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A l e r t in g  in i)ataoase systems k ’aqe I

A l e r t i n g  in Oataoase sy st ems :  Concepts anu iecnn iques

u~ ~‘e ter u~unem an anu ~1owaru Lee t4or~ an

l .tJ I~~r~~oou~~Tlu~

we usually regaru aataoases anu other i nt o r ~iiation systems as passive

in that  they “speaK only wu en spoken to .” [n the real worla  nowever .

into r . I Ia t ion  is o t t en  spontaneous ly  ot r e r e u  to us ay t r i e nu s  anu

colleag ues who . oein q aware or our i n t e r e s t s .  u r a w  our a t t en t i on  to

cuanges that  ~nay a t t e c t  us . In a s i n i L L a r  ve in . tn i s  pape r aiscusses

the suoject  ot “ a l e r t e rs ” . wnicu can oe usea in a dataoase mana gemen t

systeI~ to proviue the same c ap a oi ii t y  ot in t o r l n i n g  a user wne n a

sp ec ir i ec i  s tate ot the wor l a  (as  ret electea in tue dataoase) is

reacneu~ we ieel that tne aoility to aevelop anu implement alerters

et ticiently suou la prove a powertul aujunct to mouern aataoase

tecnnology . mis pape r aescrioes our recent researcn in auding

alerting teatures to uataoase management systems (Jth4~~) anu proviJes a

traIiiewo r~ within wuicn this a nti similar research ettorts can oe

evaluateti .

~jome simple examples nay neip to clarity the concept. Consioer

the coininanus :

1. “k<eoort tue name ot any s t a t i o n  at  wu icu  tue temperature

t a i l s  aelow l~ ueqrees C e n t i g r ad e .”

~ “ t (eport tue numb er  ana owner  at .  any  account  t r a m  wn i cn  ~io re

tnan ~~~~~~~~~~ is witIitirawn~ ”

_ _ _ _  .- .
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such colmnands ma ke most sense in the case ot l a rge  sharea UataoaseS,

in whicn  iitany users  are en te r ing  update s at tue same t ime tha t  still

other users  may oe q u e r y i n g  the uataoase . k a t n e r  than r e q u i r e  a user

re peatedly to en te r  a query  ot i n t e r e s t  (e .g .. 1 or 2 aoove) . we

propose that alerters oe USed . in i s  cuanges the cnarac te r  at  the U~M~

tram a passive one. wnere tue ObL’IS only resportus to queries , to an

active one , in which the system may at any time sena a message to

alert the user to some condition ot interest.

betore delving into our current work , it is instructive to

discuss tue existing and historical technologies for achieving

aler ting type eftec ts.

2 .~ Exl~ ’tI~~ T H ’ ~U~~S

io our knowleage. there is no system which permits the

construction of alerters in the sense in waicu we have descr ioeu them :

as general user—aetined programs which monito r online aataoases.

dowever. some of the ingredients are available in various programming

language ana uatabase management systems . ana i t  is wor tu  exam in in g

tfleun.

I. t.xception t~eporting .

severa l file management systems permit the construction or

programs wnich take some action , usually issuing a report.

and wn icfl are activated wnenever a recora is reau in during a

sequential pass ot tile tile . For example. k~k~,Lllj ana

versions of CUt~uL[lJ nave a u~~. statement. in is permits a

.

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _
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more or less non—procedural metnou ot constructing tile

management programs . ASAI’(41 allows a program segment to be

trea tea as a “tag ” , which is stored with the dataoase , I’hese

tags are then run wnenever any user updates tue aataoase.

m e  tags can use a CHAIN d~ tunction to test for whether a

tiela nas bee~ upda ted . An example would be:

O~ F’I~ F~ 2A~ ~~~ i itJ t~4r
F uV( ALL i~CCUU il S w i i d  CriAJ ~4UL OF LAL’4C ’~~~5 ’ A1~4i) dAL At~Ct <~

FRi~~I k(F 0k( 1? w~~~~~ A LAi~Ct~

lne aoove are really designed tor oatch processing

systems . jO use them as a means or implem ent ing  a le r t e r s

woula require frequent . iner ticient scans or tne uataoase.

