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CS231: UMY 8 : N1sSun/deeen

duna/toann veslulasinswaises dusuleusdenugunsalnieuean a8il 2 YaAo
Data pin U9 16 U6 tag Address pin ¥u19 20 U

MAX (MIN
MODE \MODE
GhND [ 1 -/ 40 [ uc
— ap14 [ 2 39 [ AD15
AD13 [ 3 38 [ Ale/s3
AD12 [ 4 37 O A17/54 ¥/@)
ap11 [ s 36 [ A18/s5
ap1o [ s 35 [J A19/s6
AD9 [0 7 34 [ BHE/S7
aps [ s 33 [J mMN/MX
/0 — AD7 [ o sogs 32 ] RD
AD6 0 10 cpy 31 [ RQ/GTO (HOLD)
Aps [ 11 30 [J RQ/GTL (HLDA)
AD4 O 12 29 [J [ocK (WR)
AD3 [ 13 28 0 52 (M/i0)
ap2 [ 14 27 O st (DT/R)
Aap1 [ 15 26 |1 so (DEN)
- Apo O 16 25 [J Qso (ALE)
nvi O 17 24 [ qQs1 (INTA)
INTR ] 18 23 [J TEST
ck O 19 22 [ ReaDy
GND [ 20 21 [ RESET
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CS231: UMY 8 : N1sSun/deeen

Tunssialdeuaziineas asaya (Latch) uazindaya(Buffer) inauandaysyrod Address wag Data 22n31nMuY

BHE M
Bu ffer Ajg
vCC 7 GND ate
AD15 AD14 2
i}gﬁi gig — Address Bus
Al18/SS AD11
Al19/56 AD10
BHESL AD9
MN/MX ADS
Haa & o -
ol¢ AD6 L
HLDA O aps GLal:ches - GLatches —
WER_ O ADd4 ‘ 1 1 B
MI0 & AD3 i Dys
DTR R AD2 3 BB
DEN AD1 s
ALE ADO >3 = G D D, __ Data Bus
INTA.  NMI 1] 2:
TEST  INTR Rt .
READY CLK * 5
RESET  GND HHgof |
R Y| 0
| Buftter | Control

http://ece-research.unm.edu/jimp/310/slides/8086 chipset.html
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CS231: UMY 8 : N1sSun/deeen

Lulasiwsiaiwasly voedayayas Address Bus wag Data Bus Tunisieansnugunsalniguan 1oy wiieaa1udn

waz IWAUAN Interrupt

BHE N nswWausiafiuaunsal I/0 Aeuan NiausorI
19 5
A Address Bus wag Data Bus Lyunu
Ais
=
R
—  Address Bus wanNTsaNse aglidunsanserinlalanenss

1 o/ dy v 14 1 o
w31z Yasdyanailgnideuluudalaenizendnuin

v & v [} [ 1 [ g v I
— AtudasinN1sanwUas Yaedyyruillinanaly

19 Latehes b /O dwSudeansiuaunsaldunlaily witeadnudn was
= Dis N %Wﬂ'm?gu Interrupt (38791113591 1/O Mapping

BB
gp Dg —  Data Bus o o ccies

—& D5 8086 &11150911 I/O Mapping ¢ 2 A58

- .
'-. BB - - Memory-mapped 10

%—U—'

?II)FDU — - Standard IO

Control \
Intel only

http://ece-research.unm.edu/jimp/310/slides/8086 chipset.html
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=

8086 #131150%1 I/0 Mapping 1@ 2 75A®

- Memory-mapped IO
- Standard IO

19 2 wuuazly Address Bus 1Judinnnunaiiievadgniiause
wazly Data Bus dusuiu/dedaya

WAYATILANANAUABNINIYDIFYRIUAIUANNIT BIU/ VU UaYE

¥ Y Y

PC 81230411 I/O Mapping nauiulans 2 wuu netlluagiun1saanwuy Motherboard
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CS231: UNTi 8 : NsSuLdn/deeen

< = 1w g v o ' °
Memory-mapped 10 Wunsiausiaiuaunsainieuan Tddyayimniuaumissaa
Judiamnuanis 81w / Weu daya

Tagidaninunsiuns (Address) andu I/0 w38 wawausanugunsaineusn
2935 Decoder 191UN15152aNIAILNUINADINITOTUVIIDL VU

Multiplex Taanidunedaya

Address Bus

————)-  Address decoder

Data Bus
8086 RAM / 10

RAM
Multiplexer

l/O
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CS231: UNTi 8 : NsSuLdn/deeen

lulasdnesnuuunidmsuwansenululasinsivawas asdl 91 CS (chip select) dusuidanliine WsaAnA2LB90NAINIITS
191U I/O Mapping vinladne
1 = v yad A [ ] [
n1581u uazilsudaya 1935w IRUNLIEAINA
AvlUA1HY MOV

RAM

8086

Address
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Memory-mapped I/0
Uaf
- 14 Instruction WwgaiunaeANIN WeulUsunTUdY
- ulesTwsiwawe fnsuiisesiunssanissanusineuen 143511
Vol
- duvdedtldidu 10 asliifumissanusiliilétn i lildvissanusinmeuenld liiuainug

I/O 17O 17O
RAM
1 2 3
cs CS CS cs

Decoder Decoder

8086

Address

Data
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LY 1a = o 1 a o 1 1 Yad A < [ o Y 1
Memory-mapped IO sinliifisudandunisiiazaunis urazldasidonlugae mszilddend
A29819 ABINITIWE FAOO B9 FAFF d@unsaadnedyqiad CS idaaa9asil

CSzAls/\A14/\ A13/\A12/\A11/\ 14—10/\ Ag/\A_g

_)— CS FAOO - FAFF

A15

A8

AQ
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CS231:

