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Abstract

The paper deals with n jobs, 3 machines flow shogyction scheduling in which processing times setd
up times are associated with their respective pitibas involving transportation time and jobs are
processed in two disjoint job blocks in a stringhduristic method with an objective to minimize tbeal
time elapsed time/idle time of the jobs/machinedisgussed. A computer program followed by numérica
illustration is given to clarify the algorithm.
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1. Introduction

In today’s worldof global competition, scheduling problem has beearital in order to meet customer
requirements as promptly as possible while maximgizihe profits. A scheduling problem is to find
sequences of jobs on given machines with the atgeof minimizing some function of the job compteti
times. In flow shop scheduling all jobs passesugioall machines in the same order without any pre-
emission. Johnson (1954) gave a heuristic techrfiguproduction schedule in which n jobs are prseds
on two or three machines in an ordered manner tonmee the total idle time of machines. The workswa
developed by Ignall & Scharge (1965), Camphell @)9™aggu & Das (1977) , Yoshida & Hitomi (1979)

, Singh (1985) , Anup (2002) ,Chandramouli (2008hpdadadi (2008), Pandian & Rajenderan (2010) by
considering various parameters. Heydari (2003)tdeisth a flow shop scheduling problem where thesjob
are processed in two disjoint job blocks in a gtrionsists of one block in which order of jobsiiefl &
other block in which order of job is arbitrary.

Gupta, Sharma & Gulati (2011) studied nx3 machioe s§hop schedule in which processing time, set up
time, each associated with probabilities along viaths in a string of disjoint job-blocks. Most mauh
scheduling models assume that jobs are deliverst@ritaneously from one location to another without
considering significant transportation time. Howewbere are many situations where the transportati
times are quite significant and can not be simgglected. As example, when the machines on whigé jo
are to be processed are planted at different sgamd these jobs require form of loading-timeafsj
moving time and then unloading-time of jobs. Irsthaper, we have studied machines scheduling pnsble
with explicit transportation considerations. We @éaxtended the study made by Gupta, Sharma & Gulati
(2011) by introducing the concept of transportattiome. The problem discussed here is wider and
practically more applicable and has significantilssin process industries

2. Practical Situation

Many applied and experimental situations exist ur day-to-day working in factories and industrial
production concerns. In many manufacturing / préidaccompanies different jobs are processed on
various machines. These jobs are required to psdoea machine shop A, B, C, ---- in a specifiedesr
When the machines on which jobs are to be proceaseglanted at different places, the transporiatio
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time (which includes loading time, moving time andloading time etc.) has a significant role in
production concern. Setup includes work to preplagemachine, process or bench for product parteeor
cycle. This includes obtaining tools, positioningrk-in-process material, return tooling, cleaning, u
setting the required jigs and fixtures, adjustiogls and inspecting material and hence significBiné idea
of job block has practical significance to createatance between a cost of providing priority invee to
the customer and cost of giving service with naory, .i.e. how much is to be charged from th@opty
customer(s) as compared to non priority customer(s)

3. Notations
S : Sequence of jobs 1, 2, 3... n
S : Sequence obtained by applying Johnson’s procedlurel, 2, 3, -------
M; : Machine j, j=1, 2, 3
M : Minimum makespan
a; : Processing time af job on machinev;

p; - Probability associated to the processing tape

S : Set up time of" job on machind,

o : Probability associated to the set up tigne

A : Expected processing timeiSfjob on machiné;
Si : Expected set up time &f job on machiné,

[;(S): Idle time of machine IMor job i in the sequenceS
T, _« : Transportation time of'ijob from {* machine to R machine

4. Assumptions

1. n jobs be processed through three machingsMd & M; in the order MM,M;i.e. no passing is
allowed.

2. Asequence ok jobsiy, iy ...... k as a block or group-job in treder (i, i ...... k) shows priority
of jobi; overi,, etc.

3. Jobs may be held in inventory before going to ahimec

The storage space is available and the cost ofifgpliciventory for each job is either same or
negligible.

Time intervals for processing are independent efdider in which operations are performed.

6. A job is an entity i.e. even though the job représea lot of individual part; no job may be
processed by more than one machine at a time.

