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Abstract 

This paper describes a framework to integrate and synchronize discrete event simulation (DES) models and system 
dynamics (SD) simulation models. SD is used to model the total manufacturing enterprise system while DES models 
are used to provide detailed simulations of the manufacturing processes in the system. The SD and DES models are 
synchronized to reach a comprehensive simulation that accommodate all management levels in a single structure, 
while recognizing the differences in terms of scope and frequency of decision making, and levels of details suitable 
at each management level. The current approach can maintain the integrity of the two simulation paradigms and can 
use existing/legacy simulation models without requiring learning new simulation skills. We discuss certain technical 
details in synchronizing the two simulation paradigms: the types and format of data exchanged, and the need for 
replications in DES. We propose dividing the DES model run into a number of mini runs (segments), and describe 
the resumption algorithm that is meant to ensure statistical validity of the data obtained from each DES segment.      
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1. Introduction
Discrete Event Simulation (DES) and System Dynamics (SD) simulation are the two main simulation paradigms in 
use. They are fundamentally different; following two different perspectives in viewing the world. DES models are 
made of sets of processes, resources, and queues where entities flow among them; competing for the resources at the 
processes, to have certain activities done, and cause events. Events are timeless occurrences that highlight the time 
consuming activities. DES has been dominating simulation modeling at the operational levels of management, in 
particular in the manufacturing systems applications where the main concerns are at the level of individual 
resources, resources, units of product, or steps of processing. At the higher management levels; with the global 
views of the system, DES faces difficulties. DES is a stochastic, data-driven approach, in which the state of the 
system is updated at the points in time when events occur. SD, on the other hand is a successful system thinking 
approach targeting top management levels with comprehensive integrative perspectives. With relatively minimal 
data requirements, it has been most effective in addressing decision makers’ needs at the strategic management 
levels for policy analysis and design. Yet, it failed to offer the needed granularity at the operational levels (Rabelo et 
al. 2015; Brito et al. 2011; Helal, 2008; Helal et al. 2007; Goddeing at al. 2003).     

Integrating/synchronizing/coordinating the two paradigms in a hybrid approach has been promoted for long, and 
several frameworks have been proposed (Morgan et al, 2017; Rabelo et al., 2015, Brito et al, 2011; 2008, Helal; 
Helal et al., 2007; Venkateswarana and Son 2005; Rabelo et al. 2005).). Contrasting SD and DES explicitly 
indicates the potential of the two paradigms complementing each other in hybrid simulation approaches to develop 
simulation models of the current complex business systems, where management levels are significantly overlapping. 
Hybrid SD-DES simulations can offer comprehensive simulation models that encompass all management levels and 
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recognize the differences between them in terms of scope and frequency of decision making as well as the levels of 
details preferred and used at each level. Conceptual differences between SD and DES can be summarized as in 
Table 1, (Morgan el at. 2017; Brito et al. 2011; Tako and Robinson, 2009; Helal, 2008; Morecroft and Robinson, 
2005). The comparisons easily justify the development of hybrid simulations, and explain the suitability of each 
method for the kind of applications it is commonly used for. 

Table 1. Contrasting DES and SD 

DES SD

Perspective Micro, analytic, emphasizing detail complexity 
Macro, holistic, emphasizing dynamics
complexity 

World view 
Network of queues, resources, and activities 
through which entities flow  

Interrelated; overlapping feedback loops 

Underlying philosophy Vague Well-defined 

Resolution Individual entities, attributes, events Homogenized entities in continuous flows 

Relationships Mainly linear  Mainly non-linear 

Nature of model Stochastic Deterministic 

Level of model complexity Increases exponentially Increases linearly 

Data needs 
Data-demanding, numerical with some 
judgmental elements 

Broadly drawn; soft variables included 

Problem scope Operational Strategic 

Time advance Unequal time slices matching events Equal time steps 

State evolution 
At discrete points in time when events occur; 
randomness drives behavior  

Continuously with time advance; system 
structure drives behavior 

Outputs 
Statistically valid estimates and detailed 
performance measures, randomness vital in 
system performance analysis 

