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Cha~ t~er I

I~T1’R ~~UCT ION

_-~~~ata base ~anager~~nt systerris (DBMS ) are being sold to date

~~ocessing users in increasing nurrbers. Several reasons are being given

for this po~ ilar ity :

a. DB1~ are easier to use than conventional data handling

techniques~ t

b. DB~1S solve file handling ~~ob1er.s of cor~plex data structi~~es. S

c. The DENS are utilized by the user ’s cor~oet it ors—-suggest ing

greater efficiency, lower cost , or other co~n e titive factors.

Regardless of the reasons, and the ir validity, the fact ren~ains

that LP~~ are enjoying great po~u1arity in tod a~-’ s ~~F r’.arketplace .

~~ th that po~~1arity co~ies an influx of packages which c1ai~n t o provide

vast capabilities to support data bases.

The increasing nuther of choices in DL I S  packages presents the

• potential user w~.th a ~~ob 1e~ of evaluating and sele ctiri r the s~-ste~
(19 :~ r ef a e e )

which fits the spe cific needs of the installation. The

conpiexity of the ~ ‘ob lern is increased by the relative inex~erience of
(39, L 9)

nost users ~~th ~~~~ its ~ro~erties , and its capabilities.

This naner is aimed at the potential user of a E~~ . A col1ect~ o~-

of criteria 7hich ~av be used to evaluate a ~~~~ is Drovided. Sufficient

detail descri~~ion is included to permit a ~coo1ôook” a~ proacb , se1e rfin~
those cr~t~ri~ which hear ’ on the ±ndiv±dual installation e ronr~ent.~.-
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Chapter 2 ~~~~±des a short background of the rro’~t }~ en~ ~~~ect± er ~
of ~~~ It was included to hel~ establish the picture of the L~~F’

environment and give the reader a feeling for the potential inpact of

this capability.

Chapter 3 asks questions intended to determine whether the

installat ion of a D~!~ is the ~~actical solution to an installation ’s

~ ‘oblercs. 
• There are just as ma ny practical reasons for not installing

a DBI~ as there are reasons for . A D~i~ is a very expensive tool , at

S least initially. The long—term payoffs r~ist be significant to justi fy
(L6)

its use.

Chapters L through 10 contain the detailed evaluation quest ions .

With few exceptions each question is intended to stand by itself. when

~nxltitle related que stions are presented , they are generally gr ou ped

tozether as a unit . Then asking the questions of this tvoc to vendors ,

it is recommended that they be separated so that they nay ~e ~ns”er~~
m d  ±vidually.

• - -— — - • - •  — - • • •—~~~~~~~~~~~~ ——~~~~~— ———~~~~~~~~~~~~~~~ — •~~~~~~~~~ 
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Chapter  2

~ACF ’GR 3T:

Data manage ment systems be ran a~oearin~ in the ear ’ i~~1C’ s.

These ear ly systems were known as File ~anagement Systems (F~S) .

were ~o—nai ~ed because new approaches to processin~ of “files” of that

time were developed. The Formatted File System, known as the FYS , was

developed for the ThM 1LO1 corinuter and later u dated to the ~~: ~~lc.

This syste m provided the user ~~th the ability to pro cess sin gle files

with a basic two—level tree stru cture .

These systems were sub sequently converted to the ~~ 360 and

today are known as the ~iodular Data System (~~~ S) and the N~~S—FFS
(l6:2~9,L3)

systems , respe ctively .

The FMS techni~ ies inDlemented ~~~~
- many vendors followe d the sane

essential a Dproach . They were , and st:fl are , limited to cono’~rre nt

access of only one or two files. The or~anizational structure is usualiy
S (~ l)
S a two-level tree (hier ar chical str ’icture) .

Data mana~ene nt systems (D~S) exDanded the oana ~ il i t ies  of th& F~E.

~~ increasinr the riu r~ er of files which could be concurrently accessed ,

the D~-S nermitted more interaction between files wi thin the installation.

Some ~~~ ~ackapes increases the levels of tree stri cture to three and
S 

a f ew beyond that . ~~~‘s Inf ormation Nana srient System (fl~s) ,  as imnie-
(Li)

me nted on the 362 cori~~ter , is a ~~od e::ampl~- of a L~~ .

~ecuir ement s  for f le~~. anc ~onsoli ’~otion of data file s

~xi she~ s ste~- -1~ r i --ie rs t : -~eveio~ th c n ’---~ . a - ~ o~rrent  , i~~r cl  :f

- - -  
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inmieme ntation, the I BYS . The DB~~ differs from the LYS in its scope of

support . The D~S is intended to permit concurrent access to

n~iltiple files structured in a similar way . E ach file is independent

of the others for some purposes and related for others. For exasmle, a

‘nersonnel file is related to a ‘nayrol file when viewing the complete

information on an employee. Yet each may be processed independent ly of

the other for personnel and payroll purposes.

The DB~~ seeks to integrate all facets of the installation’s data
(l7:~—6)

into one sinCle data base. The individual identification of
( l9 : l— l~

separate files is lost as common data is used by all applications .

The payroll department may still have its own specialized data which is

not available to other users of the dat-a base but the common inf ormation

(i.e.,  name , add ress , telephone number) is shared by the personnel and
(1, 2 ,3)

payroll groups.

The DB1~ therefore becomes the facility to implement an inte~rated

data base covering all facets of the user ’s organization , elimina t inr
(36 :23, 26)

separate files and the e~~ra effort required to maintain them.

The data processing industry has long been noted for its confus inr

terminolo~ r. Often different terms coined by individual vendors have the

same meaning. The D~~S area is no different. ~ew meaning for old :erns

have appeared along with a number of new terms . The olossary lists ~
few of these terms alonr with some common synonyms and a brief exolana t ion .

The Conference on Data System. Lan~uares (C~~ASYL) was crrani~ed

in the late l9~O ’ s to define a standar d lanm~age for connuter or o rra:-ni~~- .

CO3~L was the result. C’~~ASYL has continue: to wor k on new

and the data ~ ‘se ma na rement area has received na~~~ emohasis.

S _____ • 5~~~~~~ 
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In 1969 the Data Ease Task Group (DETO) of 2~~AS~ L released a

DBI- 3 standards recommendat ion to the dat e iorocessing industry . Thi s

reoort has been ungraded several times , and work cont i~ties today on

imnrovin~ the specif ication. The 1971 revision of the 1969 report

covers the Dat a Definition Lan~~are ( DL) and the C~~ CL—or1ented Lana
(17)

::anipulation Lan~’uage (LI-I) . A fur ther revision of the ~~L was

published in 1973 by the Data Definition Lan~~age Committee (LDLC) ,
(l~)

successor to the LETO.

The most sirnificant point to note about the C~~AS~~ effort  is

its accept ance . Hardware and software vendor s alike are develohinr

new D ?1S ’s using the C~~ASYL ~uidelines. Examples are Cullinane ’s ~~~~~~~

DEC DB!-~ 10 , Hone~r~rel1’s ~~S-2 , and Univac ’s i-~ l100. Indust~~ leaders

predict that, within a few years, enough major implementations of the

COJASYL arproach will be available to make cross-hardware transition of
(Ii, i~ ,16 , I?)

DBi-S data bases relatively easy.

The ~ i~: user organizations SHARE and GU~~E developed a joint

recomme ndat ion f or data base development which was published in ~~renber(L7 )
1970. This document described the desired features to be found in

the ideal DBI~S. Unfortu nately,  and in contrast to the CODASYL spe cii’ica—

tion, it did not orovide the r~ideli nes required to develon the ~~~i.

As a result , the SHAP~~/2U~~E document has received less attention than

it dese rves.
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Cha~~er 3

DO YOU P~EALLY I~ ED A DB~~?

Numerous articles have been ~~itten ex’nound±ng the merits of the
(9,32 ,37) (~ L _ )

DBMS. Others cite reasons for procurement of a DBMS pa ckage.

Very few ~~iters ha%e stood “ against the tide” to question the reasons 
S

(39, L6 ,LE ,~49)
f or entering this new arena of ~I? ~‘ocessing .

There are many good reasons for adding a BI-S to the capabilities

of an instauatiorn Several will be discussed later in this chapter.

However, the potential user r~ist keep in mind that the reasons may not

apply to every environment and the result of the evaluation study may
(L6)

conclude that installation of a DB!~ is not the ~ ‘oper solution.

Each evaluation should be conducted with this nossibility as one of the

stated alternat ives. The ~~e-conceived notion that a DP~S will be

installed , with evaluation being used to determine which one , nay result
(LE )

in a very cosk ly error.

As A F  use within organizations have crown, the complexity of
(2)

the amp licatioms have ~ -owr~ too. ~any “ inde’nendent” applicat ions

have evolved to satisfy the need s of individual user s or departments.

~There this nas occurred , each user has provided the ir own data and

received reports from their own exclusive files.

This unrem~lated and iride-oendent gro~~h of applica tions has

resulted in many related but disconnected files. s coroorate need for

dat~ grows , the need to re ate orevious ly senarate files becomes more

urrent . Unf ortunate ly , many files are structured in such a way that

A 

. __________ ~-_ - —i ---- -~~~~~ ~~~~~~~~~ 
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~~ ac’~ assoenation ~s ~r’n~act_cal her att.emnts no -~oc_ f ~ t~~ f~~e~

t o imorove relationshins are made , the complexity may overwhelm t~ e
(12 ,13)

nro~ ram~nirig staff.

The DBMS is often advertised as the solution to th~s t \me of

oc ob lem. ?r ooerly imple mented , it may well solve the need to relate

comnlex da ta. The capabilities of the var ious LEMS packages varie s
(16 ,19 :2—13)

widely in this area. The e~~ent and complexity of the

files to he related , pr esent and futur e , will bear extensively on which
(39 ,L~2 ,~9)BMS , if any, is selected.

The independent develonment of files , as described above , rem lo s

in redundant data stored in many files. Cost s associated ~~th the entry,
(l~~:1—l)

maintenance , and reference to redundant dat a may be significant.

The intec~ ity of the data base is compromised whe n redundant data ,
(L.s~I~)

stored in separate files, is not consistent ly mainta ined~ Yhcn

two departments each enter the same item into two files , the probability

of error increases. The timeliness of entry is se ldom consistent . One

departme nt enters the data before another , and the over all da ta h~ se is

no longer “in sync.” If the item being updated is used as a key to relate

files toneth er , the delay ~il1 result in wrons answers if a query

entered before the second user updates his portion of the data base .