7. Each operation once started must performed tilletion.

4. Problem Formulation

Let somejoh (i =1,2,........ ,n) is to be processed on three machh€g = 1,2,3) in the way such that no
passing is allowed. Let; be the processing time dfjob onj™ machine with probabilitiep; ands; be the
setup time of"job onj™ machine with probabilities;;. Let A; be the expected processing time &jce
the expected setup time Bfjob onj" machine. LefT;; . be the transportation time df job from "
machine to R machineLet o =(iy, i) be an equivalent job for job block in which jais given priority
over jobi,, Take two job blocks: andf such that block: consists ofm jobs out ofn jobs in which the
order of jobs is fixed anf consists of jobs out ofn in which order of jobs is arbitrary such tmat+ r = n.
let an B=& i.e. the two job blocks & f form a disjoint set in the sense that the two bédt&ve no job
in common. A stringS of job blocksa andp is defined ass = («, ). Our objective is to find an optimal
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schedule for all the jobs minimizing the total edag time.

The mathematical model of the problem in matrixrfaran be stated as:

Jobs Machine A T2 Machine B T3 Machine C
[ 81 | By | S| 8, | P2 | S2| Ge A3 | P3| Ss| Us
1 Ay | Pug | S| | T | Qo | Pro [ Si2|Gz| Tioaz | 43 | Pig | S13 | Gus
2 | 8y | Pop S| G| Toano| G | Pop | Se2| 2| Top.3| Qg | Pog | S23 | Ges
3 | 33 | Pap S| Ger| T2 | 332 | Pap | Ss2| Gs2| Tz2.3 | Sz | Paz | Ss3| Oss
4 Ay | Pay [ S| Gar| Taz.2 | Qo | Pap | Sz | Qa2 | Tap 3| Sz | Pag | Sus| Gz
n Ay | Pa [Sa |G| Taaso | @2 | Paz | S2| Gn2| Th2as | @nz | Pog | Sha | Ghns

(Tableau 1)

5. Algorithm:
Step 1:Calculate the expected processing times and expsetaup times as follows
Aj =g xp and Si =§xf 0i,j=1,2,3

Also we consider the following structure relatiarids good if
Step 2:Check the condition

Either Min {A; + Ti1 .2 — S} = Max{Aip + Ti1 .o — Si}

or Min{Az + T3 — $} > Max{A;; + Ti».3 — Sz} or both for alli
If the conditions are satisfied then go to stepl$e the data is not in the standard form.
Step 3:Introduce the two fictitious machines G and H witlbcessing times &nd Has

G=Ap+Az+max (], S) + Tiiz and H=Ap + A - S3+ Tio3

Step 4:Take equivalent jol = (i, iy) for the given job blocKiy, i) and define its processing time on the

lines of Maggu & Das (1977) defined as follows:
G, = G+ G, — min(G, ,H )
Ho = Hit Hn— min(Gn ,H k)

Step 5: Obtain the order of jobs in the job blogkn an optimal manner using Johnson’s (1954) teghai
by treating job block as sub flow shop scheduling problem of the magblem. Let 5 be the new job
block. Define its processing ting;- & Hy-on the lines of Maggu & Das (1977) as defined é@pst.

Now, the given problem reduce into new problemaeiplg m jobs by job block with processing time§,,
& H, on machine G & H respectively as defined in stggmdr jobs of job blocks by " with processing
timesG;- & Hg- on machine G & H respectively as defined in step 5

The new problem can be represented as —

Jobs(i) Machine G( G;) Machine H(H;)
o G, H,
I Gy Hy
(Tableau — 2)
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Step 6:ConsiderS, of all the processing tim&; when G < H, and letS, denote the set of processing times
which are not covered in s8t

Step 7:Let S denote a suboptimal sequence of jobs correspondingn decreasing times in s®t& let
S’ denote a suboptimal sequence of jobs corresponidingn-decreasing times in 3t

Step 8: The augmented ordered seque(f8e S5) gives optimal sequence for processing the jobsHer
original problem.

