Meduratunarske komunikacije i tanarske mreze |
Vezba 1 - Projektovanje protokola — SDL, MSC, TTANJL

Primer 1

Ovaj primer demonstrira proceduru za uspostaviskidaveze izméu dva objekta. Veza se
uspostavlja slanjem zahteva za uspostavom vez@gimam portvrde. Veza se raskida slanjem
zahteva za raskidom i prijemom potvrde. U nasta{&lika 1.) su dati SDL dijagrami koji
opisuju ponasanje objekata u komunikaciji.

TE1_IDLE TE1_CONNECTING TE1_CONNECTED TE1_DISCONNECTING
2 v

CONNECT_req CONNECT_conf CONNECT _reject DISCONNECT_req DISCONNECT_conf

Y A y y
CONNECT_ind (TE1_CONNECTED> < TE1_IDLE ) DISCONNECT_ind DISCONNECT_conf ‘

A A 4 A 4
TE1_CONNECTING TE1_DISCONNECTING TE1_IDLE
TE2_IDLE TE2_CONNECTED

A

CONNECT_ind CONNECT_ind DISCONNECT_ind

A A A

CONNECT_conf CONNECT_reject DISCONNECT_conf

A Y A
TE2_CONNECTED ) ( TE2_IDLE )

Slika 1. SDL dijagrami objekata u komunikaciji

MSC dijagram na Slici 2 opisuje tok uspostave kids veze.

KORISNIK TE1 TE2

CONNECT_req

CONNECT_ind

»

CONNECT_conf

CONNECT_conf

A

>

KTIVNA VEZA

DISCONNECT _req

DISCONNECT_ind

DISCONNECT_conf

DISCONNECT_conf

Slika 2. MSC dijagram uspostave i raskida veze
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U narednim tabelama su navedeni primeri TTCN dekl@@, ogranienja i opisa samih testova
koji predstavljaju deo TTCN skupa testova za datnpr.

Simple Type Definitions

Type Name TypeDefinition Type Encoding Comments
0.1 OCTETSTRING[1]
0.2 OCTETSTRING|2]

Detailed Comments:

PDU Type Definition

PDU Name : CONNECT_ind
PCO Type :

Encoding Rule Name

Encoding Variation

Comments : Primer PDU definicije
Field Name Field Type Field Encoding Comments
Source_address o1
Destination_address 01
User_data 0.2

Detailed Comments:

PDU Constraint Declaration

Constraint Name :CONNECT _ind
PDU Type : CONNECT_ind

Derivation Path
Encoding Rule Name
Encoding Variation
Comments

Field Name Field Value Field Encoding Comments

Source_address

Destination_address

User_data

Detailed Comments:
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Test Case Dynamic Behaviour

Test Case Name Osnovna uspostava veze TE1
Group :

Purpose :Provera uspostave normalnog poziva.
Configuration :

Default :

Comments :

No. Label | Behaviour Description Constraint Ref Verdct Comments
1 L?CONNECT _req

2 LICONNECT_ind

3 L? CONNECT_conf CallEstablished PASS

4 L? CONNECT _reject CallNotEstablished INCONC

Detailed Comments:

Test Case Dynamic Behaviour

Test Case Name Osnovni raskid veze TE2
Group :

Purpose :Provera raskida normalnog poziva.
Configuration :

Default :

Comments :

No. Label | Behaviour Description Constraint Ref Verdct Comments
1 L?CONNECT _req

2 L!ICONNECT _ind

3 L?CONNECT _conf CallEstablished

4 L?DISCONNECT_req

5 L!'DISCONNECT _ind Disconect

6 L?DISCONNECT_conf PASS

7 L? CONNECT_conf FAIL

8 L? CONNECT reject FAIL

9 L?CONNECT reject CallNotEstablished INCONC

Detailed Comments:

Zadatak 1

Ispraviti dati primer tako da uspostavi veze prdihprovera spremnosti TE2 objekta. MSC
dijagram koji opisuje tok uspostave veze dat jslita 3.
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TE1 TE2

CONNECT _req
READY_req

READY_conf

A

CONNECT_ind

CONNECT_conf

A

CONNECT_conf

A

AKTIVNA VEZA

DISCONNECT _req
B —
DISCONNECT _ind

DISCONNECT_conf

‘DISCONNECT_conf

Slika 3. MSC dijagram uspostave i raskida veze
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Primer 2

Na slici 4 je prikazan rign komunikacije izméu ¢vorova 1, 2 i 3. Na slici je prikazana i tabela
usmeravanja. U zavisnosti od vrednosti parametrakeo poruka se usmerava na aiena ¢vor
mreze.

