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fth/—RIZHRiE T AL (FORWARD #LBE) [ 2571832, =L C, SEND L35 LT FORWARD LB
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S, QualNet TON—T 2 7 IIDIEA (P /b T ey 7 ) TRRMAR [RERA
1) 2TV THRBTL T< 8, IO A L, 2O/ 2l — 2 Bl DB T/ —
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F72. ROUTER-MODEL-CONFIG-FILE £\W\)/ T A—ZT JL—HETIVEFRT 7NV EG5 2 TEIT
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4211 )L—R 1\ TL—2u0E

HIETH 253077 — 28 (ROUTER-BACKPLANE-THROUGHPUT) S AL 6 5237 b oD
ARG B3y M DALBE R IE RE I A3 H H T 5, QualNet D/L—FET LTI, LBy
Fe—HARy 77— B L 2— (LR Ay L —0F 2 —LIESS, "CPU Queue”s"Input
Queue”® 2 FEFEHMNHD, ) ITHMNL TRE, AHISN BRI % IC Y3 2 — 2 T5 T F2— A
VIRRAETHINCT HIE T, BLRIE DR Z FEELL T 5,

N7 T —rOffifEE L T, Central & Distributed @ 2 XA 7 5% E R BETH D, CILE L/ IATY
DN I T V=2 b IO AR =2 T RIS 7SV =TT ML LTZH D EE Z T K, Central
A7 DA SEND WLEE RO /7 o b B LT X TO RV NI — T A # 7 2— R ZF1F% FORWARD
/DELIVER JLEEXI G D7 hR[EIT 1 92D F 22— (CPU Queue) TRELZ DI/ > TS,
Distributed %A 7" D341, SEND ALFE %4 D34 T CPU Queue THLEEEH, FORWARD,
DELIVER ZLEES D /7 o MIZENE N AV NI — T AL 2T =— 24 B SN B D% =.— (Input
Queue) TAHEND Lo TG, T2, Nl 7L — U RRZERRICRETDHIELARE (T 7+
JVNMIEERFR) THY, ZOLE T Ty NIy 77— F o — [T IS I T ISR IR/ L CALEE S L
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1. N7 —rFa—~D/37r D Enqueue
2. 7rvb Dequeue AN O A Gk
3. NI T —rFa—nHD/ 3Ty D Dequeue

42111 1X9 9 FL—rF a—~D/% v LD Enqueue

N =2 Fa—~DVr RO Enqueue (3. NetworklpSendOnBackplane BH¥tINCiTHoi 5,
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network_ip.cpp

14954 void //inline//
14955 NetworkIpSendOnBackplane (

14956 Node *node,
14957 Message *msg,
14958 int incomingInterface,
14959 int outgoingInterface,
14960 NodeAddress hopAddr)
14961 {
RS ...
14969 if (ip->backplaneThroughputCapacity ==
14970 NETWORK IP UNLIMITED BACKPLANE THROUGHPUT)
14971 {
RS L.
15003 }
15004 else
15005 {
15006 BOOL queuelsFull = FALSE;
15007
15008 if (incomingInterface == CPU INTERFACE | |
15009 ip->backplaneType == BACKPLANE TYPE CENTRAL)
15010 {
15011 NetworkIpCpuQueuelnsert (node,
15012 msg,
15013 hopAddr,
15014 ipHeader->ip dst,
15015 outgoingInterface,
15016 NETWORK PROTOCOL IP,
15017 &queuelsFull,
15018 incomingInterface) ;
15019 }
15020 else
15021 {
15022 NetworkIpInputQueuelnsert (node,
15023 incomingInterface,
15024 msg,
15025 hopAddr,
15026 ipHeader->ip dst,
15027 outgoingInterface,
15028 NETWORK PROTOCOL_ IP,
15029 &queuelsFull) ;
15030 }
2N D Enaueue
TS ENE
15011 SEND ELD 5| F721% FORWARD LR TNy 77 L — L Z A 773 Central D54 DL

-15018 B, /7% CPU Queue ~ Enqueue 35,

15022 FORWARD LT Ny 7 7L — 2 Z A7) Distributed D355 D ALEE,
-15029 incoming I/F Index |ZJi5 U T, %Fi5 9% Input Queue ~ Enqueue 3-%,

4.2.1.1.2 1\4y b Dequeue £ RY D& E

737 h Dequeue A X2 FOEEEIE, NetworkIpSendOnBackplane BE%i PN T34~ Enqueue LEL%
1T - 7= & 1% |Z NetworkIpUseBackplanelfPossible B & % FE N HY 9~ 2 & TAiT b L 5,
NetworkIpUseBackplanelfPossible B TIL, Yi%Fa—D i 7y b LT, 2D ARG UT
JERERIZ IR KT DX A~ =T %AER L QualNet DA XU MR Y 2 —F I8k 5, IRAERER 1L
LT DI IR HEEND,
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network_ip.cpp

14775 if (incomingInterface == CPU INTERFACE

14776 || ip->backplaneType == BACKPLANE TYPE CENTRAL)

14777 {

14778 backplaneDelay = (clocktype) (packetSize * 8 * SECOND /

14779 ip->backplaneThroughputCapacity) ;
14780 }

14781 else

14782 {

14783 backplaneDelay = (clocktype) (packetSize * 8 * SECOND /

14784 ip->interfaceInfo[incomingInterface]->disBackplaneCapacity) ;
14785 }

Dequeue /"N PDE bR

TS AENE

14775 CPU Queue {2 A>TWB 37y DA (SEND ZLEEDO A LTI Ny 7 T L= Z AT RN

-14780 CENTRAL DA, /—RD IP LAYICRESN TOD A FL— 558§D ip-
>backplaneThroughputCapacity 75% DALBERE /) L7025, packetSize [E[byte], ALEERE 711X [bps]
LU TRIERFE S FH R IND,

14781 Input Queue (2 A > TNH 3y hOH4A (DELIVER LB F7-1% FORWARD ALEE TRy 7

-14785 L— B A7) Distributed DA\ ZAEALF 72— AR ESNTVD R0 I FL— 5
& 97205 ip->interfacelnfo[incominglInterface]->disBackplaneCapacity 3% D ULEEHE /1 &
725,

L AFX2—IZB VT, Ny NIYRBER IS, DFEY, S8 Ty MBS A~ D3ty hSi
TWDHIRHI(T 7DD Ty by 7T L = AR TRBLS N TN D LB RS TO D IR 3 1% #5¢
DTy NIFFIZSN5, FeBA Ny RO &0V F 22— 75 Dequeue SAVIKES, i ONBIEX A~
NMLERAM TS, £ DEERIL backplaneStatus T{T4L, FRCIFLELD—FITH D,

network_ip.cpp

14723 // If the interface is busy sending on the backplane, then wait...
14724 if (*backplaneStatus != NETWORK IP BACKPLANE IDLE)

14725 {

14726 return;

14727 }

Flo, BEAA~ Ay —VIT TR0 ARSI, 560813 H H DRy N — 2@ T, Ayt — Ul
IZ MSG_NETWORK_ Backplane T 5,

network_ip.cpp

14796 backplaneMsg = MESSAGE Alloc (node,

14797 NETWORK_LAYER,

14798 NETWORK PROTOCOL IP,
14799 MSG_NETWORK_Backplane);

42113 Xy TL—2Fa—h oD/ v D Dequeue

Dequeue XM A<X, #BH D QualNet @ IP LA T¥DXA~<AXhELTHAE (NetworkIpLayer
RE%LCULEE) L, NetworkIpReceiveFromBackplane BEEXSEONHE AL, ZDHC Dequeue LB TTH
N5,

network_ip.cpp

2502 void
2503 NetworkIpLayer (Node *node, Message *msq)
2504 {
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2505 switch (msg->protocolType)
2506 {
g
2522 case NETWORK PROTOCOL IP:
2523 {
2524 switch (msg->eventType)
2525 {
2526 // STATS DB CODE
2527
2528 case MSG NETWORK Backplane:
2529 {
2530 NetworkIpReceiveFromBackplane (node, msgqg);
2531 MESSAGE Free (node, msqg) ;
2532 break;
2533 }
Dequeue /"N PDFEE
TEE LB
2530 NetworklpReceiveFromBackplane B3 hF N X105,

