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1. Introduction ?
HR algorithm is to solve thhs# uling pr. @ of concurrent open-shop Their process is
not bound by the orders, the differen A@en them is concurrent open-shop can make
multiple machines work o Workple ultaneously, which has more feasible solution

space, therefore most» concurre%open -shop scheduling problem is NP problem.(non-

deterministic polyno \ robl

Mathematical ptogsdmming m hould make n related and quantifiable decisions into
the Decision

', Xn), the reasonable measure of the results is presented as a
mathematical™ Decision Variables, the function is called the objective
function, restrictions % eduling model will be expressed by inequalities among Decision

Variables, then it es the mathematical programming model, solving the scheduling
problem can get imal solution. But this method will lead to a very large solution space,

if you use puter calculation; calculated time is often unacceptable too, so this method can
be used Iving small problems. When the problem is NP problem, the established
model | a representation of the scheduling problem, because it is difficult to give the

op ution of the problem in limited time.
%agorithm can help reduce the component reserve, and emolliate the total time of
compOnent release, then largely cut the total completion time of each workpiece, while
calculating the minimum manufactural time simultaneously. Applying the HR algorithm, the
complex scheduling problem of concurrent open-shop problem turns into a normal integer
programming based on permutation and combination, which makes the problem become a
normally solvable permutation and combination problem.
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In this paper, the executive procedure of the HR algorithm has been researched, and the
error, application and practice value of the HR algorithm have bee proved.

2. The Executive Procedure of HR Algorithm

The executive procedure of HR algorithm is to make the integer programming model of
scheduling concurrent open-shop model sparse, and then calculate its solutions. After
processing the solutions, the machines process the workpiece followed the order which is
determined by the rules based on the processed solutions. The order of executive order is as

Figure 2.1.
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O Figure 2.1. Order of Executive

@specify phrases of HR algorithm are as following:

(1)Establishing the Integer Programming Model for a Scheduling Problem.

(2)Making the Built Integer Programming Model sparse

(3)Sbustitution the Process-Time Matrix into Sparse Linear

(4)Processing the Solution of Sparse Linear Model by Ordering Workpiece finished time-
Cj from small to large.
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(5)Processing the workpiece in each machine-i by the above order, wrokpiece with little
completion time will be processed firstly, so the manchines are full of use with no leisure
time.

(6)If the machine finishes the processing, that machine is released as waiting condition,
and searching the workpiece which features the least completion time in unprocessed
workpieces.

(7)To ensure the last workpiece has the less completion time, the less completion- time
workpiece should be drawed out from the interrupted mahcines, if in prepared machine, the
existence of interrupted machine is ture.

(8)The machine and processing procedure will stop as the processing of all workpiece has
been finished.

are ordering phrase. Phrase (2)-the resolution to interrupted machin refers to LP gest
processing time first), a practice sample of Gantt chart compasion in Figurm Figure

2.3 is LPT rule applied and no LPT rule applied respectively, From thgrc ion of the
scheduling Gantt chart of 4 machines and 3 workpiecespi@;, the ryles can reduce

The phrases (1) to (3) are the pre-processing phrase of algorithm, and the phrases (%) ta,(7)
Ed

the machine waiting time during ordering process. The figurénof ortiering part of HR

algorithm is as Figure 2.4. O \
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3. The Algorithm Error

HR algorithm is an approximate algorJ ed on sp inear, and error, which are
allowed to NP problem, exist between ons,g from it and optimal solutions. In
this section, the error between mlnlm@nufac of HR algorithm solved and total
completion time of workpieces e calculatedvand the worst performance of HR
algorithm will also count out. In i ing p r he error refers to the variances between
solutions gotten from HR alg and olutlons which can reflect the deviation
situation. Its value fluctuat ound 1, t to 1, the better the algorithmic solution. The

ratio of HR algorithm s
error, which is usu r than
is closer to 1, the

from algorithpas=i
Variable ' i

open-shop’ scheduling

toy F .

Near optimal w@n of completion time of scheduling concurrent open-shop by using HR

equal to 1. If the maximum error is small and its value
rithm is predicted more reliable and the solution gotten
lution.
A flned. F refers to optimal completion solution of concurrent
, workpiece total completion time and optimal solution refers

opélm Iutlon under worst condition refers to maximum

algorithm tor ", completion time and near optimal solution referstoy” £ "* .

rs completion time of workpiece j under optimal solution.
efers to completion time of workpiece j by using the integer programming.

