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2. Situation and impact of information technology

"SOFTWARE TECHNOLOGY

Tht! institutions using infor'mation t.t'chnology and, in the

final analysis, socie'ly as a wholp is becoming mor'e and

mo I'C' dep(!ndc'nt. on t.td ~ techno logy. Lmpor'tan t sect.ors of

pr'oduct. i on eng i ne{'r' i n~, l he cont r'o I of comp I ex l.c'<.:hn i cal

plClut s. t.he administ.rat ion and handl ing of lal'p;{' stocks of

i nfo ..'mat ion. a II t h{'sp ar'p pr'acl i Cll I Ly riO lonAcc' poss ib l~

wi t.hout. dLlt.a PI'OC('SS i n~. I r dat.a pr'ocess i ng ever' fa i 1s,

t It ismay have d i sast. I'OUS consequen<.:l's. i riC Iud i ng even t he

dc.·str'uclion of companies. One of the main c-lements of t.he

vu Inc'r'al> iii t Y or t hos(' who c'C'I)' I ar'gc' lyon i nfol'mat ion

t.t'chll()I()~~.. is the incr'C'tlsinp," cOl1lpl('xity of technical

-.;y -.;t c'ms iUld t h(' iI' ;'1>(> I i cat i OilS. Jhe'y makl' usc.' of

p I (' C t I' () n i (' i 11 r U I '01 it t i 0 II (H' () C t' ~sing b p (' illl ~ ('. a h 0 vcal I. t his

"I 1\,\~.~ lHlm""uli~ I i 1Ih.~ cHILI i nt ('I'COIUH'('t ions I ('ad i ng Co Bl'W

[n mode-r'n indust.rial societies, t.hc gener'ation, pr'occssing

and tr'ansfer of i nforma t ion arc play i ng an incr'cas ingly

impor't.ant role. Together with microelectronics~ data

pr'ocessing and technical communicat,ioll, infor'mation

t.echno logy r't'pr'esents a key t ('chno logy wh ich none of the

major i ndust-r' i a I i zed nat ions can afford to neglect.

Cons ider. for instance, the incr'eas i ng i ntegrat ion, and the

fu c·ther dec 1 inc in pr ices, of e I C'ctron ic components: here,

fut.ure dcvelopment wi I 1 lead t.o fundamental changes for

manufacturec's and users of informat ion technology as well as

for privat.,e u:,;pr's. Since we are still at the beginning of

t his pr·oc('ss. we can by no means pred i ct aLl t.he

ClHI:-;PqU(.'IlC('S wh i ch \"i 11 be br'ought. about by i nfor'mat ion

tpchnu logy. Some effc'ct.'s. however', arc a 1ready emcrgi ng

today wit h it sumct. i mes d('pc'css i ng c I a r' i t.y :

i ncr'('(lS i n,!:!:f'P SlJ Lt i ng L I'('IHI t O\~'\I·d s

l('ssI (~~s t J"'anspet I'('n t •mak("~.. t he systems

i n("ol'mat i Oil.

('ornp I ('x i t ~

DR. HARRY BLASK

A FUTURE REQUIREMENT OR CURRENT NECESSITY?"

1. Introduction

Ladies and Gentlemen,

This (' x amp 1(' t h r' () \". <; ... r (' (" i:\I I! g It tOil t II(' P ~"(' .-; { 'n t .. # f t t,.a i {'

sit.uation: fVPII ~per!alists fail t.o dC'tp('t (,:\ist ill~ ,"TOI'S

or' manipulat ions. \\'ollld I il,(' to ('xami'H' thi~ ~ittl;lt inn

furt.her' ina SOll1c'\"hat. gCflPr'al i /('d manlH'I· h('fot·" I ('\- ('tit lIill I ~

cmbar'k upon tht.' act Uil I suojt"ct lI,un('1 y soft.war·c tcchno I O:!)·.

