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Abstract

We describe an implementation of a separation procedure for mixed

integer rounding (MIR) inequalities originally proposed by Marchand

and Wolsey in 1998. This implementation is included in the Cut Gen-

erator Library of the Computational Infrastructure for Operations Re-

search (COIN-OR), which is an initiative of open source software for

Operations Research. We detail the three heuristic steps of the sepa-

ration procedure and provide details of our implementation. We also

give useful information for those who want to use it and for those

who want to implement other cut separation procedures. Finally, we

give results of computational experiments with a standard set of mixed
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integer problem instances and show that the performance of our im-

plementation is comparable with other implementations.

1 Introduction

In this report we describe an implementation of a separation proce-

dure for mixed integer rounding (MIR) inequalities. This procedure

was proposed by Marchand and Wolsey [4] (for an earlier version of

the paper see [3]) and its basic idea is to generate MIR inequalities

from constraints or simple aggregations of constraints of the original

problem. As explained in [4], the motivation for this idea comes from

the observation that several strong valid inequalities based on specific

problem structure can be derived as MIR inequalities.

The separation procedure consists of three heuristic steps. The

first step is called aggregation and involves combining one or more

rows of the constraint matrix in order to obtain a single mixed integer

constraint. This is followed by a bound substitution step where each

continuous variable is substituted by one of its bounds and associated

slack variable. The bound substitution results in a mixed knapsack set

that is used in the final step to generate a violated MIR inequality.

The MIR separation procedure was implemented as a C++ class

integrated in the cut generation library of the COIN-OR open source

initiative (www.coin-or.org). The routine can be inserted in a branch-

and-cut system and be useful for solving a variety of mixed integer

programming problems.

In order to make this report self-contained, we duplicate in sec-

tions 2 and 3 the definition of MIR inequalities and the description

of the separation procedure given by Marchand and Wolsey [4]. The
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interested reader is encouraged to seek the original source for a de-

tailed account of the theoretical background. In section 4 we describe

our implementation of the separation routine. In that section we also

give an idea of the steps we took and provide useful information for

those who want to use it. In section 5 we describe the computational

experiments that we performed and provide an analysis of the results

obtained. We also compare those results with those given in [4] and

those obtained using ILOG CPLEX. Finally, in section 6 we present

our conclusions and give some ideas for future work.

2 Mixed Integer Rounding Inequalities

We start by introducting the Mixed Integer Rounding (MIR) inequal-

ity. For details on this inequality the reader is referred to [5, 6]. We

consider the single constraint mixed integer set

Y = {(y, x) ∈ Z
|N |
+ ×R2

+ :
∑
j∈N

ajyj + x+ ≤ b + x−}.

The inequality

∑
j∈N

(
bajc+

(fj − f)+

1− f

)
yj ≤ bbc+

x−

1− f
, (1)

where f = b − bbc and fj = aj − bajc for j ∈ N , is valid for Y and is

called Mixed Integer Rounding (MIR) inequality.

The inequalities that are used in this work are called complemented

MIR (c-MIR) inequalities. In order to derive them we start by defining
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a mixed knapsack set as

XMK =

(y, s) ∈ Z
|N |
+ ×R1

+ :
∑
j∈N

ajyj ≤ b + s, yj ≤ uj for j ∈ N

 .

We now let (T,U) be a partition of N and δ > 0. We then comple-

ment variables in U and divide the new mixed knapsack constraint by

δ, which leads to the following set

(y, ȳ, s) ∈ Z
|T |
+ × Z

|U |
+ ×R1

+ :
∑
j∈T

aj

δ
yj +

∑
j∈U

−aj

δ
ȳj ≤

b−
∑

j∈U ajuj

δ
+

s

δ

 .

When we generate a MIR inequality valid for this set we get the c-MIR

inequality associated with (T,U) and δ. We can write the c-MIR as

∑
j∈T

G
(aj

δ

)
yj +

∑
j∈U

G

(
−aj

δ

)
(uj − yj) ≤ bβc+

s

δ(1− f)
,

where β =
(
b−

∑
j∈U ajuj

)
/δ, f = β−bβc and G (d) =

(
bdc+ (fd − f)+ / (1− f)

)
with fd = d− bdc.

3 The c-MIR Separation Heuristic

We now describe the c-MIR separation heuristic for mixed integer sets

that we implemented and that was proposed in [4]. This separation

procedure consists of three heuristic steps that can be described as

follows:

1. (Aggregation) In this step, a single mixed integer constraint is

obtained by combining one or more rows of the problem matrix.

2. (Bound substitution) Here, we construct a mixed knapsack set

of the form of XMK . This is done by taking each continuous
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variable of the mixed integer constraint derived in the previous

step and introducing the slack variable from the corresponding

lower or upper bound constraints.

3. (Separation) This step consists of finding a violated c-MIR in-

equality for the mixed knapsack set XMK created in step 2.

In order to apply the above procedure, we assume that the original

problem constraints have been divided in three groups as follows:

(a) The set M of general mixed integer constraints of the form

∑
j∈P

ai
jxj +

∑
j∈N

gi
jyj = bi for i ∈M,

where xj for j ∈ P are real variables and yj for j ∈ N are

nonnegative integer variables. Note that general mixed integer

inequalities are transformed into equalities by adding slack vari-

ables and are also included in set M . Also note that Marchand

and Wolsey [4] restrict xj to be real nonnegative variables.

(b) Simple or variable lower and upper bound constraints

lj ≤ xj ≤ uj or ljyj ≤ xj ≤ ujyj .

(c) Other constraints that we ignore.

We also assume that a fractional point (x∗, y∗) is given.

We now detail each of the three heuristic steps. In order to simplify

the notation, we assume that all bound constraints are variable lower

and upper bounds.
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3.1 The Aggregation Heuristic

We suppose that a subset S ⊆ M of the mixed integer rows has been

combined to form a single mixed integer constraint

∑
j∈P

αjxj +
∑
j∈N

γjyj = β.

We also suppose that the bound substitution and the c-MIR separation

procedures have been called for this constraint and no violated inequal-

ity was found. We try to find another row r ∈M \ S to combine with

the above constraint. In order to do that, we start by constructing the

following set

P ∗ = {k ∈ P : αk 6= 0, lky∗k < x∗k < uky∗k, and ∃r ∈M \ S with ar
k 6= 0} .

If the set P ∗ is empty, we stop. Otherwise, we choose k ∈ P ∗ such

that k = arg max {∆k : k ∈ P ∗} and ∆k = min {x∗k − lky∗k, uky∗k − x∗k}.

We select one of the rows r ∈M \ S with ar
k 6= 0.

After selecting row r, we aggregate it with the current mixed integer

constraint. The aggreation is such that the coefficient of xk becomes

zero. This is achieved by doing

αj ← αj −
αk

ar
k

ar
j for j ∈ P,

γj ← γj −
αk

ar
k

gr
j for j ∈ N,

β ← β − αk

ar
k

br,

S ← S ∪ {r} .

The initialization of the aggregation heuristic consists of selecting

a mixed integer row i ∈ M and setting S = {i}. The procedure stops
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when |S| exceeds the value of MAXAGGR specified by the user.

3.2 The Bound Substitution Heuristic

In this heuristic, we consider the aggregated constraint obtained in the

previous step ∑
j∈P

αjxj +
∑
j∈N

γjyj = β,

as well as the variable bound constraints on the continuous variables

xj for j ∈ P . We then substitute each continuous variable by either

letting xj = ljyj + tj or xj = ujyj − tj , where tj ≥ 0. The resulting

constraint can be written as

∑
j∈N

γ
′

jyj +
∑
j∈P

δ
′

jtj = β
′
.

By ignoring the variables tj with nonnegative coefficients (δ
′

j ≥ 0) and

letting s =
∑

j∈P : δ
′
j<0(−δ

′

j)tj ≥ 0, we obtain the mixed knapsack set

XMK =

(y, s) ∈ Z
|N |
+ ×R1

+ :
∑
j∈N

γ
′

jyj ≤ β
′
+ s, yj ≤ uj for j ∈ N

 .

