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* Rule-based modeling is a modeling approach that uses a set of rules
that indirectly specifies a mathematical model.

* The rule-set can either be translated into a model such as Markov
chains or differential equations, or be treated using tools that directly
work on the rule-set in place of a translated model, as the latter is
typically much bigger.

* Rule-based modeling is especially effective in cases where the rule-set
is significantly simpler than the model it implies, meaning that the
model is a repeated manifestation of a limited number of patterns.

* An important domain where this is often the case is biochemical
models of living organisms. Groups of mutually corresponding
substances are subject to mutually corresponding interactions.

* https://en.wikipedia.org/wiki/Rule-based modeling
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Data Review
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Land use pattern scenario analysis
using Planner Agents
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Land use pattern,

 or land use layout, is a key part of
physical plan (master or detailed)
 Spatial distribution of land use and density .

* Hard to predict by a planning support system
(PSS)

* Land use pattern scenario analysis
(LUPSA) — most are parcel-based
* CUF (Landis 1994)
* What if? (Klosterman 1999)
« INDEX (Allen 2001)
* iCity (Stevens et al. 2007)

* Other papers regarding land use layout
optimization
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Planners in LUPSA tools

* Less attention was paid on the behavior of urban planners

* Our research question: How do planners compile land use pattern?
* What are rules (preferences)?
* How to identify these rules?
* Are these rules varying among planners?

e Could we develop a PSS for “simulating” land use patterns using the
identified rules?
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Hatner and Benenson, 2007,

Figure 1. Seven of the fifty-two mock-ups used in the experiments (the floor tiles are of
20 cm x 20 cm size).




The entropy of LEGO
Crompton, 2012, EPB

(d)

Figure 4. LEGO® models: (a) Guggenheim Museum, (b) Hancock Tower, (¢) Empire State,
(d) Falling Water, (e) Sears Tower, (f) Seattle Needle.



In this model, we will identify planner rules by

* Questionnaire
* What one planner will do

* Mining plan drawings
* What one planner has done
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Then we will

_

develop a model (Planner Agents),

B Town center
A High school
wme Main road
I R
I C
o
Tvpe constraint
IR and C
I R
[ c

for simulating land use pattern using identified rules.

Planner A Planner B Planner C

|
LIE P9

B Town center
A High school




Ideally and hopefully to

 save planner’s time and promote plan compilation efficiency.

* E.g8.
* A plan area
* |ldentified rules of 20 planners
* Generate 20 patterns in one minute by using Planner Agent
* The principal investigator chooses a perfect one
 All 20 planners focus on it and propose the final drawing
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Planner types

* Non-spatial planners
* Infrastructure, transportation
* Not directly with land use pattern

 Spatial planners
* Responsible for preparing land use pattern

* Chief planner
e Confirm the final plan scheme

LT
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Spatial planner: the general process

1. Totalsin area
* For each type of land use (e.g. residential, commercial and industrial)
* From decision makers or forecasted by macro models

2. Constraints
* Geographical context: slope, eco space
* Institutional constraints: development restrictions

3. Negotiating with non-spatial planners (factors)

. Assume planned facilities, roads, city centers, CBD, etc., are ready prior
to plan a land use pattern

. Weight factors

4. Negotiating with citizens (public participation process)
. Not accounted in our current research
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Spatial planner: simplified rules

The taste (weight) of each land use on factors is different.

The weight could be calibrated using questionnaire or data
mining on existing plan archives (land use with the highest probability
would be selected for a parcel).

— E.g., industrial parcels tend to be located along main transportation
network, commercial parcels around amenities.

T = {tplk = 1,2,3, ... K} (1)
F={fili=123,..1} )
P={p,|n=123,..N} )
W = {wyli € [1,1],k € [1,K]} C))
Tk HEr WikX f )

Py = Ly JES g

re ty 1s the planned land use type, Kis its number, f; is the PIF, I1is its number,
parcel, N 1s its total amount, wj) 1s the weight of f; for ty, Py 1s the probability o

ty.and 1) is the corresponding constant term.
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e (requirements and
Identifying PRs preferences):
Public facility
Neighbor NPA2 NPA1 NPA3
Natural reserve
Parcel size, form
Block
Subway site geececedeccccccccccadeccccccccccacdecacaa. ,
Local conditions SPA1 ; E
A Introducing independent variables i | Special Special Special | !
Establishing the land use pattern ; plan 2 plan 1 plan 3 :
Formulating comprehensive ; E
constraints Lececccccccccccccccccpoccccccccccccccccccs '
Planning law
Planning guideline” Comprehensive > < Communication and coordination
Physical constraints Land use between SPA 1 and EPAs
geographic status
______ pattern 1
Dt formil ating |
Land use pattern “ Land use pattern ﬁf emhz&m: Is‘o:’mo;::ea;'s'?mf n?;sfand_
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constramts

T W AsSEESREESSEERAM S RRASARE A AESSSTEEESSES
between SPA 1 and EPAs

Land use
pattern 1

Note: the nethod formil ating | and-use
Land use pattern | aitern 283 is the sane as that for |and-
3 by SPA3 use pattern 1.

