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Abstract: This paper is an attempt to study n jobs over tvaxhimes where processing times are associated
with respective probabilities and transportationdtiin addition with arbitrary lags i.e. start lagstop lag. The
objective of the study is to develop an efficielgioaithm to compute the production rate in an effecmanner

or to minimize the total elapsed time in two stélgev-shop scheduling with different system parametike
transportation, arbitrary lags also job block erge A numerical illustration as well as GUI is @gsto clarify

the proposed concept.

Index Terms-Flow-shop, start lag, stop lag, transportation tijob block, Graphical user interface.

1. INTRODCUTION

Schedulingis generally described as an allocatiolimes some additional tags are introduced. Maggu
of a set of resources over time to perform a set @d Das [4]introduced the equivalent job-block
tasks. Scheduling emerges in various domainsoncept in the theory of scheduling which has
such as hospital management, airlines, trainmany applications in the production concern,

production scheduling etc. At each stage there isi@yspital management etc. where priority of one

machine to perform the required set of jobs. Ireoth_job over other becomes significant it may arise

words scheduling refers to plgqln_g jobs in a carta_uthe additional cost for providing this
order or sequence so as to minimize the elapseal tim

with no passing between the jobs. By the time lag wacility-Bagga [3], Maggu and Das [6],[7], Szwarch
meant the minimum time delay which is required8l. Yoshida & Hitomi [5], Singh, Anup [13], etc.
between the executions of two consecutive opersitioderived the optimal algorithm for two/ three or
of the same job. In actual time lag representdithe  multistage flow shop problems taking into accoinet t
when one job is moved one machine to anothefarious constraints and  criteria.  Kern,W.

machine is negligible. The start lag (Di>,0) is the,Nawjin,W.M[lO], Dell® Amico, M[11],
minimum time which must elapse between Start'ng.Riezebos,G.\].C Goalman[12] continues with dealing

job i on the first machine and starting it on teeand diff ¢ scheduli bl including i |
machine. The stop lag (Ei>,0) for the job i is thelTerent scheauling problems -inciuding time fags.

minimum time which elapsed between the completingngh. T.P.and Gupta, D.[9],[13][16], associated
it on second machine. Equivalent job-blockProbabilities with processing time and set up
concept in the theory of scheduling has mantime,transportation time as well as concept of
applications in the production concern, hospitabreakdown interval in their studies. Later, SingiR,
management etc. where priority of one job oveGupta, D[14],[15],[17] studied two /multiple flow
other becomes significant it may arise th&noy problem to minimize rental cost under a pre-
additional cost for providing this facility. defined rental policy in which the probabilitiesavie
been associated with processing time oneach machine
2. LITERATURE SURVEY The present paper addresses the flowshop scheduling

Johnson [1] gave procedure for finding the optimaProPlem in which processing times are associated
schedule for n-jobs, two machine flow-shop problen}ith probabilities with arbitrary lags, transpotat
with minimization of the make span (i.e. total elag 2nd job block for effective scheduling.

tlme)b_asdth(? objectglet.h AISO. I\t/)htzten ar;sl JOthSOﬂ rEZI]Equivalent job block: Let there be two jobs i and
combined discusse € N JOD,2 machines Tow=snqp ;s 5 sequence S to be processed on two

Scheduling problem in which despite of processing achines A and B in the order A B. Let the
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equivalent job of i and j by denoted by a’ Then 7. Pre-emption is not allowed, that is, once a
Aa= A + Aj— min (A, B) job is started it is performed to
Ba = Bi + Bj — min (A, By) completion.
Where A and B, denote the processing time of 8. The time intervals for processing are
equivalent job ‘a’ on machine A and B independent of the order in which the jobs
respectively are done.

9. The technological ordering of the
Total Elapsed Time it is the time interval machines operating the jobs is known to
between starting the first job and completing the be predetermln(_ed. . .
last job including the idle time (if any) in a  10. The transportation times of jobs from one
particular order by the given set of the machines. machine to the other is assumed to be
Processing Time (f): It is the time required to negligible.

