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Design and implementation of user-customizing oriented
multipath inter-domain routing system
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Abstract: With the rapid growth of Internet applications, the routing flexibility and quality of the inter-domain routing
system face some significant challenges. Multipath routing is an important method of improving the reliability and ro-
bustness of the Internet. Based on previous researches, orienting user customizing routing service, a multi-path in-
ter-domain routing system named UMIR was developed. The routing system includes three service functions of control-
ling and management center, route discovery and computing protocol and routing incentive, and it is made of control and
management subsystem, routing protocol subsystem and routing incentive subsystems. Based on the Emulab network test
platform of University of Utah, the UMIR routing system was deployed and tested. The experimental results show that
the routing system is running correctly to achieve our design goals.
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IR Y A DA TSR F R R E(AS,
autonomous systems) IR 1) 73 MRS, AS
HLACA S B8 0 HAR, 384T A I DG sl (b
OSPF. RIP2 Al IS-IS)KIKIFNE B 2% B3 s AS
Z IR LA A 48 )35 by i B SR R H bR, 384T AR 5%
P BGPUhYSEBLHBEHM . Ay T AR A %
A RGP R, BGP AUA H 18 W 2% i ik —
SR, IR EESS AR ER RS, BT
BGP K H HLEg it B, Mee e vl SErE 22 .
TEIFAE FH A 170 LA B S B8 i S P g e X A2,
TR A i A SR g v B R e RS

B i 2R TR P I P ) PR e, AR 22 SN Y
FH Qi A (streaming - media) A1 B A4 S v 40 %
Pir.ta(data center) %) LS 42 A (BGP) ! T
VR R Ay e B sk & AR A AN
A% FH TR, Ay B E R IS5 (LM R ISP(internet
service provider)$& it 2 W% 5 v AU 1) 2 B AL B bR R
55 o ANIFIZE AU (1) N TG 194 6% 1 e A A6 AN [R] IR 2K
SIS I FH O AL RE SR A 20 (1) 56 H - KR A A O
B vy o () B o A% 8 PR A i EH S AN RS 2
M B 2RI K, 7 2 m OO I 2 AR
B ORI SRR . WFFER W] 2 B4 it th FoAT LR
B DA FE N b B R, ) PR
SE T IR S5 s 2) ST BN ik o 3 B 035 D) 28 A i ) ]
SETE: 3)FH 2 4B AT SE I BRI, I RIE S
AP IR TI W . bRl WL, 2 AT
A DAGRAN R ER AR B I , B A A E L N H
KT T 50, ADOE A BB PH hA4 &R 14
7, RN AR M A4 2R ) A R

RUAREFE A, & T i (e B P s PR d )
% #5124 H(UMIR, user-customizing oriented multi-
path inter-domain routing) PR % sl 173251
UMIR #3303 A SRR 3 i = e 4 94 6% 461 s )
PEEAE R, A TR R4, eI
THEH L BRI, S94h, A T3 ISP 38
EORIRR AL v TR R R SS, $R 2 ik e U T
s Haz O BARS S IBUE I H ik E IR 5%
P, SRIE K ol I Wi a0 e SV A B P by
[LTRRZe = E R W < E WO w2 Y (3= R0 SRR b U I RPN DY
A 2 A R B RS AZ DR . AR SO IR B
FESCR AT RGN, Bt IFHF R T UMIR B§H &R

jilll

Lo LM RFOFEEEE R, B RIS TR
BB — K ThRe, BARfiEEE R RS B
R0 R G B I T RS Al SR 5 7E R [E Utah
KM Emulab FIZGIRRT 41 F, %% UMIR #
RYAT 7B SN, 45 R B H RS
BATIEM, 83T RGP E H R,

