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Abstract: Software defined networking may need to frequently update their data planes to optimize network performance due to flow
dynamics or traffic load transfer. Most existing strategies first determine a target route configuration based on the current network flow
status. Then, flows in the network are updated to the target route configuration. However, since the low operation speed of ternary content
addressable memory (TCAM) for flow tables update, route updates usually gets long delay. Moreover, route updates delay will get longer
in a large or topology frequently changed network. According to recent works, most flows have short durations and the total flows
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intensity may vary after a certain time period. Hence, the new route configuration may be inefficient if the route update delay takes too
long. In this study, the real time route update for SDN is addressed and a delay satisfied route selection and updating scheme (DSRSU) is
proposed. Different from most existing studies, DSRSU jointly considers the flow route selection in the control plane and route update
scheduling in the date plane to reduce the route update delay. More specially, only a subset of flows is chosen for route updates in route
selection. To further improve the update speed, an update dependency graph is established to explore the scheduling order of the flows
during update scheduling. Simulation results demonstrate DSRSU can largely reduce the route update delay compared with previous route
update strategies while maintaining a similar route performance.

Key words: software defined network; route update; real time update; switch

g LM 2% (software defined networking, fAiF% SDN)Z: — 37478 1)~ T AN B0E - T 49 25 A8 AN [R) e 4% b sk
LI 30 700 0 4% S g T 7 s ) J2 9 ) 30 a7 i <1 T 3 3 5 el 2 A O, T e S 4 148 4 T R R 1R
i, B3R 4 R I 4% A R R 2 A B WURRAR e i M AT 0 U 4 o ot T P 48 R B T R s A R
BRS04 o 47 VA% ST R B - T IR A4 7 AN B ST SR G vk O B4 40 T 3 850 0 % A1 2 3 L B - T
AR ZS T 1 5 A8 He WL o] P 25 B8040 00 14D R L ) B A ) 25 ) A 4 126 2 D 00 D 28] A 0 AT 9k 2 1 T 2R i 7
W R A SR 7 LB H 5 A, LU B %R ) 4% 1 R 7 Kk, T 40 338 4 R0 I 0 v ORI L DR U
944 1 B (190 4% BE T ) 6 s 0% A i 15035 I 4% 1) 1 ol 412 o X 4% 75 3 11 R Y o 141,

% R ok R 4 S T ) 2 30 AR S P T P A 8 AL 3 3 T P 4 E T I e O ) ke
T A 10 R, DRI A Ax 2 A 4% 17 1K) T AR . AT K 22 B0 o S AR S BT 9 L STRR R I 4% 214 i s v
RV B Hct o P 28 rP gt (9 s R/ Sy it v S50 i el 42 R % ol 8 e i U R 0 SR O S 1 DAY
I S48 P 005 P 0 SCTR [19 P 4% vh B A R R 4 e N I AR R TR R R T — AN RS T 3L
IR G 190 2% B Jin - 25 A VU 2% 5 ML U0 2 S A 3 A 22 T PR A B 5 2R T A A X G S T
FEAG BN 25 R BEAS TR A B 0 B8 7 B4, LA BRI % F BT B 3R AR T, B T 36 A 0% T AR 8 R 42 o) S T ) %
F 36 33 o) 1865 E S S (10 S ), S 0 T A R R 2 T % R A K I BT S S i B 5 T B
16— T S5 AR ) 5 O P s 6P T E 40 AN IR 55 A 4B LA, B 0A A8 3 ML ) ik ik B 75KB~100KB it
e minY A B A ML 5 5 8KB K AL A i rh (LSS — /I 43), HL B A 3R B e MR P
R K B A TCAM BB 4 4 (4% N B8 80) 1R 3 5 P 358 2 308 3o F =4 4 1 FH A 6 L AT 00, A 48 N RS
TCAM ¥ 2 [V K 29 75 22 Sms At 11mst 5t 1 13k Sz, o S4 ARG et 4 43 5310 AKB, AT /1 28% 2 4 )
ST BT e I R) 28 /2 60s. SCHR[2, 618 35 % AN [ (1 54 rh 0o AT A, 75 210 R 45 b 1 B0l i B A i R RRERL) R
i 80% (1K L RF S AR 10s;2) XA T 0.19% 1 5048 it BF S K i 2008;3) Hdii it b i ik 50911
FTRFEL I AT 255 AL 1 SEAgE 4 ] 0, S A4 T % o e T RD e K BT o B v D &k LTI
BRI AR, TS (A% S 1 12 ] BE AR 1S T % ok DR A9 H e A P ) % e SR B R AR TE SDIN Tk RE IR G Bk, 2 W 4%
AR B BT T R R K A B T4 v X 2 R AR T, S B B b SR SR R e v L kL) P 4 &
FIT] Be s 2SR A, I LI 2% th AW Sk B U8 I AR s oK, 3 5 ) 46 b (0 S i ah A& A8 4, 2) & A PR AT
ST ERAE (I8 BEAEAE 22 0, 53 A6, 5 AS AU LB PAAT BT 19 B ) A [m] 3 W] e s Rk B AT 5 3) 36 A2 SN B T 1)
R T T T A IR 2 AR A 56 T % T B A