Every time a new technical a<.:hievem('nt is madl' thcr'(' ar'e il

few resourcefu I minds who arc qu i ck to make USt' of it. to t.he

disadvantage and detriment of their fellowmen. So lhp

development and propagation of informat.ion tf'chnology has

"blessed" mankind with so-cell led comput"('r' cI'ime. h·ould

like to cite one of the cases r'('pol'ted t.o dale' which think

is of particular' interest t.o the subje<.:t of my papPI':

A ff'w years ag;o , an ilud i t. was announcpd llllt'xIH'('t ('d I) in iUI

En~lish bank. The r'('sult was that sump t'mplo)"('('s of tht, dat.a

processing division disappear'cd over'ni~ht (and IJr'ohahl~ I(,("t

the cou n try ). Th i s p r' act i C it I lye0 U (" i rill«' d the suspic ion t It a t

i rr'cgu lari t i('s had occuI'C'd. Thc soft ,,·al'(' \va:"'i t IH'U exam i n('<1

with spC'cial care; but in spitp of an intC'nsiv(' :"'i('aITh. the'

manipulat.ions which had most pl'obaol,\ o('pn made cOllld lIof ()(.

d iscover·ed.
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controllable,

specialists as

the beginning.

- software be structured in

way so that later on

necessary, modified or

and capable of being mastered by only a few

was illustrated by the example I quoted at

- Information technology also penetrates increasingly into

sensitive areas. It controls railway and tram signalling

installations; air traffic control is more and more

computer-assisted. Presumable nuclear power stations, too,

will soon be monitored and controled by computers; this,

however, is not yet permitted in the Federal Republic of

Germany. Errors or failures occuring in these areas would

result in serious accidents involving loss of life. We

have still far to go before finding a solution to the

problem of ensuring the reliability of information

systems.

If we now consider information technology from the hardware

and software aspects, we will find that the software has

nothing comparable to set against the technical progress of

hardware. This is probably due to the fact that hardware is

the result of engineering to a much greater extent than

software and that engineering uses sophisticated working

techniques and theoretical elements with a long tradition.

They were already known and practised long before data

processing was developed. Programming, on the other hand, is

relatively new. It takes place at the boundary between

technology, organization and the humanities and to this day

is considered an "art" and not a science. When a system is

implemented the cost share of software todey is already in

the region of 80% and shows a tendency to increase.
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3. The software crisis

Let us first of all consider the manifestations of the so­

called software crisis. When comparing the software

development of 20 years ago of that of today we find that

little has changed. The scene is still dominated by the

"free lance artist" who produces software ,without observing

too many rules, giving free rein to his intuition. For him,

it is not important that

a transparent and intelligible

it can ~e understood and, if

supplemented also by the other

users,

- adequate documentation be provided for programmes; this

applies even more to considerations of, and decisions on,

design, which today are put down in writing in very few

cases only,

- an extensive phase of problem analysis and definition

precede the design and impl~mentation phase,

- programme protability is achieved.

As a result, software is prone to many errors; in the case

of major operating systems, for example, between 5000 and

10000 errors per year are reported to the manufacturer. It

is often found that software is no longer usable soon after

its developer has left ~he company or if development

capacity is no longer accessible for other reasons.
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Other symptoms of the crisis are:

In addition to these qualitive characteristics of the

"software crisis", there are some important economic

aspects:

Users and developers have difficulty in communicating with

each other. Having different engineering backgrounds, they

do not speak the same language. Communication is further

complicated by the fact that the colloquial language we

normally use is informal and imprecise.

Progress and productivity in software production are

particularly difficult to control. While between 1958 and

1978 the processing productivity of computers increased by

a factor of 1000, the productivity of programmers

increased only by a factor of 2! Projects are managed and

organized in a shirt-sleeve manner and consequently yield

unsatisfactory results. A study carried out by the

University of Karlsruhe involving 100 automation projects

showed that, on average, software had additional time

requirement of about 50%, while the costs were about 75%

higher than estimated.

b) Competition between data processing suppliers has been

shifting to the software sector. This applies without·

reservation to operating systems, which determine

computer characteristics much more then hardware does. If

you just remember how many computers - espec~ally smaller

ones use the standard components from Intel, Texas

Instruments, Motorola and Fairchild, you will recognize

that the net value added to a product and its identity

and hence its competitve ability come from the software,

including application software.

increasingly complex tasks - thus becoming increasingly

complex and expensive itself on the other hand,

microelectronics brings out price cuts for hardware,

while this can hardly be said about the soft- ware side.

c) Available data processing solutions are ihadequately

portable or not portable at all. The same problem

definitions are therefore handled again and again - a

practice which constitutes an enormous economic waste.