2 UMIR RZH#hA

2.1 UMIR Y

h T A FH P IR 3G B 3 R A AR 2 AR AT
7oK, Bt 1) FH P PR J ] 22 B A K R 1
B UMIRPOL, il 7 BB I 4 ) 22 420 8 b 1) 75
Ko BRI 22 BR AT S FHATAE R4 e 1 1) ORI %
FAE VBRI SOE I P SRR RN I (B BY)
MR, R TN IR T 5. A0 A
MR e s sk, T s SR BT s ik g
HAE R, M e IR SRl 4, AR5 EAT B H
L. SRR B BSOS T s A S B
R I PR RO A, B T
RN o 5 RSB BUN SR 5 %5 18 T % B
(e @, Sems @ MEAAC 5 B0, i s
AR BT AL R AN 019 UK N AT LR S 2% el P
WP RE S TR o 2% R b S0k R o] DUASEH 22 B it e
THRBE (9 40 S5 w5 A7 RV R B R B A SRV 58D
PL3E g B BE ) . O T UMIR PRl 40 47
24 WL ICHR[3,4,6] -
2.2 BEEHE

% FH U & TSP S il B I DY vy 28300t P ) 06 O
UE, PSP T S 2 AT ISP BT % th A1
DI B A 0 B (1 2 AT, F 5 o )
ORI LT SR R TSP 358 28 0 S IR v =% 1140 % b Il
55, & BRI % R AU I () E K Pk k. UMIR 1)
WALHG 2 FhIEARK b a0 Sfems i ph R MR A
PR BFRRX 2 g A, ot T 2 AR
ISR EF X UMIR HSRBS B, S 77—
SET A VSR B b A T o de M
Hi, 2T — Rl e 2 10 B M B ER LA,
AL REBAN & P E T RS E A i S R

FESCRR[6]H, FIHI&1F R B HA T UMIR
W28 P EME T AS)Z A S E S e f KR, ¥
UMIR &K AS [F G AR, $20 TRT
A AF 28 B B B B Y (CGIM,  coopera-
tive-game-based incentive model). 414 AS j& UMIR
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AR ZEE RS, AS B ESRHFEESYS
PEHEZE, BRI IR RGP IR1G — & A BRI
ano HAZOEEKINT : It 5K i ZE T AS B
FSC i HH TG B P B A DA A R B AR I 45, F i
T IR R MRS, vt TR e R R R A
BRE V% 2 Shapley {87712 A% O
AR TR R I L, B R R T A s
- H AT AT R T RS & 20 O B0

bt UMIR 3L St MR 8% b1 >0, KL
TR L, $E T R MU AL (LCPM,
lowest cost path mechanism), LCPM & —Fl 3t 434
JhEI AT AEMLEl. LCPM I EBF fiE: 1D HAW
G, REMUINZ 5 ACKREL “sk” Sng 2 Sz
175 2) ABARKIRLE AT W5k W]: /£ LCPM
T, CWEE” 2S5 AR, ERER IS
BN 1“4 o5l R Gk RE AN E
M BT 25 NWBJE. 534, LCPM HATEL
KA E, R LCPM 8 AT S
2.3 ALt

N T I ERGE R LR G S Red E, UMIR
RGNt HIFARCKH TSR] 2% i RS+
PR (CAM, controlling and management)
R, B 4 il (RCP, routing control platform)
FN#% EH A (RIM, routing incentive management)
BEAL, Wl 1 FrR. Pkl AL CAM @
bV R AR &M IE AT RS, o s
FEHABAEL, ikt RGeS - i, T
A1 425 il 5 £ i 1) 48 T iy 2 3 JEL 126 4 L At A
Heo Bl (RCP) 1) 3 2L D) e A& A3 %
SE T 2 B Al AN [R) 7 VAR I Jry i 4 41, BAIE A ZE Al
TSR T g e IS BN, RCP 2454 4
&I (TID, topology information discovery) - AHERL
B THE (PCC, path computation center) ¥ #EEt
BBt (PLC, path-let constructing) J AR E A1
P (RTM, routing table management) Atk %
FH RIS (RIMD 1) 3= 22 D fig i 13 AN 5] (1) 7
LA T E TR ARV SRR A% o AR S
(1) 2 B /MR % B (LCPM)BUE AN T-5
T2 1R % H I B U2 (CGIM)

3 EHEEARSR

12 CAM (controlling and management) 15
YT HA UMIR RGP0, e 5 St

N AR TR DL o AR

1 o M B BRI M) D
i [COM | PAM |a--mLCPM] ! PCI
T Y k- A :