Dequeue AN ASDIEKIE, N—F 7 T L— AT Dy "OMBETE T 25K L, Yi%/N
27’ Input Queue (1 L<IX CPU Queue) 7>5, & DFE SIS UG~k S LD,

network_ip.cpp

14828 void
14829 NetworkIpReceiveFromBackplane (Node *node, Message *msq)
14830 {
W
14841 NetworkIpBackplaneInfo *info = (NetworkIpBackplaneInfo *)
14842 MESSAGE ReturnInfo (msg) ;
14843
14844 if (info->incomingInterface == CPU INTERFACE
14845 || ip->backplaneType == BACKPLANE TYPE CENTRAL)
14846 {
14847 backplaneStatus = &ip->backplaneStatus;
14848
14849 NetworkIpCpuQueueDequeuePacket (node,
14850 &queueMsg,
14851 &hopAddr,
14852 &nextHopMacAddr,
14853 &outgoingInterface,
14854 &networkType,
14855 &priority) ;
14856 }
14857 else
14858 {
14859 backplaneStatus =
14860 &ip->interfacelInfol[info->incomingInterface]-
>backplaneStatus;
14861
14862 NetworkIpInputQueueDequeuePacket (node,
14863 info->incomingInterface,
14864 &queueMsgqg,
14865 &hopAddr,
14866 &nextHopMacAddr,
14867 &outgoingInterface,
14868 &networkType,
14869 &priority) ;
14870 }
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HUBESE T oNT hD 7 F 2 —
7% ALEBRNZY
14841 Dequeue §_EF o2 —DIEFHRAE T H 3, ZIVUTERIES A~ IZIE(F RIS 5 LTIz Info
-14842 T,

14844 Enqueue DFFE[FEIEE. incoming I/F Index (Z)&CC. %fiia9°% Input Queue 721 CPU Queue
-14870 7136 Dequeue A5, 7272 LSy 7 FL— B A7 A Central D34 1%, #49° CPU Queue 75
Dequeue Z#15,
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4.2.1.2 BRTE/INT A —43 RBRILE

IV—HET I)VDRE/NTA—H D59 ROUTER-BACKPLANE-TYPE, ROUTER-BACKPLANE-
THROUGHPUT, ROUTER-PERFORMANCE-VARIATION /X7 A—Z3E D KT FE R IAENDHDNT
DUWTLL R TRt 35,

network_ip.cpp

1311 IO ReadString(

1312 node->nodeld,

1313 ANY ADDRESS,

1314 nodeInput,

1315 "ROUTER-BACKPLANE-THROUGHPUT",

1316 &retval,

1317 backplaneThroughput) ;

1318

1319 char *p;

1320

1321 if (retval == FALSE ||

1322 strcmp (backplaneThroughput, "UNLIMITED") == 0 ||
1323 strcmp (backplaneThroughput, "0") == 0)

1324 {

1325 // If not specified, we assume infinite backplane throughput.
1326 ip->backplaneThroughputCapacity =

1327 NETWORK TP UNLIMITED BACKPLANE THROUGHPUT;
1328 }

ROUTER-BACKPLANE-THROUGHPUT
1T& = VUBZFA
1311 F7. /—K/F2%L LT ROUTER-BACKPLANE-THROUGHPUT % &t A iA TS,

1321-1326  FRESFIL TRV, “UNLIMITED” 230" M5 E SV TCWAEEA L, EER KD 2L —TF vk
(WV—F NI T — AR DAERIE 72 L) E AT S b,

network_ip.cpp

1329 else if ((throughput = strtod(backplaneThroughput , &p)) > 0.0)
1330 {

1331 IO ReadFloat (

1332 node->nodeld,

1333 ANY ADDRESS,

1334 nodeInput,

1335 "ROUTER-PERFORMANCE-VARIATION",

1336 &retval,

1337 &rtPerformvVar) ;

1338

1339 if (retval)

1340 {

1341 throughput += ((throughput * rtPerformvar) / 100);
1342 }

1343

ROUTER-PERFORMANCE-VARIATION
1T%& 5 ALBRNTS
1329 ROUTER-BACKPLANE-THROUGHPUT TIEDEMME E I TWDEE D A throughput
2 DIEEFAAL | e LBRZAT,

1331-1341 ROUTER-PERFORMANCE-VARIATION 73§ 7 41 CV =354, throughput OffE %
ROUTER-PERFORMANCE-VARIATION [%]8#L &35,

network_ip.cpp
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ip->backplaneThroughputCapacity = (clocktype)throughput;

for (i = 0; i < node->numberInterfaces; i++)
{
ip->interfaceInfo[i]->disBackplaneCapacity =
(clocktype) (throughput / (node->numberInterfaces + 1));

HF2 LI ~DEVF

118
1344

1346-1350

1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373

SLBRN R
/—ROMLEERE J1I2HH 24 3% ip->backplane ThroughputCapacity -~ throughput Z#&#83°%,

I/F 43D ALEERE J11ZHH 4 3% ip->interfacelnfo[i]->disBackplaneCapacity -~ throughput /
(node->numberinterfaces + 1) #4832, 0 R +1°L72 > TDHDIE CPU 25172 Th
%o A IF & CPU AR E L THRE DIBERE N Z R FF L TWVDEE 2 D, BRI, 22T ip-
>interfacelnfo[i]->disBackplaneCapacity D AN S5 TR B SV CTWDN, ERRIZIZZ AT
23 DISTRIBUTED D& LoV BiZR,

network_ip.cpp

IO ReadString(
node->nodeld,
ANY ADDRESS,
nodelnput,
"ROUTER-BACKPLANE-TYPE",
&retval,
rtBackType) ;

if (strcmp (rtBackType, "CENTRAL") == 0)
{

ip->backplaneType = BACKPLANE TYPE CENTRAL;
}
else if (strcmp (rtBackType, "DISTRIBUTED"))
{

ERROR ReportError ("ROUTER-BACKPLANE-TYPE should be "

"either \"CENTRAL\" or \"DISTRIBUTED\".\n");

}
else
{

ip->backplaneThroughputCapacity =

(clocktype) (throughput / (node->numberInterfaces + 1));

}

ROUTER-BACKPLANE-TYPE

(e
1352-1368

1369-1373

ALFR NS
ROUTER-BACKPLANE-TYPE |Z|3"CENTRAL">"DISTRIBUTED"® &5 B0 MBS ES
M. T 74/VNE"DISTRIBUTED" Thb, TN R ELIZG AT =T — LD,

"DISTRIBUTED"2MEE S T 28414, ip->backplaneThroughputCapacity -~ throughput
/ (node->numberlinterfaces + 1)&#& #1925, Z#ZXLY. ip->backplaneThroughputCapacity (=
I% CENTRAL O#E1%, FEESH7- throughput 23, DISTRIBUTED O34 13, IIF 25 07=
B = NCHRLSIVIAE D By hENDHTEIT2 D,
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ERoOFELDLE LT, UTICHREFZRT,

o RIEML
ROUTER-BACKPLANE-TYPE DISTRIBUTED
ROUTER-BACKPLANE-THROUGHPUT 60000000
ROUTER-PERFORMANCE-VARIATION 5
P T ET S & 2
TA4—IVF &
ip->backplaneType DISTRIBUTED
ip->backplaneThroughputCapacity | 21,000,000 (= 60,000,000 * 1.05/ (2 + 1)) [bps]
ip->interfacelnfoli] 21,000,000 (= 60,000,000 * 1.05/ (2 + 1)) [bps]
o RIEMHI2
ROUTER-BACKPLANE-TYPE CENTRAL
ROUTER-BACKPLANE-THROUGHPUT 100000000
ROUTER-PERFORMANCE-VARIATION 0
AV BT =— A% 3
TA4—)VF i1
ip->backplaneType DISTRIBUTED
ip->backplaneThroughputCapacity | 100,000,000 [bps]
ip->interfacelnfoli] 25,000,000 (= 100,000,000/ (3 + 1)) [bps]
(L7 =L RIEBIRENRN)

43 IP/NTry bRty UT (GEE - 218 - nX0E)

AHTIELIP LAVIZBWTEZE T MR ED IR T ENDDDIZHOUNT, QualNet D
IP LAV DFEIEIT—REBWRNOREIC LT 5, fJ;‘L/ QualNet D EHET—RZBHFN, £T1F—
D TP RLALEEDWEAUZ DWW TEREZ RO D72 D12, Linux 71—/ 2.4 (ZBT5 IP LAY TO/ 7
v MLBRZ kD CTHHZEZT D,