In [4], the authors propose three different criteria to select the

bound substitution for each continuous variable:

(A) Minimize the difference between each continuous variable and its

bound, i.e., if x∗j − ljy
∗
j ≤ ujy

∗
j − x∗j , substitute xj = ljyj + tj .

Otherwise, substitute xj = ujyj − tj .

(B) Minimize the value of s∗ =
∑

j∈P : δ
′
j<0(δ

′

j)t
∗
j . This is accom-

plished with the following:

1. If uj =∞ or x∗j = ljy
∗
j , substitute xj = ljyj + tj .
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2. Else if lj = −∞ or x∗j = ujy
∗
j , substitute xj = ujyj − tj .

3. Else if αj < 0, substitute xj = ujyj − tj .

4. Else if αj > 0, substitute xj = ljyj + tj .

(C) Minimize the value of
∑

j∈P : δ
′
j>0(δ

′

j)t
∗
j . This is obtained by

doing:

1. If uj =∞ or x∗j = ljy
∗
j , substitute xj = ljyj + tj .

2. Else if lj = −∞ or x∗j = ujy
∗
j , substitute xj = ujyj − tj .

3. Else if αj < 0, substitute xj = ljyj + tj .

4. Else if αj > 0, substitute xj = ujyj − tj .

3.3 The Separation Heuristic

We start by rewriting, with the notation used in section 2, the mixed

knapsack set obtained in the bound substitution heuristic

XMK =

(y, s) ∈ Z
|N |
+ ×R1

+ :
∑
j∈N

ajyj ≤ b + s, yj ≤ uj for j ∈ N

 .

In order to generate a c-MIR inequality, we have to choose the set

U ⊆ N and the value of δ. We start by letting U =
{
j ∈ N : y∗j ≥

uj

2

}
and T = N \U . We define the set

{
aj : j ∈ N and 0 < y∗j < uj

}
as the

set of possible values for δ. We then generate a c-MIR inequality for

each δ in the previous set and choose the value of δ = aj that leads

to the c-MIR inequality with the largest violation. We then generate

c-MIR inequalities with δ taking the values δ = aj/2, aj/4, aj/8, and

choose the value that gives the inequality with the largest violation

as our final choice of δ. Taking this value of δ, we try to increase

the violation by successively moving each variable in T lying strictly

between its bounds to U and generating a new c-MIR inequality. The
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variables in T are first ordered by nondecreasing values of |y∗j −
uj

2 |.

We run the whole c-MIR separation procedure starting the aggrega-

tion heuristic with each mixed integer row in the problem’s constraint

matrix.

4 Implementation

4.1 Description

The c-MIR separation heuristic was implemented as a C++ class called

CglMixedIntegerRounding. This class inherits from the class CglCut-

Generator, which is the COIN abstract base class for generating cuts.

The class CglMixedIntegerRounding implements the virtual method

generateCuts declared in CglCutGenerator. This method has two ar-

guments: ’si’ which contains the model data, and ’cs’ which contains

the collection of cuts generated. We can see ’si’ as an input because it

contains the model data that is going to be used to generate cuts. On

the other hand, we can see ’cs’ as output since it is the collection of

cuts generated.

The method generateCuts calls the mixIntRoundPreprocess, then

reads the problem matrix by row and by column, and finally calls gen-

erateMirCuts. The method mixIntRoundPreprocess determines the

type of each row, stores the variable upper bound constraints in an

array of CglMixIntRoundVUB objects, and stores the variable lower

bound constraints in an array of CglMixIntRoundVLB objects.

The method generateMirCuts implements the c-MIR heuristic de-

scribed in section 3. It basically consists of two loops. The outer loop

goes over all mixed integer constraints and the inner loop corresponds

to one pass through the c-MIR procedure starting with the constraint
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selected in the outer loop.

We have slightly changed the heuristic given in [4]. After the ag-

gregation heuristic, we have a mixed integer constraint that we use to

try to generate a violated c-MIR inequality. In our implementation,

we not only do that but also multiply the constraint by −1 and try to

generate a violated c-MIR inequality from the resulting constraint.

The aggregation heuristic is divided into two methods. We first

call SelectRowToAggregate where the set P ∗ is constructed and a row

to use in the aggregation is selected. We then call the method aggre-

gateRow to actually aggregate the row selected with the current mixed

integer constraint. The bound substitution and separation heuristics

are implemented in the methods boundSubstitution and cMirSepara-

tion, respectively.

4.2 Development steps

In this section, we give a description of the coding process. Our objec-

tive is to give interested readers an understanding of the various things

that we tried and hopefully provide useful information for someone that

would like to improve upon our work or for someone that plans to code

other separation procedures.

We started by implementing the separation procedure trying to

follow Marchand and Wolsey’s paper [4] as close as possible. We im-

plemented the bound substitution criterion A and tested our code not

allowing aggregation of rows (MAXAGGR = 1). In order to be able to

compare our results with those given in [4], we followed the test proce-

dure described in that paper. Basically, we simulated the root node of

a branch and bound tree by consecutively solving the linear program-

ming (LP) relaxation and adding new cuts until the improvement in
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the objective function value becomes negligenciable. Comparison with

the results given in [4] showed that our code generated less cuts and

provided worse bounds than those reported by Marchand and Wolsey.

We then decreased the value of the tolerance used to accept or

reject a cut and that helped improve our results although they were

still significantly worse than those reported in [4]. At that point, we

thought that perhaps there were important implementation details not

described in the paper and we went over the heuristic procedures try-

ing to identify what those details could possibly be. One thing that

we had noticed was that frequently the bound substitution heuristic

failed to return a mixed knapsack constraint. We concluded that that

happened when the continuous variable s (see section 3.2) was zero

due to the inexistence of coeficients δ
′

j < 0 after bound substitution.

This observation lead us to modify the bound substitution heuristic

such that we can also generate mixed knapsack constraints from the

aggregated row multiplied by -1. This increases the chances of finding

a violated c-MIR inequality. Testing confirmed that the number of

cuts generated increased and the bounds improved.

After the changes described in the previous paragraph, there were

still a few instances for which our implemntation performed much worse

than Marchand and Wolsey’s implementation. We tested again using

LP preprocessing but that didn’t provide much improvement. We also

implemented the other two criteria for bound substitution (B and C)

and again there was not significant difference in the results.

It is possible that the results reported in [4] were obtained using

integer programming preprocessing which might strongly affect the re-

sults. Since integer programming preprocessing is not currently avail-

able in COIN-OR, we could not prove that the differences we observe
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between the results from our implementation and those from Marchand

and Wolsey’s implementation are due to that.

The next step was to test the code using aggregation of rows. The

way to choose a row to combine with the current aggregated row is not

completely detailed in [4]. As described in section 3.1, after we identify

the variable xk, k ∈ P ∗ that is furthest from its bounds, we have to

select a row r ∈M \S with ar
k 6= 0. The paper does not specify which

row to choose if there is more than one choice. We implemented two

different strategies to select a row to aggregate. The first is to select

the row randomly from the set of possible rows. The second is to take

the first row that we can find. We also decided to write a version

of the code where all possible aggregated rows are generated. This

means that for each initial aggregated row, we generate as many new

aggregated rows as the number of constraints that can be combined

with the original aggregated row. This version of the code turned

out to be too slow since the number of aggregated rows can become

very large. However, we tested it for some instances allowing up to 3

constraints to be combined in order to form aggregated rows and the

bounds do not seem to be much better than by using the other version

of the code with any of the two selection criteria described above. We

decided to use the strategy of using the first row that we can find in

the final version of the code.

4.3 How to use it

The final version of the MIR separation procedure includes three pa-

rameters that the user can choose. These parameters are:
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MAXAGGR - This is the maximum number of constraints that, in

the aggregation heuristic, can be combined to form a single ag-

gregated mixed integer constraint. It takes only positive integer

values.

MULTIPLY - This parameter specifies if we also try to generate c-

MIR inequalities after multiplying each aggregated constraint by

-1. It takes values ’true’ or ’false’.

CRITERION - This parameter specifies the criterion used in the

bound substitution heuristic. It takes values 1 (criterion A), 2

(criterion B) and 3 (criterion C).

