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ABSTRACT 

The machtne set-up probluni IMSP) is that of determnng an optrmal 
seqwnce lhat a set of Irl operatrms wlll be pctformed by a generalmpurpos@ 
faddy m order to rnlnrmlze Ihc tolal cosllt~me of re.sett~ng the fac141ty Though 
the MSP a experienced In many small scale nduslnal sllitallons many of Ihc 
exnhng algor~thms are programn~ed to run on suwr cornpulers or rnassnely 
parakt computer p ~ c s s o r s  whch are olten ml auarlabtc for small scak 
mdustrml cnwronmmt In Jevvlop~ng rconomlcs In thls sludy a Subtour-fte 
Set Sequencing Algorlthnl bi1~r.d software In! solv~ng real Lfc medtum srze 
machrne set.up ptobfcm on psfsnnal cmprrlers was developed and Cslcd 
The compuralmnal ttrnc curve ckhrbrtcd a polynomrat growlh for thc rang@ of 
problems solved and the sofJlon system was s l m n  to bc practcablc 

Keyword8 Comb~nator#al Optlmtzallon. Mach~nu.Sel-up.Piobkm. SuMour. 
Software. Sel-Sequencing . Atgordhm 

t4 INTROOUCT ION 
MSP 1s the probrcm d deterrn~nlng an opitmal 

The ulrlvatm ol classical scheduling tticory n seqtrencc Ihal a set 01 N operahwlr mtl h. 
most produclron mwmmcnls. cspcc~ally m a perlormtxi by a gcneral purpose iacddy m Order I:. 
dcvelOpng country kke Nigeria. has k e n  mlnrrnal rn~ntrnlze the total cost or hme of rt+scttmg t lbm.  
i'vcn though ~ M u l ~ l g  l he ry  has malurcd ovt!r Ihe facaly In many real-ltfe probkm~ Were arc! 
years (Maecarlhy and t IU 1993 Wmrncr and sequcncr! dcpendcnt setup times S. IS, = setup I r m  
01efeId. 1993 Pmcdo. 1995) Mosl often the 11 jot) j n prwsscd mmed~atety aRer p b  t i  and lhus 
scheduler 1s not Iamtllar wdh cornpl~cntcd scl~tbrftrLng the makcspan IS a funchon of the schcduk G w n  N 
I?mrles park and a prorcssor an MSP algorlihm llnds thr? 

ordcr (a scquerlce ol the N parts) m whch c h  part 
Whllc m u l w t u t ~ n g  has bccri revcrlut~onvcd rn w~ll pass through l l~c  prmssor or thr. proeesot wt., 

most devebpcd counlnes whctc Itit? concept ol pass through cach only ancc so lhsr thc maLcsn;+rl 
computer~ntegralcd rnanufaclurmy {ClMi n vrlciely IS nltlrmlvcd 
used J has been reported that the trsc! of CIM n 
very low In Nlgerw {Ogedcnghc c1 al ?00%1 1 he I1 sho~rld be notcd lhat MSlj s rcndrtw w a 
development of kw cost made n N~gcrt;~ ~nd~~strrat processor passrng hrough thc N palls ( S I J ~ ~ S J  IS 
sobare ts an unporlsnl step towards fuar~zlng !he popularly ~nlcrpretcd as thc fravcllng Saksntan 
lrdl bentlR of CIM To Increase the accuptabrlrly of Probrcm (TSP) (Dci'neko et al 2006 Gut~n and 
my xhedulrng procedure and enhance I!S practrcal Punncn. 2002. L m k r  et at 1985 Kahng and Rcda ., rtkvaryc such abgwthm should be emtxddrd In a 2004 tlalas and S~nronclt~ 3001 Ctlarl~~-&fibi! 
user frendly sollware syslenr (Maccarlhy ant1 LIU 200 1 Datttz~g 1951 L~lllc at 81 lW31 WNn S 
19931 S,, ttlc prt~blem IS a spccml caw. thr Symmclr~ 1 ' &. . 

cSTSIr) The Machtnc Setup PrrrbIctn tMSl'r is 
The devclopncnl of user Irlcndly cnntp~rtcr acluafly the er~u~v;~rCnCC 01 thc molt! r;utIaaral 

