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Abstract

Business process management systems (BPMS) are vital complex information systems to compete in the global
market and to increase economic productivity. Workload balancing of resources in BPMS is one of the
challenges have been long studied by researchers. Workload balancing of resources increases the system
stability, improves the efficiency of the resources and enhances the quality of their products. Workload
balancing of resources in BPMS is considered as an important factor of the performance and the stability in
systems. Setting the workload of each source at a certain level increases the efficiency of the resources.

The main objectives of this research are the concept of resource workload balance and uniformity of the
workload for each source at a specified level. To optimize the balance workload and uniformity of each source,
the setting multi-process concurrency was offered and studied. Also, the regulation of multi-process
concurrency was mentioned as an optimization problem. In this paper, tuning concurrency of the business
process is introduced as a problem in BPMS, which is an application issue to improve at workload balance of
resources and uniformity in the workload of each resource.
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To solve this problem, a delay vector is defined, each element of delay vector makes the synthetic delay at the
first of each business process, then a dynamic optimization algorithm is presented to compute delay vector
and the speed of the proposed algorithms is compared with and state-space search algorithm and evolutionary
algorithm of PSO. The comparison shows that the speed of the proposed algorithm is 37 hours to 5.8 years
compared to the state-space search algorithm, while the POS algorithm solves the same problem in just 3
minutes. The experimental results on a real dataset show 21.64 percent improvement in the performance of

the proposed algorithm.

Keywords: Business process management systems, tuning concurrency of business processes, workload

balancing, dynamic optimization, time complexity

oolizl [5,7] cho a5 4o 5 geunS” sloas] 3 (5 5lo Jos
g_ii d“): 6)913 O ol ‘) G)U)Lg Jéw oo F) [
J»Jl.u" FILOIPLY hS’L?Q" )‘ Sl 00 J.> )USWS M‘)ﬁ
3 r cwl mle el Lagals el 0 )50
P el 6Tl slaghy, L spSo e b oS ek
5 (8] wlos 5 adlol 555 v sl & (6 250k 5 (sokaisn
SreYeb G lp 1y pi sl canlio o Shoe ailys
Jobs Al 4 gy dile o alivlie auS o
odid iz axg ganuld L slelaswe o 5L
i s b L Jol serg cllie cpl o el
whol G flecay asein mhw S o)) ads 2 s S0
Glime 1o |, cusyed peld Wi g aelesls 3
S o0 (P yre (§ilaing At S lsiea o Bair
Sl slad sz o8 b osdy Syne Alins >
g Wlie ol o cwl ole gl Sasy sl
il b 6,850 oy, SO ol ] Ce e ol
Slj Sz S6s5ba s @) O U sln s
JE g0t Dl glad gomir o )8 Jlie o )]
et Bl Jo sl O] pedle e 20U ez s
elSS 2,85 1 (st Ao SO lsreds sy o0
dy)LMn LSi 6‘].} alie (_gl.e,b‘ 29 Ma; coliwl PSO
Ji8 aslie 090 | saiall)l gy am gzl Ca o o i

.Mdb

b o o gy -
I Jols BPMS s 6oy il o, 3 S

lisee gloaio jo gy cpl ol dgasme 00iBS gy

Olyed 008 oo 8 03lital 3550 FgalS psle 5 Canio o

doddo -
BPMS) 55 claoigld o poe shaibols sels
Sedbl gladlbln § siadgr sbaaille o Dl Jeou
o s 1i 5l g)lenn 50 (5,90 4n 9 Arwg Ll 03,5 low
drwy opl az ST el (mldl s cepunds baglesle
5 bt oo les 5 (g sk 5l eolanal danlse
anwsi ) )3 | BPMS (285 (J5 el oo Jol> Cy pae
Se oS plaplole 5 oS a e85 sasl Gl oo
lp eas S dlad Jorin Slaz ©)lw 50 o sl
Pk g Ghie Rl Ld> g Caio pola
B geS Sladil B Co e 5 (5l it s S,
sloal B e oo ln |, GBI BMPS (o5 000
565 o5 s BPMS [1-3] )50 o 99294 )5S
63y SlalNadign Sy e 4T WS e mal 1) Gl ol
el as oyl aisl asls Sacws claasl s
g’ (5 B0k, oo pae ladlls) WEIMS wile
BPMS S o o2l 1) banld ooy poe 5 |2
S ekl pegdle U cunl aly S plasSa
wald ) ol s o el 5 S e LSl Y 3o
Slilopsy @ranld b =0 Gl 5 S
13.4] wsl azsls

i3l Cel BMPS o aslis 5,05,L o Jobs oloxy!
53580 (Sl mlie i Sy pae s mlie 203k 5 21
lraileles 59 so S game CondsS bl Eel cules o
Ol b s Jeled Jdoay [ 5cens slaas]d ey now
s Loz oS o Slae 1 s Yl cale gl
Gl & anly daailble ol s sasasl) sl ss,
S b e yiel b ol B S 5 £ei el (goante 5 L]
1 bl ol 5o 6,0 Jolbes sl cg mals w465