There are two constructors available. The default constructor sets

MAXAGGR = 1, MULTIPLY = true, CRITERION = 1. The alter-

nate constructor includes the three parameters above as arguments.

There are also public methods available to set and get the values of

the three parameters.

5 Experiments

In this section we present results from testing our code on a subset of

the mixed integer problem set MIPLIB3.0 [1]. The subset that we used

is the same that Marchand and Wolsey [4] used in their computational

experiments and contains most of the problems in the set MIPLIB3.0

that have both integer and continuous variables.

Our experiments consisted on simulating the root node of a branch

and bound tree. We start by solving the linear programming (LP)

relaxation of the original problem and then call the MIR separation

routine to generate inequalities that are violated by the current lin-

ear programming solution. After adding the new inequalities to the
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problem, we solve again the linear programming relaxation and call

the MIR separation routine once more. This process is repeated until

the percent change of the LP solution in two consecutive iterations is

less than 0.01% or the total number of cuts generated exceeds 2000.

Our results are compared with those given in [4] and also with those

obtained by running the same experiments using ILOG CPLEX 8.1 [2].

We present the results in the form of tables. In table 1, the column

“Int Soln” contains the optimal objective function value of the original

integer program. The next two columns contain the optimal objective

function value of the original LP relaxation (“LP Soln”) and the Gap,

which is defined as Gap = (Int Soln - LP Soln) / Int Soln x 100.

The remaining columns contain the results obtained by Marchand and

Wolsey [4]. The first block of three columns corresponds to the case

where there is no row aggregation (MAXAGGR = 1) and the second

block corresponds to the case where up to 6 rows can be combined to

form the aggregated row (MAXAGGR = 6). For each block, we give

the number of MIR cuts generated, the LP solution at the root node

after adding the cuts, and the gap as defined above. It should be noted

that in [4] it is not reported which bound substitution criterion was

used and it is also not clear whether preprocessing was used or not.

The results given in the other tables of this report are presented

in blocks of three columns as those above. Tables 2 and 3 contain the

results obtained with ILOG CPLEX 8.1. These results were obtained

by simulating the root node without using preprocessing. Table 2 con-

tains the case where there is no row aggregation (MAXAGGR = 1)

and the cases where the maximum number of rows that form the ag-

gregated row is 2 (MAXAGGR = 2) and 3 (MAXAGGR = 3). Table 3

contains the cases with MAXAGGR = 4, 5, and 6.
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Tables 4 - 15 contain the results obtained with our implementa-

tion of the MIR separation procedure. Table 4 corresponds to the case

where we don’t allow aggregation to happen, use the bound substitu-

tion criterion A and do not use preprocessing. The first block is for the

case where besides using the aggregated row to generate MIR cuts, we

also use the aggregated row multiplied by -1. The second block is for

the case where we only use the original aggregated constraints. Table 5

corresponds to the case with the same parameters as in the previous

table except that in this case we used preprocessing. The same tables

were generated for the results using the bound substitution criterions

B (tables 6 and 7) and C (tables 8 and 9). Tables 10 and 11 contain

the results for the cases where up to 2, 4 and 6 rows can be combined

to form the aggregated constraint. For both tables, the bound sub-

stitution criterion A was used and preprocessing was included. Also,

besides using the aggregated row to generate MIR cuts, we also use

the aggregated row multiplied by -1. In table 10, each row that is used

in the aggregation process is selected randomly from the set of possi-

ble rows. In table 11, the first row found is used in the aggregation

process. Tables similar to the previous two were created for the cases

where the bound substitution criterion is B (tables 12 and 13) and C

(tables 14 and 15).

The last row of each table contains the average number of cuts

generated and the average gap. The averages were calculated across

all instances except “noswot”, “pk1”, and “qiu”. The results for these

three instances were not included in the calculation of the averages

because the LP objective function values never changed for all tests

performed.

We start by analyzing the results from our implementation of the
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MIR separation procedure when aggregation of rows is not allowed

(MAXAGGR = 1). If we compare the averages from tables 4 to 9,

we can conclude that using the bound substitution criterion A or B

produces better bounds than using criterion C. However, the number

of cuts generated is larger for the former two criteria. This trade-off

between the bounds and the number of cuts generated is observed for

most of the results given here, including the results reported in [4] and

those obtained with ILOG CPLEX.

From tables 4 to 9 we can also conclude that the bounds improve

when, in addition to using the original constraints, we also use the

problem constraints multiplied by -1 to generate MIR cuts. Moreover,

the use of LP preprocessing has in general a small impact on the bounds

and can result in better or worse bounds.

Comparing the results from our implementation with those given

in tables 1 and 2 for MAXAGGR = 1, we can see that the best of our

average bounds (8.040) is worse than the average bound reported by

Marchand and Wolsey [4] (5.956) but much better than the average

bound obtained with ILOG CPLEX (14.482). Looking at the results

of each instance corresponding to the best average bound obtained

with our implementation (first block in table 5) and reported in [4],

we verify that the bounds from both implementations are very close

except for 3 instances. If we remove those instances from the averages,

we get a value of 6.339 for the average gap in our implementation and

6.110 for the Marchand and Wolsey implementation.

We now look at the results when we allow the aggregation of rows.

We tested two ways of selecting the next row to use in the aggregation

process. The first way we used is to select a row randomly from the

set of rows that can be selected. The second strategy is to take the

16



first row that we can find. The results given in tables 10 to 15 indicate

that the two strategies perform similarly.

Looking at the influence of the bound substitution criterion used,

we can conclude that, in this case, criterion A provides better bounds

on average than criterion B. As verified for the case with MAXAGGR

= 1, criterion C gives the worst bounds.

Allowing more constraints to be combined in order to form the

aggregated constraint has the effect of improving the average gap.

However, the incremental improvement decreases with the increase of

MAXAGGR and after a certain point the average gap increases again.

In some cases, the average gap increases when we change MAXAGGR

from 4 to 6. This agrees with the findings of Marchand and Wolsey [4]

who reported that there is no improvement for values of MAXAGGR

greater than 6. The results obtained using ILOG CPLEX show an

improvement up to MAXAGGR = 6. We have not tested for values of

MAXAGGR greater than 6.

Comparison of the three implementations using MAXAGGR = 6

shows that the best average gap from our implementation (4.295, see

table 11) falls between the average gap obtained by Marchand and

Wolsey (2.367, see table 1) and that obtained using ILOG CPLEX

(7.707, see table 3).

6 Conclusions

In this report, we have described our implementation of the mixed inte-

ger rounding separation procedure proposed by Marchand and Wolsey [4].

This implementation is part of the COIN-OR cut library.

We have included some notes regarding the implementation process
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that will hopefully help the user quickly understand the important de-

tails and also provide some insights regarding the problems associated

with the implementation of a cut generator. We describe a strategy

to help increase the number of c-MIR inequalities generated that is

not given in [4] and that has proven to be successful. Also, we give a

description of the parameters that users can use to try to improve the

performance of their particular applications.

We provide results from computational experiments. We compare

our results with those reported by Marchand and Wolsey and also those

obtained with ILOG CPLEX 8.1. We concluded that our implemen-

tation is competitive with those in terms of number of cuts generated

and bounds provided. We have not compared times because they are

not available in [4].

Regarding the selection of rows to use in the aggregation process

we decided to implement a simple strategy that consists of selecting

the first row that we can find. This strategy seems to perform well

when compared to the case where we generate all possible aggregated

rows.

The current implementation does not use constraints that contain

free variables. This possibility should be included in the future. Also,

we always use the inital matrix (without any cuts added) to generate

c-MIR inequalities. We assume that these constraints remain at the

beginning of the matrix and are never removed from the problem.

Each time the c-MIR separation procedure is called, we read in those

rows and proceed. This might need to be changed in case there is

a modification of the original matrix that is not compatible with our

assumption.
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Université Catholique de Louvain, 1998.

[4] H. Marchand and L. A. Wolsey. Aggregation and Mixed Inte-

ger Rounding to solve MIPs. Operations Research, 49(3):363–371,

2001.

[5] G. L. Nemhauser and L. A. Wolsey. Integer and Combinatorial

Optimization. John Wiley & Sons, 1988.

