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BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES
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Addison-Wesley, 1972.
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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[1] S.M. Shinners, Modern Control Theory and Application, Reading, MA,
Addison-Wesley, 1972.

[2] R.L. Drake, “Do Checks and Balances Contribute to Cycles in the Economy?”,
MAESC 2003, Christian Brothers University, Memphis, TN, May 15, 2003.



Bupusdg ‘sng =sg

Bugpuadg
WMoo=(s)so

SpUN4 SjgBIPAY =4y

BA

e

swoou| sng ‘qA

wasAg sng

‘(8)99

L+8

L

awosuyy 11BN ‘BA

(s)6y

ldag

nduj asuaseyey LA09)

WYNOVIG Y0019 | 34Ol
63
(s)Bo5y‘Aotod
WIjSAS pasdg Aoy 19]ja4uo) A0S
(s)by
dv
L+Sy Uw
— Mo Ly
0 ) O 1<
Jou3 shg A09
sg
o 4+
g (s)909'Myjod
5 J9jjouos sng

Jou3 wIsAg ‘sng

a3

Induj acuasaey ssauisng

(s)qy




Buipueds 'sng =gg

Bupuadg
LAeOu(8)gS

SPUNY SIBIIBAYm LY

adoog

- NOILYLNGWOD PuB NOLLYLNIWNELSNI TYNLEIA WM Wy NOvIa %2078 2 34Noid

b3

Ce—

B3¢ bopRIBOWI  jonposg joq
8
E T .
BA
H (s)609) ' Aayod
walsAg sng WosAG poidR A0 J9{OLQUOD A0D)
(8} ()b
swioou| sng ‘qA L+8 L +6p 4v
| ’ —_ — HnO L) [—
' awoou| (BN ‘BA F $O
gA
sq
Z
= 2 |@wooog
g = 19jj08u0D)'sng
q3s| Jopeibal  honpoud jog N
. s
612 — 7 [ . & ] o
< ]

(s)by

idais




8580°0=1)
9141 0=d)

E3TIO¥LNOD Id LNINNHIAOD € INNOI4

Zulen  aageausq

A /NP (—

lues  Jojesbeu|

Tl

®
/\




ST 0=

0'1=dy

H3TIOHLNOD Id SSINISNG ¥ IUNOIS
quies  aApeAls(q

/NP |—

lues  iojesboyu)




dOOT LNIANYIA0O d3.1v10S! § 38NOI

punoig
adoog .Uhl
_HH_ JUOD }N0D
A00) J0)'shg
uwg L+SP Wwo
e 1
63
Aeydsig Jojeibaju) 1npoid 10Q
S
. <« ] |¢ = i
[1899 | 351 l ¢—

by

induy
IA0D

dais




adoog

Keydsiq

noA

[¢2

q3

(e

ISl

4007 SS3NISNE G3LY108! 9 NI

puncis

Wo) 'sng
JA09) 10§ 'SAS
‘shg 10} 'SAg
L+S L+Sp Lo by

gA b BA L
Jojesbajuy 1npold jog

s AIJ

1 < - < <« q3




Buipusdg ‘sng =gg

Supuedg
IA0Ou(8)gO)

SpuNy SIGEIIAY 2y

adoog

NOILVOIJIAON WALSAS HLIM SSINIBNE INOM4 NOILOSMNI TYNDIS OW3Z L Junoid

Ff

tdaig

B3gl
BA
(8)Bog‘hoyoy
wasAg sng WaYSAG poIdg ALE) JSHONUOD) ACE)
(8)99 ()69
awoou| sng ‘qA L+8 L+Sp dv
i —_— | HNO LUl fe—
' awoou| [JeN ‘BA + $9
Coe s
= A 2 |wwororod
’ 3 JejjonuoD)'sng
q3si JoBol  1onpaig jog N
s .
[ogve ] T[] - ?H a3 aaaum_ _

Zdajs




Buipusds -sng =gg

Buipuadg
3A09=(8)SO

- SpuUnj SjqejieAy=Ay

adoog

NOILDIMNI T¥NSIS HONOYHL LOIM4NOD 40 T1dWyXa 8 2uNeld

63

O e—y

63s) popBerdl onpasy j0q
s .
| o A o B v B
BA |
@ (s)Boo'Aayod
ws)sAg sng WBISAG POIdR A0S J9)|0U0 A0S
(s)99 (s)69 1dsig
awoouy| sng ‘qA L+§ L+Sp dv 6
| -— —_ 5 L0 Lut T+ _
g awoou 11eN ‘BA b O (s)By
n> o8
93 (o}
(= S (S L
= Jajjonuonsng
q3s| JojesBaly  yjonpoig joq N
S .
[Ceor ][ 7 [+ - P ] q3 4
S Cle—
Mnoy-
4@@




Govt ISE, ISEg(*) and Bus. ISE, ISEb(0)

Error Indices vs Govt Command

120

100

80 -

60

40

20

T T T . I | T !

