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Simulating Business Processes
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Simulation: The @n of some conceptual or physical collection of entities (a.k.a. a system). @
Business Pro # An internal Business System (or set of internal Business Systems) exercise: erve customers (e.g. a purchasing process). Also,

a Business System (or Systems) with workflow.

Business System: A collection of business entities (people, computers, telephones, ...) that work together to reach a common goal or goals. For
example, a business accounting system.
Why Simulate?

e Arrive at a better process understanding for complex systems; visualize system performance.

. Help identify / classify system uncertainties as aleatory or epistemic.

o  Aleatory: results from variability intrinsic to system behavior, e.g. machining accuracy (objective uncertainty)

o Epistemic: results from gaps in knowledggse.g. future economic conditions (subjective uncertainty)
e  Provide a focal point for stakeholder / supplier cor@ation. @
. Identify hidden, emergent system behaviors @
e  Verify that stakeholder requirements are s d. @

. Test the impact of alternate system%gg %, o]
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Model Relationship Analysis

Experiment: A pr, hose outcome is not known with certainty.
Experimental ment: The union of the experiment and those factors surrounding the exn@t that might effect the experimental outcome(s).

For example, a business purchasing process affected by the availability of supplies.
Real World System: A collection of entities and processes that collaborate to accomplish a (real world) goal — for example a Business Manufacturing
System.

Modeling Relationship: The process of establishing believability (correlation) between a real-world system and a model of that system. Should include
real-world domain experts and modeling experts.

Analysis Relationship: The process of establishing believability (correlation) between a system model and information gleaned from that model.
Should include model and analysis experts.

Validation Relationship: The process of establishing believability (correlation) between information gleaned from a simulation analysis and information
known from the experimental environment. Should include m@rld domain experts.
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thing about whi em information is stored / manipulated (e.g. people and products). A proce§s.is-a time-ordered sequence of events that describe

the relationships between the system entities (e.g. a manufacturing process). An event is an entity activity that may change the state of the system (e.g.
selling a product). The system’s state is that collection of information necessary to completely describe the system at any particular time (e.g. a

company’s state at the end of the month).
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Business Process Simplification

(identify what's mpor‘@'zm in the real -world - a.k.a. the experimental enw::\g__me;n‘l‘)
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es enough information about the RWS entities,

y0,~*An abstraction used to focus attention on the system aspects important to, @9 of model being built (related to the reason
for creating theq u . Does not “reproduce” the complete system in detail. A (simplified) mod

processes, events and states to emulate system “reality” and excludes information deemed to be irrelevant
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RWS Modeling: T, @ity of focusing only on the essential components of a real-world process.

specific experi bservation to general conclusions; the premises may predict a high probatl

R s inductive reasoning (progresses from
&5 f the conclusion, but do not ensure that the
conclusion is true {see Problem of Induction)) rather than deductive reasoning (progresses from general laws, rules & widely accepted principles to a
specific solution; the conclusion is necessitated by, or reached from, previously known facts). A model may be physical (e.g. a wind tunnel model) or
conceptual (i.e. of the mind). Conceptual models might be explicit (expressible by a closed-form equation, when it exists, or by a numerical
approximation — e.g. a computer simulation) or might be implicit (e.g. expressible by a diagram or text). Certain analytic models may incorporate both

implicit and explicit techniques (e.g. computer-based multi-agent systems where agent actions depend on some form of (rule-based) reasoning).



Slide 6

,,.\

The Phy sn&T Simulation Modelo

(translate the business m% t':epr"esen'l'u'l'lon to a computational one witha ﬂ%!\ahon tool)
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Operating

by observing si n results (accumulated model entity, process, event and state information)
some sense, représentation of the RWS.

Simulation tool: putational system capable of executing a simulation model to reveal its b " Analysts draw conclusions about a model
g it essential that the model be an accurate, in
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Simulating the Business Scenari¢’

(make sure the business pr‘oc&gs is adequately represented in the computational model)

oo | o |
l’1"|n the Production bloc \L}Hnlles wait in a Production queue until Labor and Plant re%u\&s are
available to produc duct . During production , Supply , Labor and Plant res are
consumed. Ift %nsufﬂment income to pay for one or two of these resous ‘ﬁ-fou Il be
informed with E?F‘ nd { click) but it's assumed the business will find the mor?e omewhere

(loan?) an ‘ﬁr\e\‘ﬁrusmess {replication ) will continue. If there’s insufficie \O”me to pay for all of
the thregé%urces ‘Resource Failure” will occur in the current rephceiﬁg and it will terminate
Vou formed with a "doh” sound ). (G

(_Z:Inj; %‘Ies block, products wait in a Produced But Not Sold ( PJBN\\JS&) queue until sold . When

he income is sent to either a Gross Revenue or a Rece l&s account (depending on
percentages in the "Sales Allocation Table" ). Sold products wait in a Sold But Not Shipped
~ (SoBNSh ) queue until they are packaged and shipped to customers .

l'_i??‘ Receivables are released to Gross Revenue every 20 to 40 days (a uniform distribution).

l’fi‘ Gross Revenue is transferred every Monday morning (every five working days) to Net Revenue
and Allowance accounts according to percentages in the “Grass Revenue Allocation Table” .