~ioreo ver . no~ever simple it is to write these programs. tney

are usually the province ot tue applications prog rammer,

rather tnan tu e end user .

t~rror hand ling is another special case of exception

reporting . &iaiiimer [~~J nas recently discussea tne USC Of

alerting type features for preventing semantic errors train

creeping into dataoases .

2 . ~-L/I

A useful teatire of the FL/I l a n g u a g e  is tue “ O~ ” cond ition .

which permits tue programmer to process interrupts . iogetiier

with 5I.,i~AL . wnicn lets tue programmer generate interrupts, a

methOd tar as,nciironous processing is available . 

~~
.—

~~~~~~~~--•-~~--~~~~~~~~~~ 
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Common uses tor  the ui~ c o nu i t i o n  a re  fo r  deougging , e .g .

fo r repor t ing  when the value ot a var iaole  exceeus some

oound . for the trapping Ot end ot tile and similar 1/u

cond itions, and for nandling machine faults (e.g. ari thmetic

ove r f low , div ision by zero) .

ZelkowitzIl4J and ulorgan~ .b J nave im plemented versions at

an extenued FL/ I (both oaseu on the FL/C conipiler1l~~J ) wulcu

permit general conaitions of tne torn:

.jjs~ ~+7 >1 —j  Ud;PUl’ LISI  X .Y;~~~d;

Tnese imp lementa t ion s  pose an i n t e r e s t i n g  vers ion  ot the

u i n u i ng  proolem in Olocic s t r u c t u r ea  languages . In the aoove

conuitional , is tue value or ~ to oe t aken  as the va lue  i t

nas at the time tne condition is uetinea , or is it to oe

taken as tue va lue  i t  nas at tue t ime i t  is invokeae In

dccoru ailce w i th  ‘-ne /u.UUL conventions , tile torner is cuosen ,

Liowever . there are  s i t u a t i o n s  where  t flC latter cnoice ~iay

• appear more natural , we sn aI l  s iue—step  t n i s  issue oy

insisting that a.Lerters attacn to referents , ra tner than to

tue names themselves.

i. ~ LA&~~ c~t ana Cj u u l ~ t~~
dotn cuese l anquages [12 1  a l low the progra mm er  to set up

anteceuent th eorem s . O f t e n  called ue nons , wh ich  a re

programs tuat monitor aadltions ana deletions to the

“dataoase ” (~ n incore set ot lists) . ana require certain

ac tions to oe taken before tue addition or aeletion can

occur . In principle. tuis is quite close to wuat we are
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proposing . out i t  is qu i te  a i t t e r e n t  in deta i l  ana i n t e n t ,

In p a r t i c u l a r,  we snail  not let  an a l e r t e r  i n t e rr e r e

with an update in the sense in wnicn an anteceaent theorem

can . ln ettect, muc h of what we propose (ana nave

impleiuentea) is meant to m ake uemons practicable ana

etficient for a modern dataoase system (i.e.. a large.

struc ture d . suarea database requiring the use of seconuary

s torage) .

4 . System R

one of the proposea fe a t u r e s  of System t j 13 1  is the i~(I~ d~ t

