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1. IITIODUCTIOI 

in Inferential Computer consultant is being designed 

and implemented at the Uniyersity of Illinois br a researcA 

qroup headed by Professor R.S. Sicaalski. The computer 

consultant is intended to extend the capabilities of current 

information systems by including deductiYe capabilities and 

introducing inducti"e capabilities. Induction is performed 

using Variable-'alued Logic techniques [1] on sets of facts 

called e"ent sets. These ey.nt seta are most natura~ly 

stored using relational tables as proposed br Codd(2]. 

In the Variable-Valued Logie system 'L1[J] an eyent is 

an ordered list of yalues of a corresponding list of 

descriptors. An eYent set is simply a set of e'fents 

corresponding to one list of descriptors. It therefore 

seems natural to represent an e'fent set by a relational 

table, Ihere a row (or tuple) corresponds to an e"ent &nd a 

column (or domain) corresponds to a descriptor. In order to 

allow for the creation and manipulation of these re~ational 

tables, a data base sublanguage (intended to be a subset of 

the entire language for communication vith the computer 

consultant) has been de'feloped. The description of this 

sublanguage is the object of this thesis. 
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The design of tbe sublanguage vas begun br Professor 

!ichalski for a course he taught on information srstems at 

the Dniversitr of Illinois in the spring of 1976 after he 

became disencbanted vitb some of the avkward constrQcts of 

Coddts relational data sublanguage lLPa&[~]. The basic 

design vas taken fro~ a combination of &LPH& and the 

language YL1. This basic design vas then organized and 

extended by the author. 1 computer program to implement tbe 

sublanguage vas initiated by Trevor Borgan, Greg Lyons, and 

larren Emery as a semester project for the information 

syste~ course and is being continued bJ the author. 
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2. DISCBIPTIOH or TRW S08Ll.GOIGE 

The YL data sublanquage baa instructions for creatinq, 

retrievinq, and modifying relational tables plus some .hich 

use ezistinq tables for tbe purposes of induction or 

deduction. The instructions wbicb makeup each of these 

cateqories are ezplained in detail below. 

Relational tables are created and ezpanded by two 

instructions, the OBrIIB and tbe 100. Tbe OlrI11 

instruction is Qsed to define the characteristics of 

relational tables. Tbe keyword 87 following DBPIW! signals 

that the user is defining relational tables, vbile tbe 

keyword EYENT in tbat position indicates that tbe user is 

defining events, vbicb may be thought of as relational 

tables vitb only one row; if no keyword is given (following 

DEFII!), tben RT is assumed by default. 

In defining a nev table, the user specifies the table 

name, the names of tbe descriptors (vhich are the column. 

beadings for the table), and the names of those descriptors 

(if any) vbich make up tbe key of the table. The key is a 

subset of the descriptors v~ich can be used to identify a 

qiYen event; the key Must be unique from one event to 

another. Usually there is only one descriptor in the key, 

altbouqb any number of tbe descriptors may make up the key_ 

These descriptors should be the first given in the 



descriptor list (in tbis definition) and sbould occur io the 

same order in tbe descriptor list as t.e, do in tbe kef 

list. Por example in defining a relational table T witb 

descriptors 1, B, C, 0, and 2, if tbe ke, is C,O. then the 

table would be defined using the instruction: 

OBPIN! T(C,D,l,B,!) K!!:=C,D !ID 

This table, as defined aboY., will be used in exa~ples 

tbroughout tbis caapter. Tbe table nama (T, in this case) 

should not be used any.bere else as a table name, an eyent 

name, a descriptor name, or a Yalu. name, and must be 

distinct from the keywords of the sublanquage. The aaMe 

restrictions bold for the descriptor names except that the 

same descriptor may appear in more tban one table. Bore 

tban one relational table ma, be defined in the aaae DE'IN! 

instruction (wbich is delimited br tbe te,worda DerI11 and 

EID) si~pl, by listing tbe definitions one after another 

(the optional keyword IT occurs onl, once, after tbe word 

DEPII!). 

In defining a new eYent, the name of tbe e.ent is giYen 

followed by tbe descriptor names and their corresponding 

yalues. I yalue may be giYeo as an integer, a real number, 

an arithmetic expression of integers and reals, a cbaracter 

string (enclosed in single quotes), or a yalue nama, wbich 

is an alphanu~eric string which begins vitb a letter. The 
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restrictions on the name of the eyent are tbe same as those 

for that of a nev relational table. the purpo.e of defining 

an event is so that it may later be added to so•• relational 

table; hoveger~ tae relational table ne.d not eJist prior 

to defining the event. Similarly, the descriptors andlor 

their corresponding values Deed not exist at this 

time--using new descriptor (value) names in a DI1II! Bllir 

instruction establishes them as descriptors (values). Bore 

than one event may be defined in one 011111 instruction by 

listing definitions one after another (the kef.ord .'IMT 

occurs only once~ after the word D~1IHB). A typical 

instruction might be: 

DElIHI IVENT 

!1:= (A:=10,8:=2.3+5.7,D:-tlSLI,C::·GOOD DIY') 

!2:= (8::71.1~SIZB:=LAaGI,illGHT:.185) 

BID 

The 100 instruction, which is used to add eYents to 

relational tables~ has three forms. Tbe first. which would 

usually be used vhen originally setting up a relational 

table~ offers tbe capability of adding many events to one 

table in the same instruction. After specifying the name of 

the relational table to wbich the events are to be added, 

the user is placed in insert mode~ Which the'user ultimately 

terminates by typing tbe word BND. Prior to typing B»O, the 
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user enters the .alae. for eack of the descriptor. in e.c~ 

e.ent to b. added: the .a10•• within eack e.ent are entered 

in th. same order that the corre.ponding descriptors .ere 

entered in the DBrII! instruction for t~at relational table 

(thus the descriptor n••e. need not--and .uat not--be 

specified). 1 typical instruction algat be: 

ADD TO T 

(NOI.CHAIB.6.45.2.42) 

(81ID,DISI,7.36.0,29*37) 

(THIIG.LIIP,23,29.1,16) 

END 

These three e.ents would be added to the end of T. The 

second e_ent demonstrates the use of an arithmetic 

e%pression ("29*17") a. the .alu. of the descriptor I. 

The second form of the ADD instruction is similar to 

the first except that only one e.ent is listed and it i. 

entered before the naae of the table to .aich is is to be 

added. Ilso, since only one e.ent is 9i.en. the keyword END 

is not needed. This form is intended to be used to easily 

add a single e.ent to a table. 1n example of this form 

would be: 

ADD (LE1T,S01A,21,14.2,0) TO T 

http:NOI.CHAIB.6.45.2.42
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The third form of the lDD instruction is identical to 

that of the second except that instead of gi.ing the .alue. 

of an eYent, tbe naMe of a pre.iouslr defined event (defined 

using a DB1II! EY.IT instruction) is given. Tb. order of 

the descriptors (and their corre.ponding values) vhich .as 

used in tbe DEPIM8 EY!MT instruction need not be the sa.e a.s 

tbat vbicb vas used in tbe 011111 aT instruction. lot all 

descriptors in tbe relational table need appear in the event 

to be added (tbe corresponding values are left uodefined); 

boveyer, tbe eyent must not baye any descriptors waich are 

not in tbe relational table. Tbus, to add the e.ent E1 (as 

defined aboye) the user woald enter tbe instruction: 

ADD 81 TO T 

HOTE: in this case, tbe yalue of the descriptor 8 for tbis 

event is undefined. 

Normally, tbe event or events to be added by any of tbe 

tbree forms of the lDD instruction are inserted at tbe end 

of tbe table. Tbe user may, bovever. indicate wbere in the 

table the event is to be added by specifying before or after 

wbich row (indicated b, tbe rov number) be wisbes it to be 

added. This specification is in tbe form of a simple VLl 

condition (only one selector is necessar". Par e ample, to 

add the event 81 to the beginning of table T, tbe 

instruction would be: 
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lDD B1 TO T:[IOi < 1] 

There are tMO retrieval instructions, GET and LET. 

They each create a new relational table from data in one or 

more relational tables. The relational table created in a 

GET instruction is printed oat at the us.r's terminal, while 

the table created by a LIT instruction is only stored. 1 

label must be assiqned to tae table created br a LET 

instruction: this label becomes the name of the relational 

table. In- a GET instruction. the label is optional; if it 

is qiven, then the retrieved table is retained (by the 

system) under the name given as tbe label: if it is not 

given, then the table is destroyed after being printed out. 

(This is the reason the laDel is required for the LIT, since 

,a label-less LET Mould not serve any purpose; the LET is 

used to create a table, to be used later••ithout having it 

prin~ed oat.) Those tables created by GBT instructions which 

are labeled and all those created by LET instructions are 

treated as those relational tables created by DE1III and ADD 

instructions; the exception to this is that those created 

by retrieval disappear at the end of the session unless the 

user indicates be wishes a particular table to be saYed. 