Understanding of sources of structure behavior 
modes, randomness not commonly significant 

Output interpretation Statistical/mathematical background needed 
Easily interpreted; no particular mathematical 
skills needed 

System stability Not characterized Explicit in the feedback structure 

Randomness  Explicitly included Implicitly based on feedback delays  

2. Hybrid discrete-continuous simulations
There are two basic approaches to develop hybrid simulations: the hybrid state transition machine (Maler et al., 
1992; Harel, 1987) and the DEVS&DES formalism (Ziegler et al., 2000). Both organize the interaction between 
discrete and continuous variables, by allowing continuous variables to schedule discrete events if they cross preset 
threshold levels. On the other direction, discrete events can cause abrupt changes in the values of the continuous 
variables. In the hybrid state machine, the state diagram represents the potential states of the system and the discrete 
transitions among them. Some system variables are incorporated in the discrete state diagram, and modeled as 
continuous by differential/integral equations. Threshold values for these variables are defined. During the simulation 
run when a variable reaches a threshold, a discrete event is triggered at the state diagram and a transition from a state 
to another may be taken. Only events can update the system state. Upon the execution of an event in the discrete 
part, a continuous variable can be assigned a new value regardless of its mathematical formulation. The commercial 
simulation software package (http://anylogic.com/) is an implementation of the state machine system. It allows the 
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building of SD and DES models that can coexist and interact according to the mechanics of the hybrid state machine 
described above (Helal, 2008, Borshchev and Fillippov, 2004).   

The DEV&DESS formalism combines Ziegler (1976)’s Discrete Event System specification (DEVS) formalism and 
Differential Equations System Specification (DESS) formalism, to describe hybrid systems. DEV&DESS combines 
the sets of inputs, outputs, states, transition, output, and rate of change functions of the two original formalisms into 
a unified format to specify the hybrid system. Additionally, the DEV&DESS uses the condition function to connect 
the continuous variables to the discrete components of the system. Once a threshold is crossed, the condition 
function is activated to schedule an event at the discrete part and an update of system state may be executed.  

The two approaches are fundamentally similar; both allow the discrete component to control the continuous 
component. Events drive the simulation model and only events update the system state. Continuous calculations are 
bounded by the discrete events. The impact of the continuous calculations is communicated to the discrete 
components by generating a special type of events (state event) based on the values of the continuous variables as 
compared to predefined threshold values. The behavior of a continuous variable over time, according to that can be 
depicted as in Figure 1. The continuous variable behaves as continuous between discrete events. The (x, y) indicates 
an event number and its time of occurrence. The continuous variable must accept abrupt changes in its value by the 
occurrence of the discrete events. And a segment of continuous calculations between two events is not a 
continuation of the previous segment.  

Figure 1: Intermittent continuous behavior in control-based hybrid simulation 

3. The SDDES Framework
An approach to integrate and synchronize the SD and DES has been described in Helal et.al. (2007), Helal (2008), 
Pastrana et al. (2010), and Rabelo et. al. (2015). It is meant to develop hybrid simulations of the manufacturing 
enterprise systems. Called SDDES, it proposes to build a single, comprehensive SD model of the total enterprise 
system. Then a number of DES models for selected sub-systems of the enterprise are built to be integrated into the 
SD models. In Figure 2, a single DES model is connected to a causal loop diagram (CLD) portion of a SD model. 
The Production Start Rate is the rate at which raw materials are removed from Parts Inventory to start processing, 
and it is also the rate at which raw materials are converted into Work in Process. Work in Process Adjustment, 
Finished Inventory Adjustment, and Parts Inventory Adjustment are the amounts of materials that should be made 
available to maintain equilibrium. The Indicated Materials Ordering is the estimated rate of ordering new materials 
to satisfy the adjustment needs and the scheduled production rate (not shown). Three balancing feedback loops in 
the diagram interact to maintain stable materials supply and production rate.  