command . This woulu p e rm i t  one to put  semant ic  i n t e g r i t y

cons t r a i t s  of the type u amm er nas discussed into a D5L4S , As

ta r  as the a u t h o r s  could ae terinine , tuis  nas not oeert

implemented , and it is not expected to oe in the e a r l y

vers ions of this experimental system .

[
~
.

• i •~~ OtrIL’U’LIUL~ or’ A~~~~It~t

~4 o r y a n I 7 J  nas presentea  a u e t a il eu  d e f i n i t i o n  Of an t v e n t

sequancemi Fr o gra in . ~iu Ch at  th i s  w o r k  u ealt  w i t h  reso lv ing  co n fl ic t s

among ~rogram s  WLU Cfl s i m u l t a n e o u s l y  a t t emp t  to update tue same

variaole , due to simultaneously triggered alerts . In n is  sy s t e m [ o J .

tue operation ot these programs was conceptually syricnronous anu , like

antecedent tneoreins. preceded tue update , For rea son s ~nicn snaI l

appear suortly, we now uelieve tuat it is aest that alerters operate
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asyncnr onously. Also , we propose a aitterent snetnoa of coping with

tile conflicts .

we simply aetine an alerter as a conuition , program pair . To

start with , we m ay consider the conuition to be any predicate on the

state or tue uataoase , anti the program to oe any general program .

un fortunately. this is both unworkable anu inaaequate : oy making the

condition “true .” we can specify that the program run continuously .

wnile this may ue a pleasing theoretical contruct, it is practically

au aor r en t. Tne aefinition is inadequate in tue sense that we m a y  wisn

to in c lude  in the predicate items wnicn are not in the aatabase . e .g . .

tue c u r r e n t  t ime of day . i4oreover . we a re  u sua l ly  more interested in

m o n i t o r i n g  cnanges to a database th an its  ins tan taneous  s tate .

ine two examples  in the i n t r o d u c t i o n  snow th is , in the f i r s t

case the reques t  is tha t  some resoonse is t r igge red  at  the moment

“ temperature is less than 2~ aegrees Cen t ig r ade ” become s t rue . In the

second , we are asKing that the magnitude of cuange of some value oe

unon itorea , in constructing tue condition part ot tue alerter it must

oe possible to refer to tue state of tue uataoase both oetore anu

a f t e r  tne proposed cnanqe wni cu  tna t  cona i t i on  is m o n i t o r i n g . It  nay

also oe h e l ptu l  to nave i f l t o r m a t i o n  aoout both states or the uataoase

passed turougn to tue program that ~~~~~~~~ is activated by tne

conuition ,

i!Ie complexity of tue alerter predicates is the crucial

zietermina nt to tne utility of alerting . ana is uirectly relateti to tue

s p c it c at i on  of the underlying aatabase mouel , we nave Jis tinguisnea

~~ree levels  of a l e r ti n g  condi t ions .  uescn iaed  aelow ,
_.~~~~~~~~~~~~~~~~~~ _~~~~~~~~~~~~~~~~~~~~~ _ •  ~~~~~~~~~~~~~~~~ -. •-~~~~~~~~ ,— - —-- .-

