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

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

assign led = cnt[26];
endmodule

Verilog HDL code
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DRAM (dynamic random access memaory)
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Richard L. Sites, Alpha AXP Architecture Reference Manual SECOND EDITION
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The first commercially available microprocessor

1971 5F: 4004 720704+ %

Tty HETE FSUORGH
4004 1971 2,250

From Wikipedia, IntelSa—J7 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.
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Moore’s Law
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Moore’s Law

Computer Logic Design, Department of Computer Science, TOKYO TECH

24



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 Develop Laboratories, Fairchild Semicenductor

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
electronics. He earned a B.5.
degree in chemistry from the
University of California and a
Ph.D. degree in physical
chemistry from the California
Institute of Technology. He was
one of the founders of Fairchild
Semiconductor and has been
director of the research and
devalopment laboratories since
1959,

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.

Electronics, Volume 38, Number 8, April 19, 1965
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Moore's Law
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Growth in clock rate of microprocessors
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Clock rate i1s 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

g -
- _ 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
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= Intelligent power capability

= Micro-Fusion
= RISC vs CISC

= Advanced Smart Cache
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Intel Sandy Bridge, January 2011
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AMD Ryzen 7 1800X, March 2017
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Exercise(1)

* Project_1 %i

» Xilinx Vivado Design Suite DENEEHEERT 5.
« NEXYS 4 DDR FPGA Board M EN{EZFEZET 5.
* Project_2
o LIR—FZERLTIRET .
« Verilog HDLTCEEHLIza—FDL2al—LarvFEEFE S
 Verilog HDLDERERIZIEND.

PNEE D
R ICall N
ANy &S

¢ |
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Inside codeOO0l.v

¢ EVaA-ILDEZEFF—T—FmodulemMicoF—T—FendmoduleFE T. x
* moduleDEICED21—ILZZEEL COBITEMANNED2—ILA.

e EDA—INZDEDIFEMANICAENDIHFRZREINETS. CZTlEmFIXAILE
ZLTLVELY.

e ®IOOV()T, EDA—IILBEmFDINEEZRZS.

o F—TJ—FKinitiallz&kV, ¥2al—ia Rk (BFZI0) IT—EZ[TEITSN S
ETHETET S.

o $writeldP AT LEAID1DT, Ayt—C%H N9 5. EXIECEFEDprintf
&R Hk.

Verilog HDL code (code@@l.v) Simulation output

module main (); hello, world
initial $write("hello, world¥n");

endmodule

Verilog HDLOO—KIIFRT, 2 2al—iavDHAIIH/EBTRY.

~ =
S 38
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Inside code002.v

e mainvxcodeO2VODRNBELEAHELOIZAHALT, 2alb—3vd 5. x
o 2DMDIVARTLARG$writeE AWV =HHDH. 2DDLATLARYETAVIE
LTEEDHTULNAS.

o JAYYIEF—"T—bkbeginTIaEY, F—T—FendT#HS. CEFED{ Hxtix.
e c0de002_ngl.vld2Z&EEH D $writeMinitial TOVIIZEENLZNND TIELS—

E1EB.
code@02.v
module main (); hello, world
initial begin in Verilog HDL

$write("hello, world¥n");
$write("in Verilog HDL¥Nn");
end
endmodule

code®02 ngl.v

module main ();
initial $write("hello, world¥n");
$write("in Verilog HDL¥n");
 _fi=n endmodule
‘5&\ 39
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Inside code003.v

e mainvxcodeO03.VvODRRNBELEAELIIZAALT, 2alb—3vd 5.
e EVaA—I)LATEHDIntiadZRAWTEHERILND T, code002.v&code003.vD H 1