The causal links of the Work in Process and Production Rate are cut in the SD model, to have these two variables 
receive their values from the DES model of the production processes. DES allows full details of all equipment, 
workers, and working conditions at the production process that cannot be modeled easily by SD. The SD model 
sends the Production Start Rate as the input to drive the DES model. At each SD computational step, the CLD of SD 
reacts to the values of Work in Process and Production Rate by an increase or decrease in Finished Goods Inventory 
level and the appropriate inventory adjustments, in addition to updating its Production Start Rate. The reaction is 
communicated to DES by exporting the new Production Start Rate in expectation of updated Work in process and 
Production Rate from DES.  
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Figure 2. A DES model integrated into an SD model 

In synchronizing the SD and DES models, the models are run in parallel, as represented in Figure 3. There are one 
SD models and several DES models interacting with SD and among each other. The planning horizon is defined by 
the SD model run length (L). Continuous simulation in SD is based on evaluating sets of integral equations that are 
evaluated recursively at specified time steps (step size ∇t). In SDDES, the DES models are run in run segments. The 
analysis/planning horizon of the simulation will be divided into several segments for the DES models. Each segment 
is a separate DES simulation run. Each DES model’s run length is set equal n∇t where n is appositive integer. We 
call the DES run length the time bucket (TB). The TB concept is borrowed from the traditional material 
requirements planning systems, which assume that time is divided into equal-length TB (weeks, days, etc.) and the 
system is observed at the end of each TB. An aggregate plan, for instance, could be for the upcoming three months 
and then it is detailed such that orders are assigned on a weekly basis to the available resources. The TB concept has 
been used in distributed simulations to synchronize the participating models (Lee and Wysk, 2004; Fujii et al. 2000; 
Ma et al. 2001; Fujii et al. 1999).   

The need for segmenting the DES runs is to allow having replications in running the DES models. DES models are 
typically run in a number of replication in order to develop statistical estimates of the system performance 
indicators. SD models are deterministic and replications are not needed. To communicate with the SD model, the 
inputs from the DES models must be statistically valid, not based on a single model run. For instance if the DES 
model is to run for a month, using say 10 replications, then the one month run is divided into four runs each of one 
week length, or possibly into 30 runs each of a single day length. Each segment is a typical DES run, which uses the 
same 10 replications. At the end of the segment all data are collected as typical DES output statistical data. They are 
exported to the SD model and they are also used to initialize the following segment of the DES model run. In that 
way, we offer statistically sound data from DES models to the SD model. The exchange of data between SD and 
DES is made at the end of the TBs for each DES model. Since TB is equal to n∇t, where ∇t is the SD time step, and 
n is a positive integer, then the end of any DES run segment matches the calculation step in the SD model.    

Figure 3 organizing the simulation runs using TB 
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This indicates an advantage of the SDDES approach over the typical state machine or the DEVS&DESS 
frameworks. SDDES allows the two simulation paradigms to run freely while exchanging valid data. No one 
paradigm will dominate the other, as it is the case in the state machine systems and in the DEVS&DESS formalisms.  

In implementing that synchronization approach, two main issues arise: 

1. The types of data from each type of simulation and how to make them usable in the other type.
2. How to implement the run segmenting of the DES runs and maintain the statistical validity of the DES

models results.

3.1 Data in the SD and DES models 
DES models generate two types of data: observational and time-persistent (Law and Kelton, 2000). Observational 
data are values of random variables that do not have a life time (e.g. number of units leaving the system). These 
values are observed at the occurrence of the relevant events then they expire as the associated entities are discarded 
from the system or moved to another state. They can be counted and averaged using simple arithmetic averaging. A 
time persistent value is a value of a random variable that is valid from the event time that generated it until the next 
event that updates it. An example is the number of entities waiting in a queue.  

SD models are constructed of two types of variables: stocks and flows. Stocks are accumulators whose values are 
functions in the time (e.g. inventory, cash balance) and they continue to exist even when the system is brought to a 
frozen state. Flows are the rates of increase or decrease of the stock levels. Flows cannot exist if the system is 
stopped. Flows represent the activities and policy actions while stocks represent the outcomes of these activities. In 
SDDES, data from DES are used in SD and data from SD are used in DES as depicted in Figure 4 and explained 
afterward.   