[6] L. A. Wolsey. Integer Programming. John Wiley & Sons, 1998.

19



O
ri

gi
na

l
L
P

re
la

xa
ti

on
M

A
X

A
G

G
R

=
1

M
A

X
A

G
G

R
=

6
In

st
an

ce
In

t
So

ln
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

75
80

81
3.

05
75

79
59

9.
81

0.
01

6
20

75
79

73
5.

00
0.

01
4

17
6

75
79

79
8.

00
0.

01
3

be
ll3

a
87

84
30

.3
2

86
25

78
.6

4
1.

80
5

6
86

92
21

.0
0

1.
04

8
13

87
33

51
.0

0
0.

57
8

be
ll5

89
66

40
6.

49
86

08
41

7.
95

3.
99

3
6

86
09

85
3.

00
3.

97
7

18
86

21
77

5.
00

3.
84

4
bl

en
d2

7.
60

6.
92

8.
99

2
11

0
7.

08
6.

83
0

69
3

7.
17

5.
64

7
da

no
in

t
65

.6
7

62
.6

4
4.

61
8

87
62

.6
7

4.
56

8
86

3
62

.7
2

4.
49

2
dc

m
ul

ti
18

81
82

.0
0

18
39

75
.5

4
2.

23
5

56
18

42
75

.0
0

2.
07

6
64

18
42

83
.0

0
2.

07
2

eg
ou

t
56

8.
10

14
9.

59
73

.6
69

30
53

9.
00

5.
12

3
21

3
56

1.
00

1.
25

0
fix

ne
t6

39
83

.0
0

12
00

.8
8

69
.8

50
20

3
36

24
.0

0
9.

01
3

17
88

38
32

.0
0

3.
79

1
flu

gp
l

12
01

50
0.

00
11

67
18

5.
73

2.
85

6
1

11
67

87
5.

00
2.

79
9

1
11

67
87

5.
00

2.
79

9
ge

n
11

23
13

.0
0

11
21

30
.0

0
0.

16
3

42
11

23
13

.0
0

0.
00

0
42

11
23

13
.0

0
0.

00
0

ge
sa

2
25

77
98

56
.3

7
25

47
64

89
.6

8
1.

17
7

46
9

25
72

70
81

.0
0

0.
20

5
86

8
25

77
84

25
.0

0
0.

00
6

ge
sa

2o
25

77
98

56
.3

7
25

47
64

89
.6

8
1.

17
7

19
7

25
59

22
40

.0
0

0.
72

8
66

2
25

77
58

06
.0

0
0.

01
6

ge
sa

3
27

99
10

42
.6

5
27

83
36

32
.4

5
0.

56
2

16
6

27
93

02
51

.0
0

0.
21

7
33

1
27

95
53

01
.0

0
0.

12
8

ge
sa

3o
27

99
10

42
.6

5
27

83
36

32
.4

5
0.

56
2

10
2

27
91

90
41

.0
0

0.
25

7
24

0
27

94
32

44
.0

0
0.

17
1

kh
b0

52
50

10
69

40
22

6.
00

95
91

94
64

.0
0

10
.3

06
17

4
10

67
47

47
0.

00
0.

18
0

25
9

10
68

57
08

0.
00

0.
07

8
m

is
c0

6
12

85
0.

86
12

84
1.

69
0.

07
1

0
12

84
1.

00
0.

07
7

0
12

84
1.

00
0.

07
7

m
od

01
1

-5
45

58
53

5.
00

-6
21

21
98

2.
55

13
.8

63
10

0
-6

15
25

21
6.

00
12

.7
69

92
2

-5
84

49
69

0.
00

7.
13

2
m

od
gl

ob
20

74
05

08
.0

0
20

43
09

47
.0

0
1.

49
3

26
3

20
68

13
46

.0
0

0.
28

5
53

0
20

72
61

03
.0

0
0.

06
9

no
sw

ot
-4

3.
00

-4
3.

00
0.

00
0

16
-4

3.
00

0.
00

0
33

5
-4

3.
00

0.
00

0
pk

1
11

.0
0

0.
00

10
0.

00
0

9
0.

00
10

0.
00

0
9

0.
00

10
0.

00
0

pp
08

a
73

50
.0

0
27

48
.3

5
62

.6
08

13
1

55
65

.0
0

24
.2

86
59

3
71

23
.0

0
3.

08
8

pp
08

aC
U

T
S

73
50

.0
0

54
80

.6
1

25
.4

34
23

55
65

.0
0

24
.2

86
10

71
72

19
.0

0
1.

78
2

qi
u

-1
32

.8
7

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

re
nt

ac
ar

30
35

67
61

.0
0

28
80

61
37

.6
4

5.
10

8
98

29
39

52
35

.0
0

3.
16

7
17

5
29

44
99

24
.0

0
2.

98
7

rg
n

82
.2

0
48

.8
0

40
.6

33
73

68
.0

0
17

.2
75

15
1

82
.2

0
0.

00
0

ro
ut

10
77

.5
6

98
1.

86
8.

88
1

89
5

98
2.

17
8.

85
2

14
44

98
2.

64
8.

80
9

se
t1

ch
54

53
7.

75
32

00
7.

73
41

.3
11

46
6

48
22

0.
00

11
.5

84
13

28
51

81
4.

00
4.

99
4

vp
m

1
20

.0
0

15
.4

2
22

.9
17

14
9

19
.5

0
2.

50
0

46
8

20
.0

0
0.

00
0

vp
m

2
13

.7
5

9.
89

28
.0

78
16

6
12

.0
0

12
.7

27
65

2
12

.6
9

7.
70

9
A

ve
ra

ge
16

.6
30

15
5

5.
95

6
52

2
2.

36
7

T
ab

le
1:

In
te

ge
r

so
lu

ti
on

,
or

ig
in

al
L
P

re
la

xa
ti

on
,
an

d
M

IR
re

su
lt

s
ob

ta
in

ed
by

M
ar

ch
an

d
an

d
W

ol
se

y
[4

].

20



M
A

X
A

G
G

R
=

1
M

A
X

A
G

G
R

=
2

M
A

X
A

G
G

R
=

3
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

4
75

79
68

9.
59

0.
01

5
23

75
79

70
7.

77
0.

01
5

50
75

79
81

4.
90

0.
01

3
be

ll3
a

0
86

25
78

.6
4

1.
80

5
12

87
24

94
.7

9
0.

67
6

13
87

31
99

.3
9

0.
59

5
be

ll5
0

86
08

41
7.

95
3.

99
3

8
86

18
83

4.
03

3.
87

6
10

86
19

04
4.

34
3.

87
4

bl
en

d2
0

6.
92

8.
99

2
20

7.
03

7.
49

2
20

7.
03

7.
49

2
da

no
in

t
0

62
.6

4
4.

61
8

37
65

.6
6

0.
01

8
59

62
.6

8
4.

55
1

dc
m

ul
ti

0
18

39
75

.5
4

2.
23

5
16

18
41

02
.6

3
2.

16
8

25
18

44
55

.9
1

1.
98

0
eg

ou
t

0
14

9.
59

73
.6

69
47

28
7.

31
49

.4
27

59
31

2.
93

44
.9

17
fix

ne
t6

0
12

00
.8

8
69

.8
50

11
3

15
85

.1
4

60
.2

02
22

6
18

23
.7

4
54

.2
12

flu
gp

l
0

11
67

18
5.

73
2.

85
6

1
11

67
87

5.
17

2.
79

9
1

11
67

87
5.

17
2.

79
9

ge
n

0
11

21
30

.0
0

0.
16

3
28

11
21

96
.8

3
0.

10
3

28
11

21
96

.8
3

0.
10

3
ge

sa
2

63
25

68
32

53
.5

5
0.

37
5

83
25

69
60

11
.2

3
0.

32
5

84
25

69
71

00
.5

9
0.

32
1

ge
sa

2o
0

25
47

64
89

.6
8

1.
17

7
67

25
57

63
17

.3
3

0.
79

0
73

25
58

20
81

.9
6

0.
76

7
ge

sa
3

40
27

90
72

01
.8

0
0.