ST b B b 38 B RN AT AL R A S R S Y 5K R A AR LA R AR T AR R A R s 2
RGBSt AR I AR T, 3T RSB ATY R R A e M, o 7 T (1 A0 VA 2, B S A )R Sy AR AT A B A U, 9 4%
% FH BB AR REOHE T B A A 2 VA AE 3T R A I, 5 B0 A BE AN ) A SO M T AR i A 1 B 2 N R
B Sk (delay satisfied route selection and updating scheme, f&i #% DSRSU), =] s M i 1535 B A Ak A i 26 R 15 58 37
P 7 T2 &R AL SDN 52 I 2% by BH T 1) B S I fh e B B B8, R 32 360 20 B30 Wt 0 A B by S0 R 0 e 2k 6 4%
51 Y 4% i F T ) S IR 75 EL To L 7] W 2 R IR0 20 5 it 10 AT 0866 48 T3, A 3 e 04 A 1) ) s it
A B b ST B B T S A S o SR U R L A S R P4 A O ST < TR PR AR O BRI T Al S
T % 28 B e MR BT 0% 2R P A8 4 WL AR AT 50t ST 1D 50 5 U, DA 3 A B8 0 S 3R 2% 2 (L Ak i

© TEBREEEEIEDT  htp/ www. jos. org. cn



3442 Journal of Software 334k \ol.30, No.11, November 2019

b3 2 b e by SEOHT AR R KR S 07 B SRR W, BUAT 1K) LRl SEORT SRS AT B DSRSU AN BE A5 A
R FRARR B vy SEBI (0 S 3R, ) I B 498 SIE I 8 B SREmE SALL ) 199 2% 1 R AS SC A B 1k 4
o fi SDN iy SHT SE 3R AN EHE L i h 0 A 2 TB0 A7 AE 3T v AT A5 S 948 2 B8 O 1 i e oA A2 B df
UL I % e S B SR ) R AR
o R HUP FE B ORI R G Bl e, Bl B AT Sy BOR K 2K
o TR R L PRI B AR U i R A A R Ry SR 0 S IR A R I ] ke S R B VA AR A S B SN
F SE T PR ) N, DRI i e £ 8 35 1
o I phy B R e s ST S O AR A A S AL ST 1] R R A% AR A TS AOR 0 AL A SERT 5 A R
FEATIAAT, LATE 20 [ AR e o ST (10 S 388, PR IE S I i o 5

1 #HHxIE

SDN - o, [ T+ 199 43¢ 10 B A P, 428 T 6 o 2 00 8 SR A0 - T DL e P 2% PE R I S5 4F IR 2B R T A
(7 FRY it £ ST SRS LA S LAl o 2 Ak RE DI AK 1 A AR DAL H A AT, 27 B ey S SR mT LAy D 2K,

o B LRHEMS DL th EHE AR AU - B ORE . B e R R S e T H .

