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'ABSTRACT ,

This paper describes the CURRENTLY OPERATIONAL version of the INGRES

data base management system. This multi-user system gives a relational

view of data, supports two hig@ level non-procedural data sublanguages
“4 ’ »

and runs as a collection of user processes on top of the UNIX operating

system for Digital Equipment Corporation PDP 11/40, 11/45 and 11/70 com~

¥

puters. Stressed here are the design decicions and tradeoffs related

to 1) structuring the system intoiprocesses, 2) embedding one commgand
language in a general purpose proéramminé language, 3) the algorithms
implemented to process interactions, 4) the access methods implemented,
5) the concurrency and recovery cont;ol provided, 6) support for views,
protection ;nd integrity constraints and 7) the data structures used for

system cétalogs and role of the data base administrator.
B
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1 INTRCDUCTION

INGRES klnteéactive Graphics ard Retrieval System) is a relatior-
al data 6ése system LWhich is implemerted orn top of the UNIX
operatirng system developed at Bell Telephore Laboratories
[RITC74) for VULigital Equipmert Corporatior. PDP 11/40, 11/45 ard
11/70 computer systens. The implemerntatior of INGRES is primards
ly prosranmed ir. "C", a hignh level larcuage in whicn UNIX itself

1s writter.. Parsir~ 1is dore with the assistance of YACC, a

conpiler-ccmpiler available or UNIX [JdHN?M].

Tne advartages of a4 relatioral model for data base maragement
sysnemf have bpeern extensivel& discussed 1ir. the 1literature,
[COCDT70,CODDTH,LATETY] ard hardly )require further elaboratiorn.
Ir. choosirg the relatioral model, we were particularly motivated
oy (a) the nieh derree of data irdeperderce that such a model
aftfords, ard (b) the possibility of providirns a high level ard
er.tirely procedure-free facility for data definition, retrieval,

update, access cor.trol, support of views, and integrity verifica-

tior.

¥

Irr tnis paper we will describe tne desipmr. decisions made irn

INGRES. Ir. particular, we will stress the desisn ard implemerta-

tior. of:

a) the embeddirr of all INGRES commards in the gerneral purpose
prorrammirg larncuange "C" .

b) tne access metnods implemerted ,

¢) tne catalor structure and the role of the data bas¢ admiris-
trator
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d) support for views, protectior and integrity corstraints

)
e) the decompositior. procedure implemer.ted :
implemertatior. of updates ard cornsisterncy of secordary irdices

recovery ar.d cor.currer.cy cor.trol

Lxcept where roted to the cortrary, this paper describes the
INGRES system operatioral ir Jaruary, 1976.

A

To this era we first briefly descrivbe ir. Sectior 1.2 tnhe primary
qﬁery lar.guaze supported, QUEL, ard tne utility commar.ds acceoted
oy the currert system. The secornd user irnterface, CUPID, is a
7raphics orierted, casual user larnfuaze which is also oneratioral
ard described ir. [!1CDO7Sa, MCDO?SD].—/}t will rot be discussed
further 1r this paper. Ther. 1ir Sectior 1.3 we describe the
relevart facrors ir the UNIX ervirormert wnich have affected our

desigr. decisiorns.

Ir Sectior 2 we discuss the structure of the four processes {see
Sectior. 1.3 for a discussior. of tnis UNIX rotior.) 1irto wnhicn
IINGRES 1is divided ar.d thé reasorir.c behird the choice implemer.t-
ed. The EQUEL (Lmbedded QUEL) precompiler, which allows the sub-

2

stitutior. of a user-supplied C program for the "fror.t ernd" pro:’
’ . .
cess 1s also discussed. This program has the effect of embegqigz\
all of INGRLS ir. the rer.eral purpose programnine lar.guapge "C".
Ther. 1. Sectior. 3 we irdicate tne data struqtureé whiech are 1im-
plemer.ted ir. INGRLS, the catalor (system) relatiors which exist

ar.d the role of tne data pase admiristrator with réspect to all

relatiorns ir a data base. Th=2 implemerted access methods, their




callirg corvertiors, ard thne actual layout of data pages in

-

®

secordary storase where appropriate,,are also presented.

Sectdor.s 4, 5 ard 6 discuss respectively the various furctiors of
each c¢f the three "core'" processes ir the systen: ' Also.discussed
are the de31én ard implemer.tatior. strategy of eaéh process.
Lastly, Sectior 7 d;aws cor.clusiors, sumgests future extenéions‘

ard indicates the nature’. of the current applications rur or

INGRES.

1.2 QUEL AND THE OTHER INGRES UTILITY CONMMANDS

QUEL (QUEry Langﬁéqel nas points ir commor. with Data
Lanqhage/ALPHA [CODD71], SQUARE [gOYC73] ard SEQUEL [LHAMTN] ir
that it 1is a‘“complete [CODD&%] query larnguage which %rees the
prograrmmner from corcerr. for how data structurés are implemer.ted o

ar.d what algorithris are operatirg or stored data. As sach it

facilitates a cor.siderable degree of data irdeperdence [STONT74a].

The QUEL examples'in,gnis sectior. all concerr. the followirg rela-

tior.
NAME -  DEPT SALARY MANAGER AGE A
. .
Smith toy 10000 Jor.es - 25
ENMPLOYEE Jor.es toy 15000 Johr.sor. 32
Adams candy 12000 Baker 36
Jonr.son to 14000 Hardirng 29
Baker agmir 20000 Hardirng 47
Hardirpg adnirn 40000 * rorne 58

Irdicated nere 1is ajp EMPLOYEE relatior with domains NAME, DEPT,— - --

SALARY, MANAGER and E.. Eacn employee\nas~a mar.ager (except for

o by

6




Hardirg who 1is presumably the company presideft), a salary, an

age, ard 1is ir a department.

A (QUEL 1interactior ircludes at least ore RANGE statemert of tne .

0\
form: _ 7

RANGE OF variable-list IS relatior.-rame

The symbols declared irn the range statemént are variables which

)

will be used as argumerts far tuples. These are called TUPLE,

VARIABLES. The purpose of this;statement‘;s to specify the rela-

1 '

\
tior. over which each variable rarges. S

»

- \\
lloreover, arn irteractior, irncludes ore or more. statemerts of the
. \ o
fornm: )

Commar.d [Result-rame] ( Target-list )

([ WHERE Qualificatior ] é

Here, Commard is either RETRIEVE, APPEND, REPLACE, or DELETE.

- Ve
For RETRIEVE ar.d APPEND, Result-name is the rame of the relatior

1

which qualifyirng tuples will be retrieved into or apper.ded to.
FFor REPLACE ar.d DELETE, Result-r.ame is the r.ame of a tuple vari-
able which, through the qualificatiorn, iderntifies tuples to be

modified or deleted. The Target-list is a list of the form .

Result-domaiﬁ = Funétion.... /

¢

Here, the ResultldomaiLi§\3£§ domair. names ir the result relatior.

~- ©

which are to be as¥igried the value of the correspondir.e furctior.

‘-

™~

¢

-




- /\ " ,
The following suggest valid QUEL 1irnteractiorns. A complei7/
deﬁ@riptidt of“the larnguage is preserted in [HELD75a]. /
4 : . - : . i
: . s

—

Exspple v P~ Find the birth year of emplogee Jores

e 'RABEE‘G€~EL1§WEHPLOYEI{,
RETRIEVE INTO W (BYEAR = 1975 - E.AGE)
. WHERE E.NAHE = "Jares" s -

® P . -
Here, E 1s a tuple varlable ch rarnges over the EMPLQYEE Pfela-

' tion and all tuples in tnat relaﬁlon -

quallflcation E. NAHE~_ “Jon s". The result of the querly is a new

‘ “elatlor, w,\wnicn nas a. single’domaln, BYEAR that hasg beer cal-’

culated for each qualifyirg tuple. If the res
. Fo » :
-omitted, qualifyirg tuples’are written in\display format or the

elation 1is .

-~

user's'~teﬁminalior returned to a calling program in prescribed
. " o X ‘
for nat as discussed ir. Section 2. Also,_ir the Targ st, the .
N ' g ! 9 . ’
"Result-domair :f .may be omitted if Furnctior is the \right hard

’

side is ar existing domair. (i.e. NAME = E.NAME may be writter as ' .

.
NI N -
\
v

@.NAHE -- see exanple 1.6).

\ - -
Example 1.2 Irsert the tuple <Jacksor,cardy,13000,Baker,30)
s . + . v
ir.to ENPLOYEE. ‘ . ‘ T - “ . ..

APPEND TO EHPLOYEE(NAME = "Jackson", DEPT = "cardy“
SALARY = 13000, MNGR ‘= "Bdker" AGE ,9)/1//

. .
:
V/ . . ol

liere, the result relatior. EMPLOYEE 1s modified by adding the :

irdicated tuple to the relation. If ot ull éomains‘are speci- -

tf'ied, the remairder.default to zero for runeric domains arnd rnull
s » . ‘ o ~ .
for character strirgs.. -

&=

- e

Example 1.3 ' If a.second relation‘DEPT(DEPT, FLOOR#f cor.tairs

Pl

e ;"/8.
9




ftne floor# of each d%bantment that ar. emp

/

thern one carn fire everybody or the first floor as foli\zsi

. RANGE OF E IS EMPLOYEE
- RANGE OF D IS DEPT .
’ DELETE E WHERE E.DEPT = D.DEPT
AND D.FLOOR# = 1

o -

g e - e e e el ¥

V5
Here "'E specifies that tne EMPLOYE§ relation is to be modified.

w
éu

All tuples are to be Aemoved which have a value for DEPT which is

tne sane as’some department of the first floor.

" 'Example 1.4 Give a 10 percent raigse to'Jones if he works on

‘the first fioor ,ﬁ\\\v )

RANGE OF E IS EMPLOYEE : -

RANGE of D is DEPT -

REPLACE E(SALARY‘BY 1.1 * E. SALARY)

WHERE E.NAME = "Jores" AND _
E.DEPY = D.DEPT AND D.FLOOR# = 1

4 . ¢

A

[
tiere, E.SALARY"is to be replaced by 1.1*E.SALARY for those tuples

%

in. EMPLOYEE wnere the qualification is true. (Note thég_ﬁhe key-
wordg IS'and BY " may be used interchangeably witn "= in any QUEL

_ statement.), : A ) T

Also, QUEL contains awgregation operators including COUNT, SUM,
MAX, MIN, and AVG. Two examples of the usé of aggregation ol

10W. . ) \\\

N

Examplé 1.5 Replace the salary of all toy departmer.t employees

by the average toyodepartment salary.
A}
RANGE OF E IS EHPLOYEE
REPLACE E(SALARY BY AVG(E.SALARY WHERE E. DEPT = "toy") ).
WHERE E.DEPT = "toy" ‘

< -7-

R Py
- * . .
( Tar
. .

TS




o ~ \\ Py -
.\ ' \ AN , , ) ~— s ( v C;
' ot \ ‘ .
A . “
“;;;ETf\IVG~\;;iEKQ be taker. of the éalarx\izéain foq‘tnose tuples

N

satisfying' tne qualification "E/DEPT "toy": Note that

AVG(ELSALARY UHEﬁEe L.DEPT= "toy") is scalar valued (ir this ir-

starce, $13,000) ard sequent}y\will be called ar AGGREGATE.
\ ‘

llore gerneral aggreratiors are poéSib}e as suggrested by the fal-

lowir.g example. : o

or

™
e

Example 1.6 Fird those departmerts whose ‘gverage salary
exceeds the compary wiqé average salary, both averages to be tak-
en- only for those employees whose salary exceeds $10000

: RANGE OF E 1S EMPLOYEE
. RETRIEVE INTO HIGHPAY (E. DEPT)

WHERE- AVG(E.SALARY BY E. DEPT\NHERE E. SALARY > 10000) .
>

AVG(L.SALARY‘UHER§ E.SALARY > 10000)
Here, - AVG(E.SALAR; c BY E DEPT WHERE E.SALARY>10000) is ‘an
AGGREGATE FUNLTION ard takes a value fom each value of E.DEPT.
This value 1s the aggregate ‘AVG(E.SAe:}Y WHERE E.SALARY>10000C
ND E.DE?T = value). (For the toy, candy and admin depertments
t i; Qalue is“?espectively'lu,SOO, 125000 ard 30,000.) The qual-
ificatidp expression for the statement is tnen true foru depart-

mer.ts for which tnis aggregate function exceeds tne aggrerate

AVG(L.SALARY WHERE E.SALARY>10000). \

\\\\{Q\ addition to the ‘above QUEL commands INGRES also supports a

vari ty. of utility conmar.ds These utility commands car. be classi-

fied into sever major categories.

-
Iy

S




; ,,/aﬁginistrator. DESTROYDS éucoéséfullyeqést oy

<o

”

J

¢ .
INGRES data-base-ranme

N

‘ ) .

This commar.d executed from UNIX "logs in" a user to a giver. data

base. (A data base is, simply a ramed collectior of relations with

%

a giver. data vpase admiristrator who has powers rnot available to
>

e

ordirary users.) Thereafter, the user may issue all other ‘com-

@

1) . <
nards (except those executed directly from UNIX) withirn the er-

virormert of the irvoked data base.
b) creatior ard destructior. of data bases

CREATEDB data-base-rane

DESTROYDE data-base-rame .
- ~ . e
. L = ~ <

\ . : .
These two comnards are called from UNIX. The irvoker of CREATEDB

. <
must be authorized.to-ereate data. bases (ir. a marrer to be

describe8 preser.tly) .ard he automatically becomes the data base

ata base orly

if-invoked by the data base administrétor.

} .
©) -creatior. ard destructior, of relatfors

>

"™ CREATE relrame(domairn-rame IS format, domair-rame IS format,..

