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WORKING PAPER

METAL PRODUCTION DEVELOPITIIT UNITS

SYNUPSTIS

This draft paper may be called a cover document for adapted
technolngy studies made by Fiat Engineering for WIIDO.

These technology studies resulting in proposals for Adaptation
of Modern Technology to Developing Countries are coined 'MMetal
Produciion Development Units" (MPDU)

The purpose, of this document, is to bring forward the develop-
ment aspect of ‘hese studies and to justify the technical assis-
tance that will te required for implementation of these technologies

in the form .* MPDUs,

The paper should thus be useful for Govermmenivto evaluate their
interests and needs for a metal production develorment unit and

for its inclusion in their national development plans.

Also for EEC, CID (ACP-EEC) ard INIDO the paper may serve to appre-

ciate the need for assistance and the implementation consequences.

The above studies are based on a general evaluation of market
potentials and overall conditions in African countries and will be
followed by a Technical Implementation Plan (TIP) for each country
that has earmarked an interest. The TIP will be based on a detailed

survey in the cpecific country.
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SUMARY MDD COUCLUTIONT -

The metal working industry being the center-oiece of any sophisti-~
cated indurtrialization deserves much more in-depth attention in

developing countries.

For this reason it is suggested to establish Metal Production
Development Units (MPDU), which eventually will provide most of
the present severe needs for irdustrial infrasiructure for this sector

both in the form of production in-puts of parts as well as of service.

Two basic modules arc proposed; 1) for casting and 2) for metal
formirg. Although the facilities suggestod/ Sstalled, are in
themselves adapted technology, they will be so modern as to provide
the vest cuality of products. An even more important aspect of
adaptation of technology is however integrated with these modules,
namely the ability to create in the country itself appropriate
technology through prover adeoptation of tooling 2md re-design

of products. This,at the same time, will create a multiplier
effect b, eventually making it possible for the respective countries
to set up their own marufacturirg plants with technology adapted
by their own engineers.

The basic production units, i.e. cast iron fourdry may also
optionally include non-ferrous casting, ard likewise metal stamping
may include forging facilities however, uhat makes the proposals more

comprehensive is the development of engineering groups ard the
establichment of precision workshops to supply tools ard dies needed
not only by the PDU but also for industry in general.

The development of toolmakers, pattern makers, etc. may require
7 - 8 years of training amd journeyman-ship before these people
can work on their own. Similarly, it may take S5 - 7 years to
groom graduate engineers to work without senior guidance. It
will tierefere take much technical assitance todevelopr these

faculties wvhich is the reason uvhy commercial ventures never aliempt
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A technical assaistance progragpme 1 therefore sugpested for
each !PDU to contain 15 man years of technical expertise wind
96 man month of feilowship training abroad, at a total cost of
approx. 4, mxllion U §.

Based on the Fiat technical studies, capital invesiment proposals
are 4.0 M111. & for the cast iron fourdry MPDU, znd 31,6 mllion 3
for the stamping MPDU facilities. These amocunts include extensive

training facilities.

A simple viability analysis anticipating soft loans for equipment,
technical assistance provided as grants and subsidies for local
training costs may show production facilities to break even in the
ird year of operation, howvevar, %o have the precision work facili-~
ties break even will take a little longer and take a major
share of the technical assistance programme.

It is suzgested to implement these facilities as business oriented
ventures,although with Government control preferably also with

strong ties to private industry in the respective countries,

It is evident  that most of the African countries today will need
such comprehensive mamufacturing industries’ infrastructure, that
will suppor® the development of existing amd new industries not

by competing with the industry it is %o serve,but by providing
products ard serv.ces over and above the present level of capabi-
lity of the sector.

Although costs in technical assistan : funds may seem high and
the developmeni prospect scmeihat lc.g term, this 15 a tyjpe of
project which will be a necessity for all developing countries,
if they want to develop industries themselves and depend less

on overseas' know-how amd its lack of adaptation to their own

country.




To further the develorment ot new awd exasting indusiries oy providing

escential vidustrial winfrostrmaicture in the fom of:

. g £ - e
-  Production of quality parts and components for other mamufacturers,

= Supply of tools, patterms, spares, essential repairs, etc. for the

manufacturing industry.

- Provision of mamufacturing engineering services t0 implement new

product lincs amd new manufacturing plants.

