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CPU

sTUUABNIWeS (Computer System)

RAM

Devices
l/O

DATA BUS

ADDRESS BUS

CONTROL BUS
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WugUseulananand (CPU)

Control Unit

Arithmetic Logical Unit : ALU

Memory Unit

CPU

wlaAde AUANAIRUNISINGIY Ladaudedaya

ANUIUNNANAAIENS ATSNANERNS

wiudaya aauzmviney
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ANUUTZNOUVDINUILUTZUIANANA

perer

)

NUWAILA NUIMUIUUATATING
(Control Unit) (Arithmetic and Logic Unit ; ALU)

YUIYANI

(Memory)
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MugUsEUIaNanand (CPU)

Control Unit
Taseadeiidundauuugs Tunisasisennuiduesesnauiisasnldanulaass
I ANSLRNFRAIUUTENBUMETLINA8A Y d@1U15avinlanransLuu

AMNFINYDINITYINUNITEULTENIN
anUnenssy (Architecture)

I Tngusazdiuaziinirusenavgnsazidanadludn

Arithmetic Logical Unit : ALU

Memory Unit

aorUnenssumauinanes [ungufiegainudivainisesnwuuaauiiames Inenalumnetia n15eanwuy
*lAS9ATNVDWLUILUIHINANANATI YAYDIANHUATOI KAYNITIINUIEATIINI
*wATADUY 1wl n1sUszinarnawuuluUlall
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ﬁﬁ?ﬂﬂi%ﬂl?ﬂﬂaﬂﬁﬁ
(Central Processing Unit — CPU)

Mg UsEUIaNanana (89ngw: central processing unit) #50e@31 @ity (CPU)
Ju995BianAnsatind NY191u ¥39UsENIaNA ANUYATBIAIFIATDIDIN

1%
6 o =~

gaNAkI3 ASUlTlugRaINITUABUIIMBIAILARUANITTY 1960s

VMgUSEInaNaLUS sULAL U T UANDIUDIARUNILADS TUNISVIRTNTFnaulauSe
AU DINANFINLASTUUN LU NISIUSHUEU N1SASEVINISNNANAFAIEANS 18
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John Von Neumann 1in
aalafdnslalauakuIAANITURNNTUSUNSY
1 luaTenauiamasiduAgINUlaYs

#9371 EDVAC(Electronic Discrete
Variable Automatic Computer) %umam
d1391u0 A, 1949 wazsuldeuaselud
A.fA. 1951

RAM

John Von Neumann

) PV meee——)

Devices
/O

10
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lulasinsaigas 8086 HanUnunssunuy
von Neumann architecture 39 Stored Program Computer

TWsunsuuaztaya ssnulilumheanudndediu wWhdslauuuseaiy

lnansuenaeuiianesoaniliu 3 dwfe mheanudman nielszaananals wagmheiulasdieandaya

Hdafine anusaldeulisunsulalasdie (walvanlusunsudngniisnnnudinduliiae)

daidena nnavInlun1sidnldniaeniudn mheussinanaliinieiinteyatiufelusuniuasa qusoll

hacker AlA5HluN1sdlUsunsudnlUSulnelulasuangym

Junihnvedusunsuuesiunsinmusiunisasdoyasia 9 lundierudn (Memory Tracking) waztlosiulyll

Weutoyaadluriumunisnilusunsusinnsed

U

Input
Device

L]
a
[
a
]
]
a
[

T

Central Processing Unit

Control Unit

Arithmetic/Logic Unit

Memory Unit

Output
Device

A von Neumann architecture scheme

9/18/2023 uA.n3. U3 Wouutn

11



29AUTENOUVBITTUUABUNIMBSUazaR1UABNTIY

Computing abstraction layers

Application

Programming Language

Operating System

Instruction Set Architecture

Microarchitecture

Execution Unit

Functional Unit

Logic Gate

Transistors

Physics (atoms, silicon)

P —

—

—

Software

Hardware

9/18/2023
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Computing abstraction layers

Application

Programming Language

Operating System

Instruction Set Architecture

Microarchitecture

Execution Unit

Functional Unit

— CPU Architecture

Logic Gate

Transistors

Physics (atoms, silicon)

9/18/2023

o
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Computing abstraction layers

Application YAAIFUATO Y50 A0UNENTTUYAAIAILATEY (instruction set architecture) Wudruniwssanidnenssuy

L] ]

Programming Language AawiinesNNgITasiuNsWeulUsUNTY, Ussiandaya, Ads, 153awes, nsivuaiie, andnenssy

Operating System NUIYAINUIY, BULABTITNY LbasNITINNTTAINUNANAN ﬁﬁ@ﬂ‘ﬂu%ﬂﬂﬂ'ﬁﬂﬂ@l@ﬂ'}ﬂuaﬂ

gaAaansosll Sudunisrugpvesmdiniss (opcode) sudumdsilusiwaosansailuviausdelnenss
Instruction Set Architecture ) !

Microarchitecture

YAUpaAduATes Usznauluame
Execution Unit *ANFINTAMA LUU UIN AU LADUNAN IUTOUNAN

Functional Unit *ANFNTINTING LUVU WA I TWLAS

) *AAIUDUA WU §18A1 Uauan @9A7 814 Juiin
Logic Gate K

Y a A

*enden1sAIuaN wu Dwlun o Wlun Senldsnu Aunduaingiiu

U

Transistors

1
a o

Physics (atoms, silicon) ISA &7 R

- X86
} CISC
AMD64 / X64

IA64 ~
- ARM
MIPS
RISC-V _

— RISC

9/18/2023 nA.03. U0 1euui 14
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Application

Programming Language

Operating System

Instruction Set Architecture

Microarchitecture

Execution Unit

Functional Unit

Logic Gate

Transistors

Physics (atoms, silicon)

Computing abstraction layers

andnenssulalas (Sange: microarchitecture) [udnwnizves inTesneufinmesdulvgafinisldanusn
Faudgaidudu audsedagiu léfuniseonuuulasiadauaznisvhanlasmewsuiauuulohn Von
Neurnann ) Fadufirlunisesnuuuiedesnouiinmes lasirsasnouiiumes Muldeenuuy
drulszneuiiddny 3 sgreieiufe mieUssunananals (Central Processing Unit), iiiaAanush
(Main Memory) tag wmaﬁamiaqﬂmaimauaﬂ (Input/Output)

NIDUNITYINNUVDIANES (machine cycle)

Fetch Decode Execute - Store

v
v

\ 4

fetch Wumsfuddmeslusunsuuazteyaanmienud
decode \Junsuvardluiludyanaineufinnesidla
execute Wudunouiivhaumudids

store Wumsdsunaiildannisvaullumheanus

9/18/2023

o
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Computing abstraction layers

NIDUNITYINUVDIANES (machine cycle)

Fetch

A 4

y

Decode

\ 4

Execute - Store

)

NUAIUAY

(Control Unit)

NUIBMUIULAZATING

(Arithmetic and Logic Unit ; ALU)

YUWANNIINAD

(Main Memory Unit)

9/18/2023

nA. 3. U300 Wauw
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Computing abstraction layers

Application Functional Unit fladiuatumansng iy BUS tieideyaidl 8an 210 CPU uazAIuAY Execution Unit 8
Programming Language Execution Unit ﬁﬁﬁigﬁa ALU: Arithmetic and Logic Unit NUsTIIaNaN NANAAERNS Lay
Operating System Floating point unit nlgUszianalavnaiel

Instruction Set Architecture

Microarchitecture ((_memony mrenrace )
LI L
Execution Unit woth a3 v
At 2 ] A
Functional Unit a3 s uf] aws
;::‘FI'_:I'I‘C;‘E:: Az []4 T arsa
. QUEUE 2 a1 s W] awss
LOgIC Gate Mg El ] Awse
i 1 an 7 ul = (HIGH)
Transistors aus 3 as (s BT iR
mrEnr::::IE a5 aor s . :2{7] KB
Physics (atoms, silicon) = RumitdaiNe | AR gy MLIMOIA  RWETH
’ SYSTEM ADs []n [ WA  (FAETY)
apa [12 ®m] Wh {COTK)
A03 ]2 2] oM =]
anz []1a 2t [] otmh BN
AD1 [ 1% » [ TER 150}
apa 1o B[ ALE 1050
cH [ tm"ﬂ;? N 7 [] TRTR 1as1)
—— o oL IMTR [ 18 3] TEST
UNIT sP cik Tl 221 mREADY
ar anp [} 20 2] RESET
El
] 2N456-2

Figure 2. 8088 Pin Configuration

2314561
Figure 1. 8088 CPU Functional Biock Diagram

9/18/2023 nA.03. U0 1euui 17



29AUTENOUVBITTUUABUNIMBSUazaR1UABNTIY

Computing abstraction layers

NIBUNITNIIUVBIAES (machine cycle)

Bus
INTERFACE
uUNIT

EXECUTION
UNIT

» Fetch — Decode — Execute —» Store
(_umunnm:nn:i )
2 MIN Iu.ut[]
MODE | MOD
= s
A 2 W] Al
A3 3 ul] awsy
;:zg'fm: a2 [ w7 Atsa
QUEUE 2 a1 s ] Awss
A []e 35[0 mwse
52 1 an 7 uf] T HioH
5 as s nl] wwER
35 ant 9 1z{]
0s EXECUTIONUNIT |  aDs ] gpy 31[7 HOLD  (RGETE)
:sn‘:;:at ADs [n 0[] HLDA  (RAETH
ApDa [z @[] WR {CBTE
apa [} ] o =)
AD2 [ 2r[] BT {51)
Ap1 [ 15 w1 DER (=)
aps []1e 1] ALE (asoy
wai [ 7 (] TRTR {Gs1)
IMTR [ 18 73] TEST
cik [lw z2{1 READY
aND [} 1] RESET
231456-2

231458-1
Figure 1. 8088 CPU Functional Biock Diagram

Figura 2. 8088 Pin Configuration

9/18/2023
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Computing abstraction layers

NIBUNITNIIUVBIAES (machine cycle)

4

Fetch Decode Execute > Store

\ 4
\ 4

¥

g vnNUYBIARzTUABY YNAIUANMIEEAIMUIRNT (clock)

—

—* Time

6 ' 1%
[ a = a = [ Y

FYEIUUIRAIMLIEE FIEANNAINUIRANAU (Fin) B9azidudrsnuuueuaiiane TulaazdiaAuyenRnIiEenI "an" Uu
ADUTIMDFILNNUMUAET wazasngainulugreszniIneen Bxuaniavinle NBawlaiireuiawesvineusuiniu dyginuini 39
foduAsaeUsfenu51v99N157NIUIBLATIABNAIADS AN 15IWBINSIALYBINIRN Wseauddintwduungsnd (megahertz) 1

WNZLEIHAY AXNAU 1 ANURNYBIUIRNIAD 1 U9

1IBUNMTINNURANARIEATUTEUNTINUIY 4 Saudiyayaiuniing
wiazAmdeealdiuseunsinanulidviiy Yusgivaniinenssu ISA uag Microarchitecture

9/18/2023 nA.03. U0 1euui 19
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Computing abstraction layers

ALY UNISUSEUNaNaAEd  [Address C] = [Address A] + [Address B]
(1ATFILAULS A VN ATEILALY B LaAuasaulAifi@mily ©)

