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ABSTRACT

This pap er explores th e  use of com m ands in a query 
language as an ab s tra c t d a ta  type (ADT) in d a ta  base 
m anagem ent system s. Basically, an  ADT facility allows 
new d a ta  types, such as polygons, lines, money, tim e, 
arrays of floating point num bers, b it vectors, etc., to 
supplem ent th e  built-in d a ta  types in a  da ta  base 
system . In th is pap er we dem onstra te  the power of 
adding a  d a ta  type  corresponding to  com m ands in a  
query  language. We also propose th ree  extensions to  the 
query language QUEL to  enhance its power in this 
augm ented environment.

I INTRODUCTION

A bstrac t d a ta  types (ADTs) [LISK74, GUTT77] have 
been  extensively investigated in  a program m ing 
language context. Basically, an ADT is an encapsulation 
of a  d a ta  s tru c tu re  (so th a t  its  im plem entation  details 
a re  no t visible to an outside client p rocedure) along with 
a  collection of re la ted  operations on this encapsu lated  
s tru c tu re . The canonical exam ple of an  ADT is a  stack  
with re la ted  operations: new, push, pop and em pty.

The use of ADTs in a  re la tional d a ta  base context has 
been  d iscussed in [R0WE79. SCHM78. WASS79], In these 
proposals a  rela tion  is considered an  ab s trac t d a ta  type 
whose im plem entation  details a re  h idden from  
application level software. Allowable operations are 
defined by p rocedures w ritten  in  a  program m ing 
language th a t supports bo th  data  base access and ADTs. 
One use of th is kind of d a ta  type is suggested  in 
[R0WE79] and involves am EMPLOYEE ab s trac t d a ta  type 
with re la te d  operations hire-em ployee, fire-employee 
and  change-salary. ___

In [ST0N82, ST0N83] we p resen ted  an a lte rna te  use 
of ADTs. Instead  of treating  an en tire  rela tion  as an  ADT, 
we suggested  th a t  the individual columns of a relation  be 
ADTs. This use of ADTs is a  generalization of d a ta  base 
experts  [STONBOj.

In Section II we briefly review our proposal and  then  
in  Section III we in troduce QUEL as a d a ta  type and 
indicate desirable opera to rs for this new type. Section IV 
tu rn s  to  a discussion of th ree  extensions to  th e  QUEL 
language th a t  a re  useful in th is environm ent. In Section 
V we consider optim ization issues re la ted  to  QUEL ADTs. 
Lastly, we indicate th a t several d a ta  base problem s 
including referen tia l integrity , non-first norm al form  
relations, and generalization  h ierarch ies can be solved 
by defining QUEL as an ab s tra c t d a ta  type. Section VI 
p resen ts  our approach  to these  problem s. Section VII 
concludes by sum m arizing th e  paper.
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D ABSTRACT DATA TYPES

We explain ou r use of ADTs with an  exam ple 
concerning geom etric  objects. In com puter aided design 
of in teg ra ted  circuits, objects are  often m ade up of 
rec tangu la r boxes. For a  VLSI d a ta  base one would like 
to  define a  colum n of a re la tion  as type "box'1. For 
exam ple, one m ight c rea te  a  boxes re la tion  as follows:

c re a te  boxes (owner = 14, 
layer = c l5 , 
box-desc = box-ADT)

Here, th e  boxes relation  has th ree  fields: th e  identifier of 
th e  c ircu it containing th e  box, th e  processing layer for 
th e  box (polysilicon, diffusion, e tc .) and a descrip tion  of 
th e  box's geom etry . All fields are  rep resen ted  by built-in 
types excep t box-desc which is an  ADT.

Tuples can  be appended to  this rela tion  using QUEL 
[ST0N76] as follows:

append to  boxes (owner = 99,
layer = "polysilicon", 
box-desc = "0,0,2,3")

The built-in d a ta  types a re  converted  to  an in te rn a l 
rep resen ta tio n  and s to red  in a  d a ta  base system . The 
string "0,0,2,3", rep resen ts  th e  box bounded by x=0, y=0, 
x=2, y=3 and requ ires special recognition code. An input 
p rocedure m u s t be available to  th e  DBMS to  perfo rm  th e  
conversion of th e  ch a ra c te r  string "0,0,2,3" to  an object 
with d a ta  type  box-ADT. Such a  routine is analogous to 
th e  procedure  ascii-to-float which converts a  c h a rac te r 
string  to  a  floating point num ber.

It is desirab le  to  have special opera to rs for box- 
ADTs. for exam ple, one would clip box dim ensions as 
follows:

range of b  is boxes
rep lace  b (box-desc = b.box-desc * "0,0,4,1") 

where b. owner = 99

The * o pera to r rep resen ts  box in tersection . In th is case 
"0,0,4,1" will be converted  to  an  object of type box-ADT. 
and a  p rocedure  m ust be available to  perform  box 
in tersec tion  betw een this ADT and b.box-desc.

