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iy How many
: represeniatives

are allocated

to each of the

5 districts?

Total population:
210K

Elenniz Bricker, . of lowa, 1997

We cannot allocate each district its
‘fair share”, which 1s non-integer...
We will instead try to minimize the
"unfairness” of the allocation, by
minimizing the maximum of the

deviation of the allocation from the
"fair share” value.
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.- W BrEOSe B SeGie iR FOCISIon—iRE G
DP Model SENCTLS BT WIRCR We consider e aislnicls
re S TNRE, Sogiuniing Wikl rsinrel K oand

ST BRI LR ONG ST T Qe L0
Lie mamiber of ranresenisiives Lo He gssigined

district whose allocation of
representatives is considered
State: S. = ¥ of representatives not vet
assigned to a district

Decision X,= * of representatives assigned
to district #n

Stage: fn

Elenniz Bricker, . of lowa, 1997

Optimal Value Function

f,(S,) = minimum deviation from the target shares
of districts n,n=-1, ..., 1, 1t 5,
representatives have not wvet been assigned.

Recursive Definition

f(Sn) = l[\j’lgn}lr:lugm {ma}{{‘}{ SHARE(J)| 1Sy X )}}
n=2,4,3,2,1

@0ennis Bricker, U. of lowa, 1997
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APL Code

VALOE«F N;t;diff

A

A Optinmal YValue Functlion of DP nodel

A for 'Legislative Redistricting' problen
A

+LAST IF N=0O
diff « (cpsip0r o.+ =Z-GHARELN]
t « TRANGITION 5 «.- X
VALUE<MIN ¢1diff> [ «F N-13[t]
=0

LAST :WALOE«+0Q,(psipBIG

Elenniz Bricker, . of lowa, 1997

LUl alion of” 1y 15 Liial, Since i remaining
PENEEENLELINES NIST BE FEEINEE
H

Optimal
= 1 2 3 4 5 B fEESIJ Decisions

.43
a7
a7
a7
a7
A7

o DL T

O LT 00 B
Ch T G0 [0 =

@0ennis Bricker, U. of lowa, 1997
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H
1 2 3 4 B B
00,90 90,90 90 80 90 00 Q0 00 00 00 §
99,99 90 00 Q9,00 00 Q0 00 00 Q9,00
2,10 99,89 90 00 Q5,00 00 Q9 00 00 ¢
2,10 1,10 99,99 Q9,00 00 Q8 00 00 ¢
a, 10 1,10 Q.43 99,99 00,089 00 00 ¢
2,27 1.57 Q.57 0,90 99,89 00 00 ¢
a.57  2.57 1.57 0,90 1,90 99,99 ¢
4,57 3.57 2.57 1,57 1.%0 2.90
9e.99 457 3.5Y 2.57 1.90 .90 F
99,99 99 99 4.5  3.57 2.57 L.90 F
99,99 00,99 Q9. 09 4,57 3.57 L.90 F

'_‘l.

"fair share” = 3.0952

Elenniz Bricker, . of lowa, 1997

* Eesulting g
SE fEESEII Xg State |
2 1 1
3 2 1
4 3 1
] 3 2
f 4 2
7 4 3
1 2 3 4 al 8 al 3
Q al 4
0] Q.99 99 99 99 Q9 90 99 99 110 f 4
1 AQ.,909 99 99 99 00 90 98 99 L —
2 2.10 99._.99 Q9 93 93 99 99 _0g
3 2.10 1.10 99,93 93 99 Q99 _0Q
4 2.10 1.10 0,43 99,99 99 00
al 2.657 1.7 0.7 0,90 99 .99
f 3.657 2.7 1.7 0,90 1.90
7 4.7 3.7 2.7 1.57 1.90
a Ao, 99 4 8Y  3J.ABT  Z2.57 1.90
Q Ao, 99 a9 99 4 /KT 3JF.HY Z2.47
0] Q.99 99 990 Q9 a9 4 KY 347

@0ennis Bricker, U. of lowa, 1997
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“fair share” = 1.1905

