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3.2. Potential games

We call the gapae F a potential game 1f 1t satisfies

oF? dF?
L(x) = —2(x) forallieSP,jeS% p,geP, andx € X.

&1’{; ox!

This requirement 1s stated more concisely as

DF(x) 1s symmetric for all x € X.

Hofbauer, J., & Sandholm, W. H. (2007). Evolution in games with randomly disturbed

ayoffs. Journal of Economic Theory, 132(1), 47—69.
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Since the derivative of F is symmetric, every potential game F admits a potential function
f X — R: that is, a function that satisfies Vf(x) = F(x) for all x € X. Hofbauer [22] and
Sandholm [35] show that this potential function serves as a Lyapunov function for a wide range of
unperturbed evolutionary dynamics, and so can be used to establish global convergence results.
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Hofbauer, J., & Sandholm, W. H. (2007). Evolution in games with randomly disturbed

payoffs. Journal of Economic Theory, 132(1), 47—-69.
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e x: NAZ{FEOIAN, y:EZFEOA

o INADFNA F(x,y)=x

« BEOMMA G(xy)=y

* Fy=Gx=0, Fx=Gy=0 7Z M TxI /5.
RTIvILIE f(xy)=05(xA2+y2)

o HIFIEH (x+y=n&IEEHIFY) T T,
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« IHOEILDYVILINBEIZETIZIEELLY.
 MATLAB®) optimization toolbox
— {E§E 7B Reflective ;%
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- SQP
- NRE

http://www.mathworks.co.jp/ip/help/optim/ug/con
strained-nonlinear-optimization-algorithms.htm|
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glpk

* Gnu Linear Programming Kit

https://www.gnu.org/software/glpk/
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glpsol.exe
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https://www.gnu.org/software/glpk/
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GNU MathProg
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GNU MathProg

Max. z=300x+150y

sub. to.
X <40,y <060,0x+2y<300,x=>0,y=>0

DD x (&), S y({&E)




GNU MathProg

var tonkatsu>=0;

var saba>=0;

maximlze profit:2*tonkatsu+tsaba;
s.t. cl: tonkatsu<=40;

s.t. c2: saba<=60;

s.t. ¢c3: 6*tonkatsut2*saba<=300;
solve;

display tonkatsu, saba;
end;
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$ g1p531 exe -m tﬂnkatu glpk. txt
GLPSOL: GLPK LP/MIP Solver, wvd4.52
Parameter(s) specified 1in the command line:
—m tunkatu.?1pk.txt
Reading model section from tonkatu.glpk.txt...
tonkatu.glpk.txt:9: warning: final NL missing before end of file
9 Tines were read
Generating profit...
Generating cl...
Generating c2...
Generating c3...
Model has been successfully generated
GLPK Simplex Optimizer, wv4.52
4 rows, 2 columns, 6 non-zeros
Preprocessing. ..
1 row, 2 columns, 2 non-zeros
Scaling...
A: minlaij| = 2.000e+00 max|aijl| = _000e+00 ratio = 3.000e+00
Problem data seem to be well scaled
Constructing initial basis.
Size of triangular part 1is 1
* 0: obj = 0.000000000e+00 1dinfeas 0.000e+00 (0)
* 3: oby = 1.200000000e+02 1dinfeas 0.000e+00 (0)
OPTIMAL LP SOLUTION FOUND
Time used: 0.0 secs
Memory used: 0.1 Mb (96737 bytes)
D15E1ay statement at Tine 8
tonkatsu.val = 30
saba.val = 60
Model has been successfully pry
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GNU MathProg

set Bento;

param maxCustomer {1 1n Bento};
param profit {1 1n Bento};
param cookTime {1 1n Bento};
param maxCookTime;

var kazu {1 1n Bento};

maximlize totalProfit:
sum{li 1n Bento} profit[i]*kazuli];

s.t. customer {i i1n Bento}:
kazul[ili] <= maxCustomer[i];

s.t. time: sum{i 1n Bento}
cookTime[i] *kazu[l]<=maxCookTime;

solve;
display kazu;
end;



GNU MathProg

data;
set Bento := Makunouchi, Shokado, Sushi, Tonkatsu;

param maxCustomer :=
Makunouchi 240 Shokado 120

Sushi 150 Tonkatsu 300;

param profit :=
Makunouchi 180 Shokado 300

Sushi 280 Tonkatsu 210;

param cookTime :=

Makunouchi 20 Shokado 30
Sushi 25 Tonkatsu 12;
param maxCookTime := 6000;

end;



$ glpsol.exe -m bento.model -d bento.data

GLPSOL: GLPK LP/MIP Solver, wv4.52

Parameter(s) specified in the command line:
-m bento.model -d bento.data

Reading model section from bento.model. ..

14 lines were read

Reading data section from bento.data...

21 lines were read

Generating totalProfit...

Generating customer...

Generating time...

Model has been successfully generated

GLPK Simplex Optimizer, wv4.52

6 rows, 4 columns, 12 non-zeros

Preprocessing. ..

1 row, 4 columns, 4 non-zeros

scaling...
A: min|aij| 1.200e+01 max|aij| _
GM: min|ai]| 1.000e+00 max|a1 I .000e+00 ratio

.000e+01 ratio
EQ: min|aij| 1.000e+00 max|a1] .000e+00 ratio
Constructing initial basis.

Size of triangular part is 1

& 0: obj = 0.000000000e+00 1infeas 0.000e+00 (0)
& 2: obj = 8.988000000e+04 Adinfeas 0.000e+00 (0)

OPTIMAL LP SOLUTION FOUND

Time used: 0.0 secs

Memory used: 0.1 Mb (120800 bytes)

Display statement at line 13
kazu[Makunouchi].val = 0

kazu[Shokado].val = 0

kazu[Sushi].val = 96

kazu[Tonkatsu].val = 300

Model has been successfully promessed:st:(3s)

2.500e+00
1.000e+00
1.000e+00