4.3.1 Linux A—RJIL24IZHBITBIP Ry Oty Lo T8

QualNet DFEFUICADENT, £TFELHZHD IP LA YRFZHSOWTHAET 572512, Linux &
— %)L 2.4 (C azmpm@@% [ZOW TRt T3 <, X 4-3 1%, Linux 7 —%/L 241
ﬁéIPA&/F7H?///7@¥%4%~9T%60(ﬁ%ﬁ\TUerAﬁ—*wW
%{Sﬁﬁﬁi&% R 7 b #aiR) > 22, ) KPOFIROMNE OSTTINLD —F /LN O B4
ZRLTEY, sk buffIT/37 v &ML TV D AE U EEC (QualNet @ Message 1 & A X A
DEHIRED) ZRLTNWD, AEIOTNUMBIIRER OL—T 4 77 —7 ) RHNT
7 KL RAfigkz (ARP 7—7 V) THY ., THEIREE®R 3t IP 7 KL A & outgoing 1
Z72—A/SWBEy T IP T RLADS vy B 7IE®R) &7 FLUAfRREHR IP 7 Rl
MAC 7T RLAD~ v B 7IER) ZHM LI AT kAR L TV D,

X CIIARREE RN 2 SHi2L TR Y | ip_route input( )& ip route output( )23 Z FLZEAUBI DFREEFR
EHSOTNDEIICRALD, LTV OREEFE—ORBRN M ELDND, (XEAF7 =
—ALEEA T 2 A TR LREGEIE 7 2 Fa L n@EL, ofREEHIE 7 2 ko
MEORKEREZHNTND L9 2GAICE, BRboRBEE/HVWeNLZ ELH D, )

% http://sourceforge.jp/projects/linux-kernel-docs/wiki/internal24-index
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ICMP P TCP
icmp_rcv() udp. rev() tcp_v4_rev()
y 4 4
[] ] .’
Inet_pratocol Inet_protecol Inet_protocol /
icmp_protocol udp_protocol tepuprotocol sk_buff
protocol : protocol ; protocol :
IPPROTO_ICMP IPPROTO_UDP IPPROTO TCP
¥ y = SEND
. y o'
% DELIVER ," sk buff =
raw rcv() \ __. --"
. |p_forward() ip_ queue Xm't() ip_route_output( )
ip_defrag() |p_IocaI dehver( )y 4 m
Sk buff jp_. send() \
ip_mr_input() ¥s._ ip_ fragment() \
5\ .
ip_route_input() ip_rcv() 'p mc _output()
- |p output()
sk_buff |p_f|n|sh output()
— struct packet type — RP table
RECEIVE ip_packet_type IP
(*func) () FORWARD, sk_buff

net bh() dev queue xmit( )

sk buff sk_buff sk_buff Qdisc

w—m

X 4-3 Linux 7 —3% )V 2.4 28T 3 IP &%

sk_buff sk_buff

qdisc_| head
- -

IP "y raty o 72, REGIT T, B A Y LESI Ny Ao JLEE (SEND ALBE) &
ALV A XY DBIES T3 b ALER (RECEIVE ALER) 0 2 fE¥EA %5, 512 RECEIVE LB X, T
NV ATYDSZ T STy e D FEFEH /—RTULEE 3% DELIVER LELE fth ) —R(Z#HE%T5
FORWARD #LERZ 5318035,

F79713 SEND ZBIZHSW TR HUZHED THHZEIZT %, SEND LB TIL, EfZLA¥b Ty e
ZUTEAEET ip queue xmit( )BIEIEITAL, DO H T ip route output( )BIEA MO L TR
(outgoing A > %7 =— A& nexthop) DIRTEZLT), #EFEMDIRE T HEL ip_queue xmit( )BEIELIL IP ~v 4
5L, MBS U Tip_ fragment( )Fa'g%l%ﬂ%:@u”jbf IP /X7y hDT 7 A MEZLTV, ip_output( )
B (v v F Xy ATy RO AL ip_me output( B E) ZFEOVH -, 2o 0 B EMN D
ip_finish_output( )Fé?]?f(ﬁﬂ?()\u”jéﬂf%@ 1T ARP fIEIRAATVY, 5058 MAC 7 RLZAHIBH L7 A
C dev_queue xmit( )BIEE PO L TRIANREEZEIL , Z DBy MLELZ Ry NI — 7T /SA AR
TA7NTG &S, SEND LH O EII LA ETHD,

IZ, RECEIVE ZLELIZOWTIHED THD, £, Ry b —27T AR TA/NTOZIE R S
& ip rev( BN E IS, ZIH P LAY IZ351F D RECEIVE ALERDIGEY TH D, ip_rev( )BIEL
L IP ~o X DEELMET = V& ToT21% . ip_route input( )BEIEZE MOV L CRREEOIRE (B /— K580
fth/—REENDF =7 bl ) —R5EDHH I nexthop & outgoing AL AT =—ADYIE) #1179, ZZ T,
fith/ —R%a D/ hOGEITIT FORWARD@ 43I L ip_forward( )BA%L, 61T ip_send( )BIEA
FREINTEDYEIE SEND Wi@%ﬁ&ﬂ%@@fﬂ%ﬁbmé flL/ =R T3 H /=R D/~ Ty
FD Y4 121E DELIVER ALPRIZ 43I L | ip_local deliver( )BHE (= /v F X ¥ A7y O A 1%
ip_ mr_input( )BEIED) AFEEILT IP ~vF DT b ID 74— /VRIZHIGT D LA 7 ahaiic
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ANy MLERZ S &S, 7238, 777 AU MEE LTz TP 23y MIRFL T, ip_local deliver( )BE%ERI
ip_defrag( )BIEAIFONH L CUT B T VALERZATV, 2 TOTTZ7 A RREIZEL T T B T VR5E
T LR C BN LAY ~D 3y MLBRD 5| EHEE 5179,

U\J:bl Linux 7 —F/V 24 1ZBTJ5 IP X7y b aty 7O TdHsb, LAk, QualNet
BIF5 IP Ty }‘713’1?///7@;’)1/‘“(%%5@?“5753 FEAREINZ I Z OB DY 2 KB L
ﬂ\ézkrﬁ‘ﬁ’ﬁ%&'@% LinERS,

432 QualNet IZBIFTB IP /3y FTaty S VT iBE

QualNet (23 1THEEEICEHL T, LIFEEFRULIIC SEND #LEE L RECEIVE ALEE (X502
FORWARD /LB DELIVER JLER) Z I3 B -T2 %, QualNet DFEHETIL, SEND ALEE
RECEIVE LR EHIZHIR DSy 7 71— ALV 24 A TR AL B A% AL BRI 5 703 D, BITFALER
RETEAR | 1 BT AL A ~D 2y M2 T LS BN Th 5,

4.3.2.1 SEND \n¥
4-41Z QualNet (23317 % SEND ALBRD FdEA A— V% 7Rk T,

BaCkplane NetworkIpReceivePacket
4 Y a_%"_ FromTransportLayer( ) IP
CPU % ﬂn\v worklpReceive
Queue| & ﬁ’é FromBackplane( ) NetworklpSend IF\:etvaorklpSe?c;
f_ﬁ PacketOnlInterface() o cooa88
IF(O)E y QueueUplpFragment
Ff;MacLayer( ) RouteThePacket
Input Re UsingLookupTable( )
Queue x' \
”
. /
IR - ! IF(0) F(n
Input ‘\
Queue s~~ Outpu " . utpu
F1—AUTETE Peo = routerFunction( )
MACL A ¥ I<i&%0 SSee.. [cue s
=== \AC NetworkLayerHasPacketToSend( )

4-4 QualNet (Z31) 5 SEND L3

SEND #LER}X, £7° NetworkIpReceivePaketFromTransportLayer( )EH%AS EATL AP BIEE NS &
ZAMBIGES, NetworkIpReceivePacketFromTransportLayer( )BH4%13 . NetworkIpSendRawMessage( )
REIE A R ON 772 1F D B Td D, NetworkIpSendRawMessage( )BA%IX. outgoing A2 # 7 =— AN FE
FPIRE L TORITIUEZIEE TC TP TRL AN outgoing A X7 = —A&IRE L, BRI E Ly k(g
217957212 RoutePacketAndSendToMac( )B4z FEONH 57,

RoutePacketAndSendToMac( )BH%t %, /v —T 17 7 abaL i B ORI E (RN BB TH DL
routerFunction( B # . £ - I R B X & H W - BB 2R HE K TH D
RouteThePacketUsingLookupTable( )BAEAFFON 3, ZAHDBIEIL, &5 4 OB HIEIZEY M54
Ny MR35 R B & € L | NetworkIpSendPacketOnlnterface( B #% & M O H 4,
NetworkIpSendPacketOnlInterface( )E5%%(d. NetworkIpSendOnBackplane( )BHExzaFEONH L T, /L—4 N
A N BN B Ve Y AV
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V=537 7 L— AL (NetworkIpReceiveFromBackplane( )BE 4D 32 AERE OV L ALER) %% 728
7M. QueueUplpFragmentForMacLayer( )B4 CALEE %515, QueueUplpFragmentForMacLayer( )
BEET., Y% Vv e outgoing A2 # 7 =— AP Output ¥ =—|Z Enqueue L7-%% . MAC & API THD
MAC ~NetworkLayerHasPacketToSend( )BI£Z MM L T, outgoing A %7 =—AD MAC 7' mh=/L