~:an:a of tod ay ’ s complaints about bad computer outputs can be

traced to this problem. Only by limitin~ the entry of data to a sing le

pa th int o a sin~le logical location in the data base can the integrity(
~~

)
of the data be assured . The DBMS is ca’nahle of sunnort ir~- this

requ ireme nt . The nackar es current ly avai1~hle vary wide ly in the ir abili~ vS - S

to reduce or eliminate dana redun da ncy .

_ _  

_ _ _ _ _ _ _  
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The volume of data to be stared in the dan e base o a c t s

nerformance of most DBMS ’s. Lepend inc on the ~~tho~ e-~ l~~9” ~o relate

data , system efficiency may de~~ade seriously when the data base
(3~)

approaches one million bytes in size.

Inverted file systems typica ly update slowly and ~‘etrieve namid :.- .

The installation which processes a high volume of undates (ic per cent

or more Of the data base size ner month) will find most inverted files
(l~ ,22 ,iio ,ni)

systems excessively costly to operate . This nr oblem nay

force the user of a high—volume , large—size dat a base to either eliminate

use of inverted systems or devise an independent updating method whi ch
(l9:1—Th)

will reduce update overhead.

Chain pointer systems vary widely in their processing efficiency.

As a general rule, the longer the data chain the slower the system

operates. Very large data bases , therefore, process much slower than
~~6)

small ones. Careful design of the data base structure can overcome

some of this inefficiency. However , to adequately “tune” th~ structure

it is necessary to ~mow ahead of time the anticipated loadine volume c-f
(3L~,n , 16)

each record type .

The complexity of relatinc data within an organization was the

do~~~a11 of the “total system” concent of the r’iid—1960’s. The ~~or a ~~ing

skills and resources to imoleme nt such a system were lackina in all but

the arr ~est installations. The ina~ ility of the industry to  suonort

“total systems’ created mu ch distrust and re luctance to emb ark on another
(:7)

such venture.

T~ dav ’s I’:anaeement information System (Mis~ d evelopment s are a

suflset of the “total  sy stem. ’ The onicinal plans ha ve heon scaled d own

to a level which can be develope d without the need of sp ecialized sk~~ls 

- - . ----- -—. -~~~ --~~--- .S- — S, - — _~ ----- .



and hardware. The BYS, with its improvec data handlim~ cana~ il±ties , ma

a~cain ope n the door to the “total system.’ A few systems , urincipa lly

those which adhere to the C~~ASfL spe cif ications , have the. abilit y to
(i~~ ~— ,— -— ,— _

relate data in the manner it occurs in the “real world.’

The BMS’s relational ability is one of its most important, assets.

The structure of most businesses is hierarchical in nature. The data

handled by the departments or segments of a business crosses over the

S boundaries of the orranizational hierarchy . Efficient and cost—effectiv e

use of data dema nds that the DBMS be able to effect sucn a cross—over

with a minisaim of step-retracing and redundant data. Therefor e a true

networking capability is required for a DBMS to effectively sur~ ort an
(~ L,I3)

application area as broad as the complete business. ~f such an

imrlementation is not available on the hardware used by an orzanization ,

it may be better to defer procurement until one is available .

On-line is a term which is commonly used in ti? to~ay. ::anv

organizations are developing direct inout to their data bases and hyrass—
(20)

inc traditional key~ inchin~ of data. The timeliness and accuracy of

data is generally enhanced , and costs of data preparation are reduced.

On-line data entry implies that on—line retrieval is also desired . The

complexities of developing on—line data entry and its improved timeliness

is seldom justified on the basis ci’ costs and accuracy alone. !:anarement

desires faster resDonse to its inquiries to meet the increased demands of
(23)

the marketplace.

On—line retrieval requires that those areas of the data case

may be requested from a termina l he available immedi ~nel ’-- . hen o-ie b~ oa

~ ~nc~’ec in several ~ata ~‘a ses , tei~ “ac’ ~“e~ c’1t ~~~~ ‘J”

meet. An inte crated .5~5 , urine fu l ly  networked dot ; rtr-~ct-u- es .

- -S .-- . ~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~ S.— ~~~~ S ,
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nernit a ccess to any portion of the data base . The ent ire

oreanizational data structure is nrocessahle from cmv terminal t~ircuch(
~

)
one set of software. This feature- dramatically reduces develomment

costs and ouerating time .

Acain, much car e :~ust he ta~en to determine if nne candidate

DBMS imulementations can sumoort the scope of the ~rganizanion ’s data

needs. If not, procurement of a “next best” substitute will be a waste
(~6)

of time and money.

y0 organization should nurchase a DBMS ~.ust because their

competitors have bought one . The status symbol of owninc a DBMS may

actually in~ -ove the comnetitors position if their operation is suited

to DBMS usare and yours is not . Comnetit ive ~ressure artlied h~- urone r

application of a DB MS ju stifies purchase only whe n the or eanizat ion  has

de termined that a DBMS will reduce the pressure by incroved efficienc
(I3,Ii ~)of operation.

-

_ _ _ _ _ _ _ _ _ _ _ _  

- - - - -  - , - _ _
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TYPE S ~ ‘~~ AVA~~~.BI~

One of the most confusing as ects of DBMS evaluation for the

unfamiliar is the different types of DPMS implementations available .

Each vendor claims his is the best , most cost effective, and flexible.

For the nurpose for which it was designed , most EMS pa ckages nerfor m

y~~~~~r well.

Iota is structured by the packages usina either data net~orkine

or a subset. Networking of data should not be confused with the network-

ing of communications equipment s~~~ortin~ an organization. The comnoni-

cations network describes the rel~tionshin between noints where users of

an AlP system enter and receive data. The data network describes the

relationship assumed between elements of data , records , and files within

a data base.

Data networks provide the most flexible and useful form of data

relationships . Only thr ou gh the network arproach can data be free y

related so that this data represents the actua l re lat ionshins it occupies

in “real world” conditions. DBIdS implementations which permit unrestricte d

networks of data recuire more effort to design the data base structur e

out are easier to proc~~am and use.

The hierarchical or “tree structure” method of data relationshic

is the most often used subset of networks . A ra~ ority of ear ly im~ lemen-
( 16)

tations utilized this technique. The hierarchical technicue ha~ the

advanta~’e of beinc easy to inclement . It has the disadvamta~€ of

11
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restr i~t.ed relationship to record s other than th~~e direzt~~- an ore or’

below in the tree. This restriction makes access to related recor.~r’ in

other trees or branches of the tree slow and difficu t. Some packa ges

~‘ave oeve~opec couDling tecl-n_qies ~ ~~c~’ use auxaliarv recorce or ta’~ies

to locate ~elateo ~‘ecoras ~~ ie t~’as acco”-”~.ashe s toe eno resu t , _t(
~is inefficient in data storage space and processing time. 

—

Each DBMS package utilizes some form of networking or hierarchi-

cal data structure. The method used to link the individual data records

tocether within the network or hierarchy also differs considerably.

One of the most often heard n-ct least understood method s of

connecting related data together is the “i~~erted list.” This technique

stores data records in the data base (acain by several different method s

depending on vendor) and associates the data through lists of pointers

stored elsewhere. It is possible to establish many lists to point to

certain data values in record s containing those values. In some cases

the data itself is removed from the record and referenced to the list.

This feature red~ices the volume of data stored in the data base hut(l~ ,22 ,nL)
increases the overhead of processing data.

The most important feature of the i~~erted list tech~ique is it~
random , or ad hoc , retrieval sDeed. The use of many lists point inp

throur’b. the data base ma kes the ad hoc query very fast . The same is not.

true of seouential retrieval. Secuentiallv nr oduced reDorts are often

slow. update efficiency degrades on an accelerating curve as the volume

of data Store-n in toe nato base increases.

_~~
- toe ot~ er — -~~t co~----o~’ met o ~- of cata 1 v ~~~r ~

toda . Thi s c~ tho -~ requires  the ~lacing of a thy~ica1 ocinter in

data base record to identif’.’ the ne~~ record in the strine of data. Dft.e

S .—.~~-Mr ’r ’-—--~~~. -~~~
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reverse nointers are used also. The Pointers use data st orage space

S and represent overhead . ~bere complex data networks are present, i~ is

possible for pointers to occupy more space than the data .

Chain ~ointers are inp1~mented in a variety of ways. Some systems

rely completely on the pointers to relate data records. Others reQuire

that subsidiary recor ds carry the physical key value which relates them

to the ot-~ner . This a unroach is extremely wasteful of data storace srace

and creates an undate bottleneck. The key field of the o~-~ier cannot ne

~odafieo :t~o~t ~oc_f~ang all subs_c a~ -“e—-~er ~ec oros a~~o a

resu lt , those rackages which utilize this method of data re atiomshin
(19)

- 
normally do not ne-m it updating key fields.

Logical pointer arrays are related to both chain r’zinters and to

inverted lists. The member records are related to the o •mer occurrence

S throu sh a secon da~~’ list. This list contains the data base addresses of

of t :oe member records. Logical pointers e liminate the need for chain

pointers imbedded in the physical record s , savin~ data storage space.

The pointer list is available in the same manner as an inverted list,
( 33 :216 , 36:135— F)

improving the retrieval qualities of the data base.

It must be emphasized that all DBMS implementations have some

overhead associated with relating occurrences of data together. The over-

head may occur within the data base storage area itself, or it mar occur

in auxiliary storage areas. The “cotton line ” of detemminine DBMS ovcr-

head is the total storage suace required for all data sets nccessor~- •c

one-rate the DBMS . Don ’t be fooled by vend or claims that one nacka r e  is

more efficient because no oointers are present in the rain data ~~~ area.

Tme overhead is still there.  It is sir- n~1y distributed different ly.

_ _ _ _  

_  --5- 
~S~S5--55-5- -
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Ch arter ~

V~ LTJA~~ Oy OF :-~~:-: ~TE:DOFF

Sele ction of a FMS requires a carefu l inve stinat ion int o the

qu a lifications , background , and capabilities of the vend or s of FMS

Packages. tJnless the user has the capacity to cssur’~ surroort of the

softwar e package at some future point , the stab ility of the vendor

should he of nriroe imoortance.

