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Finite Planning Models through Computer Animation
Edmund W. Schuster, CPIM, CIRM, and Stuart J. Allen, Ph.D.

o theaniverse, 15 written in che language of mathermancs and ity char-
acters are triangles, circles, and other geomerrical figures” (Galileo,
[56d- 1642}

The world knows two powerful information-processing systems,
the human mind and the digital computer. What separates the two is
the clisplay of information, Graphical interfaces bridge the gap between
mind and computer. The mind has parallel processing abilities unri-
valed in nature. The computer has computational speed. Properly har-
nessed, the mind and the computer form a powerful unit. This synergy
lesiels 10 preater cognition and better decisions in business,

Garliles ulone with his gaee into the night feund new worlds, Through
the telescope, his eyes and mind took hold of the shapes and patterns
that oceupy the sky, He further rendered his insight into o new science
By studying graphical interfaces, we, like Galileo, can explore new
worlds of information. We can also develop our insight into o science.

At the 1998 APICS International Conference, we spoke of visual-
fzation and s application 10 finie capacity planmng (FCP) [21]. To-
day, aneiber closely reloted topic ocoupies our minds, We speak of
eomputer animation and FCP. Animation has a long history of use in
the simualation of physical systems. Although its application o FCP
maclels remains hmited, we feel it can become a useful tool, Anima-
tien opens o new way o explain the behovior of dynamic systems,
There cxists o huge need for structured research in this area. It repre-
sents a tield of great productivity growth in the next century

Our interest for some vears has been the analysis of copacity within
the process industries. Process-onented firms have operations that in-
yolve mixing, separating, forming, and chemical resctions. The segment
includes such industries as food, chemical, pharmacentical, plastics, pa-
per, and biotechnology [28], A number of process-onenled firms report
problems with trditional MEP and seek alternutives [27]. They require
unigue systems somewhat different from those rooed in the traditional
APICS bocly of knowledge, In many insiances, planning systems in the
process ndustries reguire use of muathematical modals w find optumal
salutions, Often it is difficalt o communicate results of these models,
We look to mimaton as o new way of strengthening the link between
mind and model. Itis a cotical interface of funure impomance.

The organization of this paper is in three pans. First, we give a
short overview of animation, Then we follow with a discussion of al-
gorithim animation. Finally, we talk aboot the practical matter of ani-
muting the etfects of forecast error.

ANIMATION OF INFORMATION

Children of grammar-school age now create, organize, and present
simple reports on topics of intercst to them using computer graphics.
In several New England schools, teachers have sixth graders put 1o-
gether seven slides in presentation format. They then ask the children
to-add movement fo their slides. At an-early age the children leam (1)
the bagics of verbal communication, (2) the importance of the visual,
and (3) the excitement of animation. When these children become zdults:
they will expect computer models that give pictures of data in motion.
Amything less will be infenor.

For all the current vogue about animation, there exists no consistent
theory of how it improves decision-making. Even for stanc praphics, we
know little. Cleveland and McGill note that “graphic design for data
inalysiz and presentation is largely unscientific [41." They study the per-
ception of static graphics in the context of the visual decoding of quanti-
tative and qualitative dam [5], Purther, Jones [11, p, 83] states that “our

understanding of the proper use of animation is even less well-devel-
oped than our understanding of the proper use of static griphics.”

The formal study of graphics and nnimation is 4 young science. [1is
not 23 old a5 mathematics, chemistry, or physics. In the stream of his-
tory, it 15 a new scienge that continues to gain importance as practitio-
ners apply models,

A BRIEF HISTORY OF GRAPHICS

The ongin of modern graphics begins with William Playfair and the
publication of The Commercial and Folitical Atlay in 178G [30, p, 32,
The book containg an amazing array of graphics on British cconomic
data, Spanming from 1983 1o 1998, Tulte publishes n series of thee
books on the display of duta (30, 31, and 32, These books stress the
imponance of clear communication through graphics, They serve as o
starting point for the study of static graphics and animation. Jones [11]
gives anice overview of graphics and optimization, The hook contains
numerous references lor which we are gratetul, He pluces emphasis on
visualization.

