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AN g 918 vl X SLEASCI
by b bs
000 001 010 011 100 101 110 111
NUL DLE SP 0 @ P ‘ P
SOH DC1 ! 1 A Q a q
STX DC2 2 B R b T
ETX DC3 # 3 C S c s
EOT DC4 $ 4 D T d t
ENQ NAK %o 5 E U e u
ACK SYN & 6 F A% f v
BEL ETB 7 G woog w
BS CAN ( 8 H X h X
HT EM ) 9 1 Y i y
LF SUB * : J z j z
VT ESC + H K [ k {
FF FS < L \ 1
CR GS = M ] m o}
SO RS . > N N n ~
N us / ? [¢] — o DEL
Null DLE Data link escape

End of text

End of transmission
Enquiry
Acknowledge

Form feed
Carriage return
Shift out

Shift in

Space

Device control 1

Device control 2

Device control 3

Device control 4
Negative acknowledge
Synchronous idle

End of transmission block
Cancel

End of medium

File separator
Group separator
Record separator
Unit separator
Delete

Slide 2
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0
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RO

2

ZTrE{et TH A2t 1St Ao|H —»2EHO|~ 2F0| &
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Slide 3

Hlo|E B =2t F412 Ao|
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&5 QIEHO|X (AX)

ol S4gk zhAe} Balelr] $le) CPUL 8 ~o)l #a] F48 qRaEtsL o)

Data
Address

Contral

Slide 4

- elefgol~
« CPU RE| 212 B2 4313 2 ZA| Hoj7|of M58 By

* Oo|Ete| 55

mfo

=
[=] o
- Zt ZR = A7|AR 2 H2| 7|AH ZXIE Mofsh=s Mo7|E RS

- 379 HAE 08 FHFA|YG S

- B AMof7|o B BF
* S
* HIAE B T FR MEf HAE FoS
Shide 5 « ClolEl 23 F : Clo|EHE FAI7} WotSolats B
« OlolE 22 W : CloletE A7 Lzt B
o 1/0 o o2 B~
~ Z2AAMSt ol2alAtole S
o ECE R PRI
1 w|22ig 1/00] chah 22l HA AL
2. ol22|9t 1/00 chaf BE2) 2 ALZ, 228 Aofatel Al
3. ol@alet /0ol chs BEe| BiAot TS| Hofatel AL

o H2|Y Cf oil22| WY 1/0
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&5 QIEHO|X (AX)

~ 728 1/0 @Al
x B89 B{X AR, t|22| 9 1/0 H& 7E2 FMojalelg S
—Z2|& 1/0 &4l (isolated 1/0 method) 2t &5
Slide 6 « 0| 22] Boleh FHE I/0 ol AL
- ol22l Y 1/0 wA
* ol2alet S wEol X S AMojalelg AL

* H22|et AES Ato|9] FEO| IS

o 1/0 elE{Bl0|A2] of (22 11-2)

Q&8 OIEHo|A (AL)

sng wiep

Jajas sty
e Ay

ISy [——————
S E—

NdIOL —————

pedI ()]
EUTI—
! ) U

-la
O z z 5
5 x ?
=z - - = = x|&
Slide 7 Al D

< z|=

= Z\7

2> R

- o | Internal bus

B £z

N s |5
g1z
2]z

= =

= z

= 5 o

E 5 s |ie 20 2 v
= S & & % g & g
7 = 7B 72 zAa
=5 Z a5 g3 T >
g z g g g
2 &

w
=3

onuo)y
wep /1

ewep O/
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H|S7| Clo|Et H&

o SUY FIH X7} CIE 2HE ALE —H|S7|4 Holet TS

. =71X| gkAl
Slide 8 Pl A
x NEZH HA (strobe pulse) of 2|5 g
x $1=4o]Z (handshaking) 2
o« ~EZH Ao
— st HofElelE ALE
— strobe 21% : R&% Hlo|EI A2 2
- ol22|9t CPU Atole] FERBA| ARES U
— 2ATHAIS HE WA (T 113)
H|S7| dio|El & (75)
— Data bus
Source Destination
unit Strobe unit
1) Block diapram
Slide 9

