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ABSTRACT

Providing various levels of difficulty of game play is one of important considerations in
game development. In this paper, we propose a method for obtaining the challenges that
will be placed on the track of an one-player car driving game. Herein challenges denote
obstacles on the track, and the level of difficulty is represented by an estimated time
needed for driving one lap of the track. In the proposed method, the problem for finding
challenge placement is modeled as an IP(Integer Programming) one, and then LP relaxation
and Simultaneous Annealing are employed to find a solution. To the experiment with the

proposed method,

we can obtain challenge placements to approximately meet given target

driving times. Also, after practically driving on the track where those obtained challenges
are being placed, it is seen that the average driving times approximate the target driving
times of those challenge placements. Our method can allow game play with various levels

of difficulty so that the users’

Keywords : Level of Difficulty (o]

%), Car Driving Game(A-53} £33 A9,

interest and the level of immerse are expected to be raised.
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Procedure Construct_Level_Of_Difficulty
Input: T, Z, Z°
Output: R =

<l'1’1, 1'1’1\7, .'Ez+Z"1, "'xZ+Z,N>

Step 1) Initialize x.; = 0, 1<z<Z+Z' and

1<i<N.
Step 2)

Fll’ld Rl =

<ZI,'1 1y o L1 Ny ooe le, . ZEZAV> by

calling Solve_IP_Problem(T, 1, Z, 1);
Step 3)

T = T/Z,
Step 4)

for(z = Z+1, z < Z+Z% z++) {

Find Ry = <z, .. ¢, 5> by
calling Solve_IP_Problem(T’, z, z,

Z); \

Step 5) Construct R by combining £,
and Ry 's.

[Fig. 2] A Procedure for Finding the Challenge

Placement
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Subroutine Solve_IP_Problem( £, S, E, W)

Output: <xg1, .. Ty s - Tg1, Tp N>
Step 1)
Set m;, M, m“”, M(;"”'t, mZ°"°, and

MZ"® to proper values.

Step 2) Find s = <wzg{, .. Tgn, - Tpq, -

Z g x> by solving the following IP problem:
N
Minimize F(s)= |£ - (Z M. T(c;)
z=58i1=1
T;frack) |
subject to

(CO0) For each T,
<N,
T
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.i =0, x,; is an integer

(COI) For each challenge type ¢, 1<i<

E xZ i —
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(m‘ cat
=D Y IR
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[Fig. 3] Subroutine Solve_IP_Problem
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Step 1) s=s,, Temp = Tempy,

Step 2) For h = O through h

max {

2-1) Pick a random neighbour of s and
create S ., ;
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2-3) if (A < 0)
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new
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}

Step 3) Return s;

[Fig. 4] An SA—based algorithm for solving the IP
problem depicted in [Fig. 3]
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with a obstacle placement for T = 80,000 under
different time limits
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