Figure 4 Correspondence between SD and DES data in SDDES 

3.1.1 Using SD stocks and flows data in DES 
SD stocks accumulate units of products, people, orders, etc. SD stocks correspond to DES’ queues, buffers, storage 
areas, and where entities can be held for non-zero time intervals in DES. For example, the work in process stock in 
the SD module corresponds to all unfinished product units in the DES model that are waiting in queues or 
undergoing processing (delays). The contents of a SD stock can be exported to queues and delay objects in the DES 
modules and they are directly usable in DES. 

Figure 5 (Top) shows a SD model with a single stock of the level of work in process (WIP) and two flow rates (e.g. 
materials arrival rate and production rate). The figure shows a DES model of two processes and two queues before 
them. The DES is the details of the process modeled implicitly by the WIP stock in the SD model. The WIP level in 
SD is translated into the number of entities in the DES model, at the queues of the two processes (assuming the two 
processes are the only contributors to WIP in this part of the system).  

In the opposite direction, the SD’s WIP data is collected from DES. The number of units in the queues and the 
number of units being processed are given to the WIP stock as shown in Figure 5 (Bottom). When implemented in 
SDDES, the SD stock receives more accurate values of the flow rates based on the DES model data. The inflow and 
outflow of the WIP stock are exported and imported to and from DES. That is the DES model has replaced the WIP 
stock in the SD model with the full details of processing activities. When the end of the DES run segment matches 
the calculation steps of the SD model, then we provide the SD with more realistic values while maintain the the 
integrity of the SD feedback loops.  
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Figure 5 Exporting SD stock contents to DES (Top) and importing SD stock contents from DES (Bottom) 

3.1.2 Using DES observational data in SD 
Observational data exist in DES models only for the duration of the event that created them, which is zero. 
Observational data can be mapped to flow rates in SD. For dimensional correctness in SD, observational data should 
be transformed into equivalent quantities that can be measured in the same units of the flow rates they map to. 
Counted over the duration of the DES run segment, the DES observational data can map to an equivalent SD flow 
rate using the following relationship. 







 Δ=

UnitTimeBaseSD

tn

   
count  DESdata counted DES of equivalent SD

Referring to Figure 6 (left), let X be the random variable of the number of entities removed from a system modeled 
by DES. At the event times of removing the entities, X may take the values of x1, x2, x3, … etc. at the event times 
t1, t2, t3, … respectively. To estimate a removal rate from DES, the number of entities over the in-between events 
times is divided by the time interval length. The rate estimates are denoted by XSD. If the DES model had started idle 
and empty at time zero, then the system needed t1 time units to deliver x1 entities. The equivalent rate over t1, XSD1 is 
estimated as the ratio of x1 to t1. Rates over other periods are estimated similarly. When exported to SD, the 
estimated equivalent value over each time interval is used for the corresponding SD flow rate variable.   

3.1.3 Using DES time-persistent data in SD 
DES time persistent data are usable in SD as they are generated in DES and they can map to the SD stocks. Both 
time-persistent data and SD stock contents represent quantities that stay valid over nonzero time intervals. The time-
persistent values are recorded at the times of the events that affect them. More than one event can occur during the 
DES run segment that affect the time-persistent value. The end-of-run DES value of the time-persistent variable 
maps to the appropriate SD stock level at the same point in time.  

It is possible to estimate a time-weighted average of the DES time-persistent variable over the DES run and export it 
to the SD. In this case the average value may not be usable for a stock level. Such a DES value can add more 
information to the SD model. For instance, if the work in process data is collected from DES, the level of work in 
process at the end of the DES run corresponds to the relevant SD stock. Whereas a weighted average value of the 
work in process over the DES run can be used to indicate the level of system crowdedness, which can be used to 
estimate a labor satisfaction measure, or an indicator of the shop floor quality of environment. 
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Assuming a DES segment length of nΔ t, Figure 6 (Right) illustrates these two approaches. Some accuracy analysis 
will be needed since the weighted-average value will correspond to somewhere between the beginning and the end 
of the SD computational step. The SD methodology calculates the stock level at the end of the time step. 

