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Centrally Controlling Networks
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Consistency
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Speed
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Two Observations
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Two Challenges
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Variability in Update Time
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Variability in Update Time
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Figure 1: Rule update times on a commodity switch. (a) Inserting single-priority rules. (b) Inserting random-priority rules. (c)
Modifying rules in a switch with 600 single-priority rules. (d) Modifying 100 rules in a switch with concurrent control plane load.



Variability in Update Time
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Figure 1: Rule update times on a commodity switch. (a) Inserting single-priority rules. (b) Inserting random-priority rules. (c)
Modifying rules in a switch with 600 single-priority rules. (d) Modifying 100 rules in a switch with concurrent control plane load.



Variability in Update Time
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Consistent Updates amid Variability
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Figure 2: A network update example. Each link has 10 units of

capacity; flows are labeled with their sizes. 16



Consistent Updates amid Variability
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Figure 2: A network update example. Each link has 10 units of

capacity; flows are labeled with their sizes. 17



Consistent Updates amid Variability
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(a) Current State (b) Target State

Figure 2: A network update example. Each link has 10 units of

capacity; flows are labeled with their sizes. 18



Consistent Updates amid Variability

> Plan A: [F3 -> F2][F4 -> F1]
> Plan B: [F4] [F3 -> F2 -> F1]

(a) Current State (b) Target State

Figure 2: A network update example. Each link has 10 units of
capacity; flows are labeled with their sizes.

Plan AF0Plan BIB/NER|R?

’_/\”a‘ﬁ’&’f)lE%ﬂJ”UFHHT%Bml >S4Eaeﬁﬁg3/\aﬂanqﬂu H SR EEL

Plan AR} [E]: 2 Plan ARJ[8]: 4, PlanBHY[g]: 3, ->Plan BE R
Plan Bi[g]: 3 > QEFHBFEINHERA, HRABINEELD
Plan AEE[R Plan ARY[8]. 4; PlanBRY[g]: 5, ->Plan ARER

19



> Plan A: [F3 -> F2][F4 -> F1]
> Plan B: [F4] [F3 -> F2 -> F1]

(a) Current State (b) Target State

Figure 2: A network update example. Each link has 10 units of
capacity; flows are labeled with their sizes.
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Challenge: Explore Valid Orderings

btk WMAERIITRVHEFERHITEREREE

————————————————————————————————————————————————————————

e BXFINEFTNIRFFEEASRIEYE (combinatorially many) , #&
aJ ﬁExE'E E?Q?&E'J

BiE—: BRI SRS RS (LP) i
RpE: :

> XMTENE, TR REISSKERIAEME,
> EARLLERSH, ABSEITE, S33TARERMNET, HUIRE

FmafTEA ILP,

[Tl

- . S . S S S S S S S e e e S e s e S—,

________________________________________________________

23



Challenge: Explore Valid Orderings
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Figure 3: An example in which a completely opportunistic ap-
proach to scheduling updates leads to a deadlock. Each lil}l(

----------------------------- has 10 units of capacity; flows are labeled with their sizes. If
F'2 is moved first, /'1 and F'4 get stuck.
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Example
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Figure 2: A network update example. Each link has 10 units of
capacity; flows are labeled with their size:
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Network State Model
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Nodes & Edges
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until O is done ntil P is removed until O, is done
@ N N5
RD: Amount of RD: Amount of
resource O freeson P resource O consumes on P

Amount of R consumed by P Amount of R consumed by O
Rk (o)
Amount of R freed by P Amount of R freed by O

Figure 7: Links and relationships among path, operation, and
resource nodes; RD indicates a resource dependency and OD

indicates an operation dependency. 35
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Tunnel-Based Forwarding
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Example: Tunnel-Based Forwarding
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ndex || Operation
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(c) Dependency graph using
tunnel-based rules (Table 1)
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WCMP Forwarding
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>H¢

Z'F
3. &

H&ZIKE

=R =P SREL IR E R A

AR FHFRRIRR B SHRICE

/

=6, FRERMINER & (Line 3)

ISR %< 1A HMR A S 2L J.f.@?ﬂ]ﬁ JFERIRN (Line 6)
IR 7 2B IBRRAFSSHIRN (Line 7)

NTHRIEEGEE—2E, E2EBINF: 2->1->3#17 (Line 8, 9)

