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VLSI Past and Lesson Learnt

It all started with Moore’s Law

The corollary of Moore’s Law

Performance
Power, Energy and Temperature (the Dennard Scaling)
Reliability
Complexity of the Design

Evolution in computing
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CMOS Transistor

Figure : nmos and pmos transistors 1

1Taken from: CMOS VLSI Des, Weste and Hariss
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Transistor and IC History

Figure : The first transistor and IC built at AT&T Bell Lab 2

2Taken from: CMOS VLSI Des, Weste and Hariss
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Transistor Scaling: Moore’s Law

Figure : Moore’s First LawJaynarayan Tudu Computer Architecture: The Beginning



Manufacturing Cost: Moore’s Law

Figure : About the manufacturing costJaynarayan Tudu Computer Architecture: The Beginning



Transistor count

Figure : Its is now in billion era
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Transistor Production

Figure : It is growing every year [IEEE Spectrum]

Jaynarayan Tudu Computer Architecture: The Beginning



Transistor Technology Trend

Figure : Scaling driven technology
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Trends in Functionality in Microprocessor

Figure : Microprocessor Functionality

The highest till date: IBM P6 at 5.0 GHz.
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Frequency [ITRS 2013]

Figure : the rate has slowed down
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Intel Microprocessor Trend: Clock frequency

The Revolution Continues
Intel continues to deliver on the promise of Moore’s
Law with the introduction of powerful multi-core
technologies, transforming the way we live, work, 
and play once again.
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Introduced 1971
Initial clock speed 

The groundbreaking Intel® 4004 
processor was introduced with 
the same computing power 
as ENIAC.
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Intel® 8008 processor
Introduced 1972
Initial clock speed 
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Intel® 8080 processor
Introduced 1974
Initial clock speed

The Intel® Pentium® 4 processor 
ushers in the advent of the 
nanotechnology age. 
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Intel® Itanium® 2 processor
Introduced 2002
Initial clock speed

3.2 GHz
291,000,000 
Number of transistors 

Intel® Pentium® D processor
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Intel® Core™ 2 Duo processor
Intel® Core™2 Extreme processor
Dual-Core Intel® Xeon® processor
Introduced 2006
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Quad-Core Intel® Xeon® processor
Quad-Core Intel® Core™2 Extreme processor 
Introduced 2006
Intel® Core™2 Quad processors 
Introduced 2007
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Dual-Core Intel® Itanium® 2 processor 9000 series
Introduced 2006
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1975
The Altair 8800 microcomputer, based
on the Intel® 8080 microprocessor, was
the first successful home or personal 
computer.

1972
The Intel® 4004 processor, Intel’s
first microprocessor, powered the 
Busicom calculator and paved the 
way for the personal computer.

2003
Intel® Centrino® mobile technology brought
high performance, enhanced battery life,
and integrated WLAN capability to thinner,
lighter PCs.

1994
Intel chips powered almost 75 percent of all
desktop computers.

Moore’s Law
In 1965, Intel co-founder Gordon Moore predicted that 
the number of transistors on a chip would double about
every two years. Since then, Moore’s Law has fueled a
technology revolution as Intel has exponentially increased 
the number of transistors integrated into it processors
for greater performance and energy efficiency.

The Revolution Begins
Throughout history, new and improved technologies
have transformed the human experience. In the 20th
century, the pace of change sped up radically as we
entered the computing age. For nearly 40 years 
Intel innovations have continuously created new 
possibilities in the lives of people around the world.

1989
The National Academy of Engineering
named the microprocessor one of ten 
outstanding engineering achievements 
for the advancement of human welfare.

 

2005
Dual-core technology was introduced.

1995
Released in the fall of 1995, the Intel® Pentium® Pro 
processor was designed to fuel 32-bit server and 
workstation applications, enabling fast computer-aided 
design, mechanical engineering and scientific 
computation.

2001
The Itanium® processor is the first 
in a family of 64-bit products 
from Intel and is designed for 
high-end, enterprise-class 
servers and workstations.

2006
Intel launched four processors for servers 
under the Xeon 5300 brand, and another 
processor under the Core 2 Extreme 
series for high performance computing. 
These "quad-core" processors show 
improved performance over others with 
just one or two processing cores.

2007
In the second half of 2007, Intel began production 
of the next generation Intel® Core™2 and Xeon 
processor families based on 45-nanometer (nm) 
Hi-k metal gate silicon technology.