50RWare for soklng Ihc Scqucncc Dcpcnrtcnl Slrlglc Asymwcrac ISIJ (A7 SP) lor whlch S. d S tnay hold - 
Mach~ne Sct-up Ptobfcnt (MS13) d t l i r  fof:us uf thrs Thc Asyn~metrc 1Sl's casm arc kntmn tu k nmrc 
WQrk dlllrrull It) SO~VI- lhan thr~r syt*~mctrr tqurvalcnl 

(Jollnsofl ct a1 7002. I lun t j  70041 and rhac 
2.0 THE MACHINE SET UP PROBLEM (MSP) bern ~ndccd vcr i( f r w  S~II~ICT and ;l lq~*rlhm~ on tht 
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Asymmetm TSP (the MSP) reported in the lrterature 
(Kwon el al, 2005, Gut~n and Punnen, 2002, 
Applegate et al, 2004, Walshaw. 2002) 

3.0 THE SUB-TOUR FREE SET-SEQUENCING 
ALCKlFUTHM SSA 

Interest m new MSP algorithm development has 
been attrachng much attentton in recent tlmtn (see 
8 a h  and Sirnonett1 .2OOQ. B a k  and Sv~rtdenko. 
20003. b For instawe. the largest ~nstancc! of the 
TSP sdued lo opttmahly is the 24. 978 Sweden 
crtes mmed wt on a duster of 96 Intel Xeon 2 8 
GHz dual-pracessor machines requrtng an 
equivalent esttmated hme of 91 9.CPU years of a 
s~ngle Intel Xeon 2 8 GHz prmessor The 
mputa t~on started m March 2003 and fln~shed tn 
May 2004 (Applegate. 2004) 

Unfortunately, wper comput~ng and mssrvely 
parallel computing are often not available for 
Inctustnal applreams n many devetop~ng 
ecomrmies. (Oladokun 2006 Charles-Owaba. 
2002) Therefore. the search lor efficient M$P 
software sulabte small end computing platform 
found In a typical Mlgcr~an machine shop 
env~ronment rematns relevanl 

Implut enumeratm and heut~slcs are the MSP 
hadmat sdutw#l approaches The former are 
d k m t ,  thereftore irnpractel for ~ndustrral 
appbilons. while the bter are efkfent but man,l 
19* # e c l ~ ~ ~ n e r s  For anstance there are 2 4 x 10 
and 1 5 x10 pssrble solulons for 20 patts problem 
and 25 parts problem respecttvely. the I8M bull? 
280.6 teraflop Blue Genet1 supper computer (fastest 

modern ~omputer) wh~ch could perform up to 280 6 
tr~llnn cakutal~ons per second (fordahl. 2005). 
uslng the complete enumeratmn awrlhm. wutd 
take 2 days to ftnd an optrmal xhedub for a 20 
parts problem and 400 centuries for 25 :. ,;s 
problem Hence other more canstructrve n7t:inods 
are used to tackle lhrs NP hard problem 

3.1 Tho Ssf-Saqucncing Algorithm {SSA) 

Recently. Scl Scqucncrng Algortthm (SSA) was 
propoxd as a bass far the MSP soluban 
approaches In Ihe Set Sequencing paradl-..n 
(Charles-Owaba 2001. CharleS-Owaba. 2r':. r a 
cumpletc tour 6 v~med  as campnstng a s..r of N 
malrin clemenb (Inks) G ~ w n  any #nllr;,l MSP 
soiut~on sequence S, the SSA vlews a MSP malrrx 
M( 1 as comprlvny rncumbm! and Candldal@ trnks 
€(MI Set Scquencrng a deftned as the 
translormatron ol a known q u e n c e  (S 1 to '3 new 
sequence 4S1.1 by lembly repkng some 
tncumbc!~l llnk m E(S.1 mth lk Same number (NaI ol 
candldelt! l~nks froni set E(C,I 

Thrce d ~ s t ~ t ~ t  sels of hnks or edges. Th.2 set ot 
tncumbent hnks l u E(S,). The set of fcptxed 
ncumbent links. 11 E(S, ). the  set of replacers or 
cand~dalc Lnks. LC (Ct) am #WOIved m the SSA 
process The SSA Idenhles the hnk tn sel LC. 
brtnglng them mto lhe new sdutm edge set Ef S.. , I .  
one link at a tm. and makq sure thar no rarr 
comes from t k  same raw or eolumn of '.lr 1 ii 
conl~nues bnY tnc path d search loms r7 c b s d  
a p t t  when 1 LC 1 = I ~ r t  holds A typical protrtem wth 
closed c~rcu~t IS show tn FQ 1 

