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1. ObjectModelDiagram

sip |
iDNSLookupResinit
Initiator_and_dns pDNSServer iDNSLookupResinit
iDNSLookuplnitRes
iDNSLookuplnitRes

iDNSLookupResInit

iDNSLookupReslnit
iDNSLookuplnitRes
[ PDNS_A SIP_Redirect % SIP_tefminal =
iDNSLookuplnitRes
iDNSLookupReslnit
[ [pDNS_Bh
iDNSLookupInitRes ~ —{ F—F+H—"{+H—-1+H-
pA
iDNSLookupReslnit

pBh PBw pC
[ [pDNS_Bw

pA pBh pBw pC pserver
iDNSLookuplnitRes

iDNSLookupResInit
pDNS_C

iDNSLookuplnitRes

2. StructureDiagram
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3. Statechart: SIP_terminal

( mainState

The expected workduring the lab:
The original designis enough for checking the questions 1 and 2.

o

( InitializationState h

nitializationlS_PORT(pDNS))/

There are 2 sets of changes to be made during the lab:

-Set 1 (For Question 3):

There are 4 changes to be made to the design of the SIP User Agent Client,
the locations of which are marked in the diagranms.

-Set 2 (For Question5):

The redirect_server (One of the 2 concurrent states in the SIP_Redirect
diagram ) will be turned into a Proxyserver. Building on the work already
done for question 3, all the further changes will be done to the
redirect_server state in the SIP_Redirect diagram

M_name = params->dom_name;

Wiaiti ng ForCommands AndRequests

tirectAddress = params->redirectAddress;

<382

addressReceived

JOUT_PORT(pDNS)->GEN(evRes_init(dom_name));

user_agent_client ‘ user_agent_ser\er

.

J

4. Statechart: user_agent_client in SIP_terminal

user_agent_client

/state = "NotLoggedIn” WaitingForCommand i

WaitingForCommands w

evLogin/ 4
sipAddress = params->string;

evCall/
comespondant = params->string;

Login Call

evLogout

D —
=

IstringLength =

C J
IclearHeadersBody();
headers.Array[0][0] = "From";
headers.Array[0][1] = sipAddress;

headers.Array{1][0] = "To";
headers.Array{1][1] = correspondant;

evHangup

evDoCallForwarding

] dise] warding_Received
%:C evDoCallFwdOnBusy
[state £= "Busy]/

headefs.Armay[0
headers.Array[0
headefs.Array[1
headefs.Array[1
2.
2.

[ Do_call_fwd_on_busy_Received }

headefs.Array]
headefs.Amay[2][1] = dom_name;
sendB)Y E (port_correspondant, corespondant, headers.Array[2][1], headers, body);

e P );
dom_correspondant = dom_of_sip_addr(correspondant); E;]BVEisem

ev200_OK/
headersReceived = params->sip_headerset;
bodyReceived = params->sip_body;

OK_Received

Istate = "Free"

ChangeState
Question 3:
¢ -Here, one should add the functionality of checking
the value of "redirect" boolean variable, set after

receiving a "ev301" event. If false, the flow goes to

WaitingForCommanc v
"WaitingForCommands" state. If true, the flow should

L =]

go "ConstructingT heMessage" state again to send
the INVITE to the referred address. The
/OUT| PORT (pDNS)->GEN(evDNSLookup(dom_correspondant)); “dom_correspondant” should again be derived from
the new "correspondant”.
DNSLookupToSend
[redirect == tfue]/
evDNSLookupRes/ redirect = falge;
port_t =p P! stringLength|= i p );
dom_ = dom_of_sip_: );
DNSResponseReceive(
]
IsendINVITE(port_correspondant, corespondant, headers.Array[2][1], headers, body);
INVITE_sent
N |
redirect == false’
WaitForlNVITEResponse »© [ 1 e
& i




5. Statechart: Logln in user_agent_client

LogIn

Initial
RegisteringT heUser

IstringLength = calcul ength(sipAddress);

LengthOfAddress Caculated

{ DomainOfSIPAddressE xtracted 1

Idom_sip = dom_of_sip_addr(sipAddress);

SendingREGISTERrequest

IredirectAddress = constructRedirectAddress(dom_name, sipAddress);
clearHeaders Body();

headers.Array{1][0] = "To"

headers.Array[1][1] = sipAddress;

Istate = "Free";

ChangeState

headers.Array{2][0] = i
headers.Array[2][1] = dom_name;

headers.Array[3][0] = "Contact";
headers.Array[3][1] = redirectAddress;

Regarding Question 3:

-Here, one should add the functionality of subscribing the
user (dom_sip) in the Registrar/Redirect Server

-Using REGISTER request with Expires field set as
"7200" (Entering the digit as String, not Integer, since the
passage of time has not been implemented.

