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ihis MTIB proposes an overall Jdesiyn zpproascn for 3 Jatabass
manhagement facility for Multicse The propossals setr forth nzre
shaltl be tha toplc of a Review Meeting 1o ve hnela at  Cambriadjgs
(CISL) during thne week of F2oruary 10, 1375. 4any questions o~
comments can be sent o me via Multics mail (Frissen Multics).
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MUultics Jalanase Manawger Preliminary Program Specifications

1. Introguction

Thes JdaCument proposes an overall Jeaiygn for the Muttics
Uatiapaie Managzer {UsM). 1t Jiscusse2s the philosophy of the 03M,
prezents a aescriotion 2f the softwaere includea a3 part cf th=
system  and 3213 forth Jesidn Joals. It 135 intended that this
araft will e consiagered a focal point for discussion ¢t possiole
revisions or enhancements to tne J3My out of which wlll EMS ge
The finai program specafacations,

1.1 Purpose

Tne Muttics J8H¥ shall e Jesidneld
~to provide I'ne user with a3 logicat {rather fthan
physical) view ¢t the Jdatavasa,
~to allow dynamic reordanization of tns Jdalatase with
as litrtle effect a5 possinie on the applications
usinyg The Jdatacasa.
~t0 provide fthe Jser with simpiey, versatite anag securs
aCiess o The adatabase.
~to allow detinition ot the Qatavase Dy means of &
Jats descraiption Langusge (DJL). “‘
<to aliow marndpulation uf the Jdata within the Jarsoase
ny means ot a 0ata Manipulation Langusge (UML) .
-=1To provide The user With some means of recovery ani
r-starte
“to pravide The user witn the advantages ¢of “I=03-3
Ii-ltike capasitities.”
The purpsse of tne Multics 0OBM 13 1o provide an integrates
Scl of functions 10 suppurt The Jdescraipiiafhi 3Nd processing  of
lurge 13tadas<es for the DUsine 33, al3demic ana jovernmental
CummMUniticas

1.2 Soultwa~e U2sign Philosophy

Several facrtors have 1nfiluenced tne overall Jesign pnilosaophy
ol The prepousza UdM. The following factors are of special
Sidittacances

~uiivi~conmant
I he uBM  shatl operist= as & Multics
subsystam 434109 The Multics file system tTo
advantaye and shall be written in the PL/1
pProgramming fanyguase. This will prcocvide
gase Of program maintcenance as  well 33
consistancy with otner HMultics software. ‘\
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interfaces
Ratner than extend the syntax of any nss

lanjuage, the UML witl De les L yreq to
intarface with iTs host languayge via the
CALL statemant., This wiltl proviie 3

relatively simple untertface mnechanism and
avoid the proolem of modsfying tne nNnost
languaje. Initialiy this interface wiltl
pe proviaged for PL/1, Dut it could easily
De extended to incCluue FORTRAN ania COH0L.

~similarity to I=J-5 I

A orime constderation is to offer the uiwer

“I-u~S  LI-like cCapaorttitivs.” Thiz hnas
vean interpratey i a ygeneral Sense. The
dser will e prowviaad with 1n=z gener al

functionality of I-D=-5 IT wnicn incliuad=s
tnose functions "reJusrced e support rne
descripriony manitpulation, restructuring,
FrecoVeEryy Secudriiyy and analysis cof s 13T 3

vase." (I=0=o_ L1 cpiy D 0) .
Speciticalliy,y, the datavise on anicn the 0B
aperates snall De capacle of sUpperting
sinaular, nierarcnical and e twark Jata

structures.

-gdata independence

~ddlalase

“teCoVverly

~

Data independance (5 3 Key objective ot the
JeM. Consegquently, the concept:z of schemg
and SuUB~LCNemas have deen Urilized. alzo
contribJdting 1o Jdats inJependence iz tne
use of context variaontes to relerence date
clements logically from within tne2 0ill.

ecrjanization

i ne UBM  shall e Jesign21 30 tnat
reorganization of The Jatavdse(liseen
rectusteringly 43 wWell as rastructuring  of
fhe Jdara snali not De & custTly amd T Llme
CON3UMIing £rocesss Furtharmo~cy Jatavaix
reorganization shall have & minimal effzct
on dJser application programs which uSs The
database.

