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1 .  Integrated Development Software 
r ?  I h ~ s  rs "~najoi- leagtrc" so1tw;ir~-thc guts of tht. lWk 

E1)P dcp;~rtmcnt. I t  usually cons~sts of' a I)BhIS, an ~ntcgratcd 

". . .  the computer performance of a system 
developed with a 4GL may suffer compared 

:Veudetter: It's been said tiiat by tlic early 199()s 11351's with a comparable application developed in a 
ctat-;d2asc SySleIll pt-oducts must support a transactioll 8rriy;il 
rate of perhaps 4000 ti-ansart.iotis per si.colld. 1s range 

COBOLiClCS environment, but this perfor- 

aciiiev;~blc within IMS? mance degradation is normally no worse than 

Ditnpfel: 'lhis is a ~ql l i~(?mcll t  custori~ers say t[lcy liave. 1 OO%." 
................. for systcms 1 h;li SUppOrL c'OIl~u~Y~cs tr;~nsacCioil pr-o- -- .. . -. 
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. . . . . . . . . . . .  . .  . . . . . . . . . .  . acttvc ciain tlictionnrq, quer!. l;ungu;t,qci, Iratisactioli processing 

"Within IBM today, the investme mcmitol- ( o i l t ~ ~  C'ICS), s c p ~ i  a-rites, i~~icro-to-niai~ifr;~l~nc link. 

are putting into the IMS product i interfaces io vxious otlicr p;\~liagcs Ircqitcntly irirlwling 

equivalent to the investment bei lirations. A key  portion of I iic integrated 5oftwai-e package 

the DB2 product. 1 think this ci@a hc daia d i c t i o i ~ ~  -clircctos\:, which controls data clefinitions 
strates that IBNI anticipates bQfh P (1 js thrreiorc primarily important in coupiing the cliih-cnt 
to be around for many decades to  

itcLs rhat compc:tc i l l  this m;lrlic:t areb Cin- 
K:L Cullinet's int:e,qrated soitivarc li~lc: 
Applied 1)at.a fiissc:~c.l~'s I>,-\'I':ICOhl 

I>: \ I~: lS 'Ni l ' l ' l~ l tAI~ and Conipi~tcr 
i ~ ( ~ ~ ; i i ~ ~ i ~ c , d  o r 7  p ; j , q y  :i 



addition of a "null value" to the domain 
of the attribulr or by thc. use of;uiotlier 
attribute to indicate tlie presence of 
null values in the attribute instance. 

For example, in the hlARI'I'A1,- 
S.l.A7SliS sitnatioi~, the clioice of 
"blanli" or some other cock to indicate 
"marital status unknown" is probably 
hamless  and is, in fact, usually the 
method employed. This technique fails 
for those attributes ( S L I C ~  iiS i i~mer ic  
fields) in which all possible bit combi- 
nations are members of the domain of 
the attribute, preventing the adclition 
of a "null value" indicator. In this case 
some other, existing attribute must be 
used to indicate a null condition, or an 
attribute must be created to do so. 

Physical Compromises 
for Structtiral Nulls 

Entity state nulls may be hancllccl in 
a ~nanner ~ i r i ~ i l i t ~  to ilon-structi~ral 
nulls. IXhrr  a value can be added to 
the domani of thc attribute, this value 

indicating "ni~ll. " or anot1ie1- attribr~tc 
may be used to indic;~te tiw exis t (wx 
of nu11 values in  the attributc. 

Entity type ni~lls are handled ill 

basically one way, that being the 
creation of a liew attributc, the "iiicli- 
cator attribute," to sho~v  which of tlie 
followiiig sets of ;tttributes is not null. 
'I'liis is the most "foolproof' rnethod; 
there is no  possibility a single "i~idi- 
cator at.t.ribute" could contain conflict- 
ing values. If the existence of "non- 
null" values in the inciivitiual attri1)ut.t.s 
were used to inclicate which se t  was 
valid, the probability that ambiguous 
information could be convcyt~d svo~iltl 
be high. For exmple ,  in the AXIhIAI, 
example above, a new attribute. 
'TYPE-OF-ANIi\lliZL, might be adclcti 
to the entity ANIMAL. 'She ctomain of 
this attribute would be IF. I-ll, where 
I; would indicate "finned" and Ff woulci 
ii1dicat.e "hooved. " If an "indicator 
attribute" was not created, it \vould 
he possible that. both 'SYI-'I:-OF- 

IiOOl' anti 'I'YI'1:-OF-FIN could hot11 
bc ilon-null, malmg it iinpossiblc to 
clctcrminc which \vas thc con-ect 
\ ;1lue. 