%E’?EZEE /J \ﬁt,f % : %ﬁ?ﬁ*ﬂf_ﬁ/\ Algorithm 1 Dependency graph for packet coherence in a WCMP

AERRE— N Bk AIRAIET,

BRI

network

— vo: old version number
— 1. new version number

. for each flow f do
: s* = GetIngressSwitch(f)

1

2

3 0" = GenRuleModifyOp(s™,v1)

4: for s; € Get AllSwitches(f) — s™ do
5: if s; has multiple next-hops then

6: = GenRulelnsertOp(s;,v1)
7 = GenRuleDeleteOp(s;, vo)
8 Add edge from o; to 0"

9 Add edge from o™ to 02
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Example: WCMP Forwarding

@
WCM Pﬁeﬁﬁ S]] P1: 5~
EEE T A E S N"
> S1: [(S2,1) (S4,0)] to [(52,0.5) (S4,0.5)] ©
> S2: [(53,0.5) (S5,0.5)] to [(S3,1) (55,0)] (a) Current state (b) Target state
SIRI=AMEIE (1) ] e

B (X->Y, Y->Z)

Index || Operation

X Add weights with new version at S2

Y Change weights, assign new version at S1
Z Delete weights with old version at S2

| s152:0 || s2-s5:5

(d) Dependency graph using
WCMP-based rules (Table 2)
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Resource Constraints

A GRIESSFHEK I —EE?
> SINGRTR, NFRRTIRERE (NS eaflscial

> RiFRTDR LR ESRRIE)

NFE)

&, RASIRI, WErATTE

> LGEREIRA, WTRET AR LFraEElNmET R (Step 1)
> IRBEAEEIN, UNTRETRARBETREL, EEREEIIRRE

> ANRARERLD,

RERAREL, RERTREBAYVRER/N
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Resource Constraints

A GRIESSFHEK I —EE?

Step 2:
e
HEThxiE MREBINABET S > BESMXER EHERITERINA, R%E AR
TP =, RE jjiﬁj]ﬂﬁ’]/m,ij(/_l DHRE RN
WCMP MAEEMNEE TR > RIMFRA MANESINEREDT =S > RER
WERED=. *Fﬁﬁi“ﬁﬂﬂﬁzjluék PR ETR. RE AR
/) MEKN

XESHNRERE: BENT R LAKRARIEEIRE—EUE, MWCMPEE
KBRS
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Example: Resource Constraints

£

=

fIN5E

TRA (IBINRREP3) E3IRMSTiERE—
FHNEFE

£

Z

—
—

6(C)F

A, TRD(EXRENE

EP2iFD5C

. —1
AIME,

6(d)~A

A, XFOYRIME

5)Ep3iE

Nl —1
ME

HY6(c)H

2:[BES A

(a) Current state (b) Target state
[51:50 |[s4:50 ] [s5:50 | [ 51-54:10 | s4-55:10 | | s2:50 | [ s1-54:10 || 54-55:10 |
1 5
5

1

(0
1
(D AN

5 5

| s2:50 || s1-s2:0 || s2-s5:5 | | s1-52:0 || s2-s5:5 |

(c) Dependency graph using (d) Dependency graph using
tunnel-based rules (Table 1) WCMP-based rules (Table 2)

Figure 6: Example of building dependency graph for updating
flow [ from current state (a) to target state (b).
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Post-Processing

S

4

nn

2. MERAEHREERIRAYIR

IRBIAFHREER IR
NTEF— I HIFRTRR;:

> *ﬁﬁﬁﬁﬁ%%éﬂ

T RN;HIZ

> UNERR;. free KTZHE Yl (H

HNLFFIER,.

free/}'JZ/"Z L

Rl RON) | BAIMBRRTEMR EIF TR

FE&"&. &[%R B EBPHIEATRRBEMEHECRIRE, BACHARE
, BWEREETHHMATESRE T, MRXEAE] LB

%ﬁﬁé‘ , bD'H%ﬂ

,_‘_E'%HIJ/;%HELEEJE
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Dionysus Scheduling

AEWKIRT AT =1TRE:
> EE IR AR
> KEIRAREIRE (DAG) RRIEAESEEX
> K E B S BT AR TN E

Il)tr

Il)tr
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%N

mER— 1 EEPHECRRE, RIANEEe]

