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Abstract

Industrial firms require reduction in their compglgx Complexity in industrial firms represents aanehallenge in
the next decade. Estimation the level of compleixitindustrial firms is difficult due to complicateanalyses. This
paper will put a framework to deeply analyze aniheste the expected complexity level in industfiahs. Also, a
computer software package was created to manipaléiigge amount of collected data. Several caséestugere
conducted in industrial organizations to demonstthe proposed methodology of analysis and estimatiThe
results show that the complexity of industrial gnigations is unclear and need more attention froemufacturers
and academicians.

Keywords

Complexity of manufacturing systems, performancasoeements.

1. Introduction

The complexity in any organization has a direct actpon its performance. Reducing the complexity in
industrial/service organizations reduces theircastd also increases their revenue and enhandesdhgetence

in local and international markets. Complexity hasdirect relationship between inputs and outputsthef
organization. As organizations grow bigger and expto satisfy their demand, they tend to have noamplex
supply management and manufacturing operationsdimaple ones. Today, several definitions of comitjesxist

as immense international interest and knowledge tli@r scientific basis. There are two different ferraf
complexity: (1) static or structural complexity whiis designed into the system architecture, (Bratmonal or
dynamical complexity which also can change drama#yién short periods of time according to its eoviment.

2. Literature Review

A methodology based on a simulation model to amalyre manufacturing complexity in mixed-model adsigm
production systems was suggested [1]. A measurefinamtework to analyze the structural propertiesthad
enterprise system as a complexity measure wasmniegsf2]. A complexity measure for the businesspss level
inside the organization on one product (e.g., trepg@id phone card) was developed [3]. They [3] rafi the
complexity measures as not only intrinsic to thetem being studied but also depend on extrinsipgaties of the
observer. A new metrics for assessing the structtmenplexity of manufacturing system configurationss
estimated by [4]. EI Maraghy and Urbanic [5 andirBfoduced product, process, and operational coxitglén
modeling and assessment of manufacturing compleRifferent types of complexity to represent anddelcsupply
chain complexity were suggested [7]. Complexityelevin industrial firms were assigned four mainues systems
vision, structure of the system, system operatimhevaluation [8].

3. Analysis of Industrial Complexity of Firms

Based on the different concepts"@omplexity,” this analysis suggests three frameworks to focusamplexity
(organization manageme@RM, supply chain managemeS8CM and manufacturing operationdO). They are
considered to be the pillars of complexity measiiee analysis could be performed in an interviewey by
quantifying the importance from 1 to 10. This as@yis also proposed from an industrial system yatial
perspective, which means it has some delimitatipmlibtributing a questionnaire among industry etgefhese
guestions might not be enough but give an ideaowef the company is struggling today and give andation of
influences in the future.
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3.1. Analysis Form of Organization M anagement (ORM)

Organizations today operate in a world of constdwainge. Management is the process of decidingdbkeway to
use an organization’s resources to produce goodsravide services. An organization’s resourcesudel its
employees, equipment, and money. Although the defimitions of organization and management is sanle job
of management is quite complex. The technology plags a very important role in the promotion ofiadustrial
organization management. Technology and societychamging more rapidly than ever before. Compaetiti®
fiercer than ever because organizations from adir diie world now try to sell their products andvemes to the
same customers. There are many fundamental reascedopt organization management issue to estithate
complexity of the firms: reduces the product depatent time to market, reduces the product deliveng to
customer, enhances the flexibility of the productimcilities, and improves understanding and cdntfothe
production processes.

The main issues in organization management coratentm the following: planning, structure, commaitiicn,
decision making, and monitoring. With the plannisgue, recognition of opportunities, threats, wesises, and
strengths with strategic and contingency plandfaenost important issues. Number of geographiation plants;
delegate the authority to lower level of employeasip of managers to total employees, outsouraielgtionship
between departments, division of workplace andremwhent of workplace represent the major concepissoes of
structure. For communication, how many languageskesp in the firm and the way of communication (eima
phone,...etc) are the most important issues. Certanagerial decisions which were made in individoin
groups, who involved in the decisions, the timertake a decision, and enough information are reptedefor
decision making issues. Regarding monitoring, nunabeules, polices, work instructions and procedistyle of
leadership will be the guide of monitoring.

3.2. Analysis Form of Supply Chain M anagement (SCM)

The term supply chain manageme®€Y) is relatively new. Th&CMseems to have emerged and continues to gain
interest at an increasing rate. Nearly all the epts of forecasting, aggregating planning, andritoy control
subject to known demand and uncertain demand ierg@CM The SCMdeals with the management of materials,
information and financial flows in a network cornsig of suppliers, manufacturers, distributors, angtomers.
Traditionally, SCMcalled logistic.

