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FASIEX (B RMNE &) BRI 2 RAFAE . X Se 22 B AT DA
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FHE A3 A A2 LS FHAH S IR . FRATHE TEEAERE K 1B (MBI
ek 2000 75, $HATZE 51430 500 J5) W E AR, PARRE B A SR 2 0.01 AT
P E . XS AR FA% Pl o R ERRAE T A THEE e Had L rR et

FHE AR AL BLE SO KS BEES . A TIRAIEMCAR RIS IR f sl , MG
BRI IF IR R 2h 10 M6, IF BEdir 245 (SR 1000 745, AT
B4l 50 A Rt EEZ B R KS B, xS sl P A kg
st B— MR A RIFE, Toiei s s BRSBTS
B KS B8 .

LGS LR RA TR B K A A EE, B R AE RS R O R M E
ARG .

1 2 3 4 5

GOV12 0.00421591  0.00740787  0.00592862  0.0056296 0.00729267
GOV14 0.00521844  0.00735707  0.00549542  0.0057540 0.00831342
GOV16 0.00481853  0.00638791  0.00508871  0.00571370  0.00803164
GOV18 0.0052032 0.00770453  0.00496964  0.00530796  0.00781342
GOV20 0.00431796  0.00693604  0.00498222  0.00588907  0.00838267
PRES12  0.00426382 0.00586973  0.00512138  0.00611364  0.00789938
PRES16  0.00602307 0.00729373  0.0047844 0.00586324  0.00732449
PRES20 0.00691218  0.0071284 0.00433191  0.00664844  0.0071012

# A1 5 AMTEZ BRI A KS it &, S35 8 EZHN P B Z 8

1 2 3 4 5
GOV12 1144 1543 1285 1269 1251
GOV14 949 1587 1434 1225 170.3
GOV16 944 1269 123.8 1100 144.3
GOV18 1164 143.2 1144 1270 139.3
GOV20 1280 1240 1245 1015 1304
PRES12 116.1 146.5 146.5 108.2 139.3
PRES16 1251 158.1 113.6 143.3 144.5
PRES20 1459 153.7 85.0 1634 144.0

A A2 RF|EXHER SR ISR B A R R AR T

0.01 By T35 e i 1)
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

GOV12 1238 2106 1938 2266 5943 598334 619214 359260 81182 3973 3548 18432 299427 157038 140101 107504 6353 6550 481545 846727 739880 260004 45822 217574
GOVI4 1338 2024 2230 2388 3761 2091 2709 3756 21275 587841 672552 737484 708065 401450 121412 3096 633752 378601 304930 652208 805534 572029 663801 629772
GOV16 1984 1986 2418 2185 144573 633151 516985 122764 45728 84260 121140 152219 118631 74467 118445 14801 66633 220771 582556 691532 750305 777262 493579 232332
GOVI8 1493 2163 2249 4800 359145 711639 142440 3772 3350 3156 3207 3641 25259 16811 17823 5935 67646 698479 823914 758746 151013 7507 9516 6266
GOV20 2017 2610 2194 2530 228560 663307 119787 4718 3708 6162 219228 358394 342834 272790 71890 9434 81905 119103 545861 751809 774981 781654 24042 247420
PRESI2Z 1224 1950 1821 2237 104879 293840 283439 414518 579565 580611 428415 227647 32917 19806 125947 134463 9619 16255 514178 824383 840205 190794 394800 221026
PRESI6 2535 2168 5279 8925 268173 466493 8651 4563 102687 373336 490866 252351 34355 6558 3502 5716 239417 573644 689886 628293 539205 157697 10662 72353
PRES20 2958 2304 5198 17602 479412 542392 6468 67669 567680 638801 597633 181521 5180 4562 56705 285757 407353 606716 625285 420508 335653 29033 7357 12449