11 Wang %5 A5 SDN 1o 4 53357 1T i 5 RS 10 45 1) BUA S500i8 (0 A — S80, B B I JE S5 JEAT T 45008 JF e i T
BT 2 i) UK J LR A PR R T G A DRAIE B 6 — S0Pk U7 10, SCHRR[81 41 17— Sk 4 4% SR O T e T
ANAN T PR SO A5 2 RS MR A UL F A B0 1 A i B A Bl D30 A DRI B 0 1) — S50 A Bl 0 sl 4
SEHI I P A A B, 20 R AR B i 1 A A 0 4 v A i L PR 3t AR Sl g 3 T R SR U ) s A Ak
B 5E 5 T B LI P i B A T AR AR B 51 S A ML R 2 T R A R e I A B B AR SCHR [9] 4 HH b
openflow B3R G TIE 6 iy 5B A b a0 — S0, 2% i S0 I A DR AT A IS T) A2 e ML Ay — 2L e 4 B
VU 5 A7 AE KT A8 AT ALK B2 U8, JU 2 TCAM [R5 18] AR, B T2 DS T 56— 4 e R R I 5 TR 26 0AT T
2L RN, 3 RS R 1S Katta 25 A POV L A4 BV SR AU B e T R R A A 1 7 R R
B A 1 B AR SR (0 # h  A G 1SS IR 50 e H e RO BT Gy R REREAT R R SR A
O3 LRGN 23 BOBCRE, AT AR AR A LA Ak T4 (EL AT N T by SR S IR SCRR (1] 18 T RES S BLIF
AT TR 2 A R O St P 3 A A8 S0V T AR 87 7 5 9 1N 3 500~ T R 42 1~ T A2 L K B U BT e R
295 48] 38 A 19 4% 2 SRR ) BECHT FR) — SO0 1R L 5 A A ORUE S FE 0 G T B3 S 5 TRT, SCRIR[12]9A 00, % e B
B0 I PRALE 7 1% AN AT) 2 0[] B 0 i, WD 30 A X 26 A i o A I 122 1 L I A2 SO 9 T RE S L S5t 1R e
U B 3 SR 2 ST T LA R ST S R e A A 0 1 [ B S 2 R o ) JL AL 1 IE 3 R L 25 AR
T R D A LA 19 2% U R B A AR A (R ZE T G ) 46 SEOBTAIL TR zUpdate, LA 3EE G SR o R A B A 2 N ECH s
10, Z 9k Mizrahi 25 N A G477 0 FH ARG IF 100 Bl 190 2% 50T () 7 125 Timed, SO ST —4LRR A A0 4 1) 5 i 1
S AR IXEE Y R Timed BAT LE CUA B 1 SE BT 5 i EAR I B U & R %

o B2 RHIMK N T 2L H bRoT AR K by SR IO RE IR

Hong 25 A PIE e 43478 54 f5 A P FSE 3 /I 41 98 5537 10 28 308 A AT ik 0 R0y 2 00 S i R, 42
HHAE 22 TSI T A A R 32 1P 8, O 23 BT 7 B e B B SR B R SCHR 414838 T SDN rP k. — Bovk BB i
Dionysus F 4, 1% 5 G A A L 2 SEOFT U 2 $5 41 2 1R (0 MR 0% A8 S 37— A4 o ) LT oM 52 1L 9 0, o e

% FH S BT R A, LRI B B R B8 SCRR[L5] A 44 T TIMEFLIPs g v SE B ME A (1) 2k - 1 18] 14 % FH 58 37
TIMEFLIPs FJH] TCAM % H 1) i [a] 88 X 385 52 B, AN AT LU 3R 56 % Atomic Bundle 5287, 1M HLBE 8% LR i (1)
N S I B D) 4% B 3T AR T b3 AR AU AR 19X 4% 24 7 A St 4 X 8% D2 T B8 Pl B T 3 A i PR RV A
P2 1 FH ST R R A AL T TCMA MHAT AR R I A B 18 S0 B 5 KSR TR A 7 ]
FE I % PR S B 1) IR A b XU 25 AAE SCHR[L6] 9 1 WK B HE T S8 9730 43 25008 A DA % P 5 57 AR 1 1)
LRI AR ST AR A 8T ol 9 DA S 0 S % S AR i At AT B T S A e S ) A A A 2 R )

© TEBREEEEIEDT  htp/ www. jos. org. cn



R AR U 4 P SR R 4G 3 d i 4 b SR R R AT 3443

i) A, g 5 BT i v T T e RS AN & 1 R A 0 U R K KR I 6 A, D I o B I N A2
SCAE h BCHR 70 T AR 6 e e, O AN B s R A% B B U o D 0 3 O B A TR B A I A
HIZRALT.