0

c, refers to completion time of workpiece j on machine i by using the integer

U]

programming.
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e 2.4. The Flow Diagram Ordering Part of HR Algorithm

s to completion time of workpiece j by using the HR algorithm.

srefers to completion time of workpiece j on machine i by using the HR algorithm.

a_ refers to the maximum error of completion time by using HR algorithm.
a, refers to the maximum error of total completion time.

The F™ <a *Fand 3 F™ < a *3 F are proved from reasoning, the value of a_ and

a, will be supplied. The ratio of worst condition and optimal solution of HR algorithm will
be calculated out.
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The reasoning calculative process as following:

As machines have no leisure time in HR algorithm, which means the machine is running
all the time and the processing can be interrupted, so the formula 3-1 is proved, which says
that the completion time of workpiece j on the machine i is equal to all workpiece’s total
processing time before workpiece j on the machine j. The formula 3-2 can be figured out from
the formula 3-1.

Ci'j-| = z Pi 3-1)
i [/ o] .
1! h 1 2
p'kci?( > —| Pic | * piZk |>— Ci:'—'
R ARSIt

Fromallthek < j, ie {1,2,...m} , we can be the ineqt@o
ci < c: < c? OQ VV 3-3)
;(cij ) < El P, Q ,\6 (3-4)

<
Iowig formula 3-1 and 3-4:

Toallthe je N,ie(l...m)’Weca% v
s\\ (3-5)

c) > %c: AQK ‘\%
c;4 =max,_ , . {c: } Q

[P BN
Toallthe je @ge@mula 3-6:
> icf O 6@ 37

The inequality&&proved:
¢ <c, 0\{5 (3-8)

oning process is as following:
he left inequality of formula 3-2,
i L1 I'( i \ P ]
z PiCi = —| Lz pikJ + Z P | (3-9)
k=1 ZL k=1 k=1 J
F

i : , 1 (! :
Value of P is fixed, and value of 3" p, c; is the value of —| Lz pikJ +3 pe |

k=1

(3-6)

So only need to prove:
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j L1 I—( j \2 i 1
Z PiuCi — = Lz pikJ + Z Pi |>0 (3-10)
k=1 Zl_ k=1 k=1 J
Then the formula 3-8 has been proved. Due to
i
c, 2> P, (3-11)
k=1
There is

>0 OQ \\>/ (3-13)

>0 &6\ s&@ (3-14)

The formula 3-8 has be? proved, ﬁ@; e p, is the integer larger than zero. From

mathematical mductlon a3- 15& proved if j>1,

The inequality for 8 can be proved from inequality formula 3-15 and 3-14, also,

from the formula& -8, the following formula can be induced:
¢,z —c, (3-16)
2 %

The&mum error of manufacture period of HR algorithm- a_ is 2, due to
@me,z,,,.n {c,}, F"™ =max,_, {c'} and 2F>FHR gotten from formula 4-16. In

HR algorithm, the maximum error of total completion time- ' is 2m, and according to
formula 3-16, 2m > F > F "® can be obtained, m is the number of machine. The

conclusion is that, in HR algorithm, the maximum error of manufacture period is 2, and the
maximum error of total completion time is 2m.

(3-15)
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4. Conclusion

In this paper, the HR algorithm can be used to solve the scheduling problem of
concurrent open-shop; also, the calculation flow and algorithmic ordering process have
been presented. According to the calculation and demonstration, the maximum error of

manufacture period of HR algorithm-a_ is 2, the maximum error of total completion
time -a _ is 2m (m is the number of machine).

References

[1] J. Di, M.Yanmin, F. ZhiPeng and F. Xiaolin, “A RFID Anti-collision Algorithm Based on Multithread
Regressive-style Binary System”, 2012 International Conference on Measurement, Information and Contrel,
(2012), pp. 365-369.

[2] Q.Y.Dai, R. Y. Zhong, M. L. Wang, X. D. Liu and Q. Liu, “J.RFID-enable Real-time Mu iment
Training Center Management System”, 1JAST, vol. 7, (2009), pp. 27-48.

[3] M.-Y.Chen, C.-N. Yangand C.- S. Laih, “J. Authorized Tracking and Tracmg forR >, IISJA, vol. 1, no.
1, (2007), pp. 1-14.

[4] B. King and X. Zhang, “Applying RFID to Secure the Pharmac pply Chan”, MSIA, vol. 1, no.2,

(2007), pp. 71-84.

