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Abstract 

1. In t rodiic tion 

Nowtltlny s, most biisi iicss proccsscs can bc s i  inpl i ficrl, 
coiiiputcrizetl, atid nutoiiinbxl hy rhc IicIp rii‘ ii workflow. 
Thc irnprovctncnt of workflow rclcvniii teclinologics such 
iis rnidd Icwarc arid cil?jcct-oricnlctl Lcchniq lies inakcs work- 
Ilow managciiicnl sysictns nvni1;ihlc and applic;ihlc to many 
rcal npplicntions. A workflow consists o r  a SCI of  acIivitics 
intercoiincctcd bp workflow ccinlrcil slruclurcs: sctluenco, 
AND, OR, nntl LOOP. Hcncc, thcrc caii hc inany cxcciilion 
paths in R workfow in tcrins o l  i l s  contcxt. Lath iiclivity bns 
nti ngciit wtricli pcd”inns thc role of h e  activity. An activity 
is callcct ii huinan intcrnctivc activity or n systcin nu1oin;itic 
activity iicctirding as its agcnt is tiiurtnn or n snftwarc pro- 
cess, rcspcctivcly. 

In pr;icticc, mniiy busincss ~ I ’ O C C S S ~ S  have ~ i i n e  con- 
sti’ainrs and some works o n  ti~~~c-cor~strni~icrl workLlows 
liavc hcen donc [21[61. During w o r k h w  cxccutions, i f  n 
workflnw instancc cannot incc1 l l ic activity deadlinc, exccp- 
tionnl opcrations callcd cscalittion mriy bc iniwlc fur thc in- 
slaiicc. In gciicrid, escalation includcs cotirpensations ol‘nl- 
rciitly cotnplcted activities which may wastc sliarcd systcni 
FCS~UTCCS,  givc arltlitioiial costs to workflow managcincnt 

syslcin, aiid f i t i d ly  tlcgratlc workflow ttirciiigliput. 
For thc purposc 0 1  tiigti workflow throughput, we should 

ininiinizc the iiumbcr of escnletcrl wtirkllow instanccs, a n d  
inighi as wcll cscalatc wtirkflow instmccs as early as possi- 
hlc i f  c s c h t i o n  scetns to hc ~ii~avni(Ia1)l~ Early escnlntion 
has hccii stiitlicrl in tlic pwdictivc workflow IS]. In this pa- 
per wc iirc conccmctl w i h  minimizing thc iiuimhcr of csca- 
lalccl w1)rkflnw instnnccs hy  cl‘fcctivcly allocatitig activity 
clcaillincs. Activity cicarllincs can bc dclcritiInctl statically 
o r  tlytmrically. Sratic activity dcsdlincs iirc dctcrmincd 
i n  n workllow dchi t ion,  whilc dytli\iiiic dcatllinc nssign- 
i nc~ i t  mcttlorls inay i~ l jus t  thl: static dci~t l l i i i~s accorrliiig to 
work llow systcin crwi roiiiiiciits siicli i is systcin \vorkloads 
tlwing worktlnw cxccutirm [ G ] [ S  1. Basically, the rlynaniic 
nicltiods prqmsod in [6] and [5]  tlistributc tlic slack tiinc 
ohlainuil ;it an xtivily, which i s  iltc diffcrctice hctwccii i i s  
static tlcndlinc aiid actual cxc~iitioii iitric, among i i s  suhsc- 
cliicnt aciivitics. Evcn il‘ I I ICSC ~iictlioils cnn tlctcrininc activ- 
i ty dcxllincs hy rcflccting dynainic workflow systcni cnvi- 
roiuiicnls, Ihcy iicerl so tnuch tlcadlinc ccimputing time [or 
cacti activity as wcll i is cvcry wrwkflow instnncc. hkr  dt, 
wwklfow throughput iiray bc ilcgradcd tluc io Ihc cxccssivc 
coiiiputing h n c .  Hcncc, only i f  wc ciin cstitnnte ancl (IC- 
tertn i 111: sla tic iic tiv i ty tlcarll i nes ai thc work flow builtl-ti iiic 

while pi~cciscly predicting systcrii workloads, we can innxi- 
m i x  dit. numhcr oi workllow instanccs complctcd timely. 