30
0

58
27

91
43

38
.0

6
0.

27
4

58
27

91
66

36
.0

2
0.

26
6

ge
sa

3o
0

27
83

36
32

.4
5

0.
56

2
32

27
89

73
05

.5
1

0.
33

5
41

27
90

03
51

.4
0

0.
32

4
kh

b0
52

50
0

95
91

94
64

.0
0

10
.3

06
91

10
62

94
35

1.
20

0.
60

4
11

6
10

67
15

04
1.

48
0.

21
1

m
is

c0
6

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

m
od

01
1

0
-6

21
21

98
2.

55
13

.8
63

0
-6

21
21

98
2.

55
13

.8
63

0
-6

21
21

98
2.

55
13

.8
63

m
od

gl
ob

0
20

43
09

47
.0

0
1.

49
3

10
5

20
55

24
15

.0
1

0.
90

7
89

20
58

45
57

.4
1

0.
75

2
no

sw
ot

15
-4

3.
00

0.
00

0
19

-4
3.

00
0.

00
0

21
-4

3.
00

0.
00

0
pk

1
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
0

27
48

.3
5

62
.6

08
11

8
56

59
.4

6
23

.0
00

87
52

64
.5

7
28

.3
73

pp
08

aC
U

T
S

3
54

88
.3

1
25

.3
29

10
1

64
51

.8
4

12
.2

20
11

9
68

27
.0

9
7.

11
4

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
0

28
80

61
37

.6
4

5.
10

8
2

29
58

81
63

.2
4

2.
53

2
2

29
58

81
63

.2
4

2.
53

2
rg

n
42

68
.0

0
17

.2
75

60
68

.3
6

16
.8

41
59

69
.1

2
15

.9
07

ro
ut

2
98

1.
86

8.
88

1
9

98
1.

86
8.

88
1

9
98

1.
86

8.
88

1
se

t1
ch

0
32

00
7.

73
41

.3
11

23
1

38
32

6.
34

29
.7

25
17

5
42

81
3.

58
21

.4
97

vp
m

1
55

19
.0

0
5.

00
0

65
19

.0
0

5.
00

0
63

19
.5

0
2.

50
0

vp
m

2
81

11
.7

3
14

.6
78

12
8

12
.1

6
11

.5
29

14
2

12
.2

8
10

.7
04

A
ve

ra
ge

11
14

.4
82

56
9.

75
7

62
9.

02
4

T
ab

le
2:

M
IR

re
su

lt
s

ob
ta

in
ed

w
it

h
IL

O
G

C
P

L
E

X
8.

1
[2

].

21



M
A

X
A

G
G

R
=

4
M

A
X

A
G

G
R

=
5

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

51
75

79
81

4.
90

0.
01

3
49

75
79

81
4.

90
0.

01
3

49
75

79
81

4.
90

0.
01

3
be

ll3
a

12
87

34
74

.7
7

0.
56

4
12

87
34

74
.7

7
0.

56
4

12
87

34
74

.7
7

0.
56

4
be

ll5
11

86
19

73
0.

84
3.

86
6

11
86

19
73

0.
84

3.
86

6
11

86
19

73
0.

84
3.

86
6

bl
en

d2
20

7.
03

7.
49

2
20

7.
03

7.
49

2
20

7.
03

7.
49

2
da

no
in

t
61

62
.6

9
4.

54
0

74
62

.7
0

4.
52

7
97

62
.7

0
4.

52
0

dc
m

ul
ti

65
18

56
31

.1
0

1.
35

6
77

18
59

01
.2

4
1.

21
2

80
18

58
88

.8
7

1.
21

9
eg

ou
t

68
32

1.
05

43
.4

87
66

32
5.

71
42

.6
67

77
34

3.
35

39
.5

62
fix

ne
t6

22
7

18
69

.4
2

53
.0

65
23

3
19

08
.0

0
52

.0
96

27
8

19
64

.3
5

50
.6

82
flu

gp
l

1
11

67
87

5.
17

2.
79

9
1

11
67

87
5.

17
2.

79
9

1
11

67
87

5.
17

2.
79

9
ge

n
28

11
21

96
.8

3
0.

10
3

29
11

21
98

.1
4

0.
10

2
29

11
21

98
.1

4
0.

10
2

ge
sa

2
84

25
69

70
44

.7
9

0.
32

1
96

25
70

17
10

.1
4

0.
30

3
94

25
70

37
73

.8
4

0.
29

5
ge

sa
2o

76
25

59
24

37
.3

9
0.

72
7

84
25

62
73

57
.7

9
0.

59
2

10
5

25
65

63
92

.1
0

0.
47

9
ge

sa
3

67
27

91
76

85
.9

8
0.

26
2

91
27

93
77

65
.0

1
0.

19
0

93
27

93
89

94
.8

1
0.

18
6

ge
sa

3o
50

27
90

59
98

.7
9

0.
30

4
57

27
91

39
66

.7
9

0.
27

5
62

27
91

62
95

.5
5

0.
26

7
kh

b0
52

50
11

8
10

67
35

95
2.

05
0.

19
1

11
1

10
68

63
64

9.
78

0.
07

2
11

6
10

68
60

37
6.

48
0.

07
5

m
is

c0
6

7
12

84
6.

51
0.

03
4

11
12

84
8.

78
0.

01
6

12
12

84
8.

78
0.

01
6

m
od

01
1

35
-6

13
71

41
7.

56
12

.4
87

91
-5

95
25

12
0.

22
9.

10
3

11
3

-5
89

75
85

1.
31

8.
09

6
m

od
gl

ob
93

20
59

49
29

.7
2

0.
70

2
92

20
60

21
77

.6
2

0.
66

7
90

20
59

97
51

.6
8

0.
67

9
no

sw
ot

21
-4

3.
00

0.
00

0
21

-4
3.

00
0.

00
0

21
-4

3.
00

0.
00

0
pk

1
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
11

9
60

06
.8

8
18

.2
74

11
9

60
25

.2
5

18
.0

24
11

7
60

30
.6

1
17

.9
51

pp
08

aC
U

T
S

12
3

71
01

.6
5

3.
37

9
12

8
71

77
.3

5
2.

34
9

12
2

71
78

.2
5

2.
33

7
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

re
nt

ac
ar

6
29

58
81

63
.2

4
2.

53
2

6
29

58
81

63
.2

4
2.

53
2

6
29

58
81

63
.2

4
2.

53
2

rg
n

50
69

.0
9

15
.9

54
50

70
.4

0
14

.3
51

50
70

.4
0

14
.3

51
ro

ut
9

98
1.

86
8.

88
1

9
98

1.
86

8.
88

1
9

98
1.

86
8.

88
1

se
t1

ch
17

8
42

90
9.

15
21

.3
22

16
4

41
30

4.
64

24
.2

64
20

4
43

43
3.

66
20

.3
60

vp
m

1
58

19
.5

0
2.

50
0

58
19

.5
0

2.
50

0
58

19
.5

0
2.

50
0

vp
m

2
14

1
12

.3
0

10
.5

71
14

1
12

.3
0

10
.5

71
14

1
12

.3
0

10
.5

71
A

ve
ra

ge
68

8.
29

7
72

8.
07

8
79

7.
70

7

T
ab

le
3:

M
IR

re
su

lt
s

ob
ta

in
ed

w
it

h
IL

O
G

C
P

L
E

X
8.

1
[2

].

22



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

8
75

79
68

5.
10

0.
01

5
8

75
79

68
5.

10
0.

01
5

be
ll3

a
4

86
52

07
.8

2
1.

50
5

0
86

25
78

.6
4

1.
80

5
be

ll5
5

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

33
7.

03
7.

46
9

30
7.

03
7.

46
9

da
no

in
t

15
62

.6
5

4.
59

8
12

62
.6

5
4.

59
8

dc
m

ul
ti

18
18

40
97

.6
4

2.
17

0
0

18
39

75
.5

4
2.

23
5

eg
ou

t
66

43
3.

86
23

.6
30

54
43

3.
86

23
.6

30
fix

ne
t6

67
31

92
.0

4
19

.8
58

0
12

00
.8

8
69

.8
50

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
37

11
23

12
.6

0
0.