1 UMIR RZHE4

3.1 ITE#LE

UMIR R FLEAFE “whHEH” 5 “pgaut
B2 AR, 2 AR “CAM W il
RPN, TR AN BRI, B2 45
T CAM RAEMEA . R 7 St m i B P iy 4 14
N, CAM B F—AN BA R e 2 dh s
o NS ERBUH P S, RE R L P S
PR AN AR B,

CAM PSRN 2 fizn. UMIR E3ljEabT
CAM WIPRE, FFLERTT “UMIR>" 78 UMIR
RYECLHF). UMIR Huag il MRS =
A4 e R FHIASE A “BEA” (module), AR
PG AT S ATIRAS s R4 “module>",
filtan, M NS AR REH(RCPYI, RSHLE
A RCP i217; [Aiffrt “RCP>", 7E “module >" #
BT, HPSMANITEIE “exit” My A#0H bt
ITAERE; B Ry A fE U T AL PR, G A2 ) bR
SRR N AN, EHSRH] printf ISR, AbBRAED
A A T R R AT “module >70 4 H TR
“module>" Fii A\ exit iy 2, TRAHLEHT 12 CAM
R, A “UMIR>” $&RFF, SEi g A

» AA

“exit” fir%, WIRH UMIR #5¢.

AR SR Bt >”

BibY s
CAMIE T Lagg

p 3232

B Hi(exity “UMIR>"
K2 CAM R

3.2 HURLEHmSAIEEE
TR CAM KRB b () JE A E 4 &5 4
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Y BAE R B, VR ARG IRE . CAM HE
Yot i 1 2B\ F1 5 HAR AR i AT 0 A5 - CAM $24K
PR 2, JR I S a2 K4 i 2L B
B . CAM V1 B 45 A B FE 5 AN Edi el L
P A (mdl type) T B KA (type) WH B K&
(length). ¥4 B iy & (message). K T [m] oA iR He &
LV B A4, CAM B ZR R A7 B AT B ER 1) 44 FR
J W A G S5 B, 2 T A AR P R T A
PR 2 DNEHESEH) . CAM FEER F AR 3 Nk
PERR%L: umirCamMDLRegister P%(, UMIR &4
TG AR AN ER IS S HZ R BOEA TN, DU
£ CAM P& b it Of B A R BRI A5 R
umirCamInputTask B8 51 57 WFLWCH 7 S A\ FFdEAT
AR PE; umirCamParse PR EL 51 57 73 H P i 2 JF Kk
S AH A AT Ab P

4 IREEHTRRERCP)

4.1 BRIt

% IR IR DURCP) I SEA L W& 1 P,
T KB (TID, topology information dis-
covery) FEHt, B Bi#IE (PLC, path-let constructing)
i, #4205 (PCC, path computation center)
i, ML (RTM, routing table management)
PRERATERE o

1) SN RIS FRA P 0 R k2, i
F RO FVE G BAN N (R B E i, JRIE SRy
RGBS R, T I 38 ) B B A SR A R
Hidhe

2) PEBREEE, FET BGP % R MIE S H Y
W25 PRI B A RN, R FH B B e AR B B O

3) BRARTVHERBLE . BT R P AR i R E
R SK, AT ARSI S A G R A

4) [ B . DT B SN IR L B
FNP LSRR 2R LS B T8 (R T 5 e
42 wHEX

B SRS N L 4 DDyReEet, ik
IS S A % A% T AR R T B ) B 4R SO
3 AN RIBTE T W SRRk ocks 2, BgAR T
B PLC g il T 2% Bl Ui X UMIR RSB 80 )m,
Wt CAM BEH I At dildr %, R
CAM A& H i 5 il i & W S8 3% 25 1 41 e IR e
TID LA FRIFEBIER PCC. T PCC WHKR
B R HME B AL TS RPIR A, RGHA] TID A%

Ba st B, i R G0 2 Bl 4k
PRI ) DT T A (R SRR S o 335 SRR SCH
A 3 Pror.

uint Request AS

uint Response AS

char* User Net

char* Destination_ Prefix

uint Pathlet Num

unit Incentive_Model

3 BRI RSO S

Request AS: KW HHARICHITY g5 .