This is why we have to look for new approaches in order to

reduce the cost of software development and maintenance.

Just as we use high-precision tools in production

engineering, we will have to use the computer itself for

software production. Neither our own capabilities nor our

own ability to analyse and integrate are sufficiently

powerful to cope with the software crisis.

and description available for

inadequate. This applies in

means. The large variety of

available complicates

The means of expression

software development are

particular to graphical

programming languages

standardization.

a) In the

thousand

80% of

accounted

to the

Federal Republic of Germany alone, about DM 10

million are spent annually on software. About

the costs of a data processing application are

for by software. On the one hand, this is due

fact that software is designed to fulfil
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based 011 t IH' 1'0 I 10\" i 1lP; phas(':'"\:

4. The software technology scene

Appr'oachcs to softWil"C' pr'oduct i 011 t ('chno logy h,'1\'(, developed

sin c e t h {' I (l t (' 6(' I sand (\ PP(' a I' 1>1' 0 m i sillg; ;1 t t h p P I' e sen t

time, tH.l\"(,Vf~", the tl~I'm "technology" is rathcl' flatt('I'ing.

The methods, techn i ques and too 1 S lIs('d al'p oft ("n qu i t.e

sophi s tIcatedand hen c e can b t." a p p 1 i l-> don 1): byex per t s. I n

add i t ion, the va lue of soft \"a r'p t.(.>chno logy i s fl~equent,ly not

easy to understand. It is absolutcly impossible for the

normal user t.o estimat.e t.he value of such technological

too 1s. As a consequencf' , the ba I'r i 1'I'S preven t i ng t. he i r

introduction are tt~cmendous: thel'e is it gr'pat ,'eluet anc(~ to

i n trod u c e s u c h too Iso 11 the p a " t 0 f milll gem l' 11 t boa I'ds, \,..-110

hesitate to invest thl' larg(.> funds I'equi"l'd for tht....

necessa r'y t I'a i n i ng effol,t and fo I' i nv('st mell t.s, as \,'C 1 1 ;lS

on the p a ,~t 0 f oS 0 r twa r' e de v f' lope I' S, who a ,'e ex p (' c ted tog i v l'

U IJ the i I~ old f am iIi a I' W0 r' kill g m(' tho d ~ (l n d t (.) a qua i Ii t

t hemse I \'l'S \~ it h 11('\'· sOlJh i.st i C(l t cd t ('chn i ques. I n vi ('"' of

t h i :=\ sit 11 a t ion i tis 11 0 "'011 d (' " t hilt too l S 0 f .s 0 f t \,' a ,,(.~

t.echnology are not yt't

Republic uf C,Pl·lIldIlY 01', pl·obaly, in othel' cuuntr,ie:-j.

so f t \v 'H'pdf' V P I 0 pm c' n t (l Jl d m~l i Jl t (' nail c t.' a r' e ge flt' 1'.1 I I ,\Today,

rl'qu i r('m('1l t anal~' s i:-; illld SI)('<'" i l' i Cll t ion

- I'ollgh des i gil

- final dp:-;ign

- coding and implemcnt-at ion

- m:l i fl Ll'llallce.