LTI Network [ G D~ E Ty MRHVEY | LWV B EATV MAC JB LB 2 Z 1%,

4.3.2.2 RECEIVE J#

RECEIVE #LEiX, £7° NetworkIpReceivePacket( )EHEA FALL AP IND EZANDIAED,
NetworkIpReceivePacket( )BA%I%, IsMyPacket( )BIEtA FFONH L T A5 /37y bMitL/—R%E7~8 /—F
sa 7 HET D, ) —R5i DA 1. ForwardPacket( )%t % PO LC FORWARD JLFRA 3245,
H /—R3%D %A 1., NetworkIpSendOnBackplane( )BE#5% OV L C DELIVER 2LEE % 52595,

4.3.2.2.1 FORWARD 3
4-51Z QualNet {23175 FORWARD JLE D FEIEA A—T %714,

Backplane /-\

- e QueueUplpFragment IP
= F
CP %%@\' NetworklpReceive ForMac‘Layer( )
Quclle -’{% FromBackplane( ) *
2 .
\<_ ﬁ ’ NetworklpSendPacketOninterface( ) .
IF(0)A
4 W'y
Input Y RouteThePacket Mo
Queue P UsinglLookupTable( ) {{E [V
N s’ ‘ 7 JT
: [— IF(O) routerFunction( ) \I_ AN} n)
IF(n)A - e
I # = '
nput '
Queue F Pack utpu : utpu
oryardPacket( ) Queue * Queue
NetworkIpReceivePacket( ) MAC _NetworkLayerHasPacketToSend( )

X 4-5 QualNet iZ8i} 5 FORWARD L3

FORWARD LB, Aif-ALBE - 7% LR 12 SEND ABRLIITRIL ThD, ME—EI DI, AL
F2N outgoing A Z 7 = — AT B TITHONDD TIH/R< | incoming A Z 7 = — A THAHT B
TITONLRTHD, Lo T routerFunction( )& FEFONH L7 BRIZIE, outgoing A # 7 = —Z L TEIfES
BTV DR HIE 7 2 h=L Tld7e< | incoming A2 47 = — A TEIESH TWO DRI 7 2 h=v o
TR BRI BRI O & D,
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4.3.2.2.2 DELIVER L3
4-6 |Z QualNet (233172 DELIVER ALERD A A— D E IR,

ERIL A~ / /
Backplane 7

~ o DeliverPacket( ) IP
4
v 24
CPU 7% H ‘~' NetworkIpReceive p
=
Que ol FromBackplane( )
N
\<_ Xe)
IF(0)F b
Input q
Quije "
g u -
Input
Queue utpu utpu
Queue Queue
NetworkIpReceivePacket( )

4-6 QualNet |{Z331F % DELIVER L3

Ao AL B 1 | NetworkIpSendOnBackplane( B #t 2 FF O Hf 3 72 i T & % .
NetworkIpSendOnBackplane( )BI4 CliL, /N7 7L —U R EDMEHIBR T2 UZ, CPU Queue HHUD
IZ Input Queue (2521577 & Enqueue L7292 T, w77 L — VR EIZ LA -T2 BIERF R #1262
R TONDINCA R IBERETT), N7 T L — BEMEHIROE AL, E#H2 DeliverPacket( )
BAEAPFONH LT, 5l & & % LA 32045,

% ALEE S, DeliverPacket( )BE%X TN <415, DeliverPacket( )BA#LTlE, IP ~v X O aha/LF
FaTF oy 7L JIET D L e O G BBy M S| E T,
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4.4 $BBE

AHITIEL. QualNet [ZHI1F HRKIEFR DT — X ik LR U OB - HIFR APIIZOW T,
o — R BV LR T D,

441 BREOEE

Forwarding Table s M DT —7 /L MIE, #EIEREL TEFRIILTND, LA T ITHEIEIRD E 2 H
ZRY,

network_ip.h

2135 [ /[==m==mcm==ssssssssssssssssssssssssossssesssss s o os oo oe=
2136 // Routing table (forwarding table)

2137 //—————
2138

2139 // /**

2140 // STRUCT :: NetworkForwardingTableRow

2141 // DESCRIPTION :: Structure of an entity of forwarding table.
2142 // *x/

2143 typedef

2144 struct

2145 {

2146 NodeAddress destAddress; // destination address
2147 NodeAddress destAddressMask; // subnet destination Mask
2148 int interfacelIndex; // index of outgoing interface
2149 NodeAddress nextHopAddress; // next hop IP address
2150

2151 int cost;

2152

2153 // routing protocol type

2154 NetworkRoutingProtocolType protocolType;

2155

2156 // administrative distance for the routing protocol
2157 NetworkRoutingAdminDistanceType adminDistance;

2158

2159 BOOL interfaceIsEnabled;

2160 }

2161 NetworkForwardingTableRow;

2162

2163 // /**

2164 // STRUCT :: NetworkForwardingTable

2165 // DESCRIPTION :: Structure of forwarding table.

2166 // **/

2167 typedef
2168 struct

2169 {

2170 int size; // number of entries

2171 int allocatedSize;

2172 #ifdef ADDON STATS MANAGER

2173 D String *tableStr;

2174 #endif

2175 NetworkForwardingTableRow *row; // allocation in Init function in Ip
2176 }

2177 NetworkForwardingTable;

NetworkForwardingTable 73, Fowarding Table & {&% & 4 #51E{A THY . NetworkForwardingTableRow
T =T ND 12BN BT RUVALRI ANy 7D 1 ODORT ) 2R LT,

15



Qualiet

Building Smarter Networks

# 4-2 (2., NetworkForwardingTableRow #3i& (A D45 AL SO &7~
# 4-2 Forwarding Table =X~ kJ(NetworkForwardingTableRow #&&E &) D AL /3

AN i B

destAddress YT R A

destAddressMask ST RUAD Xy b~ AT

interfacelndex B6 9 ~EE T DD DH A —T A AFH(0~)

nextHopAddress AT AR T TR A
ZDORREED AN 7 {E.

cost NetworkUpdateForwardingTable()B#% C Forwarding Table % 58 83 AR 2 H5 &
SN, WO D)V—T 7 T abha V0SS,
W% M) 23BN L7 Routing Protocol D FEIEA AN SIS,

protocol Type (ROUTING_PROTOCOL_STATIC,

ROUTING_PROTOCOL_ICMP_REDIRECT,
ROUTING_PROTOCOL_BELLMANFORD etc...)

adminDistance

Administrative Distance(AD). 3D/ —F 127 7T aha |l LY EL Sy NI —2
50 COH72% NextHop D NN BEGRSNIZ5GE, EO 7 aham /L OfE R4 &
FT DD ERDHEAFHELE). ZOER/ NSVNEE B ()@ EF«
9", NetworkRoutingGetAdminDistance Bg%i(Z Y Routing Protocol Type %% —
[CHAGSID, RICSESET RL AP 7 Ry bD xR E AD ED/NSWIIEIFE AN
SHTND,

7233, CISCO @ AD fEDFiHIL Tt URL THRAZEMNTES, QualNet TiX
CISCO DHELET DAL I LA (T IT R D RICH .
http:/iwww.cisco.com/en/US/tech/tk365/technologies_tech _note09186a008009419
5.shtml

interfacelsEnabled

interfacelndex TrREFLA AL E T =— AN ZhNE DM EREHIAL TUA.