~~~.- , .
~~~~—--~~~~~~——
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.~.l ~ iuiple A l e r t i ng

A l e r t s  wnich  can oe inoni torea uy uealinq witn only a s ingle

recoru class (or a single relation in a relational uatabase) are

relatively simple to handle . Tne following predicates are

representative or simple alerting .

I . item , ~lonitor one or snore fields of a given recoru . e.g..

t em p e r a t u r e  in t~ew york .

2 . recoru , mon itor a given recoru , e.g.. any cuange to the L~ew

IorK City recoru .

3. L4onitor one or more fields in an aruitrary recoru in a class.

e.g .. monitor tne temperature at any station .

4, Addition of recoru to a class. e.g .. monitor new stations

auaed .

~~. uele tion  of a recoru train a class ,

~~. Any t i e lu  in any r ecoru . e .g .  tel l  me if auyone cu anges

a n y tu in y  t fl  tile weather s t a t i o n  recorti s .

v~e snoulu note tha t  one can s uo s t i t u t e  “ cuo .L e ” r o r  r e co r u ,

“ r e l a t i o n ” r o r  r eco ru  class , and “ u om ain ” t or f i e ld  i i  the aoove

d iSCUSsiOn . wituout loss Ot m eaning , we also note that tue prim ary

K C Y S are usually not ~er~ni tteu to cnange . wuat for example. woulu it

mean i t  a user requesteu an alert on the temperature in wew ~or~ C i t y .

L an ti tue ~ ey “ w ew ~or~ C i t y ” were  cn anye d t 

—~~~~~~~~~~~~~~~~~~~~~~~~~ — • —_ .  ____
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3, 2 S t r u c t u r a l  A l e r t i n g .

These alerter predicates indicate cuanges in the dynamic

structure of tue database , Tney will oe explained in terms of tJST~3

terminology, although tuey are equally valid for relational databases ,

oroviaea we regard relations as dynamic obj ects .

1. Change in ownersuip or ~nemnoersnip of sets. E.g. a aoctor

acquires a new patient.

2. Cuange in aggregate properties of sets. E.g.. a doctor gets

more than 2~ new pat ien ts.

i. Cuange in fields with aitterent recoru classes. t~.q.. a

aoctor gets a patient with cnicken pox ( e i t h e r  uy the aoctor

acquiring tue patient . or an existing patient acquiring

cnic ken pox).

These alerters are more complicatea to implement since thej may

invo lve interactions aetween more than one record class,

3.3 Complex Alerting

we incluue nere predicates wuiCu we woulu like to oe aole to

nanule . but which require still more global views of the database

system anti its user interactions , 
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I . S t a t i s t i c a l  a l e r t e r s , c. .g,, . le t  inc know wil en tue ave rage

temperature in the ~o r th ea st  ur ops  oy more than  l~ degrees,

Clearly, one can co~ne up with etticient methods ror nanuuing

simple statistical functions (with averages oy maintaining a

special counter which 13 upu ated appropriately) . out  tue more

uitticult the function, tile less likely that sucu a routine

exists , anti the more l ik e l y  tu a t  a scan ot tue aataoase may

be required ,

2. Transaction spanning alerters , E.g.. let me k flOW when a oan~

oalance tirops oy more than lm~.frJ~JIJ in any 24 nour per ioa .

in is requires a constant rolling history tor 24 nours ,

i . Fa ttern recognition . Lionitoring for tue occurence 01.

s p e c i f i c  pa t t e rn s  in the uataoase . Thi s jS closest to

Cd~u1~ tt~’s original intentions for using uemons. Again .

efficient implementation requires a lot 01. problem specific

Knowledge .

4 . i une uaseu a l e r t i n g . inis  is s im i l a r  to t r an a s c t ion

spanning , in tnat one often uoes not r e q u i r e  i n s t a n t

alerting . out rather alerting tnat doesn ’t come too late .

ror example , one m a y  wisn to oe intor~neu within one week it. a

particu lar c~ ec~ is casneti,
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~ .v dATAbA SES ~‘iE w cJ  AS SSAGE PASSl u~ ~~~ L~ L’lS

i t  is usual  f o r  a da ta  inanay inen t  system to p r o v i u e  tue p r o q r a m m e r

w i t h  a set or suorouti~-les which  f o r m  tue in t e r t a c e  oetween h is  p r o g r a m

anu seconuary  s to rage . because su a r a u u i i t y  of uataoases is central to

our  concePt ot a l e r t in g , we neeo to v iew  the data  mu anaq mue nt  system in

a u u r t e r en t  way .  the ua taoase  i t s e l f  cons i s t s  of a s epa ra t e ly  r u n n i n g

j oo which  serves  m any  users  ana communi ca tes  w i t n  theta hy send ing  ant i