In [his objcctivc, we first calcgorizc activities into critical 
;ml non-critical nctivifies by thc coiiccpt o f  ttrc critical pail1 
which is the loilgcst cxccu~icin pnth in a workflow. Critical 
activities inay hsvc linrd clcadliiics while non-crilical nciiv- 
itics have soli dcnrllincs. Wc cxpcct that crilical aclivitics 
will inclutlc must bottlcticck poinls in  thc workflow. If A 

workflow iristancc c;innnt rnccl tlic Bard tlendltnc or a crit- 
ical activity, wc cscalatc the workllow insrancc since tlic 
possihilily 1101 lo w e t  ttic workflnw dcatlline is vety high. 
On (tic ollicr Iiatitl, if il workfow instaiicc catiiiot m e t  ttic 
soft tfcatllinc of n tion-critical iictivity, we hntl bcitcr ruakc 
i t  continue to pcrl‘nrin i l s  works. ‘l’tiis can s m c w h a l  retlucc 
tlic possihili~y tli;it wiiic workflow instnnccs which will bc 
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Figure 1. Workflow Queueing Network 

completed within tha workflow dctltlliiic inay be escnlatetl 
ditc to violating the activity deadline i n  any intcrtiicdiatc nc- 
tivity. Wc can, therelore, apply different cscnlntion prrlicics 
scccirding to lho activiiy group. Ncxt, we proposc an clfcc- 
tivc static tlcadlinc assigntucnt niclliod callcd Proportinnol 
to tlic Sojourn 'Tiinc (PS'C} which is bnscrl on tlic cxecution 
timc of cach activity, i.e., scrvicc time I J I U S  waiting titnc. 
Finally, wc show thc validticss oI' our schcnic for 1iian:iging 
activity deadlines with cxperitncnls. 

Workflow mmngeriicnl systems allow to ciclinc the tlc;id- 
lincs of a workllow and its activilics i n  a workflow dcfini- 
tion 141, Nowadilys, inany busilicss a n d  scicntifc wrirkltow 
applications havc adoptcil tiinc managetncnl tcchnoliigics. 
Originidly, lhc dexi l i i ie assiynmcnt problcin tins bccn inkn- 
sivcly stuciicd in ilistrihu~ctl soft rcal-rime systcrus i n  wliich 
ii task is coniposcd of suhtasks 131. 131 inlrocluccd four  
dcadl i nc nssigniuctit inctbnds: LJI tiinaic Dearlliiic (UD), HI'. 
fcciivc Dctidlinc (ED), Equal Slack (EQS), and Gqunl Flex- 
ibility (EQF). Undcr UD, a task and all ils subtasks havc 
thc siiinc tleatllincs. It1 ED, tlic tlca(1linc ot' any subtask 
i s  thc time thal is thc dcidlinc of tlic task tiiinus Ihc total 
cxpcctccl cxecution Lime of its subsequent subtnsks. 'L'hcsc 
two ructliods dcicr~niiie aciivity ctcadlincs statically. EQS 
llividcs the trital remaining slack cqually m n n g  ttic rcriiain- 
ing suhtasks. And, EQF clivitlcs 1hc total rcrniiiliitig slack 
tltnoiig Ihc siibtnsks in proportioii to thcir cxccuiion tinics. 
Tticsc two mclhorls ciiii hc applied to both staiic and dy- 
namic ileadlinc nssigriincnt. Recausc n iask is LO subtnsks 
in distributed srft real-timc systems what n workflow is to 
activities in  wrirkflows, lour rlendliiic nssignmcnl tnctliotls 
nbovc can hc cnsily applicrl to workflow systems [6][5]. On 
the otlier hand, 161 proposctl four tlynainic dcaillinc assign- 
incnl rrictliods basctl nti thc sratic activity detltllincs: Totnl 
Slack (TSL), Utidcr Proportionel Exccution (PEX), Propor- 
tional Escalation (PES), and i'ri)portiond 1 .oad (PLO). 

