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Brief Synopsis of of Class:

¢ Look at Manufacturing: way to profit
from Innovation -- historical review--

& Review: of last competitiveness challenge to
US mifg., 70-80’s, and how It responded in 90’s

Comparative Advantage in Innevatien Challenge
TThe distributed manuifacturing model

Review: off mig. IR Japan and Kerea
lassey/Pisanoe/sShiln — weaknessesiin US mig-

TRen — Rew competitive: challenge: frem China,
o

THe competition N SERVICES — selhitWware: challenge
» Nature el competen IS changing, oo
INREVAWERNR PIECESS aS FESPRNSE?
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PART ONE

¢ THE GLOBAL
MANUEACTURING
CHALEENGIE
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Kent Hughes, Building the Next American
Century: The Past and Future of American

Economic Competitiveness (Woodrow Wilson
Press- Johns Hopkins Press 2005)

¢ 1970’s — US Faced:

— Intractable inflation

— [Decliningl preductvity. grewih; slew: grewih
— RISING Economic competition

— RISInG natienallanger, frustratien With oV t

— US: Unfettered markets, limited goeVv: t: sUpport
O INAUSHRY,

— Japani & Germanys conbrelied clesedimakets
and majerr geVv: it rele Withr e ustny

— FED IO Rnaticnal competiteRessistrateqy.




\

Initial Responses: (Hughes)

Cong. Rep’s: Rep. Jack Kemp, Sen. Bill Roth,
Pres. Reagan: reduce marginal tax rates

Cong. Dem’s: Industrial poelicy — reconstruction
pank for lending to failing Industries for
turnareunds — later: fecus on “sunrise” Industries

e - New Grewikiir Compact:

Youna Commission — John Young, CEO off H-P
EFECUS on natieonal competitivVeEness
Eiscall andlimenetany. pPelicy. creatina iaVvekanle

climate for investment

Not enly basic research WUt vasicitechnology,
Industiy/ led tech develeopmenit pelicy, and
PregramSI — - pPartRershiprRatien:

Rapld commercializaenleirtechneleay, = gov't to

SUPPOEARNERSRURVSIancd RS DIGIeHIamS
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Hughes: New Growth Compact, Con't.

¢ CRADA’s (Cooperation R&D Agreements
with industry) at DOE

¢ Bayh-Dole at Univ’s (Univ’s get IPR’s for
results of federally-funded R&D)

o AP and MEP pregrams at Cemmerce

¢ Aim: End Isolation between Univ/’'s and
Industry. R&D; efforts

¢ Education — attempis: to) revamier K=12,
esp. sclence & math

¢ Pro-international trade — led to Clinton
“Compete noetretreat— NAEA, China WiI®

¢ Noetes moevementbuilton ther Sputnikiera
and WWWZIEXPERENCES Ot INdUSTHAIEAOV 't
COPPErRRANGR and cCommoen RaE PUrPose




Japan and the Rebirth of

M an UfaCtU I’I n g (next slides drawn from Prof. C.\Weiss)

¢ 60’s-70’s — Japan’s mfg. iInnovatiens
reestablish mifg. as way. te
competitiveness

¢ Pre: 70’s - Quality=Price Trade-Ofif:

— Vass Preduction
¢ Don’t step the production line
¢ lnspectors threw: eut What 1Isnrt gualicy,

o Statistical guality: contrel: find acceptanle level of;
guality based on; cost:

9 DElRIeRS:
— @uallity,— hewW: geed IS the PreduUct
— QUi ContrelF=s each unir e eguailrguanicy?




Toyota Ends the Quality-Price
Trade-Of:;

¢ Toyota builds quality into the product —
source: Demming

— Every worker can halt the production line
— TJotal quality. control

¢ JUst In time Inventery — produce te order

¢ Integrate dealers and suppliers — leng
termi partners in design andl product
Imprevement

9 Japam's PESE ENQIREEKS Stall en factorv
GO thERNMOVE e dESION  NOTVICEEVERSA

» Resulits “CeantiVianuiactumnge

¥ Viore recentlyslViotorela="SIX Sigma™ — GE
mantia e alliFaSPEects) Gl o BPERAIoNS




Speeding the Product Cycle:
¢ [Ime IS a competitive factor — so:
¢ Eliminate time _delays

¢ Concurrent engineering design:

—EX.: Chrysler: late 80's — Neon —
fraction of Saturn dev. costs

— Designin parallel; Integrate. design team

— FactoRy, ook manuiacturabiiity/ Ecior
Ul Inte design = mig: ne leng
Separatedifromidesian

9 Once prediuchien starkts; Fe=aesignim
realifime as bugsrareietne
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Labor Trade-Off Emerges In Japan:

¢ Lifetime employment makes labor a
fixed cost

¢ rade-off: flexible woerk/|job def.
accepted for lifetime Woerkk assurance

¢ Labor becomes collaborative not
adversarial

¢ Lalber accepis new technelegy and
pPredUCHVILY, gaiins

» US — auite IRcustRy/ Was moeving
tewane IS medelfuntl competien
Witlar Chiliga

11



Industrial Policy Emerges in Japan:

¢

¢

¢

Prince Matsukata story — export orientation
because resource poor

MITI (Ministry of Int’l Trade and Industry) —
“Japan Inc.” (new: “METI*)

Kelretsu: Integrated capital, trading, producer-

supplier firms — own each oether — pre-\W\WW?2

model for rapid industrialization,, retained
PEStWar

MO 2d@s geVv:t sUppert and trade poelicy. te
Kelretsu moedel

— Mistakes — Honda, aerespace — Henda, Seny, - eULliers
GoeVv i R&IDeeUSEd onindustiny/ net URnZS.