BRI
Y, BERESHEERSATIRE, LREEHIT
B SRR R

BRI RS

IHRIRDECLEERIE, LA

Theorom 1 5B B SN AEXRFLIRERNFERER T,

HEI— I THUEFTE

EHZ2ENP-complete/n)ia

Theorom 1830 MEE 1T
Z\

7]

Theorom 2 X1z HEIRB =R, BIK
HEIRRAVE A

FRRLATE (MUEE) B

LRSI TL)

SN AFLIRIER T,

EHZENP-complete[ajRE
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DAGHYEE BRI &R
Lemma 1 1R—MKEHEEDAG, IBAKEI— ATV EFTEAE PR,

UEABRR,

HEAITHIEEARE, BEHE—MRUIBHIEER? ZEEIARTEBEX
BRERRIRE, FrAKSCiRE XIS EAHE(E
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THHETHNEERRIERPRMNXABTRARS, FrLETERRER
ZRNEIR A0, BIFRRINEIR T
— P TIRIBIRERZEKE (CPL) 73

CPLi:Wl'+ _ max CPL]
jEchildren(i)

éﬂ TIEKBREFRFrE T RAICPL, BitETRaiMNEEE, &
HCPL,

fign, £E8+, D, C, B, ARYCPLE3IA1, 2,1, 3,

AT

]|

Figure 8: Critical-path scheduling. C' has larger C' PL than B,

and is scheduled.
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*E' E C PLJ_ ﬂr- ?)ymbol gescription _
i peration node %
== /Aﬁ)\'u;_l ;EWI\EXETJ , R; Resource node j
s = . R;.fr F ity of R
> MR B e R ER SR BRI P Pahnode k.~
E’\Jij_j_ ( Line 2) Py..committed || Traffic that is moving away from path k
. e lij Edge weight from node ¢ to j
> -L-l_ /\\\E/JC PL (Ll ne 3) ?-Jv Table 3: Key notation in our algorithms.

Tv’ﬁ CPLIKQF' HIE757J (Line 4)

EE} ﬂz-lﬁ \\\ ?S-L'f—b QD%? 1: while true do

VE(RERFOSIRIRIREPBEHE, NiH
1TVEAE (Lines 6, 7)

=Ia, EERFHAEERERERE

> 2

>B§J

5ok, FEEANT—% (Line 10)

Algorithm 2 ScheduleGraph(G)

UpdateGraph(G)
Calculate C'PL for every node
Sort nodes by C' P L in decreasing order
for unscheduled operation node O; € G do
if CanScheduleOperation(O;) then
Schedule O;

Wait for time ¢ or for all scheduled operations to finish

e A il
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BEFRENEAET, F—MR(FERAERZLE
> IBNNBFERVIE(E
> NRRBXTRA(Line 2, 3)akRFIET ~iBB 1347
THFEE(Lines 4-8), NHITREAE
> MIBREEERYIEE
> RETEERm, WaRE (HTHERREEEE
BRR, MASEERE, FTLAMBRIZERIERET =
EERXAEFETA, Lines 11, 12)
> BERINENRE: WEREEINNKBR LNETEREE,
HEREBNAXLRER (Lines 14-34)
> BB RKEERTR, KB AEE(Lines 16-27)
> BARENRFNEZtotal, XE L REHIRE
> BHFEAT R, FiEiPcommitted

Algorithm 3 CanScheduleOperation((;)

// Add tunnel operation node
1: if O;.is AddTunnelOp() then
if O;.hasNoParents() then
return true
R; + parent(Q;) // AddTunnelOp only has 1 parent
if R;.free > 1;; then
Rj.free + R;.free —1;;
Delete edge R; — O;
return true
return false
// Delete tunnel operation node
10: if O;.isDelTunnelOp() then
11: if O;.hasNoParents() then
12: return true
13: return false
/l Change weight operation node
14: total + 0
15: canSchedule + false
16: for path node P; € parents(O;) do

17: available + 1j;

18: if P;.hasOpParents() then

19: available + 0

20: else

21: for resource node Ry, € parents(P;) do
22: available «+— min(available,l;, Ry.. free)
23: for resource node Ry € parents(F;) do
24: li;  li; — available

