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][2
 Sequencing models

Sequencing models 

m m = 1 , 2 , 3,…. 

idle time 

5 

8  

3  

9  

1  

1  

7 

 

75nmachine Processing n jobs through 1 

n

Shortest processing time (S.p.t.)

Largest processing time (L.p.t.)

5

 

SptLpt

F E D C B A Jobs 

9507812Time 
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sequence 

 

jobs 

 

time 

Processing 

Start Finish 

1 C   2   0     2 

2 F   4   2     6 

3 B   6   6   12 

4 D   7 12   19 

5 A   8 19   27 

6 E 10 27   37 

∑  103 

                                                                        Spt = 103/6 = 17.16 hrs. 

 

Sequence 

 

jobs 

 

time 

Processing 

Start Finish 

1 E 10   0   10 

2 A   8 10   18 

3 D   7 18   25 

4 B   6 25   31 

5 F   4 31   35 

6 C   2 35   37 

∑  156 

                                                                                              Lpt = 156/6 = 26 hrs 

tiWi

8

 

 

 

‌

t

Jobs t  

A 10/5 = 2 

B 6/10 = 0.6 

C 5/5   = 1 

D 4/1   = 4 

E 2/3   = 0.67 

F 8/5   = 1.6 

B – E – C – F – A – D 

Jobs A B C D E F 

Time  ti 10   6 5 4 2 8 

Weight  Wi   5 10 5 1 3 5 
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78 nProcessing n jobs through 2 machines

5 

8 

 

3 

 

9  

1 

 

1 

 

7 idle time 

 

3B , A AB

Jobs 1 2 3 4 5 6 

Mach. A 3 12 5 2 9 11 

Mach. B 8 10 9 6 3 1 

119385

55185135838

5131115092

The optimal sequencing is :  4 – 1 – 3 – 2 – 5 – 6             
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Mach. BMach.  A  

jobs Idle Finish Start time Finish Start Time 

82818089

051221835

08151150113

03181508850588

032313358811

9939859835551

1∑

93

A 43 – 42 = 1 hr.     

B 6 hrs. 

9A B 

7119385jobs 

15550151583Mach.  A 

3558150502Mach.  B 

7119385

15550318515835

31575815095012

          The optimal sequencing is : 1 – 4 – 5 – 3 – 2 – 7 – 6  

 

jobs 

Mach.  A Mach.  B 

time Start finish time Start finish idle 

1 3 0 3 8 3 11 3 

4 6 3 9 6 11 17 0 

5 10 9 19 12 19 31 2 

3 15 19 34 10 34 44 3 

2 12 34 46 10 46 56 2 

7 9 46 55 3 56 59 0 

6 11 55 66 1 66 67 7 

∑  17 

17

A67 – 66 = 1 hr.  

B17  hrs
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73 nProcessing n jobs through 3 machines 

‌أكاب‌ قت‌على‌التيكةف‌الثينيف‌.‌≤

أكاب‌ قت‌على‌التيكةف‌الثينيف‌.‌≤

5G , H 

Hi = Bi + Ci   ,     Gi = Ai + Bi  

8H , G 

3

9

B 

1C , B , A ABC

Jobs 1 2 3 4 5 6 

Mach. A 3 12 5 2 9 11 

Mach. B 8 6 4 6 3 1 

Mach. C 13 14 9 12 8 13 

≥

Hi = Bi + Ci   ,     Gi = Ai + Bi

 

 

 

 

 

                The optimal sequencing is : 4 – 3 – 1 – 6 – 2 – 5  

 

jobs 1 2 3 4 5 6 

Mach. G 11      3 18     5 9      2 8     1 12 12      4 

Mach. H 21 20 13 18 11    6 14 
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jobs 

Mach. A Mach. B Mach. C 

t. S. F. t. S. F. I. t. S. F. I. 

4 2 0 2 6 2 8 2 12 8 20 8 

3 5 2 7 4 8 12 0 9 20 29 0 

1 3 7 10 8 12 20 0 13 29 42 0 

6 11 10 21 1 21 22 1 13 42 55 0 

2 12 21 33 6 33 39 11 14 55 69 0 

5 9 33 42 3 42 45 3 8 69 77 0 

∑  17  8 

77 hrs. 

A 77 – 42 = 35  hrs. 