N7 3 : TayaLarAIAIf

FO000

BIOS

EO000

BIOS

DO000

VRAM n15028

C0000

VRAM AN5038

A0000

VRAM n15039

90000

80000

70000

60000

50000

40000

30000

20000

10000

00000

00000-003FF Interrupt Vector Table
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CS231: UMY 8 : N1sSun/deeen

f29819n151497% Memory-mapped I/0 ¥a4a389 PC

<& Help and Support

™ Micros

Hefgand Support

~ —» Home | Index | Assisted support | Tours & tutorials

T File ~Edt ™ View T Took ™ Help

System Summary Resource Device Status
- Hardware Resources O0000-0=9FFFF Systern board extension for ACFI BIOS ok,
o Conflicts/Sharing 0xFFFENO00-0=FFFFFFFF Spstemn board extension for ACP] BIOS o,
- DIMA, 0=FDO00000-0xFOFFFFFF PCI standard host CPU bridge 0K
Forced Hardware 0«E E0000O0-04EFC FFFFF PCI standard PCI-to-PCI bridge (]S
e A0 [=E E000000-0<EFDFFFFF NWIDIA GeForce? MM 400 oK
= e 0=E FFO0000-0=FCFFFFFF PCl standard PCl+ta-PCI bridge Ok
- Memary [O=FO000000-0F 7FFFFFF NWIDIA GeForce? MM 400 oK
- Components [O=E FO00000-0=E FOOFFFF MNWYIDIA GeForce? MM 400 Ok
E e G CACODDAREE | NVIDA GOt A oK

™ - eFarce

1 Inkemet Explorer 0+B0000-04BFFFF MY IDI GeForce2 Mi/MX 400 oK
0=CO000-0<CCYFF YDA GeForce? MR 400 (]S
0«FO000-0FFFFF Syztem board extension for ACPI BIOS Ok
0100000-0xFFFFFFF Swyztem board extension for ACF BIOS Ok

Millennium
Edition

pentiume///
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UagUuil Memory-mapped 10 gnldlunsdaarsiuaunsalifinisiwausaluzuuwuu PCI

...‘ Device Manager

File Action View Help

&= @ Hm =

v ;.l.j FrogPC3
I Direct memory access (DMA)
> B Inputfoutput (10)
i Interrupt request (IRQ)
v i Memory
> i3 [00000000000A0000 - 00000000000BFFFF] Pci Bus
i3 [00000000000CO000 - OOOOO000000EFFFF] Pci Bus
i3 [00000000000FO000 - O0000000000FFFFF] Pci Bus
~ i [00000000E7800000 - 00000000F7FFFFFF] Pci Bus
~ =1 [00000000ES000000 - 00000000F 1FFFFFF] PCI-to-PCl Bridge
[E3 [00000000ES000000 - 000D0000EFFFFFFF] NVIDIA GeForce GT 710
(38 (00000000FO000000 - 00000000F TFFFFFF] NVIDIA GeForce GT 710
- 3 [00000000FE000000 - 00000000F7EFFFFF] PCI-to-PCl Bridge
=¥ [00000000F7FDCO00 - 00000000F7FDCFFF] Intel(R) 82578DM Gigabit Network Connection

£33 [00000000F7FDFO00 - 00000000F7FDFOFF] Virtualization Engine Controller
l? [00000000F7FEQOQO - O0000000F7FFFFFF] Intel(R) 82578DM Gigabit Network Connection
£33 [00000000FEDOOOOO - 00000000FEDOO3FF] High precision event timer

v {3 [00000000FED20000 - 00000000FEDSFFFF] Pci Bus
7 [00000000FED40000 - 00000000FED44FFF] Trusted Platform Module 1.2

£ [00000000FEDAGO0O - 00000000FEDAGFFF] Pci Bus
¥ [00000000FEDA7000 - 00000000FEDAT7FFF] Pci Bus
~ K3 [00000000FF870000 - 00000000FF8707FF] Pci Bus
'5.:;1 [00000000FF870000 - ODDD0000FF8707FF] Intel(R) Chipset SATA/PCle RST Premium Controller

+ = [00000000FFE7C000 - 00000000FFS7FFFF] Pci Bus
£ [00000000FF87C000 - O0000000FFS7FFFF] High Definition Audio Controller

i [00000000F7FDDO00 - 00000000F7FDD3FF] Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3B3C
i [00000000F7FDEOQO - 00000000F7FDE3FF] Intel(R) 5 Series/3400 Series Chipset Family USB Enhanced Host Controller - 3B34
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=

8086 #131150%1 I/0 Mapping 1@ 2 75A®
- Memory-mapped IO
- Standard IO

9 2 wuuagld Address Bus 1Judinmuunsiuniauadgaiiouss
wagly Data Bus dwisuu/devaya
LAYATLANANIAUABNNIYBIFYYIUAIUANNIT B/ VU VaYa
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CS231: UMY 8 : N1sSun/deeen

Standard 1/0 3ziin15n1%un Address WuULABINY Memory-mapped 1/0

19 Address bus wag Data bus t&uLfgINU

1 = 1 v W 12 1 o Y o/ 1 = Y [ 1 o
weiazdl Address ldviunudaunrtagn11Uan meﬂ%azyqnmmuwau AUASLAU NUKRUIYAINUIN

H O 0 N 0O 0 B w NP

O 2
O 13
AD2 [ 14
O 15
O e
nmi O 17
INTR [ 18
ck O 19
GND [ 20

8086
CPU

40
39
38
37
36
35
34
33
32

30
29
28
27
26
25
24
23
22
21

[
u
|
u
u
]

u
|
u
u
]
]
u
u
u
u
u
u
|
u

MAX
MODE

UCC
AD15
A16/S3
Al7/54
A18/S5
A19/S6
BHE/S7
MN/MX
RD
RQ/GTO
RQ/GTIL
LocK
s2

S1

50

Qso
Qs1
TEST
READY
RESET

195914 / 18U 2 19AE9 IN wag OUT

MIN
MODE

(HOLD)
(HLDA)

R 1 v 1 o 1'%
(WR) N1TUVBUAIN UUIYAITN M/IO zd3ed

wio) < —

(DTIR) N15871UYaya’n Standard /O M/IO 98&319
(DEN)
(ALE)
(INTA)

18 MREQ

Wy
dguauned IOREQ

v
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CS231: UNY 8 : N155ULYN/d998n

o

n1sealdenu Standard I/0 azlifasdndygia CS MnieAUuan

=

o
- dwndslideuiuiumiearudi vlanunsaldaundeanudiliiuaiug

Qe

% =
pIGH
- aesldanedyaaiivanlulasinsiwaiwes wazaaedl Instruction @S 1/0

Wil Standard 1/0 TeuUSeaulusuainaisa insigd Instruction fvawdmsu Address wuim 8 O Nanunsavinaulaly 1 Cycle ws1eids CPU viautn