6. Programme
#include<iostream.h>
#include<stdio.h>
#include<conio.h>
#include<process.h>

int n;
float a1[16],b1[16],c1[16],9[16],h[16],sa1[16],sKiH],sc1[16];
float macha[16],machb[16],machc[16];
int e;int group[16];//variables to store two jolmbks
float minval;int gg=0;float gcal;float hcal;floabgta=0.0,hbeta=0.0;float galfa=0.0,halfa=0.0;
char s1[5];char s2[5];
void ghcal(float k,float m)
{
float minv;
if(g[m]>h(k])
minv=h[k];
else
minv=g[m];gcal=g[k]+g[m]-minv;hcal=h[K]+h[m]-minv;
/lreturn(c);}
void main()
{
clrscr();
int a[16],b[16],c[16],sa[16],sb[16],sc[16], T12[1ER3[16];
float p[16],9[16],r[16],u[16],v[16],w[16];float mev;
cout<<"How many Jobs (<=15) : ";cin>>n;
if(n<1 || n>15)
{ cout<<endl<<"Wrong input, No. of jobs should less than 15..\n EXxitting"; getch();
exit(0);}
for(int i=1;i<=n;i++)
{cout<<"\nEnter the processing time and its pluoliy, Setup time and its probability of

"<<ij<<"  job for machine A and Transportation timeroh A to B : "
cin>>ali]>>p[i]>>sa[i]>>u[i]>>T12][i];

cout<<"\nEnter the processing time and its prdltgbSetup time and its probablllty of
"<<i<<" job for machine B and Transportation timeroh B to C : ;
cin>>b[i]>>q[i]>>sb[i]>>V[i]>>T23]i];

cout<<"\nEnter the processing time and its prdligbSetup time and its probability of
"<<i<<"job for machine C: ";cin>>c[i]>>r[i]>>sc[i]>W[i];
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/[Calculate the expected processing times of the for the machines:

alli] = a[i]*p[i; b1[i] = b[i]afil; c1[i] = ci J*r[i];
/[Calculate the expected setup times of the jobsh® machines:
salli] = sa[i]*u[i];sb1][i] = sb[i]*V[i];sc1[i] = sc[i]*w]i];}
cout<<endI<<"Expected processing time of machinBAand C: \n";
for(i=1;i<=n;i++)
{cout<<allil<<"\t"<<sal[il<<"\t"<<T12[i]<<"\t"<<b][i]<<"\t"<<sb1[i]<<"\t"<<T23[i]<<"\t"<<cl
[i]<<"\t"<<scl[i];cout<<endl;}
/I[Finding smallest in al
float minal;minal=al[1]+T12[1]-sb1[1];
for(i=2;i<n;i++)
{if((@1[i1+T12[i]-sb1[i))<minal)
minal=al[i]+T12[i]-sb1][i];}
/[For finding largest in bl
float maxbl;maxbl1l=b1[1]+T12[1]-sal[1];
for(i=2;i<n;i++)
{ if(b1[i]+T12[i]-sal[i]>maxb1)
maxb1=b1[i|+T12[i]-sal[i];}
float maxb2;maxb2=b1[1]+T23[1]-sc1][i];
for(i=2;i<n;i++)
{if((b1[i]+T23[i]-sc1[i])>maxb2)
maxb2=b1[i]+T23[i]-sc1[i];}
/[Finding smallest in c1
float mincl;mincl=c1[1]+T23[1]-sbl]i];
for(i=2;i<n;i++)
{if((c1[i]+T23[i]-sb1[i])<mincl)
mincl=cl[i]+T23[i]-sb1[i];}
if(minal<=maxbl||mincl<=maxb?2)
{gli]=a1[i]+b1[i]+maxv;h[i]=b1[i]+c1[i]-sc1][i];}
else {cout<<"\n data is not in Standard FormExitting";getch();exit(0);}
/[Function for two ficticious machine G and H
for(i=1;i<=n;i++)
{if(sal[i]>sb1][i])
{maxv= salli];}
else {maxv=sb1][i];}
glil=al[i]+b1[i][+maxv+T12[i];h[i]=b1[i]+c1][i]-sc1[i]+T23[i]; }
cout<<endI<<"Expected processing time for two fio8 machines G and H: \n";
for(i=1;i<=n;i++)
{ cout<<endl;cout<<g[i]<<"\t"<<h([i];cout<<endI;}
cout<<"\nEnter the number of fixed jobs in job dha@lpha <="<<n<<":";cin>>e;
cout<<"\nEnter the fixed job blocks ("<<e<<" numdérom 1 to "<<n<<") alpha: ";
for(int y=1;y<=e;y++)
{cin>>group[y];}
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cout<<"\nEnter the jobs having disjoint job blockiumbers from 1 to "<<n<<" other than the
fixed job block) beta:";