25: Ry..[free + Ry.free — available
26: total < total + available

27: lji + lji — available

28: if total > 0 then

29: canSchedule + true

30: for path node P; € children(O;) do
31: P;.committed < min(l;;, total)
32: lij + lij — Pj.committed

33: total <+ total — Pj.committed

34: return canSchedule




Algorithm 4 UpdateGraph(G)

U pdateG ra p h 1: for finished operation node O; € G do

// Finish add tunnel operation node

2: if O;.isAddTunneOp() then

HRIERI—4C So R THOIR F R ik E] 3: Delete O; and all its edges

/{ Finish delete tunnel operation node

> QMR ERAVIEE 451. else g 0; .is;gi’_zgmezop(} then
> SR ER IR G e Roofree + 1
= (e . T Delete (; and all its edges // DelTunnelOp only has 1 child
» ﬂﬂu Bﬁj:xﬂz'lj 'I-\I_‘-_I\*DJE /{ Finish change weight operation node
ASLN = & else
> $gB;%BﬁJEE{J}*1,E 9: for path node P; € children(O;) do
> E?ﬁ;\ ;}g'ﬁ"ﬁ 10: for resource node Ry € c.’-a,ﬂ_d-mn{Pj) do
11: ik + Ljr — Pj.committed
> ﬂﬂ”B}%?;Tg{?%)ﬁ*ﬂjﬂ 12: Ry..free + Ry.free + Pj.committed
13: if ;. = 0 then
> EE&*&EE"J}E@{’E 14: JIBelete edge P; — Ry,
15: P;.committed + 0
16: if E” = () then
SRR, UpdateGraph ASRES—HERZEEE | |7 Delete I and its edges

EREROERIS o, NORSEERTR | 1 Pl n S do
56% ﬁﬁﬂgméﬁﬂﬁﬁ—ﬁ , ?Q_F—E’BUEI Eﬁ&t?;ﬁ% 20: Delete P; and its edges

21: if O;.hasNoParents() then
22: Delete O; and its edges

23: for resource node R; € GG do

24 if R;.free > Zj [;; then

25: R;.free + R;.free — Ej li

26: Delete all edges from R;




UpdateGraph

> WIBCSERANHEIE
> IENNRFERTEE
> TEIRIRERVER(E
> BEHUINERTRME

> WTFRETR, EFsE CmisR,

NRizD EFIREEPRER, NPRZD

FcommittedEEE H0; WX MEER LAY

FrEREaeklR, NRHRX M RETR

> WTFRIEFETR, NRMEREITBA,
AR
> NRMBENRBETRENZEIR T, X
XNNREINEEFERR T, JLUETR
MRS E P BR
> [T (post-processing)fgia
> MIBRIFARERIR TS RAYIA

Algorithm 4 UpdateGraph((&)

1: for finished operation node O; € G do
// Finish add tunnel operation node

2: if O;.isAddTunneOp() then

3: Delete O; and all its edges
// Finish delete tunnel operation node

4 else if O,.isDelTunnelOp() then

3: R; + child(Oy)

6: R;.free + R;.free+ 1

T Delete (; and all its edges // DelTunnelOp only has 1 child
// Finish change weight operation node

8! else

9: for path node P; € children(O;) do

10: for resource node Ry, € children(FP;) do
11: ik + Ljr — Pj.committed

12: Ry..free + Ry.free + Pj.committed
13: if ;. = 0 then

14: Delete edge P; — Ry,

15: P;.committed + 0

16: ifﬁu = () then

17: Delete P; and its edges

18: for path node P; € parents(O;) do

19: iiji = () then

20: Delete P; and its edges

21: if O;.hasNoParents() then

22: Delete O; and its edges

23: for resource node R; € GG do

24 if R;.free > Zj [;; then

25: R;.free + R;.free — Ej li
26: Delete all edges from R;




WCMPRJCanScheduleOperationflUpdateGraphERE B = A= |

> WCMPESH; A e Nk IFREEER5(E

> WCMP RESABERE THAE AR BRI E N ST L BN E, IR

EREMRAS KN ERIE3E (two-phase commit) SREETFEN

32l

t (Packet Coherence)
ELERREP, NEEFERIEEE MGV IR

)
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NTEEMBIKERE, SISEEEM IR IR