In addition, one m ight want to  define new 
com parison operations. For example, one might wish to 
define || as an ope ra to r m eaning "overlaps". The || 
o pera to r could then  be u sed  to  re tu rn  th e  boxes 
overlapping the un it square based  a t  the origin as 
follows:

range of b  is boxes
re trieve  (b.box-desc)

where b.box-desc || "0,0,1,1"

Again, a  p rocedure  is requ ired  for th e  overlap operator.

As a  r e s u l t  a n  ADT co n ta in s  th e  following e lem en ts: 
publication and its date appear, and notice is given that copying is by 
permission of the Association for Computing Machinery. To copy 
otherwise, or to republish, requires a fee and/or specific permission.



a) a  reg is tra tio n  p rocedu re  to  inform  th e  DBMS of the 
new type, giving th e  leng th  of its  in te rn a l rep resen ta tion .

b) a  collection of rou tines which im plem ent opera to rs for 
th is type  and  perform  conversions to o th e r types. These 
rou tines m u s t obey a  p respecified  protocol for accepting 
argum en ts and re tu rn ing  resu lts . Once defined by the 
ADT im plem entor, th e  new type and opera to rs  becom e 
available to  o th e r u sers  of the DBMS.

c) m o d est changes to  th e  p a rse r  and query execution 
rou tines to  co rrec tly  pa rse  com m ands with new 
op era to rs  and  call the rou tines defined by th e  ADT 
im plem en to r during execution.

This ab strac tio n  has been  co n stru c ted  in about 2500 
lines of code fo r th e  INGRES relational d a ta  base system . 
Im plem entation  details a re  add ressed  in [F0GG82, 
0NGB2], and ADTs execu te  with a  m odest perform ance 
degradation  [F0GG82], Suggestions concerning how to 
in teg ra te  new  opera to rs  into query  processing heuristics 
and  access m ethods a re  contained  in [ST0N83, 0NG83].

HI QUEL AS A DATA TYPE

We tu rn  now to  utilizing th e  ADT m echanism  to 
define com m ands in  a  query language as an  ADT. Hence, 
a  colum n of a  re la tion  can have values which are  one (or 
m ore) com m ands in  th e  d a ta  m anipulation language, 
QUEL. We explain our proposal using th e  following 
relations:

EMP (nam e, salary-history, hobbies, dept, age, bonus) 
DEPT (dnam e, floor)
SALARY (nam e, da te , pay-rate)
SOFTBALL (nam e, position, average)
MUSIC (nam e, in strum en t, level)
RACING (nam e, auto, c ircu it)

A tuple ex ists in th e  EMP re la tion  for each em ployee in  a 
p a rticu la r com pany. Em ployees can have zero or m ore 
hobbies. For those  em ployees who have softball as a 
hobby, a  tup le  in  th e  SOFTBALL re la tion  gives th e ir 
position and  b a ttin g  average. If an  em ployee plays an 
instrum en t, a  tup le  in  MUSIC ind icates th e  in s trum en t he 
plays and his skill level. Lastly, those em ployees who 
race  sp o rtca rs  a re  listed  in th e  RACING re la tion  along 
w ith th e  type of c a r  th e y  drive and  th e  c ircu it they  race  
on.

The SALARY re la tio n  contains em ployees salary  
h isto ries. Each tim e  th e  sa lary  of an em ployee is 
modified, a  tup le  is appended  to  th e  SALARY re la tion  
indicating th e  date  of th e  m odification and the  new pay- 
ra te . The DEPT re la tion  contains th e  floor num ber of 
each  d epartm en t. Lastly, th e  EMP re la tion  contains 
th re e  fields, salary-history, hobbies, and d ep t which are  
of type QUEL The hobbies field holds a  query  (or 
queries) which, when executed , will yield inform ation on 
th e  em ployee's hobbies. The d ep t field contains a  query 
which will re tu rn  th e  nam e of th e  dep artm en t for which 
th e  em ployee works, and  th e  salary-h isto ry  field contains 
a  query th a t  finds all reco rd s  in  his sa lary  history. An 
exam ple in se rt to  th e  EMP re la tion  m ight be: 

append to  EMP ( 
nam e = "Fred",
salary-h isto ry  = "range of s is SALARY 

re triev e  (s.all) 
w here s .nam e = "Fred"", 

hobbies = "range of m  is MUSIC
re triev e  (m .all) where rn n a m e  = "Fred” 
range of r  is RACING 
re triev e  (r.all) w here r.nam e = "Fred"", 

d ep t = "range of d  is DEPT
re triev e  (d.dnam e) w here d .dnam e = "toy"”, 

age = 25, 
bonus = 10)

The app rop ria te  additional insertions are: 
append to  MUSIC(

nam e = "Fred", 
in s tru m en t = "piano", 
level = "novice")

append to  RACING( 
nam e = "Fred", 
au to  = "form ula Ford", 
c ircu it = "SCCA")

This collection of in se rts  will append F red  as a  new 
em ployee in  th e  toy  d ep a rtm en t with racing and m usic 
as hobbies.