r e c e i v in g  messages . ~ im n i l a r l y .  any  user  w i s n in g  to i n t e r r og a t e , o r to

m o d i f y .  tue aa tauase . aoes so oy sending  it tue appropriate message.

the distinction between message passing anti suoroutine calling

m ay seem u n n e c e s a r y .  e sp ec ia lly  s ince  messages w i l l  c e r t a i n l y  oe

£or ~m lat t e d  anti sent oy spec ia l—purpose  su o r o u t in e s , i-~owever , the

uistinctiO fl is important at two levels. Tne programmer must oe aware

t ha t  communica t ion  w i t n  tu e database  is not i n s t a n t a n e o u s  and t i i a t . as

l a r as poss ib le .  n i s  p r o g r a m s  sh oulo be aes ignea  to w o r k

a s y n ci ir o n o u s ly .  t~t a conceptual  level . tue e n v i r o nm e n t  in w h i c m i

messages a re  processed is sub jec t  to external intfuences; wuereas

s uor o u t in e s  a re  u s u a l l y  th o u g h t  to ope ra ta  in a more p r ea ic ta ule

environm ent , anti to nave a uegree  of c o n t r o l  over tue ua ta  W n i C i I  is

considerauly greater tu an  in a message passing system , i t  i s

p r e c i s e l y  because tue e n v i r o n m e n t  is s u oj e c t  to un or e u i ct a b l e  cu anges

th a t  a l e r t i n g  is a u s e t u l  concept . I n a u d i t i o n . tu e s o f t w a r e  to

n an ale  message passl ig in c omp u t e r  ne tworks  is s imple r  than toat

r e q u i r e u  to set up a v i r t u a l  ( s y n ch r o n o u s )  cn a n n el .  nence . th iS

approacu may have a a v a nt a q e s  in a uisttiouteu processing system .

—•

~

•-

~
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AS an e x amp l e . the m~ut ~lioI~ system W U I C U  we sual  I snor t ly  uescr  ioe ,

incorporates a miniature operating system . Inis is capaole or

servicing several users in audition to tue aataoase manager wno nas H
• pr ivilegea control over the system , ~or eac&i user , a two—W ay

coimmi u n i c a t ion  syste mim is set up in Wh1CU messages a re  queueu  in

s i ir i r a u le r i le s . une sucn user  is a t i ec i s ion  a iu in y  system Know n as

u A i S Y t i J ~n i ch  im akes  ne avy  us~ of a le r t i n g . Any transaction witu tue

—— q u e r i e s.  upu at e s  ant i  s e tt i nq  a l e r t s  —— is passed to Lut~m’iti~

t t l r o u y n  tnese i i le s , uAl~~ also pe r iou icoLt y reau s i t s  m i l a l t  L r o~c

u u s t i t i h  wn i cn  i l ay  co n t a i n  tue resPonse to a query, an alert message, or

an e r r o r  message i n d i c a t i n g  tha t  a p r e v i o u s  c o mm u n i c at i o n  Lrom ~A i S Y

w as  i n c om p r e n en s iu l e . in t ue SCCO flU or two oetw een senu ing  a message

to Cut i~ju anti receiving cue answe r , a dAi,,~ user can , anti u s u a l l y

dues ,  c o n t i n u e  to w o r x  on some otne r aspect of nis uecision making .

Li snort, neithe r system is in control; neither can, in normal

ooerution , uis rupt tue other; but LU~~’iUm~ at least is ooliqeu oy

contract to answe r messages sent to it ,

~e expect tuat with tue growth ot computer networ ks anti

uistriouteci uataoases . t i m i s  message  oassinq  phi lo sophy  w i l l  uecome

uc re p r e v a l e n t . TO use it P r o p e r l y  will call ~or the turt uer

u e v e l o p m t e n t  or u l g u  level  l a ngu ag e s  r o r  c o n m u n i ~ a t i nq  w i t h  ua tabase s ,

i n  o ru e r  to scan a t i l e  s e q u e n t i a l l y  t o r  a r ecor d  w i t h  g i v e n

) r o u e r t l e s . it  is i I m : r a c t i c a o l e  to scri ti anti receive a imessaqe tor cacti

r e c o r u , i~atI i e r . the sp e ci r ic a ti o ns  tor  t ui s  searcu snoula oe

tran smnltt eu as one aessaqe. and t~m - ~ message (as alreauy ziap~ens in

L u i ~.l ut~ ) s no u ld  tuen  be e xp a nu et i  oy tue uatauasc i n t o  t i le  a p p r o p r i a t e

program .

_ 
_ _ _ _ _ _ _ _  _ _ _ _  _ _rn 
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D , d ~~~ LL)Ei~iUt ~ S~~S’~~~1

uver the past year . the authors, together witn ~tan Conen , nave

i m p l em e n t ed  a sys tem wnicu supports simple alerting anti tue tyoe of

message passing facilities just descrioed . L ) t ~iL)~ iS w r i t t e n  in i~l~~t~

anti will accept sucu messages as:

ALr .id “ trost warning ” (SiAiI0k’l)

lL~JLJ~~i 1 4~ EF&Al’Ut(E < lO

i at~~ .~rmi mi (“ rrost warning for “ .

L. ~ LI

m e  Lunction of this alerter should oe ouvious once i t  is unu e r s tooo

t i iat  S i A T l O m ~ r er e r s  to a c lass  of  r ecords  ana th a t  ‘lE~wt. kce4iUith ana