Uatavase recovery ani dJatavase integrity
are WO more Key oojectivaes of the U3HM.

Consequently, Tne oM shall include
provisions for mandally "zleanpointing' the
QalabDasc, This will alton for “clean®
Jarapase UdMp 3 To tipe 3 a provi de

as33drance that tnz integyrity of a Jatanase
13 not impaired ddring recovery ot tne
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1.3 Huttics anid L=0=5> 1II

The amplemzntation of [=-0J=-5 LI on the Multics systam hal
vewn  Considered 1o be & desiriaple objzctives This wouly sseeqm tg
e True ondly if I-0~3 II .s detined Iin the most gereral of terms.

Suine i=03=5 1L fearureas se=2m rye oe at Viariance with the
philasophy of MulrTics vperating prucedures.

~>hains
ineg conceapt ot “enzaining™ records together forces a
consida~aple dJegree of "hara to change"™ structur: onto &

Jalabasgs For instanczy 11 135 Qquite dufficult {n LI=0-5 11
te Jdeclare an €X1sting record type 1o be a new memoer ot an
=XibTing YN The imposition c¢f this sort ¢f germanent
cxXxterral StrJdactu~g 3¢em3s O run counter to Jeneral Muftic:z
pnilosophys In Multics the actual cinding (Le24y
structuring) 29F Jata 13 usually concelved of &5 a Jynamic,
~ather than & atatics Proc2sss. The “oinding" of Jdatsz

claments 46 usually postponed untitl the {ast possicle momant
(ol exsocditién TiMey fOr 2xampls). Aamiltiediy Qata elemanTte
in Zatubase muslr  De structurzd 19 o highe~ Jegrese tTNar
nen=Udatafase <claments pecause of Tne necessity, Aithi~ A
Jatabausey tas carry along (or “rememoer"™) relat.onshipa.
Nevertnhelessy, 1T Leems advisable to allow such relstionanips
1o D¢ as Jynamic o3 poussible.

The “shaining™ of rccurds also t2nas to lose much of

its dsctdinegss as the zhain pointers Decyme nore
iNTErpretive, Thuat {sy the most etficient chain gointers
arc< those ANICN  are nNuaridaare griented, Byt it 1s nort

realiztic to thinhk in terms of har dware orientad chiins
wirhun the ftramenasrk of the Multics virtual memory sSystem or
the Multics tile LysTeme

LonseQuz=ntly, the ventire concept ot "chaineg " records
Seems 1o e o 0Aly dimjited value with reference to fthe
Multics opersating environment, ‘

ine concept of "area' 4 &3 used by [-U-3 IIy scems well
sditeu 1o I-J=-S where It i3 necessary to "reserve” a numo=r
of flle pages prior to usage because the GCALCing algorithm
153 dependent upon the toral number of filie pages assigned to
the fila (or  arcay or  Jdatabased . Tre concept 1s also a3
“roturat™ for G008 Users WNo nave become accustomed 1o think
10 terns of reserving tile space vetore actuslly dZing thz
tile.
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The “arca’ concents Nowevery seems alien to  tha
philoscphy of Muitics whez2rein “file space"™ {or wvirtuasl
memory) is aliocated and used as nee ded.

There are soume lnher2nt shortcomings in I[=0=-5 I1 w~hich oughr
te De avoideld if at all possibnl e, Tnese aisadvantages arc
eSsenNtially the same a3 fthose listed in I3M's critique of 0315 1in
The “Position Paper Presented fo the SUUASYL Programming Language
Committee”™ dated May, 14971, Tnhey may Dve grouped under three
Qenelral Neszdings . of dafta independencey Jalalale Facrgunicatiol
and OML complexitys

-Jata lndespzniance

The required areas of correlation vDetwen the user®s DML ang
Tne Zchema UJUL are ndmcerous. For exampley the formar of &
FIND statement (35 dependent on the location moide wifh which

the sodyht=after ~rECOra o was originally sfeored  on tha
Jatabase. sauch a <¢lose a3s2cCclation petween DOL ana OML
mesns tnat Qatabase recrdyandizatrion will more than likziy

impact User application programs. Tnis is an unattracrive
implication. The inter=retstionship ovetaeen UML and s3Cnema
OUL <contrioutes toward a tendency to restrain the natural
evolutrtion 3f tne Jdatabase structure.