To i Jl C Iud e Lcst i ngin t h i:-i L i oS t a ~ Ll ph a s ('of i t:'"\ 0 \..; n \,' 0 II I d ,

t h ink, not. b (' C 0 I~ r f' c t , sin c e t est i n g act i v i tie s () c <: II I' i Il

a II the phases c i L('d above. For' all phases, t hl.'l~(, <t,'t' i :'"\0­

I aCed so lut ions \d th qu i tC' d i ffer'cnt capabi 1 it i C's. Comput,p,'­

aided lools and met.hods for the I'equirement (analy:-;i:-; and

specification) phase have so far beell the leasl dcv('lop<,d

elements. One of the rna in r'casons for th i sis p,'obab J y t. h('

fa c t t hat the I~ e is a con t r a die t ion bet h' e e Jl the nee l' S S a I' i 1y

a pp 1i cat ion - 0 ric n ted c h a rae t c r 0 f t his act i v i t Y and t IH' 11 e e d

for highly flex ible too ls for vary i ng appl ieat ions. FOI' the

rough and finaide s i gnphas e oS, the sit u at ion i s bet t. e I~ :

sc:veral methods (e.g. the Jackson met.hod, structul'pd

programming) are at least known to users by name, alt.hough

the y a I' e act II il l 1y usedon Ly by a few a d v (1 n c e d so f twa r e

de vel 0 p (' r s • Lnth(' cod i n p: ph asp , \v h i chi s t h (' t. I' a d i t. ion a I

fif'ld of activity of IH'og;I'illllmcl'S, methuds and tools of

Soft.w:ln" technology al'e mOI'(' \,'ide-spl'(,ild, of course', Vther'eas

the maintenanct~ pha~(' is st i II chal'acterizpd by a vpr'y ~mall

inventory of methods and lo()l~.
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initiate supporting measures.

A country like the Federal Republic which - because of its

5. Measures initiated by the BMFT to support

software technology

In order to prepare the ground for support measures, the

Federal Ministry for Research and Technology entrusted the

Society for Mathematics and Data Processing (GMD) with the

undertaking of a study to analyse measures for the

improvement of software production and to identify research

areas which, in the medium term, are, or will be, of

importance for users and software producers. The study also

included a detailed analysis of the market of software

suppliers in the Federal Republic of Germany. Let me cite a

few results of the study:

Under 3 successive data processing programmes from 1967 to

1979, the Federal Government gave support to research and

development activities for hardware and software. A total of

about 3.5 thousand million was provided to support research

and development in this field. The first programme focused

on hardware, the second and third on software, with an

increasing emphasis on small computers. Applications of data

processing in many different areas were supported (e.g. in

administration, medicine, process control, computer-aided

design or education). By promoting the field of data

processing during the years up to 1979/1980, many of the

objectives of the data processing programmes, which were

designed as a pump-priming measure, have been achieved. As a

consequence, the financing in particular of future products

and standard applications will now be left to industry.

Present support measures concentrate on existing deficiency

areas in information technology. To give you an idea of

these measures, let me cite - apart from software technology

a few other important areas in which support is given

predominantly to basic research work and systems know-how:

- data security

- information technology for office and administration tasks

- very-large-scale integrati~n of electronic s~s~~ms

- fundamental principles of systems engineering ~

- pattern recognition

- communications technology.

I do not want to go into greater detail. For those who are

interested, let me point out that the support measures

proposed are always announced in the Bundesanzeiger, the

official organ of the Federal Government.

imports must be able to offer

advanced products cannot affort to neglect

industries. The situation I have just

inevitably calls for the government to

There are about 3.000 suppliers of software in the Federal

Republic. About 85% of them have a capital of less than DM

250.000, which means that most of them are not able to

raise enough funds of investment in tools of software

technology. But also the more powerful suppliers who would

be able to invest have not, as a rule, reached a

satisfactory level of know-how concerning software

technology. Owing to this situation, the software industry

will, in the medium term, not be able to make use of the

existing growth opportunities, since its technological

know-how and also its economic potential are limited.

dependence on

technologically

important key

described almost
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From the above remarks on the software crisis it is t Methodology

with quite considerable deficiencies. And since even

relatively little progress can be expect.ed to yield

significant growth in productivity and improvement of

quality, about 60 per cent of the funds available for

software technology arc earmarked for this ar~a.