= 8pecial high-level training for precision workers ard for mamufactuc-
ing engineers initially for the MPDU itself, later to service the industry
with high-level technical supervisory personnel.

Immediate objectives

1. Estatlish sophisticated facilities for training of precision workers
and install actual production facilities for parts and components.

2. Undertake marketing research to establish a portfolio of essential

buyers of products and engineering services and tools etc, and establish
liaison with these same sources.

3. Undertake in-depth training of precision workers to do precision
machinizg, tool making, pattern making etc.

4. Undertalie on-the-job training of graduate engireers and technicians

to develop their capability for design of tools, produncts and new mamufacturing
plants.

5. Mamufacture actual tools and patterns for oun prodactior and for later
sale to clients.

6. Train operators and in the second year of operation undertake actual

production of components and sales of angineeri servicses.

7. Particularly train counterpart trainers, foremen and engineers to later
take over actual training and m~pnagerial functions and to do this partly by
overseas fellowship training in specialized subjects.

8. Participate in amd promote the establishment of joint ventures betwecn
overseas parties ard local entrepreneurs, through technology screening ard
adaptation to local comditions including the provision of HPDU mow—how ard

enginecring to the extent 1t is developed,to cubstitute *echnology from
abroad.

i



METAL PRCL'ICTICU DEVELCPMENT UNITS (MPDU)

1.0 Background - Industrial Infrastructure

The metal working industry is the center piece of any sophisti-
cated industrialization because it is the supplier of tools (plants)
in their widest concepts to the whole manufacturing industry and at
the same time the supplier of the most essential consumer durable goods

and of capital goods in general.

But for the metal working irdus*ry to serve as the backbone of
indusirial infrastructure, the following facilities must be present

1) Specialized Technological Institutes in metal work

?) Tool, die and mould meking factories

3) Mamufacturing and product engineers

4) Parts manufacturers as suppliers to irdustries (e.g. foundry,
stamping)

5) Stockist of parts for production and of tools and equipment.

6) Services to industry in machine tool repair,up grading of
gkilled workers e.g. to become: technical supervisors, etc.

Although much effort has been spent in developing the metal working
industry in developing countries, the core of this developmental
problem,namely the facilities above, has most often only been attacked
in a superficial manner by setting up general work shops and fourdries
- not able to provide qualified service for the manmufacturing industry

- but serving common maintenence needs only.

The result has been that most often 211 engineering is imported along
with parts. If some parts are made lccally 2t least the tools are
imported.

The purpose of this project is exactly to overcome these short -comings
by creating basic metal working units which will provide not only




inputs 1n the form of purts and components now imported to existing
irdustries,but particularly assisfc in creating new industiries,

new product lines through engineering ard tool ma.k:.ng/ami not the
least by providing sophisticated maintenance amnd repair service ‘o
the manufacturing irdustry; and eventually also by supplying thenm

the future technically oriented factory managers; - thus in fact
provid.ng most of the industrial infrastructure needed for the metal
working industry - albeit in some areas onm a limited and future basis.

Basic metal work

The basic metal work needed for all metal working imdusiries nex:
to the semi-prepared raw materials of plates, sheets and rods are
CASTING ard

METAL FORNING

Through these two basic processes all specially formed parts and
components are derived from iron and non-ferrous metal foundries,

from sheet metal stamping and forming shops from steel fabricating
shops or from forging amxd hot stamping shops, and from machining shops.

Bagic foxr all these forming processes are tools, moulds, dies, patterns,
etc. *hat give the irdividual components their shape.

To create the designs for the patterns, dies, etc., highly experienced
engineering talent is required aml for the actual making of the tools

superior crafimanship is needed in the form of too)] makers and pattern
makers,

Adapted technology

Sozthistication :in tecknology may increase qualitiy of the product as

well as reduc~ the labour comsumption through mechanization ard automation.

Also the need for higher skills in the actual mass production is greatly

reduced, however, often at a very severe cost in capital investment.

For developing countries it is essential %o have quality of productis
at low capital investment and with more flexibility for adaotion.




Tt .3 not possible either, to Lustify a nigh-ilevel 1 mechanization

Hr automation for very small volumes, relatively speax.ng, which

prevai. in developirg countries.