Structural Backrrourid

i
~loen was the vendor ’s company organized?
Is the vendor incorporated?
Is the stock publicly held ?
Is the stock listed on any stock exchange?
what is the vendor ’s Dun & Bradstreet rating?

The first ~rou p of questions are intended to ident ify the

stru ctural background of the vend or . It is important to know how long

the vendor has beer, in business as an indicator of its stability and

ability to survive over the long term.

An incorporated vendor is less apt to dissolve as a result of the

death or departure of a principal than is a proprietorship or partnership.

~ hen the vendor ’s stock is publicly held and listed on a stock exchange ,

a further indication of possible stability is provided.

It may he wise to investigate the dividend policy in these cases

to be sure that the company maintains a conservative financial crofile .

A hiab dividend rote mar indicate that inadequate research and deveior-r-.en-

of the DBMS line- is being done . Finally , the Dun ~~‘ Bradstre.et ratinc

1 )

.. -- -s_~-.. .. ITh 1.J~~~~~~~~~~~~~~~~z~-’-- 
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of the vendor is a good ind icator of the fir2ncial stability of the
(39 ,i~)

courany .

Lcoation

- - There is the vendor t s main office located ?
Does the vendor maintain other offices within the ~Jnited States?Tha t is the location of the closest office?
Does the vend or provid e technical support personne l at all

S offices?
- Is 21~—hour technical support available at all offices? If not,

is 2L~—hour technical support available?

The location of support facilities for the DBMS is very inrortant .

The ability of the vendor to train user personnel and to provide technical

assistance is affected hr his location. The distribution of sales and

technical support bears heavily on the speed and cost of support. The

make-u p and qualifications of local office personnel are important when

determining what level of support may be expected. The installation

which operates around the clock must have 2L-hour technical support
(LE ,iE,n1~)available .

Per sonnel

How many personnel worked for the vendor on January 1, l97~ ?On January 1, 1976 ?
How many of the vendor ’s personnel were dedicated to DBNS support

on those dates?
That percenta ge of the DBM.S suprort personnel is devoted to

technical support?

People are the greatest asset of the software vendor. The ability

of the vendor to produce, market , and support a quality DB!-~S product is

dependent upon the make-up of its personnel. It is useful to know the

number of people workin~ for the vendor on the same date rn- er a t’-’c- or

three—year period. This reflects the intent of the vendor to support a

rrorinr number of cust omers. The number of personnel actually sut,portinr

/
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the DBMS on the comparison dates provides an indication of the inrortance
(L2 ,:1,12)

of the BMS product within the vendor ’s company.

Diversification
- Does the vendor market any other software product?

?That percentage of the vendor ’s revenue comes from the DBMS ?
How many installations of the DBMS were installed on Janu ary 1,

l97~? On January 1, 1976?
Were any installations discontinued during the period?
How many different industries are using the DBMS?

Diversification increases the stability of a company. The soft-

ware busjne~s is no exce~~ion. The vendor who relies entirely on a

and its related packages for its economic survival is forced to adopt

policies less stable than one ~tho has other products to absorb some of

the costs of operation. If other products represent less than ~O per

cent of the vendor ’s income, a marginally successful DBMS product could

affect corporate stability to the point where the B~~ product would be

dropped .

The growth of the DBMS over a year ’s period provides some indica-

tion of the market penetration and popularity of the package. It may also

be an indicator of the vendor ’s marketing capabilities. This marketing

factor will often sh ow up in a large percentage of non-technical personnel.

The total nurrber of installations is meaningful only if the nu~ther of

installations which droppe d the DB~~ is also known. A high turnover in

users often indicates a lack of continued customer satisfaction.

Finally, a users list provides an indication of the ability of

the DB!- S to support a broad application area. A users list oriented only

to a sincle or to a few industries warns of a package which has limited
(Is)

application.

- 
______ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~L’J.~TIY B TB’-S E V~~~~MS~T :.: : ?Tr_ r~~~S

The r:~~~ical env irorunent into ~-hic~ the --~~~~~~~ ‘-ia cnter  nist  -‘e

considered as part of the evaluation orocess. This en iro~~~st ~mcludes

the capabilities of the user to su~rort the ~-BMS and th~ amount of

sup~ortive Proc~’asriin~ required to keen DBMS operations functionims

smoot Snly .

Bardware P~ecuirement s

Is the DBMS implemented on more than one computer manufacturer ‘ s
ecui~~ent? If so. which onqs?

Is in~lementation of the DB]-~S consistent. across all hardwar e
~1 -~ ,‘~~

Does in~tallatiom of the DBMS recu ire sc’oourement of special
devices , materials, or e~u ipmc nt ?

~:rhat amount of main memorv is requ ired to cffec-t ive lM ut il ise
all a dvert ised features of the DBMS ?

Inn the 2?MS be operated tn less main memory sn~ ce?
If s-n : That is the minimu m main memory recuire A to cmerate
toe 2~ ~~~

‘ at -~e~~acations ~‘ ooc~ at~or ~f ~ec -~~~c
featur e s’inoort occurs ~--jth the reduced memor’.- a-~~?

Bow man disk units (snind les, modules) ar e requ ir ed t o asmzre
efficient oneration of the DBMS?

i ’~~t : f lc i~ ~“o-~~le~ ne o~’ t~~’_ l.~’w d~irt’-i— rne”at iom of

z~ach DBM S packase has different hardware r~cuirem~ -’ts. some are

von:.- thrifty in their use of core storage and disk space. Others recu ir~
large amount s of both to onerate effect iv e lr . The ontions coen to the use~

increase whe n the DBMS is implemented on more. than one line cf  comua~tcrs.

The user maw select different hardware for varied uses and st~ ’~l coerat~
the “ame :~ If -~“n ac i ll be seriou~~ ~~~~~~~~~~
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i-~~nrtant to determine if nfl versions of the FMS -n diff’-r- ~t ~~~~~O ”

are at the same level of im:- ementation .

Several LE~-:S packaces require that the user murc:.ase s-w;’. lcn~ ntary

equ ipme nt and /or software to assure effective operation. Th is condit in~

places added burdens on the user in terms of cost and maintenance of the

s~
pnlementa items.

DBMS vendors re~~larly understate the amount of maim :~emo ry

necessary to operate their nacka~e effectively. :n each ~ 1s ta r s~

packase will operate with reduced main memory nut usually with a coinci-

de nt reduction in feature capability or operating efficiency. The

disparity occurs when vendors advertise the minimum memory required to

onerate the BMS without explaining the reduced nerfor rnance caused by

extensive use of overlays. Performance in~~ eases as the use of main

memory increases, reducing the nut~oer of overlays em~loyed.

The number of Dhvsical disk units recuired to onerate the DBMS

at its advertised sneed is often larger than what is annarent in . vendor ’s

literature. Using fewer than the ont imum number of units nay seriously

de~~ade Derformance. (~ n excellent exa mnie is f~~nd in the case of ~~~‘s

System ‘DOD : Six data sets are required for each data base. If r~aced on.

one disk u nit instead of six , a LO— to SO—percent throurh~ nt decradat.in~( lit)
is encountered .

Flexibility of operation improves if the user has ~~~ ~~ i~~itv to

switch disk units or co~~it only a nortion of the -d isk sna ce to the DBMS

for a given execution.

Aux i~iarw Sunnort r~ ’an.~ (J~ ilities~
Does the DBMS nae~ are mn. ’— lu d~’ ut i l i t i~~s - :  sav r am’~ resn.nr~ ~n~-da ta n a s e ?



Do save and restore utilities include loadima density ~~atistics 
S

on the areas being processed?
Can areas of the data base be selectively saved and restored?
Are ~~cIo~p and recovery utilities included as part of the vendor ’ s

package ?
Can dita base recovery utilities be operated from the operator ’ s

console ?
- - Doe s the vendor supply utilities necessa~~ to repair the data

base in event of partial destruct ion?
Can ut ilities be used by operators and non—prog ar.rning personnel

with a high probability of accur a cy ?
Can DB1~S utilities be executed while the system is running ?

- How much in—house prograr~ er effort is required to ~~ite utility
programs to support the DBMS ?

All DB?~S packages require some auxiliary support . Mone of the

packages on the mar ket today doe s everything internally. The rnmber ,

versatility, and usability of support ing utility packages can either

dramatically enhance the usefulness of the DBMS or detract seriously

from its ability to support the user. Small installations- must be particu-

larly aware of the dept h of utility supoort . Those Da cka ges which do not

supply adequate utilities force their users to dedicate expensive senior-

level pro~ranming support to the DBMS . The presence of evtensive utilitie s

doe s not in itself indicate a low leve l of support costs. The ease with

which operators and non-~~ogr arn-~iers grasp and use the utility programs is

important . S

Date base save , restore , back~ip, and recovery programs must be

flexible and easily used. The time when these programs are needed is

seldom the most advantageous. Speed , especially in an on—line env ironment ,

may be essential to keep vital operations running.

Only a few DBMS utilities can operate on the data base while other

functions are process~nr. This feature, aca in in an on—line opera-

tion , may be very important to assure proper security of the data bases

wi thout interru ption of norma l processin~ .

-- S - 
-, 
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Finally , the amount of in—house effort recuire-~ to ‘T~~tC uYlit-

pro~r ans can have seriou s cost impacts on use of a IBMS . This fa ’~tor

should be included in cost—effect iveness  Portions of cmv DBMS evaluation.
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EVALUAT IO!~ ~F DB MS DATA BASH STRuCT URES

Mhile the nunoer of access methods sumnorted b y nard ~- -ar e vendors

to handle data stora ge is limited , the methods which can be used to store 
S

data using these access methods is almost- limitless. A ma~ cniay

D E MS t 5 im~leme nbed on the ~~~ 3~ O/37C ut i l izes the Basic  Direct ;.ccess

Method (STAY) as the storage vehicle , hut the similarity ends there .

Different  intentions for the use of data dictdte different seorare

methods. Evaluation of any DBMS must include the comparison of these

storage methods to determi ne which one , if a n . ,  processes dat a in the

manner desired by the pr ospective user .