DESTROY relr.ame

’

Tneée commards create and destroy relations withir. the currert
.'.‘!,’ . . . .
data base. The irvoker of the CREATE commar.d becomes the 'owrer"

of tné reldtior. created. A user may only destroy a reélatior. that

I
I
ne owr.s.i’
byte ih#egers, 4 ard 8 byte floating point,numbers‘and fixed

L)

The currert formats accepted by INGRES are 1, 2 ard

| 11 -s-

™~

..

“~




T = -
v - ¢ 5 'i“
\
v .. .

\ ) . T
lersth ASCII character strirgs betweern fﬁ@nd 255, bybes.
| ' ';;‘Eéiﬂ DINEN
d) bulk copy of data 5o

e N

. % - 3
COPY relrame(domair~-r.ame IS format, 8ﬁﬁain-name.15 ‘format,...)
direction "filerame"
%

- [ . e ey e e — .
———

PRINT relname

The commard ACQPY trarsfers an ertire relation. to or from a UNIX

file whose rame is "filer.ame". Directior. is either "TO" or

[N

YEROM", Tne -format for each domain is a descriptiorn. of how it
appears (or is po appear) in the UNIX file. The relation relrame
nust exist ard have domair rames idertical-to the ones appearing
" ir uine COP¥ commar.d. lHowever, €ne formats- reed rnot agree; ar.d

COPY will automatically convert data typés. Also,.supgért is

provided for dummy ar.d variable lerngth fields ir a UNIX file.

R [

PRINT copies a reiation onto the user’s terminal formatting it as

a report. In this sernse, it is stylized version of COPY.

. -

_e) storage structure modification . ( ..
\) . . ]
UOD;FY relrame TO storage-structure OH (key1l, key2,...)

INDEX ON relrame IS irndexrame(keyt, key2,...{

The MODIFY commar.d charges the stoﬁagéngAucture of a relatiorn
from orne acgess method to, an?fher. The five access methods

currertly supported are discussed (ir Sectior 2. The irdicated

N
L N

) \h—’—/ . ' - ’
keys .are domairs in relrame which are cor.cater.ated left to rient

/

to torm a combired key which is used ir the organizatior of tu-

P . ; _
ples Air. all’but ore of the access methods. Orly the owner of a

il

‘/5 ,
}
F ]

1 2 -10- X .

o)




o

?elatiop may modify its storage structure.

Pig et
<

- INDEX - cwéggbs a secordary index for a reldtion .- It has domains

of key%, key2,...,poirnter. The domair., pointer, is the  address

off a tuple in the i&dexed relatiorn having the given values for

keyl, key2,.... Ar irndex ramed AGEINDEX for EMPLOYEE would be

‘

the followirng birary relatior

N AGE POINTER ‘ ”
-~ . 25 address of Smith’s typle ' :
. -732 address of Jomes’ le
~ AGEINDEX™ 36 address of Adams” tuple . /
///// 29 address of Jonhnsorn’s tuple L /
s 47 address of Baker s tuple ; /
. 58 address of Hardir.g’s tuple . “ 1.

< -~
v
»

Tne relatior. irdexrame is dn turrn treated ard accessed Jjust like/ -
ary other relation except that it is autematically updated whef,

the relatior. it ipdexes is updated. This is discussed further 1in

RIPYL - .
Sectior. 6. Naturally, orly the owner of a relatior. may create

]

arnd destroy secorndary irdexes for it, ‘.

_f) corsisterncy ard integfity corntrol

INTEGRITY CONSTRAINT is qualification ~

INTEGRETY CONSTRAINT LIST relrame

INTEGRITY CONSTRAINT  OFF relname
INTEGRITY CONSTRAINT OFF (integer, ... ,integer)
. . k3

RESTORE data-base-rane
3

+

The first four cbmmands.support the irsertion, listine, deletion

and selective deletion of irtegrity constraints which are to be’

#
‘.

. f WY

i3 -u- e




£

“

ernforced for all interabtions with'a relatior.., The mecharism for

hardlirg this enforcemert is dicussed ir Section 4. The last

L3 .- y

commard restores a4 data base to a consisternt state‘after’a systen
crasagyﬁgt must be executed from UNIX ard its operatior is dis-
cussed . ir Sectior. 6. The RESTORE-Commard is ornly availablg to

the data-base. admiristrator.

!
i

vmiséellaneous

"HELP [relrameimarual-sectior]
SAVE relrame UNTIL-expiratior-date -~

RELKILLER data-base-rame

< .
¢ ¢

. \ .

HELP rovides irformatior about the system or the data base ir-

voked. Wher called with ar. optioral argumer.t which is a connard

rrame, HELP will returr the appropriate /page from the INGRES
¢ -

ref'erer.ce marual [200K75]. Wher called with a relatior rame as

T

ar argument; it returns all informatior. about that relatior.
VWith ro argumert at all it returns informatior. about all rela-

e}
tior.s ir. the current data base.

‘SAVE is the mecharism by.which a user car .declare 'nis‘ irtertion
‘té keép a relation untii a specified time. RELKILLER is a UNIX
connand which carn be irvoked by a déta base administrator to
delgte all relatiors whose "expiratior.-dates" nave passed. This

s@éhld be dore whér. space ir. a data base is exhausted. (The data
/ A .

base administrator ' car. ‘also remove ary relatiors from his data
-‘ -

base using the DESTROY commard, regardless of who their owr.ers

]
/' are?) , cooe /
L4 ) ‘ -

1 4 ~-12-
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vy

st-atenents. Although the algoritn&s have

N ~

r

Two commer.ts should be rnoted at\this time.
a) The system currer.tly accepts the language spgcifiedh

. ; #
irn. [HELDT75a]. Externsior. is in progress to accept§QUEL

b) The system currerntly does rot accept views or protection

, beer *specified

[STONT4b,STONT5], they nave rnot yet \beern implemerted. For tnis

reason, rno syrntax for tnesg statements\is mivern in this sectior;

\
however the subject is dicusged further/irn Sectiorn 4,

1.3 THE UNIX ENVIRONMENT ye . - .

Tw6 poir.ts corcerring UNIX are worthy of wention ir. this sectiorn.
. ' \
a) The UNIX'file system
p .

UNIX supports a tree structured file system similér t§ that of
MUWTICS. Each file is eitnér a difectory (cdﬂtagﬁing referernces
to descerndant I&les in ‘the file syste?) o;\a data file. Each
data file car be viewed as an array 1 bife widévan& 2#%¥2l  Dpytes
long. (It is expected that tnis\ma§imum lqutn\will be‘inereaseq
by the UNIX implemertors.) Addressing in a file xis similar‘ to

refererncing such ar. array. Pnhysically, each file is divided irto

512 byte blocks (pages). In résponse to a read. fequest, UNIX

L)

(lnoves ore or more pages from secondary memory to UNIX core

,

buffeers ther. returrns to the user the the actual byte string
aésired. If the same page is referenced agair (byjhhe sane or

arother user) wnile it is still irn a core buffer, rno disk I/0

tagés p%gcen

-13- 15 )

e
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(¥ 3

It. 1s important to rote that UNIX pages data from the file system

irto and out of system

replacement algorltnm. Ir

[

mar.aged as a large virtual

Ir. part because ‘the INGRES

system should appear as

buffers usirg a "least recently used"

this way the

entire file system is

store. ) -

desigrers believe that a ‘data base

a user job to UNIX arnd irn part because

they believe that jye operatirng system should deal with all space

nar.asener.t issues’ for the.mix of jobs beirg run, INGRES corntairns

NO tacjilities to do its owrn memory maragemert.

s

Each file in UNIX car be nranted by its owrer any combiratior. of

the following protectiorn clauses:

a) owner read
b) owrner write R
c) ror -owrer.read Ve

d) rnor. owrier write
e) execute ) ‘
f) special execute ’_*\
Wher. INGRES is 4initially gererated, a UNIX user ramed INGRES is

created. All data files managedﬁ?y dﬁe INGRES system are ohred

-

L

by this "super user” ‘and - avp’ tneir protection statUs set to

=

owr.er read, owrer write, rno otn access". Consequently, or.ly

the INGRES super-user can direct“““‘tamper with INGRES files.

(lne protectior system is currently beirng altered to optiorally

require the consent of tne data base administrator before ur.res-

‘tricted access by the super-user is allowed.)

o D

Tne‘INGRES object code is stored ir files whose protectior status

is set to "special execute, ro other - access". - Wher. a user

§@-14-
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r

irvokes the INGRES system (by exécut;ng commar.d a) above), UNIX

creates‘tne INGRES processes operatirg temporarily with a user-id

of %NGRES,‘ ,wqu a user exicvs from INGRES these proéesses are

———

dest#oyed ard the user is restored -to. operating with bnis owrn

— s
x

useqﬁid. . .

\

7

Using tnis mechar.ism, the orly way a user may access ar * INGRES

aata base is to execute INGRES object code. This "safety latén™

-

effectively isolates users fronm tampérimg directly witn INGRES *

data. ! . i
N "'i'f‘“

b) The UNIX process structure S . .
. , . - e oy

|
i

A process ir. UNIX is ar address space (64K bytes or less or an .
2 RS

11/40, 128K bytes or less orn 11/45°s ard 11/70°s) which is asso-
clated with a wuser-id ard is ‘the urit of work scheduled by the
UNIX scheduler. Processes may "fork" subprocesses; conséquent]y,

a parent process car be the root of a process subtree. FUrtherd

F r

more, a process car. request that UNIX execute a file in‘a’dés&@g;
dant process. JSuch processes may communioafe with each other via
an inten-broceés'éommdhication facility called "pipes". " A pipe

nmay be dedTZ?éa as a ore diredtion commuricatior. lirk wnich is

"writter. into by ore process and read by a secord orne. UNIX nmair-

tairns synchrornizatior of pipes so rno messages are lost. Each

process has a "standard ir.put device" and a "starndard output dev-

~

ice". These are usually the user s terminal but may be redirect-

ed by the user to be files, pipes to other processes, or other

devfoei;/y L ~ .

i

i

v
- .
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Lastly UNIX provides a facility for ‘processes executing re-

ertrart code to share procedure segmerts if possible. INGRES

'a

takes advarntage of- this facility so the core space overhead: of

.

. / ’
.fultiple corncurrert users is ornly Egggﬂgggginsd.by—ea%a—segmentSz

- 4

Ne@turn in the rext section to the process structure in  wnicnh

INGRES rurs.

LY A
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2.1 INVOCATION FROK .UNIX | - ' ’

‘ur.til he is satisfied withﬁhis interaction.w The cortents of this

2 THELINGRES PROCESS STRUCTURE g Co-

¢

INGRES car be invoked, in two ways: -First, it can beﬁdirectly g
invoked from UNIX by executing INGRES data-base-rname; second it
car. be invoked by executirv a program written using the EQUEL .-
precompiler. Ue discuss’ each ir tu"n and tnen commer.t briefly on

why two mechar.isms exist.

L - > -
'
-

Issuirg INGRL3S as a UNIX comnrarnd causes the process structure .

showr, ir. Figure 1 to be created.

o)

!
]
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cp Fifgdre 1 - s e e .
""t‘, RS .

hd || = » : . L as
. Ny .
Process 1 is an intiractive terninal monitor which allows the

user to formulate, prin { edit and execute collections of INGRES

commands. It maintains a wongspace with wnich tne user inte“acts

Fd

vorkspace are passed dowr, pipe A as a string of ASCI; chaAaoters;

whet. executior. is desired. ~ - = = : s
- ' §

; \\\
A .s
As noted .above, UNIX allows a.user.to eiter the standard irput

: ' - 19 --17" '\..r.:“a. .
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and output devices for his processes wher executing a dommar.d.
As a resulv-tné irvoker qf INGRES may direct the termiral moritor

to take irnput from a\bser file (in which case he runs a "ecarnred"

-

tollectidr. of 1nteractlons) ard direct output to arother device

(sucn as the lire printer) or a flle.

.

,The current termiral moritor accepts thb following commards.

A2

Arythirg else is simply apperded to the user’s workspace. . '
# : Erase the previous character. Successive uses of thnis
irnstructior. will erase back to, but rot beyord, the
besgirnrning of the current lire. - .
’\
€ : Erase the currert lire. Sucoessive uses of: this. in-
structior. are igrored. D
Erase the ertire interéction (reset the workspace) The
tormer corterts of the workspace are irretrieveably lost.

\r

.o

.7
Print the curfert workspace. Its eorterts are prifited
. or. the user’'s terminal%, ‘ |

\p

Ernter the UNIX text editor arnd begir accepting editor
comnar.ds. The editor allowg sophisticated editirg of the
user’s workspace. Tnis commard is executed by simply

. "forkirg" a subprocess and executing the UNIX editor in it

\e

\g Process the currernt query (po). The cortent§ of the

workspace are transmitted to process 2./
Y

\q. 1 bExit from INGRES.

x

1

&

Process 2 contairns a lexical analyzef, a parser, query -nodifica- - -

tior routires for irntegrity corntrol (ard irn the future support of

-

. _ .
views and protectior.) and corcurrency corntrol. - Wher process 2 .

firnishes, it passes a strirg of tokers to process 3 through pipe

B. Process a is discussed in Sectiorn 4.

-

4

Process 3 accepts this toker string ard cortairs executior, .

-18- . B
20 | S

; . ' o B f L
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routirnes for the commar.ds RETRIEVE, REPﬁKCE, DELETE ard APPENI.

