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A state’s legislature has R representatives.

The state is sectioned into S districts (S < R),

where district J has population Pj.

L egislative

Under strictly proportional representation

("one man-one vote”), district j would

Hedistric ting

receive p

i

R
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SHARE(j) = | $p,
ig:l !

This allocation is generally not feasible,
however, since SHARE(j) is not in general
integer—valued.

The problem is to allocate the representatives
to the districts so that
the maximum deviation from the target
allocation, i.e., SHARE. is minimized.

A state has R=10 representatives,

- and S=5 districts, with populations (in

= thousands): “Fair®
District ji Population PJ Share

1 30 1.4286 (14%)

2 65 3.0952 (31%)

3 25 1.1905 (12%)

4 40 1.9048 (19%)

5 o0 2.3809 (24%)

210 10 (100%)

How many
representatives
are alfocated

{o each of the

5 districts?

210K

©Dennis Bricker, U. of lowa, 1997,

e nimpose & sequential decision-imaking
SERUCILre, 1 WiIch we consider the districts
one gt & time, beginning with district 5 and
Contining arougli iSErict 7, deciding dpon

DP Model

the number of representatives (o be assigned

Stage: n = district whose allocation of
representatives is considered
State: S, = *of representatives not yet

assigned to a district

Decision X,= * of representatives assigned

to district #n

©Dennis Bricker, U. of lowa,

1997

©Dennis Bricker, U. of lowa, 1997

We cannot allocate each district its

"fair share”, which is non-integer...

We will instead try to minimize the

"unfairness” of the allocation, by

minimizing the maximum of the

774 deviation of the allocation from the
4 "fair share" value.

Optimal Value Function

f(Sp) = minimum deviation from the target shares
of districts n,n=1, ..., 1, if S,
representatives have not yet been assigned.