~Jartakbase Recoryanization
Iinc rec~ganication of an I=0-5 JaftadDase jenerally strikes
fear in the heart of & user., Not only s thne process costly
and tim2 ConNsumMing, out it may alsu Scriocusly affect various
Uselr progriamss Nonethelzs33y it is only reasonapte to exwpect
Tne type of demands maae Upon a Jatapase to Cnanye As Time
PAISSESe As these cnanges Jewelopy the Jatabase wall Jnler3c
some transformation in app=arance. It tne transtormstions
are such a3s were not allowedad tor auring the initict I-Jd=0
Jartabase J¢sign periody then reorganizationy reyarita2ss  of
custy becomes & necessity. If instances of 153 Taasc
reorganlzation are NeCes3a8ry,y fhey cuynt at leaust 1o be made
a3 painless as possidles

-0ML Complexity
The complexity of the I=u=~3 II OML is immediately ocoviuwus to
anyone wWho Ccares o eXaline thne language syntax &anad rulzse
Such complexity i3 pardonaole i f the advantages gadcnea
fhercoy are sufficient to oftset The &s30Cciaten
Jisadvantages. It 3scems, however, that the only real
advantagyge jJained oy this approach i3 that Jdser gpplicarion
Crogruns area aliowea fo Capitalize on their rronteage of
physicial storage laiosyncracies (such as  wWhether a rfecord
Nds  storsd wvia fthe GALGC location mole)d., On the ctner hand,
the Ji3advontages of such a complex JML include fthe loss of
some data independencey an iNCrease in L0313 ot usbugiing
and tmplemanting user application programs anJd a forced
commitmant  on fthe part ot the user o oe content with &
relatively startic ana unchanginyg Jdatabase structursa.
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Artrempts 3houlad oe maiz to overcome these obvigus
Jusaavantages of the I=-0-3 approachy white at the 3ame time
aveidang thz introductaen of sthar more s2ri10Us shortcomingse.

2. UoH Ope"éf&ng cnvironment

Tne Multics DEM 1> to run as a Multics subsystzm  and  wall
Ust the  Standard Multics tile system, All aataset I/0 will be
perform=d by the vtile_ I/70 modules

3. UataDasze Management LysSTem
The UBM will consist ot essentially thres 2istinct parts:
-those modules concerned with schema aefiritior anaz
2r0C2535iNnye.

-those moduies concerned witn sdo=-schema aefinition
3NI ProcesSsange

=those Mmodules concerned wath run=Time processingg ar g
J5ta manjipulation.

Aguiticnally therz wiill exist utitity programs ot varicus tyuss,

| udM  actiwvity will involve interactior vetween the
iz -zystzm 814 User. programs.

“~The U3M shall pbe aesiygned to allcow the user as mauch
data indzpendence as possiolzs.

=Jatabase reorganszation shalil be a function o2t 3
"213t1abase administrator'™ and shalt rnot affect user
appilication programs.

-Jata redunidancy shall be K2pt Q9 & minimum, Ceing
~eqQuircd onty to a wery limitea extent by Ths
zntity _Keys (Jdefined velow)e.

~-The JALL intertace for the OML will make the 23M
"un-erd rodtines cuasily available to prodrams wrilten
in lanjuaizs other than PL/71.

3.1 GalatasSz Structure

Thz rad Jatsvase will consist of a set ot relations {(files)
irc Thnirg Noermal Form as defined vy ce Fo Codde The oniy norn=-Jata
attributes containead within fthe Jdata_retations shall be thc
uniqgue 1dentificer 3enzratead by the uBM  for inter=file linkajs=
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purposes within the Multics file system. all fliles createl py
The DuoM shoell L2 Zreated Dy the Multics ftilile Sysftam,. Hencey they
will e B8 ~tree $iles aus vefinald vy Ue Knutn,

3.2 Fuile Hanaling Prucedurcs
deftinstionss?
File i3 a Multics Indexea Se:gusntial File.

Relation 453 & coltection of entities, It can O
visualized a5 a two=dilmensional taule whereir the
cntitizs are the haorizontal roaws. Eazn rzlat.orn 13 &
quttics fite,

cnlity is a collection of attrinute-val e a2
es5ta0tished ut schema aefindlion time.