Any’update‘is turred irto a RETRIEVE commar.d 'to isolate tuples tq

be char.ged. Revised coples of modified tuples are spooled into a
special file. Tnis file is tnen.prooessed by a "deferred update -

rocessor" ir. ptocess 4 which is digcussed in SectiQn 6. -
/ \ -

Basically proc%ss 3 performs twoe fur%tiors for RETRIEVE commards.
A 3
a) A multiva"i%ble gliery is DELOMPOSED into a sequence of ir-
\ ' . .
actlors irVolving only a sinple variable. -d) A or.e- variable

ol

query is exe uted by a orie variable query processor (OVOP) ovQr
irn. turn pergsrns its fur.ctiorn by makirg calls on the access

nethods. Tnese two furictioris are diSCu\Sed ir. Sectiorn 5; the

access method-are irdicated ir Section-3. - - -

) / L :

In process U4 resides, all code to Asupport utility = commar.ds ’

(CREIATE, DESTROY, INDEX, ete.). Pr»ooess 3 simply passes to pro- %
; ° .

cess mn any conmands which %yocess b i1l execute. Prooess 4 is /

organized as a collection of o?e.lays which accomplisn the vari;

ou;;fﬂnctiogs. ¥Qe structure of gnis process will bel discussed -~

ir. sejtion 6. \ T C
? ‘

Error&messages are passed back throupgh pipes D, E and F to, pro-

cess "1 which returns them to the wuser. If the &émmang is a

\d

RETRIEVE with ro result relatior. specified, process ¥ returns
f N v .

77T v N .
qualifying tuples in a stylized foPfmat directly to the’

output device" of process 1. Urnless redirected, ’tniﬁ‘

usef s terminal. ‘ o

. g o
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A

the precompiler. - ° ' C s
3 ) : L

2.2 EQUEL

e

Altnough A QUEL ‘alone provides the flexibility for most data

. maragemer.t requiremernts, there are many applications which re-

guire a customized user irnterface in place of the QUEL 1énndaoe.
&

For this as well as otner reasons, it is ofter useful to have the

flex;bility of a general purpose programming lar.guage ir additior

'to the data base facilifies of QUEL. To -this end, a rew

lenguage, EQUEL (Embedded QUEL), has beer implemented which cor-
sistsk of QUEL embedded ir the gereral purpose pﬁogramming
lar.guage "C",

- ]
®

Ir. this section we describe the EQUEL lahguage arnd indicate how

it operates ir the INGRES ervironmert. ’ 3¢;§
' B _ Ca o L
Ir. the desigr. of LQUEL, the followirg goals were set:
N \\.
1) The kew larnguage must have the full capabilities of both "C"

ara QUEL.

K]

~ 2) Tne C program sfiould have the capability for processing each

ﬁhple,individu'lly which satisfies the~ qualification iﬁx a

QUEL RETRIE statement. (tnis is tne "piped" return faoils§
i;!‘

ity described ir Data Language/ALPHA [CODD71j)
3) The inplenentation‘ should make as much use as possible ef

the existirg C ard QUEL larnguage processors. (Tpe implemen-

tatior cost of EQUEL snouid be small).

Witn‘tnese gpals ir. mind, EQUEL was defined as follows:

o . . . R \V\ "x
' -20~ J o AN
‘ 22 . .

' )

e s £
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1) Ar.,y C language statement 1is a valid EQUEL statemernt,
. . : ) <. &
2) Ary QUEL statemert (or INGRES utility commard) is a valid

EQUEL statemer.t - as lorg as it is prefixed by t&o.numbqﬁ

H

sipns.("##").

3) C progran varlables ‘may be used ir. QUEL statements ir. place

g

of qelation rames, domair. ramgs, target 1list. elemgnts, or

13

dbméin valueé.‘ The declarat ~Statemer.ts of C*varlable&

sivrs.

~

4) RETRIEVE statemerts without a result relathorn nhave the form

& RETRIEVE . (Target-list)
v [WHERE Qualificatior] HH{ C-block ##)

< ¢ .
whichd results in the C-Block being execute or.ce for each

qualifying;tuple. ) \ -

Two *short ekXamples illustrate EQUEL syrtax.

Q

Example 2.1 The ﬁoilowing sectior. of code implemernts a small

< N ]

N

ror.t erd tg. INGRES which performs only ore, query. It reads in

the rame of ar employee ard prints out the employee’s salary in a

suitable format. It cortiriues to do-this.as_long as there are

4 .o .
* more rames to}gijpeqqfrp. The functiors READ ard PRINT are as-

.

sumed to have the obvious meanirg.

mair() C C
{ . s ! B . ot
## .char NAME[20]; ‘
## int SAL; ‘
wnlle (READ(NAHE))

{

“ ## RANGL OF X IS EMP
4 RETRIEVE (SAL = X.SALARY) ‘

## WHERE X.NAME = HAME

- -

e \-'

23 -a1- -,
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r

AN h . .
# | { - . o
) PRINT("The salary of ",NAME," is " SAL):

. ~ : ~

N

Ir. this exanple the C-variable NAﬁE is used in the.gualifica-
¢ tiorn of tne QUEL statemernt arnd for each qualifyirng tuple, the.
C-variable SAL 1is set to the appropriate value and ther the

AN " .
Print statement is executed. (note: ir C "{" ard "}" are

N

equivalent to BEGIN ard END ir ALGOL).

Reaq ir. a relééigs.name and two do@ain r.ames. Ther.

{

&
ectior of values: which the %%oond domair is to
ia

ocessing or all values which%%he first domain
}

kS

N

¢ ' . it
adgumes.\ ' (We asdume the furctions READ an% PROCESS exist ard
have the obvious mearirgs.) A more elaborate versior of this pro-
gram could serve as a simpfé\reporé generator,

## int VALUE; S ‘

## char RELNAME[ 13], DOMNAME[13], DOMVAL([801];

## char DOMNAME_2{13); . , i ‘
READ(RELNAME) ; e e

READ(DOMNAME) ; - : e

e

READ(DOMNAME_2);——— = . .

-~ 34 RANGE OF X IS RELNAME ) : } ‘

while (READ(DOMVAL))
{

it RETRIEVE (VALUE§= X.DOMNAME)
it ) ‘WHERE X.DOMHAME"2 = DOMVAL
> o { . . . Sey
PROCESS(VALUE); ,
} . | .

~
N . - L !
. . ? N
s
@ . .
<

Ary RANGE declaratior (ir this case the ore for X) is assumed by

}

INGRES to Hold until redefined. Herce, orly orne RANGE statement

Kl




P

is required regardless of the number of tines the RETRIEVE state- ]

Y

merit is executed. . f ) -

.

Ir. order to implemernt EQUEL, a trarslator (pre-compiler) was

writter which converts an EQUEL program into a valid C-prosranm

-\ : ‘~
. with QUEL statemerts converted to appropriate C- ¢ and calls to v
A\ : .
INGRES. The resultirg C-program is then compiled by the rormal
: . . . - )
C-compiler producing arn executable module. Moreover, whepf%n
N . ""‘ *
EQUEL program is run, the exegutable module produced by the C-' -
compiler 1is wused as the front end process in place of the f%-
teractive termirnal moritor as roted irn Fipgure 2. _ ,
. S
! roa T B ] Tace ] ]
. I ERNY Ay !
1 } i ] t ] [} }
! I ! t ! ] ! !
; p— [ RE— R — ]
< | P I E { D !
C process process process. o
: progran 2 3 - uy :
— The Forked Process Structure

Figure 2

< .
a

tDﬁriﬁg executioh'of ﬁne'fﬂont-end program, data base requests

.: (QUEL statements ir "the EQMEL program) are passed tnroupn pipe A
) anﬁ processed @y INGRES. If tuples must be returned for tuple at
a tiﬁe pr@cessinz, tnen.they are returned through a special data
. pipe « set wp. betwelr process 3 and the C. program. A c?ndition

< ,
® . code ’is also returred through pipe F to irdicate success or the

type.of *error ercountered.




. L “

1 .
?

Cor.sequently, the EQU%L‘/translator must perform the fbllowing

five-fur.ctiors:

./‘

o
5

'spavwn" at rur. tiMe the process

1) ifsert system calls to 3

structure snour. ir. Figure 2.
\

2) r.ote C-variable declaratiors prefaced byf## as legal for

.4 .
irclusior ir. INGRES commards.
'3). process'otnér lires prefaced b& ##. These are parsed to
isolate C-variables. I addditiorn, C st;tements are irsert-

éq to write the lire aown pipe A ir ASCII format, modified

so that values are substituted for- ary variables. The

ratiorale for rot completély pérsing‘a QUEL statemernt in

EQUEL is giver ir [ALLM76]. : o

4) 1irnsert. C stateﬁents to read pipe F for completior irnfor-

\ . 1
matior. arnd call the procedure IIerror. The user nmay { defir,
P !

Ilerror, himself or  haveé™ "EQUEL irclude a‘stanggrd versior.

st |

T . Las .
which prirts the error mgssage (for abrormal terminatiors)

ar.d cor.tirnudes.

{
"5) If data is to be returred tnrougnkgggx(data pipe X(by' a

s F |

RETRIEVE with ro ‘result relatior. specifiedf,“EQUEL‘must S

alsd: - ' E
\

- . . |

a) irnsert C. statemer.ts hpf read the.data pipe for a -
X e . , .

tuple formatted as’tYPe/valpe pag‘ o ’ R 1
. N - - " 'w' "‘

. \ ’ :
b) insert C §tatemen\€) to subgtitute,vaﬁues irto C-
- - . b \ - . 4 ‘ L. v‘

v : )
4 Cmes . .

Y I’ LIEEN }

]
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vkles declared in ‘the target 'l‘is’t. If AneceSSar‘y,

values are convefted to the’ types of tne declared Ca--

s ) B 4' ,,\4

variables. o ‘ . "

" e) irnsert C statenents to pasé épntnol to the C-block ;
., " % . v
followir.g 'the RETRIEVE. i o

d) irnsert C statenents fillowing the block to return to

step a) if there are more tuples.

: ) .
2.3 COMMENTS ON THE PROCESS STRUQIUHE
) SN - !

The process s&ructure shown ir_ Fiyures 1 and 2 is the fou th dif- .. 4 ]

ferent process structure implemented. The followirng considera-

| \: .

tiods,sdkgested thiskfipalfchoice:

é)gisimple coritrol flow. Previous process structures hdd a more . :
. R . ¥ . < \ - ;
hich made debugginpg harder.

Qg:plex irntercor.rectior of processe

L . f o o
b) Commarn.ds ‘ar issed to the right orly. Process 3 must issue

commanrds to varlous overlays in process y to execut "feractions

, X, .
48 discussed irn Sectiorn 5. Hence, process 3 must be/ to tne left
* of process 4. , ,
% A ,
. » s ’ s ¢ ' .
c) The utility _commards) are eXpected ko be called relatively
infrequently compared the activity in process 2 and 3. Hence,

‘ it appears appropriate to overlay little used code ir. a single

processf The alternative is to createladdiﬁ&onal proeesseg (ar.d o ,E

'y

piqps) wnich are quiescernt most 'of the time. This would require

added space in UNIX 6oreftables férigésparticulaﬁradvantage. :
) by - v - - ’ - . . . 5@

ta ) ~ - ’ "
) P -
boa N . . ‘ot o
' . . T o Bleed 8
, "
ic 1]
.
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d) - The first 3 processes are uéed’frequently. Overlaying code irn

these .processes was tried ir. a previous'version and slowed the

Yo

éystem considerably.

e) To rur. on arn 11740, the 64K address space limitatior must be .

adn°red fo.  Processes 2 ard '3 are rearly their maximum size ard |

[N

ner.ce carnrot be combired. (For 11/45 and_ 11/70 version - Wwe may

experinent with.such a-combiratior.)- . e

D'}

f) The C program whith réplaces the termiral mor.itor as a frort
erd must run " with a user-id differert from that of INGRES for

' protectior ;reasors. .(Otherwise it could tamnper directly with data.
~. " — N - - .l -~ -
"nar.aged by INGRES.) Herce, eilther it 'must be overlayed irto a

‘process or run ir its own process. For efficierncy ard cornveri-

-~

erce, the latter was chosen. ‘ . ) s

-

g) The intgractive terniral mor.itor could have been -writtern
(albeit clumsily) ir. €£QUEL. Such a stratégy would have avoided

the existerce of fwo process structures which differ only by the

~

treatmernt of the data pipe. This was rnot done because respor.se
~time would have degraded and because EQUEL does type cor.versior

/ to predefined types. This feature would unrecessarily complicate

s N . A

‘tne termiral moritor. .

- * Q

‘8

. s )
'n) The processes' are all syrnchrorized (i.e. each waits for ar

»

error returr. from the rext process to the right before contiruing

Lo accept irput’ from the process to the left. This is done be; . e

~

cause it simplifies the flow of cortrol. Moreover in many ir-

starces ‘'the various processes NUST be Synchrorized. Future

14

o .

. . : 28 «26~ - - ( K
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versions of INGRES may attempt to exploit parallelism where pos-

sible.' B

IR A i 7oxt Provided by ERIC
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*3 DATA STRUCTURES_AND ACCESS METHODS

%

e begir this sectlor with a discus S;LQ;‘L,o_ﬁ..tI_le;iiies _that INGRES

mar.ipulates ard their corntents. Thern we sketch the lahguage,used

to access all rorn directory files. Finally, the five bossible

file formats are irdicated.
'3.1 ?HE INGRES FIQF STRUCfURE ~

Figure 3 indicates the subtree of the UNIX file system: that
; ;

INGRES marnipulates.

system
niti~hization

~
[AY

[RECUL P " T WIS UHE pe—"
cotolog DBA other user
relations - relations relations ‘. , te )
-4 e ) - @ '
¢ [l SN - T A jltansas

e , - The INGRES Subtree

Figure 3

»

1

"INGRES". It nhas six descenaant directories, The'AUX directorf
contairs descendant files cohtaining' tables which control the
spawring of}processes‘shown in Figures 1 ?nd,z, and an agthoriéa-
tipﬁ list of uéers wno are allowed to create data bases. Only

.
A Y »
R

o

\

+ The root of tnis Subtree is a directory made for the UNIX user )



tne INGRES "super-user" may modify these files (by using the UNIX

'editor)ﬂ BII arnd SOURCE are directories irndicating descerdant

-3,

"files Jof respecticgiy\bbjeci‘gg‘_source code. TMP contains tem-

e e

pO“Qﬁy files cortairning the workspaces used by thefIEfé?ﬁétIVé”

termiral monitorf DOC is the root of a subtree with system docu-
mentation and‘tne reference marual. Lastly there is a directory
er.try ir. DATADIR for each data base thaé exists in iNGRES. Thes?
‘direcﬁoéies ‘contain the data base files 1ir. a given data base as

descerdants.
These data base files are of four types:

d) arn administrétion file. This contains the user-id qf the

data base admiristrator (DBA) ard initialization information.

b) System rglations[ These relations have\predefined riames: and
are creatéq for every data base: They are owned by the DBA ar.d
cor.stitute the systen catalogs.: They may be queried by a
knowiedgeable user issuirng RETRIEVE statements,‘nowever, they may
be upddted only by the INGRES utility commards (or digectIQ. by
ﬁhe INGRES "super-user" ir. an emergerncy)s (when protection
statemerts are implemerted the DBA will be able to selectively
restrict RETRIEVE access to these relations if he wishes.) The
form ard corntent of some of these relations will Dbe presentlf

discuﬁ;ed.