Fetch > Decode > Execute ————p Store 1) Iianen&s [Address C] = [Address A] + [Address B] uazUsyinana
Fetch » Decode » Execute — ] Store 2) I‘mam [Address A]
r» Fetch » Decode » Execute ——— Store 3) Tiiam [Address B] Auind wazduiinAinau
o & o »
Adstlianuseunana 3 cycles w3 12 clocks

Idte / lailavinau

9/18/2023 uA.as. Uil Weuuin 20
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Computing abstraction layers

Front End

Back End
6 -10 Stages 6 -10 Stages
) \

( || \

\ 4

Fetch | Decode + Execute |+ Store

)
|
Pipeline Depth

ialuUsEansnmlunisvineuy tazanianlunissenisuseniana aandnenssuly CPU
gl Jauannisyinauunazdlulmdugiugeesania Stage

LUINY stage = Weag stage v uligugou

Stage YMulugugoy = arunsausulwinauluuariulade

97U State 110 = AR IUIU clock 11AlUAISYIN9IU 1 machine cycle

9/18/2023

o

NA.AS. U0 LUBUWA? 21



29AUIZNRUVBITTUUABNNIMBSHazaaUnaNTsY -

Computing abstraction layers

128 Entry 32 KB Instruction Cache | _
ITLB (8 way) [
1 - 128 Bit
y
A 32 Byte Pre-Decode,
Fetch Buffer
Instruction 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
y 4
Micro- | |Complex| | Simple || Simple || Simple .
code Decoder | |Decoder | [Decoder | |Decoder
|—>:‘4 pops 1 pop T iwep T1p0p
y
| 7+ Entry pop Buffer | Shared
# 4 pops » L2 Cache
Register Alias Table (&)
and Allocator
# 4 pops a uop ,
96 Entry Reorder Buffer (ROB) ik ﬁGDE.l'.'L?
# 4 pops b
--| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 Port 3 Port 4 Port 2
Y Y A J Y ¥ i ] ' Y y
SSE SSE ALU SSE Store Store Load
ALU s;‘:g'e il S;‘SEE Branch | | ALU | [Address| | Data | |Address
m‘:sn ‘ ¢ l
i IFTD Iglt Memory Ordering Buffer
FDIV (MOB
i * 3 ‘ Store | Load
Internal Results Bus 128 Bit __255
128 Bit 3 1] Bit
32 KB Dual Ported Data Cache | 16 Entry
(8 way) DTLB

Intel Core 2 Architecture

— Frontend

Backend

9/18/2023
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JOOO | v vvrreemeee et et e aaaneeeranneeaannaneennnnns

“Moore’s Law”

8 |()() .....................................................
=
<
=
=
K=
5

L 10 e A

1

 CPU

Processor-Memory
Performance Gap:
(grows 50% / year)

..............

DRAM
7%/ year.

DRAM

— — — v — w— — " w— - -

CPU - 60%/year.

1 ®&——  Register (128 KB/SM)
10- 20 #————— Shared memory (64 KB/SM)
&
&
S 400-600
QQ = #———— Global memory (1GB)
&)
100x Memory BW
Gap
10%-10° &

Host memory (16 GB)

Usg@vgnimves CPU uay RAM dusaiusnn winvinis Fetch Yayalagnsaiumbieanud agldialunisivandeyauiunds

< 1
AsUSEHIaNaLUUBYNIUNN

Bahi, Mouad & Eisenbeis, Christine. (2011). High Performance by Exploiting Information Locality through Reverse Computing. 25-32. 10.1109/SBAC-PAD.2011.10.

9/18/2023
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128 Entry 32 KB Instruction Cache | _
ITLB Evay) Shared Bus
t T~ 128 Bit Interface
' .
i 32 Byte Pre-Decode, unit
Fetch Buffer \
Instruction t 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
A 4
Micro- | |Complex| | Simple || Simple | | Simple .
code Decoder | | Decod: Decoder | |Decoder
|—>“‘4 pops -1 pop T iwep T1p0p
4
| 7+ Entry pop Buffer Shared
i 4 pops » L2 Cache
Register Alias Table (&)
and Allocator
# 4 pops a uop
96 Entry Reorder Buffer (ROB) ﬁGDE.;‘L?
# 4 pops
->| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 Port 3 Port 4 Port 2
Y Y A J Y A\ Y Y y
SSE SSE ALU SSE Store Store Load
Al S::gle bl S:AL:JTE Branch ALU Address Data Address
123an ‘ ¢ l
i I:D%n Memory Ordering Buffer
FDIV (MOB
[ * A ‘ A Store | Load
Internal Results Bus 128 Bit “_255
~~ 128 Bit Y Bit
32 KB Dual Ported Data Cache | 16 Entry | |
(8 way) DTLB

Intel Core 2 Architecture

Fetch

n13 Fetch Asnseyvilaglvandeayaain RAM uniiag Block
suAulilumienwdn Cache fioganelu CPU
N3NNI Fetch 70 Cache finuwdandt RAM
ynlinudeyaidosnisnelu Cache 33azvinng Fetch Yoya
370 RAM

9/18/2023 nA.A3. U3 Wouudn
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128 Entry 32 KB Instruction Cache | _
ITLB (8 way) K
Y L ios e Decode
i
A 32 Byte Pre-Decode,
F mh B ff 3 o o q:/ 4 o q.';
Instruction " #:.::ruct,ons i YURDUNNT Decode AgN1SLUAAES ISA 1%ﬂﬁ’]&]LﬁUﬁﬂﬂ’]ﬂﬂ%U?ﬂLgﬂ
Fetch Unit 18 Entry ~ ] Mi o ti -
; hstrlion Gliele L3817 Micro Operation 38 op
~ < = 1 o U a gj o Ao v
Micro- | _|Complex| | Simple || Simple || Simple i 1U8991N X86 LUU ISA wuy CISC BILAALAENNTUADUNITN I UNTULDU
code Decoder | |Decoder | (Decoder | |Decoder 'f] v 1 y‘U . ,,L v X
[ -;4 ops ‘;“mp Frwn F1uon ANTLANBRNLUUNRAYE HOP CVIYULNUTEUIANALLUUYUIULARINYTVU
[ 7+ Enuy juop Buffer Shared wardar8lin1USEUIaNaNAIIUARDNAIY
i 4 pops » L2 Cache
Register Alias Table (suay) . . W L
andA%ocator HOp anNwidEAaIunNUu anUnunssuAdaluy RISC
4 pops 4 pops
96 Entry Reorder Buffer (ROB) ﬁGDE.;.]L?
— |
—>| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 Port 3 Port 4 Port 2
Y Y ¥ Y ¥ ¥ l‘ A
SSE SSE
A ||f snome | | Ao || snume | | 20 || 2P | oirase) | Bt | [address
128rBlt ‘ ¢ l
EMUL 128 Bit Memory Ordering Buffer
FDIV ane (MOB
i * A ‘ A Store Load
Internal Results Bus 128 Bit | J.256
1 128 Bit Y Bit
32 KB Dual Ported Data Cache | 16 Entry | |
(8 way) DTLB

Intel Core 2 Architecture

9/18/2023 nA.A3. U3 Wouudn 25
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128 Entry 32 KB Instruction Cache
ITLB (8 way) Shared Bus
1
T 128 Bit Interface
, .
r 32 Byte Pre-Decode, unit
Fetch Buffer \
Instruction 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
r 4
Micro- | |Complex| | Simple | | Simple | [ Simple y
code Decoder | | Decod Decod Decod
l—;r‘d pops -1 pop Jiver J1wor
| 7+ Entry pop Buffer Shared
i 4 pops » L2 Cache
Register Alias Table dsway)
and Allocator
# 4 pops 4 pops -
96 Entry Reorder Buffer (ROB) ﬁGDTLBs
4, L
e
—-| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 pprt 3 Port 41 Port 2
Y Y ] Y 4 Y
SSE SSE ALU SSE Store Store Load
s S::gle ) s;l:jml_e Branch ALU Address Data Address
128'Bit : ‘ ‘ l
L 128 Bit Memory Ordering Buffer
FADD
FDIV (MOB
i * i ‘ A Store | Load
lfernalBesulisBuS L 128 Bit | ] 256
1 128 Bit R 1 ] Bit
32 KB Dual Ported Data Cache | 16 Entry | |
(8 way) DTLB

Intel Core 2 Architecture

Execute

pop AggniluusEnIananugULuUYes Operation L9y

*AFINYALIH LU UIN AU LADUNAN IUTDUNAN
*AFUTINTING LU AT 190 WS
*endetoya wu g1 Jaurn dern 81w Judin

Y A N v =

*endan1sAIvay Wy Dalun o Wlun Senldgiu Aunduangd

U

lngusiaz Execution Unit 3ggnisenldniuends
Y 1 1 a (5] a 1% [ 14
Megudy MsUsznanannadinmansiazisentd ALU 1Wuay

9110 Execution Unit @1uisaisentdlevalss wu ALU Ju1nnin 1 viae
Adza1NN50UTEUNANAA A NAAFAAAS L ANS oL UAILIIUIY ALU
an1UnunTSULUULLIS8NI1 Superscalar

9/18/2023
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128 Entry 32 KB Instruction Cache
ITLB (Eway) Shared Bus
1 T 128 Bit Interface
! Unit
A 32 Byte Pre-Decode,
Fetch Buffer \
Instruction 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
r \ Y
Micro- | |Complex| | Simple | | Simple | [ Simple v
code Decoder Decoder | |Decoder
I—‘""! pops -1 pop Jiver J1wor
A
| 7+ Entry pop Buffer | Shared
i 4 pops - t»{ L2 Cache
Register Alias Table dsway)
and Allocator
i 4 pops
96 Entry Reorder Buffer (ROB) ?.SZGDTLBs
# 4 pops 3
—-| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 | Port 3 Port 4 | Port 2
h J Y ¥ Y ¥ v Y
SSE SSE ALU SSE Store Store Load
et Sxtg'e oy s;‘:me Branch | | ALU | |Address| | Data | |Address
128'Bit : ‘ ‘ l
Gl 128 Bit Memory Ordering Buffer
FDIV a0 (MOB
i * i ‘ A J Store | Load
Internal Results Bus # 6
T 128 Bit 3 vy | H
32 KB Dual Ported Data Cache | 16 Entry | |
(8 way) DTLB

Intel Core 2 Architecture

Store / Write Back

Jupeuilazinisilisuteyanduasy Cache
waginsdniutoyadnn Cache asg RAM mndanudndu

9/18/2023
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NA.AT. U0 LUDULNTD



29AUIZNRUVBITTUUABNNIMBSHazaaUnaNTsY -

128 Entry 32 KB Instruction Cache
[':'LB (8 way) Shared Bus
i
T 128 Bit Interface
, .
r 32 Byte Pre-Decode, unit
Fetch Buffer \
Instruction 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
r 4
Micro- | |Complex| | Simple | | Simple | [ Simple y
code Decoder | | Decod Decod Decod
;4 pops il HOp 1 pop 1 pop
y
7+ Entry pop Buffer Shared
i u— » |2 Cache
16 wa
Register Alias Table dsway)
and Allocator
# 4 pops 4 pops -
96 Entry Reorder Buffer (ROB) ?.ZGDTLBs
% 4 pops b
—-| 32 Entry Reservation Station ]
Port 0 Port 1 Port 5 Port 3 Port 41 Port 2
Y Y ¥ Y 4 Y
SSE SSE
ALU SSE Store Store Load
o S::gle ) s;l:jml_e Branch ALU Address Data Address
y y * *
rorhen 128 Bit Memory Ordering Buffer
FMUL FADD
FDIV (MOB
i ' ‘ A Store | Load|
Internal Results Bus A 128 Bit [ 4,256
~ 128 Bit 3 Bl I~ Bit
32 KB Dual Ported Data Cache | 16 Entry
(8 way) DTLB

