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Agenda

« System Trades
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Tradeoff Analyses

 Question in the text:

— Given a mountain between here and there,
what's the best combination of uphill
pumping and downhill tunnel?

A to B to D?
or
Ato Cto EtoD?
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Components of Tradeoff Analyses

» At least two components, and a +/-
relationship between them

* |In the previous example:

— The higher we decide to pump, the shorter
the tunnel needs to be

« Calculate (or look up) the cost functions
of each
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Mountain Tunnel Cost Components

« Cost of Pumping

— as a function of
pumping height

Pumping Height

e Cost of Tunnel

— as a function of $
pumping height

Pumping Height
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Optimization Procedure

« Sum the costs (as a function of the

single independent variable, pumping
height)

 Look for minima in the curve

— inflection points ;
* Slope =0 ( —1(x) =0)
— endpoints dx
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Pumping
Cost

0
5200
5800
6800
8200
10000
12200
14800
17800
21200
25000

Tradeoff Optimization

Tunnel
Cost

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0
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Total Cost
20000
23200
21800
20800
20200
20000
20200
20800
21800
23200
25000

30000
25000 5
20000 n
\'\-\ —e— Pumping Cost
15000 —=— Tunnel Cost
Total Cost
10000
5000 -
O 1 1 1 1
0 1000 2000 3000 4000 5000 6000
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Tradeoff Example

* Robot guided by
fixed, remote
Sensor.

 The sensor guides
the robot towards
the ball;, when the h
robot gets close
enough, it uses its
own sensors to
detect and grab the
ball. -
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Two Primary Variables

« Sensor Accuracy, A,: How accurately can the
sensor see and guide the vehicle?
(measured in inches, smaller means more
accurate)

* Robot Acquisition Basket Size, B,: How much
area can the robot search on its own and
successfully find and capture the ball?
(measured in inches, larger means more
capable robot)
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System Effectiveness

 Let us assume that:

— If the sensor accuracy is better (i.e., smaller) than
the robot acquisition basket, then that means that
the sensor can accurately guide the robot so that
the ball is within the robot’s acquisition basket.

— Therefore the robot will capture the ball
— System will succeed if A< B,

— In other words, if the sensor accuracy gets bad
(large), then the robot must be more capable to
make up.
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Sensor Costs

2y

« Sensors get real expensive if they have to be

real accurate...

Sensor Sensor

Accuracy Cost

20
15
10
5
2.5
1
0.5
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500

650
1000
1750
2500
4000
8000

Sensor Cost
10000 +
- 8000 9
T 6000 ©
- 4000 9
. - 2000 S
— ‘ 0 N
20 10 0
Sensor Accuracy
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Robot Costs

* Robots get to be real expensive if they

have to search
Robot
Acq.
Basket Robot
Size Cost
0.5 1000
1 1050
2.5 1250
5 1600
10 2500
15 3500
20 5000
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arge acquisition baskets
Robot Cost
6000
5000 | /
g o -
2000 /
1000 «//
: 0 é 1‘0 1‘5 2‘0 25
Acq. Basket Size
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Total System Costs
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* one independent variable - sensor accuracy
— for each sensor accuracy value, use the cheapest

robot possible

Sensor Sensor

acc cost

20 500
15 650
10 1000

9) 1750
2.5 2500

1 4000
0.5 8000
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robot cost total cost

5000
3500
2500
1600
1250
1050
1000

5500
4150
3500
3350
3750
5050
9000

10000

8000 -

Cost

2000

0

Sensor-Robot Tradeoff Results

6000 -

4000 -

i

—e— sensor cost
—=— robot cost
—a— total cost

— e

0 5 10 15 20

Accuracy-Basket Size

25
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Homework

* Tradeoff problems in

— You may do the homework
* By pencil and paper
* By spreadsheet
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Assignments

 Homework

— Solve the following tradeoff problems
graphically
 Plot the curves and the total cost curve
* |[dentify the lowest point
» Give the total cost and the mix that achieves it
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Problem 1 Problem 2
pumping pump tunnel pumping |pump tunnel
height (ft) cost ($§) cost ($) height (ft) cost ($) cost ($)
2000 3000 10000 2000 3000 10000
4000 3500 9000 4000 3700 9000
6000 4200 8000 6000 5000 8000
8000 5000 7000 8000 6500 7000
10000 6000 6000 10000 9000 6000
12000 7200 5000 12000 12000 5000
Problem 3 Problem 4
pumping | pump tunnel pumping  pump tunnel
height (ft) cost ($) cost (3) height (ft) cost (3) cost ($)
2000 3000 10000 2000 3000, 10000
4000 3500 9000 4000 4000 9000
6000 4000 8000 6000 5000 8000
8000 4500 7000 8000 6000 7000
10000 5000 6000 10000 7000 6000
12000 5500 5000 12000 8000 5000
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