Cotlclusion 
r ?  I he existencc of il~llls in a logical 

model is not o111y confusing and a n -  
higuous I)ut d s o  requises t-hat. the 
nuniber of syntactical constructs 
necessary for complete represent.a- 
tion of tlic motlel be increased. 'l'liis 
raises the prob;lbility of misinterpreta- 
tion of the logical nloclel. 

, . 1 lie existence of nulls in a physical 
~iiodel is not  only ;~llowetl but is some- 
times rcquircd for performance! 
reasons. Ptowver,  d ~ c n e s e r  such a 
compromise is made tiuring the crca- 
tion of the physical from the logical 
model, it must not only be thorougiily 
justified, h i t  also clearly tlocumcntccl, 

rn 

SCHUSSEb from page 1 Exarnples include its database m;~nagcment s p t c r n  (IhIS). 
clata dictionary (IXIS I)RII>C Data Dlctioiial y), fourth gencr- 

Corporation of America's Model 204iI'ser Languagr. All of ation language (ADF 11). and so  forth. In gencral, t11~se IBhI 
thcse products run in the IBhI 370 arcli~tecturc, and sonic softwire r~roducts are often vie~vcd as h e w  teclin~calh tn- 
also run ~ ~ n d c r  the IIEC VAXTMS operattng environnicnt. 

Add~tlo~lally, other mamfra~ne companies offi.r comparable 
softwasc proctuct lines. Esamplcs include I<urroitghs with 
DblS I1 Imk  11. KCR's ' I ' l < A ~ I ' R O ~ ~ ~ O ' S : \ I ~ ~ ~ I ~ ~ ~ ~ I ' I S .  
Spcrry's innovative!~ dlffercnt hlAI'I'I<II, and IO1,'s 1I)klS 
QuIoKer;lI&. 

Intern-atecl devclop~uent softsvare is normally efiect~ve only 
on a rnacliinc that is at least as large as a Ixgc  mnl-computer 
(i.e., I13M 1341 or largeri. Such ;t software set  1s rcrtamlv 
rccommetldcd d ;I company IS clcvcloping transaction pio- 
cessing sksteiils as ;~ppllcatloiis. ;11terii;1tiveIy, ~t the mmpany 
has large datahascs and wishcs multi-user applic;ttlons to bc 
supported in a mitinfr;tme environiiient. this is also tlic tk-pc 
of software required. Most companies that are developing 
corporate-wide appl~cations, or what Lhey constdcr "strdtcglc 
systems. " u ill use intern-at ecl (let clop~nent soft wasc for that 
devr+~ptnent. 

liuild~ng applmtions with tlicxsc proclt~ct scts  is ~ i o t  cllcqx 
'I'lic. s o f t w r e  alonr typicnll) runs S:300.000 for a p;tici-up 
purchase license from independenl software t cndors. Regard- 
Icss of the hardtvareiopei~i1tiiig systcm arch~leclurc, the instal- 
lation iiiitl use of an Intcgratccl Ikvelopnicnt Softtvare set  of 
tools require a teclinlcal staii that ~nclucles, but IS no i  I~ml t t~ l  
to, h t a b a s c  :ltl~i~~nistratic)~i, 'Shc training tlme rcqinrcd to 
Ixxomc educated In the LW of tlic prodr~cts, and to cle~elop 
I),~t;lbasc Adnn~n~stratioii and support, can easily I equii-c n 
VC;II- or more. 

One importali1 cnmpensatmg atlvmtage. howe\ei-, I \  that 
all ot t hew software tools cont;un powerful fourth genclatlon 
languages (CC;I,s) that arc. nsc>iul for rckplmng t h i h  iiiajonty 
of COIiOI. code will1 morli higher-level p r o g r a ~ i ~ ~ n ~ ~ i g .  