Tabela usmeravanja
1 A
2 B
C

Slika 4. Komunikacija ¢vorova u sistemu

Naredni SDL dijagrami (slika 5) opisuju ponaSanpgeginih automata u sistemu.

TC1_IDLE C123_IDLE C123_MSG_SENT

A L L i A L
MSG_req .
(param-dest) MSG_req MSG MSG_conf MSG MSG_reject
A A v A A
MSG_req .
Dest := (param-dest) MSG_conf MSG MSG_reject
TabUsmeravanja
(param)

NOT OK

A
C123_MSG_SENT

MSG_reject

OK
MSG
MSG_conf

— =

A A A
C123_IDLE < C123_IDLE > 623_MSG_SE@ < C123_IDLE >

Slika 5. SDL dijagram MSC dijagram uspostave i raskda veze
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Na narednim MSC dijagramima (slika 6) su ilustravammeri uspesnog (slika 6) i neuspesnog

(slika 7) slanja poruke.

MSG_req
MSG_req (param-dest)
MSG
’ MSG_conf
P MSG_conf )

Slika 6. MSC dijagram uspesnog slanja poruke

MSG_req
MSG _req(param-dest)
MSG_reject
P MSG_reject

Slika 7. MSC dijagram neuspesnog slanja poruke

U narednim tabelama su navedeni primeri TTCN testov

PDU Type Definition
PDU Name : MSG_req
PCO Type :
Encoding Rule Name
Encoding Variation :
Comments : Primer PDU definicije
Field Name Field Type Field Encoding Comments
Destination_address INTEGER m
User_data OCTETSTRINGI[2]
Detailed Comments:
PDU Constraint Declaration
Constraint Name :MSG_req_destination_addr_ok
PDU Type :MSG_req
Derivation Path
Encoding Rule Name
Encoding Variation
Comments
Field Name Field Value Field Encoding Comments
Destination_address 1
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User data | * |

Detailed Comments:

PDU Constraint Declaration

Constraint Name :MSG_req_ destination_addr_not_ok
PDU Type :MSG_req

Derivation Path
Encoding Rule Name
Encoding Variation

Comments
Field Name Field Value Field Encoding Comments
Destination_address -1
User data *
Detailed Comments:
Test Case Dynamic Behaviour
Test Case Name Slanje poruke poznatom korisniku C1.
Group :
Purpose :
Configuration :
Default :
Comments :
No. Label | Behaviour Description Constraint Ref Verdct Comments
1 L?MSG_req
2 LIMSG_req_destination_addr_ok
3 L?MSG_conf Poruka je uspe3no| PASS
poslata.
4 L?MSG_reject FAIL
Detailed Comments:
Test Case Dynamic Behaviour
Test Case Name Slanje poruke korisniku koji nije na raspolaganju.
Group :
Purpose :
Configuration :
Default :
Comments :
No. Label | Behaviour Description Constraint Ref | Verdct Comments
1 L?MSG_req
2 LIMSG_req_ destination_addr_not_ok
3 L?MSG_conf Poruka je FAIL
uspesno poslatd.
4 L?MSG_reject PASS

Detailed Comments:
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Zadatak 2

Na osnovu prethodnog primera nacrtati SDL i MS@gliame koji opisuju sistem prikazan na
slici 8. Za dati sistem realizovati odgovarggur TCN testove.

Tabela usmeravanja

Tabela usmeravanja

1

ENFRI NI
W > > >

2
3
4

Slika 8. Sistemévorova sa 2¢vora za usmeravanje




Meduratunarske komunikacije i tanarske mreze |
VeZba 1 - Projektovanje protokola — SDL, MSC, TTENJL

Primer 3

Primer ilustruje mehanizam potvrde paketa. Svakeldi u komunikaciji ¢ekuje potvrdu
prijema paketa koji je poslao. Ukoliko potvrda rigee u predvdenom vremenskom periodu
paket se ponovo Salje. Naredni SDL (Slika 9) i MS&Tka 10) dijagrami opisuju takav &a
komunikacije.