To obtain product gual:ty in Low volume production 1% 13
necessary to have more skills in production and also to have the

ability created to design and make the basic tools, dies, etc. because

1) Tools adapted to the requirements of developing countries
are difficult to have made abroad, and they usually have to be
specially fitted, requires recopditioning, sharpening, etc.

2) The making of these tools 1s very labour intensive and can
eventually be made competitively 1in the developing countries.

3) Not the least - products can often be re-designed to accom—

modate far less caj:'al intemsive production.

T™us it 18 essential for ti« development of metal working :ndustries
to pay extraordipary attemtion to in-depth skill development and
to engineering and not just think in terms of operator training.

The multiplier effect

Most metal working factories set up in developing countries are applying
tools bought overseas along with product design. The factory has usually
started out to make simple lines of products only requiring short term
operator training, because many, 1f not all parts have been imported.

These productions have therefore rarely created any industrial develop-
ment i.e. rarely multiplied, because there were nc in-depth traiming

of workers and no engineering capability developed.

In the developed countries, the faculties of engineering and tool making
etc. come from various specialized companies. The multinationals, of
course, have gelf-sufficiency in thi1s respect. For developing countries
it is rarely commercially justified to have a company that will be self-
gufficient in these faculties, nor to have specialized companies providing

these services. For this reason, the initial mucleus of such services

must be provided from a central organization or unit, to which techmical




assroiance has been provided to develop the sliiilz, both in eamineering

and tool mzking ard provide facilities for thais troiminyg, ohich initially
cannot Le fully commercially exploited. First then, :n1ll a facility have
been created that wu1ll have a mulbtiplier effect and be able to assis
existing indus‘ries in developing thcaselves anl not the least create

new industries and prodvct lines.

However, most important,the presence of the MPDU will be essential
infra.stmcture’making it interesting for acd fac’litating overseas
investors in establishing themselves in the countr;-. thile the IPDU
may at the same time assist the investor, it may also assist the
Coverrment in screening armd ad justing proposals to contain the tech-
nology appropriate for the country in the metal woriang field.

A Modular Approach for lletal Production Developnent Unitls

To create 211 the basic faculties for developnent ol metal work in ome
_uii_t_ would be very costly and initially not alvays necessary because
few countries would need or be able to utilize all the faculties,
simoltaneously.

For tkis reason, it is suggested to have at least tuo basic modules
which are different, ard to wnich optional modules can bde atitached.

The basic tuo modules are suggected to be
i) the cast irom fowrdry

a~

2) the metal forming factory

These are the two major inherently different specizlities vhich by

themselves ofien may be able to support a viable operation. It is
further suggested that each of these two should have their special
enginesring deparimen* ard precision workshops to feed in tools and
to support the main operation; in the case of the fourndry it would

be a pottern shop and a machine shop to machine the castings ard
provide an in-dep:h maintcmance ard repair service; ard in the case
of a cheet metal factory ii would be a tool ard die making shop with

sophisticated machine tools ard equipment also o provide mainterance.
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In both cases llese bagic units are suggested not only to supnpurt tne
industry with their productive ocutput of juality carts and Tumponents,
but also to provide essent:al zervices in manufacturing erginearing

and not the least in aaintenance from develoved auxil:ary facilit.es,
This will also create a better economic base for the 4010,

To the cast i n foundry may further be attached 4 non-!arrous metal
casting faciiity and to the sheet metal factory a forging wnd not
stamping plant; - also steel casting could later be added to the
foundry.

These additional manufacturing facilities may be justified, attached to
the basic units but are difficult to justify on their ~wn in developing

countries sxcept in ertreme cases,

The production of parts

The main production ahould be parts, cast Or stamped for other manufacturers
not competing with them by making assembled products. The parts may be
for the following product groups:

Agricultural implements.(Ploughs, carts, etc.)

Building components - metal.(Windows, hinges, locks, louvers)

Pots, pans, cookers, heaters etc.

Drain, sewer and road fittings.(Signs, fencing, posts etc)

1-
2
3
4- Food process. and other plants. (Beverage, mea.-processors etc)
5=
6

Railway, truck and hoisting equipment

7- Pumps, engines, brassware, - and eventually machine tools

The definition of hasic Metal Working Units

UNIDO and Fiat Engineering have, through studies of the level of
development on metal work in African countries and through technology
studies, tried to define the above mentioned basic metal working units

and their auxiliary facilit tes.