It is intesestlng to observe hon II3h1, tlie ldrgcst s o f n a r e  
t elidor of all. part~c-ip;ttcs In t h ~ s  marlwt. I13N offcrs v ; t r~ou~  
software coinpnncnts that have compctccl ui this masketplacc. 
-- - - - - - -- - - - --- 
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fcq-ior to tlip progralnmcr prodilc-tivity tools ;iv;iiI;tblc 11-oni 
intlc~prticnts. l'hc princip;il sc2asons usually cited iliclutle tliitir 

dlct lonasrcs 
, . I lie r ccc~l t  cincrgclli-c of I N W  IUA4  product^. ~nc'iutllng 

SQL1l)S, If132 ;it~tl CSI'. indic-Acs that IISRI *ant\ to I)(* c-oni- 
pet 11 I \  c In tli~s marictplacc~. 111 tcrms of ~ ~ l ~ o g ~ i i I ~ l ~ 1 ~ ~ ~  p~ ocluc- 
t ~ v ~ t v ,  tlicsc new soitivai c tools, txpeclally ijH2, arc an im- 

Fourth Gen em i ion 

''A number of COBOL System Generator 
products can generate code with better execu- 
tion time than all but the top 5% of the typical 
programming staff." 4.  Informa tion Center Soft-ware 

The tools in categories one through three are principally 
designcd foi- MIS shops and pr-ofessional programmers. 
, . 1 hey enable uxistitig progralntiling staff to becorlie IJlOl? 

protiucti~e. 
Information Center software, in contrast, is software clc- 

signed to convert iion-data 131-ctccssing professitrnals into 
systcms builders. I'opular- software in this categosy includes 
lnfonnation Builders I'OCIJS, l)&K Computing's NOMA112, 
Plartin Maric:t.ta's IIAPIIS 11. Infodata's INQ'LIIKE, and 13at- 
tellc's I-ZASIS, - 7 I he " p r o g r a m i n i ~  languages" provided in this category 
tend to be much more non-procedurd. ~i-ccjut:ntly, iiicnu- 
driven user interfac-es aso providrd, Iiifomiation Center soft- 
isare also rna1tc.s clxtcnsive use of dcfault opt ions so that little 
specification is requircd if quei-ying ancl reporting is the goal 
of the end user. 

Infol-mation Center software is r-&tjr.clr casy to use com- 
pased to int.cyy;lictl clcvclop~nent soft~vai-e. " Ik jy  to use, '' 
l~o\l;ever must be ciciineci in relative terms: gctting the Infor- 
m ; ~ t i o ~ ~  Cent(:s ready to opwatc after initial inst;tll;rlion of the 

, . 
pn~duct  can still talic: as long as a year. I lie Lillie can be \wlI 
uscci, ho\sevc.r, to cmt te  an i~~iomiation suppost organization, 
develop a small nunlbcr of prototype ;ipplic;ttions, dcsig~i the 
ncAccssary tr;rining, and establish relevant databases for cluesy- 
irig and rcl)orting pulposcs. 

Infolmitio~l Ccntcr software is usrd not only by cnd users 
h ~ l  also by 311s c!cp;istnic~~its, In gcner;il, thc~ slttw pc~for-  
liianc-c of this soft\vxc. ( co1npm4 with COI3O1,) riittans that 

( 'O!I !~!I [ I~~ /j;i,q<' ! 0 
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from page 6 

5. Decision Support Systems 

As rexicrs of tlic ,?\:c>rrskltcr ccrta~nly linon, softuarc 
protiuettv~~y tools by tl~crn>clvcs do ~ ( J I  soh c. the problcn~s 
of autonmtm~i. 'I'he u rcess f~ i l  311s cIc.pa~.tiiicnt ileeds a 
n1ethodolog.i ;ind t ~ i g l ~ ~ ~ ~ x l g  ;IPIIJ oach v A i i n  C I I ~  ovcr;ill ;11-c1i1- 

7. Supernlilli Vendor So  f'f-ware 
, . 1 his c;ticgor)- co~iiprises productivity softwaro sold by tlic 

h a r d w r e  manufactin-e~--s; for cxa~nplc, I l IX ' s  \,.AX Informa- 
tion ~'lrchitccturc, Ccmc~~rrenf's IIEIJANCE PI,IYS, ;ultllIew- 
lctt I~~lcl<~lrc~'s  :IL1,13;lSE. 