Jaguu CPU vimudn wazinnudndudedld Address unndn 256 sunus doliueuildswualy

I/0 /O /O
RAM
1 2 3
cs cs cs cs
MREQ
IOREQ — - —
Decoder Decoder Decoder

8086

Data
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CS231: UNY 8 : N155ULYN/d998n

o

n1sealdenu Standard I/0 azlifasdndygia CS MnieAUuan

=

P12

Qe

- dwndslideuiuiumiearudi vlanunsaldaundeanudiliiuaiug
pIGE
- aesldanedyaaiivanlulasinsiwaiwes wazaaedl Instruction @S 1/0

Wil Standard 1/0 TeuUSeaulusuainaisa insigd Instruction fvawdmsu Address wuim 8 O Nanunsavinaulaly 1 Cycle ws1eids CPU viautn
Jaguu CPU vimudn wazinnudndudedld Address unndn 256 sunus doliueuildswualy

I/0 /O /O
RAM
1 2 3
cs cs cs cs
[
[ [ [
Decoder Decoder Decoder

8086

Data
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CS231: UNN 7 : NMSTAIINILNITVNNNU

16 Bit ISA Bus — top view

-
Ve
s
AL GND B 1 A 1 iOCHCK
. | RESETDRV B 2 A 2 Data7
Expansion slot [ w83 43 oo
| RQO B 4 A 4 Datas
| s B S5 A 5 Data4
| DRQZ B 6 A 6 Data3
| 42y B T A 7 Dataz
Expans|on SLOt | Reserved, NC B 8 A 8 Datat
| 2V B 9 A 9 Data0
| GND B 10 A10 1O CHRDY
| MEMW B 11 A1l AEN
. MREQ — WMEMR B 12 A12  Addr19
Expansion slot ' o s
IOREQ # OR B14 A14  Addr17
DACK3 B15 A15  Addr16
8 Bit XT-Bus __: DRQ3 B 16 A16  Addri5
% DACKT B17 A17  Addr14
Expan5|on SLOt : DRQ1 B18 A18  Addri3
| REFRESH B 19 A19  Addri2
I CLK B20 A20  Addri1
I IRQT B21 A21 Addr10
3 | IRQ6 B2z A2z Addr 9
EXpanSlon SLOt | RQ5 B23 A23 Addr 8
| RQ4 B24 A24 Addr 7
| IRQ3 B25 A25 Addr 6
| DACK2 B26 A26 Addr 5 L 16 Bit ISA-Bus
8087 | Tic B27 A27 Addr 4
| ALE B28 A28 Addr 3
FPU k +5V B29 A20 Addr 2
osc B30 A30 Addr 1
Onboard \\ GND B3 A3l Addr 0
\
I/O DMA N
WEMCS16 D 1 C 1 SBHE
8237 jocs1e D 2 C 2 Addr23
. RQ10 D 3 € 3 Addr2z
Timer IRQ11 D & C 4 Addr21
IRQ12 D 5 C 5 Addr20
8254 RQ15 D 6 C 6 Addr19
RQ14 D 7 C 7 Addris
8259 DACKO D 8 C 8 Addr17
DRQO D 9 c 9 MEWMR
DACKS D10 c10 MEMW
RAM PlC DRQ5 D 11 C11 Data 8
DACKE D12 €12 Data 9
DRQ6 D13 €13 Data10
DACKT D14 €14 Data11
8086 DRQ7 D15 €15 Data12
+5V D16 €16 Data13
ROM LatChes/BUﬁer MASTER D17 C17 Datat4
MCU GND D18 €18 Data15

9/19/2021 uA.as. U3 Wouudn 18
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SIIIIIIII BI.ISI'EB wa

"COPY RIGHT 1989
CREATIVE LABS, INC.
DSP - 1321

_1/0 ADDX

D

LJIJ U Uiy

IBM PC Interrupts

MADE IN SINGAPORE

nN1sM9A1 Address decoder
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CS231: UMY 8 : N1sSun/deeen

A19819015 19974 Standard 1/0

o Help and Support

Mlcros

p and Support

* File ™ Edt * VWiew ™ Took ™ Help
Systemn Surmmary Resource | Device Status
E‘ Hardware Resources 00000-0=000F Diirect memory access controller ak,
Canflicts/3haring 0=0010-0x001F Motherboard resources ok
Db 0x0020-0=0021 Frogrammable interupt controller ok
Forced Hardware 0=0022-040020 Motherboard resources ok
0=0030-0:003F Motherboard resources ok
IRQs 00040-0-0043 Syztem timer QK.
Memary 0=0044-0x005F Motherboard resources (u].8
D Comparents 00060-0x0060 Standard 1014102,y or Microzoft Matural Keyboard ak.
D Software Environment g“ggg;g“ggg; I?dystfmbspezka SE
: b - otherboard resources
G- likemet Explaer D400B4-040054 Standard 101/102K ey ar Microsoft Natural Keybaard oK
0=0065-0x006F Motherboard resources ok
00070-0-0073 Systemn CMOS freal time clock QK
0=0074-0:007F Motherboard resources (u]. 8
00080-0-0030 [Diirect memory access controller QK.
0=0091-0x0093 Motherboard resources Ok
00034-0-009F Diirect memory access controller ak,
O00A0-0:0081 Programmable interrupt contraller QK
0x0042-0<00BF Motherboard resources ok
0x00C0-0-000F Diirect memory access controller QK
000E0-0x00EF Motherboard resources QK * e
000F0-0x00FF Mumeric data processor QK. "
0=0170-0x0177 W14 Bus Master PCIIDE Controller (u].8 l g e
00 70-0x0177 Secondary IDE controller [dual fifa) ak. * |
0=01F0-0x01F7 W14 Bus Master PCIIDE Controller (18 I n
OxMFO-0x01F7 Frimary IDE controller [dual fifo] QK
00200-0-0207 Gameport Joystick, QK
00220-0:022F Sound Blaster 16 or AWE 32 or compatible [wDM] QK
0:0330-0:0331 Sound Blaster 16 or AWE 32 or compatible [wDM] QK .
Ox0340-04035F Adaptec AHA-150:/1510/152:/41C-660 SCS| Host Adap..  OK III
0=0376-0x0376 W14 Bus Master PCIIDE Controller (u].8 pe ntl u m®
040376040376 Secandary IDE controller [dual fita] oK mum
0x0388-0x035E Sound Blaster 16 or AWE 32 or compatible [wDM] ak,
Ox0380-0=03EE MWD& GeForce2 M/ 400 oK
0x03C0-0030F MDA GeForce2 M/ 400 Ok
0=03F0-0x03F1 Motherboard resources ok
003F 2-0x03F5 Standard Floppy Dizk Controller QK
0=03FE-0x03F6 W14 Bus Master PCIIDE Controller (u]. 8
003FE-0x03F6 Frimary IDE controller [dual fifo] QK.
003F7-0x03F7 Standard Floppy Dizk Controller ak.
0=0400-0=0401 Motherboard resources (18
Ox0CF8-0=0CFF PCl buz oK . X
0+B800-0+BEFF Fiealtek RTLE139[4) PCI Fast Ethernet Adapter ok I
04D000-0:DOTF VI Tech 3038 POl to USB Uriversal Host Controller aK m@
0=D400-0:D41F 14 Tech 3038 PCI to USE Universal Host Controller ok
0=Da00-0:080F W14 Bus Master PCIIDE Controller (u]. 8 e
0:D800-0:080F Frimary IDE controller [dual fifo] QK.
0x0808-0<080F Secondary IDE controller [dual fifa) ak. Eﬂllf}tag:’:l b
0=E400-0<E47F Motherboard resources (18
0=E800-0<E80F Motherboard resources ()8