2 AR BN (5] 7 A

2.1 PERIEER
N SDN PR AL 1) 8 & AL — S I 28 A T S 2 WAL AW 4 3 4 A G=(V,E). 2L,

V={V1,Va, ... Va HE ML EE A vi RE B | ARSI, n=|V|:E B EBEAT ML 2 0] % 8% I A4 .2 24 T M 4% P iy
BT IEE R N T={ry,ry, ... rod}m=|TE B0 0 10 D 2 2 R BT — 2R v M AZ L (ingress switch) FF 4h
H 2 W AL gs D28 el (egress switch). B8 24 28 AL B AL ¢ @ SR IS A AU BE ST r B,
I AR R A R RS T AR ¢ B S(n). 5 A R AT AUBE y faf Bp I, A AN LE I 4% v 1
WERE— S B AR AT B AL S 0 T30 r B AT G BHoA Pe(r), SE T B ARER 20 Py(r). BEAT, M0 i BiA 28
AL, r SR A7 C A ) 98 R 0 0] e R TR AT 5 5 5 ), A 4 ML 540 0 Sk R 25 4 45 48 T p 3 4% o L
FOHE R0 B R IR AR I T A Bk BB I L R R I
2.2 TCAME #ftjE %2

SCHR[4)2 BE 25 B D 3 IO 2L A 0 R0 2 2%, D03 N B0 1500 28 00119 28 3R 45 75 L3 O\ 18 50 2 T0U 1) 4 2

R 0 7 T8 3 b 2 0 (LR by K 370 ) W 22 v 0 20 40, e R (2 B9 R A AR S 4 vk T A S R
PR GURBEAT B SR, AT BOIK 28 R G Ui AT SRR (R0 56 4. I o A LU 3 PR 978 N M R A
W — AN HOL & 4 Tty 3 0 R 478 ARG 50— AN AE 8 T4 12 T 3 A B o, S8 52 B A B LA T R, 79 1
toe 1 1ms, by >t DR 45 ST R TG % A7 N\ A 28 R 53k 1 948 38 T R 2 VD t(s, P (), Pa(r)) 6 b T334
i A SEORT 21 H AR AR Pa(r), 0 S HHL s S IO K A B3R 3RA T4 :

t,, s ison both P.(r) and P, (r)

t(s,P.(r),R,(r)) =1t;, sisonlyon path P, (r) )
0, otherwise

2.3 [EIRR#IA

SDN- #, # Hhy ST A JRE 0 5 R 1 2 T s P ST A R T 8 Ak 2 1 0% 12 D £ BB i e it o ST R
18, R A 2 90 2 50, A B 1) (3 I ) A2 e, 3o 7 T 5 I 9 ¢ il I A K 22 s o SRR O RO R i
F19, BB T B 5 500 AL B8 A S £GP B e S o R g TR G P 1A e A R ) S AR i b T VR AR A
O o) 4% RS0 3 () 20 28 2 AT AN [ S L AR AT e SRR DM S 1 ) 2 S, 3 e 6y SR PR 52 e AR BEC B (1 AN
M TS B2 CPU SRR AN [ LA 4% i 4 UEAT S Rl B R S RPC A I ) ) A2 4, 1o 6 v
AN B8 B WUAA T 26 R0 M) B S 0 e ) 222 S5 3 A7 (). A b, R 2R 495 TP OVRRLAIE 214 W AR e R AT 8 2 i ey 1
T, DA DR IECIE S 009 286 e AN W7 AR 0 P 0t 5 R A SRR (1914 1 400 5 1y I 4 0, LA e B DR 8 e BT R AR A
28I 199 235 R 22 SCHR[41 74 Dionysus 77 32 iR 4l it 4 ST 14 FEE 45 A 1) 100 M08 0% 28 230 285 U FRE AN ) A e L 1y i el
BB AT D bR ey S 3 R AR T T ST B T REROR, R i e BT B SE IR AT AR T REAL K XU A
NPV U 214 5 B T (1 500 A B D A0KB I ) FH SR [4] 1 7 Y JEA 7 6 o1 S A S IR 4030 65,33 - %
D 2 I8 o AN B 28 22 0. A B — 200 B I by BERT P S 38, Xu 45 A4 Hh AL BT 0 70 B0 VAt A ORAIE 8% b S T S SR I
(] (¥ 29 TR SR A 211 PRI ik DA DRAIE B ey BT S 38 ANl e B 10 2 TR A AR 1 P 40 S0 U T, O,
SR R T O 3E S AT 2, DA B A 2 FC R A i, O AN (BT IR B ey 2 B A o P P B B 3 B B R
(107" TR 9 K WO S8 K48 U BE M8 A7 KA T I AN WAy, 52 Wi 6l SR P

