BN E B
BEAKETR-EBEE

Department of Electrical Engineering
National Cheng Kung University

@
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
(@R
s
<«
w2
=
@)
=
.
oS
o
o
=
o
ﬁ
2
<

1
BY 3L R o R B A




W
o SRR B A
R g g B
i ths" gedtys elande s eee $uge 8y B
IR MR PR R

Computer Architecture and System Laboratory



https://caslab.ee.ncku.edu.tw/dokuwiki/_media/edu_project:eecamp_logicsystem.pdf
https://caslab.ee.ncku.edu.tw/dokuwiki/_media/edu_project:eecamp_logicsystem.pdf

®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

{7 38 B A 4 38
—ERLEE RS
WEHER
TTL3 A3 # #51C
LB AR 3

Outline



1738 B B 48

o B Uk o JALLIIE

- BESLBYIAIEIA - IR AEBYINIEIA
- AR S eysea (081893 s ) - BIRZeAEMAE ( TEEAEM)
. #&é* *&%ﬂ“tiyéﬁ - RPUEEIEE A B £
aXn‘l’ﬁ% * %E%%‘E%& A ﬁizt\ i\"%
(nA (I)A

time time

@
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
(@R
s
<«
w2
=
@)
=
.
oS
o
o
=
o
ﬁ
2
<




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

{738 B A B 45

« ERAEEKEHE

. #da%\ ( Abstraction )
¢ TR R R e

o Rfp : BEF1000/B 2L F

o FEAHEFE C RAHER R PR EER R
 C/C++  Python » Java
* Windows » macOS » Linux
* Intel 19 13900K » Apple M2 Ultra

Problem

Algorithm

Program/Language

System Software

SW/HW Interface

Micro—architecture

Digital Logic

Transistors

Metal/Silicon




{738 B A B 45

c BRF LR IKEE
. #eb%\ ( Abstraction )
¢ TR R R e

o Rfp : BEF1000/B 2L F

o FEAHEFE C RAHER R PR EER R
 C/C++  Python » Java
* Windows » macOS » Linux
* Intel 19 13900K » Apple M2 Ultra

A —
Y
B —

®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

Problem

Algorithm

Program/Language

System Software

SW/HW Interface

Micro—architecture

Digital Logic

Transistors

Metal/Silicon




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

{738 B A B 45

o TRGFIZE R KR EAE
. #da%\ ( Abstraction )
* ERTRE&EMEE
o B BEF10001E B F

o FEAHEFE

FUBHEF R~ R BEF R

 C/C++  Python » Java

 Windows » macOS » Linux

_;yY

Intel 19 13900K ~ Apple M2 Ultra

Problem

Algorithm

Program/Language

System Software

SW/HW Interface

Micro—architecture

Digital Logic

Transistors

Metal/Silicon




47 38 A B 48

o BRSEHD 00 B KA

° #\43 %’( ( Abstraction ) Problem
o FPAT B8y BB mE Algorithm
o Hf| : BEF100018 2 F Program/Language
« WAHBEFE > RUBHEA R BERBEAE System Software
 C/C++  Python » Java SW/HW Interface

* Windows » macOS » Linux Micro—architecture

* Intel 19 13900K ~» Apple M2 Ultra .. .
bp Digital Logic

Transistors

Metal/Silicon

A —
Y
B —

®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬂ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

{738 B A B 45

R FHZE 0 B K& 45
. #eb%\ ( Abstraction )

o« KRR BE b
o B BEA1000/E 2 F

o FEAHEFE > ROBHEFE - R

 C/C++  Python » Java

e Windows »

macOS » Linux

R

= I 4

Problem

Algorithm

Program/Language

System Software

SW/HW Interface

Micro—architecture

* Intel 19 13900K » Apple M2 Ultra N

_;yY

Abstraction !

Digital Logic

Abstraction !

Transistors

Metal/Silicon




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

— B AE A S

FATB FAEE T RIFEAMER TES > kA BB AR E T 1089
Ry

e 1234 =1 %103+ 2 % 104 + 3 % 10! + 4 % 100

EEMEHT > EBRAEFE TR P RER | TARKRME
R _ER R TR ERERORAE

¢ HEE : EH

.« IRER : HBIE0

AR TR F 28 R Ty

e 1~2~4~8>16"> 32..

it Bk ] T DA B AE 9245 |

° 12(10):1*23‘|‘1*22+O*21+0*20:1100(2>

* 1010(2>:1*23‘|‘0*22‘|‘1*21‘|‘0*20:10(1())

10



®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

BEEH

BART TUH M BEETORFRAEAER > BT UH B aH
BT BEEH

BEEH 05

+ NOT: B = A

+ AND: C = A & B

+ OR: C=A|B

+ XOR: C = A" B

+ NAND » NOR ~ XNOR

Lt HMAE T BEEF XA ET ok

* BRERRTY  KRIVEEABEEIRER—BMES |

11



®!
=
o
<
ﬂ
Q)
-
2>
=
o
=
ﬁ
O
=l
<
=
O
o
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<