for(int j=e+1;j<=n;j++)
{cin>>group(j];}
float btj[16],btg[16],bth[16];
cout<<"Expected processing time for two fictiouscimaes G and H for Beta: \n";
for(i=1,j=e+1;j<=n;i++,j++)
{btj[i]=group(i];btg[il=g[group[j]];bth[i]=h[group(i]l;
cout<<endl<<btj[i]<<"\t"<<btg[i]<<"\t"<<bth[i];}
float mingh[16];char ch[16];
for(i=1;i<=n-e;i++)

{
if(otg[i]<bth[i])
{
minghli]=btg[i];ch[i]='g";
}
else
{
minghl[i]=bthl[i];ch[i]="h;
B

for(i=1;i<=n-e;i++)
{for(i=1;j<=n-g;j++)
if(mingh[i]l<mingh[j])

{float temp=mingh[i]; int temp1=Dbtj[i]; char=thli];
mingh(iJ=mingh(j]; btj[i]=btj[j]; chfi]=ch(i];
mingh[j]=temp; btj[j]=templ; ch[j]=d;}}

/I calculate beta scheduling
float sbeta[16];int t=1,s=0;
for(i=1;i<=n-e;i++)

{if(ch[i]=="n")

{ sbeta[(n-s-e)]=btj[i];s++;}
else if(ch[i]=="g")

{sbeta[t]=btj[i];t++;}

}

cout<<endl<<endl<<"Beta Scheduling:"<<"\t";
for(i=1;i<=n-e;i++)

{cout<<sbeta[i]<<" ";}

/[calculate G_Alfa and H_Alfa
ghcal(group[1].group[2]);
galfa=gcal;halfa=hcal;i=3;

while(i<=e)

{

if(i>e)
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break;

else

{

if(g[groupli]]<halfa)

minval=g[group][i]];

else
minval=halfa;galfa=galfa+g[groupli]]-minval;halfaalfa+h[groupli]]-minval;
}
i++;
}

cout<<endl<<endl<<"G_Alfa="<<galfa;cout<<endl<<"HIfa="<<halfa;
/[calculate G_Beta and H_Beta
ghcal(sbeta[1],sbeta[2]);gbeta=gcal;hbeta=hcal;i=3;

while(i<=(n-e))

{

if(i>(n-e))

break;

else

{

if(g[sbeta[i]]<hbeta)

minval=g[sbetali]];

else
minval=hbeta;gbeta=gbeta+g[sbeta[i]]-minval;hbetaeth+h[sbeta[i]]-minval;}
i++:}
cout<<endl<<endl<<"G_Beta="<<gbeta;cout<<endl<<"Ht&-"<<hbeta;
/[calculate optimal sequence

if(galfa<=halfa)

{

sl[1]="a";s2[1]="0";

}

else

{

s2[1]="a";s1[1]="0";

}

if(gbeta<=hbeta)

{

s1[2]='b";s2[2]=\0";

}

else

{

s2[2]='b";s1[2]="0",;

}

/lcout<<endl<<endI<<"Optimal Sequence:"<<"\t";
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int arr[16];

if(s1[1]=="a")
{
/lcout<<™\n a";
for(i=1;i<=e;i++)
{
/lcout<<group[i]<<"\t";
arr[i]=groupli;
}
gg=gg+e;
}
if(s1[2]=="b")
{
/lcout<<™\n b";
for(i=1;i<=n-e;i++)
{
/lcout<<endl<<sbeta[i]<<"\t";
arr[i+gg]=sbetali;
}
gg=gg+(n-e)+1;
}
if(s2[1]=="a")
{
/lcout<<"\n a";
for(i=1;i<=e;i++)
{
/lcout<<endl<<group[i]<<"\t";
arr[i+gg]=grouplil;
}
gg=gg+e€;
}
if(s2[2]=="b")
{
/[cout<<™\n b";
for(i=1;i<=(n-e);i++)
{
/lcout<<sbeta[i]<<"\t";
arr[i+gg]=sbetali;
1
/[calculating total computation sequence;
float time=0.0,machal[16] ;float maxv1[16],maxv2[16
macha[l]=time+al[arr[1]];
for(i=2;i<=n;i++)
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{machal[i]=machali-1]+sal[arr[i-1]];macha[i]=macH#+al[arr[i]];}