00
0

37
11

23
12

.6
0

0.
00

0
ge

sa
2

21
9

25
69

82
21

.4
4

0.
31

7
18

9
25

69
55

09
.0

0
0.

32
7

ge
sa

2o
16

2
25

57
83

29
.5

0
0.

78
2

12
7

25
57

32
64

.4
8

0.
80

1
ge

sa
3

83
27

91
60

57
.7

4
0.

26
8

83
27

91
60

57
.7

4
0.

26
8

ge
sa

3o
66

27
90

38
17

.5
3

0.
31

2
66

27
90

38
17

.5
3

0.
31

2
kh

b0
52

50
0

95
91

94
64

.0
0

10
.3

06
0

95
91

94
64

.0
0

10
.3

06
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
0

-6
21

21
98

2.
55

13
.8

63
0

-6
21

21
98

2.
55

13
.8

63
m

od
gl

ob
2

20
43

11
80

.7
7

1.
49

1
0

20
43

09
47

.6
2

1.
49

3
no

sw
ot

41
-4

3.
00

0.
00

0
12

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
5

54
89

.2
4

25
.3

17
5

54
89

.2
4

25
.3

17
pp

08
aC

U
T

S
64

54
86

.5
9

25
.3

53
64

54
86

.5
9

25
.3

53
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
1

28
80

61
37

.6
4

5.
10

8
0

28
80

61
37

.6
4

5.
10

8
rg

n
31

68
.0

0
17

.2
75

0
48

.8
0

40
.6

33
ro

ut
15

98
1.

86
8.

88
1

11
98

1.
86

8.
88

1
se

t1
ch

14
6

40
68

1.
07

25
.4

08
14

6
40

68
1.

07
25

.4
08

vp
m

1
37

19
.5

0
2.

50
0

37
19

.5
0

2.
50

0
vp

m
2

11
4

11
.8

0
14

.1
65

11
4

11
.8

0
14

.1
65

A
ve

ra
ge

46
8.

36
5

38
11

.2
02

A
ve

ra
ge

46
8.

36
5

38
11

.2
02

T
ab

le
4:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

A
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

Fa
ls

e)
.

23



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

8
75

79
68

5.
10

0.
01

5
8

75
79

68
5.

10
0.

01
5

be
ll3

a
5

86
56

00
.1

1
1.

46
1

0
86

25
78

.6
4

1.
80

5
be

ll5
5

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

32
7.

03
7.

46
9

29
7.

03
7.

46
9

da
no

in
t

15
62

.6
5

4.
59

8
12

62
.6

5
4.

59
8

dc
m

ul
ti

0
18

39
75

.5
4

2.
23

5
0

18
39

75
.5

4
2.

23
5

eg
ou

t
74

37
7.

48
33

.5
55

36
21

9.
61

61
.3

44
fix

ne
t6

73
31

92
.0

6
19

.8
58

1
12

00
.8

9
69

.8
50

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
74

11
22

95
.0

9
0.

01
6

74
11

22
95

.0
9

0.
01

6
ge

sa
2

23
1

25
69

78
97

.2
6

0.
31

8
19

2
25

69
50

86
.1

1
0.

32
9

ge
sa

2o
40

2
25

57
55

75
.1

8
0.

79
2

30
25

47
70

50
.4

0
1.

17
5

ge
sa

3
93

27
91

90
41

.4
0

0.
25

7
87

27
91

90
41

.4
0

0.
25

7
ge

sa
3o

15
7

27
91

77
41

.0
2

0.
26

2
4

27
83

43
29

.2
4

0.
56

0
kh

b0
52

50
2

96
43

71
15

.0
0

9.
82

1
1

96
21

46
26

.7
5

10
.0

30
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
5

-6
20

40
56

7.
51

13
.7

14
0

-6
21

21
98

2.
55

13
.8

63
m

od
gl

ob
2

20
43

11
80

.7
7

1.
49

1
0

20
43

09
47

.6
2

1.
49

3
no

sw
ot

41
-4

3.
00

0.
00

0
12

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
19

56
48

.2
0

23
.1

54
16

56
48

.2
0

23
.1

54
pp

08
aC

U
T

S
70

55
61

.3
6

24
.3

35
70

55
61

.3
6

24
.3

35
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
5

29
03

63
36

.6
3

4.
35

0
0

28
80

61
37

.6
4

5.
10

8
rg

n
31

68
.0

0
17

.2
75

0
48

.8
0

40
.6

33
ro

ut
13

98
1.

86
8.

88
1

9
98

1.
86

8.
88

1
se

t1
ch

16
3

48
21

9.
59

11
.5

85
15

8
45

37
4.

74
16

.8
01

vp
m

1
32

19
.5

0
2.

50
0

32
19

.5
0

2.
50

0
vp

m
2

12
1

11
.8

0
14

.1
91

12
1

11
.8

0
14

.1
91

A
ve

ra
ge

63
8.

04
0

34
12

.2
14

T
ab

le
5:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

A
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

T
ru

e)
.

24



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

0
75

79
59

9.
81

0.
01

6
0

75
79

59
9.

81
0.

01
6

be
ll3

a
4

86
52

07
.8

2
1.

50
5

0
86

25
78

.6
4

1.
80

5
be

ll5
5

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

42
7.

04
7.

33
9

37
7.

04
7.

33
9

da
no

in
t

40
62

.6
6

4.
58

5
40

62
.6

6
4.

58
5

dc
m

ul
ti

6
18

40
62

.2
1

2.
18

9
0

18
39

75
.5

4
2.

23
5

eg
ou

t
46

45
2.

54
20

.3
42

42
45

2.
54

20
.3

42
fix

ne
t6

13
4

31
92

.0
4

19
.8

58
0

12
00

.8
8

69
.8

50
flu

gp
l

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

ge
n

37
11

23
12

.6
0

0.
00

0
37

11
23

12
.6

0
0.

00
0

ge
sa

2
15

1
25

69
39

20
.5

3
0.

33
3

15
0

25
69

39
20

.5
3

0.
33

3
ge

sa
2o

80
25

58
18

09
.2

6
0.

76
8

68
25

57
57

27
.6

6
0.

79
2

ge
sa

3
76

27
91

49
41

.3
3

0.
27

2
76

27
91

49
41

.3
3

0.
27

2
ge

sa
3o

41
27

90
98

08
.8

7
0.

29
0

41
27

90
98

08
.8

7
0.

29
0

kh
b0

52
50

0
95

91
94

64
.0

0
10

.3
06

0
95

91
94

64
.0

0
10

.3
06

m
is

c0
6

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

m
od

01
1

0
-6

21
21

98
2.

55
13

.8
63

0
-6

21
21

98
2.

55
13

.8
63

m
od

gl
ob

1
20

43
10

51
.5

0
1.

49
2

0
20

43
09

47
.6

2
1.

49
3

no
sw

ot
41

-4
3.

00
0.

00
0

12
-4

3.
00

0.
00

0
pk

1
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
pp

08
a

6
54

89
.2

4
25

.3
17

6
54

89
.2

4
25

.3
17

pp
08

aC
U

T
S

64
54

86
.5

6
25

.3
53

64
54

86
.5

6
25

.3
53

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

re
nt

ac
ar

1
28

80
61

37
.6

4
5.

10
8

0
28

80
61

37
.6

4
5.

10
8

rg
n

25
64

.6
0

21
.4

11
0

48
.8

0
40

.6
33

ro
ut

13
98

1.
86

8.
88

1
11

98
1.

86
8.

88
1

se
t1

ch
14

4
40

66
0.

88
25

.4
45

14
4

40
66

0.
88

25
.4

45
vp

m
1

78
19

.5
0

2.
50

0
78

19
.5

0
2.

50
0

vp
m

2
86

11
.8

0
14

.1
66

86
11

.8
0

14
.1

66
A

ve
ra

ge
42

8.
39

4
34

11
.0

71

T
ab

le
6:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

B
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

Fa
ls

e)
.

25



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

0
75

79
59

9.
81

0.
01

6
0

75
79

59
9.

81
0.