— Comparanle %ot GIDRras US, Ui USHeCUSEEd Oniasiec
research and defense. R&ID

SerJapanieadiimindusHaNR&ID

— |ssueslincemenital, neirrevoeltnenary/kadical 2
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90's US Response:

¢ Match Japan on mfg. quality
¢ Pursue “destructive/disruptive innevations™

— Destroy/displace existing business models,
technologies

— EXISting co’s can do radicall inmoevation Iif
existing custemers seek Improvements

— Estaplished firms moeve up-market and
abandoeni lew end — expands uture prefits

— “pestructive Inpeyvatiens” erginate: With IewWer:
end markets; frem euitside existing competitor
DASES) and Impreve: Ui replace: deminant

— US did this radical innovation in 90’s with IT

13



US PURSUES INNOVATION,
CON'T.:
¢ S0 -US pursues radical innevation —IT— in 90’s:

— Rebuilds mfg. from 279 class status — mfg.
process Is key, too

— But new what? Glebhalization speeds product
cycle and export off mig. technelogy. — Japan,
then US face “hollewing-eut™ of thelr mig.

— Unlike US, Japan saves management centrol
and advanced! technelegies

— |7 revelutionizes: the service sector, high and
lowW, end

9 O0is — Japanliaces MaCo=ECERNOMIC, PepUIaten
grewiihland hankine preniemss misseaiieadim T,
pIGtECH rFeVeIUlenRS

14



NOW WE JUNPTAHEAID:

Q: WHAT IS HAPPENING NOW,
POST-90'S, TOUS
MIANUEACTURING?

- PARTF WO -



BACKGROUND: Barnry C. Lynn
(Fellow, New' America
Eeundation) End efi the: Line

(2005)



Barry Lynn, End of the Line Con't

¢ Hamilton: mifg. independence Is key to
American “independence and security” — made
US independent from other nations

¢ Cold War- US pursued mig. interdependence —
Integrated industrial complex frem Eurepe to
Japan - this promoeted US independence

¢ Outseurcing: vertically integrate elements in
mifg. pProecess but divest control te spread rsk —
feormerly, deomestic, neW: Internatiecnail

» Noew: pakticipating natlens: Inteqgrate thelr
techneleay, caplial andllaber = contro]
gEcEnaliZzediamenarpakticipanits =19l enRES e
alifparticipaniS ane ierenREeE

17



Barry Lynn, End of the Line, Con’t

¢ Edward Lorenz (MIT meteorologist) — slight
alternations In data would over time have
dramatic effects —chaos theory

¢ “deterministic chaes” — way to make sense of
complex, dynamic systems

¢ Labor Sec. Robert Reich — econemic glebalism
IS am unsteppable naturall fierce — will crush the
state buit leave more reem fer the mdividual

¢ llhemas Ernedman, NYIr - glepalism of cultures
UnRsSteppakle, secan ferge glehal community, of
Interest:

9 Vilen' ERedman, Chicage:r Sehk Oiff ECOROMICS —
glehalimarketplaceras a sentienit 9erng; Wisely
directing RUmEnraCHNVILY

s \WilliamrGreider = giepalismris a bleak machime




Barry Lynn, End of the Line, Con't

& All: globalism equals an economic
determinism akin te Marx

¢ 3 Periods of US Economy:

— Hamilton to 1945: rational national self-
dependence in mig.

— 1945 — 11991 (end oiff Cold War) — US govt
entwines US-Eurepe-Japani in muttal
dependence on AMEr-centrc mig. system

— 1908 — Clinteon= complete laissez=fiaire IR mig. —
pPIRE WK G IRGHRtErEPENCERT ECONGIIIC
sy stem tied by, jeint mig.

19



Barry Lynn, End of the Line, Con't

¢ China — West’s production system Is
merging with China’s
& Security Perspectives:

— Integrationists: extending the \West's
mifg. preduction system will bring China
Into the globhal econemic system,
penefiting US needs leng term

— Realists: profound differences In| the twoe
pation's geopoliticalrgoeals and poelitical
SYStEmS remain — oniy/ duestion Wihlch
nabieRrgaIRs theracd\vantage e
ECONOMIC IntErdependence

240)



BACKGROUND: Challenge to US
Manufacturing

¢ 90’s — was 30% of US economic growth, 2x productivity of
Services sector

¢ Higher paying jobs — 23% higher 1n 2001 than services sector

.