¥

shared ir. that any user may access them. When protection is

implemer.ted the DBA car. "authorize" otheq dgers Py ‘insenting'

’

¢) DBA ;elations. These are relatlotis owned by the DBA ard aﬁe



- ) - »
protectior. predicates (which will be ir one of the system rela-

tiorns) ard "deautnorive" them by'removing such predicates.

)

d) - Other relations. These are relations created by otner users

‘§““Tb RETRIEVE 1nto U'o*”CREAlE) and are NOT SHARED.

8

Three commer.ts should be pmade at this time. -

»

a) The DBA nas the followi:g~power rot available‘ to ordirary

-

users:

‘

“1) the ability ¥o create shared relatiorns and to specify

access cortrol for them
2) the ability to rur. RELKILLER
LY .

- 3) "the ability to destroy any relations ir. his data base
. i

(except the system catalogs)

This systed allows ' QQQ\_level sharirg" ir that orly the DBA has
s

the poaevs in a) ard he carrot delegate any of these powers to

others (as in the file systens of most time-sharinghsystems);

This. strategy was implemer.ted for three reasors: .

1) Tne reed for added generality was not perceived.
A Moreover, added gererality .would have created tedious
LY .. N N B

problems (such as making revocatior of access privileges

ror. trivial). - S )

2) 1t seems appropriate to entrust to the DBA the duty

‘(and power) tc resolve the policy decision wniqﬂimust be

°o ’ - 82 30




~ made wher space 1s exhausted and some relations must be
destroyed (or archived). This policy decisior becones

. N e

nuch “harder (or impossible) if a data base is rot in tné

cor.trol: of or.e user.
/ ’ LN

. 3) Soneore mnust be entrusted with the policy de0131on
cor.cerrire which relations to physically store ard wnich

to dqfine as "views". Tnis "défa base design" problenm is

best centralized ir. a single DBA: .

'b) Except _for the sirgle administratior file ir. each data base

~

every file 1s treated as a relatioh,. Storirg system cataloess as

0 relatior.s has the followirg advarntages:

1) Code is ecornomized by sharirg routings for accessikg

b »
bot#f catalog ard data relatiorns.

-

2) Sirce several svorage structures are supported for

accessirg data relations quickly and flexibly under vari-

. ous irteractiorn mixes, these same storage ¢hoices may be
%A utilized to ernharte access to catalog informatior:.
.- R s e .
' %, 3) The ability to execute QUEL statemernts to examire (ard
* e "%g ‘

patch) system‘relations where rnecessary has greatly aided

' system debuggirng.

‘ e) Ej%h .relatior. is stored irn a separate file, 1. e., ro attempt

is made bo "oluster" tuples from diffe"ert relations whlch may be
’ 3
., accessed tvogether orn the same (or a rnearby) page. This decision
oy .
is based Qp;tha.followinq reasorirng.

s, N
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‘<~‘others.

) R > . - ’ U

1) ' Tne access methods would Be rore complICated'if clus-

~

-~ -

tering were supported.

2) UNIX has a small (512 byte) page size. *Hence it'is

expected that theAnumbe. of.tuples which can be grouped

o, the sape page is small. Moreover, logically adjacent

'paaes in a UHIX file are NOT: NECESSARILY physically ad ja-

cer:t. Hence clustering tuples on "nearby"-pages has ro

A

meaning ir. UhIX, tne next 1ogical page in a file-. may be

fu"tner away (in terms-of disk arm motion) than a page in

a differ entﬁfile. An keeping with. the design decision of3

IOT modifying UNIX, these considerations were inoorporat- i

ed ir tne de51gn decision not to support clusterirg.
y - -

3) Clusterirg of tuples only makeshsense if associated
tuples carn be.linked topether using ‘isets" [CODA71] or
"lirks" [TSIC75]' Incorporating these access” paths into
the deconp031tion scheme would have greatly increased 1ts

complexity. e -

3.2 SYSTEM CATALOGS

~

- We turrn tow to a d1scussion ‘of the system catalops. We discuss

two relations in detail and indicate briefly the conterts of ‘the

€ B * Ty
1 . . < ‘4_4 o

The RELATION relation contains or.e tuple for ‘every reiation ir
the data base (ineluding all the systen relations.) The domairs

of tnis relation are. - - N .




relid

-owr.er’

spec

.

irdexd

brotect
%nteg

save
tublés
atts |
width

prim

’

“the rame of the relation o ‘ "'Jﬁf

the UNIX user-id of theArelaEion owrery

\

- when apper.ded to.relid it produces a

F gl

urique file rame. for storirg the rela- -

tion. ' o s

. LR
indicates one of .5 possible storage

schemes or else a Special code irdicatirng.

a virtual prelation (or “view"),

flag set if secogda?y_indek exists for

‘this relation. ‘- (This flag and.the ‘fol- .~
f\ i PR

lowir.g two are presernt to improve, perfor-
-mance by avoidihg cétéiog lookup s whern

bossiblelduripg query ﬁodificatjén and .

. ,one variable query‘procéssipg.)

e

domairs of relatiors. Tupléé of the ATTRIBUTE catalog corthir,

flag set if this relationlnas‘proteetiop
predicates. !

.~

R — NS
flas set 1f there are integrity con- s

.stréints.

)§dneduled life time of relatior.
rumber of tuples'ig relation.

number of aomains iﬁ"relation:

'wfétn (ih bytes) of a tupléu

nu%;er oflprim ry file pagmes for tqis

o

relation, .

'Tne‘ATTRIQUTE'catalog contaifs informatién relating to inéivigpalf
{

[

$
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)

Lhe following items for each domair. of évery relatior. ir. the data

base:

-

relid rame of relatior .in which attribut

-

€ ap-

pears | ' ‘
owrer " relation owrer ‘
donair-r.ame domair. r.ame
donairr.o domalr rnumber (position)-ir relatior.” Ir

«

processirng irnteractiors INGRES uses this
runber to referérce this domair.
- offset offset ir. bytes from beginring of tuple

to begirrirg of domair.

type T data type of domair. {(integer, floatirnrs
' poirt or character string).

lerzsth lenétn (in bytés) of domair;

»

keyr.o if this domair is pabt of a key, ther

"keyr.o" indicates the ordgring of this

’ b

domair withir the key.

-

N

These¢ two catalors together provide ir.formatior about the struc-

ture ard’ contert of each relation in the data base. Ho doubt
. ) €,

items will cortirue to be added or deleted as the system under-

o8

goes further developmert. The first plarnrned extersions are tnhe

——

mirimum ard maximun values assumed by the domai;. .fnese will ©be
used by a more"sophisticated decoﬁpoSifion schéme belrr
developed,'which is discussed briefly ir the rext sectior. ard irn
detall ir. [UONGT76). The repreéentation of the catalons Es rela-

-

’itions has allowed ‘this restructurirpg to occur very easily.
[} .

-34~ ‘ ' o
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Several other system relations ist which proJide-guxiliary

igformation about reiations. Tdé\iNDEX catalon oontains‘a ~tuple

for every sécordary irdex irn _the data base. S%nce secor.dary
irdices are tnemsélves relations!théy are irdepender.tly oétaloged
1in the RELATION ard ATTRiBUTE . relations. However, the INDEX
catalog provides the association:?etween'a primar& (rglation ar.d
the secordary iédices for i£ ircluding which domains\:j;fhe pri-

mary relatior. are ir. the irdex.

N -

Tne PROTECTION and INTEGRITY cataloss cortair res

protectior. ard irtegrity predicates for each r

ation inltne data
base. These predicatés are stored in a partially

rooeAééd form

as character strirgs. (This mecharism exists for INTEGRITY ar.d
will be .mplemented ir the same way for PROTECTION.) The VIEW
“tatalog w;il cor.tair, for each virtual relation, a partially pro-

cessed QUD&-like descriptior which car. be used to construct the

A -

view from itéxcomponent physical relatiors. The use of these

fasf three atalogs will be described in Section 4.. The ex-

L . ¢
. istence of ary of this auxiliary irnformatior..for a given\relation

is Signalled'by the apprdpr;ate flaeg(s) ir. the RELATIOHN catalor.

Yet another set of system relations are thos'e used by the graphs
ics sub-system to catalog ard process maps, which (like‘every-

thirg else) are stored as re;aéions ir. the data base. This topic

P}

"has beer. discussed separatély.in [GOT5].

\

N

3.3 ACCESS METHODS INTERFACE (AHMI). 3

B

]

We will row discuss ir more defail the AMI whicn hardles all
. ‘. "“‘ .
. Py '
" 0 . ‘} 7 »—35—




actpal accessirng of data from relatiors. The AMI lanpuage is

.

. implemented as a set of furctions whose calling cornverntiorns are

irdicated below.

+~

Each access method must dq two things to support the followirg
\

‘calls. First it must provide SOME lirear orderirg of the tuples
ir. a) relation so that the corcept of "next tuple" is well de-
“fired. Second it must assign to each tuple a tuple-id (TID)

which unlquelywidentlfies a tuple.
The r.ire implenerted calls are as follows:
a) . oper.r(descriptor, mode, relatior._r.ame)

‘Before a relatior. may be acce§sep it .must be Z}pened"o "This
) 5
*functiog‘ oper.s the ' UNIX file for the relatiorn and fills ir. a

-

"deseriptor® with 1informatior about the relatiorn from * the
RELATION arnd ATTRIBUTE catalogs. The descriptor, which must be
declé%ed ir. the calling prorran, ;§ used ir subseqguert calls or

AHII routires as an irnput parameter to indicate what relatior is

-

irvolved. Corsequerntly, the ANI data accessirng routires need r.ot

tnemselves check the system catalpgs for the description of a

&

rt, N

for update or for retrieval orly.

4

b) nget(descriptor, tid, limit_tid, tuple, next_flasm)

~
!

This furctior. retrieves 1into “tuple, a sirgle tuple from the

relatior irdicated by ‘descriptor’. ‘tid’ and ‘limit_tid’ are

relatiorn. "Mode" specifies knether the relation is beirnrs oper.ed

LY




tuple 1dent1f1ers. Theye are two modes of retrieval, "scan" ard
[l } ~

"dlrect“. ~In "scan" mode "get" “is intended to be called -succes-

sively to r?trieve all tuples within a range ef tdgle-id's. Ar
iritial value of ‘tid’ sets the low ernd of the rsnge desired ard
’iimit_tid" sets the high end. 'Each time "éeif is cqlled with
‘rext_flag’ = 1RUE the tuple following 'bid' ’ds retrieved and
_its tuple-id placed into tld in readiness for the’ nexg oall

Reachirg “limit_tid’ ‘is irndicated by a’special returr. code. The
initia1:~set£ing ‘ofi 'tid; and 'limiﬁ_tid: is doﬁe'by the "fird"
fur.ctior. in’ﬁdirect“ mode ('nex;~f1ag'

R

retrieves tne tuple with tuple-id = ‘tid’. . .

FALSE) the furctior.

c) ’find(descriptor, key, tid, métch_mode)

© -

q

"Find" places ir. “tid’ the-tuple-id at the low or high erd of the’

)

rar.ge of tuples which match the key value supplied. The matcnih&

cor.ditior to be'applied deperds or ‘match-mode’.

If the relation does rrot have a keyed storage structure or if the
v ' M \ hd ~
key supplied does r.ot correspond to the correct key donmains, the‘

“£id’ returned w111 be ag if no key were supplled. The obgective

of "fird" is to restrict the scan of a elation by eilninatln

-

from con51derat10n those tuples known from theirnplacemerc 1d)the
relation rnot to satisfy the match1ng qondition with the key.

. . - i 0 .
Calls to "fird" occur irn,pairs, one to set the low ernd of a scan,
the " ather for the high ernd, . and . the two tuple-id s ‘obtaired are

.

used ir. subsequert calls orn "get". : ¢

-

owo' functiors' are available for determiring the access




v

N - 4
P whether a partlally specifled key may‘be,used. This will deéter-

"tions relieve optimizatior routines executed during the. process-

_Otneﬁ AHI fur.ctions previde a facility(for updating relations.

*h) delete(descriptor tid) . - . ' .

. Ce v < . : v
.+ characteristics of the Storage structure of a primary data rela- -

- h . N - - -
tior. or secorndary index, respectively. - . ) ) !\k

« . »
¥ . i)
? .

d)’ paramd(descriptor, access;eharacteristics~structure)_

e) parami(descriptor, access_cnaracterisggcs_sgnuctu;e)

.
&

. S - N \
These furctiors fill in the access cnaracteristics shruotu e’

1w1tn information regardig the type of key whicn may be cqc-. , i

»

structed to optimize access to ;he riven relation. This lrcludes

~

' wnetne" exact key values or rarges of key values car. be used, ard \
1

mire the ’‘match-mode’ used ir. a subsequert call ‘to "find". The -

orderirg of domains"in the key is also irndjcated. These, func- K
\ . N

. . B . A 'vf"~
irg of anyinteraction of the reed.to krow directly about specific

S . )

storage structures. - v . Y

L

& -

- <
€
° !