Attripute i35 analoyous fto "tisita name'" ond may uc
visualized as the columns of o relationy e3tautisney
at sChema Jefinition time,

¥alu2 435 o JQuantity ass9oClated with @ach occurrenc: of
3" atfrioute.

catity Key 1s the logicat artricute (or collection of
sttributes) which uniguely aJefinas each entity.

zalcy_path is =& linkage pDetween thne entitizs of two
~elarilonse. A une~way entry_path allons paszaje fraom
sn 2ntity in Jdata_relation-4 to  an a5330Cistey &nlTity
in Jata_reiarion=J. A Two=way entry_oathn 1t ows
gassage as well from the entity in Jata_rzlaticrn=3 to
the associarted entity Uin data_relation-A.

Regord reters to the suu-schama definition ot or-e of
nore ccntities. It is the logicsl representation 2t &
grodp of attrioutes as s2en oy thz 45l avplization
ProYrame

Figld refers te the 5J4D=3Chema definition  of Al
attrioute, IT 1s tne logical represantation of an
attribute as szeen Dy the user application program.

{7

v
—

As a 3znheral rule there will exist

~one Muttics file for eacn normalized relaticn. Thnas
file snatl coritain all the attribute values of e3czh
antity i the specified relastion, Each eritity shall

2¢  a fogical record  wWithin tne Multics ftiles Zacn
anTity shaltl contaln oneg (cr a rumner 21)
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attrinpdtels) constituting an ZNtaty_hkeye The
sntity_Key 3hall pe visidle to the uszer only 1t 1t nas
soeen explicitilty agefined Dby The Ussr. —ach Jser
visiple entity nr2y shall Provide the user with a
“nandle™ for that centity, Lacn entity shall also
coritain one attriobpute (invisiole toc the user) entitlien
3 unique_id. For thosz entities Wwitnout a dser

Visible entity_keyy, the uniqQue_id attrioute shatl play
rne role of an entity_hkey recognizadble as such by tha
CBM. Tne uJuniqQuz_id 3131 contain & Unigue DbirT

~eppreszntation (generated py the DIM) ahizh will s2rve
53 & systftam 1dentifacation tay for <cacn antity.

For example, a name_sddrass entfity with sn entity_key
of person_name might be representel as foliognssi
atfriputest person_name sfr_addr Caty 3t unigue_id
sntity: smith Joan 101 Edm  Ajc  Aaz2 f(t)

anere f(t} i3 a unique function of t and
T represents the time of entity creations

This Faelation shall pe termed o Jdata_relation.,
Properties of daTa_relations

<> there dill exiszt one data_relation for eacn
normalized relation.

<> :ach entity within a Jata_relation will ce
da35igned a8 uniaue_id.

<> oach entity_key witnin a data_relation musl e
unigue wWwithin That Jdata_relation,

<> the Jdatau_relation will pe an indexed zeguernitial
file indexed on ascending entity_kzys.

<> thz only user=visipie entry points into &
Jata_relation arz tne asntity_kKeys wexpilcitly definea
as sdch ar schema creation time.

<> 1 f 4 Jata_relation I3 not to be entercs Jirectly
by & user {leeey ot it (3 TG act as a secondary
record=type in I=0D=5 terminoclcyy)y fthen the
UniqQua_4id atfribute for eacn entity shall also be
the entifty_key for that entitys such & Jdata_relation
shall regdire no associated key_relatjon{defined
D lGowW) e :

<> the untaities within & data_retation will contarn &
fixed rumver of afttribdres {af lza3?t in the initiatl
implemantation).