I n  scction 2, wc dcscribc thc workflnw iimlcl considered 
in (his paper. Scclinn 3 explains how to Iiiitl out critical and 
noti-critical ncrivities. Scctinti 4 prcscuts our static dcadlirie 
assignment iiiclhotl, and scction 5 nnalyzcs the tnethod with 
scvcrnl experiincntnl resitlis. Finally, we concInde our papcr 
with its summary and fiirthcr wni.ks in scction 6. 

2. Workflow Model 

A workfow is a nctwnrk consisting of activiiics ititcr- 
coiincctcd with cad i  nthcr as i n  Figure I .  Each activity lias 

an ageiit 10 perform its role. Io this p p c r  wc nssuinc (hat 
the arrival ptoccss of workflow scrvicc rcqucsts is n h i s -  
son process and the agant of each activity lias an expoiien- 
t in1 service tiruc. '!'his can makc a workflow nindeled as a 
M/M/I gucucing nctwork in  which cadi activity is an indc- 
pcndeiit M/M/I queiming systcin. Wc can specily lhe nrrival 
and rlcpiirturt: proccss i n  each activity as i n  Figiirc 1 with rhc 
inlomatian of the initial nrriviil ratc to thc wnrkilow, the 
scrvicc ratc (11' cactr nctivily agcnl, and the brancli probdiil- 
ity in  OR and LOOP. 'I'bc dccoinposition alii1 supcrposition 
of iiidcpctidcnt Pnisson processcs i n  tbc OR control struc- 
ltit'c, e.g., nclivity IOaiirl 14 ofpiglire 1 are known tohc a l s o  
Poissori proccsscs from lime revcrsibility [S'l. Eveti though 
thc ncru~ll intcriinl flow oI'n LOOT' i s  not n Poissim process 
duc l o  its fcedhnck, i t  is known that (his structurc behaves 
as ilits activitics arc ititlepcndcut MiMll's [ I ] .  In tlic AND 
contrril structwc, Llic dcparturc ptoccsscs ol' an AND splii 
activity, c.g., activity 2 ai'c clcnrly Poisson prticcsscs, bu1 
tlw arrival prixcss of an AND join activity, e.g., activity 4 
is not actually a Poisson lx-occss bccausc al l  rcqucsls com- 
ing inlo thc nctiviiy tilust Ihc synchrcinizcd h c h c  its agcut 
is invokcd. I3ccausc n poirlt ol'syncliroiiizcd tiriic is grcatly 
dctctiiiiiicd h y  ttic path witti thc longest rlvcr;igc cxccution 
h e  of II paths in tlic AND, tlic arrival prnccss or an AND 
join activiiy ciin be aplx-oxiniatcrl Iiy the I'oissoii proccss 
of thc rcquests going through ttic icingcst cxccutirm path. 
Hence, a workllow can hc ruodcletl hy n M/M/I qiicueit~g 
iictwrwk with Poisson arrival ;ind dcparturc processcs. 

It is clilficull 10 undcrsinntl wr~kllow scliciuiis and find 
thcir Faiilts i t '  lkcy are designed by spccif'ying cirhitrary rc- 
lalionsl~il~s bctwccn activitics in  a workflow dclinition (61. 
I n  h i s  rcgnrtl, wc dcfitic a ncstctl worktlow with struciurnl 
lortiis and only ccinsidcr workilnw schcmas dclincrl with it. 

Dcliiiitinn 2.1 W k r i  c1 riiiri-srqiieiitial ooriiroi structirrr! 111 

CI wo/kJln H I  COJI f i i  ills N 11 mtbc I' IYO r k j h  w c m  t lal  s I rii clu I%s 

withhi i t ,  the wrw&flow is cctllerl the nested workjhw. Hew. 
when Lt 1,OOP is cotimi/ieif withill ,som ntirr-scgirentid con- 
trol s/mctuw C, the clcsti?irrtinii of t h ~  j c d b c i c k  iiirist be 
s m e w  h L' re M' i f / i  it1 C. 