Recursive Definition

£.(S,) = inimurn [max { | X~ SHARE())] fn_1(8n—><n)}}
n=5,4,3,2,1

©Dennis Bricker, U. of lowa, 1997



page 2

7/15/98

©Dennis Bricker, U. of lowa, 1997

©Dennis Bricker, U. of lowa, 1997

DP.Redistricting

OCHNOTWOoO
-

COCHNOTWOoO
-

~ ™~ ~
-] S & N
75 R - § 2 3 2
= o - o = o =
-0 AN TN = = @ = —Q
o, Lo 2 N..nua. HH AN N0 2 L =2 L
nN~ 2,0 “ S0 s .w.w N T OO “ — @ Ton oo
- og = o S 0 e o
= N o o g Ry e
o — 2 2 E] o
oy
o3 J L o oy S o z ] o ]
o w 4.55555 & & e HH N NN & XTI | drcuccic
L el R=Y =TT 2 *N| qumm oo 2 > ] >
R o £ > g — g
.y z g MoomtaaOt o a T|lococomteao
&= 2] @ U [A-Twoo o @ ) | = Fwwoo
] R T BN/ I e it
c . [= == = = N o — M N0 O A ~—
L i~ o| SoEoow N|oommoromo “ (T|meoooe oo
muu W EE-N-9-N-8 2 N [Twewans loooooococoo Mlmrworoneo RT3 O O O O o
] §, |oocee I T N Lt & S Sl | Foormoo o R
oy -h G - = === == = A o
= P oA —roooooo T  On O O O O O O
~r ) EN=N NS o~ - . o [@o0000o NN N=N-N-N
[STCR T Rr-T ST N
w9 ow PR w Sloocooocoote e e D ] 22222222888
DO oooomne O O ON O O O O LD L = = N N = = N-=F-=T--F-5) W] s e e s s amaees
- . W] = * * o s 8 6 s 8 o & | ¢ o o 6 6 s s e s s
= O MMM
~ o HAAN® === NN N N T T
[ oo =N=N=NENEREN [EN=N=NENCNENEN oooooooo
=N=N=NTT-N=N
DI B OO OO N e b bl 222222255885
0y ﬁUJ =3-N-S1-N-% OO OO0 +| oo oo mmmas o I
-t oo oo Ll I e e - R e e
o~ OO HNM T OO WWWWWWWZZ?ZA
s = [=3=N oy=N= =N oo [==N=N=N=N=8
rz
hat [ oo wooo [ = = N N T o o ) S =N O A—A—A—A— WWWWWWNNNNN
.f.. Q @™ 991999 o TOWLWWOWO - OO 00000 m| e e T
| eeee e e e e e e e e e e e e
D 2 *e ooe OO0 HNMT O OO A N -N-¥-¥-SAAahabalal
o [=N-N=N=N o [EN=N=N=N=N
oy = === PR OOMHO
D] O OOM O O PR OOAHONO
R N R 23322555538 | 23333332858 o SR oE=wESS
caf PRTRTITIRNSSNE B | e e e e e e e e e
ﬁu Cﬂw WOWWW% PO AAAN T O WWWWZlOOOll WWWWWZiOOOO
3 [=N=N=N =N=N
5 PR OOOOOOM
U Muc oo ~ [= =g lelal ol o al= == A OOMO-OM~ OO O Oh o Oh O O O LY
w AL T OO On SO HAAHADWOWN O o] eeeaTnonain Y B AT A
...... T
= w | Sooooo v coNNNNMm T OO OO 222ONHO0OOH
oY [= =N =N=N=5 % oo [==N=3 [==N=3
(S ] w
o) " w OHNO TN O O s OHNOFIN O BRO n C-nmTuotooo
o TeeToe i has [} o -
~ ~ ~
@ @ @
@ @ o
o - -
—
H o~ e L H 4
. D 0 |Twmnne . 1= .
- S = W 3 It 0 [H=vnenane 3, Q “Mloomtaota
Q E; = k1 o)) N|NHOOOHHNa 5 ) [ Twoowe
= E VS - E oS E o | T
(4D a £ " -H OO OO £ — £ o c|3 NHO OO O
— @ @ N ™ @
—~Q P ] " — N | Twereeo P "
— Lo 2 R 2 - k4 ~— n mFwotoed
o 23 g g [ g -
¥ a @ a8 R a Il
<, = <] S <] o @ B
=) rat @
a5 lm [= === =N N Yo loleLe] < OO O A I
o - y-N-N-N-N-N-N-N-Y=Ta)
fﬁ . o| SEeoeooao o = o| SESeee e e me® m == = A= A= A= A= = = N
O.1 — NI ® oo OO T3] et OO OO O O O O O
MW cnm = = = N N= =N [ sooocoooo o e N N N = - N=N=N
oy = 3 B 00000 OOO © ooooooo = QOO ROOO
ﬁm =] i LI o ooooooooon0n G— ) aeeeeeemmnn rﬁm OO A
= T ¥ B s o| Seeeeee e
@ [ J— OO AN i B oo mMmm
_.MR m | OO OO SN =N ===
@ B o= O OO OO A A =Y-N-N-N-N-N-NeleYatal
WW WA P coooooonnwnwn -+ SC0-0 GO 0 00 60 60 €0 OO A A
— 7 OO AHANM T WWWWWWZZZZZ OOV OO O O O O O O
hm + o-_| m OO (=== = = e =
0 o A @ L= L e = « OO A N-N-N-N-N-NeYoloYaTat
o o S e o | o SooCon2EERR 22222233333
wo =S (=g [} oo OOHNMT O w B BB It oo N
& .U.L 20T o =N-N=N=N o I =N-N=N=NEN=N
..m 2, QHU - OO OO w PR OOAAOO R OOMAHO
N Ow m_v pHN mv O HHIWD DN O, O~ OLCh O =i =1 €0 CO O L3 O oo HHAT W mo
- woEm A = PO HAANM T OO 295N HOOOHAA OO NHOOOO
= =, =4 = w oo oo ===
. o] emh.. e COOO OO S OOMONOM [-N-N-N-NolatoYalaSay ol
n_ Tﬁew = O HHIWND OO, SO T IO D OO HAA OO D
= W 2O CCONNNNM T OO WWW21000112 OO NAHO OO0
a LT T W =N=N =N=N=N [=N-N=N=N
el — -4
> ococea t _

