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ABSTRACT

The gpplication of TRIZ necesstates the andyss and understanding of aprocess[1] [2].
In this spectrum of understanding, the processiis either:

1.

2.

3.

4.

5.

not very well understood at dl (unfortunatdly, al to often); or

understood but not documented, e.g., the knowledge of the processis embodied in
the minds of experts; or

documented but not modeled, e.g., written documentation exists; or
modeed but not in aform that can be smulated, e.g., process diagrams[3]; or

modeled and in aform that can be smulated [4].

Astheinteractions among the processes of a system increase in complexity, the vaue of
process modding and smulation to the analyss portions of the TRIZ dgorithm likewise
increases, in that it becomes harder and harder to determine where innovations are best
applied [5]. Processes that are difficult to emulate due to their large scale and/or life
threatening characteristics compound thisissue [6].

To emphasize this point, we will embark on a Homedand Security Smulation (HSS). The
focus of the HSS will be aterrorigt threst in the form of alethd virus[7], coupled with
the manufacturing and dispersdl of its counteragent, i.e., a serum [8]. The combination of
thisthreat, the detection of the threat, the manufacturing of the serum, the ddlivery of the
serum to trestment centers, and the testing and treatment of patients, congtitutes a
process. The god of this exercise is to demondrate that:

1.

the effectiveness of TRIZ andyd's on a process increases as the understanding of
the process increases;

process modding and smulation dramaticaly increases the understanding of
complex process interactions,



3.

4.

process modeling and smulation supports TRIZ Principle 26, Copying, “A
amplified and inexpendve copy should be usad in place of afragile origind or an
object that is inconvenient to operate [9];”

process modeling and smulation directly supportsthe TRIZ Size/Time/Cost
(STC) what-if operator [10].

INTRODUCTION

For the purposes of this discusson, we will make the following amplifying assumptions.

1.

To create a baseline performance for the process, we will smulate the results of a
vird attack on asmall group of contained individuals, i.e., an aerospace
manufacturing plant with 10,000 employees, with no prior knowledge or
preparation; termed “Level Zero.”

To represent the “poorly understood” case, we will amulate the changes to the
process after a knee-jerk response to the knowledge of avird threat; termed
“Leve One”

To represent the “understood but not documented” case, we will smulate the
changes to the process after a conference cal with avira expert, doctor, HSS
serum plant manager, and an Emergency Care Room (ECR) supervisor; termed
“Level Two.”

To represent the “documented but not modeled” case, we will smulate the
changes to the process after a suggested Centers for Disease Control (CDC) report
isissued detailing the impending vird threet; termed “Leve Three”

To represent the “modeled but not smulated” case, we will smulate the changes
to the process after the examination of a static process diagram; termed “Level
Four.”

To represent the “modded and can be smulated” case, we will amulate the
changes to the process after we apply the TRIZ STC operator to arunning
smulation; termed “Levd Five”

We will ignore the impacts of job commutes, air travel, etc., on the spreading of
the virus.

Wewill assumeit is reasonable and possible to restrict contact among the
members of the aerogpace manufacturing plant with a“partid quaranting” once a
vird outbresk is recognized [11].



9. Wewill concern oursalves solely with casudty count, and ignore the side effects
of casudties and quarantining on the effectiveness of the aerospace manufacturing
plant to perform its function.

10. We will assume the solutions we gpply as we proceed from Leve One through
Level Five are cumulative, i.e., the process changes made a a given leve of
understanding include the process changes made in dl prior levels.

LEVEL ZERO: SURPRISE ATTACK

Without any prior warning or intelligence of any kind, an atack in the form of adeadly
virusis unleashed on an aerogpace manufacturing facility employing 10,000 individuals.
After amonth, the virus appears to have run its course. Below is a graph showing the
fatdities over the latter portion of the one-month period:

Figure 1: Surprise Attack
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Aswe seg, the virus progressed very rapidly through the group, with atotal casuaty
count of 51%. Surely, we could have done better than this had we a better understanding

of the process, yes?



LEVEL ONE: MINIMAL UNDERSTANDING OF THE PROCESS

Intelligence tells usthere isavery red and imminent vird threet. We know thevirusis
both deadly and highly contagious. Symptoms appear less than aweek after an individua
isinfected, after which the person develops flu-like symptoms that persist for aperiod of
aweek or two, with what appears to be a 50/50 chance of survivd [12].

