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4.6.3 Nawaz, Enscor, and Ham (NEH) Algorithm
Nawaz, Enscor and Ham (NEH) algorithm constructs jobs sequence in

iterative manner. Two jobs having largest values of total process times (called total
work content) are arranged in a partial sequence one by one. The partial sequence
having small value of Cpax is selected for subsequent iteration. Then, next job from
the work content list is picked. This job is alternately placed at all possible locations
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Wt

Swe )
Find Total work content ( 1)) tor each job using expression
'y
I\" =L P
=1
Shp ()

Arrange jobs in a work content list according to decreasing values of T
A )

. Select first o jobs from the list, and form two partial sequences by
interchanging the place of the two jobs. Compute C,, values of the partial sequences.
) ~ . - " - a . . )
g ut o; the o partial sequences, discard the partial sequence having larger value of

Cuan. Call the partial sequence with lower value of Cuay a8 incumbent sequence
Swp ()

Pick next job from the work content list, and place it at all locations in the
incumbens sequence. Caleulate the value of Cray for all the sequences.

——ue

~

S 3)
Retain the sequence with minimum value of Cpay as incumbent sequence and
discard all the other sequences. '

Saop (6)

If there is no job left in the work content list to be added to incumbent

sequence, STOP. Othenwise g0 to step (4).

Example 4.5
Solve Fil] Caay problem for the data shown below using NEH algorithm,
S 8 b J__bs Ja
w6 | 8 | 3 |
T A I A
T I I

Solution:

For four jobs, the T, values are shown in the Table 4.11

cr L b e Cannansing AQ thcdu“ng 4' lS
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for Tj values

Table 4.11 C: alculation :
| A TR A ; B ﬂ-{fwd
1 6 | 8 | 3 L -

M2 |5 | N 54 ]
My |4 4§ 4 2
n | 15 | o | o1z 10

The ordered list of jobs according to decreasing Tj values is; {j1, J2, J35 ja}

Iteration 1 .
Since jobs j; and j» have highest values of Tj, select these two jobs to form

partial schedule. The calculations of Cmay value for partial schedule (ji , j2, * , *) are
shown below in Table 4.12. Note Cpax = 19 for the partial schedule (ji, j2, * , *)-

Table 1 Cp, calculations for partial schedule Syaes: (i, j2, *, *)

ol Lk | e ] G | Cow |
, Mi | 6 | 8 | 6 14 |
M s o o ] s ] [
oM 4 e s 9 | 19 |

The calculations of Cmay value for partial schedule ( j», j1,* ,* ) are shown
below in Table 4.13. Note Cpay =23 for the partial schedule (J2,01,% ,%).

Table 4.13 Cpa calculations for partial schedule Sopse: (J., 1 %, %)

:’ 1 jZ} J il l Cl; . C, ___&“_;L——:
f M |8 6 | 14 '
T s s e ~J
M | 4 ] 4 ] 1B ] 3

The makespan (Cmax) values for the partial schedules are;

Table 24.14 Comparison between the two partial sequences

" Schedule | Coat,_ |
L SaeiGagnnt) | 3
L Seer(fdan )| 19 |
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fathomed and not investigated any more.

Iteration 2
Now job j3 is
j3 can be placed at three sequence positio

next in ordered list after jobs Ji and j, with a T, value of 12. Job
ns in partial sequence Girs j2s %2 %)

a) Before job ji as follows: New Partial Sequence , S3i2° G, j1s J» %)

b) Afterjob j; as follows: New Partial Sequence , Si32+ Gis j3» J2 )

c) After job j: as follows: New Partial Sequence , Sya3¢: Gt J2» 3 ™)
Calculations of Cpay for sequence, Si23+:(1s ja, J3, ¥) are shown below in the

following table 4.15.
Table 4.15 C... calculations for partial sequence (ji , j2,j3 » *)

.\I :-“ ij-’- _ “3 ICI C, Cs ,"Cmn '
e 6 '8 3 6 14 17 | f
M, (5 [ 5 ‘

e || A— . | 11 15 22 J
(= ! |2 4 15 19 26 26 |

Th )
e Gantt chart of the partial schedule Sy23+:(jy, ja, J3,*) is shown in Figure

h1; jl j: j3
s i2
Mz h i ia
= | is
15 19 26

Figure 4.8 Gantt chart for the partial sequence S23¢: (jy, ja, j *)
23%. v J2y J3,
Note Cpax = 26 for the partial schedule, Sy23+:( (j1, ja, j3,%)
The calculations of Cpay value for this schedule (j3,j1,j2,*) are shown below i
2y ow In

the following table 4.16.

