleyT E. H o ,  and Taylor~ R. W. A Data Definition and Mappin~ 

Language° CACM 16, 750 - 759, 1973. 

The paper discusses goals of a data definition language and il- 

lustrates data deflnitlon and mapping by examples. 

Sibley~ Eo H. On the Equivalence of Data Based Systems. 1 ~ 7 4  

ACM S I G F I D E T  W o r k s h o p ,  ACMv N e w  Y o r k ~  1 9 7 4 o  

The two philosophical directions~ "relational" (Codd) and the 

"data structured" o r  "procedural" (DBTG) are compared. Also data 

translation wlth its connection to data restructuring and dafa 

independence Is discussed. 

Sibley, E. H.y and Sayanl, H® H. Data Element Dictionaries for 

the Information Systems Interface. NBS-Report v 1974o 

A discussion of the need for and objectives of a Data Dictionary 

capability. 

Smithy Do P. A n  A p p r o a c h  to Data Description and Conversion. 

P H o  D. dissertation, University o f  Pennsylvaniav 1971. 

One of the earller data definition and mapping languages° See 

also Ramirez. 

Smithy S. E., and Mommens, J. H. Automatic Generation of Physi- 

cal Data Base Structures. ACM SIGMOD 1975 intl. Conf. San Jose~ 

1975. 

A prototype design aid is described which generates f r o m  des- 

criptive input IMS physical data structure def[nitlons taklns 

into account constralnts and objective functions. 

S%ahl~ Fo A. A Homophonic Cipher for Computational Cryptogvaby. 

AFIPS NCC Prec. vol. 42, 565 - 568v 1973. 

S t e e l ~  T o  B ~  D a t a  B a s e  S t a n d a r d i z a t i o n  - -  A S t a t u s  R e p o r t ,  ACM 

SIGMOD 1975 Intl. Conf. on Mgmt. of Datay San Jose~ 197S. 
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Steuertt J. ~ and Goldman~ J® The Relational Data Management Sys- 

tem: A Perspective. !974 ACM SIGFIDET Workshop, ACM, New York, 

1874. 

An in±roduc%ory deecrlptlon of RDMSv a system being used at MIT 

and based on Codd's relational model. 

Stonebraker~ M. The Choice of Partial Inversions 

Indices. IJCIS 3, 167 -- 188, 1974. 

See else Cardenas for ~esearch on %hls %ople. 

and Combined 

Stonebraker, M. A Functional View of Data Independence. 1874 

ACM SIGFIDET Workshop Proe.~ ACM, New YorkT 1974. 

The paper first analyzes the problem with a promising form~l 

approach, which unfortunately ks not kept through up %o The end. 

It descPlbes %he types of data independence to be provided in 

INGRES. 

Stonebraker7 ~® Implementation of Integrity Constraints and 

Views by Query qodificaTlon. ACM SIGMOD 1975 Intl. Conf. Prec., 

San Jose, 19U5. 

Describes The I N G R E S  approach to inte~rity in more detail. See 

also Held et al. 

Su~ S. Y. W.T and Lam, H. A Semiautomatic Data Base Translation 

System for Achieving Data Sharing in a Ne±work Environment. 

1974 ACM SIGFIDET Workshop, ACM~ New York, [974, 

Sundgren, B. Conceptual Foundation of the Infological Approach 

to Data Base. Data Base Management Proco of IFIP Work. Conf. 

Cargese, Corsica, April 1974. North ~olland~ Amsterdam, 1974. 

The [nfolo~ical approach is a kind of a conceptual data model 

philosophy. It may have a corresponding datalogical approach 

associated with it T which deals with internal data forms. 

Taylor~ R. W, Generalized Data Base hlanagemen% System Data 

STructures and their )(appln G %o Physical Storage. P h .  D. diseer-- 

tation~ University of MichiganT Ann Arbor, 1971, 

Contains a proposal f o r  a data definition and mapping languase, 

which is being used in the ~[ichigan data translation experi- 

ments. See MeDten/Fry. 