[ata +—— Valid data —— =

Strobe I I

(b Timing diagrain
2 03 clloleh A it o lAle] AL

—_ o

SHR| HAlS] HS WA (D 11-4)
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H|S7| clolet H& (AF)

113 sEs] dule) &1E — 341

Data bus
Source — Destination
unit Strobe unit

() Block disgran

Data =~ Validdata =
Strobe | I

Slide 10 (b) Timing diagram
b= 0 B I W ) I B R ) B P R
#e o) o).
o o2

- 2EZ2BR|o{9f tHF

* S FR|= SLUEX|7} HO[ELS HOIEARER] &5 S

* PSS A|RT SUZBR = SUZAIT} O|ELE 20| EUEX 8lS
- a2 Wy Mol Wy

H|S7| clolg H& (H5)
Slide 11

* 22I0Al9] Hlojet ME 2y (2 11-5)
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H|S7| clolet H& (AF)

Slide 12

Data bus.

Source Data valid Destination
it unit
Datus accepied

() Blovk diagram

Data hug

Diara vatid

Data accepled.

(b) Timing diagram

Source unit Destination unit

Accept data from bus.
kinuble data accepled.

Disable data acceped,
Ready to accept daia
(initial state).

Place dara on bus.
Enable date vahid.

(e} Sequence of events

3 N5 AHCAe g R s Al A

H|S7| clolet H& (AF)

Slide 13

+ 2Hx| JjAlel cfolg} H& TE (I 11-6)
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H|S7| clolet H& (AF)

LY BIZZ] Colch & — 143

Dala bus

Sowee Daw valid
umit

Tlestinanon
unit

Ready for data

) Block diugram

Ready fur data

Slide 14

Dyataa vuslial

Data bos

{b} Timing, diagesm

Source unir Destination untt

Ready to accept data.
Buable ready for daia.

Place data on hug,
Linable date verkicl,

Accept data Tt bus.
Lhsable data valid, Disable ready fir sura

Invalidale data on bus
(IRitial state) —

T

(4) Soquence of events

e 6 e Al e Ay i

H|S7| clolet H& (AF)

pd ]
=
|&o] ASE P —EtoIR YA 22 ol HE

- HEH NS
Slide 15 x n HEZln 7o ME Sl SAlo|
—>&5 wE, HE 2
— XA&HA M
b | —_o
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H|S7| clolet H& (AF)

Starnt }_‘ —C} bits ‘L bl'jliL[)E ._‘

hit

EFRTERTE ST

* AR A
1. dio|Eb7} glsml= 1-4elf |X|
2. A|ZH|E (0-2tE) 2 di|o|et Al=E
3. A|ZH|ERo| Ho|et BE AS
4. OiX|9} Ho|EH|E F =28 1H|E9| FX| H|
* 2 O|E (baud rate) »AE FEI| &= &=
—EE XY MSEE[= HolEHH|IE

4O L-O

Slide 16

E

x H|E7| A& ™Z& 2|2 —universal asynchronous receiver transmitter
(UART)

o H|S7| S ¢

B{mo] =~

H|S7| clolet H& (AF)

Slide 17
- H|S7| SlE{Ho|A 74 (22 11-8)
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H|S7| clolet H& (AF)

10

Mo— A 1A flsy px
Bidirectional
idirectional Transmit
data bus buffers Transmitter Shift daia
register register

Transmitter

Control ’Imnsmnller clock
. : control —
. Sl
Chip select s repister and clock

5
2

Register select E

N —————{ RS 2 Receiver
Sllde 18 Tlm:lng S Status RCCC]V&lf clock
1/0 read o 1 register control
Rp  control and clock
1/0 write

WR Receive
Receiver Shift data
register register

CS RS | Operation | Register selected

0 X x None: data bus in high-impedance
1 0 WR Transmitter register

1 1 WR Control register

1 0 RD Receiver register

1 1 RD Status register

H|S7| clolet H& (AF)