1998
The Intel® Pentium II Xeon 
processors feature technical 
innovations specifically designed for 
workstations and servers that utilize 
demanding business applications.

The Intel® 8008 processor was 
twice as powerful as the Intel® 
4004 processor.

The Intel® 8080 processor 
made video games and home 
computers possible.

The Intel® 8086 processor was 
the first 16 bit processor and 
delivered about ten times the 
performance of its predecessors.

A pivotal sale to IBM's new personal 
computer division made the Intel® 
8088 processor the brains of IBM's 
new hit product--the IBM PC.

The Intel® 286 was the first 
Intel processor that could 
run all the software written 
for its predecessor.

The Intel386™ processor could run multiple 
software programs at once and featured 
275,000 transistors—more than 100 times 
as many as the original Intel® 4004.

The Intel486™ introduced the integrated 
floating point unit. This generation of 
computers really allowed users to go from 
a command level computer into point and 
click computing.

The Intel® Pentium® processor, executing 
112 million commands per second, allowed 
computers to more easily incorporate "real 
world" data such as speech, sound, 
handwriting and photographic images.

The Pentium® Pro processor delivered 
more performance than previous 
generation processors through an 
innovation called Dynamic Execution. 
This made possible the advanced 3D 
visualization and interactive capabilities.

The Intel® Pentium® II processor’s significant 
performance improvement over previous 
Intel-Architecture processors was based on 
the seamless combination of the P6 
microarchitecture and Intel MMX media 
enhancement technology. 

The Intel® Pentium® III processor executed 
Internet Streaming SIMD Extensions, 
extended the concept of processor 
identification and utilized multiple 
low-power states to conserve power 
during idle times.

The Intel® Pentium® M processor, the Intel® 
855 chipset family, and the Intel® 
PRO/Wireless 2100 network connection are 
the three components of Intel® Centrino® 
processor technology. Intel® Centrino® 
processor technology was designed 
specifically for portable computing.

The Intel® Pentium® D processor features 
the first desktop duel-core design with two 
complete processor cores, that each run at 
the same speed, in one physical package.

Intel® Core™2 Duo processor optimizes 
mobile microarchitecture of the Intel® 
Pentium® M processor and enhanced it 
with many microarchitecture innovations.  
Intel® Centrino® Pro and Intel® vPro™ 
processor technology provide excellent 
performance from the Dual-Core Intel® 
Core™2 Duo processor.

Dual-Core Intel® Itanium® 2 processor 9000 series 
outperforms the earlier, single-core version of the 
Itanium 2 processors. With more than 1.7 billion 
transistors and with two execution cores, these 
processors double the performance of previous 
Itanium processors while reducing average power 
consumption.

The unprecedented performance of the Intel® 
Core™2 Quad processor is made possible by each 
of the four complete execution cores delivering 
the full power of Intel Core microarchitecture. 
The Quad-Core Intel® Xeon® processor provides 
50 percent greater performance than industry-
leading Dual-Core Intel® Xeon® processor in the 
same power envelope. The quad-core-based 
servers enable more applications to run with a 
smaller footprint.

Intel’s next generation Intel® Core™2 processor 
family, codenamed "Penryn", contains 
industry-leading microarchitecture 
enhancements.  Further, new SSE4 instructions 
for improved video, imaging, and 3D content 
performance and new power management 
features will extend “Penryn” processor family 
leadership in performance and energy efficiency.

The Intel® Itanium® 2 processor is the 
successor of the first Itanium processor. 
The architecture is based on Explicitly Parallel 
Instruction Computing (EPIC). It is theoretically 
capable of performing roughly 8 times more 
work per clock cycle than other CISC and RISC 
architectures.

1976
An operator in an early bunnysuit shows how a 4-inch
wafer is prepared for a positive acid spin.

1981
The Intel® 8088 microprocessor was 
selected to power the IBM PC.

1982
Within 6 years of its release, an estimated 
15 million 286-based personal computers 
were installed around the world.

Note: Number of transistors is an approximate number.

45nm
Manufacturing technology

Figure : Clock frequency has been consistently in rise!
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Power Density Trend [ITRS 2015 — A Kahng, UCSD ]

Figure : Peak power density trend
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Power Consumption [Borkar et al]

Figure : Processor power consumption
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Heat Flux [IBM — ITRS 2015 meeting]

Figure : Heat flux Watt/area

There is a need of new device technology to tackle the heat flux!
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Exascale Computing: Trends in Top500.org

Power and Energy will pose a major challenge [Borkar 2011].
GWatt consumption is expected.