Intel Core 2 Architecture

Out of order execution Aan1sUsEINaNaLUUlLANUEU

ADY1LTU
1YA=B+C
2)D=D+A
3)F=C+E

Fegallaznuin 2 azUsyananatasalandaiile 1 Usyunanalasaunan
ue 3 @usaUszananalaviuiilaglifesse 1 uay 2

flatiumiae Decode F9vinnsisedslusidu

1DA=B+C
2)F=C+E
3)D=D+A

1 way 2 3@ unsaunluussananansauiulan ALUT wag ALU2

JupauaanIeIsileman sUsznaralUs s aulndlingeiu
LUsunsunsudnun duneuilagnseinluluneuvesnis Store

9/18/2023
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128 Entry 32 KB Instruction Cache L
'TLB L) Shared Bus,
1
T 128 Bit Interface
, .
1 32 Byte Pre-Decode, unit
Fetch Buffer \
lnStrUCﬁOF 6 Instructions
Fetch Unit 18 Entry
i Instruction Queue
r 4
Micro- | |Complex Snpm ﬂnmm Simple v
code Decoder d Decoder
I—‘td Hops "|~1 Hop # 1pop 1 pop
7+ Entry uop Buffer Shared
* o » L2 Cache
16 wa
Register Alias Table dsway)
and Allocator
‘l‘- 4 Lops - .
96 Entry Reorder Buffer (ROB) ﬁsoﬁpfg
# 4 pops A
—-| 32 Entry Reservation Station |
Port 0 Port 1 Port 5 Port 3 Port 4l Port 2
A J Y ¥ Y 1 i
SSE SSE
ALU SSE Store Store Load
o S::Ele ) S:LTE Branch ALU Address Data Address
y 1
fﬁﬁﬂ‘ G Memory Ordering Buffer
FDIV RoP (MOB
i i * A Store | Load

Internal Results Bus

A

128 Bit

I~ 128 Bit R

| 256
4 \ 4 Bit

32 KB Dual Ported Data Cache

(8 way)

16 Entry |, |
DTLB

Intel Core 2 Architecture

Speculative Execution Aon15USER2aKALUUAIRLAN D970
wadafifieglumiulszinananiediglullagiuiignesniuuan
Tnsusialusunsuwuulavimiuaisu Tnensidenasuaiuves
salUsunsuAiAnazgniududdudnly deihliafyendmitu
(vi3e5ulusunsuatu 3n1s7itenld@e Branch Prediction

If [Address A] > B then
C=BxF
Else
C=B/F

nlUsunsufegetiosnun deaUszanana if [Address Al > B
Tiasanou 399e3in azAuiuA C 9ae Bx F 3o B/ F

ns6ld CPU anansaUszanana B x F wag B / F sel¥neuaneweh
sywinsfiuszanana if [Address Al > B Gerdsiildiaanunuann

winlusunsugeslunrusiivunlvg Aagvihnisaiamiuaaden
s wavin1ssuluneuaimt mnnigniagdisaniaiiu
n13ABY

Ua90u CPU anunsamanausvadlusunsulaagiauwiugiun
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Front End CacheTg| L1 Instruction Cache
lﬂ'_:;ﬂl 32KiB 8-Way | m“\inml_
uneqd. Skylake (client) - Microarchitectures - Intel
Branch
Pk Fotch & Prot
(BPU) | {16 B window) 2
TreTeTTTY
~ Memory [Controller
T P g
kY
Moolode 5Way Decode
ol == e e
1
. el o " It
O cxtend raars @er (D) — 1 D e -
Pt r i < 1 4 = :c— iy 8 Ring
= o F b Ia+av=gnnect
@mmmnmumm@l WL Display Ctrl
Fyd ¥ 1/0 Cirl
""“""“"""‘““‘H'H’ H— ¥ i
[ j oL Lo fporioi
il , S B I T -I' ¥ -!'
1 | B mﬂmn e e
. | Pot © | | Port 3 | [ FotS | | Pot & | [ Pot 2 | [ Pot 3 | | Pot 4 | §,—
alle alke e e 2l 2l 2l Q) TS
’ a :5 e wu)
= 5 =h
<
tel.
Execution Engine Store Buffer & Forwardmg
{56 entries ) 2
¥ 14
i
LosdButter| 4 |L1Data Cacheﬂl >
{T2entries) | 4 32KiB 8-Way
i Uine Fl Buffers (LF8)
{10 entries)
Memory Subsystem
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n13svdsayaiugunsalniauaniy — /
Y 9 (inteD
_ RAM ! S — Devices

170

- Keyboard / Mouse

- ANSAEIUVYIURN

DATA BUS

ADDRESS BUS

CONTROL BUS

¢NIEYIHIU BUS

I3zl Bus ag 3 vilnfe

Address Bus Tdfmunsmums fumis / Uanenns vesdeyaiidenisiu/ds

Data Bus 145U / ds vaya

Control Bus taiuaNiiAn1an1581u / Wey, Aruay CPU a1naeuen 1wy e / Ua, ivuawin
vesgUnsailangynatu Ram 3o Port, Won1sdsll CPU ngaviaudnas
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16 Bit ISA Bus — top view

P
e
Ve
// GND B 1 A1 Wk
. | RESETDRV B 2 A 2 Data7
Expansion slot ! EE a3 Dwas
| IRQ9 B 4 A 4 Datab
| B S A5 Datad
I DRQ2 B 6 A 6 Data3
I 12v B T A 7 Data2
Expansion slot e A ot
12V B 9 A 9 Datad
! GND B10 A10 O CHRDY
! MEMW B 11 A1l AEN
. | MEMR B12 A12  Addr19
Expansion slot : T 813 At adarts
iOR B14 A4 Addri7
! DACK3 B15 A15  Addr16
8 Bit XT-Bus _ DRQ3 B16 A16  Addris
= I DACK1 BA1T A1T Addr14
Expan5|0n SLO‘t : DRQ1 B18 A18  Addri3
| REFRESH B 19 A19  Addr12
| CLK B20 A20  Addr11
| IRQ7 B21 A21 Addr10
. | IRQ6 B22 A22 Addr 9
Expansion slot , mas sz Az o s
| IRQ4 B24 A24  Addr 7
| IRQ3 B25 A25 Addr 6
| DACK2 B26 A26 Addr 5 | 16 Bit ISA-Bus
8087 | TiIc B2T A27 Addr 4
| ALE B28 A28 Addr 3
FPU k +5v B29 A29 Addr 2
0sC B30 A30  Addr 1
Onboard N ow e A3 A 0
N\
I/O DVA \
MEMCS16 D 1 C 1 SBHE
8237 yocs16 D 2 C 2 Addr23
. IRQ10 D 3 C 3 Addr22
Tlmer IRQ11 D 4 C 4 Addr21
IRQ12 D 5 C 5 Addr20
8254 IRQ15 D 6 C 6 Addr19
IRQ14 D 7 C 7 Addrig
8259 DACKO D 8 C 8 Addr17
DRQO D 9 c 9 MEMR
DACK5 D10 c10 MEMW
RAM PlC DRQ5 D 11 C11 Data 8
DACKS D12 C12 Data 9
DRQ6 D13 C13 Data10
DACK7 D14 C14 Datat1
8086 DRQ7 D15 C15 Data12
+5V D16 €16 Data13
ROM LatCheS/BUffer WASTER D17 C17 Datald

MCU GND D18 c1s Dili15/
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[ %4

[ a 1 o/ ¢ v 1 o
Memory-mapped IO L‘UUﬂ"I‘JL?JB&Iﬂ@ﬂUQUﬂiﬂJﬂ"lﬁluaﬂ 1‘Uﬁ€U€U'mJﬂ'JUﬂ3JVI‘U'JEJﬂ'J"I§JQ’1

v v ]

< Y ) 1 d v
WUAINTINRUANIT 91U / LVYU Vadla

Tagidaniungdnumis (Address) undu I/0 e iawausaiugunsalniausn
2995 Decoder T4lunN15M152991ALIUITIABIN158T1UNTD LV U

Multiplex Tdaanidunetaya

Address Bus

rrrr————{  Address decoder

Data Bus
8086 RAM / 10

RAM

Multiplexer

/O
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lulasanieanuuuandusutausnanululasinsiwaas azd ¥1 CS (chip select) dmsutaanliine #5aRnA2L99NAINIITS
v l%auni 1/0 Mapping viladne
1 = v Yad A [ 1 o
N1387U wazWeudaya lHIshefuniIEAUA
Ao lYA1Es MOV

I/7O I/70 170
RAM
1 2 3
CS cS (&) (&)

Decoder

Decoder Decoder

8086

Data
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Y A
van

Memory-mapped I/0

- 19 Instruction H8NUNU8AMNIN WWEULUSHNTUGE

- lalaslwswawasyniunsasiunisdentlsaudnnieuan 1435ula

v =
UDLEY

- awvdeildidu V0 agldduniieanudnliladn sinlildudleanudineuenld Livinainug

8086

Address

Data

cs

RAM

I/O0

CS

I/O

I/O

Decoder

Decoder

Decoder

9/18/2023
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o 1

Y 1a I o 1 a 1 yad A <, 1 o Y 1
Memory-mapped 10 dnliflgudandundsiiagaumnis uiazgldisiaandudag wsiziinlddend
A9819 ABen1319A FA0O 89 FAFF adnunsaadnedsyaynas CS taaae9asil

CS=A15/\ A14/\ A13/\ Alz/\ All/\ A_]_()/\ Ag/\14_8

} s FAQO - FAFF

A15

A8

A0
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"GOPYRIGHT 1989 *
(REHNVELHBSINC
DSP - 1321

RD?N{i

Rus¥’

@ CDPYFIIGHT CREATIVE LABS, IHC

_1/0 ADDX

1990

IBM PC Interrupts

MADE IN SINGAPORE

N1574A1 Address decoder
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IBM PC Interrupts

m Tdau@nasgw) Tdeumadendu)

0 System timer

1 Keyboard Interface

2 Cascade for second IRQ controller

3 Serial port, COM2

4 Serial Port COM1

5 Parallel Port LPT2 (Parallel port luluiun Normal 1414 IRQ) Sound card
6 Floppy Disk Drive Interface

7 Parallel Port LPT1 (Parallel port Tuluun Normal laild IRQ)

8 Real Time Clock

9 719 Video Display Interface cards
10 9

11 9

12 PS/2 - type mouse port

13 Coprocessor

14 Primary IDE/ATA adaptor

15 Secondary IDE/ATA adaptor

9/18/2023 uA.a3. U3 Wouuta
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IBM PC Interrupts

"COPYRIGHT 1989
CREATIVE LABS, INC.
DSP - 1321

o 2 et [ .
S
]..« ““'CSG o j >

WH*T }23;;:

- © COPYRIGHT CREATIVE LABS, INC. 1850 A | e L " MADE IN SINGAPORE

n3aduvenelilditduunsgiuves IBM PC fldaunsaidon IRQ léldias
Jumper f7U3FBASINU IRQ VB9 System Bus
Aldfaauiladn azlivuivaunsalddauluszuy
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Int. Num.