© TEBREEEEIEDT  htp/ www. jos. org. cn



3444 Journal of Software 334k \ol.30, No.11, November 2019

Ohy M AR SR H A IR 9 A 11 3% £ 28 PR R FEE ST SR DSRSU, A i B 126 6 R B by BT O 88 1 Uy T IR AT
DAL, 4 BCAE i AL ST IR 25 B T3 R R AE B A ey SEBI (10 S 3R, PR I S I Bt ey ST ok 5 I ik by S 10 22
SRAb, s 1 SR R i A BA T S5 F
1) BEETZE 8 G i SR 2 B g HE RO A ST (K ST, DL CRAIE 3 B B () U R A T R
AN L PR, BUR SRR I A RS 10 S0, HLAE A R UK O/ B R 3T T bR 5 A AR
W26 AL ()R 25 BB A 1T L(0) AR it R ) % [ I 326 e A S 8 A i 2 25 AL, ot T AN ) A2
SHUIAT ST PRI T AN [ S BRE2 AN [ SRS T R Bl L8 B B 1) 2 BT, S S el 4 AT ST s
TS5 BARAT T BB ro, A BER o5, F A ZE.

2)  ZAUIE G A H LA e A B U R S R e T R A

) AL OV B U R G T 1 Bl s R B e AT R R, T A BE AR P ) TR A AT R
e 1 2 5 S Bl e A T R L

(a) HHTIRZ (b) HErRZE

Fig.1 Link congestion in route update
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AR 50T TR AR Po(r) (055 25 BERE, (0PI 70 B4R UL ¢ 9284, SR Po(r) B e R R B R
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IR 6. AL 1 220U 5, H 3 M 4% R B A LI BT B IR KT T,
Bk 1 TY Rk BB U 0 H RS ER AR .
1. foreachflowrinZdo

2. for each path peP; in the decreasing order of its available capacity do
3. if the available capacity of path p times A=s(r) then

4. if Eq.(3) is satisfied for each switch s on path p then

5. assign p as its target route and TV=TYU{r};

6. update the remaining capacity of each link e on p using Eq.(4);
7. update the total update delay of each switch s on p using Eq.(5);
8. for each link e on P(r) do

9. update its remaining capacity as Eq.(6);

10. else

11. delete p from P,

12. continue

13. else

14. T™N=TNO{r};

15. Remove flow r from queue Z;

16. break
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Fig.2 Example of route update
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Fig.3 Building update scheduling graph for updating from current state to target state
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MR /N BT AL 5 R A ST R A TR ALY R R KT, 5 LN 3 ™ K20 S0 T 1 B 5T A% A
A7 1R 3203k L3R ST RO AL B A1 D BEURNT R SaSp FITAT 345 1Y R K 51T w2 IR D Al /N B W
KL HEAT BB R A T BB B A Y B b D 55’JL@%?53R$%E'EM%E%T HH 2
3 10 L3 RAR ), J00 2 7 AN [ 4 (0 5219 AN 380, JF BB AT S Bt A (KA 245 PP K 51
N BRIENT R Sa-Sp FTAT T AT RO ST il A5 S s (KA O A ), 0 25 5 AN [R) 4145 501 s 2 1l AT
TAKATIC R IFIEFEA MG I 75 P i L5 4 BRI R S-S ITAT 1 3 A 4 (10 521 sl At
A(d) T 7, UL Ty, T R rg BT S8 OB TB B U5 AN B B s 58 ORI B B B USRS R AL SEORT g AN
0 re Il GEU, H SRR REB s Ul S A NSO RUAT S8 B T EAT IR 1 A1 g () BT, DN L £ 2%
MEFEBRAE T KU SR s  AHORT ry AR e B ALY KL IR B I Ae) P H TR s BT
ANVEHT rg AHLE ST ro SEHT ra MREHT 1y 5 BRI Y i B D (BEEDRT vy 7 B B L B r (M 2),
TEPETORT s “HUH r AR v SUH s AR re IS R AE ST ro,rp A rg SRR K,
GG\ S ra 45 0 SEOHT rs AN EDHT re (14 17032

