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SECTION 1 .0
INTRODUCTION

The Decision Modeling System (DEMOS) is a computer tool used on the IVHS
Analysis and Design Contract (Task 1. Analysis of Goals, Functions, and Priorities)
t o :
1.) Display the goals-to-actions relationship structure and provide for future
expansion of data and analyses.

2.) Perform selected sensitivity analyses and estimate the potential
improvements of key IVHS actions (high payoff items).

This Appendix documents the details of the IVHS benefit analysis DEMOS models
and provides the PATH user information about what is contained in and how to use
the models.

It should be noted that the objective of this contract was to structure an approach to
evaluate the relationships of the top-level IVHS goals to the implementable actions
and then, where possible, to assess the relative benefits of those actions toward
accomplishing the goals. The results are not meant to be “the answer” but rather a
beginning at understanding the problem and a point of departure for further
analysis.

To this end, the DEMOS model has been used as a tool to analyze selected IVHS
actions with the goal of determining the key driving parameters through the use of
sensitivity analysis. The results of potential benefits of these actions are dictated by
the assumptions made and are not meant to represent the only answer. Our
recommendation is that PATH use the structure established in DEMOS to 1) assess
the benefits of the selected IVHS actions using their own assumptions, and 2)
further the benefits analysis for the other IVHS actions as yet not analyzed.

About DEMOS

The Decision Modeling System (DEMOS) is a general framework for constructing
analytical models which is currently implemented on a Macintosh computer system.
The key features of the software used in our activities include influence diagrams to
display the model structure, hierarchical structure to organize large models,
hypertext capability to allow “as you go” documentation, and array abstraction which
provides for multidimensional models. DEMOS is ideal for performing engineering
trade-off studies and sensitivity analysis on uncertain variables.

DEMOS has many other features, such as the ability to assign a probability
distribution to any variable, that were not used in our analyses, but could be useful
in future studies. For information regarding how to use DEMOS refer to Sections 3.0
and 4.0 of this Appendix.
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DEMOS IVHS Models Developed and Analyses Performed

Three DEMOS models were developed under this contract corresponding to the
IVHS scenarios evaluated. Within each of these models are the appropriate goals-
to-actions relationships discussed in Chapter 3.0 of the final report. In addition to
the goals-to-actions relationship structure, three separate analyses were developed
and are contained in the appropriate DEMOS models. The three DEMOS models
and the corresponding analyses conducted in each are as follows:

DEMOS MODELS ANALYSES PERFORMED
. Urban Freeways Vehicle Density Improvement, Safety
. Urban Arterials Intersection Queue Clearing, Safety
. Downtown Networks Safety

The safety analysis is the same in all three scenarios. The data was not in a form to
allow a scenario breakdown, therefore, the same information has been included in
each model.

Variables Used in Analyses and Resulting DEMOS Outputs

One of the key features of DEMOS is its ability to perform quick sensitivity studies of
all variables affecting a specific output to determine which are the driving
parameters. Each of the variables in the model can have multiple values allowing
these sensitivities to be performed easily.

The three analyses developed under this contract (freeway vehicle density
improvement, intersection queue clearing, and overall safety) are discussed below.
The input variables, the corresponding outputs, and key sensitivities developed in
the analyses using DEMOS are summarized.

Freeway Vehicle Density Improvement Analysis

The following are the input variables affecting the freeway vehicle density
improvement analysis:

. Speed . Current driver reaction time
. Improved driver reaction time . Deceleration rate of Car A
. Deceleration rate of Car B . Platoon size
(fraction of car A)
. Intra-platoon spacing . Space degradation factor
. Car length . Platoon size mix for multi-lanes

. Baseline traffic flow
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The following outputs can be obtained in the freeway vehicle density improvement
analysis as a function of the appropriate input variables (above):

. Safe braking distances required to avoid an accident

. Lane flow parametrics

. Gap holding lane flow estimates

. Gap holding vs Baseline lane flow estimates

. Platooning lane flow estimates

. Platooning vs Baseline lane flow estimates

. Platooning vs Gap holding vs Baseline ‘estimates for a 4 lane freeway

Some of the key sensitivities that impact lane flow that can be analyzed are:

Relative braking capabilities of car A and car B
Driver/Automated car reaction times

Platoon sizes

Intra-platoon spacing

Intersection Queue Clearing Analysis

The following are the input variables affecting the intersection queue clearing
analysis:

« Number of cars to be evaluated . Constant acceleration rate

. Space between cars when stopped - Initial car delay time (manual)
. Initial car delay time (automated) . Steady state spacing (manual)
. Steady state spacing (automated) - Max. speed the cars can attain
. Car length . Distance the 1st car must travel

. Time of a green light
. Steady state spacing decay rate factor (manual only)

The following outputs can be obtained in the intersection queue clearing analysis as
a function of the appropriate input variables (above):

. Total distance required for all cars to travel
- Total time used due to spacing between the cars (manual and automated)
. Total time to clear the intersection (manual and automated)
How many cars can get through the intersection given a green light time
(manual and automated)

Some of the key sensitivities that impact the number of cars that can get through the
intersection are:

. Constant acceleration rate

. Steady state spacing

. Distance the first car must travel to clear the intersection
. Maximum speed

. Green light time
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Overall Safety Evaluation

The input variables affecting the overall safety evaluation are the current accident
data by crash severity and manner of collision provided by the General Estimates
System, Department of Transportation (1990), and the improvement factors
(assuming some level of automation implemented) which are applied to the current
data.

The outputs of the overall safety evaluation are the total accidents by severity of the
crash and manner of collision for both the current and the improved data, and the
percent improvement. The primary variables to be evaluated in this analysis are the
improvement factors.

Contents of This Appendix

Section 2.0 of this appendix displays the three DEMOS models. This includes the
printed DEMOS output for the entire model structure (screen by screen) and the
information related to each element or object of the model. The information includes
the name, a description, the definition (equations or values), the inputs, and the
outputs for each variable.

The specific output of the analyses including the estimates of potential
improvements due to implementation of a specific IVHS action and the sensitivity
analyses are not shown in this document. It is left to the user to exercise the models
for this information. A summary of the key results of the analyses are discussed in

Chapter 4.0 of the final report.
Sections 3.0 and 4.0 are the DEMOS Tutorial and Quick Reference Guide,

respectively. They are meant to provide the user with some important information
on how to use the DEMOS system.
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SECTION 2.0
DEMOS MODELS

This Section displays the following three DEMOS models:

. Urban Freeways
. Urban Arterials
. Downtown Networks

The models are displayed using the actual printed DEMOS outputs for the entire
model structure (screen by screen) and the information related to each element or
object of the model. The information includes the name, a description, the definition
(equations or values), the inputs, and the outputs for each variable.

The specific output of the analyses including the estimates of potential
improvements due to implementation of a specific IVHS action and the sensitivity
analyses are not shown in this document. It is left to the user to exercise the models
for this information. A summary of the key results of the analyses are discussed in
Chapter 4.0 of the final report.
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DEMOS MODEL

- URBAN FREEWAYS -
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(Objective Benefit-inc Units:

Title: Benefit-
Increasing Normal

Capacity
Description: Evaluate the benefits of increasing the normal vehicle capacity by keeping
vehicle density in stable flow region, homogenizing the density, or
increasing the safe speed for a given density.
=h 4
Definition:

Estimate ro

B P stb

Vehdens

I nputs : (O Estimate-... estimate of homogenized density
(O Estimate-sfb  estimate of stable flow . . .
{O Vehdens Vehicle Density- % improve...
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(Objective Benefit-m Units:

Title: Benefit-
Matching Usage
to Capacity

Description: Evaluate the benefits of matching usage to capacity by constaining the
entry to the system and reducing and reshaping the usage.

=k 4

Definition: (Benefit of+Selective )

Encouraae
Provi ded _t
Rout e- gui d

Inputs: (O Benefit-of Benefit of Ramp Metering
(O Encourage_ Encourage Mode Shift
(O Provided-t Provided Traveler Information
(O Route_guid Route Guidance
(O Selective_  Selective Road Pricing
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(Objective Benefit-a Units:

Title: Benefit-
Allevtg Accident,
incident

Description: Evaluate the benefits of alleviating accidents and incidents on congestion
by reduced frequency of accidents, rerouted and detoured vehicles, and
through rapid respnse and clean-up activities.

BHw
Definition: Benefit ofl
Benefit of2
Benefit of4

Inputs: (O Benefit-ofl Benefiiof Reduced Accidents
(O Benefit-of2 Benefit of Rapid Response, etc
(O Benefit-of4 Benefit of Reroute, Deto...
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{/\ndex Speed Units: MPH
Title: Speed
Description: Index of speeds to be used for evaluation of vehicle density analyses

o v
Definition: Sequence(0,7)*10

outputs: Braking Distance- current RT v
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//index Reaction-tim Units: seconds

Tit | e ;: Reaction Time-
current

Description: An index of possible reaction times that a driver of a following vehicle
would exhibit before applying his/her brakes after a front car brakes.
This index is for the current situation on the freeways.

=k 4

Definition: 0.5

1.5

Outputs:| Braking Distance- current RT VI
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/7 index Reaction_ti2 Units: seconds

Tit | e ;: Reaction Time-
improved

Description: An index of possible reaction times that a driver of a following vehicle
would exhibit before applying his/her brakes after a front car brakes.
This index is for an automated case (both gap holding and platooning).

Hw

Definition: 0.1
0.2
0.3
0.4
0.5
0.75

1

outputs: Braking Distance- improved RT ¥
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[/ Index Intra_platoo Units: feet

Title: Intra platoon
spacing

Description: The space that would exist between cars within a platoon.

BHw
Definition: 3
5
10
15
20
25
30

Outputs:| Vehicle Density- % improvement |
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{7 ndex Cars-per-pla Units: number

Title: Cars Per
Platoon

Description: Number of cars within a platoon to be evaluated.

BHwv
Definition: 1
2
3
4
5
10
15
20
outputs: Vehicle Density- % improvement Vl
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(Objective Vehdens Units: percentage

Tit | e : Vehicle Density-

% improvement

Description: Calculate the increase (as a %) in vehicle density due to various IVHS

Definition:

functions being implemented.

= 4

Platooning [Intra platoo=Input platoo, Cars per pla=Input_C:

Gap_holdinl[Gap holding =Input

1

Inputs: /7 Cars-per-pla Cars Per Platoon

outputs:

(O Gap-holdinl  Gap Holding % improve...
(O Gap_holding_ Gap Holding Reaction Ti...
(] Input-cars- Input-cars/ platoon
[ Input_platoo  Input-platoon spacing
[Jinput__rt_wi Input- RT with Gap Hol...
/7 Intra_platoco Intra platoon spacing
(O Platooning__  Platooning- % improve...

Benefit- Increasing Normal Capacity w |
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[IDpecision
Title:

Description:

Definition:

outputs:

Input__rt_wi Units: seconds

Input- RT with
Gap Holding

Reaction time for the Gap Holding case to brake in an emergency. User

can input 0.1, 0.2, 0.3, 0.4, or 0.5 seconds.

[V 4
0.3

Vehicle Density- % imprauement

v
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[CIpecision

Title:

Description:

Definition

Outputs:

Input_platoo Units: feet

Input-platoon
spacing

the freeway.
User can input 2, 3, 4, 5, 6, 8, or 10.

o v
:10

The distance that the cars within a platoon are apart while travelling on

Vehicle Density- % improvement

v
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[ Decision
Title:

Description:

Definition:

Input-cars- Units: number

Input-cars/
platoon

The number of cars within a platoon on average. User can input 2, 3, 4,
5, 10, 15, or 20.

o W
3

outputs:

Vehicle Density- % improvement ¥
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O chance Lane_holdi Units:

Title: Lane Holding,
Changing

Description: Lane holding and changing is a key element of an implemented automatic
system on the freeways, however, it does not directly effect vehicle
density by itself. It has strong safety implications and is addressed in the
safety section of the model. It is shown here only for completeness.

o W
Definition: 0
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Decel rate-
car A

Braking Distance-
current RT

Diagram . Reaction Time Improvement

Decel r

carB
Degradation

factor

Decel rate
fraction (B of A)

- Braking Distance- Lane flow
improved RT parametrics

Car Length

Baseline Braking Baseline Lane
Dist. - current Flow - current
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(OcChance Decel_rate___ Units: feet/sec/sec

Title: Decel rate-
car A

Description: The deceleration rate of the front car. The Baseline is 0.8g's (25.6
feet/sec/sec).

g 4
Definit on: 25.6

Outputs: B k g D R v




9¢-0

O chance Decel_rate_1 Units: feet/sec/sec

Title: Decel rate-
car B

Description: The deceleration rate of a following car. Current baseline is 90% of the
front cars braking capability.

gy v
Definition: Decel_rate__*Decel_rate

Inputs : (O Decel_rate Decel rate fraction (B of A)
(O Decel_rate__ Decel rate- car A

outputs: Braking Distance- current RT ¥
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(Chance Decel_rate Units:

Title: Decel rate
fraction (B of A)

Description: This is the fraction that the deceleration rate of car B ( the following car)
is of car A. For instance, if car A car brake at 0.8g's, then car B can
brake at 90%, 80%, or 70% of that value. The baseline value is 90%.

BHw
Definition: 0.8
E———5
0.9
0.95
Outputs:| Decel rate- car B v |
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O Chance Braking-dist Units: feet

Tit | e : Braking Distance-
current RT

Description: This block provides input data regarding the distance apart two cars on a
freeway need to be travelling to avoid a collision. It varies by speed of the
car from 0 to 70 and is provided for various reaction times of each of the
cars. This data is for the current highway situation. The data can be
generated for various stopping rates of both cars.

opr v

Definition: (((Speed*Speed*2.151111111)/2)*((1/Decel_rate_1)-(1/Decel_ra
te__)))+Speed*1.466666667*Reaction_tim

Inputs: (O Decel_rate_1 Decel rate- car B
(O Decel_rate__ Decel rate- car A
[/ Reaction_tim Reaction Time- current

[/ Speed Speed
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(O Chance Braking-disl Units: feet

Tit | e : Braking Distance-
improved RT

Description: This block provides input data regarding the distance apart two cars on a
freeway need to be travelling to avoid a collision. It varies by speed of the
car from 0 to 70 and is provided for various reaction times of each of the
cars. This data is for the improved reaction times situation on the
highway. The data can be generated for various stopping rates of each car.

Dlgh 4

Definition: (((Speed*Speed*2.151111111)/2)*((1/Decel_rate_1)-(1/Decel_ra
te_ )))+Speed*1.466666667*Reaction_ti2

Inputs: (O Decel_rate_1 Decel rate- car B

(O Decel_rate__ Decel rate- car A
/7 Reaction_ti2 Reaction Time- improved

[ Speed Speed

Outputs:| Lane flow parametrics ¥ |
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(O Chance Lane-flow-pa Units: Cars per hour

Title: Lane flow
parametrics

Description: Estimate the lane flow capabilities for various reaction times at various

speeds.

i 4
Definition: ((Speed*5280)*Degradatio)/( Car_length+Braking_dis1)

Inputs: (O Braking-disl Braking Distance- imp...
(O Car-length Car Length
(O Degradatio Degradation factor

{J/ Speed Speed




(O Chance Car-length Units: Feet
Title: Car Length
Description: The assumed length of one car.

o v
Definition: 18

Outputs:/ Lane flow parametrics
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O chance
Title:

Degradatio Units: Factor

Degradation
factor

Description: This is a factor that represents a degradation in freeway space available

Definition:

to accommodate more vehicles due to the space required for cars to enter
and exit gap held or platooning cars. The baseline is 0.85, which equates
to a 15% reduction in space available.

eqr v
0.85

Outputs:

Lane flow parametrics ¥
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O chance
Title:

Description:

Definition:

Inputs:

outputs:| Baseline Lane Flow - current W

Baseline-b Units: Feet

Baseline Braking
Dist. - current

This is our assumed safe braking distance for the current driver. it
approximately matches the Highway capacity manual. It assumes a Ig
stop of a front car, a 0.7 sec reaction time, and a 0.5g9 stopping capability
of the following car.

ogr v
(((Speed*Speed*2.151 1111 11)/2)*((1/19.2)-(1/28.8)))+Speed*
1.466666667"1.0

{J Speed Speed
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O chance Baseline-I Units:

Tit | e : Baseline Lane
Flow - current

Description: Using the safe braking distance generated by the previous block, this
block estimates the lane flow capability for the current conditions. This
is an important variable because it is used for comparison purposes when
evaluating the % improvement that could be realized through the various

levels of automation.
[ 4
Definition: (Speed*5280)/( Car_length+Baseline_b)

Inputs: ) Baseline-b Baseline Braking Dist. - curr...
(O Car-length Car Length
[/ Speed Speed

outputs:| Platooning- % improvement hd
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Gap Holding
Reaction Times

Braking Distance-

w/ GH

Degradation
factor

Diagram + Gap Holding

Lane Flow estimates

Lane flow
differences

Gap Holding
% improvement

Gap Holding
vs. current-
lane flow

Baseline Lane
Flow - current
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(O Chance Gap_holding_ Units: seconds

Title: Gap Holding
Reaction Times

Description: The automatic reaction times of a Gap Holding system to be evaluated.

BHw
Definition: 0.1
0.2
0.3
0.4
0.5
Outputs:[ Vehicle Density- % improvement Vl
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(O chance Braking-dis2 Units: feet

Title: Braking Distance-
w/ GH

Description: This input block provides input data regarding the distance apart two cars
on a freeway need to be travelling to avoid a collision. It varies by speed
of the car from 0 to 70 and is provided for various reaction times of each
of the cars. This data represents gap holding being implemented on a car
in the highway situation. The data can be generated for various stopping
rates of each car. See the reaction time inprovement block for some of
the data.

o
Definition: (((Speed*Speed*2.151111111)/2)*((1/Decel_rate_1[Decel_rate=0.
9])-(1/Decel_rate__)))+Speed*1.466666667*Gap_holding_

Inputs: (O Decel_rate Decel rate fraction (B of A)
(O Decel_rate_1 Decel rate- car B
(O Decel_rate__ Decel rate- car A
(O Gap-holding- Gap Holding Reaction Ti...

{J Speed Speed

Outputs:| Lane Flow estimates ¥l
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(Chance Lane-flow-es Units: cars per hour

Title : Lane Flow estimates

Description: Estimate the lane flow values in cars per hour for the Gap Holding case
for various reaction times.

oQr v
Definition: ((Speed*5280)*Degradatio)/(Car_length+Braking_dis2)

I npu ts: (O Braking-dis2 Braking Distance- w/ GH
(O Car-length Car Length
(O Degradatio Degradation factor

{7 Speed Speed

outputs:  Trade comparison to GH and baseline hd
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O Chance Degradatio Units: Factor

Tit | e : Degradation
factor

Description: This is a factor that represents a degradation in freeway space available
to accommodate more vehicles due to the space required for cars to enter
and exit gap held or platooning cars. The baseline is 0.85, which equates
to a 15% reduction in space available.

pQr v
Definition: 0.85

Outputs:| Lane flow parametrics W |




O chance

Title:

Description:

Definition:

Inputs:

Gap_holdin Units:

Gap Holding
vVS. current-
lane flow

This compares total lane flow for Gap Holding and the current condition.
Currently, the gap holding case represents an 0.3 sec reaction time.

= 4

Lane flow_es[Gap holding =0. 3]

Baseline 1

(O Baseline-l Baseline Lane Flow - current

(O Gap_holding_ Gap Holding Reaction Ti...
(O Lane-flow-es Lane Flow estimates
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(O chance Lane-flow- Units: Cars per hour

Title: Lane flow
differences

Description: This variable is the result of subtracting the lane flows for various gap
holding reaction times from the baseline lane flows. This is an
intermediate step to calculate the % improvement of gap holding over

current conditions.

[0 4
Definition: Lane-flow-es-Baseline-I|

Inputs: () Baseline-I Baseline Lane Flow - current
(O Lane-flow-es Lane Flow estimates

outputs:  Gap Holding % improvement ¥
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(Chance Gap-holdinl Units: Percentage

Title: Gap Holding
% improvement

Description: This calculates the % lane flow improvement of gap holding over current
lane flows.

oQr v
Definition: (Lane_flow_/Baseline_I)*100

Inputs: () Baseline-l Baseline Lane Flow - current
(O Lane-flow- Lane flow differences

outputs:| Vehicle Density- % improvement VJ
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O chance Baseline-| Units:

Title: Baseline Lane
Flow - current

Description: Using the safe braking distance generated by the previous block, this
block estimates the lane flow capability for the current conditions. This
is an important variable because it is used for comparison purposes when
evaluating the % improvement that could be realized through the various
levels of automation.

[T 4
Definition: (Speed*5280)/( Car_length+Baseline_b)

Inputs: (O Baseline-b Baseline Braking Dist. - curr...
(O Car-length Car Length
(7 Speed Speed

outputs:| Platooning- % improvement v




v¥-0

Traffic flow
trade study-
plato'ng

Degradation
factor

Lane Flow
-Platooning

Platooning vs
Gap Hold'g- lane flow

Diagram - Platooning

% of cars per

Baseline Lane
Flow - current

Lane flow
differences

Platooning vs.
current- lane flow

Trade comparison
to GH and baseline

Platooning-
% improvement
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(O chance Lane-flow Units: Cars per hour

Title: Lane Flow
-Platooning

Description: Calculate the lane flow of platooned cars as a function of speed, number of
cars in the platoon, and intra-platoon spacing. This assumes that gap
holding is in place and therefore automatic braking is implemented. A
factor of 15% degradation is being used to account for ineffecient lane
changing issues.

(i 4

Definition: (Speed*5280*Degradatio)/((Cars_per_pla*Car_length+((Cars_per_p
la-1)*Intra_platoo)+Braking_Dis1[Reaction_ti2=0.1,Decel_rate=0.9]
)/ICars-per-pla)

Inputs: (O Braking-disl Braking Distance- imp...
[/ Cars-per-pla Cars Per Platoon
(O Car-length Car Length
(O Decel_rate Decel rate fraction (B of A)
(O Degradatio Degradation factor
/7 Intra_platoo Intra platoon spacing
[/ Reaction_ti2 Reaction Time- improved

[ Speed Speed

Outputs:| Traffic flow trade study- plato’ng VI
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(Chance Lane-flow-I Units:

Title: Lane flow
differences

Description: This variable is the result of subtracting the lane flows for various
platooning conditions from the baseline lane flows. This is an
intermediate step to calculate the % improvement of platooning over
current conditions.

[iigh 4
Definition: Lane-Flow-Baseline-I

Inputs: (O Baseline-l Baseline Lane Flow - current
(O Lane-flow Lane Flow -Platooning

outputs:| Platooning- % improvement ¥
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(Chance Platooning___ U nits : percentage

Title : Platooning-
% improvement

Description: Calculate the % improvement of platooning over the current baseline lane
flows.

o v
Definition: (Lane_flow_1/Baseline_1)*100

Inpu ts: (O Baseline-l Baseline Lane Flow - current
(O Lane-flow-I Lane flow differences

outputs: Vehicle Density- % improvement v




8v-0

(Chance

Title:

Description:

Definition:

Inputs:

Platooning3 Units: Cars per hour

Platooning vs
Gap Hold'g- lane flow

A graph of lane flow comparisons between Gap Holding and platooning. The
Gap Holding line represents a 0.3 sec reaction time. The platooning line
represents a 5 car platoon with each car 3 feet apart.

=k 4

Lane_flow(Intra platoo=10, Cars_per pla=3]

Lane flow es([Gap holding =0.3]

/7 Cars-per-pla Cars Per Platoon

(O Gap-holding- Gap Holding Reaction Ti...
[/ Intra_platoo Intra platoon spacing
(O Lane-flow Lane Flow -Platooning
(O Lane-flow-es Lane Flow estimates




6v-0

O chance Platooning| Units: Cars per hour

Title: Platooning vs.
current- lane flow

Description: A graph of lane flow comparisons between the current baseline and
platooning. The platooning line represents a 3 car platoon with each car

3 feet apart.
Hw

Definition: Lane flow[Intra platoo=10, Cars per pla=3]
Baseline 1

Inpu ts: (O Baseline-| Baseline Lane Flow - current
[ 7 Cars-per-pla Cars Per Platoon
/7 Intra_platoo Intra platoon spacing
(O Lane-flow Lane Flow -Platooning




0S-0

O chance Traffic-flow Units: Cars per hour

Title: Traffic flow
trade study-
platohg

Description: Evaluate the traffic flow (multiple lanes) of platooning in a 4 lane
freeway assuming a certain percentage of time an average size platoon
would exist in each lane.

e 4
Definition: Sum(Sum((Lane_flow[Intra_platoo=10]"A_of_cars_),Lanes),Cars_per
_pla)

Inputs: (O A-of-cars- % of cars per platoon per lane
/7 Cars-per-pla Cars Per Platoon
[7 Intra_platoo Intra platoon spacing
[/ Lanes Lanes
(O Lane-flow Lane Flow -Platooning

Outputs:| Trade comparison to GH and baseline v |




+G-O

(O chance A-of-cars- Units: Percentage

Title: % of cars per
platoon per lane

Description: This tabular data provides the assumptions of what percentage of cars per
platoon would be reprented in each lane to be used in the traffic flow trade
study of a 4 lane freeway.

il 4
Definition: [ Edit Table Jindexed by Cars Per Platoon, Lanes

Inputs: /7 Cars-per-pla Cars Per Platoon
[/ Lanes Lanes

0utputs:| Traffic flow trade study- plato’'ng VI




2G-0

/7Index Lanes Units: Text

Title: Lanes

Description: This is an index of lanes to be used in the traffic flow trade study of 4

lanes.
=R 4
Definition: 'lane 1°'
rane 2
'lane 3!
"lane 4

outputs:) Traffic flow trade study- plato'ng v




€6-0

(O chance Parametric-2 Units: Cars per hour
Title: Trade comparison
to GH and baseline

Description: Compare the platooning traffic flow trade results with 4 lanes of cars Gap

Holding and 4 lanes of cars in the current baseline condition. The Gap
Holding line assumes an 0.3 sec reaction time.

=R 4

Definition: Traffic-flow

(Lane flow_es[Gap_holding =0.3]*4)
(Baseline 1*4)

Inputs: (O Baseline-l Baseline Lane Flow - current
(O Gap_holding_ Gap Holding Reaction Ti...
(O Lane-flow-es Lane Flow estimates
(O Traffic-flow  Traffic flow trade study- plat...