SCIENTIFIC VERSUS
INFORMATIONAL VISUALIZATION

Understanding large sets of dota s a difficult task: Scientiats and engi-
neers leamn about systems by drawing pictures or using scale models,
o most cases, a physical system i3 the object of their attention |[13],
This is an example of sciertific vivialization

I comtrmst, models of busingsa problems deal with informaion rather
than physical systems, Information bas no conerete form and is ot
casy to visuslize, Many of the models we use in pructice are abstroct in
form. Manasgers sometimes srrugele with the output of these models
W seek new wavs manegers can undersund models by using graphics
and amimation. Some call this field of study informanional visealiza-
riginy, 1o distinguish it from scientific visualization [L], p. 4], By locus-
ing on the visual aspect of information, mansgers can aoalyzs dutn aed
make decisions with less detailed knowledge of the mathematics be-
hind the models.

Crood communication occurs with the transfer of the greatest num-
ber of ideas in the shortest time. This becomes ditficult when dealing
with multivanable problems common to FCP models. Animation prom-
ises to speed up the rate of information transfer. This improves the
efficiency of decision-making,

THE VALUE OF ANIMATION

Capacity planning in the process industries involves miny variables,
Seldom do these problems have clear-cut solutions, Complex exchanges
take place between FCP models and users. The nature of this interac-
tion govemns the ability of planners using FCP modeis to find the best
production plan. Amimation can play an important role in understund-
ing the workings of FCP models. It can also show the sensitivity of
solutions to changes io imput vamables, Hence, animation will improve
the productivity of FCP models in practice. Tt helps planners w inlg-
grate data into useful information Tor action,

Jones [11. p. 82] defines animation as “a special type of moving
picture where each mdividual mmage or frame 5 carefully divwn, oot
phiotographed. Smooth motion requires between [0 io 30 images per
second,” Im our work, we broaden Tones"s defimition by inclading any
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use of graplucal motion. This might include fmages that move at less
than T images per second.

It is worth noting thay animation differs from cinema. Animation
uses pictures while the vinema uses photographs. Computer software
now draws the pictures, However, in the early days animators had 10
draw each frame by hand, Historically, the concept of pictures in mo-
tion proved a large intellectual hurdle to overcome. In the carly days of
motion pictures, producers did o copyright for each frame [8], The
Uniled Stotes did not 1zs0e 4 single copyright for o film until after 1903,
The feat of pictures i motion started a revolution. Never before could
viewers see so much information 10 such a shor time.

Animation gives the wser different views of date With interactive
aninations, the user has the ability 1o influence the dyasmics of o ey
tem. This helps 10 overcome 4 common weakness in decision-making,
the "anchor ind adjuse™ hearistic. This type of thought pattern causes a
liitation in thinking [9]. Confronted with incomplete information,
plasmess lend to anchor with past sccurrences they ke as trie. They
then make aomental sdjustment based on an assessment of new condi-
lions, This form of decision-making leads to suboptimal solutions in
supply chins [26]. Animation allows planners w look at capacity prob-
leanis from differem pownts of views It limits the mmpact of the anchor
aml adjust hearstic on decision muking,

A Tinal value of animmtion imvolves learning and recall. Fvidence
exisis that animation helps people o remember what they have learmed
e etsily |11, po 95 and [15, 16,17, 18] Some think the process of
learming may be just o cose of patiern recognition, Herbert Simon, a
gredat schoeli of cognition, believes philtern recagnition is a critical pan
of thinking [ 197, 1 planners learn relevant patterns, and have the shil-
ity of recall, they will make better decisions. Animation can expose
planmers 1o large number of differen patterns. I enhances their abil-
ity 10 Jink patterns within data to cause and effect. We give an example
of thus lmer in the poper,

Currently an underdeveloped field, ammaton has exciting potential
o procitioners. The fexibility of software allows the possibility of cus-
wwe animations to meet the personal cognitive sivle of planners, This
wser-centric [ 24 approach will make FCP systems much more effective.

To haghlight the benefits of animation, we now lum our attention
lo applications, For the éxamples given in this paper, we draw upon
realdia from Welch's, Tne, The dats show a true picture of planning
in the consumer products (CP) segment of the process industries. We
alsa draw upon the array of models in use ar Welch's over @ L5-vear
period |1, 2, 6, 20, 22, and 23], Most of our work involves the sen-
sible use of computer spreadsheets in planning and we feel this a
solid direction of the furure, For an interesting article on the use of
spreadshests, see [33).