~~~~ a re  f i e l d s  or tu a t  class .

~~e oasis or LL.EI’IUL ’J is a set or p rog rams  t or  c o n s t r u c t i n g  ant i

t i an i u l a t in q  recorus , ~ecord classes may oe a y n am i c a l ly  a e t i n ea , anti

tne ~~~~ f u n c t i o n s  f or  accessing their r i e l us  a re  a u t o m a t i c a l l y

constructeu , I n ad u i t i o n , p r ocedures  are  provitied ror auding .

tieleting anti aliodityifly records . This system is consistent with a

r e l a t i o n a l  nouel ant i  a (no t  e s p e c i a l l y  e f f i c i e n t )  set of Program s nave

ucen atiueu to the sys tem wu i ch  p r o v i t i e  f o r  tile usual relational

constructs ,

Ld~.io~ allows a special class of programs. calleu ueino~ s. inese

m a y  contain conuitionals or tue form l~ JUS,l <conutioti> l d E~ <actions> ;

.1ieanin q that <actions> are to tie pertorneu wuenever <contiition> has

just oecome true , Changes wnicn cause a p a r t i c u l a r  s t a te  or tue

o a t d u a S e  to occur can titererore oe m~ion1toreti, often, it is more

uesi rao le  to m o n i t o r  f o r  some prope r ty of the cuange it se l f  • r a t h e r  

~~~~~~~~~~~~~~~ 
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tu an  f o r  ttte resulting state of the uataoase , A aemon ’s conut i o n  may

also con tain references to tue state of the uataoase wnicti just

precetieti a cuanqe . .m tlUS .

IF (JLm) DALAi ’~CE — bA LAt~C~~) > D~~) T5t~t’~

Cdii oe used to monitor wit~urawals r r o m  an accoun t , Tnese cond i t i o n s

may tie predicates in a comujination Of fields from some recoru class

anti may oe used to erfect all torms or simple alerting uescrioed

atiove . In p a r t i c u l a r .

I FJ u S f  (SA LAh C~ < l~i~i) A~ U (A C COU L~1i~ = 1234) ~~~~

nas tue  e f f e c t  of monitoring a given tield of a g iven  record .

ifle distinction tietween alerters anti t i emons l ies in wn a t  icinus of

action tney are alloweti to taKe , ~or a aemon . the action part nay be

a n y th i n g  in c lu d i ng  a ~ r o g r a m  wn i cu  may i t s e l f  m ou i t y  tne dataoase .

t or reasons given tielow, this is unacceptable , t~lor eover . with an

i n c o r r e c t  p r o q r a t . a ti emon ui ay “ nan q ” tile ua tab aSe in a er in i t e ly .  TLIC

a c t i o n  ot  an a t e r t er  is l i m it e a  to senu ing  mi eSSa qe s  in v a r i o u s

L o r i a t s . Let  U S m l C ~~ d c lear  ag a i n  tu a t  a user  senu s  messages  to L id -i

w i l i c i l  J ) e r a t e s  as a s e p a r a t e  joo . in a u u it i o n  to a ler t e r s . a user  1na .’

senu messages to LL) r~~td~ w z i i cn  i n t e r r o g a te  or t l u u i t y  t ile u at a u a se , Al I

these  messages  a r e  t r an s l a t ed  i n t o  su i t a u t e  Li~~ programs: in

sar  t i c u l ar  • an ~t l e r  ter  message is cileckeu by l . ut ~t d ~~ f o r  cons i s t en cy

~ I t i l  tue u at a ua se  an u  is th en  t r a ns l a te t i  in to  a uem on w n x c n  is auu eu

to tu e  .; -yste~t . killS mo a n s t u a t  we can no longer  look upon tue  wnOle

oroceas dS u e lnq  s y n cn r o n o u s :  a le r t e r  messages  a re  e f f e c t i v e ly  issueu

at t e r  tue u ouat e  nas t a k e n  p l a c e . iost i m i m o o r t a n t l y .  we c a nn o t  use an

al er t e r  ifl LdbI•lU ~ f o r  ~r ev en t i n q  an upda te .

_ _ _  -—- -—-~~-—~~~~~~~ -— -- -- - - - •---
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Lue tact that L)t~ u~-4 is limited to senuing anti receiving mneSsatJeS

in res t r i c tet i  t o rm a t s  does not  mean tn at  these messages are j u s t

uis~ layeu at the user ’ s terminal . Fr o mn a suit ao le  ve r s ion  of tite

w~iS~ system m en t ioned atiove . it  is possiole to senu Ltik m~Idi~ a message

suc u as

ALi~t~T “overura wn” (ACCOUtiT)

lFJU~~i’ i3ALAiiCr. < U A

kWm~i accountc i1eck(A CCOWli~F)

mite program “accountcklecK ” resides in the bAI~~ system anu not in

uL)~ L•kh’J ; and tne i n s t r u c t i o n  ~<Uisi is interpretea oy L~bsi.loni as an

Intruction to sena tiacK a message in a ~orin  wt i icn w i l l  cause the

execution of this program w i th  tue appropr iate a rgum e n t s .

one 01 the most important aspects of alerting is erticiency ,

Lur~ u~ operates oy monitoring transactions witu the tiataoase ratner

than oy any  t o r m  or searcu , l r iis  m il eans tn a t  the overneat i  t o r  K eeping

an a le r t er  in the syste n aepenus Oh the fr e q u e n c y  or t r ansac t ions  w i t n

tue uataoase out is inuepenu enc  of i ts  size , Inc f o l l o w in g  is an

i nr o r m a l  d e s c r i p t i o n  or wn a t  napp ens in L t’idi’~ wu en an a le r t e r  is

auueu to tue system anti suosequently activated .

.i Au t i i ny An A l e r t e r  i’o The ay st e im l

1, on r e c e i v i n g  an a le r ter  message .  the a le r t e r is “ stamoeu ”

w i t u  tue iu e n t i f ic a t i on  of tue user  wno sent  i t . I t  is tuen

cueckea for consistency w i t u  tue database “ scnema ” . Th a t  is.