~ Bus. Reference=Rb=1.0

-0.6 -0.4 -0.2 0 0.2 0.4 . 0.6

Govt Reference, Rg



Govt ISE, ISEg(*) and Bus.ISE, ISEb(0)

Error Indices vs Business Command
120 T ! ! ! T T ! ! !

* Govt Comhand=Rg%1

100k __________ S .......... __________ __________ ________ |
ol _________ * ,,,,,,,,,, __________ _— __________ __________ __________ ......... ]
ol __________ SRR, S S _ | RENR —_— ]
ok e _— R S S S o .

Conflict: -1<Rb<0 : § | *

ool SR S, S S SO S SN |

0
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Business Reference, Rb



The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES

[1] S.M. Shinners, Modern Control Theory and Application, Reading, MA,
Addison-Wesley, 1972.

[2] R.L. Drake, “Do Checks and Balances Contribute to Cycles in the Economy?”,
MAESC 2003, Christian Brothers University, Memphis, TN, May 15, 2003.



Bupusdg ‘sng =sg

Bugpuadg
WMoo=(s)so

SpUN4 SjgBIPAY =4y

BA

e

swoou| sng ‘qA

wasAg sng

‘(8)99

L+8

L

awosuyy 11BN ‘BA

(s)6y

ldag

nduj asuaseyey LA09)

WYNOVIG Y0019 | 34Ol
63
(s)Bo5y‘Aotod
WIjSAS pasdg Aoy 19]ja4uo) A0S
(s)by
dv
L+Sy Uw
— Mo Ly
0 ) O 1<
Jou3 shg A09
sg
o 4+
g (s)909'Myjod
5 J9jjouos sng

Jou3 wIsAg ‘sng

a3

Induj acuasaey ssauisng

(s)qy




Buipueds 'sng =gg

Bupuadg
LAeOu(8)gS

SPUNY SIBIIBAYm LY

adoog

- NOILYLNGWOD PuB NOLLYLNIWNELSNI TYNLEIA WM Wy NOvIa %2078 2 34Noid

b3

Ce—

B3¢ bopRIBOWI  jonposg joq
8
E T .
BA
H (s)609) ' Aayod
walsAg sng WosAG poidR A0 J9{OLQUOD A0D)
(8} ()b
swioou| sng ‘qA L+8 L +6p 4v
| ’ —_ — HnO L) [—
' awoou| (BN ‘BA F $O
gA
sq
Z
= 2 |@wooog
g = 19jj08u0D)'sng
q3s| Jopeibal  honpoud jog N
. s
612 — 7 [ . & ] o
< ]

(s)by

idais




8580°0=1)
9141 0=d)

E3TIO¥LNOD Id LNINNHIAOD € INNOI4

Zulen  aageausq

A /NP (—

lues  Jojesbeu|

Tl

®
/\




ST 0=

0'1=dy

H3TIOHLNOD Id SSINISNG ¥ IUNOIS
quies  aApeAls(q

/NP |—

lues  iojesboyu)




dOOT LNIANYIA0O d3.1v10S! § 38NOI

punoig
adoog .Uhl
_HH_ JUOD }N0D
A00) J0)'shg
uwg L+SP Wwo
e 1
63
Aeydsig Jojeibaju) 1npoid 10Q
S
. <« ] |¢ = i
[1899 | 351 l ¢—

by

induy
IA0D

dais




adoog

Keydsiq

noA

[¢2

q3

(e

ISl

4007 SS3NISNE G3LY108! 9 NI

puncis

Wo) 'sng
JA09) 10§ 'SAS
‘shg 10} 'SAg
L+S L+Sp Lo by

gA b BA L
Jojesbajuy 1npold jog

s AIJ

1 < - < <« q3




Buipusdg ‘sng =gg

Supuedg
IA0Ou(8)gO)