— Manufacturing remains an important part of the U.S.
economy. It accounts for $1.6 trillion of U.S. GDP (12%)
and nearly three-fourths of the nation’s industrial research
and development.

— Manufacturing generated a greater percentage of real GDP
In 2008 than real estate, finance, insurance, or health care

sectors.

— Manufacturing is also an enabler for the other sectors —
each mfg job supports 2.5-5 other jobs throughout the U.S.
economy. This contrasts with the retail sector, where every
100 jobs generate 94 new jobs elsewhere, and the personal
service sectors, where 100 jobs create 147 new jobs. A



¢

US Mtg. Challenge, Con't

— This multiplier effect reflects how manufacturing’s
linkages run deep into the overall economy and means
that improvements in manufacturing productivity
translate broadly into the economy as a whole.

— Many service sector jobs are tied tightly to domestic
manufacturing; their number will expand or contract
with the size of the manufacturing base.

— Must embrace new technologies, processes and
efficiencies for productivity gain in manufacturing.

— DUt tracer deficiits) —
$812B' In goods: 2008 (surplus in services: $1.39B)
— 100 bIg a gap ey US IRl SErVICES SECLON 10! Ofiiset
RUGE rele aff miag.

27
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Manufacturing, Con’t - Job Loss

2.7m jobs lost 7/00 to 9/03
6.7m jobs lost In 2008-09; majority appears to be mig.
Job creation stilll marginal

00 Recession - Mfg. 15% ofi nen-farm lalber foerce, but 90%
of Job less

— Mifg. fellifrem 13.27% to 11.4% of total labor ferce
— Appears similar in current recession
— But: € onl C study - may, be 46V jels dependant on mig

Milg. euitpul as a share off US ecenomy. — falling fer 50
years, 14.01% IN 0S5

— Gemmany; 21%

— G2l 1195%

— Japan; 22%

— Seuth Kerea, 31%

Stirtictuiral RECESSION NOW, oL BUSINESSICY/ClE = PErMmanent
structural less ol jehs

23
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http://www.flickr.com/photos/aidanmorgan/2331754875/

U.S. Trade Balances for
High-Tech vs. All M anufactured Products, 1988-2008

8 billions
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Advanced Technology Products

1088 1990 1902 1094 1996 1998 2008

All Manufactured
FProducts

Source: Census Bureaun, Foreign Trade Division



PaullA. Samuelson, Proefi. Off Economics, MIT (Nolel

Prize 1972), Where Ricarde and Mill Rebut ana
Confirm Arguments, of Mainstream, Econemists
Supportingl Glekalization®, Jour. ofi Econemic
Perspectives, Vol. 18, No. S (Summer 04)

Mainstream economists (Alan Greenspan, Jagish Bhagwati,
Gregery Mankiw, ete.) argue re Glebalization:

“Yes, good jolhs may be lost In the short run, but stilll total
US net nationall preduct must by econemic 1aws, of
comparative advantage be raised i the leng run; (and in
China, t60).... Never ferget the real gains ol consuimers
alongside admitted possible Iosses off some Producers in
thIS Werking) eut: e What Schumpeter called “creative
capitalist destruction.

Correct eEcCOoREMIC 12V FrECOENIZES thal Seme AmErcan
greups) can BE MU by dynamic lfee trade.  BUl correct
econemic law vindicates  thenWordCreative  destrtciion 3y,
(IS PO thAal thergains: o the AmeErcan WIRREKS are big
eneuUgh e meKke then compPensate the leSers.

BUIESamueisenisaysE el astipaiagiaphrcanronly be an
INRURENdE FOITISIdEaE WiIenG abelt thernecessary supply
of winninas over losings”




Samuelson — Capturing
Comparative Economic Advantage

¢ Q: How can the US be a loser in trade with a low cost,
low wage competitor like China despite the Ricardo’s
theory off “ comparative advantage”?

¢ A: EX.Z Ifi China begins to make productivity
enhancing gains 1R its production, and couples that
withits Iow Wagges, it can capture some of the
comparative advantage that Belonged tol the US
throtightits productivity, dominance [note: US stilll the
mMEest preductive econemy. in the werld]

s hen -- in a Ricarde analysis, there IS never any.
URempleyment that lasts ereVver lifoml trade — S it 1S
ot thiat USHe19S, are ever ISt i the Ieng runs it 1S
that therpewlanerEmarket cleanngrreal Wwages has
pPEEnLIoweredi by, this Versiont o dynamiciailititade:

9 Inretherwerds, US Waegesicanl dropraiierra e tiera
pPEIREWRErETChIRAS PrREdUCHVIR/ cRNaRCEMERINIS
eiifiset: TherUs stilithas arsenelit iren IewWerprices for
geeES, Ul there are neyw: pew nethamitius terms
ojf Efeiefe 27




Samuelson: Economic history: Is
replete with the story of capturing
comparative advantage:

¢ Example: Farming moyves frem east US, to
midwest two centuries ago

& Example: Textile and shoee mfg. moeved from new
England te the lew-wage South early: last: century.