As the SCM is the entire network related to the activitiesawof industrial firm that links suppliers, factories
warehouse, stores, and customers, this analysis caiicentrated on these issues. Transportation lgrgb
distribution resource planning, designing produotssupply chain efficiency, the role of information supply
chain, multilevel distribution systems, and designihe supply chain in a global environment represlee most
important issues in th@CMthrough suppliers, internal manufacturing procassl, customers.

3.3. Analysis Form of Manufacturing Operations (MO)

The analysis form of manufacturing operatiodO) can be applied through some questions which hslpo

estimate the complexity of any firm. These questiorclude asking about how many products produgethé

factory (firm) and how many parts per each proddttmber of process (operations) in each part (corapt)

which is assembled or processed and processingpmeach operation are also included in the aisalyEhere are
also some important questions needed to be askddasu the ability of a firm to quickly increasedmcrease its
production rate, reduced product energy use, dpuetat of existing products, and use of new materal

components in manufacture.

Also, the assessment questions regarding the abose frameworks are not included due to page ditiwibs but
interested readers are welcome to contact the ewfbocopieggarbie@squ.edu.om).

3.4. Designing computer softwar e package

The evaluation scores of the statements in eacinaation were analyzed via a specially designedgiam that
uses a fuzzy logic approach.

The following steps show how the program was ueqgktform the analysis:

Step # 1: you need is to enter the organizatinaise.

Step # 2: After clicking Enter, another window walppear as shown in Figure 1 and what you needifigust to
click on one of the bars (optimistic, most likekypessimistic).
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Step # 3: Again another small window will appead aaow you need just to enter the score of eaclstigue
(attribute) separately./

Step # 4. When you finish filling all the categarigres<Calculate Complexitypar and the results of complexity of
each category and total complexity will appear

WELCOME

Firm Migmea

_|Of x|

COrganization Management

Supply Chain Management

MManufacturing Operations

Enter Optimizstic W alues
[ Crisp Data )

Enter Most Likely W alues
[ Crisp Data )

Enter pessimizstic Values
[ Crisp Data )

Enter Optimishic W alues
[ Cnzp Drata ]

Enter bozt Likely Y alues
[ Crizp Drata )

Enter pessimistic Yalues
[ Crizp Drata )

Enter Optimishic W alues
[ Cnzp Drata ]

Enter bozt Likely Y alues
[ Crizp Drata )

Enter pessimistic Yalues
[ Crizp Drata )

Calculate Complesity E it |

Figure 1: The main window of the program

4. Case Studies and | mplementation

In order to test the analysis methodology preseini¢ite previous section, several case studies penfermed. The
objective of these case studies was to analyzeraabsure complexity level in industrial organizasiom order to
analyze the concept of "complexity," an interviewvey was carried out in several Omani companiégse€ case
studies were conducted exactly on seven organimtéd Rusail Industrial Estate (Muscat). Each degdion
visited was evaluated according to the complexatsel in the particular element of the subdivisiogamization. A
score 1 represented a low complexity score and sc@fe represented a high complexity score. Theertaese of
industrial organizations are as follows and thelltesfrom these studies will be presented in teigisn as follows:
Hadid Majan, AL-naser Marble; and OMAN Marble.

An introduction of the organization is stated atsdgroducts at the beginning of each section. Ttrenresults of
the evaluation of each section (organization mameage, supply chain management and manufacturingatipas)
are also not included due to page limitations bigrested readers are welcome to contact the autborcopies
(garbie@squ.edu.om).

4.1 Case Study # 1: Hadid Majan

Hadid Majan commenced commercial production in 4an@003 and since then has been growing from gitnen
to strength. A professionally managed company, withitinational work force, it is manned by the catgnt
technical and management professionals. The compasian installed capacity of 100,000 metric togrsgmnum
to produce high yield strength deformed steel bBEne company produces this product in diametelssige3 mm
to 25 mm conforming to following specificationste8l billets of specified chemicals compositiorhisated in
reheating furnace to 105f2gree and then rolled in a series of rolling stands to tequired sizes. The hot finished
bars are then subjected to an on-line heat tredttoeget high yield strength bars with excellerdgrgjation and
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bend ability. These bars are then cut to 12 metegth, bundled and shipped to customers. At HadighMquality
control department ensures that the billets weivecare of prime quality. Samples of finished proiduare taken
on-line at regular intervals and subjected to tertsists on a fully computerized tensile testinghi@e and also
provide Mill test certificates.