In a  la te r  section  we will propose an  im plem enta tion  
of th is d a ta  type. In th is section  we specify desirable 
opera to rs  this type and th e ir  in tended  sem antics.

The c u rre n t im plem entation  of ADTs [F0GG82, 
0NG82] allows opera to rs to  be overloaded. INGRES 
cu rren tly  allows "." as an  ope ra to r with two operands, a  
tup le  variable and a  colum n nam e, e.g E.name. Our first 
ADT o pera to r overloads th e  o p e ra to r F irst, we
propose th a t allow a left operand  which is a  field of 
type QUEL and a righ t operand of type  colum n name. 
For example:

range of e is EMP 
re trieve  (e.hobbies.instrum ent) 

where e.nam e = "Fred" 
and  e.hobbies.level = "novice"

In th is case "nam e” is a  colum n in th e  re la tion  ind icated  
by e while "level" and  "instrum ent" a re  colum ns in the 
relation  (or re lations) specified by th e  QUEL in e.hobbies. 
This com m and is in te rp re ted  as follows:

1) f in d  all values for e.hobbies which satisfy the 
qualification "e.nam e = "Fred".

2) F or each  value found, ignore all com m ands which it  
contains excep t RETRIEVE and DEFINE VIEW. For each  
RETRIEVE com m and which th e  value contains, rep lace 
th e  keyword RETRIEVE w ith th e  keyword DEFINE VIEW 
and execute  it  to  form  a legal view. For each view 
definition which th e  value contains, execu te  it  d irec tly  to 
form  a  legal view. Then, define t  to  be a  tuple variable 
which will i te ra te  over th e  th is collection of views. For 
each  (me, execute:

re triev e  (t-in strum en t) w here t.level = "novice"

The re su lt of the overall query  is th e  union of th e  resu lts  
of th e  individual com m ands execu ted  in s tep  2.

In general, if X is a  tuple variable, Y is a  field of type 
QUEL and  Z is a  field, th e n  X.Y.Z is a  field in a  collection 
of views, one for each  RETRIEVE and DEFINE VIEW 
com m and contained in  a  qualifying value for X.Y. 
Moreover, can  be a rb itra rily  n e s ted  and  the above 
sem antics apply recursively a t  each  level. Also no te  th a t 
th is  use of "." is sim ilar to  th a t  proposed in GEM 
[ZAN1B3], and we com m ent fu r th e r on th e  relationship  of 
our proposal to  GEM in a  la te r  section.

Our second use of "." has a le ft operand  which is a 
field of type QUEL and  a  righ t operand  which is a  QUEL 
s ta tem en t, e.g.:

ran g e  of e is EMP 
re trieve  (e. salary-history.

re trieve  (date, pay-rate) w here pay-ra te  < 400) 
w here e .nam e = 'F red "

Here, e. salary-history  is a  field of type  QUEL and th e  
inne r RETRIEVE com m and is th e  righ t hand operand  for 
th e  intervening This use of is a short-hand 
no ta tion  fo r th e  equivalent expression:

range of e is EMP
re trieve  (e .salary-history .date,

‘ e .salary-history .pay-rate) 
where e.nam e = "Fred" and 
e .salary-h isto ry .pay-ra te  < 400



In th is n ested  re trieva l con tex t has a  sim ilar m eaning 
to  th e  one d iscussed above. In particu lar, th e  left hand 
o pera to r evaluates to  th e  collection of views m entioned 
earlier, and a  range variable, say t. is c rea ted  to  
iteratively  span this se t. The QUEL com m and which is 
th e  righ t hand operand  in  th en  executed  for each  view by 
appending t  as th e  tup le  variable to  any field nam e which 
does n o t have an  explicit variable.

When th e  righ t hand  operand  is a  RETRIEVE 
com m and, th e  re su lt of this ope ra to r is a  collection of 
re su lt relations. The sem an tics of when the  righ t 
hand operand  is a  QUEL upda te  com m and a re  unclear, 
and  we expect to  su p p o rt th is form  of nesting only for 
re trieves.

We now tu rn  to  several o th e r opera to rs on QUEL 
d a ta  item s. First, all th e  norm al c h a rac te r string 
opera to rs  can  be overloaded. For example: 

range of e is EMP 
re trieve  (e.nam e) w here e .dep t =

"range of d  is DEPT
re trieve  (d.dnam e) where 
d-dnam e = "toy""

In th is con tex t, ”=" simply im plies c h a rac te r string 
equality  betw een e .d ep t and th e  constan t string  
containing th e  query.