[dom_name == dom_sip]

DNSLookup
R

DNSLookupSent

N
evDNSLookupRes/
port_redirect = params->portName;

/OUT| PORT (pDNS)->GE N(evDNS Lookup(dom_sip));

headers.Array[4][0] = 'Expires";
headers.Array[4][1] = '7200";

ConstructingTheMessage

/sendREGIST ER(port redirect, headers);

SendingREGISTER

ev200_OK
T heUser

{ DNSLookupResponseReceived l >
C J

[omem | g

6. Statechart

: LogOut in user_agent_client

headers.Array[1][0] = "To";
headers.Array [1][1] = sipAddress;

headers.Array [2][0] = "Via";
headers.Array [2][1] = dom_name;

headers.Array [3][0] = "Contact",
headers.Array [3][1] =redirectAddress;

headers.Array [4][0]
headers.Array[4][1]

{ ConstructingTheMessage l
&

)

"Expires";
o

/sendREGISTER (port_redirect, headers);

{ SendingREGISTER }
C J

¢ ev200_OK

{ OKreceiv ed
€

1Istate: NotLoggedIn’; ChangeState @
J -

-Here, one should add the functionality of unsubscribing
the user (dom_sip) in the RegistrarRedirect Serv er
-Using REGISTER request with Expires field set as "0"
(Entering the digit as String, not Integer, since the
passage of time has not been implemented.

( Logout w
|
_4 SendingREGISTERrequest l Regarding Question 3:
S >
IclearHeaders Body ();

J




7. Statechart: WaitForINVITEResponse in
user_agent_client

WaitForINVITEResponse

.“ﬁ( WaitForResponse j

X
- /404_nat_found/
[¢] ev180_ringing/ va04_not_Toundi " .
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body = HodyReceived; headersReceived = params->sip_headersef; Istate 5

bodyReceived = params->sip_body;
( Moved_301_Received
HeaderBodyConstruction J { W StateChange

Trying_100 Received

hders. Aray[2][1], headers, body);

IsendACK(port_correspondant, correspondant, he

/headers = headersReceived;
body = bodyReceived: Regarding Question 3

-Here, one should add the functionaiity of
HeaderBody_Construction

processing the "ev30l_moved_perm" event.
IsendACK(port_correspondant, correspondant, headers.Array[2)[1], headers, body);

ACKsentToServer

["redlveg ‘:ue; 30)
eaders.Aray|
& = Leadevs

"Contact")
Correspondart  Array[3][1];

8. Statechart: user_agent_server in SIP_terminal
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9. Statechart: SIP_Redirect
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R

| WaitingForRequests |

registrar_redirect
evinitialization[IS_PORT (pDNS)]/

proxy_serer ‘
dom_name = params>dom_name;

addressReceived ‘

OUT_PORT (pDNS)->GEN(evRes_init(dom_name)); ‘

AckSent C ‘

10. Statechart: proxy_server in SIP_Redirect
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RingingReceived

INVITE_Received
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sendOK ot
IsBYErecaved=fase.
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11. Statechart: INVITE _Received in proxy_server

INVITE_Received

CheckingTheUserT able

INVITEReceived
]

R CheckingTheTable
via_extract = via_head(via_adr); _

Vidx_called = get_user_idx(to_adr);

Via_head_extracted
— . UserTableChecked
/OUT_PORT (pDNS)->GEN(evDNSLookup(via_extract));
DNSLookupToSend é [idx_called == 0]

evDNSLookupRes/ [else] l
port_client = params->portName; - . —
idx_called - 1] ==

@ lusers redirection_Arrayfidx ] L‘( UserNotl _SendingNotFound w
DNSResponseReceived -4 t J
7 [else)/ o i X IsendNotFound(port_client, headers.Array[2][1], headers, bod:
I* Setting the "destination” with the value of "Contact" field */
destination = users.redirection_Arraylidx_called - 1]

headers.Amray[2][1] = addServerToViaFieId(headers.YArrayIZ][l]); NotFoundSent

stringLength = i inati
dom_destination 3 dom_of_sip_addr(destinati

CheckingTheUserTable

6

[ UserRegistered_ContactingTheUse|
7

/OUT _PORT (pDNS)->GEN(evDNSLookup(dom_destination));

