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基于资源约束的并行活动优化调度方法 
闰纪红 吴 澄 

(清华大学自动化系CIMS中心 北京，1000~4) 

摘要：针对并行产品开发过程，提出了一种基于资源约束的优化调度算法．首先给出了并行活动的三十定义， 

提出了一个使算法能够实现优化调度柏综合函数．并研究了并行工程中的两个关键问题——角色分配和反馈惨 

改 仿真实例表明了算法的可行性． 

关键词：基于资源约束调度；优化；并行工程；活动 

1 Introduction 

Concttmmt engin~ing(CE)as al~Jlosophy aims to 

addressthe coosiderafion of differentIife cycleissues 0f 

aproduct at early s~age ofthe design process in orderto 

analyzethe factors affecting rmamfacmring pro~css Re— 

cena~．00naⅡrent engineeringhas placed gteater empha- 

sis Oil file ol mi日d0Il of development prvcess，which 

will determine 8O％ ofthetotallife—cycle COstt ． 

So far．tlaere a a few litera~re which address con— 

curl~t sd method(see，f0rinstance，[2—4])． 

But Ilon~of them considered the limitations Oil Ies0uIce 

avaUability in the scheduling process．A res0urce COn— 

sⅡained scheduling strategy for concurrent scheduling 

was shownin c5】，but role allocation andfeedback revi— 

sioa～the ClllX ofcE．iS mentioned． 

In this research．n optimization algorithm compro一 

sing rcsollr~ andinformation co~straSnts aIthe s棚ne 

m-heis achieved bytaking advantage offfa-ee definitions 

'm Section 3 and severalitemsin Sectioa4．Role alloca- 

Rec~ved d~e：2000—03—27：l~vised d砒e：2001—05—28 

tionis血1p【em舡【嘲 acooIdiIlg persom~el’s 

feedback revision process is realized by considering the 

revision proeess as a resclaedule cycle 

2 Problem formulation 

The problem considered here is minimizing the c0In— 

pletio~time for design process sulnninirlg to all c。n— 

straints．Assl】r曲唱 tile number of aedvitiesin a process 

is n，the sort of availableI'~SOIlrCCistn，the scheduling 

pId如m can be descnl~ed by吐le mathematical n'~lei as 

follows．, 

Minimj五ng 

t 
， 
+1， (1) 

sa出fyiⅡg 

⋯+1≥t ，i∈(1．⋯， )， (2) 

I 
，』一‘“ ≥re, + ．々 ，，∈ (1，⋯． )， (3) 

∑ (‘)<瓦(‘)， te l， =1 2”，m， 
(4) 

where，‘f
． 

is completiontime of activityi，wheni=O， 

0isinitial ，tc
， 

is。0ncllI删 time between~tivi- 
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tyi andj，T／k( )isthe quantityof Ⅲr。e requiwAby 