$G-0

O chance
Title:

Description:

Definition:

Estimate_ro Units:

estimate of
homogenized density

Refer to the final report for any information in this IVHS benefit analysis

category.

I
0

outputs:

Benefit- Increasing Normal

Capagity ¥




GG-0O

Diagram - Keep Density n

Mod safegap to
incr. stable region

estimate
of stable flow
benefit

Stable Flow Region




9G-0

(OChance Mod_safega Units:

Title: Mod safegap to
incr. stable region

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

o v
Definition: 0

OUtputszl estimate of stable flow benefit v




LS-O

O chance Estimate-sfb Units:

Title: estimate
of stable flow
benefit

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

=R 4
Definition: Benefi t - of
Mbd- saf ega

Inputs: (O Benefit-of Benefit of Ramp Metering
(O Mod_safega Mod safegap to incr. stable reg...

Outputs:| Benefit- Increasing Normal Capacity v




8G-0

(O chance
Title :

Description:

Definition:

outputs:

Benefit-of Units:
Benefit of Ramp Metering

Refer to the final report for any information in this IVHS benefit analysis
category.

2uish 4

0

estimate aof stable flQw benefit 4
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Route
Guidance

Provided Traveler
Information

Selective
Road Pricing

Encourage
Mode Shift

Diagram - Reduce and Reshape Usage




09-0

(O Chance Route_guid Units:

Title: Route
Guidance

Description: Refer to the final report for any information in this IVHS benefit analysis

category.
o v
Definition: 0
outputs:| Benefit- Matching Usage to Capacity v




19-0

(Chance Provided-t Units:

Tit | e : Provided Traveler
Information

Description: Refer to the final report for any information in this IVHS benefit analysis

category.
opr W
Definition: 0
outputs:| Benefit- Matching Usage to Capacity A4




29-0

(O chance Selective_ Units:

Title: Selective

Road Pricing
Description: Refer to the final report for any information in this IVHS benefit analysis
category.
25 4
Definition: 0
outputs:[ Benefit- Matching Usage to Capacity VJ




€9-0

(O chance Encourage_ Units:

Title: Encourage

Mode Shift
Description: Refer to the final report for any information in this IVHS benefit analysis
category.
[T 4
Definition: 0O
Outputs:| Benefit- Matching Usage to Capacity V|




(O chance Benefit_of1 Units:

Title: Benefit of
Reduced Accidents

Refer to the final report for any information in this IVHS benefit analysis

Description:
category; Also some useful information can be found in DEMOS under the
safety IVHS goal (overall safety analysis).
o v
Definition: 0

Outputs:| Benefit- Allevtg Accident, Incident ¥




O chance Benefit-0f2 Units:

Title: Benefit of
Rapid Response, etc

Refer to the final report for any information in this IVHS benefit analysis

Description :
category.
e 4
Definition: 0

v

outputs: Benefit- Allevtg Accident, Incident




99-0

O chance

Benefit_of4 Units:

Title: Benefit of

Description:

Definition:

outputs:

Reroute, Detour

Refer to the final report for any information in this IVHS benefit analysis
category.

oQr v
0

Benefit- Allevtg Accident, Incident ¥
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Benefit-
Reduce Freq
of Accidents

Benefit-
Mitigate Effects
of Accdnts

Diagram +« Improve

Incr Veh Reaction
Time, Maneuv Resp

Speed Care
for Injured

Safety

Overall Safety
Evaluation

Improve Situation
Assessment (veh)




89-0

(O Objective

Title:

Description:

Definition:

Inputs:

Benefit__r Units:

Benefit-
Reduce Freq
of Accidents

Evaluate the benefit of reduced frequency of accidents. Refer to the final
report for any information in this IVHS benefit analysis category.

Bwv

Lane holdil

Evaluate g

Evaluate 1

(O Evaluate_g Evaluate gap control (safety)
(O Evaluate_| Evaluate lateral threat response
(O Lane_hold... Lane Holding




69-0

O chance Lane-holdil Units:
Title: Lane Holding

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

o W
Definition: 0

Outputs:| Benefit- Reduce Freq of Accidents w |




0L-0

(Objective Benefit__m2 Units:

Title: Benefit-
Mitigate Effects
of Accdnts

Description: Evaluate the benefit of mitigated effects of accidents. Refer to the final
report for any information in this IVHS benefit analysis category.

o v
Definition: Speed-care

Inputs: (O Speed-care Speed Care for Injured



T,-0

O Chance Speed_care Units:
Title: SpeedCare

for Injured

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

o v
Definition: 0

Outputs:| Benefit- Mitigate Effects of Accdnts v |




¢L-O

Evaluate gap control

(safety)

Evaluate lateral
threat response

Diagram - Incr Veh Reaction Time, Maneuv Resp




€L-0

O chance
Tit le:

Evaluate-g Units:

Evaluate gap control
(safety)

Description: This parameter is a function of the data presented in the overall Safety

Definition:

Inputs:

outputs:

evaluation. Gap control would impact the ‘angle” and Sideswipe” accident
types. In this case we have decided to average the estimated benefit of
each. Remember, this data is for freeway and arterials and is not divided
for our analysis.

o v
(((Current_to[Manner_of_='Angle']+Current_to[Manner_of_='Sideswi
pe'])-(Improved_t[Manner_of_='Angle']+Improved_t[Manner_of_='Sid
eswipe']))/(Current_to[Manner_of_='Angle']+Current_to[Manner_of_
='Sideswipe’']))*100

(O Current-to Current Total Accidents by Ma...
(© Improved-t Improved Tot Accidents by Ma...
/7 Manner_o... Manner of Collision

Benefit- Reduce Freq of Accidents v




O chance Evaluate-| Units:

Tit | e : Evaluate lateral
threat response

Description: This parameter is a function of the data presented in the overall Safety
evaluation. lateral threat response would impact the ‘rear-end’ and
‘Head-on’ accident types. In this case we have decided to average the
estimated the benefit of each. Remember, this data is for freeway and
arterials and is not divided for our analysis.

oqr W

Definition: (((Current_to[Manner_of_='Rear-end']+Current_to[Manner_of_='Hea
d-on'])-(Improved_t[Manner_of_='Rear-end']+Improved_t[Manner_of
_='Head-on']))/(Current_to[Manner_of_='Rear-end’']+Current_to[Mar
ner_of_='Head-on'])}*"100

Inputs: (O Current-to Current Total Accidents by Ma...
(O Improved-t Improved Tot Accidents by Ma...
/7 Manner_o... Manner of Collision

v.-O

outputs: Benefit- Reduce Freq of Accidents v
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Crash
Severity

Diagram « Overall Safety Evaluation

Current Total Accndents
by Manner

Current Accident
data (1990)

Manner of
Collision

Intermediate
Step 2

Current Total Accidents '
: by Severity

{ Intermediate { Improved Accident Y[ Improved Tot Accidents
] Step1 4 Dataw/Autom. [3 by Manner

Factors 1

Improved Tot Accndent
by Severity

Imponant Read thls box

% Improved-
Accidents by Manner

% Improved-
Accidents by Severity




9.-0

(Objective Important_ Units:

Title: Important: Read this box

Description: The information in this diagram represents a safety analysis on data from
1990. The current data was not divided among our senarios (Freeway,
Arterials, etc.) and there was no acceptable way to break it down.
Therefore, the data used in this analysis is a total of accidents on the

freeway and arterials/networks. The information will be repeated in
other DEMOS models for completeness.

o v
Definition: Improve-si

Inputs: ) Improve-si Improve Situation Assessment...



LL-O

{/Index Crash-seve Units: Type

Title: Crash
Severity
Description: The index of crash severities as used by the 1990 General Estimates
System of the . . . .. These severities range from property damage only,
to minor or moderate injury, to severe or fatal injury.
BHw
Definition: " Property damage only'

"Mnor or noderate injury'
"Severe or fatal injury'

outputs:| Current Accident data (1990) v




8.-0

/7 Index

Crash-seve Units: Type

Title: Crash

Severity

Description: The index of crash severities as used by the 1990 General Estimates

System, Department of Transportation. These severities range from
property damage only, to minor or moderate injury, to severe or fatal
injury.

Hw
Definition: "Property damage only’
"Mnor or noderate injury’
"Severe or fatal injury"
Outputs:| Current Accident data (1990) v |




64-0

/7 Index Manner_of_ Units: Type

Title: Manner of
Collision

Description: This is the index of the manners of collision. This includes angle,
rear-end, head-on, and sideswipe collisions.

Hw
Definition: 'Angle’
' Rear - end'
' Head- on'
" Si deswi pe'
Outputs:| Evaluate gap control (safety) v |




(Chance Current-ac U nits : Number of accidents

Title: Current Accident
data (1990)

Description: This is the current (1990) multi-vehicle crashes by manner of collision
and crash severity. The data source is the General Estimates System
(1990) published by the Department of Transportation, National
Highway Traffic Safety Administration.

fa v

Definition: (Edit] indexed by Crash Severity, Manner of Collision

Inputs: // Crash-seve Crash Severity
/7 Manner_o... Manner of Collision

Outputs:| Current Total Accidents bv Manner Vl




18-O

O chance Current-to Units: Number of accidents

Tit | e : Current Total Accidents
by Manner

Description: This sums up the total accidents by manner of collision. Using the
current data.

i 4
Definition: Sum((Current_ac),Crash_seve)

Inputs: /7 Crash-seve Crash Severity
(O Current_ac Current Accident data (1990)

outputs: Evaluate gap contrel (safety) hd




28-0

O chance Current_to1 Units: Number of accidents

Tit | e : Current Total Accidents
by Severity

Description: This sums up the total accidents by crash severity. Using the current
data.

[ ieh 4
Definition: Sum((Current_ac),Manner_of_)

Inputs: (O Current-ac Current Accident data (1990)
/7 Manner_o... Manner of Collision

outputs:| % Improved- Accidents by Severity v




£8-0

(O chance Intermedia Units:
Title: Intermediate
Step 1

Description: This is an intermediate step to derive the Improved accident data.

B
Def i n i timdaexe@dEdpm]Crash Severity, Manner of Collision

Inputs: // Crash-seve Crash Severity
(O Current-ac Current Accident data (1990)
(O Factors-2 Factors 2
/7 Manner_o... Manner of Collision

Outputs:| Improved Accident Data w/ Autom. v |




¥8-0

(O Chance Factors-2 Units: Factor

Title: Factors 2

Description: These factors are the percentages of the severe or fatal category that
through automation are moved downward in category. For instance, 30%
of the severe or fatal angle accidents will become minor or moderate
accidents, and so forth.

MR 4

Definition : (Edit) indexed by Crash Severity, Manner of Collision

Inputs: /7 Crash-seve Crash Severity
/7 Manner_o... Manner of Collision

Outputs:| Intermediate Step 1 ¥ |




G8-0

O chance Intermedial Units:
Title: Intermediate
Step 2

Description: This is an intermediate step to derive the Improved accident data.

f&E v

Definition: (Edit] indexed by Crash Severity, Manner of Collision

Inputs: // Crash-seve Crash Severity
(O Current-ac Current Accident data (1990)
(O Factors-3 Factors 3
/7 Manner_o... Manner of Collision

outputs:| Improved Accident Data w/ Autam. v




98-0

O chance

Title:

Description:

Factors-3 Units: Factor

Factors 3

These factors are the percentages of the minor or moderate injury
category that through automation are moved downward in category to
property damage only. For instance,10% of the minor or moderate

injury angle accidents will become property damage only accidents, and
so forth.

& v

Definition : (Edit] indexed by Crash Severity, Manner of Collision

Inputs: /7 Crash_seve Crash Severity

outputs:

/7 Manner_o... Manner of Collision

Intermediate Step 2 W




L8-0

(OcChance

Title:

Descript on:

Definition:

Inputs

Outputs:

Improved_a Units: Number of accidents

Improved Accident
Data w/ Autom.

This represents the improved accident data as estimated using the
improvement factors.

(Jiigh 4
((Factors_1*Current_ac)+Intermedia+Intermedial)

: (O Current_ac Current Accident data (1990)
(O Factors_1 Factors 1
(O Intermedia Intermediate Step 1
(O Intermedi... Intermediate Step 2

Improved Tot Accidents by Manner hd




88-0

O cChance

Title:

Description:

Definition

Inputs

outputs:

Factors-I Units: Factor
Factors 1

These are the improvement factors applied to the current accident data to
develop one element of the improved accident data. There is a factor for
each manner and severity of accident. These factors are the fraction
which remain in that category. In others words, they are the percentages
of each category that automation can’t do anything about.

i3] w
: [ Edit Table } indexed by Crash Severity, Manner of Collision

. [J Crash-seve Crash Severity
/7 Manner_o... Manner of Collision

Improved Accident Data w/ Autom. v




68-0

(OcChance

Title:

Description:

Definition:

Inputs

Outputs:

Improved_t Units: Number of accidents

Improved Tot Accidents
by Manner

This sums up the total accidents by manner of collision. Using the
improved data.

(Jolgh 4
Sum((Improved_a),Crash_seve)

: /7 Crash_seve Crash Severity
(O Improved_a Improved Accident Data w/ Au...

Evaluate gap control (safety) v




06-O

(O Chance Improved_t1 Units: Number of accidents

Tit I e : Improved Tot Accident
by Severity

Description: This sums up the total accidents by crash severity. Using the improved
data.

2 4

Definition: Sum((Improved_a),Manner_of_)

Inputs: (O Improved-a Improved Accident Data w/Au...
/7 Manner_o... Manner of Collision

outputs:| 9% Improved- Accidents by Severity v




16-0O

O Chance A-improved U nits : Percentage

Title: % Improved-
Accidents by Manner

Description: This calculates the % improvement that is achieved through automation
by manner of collision.

i 4
Definition: ((Current-to-Improved-t)/Current-to)*100

Inputs: (O Current-to Current Total Accidents by Ma...
(O Improved-t Improved Tot Accidents by Ma...



¢6-0

(Chance A-improvedl Units: Percentage

Title: % Improved-
Accidents by Severity

Description: This calculates the % improvement that is achieved through automation
by crash severity.

2 4
Definition: ((Current_to1-improved_t1)/Current_to1)*100

Inputs: (O Current_to1  Current Total Accidents by Se..
(O Improved_t1 Improved Tot Accident by Seve...



€£6-0

O Chance | mprove_si Units:

Tit | e : Improve Situation
Assessment (veh)

Description: This parameter is the beginning of making something happening. It has no
impact unless because of assessing the situation you decide to do
something about it. Therefore, this is an input to the overall Safety

evaluation as shown.

opr v
Definition: 0

outputs: Important: Read this box ¥




Impact of decreasing
accel & decel

Impact of reducing
veh miles traveld

Diagram + Decrease Harmful Emissions

Influence of
route guidance

Influence of
encouraged mode shift




G6-0

O chance Impact-of- Units:

Title: Impact of decreasing
accel & decel

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

e v
Definition: O



96-0

O Chance Impact-of-| Units:

Title: Impact of reducing
veh miles traveld

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

Hw
Definition: | nfluence_|
I nfluence 1

Inputs: (O Influence- Influence of route guidance
O Influence... Influence of encouraged mode. ..



1670

O Chance
Title:

Description:

Definition:

outputs:

Influence_ Units:

Influence of
route guidance

Refer to the final report for any information in this IVHS benefit analysis
category.

opr v
0

Impact of reducing veh miles traveld v]




(O chance Influence-I Units:

Title: Influence of
encouraged mode shift

Description: Refer to the final report for any information in this IVHS benefit analysis
category.

o v
Definition: O

outputs: Impact of reducing veh miles traveld v




66-0

30

Impact of decreasing
accel & decel

Impact of reducing
veh miles traveld

Diagram « Decrease Use of Energy Resources

Influence of
route guidance

Influence of
encouraged mode shift
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Improve
Arterial
Safety

Diagram - Ivhsbenurbarterials1

Alleviate
Arterial
Congestion

Reduce
Harmful
Emissions

Reduce Use
of Energy Resources
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Benefit-
Managing Vehicle
Density

Benefit-

| Increasing intersct'n flow /

: Benefit-
Allevtg Accident,
Incident

Diagram - Alleviate Arterial Congestion

Incr Safe Speed
1 for Giv'n density

Keep Densny in
Stable flow
Enable Faster
Queue Clearing

Interleave
Intersection
Traffic

Reduce Freq

of Accidents
Reroute,
Detour

Encourage
Mode Shift

Enable Higher
Density Veh. Flow

Rapid Response
and Clean-up




¥0L-0

(Objective Benefit-m Units:

Title: Benefit-
Managing Vehicle
Density

Description: Documents the benefit of managing vehicular density on major arterials.

Hw
Definition: Encour nod
Gap_contro
Pl at ooni ng
Gap-control
Modi fy- saf

Inputs: (O Encour_... Encourage Mode Shift
(O Gap_contro Gap Control
(O Gap-control Gap Control
(O Modify-saf Modify Safegap Function
(O Platooning Platooning




S0t-0

(Objective Benefit-i Units:
Title: Benefit-
Increasing intersct™ flow

Description: Documents the benefit of Increasing intersection flow on arterials.

Bwv
Definition: Enable hig
Interleave

Conpar e-na

Inputs: (O Compare-ma Compare manual and Au...
(O Enable-hig Enable Higher Density Veh. Flow
O Interleave Interleave Intersection Traffic



901-0

(Objective

Title:

Description:

Definition:

Benefit-a Units:

Benefit-
Allevtg Accident,
Incident

Documents the benefit of alleviating accidents and incidents.

BHw

Estimte-r
Estimate rl

Estinmate r2

Inputs: (O Estimate-r Estimate Reducing Freqof Acc...

(O Estimate_r1  Estimate Rapid Reponse,Clean...
(O Estimate-r2 Estimate Reroute, Detour



L0}-O

Gap
Control

Platooning

Diagram

. Incr. Safe Speed for Giv'n density
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(O Chance
Title:

Description:

Definition:

outputs:

Gap_contro Units:

Gep

Control

Refer to the final report regarding any information in this IVHS benefit
analysis category.

5 4
0

Benefit- Managing Vehicle Density v




601-0

O Chance Platooning Units:

Title: Platooning

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

21 4
Definition: O

outputs:| Benefit- Managing Vehicle Density v




011-9O

(O chance

Title:

Description:

Definition:

Outputs:

Encour_mod Units:

Encourage
Mode Shift

Refer to the final report regarding any information in this IVHS benefit
analysis category.

S il 4

0

Benefit- Managing Vehicle Density hd
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2L-0

O chance Gap-control Units:

Title: Gap Control

Description:

Refer to the final report regarding any information in this IVHS benefit
analysis category.

o v
Definition: 0

outputs:

Benefit- Managing Vehicle Density v




€140

(Chance Modify-saf

Title: Modify Safegap
Function

Units:

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

[ 4
Definition: O

Outputs:| Benefit- Managing Vehicle Density w |
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Diagram . Enable Faster Queue Clearing

Time o
Green Light

PN
Est. total time
to clear intrsct'n-M

Est. total time
to clear intrsct'n-A

5[ Calc. the total ‘ . h
time due to spac'g-A Sthr l?gr;neinﬁ_;ars

Steady State Spacing- Compare manual
Automated { and Automated
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/7 Index Total-numb Units: Number

Title: Total Number of
cars to be evaluated

Description: This is the total number of cars that will be evaluated to get through the
intersection.

o v
Definition: Sequence(1,60)*1

Outputs:| Calc. the total distance requir’d v |




911-0

(O chance Space-betw Units: feet

Title: Space between cars
when stopped

Description: This is the space between each car when stopped at an intersection waiting
for the light to turn green.

5T 4
Definition: 4

outputs: | Calc. the tatal distance requir'd v




LLE-D

[CIDecision  Steady-sta Units: constant

Tit | e : Steady State Spacing
decay rate

Description: This is a constant to represent the decay rate that impacts the steady state
spacing of cars as they begin to move through the intersection.

o W
Definition: 2.0

outputs:| Cale. the total time due to spac’'g-M hd




811-0

O chance Initial-ca Units: seconds

Title: Initial Car delay-
manual

Description: This is the time (seconds) that the first car delays before entering
intersection after the light turns green. It represents the manual driver.

e 4
Definition: 3.5

outputs: Calc. the total time due to spac’'g-M v




6L1-0

(O chance Initial_ca1 Units: seconds

Title: Initial Car delay-
automated

Description: This is the time (seconds) that the first car delays before entering
intersection after the light turns green. It represents the automated case.

opr v
Definition: 0.1

outputs: Calc. the total time due to spac'g-A v




02+-0

O chance Steady-stal Units: seconds

Title: Steady State Spacing-
Manual

Description: This is the spacing that the cars would attain when beginning to clear an
intersection after the light turns green. It represents the manual driver.

=] 4
Definition:
E——S 3
outputs:  Calc. the total time due to spac’g-M v




12+-0

(Chance Steady-sta? Units: seconds

Title: Steady State Spacing-
Automated

Description: This is the spacing that the cars would attain when beginning to clear an
intersection after the light turns green. It represents the automated case.

Hw
Definition: 0.1
e’
0.5
0.7
0.8
1

outputs:| Calc. the total time due to spac’g-A v|




¢ct-O

O chance Car-length Units: feet
Title: Car Length
Description: The length of a car.

[T 4
Definition: 15

outputs: Calc. the total distance requir'd




€ct-0

(O chance Max-speed U nits : feet per second
Title: Max Speed

Description: The maximum speed that a car is allowed to attain progressing through an
intersection. The baseline is 30 MPH or 44 feet per second.

[T 4
Definition: 30.0%*1.466666

Outputs:| Est. total time to clear intrsct'n-M ¥ |




v¢ 1-0

(OcChance Distance_1 Units: feet

Title: Distance 1st car
must travel

Description: This is the criteria for clearing the intersection. We have choosen 75
feet to be representative of a large intersection.

[2oldh 4
Definition: 75

Outputs:| Calc. the total distance requir'd v |




Gel-0O

(O chance Accelerati U nits : feet/sec/sec

Tit | e : Acceleration

Description: This is the acceleration that the car exhibits as it moves through the
intersection. We are using 0.15g's or 4.8feet per second per second.
31 4
Definition: 0.15*32

outputs: | Est

. total time to clear intrsct'n-M ¥
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(Chance Time-of-g Units: seconds

Title: Time of
Green Light

Description: This is the time that the intersection light is green and therefore the cars
can progress through the intersection. We have choosen to evaluate a
range of 20 to 60 seconds.

=1 4
Definition: 20
w&%
40
50
60
outputs: Est. how many cars thru green It-M v
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(Chance Calc._the_ Units: feet

Title: Calc. the total
distance requird

Description: This is the total distance required to clear all of the cars through the
intersection.
(Duidh 4
Definition: (Distance_1+((Total_numb-1)*(Car_length+Space_betw)))

Inputs: (O Car-length Car Length
(O Distance-| Distance 1st car must travel
(O Space-betw Space between cars when stop...
/7 Total-numb Total Number of cars to be eva...

outputs:  Est. total time to clear intrsct'n-M ¥
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(Chance
Title:

Description:

Definition:

Inputs:

outputs: |

Calc._the_2 Units: seconds

Calc. the total
time due to spacy-M

This is the total time used due to the spacing required between cars as
they move through the intersection. It includes a decay rate function to
represent that cars in the front of the queue allow more spacing than the
cars at the end of the line. This is for the manual driver.

oy v
If
Total_numb=1

then Initial-ca
Else

Cumulate((Steady_sta1+(Initial_ca/(Total_numb*Steady_sta))),Total_
numb)

O Initial-ca  Initial Car delay- manual
[] Steady-sta Steady State Spacing decay rate
(O Steady_st... Steady State Spacing- Manual
/7 Total-numb Total Number of cars to be eva...

Est. total time to clear intrsct’'n-M v}
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(Chance

Title:

Description

Definition:

Inputs

outputs:

Calc._the_1 Units:

Calc. the total
time due to spacy-A

: This is the total time used due to the spacing required between cars as
they move through the intersection. It includes a decay rate function to

represent that cars in the front of the queue allow more spacing than the
cars at the end of the line. This is for the automated car.

e 4

If

Total_numb=1

then Initial-Cal

Else Initial-Cal +Steady_sta2*(Total_numb-1)

. (O Initial-cat Initial Car delay- automated

(O Steady-St... Steady State Spacing- Automated
[/ Total-numb Total Number of cars to be eva...

Est. total time to clear intrsct'n-A v |
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(O chance Est.-total Units:

Title: Est. total time
to clear intrsct’h-M

Description: This object estimates the total time it takes to clear the intersection of all
cars being evaluated. It represents the manual driver situation.

o v
Definition: If

(Max_speed”2)/(2*Accelerati)>=Calc._the_

Then Cale._the_2+((2*(Calc._the_/Accelerati))*0.5)

Else
Calc._the_2+(Max_speed/(2*Accelerati)}+(Calc._the_/Max_speed)

Inputs:(OAccelerati  Acceleration
(O Calc._the_ Calc. the total distance requird
(O Calc._the... Cale. the total time due to spac’...
(O Max-speed Max Speed

outputs:  Compare manual and Automated hd
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O chance

Est._total2 Units:

Ti tle: Est. total time

to clear intrsct’'n-A

Description: This object estimates the total time it takes to clear the intersection of all

Definition:

Inputs :

Outputs:

cars being evaluated. It represents the automated car case.

oy v
If

(Max_speed”2)/(2*Accelerati)>=Calc._the_

Then Calc._the_1+((2*(Calc._the_/Accelerati))*0.5)

Else
Calc._the_1+(Max_speed/(2*Accelerati))+(Calc._the_/Max_speed)

(O Accelerati Acceleration

(O Calc._the_ Cale. the total distance requir'd
(O Calc._the... Cal. the total time due to spac.. .
(O Max-speed Max Speed

Compare manual and Automated h 4
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O chance Compare-ma Units:

Tit le: Compare manual
and Automated

Description: This compares the times for the manual driver and the automted car case.