{ DNSLdokupTheContachieIdToResemﬂ

s >
evDNSLookupRes/
port_

=p p ;

DNSResponse_Receivec|

IsendINVITE(port_correspondant, destination, headers.Array[2][1], headers, body);

reSendingTheINVITE

12. Statechart: registrar_redirect in SIP_Redirect

s . A
tr edirect
o registrar_redire
Checking TheUser
[ groEcsTes |+ QBHSREREGTER :
[ CheckngTheUserTable 1

e\REGISTER/
headersReceied = params->sip_headerset; Ju= get_user_idxaddressToRegister);
headers = headersReceived, TableSearched

f (params->sip_headerset Array{2J[0] == "Via")

via_adr = params->sip_headersetArrayf2][1]; [else]

C
f (params->sip_headersetArray{1][0] == "To") [u==0y b
addressToRegister = params->sip_headerset. Array{1][1]; nb_users++;
u = nb_users;
f (params->sip_headersetArray{3][0] == "Contact") i
redirection = params->sip headerset Array{3][1]; users.user_icdbArrayfu- 1= u; [duration== 10"}/
users.user_Afraylu-1J= addressToRegister; users.rediregion Arrayfu-1="";

f (params->sip_headersetArray{4][0] == "Expires") users.redirection_Arrayu-1]= redirection;

duration = params->sip_headerset.Array{4][1];

[else)/
y users.redirection Arrayfu-1]+ redirection;
evRegisterReceived v
UserAdded [ Updating Record 1 [ Unregister l

Ma_extract = via_head(via_adr); t 7
Via_head extracted i L ¢

JOUT_PORT(pDNS)->GEN(evDNSLookup(via extract)): [ SendingOK 1
DNSLookupToSerd /sendOK(port_client, headers.Array[2][1], headers, body);

evDNSLookupRes/

port_client = params->portName;
A
DNSResponseReceived | Checling TheUser WaitingForREGISTER
J




13. Statechart:

Initiator_and_dns
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Initializing

|
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add dns_entry("sip.enst.fr, "pServer");

Sending ToSever

JOUT_PORT(pDN SServer)->GEN(evnitialization("sip.enst.fr", "));

SentToServer

evRes_inifflS_ PORT(PDNSServer)]

Ack

JOUT_PORT(pDNS_A)->GEN(evnitialization("a.enst.|
add_dns_entry("aenst.fr, "pA”);

SendingToA

SentToA

evRes_initlS_PORT(pD!

o—p

JOUT_PORT(pDNS_Bh)->GEN(evritiali zation("home.ispfr
add _dns_entry("homeisp.fr", "pBh");

Sending ToBh

SentToBh

evRes_initflS_PORT(pDNS_Bh)]
Ack

All AckR eceived

JOUT_PORT(pDNS_Bw)->GEN(evritialization("workenst.fr", "")); - -

add _dns_entry("workenst.fr", "pBw"); evRes_inilS_PORT(PDNS_Bw)] WaitForDN SQueries
Sending ToBw SentToBw Ack

Y

JOUT_PORT(pDNS_C)->GEN(evnitialization("c.enst.fr", ""));

add dns_entry("censt.fr", "pC"); eRes_inifIS_PORT(PDNS_C)]
SendingToC SentToC Ack

N\ J

-

14. Statechart: WaitForDNSQueries in

Initiator_and_dns

WaitForDNSQueries

.w

r ReturnToWaitingState

Wai

.

tForDNSQuery

7

eVDNSLookup[IS_PORT (nDNS_A]
address = params->domain;

DNSQueryReceivedA

address =

eVDNSLookup[IS_PORT (pDI

DNSQueryReceivedBw

eVvDNSLookup[IS_PORT (pDNS Sener))/

S_Bw)l/ address = params->domain;

= params->domain;

DNSQueryReceivedSener

/ e = searchDN

IportName = searchDNS Entry(addess); searchD
OUT_PORT (pDNS_A)->GEN(evD! SLookupRes(ponNamé}PT PORT (pDNS_|

DNSEntrySentA

evDNSLookup[IS_PORT (pDNS_Bh)]/
address = params->domain;

DNSQuernyReceivedBh

IportName = searchDNS Entry(address);

RetunToWaitingState

DNSEntrySentBh

DNSEntrySentBw

OUT_PORT (pDNS_Bh)->GE N(evDNSL'o kupRes(portName));