9/19/2021 uA.n3. U3 Wouutn 20
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Nl 38N
Standard 1/0 21 Port
Address 984 Standard I/O 31 Port Address %38 #18L@Y port

9/19/2021 uA.as. U3 Wouudn
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CS231: UNTi 8 : NsSuLdn/deeen

nsgutayasanlud Port azl¥mds OUT operandl ,operand2
ANele OUT §in1591197U 2 JUnUUABUUY Direct mode wag Indirect mode

Direct mode:
Operand1 U Immediate @1 0 - 255 wiynedle Port Address
Operand2 (Ju S3ama3s AX wi3a AL ity

Indirect mode
Operand1 (Ju33awmas DX Wity wunene Port Address
Operand2 (Ju S3ama3s AX wi3a AL ity

Direct mode wunea port szulana 0 - 255 wintiu wasuilvvazsulild wildiaansineu 1 Cycle
Indirect mode wsneLa port 52yld 0 -65535 wazudluuaeiuld wildiaanineu 2 Cycle

9/19/2021 nA.n3. U3 Wouuin
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CS231: UMY 8 : N1sSun/deeen

LED Display va4lUsunsuanaas Giaagjﬁ Port “id1aLaYy 199

MOV AX,0

L1: OUT 199,AX
INC AX
JMP L1

M cmulator: noname.bin —_ ]
file rmath debug wiew external wirtual devices wirtual drive  help
= | N ‘ I 13 » |
Load reload step back single step run step delay ms: 1
e [oroooom BT
PRCNCEN 0io00: B8 184 offl MOV AX, 0ooooh B
Sl 01001: 00 000 NUEYVEer Y Ve
P1oRZ2: Y0 B N INC AX
= oo oo |FOIODS: P | JMP @3h
b | Bl & 252 4 || e
cs  [o1o00 P10P6: U NOP
IP noono a1 : ' NOP
o o || @l208: € | NOP
21 - E NOP
5P [FFFE 21 - E || NOP
o [ooos~ || 0100B: 9@ 144 Er(| NOP
@loaC: 9@ 144 E NOP
st [oooo @loeD: 9@ 144 E NOP
e || Gr6or: 28 144 E| || Noe
B30 01010: 90 144 E| | NOP
ES 0100 @1211: 99 144 E NOP
i ©1d12: 9@ 144 E NOP
P1213: 99 144 EL‘ ¥ I 5

soleen ‘ sourcel reset I auy | vars { debugl stack | flags |

port 199 (2 bytes)

9/19/2021
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CS231: UMY 8 : N1sSun/deeen

LED Display va4lUsunsuanaas Giaagjﬁ Port vidnaLaY 4

* Traffic Lig.. — X

wAazln AUANLARZRARARINAIN

Weuldsunssuauaulnaisas lay
Tvidaasanuainuuen
1>2->3->4
AINAIAY

FEDCBASETES4 32110
JooooooooTooooo

port 4 (word - 16 bits)

9/19/2021 uA.n3. U3 Wouutn
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CS231: UMY 8 : N1sSun/deeen

LED Display v84lUsunsuanaas siaagjﬁ Port iun8LaY 4

' Traffic Lig... s

FEDCBASBTES43210
ooooooootooooo

port 4 (word - 16 bits)

19U wan 1 wan 2 wen 3 wen 4

e

39N

bLPIN

bbIN

bLPIN

39N

bbPIN

bbPIN
bbPIN

Kkl

bbPIN
bbPIN
9N

bLPIN

bLIN
NION
N3ON
(89N

e

(9N

bR

NI9N
NN
bbPIN
bLIN
b1
bLPIN

Kkl

9/19/2021
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CS231: UMY 8 : N1sSun/deeen

LED Display v84lUsunsuanaas siaagjﬁ Port iun8LaY 4

19U wen 1 wan 2 wen 3 wen 4

' Traffic Lig... — X

Cf3p) WA WA LAY
2 WA WA WA
3 WA e TN WA
4 (KON (KON ON;
5 WA WA e o)
6 N WA N
7 WA WA LAY e
8 (KON TON; KON

FEDCBA ] 210 LAY
1001 DDDDDD1 DDUEI .
port 4 (word - 16 bits) Vet

Q87

9/19/2021 uA.n3. U3 Wouutn 26



CS231: UMY 8 : N1sSun/deeen

LED Display waslUsunsusnaas daagdl Port vunetay 4

: Traffic Lig... = X

deiu 1 2 3 4 B 9 8 6 5 3 2 0

1 Jo7 ups uwAs uee 0 1 0 0 1 0 0 1 1 0 0

2 WAY  WAS WS 0 1 0 0 1 0 0 1 0 1 0

3 was 9 uee e 0 0 0 0 1 0 0 1 0 0 1

FEDCBAGETES43210 4 o A R 0 1 0 0 0 1 0 0 1 0 0 1
ooooooooooToo0oo )
port 4 {word - 16 bits) 5 CAN L N 0 1 1 0 0 0 0 1 0 0 1