Bw
Definition: Est. total[Steady stal=2]
Est. total2lSteadv sta2=0.5]

Inputs: (O Est.-total  Est. total time to clear intrsct”..
(O Est.-total2 Est. total time to clear intrsct”..
(O Steady-St... Steady State Spacing- Manual
(O Steady-St... Steady State Spacing- Automated
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(Chance Est.-how-m Units:

Title: Est. how many cars
thru green It-M

Description: This object attempts to estimate the number of cars that get through the

intersection for the green light times evaluated. This is the manual
driver situation. This is not working corectly yet.
I 4
Definition: |If
(Est.-total <= Time-of-g)
then Total-numb
Else 0

Inputs: (O Est.-total  Est. total time to clearintrsct....
O Time-of-... Time of Green Light
[/ Total-numb Total Number of cars to be eva...
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(Chance Est._how_m2 Units:

Tit | e : Est. how many cars
thru green It-A

Description: This object attempts to estimate the number of cars that get through the
intersection for the green light times evaluated. This is the automated car
case. This is not working corectly yet.

oqr W
Definition: If
Est._total2[Steady_sta2=0.5]<= Time-of-g
then Total-numb
Else 0

Inputs: (O Est._total2 Est. total time to clear intrsct’..
(O Steady-St... Steady State Spacing- Autorated
(O Time-of-... Time of Green Light
/7 Total-numb Total Number of cars to be eva...
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(O chance Enable-hig Units:

Title: Enable Higher
Density Veh. Flow

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

opr v
Definition: 0O

outputs: Benefit- Increasing intersct’'n flow ¥
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O chance Interleave Units:

Title: Interleave
Intersection
Traffic

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

oQr v
Definition: 0

Outputs:L Benefit- Increasing intersct’'n flow V|
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O chance Estimate-r Units:

Tit | e : Estimate Reducing
Freq of Accidents

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

osQr v
Definition: O

Outputs:| Benefit- Allevtg Accident, Incident v |
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(Ochance Estimate_r1 Units:

Title: Estimate Rapid
Reponse,Clean-up

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

o W
Definition: 0
Outputs:[ Benefit- Allevtg Accident, Incident v
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(O Chance

Estimate-r2 Units:

Title: Estimate Reroute,

Description:

Definition:

outputs:

Detour

Refer to the final report regarding any information in this IVHS benefit
analysis category.

or v
0

Benefit- Allevtg Accident, Incident W
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(Objective Benefit r Units:

Title: Benefit-
Reduce Freq
of Accidents

Description: Evaluate the benefit of improving arterial safety by reducing the
frequency of accidents.
Hw
Definition: Smart_stre
Incr. veh_
Important

Inputs: (O Important- Important: Read this box

(O Incr._veh_ Incr. Veh react'n time, Manvr . . .
(O Smart-stre Smart Street Control of Veh
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(Objective Benefit__r1 Units:

Title: Benefit-
Reduce Severity

Description: Evaluate the benefit of improving arterial safety by reducing the severity
of accidents. Refer to the final report regarding any information in this
IVHS benefits analysis category.

oQr v
Definition: 0O
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(Objective Benefit-ml Units:

Title: Benefit-
Mitigate Accidents’
Effects

Description: Evaluate the benefit of improving arterial safety by mitigating the effects
of accidents.

e 4
Definition: Speed-care

Inputs: (O Speed-care Speed Care for the Inju...
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(O chance Smart-stre Units:

Title: Smart Street
Control of Veh

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

oQr v
Definition: 0O

outputs:[ Benefit- Reduce Freq of Accidents V|
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O chance Incr._veh_ Units:

Title: Incr. Veh reactn
time, Manvr Respns

Description: Refer to the final report regarding any information in this IVHS benefits
analysis category.

opr v
Definition: 0

outputs: Benefit- Reduce Freq of Accidents v
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(OcChance

Title:

Description:

Definition:

Cutputs

Speed_care Units:

Speed Care

for the Injured

Refer to the final report regarding any information in this IVHS benefit
analysis category.

oQr v

0

:I ggnefit- Mitigate Accidents' Effects V|
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(O chance Improve-si Units:

Title: Improve Situation
Assessment

Description: Refer to the final report regarding any information in this IVHS benefits
analysis category.

o v
Definition: O

outputs: Important: Read this box ¥
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Diagram « Overall Safety Evaluation

Crash Current Total Acc:dents
rast by Manner
Severity 2

' Current Accident
data (1990)

Manner of Current Total Accidents
Collision by Severity

i Intermediate i/ Improved Accident
Step 1 il Dataw/ Autom.

' Intermediate
i Step 2

Improved Tot Accidents :
by Manner _

[ Improved Tot Accident
: by Severity

Important: Read this box

% Improved-
Accidents by Manner

% Improved-
Accidents by Severity
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(Objective Benefit-d Units:

Title: Benefit-
Decreasing
Accel, Decel

Description : Estimate the benefit of reducing harmful emissions through decreasing
the accelerations and decelerations of automobiles.

BHw
Definition: Reduce _con
Smart _strel

Inputs: (O Reduce-con Reduce Congestion
(O Smart-strel Smart Street Control V...
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(O chance Reduce_con Units:

Title: Reduce
Congestion

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

[l 4
Definition: 0O

Outputs:| Benefit- Decreasing Accel, Decel ¥ |
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O cChance

Smart_stre1 Units:

Title: Smart Street

Description:

Definition:

outputs:

Control Veh Speed

Refer to the final report regarding any information in this IVHS benefit
analysis category.

o W
0

Benefit- Decreasing Accel, Decel v
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(Objective
Title:

Description:

Definition:

Inputs

Benefit-r2 uUnits:

Benefit-
Reducing
Veh milesTraveled

Estimate the benefit of reducing harmful emissions through reducing the
vehicle miles traveled.

=R 4
Encour age- |
Route quid
(O Encourage-l  Encourage Mode Shift

(ORoute_guid Route Guidance
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(O chance Route_guid Units:

Title: Route
Guidance

Description: Refer to the final report regarding any information in this IVHS benefit
analysis category.

o v
Definition: O

Outputs:I Benefit- Reducing Veh milesTraveled vl




GG1-2

(OcChance

Title:

Description:

Definition:

Outputs:

Encourage_ Units:

Encourage
Mode Shift

Refer to the final report regarding any information in this IVHS benefit
analysis category.

o v
0

Benefit- Reducing Veh milesTraveled v
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Benefit-
Decreasing
Accel, Decel

Benefit-
Reducing
Veh milesTraveled

Diagram - Reduce Use of Energy Resources

Reduce
Congestion
Smart Street
Control Veh Speed

Route
Guidance
'Encourage.
Mode Shift
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Diagram . lvhsbenhidendwntwnl

Alleviate
Downtown
Congestion

Improve
Downtown
Safety

Reduce
Harmful
Emissions

Reduce Use
of Energy Resources
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Benefit-
Managing Veh

Benefit-
| Increasing intersct'n flow

Benefit-
Allevtg Accident,
Incident

Diagram . Alleviate Downtown Congestion

Control access
to area

Smooth density peaks
thru rerouting

Decrease Down - }
town VMT

denlcochecienulladnder had

EnableFaster
Queue Clearing

Enable Higher
Density Veh. Flow

intersection
Traffic

Reduce Freq
of Accidents

Reroute,
Detour

Rapid Response
and Clean-up
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(Objective Benefit-m Units:
Title: Benefit-
Managing Veh Density

Description: Documents the benefit of managing vehicular density in downtown areas.

=h 4
Definition: Smoot h- den
Eval uate

Selective |

Encourage_

Route  gui

Inputs : (C) Encourage- Encourage Mode Shift
(O Evaluate__ Evaluate Access metering
(O Route-gui Route Guidance
(O Selective_ Selective Road Pricing
(O Smooth-den Smooth density peaks thru re...
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O chance Smooth-den Units:

Title: Smooth density peaks
thru rerouting

Description: Refer to the final report regarding any information on this IVHS benefit
category.

oqr v
Definition: 0

outputs: Benefit- Managing Veh Density Vl
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(OcChance Evaluate__ Units:

Title: Evaluate
Access metering

Description: Refer to the final report regarding any information on this IVHS benefit
category.

(Sl 4
Definitiecn: 0

Outputs:| Benefit- Managing Veh Density hd
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m D]agram

Selective
Road

Encourage
Mode Shift

Route
Guidance

Decrease Down- town VMT
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O Chance Selective_ Units:

Title: Selective

Road Pricing
Description: Refer to the final report regarding any information on this IVHS benefit
category.
oQr v
Definition: 0

outputs:| Benefit- Managing Veh Density vJ




G91-0

O chance Encourage_ Units:

Title: Encourage
Mode Shift

Description: Refer to the final report regarding any information on this IVHS benefit
category.

oy v
Definition: 0O

Outputs:[ Benefit- Managing Veh Density V|
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(OcChance

Title:

Description:

Definition:

Cutpuis

Route__gui Units:

Route
Guidance

category.

T 4
0

Refer to the final report regarding any information on this IVHS benefit

| Benefit- Managing Veh Density

v
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(O objective

Title:

Description:

D= ‘nitien:

Inputs:

Benefit__i Units:

Benefit-
Increasing intersct'n flow

Documents the benefit of increasing intersection flow in the downtown
areas.

BHw

Enable hig

Interleave

Evaluate f

(O Enable_hig Enable Higher Density Veh. Flow
(O Evaluate_f Evaluate Faster Queue Clearing
(O Interleave Interleave Intersection Traffic
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(O chance Evaluate-f Units:

Title: Evaluate
Faster Queue Clearing

Description: A specific analysis of faster queue clearing in the downtown areas has not
been accomplished. However, an analysis to estimate the effects of AVCS
technologies on clearing of intersections on major arterials is contained
in the urban arterials DEMOS model. Those results indicate a significant
improvement could be achieved.

oqr v
Definition: O

Outputsz| Benefit- Increasing intersct'n flow VI
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O chance Enable-hig Units:

Title: Enable Higher
Density Veh. Flow

Description: Refer to the final report regarding any information on this IVHS benefit
category.

e v
Definition: 0O

outputs: ~ Benefit- Increasing intersct’'n flow VI
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(O Chance Interleave Units:

Title: Interleave

Intersection
Traffic
Description: Refer to the final report regarding any information on this IVHS benefit
category.
o v
Definition: 0

outputs:| Benefit- Increasing intersct’'n flow v
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(Objective Benefit-a Units:

Title: Benefit-
Allevtg Accident,
Incident

Description: Documents the benefit of alleviating accidents and incidents in the
downtown areas.

BHw

Definition: Estimate r

Estimate rl
Estimte r2

Inputs: (O Estimate-r Estimate Reducing Freq of Acc...
(O Estimate_r1  Estimate Rapid Reponse,Clean.. .
(O Estimate-r2 Estimate Reroute, Detour
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(O chance Estimate-r Units:

Title: Estimate Reducing
Freq of Accidents

Description: Refer to the final report regarding any information on this IVHS benefit
category.

o v
Definition: 0O

outputs:

Benefit- Allevtg Accident, Incident v
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(Chance Estimate_r1

Units:

Tit | e : Estimate Rapid
Reponse,Clean-up

Description: Refer to the final report regarding any information on this IVHS benefit

category.

5T 4

Definition: 0O

outputs:

Benefit- Allevtg Accident, Incident hd
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(OcChance Estimate_r2 Units

Title: Estimate Reroute,
Detour

Description: Refer to the final report regarding any information on this IVHS benefit
category.

0T 4
Definition: 0

Outputs:L_Benefit- Allevtg Accident, Incident v
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(Objective Benefit-r Units:

Title: Benefit-
Reduce Freq
of Accidents

Description: Assess the benefit of reducing the frequency of accidents.

= 4
Definition: Exert dire

| npor t ant -

Inputs: (O Exert-dire Exert Direct Veh Control by SS
(O Important_ Important: Read this box
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O chance Exert-dire Units:

Title: Exert Direct
Veh Control by SS

Description: Refer to the final report regarding any information on this IVHS benefit
category.

T 4
Definition: 0

outputs: Benefit- Reduce Freq of Accidents v
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Diagram -« Overall Safety Evaluation

Current Total Acmdents
( by Manner
Current Accident e T ———

data (1990)

Current Total Accidents g % Improved-
by Severity Accidents by Manner

{ Improved Tot Accidents ' % Improved-
by Manner Accudents by Severity

Improved Tot Accident
by Severity

Important: Read this box
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(Objective Benefit-ml Units:

Title: Benefit-
Mitigate Accidents’
Effects

Description: Assess the benefit of mitigating the effects of accidents.

1 4
Definition: Speed-care

Inputs: (D Speed-care Speed Care for the Inju...
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(O chance Speed-care Units:

Title: SpeedCare
for the Injured

Description: Refer to the final report regarding any information on this IVHS benefit
category.

opr v
Definition: 0O

outputs: Benefit- Mitigate Accidents’ Effects VI
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Benefit-
Decreasing
Accel, Decel

Benefit-
Reducing

Veh milesTraveled £

Diagram - Reduce Harmful Emissions

Reduce
Congestion

Route
Guidance

Encourage
Mode Shift
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(Objective Benefit-d Units:

Title: Benefit-
Decreasing
Accel, Decel
Description: Assess the benefit of decreasing accelerations and decelerations.
g W
Definition: Reduce-con

I n puts : (O Reduce-con Reduce Congestion



(O chance Reduce_con units:

Title: Reduce
Congestion

Description: Refer to the final report regarding any information on this IVHS benefit
category.

s v
Definition: 0O

outputs: Benefit- Decreasing Accel, Decel ¥
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(Objective Benefit-r2 Units:

Title: Benefit-
Reducing
Veh milesTraveled

Description: Estimate the benefit of reducing vehicle miles traveled.

Hw
Definition: Encour age- |
Route guid

Inputs: (O Encourage-l  Encourage Mode Shift
(O Route_guid Route Guidance
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(Ochance

Title:

Description:

Definition:

Outputs:

Route_guid Units:

Route
Guidance

Refer to the final report regarding any information on this IVHS benefit

category.

eqr W
0

Benefit- Reducing Veh milesTraveled

v
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(Chance
Title:

Description:

Definition:

outputs:

Encourage-I Units:

Encourage
Mode Shift

Refer to the final report regarding any information on this IVHS benefit

category.

oQr v
0

Benefit- Reducing Veh milesTraveled

v
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Copyright notice

Information in this document is subject to change without notice and does not
represent a commitment on the part of Lumina Decision Systems, Inc. The
software program described in this document is provided under a license
agreement The software may be used or copied enly in accordance with the
termsofthe agreement. It is against the law to copy thesoftware on any
medium except as spedifically allowed in the license agreement. No part of this
document may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or information
storage and retrieval systems, for any purpose other than thelicensee's
persona use, without the express written consent of Lumina Decision Systems,
Inc.

This document and the software program it describes, Demos, are copyrighted
with all rights reserved. This program was written using MacApp®: © 1985-
1990 Apple Computer, Inc.

This document is:
© 1992 Lumina Decision Systems, Inc. All rights resewed.

The Demos software program is:
© 1982-1991 Carnegie Mellon University,
© 1992 Lumina Decision Systems, Inc All rights resewed.

The Demos software is lid from Carnegie Mellon University exclusively
to Lumina Decision Systems, Inc, and includes software proprietary to Lumina
Decision Systems, Inc.

Carnegie Méellon University and Lumina Decision Systems, Inc., make no
warranties whatsoever, either express or implied, regarding this product
including warranties with respect to its merchantability or its fitness for any

particular purpose.

TheMacApp softwareis proprietary to Apple Computer, Inc., and islicensed
to Lumina Decision Systems, Inc. enly for use in combination with the Demos

program.

Apple Computer, Inc., makes no warranties whatsoever, either e—xpress or
implied, regarding this product, including warranties with respect to its
merchantability or itsfitness for any particular purpose.

Lumina Decision Systems, Inc.

125 Cdlifornia Avenue, Suite 200

Palo Alto, CA 94306

Phone: (415) 3274944

FAX (415) 3261769

AppleLink: Lumina

Internet: Lumina@A ppleLink.Apple.Com
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Part 1

Getting started

Welcome t0 the Demos Tutoria. Thisis ahands-on introduction to using
Demos. In this tutorial, you will learn how to install Demos on your hard disk,
how to explore an existing Demos project, and how to create a new Demos
project using step-by-step instructions. The tutorial is divided into three parts,
and you can cover the entire tutoria in under an hour.

Q Getting started about 5 minutes

This part shows you show to install Demos on your computer so you can
getstarted.

Q Exploring a Demos project about 15 minutes

This part shows you how to start up an existing Demos project, how to
examine the model structure and assumptions, and how to generate tables
and graphs showing theresults of the model. It also shows you how to
generate probability distributions that characterize uncertainty, and how
to do sengitivity analysis to see which uncertainties are most important.
The example mexiel analyzes total costs of buying and-owning a house.

Q Creating a new Demos project about 25 minutes.

This part shows you how to create a new Demos project from scratch. It
shows you how to create variables, define dependencies, add
documentary text, and compute results. The example model analyzes the

costs of owning and running a car.

This tutorial is designed to familiarize you with the user interface of Demos,
and introduce you to some of its basic features. Once you have become
familiar with the interface and features of Demos, you shoul d refer to the
Quick Reference for more information about the windows and menusin
Demos. The forthcoming DemosUser's Manual will provide more details
about the functionality of Demos to build more complete models.
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What you are expected to know

You need to have the basic skills in using a Macintosh computer. These
include knowing how to point and click, double-click, and drag the mouse.
Y ou a so need to know how to use pull-down and popup menus, scroll bars,
and the basies of using windows.

If you are unfamiliar the basic skills descrii above, we recommend that you
use the Macintosh Tour or Macintosh Basics disk that comes with your
Macintosh to learn these techniques, step by step, on your computer. Check
your Macintosh Getting Started booklet and Macintosh User’s Manual for
details.

Demos versions

All versions of Demos require a Macintosh with enough RAM memory (1.5
megabytes). There are three versions of Demos available:

Demos FPU This is the full version of Demos with dl capabilities. It
requires that your Macintosh have a Floating Point Unit
(FPU). It will run on any Macintosh except the Mac Plus,
Mac Classic, Mac SE, and Mac LC, PowerBook 100, Mac Isi
without optional Floating Point Unit, or any other Macintosh
that does not have a Floating Point Unit.

Demos U Thisis the full version of Demos, but does not use a Floating
Point Unit. It runs about 30% slower than Demos FPU on a
machine that has a Floating Point Unit.

Demosdemo  This demonstration version is available for free, and can be
copied and shared freely with other people. It does not
require an PPU. It lets you do anything the full version of
Demos can do, except it will not save any changes to a
model.

You can use this tutorial with any of the Demos versions. If you use the
demonstration version, you can wen go through part 3, tolearn how to create
a new model. But you won’t be able to save the new model you have seated,
and so will lose it when you quit Demos.
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1 Turn on your Macintosh.

Installing Demos

. The first thing to do is to copy the Demos program onto your hard drive, if it

isn't then? already. You will need a floppy disk containing Demos and the
sample models. The same ingtallation procedure will work with whichever
version of Demos you have - Demos FPU, Demos U or Demos demo. The only
difference isthat the Demos folder and application may have different names
from those depicted, e.g., “Demos demo” instead of “Demws”. Follow the
ingtructions in the boxes.

2 Insert a Demos diskette
into the disk drive.

You will now see the
Demos disk icon on the
right side of your screen.

3 Open up your hard disk
folder by double-clicking
on the hard disk icon.

Check if your Macintosh is
running System 7. If itis,

there will be a balloon help

? near the right end of the
menu bar.

If your Macintosh is not
running system 7, skip to
step 5. If it is running
System 7, continue to step
4,

Part 1

[ & File Edit Vlew L a b e | Special 5B
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For System 7 users:

4 Drag the icon of the
diskette onto your hard
disk.

You are now done-Demos
isinstalled onto your hard
disk. Tumtothencxt

page.

For non-System 7 users:

5 Select New Folder from
the File menu to create a
folder on your hard disk
Label the folder ‘Demos’.

6 Doublelick on the
diskette icon to show
contents of diskette,

3 Brions H) BEE——————=C E e

S0 B in disk S MB available I

=1

7 Drag each item from the
diskette into the empty
Demos folder on your hard
disk.

Getting Started
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Part 1

Balloon Help

" Bdloon Help provides text to explain each icon, button, field, menu item or

other features of the user interface of a Macintosh program. When you move
the mouse cursor over the feature, the explanation text appears in a cartoon-
like balloon pointing to the feature. Balloon Help is available on Macintoshes
that are running System 7. You can tell whether your Mac is running System 7
by whether there is a ? near the right end of the menu bar:

[ ® e kdit view Lebel Special -

Press on this ? menu to see the Help Menu. Select Show Balloons if you want
to switch on Balloon Help.

[ About Balloon Heﬁ

Show Balloons |

We recommend that you use Balloon Help when you first start using Demos.
When you become more familiar with Demos you can turn it off again. To turn
it off, press again on the ? menu, and select HideBalloons;

Getting Started 5
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Part 2 Exploring a Demos project

You can explore an existing model by starting the model in the conventional
Macintosh way as described below. |n thissection, you will browse the House
model, a Demos project that compares the cost of renting to the cost of buying
a house. By examining this project, you should become familiar with how to
examine and evaluate a model.

1 Double-click on the Demos m——————— LG ] R
folder, to open it up.

2 Double-click on the Models
folder, to open it up.

3 Doubleclick on the icon of
the House model to start it 3 Homs St M8 n disk 4 MB avatiable |

- Wi

Txe  Aocounting tbrary

As Demos starts up, you Ny - _
will see this initialization ~Demos © decision modeling system
window. Yersion2.0b 1 FPU of June 23, 1992
©1982-91 Carnegie Mellon University
The progress bar shows 01992 Lumine Dectsion Systems, Inc.
how far Demos is in
initializing. ® Esrly Adopter Bets Relesse - for Licensee use only.
Demos may NOt be copied, 014, lent Or otherwise provided
. to snyone slse. Contact Lumine Decision Systems for more
information, Or to Obtain ¢ demonstration copy. -
Brian Arnold
Lumins Decision Systems, Inc.
initielizing... NN ]
Then, as it starts up the == Reading from File...
model, you will see this ing: W
progress bar. This shows Reading: House
how far Demos is in

readingin themodel.
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The browser icon is grayed-
out, indicating that you are
inbrowsemode. This
means you can examine the
diagrambutnotchangeit

Dedsion variablesare
represented by rectangular
nodes. Decisions are
variables that are directly
under the control of the
decision maker.

Chance variablesare
represented by nodes with
rounded corners. In
general, chance variables
are uncertain. They cannot
be controlled directly by
the decision maker.

Submodelsarerepresented
by thick-lid nodes with
rounded corners. A
submodel contains its own
influence diagram,
showing more detail.

The objective variable is
represented by a hexagonal
node. The objectiveisthe
variable that evaluatesthe
overall value or desrability
of outcomes. In this one,
the goal is to minimize the
Annualized housing cost.
Most models contain a

single objective node.

Recognizing objects on the diagram

When a model is started up, Demos displays the top level of the model in an
influence diagram window as shown below. A model contains anumber of
objects of different classes. Objj classesinclude decision variables, chance
variables and submodels. The shape of each node i nthe diagram indicates its

object class.

jge=—=——————n3 Oiagram ¢ House cost analysls

£ Years Annual
= ovwned
O
| [Teuying
ST price
>
housing cost
Down i
payment | ;’E Loan
’// , i
= )l

C-202
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Opening an object window

. Every object hasan objj window which shows detailed information about it.

Y ou can display the objj window of an object Ssmply by double-clicking ik
nude in the influence diagram. Information about an object is structured asa
list of attributes. The attributes of a variable include ik class, name, title, units,
description, definition, and outputs.

1 Doubleclick on the Down
Payment nodé to open the
object window for Down
Payment.

This is the measurement
units for the quantity. The
units hereisdollars.

The object’s class is
Decision variable.

Thenameofthisobjjis
Downpaymt. It is used to
refer to this variable in def-
initions of other variables.

Thetitleof anobjectsays
briefly (up to 36 characters)
what it is. The title is also
shown in the node.

The description provides
more complete documen-
tation about this variable.

The definition is a smple
number. 120K means 120
thousand. The definition
may also be a probability
distribution, or other

mathematical expression.

Outputs are variablesthat
depend on thisvariable.

Part2

=) (=)

Object s syment

& y/bﬁmmgmt u.'a $
|~ Title: |Down

peyment

[

ption;, Down payment on house ot purchese.

g
\-'-
3
Al
WLl
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Moving to other object windows

An alternative to displaying an object window by double-clicking ik node on
the influence diagram is to explore the inputs or outputs of a displayed object
window. The objj window for a variable containsa list of ik inputs, and a
popup menu of ik outpuk. You can replace the variable in the object with one
of ik inputs or with one of ik outputs.

1 Press here to show a popup

menu of theoutputsof this & CIoecisien  Downpeymt Uaits: $ it
variable. —mr Titte: [Down
2 Holding the mouse down, 1 peyment
dide the cursor to highlight > : Down peyment O house st purchese.
Load, and releaseiit, to
select that variable.
:vioan '3.
foregone interest on Downpagment =
Loan is a Chance variable. Object e Loan
[OChance Mortgege Units: $
The definition of the Loan - Title: Toen
amount is the difference — T
between the Price and the Descriptien: Total mortgsge (1oan) omount.
Down payment. The T/ ooV
definition refers to these anw- DownPaymt
variables by their names.
faputs: [] Downpeymt ODown payment
The list of inputs shows the /( [ Prics Buving prics -
names and titles of the vari- / Outputs:| Anasel pagments d o
ables in the definition. A 5
When the names are brief,
thetitleshelp explain what
they refer to. Down pay-
ment, the variable we cam
from, is one of ik inputs.
You can examine the object | |’ Definition: Price - DownPagmt =~~~ "
window for any input by laputs: [] Downpaymt Down peyment
double-clicking on It. Buying price
3 Double-click on input Price. — Outputs:| Anasal peyments o |

JEZE==—=—===—=—="1 0bject « Down payment @

The objj window now
displays the attributes of
Rice.

BOE==——————— ubject * Buying price %ﬂ

{IDeciston
Title:

Prics

Buying
price

Uaits: $K

Click on the Diagram icon
to return to the influence
diagram.

10

M i 1]

Description: Total price of house (including closing costs)

Vv

Deflaftion: 400K

Outputs:| Lean

%)

Exploring a Demos project
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The diagram window is
frontmost again. Note that
the variable Buying price is
highlighted (in reverse
video) to show we were
just examining it. (If it isn’t
highlighted for any reason,
highlight it by clicking on it
once).

| Clickontheexpandiconin
order to open the attribute
view.

Youcannowseethe
description of Buying price
in the attribute view.

2 Press here to show the pop-
up menu of all the
attributes of the selected
node.

Part 2

Using the attribute view

Asan alternative to viewing attributes of avariablein itsobject window, you
can inspect attributes in the attriite view. Thisis an auxiliary window pane

that you can open below a diagram window. Theattribute view letsyou

rapidly examineoneathibuteatatimeofanyobjectinthediagraxn You can
select which object to view by selecting it in the diagram, and you can select

which attribute you want from a popup menu of attributes.