£) ins e“t(descripto., tuple) . ;o S . ‘

N A

o
AN . .
Tné’tuple i1s added to the relatior. in its "proper" place aoeord-

<~ ¢

1ny to its key value ard the storape\ﬂpde of the relatiorn. i'. "\i

. . - . - .\\"
£). replaoe(descriptor tid, new;ﬁuple) . ‘ . '_ » : . .

s

" ' | . . ) \\'I

-

The tuple indieatea by. “tid” is either replaced by rnew values or

deleted from tne, Slation altogether. The tuple-1d of the af-

‘\Yeeted‘tuple wilL/have beer. obtained- by a‘prev;ohs."get"; N ’

~ . I, °

, N . . . - “ L e




& a ‘ ) - ‘ .t / 'tr . -
Fihally, whern aXl access to a relatior. is complete it must be”f

~ ]

»

¢losed: , ’ » . * . . .

i) closer(descriptor)

b

_Tais éloses tne relation's'UN}X file and rewrites the irformatior.

-

. ir. the descriptor back inho the systgh catalogs if thenb ‘has beet.
' - ™~ X [ - i

. . ' , N, . .
. 4Ly change. . \vetf ~ . N,
> t . - .' . N ! . . \- ;Q
3 - . - = (\-. . oS ~ ” ,.‘..l . ‘ ®
3.4 STORA&‘%}TKUCTURESWVAIL:ABL_E.‘ " D L ’ )

Ve will row describe the five storage structure§;current1f avail;

XY

s . ..
PR S T T SR P

_ablevin INGRES. Four of the schemes are keyed i'e., the sﬁorage'

locatiorn of a tuple within the’ file is a function of the value of
.
" the tupl ‘s Key domairs. Tnese scnemes allow rapid acceSs

»

&QGCIflC po tlons of & "elatlon wner key values are sup.
»d"‘
.or Keyed scnene stoﬁes tuples in tne file independent-

alyes ard @rov1de$,a low-overnhead storase struoture,
- PR, > s 0, ‘

attractive wher the ertire relatiorn must be accessed

aryway.» . A

> ) + Y Al :»" EI “
' . R : ~ g
The ndn-keyed' storage structure it INGRES 1is 4 randomly ordered

« o T - ’ C R & N »

‘. sequeﬂtlal fIle& ‘HixedTJen@kﬁ:tuplés.qne simply placed. ‘sequer.-
tlally ¥£. the file'in.the or&er'suﬁpiiéa. Hew iuﬁléﬁ addéd.tb
) tne ﬁelation“are méréiy app;:Aed‘;o the end. of tné ffle.' The J
", unigue tuple-;aontlfleg,{or gdch tuple isJ}ts gzte offset witnlr 'f

ot

» , R . .
the - lee. This nmpde is inter.0ed malnly r’n: - ‘ ' b
\." s/ e ' -

a) \\ory smdll relatiorns, for whicn F/e overnead of otner sohemeJ ‘
LS unwarranted o o - / e
N 8 .o

a L




-

-

b) tnansitiornal storage of data being m6v§d irto or out of the

(4} % i . . , s
/

*. ¢) certain  tewporary relations created as intermediate results

PRI

,system by COPY;

-

durirg query processirg. . \
: ‘ . .
¢ . ° 4, - .

. ,In the remaininéigéhemes, the key-valge of a tuple deternmines the
.~  page of fhe file or. which the tuyple @11 Be placed. fg;’
: . ‘» . . h ’

S, ) . ‘. . . N .
sharg -a commor. "page-s uctunehtﬂénfmanaging tuples or file pages

. N - - A ~ . .
.S showl. ir' Figure 4. L ‘ <,
0 ’ * ¥ - : )
.o 1 © ° . .
. -~ , . ~. N '. ’/ e .
- . . -— 7 e i . .
. ., 70 o | - .
- - ’ N .
P P Xt S Tveramame] ¢ . ¥
. s oo . DROCARYIOERFLONL e sz | . , . -
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- - - 8
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Page Layout for Keyed Storage Structures .

o

: Fig v
. igure 4§ g

_i" . . . *
N

A . tuple must fic enti}ely oL a'single'page. Its urique iderntif-
ier (TID) qonsists;of a'paéé.nbmper (the orderirg of its pape ir
-UNIX file) . plus a "lire tumber" indicating its pofitior orn
page. ‘A "lihe'table", whicn:grbdg.upwards from the ‘bottom of
LPage,

» beginring of tne tuple. 1Ir this Qay a page can be . reorgarized

cor.tairs as arn ehtry for each tuple, a pointer to the

%y

~

without affecting TID's. '

schemes *
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'; Initlally the Ille will contain all its tuples orn ;a number »cT
“primary" pages. If the “elation grows and tnese pares fill,‘

, Yoverflow" pageslare allocated ard cneined by pointers \to tne’

‘~:E ‘“brimary‘ pages ' with wnianéﬁey are ésébéié£ea. 'withicha chaine&'ﬂ

i  ‘ roup of. pages r.o special ordering of tuples is maintained. Thus.

N e ’ iow

ir a keyed access whlch 1ooates a partlcular primary page, tuples

-natcnln the key may be on any bage in the cnair.

\'— - - L
. ‘tion are used ~— rardomlzinc and»order_pweservinga In ,a Mhash" A%%%%
N - - / .
.file tuples areﬂuistributed randomlyﬁtnrougnodt-;heqprimary parges //Z

ie ’ . i . . : . : /
. _ of theifile,acccrding to a+hasnirg :function or a key. This- ncgz///f

3
w‘ “. . A ""5‘, ° . . . / . ‘;
T As discusSed -ir [HELD?SD] two modes’ of key-to-address transforna- 1
5

- -

is, well ‘suited for. situatiors in whichaccess is to be'eopdi-

ot . ) s, , :’, . - .' ‘, .‘ d ) - o . . ] , . ’:
,)///’;J tiored .on a-specific key value. - T ' T
/ . . | ‘ / . ] , . » // . . \

{x’ ‘/d . _— . B R -

:j/ﬁs‘ ar. order-preserving -mode, a_ scheme‘ sinilar to IBM S ISAM -

; , y

-

[ IBM66] is used. The’ relatior/is so*ted to produce tne .orderiugf’j'f ﬁ

-

L4 P .

. on a barticuian key. A nk{ti ~-level dlrectory is created whicn

reco"dsmine nign key oL each prlnary ‘bREEC. Tne directory, wnic'

is staticr resides on several pages within the filgL_§se1f
'} low1ng ~-the prlma y paves. JA prinary page and its-overflow pares

_are 'rnot ndintained in ort oﬁhe.. This decis1on is diScussed ir ,;

v

. tne ssc tion on concourrency. Thé "ISAM-1iKe" mode’ ’is useful Arn
cases wnere‘ ﬁhe key value is’ 1ike1y to be specified as fallin

- : 4

X within /,ranye of values, sirce a rear orderiny of the keys is,, ///1
preserved. The' irdex compression scneme diseussed ir [HELD750]" o
. is'cprrently,under implementation. . ‘ ' //' B v,

7 . K PR . . . e A . ) .
. e .o . . . [ . ' / . . ~ ., %
T ’ . ' A o ’ - ©
N P . . -~ »
X s .« , . . N - 3 i . .
Pl S e DU R AR
’ . " i .
.
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-

-In  tne above mentioned keyed rmodes, fixed length tubles are

-y -

stored. 1In addition both schemes can “be used in corjurctior

Or.e of the goeis of the AMI design was to.insuléte hiqner ‘level /

software from tn; actual functioning of the accesg,metnOds ‘ar.d

i
7 with data compression tednniques_ [GOTT75]. ir. cases where ir- . ’ ‘":j
/:‘ : ’ ,“> ’b; ) e - ' B ’ i » ’ T ) " ’ ', - ' ) T’ .-o
* %! ereased 3torage utilizatior outweighs the addesd cost of . encodirg , i
' 4ﬁ'}zf/ decoding data during access. Thess modesS. are known as e
» / - Ny > B ' - . s
conpressed hash' and:"compresséd ISAM® - ',3}
i 1 . <« - _,a
L. e . ’ g
<ne ‘current /pnpressior so/eme/suppresses blanks ard portlons of . j
- - LI
a tuple which match tgg?psz:din ~ tuple. . 1@13‘ cqmpression is” ‘g
: ] . =L - e
. applied to each 7 irdeperder.tly. Other schemes areé beirg - %
% . * LI T - B '
’ . . ‘- - A ,
T experimented witmf/ . ’ : "l{ r . : ;?»53
. _m: < ¥ . ’ ;
. . %
. N . ) ” s ’ ' i
3.5 ADDITION OF MEW ACCESS HETHODS v . . 4
. L - - a
' . - - . ]
- N %
)
i
i
%

L d
»

'tnereby'tolTake it easy to add different or.es. . _

;*/ -

. In order to add a rew accesé’ﬁetnod one need only exterd the AMI
routines to nangle.bhe rnew case, If the new method‘uses the same

. page 1ayout ard TID scheme, ornly fird, paranmi, and.paramd r.eed to

be exterded. Otherwise n procedures to perform these functiors
nust ’ be_§npp%ieg’T6F’32:/:i/ggt insert, replace dnd delete.,
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4 THE STRUCTURC OF PROCESS 2
’\ ‘e . i
Q u‘- , e ) ) / . -

pProcess ‘2 cor.tair.s .code to perform fcur main functiors

‘ s
- . 3

s a) a lexical ar.alyzer A Lo - ] ;
b) a parser (writter ir. YACC [JOHNTA]) o ' AT

- ‘c) que“y modificatior routines to support protection Yrehs. ard . .

integrity cortrol e ' o L
~a) corncurrercy«control ' v o
sefareﬂdiséussedf}n turr ; o :
- T | .
- LEXICAL ANALYSIS AND PARSING - - . I

" .l ‘ s

- -

lexical aralysis and parsing phases of INGREY have. beer. or-.- _ -«

o)

garized arourd the YACC trawslator writirg system availeble i~

R X “ i

LNIX [JOHNTH]S 'yacc takes as ir.put a desoription of a grammar '

-

- corsisting of BNF-like parsirg “ules 6p"oducbions) and precederce

- -+ -
R .

rules, plus actior. sﬁatements dssociated with ‘each productior. . i

3 . . N - * . . y 4
‘ff—ﬁiggaces’a\set of tables to bg irterpreted by a parse table .

] ) o 7 i

% o interpreter which 1s combined with locally-supplied - lexical T

aralysis ard parsirg actior routires to produce‘a complete trars- o

<o

letor.

The interpreter uses a bottom-up LR(1) Ziysing approach. Thé j
) . . . g

lekioai ar.alyzer is called to obtairn suc essive symbols from the .

input strean ‘as the interpreter attenpts to matcn e 1nput S withe

production in fne grammar. Mhen a produotlor is natoned YACC

4

perforns a reduotion ard executes tne actiorn s tatemert associated

with tne production. YACC has a mecharism for recoverinv from ]




-, errors to continue barsing irput in its ertirety.

ihile tne YACC parse. table interpreter checks the syntactic
v'correctness of the input commands{éthe 'actibn statements check

"tor'senentic consastency ard correotness ard prqnhre the comnmards

L4 PO ~

~ for further processing. The system ‘catalogs are -used.. to check
. . . L. % . .- - -

'\tnat-relation akd dogair. r.gmes, formats, and so on, are specified

) v ' R . . )

_ appropriately. ) ‘ ] .

s

.For utility commar.ds ajcommard irdicator ard the parameters for
- - a
» wt ¢

the commard are sernt diréctly to process 3 for ransmissior. to

’

-, Pprocess 4. Sectior 6 discusses these commards ard their imple-

J
per.tatior. ~

) . .
For QUEL- commar.ds, the lnput is translated to a tree-struotured

in ter/ral form which

»

11 be used in the remainind ardlysis ard

_‘processing. More

—~T N
d

junétive rnorm;

er, the qqaiification‘part\is converted to cor.-

forn. The‘parse tree is row ready to urderpo,

beer. termed "guerXrﬁodification," to be described ir

/

KAl
what - has

‘Section /4.2 and i;é/l‘ Y, o ] \ . v
: . “p ’ ‘(

R ! .',‘ - . A 2]

,QuerQ;'modificaticn includes addinp fﬁteprit& ard protectior

»

7”___predibate§ to the oripinal que“y ard ohanving referer.ces to vir-

tual relations 1nto i;fe"ence% to the appropriate phyj}ﬁél rela-

§

//}&ons. At the presert time orgy asimple inteqrity scheme has
. k- 3

. :,. /
beer. implemerted.

Irr. [STON75] algorithms of several levels /of complexity are

0
.

\ . .46 '. ® it




preser.ted for performi%g irtegrity cortrol or updates. Ir. the

A

>,

preser.t system orly the;simplest caée, irvolvirs sirgle-variable,

4 . -

azgregate-free integritysassertiorns, has beer. implemerted ard is

deseribed ir. cetail in [SGHOTS]. .

. o \

. " e 0 . . -

sriefily, 1in
\

qualificati

grity\aséértioks are entered ir the form of QUEL

AR .

auses to be applied to ié%eractions‘updatinq the

’

relatior. dver wjhicn tne variable in the “assertior rarrces. A
created for the gualificatior ard a represertatior
of this tree stored ir tne IHUTEGRITY catalosm together with arn

irdicatior. of tnhe relatior arnd specific domairs involved. At

Y

guery modificatior. time, updates are chegked for ary possibpble

.

inrtegrity assertiorns or. the affected domairs. Relevarnt asser-
tiors are retrieved, re-built irto tree form ard crafted orto the

update tree so as to AND the assertions with the existinr qualif-

. . - -
1catior. of the irteractior.