These studies have only been developed so far as to establish the basic
technological principles in a plant layout to meet a generalized type
of African market with products of either the cast type or sheet metal
type - and have resulted in a general viability analysis.

This should be a sufficient basis for evaluation by countries and by
finance and technical assistance institutions tu get an indication

of their interesis and capabiliiy to assist in implementing the projects.




mplemenuing an VU as a0 pirely commern g
venture as 1t oaan beeh denohotrated that  thiw will not cerve any reas

he rn—depth skl development of tool

m
i

indy trial develcoment.
and pattern maxers and the development of manufacturing and product
engineering capapility 15 extremely costly, which 1o the reason Wny

few 'nvestors 1n developing countries ever atil-mpt thir.

The development of these skills in the developed worid is borue,
in the first instant by technical institutions, but more so by the big
companies employ:ng trainee engineers and precision workers carrying
them throughan cn-the-job training programme. This will be 1mpossible
in the developing countries, as there will be no properly eqgu:pped factories
from which young engineers and precision workers can gain experience and
get guidance frem senior cngineers and tool makers. The facilities to
be created must therefore not only have workshops that are equipped for
training and for actual febrication of tools, patterns etc. but must
also have experienced overseas staff that can provide the training and
gurdance both for the workshop as well as for the engineering department.
The nature of work of a tool-maker or 4 pattern-maker demands seven to
eight years of tra:ning ovefore he can wo &« campletely on his own without
guidance. Sirilarly, a manufacturing or product engineer is not of real
value as an engineer defore he has worked for at least five years as such
under senror gu:idance. When its comes to specialities, it may take even

more years e.g. to develoo a tocl designer. (See chart overleat)

To start up the whole operation, it will also be beneficial to have local
key engineers, foremen and maragers go throush a feu montho of famil:i:arization
training ~ith companies in Burope; cnd later un-grading 1n specialized
subjects (e.g. cast iron product design) may take place through short

tilme 1.6, FOur TO0 sS1x momihs in praRkl Ieilowshlp training.

It is suggested that the MPDU shall, for precision workers, provide
the basic vocational training and for this reason must have subsidy not
only in the form of supply of technical expertise and equipment but also

to pay the maintenance allowances for trainees and future counterpart
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instructor:s. Tt oy s not reaidstic to think 1n termy of uperading aloready
trained machinigts to becume precis;on vorxers as the discipline for

precigion work has to be indoctrinated early.

As the MPDU wrll initially not have a developed market, i1t must be
anticipated that even the production aspect of the units will develop gradually.
In particular marketing activity along with engincering will be essential
to create future production volume, by assisting new industry in being
established to use the oatput of the MPDUs Simultaneously also the
tools and patterns may be designed by the engineers and made »y the tool
and pattern makers. Thus the initial period will be training and production

implementation while opening and developing markets.

To finance this initial period of pre-operational costs the local
government may be expected to participate, however these cosis are of
such a nature that they should also justify soft loans for capital

investments if not grant e.g. for training equipment.

Activities and outpu?

1. Marketing and manufacturing engineering

Idern%ify production possibilities for cast components and for

forged c¢r for cheet meial ccaponents.

Techno—econosic analysis for new industrial ventures,that may be
future users of tkhe output of the MPDU including the screening of technology

transfer proposals, .iicense negotiations,undertaking viability analysis, etc.

Design of tools, patterns etc. as may be needed by the MPDU itself and
by industrial clients.

2. Production

In the second year of operation start actual production of parts and
components [or tlc 1niusiIiy with the object cof votaining full production
after four years i1n one shift.
3. Training

Take-in 15 precision worker trainees per year and expect an output

4-5 years later of journeymen, toolmakers, patterrmakers etc. in numbers

of 10 per year. - Some may later bdecome trainers, technicians and designer

drafteren,



Train production workers, michine tool operators, moulders, casting
and melting operators etc. for two to tnree years to enable them to work

as specialized worticrs with only supervisory guidance.

Training of counterpart trainers and foremen in numcers of two to

each expert earmarked for the project.

On-the—job-training of engineers, who after five years may attain
enough capability to operate on their own a limited scale, having been

tr.ined by engineering experts in numbers of two per expert.

4. Long-term multiplier effect

As a function of training eventually supply factory managers and

technical supervisors to other companies.