The SAVE instruction is used for this purpose; the user 

types SlVE folloved by the n••e of the (retrieyed, table he 

vishes to save. Thos if NIWT1S had been a label on a GET or 

~ET instruction, it vould be made a permanent table in the 
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data base by the instraction: 

SIV! IEV'!18 

Pollowing the (possibly optional) label" tbere is . vbat 

shall be called a relational table condition" which is 

composed of tvo parts: a relational table expression and a 

condition on that eIpression. tbe table expression 

specifies vhicb descriptor or descriptor froa wbich table or 

tables are to be used in the retrie,al. If tbe descriptors 

are from more than one relational table" then the 

descriptors are extracted from the join of the tables 

specified in the retrie,al. The join of tvo relational 

tables (whicb must share a common descriptor, is defined as 

anev relational table ha.ing as descriptors the union of 

tbe sets of descriptors from the tvo tables and eacla of 

whose e,ents is formed by concatenating an e.ent from the 

first table vitb an e.ent from the second table wbich bas 

tbe saUle .alue for tile co_on descriptor (if for a qi,en 

.alue of tbe common descriptor the first table has. e,ents 

vith that .alue for the coamon descriptor and the second 

table has • events ~ith that ,alue for the comaon 

descriptor, ~hen the joined table has S., e.ents vitb that 

,alue for the common descriptor). The join of K tables (I > 

2) is defined as tbe join of tbe first table with the result 

of joining the last 1-1 tables. Specif,inq a subset of the 
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descriptors of a relational table (the join of two or more 

relational tables) causes the formation of tAe projection of 

the full table (10ined table) by extracting onl, those 

descriptors specified. Tbe user may al.o form an expression 

using the set theoretic operators w._ (union" "-" 

(intersection" and --" (difference): in these cases the 

tvo tables being operated on must haye the same descriptors 

and in the same order. 

If no descriptors are specified (i.8. the name of a 

relational table, or tbe union, interection, or difference 

of two relational tables, is giyen vithout specifying any of 

its descriptors" then the full set of descriptors from that 

table is retrieyed. Alternatiyel" instead of specifying 

some descriptor. a fanction of that descriptor may be 

specified. The ayailable functions are: III (minimum" SlX 

(maximam, , 1 YG (aYeraqat, SO", COUll! (cardina lit 1), and 

DO"AIH (the set of all yalaes--from an, relational 

table--vhicb are in the domain of that descriptor). Bather 

than retrieving all the yalues for that descriptor, the 

specified function is applied to that descriptor, and tbe 

result of that function is what is "retrieYedw• The 

following are all valid relational table expressions: 

T All of table T 


T(A,S) Descriptors A and 8 from table T 


(T. C) Descriptor C from table T 
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(T.C.ft.l) Descriptor. C and X froa t~. join of table. 

t liD T1' 

T+O (1. C) Descriptor. 1 aDd C fro. t~••nion of 

table. t and 0 

T*U (81 Descriptor B froa tbe intersection of 

tables l' and U 

(SUK(T.l).l.G(1'.B») 

, 
The condition, wbicb is optional, .pecifies wbicb 

events from tbe relational table espre.aioft are to be 

retrieved (all of them, if no condition is specified,. the 

condition is separated fro. tbe relational table ezpre.aion 

by a colon, whicb haa tbe aeaning "Bacb tbat". Tbe form of 

tbe condition is taken fro. tbat of a foraala in the .L1 

loqic system(3]. 1 condition is tbe disjanction of one or 

more terms, eacb of -hicb is tbe conjunction of one or More 

selectors. In 'Ll a selector baa tbree parts: tbe refere., 

whicb is tbe name of a ~e.criptor. a comparison operator 

("<". "<a", "_", "lOT _ft, ">-". or ">"). aDd tbe reference, 

wh.icb is a list, each of wbose alealenta ia eitber a sinqle 

value or a ranqe (wbicb is denoted bJ tbe lower bound. a 

colon. and an upper boand). 1 selector is said to be 

"satisfied" if the value of tbe descriptor in tbe referee 

has the proper relationship (indicated bJ tbe comparison 

opecator. to the 1'alues in tbe reference (for "a", it is 

satisfied if the value of the descriptor is is eqaal to a 
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value--or within some range of some range--in the reference; 

for "HOT =", it is satisfied if the ,alll8 ot tbe descriptor 

ia not equal to an, of the v&lues--an4 is not witbin an, 

range of values--in the refecence; for t~. other operators, 

the reference asuall, onl, haa one ,alae, in which case tbe 

,alae of tbe reference is compared to tbat v.lae). !zamples 

of selectors are: 

( 1,.5 ] 

(8)7 ] 

(C MOt- TOP,BOTTOft] 

(T.!(=7.3]. 

In the condition of the data base suhlanguage, the form 

of tbe selector is somevhat ezpan4ed from that ased in it1. 

The form used in Yt1 ~orresponds to the first form of the 

selector in tbe sublangaaqe; bove,er, the sublanquage has 

tva additonal forms. The'firat of these allovs a relational 

table condition as tbe referee and another as the reference. 

In this case tbe comparison operators become set theoretic 

comparison operators, vhere tbe relational tahle conditions 

are treated as sets of e'ents (V bich the, reall, are),' and 

with "<", "<=", ">=", and ">" denoting subset and superset 

operations. Ezamples are: 
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(8) <- 'f'f+O(P):[P)1011 

The first .xa.pl. tasts .~.taac or not tb. ralational table 

composed of column 1 from tbe tabl. t ha. tk. saa••alu.. as 

column 1 from the ralational table Ilit (i ••• tha tvo 

columns. treated as sets. ace co.parad for .••t 8qualitr) • . 
The second example teats vhathar or not tbe relational table 

composed of column B from ralational tabla t (vbich need not 

be specified if it is the onl, tabla with B as a descriptor) 

1s a subset of tha ralational table vhich is co.posed of all 

yalues of tha descriptor r from tables TT and 0 (i.e. from 

the uni~n of 'l"'l' and Ot whlchare, qr:eater than 10. 

In the final for:m of tbe salector.· tbe refer:ee is a 

5in91e eyent and the reference is a r:elational table 

condition. the comparison operators allowed are II and lOT 

IB, and tbe comparison is vbetber or not the e.ent specified 

as the referee is ln (not,in) the relational table specified 

by the relatianal table expression in the refarenca. Some 

examples of selector. of tbis form are: 

[(3.2,S.2) II 01 


[(T1BLE.1BIt) NO'!' IN T(C.D):[T.l-S]] 


1 term is satisfied it and only if each of its 

selectors is satisfied. and a coodition is satisfied if and 

on11 if at least one of its ter•• ls satisfied. Por each 



event in the relational table e.pre••ion, the con41tlon ia 

applied to the values of that e.ent; if the condition is 

satisfied, then that e.ent is retrle.ea and is included in 

the resultant relational table. 

There is another type of relational table condition 

which is called the image set. It is the set of all values 

of a descri~tor (this set is really a relational table) 

which appear in events vith other qiven values of 

descri?tors'in the same relational table. Tbus 

(A:B=5) 

is the Set of all "s such that B is 5. Another useful form 

is vhere the descriptor (or descriptors) to the'right of the 

. colon is not gil'eR specific values but is • descriptor being 

retrieved, for exaMple: 

(1: B) 

vbere 8 is a descriptor beinq retrie.ed. is the set of all 

A's corresponding to that B. 

1s can be seen, the retrieval instructions bave quite 

sophisticated capabilities. As a result they may sound 

complicated; bOlle.er, most retriel'al. are simple and can be 

elpressed simpl,. asuall, only the descriptors from one 

http:bOlle.er
http:retrie.ed
http:retrle.ea
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table are specified; usaally the condition has only one 

term and this term bas only one or two selectors; usually 

the selectors are of tke first form and only Qse the 

comparison operators -.- OC "lOT .- vitb only one yalue in 

the reference. Thus a typical statement vould be; 

G!l' l' (A, B) :( B-5) 

Kore complicated retrieYals can frequently be simplified by 

breaking them into seYera~ LET instructions folloved by a 

GET (this does not Yiolate tbe principle of 

non-procedurality, whicb vill be discussed in Chapter 3: 

the user is 1ust specifying tbe order in vhich the 

retrieyals are to be done, and tbis order IMy lIore closely 

correspond to tbe order in wbich ha thinks of the query) • 

more sophisticated Qsers will like the flesibil itl of the 

condition, and vith a little e.periene. vill be able to 

specify any retrieYal be visbes in a single G!T. The user 

bas the freedom to choose which of these methods he prefers. 

A more complicated instruction would be: 

GET TB:=T-U(l):[ 8.2,10]( D NOT-L!G] OR (B<5] OR 


[C=YES ,PI V!] 
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1 GIT instruction is u.ual~y used to print o.t part (or 

all) of a single relational tabl.; t •• table t would be 

printed Qsing the instruction: 

GET T 

1 LEt is usaally used to Mate a copy of part (or all, of an 

existing relational table or to store a t ••porary result to 

be used in the next retrieYa1 instruction; a copy of the 

table T could be mad. using tbe instr~ction: 

LET ItEiT::T 

Both the GEt and LIT, boweyer may b. used to perfora more 

complicated retrievals. lore exaaples are provided in the 

next chapter. 