, >  I he penctrat-icn of soft\varc produccci by liardivarc vcntlorr; 
(including IHM as a mini vcndol- scllirig tlw si36 ;incl thc s 3 S )  
into mini-computc1- marlic~ts is significantl!: higher than rhe 
rort-csponding pene~ration by II3M into t h e  370 arcliitecturc 
mxket .  Iieasons for this include thtt relatively low costs x s o -  
ciat.ctc1 with acqiiiririg the hardware vendor's soltwarc tools 
and the fact that intlepenclent software companies wit11 com- 
petitiw products have only rct:cntly appeared in the supcmnilii 
xe11a. 

I.3ecausc the v;aious tni~licolnputtr architectures are simi- 
lar, it is common io find independent vc~-ldor softmxe products 
that run on the hat-dware arid operating systems of several 
different minicomputer vendors. Customers who choose ;i 

hardwa1-e vendor's software therefitre sacrifice portability to 
other- vendor environments. 4 
8. Superznitli Soft ware- 

DBMS and 4GL 
klinicornputc~ opcratlng systems offer fnentilicr en~~trv11- 

mc>nts. and greater case of use, tlian the hatch-based, nialn- 
fi amc-ormtcd MI'S and VSE opcr-at lug systems. As a ~ c s t ~ l t ,  
many supeirmnl q s t e m s  are showing up ;ts tiepartmental 
machmes or corporate data processing systems in mld-sized 
cnrnpanles. :\ppl~cat~on systcms hulk In these clnv~rcmncnts 
xvill play an tmportant mle in provirl~ng connectlv~ty b c t n w n  
nldely instal1t.d I T S  and mainfrarmlc-oric~ited clatabases, 

, . I h ~ s  ~narlictplacc 1s scil-ed by mdependent softualc yen- 
clol s wlio market Iritcg~ atcd dc\~elopment softwa~ e that usu- 
ally mludcs  a cl;ttabase management system and fourth gcn- 
t ~ a t l o n  languagch. 1Sxamplcs are Software AG's ,2I)"lIZAS 
X4'1'1'KAL. Cineom's III,'I'IlAAI!\N'I'IS, IIelat~onal Tecli- 
nology's INGIIES. Seed Softwar-e's SEED, Sofin are f loi~sc 's  
I K X  and Orxle 's  OliACLE. 

In contrast to comparahlc softtmrc products marketed f o ~  
lH31 ~nalnframcs, many of thcse T)R,R/ISJ?Gl,s arc bascd on 
more modem tcclinologv, but are less mriturc (I. c . .  oftel less 
total f~~nctlo~l).?'he most cornmon database model used In nim 
~mpicmmtat~ons  1s relational. ' h s  d~ffers sharply from the 
370 tiorld ~~~~~~e most currently installed 1)RrVISs wci-c dc- 
1 eloped bcforc the rclatiorial ~notlcl was wdely adopted. 

S r ~ ~ r a l  1n1po1-tant proclucts 111 ths market (~nclutlmg 
.V)AI3ASNA'I'I~KAL and UL'I'RA M.2Y'I'lS) h;tve 11ec.n 

a 
pol led fi-om the 370 arch~tccture. FOI these pi-odncts, it 1s 
posslhle to ilsc ~tientlcal source code 111 hot11 nnnl and Inaltl- 
frame cnv~r onmcnts. 7'hc \ en do^ .; of thcwl pt oducti ;tlw pro- 
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10. Database Machizzes 
1)atabasc. mnc.111nes are typtcAly ~rnplerne~~tt~tl  ;IS back-end>. 

the convei-sc ot front-cnd dctclmted hard~varc. soft\sarc coni- 
puters, Database m;tchines have thc g(7;tl of offloadlng the 
databasc am1 dtsc filc managemwt trom tllc. ~iiamfr-amc.. I n -  
plementation requtres software tliat runs ~n the malnfr;tmc to 
~nterpret  data ~ l i an~pu la tm 1;mgtldge (1);"IIL) t-ouunautls 
'l'hese commands are then shtppcd down a ch;tnnel to the 
ded~catcd database macli~nc that manages the disc file cni  lroii- 
mcnt. The t t ~ o  dominant vcmlors in the tlatabasc. machme 
marketplace art. 'I'eradata and I3ntto11 Ixe .  