0

M m O N W > WV 0 N &6 0 A~ W N =

-
o

Description

CPU divide by zero

Debug single step

Non Maskable Interrupt (NMI input on processor)
Debug breakpoints

Arithmetic overflow

BIOS provided Print Screen routine

Reserved

Reserved

IRQO, Time of day hardware services

IRQ1, Keyboard Interface

IRQ2, ISA Bus cascade services for second 8259
IRQ3, Com 2 hardware

IRQ4, Com1 hardware

IRQ5, LPT2, Parallel port hardware (Hard Disk on XT)

IRQ6, Floppy Disk adaptor
IRQ7, LPT1, Parallel port hardware

Video services, see note 1

IBM PC Interrupts

11
12
13
14
15
16
17
18
19
1A
1B
1C
1D
1E
1F
20
21
22
23
24
25
26
27

Equipment check

Memory size determination

Floppy I/0 routines

Serial port I/0 routines

PC used for Cassette tape services
Keyboard 1/0 routines

Printer 1/0 routines

Points to basic interpreter in a "real" IBM PC
Bootstrap loader

Time of day services

Services Ctrl-Break service

Timer tick (provides 18.2 ticks per second)
Video parameters

Disk parameters

Video graphics

Program termination (obsolete)

All DOS services available through this Interrupt
Terminate address

Ctrl-Break exit address

Critical error handler

Read logical sectors

Write logical sectors

Terminate and stay resident routines (obsolete)

28 to 3F
40 to 4F
50
51
52 to 59
5A
5B
5D
5E
5F
60 to 66
67
68 to 6F
70
71
72
73
74
75
76
7
78 to TF
80 to 85
86 to FO
F1 to FF

Reserved for DOS

Reserved for BIOS

Reserved for BIOS

Mouse functions

Reserved for BIOS

Reserved for BIOS

Reserved for BIOS

Reserved for BIOS

Reserved for BIOS

Reserved for BIOS

Reserved for User programs

Used for EMS functions

Unused

IRQS8, ISA bus Real time clock

IRQ9, takes the place of IRQ2

IRQ10 (available hardware interrupt)
IRQ11 (available hardware interrupt)
IRQ12 (available hardware interrupt)
IRQ13, maths co-processor

IRQ14, ISA bus hard disk controller
IRQ15, (available hardware interrupt)
Unused

Reserved for basic

Used by basic

Unused

http://philipstorr.id.au/pcbook/book2/intlist.htm
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IBM PC Interrupts

Jagtuil gunsaidenwasfinnududounaziisiurunindu
n13L8en IRQ fedia Jslilanmavu Aulddne
Sefinsunuiidemalulad Plug and Play Tagl¥ BIOS Jufjiden IRQ 115:’Lu°ﬁgumau°zmmiﬁ:mﬂ'§m
AT BUS gnunuiidne PCI BUS Tae CPU laildmiuaudayayrausing qlu System Bus Tnemsauda

wiad19lsNANATNS Interrupt dawidiauiiy

& Device Manager — O X
File Action View Help
@ $ ‘ ‘ @ & Device Manager —
v & FrogPC3 ~ e fcton Vv reb
> BE Direct memory access (DMA) L ol 4 =
> B Input/output (10) £ (152) 0x000001F9 (505)  Microsoft ACPI-Compliant System
v * Interrupt request (IRQ) E= (1SA) 0xO00001FA (506)  Microsoft ACPI-Compliant System

[ =] (ISA) 0xO00001FB (507) Microsoft ACPI-Compliant System

i3 (154) 0x00000000 (00) - System timer 38 (15A) 0x000001FC (508)  Microsoft ACPI-Compliant System

@ (154) 0x00000004 (04) Communications Port (COM1) §3 (1SA) OX000007FD (509)  Microsoft ACPI-Compliant System
i1 (ISA) 0x00000005 (05) High Definition Audio Controller i3 (5A) 0X000001FE (510)  Microsoft ACPI-Compliant System
£ (1S4) 000000008 (08)  System CMOS/real time clock It: é';g; °’<°°°°°1g: (; ;;) v'\:ticr<7§°ftf ACZF*C?ME“E*T S|>|fstem
% - 0000000 Irtualization engine Controller
t; (I5A) 0x0000000D (13) N.umerlc data process?r ¥3 (PCI) 0x00000010 (16)  High Definition Audio Controller
i3 (1SA) 0x00000037 (55)  Microsoft ACPI-Compliant System § (PCI) 0X00000010 (16)  Intel(R) 5 Series/3400 Series Chipset Family USE Enhanced Host Controller - 383C
¥ (1ISA) 0x00000038 (56) Microsoft ACPI-Compliant System [ (PCI) 0x00000010 (16)  NVIDIA GeForce GT 710
31 (SA) 0x00000039 (57) Microsoft ACPI-Compliant System ';' igg 0’0000001; gg :*ig?(r:e;i;ition /?:;2; Gont;"er ST
i 3 0x000000 nte eries, ries Chipset Family nhan ost Controller -
lim (54) 000000034 (58 M!cmmﬂ ACPI—Compl?ant System (3 (PCI) OXFFFFFFFD (-3)  Intel(R) 82578DM Gigabit Network Connection
i3 (1SA) 0x0000003B (59)  Microsoft ACPI-Compliant System G (PCI) OXFFFFFFFE (2) Intel(R) Chipset SATA/PCle RST Premium Controller

> 3§ Memory

£ (1SA) 0x0000003C (60)  Microsoft ACPI-Compliant System

B il A AnAnAAAR sy kot foonmm o~

9/18/2023 nA.A3. U3 Wouudn
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IBM PC Interrupts

™ Micros

Hefgand Support

-, Home | Index | Assisted support | Tours & tutorials

v Fle ™ Edt ™ Wew ™ Toole ™ Help

Spstem Summary Rezource Device Status

= H:ardware Resources RGO Sustem timer oK

Conflicts/Sharing IR 1 Standard 10102-kK.ey or Microzoft Hatural K.eyboard k.

Db, RO 2 Programmable interupt contraller 0K

i Forced Hardware IR0 3 ACPIRG Holder for PCIIRG Steering ]

ARG 3 Realtek RTLE139(A) PCI Fast Ethernet Adapter (] 4

IR0 4 AP IRG Holder for PCIIRG Steering ]

IRO 4 W14 Tech 3038 PCl to USE Univerzal Host Controller ]

- Componerts IR0 4 Wld Tech 3038 PCl to USE Uriversal Host Controller ak.

- Software Ervironmert IRG 5 Sound Blaster 16 or AWE 32 or compatible (D) (]

3 IR0 & Standard Floppy Digk Controller (] 4

- Intemet Explorer IR0 8 System CMOS/rsal tine clock oK

RO 9 SCIIRG used by ACFI bus (] 4

IRO 10 Adaptec AHA1G0EAM510/1524 51 C-6:60 SCSI Host Adap...  OK

IRL M ACPIIRG Holder for PCI IRE Steering (] 4

RO 11 MNWIDIA GeFarce? M/ 400 ]

|IRG 12 Standard PS5 /2 Port Mouse aE.

RO 13 Mumeric data processor ]9

IRQ 14 Wl Bus Master PCIIDE Contraller ]

IR0 14 Primary IDE caontraller [dual fifa) k.

IRG 15 Wl Bus Master PCIIDE Contraller ]

IR0 15 Secondan IDE contraller [dual fifa] k.

Millennium
Edition

pentiume///

9/18/2023 nA.A3. U3 Wouudn
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FO000

BIOS

EO000

BIOS

DO000

VRAM A15729

C0000

VRAM A15029

A0000

VRAM A15029

90000

80000

70000

60000

50000

40000

30000

20000

10000

00000

00000-003FF Interrupt Vector Table

9/18/2023
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f29819N151897% Memory-mapped 1/0 ¥841A384 PC

<&t Help and Support

™ Micros

v Fle ¥ Edt ™ View

Hefgand Support

~ -+ Home | Index | Assisted support | Tours & tutorials

pentiume///

System Summary Resource I Device I Status
EF Hardware Resources O0000-0x3FFFF System board extension for ACPI BIOS ak,
i Conflicts#Sharing 0=FFFEDQO0-0<FFFFFFFF Syztem board extenzion for ACFI BIOS ] 8
Crbd 0«F D 000000-0+FO FFFFFF PCI standard host CPL bridge .4
Forced Hardware 0=EE0DO000-0<EFDFFFFF PCI standard PCl-ta-PCI bndge ] 8
|0 («EEQQQ000-0sEFDFFFFF MWD& GeForces Mx/Me 400 ]
RO OxEFFOQ000-0<FCFFFFFF PCI standard PCI+o-PCl bridge )4
é-----Memm_l,l O«FO000000-0=F 7FFFFFF MY D&, GeForce bMx/he 400 ] 4
[ Components OxEFO00000-0<EFOOFFFF MW D1A GeForces MidME 400 )4
B Eoftviate Eavitonmat (xEDE00000-04ED2000FF Realtek RTLE129(4) PCI Fast Ethernet Adapter ]
B fiiteeniek Exploter O 0000-0xAFFFF MDA GeForces MidME 400 4
0B 0000-04BFFFF MY D14 GeForcesd bMx/Me 400 QK
OxCO000-0xCC7FF MW IDA GeForces MidME 400 ]
0«FO000-0xFFFFF Syztem board extenzion for ACPI BIOS 0k
0=100000-0xFFFFFFF Systern board extenszion for ACFI BIOS ] 8

Millennium
Edition

9/18/2023
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¢

UagUiuil Memory-mapped 10 gnl¥lunisaaarsivaunsalindinisiwansaluguuuu PCI

M Device Ma nager

File Action View Help

= [ 5

v % FrogPC3
> i Direct memory access (DMA)
> i Input/output (10)
> i Interrupt request (IRQ)
v i Memory
> i [00000000000A0000 - DOOOO000000BFFFF] Pci Bus
¥ [00000000000C0000 - 00000000000EFFFF] Pci Bus
23 [00000000D0OFO000 - OODO0O00000FFFFF] Pci Bus
+ {3 [00000000E7800000 - 00000000F7FFFFFF] Pci Bus
v [ [00000000ESDOO000 - 00000000F 1FFFFFF] PCl-to-PCl Bridge
[Z3 [00000000ES000000 - 00000000EFFFFFFF] NVIDIA GeForce GT 710
53 [00000000FO000000 - 00000000F 1FFFFFF] NVIDIA GeForce GT 710
> [ [00000000FE000000 - 00000000F7EFFFFF] PCl-to-PCl Bridge
@ [00000000F7FDCO00 - 00000000F7FDCFFF] Intel(R) 82578DM Gigabit Network Connection
i [00000000F7FDDO00 - 00000000F7FDD3FF] Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3B3C
i [00000000F7FDEOOD - O0000000F7FDE3FF] Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3B34
¥ [00000000F7FDFO0D - 00000000F7FDFOFF] Virtualization Engine Controller
@ [0O0000C0F7FEQOOD - 00000000F7FFFFFF] Intel(R) 82578DM Gigabit Network Connection
I? [00000000FEDOOOOO0 - 00000000FEDOO3FF] High precision event timer
v i3 [000DCODOFED20000 - 0O000000FEDSFFFF] Pci Bus
!f [00000000FED40000 - 00000000FED44FFF] Trusted Platform Module 1.2
3 [0000000OFEDABOOO - 00000000FEDABFFF] Pci Bus
31 [0000000OFEDAT000 - 00000000FEDAT7FFF] Pci Bus
~ [ [00000000FF870000 - 00000000FF8707FF] Pci Bus
?ﬂ [00000000FF870000 - 00000000FF8707FF] Intel(R) Chipset SATA/PCle RST Premium Controller
~ i3 [00000000FF87C000 - OOO00000FF87FFFF] Pci Bus
£ [00000000FF87C000 - 00000000FF87FFFF] High Definition Audio Controller