On the basis of studies made by the engineering department  establishment
of subsidiary companies with participation of the WPDU itself, as well as
of private indusiries and overseas investors who may be partly su.plying

overseas carket outlets and know-how.

Inputs

1. Capital costs

These are suggested to be financed as follows:

(1) Buildings through govermment or equity funding, locally;

(i) Equipmezt through soft loans at least for training, possibly
commercial e.g. frcm equipment supplier country, local finance institutions.

. . . -
2. Traininz assisiance

Local training cost in the form of maintenance allowances for trainees
and trainer/instructor cost, to be subsidized by the Covermnment. Technical
overseas experts are suggested to be financed either through EEC or bilateral
funds,the same for fellowship training abroad.

3. Pre-operational costs arnd working capital

Basic working capital to be fnanced also by soft loans. On too of this
may be needed funds to cover the initial pre-uperational costs which may

either be taken up by the shareioldings, expecting these to eventually

become profitable, or by the Government or overseas grants.




4. lromot opal 2onta

tlso promotional capital may be needed for local entreprencurs to
take an i1nterest 1n utilizing the eng;neerxng services of the MPDU, e.g.
calling 1t an i1ndustrial upgrading fund or product development fund or
pre-investment fund to be finaunced by the Government plus possibly by

overseas aid, - to encourage small entrepreneurs to buy engireering
services from the !MPDU.

Work olan

The atiached work plan is generalized for the two basic MPDUs ( casting
and stamping) and shows the initiation of the major activities. A more
detailed work plan will be made for each of the !MNPDUs in the technical

implementation plan or final project document.

Implementation reguirements for effective particivation of the industry

It is anticipated that an MPDU eventally should become econamically
self-sustaining. It is therefore essential t'ha.t the MPDU is tied in with

the commercial world in the specific country in question.

It will be important for the MPIU to be able to sell its services and
components throughk the existing trade channels and distribution svstems.

In this context it will also be an advantage that the MPDU produces
products acd components with orand rames or with qualities accepted in the
courmtries in questicz. I is thus necessary to have either agreements or
ties to the local manufaciurers who may be potential buyers of the company's

future producis and services.

Regarding the MPDU itself, it may not be of interest, nor be beneficial
for the developing country itself ito have overseas investment participation,
maybe directing the MPIUs efforts more commercially, than from a

development point ie 1esirabi-~.

As however one of the essential aspects of ‘he engineering part of the
company will be to crea.te?basis for new industries, it may for the latter
be important not only to have local investors but also overseas participation,
e.g. to provide markets or to provide parts of the technical know-how that
the country or the MPDU still will be too young to create itself.
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Organizational Framework

Tt wil. be advantageous for this type of operation that 1t :s operatec

1a tne same manner as the :ndustry 1t i1s going to serve, l.e. as a vusiness.

™ere 15 a large troinming component in the proposal, and training or
this nature 1s most efficient, when 1t i1s undertaken 1r 2 business enviroument
with actial production activities available for tre.ning exercises. However,
1t 15 essential to assure a proper training activity, 1.e. development
aspect being comtrolled through government participation and not sub ted

to business pressure only.

T™e following possibilities of an organizational framework may be
contemplated:

1. 4An i1nstitution, Govermnment funded;

2. A private company, totally Government owned, but operated as
a business;

3. A private company, Govermment controlled, but with share
participation from indust;y, preferably its future potential buyers
of products and services;

4. Separation into two parts, ome part which is institutional
and updertakes initial basic training and another part which is entirely
the business aspect, which may then be operated as 2. or J. above;

S. A co—operative in specific countries.

The experience with Govermment institutions for this type of operation
points towards low efficiemncy; such institutions are also subject to
Government regulations that may not make it possible to retain the
best people or may require shorter working hours then customary for
business and may in fact, in gemeral hamper an efficient development, if
not for other reasomns, by the negative attitude that private industry
often has towards Covermment busineas.

Solution 3, therefore seems the best solution, because a private
company operating as a business with private participants would this way

be able to secure its future revemue partly through its shareholders.
Also participation from these industries on the Board of the company,
could provide inputs which could be beneficial for the company's development



On the other aund, the controlling Goverrment sharehold:re would encure

that technical assistance programmes, and trainirg subsidy provided by
Goverrnment was spent i1n a fashion to secure 1in-depth development rather

than having the benefits going only to the pockets of industrial participanis.
It is not suggested that one should present "Package’ to these participants,
which is overly profitable as their i1aterest in investing should rather

come from an interest in the developmernt of their countiy and in securing

their own future supplies of componenis, tools etc.