4.3 PROTECTION- AND VIEWS -

\ -~ L

Algorithms” for the support of views are also giver ir STONTS].
* “ . . .

Basically’ a° view is .any, relatior wnhich could be created from
“~— . > <
L ’ . .
existirg relations by the use of a RETRIEVE commard. Sueh view

defiritiorns will be “reated ir. a ranrer ‘somewhat aralogous.tp
tnat used for inteqrf?yﬁoontrol. Thney will be allowed ir. INGRES
to support L@Q}L programs writter for obsolete versiors of the

.

data base ard for user converiernce. ’

Pqpteciion will be handled accordirnrm to the algorithm described

ir. (STONT4D]. Like irtegrity cortrol this alporithm irvolves

: - -45~ _
r...’ . , 4' .7 o i,x




" addirg  qualiffcations ” fo the userfa;'interaotion. Ir the | \

- remainder of tnis séctior. we diqﬁirpuish this proteotion seheme

- from the ére ir [CHAM?S] and irdicate the rationale behind its.

use.

Consider the followirg tﬁo'views: < e

 RANGE OF E IS EMPLOYEE - - \
. DEFINE RESTRICTION-1 (E.NAME, E. SALARY E.AGE)
. VHERE £.DEPT = "toy" _ s .

e

DEFINE RESTRICTION-2 (E NANE E.DEPT, E.SALARY) - .
WHERE E.AGE < 50 '

\

and the followirg two access control statemerts:

RANGE OF E IS EMPLOYEE ' ‘ o BRI
PROTECT (E.NAME, E.SALARY, E.AGE) o L
WHERE E.DEPT = "toy" : L

PROTECT (E.NAME,<E.SALARY, E.DEPT) - Los .
WHERE" E.AGE < 50 ) . o Q\}g ’

- /

"Acess cortrol could be.based or. viéws as suggested ir [CHAMTS]

and a giver. user could be authorized to use views RESTRIQﬁION-1
ard - RESTRICTION 2. To find the salary of HlHardirng he could irter-

rogate HBSTRICTION 1 as rollows. ‘ P L
' RANGE OF R IS REoTRICTION-1 .

RETRIEVE (R.SALARY) WHERE o

R.NAME = "Harding" .

- Failing to find Harding in RESTRICTION-1 he would have to tner

interrogdte REUTRICTION-Z. . After two qUeries be would be re-

turned the . approprldte salary if Harding was under 50 or in .the -

ﬁ/toy department.




single view.

. Under -thd INGRES scheme the - ‘user car. issue

v

| RANGE OF E IS EMPLOYEE ~ ' - .
* . ° HRETRIEVE (E.SALARY) WHERE : :

\ . EJNAME_= "Harding" o - = |
. ; . A . 4 I'd e ' ‘
! » > o~ ( ) " ‘

,,,, Tt

whiich' will-te mod1fmed>by the. access cort,ol algoritnm to (
- N ’\ . « [
./ . 'RANGE Qf.E. f§§QMPL01EE
RETRIEVE (E.SA
E.NAME = "Brbwrﬁ} ; T I
L AND S _ .
o (Z.AGE < 50 OR E DEPT = "toy") ' /

11
7

el
v

&
S

"In tnis way £he user reed rot manually 'sequence through his views

to obtaln‘ desired data but automatically obtairs such-.data if

permitted. uote cleariy tnat the po“tion of - EMPLOYEE to whieh
gn€  user has access . (the urdor.  of 'RESTRICTION-1" ard |

HESTRICT{ON-Z) is rot a relatior and her.ce carrot be defired as a

~
-

)

“

/Q%b sunna“ize, access oontrol restrigtions are handled automati-~

cally by the IILGRES algorithms but musL\Q§ dealt with by a user°y
sequencing throuch nhis views ir. a nyiew oriented" aocess cotrstrol

seheme. <

4.4 CONCURREHCY COMNTROL

- |

} “ ' . CT .
Ir. ary .multiuser system provisions must be included to ersure
that. multiple corcurrer.t updates are execut%d irr. a marrer such

tnat sone 1eve1 of data irtevrlty ecar. be uerarteed. Tne follow=-

ing two~(sonewnat faoetious) updates illust%éte the problem.
-

RANGL OF L is EHPLOYEE
. u1 ‘REPLACE E(DEPT "toy") NHERF
- E.DEPT "cardy"

) ?
» - o

LARY) WHERE : L

b b Bty B At s A 2e ke arh A d de Ak A 5 S AR ke stk

ot




. ~
v . o . ?;.,_---ﬁ—-—m . . N
P < . \ . .
: ‘ TN * -
) . » ' . e -
< RANGE OF E.i:s EMPLOYEE ~ , - .

U2 REPLACE F(DEPT = "cardy") 'WHERE C
F.DEPT = "toy"

“~

-

. . - P
u2 are'exeqpted coreurrently with ric controls,

.

sone empl,’ ay eﬂd up ir.” each departmer.t and tnq particular .' ,
result may rot be “epeatable if the data base is backed up ~ ard — -

tne irter actlors reexecuted. ' - {

The control wnich rrust be provided *s to nuarantee that

a) . something snaller thar ore INQBﬂS commard

‘“b) or.e INURBo command

'
‘e ——
¢ .

L
S

sone data base operation* is ‘"atonic" (1 e. occurs in suech a {
faglyior. that ‘it appears instarntareous and befo*e or after .awy :
- . N ) ) Q N N s, z

other data base operatfog).; This atomic urit will be called_a =~ ° 5
. :

trar.sactior.. N 3
% §

Ir. INGRES there are three basic eqoices available for defirirg.a j
: i
trarsactiorn. L . T ’ » RE #
. . ¢ _

s

4

;

¢c) a collection of INGFES commar.ds., ’ o

-,

If a) is choser. INGRLS could rot guararntee t at‘two: corcurrent,
executing wupdate commards gave the. same result as if they were
. . s /
executed sequertially (in eitheér Qrdef{ . one collectior of
U‘@. A} N /‘\“ .

INGRES processes. Ir. fact the outcome dould fail to be repeat-

‘rable, as noted~i&\fhe example above. Thip situation 1is clearly

ur.desirable.




. .support. The followirg transactiorn could be declared ir a

e

STA s e B - . . .
L prqgiiz. E - . R . ) .
- T ¢ . \‘\ ’
e vy BEGIN TRANSACTIOL . e " : b N
o RST QUEL UPDATE- . - /e SN
N . S SILH CALLS TO CREATE AND DESTROY FILES- o i
SYSTEH CALLS'TO FORK - A SECOHD. COLLECTION . OF INGRES . ©
* PROCESSES T0 WHICH GOMMANDS ARE PASbED . ‘ f
SYSTE  CALLS TO READ FROH AYTERMINAL
SYSTEH CALLS TO READ FROH A TAPE
_ oECBNﬁ‘QUEL—UPDATE (whose - fo“n depends oL prev1ou two
system\balls) . . .

"~ EID TRANSAC;IOI\ . ~ i
~ / ‘\ aa. ‘ S 7

se T1.is the above t"arsactlon ar.d rurs eonourrentlv with a ™~ ]

. _trarsactl T2 1nvolv1ng commands of tqg sane form. The secord

T update . of eacn transactior. may well "corflieX” with the first

" update of the other. . liote tnatqt'smo way to ted. apriori
tnat T1 arnd T2 cornflict because %gs form of the second upda

(:;:\krown . advar.ce. llence a d5ad\pck situatior can arise which*

is

. oL
ollcy ir. the eyes of the INGREQ desifwers) or attenptinn to back

N

« ™~ ~ 7/ 2 AN ~
out ore f{gansactior,, ~The operhead of byeckirg—eut ‘;fpugn the
b

k\\:an only be “esolved oYy abortlng :r;\brarsactlor (ar urdesir ble///

intermediade system calls appgars pronibitive ?f~i \Js ossible

~

‘at . all). f kestrict n, a trg Ty action to have ro sysv\m calls (ard

AN / ‘e
%

nence .o I/O) crlpples bhe /power of a transactionA'iﬁ Qrder - to -

/ 7 [ 4 2

make deadlock resolutiof. Jpossible ard was 3udged;u§9esi abled

H ‘ " - ‘ ~ - / = \\\\
. Thus Qp?lor b) was™eqosen. /. ' o .. ~.
- The implemertatior of/ t). ag be ach eved by.physical locks orn

:§§§§ data:iteﬁé, pages, tuplesj) domairs, elation- etc. \TG33Y75] or

by predicate locks [STON74c].« The curre, & inpl*‘ent: ior. -is by

. 4
\M*“~u~\*felatively crude physical] locks (or domaln g:z/a relation) and.
Q

T—

\

R -
\)1 (uk, - A

R - 7
. w




T

- ing it 18 made

.
»

avclds deadlock by not allowfr ar. nteraction to proceed to pro-

T

bNgarn lock all \quziij;resources. Because of a
N h ~N i
blem witq"tne cu “ent design or ertair access method callsk

"ing ofna relatior n y lgcked (i e\\a wnole'

\Tnis situatior will

The- choice of™avoi

;primr‘ ljgjgor‘jimpiementaticnr siﬁ Eicity. Tnef\

cnoice of a erude locking U ;‘reflects a. mlnicomputer enviror.-

-

e

tne'lfutune we plar to experimertally iﬁplement a crude and

hereby low CPU overhead) version of a pred

previously descrlbed ir [STON?Ne]. Such ar approach ay- provide

[
\ o

C—
cor.siderable concurrency at arn. aeceptable overhead ir lock table

spac ard CPU time, although suen a statement is highly speoula-

tive.

<L -

‘Once the c¢orncurrercy processor has assembled locks or all domairs
rneeded by an interactior, it may proceed to process+3 for urem-
‘Gumbered executior.

S, -

To conclude this sectior we briefly 1ndicate Jce reasoring behird

rot sortin a pg and. its overflow pages}in the "ISAMllikeP

accese method. Tnie;tob  is also discussed ir [HELD75c]. ~

*

« ~ .
Baeically,‘ mairter.arce ‘of the :§¥t~%rder of these pages may re-
quire’ the access method to lock more than ore page when it in-

»

serts a tuple. Clearly . deadlock might be possible given

. ‘ 50— -
“\?\\T\‘\>\$323 e Vv
R v . . \{\ N .. N . ) ’ '

te locking scheme ~




4

corcurrert updates ard locks for physical pages would be recuired
) ~ LN :
(ar* least orce, a more sophisticated predicate lockirg scheme is. |
, . ~——— . : _
. .tried suci™as [STONTUc])y To avo both problem$ these pages |
\ -, -

renair.

ur.sorted-
S

Y

.nodify-write a sirpgle page

rd the access method reed

or.ly be able to read-

’ —- —
4s ar atomic operatior.. Althoush such

-~

the currernt primitive scheme) it is 4

ERI

Aruitoxt provided by Eic:

%n’fatomic'

\ .

operatior. is rot cur

rtly ir UNIX (ard.rot reeded by .

inor additior.
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.5 PROCESS 3 T T e T
. “ * -~ R

. .‘As roted 'ir. Se¢tion 2 this process performs . the following fwo D

furctiors which will be discussed irn turn: ‘ . S

~u :
!
Cem L, L

© . a) tne DECOMPOSIT;ON of c}ueries*‘it:;ol«;i?f“more»tnaﬁ%giiVariablev <1 "

L - ) A D
into sequerces of one~var1able queries. ¢« Partial results are .

accumulated ur.til the erntire query is evaluated. .This §roprad is

° led DECOMP. It also turns any updates irto the appropriate

. to 1solate qualifying tuples ard spools rew values irnto a -

» v

specx%l file for defe red update. - ~ : ‘ % k o
]

- ro ‘ e L .
Iy ’ M * N . ° . Uy v .
b) tne processirg of a Single variable queries. The program is <. . . -.

ey e Sen s 2

called the ore variable query processor (OVQP). . ‘ : N

= S . ‘ . . N .
5.1 DECONP C 1 : . J : o
Because INGRES allows interactioﬁs which are definred or. the cross S&‘

product of pernaps several relations, efficient executior. of this

. \\\
> ———
\Q\,\;\

tion of tne approprlate cross product sﬁace as possible. ' DECOMP - . -

is of cruoialhinportance ir. order to searcn as Small a per-

. s . . o

> uses three techriques irn processing interactions. We describe

«\

_each uechnlque tnen .give the actual algorithm inplemented. Fi~ Lt '

A e,
nally, we 1ndicate the Tole of 'a more sopﬁfsticated decompositiQn :
. ’ S —~—— . . .
Y .schewme under desig¥, / . SR o .