B 77 – 45 +17 = 49  hrs

C 8  hrs

79 nm  Processing n jobs through m machines 

nm m ≥ 4

≥

≥

‌m 

H , G 

         Gi = M1 + M2 + ….. + Mm-1       ,       Hi = M2 + M3 + ….. + Mm 

1ABCDE 

 

jobs 

machines 

A B C D E 

1 7 5 2 3 9 

2 6 6 4 5 10 

3 5 4 5 6 8 

4 8 3 3 2 6 

          Min. { E } = 6  ≥  max. { B, C, D } = 6 

H , G 

   Gi = Ai + Bi + Ci + Di         and        Hi = Bi + Ci + Di + Ei 

 

jobs 

machines 
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        The optimal sequencing is :  1 – 3 – 2 – 4   
 

Job 

Mach. A Mach. B Mach. C Mach. D Mach. E 

t. S. F. t. S. F. I. t. S. F. I. t. S. F. I. t. S. F. I. 

1 7 0 7 5 7 12 7 2 12 14 12 3 14 17 14 9 17 26 17 

3 5 7 12 4 12 16 0 5 16 21 2 6 21 27 4 8 27 35 1 

2 6 12 18 6 18 24 2 4 24 28 3 5 28 33 1 10 35 45 0 

4 8 18 26 3 26 29 2 3 29 32 1 2 33 35 0 6 45 51 0 

∑  11  18  19  18 

51 hrs.

A 51 – 26 = 15  hrs. 

B 51 – 29 + 11 = 33  hrs. 

C 51 – 32 + 18 = 37  hrs. 

D 51 – 35 + 19 = 35  hrs. 

E  18  hrs. 

7ABCD 

 

job 

machines 

A B C D 

1 58 14 14 48 

2 30 10 18 32 

3 28 12 16 44 

4 64 16 12 42 

  Min. { A } = 28  ≥ max { B , C } = 18   and   min. { D } = 32 ≥ max { B , C } = 18  

    B1 + C1 = B2 + C2 = B3 + C3 = B4 + C4  =  28 

 AD

G H 

1 17    1 19 

2 21      3 25 

3 20      2 23 

4 16 14      4 
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job 

machines 

A D 

1 58 48    3 

2 30    2 32 

3 28    1 44 

4 64 42    4 

 

The optimal sequencing is :  3 – 2 – 1 – 4 
Mach. D Mach. C Mach. B Mach. A  

job I. F. S. t. I. F. S. t. I. F.S.t. F.S. t. 

1150011999011905182908258820823

05385003858211252521212501282308

585185999259959953059925305515955112125

518108029818802511581051152051520551199

29592599∑

250  hrs.

A 250 – 180 = 70  hrs. 

B 250 – 196 +144 = 198  hrs. 

C 250 – 208 + 148 = 190  hrs. 

D  84  hrs. 

71 n

A 

B 

AB 

BA 

2

jobs 1 2 3 4 5 6 7 8 9 10 

Operating 

order  

1 A A A A B B B B B A 

2 B --- --- B A --- A --- A B 

Operating 

Time 

1 4 3 4 5 1 1 7 3 6 2 

2 6 --- --- 2 2 --- 8 --- 7 4 
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A {2 , 3 }

23 B{ 6 , 8 }

12AB{ 1 , 4 , 10 }

5059

 

BA{ 5 , 7 , 9 }

117

jobs B A 

5 1        1 2 

7 7        3 8 

9 6       2 7 

AABABA

10 – 1 – 4 – 2 – 3 – 5 – 9 – 7  

B BAB AB

                                                 5 – 9 – 7 – 6 – 8 – 10 – 1 – 4  

Mach.  A  Mach.  B   

job 

Idle time 

job t. S. F. job t. S. F. 

10 2   0   2 5 1   0   1 1 2 + 22 – 6 = 18 

1 4   2   6 9 6   1   7 2 11 

4 5   6 11 7 7   7 14 3 14 

2 3 11 14 6 1 14 15 4 28 – 11 + 6 = 23 

3 4 14 18 8 3 15 18 5 18 – 1 = 17 

5 2 18 20 10 4 18 22 6 14 

9 7 20 27 1 6 22 28 7 27 – 14 + 7 = 20 

7 8 27 35 4 2 28 30 8 15 

  9 20 – 7 + 1 = 14 

10 18 – 2 = 16 

A

B35 – 30 = 5

B A jobs 

1985

8319

98550
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5 

job A B C D E 

time 4 3 5 2 6 

SptLpt  (ans. : 10 , 14 )                 