A\
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~uyne Multics file tor each data_relation containing a

dScr visiDle entity_hkeys This file shall contasin only
tne ynigque_i1d and the entity_key of The soecifled
datu_relation. Thisz file shall Le inasexed, in the
Multicas file system, according to fthe attribute _value
o the unigque_id for each entity, This provides a
aystem=internal linkayge machanism amonyg the variocus
relationse For thosze data_relations where tne
dnigue_1d and entity_kaey attriodfes, are laenticaly,
thner= snall exi3t No key_relation.

Tnis file snall ve termed & key_relation,

Propertics ot wKey_relarjions

<> the only two atftriovutes of an antity within a
key_relation will be the entity_key and its
as30ciated Uniqguea_id.

<> thz key_retation will Se a0 indexced sSequentiol
file indexed on tne unigque_id of tne ezsociated
er;TiTY.

<> thers Al exlist one hey_relation for 2ach
Jata_r=lationy watnh o JSer visible entity_keayy to Oc
togyically aszociiated AHith anotner Jata_relstione.
That i3y if arn entity within a JdJata_relation 15 T2
e retrievad when its entily_key 135 unknown, thean
theares must exast a key_raelation for that
data_reizatione.

<> there will e o3 many entifies withain 3
key_relation as there are entitias within the
associataa Jdata_relatiane.

-one Multics file for each one=way enfry path into 3

~clation. tach of these files shall confain two
claszses ¢f attriputres, consizating of the unijue_id for
fne so0urce «wntity znd & varianl2 numoer ot uniqQue_idas
for thz ta~yget entitiesse This file 3nalil be indexed
on fthe uniguc_id of TIhe source entities. In aJdition
to the antity_key attrioute, therc will exist one
attriocute for each raryet entity asscciateld with the
spurce entity ligentificd by fthe entity_key). This
will enavle the rfreatment of hierarchical ani network
refartionships petween Jdifterent Jata_relstions.

Tnis fite 3nall wve called & cross_relaticn,

Prop=rtices ot cross_relations
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<> thére wWill exizt one cross_relation for cach
centry_path oetwesen TwWo Jdafa_relationse For example,
if an empiuvyee aafta_relation is such that it will
always 2 entered from a Jdepartment dats_relation
and tne department data_relation willt never bpe
entared from the employee Jdata_relation (eegay givar
an employ2c*s namey there will never te an attzmot
to retrieve fthat cmployec®™s department namel), then
W2 may Say there exisfts a one=aay entry_path petween
tne =mployee and Jepartment gata_rclations.

fhere will exis3f as many =ntitizs 10 3
cross_relatior as the number 0t «ntitics in the
as3s0cCiatea soUrce JdJata_relation.

<> 2aln enfify within a cross_relation will consist
of tWwo Classes of atreioutes, as foliowss

$1tne un.quez_id of tne entity in the source
data_rcelation shall constitute tne inaexed
saquential Key {(or [ndex)

the un.Jue_ids of fthose entities In the tarjet
data_reilation snall constitutes the non=prime

(iecey non entity_key) atlfrioutes for each
crass_rceclution antity. Thnere wWwill exlst 33 many ‘-\
target?t UNiLQue_LJ alftributes as there are entirties
as30cCiuted With the specifiad entity in the

sodrce aata_relation. It the scurce

gata_rz2lation has no user visible entity_keys,

tnen fthe farjet unijde_1d will asisoe ve an

entity_hey wvalue.

Note that it (3 possible trom tne user®s point of vi=2w,
tor all entities within & given Jats_relarion to ve associated
With TWs On mores inter=dependent entity_Keys from other
Jata_relationse Thes is roughly analcgous to the concept ¢f 3
LeCOondary datail recorad witn two master recorua=-types in I-0-3.
Of course there (s no neca for the user application prajram to
Ce Coudniecant of the Jutferent Jatla_relariosns == that 13 the
proper cuncern of the database administrator. Nevertheless, an
exampile ot the s3dov2 mentioned condition would pe an entify
wniln indicates the guantity ot diflerent purts committed to
Vari ous projecCrises {(This corresponds to a secondery recorl with
two masters of diftferent record=-types, in I=0=5 jarygona.)d Since
LdCn on entity woula possess no entity _kKey vicinle to or
Knowaule 2y the user, ifts index K2y would ve Jenerated by the
UdM 335 o uni1gu2 3Tringe
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3.3 Schema Proczcessor

Ihe zchema Ltself shalli JesC~ipe 4 Jatabase phyziczally
arranged in & relational (l.e.y Taodular) mannzr, Tne e33antial
funct.ons parformaed Dy the Schema proca2s530r Will pe twod

-1t wWwill Ccraatey modify anu delete all filez
necessary tu reprasent the Jsts 3s defined oy
Juclarations within th2 3chema Prccesse™.