01
6

be
ll3

a
5

86
56

00
.1

1
1.

46
1

0
86

25
78

.6
4

1.
80

5
be

ll5
5

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

46
7.

05
7.

23
2

42
7.

05
7.

23
2

da
no

in
t

41
62

.6
6

4.
58

5
40

62
.6

6
4.

58
5

dc
m

ul
ti

0
18

39
75

.5
4

2.
23

5
0

18
39

75
.5

4
2.

23
5

eg
ou

t
57

36
8.

59
35

.1
18

33
22

3.
74

60
.6

16
fix

ne
t6

14
3

31
94

.7
6

19
.7

90
0

12
00

.8
8

69
.8

50
flu

gp
l

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

ge
n

78
11

23
04

.1
1

0.
00

8
78

11
23

04
.1

1
0.

00
8

ge
sa

2
15

3
25

69
39

27
.1

6
0.

33
3

15
1

25
69

39
27

.1
6

0.
33

3
ge

sa
2o

14
2

25
58

32
63

.3
2

0.
76

3
2

25
47

65
10

.4
6

1.
17

7
ge

sa
3

78
27

91
60

57
.7

4
0.

26
8

78
27

91
60

57
.7

4
0.

26
8

ge
sa

3o
92

27
91

08
55

.1
7

0.
28

6
2

27
83

39
85

.7
5

0.
56

1
kh

b0
52

50
4

96
43

71
15

.0
0

9.
82

1
2

96
21

46
26

.7
5

10
.0

30
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
0

-6
21

21
98

2.
55

13
.8

63
0

-6
21

21
98

2.
55

13
.8

63
m

od
gl

ob
1

20
43

10
51

.5
0

1.
49

2
0

20
43

09
47

.6
2

1.
49

3
no

sw
ot

41
-4

3.
00

0.
00

0
12

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
17

56
44

.3
2

23
.2

07
17

56
46

.8
6

23
.1

72
pp

08
aC

U
T

S
70

55
61

.1
5

24
.3

38
70

55
61

.1
5

24
.3

38
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
5

29
03

63
36

.6
3

4.
35

0
0

28
80

61
37

.6
4

5.
10

8
rg

n
25

64
.6

0
21

.4
11

0
48

.8
0

40
.6

33
ro

ut
11

98
1.

86
8.

88
1

9
98

1.
86

8.
88

1
se

t1
ch

23
1

48
13

1.
29

11
.7

47
22

7
45

28
7.

48
16

.9
61

vp
m

1
89

19
.5

0
2.

50
0

89
19

.5
0

2.
50

0
vp

m
2

10
0

11
.7

9
14

.2
25

10
0

11
.7

9
14

.2
25

A
ve

ra
ge

54
8.

26
3

36
12

.1
85

T
ab

le
7:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

B
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

T
ru

e)
.

26



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

6
75

79
67

3.
59

0.
01

5
6

75
79

67
3.

59
0.

01
5

be
ll3

a
2

86
47

76
.3

9
1.

55
4

0
86

25
78

.6
4

1.
80

5
be

ll5
4

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

0
6.

92
8.

99
2

0
6.

92
8.

99
2

da
no

in
t

2
62

.6
4

4.
61

4
2

62
.6

4
4.

61
4

dc
m

ul
ti

1
18

39
84

.7
4

2.
23

0
0

18
39

75
.5

4
2.

23
5

eg
ou

t
30

29
7.

61
47

.6
13

23
29

7.
56

47
.6

21
fix

ne
t6

96
21

02
.2

4
47

.2
20

0
12

00
.8

8
69

.8
50

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
37

11
23

12
.6

0
0.

00
0

37
11

23
12

.6
0

0.
00

0
ge

sa
2

13
2

25
69

14
18

.0
2

0.
34

3
12

1
25

69
10

07
.7

1
0.

34
5

ge
sa

2o
36

25
51

99
33

.2
2

1.
00

8
25

25
50

39
32

.6
6

1.
07

0
ge

sa
3

49
27

91
12

56
.9

4
0.

28
5

49
27

91
12

56
.9

4
0.

28
5

ge
sa

3o
19

27
86

91
65

.0
9

0.
43

5
19

27
86

91
65

.0
9

0.
43

5
kh

b0
52

50
0

95
91

94
64

.0
0

10
.3

06
0

95
91

94
64

.0
0

10
.3

06
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
0

-6
21

21
98

2.
55

13
.8

63
0

-6
21

21
98

2.
55

13
.8

63
m

od
gl

ob
1

20
43

10
51

.5
0

1.
49

2
0

20
43

09
47

.6
2

1.
49

3
no

sw
ot

41
-4

3.
00

0.
00

0
12

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
0

54
80

.6
1

25
.4

34
0

54
80

.6
1

25
.4

34
pp

08
aC

U
T

S
35

45
19

.9
8

38
.5

04
35

45
19

.9
8

38
.5

04
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
1

28
80

61
37

.6
4

5.
10

8
0

28
80

61
37

.6
4

5.
10

8
rg

n
21

62
.0

0
24

.5
74

0
48

.8
0

40
.6

33
ro

ut
4

98
1.

86
8.

88
1

4
98

1.
86

8.
88

1
se

t1
ch

12
2

40
04

4.
52

26
.5

75
12

2
40

04
4.

52
26

.5
75

vp
m

1
36

16
.9

6
15

.2
15

36
16

.9
6

15
.2

15
vp

m
2

56
10

.8
6

21
.0

54
56

10
.8

6
21

.0
54

A
ve

ra
ge

27
12

.0
09

21
13

.5
10

T
ab

le
8:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

C
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

Fa
ls

e)
.

27



M
U

LT
IP

LY
=

T
R

U
E

M
U

LT
IP

LY
=

FA
L
SE

In
st

an
ce

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

6
75

79
68

3.
73

0.
01

5
6

75
79

68
3.

73
0.

01
5

be
ll3

a
3

86
51

68
.6

8
1.

51
0

0
86

25
78

.6
4

1.
80

5
be

ll5
4

86
09

68
1.

32
3.

97
8

0
86

08
41

7.
95

3.
99

3
bl

en
d2

0
6.

92
8.

99
2

0
6.

92
8.

99
2

da
no

in
t

0
62

.6
4

4.
61

8
0

62
.6

4
4.

61
8

dc
m

ul
ti

0
18

39
75

.5
4

2.
23

5
0

18
39

75
.5

4
2.

23
5

eg
ou

t
31

25
5.

61
55

.0
07

11
18

0.
72

68
.1

88
fix

ne
t6

98
20

63
.7

7
48

.1
86

1
12

01
.1

4
69

.8
43

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
55

11
23

00
.1

3
0.

01
1

55
11

23
00

.1
3

0.
01

1
ge

sa
2

13
2

25
69

17
15

.2
4

0.
34

2
11

8
25

69
10

07
.7

1
0.

34
5

ge
sa

2o
68

25
51

48
82

.7
2

1.
02

8
2

25
47

82
62

.9
5

1.
17

0
ge

sa
3

48
27

91
17

48
.4

3
0.

28
3

48
27

91
17

48
.4

3
0.

28
3

ge
sa

3o
36

27
86

14
21

.7
1

0.
46

3
0

27
83

36
32

.4
5

0.
56

2
kh

b0
52

50
0

95
91

94
64

.0
0

10
.3

06
0

95
91

94
64

.0
0

10
.3

06
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
13

-6
20

04
26

8.
35

13
.6

47
0

-6
21

21
98

2.
55

13
.8

63
m

od
gl

ob
1

20
43

10
51

.5
0

1.
49

2
0

20
43

09
47

.6
2

1.
49

3
no

sw
ot

41
-4

3.
00

0.
00

0
12

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
0

54
80

.6
1

25
.4

34
0

54
80

.6
1

25
.4

34
pp

08
aC

U
T

S
35

43
21

.5
0

41
.2

04
35

43
21

.5
0

41
.2

04
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
5

29
03

63
36

.6
3

4.
35

0
0

28
80

61
37

.6
4

5.
10

8
rg

n
21

62
.0

0
24

.5
74

0
48

.8
0

40
.6

33
ro

ut
6

98
1.