T e Dlagrem ¢ House cost enalysis

¥ ®a&

NS &
.9

v|H" Ez

Annuaiized

\

of B“in prieo

Descri ptin v

Total price of house {including closing costs)

Name
Class
Title

vDescription of Buging price:

............................................................................

eI R O

Definition
Ualue
Outputs
lnpuls

1 uding closing costs)

Exploring a Demos project
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1 Presson the attribute
popup menu, drag to
Definition and release to
select it as the new current
attribute to display.

You will sée the definition
of Buying price here. It isa
single number, 400K, that is
400,000.

Click on the Down
payment variable to select
it.

You will see the definition
of Down Payment here. It
isalso anumber, 120K, that
iS120,000.

Click on the Loan variable
in the diagram to select it.

You will see the definition
of Loan here. Itisan
expression, using the
names of Down payment
subtracted from buying
price. Inthisway, you can
look at the definition of any
variable in the model.

12

Inspecting definitions in the attribute
view

The attribute view alows you to view any attribute of an object For example,
you may want to look at the description of each variate, or the definition (as
we show here).

...........................................................

of Buging priu

Definition
Ualue
Outputs

1uding closing costs)

..........................................................................................................

<

v)| srwv of Bulu pdeo.

ﬂ liti

vl eprv of Deva n'-n(

om-mu

N

Definition V| ewrw ofl.un.'

Prics - DownPeaymt

Exploring a Demos project
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Inspecting values in the attribute view

Theattribute view allows you to view some attributes, like the Value, which
arenot (initially) shown in the object window. When you ask to show the
Value attribute of a variable, Demos will first compute it automatically if
necessary.

1 Presson the attribute Diagrem e House cost analysis

popup menu gnd s ect fb
Value. —= (Y J ( Annual J ,

i
il

Buying
price

Calal Gl

Down
payment

R e e o

Name
Class interest
Title rate
Units

2 I\ Description
Definition or v of Lean:

E

O T Ry

G

Probualue

You will see the value of N
Loan here (actually the mid
or deterministic value).

2 Click on the Annualized | [
housing cost node to select
it.

Demoswilltakeamoment
to computethevalue.
Then, you will see the mid
value of Annualized ? L D S A
housing cost. In thisway, Yalwe v| sprw ounuuzu huin mt.

youcanlookatthemid 14.2K E
13

value of any variable in the
model.

Part2 Exploring a Demos project
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Displaying an uncertain value

You can display the value of a variable in several different ways, some
numerical and some graphica. Even if the variable is uncertain, you can
display its mid (deterministic) value. The mid value is computed assuming all
uncertain variables are fixed at their medians. It is much quicker to compute
than a full probabilistic value, and so it is useful for initial checks of the model.
Demos offersawide variety of viewsto display the uncertainty in avariable,
including selected statistics, probabiity bands, a graph of the probability
density function or the cumulative distribution function, or even the table of
random numbers from which the distribution is estimated. Here you will use
severa of these views for a variable defined as a normal probability

distribution.
1 Click on the Interest rate
node to select it.
2 Change the attribute to -
view its Definition. -
The definition is a Normal 4~ Nermi(10.5%, 1.5%)

distribution, with amean
value of 105%, and a
standard deviation of 15%.

3 This icon represents mid
(deterministic) value It is
the current option for
displaying the value of the
selected variable. Click on
it to display the mid value.

Annuaiized
housing cost

Thiswindow appearswith (J——
the mid value shown The
mid value of anormal
distribution isits median
whichisthesameasits
mean, 0.105, or 105%.

G- 208
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4 Press on the uncertainty
view selector popup menu
to view the uncertainty
view options, drag the
mouse t0 Statistics, and
release.

Shown are the minimum,
median, mean, maximum
and standard deviation.
are not exact, since
they are estimated from a
sample of values from the
distribution. Using Latin
Hypercube sampling, the
median and mean are very
closetothetruevalue
0.105. For a normal distri-
bution, the true minimum
and maximum is minus
and plus infinity. Demos
truncates the distribution at
minus and plus 3 standard
deviations from the mean.

BOE===—==—y Mid Uclue * Interest rate (/year) [EEEmm—=mm—_—T"§|

S5

-
-y
 — <
L Mid Value |

[\ m Mesn Uslue

K Probsbllity Bands.
la Probsbllity Denslty
iz Cumulstlue Distribution

Statistics ¢ Interest rate (/year) [

x| [(statistics_+]
=] <
me i
Y Mia 0.0018
; - “ledian 0. 105
ATERL ] dean 0.105
Ll | Max 0. 1482
itd. Dev. 0.0152 ‘

5 Use the uncertainty view
selector popup menu to
e the current option
to Probability Density.

The height of the curve at a
given value along the
horizontal axis denotes the
relative probability that the
variable has that value. The
units of the vertical scale
are chosen 50 that the total
area under the curveis 1.

ANote: the window changes
from showing a table to a
graph, because the proba-
bility density cannot be
shown numerically
(currently).

Part 2

Probablllty Density « Interest mte (/geﬁor)%ﬂ-ﬂ

ERl-ufe

Prebability Densiy = Interest rats (fysar)
’.- .

s.08 X 0.12 0.14

Interest rate (fyeer)

Exploring a Demos project 15
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6 Use the uncertainty view
selector popup menu to
change the view to
Cumulative probability.

This the  cmiase
probability of the specified
Normal distributions This
curve gives the probability-
on the vertical axis-that the
Interest rate is less than any
given value along the
horizontal axis.

7 Use the uncertainty view
selector popup menu to
change the view to Sample.

This table lists the 100
sample values which
Demos generated at
random from the true
distribution to estimate the
statistics and probability
distributions. If you need
more precise estimates, you
can increase the sample
size (see the Quick
Reference on how to do
this), but a sample size of
100 is fine for this tutorial.

8 To see more values, you
can scroll the table by using
the scroll bar.

EC===—==% cumulative Probability * Interest rate (/year) E===p

0.75 1

0.25 1

s

=

‘f— Cumulalive Predability = Interest rale (fyear)
' - .

e ]

Sample ¢ interest rate (/year) —————— =

\\é &mem(m v]

0.06800
0.092
0.0846
0.0983
0. 107
Q. 1026
0.0908
0.09%3
0. 1064
0. 1074
0.0857
0.0928
0.0979]

OIS INION|A[W[N [

-
o

-
N

&_
'\

9 Click on the Diagram icon
to return to the diagram
window.

16
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Displaying uncertain results

‘The Interest rate you just examined was an input variable to the model. Y ou
can use similar methods to look at the probability distribution for an output of
the model-in this case, the Annualized housing cost. Y oucandisplaythevalue
of a variable either from the Diagram view, as we just did, or from its object
window, as we will do here.

1 Double<lick on the
Annualized housing cost
node to open its object
window.

The definition isan
expression. Inputs to the
model like Loan are
uncertain, and so its value
will be probabilistic.

2 Click on the mid value
uncertainty view selector to
view the Mid value,

Thiswindow appears with
the mid value shown.

3 Use the uncertainty view
selector popup menu to
Change the current option
to Mean Vaue.

Demos will take a few
moments to compute the
probabilistic evaluation of
the entire model.

Part 2

Diagram ¢ House cost analysis

— Years Annual
- owned appreciation
R Buying Caphal
L price
»
Down Annual
payment | Loan costs
interest
rate
N Object « Annualized housing cost =D
R, [ O0bjective  Net_sitr Units: $/yeer
== Titte: [Annusiized
-~ housing cost
/ » : The net annuelized difference between buying and renting e house,

1nciuding everything | can think of.

L A

Definition: Ann_profit - Annuel_house

laputs: (O Annunl_house Net annuel house cost
OO Ann_profit Annustizad profit from apprec...

Ostputs:| impertencs W]

D]

ECE==—==—= Mid Uslue » Annualized housing cost ($/yeer) E—==0g]|

Exploring aDemos project 17
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Note that the mean value of
17.09K is different from the
mid value of 142K. This is
because the mean is esti-
mated from the entire
distribution.

Mean Ualue ¢ Annualized housing cost ($/year) Ee=—==pg|

Use the uncertainty view
selector popup menu to

the current option
to Probability Density.

NS

The probability density is
displayed fairly quickly.
Demos already computed
the probabilistic value of
the variable to estimate the
mean. Since it keeps inter-
mediate results, it does not
need to recompute it to
generate the probability
density. The graph appears
“noisy” because we are
using a sample size of 100.
Using a larger sample size
would produce a smoother
curve, but it would take
longer to compute.

.............................................................................................................

O

CE==3 Probabllity Density * Annualized housing cost ($/yesr) ==

%

1084« 1

-r
ia
»
i 75u1

i

25w 9

Prebability Density = Annualized heusing cest ($iysar)

] ——
-25K ]

25K 58K

Annualized housing cest {$1ysar)

—

=

75K

Use the uncertainty view
selector popup menu to
change the current option
to Cumnulative probability.

Thecumulatiwprobability
distribution looks a lot
smoother than thedensity
function because it is the
integral of the density.

Click on the diagram icon
to return to the diagram
window.

=N Cumulative Probability e Annualized housing cost ($/year) =T

18
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| Comulalive Prebability - Annualized heusing cost (Slyear)
} ’ ' - . - .
9.75 -
e.5
0.25 1
[ — y ¥ ¥ ]
-25K | I 25K SeK 75K 188K
Annualized housing cest ($year]
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Opening a submodel

Demos models generally contain submodels. Each submodel contai nsthe
details of a part of the model, also represented as an influence dia

house example, the capital costs (costs associated with buying anc1 selling the
house) and the annual costs(costs associated withowningand maintaining the
house) are each in their own submodel. submodelscanalsoamtain
submodels. In this way, a large model with hundreds of variables can be
organized into a hierarchy of models, each small enough to be comprehensible.

7 1 To open the submodel, Diagram e House cost analysis

Annual Costs, double-click
on the node. == ( ) L Annual
-

A Buying Caphal

1 price costs

> I Annualzed

Down
EA I -
This shows the influence Diagram ¢ Annua! costs ======
diagram of the Annual
costs submodel. This % p:;;'fnts ‘;Tm
model computesthe net —__
annual housing cost, Inberest
includingtheprincipal and A payments
interest payments on the Reduction Netannual
mortgage, the reduction in 4 Marginal intaxes house cost
taxes, property taxes, Y1 | axrae
insurance, maintenance, /
and current rent.
Thisinput arow head /
showsthat thisnode has Property insurance Accouw,,g
one or more inputs from o5
outside thismodel. raintenance
i !!..gzrﬂgr!v.f.n.:‘ i i,[,x;”kj':,x it ‘ h’:!, i i) ,!’!‘,f RGN l:; gur

This output arrow head
showsthat thisnode has
oneor moreoutputs
outside this model.

/

Click on the diagram icon
to return to the parent
diagram, House cost
analysis.

Part 2
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3 To open the submodel,
Capital costs, double-click
on the node.

' Diagram « House codt analyss EE————==pgl

The diagram window for
Capital costs appears and
replaces the Annual costs
diagram. Demos conserves
thenumber of windows at
each level of the model
hierarchy to minimize
clutter on your desktop.
See the Quick Reference for
tipson how to open more
than one submodel
diagram window at a time.

4 Click on the diagram icon
to return to the parent
model, House cost analysis.

5 Click on the Loan node to
select it.

6 Select Outputs from the
attribute popup to view a
list of the outputs to Loan.

7 Double-click on Annual
payments.

_O £rd_morigee  Remaining mortgege

O Insrest_pay Interest psyments

tT) Payments  &nnual payments

The Annual costs model
diagram is brought
frontmost, and the Annual
payments node is selected.

8 Click on the Diagram icon,
to return to the parent
diagram, House cost
analysis.

Annual

payments

20
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Importance analysis

In this house model, like most Demos models, many of the input variables are
uncertain. |t isinteresting to know how much each of these uncertain inputs
contributes t0 the uncertainty in the output. Typically, afew uncertain inputs
are responsible for the lion’s share of the uncertainty in the output, and the rest
have little impact This “uncertainty analysiS’ or “importance analysis’ tells
you that, if you want to reduce the overall uncertainty, it will be most effective
to concentrate on getting better estimates or building amore detailed model for
those one or two “important” inputs, and you can ignore the rest. Thus,
importance analysis can help you refine your model much more efficiently. It
can also ease your worries about those uncertainties Which tum out not to
matter very much-typically, most of them Demos defines “importance” as the
rank order correlation between the sample of output values and the sample for
each uncertain input. It is arobust measure of the uncertain contribution
because it is insensitive to extreme values and skewed distributions. Unlike
commonly used deterministic measures of sengitivity, it averages over the
entire joint probability distribution. So it works well even for models where the
sensitivity to oneinput depends strongly on the value of another.

1 Click on the Importance JECE===——=—= Diagram ¢ House cost anal

L

- Annual
- approciation)

node to select it.
Years
ovwned

2 Click on the mid value L Buying
uncertainty value selector price
to view the importance. >
Dowm
payment
Importance is onarelaive Mid Ualue o Importance
scale from 0 to 1. O implies & X Axis:[ Uscertsia taputs W)
no effect of the uncertain ~— i
input 1 implies total ol
correlation, so that all of the [ L ] 4 Vese® tepernance
uncertainty is due to this »
Input. .75 -
It is clear here that the .
input Appreciation is | —
contributing the lion's share ]
of the uncertainty in the il
Annualized housing cost. .
Part 2 Exploring a Demos project 21
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Parametric analysis

Parametric analysis means varying the value of an input variable to examine its
effect on aselected output. It often givesuseful insightsinto what’s important,
and how a model behaves. Because the importance analysis revealed that the
Appreciation contributes much of the uncertainty in Annuaized housing cost,
we will start the parametric analysis with that input variable. We will change
its definition from a probabiity distribution to alist of aternative values.
Demos will then graph the corresponding values of the output.

1 Click on the Diagram icon
to return to the diagram
window.

Mid Ualue ¢ Importance Em————==—xx=x=Tji

2 Qlick on the Annual
appreciation node to select

it and view its Definition in

the attribute view.

We will now spedify
Annual appreciation asa
list of altelnative values,
from 0 to 20% (0.2).

3 Press on the expression

type popup menu, drag the

mouse to List, and release.

Annualzed

4 Since we want to change
the definition from a
distribution into a List, we
click Yes here.

A Note: pressing the return
key will do the same.

22

3 Demos Question Br—mae—=="3
]

Replace current definition with a List?

Exploring a Demos project Part2
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5 Select the cell by clickingin [ [__ | [ Defnition v ] ESv of Anaval approcistion: I
it, type in the number 0, ‘ |
and press the return key.
A new cell will appear
when you press the return
key in the last cell.
6 Repeat the previous step [ Oefinition v | ESVv of Annsal sppracistion: I
three more times, entering 0.0S
0.05 (5%), 0.1 (10%), and 0.1
0.15 (15%). 0.15

Inthelastcell, type 02
(20%) but thistime, press
the enter key so it won't
add an additional cell.

7 Select Annualized housing
cost and click on the Mid
value uncertainty view
option to show the

recomputed value.
Annualezed
housing cost
Themid valueisno longer N Mid Value « Rnnualized housing cost ($/year) =SS0
asinglenumber! Thereisa X Axis:| Annusl apprecistion (/year) W
computed valuefor each -
ot 1
S P em————"
" 's - . .
166K 1
8 Use the uncertainty view
Selector popup menu to SeK 1
view Probability bands. .
58K v v v v
] 8.5 .1 .15 0.2
Annual apprecistion (lyear)
5
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The break-even point is the
Annual apprediation value
corresponding to wherethe
probability band of 95%
yield!3 an Annualized
housing cost of above 0
<Slyear), which is at about
8%

Click on the table icon to
view Probability bands as a
table of numbers.

Here are the numerical
values for the probability
bands of housing cost.

Click on the diagram icon
to return to the House
diagram window.

24

\E Probabllltg Bands ¢ Annualized houslng cost ($/year) =0

TSl ren{ o ey )

e Pr y Bands « Annualized housing coest ($lyear)
’ 's. . . . -
XD| e - : /.--':/':':":’ :
i - :' : =
HE —— . . sFZ5 .
]
50K+ v v v 3
[ ] [ X H e.1 015 0.2
Annuel appreciation (lyear)
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Evaluating alternative decisions

You will learn how to change buying price to view and compare results based
on alternative decisions. In doing so, you will learn how to perform parametric
analysison two variables, Buyingprice and Annual appreciation, at the same
time.

1 Qlick on the Buying price
node to select it.

2 Change its Definition to a
List of values. Answer Yes
to thedialog that asksiif
you’ re sure you want to do
this.

3 Select the first cell by

clicking in it. Type the first
number 200K and press the
return key. Type 300K into
the second cell and press
thereturnkey. Type 400K
in the last cell and press the
Enter key.

4 Select Annualized housing

cost and click on the Mid
value uncertainty view
selector button to
recompute and display its
value.

Part 2

Buying

200K

Annualced
housing cost

Exploring a Demos project : 25
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5 Choose probability bands
from the uncertainty view
selector popup menu.

Notice that there are now
three dimensions to the
result, Probability, Buying
price and Annual
appreciation.

Because only two
dimensions can be shown
in the graph, one dice of
the third dimension is
chosen here.

\

Mid Uslue « Rnnualized housing cost ($/year) ===

Key:| Buying price ($K) A
N T T

M4 Yelue - Annvsiized housing vost ($iyear)

~|fan (30

- R AT T ——
X Axis:| Anauel appreciation (/year) W

Key Buyiag priee (1X])
— 200K
M- &
I IE=2 Probability Bands . Annualized housing cost ($/year) EE==mH
!' Buyiag prics ($KX)»

Probability Bands - Annvalized bousing sost ($lyews)
100K . .

i) ]
[ J
1)
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6 Press on this to popup a
scrolling list of other values
in this dimension.

7 Select 400K by clicking on it
once.

The graph changes to show
the two dimensions given

thethirdindexequalto
400K

.................................

Probabllity Bands ¢ Rnnualized housing cost ($/year) BEESEDH]
DO N

g P

..........................................................

Probability Bends « Annualized housing cost ($/year)

Buyiag prics ($K) »
Key: Prebability v

X Axis:| Annual apprecistion (/year) W

8 Click on the Diagram icon
to return to the influence

diagram.

Part 2

Trobability Bands - Aanualized bousing sast ($/year)
150K .
190K

K
[ ]
30K v r v )
[ ] 083 8.1 8.13 02
Annual appreeistien (iyeer)

Key Probabliity
— .03
- 023
-— 05

l
8
&

Exploring a Demos project 27
c-221



Quitting a model without saving

When you have finished examining a model, you may want to quit. It is best to
quit without saving changes, unless you meant to edit and save. Here, you will
find out how to quit without saving. Later, in the section on creating a new
project, you will learn how to save your changes.

1 Select Quit from the File
menu. Neus Praject

Open Project...

New Tent 8N
Because you have made Open,. SO
changesm t0 the model, Close
i i nw
:gls:s‘:hk alfnyogeus want i Close Project
o LS Save %S
before quitting. Sove As..
Save a Copy In...
Import...
Expart. ..
Page Setup...
Print... »xP
Quit #Q

2 Click on Noto indicate that
youwouldliketoquit
without saving.

A Note: The Demos
application is now closed.
To open it again refer to the
beginning of this section.
To leam how to create your
own model, continue with
the tutorial.

28 Exploring a Demos project Part2
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Part 3

Creating a new Demos project

You cm start up Demosin the conventional Macintosh way by double-dicking
on the Demos icon. You can then open an existing project or create a new one,
as described here.

1 Double-click on the Demos == prians HD ==
folder, to open it up. Ty

2 Double-click on the Demos
icon, to start up Demos.

The Demos start-up
graphic will then appear,
withabarshowingits
progress at initialization.

m adecision modeling system

Yersion 2.0b1 FPU of June 23, 1992

©1982-91 Carnegie Mellon University
©1992 Lumine Decision Systems, Inc.

. Early Adopter Bets Relesse = for Licensee use only.
Demos may not be copied, s0ld, lent or otherwise provided
' to anyone slse. Contect Lumine Decision Systems for more
information, or to obtain & demonstration copy.

Brian Arnold
Luminea Decision Systems, inc.

Initializing...

ject.

l;‘.’lrn;,ck here to create a new

Select and open an enisting project, or click New

start e new project.

z
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Documenting the Model

This object window appears after starting a new project. A project consists of
one or more models. The project itself isthe main model. It will contain text
attriites, including name, title, description and author. These attributes will

1

Type “Carcosts” in the box
tonameyourmodel. If you
begin typing, the text will
automatically appear in the
box. The name will hold
up to 20 characters. Press
the Enter key.

Clickheretolabelthetitle
more descriptively. Type
“Car Cost Model” Press
Enter. Demos will accept
up to 36 characters on up to
3linesoftext.

identify

and describe the M odel.

Clickkretoprovidea
description of the model.
Type“ A demonstration
model to show how to
compute the cost of
running a car.” Press
Enter. Demos will accept
any amount of text for
thedescription. Note that
pressing Return adds a new
line of text.

Repeat this procedure to
add your name as author if
your computer does not
automatically register your
name.

Click here to tell Demos
that you'd like to see this
model's diagram.

30

N\ Dlagram e Untitied A

Object o Untitled E——=—x3

_§_ 5 [ @preject T
e} Title-
i Description;

- Authber(s): A Lumens
Created: Thu, Jun 18, 19929:09 PM
Last Seved: :
File infe: [ (not saved yet)

Object o Car Cost Model

@ Preject
= Title: Cer Cost Model

Car_costm

Description: A demonstration mode! to show hov to compute the cost of running

Auther(s): [Henrion
Created: fhu, Jun 18, 19929:09 PM
Last Saved:
File fafe: ) (not seved yet)
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Browsing or editing a diagram

' The browse mode is used to view an existing model, without changing it. The
edit mode is used in model creation or to change an existing model. Besureto
note which mode is activated throughout thistutorial. When amodeis
selected, the icon is grayed-out. When you create a new model, its diagram is
initially in edit mode.

1 If you did not follow the Disgram e Car Cost Model
tutorial from the previous e : : : :
page, select the editiconby | Yous : : : : : .
i
Initially, you will see a I,i’f ........ EERRREEE EEERRREE i;g
blank diagram window. - : : : : : :
This is where you will i
create an influence dia -
showing variables and their G T ;
dependencies. O i
=
You should seethe o i
command icons associated D :
with the edit mode. These /ay

command icons allow you
to create nodes in the
diagram and connect them
withinfluencearrows.

Part 3 Creating a new Demos project 31
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Creating a variable

In this example, you will begin a model of expenses for operating a car for one
year. When building a model, it isimportant to select descriptive titles for
your variables. You will start by creating the variable Fuel Cost.

1 Clickheretoselecttheedit
kon. If you have continued
from the previous page, the
icon should already be

grayed-out.

2 Click here, on the chance
kon, and drag the outline
of it to a position on the

diagram.

A new chance variable will
appear where you release
the mouse in the di

Its text will automatically
be selected for you to
specify its title.

3 Type* Fuel Cost” totitle
the variable. Press Enter or
single-click anywhere else
withinthediagramto
indicate that you have
finished the title. (Demos
will interpret Return as a
newlineinthetitle).

Your diagram should now
look like this.

Note that the Fuel cost
node is filled with diagonal
line pattern around its text.
This indicates to you that
the its definition has not
been explicitly defined yet.

32

.
.

BCE=—————==3 Diagram e Cer Cost Mode| E==—=o=—my}

................................................

e B (T

== Diagrom e Car Cdst M

................

................

R T L L L e Y T R P P Y LT YT YT PP
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Creating more variables

ting the steps from the previous page, you will create four more
variables on the diagram. Four variables affect fuel cost. Y ou will also create
and title these variables: Fuel Price (price per gallon of gasoline), Annual Miles
(number of miles driven each year), Age(driver's age), and Mpg (miles per
galon of gasoline).

1 To make another variable, Diogram e Car Cost Mode! IEEemm— 8|
single-click on'the chance : . . : :
icon again and drag the
outline to a position on the
diagram.

2 Type “Fuel”. Press Return
to enter part of the title on
the second line. Type
“Price” to finish the title.
Press Enter.

3 Clickonthechanceicon
again and drag the outline
to a position on the
diagram. Title thisvariable
“Annual Miles”. Press
Enter.

4 Cickonthechanceicon
again and drag the outline
to a position on the
diagram. Title this variable
‘Age’. Press Enter.

5 Click on the chance icon
again and drag the outline
to a position on the
diagram. Title this variable
“Mpg”. Press Enter.

Part3 Creating a new Demos project
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Saving your model without quitting

After you have created part or all of a model, you may want to saveit. You
will learn to save your model without quitting. Saving periodically during
model creation is recommended, so you won’t lose too much if the program or
machine crashes unexpectedly.

1 To save your model, select

Save from the File menu. News Prgject
Open Pro ject...
A Note: You can also type
%S onthekeyboadasa :'"’ Tout ::
shortcut. \ pen...
Close t §1)
Close Project
Save fis...
Save 8 Copy In...
Demos initially uses the —_—
title of your model, Car (€3 0emos v | S Release
Cost Model, to name the <& Demos O

file. If you want to name it
differently, Press the delete
key to erase the default title
given to the file and type
something else.

Q Models .

<l

ik

Save Project Car_cost_m as: Cancel

| ar Lost Model

l 2 Click on the Save button.

Yourrmdelwillnowbe
saved in a file called “Car
Cost Model”.

34 Creating a new Demos project Part3
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Deleting objects

Sometimes, you will want to delete objects that you had once wanted to
include. In this example, you realize that the driver age is not critical to your
understanding of fuelcost. Therefore, you want to delete the Age variable.

1 Select the Age variable by
clicking on the node. Select
Delete from the ObJect
menu (or press the delete

key).

E nlagmm o Car Cost Model
F« .

-t
- - ‘R Annua

A Note: Demos cannot undo
a delete command. So, to
make sure you want to
delete the selected object, it
asks you before continuing.

2 Click Yes to indicate that
you would like to delete
theobject.

Part 3

[poxooonf |

g

% Demos Question e
Are you sure you want to delete selected object?

Creating a new Demos project 35
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Selecting and moving object nodes

You would like to move the variables so that the three variables contributing to
fuel cost surround the Fuel Cost variable You begin by learning to move a
variable node in the diagram. It can be more convenient to apply commands to
more than one objj node at a time. Most commands applied to one selected
node (or variable) can also be applied to other nodes at the same time. You
will learn to select two nodes and move both nodes to another location on the

diagram.