180. T a y l o ~  R, W® Data Administration and ±he DBTG Report. 1974 ACM 
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S I G F I D E T  W o r k s h o p  P r o c . t  ACM) N e w  Y o r k l  1 9 7 4 .  

A m o n g  o t h e r s ~  t h e  a u t h o r  p r o p o s e s  t o  u s e  a 

t a l n  d a t a  I n d e p e n d e n c e  a t  p r e c o m p t l e  t i m e .  

p r e p r o c e s s o r  t o  o h - -  

T a y l o r s  Ro  Wo7 a n d  S t e m p l e ~  D °  W° O n  t h e  D e v e l o p m e n t  o f  D a t a  

B a s e  E d i t i o n s .  D a t a  B a s e  M a n a g e m e n t v  P r o c o  o f  I F I P  W o r k .  C o n f ,  

C a r g e s e ~  C o r s l c a ~  A p r i l  1 9 7 4 .  N o r t h  H o l l a n d ~  A m s t e r d a m v  1 9 7 4 °  

T h e  a u t h o r s  ~ c o n c e r n  i s  t h e  e v o l u t i o n  o f  a d a t a  b a s e  a t  a u s e r  

i n s t a l l a t i o n  a n d  I t s  I m p a c t  o n  p r o g r a m s Q  

T e i c h r o e w T  D ,  A n  A p p r o a c h  t o  R e s e a r c h  i n  F i l e  O r g a n t z a t l o n .  

P r o c .  o f  t h e  1 9 7 1  S I G I R  S y m p o s i u m  o n  I n f o r m a t i o n s  S t o r a g e  a n d  

R e t r i e v a l ~  ACMy N e w  Y o r k v  1 9 7 1 ~  

T h e  e s s e n t i a l  m e s s a g e  i n  t h i s  p a p e r :  t h e r e  i s  n o  a b s o l u t e l y  b e s t  

r e p r e s e n t a t i o n  o f  I n f o r m a t i o n .  C h a n g e s  a s  a f u n c t i o n  o f  k n o w -  

ledge about the future use o~ the data have to he made wlth as- 

slstance of the computer. 

Thomas~ J °  C ° t  and Gould~ J. PJ A Psychological S t u d y  of Query 

by Example° 197S AFIPS NCC Proco vol° 44~ 439 - 44ST 197S. 

Reports the results of an experiment with 3S subJects~ who were 

given questions In English to be translated into query by exam- 

ple (see Zloo~)o 

T h o m p s o n t  F .  B °  v L o c k e m a n n ~  P °  C o y  D o s ± e r t y  B °  v a n d  d e v e r i l l ~  R .  

S. REL: A Rapidly Extensihle Language System, ACM 1969 Nail, 

C o n f .  P r o c * T  3 9 9  - 4 1 7 ~  1 9 6 9 .  

T o d d ~  S o  J .  P °  P R T V :  A T e c h n i c a l  O v e r v i e w .  IBM U K S C  P e t e r l e e v  

T e c h n i c a l  R e p o r t  U K S C  0 0 7 S ~  1 9 7 5 o  

A n e w  d e s c r i p t i o n  o f  t h e  e x p e r i m e n t a l  s y s t e m  I S / 1 .  

Tslchritzls~ P° A Network Framework for Relation Implementation. 

University of Toronto7 Technical Eeport CSRG-49~ February 1975. 

Discusses how CoddWs relational model can be Implemented on top 

of physical networks (i.eQ linked structures)o 

T u r n ~  R . I  a n d  S h a p i r o y  No Z .  P r i v a c y  a n d  S e c u r i t y  i n  D a t a  B a n k  

Systems - Measures o~ Ef~ectlvenessy Costs and Protection--Intru- 

der I n t e r a c t i o n s .  A F I P S  1 9 7 2  F J C C ~  v o l .  4 1 y  4 3 5  - 4 4 4 .  

