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3. Conic (LP, SOCP, SDP) Relaxations

4. Steep-Ascent Method

5. Numerical Results
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SOCP

Integer



Optimal Contribution Problem
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Existing methods for Optimal Contribution Problems
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Meuwissen (1997) : Lagrangian multiplier method
implemented in GENCONT

(www.genebankdata.cgn.wur.nl/gencont/gencont.html)

Pong-Wong and Wooliams (2007) : SDP approach
implemented in TREEPLAN

Yamashita et al. (2015) : SOCP Approach

Z GENCONT SDP SOCP

2,045 67.43 70.21 0.09

15,100 OOM 21994.87 2.92

100,100 OOM OOM 17.92

Computation time (in second)

OOM is out of memory



Unequally Contribution Problems 
and Equally Contribution Problems
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Existing methods for Equally Contribution Problems
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Meuwissen (1997) : Lagrangian multiplier method
implemented in GENCONT

(www.genebankdata.cgn.wur.nl/gencont/gencont.html)

Mullin and Belotti (2016) : Branch-and-bound 
& outer approximation

implemented in OPSEL (www.skogforsk.se/opsel)

CPLEX can handle mixed-integer SOCP

Solver time duality gap

OPSEL 12 hours 0.5%

CPLEX 1 day 11.45%

CPLEX 1 month 11.43%

Finding feasible solutions is very hard.

We should seek an approximate solution in a practical time.



SDP relaxation for Equally Contribution Problem
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SDP relaxation problem

(1)

(2)

(3)

(4)

relaxation



LP relaxation for Equally Contribution Problem
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SDP relaxation problem LP relaxation problem



SOCP relaxation for Equally Contribution Problem
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Equally Contribution Problem SOCP relaxation

This problem is a piece of cake,
due to the structure of B.



The relation between three conic relaxations
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An SDP-based randomized algorithm for QCQP 
and its theoretical analysis
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Cholesky factorization of SDP solution

Randomly-generated solution

Tseng (2003) analyzed the expected objective value 



A theoretical analysis of SDP relaxation 
for equally contribution problems
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Unfortunately, the bounds are not very sharp.
Most of the generated solutions are not feasible for the equally contribution problems.



A maximization problem with a penalty term

• We need a method to obtain an approximate solution in a practical time

• We move the quadratic constraints into the objective function
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Steep-ascent method
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Steep-ascent and discrete convex functions

• Our steep-ascent method is a modification of 
the steep-descent method for M-convex functions that was implemented in ODICON.
http://www.misojiro.t.u-tokyo.ac.jp/~tutimura/odicon/

• Unfortunately, our objective function is not an M-convex function.
However, the steep-ascent method finds at least a local optimizer.

• By specializing the algorithm of ODICON in this specific problem, our implementation 
is 20 times faster than ODICON.
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http://www.misojiro.t.u-tokyo.ac.jp/~tutimura/odicon/


Comparison of three conic relaxations
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Core i7 3770K, 32GB
LP by CPLEX, SOCP by ECOS, SDP by SDPT3

• SDP attains the best approximation
• However, numerically instable

(due to lack of interior-point)

• SOCP is much fast
• When combining with the steep-ascent,

SOCP is competitive with SDP

N = 50
CR: convex relaxation (the solution may not be feasible for equally contribution problem)
SA: the steep-ascent method starting from the conic relaxation



Comparison with other existing methods

2016/08/12 Workshop on Advances in Optimization 18

We stopped OPSEL and CPLEX when [gap < 1%] or [time > 3 hours].

The steep ascent method with SOCP
outputs favorable solutions in very short time.

N = 50



Conclusion

• Optimal contribution problems in tree breeding

• Conic (LP, SOCP, SDP) relaxation problems

• Steep ascent method

• SOCP relaxation with the steep ascent method outputs
a favorable solution in a practical time.

• Can we tighten the SDP relaxation with a shorter time?

• Other optimization problems?
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• Thank you very much for your attention!!
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