1 Tomove Fuel Cost, press | M E—===e=mmeuy Diagram o Car Cost Model E=

the mouse on the Fuel Cost = : : : : :

node and drag it to the [ | Y : S

position shown in the — :

second diagram on this N N\

page. | BTN T e T
2 In order to move the Fuel Diagram e Car Cost Model Emm——————u8}

Price node and the Annual }i: : : Do : :

Miles node at the same poe— . : S

time, click on the Fuel Price

node to select it.

................................................

A Note: Another way to
select more than one node
is to drag a box around the
nodes you want to select.

3 Holdthe shift key down
and simultaneoudly click
on the Annua Miles node.
Now, both nodes are
selected.

4 Press the mouse inside the
Annual miles node and drag
the two nodes to the
position noted in the
diagram below.

5 Click anywhere else within | I E==========xx= Ologram e Car Cost Model =
the diagram to deselect & . . . :
these two nodes. "_,—_"\

. %
A

A Note: you can undo or redo
adrag operation using
Undo/Redointhekdit

menu, or by typing %2.

-
a
A

.................................................

C-230
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Editing the title of an object

‘Each object in the model is represented by a node on the diagram. You may
decide that you would like to change the title of an object to make the model
easier to understand. For example, suppose you want to change the title of the
object Mpg to Miles per Gallon.

1 Suppose you would like to
change the title of the Mpg
object. First, dlick on the
node, to select it. The black
squares surrounding the
nodeindicatethatitis
selected.

2 (Click again within the title
box to select the title for
editing.

4 Note: Leave a brief pause
between the click to select
thenodeandtheckkto
select the text in it. If you
complete two single-clicks
too quickly, Demos will
interpret it as a double-
click and an objj window
will open. If you
accidentally open the object
window, simply return to
thediagram byclickingon
ik diagram icon.

3 Press delete to remove the
unwanted title.

4 Type “Miles per”, and the

return key, and “Gallon”,
to retitle the object.

5 Press Enter and you should
have a newly titled object
as shown here.

Part 3 Creating @ new Demos project 37
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1 In the edit mode, you will

Drawing arrows between nodes

One powerful element of Demos is the ahility to show relationships among

variabl

es through the creation of the influence diagram. Arrows are used to

specify the dependencies between and among objects. The Miles per Gallon
variable influences the Fuel Cost variable. Y ou will learn to draw an arrow

from o

ne nude to another.

i =] Disgram e Car Cost Model [=—————— |
notice an influence arrow . . . ) 5
icon. Click on this icon to \4-_-'?;: . . : :
begin drawing arrows. 3 \ N :
GBS WY USRS
|\ : :
2 Press down on the Miles per \ iles per . :
Gallon node to highlight it, 5 { Barlon = m N -
if it s not already O OSSP
highlight& . -
3 Then, drag the arrow from
Miles per Gallon to Fuel Cost
as shown.

4 Release the button.

The nodes should now be
connected.

38

1 hles per -
| : Gation :

SANRRRG

> Fuel cost

.........................................................

.......

Creating a new Demos project

=24 Diagram e Car Cost Model Eeme——x=—x=p|

\)

................................................

_Inhles per
o Gallen

....................................

...................................................................................................
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1 Todeletean arrow, repeat
the procedure for creating
an arrow. Click on Miles
per Gallon. Drag the arrow
from Miles per Gallon t0 Fuel
Cost.

The arrow should
disappear.

Todrawmor ethanone
Mow at a time, you can
select more nodes using the
shift key.

2 Ressdownontheshiftkey
and click on Fuel price.
Similarly, shift-click on
Annual miles. All three
variables shown should
now be selected.

Deleting arrows and connecting multiple
arrows

Sometimes, it will be essential to delete an arrow due to a change in your
under standing of themode! or other factors. In thisexample, you will delete
thearrow connecting Miles per Gallon with Fuel Cost. You will then connect
the three variables contributing to Fuel Cost to the Fuel Cost node with arrows.

.........................................................

thles per
H - Gallon

ASSURSNSNNNNN

Annual
TMiles }

BARSSNINR LY

........................................

Hilesper &
© Gallon ¥

. GRAISOSENNERN

.....................................

..........................................................................................................

3 Press on one of these three
selected nodes and drag the
arrows to the Fuel Cost
node.

N

EOE=======—=== Dingram ¢ Cor Cost Mode] BEE——=——xuTlE|

4 Release the button. You
should now seethree
arrows pointing to the Fuel
Cast node.

5 Click anywhere in the
diagram not in a node to
deselect all nodes.

Part3
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Opening an object window

Each objj has its own objj window containing text attributes describing and
defining it. You can open the object window to enter or edit this information.

1 Click on the Browse icon to |, M E=ssseeewmy Diagram . Car Cost Model e
switch off arrow drawing.

_Annual | ;il
* Miles ! I
BUNEN i

2 To open the object window
for the Annual Miles
variable, double-click on its
node.

click on a node in Edit !
mode, to open an object i
window. However, if you i
double<click too slowly,
Demoswill interpret your
request as two single-clicks.
Thus, you will bein a
position to edit the title as
shown previously. To
return to the step above,
smply click somewhere
else in the diagram space.

The object class is Chance Object » Annual Miles Eem——=—=————g|
variable. FOChancs __ Annusl_mfl Units: O

: - -4 i
The name is Annual_mil. = o il

Demosassignsthename 4
when the title is created. It 4
uses the first 10 characters
ofthetitlewiththe
exception of spaces which
are replaced by
underscores. Demosdoes
not differentiate between
upper and lowercase
letters.

i}
i
A Note You can also double- l
1
i

O[S

Thetitleis Annual Miles.

Boththenameand title can
be edited directly.

40 Creating & new Demos project Part3
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Entering object attributes through the
. object window
An important characteristic of Demos is that documentation of the model and

its variables can be added as the model is being created. Objectattributescan
be entered or edited through the object window.

1 To change the, title, dick in Object o Annual miles E=SSS——————————1T]f]
the title field, use the cursor Chance  Annuel.mil Units:
to select text and use the - . [Fies por
delete key to erase “Annual | [ yoer]
Miles”. Type “Miles per”, L
and the return key, and I Wounitt et AT,
“year”. Press Enter. 7
2 Tochangethename into @ Object e Miles per year
an abbreviated shorthand x| OChs [Fpyd ] unsits:
for miles per year, click in (== Title: Miles per
the name field, use the — yoer
cursortoselecttextanduse 4 .
the delete key to erase BRI Wstvsosthd it OO I
“Annual_mil”. Type
“Mpy” Press Enter.
3 Click here to specify the Object » Miies per year
unitsbox. Type L5, |Ochancs  Mpy — UaTG:miles/year]
"mil&s/year" Press Enter. e | Title: Miles per
Demos will use this — voer
information when it labels L
graphs or tables that T8 vttt
involve Miles per Year. It
is not used as partof a
mathematical function.
4 Click here and type JC=—=—====== Object * Miles per year Eea——====nx}
“Average miles driven per OcChance Mpy Units: miles/yoer
year” as the description 3 Title: Miles por
Press Enter. "f ' yeer
> Aversge miles driven per yosr| B

Part3 & eating a new Demos project 4
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1 Click here. Demos is ready
to accept a mathematical
expression for the variable.

Demos shows a warning
icon next to the definition
to indicate that this
variable's definition hasn't
been explicitly defined yet.

2 For this example, let's
assume that the average
number of miles driven
annually is 12,000. Type
“12K”. Press Enter.

The warning icon will
disappear.

A Note: Any time we use the
name-tedwiththe
Miles per Year variable in
the definition of another
variable, Demos will
automatically uses its
value, 12K.

3 Single-click on the diagram
icon to return to the
diagram.

Note that the Miles per year
node is no longer filled
with adiagonal line pattern
around its text. This is
because Miles per year now
has acomputable
definition.

Explicitly defining a variable

Nowthatwehavedocumented the variable Miles per year, we wish to giveit a
mathematical expression for how to compute its value. We will define Miles
per year as a single number.

N [——=—=rcrll 0bject o Miles per year ot ls
% OChance Mpy Uafts: miles/yser it
4 Title: Miles per

yosr

tiea: Aversge miles driven per yosr

i

/
/
B
A 3
%
T

=== Object ¢ Miles per yeor Ee———xu—
OChanes  Mpy Uaits: miles/year it

Title: Miles per
year

Description: Aversge milgs driven per year

oy v
Definition: ] 12K

ostput oot <] o
=

tles per
year

il MR AR R TR ) i.g}.l_!‘._. B it
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1 Double-click on Fuel Cost
to open itS obiect window.

The names of the input
variables will appear in the
defmition for “Fuel Cost".
But since the form of the
dependance hasn’t yet been
specified, it is just
"FunctionOf(...)".

2 Specify the units,
description, and definition,
. as shown.

The definition must appear
exactly as shown. Delete
all extraneous parts such as
"FunctionOf" and all
commas. Cut and Paste
commands in the Edit
menucanbeusedtoavoid
retyping the variable
names.

Notice that multiplication
is* and divisionis"/".

3 Click on the diagram icon
to return to the diagram.

Part 3

Defining variables that are influenced by

other variables

The “Fuel Cost” node has arrows pointing to it, indicating that it is influenced
by other variables. We will leam how to specify the dependance with a
mathematical expression of those other variables.

B Object o Fuel cost

N |OChencs  Fusl_scost Units: O
- Title: Fuel cost
L ption:
» o v
A\ vefinition:TFunctionof(Fuel_price,Mpy,Mpg)
laputs: O Fuel_price Fuel Price
o Mpg Miles per Gallon 3
o Mpy Miles per yesr or

g el cost B ;
Fusl_cost mtlwr O
tle: Fusl cost
Annual cost of fuel
sV
Definition:]Fuel_price ¢ Mpy / Mpg
taputs: (O Fuel_prics Fuel Price

o Mps Miles per Gellon 5
o Mpy Miles per year [—

Creating anew Demos project
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1 Double-click on the “ Fuel
Price” node to see its object
window.

Demos automatically gives
anew variable adefault
name based on the first 10
characters of itstitle, when
youfirst title the variable.
We will change thisfirst.

2 Change the name to
“Price”

/] &Doﬂ nitien:

A Note: the definition of
variable Fuel cost refers to
variable Fuel_price. Demos
will automatically update
the definition of Fud cost
when you change the name
to Price.

3 To complete the
documentation for this
variable, enter the units
and description as shown.

We will edit this variable's
definition next.

Probabilistic definitions and distribution
display

Demos excels at analyzing model s with uncertain inputs. We will document
the variable Fuel price and give it a probabilistic definition. Let's assume that
the Price per Gallon of gas is not known for sure, and uncertainty about it is
expressed as a normal distribution with a mean of 1.19 and a standard
deviation of .10. You will learn to enter this definition and request a display of
the distribution computed automatically by Demos.

~JEO===———==—== lliagram e Car Cost Model E=——m————)

Units:

ovtpes ot 7]

L¢l o

Object ¢ Fuel Price E=——=————s———ur71g|

:& OcChance  Price

hud_8 Title: Fuel :
— Prics
L
Description: Prics of ¢ gallon of gasoline

»

P 4
A\ veninttien:[

ostpue: TosTesst <]

LS
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4 Itis important to enter
definitions correctly so that
Demos knows how to
interpret them. To learn
more about the proper
syntax for a definition, refer
to the Demos Quick
Reference. For now, type
the normal distribution as
shown, using parentheses.
Press Enter.

5 To display the distribution
of “Fuel Rice”, select
Probability Density from
the uncertainty view
selector popup menu.

The distribution of Fuel

=l Object e Fuel Price

\& OcChancs Price Units: §
= =N Title: Fuel

N i Price
L
»

tien: Price of e gallon of gasoline

EO=—————= Probobility Density e Fuel Price ($)

Rice should look like the
graph shown on the right. p—
-
™ Mybﬂs&y-i.d Price (§)
q- .
b
6 Click onthe diagramicon / 34
to return to the original
diagram. 24
14
] , v .
ss 1 fou ;:“m 1.4 1.
B
Part3 Creating a new Demos project
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Entering attributes through the attribute
view

You may prefer to see the attributes and the diagram in the same window.
The attribute view (appearing under the diagram) allows you to edit attributes.

You will learn to enter data through the attribute view.

1 Click on the "MPG"
variable, to select it.

2 Inordertodesaibethe
attributes of the Miles per
Gallon variable, we will
open the attribute view.
Click on the expand icon.
Notice the attriite view
appears below the diagram.
This view can be used to
enter or edit data.

3 Single-click here to enter
the description. Type
“ Average number of miles
per gallon obtained by car.”
Press Enter.

4 Press here to see the
attriite pop-up menu.
Dragthemousetotheunits

attribute and release.

5 Type "miles/gallon". Press
Enter.

=

Miles per
yoar

.....

3 thies per ;

~
~
Nt

........................................................

Description W] of Miles per Gallen:

Diagram ¢ Car Cost Model B Tcc=S

Aversge number of miles per gallon obtained by e car)

i<

..........................................................

Creating & new Demos project

"""" vDescription of Miles per Gallen: |
Ay Oefinition, per gallon obtained by e cer)
— Uealue
Probualue
outputs |
Inouts
\\ ..... T = ofmlunrsalln .......................................
miles/gallon O
o
IS
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Entering a definition in the attribute view

.Entering a definition in the attribute view isexactly the sameasenteringit in
theobestwindow. We will define Miles per gallon as an uncertainty
distribution, where we believe it isegually likely to be any value between 20
and 30. You can use a Uniform distribution to characterize this.

1 Use the attribute pop-up Name
menu to select definition. Closs
—— N TIUE iiiiiiiccciiiiercereeerierernnaeesnsesssssssessssssesessrasmesenncas
vUnits of Miles per Gellon:
Description O
Definition T
Ualue 5
Probuvalue [—
Outputs
inputs
The waming JOOR AN e o pssaieiiiniiissasatasasag oo oo e e seseessssssssenstorasstetetetiisiiatesstrasararastanatssans
expron type popup Definition V| opr v of Miles per Gallen:
menu are available here Uniform{20,30) &
when showing the 5
Definition
/ =
2 Click here to type in the /
distribution as shown.
Press Enter.
3 Select Probability density <L
from the uncertainty view 4
selector popup menu to Gallon
view the uniform
distribution.

The uniform distribution
increases sharply at 20
miles per gallon, then is flat
(has equal probability
across this range), and
thenfalls back to zero
probability at 30 miles per
gallon

4 Click on the diagram icon
to return to the diagram
window.

Part 3

Probabiiity Deasity - Miles per Gallen (mises/galion)

o873

[ F -]

24 2
Mies por Galion (miles/gelion)
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Probabilistic results

Demos can display the results of probabilistic inputsin several ways. These
indude probability density distributions and cumulative probability
distributions.

1 Click on the fuelcost node
to select it.

2 Select probability Density
from the uncertainty view
selector popup menu.

Demoswill take a moment
to compute the results and
display themin agraph.

This graph shows the
probability density of the
value of Fuel cost.

The graph appears“noisy”
because we are using a
sample size of 100. Using a
larger sample sizewould
produce a smoother cum,
but it would take longer to
compute.

$.81 5 .

7.5 4

$o o

23m 4

3 select cumulative Dis-
triiution from the
uncertainty view selector

popup menu.

Prebability Deasity - Fual sost (§/yeer)

This graph shows the
cumulative probability of
the vaue of Fuel cost.

4 Click on the diagram icon
to return to the influence
diagram.

8.3 1

.23 4

Cunulative Prebability - Fuel sost (Hysar)

Foal cost (Hyaer)
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Refining the model

. In Demos, you will find it easy to refine your model. You can change a
definition, add new variables and dependendes without having to change
other parts of your model. Demos will autmatically update the necessary
variables Whose definitions or dependendes have changed, and will
automatically recompute them when you display their values. |n the Car cost
model, we realize that we don't really know how many miles per year that we
drive, but we believe that it is most likely to be our earlier single-number
estimate of 12K, and we believe that a normal distriition with standard
deviation of 2K, or 2000 miles represents our uncertainty about its value

1 Select Miles per year in the | - E=====s=mme=mm Diagram ¢ Cor Cost Mode| IEE====m=rmmTg
diagram, and change i N

LN
definition from 12K to _i
Normal(12K, 2K). Press i Thles per
Enter. Tk y=ar
2 The Probability density k
option in the uncertainty | TNa
view selector popup menu 4 Miles per
should already be selected. l Gallon }

Click on the icon here to
compute the probability
density for Miles per year.
If Probability dengity is not
aready selected, select it
from the popup menu. e e £

Definitisn V| op v of Miles per gear:

Nor me!{ 12K, 2K} S
0
)
The probability density of N Probabllity Bensity « Miles per yesr (miies/year)
Miles per year is shown
here. p—
[
- — _
3 Click on the diagram icon b | ,..._' Y .‘.B"”l.
to return to the diagram. ’
L. 150
]
100e
$hu 1
Seee e I
Miies por yeor (mBasiyeer)
5
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Importance analysis

In this car cost model, like most Demos models, we have defined several input
variables asuncertain. It isinteresting to know how much each of these
uncertain inputs contributes to the uncertainty in the output. Importance
analysis is described on page 21 in Part 2 of this tutorial. \Wewilllearnhowto
set up a smple importance analysis on our output variable Fuel cost.

diagram.

N

Diagram e Car Cost Mode! EE=————mrrnpTy}

Wewillnowusethe
Importance feature of
Demos to automatically
generate an importance
analysis.

Miles per
Gallon

Select Importance from
the Ob ject menu.

Demos will take a few
moments to figure out
which inputs are uncertain.
Then, it will create a
variable, Fuel cost inputs,
that lists these inputs, and
another variable, Fuel cost
importance, that computes
the absolute value of the
rank-order correlation
between each input and the
value of Fuel cost

Thenewnodesappear
toward the upper right part
of the diagram window.

Delete
Make Rlias
Moue Into Parent

(] -
Show Balues

Click on Fue cost
importance tO select it.

Select Mid value from the
uncertainty view Selector
popup menu.

A\
Files p"lj—-v( Fuel cost

il
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This graph shows that ===y /i Yalue « Fuel cost Importance IEE=
Mpy, Miles per year, is the X Axis:| Fuel cost lapsts v |

variable contributing most
of the uncertainty in the
output Fuel cost.

We will now perform
parametric analysis on
Miles per year.

Click on the diagram icon
to return to the diagram. |

Part3 Crea ting a new Demos project
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Parametric analysis

Parametric analysis means varying the value of an input variable to examine its
effect on a selected output. it often gives useful insights into what's important,
and how amodel behaves. Because the importance analysis revealed that the
Miles per year contributes much of the uncertainty in Fuel cost, we will start
the parametric analysis with that input variable. Wewill change its definition
from a probability distribution to a list of aternative values. Demoswill then
graph the corresponding values of the output.

1 Click on the Miles per year E=———==3 Diagram ¢ Car Cost Model| EE====———xny
node to select it and view
its Defmiti_on in the _ ™
attribute view. ‘ “"'E,E'" ' | Fuel cost 1| Fuel cost Importa ’
We will now specify Miles )
peryearasalistof
altemative values, of 8K,
12K and 16K.
2 Press on the expression - R
type popup menu, drag the o
mouse to List, and release. a
Norma}( 12K, 2K) = it
| O3 Table {
O
3 Since we want to Change Demos Question %
the definition from a . .
disribution into a List, we Replace current definition with a list?
click Yes here.

A Note: pressing the return

key will do the same. =

C-246
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| D.fi:lﬂon w| Ev of Hiles per year:

|

4 Select the cell by clicking in
it, type in the number 8K,
or 8000, and press the
return key.

At\éwceﬂwﬂlappear
when you press the return
key in the last cell.

......................................................................

‘lNﬂIIﬂOI v] E v of Miles per pear:
9000
12X

5 Repeat the previous step ,
entering 12Kl
In the last cell, type 16K,
but this time, press the
enter key so it won't add an
additional cell.

h

6 Select Annualized housing
cost and click on the Mid
value uncertainty view
option to show the
recomputed value.

The mid value showsthe Mid Delue o Fuel cost ($/year)
linear relationship between £3%| X axis:[_Hiles per year (miles/yesr) v

miles per year and the fuel

It
cost. There is a computed 3
value for each B o - Fust oot Sy
parameterized value of
Miles per year.

7 Click on the Tableicon to /
view thetable of valuesfor
Fuel cost. haad

Part 3 Creating a new Demos project
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Here are the individual
mid values of fuel cost, for

each parameterized value

of Miles per year.

E===———=3 Mid Value . Fuel cost ($/year) a1}

S5

tiles per year (miles/yesr)

|

8 Select Cumulativedensity
from the uncertainty view
selector popup menu.

This graph shows a
cumulativedistribution of
Fuel cost for each

Ku:l Miles per year {miles/year) Vl

B === Cumulative Probabllltx o Fuel cost ($/year) B2

¢
parameterized value of = —
Miles per year. 7 c.uh‘nn m&lny. Fual sost (‘fyuu)
> —_—
9O (Click on the diagram icon / 0.73
to return to the diagram ; ]
window.. *s
023 1
) v ,
200 1000 1200
5
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Creating a submodel

in order to simplify complicated diagrams, submodels can be created. Perhaps
we would like to create asubmodel that contains variables used for analysis,
and include the Importance variables that we previously created. We might
also create submodels if we decide that our Fuelcost determination isa small
part of a larger model. You will learn to create a submodel and place nodes in
it.

1 You must bein edit mode saram « Car Cost Mode| I au— TR

to ereate a submode. Click
here if necessary.

2 Click on the Submodel icon
anddragtheoutlineofitto
the position shown in the
diagram Notice that
Submodel nodes havethick
outlines. Title the
Submodel “Fuel Cost
Inputs’. Press Enter.

3 To move the importance
variablesinto the
submode!, select both of
their nodes. Press and drag
the mouse to surround all
three input variables.

As you drag the mouse to
the right to surround these
variables, your diagram
will scroll to the left, and
the scroll bar thumb will
move toward theright.

Part3 Creating a new Demos project 55
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4 Press on one of these nodes
and drag it into the
submodel.

Scroll the diagram back
toward the right by
pressing on the scroll bar
thumb and dragging it all
thewaytothel eft.

The final appearance is as
shown here.

RIPTH

....... ’ . ",l‘“m 138 " BB u g w BELHEH mv Bt

b
“WWW W = '

E% olag_gm e Car Cost Model %
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Saving your model and quitting

After you have created part or all of a model, you may want to save it. \\/hen
you have finished a session with Demos you may want to save and quit.

1 Tosaveyour model, select
Save from the Flle menu. New Praject

Open Project...

New Text %N
Open... SO

Close KW
Close Project

save EAY

Save As...

Save a Copy In...

A Note: You may also select I el Dc10S Question
Quit from the File menu

before remembering t0 save save changes to your model before quitting? -
changes. If you do this and

changes have been made to .

the model, Demos gives
you this dialog box.

2 Click Yesto savechanges." -

You have previously saved m

your model under the New Piaject
name Tar Cost Mode” Open Peoject . . .
(see page 34), so Demos
now automatically saves New Text %N
your changes in that same Open... %0
file.
Close %W
sel Close Project

ectOuit Save 1

from the Flle menu. save As. .

Save a Copy In...

Import...

Erpait. ..

Page Setup...

Print... t 14

] &, {]
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Reopening a Demos project

After saving a model and quitting, you may wish to open the model again to
look at it or to make changestoit.

1 Doubleclick on the Demos [ fe=—=—=——————=uy prians HD E
folder on your hard drive. 3118 i ok
If you have continued from
the previous page, this
folder is still opened.

2 Double-clickon the Demos \ I e———=—= Demos E==——=x=0F]
| icon. \\sn«m St MB in disk 4 MB available
A Note: You can alternatively E D )
double-dlick on the " Car LI Pedws | CwCotiodel e

Cost Modd” icon.

3 Locatethemodelyou
would like to open, in this
case, "Car cost Model”.

Select end open an existing project, or click New
to start a new project.

4 Double-click on the * Car 0 Release
Cost Modd” model or D Car Cost Model

single-click and then click
open.

You should now seethe ECE——————=—=1 liagram e Car Cost Model E====——o——x7TTH
“ Car Cost Model" diagram.

Part3
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Copyright notice

This document and the software R describes, Demos, are copyrighted
with all rights reserved. This program was written using MacApp®: ©
1985-1990 Apple Computer, Inc.

This document is:
© 1992 Lumina Decislon Systems, Inc.

The Demos software is:
© 1962-1991 Carnegie Mellon University
© 1992 Lumina Declsion Systems, Inc.

Lumina Declision Systems, Inc.
125 California Avenue, Suite 200
Pab Alto, CA 94306

Phone: (415) 327 - 4644

FAX: (415) 3261679

AppleLink: Lumina

This product is licensed as-is. The authors make no warranties
whatsoever, either express or implied, regarding this product, including
warranties with respect to its merchantability or its fitness for any
particular purpose.

The MacApp software Is proprietary to Apple Computer, Inc., and is
licensed for distribution only for use in combination with the Demos
program.

Apple Computer, Inc. makes no warranties whatsoever, either express or
implied, regarding this product, including warranties with respect to its
merchantability or its fitness for any parlkular purpose.
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Macintosh windows

1
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The window shown here is a Macintosh folder containing the Demos pro-
gram (also known as the Demos application) and some Demos models
(also known as documents). The controls described here for moving, scroll-
ing, resizing, and closing this window are the standard Macintosh methods.
The Demos windows described in the rest of this manual can be controlled

Title bar: you can drag this (or any)
window around the screen by pressing
the mouse button in this area and mov-

Close box: click on the box to ing the mouse.

make the window disappear.

in just the same ways as the folder window shown here. On the other
pages we will describe only those buttons, menus, and other features spe-
cific to Demos, and we will not repeat the explanations of the standard Mac-
intosh features shown here.

Zoom box: cfick it to en-
large the window to the
size of your screen. Click
it again to revert the win-
dow to its oriiinal size.

Name of this folder. Up arrow: press on the
The Demos Appllcatlon:\ \ / arrow to scroll the view
to start a new model, double ¢lick EN——==Domos foider A upward.
on this icon (see pages 2,3, and 12). S ftems 33.1 WB i disk  24.4 MB available Thumb box: drag the
Demos model documents: these \@ = = =Y box to move the view up Vertical
are text files containing models. or down. scroll
To restart a Demos model, double Demos Hous ¢ Txo  Accounting Hibrary bar

click on its icon (see pages 2 and 4).

