gbodgouoodgobo

20080 120 130

oooouoobouobod

3.100000
gbbboooobbbobbooobbbbboooobbodan

gooooon
0000 (IC: Integrated Circuit)d LSI (Large Scale Integration)O
VLSI (Very Large Scale Integration)

(

(booooo (bipolar transistor)
O0C0o00ooooooooooon)

SRAM(Static RAM) ¢ MOS O (Metal Oxide Semiconductor,
0MO00000D00O0 (FED)OOOD)

\ O0O0(0000ooooooooooooon)

| DRAM(Dynamic RAM)---MOSO (J000000000000000)

RAM(OOOOO)

OOSRAMOOOOOODOOODOOOODOOOODOOOOOOOOOD
OODRAMOODOODODOOOOOODODOOODDOODDOOODODODODOOODOOO

mask ROM---0000000000 (0O00O)
ROM(0 0 OD0O0O){ PROM(Programmable ROM)---0 000000000 (0000)
EPROM(Erasable PROM)--- 000000000

3.20000

e JUOUOUUOOLU
000000 (access time) 0000000000000 OCDOOO0O0O00O0ODOOOOOO
00
000000 (cycletime) D0 000000000000 000OO00O0OOODOOOOO
goboobobogobgaod

e 1O OOMD
MIPS(Mega Instructions Per Second)0 0 000 100000000000000
MFLOPS(Mega Floating Operations Per Seconds)0 0 000 1000000000000
gdoooooood

e OO OOODO
gboggbboobbbobbbobbboobuobuoobobouabbobobodo
000000000000000D0D0 (storage hierarchy) 0 0 00O
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~—pgubooggooo
gubobbobbd (poodob gbobbdogd
gboobooobodn —

ooooo DDDDDDD\

3.3 0000
00000000000000000000000000000000000000000 (1)
0000 (0)00000000000000000 (logical variable) 0000000000
0000000 (3)0 (truth table) 0 0 00

ooooo oooo oooooo
000 A+ B aVb AUB
000 A-BOOO AxB alb ANB
00 A ~a (—a) Ac
ooooon A®B (aVOA~(aNb) | (AUB)—(ANB)

e 000 (OR, disjunction, logical sum)
000000 (0)0o0oo

A|B|A+B

0o 0 00001111
0l 1 1 OR 01010101
110 1 01011111
111 1

4

e 000 (AND, conjunction, logical product)

000000 (0)00000

A|B|A-B

010 0 00001111
011 0 AND 01010101
110 0 00000101
11 1

12



e [0 (NOT, negation)

00000 (0)00o0o0o0

NOT 01010101
10101010

= ||

4
1
[0

e 00O DOO (EOR, XOR, Exclusive OR)

000000000 (0)o0ooo

A|B|A®B
o[lo] o 00001111
01| 1 EOR 01010101
10| 1 01011010
1[1] 0
e 000000 (NOR)
A|B|]ANOR B
010 1
01 0
1[0 0
11 0
e 000000 (NAND)
ANAND B

==l N
— o = ol

O = =

13



ooo(0) A+B=B+A A-B=B-A
000 (d) A4+ (B+C)=(A+B)+C A-(B-C)=(A-B)-C
0oo (0) A+B-C=(A+B)-(A+C)|A-(B+C)=A-B+A-C
oooo (0) A+ A=A A-A=A
0oo (0) A+A-B=A A (A+B)=A
0000ooooo A+B=A-B A-B=A+B
e 000 DO
0000 (oooo)
o T o t[o]1 o] (o
oftfolof[1]oft]o]o]--- (148),
D000 (oooo)
o To o t[o]1 o] (e

o[o 1[0 o[ 0]1]o - (7
oo oooooboouooooooouoooouoooog
oooooooon

e JUUUOUOUU

160000000 —2¥02% — 1 = —32,7680 32, 767
320000000 -2%02% — 1 = —2,147, 483, 6480 2, 147, 483, 647
(000O0O0O0OoOn)

e JUOUUUUUy

000
gbogbb3a200bbodgbobobuobuobgodgbbuobbbdobooobooab
00240 00000000320000000000000000000 —3.402823 x 1038
03.402823x 10¥ 0 0000000000000 00O00O0O0O fleat00O0O0OODOOODO
000
gbobogobbe4bO0bO0ObOObDOOobOObDObOobObObbOOoO0bONobOobDOn
OO0 0000000064000 0000000000000000 —1.79769313486232x
103980 1.79769313486232 x 103®* 0 0000 1500000000000000 doubled
gubbooodg

e UUUO0OODLOOOOO0O MDbODODLODOIeOUOOD 3200000000000
0000000000000 00D0D0000000000O0n (overflow) 00O 0O
moboobbobooooboobboooooboobooooboboooooobo
gogouooouoooobbboobogbbooobbobbbooobbobbb
0000000000000 000 (underflow) 0000
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oooon