There are two instruction whick are used to alter the 

existing data. in tile d.&ta base. On. i. t be CHARGE 

instruction, whick is a.ed to modify given entries in 

relational tables by replacing current yalae. by new yalues: 

the structure of the data base is not changed at all. Tke 

other modify instruction is tbe DELETE, which deletes 

current events or descriptors (or any coabination of events 

and descriptors) from an existing relational table. 
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Tbe CRAIG! instruction is reall, a compound 

instruction. It ia deli~ited b, a CHllGE stat.ment and and 

END statement. The CRllGI atate..nt specifies vhat 

subtable, ot list of subtable., ma, be modified lithin the 

CHANG! instruction. Bach aubtable is specified by a 

relational table condition. Although this expression may be 

as general as that used in a retriewal instruction, only 

those expressions which extract a subtable from one existing 

relational table make sense. Specifying a subtable to be 

changed wbich is deriwed from ~ore tban one relational table 

is analogous to passing an expression (in some programming 

lanquaqe) as a parameter to a procedure and haYing the 

procedure modify the formal parameter for the purpose of 

modifying the actual parameter: tbere is no corresponding 

wariable in the calling routine to modify 1 Tbe CHlRG! 

statement in the CRlNGE instruction causes the creation 

(retrieYal) of a subtable or list of subtables. These 

subtables are operated on (cbanged), witbin tbe CftlRGB 

instraction, in the user's workspace: at the end of the 

. CHANG! instruction, the modified values are copied back into 

the relational table from wbich it vas extracted (if the 

subtable had been extracted from the join of tva or more 

tables, there would be no corresponding table to return the 

changed values to; the join is just a calculated table 

whicb is deriYed from yalaes in tbe data base but does not 

really exist as part of tbe real data base). Within the 
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CHANG! instruction tke user mar use assignment statementa to 

modify existing entries in that subtabl. (or aubtables). 

Each assignment statement may optionall, aa,e a condition 

modifying it, specifring for whicb e,ents that descriptor 

(vhich is being assigned to) is to be modified (i.e. an 

entire column may be modified). If the condition specifies 

row 0, then tbe name of the descriptor is modified in that 

tab lee Within the CHANGE instruction, in addition to the 

assignment stateMent r the user is allowed to use a DISPLAf 

statement and a" GET statementrwbich is restricted form of 

the GET instraction. The DISPL1Y statement is used to 

display the' current ,alue of the subtable (or sabtables) 

being changed. Tbe GET statement is restricted by not 

allowing it to bawe a label; its purpose is only tor that 

of d!splay (e.g. to display the ,alues in the original 

table from which tbe changed subtable vas eztracte~ and not 

for the purpose of creating ne. tables. 1'0 terM inate the 

CH1NGE instructionr the user enters eitker tbe key.ord 110 

or the keyword ABORT. EVD caeses tbe subtable (or 

suhtables, in the user's workspace to be copied back into 

the origlnal table (or tables,; 1 BOlT prewents this 

updating from being done.' 1 sample instruction would be: 

CHANGE t(l,B,:(8)2.3] change only descriptors 
and only for those rovs 
a is greater than 2~3 

1 and B, 
vbere 

B:a8+1.2 add 1.2 to 8 in ewery row 

A:=5 : {l<91 change tbe ,alue of 1 to 5 in only 



19 

tbose rows wbere A is less tban 9 

OISPLAY now display the table 

GET T(1,8):[8)2.3] display the original subtable 

A:=3 : (ROi=lO] change the value of descriptor 1 
in row 10 to tbe new valae 3 

END 

The DELETE instruction is used to e~tract and dispose 

of a subtable from an existing relational table (the 

subtable may be tbe entire table). The sUbtable to be 

deleted is specified by a relational table condition, but as 

in the CHANG! instruction, the specification of only tbe 

sabtable from one e~istinq relational table makes any sense. 

If an entire column is specified (i.e. a descriptor given 

witbout a condition) # tben that entire column is removed 

from tbe table, and tbe table now bas one descriptor fewer. 

If onl, some of the e,ents for a given descriptor are 

specified, then those entries in the table ace left 

undefined. If all the descriptors for a given event are 

deleted, then the event is removed fcom tbe table. If a 

relational table is specified witbout specifying any 

descriptors or a condition on the rovs, then the entire 

relational table is disposed of (and its name is freed' and 

may be reused for any purpose). Thus tbe DELETE instruction 

can serve any of four different purposes: 

1. 	 To destroy an entire relational table, for example: 

DELfT! T 
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2. To delete a set of descriptors from a relational 

table. 	for ezample: 


DEL ET'! T (1, C) 


3. 	To delete a set of events from a relational table, 

for ezample: 
. 

DELETE T: [ 1011=2, 10] 08 [1.;:5] 

4. To erase certain entries in a relational table, for 

example: 


DELETE T(B,D): (B>7][ O.;:IIPJ] 


-
All four are specified using tbe same basic form but differ 

in their specification of what to delete. 

Th~ INDUCE instruction is used to induce a set of 'L 

decision rules for a descriptor based on knowledge wbich the 

system has stored in tables. This knowledge ma, be in the 

form of relational tables of e.ent sets, tables of 

previously derived rules (either induced or fed into the 

system,. or an, combination of event sets and rules. Por 

each relational table, tbe user ma, specify wbich descriptor 

is to·be used as tbe class specification (the value of that 

descriptor in each event is tbe class to wbich tbe event 

belongs) or that all events from that table belong to a 

specified class (which does not correspond to any descriptor 

in the table,. If no classes are given for any of the 

tables. and if tbe descriptor Yhicb is to be induced is not 

in an, of the relational tables, then the rule which is 

induced covers the set of events specified against its 
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inyerse (this is called UNICL1SS induction [5]). If there 

is a mixture of event sets and. rules, then tbe rule formed 

is by feedback learning [6]. The user May specif, vhat 

induction technique to use in fo~ing tbe rule; if none is 

given. and none of the aboye cases applies. tben tbe 

standard AOVAL method [1,7] is used by default. The options 

wbich rna, be specified are SY!!!T81C [8] and AOJ1L; the 

user may also specif, either of ONICLISS or PEEDBACK. but 

tbese sbould not be necessar, since the system can figure 

out which of these to use based on wbicb types of tables are 

specified. Tbe user may also specify yalues of parameters 

to be used in ranning tbe induction program; the 'alues of 

all other parameters are either by default or entered by the 

user in a program-driven conyersational mode (i.e. the 
. 

program asks for each yalue indiYidually). Some examples of 

this instruction are: 

INDOC! Rl:=C USING T 

INDUCE StftftBTRIC 82:=DISEISB USING T(CLISS=l),D (CL1SS=2) 

IHDUC! 84:=1 USING R3(RULE).T(CL1SS=1) 

The first instruction forms a rule for describing descriptor 

C of table T using the default (IOJAL) method and labels the 

new rule table "Bl". The second instruction forms a 

symmetric rule for a nev descriptor called DISEASE using the 

table T for ·examples of D1S£15£=1 and the table U for 
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eKamples of DISElSB-2; the resultant rule table is called 

"82". The thi~d eKample used the feedback learning method 

to fo~m a nev rule table called "a~" updating the old rule 

table 83 by using new facts from the table T, which uses 

descriptor A to specify the class of eacb ewent. 

The DEDUCE instruction asks that tbe walue of an 

unknown descriptor be deduced given a table of rules and 

optionally the walues of known descriptors. These values 

may either be qiven eKplicitly or else ~y come from a 

defined event (defined usinq the DEFINE EV EIT ins truction) • 

If the walue of tbe descriptor cannot be deduced vitA the 

given information, the system indicates this and mar ask for 

the required information, if it is known to tbe user. An 

example of the DEDUCB instruction is: 

DEDUCE C paoft R USIIG (2,10,STOVE) 

Here a previously derived rule 8 is used to deduce the walue 

o~ C using the event "(2,10,STOY!)": tbe orde~ of these 

values corresponds to the o~der of the descriptors used 

originally in forming B. 

There are tvo more instructions which do not make use 

of the data base bot are sometimes quite useful; tAese are 

CO~"ENT and HELP. CO"ftENT allows the user to enter a 

comment in order to document (fo~ his own purposes) wbat be 
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is trying to do. The program ignore. all text up to the 

symbol IND. 1 comment may also be entered (PL/1 style) 

between any 2 symbols by enclosing it vithin the delimiters 

"/... and ft*/". 

HELP asks for belp; the us.~ may either ask for an 

Englisb language explanation of an instruction by giYing the 

instruction name or may ask for the production rule from tbe 

grammar for tbe sublanguage for any nonterminal in tbe 

grammar (see Appendix 1 for a listing of the grammar) • Por 

example: 

HELP GET 

provides a description of the. GET instruction, whi le 

HELP <CONDITIOI> 

provides the production rule associated witk the nonterminal 

(CONDITION> (whicb is the nonterminal wbich derives all iL 

conditions). 



3. CO!P1BISOY WITH OTRla SOaLliGU1GBS 110 IXA!PLIS 

The tL Relational Data sublanguage is modelled after 

the relational sublanguage lLPHA ['1 and tbe YariaAle-Yalued 

Logic language Ytl [3]. YLl vas chosen as a model for tvo 

reasons. The first is that the' sublangu&g_ is intended to 

be a subset of a full langua~e for communication vita the 

Inferential Computer Consultant. The basis for the 

consultant is variable-valued logic and its language, Ytl. 