< FSM_IDLE, >
FSM_IDLE FSM. MSG. SENT FSM_MSG_SENT

t

, v v
Start T1 MSG (SN) ACK T
4 4 4
NOT_OK
MSG (SN) = Stop T1 Start T1
OK
A A
Odbaci
FSM_MSG_SENT ACK FSM_IDLE MSG (SN)
poruku

Slika 9. DSL dijagrami sistema sa potvrdom paketa

FSM1 FSM2 FSM1 FSM2

Start T1 K Start T1 k
Stop T1 ACK ></CK
T1 Expired
Start T1 k‘
Stop T1 ACK
Slika 10. MSC dijagrami sistema sa potvrdom paketa
Zadatak 3

Za prethodni primer realizovati TTCN skup testova.
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Primer 4

Naredni primer ilustruje mehanizam klizégg prozora. Prijemnik Salje predajniku broj slezte
ocekivanog okvira. U skaju da predajnik ode suviSe daleko u slanju okwirase vréa nazad i
ponavlja predaju od prijemnikovog slégg aekivanog okvira. Za realizaciju ovog mehanizma
potrebno je uvesti sledacetiri brojata:

* SN — predajni broj redosleda (polje iz primljendyica)

* RN - prijemni broj redosleda (polje iz primljenokvora)

» SNL — predajnik broji poruke (po modulu) iz izvdtakalni broja objekta u komunikaciji)

* RNL - broj sledéeg a@ekivanog okvira od strane prijemnika (lokalni btogbjekta u
komunikaciji)

Bl B2 B3 B4 B5 Bé6

i

[at]az]ai]A2] Al A3
1,1 22013 3 13

T1

11 2.1 32

B1 | B2 | B3 | B4 B3 ] BTBS_LBﬂ Bs Lﬁ ]137 T2

ST 1)

A3 A4 A5 . A6

Slika 11. Primer koriSéenja prozora Sirine 2.

Naredni SDL i MSC (slika 12,13) dijagrami ilustrujpehanizam klizajteg prozora Sirine 4.

FSM_STATE

MSG (SN, RN)

TACNO
(SNL-RN) > 4

NETACNO Postavi SN na
SNL vrednost

l

NETACNO

A A

Obrada Poruke Odbaci Poruku < MSG (SN, RN)

.

Postavi RN na
RNL vrednost

s

Slika 12. SDL dijagram mehanizma klizajueg prozora Sirine 4
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FSM1 FSM2 FSM1 FSM2

MSG (3,3)

m>//

MSG (4,4)

B
</MSG(5,2)//

MSG (2,6)

%)//

MSG (3,7)

4%(7,40//

Slika 13. MSC dijagrami mehanizma klizajuteg prozora Sirine 4

Zadatak 4

Na osnovu prethodnog primera nacrtati SDL i MSCagliagme koji opisuju mehanizam
klizaju¢eg prozora Sirine 6.
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Primer 5

U ovom primeru prikazani su MSC i UML dijagrami Bgsistema programske podrske MPU-
352 uretaja.

Multifunkcionalni Pristupni Urdaj (MPU) je sistem koji omogava prihvat 352 korisnika.
MPU podrzava lokalne veze, veze sa korisnicima @€k linka i veze sa Internet korisnicima
prekoEthernet prikljucka. Osnovu fiazike arhitekture MPU sklopéne:

« GPC (Glavni Pristupnivor) plcta;
» Jedna ili viSe tesntkih sekcija (US16).

Na GPC ploi se nalaze sledeelementi (slika 2): mrezni procesan(). Network Processor) iz

familije procesora Motorola MPC860, TDMeng. Time Divison Multiplexing) komutaciona
matrica (SW), digitalni signalizacioni procesend. Digital Sgnal Processor - DSP) Tl 6414,

cetvorostruka E1 sprega i linijski stepeni.

Programsku podrsku MPU-352 dgga ¢ini odreieni broj podsistema ndasobno komuniciraju
preko podsistema za prenos poruka. SIP, NET i Did8sistemi se nalaze u okviru DKTS
modula, na procesoru opSte namene. DSP i RTP pexsise nalaze u okviru DSP modula, na
DSP procesoru.

CNETD
/TP\
CSIP > < NET-RTP sprega (HPI) FRIE
DKTS
DKTS-RTP sprega (HPI)
NP\/
| e
g( SIP - DKTS SPREGA 2

- 7.

;\2&; Podsistem za prenos pori]ka ﬁ_/rj
GPC MPC860 (DKTS mpdul - proces) DSP Tl 6414
sIP NET DKTS RTP
podsistem podsistem podsistem podsistem
DSP
- (proces)
Kontrola SIP Socket Obrad'a podsistem AT
poziva emulatori Ioka!mh (proces) °"s’e°s i?e
poziva
o= EE
3 < Lol HDLC § <
socket-i
| osIP | DSP modul (0S) | | oRTP sa NET
] \\ podrskom
—l_ | —
= n = | : £ L= IP telefon
—:
- y MREZA Proxy

Registrar Proxy (TCP/UDP)

Slika 14. Arhitektura programske podrske MPU-352 uredaja
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» SIP podsistem vrsi signalizaciju mreznih pozivakpreSIP (eng.Session Initiation
Protocol) protokola prema RFC 3261 standardu i obéafeeanalizu i sintezu svih SIP i
SDP poruka.