C onsider an operato r, ==, which has two fields of 
type QUEL as operands and re tu rn s  tru e  if they  specify 
th e  sam e collection of tup les. For example,

range of e is EMP 
range of f is EMP
re trieve  (e.nam e, f.nam e) w here e. salary-history ==

f.salary-history
This query  will re tu rn  pairs of em ployees with identical 
nam es and  sa lary  h istories. A containm ent operator, <<, 
can  be specified sim ilarly for operands which a re  fields 
of type QUEL. Additionally, all opera to rs in  a  re lational 
a lgebra  (e.g join, union, in tersec tion ) can  be easily 
defined betw een fields of type QUEL.

Any re lational algebra opera to rs will produce a  
re su lt of type relation. Since QUEL allows cascaded 
operato rs, we requ ire  opera to rs  for d a ta  of type relation. 
It is s tra ig h t forward to  overload all opera to rs for the 
QUEL d a ta  type to  apply to  d a ta  of type relation. For 
exam ple to  find pairs of em ployees with d iflerent nam es 
and th e  sam e sa la ry  history, we would execute

range of e is EMP 
range of f is EMP 
re triev e  (e.nam e, f.nam e) 

w here e.salary-history.
re trieve  (date, payrate)

== f.salary-history.
re trieve  (date , pay ra te)

Here, == h as re la tions as b o th  operands and re tu rn s 
tru e  if th e  two re lations a re  equaL

The la s t generalization  is to  allow any o pera to r for 
fields of type  QUEL to  be overloaded to  apply to  operands 
which a re  QUEL s ta tem en ts  o r tuple variables. For 
exam ple, suppose a  re la tion  STANDARD contains a 
collection of d a tes  and payra tes. The following com m and 
would find all em ployees with the sam e salary  h istory  
th a t appears in  STANDARD: 

range of e is EMP 
range of s is STANDARD 
re triev e  (e.nam e)

w here e.salary-history.
re trieve  (date, payrate)

==  re trieve  (s.all)
H ere th e  rig h t hand  operand  of == is a  simple QUEL 
sta tem en t. A sho rthand  for th e  above s ta tem en t would 
have a  tuple variable fo r th e  righ t operand  of == as 
follows:

range of e is EMP 
range of s is standard  
re trieve  (e.nam e)

w here e.salary-history.
re trieve  (date, pay ra te)

== s

Our com plete se t of proposed opera to rs appears in 
Table 1. Most can  be  applied in terchangeably  to  
operands which a re  fields of type QUEL, tuple variables, 
QUEL s ta tem en ts , and  relations.

IV EXTENSIONS TO QUEL
There a re  th ree  m ain  extensions which we propose 

for inclusion in  QUEL to  enhance its power in the ADT 
environm ent of Section IIL In addition, we endorse the 
proposal m ade in [ZAN183] to  have default tuple 
variables. In th is situation, a  com m and such as: 

re trieve  (EMP.age) where EMP.name = "Fred" 

would be in te rp re ted  as: 
range of EMP is EMP
retrieve  (EMP.age) where EMP.name = "Fred"

This suggestion simplifies m any QUEL com m ands and was 
in serted  in to  one version of QUEL [RTI83].

o pera to r descrip tion  
nam e

left
operand

right
operand

resu lt

referencing field of 
type QUEL

field-name field

• referencing field of 
type QUEL

QUEL
sta tem en t

relation

— ch a ra c te r  * 
string  com pare

* boolean

== relation
com pare

« * boolean

» relation
inclusion

• * boolean

« relation
inclusion

* * boolean

u union * • relation

II in tersec tion • • relation

JJ na tu ra l join • * re la tion

OJ o u te r join * * relation

* denotes a  field of type QUEL, a  QUEL sta tem en t, 
a  relation  or a tuple variable

Proposed O perators 

Table 1

In addition to  defau lt tup le  variables we propose 
th re e  o the r extensions. F irst, we suggest th e  possibility 
of executing d a ta  in  th e  d a ta  base ra th e r  th a n  retrieving 
or updating it. The syntax  is as follows:

exec (EMP.hobbies) where EMP.name = "Fred"
The ta rg e t lis t m ust be a  field of type QUEL and 
instances which satisfy the qualification a re  found and 
executed. In th is case, th e  hobbies which F red  engages 
in a re  re tu rned .

This extension frees a  u se r from  haring  to  know th e  
field nam es in  th e  QUEL in e.hobbies. Also, it allows one 
to  s to re  updates in  the  d a ta  base and  execute th em  a t  a 
la te r  tim e. Such d a ta  base p rocedu res a re  d iscussed  in  
Section VI.