ANIMATION OF ALGORITHMS

Winlsey [34] argues that useful modcling only takes place when the
madel builder makes results clear 1o nonmathematicians. If users can
“see” how & model comes 10 & selution then the apswers given from
the model are more credible, Unfortunately. many models use algo-
rithms thal are hard to visualize, Animation helps users understand the
behavior of alporithms.

Analgorithm is.a sequential or recursive procedure used to arrive
at a mathematical solution, These procedures succeed when “conver-
gence” Lo u single answer occurs. Perhaps the most famous algorithm
is the Simplex method, It computes answers for linear programming
(LF) problems. LP formulations are very flexible and # number of ap-
plications exist for production planning.

Some algorithms are very complex, Others are simple. In some cases,
intricati: theorems suppon the design of algonithms, In other cases, algo-
rithms are heuristics that use rofes in a structured way (o find an answar.
Heuristies do not guarantee the “optimal” answer will resull However,
résearchers Gfien find hieuristics that give answers close 1o optimal. In-
tensive lesting is the onlv way o identify successful hewmistics

The published research on algorithm animation is sparse, Brown
[3] provides an sarly book on the animation of algorithms. His work is
somewhat thearetical, Other authors offer illustrations from computer — |-
science. A common example is the “sart” algorithm. Some algorthm
anirmations are available for viewing through the [nternel. Animations
of sort algonthms are especially interesting 1o see [35].

We did a complete search for applications m operations manage-
ment, Only & few papers exist, Jones and Baker | 10] publish an inter-
esting description of MIMEG (finite planning software), MIMIG al-
lows users 1o model their planning and scheduling problems graphi-
cally. However, the article deals only with animation of madel outputs,
To our knowledge, no published research exists on the animation of
algorithms for FCP

THE ANIMATION OF FCP

As one can mmaging, deseribing animation s o diTeol sk, Our Grse
attempt involves a heunistic for FOP used at Weleh's [2], A single pem- 0] 0
ciple guides our thinking about algorithm animation, We focus on “in-
teresting” events that vccur as part of the heuristic, These events might 11|
include o particular step in the solution method that is eritical for sue-
cess of the algonthm i
The heuristic we animate deals with o single-stage FCP problem; |
Giiven capacity constrints we must find a feasible production plon. As o)
aeriterion of success, we use the cast of setups and inventory, Finding
the production plan that minimizes cost while meeting eapacity is our | 3
goal To accomplish this we use the proven Silver-Meal [25] method
far lot sizing. The method finds the lot size that ofters the Jeast toml b
cost considering, sewp (fixed) and invertory (variable) cost, It doessp
by averaging the costs (setup and inventory) for each forward period . ,.:,;-i
that & chosen lot size spans and stopping when costs start 1o increase: AR }-"I
With this method, lot sives are increased in one period quantities, The Y A
resulting lot size represents o near optimal trade-off between setupand
CATTYINg COsts ol
The Silver-Meal heuristic dues not consider copacity in making lot-
siging decisions. Dixon and Silver [7] improve upon this method by add-
ing capacity hmits. We make further improvements by adding setuptime |
1o the heuristic. We also code the heuristic in visual basic with @ spread-
sheet interface. The fullowing provides an overview of the procedure:.
1. Preliminaries:
*  Prepare the forecast by netiing out beginning inventory,
* Incorporate satety stocks into demand forecusts.
. Determine feasibility requirements for each perind! i
= The required production in each period, over and above imme-
diate demand, to prevent infeasibilities in future perinds. l
3. For each period:
+  Batsfy immediate demands. :
*  Economically satisfy feasibility requirements by backshifting
fult or part tots: 4
* If capacity remains, economically backshift full or part lots,
. Lok for Improvemenits,