8A B 

Job 1 2 3 4 5 

Mach. A 5 1 9 3 10 

Mach.  B 2 6 7 8 4 

  ( ans.: 2-4-3-5-1 , 2 , 3 ) 

 

3A B 

Job 1 2 3 4 5 

Mach. A 4 5 2 6 1 

Mach.  B 3 2 5 4 2 

    ( ans.: 5-3-4-1-2 , 2 , 4 ) 

 

9A B C

Job 1 2 3 4 5 

Mach.  A 3 8 7 5 4 

Mach.  B 4 5 1 2 3 

Mach.  C 7 9 5 6 10 

(ans.: 4-1-5-2-3 ;  17 , 29 , 7 )     

1A B C

Job 1 2 3 4 5 6 7 8 

Mach.  A 5 6 2 3 4 9 15 11 

Mach.  B 4 6 7 4 5 3 6 2 

Mach.  C 8 10 7 8 11 8 9 13 

(ans.: 4-1-3-5-2-8-7-6 ;  26 , 44 , 7 )   
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1A B C

Job 1 2 3 4 5 

Mach.  A 5 8 6 5 7 

Mach.  B 3 5 2 4 3 

Mach.  C 4 5 3 2 1 

 

(ans.: 2-1-4-3-5 ; 35 ; 4 , 18 , 20 ) 

7ABC

Job 1 2 3 4 5 

Mach.  A 2 9 5 6 15 

Mach.  B 4 5 1 2 3 

Mach.  C 3 8 7 7 7 

( ans.: a) 3-4-2-5-1 ; 50  , b) 7 , 35 , 18 ) 

2 ABCDE

machines job 

E D C B A 

51211535

28155588

518509513

5055581579

577950801

53111511

(ans.:125,32,76 ,83,86,42) 

     1

585550127119385Job 

A A A A B B B B A B A A 5No. 

Process B B A A B B 8

712829299583515Operating 

time 8711378

(ans.: mach.A(9-2-4-11-12-10-1-5-6);mach.B(5-6-7-8-3-9-2-4-11);55,0,0)  
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[2]
 Replacement and Maintenance models

25delseplacement moR

C

SResale Value

n

TC

n

TC
T 

f(t)maintenancet

      

n

0

Sdt)t(fCTC 
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












 

n

0

dt)t(fSC
n

1

n

TC
T  

nT

 





















n

0

n

0

2
dt)t(f

nn

1
dt)t(fSC

n

1

n

T

                 








)t(Fdt)t(fwhere)t(F

n
dt)t(f

n

n

0

n

0

 

  0)0(Fcesin)0(F)n(F
n





  

                                 )n(f)n(F
n





  

0)n(f
n

1
dt)t(fSC

n

1

n

T
n

0

2





















                                                              













 

n

0

dt)t(fSC
n

1
)n(f

                             .min0)(
2

)(
1

)(
2

2

0

32

2



















 nf

n
nf

n
dttfSC

nn

T
n














 

n

0

dt)t(fSC
n

1
)n(gtContinuous

        







 



n

0t

)t(fSC
n

1
)n(gtDiscrete 

52

27119385Year (t)

1100970037008200850051005800100Maintenance  f(t)

900900900100100580080009000Resale value (S) 

7000 $

C = 7000                

g(n) ∑f(t)f(t)C - SS N

3100100100300090005

311085005800100080008

3511.737005100120058003

30101200850019001009

3080 →mini.  2100820011001001

351058300370011009001

3375.957000970011009007

3127.188100110011009002
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81000800

8000

N C - S f(t) ∑f(t) g(n) 

1 9000   200     200 9200 

2 9000 2200   2400 5700 

3 9000 4200   6600 5200 → mini. 