~ ‘ogren Indene ndence

Can the structure of the data base be modified with out re cuir ina 
S

the recompilation of pro~~ams using the structured area?
Cam the structure of the data base be u~irraded , addinc new

applications , without aff ectino the operat ion of existinr

Can da te element s be added to or deleted from a record used by
an antlication pro~n-ara ‘itho-o t forcing recompilation of the

Can tme le n mt h of a data element be modified without forcinr the
recon.nilat± on of a pro~~ am using the modified data eleme nt ?

~~ogr am independence is one of the most important advantare~ of a

rm ooerly~designed DS~~ . ~ ‘o~~am indenendence nerinits the structure of

the data base to be modif ied and enhanced with minimum innaca on all annl~ —S ( l c : 3_ : , 36:3 ~~3~ ) 
S

S cation m acrams usina the data base. ~o i~~np~ t at all

s~iould he evident on mrocrams whose recor ds are net modified. Recomnilina

mro~~amr to ad~ust for data base structure changes becomes more and more

-
S -~~ 
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tmrraot-ioa as the scome of the data base increases and the numoer

mrozrams crows .

few data case systems mer:-iit addirw- ne~- data elements to an

existino record definition without recomnilin~ txe ~roorams usimo 0-ce

record. Of course if the ~~ocran must use the rie~-’ data e ememt~

lation is often necessary .

- I-:~hification of data element size can have sicmificant im~wco or~

usino procrams . Hew DBMs immlenentations can keep such a chamr~ tr2
me~

marent to the using mrogram ’s locic.

Hard~- ’ar e Ind eme ndence

Is the logical structure of the data base indenen’~emo of the
storage device used?

Does the DBMs support storage ol’ the data base on both disk and
tame devices?

:~ t:ce rhysical device tyoe tmanemarent to the amndLcao iom macram
usino the data base?

Can tce size of data base storaeo areas be modified without
altering the structure of the data base or the ~~o~~amswhich use it?

Can the size or device location of the data base h-a altered ~- ith—
out forcing the unloading and reloadinc of the data base?

Can the ~ro~~ ams usinc the data base cc restricted to certain
~hysical units of the data base without affeetim~ the logic
of the application procram?

The abi li ty to define data base structures and ro~ulate th em

without rerar d for the tyme of storace S . S ~~~~~~~ a is a definite advantace •

~ mlementat~ om~ m~’o~-t c~ s’ proce~ s_ n — Th~ ~~~~~~ access a~ o~~ a c

_s cons stemtlv ~~e ~~~ 0 ” ?T S st~~a~~ D _ lo~ o~~ :_ ~~~ a

is not the only St0r 2~~~ device ~~ic:c sumnort s d i rec t  access. ::arneoio

drums and staced devices . sucn as tne nw-- ~~
‘-1 3 0  mass stcrac~ uoi it , are

a12 Sc~~~~iOC ’ fly ~:rect access tecnn 1Oue~~.

Hew data sase systems sumnort macnetie taa orocessina. his

unfo~~umate circimstanc= forces ne~- ~ h-~ users to alter t:~eir mrocessir~

_________ —- — 5
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med ium a: t.~e same time they alter thoir file thilosoa-:~a’. T~ are are

s :_ 1 ~~~~~o-~s amml cat~~r’s ~~~ Ls —~‘esioence of o _ J c a~ cata
- 

(Ua ,I~)
not cost—effect ive .

Change being the oy—word of AlP , the ability to alter the size

dat a base stora~e areas or the devices upon which they reside is a

very important feature of the generalized DBMS .

- Secur ity and flexibility of data base structur ina is further

enhanced by the ability to restrict certain data base areas to mhvsiccl

storage units. This assira-cent restriction must he transmar ent to the

mr ocr arns usinc the data.  This feature is particular ly useful ~:here data

is sensitive and needs to be ~hysica lv removed and placed in a secure
(36 :l~~—?~ )area without affectine the operation of the system as a whole.

Data Sets

‘That is the minimum number of data sets which must be established
to operate the DBMS?

-~nat is the maximum number of data sets which are surme~~ed by

the DBMS ?
How many data sets are required for effective use of each :omica:

data ba s” ?
I :u s-~ data sets be assigne d in any order , in any sequence , or to

spe cific devices to achieve ou~ia~im performance?
Car. muitirle data sets be define d for one locical data base?
Can multiole logical data bases cc defined within one data set.?
‘That is the ~rincirai access method emoloved to access data sets?
Does th e DBMS su mmort asalt iale access meth od s?

The num-~er of data sets require d by a BMS is no t a crit ical

sele ction crit eria in a lam e installation. In a small installation with

a limited nurdoer of disk units , system performance may be degraded
(:3)

seriousl~- if su f f i c ien t  disk unit s are not available .

The BM5 must Permit a varianie n5wóer of dat~4- sets to ~e

Thi ~ num~er can be e-ea.~ ot-ed to f-no- - con inuouri~ ever a mer i ’- d of t ime  as

more an~ ~- -r~- applications are intecrated into the data ~~~ ~~~~otur’

~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~ -~~- —— —- --
~~~ 
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the a::~~ :t~~nt of da ta  sets enhances the useful-

ness of the ThMs-. If an a~ :lication usin~ sensitive da ta  re:~ir es

several disk r acks because of o~t imum data  set d i st r iw~t i a n .  the
~~_ 1  ,

willingness of the user to im~~enent the DBMS is often reduced .

Most DBi~~ implementations utilize the as t~ eir m ea n s of

co~~ on ica t imc with  disk starace . A few have d evelome d the ir own

Both amoroaches have merit and hazards. Usina ETA~-: reco omizes  its

sta~ _ l _t an ease of ~~~~ _ zat or It a_ so ~~~ e~ t~ ~ to a~- M _ c ~ —

tions which ma-’ be inplene~~ ed by the vendor to the F~ A M soft ”are . 
- /

Independent access methods may be more eff icient  hut increase the

complexity and ~ _~~-ena nce costs of the DBMS . I~~my differe~~ access
(3l:l~ O—~ L ,33 :19S—96)

methods are available today.

A very useful feature , supported by few DBMS imolementations , is

mul t i rTh  access—metho d use . I.f th is fe ature is available , the user

define the method which processes hi~ dat a he~ t.

Data Structures

Is th e data base stru cture adequate to pr oject - data in the way
it exist s in the real world , or roast data  stru ctures be
adj us t ed  to meet the restr ict ions of the 2TM- ?

I J OCS t:oe D?~-:~ limit the size , ~‘aantity , ~i~ dc , and or ran ioct ion
of data eleme nt s in any way? If so , to what ext e nt ?

~~~~ the  DB MS support variab le—lencth records?
“hat is the min imum , and maximum lencths permitted for data

elements and records within the data base ?
Are stru ctural relationships with in the data bas e  deme nden: on

actual data valuer repeated between related records?
The e- the system rem it. mo d i f t c a t i ”n s  of dat -a ~le”e~ t s  whi ch are

used as key fie lds in reLatinc and orr3erin~ data clem”nts?Does- the IfMS structure approach permit effective reduct ion of
r odu n dan t. cata eleme nt s between record tymes?

S .1a~ form of structure ?s used to reLate associated data records
torether (i.e., chain , inverted l ist , mointer arrays’?

Can indexinc be provided both forward (‘~ ut re c ord ) and b-ac~~-:ar d
~xmiar r e c o r d ) ?

T~ -:~ the :FMS rem it comrp ci i r ~v~ of d at - a r ecor -~ oc o”~mr e n - e s  t~redu ce storape u sa r~ ?
f  compactino is permitted , ~~~ is tne mocess- ina overhe a d

associa ted with  the comPa ct ~~~ rmn oe sr?

IIr IL ~~
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The relationship aetween data  ele ment s has or own more COP OICI as-

the structure of business exoands. A major ~ ‘obien in keerinc AD’? aorli-

cat ions current with the needs oa or~anizations has been the intricacies

of data relationships. It is very important t:nat a be able. to

interrelate data elements as they actually exist in the reel world . YToen

it is necessary to adjust or “b end ” data structures to meet the restric-

tions of the DBMS , a great deal of flexibility is lost. i~urrher , the

increase in pro~~an complexity is measured in orders of r ,aFm±t ’ade.

Host commuters provide the ability to represent data in several

forms or modes. The DBMS must also be able to process data in all modes

available to the host computer. hestric~ions on the size , quantity, or

o~ ganization of the data frequently make conversion of existing data

bases diff icult , if not impossible.

Variable—len~~.h records are used e~~ensively to improve storage

efficiency ani flexibility. This advantage should he offered by the 25-Hi
(1 9 : 3 — 7)

vend or as a basic part of the package features. Some ve ndors

have provided an alternative approach to variable-lenet h records. which

permits the variable portion to be define d as subsidiary records. Thile

this approach ‘oilS solve the dat a storage requirement s in most cases , it

is not adequate to meet the ori ginal needs of the user .

Then the DBMS vendor mlaces restrictions on the size and S~uanti t v

of data elements and records within the data base , he pla ces an a~ de-~

curdem on the user . The user must be constant ly consciou s of this

restriction when desisninr a data base. The user roast . also be care±~al to
( Ii)

allow room for future ~~owih of the records. If his crystal -nell is

inaccura te , he may fin d  himself havins to r”mpleteiy restructure the

OrlOinal des-Cm of the data base after mi i l i on o  of record s have be en

stored .

-~~~ S ~~~~~~~~~~5_~* ~~~~~~~
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The accent-ed method of relatinc similar data records in sequential

d .~t a f iles is t~~ourrh the data itself. ~e’o fields containthp live data

determine the re lationship and position of a record within the file .

This arranmerrient has one maj or disadvantage . The user is unable to

modify the contents- of the key field without maj or struetu~~ l mo~

tion of the data base contents. Unf or tunately some 25-MS irx~~ementa t icns

also rely on the content s of data fields to provide the relat ional  linkage

betwee n records. F~epeating the key field between members - and m-ner s is-

very wasteful of st orac~e space and prevent s modifyino th-~ key f i e ld . The

impact of this technicue become s clearer when multiple set structures

are consid ered . The record s , which are owners or members of more than

one set , can reach the point where modificat ion of many data element s is

nrohtb ited because of their use as key fields.

It is important that the DBMS allow key field s to be mod if ied as

necessary. ‘Doen a key f ield is mod ified , the record in which is- resides

must be re located locicz lv in the sets- in which it ~articinetes~ The

redu ndant key fie ld te chnimue described above is very wasteful.