- H|S7| FSA 2dgs A= o3
x TH2|E| ofl2{ (parity error) : TH2|E|7} OF TSy
* ZY of|2] (framing error) : BX| H|EQ| Zi7} oF b2
x 2B{3 0fl2] (overrun error) : $ABX|AE{E | X|F o clS EX7}

Slide 19 Soi=m
e FIFO Bz
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H|S7| clolet H& (AF)

11

R R R3 R4
—_
Data =1 4.t 4-hit 4-bit 4-bit Data
nput ___ | register register register register output
—

Clock Clock Clock Clock

Slide 20
Insert
s r
Qutpur
ready
R K
Delete
Input ready
Master clear
223 19 44 FIFO vl o] ] wose
& 2=
o X FSEE
1. =Z2738# 1/0
2. 2IEEEd|E /0
3. 21y oj22| 2 (DMA: Direct Memory Acess)
Slide 21
o ZZTMH |/0
- Z2HHZHO00 2fsto] S
- AL FHEXE ZASI] 54 7HsEXE B S5
- &5 718t HEf7t o™ TS HElE Bdste RE ¥
- dl)

x 1/0 &A|ollA CPU 22| tlo|e} &4 (22 11-10)

S.H. Jung
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& 2E (A8)

Intertace
Data hiss 10 bus
Address bus | Data register I )
CPU 10 sead P delfl)c:
U0 wiite i;?‘:‘; F Data accepted
F =Flag bit
Y 110 /O #HA|ol 4] CPU 2.2 dlo|®l
Slide 22
+ CJO|E}E gaigt= CPU Z2 3ol 8t 3E=
ZaAMel AlZHdH| SOIEEE WAz s
o 2IE{E Eo0l 28t 1/0
- 20 A% 2
S7tsstA L 4% HiolE} A2 AR E

o
EIZEE AMH | REICZ JiM S8 o™

~ #E| ole{zE9} bl BT} US

— CPU 7} DMA o7 dio|et &4 2%
— DMA 7} 48

S.H. Jung
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20

H
ol

oF
<H
7l

ok

- of2{7hef ¢

=AM

ofgter) &zl

Aloll 2B EI S

- =
S

Slide 24

e CllO|X] #|

- 3 (3 11-12)

)

CIEHE (AS

M=

Processor data bus

I VAD 3
Device 3

To next
device

INT

CPU

INTACK

PO

P

’VAU?

I VAD 1
Device |

Interupt request

Device 2

iPI
L

PO

Pl

Slide 25

Interrupt acknowledge

|of =2| 3|2 (2 11-13)
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Sz AHEE (75)

van
Priority in Enable ’
| Vector address
Priority out
Interrupt - RF P~ L . k0
request s Q 1
from device
& PI_RT | PO Enable
o o o
n 1 Q0 a
H —_-"— o1 o0
Slide 26 1o

Open-collector
inverter

2R 0oy @ e el Al A A

interrupt request to CPU
Flele et glels v Aald FEelw] slol

oAr T (wired logie) st

e YA osto] 2HIE R U7 288
1-

Mgl SIE{E st=2of (17 11-14)

2M22 CIEHHE (71|'$)

Inte rmine
register

Sk ———

frinter -

Beuder ——

Kephunnl

Slide 27

Lverrir
o O

INEACK
from CFU

Mask
regivicr

LR TR PR TR I U

S.H. Jung
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11%. g4&8 =
MEH ASHHE (A5)
- M9 UA F2E (F 11-2)
Tz SF4aley elany 1FE
Inpuls Outputs -
“LonnL L v st Boolean functions
Slide 28 1% ox % !
001 x x 0 L 1 x=£4p
000 1 % 1 0 1 ¥ - 0l I
0 0 0 1 Vv L UuSTYZ I, T g
00 00 X x 0
o 2E{EE AlO|Z
MY CHEE (A5)
SP <SP +1 AEHEZOIE 9l B}
MI[SP] +PC PC £ AE40| push
INTACK «1 CIE{HE &2 e #43
Slide 29 PC «<VAD BEe] FAE PCOl MS
IEN <0 C{ol|de| Y EE 2X|
Go to fetch cycle

o AT EQ o] FREI
— QIE{R ET} 2hdA| Mu|A8 =203 2l -0l

— 74 of) (22 11-15)
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Sz AHEE (75)