ST

a) Tuple substitutior - . X : N
</ -
. . oA Tt

BN

The basic ﬁeonnique used by DEBOMP to reduce a query"to\‘feﬁer




. A
\ l:
: T o - ?
a.y: m' . -, . ‘ ‘ . 1:& ) L ) . . 1
o ' . V%'idDLQS .is  wuple suastltutlon. Ore varlab¢e (out of nossfbly' .
L " ., . ) : ' . ;
‘naﬁy) lr tnt »query 1is selected for qbstltutiér. The ANI " |
he 4 ’.‘!. - ' ’ . ‘ ' !
. language is wused to scar the relatior. associated with the vari- |
tuple at & time. For each tuple, the values of '@ donairs o
. . : ‘ ‘ ?
relatsor. are substituted into the query. In th% result- .
. 1rg nodlflod Guery, all previous r‘ef‘er‘enceso to "thée substitute# |
. . ‘
eorl 2 1abb° _have’ row beer replaced by valug% (corstakts), arnd the |
R . oo ’ \
' v > - z }' > T > :
i s qqﬁryfnas thus beer reduced tc ore less varlaole. Precompositior. .
v 7 Fa . . vt P " . .', . . ,I:
. e N . . ;
_is regsated (recursively) or tne nodified que"y urtil, onlv ore .
deriaoLe refialns, at w poir.t the 0vaP, is call to contirue .
»/ processing. : e . : ’ |
PR R : ‘ L .
,b) Orie~-Variable Detachmert - ‘ . :
\ i \.. P ‘., X
. It the qualificatior. ¢ of gne query is of the foprn -3 |
st e Qu(v1) apd Qa(vi,...,vm) - L
. for sofe up]e variaple V1, the foll owlrv two steps ‘car.. bc\eX§- ‘
. . : . . - . . R S ‘ C
~ cuteds ’ : 1\ R N |
’ . ) . ﬁ *
. . L] . -~ N :
.. 1) .Issue the query’ .~ } ) ; S %
‘ . aBTRIEVE INTO-W (TL{V1]) .iQ - ‘ . ( :
o . \U‘E‘u Q1[v1] . . o :
. | . L A
- L] . ' . BN R :
e ) ‘ : e . -, ) . .
] tlere TL[V1]) are those domairs requireda ir the rema;iger of the ;o
'o ' ¢ ' - - ¢ "‘--‘ .
query.  uwote tnat this is'a one variable query and’may bz passed | '
.. gireetly tol GvGP. — oo : o r
; R . . , . ; -
-2)  Heplace K1, the relatior. over which V1 ratees, by U ir |
" V Vs L ] . .- ~ . . a
.ranfe declaratior and. delete C4[ViLl from CO.o < - SR 3
] 3 ' . < ;
. - ' N j
. . : ’ A ‘ . ‘
ol . . -53- . . o
Q St . s RIS T ) - - Lo |
" ERIC ' : ‘ 55 ~ L
| . ) T - : ;
,«?' o * \ . . ! o Co , v -/.‘ 11




' » ~ '

The query formed

*

*

it

- 2)

of-

’ - "orné-variaple

trictior

lloreover,

c)

vher, a

.é .

sub-query” {0VDSQ) ard the

reducirg the size of the relatior. over Wnhich V1

the processing to follow.

the

' relatiors through OVD,

Reformacvtirg

tuple

runber of queries each with ore less variable will be

b) *is -a

‘ﬁenalninv variable, Vl

car

This will exbedite 6) each time it is executed during tuple

4

.+ stiturtion.

I

in
devachner.t"

and projectiorn,

variable 1is

[ v

1) 1is called a "ore-variable, detacnable‘

~

ecnnique*for tforming ard executing it

'(OVD). This step has the éffect of .
rarnges by : res-
Herice, it may reduce the complexity of B

opportunlty exlsts in the process of creatirg rew

to choose storase st*uctu“eg (and particu~

-

larly keys) which will prove helpful ir. furtnér processins.

/
p
.

-

sglected

.then the relation over wnicn .V1

s

,

car™ rnow state the complete decoriposition algoritnm.

. +
e

If number of

stop; else go or.

P

\

variables 1ir

A .
'

for substitutior, a larree

3

executed.
possible operation after the substitution for sdme
rar.oes,
beé reformatted to nave domairs used irn Q?(V1) as-a key.

Sub<

query is 0 or'1'ca11 OVOP ar.d

Flnd all variables, {V1,...Vn); for which the query gor.tairns

‘ a or.e-variable olause.

tnese°‘Van1ables.

’

‘ ‘
‘Perform OVD to create r.ew ranses for eaiﬁ//f}\/'

»

The rew nelation for each variable, Vi,

ra

is

Y R +

¢
)




4 -

-stéred as a hash f'ile with key, Ki, choser, as foljoﬁs. ' :

/ .. L B Te -
~ » ., - RN

1) ;For gacn., j seleot from the remairirs rulti-variable -

- -

olausas ir the’ query tne collectior, C(1ij), which ' have

L tne form : | o R .ﬂ :J” S e
. _ \ . . . '
o - Wi o= Vi.d) Lo .
. . r/wnere di,dj are doaains of Vi ard Vj, t . . ; ?\
6{ // 2)‘ Forn the Key'hi ?o be-thn conéatenatioél of - domairs N _;

P dit d12,...of Vi appea"inﬂ ir clauses ir C(ij).
3) 1f more tnan ore j exists, for which C(ii) is rar. emp-

1y, oné'C(ij) is chosen arbitrarily for formirs the key.

. -
.If C(ij) is :,piv for all jy.the relatior. is stored as an b
- k ':. ’ ur_.SO:‘" ed tdble- R i . . . e / 1
o o ) , > 1Y x
. :*' . .‘ s 4 ;
)’ Choose the variable, Vs, with the smallest rumber of tuples
’ as ﬁhe rext one for which to perforn tuple substitutior.
" ‘/"‘ 3 ¢
.d) For each tuple variable Vj for which C(js) is ror. rull, re-

! format tne sioraﬁe structure of the relatior Rj which it ranres- °
ocver, if i cesSary, SO that the kov of Rj is the ouroatendtlon of
doﬁéins d}?,.:. appsarlrv i C(JS). Thls ensuges that wher. the )

) clauses }n C(js). becom° ore-variable after substiturind® for Vs, ) -
‘subsequent calls to OVQP %o restriot furtner the rarce of Vj will
o - . . i <o
., De dorne és‘effieientlx/;s possible. .
. g = . ™ .

*\" e) 'Perform tne followirg two skeps for all tuples in the rénqe.
of the variable selected ir (c): .o ’

1) §§bétitute Vd;ues from tuple irto query. - T i

) /( AN ' [ * ' . *"f&'—’
v . 7 . ' -
T . .5 . . .

,/ - - A . _55_' . - N <




3

"2) call decomposition algor ithm recursively on a copy of

resulting query which row has beer. reduced by ore vari-
B able. ) \ ’ . i
- . . ) "
The followirg commerts or. the algorithm are appropriate:
- ) . . L . -
T a) ovVD is' almost always assured  of speedinq processirng. Hot

only~ris it possible to wisely‘onoose tne storare struoture of a

be mnmuch less ‘thar. the ‘or.e it replaces as the rarge for a tuple

e - . . [

.}9riable, It orly fails if little or ro reductiof takes place
‘4aﬁd“réF5FE;€ingqis ur.pfoductive. ,

7/
s

» R - { « .
thar. a list of qualifyirg tuple-id’s. The basic tradeoff is that

’
1

OVD must coby qualifyirg tuples but can remove “duplicates created

tior. at the experse of reaccessirp qualifyinv tuples ard re+air-
ing duplioates. It is elear that cases exist where each stratepy
is superior. Tne INGRES desigrers have cnosen oVvD ,because it

does rot appear to offer worse performance thar, the alterrative,

-

, allows™a more accurate choice of the variable with the smallest

)

wmrarnge in tep"o) above arnd results ir. clearer code. (/

t

. 0N .
b) Tuple. substitutior is dor.e wher recessary or the variable

v

assooiated with ‘the smallest’ rumberlaqf tuples. This has the

E . ‘»,.,1/

. effect of reducing the. rumber of eventual oalls or. OVQP.

7

") Reformattirn 1is dore (if neoessaer with the knowlgdge that

™ . . . -
i.'e‘i . N ,l - v -,

-~

) . : . ‘ ’l"':’ ' ‘ »‘
: 58 =56~

It should be roted /that a temporary relatior 1is created rather,

z

temporary relatiorn out also the cardinality of this relation ﬁay

ddring the projectior. Storing tuple-id'S~avoids the copy opera-




-

it will replace a collectior of conplete sequen%ial sear.s
relatiorr. by a collectior of linited scarns. This will
LN

always reduce processirns time, 1

“d) It 1is -believed that this alrorithm effioiqntly nar.

large class of irteractiors. loreover, the algorithm doe

reqguire exoess%ye CPU overhead to perforn..  There are, however,

N

cases where « more elaborate alAorithm is reeded, The. fol

of a

alnost

t

dles a

s rot

lowire

,VA—L\{“‘*_%MQ e

commer.t applies tc these cases. . . /

/// . "(
e) OSuppose that we have two or nore strat®ries STO, ST1

R A eacn orne  ‘beirm petter thar. the previous ore but al
quirire « ~reater overnead. Suppose we benir. ar.  interacti
5T0 arnd rur it for arn amourt of time equal to a fractior

gstimatéd overnead of' ST1. At thne erd of that time, by

" N oot . .-
v N . w

countiﬁg the rnumber of tuples of the tl.st substltutior varig

. . N
o .

Wwhich have already beer processed, vie' eqk vet ar, estinate

) o o

SO g-

or. orn
of the

sinpl

» ' 4%
total ﬁrq_kss;nr time usine $T0. If tnié;is sirrificantYy rreater
thar. the oygghead of U711, ther we switeh to ST, therwi

5 ¥ . k . 2

stayfaéd cthlete processi the irnteractior. using ST0. Ob
s g ’ : . &

ly, tm€ procedure car be repeated or. ST! to call ST2 if
. R - :"1§ ’
sary, ard so forth. ' .y : :

Se we

vious-

reces-

1ne dlqorlnnn detalled 1ir this sectiorn is STO. A more sophisti- ;..

v

- cussed ir [WONGTO].

y.% ONE VARLAULL QULKY PROCESSOR (OVOP)

Cdtcd almorithn UT1 is currerntly urder developmert and is

dis-
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Tnis pregram is corcerred solely w1tn tne efficient accessin of
‘tuples from a 31ng1e relation piven a particular or.e~-variable
“querv. The 1nit1al portiorn of tnis program, known as STRATEGY
:determines what key (if any) may be profltably used to access the
‘ relatior, wnat tne value(s) of that key will be used ir. calls to
. the ANI routire "firnd", ‘and whether tne access may be accon-
)///;lisned directly tn*éu?n tne AHI to tne storage scructure of the

bt
“\-*nﬁldtlﬂnrthElﬂmO” Af a secondary 1rdex or. the relation snould be

used. If gecess is to be through a secondary index ther. STRATEGY

must choose which ONE of possibly many irdices to use.

. /
. Tnen, the tuples retrieved acoording to the access stratery

selected are processed by the SCAH portiorn oP 'OVQP. ‘This pronram
evaluates each tuple ayalrst the qualification part of the query,
creates tarcet list valués for qualifying tuples, ard dispoées of

.the target list qpprppriateiy,

Sirce SCAN is relaﬁively straightforward, we discuss orly the

policy decisior.s made in STRATEGY.

nf First LSTRATEGY examires the qualificatior. for clauses&wnicn

speeify tne.vdiue of 4 domair,_i.e. clauses of the form:

oo * “V.domair. op constant;

p where "op" 1$ ore of {=, < >, <=;f>=}..'Suon«elauses are termed
+ "simple" clauses and are organized into a list -

~ . .
Obviously a ror-simple clause may be ecuivalert to a simple ore.

4

For exauple




« Y
©

E.SALAKY/2 =.10000 is equivalert to E.SALARY = 20000.

_ However, recofgrnizirng ard convertiﬁg such clauses requires a rer-

v

erfal alpgettraic syxbol nmar.ipulator. This issue has beer. avoided

-

by igrorirg all rorn-simple clauses. STRATEGY must row select ore

N ’
of two accessira strategies:
.a) issuirm two ANI tird comnards or. the primary relatior. ‘fol-
lowed by a sequertial scan of the relatior. betweer the linmits

specifiied

T

b) issuirpg two ANI fird commards or. some irdex relatior. followed
\ . '
by a sequerntial scar. of tne jgdex betweer. the limits specified.

For each tuple. retrieved the "pointer" aomairn is obtairned ard is
a tuple-id of "a vtuple ir. the primary relatior. This tuple is
fetched ar.a examired.

=)
[

ey 1ir.formatior. about the primary relatior. is obtained usirr the
/ .

ANI functio:/;garamd". Hames of irdices are obtaired from the

irdex catafom ard keyins irformatior. about irdices ir. obtaired

with tne fundtioJ "parani”. e )

STRATEGY rnow checks if a simple clause is available to limit the
scar. of the primary relatior or ar. irdex.relatior.. If a relatior
ir-order to be useful. ISAl} structures or the other hard allow
rarges of values ard less thar all keys may be specified as lorr

as the first ore is presernt for structures with combired keys.

STRATLGY checks for such a simple claqée for a Pelatior ir. tne

followire order:

Ty

is nashed the simple clause must specify equality as the operator

L LT TR I NP W LT PP I TR TR TR W PR




a. nashed primary relatior

N b, nashed irdex

N e. ISAN primary-relation

iy

I T T T ST T T T T T D U T ST T R TS T T T UV T S T T P P

d. ISAH irndex

1

‘ . A

¢

Thé ratiorale for tnis'ordering is related to the expected rumber

of page accesses required to retriewe a tuple from. the source

relatior. ir. cach case.

7

Ir. case a) the key value provided locates .a desired source tuple
v 4

ir. ore access, (igroring overflows). Ir case b) the key value

locates an,appropriate index relatiorn tuple ir ore acdcess but ar

P

‘-adqipfbnal acpess- ir requiﬁé;_:;\FQtrieye the proper source tu-
plgl FOr tne ISAN scheme, the directory must be examired. The
rumber of accesses incurred ir this look-up 1is at least 2.
Ag;in, with arn irdex, an adaitional'acceﬁs is required, makirg

the total at least 3 irn case d).

L4
-




6 UTILITIES Ili PROCESS 4

6.1 INPLENENTATION OF UTILITY CONMANDS

. 4e have irdicated ir. Section 1 several data base utilities avail-
able to users. Ve will row briefly describe their implemertatior.

ard irdicate their corfiguratior within the INGRES system.

The comnands dare organized into several overlay prosrams. Sirce

M «
dar. overlay may have more thar. or.e ertry poirt,- it car certain

moTe thar “ore utility commard. In ‘faot, the utiiities are
rouped vhere possiﬂle to mirimize overlaying. The overlays all
contgin d coarmor. mairn progsram kr.owr. as the "controller", which
reéds pipe C énd writes ¢ompletior. messames 1irto pipe D. The

processirg of a utility commard occurs as follows. '
i

v

~

First, the parser recogr.izes a utility commard ir. a user ir.terac-
- e

tior.. This rame 1is looked up in thé INGRES "process-table",

wnich nas ar. er.try for each commard rare in the lar.suace, Each

¢rntry has ar "overlay-1ld" ard a "furction-1id". The first irdi-

cates the overlay prorfram cor.tairirg the comnard, ard, the secord

irdicates tne proper erntry point withir that overlay.