Figure 6 Mapping observational data from DES to equivalent rate variables in SD (Left) and mapping DES time-
persistent data to SD stock levels (Right) 

3.2 The DES Run Segment Resumption 
The SDDES synchronization mechanism requires DES models to run not for the entire planning horizon for which 
the SDDES simulation is run, but for run segments. A run segment is a complete discrete simulation run with the 
necessary number of replications. At the end of the segment the DES models export outputs to the SD and other 
DES models and receive inputs from them. The choice of the TB size is a modeling decision that is made 
considering the desirable levels of accuracy and efficiency as well as the function modeled in the particular DES 
models. The SDDES simulation run length L is divided into integer number of segments for each DES model. The 
minimum size of TB is the SD computational time step; Δ t. For a DES model m the length of its run segment is ܶܤ௠ = where n ,ݐ∆݊⁄ܮ  is a positive integer.

Figure 7 shows the synchronization sequence actions (numbered as shown on the arrows) of advancing each model’ 
simulation time and performing the data exchanges. Three DES models with TB sizes are assumed. The base TB is 
equal to the SD computational time step Δ t, for simplicity. The first DES model (TB1 = Δ t) requires exchanging data 
at each SD computational time step. The second DES model (TB2 = 2Δ t) is slower and requires exchanging data 
every 2 SD time steps. The third (TB3 = 5Δ t) is even slower and requires data exchanges every 5 time steps.  

3.2.1 The Resumption Algorithm 
Consider a basic production line modeled in DES, which will be synchronized with a comprehensive SD model of 
the enterprise system. The production line consists of a number of processing workstations in a general flow line 
design. Equipment may fail randomly. Transportation between equipment is included in processing times. The 
SDDES synchronization sequence requires dividing each DES model run into segments. At the end of each segment 
the state of the part of the system modeled by DES is saved. And at the start of the following segment the saved state 
is used to initialize the run, thus the DES model resumes from where it stopped at the end of the previous segment. 
The resumption is vital for the statistical validity and correctness of the results obtained from each DES model. In 
the DES model of this basic production line, resumption ensures that:   
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tΔ tΔ2 tΔ3 tΔ4 tΔ5 tΔ6

Figure 7 SDDES controller’ synchronization action sequence 

• Each queue at the start of a segment has the same number of entities it had at the end of the previous segment.
• Each resource at the start of a segment is in the same state it was at when the previous segment ended.
• Entities seizing resource units at the end of a segment continue to seize the same resource units at the start of

following segment for the remaining delay times
• Entities that were in processing at the end of the segment and could not finish processing before the segment

ends, will continue processing at the start of following segment using the unused portion of the processing time
• All system variables and attributes are at the same values they had when the previous system ended.

We propose the resumption algorithm to execute the segmenting of the DES runs. For the basic system highlighted 
above, the resumption algorithm has been customized as in the listing below, which shows how the resumption 
algorithm is performed for each two consecutive DES segments; k and k+1. 

1. During segment k:
a. When an entity e seizes a resource unit r to start processing, do the following:

i. Record the entity’s identification number
ii. Record the resource unit’s identification number

iii. Record the processing time; pt assigned to the entity at the resource unit

iv. Record the time of the processing start event; pspt
b. Purge all recorded values in Step 1-a if entity e releases resource unit r after processing is

completed before the end of the segment
c. When the state of a resource unit r that is not seized for processing or is idle, changes to an

unavailable state, do the following:
i. Record the resource unit’s identification number

ii. Record the state of the resource

iii. Record the time interval; unt , assigned to r for that unavailable state

iv. Record the time of the event of entering the state; Sunt

d. Purge all recorded values in Step 1-c if time interval tun has been elapsed before the end of the 
segment
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e. When the state of a resource unit r that is being seized by an entity e  for processing, changes to
an unavailable state, do the following:

i. Record the entity’s identification number
ii. Record the resource unit’s identification number

iii. Record the state of the resource

iv. Record the time interval; unt , assigned to r for that unavailable state

v. Record the time of the event of entering the state; Sunt

vi. Record the remaining processing time with the entity; mePt Re .

