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Things to discuss:

« CPLEX’s algorithm while solving Mixed Integer Quadratic
Program (MIQP)

* Problem we face: looping and long running time




Branch and cut algorithm:

CPLEX solves MIQP models in the same way as it solves other
mixed integer programs (MIP).

Branch and cut involves running a branch and bound algorithm
and using cutting planes to tighten the possible solutions.

node and branched by the unknown variables’ upper-bound

« Branch and bound algorithm: A tree that start from a root
and lower-bound. Thus, it is a balanced binary tree structure. \

« Cutting planes: Cutting technique is used to reduce the
nodes. If a child node’s solution is greater then parent node’s
solution, the algorithm may stop diving deeper from this chil
node.




Branch and cut algorithm:

CPLEX will first calculate the lower-
bound and the upper-bound form the
model’s constraints.
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Branch and cut algorithm:

Cutting techniques is used to reduce the nodes.

Branch and Bound
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Looping problem :

1. CPLEX will decide which way to go by
itself (upper-bound first or lower-bound .
first). If CPLEX starts from upper-bound _—
and return a optimal solution, there will

have a loop problem. . . . .
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Looping problem :

generater

Acceptable path:

O CPLEX choose lower-bound

!enerat< storage

O CPLEX choose lower-bound




Looping problem :

Bad path (CPLEX choose upper-bound):

This path dose not influence the optimal
data resilience level, so CPLEX may
return this path as a optimal solution. @ crLex choose upper-bound

—————» Looping issue

generater storage




Looping problem :

In some case, more storage nodes are
need to receive data, so no loop will
happen. (storage nodes have to minimize
their energy cost to meet the optimize
data resilience level)

O generater

O storage




Looping problem (solutions):

« We can manually calculate the result form the output file.

* We can force the algorithm to search from lower-bound
first. Thus, the looping problem can be reduced. However,
if we do this, the computation time and memory will
increase significantly since the optimal solution may not be
at the lower-bound branch.




Nodes Cuts/
Node Left Objective IInf Best Integer Best Bound ItCnt Gap

° 0 0 6605694.5215 0 6605694.5215 16
LOO 'I n rO b le m G a * " 0+ 0 6111176.3346 6602366.6789 8.04%
° 0 2 6602366.6789 0 6111176.3346 6602366.6789 16 8.04%

Elapsed time = 5.84 sec. (8847.15 ticks, tree = 0.02 MB, solutions = 1)

42 41 6601786.8747 0 6111176.3346 6602366.6789 523 8.04%
79 78 6601395.0098 0 6111176.3346 6602366.6789 763 8.04%
121 119 6597627.0738 0 6111176.3346 6602366.6789 1508  8.04%
154 153 6593325.1586 0 6111176.3346 6602366.6789 2970 8.04%
Gap tolerance . 185 176 6583390.0191 0 6111176.3346 6602366.6789 6313

| best bound - best Integer| / (10 * -10 + | best Integer|)

« Best bound : The best solution in region constrained for any
region that has not yet been eliminated from the search

space.

 Splitting the search space into sub-regions and search an
optimal solution.

« Remove sub-regions that can't possibly contain the
optimal integer-feasible solution.

« The possible solution to this modified problem is the best
bound for the region.




Looping problem (Gap):

There are many solutions while solving a quadratic
optimization problem. Since the size of the solution
is too large, waiting the optimal value to converge
takes time. Thus, we need to set up a gap tolerance
to force the program to stop.

CPLEX will randomly choose one when the gap ()
tolerance level reach the value we define. In this
case, loop problem may happen. e

Reach gap tolerance with
bad solution with loop

Reach gap tolerance with
better solution without loop




Time consuming issue:

The nodes’ amount in the algorithm’s tree depends on how many
edges we have in our graph.

If we have 1432 edges (one edge = one variable = one layer of the
tree), there will have at most 21432 —1 nodes in the tree to go over.
Although cutting can eliminate some branches, there are still many
nodes to calculate.

Due to the large model, calculating the most optimal solution (0%
gap tolerance) takes time and may encounter memory problem.
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136.118, receivecost: 0.4096, transmitcost: 7.9987, storagecost: ©.4096, energycapacity: 3383.0
50.589, receivecost: 0.4096, transmitcost: 1.4579, storagecost: ©.4096, energycapacity: 3264.0
140.509, receivecost: ©.4096, transmitcost: 8.4962, storagecost: ©.4096, energycapacity: 2765.0
189.753, receivecost: 0.4096, transmitcost: 15.1578, storagecost: ©.4096, energycapacity: 2507.0
243.38, receivecost: 0.4096, transmitcost: 24.6718, storagecost: ©.4096, energycapacity: 3009.0

Ln 1433, Col 122 100% UTF-8

Unix (LF)




sensor_v528 & sensor & src SensorNetworkCPLX © £) main

Project = Q= | & — SensorNetworkCPLX java

We run almost 47243 sec
(13 hr) and still cannot

reach the most optimal L
solution. SO e sy e S

2
2
2
2368908 494876 6349088.5086 0 6322637.2767 6375608.9361 2.13e+08 0.84%
2374363 495713 6322833.3553 0 6322637.2767 6375605.1065 2.13e+08 0.84%
2
2
2
2

Run: | SensorNetworkCPLX

I 1: Project

2344928 489153 6324006.0899 0 6322637.2767 6375633.7061 2.11e+08 0.84%
2349539 489365 cutoff 6322637.2767 6375628.7286 2.11e+08 0.84%
Elapsed time = 45015.83 sec. (7681912.07 ticks, tree = 3991.03 MB, solutions = 42453)

%= 7: Structure

.11e+08 0.84%

.12e+08 0.84%

2379946 496771 6327340.0663 0 6322637.2767 6375600.8571 2.13e+08 0.84%

Error 3019 means that one Sttt do9se  eetetr  isssesr oy tereess seas o asmegs  o.od
Subproblem encountered 2392183 500670 6325366.0324 0 6322637.2767 6375591.2621 2.15e+08 0.84%
an unrecoverable

There may be further error information in the clone logs.

Root node processing (before bé&c):

numerical issue Th-is Real time = 731.42 sec. (20884.43 ticks)
b Parallel b&c, 6 threads:

512.28 sec. (7810707.29 ticks)

Real time

failure can be due to a sinc time averagn
limit (for example, an
iteration limit) or due to
numeric trouble (such as
the calculated value

cannot converge).

Total (root+branch&cut) = 47243.70 sec. (7831591.72 ticks)

*

i= 6: TODO P, 4:Run B Terminal

IO All files are up-to-date (today =5 02:33)