-4t Wil store intormation aoout Th= schema
structurey to ba uyied later Dy the Sdb=-sinaema
Proc=s30rs

The )

3 cific tuncrions performed Dy the Schema Prosessor
snall oe to

e (1

cre2ate a directory file jiaantifying the datavase
AlTh 3 ylven s3chefMa names WNnen LUO~3lNeMas are
5U0Sequently Ccreatedy their name:z snall Ce recoraz2d
in tnis Jdirzctory.

mainrain a list >f all atfriouras and entity_hkeys
along witnh the (Multics) §file names ut the
dJata_relations in ahich they partTicipate, The
physical characteristics of cach artribute (2.3,

3102&y Typey efced shall be descrived a3 a part of
this 1isft. The (0CKS t0 De a33igneld to cach
attrioute shall alsc o2 a part of tnis list.

Maintain o tist of all data_relation nam23 s3iong
With the usttripdtesy 10ZKS and eatlity_keys
d330Ciated with each of them.

maintain a bast of all fthe entity_paths exiating
among all Jdata_relationse. An indicuticn whether g
dJata_relation (s depandent Jpon wnofher
data_relation will app2ar in thi, 1ist. (When an
entity 435 added 10 or Jeleteds from a Jdep<rdent
data_relaltiony then the crosas_reiation files cetweer,
the a@350Ciated data_relations must o8 updaleld.
Othe~wisey The Cruss_relation files would O Ugdated
ondy 4 f the associated data_rzlations were
relfe~enced by fthe Sub=3Chems in usa).

Ak SlNEmMa may be &85 complax or as sSimple a3 Jesiresd. Care
snould e takeny howevery ¢ insure tnat 1t 13 normalized,
tlsey consideraple inefficiencies could pe 1NnTroduced Inte a
yse~ dgpplication proygram which attemptrs to modify datse. To
d~aw & rcugh analogy with I-0-5y normatizsation of a relaticnal
databasc might 2¢ comparea to definingy s latabase in termz of
Jata Structure diagrams.
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3.4 Sub-3chema Processor

The Jub=scnemas s3hall provide the user spolicaticn program
with +12 viewa of & Jatapase. It shait ue a suus=2t of & schema.
The user spplication groyram shall pe allowed 10 access mora

than ovne SUb=3chema ond/or 5CNemdse

In interfacing with The schefay, The 3Juo=schema Processor
reed niy be aware 3f the name of the sCchema{iescesy the
Juat3avasc) and tha names of those artributes (and entity_Kkeys)
ALTh which this s4yb=-~schema (53 concerned, In generatl it shall
U=z Jnneceisary for ths Juser of the Supb-~schems Proceszsor to oe
concerned with the names of the data_relations 4, key_relations
o~ cruss_ralations, A general knowleage of the logical
relaticonsnips amonyg the o tfricutes will usually sutfice. The
5up-schema Proczssor will update tne list of sub=3Chema nam=5
gasdGCiated With this schemae.

A Sub-s3chema UUL shall oe defin=2dy initiallys tor the PL/1L
programmang languaga,

Specific functions performed oy the Sduo=-schema Processor
snalt inciude the follonwing:?

~the as330ciated schema Jirectory filz shall ue
Uplatad 1o contain the entry name of the specifi-za
SJd0=sChemas.

t

5 Iist shatl be malntalned which snhall assoclate 3l
the logical Jdatabase racords Jetined in the
sub=3chema with tne specified entities aefined by
the Schemua Processor (there negd nut ve a ong=to=one
corresponience)ls A liut of sup=schema specified
Icch3 Shall also be maintainzd.