Figure : Current performance
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Exascale Computing: Trends in Top500.org

Power and Energy will pose a major challenge [Borkar 2011].
GWatt consumption is expected.

Figure : Projected performance
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Power Trend in Top500

Jaynarayan Tudu Computer Architecture: The Beginning



Performance per Watt Trend [top500.org]
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Memory Wall: Hindrance in performance
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Emerging Memory Technology [ITRS 2015 meeting]

Solution: The idea is to bring in hierarchy system!

Figure : Focus is on non-volatile memory
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On die Cache [Borkar et al]

Figure : Suppose to increase
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Emerging Architecture

von Neumann

The traditional microprocessor

Non von Neumann

Cellular Automata

Co-located memory-logic [procesor-in-memory,
memory-in-logic, nonvolatile logic]

Reconfigurable computing

Cognitive computing [neuro morphic, machine learning]

Statistical and stochastic computing [statistical inference,
approx computing]
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Emerging Architecture: Data and learning

In Design or test production

Tensor Processing Unit [Google ML processing for Search and
Language ]

Microsoft Azure with Stratix 10 (intel) FPGA

XPU by Xiling for Machine learning

IPU (Intelligent Proc Unit) by Graphcore

DPU (Data flow computnig) by Wavecore

DLU by Fujitsu

Check out top500 for more information.
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Trends in IoT

Figure : IoT in use
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Summary and Action Items

There are problems to be solved

Teaching and research to continue...

The big question

How to push forward the performance while controlling
significantly the power/energy dissipation/consumption?
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CS5202: Course Outline

Performance Evaluation [in depth]

Instruction set Architecture: CISC vs. RISC [in depth]

Memory system architecture: Main memory and cache
architecture [in depth]

Pipelining and Superscalar Architecture [in depth]

VLIW and Multi-scalar Architectures [introductory]

Simultaneous Multi-threaded (SMT) Architecture [in depth]

Multi-core Architecture [introductory]

SIMD, GPU Architecture and Accelerator Design
[introductory]
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Course Schedule and Meeting

Schedule:
Slot: G
Tue, Thu, Fri: 1 pm to 1:50 pm

Meeting:

TAs:
Instructor: Jaynarayan T Tudu
jtt[at]iittp.*****
#1, 2nd Floor, Annex building,
Temp Campus, IIT Tirupati
http://jayresearch.github.io
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Course Evaluation

Quizes (Qz1: 10 and Qz2: 10) 20%
Class Test and Participation 10%
Assignment (Programming/simulator) 10%
Project (Group of 2) 20%
Final Test 40%
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Reference and Reading Materials

J. L. Hennessy and D. A. Patterson, Computer Architectures: A
Quantitative Approach, Morgan Kaufmann Publishers, 5th Edition.

J.P. Shen and M.H. Lipasti, Modern Processor Design, MC Graw
Hill, Crowfordsville, 2005

Current Literature (from ISCA, Micro, HPCA, ICCD, and IEEE
Trans. on Computers, IEEE Architecture Letters)

The other resources:

http://pages.cs.wisc.edu/ arch/www/

Prof. Onur Mutlu: https://users.ece.cmu.edu/ omutlu/

Almost all universities have very strong research group

SPEC Benchmark: https://www.spec.org/benchmarks.html

Simulators: simplescalar, sniper, gem5, gpgpu-sim, tejas

DBLP: https://dblp.uni-trier.de/
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Research in India

IISc Bangalore: Prof Matthew Jacob, Prof. R Govind Rajan,
Dr. Uday Bandagolu, Dr. Arka Basu, Prof. S K Nandi.

IIT Bombay: Prof. Virendra Singh, Prof. Sachin Patkar, and
Prof. Madhava Desai.

IIT Madras: Prof. V Kamakoti, Dr. Rupesh Nasre, Prof.
Madhu Mutyam

IIT Delhi: Prof. Pritiranjan Panda, Prof. Smruti Sarangi

IIT Kanpur: Prof. Mainak Chaoudhuri, Dr. Biswabandan
Panda

IIT/IIIT Hyderabad: Dr. Mittal, Dr. Lavanya
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