OHNMTFOnOod
-




DP.Redistricting 7/15/98 page 3

| “fair share” = 2.3809

* Resulting
85 f‘5(85) ><5 State
5 2.10 1 4
% 145 s I o1
X 4 2.10 X
s 1 2 3 4 5 6 5 1.10 s 1 2 3 4 s 5 e 2 B
0| 99.99 99.59 99.99 99.99 99.99 99.99 5 0.4 0| 99.99 99.99 99.99 99.99 99,99 L 1O 057 2 8
1| 99.99 99.99 99,99 99,99 99,99 99,99 g  0.57 1| 99.99 99.99 99.99 99,99 99,99 955y
2| 99.99 99.99 00,99 99,99 99,99 99,99 9 0.81 2| 99.99 99.99 99,99 99,99 99,99 99,99
3| 99.99 99.99 00,99 99,09 99,99 99,99 10 0.90 3| 99.99 99.99 99,99 99,99 99,99 99,99
4 | 99.99 99,99 99 .09 99,09 09 099 99 09 4| 99.99 99,99 99,99 99,09 99 99 09 09
5 2.10 99.99 99,99 99,09 99,09 09 09 5 2.10 99.99 99,99 99 .09 99,09 99 09
6 1.38 2.10 99.99 99,99 99,99 09 09 6 1.38 2.10 99.99 99,99 99,99 99 99
7 1.38 1.10 2.10 99.99 99,99 99 99 7 1.38 1.10 2.10 99.99 99.99 99 99
8 1.38 0.90 1.10 2.10 99.99 99,99 8 1.38 0.90 1.10 2.10 99.99 99,99
9 1.38 0.43 0.90 1.62 2.62 99.99 9 1.38 0.43 0.90 1.62 2.62 99.99
10 1.38 0.57 0.62 1.62 2.62 3.62 10 1.38 0.57 0.62 1.62 2.62 3.62
©Dennis Bricker, U. of lowa, 1997 ©Dennis Bricker, U. of lowa, 1997
Optimal
Returns & Decisions
Stage 4
Stage 5
Optimal Optimal Resulting Optimal Optimal Resulting
State Values Decisions State State Values Decisions State
5 2.10 1 4 4 2.10 1 3
6 1.38 1 5 5 1.10 1 4
7 1.10 2 5 6 0.90 1 5
g 0.90 2 6 7 0.43 2 5
9 0.43 2 7 g 0.57 2 6
10 0.57 2 8 9 0.81 2 7
10 0.90 2 8
©Dennis Bricker, . of lowa, 1997 @©Dennis Bricker, U. of lowa, 1997
Stage 3 |
Optimal Optimal Resulting
Optimal Optimal Resulting State Values Decisions State
State Values Decisions State
2 2.10 1 1
3 2.10 1 2 3 1.10 2 1
4 1.10 1 3 4 0.43 3 1
5 0.43 1 4 5 0.57 3 2
6 0.57 1 5 6 0.90 4 2
7 0.81 2 5 7 1.57 4 3
8 0.90 2 6 8 1.90 5 3
9 1.57 2 7 9 2.57 5 4
10 1.81 3 7 10 2.90 6 4
©Dennis Bricker, U. of lowa, 1997 ©Dennis Bricker, U. of lowa, 1997
Legislative Redistricting Problems
Stage 1
" **% Optimal value is 0.5714285714 *x*
Optimal Optimal Resulting
State Values Decisions State STAGE STATE DECISION
1 0.43 1 0 2 1(3) %
2 0.57 2 4] 3 6 1
3 1.57 3 4] 2 5 3
4 2.57 4 4] 1 2 2
5 3.57 5 0 0 0
6 4.57 6 0

©Dennis Bricker, U. of lowa, 1997 ©Dennis Bricker, U. of lowa, 1997
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Optimal Allocation
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“Fair" ¥ of
District j. Share Representatives
1 1.4286 2
2 3.0952 3
3 1.1905 1
4 1.9048 2
5 2.3809 2

©Dennis Bricker, U. of lowa, 1997
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