4 9000 6200 12800 5450 

5 9000 8200 21000 6100 

Cost of individual replacement

Cost of grouped replacement 

( i )

11i2i21i1i01ji

i

1j

1ji PN....PNPNPNPNN 



 

Average life of items  (AL) 





n

1i

iiPAL

n Average failure per period (AF)      

AL

N
AF 0

Cost of individual replacement ( CIR )

AF*CCIR 1

(i)Average cost group replacement per period

i

N*CN*C

ACGR

i

1j

j102

i








CIR ACGR

ACGRii

Pii  

C1
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C2

N0

i = 1 , 2 , 3 , …. , n

3n

1150127119385End of week (i) 

0.010.020.550.510.800.510.500.070.010.030.05Prob.Of failure (Pi)

5.810.1

5000

N0 = 1000 

N1 = N0* P1 = 1000 * 0.01 = 10 

N2 = N0*P2 + N1*P1= 1000*0.03 + 10* 0.01 = 30.1 

N3 = N0*P3  + N1*P2 + N2* P1 = 1000*0.05+10*0.03+30.1*0.01=50.6 

N4 =N0*P4+N1*P3+N2*P2+N3*P1 

     =1000*0.07+10*0.05+30.1*0.03+50.6*0.01=71.9 

N5 =N0*P5+N1*P4+N2*P3+N3*P2+N4*P1 

     =1000*0.10+10*0.07+30.1*0.05+50.6*0.03+71.9*0.01=104.4 

N6 =N0*P6+N1*P5+ N2*P4+N3*P3+N4*P2+N5*P1 

     =1000*0.15+10*0.10+30.1*0.07+50.6*0.05+71.9*0.03+104.4*0.01=158.8 

N7 = N0*P7+N1*P6+N2*P5+N3*P4+N4*P3+N5*P2+N6*P1 

        =1000*0.2+10*0.15+30.1*0.1+50.6*0.07+71.9*0.05+104.4*0.03+158.8*0.01 

     =216.4 

N8 =N0*P8+N1*P7+N2*P6+N3*P5+N4*P4+N5*P3+N6*P2+N7*P1 

     =1000*0.15+10*0.2+30.1*0.15+50.6*0.1+71.9*0.07+104.4*0.05+158.8*0.03 

        +216.4*0.01  = 178.8 

N9 = N0*P9+N1*P8+N2*P7+N3*P6+N4*P5+N5*P4+N6*P3+N7*P2+N8*P1 

     =1000*0.11+10*0.15+30.1*0.2+50.6*0.15+71.9*0.1+104.4*0.07+158.8*0.05 

       +216.4*0.03+178.8*0.01=155.8 

N10 =N0*P10+N1*P9+N2*P8+N3*P7+N4*P6+N5*P5+N6*P4+N7*P3+N8*P2+N9*P1 

      =1000*0.08+10*0.11+30.1*0.15+50.6*0.2+71.9*0.15+104.4*0.1+158.8 

        *0.07+216.4*0.05+178.8*0.03+155.8*0.01=145.8 

   N11 = N0*P11+N1*P10+N2*P9+N3*P8+N4*P7+N5*P6+N6*P5+N7*P4+N8*P3 

            +N9*P2+N10*P1 

             = 1000*0.05+10*0.08+30.1*0.11+50.6*0.15+71.9*0.2+104.4*0.15+158.8 

          *0.1+216.4*0.07+178.8*0.05+155.8*0.03+265.8*0.01=139.1 

84.605.0*1108.0*1011.0*9

15.0*82.0*715.0*61.0*507.0*405.0*303.0*201.0*1P*iAL
11

1i

i






 

75.1822.146*25.1AF*CCIRand2.146
84.6

1000

AL

N
AF 1

0   
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End of week 

( i ) 
ACGRi=

i

N*CN*C
i

1j

j102 




 

1 
5.512

1

25.1*105.0*1000



 

2 
06.275

2

25.1*)1.3010(5.0*1000



 

3 
46.204

3

25.1*)6.501.40(5.0*1000



 

4 
81.175

4

25.1*)9.717.90(5.0*1000



 

5 
.imin75.166

5

25.1*)4.1046.162(5.0*1000



 

6 
04.172

6

25.1*)8.158267(5.0*1000



 

7 
11.186

7

25.1*)4.2168.425(5.0*1000



 

8 
78.190

8

25.1*)8.1782.642(5.0*1000



 

9 
22.191

9

25.1*)8.155821(5.0*1000



 

10 
33.190

10

25.1*)8.1458.976(5.0*1000



 

11 
83.188

11

25.1*)1.1396.1122(5.0*1000



 

(ACGR5=166.76)(CIR = 182.75) 

28Maintenance Models  

 

Cost of maintenance ( CM )

                        0N*
)EL(unitperlifeExpected

)MC(unitperCostenanceintMa
CM   
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9Keyboard

3

9385End of year (i) 