# A3 BEEXHER S RIS R BB H KT 0.01 APy Hi s I )

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18 19 20 21 22 23 24

GOVI2  0.00746421  0.00738492 0.0059108  0.00820326  0.03166541  0.05272608 0.0690287  0.04742722  0.03170964  0.01596767  0.01942463  0.03570441  0.05301232 04 0.04840355 0.02962903  0.02415266  0.07593755  0.12276848  0.12152078  0.04807615 0.06103478  0.09263022
GOV14  0.00629292  0.00561628 0.00661108 0.00727118  0.00979322 0.0064813  0.01618599 0.0162338  0.03287922  0.04952341  0.07450262  0.08116674 73 0.02692621 0.08009767  0.06322768  0.04422766  0.08380088 0.10255346  0.09821423  0.15932963
GOV16  0.008¢ 6 0.007: 8 0.00757485  0.02500664  0.05643081  0.05181119  0.07440228  0.03565294  0.02259418  0.02169706  0.02755694  0.03160729 0.06075286  0.04683201 0.0403: 0. 124 0.05¢ 57 0.10367346 0.09847478  0.08245241  0.14626076
GOVIS  0.00772433  0.00576409  0.00741841  0.02082957  0.04769098  0.09432386  0.04148392  0.01133091  0.01120564  0.02078481  0.03685532  0.04873831  0.03918144 0.0406977  0.03893848  0.02069813  0.03915364  0.08377632  0.10849367  0.11246157 0.02656568  0.04616468  0.08091433
GOV20  0.00839746  0.00718508  0.00654122  0.01392847  0.04483915  0.07866748  0.04700421  0.01478506  0.00828353  0.01262386 0.04910098  0.05721086  0.06578272  0.04671448  0.02765584  0.03888515  0.0423092  0.06207852  0.1047: 0.11799778  0.05910955  0.14626076
PRES12  0.00657057  0.0072771 0.00607774 0.02107175  0.05331691  0.04130823  0.03011342  0.04708978  0.0597832  0.05462279 0.0374573  0.03315634  0.03846967  0.04630505 0.05145654  0.04609867  0.0285254  0.0542849  0.12423302 0.12767322  0.0972663 0.0925786
PRES16  0.00867873  0.00933213  0.01049136  0.0286223  0.04620154  0.06422188  0.03704703 0.01846614 0.02977595 0.04283395 0.06101838  0.06619397 0.05005875  0.0278989  0.02420644  0.02499964 0.03618181  0.05087962 0.11576503  0.1036124  0.07112142  0.0616693 0.07916322
PRES20  0.00776663  0.00808934  0.01082212  0.03317619  0.05978789  0.0755572  0.03007401  0.03696558 0.05336268 0.05729177  0.0632198  0.04931742  0.03536015  0.02068275 0.03414217  0.03657057 0. 854 0.06358069  0.1248624  0.06893066  0.06500145  0.0503125  0.0476214  0.05822621

A A4 24 MINSWBEE KB KS GiiT i, SHILHERIEL

BB ZHEY



References

1]

2]

Becker, A., Solomon, J.: Redistricting Algorithms. In: Duchin, M., Walch, O.
(eds.) Political Geography, pp. 303-340. Birkhduser, Cham (2020). Chap. 16

Clelland, J., DeFord, D., Duchin, M.: Aftermath: The Ensemble
Approach to Political Redistricting. Math Horizons 27(3), 34-35 (2020)
https://doi.org/10.1080/10724117.2019.1680187

Barnes, R., Solomon, J.: Gerrymandering and Compactness: Implementation
Flexibility and Abuse. Political Analysis 29(4), 448-466 (2021) https://doi.
org/10.1017 /pan.2020.36

Assaf Bar-Natan, L.N.; Schutzman, Z.: The Gerrymandering Jum-
ble: Map Projections Permute Districts’ Compactness Scores. Car-
tography and Geographic Information Science 47(4), 321-335 (2020)
https://doi.org/10.1080/15230406.2020.1737575

Duchin, M., Tenner, B.E.: Discrete Geometry for Electoral Geography. Polit-
ical Geography 109, 103040 (2024) https://doi.org/10.1016/j.polgeo.2023.
103040