» DKTS podsistem vrSi signalizaciju lokalnih pozivgredstavlja centar sistema jer nosi

informacije o obe strane u pozivu.

 RTP podsistem vrSi upravljanje prenosom medijskadr&ja. U njemu je ostvaren
prenos govora i video toka iz dva korisnika, a vrSi paketizaciju informacijepra
RTP protokolu.

* NET podsistem je usluzni podsistem RTP podsistébmomogidava RTP podsistemu
pristup mreZzi preko procesora opSte namene.

Na slici 15. prikazan je MSC dijagram uspostawaskida odlaznog poziva.

DKTS I SIP I I RTP I I TCP/UDP I I DSP
offHook CallReq(CalledNumber, CalllngNumberL INVITE
CallAck(CalledNum,
. CallingNum,Callld)
100 Trying
_ringBack | Alertind(Callld) 180 Ringing
Connectind(Callld,RemotelP,RemotePort,
LocalPort,
. PayloadType) 200 OK
ConnectAck(Callld) - ACK
Medialnit(Callld,RemotelP,RemotePort,LpcalPort,Payload Type)
. Establish RTP session -
-y Ll
. MedialnitAck(Callld,Status) |
MediaStart(Callld)
o lTransfer Voice Data through RTP sessioa
> MediaStartAck(Callld, Status)
DspMediaStart(Callld) .
DspMediaPayload(Callld, Timestamp,DataBlock,BlockSize)
_,DspMediaPayload(Callld, Timestamp,DataBlock,BlockSize)
' Transfer Voice Data through RTP-DSFS interface I
DspMediaStop(Callld)
) DspMediaStopAck(Callld)
offHook DisconnectReq(Callld) - BYE
100 Trying
BYE

MediaStop(Callld)

MediaStopAck(Callld,Status)

Release RTP session

A

MediaCleanup(Calll

23.DisconnectAck(Callld)

200 OK

4

A A

200 OK

Slika 15. MSC dijagram odlaznog poziva
Na slici 16. dat je UML dijagram klasa SIP podsiste
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IPCMsg |IP¢ReueiverTemplate ConcurrencySupplier
MsgSIP SIPImp<MsgSIP> ExosipListener
+calllD Hid -y
+eallingSubseriberlDE — —HidGen
+ealledSubscriberl D FexosipListenar
7 R Sipomatic
SIPInt | | | -*calls
o | | ~—=——=tcem
u i . CockCall() - void
+AlertReq() : void Lol LunlockCalll) : void
=ConneciReq)) : void .
+CallReq() : vold . 1
HConnecthckl) - void : :
| |
| |
SupportedPayloads | | SipCall
!_ _____ wrstate s int
Loid it
+Hocalport © int
1 Hremaoteport © int
. MockCall() - void
FunleokCall() © wvold
waddCall() : void
lSuppDrtedPa‘erOﬂdEl HremoveCall|) | void

Slika 16. UML dijagram klasa SIP podsistema
Na slici 17. dat je UML dijagram klasa RTP podsiste

IPCMsg IPCReceiverTemplate ConcurrencySupplier|
,{|3 ZF" MsgNETCtrl
MsgRTP RTPImp<MsgSIP> NETCtrllmp<MsgNETCrl> ::ﬁ':ﬂnén
+calllD Lid Lid — — H+sockFamily
+localPort k— —tidGen lpayioad Type
+remotePort sl SessionList I I +addressFamily
-payloadType I I Farret
-locallP T | i FarmaoMet
-remotel? [ 1 | FdataBlock - unsigned char
ﬂmﬁ:@ﬂt;r;f oned cha | | SessionList 1 | Framtddrien @ unsigned int
a : unsigned char | | e - | | kresult
o \ . -“first ; Bession .
-blockSize : unsigned int : : Lcount : unsigned int : : -:I;;:as:e
. -—- [
T | putinList() ; int : dataBlock
| I +HindSession() - Session |
| 1 +getFromList() : Session I ";\
1 | |
RTPInt : 1 T I :
w7 | : NETCtriint
Medialnit]) - void I Session | id
+MediaStart() : void I Featarint e I +netSendioRipAck() ; void
+MediaStop() | void -cid © int e dToRtepack() @ vold
, 1SendToRicpéck()
+MediaCleanup() : void Hocalport | int
+DspMediaStopAck(} : void +remoteport © int
#DspMediaPayload!) © void ClockCall]) - void
-unlcakCall() : void
+addCall() ; wold
HremoveCall() : woid

Slika 17. UML dijagram klasa RTP podsistema
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Na slici 18. i slici 19. prikazani su UML dijagrarstianja SIP i RTP podsistema, respektivno.