6 LAY LAY wne  Q 0 1 0 1 0 0 0 1 0 0 1

7 WAS WY uey  M; g 0 1 0 0 1 1 0 0 0 0 1

8 WA WA WA 0 0 1 0 0 1 0 1 0 0 0 1

9/19/2021 uA.n3. U3 Wouutn 27



CS231: UMY 8 : N1sSun/deeen

LED Display v84lUsunsuanaas siaagjﬁ Port iun8LaY 4

(
'|
{
i

=]

LEA DI,Lamp M cmulator: noname.bin - (.
XOR CX,CX file math debug wiew external wirtual devices  wirtual drive  help
L1: & (M > >3 T
: Load reload step back single step run step delay ms: 400
MOV AX,[DI] T
OUT 4.AX TEQ'StETSH L 0100:0000 0100:0000
’ ax Joo Joo - 1 MOV DI, ©BYB1%9h
ADD DI,2 0o |oo i
ex [0o_foo_ NI £’ DI
INC CX cx [o0 oo
CMP CX,8 ox. foo “foo | i
CS
JNE L1 Lt .
P [oooo E
LEA DI,L £
amp 55 |o1o0 a XOR CX.
XOR CX,CX 5P |FFFE g SEE ggh
JMP L1 oP  [ooco A | ADD CL, [BP + S
| ooao 3 DEC C¥
Lamp DW 0010010011008 T m 85 EEE + BH +
i +
DW 0010010010108 ps [0100 Y MOV IBP + SI1,
DW 1000010010018 e &
1 ADD DL, [BX + D
DW 010001001001B i':_] ey
DW 0011000010018 TCIEEn | snutce| reset | aLs | vars I debug| stack ‘ flags I

DW 001010001001B
DW 001001100001B
DW 001001010001B

{# original so.. — O 1
421 LEA DI,Lamp -

7 E?R GX - A

1 MOV AX,[DII

5 OUT 4, AX

, ADD DI, 2

7 INC C¥

, CMP CX,8

> JNE L1

MBI FA BT | mwr =

FEDCBAS
no1001001010

port 4 {(word - 16 bits)

876543210
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LED Display v84lUsunsuanaas siaagjﬁ Port iun8LaY 4

LEA Dl,Lamp
XOR CX,CX
L1:
MOV AX,[DI]
OUT 4,AX

AND AX,10010010010B

JNZ ShortDelay

PUSHA

MOV AX,;200

CALL Delay

POPA
ShortDelay:

PUSHA

MOV AX,20

CALL Delay

POPA

ADD DI,2

INC CX

CMP CX,8

JNE L1

LEA Dl,Lamp

XOR CX,CX

JMP L1

Delay PROC
MOV CX,0
Start: INC CX
CMP CX,AX
JNG Start
RET
Delay ENDP

Lamp DW 0010010011008
DW 0010010010108
DW 100001001001B
DW 010001001001B
DW 001100001001B
DW 001010001001B
DW 001001100001B
DW 001001010001B

M cmulator: noname.bin . O nal so.. = [
file math debug wiew external wirtual devices wirtual drive  help 7 LEA DI Lamp i
= (] d > » S AOR CX,CX j
Load reload step back single step run step delay ms: 0 L1:
_ MOV AX,[DI]
regiters —— [ otooooon [ otooooo0 ouUT 4,AX
AND AX, 10010
ST 01000: BF 191 1 B MOV DI, 00@37h B JNZ ShortDel
M 2icci o7 253 (MU SRR
 [oo oo BT % oUT 04h, » rAN1L NATa

ox [00 [oo

s [oro0
P foooo
55 [oto0
sp  [FFFE
BP  [o000
si [oooo
ol [oooo
DS 0100
ES [0100

01004 :

+OZFE ~00C ¢ =N ¢ T T

scteen' source] reset I aux | vars | debug' stack | flags |

I

FEDCBA9BTES43210
J000o1001100001

port 4 {word - 16 bits)

e
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CS231: UNTi 8 : NsSuLdn/deeen

n1381uYayaan Port a¥ldAEe IN operandl ,operand?
Aele IN §in159i191U 2 JUUUABLUY Direct mode wag Indirect mode

Direct mode:
Operand1 u 33amas AX %sa AL wiruu dwmsuiudoys
Operand2 tUu Immediate @1 0 - 255 %iyngdle Port Address

Indirect mode:
Operand1 u 33anas AX %3a AL Wity dwmsuiudoys
Operand2 (Ju33&wmas DX Wiy wunene Port Address

Direct mode wunea port szulana 0 - 255 wintiu wasuilvvazsulild wildiaansineu 1 Cycle
Indirect mode wsneLa port 52yld 0 -65535 wazudluuaeiuld wildiaanineu 2 Cycle
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Simple 10 Test \@ausiafu port 110 way 112

.simp\e o test —

for hexadecimal digits add h sulffix

write byte to port 110: 0

write word to port 112: 1]

| updating input ports every 100 milliseconds |

read byte from port 110: _EI h

read word from port 112: Oh

9/19/2021 uA.n3. U3 Wouutn
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L1: IN AX,110
MOV Port1,AX
IN AX;112
MOV Port2,AX
JMP L1

Portl DW ?

Port2 DW ?