0.530.980.810.80Prob. Of failure  (Pi) 

9291

9

3.5

            48.213.0*442.0*325.0*220.0*1P*iAL
4

1i
i  



  

             

065.58355.19*3AF*CCIRand355.19
48.2

48

AL

N
AF 1

0   

    N0 = 48 

    N1 = N0*P1 = 48*0.20 = 9.6 

    N2 =N0*P2+N1*P1= 48*0.25+9.6*0.20 =13.92 

    N3 =N0*P3+N1*P2+N2*P1= 48*0.42+9.6*0.25+13.92*0.2=25.344 

    N4 =N0*P4+N1*P3+N2*P2+N3*P1 

         =48*0.13+9.6*0.42+13.92*0.25+25.344*0.2=18.821 

     

 

End of year 

( i ) ACGRi=
i

N*CN*C
i

1j
j102 





 

1 
8.73

1

3*6.945



 

2 
.imin78.57

2

3*)92.136.9(45



 

3 
864.63

3

3*)344.2552.23(45



 

4 
014.62

4

3*)821.18864.48(45



 

                 92.6148*
1.3

4
N*

EL

MC
CM 0   
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12.011

17.72 

15.18
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5 

119385Year 

51005300210120910800Maintenance cost / year

5000800010007000200050000Resale value 

51000

(ans.: 4) 

 

8 

58800800

year 1 2 3 4 5 6 7 8 

Maintenance Cost 200 500 800 1200 1800 2500 3200 4000 

17100

900100

(ans.: ) 

3B , A 50000

Year 1 2 3 4 5 

 

A 

Resale 9 9 8 7 5 

Operating cost 1 1 2 3 3 

 

B 

Resale 8 7 7 6 6 

Operating cost 1 2 2 3 4 

B , A

(ans.: a)  2 , 3 ; b) A ;  c) A ) 

9

End of week 1 2 3 4 5 6 

Prob. Of failure 0.09 0.25 0.49 0.85 0.97 1 
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5000

30.7

(ans.: 2 )    

1800

5000

End of week 10 20 30 40 50 

Prob. Of failure 0.05 0.15 0.35 0.65 1 

8000(ans.: 20 )       
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Quality Control

 and 

 Reliability

5

2000:90018005

8

8000

3- Charles E. Ebeling " An introduction to Reliability and 

Maintainability Engineering " ( 1997 ) , McGraw Hill companies , 

INC . 
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)T.Q.M.( 
 

ISO
[1] 

15Quality

5

8

3

9

1

1

7

2

5771

5

8
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35159

5131

9Statistical Quality Control ( SQC )

5131

Control chart 

1Total Quality Control ( TQC )

5191

1Quality Assurance ( QA )

5120

7Total Quality Management ( TQM )

ISO5127ISO:9000 

18)Total Quality Management ( TQM 
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5

8

3

9

1

1

7

2

1

5

8 

3 

9 

1 

1 

7 

2 

1 

50 
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5 

Control chart 

Pareto analysis  

Fish bone chart  

Run chart  

Bar chart  

Scatter chart  

Flow chart 

8

5 
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8 

 

3 

 

9  

1 

 

1 

 

7 

 

2 

 

1 

 

50

55

58
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 116 

5 Preparation 

8 Planning 

 

3Assessment 

9Implementation 

1Diversification
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5 

8  

3 

 

9  

1  

1  

7  

2  

1  

50 

55

58

53 

59

 

13ISO 9000ISO

ISOSInternational 

Organization for Standardization 

5197
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IEC 

70

30

Certification 

bodies 

ISO 9000

DINBS 

5 

8 

 

3 

 

9 
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8700

5   Technical Committee (TC) 

8 Sub-Committee (SC)

 

3 Task Group (TG) 

ISO 9000Technical 

committee-176

18

5 

8 

 

3 

 

9 
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ISO 9000

5 Organization 

8 Documenation 

 

ISO 9000

 

 

3 Document Control 
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9Control of Records 

1Auditing 

1Corrective Action 

5 
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8

ISO 9000
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ISO 9000ISO 9000

BS 5750BSI 

ISO 9000: 1987

5 

ISO 9001

80

ISO 9002

52

 

ISO 9003

 

8 

 ISO 9004

ISO 9000

ISO 9001ISO 9002 ISO 9003

ISO 8402

ISO 10011

ISO 9000:1994802
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