Forwarding Table N2 "X LL T OESENERL T — SR BETHMS L TA,

HPwbdE

SEAET R AL DWW CREIIA

SESET RUAD oy b= AZIZDOUWTRENIE

AD [ZDWTHIE

COSt (ZDWTHNE 7272 LD S B L T, Y — AT —RIINNTRHH LI THD)

ZZCT RLVADIEFIL, 7 RV AZG 57 LEBEE L L AL EDIEF LR CTH S,
4-7 \THEAN % 779,

|# | DstAddress | Dst Netmask | NextHop | AD |

|0 |241.3.200.1 |255.0.00  |240.3.205 |101|
|1 ]192.168.0.0 |255.255.255.0100.2.20.1 |150 |
|2 |192.168.0.0 |255.255.255.0|100.2.20.1 | 1|
|3 |192.168.0.0 |255.255.255.0|100.1.10.1 | O]
|4 |10.41.50.0  |255.255.255.0|10.41.0.0 | 1|
|5 |10.41.50.0 |255.255.0.0 |10.41.0.0 |200|

4-7 Forwarding Table O#HRIE

ERtiE, 2=F ¥y ANE— D Next-Hop)D ;& D Forwarding Table THY, < /L F K ARNAIT D
Forwarding Table [Z5 N2 EFRIALTVD,
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PUFIZ, =/ FF v ANA)T Forwarding Table & (N> N OREIERER AR T,

network_ip.h

1865 // /**

1866 // STRUCT :: NetworkMulticastForwardingTableRow

1867 // DESCRIPTION :: Structure of an entity of multicast forwarding table.
1868 // **/

1869 typedef
1870 struct

1871 {

1872 NodeAddress sourceAddress;

1873 NodeAddress sourceAddressMask; // Not used
1874 NodeAddress multicastGroupAddress;

1875 LinkedList *outInterfacelist;

1876 } NetworkMulticastForwardingTableRow;

1877

1878 // /**

1879 // STRUCT :: NetworkMulticastForwardingTable
1880 // DESCRIPTION :: Structure of multicast forwarding table
1881 // **/

1882 typedef
1883 struct

1884 {

1885 int size;

1886 int allocatedSize;

1887 NetworkMulticastForwardingTableRow *row;

1888 } NetworkMulticastForwardingTable;

Z=F Y ARDEGE L DEE, Next-Hop 7 RLAD | v /LFF v ART R A (multicastGroupAddress)
2720 TWDRE, Ny hDESEA BT = — ADEHHRTE FIRE72 LY AR (outlnterfaceList) 2725 T
W5 R THD, 72%5, QualNet 5.2 TIL~/LFF ¥ ARD Forwarding Table | LA T 17 /L—hDIGE L)
LAY (G AVAN AN

442 BT M) DEMN - Bk

Forwarding Table D #AFIZRE T 5B — X OMEEL R 43 1T T, 2 b0 BEEIL,
network_ip.h, cpp [ZEFRIIL TS,

# 4-3 Forwarding Table #rfERSE D BHEL

W ks
NetworkInitForwardingTable Forwarding Table D #J#{k
NetworkUpdateForwardingTable Forwarding Table ~®D =R DBz ILT R

DIEHRZATD
NetworkRemoveForwardingTableEntry | Forwarding Table 2>5— 2 RN DHIERZLTS
NetworkEmptyForwardingTable Forwarding Table #7223 % (4 CHIFR)
NetworkPrintForwardingTable Forwarding Table DN A ZAZHEH /1IZFK R T 5

AHiTiE, ZOW, Forwarding Table ~D 2~ DB 1B % (NetworkUpdateForwardingTableEntry)
K O BRBA% (NetworkRemoveForwardingTableEntry) D 2 D2 DWW TR 9%,
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4421 T MYDEM
TN DIENIX, NetworkUpdateForwardingTable B CH iS5, I8 MMABO RN ZIX] 4-8 | TR~

R
( START )

A

SEET RLA, SE5E Ry M~ A7, 7T abhan 247
ETH—FT BTN ERTE

YES
BUED AT YIS OMELR
PAR TR0

YES A\ 4
NO BIED T ARD 2 {50 A VIR A e, Hiizl
TR U7 s BEfF = R Ao —
y A\ 4
BEfF = RUIC R AN 7 (Interface) & &z AR DY — ML — W RED KOl B A i AN AL Brif
TUNEFATS.
END

X 4-8 RN DOEMAEDFI

7. BEfFO Forwarding Table D> s U OHF 55 ETHESNISEET VA, 7 Ry b~ A
7. KO protocolType DETH—HT L= MU ZREBEL, T2z b BRbiUXFEH%zE
S, RINTHTICT S PY ZERT 2 K010 Ro TV D, = b U BHTITERT DB
Wi, ARV TR —3 9 DEBHBIATOROTED L O LRAMMTHOL TS,

PLTY —RAa—R%ZRenn, 7Rl 2179,

network_ip.cpp

11220 void

11221 NetworkUpdateForwardingTable (

11222 Node *node,

11223 NodeAddress destAddress,

11224 NodeAddress destAddressMask,

11225 NodeAddress nextHopAddress,

11226 int interfacelndex,

11227 int cost,

11228 NetworkRoutingProtocolType type)

11229 {

11230 NetworkDataIp *ip = (NetworkDatalIp *) node->networkData.networkVar;
11231 NetworkForwardingTable *forwardTable = & (ip->forwardTable) ;
11232

11233 NetworkRoutingProtocolType newType = type;

11234 NetworkRoutingAdminDistanceType adminDistance;

11235 int i;

11236

11237 //loop through to find the first entry where destination address,
11238 //mask, and type all match. For ICMP redirect messages, type is
11239 //obtained from the forwarding table and doesn't need to match.
11240 for (i = 0; i < forwardTable->size

11241 && (forwardTable->row[i] .destAddress != destAddress

18
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11242 || forwardTable->row[i].destAddressMask != destAddressMask

11243 || (forwardTable->row[i] .protocolType != type

11244 && type != ROUTING PROTOCOL ICMP REDIRECT)) ; i++4)

11245 {

11246 //loop until match

11247 }
BT BT NIDEEE

175 AR N2

11240- ZON—TTiX, BHFEO T NI O HNDBLEET RL A B 7 Ry b~ 27 KT protocol Type @

11247 ETHR—ET DTN BRRSIL, ZOAL Ty I AR NTHEMSND, RoMDien-T=;
A%, i 1% fowardTable->size |24 LU IR,

network_ip.cpp

11248

11249 if ((type == ROUTING PROTOCOL ICMP REDIRECT) && (i == forwardTable-
>size))

11250 {

11251 newType = ROUTING PROTOCOL DEFAULT;

11252 adminDistance = ROUTING ADMIN DISTANCE DEFAULT;

11253 }

11254 else if ((type == ROUTING PROTOCOL ICMP REDIRECT) && (i != forwardTable-
>size))

11255 {

11256 //admin distance and type are retrieved from forwarding table
11257 adminDistance = forwardTable->row[i] .adminDistance;

11258 newType = forwardTable->row[i].protocolType;

11259 }

11260 else

11261 {

11262 //adminDistance is obtained from the type

11263 adminDistance = NetworkRoutingGetAdminDistance (node, type);
11264 }

AD/EDRFF

1787 ALFR NS
11263 =TT T aha)VEX—|T AD HEEUT, 725, /—RH 58I hic>TD08, FEARHY
WZIFEHL TOZRWNEE X TR, (DR R T7 47 7V T H)

11265

11266 NetworkRouteUpdateEventType routeUpdateFunction = NULL;
11267

11268 if (interfaceIndex == ANY INTERFACE)

11269 {

11270 if (nextHopAddress == (unsigned) NETWORK UNREACHABLE)
11271 {

11272 interfaceIndex = DEFAULT INTERFACE;

11273 }

11274 else

11275 {

11276 interfaceIndex = NetworkIpGetInterfaceIndexForNextHop (
11277 node,

11278 nextHopAddress) ;

11279 }

11280 }

11281

11282 if (interfacelIndex < 0)

11283 {

11284 char err[MAX STRING LENGTH];

11285 char addr[MAX STRING LENGTH];

11286

11287 IO ConvertIpAddressToString (nextHopAddress, addr);
11288 sprintf (err, "Node %u: Next hop %s is not connected to this node\n",
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11289 node->nodeId, addr);

11290 ERROR ReportError (err) ;

11291 }

11292
LH T —XBEDIRE

1T 5 ALERN 2R

11276- NextHop 7" RLANbA L 27 = — A% 52 BAFL TV %, NextHop (ZRE A e/ A #7 =—
11291 AR OB T4 (interfacelndex < 0 )IZ =7 —% /L T2,
11307

11308 if (i == forwardTable->size)

11309 {

11310 forwardTable->size++;

11311

11312 if (forwardTable->size > forwardTable->allocatedSize)

11313 {

11314 if (forwardTable->allocatedSize == 0)

11315 {

11316 forwardTable->allocatedSize =
FORWARDING TABLE ROW START SIZE;

11317 forwardTable->row = (NetworkForwardingTableRow*)
11318 MEM malloc (

11319 forwardTable->allocatedSize *

11320 sizeof (NetworkForwardingTableRow) ) ;

