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Abstract
The discrete model for movement of burglars is given by the equation as:

~ R(x,t) .
p(X’Hh)_{R(x-z,tpR(x,t)p( Y
+ R(x.) p(x+1,t)l(lfP(x,t))+Gh

R(x+ 2,t)+ R(x,t)

where R(x, t) is assumed to be strictly positive across the whole spatial domain for all t. We can express

the relation in terms of discrete spatial laplacian A . For this, in continuous limit, we re-express p(x, t) in
terms of p(x, t) and R(x, t) = R(X, 1), p(x, t) = p(X, t), where X=Ix, |, is a grid spacing.
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Introduction
The discrete model for movement of burglars is given by the equation as:

~ R(x,t) .
p(X'Hh)_{R(x-z,t)+R(x,t)p( LY
+ R(x.t) p(x+l,t)l(1—P(x,t))+Gh

R(x+2,t)+ R(x,t)

where R(4Y s assumed to be strictly positive across the whole spatial domain for all t.We
can express the relation in terms of discrete spatial laplacian A . For this, in continuous limit,
we re-express # Y in terms of #(X: and RGO =Rx.n PO ~PXD “where x =ix, 1 js a
grid spacing.

Since probability is independent of length or time scales, therefore we can write

P(ax.t)=aP(X.t) With this notion and assuming ! is small, terms of the above relation can be
re-written as

X 1
p(x,t+h)=p(—,t+h)==p(X,t+h)~p(X,t+h)
| |
X 1
R(X,t) = R(—,t) = =R(X ,t) ~ R(X ,t)
[ |
X 1
R(Xx—2,t)= R(——2,t) = =R(X —2I,t) ~ R(X - 21,t)
| [
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X 1 R(X)
R(x+2,t)=R(—+2,t) =—-R(X +21,t) = R(X + 21,t) + Py (X +1)
| | R(X +21)+R(X)
2R (X )R, (X +2I)
X 1 - zP (X +1)
p(xfl,t):p(l—fl,t):l—(x7I,t)zp(xfl,t) {R(X +21)+ R(X)}
1 2R(X )R (X) 1
X 1 : 0)= - = )RR 2
p(x+1,t)=p(|—+1,t)=|—(x +ht) = p(X +1,1) - "o sz(X)+p(X) 4{R(x)}2 +sz(X)
2R(X)R, (X)
= —P(X)———— =0
Since P (01 = RGO herefore, 4{R(X)}
P(x,t) = R(x,t)h i r R(X) X 1
P2ty = R(Z0h B SRR ER A
= —,t)=R(—,
| | 2R (X )R, (X —21) 1
+ —p, (X =1
1 1 {R(X —21)+ R(X)}
= ZP(X,t)==R(X,t)h
' ' r R, (X —21)
= P(X,t)=R(X,t)h +2R(X)|—px(X—'){R(X_2|) RO
thus [1—P(x,t)}z[1—P(X,t)] « I{R(X—ZI)+R(X)}2{—2RXX(X—2I)}
_ 1-R(X.0)h ey (R(X - 21) s R(x))]
Thus the ab lation is reduced +p(x_|)4{RX(X—2I)}Z{R(X—2I)+R(X)}—}
us the above relation is reduced to (R(X —21)+R(X)] |
p(xamy = [ ROy x 1)
[R(X - 21t)+ R(X 1) o ) S T ) s R (x)
-2R(X )R X + 21
RO p (X +I,t)1(l—R(X,t)h) oy (X +'){ SaRLEY )2}
R(X +2I,t)+ R(X,t) {R(X +21)+R(X)}
+Gh r R, (X +21)
—2R(X)| p, (X +1) 2 -
R(X +2l)+R(X
For diffusion of the Risk of victimization and density of (R )2 )
burglars to spatial location < (R(X +21)+ R(X)} 2R, (X +2I)
The relation can be written as ro (X +1) (R(X +21)+ R(X )}
R (X .
p(X,t+h):J (x) p(X —1) - 4{R, (X +21)} {R(X +2|)+R(x)}7|
[R(X -21)+R(X) p(X 1) 7
{R(X +21)+R(X)} |
R (X
LD xenl-rexom) o
R(X +21)+R(X) J - o) . — ) (x -
Gh R(X —21)+R(X)
' 4R (X )R, (X —21) (x -1)
_ o (X -
= p(X,t+h)=f(){I-R(X)h}+Gh (R(x =20+ R 00)
(1) {R(X—2I)+R(X)}2{—4R(X)RXX(X—ZI)} .
' {R(X—ZI)+R(X)}4 7
where (1) = ROO p(X =1 BR(X)R,*(X - 21){R(X - 21)+ R(X)}
R(X =2I)+ R(X) + X ” p(X =)
R(X) {R(X —21)+R(X)}
R(X+2I)+R(X)p(x+l) RO xa
R(X +20)+R(X) ™
_ 2R(X)R ><+2|)
Here, f(0) = p(X) —{R(X”I Py (X +1)
R(X) _ 2R(X)R x+2|) (X
fFr(1) = — X —1 + o
- - TR Y (RO 20 R (X))
2R(X )R, (X - 21) _{R(X+2I }4R : (X+2|)p(x+|)
p(X —1) {Rmzu) <x>}