» Example: Englishr mig. leadershijp shiited te the
US starting In’ the middie off the: 19th century.

o Even where the leaders continted te progress: in
alselute growins, thelr rEte el grewith tended te
pe attenuatec Py anradverser neacdwined generated
rem oW WagEe COmpPELtors  ana ether technical
IMItaters:

28



Samuelson’s Conclusions:

So: “a productivity gain In one country can benefit
that country alene, while permanently hurting the
other country by reducing the gains from trade
possible between the two countries” — all this Is “leng
run Schumpeterian [the creative destruction of
capitalism] effects”

TThere Is a “roulette wheell off evoelving cemparative
acdvantage in a world of frree trade

“Comparative advantage cannot be counted on| te
cleate, net gains; greater than the net Iesses fifem
trace:

BUIRVeU respened Withl taniHs  2ane pPretecllenISmL You
Ay e BrecdineECeREMIC artereSCIEreSIS™

29



Suzanne Berger (MIT), How We
Compete (2005)

¢ Basic poeint - new “varieties of capitalism”
emerging in digital era between U.S. and Asia
In advanced tech geods

¢ I IS Driver: codeable specs enable a split
petween design and manufacturing

— Previously, need for tacit knewledge kept these two
clesely/ ied tegether

— Digital fragments: the mifg. process, distributes; Iit

¢ Vedel Alrplane vs. Leges

— Viedel plane = each Kit a bl tRigue, everyining has: te
e, lets el gluing and sanding URIgUE: tereachl, WhBIE
PHOCESS ias) o) BE! Integiated tegether

— [fe@es/ - CO’'S can make different parts thatare 1T
Standancized that i tegetierr = canrsplitmig. and
desIgn; distHkutermig: 8



Suzanne Berger, Con't

¢ Ipod - the classic example - Apple

¢ picked a mix off MP3 best technologies, tied It
o a new accessible and legal music database
and new: a video hase -

— Cressover product -key: combined player and data

— Steed! Up Very fast hecause: Il-standardized Ieges,
the parts fit tegether - Apple deesnrt have te bulld
LS WA Mg planit = gréeat Speed te market,
Competibve advantage

— Apple preVvides; core competence, contract
manuiacturers Woerdwider derthe: rest

—\Verticallintegration net nEeded anymere - can
distisute: Mgk iURcHERS VB NESPEES

SHl)



Suzanne Berger, Con't

¢ US using Lego model - open network for
Innovation; can move innovation offshore

¢ Asia - contrasting model

— Korea - Samsung controls key components, allows
assembly: effshoere // Dell: final assembly,
components made offshore

— Japan - keeping integrated imnovation moedel - and
CO’S Very successiul
¢ Building plants 1n China but keeping 1P 1n a “black box*
¢ Japan keeps “mother facteries™ in Japan e Innevate

¢ [ Iintegration capanility’ and tacit knewledge are: still key/ te
radicalipnoevatien then Japanmay have the nghtmedel

& Japan GWhRSHILS plants 1R ChiRes Seir URCErStanes thEese
miarkets enl the grevnd, new: Us disthrluted mig. moedel
preciudes this new! market KnewW- oW,

¢ Japan) - talente e pProducoRNeRKIGKREENS IRRBYALION Process
ikey; US treatsiworkiorece as) dispesanie

— Beth moedels) may Work 2=



Glenn R. Fong, “Follower at the Frontier:
International Competition and Japanese
Industrial Policy,” Int’l Studies Quarterly 42,

339-366 (1998)

o JAPAN'S INNOVATION RESPONSE TO THE US

¢ 3 Historical Stages to Japan’s competitive
pattern:
— “pursuer afiter pieneer”, THEN,
— Slellewer at the frenter:, THEN,
— “World class competitor”

¢ Old hesis re: Japan:
— Natienal industral perormance and
— Correspondingl competyve: valance BEtWEER Natiens,
IS
— Set by, natenalipelitcal econemies: (eVv il rele)

33



Fong-- MITI’'s Evolution:

¢ MITI’s role parallels evolution of
Japan’s own technology leadership
role -

& PRAGMATIC TECHNOLOGY
INTTFTATIVES:

— Older Perniod: specifically, selected By,
Righslevel gev t leaders

— Recenit Period: new — Indusitny. selected,
collakeratvely Withr participation: oif |ewW-
level afficialst clese: tor Inaustny

¢ (lvecause hightievel elficials cankt
KEEPI an eyeren rapidly/ evelving
complex technelegies)

34



Fong-- MITI’s Evolution, Con't.:

¢ TECHNOLOGY TARGETING:

— OLDER PERIOD: direct gov't targeting of
one or two specific technologies

sFunded at late development stages -
protetyping and engineering
develeopmenit stages

— NEWER! PERIOID: shift toward BASIC
research iundinarasiwell’as applied,

— O bread range ol alternative
technelegies suppoerted —-

— = ShelaunE Relra = Hile shet:

35



Fong - MITI's Evolution, Con't.:

¢ INDUSTRY TARGETING:
— OLDER PERIOD:

+MITI picked winner cao’s by
designating specific co’s for funding

¢ Influenced corporate mergers to force
development: of streng co’'s

—NEWER PERIOD:

» VT funds range ol cors and
collaheration medels

»OVver S0 year peroed, MINIFgees firem
flnAIing S filkms;, 16 25 fifms in Key,
CompURENIRILaHNES

36



LINSU KIMS “IMITATION TO
ININOVA THOIN™ (Hanard: Bus. Sch. Press 1977)




Elements in the Evolution of Korea
to High Growth Economy: (Kim)

¢ By 60’s, Korean firms on a “leadership
trajectory” — Elements:

& — “forced march iIndustrialization™
— Gov't supplies education threugh cellege

— Demand side — created chebols (cartels of
deominant fiirms)

— Buit: Corruption — made: gov t highly: Uncertain
fActor for PUSINESsSs

& SUrong geVv 't — asset In early, stage; later, rigid
pPUrealcracy/ Innlstecimarket FrESPeRSES

v S = KEeyAe capttiineiangerseale
IREUSTHES ==

— Bt teek: tellfen firee market by, blecking Small
and Vediumrenterprises (SVE'S)

— Proplem misallecation of FrESOUECES, inefficienc:)g



¢

¢

L/

Elements In Korea’s Growth

Economy, Con’t.: (Kim)
— Widespread education —

but failure to evolve beyond colleges
to research universities

— created business
opportunities, exposed firms to life-
el-deatih worldl competition; CHRISes —
this) bullt: competitive: strength

— GoeV. i avallable ter help n thEeSe Crises

— PolIcy, Was
2K ely reverse engineenng ol iereign
techneleey — ChHtical capaRIiiGy,

39



¢

Elements Iin Korea’s Growth
Economy, Con’t: (Kim)

— since no Korean research univ.

base, gov't R&D centers become key

Gov’'t Research Institute’s (GRI’s) led by Korean
Institute for Sci and Tech (KIST)

Gov’t efforts to force joint GRI-Industry R&D failed in
early stages

But GRI's didl contribute experienced researchers to
Industry, — critical

Merger off Confusian culttre (oiff family, andl cellective
erientatien), andfChrstianity (pragmatic, geal-erented
Individuaifvalles)

Kerean War |efit country, destreyed, With Rething — majoer
neKth-sputh exedus; amalgameated people iorm different
regions, econemic levels, and families — created
Hexilanlity/

UniversaltmiliiteRy/ Sevicer— group management, strong
ereaRIZatien Breke deown class lInes

40



¢

¢

Elements in Korea’s growth
Economy, Con't.: (Kim)

— firms go from:
& Poaching,, to
& Reverse Engineering, to
¢ R&D, to
¢ lInnevation

— Heavy R&Drinvestment By, industry, chebols

— BUt: no SVIE'S 10 Spulr ouit off the 19X -
InpeVatien, eniy/ relentiess werldl competition

— Kerea — very nigh R&Dr e GDP ratie:
¥ IKeneal;, 2496
» llawwen, 1£5:561%6
¢ Sihgapere; 22:8%
» Span, L4549
& Japany va4vs6

41



(Kim)

Limited university R&D
Needs SME/entrepreneurial base

Needs network of technical suppoert (mig.
extension programs)

Needs liberalized economy away from domination
py small elite and chebols

Cheboels need downsizing, decentralizing, and
demoecratization off workierce

Streng goev t leadership rele — created chehols
and erce theminte competien Werldwide

GoeV i education pregrams hiacilitated tech Iearming
PV INCUSTRY

GOV i USE CHISIS Creation to fiorce Hmsi to
compeLe elfectively/ woerdwide

42



¢

Greg Tassey (NIST): Trends In
Manufacturing (201.0)

U.S. natienal R&D intensity same as in 1960, while other
competitive economies have steadily increased their intensity

— Input/Output theory: Freeze a major input, limit growth
— (Intensity: defined as R&D spending relative te GDP)

Altheugh demestic corporate R&D. spending Increased relative
to GDP for moest of this period, ratie new. i decling

Major reasen: U.S. manufacturing firms have dramatically
shifited their R&ID investments strategies during the last tweniy,
years toward an inecreasingly, glekall scope.

— U.SI manuifacturing firms; Increased effishore R&ID at thiree
LmEes the rate off demesitic R&ID spending

ULSE manuiacturmngl firms) have: shiiited composiien el thelr R&D
pPertielIes tewara shekter=tem developmERil CljecVES!

— Jihe “valley-ei-deatihar (lbarfers between Investment in
radicall or Breakthreugi research ok new: technelogies, with
stronel long-term! potential,, and development) is widening:”
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Creopizss

Cﬂ
(L

i, Vi@, Trenes, Ceinfi

* Over50Wearsi (R957=2007) mantifactiikinefsis iz el GPE
has shrunk from 27% to 129

2 For most of this peri ro (19652000 N mantifactiirine
employment remained constant at 7 million

2 East decade, mfer emplovment fellto arotind 12" million

— Note: mifg. employment measurement Issue: that Is the
Noe. off Jos! i actual preduction; phase, net IndustHal
employment

¢ Value of mantfacturine outptt (Sallosneaies) i colplsirzig)
dollars grew due: e product|V|ty grewith Bul, constanit-deliar
SHIpMENtS remained flat (Z000-200r)); altheugh stllwerld
leadiRe Witir 22%6 el WerH d e ubpuit

— BUt: Atkinsen (Z2009): USI mig: eutpuivalue data
signrficantly everstatedi SInce It INcltldes; a prodUctivity

IActor e INF geeds — not real estimate ol reall output
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Will Services Make up for Mfg.
Decline?