Land use pattern
2 by SPA2

Evaluating land use
patterns

¢

© O O

ARR

4> <
SPA2 SPA1 SPA3
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* Land use pattern evaluation
 Spatial autocorrelation (Moran’s |

O 0000 and LISA)
2@ ll i * Landscape metrics using FRAGSTATS
* FEE-MAS model (Long 2011)
® RA * Calculating potential transport
R energy consumption
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E Study area of the model: The central city of Beijing




Q The centrﬁl city of Beijing

3 1085 km2
. R - 18 big zones
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* Beiing Detailed Plan (-2020)

 Land use plan in each zone has been exclusively designed by a
responsible planner, in 2007

e A perfect data for applylng PIanner Agents
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Zone 12 as an example

Land use type Parcel distribution
Number Area (km2) Percentage
R 114 43.85 0.41
C 97 44.41 0.41
M 4 0.47 0.004
0] 121 18.94 0.18
Total 336 107.67 1.00
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Constraints

N

A

1
[ JKm
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Tvpe constraint
B R

I rC

I R

B RCM

‘ [ |Region C
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e
- %

Extracted from Urban Containment Plan of Beijing
See Long et al 2011 for details
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Identified rules using multinomial regression

Parameter

Intercept
c21
C22
C25

Cc3
Cc4
(6]
Cc6
CBD
Exit
G
Gov
Hwst
Newcty
Railst
Rd06
Rvr
Subst
Tam
Xzl
Yizhg
Zgc

R

-.70203***
.59824***

1.69092***
27165%**
.54465%**
.19670**
1.01238%***
.59667***
-3.13736***
=.77072***
.06680
-.22590***
-.08708
-8.33651**
-.29179**
-2.09906***
-.26074***
.36312***
.52299
.31318%***
-91.77109***
-1.49658***

Weight
C

—2.24992%**
.10866

1.98993***
.63531%***
.53033%***

.20072**
.71570%**
.83476%***

-.73107***

-.81033***

.14353*
.11004
-.28315**
-.01048
-.14296
-1.19993***

= 71772%**
.57882%**

1.24361%***
.52759%***

-101.64079***
.16891

LT

M

-1.78990***
-1.50529***

1.48453***
-1.50131%**
.09401
34227
-.37010
.57046***
=7.74911***
.21059
-.52322**
78724%**
-.95491*
-1.21120
.79214%***
-1.10308**
-1.32691%**
-.41520**
-39.32950***
1.24840***
33.57548%**
-23.24940%***
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Rules of the same planner, by questionnaire

Category

1. Basic topography

2. Accessibilities

2.1Transport facilities

2.2 Public facilities

2.3 Location

3. Parcel properties

4. Socioeconomic
characteristics
5. Environment

* Total 20 planners surveyed in BICP (planners) and PKU (plan stud

PIF

1. Elevation
2. Slope

3. Airports

4. Rail stations
5. Highways
6. Main roads
7. Subway stations
8. Bus stops
9. Government departments
10. Entertainment facilities
11. Amenities (such as supermarkets)
12. Medical and health institutions
13. Educational and research institutions
14. Banks and insurers
15. Parks and attractions
16. CBD
17. Town centers
18. Development zones
19. Rivers and wetlands
20. Current land use type
21. Parcel area
22. Land price
23. Population density
24. Employment rate
25. Air quality
26. Traffic noise
27. Vegetation coverage
28. NIMBY facilities

* Comparison to be conducted

R
0.32
0.30

0.26

0.26
0.23
0.30
0.43
0.42
0.39
0.49
0.50
0.57
0.58
0.36
0.55
0.33
0.40
0.20
0.43
0.36
0.29
0.33
0.36
0.30
0.46
0.56
0.49
0.46

Weight
C M
0.31 0.37
0.32 0.39
0.31 0.43
0.37 0.37
0.25 0.51
0.34 0.36
0.43 0.13
0.40 0.19
0.35 0.26
0.35 0.16
0.32 0.19
0.21 0.23
0.21 0.21
0.42 0.22
0.29 0.16
0.52 0.15
0.47 0.13
0.29 0.51
0.25 0.32
0.31 0.33
0.30 0.41
0.32 0.35
0.41 0.23
0.37 0.32
0.34 0.21
0.28 0.17
0.28 0.23
0.36 0.18
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Comparison of mined and surveyed rules

What has done and will do are generally different,
in terms of taste of each land use on various factors.

1.00
0.90
0.80
0.70
0.60
g 0.50
@ 0.40
~ 0.30
0.20
0.10
0.00
-0.10
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Three scenarios by different planners

W, G,
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Land use type Parcel number Parcel number Parcel number
(scenario A) (scenario B) (scenario C)
R 163 157 130
C 116 146 182
M 11 7 8
0] 46 26 16
Total 336 336 336
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Conclusions

* Planner Agents for supporting land use pattern scenario analysis
(LUPSA)

* Limited to land use plan in the master plan level
* Identified rules by questionnaire and data mining

* Tested in the hypothetical space and applied in Beijing
e Compile and evaluate land use plan quantitatively

* Promising in promoting working efficiency of planners
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