11321 }

11322 else

11323 {

11324 int newSize = (forwardTable->allocatedSize * 2);
11325

11326 NetworkForwardingTableRow* newTableRow =

11327 (NetworkForwardingTableRow*)MEM malloc (

11328 newSize * sizeof (NetworkForwardingTableRow)) ;
11329

11330 memcpy (newTableRow, forwardTable->row,

11331 (forwardTable->allocatedSize *

11332 sizeof (NetworkForwardingTableRow))) ;

11333

11334 MEM free (forwardTable->row) ;

11335 forwardTable->row = newTableRow;

11336 forwardTable->allocatedSize = newSize;

11337 Y/ /iE//

11338 Y//1if//

11339

11340 while (i > 0 &&

11341 (destAddress > forwardTable->row[i - 1].destAddress
11342 || (destAddress == forwardTable->row[i - 1].destAddress
11343 && destAddressMask > forwardTable->row[i - 1].
11344 destAddressMask)

11345 | | (destAddress == forwardTable->row[i - 1].destAddress
11346 && destAddressMask == forwardTable->row[i - 1].
11347 destAddressMask

11348 && adminDistance < forwardTable->row[i -

1] .adminDistance)

11349 || (destAddress == forwardTable->row[i - 1].destAddress
11350 && destAddressMask == forwardTable->row[i - 1].
11351 destAddressMask

11352 && cost == forwardTable->row[i - 1].cost

11353 && cost < forwardTable->row[i - 1].cost)))
11354 {

11355 forwardTable->row([i] = forwardTable->row[i - 1];

11356 d==g

11357 }//while//

11358 Y/ /if//
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TP DEWIHLEE
1185 WLBRNZE
11308 =00 if RELADHEIE, —HT BTV NRRONERD ST A THD, DI, 20 if X
DOHULH7IZ Forwarding Table (2 AT HAHLZ2>TND, if LU ALRWGE
3. ZOBOMFCEEET N OB #§E FEXNThh AL 5,

11312- ZO if Ty iE, ARVERYGEI I DI T A IS BICRE W EIR A FE R L QO D ALER
11338 Th%, &L FORWARDING TABLE_ROW_START_SIZE(=4)=> F 45> D FEIg AN e X
. TR R V7272 DI 8, 16, 32 .8 2 5T RSN T<,

11340 11340 17 H ® while 7 a2y 2713, FiHl= N A AT HEITE2RE T DU ThH D, Fil—o
NZHFH AT HDAN—REZE T 5720 O N ZE 1 ET % FICTHLTND, ZOMLE]
(2L 0#EFIZ Forwarding Table DN 1.3.1 TRULZY —BNETHREIESNDZ L2725,

11359
11360 forwardTable->row[i] .destAddress = destAddress;
11361 forwardTable->row[i] .destAddressMask = destAddressMask;
11362 forwardTable->row[i] .interfaceIndex = interfacelndex;
11363 forwardTable->row([i] .nextHopAddress = nextHopAddress;
11364 forwardTable->row[i] .protocolType = newType;
11365 forwardTable->row([i] .adminDistance = adminDistance;
11366
11367 forwardTable->row[i] .cost = cost;
11368
11369 if (NetworkIpInterfacelsEnabled (node, interfacelndex))
11370 {
11371 forwardTable->row([i] .interfaceIsEnabled = TRUE;
11372 }
11373 else
11374 {
11375 forwardTable->row[i] .interfacelsEnabled = FALSE;
11376 }
11377
11378 routeUpdateFunction = NetworkIpGetRouteUpdateEventFunction (node) ;
11379
11380 if (routeUpdateFunction)
11381 {
11382 (routeUpdateFunction) (node, destAddress, destAddressMask,
11383 nextHopAddress, interfacelIndex, cost, adminDistance);
11384 }
11385 }
RS A 5T — R B DI
TEE LB
11369- ANy NEHVEA VBT = — AD A NS A~ =2 R D interfacelsEnabled” AL /N |2 &
11376 ABEATHTCND, 728, ZZTHEEY L7 ML, KIEILAE Forwarding Table Z& L

TRRESIRR DMTONDER, T OMRBRRINDINEN LI/ TVD,

11378 Forwarding Table O HNAZ BT 51 —/L 30 7 B OIE O UL AN T TUNA,
BUK, HEVE DI TR,

4422 T2 Y DOHIK

x> kU @iBMIX. NetworkRemoveForwardingTableEntry B4 CHfE S5, Z ORFEEIE. %0
W7 RV ARM T %y h~AZ NextHop 7 KL A, G Interface & 51525 1T HL S,
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BITED Forwarding Table 7°5, ZiLh, 58567 KL A/ Rk, NextHop 7 RL-A | 5 H] Interface D4
TH—E T2 N2 THIFRT 2891270 > T, = NI OB LEN, V—T (7 T uban

VORI R TR RICTER LED,

11400 void

11401 NetworkRemoveForwardingTableEntry (

11402 Node *node,

11403 NodeAddress destAddress,

11404 NodeAddress destAddressMask,

11405 NodeAddress nextHopAddress,

11406 int outgoingInterfaceIndex)

11407 |

11408 NetworkDataIp *ip = (NetworkDataIp *) node->networkData.networkVar;
11409 NetworkForwardingTable *rt = &ip->forwardTable;

11410

11411 int i = 0;

11412

11413 // Go through the routing table...

11414 while (i < rt->size)

11415 {

11416 // Delete entries that corresponds to the routing protocol used
11417 if ((rt->row[i] .destAddress == destAddress) &&

11418 (rt->row[i] .destAddressMask == destAddressMask) &&
11419 (rt->row[1] .nextHopAddress == nextHopAddress) &&
11420 (rt->row[i] .interfaceIndex == outgoingInterfaceIndex) )
11421 {

11422 int 3 =1 + 1;

11423

11424 // Move all other entries down

11425 while (j < rt->size)

11426 {

11427 rt->row([j - 1] = rt->row([j];

11428 Tk e

11429 }

11430

11431 // Update forwarding table size.

11432 rt->size--;

11433 }

11434 else

11435 {

11436 i++;

11437 }

11438 }

11439 }

11440

443 BRFEER

Next Hop #E3E 1% NetworkGetInterfaceAndNextHopFromForwardingTable B2 C1Toi15, 72721,
[ —% R CHI D EARDBEN 6 DIERINTOT, TENEND UIRB HIENRRD, ThZEn

4-4 DIH7LEEL IR >TUNVD,
3 4-4 Next Hop $RFZBE ¥k

# BEsER=

B

1 | void NetworkGetlInterface AndNextHopFromForwardingTable(
Node *node,

NodeAddress destinationAddress,

int *interfacelndex,

NodeAddress *nextHopAddress);

Forwarding Table 75 %6 5¢ % bV
— 27T RL-A75, desinationAddress
(IZ=AZZDNTT=b D) IZ&E LN
VRUEREL, & D NextHop K& Nk
AL 2T 2 — 2K B 5’

2 | void NetworkGetInterfaceAndNextHopFromForwardingTable(
Node *node,

#1 LRICIEN, EHA L HT ==
% fRE L T Forwarding Table %4
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int currentinterface,
NodeAddress destinationAddress,
int *interfacelndex,
NodeAddress *nextHopAddress);

FZL. NextHop 7R A% Huf%
Do

3 | void NetworkGetInterfaceAndNextHopFromForwarding Table(
Node *node,

NodeAddress destinationAddress,

int *interfacelndex,

NodeAddress *nextHopAddress,

BOOL *routeType);

#1 |2hN2.C. Forwarding Table 23
Ry IP 7 RL 25D = M A FFo
TNDDH, FyhT—2 TR A58
DI N ZFFSTNDDNDNEH
HiIT,

4 | void NetworkGetInterfaceAndNextHopFromForwardingTable(
Node *node,

NodeAddress destinationAddress,

int *interfacelndex,

NodeAddress *nextHopAddress,

BOOL testType,

NetworkRoutingProtocol Type type);

Routing Protocol ™ type ZfRE X
1%F:44 L T Forwarding Table Z4&
L. NextHop 7RL 2F L O
HAHT 2 —AF 5 H BT 5,

5 | void NetworkGetInterfaceAndNextHopFromForwarding Table(
Node *node,

int operatinglnterface,

NodeAddress destinationAddress,

int *interfacelndex,

NodeAddress *nextHopAddress,

BOOL testType,

NetworkRoutingProtocol Type type);

#4 LIAICTZN, iR HHA L 27 = — A
ZPRE L T Forwarding Table &%
L. NextHop 7RL A& Huf54
%o