[5] Y.M.Maand D. Jin, “Anti-collision Algorithm Based on ) aded osition”, International
Journal of Hybrid Information Technology, vol. 6, no. 3, ( pp. 95-1 \/

[6] M. Modarres and M. Ghandehari, “Applying Circular_Coloringto Open cheduling” Scientia Iranica,

vol. 15, no. 5, (2008), pp. 652-660. %
[7]1 S. Ghosh and D. R. Nagi, “Batch Splitting in an ly Scheduhx ironment”, Production Economics,

vol. 105, no. 2, (2007), pp. 372-384 \H
[8] R.L.Graham, E. L. Lawler, J. K. Lenstra G.R @an “Optimization and Approximation in
Deterministic Sequencing and Schedulin: urvey Discrete Mathematics, vol. 5, (1979), pp.

287-326.
[91 C.S.Sungand H. A. Kim, “A Tw S@MUHI Ie%hme Assembly Scheduling Problem for Minimizing

Sum of Completion Times”, Pr n Economi 113, (2008), pp. 1038-1048.

[10] T. Gonzale and S. Sahni, “Open Shop Sche M|n|m|ze Finish Time”, Journal of the Assooauon for
Computing Machiner vol. .4, (1976 N665-679.

[11] M. Mastrolilli, Q , A. S. Schul2?0. Svensson and N. A. Uhan, “Minimizing the Sum of
Weighted Compl '0\' in a C rent Open Shop”, Operations Research Letters, ,vol. 38, no. 5,
(2003), pp. 405

[12] G. T. Wan andeC. heng, “Cus r Order Scheduling to Minimize Total Weighted Completion Time”,
Omega, v (2005 409 416.

[13] M. Queyr tmcture imple Scheduling Polyhedron. Mathematical Programming”, vol. 58, (1993),
pp. 263-285.

[14] A. S. Schulz, “Sche 0 Minimize Total Weighted Completion Time: Performance Guarantees of LP-

[15] P. C. Gilmor . E. Gomory, “A linear Programming Approach to the Cutting-stock Problem”,

Operations Resedxch, vol. 9, no. 6, (1961), pp. 849-859.
[16] L.-H. Suj Chou and W-C Ting, “Minimizing Makespan in a Two-stage System with Flowshop and

'* Computers & Industrial Engineering, vol. 49, (2005), pp. 520-536
[17] R. G laeaghman and A. Gascon, “A Heuristic Scheduling Policy for Multi-item, Single-machine Production

Based Heurlstfs@ er Bounds”, Computer Science, vol. 1084, (1995), pp. 301-315.

eduling Problems”, Computers & Industrial Engineering, vol. 56, no. 1, (2009), pp. 357-367.

. Naderi, S. M. T. Fatemi Ghomi, M. Aminnayeri and M. Zandieh, “Scheduling Open Shops with Parallel
Machines to Minimize Total Completion Time”, Journal of Computational and Applied Mathematics, vol.
235, no. 5, (2011), pp. 1275-1287.

[20] M. Queyranne and M. Sviridenko, “A (2+¢)-Approximation Algorithm for the Generalized Preemptive Open
Shop Problem with Minsum Objective”, Journal of Algorithms, vol. 45, no. 2, (2002), pp. 202-212.

[21] J. F. Lin and S. J. Chen, “Scheduling Algorithm for Nonpreemptive Multi Processor Tasks”, Computers
Math, vol. 28, no. 4, (1994), pp. 85-92.

[22] T. A, Roemer and R. Ahmadi, “The Complexity of Scheduling Customer Orders”, INFORMS, Dallas, (1997).

284 Copyright © 2014 SERSC



International Journal of Hybrid Information Technology
Vol.7, No.4 (2014)

[23] C. S. Sung and S. H. Yoon, “Minimizing Total Weighted Completion Time at a Pre-assembly Stage
Composed of Two Feeding Machines, International Journal of Production Economics, , vol. 54, no. 3, (1998),
pp. 247-255.

[24] C. T. Ng, T. C. E. Cheng and J. J. Yuan, “Concurrent Open Shop Scheduling to Minimize the Weighted
Number of Tardy Jobs”, Journal of Scheduling, vol. 6, no. 4, (2003), pp 405-412.

[25] H. L. Huang and B. M. T. Lin, “Concurrent Openshop Problem to Minimize the Weighted Number of Late
Jobs”, Multiprocessor Scheduling, vol. 8, (2007), pp. 215-220.

Author
Di Jin, master, lecturer, School of computer and information

- |engineering, Harbin University of Commerce.
| .

Copyright © 2014 SERSC 285



International Journal of Hybrid Information Technology
Vol.7, No.4 (2014)

286 Copyright © 2014 SERSC