ReturnToWaitingState

NS )
Bw)-: >GE N(evDNSLqg

)
okupRes(ponName)?’,‘UT PORT (pDNS Sener) ->GE N(evDNSLookupRes(portNa|

DNSEntrySentSener

me));

eVDNSLookup[IS_PORT (pDNS_C)]
address = params->domain;

DNSQueryReceivedC

IportName = searchDNSEntry(address);
OUT _PORT (pDNS_C)->GE N(evDNSLookupRes(portName));

i

ReturnToWaitingState

DNSEntrySentC




add_dns_entry

Body:
for (i = 0; i < nbEntries ; i++)

if (dnsTable.Array[i][0] == address)

{
dnsTable.Array[i][1] = portName;
return;

}
¥

nbEntries++;

dnsTable.Array[nbEntries - 1][0] = address;
dnsTable.Array[nbEntries - 1][1] = portName;
return;

addServerToViaField

Body:
stringLength = calculateStringLength(viaHeader);

char tmpString[50];

for (i = 0; i < stringLength ; i++)
tmpString[i]= viaHeader[i];

tmpString[stringLength]="";
stringLength2 = calculateStringLength(dom_name);

for (i = 0; i < stringLength2 ; i++)
tmpString[stringLength + i + 1]= dom_name[i];

tmpString[stringLength + stringLength2 +1]="\0";
tmp_string = tmpString;

return(tmp_string);

calculateStringLength
Body:
for(i=0;;i++)
if (string[i]=="0")
return i;

clearHeadersBody

Body:
for (i=0 ; i<20 ; i++)



for (j=0; j<2; j++)
headers.Array[i][j] ="";

for (i=0 ; i<20 ; i++)

for (j=0; j<2 ; j++)
body.Array[i][j]="";

constructRedirectAddress

Body:
stringLength = calculateStringLength(sipAddressArg);

char tmpString[30];

for (i = 0; i <stringLength ; i++)
if(sipAddressArg[i]=="@")
{
k=i
for(j=0;j <i;j++)
tmpString[j]= sipAddressArg[j];
break;

}
tmpString[K]=@";
stringLength = calculateStringLength(domName);

for(j = 0; j < stringLength; j++)
tmpString[k+j+1]= domName[j];

tmpString[stringLength + k +1]="\0";
tmp_string = tmpString;

return(tmp_string);

dom_of_sip_addr

Body:
if(stringLength == 0)
tmp_string="";

char tmpString[30];

for (i = 0; i <stringLength ; i++)
if(string[i]=="@")
{

for(j = i+1; j < stringLength; j++)
tmpString[j-i-1]= string[j];

tmpString[stringLength-i-1]="0";

tmp_string = tmpString;

10



return(tmp_string);

}

return(tmp_string);

get_user_idx

Body:
if (nb_users == 0)
return 0;

for (inti=1;i<1l;i++)

{
if (string == users.user_Array[i-1])
return users.user_idxArray[i-1];

}

return O;

removeServerFromViaField

Body:
stringLength = calculateStringLength(viaHead);

char tmpString[50];

for (i = stringLength; i >0 ; i--)
if(viaHead[i]=="")
{

for(=0;j<i; j++)
tmpString[j]= viaHead[]];

tmpString[i]="0";
tmp_string = tmpString;

return(tmp_string);

}

return(viaHead);

searchDNSEntry

Body:

for (i = 0; i < nbEntries ; i++)
{

11



if (dnsTable.Array[i][0] == arg)
return(dnsTable.Array[i][1]);

sendACK

Body:
if (port == "pA")
OUT_PORT(pA)->GEN(evACK(c, h, b));
if (port == "pBh")
OUT_PORT(pBh)->GEN(evACK(c, h, b));
if (port == "pBw")
OUT_PORT(pBw)->GEN(evACK(c, h, b));
if (port =="pC")
OUT_PORT(pC)->GEN(evACK(c, h, b));
if (port == "pServer")
OUT_PORT(pServer)->GEN(evACK(c, h, b));
return;

sendBusy

Body:

if (port == "pA")
OUT_PORT(pA)->GEN(ev486_busy _here(h, b));

if (port == "pBh")
OUT_PORT(pBh)->GEN(ev486_busy_here(h, b));

if (port == "pBw")
OUT_PORT(pBw)->GEN(ev486_busy_here(h, b));

if (port =="pC")
OUT_PORT(pC)->GEN(ev486_busy_here(h, b));

if (port == "pServer")
OUT_PORT(pServer)->GEN(ev486_busy here(h, b));

return;

sendBYE

Body:

if (port == "pA")
OUT_PORT(pA)->GEN(evBYE(c, h, b));

if (port =="pBh")
OUT_PORT(pBh)->GEN(evBYE(c, h, b));

if (port == "pBw")
OUT_PORT(pBw)->GEN(evBYE(c, h, b));

if (port =="pC")
OUT_PORT(pC)->GEN(evBYE(c, h, b));

if (port == "pServer")