One of the maj or  features of a rood BMS is effect ive and e f f ic ien t

utilization of data storage s-Pace . Thta redundancy reduction or outright
(as :~

_
~ )

eliminat ion is a mandator y  feature whe n selecting a IfMS.

Several structural arproaches are use-i to associate data  wi th in

the data hase. The most ~onular is chainino ; the sec ond , inverted lists.

Tif’feremt u~~ate and retmdevp .l ‘capabilities- are presert for each metnod .
(3l:i~~ _ iA 2 , ?$ :1-9°)

(See Chant.er 3 .)

.Tndexino of data norma *’ uti izes lists- or chains witn forward

roipters loo~:ir~’- to the next record in the m d c- : .  t is var” uscfu to

be a~ le to o~ti-ona~~v r~imt. o tre nrov~eus record in the index (a trade off

— 
- ‘“‘ “ 
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of imorove d oerformance versu s r oduce d  st ora~ e . ‘
~‘his- mernits

scanninc sorted lists in reverse order or aechinc us ~~~

S record without h av inm to walk the chain or list all ‘
~~~~~~ -- ‘a-’ around t o  the

rreviou s record .

As rart of the efficient manarement of storame s-ma ce tee :~M?

must be able to compact data , removing unnecessary b lamk ~ an~

characters-. The reduction in data storare , dependinc on the format of

data , can often exceed ~O per cent. The cost cf using date commactiom

technique s , ho -7ever , must be considered. The sri-doer of record s comra cted

may depe nd on how much ~~ocessing tine is required to perform the corroac-
(36 :L 33 —3 L)

tion (and its opposite , expansion) process.

CODASYL helationshir

Thee the 23-S conform to the data structures- recommended hw the-
~~~~~~~~~~~~~~~~~~

Does the syntax of the DBMS ‘s ~DL conform to C~~ ASYL suecifica-
tions ?

Lre any limitations rlaced on the extent. of adherence to ~~~~~

sne cificati ons ? If so , define in detail.
P.re all e~ —nt 1 SL~ data relationsh~.os su~ ro”te:~ :~ not ,

which ones are unsupported?
:‘oes the ?MS support the C32A~ YL suhs-cherta technique ?

The C ThSYZ ata Base Task Group (:-sTc;) cuecif icat ions have become

increasingly acce~~ ed by the data processing industrw as th e s tan d ard to

be followed for -lI~S develooment. The potential user nee-s- to

the impact of s-u ch standardization nrior to murchasin~ a s-articuLar DBMS

~acka re . The r a chame s- which do not conform to the OD :5~ Y specif icat ion

i.i11 ultim~tel~ have to do so to survive. !.t the t ine the vend or chances-

no conform, users ‘oCSl face a r ainfu l chance t o  s-ynta~ and prooe~ uo-es or

‘crce~ to cont inu e usin’~ an increesinsly ohsol~ tc versio n of the oLa~’r

rc
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The Thta efinition Langu age (:DL) define d by CCThSYL is- very

similar to C~DBOL in syntax. It is- very flexible and easy to use. The

ont ions define d in the DDL s-yn~ aoS: cover such a range of data definition

that most DB! S vendors have implemented only a small portion of those
S S (l7:6~—l~~) -available .

Few DBMS vendors have implemented more than half of the C~~ASS~

S sr~ocificat ions for ~~L and Data Manij~~lation Languia~ es (D!~1). It- is

imoort ant to evaluate the extent that L and J~-L features have beer.

irtr-lenented to determine if the system can provide the- tools necessar:.-
(U~)

for the instailat ion t s environment. Partial use of CODASYL commine d

with non-CI-A3~~ approaches must be carefully reviewed to deter mine if
~~— — 1

future compatibility will he affected .

C~~ASYL defines eight date structure relations-bins. ~ewen

stru ct~ires rar e def nec ~ the o~~rina~e oef~~
_
~ ton~

?TG added the eirhth in December lC’?e. The- ne-ast structure al1ow~ a

record to be re lete-~ to i t sel f.

The subscbema technique is a major feetur a of t~ e -~~~ Y s r c c if ~-

cat~ -on. The suhscheraa ouerates as- a filter b etween th e erp licat ion mrogra