[XRIC LS.
code002.v
module main (); hello, world
initial begin in Verilog HDL

$write("hello, world¥n");
$write("in Verilog HDL¥Nn");
end
endmodule

codeBB3.v

module main (); hello, world
initial $write("hello, world¥n"); in Verilog HDL
initial $write("in Verilog HDL¥n");
endmodule

f‘@‘
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Inside code004.v

e mainvxcodeO04.vORNBELEAHEOIZAHALT, 2alb—3rd 5.
o EHintegersfor)l—TZRAWERELRTOI S LDOHI

o EHIDfahr, celsiusZEE.
CEEEDRKITEEF++IXFEZLLY. fahr++ ELVSERR

code@o4.v

j:I7 tf&éo)rlin_.\

module main ();
integer fahr, celsius;
initial begin

celsius = 5*(fahr-32) / 9;
$write("%3d %6d¥n", fahr, celsius);
end
end
endmodule

for (fahr = @; fahr <= 300; fahr = fahr + 20) begin

4@‘
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60 15
80 26

100 37
120 48
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240 115
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Inside code0O0b.v

e mainvxcodeO05.VDIRARELEAELIIZANLT, 2alb—3ard 5.

o HBELERENEATHIETH-EL2mTH ZRALHI
« #200IZ&KY, CCTHEYZaL— 3V FHIRE (B %I0) h 52007 1T FrfE AN @ L

=B5%1200IZ hello, world #3xRR9 5.

« #100 IZ&Y, ST 2alb—a AR (B5%I0) M o1007= 1T B fE A fEEL

1=B¥%I100IZ in Verilog HDL & R$ 5.

« 1TBIE3AUK, Verilog HDLO AU KEC, C++EEFk.

code@B5.v

/* sample Verilog code */
module main ();
initial #200 $write("hello, world¥n");
initial #100 $write("in Verilog HDL¥n");
endmodule

in Verilog HDL
hello, world

f‘@‘
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Inside code006.v

=)

main.vZcode006 VORI R LGS ELIICAALT, 22al—ard 5.
$writelZKDHIDIEEFEIXESEEM?

codeB06.v

module main ();
initial #200 $write("hello, world¥n");
initial begin
#100 $write("in Verilog HDL¥Nn");
#150 $write("When am I displayed?¥n");
end
endmodule

4@‘
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Inside code0OQ7.v

=)

4@‘

main.vaxcodeO07 vVORNBELEAIIIZAALT, 2alb—i3rd 5.
HAOFESLEEMN?

VivadoD T 74 LD EZTE TIE1000nsL M 22 L—23  LAGELD T, Verilog is
easy? [FH SNy,

code@O7.v

module main ();
initial #200 $write("hello, world¥n");
initial begin
#100 $write("in Verilog HDL¥Nn");
#150 $write("When am I displayed?¥n");
#1000 $write("Verilog is easy?¥n");
end
endmodule

CSC.T341 Computer Logic Design, Department of Computer Science, TOKYO TECH
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Inside code008.v

 mainvzcodeO08. VO NRELEDHEIIZAALT, 2alb—23ard 5.
o VATLRART$timeld, 64EVRD LA L —Ia BERIEIRT .
e« ZMO—FKTIE, FNFND $write NIRRT BEZERTTS.

o BHLEBODIIAL—I3VTIE, EOHANEDEZICHASh=-DOhHHY
IKWNEENHD. TDHE, COBIDLIIHFRZH AT IERL.

code008.v

module main (); 100 in Verilog HDL
initial #200 $write("%3d hello, world¥n", $time); 200 hello, world
initial begin 250 When am I displayed?

#100 $write("%3d in Verilog HDL¥n", $time);
#150 $write("%3d When am I displayed?¥n", $time);
end
endmodule

f‘@‘
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Inside code0Q09.v

e mainvxcodeO09. VD IRARLELEALIIZANALT, 2alb—avd 5.
o URATLRARI$finishlE, ZaL—iavERTIES.
e ZNO—KFTIEERI2I0TLSaL—2arvh RT3 5.

« Vivado®D T IA4ILEDERTE TIE1000ns>2aL—30 3 50, TNKYRELEE
DI2aL—2av, HAFHTUIAL—2aVERTIEEVGEZFICANSE

B,
code009.v
module main (); 100 in Verilog HDL
initial #200 $write("%3d hello, world¥n", $time); 200 hello, world

initial begin
#100 $write("%3d in Verilog HDL¥n", $time);
#150 $write("%3d When am I displayed?¥n", $time);
end
initial #210 $finish;
endmodule

f‘@‘
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