=3 i1at snall be maintain<ed whicn asscciates field
names defined 1n the sJb=3chema wWiTh specifica
aftfrioute names previously aefinza 1n the scChefas
This 1ist shall &isg contain a descraiption of the
physical characterliztics of cach fialyu defined Ly
the sUL=sChema. These characteristics may differ
from the characteristrtics of the corrasponaing

attripute adefined (n the s3Chema. The DBM will make
the neleSialy Jdata Conversicns alb rdn=time. A it
ot luCKs T35 Le applied agalinst each tield snall 31350

e maintaineds

~3 repart showing any Ltnconsistenliizs {such a3
missing entity_key Jdefinitions within fhe
sUuB=sLcnemal) will de generated. Alsoy it an entity
15 referz2ncel by the suc=schems whicn is dependent
to an entity in snothner Jdata_relationy then whencver
3 Jdependent @rntify (s sdded to or deleted from the
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Jatadasey a "hidien” cross_relation file musr pe
dpdateds. Al possibilities of such "nivaen” side
effects snall e reperted out.

Jatae Manipdlation

The JML 3hall be implemented throudh the use cf CALL

statements, The following functions will be supported:

-0PEN
Maka a Sub=s3chema avallable for uplate or
retrieval=only (a1l neceszary files, such a3
Jata_relationsy key_relatiovns and Cross relalticns,
shall pe arttached andg openhed by the DBM run-tim:
routines == provided the dJser nas 3ccess to all the
tilas)oe

-5T0R:
a nznW record with bl ats fielas {(which may 2e nuall
valued) will be placed on the Jdatasase == thne user
must provide a non=nJll entity_kKey and its wvaluz
a3 well a5 rthe filz2la names and values to e
a550Ciated Alith the specified record,.

~FING
retrlieve a specified recori and (T35 asscCliated
tiela values as J2fined oy The sub-schama.

-MOOLFY
modify a specified recora or fiela valu2(s) to
equsl a given set 2f values,

-DeliTo
remove from The Jdatapase a sp2cifisd record or
field vatue(s) s3aticsfysng a given 321 of
conditionsy also remove all relcevant Linkages,

~CLCANPOINT
the szygments wilhin Ine zuUDd=~s3Chema which have Luen
altered since tne luast CLEANPOINMNT command wWas
is33ued shall pbe nude 2ligible to bDe aumped To tape
with tne Multics dackup Yacllitys

~5LL0Ste
tneg sub=schema 3hall be releases from the uzer
application prodgram (all as30Ziated tiles 3snall De
closeu and Jetachz=23) .

Addational funcfionaliTyy s4uch ai alyevralc cperatTionsy

may be agded &t a laler Times. Honevary (T may e adviszaole for

SUCh

capasitirties to ve provided Dy separiate
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grideuser-facititiesy rather rnan throuyh PL/71. A primary “
fzature of thne JML 3hall be That all references to atrrioputes
will e on the logyical level. The Juser nz2ed know little atout
tne physicalil oargarnidiezation of the Jdatabasc. Alt references to
Jata will oe th~ough the ficld names as defin=ld by the usar®s
sub=3chemss The concept of “current logical record” shall u

implementzd. It shall refer to tne last logyical recora of =3cn
Type (a3 defined in fthe sub~-scnem3) to have been operated on oy
a dfurtE or FIND tunctione Th2se recordss, howevery, shall nct be
explicitly referred 10 as "ocurrent” recoris. They shall ©
ret~seved oy 452 of the FINJ function with an argument tc
1idiCate *firsty® *next® or "ali® records satiszfylng some
CoN3ATion.

e dpurstional Considerations

~RaecoverysInteygrity
A means ot insuring Jatabase inteygrity shall

o2 53n e€s3zntial part of fthe system, The 08BM shall.
taksz cafe to update all linkajdes whenaver a datum
15 modsficd Ly & uUSer application program. If
Jesiredy "patorce™ anid/or “"sfter'™ images of ail
altered zuegments could oe journalizea by being
written 1o auxiliary files and Jdumpsed 1o taoe
pariodically using the Multics SAUKUF facility. “\
Tne ove~nead for such protection may be highe it
15 ROt Cleéear 4t tTnis time how much should pe
provideld in this ared.