BIEE - NOT

« R MR G K]
« NOT: B = "A

=
&

iung

¢

12



@)
=
o
<
ﬂ
Q)
-
2>
=
o
=.
ﬁ
O
=l
<
=
O
>
=
Q.
N
<
0]
=
¢
=
-
&
on
@)
=
o3
ﬁ
S
<

#EEH - AND

e MBI BARERACEIYEATHE] > BRI H
« AND: C = A &B

== O O
_ O = O
= O O O

PN i

P
C
B —

13



_ = O O
= o = O
—_ = = O

@
=
=
=
a
-
2>
-
@)
=
ﬁ
@)
Q
=
o)
@)
oo
=
o
W
<
05}
=
@)
=
.
jab)
U
S
-
V)
ﬁ
2
<

14




&5 EH - XOR

c TR EE > REMARBRGELTEH S IEAEE R #H0
e« XOR: C=A B

_ = O O
_ O = O
o = = O

®!
=
o
<
ﬂ
Q)
-
2>
=
o
=.
ﬁ
O
=l
<
=
O
>
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<

15




% B4 L 2

¢ S AR BB MR |
o BAp| R

e A= 12(10> - 1100(2)

° B = 7 (10) — 0111(2)

e A = 0011(2) = 3(10)

* A& B =010000 =419
e A B = 11110 = 150
* A7 B =1011¢y = 11l¢yp

®!
=
o
<
ﬂ
Q)
-
2>
=
o
=
ﬁ
O
=l
<
=
O
>
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<




TTLZ &= IC

* TTL ICey451E
« TTLAZMER G TRAAM OV o
© WA WEIREAT O 1551 17 By E R TR A o

Bk AE WA TR i BB
0 0.8V ;X F | 0.4V ;X F
1 2.0V Sk | 2.4V mE

© GHERWANEE] > KR ALE RSV
o EEHMABE) > FHREZE0V (GND)

®!
=
o
<
ﬂ
Q)
-
2>
=
o
=.
ﬁ
O
=l
<
=
O
>
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<




TTLE A # 55 1C

* NOT F * ANDF]
+V

=020=D=0=0=0=

7408

0=020=0=0=0=0

5V (143884 ) SRGND ( 738 mepfr ) F2e /g4 ! |

®!
=
o
<
ﬂ
Q)
-
2>
=
o
=.
ﬁ
O
=l
<
=
O
o
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<

18




TTLE A # 55 1C

* XORF

 OR Fd

5V (143884 ) SRGND ( 738 mepfr ) F2e /g4 ! |

19

Computer Architecture and System Laboratory



o & BT B

=

S

% . tﬁ;’iaﬁf‘gﬁ%éLEDﬁﬁéﬂé\ » ] 4 g fCOMa b
Sl LRS- RBREGHE - KL Q QP QQumsce
F*:} Fe ﬁ%@iﬁ EAIR P = VA a

= LG TV Sy SN

g B o M e ARab B AE 1 E AL (BV)Ey f . b
o NE$ R 2 R o

=

(@

%’) * FAIA300Q FrAMFCOME: 2 Vcc ¢ ! ¢
= o
a .
5 5553

8 e dcoM c dp
—

S

2




I U | | | & #
8

N h_ [T s [sex
| —
5

9 10 11 12 13 14 15

7447 OUTPUTS
Vee f £ a c d e

2 2
w6l Jsl Jial sl Jaz s ]o 4 BCD | B3 | B2 | Bi | Bo

ﬁrﬁ PIN |D|C|B]|A
—3 1 L5

f & a b c de

14Enns [C TAAT & o fie R 45 BCDAE 3 2 +
!__rr_”] — ] ERET 5B (EgE)ehiE FlE
17 1213 4_ 5 6 1718 3‘%[‘;]'5”@{}%;]%1(: 7447}(;}%‘%'7;}%“?‘
FOTs TESTOUT IR [pmrs BT BT HIE R

@
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
(@R
s
<«
w2
=
@)
=
.
oS
o
o
=
o
ﬁ
2
<




. B aFERBEEN
=

5

% o EH GG hikIRRATAT Aoy S — A BEME TG 0 WwRAB
; WA B LR > 3L E BB o

<:} * ko :

? o i

=] 1=\
a 4 9
= + 2 and + J 8
o

N 0 6 1 7
S

o © W =iEAX

=

— 1\
53 1 J 1
% + 0 nd + 1
5 0 1 10

22



®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

c Jo_iEfuh B

o« AKX K - RIMT UImiZem S

table) o

AU TCF e B

SEAE

— BB RN E R G HFAEAS

™

0 1 1

+ 1 0 + 1
0 1 0 1 1 0

A B Carry Sum
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0

Bm— & A AEMAE L (truth

23



®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

B4 CF A B TAF

1 EZEH A BEFHCarry > Sumyy

Carry =A-B
Sum=A-B+A-B=A®B

BERMELEBH" HE
B B 14 A o
A B Carry | Sum
0 0 0 0
0 1 0 1
1 0 0 1
1 1 1 0
LA ] /o
A
B

