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module main (clk, led);
input wire clk;
output wire led;

reg [26:0] cnt=0;
always @(posedge clk) cnt <= cnt + 1;

assign led = cnt[26];
endmodule

Verilog HDL code
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Lecture01: Basic Structure of Computer Systems

Exercise (1):

Lecture02: Hardware Description Language: Combinational Circuit
Lecture03: Hardware Description Language: Sequential Circuit

Exercise (2):

Lecture04: Hardware Description Language: Typical Circuits

Lecture05: VLSI and Reconfigurable Systems

Exercise (3):

Lecture06: Instruction Set Architecture: Data Representation and Addressing
Lecture07: Instruction Set Architecture: Arithmetic and Logic Instructions
Exercise (4):

Lecture08: Instruction Set Architecture: Load/Store and Branch Instructions
Exercise (5):

Lecture09: Design and Implementation of a Single Cycle Processor (1)
Lecturel0: Design and Implementation of a Single Cycle Processor (2)
Exercise (6):

Lecturell: Design and Implementation of a Multi-cycle Processor
Lecturel2: Pipelining and Hazards (1)

Exercise (7):

Lecturel3: Pipelining and Hazards (2)

Lecturel4: Preparing for the design contest (group work)

2023-06-01 (08:50-12:25): Design Contest

2023-06-05 (10:45):

(
(
(
(
(
(
(
(
(
(
(
2023-05-08 (10:45):
(
(
(
(
(
(
(
(
(
(
(
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<4070+ yY, CPU (Central Processing Unit)
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DRAM (dynamic random access memory)
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Silicon Ingot

Silicon, the most abundant element
on earth except for oxygen, is used because
it is a natural semiconductor.

Wafer
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Intel#t, Industry-Leading Transistor Performance Demonstrated on Intel’'s 90-nanometer Logic Process
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Transistor
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i Transistor and Gate
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The first commercially available microprocessor

1971 5: 4004 v 2077049

Jatyy HETF FSUURRH
4004 1971 2,250

From Wikipedia, IntelSa—Y7 A
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Moore’s law

= Moore's law is the observation that the number of
transistors in a dense integrated circuit doubles

approximately every two years.

Computer Logic Design, Department of Computer Science, TOKYO TECH
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Moore’s Law

Moore’s Law

Moore’s Law states that the transistor density on integrated
circuits doubles about every two years. Moore's Law has been
amazingly accurate over time. In 1971, the Intel 4004 processor
held 2,300 transistors. In 2005, the Intel® tanium® processor
held more than 1 billion transistors. Intel continues to drive
Moore's Law, increasing functionality and performance, and
helping to bring growth to industries worldwide.

1486™ processor
Pentium® processor

8086 processo
8088 processor
286 processor

& I Pentium® Pro processor

1970 1975
Year of Introduction

VISUALIZING PROGRESS

'
| e If the transistors in a microprocessor were represented by people,
the following timeline gives an idea of the pace of Moore’s Law.

2,300 134,000 32 Million 1.3 Billion

Large stadium capacity Populaticn of Tokyo Population of China

\/

Average music hall capacity

1970 1890 2000 2011

Intel 4004 Intel 286 Pentium Il Core i7 Extreme Edition

Now imagine that those 1.3 billion people could fit onstage in the original music hall. That's the scale of Moore’s Law.

27
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Moore’s Law

Transistors'

In 1965, Gordon Moore
sketched out his
prediction of the pace of
silicon technology.
Decades later,
“Moore’s Law”
remains true, driven
largely by Intel's
unparalleled
silicon expertise.

2,000,000,000

Manium® dual-core processor

Moore’s Law

Moore’s Law states that the transistor density on integrated
circuits doubles about every two years. Moore's Law has been
amazingly accurate over time. In 1971, the Intel 4004 processor
held 2,300 transistors. In 2005, the Intel® Itanium® processor
held more than 1 billion transistors. Intel continues to drive
Moore's Law, increasing functionality and performance, and
helping to bring growth to industries worldwide.

HManium® 2 processor

processor
m® 4 processor.
D Xeon™ processor

100,000,000

nium® processor

Pent

Pentium® 11 processor
Pontium®

1386™ processor
1486™ processor
Pentium® processor
Pentium® Pro processor
Celeron® processor

4004 processor
8008 processor
8080 processor
8086 processor
8088 processor
286 processor

1970 1975
Year of Introduction
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Moore’s Law

The experts look ahead

Cramming more components
onto integrated circuits

With unit cost falling as the number of components per
circuit rises, by 1975 economics may dictate squeezing as
many as 65,000 components on a single silicon chip

By Gordon E. Moore

Director, Research and Development Laborateries, Fairchild Semiconductor

division of Fairchild Camera and Instrument Corp.

The future of integrated electronics is the future of electron-
ics itself. The advantages of integration will bring about a

proliferation of electronics, pushing this science into many
new areas.

Integrated circuits will lead to such wonders as home
computers—or at least terminals connected to a central com-
puter—automatic controls for automobiles, and personal
portable communications equipment. The electronic wrist-
watch needs only a display to be feasible today.

But the biggest potential lies in the production of large
systems. In telephone communications, integrated circuits
in digital filters will separate channels on multiplex equip-
ment. Integrated circuits will also switch telephone circuits
and perform data processing.