Since Vt1 must be used in other aspects of the s,stem--rule 

formation (induction, and rale processing (dedQction, --a .YL 1 

bas@j data sublanquage is the natural choice for the sake of 

consistency. In addition to this, Ytl very conveniently 

expresses the conditions wbich must be specified in data 

base operations (other sablanguages frequentl, call these 

conditions "predicates", since they are taken from Boolean 

• 	logic). Since ttl is the variable-valued logic extension of 

Boolean logic, much of the yt sublanguage is already similar 

to the data sublanquages vhich are based on Boolean logic, 

which include ALPH1. This similarity is most notable in 

simple retrievals, where the full pover of the YL 

sublanquaqe is not required; however, for more complicated 

retrievals, the VL sublanguage simplifies the specification 

of what the user visaes to retrieve. Tbere are several 

reasons that the iL sublanguage is often easier ta use. One 

is that a VL1 selecto~ allovs a list of values in the 



25 

reference. aost other sublanguage. on11 allow predicatea in 

which the value of a descriptor (wbicb ALPHA calls a dOMain) 

rna y be compa..ced witb a sinqle value; in these other 

languages, if all row. havinq an1 of several values for a 

given descriptor are desired, then a disjunction of 

predicates (if the sublanquaqe even allows disjuoction) must 

be used, wbereas in the iL .ublanqaaqe, a siogle selector 

may be used. ~his more closei, corresponds to the English 

lanquaqe, vhe.ce one vould say "z equals 1 or 3" rather than 

"z equals 1 or x equals 3". This simplification is a 

consequence of the use of variable-valued logic and the 

concept of a descriptor as a malti-valued logical variable. 

1 second simplification arises from tbe use of 

relational table conditions, which allows a secondary 

reteieval to be a subezpression of the primar! retrieval 

(i.e. in the second and third forms of the selector, which 

allow a relational table condition to be in the 

referee--onl, in the second form--aad the reference). This 

makes it easier to specify complicated retrievals in-a 

single instruction. The sublanguages SIQUEL [9] and SQUAR! 

[10] ~llow this sort of thing since they incorporate the 

idea of a relational expression, but the sahlanguages QUIL 

('1] and ALPHA do not. 
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The third and most important siaplification lles not in 

the actual syntaE of the sublanguAge but in the 

specification of the use of the sUblanguage. In all the 

other languages, tbe links betw••n tabl•• aast be .zplicitly 

specified. That i8, if tables " and T2 botb bave a common 

descriptor A and the user visbes to refer to. a descriptor 81 

in T1 corresponding (tbrougb common values of descriptor AI 

to a descriptor 82 in T2, tben the qQery vill Wlually be 

required to use the predicate: 

The VL sublanguage does not require this (although it maJ be 

specified if the user vishes to aid tbe s,ste. in finding 

this link); instead tbese links are automatically 

determined by the system (in fact, links longer than one 

table are also allowed to be iMplicit). This simplifies 

many retrievals and also simplifies the sublanguage: ALPHl 

and QUEL had to introduce tbe B1MG! statement and lLPHI also 

existential quantification for this purpose only. 

The remainder of this chapter will compare, through 

examples, the VL data sublanguage vith the sublanguages 

lLPHA, S2QU2L, SQ01R!, and QU2L.l11 these languages are 

based the relational calculus rather than relational 

algebra. That is, one does not specify, in a query, hov to 

.perform the retrieval (i.e. vhat operations must be 
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performed) but wbat are tb. cbaracteristics of the data 

which is to ~e retrieged (and tbe system takes care of 

determining vhat operations .ust be performed). This 

approach is easier for non-mathematically oriented GBer. of 

the sublanguage (and frequentlr for mathematically oriented 

users,. The specification of wbat to retriege more closely 

corresponds to the thougbt process wbich a Gaer must go 

througb when be decides vhat he vants retrieYed. thus these 

"non-procedural­ sUblanguages vill be the only ones 

considered bere. 

!he relational tables used in tbe following examples 

are taken from Pigure q.1 on page 6q of Date[12]; some of 

the examples are also taken from Chapter q of Date. these 

tables could be constructed i~ the 9L sub language usin9 the 

follo~in9 instructions: 

CO!"EM! DErIIE THE DESCRIPTORS IND KEt or THE SUPPLIEa aT 
END 

DEPIH! S(S.,SHAME,~T1Tos,CITt)KEY:=SI 
EHD 

100 TO S 
(S1,S~ITH,20,LONDO" 
(S2,JOHBS,10,P1RIS)
(S3,8Llll,30,P1RIS) 
(Sq,CL1HK,20,LOIDOI) 
(S5,lDlftS,30,ATRIIS)
END 

COM~EMT DEPIHE THI HT-S PliO SP BHD 

DEPINE P(PI,PNA!B,COLOa,i!IGHT) KEY:=P' 
SP(SI,Pt,QTY) KEt:-S',P' 

END 

COR"EN! NOV PILL II tHE TIBLE pEND 



28 

ADD to P 

(P1,1I0'f,BBD,12) 

(P2,BOI.'f,G8!!H,17) 

(P3,SCBIV,8LUB,11) 

(P4,SCBIW,BED,1') 


• (P5,CA!,BI.UI,12) 
(P6,COG,BID,19) 


BID 


COftK!HT ADD EVEIT5 TO SP !ID 

ADD TO SP 

(51,P1,3) 

(51,P2,2) 

(S1,P3,4) 

(S1,PII,2) 

(51,P5,1) 

(51,P6,1, 

(52, P1, 3) 

(S2,P2,4) 

(S3,P3,4) 


laiD 

ADD TO 5P 

(53,P5,2) 

(54,P2,2) 

(54,P4,3) 

(54, P5, If,


END 

100 (55,P5,5) TO 5P: 

tbese tables may then be printed out using tbe 

following GBT instructions (the following is taken fro. an 

actual run of the program implementing the IL language) : 

GET 5; 

s 
I-----------------~---------------------~-------II Sf , 5MUI! I STlTD5 I CIT! 
I-----------I-----------,-----------I---~-------I

51 SRITS 201 LOHDOM 

I 52 I JOBES 101 PlRIS 

, 53 t BLAKE 101 PABIS 

I 54 I CLARK 20 I LOIDOI 

I 55 I ADARS 301 lTREHS

,-----------------------------------------------1 



29 

G!t P: 
P 

'-~--------------------------~------------------t1 P' 1 PIAftl 1 COLOI 1 IIIGHT 
I-----------,-----------,---------~-t---~-------I1 P1 I NU!' 121110 
I P2 I BOLt' GSI!I 171 
1 Pl 1 Sca!I BLUB 17, 
I P4 I 5CREi RID 141 
I PS 1 CAli BLUI 121 
1 P6 t COG lED 191
1-----------------------------------------------, 

GET 5P; 

5P
1-----------------------------------1 

I st I PI 1 Q'.n 
I-----------I----------~J-----------I 

, 

1 51 I P1 ,I 31 
I S1 I P2 21 
I 51 I P3 I 41 
I 51 I P4 I 21 
1 51 I 1'S 1 11 
t 51 I P6 11 
I 52 I 1'1 •I 31 
I S2 I P2 I 4, 

53 4 1'3 I 41 
I 53 I PS 1 21 
I 54 I P2 I 21 
I 54 I PII I 31 
1 511 I P5 I III 
I 5S I 1'5 I 51 

Once these tables are created (vaatewer facilities tbe 

other sublanguages haw. for creating relational tables), 

they can be manipulated as follows in these examples (the 

formulation of the queries in SEQUEL, SQUABI, and gUEL, and 

some of those of ALPHA are those of the author, who 

apologi~es for any misrepresentation of these sublangaages): 

• 
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1. Goal: aetriere fro. S the aupplle~ number and atataa of 
suppliers in London. Label the ~••ult w. 

VL GET 1:=S(S',5T1T05):[CITt-LOIDOV] 

lLPHA GET 1 (5.S',5T1T05) :CITtw ' LOJDOI' 

SEQUEL W:S!LECT SI,5T1TU5 
PBO! S 
WHBR! CITYs'LONDOI' 

SQUARE W<-	 5 (' LOIDOI')
S.,5TATUS CIt! 

QUEL 	 RINGE: S (I) 
RBTHIEY!: 	 W:X.S',X.ST1TOS:I.CITYa'LOMDOI' 

2. Goal: 	 Retrieve all of S 

VL GET S 
or 

GET S(S',SNlftB,ST1TOS,ClTt) 

lLPHl GET if (5) 
or 

GET V(S.S',S.SHiftE,S.ST1TOS,5.CITt) 

SEQUEL 	 5BLECT S 

SQUAR! S 
5',5HlftB,5T1TOS,CITY 

QU!L 	 R1NGE: 5(1) 
REfRl!'!: W:X.S',X.511ftJ,X.ST1TOS,I.CITr: 

. 3. Goal: Retrieve supplier number of all suppliers in Paris 
whose status is'g~eater than 20 
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VL 

lLPHA 

SEQUEL 

5Q01D! 