SpuNy SIGEIIAY 2y

adoog

NOILVOIJIAON WALSAS HLIM SSINIBNE INOM4 NOILOSMNI TYNDIS OW3Z L Junoid

Ff

tdaig

B3gl
BA
(8)Bog‘hoyoy
wasAg sng WaYSAG poIdg ALE) JSHONUOD) ACE)
(8)99 ()69
awoou| sng ‘qA L+8 L+Sp dv
i —_— | HNO LUl fe—
' awoou| [JeN ‘BA + $9
Coe s
= A 2 |wwororod
’ 3 JejjonuoD)'sng
q3si JoBol  1onpaig jog N
s .
[ogve ] T[] - ?H a3 aaaum_ _

Zdajs




Buipusds -sng =gg

Buipuadg
3A09=(8)SO

- SpuUnj SjqejieAy=Ay

adoog

NOILDIMNI T¥NSIS HONOYHL LOIM4NOD 40 T1dWyXa 8 2uNeld

63

O e—y

63s) popBerdl onpasy j0q
s .
| o A o B v B
BA |
@ (s)Boo'Aayod
ws)sAg sng WBISAG POIdR A0S J9)|0U0 A0S
(s)99 (s)69 1dsig
awoouy| sng ‘qA L+§ L+Sp dv 6
| -— —_ 5 L0 Lut T+ _
g awoou 11eN ‘BA b O (s)By
n> o8
93 (o}
(= S (S L
= Jajjonuonsng
q3s| JojesBaly  yjonpoig joq N
S .
[Ceor ][ 7 [+ - P ] q3 4
S Cle—
Mnoy-
4@@




Govt ISE, ISEg(*) and Bus. ISE, ISEb(0)

Error Indices vs Govt Command

120

100

80 -

60

40

20

T T T . I | T !

~ Bus. Reference=Rb=1.0

-0.6 -0.4 -0.2 0 0.2 0.4 . 0.6

Govt Reference, Rg



Govt ISE, ISEg(*) and Bus.ISE, ISEb(0)

Error Indices vs Business Command
120 T ! ! ! T T ! ! !

* Govt Comhand=Rg%1

100k __________ S .......... __________ __________ ________ |
ol _________ * ,,,,,,,,,, __________ _— __________ __________ __________ ......... ]
ol __________ SRR, S S _ | RENR —_— ]
ok e _— R S S S o .

Conflict: -1<Rb<0 : § | *

ool SR S, S S SO S SN |

0
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
Business Reference, Rb



The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES

[1] S.M. Shinners, Modern Control Theory and Application, Reading, MA,
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES

[1] S.M. Shinners, Modern Control Theory and Application, Reading, MA,
Addison-Wesley, 1972.

[2] R.L. Drake, “Do Checks and Balances Contribute to Cycles in the Economy?”,
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.

REFERENCES

[1] S.M. Shinners, Modern Control Theory and Application, Reading, MA,
Addison-Wesley, 1972.

[2] R.L. Drake, “Do Checks and Balances Contribute to Cycles in the Economy?”,
MAESC 2003, Christian Brothers University, Memphis, TN, May 15, 2003.
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
Department of Electrical and Computer Engineering
Christian Brothers University
Memphis, Tennessee
rdrake@cbu.edu

BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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The National Economy as an Example of Control Under Conflict/Cooperation-
A Simulation Approach

Robert L. Drake, Ph.D., P.E.
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BACKGROUND

The work reported here is the result of téaching a course entitled ECE 488 Modeling and
Simulation in Engineering Problems. This course is offered to students in both
engineering and non-engineering. All students are required to simulate several dynamic
systems during the semester at least one of which must be socio- politico- economic
(SPE) in nature. As instructor of the course, the writer chose the initial model of the
national economy as an example of SPE systems to present to the class. This model was
taken from reference [1] initially, and then as discussion progressed “refinements” were
added. One of these refinements were reported in an earlier paper [2], where additional
work suggested includes that of possible conflicts between the goals of government and
the goals of business. The work reported here is the first attempt of the writer to approach
that problem.

MODEL .