# cnulator noname.bin

file rmath debug wiew

external  wirtual devices

4l 4

step back single step

Simple 10 Test \@ausiafu port 110 wag 112

wirtual drive

. simple io test

for hexadecimal digits add b suffix

write byte to port 110:

step delay ms: 2

write word to port 112:

QORRRRRNEEEEEEE SINWN
T e e e e e e e e Y | |

0100:0000

WNFRTIMOOE =000~ UTR WNEEWN]

144

MMMMEZEZZZ2CZ200 OnZw0 Cimiel

i

SCIEEn | SOUI’CEI reset I aux |

X

—
—

| updating input ports every 100 miliseconds |

o original so.. —

MOV [QQOREh
JMP QBh

:

size; lwnrd vl elements: |1
edit | show as: Ihex "I

NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP

-
| I L7 AL
vars I dehugl stack | HM

9/19/2021
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CS231: UMY 8 : N1sSun/deeen

Simple 10 Test \@ausiafu port 110 wag 112

for hexadecimal digits add h suffix

write byte to port 110: 123 > Ewi - ;?l-:, 1‘@: l’»-l
+ | \ |
write word to port 112: 321

[updating input ports every 100 miliseconds | port 199 I.,: tl‘[,l‘tE::::l
read byte from port 110: 7Bh
read word from port 112: 141h
M =nulator: noname.bin [ x . simple io test
file math debug wiew external wvirtual devices wirtual drive  help for hexadecimal digits add h suffix
= (M| ‘ |3 [ — . 7 wiite byte to port 110: ]EI
l-_oad reload step back single step run step delay ms: 2 wiite word to port 112- ]D—
'egIStETL |L_ ] 0100:0000 100:0000 [updating input ports every 100 milliseconds |
AX |00 |00 vlva: 0 IN AxX, BEEh -
L1: IN AX,]_ 10 - WW 1001 : n 0V BX, AX u read byte from port 110: Oh
1L : i IN AX ’ @70h read word from port 112: Oh
wovess | Bl | g BE 22§ | ARG,
5 0 . A _
IN AX 1 12 D W[ﬁ‘ 81885: P BBh ‘ i original so L
’ cs  [or00 P1006: v I3 : =
" : | Ll1l: IN AX,11
ADD AX,BX P [oooo g%ggg; It MOV BX, AX
OUT 199,AX . X 24 ADD AX,BX
s [FerE_ || @100A: U | {25 oUT 199, AX
e - o | Ste 0 2 4 W
10000 Q1oD: 9@ 144 E NOP
ol [oooo Q1ARE: 90 144 E NOP
o« Do || @100F: 90 144 E| || NOP -
P1010: 9@ 144 E| || NOP It
ES 0100 91911: 9@ 144 E NOP
P112: 90 144 E NOP
V1013: 90 144 E NOP
01014: 99 144 E.|| ... -

screen‘ sourcel reset | auy J vars I dehugl stack I fl
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Simple 10 Test s¥ausafu port 110 waz 112 N thermometer & heater -iode.. = X

Thermometer & Heater
Ports 125 - 127

.t:lm ple io test = °C

. - : L ) +120
for hexadecima! digits add h suffix . 07 0o0oooonag

write byte to port 110: 0 - +100 Data port 125
write word to port 112: 0 +id0

+ 60

[ updating input parts every 100 miliseconds |

read byte from port 110: |EI h R

read word from port 112: Oh +20 air temperature:
o I il
-20
-40

]

| 0o0oonoo |
[ Control port 127

‘— designed for emuB8086

Thermometer %8Ny port 125 LALI9ATATUANANIABNU port 127 “0” Uawan , “1” Wawmn

Idgulusunsumuauanmnll Inefmualideuriaamglin port 110
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’ emulator; noname.bin — O X i.slr'upie o test -
file math debug wiew external wirtual devices wirtual drive  help for hexadecimal digits add h suffix
= ] 4l » B 0 wiite byte to port 110:
Start: Load reload step back single step run step delay ms: 100 .
: wiite word to port 112:
IN AX,]. 10 , Read Input legnsterlllL_ I 0100:0000 I 0100:0000 [updating input ports every 100 miliseconds |
A |00 |00 @lopa: 0 IN AX, B6Eh - )
MOV DX AX o IWIW 21001 : = read byte from port 110: Ah
, Ex¢ IWIW 1@3 DP 208 ; (].:‘.HPAﬁ)'( Eggh read word from port 112: 141h
IN AX,125 ; Read Thermometer D Wlﬁ 61884; ES 229 6 \JLE 1 h ‘\uwemm;net{-\&hea?er o de. -
cs W %%8%25 %B é%g :.} 518‘{ %él’:haafgah Thermometer & Heater
R Pl Gie0k: £2 1535 || g BR L
IJNG TurnGasOn ;AX < DX == o100 Q1009: @7 007 Bl || OUT @7Eh. AX c
p Dl o ey || e G e
o o s Vi | gl e g N e
OuT 127,AX ; o [oooo || @1@QE: 7F 127 a| || NOP 480
o | G160 £2 2830 | Nop
o o | Gl g0 g3 8 | M2
TurnGasOn: 01013: 02 003 N | NOP m +40
) .
N . [} + ir t t 4
MOV AX,1 ; Gas On %%8%% Eg ggg 'f,’ ) air empnera ure
OUT 127,AX ; 21018: 9@ 144 E
R
IMP Start P101B: 99 144 E o
@11C: 90 144 E
@121D: 90 144 E
R
%%8%%1 g% %22 E _ Control port 127
01022: 90 144 €
P1023: 90 144 EL| I+
scleen 1 suutcel teset 1 au I vars I debugl stack | flags I | L desianed for emuB08t
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lai9121935 nulun1sa¥19 170 Yunsunisaagansnazluunnsenu

TneiilUazd 2 33
- AN5URAMNE (Interrupt)
AN (Polling)

9/19/2021 uA.as. U3 Wouudn
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CS231: UNTi 8 : NsSuLdn/deeen

N1SVAVINIL

INTR 8085 Interrupt Request /0
IPC Device

1 gunsal Sasweld CPU lnsadadyaias IRQ Wunidw IPC Wefieda IPC azasedyaias INTR LUgs lulaslnsiwaiwes

INTA 8085 l/O
> IPC Device

1 Wislulasinswawasniauliusnis azds INTA nduuni IPC

9/19/2021 uA.as. U3 Wouudn 37



CS231: UNTi 8 : NsSuLdn/deeen

lai9121935 nulun1sa¥19 170 Yunsunisaagansnazluunnsenu

INT TYPE 8085

l/O

IPC

Device

3 PIC dsvfinves Interrupt naululilulasinswaigesnuasiinues IRQ Nluswasull

8085
IPC

l/O

Device

Read / Write

4 llaslnawaweseuvseleudeyaludigunsal mudsnsieuse was Address lalusunsuly
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N5