Harper, R., Osteroff, A., Rumph, Balla, R. Crews, Quick, Cohen, j., Rush,
Dunn, j., S. Peters, Barnes, Brien, Brown: Harper v. Hall. Supreme Court of
North Carolina Tenth District (No. 413P21) (2023)

Harper, R., Osteroff, A., Rumph, Balla, R. Crews, Quick, Cohen, j., Rush,
Dunn, j., S. Peters, Barnes, Brien, Brown: Harper v. Hall. Supreme Court of
North Carolina Tenth District (No. 413PA21) (2023)

Herschlag, G., Kang, H.S., Luo, J., Graves, C.V., Bangia, 8S.,
Ravier, R., Mattingly, J.C.: Quantifying Gerrymandering in
North Carolina. Statistics and Public Policy 7(1), 30-38 (2020)
https://doi.org/10.1080/2330443X.2020.1796400

Grofman, B.: Measures of Bias and Proportionality in Seats-Votes Relation-
ships. Political Methodology 9(3), 295-327 (1983)

17


https://arxiv.org/abs/https://doi.org/10.1080/10724117.2019.1680187
https://doi.org/10.1017/pan.2020.36
https://doi.org/10.1017/pan.2020.36
https://arxiv.org/abs/https://doi.org/10.1080/15230406.2020.1737575
https://doi.org/10.1016/j.polgeo.2023.103040
https://doi.org/10.1016/j.polgeo.2023.103040
https://arxiv.org/abs/https://doi.org/10.1080/2330443X.2020.1796400

[10]

[12]

[13]

[14]

[16]

[17]

18]

[19]

Katz, J.N., King, G., Rosenblatt, E.: Theoretical Foundations and
Empirical Evaluations of Partisan Fairness in District-Based Democ-
racies. American Political Science Review 114(1), 164-178 (2020)
https://doi.org/10.1017/S000305541900056 X

Bernstein, M., Duchin, M.: A Formula Goes to Court: Partisan Gerryman-
dering and the Efficiency Gap. Notices of the American Mathematical Society
64(9) (2017)

Stephanopoulos, N., McGhee, E.: Partisan Gerrymandering and the Effi-
ciency Gap. University of Chicago Law Review 82(2), 831-900 (2014)

Veomett, E.: Efficiency Gap, Voter Turnout, and the Efficiency Principle.
Election Law Journal 17(4), 249-263 (2020) https://doi.org/10.1089/elj.
2018.0488

Campisi, M., Ratliff, T., Padilla, A., Veomett, E.: Declination as a Metric
to Detect Partisan Gerrymandering. Election Law Journal 18(4), 371-387
(2019) https://doi.org/10.1089/€lj.2019.0562

Warrington, G.S.: Quantifying Gerrymandering Using the Vote Distribution.
Election Law Journal: Rules, Politics, and Policy 17(1), 39-57 (2018) https:
//doi.org/10.1089 /elj.2017.0447

Eubank, N., Rodden, J.: Who is my Neighbor? The Spatial Efficiency of
Partisanship. Statistics and Public Policy 7(1), 87-100 (2020) https://doi.
org/10.1080/2330443X.2020.1806762

DeFord, D., Eubank, N., Rodden, J.: Partisan Dislocation: A Precinct-Level
Measure of Representation and Gerrymandering. Political Analysis 30(3),
403-425 (2022) https://doi.org/10.1017/pan.2021.13

Barton, J., Eguia, J.X.: Central Advantage: A Geographic Measure of Parti-
san Fairness in Redistricting. Journal of Empirical Legal Studies (To Appear)
http:/ /dx.doi.org/10.2139 /5515045573

Wise, G.M.: One Person, One District: A Democratically Derived Standard

18


https://arxiv.org/abs/https://doi.org/10.1017/S000305541900056X
https://doi.org/10.1089/elj.2018.0488
https://doi.org/10.1089/elj.2018.0488
https://doi.org/10.1089/elj.2019.0562
https://doi.org/10.1089/elj.2017.0447
https://doi.org/10.1089/elj.2017.0447
https://doi.org/10.1080/2330443X.2020.1806762
https://doi.org/10.1080/2330443X.2020.1806762
https://doi.org/10.1017/pan.2021.13
https://arxiv.org/abs/http://dx.doi.org/10.2139/ssrn.5045573