Wile (ola g, 5l g Ay )0 05 o0 sdnzi Lo

! Business process management system

2 Workflow Management Systems

¥F ol ¥ 5ked YAV Jlo




IS g Skl ) (s 33900 ealdid sl Ly @i pefll A3l

&

s gz € Gl &5,z palS Gua b Lgy ol
@ oz Sl S oo Sl b plasl ases aill by
Lo aisls &l Sy 45> 3 e et wio AL
(6)6 S 14) «5‘4[‘4:':" - ‘_g)lft_gl.h.)alj Ls_.l;:\_yl;
25z plojpe g wols (Rl ) mlie )5k Jobss plie
5 gl Lol snl sonisy s5up |y lacalss o Sl
b glis jles S slonsls plrale b alis 6 )l5 )L sialS
el e e slie 4 YU 6,5

oL,8ee 5 Georgoulakos lawsi oS imgh o
Gl LolSs Basais s3luaige b, o 20] ws plol
iy el ol a8 ws al) Slle axld Jae oL
5T 5 Jelons o Sy SolSS oy 5 Ligy (53mym0li
il atedges Wilg3 go ol ol 3 b leanylé s bl

S d21las sl Wibig lawg oS glasillas o
sty bl p o)L gauile) sl S8 055 (s
slaanl b siledon o b (55,00l 5 S5 (5 5lwarnge
438 by syl ol Gl plaolad (Byme Sgeus
Gl yo mpin sl S 09> sla taghy dalol o Wibig
Silwdinns sl (NSGA 1) pgo duus "I 8 SU05
oleiin wi,sSl &)1 lasl [22]0ls @)l asamais
ol gy ol plis 9 05 esliial by (s a6l by, 3l 255
NSGA &b o084 Cos 6 505 Sloj (Suzmn o

9 e )i mlaw «(5,U,L oo Y=Y
&be b
6 e s gl G150 5 s/ sy chgiy 5
ssbolen ab g pSoll gl asil » b (oas jL28
gl ol plad Gragh cpl sl sael (V) S 0 oS
Gge 230 Gl mas JLid 51 Jolee > o Sl
gl (rae JLid Glie & cond @l 203l 5 2
b sl 6,0 S olr ol sl UK qusS b syl
ol Bt 3l ol ol mekins Alal, Lol pae Li3
S el » e 2L Oline 03,5 Je s g
gl gte g sl Ko o )le a0 S ool ol e o]
gl (2l 0 @)L ST as o)l 0525 )L 5l pakie

¢ Dynamic Stochastic task allocation approach for Workload
Balancing
"Non-dominated Sorting Genetic Algorithm

¥5 b ¥ 55ked 1YY Ly

9l Gilse closlne 5 oad g5s slapimm & (Jls
[11] osls oSl e slaailolus o [10] 50y ,5 Slivlons
Ol Supde slaailels 13 (be, cal 51855 0jlal Blgs oo
15,6,12-17] sl s oslitasl )b 3 (5,15

2 kel ole el aaelsy arass b o S 50
by, rpesle Sliwl S glasnl LS
op pb ol |, MST! 4 EDD" SPT' FIFO' suiasl)|
Solaay a5 ol al o sl sl is, ool Cuge (18]
Ll ol )3 ol ce solitul 590 slaslols o o 1) L
285 65N Jele 0,8 oS s ooz slas,
5 Ul eslainl il S5 ) scns lannlp o1
ol d4,19] el Gy Larass ol o mlie Lawss
OB 4 25 b oS o0 A pedliens pad jeboy 050,
WS sanlaglyl ) pie o 4 by anads el
2 e ol )8l o Slee e dely ggezmay0 o
Griydlasl 2ol el Jy cowbe aie Sl
Sy oo gl ailslsT Ol jo aily anass p,sS!