{R(X = 21)+ R(X); BR(X )R, (X +21){R(X +21)+R(X)}
- " p(X +1)

{R(X +21)+ R(X)}
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£7(0)= 2, ()= TV iy
2 {R(X)]
16 {R (X)) Ry (X)) #1687 (X){R(X)} |
+| 4 ‘p(X)
] 16{R(X)} ]
1 2R (X )R, (X
+_pxx(x - ( ) (2 )pX(X)
2 4{R (X))}
2R(X )R, (X
CZROOR(K)
4{R (X))}
16R (X){R (X)) R (X)=16R,* (X )R (X))
+ : p(X)
16{R(X)}
) = a0 e 00 R ()
2R (X) 2R,7(4)
R(X) R*(X)
f'"(0 = X X) X
= () - pxx( )7 X) px( )
2R X 2R X
o (X) :( ) (%)
R(X) RT(X)
For simplicity, it can be written as
2R, 2R, 2R’
= f7(0) = pu - Py~ p+——pP
R R
2R,
= f70) = pyy -1 Pl

By maclaurians’ series expansion, we have

2

f(0)+ If'(0)+|—f"(0)+O(I3)

21!

F(1)

where © (") represents the terms containing higher power of
I As ! is small, neglecting the term® (") and substituting

the value of f(0) , (%) and F7(0) in the above relation, we
have

12l

1
e (- {20200 |

| R(X,t)

F(1)=

p(X,t)+

With the help of relation (2), the equation (1) can be re-
written as

~410~

2

P00 S ()

p(X,t+h)

(2R, (X, t)p(X 1))

1
- L|{(1— R(X,t)h}+Gh

|
\ R(X,t) ), JJ
= p(X,tJrh)fp(X,t):7p(X,t)R(Xth
izl p(X,1)
+?i_ﬂxx(xvt) J (x t) }XJ
2 r JZRX(X,I)p(X,I)l T‘

7LR(X,t)h\pxx(X,t)f
2 L

l R(X,t) |

+Gh

Dividing both sides by h and Taking limitas h > 0, as 1o,

12 2

20 , and assuming W (constant), we then have
N “mp(X,t+h)—p(X,t)
h—0 h
T 1?
= Llﬂ{—p(X,t)R(X,t)+;{pxx(x,t)
7(2RX(X,t)p(X,t)\
R(X ,t) JXJ
2 ]
N T LM LIUL IO N WY
2 L \ R(X’t) )xJ J
= p (X, t)= |h|mo[ p (X )R(X 1)
2 (2R, (X, X, t))
+I—jpxx(x t)-| (XHo t)I l
Zh[ L R(X,t) Jx )
2 (2R, (X, X ,t)) 1
__R(X t)ijX(X,t)—| X( t)p( t)| l+G|
2 | \ R(X,t) Je | J
= p (X )= =p (X OR(X 1)+ =D {p,, (X 1)
_|(2R (X ,t)p (X t)\| l+G
\ R(X,t) Jy |

As we assumed that density of burglars diffuse to spatial

location, so that? (X D)= p(X) R(X. 1)~ R(X) “4hs the

equation reduces to

= P (X.1)

For simplicity the resulting equation can be written as

0

ot

P

J

-pR+G

|\>||—\

(2
(%

f—J\-—x
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0 1 R
= —pz—DpXX—D{X—pJ - pR+G
ot 2 R )y 3)

Note that

p o p

= ZR.+Y —(5) —R
R Zax R 2 aX
o (< Rpo, —R,p)

= —R,, + R
R XX {Z RZ Jz X

(R RZp)

. 2p .| Rl Rep

R L R R J

Py = Z:div(Vp)zvzpzAp

where A is the discrete spatial laplacian.
Using these notations, we can express the above equation (3)
as

B, 1

% by '(£VR\: “DV’p-pR+G

ot LR J 2 )
Conclusion

Thus the continuous equation of Risk of victimization field is
given by the equation and the continuous equation of density
of burglars is given by the equation (4).
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