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steep ascent method

Optimal contribution problems arising from tree breeding or other
optimization problems can be formulated as a mixed-integer second-order cone programming problem. We
propose fast numerical methods that exploits conic optimization approaches. The proposed linear
approximation reduces the computation time to about 1/10 of an existing method for obtaining exact
solutions. Another new method, a steep ascent method, cannot theoretically guarantee the optimality,
but it successfully outputs a favorable solution in several seconds.



Outer Approximation

n n 3
xTAx <2 0
A
Outer Approximation x¥ xTAx<2 6
2(Ax*)Tx < (x*)TAxk + 20
n n 3
n X =X, xf

n
X = Zwi, wix; = x2(=2,..,n),w; 20(@{ =1,..,n)
i=2
W;X; > xiz
xTAx <2 0

xTAx <2 0



3 Cardano

Cone Decomposition Method ( CDM)
1
CPLEX, OPSEL, CDM
m CPLEX OPSEL CDM
200 8735.24 606.94 9.89
1050 6.64 11654.61 12.83
2045 3.83 1442 2.61
5050 10810.49 10873.73 179.05
10100 11657.20 8787.37 1431.12
15222 10979.49 OOM 1111.49
m m = 200 200 N =50
CPLEX OPSEL Outer
Approximation OoOoM 8GB
(out of memory) 10800 (3
)
1 CDM 3
m = 5050 CPLEX OPSEL 60 1
Cone Decomposition Method
Steep ascent method
2
2
m
200 16.161 25.812 30.340
1050 5.075 32.305 112.600
2045 279.259 446.089 2007.212
5050 5.775 284.965 806.205
Steep ascent method
Xi € {0,1}
0< Xi <1
Steep ascent method
X € {0,1} X; = 0 Xi
xj=1 X;
Steep ascent
method

Steep ascent method



3 Steep ascent method

m

200 25.207 25.090 1.30 0.06
1050 24.846 24.831 27.96 0.09
2045 438.457 438.386 145.59 0.09
5050 42_431 42._691 2221.40 0.37
10100 44_662 46.568 5582.46 0.87
15222 460.409 460.769 17441.93 2.56
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Steep ascent method 2
A
m = 10100, 15222
CPLEX, OPSEL Steep ascent method ( SA) 4 SA
1
CPLEX, OPSEL 1 CPLEX, OPSEL
1% 10800 3
CPLEX 3
4 CPLEX, OPSEL, SA

m CPLEX OPSEL SA CPLEX OPSEL SA

200 25.190 25.191 25.090 4270.77 1779.13 0.06
1050 -- 24.858 24.831 > 10800 > 10800 0.09
2045 436.213 435.826 438.386 0.37 16.08 0.09
5050 42_456 42.702 42.691 2.02 > 10800 0.37
10100 -- 46.252 46.568 > 10800 > 10800 0.87
15222 459.135 459.040 460.769 39.20 > 10800 2.56

CPLEX, OPSEL, SA CPLEX,
OPSEL SA
SA
SA CPLEX OPSEL
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Data and source code for optimal contribution problem from tree breeding
http://www.opt.c.titech.ac.jp/yamashita/software/0CP/0CPOL. html
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