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1. Research Question 4. Mathematical Analysis Results and Discussion

"How does incorporating various city plannings affect the formation of gang * No effects to the shapeandsize of territories were observed from changingthe lattice boundaries or size.
. . . . . * As seeninFigure 2, for alpha values between 0 and 0.4 we observe a clear reductionin the order parameter value however
territories in a multispecies random walker model?" > el L ) 2
after 0.4 the lines beginto overlap,anditis hard to make conclusions.
* The box and whisker plots are made as seen in Figure 3. Here itseems likeincreasingthealpha valuefurther then 0.5 poses no

. . . )
0 How do the model results compareto other multispecies randomwalker models that don't change inthe order parameter value.
incorporatecity planning? . N
2 b . T . . . 09 * Tablel showcases the results of ANOVA analysis.Ap valueless than 0.05 indicates a
. How do the model results compareto the actual gangterritories inthe replicated city planning? a0 L L . .
o statistically significant difference between the final order parameter values of the
oe two avalues [7]. a values between 0 and 0.4 all show a statistical significanceto all
2. Background 04 other values with some minor exceptions. There appears to be an critical avalue
0.3
. . . ween 0.4 andO. fore which there i istically significant difference for
J Gang-related violence poses a significantchallengein numerous countries across theworld [1]. e — Z?ftf e.e 0 ? d0.5 before chthere is a statistically significant difference fo
. o o . : ifferinga v .
J Existingrandomwalker model - gang territories based on graffiti markings [2] 6 10600 20600 30600 40000 50600 eringavalues
. . . . . . 0 0.2 0.4 0.6 0.8 1 5
. Existingresearch on effects of terrain on other species'territories [3, 4] — 6a % o o oo it o || 0]01]02] 03 04 0.5 0.6 0.7 0.8 0.9 1 3 S
_ S R 0 [X] 0] 0 0 0 0 0 0 0 0 0 0 0
* Gap n |ncorporat|ng C|ty |ayOUtt0 gang territories Figure 2: Order parameter vs. time for various a 01 0 X 0 0 0 0 0 0 0 0 0 0 0
02 0] 0 | X 0 0 0 0 0 0 0 0 0 0
a0 03] 0] 0] 0 X | 0111 ] 0 0 0 0 0 0 0 0
3. Methodology . 04 0] 0 ] 0 0111 ] X | 0001|0001 | 0 | 0002] 0018 | 0.003 | 0.001 | 0
ce 05 0] 0] 0 0 | 0001 | X | 0932 ] 0672 | 0.841 | 024 | 066 | 0.53 | 0.001
1. Extending Existing Model %G s 060 0] 0 0 [0001 0932 X 0.74 | 078 | 0.214 | 0.605 | 0.477 | 0.001
.
" i ; ' H . . 07][0] 00 0 0 | 0672 | 0.74 X | 0549 | 0.117 | 0.399 | 0.278 | 0.004
a. A f:.:u?tor caIIe(.:l hardness |saddeq to the model that mverselyaffects an agent S 04 3 08 0] 0] 0 0 | 0002 ] 0841 | 0.78 | 0549 | X | 0.354 | 0.822 | 0.711 | 0.001
probability of movingto a cell.The variable"a" represents the importance of this factor. o Wil ol o0l o 0 1 0018 | 024 [ 0214 | 00117 | 0354 | X | 0476 | 0489 | 0
* The equations for graffiti production: ' 1o o] o0 0 0.003 | 0.66 | 0.605 | 0399 | 0.822 | 0476 | X | 0.907 0
0.0 3000 0 | 0.001 | 0.53 | 0477 | 0278 | 0.711 | 0489 | 0.907 | X 0
&i(z,y, t + 6t) = &(z,y, t) — (N - 6t) - &i(x,y, ) + (v - 6t) - pi(z,y,t) LB B2 e Be oo 80 &7 00 G0 i 9 5 olo0o]o0 0 0 [ 0.001 [ 0.00 | 0004 [0.001 | 0 0 0 X
i i . - i . Figure 3:Order parameter vs. ain the form of box and
Where p; and & represents the agent density and graffiti density of a gangtype "i" at a given location whisker plots Table 1:p values from one-way ANOVA analysis on all a pair's final order parameter values
and time.
* The new equationforagent movementfrom cell (z1,y1) tocell (z2,y2):
e~ PEn(@2y2.t)—ah(z2y) 5. Real World Application Results and Discussion Citations
Ma(z1 = 2,41 = y2,t) = Z —BEp(2,9:t)—ch(z2,y2)
(@5)~(z1,y1) € * The model was run on Chicago map with a values of0.35 and 0.65 to observe [1] UNITED NATIONS OFFICE ON DRUGS AND CRIME: Global
ann . study on homicide executive summary, July 2015.
Where Brepresents the importance of the repellence of graffiti, the effects below and above the critical athreshold. Figure 4 showcases the
and (g, g) ~ (z1,4)represents the neighbors of cell (z,,ys) q results of these runs with a of 0.35 on the left and a of 0.65 on the right. [2] ALSENAFI A., BARBARO A. B.: A convection—diffusion model
N . q . for gang territoriality. Physica A: Statistical Mechanics and its
. . . . \ *  With both |magesf we cansee the roads, Ia'kearnd pa rks.lnd.eed show a lack of Applications 510 (Nov. 2018, 765785, URL: httpss/idoiorg/
2. Mathematical Analysis on aSimple Lattices \‘ gang presence which matches the real territories foundin Figure 1. 10.1016/j.physa.2018.07.004, doi:10.1016/j.physa.
a. Observe effects of justchangingthe periodic \ . ZOIB OO0
b daries to hard IJI b 4 g gt pk * For a of 0.35, while the roads and parks havesome effect, there are
oundaries to hard wall boundaries to make sure none S . 4
X R many territories that don't fully cover a neighborhood yet spanacross [3] ASP M. E, THANH M.-T. H,, GERMANN D. A, CARROLLR. J,
of the observed effects are due to this change . N FRANCESKI A,, WELCH R. D., GOPINATH A., PATTESON
b Ob i fch . th Figure 1: On the right the simplified and color- mul ti ple recta ngular areas Sp|lt via road. A.E.: Spreading rates of bacterial colonies depend on substrate
: SETVe Elects of cansing @ on the coded city layout map [S]. On the left the same * However, for o of 0.65 most territories match the areas between the stiffness and permeability. PNAS Nexus 1,1 (Mar. 2022). URL:
si nglevertical bounda ry viatheorder area as the city layout from the Chicago PD gang https:
. territory map of 2022 [6]. obstacles very Z Y. //doi.org/10.1093 /pnasnexus/pgac025, doi:10.1093/
parameter : /pgac025
1 well.These rigid, pnasnexus/pgac025.
€a(t) = (4N2L ) Z (pa(z,y —1,t) — pp(z,y — 1,1)) rectangular shapes match [4] KARLSSON J., BRASETH H., SAND H., ANDREN H.:
(