and the data h~ se, a “wind -ow’ into the data base. As rich , the subs-chema

allow s the - apmlication rrocram to view a portion of the data nose which

it must access to nerform its func t ions- .  rr ogrem. and its- user , is

not alThwed access -to the rest c~ oh€ -h~tp base . :ndeed , the user do es-

not :-zno~-: an ’.’ other date hose exi sts - .

~~~~: ___  __ _ __ _ _ _
-
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The ‘n-aviies- one of the nest srw-ortunities t o  inte ret-e  date

and reduce rr oc ’ccs- ircç’ cost s that has beer~ available to the ~-~~F

s-inc-c its incention. It also presents an unmrece dent ed ormortumdty for

-of the: da ta .  Senarate files cam be nenetrated c-ne ny one .

But ---ith-out access to a comm ete set of files, the ~-doo1e sicture c-f t e -

data cannot he obtained and conraronise is- se dom connie-pc . The intenreted

S data base removes these obstacles.

Internal Security

Does the DBMS imolememp ross-words to control access- to the
c-as-e

At o’hat level (i.e., data set , set, record , data eleme nt) can
rass-words he emmThi-ed?

Can selectee data within records he encrynted’; f so , ‘-::a: is
the ~‘ooes-sin’c overhead associated ‘-ith engr~ c-tio :?

Dc-es the l f T S  imnieme nt nass-words to control access t o  th~ ‘~- : e
dictionaim’?

c~~ the data base he strictured in rich a way that certain data.
base record t vre s are assigned to a nbvs-ical device ?

Bess-word s are the r:os-t eec-non and easily imolemented means of

securinc data. Tnfortunatelv pas~ eords by themselves are easily comrro—

nis-e-d. A scheme of multiple pasr~icrds- and additiona l checks is necessary

to achieve an accenteole protection level.  The ?MS mu stS ~cssess s-c-me

means of passwzxd nrotectiop of its- data. The ootimum arrenceme nt is to

~er n~t xa sr - ’or d d efinit ion at all levels (m .c.. data s-ct . set , reccr-~.
(17 :~ T~)dat e  eleme nt ) at. t he -  us-er!s- ont~ on. :as~ --~ord sre-t e c t i o n  t~

r—~cord le ’e is- faic’ S” common as-onc Th -~ ~—~leno ntec ions .  Thta e eme nc

____ - 
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s-t or a~~ space .

f- notecr sec-uri c :- method is encrvntinc the dat- a wit-bin the dat - a

base.  crymtln generates sic-nific~ n: Process-inc overhead . Thle ss

s- s_ e ec-cc date element s can c-c encrynted instead of the whole- recor d or

f i f l e , ineff icient  processing ~S ill result.

Several 2id -~ imniementat ions include a data dictionary as rem of

the macka~e. This dictionary is the mos-t sensitilTe file in the data

base . Access - to the date dictionar y provides a renetrator wit ’: connlet-e

descr imt ions and structures of the ent ir e data base. yith su ch a r oad

mar, compromise of the data base becomes relatively easy. Ixtensive res~ —
( . 7 : 7 _ ? 0)

word protection is needed to secure the data dictionary.

Each 2-i verb (store , modify , delete , etc.) should be indi’. ideal ly

mrotected to restrict application pro~~ams to their functions-.

This- feature is- an. integral tart of the CODASYL subscheroa and can he

readil’: imr- cnemte-d. A thwsical security constraint can c-c m oos-ed if

data  can be orca niz ed ~o that a.ll record occurrences of a certain t’~De or

levc~. are ~ocot~: on one device , suc~ as a d_s’ nec~ T~ ~

facilitates removal c-f the rock when access to the sensitive data is no:
(3~ :3~ )

required. This ormroach is the least exnens-ive h-ut reduces flexi-

bility and resPonse tine to data requests-.

ata Set Secur ity

~an data sets he restricted to certain users?
Can data sets re - c-bveicall’: senarat-ed from the data has-c

norma l cr ematio n of th e yy~
~oe e -t ~ ~~~~~ ‘e- eec~r e5- to ‘~e~enc- r~- e-~

’ t ~~r ~c-~~~c’
5- 
~

:ata. sets- are the oreratinc- s-’sten ’s reference to the data ha.s-~ ,

.~~
‘- 

~t..f in’- are a ’-— ~‘o mu c ~~ac ~~ ‘“~~~~~
‘
~~ or :- ~~ ee~ e-~

_~~~~~~ ~~~~~~~~~~~
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that the 2313 nrovide maximum fiemibiiity and se-curit to -ota set

selection and assignment . The DB!-~ must be ab le to sele ctive ly def ine

certain data sets as belonging to specific users and containing only that
(lO :l—ll ,Il,fl3)

user ’s data.

It- is a desirab le featur e of the 3!- S that ~hysica1 dat a sets

(disk packs, etc.) be removable from the active data base without a ffe -—~--
(27)

Inc the normal oneration of the DF~~~. This facilitates physical
- 

( ‘9
%;

separation and se~~irity of very sensit ive data.

It is senerallv acknowledged that data base security halts a: the

machine room door . Operators and pro~~’amrners can readily print the

contents of data sets using standard utility ~~ograms. It is useful for

the data base administrator (DEA) to have the ability to prevent such

printing or to ir~ke the out~~t meaningless (encryptinc).

Functional Secur ity

How does the system prevent one user from accessing data be lonr—
S inc to another user ?

Can a user gain control over the DBMS system buffers thr ough
manioulation of his o~-rn data area addresses?

Is the subscher.a approach define d by C~~ASYL utilized full:-’?

An inte~~ ated data base contains data which “belongs ” to many

users. Tyrical L:,- each user is concerned that access to “his ” d ata by

other users is restricted. This restriction recu irement may vary fro m

minor to total. The 2B~-S must be capable of enforcing such variable

restrictions and varyinc the leve l of restriction from user to user .

The manner in. whic:n the restriction capability is implemented must- he

car efully reviewed. Im~~ooerly handled , this featur e can have seriou s
(r~)

imoact s on program logic.

:-:o s-c- -3MS imniereentations utilize- core nuffers in wnich nlocks-

(races) of data are stored while hem s us-ed by applicat ion programs. Lach

— 
- 5— 5~~~~~~~~~~ - —  
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---- -xn~~~: ~~~~~ ~~~~~~~~~~ —5-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
race comma nD:- ce-nc-alms data from ne-re t~an one user , am-a c-he-

of al buf:~ers contains sisnificanc- data .  A s~illed oronramner can gain

access to these buffers and read data beyond that authorized. 21-MS

ir-e lementat ions c-east cuar-d acalnet c-his invasion when oermitt iric r’eolti::le
- - ( ‘—‘ ro\‘— ,—  I

us -er a- ’ c-ate to coexist in the data h a z e .

The subschema ap~~ oach define d by C-~~ASYL provides a select ive

-- indow into the data base which reav he tailored to each individual apcli—

cation requirements. The subschema ma:.- he very sophisticated and provide

a large measure of protection while enhancing the independence of the
(17 :l~ 3_ l 0 i % ;

ao: icat ion pro~~ ari f rom the data e-ase .

:mte -r~it’-

toes the s-vs-ten mr ovici e the means to validate raw data eleme nt
occurrences grior to the storage of the data into the data-
c-a

Tam ent ry of data into the data h-as -c he autonatica Jy res t r ic ted
to prevent conflicting data from being stored?

Does the DBY~ permit concurrent update of ind ividual dat- c- “ a sp

records by multiple users ?
How is- “deadly embrace ” avoided?
Can access to areas of the data base he restricted to centrel

the level of multiple accesses to any one portion of the
data base ?

Ho~’ is file lockout between contendins users prevented ~ the
sy stem?

T:ne ~~~ A SyL snee i fi eat ion  provides the faci l i t ’~ to validat-e ra’•’
(17 : °~~—~~°)

data before storirm r the data in the data b-as-c . This- feature

has not been ~-‘ide :.’ inrlemented but has the ~otential to increase the

3- ’s- control over the data base , preventinr insertion , of erroneous data.

It Is very desirable to be able to contrcl the insertion of n~- v

date int o the data base so that it is- con s-is -ten t  with existinr d a t a  aLrec d:

stored. :his- feetur cam he prograrra-aed by the  u s-in c  ru n— -c nit .

ap-’roa ch , b owelre r , s ~eyo nd tb~ i”niediote r s-ntro . of ~ 1- A .  ! ~~~t t

—~~~~~~~~~~~~~~~~ - -- -- -- 
-
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control can he achieved if the ThA has direct control over the- ins-crc-ic-n
(i? :°~~9T)

fun:: ion.

Concurrent uPdate occurs when tire- indeoendent users of the data -:

base simultaneously attertot to update a snecific record occurrence . This

o o - i c - t o~~, — l ~ not co—non in actual or~ ct_ ce , can des-tr c t~ E ~a-te~~~ t

a cat a case ‘- a se-o~t tioie ~ DB~~ s~ stem rc-xst 1-ave the a~~~~t\ to

overtly prevent such contention cond itions from occurrinc . Deadly er~orace,

c-be fear of all syst em s nec-ale who deal in multiple users of a single dec - c -

file- , occurs when t;-~o users at tach resources- seriali:~- as c-hey require

then .  ~~er1arping reque st s can render both users inactive ;--ithout recovery .

The method employed by 3 3 ’ s to avoid or recover from this- cond i t ion is

ironort ant to the ability of a DBMS to ooerat-e iSrithout sisnificant one-rati ng
(20 , 27)

rrchlems.

Contention and deadly e~c-race can be avoided nv disc-n c-u: the

data over several areas of the data base . ‘Jser access can he c-omtr o led

more effectively , and the nur~?er of users- access -m r any one area is- reduced .

File lockout occurs during periods of cont ention ~y muhir- le  users.

- ‘hen one is updat-i~~ , others roust be prevented from cIsc usdetinc.

nay , however , he desirable to nernit some users- t o  retrieve while others-

are urda-tinc, particularly in on—line envir onments .  Th e b y - B must be a’- c

to  selectivel:~ control lockout to assure maximuc ef fect ive  use of the date

g a - so  wbi e- m a i n t a i n i n c  na, :f mur ’ integrity .

Be-coven;-

:oes the TIMS rr-e--’i’~e a —iethnd for t a k - -t r- r e-c-: am checkv ~ int s -  c -f
its ooera-tier.

-‘
~~ c mo~ -it’- ~~~‘~m st_ ’- , _ —~~~ _ p to  ‘ - - a~~o - , ‘~~t _ a ’~~

pro c-rams, Cr a cons m a t  ion of toe eb~vc-
D~ e-he -~~~ — — ‘~~~ —°~~ of o~ prorra ’~ ~~n — te -~ 

‘
~

How r a r id l”  can the hc re-stc-rte~ fre c-. a r-heckr”-i’

_______ — —~~~~~
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:acs the 1-:3 mro;-Ye f ac i l i t i e s  for rhyz ica .  oec~nmr cf da.t~ a.se s
on tare or d isk?

Does- the ThhS automatically recover from ts,e failure of an an~li—
cat ion proc-ram us-inc the data base ‘c-oem oneratirc- in sac - c - b  ca -
on—line modes? !b st onerator interve nt ion  he used c-c assur e
recovery ?

Can the DBMS automatically recover from hardwar e fai lur e a .s - s - c - c i~ t ed
- . ;cith the devices- and/or channels on ;c-oieh t ac dat -a .  ba se  r e s id e s ?

A-men total hardi-’are failure (CPC halt or rower failure’) occurs, cc-5-
the DB-~ cc restart -ed ‘ i--arm ’ or mu st a- ~c ld” restart  se
rerfor roed?

?l~en restarting “ cold ,” how much tic-me is- r eouired before norma l
- 

- 
operation nay resurr~~?

l’her~ software or har&.:are failure causes the DB~2 to fai l , -dact 
—

damage to the data has -c is likely?
Can the data base damage be recovered thr ough use of s tandard

vendor—supp lied utilities?

Data base recovery is one of the critical as-nect s of c-nv ~- 1-MS .

‘.- ic-aout the ab ility to recover following abnormal situations, a dc -ta base
(12)

is useless.

Checknoint s are the classical method of recovering fr o m  malf ’anct io-ss

during l-onr pricessins runs. ~lnen a DBMS operate s in a

envir onment , regu lar recovery points are necessary. These checkpoint s

should he frequent enou gh that recovery ran he accomplished cuickly with
(— ,- \
——1

minimum disru~~ion of service to users.

Checkncint s sb onDd be automatically taken to assure cont inuity .

It is usefu l , but not es-s-en: i - l .  that  orcreticns rer sonmel he ab le to

initiate additional checkmoints.

Classical checknoint t -echni a -u es  have included core m ares- of the

pro gram executinc - .  Thile usefu l to re- c e-var:.’ of a hat ch nr c -gra m, thi s-

fea ture  ~ecome s an overhead fa -ot -or in c -n—l in e  m t i—ono grammiri r environ—

m e a t s .  If included , the core inc-re feature should hs-

Bent -art of th e  T~MS f r o m  a csee -km’~int ‘-c-mn:- he ac r e -  l i s- ~s - -~

:m an on— line  environme nt , s-se-ed is e r - s - e r t t i a l  and nc-v r e  ‘-cry cr it ical t 
S

the users s-unsorted by th e- DBMS .  

5- - ~~~~~—- —-~ -- - ~~~~~~~~~~~~~~~~~~~~~~~ 
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.~ssociated ‘--it h c-he ckroirm-s- is the use c-f a pbvs-icc-l hc- e-k’:n of

the data h asp  on tat-c or d ish .  These ‘ save s” of the data has -c are

tyc-ically used as the point s where reconstruction of a damaged data ac re

ocr-ins- . :t. roust he moss-isle to save a data base a: any ne-m t where- its

imte~~ ity in nno~--’’ to be intact , t-yc-ic-ally a: a cuies-c-ent ‘Sr idle- point
(-

~in processing.

- Th~ ro an apPlication program updating the data acne abncrmal v

terminates , the data base is left martia-Ily chanced . Left alone , thi s-

condition damages- the integrity of the data base. I: in imnont a mt to

remove the effects of the urogram by returning the base to t:oe c-c-nd~ —

c-ion prior t o  the pro~~ am ’s start . Such a feature must c-c aut omat ic  ‘-v~€ n

omeratinc- in an on-line or multi—tas-kino mode. Orerator int e~~ ent ion
(ri)

should not be recuired exceat in a sincle—task batch mode.

Hardware failure is c-be weak s-rot of most ~~~3 innleme ntaticns- .

Pc;-: systems can recover automatically from failures- associated with the

devices and/or channels- which serve the date base- . t is- essential c-bc-c- a-

~‘-‘:c t-  ~‘ecove~~r cc allowec c toe _:~ c-~t reloa o~~ t e  c-eta case

if it man not been dc-ma r -ed.

~l-oen t e-t al  hardwar e fa i lure  occurs , exe cution of the H15  halt s- a-c-

c-n a-hnor s.a l location if it was ex ecut in .— at the time cf the  failure . Ic-is-

racy prevent the DH -3 from ~ein - restarted unon re covery c-f the hcr -~—

ware . t is- important to c -n —l ime - u sers  that the s- stem her- in one -ret ina as

as possible . ~~. “ war m ’ restart  renaits the system t o  cont inue  where

it ha lted ‘- -ith litt e- or no im~a c: ot it-s op erat ion.  “colr” rent-art

~~~
!S rn  rec.~~:res a coron - lete- re1e-a~ in~ c-f the d c - c - a  bc - se c-nd r e -st o r t im-m ‘f

o - ’~r c - t i o n n  fro m a. nrevious- cbe~ ke-c-~ nt .  The t i—- c d i f f e ’ e n o~ h~~t w c~er-

a~r c-old s tar ts  can he - s i rn i f i cc -mt , om - a~~-c-u-o. renter:. c-ana : i l i~ - i s v-: r--

~-esir a~ l~ .

-- 
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:ata h a s-c  dc -ma r e  is c e -m ac -n  when tb-c -BMS t erm ioet es  asr ’m: c-~~- h- me

to hard --are  or software fail’ar~- . The e~~.ent of c-ne damace ra ms -e s  from

nimor to e-r-c-ens-ive destruct ion in the systems curre-ntl;’ aarr;eted. :c-

vera’ imnort ant to  the user , part i cu lar ly in an environme nt ‘~‘aia’ - -?::rer~ -

cares frea-aent disrunt ioms , to  determine what exnernal irama ct s :c-a;w- c-n c- a

:-~~~~~s p erformance .