[20]

[23]

[24]

[25]

[26]

[27]

28]

of Maximum Disproportionality. Election Law Journal: Rules, Politics, and
Policy (To Appear) https://doi.org/10.1089/¢lj.2024.0068

Campisi, M., Ratliff, T., Somersille, S., Veomett, E.: Geography and Elec-
tion Outcome Metric: An Introduction. Election Law Journal 21(3), 200-219
(2022) https://doi.org/10.1089/elj.2021.0054

DeFord, D., Dhamankar, N., Duchin, M., Gupta, V., McPike, M., Schoen-
bach, G., Sim, K.W.: Implementing partisan symmetry: Problems and
paradoxes. Political Analysis 31(3), 305-324 (2023) https://doi.org/10.1017/
pan.2021.49

DeFord, D., Veomett, E.: Bounds and Bugs: The Limits of Symmetry Metrics
to Detect Partisan Gerrymandering. Election Law Journal: Rules, Politics,
and Policy (To Appear) https://doi.org/10.1089/elj.2024.0038

Duchin, M., Gladkova, T., Henninger-Voss, E., Klingensmith, B., New-
man, H., Wheelen, H.: Locating the Representational Baseline: Republicans
in Massachusetts. Election Law Journal: Rules Politics, and Policy 18(4),
338-401 (2018) https://doi.org/10.1089/€lj.2018.0537

Duchin, M., Schoenbach, G.: Redistricting for Proportionality. The Forum
20(3-4), 371-393 (2022) https://doi.org/10.1515 /for-2022-2064

Kagan, E.: Common Cause v. Rucho. The Middle District of North Carolina
(No. 1:16-CV-1026) (2019)

Clelland, J., Colgate, H., DeFord, D., Malmskog, B., Sancier-Barbosa, F.:
Colorado in Context: Congressional Redistricting and Competing Fairness
Criteria in Colorado. Journal of Computational Social Science 5, 180-226
(2021) https://doi.org/10.1007/s42001-021-00119-7

Caldera, S., DeFord, D., Duchin, M., Gutekunst, S.C., Nix, C.: Mathematics
of Nested Districts: The Case of Alaska. Statistics and Public Policy 7(1),
39-51 (2020) https://doi.org/10.1080/2330443X.2020.1774452

Carter, D., Hunter, Z., Teague, D., Herschlag, G., Mattingly, J.: Optimal

19


https://doi.org/10.1089/elj.2024.0068
https://doi.org/10.1089/elj.2021.0054
https://doi.org/10.1017/pan.2021.49
https://doi.org/10.1017/pan.2021.49
https://doi.org/10.1089/elj.2024.0038
https://doi.org/10.1089/elj.2018.0537
https://doi.org/10.1515/for-2022-2064
https://arxiv.org/abs/https://doi.org/10.1007/s42001-021-00119-7
https://doi.org/10.1080/2330443X.2020.1774452

34]

Legislative County Clustering in North Carolina. Statistics and Public Policy
7(1), 19-29 (2020) https://doi.org/10.1080/2330443X.2020.1748552

DeFord, D., Duchin, M.: Redistricting Reform in Virginia: Districting
Criteria in Context. Virginia Policy Review 12(2), 120-146 (2019)

Dobbs, K.W., Swamy, R., King, D.M., Ludden, I.G., Jacobson, S.H.: An Opti-
mization Case Study in Analyzing Missouri Redistricting. INFORMS Journal
on Applied Analytics 54(2) (2023) https://doi.org/10.1287/inte.2022.0037

Herschlag, G., Ravier, R., Mattingly, J.C.: Evaluating Partisan Gerryman-
dering in Wisconsin. arXiv:1709.01596 [physics, stat] (2017)

Zhao, Z., Hettle, C., Gupta, S., Mattingly, J., Randall, D., Herschlag, G.:
Mathematically Quantifying Non-responsiveness of the 2021 Georgia Con-
gressional Districting Plan. In: Proceedings of the 2nd ACM Conference on
Equity and Access in Algorithms, Mechanisms, and Optimization. EAAMO
'22. Association for Computing Machinery, New York, NY, USA (2022).
https://doi.org/10.1145/3551624.3555300

