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ABSTRACT

In this study LLC and MAC program. which is the

communication software, is implemented.

tested in the MAP board for IBM PC. The

base of the

This program is

LLC is of class 3, which provides the services of type
1 and 3. The MAC uses the Token Passing Bus Access
Method of IEEE 802.4 standard. The LLC is
implemented in C language, and MAC in C language and
80186 assembly language. MAC program takes
advantage of MC 68824 which is the token bus

controller produced by Motorola.

1. A&
a0 Aa"e Ea3i AT EJo]  (software) ¥ 3}
=9o]  (hardware)® ZAYAMolr. B3I 7)o Eof

Jte 2ZEgol: 2PEE FAY AEE utet 2 H3
=71 w2, £ sl=gojel utel 1 Fado] wigA =
th.  stAjmh,  FA EE2I 71T (1S0) olME AR Ax
¥ a2 Hz =29 (Open
reference model)& UHI
FUEE EFH AAAN dBH LZEJY MU vl
A stdcisl. B dFdMe 2" 1 of uvepd Az
e Ny A" d24 43 29 (0SI reference model)
Z A2 29 dloJe} Y32 A& (Data Link Layer)2] ¥
che] ciEch

dolet 3 AR FA Aay AZEgojelA 7}
2 JEo] HE HEoz ddtydoem ctil T FAS
(sublayer) & uxith, o & HAFo] ulZ LLC (Logical
Link Control) H-#22} MAC (Medium Access Control)
A Zolth 2 d7eAd FHEI}E  LLCE [EEE EFE
802.22] e} 1z 3 (Type 1.3)8 H%o] 715 FH>
3 (Class 3) LLCelth.  ol& dlojet A AZolM e =2lF
oA (Logical connection)o] ¢lo] dlojelE HL3dtA 3}

Systems Interconnection

Z A Aed A

= Moz eoitEQl LLColth. MACE IEEE 802.4 EFolA
A3 = EL 3 HA dMlA 3 (Token Passing
Bus Access Method)& AME-3tich
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Fig 1. Open Systems Interconnection

Reference Model

2. LLC®} MAC

LLcE =2l A d4g T4 doletd HL3tA @
Ha&olrt,  LLCI MBS MB|A (service)E BF
37t21 7t 2dcH1, 2],  olF & ®el 2 2) MulaE
A2 &4 MulA  (Connection Oriented Service)®
LLC FTe =3

ik
ol ¥ cdojetgd Agsie

e

=

(Type

(Logical Connection)g&
Zlojtt. ol Al®EA dUx
dolel HA4E BEAN(AR = dAE ofc d =
= O9W¥= (overhead)?} 7] wiFoll Argl AHFolA

eld d4d& AU FAE UEAZ (network)

Mini-MAP Z& Afo] 9ol A&3A  dErt.
e =2l dF4E olfx U4k AdrAFxe
Barsts Yef 3 MulAg AMgstA "coh olel
A B dPeddE A 3 (Class 3) LLe, & el 13
38] Mu|AE MF3le= LLCE FHsgct. oA7AM AFEH
Al chgat Zcoh
el 1 v¥EA FAF AMu]A (Unacknowledged

Connectionless Service)
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.indication
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AedE
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Hel 30 ¥ FAA MulA (Acknowledged
Connectionless Service)
- L_DATA_ACK.request
.indication
.status indication
- L_REPLY. request
.indication
.status indication
- L_REPLY_UPDATE. request

.status indication

MACE AEFmiAl  (Medium)®] AMEE  Aojsls ¥
HAFLo 2 o7|ME IEEE 802.4 B2 my WA oM wy
AHgbeh. MAC FAIZolH A FolstE Mula
chE2t gk
MA_DATA. request

.indication

i mo

.confirm

MACT} AgstE  Mulas ol Zo] Tedta|u o] A
2o HEuhA]l (Medivm)E EZ B2 wajoz o
7] MM ol Baw ol Yasicis]. uhety
T AFME o MAC FAZE TSP EZ W
BaE = (hardware) o8 T Y MC 68824 E2 o]
2 Ao} 7] (Token Bus Controller, 'TBC)% AFE-3F AT}
B ol ALuiNe Bl 68824 EZ wlA ol
oAl d <+ Az, i fels EF WA Fols)sl A1Es}