(EA portion of Net Revenue is transferred to a Labor Cost of Sales account every other Monday
maorning (every ten working days) according to a percentage in the *“Net Revenue Allocation

Table™.
'fﬁl Portions of Net Revenue are transfers%ﬂto Supply and Plant Cost of Sales accountis , and to %
Gross Profit and Tax accounts at fAesénd of every month{every twenty-two working days ™

lation: The simulation must accurately carry out the intent of the model ( @e “verification” and “validation”, slide 10
el verification and analysis validation leads to believable process understa

7 Ultimately, simulations provide only estimates
of RWS performance.
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The Slmulah@n Model Wor'ksheet;\
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ta: To model your business, you must enter information specific to you@@ circumstances. Start by calculating

your expected Supply, La nd Plant Costs of Sales (CoS) and entering that data (see slide 9 boxes 1, 2
Gross Revenue to, ibuted. | suggest using the following approach (ref. slides 6, 7 and 9):

). Next, figure out how you expect your

(1) E what percent of your sales will be Receivables (e.g. credit cards). Enter t table 12.

(2) Estimate an Allowance (for broken products, refunds to unhappy customers, ...) as a percentage of your Gross Revenue. Enter into box 5.

(3) Estimate your Tax Liability and a Gross Profit you'd like to see, as percentages of your Net Revenue. Enter into boxes 8 and 9.

(4) Compute Supply, Labor and Plant percentages of Net Revenue (e.g. Supply percentage = (1.0 — (Tax Liability + Gross Profit)) * (Supply
CoS / Total Cos)). Enter into boxes 6,7 and 10.

Based on the above information, calculate an approximate Markup Factor and an approximate Seed $ (use the equations shown, upper right, slide 9)

and enter that into boxes 13 and 4. Finally, enter your Expected Work Time (box 14) and Expected Labor Units per Product (box 15).
Run Simulation: After entering your business-specific data, click the Run Simulation button to start the simulation.
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Interacting with the Model .
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Labor Unit Costs: The colle aII product-related costs coming from human entities (direct labor and ma t directly engaged in product

production). E.g. $35,00 @64 working-days/year = $132.58/day. @

Plant Unit Costs: Th c@lon of all product-related costs coming from environment-related entities @space, electricity, gas, cleaning, repair,
...). E.g. 1100 ft? 2/month + 22 working-days/month = $50.00/day. %

he collection of all expected non-plant and non-labor costs involved in pro a product ($ per product, might include raw

,...). E.g. $10,000.00/month for all supplies + 100 products/month = $100/product.

Also, see slide 8 notes.

supplies, paper, in



Slide 10

L L .
1,5 imulator

ces availsble o the model, athe same fme
v the model achieve a skeady -s B condifor

# Resoure Sives |

Wamup peiod idayey
(

EDT'=' mean numberof v tpro du oo

n (95% confdence nierval.

BIT':'"Eu" mber oL
\'\
1[|IT-'=-~&.”..F-"&:\ES’ I$E I3n tunits availsb)

)

J-ilT.—e ~e:"5’.?.‘p§p-- filiz
ADThe mea,

vailable &1 productproducion (25% conddenceinterval.

IR WL
eintrval). |

= interva).

R BB UE AC COUNTS B5%) = —
Mea"n fLcn ey

GroesRewenue

LR
BT G M TV Hlowan® §

i19|Ti'e mean Taxsbocsfon, overaons yearperiod (25 % confdenceinerval). Taxd| 56193
>
Bapplydr) g

Labor §197973 7]

g 3 r.'.'\
314139 ::_:n:f.“\

* Fiupply PentandforL @ or rhsou“»sapﬂiﬂtma.fl
Bmied $heraporisd Supply. Pimisdlor Labar A&

#vailzble Remures

JAgoo unis may Inelud euneon sumed rexou rosd.

@

S S
After your model runs, you'll n @nalyze the output data. Explicit data items are defined above and terms @ed below. Also see slide 15 for
notes and suggestions. @ @
Analysis: The proc aking down (complex) collections of information into simpler collections fo nderstanding. May employ statistics
and/or probability. @ include both model verification and analysis validation. @
Statistics: A athematical discipline which studies ways to collect, summarize and draw ions from data; a mathematical quantification of
uncertainty (Mean, Std. Dev., Variance, ...).
Probability: A number in the interval from 0 to 1 assigned to "events" whose occurrence or failure to occur is random. Uses information from set theory
and statistics to compute the likelihood of events.
95% Confidence Interval: This means “I am 95% confident that the actual mean value will lie between the lower confidence interval and the upper

confidence interval. The ‘best guess’ (expected value) is the value given as the mean.” Conversely, this also means “There is a 5% chance that the

actual mean value does not lie between the lower and upper confidence intervals.”