¢ Our economy: Is already 80% service,
just continue the trend

¢ One Indicator — trade deficit

¢ Pre recession — end of 2007, trade
deficit In mifg. geeds —$420B/yr,
trade; surplus; in services —$1.60B/yir

¢ GrowWibha IR SERVICES suplus dwaried
Py e size el the deliciitin geeds =t
Wil ReifefiSettiitanyaviaerein
fereseeapleriuture =




U.S. Monthly Goods and Services Balances, all months between
1999-2010, seasonally adjusted
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Gary Pisano and Willy Shih (HBS 2009)

¢ The “Kindle 2” could not be made In the
US:
— Flex circuit connector — China
— Electrophoretic display — Taiwan
— Controller — China
— Lithium pelymer battery, — China
—\Wireless card — China
—lnjectied melded case — China

¥ Ereding US, anility, ter create:

—eveny vrand eif US neteheok computer
(except Apple) andimenle/mandneld
designed in Asia
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Pisano and Shih, Con'’t

¢ Advanced Technology at risk ofi shifting
abroead:

— Advanced materials:
¢ Gone: advanced consumer compeosites, advanced
ceramies, 1€ packaging

& At RISK: carbon composite compenents for
aerespace/winad

— Compuitingland Communicaticons:

¢ Gone: deskiop, Neteheok, netveok PC's, Iew end
servers, hard disk drives, routers, home network
tech

& At RISk midrange: Servers, blade servers, mobile
NanREseELs, pucalcommL eduipmenit; core network
coUlomeEnt y




BACKDROP: Economic Realities
Forcing New U.S. Public Policy:

Economy facing major structural changes —

¢ —-—-globalization challenges

¢ ———-less off both mig. & eutseurcing IfF services
& ———-COmMpanIes recever Withoul: creating Jes

9 ———— Moy demoegrapnic shiit—

9 ———VWhaWiIFa REW, EConemy/AlceilIKe?

thrEatERING PHRECESS:

510)



Payroll Job Growth in Recoveries

Percentage Change From Trough

—
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Image by MIT OpenCourseWare.

BLS data — Cited: E.Milbergs,
Innovation Metrics, NII, 1/2004




Number ofl Jobs Lost to Structural
vS. Cyclical Change In

Recessions

BLS Data; Cited
In E.Milbergs,
Innovation
Metrics,NIlI,
1/2004




Contribution to GDP Growth:
Business Investment vs. Other
[Factors

Source:
H. Rosen, 3/04
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Investment in Plant, I'T and
Equipment 1960- 2003
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Image by MIT OpenCourseWare.

Source: H. Rosen, 3/2004
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COMPETITIVENESS THEN
AND NOW:

Japan:

¢ High-coest, high-wage,
advanced tech - “just
like us”

» We have
Entrepreneural
advantage, they have
Industrial Pelicy
ac\vantage

¢ Rule off Law,
P Protections

¢ Sulesicized! CUKrencY,
PUVING GUIF delt:

9 INSHIGREINSECHIFbY/:
allies

\/

China: New Mix

¢ Low-cost, low-wage,
advanced tech

¢ Entrepreneurial
¢ Using Industrial Pelicy

¢ Limited Rule of Law

¢ Almost nor P
protection moedel

¢ Sulesicized! CUrencY,
PUVING GUIF delit:

o INat I SEcUity/ = pEe*
COMPELILO)N



Now, PART THREE — the
Services side ---

¢ Increasingly
services will be
glehally.
competitive

¢ India: new model —
because of IT

enterngl glieal
COMPEULIVENESS I
| -198Sed SErVICES

% — Unlike any: ether
EMENgInG Ratien
medel

516)



Willlam J. Raduchel (VP, CTO, AOL-Time \Warner,
former €SO, Sun), “Ihe Economics of Software”

(2004-draft report for National Academies of
Sciences STEP Board)

& Software: core ofi most modern erganizations
¢ Largest single class ofi assets In the world

¢ Operating, maintaining| and creating software
IS| the! |largest classi off EXPENSES for the
MeGErn cCerp. ether than direct lahor

¢ Software and the business practicesiit
SUppPEeKtSs are the bBigaest driver of productivity,
grewih

9  Seltware embodies the knewledge and
prACHICE DY AWRICH tRE ereaRIZAtIONPEITOIINS
[ESIMISSIoN, and consistsyoi hothrdesignrand
|mplementat|on