process job j. It includes both actual time as well

as set-up time.
3. EQUIVALENT-JOB FOR A JOB-BLOCK

Effective  transportation: The  effective THEOREM DUE TO MAGGU AND DAS
transportation time of job | denoted By, ., is (1977) IN TWO MACHINE FLOW-SHOP

defined asT,,; =Max(D-G; Ei-Hi Tis—s:1) PROBLEM:

where s=1,2,3,4....m-1 In processing a schedule Sag, (0, ... 01, Ok, Okt
Where G=Ai1+Ai+Aiz+ .. Aim-) and H= 0Ok ..., o) Of N-jobs on two machines A and B in the
Ai+Aizs . Aim order AB with no passing allowed. The job-bloei, (
Concept of Transportation time in flow shop: k1) having processing times {f B, Ag+1,Bax+1} 1S

In many practical situations of scheduling it isequivalent to the single jop (called equivalent-job
seen that machines are distantly situated arf®.

therefore, definite finite time is taken in Now the processing times of jogb on the
transporting the job from one machine to anothemachines A and B denoted respectively hy By are
if the form of. given by
Ag = Ay + Agisr — Min {Bgy, Ay},
i) Loading time of jobs. Bp = Buk + Baksr — MiN {Buk, Aakea}s
i) Moving time of jobs. Proof: Let T, denote the completion time of job p on
iii) Unloading time of jobs. machine q for the given sequence S, We can consider

The sum of all the above times has beethe following relations:
designhated by various researches as
transportation time of a job. This T«s max { Tuca, Ta18} + Buk
transportation time is the amount of time =max { Tia+ Bux Tok1s + Buk}
required to dispatch the job i after it has beefuc1s = mMax { Tyw1a Tas} + Ba1
completed on machine A, to the next = max { Tyw1a Taka+ Bu Tak1s+ Bux } +
succeeding machine B for its onwardBus1 = max { Tyw1 at Bkt Taka+ Bak+ Bakrrs Toxr
processing. It is denoted byfor job i. B+ Bu * Bus1}
NOW Tops1 A= Takat Akt
Assumptions We have
1. Each machine is assumed to belus1e= Max { Tua+ Awetr Bukrts Taka+ Buxt Boras
continuously available for the assignmenilTucig* Bu + Bue1}
of jobs. Takr28= MaX { Toks2 A Takr18} + Bokez,
2. No significant division of time scale into = Max { T2 o Tak A + Agkrz + Bors, Tak a + Bax +
shifts or days for the machines isSBau+1 Tak1+ Bk + Buxe1} + Boxez,
assumed. Now, it is obvious that
3. No temporary availability of machines is Tauw2a= Taka+ Auks1 + Agis2,
assumed to meet the certain causes of tHéence,
machines due to their break down orTus2e= mMax{ Tua + Aus1+ At Taka + Agker +

maintenance etc. Bukst» Tk A + Buk + Bust, Ta1 8+ Bk + Buwa } +
4. No partition of a job is assumed to beBu+2
allowable. Since max { Txa + Age1t+ Baes, Tak+ B+ Boge }
5. No like machine of the same type is = Taka + Max { Ay, Bk} + Bk
allowed. Therefore, we have :
6. Each machine can handle at most ondu:zs= Max { Tuxa + Age1 + Auzr Tak o + Max {
operation at a time. Awksts Bk} + Bakrt, Tak18+ Bak + Buxra} + Bokez
1)
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T2 A= Taer ot Agk + Agkrt T Agkss different sequences. Hence, jplis equivalent job for
= Taa+ Agr1 + Ags2 () job-block (@, oks1)-
Now define a sequencé &s Theorem: Two-machine, n-job problem’ with
S = (ag, Ay, ... Q1, Ok Ok.1, By Oke2,  transportation times from our given original prahle
ooy O, replacing three times (Start-lag, Stop-lag,
Where, A=Ak + Ay—C, 3) transportation time) by single timg t
Bg = Bik + Buw1—C, (4) Proof: Let U, and T, denote Starting and
In (3) or (4) Cis a constant. Completion times of any job i on machine X (X = A,
Let T',q denote the completion time of job p onB,i=1, 2, 3, ...... , N) respectively in a sequence S
machine q in the sequencé So that From definition of Start-lag Pwe have
T =max{Tpa T} + B Ug — Ua 2 D
=max{Tpa+ By, T'was+ By }, Now Tia—Ua+A
Tz =Max{ Tusza Tpa+ B} + Busz i.e.,Hence, we have, dJ- (Tia - A) > D;
=max { Toys2na Tpa+ By T'wag+ Bp}+ i.e,Us—Ta=Di- A 1)
Buks2 ... (5 From definition of Stop-lag &
Now, it is obvious that we have ,E - Tia > E,
T'as2s = Tarat Ag+ Age Now, Tg-Ug+ B
= Toyera + A + Bakra— C + Ay Hence, we have M+ Bi-Tin>E
(As T g1 A= Take1 a) (6) e, U-Ta>E-B; 3]
=Tuat Age1i— C + Axsn Also, from the definition of transportation timewe
(As Tika= Tox1 at Awk) have
Tea  =Tak1at Ag Us -Tiaz t ©)
= Tuera* A+ Ageas— C @) Lett; = max {D — A, E - B, t} @)
T'ea =Twat Ays1—C From (1), (2) and (3), it is obvious that
Using (3), (4), (5), (6) and (7), we have Ug - Tin>t)
T akr28= MaxX { Tea+ Agrr — C + Ajz,
Toaa + Age1 — C + B+ By — C, ... (5)
T'ak1e+ Bux + Buwi— C} + Buxez Remarks
(8) (1) For every job I, P= A and E= Bithen
Let C = min { Ax+1, B} (9) the algorithm reduces to Maggu and Das (1980)
Then A1 — C + By = Awerr — Min { Ay, Bic} + problem algorithm.
Buk (2) If either =0, or D> A, +t, + B, then
= max { Aw+1, Bk} (210) the algorithm reduces to the Mitten-Johnson’s (2)
Also Touk1s= Takrs (11) problem.
Hence from (8), (9), (10) & (11), we have B)Ift =0, 0=A, E = B, then the