‘Computers will be more powerful, and will be organized
in completely different ways. For example, memories built
of integrated electronics may be distributed throughout the

The author

Dr. Gordon E. Moore is one of
the new breed of electronic
engineers, schooled in the
physical sciences rather than in
alectronics. He earned a B.S.
degree in chemistry from the
University of California and a
Ph.D. degree in physical
chemistry from the California
Institute of Technelogy. He was
one of the founders of Fairchild
Semiconductor and has been
director of the research and
development laboratories since
1959.
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Electronics, Volume 38, Number 8, April 19, 1965

machine instead of being concentrated in a central unit. In
addition, the improved reliability made possible by integrated
circuits will allow the construction of larger processing units.
Machines similar to those in existence today will be built at
lower costs and with faster turn-around.

Present and future

By integrated electronics. 1 mean all the various tech-
nologies which are referred to as microelectronics today as
well as any additional ones that result in electronics func-
tions supplied to the user as irreducible units. These tech-
nologies were first investigated in the late 1950's. The ob-
ject was to miniaturize electronics equipment to include in-
creasingly complex electronic functions in limited space with
minimum weight. Several approaches evolved, including
microassembly techniques for individual components, thin-
film structures and semiconductor integrated circuits.

Each approach evolved rapidly and converged so that
each borrowed techniques from another. Many researchers
believe the way of the future to be a combination of the vari-
ous approaches.

The advocates of semiconductor integrated circuitry are
already using the improved characteristics of thin-film resis-
tors by applying such films directly to an active semiconduc-
tor substrate. Those advocating a technology based upon
films are developing sophisticated techniques for the attach-
ment of active semiconductor devices to the passive film ar-
rays.
Both approaches have worked well and are being used
in equipment today.
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Moore’s Law
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Growth in clock rate of microprocessors

10,000
Intel Pentium4 Xeon Intel Nehalem Xeon
3200 MHz in 2003 3330 MHz in 2010
Intel Pentium Il
1000 MHz in 2000 -
1000 4 S——— i ”
Digital Alpha 21164A
500 MHz in 1996
0' 1
Digital Alpha 21064 %lyear
150 MHz in 1992
100 4

MIPS M2000 |,
25 MHz in 1989

Clock rate (MH2)

10 - " ... Sun-4 SPARC

Digital VAX-11/780
5 MHz in 1978
15%/year

, Ll 1] L

1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012

. . . From CAQA 5t edition
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Clock rate is mainly determined by

= Switching speed of gates (transistors)

= The number of levels of gates

=« The maximum number of gates cascaded in series
in any combinational logics.
=« In this example, the number of levels of gates is 3.

= Wiring delay and fanout

L
_‘)—|_‘D_\; Register
Register AND gate

OR gate _
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Growth in processor performance

= Performance = f x IPC
« f: frequency (clock rate)
= IPC: retired machine Instructions Per Cycle

100,000

Intel Xeon 6 cores, 3,3 GHz (boost 1o 3.6 GHz)
Intel Xecn 4 cores, 3.3 GHz (boost to 3.6 GHz)
Intel Core i7 Extreme 4 cores 3,2 GHz (boost to 3.5 GHz)
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10'000 AM% Alhlc\n 266G - y
Intel Xeon EE 3.2 GHz

r=) Inte! DBSOEMVA motherboard (3.06 GHz, Pentium 4 processor with Hyper-Threading Technclogy)
© IBM Powerd, 1.3 GHz 4,198
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« 100,000,000 412, IEVEDLPRA r_out DEZRERT 5.

/**************************************************************************/

/* code@57.v For CSC.T341 CLD Archlab TOKYO TECH */

/**************************************************************************/
module m_main (w_clk, w_led);
input wire w_clk;
output wire [3:0] w_led;
reg r_out = 0;
reg [31:0] r_cnt = 0;
always@(posedge w_clk) begin
r_cnt <= (r_cnt==99999999) ? 0 : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led = {r_out, r_out, r_out, r_out};
// vio_@ vio_00(w_clk, w_led[3], w_led[2], w_led[1], w_led[O]);

endmodule

module m_main (w_clk, w_led);
input wire w_clk;

output wire [3:0] w_led;

reg r_out = 0;
reg [31:0] r_cnt = 0;
always@(posedge w_clk) begin

r_cnt <= (r_cnt==99999999) ? @ : r_cnt +1;
r_out <= (r_cnt==0) ? ~r_out : r_out;
end
assign w_led[@] = r_out;
assign w_led[1] = r_out;
assign w_led[2] = r_out;
assign w_led[3] = r_out;

// vio_@ vio 00(w_clk, w_led[3], w_led[2], w_led[1], w_led[©]);

endmodule

Evh&EfRE { } ZRAVV-EDI—KE, EvhEICHER assign 94 0O—RIEEH.
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100MHz

100,000,000 /oI (1#)IC

« IKHz ®-Ovy2{E=(% 1,000 Hz &ELC.
+ 1KByte M AE!)(X 1024 Byte £[FIL.

- IMHz @/ RAvy%~{E5(% 1000 x 1000 = 1,000,000 Hz &£[EIC.
« IMByte MAEIE 1024 x 1024 = 1,048,576 Byte &L[EIL.

« 100MHz - Bavyo{E5 14 100 x 1000 x 1000 = 100,000,000
Hz &[ELC.
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