9/18/2023 uA.n3. U3 Wouutn
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Onboard
l/O

Expansion slot

Expansion slot

Expansion slot

Expansion slot

Expansion slot

DMA

Timer
8254

RAM

ROM

8237

8259
PIC

16 Bit ISA Bus — top view

MREQ E—

| RESET DRV
I +5V
| IRQ9
| -5V
I DRQ 2
I -12v
| Reserved, NC
| +12v
| GND
! e

low

IOREQ =) ML

8 Bit XT-Bus — — DRQ 3

8087
FPU

Latches/Buffer

8086
MCU

DACK 1
DRQ 1
REFRESH
CLK
IRQ 7T
IRQ 6
IRQ 5
IRQ 4
IRQ 3
DACK 2
TIc

—_—_— e ——— —

MEM CS 16
10 CS 16
IRQ 10
IRQ 11
IRQ 12
IRQ 15
IRQ 14
DACK 0
DRQ 0
DACK 5
DRQ §
DACKE
DRQ 6
DACK 7
DRQ 7

+5V
MASTER
GND

TGO ER WO R ®
© e N e m s W N o

B10
B11
B12
B13
B4
B15
B16
BAT
B18
B19
B20
B21
B22
B23
B24
B25
B26
B27
B28
B29
B30
B 31

U Uo Uoooo
© @ N e s W N

D10
D1
D12
D13
D14
D15
D16
D17
D18

> > >>> > PP
L T S

>

A0

o000 o0 o0o0
I N A

c1o
c11
c12
c13
c14
c15
c16
c17
c1s

i CH‘N

Data 7

Data 6

Data §

Data 4

Data 3

Data 2

Data 1

Data 0

/O CH RDY
AEN

Addr 19
Addr 18
Addr 17
Addr 16
Addr 15
Addr 14
Addr 13
Addr 12
Addr 11
Addr 10
Addr 9
Addr 8
Addr 7
Addr 8
Addr 5
Addr 4
Addr 3
Addr 2
Addr 1
Addr 0

SBHE
Addr 23
Addr 22
Addr 21
Addr 20
Addr 19
Addr 18
Addr 17
MEMR
MEMW
Data 8
Data 9
Data 10
Data 11
Data 12
Data 13
Data 14

— 16 Bit ISA-Bus

Data 15 /

9/18/2023
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A9819015 897U Standard 1/0

elp and Support

Mi |crosi)
hv Help and Support
ed support
T File ™ Edt T View T Tood: ™ Help
System Summary Resource Device Status
Hardware Resources 0=0000-0x000F Direct memary access controller oK
Conflicts/Sharing 0x0010-0=001F Matherboard resources ok
Db 00020020021 Frogrammable interupt contraller ok
Forced Hardware 0x0022-0x0020 Motherboard resounces ok
0x0030-02003F Matherboard resources ak.
00040-0=0043 System timer QK.
0=0044-0x005F Motherboard resounces ok
Components 0=0060-00080 Standard 101/102-Key ar Microsoft Matural Keyboard oK
[ Software Environment g“ggg;%“%%%; Ellystt:mbspe;ker SE
: B -l otherboard resounces
betglnterrishbseploter 04 0064-0x0054 Standard 1014102-Key or Micrasoft Natural Kepbaard oK
0=0065-0x006F Motherboard resources ok
0=0070-040073 System CMOS/real time clock oK
0007 4-0=2007F Motherboard resources ak
00080-0=0090 Diirect memory access contraller QK.
Ox00371-0=0033 Motherboard resounces 0K
Ox0094-0x003F Direct memary access controller ok,
D0040-0-0081 Programmable interrupt controller QK
Ox0042-0-008F Motherboard resounces 0K
Ox00C0-Ox000F Direct memary access controller ok
000E 0-0=00EF Motherboard resources QK Y e
O=00F0-000FF Mumeric data processor ok n
0x0170-0:0177 14 Busg Master PCLIDE Contraller (6] 8 e
00170-0:017 7 Secondary IDE controller [dual fifo) ak. I
Ox01F0-0=01F7 W4 Bus Master PClIDE Controller ak. I n
0x01F0-0x01F 7 Frimary IDE controller [dual fita) QK
00200-0=0207 Gameport Joystick QK
O=0220-04022F Sound Blaster 16 or AWE 32 or compatible WD) ok
00330020331 Sound Blaster 16 or AWE 32 or compatible WD) QK .
0=0340-0x035F Adaptec AHA150A1510/152: /41 C-BX60 SCSI Host Adap..  OF t III
04037600376 WA Bus Master PCl IDE Controller ok pen I u m®
DAI376-04037E Secondayy IDE canboler [dusl ffc] oK mmm
0038800338 Sound Blaster 16 or AWE 32 or compatible (WD) ak,
0x03B0-0:03EE MWIDIA GeForceZ M 400 QK
0x03C0-04030F WWIDIA GeForce2 Ma/Mx 400 ok
0=03F0-0:03F1 Motherboard resouces oK
Ox03F 2-0x03F5 Standard Floppy Disk Cantroller 0k
0=03FE-0x03F6 14 Bus Master PCIIDE Contraller (u]. 8
0=03FE-0x03F6 Primary IDE contraller (dual fifa) ok
Ox03F7-0x03F7 Standard Floppy Disk Cantroller k.
0x0400-0=0401 Motherboard resounces (18
0x0CF3-0=0CFF PCI bus ok
OxB200-0xB8FF Realek RTLA139(4] PCl Fast Ethernet Adapter ok
0x0000-0=D01F 14 Tech 3038 PCI to USE Universal Host Controller ok
00 400-0x0 41F W& Tech 3033 PC to USE Universal Host Controller ok
0=0800-0<080F 14 Busg Master PCIIDE Contraller (u]. 8
0D 800-0=080F Frimary IDE controller [dual fifa) QK. illennium
0x0808-0=080F Secondary IDE controller [dual fifa) ok r: dition
O=E400-04E 47F Motherboard resounces (1.8 =
0xEB00-04E 80F Motherboard resounces ok

9/18/2023 uA.n3. U3 Wouutn
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N15VAVINL

INTR 8085 Interrupt Request /0
IPC Device

1 gunsal $aaveld CPU Tnas1edyanas IRQ wuaw IPC Wafisdd IPC azad1adyayas INTR Ty lulasinswaiwes

INTA 8085 /(@)
> IPC Device

2 Wolulasinswawaswsauliusnis azde INTA nduun IPC

9/18/2023 uA.a3. U3 Wouuta
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INT TYPE 8085

IPC

l/O
Device

3 PIC dswilaveg Interrupt naulUlilulasinswaiwesnusiinve IRQ Musunsull

l/O
IPC Read / Write Device

4 lulaslnawaiwesenuvsedisudeyaludigunsal nuisniswweuse uay Address Nlalusunsull

9/18/2023 uA.a3. U3 Wouuta 49
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N15%1849

Read
Status
1 lulpsinawaiweseuaniugaingunsal hilveyadenisdmseld
l/O
Read/Write Device

Data / command

2 mnausaldsamsnsieriululasinawawes awdeloyaniomandun

9/18/2023 uA.a3. U3 Wouuta
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Onboard
I/0O

Timer
8254

RAM

ROM

Expansion slot

Expansion slot

Expansion slot

Expansion slot

Expansion slot

DMA
8237

8259
PIC

IBM PC Hardware

8087
FPU

Latches/Buffer

8086
MCU

IBM 8088 PC/XT

MAX

MODE
6D O 1 / 40 I uc
aD14 [ 2 39 [ AD15
Ap13 [ 3 38 [ A16/53
ap1z2 [ 4 37 [ A17/54
ap11 [ s 36 [J A18/s5
ap1w0 O s 35 [J A19/56
apo O 7 34 [d BHE/S7
ape [ s 33 3 mn/MX
aD7 O 9 32 [ RD
aps O 10 %DPBUG 31 [ RQ/GTO
aps O 11 30 [J RQ/GTL
ap4 O 12 29 [ [ock
ap3 O 13 28 [0 s2
ap2 O 14 27 0 st
ap1 O 15 26 [J 50
Apo O 16 25 [ qso
nMi O 17 24 [ qs1
INTR ] 18 23 [ TEST
ck O 19 22 [ ReaDY
GND [ 20 21 [J RESET

(MIN
MODE

(HOLD)
(HLDA)
(WR)
(M/1O)
(DT/R)
(DEN)
(ALE)
(INTA)

9/18/2023

= 4 %
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. Uagiuilgnimaiuny /0 gnyiuiulitoanduyunIHEn
Expansion slot v

wastiiuUseansnwlunisd@eans

MAX MIN
mooE  \MODE,

VAN

Expansion slot

aogd: ~ wh U
ap14 O 2 39 [ ap1s
ap13 O 3 38 [0 A16/53
ap12 O 4 37 O 1784
ap11 O 5 36 [ werss
. abo O s 3s [ aigrse
EXpaﬂSIOﬂ SLOt woe O 7 34 [ BHE/ST
aoe O s 33 O mNMx
w07 O 9 32 0 ®o

ao6 O 10 ECUPB{,G 31 [0 RO/GTO  (HOLD)

aDs O 11 30 [ ROGTT  (HLDA)
Expansion slot s mhE
wmds  xpm  om
wds  Rhem
Expansion slot "“‘E i 2 gfm
8087
Onboard FPU
I/O DMA
8237
Timer
8254
8259
8086
ROM —| Latches/Buffer |— MCU 80286 fn1suundeyiad Address way Bus vinlwlisosd
A4 Latch / Buffer Tunisusndgyanaiioanainiuluilon 8086
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VAN

Expansion slot

Expansion slot

Expansion slot

Expansion slot

Expansion slot

8087
Onboard FPU
I/0O DMA
8237
Timer
8254
8259
RAM PIC
8086
ROM T MCU

Jagtuildnnaiuay /O gnsuiuLiioanauyunisxan

wastiuUszansnwlunisaaans

£z

(Top¥iew)

o
m
m

80286 Hn1suendaygad Address way Bus vinlwlisosd

Latch / Buffer Tun1susndoyayiatioanainduimilou 8086

SR OPNMLKIHGEEDCEA
- B—
51610 0lc|eleleldleleBle 510|075
A2 ) 06 W 3]
O|®e|O|O|e|O|e ole|C|e [e] Kel K6
A2 il oeo | D4 | O faizd ) o g Lei) oLk Te
[olelc S1E18]S[STSTETSTSTS|S15] »
ole ®(® O
et [o]vs Intel DX4 WD B
SIBTS] (o] e sty olel?
LK ] [e)l kel e’
813 [o i
eitsile lele
elelo [o]= o|o|o
ole [0 ] Bountary Scan lele
oo?- [o] omher KL
:%‘%mwu-um o] :
S| Lol o[¥le
oogh i Sle|e
e th e
ol kel tsis kea e KA koA KexRea k. d ked Kea keR ked KeA o)
i s = T
OSS’].O...O'.I.0.00'O
(Bl o [Blelele]5leleBleBEE0
S RQOPNMLIKUJIHGTFEDTCESBA

