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“Global Brain” -

“A world wide neocortex — complete with whales — IS not a

gift of the silicon-age:It.is a phase in the ongoing
evolution of a networked glebal-brain: which has existed for
more than 3 billion+years* (Bloom (2001))
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Pursuing the race for added value for the end customer by
combining on-chip ULSI and off-chip integration

More than Moore: Diversification
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More Moore: Miniaturization I
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Beyond CMOS

from “Follow-up from ITRS Maastricht & San Francisco meetings — European IRC proposal” (2006)
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What Can History Teach Us?
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Ultimate “Ecosystem

Challenge: Growing to $1T — Robotics?
(100Tyen) will require a few 6™ We
more “Waves” of emerging
Applications, Economies, and
Customers!

(and, yes, ongoing vigilance on
facility cost controls, and
possibly a couple more
“affordable” wafer generations
or equivalent productivity
improvements!)
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from “Follow—up from ITRS Maastricht & San Francisco meetings — European IRC proposal” (2006)
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John S. Mattick(2004), “RNA regulation: a new genetics%TRJ

(www.nature.com/reviews/genetics: Simplified Biological History of the Earth)

Multicellular world Semiconductor Industry is ARimals_—~

e.g., Different Cell here? (beginning at the era (
Types per Genome of “sea of processors”) Plants
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‘ Regulatory Circuits (Genes) Evolution of RNA-regulatory networks

= Non-Protein-coding Genes . _
= Analog (Protein-type) Advent of Digital & Analog (Mixed

Regulatory Genes + Digital Signal) Regulatory C|rCU|t_s
(RNA-type) Regulatory : Sponges
Genes .

Entry and expansion of introns, evolution of the splicesome:
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Unicellular world

Evolution of subcellular structures Single-cell eukaryotes (protista)
Analog Regulatory-GHetits Only
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http://www.nature.com/reviews/genetics
http://www.nature.com/reviews/genetics

STR]
Complexity in Cumulative Knowledge—-Administration

scales faster than One in Knowledge-Creation?

* “We do not see a slowdown in Moore’s law as the
main.obstacle to further progress in the [T
Industry. Rather; it isthe industry’s exploitation of
the technologies that havebeen developed in the
wake of-Moore’s law that has-led us to the verge of
a complexity crisis. ”

(IBM Autonomic Computing White Paper,
“Amn architectural blueprint for autonomic computing” (June, 2006)

* “Papert’s Principle: Some of the most crucial steps
In-mental growth are based not simply on acquiring
new skills, but on acquiring new administrative

ways to tuse what oné already knows.”

(M. Minsky, Socretys of Mind(1986) and The Emotion Machine (2006))
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STRI
Papert®s Principle

= n
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STRJ
Complexity In Semiconductor

Markets: Cause—and-Effect (1)

* Glohalization-of: Various:Markets and
Consumers  Diversified-& Upgraded

Preferences
— Emergence of Thick & Wide Global Markets

> Increasing Comparative Advantage of Pure—

Play Firms,(due to the increasing necessity for
Inter—oxganizatiopal corroboration)

— Inereasing Difficulty In Managing Vertically
Integrated Firms:(due to the explosive expansion
of “range of optimization”)

Galambos, L.(2005),“Recasting th€&"organizational syathesis: structure and
process in-the twentieth and twenty-first centuries,” Business History Review

vol.79,
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Complexity in Semiconductor =™

Markets: Cause—and-Effect (2)

« Advenit off the Structural Similarity
petween-Semiconductor Markets &. Devices
(as an-effective counter—-measure for the
complexity i market & technology)

— Small-World Property (due to Loose but
lntricate Connectedness)

— Scale-Freeness (dué to Modularity)

Note: Newman,Barabasi, and Watts (2006), 7he Structure And Dynamics of Networks

- "Accelerating—Network” Property (due to the
fact that the total number of connections
betWeen nodes scales faster than the total node

numbe rg Note: S. Mattick andghl J. Gagen (2005),
“MATHEMATICS/COMPUTATION: Accelerating Networks,” in Scrence, Vol. 307. no.
5711, pp.-856-858

Work in Progress - Do not publish STRJ WS: March 9, 2007,



STRI
Striking Analogy between Organisms

and Semiconductor Chips (1)

e Structural Diversity-in. Prokaryotes
o Primordial Eukaryotes

= due to Gene Duplication, Deletion or
Divergence

(Semieonducter Deviees: due o the Increase
In Numbér of Transistors and Advent of
New Transistor and/or Capacitor Structure)

Work in Progress - Do not publish STRJ WS: March 9, 2007, 10



STRI
Striking Analogy between Organisms

and Semiconductor Chips (2)

« Vost: ot Merphological & Phenotypic
Novelties 41im Eukaryotes

-, due to the Evolution in Regulatory Circuits or

Regulatory Layers embedded in (Non—-Protein—
coding) “Teolkit Genes” (vs. (Protein—Coding)

“House=keeping Genes™)

(SemicorRductor Devices: due to the Creation of;
New: Control Circuits via Multi-layered Intricate
Interconnecting Methods)

S. Mattick-and M. J. Gagen(2005), op. cit.
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STR]
Genome Size Z=Biological Complexity

Biological Complexity (e.g., Different Cell Types per Genome)
= G(Housekeeping Genes, Toolkit-Genes)

(1) Each number of housekeeping or toolkit genes scales as
a-power-law of the total number of genes in the genome
(e, genome size).