Part of the price a user nays for a D B -~ mackage goes t owar d t : e

-atilit - i c s -  needed to nrovide au -:iliarv sunnort . Data base rece -ver-.~

utilities are essential to omer at i  on of the ?bS .  “~ith -ouc- them the

sy stem canmat b~ maintained , and the user is- forced to ~~ ite his cn:m

rec-oa ’e~~’ r amahil i t . Few users have the extra resources availab le to

~~it-e such. programs. iere nd inc on the oomml exic-w of the I-BMS file-

structure , the task ma:,’ he ses-ond tme users abilities. St and ard user—

nunmiled recovery u t i l i t i e s- , therefore , are a mandatory fec-ture of c-he

IBYS nec -b a-ce .

_ _ _ _ _ _ _ _ _ _ _ _ _ _— 5- 5--~~- — —~~~~~~~~~--S - — 
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EVAL~X~ :o-:: ~~ 2:MS~~~ :‘~?D~ B ::~~:B~~

-BMS is a nowerful tool to increane c-h e score of S F nne-:ess —m — .

It is useless , however , unless it cc-n be nrooerlv ‘cs-ed . The ease with

wbic-b n’r o r-ramuer s , analysts , and end users can u ti lize-  t o e  feat-cr c of

th e  D h ~ wil sear  heavily in its evaluation.

La.nrua’es_ St-cr -ant e-h

-het  pros-ra mming language s may he ‘is-ed in c-orm~uoc-tion wit a c- : .e-

c-re- the inter- face n effected?
?hhen a lannuace preProcessor is us -ed , does the pr en ro c - ennor  ncr—

f c r~c syntax and 1-or-icc:- val ida. t - ion of t :me  Da t a  - am ivc lat i c n
C~~L) statements used?

Thc -s- the O- TB C lanmua” e  i n t e r f ace  commiv wit-: ; CI~ BYL sn e - c i f i —
c-at ions-?

- l  
~~~~ 

-‘~~~~~ ‘~c-~~~ -‘ s-’-e’- ~iol~ c_ ~ _ n a_ ”-ec c-~ e o~~’~~’~ ns

~ser _e ’.- ~~ ,c  :‘-~
‘- ~~

‘
~~~- ‘ ‘~~ ~cal c-ate _ ° -‘ftc’- r~ ”~ o

’ ~~~~~ cr~ er-’rc-tec oa.t~

aa~ e It ~s _ —nc-’-’tamt ~~a all user~ and ‘~o’-~~’-’~ ~. u~ e”- of ~t- :~ ‘-a’

reasonable access to  the d ata -  base throuca c-he l2nmca r e  ‘-‘ni c-k ~est sunnont s
(‘-1)

tacir c - s -n l : ca t a~vo.

sterface ‘-:ic-b c-ne T.E-~i nay he accomnlis-hed t-hrcura nevera

ana r oc -co e s .  ::eariy ci: c--f tm e  sys-r5e -mn innleroen:ed current ly as-snid e t~. ’:

‘: to access the - -B bB n o ft - ’.-:are through c-he CALl sc -at e -me -n t  in thas-e-

iam~~ ares which im:leme nt c~ ils- . Se:’er e .  iranleme ntct ions alec -S nr ovide

dir ~ ct 2’-L s ta tement  u r - a r~ wh ich a- ’c - e - - s -ne s  c- -b e-- 1° I e ither  ‘~ire ct~~ - or
(‘l :3Y—1c-.i ° — ?C)

c” m’~cr t imo th e  ::z o’er ’ s c-~ll ctatemomts - .

0~

~~~~~~~~ 
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The us-c cf Preore-cessor t o  cc-mv -e s-c ~ -L co-amends - c-c- cal? st~ c--e”.e ac s

is- becoaimv- more c-os-s--c-sn. The s-er ’.’icen ns-o;’id~- : ’ ~~~~ ‘ t h c : e  sme - ’- a’coc s- s- c - rn

rances t’r~a a st-rairht one—for—one cc-avers-ion c-f ~ -:i . so-van-- s c-

extensive syntactical en d ionic-al va lida tion  of th e -  source nr c-gras .

The ~~eater the- level of ~~or -r a-~ ver i f icat i on  rerior’.’.ec -c-’ - c-ac s-rear s--c -es - -- -

s-or , the nc-re effect ive and accurate the nr c -gra m’ .  code - ge n e r a t e d .

- Th e OO~~SI~ I TI stru cture ha s been prop-c-ned an en addition tc- the

;~r ,en ic an  ::ationa l Standar ds Institute (~~ 5I) ?-1P l lam— c o re- - c s - g r a d e .  I:

is l ikely that  the ;P5 : standards cons -alto -ce ;:il a-vro-w the - c-c--c-nc -s-ed

vc- -’ n r- or a very similar strccts-crc . ~s mi”c-cn: e d earlier , the

c- dc -a ’  ic-a of the CO~ lSY L s tandard  c-a rm hare nc-sit inc t - f ~ ‘- sc -on c -c -crc  csers-

c-f T~~,SYL-—c -ora pat i -’.~~e systems c-nd a negative e f fe ct c-a c-r c - sc -  s--hose

does no: coic-fe-ra.

?r oraremmen :cterface

Thc-t level of ororr am-aer exP erience is- n ec -c - i s - e d  t- ’ e f f ec t ive ly
cse c-he - D~~- S?

Dc - er  the  I~1S perform sunnc-rt functions which re~~ eve- the
progra~~ er f rom actions which are renetit ive aad , - ’cr error -
nrc -me ?

:-c -e -s- the s-vs-tea c-em it defini t ion c--f data .  eleme nt s usia” s-:’.mic-iic
ae raes~ If so. ‘chat limit s are placed on c-be s-tn -cc -c-c-re c-f
t rce n ame r?

Pc - -’ in s t a lTht io rm s- have the It-scar - ” -of a t -oc - ’—~ ’:o~ mi€mc~~

s t a f f .  Tacr e  c-re alway s- a few “ mmi nr— leve  ne -s-s-camel on the s t a f f ,  It

is- ins-ar c -ant that all nr or -rammems - on the s taff  he c-b-Ic to effective ly use-
C~ ?)

the - ic-’~’oct ~- ‘-a” ab~~ _ta tar se c-f 1 ~~l1 oe icr~ t’- — c-
(lC :O— ~ )

c- c -c f e -  sec-Ian nrc -cs -anne-rn whose s-k~ 1is- cc-n -‘renter the :~~~~::s .
_ C’ - -‘ “