Response_AS: F/R$5Z Request_AS 15K 114
JSE RS

User_Net: Fo<sE Hil P Mg bR, — Ml
W28 T2 Bl H VR 5 R R

Destination_ Prefix: 7~ F 7 e Hl 1 H 1/ 4%
I SRR

Pathlet Num: ] J-BC & 15 K FE 5 i f2 fit i)
BEH .

Incentive Model: Jit F i3 Jah v, v LA
STEM. LCPM A CGIM.,

Tah, UMET R B iR R e, BT
BGP % tHR BT A%, 192088 Br i sr . % B
T kg € Xl 4 Fios.

uint Pathlet 1D

char Destination  Prefix

char Pathlet_type

float[] Metrics

float Pathlet cost

unit Incentive_Model

B4 Bk

Pathlet ID: pRilBgE:, HEKBUHAE 2 MHEAS
FoRe

Destination  Prefix: &7~ H P s il th i) H 1
R 2%

Metrics: X REBINEENE, Hlnarve. &

Incentvie_Model: JT A FH (1 3#Ush 7732, 9140
STEM. LCPM #1 CGIM,

Pathlet_Type: 2758 B AN & 1% o
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Pathlet_Cost: F7 %% B A5 B .
4.3 EAKRHIELEH

N T ARAE L E R % i, RCP B 2O
A SO HL P R R R e, Oz
T R TR % 3% 2 DB ST . it R I KL
PG PR

Typedef struct umirRtEntry

{  struct umirRtEntry *rt_next;

char *destination_prefix;
char *user;

char *path;

struct addras rt_nexthop_as;

} UMIR_RT ENTRY;

FEHREIH umirRtEntry 7%, B4% umirRtEntry
o2 H I R4 2% (13 35 BT 1 umirRtEntry
H rt_next HHFREMHEHEE K . destination_prefix 7R
HI M2 HTEE . user RN 7 4% . path KT €
I H45. rt_nexthop as F7x F—IEk AS Ml

e R AR AR W R PR

Typedef strct umirRtTable

{  struct umirRtEntry *pHead;

uint umirRtNum;

} UMIR_RT TABLE,;

Horp pHead 7Rt R IEEL )L, umirRtNum
O R P i AR
4.4 FELHERE

PE D %t R G A0 i it SE A 0 I B
SN v SR B SRS AN SR A
RTINS . J5 LS SCHR (6] R Bk
LA RS 5L . RCP BEHE 1 3 AL 2 bR 4L
Wk 1 PR,

*1 RCP R B = EA IR R
umirRcpNodeSelect EHE AS 5 R USRI
umirRepPathlet Encap % B b d 4
umirRcpPathComp BT
umirRcpTopoDiscovery FLT e th AT A R

AN SR e AR s ST PR T

umirRepTunnelCreate

1) umirRcpTopoDiscovery B& %

7 RCP 8, 1% eR 4501 3= B ) e F 4t Jmy 8
idh o FEAAE . H eI K4 umirRepNode
Select FR1FRFIHI T RUEES: RETHERNPES

HR Y A i A R IFIR M), R4S 3 51T
IR . XA 5 PR .

struct umirRepTopoDiscovery
(char *destination_prefix /* H ] F¥ £% /)
1) YAH umirRepNodeSelect B 40RERE P17 4, A3 SR ¥ 45 5
A,
2) AT A AS HEA 31T AR HE M B SRR
3) ¥ umirRcpPathlet Encap BREL/* % Eik H i) M 45 w47 #6542
BEAT AT R B IO, T I it BRI 1] 25 451 i/
4) PRAFIAT AS WA BIUE R, R

F4S  umirRepTopoDiscovery BF AL

2) umirRcpNodeSelect B84

7£ CAM BB rh g A 1 il iy 2 5 » CAM A
Polg iz Ay 4 B K 245 RCP 34Tt e T 45 . bt
i, RCP i F umirRcpNodeSelect pR%L, HRHaHF &
(R A R SR AT SO RN, B AS T ik
BRI . R ECRAE K 6 PR

array umirRepNodeSelect

(char * route_custom_para /* [ i1 52 i 2 4+/,

char *path_norm /* %4215 S */,

char *node_norm/* ¥ s 14 S */)