41000000
000000000000000000000000 0000 10000000000000
0000000000000000000 0000 1000000000000000000
00000 OR(DOD)000000O0O00AND (000)00000000 NOT (00)0
0000000000000 EOR(XOR)DODOOOOODO0O000 10000000000
00000000000 000000 L(0000004V)0DOO0 100000 H(OOO
0024V)000000000000 (positive logic) 000 000000 HO1O0ODDDO L

000000000000 (negative logic) 00 00 OO
AND NOT EOR(XOR)

OR

01000000

A A
o——0X
B BoO———
(@

(b)

0 2: NOR OO
ﬁ—@x
®

O 3: NAND OO

Do

AO
oX
B O

e JUODU
0000 (halfadder) D 0000000000000 O0OO0DO 400000000000
guobogboogoobooobiodd

e OO
nU00000000000DbO00b0o0b0bogooboonoooboobobooon
goboobbbdbdbobobbobboobbooobbbobuoooooooaoo
00000 (fulladder) DO 0000000000 OOODOO0OOOODOOODOOOODOO
O00OO NANDOOOODOOODOsSOODUODUODOOOOUOOUODOODOOO 100
ooogoon

e0000D0O0D0ODODO

0000000000 (fip-flop circuit) (Aip-flop = Aip-lap00000000)00000
000000000000000 (bistable cireuit) 00000000000000000
oooooono
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- o ¢C

1) O— —
B

— = O Ol
— o ~ ol

HOOOQD

O = = o n

040000 (S=A&BO0C=A-B)

eI 0O
0000 (register, 000000)0 000000000000 OOOOOOOOOOOO
gooobobooboooobobboooooboooboboboobobbobboo
00000000000 000000000000000000 00 (ACC, accumulator
Oo0)oDooo

) o—D s
D

05: 0000 (S=A4A®B®Cin0Cou =(A-B)+Cin- (A® B))

U1.g00oogogao

oo oo
A| B | Cy | S| Cout
01]0 0 |0 0
01]0 1 1 0
011 0 1 0
01 1 0 1
110 0 1 0
110 1 0 1
111 0 |0 1
171 1 1 1

e OUOOOODLDODOOO
000000 (combination circuit) 00 0000000000000 O0O00OO0OOOOO
oooboOobObOo0oooboboobobon
(D OO0 (sequential circuit) 00 0000000000000 OOOOOOOOOOO
googbbbbooobbboboodobbbodoao
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oooon

5.1 0000000

0000000000000 000000000000000000000000 (processor)
000000000 CPU (Central Processing Unit) DO ODOPCOOOO CPUOOOOO
gbobobbobooogooboogbobobobobooboboobooobobooboboon
gdbdouououootle o320 oo oboooooboogy
guobodoboooooobn
MO00000000000000000000A0 (clock frequency) D 000000000
0000000000000000000000000 (000000000000 g (og)
O00)00000000000000000 (architecture (O00), 00 00000)00000O0
godbodbboouddoooooobuoobobobbbooobbouuuooobbobo
obobobooooooobooboo

520000000
gdgodboboooobobbooooboobouboobboobobouoooobobooo
0000000000 oo00000 (00000000assembly)) 000000 (instruction) 0 O
godddooooooooobobbbboobooooboobboooboboobboob
goubobbbobouoooob b oo booooobuooobL oo
O00000000000000O000000O0DO0o0O0O0O0 (DO0)oooooo

.30 0b0ugogboon
gboogbooobobbbobbogbbogbooboooooobboobooobooon
goooood

gogbdbd (nuooooboouoobobbd

gogodon

(1)