16

Address
Memory I/D service programs
0 IMP DISK DISK —| Program to scrvice
magnetic disk
1 JMI IR
2 JMPRDR PTR —*1 Program to service
line printer
k] IMP KBD
Main program
RDR ——*| Program to service
1 charscter reader
Slide 30 .
KBD — Program to service.
keyhoard
Stack 256 ——>
256
750
gl s e m Al sl o) sl dlselal R w0

40
r>
H»
o
ro

IEHEE (A5)

2ot @2 B9 o3 YRS E 0
CIE{HE e B|E IST & S2|of &
Z2ZHAMY BIXI2EY LIS 2
2IEEE 2loflo|Z2 HIE IEN & AME

Mo~ 2818 48

o R~

Slide 31

- SE{EE Mu|x RES| AT SN

2IE{ZE ¢2lojlo|E IEN 2 Z2[of &
Z2MAM BRI WES Tl M

A

OESEI-

—_ ==

AME|AE X siE5Hs B E BIX|2E{2| H|EE Z2[0]
Of=3 3X|LE 2 Ert 2 U9 HIEE ME
ElEotd FAE PC off XMESILL IENS ME
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=% ojz2| M2 (DMA)

e DMAS Z2AM
- X7| ElA3e 22 05 M FAI o222 Ztel 159| Ho|Ef TEA|
— CPU 7} 213 d|o|E} &0l &ofstH =71 =2l CPU Shaaky] o3
—2|2 HiojEt & Mg &R (DMA) &K

— DMA 7} HHAE #8A| -CPU = Hx S& &3 27}

Slide 32 e DMA H&8 98t CPU A A5 (32 11-16)

ABUS Jow—w Adilress bus

Bus request ——e={ RE N
High— dance
DBLS [ Thu buy (‘dligqh;:;m anes
CPu o
R —= Read whien B i
Bus grant  te— GG enabled
WR f——== Wrir:
511116 DMA 44 % 5131 CPU e 4z
CPL 3= viakal b a2 2] Gdle) Abellall @t Al slewll 7k olvlmel wim

— DMA 7} BR (bus request) 2 tH{A QF

Y oz2| 2 (DMA) (As5)

- BG 2 CPU 7} {£ ALE &¢I
A

~ CPU £ 2E 8{ATRS M
— DMA {2 A2 % BR & inactive 2 £

=0
O
=2
=

1 X& Aefl (high-impedance) 2 £&

- CPU X AL 7H5
Slide 33

J\

e FI7IX| DMA M$ 2=

— DMA & X5 (burst transfer) —CHZ2| H|O|EIE NS
[t —4
=

~

=
—S

— Ato|E AE & (cycle stealing) — 3t ol &t Cio|E} Y=

¢ DMA H|0{7]
— DMA FN|of7|e] 88z (O3 11-17)
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118 €88 7= 18

2 H oiz2| M2 (DMA) (7%)

L6 NE o=R2] #2363

Address bus

‘ Data bus
P Addess bun
bufters
| Address register
: e ]
Sllde 34 Write R Cantrol
Wl logic

Bus grant —| BG

DMA seleet —»—{ DS

Register select —»{ RS

internal bus

Read —<+——»{RD

DMA request

DMA Acknowledge

Titerrupn  ~=— Interrupt
1o 1/0 device

25} 11-17 DMA Ao 2|al 22l

dielel WM& Telol CPUSL DMA A <AE Alele] dlojeld Famtd 5
QLT RG(M A 2al7h 12w CPUZE W45 Y6k HU= DMAZ %
P ddehal RD, WRACIE Fstele] Wise)e}l BAe 5 Ak

Y o2z 2 (DMA) (As5)

— CPU 2 DMA =713 &AM

ClolERF ERISHALE (217]) XEE(M7]) o2 22| AIRFA
2| g2 Y=E4E LELE 9= Jl2E

oI7iLt My|Zte MEBE=E X|FsHs Rlof

DMA H&& AlIRSHA sh= Ao

Slide 35

il A .