QUEL 

~. Goal: 
in Paris, 

VI. 

ALPHA 

SEQOEL 

SQOARE 

QUEL-

s. Goal: 
part P2 

VL 

ALPHA 

GET (5.51):[ CITI-P1BI5 X ST1TD5>20] 

GET 11(5.5',: 5.CITI·' P18IS' A S.ST1TDS)20 


SELECT S' 

PBO! S· 

IIBEB! CI'!'Ya' PlRI S' 

110 STA'!'US>20 


S ('P1815',)20. 
5 • CITY, ST1TDS 

lUNGE: 5 (X, 

RETRI EYE: II: X. S': (CITY·' P1RIS') A (ST lTOS)20) 


retrie,e supplier number and status of suppliers
in descending order of ST1TUS 

GET 5(S.,S~ATOS.:[CITY.PA815] 
ORDER DOVI OM STATOS 

GET 1I(5.5',S.STATUS):S.CITY·'PARIS· 
DOVII S. STA TUS 

impossible 

illlpassible 

impOS sible 

Retrie,e supplier numbers of suppliers who supply 

GET SP(S.):(SP.P.=P2] 

G-ET W(SP.S') :5P.' ... ·P2· 
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SEQUEL 

SQUAR! 

QUEL 

6. Goal: 

iL 

ALPHl 

S!QUEL 

5QUAR! 

QOEL 

1. Goal: 

iL 

ALPHA 

S!L!Ct S. 
PBOK SP 
WHERB P'='P2 t 

SP (tp2')
S. p, 
HANGE: S(I) 

RETBIIV!: Y:I.S':I.P'-'P2 t 


RetrieYe names of suppliers wbo sapply part P2 

GET (Sll!E):(Pt=P2] 
or 

GET (S.SN1!£):(5P.PI·P2) 

BllGI 5P 1 
GET I(5.SI&K£) :11(1.51·S.S' A I.P'·'P2') 
SELECT 51&IIE 
PRO" 5 
WHERE 5'· 5ELECT 5. 

PRO" SP 
WREBE P.:tp2' 

S • 5P ,'P2') 
SM&!Z 5' S. P. 

RlIGZ: 5(1) :SP(Y) 

BETHIZ'Z: 1:1.51&IIZ:(1.5'=Y.5') A (I.P'='P2') 


Retrie.e names of suppliers wbo supply red parts 

GPT(511!E) :(COLOB-8ED] 

B&NGE P 1 
BANGE SP I 
GiT W(S. S11"E) : 

'3 X ]T(5.5'=I.5. A I.P'=X.P' " X.COLOB='BEDt) 
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SEQOEL SELECT Silil 
P80" S 
WHERE S' ~ SELECt 

P80! 
IRI81 

S' 
SP 
PI a S2LICT 

'ROll 
VBI8! 

P' 
P 
CO LOB. , I!O' 

SQU1BE S 
S tIl"'2 S' 

• SP
S' Pf • 

P (,BED')
PI COLOB 

QUEL lUNGE: P(I):SP(Y):S(Z) 
8ITRIE'!: I:z.sname: 

(Z.S'=t.SI) A (y.Plal.Pf) It. (I.COLORa'BIO') 

8. Goal: Retrie"e the names ot the suppliers who supply at 
least one part supplied br S2 

VL GET (Sllll!):[COOIT«(P':SIA"!)*(p'.S,aS2»O] 
COll"ENT (P':SNlll!) is the set of all PI associated 

with the SMA"! being considered for the 
retrieval. (P':S'=S2) is tbe set at all P' tor 
supplier S2. '.', denotes intersection of 
these two sets (relational tables) 

BIfO 

or 

GEt (SNltsE):[ (PI) (::a (PI:S'''S2) ] 

COll"!I'!' '<-' checks for set inclusion (subset) !IO 


lLPHA B1IIG! SP I 
RANG! SP Y 
GJT V (S.SNAlI!): II(X.SlaS.SI) 

A 1 t (r.p'sl.Pt ~ Y. S,::a'S2')) 

SEQU!L SELECT SllIU 
PRall S 
WHER! Sf .. SEL!CT SI 

PROft SP 
IIHBaE P. a SELECT P. 

P80ft SP 
iHERE S'='S2' 

http:r.p'sl.Pt
http:II(X.SlaS.SI
http:y.Plal.Pf
http:Z.S'=t.SI


SQUAR! S e SP SP C'S2') 
Still!!! S' S. P. • P' s. 

QOEL RANG!: S(I):5P(I,I) 
RETRI!'!: 1:I.SI1U: (I.S'-Y.SI, 

/+; (r•••-z•••) h (Z.S.·'S2') 

9. Goal: Retriewe all part ngmbera and tbeir 
corresponding cities 

VL 	 GET (SP.",S.CITI) 

ALPHA 	 GET V(S'.",S.CITI):S'.S'·S.SI) 

SEQUEL 	 SELECT PI,CITY 

VR!R! S'."-S.SI 


SQU1RE tl!l!tP <-I C S,SP 

p',SI,el!! 51 


tElIP 

pl,cit, 


QU!L 	 R1NGE: 5(1) :SP(T) 

BITIII'S: ~:I.P.,I.Clt':I.S'-T.SI 


10. Goal: Betriewe names of all suppliers wbo supply 

all parts 


YL 	 GET (SIIAft!):[ (": SMlftl!l)-DOl!lIII (PI) 1 

ALPHA 	 B1IG! P X 

RlIlG! 
 S. r 
GET V(S.SI1BE): VX1I(Y.S'-S.SI A I •• '-X ••• ) 

http:VX1I(Y.S'-S.SI
http:I.P.,I.Clt':I.S'-T.SI
http:S'."-S.SI
http:V(S'.",S.CITI):S'.S'�S.SI
http:I.S'-Y.SI
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SIQOlt Sltlet 51111 
180ft S 
IHBRI S,. SltlC! 5' 

'8011 SP 
IHlal f' ILL a ILL 

SltlCT P. 
raol Sf 

SQOAR! z C S: 
SHA!I 
spes )::1 SUPPLf 

PI S, S' P' 

QO!L impossible 

11. Goal: RetrieYe tbe supplier numbers of those suppliers
wbo supply at least all those parts supplied by S2 

,1. 

lLPHA 

SEQUEL 

SQ01R! 

QU!L 

GET (SP.S'):[ (P,:s,»-(p':S,aS2)] 

BING! P X 
B1IG! SP f 
8111GB SP 'Z 
Glt V(SP.S'): VI( ]f(l.S'.'S2' It. f.f'-X.f') 

-> lzez.s,.s.s, It. f.P'-X. P,» 

SELECt s. 
rBOI Sf 
IH!II P' ILL )a 

impossible 

impossible 

ILL 

SltlC! P' 

180ft SP 

VBEBE S'.'S2' 
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'lbe re.aining exaaples d••onstrat. the YL ca'.G! and 

DILIT! instructions. SEQUEL and QU!L do not bay. Buch 

instructions and vill not be included in tbe following: 

12. Goal: Change tbe color of part P2 to fellow 

VL CH1NG! (COLOI):( Pt-P2] 
COLOI:-Y!LLOV 

!MD 

or 

CH1IGI P(P',COLOI) 

COLOB:-YELLOI:(P.·P2] 


liD 


lLPHA BOLD V(P.PI,P.COLOB) :'."='2 
V.COLOI=!ILLOV 


U PD1TI II 


SQUAB.! -) P ("2','rILLOW') 
PliCOLOR 

13. Goal: Increase by 1 the guantltJ of each part supplied 

by S1 


iL CHANGE (QTt):[S,aS1] 

Q'l't:=QTt+1 


BID 


lLPHA HOLD V(QTY):SP.S'='S1' 
V. QTt: i. QT!+ 1 


OPDAtE V 


SQOABE - > SP (' Sl' , 1) 

S';Qtt+ 
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14. Goal: !ultipl, b, 2 the quantity of eacD part supplied 
by 51 and make sure this number does not ezceed 5; if it 
does, set it equal to 5 

VL CHUIGE (Q'1't,:[ SPa 51a 51] 
QT!: -Q'1'r*2 
OTt :::a5 : [QTY>5] 

2ND 

ALPHA 	 HOL D II (5P. Q'rt, : SP. 51- • 5 l' 
i. QTt=V. QTt*2 

UPDATE V 
HOLD i(SP.QTY) : SP.5'·'51' A QTt>S 

V. QTr=5 
END 

5QUAR'B -> 5P ('51',2) 
5';QTY* 

-> 5P ('S1',>5,5) 
SI,QTY;Q'rt 

15. Goal: Delete from S all suppliers in London 

Vt 	 DELETE S:(CI'rY=LONDON] 

ALPHA 	 HOLD V'S) :CITY='LOHDoa' 
UPDATE if 

SQOARE l' S ('L08DOI') 
CITt 

16. Goal: Destroy tne entire relational table P 

VL 	 DELETE P 

ALPHA 	 HOLD V(P) 