EXOSIP_CALL_NEW (INVITE)
DKTSCallind

EXOSIP_CALL_REQUEST_FAILURE (401 Unauthorized)/
i ate_call (INVITE)

DKTSCallReq /
DKTSCallAck, eXosip_initiate_call (INVITE)

EXOSIP_CALL_CANCELED (200 OK)!
EXOSIP_CALL_RELEASED/ DKTSDisconnectind
DKTSDisconnectind

9:RECEIVE_INVITE

1: SEND_INVITE
EXOSIP_CALL_CLOSED (CANCEL)/

connectAck

DKTSConnectReq/

DKTSDisconnectReq/
eXosip_answer_call_with_body (200 OK)

EXOSIP_CALL_/ (200 OK)/
eXosip_terminate_call

DKTSConnectind
EXOSIP_CALL_X_FAILURE / (CANCEL),

DKTSDisconnectind

DKTSRejectReq/
eXosip_answer_call (436 User Busy)

DKTSAlertReq/
exosip_answer_call (bxSx60)  pr ol e
exosip_answer_call (180 Ringing)

EXOSIP_CALL_RINGING (180)/
DKTSAlertind

DKTSDisconnectReq/
eXosip_terminate_call (CANCEL)

EXOSIP_CALL_REQUEST_FAILURE
(401 Unauthorized) /
eXosip_initiate_call (INVITE)

DKTSDisconnectReq/
eXosip_terminate_call (BYE),
DKTSDisconnectAck

EXOSIP_CALL_RELEASED\
DKTSDisconnectAck

DKTSDisconnectAck

2:RECEIVE_RING
EXOSIP_CALL_GANCELED (200 OK},

DKTSDisconnectind

EXOSIP_CALL_CLOSED (CANCEL)/

EXOSIP_CALL_X_FAILURE /
DKTSDisconnectind

DKTSDisconnectind

EXOSIP_CALL_RINGING (180)/
DKTSAlertind

DKTSRejectReq/
answer_call (603 Declind)

EXOSIP_CALL_NOANSWER/
KTSDisconnectind eXo!

5:REJECTED

EXOSIP_CALL_RELEASED

DKTSConnectReq/

EXOSIP_CALL_ANSWERED (200 OK)/
d
eXosip_answer_call_with_body (200 OK)

SConngectin

DKTSDisconnectReq/
eXosip_terminate_call (BYE),
DKTSDisconnectAck

12: REJECTING

EXOSIP_CALL_CANCELED (200 OK)/
DKTSDisconnectind

EXOSIP_CALL_X_FAILURE/
DKTSDisconnectind

11:ACCEPT_CALL

EXOSIP_CALL_CLOSED (BYE
oS B EXOSIP_CALL_RELEASED/
DKTSDisconnectAck

DKTSDisconnectAck

3:ACCEPTED

EXOSIP_CALL_CLOSED (BYE)/
DKTSDI
8:SEND_BYE

7:RECEIVE_BYE

EXOSIP_CALL_CLOSED (BYE)/
DKTSDisconnectind

EXOSIP_CALL_CLOSED (BYE)/
DKTSDisconnectind DKTSDisconnectReq/
eXosip_terminate_call (BYE)

EXOSIP_CALL_ACK (ACKY/
DKTSConnectAck

DKTSConnectAck!
eXosip_send_ack (ACK)

4:ESTABLISHED

EXOSIP_OPTIONS_NEW/
eXosip_answer_options (200 OK)

Slika 18. UML dijagram stanja SIP podsistema
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MEDIA_INIT / MEDIA_INIT_ACK

ESTABLISHED

MEDIA_START / MEDIA_START_ACK,DSP_MEDIA_START,DSP_MEDIA_PAYLOAD

/ DSP_MEDIA_PAYLOAD
TRANSFER_DATA ‘

MEDIA_STOP / DSP_MEDIA_STOP

DSP_MEDIA_STOP_ACK / MEDIA_STOP_ACK
RELEASED

MEDIA_CLEANUP

®

Slika 19. UML dijagram stanja RTP podsistema
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