These id s are passed dowr. pipe B to process 3 .followed by the

parameters of the command specified. Process 3 defermires from

tne "overlay-id" if the command is a utility command interded for
process 4. It so, the irformatior. is simply writter on bipe’C.

.
< s

. At tnis poirt, some overlay 1s occupying -process 4, having

remaired from a previous commard. ItsACOpy of the cortroller

"




S

_AMI calls. M

¢

reads pipe C to obtair the overlay-id. If ,a different overlay
from <The presernt ore 1s irdicated, tne cortroller overlays pro-

cess 4 ard cortrol passes to the cortroller bf the new overlay.

liost o©f the utilities update or;read the S tem- relations usirng

4
z

IFY corntains a sort routine Sn ch puts tuples ir

oollating sequer.c

acca\?lnv to thne concatena ior. of the desired

keys (whicn need rnot b> of the same data type) ‘Pages are irni-

tially loaded to approximately 80% of capacity. The sort rdutine

is a recursave N-way‘merge-sort' nere H 1is maximum rnumber of
files rocess U car-Tiave oper. at o

builaing occurs in ar obvious way. To cob ert to nasn structures

B

HODIFY must specify the rnumber of primary pagessto be allocated.

This parameter is used- by the AHI ir its nasﬁ\ngéEE‘Twnﬁﬁgiis -a
star.dard modulo divisior. metuod). This is géné\ii\? rule'or

-

tnumb.

-—— ’ o i R N
It snhould be roted that a user who creates an empty hash :;Tétion

-~

usirt the CREATE commard ard ther. -copies a large UNIX file irto N

it usirng COPY will creéteja very .ireff4dcient structure. This is
because a relatively smal; default pumber,of pfimary pages will
nave beern specffied by'CREATE and ovﬁrflow cnafns will be lor.r.
A better sérapegy is to COPY irnto ar ,un;orted table so that

FHODIFY car subsequently make a food suess at the rnumber of ppi-

mary pages to allogate.

" 6.2 'DCFERRED UPDATE AND RECOVERY T

. Ary updates (APPEND, DQLET&;ﬁﬁE?LACE) are processed by, writine

N
-

e (currently 8) Tdé irdex‘




wner. process 3 finishes, it calls process 4 to aotually perform\

N

. o
ferred update is dore for| folr reasors.
" . ) _ . .
a) Secor.dary irdex conégderations. Suppose the f;ITbu{FE QUEL
B L4 X
statement is executed; | - ~)

RANGE OF E IS EMPLOYEE

REPLACE E(SALARY = 1.1¥E.SALARY) WHERE -

« E.SALARY /> 20000

/
/

. / ’ -
Suppose further tnat there is a secor.dary 1index or. fthe salary

-

. 7 . .
donair. ard tne primary relatior. is keyed orn arother domair..

/ S _

OVGP in firdirns tn;lemplﬁyees who qualify for the raise will use

tne ‘Secor.dary ;ﬁdex. If or.e employee (say Smith qualifies ard
nis~tuple is mo?ified and tné‘secondary inqek updated) ther. tnq
scar. of éne seﬁbndafy index will fird nhis tuple a second time (ir
facn'an arbltf;ry r.umber of times). Either secordary indexes

VS

carrot be uSed to idertify q

lifyirg tuples whern rarese qualifi-

?
ior.) or secor.dary

~

catiors are present (a rather- unrn ral restri
/ ‘\ ~ o N ~N

. - ™
irdices must be updated ir deferred mode.

¢ L
. /

b) Primary retation consideratiors. Suppose the followirm OUEL

iy

statemert is executed

L RNGE OF k, M IS EHPLOYEE /k,/{ _
¥=—.  REPLACE E(SALARY = .9*E,SA.ARY)™ WHERE

: E. HGR = M.NANE
ALD | ~ : ¢
E.SALARY > M.SALARY :

A

for, the followirg EIPLOYEE relatior
. | " )

/ N " ‘e -

. '@ -63- -
e ‘ - .
+ ' . \_“ * . ‘/—-’"":‘Z:.’ B':;S ’ *

~

har.ged or modified into a tenporary file..

.~

T S 1 Fr ey

. e A N A sk




NAME  SAL MANAGER o ' s
, Smith 10k +Jor.es ’ ‘

o . . Jones 8k -

‘\\Brgwn 9.5k © T-Qmith

fbogically Smith éhould.get the pay cut but Browr 'should rot.

. »
}.' - ’ «

However, °“if Smith’s.tuple is updated before Brown is checked for

the pay cut, Browr. will qualify. This urdesirable situatior. must . . .
"be avoided by deflerred update. . o 'i
. .~ : . j
. A '
.C) Furctiorality of updrtes. Suppase thne féllowing?QURL state-~ .ﬁ
‘mert is exgcut°d' * . o - ' 3
. :
- RANGE of E,ti is EHPLOYEE , 3

--«“,\\\ REPLACE E(oALARY M.SALARY)

\

_This update attempts to assirrn to each employee the salary of

éﬁery other employee, i.e.  a single data item is to be replaced

+ /
by multiple values. Stated differertly, the REPLACE statement
does rot specify a furctiorn. This rorn-furctiorality can orly be

checked if deferr%; update 1is performed.

‘d) Recovery is‘gasier; The deferred update file provides a lom
of updates to b€ made- Rgoovery is provided unpor systeﬁ crash by |
the RESTORE command. Ir this case the deferred update routire is , %
requested to desﬁroy“the_tempor;f}'file*ff>it naSCpot yet started

i

processing it. If 1it. nas begur processins, it reprocesses the . j
. - N 4

- 1

éntire updapé file thon is dore in such a way that the effect 1is *
the same as if it were processed exactly orce from‘siabt to fir- ‘
ishl

|
i
1
4
‘ . . ;
s i . . - J
R . s . . X i
Her.ce the update is "backed out" if deferried updatins has rot yet |
begurn; othgfwiSe it is processed to cor.clusiors The software is 3

- - . ’ | 7 P %
. ‘\- X ‘ . _64.. - GS ) R \‘

N W [ i N ~ . ) ¥




_"desig;ed so the update file car be optiorally spoole

*

,,gnd recovered from tape. This added- feature should’l soor. be

operatioral. 3 A

.

.If a user from the termiral mor.itor (oFf a C-program) yishes  to.

. . . ‘
stop a command he can issue a "preak" charaecter. In this case
A N i ’ . B .

-

all processes réset execept the déferred update _program which®

- : . ] . - .
recovers 'in the same marner as above.: T e™

.

All update commards do deferred updaté; however the INGRES utili-

. -

"ties have rot yet beer. modified to\dq likewise. Wnher. this is
completed INGRES will recover fra@fall crashes whihh’ leave the
disk -irntact. Ir  the meartime there car be disk-intact crashes

Which carrot be recovered ir this mar.r.er (if’t%ey happer. ir. such

a waf that the system catalogs are left inconsistent)l\\\\

. )
4

The INGRES "super-user" car. checkpoirt a dalé base(s) orto tape

‘irterac-

usihg tne UNIX backup schene. -§irce INGRES logs all

tions, a corsistent system car. alvays be obtaired (albeit

\

by restorirs the last cneékpoint‘and.runninm the log of iWgerac-

tiors (or tne tape(s) of deferred updateé if it exists).

-

P . &
- .- Y
- - LA

> -

~ kg
<
' - N :
, \
- ’.\!‘ ¢
g .

-

3

nto tape

o

r’g
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“*....7 CQNCLUSION AND FUTURE EXTENSIONS .

®

) The systém described herein is in use at 5.installations anrd 1is
“ ‘:p - - ’ ! ) . . . -
“T being  brought up at 8 others.. It forms the basis of an account-

L~ v

: _ing system, a system for mar.aging ;§tudent\ records, g geo-data

e
¢

system, a system for naintairirng a wirirg diagram for a large
. ] " N N N
at

x\telelpnqné cqmﬁany and(faSSOrted ather smaller applﬂiations.‘

L

Tﬁe§f applicatiors have beern rurring for periods of‘up to rire”

mornths. \ ‘ . g d

I 3 N

j 2 ) \ ! . ‘ . . }
X .
. ) . "
At tnis time rno detailed performar.ce measuremerts have beer. made.

-

7.1 PERFORMANCE

‘ N

However, or our “s&stem (ar.  11/40 mair.frame with 80k words of

core) about 456‘simqltgneous INGRES users éan,be, §uppdrted with

\.

reasoruble resporse time . (assuming they are doing interactiors
N /A?’ .o - M .

‘

. . . TN .
path exists. Of course’, a user has the ability to execute ir-

»

. teractions ir INGRES ' which nequire*‘nours',to. brécéss). This

hardware corfiguratior. costs about $60,000.. Larger 11/70 instafk\

latiors should be able to run substantially,more'INGRES_hger&i\: \:s

The sizes of tnexg?goe§ses ir. INGRES are indioaped below. Sirce’

the deccess methods arg loaded wifh processes 2 and 3 arnd withn

e " (S

rnany of\ the utilitieé their ‘contributiorn to the rgspéctive pro-

A

¢ > cess sizes has beer. noted separately.’

1 R access metnods’) ’ 11 K (bytes) - .

« «

termiral monitorr L ~ . 10K

‘which affect a small rumber of tuples ard for ;ﬁioh a fast access .,

3
i,
[PR.A 2
(O




\{',"' - process 2 MS K.+ AM // ,%
AN SN process 3 (query pracesso‘ : HS.K +‘AM N Lk ’
A ) -l e . A
SR ut‘ili'cies- (8 overlays)” { - deo mifan - : o
?!,&r . ] ' . - , . ’ <
A 7 2" USER FEEBBACK . O S
/“f‘ N o . ‘ "“;' v R , _\ " . ' . ;’K_ // « L. s l .. é
Tné\feedbaok f"om 1nternalxdnd external users has been overwhelm-
1ngly p631t1ve. i Lnls sectlon we indioate features fhat have \: ]
’ beer sup?ested fo" futu e,systems.- ‘ ‘
- . % < . .
hd AR {3 st 2. - j
. * ’\ . : * LY :
ah nigner‘performgﬁce . a
%grller ve"SLOns of IﬂGRho vere very slow, Tne qur rent yersidn”
R ,snould allev1ate tnls problem.’ * S ‘/ . ‘ ; <
b ) recursién? SIS . IR ‘ -
' :, ..‘"‘. . o N - o Co~
QUbL -does not support recu"31on. //eﬁge, recursiorn must bé‘fedi- !
B ‘
ously pro anned ir. °C usinr tne p/eoompller. This nas beer. suf- J
= rgsted as a: &esi"ed eXtene/p(/ "o £ b R . ' . :
) ‘L‘“. - ~5 a . . s -
)\\/> 5 L ) - > . . -
c) opne‘ larnui§/ extens;ons : x (o _ l . J
* P “ -t N - k
- - e < - s
- These 12;13&@ user def'ired functiors (especially oounters), mul- .
. tipl taryek\}ists for-a sinp?z ouallfication ﬁtatement ard {F- : .
Q. nnen-elbe control structures in QUEL. These extensions are all L
. :~f; " so a user ca;'%void usir, the precompiler. . . / .
, . > QA g”\' . ' . . . - e
/ . ) ‘\ i - - | ) e
d) _report qenerator - o o '




"PR1U1 1s or.ly a very primitlve report 0enerator. " The need’ fors . :
duamented fa0111ties Ar this area is clear.{ It,should be writter. j‘f;
2 i - . S ’ . : g2
ln ._.é.UEL‘ . \b‘ ™ “»’a:-( ; L o= . : i :’}-% uru"
. ~ ‘._ " . B . . .v~ ; . 3 _— ) . y
. e) 6glk copy .. o
8 ) o
‘Tne“tOPY routine fails to handle easily all situations that naﬁe , ’ i
e ’»X,Avév . R
arigens . 7 ° 2 Lo ’?;. o0 ) oL
e n (i - ., ‘v ;.‘ ™ . . ) 1
. J‘i_?v"._ . . ) / . N B . . . . . } . .
T.Q*fFUTU%% EXTENSIONS -t o T - - “ﬁ. . . -f
Noted™ throughouy¥ the paper. are areas where system improvemert is ;
AASASIN . ] : ) . N . ;
. ! . - i \nl~ -
v ir. progress, planrned ot des%red by .users. Other areas of exter.- . 3
sior 4nclude th foiiowihg‘?ﬁ-“‘ e : ' . !
' ‘ '.1 /‘ ' R L ) . Y ‘:r . .
a) A nulti cdnputer system versior. of INGRES to- operate or. dis¥ . §
. - & . 1 ) ‘f . : '%
. N v\w : -
tributed data bases g : . ’ o : 'i
- ) . 2 - ‘ 1
‘b) Furtper performarce erharcemernts ’ ™ ‘ ) i
S ; - | s
c) A higher level user landuaﬁe ircludiry recursior. and user j
_ . - - . z
. ’ 1S4 [
“defired furctiors i
[ 1
Id . K\, el . . 5 ji, ;i
d)_ ,better data defirifion and integrity teatu.es }
. , / ) ‘ §
e) B data base administrator edvisor.: This progran would rur’ at - |
idle priority and issue queries amainst a statistics relatior. to - '
be, kept by IUGRES. It oould ther. offfer advice to a DBA corcern- < O

.

inn the .ohoice of' access methods ar.d the selection of irndices.

" Tnis fopic i& discussed fur ther ir. [HELD?Sb]

k_f . o . ' * . |
~ . . " - i .
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