Existing methods and tools arc at prescnt often used fOI-'

only one or several software development phases. As

development work proceeds Lo the next phase, cxtvnsive

modification operations and manual adaption work are

llsua II y nt'cessary, wh i ch wou 1d not be J'c'lu ired if we had a

coor'd inated and i nt.egr'at.ed syst.em of methods. Whet.h('r'

eventually a system can indeed be develope~ which would be

a b 1 e to supp 0 r t the who l e so f twa r' e 1. i fee y c I c fro m the

r'cqu i r'ement ana 1y sis to t.he ma i ntenance phase wi lhout

intermediat.e manual wor'k is, I think, open to doubt. It. is

immediately obvious that much remains to be done in the

field of software technology. This need is certainly not

controversial. It is also, I think generally accepted that

the quality of software can be improved, above all, if a

systematic approach is developed and introduced for the

problem definition and the design phases. But opinions

differ when it comes to dec id i ng wh i ch methods ar'e the most

efficient, since this quantitative efficiency is analysed or

proved only very rarely; which means often bel iers ar'c

stated in the absence of evidence.

It would be just fine if the whole software life cycle could

be covered by a few methods. But this is wishful thinking

and hence unrealistic. One of the conclusions of the

abovementioned study by the GMD is that the development of

methods cannot be separated from the individual products to

be developed.

The means of expression for design and testing certainly are

- other methods may be - dependent on the kind of product to

be developed (e. g. micr'o-systems, compi ler's). Neverthe less,

there are certainly also a number of methods which lend

themselves to general use. The variety of techniques,

methods and tools required is and will be large - at least

judging by the present state of the art and by present

know-how. A policy aiming at the advancement of software

technology and its use in the Federal Republic of Germany

has to take this fact into account and consequently has to

support a relatively large number of means of software

technology before strategies can emerge which it would be

promising to pursue with emphasis and in cooperation between

several parties. We are focusing our support measures on

areas where we be 1 ieve the' stanuar'd of know-how is

particularly low. These areas are:

FO 11

clear, ho,,,ever, that methodology is at present an area
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Individual methods in deficiency areas

- Description of requirements / Software design

Although some methods do exist, they arc not all

particu- larly satisfactory. In this area, WP ~ivp

specific support t,o graphical methods~ because' they scpm

to us especially promising for an engint-'~ring appr'oach.

The Petri networks may play an impor'tant r'ole one day in

this connection.

- Quality assurance

in particular testing. In addition to testing the codt'o

testing (also by machines) during the first phasps of

the software life cycle will be of inc,.'(>a~ing

importance, in part i cuI ar because err'or's in the

description of re- quirements and in soft.warr· design al'p

part icalarly expen- s i ve er rors, since thc-y a r'e usua I I~'

detected at a late stage and following t~xtcllsivc­

searches.

It ish 0 pedthat two pI' 0 j e c t s wh i c h we sup po (' t '.k nd \\' hie h

are dedicated to programme verificalioll. i.e. proving

that the code contains no err'ors, wi II O{' successfu I. If

a real breakthrough is achieved here, we shall feel far

1e s S con c ern t han be for'eat the tho 1I g h t 0 f us i n g

software also in sensitive areas.

FO 13

- Maintenance

50% to 80% of the cost of a software product during the

entire period of its use are caused by maintenance.

Improved maintenance will be achieved automatically when

better methods are 'used for the initial phase of the

soft.ware development. But apart from that, improved

methods of maintenance must also be developed. ~e arc

giving special support to activities for thr development

of remot{' diagnosis and maintenance.

Evaluation of methods

As 1 sa i d l> 0 for' c, t his i san issu e 0 f s pe cia 1 i n t ere s t to

the uspr. Th~ trouble is that the situation with regard to

mct.hods pvaluation is part.icularly gloomy. There are

pract.ically no measuring methods and technique~ which

could yield quantifiablp and meaningful evaluative

r (' suI t s . Th{' pro j e c t s we are suppo r ting don 0 tat, p r' e sen t

include any such activities.

On~ of thp requirements we have fixed for all the projecls

we promote is that. t.he proc0.ss('s and mpthods can be uspd

wit h com put (:> r' supp 0 r' t. l f theyea nnot be u s pdin t his way wt'

a r~ (, a f r' it i d t. hE' Y wi I I m0 s t I y not b c' a Iong - term s u c c e s sill

lJI'(\ct i cP.