> NMaSHIEEARESEGEN (deadlock) > S B S ERAIKEERE I EIRIDAG
> ZNEEARERRRAE—IR, 1LREEINER > BERAEFDAGHEAESRX

sEiEIE Y= (strongly connected component, SCC)

> EFEESEINAZSMEERANERE, EPESHRIMPRIER

> MRBANEE—NSCCEFEITR— M EMT R, IPAXMEHMZERN L — N EHRY
DAG, XEEICHHFIRAFEE (component graph)

> ;JL‘M@EH EE8% (fliiTarjangix) ERCKEKTEFHIRESCC, MagSaE
HO(|V] + |E|)
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> BEANSCCRIEF—MEMT R, AL EER LT XREESREERE
» EITHECPLEY, (ERASCCHRET SRIMEUFARIRNEIAT REUNE, XiFA]
LU LEE SRR TE B ASCCREREE
> FRAMERL:
> (g1 AETRXERIIREERZP, BHAEENTR
> NRENTREMIZBMEL S, WEZARACanScheduleOperation
> WNSRESCC, MIEHSCCHAFERIET A

> (ERFILE (centrality) RRESCCAST RBVERINY, XEHAY
?ﬁ%x%@bfﬁ%ﬁ’ﬂﬁﬁkﬁ%%&%ﬁ\%t, SR EX TS AR LIS R
Z55RSCC
> (Ep%2: STRIEFERISEAIRIRE, REENE—SCCEIRVTR (&
FAHAISCC) IREN, XHERTLLEESSCCHRFIRESCCHI T RERRE L
BRI EERISCCLATME R HIFE
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Deadlocks

sAm, BMERABTETSCCRIGIE, FEaikARTsEFIE:
> BRNEEKBENERSHIHFR R 1T/

> AIBEIRAAFENSEPRESE BRI SHI A 1 THE

RRRBE: REITAESR

> [RHEREERRSENERSE. X(FEa RS EAEMS AR LR
BUAREEHT T,

> XSRS ERE, BIERIR,

8 S —IRE 2R fRBRIEEA

il
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mEREIEE: HEICHRFIRIIE PRSI EITHIRE

> IZIREl RFEEFN DM LFRHTERRG, XEBHEIR, £18 SCC a7
—E B FELARAET

> IFEEN: MR—BEFRFIGF, SCCIRE"EMmR, RASRENEZHmH
1TIEZSRE, B2 SCC K= F I

S8 k. RETERENT, HAI&ESHESDOFRHTIREIRH

> kWK RRTCEIRIEREDREHR, (BESSHERNETEIRK

> kit BIEEREIEVN, (BERFESFrFIIRREIA8EEK

Algorithm 5 RateLimit(SC'C, k™)

I: O* + weight change nodes € SCC
2: for i=0 ; i<k* && O*#0 ; i++ do
O; < O*.pop()
for path node P; € children(O;) do
/' fi is the corresponding flow of O;
Rate limit flow f; by [;; on path P;
for resource node Ry, € children(P;) do
Ry.free < Ry.free + l;;

XA A

Delete P; and its edges
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FEHEER:

> WAN TE: HiRE5MEZitARIEHT
> WAN Failure Recovery: HRI&EHEhing

HIEEHT
Benchmarks:
> SWAN: — MBS EAESX
é"EEﬁT:‘iﬁ.
> 8&Arista 7050Ta 2R ABIGE (a) Testbed topology

> 181 10GbpsiEI&+aIE
> S2HNSAuiRE, XM aE A EIAN &
FHEN500msFER

o
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TERFHRERIETEFIRES L X,

FERSNERTLARSKERE. B3 EEE (7]
BEIERTEE) LA IR{EKiER
Dionysusf1ISWAN 73 5% ENZSHIR#HSHY S
IVHITRE, SRUE

> SWANIKEREES2HNS4RIER, FEIR
BRIEFEFIIFRRLCRSNELTELE
HARPIT

> SWAN7EZER[ElEt Dionysusi< 7 47%

(a) Testbed topology

@ @ $6-55: 0 S s3) (s2)| s4-s7:0 i»@

@ S | 8-56:0 5 S |5 5
5F 5 >
5

)
$3-56: 5 54-55: 0 @

(b) Dependency graph for WAN traffic engineering case

8 | 8 |
ve Change 7 Change
X6 f Delete x6 Delete
25 25 |
S4 | S4 B
>3 é3
2 & 2 |
1 1
:. | II |
0 300 600 900 1200 1500 0 300 600 900 1200 1500
Time (millisecond) Time (millisecond)
(a) Dionysus (b) SWAN