task attime ，风(f)is available quantity of Pesourcc 

attime ．Formula(1)isthe objective function． 

3 Definitions of concurrent activity 

Fig．1 shows intersectant，parallel and feedback ila一 

'cures of relafionshi~ between CODCUI~nt acnvidcs【 ． 

Activity“END”is a durmny one，s~ ding forprocess 

ending． 

Fig 1 Relationships between activities in one devetopment phase 

Deflnl"tion I Layer nmub~ of activity．Activities 

in the bottom layer such as B3，C3 shown in Fig．1， 

whos~layerRBIII~ is defined as 1，thelayermanbexof 

activities such as B2，C2isdafmed as 2．Larger number 

should be cho~m ifthere ale some conflictsin deciding 

the layer number。for example。 layer ntmaber of ac— 

tivityA is 2 rather血∞ 1 becausetheimmediate down— 

stl'c~lq activities B3，C ，which possesslayer1 

Definition 2 Concurrent time c
． 

． c． 
≥ 0 speci— 

ties that activityj cctl~t start until啦leastt： 4time urfits 

afterthe completion of activityi； 
， 

< 0 specifiesthat 

there c∞ be f c
． 

f time units overlapping between ac— 

tivity』 d activity i． 

。 

叫  } I I 
Fig 2 Concurrent time tc

．0 

Definition 3 Activity．Each activity is described 

by a vec∞r G=(N，A，C，R)，where 

ⅣisD number of an activity； 

A represents aggregation of alltheinterrelated activi_ 

ties both forward and backward； 

C=( ， ：，r'／,d，flag，f )states the sequential nat'dre 

ofthe relationships be~wecn ac廿vi妇 ．where l is the 

layer number of current activity， e is the lead time of 

activityi，～ isthe number ofimmediate downstream ac_ 

吐 6es relevanttothe currentitem；flagisthe signterm 

of pre-release。flag 1 is a sign bit of pre—release； cis 

a vector consists ofan overlapping time with respect 

to the iruraediate downsh-eam a出vldes relevmat to the 

cur rentitem ； 

R is a demand vector of s0un ，assmning all the 

reso~ are discrete。the sort ofreso~ required by 

∞ vj is m ，and the quantity of each kind of re— 

so ∞ is l，‘一，rm respectively． 

4 Scheduling algoritlnn 

4．1 wei 血 f~ torsallocation 

Atfirst．∞ inmgra~dpriorityfunctionisputforward： 

三  
j： J ， 

i=1 

wherê (i：1，⋯，5)，Jtisthelayer number of each 

activity，止isthe numberof downsb-eam overlappingac— 

tivities．j、is the num ber ofdownstream activities。J4is 

theleadtimeofthetask，̂ representsthereSOtlrCCspos 

sessed by the aeuvity．Each ji is normalized is a 

weighting factor between 0 mad 1．Here，the activity 

poss~ largermagnitude ofweighing slimisthe crit- 

ical task mad，as such requires a greater attentioninthe 

scheduling process． 

4．2 Resource allocation  

In scheduling process．an activity which possesses 

larger magnitude of Jis givau priority for resource allo— 

cation when activi~ies compete for reSOUI'CCS．The rest 

schedulable activities will keep w~fiag until the Ics0|lIce 

requirement is satisfied． Note that， the requt~ re— 

soul~P．8 of a11 activity are invariable duringthe perform’ 

ing process，mad the possessed ms0uI will be released 

immediatelywhenthetaskjs ended． 

4．3 Role allocation 

Role allocation is themost difficult problem to solve 

owingto thefactthatitis po ssiblefor apersonto take 

charge ofdifferent rolesin one project andthe ability of 

dittemntmlesfor a personisals0 distinct Forthe sake 

of allotting personnel properly and giving free play to 

every role．four tables a∞ established in our database． 

The relationships described by Ⅱ bles are the 

following： 

1)the ability ofdifferent roles byindividuals； 

21 mles requiredby different acdvidcs： 

3)hardware required by differentroles； 

4)Ih~'dware(such as computer)required by soft— 

W are． 

Naturally．the Tnumal relationships between ability， 

mle，personnel。softw~e，and haI曲 can beo~ incd 
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from the above tables．Here． role aⅡ。cadoI1 principle 

is：choosingthe personnelto completethetaskwhichhe 

is adept at，mm~ly，cbco~gthe onewhopossessesthe 

largest ability valueinthe abilitytable ofthisacfivity． 

4．4 Feedback revision 

In practice．no[mal activity c∞ riot be interrupted 

from the starting time until it is accomplished．In the 

everltof design failure，the failure will be detected by 

the downslremu activities after prerelease．Then revision 

wouldtake place．Ifthere are some revisions afterprere- 

lease and detection，the abnormal activity(activity need 

to be revised)is divided into two types：the task has 

been finished andthetaskis being perfon~ed ．Thelatter 

should be stopr~ immediately when the feedback r 一 

sion occurs，andthen allthe abnoimal activitieswillwait 

for being re．scheduled． 

4．5 ScheauUngprocedure 

Note that，itis impossibleto schedule allthe activities 

of awholeproject duetothefactthatthedesign process 

consists of alot of activities andtheactivities are uncer一 

山 ． Hem． d~ amic scheduling scheme is adopted． 

Therefore． the algorithm must be easier baⅫ se the 

number of schedulable aetivifies is limited ii1 one 

scheduling step un der the condition of multi—constraints 

Scheduling Dc。duleis： 

Step 1 Updatingthe vector of available rBs0u]r0esto 

0b at a moment． 

Step 2 Finding out allthe schedulableactivities and 

calculatingthe priority function J． 

Step 3 aⅨIsingthe schedulable activities under the 

limited∞s0ur0es accordingto the p ty． 

Step 4 Applying for R目。u“)es if the available se’ 