(2)In a power low: y=cx®, o of toolKit genes is around 2.0,

while one of housekeeping genes is around 0.5. (Nimwegen
(2003), “Scaling-laws inthe functional content of genomes” in 7TRENDS in

Genetics\0l.19 No.9 ;479-484)

(3) “The numbers of regulators (or combinations thereof)
must generally scale faster than the number of genes.”
The complexity of organisms tends to be constrained by
the architecture of their regulatory networks. (Mattick and

WERGR ProdédLIDo not publish STRJ WS: March 9. 2007. 12
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Vogel-and Chothia (2006), “Protein Family Expansions and Biological Complexity”
In PLoS Gomputational Biology, Volume 2, Issue 5, pp. 370-382
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STRI

Number of Transistors per Chip
7 Semiconductor Chip Complexity

Chlp Complexity (e.g.,"Ex ante & ex post flexibilities)
=F(Transistor Blocks, “Requlatory Circuits”)
“‘Regulatory Circuits” =-intra—& Inter-block-Connections

(1) The number of transistor-b ocks follows
Moore’s (power) law.

(2) The number of “regulatory circuits” needs to
follow More=-than-Moore’s (power) law?
Otherwise “LSI Design Crisis” would occurs!

(3) The number of “regulatory circuits” scales
faster than the number of transistor blocks!!

Work in Progress - Do not publish STRJ WS: March 9, 2007, 14



Contacted
Metal 1 (M1) pitch
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: STRI
“Demand Hiddenness”

In the Era of More-Than—-Moore

* Facing. the bounalessly: diversified
& uncharted landscape,

— Suppliers puzzled by consumers’widely
diversiftied and kaleidoscopic
preferences

= Consumers (customers) plagued by their
Incontrollable revealed preferences

—Emergence of “Demand Hiddenness”

Work in Progress - Do not publish STRJ WS: March 9, 2007, 16



wanted: CUSTOMERS, who breathe, eat, and live in
Global & Regional Political & Macro-Economic Environments

...and who BUY,
based on varying
levels of
\\ Purchasing Power,
\, PRODUCTS

Ecosystem or
Foodchain?

Sources: NASA.gov ; SEMI

from “Follew=up from ITRS Maastrieht & San Francisco meetings — European IRC proposal”’ (2006)
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New Tendencies In the Era of —

“‘Demand Hiddenness” (1)

*Erom = Stereotype Marketing™ to
“(Jungran)-Archetype Marketing*

(G Zaltman ( ), How . Customers. ThkK)

- Arm-in-arm information exchange
& sharing between suppliers and
consumers (or customers)

- Era of Application-driven as well
as Technology—driven Readmap

Work in Progress - Do not publish STRJ WS: March 9, 2007, 18



STRI

New Tendencies In the Era of
“‘Demand Hiddenness” (2)

* Ex.ante.and; ex-post
Rimbleness (rresiliency).as
a Core source ofi competi—

The Role of Platform/Structured ASICs
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ble blocks having, application
specific processors

_ Time to Market
Source: LS| Logic

Figure 12-33
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Market Drivers for Technology Roadmap

Technologies

Memory

CMOS HP

CMOS LP

RF/AMS

Power

Analog/HV

Sensors
Actuators

System in
Package

Data Proc. Communication Consumer Auto- Industrial Medical
Office Wireline Wireless Portable Stationary motive
_ Markets
Legend:

More Moore O More than Moore @ mixed Bubble size
(scaling) (non-scaling) = driver impact

from “Follow-up from ITRS Maastricht & San Francisco meetings — European

IRC proposal’ (2006) _
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STRI]
Inescapable Phenomenon Induced

by Increasing Complexity (1)

* SUb=systemization of
\arieus Existing Systems at
a splitting pace

= Increasing-incapability to make a
self-contained market evaluation

ofown productsas well as R&D
performance (Hiddenness Everywhere!)

Work in Progress - Do not publish STRJ WS: March 9, 2007, 21



STRJ
Inescapable Phenomenon Inducea

by Increasing Complexity (2)

* Strong Bemand-for Inter—
Organizational Wisdom Mobili—
zation -(In addition torExtensive
Investment Cost & Risk ‘Sharing)

— Absolute Necessity for “Global
Brain”

H. Bloom, Global Brain (2001)

Work in Progress - Do not publish STRJ WS: March 9, 2007, 22



- u - - - STRJ
Main Principles in Coping

with Complexities (1)

« Knewiedge Sharing & Networking via
Intér-0rganizational Preactive (or
Contexture—Sharing) Visualization

— Enhancing Inter=0rganizational
Knowledge Compatibility & Interoperability

S Resolution—-Enhancement In Inter—
Organizational “Common Knowledge”

— Creation of the Place for Resonance

Work in Progress - Do not publish STRJ WS: March 9, 2007, 23



Main Principles in Coping e

with Complexities (2)

* Creating a Socilal-Mechanism to
avold. the.msignificant
duplication of R&D activities

- Introducing Consortia, Alliances,
or Technology & Application
0 P as Public Goods

Work in Progress - Do not publish STRJ WS: March 9, 2007, 24



SIR]
In Search of a “Global Brain”

= |TRS has been greatly contributing to the
evelutientelf a netwerked “Glehal Brain™ by decidedly

Indicating a significanit technology-milestone.

* For us to go further Into-a harmoniously
developed-Global-Brain, ITRS has been again required
to-make redoubled organizational efforts to swiftly
develop the right semiconductor devices in the
righttime.

® Through these continuous efforts, ITRS could be
one of prominent clans within such a Global Brain
Network.

Work in Progress - Do not publish STRJ WS: March 9, 2007, 25
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