@

(R) AL LB BE U A2 T (b) ST RUREIBCEA B 0 b B i ) A (C) 2N KRR B8 I 0 L BB 9 AR
TR B R BRI AL T AR YR R BRI AL T AR YR R

(d) AT R AL R IO B U AL 771 A B U SR (8) 2 ANALTH R AL A BT BE U AT 1T AR B A oK

Fig.4 Build the relationship between the parent operation and the child operation for a resource node
4 SRR AL TR AE R (R Ok R

AR 2068 PR v e B T AR B B SR IR REAT D IR 1 N LA RN R TR R ARG AR
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Fig.5 Example of building updater relationship for the flow
KI5 i ar B 37 5K & o 4

SXof 9 2% R R AR AN I, B S il AR 0 A ST T B O R BN AR A R TR I SR BT O R
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P 6 25 T R S T T g I 4% R BT A B A A T S 0% &R P I SE AR PR 2R 3.2.3 W RIR I E H Ok R
Pl 7 525, WA P 6(a) T 1P 5% B 1 52 190 e 28 DA o~ S S 50 9 2 D D B3 DG 2 A B 6(b) B s 3T s
Ui ra, A 6(a) i L BEHT rg WE AT AKH T g FLUR rg BE BT 58 A, AT AR I T ry AL rs 58 rg FL rs S BTHAT 58 BRI 36
3.2.3 T L MAIA, (T 5B rs M5B re, FRATT B S IE PR SEHT rg RUSEH rg FpERAE T AT R r3 ALY AN

03380 ¢

0 0 1 2 1 3 4 4

(a) (b)
Fig.6 Example of building update dependency graph based on the update scheduling graph
K6 AR BT I 57 5B G R B R A
33 EFAEIRE
Y AT B e BT, A 4 i SR AR B A BE R G AR B, O A T BB ) s A ST T R AR L S
0 R AR TE TR R I AR e 4 s 2R AR 5 3 1 D0 56 4 v IC R 306 T R i 2 45 2T 4 L0 S 4R v A R HHRs I
B T B BT Al R 5 R AR U, 4 o 28 1 S 4 D 56 4 e IR BOHR U8 H A AR B 8 P A A e L R a2k T R 4R
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A LR AT e HLARAT U 2 BB #R A A 22 AN B0 3 19 BB 000 2 AR [0, D42 1 28 18] I 1] e AT D% B b A2 1)
ML ACL IR B84 A 2 LI BT AR BB RAE A R 58 BT AR s A Rk T — e BB R
MR HT a2 B R B B SE RN i L R R
50, AT AT AT ST s ) B T SRR AR R S 2 O (e e Ut 56 4, B8ORS 2B AIR), (LA Tt 5
20 B U SR BR A AR Se Gl 1 B E AR RS e AR SE , 1 o B E I AT ST s 58
P AP ST s SE O E Ja IR SLATT RO S8 R 3R RS e A 2 A SR S G R AIR
AT RIS G B B 1450 6k T B 6(b), OB rp A SEHT " AN T AT ART SR R AR, DAL, ST 1
FITE T " B SE 4800 0. b1 T TE T vy RTS8 o™ B AT 58 1, T BAA & “ T8 ry " (AE S6 90 0 1. [m) 38, 5
re” MR SE R Lo TS v MR SE R 1 H BB vy SR g RSO R BRI ST r I SE L 2.
[F) 2 BEHT rg” AL S AR BT vy AR L 1 3, BT rs IS B 4, BT r" SR S 4.8 B
PR BE BT 4R AR A 56 2 L I 6(b). BT o S ok R 1 O ARG S50 2 s,
Bk 2, WHME.
M=NULL;
for each operation node O; in UpReGraph(G) do
calculate PRIORITY for each node O;;
sort nodes by PRIORITY in decreasing order and add them in set Z;

a:=PRIORITY(The head node in Z);
for each node i(i=1; i<<size(Z), i++) do

1

2

3

4

5. while true do
6

7

8 if PRI(i)=a then
9

. add i in set M;
10. else
11. break;
12. Schedule nodes in M;
13. Wait for all scheduled operations to finish;
14. Delete M from Z;

