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ABSTRACT

Recently interests in voice game commands have been increasing due to the diversity
and convenience of the input method, but also by the distance between commands. The
command distance is the phonetic difference between command utterances, and as such
distance increases, the recognition rate improves. In this paper, we propose an IP(Integer
Programming) modeling of the problem which is to select a combination of commands
from given candidate commands for maximizing the average distance. We also propose a
SA(Simulated Annealing)-based algorithm for solving the problem. We analyze the
characteristics of our method using experiments under various conditions such as the
number of commands, allowable command length, and so on.

Keywords: Game(#1%]), Command(®@°]), Phonetic Distance(24% #&]), Simulated
Annealing(A| E#o]E| = o] <)

Received: Jun. 05. 2019 Revised: Jul. 01. 2019 © The Korea Game Society. Al rights reserved. This is an
Accepted: Jul. 23. 2019 open-access article distributed under the terms of the Creative
Corresponding Author: Sangchul Kim(Hankuk Univ. of Foreign  Commons Attribution Non—-Commercial License
Studies) (http://creativecommons.otg/licenses/oy-nc/3.0), which permits
E-mail: kimsa@hufs.ac.kr unrestricted non—-commercial use, distribution, and reproduction in
ISSN: 1598-4540 / elSSN: 2287-8211 any medium, provided the original work is properly cited.

Journal of Korea Game Society JKGS | 97



Z o) 3}

=

— WHT 7Y E

)

.

o

sl

o

o
el

jzel

o

0

o
)
o)

DS

g )
—_

o

Tl

)A
i

Bl

xr

o]J
N

< VR/AR

el

o
oI

o

o
el
T
on

™

EE ]

ol
ao
—_

il

Aol o

feig
=

g

ol

\.mo

FHEo]

g eol

of 2]

SE
% weoizie] A7} FolA 9l

ﬁ
o
E
0

A
]
1
o

]

[=!
oo

< R izt & ws,

e
‘mo

ojwl A
1 #Eol ol%(command intent)

]

N
ny

—_—

o
N

il

]

X
AR

H, “HEEHE

=
=

Aotk &

faig
=

JJo

o 7}

i
B
2

-—

™

¢+
o

o
mo

T30
Bo
|

TR

o #7b 4 A

0

3

“

L aRvad
=

A7k ek

L
R

el

ol

SA(Simulated

sz

?_

IP(Integer Programming)

=
=
-HE
=

A
1

Lt _ni

Annealing)[2] 7|42

Pt

s},

Aol A

oo

TR vz A}

21 E}e)(polynomial time)2

3z
=

ol

are ok

3ol

3

KIS
=]

A (optimization

=}
LLN

=

problem)

thah =

o]J

HMMI[Hidden Markov Model]

zkel 7],

oI

S
(phonetic distance)oll %=

‘.mo

2}o]
q

S I R R

‘e
p=

RRUERSS

=
=

=T

)

=

o] A

Sy

Aol 49

g,

p
T

5

B
22|

o
=
gl

)

9|
s

)

)

Aagslo] g4

T oA o

=}
Rl

750l

egolel

o]
R

i

%

EEJEN SIS

[e]
F

ol

)