zy)eH Where Histhesetofcellson
(pa(z,y+1,t) — pp(z,y+1,¢)) the vertical boundary
C. Observe the effects of halvingthe latticesizesincefor largealpha values the model is
assumed to behave as two separatelattices on either side of the boundary in the single vertical
boundaryruns.

Predicting occurrence of wolf territories in scandinavia. Journal
of Zoology 272, 3 (Apr.2007), 276-283. URL: https://
doi.org/10.1111/j.1469-7998.2006.00267 .x, doi:10.
1111/j.1469-7998.2006.00267 x.

the real territories seen in
figure 1 on the right.

* These results matcha
critical avalue between
the expected range.

[5] URL: https://mapstyle.withgoogle.com/.

Figure 4: Model run on a part of Chicago's city layout with
avalues of 0.35 and 0.65 on the left and right respectively.

[6] URL: https://gis.chicagopolice.org/p ages/

d. Apply One-way ANOVA analysis to 6. Conclusion and Future gang-maps.

find statistical significancein changing a Work {7] ROSS A., WILLSON V. L., ROSS A., WILLSON V. L.: One-way anova.
3. Real World Appl ication Basic and Advanced Statistical Tests: Writing Results Sections

a. Retrieve and edita map of Chicago, where roads 2] EireEtiing TelHls Ene s (A7), 2025,

Based on comparisons of the results against the results of preceding research, incorporating various elements
of city layouts such as roads, lakes, and parks significantly affect the shapes and size of gang territories. And by
adjusting the permeability of such boundaries within our model, we can bring the model closerto real world
scenarios where gang territories do show resemblance to the terrain of the neighborhood they reside in as
well asthe real gang territories found in the same neighborhood. It could be interesting to see the results with

Delft
more than two gang types, or with topographicterrains on top of city layout. I De I ft University of

Technology

are dyed red, parks aredyed green, and water bodies
are dyed blue suchasinfigurel on the left.

b. Use this aslatticeand compareto real gang
territory data seen infigure 1 on the right.


https://mapstyle.withgoogle.com/
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