3.4 ALIBEIR

FATRIL AT LG O N LIS 3.2.3 9 Prid (1 75 32 7 BT 5% A% B, 2 e Al PR e 2% BB AL B T Ok AR I Ak
BEAN T AFAEAE IR A S0 R R A ARG IR VAR N 5 3.3 9 I it 1) 77 12 7 e it SE A1 X DL S 4 L
BATEERE DU N OB R AR A 2 AN E IR AR, 3 B ) SE I AR 2% U 7 e B A T DR G R K (1
PIRCE. S (EREDT ST PRPUE 2l SB l P (EPSRAR D 2% S (BRI B T P T P L Sl P V2 KR N
HEB.

X P 7 R AR ] R B ATT AT AR Ty i R AL

R EA HR FR) A A BRE1 e, 4% TR B8 420 30 P AR 0 T 11 DB 200 PP 6 2K 758 5 T 44 e o T LA B2 446 B0 2 1
P A A D ST e A T W) SR A M Y A D SCYY i O P AR R 0 SR B A AR Rk, DU S ) A
B 17 W, 4% e 5 R AR SE B AR IR R — B A i EL BRI R A b B 7 B A R B g
B A HUET rs” MUE IR, B S BB UL ra A rs, I rg A1 rg So LA ALY m AT DAL 5, MGk SE AU vy, R ILERAE

Se 35 N 5, LN SR B R

AT B I AL — SRR S 00 SR LR i B A AT A VAN BE MR BR AL B B 8 h AT EH r e T
SOHT ry AT SR EE U ST vy AR ry 22 ) R BLAE AN T R 00, AT TSR X 3k ¥ Dionysus 5 i g s A B
AT,
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Fig.7 cycle in the update dependency graph
K7 SR R R R

Fig.8 A deadlock example
K8 JEHiRE

o PG X R O ST R0 O SR 0 P 0 ] DAG L% 5 51
5 3% 3 7> (strongly connected component, fii i SCC)PN i &, — > SCC # F1E DAG I8 i1 — AN 1
P s A SRR B SCC A B R R P TY  FE 4 416 5 B B % R I A JE R DAG [T BLid
i tarjan SVARPY S B B 6 R B A 1 SCCL24 434S SCC R — AN I 55, A T8 SE R 28 3.3
IR T 1A i MR, DAG B AL S 4 B v 00 R FULTT A5 IR BE BT SE G AR S R T LY AP BT
TR R BT R R P A G A AN YT AT DU RS B ST AT (TR A B U O T R 2 i 1 1 K R
), S SE AT I S S G5 T L I A R AL A D0 2 2, A RV AU S R AR A R ALY R
DS ) il b 42 SEAAT IR A in 140 o, 75 1 8 1 58 38 G 28 el v 48 4 0 s BT R TR
A~ SCC 7 45, fE#7E T 1% SCC M B st v J5 il i M Il 8 T ## 31),“ S8 8 ry” Al 56 F 568 ry”
PAT CEHT ry RE AT HE R S1-Ss TR 4R B2 UR), 4 “ ST ry” AR S 945 T H B fE SCC A 56 4%, BT
r e HME ST 1% SCCALse g 1.
o IR HZ SCC W e B AR B AR s 1% SCC W T B R SE 4, 4k L7151 DAG P At A
I SE L I G B 293K 15 DAG W — AN B LT sl UL ZE GG ik His b o it o i F0L0 550 PO B Y Rt o
Gy T3 VR E TR AT SR e GG R E It SCC P AR 56 G AT AU AR B 4R 4 1
SCC MBS 4k 8t 5 DAG N HARY sSRIIL S 20, B2 BT A 7R 1 mUDL e 00 i 56 52490 dn 42
R R LS ) T ik 1 8 TR T rp IR S AR TE T g IO S AR Al o 1
BeA, h T B Ib R KA, AL T SCC P R AE T sSURIAL T-1b SCC AN s AR S ) — 8 Y5 45 T i SR
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Fig.9 Number of flows vs. route update delay
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Fig.10 Route update delay constrains vs. link load ratio in topology a
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Fig.11 Route update delay constrains vs. link load ratio in topology b
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Fig.12 Link load ratio vs. number of flows in topology a
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Fig.13 Link load ratio vs. number of flows in topology b
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