Fig. 1: SSA Procesg Iormtng a dosed arcud wlth feasrble S,, v = (8 2-1 - 5 4  10 4.7-3-9.8) 
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The SSA process matrix in Ftg 1 IS known as 
difference matrlx O,( ) obtalned from the MSP ruatnx 
as follows 

For the canddate Index 

OI(X, , yl)= 2M{x,. y,) - (VI + Vc) 

rf x, = N 
Where Vr = 

0 
o t h e ~ s e  

(1 1 

and 

N. being the problem srxe 

3.2 The Gain Function 4 v  (Lr, LC, Na) 

The exact value of the garn Av (Lr. t c  Na) 
assocrated wlth a given set LC IS calculated dlrectly 
lrom the current dtfkrence matnx. U, ( 1. using 
equation 3. prov~ded S,., forms a fcnstble or 
compkte MSP tour 

(31 

For the SSA procedure. the lollrrwtrry cqtr;tttans 
;Ire used to compute the vatuc of thc ncw ScqIIr?fICe. 
S.. 

V.dS,,,)= V.tSl)+Av (Lr. LC Na) 

Observe In expressions (3)  and (4.5) Ihat. for the 
rnlnlrn~zatton MSP r l  IS dearable that the sum of 
terms. (D,(u,.v,)). bt: negatlve 7h1s ts actually an 
alternative MSP model equvaient to lhe trad~tonal 
MSP model M~nrn~ze Va(S,} See {Charles-Owabn 
2001. Charles-Owaba. 2002 and Otadokun 20061 
for further dela~ls 

4.0 THE SOFlWARE OEVELOPMENT 
METHOOOLOGY 

The oblecbves of dwelopment process are to 
ensure lhot the software n user frlendly and srmple. 
that I! IS compat~blc w~th most common low-end 
computer platforms. that rf has an open-ended 
lntcrface amenablc tor future upgradrng whch can 
support and accommodate some other schedulrng 
algorithms and that d contarns adequate help 
Iacllrtres and documentabon for easy ma~ntenance 

4.1 Softwarn Devclopmont Langurgm and Twls 

Borland Oelplu (verslorl 6 0). bas& on objec:l 
Pascal's syntax and prograrnmng logc. has k e n  
adopted Pascill a powerful and very efflc~enr ~n 
terms of trmc ;and space required to run a 
programme wrltten m ~t Borland Delphi. p o f ~  lar 
and well acceplcd among software devcla&~lrs 
offers a pract~al and easy means of creating 
cornputcr appltcatrans for thc Mcrosoft Windows 
operatrng systenis It IS a highly portable Integrated 
Oevelopment Environment (IDE) compatible wth 
most computer plntlorms Thcsc and many 0 t h ~ .  
features have rnfoimed our adopl~on this IOE. .nd 
object Pascal was used for thc MSP algorithm cc de 

4.2 Sohwam Dcsign Methodology 

Tltc 'MSP software n dcs~gncd as a wndow 
bascd programme mlh a mouse and kcyboard 
drrvcn lnput loulpul Graphical User Intcr lace T l ~ c  
sottwnre system ts made up of threc subsystems IS  

shown In Frg 2 The three subsystems arto as 
follows 

Th(: graphcat Interlace (Gull 

I he  Ilroccsslng or analyslng subsystem anff 

TI!(! external 11lc and data managcn?rba . 
subsystem 
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h MSP sdkare ,interface &sm -to 
re- the Omilmr M~cfosoft based wndow 
ptgr#pqqaq?q kta*..*ant* ,pt.nmst users' 
~ ~ , m E v p e g l  m!w- 

.gm m,-,k?:GPpaMe of. anput 
p&klpS ,QCI~W [ i v e l y )  and in batch (slored- 
o?,W#VBlMITJF~ M in the PMkm 1s stwd 
h ASCII h W  rrs#lg mh text file format Both types 