Read
Status
1 lulpsinawaigeseonuaniugainaunsal 1liveyadenisdimialyl
l/O
Read/Write Device

Data / command

2 mngusaldesnsinseiululasinawawes vdslayansamadinauin
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sUnuuN5HaEs
- gunsalazuen CPU Wasdainsldau CPU - CPU dimsmaenny qunsainaaniial

- @519918 hardware A5190728 software

Y A Y a

Tof Yo
- dwdeyalanasniian - @319y Software liidiasil hardware %3¢
L IVGITON - fanudandugs

- Uszmnanaviwiiisudu

¥ = v =

Toide Toide

- AeeRsiiY dmiudanis IRQ - Aevsedumzdiloya
- fianutiaveuiies - MRVANDIY)

- myUssanavzgaUanty mnaunsalldiinisdetoya
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CS231: UNN 7 : ANSTATINILNITVINGU

UJatuildmanniuny 1/0 gnsiuiuiloandununisaas

Expansion slot R o r
wagliuUszansnnlunisdeans
EXpaﬂS|On SLOt Gho O 1 N 40 j:EgE (""‘;'DE
g =HS
a1z O 4 37 O a7ise
o1 O s 36 O Aeiss
Expansion slot PEF M e
wds ., npm
aps O 10 cpy 31 [ RAMGTO  (HOLD)
aps O 11 30 [ RQ/GTT  (HLDA)
Expansion slot ot I ot
wide =pm  om
g npen om
Expansion slot Tde np e
chp O 20 21 [ ReseT
8087
Onboard FPU
1/0
/ DMA
8237
Timer
8254
8259
RAM PIC
8086
ROM Latches/Buffer MICU 80286 fn1suendau Address way Bus vinlulided
Latch / Buffer Tunsuendeygailoanainiumilou 8086

9/19/2021 uA.n3. U3 Wouutn a1



CS231: UMY 8 : N1sSun/deeen

Expansion slot

Expansion slot

Expansion slot

Expansion slot

Expansion slot

Jagtuilimanniuny 1/0 gnsiuiuiloandununIsHEs
wagtuUsEansnmlunisdeans

Out Ot Out

80286 fn1sueundau Address way Bus vinlulised

8087 Latch / Buffer Tunsuandayeuiiosnainiumilou 8086
Onboard FPU S R OPNMLKJHGTFTETDTCTESBA
/O | RIEIETE o aeTsTe o TETe EIETETR] |
DMA MRtk iR |
; % !“‘&a (o] vss Intel DX4.WB o :
8237 llafalf{ el Pe= it
Timer | [ e
alle .:}‘: E]nu-md;s'- 0
8254 o [o]e ] [o] e
Pl i £ ersre] |
8259 | (B o) e oSl |
PIC M RLARACARERGGE
RAM ” "%‘Tf%‘-;’%":.'o’".oopéoo%’ooooo"
8086
ROM MCU 80486 &1t Co-processor 8087 wag Cache ulinelu
9/19/2021 w0307 Wouud 42
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System
agent and
%% Memory ||
| f Controller | IS
- b 1

1 1 ] 3 : i ! & . » '. o s ' LT L | =
Processor T il A ; i I S
Graphics : : ! oy

Shared L3 Cache**

- - R

Intel Core | 19533 Indnmuauviisaudi way /0 ibinngluy wieiiies Bus controller agnnewen
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CS231:

UNA 8 : NSSULYY/A9990

Crystals

Core | Memory

‘ARM Cortex Mi Processor
with DSP Extensions and FPU
32768 kHz

Debug Intertace

32:bit bus

Peripheral Reflex System

L]
Antenna Radio Transceiver Serial Interfaces

Lowest power made with peripharal operational

EMO— Active

Clock Management

Auxifiary
High Froquency
RC Oscillator

U0 Ports

Extomal
intarmapts

Energy Management

Voltage

>itage Mon
Regulator Voltage Monitor

Analog I/F

ADC

Analog

Watchdag Timer i

EM4— Shutoft

RF Frontend

2G4RF_IoP [XH
2G4RF_ION [

BALUN 4 N

Radio Transciever

pcAg [ | | IFaDC

Froquency
Synthesizer

ARM Cortex-M4 Core

Up to 256 KB ISP Flash
Program Memory

Memory Protection Unit

Floating Point Unit
Serial Wire Debug /
Programming

Watchdog
Timer

Energy Management
PAVDD [
RFVDD ¢
10vDD (X
AvDD [H
oVDD X
VREGVDD [ RTINS Voltago
VREGSW [ it Regulator
DECOUPLE [}
vss
VREGVSS Brown Out /
RFVSS Power-On
PAVSS Reost

Reset
Management
Unit

LFXTAL_P/N —

ULFRCO
AUXHFRCO

Port IO Configuration

Digital Peripherals
loveD

CRYOTIMER

RTC | RTCC -

Port B
Drivers
PortC
Drivers
Port D
Drivers
Internal
Reference .
Port F

LEUART

CRYPTO

Input MUX

Analog Comparator

Systemn on Chip (SoC) HATUTIILA LUTNLAEN
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CS231: UM 1 : ANWLLOAUUA