Figure 11: Time series for testbed experiment of WAN TE.
64



Switch Index
—“NWhARO O~ ®
T x T T T

pi NS e

S8sikisHITAz

¢, RESTH

NS3-S8EIEIIIE, 1 3EI& FAYME
50%., A, TEE

SFTT R EAERE,

— R E,

DIOnySUSJ_J_ZSjJ,._,\l”Jx ! Esg%}ﬁl

E2XDionysus

[Add
2 Change
[ Delete

| I | |
0 200 400 600 800 1000 1200 1400
Time (millisecond)

(a) Dionysus

Figure 12: Time series for testbed experiment of WAN failure recovery.

BT B EH thE
FZRANE ﬁETEI’Jﬂ?%ﬁ =,
IEEASRE T

23 S1-S8iBE;
TEA T 3ERS1 -
ﬂi’J_L/\MJ\JETﬁ

I

JiF808ms: SWAN

Switch Index

. . . |
) 4 an |
g i 2] Deletg | é
5 B
4 TR 1 5
3 i -
2 R 3
1 X
| 1 | J ]
0 200 400 600 800 1000 1200 1400

Time (millisecond)
(b) SWAN

SIAES4, R T iwaE S2AEEIFN,
J851299ms, EEDionysusi<61%

1.5
; (a) Testbed topology
05 |
| Dionysus
o SWAN -v--.
L
0 200 400 600 800 1000 1200 1400

Time (millisecond)
(c) Link Utilization on Link S1-S8

(c) Dependency graph for WAN failure recovery case



Datasets:
> Wide area network: 8282950 Ny pIBESC gk (WAN) REEL

TE X[EJEFHE T—1XIB A E]

FEE 1559

TRy EfRI S site-to-siteiiERE S A, (EREFRERER, N ,LJilﬂéﬁ}A;ﬁ\

> Data center network: BB MY N=EEUEP OB, FETSS

FAECMP; EEIEEFHE(iI8 WCMP NERSLMRE TR
Benchmarks:

X [ERIToR-to-TORREEEHTT, ERLPITE40%-60%HKiRAISHES, HRE

> OneShot: —XIERXFIEEHT, AMRE—HE, (BEHLEMIIENTR

> SWAN
Settings: Ei&E.

]

o
.
P

66



Simulation — Update Time

SETHYIE . DBlITEE
WAN case

FHETFTSWAN, Dionysus®  #H%5TSWAN, Dionysus/|®
157%, 49%, 52% 788%, 84%, 81%

Dionysus ] LB & AR [E] EENEEALARNSDE
HENEHIERIRKE afmﬁi\TEth’J? E= 8]
KA TNAIE, TSWANR
BE— T ENEHEIB

/ToiER

OneShot [50,90,99 perc.] ==

. Dionysus [50,90,99 perc.] :
ZRzE j_ FIE T~ —FrEx s _ SWAN [50,90,99 perc] —
65
&4
Q
33
CIEJ2 :-'L
=1 III I—I_
0 = I‘ NNE

Normal Straggler

(a) WAN TE

Figure 13: Dionysus is faster than SWAN and close to OneShot.

ZRER T™ER50, 90, 99D {UEHIER

Data center case

FHETFSWAN, Dionysus|®  #H%TSWAN, Dionysus’|®
753%, 48%, 40% 7 81%, 74%, 67%

fHERFWAN  Data centerFEEE LitE, HAHXWE

m, RITRERNRIE SPERXE %E%’(%A”
AL

OneShot [50,90,99 perc.] —
Dionysus [50,90,99 perc.] =
SWAN [50,90,99 perc.] ==

W ~ O

N

Time (second)

[ B

Normal Straggler

(b) Data center TE
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N HEREms, WiFDionysuse] LURDEEERIBE,, 45 RERTa
PILEINTE: IERIATS (NSO) -> REHLEIA—SHER, AOSUSRED fEE
H ™—BE3cH, (NS1, HIRSFEpREE) -> TErEREmE, F
SR (NS2)