DtLET! i 


SQUARE ,p 
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17. Goal: Remove tbe descriptor COLOR fro. P 

VL DELlt! (P. COL08) 

ALPHA impassible 

SQUARE impossible 
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Q. I!PL!ftENTATIOI or TH! SUBLANGUAGI 

The program lmplementing the 'L data sublanguage is 

written in PASCAL using the PASa!L compiler for the PDP-l0 

computer at the University of Illinois. The program is a 

set of externall, compiled procedures which are called from 

the control program (also written in PASCAL) of the compater 

consultant. There are two major phases to the program: a 

parser, which is implementvd by an external proced~re called 

PARSE, and an execution package, iaplemented by an external 

procedure called EXEC. The parser converts each instruction 

entered by tbe user into an internal form which is passed to 

the execution pactage to actually execute the user's 

instruction. The separation into two phases serves two 

purposes. Pirst, it follows the philosophy of structured 

and modular programming by keeping different functions in 

separate procedures (the functions of syntactic analysis, 

which is perfocmed by PlRSE, and the true processing of the 

instruction, which is performed by EXEC) and teeps the user 

interface localized. The second purpose is concerned with 

errors which may occur ~n the user's input: only 

syntactically correct instructions are passed to the 

execution package. This is· quite important in the 

interactive environment of the computer consultant (as 

opposed to the environment of a batch or timesharing 

computer program which may be rerun after corrections are 



made). If each instruction vere executed up to tbe point of 

a syntax error--or if tbe executioo superyisor attempted to 

ignore these errors or tried to elecate vbat it tboagbt tbe 

user meant--tbe data base might end up unalterably 

scrambled. Par example, if the elecution supervisor vere in 

the middle of adding or deleting a relatio~al table or an 

event but did not finish because of errors in the asee's 

input, the internal data structures used to represent tbe 

data base might end up so jumbled tbat parts or all of the 

data base would be lost. Tbe s,stem cannot ensure tbat tbe 

user is alvays specifying exactl, that vbicb be intends, but 

it can attempt to protect tbe user as mucb as possible from 

errors. By parsing an entire instruction before beginning 

any elecution of it, the system attempts to do this. 

desirable side effect of the tvo phase process is tbat it 

would be possible for anotber module vitbin tbe computer 

consultant to access tbe data base tbroagb tbe sublangaage 

by generating tbe appropciate internal text and passing it 

to EXEC. No sucb attempts bave been made, but the 

possibility is being considered. 

The parser is bard coded (as opposed to being table 

driven) and uses tbe recursive descent parsing technique. 

These .cboices were made in the interest of ease of 

implementation and debugging as vell as ease of 

understanding by anyone reading the program (table driYen 

programs and hard coded ones using otber parsing techniques 

1 



are usually more difficult to follow). For each instruction 

(D8rII2, SAVI, 100, GET, LIT, CHINGE, DELEtE, IHDDC!, 

DBDDCE, and H!LP)~ tbe soarce text is read in and tbe 

relevant information is encoded into a format suitable for 

processing by the execution supervisor. The data into wbicb 

it is encoded is referred to as tbe internal text and is in 

the form of an integer array called P! (for parse table,. 

The first three words of this array serye tbe same function 

for all instructions: the first word contains tbe length of 

the arra, as it was declared; the second contains the code 

for the instruction type: the third contains the length of 

the actual portion of the array used by the instruction. 

lfter this, each instruction bas its own coding, although 

consistency is maintained whenever common structures are 

encountered. For example, the condition part of the GET, 

LET, CHANGE, and DELETB instructions are translated 

identically. 111 expressions (arithmetic, relational table, 

and iL) translated into a postfix string (contiguous 

elements of PT). leal numbers and strings are stored as 

indices into auxiliary arrays of the appropriate types (a 

real array called RE1LH and an array of strings--of length 

·20--called SY!T1BLE,. The complete meaning of the entries 

in PT is given in Appendix B. 

During a session, the entire data base is stored in 

core. Although this places a restriction on the size of the 

data base, it vas felt that the size and number of 
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relational tables one vould want to use for the computer 

•
consultant would be within the limits that can be provided. 

The advantage to storing eyerytaing in core is that the 

entire data base can be quickly and easily accessed. 

Dynamic storaqe is used wheneyer possible so that only as 

much storage must be allocated as is needed. 1s a ra&~lt of 

this approach there are fev built-in limits. 

Each relational table has a header node, and taese 

nodes are storage as a linked list. The header node is 

implemented as a PASCAL record containing the following 

fields: 

RTNAftE--contains the name of the relational table. It 

is a pointer to a programmer defined data type called 

STRING, which is a record variant: PASCAL allows a field of 

a record to be one of seyeral Yariants. When the record is 

allocated, the programmer specifies vhich one of these 

variants he wisbes tae field to be. 8y choosing the 

variants to be strings of .arious lengths (a string in 

PASCAL is an array of single characters, and tbe length of 

the array is the length of the string); thus only exactly 

the number of characters which are needed is allocated. 

N~XTRT--a pointer to the header node for the next table 

in the linked list. 



ROiOPTI--a pointer to the O-th row (the row of 

descriptors) in the relational table. 

ROiL1STPTB--a pointer to the last row of the relational 

table. This allows rovs to be added to the end easilf. 

BTNO!--the relational table number, which is assigned 

by tbe program and is used for internal references to the 

table (rather than having to use the namet. 

MUftKEYS--the number of descriptors in the key of the 

table; the descriptors in the key are the first MORKEts 

descriptors in the table. 

ST1TDS--indicates vhat type of table it is (used for 

the purpose of saving or deleting it). The following values 

mean the table has the qiyen status: 

-1:temporary (created by a LET or a labeled G~T). 

The table vill remain onlf antil the end of the 

session, unless a SAVE instruction is used. 

O:temporary Icreated by an unlabeled GET or as a 

result of a subexpression). It vill be destroyed 

as soon as the program is through with it. 

1:permanent table (created by a DEPINE or saYed by a 

SlY~. It vill be saved on disk vhen the session 

is OYer and read back in 'for the next session. 

2:event (created by a DEFIM£ EVBHT instruction and 

saved only until the end of the session) • 



1 row in a relational table is alao a record; the 

first field is MIXt801, wbich is a pointer to the next row 

in the same table. the next field is a record Yariant, 

whose yariants are integer arrars of yarious lengths. tbe 

length allocated is the number of descriptors. tbe tag 

field, which indicates which Yariant was ~bosen, contains 

the length of that arra,. This is wbr the beader node does 

not need to store the number of descriptors in tbe 

table--each row contains that infor~ation. 

The O-th row contains the descriptor numbers for the 

descriptors in tbe table. there is a table of descriptors 

which is managed b, another program within the computer 

consultant. This table associates with each descriptor a 

number which it uses for internal reference to that 

descriptor (in much the same manner as relational table 

Dumbers are used•• The table of descriptors pragra. can 

return a descriptor numbe.r giYen a descriptor name and visa 

Yersa. The JPXtROW pointer points to the first row of the 

table, wbich is the first eyent in the table. The integers 

in that row (and all subsequent rows. are yalue numbers, 

Which are also associated with values (integers, reals, or 

names) by the table of descriptors program. the table of 

descriptors keeps a list of all the values within the domain 

of each descriptor and the program can associate value 

numbers with values and their corresponding descriptor 

names. Thus only integers are needed in the storage for a 
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relational tahle to repeesent tbe descriptors and their 

Yalues. 

The .aeiables afRE1D and a~T1IL point to tbe first and 

last header nodes, respectiyel,. in the linked list of 

eelational tahles. ~hese two Yariable. are all that aee 

needed (usually onlT RTHBAD) to access all of the eelational 

tahles; thus it is quite easy to pass the tables as 

parameters to elternal procedures (tbis is sometimes a 

problem in PASC1L since tbere are no external yariables~. 

PARSE contains or uses tbe following procedures. whose 

descriptions are given below: 

VLSC1M--obtains tbe next token from the user's input 

and classifies it. The parameter SY!BCL1SS is giYen tbe 

yalue of the class of the symbol; tbe possible classes are 

HES (reseryed vord). 8TH (relational table name), BYM (eyent 

name). DES (descriptor name). TXT (eitber a cbaracter string 

or an alphanumeric name wbich is neither of RES, RTH, EVB, 

or DES), lNT (integer). ItH (real number), DBt (2 character 

delimiter. one of ":11:", or "<21t , ")'lII"). DL! (1 cbaracter 

delimiter), or IGI (a comment, wbich is to be ignored). Tbe 

token is returned in NXTSYftB as a string. ror character 

strings and alpbanumeric names, it is also returned as a 

longer string (20 cbaracters) in the array tOMGS!"B; if it 

is an integer, its value is returned in MXTIHT; if it is a 

real, its value is returned in KXTRE1L. 
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't!IR1--prints out an .rror ....ag. wb.n a .,ntax error 

is found. indicating what token vas .rron.oQ.l, input and 

vhat token vas expected. It also sets .OEIIOIS to PitS! to 

inhibit execation of the instruction. 

YL!112~-printa OQt a longer error .e•••ge tban 'L1111 

and also set. 10!RIOIS to PitSI. 