Our first responseisto develop a serum, and at great expense, we do s0. The serum is
perishable, with a shelf life of only 7 days. Shdlf life can be extended via a sophisticated
controlled storage facility [13], which kegps the serum at a very congtant temperature. In
this controlled storage, the serum lasts seven times longer, i.e., one week in controlled
dorage is equivaent to one day on the shelf. The controlled storage can hold 4000 units
of serum. A specidized facility can manufacture 1000 units of serum aweek. Asanew
batch of serum is added to the controlled storage, the 1000 oldest units are removed and
destroyed.

The serum is only effective if administered after the first agns of symptoms, and
therefore cannot be used as a vaccine for inoculation. The serum is aso potentialy
dangerousif given to an uninfected individua with merdly the flu [14]. To counteract this
problem, we develop atest kit. Test results take 48 hours, and the test is only meaningful
when administered after symptoms, or no more then 48 hours prior to symptoms. Within
these parameters, the test is 100% accurate.

With 4000 units of serum in storage, the attack hits the aerospace manufacturing facility.
Here is how the virus progresses over the latter haf of a one-month period:



Figure 2: Minimal Understanding of the Process
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Aswe can see, the serum was effective at reducing the tota casudty count from 51% to
44%. Our efforts were not as effective as we might have hoped, in part because we ran
out of serum in the middle of the outbresk. Thisis an important point. Regardless of how
innovative the technology used to develop the serum, without smulation, we would have
adifficult time determining exactly how much serum to manufacture, keep in controlled
gtorage, include in a shipment, and keep on hand at the hospital itself.

It isaso very important to point out that in area world Stuation, we would have no way
of gauging the effectiveness of our efforts reative to the surprise atack.

Clearly we need a better understanding of the processif we are going to come up with a
cost effective, innovative solution to reduce the fatdity count.



LEVEL TWO: IN THE MINDS OF EXPERTS

Let'sligenin on a conference call, lead by Consultant C from the CDC, with Doctor V, a
leading virologist, Manager M, the HSS serum plant manager, and Nurse N, the hospital
ECR supervisor:

Conaultant C: Asyou dl are aware, | called this meeting because the CDC has identified
avery red vird threat, termed the HSS virus, and we want to prepare oursalves for what
intelligenceisteling us could be an imminent attack. Let’s just go around the table and
share what we know so we are dl on the same page. We will start with you, Doctor V:

Doctor V: Thank you. Thevira agent is highly infectious, but as far as we know, not
arrborne. We are fairly certain, though, that with direct physica contact, thereisvery
high chance of infection, as high as 75%. There gppears to be a one-day incubation
period, followed by a 2-4 day infectious period during which the patient is contagious,
but shows no symptoms. Flu-like symptoms then appear and last 7-14 days, with a50%
aurvivd rae. Thevirusis bascaly amodified flu virus that rapidly mutatesto

circumvent the body’ s natural defenses. We have been working with a development team
to construct an effective serum. We are dso happy to report that the developmernt team
has come up with avery effective test kit, so we can distinguish between this virus and
the common flu. The serum itsdlf is very ddicate and not without its problems, though. |
will leave the description of the serum to Manager M.

Manager M: Thark you, Doctor V. We can manufacture the serum at arate of
approximately 1000 units per week. The problem is not with the manufacturing process
as| seeit; the problem is with the storage of the serum. The serum isvery sendtive to
temperature fluctuations, even dight fluctuations start achain reaction that resultsin

rapid deterioration. We have specid refrigeration equipment on Ste that can extend the
effective life of the serum to seven weeks. By cydling inventory, we can kegp 4000 units
in dorage a dl times.

Nurse N: We have no room to inga | any temperature regulation equipment. | aso doubt
that we could handle any additional power requirements.

Manager M: Not a problem, Nurse N, we can ship to you overnight. The CDC requires
we get the serum to you in 12 hours or less.

Nurse N: What will the shdf life of the serum be once we recave it?

Manager M: That depends on how long it has been in storage, normdly it would last a
week, but the serum loses aday of shdlf life every week it has beenin storage.

Nurse N: My next question is, well, why don’t we just inoculate everyone? | don’t want
to put aprice on ahuman life.



Doctor V: Cogt is not the issue. Dueto aquirk in the HSS DNA, the serum is only
effective if given after symptoms gppear, and potentidly very dangerousif given
beforehand. That iswhy we developed the test kit.

Nurse N: From what you are telling me, | am becoming concerned about patients
panicking and coming in for multiple injections

Doctor V: Precisdly. Also, arumor has sarted that multiple injections are more effective
a hdting the virus, which is patently not true. Funny how these rumors dart.

Nurse N: (thinking) Manager M, could you please explain the test kit to me?