80486 £y Co-processor 8087 Lag Cache 1l inelu

PR

10
1

13
u
15
16
7w

9/18/2023
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CORE

inside™

System
agent and

¢ Memory ||
- |
v f Controller | 8|

Processor
Graphics

Shared L3 Cache**

as = ETRE

Intel Core | lii533 Fwdnaruaumiieanudt waz 1/0 ulinnelu wdewiies Bus controller agnteuen

9/18/2023 uA.a3. U3 Wouuta
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Core | Memory Crystals

ARM Cortex M4 Processor
with DSP Extensions and FPU
32768 kz

Debug Interface | DMA Conlrofior

32-bit bus

Peripheral Reflex System

=
Antenna Radio Transceiver Serial Inferfaces

Lowest power mods with paripheral operational

EMO— Active

Clock Management

Auxilias

High Froquancy

RC Oscillator

Uitra Lot
Fi

]
/O Ports

Extarnal
Interrupts

Energy Management

Veltage
Regulator

DC-DC

Convertar

B

Voitage Manitor

Power-On Resel

=
Timers and Triggers

Lew uniergy tiner

Pulse Counter

Watchdog Timer

EM4— Hibernate

2G4RF_IOP G-
2G4RF_ION [

Radio Transcicver

Froquency
Synthesizer

Port 0 Configuration

DECOUPLE [

Up to 256 KB ISP Flash
Program Memory

Momory Protection Unit

Energy Management ARM Cortex-M4 Core

DCc-DC
Convortor

Floating Point Unit

DMA Controller

Voltage Sarial Wire Debug /
Rogulator Programming

Digital Peripherals
LETIMER

CRYOTIMER

RTC / RTCC

LEUART

Watchdog

vss
VREGVSS
RFVSS
PAVSS

RESETn [¥

Timer

Brown Out
Power-On
Reset
)
AUXHFRCO

Reset
Management
Unit

LFXTAL P/N —]

Internal
Reference

Input MUX

Analog Comparator

System on Chip (SoC) finfurianunlugniie?

PAn
;.T::.q el
.fﬁﬁ,q PCn
Drvers on
et ! PFn

Drivers.

9/18/2023
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power supply

parallel por connectar
AL power receptacie

security cahble slot

serial port 1 connectar

setial port 2 connectar
mouse connectar

=

N

line-out jack
line-in jack
ILISH connectors
MG connectar

S

L
]
keyboard c:u:mnectnr%‘IlF T
microphone jack

external
drive hays

internal
drive hays

Mo P2 expansion slot connector
exists behind this slot cover

video connectar




29AUIZNRUVBITTUUABNNIMBSHazaaUnaNTsY -

- SYSTEM BOARD

POWER SUFPPLY —,
Tre power susoy b — MEMORY {(RAM) i
S il S ard | Memoy tempocanly 1 The sysverm board is
clectnaal power 1nto | stares Cata whie you l' the s e citeu s Boured

| e sk oo thene i of ehe comduter. and o OTHER

| \ 3B components of the S SECONDARY

| |' COMEaLmer SysTesm /"} STORAGE

| i cornrect 1o i ¥ 5 Crther secoradsry

! ! pd starage Covices usualy

] " ’, imz lurder diskenter xrecl
4 CD-ROM cnves. and

HARD-DISK DRIVE ~
he barc.-disx drive is
e pantipal secoceisry ™~ |
Mo 2@e e diaT

] -
N poasbly coher crves

focs e e
BOARDS o J chp does

<sdcubwons and com-

DOIrILovs el s oevirals

Ao boords enslhie usesrs
i, O
athers paris of che

||

' ta add new poradey

] exprrd the coprixhties of 2
COAMPBUEes SyaIcm.,

COomputer SyNTtenn

 EXPANSION
sLOoTSs




MigSutaya (Input Unit)
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g TuTeYa (Input Unit)

= d

uunun (Keyboard)

d
wa (Mouse)
N30901UIHiaNg (Bar Code Reader)
n3e90IUNNA  (Digitizer)

A
1N999NNAMNI533  (Scanner)
inIeI01MIAIeeHIE (Optical Mark Sensor)
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1T TE ] (Keyboard) am

1 s <& Y Y

< % s A Ao o A A YA o 0 A %
Lﬂﬂﬁ?iﬂll?ﬁWHgWﬂﬂﬁ? EUUV]Q'ﬂﬂNi}GlG])' UNA QLLﬂ%ﬂﬂ?ﬁﬂﬁﬂgﬂ@MW?M@i

= v o v} J

< s Y A I R o Y (< Y v
Lﬂﬂ@ﬂﬂﬁﬂ!‘ﬂﬂﬁWﬂLlﬂHWﬂJWﬂﬂ %Qﬁﬂ%@%ﬁﬂlﬂﬂﬂ?@ﬂyi N[V FUANH

' a Jd v 1 . ~ 19 v A
@]@LLﬂHWNWﬂUﬁ?‘HGUEN Main board NogATUYIAIUDIUAT O

U
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utluun (Keyboard) o

\&

— uaanil 6 1 (38091 Mini DIN #50 PS2
— USR - —

QGE a o 1
* Januilununiiog 2 vun

— U9 1Ml 5 1 58071 DIN
Y V=

¢ LL‘]%[‘L!WEJW?JET@\‘IG])”LM Ao Wila 101 1J3J Laz¥ua 104 1J3J ﬁ"l‘lfi’i“]J!,ﬂﬁE]\‘I

ﬂﬁ]iJW’Jm@i‘VlGlGlﬁ UUﬂ{]U@ﬂﬁﬂJ@\‘]Ui‘H‘V} Microsoft 915 ﬂﬁ
Window

— {Juviand 1 UG ey Start
—9n 2 1udmiyu natjuuni Mouse




a9AUsENaUVBISTUUARNNINasSuazaaUnenssy

" / s )] . _ (
lo o & & - o) [~4 o ®
q cl r H " rl % ﬂ m dl
M.R. “ I gl o 5 g al wu 9 I 1
. B 1 Tl ‘ - ] ™o n
Caps Lock v n al 0 ol - ] ul 1
‘ 9 ls [» |¢ |8 |8 M |8 |w
Shift U i a 1 a ) o Y 2 M Shift
Space Bar
a d A
T (S RAb 15
b | |& , 5 & b ~ g
= N 0 i “a f 2 U Backspace
{l l.'" -] o
1 1l W - v =
# |g | oY « |
H n ol 1 B '
( ) 2 a . ’ ?
Shift i W I 0 ~ “
Space Bar

a d =
nluNNInH N
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~ | I@ # |8 |% [~ (& [* [ [) [{ |} |e—
"1 2 |3 |4 |5 |6 (7 |8 |9 |0 [[ |] |Geckspece

“J< > P Y [F Jg Jc R L [?2 [+
""-ﬁl- . (= {
TMA O E |[U |I |ID H T IN |S |_ |Eow

. |ed

snir a [J kK x B M w v [Z |smn
> 4>
cn Koy | A8 anar | i | mena | o

T = -

Standard QWERTY keyboard
. Typewnter keys Function keys Bta keys

.Symntqs .mtlu.-yr.u:l Other

-Amcdmuy -mnca-utqs



san1dnenssy :

4

$NDUVDITZUUADUNILADILA

s

249A

UNITED
STATES

00300000HEE=E

5 0 s JLe JG s JLs Jo (= E JL = |
BHDUD MO AR A E

DO dOHHES

UNITED
KINGDOM
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1a (Mouse) s

~4 s2q Y o v A Y, dy o ' A

¢ L‘]Jl!@ﬂﬂflﬂ!ﬂiﬂ)’ﬁ?ﬁﬁUL@@H@]’J%@HLL‘WHQ (Cursor) PYUHIDNTIN NI13LaU
0 - Y A ¢ A so
@]”ILLWUQ%%’E‘I’@ﬂﬂa@\‘iﬂﬂﬂ?ﬁlﬁ@ﬂllﬂﬁllﬂUUWUIﬂg

o uualadlu 4 Uszan

(9] ]
Q/ [0 [¢)

. < ? A A v A = .
— Serial Mouse Mlunanvilananyasuuud s udaun Serial Port 1 ‘Vi%i’) 2

(&)
v o 3

— PS/2 Mouse Euundnilandnvasnauan dmsudeaun PS/2 Mouse Port

<3 I S o < 0 v A ~
— USB Mouse LﬂHLNTﬂﬂﬂﬁﬂﬂﬂngllﬂﬂlﬁﬂ g1 IULegygUN USB Mouse Port

— Bluetooth Mouse




29AUIZNRUVBITTUUABNNIMBSHazaaUnaNTsY -

=)
= ﬂ

Serial PS/2 USB

Bluetooth’

Bluetooth
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1 (Mouse) o

Tracking Ball L{‘Juqﬂ&mm\‘mam LagnabneneNgnensdurla deeg
A8 lUANUNE

Y o . [~ = v 6
ABIuLaANAEIR Tracking Ball )unistnengnsidanuuesund

anddulugasdidy 2 Yu vise 3 Ju Fadun 3 vimihnswigadny
ArAINYRILH LU A UINATUAS
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(Optical Mouse) @

Pholacell light detector

LED light emitter

|
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INTOIDIUIT VAN (Bar Code Reader)

* Wugunsaldwmsueusitauns (Bar code)
° AN :

— 141A599021A0399 (Scanner) Li@EUsHAWINOY
— ntusiawrizasulutoyaingrouiomes

a 6 Y

* Usglgvl : WindseAnsnmlunisviinu ananuiana1naInnIsAgUaaues
WUNIY

=) |

® |99 Bar code FIRARENURAINAUAT VUUASUTZAINUNIIY UUUASUNANET 1158

Yy

‘UUQUﬂiﬂJ@uﬂ UPC Barcode Format

One Single Digit Example: 4» 1011100 >

UPC Barcode Example: IJJI”I || || | || I||| I Im

e e et g | | S e e

036000,291452

AN

L L H1E R

xyaid) T

UPC Format:

(

(1610 s02u0) §

L =Left R= Right

Left € digits Right 6 digits

Total 12 digits, no letters/characters
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insese1unna (Digitizer)

* Jugunsailddmsunissuiiiasiumis (Coordinate) YIIAUUNINLUY
Raster Image wiavinlmdunmddsuduninuuy Vector Image

o |

o AE@UINLTUA LKL LUU AOARILULIBIUN aUL wsaUsy

* gnihluldlussuvansauneniagiimans (Geographic Information System :
GIS)
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|
594N I19N39  (Scanner)

< € o o o v v 1A a
o Jugunsaldmiuihdeyazunindngiesosnauianesingnss
o sunmnlaazidugadunimvsadnie

- 1519LAS99NRASINNTLT UAIGLEUL NINEE

VYY1

a Al a CYIKY a 1Y 1 [~ CYIY) Al
* N5UNINIAATIIFUAMIMTUAIBNYT AauRImeTllSINTURIdNYs N15Naglng
Jussnuwsaeeddlusunsy OCR 3 (Character Recognition)