T akez28= Max { Tyxa+ Agsr + Agsz— C, T a + max  algorithm reduces to Bellman’s (6) and Johnson]s [1
(Aak+1, Bax ) + Burr — C, Tz 8+ Bok + Byws — C} + problem.
B0.k+2
=max { Tea+ Ausr + Agezs T a + Max 4. NOTATIONS
(Auk+1, Bak ) + Byt Tak18+ Box + Busr} + Boso— C

(12) S: Sequence ofjob 1,2, 3, ....... ,n
Hence from (1) and (12), we have Mi_ :Machine j,j=1,2, .......... .
. z A;: Processing time ofijob on machine A.
T ak+2 B~ Tuk+2 B-C. (13)

B:: Processing time of'ijob on machine B.

From (2) & (6), itis obvious that A.: Expected processing time 8fjob on machine

T oaks2a= Tarza-c. (14)
From equations (13) and (14), it is clear that
replacement of job-blockaf, ow.) in S by jobp
decreases the completion times on both the machines
of the later johu., by a constant C in"&s compared
for the job :ay.2in S. Let T and Tbe the completion
times of sequences S and &spectively. Then from
the above discussion, it is observed that=TT — C,
hence whem replaces johu, ay.1 in any sequence s
to produce a new sequencg fhe completion times
on all the machines are changed by a value which is
independent of the particular sequence S. Hence the
substitution does not change the relative merit of

B,: Expected processing time 8¥job on machine
pi: Probability associated to the processing time A
of i job on machine A.

gi: Probability associated to the processing time B
of i" job on machine B.

B: Equivalent job for job-block.

S: Sequence obtained from Johnson’s procedure
to minimize rental cost.

D;: Start lag for job i

E;: Stop lag for job i

Ui Starting time of any job | on machine x

10
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Tix: Completion time of any job on machine x
T~ k : Transportation time of"ijob from |"
machine to R machine
T, j— k :Effective transportation time frorf job
from [ machine to ® machine
CT(S): Completion time of ®1 job of each
sequence;%n machine A
Algorithm:
Step 1: : Define expected processing time, As
shown in table 1

Kprintf("\n\n Enter The Detail for The Job [ %d

1", i+1);printf("\n\nEnter Processing Time for
Machine 1 : ");scanf("%f",&jobs][i][0]);// geting
Processing Time for the Job;printf("Enter Probifity
Machine 1 : ");scanf("%f",&jobsli][1]);// gang
Probility for the jobprintf("Enter Processing Tinfer
Machine 2 : ");scanf("%f",&jobs][i][2]);// geting
Processing Time for the Job;printf("Enter Probifiy
Machine 2 : ");scanf("%f",&jobs]i][3]);// ging
Probility for the jobprintf("Enter Transportationiriie