- Report schedule and eosts, -
The first two steps of the procedure ar¢ simple tasks. These aetivi:
lies seTve a preparatory purpose. However, “interesting” events ool
it steps 3 and 4. In these steps the heuristic computes lot sizes fareach
item. then shifts fulf or partal lots to reduce cost within capacity lim-—— 48
its, The lot size depends un the marginal eost SAvIngS per wnit of capac-
ity consumed for future demand. Those items with greatest margindd
cost savings are candidates for shifting w an carlier time (fulfilling
feasibility requirements), Upon meeting feusibility requirements {0
the span. the heuristic looks for improvements by searching for o0z 5
nivmic transfers forwand in time. oy

For simple FCP problems, we can animiite the cvents of steps Jand 4.
This allows users the ability to see how Tot sizing and shiftmg keS8
place. By seeing the animation, users develap o decper understanding v

how the heunstic works, We feel this understanding translaces ingo hetter”
e [!

e
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planning. Decision-making with margioal cost savings is an important
shall to fearn. Tt has applications to areas beyond FCE

W choose two-dimensional animation software for this FCP prob-
lern. There are several different wiys o present the animation, Space
limitaticons prevent us from publishing full demils. However, we will
show the animation as part of our presentation i New Orleans,

We now focus our attention on the last wopic of this paper, an ex-
amination of mode! sensitivity Lo inputs,

ANIMATED SENSITIVITY ANALYSIS

Algorithm antmation serves a useful lang-range purpose in edacation,
In contrast, sensitivity analysis is immediate and practical. FCP mod-
els require adjustment of input parnmeters W gauge changes inoutpul,
Animation provides a quick way to understand the celalionships he-
tween fnpits and outputs, Again, space limits us Ceom poblishing full
detanls of animuared sensitivity analyais. However, we can take o briel
Tk at forecast error, safety stock, and their effect on FCP models,

Forecast Error and Bias

Forecadt error 18 a4 major obstacle for FCP to overcome, Alone, fore-
cast error presents serjous roubles for planners, Mowever, in combing-
ton with Forecast bins it is deadly. Bins ocgurs when lorecast error
follows a nonrmndom course, This bsually means that o forecost is con-
sistently too high or low. We seldom find normally distributed Fordeast
errers in CF manwfacturing. In our experience, (orecast error ussafly
lsoks like Mguree 1 {(data from Welch's),

Figere | compares actunl versus Forecast shipments for o specific
product (65-week period). Actual demand tends to be lower thun the
forecust, During the entire perjod, sctual exceeds the forecast ouly 8
times (12 percent), The strength of the relationship is quite drunatic. 11
1% common that we Forecast oo bigh, A consistent undersell of the fore-
Cost resulls,

We can measure the intensity of [orecost bias by caleulating the
Forecast Error Tracking Signal (FETS, see Appendix). A FETS value
berween O and 1 indicates the tendency to undersell, A value between ()
and —1 indicates an oversell Values close to 0 means ervors ace G-
dom,

For figure 1, the FETS is 83 This means o strong undersell ten-
dency exsts. As long as there is no change in the “process” of forecast-
ing we wssume the trend will continue into the fiture,

Al times bias is negative {oversell). Figeee 2 is on example, Aboul
two-thirds of the time this product sells more than the forecast, For
figure 2, the FETS 15 -.60.

Fimally, we vbserve a rarg cuse of neutral bias, Figure 3 shows an
example where the FETS is .06, almost neutral. Note the spike in de-
muand about 9198, This date represents the end of Welcl's fiscal year,

Another tracking signal for bias is the Trigg {249] methad (see Ap-
pendix), Though rare in application, it identifies forecasts where the
spread of errors is nonrandom. A value greater than 31 for T means the
forecast has hias. For the figure T is

Yalue of T
Figurne | i}
Figure 2 I8
Figure 3 AT

The exception is figure 2. Itseems o show negative bias (oversell)
but the value of T s under 31, As it turms out, the value of T exceeds 8
for much of the time. However, toward the end of the time series, the
forecast errors trend toward an unbiased pattern, This influences the
valite of T to a lower number. Therefore, in using the Trige method it 18
fmportant o see how it changes over tme, We find that planners have
a hard tme making this visualization, Animation provides i buge sl
to understand forecast bias,
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For both the FETS and T we build simple ammations: that show
howe the coeMicients change with changes 1 the pattern of forecast
erron, A Lable of hias indicators presents a powerful display of forecast
perlormance, We can see the impact upon safety stock. However, if
planners do-nol have 3 mental image of bias indicators, the talles are
pseless, Antmaton provides o way for planners 1o leam the meamng of
the calealations, They link a mental image of the patiern of errors 1o a
higs coefficient, Animation 15 an effective tool in this regard.