-
T

)A

o
BO
%o
ojp
o)
oF
o

00

98 | Journal of Korea Game Society 2019 Aug; 19(4): 97-108



— A Method for Selecting Voice Game Commands to Maximize the Command Distance

o B W oy o PR K E ™R R o T Mg PR T ME ST N TR R
Eg%%,% ﬂﬂ%%iﬁ%ﬂﬁ@_@m%ﬂﬂ% urmﬁmamb%sp%%urﬂ
el —_— fin . o ™ o I 0
%?EW% 7%@@r%ﬁ@%%%%iE%E% ﬂ@wcwr.mPaaiﬂm
FLBRX g I o X G NTE omg Zay T %mﬂyﬂﬂmmﬂuﬁq%
w B3 ™ o T T Nr R 4w R X 2 g = = Up ™ RO AT o A -
= 9 B % T dr .o = o & o 2 T 9% o) b ﬂ%]ﬂﬁ% - o N
T o = = ﬂr)%%hﬁ ol T . 4 4&%4&4 9,.<zd
T P Y Wﬂ%mﬂﬂrA%%mﬂ%ar,K\ar%w o xmﬂM%%ﬂﬁﬂ%x%
= = - 5 0 o ) —_ 5 3 o
Y N A EE LT f TR ey M m i
ﬂlo# ouﬂoEAmﬁrmﬂHM@ATﬁT oﬁlﬁl [N M.E-Ll _ Pﬂﬂﬂ.ﬁuﬂﬁﬂm\w&eﬂﬂ%&r
PgrEcPge PXx o Ra,s L5 g FE, a® 3w E e
o= S NI A =R I W =30 Exe F
By BTl 8K sy PR R TR o W 2irpsg®F%wy
B My T < o _ = o o ) B mo S S
SarzdliwiErde IR _a g8 6 py ®F LU0 R
o N2 O = g —_ = ! o 0 ) O ]
suZRoniw iRy 23BHRE ] T EE RN
C N o (G A A R L T
cfzzu.coPispeciadr 2P U SEip oty gl
ﬂwwoug@.%%ﬂnﬂ wrar.zo% w2 T sy 2T e ST
SN TR X oW T H o oK woE LS o =0 "W R
A - R R N - T T o FAFEFRRT T NG T o W oA OE W m
T T oW o oo R oA RN o R T RPN N R T W W B R
PEZ ER R T ET T kTRl o RET W W
FPEL T EPES AT . s 2T R Ry e T e w B S Sk g D
P " hzTaanll Zn erdpasVrzexErie O %ot
< 0% x B Z b oo o o <€ T = V_.ﬂﬂoxai,wﬂﬂi]m@a %qu,&oﬁoﬂ
g5 K BTyt WY p e Bdw DU TPy gwE® T
TR R o) — M E T PR o F = X o oo g = B R W
Ko fnod 2P T wwi o =® X T o TR §T o ¥ T o e
= % TR T BT g AT e RE- L TR
Mﬂoﬂao o er.L1r N o JﬁﬁﬁT&lqg o
Bl w58, uTREGE FRoe VIR TR Lo @y B
il Q%H%MEEW@%EWPW.ﬂooi%w%mmmﬂﬂ%ﬂﬁ%%mﬁmoﬂr%ﬂww%
& T T r - oW o N I T S e Sl -l K X
Y Iz ErErlcEr e EERLsRr Rl f gt uE
o Emdr.mrwmm%&m;oﬁE%HOT%ﬂ%Mmﬂaﬁi%ﬂ%wwxwwﬁm%mwﬂaﬁ%%xm
N S T T =T A =1 ‘I/l\‘LIO_J‘IH
iﬂ%immé%,@%%%ﬂ TR g™ o g ™ M@7momomomm%dr.
o} . ol /N\ 2 ME w = ut] o W ! o n70y TS T % %0 o o \m ST T " - 7 =
wwmﬁwﬂmwﬁﬂi5oﬁwwﬁﬂmﬂaﬂo_u%ﬂﬁ%ﬁm[ﬂaﬁoﬂummﬁmﬁmﬁﬁ
ol W W OE 8 o mIN T wm L RE T o oS R - L
oA g PRkl @ BT B SR GE R sy B, S
. Gy ol X L I RO = i~y i S %
a5 el T BT o T - X g W R T L R I I e e oy N
FXTNVTET MG K R F TR OB U A ST o N OE m oo N T AR

Journal of Korea Game Society JKGS | 99




|
of
2
p

th GS9l 7 Az9 G5, WHEe] e Pt
oA, ol5e AdE BYo gl e Pol
5 el B AelE ARE T ol Aga

gel
= =
DIFFlc,; j.c, )&= F 83 ¢ ;% ¢, 39

DIFF[CFL]) C’u,uz]:

z € U;UUvw
- log(OP, ,(x)) | /| U ;U U,,l
9] A= KL #Fel[18]& HMM Edof 2§
& Aotk U&= ¢;5 U,,© ¢ =5 258
golelEel mdolty g dolE z9l W o
¢ o dal, OP, ;(z)= ¢ ; 94 98 Fd=

Given CS = {ci 1, €19, = Clap o Cx1s
Cy2r - Cya), DIFFlce,
< 4v < N and forl < j,w < M,
PS={PS, | 1 < p < P}, and GS =
{(GS, |1 = g < G, Lyay Luin

»
Cpp)”s for 1

Find S = <yy.1, Y1,20 0 Y1000 = YN 1> -0
Y, > that maximizes ACD such that

G N M M
ACD = Y, Y, Y Y DIFFle,

g=livEGj=1lw=1
G N M M

Cv,w] * yi,j * yv,'u)) / ( E Z E E

g=liu,vEGj=lw=1

yi,j * yv.,w)

M
(CD Y yi;= lfor 1 <i <N

j=1

L AYE HAstee &

S 7{]01 m

© =4

g7ole] ¢

1

HO]—HHJ —

(2)

(C3)

(4)

Y;,; = 0 or 1 for
<j<M

by

<i,j> € PS,

< P
Lyin <

L Max for

J

1

M
=1
<

<

1 <

N

i < N, 1

yi; = |PS,| for 1 < p

Y;,; * LEN(¢; ;)