Notice th a t  EXEC com plicates th e  extended 
in te rp re ta tio n  of in  th e  previous section. For 
exam ple, it  is reasonable to  have a  value for e.hobbies 
which is an  EXEC com m and. For example, one could 
change F red ’s hobbies to  be th e  sam e as John’s by the 
following update:

range of E is EMP 
rep lace  e (hobbies =

"range of f is EMP
exec (f.hobbies) where f.nam e = "John"") 

where e .nam e = "Fred"

If X is a  tup le  variable, Y is a  field of type QUEL and Z is a 
field and if a  qualifying value for X.Y contains an EXEC 
com m and, th e n  the  sem antics of X.Y.Z from  the  previous 
section  m ust be  extended. In particu la r X.Y.Z can  be a 
colum n in an additional se t of views. For each  EXEC 
contained in  a  qualifying value of X.Y, rep lace the  EXEC 
by RETRIEVE and ru n  th e  com m and. If the  resu lt 
contains values of type QUEL, then  X.Y.Z m u st span  any 
views which re su lt from  these  values by executing 
DEFINE VIEW com m ands, replacing RETRIEVE com m ands 
by DEFINE VIEW com m ands and  recursively  applying the 
above m eaning to  EXEC com mands.

The second extension is to  generalize th e  range 
sta tem en t. We propose to  allow a  tuple variable to  range 
over a  collection  of one o r m ore relations. Then we use 
th is facility  to  support th e  fu r th e r generalization  
illu s tra ted  below: 

range of e is
EM P.salary-history w here EMP.name = "Fred" 

re trieve  (e .date) where e .pay-rate = 1000 

The in ten t is to  allow e to  range over th e  re su lt of a 
query  specification. Because RETRIEVE is th e  only 
reasonable QUEL com m and to  pu t in a range sta tem en t, 
we leave it  ou t of the  syntax and include only th e  ta rg e t 
list and qualification. Moreover, th e  query specification 
m ust re tu rn  d a ta  item s of type QUEL. The purpose of the 
second extension is to  allow th e  above expression ra th e r  
th an  the less n a tu ra l equivalent command: 

range of e is EMP 
re trieve  (e. salary-history, date)

where e.salary-h isto ry .pay-ra te  = 1000 
and  e.nam e = "Fred"

If X and  U a re  tup le  variables and Y a  field of type QUEL, 
then  th e  sem an tics of

range of U is X.Y w here qualification 

a re  the following:

1) Run th e  query
re trieve  (X.Y) where qualification 

to  find qualifying d a ta  item s of type QUEL.

2) For each  RETRIEVE, DEFINE VIEW or EXEC com m and, 
perfo rm  th e  steps ind icated  earlie r to  define the 
app rop ria te  collection of views, Cl,...,Cn.

3) Replace th e  range s ta tem en t by

range of U is C l.....Cn

The th ird  extension is to  allow update com m ands to  
have a  generalized  ta rg e t re la tion  as suggested  by the 
following example:

append to  EM P.salary-history
(date  = "6/B1", p ay ra te  = 2000, nam e = "Fred") 

w here EMP.name = "Fred"
C urrently  QUEL only s.ipports a  ta rg e t which is a 
relation . In th is generalization, th e  ta rg e t can  also be a  
colum n of a re la tion  in the d a ta  base which is of type 
QUEL

The in ten t of th e  th ird  extension is to allow the 
above expression ra th e r  than  th e  equivalent extended  
com m and:

range of e is
EM P.salary-history where EMP.name = "Fred" 

append to  e (da te  = "6 /81”, 
p ay ra te  = 2000, 
nam e = "Fred")

Notice th a t  ex tended  range s ta tem en ts  and 
ex tended  ta rg e ts  au tom atically  in troduce views. The 
usual sem antic problem s occur in  updating these  views.

V SPECIAL CASES OF QUEL AS A DATA TYPE

Three special QUEL d a ta  types will be suggested in  
th is section  to  allow e ith e r increased  perform ance or a 
m ore n a tu ra l syntax. F irst we suggest rela tions as a  
special case  of th e  QUEL ADT. Clearly, a value of type 
QUEL can be a  relation , i.e.:

range of R is any-relation
re trieve  (R.all)

Since th e  in te rp re ta tio n  of th e  QUEL extensions in 
Section IV requ ired  th a t th e  query  be tre a te d  as a view, 
we m ust invoke view processing to  support such 
functions. A d a ta  type of re la tion  as a  special case of a  
QUEL d a ta  type will allow such opera to rs to  be optim ized 
by ignoring th e  view processing.