I:()Z)fnef‘:hot Eggggg perc.% NN gneShot Egggggg perc.% AN
ionysus [50,90, erc. ionysus [50,90, erc.
BN =S RS RRAIE AR o ombooee SMGRET
=4 i = 25 T
> OneShot T =AEBRMRWEHME, - ;
(BRSBTS L T R ] e
e 5 2, [ N N " N N
> B/ AnRBERMMZET, HESWAN, % s Nomal Svaggler
DlOnySUSitrﬁ _\IEQ\ 41 %: 42% / 99 p%ﬁ'ﬁﬁ (a) Link Oversubscription (b) Update time
[E\E’ 45% 82% Figure 14: In WAN failure recovery, Dionysus significantly re-
IR :

duces oversubscription and update time as compared to SWAN.
OneShot, while fast, incurs huge oversubscription.
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Simulation — Deadlocks

ZRiFPRY BRIFRS
TERRTNSENSE. SWANF] EWAN TESZ=T, BEXEIIIBINERE
Dionysus5eRHIEH T, NEmFLiiaIatt (REFLEANIEZ HRIEER) |, NE:

IUES), BETE (WAN, > AT, (AR RO
Dionysus) Ii&BEiEmtil, mMilEENX g Cpag e L e e
SeTE MR R BIERL T O0%FITO%MbER | | RPURSISPATE TR

. . . —— N
ﬁmé)pportumstlc Y Dionysus gz SWAN =3 > Eﬁ_’\-ﬁﬁj‘laj
R
< 80
: MY 731 =
% 60 N DionysusFEiR®E, HEILFRBIRKE
o 40 = 2 . —_
- R, EHAEnEE
O o0 l
WAN TE DCTE
100 20 5
Dionysus === ) | Dionysus [50,90,99 perc.] === Dionysus [50,90,99 perc.] ===
— 80 e SWAN oo | Qo SWAN [50,90,99 perc.] - 4 SWAN [50,90,99 perc.] =
2 3 o g
2 60 8 T S5 % . )
3 | o =10 I 3 o l
o = — [ | y -
5 40 o | o2 0% T ! T
8 S 5 £ B J g I . j‘
020 3 F‘—jf—'j«"}—r}—-}:—
0 B e | F o Ju X o 0 et } e i e
2% 4% 6% 8% 10% 2% 4% 6% 8% 10% 2% 4% 6% 8% 10%
Memory Slack Memory Slack Memory Slack
(a) Percentage of rate limited cases (b) Throughput Loss (c) Update Time

Figure 16: Dionysus only occasionally runs into deadlocks and uses rate limiting, and experiences little throughput loss. It also
consistently outperforms SWAN in update time.
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Goals & Challenges

ZUOBR: —¥, RIERIEH
Pt R R RN ZE BT

—51% (Consistency) 2XHHkik: EHTIR

EHIETER: TR, BE . R

BRBZENRR: FSEE
AR FESIT RIS RENIZ T AIE M (Runtime Variability)

}

e

AZ 1L RS
SRR AR, LA R B EEHTE
A EIRFAAT

AT RIS — T ER A

SEENEFMIEFREE

= IS HYAHRA| 5T Rk

=, Z8E

LB R I i HR

Fin N—BNER,
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Dionysus & aZ»ﬁJ_«-rllHI!“"miﬁ*.% (RIE—30%) “ 5 “(BEEiRiT
B (BXRE) " X 0RES FFRLE

fiER—: {&i#fiE (Dependency Graph)

> TR BV FEEIFIRS

> B FREBRERIRRIS (FEKERER)
MER—: i={7AHEESE (Runtime Scheduler)
> KRRIRIE: INREINERE
> BEFSCCOEERRRE: LIERIERIE, EHAEBD Il
> IBZREE . RRHIIHYTEE

|
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> RETSEAENEE: R TEIHSEE, ALMERIEMSE AR —EIER
[ERY, KIEREEFMERE

> IRITTIRHRE: — M BT RRERENRIKIK RIS RESIEEM

> SCI T —SEAZRSE:  Dionysus x%j/l\;—a%ﬁ’ﬂ,%éﬁ, BES T IKBEMEA
EESE, YRR T SONIBEEHPRIZ TR

i

73