-@& 4Wis~$ .@ denby the Input 
kl matrbc b m a t  for any correchon. F~gs 3 8 

&#,@ vsesien of the input probkm that 
h . m d i n ~ t h e p r o b l m  

The Inter- ~npul form dlows m to ,-.data 
directly in thm posshk hmab. I )  As 8 N. by N 
square matrix. 2) As 9 N by 2 matrirQd-lhelNjsta[w:~i 
Cartesian &#nates and 3) As a N by 2 matrix d 
the N process states w levels 

The processing s u b ~ ~ ~ t e m  m t s ,  of. 
cornpuler codes beh~nd the mterface. P- 
subsystem ts m;ldl: up of two #rdependent w s  
The I t t  d u b  w the default m u l e .  whch ca,!a:r 
the object Pascal codes of Ihe MSP aiganthm and 
ernkfded directly rnto the G U  subsplem The 
second module mbtr~ Ihe set of ooded for random 
problems generator and the input data mtamt. 
cafe 

4.2.3 Programme ntructum 

Frg 5 shows a simpf~fed structure of the h;SP 
software Modules 

~ S I  ias) 

(ill1 St llISYSI'!~Lbl 

!'IEO('liSSIN( i l'i[*li&l ):Iml'A 
' StJHSYS'1t:M Mi i'l- 

Flg. 2; The,MSP Software system UNIV
ERSITY
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Fig. 3: file load~ng input menu ~nterface 

Fig. 4 Interactwe problem loadtng menu 
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FIQ. 5: A urnphl~d structure of the MSP soitware modules 

5.0 COMPUTATIONAL EXPERIENCE AN0 problems) Tabk 1 ywes Re summary of t! . 11me 
WSCUSS)(IN OF RESULTS The Trme us Problem Sue curve IS shown 7 , ~  F g  6 

The new SSA algorithm was also waluated ustng 
a sel of 280 randomly generated Asymmetrlc MSP 
pr&bms S~mrtarly. 7 Asymmetrc TSP mstances of 
17 to 65 vertrces from TSPLl0 (Renc~lt. 1991. 
Rene~N. 1995) were used for comparat~ve analysrs 
A real ltfe applmhon involvrng a 60-part machrne 
mt-up problem =rrled out on a general-purpose 
lathe rnach~ne was also solved 

S.q Computer Platform Used 

T h  spec~frcabn ol the computer 1acLty used a 
summarlzed below 

I Computer Processor 667MZ Penbum III MMX 
processm. 

11 Computer Memory. 128Mb SDRAM ar!d 
nt Operlllng system. Mrcrosofi Windows 98, mndow 

2000 3 window XP 

5.2 Computational Time Analysis 

Fig. 6 Trme vs Problem Srze Graph 

5.3 EHQc~ of Range Merenee 

For the randomly generated probfcms with In order to evaluate the sens~lnrrty of the 
problem sKes rangtng between lo and 140 the proposed algorithm to proMem range the te.;: of 
pmms mab~x. cost elements were {our ranges mean 01 of the range was cafrled out 
( 1 ) 5-50, (2) 10-50. (3) 20.50 141 000*500 000 using t test of The cos( ebmcrlls has no 
f he mputatronal trme ncreased from 0 012 minute =nett on the c~mp~~latr~nal time 81 5% lev 
(for the 20 x 201 to 11 minutes for Ihe (100 x to0 
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TrMa I: Summary of Results 

- -  - - - - -  - -  
I140 15 1 51 3446 1 1 119731 1 04732 1 

fable 4: Test of Means for the Two Hanges 5.50 and 20-50 

b 

Size t-calculated 

0 662694 
40 1 0 033007 

,W ! 0 St8559 

t- tabulatud 

,80 
tOO 
120 

IN 

4 

a=O 05 

2 776 1 

-0 74571 
-0 89667 
-1 63628 

2 30 1 3 355 
3 30 1 3 355 

A 

<;ot~irnc~~t 

1 how IS rto 

8 ' 
8 
8 
8. 
8 

a = O  01 

4,604 

140 

3 30 
2 30 

s~~nihcar~t dtlfcrcrcc 
ui ;]It the probbnr 
~ r r l i : ~  3 355 

3 355 
230-i-p 3 355 

0 362652 1 2 30 3 355 1 8  
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5.4 Regression Analysis 
. - 