A s('cond rpason fot, t.h is I'Pqu i rcmcnt is t.he fact that a

met.hod is not matur~, logical <lnd consistent unti I it can be

progl'ammcd. Th(-' wor'k \v(' suppor't is int0ndpd t.o achievc

pr'ogr'('ss in soft\val'e t('chnology. TIl(' d~v("lopmcnt results

m11 s t b C' I ;) t' gP I y r 0 r t a h I (. so as t () f il (' iii t "t P mOl' f' gP n f' r'" 1

appl ical ion. O('vclopment s \dlich al'c of valut-> fi r·~t and

for' ('m() s t. toorH' i 11 t (' I' (' s t (' d p it I't Y 011 I Y, \v ill n () t r f' c e i v f'

SUpPOI'C. r Jl the case ~f pl'i vat{' (,,,tel'pr'i scs it is Ollt.

gener'a] pol icy t.o bp<u' only 50;.~ of the pr'oj~ct. costs.
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6. Supportive '~easures by the I-:ur'opean Communities

shal L now say a fpw wOI'ds abollt ,SllppOl't m(·Ll.~llr'('s uy tht,

J'ht' COline i I () f t. he )':u r'op('an Commtln it if's adapt pd a

of SUppOI·t i Vf' me(iSIl r'ps t\H' t h(' r i (,1 d () l' dtt t Cl

enumerate hcr'c. The.> programme I s terms of reference are so

general that a relatively wide range of tasks can be

includC'd. More specifically, software technology projects

iU' c' a I so eli g i b 1e for' p r'om 0 t. ion. In 0 rdern0 t tora i s e

l'"lsp hopes, let me point out to you that all projects to

be suppor'tcd by the EC must comply wi th the requi rements

of advancing cooperation within the EC, which means that

t.11C·Y must be carried out jointly by institutions in at

1Pilst 2 EC count',I' if's. The measures supported by the

Comm iss ion al'e aanounc<,d annua I Iyin the off i c i al Gazette

of t IH' European Commun'i t, i es.jilt II l \'\'0i -. :-illbd i \' i </(,'<1

pl'lI\ i d(' ~ -) m i , , i Oil 'III IIpC'iln

'·'1(' ()I'CI,!.lI',IJlllJl c'

In )1)7°.

('our' .\'('ill'S. t h(' ()I'n~I',lmJ1l(' \'\' ill

EC.

\('('Ollllt i n~ ('II it -..

pill't -.:

a) Cerlt'l'a I act i 011

Dpaling with st.andar·di/at iOIl. pllul it' 1)I'(lcllr'('II\('nt.

coop{'rat ion bt>t.ween r'psciilTh Ct'lllt'I'S ilnd O!',!!.1I1 i /ilt i cHl-i

which advance the use of data pr'ocessing. :-itlldic'"" oil

em p loymen tissUP s; d a t Cl S {' cur' i t y and d a t. a pl'O t C' eli (111 il S

we 11 as the I ega 1 protect i on of comptl t pr' pI'ogr'anlln(",').

b) softwarl' and appl ical iOI1:-i

[n the fipld of gpnpr'al soft.w'lr'p. t,hp EC Commission giv('s

Slip po r' t lop r' 0 j (' c t s aim i ngal :

III addit.ion to thp steps taken by t,he EC Commission,

other' EUl'opean countr'ies, besides the federal Republic of

Ger'mally, also have initiated action for the support of

informat.ion t.echnology. These mpasur'es differ very much

fl'om (';1<.:h olher' so that it would t.ake too much time to go

illt.o fUI,thf>r delai I. Gt>llpral ly speaking, it can be said,

think. that small EC countries (e.g. Denmark, the

Nether'l ands, Be 19i urn) do not gi ve financial support to

i n d u s t r' i ali n format ion t e c h n 0 logy act i v i tie s , where a s

I ar'g<>I' countr'i es 1 ike the Un i ted Kingdom and france

pr'ov i d(' qu i Le cons i der'able funds for th is purpose. The

r'c'sposab iii t.y for nat i ona I support. measures is assigned

t,o d i ffcr'ent government departments in different

cOllnLr'ic.>s, often t.o the d(~partment, of industry, research

or' ('ducation.