~~~il.m I 

r i e i u na~iies nust oe ~n own to tue system . anti  r e la ted  to tue
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prope r recoru t yt e s . ~ ny inconsis tency causes an e r r o r

message to oe r e t u r n e d .

~~~, Tue action portion is ~ecodeu . ana user specific commands

( such  as at~~~L)) a re  enecked . At th i s  t ime , in the Li~~t~ oasea

system .  a new f u n c t i o n  is cons t ruc ted  wu ich w i l l  a c tua l l y

senu the appropriate response i t  t u e  a le r t e r  is t r iggered ana

tue condit i on  is met ,

,i , Inc ale r t e r  is inj exeu unu er  the ( ri eld . recoru class) pair

f o r  eah f i e l d  name which ap oear s in the cond i t i on .

‘i , At th i s  point , a “AL~~RT Stk 1” message is sent back to tue

sending user .

~,2 Triggering An Alerter

1. ~nen a mnoaitying update is to be per r o rnn eu . a copy of tue olu

v a l u e s  a re  maae in a t e m p o r a r y  a rea .

2 , ~ne upuate  is completed anu a copy of t h e upuateu values are

also placed in temporary store .

3 , e~i tn e r  oy compar ing  the two recorus in temporary store, or oy

e x am i n a t i o n  or the u p u a t i n g  t r a n s a c t i o n , a l i s t  of at t e c t eu

(cnanqed ) tieltis is constructed .

- .-. -——~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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4 . Any ale r t e r  inaexeu unuer  the a p p r o p r i a t e  record class anti

f i e l d  name is activateu ; i.e.. its conuition is evalua teu

w i t h  respect to tue r ecoru s  in t empora ry  s torage anu . i t

— satisfied , t u e  tu r ic t i o n  wn icn  Send s the approp r i a t e  messages

is invo~ eu ,

o .ti Cui’~FLlCfs

m~lUCit of ~u o r y an ’s w o r k [ o J  was aedicatea to resolving conflicts among

toe “ even t  sequenceti p rog rams ” . wui i cn . in the p resen t  t e rm i n l ogy  woulu

ue the actions , since alerters cannot interfere with updates , anti can

o n l y  n ave  tne “ siue e f f e c t ”  or senuiny a m essage, ther e is no contlict

p r o o l e n  as t a r  as tue aataoase system is concerned .

At a more ylooal level , however, we may still run into tue

conr l i c t . F or  examp le , suppose tu a t  two people inu epenu en t ly  rece ive

an alert inuicating tuat an account is not properly oalanceu . one

t r i e s  to f i x  tu i s  w i tu  a c r ed it  e n t r y ,  anti  tue other  w i t h  a a eo i t .

c a u s i n g  i t  to a g a i n  go out  of oalance . ~s a result. tuey eacu get

cal let i  ag a i n  anti .

i~e propose m a t  u t  any  sn ared  t i a tadase .  a user  senu ing  an upua te

nas some i m pl i c i t  Knowledge  about  the i tems oeing upuated , It tha t

Knowledge does not corresponu with tue values actually in tue

t i a tab ase , the upuate  suoula  not oc perm i t t ed . In other woru s .  r at n e r