Down reglon: click in the
area to jump the view

A Demos llbrary. —7

Thumb box: drag
the box to move the
view left or right.

Left arrow: press on the
arrow to scroll view left (the
document moves right).

down.

Down arrow: press on
the arrow to scroll the

Right reglon: Click view downward.

in this area to jump
the view right.

Grow box: Drag to
change the size or shape
of the window.

Right arrow: press on the
arrow to scroll view right (the
document moves left).

Horizontal scroll bar
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The Demos startup progress box

2

While Demos is starting up, it displays the upper box. This box tells you
which version of Demos this is, and provides licensing information. The
progress bar shows how far Demos has gotten in initializing. If you are start-
ing up an existing model, Demos will display the two tower boxes next. The
middle box shows you its progress in reading in the model file. The bottom

one shows you its progress in checking the model to see that the model is
well formed. When the model is ready, Demos will display the diagram win-
dow for the top model (see page 4). If instead, you started Demos directly,
e.g., by double clicking on the Demos icon, it. will go to the open model file
dialog box next (see page 3).

mm a decision modeling system

Startup progress box — Yersion1.7b8 FPU of May13, 1992
©1982-91Carnegie Mellon University

Version of Demos, and date —] ( e
©1992 Lumine Decision Systems, Inc.

it was released.

Earty Adopter Beta Rtleese ~ for Licensee use only.

Demos may not be copied, sold, lent or etherwise provided
to anyone else. Contact Lumine Decision Systems for more
information, sssistance or to obtain a demonstration copy.

Spinning ball cursor: lets
you know Demos is doing
something.

Brian Arnold
Llcensing Information —t———"""" LuminaOecislon Systems

Initializing... N

Click on the Stop button to
interrupt file reading. It will
then ask if you want to con-
tinue. Generally, you would
only do this if you realized
you didn't want to start up
this model after all.

Name of model file

E==——""1 Reading from file.. E=———

Reading: \House

sy ( Stop /]

Model reading box:
the bar shows its progress in
restarting an existing model.

Name of variable whose definition
is being checked.

Model checking box:
the bar shows its progress
while checking an existing

model for any syntax problems.

EB=—=% Checking Definitions... i GrTT——
\

Checking: Selling-cost Click on the Stop

button to interrupt.

JETEy




19¢-0

The open project dialog box

3

This dialog box lets you open an existing project or start a new one. You will
get to this dialog box after seeing the startup box on page 3, if you started
Demos by double clicking on the Demos application (see page 1). You can
also get this dialog box by selecting Open Project from the File menu
(after selecting Close from the File menu to close the current project).

If you want to restart an existing model, use the folder popup menu and
contents list to find its file. Once you have found the model you want to

The current folder: press on the folder button
for a popup menu of the folders containing it.

The list of Demos models and
folders in the current folder.

House Is the selected file.

Click once on any other

start, select it and click the Open button. As an alternative, you can simply
double click on the file name. You will then see the model reading progress
bars shown on page 2. After reading in the model, Demos will display the
diagram of the top model (see page 4).

If you want to start a new project, then simply click the New button. It
shows you a new project object card (see page 12).

The name of the disk contain-
ing the current folder.

Click on this button to eject
this disk. (Dimmed if it is not a

Select and open/an existing project, or click New,
to start a new project.

diskette or other removable
medium.)

file to select it.\

{€3 Demos folder v |

o Reledse Click on this button to make

To open a folder and see
what is in #, double click
on the folder.

O Libraries
D Tue

\ | O Accounting library !{}

the desktop the current folder.

Click on this button to close
this box without opening any-
thing.

Click on this button to start a
new Demos model (see page
12).

<l

=Click on this button to open

the selected folder or Demos
model. Opening the model file
will read #t in and display the
diagram of its top model (see

page 4).
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The diagram window

in browse mode

4

This window depicts a model as an influence diagram. Each node is a vari-
able or a submodel. Each arrow depicts an influence, that is, a direct func-
tional or probabilistic dependence of one variable on another.

Click on the hand icon to go into
browse mode. It is grayed out
to show you are already

in browse mode.

Click on this icon to switch
to edlt mode (see page 13).,

Click on this icon to view the\

value of the selected variable

with the selected uncertainty N
view option.

Press here to see the popup menu s
of the uncertainty view options:

¢ L Mid Dalue
m Mean Ualue
mt Statistics
g Confidence Bands
In Probability Density
Iz Cumulative Distribution
kx Sample

Choose one 10 display the value
of the selected variable node.

==/

mode (see page 13).

Click on this icon to go to the
parent model diagram. If there
is none, this icon is grayed
out.

Click on this icon to view the
object window of the selected
nade (see page 6).

Title of this model

Ef1==———= Diagram « House cost analysis

2/

Years
owned

Annual
appreciation

Buying
price

<

lvli- »

Annuslized
housing cost

Down
payment

Interest
rate

Click on this key Icon to see the
attribute view below the diagram,

A rectangle depicts a
decislon variable.

(i.e., uncertain)

showing more information about
the selected node ( see page 5).

A rounded node ‘depicts a chance

variable.

This diagram is in browse mode. In this mode you can inspect the model
and evaluate it in order to generate tables and graphs. If you want to
change the model structure or add new variables, you must enter the edit

,A selected node is indicated .
by highlighting.

To select a node, single click
on it.

To see details about a node,
double click on it. E.g., double
clicking on a variable will dis-
play its object window (see
page 6).

To deselect all nodes click the
diagram anywhere outside any
nodes.

A hexagonal node depicts the
criterlon or objective of the de-
cision model, e.g., net benefit,
cost or utility, or whatever you
are trying to maximize or mini-
mize. Most models have a single
criterion node.

A thick outlined node depicts a
submodel, containing variables
in an influence diagram of its own.
Double click on the node to see its
diagram.



The attribute view 5

The attribute view is a pane that extends below a diagram window. It lets  and select one to inspect. Select another node to see the same attribute of
you view any attribute of any node you select in the diagram. Click on the  that node. You can edii an attribute in the attribute view, provided the
key icon & to display the attribute view. Click on the node you wish to select. attribute is user-modifiable.

Then press the attribute popup menu to see the fist of attributes available,

The selected node whose
attribute is displayed below.
To select another node, just

click on it.

20JE====—=—2 Diagram . House cost analysis %
—— S

0]
Annusl
spprecistion
Cepitel
~a
Annualized
housing cost

costs

Click on this key lcon again to

close the attribute pane.\ [
Loan
Interest
The current attrlbute: \
To select another attribute,
\M
=

£9¢-0

Drag this partition up or down to
3 change the heights of the diagram
and its attribute pane.

press the mouse to see a
popiup menu of available attributes.

Description W | of Buying Pr\ce

B

Tota! [TIZYghouse (including closipg costs )\

/ \ \ | Note: dragging the grow box
: Q/Changes the size and shape of the

(. | | \ 21 diagram, but the height of the at-

| tribute view remains fixed. Drag the

Definition The contents of the current at- \ Title of the selected object. partition to change it

Value tnite of the selected node are

Outputs shown here. You can edit it if the

Inputs attribute is directly modifiable Click in the field, and the gray out-

(rather than computed by Demos).  line will show up if the field is edit-
Select the desired  For editing a definition, see page  able. When done, press the enter
anribute from the menu. 18. key to store changes.



¥9¢-0

The object window 6

bt

The object window shows all of the attributes of an object together. You can ~ You can see the object window by clickiag -- 1 in a diagram window (see
edit any user-modifiable attribute directly. Inputs and outputs are not user-  page 4), by double clicking on the object’s node in its diagram window (see
modifiable, since they are generated by Demos from the influence links or ~ pages 4 or 13), or by double clicking on the object’'s name in the browser

definitions of the variables. (see page 10).
Class popup menu This is the variable’s title, as it appears in the
The node shape and the nhame show the node class of this node in the parent diagram. The title can occupy
O UVariable object. You can change the class with the popup menu that up to 36 characters or 3 lines.
£ Constont appears when you press here.
] pecision —
7 tndex _4—" |\ o . . .
O Chence This is the variable’s name, as used in mathematical
O Objective expressions. It must start with a letter, have no more Click on any of these text
O View than 20 characters, and contain only letters, num- fields to edii the attribute. The
i ] \ bers, "%, and *_" (used instead of a space). dotted outline shows that the
Click on yhus icon to go to parent attribute is ready to be edited.
model diagram. If there is none, The unlt of measurement , _ _
this icon is grayed out, Click outside the text field
) o ' SE——1 Object z] again or press th_ej enter key
Clii on this icon to view the ob- \D ‘ObJeCt """“"zd.d housing cost to accept the modified text.
ject window of selected node. \| %, | 0bJective  Netlsitr Units: $/yer_—/ / B
The icon is grayed out because it [ Title: Fonvalized _
is the current window shown. -_-Eﬁ-r [housing cost |1 The description consists of
Vi i _ — text explaining what this vari-
) o ) 1 Descriptisn: The nct annualized difference between buying and renting 8 house, able represents
Click on this icon to view the including everything | can think of. :
value of the selected variable opr v
with the seIectedVig\rlmvc%r;?ilgrt]y Definitien: Ann_profit - Annusl_house - The definition type popup
/ Annust_howse  Net annuelm\ menu. See page 18.
Ann_profit Annuslized profit fromapprec... .
(I;)fr?f?: Z?]rceetr(t)a?ri; z\i[/|F:;)IVp'."(?prtTOer?Su Outputs: Imper::nce (rent cerrelation) v], B -TPOebgbe”f;in g::tﬂbljtiinng:nott)ﬁé}
Choose one to view the value of , ’ 0 Enathema){'cal o ress"on trom
the selected variable node (see |-~ | m Ma Ical expressi
page 4 / ' wt_uch to compute the value of
' Press in the area shown to display a popup menu of the this vaniable. See page 18 for
A list of the variable’s Inputs, i.8., the variables and func-  variable’s outputs, i.e., the variables and functions in an @xplanation of how to spec-
tbns appearing in its definition. whose definition this variable appears. ify or change it.

Double-click on an input to display that input's object win- Select an output from the menu to display the output’'s
dow in the place of this one. object window in the place of this one.



Values in an object window 7

You can show the mid (i.e., deterministic) value of a variable and each of its  value as a table or graph.

inputs in that variable’s object window. This is often useful for checking if a

definition is calculating what you intended, and for finding mistakes in the ~ To see these values, first click on the object window to make sure it is
model.  If a value is a table rather than a single number, it will show a  active. Then select the Show Dalues option from the Object menu.
Show Value button instead of the value. Click on this button to display the

T |

= o

Object . Net annual house cost e —r1=|

_Chance Annual-house Units: tlyear iti

Tltle: annual
house cost

Description: Net annual cod of house taking into account annual payments, property
— taxes, maintenance, insurance, receiving rent, and tax deductions.
excluding appreciation of house and 10ss of Interest on DownPayment.

G9¢-0

L
Deflnitian: Payments o Property_tex+ Maintenance +!nsursnce - |ax-red -
House-rent - Curr-rent

ngr v
Yalue: 10.85K

) L —] Inputs: Curr-rent Current rent ($/yesr) = 9420
The value of the (?urrent variable — O Howe-rent Rent from house ($/year) = 8400
is shown here. O !nsursnce  Insurance ($/year) = 600
(O Msintena... maintenance ($/year) = 4000
| O Payments  Annual payments ($/yesr) = 30.74K
This is a list of Inputs, with their units — O Progertytax Property taxes ($/year) = 4600
and values. Double click on an input to O Tax_red  Reduction in taxes ($/year) = 11.26K
see its object window in the place of this Owtputs: Annualized housingteat W | 0
2

one. it will also shows the input’s values.
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The graph window

8

A graph is a representation of a table value. The vertical (y axis) shows the
values. If the graph has one dimension, the values of the dimension are
shown horizontally (along the x axis). If it has two dimensions, you can
choose which index goes along the x axis, and which is in the key, produc-
ing multiple curves. For an array with more than two dimensions, you select
a two dimensional slice, using the pepup menus at the top.

You can display a graph by clicking the view button, or by selecting an
uncertainty view option in a diagram or object window. If the graph window
shows a table, you can (usually) change it to the corresponding graph by

Third dimenslon Index: the
title(s) of the other index van-
able(s) if the table has

3 or more dimensions.

Double click anywhere in
the graph to get the graph
setup dialog box .

clicking the graph button. On a color monitor, each curve is displayed in its
own color.

Select Graph Setup (see page 25) from the 6raph menu to change the
view (x and y ranges), graph size, and three dimesnional view. Select
Graph Styles (see page 26) from the Graph menu to change the frame,
grid, and line forms, plotting symbols, and other options. You may also
select Graph 3D Effects to control the display of the three dimensional
perspective (see page 27). But this is not working properly yet.

The title of the variable whose

value is displayed here. This field shows the value of this

Index variable for the two dimen-

lick on this icor h \ \ sional slice currently being graphed.
c chiggrtalri Cgrtlst)a?l’?ira%t tel‘lipsarirgriable \ (=== Mid Value . Annualized housing cost ($/year) =0k | —Pressonit to geta scrolling list of all

S aying prior (3K the values you can select from.
Click on this icon to view the object, Key:| Years owned (years) v Key Index: the title of the index vari-
window of the selected node. X Axis:[ Annual appreciation (/ycar) W] — able_ffogl ebacf;] lirlle ir;)tlhe gﬁphi_ ﬁls
specified DY the key below. This title
This icon indicates the uncertainty / 25K 1 nly appears if the value has two or
view option displayed o . . - N more dimensions. Press this triangle
in this window. et to show a popup menu of index vari-

15K - e ables to select from for the key.

Click on this icon to change the g
uncertainty view option and to view 10K+ R ' X Axls Index: the title of the index
the value in this window. 5000 _owve variable along the horizontal edge (x
. o _ FEe axis). Press the triangle to show a
Click on this icon to view the /. 0.05 o 0.15 popup menu of index variables to
table for this variable. Annual appreciation (lyear) select from.
Key Years o vned (yeer) For example,
The graph icon is grayed out - 2
because you are viewing a - 10 @ finnual appreciation {/year)
graph of this slice of the table. Years owned (years)
\ Buying price ($K)
y axis This key shows the value of the key index variable x ails

that corresponds to each curve, indicated by pat-
tern or color.

brag the grow box to expand or contract the graph.



The table window
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The table window displays the value of a variable which has one, two, or
more dimensions. You can display a table by clicking the uncertainty view
button in a diagram or object window. If it shows a graph, you can change it
to a table by clicking the table view icon. Each dimension is identified by an
index variable.

If the value has two dimensions, you can pick, from popup menus, which
index is displayed horizontally, and which one is displayed vertically. If it has
more than two dimensions (this one has three), the table shows a two
dimensional “slice”. The popup menu(s) at the top.allow you to select which

slice to display.

The title of the variable whose
value is displayed here.

The title (units) of the index vari-

Click on this ieon to go to the: able identifying this two dimen-
parent diagram containing this sional "slice”.
variable.,

Click on this icon to view the)
object window of selected node.

The current value of this Index for
this “slice”. Press in this field to get a
popup menu of all the values you can

select from.

This icon indicates which

\
Buyi ice' (3K) »
uncertainty view option is & uying price ($K)
displayed in this window. —==| [_Years ovned (years) ~7

1 @ LAnnual sppreciation (/year) v

[EC= Mid value \ Annualized hoysing cost ($/year) E0%|
N

\

Press the triangle to see a popup 0 0.05 0.1 0.15 [
menu of the uncertainty view7/;§» 396 16! 5073.3| 9978.7]  15.11K
options (see page 4) . Choose 2252.4] 6859.5] 12.43K]  19.12K
one to apply that option 2873.8] 7358.8]  14.24K|  24.59K

to the values. 5

<] [

Table vlew button: this icon is
grayed out because you are view- \
ing the table for this variable.

Graph vlew button: click on this
icon to view this table as a graph.

This field shows the title and
units of the index variable for
the vertical dimension of the
table. Press the mouse button
to show a popup menu of the
index variables you can
select.

This field shows the title and
units of the index variable for
the horizontal dimension of
the table. Press the mouse
button to show a popup menu
of the index variable you can
select.
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The browser

10

This window shows a scrollable alphabetical list of all the objects inside a
model. Click once on an item in the list to select it. Click twice on a model to
browse it, or click twice on a variable to see its object window. You can also
see and edit attributes of any selected object in the attribute view at the bot-

Select Browse from the Object menu to see this window.

tom of the window.

Click on this kon to display the
parent diagram. This is grayed
out if the current window\
displays the top model.

Click on this icon to open the
object window for the selected
object (see page 6).

Clii on this icon to view the value/

of the selected variable node in
the selected uncertainty
view option.

Click on this icon to change the
uncertainty view option and to
view the value of the selected

variable node.

Attribute popup menu: pressing
on this box displays a popup menu
of attributes, from which you can
select any attribute to display.

t

[EC===—=5 Browser  House cost analysis Esmmmmm=| _—This is a list of variables, sub-

=) =

2| O

e | Object:

models, functions, and other ob
jects in the current model. Click

(O Ann_costs
(O Apprecighon  Annua) appreciation
O Cop_costs
] Downpaymt Down payment
O Interest

Annus) costs on an object to select it.

Capital costs

Interest rate

Description Ww

e annual percent aoppreciation of value of the

house over the contract period (above Inflation),
/ assuming no improvements. ,

of Annual appreciation :

~~_-The selected object is high-
‘Double click on a model to see

""" lighted.
what is in it. Double click on any

{ other object to see its object
window (see page 6).

0
|

[ Name
Class

Title

Units
vDescription

UVolue
outputs

Inputs

This ﬁel!l describes the current contents
of this attribute of the selected object. If
the attribute is user-soecifiable, youcan
edit it directly, by clicking in this text field.



Managing windows
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It's easy to end up with an enormous number of windows cluttering your ~ moves the one you asked for to the top. You can also select Bring to
screen. The best number and arrangement depends on the size of your  front from the Window menu to see the current windows and select

screen(s), what you want to do, and your personal taste.

If you ask to show a window (object, diagram, graph, or

which one to display on top.

table) that is

already on the screen, but perhaps hidden under other windows, Demos

Diagram windows

When you open the diagram window for a submodel of
your current model, it will create a new window, leaving
its parent window on the screen. However, if another
submodel of the current diagram is already displayed,
it will replace that by this submodel. Thus, Demos
encourages you to have not more than one diagram
window open for each model level open at any one
time.

But if you want to see together two “sibling” diagrams,
i.e. models at the same level, press the Command key
when you double dlick on the node (or other button) to
open the second diagram. This will create a new dia-
gram without closing any existing one.

Object windows

You can open an object window:
1. By clicking on its node in its parent diagram, or
2. By clicking on the inputs list, or
3. By selecting from the outputs popup
menu of a linked object |

If an object window is already displayed, it will display
the new object in that window. Otherwise, #t will create a
new object window. But if you press the Command key
while clicking to display the object, it will create another
window. Hence you can display two object windows at
once.

If you find your screen over crowded, you can
always close any window by clicking in its close
box.

BE

Years Annuat
owned appreciation

Buying Ny Capital
price i costs
J ¥ - e

oo Py §
» EO===————== niagram ¢ Capital costs =————=—————q)=

Annualized profit

A from appreciation
] UDJQCQWU profit from opp}_éciation ——————
> c% Oc Ann_profit Units: $/yesr <

Title: Annualized profit
from sppreciation

/

> Description: Net profit converted 1nto equivalent equal annual mounts using
specified discount rate over years of owning the house.

o v
. Definition: Profit @  Annuelln(dixountyears)
T~ Inputs: T Annualize Annuslize
(O Discount  Discount rate
\ O Profit Net proceeds
2] Yeers Years owned
Outputs:| Annuslized housing cost v | %




The project object window
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The project object window shows information about the project, such as its
author(s), creation, and save dates, as well as a description. When you stan
a new Demos project, it will show an object window for the new project, ini-
tially untitled. You should start by filling out the name and/or title fields and
the description. Enter your name into the author(s) field. The creation and
save dates, and the file name are filled in automatically.

You can start a new project by clicking the New button in the file dialog box
on page 3, or selecting New Pro ject from the File menu.

The class of this object.
Press to see a popup
menu of model classes.

Dilagram button: Ctii on this icon
to show the diagram window.

The descrlptbn can accommo-

The name of this model. It

Behind a new project window is a blank diagram window. When you have
finished entering information into the the projed window, bring the diagram
to the front by clicking on the diagram button, or anywhere on the diagram
window. You can then draw a new diagram for the model (see page 13).

A project may contain several models, modules, or libraries. Each model,
module, and library has its own diagram, and also its own object window
looking much like this project object window.

The title of this model. It can

be up to 36 characters on up to
3 lines.

O  date one or more lines of text The title (or name if no title) becomes
i o . can be up to 20 characters the name® of these windows.
n
a‘ describing what this model is for. with no spaces. / /
This field contains the name(s) of y
the author(s) of this model. Edit it if AN Diagrary « Test Dgmos Model ] .
you don’t wish to use your comput- C:}\‘N §D§ﬁé ODJGﬁ * Test Demos Model EFee———— 1)
er's Chooser name. ==& (DPreject  Test_demos <

(e
\\

N
™~

This field displays the date this
model was first started. \

This field displays the date this

model was last saved into a file. N
is left blank if you are currently

working on a new model.

[

The file Info attribute describes the ___—1
file name, folder, and disk contain-
ing the project.

Title: Test Demos Mode!
Description: To demonstrate and test creation of a Demes modal.
Auther(s): E& Henrion
Crested: Wad, apr |, 1992 9:28 PM

™ Last Seved:

File infe: () (not saved yet)

1

Note: These dates and file info are
generated automatically and can-
not be edited.

Click on the diagram window behind the
object window to bring it to the front so you
can create adiagram.



A diagram in edit mode
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This diagram window is in edit mode, so you can create new nodes, and
move or modify existing ones. When a diagram window first opens it will be

in browse mode (See page 4), so you can examine, but not change, the dia-

gram. You can switch to edit mode by clicking on the edit tool. See page 14

bL2-O

Click on this icon to see the parent diagra

Click on this kon to view the object
window of selected node.

Click on the hand icon to switch
back to browse mode.

The edit tool is grayed out to show
you are in edit mode.

Click on the arrow icon to enter link arrow
mode. The cursor changes to a
right arrow (see page 15).

Node menu: click on one of the icons to
create a new node of the selected

type. Then use the keyboard

to enter the node’s title.

decision
chance
criterion
Submodel
Index
Function
Constant

for an explanation of how to copy and paste nodes. See page 15 on how to
draw arrows. See page 14 and 32 on how to reformat and tidy up diagrams.

[EO=—==—=Diagram . House cost analysis =]

e
—r Years Annusl
= owned appreciation

o

DOQOGcOo0

Working wtth Nodes

To move a node: simply drag it
by any part other than a handle.

Toselect a node: single click on
it.

Handles indicate that a node has
been selected.

To change the size and shape
of a node: drag a handle until the
node is the size and shape you
desire.

To open up the object wtndow
of a node: double click on the
node. See page 6 for details on
the object window.

To deselect all nodes: Click
anywhere except on a node.

To delete the selected node(s),
choose Delete from the Edit
menu, or press the delete key.
Demos will ask for confirmation
to make sure you really mean it.

Buying _| Capital .
price 'L costs . .
- \ .
: Annuslized
I Qhouaino cost
Down Annual . .
payment T}I

............

To edlt the title of a node, first
select it, then click on its text. It will
look like the illustration to the right.
When finished, the node will be
automatically resized to fit.

Hint: Leave a little pause between
the click to select the node and the
click to select the text to avoid hav-
ing Demos intepret it as a double
click, which will open up its object
window.

Interest
___rate




More advanced editing of diagrams 14

Additional commands available for the diagram window in edit mode are
selecting mutliple nodes and copying and pasting nodes.

Other editing options including diagram and node style preferences are
found in the Diagram menu. See page 32 for details.

¢le-O

E0=====—== Diagram . House cost analysis ==

To select multiple nodes: either single click on a
node while pressing the shift key to add the node to
the set of selected nodes (or to remove it if it is
already selected). Alternately, drag a rectangle,

using the cursor, around the nodes you wish to
select in order to select all the nodes inside it. You
can drag all of the selected nodes as a group.

Years Annual
owned appreciation

Capital
costs

Copylng and pasting nodes:

If you want to make nodes with a lot of information in common,
you can use the traditional Macintosh copy and paste options.
Initially the copies will be identical except for their names which
may have numbers appended ‘to make them unique.

To copy a selected node into the clipboard, select Copy from
the Edit menu or type %-C.

To paste a selected node from the clipboard into this diagram
window, select Paste from the Edit menu or type %-Y.

You can also paste nodes (the entire graphic representation
including arrows) into MacDraw, and similar graphics applica-
tions.

To cut a node (and its object window) into the clipboard, select
Cut from the Edit menu or type %-X.
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Drawing arrows in a diagram window

15

When a diagram window is in arrow mode, you can draw or remove arrows
(influences) between nodes. You get into the arrow mode from the edit
mode by clicking on the arrow kon = in a diagram window (see page 13).
If the diagram is in browse mode, you must first click on the edit button Rk to
go into edit mode (see page 4).

When you draw an arrow from a variable node A to a variable B, Demos will
create the definition of B as "FunctionOf(A)". This means that B is some, as
yet unspecified, function of A. If B already has a specified function, it will first
ask if you want to change ft. Drawing arrows from other variables into B will
add them to its definition. You can then edit the definition of B to specify the
form of the function. If you type in the names of additional variables into the
definition of B, or remove variables from i#, arrows will be automatically
drawn or removed to refled these dependencies (see page 18).

If you try to draw an arrow from a variable into a submodel (or from a model

into a variable), Demos will ask # you want to create an alias of the variable
inside the submodel. See page 17 for details. You can also link variables in
different models by temporarily moving the variable into the same model.
See page 16 for more information.

A cyclic dependency occurs when a variable depends on itself directly or
indirectly, so that the arrows form a directed circular path. Demos will not
allow cyclic dependencies except in dynamic models; it will warn you it you
try to create one.

In adynamic model # is possible to have cyclic dependencies provided vari-
ables depend on their values in an earlier time period. Influence arrows are
not displayed for dependencies on an earlier time period, and so even then,
no cycles will be visible. See Chapter 18, “Dynamic Simulation”, of the
Demos User's Manual for details.

This kon is grayed out to show

Arrows and Model nodes: An

that you are in amow mode.