Step 2:let t; denote the effective transportation:");

times, defined by;= max (D-A; Ei-B; t)
Step 3 Define two fictitious machines G & H
with processing time @& H; for job | on G & H
respectively, defined as:
Gi= Air t; and H = b+t
Step4: Take equivalent joln = (ix, im) for the
given job block (i, i) and define its
processing time using below:
G, = G¢ + Gy — min(Gn, Hy)
Ha = He + Ho — min(Gp, H

scanf("%f",&jobs[i][4]);//geting Transportation Tien
for job

printf("Enter Start Lag : ");
scanf("%f",&jobs[i][5]);// geting Start Lag
printf("Enter Stop Lag :");
scanf("%f",&jobs[i][6]);// geting Stop
Lag}//*/if(total_jobs>1){printf("\n\n Enter 1st Joho
for Job Block : ");scanf("%d",&job_block[0]);
printf("\n\n Enter 2nd Job no for Job Block :
");scanf("%d",&job_block[1]);

Step5: Apply Johnson’s (1954) technique to ¥/ e_nd of get__job_deta_il function//v_oid .
obtain the optimal string Si for the new reducedut_ob_detail() //function to show jobs Procegsin

problem obtained in step 4.
Step6: obtain in —out table for given problem in
order to find out the total elapsed time.

#define Max 10

[| FRFEErrrkkkk yariable declaration
***************//

static float jobs[Max][7]; //to store jobs processi
time, probability, Transportation Time, StartLag,
StopLag

static float exp_pro_time[Max][2];// to store Exped
Processing Time for Both Machine

static float exp_trans_time[Max];// to store Expeztt
Transportation Time

static float fictitious_time[Max][2];// to store
Factitious Time

static float job_block_table[Max][2];

static float in_out[Max][4];

int total_jobs; // to store total number of jobs

int job_block[2]; // to store job block

char johnson[Max+1];

[[ FFeeRrrrrrrrkk and variable declaration
**************//

void get_job_detail() //function to get jobs Prcgiag
time and probabiity for both machine and
Transporation Time , StartLag and StoplLag

{int
i,j;/*floatarr2[5][7]={24,.3,10.0,.2,4.0,10.0,121%.0,.
2,9.0,.3,13.0,7.0,10.0,
22.0,.2,8.0,.2,9.0,6.0,5.0,28.0,.1,12.0,.1,2.04400,
20.0,.2,13.0,.2,5.0,8.0,7.0 };
total_jobs=5;for(i=0;i<total_jobs;i++) {
for(j=0;j<7;j++) { jobs[i]lj]=arr2[i][]; }

Y/ printf("\nEnter Number of Job for Two Machines : {

");scanf("%d",&total_jobs);for( i=0;i<total_jobs;

time , probabiity, Transportation time , startLag,
stopLag for machine

{int i,j;printf("\n\t Machinel\t Machine2\t \n");
printf("\nJobs\tTime\tProb.\tTime\tProb \tTr. Timstt
Lag\tSpLag");

for(i=0;i<total_jobs;i++){printf("\n\n[ %d
1",i+1);printf("\t%.1f" jobs[i][0]);
printf("\t%.1f" jobs[i][1]); printf("\t%.1f",jobs[i][2]);
printf("\t%.1f",jobs[i][3]);printf("\t%.1f",jobs][i][4]);pr
intf("\t%.1f",jobs[i][5]);

printf("\t%.1f",jobs][i][6]);}}// end of Put_job_dedil
function//

void get_exp_pro_time() // function to calculatig
expected processing time

{int
i,J;for(i=0;i<total_jobs;i++){exp_pro_time][i][0]=jbds[
][0I jobsfi][1];
exp_pro_time[i][1]=jobs[i][2]*jobs][i][3];}}// end of
get_exp_pro_time function//

void put_exp_pro_time() // function to showing
expected processing time

{int i,j;printf("\n\nExpected Proessing Time : -
");printf("\n\nJobs\t Machinel\t Machine2
\n");for(i=0;i<total_jobs;i++){

printf("\n\n[ %d
1",i+1);for(j=0;j<2;j++){printf("\t\t%. 1f",exp_pro_tim
efiliD:}

1/ end of Put_exp_pro_time function//float
get_max(float a,float b,float c)

{if(a>b && a>c)return a;else if (b>a && b>c)return
b;elsereturn c}

void get_exp_trans_time() // function is used tb ge
expected transportation time

int
i;for(i=0;i<total_jobs;i++){exp_trans_time[i]=get_an
x(jobs[i][5]-exp_pro_time[i][0],jobs][i][6]-