t i t an  l ocKing  anti unlocking t h e  r eco ru  (or  pe rh aps  a l a rge  numoe r of

r e cords  f o r  comp lex a l e r t i n g ) . we pe r .nmi t  tue user to senu a

—a—-- ~~~~~~~~~~~~~~~~~ -
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c o n uit i o n a l  upuate  wn i cn  is e f f e c t i v e  only  i t  tue recoru  t~ oe upuateu

is the same as wuen tue user last  inspected it . (simnilar to one or

uljtcstra ’s “guarue u co~amnantis” .u .  It the conuition is not satistleu ,

tue update is rejecteu , anti toe user must rereati tue recoru .

system i~~l3) 3ermnits tue users to uefine transactions . wuicu

involve essentially a stream or comtl~nanmi s. all  of wn ic n  mus t  oe

executed it any are to tie, This is tile tyoe of feature which we are

proposing to use r or  r e so lv ing  “ c o nt l i c t s ” ot tuis nature .

/ • ki vW A I~4ti

In a d d i t i o n  to a l e r t i n g  w i t u i n  tne r e l a t i o n a l  con tex t , as

oescr ioeu atiove , we uave been imp lem en t ing  these concepts  in t u e  ti~~ iu

t r a m i e w o r K , wA~ U (~ nar ton alerting ~etwork uataoase) ~3J was originally

uesiqneu as a researcu vehicle ror testing concepts wrticn could oe

app l i ed  to ouru uataoases, In audition to tile stanuaru V~~TL3 t e a t u r e s .

th e re  iS an i n t e r a c t i v e  “ n a v i g a t i o n ” a iu . anu p lans  fo r  a u y n a m n i c

r e s t r u c t u r i n g  c ap a o l l i ty [4 1 .  ~or a l e r t i n g , i t  w i l l  oenave in tue saI.me

tasuion as L.ti~~hui~

Tue m O d i f i c a t i o n S  a re  to tne ~~~ modules of tue system . anti

tue STUu~ functions , t~. Co r tes . along w i t u  one of u 5 ( d ~’t~) is

c u r r e n t l y  i tap l em en t ing  t ioth s imp le  anti  s t r u c t u r a l  a l e r t i ng  f e a t u r e s  in

tn i s  system . 

-~~- -- - - - -~ --- 
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d .ô CU~ CLuJSIUi ~~

.~e nave suown tha t  a reason at i ly  l a rg e  class ot alerters (simple

anu s t r u c t u r a l )  can be implementeti, w i t u  a computing t im U e overueau

wuicu i -s inuepenuent or tue numoe r or recorus in a l a rge  uataoase .

The e x t r a  t ime r equ i r ed  to nand le  a ie r t in g  along w i tn  norm al  database

up d a t ing  is aepenuent  only  on the num oer  and c omp l ex i t y  or tue a le r t e r

conuitions t~emse lves ,

~n experimental system w i t n  tuese t e a t u r es  nas oeen inp le inente a

i n L1~~t’ anti  r u n n i n g  f o r  over a year . A s im i l a r  sy stem n . w o r k in g  w i t h

uJdi ~ u amauase s . is to tie completeti  l a t e r  th is  summer . i~otrt or tuese

are in use anti tue concept of alerting is oeing testea,

.ie tee! t n at  a l e r t i n g  f e a t u r e s  a re  a n a t u r a l  ex tens ion  to

uataoas~ tecnnoloqy, anti tuat tney shouiu oe p.Lanneu ror An any major

datab ase implemen ta t ion s .

~
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