Definition 2.2 1 % ~  curiemost rtmri-srqueritid ~ ~ ~ r i t t d  striic- 
tiire in 11 iicsted workJow is  culled U tion-sequentiul control 
Block, or siriip/JJ c t i i i ~ d  block. 

l'ticrc arc two control blocks in Figure 1 ,  iin AND coiitml 
block containing an OR mid ilii OR controt block willi a 
LOOI'. I f  thc ilcstination of the fccdhack of the LOOP is an 
activity h insteiid 0 1  activity 1 I ,  the workllow does nut liavc 
meaningful cmntrol Ilows. 'Thiis, we only considcr. a ncslcd 
workllow iti  this papcr. 

In ttic folhwing, wc distinguish hctweeii critical and 
non-critical activities in :I workllow. Atirl thcii, our stotic 
ilcadlinc assignitienl inclhod callcd PSI' clclclmines thc 
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herd or soli tlcatllinc of each advi ty .  We can apply dif- 
ferent escalation policics to workff ow mnnagcmciit sysfetris 
according to thc hard or  soft deadlinc. 

3. Critical/Non-critical Activitics 

As a workflow nianagetnent sy.<lcm creates a iicw work- 
flow instance for an uscr's workflow rcqiicsl, there cnri bc 
inmy workflow instanccs which arc concurrcntly executed 
and sonic workflow instnnccs tnay wail at Ihc qucire of an 
activity during t~tlicr workllow inslanccs to arrive ahcatl are 
servcrl. This incctiis that rhe avemgc? cxxecittion l i n r ~  of n 
workllow instancc in ai1 activity is tlic rivcrugP scrvicc tirrie 
of the agcnt h r  thc activity plus the mwriige trwiiirrg tinre of 
thc woi.kflow instencc a1 thc activity. 

How to distingoish hctwccn critical or non-critical ac- 
tivitics is rlepcndciit on workflow dcsigiicrs' tlccisions. For 
cxetnplc, a workflow ilcsigncr can sclecl some critical activ- 
ities by licuristic and analytical mdiods txisctl oti the work- 
h v  schctnn. In this paper wc usc thc concept of ttic critical 
path Fur the classifcatioti. The critical path is a scqucncc of 
activities from the bcginniiig to ttic cntl of n workflow such 
thiit ]ins tlic longcst avcragc cxccuticm titnc. If an activity 
hctoiigs to thc critical piitti, il i s  called n critical activity. 
Olhcrwisc, it  is R noti-critical activity. Our [wevious work 
[7] proposctl n rricthod to h i d  out thc critical patti wtiich i s  
bnscd on the ctiaractcristics 01' workflow control sttiiclurcs 
as wcll as tlic nvcragc cxccutiori tiinc c i f  a workllow instaim 
in  a n  activity. Thc mcthori is cnllcd thc Iiincrtriosl Control 
Stnicturc First (ICSF) nnrl its nlgorittim is dcscrihcd i n  Fig- 
Lire 2. 

ICSP first dctcrinincx a sub-criticd path with thi: Iotigcst 
weragc cxccution t i t w  iii each control hlock, NICI thcn coin- 
biiics these sub-crilical petlis. Wticii we rlclcmminc B stih- 
critical path in  ext i  control block, rhc longest cxcculicin 
pal11 is sclectcrl L'mm ttie iniicrmrist cotitrol struciurc to the 
outcrmosi control structure. I 1  tlic inncrinost conirol struc- 
turc is an AND or OR, wc selcct a path with tlic Ioiigcsl 
avcInge execution time. 11 a I,OOI' control strwtiirc, wc 
transform it into R scquontial control striicliirc which wc! ciiii 

ardyze  with case. All scqucntial control structurcs cxccpt 
oncs within control Iilocks bclorig to thc ~riticnl path hc- 
ciiusc ttie scqucnces arc a l l  uniquc piths in tlic worklhw. 
l3ccause the avcragc cxecurion liinc is known i1s W -- /'-A 
in  M/M/I with thc arrival rntc X nnd thc servicc ratc / I ,  tlic 
longest cxcciitiun palh in an AND or OR control struclurc 
AS i o  Figure 3 is dctcrmined ns IOIIOWS. Witti ~j = 
of ttic avcrage cxccutioii timc i n  ail activity i, the longcst 
cxccutioti pat~i i s  a sequcnlial pntti with IWAS(C A) 
for dl activities wilhi~i each path, where thc arrival ratc J\, 
and the servicc riitc in wlivity i .  'hnsl 'nr i i i i i ig II LOOP 
into a sequence will bc prcsciirccl  ti sectinn 4. 