1) MRS E BB EL E dR PSRA 2A H SR 1T A A,
fifi AS 7 RURIESES s

2) ENT UL A I RLAE o HE AS Y SRR A 1T AS T AR
Ha

% 6 umirRepNodeSelect B FUAFE

3) umirRcpPathletEncap &%

AS T BRI i SRIN E S, BT BGP
. B e I T2 8 LG 77k, wT AR
FAS R B BUAE R o XK BRI ] 7 o

4) umirRcpPathComp B8 %

RS R AT R A M e, e R o 5
JIT 7 R e e 12 Rk SO AR A 2 E n H g
2 BRARLY IR LA KE Bl AR B R, BV RY E
AT BB A 8 PR

5) umirRcpTunnelCreate P4

ZERA) F D e R R R AR
SRANHEA AN IS R IR B SRR (R B A, 020
B FCOMES RO AT W R SZ BRI o R B AR
K9 P
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struct umirRcpPathletEncap

(char *destination_prefix; /* H ][4 2%/,

char *pathlet_vis_degree; /* [ Bt AT HLJE*/ )

1) 4RI H FIFT ST 475

2) if (umirModel==STEM)

O L BRARHIE R ype=1 TMERBIT, FRAGRIL IR 1RHIERL type=2
B BT, B BT H A 3k )

3) else if (umirModel==CRIM)

(O EERARTE N A SO AR IE L ype=0 MOEREBCIN, B 3 2% B
HH LB K

4) JRInl B I A

& 7 umirRepPathletEncap B ¥R

struct umirRcpPathComp

(char *destination_as /* H [1] as 5 fi*/,

char *route_constraints /* {22 4*/,

uint route_num /* #1257 H */)

1) for (num=1;num<route_num;num-++)
path[num]=compute_route(destination_as, route_constraints);
£ SRR F I AR LR A B AR

2) iR[EEER

{8 umirRcpPathComp p& %L FE

struct umirRcpTunnelCreate
(char *path_vrpp/* AN HEZs B/ IR 358 i SR 11 2 424/
1) R AR i 4% 4 B
2) if (I H B2 R R AR
TR 2, HBENZEAR LT AN S 104 s g/
S 3 2% 5 A2 R TR B A BT P B A
else if  (IZBFBAE T i L HAR)
AT SR Y “HRSTREIE SR SRS T SRR I

3) IR[BIFTATT nU0R CEBRIE, A4S CRETE 1D, B B SRR
HARAE BN BRI %, JFAE BRI R P 20, AR5 R BRI i %
p A

4) JH IR [ B 0 0 S R i H BB T I SR

9 umirRcpTunnelCreate BA 5 FE

45 TR EHH

UMIR RGEIAG— R o T 55 4000 I 3245
T S EMETT A E G BA B R . TR
T R R E T R R HOA AT ), B T i
H S R AL T o AEAS RN v, — AN A
A DLJE— R FH VS 2 A R 5 — IR %

SR BT e % R v A5 G il i 72 32 25900 )¢
PN S OMET AE B, ek, E
PN R TAR AR R .

1) i CAM B At dildr 2, filk
RCP BEBAGE “ % it 507 4155, L TID Feull
R AME B

2) 7E TID #ilerr, I8 H umirRcpNodeSelect B8
e, M SRR T RUE

3) {& TID ey, jm) & W UK G K itk
BOk i By SR EMETY S S Bk .

4) WA RIPMETT g Bl BE, BB R
#ifh.

5) RCP BEH i HI g A 1T HAEE(PCC), FT R
T F N FE TS HOT FAF & 2R I B AT .

6) X T ARG (AR, P RTM Rt
S REIE AT

AN, BT R AR R R R 42 R0
SRR Y. 2

D) A “mBiigiE” wERIHE, A
umirRepPathletEncap 4% £ K 143 B B A5 B, K P
T () A5 R [R5 4715 A

2) AR AR A ST REIE 7 1SRN,
F umirRepTunnelCreate PR 03 37 AH W B 1E

5 IREEERZRIM)

51 EARLIREH

N T ARATTE A B E O R, RIML BB 32
LRI S5 Rt i RS R IR 2 A i
R R IGU Btls R S s -

Typedef struct umirPriceEntry

{  struct umirPriceEntry *next price;

char *as_name;
char *user;

char *destination_prefix;

float price;

}+ UMIR_PRICE_ENTRY;

A% LRI umirPriceEntry %78, B> umirPrice
Entry om0 S8 A . BT umirPrice
Entry 1] next_price S#EHEK, R 25 BRI
Hr#& . as_name xR RGH T . user LmH
M 4% . destination_prefix 715 & Hil 11 H 11/ 4% o price
o as_name JTE B H A% .