<

2
T 7
K

[Fig. 1] Problem Definition

[l

& AN

Al ok

o 1 o o

2

ozA, Adg Pels] dol7t Ak
Aol Lyt ehe
woje] Zolg thehitt,

A g,

100 | Journal of Korea Game Society 2019 Aug; 19(4): 97-108



— A Method for Selecting Voice Game Commands to Maximize the Command Distance —
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Input: DIFFlc; ;, ¢, s for 1 < 4,0 < N
and 1 < j,w < M,
PS, GS, Lyae Lwin

Output:<z,Tqg,..., T >

Procedure SelectCmdSetBySA
Step 1)
Get an initial solution sp by calling
procedure GetInitSolution(DIFF, PS,
GS, Lyay, Luin);

S = So

s" = sp

T = Tinit;
Step 2)

for loop = 1 to LOOP e do {

Step 2-1)
Get the next solution sy by calling
GetNextSolution(s, DIFF, PS, GS,

Lyiae, Lin);

Step 2-2)
if(Fitness(s,) > Fitness(s)) {
S = Sy
if(Fitness(s) > Fitness(s"))
S = sy
)
else if(exp((Fitness(s) - Fitness
(s )/T) > random(0, 1) {
S = Sy
}
Step 2-3) T = & * T,
}

Step 3) Output s%

[Fig. 2] Procedure SelectCmdSetBySA

Input: the current solution s, DIFF, PS,
GS, Ly, Lain
Output: a new solution

Procedure GetNextSolution

Step 1)
Let s be <z, Tg, .., Tp>;
s = s; Let s” be <z;', 3, ..., TH'>;

Set L to an empty list;

Step 2)

Step 2-1)
Randomly choose some index i such
that 1 < i < N;

Add i to L;

if(PS contains some element, say PSp,

that contains entry <i, x;>) {

for each entry, say <v, w>, in PS, do

Append v to L;

}

Step 2-2)

for o = 0 to sizeof(L) - 1

Set TRY, to an empty list;
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Step 3)
o =0
while(o < sizeof(L)) {

Step 3-1)
Check whether there is an index, say
J, such that 1 < j < M, x;, !=J,

and ¢z, ; & TRY,;
Step 3-2)
if(there is no such index) {
o

if(o < 0) break;
Set TRY, to an empty list;

continue;
}
else
Randomly select one among those
indices if there are more than one;

Step 3-3)
SSAV = s/ //save s’
TRYSAV = TRY,; //save TRY,

o

Step 3-4)
Let j be the index selected in Step 3-1;
CIL‘,L[O] =7

Append cy,),; to TRY,;

Step 3-5)
if(PS contains some set e that
contains entry <Z[o], />)
for each entry, say <v, w>, in e do

’
:'UU

= w;
Step 3-6)

Check whether s’ meets constraints

C3 and (4;

if(true)

ot+;

else {

s’ = sSAV; //restore s’

TRY, = TRYSAV; //restore TRY,
}

Step 4) Output the next solution s’

[Fig. 3] Procedure GetNextSolution
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CIDIST(c;)> Folxl W& ;¢ B v& ¥H
kel it AelE yebdth olZle ¢ o WHE
% BE g8 gy ghols e #Hd A
Yt} CDIST()< Folx 574 wHolet o

£ e AT A"E ARrtele Fgolth
=9 CDIST(¢c; )= ¢; ;9 2= B BR8] 1

Wol5 7hel A Ao},

Input: DIFFlc;;, ¢, ,I's for 1 < i,v

N and forl < j,w < M, PS,
and GS, Lya, Luin
Output: <z, Ty, ..., Ty>

IA

Procedure GreedySolution

Step 1)

Let s” be <x;', 5/, ..., T5'>5
Sort all command indices, say i, from 1
to N in decreasing order of CIDIST(c,);
Set L to the sorted list of those
indices;

Step 2)
for o = 0 to sizeof(il) - 1
Set TRY, to an empty list;

Step 3)
o =0
while(o < sizeof(L)) {

Step 3-1)
Find whether there is some index, say
J, such that 1 < j < M, and Crlol. j
&z TRY,;
Step 3-2)
if(there is no such index) {
o
Set TRY, to an empty list;
continue;

else
Select one with maximum
CDIST(.) among those indices if
there are more than one;

Step 3-3)
Perform the same steps as Step 3-3
through Step 3-6 of Procedure
GetNextSolution,

Step 4) Output solution s’

[Fig. 4] Procedure GreedySolution
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[Fig. 12] Comparison of Inter—Command Dist, w.r.t.
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