6 | void NetworkGetinterfaceAndNextHopFromForwardingTable
(
Node *node,
NodeAddress destinationAddress,
int *interfacelndex,
NodeAddress *nextHopAddress,
BOOL testType,
NetworkRoutingProtocolType type,
BOOL* routeType)

#4 1202 C., Forwarding Table 73
FE IP 7R 25d D M Zffo
TWDDH, Xy T —7 T R A%E
DTN ZFFSTNDLDOD D
BT,

ZITEL BB IEARD G —ThD #1 OB AT 5,

10276 void NetworkGetInterfaceAndNextHopFromForwardingTable (

10277 Node *node,

10278 NodeAddress destinationAddress,

10279 int *interfacelIndex,

10280 NodeAddress *nextHopAddress)

10281 {

10282 NetworkDataIp *ip = (NetworkDatalIp *) node->networkData.networkVar;
10283 NetworkForwardingTable *forwardTable = & (ip->forwardTable) ;

10284 int 1i;

10285

10286 *interfaceIndex = NETWORK UNREACHABLE;

10287 *nextHopAddress = (unsigned) NETWORK UNREACHABLE;

10288

10289 //NetworkPrintForwardingTable (node) ;

10290

10291 for (i=0; 1 < forwardTable->size; i++) {

10292 NodeAddress maskedDestinationAddress =

10293 MaskIpAddress (

10294 destinationAddress, forwardTable->row[i].destAddressMask) ;
10295

10296 if (forwardTable->row[i].destAddress == maskedDestinationAddress
10297 && forwardTable->row[i] .nextHopAddress !=

10298 (unsigned) NETWORK UNREACHABLE

10299 && forwardTable->row[i].interfacelIsEnabled != FALSE)
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10300 {
10301 *interfaceIndex = forwardTable->row([i].interfacelIndex;
10302 *nextHopAddress = forwardTable->row[i] .nextHopAddress;
10303 break;
10304 }
10305 }
10306 }
HHEA 5T — BB DI
1T& 5 ALER N AR
10286- ZOBDOEBRLILTH IRy NI — I BB D= RN LoDl oT- 512, FEOH
10287 LTICiR$ 720D F 7+ /L MME NETWORK_UNREACHABLE % & AL TW5,
NETWORK_UNREACHABLE 3 network_ip.h {ZT -2 T#define 41 CFY ., QualNet N Tl
F NI —ZBIFEARRRAE R TV AL ELCREFT CEDIL TN,
10291 10291 1TH D for 7 av 7%, o7 4T —T 427 T — 7 NV ESEBHDIRTI R R ATV Ry
NI —2 T RU AN~ T 550D MZZEL NextHop Z KT LEL AT CD (772 L
NIRA L BT 2 — R THRB R RDBERIN), 7238, Al —5d ey b — 250 TOBE DRI
FETHHELHDHAY, 1.3.1 THHLZESIZ Administrative Distance(AD)fE2Y /NS 53
WD I — SN TSI T DT . HEIIZ AD EO/NSWTZU R (372
PHELEDOEIL—T 7 7 aaLMERR LT M) O Next-Hop 235EE 15,
10292- FIECCRRESNIZSESE IP TRUIZEZ U NI DY T Ry M AT %)NT T, Ry NI —7 T R A
10294

EZER LTS, 2D NW TRLAL, Forwarding Table = R D555 NW 7 RU AN LT
HUE—F L H7psind,

2%, [A—H 7 KXy R P2P Link CHEFESNT-BEEE ) — R ~ORRK X, PIHMEFRIC B 8 IC
Forwarding Table iBNSALTWDRICIEELED, ZD728, /1/*7‘/(/7\‘7(}‘3]\:’/1/%3\ AZT AT V—
N EL7RSCh  BEBED ) — R 33y MV IZBE FTREZRIR R IS/ 0 T, 7288, T D L7k
B ) — R ~ORRBEEHRIZ OV TIE, Forwarding Table DR NextHop 7 RL AN 0 (ZFX EIFL T

60
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4.5 R

AETITRRIE R DVER « B2 ATORIE I LR Z ST, QualNet 0 T —RABU VRS EEM
WA 2, ST RN, AXT AV I RBEERETH 2 DB BITHOWTIRG L, T D% B HIE~ 0
L W= B AR IE HITENC ST, a7 77 7 BRI L U T 7 7 7 TR 81 oD NI | i i
TD,

45.1 Static Route

AODV X° OSPF 72 ED#EN IR —T 47 7 ahayL LS  HONUOFRTE T 7 A /L TEIOZ R
Fr b2 FHUHEAT N —T 4 T EATIORDHZENTES, QualNet TIZZDOREHK % [Static Route) &
A CUNA,

4.5.1.1 Static Route DB/BTET 7ML
Static Route DFRET 7 ANV DEX T2 W %228 2 T35,

4-9 245 ) —R ORI R OB ZTET, £/ —RIXIP 7w bl O T R 56125 5T X kv
R RN BRI IV TCWALED B D,

1IF1:190.0.1.1 1F2:190.0.2.2
Nodel Node2 Node3
N IF1:190.O.1.2J\ 1IF1:190.0.2.3 /\
[Nodel mifR 3] [Node2 mifR 2] [Node3 D&k ]
190.0.1.2 56D/ 7y Mk 190.0.1.1 6D/ M 190.0.1.1 36D/ o M
190.0.1.2 ~%fE 190.0.1.1 ~&{E 190.0.2.2 ~%f(E
190.0.2.3 55D/ M 190.0.2.3 56D/ M 190.0.2.2 56D 4 M
190.0.1.2 ~%fE 190.0.2.3 ~%{E 190.0.2.2 ~%(E

4-9 K )—FDORRE TR

IR EE QualNet ? Static Route DFRIE 7 7 A /L(*** routes-static) | ZrL ik 95 Z & TR E ATHE T
HD. LT LR OFRE & S E T RO FLIR T 5,

#NodeID AT R LA NextHop 7 KL R M IF HE (AML) =X ME (EIKL)
# Nodel DFRIE

1 190.0.1.2 190.0.1.2

1 190.0.2.3 190.0.1.2

# Node2 DFRIE

2 190.0.1.1 190.0.1.1 1

2 190.0.2.3 190.0.2.3 2

# Node3 DX IE

3 190.0.1.1 190.0.2.2 1

3 190.0.2.2 190.0.2.2 1 2

TR AR ET D/ — REFITH T, R R OAREL THELET R AL NextHop D7 RLAZFRET
Do LFEOBNE, IPv4 DB TEHDHN, IPV6 bIRARICIRE T 52N TED, 7= IPv4 ZH WA E D -,
EH IF F 5 L NS RO AMEGER)DIEE T DI EN TEXH(AE M),
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# 4-5 Static Route BREZ 7 A /L DFREH H
HH i
Node ID R RAEFRET D/ —R ID (BED )
SE9CT KA RARNT R AT IRy NI —7 T R A(H:N8-190.0.1)2 CHRET 5, /—FK ID 1L
FREAT,

NextHop 7KL A | NextHop @D IP 7RL A, BRART KL ADBIEE A (R N —2 T KL AR,

P TF 3 5 Ry bDOEHYE IF F 5 D3R E e, ARSI NextHop 7R AN IF F 503k
(A M&Ak) DHND, IPv6 DHEA TR EAR AT,

A ME ZORBEOIAME, BAEIHE 1 AERY THID, T AMEIX—ERORRE I~ a2k
(A L) U I SIS, IPVv6 DIFAITHEE AR AL,

4.5.1.2 QualNet @ ForwardingTable ~D&FAAH

[d5 A : Static Route & Default Route & Default Gateway])

Static Route (Z{EL7-f%HEL L C Default Route LV HHEREN 8 5, Default Route DAL
Static Route L[RIERICAM 7 7 AL THONUORBIFME R LR EEIT), ZNHD R
LRGN & R DESE TH D,

Static Route D% EMNEN AR HIE 7 1 b W JOERR S T-E ORE Lob e shn
DIZ*FL ., Default Route {3 B J6 EE A b AR, BEEEE IXRTIR D AD fEIZLVFSF, Static
Route 725 AD {i 1, Default Route 725 AD fiii 255 T 5,

ZZ T, Static Route, Default Route {3612, REER DN EL TEIMENDHD THD
FUZTERLED, Default Route 75, #2203 R Next Hop 23RO BV T= &
&, BNy FDEE SRV SN A DA Default Gateway Téhd,
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452 FAF7Y T4 TEERHABDOH (Bellman-Ford)