29AUTENOUVBITEUUABNNIMBSUazaa1UABNTTY

a X
NEREG RN (173)

* ¥lnvad Scanner Yuaguaunazly

— %@ Flatbed Y119UARNELASI018LDNENS

— @7ulluy Handheld I@&ﬁﬂﬂ;ﬁ%%éfmﬁwmia'mLﬂav‘hmﬁScan TUuUR
NFEANUAIAULDS

* Anuazden : ANUaBungegaaunsadale n1sindunule Dpi
(Dots per Square Inch ) : 600, 1200 Dpi

10 PFI 20,PRI




29AUIZNRUVBITTUUABNNIMBSHazaaUnaNTsY -

T L il it ;‘iiil“

Uniock Mark

73
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1N5990 1AM NNY (Optical Mark Sensor)

* Jugunsaldmiugnunsasmueinlivunsenie
® F79879 : NTTANWAINBUNAABUINNINGNY

o Jsylewll - Usenannailuni1smsianseaIeAIRauNiIIuIULNN

Brmaim ol it P et B2

Casa of Bk, reafaman daras Bl el o SrmlmTyealee
B AT AREGEFEHI  RaladE ;

1 L I FERIERNEDERD
- |

.....
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MganIUaya (Output Unit)
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YUYULANIYDYA (Output Unit)

* g9mMN (Monitor)
* 509NN (Printer)
* 150910 (Plotter)

* @lng (Speaker)
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001N (Monitor)

a = 1 A
VABDUNUADINDY 3 Usznnno
® LUVNABANIN 150 CRT (Cathode-Ray Tube)
* LUURNANAsAAAIAl 158 LCD (Liquid Crystal Display )

* OLDE
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HUUNaAN 1IN ‘I’i%@ CRT
(Cathode-Ray Tube) 12

P/ o Aa o I=| I=| v A a a
o THUUALAIDIANATOU I 3 ANANAD ALV LAY
*  IPANNLAABUMEENTNOEANBSALTDILAES

— Beluludagaiidiaenisuuaanin WedidnaseulwiuaziinLasaing

— N15898ugENTAFEUTIUAULUIVINAUAA VB UTDIBNAUMAIMNEATS tazUTuluasdn
1 w8 ¥NEUATUTMUNDD

Cathode Ray Tube

Picture tube ——;

Electron guns

il 1
cathoE | gy
§ ARTIDE
SONTRCL HORIZONTAL.

SRID DEFLECTING (PROSFHIR

SCREEN

FLA A liie
wnw interfacebus.com AT INSIDE]
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Shadow Mask CRT

) Blus Phosphor

7 X
()

Phosphor Dots

Shadow Mask

Shadow mask Slot mask Aperture grille

Shadow mask

Aperture grille
(slot mask)
Sony Trinitron

Slot mask
NECT CromacClear
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LlUUNﬁﬂﬂ%ﬁﬁalﬁa’J 1’?%’8) LCD
(Liguid Crystal Display )

e Jurenumuniul sy dulides ldneiatymisesnisuaessed Prunuey
A18A1 LATIATLNY

— anuzUnAlifiusaiulvin luanavewanmataziedndundedlutuafeaduilias
Wunggasllle

— wadladusadulnihlitundnmandiuluu lassasaduanassnszageenly wasdaruly

Tl

Polarization of Light Waves

Polarizer 1 Polarizer 2
(Vertical)

Incident Beam
(Unpalarized)

Liquid Crystal Layer _

Polarizing Filters

Voltage ®




29AUTENOUVBITTUUABUNIMBSUazaR1UABNTIY

OLED (Organic Light Emitting Diodes)

OLED \Jumanmifidwauzadeivilaulag auaudfausaasuaisenundeldsunssualnih MiGendn Electroluminescence Wuansing

wosnanunsaandudnieg Wedwdrvuiunis avvhlmindunmuasdnuiiesesnts lddudusesdduas Back Light Tunisaneuas
AIUNRS

OLED Structure

The Master of Visual Tech
LG UltraFine Display
OLEDPro

Substrate
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ATOINUN (Printer)

< A A 1
* lumsudainainizeni Hard copy

o 1szinnveunIesiiui
— 1 Tafsusin ( Toner-based printers)
— 2 viuthwidin (Liquid inkjet printer)
— 3 N153%L4A (Dye-sublimation printers)
— 4 l9imnuseu (Thermal printers)

— 5 1ATRSNNNLUUATEWNA ( Impact printers)
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nIRuNA8Naiin (Toner-based printers) Wuiasasfiuninasranmuunseaylagldnamiin Saninlnuiues (toner) aunsaiissilaodng

557 wasinun Ui ndnnsihnuszadeduesesaiaenans wsesiuiussunvninldsuanudeude wlosiuvluuiaises (LASER
Uw 1 =)

98 5 dIUA

printer) #aildulsznoudAsy

a5y (drum) Wugnnashiseusyy Ussquasnaniinanunso8anizlan

- Inuwes (tonen) WunwmiinfifinUszquaziniziuasulas
- awesialan ( later diode) Tgasenastatas

- gnnasdmiueuvasuuazIaNanin (fuser)

NIzANUNATYU

necAN.
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wsesiuriasesylnifundld aglinanmnsiniimeudulsaiu Alududniwinisilagedivdes (yellow dots) Nfidnvuzidugedivdesunn
< (=4 1% 1 & o v Y] [y A a o w a a 4 . ~ [y 6 v ) a
BN wasliwiusignlan Tngganinilagyinisidnsia Juiiewluasrmaneiardfuredasosiun (serial number) iadasiulalviglddluldlunisuges
nasUanu 9E1LY LoNa1sNIeTITNTUaeY wie sutnsUasy mndnisasianuiazanunsanensiagadindes liledundulumlainenalsiifiniun

NASBIRUNLAI Dl Ule
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a 6

ASNUNAANTWULINTNTY LT UNITRUNAINAIUUNTEAEAEIT NI TN LN LR NI T U0 U NaIaIUUN TEANEUS DN URITNIADINTITRUN LATDINUN

o v A w a

Uszandl uesosiusinldsuanuilongananionindsiaign aunwnsiiunis Tanuazdenguuazdedidunn dudsznouddgfofiunds

o

Mniinussinaadunnideenis

AN
\ e ladianyian g E—
. NewanIA
win N
faamwiin
‘ Wan ‘ ¥
TAssaseRusiwuueladdnnsn Tassas1nnunwuuldmnusau
PIEZOELECTRIC INK JET
L Fapey ink droplet |nk droplets
Deflection - [ ] .
MNozzle  Plate - ™ ! negatlve 5 i
—_— ﬂ i L]
>0 2 20 9 @ Gutter [—;"—.—. . laminated metal plates o
— —— - ink channel s o o ¢ 2

— diaplragm

positive ﬁ

@ Ink e— :)Ilaelf::;!:te:m |nk nOZZIE pa pe]‘

Reservoir (deflected)
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psiuiLUUIndn wldvinnsssiininisaesmiinfidurewddinanadulefmennufeuazdsinulondnluneguutasisiaadunmdun
siinflldluntsfisiareguuuiiduiu sagvhmstuiuulazgniilunuasuutugiidesnssnivaldarusoutislunisdsinmiinaniuduaduu
Yaniifosnsfuifiasuaifaunsuynd nuiuidldinunmaaniiounmeiisnunnaniouay infesfississuuiiangtumsfanammannndfius
fonuenansiifuisnuamneddunuseusugs druannielfmaluladflunsiusinmuuiily vionsfsinmuutnamanain wudnsmdney

WJudu
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wIasiuiwuunsznn livdnvesnisaiannuunseanulaeldingnszunnuiinieseneaviinasuunseany laeniinaggnussgeguuiausuiy
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150918 (Plotter)

o Wulasesasenwlueans in iy SUNNTO0NMUY WNUKS LHUT uae
YIFAAIE)

* Sudygaanesesrauiiwasiieliriuaunsiaeudnniliuy
N5EAN YIAUITOLADNFUTDUINANNILEUNUINSDLAUUN LA

® LAAININYY 2 UFLaT 3 TRla
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150918 (Plotter)
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a11n9 (Speaker)

° < A Y o Y] Y = 1 1 = A = A
LﬂuQﬂﬂiﬂ!‘VﬂGb’ TUTUAITNUTYIN N IFU LT U Lﬂﬂﬁ‘l{}l}ﬂ 3o

=

< 9
[FOIAUAT 1 UAY

When we give voltage to the ceramic wafer,
it contracts and expands. The tension will drive
the attached metal sheet emits the sound.
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NN 1IHIYAN (Main Memory Unit)
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NUILANUINEN (Main Memory Unit)

® HUIWANIUTN (Ram : Random Access Memory)
® 1UIAIININTON (Rom : Read Only Memory)

* YUWANUIULAY (Cache)
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HUIYAINDSY (Ram :Random Access Memory)

1 0 . { A A Jd
* wurgnNImUDauaeula (Volatile Memory) tielladiadg doyalu
‘Vili’JfJﬂ’ﬂllﬁh ﬁ]%‘l’ﬂﬂll‘ﬂ‘l’illﬂ

Y 1 o w o v o J
¢ ﬂ1§’3ﬂmu1ﬂﬂlﬂﬁﬂuﬂﬂﬂ”ﬂi\l’iﬂﬂﬂﬁ}ﬁfﬁﬂu?u@3@ﬂ"ll'i% W%f’)ll‘ll@]
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HUIYAINDSY (Ram :Random Access Memory)




o Crucial’ DDR4 Memory Technology

2002 | 2004 | 2007 2014

Technological advancements
by?henumbe,s, » 28% 50.3% 100% ), 16.6% 166.5% 300% , 20% 100% 300%
i L DECREASE  INCREASE  INCREASE DECREASE  INCREASE  INCREASE DECREASE  INCREASE  INCREASE
starting with DDR fromDDR  fromDDR  from DDR fromDDR2  from DDR2  from DDR2 fromDDR3  from DDR3  from DDR3
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H1UIAIND150Y (Rom :Read Only Memory)

o Jumheanuduuliaudsu (Nonvolatile Memory)

* 1AnNNSHIaNALISIU AT UTIL DU NALISSZUU

* SyNANWUENISLAULONALISLUULI
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NUWAMIUI LAY (Cache)

* 1 TunheAudAusIgenn uatvuinian

o [ JURUIEAINNTITEIINNUIIANUT VBN LALFIUSEUIaNE

1Y
2 o0

* BUILAUILAYLAUAFINFIUSEUNanagldLa wWinsunldades
2 LULEYNAAURIAIEIRINNUIY AU LT

AmoRetro.de
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Y < Y o .
HUIUNUUINAa1983(Secondary Storage Unit)
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%ﬂ’JEJLﬁ‘]JGf’Ij’éJjgaﬁﬁax‘i(Secondary Storage Unit)

Y 9 2 9 2 Yy & 9
* Mapamanutdeyauuaaoa I asunudoyalu
H1IIAINT1EG1504 (Secondary Storage Unit) LU

' Y T A Jd
— 1A 30 IVVUHUANINAA (Diskette Drive 130 Floppy Disk

Drive)
¢ a ¢ .
—3Janan (Hard Disk)
d' U 1 A .
—IATNVUUNUBATON (CD-ROM Drive)
A Y V& )
—msmmumﬂsmman (Tape Drive)

