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Example 6-4. 

The query 

get x.LAST-NAME. x.BIRTH-DATE where xis a PATRON 

produces a two-column printout with headings LAST-NAME. BIRTH-DATE 

7. SD-calculus with aggregate operations: sum, count, average 

Defined here is a second-order extension to enable set operations. such as summation. counting, 
etc. This is done by extending the syntax of expression with the following summation 
quantifier. To make it clearer, we first use a common two-dimensional mathematical notation. 

, and then translate it into the linear notation of the language. 

Example 7-1. 

L expression t 
variables 

where 
condition 

The number of pairs (wailer, table) where lhe waiter serves lhe table. 

I: 
waiter,rable 

where 
wailcr SERVES !able 

5 
(In lhe above fonnula, " I" is a constant function. Thus, e.g. 1: I equals 5. 

; : 1 
Adding up the constant " I " is thus lhe same as counting the object pairs satisfying 
the condition under lhe sum.) 

The variables under r arc quantified by the summation symbol. In addition to these l'Ori
ables. the condition and/or lhe expression 1 may depend on other variables. 

Example 7-2. 

The sum of the sati sfaction grades given by patron s. The sum depends on OJC 
variables, meanings remains free in the swn . 

L meal.SATISFACTION-GRADE 
meal 

where 
meal is a MEAL nnd 

meai.SATISFACfiON-GRADF2{) ond 
meal TilE-PATRON s 

(The sub-condition "SATISFACTION-GRADE?.O" is used to ensure that only 
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existing grades arc taken into account. Absent grade would fail this condit ion 
according to the algorithm of interpretation of nulls defined in a previous sec
tion.) 

llllerpretation : 

Let e be an expression, and let $(x t• · .. .XnYt• ... ,yk) be a condition. Then the follov 
ing is also an expression (it depends on the variables Y t, ... , Yk ): 

x,, ... . :c .. 
whtrt 

Q(x I • . .. • x, ,y I• · · · • Y• ) 

When all the parameter-variables y 1, ••• , Yk arc interpreted as some fixed objects. 11 

sum yields a number. TI1is number is t11e result of summation of the values of e co1 · 
puled for every tuple of objects X t• .. . , Xn satisfying $(x I• •. . , Xn ,Y t• . . .. Yk) 

TI1e L acts like a quantifier for X t• . . . ,Xn. TI1erefore, though 01e sub-expression e d" 

depend on Xt .. .. , xn . 01e whole r expression does not. The variables >'1• ... ·Yn rc111 :. 
unquantified. 

Altemative (linear) notation (we would not use lhe two-dimensional notation of r in a real WI • 

puler language): 

sume 
for x 1, ... ,Xn 

where$(x 1, •.. ,Xn·YI• · · · .Jk) 

Abbreviation. When x 1, . .. , xn arc exactly the variables on which the expression e dcp.·, , 
(that is. all X; and none of)'; appea r free in the expression e ). the for clause may be 011 1 
ted: 

sum e where$ (x 1 .. ... Xn • Y 1 .... . Yk) 

Example 7-3. 

For every patron who prefers most the Presidential Table, print his last name and 

01e sum of his satisfaction grades. 

get 

patron.LAST-NAME. 

(sum meai.SATISFACTION-GRADE 

where meal THE-PATRON patron) 

where 

patron is a PATRON and 
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(patron.PREFERS-MOST TABLE-NAME 'Presidential') 

Abbreviation for count: 

count x 1 ..... x. where ip (x 1 ... . , Xn. y 1 ..... Yk) 

stands for: 

Example 7-4. 

How many patrons are there in the dining-club? 

get (count p where pis a PATRON) 

Abbreviation for average: 

average e ... 

stands for: 

(sum e ... ) I (count e ... ) 

Example 7-5. 

What patrons give average satisfaction grade below 60? 

get p.LAST-NAME 
where pis a PATRON 

and 60 > (a ,·erage meai.SATISFACTION-GRADE 
where meal THE-PATRON p) 

8. Shorthand notation for n-ary relationships 

Example 8-1. 

Often we need to specify a condition like: 

The waiter i worked for account c in shift q . 

In SO-calculus U1is can be stated as: 

exists party in PARTY: 

party THE-WAITER i and 

party THE-ACCOUNT c and 

party THE-SHIFT q 
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11Je above statement can be written in a shorthand notation as: 

PARTY (THE-WAITER: i, THE-ACCOUNT: c. THE-SHIFT: q) 

Abbreviation: 

category (relation 1 : expression 1 ..... relationk : expressionk) 

stands for 

exists x in category: 
(x relation 1 expression 1 and ... and x relationk expressionk) 

9. SO-Calculus for transactions 
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Ths section shows how SO-calculus can be used to specify transactions- creation of sets of 
objects. categorization and decategorization of objects. relating and unrelating objects. and so 
on. 

A transaction in SD-cakulus need not be restricted to U1e relationships of one object, but can 
work on sets of objects. One single operation can create a set of new objects, place them in 
categories, and relate U1em to different existing objects by several relations. 

Creation of new abstract objects and relating them to existing or concrete objects: 

insert into category (relation 1: expression 1 , ... , relationk: expressionk) 

where condition 

If no where clause is specified then only one new abstract object is created. Ths object is 
put into U1e category and related by U1e relations to the values of U1e expressions. 