AS an cxainple l o  find out the critical 13iith wing lhc 

1 .  All sctluentitd control structures cxccpt ones wittiin control 
blocks hclung to h critical psitl. 

2. WHII,E (cilcli cuiiirol hlnck) 
{ 

3. IF (Ihc innonnost control siriicturc i n  the coniiul hlook 
i s  ;in AND or OR) 
Select a pilth with Ihc longest wcrilga cxeciiiion 
time in thc control: stnicturc. 

is ii  LOCH') 
Transhomi i t  into il scrpmtial control stlilctiire. 

rlcterniiiicrl) 
C W  TO 3. 

4. IF (thc inncrmost corihd struciiirc in llic control block 

5 .  IF (a suh-critical pel11 of thc conlrol block is noi yci 

1 

6. Tlic critical Iiath is ohiiiinctl by cambinitig al l  the sribcriticLjl 
p;iths. 

Figure 2. JCSF Algorithm 

Figure 3. AND or OR Control Structure 

KSF, llicrc arc twn conlrol t,Iock$ in Figiirc I :  an AND and 
OR control block. Iniicrinost coiitrol slriictiircs arc OR ;itid 

LOOP, rcspxtivcly. Wc first tleicr~ninc a sub-crilicd path 
iii t hc  OR coiiirtd slructut'c ilnd tr;uisToriii ilic LOOP into i i  

scqucncc. Aftcr rlctcrinining siitm-itical pmhs for two con- 
icol blocks, wc cnii rind oiit thc criiic:~I path by coinlining 
all {he stib-crilicitl paths. 

4, Dendline Assignment Method 

I l l ider ttic high arrival tntc Lor rcqitcsting w a k l l o w  SCI'- 

viccs, the titnc  hat a workllow instance wails ror tlic scrvicc 
at x i  activity is iisiially niticti ~tiorc longer ihiiii ihc lime tlint  
ttic instancc i s  scrved at tltc tictivily. I l w c  i i l loc~ite aclivily 
cicarllincs withciut considering llic waiting~iinc, mmtiy wark- 
flow instanccs will not incct tticir dcnrllincs to t)c liiinlly cs- 
calatetl, wliicti in;iy well rlcgrntlc workflow tliroiiglil~iit. In 
this rcspcct, we p r o p ~ ~ c  a ticw rlcadlinc iissigntiicnl mcthod 
called Propnriicintil to ttlc Sojoui~ti ' I h c  (PST) tisiiig thc 
nvcragc cxcculioii timc in ilii ;rtivity and considcring thc 
ctiarnclcrisrics of workllow control structures. Bccausc a n  
aciivily hasically nccds its scrvicc iiriic, PS'I'dc~crtnincs thc 
static rlcacilitie of nn aclivity by tncans orgiving tlic activity 
winc atlditionnl s l i ~ k  h i e  adding to its servicc timc. 
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Definition 4.1 Workflow dock rim = WlwkJTnw deudline - 
Lungest average execution tinit' ntnnrtg workfllow paths 

Eventually, our PST divide rhc workflr)w slack tiinc among 
activirics in  proportion MI rheir avwage execulion timcs, 
which mentis that the workflow slack time i s  cqad  ti)  Ilw 
sum of al l  activity slack times. In ttic following, we cxplaiii 
thc PST method with in-dcpth analyses for workflow con- 
trol structurcs. 