VIRIpy--yerifies that the current .Jmbol lila tehe. tile 

parameter Slft8, vhich is vhat is expected. If they do not 

match, then 'tZIRl is called. 

O!SCIHRt--determine. if tile descriptor Dumber ID is .in 

the relational table number HIT. 

SC1H--calls 'LSC1H vith tbe appropriate external 

parameters. This is done so tllat each call to VLSCII does 

not have to pass all the parameters (this vould produce lIluch 

more object code). 

lDDStftB--adds a string (the current 8J IIbo1) to 

STftT1BLI. 

LOOKa!tOP--determine. if the current symbol is a 

relational operator. 

GBTD!SC--obtains the descript~r number and relational 

table number of the carrent (and following) s,mbol. 



VlLUE--parses a value, which may be an arithmetic 

ezpression or a name. It fUls in PT with the poatfiz 

translation of the expression. 

CONST1NT--(vithin VlLO!) parses a Single constant, 

which is an integer, a real number, or an.... 

AP1CTOa--(vithin VlLOE) parses an arithmetic factor. 

ArP,aK--(vitbin 'ALU!) parses an arithmetic term. 

RTCOND--parses a relational table condition, which 

consists of a relational table expression and (optionally) a 

VL condi t.ion. 

COHDITIOH--parses a VL condition and fills in PT vith 

'the postfiz translation of the, value. 

SELECTOR--(within CONDITION) parses a selector. 

VLTER!--(vithin CONDITIO., parses a VL term. 

VLD!PIH!--parses a DePIH! instruction 

D!paT-(vithin VLDBPINE) parses the definition of one 

relational table. 

VL1DD--parses an ADO instruction 

10DVAL--(vithin VL1DO) parses a list of event in an ADD 

instruction. 
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ADDTO--(witbin 'LADD) parses the relational table name 

to wbicb the event or eyents are to be added and the row 

condition (if any" which specifies vhere in the table the 

event or events are to be added. 

VLCH1HGE--parses a CHllGI instruction. 


CHAMGE--(vitbin YLCHAIGE, parses a single CHAHGE 


statement. 

VLD!LET!--parses a DBLET! instruction. 

VLHELP--parses a .HELP instruction. 

VLCO!!!HT--parses a comment. 

VLS1VE--parses a SlV! instruction. 

ST!TtP!--determines the type of instruction and sets 

the code in tbe variable HXTKEYWD. 

PFOLL--an external procedure from the table of 

descriptors program vbich fills in (in the table of 

descriptors, the name of a nev descriptor. 

TODNEW--an external procedure from the table of 

descriptors proqram whicb allocates storage for a nev 

descriptor. 



EXEC contains or ases the following procedures, . vbose 

descriptions are qiven below: 

MFiSTB--a function wbicb, giwen a string stored as an 

array of twenty cbaracters returns a pointer to a record of 

type STRING with only the number of cbaracters allocated as 

are needed (trailing blanks are trimmed off). 

FIHORT--a function wbich, giwen a relational table 

number, returns a pointer to tbe header node for that table. 

FIHDROV--a fUnction wbich, given a relational table 

number and the number of a rov in tbat table, returns a 

pOinter to the row. 

PRTVAL--prints oat a record of type TV1LUE (which bas 

as record variants the types INTEGER, BalL and STBIIG). 

ALLOC--allocates a new row of lengtb LBIGTft for a 

relational table. This procedure is ased rather than 

directly calling the built-in procedure IBI, whicb ALLoe 

calls, since lEi requires as parameter a constant to 

indicate wbich variant to allocate, while ALLOC allovs this 

parameter to be a variable (or an expression). 

SALLOC--allocates a STBIHG of length LEHGTH; this 

procedure is needed for the same reason ALLOC is. 
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I!VITI--allocates and fills in a beader node for a nev 

relational table. 

CONDITIOH--e.aluates a YL condition and determines 

wbether or not it is satisfied for a given event. 

~ATCH--determines wbetber or not tbe kef in a new .Yent 

to be added to some relational table matches the key of an 

event already in the table. 

DE1IRE--executes a DEPIHI instruction. Par DIlliE IT, 

it allocates and fills in a nev beader node. 1150, the O-th 

rov is allocated and filled in with the appropriate 

descriptor numbers. Por a DBPIIE EYEIT instroction, an ' 

event is treated as a relational table with only one rov. 

In addition to allocating and fil11n9 in the header node and 

the O-tb row, the first row, which is the evant, is 

allocated and filled in. 

iDD--executes an iDD instruction. It adds a new rov 

(or rows, to a relational table (after insuring that there 

is no other row in that table with the same kef value) with 

the appropriate value numbers. If a defined ewent is to be 

added, the the values for the event are first rearranged (if 

necessary) to match the order of the descriptors in the 

relational table. 



S1 

DEL!TE--executes a DEL!!! instruction. It an entire 

relational table ia to be deleted, tben the header node is 

removed tro. tbe linked list of suca nodes; this 

effectiyely freea tae relational table name to be used for 

any purpose. If a set ot descriptors are to be deleted, 

then tbe entire table must be recopied saying only those 

descriptors not deleted. The descriptors are not re~oyed 

trom tbe table of descriptors aince they ~ay be in ase as 

descriptors ot otber relational tables. It a set ot events 

is to be deleted, then the, are just removed trom the table. 

If the intersection of a set of descriptors or events are to 

be deleted (erased), then the appropriate entries are set to 

be undefined. 

GETL!T--executes a G!T or a LET instruction. 

GETSUBS!T--(vithin GETL!!) forms a nev relational table 

vith the subset of tbe original table (or join of tvo or 

more tables) vhich satisfies the condition and the subset ot 

descriptors vhich vere specified. 

DISPL1Y--(vithin G!~LET) prints out the resultant table 

from a GET instruction). 

GET"lP--(vithin G!TL!T) sets up a map of tbe descriptor 

numbers from the original table (or join ot tables, to the 

retrieved table. 
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SlVE--ezecutes a saye instruction by setting tae status 

of the relational table to "permanent" so tbat it is sayed 

on disk at the end of ta. session. 

PC1BD--an external fwnction from tbe table of 

descriptors program waich returns a walae naaber g1Yen a 

value and a pointer to the cocresponding descriptor. 

NPIND-an external function frora the table of 

descriptors program which returns a pointer to a descriptor 

given the descriptor number. 

V1LPDP--an external procedure from the table . of 

descriptors program which returns a descriptor walaa given a 

pointer to the descriptor and the yalue number. 

The sequence of actions which the program performs when 

an instruction is entered by the user is as follows: Pirst, 

P1RS! is called to parse the instruction. Within P1ISI, 

first STftTYPE is catled to detecmine what type of 

instruction it is. Tbis sets tbe instruction type Yariable, 

NXTKEYWD, and the appropriate parsing procedure is called. 

If there are no errors in the instruction (if P1IS! returns 

with HOERRORS having the value TRUE" and if the instruction 

is one which requires execution (CO""EHT and EXIT do not), 

then ~XEC is called with the internal tezt. EXIC first 
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determines what type of instr~ction it was (fro. P~2]) and 

calls the appropriate proced~re to execute the instruction. 

the instruction is then executed. 
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APP£IDIX 1 


GR1!1I1R POR VL IEL1TIOI1L D1Tl SU8L1MG01G! 

Tbe followinq 1s a complete srntaz specification for 
the VL sUblanquaqe. lnythinq enclosed 1n ( and ) is 
optional; anytbinq enclosed in ( and ••• } Ifta, be repeated 0 
or more times. 

SISSIOI .... -- «VLI>; ••• ) EXIT 

VLl .... -- <CREAT!> I <RITII!'!> I (!ODI1I> 
SIV! <ITM1!1> I CO!!EI'%' (any text) BID 
<IIDDC!> I <DEDUCE> I <HELP> 

CREATE : :- <D8PINI_1IS> I <ADD_liS> 

DEPlle_INS :::1 DE1IN! <DEP_LIST> !ID 

DEP_LIST ::- (BT) <aTHIII!> «DISC> (, <DISC>•••)» 
{KEY :-< DESC> (, <DISC> ••• )} 
{<RTN1!E> «DISC> (,<DISC)••• }) 
(KEY:~<D!SC>(,<D!SC) •••}} ••• ) 

I £V!IT <B'!ITI1!!): ­
«D!SC>:-<V1LU!> (,<DISC>:-<V1LO!>••• }) 

{<~V!)lTI'!E>:- . .. 