} Carry

Sum

B IRA ~ B

24



BRu¥mBRTA

o REAIAICTA08 » 1CTA86 0 Rasqy | ° | P | Carv | S
Hidad FiuiEeE » B4EH 0 !
LEDERE &R » BB & RENAN 0 1

R AT — A X BEAA K H B 1 0

En e & R e EAEME o

+5V

=D=O=D=0=0=0
D

7408

@
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
(@R
s
<«
w2
=
@)
=
.
oS
o
o
=
o
ﬁ
2
<

9=0=20=0=0=0=¢C

—
—




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

BRaasmE T

e BN IuEEE LA EE R R mE B AE
BRI — BB EE LA AR FFUARME 245 A 2 ho SRk
T — ey o AR EE T U R B TR -

« B
SN 0 o 0
1 1 0l
+ EER + BRE + 10
R Lo RN

o WEIEIATBEAIE > 2R AN B AT B E A G ERC s EHEIZ L R Sun
AR BL B & A ey EfuCarry o

26



®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

o RFIuHE—

Carry

Sum

0

— == —m|ololo|lo | >

— |l lolo|l—|—|lo|lo|W
— lol—|lo|l—|lol—]lo|l o

—_ = | = | OOl — O o

[l BN es R BN el B B e R B B )

BT S B
o RIITAI LA &

3 3

¥ 8 3% B R

A{

Carry=A-B+B-C+A-C
=A-B+(B+A4)-C

=A-B+(BOA)-C

Sum = AGBBEPHC

D,

>

» Sum

Carry

(e]

27



BB REAF

o XA ICTA08 ~ 1CT432 » 1CT48640 4 th 2 Ao B 60 B % + 145 A LEDAE
BARER BMEEREAT R TR — B2 AEAHBUREL
Rl LA o

Carry Sum

— = | = R Ol O]l O ©| =
— |l —|lolo|l—|—|lo|lo| ™
— | Ol R | Ol ROl — ] O O

®!
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
o,
N
<«
w2
=
@)
=
.
oS
U
o
=
o
ﬁ
2
<




®!
=
o
<
ﬂ
Q)
-
2>
=
o
=.
ﬁ
O
=l
<
=
O
>
=
o
N
<
0]
=
¢
=
-
&
U
@)
=
o3
ﬁ
S
<

« I1CT7408 »

BRaasmE T

[CT7432821C7486 :

29




®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<

b4

2B FAE

=

BRI F BB RETR BTk ZFERSATY
IEEE o RAILBER SRS B E B S HETR ST
o) B

ARG B TCA R AT Em ey i » b A ¥ o B

Z A LB AT — B Ty AL 0 B A B 2 e B

o)

A2 B2 Al Bl A0 BO
oo w P L L ||
LT\ lollm L
11 0/1 2 fo % 2 ha % ¥ Jo %
Lo/l — 7 Y -
T }
1 Oszom Oso o ) S1 S0

30



%A e Hm B EAE

s FAAFBESNmEES T
Wik 5 B EEAA S IABR
W& R RS 5 +d = d

744°7 744°] T44] | C——
{1
T T ]
A2 B2 Al Bl AO BO
| | |
Vil L
2 B 2 35 o 5
1 L1 |
Cl Co0

—“ <
«—

®!
=
o
<
ﬁ
Q@
-
2>
=
@)
=.
ﬁ
Q)
=l
<
=
a
o
=
o,
N
<
28
@
=
Y
U
@)
=
o3
ﬁ
S
<




ek - TIRBLIE 3

1. A& Z 180 5 BA 47 B
2. #E & bV/3.3V ZEELNEVAL E
3. 4o R 433Vt — F5V/3.3Vim C———

‘35,000 -89,~ °

oz

4. #4 & E 3BFHEADLV/3.3VECOM2 &Y
(i)

D. PE T P& TR AE » #TF5V/3.3V
gyPower Output

@
=
go)
c
ﬁ
@)
-
2>
-
o
=
ﬁ
(@)
24
(a
=
@)
o
=
o,
P!
<
2
@)
=
.
oS
U
o
=
o
ﬂ
2
<




33

fit Sk - 48 ELAR

w A PR A EHERTH AR R
]

) =
_m _
L o
~~~ s 0 o0
w w7
T
M o4 O
W R g%
& o O

Computer Architecture and System Laboratory




34

fiték - 35 ¥ B BRAE A o= &

Computer Architecture and System Laboratory



@
—
i

iy

¥
)
3
.L
NEY
e
jm
X
3
ﬁ
3
2

Computer Architecture and System Laboratory

35