Brown, M., Crooker, E., Fajardo, C., Hackmann, K., Hay, B., Herzog, P.,
Hunt-Hawkins, P., Mooshian, M., Murphy, M., Norelli, T., Quevedo, N.,
Ward, J.: Brown v. Scanlan. Hilsborough Superior Court, Southern District
(No. 226-2022-CV-00181) (2022)

DeFord, D., Duchin, M., Solomon, J.: Recombination: A Family of
Markov Chains for Redistricting. Harvard Data Science Review 3(1) (2021)
https://hdsr.mitpress.mit.edu/pub/1ds8ptxu

DeFord, D., Lavenant, H., Schutzman, Z., Solomon, J.: Total Vari-
ation Isoperimetric Profiles. SIAM Journal on Applied Algebra and
Geometry 3(4), 585-613 (2019) https://doi.org/10.1137/18M 1215943
https://doi.org/10.1137/18M 1215943

Moncrief, G.F.: Reapportionment and Redistricting in the West, p. 27.
Lexington Books, Lanham, MD (2011)

20


https://doi.org/10.1080/2330443X.2020.1748552
https://doi.org/10.1287/inte.2022.0037
https://doi.org/10.1145/3551624.3555300
https://arxiv.org/abs/https://hdsr.mitpress.mit.edu/pub/1ds8ptxu
https://doi.org/10.1137/18M1215943
https://arxiv.org/abs/https://doi.org/10.1137/18M1215943

[37]

[38]

[39]

[40]

[41]

Duchin, M.: Explainer: Compactness by the Numbers. In: Political Geometry,
pp. 29-36. Birkhduser, Cham (2022). Chap. 1

Herschlag, G.: Firewalls. Accessed 10-31-2023 (2018). https://sites.duke.edu/
quantifyinggerrymandering/2018/01/30/firewalls/

Bernstein, M., Walch, O.: Measuring Partisan Fairness. In: Political Geome-
try, pp. 39-76. Birkhduser, Cham (2022). Chap. 2

Autry, E., Carter, D., Herschlag, G.J., Hunter, Z., Mattingly, J.C.:
Metropolized Forest Recombination for Monte Carlo Sampling of Graph Par-
titions. STAM Journal on Applied Mathematics 83(4), 1366-1391 (2023)
https://doi.org/10.1137/21M1418010

Autry, E.A., Carter, D., Herschlag, G.J., Hunter, Z., Mattingly, J.C.:
Metropolized Multiscale Forest Recombination for Redistricting. Multiscale
Modeling & Simulation 19(4), 1885-1914 (2021) https://doi.org/10.1137/
21M1406854

Cannon, S., Duchin, M., Randall, D., Rule, P.: Spanning Tree Methods for
Sampling Graph Partitions. arXiv (2022) arXiv:2210.01401 [physics.soc-ph]

Chen, J., Rodden, J.: Unintentional Gerrymandering: Political Geography
and Electoral Bias in Legislatures. Quarterly Journal of Political Science
8(3), 239-269 (2013) https://doi.org/10.1561/100.00012033

21


https://sites.duke.edu/quantifyinggerrymandering/2018/01/30/firewalls/
https://sites.duke.edu/quantifyinggerrymandering/2018/01/30/firewalls/
https://doi.org/10.1137/21M1418010
https://doi.org/10.1137/21M1406854
https://doi.org/10.1137/21M1406854
https://arxiv.org/abs/2210.01401
https://doi.org/10.1561/100.00012033

	介绍
	方法
	数据
	马尔可夫链蒙特卡罗方法

	结果与分析
	执行委员会
	紧性度量
	座位和胜率百分比
	党派对称性度量
	对各区的详细考察

	州参议院
	紧致性度量
	席位和获胜百分比
	党派对称性度量


	结论与进一步工作
	马尔可夫链的混合启发式方法