9 SoelWare determines therenterprse planning
SyStems gt SeithyW ariactory/Awill” run .




Raduchel — Key Role of Software

¢ Harvard economist Dale Jorgenson: for most OECD

economies software was the major seurce of Increased
Investment In knowledge during the past decade

US Labor Dept. Bur. of Labor Stat’s anticipated that 8
off the 10 fastest US eccupations will 9e. computer
related, with seftware engineers comprising the
largest group

——IhIS prediction Is at sk given the way. lndia and
China are updgrading then: Ecenemies! 9y, eutseurcing
these! [el9s firemithe US, Where compuiter science
ContnUES; ter decling: 1N pepularty/ as: a field ol stuey/

9 A firaIs anliniermaticn system — oiff mighly/,

deceniralized computing by fallibieragents (peeple) --
SeitWareldeiRes theliniermnaten system, se the value
ol ailiimistiargely emisedded inftstniormation system




Raduchel — Software LLooks Easy

¢ but the problem is making It error free, robust
against change, scaleable to high velumes, and
seamlessly integrated with many other firm
software system in real time

¢ [he software stack on a moedern PC IS prolhalbly.
the most complex good every: created by man —
averade: corporate N system IS fal mole
complicated than the Space Shuttle or Apollo
project

o BilifJey — the spiraling) cemplexity, off putting| =Star
VWals scalel seliiWware onr e desikion

9 [hEere Isi ne ether tem We ewWinl thal 1S as

conitsing andiuRrelianieras ourr PC — the
hardware Werkshwells =S ther Sefitware
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Raduchel - Software Is a “ Stack”

¢ Software Is a “stack” composed of
multiple layers of software created by
different teams over time for different
purposes and brought tegether for the
unigue task at hand

¢ Plcture a stack oiff IBNV punchl cards and
VeUul drep them

¢ Individual parts eff the  selware dent
matter, IiFs the entire stack = anad
EVERY pakt ol the stackiias e iuRciion
very welll etherwise =S Wekthless

¢ StaCKk as Lo BENN PENTECT Order or the
Sy stemfiauls y
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Raduchell— software development:

-The best software developers are orders of magnitude
better than the average developer

-About 100 to 200 developers worldwide end up writing the

software we use

-Maurice Halstead: one attribute of the human brain drives

programming ability

No one can solve a programming problem he or she can’t
understand

Average develeper has about 250 “Halstead lengths™
Wizard programmers have Halstead lengths ofi 65,000
ECORGMICS Gif SEIWWAREE

-Differenit fram anything else

-Noit: a actoer of production like labor or capitail

-lnstead It defines the production function

— It Impreves by making| itselff moere complex - raising risk
Of catastrephic 1SS

-Econemists, |lawyers, accountanits deonrt preperly value or
AdcCecEURt o seitware

—It1S, 2 toel Without value miutsell, DUt It creates htuge
potential value through In the systems It 1s built for

\We account for it as a periodic expense but inreality It_,
adds assets andiiapilites




Raduchel — Making Software:

The specification for the software Is without meaning
— the only specification is the stack itself

Quality of the designer Is 90% of the quality of the
sofitware design

Best way to cut software costs and Iimprove features
IS to Increase the guality of the designer

Cutting the development schedule requires a many
field Increase In stafif

Adding mere stafff guaranitees later delivery,
Value: of selitware Is often unrelated e cosit

Cost of maintaining and moedifyingl sofitWware INCrEASES
eVer time and withraccumulated changes

IHas tor be replaced every 7 to 1.0/ years hecause: of
acecumuiated changes and platierm evoeluiticn

Seukece code, isitherleasit valtable pakil Gl sefiiWware so
gIVIRA i aWay IS e d Strateay/ ecatsert IS irrelevanit
and can premoeternew inpevatien [HBlVI=Microsoft Linix
VS, WWindews epen seurece: hattie ] =




Software — both value and
llability enabler

& Software programming phase Is only
109% of the software — the
Implementation IS an iIntangikle asset
off potentially: enermous value

9 -1iiS value grews wWith) the eperations
alnd Prespects ol thiese PUSINESS
OPEraIoNS

9 — 111S 2lSE a Hlge petentiait 2oty
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CLOSING THOUGHTS:
Joel Moses (MIT) - 3

Fundamental Design
Methoedolegies (2004)

¢ There are 3 Fundamental, Different

L/

Design Methodologies:
Historically: US has used “ITREE-AND-BRANCH

plerarchial firms
— Eiit & mass production econemy/.