Figure 4. PST Algorithm 

'Thc PST nlgorithin is coinpascd of two slcps as i i i  Fig- 
ure 4. STEP: transforms a nestcd workflow into a workflow 
with only il scqrtcnlinI control structure. Wilh this scqucn- 
tial workflow, we divide the workflow slack timc among BC- 
tivities iti proportion to thcir execution times in STEP%. In 
t h i s  process, slack times al' activities corrcspotiding to con- 
trol blocks or workflow control structiircs are reallocated to 
aclivities within thcm in tbc rcverse ordcr of tbe trmsibr- 
mation. Pigurc 5 shows thc rcsult of STEP1 which is the 
sequential workflow transformed lrnrri the nested workflow 
depictcd in Figure I ,  AND and OR control hlocks are rc- 
placed with activityT1 and 1'2, respectivcly, by the WHILE 
o f  STEPI. Figure6 explains thc process o f  transforming [Lie 
AND control hlock into activity Ti and reallocating thc ac- 
livity slack time to activities within the control block in the 

Figure 5. Workflow transformatlon 

I.. . . . . . . . . . . . , . , . . . , . . . . . . . . 
I !  

= 2 !".."".."".......... 
-7 

I. . . . . . . ,~ ~~~ ~~ ~~ .............. 

Figure 6. Transformation and reassignment 

rcvcrsc order ot' (hc transhination. Iluring STEP1 , activity 
4 snd 5 of tlic inwmiost OR control structure are first trnns- 
foIincd into activity t l .  And then. two scqucntial control 
structurcs arc tratisfmucd into activity 12 and $3, rcspcc- 
iivcly. Finally, we can ohtain nctivity ?'I correspoiiding to 
ttic control block by traosfnrinitig activity t:! itnrlt3 into T I .  
Thc OR control block cat1 br: ak.o trarisfornicd into activity 
7 2  in the siitnc process iis the ANI) control block. 

STEP2 starts with tlic scqueiitial workflow fruin STEPI. 
First, wc distrihutc the workhw slack tinic ninong activi- 
tics which liclong to thc scqiiential workflow in proportion 
to thcir cxccutioii l inm. For cach activity corrcspouding to 
a control hlock, e.g., activity TI. and '1'2 hi 1:igurc 5 ,  we 
rcallocnte thc activity slack time to activities includcd i t )  
the coxitrol block. After all, wc can distributc the workflow 
slack tiinc atnoiig all activitics wiltiin a nestcd workflow atid 
tlctcnnine their static dearllincs. Next, wc dcinonstratc how 
to traiisl'nrtn sequcncc, AND, atid OK control structures into 
an activity iitid a LOOP inlo a sequencc. These are csscnlial 
fur thc PS'T algorithm, a s  shown abovc. 

Scquciitial Control Structure: 
111 STEPI, II scqucntisl control structurc coinposcd oPn 

activitics is transformed inti) activity 1! as in Figure 7. p r  
the transrortnation, wc mustdckrmine thc scrvicc rate 11 of 
activity t satisfying that the averagc execution time of acliv- 
ity t is c q w l  to that of thc sequence. Bccmse the average 
execution timc is IW = i n  a M M l  with h e  arrival 
rate X and servicc rntc p, tilo average execution time al' a 
scqueticc is  tlie win of tlie average execution times o f  all 
activities included in the sequcnce [SI. Ilcnce, when the 
average execulim time of activity i is i ~ i  = & ( , i  = 
I ,  ..., n),thc servicc rate p' of activityt can bc obtained as: 

On the other " = 4- X horn cy='=, Wi = 
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Figure 7. Transformalion of a sequence 

Figure 8. Translormation of an AND control 
structure 

hand, wc tiivitlc the shck time dlocntctl to activity A among 
1 )  activities of the scqucnce in proportion to thcir ilveragc 
cxccution times. 