«O!SC>:=(V1LU8> (,<D8SC>:-<VALU!>••• }) ••• } 

::= ADD TO <I'1'811l1)(:<10,_00ID») 
«V1LUB>(,<VILO!>•••})

(<VlLO!>(,<V1LDI> •••}) ••• ) 
IND 
ADD <EVEITIl!B> TO <BTI11!) (:<aO'_COID»
ADD «V1LU!>(,<VILUE>••• }) TO <Btllft!> 

(:<BOII_COND>, 

aOI_COlilD ::: (ROI <GT> <ROII_VIL>] 
I [ROI <LT> <ROW_VAL>] 

LT ::= < 

GT ::- ) 

ROW_VlL ::= <VlLDE> I LAST 

1I0DIPI ::::11 CHANGE (B'1') «LABEL>:=) <aTCOtfD> 
(, «LABEL>::) <RTCOID) ••• }

<CH1NG!_STII'1'>«CH1NGI_ST!T> ••• } 



57 

0' 

<liD CH1IIGE> 

DILET! (BT) <ITeOMD> (,<ITCOND> ••• ) 


::- 1110 I 1808T 


::- <aTII!1D 


::- <DISC>:-<'1LU!>(:<COILDITIOI» 
<DISC>:=<I!VII!I>:(IOV=O] 
GET <ITCOID> «01018» 
DISPL1Y «ITS1!1» 

ITCOID ::- <IT> «CSY!> <COIDITIOI» IS!T 

CSY" 	 ::- : I IR81E 

COIDITIO.. 	 ::- <IL_TIIR> (01 <It_TIl!> ••• ) 


::= <SILECTOI> -«SELBCTOI) •••-) 

l 

::= [<DBSC>'<RILOP> <'lLOIS) (.Y1LOBS>••• ) ] 
I [<IT_COlD> <IELOP> <IT_COlD>] 
I [<V1LUE>(.<'1LUE>••• J (lOT) II- <IT_COlO>] 

I!LOP 	 ::- (LT> I <LT>- I - I HOT- I <GT>= I <GT> 

V1LUIS 	 ::- <VALUE) (:<Y1LUB» 

'lLOB ::- (lBXPB) <IS!!> I <HI!!> I ? 

lote: "7" means the value is unknown; it is left undefined 

IS!T ::- «DISC> <CSt!> <DISC> (.<'1LO~» 


(.<DISC> (=<fILUE>) ••• }) 


l!XPI 	 ::- «1BXPR> +) <IT!IR> I <lIXPS> - <lTEII> 

~ IT!RlI ::- £<lTESR> *) <l'lCTOR> 
<lTEB!> I <l'1CTOR> 

lP1CToa 	 ::- <COIST1IT> I «1EXPS» I - <'P1CTOI> 

IT ::= <TIIPR> (<DISC) (,<DISC>••• }) 

«D!SC) (.<DISC>••• )) 


r!xPS ::- «TIIPR> +) <TTEI"> I <TBIPI> - <TTElft> 

Note: "+" is set union; "-" is set difference 

Mote: .*" is set intersection 
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TPlCTOR 

DISC 

POICTIOI 

POliCIA! 1 

R2THI!'! 

ORD!R 

IIDUC! 

SE~HOD 

KNOMLEDGE 

KTYP! 

CLASS 

CLASS_MUIBER 

P1RKS 

DeDOC! 

EYEIIT 

HEtP 

IRSTRUCTIO~ 

::::a 	<1'fNl"O I «I'f_COID») 

::- <DISCI1II) I <ITHlll).<O!SCI1"1> 
<D!SCI11!> or <ITI1II) 
<BTI1"1) •• <ITIlft!).<DISC'lIB) I <rOICTIOI) 

. ::- (lUICllK!) {«D2SC)(,<DISC)•• })} 

::= 	116 , III I III I SUI I COUIT , 00111. 

::- Glt (IT) «L.lBEL):-) <IT_COlD) «OIOII» 

LIT {IT} (L1BEL):- <IT_CO'D> «OBD!I)} 


::- OlDER UP 01 <D~SC) (,<DESC>••• ) 

I ORDEI DOMM 01 <DISC> {,<DISC> ••• } 


::- INDOC! «I!TROD» <L1BIL>:::a<DISCaIPTOI) 

OSING <KIOILIDG!) «P1ISS» 


::= lO'lL I StRS!TRIC I 0.ICL1SS I PElDB1CI 


::- <RTH lPl!) «KTTP!» (, <ITI181) «KTTP!» ••• } 
<1'1'11"1) (,<BTIIllf!) ••• ) 

::::a 	 lOL! I CL1SS-<CL1SS> 

::-	<CLASS_IO"Bea> I <DESCRIPTOR) 

::::a 	 <INTEG!I) 

::- PARA"!TEIS«P1RK):-<V1LO!) 

(,<P1R!>::<V1LO!>••• )) 


::- DEDOCI <DESCRIPTOR> raol <1'1'1111) 

. (VITH <I'!IT)} 


::::a 	 <1!:YEITIASE) I «Y1LUI) {,<I1LUI> ••• ) 

::= 	HELP <LT) <IONT!BMII1L) <GT) 

HELP <115TIUCTIOI> 


::- DEPIIE I lDD I GET I LET I CRAIGE I DILETE 
EXIT I COft"!NT I IIDOC! I DEDUC! • HELP 



• 
• 
• 

• 
• 
• 

• 
• 
• 

• 
• 
• 

• 

• 

• 

• 
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lPPEIDII 8 

fteaning of the Elements of the Array PT 

IIIStB(JctIOJl 
lRRAf ILI!IIT "BlIIIG 

DEFIHE 
1 Length of P'1' 
2 1 (DEPIIII)
l Length of PT used 
4 Nu~ber of BT's or Zyents defined 

For each RT defined 

x Lengte of PT ased for this this aT 
x+1 1 (Indlc~tes DEPIIE RT)
1+2 Index in StaTABLE of the rtname 
x+3 Humber of descriptors (nd)
x+4 Number of key descriptors (nk)
x+5 First descriptor number 
x+6 Second descriptor naaber 

x+4 +nd Last descriptor number 
x+4+nd+1 First key descriptor number 
x+4+nd+2 Second key descriptor number 

x+'&+nd+nk Last key descriptor number 

Por each !yent defined 

x Length of PT used for this Zyent 
%+1 2 (indicates DBPINE EfEMT) 
%+2 Index in S,mtable of eyent name 
x+3 .umber of descriptors (nd)
x+4 First descriptor number 
x+5 Pirst yalue 
x+6 Pirst yalue type 
1+1 Second descriptor number 
x+8 Second value 
1+9 Second value trpe 

• 

1+3nd+1 Last descriptor number 
x+Jnd +2 Last value 
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1+3nd+3 Last ,alae tfpe 

ADD 
1 	 Lengtla of P! 
2 	 2 (ADD) 
3 	 Lengtb of P! used 

Tfpe of Add" 	 1: ADD TO 
2: ADD event 
3: ADD (,alue, ,alae, ••• ) 

5 aT nombec to be added to 
6 Row condition opecatoc 

0: none• 
1: < 
2: > 

7 	 Row number (or -, if none gi,en) 

Poe types 1 and 3 

8 
9 
10 

l' 
• 
• 
•

9+nd 
9+nd+ , 
9+nd+2 

• 
• 
•

9+nd+ne 
9+nd+ne+1 

• 
• 
•

9+nd+nd*ne 

Por type 	2 

8 

CHANG! 

Humber of events to be added (ne) 

Namber of descciptors (nd)

Pirst value type 


0: unknown ("1" entered) 
1: integer 
2: string or name 
3: real 

Second 	.alae type 
• 
• 
• 

Last v.lae tfpe code 
Pirst value for first e'ent 
Second .alue for first e,ent 

• 
• 
•

Last ,alae foe ficst e,ent 
Picst ,alae foe second event 

• 
• 
•

Last value foe last e'ent 

Event numbec 

1 	 Length of PT 
2 	 3 (CHANG!) 
3 	 Length of PT used 



61 

~ 	 lumber of table. to be changed 
5 	 First label 

First relational table condition 
Second label 

Second relational table condition 
• 
• 
• 

Last. label 
Last relational table condition 

For each CHIRG! STATE!!»T 

type of statement. 
1 Iss ignment. 
2 DISPL1Y 
3 GEt 
~ BID 
5 lBOIT 

DBLET! 
1 	 Lengt.h of P~ 
2 	 ~ (DEL E'l'!) . 
3 	 Length of PT used 

~elational table condition 

HELP 
1 LENGTH OF PT 
2 5 (HELP) 
3 'type of belp 

1: command 
2: (nonterainal> 

Index 	in SI"T18LE of 
command or nonterminal 

GET and LEt 

1 	 LENGTH OF PT 
2 	 6 (GET) or 7 (L!T) 
3 	 Length of PT used 
~ 	 Index in SYftTIBL! fo~ label 

relational table condition 
x Order operator 

0: none 
1: up 
2: DOlin 

x+ 1 MUlllber of descriptors to order 
on (nd)

x+2 First descriptor number 
x+3 Second descriptor nUmber 



• 
• 
• 

• 
• 
• 

• 
• 
• 

• 
• 
• 

• 
• 
• 

• 
• 
• 
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Last descriptor number 

SlY! 
1 l.ength of PT 
2 8 (SlV!) 
J Lenqth of P~ ased 

" Belational table number 

The follovinq is tbe format for a relational 
table condition 

1 Humber of relational tables in 
expression (nr) 

2 lumber of first relational table 
1 lamber of descriptor. used in first 

tabla (nd) 
First descriptor number"5 Second descriptor number 

3+nd Last descriptor number 
3+nd+ 1 lumber of descriptors ased in 2nd 

table 

Lengtb of PT used for condition 
Condition in Polish postfi. 
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