SOB／'CeS am inadequate． 

Step 5 Releasing es0Ilrceimmediately when ．衄 ac — 

tivity is eBded，return to Step1． 

5 Simulationexample 

Simul~on exmnpleis given based oll one phase of a 

celIain product develolmmnt piDce~．Th e numberofac’ 

dvities forscV~ uangis10，relationships between activi· 

ties are showninFig．3．Task 3 represents∞ activity of 

811ot~ group．Obviously．1ayermⅡnbef vector ofthese 

activities is(5，4，1，3，2，3，2，1，2，1)．Known lead- 

time vectoris(7，3，6，3，4，5，6，5，6，4)． 

Besides，R，relationsl~ptables can bepicked up from 

the exJs~lg database H ，the required soIⅡces aIe 

given by R，R =(m lpM ，software，computer)． 

Manpower=20，softwal~= (8，9，7，10，9，10，14，9)， 

that is，the sort of soflw'al'eis 8，ccⅡlpl脚 =20 

Fig．3 Relationships between activities 

Traditionally，allthe activitieswere executed one by 

one Obviously．1be completiontimewould be 43 days 

(except activity 3)ifthe activitiesⅢe performedin the 

traditional sequential fashion ．The schedalJag lesult of 

these activities using the optimization  approach prq，0sed 

in thispaperis shownin Fig．4，andthetotal completion 

Umeis 24 days．we~gtang cc0rs are decided according 

to idiographic problem．Here，the weighing vector is 

(0．5，0 4，0．3，O．2，0．1)afterlots of simulation exlz~- 

iments．The opdmizafion  scheduling pI 目 is shown 

iIl T曲le1 

Table 1 scheduliIlg Dcedm  forthese activities 

Smp1 

Step2 

S卸 3 

S卸 4 

S卸 5 

Step 6 

1(1．1192) 

2(1 o1~8)，6(o 聊 )，9(O．6796) 

4(1 0183)，9(0．7629) 

5(1．1lSg)，7(0．6796) 

m(0．糊 ) 

8(0．4369) 

In Step 1．only one acfivity caI1 be sd~xluled ．The 

删 tisrational becausethe othffi~c蛆 not be 阱Ined 

until activity 1 is accomplished．Af the丘rst activityis 

scheduled，activities 2，6，and 9 become schedulable in 

Step 2 Notethat，onlytwo ofthem (activities2 and 6) 

havebeea scheduled ，and activity 9 hasto waitfor re． 

souIc脚 due to the岛nallerma 咄 of Jit possesses 

In Step 3，only 0ne activity (activity 4)emerges in 

schedulablesetue w~y．Itis calculated alongw油 acavity 

9for scheduling andwinsthe higher~odty．As such， 

alltheactivities ale scheduled sueeessfially，basedon the 

principle propo sedinthis paper． 

Ruling the representation(口，b)stat~ that the feed· 

backpo ints to activity a and 0ccurs at time b．／fthere 
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are designfailtues．inllaeinterest of realizin~the revi— 

sion process，SOllle itea~ such as time(when feedback 

oa )，the ID ntmaber ofthe activity feedback points 

should be i 斌 ．Fig．5 is the result for these activities 

with feedback revision(4，12)． 

11 

9 

7 

5 

3 

1 

Fig 4 

9 
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3 

f乎 N 
=  ． ． ． 

}][ 

1 ． ． ． ． ． 
12 l7 22 27 32 37 

Time，d 

Fig 5 Scheduling result with feedback re','ision at(4，12) 

WhenGannt chartinFig．4 andFig．5 aI℃compared． 

the changes in feedback revision b。∞Ⅱ1e obvious：the 

~ ements take place in the latter~heau[tng pro— 

jects，and the accomplkshed activities irrespective to the 

revisiom need notto be re-implemented inthefeedback 

revision process．Tile attributejust representsthe charac- 

teristie and adv~ltage ofCE． 

6 Conclusions 

TheIlatulltl outcome ofthis approachis providing an 

Olrdmizauon scheduling algorithm for o rent activi。 

ties via apriorityfunctiondefmedbytlSwhichintegrates 

allthe keyfactors such astime 0rder．information，Ie— 

s0u1w ，overlapping time and s0 oil．In addition，deft· 

nitionsforo~lcurient activities aI℃proposed．which pro- 

ridestheIlCCI~ basisfor schedulingthe activitiesin 

concm'rent cngillc~ qg．Moreover，role allocation based 

oi1 abilityis discussed，andthenthemanpowerallocation 

inCEismainly aecord~ tOthe ability ratherthan“per- 

SOIl”such as in the existing literatt~e
． F'mally，pre-le． 

1ease andfeedback revision ale realized．The scheduling 

algorithm caⅡei1sure埘l啦 Ies0IlI％ effectively and 

the deliveringinfoml~ on oplimally，and conctu-r~ t de- 

velopment process betleftts from these achievements at 

the smletime．Applications havetestifiedthatthe algo— 

rithm is convenient and feasible for so]vmg optimal 

problem of practical concm'rent development process． 
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