BO=====—=== Diagram * House cost analysis ==————1=

arrow from a node into a submodel

To draw an arrow: Move the cur-

indicates that thiere is at least one
variable in the submode!l depending

sor to the origin node and press\ \
the mouse button. The node will

Buying

Annusl
appreciation

on the origin node

Cepital Similarly, an arrow from a sub-

be highlighted. Holding the but-
ton down, drag the line to the des-

price

tination node, which will also, | (O3
become highlighted. Release the \ Ob...........
button and the arow will be '®) Dowh

drawn. payment

costs

model to anode indicates that the
node depends on at least one vari-
able in the submodel.

If you select multiple origin nodes

To remove an arrow: Simply do
the same thing as if you were try
ing to draw a second arrow over
the first from the origin to the
destination.

(click on a node holding the shift
key to add it to the selection), then
arrows will be drawn simulta-
neously from each origin node to
the destination node.

A double headed arrow betwén two nodes

means that each model contains both inputs
and outputs of the other model.
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Drawing arrows between different models

16

When you create a dependency between two variables in different models,
an arrow will automatically appear between the models that contain them or
between one variable and the model that contains the other. But you can-
not draw arrows directly between maodels, or between variables in different
models. If you want to link variables in different models, it is often easiest to
move the variables temporarily into the same model , so you can then draw
the desired links directly. When finished, you move the variables back to
their proper parent models, and the links between the relevant models will

be drawn automatically. This method is illustrated below.

Another method is simply to edit the definitions of the variables, typing in
the names of the inputs directly. You may wish to choose Diew by Name
from the Ob Ject menu (or type % -1) to remind you of the variable names.
The relevant arrows will appear automatically when the definition is
accepted. A third method is to use an alias (see page 17).

Example : Suppose we want to draw an arrow from the variable Years owned to the variable Selling price in another model.

\

Step 1: Moving the variables into the same

AN

model.

‘Diagram ¢ Hoyse cost analysis:

There are two ways to accomplish the move: —7
One way is to drag one variable (in this exam -
ple, Years owned ) into the submodel (in thls/

=_'_'_wl_mm o Capital COStS

v

case, Capita/ costs) which contains the other
variable. This is what is done in this example.
Alternately, you can move the second variable,
(Selling price, in this case) up into its parent’s
parent mode, by selecting it, and choosing the
Move Into Parent command in the Object
menu. Either way both variables end up in the
same model.

Step 2: Draw an arrow between the variables.

Select the arrow tool and click on the first vari-
able (Years owned). Drag the arrow over the
second variable until it is highlighted and

rInua
Lapprecietion)

Selling
costs

release the mouse. An arrow is drawn from the

‘Diagram « House cost analysis:

first variable to the second.

‘E===———mo Diagram  Capital costs:

Years
owned

Step 3: Move the variables back ihto their origi-

Annuat
appreciation

nal models.

You first need to reverse Step 1. Select the first
variable node (Years owned) and choose
Moue into Parent from the Object menu.
An arrow will appear from the first variable t
the submodel.

——
Selling
costs

This small arrowhead indicates that this node has an input from another model.
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Using aliases
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When you draw an arrow using the arrow tool from a variable to a sub-
model, Demos assumes that you want that variable to influence another
variable in the submodel, so # asks you if you want to create an alias of the
variable in the submodel. An alias is a reference to the original variable. It
appears the same as the original, except its title is in italics. If you double-
click on the alias, you will get the object window of the original object.

You can also create an alias by selecting a node and choosing the Make
Allas command in the Object menu. You can then use Moue Into
Parent from the Object menu to move the alias into the parent model,
and into other submodels. If you locate an alias in a submodel of the original

\

variable, an arrow will appear going into the submodel even though the vari-
able doesn't yet influence any variables in the submodel. Presently, you
cannot use aliases to represent influences coming out of models. If you
attempt to draw an arrow from a submodel to a variable, or from one sub-
model to another submodel, Demos won't do anything.

If you draw an arrow from an alias to second variable, a dependency is cre-
ated from the original variable of the alias to the second variable. Il you
draw an arrow from a second variable to the alias, a dependency is created
from the second variable to the original variable of the alias.

If you draw an arrow from a vari-

'DE Dlagram « House cost anaIyS|s 5

able to a submodel as shown
here, you will be asked # you™———
want to create an alias in the
submodel.

ks

Ilrr

Click Yes to create the alias of

Annual
appreciation

the variable in the submodel.

If you open the submodel, the alias will

e emos Question =——="=———

appear in the top-left comer of the window.

Create on alias for Yed
costs?

owned in model Capital \
Dlagram . Houie cost anaIyS|s g

This is the alias for

= Dlagram . Copllol costs ==

Selllng

Years owned, with its\é;,s
-= costs

text in italics. If you )«wv
doubleclii on this \Eo»m
node, you will get the {‘,

object window for the
original variable.

..................................................................

Although the dependency is ambiguous (and in fact no
dependencies have been specified yet with variables in
the submodel) Demos draws an arrow going in the sub-
model.

.....................
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Creating or editing a definition

18

The definition of a variable may be a simple number, a text string, a proba-
bility distribution, or a more complicated expression. It can also be a list or
table of numbers, text strings, distributions, or expressions. The popup
menu above the definition field shows the class of the current definition, ini-
tially defined as an expression. You can inspect and edit the definition of a
variable either in its object window, as shown below, or by selecting De fi =
nitio nin the attribute view of the diagram (see page 5).

If you want to enter a definition that is a simple number, text string, probabil-
ity distribution, or other expression, you can just click on the definition field

First, display the current definition of the variable. You can show
this in its object window (see page 6) or
attribute view (see page 5).

If the variable has no inputs, #ts definition may be blank.’

If the inputs to a variable have been specified by drawing
arrows on the diagram,e.g.,

then the definition will look like this. This definition shows what
the variable depends on, but not the form of the dependence.

Click on the definition, and edit it using the standard Macintosh
text edit operators, select, copy (-C), cut (%-X), and paste (%-
V). If the inputs are shown in a FunctionOf() form, you can edit
them to specify the expression without having to retype the vari-
able names. i you want to be reminded of the names and
parameters of standard Demos operators and functions, select
them from the Library menu. if you select an option from the
Library menu, that function or variable will be copied into the
definition at the cursor position.

to select it, and type in the expression you want to change it to. See page
38 for the syntax for numbers and simple expressions. After you have
selected the definition field by clicking in it, look at the functions menu for
lists of the various kinds of functions and operators that you can use in an
expression. If you select an option from the functions menu, it will be copied
into the definition field at the cursor position. See page 39-45 for descrip-
tions of functions and operators in Demos.

o v

f0=—————0bject « loan e
OcChance Units: $ it
M Title: loan
i

Mortgage

L Description: Total mortgage (loan) amount.
>

or v
&’Doﬁnmon:[r’umt!owf( Price Downpaymt ) |

Inputs: {J Dovnpaymt Dovn payment
{3 Price Buying price

The definition warning sig» :
shows if the definition is not yet | :1"& Definition: pme -| :
syntactlcally correct. Click on T

the icon if you want to see a
message about what may be
wrong. As soon as a variable
has a syntactically correct defi-
nition. its node in the influence

diagram will go from gray to 5“\:"'0
clear. price 3
Down l :

payment Loan J




Creating or editing a list
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A list is an ordered set of values, numbers or text strings. The value of an

index variable must be a list. It is also possible to specify a list as the defini-

tion of a decision variable or chance variable, specifying the discrete set of
alternative values it can take. If you specify that the definition of variable A is
a list, then any variable B that depends on A will be automatically evaluated

To specify a deinition of a variable as a list, first show its
definition, either in the variables object window (see page
6), or in the diagram attribute view (see page 5).

Then presson the Expression type and select L I$ t from

the popup menu.
| [E3 Table |

want to replace it. Click on the Yes button it you do want
to replace it.

LL2D

The definition is replaced with a one-element list.

Select the first cell and enter the first value. Each fime you
press the retum key at the bottom of the list, an additional
cell is added to the list.

If a list element I8 a text string or label, remember to
enclose it in single quotes. You can enter any kind of num-
ber, function, or expression as an element of a list. \

Up arrow and Down arrow keys will move the cursor up
and down the list. Press the option and refurn keys simul-
taneously to Insert a cell after the current cell. Press the
delete key once to delete the contents of a cell; press it
twice to remove the cell.

If you try to add or delete an element of a list that is an
index of an edit table, Demos will ask for confirmation that
you want to change the table. ¥ you click on the Yes but-
ton, Demos will add or remove the corresponding cell, row,
column, or slice of any tables that this list indexes.

If the variable already has a deinition, & ill confirm that you \

for every value of A. So the value of B will be an array, indexed by A. The
array can be looked at as a table or graph. It will show how B varies accord-
ing to the value of A. This is termed a parametric analysis, and is often very
useful. It is possible to specify lists as definitions of two, three, or more vari-
ables together to perform a multiway parametric analysis.

EO=———== Object. Buying price E==e=—=p]
&% [vecision  Price Units: $K it
i Title: lBu_uing 1
price, )
L o
p |Description: Total price of house (including closing costs)
4
Definition: 400K
Outputs: .Q'J
[teen +] =

Demos Question ==FcF—————

Replace current definition with a List?
ves )

EO0==——————10bject ¢ Buying price E=====up})}
& (CJpecisten Price Units: $X G
e Title: Buying
...... orice
L o
> Dercriptirn: Totsl price of house (including closing costs)
B
Definition: 330K
——] 400K
D
&
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Creating a table
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The edit table window shows a table and lets you enter and edit numbers or
expressions into each cell of the table. If you want to specify that the defini-
tion of a variable is to be a table, you select Table from the expression
popup menu, just above the definition field. This will work both in an object
window and attribute view. Demos will then ask you to choose which index
variables you want to specify for the table’s dimensions.

If the definitiin of a variable is already a table, an Edit Table button will
appear in the definition. Click on it to see the edit table window (see page
21).

the expression type popup menu above the definition &

field. lii]
s
L
»

If the variable already has a definition, Demos will ask
you if you want to replace the current definition with a
table. Clii on the Yes button (unless you change your\

If the definition is not yet a table, first select Table fro EO0S———= Object . Buying price EE=—————"05|
"\ CIpecision

<

Price Units: SK

Title: Buying
price

cription: Total price of house (including closing costs)

ogr ERpression
J B List
£ Table

Definiti

~]

Outputs:

Gi<l

mind).

™~

b e
Demos Question =="ri—————

Demos will now show the Choose Indices window, to
allow you to specify the dimensions of the table. The
number of indices you choose will determine the number
of dimensions.

Replace current definition with a Table?
-
C=1

Click on an index to select ft. Then click on the Move

button to make it a current index.

————

The New button is not currently available. You should
make sure you create any needed indices before you
create a table. Each index should be defined as a list of
values

{7 House size
(O Dynamic Time index
/7 Uncertain inputs

Current Indices:

>

{7] Shous all svailable

After selecting the indices, the edit table window will
appear (see page 21).
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Editing a table 21

The edit table window looks very much like the table window (see page 9),  If you close an edit table and haven't yet clicked on the Accept or Revert
but you can add indices and edit the cells directly in the edit table window.  buttons, Demos asks you if you want to accept changes before closing the
Although they look similar, it is important to be aware of the difference, since  window. Clicking on the Cancel button won't close the window.

you cannot edit the standard table window.

O==———————" Object. Buying price Bi—==—=x;
. . & [CJDecision  Price Units: SK i
You open the edit table window by cficking the on the T Title: Bugt
Edit Table button in the object window\"mr ' ,,,.ic,m
(see page 6) or in the attribute view (see page 5). ;
M’tlon: {Total price of house including closing costs)
Ly W
‘ Deﬂnidexed by House locstion, House size
inputs: /7 House_toca House location
Pressing on this button will display a popup menu LJ Mouse_size House size
from which to select the index that specifies the outputs: [ Loan ) <
rows, instead of the columns, if the 8
table has more than one d|men5|on.\ Click on the Choose Indices button to add more indices
Click on a cell to select it or to increase the number of dimensions. Any new index of
‘ size n will cause the current table to be copied with its cur-
Drag the mouse from one cell to another to rent values n times, along the new dimension.
. \ \.
select a rectangular region. [ECJE=—===1 tait Toble « Buying price (6X) Eme===0r
Press the retum key to accept K| [ House location v |
this cell and to select the next cell. ==| & [House size v
] Small Large / <
Note: To add or delete cells, rows or columns in a T 300K / 200K
table, you need to edit (add or delete) the definition of Suburbs 250K / S00K
the corresponding indices. The affected table cells will Rural 100K
then automatically be added or removed. — . / /
o
Remember to put single quotes 5] / S
(e.g., "Low) around text values. Click on the Accept button 16 store
You can copy acell or arange (w two dimensional changes you have made.
rectangular region) of cells from a table. Select the cell Click on the Revert button to discard
or region. Then choose Copy fromthe Edit menu (%- changes since opening the window, or since

C). You can paste these into another cell or region. the last time you cliied on the Accept button.
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Adding icons to diagram nodes

22

You can add an icon for any node in a diagram. First, make sure that the
diagram is in edit mode, and select the node you wish to illustrate (click on
the node). Then select Edit icon from the Edit menu to get the icon win-

“ise cost analysis Ee===——=ou2|

Annual
apprecistion

................

0

~ 8
Annusiized
housing cost

...........................

S

Annuslized
-\ housing cost

Resulting node with icon.
Adjust handles to fit.

Click on the Accept button to
copy the icon into the node.

dow. This shows a much enlarged space for drawing or editing an icon. You
can draw or edit the icon one pixel at a time by mouse clicks, or you can
draw lines it you hold the mouse button down.

Click on the Clear button to clear
the icon (turning all the pixels
white).

\con « Annualize Click on the Revert

button to revert the win-
dow to the original icon

[ﬂccept"] ( crear ’]7| Revert”]

(or to a blank window if
there was no previous
icon ).

™ Click on a pixel to make
a dark pixel light, or a

light pixel dark. Drag the

mouse to draw a line.




The save file and open file dialog boxes
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The top dialog box displayed on this page lets you save the project as a file
on disk. You will see this dialog box the first time you try to save a model by
selecting Save from the File menu (%-S), and whenever you select Saue
as from the File menu.

The bottom dialog box displayed on this page lets you open a file to read it
in as the project, or to add it to the currently open project. If the file contains
any objects with the same names as objects in the current project, and you
want to overwrite the existing objects with the attributes of the objects from

the file without any warnings, then click on the Updating Module check
box. This option is useful if the file contains updates or modifications to cre-
ate a different version of the project.

If you click on the Open as text check box, Demos will instead show you
the file as text, and will not add the file to the project. This will let you inspect
or edit the project as a text file. See page 29 for more information. We do
not recommend this procedure for users other than Demos experts.

{€3 Demos folder ¥}

0 Release

) Acopunting librory
& bemos

) House

) New Btwary

D Tue

&)

Don't save the model by clicking
on the Cancel button.

This is the name of the file in,
which the model is to be saved.
Click In this field to edit the file
name.

Save Project House as:

— Click on the Save button to save
the model using current options.

Open Document and Add to Project:

(€3 Demos folder v

D Txe

Click in the Open as text check
box to open the document in a

D Accounting library &
O House
D New library

o

O

text editing window rather than
adding the document to the

~tJ Open as text [%\Updati
project. \

ng Module

X

Clii in th

e Updating Module check box to allow the docu-

ment to redeclare existing objects and redefine existing attributes.
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Preferences dialog box
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The preferences dialog box allows you to inspect and set a variety of prefer-
ences for the operation of Demos. It controls how Demos does probabilistic
evaluation, the sample size it uses, whether it defaults to a table or graphs,

Select Preferences (g-B) from the Edit menu to see this dialog box. Any
changed values will be saved along with your model when you save it .

and so on.

Sample Size: enter the number of
runs for the model to perform to estimate
probability distributions. Larger samples
will take more time and memory to com-
pute, but produce smoother distributions
and more precise statistics.

Windows for each Kind: when you
create a new object window Demos will
close an existing object window (if any) if
One only is chosen, unless you press
the Command key as you create the new
window. f Any Number is selected, it
will not reuse or close a window unless)
you close it explicitly by clicking in its
close box.

Automatlc Renaming: click in the Use
firstcheck box it you want Demos to
automatically rename a variable when\
you change its title. Demos will use up to

the specified characters (10 by default,
from 2 to 20), replacing spaces and
returns with _ (underscore).’

Id

~

Click in the Ask before renaming
check box if you want Demos to ask you
for confirmation beforeit renames the
variable.

Sampling method: the items in this box repre-
sent different ways of generating random values
from a probability distribution. Demos provides
standard Monte Carlo simulation and two variants
of Latin Hypercube sampling (see Section 9.7 of
the Demos User's Manual for details). The Number width field
controls the maximum number
of characters used in display-
ing a number.

Default value view determines whether a
table or graph appears initially when using the
uncertainty view selector options to open a
value window.

Check variable types:
click in this box if you want
Demos to report when a vari-
able’s value is inconsistent
with its class (see Chapter 7 of
the Demos User's Manual).

— Sampling methed:
® Median Latin Hypercube
O Random Latin Hypercube
(O Crude Monte Carle

Sumle sizs; INEC

\

\%i ndows for esch Kind:
One 0nl|/® Any Number

ey
—— Automatic renaming:

\E Use first[ 10]chars of title .

_AX Ask before renominp

Click on the Cancel button to
ignore any changes and to revert
to previous settings.

Oz @ L.
Check value bounds:
click in this box if you want
Demos to compute any check
attributes.

BJ Check variadle tupoa//
[ Check velue bounds /~
o

BJ Show undefined: i .|
(] Shew model! hierarchy

—— Show undefined: click in
this box if you want Demos to
fill undefined nodes with a
gray border

Show model hierarchy:

clicking on this box shows a
bar at the top of diagram win-
dows to indicate hierarchy
depth and other navigation
options.

Cliikon the OK button to
accept changes.



Graph setup dialog box
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The graph setup dialog box allows you to override the default view ranges
for the x and y axes, change the default size of the graph, and to choose
whether or not to select a three dimensional perspective view.

Click in the Frame Axis Min/Max
Values check box to control whethe
the frame ranges on the axes are com-
puted automatically. You must uncheck
this box before you can edit the mini-

You display this box by selecting the Graph Setup from the Graph menu.
You can also display it by double clicking in a graph window. If you open
this box when a graph is the active window, the parameters will apply only
to that graph. Otherwise they will be the new defaults for all new graphs.

You can enter the initial default
helght and width of the graph
view as shown on the screen mea-

mum and maximum fields for each

E====——-—=— Graph Setup E

axis.

o Click in the 3-Dimensional check

ny box to show the graph in a three dimen- _—1

@ sional perspective view. This fealure is
not working well yet.

—£] 3-Dimensienal
] Display Key

Click in the Display Key box to
show the Key (for two or more dimen-
sions).

Enter the y axis maximum value in this

k Frame *—*- “:- **-— Yalues

sured in pixels (72 per inch). You
can later resize a graph with its
growbox.

Graph Size
Height: u
Width:

Note: Small numbers are inter-
preted as inches for compatibility
with earlier versions of Demos.

Click in the Syles button to dis-
play the graph styles dialog box
(see page 26).

field.

This field determines the number of
intervals between tick marks along the

/ Set Defoult

. Enter the x axis maximum value in
this field.

Click on the Apply button to

apply the current setting to the cur-

y axis.

This field determines the y axis mini-

mum value. A

Enter the x axis minimum
Click on the Cancel button to close: value in this field.
the box, leaving values as they were

before.

This field determines the num-
ber of intervals between tick
marks along the x axis.

rent graph.

Click on the Set Default button
to accept changed values for the
current graphs and all Mure
graphs.
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If you open this window when a graph is the active window, the parameters
will apply only to that graph. Otherwise they will be the defaults for all new
graphs.

The graph styles dialog box allows you to inspect and change the style
parameters for a graph, or the defaults for all graphs. You get this box by
selecting Graph Styles from the Graph menu, or from clicking on the
Styles button in the graph setup dialog box.

y82-0

The Tick Marks box controls how __—

the tick marks appear along the axes:

None: display no tick marks.

Min Axes Only: display
marks along the bottom and

left hand axes.

Min and Max Axes: display
tick marks all around the frame.
Show Numbers: ¢lick in this
box if you would like numbers
to be shown along the axes.

Frame: controls whether the graph
displays the axes or a frame around it.

Clickon the Cancel button to close ___—

the box and keep the original settings.

The Grid box allows you to control
whether the grid is comprised of dots
or lines.

Grhph Style E=———u———
Tick Marks — Line Style: L
@® o/\'/
(® Min A Onl . .
A ot | || S
mend Max Axes
tick/ I’ oy = |
| /EShOV Numbers Sgmbol Size: Ple
£ reme: Grid:
Distribution
O None O N'o.n.e” Resolution

— Font Style:

Size:w |o|v| Font:[ Helvetica

Click on the Set Default
button to accept changed val-
ues for the current graphs
and all future graphs.

Clii on-the Apply button
to apply the current setting
to the current graph.

e

Line Style: set the line, sym-
/ bol, dot and bar chart styles for
the graphs.

These two styles show a symbol
at each plot point. Enter the
desired size of the symbols in
typographic points inthe Sy m -
bol Size box.

Distribution Resolu-
t ion. when displaying a proba-
bility distribution such as a Pdt
or Cdf, the samples are sorted
into n intervals. The number of
intervals used is calculated from
the sample size divided by the
distribution resolution. Increase
the distribution resolution to pro-
duce a smoother curve.

When Equal Prob Steps is
checked, an equal number of
values is used for each interval
" plot point in a Pdl or Cdf. If it is
not checked, Demos uses equal
X interval steps in the range of
values being plotted.




Graph 3D effects dialog box
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This dialog box controls the point of view for perspective display of three
dimensional graphs. Mu can display it by selecting BDEff ec t s in the
Graph menu, or by clicking on the 3D Effects button in the graph setup

The Depth field allows you to control

dialog box (when it is displayed in a three dimensional view). Three dimen-
sional graphs are not working properly yet, and we do not recommend using
them..

the apparenl distance and, hence, the
relative size of the front and back planes

=———3 Graph 3D Effects

__The Flip box allows you to

of the graph.

The Pan field allows you to control the
rotation of the graph around a vertical
axis (y-axis).

The Tilt field gives you control over
the rotation of the graph around a hori-
zontal axis (x-axis).

The Rotation field allows you to con-
trol the rotation of the graph around an

1N %.@

determine whether or not to
transpose the positive direction
of each axis. Clicking in the
radii button transposes the
positive direction of the axis
listed.

— Flip:
® Nene

O % Axis a
O Axis Q

Oz axis ?

Set Default l
\

__ Click on the Apply button to
apply the current setting to the
current graph..

axis going into the graph (z-axis).

Click z)n the Set Default button
to accept changed values for the
current graphs and all future
graphs.
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Typescript window
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The typescript window provides an old-fashioned teletype-style interface to
Demos, familiar to those who have used non-graphical user interfaces. You
can type commands on the last line after the prompt. Demos prints its
response below. Choose Show Typescript from the Window menu to
see this window.

Most users will not need to use the typescript window. Almost all its features
are available more conveniently via buttons, text fields, direct graphic

manipulation, and menu options in other windows. The typescript window
contains a record of recent changes, operations, and error messages that
are sometimes useful for debugging unexpected behavior. Expert users
may occasionally find it useful.

Choose Hide Typescript from the Window menu to make it go away
again.

This icon is highlighted while Demos The name of the project, The total number of objects in
is responding to a command. or main model. this project including variables,

models, and functions.

Demos Typescript BiE

@)I project House

S2 objects

House>Show Net_Diff
Objective Net. diff
Titie: Annual ized”
housing cost

Demos’ response to a Units: $/year

previous command. Dascription: The net onnual ized difference between buying and ranting a

house, Including everything |
Location: 328, 128

< Nodesize: 40,36
Hindstate: 1,503,198

House>Show cost

Dafinition: Ann_profit - Annual_house

con think of.

A prompt by Demo<|3] i

A command typed in by the user.
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A Demos model is saved between sessions as one or more model files. A
model file is simply a text document. You can examine and edit any model
file file, including the file from which the current model was started, or the
file into which it was last saved. You do this by clicking the Open as text
check box in the file open dialog box.

This is a standard Macintosh text edit-
ing window. Click anywhere to place
the editing cursor, or drag the mouse to

select text. §

Making changes to this document will have no effect on the current model
unless and until it is closed and read in using the Read in option from the
File menu.

You can also create a new text document with the New Text option in the
File menu. This can be useful for making notes on the model.

The name of the text file

/

EO===——————= Tex! » House

This high hyphen indicates that the

Decision Price
Title: Bwying™
price

Units: $K

Each Demos object (dedsion, var- /]
able, model, function) is specified by its
class and name, followed by a list of
user-specified attrfbutes.

P

Description: Total price of IS Cincluding closing costs)
Definition: [100K,400K}
Location: 48,88
Nodesize: 32,20

attribute value continues on the next
line.

This field shows the location and size,
in pixels, of the node in its parent dia-
gram window.

Q@
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Find dialog boxes
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This facility allows you to search a text document for a particular text string,
e.g., to find a particular variable by name, or to search through the project
for a particular object. To display this box, select Find from the Edit menu
(%-F).

Type the string you are looking for in

this field. N

Find

Click in the Case sensitive check || \{nd what string?

box to have the search match the string™| |nouse

— 1

by case, as well. Y] Case sensitiue
‘ rnpbe! l

L L

Clii to the Cancel button to cancel
the search.

Reverse find

| LA ay

_— Click in the Reverse Find ¢h
box to search the file backwardg}%cr%m,
the cursor position.

of-fowandS

. thig -
— Click en-the—ind- button to initiate a

search.

Type the hame (henﬁﬁer?;t the Demos

object you are looking for in this field.

Presently, you can only search by iden- find Demos Object?

tifier, but the ability to search by title is

a feature that will be added.

by~® ldentifier O Titie

Click on the Cancel button tb close
the window without starting a search.

Find

= rhdE———

Click on the Find button to initiate a
search.
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The memory usage window gives information about how much RAM mem-
ory the project is using, and the number of objects and sample size that
affect it. This window appears automatically when Demos runs bw on mem-
ory. To display  at other times, select Memory Usage from the Window
menu.

If you run bw on memory, and your Macintosh has sufficient RAM available,
you can increase the memory assigned to Demos. The RAM Memory ini-
tially assigned to Demos is 1500 Kilobytes (1.5 Megabytes) in the regular
version (Mac Il, Mac SE or other machine with a FPU). If your Macintosh
has more RAM available, you can increase the RAM allocated to Demos.