f. Purge all recorded values in Step 1-e if time interval unt has been elapsed before the end of the

segment
2. At the end of segment k:

a. For each entity undergoing processing, save all recorded values in Steps 1-a through 1-e.
b. For each resource unit that is not idle, save all recorded values in Steps 1-a through 1-e.
c. For each queue that has a length greater than zero save the number of waiting entities and their

attributes
3. At the start of segment k+1:

a. If saved resumption information in Step 2 are not null then do the following:
i. Assign each in-processing entity to the appropriate resource unit using the information

saved in Step 2, and let the processing time equal to the remaining processing time;

)( psptLpt −−  where L is the segment k length

ii. Set each resource unit in an unavailable state into the same state using the information

saved in Step 2-b, and let the time interval for that state equal to )( Sunun tLt −−  where

L is the segment k  length
iii. Insert entities into the queues they were waiting in at the end of segment k, using the

information saved in Step 2.
b. Clear all information saved in Step 2
c. Designate the current segment as segment k and return to Step 1.

Figure 8 Resuming processing between two consecutive DES segments (Left) and resuming the unavailable state of 
a resource unit between two consecutive DES segments (Right) 

For instance, Figure 8 (Left) describes the recording and saving of the resumption data from segment k, and use of 

that data in segment k+1. This is presented for an entity that starts processing in segment k and does not finish 
processing, and thus needs to continue processing in segment k+1. Figure 8 (Right) describes the resumption in 
segment k+1 of a resource unit state that was in an unavailable state (e.g. failure state) in the previous segment k. 
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Processing resumption can accommodate the following cases in the DES models: 

1. A single entity undergoing processing by a single-unit resource
2. A single entity undergoing processing by one unit of a multiple-unit resource
3. A representative entity (batched entities) undergoing processing by a single-unit resource
4. A representative entity (batched entities) undergoing processing by one unit of a multiple-unit resource

Table 2 summarizes these four cases regarding the information to record and save during and at the end of each 
segment. Representative entities may represent entities of the same or different attributes. Batched entities are 
separated before recording their resumption information. Attributes are recorded along with the entities’ 
identification numbers as described in the recoding-saving procedure above. 

Table 2 Different cases of processing resumption between consecutive DES run segments 

Case To record at end of segment k To do at start of segment k+1 

Single entity on a 
single-unit resource 

• Entity id number; e
• Resource unit id number; r
• Processing time; pt

• Processing start time; pspt

• Assign e  to r
• Processing time = )( psptLpt −−

Single entity on a 
multiple-unit 
resource 

• For each seized resource unit; i:

• Entity id number; ie

• Resource unit id number; ir

• Processing time; rieipt ,

• Processing start time rieipspt ,,

• For each seized resource unit; i:

• Assign ie to ir
• Processing time =

)( ,,, rieipsriei ptLpt −−

Representative entity 
on a single-unit 
resource 

• Batch id number; b

• Batch size; bs

• For each entity in b , indexed by i:

o Entity id number; bie
• Resource unit id number; r
• Processing time; pt

• Processing start time; pspt

• Given bs , assign bie ebi to b

• Assign b to r
• Processing time = )( psptLpt −−

Representative entity 
on a multiple-unit 
resource 

• For each seized resource unit; i:

• Batch id number; ib

• Batch size; bis

• For each entity in ib , indexed by j:

o Entity id number; bije

• Resource unit id number; bir

• Processing time; rbibipt ,

• Processing start time; rbibipspt ,,

• For each seized resource unit; i:

• Given bis , assign bije to ib

• Assign ib to bir
• Processing time =

)( ,,, rbibipsrbibi ptLpt −−
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4.0 Experimental Analysis  
The synchronization approach described above has been implemented for experimentation and a case study 
involving a real manufacturing enterprise has been conducted and results were logical and meaningful. See Rabelo 
et al. (2015) for details on that case application, which involved a single SD model and two DES models of two 
production lines. A Visual Basic (VB) application was developed that communicated with the Arena and Vensim 
software packages. The VB implementation of the SDDES framework used the ActiveX Data Object (ADO) 
technology to connect to the simulation engine in Arena to gain access to and control the simulation models. The 
functions and messaging tools of the Vensim’s Dynamic Link Library (DLL) were utilized to communicate with the 
SD model while establishing a Dynamic Data Exchange (DDE) link to have the software acting as a server/client 
application for the data exchange operations. To use it as the centralized data repository, the controller used MS 
Excel object to perform the data preparation operations and appropriately authorize the simulation engines to 
perform data read/write operations. The use of spreadsheets in implementing SDDES provides a cheap approach to 
integrate the discrete and continuous simulations in a scalable comprehensive model, making use of existing 
(legacy) simulations and not requiring learning new simulation skills. 

5.0 Summary and Conclusions 
We have described a framework to synchronize SD and DES models to develop hybrid simulation of the total 
enterprise system. A comprehensive SD model of the total enterprise system is synchronized with a number of DES 
models; built to represent selected sub systems. We have discussed the exchange of data between the SD and DES 
models, and the necessary data preparation and formatting. The SD and DES models run in parallel and their runs 
are managed by the SDDES controller. It is needed that the DES simulation runs be divided into segments, where 
each segment is treated as a typical DES simulation run with replications. We presented the resumption algorithm, 
which monitors the run segments of each DES model and carry data from a segment to the next in order to maintain 
the statistical integrity of the DES run and outputs, such that autonomous SD and DES model can run in parallel and 
share statistically valid DES data.  

Combining SD and DES accommodates the coexistence of the continuous and discrete behaviors and the 
deterministic and stochastic natures in the manufacturing enterprise system. They also accommodate the different 
perspectives in decision making and views of the system being focused on the dynamic complexity of the business 
unit or on the detail complexity in managing it. The comprehensive and scalability dimensions in the simulation 
models of the manufacturing systems were achieved by using a modular structure that regarded autonomous SD and 
DES models as modules contributing to the same simulation. This can simplify the model building process as 
several SD or DES models can be built with well defined, relatively narrow scopes to model the various business 
units and then be interfaced. The addition and deletion of the DES models as the system evolves over time is not 
restricted. Further, we can utilize existing simulation models without the need to learn new simulation skills.  

It is acknowledged that more experimentation is necessary to emphasize the value of the proposed approach. In 
particular more investigations of the resumption algorism are needed to evaluate its effectiveness for more complex 
DES model configurations.  

References 
Brito, T., Botter R., Trevisan, E., A conceptual comparison between discrete and continuous simulation to motivate 
the hybrid simulation methodology, The Winter Simulation Conference, Dec 11-14 Phoenix, AZ, 2011 

Fujii, S., Morita, H., Tanaka, T., A basic study on autonomous characterization of square array machining cells for 
agile manufacturing, The Winter Simulation Conference, Dec, 10-13, Orlando, FL, 2000   

Fujii, S., Ogita, A., Kidani, Y., Kaihara, T., Synchronization mechanisms for integration of distributed 
manufacturing systems. Simulation vol. 72 No. 3:187-197, 1999 

Godding, G., Sarjoughian, H., Kempf, K., Semiconductor supply network simulation, The Winter Simulation 
Conference, Dec 7-10, New Orleans, LA, 2003 

Haler, D., Statecharts: A visual formalism for complex systems. Science of Computer Programming Vol. 8: 231-
274, 1987 

Helal, M., A hybrid system dynamics-discrete event simulation approach to simulating the manufacturing enterprise. 
PhD Dissertation, University of Central Florida, FL, USA, 2008 

© IEOM Society International
612



Proceedings of the 2017 International Conference on Industrial Engineering and Operations Management 
(IEOM) Bristol, UK, July 24-25, 2017 

Helal, M., Rabelo, L., Sepulveda, J., Jones, A., A methodology for integrating and synchronizing the system 
dynamics and discrete event simulation paradigms, International Conference of the System Dynamics Society, July 
29 – Aug 2, Boston, MA, 2007 

Law, A., Kelton, W., Simulation modeling and analysis, McGraw Hill, USA, 2000 

Lee, S., Wysk, R. A resource reconciliation mechanism for a manufacturing federation coordinated using MRP/ERP 
system. The Winter Simulation Conference, Dec 5-8, 2004 