The in te rna l rep resen ta tio n  of a  QUEL d a ta  type 
m ay be anything from  a te x t string  for the com m and to  a 
m achine language p rocedu re  containing a  com piled 
version of th e  access plan. The choice depends on 
trad ing  off efficiency, flexibility and com plexity of the 
underlying DBMS. Alternatively, i t  is also possible to  
p recom pu te  th e  answ er to  any RETRIEVE com m and. This 
collection of po in ters to  tup les would be s to red  as the 
value of th e  field. In the  case th a t a t m ost one tup le  
qualified, th is  value would be  a  p o in te r to  a  single tup le  
o r th e  null po in ter. This rep resen ta tio n  is exactly  the 
data  type "po in ter to  a  tuple" suggested  by Powell 
[P0WE83] and  by Zaniola [ZANI83]. More generally, the 
value could contain  m ultip le poin ters to  tup les in 
different relations. Consequently, im plem enting th e  
QUEL d a ta  type  by precom puting answ ers for QUEL 
queries provides a  generalized  version of previous 
proposals. Storing such  physical po in ters in  th e  data  
base has a  c lear speed  advantages over storing the 
query. However, i t  also has th e  disadvantage th a t  a  
pointer can  be left "dangling" if the tuple i t  points to  is 
moved. Moreover, no consistency guaran tee  is m ade if 
th e  tuple which is po in ted  to  ge ts updated.

A m echanism  to  overcom e these  deficiencies is to 
c rea te  a  new lock mode. Besides conventional re a d  and 
write locks, one could suppo rt a  "m aterialize" lock. Such 
a  lock would be p laced  on any object which was used  to  
precom pute an o th er d a ta  base object. Materialize locks 
would be com patib le with re a d  locks b u t no t write locks. 
Moreover, any p ro cess  which w ished to  se t a  w rite lock 
on an  ob ject for w hich a  m aterialize lock had  been  
previously se t could "break" th e  m aterialize lock and 
invalidate th e  p recom pu ted  object. This p rocedure  
would succeed  unless th e  precom puted  object was 
locked. Such a policy has points in com m on with 
[BR0W81] and can  gu aran teed  d a ta  base consistency  in 
th is environm ent.

The th ird  special case of a  QUEL d a ta  type can  be 
illu s tra ted  by  appending a tuple to  th e  EMP relation, e.g.

append  to  EMP (nam e = "Joe", dep t = "shoe")

In this case d ep t is a  field of type QUEL and we would 
p re fe r to  sim ply e n te r  th e  value "shoe" and no t th e  
rem ainder of th e  query. If d ep t is defined to  be a  new 
ADT which is special version of th e  QUEL ADT, th e n  the 
rou tine which converts from  ex ternal to  in te rn a l fo rm at 
for th is ADT can  change "shoe" to:

re trieve  (DEPT.dname) where DEPT.dname = "shoe" 
Consequently, a  u se r need  r io t type all th e  e x tra  p ieces 
of the  QUEL com m and.



VI USES OF QUEL AS A DATA TYPE

In th is sec tion  we ind icate  several uses for th e  above 
facilities.

6.1 U nnorm alized Relation
There has b een  m uch discussion surrounding 

norm alization of re la tions, and  several re c e n t proposals 
have advocated  unnorm alized re lations [HASK82, 
GUTT82, ZAN183]. One use of a QUEL ADT is to support 
h ie ra rch ica l d a ta  as n o ted  in  th e  exam ple use of salary- 
history.

6.2 R eferential In tegrity

The notion of re fe ren tia l in teg rity  has been  
form alized fa r re la tional d a ta  bases in  [DATE81], 
Basically, a  d a ta  item  m ust take  on values from  the se t 
of values in a  colum n of an o th er relation. Notice th a t 
our exam ple use of th e  d ep t field in  th e  EMP relation  
autom atically  has th is p roperty . Although no t all of the 
options suggested in [DATE81] can be easily supported  
using QUEL as a  d a ta  type, several of th e  m ore  com m on 
ones can  be.

6.3 V ariant Records

Our use of queries in th e  hobbies field corresponds 
closely to  th e  notion of varian t reco rd s in  a 
program m ing language such  as Pascal. F ram es oriented  
languages such  as FRL [R0BE77] or KRL [B0BR77] also 
allow a  slo t in a  fram e to  con tain  a  value of an  a rb itra ry  
type  with a rb itra ry  fields. Our use of QUEL queries with 
d ifferent ranges supports th is notion.

6.4 Aggregation and G eneralization
QUEL as a  d a ta  type can  suppo rt bo th  generalization  

and  aggregation  as p roposed in [SMIT77]. For example, 
consider:

PEOPLE (nam e, phone#)
w here phone# is of type QUEL and  is an  aggregate  for the 
m ore  detailed  values area-code, exchange and  num ber. A 
sim ple append to  PEOPLE m ight be:

append to  PEOPLE (nam e -  "Fred", phone# = 
"retrieve (area-code = 415, 

exchange = 999, 
num ber = 9911)")

G eneralization is also easy to  support. If all em ployees 
have exactly  one hobby, th en  th e  hobbies field in the 
EMP exam ple re la tion  will specify a  simple generalization  
h ierarchy . In fact, our exam ple use of hobbies supports 
a  generalization  h ie rarchy  with m em bers which can be in 
several of the  subcategories a t  once.