machb[1]=macha[1]+bl[arr[1]]+T12[arr[1]];
for(i=2;i<=n;i++)
{if((machbli-1]+sb1[arr[i-1]])>(macha[i]+T12[arr]i))
{maxv1l[i]l=machbli-1]+sb1[arr[i-1]];}
else
{maxvl[i]=machali]+T212[arr[i]];}machb[i]=maxl[i]+b1[arr[i]];}
machc[1l]=machb[1]+cl[arr[1]]+T23[arr[1]];
for(i=2;i<=n;i++)
{if((machcf[i-1]+scl[arr[i-1]])>(machbli]+T23[arr[l]))
maxv2[il=machc][i-1]+scl[arr[i-1]];
else
maxv2[i]=machbl[i]+T23[arr[i]];machc[i]=maxv2[i]+cfarrfi]];}
/[displaying solution
cout<<"\m\m\n\n\n\t\t\t  ##### THE SOLUTION##H## "
cout<<"\n\n\rrkkrtre kR Rk kkkkkkkkokok * Frrkkkkkkk
cout<<"\n\n\n\t Optimal Sequence is : ";
for(i=1;i<=n;i++)

{cout<<" "<<arr[i];}
cout<<endl<<endl<<"In-Out Table is:"<<endl<<end!;
cout<<"Jobs"<<"\t"<<"Machine M1"<<"\t"<<"\t"<<"Macime M2" <<"\t"<<"\t"<<"Machine M3"<<end|;

cout<<arr[l]<<"\t"<<time<<"--"<<macha[l]<<" \t"<<ti<<macha[1]+T12[arr[1]]<<"--"<<machb[1]<<"
\t"<<"\t"<<machb[1]+T23[arr[1]]<<"--"<<machc[1]<<ed;

for(i=2;i<=n;i++)
{cout<<arr[i]<<"\t"<<machal[i]<<"--"<<machali]<<" "<<"\t"<<maxvl[i]<<"--"<<machbli]<<"
"<<"\t"<<maxv2[i]<<"--"<<machc[i]<<endl;}
cout<<"\n\n\nTotal Computation Time (T) = "<<machf[
float sum1=0.0,sum2=0.0,sum3=0.0;
for(i=1;i<=n;i++)
{suml=suml+al[i];sum2=sum2+b1[i];sum3=sum3+cl][i];}
float tt=machc[n];
cout<<endl<<endl<<endl<<"Total Expected Idle TinrreMachine A: "<<(tt-sum1);
cout<<endl<<"Total Expected Idle Time on Machin€'gs(tt-sum2);
cout<<endl<<"Total Expected Idle Time on Machin€'&(tt-sum3);

cout<<"\n\n\resrrsirri Fkdkdkkk ko ok * R
getch();
}

7. Numerical lllustration

Consider 5 jobs, 3 machine flow shop problem witbcpssing time ,setup time associated with their
respective probabilities and transportation timgiasn in table

Jobs Machine W Machine M, Machine My

. T T
I 81 | Pz | S1| O -2 1 a, | p2 | S| Oe h2-3 | ag Ps | S3| Os
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1 |[30] 02/ 3| 0.3 2 10 0B 3 0)2 2 20 02 (4 0.2

2 | 32| 02 2| 01 1 22 0 2 0)2 1 1P 03 (3 0.2

3 |43| 01| 2| 0.3 2 22 o 1 0|3 2 1p 02 (3 03

4 | 25| 02| 4| 0.1 3 25 01 3 Oj1 3 24 o1 (4 0.2

5 | 23| 03] 2| 0.2 4 10 op 2 0)2 1 26 02 (5 0.1
(Tableau 3)

Our objective is to obtain an optimal scheduledbove said problem to minimize the total productiore
/ total elapsed time in which jobs 2,5 are to becpssed as a group job in a fixed order and rengaiobs
as a disjoint string in any random order.

Solution: As per Step 1:the expected processing times and expected detap for machines M M, and
Mjzare as shown in table 4.