Ma, Q., Judd, R., Lipset, R., Distributed manufacturing simulation environment. Proceedings of the Summer 
Computer Simulation Conference, July 15-17, Orlando, FL, 2001 

Maler, O., Manna, Z., Pnueli, A., From timed to hybrid systems. In Bakker, J, Huizing, C, Roever, W, Rozenberg, 
G. (Eds.) Real-Time: Theory in Practice. Springer-Verlag, Germany, 1992

Morgan, J., Howick, S., Belton, V., A toolkit of designs for mixing Discrete Event Simulation and System 
Dynamics. European Journal of Operational Research Vol.257 No. 3: 907–918, 2017 

Morecroft, J., Robinson, S., Explaining puzzling dynamics: comparing the use of system dynamics and discrete 
event simulation. The 23rd International Conference, System Dynamics Society, July 17-21, MA, USA, 2005 

Pastrana, J., Marin, M., Rabelo-Mendizabal, L., Helal, M., Enterprise Scheduling: Hybrid, Feedback, and 
Hierarchical issues. The Winter Simulation Conference,  Dec 5 – 8, Baltimore MD, 2010 

Borshchev, A., Fillippov, A., From system dynamics and discrete event to practical agent-based modeling, The 22nd 
System Dynamics Conference, July 25-29, Oxford, England, 2004 

Rabelo, L., Sarmiento, A., Helal, M., Jones, A., Supply chain and hybrid simulation in the hierarchical enterprise. 
International Journal of Computer Integrated Manufacturing Vol. 28 No. 5: 488-500, 2015 

Rabelo, L., Helal, M., Jones, A., Min, H.,.  Enterprise simulation: A hybrid system approach. International Journal 
of Computer Integrated Manufacturing Vol. 18 No 6: 498-508, 2005 

Tako, A., Robinson, S., Comparing discrete event simulation and system dynamics: user’s perceptions, Journal of 
Operations Research Society Vol 60: 296-312, 2009 

Venkateswarana, J., Son, Y., Hybrid system dynamics discrete event simulation based architecture for hierarchical 
production planning, International Journal Production Research. Vol. 43 No. 20: 4397-4429, 2005 

Zeigler, B., Theory of modeling and simulation, Wiley, NY,1976 

Zeigler, B., Praehofer, P., Kim, T., Theory of modeling and simulation: Integrating discrete event and continuous 
complex dynamic systems. 2nd Ed., Academic Press, USA, 2000 

Biography 
Magdy Helal is an Assistant Professor of Industrial Engineering and the American University of the Middle East in 
Kuwait, and Benha University in Egypt. Dr. Helal earned B.Sc. and M.Sc. Mechanical and Production Engineering 
From Benha University, Egypt; and PhD in Industrial Engineering from The University of Central Florida in the 
USA. Dr. Helal has accumulated broad academic and practical experiences, and developed solid sets of skills in data 
analysis, simulation modeling, and performance assessment; developing and applying quantitative mathematical 
models (TQM-based, operational research, and simulation) of industrial, service, and educational systems. 

Luis Rabelo is an Associate Professor of Industrial Engineering And Management Systems Department at the 
University of Central Florida. Dr. Rabelo received dual degrees in Electrical and Mechanical Engineering from the 
Technological University of Panama and Master’s degrees from the Florida Institute of Technology and the 
University of Missouri-Rolla. He received a Ph.D. in Engineering Management from the University of Missouri-
Rolla in 1990, where he also did Post-Doctoral work in Nuclear Engineering and Artificial Intelligence in 1990-
1991. He holds dual MS degrees in Aerospace Systems Engineering & Management from the Massachusetts 
Institute of Technology (MIT). He has over 240 publications, three international patents, and graduated 14 Doctoral 
students as advisor. His experience includes Ohio University, BF Goodrich Aerospace, Honeywell Laboratories, the 
National Institute of Standards and Technology, NASA, and MIT. He has received many awards among them ONE 
NASA and Fulbright. 

© IEOM Society International
613



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