Wi RAAR AR W H PR



955 72 1)

ZEHIAE: UMIR RZE iS5 528 ©33 .

Typedef strct umirPriceTable
{  struct umirPriceEntry *pHead;
uint umirPriceNum;

} UMIR PRICE TABLE;
Horfr pHead Fzs Wtk R IUEER ¥ K&, umirPrice
Num 3O # 2 g i H R 25 H
52 HEMNEITE

6 B R B e (RIM) 119 32 BE )y BB e T 558 e
RIfr A% . RIM BEHREFE 3 A2 d g, [
umirRimPricing. umirRimLCPM F! umirRimCGIM.

1) umirRimPricing B8 %

PR UL RIM AR T2 S A PR 2, TR TH.
JIT S R AR (1 8% EH A o RIML BRI 2 il % A7 1)
ANTFIZRAL,  J3 59 9 AN [R) 550925 0 g A2 v S e
o BB 10 Fros.

void umirRimPriceing

(char *m_rim /*¥Y I 44 F5*/,

char  *rt_path/* 7 5 i1 5 £2*/)

1. if  (m_rim==LCPM) umirRimLCPM(rt_path);

2. else if (m_rim==CGIM)

umirRimCGIM(rt_path)

% 10 umirRimPricing B 50

2) umirRimLCPM £ %

7E RIM AR, 6 T a5 MR i 245 21 1
AT, FLEE RS IO T ST VAR F SCHR[S T A 4R
LCPM ML SZ A . iR B & 11 fis .

struct umirRimLCPM

(char *path_low/*f /MR K15 */)

2. FFAEAS AS WAL BATUT I
2.1 W TR S(i,k), D{S(i,k)=0},d({i}=0)F! d({i}=c0);
2.2 fRNSAF A A5 p(i);
3. JRIElE E
B 11 umirRimLCPM i % i 2

3) umirRimCGIM B %{

76 RIM FEder, XFToems i ie, Higdir
B 1 UE S 07 VR AT 40 STk (6] 45 Hh R Wi 2 23 i
ik R BURREWE 12 Pros.
6 ARFEHMESMK

RYHRE M2 150 B RGRE T IEH IS

T ETB, R 7L — R 5N AR
#E, T AT SRR UMIR R4 4L T4
SR H B, Bz A R, AT R H SR
Utah K22 FFKf] Emulab JIlF 7562 UMIR %
45, Wi wE AR MR, a3 A 5
SKRIGHIE UMIR Z G810 A 250 DL 2% b P iSORH 2% Fh
Sl 1 A AT T AT

struct umirRimCGIM

(char *path_policy /*UMIR I 15 %/)
1) MW % 12 path_policy 7521 # HIBE . S;
2) HisE BRI S (¥ 106 R L RBL
3) ST M S X TR T mi, VA% T
At s
4) VHEEER I S AS TR IR
B 12 umirRimCGIM i ifE

6.1 [MLRINEE

1) Emulab M3 &

Emulab V- & /& 32 [F Utah KZFF R4S R
GG, R T % I SR A, R
P SO A FH P B — N S PR AP AE I R 4 4h
R R N RE LS YA R G R = —
Pk - Emulab AR FH P $2 A IR F0 F0ECE SO P
AL N ESEAFE NI NS R S8, I 0] LU B0 W 2%
RGP IR S OS RGN Hidth R G8
8o HP R R — N LS R 285 pi AR B
B T AR P E R G, AR SE I8 IR Sk
PR G T SLIR IO, $RAT B 5L 56 5 LT
XFILHEAT b, NI AT DA IE DI R G A is 2 T
T H 1

2) M4 SR E

UMIR R4t R4 &l 13 s, e
8 AN AT 12 SRBER A, REANTY SRS T UMIR
A%, Eumlab { ] TCL JIAYR S #iFM i B SC4. 8
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