12



OUT_PORT(pServer)->GEN(evBYE(c, h, b));

return;
sendINVITE
Body:

if (port =="pA")

OUT_PORT(pA)->GEN(evINVITE(c, h, b));

if (port == "pBh")
OUT_PORT(pBh)->GEN(evINVITE(c, h, b));

if (port == "pBw")
OUT_PORT(pBw)->GEN(evINVITE(c, h, b));

if (port =="pC")
OUT_PORT(pC)->GEN(evINVITE(c, h, b));

if (port == "pServer")
OUT_PORT(pServer)->GEN(evINVITE(c, h, b));

return;
sendMovedPerm
Body:

if (port == "pA")

OUT_PORT(pA)->GEN(ev301_moved_perm(h.Array[3][1], h, b));
if (port == "pBh")
OUT_PORT(pBh)->GEN(ev301_moved_perm(h.Array[3][1], h, b));
if (port == "pBw")
OUT_PORT(pBw)->GEN(ev301_moved_perm(h.Array[3][1], h, b));
if (port =="pC")
OUT_PORT(pC)->GEN(ev301_moved_perm(h.Array[3][1], h, b));

return;
sendNotFound
Body:
if (port == "pA")

OUT_PORT(pA)->GEN(ev404_not_found(h, b));
if (port == "pBh")
OUT_PORT(pBh)->GEN(ev404_not_found(h, b));
if (port == "pBw")
OUT_PORT(pBw)->GEN(ev404_not_found(h, b));
if (port =="pC")
OUT_PORT(pC)->GEN(ev404_not_found(h, b));
if (port == "pServer")
OUT_PORT (pServer)->GEN(ev404_not_found(h, b));
return;
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sendOK

Body:
if (port == "pA")
OUT_PORT(pA)->GEN(ev200_OK(h, b));
if (port == "pBh")
OUT_PORT(pBh)->GEN(ev200_OK(h, b));
if (port == "pBw")
OUT_PORT(pBw)->GEN(ev200_OK(h, b));
if (port =="pC")
OUT_PORT(pC)->GEN(ev200_OK(h, b));
if (port == "pServer")
OUT_PORT(pServer)->GEN(ev200_OK(h, b));
return;

sendREGISTER

Body:
if (port == "pA")

OUT_PORT(pA)->GEN(evREGISTER(sipAddress, h.Array[4][1], h));
if (port == "pBh")

OUT_PORT(pBh)->GEN(evREGISTER(sipAddress, h.Array[4][1], h));
if (port == "pBw")

OUT_PORT (pBw)->GEN(evREGISTER(sipAddress, h.Array[4][1], h));
if (port =="pC")

OUT_PORT(pC)->GEN(evREGISTER(sipAddress, h.Array[4][1], h));
if (port == "pServer")

OUT_PORT(pServer)->GEN(evREGISTER(sipAddress, h.Array[4][1], h));

return;
sendRINGING
Body:
if (port == "pA")

OUT_PORT(pA)->GEN(ev180_ringing(h, b));
if (port == "pBh")
OUT_PORT (pBh)->GEN(ev180_ringing(h, b));
if (port == "pBw")
OUT_PORT (pBw)->GEN(ev180_ringing(h, b));
if (port =="pC")
OUT_PORT(pC)->GEN(ev180_ringing(h, b));
if (port == "pServer")
OUT_PORT(pServer)->GEN(ev180_ringing(h, b));
return;
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via_head

Body:
stringLength = calculateStringLength(string);

if(stringLength == 0)
return(string);

char tmpString[30];

for (i = stringLength; i >0 ; i--)
if(string[i]==""
{

for(j = i+1; j < stringLength; j++)
tmpString[j-i-1]= string][j];

tmpString[stringLength-i-1]="0';
tmp_string = tmpString;

return(tmp_string);

}

return(string);
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