Model Verification: Ensuring that the problem is being solved correctly.

Analysis Validation: Ensuring that the correct problem is being solved.

Sensitivity Analysis: Determining the sensitivity of the mo Its (as a whole or of a specific result) to changes in one or more model inp

parameters. @ @
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Analyzm@ the Data (2) «©
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As the simulation runs, the O@O tlstlcs change and several plots are displayed (zoomed in slide 12). The@@&s on the right track the main

queues in the process. ottom up:

(1) Producti e length

(2) Prod @phes wait time @

(3) P But Not Sold (PBNSo) queue length @

(4) SoldBut Not Shipped (SoBNSh) queue length
The next three plots to the left indicate the relative convergence of the resource utilizations to a steady state.
The four plots on the left show, from the bottom up:

(1) Available Plant resources (a 22 working day cycle)

(2) Available Labor resources (a 10 working day cycle)

(3) Available Supply resources (a 22 working day cycle)
(4) Number of products (jobs) produced
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Analyzing the Data (2)
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Clicking on a plot's “maximiz@@/’ icon will expand the plot to full-screen size (see slide 13). ©©
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Analyzing the Data (3) . ©
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Clicking on the ¢ roperties” icon (circled above) opens a dialog box that allows showing onl et of data at a time. See slide 14.

The data from eaz’é tion is presented in a different color. The table at the bottom of the plot s?%f@e numerical data that created the plot.
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Analyzing the Data (4) &
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As you move the @cross the face of the plot, it's position is dynamically reported near the l@e plot just above the data table (see ellipse
above). @
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Notes and Suggestions (1) . S
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¢+ Resource Failures(slide10,item 2) m atively influence the Output Statistics. Remove these failures by increa he Markup
Factor (slide 9, item 4 — the guick, b@:ﬁd nush approach ) or by decreasing individual Cost Of Sales amounts lsll@ items 1,2 0r 3 -
the slower, tinkering approach ).

+ FResource Utilization plots(slide ‘Lﬁshuuld show a convergence, by all replications, to a steady- state uhllzabnnéﬁerthe Warm -up Period
(slide 10, item 3). Ifthere ysg‘?ig convergence ,the model is unstable and the Output Statistics should no}bé%psted

¢ The meaning of a 95% c id enceinterval is 7l am 95% confident that the actual mean value will lie l}em&gﬁln the low er confidence interval
and the upper conflde@ erval . The ‘best guess' (expected value)is the value given as the mea onversely, this also means
Thereis a 5%ch tthe actual mean value does not lie between the lower and uppercunﬂd?e‘g‘%mtem als ~

+ Lowerand upp Muﬂence intervals (slide10, items 8 thu 24) should closely bracket their \anlue One or more broad confidence
intervals cuuld%é@“}an indication of Resource Failures (see bullet 1, above) or of other model i ilities . Broad confidence intervals are ,
generally,a"ﬁgﬁ’ag - an indication of low output believability (see, for example, sheet Lﬂ’ﬁ@r‘fﬁf: “Production Jobs Waiting” shows a

high vana{% /.. Confidence interval width is inversely proportional to the square oot o r\;»\ﬂumber of replications | and increasing the
number plications will narmow the intervals accordingly (butif the original intervals ars*broad | the narrowing will be slow).

« \With respect to the plots of slide 12, replication 0 (blue lines) shows a penod of zero Laborresources available fomtime 50to 70 days
Thisis better seen on slide 14. The eventwas not registered as a ‘resource failure” because Supply and Plant resource levels were
greater than zero dunng that time  (resource failure is defined on slide 10, item 2). Because of the zero Laborresources | there are
production queue and product wait time spikes (slide 12). Afterthe production gqueue size reduces | the "Produced But Mot Sold” (PBMN Sa)
queue spikes, then subsides. As the PBN So queue subsides, the “Sold But Mot Shipped” (SoBMN Sh) queue spikes and gradually
decreases as the shipping department catches up. This is all apparent fromthe plots (blue lines) of slide 12.