- t.ht' f~st.abIishment. and diss('minat ion of st.andar'ds

- j mpI'ovC'd pOI't.ab iIi t.y

- i mpr'oved conver's i on ('ouel i t j OilS

- improved (,'ff i c i C'n<:y 0 f da t a pr'ocpss i ng sy st ('ms.

Th p supp 0 r' t. i v ~ m(' a ~ II I' (-' sin t h (, f i ("' ) d () f ;\ [' r lie a ~ i u: 1:-; ; I r'l'

not lim i ted t. () (' (' "t it i II ric' Ids. but t. h c.' Y h a v {' t () (" (l mp 1~

with specific (.'r·itt>r'ia. \\'hich I do not. hOh'('VC'r', \vi:-ih t ()
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7. Considerations on a future coordinated system technology

Before - in conclusion - trying to answer the question asked

in the title of my paper, let me draw your attention to a

technology of which the software technology is only one

aspect. Hardware and software (by softwar'e mean both

operat i ng syst.ems and uSt.'r' softwar'e) were poor Iy coord i natf'd

from the first yeal's of lh(-' great i nCI'ease of computer lise.

As hardwar'e development r'acpd ahead. If'ilving softwar'e a long

way behind, the gap between t he two gl'ew wi del' and w"i 11 ~ven

increase as new har'dwar'c ar'Ch i tectures ar°e:' df'v(' Iop~d. The

existing programming languagps Clnd tf'chni4Ut'S would make

only very effective use of the possibilities offerrd by

hardware. Consequently. it is an increasingly urgent task to

make hardware and software development converge into a co­

ordinated system technology.
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8. Conclusions

To summarize. let me emphasize that the software crisis must

be overcome as soon as possible. As I said before, some DM

10 thousand million are spent annually on software in the

Federal Republic of Germany. Successful rationalization in

software. production which reduces in particular the amount

of maintenance required will soon result in major economies.

If lhe software crisis is not overcome, the majority of

st.aff engaged in software production would spend all their

time on maintenance work and therefore be unable to tackle

ur'gent new tasks. It is frightening to think that a very

large portion of the qualified manpower engaged in data

processing which is in short supply anyway - is not

available for innovation work which is urgently required by

the' pconomy. The need to reduce the great dependence and

vu I nf~t'abi 1 i ty caused by information technology by improving

the str'ucture and thus the managabi 1 i ty of software is

another aspect which is of interest to the society as a

whole.

The software producer is at present in a rather favourable

s i t.uat i on compared wi th othel' producer's. This is due on t.he

onf' hand, to t.he eXlr'pmely high demand for software, which

can hal'd I y be met, and. on the' other hand, to the fact that

for' many customers soft,\\'arc is st i 11 a book with seven

sea I s ~ so that they have to fu I. 1. y r'e lyon the pr'oducers. I

am surc that this situation will, howcver, change during the

nt!xt. few years. User's \\'i 11 become incr'casingly awar'e of the

problems involved in information t.echnology and will

endeavour' to aquir'E' at. least some basic knowledge. They will

then look at softwal'c wi t.h a more cr'i t i c:a 1 eye and wi 11 ­

mor'c often than in the past dpmand better qual i ty.

Software produc('I's who (H'C not ab I e to meet such

I'equ i rements wi 1 I not be ab Ie t.o hold t.he i f' mat'ket. pos i tion.
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The availability of the tools of software technology will

then be crucial prerequisite for the survival of a company.

Since software technology cannot, however, be introduced

overnight, but probably only in the course of several years,

software producers would be wise to begin immediately to

tackle this task. Difficult as this task may seem in the

face of such a multitude of methods, it should not be

postponed, since any delay jeopardizes future opportunities.

Thank you for your attention.
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