1 8 8 ~  V a n  d e r  P o o l ~  J .  A .  O p t i m u m  S t o r a g e  A l l o c a t i o n  f o r  a F i l e  i n  
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Steady State. IBM J. Res. Dlv. 1 7 ,  27 - 38v 1973. 

Files with key--to--address transformations {hashing) and w i t h  

overflow areas are analyzed. Storage utilization, overflow rate 

and other relevant factors a r e  given f o r  the steady state. 

189. Vose~ M. R., and Richardson~ J. S, An A p p r o a c h  t o  Inverted Index 

Maintenance. Comp. Bull. 1 6 ,  May !972. 

1 9 0  • Wang~ C. P., and Wedekind~ H.B, Segment Synthesis in Logical 

Data Base Design. IBM J° Res. Dev® 19, 71 -- 77, 1975. 

The authors specify a minimal cover algorithm, w h i c h  calculates 

a set of minimal covers to a given set of relations with transl- 

tive dependencies. Each minimal cover is again a set of vela- 

floss without tPansltive dependencies. Given the minimum covert 

set o f  melatlons in CoddVs third normal form can easily be 

constructed. 

191. Wedeklnd, H .  Datenorganlsatlon. de Gruytem~ Berlin, 1972. 

1£2 .  Wedekind~ B. Datenbanksys%eme I. Bibliographlsches Instltut 

Mannhelm, 1974. 

193 • Wedekind~ W. On the Selection of Access P a t h s  in a D a t a  Base 

System. Data Base Management, Proc. of IFIP Work. Conf., Carg- 

esev Corsicav April 1974. North Holland~ Amsterdam, IB74. 

The paperlS concern is modeling and analysis for the determina- 

tion of efficient access paths. 

194. Wellis~ M. E.~ Katke, W®, Olsont J,t and Yang, S. C, SIMS - an 

Integrateds User-Oriented Information System. AFIPS FJCC 1972, 

vol. 41~ 1117- 1131, 1872, 

SIMS is interesting for a number of reasons. I% offers a blgh 

l e v e l  d a t a  d e f i n i t i o n ,  m a p p i n g  a n d  m a n i p u l a t i o n  l a n g u a g e .  D a t a  

o n  n o r m a l  f i l e s  m a y  b e  m a p p e d  t o  a c o n c e p t u a l  h i g h  l e v e l  h i e r -  

a r c h i c a l  form and used in the query language. PartlculaP atten- 

tion has been paid %o transferability o f  d a t a  a n d  programs. 

195. Wong, go, and Chiang~ T. C. Canonical Structure In Attribute 

B a s e d  F i l e  O r g a n i z a t i o n s .  CACM 1 4 ,  5 9 3  - 5 9 7 ,  1 9 7 1 .  

Each query is assumed to be a boolean expression over elementary 

queries. I n  this case the data ba@e can be organized according 

to the elementary queries and access becomes essentially the 
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problem of pu±%ing a boolean expression In%o some s%~ndard 

~ o r m ,  

196. Yao~ S. B. Evalua%ion and Op%Imlz~%ion of File Organization 

± h r o u ~ h  Analy%ie Modeling. Pho D° dlsser%a%ion~ Universlty o f  

Michlgan~ 1974. 

197. Yue 7 P. C.~ and Wongt C. K. S%orage Cos% Consldera%ions in Sec- 

ondary Index Selec%lon, IBM Research Repot% RC 5070~ %o appear 

also in IJCIS, 

For other recen% resul%s in this area of rese&~ch see Cardenas, 

198. Zloof, M. M. Query By Example. 197S AFIPS NCC Proc. vol. 44, 

4 3 1  - 4 3 7 ,  1 9 7 5 .  

The basic features of query by example are illustrated. The 

userWs pe~cep%ion of da%a processing in %his query language is 

%hat of manipula%ing %ables in a graphically pre--estebllshed 

frame of reference consis%ing of table skele%onsv in%o which %he 

user fills informa%ion. 