Solution 4, is of course a feasible one, bu! precision worker training
must earliest possible be on actual production jobs and under business

pressure to develop efficiency.

The type of operation described under (3) has been tried by UNIDO
and proven itself <o be successful as long as Goverrment is prepared to
leave the conirol of the company <o its board and prepared to provide

the necessazry training subsidies.



CAPTTAL AND ASSISTANCEZ REQUINECNTT

Jiabilitvy Analysis

T™he estimates for capital requirements are based on a number of
general:-ed conditions e.g. cost of building a fartory shell:
150 §/ sqg.m. excluding i1nstallations - and not the least on the
availability of a market of common African type sufficient to cover
tne minmimum of scale, adapted plants suggested.

(co0 $US)

Foundry Extra Stamping
Capital requirements Cast 1ron Non- 1, 300 sqg.m.
5,800 sq.m. Ferrous

Buildings 1,000 - 600

Equipment - Including 3,110 140 3,00C
Installations

Total: 4|llo 140 3|600

As the non~-ferrous casting addition may comparatively easy be justified
initially, the total foundry cost will be (excl. land):4.0 million $.

To include forging with stamping will however require special market
conditions tc become viable and is therefore not included initially givin:

an investment for stamping including tocl-making of 3.6 million 8.

This capital is suggested to be financed as follows:
The building costs from local funds;

Equipment costs from soft loans.

A training subsidy is suggested to be paid by local government to cover
‘rainee maintenance al.owance and counterpart instructor salaries for
engineers and technicians in their first y=ar only.

The local training subsidy costs may amcant to 0.5 - 0.8 million $ over
a five year period.

Pre-operational expenses of the order of 100 - 200,000 $ may also be

expected %o be paid by government i.e. local personnel cost in the year

of constmction/introductory “raiming.

Technical assistance

™a ‘teconical assistance requirement 1s detailed overleaf and comsists of

managers, tool making instructors and engineering/:na.rketing experts who w1l
initially nerfym 15 zemeral mmnagers, shov Tanagers, oi~. This programme
sl
i

suggested to cost a4 total of 1. aillion for each project. T™his wall -

five year programme 2lwus an 1nitial creparatory project of one year.

Overseas Feilowship ‘rain-ng ‘or engineers, technicians and foremen 13

sugges-ed over 1 7 year nerisd to total 7,000 3 [or each project or 9

~

teachn:~al a2s3318%ance -0s* far eacn et ~f ATTIrIOX. 2.2 millicn LT 3.
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Simple Viability Analysis

Based on i1n-put figures from the Fiat basic technology study, some
preliminary analysis are shown overleaf for the:
1) cast iron foundry including machine shop and engineering,
2) tool making (precision worker) services (essential part of sheet
metal plant), including engineering,
3}) Sheet metal forming production.

The figures are summarized from tha Fiat study.

The first one shows how a production unit only, will break even more
easily and with less techrical expertise (see technical assistance
experts foundry) - however the border-line economy of scale umit will

of course be extremely semsitive to obtainatle market prices, which

are estimated to be 304 above European ex-factory prices, to take into
account the usually much higher prices obtainable in these countries
because of duty, import licemse requirements, transport costs, convenience,
etc. It also anticipated that local costs of materials, utilities, etc.
are higher than those in Europe.

T™e analysis for tool making show how essential interest free loan
and technical assistance will be for training precision workers as
they only very showly become productive.

.
For sheet metal production, one can see a similar development as for
foundry - however, somewhat slower due to the money and time requirements
for tools being mmch greater, than for patterns for foundry. With
only a generalized market study, it is difficult at this stage to
produce a more comvincing viability analysis for sheet metal parts;
for engineering there is fortunately no capital investment charges
other than buildings. Thus with technical guidance from semior
expert engineers they are after one year grooming, usually able to
earn their salary in sales or provision of Engineering Services -

and should af‘er 4 - 5 years be able to provide a revemue of 2 - 3

t{imes their salary, then being able to contribute directly to cover
overhead.
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