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Abstract: The publish/subscribe (pub/sub) system has a wide potential application due to its asynchronous,
many-to-many and loosely-coupled communication properties. However the existing pub/sub systems can’t satisfy
the delay requirement of application in dynamic distributed computing environment. In order to solve this problem,
this paper extends the syntax of pub/sub system, sets up the delay model, proposes an earning-based time-constraint
assurance technique for distributed pub/sub system, and puts forward a scheduling algorithm named as MTEP
(maximum total earning priority). The algorithm satisfies the specified delay requirement for both publisher and
subscriber, makes use of available bandwidth efficiently with the price and penalty information agreed with
subscribers, and adapts to the dynamic network environment. Experimental results show that the strategy can make
subscribers receive many more valid events and improve system earning significantly comparing with the classical
FCFS, fixed priority and least remain time priority algorithms.
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P (timelineness) [ Ik 55 J53 f 75— S8 W FH 37 5o v, A i 30T 1) 8 G gl J2 0 1045 U8, Wi AT 1 R R
B2 I I 2R 20 5068 SR I A8 A8 A ™A B SR S A B AR IR BN, Y 4% 1) 38 A Al O 1S AT I AN BT AT 3 A o
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Fig.1 System structure
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1.1 SHREEINITREE

TERAAT T RGN, R FAFBERT GBI R E T RGN R IK B8 ) 70 B 1 )ik B 78 v 22 2% i
5 VT 52 P DG IE. AN SR FH 1) 65 e Bl oSO R B8 S s 2 T i B A R R I T T 8 e AT T P

HABET IR K e={(a1,v1).(a2,v2),...(@n,vn) }, o 1 a;€4,4={a1,as,...,a,} RN FAF B 0, 8 R B4 v,
FRoom B Ve a, A, a; 7T CLBLSS b S Jg V2R T, T {Int Float,Double,String,Date,Set} .

i’J |‘}EJ *ﬁ ﬂ i% % j,‘:, S:{(ala0P1,01)7((12»0P2902)s- . 's(amaOPmscm)}s /H\: I:P aF'j:(ajaOp/'»cj) i% ﬁ—\‘ E :ﬁ ﬂ ?}g %g' :chEli: r'%' % s
ope{<S=2>2>% <* e,c,c ), P >*RI<* R IREL X String ST AT AN )5 B8R AE T, e, o SR G IR AE AT

EX (EHEE). WA FMFe={(a1,v1)(a2,v2)s-..(an V) } FIVT - S=FIAFoA. . AF,, W RAT 45 ST JE PR 38 28
Fy A6 Atk e P AR AR AR R 6 & 1 g, Hlag B Y 35 2 v, e L(F)), 2o 1 L(F)={v|op;(v,c;)=true} H.L(F})#D(op; A L4 AE
), B At e 51T T SULAC, I ecS. Wl ec SV Fi=(a;,0p;jc) €S,3(ai,v,) €e,a=anv, L(F)).
1.2 # B HIPub/Sub API

ARG IR E RS ESHAERX R FEREBRARSE), LIRS T # S5 FAENES 8,50 T QoS 11
R AR FH R G883 47 & 1Y) Pub/Sub APT K Fi 28 I 1R 24 o3l a2 6 38 I M T SR IR A B3R 1 45 HE T Pub/Sub TR
V.

Table 1 Extended Pub/Sub syntax
% 1 Pub/Sub ifVLY &

Pub/Sub API of existing typical system Extended Pub/Sub system API
publish(X,e) publish(X,e,Timeout,timestamp)
subscribe(Y,S) subscribe(Y,S,Deadline,price,penalty)
unSubscribe(Y,S) unSubscribe(Y,S,Deadline,price,penalty)
notify(Y,e) notify(Y,e, Timeout)

ReAiE X AERATFAF e (NFEIN B Timeour 24045 & FAT AT 001, R 4¢ A 8™ 2L I 7] B (timestamp) K &
BRI R AT RS AL AT B Y AMEE T S 75 BT 0354 ) A 98, HO# S Deadline,price 1 penalty 1§
SE TR I ) 20 0 BRI 1R L AR 28 558 2 1) AP R 32 300 380508 PR3 2 1A 2 Al A2 VT B R 9 4
IRORI BT 8] 24 SR, 1T 58 38 7 4 4 30 0 B AT CA I 552 713 3 0 490 o LA 38 B, publish(X, {symbol=*Legend” ,change="1.5
RMB”}, Timeout="60s" timestamp="0Oct 8 10:30:01 MST 2006”),subscribe(Y,{symbol=“Legend”,change>*1
RMB”},Deadline="40s" price="1.5" ,penalty="0.15"), K Ai & X FIiT & Y &I T X FAW N LR, B4 #H X
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Fig.2 System topology structure
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EX AEHEER). FHHERFRN:

1) (Bi,e;)e {(B,e)|Be VAI(S,B)eR AB#B;,,ecSnsuccess(e)>¢};

2) forward(B,;,e)),
Horh B AR FHA I ¢, KR F A, V={B\,B,,....B,} L7 M 45 T AL R 5 B, R FAT KR I AT LR,
SRR R B AR (S, B) R 1 e B R TS 1T B 8 4% 1 B Al S AR U e SRR Fi e 51T
L PE A AESULRC success(e) R 7 AE S 2 SEIR 20K A AR Dl B IK 3T 1 3 IR, e — A EEA/NRI R, 2 48 2 3
BT B R B . Fwd(Br,e)) 7 F AT e R S5 i R i e Sk B A EEB,.
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2 BTz BifEE L
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FE A BT T i 2 A FAFACBE AR 55 4%, 2 ORAIE JL I 1) 24 3R 3t 2225 RS AN [ B B I ) S35
P S R RE IR by R AT 2 BITT B & (K A5 _E Rk 0 B B B I SE IR ANAERE A SHAHACEE B RSB 8, an i 3 P
I P AR IR S A BIA SACBE R SE IR AT ) AR 2 8] ) SR NI [ 5 B34 SACE B SE IR 3L
A ACEE L (0 S AR AN A AR 0] (R A A8 2 5 B (), 00 A A /AT B e i 80 A AR AR 55 % 1R HR RE IR — it LE
BN (B 3l 3 i R ). T 23 31 0T A QBRI 55 45 1A 0 S 38 R =1 AL i) 6 B 38 o B 45 .

_______________
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ACEE R S AR IR 55 4% A BRI P 4 o B A5 A AN BRI A S5 15 3R L IR 55 g 0] < AR a3k 47 DG e Fr) A B
SEIRAAE iy Y BAF r 1 S A AR AT 2 S BA AR T AT I A B AR N BAS N AR T 0. R 4
R 55 A0S S AT G b 3 AR PR 1 B0, b 3 7 — S AR 1), T LA S FE i N BA A I S5 5 AR IR N, —
FcmT 22 AN T A I 5% A o0 AN S REAT DL IC 41 24 b FRAE R 30 D PD AR A B T A A AR I
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FERATAT I R GEH, 28 GE Ml A 48 42 ) 2030 0T [ 5 () A1t ok AR MAC 2 2% B AR 42 393 380328 5 R () 35 240 B AR 14
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FF K E (S BRI 4 L), I AR 22 1) A Wi sk

TotalEarning= iprice(Sl.) xna(S;)— Zn:penalty(Si) x (ni(S;) — na(S,)) (1)

R H b5t max(TotalEarning).
23 EERREHEITE

TS AR G ) R M A R KL SR AR A SR SRk W AR, RN E XT3 AN R AR AR i) A B AR
(expected earning). T Hid £ i A (expected penalty)FIHEIR 7 (postponed cost).
2.3.1 A AR A g AT IE £ AR

S IR A R FR A B T R AR AR BT SRR A R IR L A, M 4R R G SR I 25 6 TE AT
ARILB L 15 RIE W Fi e, B & 5 AT B ULREL, 5350 K 7R 481,80, ..,S,. 2 price(S) R 7x 1T [ S0 Bl 1A 1A 3%
B B ssuccess(S;,e) 3R N TE VT 7 S48 52 WA T 4 e 1 D B I8 1 ME 22, W) e 1) B W 25 EE, W] DU
IR wI R RCER

EE, = iprice(Si) x success(S;,e) 2)

i
R 2 20(2), F A IR A B a5 6 12 A OB R LT B 0 E 1T B AR H O 012 = T A T T BIIE
H T B8 3 I RE 2R e
A 1R THOU 3 24 S A At i R B R S BT T B 3 T 5 R R 2R 48 75 SAS BRI 2 )l AR 4 penalty(S) R 7R
VI 150 SR 2R 8 T 8 10 A4 A e 0 380 2k 1 3 &40 A, DT = e P T 36 24 I AR EP AT BA e Sk
EP, = ipenally(Si) x (1= success(S;,e)) 3)