— milg. at a natd scale for a patl market, Verticle
IRtEgration reguired = thinks Bl S Calf COrS

— Eii an Arstetiian Rierarcihay/ off erdered knowiedge
o s IS stllsthenway theWest orders SCIEnce

— Bl the tieerpierarchy meantipiiexipnity.and slow
O Chiange =



Joel Moses, Con't

¢ In contrast, Japan’s enterprises ofi 70’s-80’s
and now were “LAYERED”

— Separate but connected ranks, movement and
connections between ranks, but no title status

— EX.: Plators philesepher king, guardians, citizens

¢ In the 90’s the US nurtured a new
“NETWORKED™ flatter, set off enterprises

— Driven By the I secter - demand for fiexiility and
Speed te market

— [Drven by the cellalkoerative greup Inmeyvation
systems; venind 17

— heser appeared even more: flexiplerand iaster than
“layeredr systems
» NONESERgInEERReEIacksSimeedelrtergrasp
these emerging strtctures

(615)



AND NOW ANOTHER FACTOR- The

Nature of the Competition Is Changing

¢ Then: manufacturing / Noew: fusion of
services and manufacturing

¢ hen; Quality / Now: customization,speed,
CUSTOMEr responsiveness

¢ llhen: best technelogy / New: technelogy.
plus; business; model

¢ Ihen: trade! in preducts /- New: trade in
Knewledge management and SErvices

¢ Then: worker skills / Now; continuous
leaming

9 HeEn: low:cost caplitail /s NowW:relilcienecy In
aliSfinanRciallSERVICES StageS,, PItsS
IRtanRgieslescapriel 66




Class Four - Wrap-Up:

¢ Kent Hughes — US built comparative
advantage in the 80's-90’s by becoming
Innoevation hub, bringing on IT revelution

— Behind this, advantages in R&D), education;
added partnership moedel

¢ Japans CompennverPatterm

— Innevated with mifg. precess — guality, Just In
time Inventery, supply, chainintegration, goeV: t:
participation, etc.

o Pell] Sapritelsor!

— Comparatve advantage i iInneVvaticn camn: shaliit
UnRlikera respurce: advantage

— Ereel thiad e theeRy/ Has e acknewledge this reality
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Wrap-Up, Continued

¢ SuUzanne Berger
— Nature of manufacturing competition changing-

& U.S. separating design and mifg. for distributed
mfg. model and fast product standup - Iipod

& Japan/Taiwan firms retaining integrated model te
learn lecal markets

¢ Glenn Feng — MITIF advanced with Japan’s ecenomy, —
pursued more sophisticated Industry role — let Industry,
lead, played supperting function, StoppING WIRREKS,
packedl Pasic researchras well as applied

s [LRsSUFKIMEKGrEa EMERGES — ACLOKS:
— GoVv i “Ferced marchlindustrializatien™
— Chehoels
— Education = esp. threugh college
— Nerclless Export: Strategy e Cors
— [ech ransier ISTReverse ERgineering
— R&ID Via GV i Researech Institutes

— Culiture'— collective & individtal; diversity =



Wrap-Up, Con't

¢

¢ U.S. national R&D intensity same as in 1960, while other
competitive economies have steadily increased their
Intensity
— Input/Output theory: Ereeze a major Input, limit growth
— (Intensity: defined as R&D spending relative toe GDP)

¢ Although domestic corperate R&D spending Increased
relative te GDP for moest off this period, ratiornew. in decline

» Major reasen: ULS. manufacturng firms have dramatically
shifited their R&D investments strategies, during| the: last
twenity, years! toward an iereasingly. glehall scope.

— ULS. manuiacturng fiirms Inecreasedl offishore R&ID: at
thiree times the rate. ol domestic R&D spending

¢

— U, S) 1@ss) off advanced technelegy preduction
capaniity— Kindierstery, 69



Wrap-Up, Continued:

¢ Post-90rs — What happens te US Mig.?

— 01-03 “Recession” — 2.7m permanent
structural joly less Inf manufacturing

— Similar totals expected In current recession

— Disinvestment 1n plant and capital eguipment
¢ VianuiactURnRegrChallenges: =

— MVanuifacturing IS currency. of Intl trade

—\Way natiens proefit frem iInneyvatien

— Viilg. firms empley/, Mest SCIentiStS/ENQINEELS,
SPONSE MoSt RE&ID

— US miig- empleoyment nevw iR decling — bBig part
Ot ©8-09] Jek) |ess @l 6.7 — thIs! IS, structural
URempleymeni

— Healthr et US miigr 19ase! starting terdecline, as
well
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Wrap-Up, Con't

& SEervices:
— Global competition In services emerging
— |'T/internet enabled
— India erganizing new: model

¢ Raduchel
— Seftware — central value off the moedern firm
— New: sulject to glehal competition
— |ndia — sefitware fecus for grewith

Clesingl theugats:

. Jog| Mases
— JAreer iundamental design methedelegies
s Hierarchial
+|_ayered
s Networked

YA ENEEEINICRCEEIpEllen changing:




BIG CHALLENGE - How can US stay.

In manufacturing, a key to wealth?

¢ Growth Economics says only one move:
¢ Innovate the Process

¢ Revolution in Manufacturing — MI'T Study
— distributed mig.,
— network centric/rebotics,
— desktop mfg.,

— INspection simultaneous, with' preduction, smallllot
PrOCUCHLION! as, cheap) as mass production)

— revelutienary materials,
— Nane mig. technelegy.

¢ DO hias BIg stake IR retaming US
maRuUiactUrnegrcapPaCIGY

— [DEIPreleNn stpperING Mid: PIECESS
eVvelUtien?

— [DARPA, NIST, DOE;, NSF coming together:
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