4.2 Case Study # 2: Al Nasr Group of Companies Marble

As everyone knows, there is no substitute for retomarble for its beauty and durability. Marble gwuced at Al
Nasr’'s quarries are superior to imported produtti®same range, and they are priced competitivlyther, our
sophisticated, computerized and logic controlleghplives you marble sections of any specified shaml size
with a mirror finish. This is achieved by the unégdiamond- edged 70/80 blades cutting machine wtitter
computerized micro precision machines at our fgctdo give you some ideas of the factors taken agoount
while embarking on this project of expansion, ibskl go back to early 1991.

4.3 Case Study # 3: Oman Marble

Oman marble company is one of the NASSAR STONE groompanies which have other establishments in
Palestine and Jordan. Oman marble company is gsimgs which are extracted from local quarries. @rsgnes
fierce beauty mirrors, its landscapes untamed widrand timelessness; it's the skin of Oman'sedviace .The
various color shades fall like the shadows of Om&nh civilizations. The manufacturing facility@gying a space

of 90,000 m, equipped with the highest standard machinerycnelogy. The facility includes huge storages built
to contain 30,000 fof raw blocks.

Results of all organizations (firms) regarding cdenjiy are summarized and listed in Table 1.

Table 1: The expected level of complexity of afirfreworks and the total complexity of each firm

Type of Complexity Hadid Majan AL-Naser OMAN Marble
Organization Management 0.4865 0.5347 0.5659
Supply Chain Management 0.4263 0.4404 0.4923
Manufacturing Operations 0.4805 0.4945 0.5231
Total Complexity Level 0.8682 0.797 0.5421

The complexity level has a range from 0 to 1, witiialue of O or close to O indicating the leastsae industrial
complexity and a value of 1 or close to 1 indicgtihe highest industrial complexity. It can be cetl from Table 1
that the level of complexity for organization maeagnt ORM), e.g., Hadid Majan, is almost the same level of
industrial complexity of manufacturing operatiohdd). Their values were medium and need to be redubkith.
respect to supply chain managemeit¥), its value also was medium and it needs moreatéztu

As the industrial complexity value of Hadid Majaguals 0.8682 and it is close to 1, the complexetyel of this
firm is high and needs to be reduced. As it isasatifrom the table 1 that Hadid Majan scored tlyhdst total
complexity levels comparing to OMAN Marble whichosed the lowest complexity level. Worth noting teabring
a high mark on total complexity doesn’t necessaguire that the subdivisions of the complexity scathigh mark
too? For example Hadid Majan scored a high mar®.8682 on total complexity but its subdivisionsrecball in
the range of 0.4 mean while OMAN Marble scored bigmarks than Hadid Majan in the subdivisions lmatred
the lowest mark on total complexity.

Complexity is something that has several effectdifferent departments of the organization. Soméoeffects
appear clearly and everyone can see it like effetigyout and operations complexity. However, othare not
feasible and only the analysts can observe thenexXample effects of complexity in management. As know,

visiting different organizations and trying to @it data about their services is one of the md8tuli things and

sometimes even impossible to collect the comple@mation or data. Because not all of them pradadistribute

their information which they think it is importaand confidential, these data are essential forréggarch. The
result helped us to compare the variation of themexity of all infrastructures and also the tatamplexity among
the three organizations.
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5. Conclusions, Contribution, and Recommendations for Future Work

Estimation of the complexity level is very critidabue of industrial firms to survive. Analysisinélustrial firms for
complexity presented through the three main franmksvarganization management, supply chain manageraed
manufacturing operations was presented. Evaluatithgstrial organizations by three status (optirojstiost likely
and pessimistic) will add credibility and objectivito the evaluation. The results show acceptabléation in
complexity compared to what seen in reality in fgaeticular organization. Analyzing the huge amoahthe
collected data also is something very challenging time consuming. Designing the computer softwsaekage
which is based on fuzzy mathematical (logic) apphea program to analyze the collected data wasecteth really
was very helpful to get the results easily and eately.

The main contribution of this research is to analynd estimate the industrial firms considering plexity
frameworks. For further work, authors are plannimgonduct reconfigurations process to industrigbaizations
based on the amount of complexity levels in thagamizations. . Also authors are intending to desigcreate a
new computer software package to be more userglfgidor reconfiguration process.
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