Manager M: We have developed atest kit that appears 100% accurate and returns a result
in 48 hours. Unfortunately, the test is only valid after the first sgn of symptoms, or no
more than 48 hours prior to symptoms

Consaultant C: (thinking) Given everything that | have heard here, | suggest that we build
another manufacturing and controlled storage facility to double the production and
storage of the serum to 2000 units aweek and 8000 units in storage, respectively, just to
be safe; any other suggestions?

Nurse N: Not at thistime, but doubling the amount of serum we have on hand sounds like
agood precaution to me. | don't want us to run out of serum during an epidemic.

Doctor V: | agree. Let’s double everything across the board.
Manager M: | agree.

Consultant C: Excdlent. | will coordinate al of these efforts and put them into effect
immediady.

After dl of the above preparations have been made, the vira outbresk is unleashed
againg the aerogpace manufacturing facility. Here are the results:



Figure 3: In the Minds of Experts
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Wil that was certainly unexpected. We had as many fatdities after doubling the
available serum as when we had no serum avaladle at dl. Why? Well, what happened
was that by doubling the amount of serum we kept on hand, older serum was
administered to the patients, and the weakened serum was less effective a combating the
virus. Again, a this point in red life, not only would we not have discovered this blunder
until it was too late; we would not even know that we incressed our fatalities at the cost

of doubling our expenses.

Once again, it is very important to note that in ared world Stuation, we would have no
way of gauging the effectiveness of our efforts; we can not do a“trid run” of the spread

of adeadly virusin red life. The value of smulation in improving a process that has
conseguences too catastrophic to warrant the construction of area world test case cannot
be overemphasized:

Process modding and smulation directly supports TRIZ Principle 26,
Copying, “A smplified and inexpensive copy should be used in place of a
fragile origina or an object that isinconvenient to operate.”




LEVEL THREE: WRITTEN DOCUMENTATION

Given the following report from the CDC, what should we do?

CDC Report: HSS Virus Alert

Intdligence hasinformed us of avery red terrorigt threat to this manufacturing facility
from avird agent termed HSS. Details of thisvirus, and the serum and test developed for
it, follow. All medica personnd are hereby indructed to make themsdalves aware of this
virus, its symptoms, and its testing and treatment procedures.

1.

The HSS virusis not airborne. It is spread by direct physica contact, with a 75%
chance of infection. We have estimated that a given employee makes contact with
goproximately 7 people per day. All of these factors, combined with the
deadliness of this virus, make HSS avery red threet to this facility.

The incubation period of the virusis 24 hours, during which time the patient
shows no symptoms and is not contagious.

After the incubation period, the infectious period of the virus lasts for a period of
2-4 days, during which time the patient is infectious but still shows no outward
symptoms.

After the infectious period, flu-like symptoms last for a period of 7-14 days, with
the patient having a 50% chance of recovery if left untrested.

A serum has been developed that is, a most, 95% effective a hating the progress
of the virus. It can only be administered, however, after symptoms have appeared.
A lab facility has been deployed that can manufacture 2000 units of the serum per

week.

The serum isvery perishable, with a shelf life of one week. A specid controlled
storage facility has been deployed that can store 8000 units. In this facility, the
serum loses only one day of shelf life per week of storage. Regardless, asthe
serum ages, it becomes less effective a combating the virus.

A test kit has been developed for the virus. The test is 100% accurate, but only if
administered no more than 48 hours prior to symptoms, or after symptoms have
dready appeared. Any patient reporting flu-like symptoms should immediately be
administered the test.

All medica personne should immediately report dl postive test results to the
CDC so that it may issue an dert if deemed gppropriate.

Giving every patient with flu-like symptoms an HSS test certainly seems like agood
idea. Here are the results:



Figure 4: Written Documentation
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Thisis definitely an improvement, we are at least back to our previous Level One 44%
fatdity count, though once again keep in mind that in ared world Stuation, we would
have no idea we had “ done better than before.” Again, this point cannot be
overemphasi zed.



LEVEL FOUR: MODELED BUT NOT SIMULATED

Let's congtruct a static modd of this process to see if we can detect any bottlenecks. Here
isaportion of it:

Figure 5: Process Model
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Figure 5: Portion of static process modd
depicting the spread of the HSS virus.

| Population
Granted, we cannot (yet) smulate the modd to andlyze it, but by constructing the modd,
we certainly better understand the process of infection, testing, and treatment. In our
efforts to better understand the process, we begin to redlize there are key pieces of
information we need to gather that we have not previoudy considered. In other words, the

modeling of a process lends itsdf to a better understanding of the process, which in and
of itsdf isof vaue.

We can only have a moderate degree of confidence in our modd at this point, given we
cannot perform asimulation to analyze it and seeif it performs close to our rea world



understanding. Regardless, from ingpecting the modd in its Satic form, we come to the
conclusion that the high infection rate of the virus, depicted as* Contact a Person” in

Figure 5, isamgjor factor.