ADD ADD ADD ADD ADD ADD PUSH POP OR OR OR OR PUSH [TWOBYTE ADD ADD SuB SUB TEST TEST | XCHG | XCHG | MOV | MOV MOV MOV | MOV LEA MoV POP
Eb Gb EvGv | GbEb | GvEV AL Ib eAX v ES ES Eb Gb GbEb | GvEv | AL Ib CS Eblb Ev v Eb Ib Evib EbGb | EvGv | EbGb | EvGvy |[EbGb | EvGvy GbEb GvEv [EwSw | GvM Sw Ew Ev
00 o1 02 03 04 05 06 o7 08 0A 0B oC OE OF 80 81 82 83 84 85 86 87 88 89 8A 8B 8C 8D 8E 8F
ADC ADC ADC ADC ADC ADC PUSH POP SBB SBB SBB SBB PUSH POP NOP XCHG | XCHG | XCHG | XCHG | XCHG | XCHG | XCHG CBW | CWD | CALL WAIT PUSHF| POPF | SAHF LAHF
EbGb | EvGv | GbEb | GvEv | ALIb | eAXIv 88 SS |EbGb GbEb | GVEvV | AL Ib DS DS eAX eCX|eAX eDX eAX eBXeAX eSP eAX eBP |eAX eS| |eAX eDI Ap Fv Fv
10 11 2 i) 14 15 16 17 18 1A 1B 1C 7= = 90 91 92 93 94 95 96 97 98 99 9A 9B sC 9D 9E 9F
AND AND AND AND AND AND ES: DAA SuB SuB SUB SuB CS: DAS MoV MoV MoV MOV | MOVSB MOVSW | CMPSB CMPSW TEST | TEST STOSB STOSW LODSBLODSW| SCASB | SCASW
Eb Gb Ev Gv Gb Eb GvEvV AL Ib eAX Iv Eb Gb GbEb | GvEv | AL Ib ALOb eAXOv | ObAL OveAX XbYb Xv Y Xb Yb Xv Yv ALIb |eAXIv YbAL YveAX | AL Xb [eAX Xv | AL Yb eAX Yv
20 21 22 23 24 23 26 27 28 2A 2B 2c A= 2F A0 At A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AD AE AF
XOR XOR XOR XOR XOR XOR 8S: AAA CMP CMP CMP CMP Ds: AAS MoV MoV MoV Mov Mov Mov Mov MoV MOV | MOV | MOV MOV | MOV | MOV Mov Mov
Eb Gb Ev Gv Gb Eb Gv Ev AL Ib eAX v Eb Gb GbEb | GvEv | AL Ib AL Ib CL Ib DL Ib BL Ib AH Ib CH Ib DH Ib BHIb eAXIv|eCXIv eDXIlv eBXlIv [eSPIv|eBPIv | eSllv eDl Iv
30 31 32 a3 34 &5 36 37 38 3A 3B &le) 3E 3F BO B1 B2 B3 B4 B5 B6 B7 B8 B9 BA BB BC BD BE BF
INC INC INC INC INC INC INC INC DEC DEC DEC DEC DEC DEC #2 #2 RETN RETN LES LDS MoV MOV ENTER|LEAVE RETF | RETF | INT3 INT INTO IRET
eAX eCX eDX eBX eSP eBP eS| eDl eAX eDX | eBX | eSP eS| eDl Eb Ib Evib Iw GvMp | GvMp | Eblb || Eviv  Iwlb Iw Ib
40 41 42 43 44 45 46 47 48 4A 4B 4C 4E 4F co Cct c2 c3 Cc4 C5 cé c7 Cc8 c9 CA CB @e CD CE ©F
PUSH PUSH PUSH PUSH PUSH PUSH PUSH | PUSH POP POP POP POP POP POP #2 #2 #2 #2 AAM AAD SALC XLAT ESC ESC ESC ESC ESC ESC ESC ESC
eAX eCX eDX eBX eSP eBP eS| eDI eAX eDX eBX eSP eS| eDl Eb1 Ev1 EbCL | EvCL Ib Ib Q 1 2 3 4 5 6 7
50 51 52 58} 54 55 56 57 58 5A 5B 5C 5 5F DO D1 D2 D3 D4 D5 D6 D7 D8 D9 DA DB DC DD DE DF
PUSHA | POPA |BOUND | ARPL FS: GS: |OPSIZE: ADSIZE: | PUSH PUSH | IMUL | INSB OUTSB | OUTSW LOOPNZ LOOPZ | LOOP JCXZ IN IN ouT ouT CALL | JMP JMP JMP IN IN ouT ouT
Gv Ma | EwGw 1% Ib |GvEvIb|Yb DX DX Xb DX Xv Jb Jo Jb Jb AL Ib eAX b Ib AL Ib eAX Jz Jz Ap Jb AL DX [eAX DX | DX AL DX eAX
60 61 62 63 64 65 66 67 68 6A 6B 6C 6E 6F EO E1 E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF
Jo JNO JB JNB Jz JNZ JBE JA Js JP JNP JL JLE JNLE LOCK: INT1 |REPNE: REP: HLT CMC #3 #3 CLC STC CLI STI CLD STD #4 #5
Jb Jb Jb Jb Jb Jb Jb Jb Jb Jb Jb Jb Jb Jb Eb Ev INC/DEC| INC/DEC
70 71 72 73 74 75 76 77 78 7A 7B e 7E 7F FO F1 F2 i=e F4 F5 Fé6 = F8 F9 FA FB Fe FD FE FF
CMPSB MOV
AAA CMPSW E JPO MOQOVSB RCR
SCASB
CWD JB JS MOVSW EP
SCASW
AAM DAA E 1Z MUL REPE
SHL
AAS DAS JC LAHF NEG REPNE
SHR
ADC DEC XZ E LDS NOP REPNZ
STC
ADD I\ JE JNL LEA NOT REPZ
STD
AND HL JG JNLE LES OR RET
STI
CALL DIV E JNO LODSB ouT RETF
STOSB
CBW UL JNP LODSW POP ROL
STOSW
CLC IN JNS LOOP POPA ROR
SUB
CLD NC P IJNZ LOOPE POPF SAHF
TEST
CLI INT JNA JO LOOPNE PUSH SAL
XCHG
CMC NTO AE JP LOOPNZ PUSHA SAR
XLATB
CMP RE B JPE LOOPZ PUSHF SBB
XOR
JA RCL
o Qll C% ] = I ;%4 s v U 1 ]
o
AAIUNAILUL AT ULA L ULED WS1e Assembler @anlinounla f819u LEA
™~ P v
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CS231: UNTi 8 : NsSuLdn/deeen

TUsHATUMaUa A W suL WulUsunsuwuuied Walansosfasinauiug
wag HALT wsedilangavinau ladaunsasulusunsuausiale
wazldidufinstiuszuuufiRnig

Tuundaliag@nwinisasrdusunsussend Mvandigmiheanuduagyineuy
AelaszuuluAnig MS-DOS laglusunsuanunsaisenldanu wastiieaunsvinenuy
IrAINIAIUANNAUANEITEUUUUANS ielvianunsasulusunsudulasely
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