The number of user-defined variables and other ojects,

Current sample size (you might want to reduce
it if you are having memory problems).

682-0

You can change the initial suggested memory size
in the standard Macintosh way, as follows:

1. Make sure Demos is not currently running. TRt

\ S tems

2. Select the Demos application by single click
ing on it to highlight it. (Not a double click
which would start to run Demos.)

3. Select the Get Info (%-1) option from the
F ile menu. This will display, the Info box for
Demos.

4. Enter the amount of memory, in kilobytes, to

be assigned to Demos. This is the maximum
it can use.

5. Close the Info window.
6. Start up Demos in the usual way (see page
1).

In order to find out how much memory your system requires, select About
thls Macintosh (About the Finder for system 6 and earlier) from the
finder's Apple menu. Then size Demos accordingly.

If your Macintosh is running operating system 7, you can use virtual mem-
ory, and assign more memory to Demos than you have RAM available. This
will allow you to run larger models but may reduce the speed of Demos
noticeably.

SJ==—== Memory Usage Eeem=——r|

Memorygusage is OK

r— Memorg
1.449MB availabdle

~— Dala; —
~T52 ebjects

Shows proportion of
memory currently used.

mple size = 200 749.7XB in use

available-e} ]
|

l
EO=== Demos Info ==

Demos
Decision Modeling Systems 2.0

Kind : sppYication program
Sire: 652K on disk (667,363 bytes used)

Yhere :Release : Demos folder '

Created: Wed, Apr 1, 1992, 11:38 AM
Medified: Wed, Apr 1,1992, 11:39 AM
Version : 2.0b3 CPU (US) © April t 992
. Lumina Decision Systems, Inc.
Comments :
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Diagram and node styles
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The diagram style dialog box lets you control various aspects of how a dia-
gram is displayed. It lets you control the tont style and size for the node
labels, whether arrows are displayed for specified node types, and whether
the background should be gray (on a monitor that can show grayscales or
colors). You can display this dialog box by selecting Diagram style from
the Diagram menu. The Diagram menu is available only when the dia-
gram is in edit mode.

The node style dialog box lets you control how a node is displayed in a dia-
gram. It lets you specify the font style and size, and whether to display the
incoming arrows, outgoing arrows, the node outline, icon, or label. The
options for each node will override the defaults specified for the entire dia-
gram. To change the node style, you must first select a node in edit mode.

Then select Node style from the Diagram menu.The other menu
options in the Diagram menu help you create tidy, clearly arranged dia-
grams. When the grid is on (the default) each node you create or move will
be centered on a grid point. This makes it easier to position nodes so that
the arrows are exactly horizontal or vertical when the nodes are side by
side, or one above the other. If nodes get inexplicably off center, the Align
to grid command in the Diagram menu may help adjust the selected
node(s).

Adjust to text in the Diagram menu will change the size-of the
selected node(s) so that they just enclose the node label.

Turn on or off the display of arrows
into and out of index variables, func-

Diagram Style E ] - Set background color

behind nodes to white or

tions, and submodels. — Display arrews for: smm.{g; - gray
[ 1ndexes B3 Submedels O white [
] Functions @6rey [
Set the font style for all of the, || _— Fent Styte:
nodes in the diagram. Size: v Font:[ Helvetice

Click on the Cancel button
to discard any changes..

Click on the OK button to
I~ accept changes.

Turn on or off dfsplay of input

Node Style

1~ i
arrows, output arrows, label ~_

(title), border, and icon. — Display:

®inpute rrovs W
Output arrows ] Berder

240

Label

Font Style:
Set the font style for the selected, /FO omt Syl

node in the diagram.

Use Disgram Font @ Use Custem Fort ——1

Size: M| w] Feat:

| . Font Style: use the diagram
font style, or set a custom font
style for this node.

Helvetica

Click on the Cancel button to—
discard any changes.

Clii on the OK button to accept
I~ changes.



File menu

The Fil e menu contains file opening and saving commands.
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Starts a new project.

Opens a previously saved project.
Closes the active window \

Closes the current project.

New Project
\ open Project...

Saves the current project to a file, and
each module and library to its file.,

7

New Tent %N
Gpen... K0
A\

adds it to the current project.

/ Creates a new text file.
/Opens asaved library or module and

Saves the current module as a new
file. It will prompt for the file

name and its folder. |

Saves a copy of the current module

/

\(2lose ®w
\Close Project

™ Save xS
~ Save fs...

| -Save a Copy In...

Imports th ntents of Xt or
- — ports the contents of a text or data

into a new file, leaving its current file
name for future saves. it will prompt
for the new file name and its folder.
file into the current view.

]
lmport.../ ]
Export...™

, Page Setup...

Print. .. %8P

| —— Exports the contents of the current
view into a file.

/Quits the Demos application program.

It will ask if you want to save any

Displays a dialog box in which you can

i Quit %0 7

changes.

select paper size, orientation and other
printing options.

Displays a dialog box in which you can/
specify the number of copies you want
to print and other printing options.

S
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Edit menu

The Edit menu contains commands to manipulate text or graphics, find a
Demos object, display the Preferences dialog, and other options.

Cuts the selected text, nodes, graph
or table cells into clipboard tempo-

rarily for pasting.
Undoes your last action.—~———__ 040 %7 . Copies the selected text, nodes,
graph or table cells into clipboard
Cut ®H temporarily.
Copy %C ] _
Selects all text, nodes, or table cells. Paste %D /1 Pastes the contents of the clipboard
\ Clear after the cursor or replaces the cur-
Copies the entire multidimensional - rent selection.
value as a tab-delimited list of tables. \N Select Ail 3'm\
Copy Table Deletes selected text or node.

Fiind Selection
the selected node.‘\

[~ Edit Icon...
1 Preferences... %8B

::":"'J . F Displays a dialog box to find text or a
Opens a window to edit the icon for. nd mex node by its name-identiftier)=

Finds the previously found text again.
Displays afialog box to examine or N . ) ) .
change thie sampling method, num- Finds a node by its name {idemtitier)—

ber of samples, number format | that matches the currently selected
and other preferences. LJZXL\/__»
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The 0 b Je ¢ t menu ontains Demos object commands.

Shows the currently selected object in
an object window.

Deletes the selected object.\

Creates an alias for the selected obiect.
An alias is a reference to the original
object. You can move the alias

node into a submodel.

£€6¢-0

Moves the selected object from the cur-
rent diagram to its parent diagram.

Each node in this diagram Is labeled by
the objects title. Select this item to
show by name (identifier).

M

Show %0
I~ Delete
hke Alias

, Moue Into Parent

Importance...
Show Volues—___

Diagram
Browse \

Creates an Index and Chance variable
/ for the selected variable to compute the
uncertainty importance (rank correla-
tion) contributions of its inputs.

‘'Select to show the values of the vari-
able and all its inputs.

/

~ Uliew by Name %I

Open the Diagram for the selected

model.

Open the Browser window to examine
the model hierarchy and the objects in
each model.
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The Graph menu contains commands for changing the setup and style of
graphs.

Displays dialog box to specify the
defaull size and frame of view for
the graph.

Graph Setup...
G6raph Style... -
3-0 Effects... -

|___— Displays a dialog box to specify
the style for drawing graphs.

Displays a dialog box to specify 3-
D effects for graphs.

The Libray menu lists builf-in system function libraries, as well as any
libraries of user-defined functions that are currently open. If you are editing
a definition, selecting a function pastes the function name and parameter
types at the insertion point.

Displays a list of the standard mathemati-
cal functions available.

Displays a list of functions for creating and
transforming arrays.

Displays functions for specifying probability
m———a / distributions.

Math >
Array Y _ - . . .
Probability W BISpIays special functions available in
Special > €emos.

Statistical 2 _ o - . -
Operators ),\\ Displays statistical functions available in
System Variables b Demos.

Displays a list of arithmetic, comparison,
logical, and conditional operators.

Displays a list of System variables which
you can use in definitions.
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The Diagram menu contains commands for changing the display of dia-  The Window menu contains commands for bringing windows to front, or
gram arrows, fonts, and other diagram editing commands. opening special windows.

Jiaqra
Diagram Style...

Shows diagram attributes which you can change.

Shows node attnies which you can change.

Node Style...

Turn G6rid Off
flign to 6rid %K

Show Typescript =

Bring to Front 4

Turns diagram grid on or off.

Adjust to Tent X7 \\Aligns selected nodes to the diagram grid.

Adjusts the selected node’s slze to fit text label.

Shows or hides the typeseript window.

/ Brings a window to front.

Displays a window showing memory usage.

Show Memery Usage -
Show Ctipbeard

Shows the contents of the clipboard in a window.

Show Page Breoks

Shows page breaks for the currently active view.

1
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The following are all legal formats for entering numbers:

EXAMPLES
Integers: 2,10, 1234
Decimals: 32.5, .0002, 0.000012345

Character exponent:

250K, 10.5M, 10.5m, 22%

Exponential form:

53E11, 1 E20, 4.5632E-25

The signed integer after the E denotes a power of ten.

The character after the number denotes a power of ten, thus:

Power Power
of 10 Pref Ix of 10 Preflx
3 K Kilo -2 % |. percent
6 M Mega or Million -3 m milli
9 B Billion -6 u micro (mu)
9 G Giga -9 n nano
12 T Tera or Trillion -12 p pico
15 Q Quad -15 f femto

Range: Demos can represent numbers from about 10910 1 0%,
Precision: The maximum precision of numbers is up to the 6th decimal
place. The actual precision may be less if, for example, the number is com-
puted as a small difference between two almost equal numbers.

Syntax:  The arithmetic expression
1/2*°3-3%2+4
is interpreted as
(1/2).3)-(3*2)+4

The expression
faandb>cord+e<f?g thenxelsey+2z
is interpreted as
If (@ and (b>c)) or ((d+e) < (f*g)) then x else (y + 2)

Pages39 through 45 describe the operators and system functions available
in Demos.
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Operators and functions often expect to work on expressions or values of a

particular type. These symbols represent what type they expect:

Xy An expression that gives a number, or an array of
numbers.
u v An expression that gives a number or text string, or
an array of numbers or text strings.
b c An expression that gives a boolean value true (1)
or false (0), or an array of boolean values. Any
| non-zero number is treated as true.
a rAn expression that yields an array of numbers.
o Lk The name of an index variable.
N The name of a variable.
© , : ,
~N | msr An expression that yields a single number (a
scalar), not an array.
a The name of an attribute.

Arithmetic operator9

Operator | Meaning Examples
+ plus 3+2 & 5
- minus 32 =2 1
times 32 9 3X2- 6
/| dwvided by ’» » 3 3 15
A to the power of 2 5 32 5 9

Comparison operators

otherwise false

| operator | Meaning Examples

< less than 2<2 2 0

‘A'<'B’ = 1

<= less than or equal to 2<=2 <> 1
‘ab'e=’al’ - 1 .

= equal to 100=101 3 O

| 'AB'='ab’ < O

>= greater than or equal to 100>=1 & 1

‘ab>s'cd 3 O

> greater than 152 < 0

‘a>'A’ 3 1

<> not equal to 1<>2 3 1

‘AcB 3 |

Loglcal operators
.| Operator | Meaning Examples
bANDc (trueifbothbandcare|1AND20<2 = 0
true
bORc true if bor ¢ orboth are| 0 OR 1<2 - 1
true. otherwise false
NOT b true if b Is false,] NOT (2<3) 20

IF bTHEN x ELSE y

For values of b that are true, x is returned: for values of b that are false,

y is returned.
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Abs ( x)
This returns the absolute value of x.
Arctan ( x)

This returns the Arctangent of x in degrees. For example, remembering
the venerable trigonometric identity, Tan(x) = Sin(x)/Cos{x), we get:
Arctan(Sin(12.34)/Cos( 12.34)) = 12.34.

Cos( x)
This returns the Cosine of x,in degrees.
Exp (x)
This returns the exponential of x, i.e., .
Factorlal ( x)
This returns the factorial of x, whkh must be positive or zero.
Ln(x)

This returns the natural iogarithm of x. Hence, Ln( Exp(12.34)) < 12.34.

Logten ( x)
This returns the kg to the base 10 of x. Hence, Logten(10*12.34) -
12.34.

Round (x)

This returns the round value of x to the nearest integer. For example,
Round(l.8) 3 2, and Round(1.499) = 1.

Sin( x)
This returns the Sine of x, x assumed in degrees.
Sqr( x)
This returns the square of x.
Sqrt(x)
This returns the square root of x, which must be positive or zero. For
example, Sqr(Sqrt( 12.34)) = 12.34.
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You can use the List and Table options in the expression type popup to
specify simple arrays and tables. Use the Expression optbn in the popup
to use [] (list brackets), and Array() and Table() functions, if you need
more flexibility and control in specifying arrays.

Most array functions accept an expression a that yields an array of
numbers, and an index name i The Index name is optional if the array is
one-dimensional. f a has more than one dimension, the parameter / should
be used to specify the dimension over which to perform the function.

Area(a,i)
This computes the area under array & across Index i
Array (i1,12,...in,y)
This assigns a list of indices, 11,12, . . . In,as the Indices of the array ¥,
with it as the Index of the outermost dimension, 12 as the second
outermost, etc. y must have at least ndimensions.
Average ( a, )
This returns the mean value of an array, averaged over Index
Concat(a, b,/ J, k)

This appends array b to array a. If they are multidimensional, then the
Indexes, I and | specify the dimensions of a and b respectively which
are to be concatenated. If specified, k is the index of the resulting
dimensbn, and will consist of the vector created by concatenating / and
J

Cumulate (&, 1)

This returns an Array of the same dimensions as a witheach element
being the sum of all the elements of a along dimensioni up to and
including the corresponding element of a.

Integrate ( a, ¥)

This applies the trapezoidal rule of Integration of array a over Index /
and returns the result.

Max { x, /)

This returns the highest valued element of x {f an array) along a
specified Index L To get the maximum of two numbers, you must
make them into an array: Max({a, b]).

Min ( x, f)

This returns the lowest valued element(s) of x (if an array) over a
specified Index & To get the minimum of two numbers, you must make
them into an array: Min([ a, b]).

Normalize ( a, |)

This normalizes array a, such that the values along Index /sum to 1.
Product ( a, 1)

This returns the product of all the elements of a, aleng the dimension

indexed by /, The resulting value has the dimensions of a with /
removed.

Rank (a, /)

This returns an array of the rank values of a (provided that a is an
array); the lowest value in a has a rank value of 1, the next-lowest has
a rank value of 2, and so on.

Reform (a,[ 1,1, ...1In])

This reforms a mutti-dimensional array a in a sequence so that index 1
iS outermost, 2 next outermost and so on. The Indices f1, 2, etc., must
he some or all of the Indices of a.

Sequence (£ S)

This creates a one-dimensional array of successive integers fromr to
s. If rand s are not integers, Demos will round them first. If s is
greater than r, the sequence will be increasing. If ris greater than s,
the sequence will be in decreasing order.

Size( X)

This returns the number of elements of the outermost dimensions of an
array X.
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Slice ( a, }, X)

This returns the nth value of array a over the dimension indexed by I, X
must be between 1 and the length of i. x may also be an array of
values, in which case, Demos will return an array of corresponding
values from a.

Sortindex ( a, /)

This computes the ranks of a (from smallest to largest value) and
returns the #ems of Index /sorted according to those ranks.

Subscript ( a, i, v)

This gives the element of array a for which index | has value u. v must
be one of the values of Index i. v may also be an array of values from
index K in which case it will produce a corresponding array of resulting
values from a. (It Is essentially the same as a{i=u], but it allows a to be
a general expression, instead of restricting it to'be a variable).

Sum( a, f)
This sums array a over the dimension Indexed by Variable i.
Table (#1,12,...in)(ut,u2, u3,...um)

This creates an n-dimensional array, Indexed by the Indices /1,12, . . .
In. The number of Indices, n may be 1 or more. The Indices must be
separated by commas and enclosed In parentheses, as shown. The
second set of parameters to Table specify the values that go into the
Array. These are also enclosed In parentheses, and the separating
commas are optional. Each of these values is specified by an
expression uf1,u2,u3, . . . urn. The number of values required is the
number of elements of the array, m which is the product of the sizes of
all the dimensions. In this list of elements the last Index in is the
innermost, varying most rapidly.

Uncumulate ( a, i)

This returns an array of the same dimensions as a. The first element
(along ) of the result is the same as the first element of a. Each other
element of the result is the between the corresponding elements of a
and the previous one. It does the opposite of Cumulate. it is like a
discrete differential operator.

[ut,ud,u3 . ..um|

This list of expressions separated by commas and surrounded by
brackets creates a one-dimensional unindexed array, i.e., a list, whose
values are ut,u2,u3, . . . urn. When a variable whose definition
contains this kind of expression is computed, the computed array
becomes indexed by the variable itself. Thus, Index variables are
typically defined in this way. This expression is also often used in the
Array function expression parameter.

vli=u)

Given v, a variable, and brackets enclosing an index variable name
equal to an item value for that Index, this returns the slice or slices of v
along that Index, like the Slice function. More than one index can be
specified at a time.
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Probabllfty functions

Chancedist (v, 3, /)

This creates a discrete probability distribution with a vector of values
given in v and their corresponding probabilities given in a vector of
probabilities a.

Cumdist ( a, |)
This converts an array a representing cumulating probability values
along Index / into a continuous probability distribution.
Fractlles ([ s0,s1,52....5sn]))

This Is used to specify an arbitrary continuous distribution by a vector
of n+1 elements sitor i from O to n, where si specities the ¥/n fractile
(quantile) of the distribution. The probability density is assumed
uniform between the specified fractiles in the distribution.

Lognormal ( m, s)

This creates a lognormal distribution with median m and geometric
standard deviation s.

Normal ( m, S)

This creates a normal probabilitydistribution where m is the mean and
s is the standard deviation.

Probdist ( a, /)

This converts an array a representing probability density values along
Index finto a continuous probability distributbn.

Uniform (r, s )
This creates a uniform distribution between values rand s

Statistics functions

Confbands (X)

This returns probability or "confidence® bands over x, assumed to be
uncertain, for probabilities specified in System variable Confidences,
which by default is5%, 25%. 50%, 75% and 95% probability.

Correlation ( x,V )

This returns the correlation from -1 to 1 between the given distributions
x andy, i.e., the degree to which the two distributions are similar,
where -1 means negatively correlated, 0 means no correlation, and 1
means positively correlated.

Getfract (x, y )

This returns the yth fractile of X, i.e., the value which has a probability
yof being greater than x. Demos evaluates x probabilistically. -

Mean(x)

This returns the mean of x if H's a probabilistk value. Otherwise it
. Simply returns x.
Mid ( x)
This returns the mid value of an expression x, l.e. the value where all
probabilistic inputs are replaced by their median values. MM forces

deterministic evaluation in contexts where it would otherwise be
evaluated probabilistically.

Rankcorre! (X, y )

This computes the rank-order correlation of x to y, which is the relative
strength of the distribution(s) in x contributing to the uncertainty
distribution(s) in y.
Sample ( x)
This evaluates x probabillstkaily and returns a sample of values from
the distribution of x in an array Indexed by System Variable Run.
Sdevlation ( x)

This estimates the standard deviation of x from its sample if it is
probabilistic. If X is not probabilistic, It returns 0.
Vvarlance ( x)

This returns the variance of x it is probabilistic. i it isnt it returns 0. it
is spelled with two Vs so that it has a different abbreviation from
variable”.
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Argmax ( X, i)
This returns the corresponding value In Index  for which x is maximum.
aotv

This returns the attribute aof variable v. This is useful for adding units,
titles etc. to table and graph results. Note: Demos does not
automatically recompute variables that use this expression when the
attribute changes.

Cublcinterp (4 5 x)

This returns the natural cubic spline interpolated values of y along
Index i, Interpolating for values of x. Index i must be in increasing
order, and must be an Index of y. For each value of x, this function
finds the nearest two values from / and uses a natural cubic spline
between the corresponding values of y and computes the interpolated
value. If x Is below the minimum value for i, then the y value
corresponding to the minimum | value is returned; if x is above the
maximum value for J, then the y value corresponding to the maximum i
value is returned.

Dydx(x,y)
This returns the derivative of expression ywith respect to X, evaluated

at current Midvalues. This shows how a small change In x affects y.
The “small change” is 1 OE-6 if x-0, otherwise x/1 0000.

Dynamic (x1,x2, ...xn,y)

This performs dynamic simulation, used in the definition of Variables
whose values change over time, and may depend on their own values
at a previous time. Suppose the variable A is assigned the expression.
The first n parameters are expressbns giving the values of A for the
first n Time periods. The last parameter y is an expression giving the
value for each subsequent Time period, and which may refer to the
Variable in earlier Time periods, e.g. it might be A{Time-1]+Dx.

Elasticity ( y, x)

This computes the percent change in y caused by a 1% change in a
Variable x. It is related to Dydx thus: Elasticity(y, x ) = Dydx( y, x )*x

ly.

Linearinterp (4 y, X )

This returns linearly interpolated values of x, given y representing an
arbitrary piecewise linear function. f is an Index of input values in
increasing order. y is an arrayof the corresponding output values for
the function (not necessarily increasing, and may be more than one
dimension). f must be an index of y. x may be probabilistic and/or an
Array. For each value of x, this function finds the nearest two values
from i and interpolates linearly between the corresponding values from
y. If x is less than the first (and smallest) value ini it returns the first
value Iny. If x is greater than the last (and largest) value in f it returns
the last value in y.

Sublindex (x, 5 1)

This returns the index value of { corresponding to value y In Array x.
For example, Argmax uses Sublndex( x, Max( x, / ),#) to return the
index value corresponding to the maximum value in x. If y is an array
of values, an array of index values is returned.

Using l:=x Doy

This assigns a temporary variable named / the value of x and then
evaluates y, assumed to be an expression referring to the temporary
variable L1 is essentially the same as a user-defined function
parameter. You can optionally specify a parameter type qualifier to | by
adding a colon after the temporary name |, followed by the qualifier
name (see page xx), as, " p." Demos evaluates evaluates x according
to the parameter type p, You can also optionally specify an Index { to
iterate over slices of x using the keyword In after x, followed by the
Index name, as, ‘In i" Each slice will be evaluated in y, and the results
will be indexed by . You can use this special syntax for simplifying
complex expressions, reducing the computational effort of your model,
and to be able to pass array parameters to functions that require scalar
values.

Whatlf ( y, X, 2)

This temporarily replaces the expression z in the definition of variable x
and evaluates the expression y (assumed to be a function of or
dependant on the value of x), returning the result. The original
definition of x is restored following this substitution.
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A user-defined function node can be created in the diagram window in edit
mode. Use the information on page 13 to create a user-defined function
node, edt its title, and open its object window.

A function has one or more parameters and its definition can be an
arbitrary expression containing these parameters. Parameters must be
enclosed in parentheses and their names separated by commas.

By default, the expressbns you pass into your function will be evaluated
according to their context, i.e., deterministically or probabilistically.

Controlling the evaluation of functions

The default qualifier type Is Context, or Expr (the two keywords are
equivalent In Demos). To apply a different parameter type qualifier to a
parameter or parameters:

Q separate qualifiers from parameters by colons, e.g., ( x : Prob )

Q apply a qualifier to all parameters by using commas to separate the
parameters and placing the qualifier after all the parameters, e.g., (
x,y: Prob)

cl apply a qualifier to only one parameter by separating the list using
semicolons, e.g., in the parameter ( x;y : Prob ), the qualifier
Prob only applies to y

Q separate multiple parameter-qualifier pairs by semi-colons, e.g., ( X
. IndexT; y : Prob ). |

i

Function parameter type qualifiers

ArrayType
Specifies that the parameter should be an Array of one or more
Dimensions.

Ascending

Specifies that the parameter should be. a one-dimensional list of
increasing values.

Context, Expr

Default qualifier for user-defined functbns. Demos evalutes Function
parameters according to their surrounding context unless you apply
specific qualifiers to them.

Determ

Used if the parameter should always be evaluated deterministically.
IndexType

Used if the parameter should always be an index, i.e, a list.
Numeric

Used if a parameter should be a number, or an array of numbers.
Posiltive

Used if a parameter should be a single posttive value.
Prob

Used to evaluate the parameter probabilistically (if possible).
Samp

Used to evaluate the parameter probabalistically and checks that it is
one-dimensional (i.e., one array of sample values indexed by Run).

Scalar
Used if a parameter should be a single number (scalar).
Unevaluated

Used if a parameter should not be evaluated, e.g., if it Is an Array of
text strings.

Vector

Used if a parameter should be a single dimension, i.e., a set of scalar
numbers.
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An array is a collect&n of numbers (or text strings) that can be treated as a
single unit. Arrays are part of what makes Demos such a powerful
modeling language. Operations and functions that work on single numbers
generalize almost effortlessly to work on arrays. In most cases, the
definition of a variable requires no change if you change the dimensions of
the variables on which it depends. This makes it suprisingly easy to build
models with multldimensbnal array values.

An array can have one or more dimensions (up to 15). A simple number
(scalar) has zero dimensions. Each dimension Is identified by an index, a
one-dimensional array specifying its size or range of values.

You may often want to calculate a model using alternative decisions,
categories (or tables) of information, a specified range of values, or

Q alternative values for parametric analysis.A category or collection of

W
o
H

alternative values is a dimension or Index, and Is a simple array. Each
value In the dimension Is called an item or slice. Page 19 of the Quick
Reference shows you how to create a List.

1990 0% limit CO2
1991 5% limit Methane
1992 10%
category: sequence: parame ter: decision:
states years rate policy

Examples of dimensions or indices

A collection of values that correspond to items in a dimension or dim-
ensions Is table, and is the general form of an array. Page 20 of the Quick
Reference shows you how to create a Table.

California 30M
Pennsylvanla 1 OM
Population by state

limit CO2 co2_Costs
limit Methane me_Costs
Cost function by policy

Examples of one-dimensional tables
What happens when computing with lists and tables

These pictures lllustrate how various kinds of arrays can be combined
during evaluation of variables.

Identity: an Index iis
equivalent to a Table i
indexed by Itself.

Operating on a Listiand a
scalar r produces a table a
indexed by i.

Operating on a table a
indexed by I and a scalar r
produces a table b Indexed
by i.

Operating on tables a, b
both indexed by i produces
a table c Indexed by I

2
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Operating on a table a
Indexed by I with a table d
indexed by f produces a
twodimensbnal result e for
cross-product of iand j.
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