Bellman-Ford(ROUTING-PROTOCOL BELLMANFORD)/%. QualNet (2351757 74 /L M Tk E S
NDIEEEHIE 7 0 b2 ThHD, [FIFEHORREEHI#E~ nh=aL LT, RIP(ROUTING-PROTOCOL  RIP),
RIPng(ROUTING-PROTOCOL RIPNg)7%3%,

Bellman-Ford 1. B4 %7 +—R 7L H—V o LNNER 7 TRl (RIP) L—TF 127 D Efk L7325 A
N=RBT B, 12121, RIPV2 IZIEHELL T, il $y Mako 7212 UDP (User Datagram
Protocol) Zf L, BERE~Z M VAL A 77 /L TV XIS S LD, (ED ORI 7 e =i b
NIEFN T NTHLN, A =T VT3 EL FITREON—T 3B AEL TLEIFDORADB DD,
%E%T@"j-7*/]‘TT%EE%%’LVCU\5tt$§|§ﬁj(%fcﬁ7\/]\9»—7@%/a\;i RIP %fﬁﬂ%'ﬁ_é@ﬁl—ﬁﬁ‘ﬂﬁ“(&)
%, 72% . Bellman-Ford 7 /LY X LD QualNet (23517 55 E D FFMIZ-DV Tl Developer Model
Library >~ ==7/b 4.1 E(Z, RIP DFEMICOUVTIL, [F] 4.3 Bk A B D,

Bellman-Ford |Z ¥ 17 % NetworkUpdateForwardingTable( ) B %t @ FE OV i L & AF 1 .
HandleCheckRouteTimeoutAlarm( )B8%& ., ProcessRouteAdvertisementPacket( )BE%ED 2 2T Toh b,
Bellman-Ford i@ & ¢ QualNet DL [FIL T, ##i{k.o> RoutingBellmanfordinit( )BE%, #& T 4LH D
RoutingBellmanfordFinalize( )B8%k. SEEEDA -~ MLEED RoutingBellmanfordLayer( )BE%k7s £ 57 3
BH%LI /2%, NetworkUpdateForwardingTable( ) Bt FEFONH LiZ 42T RoutingBellmanfordLayer( ) B%%
MODILFRLIR D, LUTIZ, FFO LR AR,

PrintRouteTable

ScheduleTriggeredUpdate |

HandleCheckRouteTimeoutAlarm

NetworkUpdateFonNardingTabIe|

ProcessRouteAdvertisesmentPacket AddRoute

HandleFromTransport

RoutingBelimanfordLayer FindRoute

HandlePeriodicUpdateAlarm

NetworklpGetinterfaceAddress |

i

HandleTriggeredUpdateAlarm PrintRouteAdvertisementPacket |

‘I SendRouteAdvertisement NetworklIplsWiredNetwork |
NetworklpGetinterfaceBroadcastAddress |
NetworklpGetUnicastRoutingProtocolType |

¥ 4-10 Bellman-Ford BE:&E D BIE DO L BE£R

%7, HandleCheckRouteTimeoutAlarm( )BA% DN & A5 BH 35,

routing_bellmanford.cpp

L B B
755 // FUNCTION HandleCheckRouteTimeoutAlarm

756 // PURPOSE Checks for route timeouts, schedules triggered update if

757 // necessary. Schedules next route timeout check.

758 //
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759 // Parameters:

760 //

761 // Node *node

762 // For current node.

763 //

764 // Notes:

765 //

766 // All routes (that aren't timed out already) are checked for staleness.
767 // Stale routes are marked unreachable and a triggered update is

768 // scheduled.

J69

770
771 static void //inline//
772 HandleCheckRouteTimeoutAlarm (Node *node)

773 {

774 Bellmanford *bellmanford = (Bellmanford *) node->appData.bellmanford;
g

841 // Update forwarding table to indicate no route to

842 // destAddress.

843

844 NetworkUpdateForwardingTable (

845 node,

846 bellmanford->routeTable[i] .destAddress,

847 bellmanford->routeTable[i] .subnetMask,

848 (unsigned) NETWORK_UNREACHABLE,

849 ANY INTERFACE,

850 bellmanford->routeTable[i] .distance,

851 ROUTING PROTOCOL BELLMANFORD) ;

Z ® HandleCheckRouteTimeoutAlarm( ) B8 %4 1% . RoutingBellmanfordLayer( )B4 735 1 > 7=
Message 7% MSG_APP_CheckRouteTimeoutAlarm OGAIZFFONH SIS,

WIZ, Z0 MSG_APP_CheckRouteTimeoutAlarm ¢ Message % MESSGE_Send( )L CW\A1{E T 77
5L, WD RoutingBellmanfordinit( )%k &, HandleCheckRouteTimeoutAlarm( )BA%k(-> %D H 43
H &) TITo> TV DHENRDND,

BA%t4: HandleCheckRouteTimeoutAlarm 7>HARR TEHIDIT, ZOMLBIF A~ MBI > TERY,
EHAAYIZ NetworkUpdateForwardingTable( )% 58T TV 5,

ProcessRouteAdvertisementPacket( )BE4k D X LL F D XA IZ72»> T,

routing_bellmanford.cpp

1226 /[ mmmmmm e e e -
1227 // FUNCTION ProcessRouteAdvertisementPacket

1228 // PURPOSE Processes a route broadcast packet from UDP.
1229 //

1230 // Parameters:

1231 //

1232 // Node *node

1233 // For current node.

1234 // NodeAddress neighborAddress

1235 // IP address of broadcasting node.

1236 // int numAdvertisedRoutes

1237 // Number of rows in broadcasted route table.

1238 // AdvertisedRoute *neighborRowPtr

1239 // Pointer to broadcasted route table.

1240 //

1241 // Notes:

1242 //

1243 // Each row in the broadcasted route table is looked at, and the
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1244 // local route table is updated appropriately. The IP forwarding
1245 // table is also updated, and a triggered update may be scheduled.
LRAG [ /[ e e m e m s e o e o o o o o o o o e 0 0 0 0 0 0 0 5 0 0 0 0 0 0 e 0 e e e 0 e e D D e D D S e D

1247
1248 static void //inline//
1249 ProcessRouteAdvertisementPacket (

1250 Node *node,

1251 NodeAddress neighborAddress,

1252 int incomingInterfacelndex,

1253 int numAdvertisedRoutes,

1254 AdvertisedRoute *neighborRowPtr)

1255 {

1256 Bellmanford *bellmanford = (Bellmanford *) node->appData.bellmanford;
. L.

1442 // Update forwarding table.

1443

1444 NetworkUpdateForwardingTable (

1445 node,

1446 destAddress,

1447 subnetMask,

1448 rowPtr->nextHop,

1449 rowPtr->outgoingInterface,

1450 rowPtr->distance,

1451 ROUTING PROTOCOL BELLMANFORD) ;

Z @ ProcessRouteAdvertisementPacket( )BE%%i% . HandleFromTransport( )B4 60 AFEONHE LD,
%L C. HandleFromTransport( )Bg4% (. RoutingBellmanfordLayer( )B4k »352 1T Bt >7- Message 73
MSG_APP_FromTransport D5 (2N S5,

MSG_APP_FromTransport @ Messase (& Bellman-Ford B.H Ti372vy, LLF O api.h TOEFRHE Hiu
X512, UDP 7y b ALEE (TransportUdpSendToApp( )Ei%%) Tl s,

api.h
273 MSG APP FromTransCloseResult = 604,
274 MSG APP TimerExpired = 605,
275 MSG APP SessionStatus = 606,
276 /* Messages Types for Application layer from UDP */
277 MSG APP FromTransport =6 1101;
278
279 /* Messages Types for Application layer from NS TCP */
280 MSG_APP NextPkt = 620,
281 MSG APP SetupConnection = 621,

Bellman-Ford Tl #HAH#IZ UDP /X7 aA#i 350D T, ProcessRouteAdvertisementPacket( )R
BNz EDE#HIT, fthod Node 2250 Bellman-Ford &8 THH LM DD,

FLH 5L, HandleCheckRouteTimeoutAlarm( )BE# TH #7195 NetworkUpdateForwardingTable( )i,
H OO HRZ EHICE T 20 TH D,
—J7 . ProcessRouteAdvertisementPacket( )BI%c TR 4% NetworkUpdateForwardingTable( )i, ffo>
Node 2>HDEE#RIZEY B 50 NetworkUpdateForwardingTable( )% 5 #14 2LFE T D,

29



453 Y7 T4 TEHERFEHDOH (AODV)

Qualhet

Building Smarter Networ

30