~~~ ‘-~ro~ j  e “~~ “-~or-’. i’
— ~n ; ~‘.c “elle\ e

ns’~ -r --m ’-mver of “cc -nc - tr  -
~~~ vs-s e ra -: c -n s - c -r — ar ’o ’se t en - r n . s-m ob as hat a r e -cc -rh

“nr t i m .  caT ~~— n t ate men:  nencs’a ti or -m . c-ri d conrcinic -et- ioms area  cod inr .

_ _ _  _ _ _  
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The grester toe nun -- c -nt  nr c-aided sv c-he 2-Th -~S , the less effort ne--oesears’

‘ ot ra’o”—’~r—e” 
‘fl- - ‘-f~ c--’.-’. rec-cct~ o’- a~ c”eo~ e~ ~~o-~ -’t~~ t a rc -~ — ’ - _~ s~

n’-o --’-’c--- co— _ n— anc- f ~w~” coc- _ ’- -- er~ ors S_ rn_ f t c - an t  co_ _ n ~’ o o’-’ e” . a— ’

data name st andardization features further enhance the rcn orran’~raer inc-es--

face on some systems . -

heanincful svr-holic representat ion, ol’ the data eleme nts s-’ttnin the

data base inorove s the readability and u~~ erstand ing of the data has-c

structure. The number of character s nermitte-h in s~m±~oiic na me s varie s

widely c-ac-nc available innlenc nt ati orm s , rangina- from. a. ‘r o~’ of 2 characters

to a high of ii. If installation conventions require descrint ive data

name s , less than 12 char acters viii present severe constraints upon na :cmnr

within the dc-ta base structure.

-S S
~ -‘

2-c-es the vendor provide a-iecuc-te traininc for all ieve~ s c-f
nr ograrirc-ine st a f fs?

Is training a re inforcement of ma nuals c-nd ~rcide , or is for ma l
training necessa~~- to effectively use the sys-ten?

Is training available on video te e?
Doe s the vend or limit the n-archer of particinant s in trainirw-

classes?
Pow cTcch training is- included in the contract price -?
Is- t raining ava ilable locally?

Training of prograrrcinr s taffs  is a continu ou s exoerase to  all ~l:F
~ 37)

insta l lat ions.  The addit ion of a DPI ~S packa ge to trac nof ~”are lihrc-r”

nec-c-ire-n that most , if not- all , of the nrocr a rmmrme rs c -m d analvst s on the

s t a f f  occone familiar with the ca ca ilities , t e ch n I c -r i  fca’t- ’2’es , and use

te con icues  of the DSP.?. The tys e c-nd denth of c-r a ininr -  d if f ers from level

to leve l within  tne s ta f f .  ~~-lication Programmers, ~‘mnic -r c--hrourh senior .

ncc-t -:r -1o~- ’ ho- ’ to s-mite intcrartior ‘rc~n’ams ~‘ai:h will use the -FY~ f i l e

Syste”v nmocrc- -’rr-’-rs nc-s-c- amsdr-nrtc-”t tne inc-erect-ion c-f the

‘- rn ’ms-a~’e- --5th t he  n o ’pnatinr s-v— c-c -- - c - ri b s t - .’m s - c -f c - s -’gr r p a - c - k~~r” s- .  The s-yr-c--e ms

- - - —---— -—-- m-~~~~~ . -----
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analyst needs to know how to anpiy the caparcilit ie s of the P - to c-he
f ’  -

~

ac-clication needs of the installation’s users.

Pc-s-mel classroom trairs inc- is of ten  used to etc-c-and the- mater ie l

nrovided in the manuals supplied by the vend or . ?~nile this- tecanicue

assures a roun ded education on the system , St lacK s the abili ty to refer

to the manual f or information once the instructor has cone . It is

ininort-ant that ve nd ors documentation be as complete as ~ossihle and permit

ea ch level of user to effe ctively utilize the  system without consultino

continuously with the vendor .

Reoeat trainino is a costly and disru nt ive ne cessity. A s flea’ staf f

members- are hired , it is necessary to train then in the various- softwar e

packages beine used in the installation. The DBMS , when int e~~ ate d int c

the installation’s oneration , must be understood by c-fl staff n-erdc -ere -- .

Training courses available on video tape reduce the cost and icmr ovc the

timeliness of instruction. P’hile not as personal as- live instruction,

v ihea courses nay be run at will and can he reneated as often,  as desired.

~~oc-r arc.mers previously trained may replay certain tanes to refresh or

reinforce their know ,edce .

Vend ors often limit the nt-sic-er of persons woo may attend a

sp ecific training course. This is lor ical when the course is offered to

the gener al oublic or when close individual rappor t is- required . Powever

when a course is offered in-house, the vendor shot-id ra e flexible to th e

needs of the user . Toe c-os -tn of training can he reduced s-icrr i ficant i-

if a b r — er nu mber of student s- are nerr iitted in, classes which are ~rimaril--

lecture .

Y ost- P~-2 p ackages -  include some t raininc ~.n toe con tr a ct price of

the sy stem . The c-ms -c-mt of t r a in i r ir  var ies-  wid e ” . The cc - c -nt  ic-” c-f t n -  imc mm r

- —‘ ---- - -  — - -— - -- --- ----- — -



msovided in s-s idom adeom ate  to full :-- s’rerare the insta l ia t i-~m f o r

u s-c -. ic-mole-mental costs , wi th  a fec’ s-p s-tens -, nrc-p c-cr ’s-c-ac -b. toe license

cs-ice of the Dihi its-el5-.

The evailasil ic~’ c-f b c - i l  tr einino is a v~ r— ’ i- ’o-v-c-E nc- fea tur e .

The cost c-f ouc -—of —t ot :r. t ra . inLn~ cc-m ends beyond bo lars- alone . Toe t ine

rent -m ed for travel and the ions of the trainee services during the

course neriod cc-ic have severe impacts on installation effectiveness. Pew

installations can afford the disruption caused by ex-tensive u s-c of rerrot e

c- s-am ino.

-~~ ~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~ ~~~~~~~
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La t e  b c-sc manaceme nt s-vs-tons is os-re of the- most e- : c- i t ia~- de ’cc losm errc

c-sr the conic -c-tsr scene todam. It holds the potential, prcnerlv guided an-c

contro lled , of e:’pand inm toe  s-core of ,~~P applications far  beyond its-

current boundaries.

The nitfalls fe c -m r the nrctent ial user c-f 2-BPS c-re enormous and

costly . It is essential that car efu l evaluation and comparison of avail-

ab le nacka ges be made. As part -c-f this evaluation , a careful meerr inc’ of

:-?:-:i features and installation requireme nt s in necessary to c-s-sure effe ct iv e

use of a

It is ~ossible that the re~~alt s- of an evaluation trill indicate that

toe use of a 2BI~ is not pra ctical. Phen this occur s , procurement of a

?-PS will ~e on shakey ~~ound and potent ial users nrc-st rr ooeed at s-c-ma

This- pape r has provided many cuestions- for potential 2B~-~ - users- to

as -k of ir endor s.  Often the ans1’~er s- ~-rill ~‘enerate inc-re c~uestiens . ‘:hec-

fully  explored , these answers will ~~ovide the basis for a decision ‘Pc-

or not t c -  bc-v .

A final  corime rit : “Let the ac-yen bewar el is- cartict -larly c-r t l icahie-

c-c a 2TPS . The wronc decision will have las-tin- lomg—t ern effects

on a n orc-anization and its A F  ~~c-gran.

_ _  - -— ~~~~~~---- _
_ _ _ _ _ _ _ _ _ _ _  
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Thi s-  gios:ar~ inclu des terms- common to c-he SB~~~~~ techmc-lc-s--c. rna:’

5-
: ‘- _ t - ‘-‘os-c- ‘cm,~ -’~ o~- c OL ~~s- ,,Y’~ cc-a s -‘ee~’ i”cc-~~:~ ’- f’-c -- t ~ — c-’

used cd-ic-ri discus:imc- data base s:~steas. A rrajority of the defin it ions

-r an :een dovelomed using references 17, 19, 33 , and 3 d .

~r~ a Cs-sc-ia) : A naaed sub—division of the addrassah le storage

s-mace ~‘ t -e  d c- ta nc -~~ - to ‘m~c’ —~cords nrc-a be as~ c-~~e: eeaefl:e~”-

of s-ct me mbers-h it .  A locical piece of the data base.

CALf : One of the three record storage nc -des-, cased on the comic-c--

t c-t ion c-f a data base stor a ge location using values s-us-plied ~y data ‘-:ithir’

the record . Us -ed for d~~ect—access records.

Chair cc-intern- : A chain of ’ pointers- i-’hich cc-n rae- follower’ from

record to record and Provide for secue nt ia l access to all r ecom ~ s in ths

set occurre”ce s-to~ a~~ “y~~ ’P  ~‘o~ nets - iere dat a _ s to”~-~ ~ ~~~~~“

— organization for serial access-.

ata-ag~~’e~~ate : A nc-ned collection of data-i tems- with in a rec-or- i

and referred to as a a’:role .

ac-2 ha~e: All rchynical record occurrences , set occurrences-, and

areas def ined by a snei lfic  schema .

:ata-ite-Y’ : The smallest unit of na me d data t-rithir a data bc-se -.

A n  occur rence  of c- -da ta —it e -n. is a rePresentat ion of a s-al-ic c-nd nc -v cons -in c

of am— ’ number c-f bit s- or - “ c-c s - .

:at~ set : A mam~~ collection of nh- ’i-~ r’~iI r e - c - o r  s - .  incl’~ ins- the

d~ t~ us -ed fo r  locat ine the- r ecor d s -  ( 5md5s -~~ ) .

— — - 5- -5 -~~~ - - - -5- -- 
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~~L: ~ata ~e-:c-n 1tc-on annuac’e . ~~re ian ru aee use c- sor c- e s - cr c- c - c - n c -

a data base or that part of a data base knot- in to a proeran. Define d in

terms of name s and characteristics of data—items , -d ata — ag~re~~at es- , r ecords - .

areas , and sets , and the relationsh ips existing between occ~rrenc es of

c-hose eleme nt s in the data base . A 1an~ iage for the logica l des-cnipt icm

of the data base .

- irect: One of the t~~ ee re cord storage modes - where a uninue

identifier , supplied b y the using program , identifies the location in the
5 

data base of a record occurrence .

D!-~~~: Device—Media Control Langua c-c . The laneu a~e used to

describe the relationship betwee n. the logi cal schema and the physical

stora ge space used to store data base re cords.

ll,-i: Data Man i~~ lation La n~~ia ge . The lan cuage used by the

pr o~ra ~~ er to commu nicate i.ith the data base system.

First: One of five set orders in ~.thi ch the new rie r~ er recor d is

inserted as the i~~ediate successor to the owner record occurrence.

Inte erity: Safegu ards against occasional failures and accident s

which can occur during ~rocessing ol’ a data base . The saferu ard ina of

data fron undesired inter action of ~~o~~ ams asa±nst the data base. The

checking of the value of data to be stored in the data base to assure its

consistence with data alre ad y pr esent in the data base.

Last : A set ord er ~‘here the new member recor d is inserted as the

immediate p r edecessor to the owner record occur rence .

Pandato~~r: A set membership condition which indicates that  once

the membership of a record occurre nce in a set is esta b lished , k-he member-

s -h im is- oernr a nie nt .

::e~~~er ( child) : A re -cord within a set subsidiar’-- c-c- c-md icr’€ nhc-srt

c-ri c-ri owner record .

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~ --- 5-5-~~~~~~- -~~~~~~~~~
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Nett~’or k, data base :  The most general forin, of data  rtr -c-cture . s-.

a network any give n element i-ray he related to an~-’ other . A datc -  s-tr :c’c-’c-r -:

in cs-rich an n—to—n relationship is ~ern~tted between ele’~ 

Next : A set order where the net-~ member record is inserte~d after

another record occurrence i-ihich i-ian the latest record with in c-he set to

be accessed.

- ~~ner (parent ) : A record whose existence establishes the et:istence

of a set occurrence . The eleme ntary record of a set.

?ointer arr ay : Sets orEanized through a list of member record

occurrences stored with the owner record .

~~ior : A set order where the new member record is inserted before

another record occurrence which was the latest record within tho sot c-c

be accessed .

~~ivacv: ~~otection against unauthorized access of the data.

Refers to the rights of individuals arid organizations to determine for
-

- tb,emselves when, how, c-nd to what extent information is to he transmitted

to others.

5chema : Consists- of data definition ( D 1~ entrie s and is a cc-nc-lets

description of a data base . t includes the name s and descriotions c-f all

of the areas , set occurrences , record occurrences , and associated datc-

items as they exist in the dc-ta base .

Security : ~~otect ion of data against accidental or in t en t ional

d isclosure to unauthorized persons, or unauthorized modification or

destruction of a data  base .

Se i n er i t :  Data—arrr egate and/ or recor d which conta in s- c-ne or nc-r e-

da ta—ite ms  an-a is the ba sic un it  of dat a which ~asses to em~ fr’~ t~~~

c-mc -llcc-t i on nr c- cc-rams- under control of D~ !—~f software- .

_ ___ _ _ _  - -5 -- 5~~~~ - 
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Set : A named collection, of record types-. A s -  su ch , a set

establishes tna characteristics of an unlimited number of occurrences of

the set. The basic  structure of the CC~ AS~~ langua~e s~ecification.

S1~bcchera : Consists of data def ini t ion (::L) entries.  :t need

not describe the ent ire data  base but Ofli~ those areas , net s- , and records-

which are to be known to a snecific pro~~’arr or ti-ocirarns . An ammlicat ion

~~‘o~~~a mrner ’s view of the data bc-se .

Via : One of three storage modes based on the locat ion of the

owner occurrence of the set .

~~~~~~ 
_ _ _ _  _ _  

_ _  
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