The plots of expcrtmental dala obla~t!r:rl as 
shewn in Fg6 were curve f~tted !nto a polyntunlal 
funcfm assummng a functm of the form Y AX" 

.-VVh~re. Y zT #e computing ttme. X n the 
problem w e  and 8 8 A are the regression 
coefltctents Applyrng least square blttng g~vcs the 
follow~ng functton 

Expresston 1 seems to agree w%h the esllrrlated 
number of computations (NC) denved as fnllows 

(a) Number of Transrt~on Process unlts { TPI pur 
replaceable ~ncumbent = 2(N-2) 

(b) Possible number ol feasible terms rr a 
TP= 3.4 N ( anthrnetc progress~on) 

{e) Average number of terms in TP= (N + 3V2 
(d) Nwnber of repbceable mumbents N 
(e) Number dtfferenms to be computed pet 

Iteration N(N-2) 

Const&& mer L ~Ieratims 

N t i  
NC= k[2(N-2)( )(N) +N(N-2))= kN(N*?)(N+4) - 

Assumed k 1s a constant. actually k avvrsgc!s six 
rleratms across the problem slres solved 
(Ofadokun, 2006) 

Then NCt N(N*2){N+4) ( i )  

. l h i  does no! include the number computat~ons 
rcqurred lor testtng for the feaslbrlity of each urcuit 
1111s perl~aps cxplaans why expresson 6 1s a 
polynomral of degree 3 5 lnslead of 3 as oxpcc!, :! In 
Eqn (7) 

The illgonthm of Chnstoldes, (197Et has a 
compula!~onal complex~ty of 0 IN ) (Par ad~mltnou 
and Stc~gl~tt 19821 On the other Ass~gnn z n f  Based 
Tour c;onstructron approach s cornputattonal 
c~mplcx~ty n dorntnated by the solut~on of the Meat 
assgnmr!r~l problem for wh~ch Ihe currently best 
knowrr d(rpro;l~tr l i g k ~ ~  trme of O(N1) (Johnson ct al , 
2002) While branch and bound atgoflIhnlc x e  
exponent131 even for very small stzed prohI-:.;~s and 
the I I I I I ~ ?  complexity of the 4.opt algorrthn~ is o{N*~ ' 

5 5  Solution Quality Assessmsd 

compir;ng wllh the resvl of m e  lradittonal 
methods we assess the qual~ty of solullnn qbtatncd 
from the proposd method Two methods Mea!2~1  
Neighbur wth varying organ {mutlr start) ac(l ttw 
Set Sequencing Algorithm w~rh Cycles '{crnwd 
were used T k  solul~ons quality were co::s~stently 
better 

Some set of asymmetric T SP wre collected from 
the TSPi I8 and solved with the new software Table 
5 contarns the sotittms obtatnd lrom the new 
algorithm and thc best sorutton rewed by other 
algonthrns for each prnMem on Iht wtbstlc IIC 

problcms xlcctc!d were lhose arranged r . .  :ormat 
,cornpalrble w~th the software input larr: a1 This 
col~hms the eflccllveness of Ihc RSSA cornparcd 
wrlh cxlsllng MSP sotutlon procedures 

Tabk 5: ATSPLIB Test Data 
SIN TSPLlS Probhm's Inpul value Besl SSKs Comp~rtntronal 

PtoMem's Sue Heported Solut~on Tmetmtn) 

1 Ftvl7 
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6,0 EXPERlENCES AND CONCLUSIONS USING 
THE SOFTWARE 

The following can be concluded from the 
%xp@rlence of test users of the MSP software durlng 
the pfocf!ss of solwng both real hle problems and 
randomlit generated problems. 

1 The MSP software 1s easy to use. as 1 does rmt 
require memorrzmg any camand It 1s mouse 
drlven present~ng users with adequate 
gudelines 

2 Also the soware has k e n  shown ta be 
compatible wth most common low-end 
computw platform Tests were cawled out on the 
poputar wtndow 98 and wlndow XP opcratmg 
system runnmg on Pentturn Ill processor 

It IS concluded that e k e n t  sublour-frw Set 
Sequencing Algwdtrrn bsed sofiware for solvlng 
real Itfe medlurn slze MSPs on personal cornpulers 
# practlcaMe The wmputat~onal tlme curve 
erh~b~ted a polynom~al growth for Ihe range of 
problems solved. 
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