e DMA XS

- DMA 74 (32 11-18)
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2 H oiz2| M2 (DMA) (7%)

19

| Tnternipr
R 8 Random access
B¢ PO ;
! ey RAMY
BR
RO WR Address Da RD  WR Address Data
Reud cuntiol
Write conirel
. Dt b
Slide 36 Adldross hus
Address
select
RD  WR Address Ditu
DIMA request
DS
RS Diircct memory w
nccess (DMA) Peripheral
BR controller device
DMA acknowledgs
L ~|BG A acknowledzt
— ! Interrupt

] e AT A el 0] DMA R

o|&E ZZAIM

[ )
i
™
1y
r
o
|H
Hu
=
>
1]
4n
2
i
™
1y
0
2
o
)]
1]
2
re
ofm
r>
mujo
r

n
>
oY

Cenural processing
nir (CPL)
Peripheral devices
Memory unit @ @
Slide 37 impioupn
processur (10P) b
) 19 1O 2wl g oo #ape s ey

e IOP 2| &

~ DMAgH= 22| I0P I1R9] BZOIS fetch 4V B4 U
- Mg, =2, £7], AS HBSe| B S¥Ils

e CPU-IOP &¢I
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&2 ZE2NAM (A=)

20

- 8t9 5= (T8 11-20)

M8 — M A YA P

CPU operations. IOP operatiuiis
Send mnstruction
1o test JOP path
Transfer status word
to memory location

/

i status UK., send p”
start [/ instruction
0P

Aceess memery for
1O program

Slide 38

CPU continucs with Conduct 10 transfers

using DMA: prepare
s1amus report

another program

170 st completed,
interrupt CPL

Roquest 10P stuus
Check stanus word
for correct transfer

Continue

Transfer status word
to memory location

2 120 CPU-IOR $41

o|& Z2MAM (A5)

¢ Intel 8089 IOP
50712 E&of

— H|E, HIO|E, 16H|E /= Thelof AU 715

74 (11-23)
— CPU £} 8089 IOP Alo|9] I/0 S=tg 28t oz2|el e (12 11-24)

- =2, e ' =2 21 27| 5 MERE 2 H=Z SAV|S

Slide 39

Contiol black Parameter block Task blnck

Busy [ oW —I—- TR nddress
PB addron

Metny adress

= !
=
%
o

HRyte count e
program

Device address

I'rack and sector

Statuy

LR =M A1 ROBGB0BY vl ot me w1l Al eleld 10 ok 4
ol el 4 2 we A

S.H. Jung
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21

o JatMo|Lt SHEME ST A Ho|E STLA|

T

o M3lME S&ul= modem (modulation-demodulation) 2 2

Slide 40

— of[2{ Z=Al

AIZEE 22X Alolof| cH2 Y FEH
E-3
o

- H|S7|4 H& 2AIR-EX| H|E Atolof| BHHlo|E FE F

o>

—

x TH2|E] Z=AF - E-& CRC (cyclic redundancy check) 244

x 4 22X} echo
— Olojet & Y
[ =l

* simplex : SHHeF S41 (BlC|L, TV

* half-duplex : etsF  EX=7F SHEtsk

r
* full-duplex : SA| Y&t Ho|E} MS

SEEH

(A1)

- EAIM, G- @ C}E A| —ofo|E 23 (data link)

- dlojet Y4 WE MY A& sT2E

Z (protocol) o|2}gt

FEA14 ASCH E4] AMe] B3l

Slide 41

Code Symbol Meaning

Function

0010110 SYN
0000001 SOH
0000010 STX
0000011 ETX

Synchronous idle
Start of heading
Start of text
End of text

Establishes synchronism
Heading of block message
Precedes block of text
Terminates block of text

0000100 EOT
0000110 ACK Acknowledge

0010101 NAK Negative acknowledge
0000101 ENQ Tnquiry

0010111 ETB End of transmission block
0010000 DLE Data link escape

End of tr

Concludes tr

Affirmative acknowledgement
Negative acknowledgement
Inquire if terminal is on

End of block of data

Special control character

- EXX|E Z2EZO| HMX| A (O

2l 11-25)