-

t WM (buffer)E Belsta o] Aojrlo]l odye wy
< W3 ALEHD A== deleinkg Heshd "ol
[61.
3. ZEage] A
A TR LIcY MAC REo7 I TEFHI o
T E Ot $ARe AR Udod g} ==
3L cdojet 80186 oA B2 (Assembly) doj= ztAds}
A3 A¥Hez ALEHE AFTZE  (data structure)
of A" FEL cAdAE, 68824 £ wA Ho)7] (TBC)
of BAY =Zea@e oyEe  dog Agstar).
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Fig 2. Conceptual Flow Chart of

the Program
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143 RE (module)dHE UEx Ha TgoYge) FET
= 32¥ 2 8} 2o
LLCS} MACE ME HE2Z Sasidor sliy o] A

2she F Ael FACPY) 7 2 He] ve] ¥ = gl
wholl= 2% 2 of Zo] Mo LLc MACE E3p4]
g uiFo Ael ¥ Fol WYyg

glEls AANY Ul ol W mzow vy (module) 2

(state machine)&

Mo |4 2 N gl

H2 o FE eHE 93 o) wlZ A 452
= a4l
(1) ¥ 52 (Queue Structure)

AN Z2aRM ALEEE MR AE2FA aFz
(data structure)i= TS} )

typedef unsigned char uint8;
struct que
{
uvint8 ind: /% indication */
struct control_block far *cb:
/% pointer to control block %/
}
struct control_block
{
uint8 source:; /% who sends? ¥/
uint8 dest: /* who receives? ¥/
struct address loc_ad:
/% local address %/
struct address rem_ad:
/% remote address ¥/
uint8 token_hold:
/% packet received during
token hold */
uint8 prim_type: /¥ primitive type %/
uint8 status: /¥ status ¥/
uint8 prior: /% priority %/
uint8 s_class: /¥ service class %/
int data_len: /¥ data length %/
uint8 far *data_ptr
/% pointer to data block */

o] AgFzy RgZ dolel BLAl Abgsi= A
o2 dolele] iy FRE HIYth  BED] A
2 AYEE A2 control_block structure ¢t struct
qued = olof iyt XEQJE (pointer)E I3 9lo] A
control_block& JEY = o2 =Holpwg Hgir}
olEig ARTRE AMHLLT FHolAT Ll mAC, =
W A8 AZ Aol delel A% FRE use Aok
&, HASE 1T ABITEZE struct qued] Hj@ ey
= PAsel AR ol HEFe $aYel me mF
Lol gtk o E B LLCOJA] MACE dlolElE Ry )

AHE3HE W B (buffer)s
struct que mac_11c[TX_QUE_SIZE]:
o] 3L MACHIA LLCE By wis

struct que 1lc_mac[RX_QUE_SIZE]:

E AUt o|AY tlolElE Ru: B3} ux 2Z 4
olel A4 AT olFog 3 dolelE F2 UL u o
deol BUe REI} U RES HAY Harsl glolA
Z2aygY £EE A" £ Atk struct queoiA
source®} dest B9 UFol IBM  Pcgt Qe sl A



(interface) 8 3}7] 9] 3] A gt A1 g¥c). olEy =Am
JFZ2ES 1le_mms, wmms_llc, llc_or, or_llec So] &l
th. oA7lM wms, orE Mini-MAPolA LLCS] A}g] A2 o
2 MMS\} ORSEE vleluict.

old|¥ =tmyrzEL  Z4Z RX_QUESIZE (=10),
TX.QUE_SIZE (=5) 7} 2t3 4 Fsjaleul olo uwhel o

=

=

e &4 Wasl "ok &, HeAE Esked ool
B We g ul o5 HeleAE uF Y £ ga A

2 EgAE MulA RF (service request)E WA A3 3

= FIFO (First In First Qut) £2& 7}=lo} ¥t} =
Z2agdAE °l§ $l3  ZUH (pointer)E Al

¥ dF 2lAE (linked list) FRE A3} ofAl dlole}

2 Ag (head)Z T (tail)g UElE mide dux
(index) wtg& Ho] A st FIFO T2E 2AAA @
th. 97 delete Z (tail)o]l ¥ AL (head)
ol ZAvlel 27 sl AzE o] FIFO F2& 7
(ring) ez W ALX (0) JAFE SANNINEA A}
£33 Ad 2 d¥A (5 £ 1008 dolel HHE
AHEstR Tha] w2 A (0) o AFE| thA] A]=Rit)
o & 4. olE ¢3 AEHE WsES g3 gt

int  head_mac_llc:
int tail_mac_llc;
int head_llc_mac:
int tail_llc_mac:

(2) 2el W< (State Variables)

LLce) ®e) 3 Mulzolue el Mol AgEHEw

°lEE A= ARTZ  (data structure): Tl
#r}.
struct tran
{
uint8 ind: /% indication ¥/
uint8 mac_ad[AD_LEN]:

/¥ remote MAC address (DA) */
uint8 lsap: /* local lsap (ssap) */
uint8 priority: /¥ priority %/
uint8 seq: /% sequence number V{SI) ¥/
uint8 timer_on:

/% TRUE = timer working %/
int life_timer: /% timer value %/

}
struct tran tx_state[ST_MACHINE_NUMI:
struct recv
{
uint8 ind: /% indication %/
uint8 mac_ad[AD_LEN]:

/% remote MAC address (SA} ¥/
uint8 1sap; /% remote lsap (ssap) */
uint8 priority: /% priority ¥/
uint8 seq: /* sequence number V(RI) */
uint8 status:

/% reception status V(RB) */
uint8 timer_on:

/% TRUE = timer working %/
uintl6 life_timer: /% timer value ¥/

}
struct recv rx_state[ST_MACHINE_NUM];:
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struct ack_t
{
uint8 ind: /* indication ¥/
uint8 mac_ad[AD_LEN]:

/% remote MAC address (SA) %/
uint8  ssap: /% local isap (ssap) %/
uint8 dsap: /% remote lsap (dsap) */
uint8  priority: /% priority %/
uint8 s_class: /¥ service class %/
uint8 state: /% LLC state = w/

/% WAIT_A or WAIT_R %/
uint8 timer_on;

/% TRUE = timer working */
uintl6 timer: /¥ timer value */
uintl6 retry_count;

/% retry counter %/
uint16 para_len: /* command length %/
uint8  para[BUFLEN]:

/% old command saved area ¥/

}
struct ack_t ack_timer[ST_MACHINE_NUM]:

LLce] el 3 AMu]AE el 2 Mul2oldsds W] t
HE (bit) €2} H3Z ©i7Z (sequence numbering) #HH
ARERETh F, 02} 12 Hzol iAAM dolelg: A L3}
e Ty #d wEch 99
struct trand} struct recvE $AEBI} $AFBY $£aPHIZT
(sequence number)& R AdIE AR P Zo|r}.
LLColl:= READY, WAIT_A (WAIT_Acknowledge),
(WAIT_Response) 2]  AM|7}x]  Abe)  (state) 7}
ack_t¥ LLCE AEelE A Ast= FEolth o
del Eutohuel dlojelE: W Fe  ¥ql
(acknowledge}o] Q& o dolelg Tl R uof sl ol
E 913 ©x 2ud doleld AAske d¥UE Il
(3) RWR frame?} A |
LLC o= RWNR (Request With
(Request With Response), RESP
Hl A Fefa class) 7}
He AL Bt qh
[e]

=

o =
=1
S {acknowledge) &

WAIT_R
ded
struct
7IMe

No Response), RWR
(RESPonse) ¢ A7}l A
Aded dutxo=m Alg
2 X2 (Token)
(station)o] TIE Ado]Mof
878 A$E RIR O AMu]A
R¥R Z Y (frame)d R
2ol e  RIR  ZHYE BdFo] &4tg w
71 flFte] A AlBE Jichich mlelbd RR T e
W2 Aol del s of A U SEE T RuUF
ofo}  %tc} 3N Z2adel = RIR ZY
& wor 68824 TBCOIA 186 Fob Ael &z (cPU)E
EHHE (interrupt)E 27 3t3, o] JEHE MulA 2
El (interrupt service routine)ollA H2]3}= & 3}icy.
RWR Y-S el 3 Auls ot FEET HFef 1 A
2o AMEHA] el RESP AMul&  ZefA= RWR
Zyde] Sl A&HE Muls F@2olct
(4) v Hel
HA A Ao A
o7t &3} 68824

(service
RWNRO] T},
& kA2 dE 2HelA
FA2 &Y (response) &

g8 AE3tA "ok

=
=
=

o1&

a

Agste WEE A4 doletst &
EZ B2 Aol Alg e Ze

o  r]AAYH (frame descriptor), W A3
gle} (buffer descriptor) S22 o|FojAr} olAES
2zt $418, FA802 Usled 3 T2 3d 33 ¢



k. 7N WEe) elx 4 KB ¥ 16707 el

2A800H
REPLY BUFFER
29000H
68824 (RECEIVE) BUFFER
25000H
TRANSMIT BUFFER
21000H
RX BUFFER DESCRIPTOR
20BOOH
RX FRAME DESCRIPTOR
20800H
TX BUFFER DESCRIPTOR
206004
TX FRAME DESCRIPTOR
20300H