« Limiting the Available Resources (slide 9, items 16 and 17) gives the modeler/analyst the ability to constrain av ailable resources, thereby
increasing resource utilization factor(s). (When considering sick leave, vacations, meetings, breaks, education and maintenance , the
amount of time that Labor has available for “production” work may be as low as 50% ) Limiting av ailable resources normally results in
decreasing the number of products produced . As noted on slide 10 in a footnote | intentionally limiting Supply, Plant and for Labor
fesources may result in unused maonies bemg |r||::IL|d d 2 Supply F'Iant and/ DrLEbDrRE‘J enue Ac:u:ounts
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Notes aﬁ Suggestions (2) o
Gross Revenue Werification: Co mpﬂre%@ﬂ 0 item 17 wdth the followang calculation based on slideS and slide 10 lﬂ@@pui data:
Especed gross revenue = ((M &a’@upplyﬂnit# roduct x SSuplnity = \%‘% UP x%U =8P
fisraN parl niteProduct = M eanLaborActiviteTime x S0 awlabl nit) + & xTx3TU=5PF]
[ PlantdnitsP reduct x MeanP lantsciviyTime x S0 awP lallnit) UP =T x3TU = &P]
‘litgrkup *xNumP mducisP mduced )
{{:[;n 1% 100+ 1.021 %0.299 x 133+ 1 x0.299 x 50)x 3 x £29) '\-,\“_f:' [ SPxFxP =9
= §293 527 O
Sheet10 item 7@5‘5 522 (~Z2% dif and within confdence interval) @
Alsg:
(Revenu%u nig)= 14978+ 567193+ 89572 + 97030+ 34730 + 6602+ 89802 = EHH-E giff, in C1} [ 5
L abar, Phntiﬁd%n’pply Accounts Verfication: [ ST xTxU =§]
Labor Ack = &DavLabUnit x RunTime x i eanLabUnitivail= 1332 330x2 28 = 5@ O (2% diff in Cl
Plant Accoont = SBawPlalnitx RunTime X MeanP laUnitfvail= 50 £ 330 x 2. 133= 535185 I}‘I‘!-'E. diff, in Cl)

SupplynJ:DJunt P rod x Prodi Suplnitx RunTime x MeanSupl nitévail = 100 1 x 330 x 2133 = 570, 350 (~1% diff in Cl)
Sensitivity Analysis:
A baszicand underving assumption for all simulations isthat (possibly extreme, but reasenable)variations in the input parameters will
yield reazonable and slable variations in the simulation results. [fthis iz not frue, the model is dassified as “brittle” or “guestionable™. All
good simulation tools (slide 6 foomote) will have the ability to conduct sensitivity analyses by incrementally altering specdificinput
paramaters and recording / comparing simulation resutts for those different parameters. Forinstance inthe model athand, itmaybe a
good ideato vanythe input Labor unit 3/dday through therange 1060 5125, 5150, 8175 and obsarve howthe number ofResource
Failures andthe numbs rofP roduction Jobs Complated behave
Product Sakes Price Verification:
P redudt Sales Price = (manufaduring co=t + sales cost + shipping cost) x martkup
man U &cturing cost = (product supplies 5/ prod ud}f*ﬁgﬂnu facturing labor uni'tsr'prudu o) x (labor S/hrp

7

= (fmanufacturing plant unitefproduct) x (plan’ SEA| Ianthrsl rudud

% (manufacturing hrs-‘pmdg@
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@uted at specified times , after simulation start Q@

0 1 2 3 @ 6 7 8 9 10 1" 12 13 14 15 16
¢ 1 1 1 | 1 1
LT

17 18 19 0 Ei 21 22 1 2 3 4
1 1 h 1 1 1 1 | 1 1 1 I(((% 1
I I I€ I I I I I I I %] I

1 1 1 1 1 €
o (0) Ini@upply, Labor and Plant environments @

(5.01to 5.02, repeat every 5 working days) Transfer$ from Gross Revenue to Net Revenue

DAYS

A (10.005 to 10.006, repeat every10 working days) Subtract spent Labor$ from Labor account

(10.007 to 10.008, repeat every 10 working days) For restricted Labor units add excess Labor$ to Gross Profit
(10.01 to 10.02, repeat every 10 working days) Add $ from Net Revenue to Labor account

(10.03, repeat every 10 working days) Create new Labor units from$ available in Labor account

©

(22.005 to 22.006, repeat every22 working days) Subtract spent Supply or Plant$ from Supply or Plant accounts

estricted Supply or Plant unitsadd excess Supply or Plant$ to Gross Pr@

dd$ from Net Revenue to Supplies Plant, Taxes and Gross Profit accou
(22.03, repeat every 22 working

@(@

@C& te new Supply or Plant units fron$ available in Supply or Plant accou% o

@ @
@ @
S S
@f@ RESOURCE COSTS BREAKDOWN @f@
@© Business Costs @©
| ¢
| |

Labor-related

(22.007 to 22.008, repeat every 10 working da

(22.01 to 22.02, repeat every 22 working

Product-related

Plant-related - CATAGORY

Part, product supplies, ... Perk, labor supplies, ... Space, plant supplies, ... - “HAS-A”

$ per month $ per month $ per month D —— EXPRESSED-AS