11
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exp_pro_time[i][1],jobs][i][4]);}}//end of
get_exp_trans_time()void put_exp_trans_time(){int
i;printf("\n\n Expected Transportation Time :-
\n");printf("\nJobs\tTrans.Time\n");for(i=0;i<totajob
S;i++)

{ printf("\n%d\t%3.1f",i+1,exp_trans_timel[i]);}}//
end of put_trans_time functionvoid
get_fictitious_time(){int i;for(i=0;i<total_jobs;i+)
{fictitious_time[i][0]=exp_pro_time[i][0]+exp_trans
time[i];fictitious_time[i][1]=exp_pro_time[i][1]+ep_
trans_time[i];}}// end of function get_factitiousnte
void put_fictitious_time(){int i,j;printf("\n\n Fititious
Time :-\n");printf("\nJobs\tMachine A\tMachine
B\n");for(i=0;i<total_jobs;i++)
{printf("\n%d",i+1);for(j=0;j<2;j++)

printf("\t%.1f\t" fictitious_timel[i][j]);}}

/I end of function put_factitious_timefloat Min(&o
a,float b)

{if(@>b)return b;elsereturn a;}void
get_job_block_table(){

int
i,ii=0,flag=0;for(i=0;i<total_jobs;i++){if(job_blo&[0]
-1==i || job_block[1]-1==i) {if(job_block[0]-1==i)
{job_block_table[ii][O]=fictitious_time[i][0]+fictitiou
s_time[job_block[1]-1][0]-
Min(fictitious_time[job_block[1]-
1][0],fictitious_time[i][1]);job_block_table[ii][1Fficti
tious_time[i][1]+fictitious_time[job_block[1]-1][1]
Min(fictitious_time[job_block[1]-
1][0],fictitious_time[i][1]);ii++; }
}els{job_block_table[ii][0]=fictitious_time[i][O];
job_block_table[ii][1]=fictitious_time[i][1]; ii++;
B! end of
get_job_block_table funciton

void put_job_block_table()

{int i,j;printf("\n Jobs\tGi\tHi\n");for(i=0;i<totd_jobs-
1;i++){if(i==job_block[0]-1)printf("\n%c",225);else
if(i>=job_block[1]-1)printf("\n%d",i+2);
elseprintf("\n%d",i+1);for(j=0;j<2;j++){printf("\t%1f
",job_block_table[i][j]);}

1/ end of put_job_block_table funciton

void get_johnson_rule(){int
i,j,K,jj,kk,strl=0,Ib=0,rb=0,flag=0,f;

float min;char str[50];rb=total_jobs-
1;for(i=0;i<total_jobs-
1;i++){min=9999;for(j=0;j<total_jobs-1;j++)
{for(f=0;f<strl;f++){if(j==str[f]-
48)break;}if(fl=strl)continue;for(k=0;k<2;k++)
{if(min>=job_block_table[j][k]){min=job_block_tabl
e[j]Ik]:ji=j;kk=k;}

Hlend of jif(jj>=job_block[1]-
1)flag=1;elseflag=0;if(kk==0){

if(jj==job_block[0]-
1){johnson[lb]=jj+flag+48;lb++;str[strl]=jj+48;
strl++;johnson[lb]=job_block[1]+48+flag;lb++;}else{
johnson([rb]=jj+48+flag;
rb--;strstrl]=jj+48;strl++;}}// end of k
else{if(jj==job_block[0]-1){

johnson[rb]=job_block[1]+47+flag;rb--
;str[strl]=jj+48;strl++;johnson[rb]=jj+48+flag;rb--
;}else{johnson[rb]=jj+48+flag;

rb--
;strstrl]=jj+48;strl++;}}johnson[total_jobs]=NULLp
rintf("\n Jonson rule : %s",johnson);

}I end of get_johnson_rule

void put_johnson_rule(){int i;i=0;printf("\n\n Jons
Rule :-
\n\n");while(johnson[i]'=NULL){printf("\t%c",johnso
n[i]+1);i++;}

}I end of put_johnson_rule function

void get_in_out()
{int i;int job;float prev1=0.0;float
prev2=0.0;for(i=0;i<total_jobs;i++)
{ job=johnson[i]-48; in_out[i][0]=prev1; // machinA
starting Time
in_out[i][1]=prev1+fictitious_time[job][0];
/[l machine A ending time
prevl=in_out[i][1];
in_out[i][2]=get_max(prevl+exp_trans_time[job],pre
v2,0); // machine B starting
Timein_out[i][3]=in_out][i][2]+fictitious_time[job][L];
/l machine B ending time
prev2=in_out[i][3];}}
/I end of get_in_out function

void put_in_out()