AND Coiitrol Stnictiirc: 
Bccnusc cncli scqiiciicc ptlr in an AND control' struc- 

turc can hc t r a i ~ ~ f o r i i ~ ~ t l  iiito nn activity, we just consitlet. 
mi AND w i h  n singlc nciivity pix path AS in Figiirc 8. In 
STEP], ;MI AND control striictm is translormetl into ati 
nctir?ity which tins tlic s m c  avcrngc cxccution tinic as tlic 
AND.  Siricc sub-requests of ttic AND iriust IK syiic1u-o- 
nizcd at thc AND j ~ i t i  aclivily, i.e., nclivi ly b,  h c  ~vcrnge 
cxccution timc of tlic AND is dcpciidcnl on l l ic longest cxc- 
cution path. I.ct rnridom vnt.inblcs on the avcragc cxcciition 
times or nclivity 1 2, ..., I I  i n  Figure 8 tic SI ~ S z ;  ..., S,,, 
rcspcciivcly. With (tic avcrngc cxccution iitiie ~i 1: E!,i 
liw activity i ,  the probability tlcrisity lunctioii j'x2 ( / )  r i r  Si 
is l xa ( l )  = 1 - t ; - ~ ( ~ ~ ~ - A ~ ~ ,  i = I, . . .  71. WIicn 1' is ii mi- 
clom varinblc cm ttic averngc cxccution time O F  the A N D ,  
1' = rntac(S1. S s ,  ...: lY,l) nntl 11ic tlistriliutiori Ilinc~ioii 
Gy ( , I : )  is 

C y ( . z )  = I'(Y < 3:) 

= I ' ( n l n s ( S , , X ? ,  _ . _ l  S,,) < 2 : )  

I ' ( S 1  < ; r ,  S n  < ; r 7  ..., s,, < . E )  

( 1  .- c - j ? i ) ( l  _. ~ - . T ; ? ) . . , ( I .  . E ' - * )  

= 

- - 

After all, we ciiti csiiinatc ttic scrvicc ratc 11' of  activiiy 
which is corrcspoiitliiig to (tic AND control striicturc in  

Figurc 8 !]sing tlic wcrogc cxccutioii titric of the AND, 

p '  = & f A. FoI thc slack tirile rcallocntion i n  STEP2, 
wc givc activity I ,  2, ..., n the s m l :  slack titnes 11s nctivity I 
bccaosc tach path in  thc AN13 is pcrfolnicrl iiidcpcndcnlly. 

OH Control Stmctnrc: 
Wc just  cotrsirlcr 811 OR con~rol structora witti II singlc 

aclwity pcr path hy the satnc r c w m  as an AND. In Figiirc 
8, a11 OR control structrirc is t~-ans~ormcd into at) activity 
during STEP]. Ttic avcriigc cxccution Liinc or activity i is 

K [ Y ]  = Jy i - (;,+)d;x. Bccausc or K[Y] =: I I F k X ,  

Figure 9. Transformation of an OR control 
struclure 

Figure IO. Transformation of a LOOP control 
structure 

5. Expcrimcnts 

Wticti dctcrinitiing the activity rlentllinc, thc PST inettrod 
is k:ised 011 tlic averngc cxccution t i i t ic  it) nn aclivily, which 
m y  imp1 icitly cnnsidet the workload L ~ E  tlic nclivity. This 
tiiciiiis h i t  wc malyzcd mtl rcllcctcd workflow bottlenecks 
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Figure 11, Estimation of transforming a LOOP 
to a sequence 

in  the activity dcarllinc assignracnt. In thc cxpcrinients, wc 
cotnparc our PST with h i r  prcviims nictlirxls, U13, ED, 
IiQS, and JQF n k r  slightly ntljusting BQS and EQT; lo the 
siatic dearllinc assigiirnciit tnctliod wittioul 1111: infoimatinri 
loss. Figurc 12 is a i  cxaiiipk clclci.tniniiig smic aclivily 
dcntllincs by the policics of UD, ED, EQS, EQl, and uur 
PST, hascrl on thc workntiw scheina. 111 this cxamplc, UD, 
Id), EQS, nnrl GQF cotisidcr rhc weragc itcration of activity 
I O  fur  thc LOOP, i.c., two itcraliotis. 