% S, f.(S,)
5 1 2 3 4 z 5 2 272
' 2 2.10
0 | 99.99 99,99 99,99 99,99 99 99 99,90 | 3 1.10
1 | 99.99 99,99 99,99 99,99 99 99 99 99 | 4 0.43
2 | 99.99 99,99 99,99 99,90 99 99 99,99 | 5 (.57
3 2,10 99.99 99,99 99,09 99 99 99 99 | i 0.90
4 1,10 2.10 99,99 99,99 99 99 99,99 | 7 1.57
5 0.43 1.10 2.10 99.99 99,99 99,99 | 8 1.90
5 0.57 ©0.81 1.81 2.81 99.99 99,99 | 9 2.57
7 0.90 ©0.81 1.81 2.81 3.81 99.99 | 10 2.90
d 1.57 0.90 1.81 2.81 3.81 4.81 ¢ P ————
g 1.90 1.57 1.81 2.81 3.81 4.31 |
10 2.57 1.90 1.81 2.81 3.81 4.81 |
Elenniz Bricker, . of lowa, 1997
» Resulting
53 f3(83j A 3 State |
3 2.10 1 2
4 1.10 1 3
5 o0.43 1 4
FE0.57 1 5
: A
s 1 2 : 4 E o i.57 2 7
0 | 99.99 99.99 99,99 99,99 95, gg g 10 1.81 3 7
1 .99 99,90 99, 00, = -
2 00,99 90, 00,
3 00,99 90, 00,
4 2.10 99, 00,
3 1. 2. 00,
§ 0. 1. 00,
7 0. 1. 3.
g 0. 1. 3.
g 1. 1. 3.
10 1. 1. 3.

@0ennis Bricker, U. of lowa, 1997
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‘fair share” = 1.9048

D20 =] O N s LA DT

: 1 2 3 4 5 f 531}[53)
' 1 2.10

00,00 90,00 00,00 00 00 90,00 00 00 f 4 1.10
00,00 90,00 00,00 00 00 90,00 00 00 f 5 0,43
00,00 90,00 00,00 00 00 90,00 00 00 f B 0.57
00,00 90,00 00,00 00 00 90,00 00 00 f 70,81
2.10 99,99 00,00 90,00 00 00 00,00 | g8 0.90
1.10 2.10 99,99 99,00 00 00 00,00 | 9 1.57
0.90 1.10 2.10 99,99 99 00 00,00 | 100 1.81
0.90 0.43 1.10 2.10 99,99 99,90 | = :
0.90 0.57 1.10 2.10 3.10 99.99 |
0.90 0.81 1.10 2.10 3.10 4.10 |
1.57 0.90 1.10 2.10 3.10 4.10 f

Elenniz Bricker, . of lowa, 1997

S, £,(S,) Xx Re

sulting %
aLate 2

iy

L R MmNy R R R O

'_‘l.

@0ennis Bricker, U. of lowa, 1997
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‘fair share” = 2.3609 |

5, F,5,01
b 4  2.10
5 1.10
A 0.90
0 7 0.43
1 8 0.57
2 9 0.81
3 10 0.90
4
5
A
7
g
9
0

Elenniz Bricker, . of lowa, 1997

*» Resulting
55 fSI:SS:I }{5 otate
B 2.10 1 4
B 1.38 1 a]
- 7 o1.10 2 a]
sS\__ 1 2 3 4 5 |5 g1 3 3
0| 99.99 99,99 99,99 99,99 99 99 iﬁw O ’
1 Q.99 99 90 94 g9 gQ 90 Qg gg Qo o
2 Q.99 99 90 Qg g gQ 9f Qg qg gf gQ
3 Q.99 99 90 Qg g gQ 9f Qg qg gf gQ
4 Q.99 99 90 Qg g gQ 9f Qg qg gf gQ
4] 2.10 99 .99 g9 90 Qg qdg gQ 9Q Qg of
f 1.3 2.10 99,99 90 9 gQ 90 Qg of
7 1.3 1.10 2.10 99,99 99 90 qQ 0Q
a 1.3 0,90 1.10 2.10 99,99 94 _0d
o 1.3 0.43 0.90 1.8a2 2.82 99,99
10 1.3 087 0,62 1.82 2.82 3.62

@0ennis Bricker, U. of lowa, 1997
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Optimal :
Eeturns & Decisionsk

Optimal Optimal Resulting §
atate Valuss Decisions State &

Elenniz Bricker, . of lowa, 1997

Optimal Optimal Resulting |
state Walues Declsions ntate :

@0ennis Bricker, U. of lowa, 1997
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Optimal Optimal Resulting §
htate VWalues Declisions atate :

Elenniz Bricker, . of lowa, 1997

Optimal Optimal Resulting g

ntate Valuez Declsions ntate :
2 2.10 1 1
3 1.10 2 1
4 .43 a3 1
5 057 3 2
al 0,90 4 2
7 1.57 4 3
a 1.90 5 3
0 257 5 4
10 2.90 B 4

@0ennis Bricker, U. of lowa, 1997
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Optimal Optimal Resulting
ntate Values Declisions htate 2

Elenniz Bricker, . of lowa, 1997

Legislative Redistricting Problem g

adkd OpLimal value 1s 0.67142860714 Hdk

STAGE STATE DECISION %

@0ennis Bricker, U. of lowa, 1997
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Optimal Allocation

District j . Representatives

“Fair”

Elenniz Bricker, . of lowa, 1997