The model hypothesized in this work is shown in the block diagram of Figure 1.
Although inspired by the model suggested in reference [1], the model differs in several
respects, among which are the inclusion of business investment as a separate input of the
two-input system, identification of separate decision-making (controllers) for government
and business, identification of different performance indices for government and
business, and inclusion of two distinct outputs from the system. The inputs to the system
are shown as business reference input (Rb) and the government reference input (Rg). The
outputs from the system are shown as the national income level(Yg) and the business
income level(Yb).

Figure 2 shows the identification of two performance indices chosen in this study. The
performance index for government is based on the error, or difference, between the
desired change in national income level and the measured change, Eg. In this case the
integral squared value of this error is taken as the performance index. For business the
error, or difference, is Eb as measured by the desired change in business income and the
actual value. Again, the integral squared value of this error is used as the performance
index.



Figure 3 shows the proportional plus integral (PI) controller chosen for the government
controller. The controller constants were chosen to provide critical damping for the
isolated government system. The government system is defined as isolated when the
business input is set to zero (command for no change) and the business spending signal
(BS) s set to zero. The simulation of the isolated government loop is shown in Figure 5
along with the indicated integral square error (ISEg) of 6.681 for the unit step response
which can be checked with theory for this particular index of performance. Figure 4
shows the PI controller chosen for the isolated business loop and Figure 6 shows the
simulation result for this case where the ISEb is 2.5 which also is checked by application
of theory.

In Figure 1 the system representing government and production operations is shown with
time constant of 4 time units and “dc” gain of 1. The system representing business
operations is shown with time constant of 1 time unit and gain of 1.

DEFINITION OF CONFLICT AND COOPERATION

In Figure 2 the goal of government is to reduce as much as possible the performance
index defined in this case as the integral square of the error signal Eg shown as ISEg. The
goal of business is to reduce ISEb as much as possible. In the model shown, there is
coupling between the government loop and the business loop with the result that
propagation of signals in one loop affects the operation of the second loop. In the context
of this work, conflict is defined to exist if the effect of the first loop upon the second loop
is such that the performance index of the second is worsened, or increased in this case
where the goal is to decrease the ISE. Similarly, cooperation is defined to exist if the
coupling effect improves the performance index.

Simulation makes obvious that conflict and cooperation can exist because of signal
injection or because of system modification without signal injection, or both. In Figure 7
no signal is injected by the business system, but because of the presence of the business
feedback loop the government performance index ISEg is increased by a factor of
(34.81/6.68), or 5.2 to 1. By the definition above, conflict exists. On the other hand, in
Figure 8 signal injection at the business reference input Rb along with the feedback in
the business loop results in ISEg increase by a factor of (132.3/6.68), or 19.8 to 1.
Conflict from signal injection in this case results from the opposite signs in the reference
input to the government loop and reference input to the business loop.

ADDITIONAL SIMULATION RESULTS

Additional simulation results are shown in Figures 9 and 10. Figure 9 shows the variation
of the performance indices ISEg and ISEb with government reference Rg with business
reference Rb held constant at unity. By the definitions above for cooperation and conflict,



cooperation increases as Rg varies from 0 to 1 and conflict increases as Rg varies from 0
to -1. There is a rapid increase in the error indices as the conflict increases and a rapid
decrease in the error indices as the cooperation increases. Figure 10 shows the variation
of the error indices as a function of the business reference Rb with the government
reference held constant at unity. Again, there is a rapid increase in error indices as
conflict increases and a rapid decrease in error indices as cooperation increases.

SUMMARY AND CONCLUSIONS

(1) Conflict may be defined by the actions of one participant, say business, tending to
increase the performance index being minimized by the second participant, say
government. Cooperation may be defined as existing when the actions of one of the
participants tends to reduce the performance index being minimized by the second
participant.

(2) Cooperation/conflict may result from either signal injection or from system
modification , or both.

FUTURE WORK

(1) The effects of consumers should be added to the model. With three participants
present, the possibility of joint cooperation/conflict arises. Include the effect of foreign
investment.

(2) Practical data and reasonable scaling limits should be added. This probably requires
participation of personnel with backgrounds in business and economics.

(3) Re-phrase the problem in terms of state variables and vector-matrix operations. Use
modern control theory to re-design the controllers. Consider the possibility of decoupling
output except from one input.

FINAL COMMENTS
(1) This is a work in progress.
(2) Results and conclusions, although believed to be original, are preliminary and should
be considered as such.
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Govt ISE, ISEg(*) and Bus. ISE, ISEb(0)

Error Indices vs Govt Command
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