Example 9-1. 

Create a new table named 'Tulip' 

insert into TABLE (NAME: 'Tulip ') 

Some of the names of the relations may be identical. This allows one object to be related 
to several objects by one relation (many-to-many or one -to-many.) 

If where clause is specified with a condition on variables .r 1, .. . . Xn. UJCn for every tuple 
of values of the variables satislying U1e cvnduion. one new object is created and rdat,·d 
accordingly. 

Example 9-2. 

Arrange for the Presidential Table's most preferring patron Jack Johnson to parti
cipate in the party dining at U1e IBM 's expense and served by Waiter Smith in U1C 
evening shift of 1-Jan-88. 

insert into MEAL (THE-PATRON: s. THE-PARTY: party) where 

sPREFERS-MOST NAME 'Presidential' and 

~ . - ~· · ... - - ------------
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s.LAST-NAME='Johnson' and s.FIRST-NAME='Jack' and 
party.THE-SHIFJ.DATE= 1-Jan-88 and 
party.THE-SHIFJ.PERIOD=' Evening' and 
party.TIIE-ACCOUNT.NAME=' IBM' and 
party.THE-WAITER.LAST-NAME='Smith' 

TI1c variables on which the condition depends must be U1ose on which U1e expressions 
depend. 

Example 9-3. 

Arrange for all Presidential Table 's most preferring patrons to participate in the 
party dining at the IBM's expense and served by Waiter Smith in U1c evening shift 
of 1-Jan-88. 

insert into MEAL (THE-PATRON: s. THE-PARTY: party) where 

s.PREFERS-MOST NAME 'Presidential' and 
party.THE-SH/FJ.DATE=I -Jan-88 and 
party.THE-SHIFJ.PERIOD='Evcning' and 
party.THE-ACCOUNT.NAME='lBM' and 
party.THE-WAlTER.lAST-NAME='Smith' 

when the insert statement calls for an inse rtion of a new object while there is already an 
object having the san1c relationships as U10se of U1e new object . U1c new object is not 
inserted. 

Example 9-4. 

If the table named ·Management· already exists. U1en U1c following command pro
duces no effect: 

insert into TABLE (NAME: 'Management ') 

Connection between existing abstract objects. between existing abstract objects and concrete 
objects. between existing abstract objects and categories: 

connect fact t ... .. factk [where condition) 

Each fact, is ciU1cr 

expression; category; 

or 

e.rpression; relation; expression "; 

lmerpretation: 

If no where clause is specified, U1e values of the expressions arc related by U1e rela
tiOJIS and/or categorized by the categories. 
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If a where clause is specified with a condition ljl on variables x t, ... , x • . U1cn fur 
every tuple of values of the variables satisfying ip the values of the expressions arc 
related and categorized as above. 

The variables on which the condition 4l depends must be those on which the cxprcs · 
sions depend. 

Removal of connections and removal of objects: 

disconnect fact t .. .. . factk [where condition[ 

Interpretation: 

If no where clause is specified, the values of the expressions arc unrelated and/or 
dccategorizcd . Objects that arc removed from all their categories. arc removed frum 
the database. 

If a where clause is specified with a condition ljl on variables Xt, . .. ,x. , then for 
every tuple of values of the variables satisfying ip UJC values of the expressions arc 
unrelated and decategorized as above . 

The variables on which the condition depends must be those on which the exprcs· 
sions of the facts depend. 

Correction of facts : 

update fact t .. ... fac tk [where condition) 

This is a combination of disconnect and connect. Before a connection aRb is made . tl•c 
relationships aRx are removed for every x. 

Example 9-5. 

Increase by 10% all the grades given to Waiter SmiU1. 

update meal SATISFACTION-GRADE l.l x mcaiSATISFACTION
GRADE 

where meai.THE-PARTY.THE-WAITER .LAST-NAME='SmiU1' 

10. Query forms 

Often the user.; ask similar queries which differ only in the values of some parameters. It i' 
desirable that such queries be predefined in parametric fonn. and U1c tiJC -uscr.; would supply 
only UJC values of t11c parameters. 

Example 10-1. 

What arc U1e satisfaction grades of the patron whose name is x. where x is supplied 
by the end-user when tl1e query runs? 

Such a predefinition is called a ' query in parametric form · or ·query form ·. It saves time on 
specification of similar queries. and allows the less-sophisticated end-users to usc queries which 
can be specified only by more sophisticated users, such as programmers and analysts. 
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In SO-calculus, query fonns arc specified by the following syntax: 

depending on parameters 
get expressions 
where condition 

111e condition and the expressions may depend on the parameters. 

Example 10-2 . 

What arc the satisfaction grades of the patron whose name is x, where xis supplied 
by the end-user when the query runs? 

depending on x 
gel e.SAT1SFACTION-GRADE 
where e.THE-PATRON.LAST-NAME = x 

11. Implementation 

We have implemented this language under the UNIX operating system. We have developed an 
experimental translator from this language into C with subroutine calls to our experimental 
semantic database management system. We have also implemented another translator for a 
large subset of this language under the MS-DOS operating system. The latter translator is 
intended for personal computers. 
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