&L 5,5, Joley —¥-)
Son lpea mlie 6,86 Pl deasn 5l S 0
L tagh ool jo taload 8,5 a5 )5 aghy ol
3 B seS Glasils (giladoe 5 ho 5,95 5l oalinul
Bl amats Suz aedgr sl eNl e ASD
Caslsl |, qlis ,5,L ol aSis,sbay soul o |
3 G Siss Aloagty o gy Slesls 1,8 095 Ll
G,L s Jols sbml sls olas was sl [5] Ko
3 oen i Dsise allele g)luly Rl cel mle
ol ez ooy sS 6] (6,508 pagh so oo
el Joe K lagT is,S LI BPMS 5 mlie (5,054
aisls 0] Wl Zle s oo slaesls Lol
Bs b ol oS 5 955 (shelod e 5l oolatul b s
Jols oloul sl (loyd) (soms) (g, diuwilyl Cao
SeSa 1) 095 g, gl cas @l lie )50
65 ol 518 2l o sse B slaanld (siluacd
o] o, 5en 5 50 S gy JeaSS o [7] S
Bl S Ly il g iols by 1, Lagl b,

amat Olgeds S by (Bl sladae 5 e

! First in First out

2 Shortest Processing Time
3 Earliest Due Date
4Minimum Slack Time

3 Queueing network



)l g pealae —¥-)

5y oS il Ghdond Joo )i

Ded o s ,5p ={@,W,R,L,U,ué, 0,T,last,ld)

GLJ.?o JJA )c).wl ul’r*" C;\A.:‘P)é 99,9 C)A ] .
025 ol 1y (5959 slacamlss o 5)lel g s anl b
(CTSP

o ..\.J)S )0 3¢90 (s’l"“"‘ @L;.n Z.CMR -z

el By o YLl s LEW X W degorma o0
p Al o aes oo plud (W, wp) €L (Jls lgiea,
g o pllwy adlog ) s wy 4l
ol (W) €U Jlo e, a5 o e
W aa by okl Jotune 7 ae P anl 3 0 a0
P Sl s cd 8 amis lg e U iy b ol
Ry —ala o ol plo ol ails 59 =y
aS gl g0 iy, Ry = (r[{w, 1) EV) &) 50a

o> olasl 4 U degame 5l S S Uz U - R*Y .y
boge Solo Hw, 1)) Jaie a5 o olxl Cute
L lasly a5 cul T e lawe W aa by sl o
Sy ge ools plas

Sz olasl 4 U degormo 5l S S EU - [0,1]
W Bibs a sl oS el ) Sl S g ko o
6‘?] 9 O)lé O9>g RW Jefu.we CJL@ )l Lg‘d.cw
sl 1) wodaly ol I (S aas anl)s
woaa by sbxl Jizl Foly E(w, 1)) aes o
Sl Dot lalay & Col T g
gy g0 0010

iz dlacl 4 R dcgeme 5l il S, 0:R - R* e
slp e i Sole Op Jlde Sedee ole
3w ol je a5 (gyebay el Toaie )5 L
Oiste Yerkes-Dodson sucld b 7 xe ()50
ﬁJ‘LAAJ ‘5)[4:] &J.?(.‘;j st)ﬁLO' ﬂél.Q.A .b)‘b I) 631)15

! Tasks

plmil o (2ojl g 2l aion )l a5 s )50 ate il

= ot
Y
=
) ,, s
-j u5)L.e~'9”’ ‘-‘J!“"’
L]
'§J Sl Sy ey
Ly g ok
mos jLid gl

T 4z 1 023 o0 LS Yerkes-Dodson 5o :(V- J5Co)
&= 3 ol OF @D bl ol el gl omas LA
Sl 2L a2 3L bl oo 3l ey (mac HLAS mdaw S
e jo b o5 mas jLS 5 Sume pdaw o Laiid .ol
(2315 105 o0 51,8 095 4t
(Figure-1): The Yerkes—Dodson law is an empirical
relationship between arousal and performance, The law
dictates that performance increases with physiological or

mental arousal, but only up to a point. When levels of arousal
become too high, performance decreases [23].
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Algorithm WorkloadMerge ()
Input:
(A:list of Process, D,: delay vector of A, q: process)

. A
Output: (minLBFAT, newD, Id; utaly

{ P « A.push(q);
MinWLFAT = oo;

for <m =0,m< mélj((last(p));m + +){
2
D < D,.push(m);
1d,(t) = Z Id,, (t = D()); Vt

DiEP
€ {toj ty, ) . tmax(last(v),last(q))}
Rs = U p.R
pEP
ULD = Yrers Lico(totalyy, (t) — o7)
N|Rs|

EL(H) = z total_ld, (t) /|Rs]

TERs
VLD = Yrers 2eo(total_ld, (t;) — EL(t))?

N|Rs]|

LBFAT « (ULD + VLD)/2
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