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Introduction 

A t t e m p t s  have been  made  for  some t ime to reconci le  
the not ions  of da t a  base  mode l l ing  and da ta  abs t r ac -  
tion. Cons ide r ing  t h e  ove r l app ing  concep ts  of  in fo rma-  
t ion hiding and encapsu la t ion  f rom the da ta  abs t r ac t ion  
world,  and da ta  i ndependence  f rom the d a t a b a s e  world ,  
it should not  be necessa ry  to design ye t  ano the r  p ro-  
g ramming language  as o thers  have done ,  spec ia l ized  to 
a par t i cu la r  da t a  model .  Ins tead ,  the s ta r t ing  po in t  for  
our  work  has been  the p ropos i t i on  tha t  an ex tan t  gen-  
eral  pu rpose  l anguage  p rov id ing  da ta  a b s t r a c t i o n s  
should be able  to a c c o m m o d a t e  the popula r  da t a  m o d -  
els by  serving bo th  as a da t a  def in i t ion  and man ipu la -  
t ion language.  The  cr i t ic ism has been  made  tha t  while 
abs t rac t  da t a  types  hide the r ep re sen t a t i on  deta i ls ,  they  
also suppress  the semant ic  s t ruc ture  of  the data .  Whi le  
this may  be t rue for  "p rog ramming  in the smal l"  [2], it 
is not  the case for  "p rog ramming  in the la rge"  [2]. We  
will b r i e f ly  ind ica te  how a C L U - l i k e  l anguage  [4] 
(he rea f t e r  ca l led  X P L S )  with minor  ex tens ions ,  plus its 
suppor t ing  module  i n t e r connec t ion  language  (he rea f t e r  
cal led the Ex te rna l  S t ruc ture)  can be used as a da ta -  
base  def in i t ion  and man ipu la t ion  language.  XPLS  has 
been  des igned  as a f ront  end  to P L / I  and  is s u p p o r t e d  
by  a p rep rocesso r  to the P L / I  compiler .  I t  turns  out  
that  XPLS plus Ex te rna l  S t ruc ture  suppor t s  and  meshes  
more  smoo th ly  with a semant ic  da ta  mode l  ( for  exam-  
ple: [1], [3],[5],  [6]) than  with the o lder  da ta  models .  
Our  work  differs  f rom a number  of  recen t  spec ia l ized  
languages  which explo i t  da t a  a b s t r a c t i o n s  and s t rong  
type  checking  but  which are based  on the re la t ion  as a 
pr imit ive  da ta  type.  Our  a p p r o a c h  is not  based  on any 
par t icu la r  da ta  model .  
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Modelling with Data Abstractions 

The E x t e r n a l  S t ruc tu re  ( p r o g r a m m i n g  in the  la rge)  
al lows the des igner  to spec i fy  for  each  da ta  type ,  the 
ope ra t ions  cha rac te r i z ing  the type,  and  for  each ope ra -  
t ion,  the o p e r a t i o n  name,  types  of  its p a r a m e t e r s  and 
re turn  type  (if any) .  F o r  the  pu rpose  of descr ib ing  da ta  
models ,  the  o p e r a t i o n s  are  used  as (va lue  r e tu rn ing )  
access  func t ions  which  are  app l i ed  to i n s t ances  of  a 
da t a  type  and re turn  e i ther  scalar  ob j ec t s  or  ins tances  
of o the r  types .  This  mechan i sm handles  aggrega t ion  
[6] qui te  readi ly .  To mode l  a da t abase ,  our  a p p r o a c h  
involves  def in ing  n + l  da ta  abs t r ac t ions ,  where  n ab-  
s t rac t ions  c o r r e s p o n d  to the en t i ty  types  of the  app l ica -  
t ion.  The  charac te r i s t i c  ope ra t i ons  c o r r e s p o n d  to the  
a t t r i bu t e s  or  func t ions  in a func t iona l  da t a  m o d e l  
(when used in this way,  the  a p p r o a c h  r e sembles  mos t  
c losely  the D A P L E X  da ta  l anguage  [5]). The def in i -  
t ion of these  abs t r ac t i ons  co r r e sponds  to a concep tua l  
schema for  a pa r t i cu la r  da t a  base.  F o r  example ,  the  
def in i t ion  for  an employee  type  would  have the form:  

TYPE E M P L O Y E E  
D E F I N E S  
( * : =  E M P L O Y E E  
N A M E ( * )  - >  S T R I N G  
S A L A R Y ( * )  - >  INT 
M A N A G E R ( * )  - >  E M P L O Y E E  ) 

where  the as ter isk  is used as a sho r thand  for  the em-  
p loyee  type.  