Forecast Error, Bias, and Safety Stock

We con incorpornte bias calculations into safety stock planning.

Thiz usual methods assume a normal distribution of forecast errors
If we apply common methods o siuations where strong forecast bins
exists, we will overstate safety stock. A high safety stock means greater
recuirements for production. With FCF, greater production might cause
a nom Teasible siaation, I this develops because of overstated safety
slock requirements, it causes confusion. Duning our years of expen-
ence, we rnk forecast bias as o major cause of FCP lailure,

In 1984 Welch™s begnn o new way of doing the safety stock caleu-
lartaon that accounts for forecast bias, We adapted the method put forth
by Krupp, see [ 12, 200, This offers o more rational way of seting safety
stock Jevels, Inomany situations FCP moedels use a "days ol supply”
vitlue for safety stock. Users input the value into FCP models. The
wenkness of this approsch 15 thal 1t gives no weight 1o forecast bias
There alsy is no sunistical link 1o service levels. An improper safety
sterk level often offects production tming, ot siang, and sequencing,
Under FCP the effecis of poor safely siock planning are mujor

Chr approach includes service levels (see Appendix for caloula-
Lioms ), This is an imponant input, By varying the service level, we nee
the relaticnship between inventory investment and customer service,
Thig as of great value to CP manufacturers

We did & study on how much savings result by decreasing mven-
tory levels, Wging o deterministic simulation, we find & decrease in
gervice of | percent saves $180,000 in carrying costs. Thes allows for
ar objective view of the value of invemory, Becavse of the study, we
did nol lower service levels, thinking the cost savings not worth the
offsel 10 our reputation with cusiomers,

By including dvnamic safety siocks, we can animate the effects of fore.
cast ercorand bias within a FCP model. This gives the user a powerful tool
to visualize the rade-off between cost, service, and capacity. Typically, we
change cne parameter rapidly and show the effect on outputs. We use dif-
ferent shapes that chanpe in size to symbolize cost and capacity utiliza-
tion. Char gpproach parallels the work. of Jones snd Baker [10].

CONCLUSION

Animation provides a new way to view informaton. It is an active
methed that leads to understanding of svsiems dvnamics, We fec! anima-
tion has great application o FOP modeds. At Welch's we experiment
with simple forms of animation and find it useful. In the future, FCF
models may include animation of algonthms and sensinvity analysis
as-standard features.

APPENDIX
We list a summary of the impomant calculstons for safety stock planning:

Safery Stock = (5) x (k¥x (THCFI & {u ) x (1}

Where:
v = foreeast demand per day
t = lead time

k =service level multiplier
& = suppression factor (straight hne) = 1 — FETS
For the Forecast Error Tracking Sygmal (FETS):

FETS =" (u(i)— x(i)){ w(i)/ TICF
For the Time Increment Contingency: Factor (TICF):

TICF =3 |u(i)—x(i) |1uti)/n

ufi) = past weekly demands
x(i) = past sctual weekly sales
f = number of periods

Discussion of the Safety Stock Calculation Method

Lead-time (t) represents the amount of "hold time" for a product, We
choose to use just the hold time and not the entire manufacturing lead-
tume for a specific reason, If we assume the S8 placed into a FCP will
represent the minimum amount of ventory needed at the end of a
week for a product, then the FCP model should plan production (tim-
ing) to meet that minimum inventory level, I there is not enough ca-
pacity available, the FCP model will advance production,

The Formula for a Tracking
Signal Developed by Trigg

E(t)y= Pett)+ (1 - BYE(t—1)
M(t)y= Ble(t) +(1— ByMt—1)
T(r)=|E(t)! M(1)

Mote: e(t) 15 the observed error in penod ©. E s smoothed errorand
M is the smoothed absolute error.

It forecast error 15 unbissed, then E(1) should be small compared 1o
Mith Triga cluims that T>. 51 indicates nonrandom errors for et of |1
[14, p. 89].
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