While we can't dter the infectious properties of the virus, we can limit the opportunities
for infection. We gpply TRIZ Principle 11, Cushion In Advance, “Compensate for the
relatively low reiability of an object with emergency measures prepared in advance
[15],” and have a conversation with the aerospace plant manager, who agreesto issuea
“partid quarantining” order ingtructing al employees to minimize their persond contact
once a CDC alert has been issued.

Here are the results after the outbreak with the partid quarantining in place;

Figure 6: Modeled But Not Simulated
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Now that we understand the process fairly well and have applied a TRIZ innovation
principle to it, we have reduced the fatdities to 18%. But, what if we could actualy

sImulae the modd?



LEVEL FIVE: MODELED AND SIMULATED

Now that we have a process model we can smulate, we can gather information and
perform some experiments. Here is where process smulation and TRIZ demondirate their
symbioss. Smulation tells us where to innovate, and TRIZ tels us how to innovate.

As an example of how smulation can assg us, what followsis atable of fataity counts
generated by applying the TRIZ STC operator to various points in the Smulation mode!:

Table 1: Application of the TRIZ STC Operator to the Level Four Model

Experiment STC Operator Applied Fatalities Comments
Thisisthe Leve
0,
18% | Eour faality count.
, Might be technicaly
Increase the effectiveness of the : .
#1 serum to 100%. 14% mfeast_)leor very
expensve.
o Why do we need to
#2 gﬂ%ﬁéhze;gne Ittekesto seea 14% go to the doctor to
' get tested?
Impractica dueto
#3 Decrease the number of contacts 19 impact on
after the CDC dlert to zero. ° | productivity and
mord.
o Why do we need to
Decrease the time it takes to get 0 .
#4 test results back to z6ro. 14% walit 48 hours to get
test results?

Given the outcome of experiments #2 and #3 in the above table, how can we improve
upon the speed of the diagnosis process? Well, the process is performed in two steps,
fird, theindividud fedsill ad makes a doctor’ s appointment, which causes adelay.
Secondly, the patient is given atest, and thereisadday in receiving the results.

Referring to experiment #2, we apply TRIZ Principle 3, Locd Quadlity, “Each part of an
object should be placed in conditions that are most favorable for its operation [16],” and
decide to investigate the feasibility of developing ahome test kit (HTK). Upon
ingpection, we discover the patient can easlly perform thetes, in thet it isvery amilar in
use to a home pregnancy test kit that returns resultsin 48 hours.

The HTK effectively reduces the process time it takes to “ see a doctor and get tested” to
zero! Here are the results:




Figure 7: Modeled and Simulated w/HTK
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The HTK reduces casudties down to 14%. But, referring back to experiment #4 in
Table 1, thereis more room for improvement if we can just get test results back sooner.

In conferring with the serum plant technicians, they tell usthat a 100% accurate test with
more immediate results might be technically possible a great expense, but it would be a
complicated process most definitely not suitable for home use. Another option that the
technicians give usisan HTK that returns results faster, but is less than 100% accurate.

No problem. Weinstead apply TRIZ Principle 10, Prior Action, “Place objectsin
advance so they can go into action immediately from the most convenient location [17],”
tothe HTK asit stands. We ingruct al of the employees at the aerogpace manufacturing
fadlity to paform adaly sdf-test, evenif they don't have symptoms, and to keep each
kit a home for 48 hours prior to disposal. Now, if an individua wakes up with
symptoms, they can ingpect the results of the test performed 48 hours earlier, and
immediaidy determine if they are infected with HSS. This reduces the effective time it
takes to obtain test results at the first Sgn of symptomsto zerol

Now, when an outbresk occurs, here is the outcome:



Figure 8: Modeled and Simulated w/HTK Logs
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Using TRIZ coupled with process smulation, we have reduced the fatdity count down to
its lowest value yet, 6%.

0 -

SUMMARY/CONCLUSIONS

1. Process modding and smulation is symbictic to the andyss phase of the TRIZ
process, especialy in andyses of systems with complex processinteractions, in
that it identifies where innovations are best applied.

2. Process modding and smulation isinvauable in Stuations where the
congtruction of ared world modd isinfeasible, dueto redtrictionsinvolving cog,
timing, and/or safety issues (TRIZ Principle 26, Copying).

3. Process modding and smulation directly supports the gpplication of the TRIZ
STC operator.

ADDITIONAL INFORMATION

For additiona information regarding this HSS process modd, please go to
[http:/Avww.igrafx.com/solutions/triz] .
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