000000 (2boooooooOooUobOOoOoDooo
30000000 oooooooDooOoo
(4)

gooooo gooooooobooogo

ggdogbbbooodgbuoboooobaooon

instruction 1|(1)|(2)|(3)|(4) — Time

instruction 2 (1)‘ @) ‘ () ‘ 4

instruction 3| (1)|(2)|(3)|(4

06 000o0oo0d

e UIOOODODODODO
gbogobbougbbbobbubboobbgobbouogobuoooobogan
godbboodogdboouobuboooboobbbooobobooooobobb
Dooobbobbooogobrodoobooooobooooobobogoog
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instruction 1|(1)|(2|(3)|(4) —= Time

instruction 2 |(1)|(2)|(3)|(4)

instruction 3 |(1)|(2){(3)|(4)

instruction 4 |(1)|(2)|(3)|(4)

O 7o00oooocooodg

e JUUOUOO
gbobogboooobbobobougobobobbbooobuobbboooboboo
gboobbooobbbobooboboogo

5400000
000 (0000000)00000 (instruction word) D00 00 800000000 OOOO
(operation part) D00 O 00O (address part) 00 0000000000000 000O0OOOO

‘ instruction ‘ address (operand) ‘

O & ooooooooo

O00000000000000000000000000 (operand) D00 OO

5.5 00 Uuggn
gbooogbobobooboboobbobobbooboboboobuobooooooobon
0000000 (absolute address) 0D 000000000 COO0OO00O0OOODOOOOOOOO
gbhoboobbooooobobobon

e 10000 OO0 (direct addressing)
gogbobbobooogbbooobobbobbooooobbbobobbbbobbon
gdgd

main storage

ffffffffffffffffffffff

instruction operand
oA ]

0o gbooogoo

e 00000 OO0 (indirect addressing)
Jodbobooboooboobboouobobbooobbooobooooonbbooo
bbbt boobbobbuoobboad

e JJUDDOUIDDO (immediate addressing)
godbboooobtbdobboddboddoouoob oo oooo
goon
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instruction operand main storage

,,,,,,,,,,,,,,,,,,,,,,,,,,,

g 10: 0000o0o0ooo

e 00000 OO0 (index addressing)
0000000000000 000000000000000000O00O0D (Oooo
O0000)0000O00000O000O0OC000OU0DOoOU0OoOooODDUoOOoOoOoOo
goboooobobobboo

instruction operand mﬂq ?9@9? 77777
| ES
A+B —> X
K B X data
index register

01100000000

e JJUDDOODODO (base addressing)
011 00b0ddbodb0db BOoobooboobobooouobooboboboooooo
gbbbouboootobobobboboogbbbotoobbboboobodgbboobooobo
gooooboooogobon

0000000 @DO0OO)00O0OoOoD 120000000000000
s.eugogooon

e 0 0IJOODOODOO (program counter)
0000000000 (instruction address register) 0 0 000 000000000000
0000000000 +10(ncrement) 000 0000000000000 OOCO0OOO
Oooooooooooon

e 1000 OO (instruction register)
gbooooboobobobooobboboooobbbbooobbobo

e 00O OO (decoder)
Jodboobboooobobboooooboboobobooooooooobooooboon
gbbbbbobooooooooon

5.7 uobDoon

e 10D0ODDODOO (ALU: arithmetic and logic unit)
gboboooobboouoobobbooboobboboouobooag

19



main storage

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

3 instruction! operand data |

| \ 1

i program counter instructidn register i

! +1 J decoder i

1 \ \ = ALU = AcCC |

| registers |
CPU

—— program & dataflow

—— control flow

0122000000000

e 10 IOOIDODO (ACC: accumulator)
Dbobooooboboobobboboobooboooobooob

e 100 OODOO (shift register)
Jooooooooooooboboboooobboooooooobboboob oo
gooo

e 0O O0O0DOODODOO (condition flags)
gbobooboobobobobuoodooouubbbboooooobbbooobbon

—

0,1,2,..n-1,n

n,n-1,..210

instruction n

instrugtion n—1

instrugtion 1

instruction 0

013 0000

5.8 0000 (stack)

000000 000000000 (boo0o0ooO0)00oooooooO0oooOoOoOooooOO
gggobdouogbooboobboobboboobooboboboobbbuoobooboo
gododobbobooboouobbobbooon
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