Anotnzar possiblitity i3 that atl uplates be
Aritten to a reserve area before actually pdeing
“pecstrea’”™ 10 tne dJatspases Agalny the overnead
price for such a procedure woJdld De consideratle.

CNg t=2rm ra2covery procedures must alsoc ce

Jd for those instances whz2n part of the

¢ 13 inadvertantly Jestroyeds The Dackup

fdpes C3n De U3=d To oring sdch & Jdestroyed
Jatanase Dack up 12 ifs current state of integrity.
Tnis rejyuiressy however, fthat the backup tapes
contain “clean® Jatu. This vecom23s especially
relecvant when dealing with multi=-segment tiles,
since UObM finkages i1n one segment may reflect 5
Jafterentr srate tnan those n ansther segment., To
this endy the P3M must estaovlisn sume (ntelltigent
communication infertace witn the BAUKUP facilaty if
It 153 T0 ve usea to advantage. User=injitiated
CLEANPOINTS will contrioute tuwuard such & yaale. ws
widt UM initiated CLEANPUINTS. The JoM will Jump
updatea segments only after [t nas assured itself —n\
that alil segments tou b2 Jumped are in a CLEANPUINT

state.



MIg-147 Page 195

-Privacy/sccurity
Tne UBM shall rely orimarily on Access GControl
Liasts fto insure privacy o6 the sCNefiay SUD=3CNema
ana relation levels, Tnis snall tall under the
responsioittlity of the Datanas=2 Aaministrator,
Provizions will ve made TO provade the tutudre
capavility to LIGK and UNLOUK iftems at the
attribute level,

~oncurrent Update

Loncurrent updatre of o Lub=-schama shall not oo
protecteaie. This teature may Ge providea in tne
futuras.

G UdM sdpport sSuftware

The support software fo be prowvided shall inclule
ulilitics to toady m~ecover und anaslyze & JataUase 3. el as ar
endruser~faciltitys

el Lowu zna Uniluaa Utitlity

The Load Utilityy written in PLs1, 3hail pe d235130ed 10
run as a6 absentec ProcesSy ANLCN will accep! parameters
defining tne ramn Jata to e loaded. The Loaa Utility will
JeNerate ol Nnecesssry Jnogue_ids and wall loagy all relevant
linkagze tiles {awnich wiill pravicusly have Teen createl oy tn-:
Scnema Processor)e. The database referenced by the Lo3d Utility
snall De tnat dataase defined oy th Schema (raother thiarn =
SuD=Schels) s The L2223 Jridity shall rormatly ce tne
responsivility 2f tne Jatabus2 administrator.

ine Jnlosa Jrility shall De Jesiyned T admp T2 Tace =l
O™ Selellted vortions ot o Jdatabasey including olt ~=levant
SYstem Jdala SUCh a3 polnters and directoaries,.

ke 2 Recovery Utildity

ITne Recovery UTidiTy shall interface witn The Mult.ics
BAUKUP faCility to provide tor “clegan'” Jalabas2 recovely. Tne
regovery 31altd U2 a3 auftumatic a3 po3sibla.

4.3 Analysis Utility

A Utadity to analyze the size of data relations,
Kzy_retations and cross_relarions shall be proviged. ITne
Analysis Utitity shatltl atso serve as a verification aii in
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Jetermining the exuistencey or lack thereofy of iinkayes betadeen
tne entities ot various gats_refations,
Gel End=-Jdser=-Facitity
Some type of end-user=facility shail b2 proviaded &T Some

tLme. This faciltity snall include vut not ve limited ro the
tollowirng Capalilaticss

=Buulean rerriavals

~computations

~sorting

‘Credation oOof ajyregyata datasets

~~egport yeazration

4.5 lnstrumentation

Scme £ravision should ve magde for measuring D8M performance.
Sem: 0Gvious areas 10 <cxaming wWwould be the time reqguirea to
pertform overnead lavory 3uch @3 pointer upJdating, the time
FeQuired to retrizve cntities participating in Jdifferent:
structures and the time required to responi to a reguest in an
interactive envirgnment,