— Solid State Drive
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o/ A 4
Lﬂ%@ﬂmﬂllﬂuﬂﬁlﬂ@@ (1/5)
(Diskette Drive ¥58 Floppy Disk Drive)

* Jugunsaldwsuaulasilisutayaasuuian
* Imdmiueuuazieu
| 45199 RIAUINIILANATUUAAN
myuusiufan TuSsiumiandesnts s1ugdeyangeuiu
AUNUKILAEN

| Baie etk Cerified Diskeite &0
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Lﬂﬁ@ﬂqjﬂllﬂuﬂﬁlﬂ@@ 2/5)
(Diskette Drive ¥58 Floppy Disk Drive)

o L{‘Jut,u;iuﬂamLLWL@%@UG’T’J8"’J’aﬂm\‘1ﬁaﬂmﬁaLﬁmauWMLLﬂLmﬁﬂié’

° ﬂ’]ﬂ%LLNUWﬁ@‘UU@ﬂfﬂUuﬂuﬂ AR Laau Luaqmﬂmmumamauﬁuaq
LASANITURAALNAALAZNUNIVDIREN

® LAY 3 IUINAD 8 ﬁ'a, 54 7 way 3Y%0n
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Q/ A d
Lﬂ%ﬂﬂmﬂllﬂuﬂﬁlﬂﬁﬁ (3/5)
(Diskette Drive 158 Floppy Disk Drive)

%

*  FITUMNUAZBIUTOYANULLIVDAAUTOUIN Y50 Wnsn (Track)
* eazunsnuuuduldnieas (Sector)
* nulayaudazAsIEUiaz@nmosvinTy

[ [ [ . [ LY o 1 3
* AETINdNMesLUN5a1Eg (Sensing Hole) Wusiseysumiavasanines

Fig 1.1. Data Storage entities in a typical 3.5 floppy disk
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o/ A 4
Lﬂ%@ﬂmﬂllﬂuﬂﬁlﬂ@@ (@/5)
(Diskette Drive ¥58 Floppy Disk Drive)

| I~
* UU 2 LUVAD

Jd Jd = Jd a 4
— uyyIIAEeas (Hard-Sectored) ¥NSRIEIIDUIAAUINA AN
Jd Jd = = =
— uyuseNarnNnes (Soft-Sectored) UM IINA3IALD

a o’dgg 1 9 Y
* AMNUYVOIATAVUDYAUAIUVYDINT 131U
— AU ILUUIBINS T URUUWILAEY (Single Density)
— ANUTUILUIdULUU 2 W0 (Double Density)
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Q/ A 4
Lﬂ%@ﬁmﬂllﬂuﬂﬁlﬂ@@ (5/5)
(Diskette Drive ¥58 Floppy Disk Drive)
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Diskettes
FOULAAIAANLUUY high density
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g A J .
g13aadn (Hard Disk) (114)

] ' < I~
¢ Lﬂlﬁﬂﬂllﬂlﬂﬂﬂllcﬂfﬂlﬂlﬂ
v =KX 9 ya o
¢ fmllTﬁﬂﬂuﬂﬂmﬂﬂgﬂqﬂlﬂueﬂquguu'lﬂ

1 = 9 v 1 = 1 dslj A A 1
¢ ﬂTi’e']TL!LLEI%ﬂﬁ!ﬁIJEJH"IJE]ZJua mmmmzmﬂullmmzwummmmmuﬂaaﬂ
)
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Jd Aa J .
g13aadn (Hard Disk) )

— aulngiszneudieniumivan(Platters) AOIUAUNIONINNNTAGTEIBYUULNURGINY
(38N Spindle

(Y] 1 = d' a (Y] 9 =
— 297U LaZVYY ONUAANUARIEYD
J
— UDINDS
— thasouvisenandlany
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g A J .
g13aadn (Hard Disk) Gi4)

— ST-506/41L

— ESDI (Enhanced Small Device interface)

— SCSI(Small Computer System Interface)

— IDE(Integrated Drive Electronics)

— SATA (Serial AT Attachment)




J a J .
g13aadn (Hard Disk) @)

Federnde Kopfaufhéingung

Magnefplatte Drehachse

Linear-
motor
fir die Kopt
posifionierung:
zwischen fest

montierten Magne-
ten bewegt eine Spule

den Arm.

Holieklammer
Hir den Plattenstapel

Schreib-/Lesekopt

Platine mit der Laufwerkselektronik

flexible Leiterplatte

Armelekironik
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MeANTMNEY Mileaudwray dugnimunTulul 1980 tne 193U (Toshiba) Wunisimmnsesanunain wieanudwuusdnsen

(EEPROM) Fuiluniheanudiiivdeyaldnnds anunsaaudeyanazideuvivlivalenss

CONTROL GATE

METAL OXIDE

FLOATING GATE

METAL OXIDE

S SOURCE DRAIN

E4
Tngea¥1ves Iandunaveaimn

+

G ———| CONTROL GATE

usgAUIERINNAN

S

b

METAL OXIDE

FLOATING GATE

METAL OXIDE

1Tuiin “0”

\
\
\\
SOURCE |zl )| DRAIN

URIAUTENINNA

n1seuteyarivuiinegngluenIuesa

1iin “1”

G ¥ CONTROL GATE
METAL OXIDE
FLO‘IN%ATE .I ﬂs:.a
METAL OXIDE
SOURCE laifinszualua DRAIN

+
UsaAgs

S

e
+

S

CONTROL GATE

METAL OXIDE

(e & ©]
FLOATING GATE @

METAL OXIDE

~{ SOURcE @7
([ J

o & n
uuvin 1

DRAIN

CONTROL GATE

METAL OXIDE

FLOATING GATE @ @
\

METALOXIDE (%)

SOURCE

K]
Y DRAIN

1iin “0”

nstuiinuazauteyalueviiuea

Jaquiuaviinedminge 3 JUuuUAe 1 Jnslewwad (Single-Level-Cell: SLC) 2 Tmslatead (Multi-Level Cell : MLC) 3 Dnsioiwad

(Triple-Level Cell: TLC) uag 4 Unsaiwaa (Quadruple-Level Cell) %ﬂLsﬁaéLLﬁiazLLUU%ﬁ@’lqmﬂ%\‘i’mﬁLLG]ﬂG]I’NﬁJu

SLC agdiseuveimsilvudeyasgUszana 100,000 A

MLC 3zilsaurainsilisutayasguseanas 5,000 - 3,000 ASS

TLC azilseuvesn1sieudeyasguszunns 1,000 ASS

b4
IS IS k4
QLC 923581 199907518 UYeNangUsEINn 100 ASY

U
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Tunisldan agdenihmhuanuduaruideusenuadiuaiuay wWelideuseiuinasneuiinmesia daluauiazuandaiulumudnyuenis

Ty

) dwumuan (EEEE)  unad

Todnanalasi (9ngw: Solid state drive, SSD) %38 aeasf Ao gunsnidniuteyaviinnils Faldguaasnufivseneu

9

20U U811 e ALAUTRLALUUANRTIAI PUBNS AR
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Tunisldan agdenihmhuanuduaruideusenuadiuaiuay wWelideuseiuinasneuiinmesia daluauiazuandaiulumudnyuenis

Ty

) dwumuan (EEEE)  unad

Todnanalasi (9ngw: Solid state drive, SSD) %38 aeasf Ao gunsnidniuteyaviinnils Faldguaasnufivseneu

9

20U U811 e ALAUTRLALUUANRTIAI PUBNS AR

SAMSUNG

V-NAND SSD SAMSUNG

970

vasaan wuu SATA amaan wuu M.2
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14

Tunisldan agdenihmhuanuduaruideusenuadiuaiuay wWelideuseiuinasneuiinmesia daluauiazuandaiulumudnyuenis

Ty

) dwumuan (EEEE)  unad

14

groaturlaglasi \Uugunsalduiindeyanfiiugiuunainmieanuiunay Ineddnniuquyiminideasiuniotneuinnes lnonseunoas

&9

¥
U 1

Juwuuaunsalgiead (USB Device) finnuqsisus 8GB aufis 1 TB anunsaviudeyaldeniuiuds 100 U

9

gLaaiigu 3.0 gLaaiigu 2.0
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A998 1 BURELSENLUSEUULUASA

A1979 2 idheisenlussuuledd

e AULLUASA A8

_ kB Kilobyte Alalud
_ MB Megabyte wnzlus
ES : Gigabyte S
_ B Terabyte wmalus
_ PB Petabyte walud
_ EB Exabyte wnazlua
_ ZB Zettabyte wnzlus
R - Yottabyte G

B2 < Kibibyte Adlud

(1022 W Mebibyte wilus
(1022 B Gibibyte Adlud

(10224 [ Tebibyte wilug
(1020 B Pebibyte wdlu
(1026 [ Exbibyte wndlud
(10247 [0 Zebibyte wilug
3 - Yobibyte ToOlud
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1AIDIVULNUTATON (CD-ROM Drive) s

* 1 JunTav LAY CD-ROM (Compact Disk Read Only
Memory) H3aMUIANNIIBHADIU IADE191Re)

1 ] 4 S 9 A A < 9
* uru CD-ROM tlugetnudeyanianuiEilunsldau
ADULING

<9 ' <3 9 Y
¢ nlstnyUUvUa 1 uwummmmmaya‘lﬂ 500 MB ﬁﬁ 1
GB
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1AIDIVULNUTATON (CD-ROM Drive) s

~ 9 Y, ¢ A a Ay S 1 J
—uﬂwﬁﬁﬁwgmmawmmuuwummmﬂmﬂmnﬂu 1

1= o v 1 ~ < !
— lufimsasgdmsuarundosmsnual 0

WORM (Write Once Read Many)
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label protective

layer
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“0”

destructive
interference K
Structure ot a LD

Printable Surface

—
s {11 Tivuim to 23mim)
#_,..-"

120 mm

——— Full Reflectiv
Laver

ARed—Lase = 630nm
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Glass master disc
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| |

1ATDIVULNUTATON (CD-ROM Drive) s

— UHUTBATOU

(WU Audio-CD @ﬁ%@
- udio-

— WY Video-CD #58 VCD
' COMPACT
— WY MP3 | \ E

: _ DIGITAL DATA
— IUINU CD-Write

B/ (7474 a_’/ IJT:OM PACT

Sk

DIGITAL AUDIO

......ﬂPC Z

Maltiedia PC-VIDEOCD
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LaserDisc (LD) Taiuiindmvied iudevuiindoyameuaswiiausn isueandiniiegly
U ar 1978 wailallasupiudiey

| meadics
EUIVE I
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(WY Audio-CD

uISE

DIGITAL AUDIO
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WY Video-CD ¥38 VCD

VIDEO COMPACT DISC

=

* Fe819waNALIS
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(WU MP3

° 1AM
* Jagiiu
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(WU CD-Write

A uW1 CD-RATUNN Iansu@e), CD-RW (Tuinn laviatenss Uszana
1,000 AF9)

tise

ReWntabIe
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Q/

AUTNLA fandfaves CD-ROM
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Q/

AUTNLA fandfaves CD-ROM

(9]
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® AU
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DVD
Blu-ray
HD-DVD
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1A39901UN LA (Tape Drive)
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