Database ~mctnnes  may offer urnque advantages in situa- 
tlons where there are dlss~m~lar hosts. m~tlttple cornputcrs. 
andtor t cry large databases. 

In today's so f t~mrc  ~ m p l e ~ i ~ ~ - n t a t ~ o ~ ~ s  of tllc rclatto~i:rl   nod el. 
~t is clcsr that relational I)13llSs proilrle stgn~f~c;ultlt I r h i  

tninsactton processmg capabihty tlim othcs types of 1)I-SSIS 
ii~~plementaticlns. When both a high transactton processmg 
rate and a rclat~o~lal e~ivuonmcnl arc tics~rcd, d,tt;rbase 

, 7  iiiachuies 111ay offer the best cost -cffccti~cticss. I or-actat a ,  
for example, has recently ;innounced transaction pmc-csstng 
spcecls for ~ t s  IIBC 1012 that match I13MIT's Ih2S Fast I'dth. 

crocomputer 
Single-User Systems 

, . I lie best known micro soft.ware marltct is pl-obably the 
siiigle-user IJI3hISiprograt~1111irlg langrrage con~bi~i;it.ion. 
typified antl dominated by dIii-\SK 111. Othcr impost;int com- 
petitors are I-'OR.'I:RBASE, arid It-I3ASl.:. A microcomputer 
DBMS is differentiated ti-om a siniple file riianagcr hp its 
ability to search for, and report on field valucs ivitliout reading 
comp1t:lc secorcls or se;ircIiing complctc files. :4 trilc micro- 
comprttcs III3MS should be able to JOIN sc:vcrd files and 
should also offer a progr;~mnling language. :\ltl?cxrgh a range 
of power ;lnd user it-ieiidlii~css is rcprcscnteti across this 
product category. ~iotic of thcse proctucts is r ~ a l l y  suited for 
the casml user. 

croconlpu ter 

'I'hc final category of ~iiit:roco~iiputcr software co~npi-iscs 
tho micrt)-to-rn;Unfr:~~i>e l ink Links arc used to integrate 
micros with mainfr;~mcs or minis: ant1 to Iransfer files betwettn 
tlienl, so  they can h c  processed whcrcucr is Illorit co111:enient.. 

Link tt:chnology available in today's iiiarlict vx ies  tvidely 
raiiging from simplc 32170 emulators to integrated, virtu;ii 
I)l3?tIS interf;tcts timt supliort liot h iq)lo;tding :rand ciownload- 
ing. 1,inli and ivorltstation technology is relatively ncw and 
st.ili lacks standards. It prcsc~i is  tlic (\ipic;ll :iser ~vitli a number 
oi prol~lcnls~ includi~ig slow t r;tnsfc!r slxrds and low lcvels of 
sc.wr-ity and integr-it!. After ;tcIcling up all the costs of cabling, 
ri1ic1-o-aiicI-in;ti~~fr;tri~e soStxv;rrc, ailclitional ll;trd~vart~, a i~d 
11i;iinlrarnc cycles, many niicro-tc~..rn;iiiif~~;~~~~c iiiik buyer-s h a w  
foi~nd iliai the incri:menral costs of int~gration 61s exceed rlie 
costs of installing scpnratit stand--alont; 1i;ird-disk I'Cs. 

111 spite of the c u i x n t  Iligli cost of linliing personal com- 
puters, links, l,:\NS, ;mi otlictr coilnctctivity soiuticms will 
s ~ ~ r d y  bccrj~nc es(.st:iiicl~- populas. 111 tlic ITS rnarltct it is 
pscdictcd that by the end itf l Y H G  tlicre will bc 800 business 
micrcis in usc ior each mainiralnc. As tliese systems require 
i i i~ i .~a t ion ,  t lity will gencr;itc ;I ,qroning ticli~;l~ltl for re;isc)n- 
;tblc pi-oclucts. 1,inl;-orii.littx1 p1m1uct.s will t he r th rc  hct-omc. 
;t size;ablc 1jusint:ss. s 
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