In Figure I3  and 14, aciivity dcadlincs tlctcmiiiccl h y  
thc PST method arc dl hard clctldliiics ~ h i c l i  iiicans that :dl 
workllow instances will hc cscalatcd ik'thcy cannot inccl tbc 
rlendlines. Figurc I 3  sliows the nutnbcr oC cscnlntcd aciiv- 
itics for  cacti dcarllinc assignniciit method. Wc ciin iioticc 
(hat UD, I-JD, EQS, nnd EQF cornparcd to PST tnay csca- 
Iatc workflow instanccs after many workffow activitics fiavc 
alrcntly bcca cotnplctcd, which rnny rcqiiirc high cscnlation 
costs. Figurc I4  tlcpicls workflow Ihmughput, Ibc nutiibcr 
of  cottiplctcd workflow instances satisl'ying thcir denrllitics, 
tor cadi dciidliric nssigirnient tnetlir)d. Our PS'I' mdtrod ~ i i t i  

support highcr tlirriughput thaii oihcr mcthods in triost CiISCS 

with lcss cscalation. 

Table 1. Workflow Throughput according to 
Escalation Policles 

On thc other hand, Table I shows the numhcr of work- 
flow instances complctcd timely al' 10000 workflow in- 
stances, i.e., workflow througlipul under the two differ- 

Figure 12. Activity Deadline Allocation 

ciit escalation policies about aciiviiy rleatllincs in ttic I W  
iiiclhrltl. Otic is (lint dl activity tfcxiiincs are colwirlererl 
iis hard tlcadlincs, so al l  workllilw instances i iu t  to ttleet 
wiivity tlcadliiics aIc cscalated, Thc otlicr i s  thnt activity 
dendlincs arc rlivillctt into liaitl a n d  soft rlc;idlincs usitig i l ic 
conccpl of critical md iwI1-criticiil acliviiics incnlioncd i n  
section 3 .  In case o f  sof activity dertdlincs, workflow in- 
staiiccs c m  continut. t o  pcrlortn thcir works cven i C  thcy 
miss soli ilctiviiy dcntlliiies. Tbc escalation policy distiii- 
guishingbetwccn liarcl mrd sti l t  nctivity tlcarllit~cs can sonic- 
whnl rcducc thc possibility t l ~ (  soinc workflow ~ I ~ S ~ ~ I I I C C S  

bcing cotnpletetl iimcly i n  ttic long run may he Cscaliitcd 
duc to inissing thc sort activity dcndlinc. Conscquently, 
workflow Ihroughpul c m  be improved i f  iiiorc nppropriatc 
cscala(ion policics arc n p p l  icd. 

6. Conclusion 

Many busiiicss processcs have timc propcrtics, which re- 
quires ncw time manageinclit technologics approprialc to 
workllow systctn onvironmcnls. Onc oftlic most fundamcn- 
tal time munagcment i n  a workflow is to manage workflow 
and activity dcildlincs. Bccatise thc worknow deadlinc is 
hatdIy chnngcd in general, rhc way to assign activity d c d -  
lilies cffcctively lins been studied iti many matcrials with 
the ul3jwtivc of iinprnving workflow throughput and perror- 
maiicc. Rccently, thc cxplosive incrcase of workfow users 
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Figure 13. The number of escalated activities 
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Figure 14. Workflow throughput 

inakcs this issue mort iinporlm~. 
In this paper we propnsc an cil‘cctivc scheme to itnprovc 

workllow hroiighputby innnngiiig activity rlendl itics. First, 
wr? tlivirlcs iictivitics into Lwo groups, i.e.+ n critical and im- 

critical activity group using thc ICSF algnrithiii to find out 
[lie crilicul path i n  a workllow. Thc 1’ST algurithm tbcti 
dckrinincs static activily dcadliiics using queueing thcory. 
t f  an activity hclongs to a critical nr non-critical activity 
group, it  has ttw bard or soft dcadliiic, rcspcclivcly. AccoItl- 
irig to Ihc activity group, wc can :rpply varioiis cscalntion 
policies to irnprovc workflow rhrouglipat. l’tic iiscfiilncss 
of our schcmc was shown through various expcriments. For 
thc fiirthcr work, Ihc csctllation cost iiiotlcl approprintc to 
workflow sysicm environmcnts iiccrls to bc rlclinctl, 
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