6.5 D ata Base P rocedures

S to red  com m ands a re  easily  suppo rted  with the 
facilities described  above. For exam ple, suppose an 
em ployee is allowed to  have only one hobby surd we want 
a  g en era l d a ta  base p rocedure to  change th e  hobby of an 
em ployee from  playing softball to  playing a m usical 
in s tru m e n t Call th is p rocedure "softball-to-m usic" and 
add  it  to  a  re la tion  PROCEDURES as follows:

append to  PROCEDURES( 
nam e = "softball-to-m usic",
code = "delete SOFTBALL w here SOFTBALL, nam e = $1 

append to  MUSIC (nam e = $1, 
in s tru m en t = $2, 
level = $3)

rep lace  EMP (hobbies =
"re trieve (MUSIC, all) 
w here MUSIC.name = $1")

Now suppose we define a new ADT operator, WITH, th a t 
will su b stitu te  a  p a ra m e te r  list given as the  righ t hand 
opera to r in to  a  query  which is the  le ft hand operator. 
With th is o pera to r we can  m ake F red  play the violin at 
skill level novice as follows:

exec (PROCEDURES.code WITH (Fred, violin, novice)) 
w here PROCEDURES.name = "softball-to-m usic"

In th is way we can  s to re  collections of QUEL com m ands 
in  th e  d a ta  base  and execute them  as procedures.

6.6 Triggers

Triggers have b een  widely suggested  as a possible 
m echanism  for im plem enting consistency constrain ts 
and  for producing side effects for com m ands. They can 
be supported  b y  using th e  fea tu res discussed in previous 
sections. Consider a  relation:

TRIGGER (if, re lnam e, com mand, then)
The field "then" is of type  QUEL while "if" is of type QUEL 
qualification. Both "relnam e" and "com mand" are 
ordinary  c h a rac te r string  fields.

C urrently  INGRES perform s deferred  update 
[ST0N76] and w rites a  "side file" containing proposed 
changes to  th e  d a ta  base  as phase 1 of a  com m and. In 
phase 2 the side file is p rocessed  and th e  changes are 
installed. Consider modifying th e  side file to  be a 
re la tion  SIDE and  in terrup ting  query processing a t  the  
end of phase 1 to  perform :

exec (TRIGGER then) where TRIGGER if
and  TRIGGER com m and = user-com m and 
and TRlGGER.relname = relation-from -user 

Here, user-com m and is the type of com m and ru n  by the 
u se r (e.g. replace, delete) and relation-from -user is the 
nam e of the relation  being updated. These constan ts are 
readily  available from  th e  run  tim e DBMS.

An exam ple tup le  in  the  TRIGGER re la tion  m ight be:

append to  TRIGGER(
if = "SIDE.TID = EMP.TID and EMP.name = "Fred" 

and SIDE, age > EMP. age", 
re lnam e = "EMP", 
com m and = "replace", 
th e n  = "append to ALARM

(m essage = "Fred go t older")")

The TRIGGER re la tion  is used to  provide an  alerting 
capability  when Fred receives an  update. Since TRIGGER 
m ay have a  large collection of tuples, we require  
indexing on relnam e and com m and to  re s tr ic t  the se t of 
TRIGGERif_ te rm s  th a t m ust be evaluated. It m ay be 
reasonable to  have o the r e x tra  fields in TRIGGER to 
provide fu r th e r  efficiency in TRIGGER selection.

6.7 Storing D ata as Rules

Consider th e  requ irem en t th a t  all em ployees over 
40 years old m u s t receive a  bonus of 1000. The relation  
in Section II showed bo th  "age" and "bonus" as explicit 
d a ta  and an in teg rity  constra in t could easily be defined 
to  enforce th is constrain t, e.g.:

range of e is EMP
define in teg rity  E where E.bonus = 1000 o r E.age <= 40

However, an alternative rep resen ta tio n  would be to  
rem ove "bonus" as a s to red  field in EMP and add the 
following ru le to  TRIGGER

append to  TRIGGER(
re lnam e = "EMP"
th e n  = "replace SIDE( bonus = 1000) 

w here SIDE.TID = EMP.TID and 
EMP.age > 40"

If th e  QUEL p a rse r  was changed to allow queries th a t 
re trieve  fields which a re  no t stored , then  th is tr igger will 
re tu rn  th e  c o rre c t d a ta  by updating SIDE. Hence, the 
tr ig g e r m echanism  can support storing d a ta  item s as 
rules. Of course, th e  efficiency of th is im plem entation  is 
questionable, and it  is awkward to  ask  questions about 
w hat ru les  are  in effect.

6.8 Complex Objects

There h as been  substan tia l discussion concerning 
d a ta  base support for com plex objects [L0RI83, ST0N83].