Tab!e §.16 Cm‘ calculations for partial schedule (js , jy , j2, *)

S S 0 0
~~_I\_JI_2 ;_5 A}: S5 1 | JI ﬁé"’""“{‘{* »—18 ! § I
M | 4 | 4] 4] n = = ; - !
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. » » Q e, | N ‘_'.i . l.)

Table 34.17 Crux calculations for partial schedule 5152 l(“ J‘C 2 I Gyt |

a ¢ e 2 . “Iax
7 5 | b |k ] & ] O sy |
e e N N N ‘
M | 6 | 3 ) T T !

2 | i — 4 ] lS " 20 ! P

oMy |4 |4 | 4]

'l ‘. . *
. . “He v § 4 : ‘ Jz’ )
A comparison of the three schedules indicate that schedule Satze : (3, J1y
results in minimum Cy,,, value, as shown in below table 4.18:

Table 4.18 Comparison of the three partial sequences.
Partial Schedule | Cpax |
Size (njoin® | 26 J

Sz Gujuin® | 22|
Si3ze (j1s 3, j2,%) _J 24 J

Iteration 3

Job js is the last job in the ordered list. Using minimum C

max Value partial
schedule from iteration 2, gener

ate four sequences by inserting job js at four possible
locations in partial sequence (js, ji, j2, *) as follows:

a) Before job j; as follows: New Sequence, Sq3;5: Gy 3y 1, §2)
b) After job j; as follows: New Sequence, Syqa: U3, jay g1, j2)
¢) After job j; as follows: New Sequence, Syj4s: (3, J1s Jay j2)
d) After job j, as follows: New Sequence, S3)24: U3, 1y J2s ja)

The calculations of Cyyay value for this schedule (jy, jy, j,

J2) are shown below
in the following table 4.19

AT C: | Cou |
LN T R N N | |
M| 4 | s s S N N TR |

|2 e e ] 4w | 2 | 26 | 2 |

The calculations of Cynay value for this schedule G j

4 Ju, J2) are shown below
in the following table 4.20

Alnalli .. & -
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.+ Y are shown below
. ' 0] o 4 J2) arc :
lculations of Cpax value for this schedule (j3, J1, J4s
The calculations ng

in the following table 4.21

Table 4.21 Cx ¢ leulations for schcdulc (j;,Jl,Ja, j2)

|
T e e a e

;iﬁﬁf;}""“ ";L. 6 f‘ 4 ; ] } { ;4 ; :z } 22 { }
SRR AR AN

The calculations of Cpay value for this schedule (js, ji, j2, j4) are shown below
in the following table 4.22

Table 4.22 ’mev_caquulatAipns f'Qr sphcdulc (35 j1s j2, ja)

e i e ]ala]alacl e
M| 3 ] 6| 8 a3 | 9| 17 o ]
A Y O N TN T
M4 | a4 a2 2] 1o | 27 | 27 |

The comparison of Cpay values for the four schedules is presented below in table 4,23

Table 4.23 Compamon of the four partial sequences

~ Schedule Ciix

o ‘_'33124 (JJ,Jl,Jz,J4) Mm_'727
S3124 2 (jay j3, ju, ja) N 2%

_ Sun: 03,J4,J|,J2) o '_ 26 |
S3142 1 (3, ju, Ja, j2) 26

The NEH mcthovd yields three alternate s

of 26. Clearly, NEH provides more elaborate r
heuristic,

chedules with a minimum makespan
esults as compared to CDS or Slope
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