The n + l s t  da t a  abs t r ac t i on  def ines  for  the  func t iona l  
mode l  a p a r a m e t e r i z e d  set which  can  be i n s t a n t i a t e d  
with any one of the n en t i ty  types .  The  ope ra t i ons  of  
this type  gene ra to r  include the re t r ieva l  and da t a  ma-  
n ipula t ion  func t ions  for  the func t iona l  model .  Some of  
these  e n c a p s u l a t e d  func t ions  are  gener ic  (have  t ype  
va lued  pa rame te r s )  in o rde r  to p rov ide  adequa t e  type  
checking.  We show an a b b r e v i a t e d  def in i t ion  of  this 
set ab s t r ac t i on  be low (where  E A C H  and F I L T E R  are 
i t e ra to r s )  : 

TYPE S E T <  < T : T Y P E >  > 
D E F I N E S  
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(* := S E T < < T > >  
SELECT(*,PROC(T) ->  BOOL) -> * 
SOME(*,PROC(T) ->  BOOL) -> BOOL 
S L I C E < < T I : T Y P E > > ( * , P R O C ( T )  -> T1) 

->  S E T < < T I > >  
INSERT(*,T) 
DELETE(*,T) 
EACH ITER(*) = >  T 
FILTER ITER(*,PROC(T) ->  BOOL) - -> T ) 

Some earlier work was done in describing the relational 
and hierarchic models as extended types. It was found 
that they could be supported at the cost of additional 
features to XPLS. 

Extensions Required 

The two principal extensions required by XPLS are 
subtypes and unnamed internal functions. Subtype 
declarations are made in the External Structure and 
support the notion [6] of generalization. The require- 
ment for unnamed internal functions arises from the 
fact that there are no global variables in XPLS and we 
wish to avoid idiosyncratic syntax such as the where or 
such that clauses that characterize some query lan- 
guages. In other words, we wish to preserve the gener- 
al purpose nature of the language and not have two 
languages,e.g, a separate host language and query lan- 
guage. An unnamed internal function is a function 
with free variables that can be passed to another func- 
tion or procedure (AI people and other LISP users will 
recognize the lambda expression). External procedures 
cannot be used for this purpose. Unnamed internal 
functions are used heavily as arguments to iterators and 
filter (selection) functions. This gives more flexibility 
to iterators and avoids the rigor mortis of specialized 
concrete syntax. For example, one iterator can be 
defined to return just those elements of a collection 
satisfying a predicate argument (unnamed internal 
function); another can terminate the stream based on a 
different predicate argument. 

An example which shows a query written in XPLS to 
print the names of all employees who earn more than 
their managers is given below. It uses the definition of 
employee type given previously and makes use of an 
unnamed internal function. 

DCL EMPLOYEES SET< < E M P L O Y E E >  >;  

FOR E IN FILTER(EMPLOYEES,  
(EM:EMPLOYEE ->  BOOL; 
SALARY(EM) > SALARY(MANAGER(EM)) ) ) ;  

CALL PRINT(NAME (E)); 
END; 

The FOR statement works essentially as follows. The 
unnamed internal function which performs the role of a 
predicate has a single parameter EM of type EM- 
PLOYEE and returns an object of type BOOL 
(Boolean). The body of the function appears after the 
semicolon. The FILTER function, which is an iterator, 
will select just those EMPLOYEES that satisfy the 
predicate and bind them one at a time to the variable 
E. Each time the iterator yields an EMPLOYEE,  the 
body of the FOR statement, which is the print state- 
ment, is executed. 

Database Interface 

The XPLS language has been integrated with a particu- 
lar database system called NDB [7] which has a data 
architecture which supports the functional data model, 
and which provides a P L / I  data sublanguage. The in- 
terface between the XPLS data manipulation routines 
and P L / I  data manipulation routines in the NDB data 
sublanguage consists of a set of interface procedures. 
These interface procedures are written in a dialect or 
adjunct of XPLS called IPLS. The purpose of an IPLS 
procedure is to allow an "escape" into P L / I  code while 
preserving the type integrity of the overall program. 
That is, this approach guarantees that an IPLS proce- 
dure cannot violate the data space of XPLS programs. 

IPLS procedures are called by XPLS procedures (only 
abstract scalar arguments may be passed) but not vice 
versa. Two transfer functions having single parameters 
are provided: AC (Abstract  to Concrete) and CA 
(Concrete to Abstract). The idea is to transform ,,~,- 
stract scalar arguments to P L / I  scalar types which can 
then be manipulated by standard P L / I  code. Abstract 
scalar values are finally passed back to the calling pro- 
cedure by using the appropriate transfer function. IPLS 
procedures are type checked in the same manner as for 
XPLS procedures. 

Conclusions 

We would conclude by stating some of the advantages 
to be derived by the kind of merger described above: 

The strong typing properties of XPLS are carried over 
to the realm of database manipulation operations and 
provide useful consistency checking. 

A general purpose data abstraction language becomes 
by extension an integrated database programming lan- 
guage; the treatment of program and database objects 
is homogeneous. 

The language is not limited to or biased towards any 
particular data model. 
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