As per step 2:The expected processing time for two fictitiouschine G & H is as shown in table 5.
As per step 3:Heref = (1, 3, 4)

Now, using Johnson (1954) technique by treatinghjlalck 5 as sub flow shop scheduling problem of the
main problem. LeB” be the new job block. Here we ¢g&t= (3, 1, 4)

As per step 4: Herea = (2, 5)
ThereforeG,=12.2 +13.3-105=15an#l,= 105+ 7.7-105=7.7

Also B =(3,14) = ((3 1), 4) &7 ,4), whered' = (3, 1)

Therefore,Ga. =11.3+11.9-8.5=14.7 arida- =85+8.2-85=8.2
G  =147+109-82=174ad  =82+7.1-82=7.1

Now problem reduces to jolasandp”as shown in table 6

As per step 5:5,= ¢, $=[15, 17.4]

As per step 6:S:= ¢, S,= (o, £

As per step 7: The Optimal sequence is S=2 -5 -3 — 1 — £ IfkOut flow table for the optimal
sequence S is as shown in table 7.

Total expected idle time on machine A =H0.2+0.6+0.9+10.9 = 13hrs
Total expected idle time on machine B =+3.2+0.7+2.2+3.9+5.4= 25.3 hrs
Total expected idle time on machine C 812+0.9+2.2+3.4 = 21.3 hrs

8. Conclusions

This paper provides a new heuristic method witlolajective to minimize the total time elapsed tinmélé
time of the jobs / machines for n jobs, 3 machifi@s shop production scheduling in which processing
times and set up times are associated with thepeaive probabilities involving transportation &rand
jobs are processed in two disjoint job blocks string. The study may further be extended by carsid
various parameters such as weights in jobs, arpitime, break down interval etc.
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Tables

Table 4: The expected processing times and expseteg times for machines; MM, and My are

ISSN 2225-0921 (Online)

Jobs A Su Tiio Ap S, Tios Ais Ss
1 6.0 0.9 2 3.0 0.6 2 4.0 0.8
2 6.4 0.2 1 4.4 0.4 1 5.7 0.6
3 4.3 0.6 2 4.4 0.3 2 3.0 0.9
4 5.0 0.4 3 2.5 0.3 3 2.4 0.8
5 6.9 0.4 4 2.0 0.4 1 5.2 0.5

Table 5: The expected processing time for twotfais machine G & H is

Jobs Gi Hi
1 | 119| 82
2 | 12.2| 10.5
3 | 11.3| 85
4 | 109 7.1
5 | 13.3| 7.7
Table 6: The new reduced problem is
Jobs(i) Machine G((p Machine H(H)
a 15 7.7
B 17.4 7.1
Table 7: The In-Out flow table for the optimal seqae S is
Jobs | Machine M Tiio Machine M Tio3 Machine M
i In — Out In — Out In - Out
2 0-64 1 7.4-11.8 1 12.8 - 18.5
5 6.6 —13.5 4 17.5-19.5 1 20.5-25.7
3 13.9-18.2 2 20.2-24.6 2 26.6 — 29.4
1 18.8 -24.8 2 26.8-29.8 2 31.8-35.4
4 25.7-30.7 3 33.7-36.2 3 39.2-41.4¢

29

www.iiste.org




This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. Prospective authors of
IISTE journals can find the submission instruction on the following page:
http://www.iiste.org/Journals/

The IISTE editorial team promises to the review and publish all the qualified
submissions in a fast manner. All the journals articles are available online to the
readers all over the world without financial, legal, or technical barriers other than
those inseparable from gaining access to the internet itself. Printed version of the
journals is also available upon request of readers and authors.

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalITOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

m EB O INDEX (\@‘ COPERNICUS
I N T E RN A TTITIT ON AL

INFORMATION SERVICES
ULRICHSWES,  JournalTOCs @

N A ;
. E'z B Elektronische
lBAS(E T— Q0@ Zeitschriftenbibliothek O

open
> )
OCLC v)

The world’s libraries. — U cDigitalLibrary —
Connected. WorldCat e

Ny

'- ¥
GEORGETOWN UNIVERSITY
LIBRARY



http://www.iiste.org/
http://www.iiste.org/Journals/