{int i;printf("\n\nIn-Out Table :-\n\n");

printf("\nJobs\tMachine_A\tExpected\tMachine_B");
printf("\n\tin-Out\t\tTrans.Time\tIn-Out\n");

for(i=0;i<total_jobs;i++){printf("\n%d",johnson(i]-

47);printf("\t%.1f-

%.1f",in_out[i][0],in_out[i][1]);printf("\t%.1f\t",exp_t

rans_time[johnson([i]-48]);printf("\t%.1f-

%.1f",in_out[i][2],in_out[i][3]);}}

/I end of put_in_out function

void show_me()

{int

0);outtextxy(getmaxx()/2-200,getmaxy()/2-
100,"Welcome");setcolor(14);settextstyle(1,0,1)teut
xtxy(getmaxx()-350,getmaxy()-30,"Designed &
Developed by Harminder Singh");}void main(){
clrscr();show_me();getch();cleardevice();get_joldade
il();put_job_detail();
getch();get_exp_pro_time();put_exp_pro_time()
;getch();get_exp_trans_time();put_exp_trans_tirge();
etch();get_fictitious_time();
put_fictitious_time();getch();get_job_block_tabte()
t_job_block_table();

12
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getch();get_johnson_rule();put_johnson_rule();gétch
;get_in_out();
put_in_out();getch();}

5. NUMERICAL ILLUSTRATION:

Obtain optimal sequence for 5 jobs and 2 machin
problem given by the following tableaul:

Machi | Machi | Transporta| Sta | Sto
JOB | ne A ne B tion rt p
S al | p; | a? | q; | Time La

Ti'j—>k g La

Di |9

E

1 2 131 ].2]|4 10 | 12

4 0
2 17.2]9|.3]| 13 7 10

6
3 2 1.2|181].2]9 6 5

2
4 2 .11 ].1]2 4 4

8 2
5 2 .21 ].2]5 8 7

0 3

Tableau 1

Our objective is to minimize the total rental cobt
the machine, in which jobs are to be processed as a
group job (2, 4)

Solution: As per step 1: Define expected
processing time A B, on both machines A and B
respectively as shown in tableau-2

JOB | Machi | Machi | Transportat| Sta | Sto
S ne A, |neB, ion rt p
Time La
Tij— k g lag
D E;
1 7.2 2 4 10 12
2 3.2 2.7 13 7 10
3 4.4 1.6 9 6 5
4 2.8 1.2 2 4 4
5 4 2.6 5 8 7
Tableau 2

As per step 2 t,’= max (DiJAi, EiIBi, ti)
=(1007.2,1212,4)

=max (2.8,10,4) =10

t,'= max(7-3.2,7-2.7,13)=13

ts'= max (6-4.4,5-1.6,9) =9

t,'= max(4-2.8,4-1.2,2) =2.8

ts'= max(814, 7112.6, 5) =5

so by above we find the expected transportations ti
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Jobs G, H;
1 7.2+10=17.2| 2+10=12
2 3.2+13=16.2| 2.7+13=15.7
3 4.4+49=13.4 1.6+9=10.6
4 2.8+2.8=5.6| 1.2+2.8=4
5 4+5=9 2.6+5=7.6
Tableau 3

es

As per Step 4 Using equivalent job block criteria
B over job (2,4)
G, = 16.2+5.6-min(5.6,15.

7) = 16.2
H,= 15.7+7.6-min (5.6,15.7) = 17.7

Jobs G; H;
1 17.2| 12
B 16.2]1 14.1
3 13.4] 10.6
5 9 7.6
Tableau4

As per step 5by applying Johnson rule:

[5[af1]3]

[s[2]4]*]®]

Also

As per step 6we prepare in our table as shown
in tableau 6

Jobs| Machine A| Expected | Machine B
IN-OUT transpor- | IN-OUT
tation time
T i~ k
5 0-9 5 14-21.6
2 9-25.2 13 38.2-53.9
4 25.2-30.8 | 2.8 53.9-57.9
1 30.8-68.3 10 78.3-90.3
3 68.3-81.7 [ 9 90.7-101.8
Tableau 6

Hence CT(S):=Total elapsed time is 101.3 and
optimal sequence; % 5,2,4,1,3
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