i=1

R F AT o B T B 0 ) B success(Sne). A T P38 4 i 1R B V877 A 1 A 1R
pr(e), % PR ELSH(S;,e) A N AT AR E B 17 T S, B BB 2R 7m MU ATARER 2 B 1T 8 1) B A2, T2 fi(She) i 4 36
Ir LR A LRI AL B AR R | BE AR LT R BT S AR L BR AR L PR T A A ) A B A
IR AR AT 8] 3 AL FARER 22 0] B4 A AR R Dy e A 00 A% 1 K R R S 8 8 R R ) AR Al SO0 SR i i v X
PETR A1 R A2 1 S Y, AT DUBGE F A% 19 s B FE AR O 0. K f1(Sy,e) AT A 7R
ft(Si,e)=nodenumxPD+size(e)xTR,+SBD “4)
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o nodenum & 7R W Aer b FAFAREEE H (I8 D 75 Mesh W 4%t A5 o2 0 268 71 050 3037 1) & 285 1y AR AR FE 4 H
N P 2% (R I SR B A% R RS K 2 AL, WO 45 58 (1 SB35 nodenum 9 i 5E (), PD A 7 < AF AR (1) 4 2
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T S B T IR 00 B M2 T DA
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size(e)x o
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success(S;,e) = P[X <

[7(Sne)=f(Sie)+LMT (8)
Asuccess'(S;,e)FR NAEVT S F8 2 LA 2 07 e il Th B AL %, 1)
success'(S;,e)=P(pt(e)+LMT+fH(S,,e)<dI(S;)) )
T MER I & EE, T AR R A
EE' = Zn:price(Si) x success'(S,,e) (10)
HEIRE L A EP W v AR N
EP = Zn:penalty(Si) x (1-success'(S;,e)) an
il
A MR A PC, AT LR IR A
PC, = EE, - EP, - (EE, - EP!) (12)
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priority(ey=weightxEE A(1-weight)x(PC ,+EP,) (13)
Hor weighte[0,1].
A3N(13)H  weight F R TR ES AL, 2R G0 B ) DLIE i 52 56 A8 R 4505 20 1) R
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Procedure calculatePriority(eq,nb)

Input: eq is an event queue;

nb is a neighbor broker of current event broker

[1] BEGIN

[2] foreach eceq do

[3] foreach ecS;AS;enb filter do

[4] dI(S;)=min {timeout(e),deadline(S;)}

dl(S,) — pt(e) —nodenum x PD — SBD — u x size(e)
size(e)x o

[6] if (success(S;,e)=¢) then EE=EE +price(S;)xsuccess(S;,e)
[7]1 EP.=EP Apenalty(S;)x(1-success(Si,e))
[8] success'(S;,e)=P(pt(e)+*LMT+fi(S;,e)<dI(S;))
[9] if (success'(Si,e)z¢) then  EE! = EE. + price(S;) x success'(S;,e)
[10] EP/ = EP' + penalty(S,) x (1 - success'(S;,e))
[11] endif
[12] endif
[13] endloop
[14] PC, = EE, - EP, - (EE, - EP))
[15] if (EE.=Ovistimeout(e)) then eq.remove(e)
[16] else priority(e)=weightxEE . +(1-weight)x(PC.+EP.)
[17] endif
[18] endloop
[19] END

[5] success(S;,e) = P[X <

Fig.5 Calculate the event priority
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Procedure MaxTotalEarningSchedudle(eq,nb) HEYL\)\ LI& i [ UL 2l ﬁ ﬁ S ﬁﬂ T ,/ﬁ\: ':P ,’fJE i
:;;pil;t:aeri]eiigsgf?goivberr:kzlrlil}eéurrent event broker o [3] AT S S 3O OR5E 19 o 21 AR
[1] BEGIN AT [41~[7]3K B A B K05 20 ) A AR5 AT
E Ziz:;;;%:;;z% ) [81AN 912 7 Il %of B [ 408 Ja A% B 4 & di K AR 56 40
(4] foreach cceq do (R A, I A BAF M B i A

[5] if e.priority>maxPriorityEvent priority then maxPriorityEvent—e MTEP i & 53 0 FF 88 B W 38 4o S
] endloon PN s 020 R SR 8 B o R S K
[8] forward(nb,maxPriorityEvent) B A B E FHEASITP A 0 DR R IR AL,
[9] eq.remove(maxPriorityEvent) TAFHERHRDTRLZH m AULE 5,0

[10] END

T AR A RIS TR O(mn), 3E B RAF H AR 56
i K FAE R O(n).i MTEP 803 1 i
1] 52 2= 5 2k O(mn), 55 FCFS F [ 58 40 56 2% 1) 4 &

Fig.6 Max total earning priority scheduling algorithm
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Fig.7 Performance comparison of different algorithms
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Fig.8 Performance comparison of different algorithms under the various load
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Fig.9 Influence of weight on performance of MTEP algorithm
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