Suppose a  com plex object is com posed of tex t, lines, and 
polygons. It would be possible to  co n stru c t the  following 
relations:

OBJECT (Oid, descrip tion)
LINE (Lid, description, location)
TEXT (Tid, descrip tion , location)
POLYGON (Pid, descrip tion , location)

Here, th e  LINE, TEXT and POLYGON relations hold 
descrip tions of individual objects and can m ake use of 
th e  a b s tra c t d a ta  types described  in [STON83]. Then, 
th e  descrip tion  field in OBJECT would be of type QUEL 
and  con ta in  queries to  assem ble th e  pieces of any given 
ob ject from  th e  o th e r relations. This rep resen ta tion  
allows clean  sharing of Lines, Text and  Polygons among 
m ultiple h ighe r level objects by allowing th e  sam e query 
to  appear in  m ultip le ob ject descriptions.

M aterializing an  object from  th e  OBJECT relation  will 
be slow since it involves executing several additional 
QUEL queries. Hence, it  is clearly  desirable to 
p recom pute  th e  value of frequently  used objects and 
s to re  th e  re su lt in  th e  OBJECT descrip tion  field.

6.9 Transitive Closure
The facilities of th is p ap e r can  be used to  support 

transitive closure operations such  as found in th e  "parts 
explosion" problem . Suppose one c rea te s  a PARTS 
relation  as follows:

PARTS (pnam e, com posed-of)
Consider a  c a r  which is m ade up of a drivetrain  and a  
body. These a re  m ade up in tu rn  of o the r sm aller parts. 
The c a r  would be in se rted  as follows: 

append to  PARTS{ 
pnam e = "car”,
com posed-of = "retrieve (pnam e = "car") 

exec (PARTS.composed-of)
w here PARTS.pname = "drive-train" 

exec (PARTS.composed-of)
where PARTS.pname = "body"")

The com m and
exec (PARTS.composed-of) 
w here PARTS.pname = "car"

will find all the  p a rts  th a t m ake up a  car. VII

VII IMPLEMENTATION
If INGRES had  been  designed to  support in ternal 

m ultitasking, then  it  would be a  simple m a tte r  to 
im plem ent EXEC by stacking th e  INGRES processing 
environm ent and executing the new com m and in  a single 
INGRES process. However, a t  th is  point it would be very 
costly to  change our code to  be re e n tra n t and support 
th is kind of recursion . O ther system s (e.g. System-R 
[ASTR76]) do no t have th is shortcom ing.

Hence, our operational code to  im plem ent EXEC 
spawns a  sep a ra te  copy of th e  INGRES code and  passes 
th e  QUEL com m and to  th e  spawned version for 
execution. R eturned  d a ta  is red irec ted  through the 
INGRES which did th e  spawning to  the  u se r who ran  the 
original com m and. Since th e  passed  com m and can be 
ano ther EXEC, th e  to ta l num ber of spawned INGRES'S 
can  inc rease  w ithout bound. C urrently , th e  com m and is 
passed  to  th e  spawned p rocess as a  ch a ra c te r  string and 
all query processing step s a re  perform ed a t  ru n  tim e by 
th e  second  process.

We are  cu rren tly  im plem enting QUEL as an ADT. 
This d a ta  type is in ternally  re p re se n te d  as a  ch a rac te r 
string. Storing a  p rep ro cessed  version of the  com m and 
would en tail a  g re a t deal m ore code. O perators which 
re tu rn  a re su lt of type  re la tion  will s to re  the resu lt in 
th e  d a ta  base and re tu rn  the nam e of th e  object. This 
re su lt can  be  involved in fu r th e r processing or re tu rn ed  
to  th e  user. In the la t te r  case, it  is the responsibility  of

the in tem al-to -ex ternal conversion routine to accep t the 
relation  nam e, access th e  d a ta  base  and re tu rn  tuples to 
the calling program  or user.

No though t has been  given on how to optim ize QUEL 
com m ands extended with th e  operators of Table 1. 
In tegrating these  new functions into query processing 
heuristics is left for fu ture  research . The design of a 
program m ing language in terface  supporting th e  objects 
g en era ted  by our proposal also rem ains to  be studied.

VIII CONCLUSIONS
This p ap er has proposed a  novel use of a b s tra c t da ta  

types and extended  QUEL with th ree  additional fea tures. 
These extensions support added  power, re fe ren tia l 
integrity , varian t records, d a ta  base procedures, 
generalization  and aggregation in a single facility.

Our proposal has points in com m on with GEM which 
supports new d a ta  types corresponding to  "po in ter to  a 
tuple" and "set of values". Moreover, generalization  
h ie rarch ies are  supported  and range variables can 
conveniently be defined over en tities in th is h ierarchy . 
Our proposal effectively supports both of GEMs new data  
types as special cases of th e  QUEL ADT. Moreover, 
generalization  is cleanly supported. Only GEM’s use of 
range variables is no t contained in  our proposal.
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