S.H. Jung



118 2&8 = 22

lSYN | SYN I SOH | Header [ 5rx | Text | ETX I BCC I

218) 1125 Fab ] ab ans

A
- d39 d
« CHlt AR ZHE| TMME FS (E 11-5)
Slide 42 TS gw AR sead2s 1949 4%
Code Symbol Comments
0001 0110 SYN First sync character
0001 110 SYN Second syn¢ characier
0000 0001 SCH Sturt of heading
0101 0100 T Address of terminal is 14
0011 0100 4
0000 0010 8TX Start of (cxt transmission
0101 0010
0160 0101 Tequest Text sent is a request to respond with the balance of
. halance awouni number 1234
of account
. No. 1234
1011 0011
0011 0100
1000 0011 LTX End of iexl iransmission
0111 0000 LRC Longitudinal parity charactet

=g S (%)

+ TEHME HE STRAZ HE (E 11-6)

X U4 ZRAAZN gk ARE) ARl g

Code Symbol Comments

0001 0110 SYN First sync character
0001 0110 SYN Sevond sync character
1000 G110 ACK Processor acknowledges previous message
oot 0110 SYN Line is idling

. 0001 0110 SYN Line is idling

SIlde 43 (X0 0001 sou Start of heading
0101 0100 T Address of terminal is T4
0011 0100 4
0000 0010 STX Start of text transmission
1100 0010
1100 Q001 bulance Text sent is a response from the computer giving (he
. is balance of account
$100.00
1011 GUOD
1000 GO11 ETX End of text transmission
1101 0101 LRC Langitudinal parity characler
o Mg T SOINR T4 9 ok ma) G4l shay gr a1 HH

“bulance is $1007|v} 1LRC 7} 7]]*}-4“{ el 79’]““ fegicl g 27|
NAK FAbs st 2244 wha olg wfe].
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g 84 (AS)

23

— ollo|Et EMAH|ZA| (data transparant)

A7} ofl O|TFE HEA|

TSE doletdfl S0l EX7F ZRET A LY

DLE (00010000) (data link escape) H|EE S24IA|of 2X} o|Fofl 4t¢l
TR oM

- DLE Z=A} &£ DLE o|™ % DLE = # &, & DLE A|A

- DLE Z=A} DLE 7} o S4IA|0f EX}, 2F DLE H|7

* X X ¥

Slide 44
e HEXZ ZZEZ
— Zg|Q (frame) 2} B2|= SEYst sAloz TME (T2 11-26)
Tlag Address Control Information Frame check Flag
O 8 hits 8 bils any number of bits 16 bits 01111110
71 1126 9 - R R g 2ag] e
ol RMIE 2z 01110 22 A#we] 440 #e] A|Aav) FaSo)
==
- oTr
g S (A=)
1. IBMOA AR —SDLC (synchronous data link control)
2. I1SO A8 —HDLC (high-level data link control)
3. ANSIoflA xHE# —-ADCCP (advanced data comm. control procedure)
— Flag HIO|EZ A|R TS ¢E
— ALKE|E frameol| = SHLEe| flag 71 A& 22 23
Slide 45 L
- £ flag 79| 16H|E= CRC ofl2] A AR

- ZE30l flag 2t S &I} U2H
* SURE= Colel 120 02 o
x SABRE Mo ciAlzHe 122 02 AN
of flag = gict

1
ox rz

n H
oi)lr

I
P!
2
kL
[n
o
U
0z

RA AN

=
T

21 11-27)

3}
|
rir

r=
A 4

S.H. Jung



24

b| EA I_/.\_
g U (A5
t b 3 4 5 [ 7 8
T T T T
Information transfer: 0 ‘ Ng P/F N, ’
T T T T
. Bupervisory: 1 [ ‘ Code P N, I
Slide 46 L ’
T T T T
Unoumbered: t 1 ‘ Code F/F ' Code ]
N, Send count P/F Poll/final
N, Reccive count Code  Binaty code
b= I VB B R O . - BT Y B N B
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