2y 3. Wy R FR
Fig 3. Buffer Memory Structure

Z2W3} 68824 TRCE ME SyHow FIANA H
o] 9l 68824 A22 A4 oNE EZ WL 94
2 wyom eElstn dolele] AT FAE ©HPY
t}. 688247 AR os FaEA strlNAE delE H
HE Zaagold Te)siM 688247 ALY = AAN
Zolop st ZagoAME 688247 AHSE T ¥
HE 688242] Hl W Foff dojFolo}p yct
4. A9

B dTo] A dFAlelME MAPE dEFo]X E
= (interface board)® 7g3l3r o 7o) LLC-MAC T2
a8g  omelel P 9ol HAEM Rt =21
B Apge] FE2 AEY RE (board)E MAP UET o]
A BEZ 1M PC® QEslolaA BEE O AR T4
S 39 4 o Frh

188 PC
INTERFACE
PART

80186 SYSTEM
<PU ROM
SYSTEM ROM &
RAM CONTROLLER

BUS ARBITRATION
& READ/WRITE
CONTROL L0GIC

TOKEN BUS
CONTROLLER

MODEM
INTERFACE
PART

1%l 4. IBM PC MAP R E A AR JFTHE
Fig 4. The Structure of MAP Board
for IBM PC

A A el (Intel)?] 80186 CPUE AM&3td o
22| 3 (RAM) 256 KByte, & (ROM) 128 KByte ojm AlA
W 29 (clock)E 8 MHz & A}gstgdth. IBM PC 98] o
ole} 4E I3l TH dRUE F o] AgE A
o] g A AE (Control Register)E 38 MAP HZollM A
o] =& stdri. o FH Ry AL delelE
JHA T e FBolAM Ao HA2EE B Aoz o
Ag % ¥ AEHEE dA ol AE3EE Fojqlch
zgaye] BHAEE IBM PCol LLCE 4Atsl Al&o] &)
ot SIS o Abe] AFY d¥E H Fr =
Z2aY¥E IBM PC oA st MAP RE ¥el AE

LLC-MAC EZ21¢g HAE sts Walg a%ch. Aus
AL 2y 5 & g 1gdelA IBM  PCtol MAP H =7}

Zr2tE] 1 1BM PCZHE] F4lo] ofFojx| A Hrh

IBM PC
+MAP BOARD

MEDINUM

a3 5 B4 AaE FEE
Fig 5. The Connection of Communication
System

2oy AgAles dodo] ZaaPg & (ROM)ol &
= Ae sy slstd dAFAelA AU 2EUE ZE2
1% (Monitor Program)& ol&., ¥ (RaM)ol o2
= (download)3le] EI2E3IG R, Mol T Fols =
2aug So 74 MAP Rzo] At Aol
LLcet Mac ZEa9g S34 uoleld Y W Z:
= 7S A Bosd LLc el 1 (Type 1) AHIA
g olgyY wE 1 KB 27Y =RA (packet) o 12 ms
s} ez, BWel 3 (Type 3) Mul&F o & wie 23

ms 7} gl o7 el 3 Auiaeide A A
(acknowledge packet)& 7] wifol el 1 Au| AR T
Alzvo] uol HYE ¢ T Arh AN FHY A

A7+ 2=48tA LLcolA LLc 7IR| 9] A% A o]
Se)7t spabe g wHE LLc A4 AR Y 1€ 2H
ol (station)®] LLCY 4§ AF7A A At U
c}.

ofu] it

5. 4 &

2 AFgME F4 Al2R aZEJele ¥l H
= Licet MACE 2dstdch. ol Mini-Map A2 ¥
o2 usol Po| ¥ IBM PCE MAP BE (board)
oA el AEsIATH A7l uE  Llce EHA 3
(Class 3) LLCE el 1 2 39 MHAE AT,
MACE: IEEE 802.4 EZ sid W& odMa #y (Token



Passing Bus Access Method) <& AFR3IA slgdrt. LLCE
c dojz  AY=HEgden MackE C© doled ofdEE
(Assembly) dol® =Adslo] ZEE= (Motorola) &
EZ A Ho]7] (Token Bus Controller) Q1 MC 688248 A
o} stA stedrct.
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