86
8.

88
1

4
98

1.
86

8.
88

1
se

t1
ch

14
0

40
91

0.
86

24
.9

86
13

5
37

99
6.

04
30

.3
31

vp
m

1
31

16
.6

7
16

.6
54

31
16

.6
7

16
.6

54
vp

m
2

54
10

.9
3

20
.5

39
54

10
.9

3
20

.5
39

A
ve

ra
ge

30
12

.3
72

19
14

.5
94

T
ab

le
9:

O
ur

M
IR

re
su

lt
s

(C
R

IT
E

R
IO

N
=

C
,
M

A
X

A
G

G
R

=
1,

P
re

pr
oc

es
si

ng
=

T
ru

e)
.

28



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

27
75

79
75

1.
41

0.
01

4
52

75
79

73
1.

12
0.

01
4

78
75

79
74

7.
99

0.
01

4
be

ll3
a

9
86

94
42

.1
3

1.
02

3
14

86
95

65
.2

5
1.

00
9

14
86

95
65

.2
5

1.
00

9
be

ll5
9

86
10

26
6.

93
3.

97
2

14
86

10
26

6.
93

3.
97

2
12

86
10

26
6.

93
3.

97
2

bl
en

d2
92

7.
08

6.
87

9
20

1
7.

10
6.

52
7

18
5

7.
10

6.
55

2
da

no
in

t
51

62
.6

7
4.

57
1

12
4

62
.6

8
4.

55
0

18
3

62
.6

8
4.

56
0

dc
m

ul
ti

12
18

41
17

.7
2

2.
16

0
97

18
48

21
.9

6
1.

78
6

17
2

18
52

63
.0

1
1.

55
1

eg
ou

t
16

6
42

7.
41

24
.7

65
34

6
43

0.
14

24
.2

84
47

0
42

9.
11

24
.4

66
fix

ne
t6

13
26

32
42

.6
8

18
.5

87
20

22
32

10
.6

6
19

.3
91

24
32

32
06

.3
3

19
.5

00
flu

gp
l

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
74

11
22

95
.0

9
0.

01
6

74
11

22
95

.0
9

0.
01

6
74

11
22

95
.0

9
0.

01
6

ge
sa

2
35

2
25

70
48

81
.3

4
0.

29
1

46
2

25
72

68
48

.7
5

0.
20

6
46

2
25

72
68

48
.7

5
0.

20
6

ge
sa

2o
65

9
25

62
34

30
.1

2
0.

60
7

10
32

25
69

31
85

.2
6

0.
33

6
11

34
25

70
84

66
.3

5
0.

27
7

ge
sa

3
16

8
27

92
99

77
.1

0
0.

21
8

40
5

27
95

21
48

.4
2

0.
13

9
43

6
27

95
22

31
.5

9
0.

13
9

ge
sa

3o
23

0
27

92
57

26
.9

2
0.

23
3

45
1

27
95

00
42

.4
6

0.
14

6
41

7
27

95
08

87
.8

1
0.

14
3

kh
b0

52
50

64
10

58
74

16
7.

26
0.

99
7

14
1

10
65

90
92

5.
56

0.
32

7
18

6
10

68
17

45
4.

87
0.

11
5

m
is

c0
6

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

m
od

01
1

10
-6

19
68

34
7.

73
13

.5
81

87
-6

13
34

24
1.

19
12

.4
19

74
-6

17
13

02
2.

53
13

.1
13

m
od

gl
ob

21
7

20
58

23
01

.8
3

0.
76

3
83

5
20

61
32

40
.0

5
0.

61
4

14
85

20
60

87
05

.8
9

0.
63

5
no

sw
ot

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
pk

1
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
15

9
67

34
.3

9
8.

37
6

52
0

71
86

.3
3

2.
22

7
70

0
72

21
.7

4
1.

74
5

pp
08

aC
U

T
S

19
4

67
06

.6
9

8.
75

3
49

2
71

34
.5

0
2.

93
2

85
5

71
56

.7
0

2.
63

0
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

re
nt

ac
ar

21
29

03
63

36
.6

3
4.

35
0

12
6

29
28

10
38

.3
1

3.
54

4
12

8
29

10
85

64
.5

7
4.

11
2

rg
n

69
73

.5
0

10
.5

84
11

4
81

.8
0

0.
48

6
11

4
81

.8
0

0.
48

6
ro

ut
19

98
1.

86
8.

88
1

19
98

1.
86

8.
88

1
19

98
1.

86
8.

88
1

se
t1

ch
36

3
51

00
5.

05
6.

47
8

87
3

51
78

4.
12

5.
04

9
14

24
51

89
9.

81
4.

83
7

vp
m

1
59

19
.0

8
4.

58
3

10
4

20
.0

0
0.

00
0

10
9

20
.0

0
0.

00
0

vp
m

2
40

0
12

.3
0

10
.5

50
81

6
12

.5
2

8.
93

5
83

5
12

.3
1

10
.4

55
A

ve
ra

ge
18

3
5.

54
5

36
2

4.
25

8
46

1
4.

32
1

T
ab

le
10

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
A

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

ra
nd

om
ly

).

29



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

14
75

79
68

5.
10

0.
01

5
29

75
79

68
5.

10
0.

01
5

59
75

79
68

5.
10

0.
01

5
be

ll3
a

11
86

94
42

.1
3

1.
02

3
15

86
96

60
.6

5
0.

99
8

15
86

96
60

.6
5

0.
99

8
be

ll5
11

86
10

26
6.

93
3.

97
2

26
86

16
74

7.
65

3.
90

0
37

86
18

73
9.

80
3.

87
7

bl
en

d2
17

1
7.

11
6.

48
4

34
8

7.
11

6.
47

4
33

6
7.

08
6.

76
6

da
no

in
t

10
4

62
.6

9
4.

54
4

55
6

62
.7

0
4.

52
5

86
0

62
.7

0
4.

52
3

dc
m

ul
ti

18
18

42
60

.0
7

2.
08

4
40

18
42

60
.0

7
2.

08
4

77
18

42
60

.4
9

2.
08

4
eg

ou
t

15
8

40
6.

82
28

.3
89

33
2

41
2.

68
27

.3
58

53
4

41
4.

32
27

.0
69

fix
ne

t6
13

26
32

42
.6

8
18

.5
87

20
22

32
10

.6
6

19
.3

91
24

32
32

06
.3

3
19

.5
00

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

ge
n

74
11

22
95

.0
9

0.
01

6
74

11
22

95
.0

9
0.

01
6

74
11

22
95

.0
9

0.
01

6
ge

sa
2

35
2

25
70

48
81

.3
4

0.
29

1
46

2
25

72
68

48
.7

5
0.

20
6

46
2

25
72

68
48

.7
5

0.
20

6
G

es
a2

o
71

0
25

61
96

89
.0

6
0.

62
1

12
33

25
68

93
03

.2
7

0.
35

1
15

18
25

70
07

28
.6

9
0.

30
7

ge
sa

3
16

8
27

92
99

77
.1

0
0.

21
8

37
0

27
94

26
30

.5
6

0.
17

3
39

0
27

94
27

13
.7

4
0.

17
3

G
es

a3
o

24
3

27
92

59
67

.9
6

0.
23

2
46

2
27

95
03

78
.3

4
0.

14
5

50
0

27
95

08
89

.7
7

0.
14

3
kh

b0
52

50
63

10
58

74
16

7.
26

0.
99

7
12

8
10

65
71

56
2.

52
0.

34
5

19
2

10
68

16
94

8.
02

0.
11

5
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
19

-6
17

51
23

2.
74

13
.1

83
12

7
-6

06
73

19
8.

83
11

.2
08

20
4

-5
95

48
05

7.
34

9.
14

5
m

od
gl

ob
21

7
20

58
23

01
.8

3
0.

76
3

83
5

20
61

32
40

.0
5

0.
61

4
14

85
20

60
87

05
.8

9
0.

63
5

no
sw

ot
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
pp

08
a

19
4

67
06

.6
9

8.
75

3
61

8
71

97
.9

6
2.

06
9

12
35

72
38

.0
4

1.
52

3
pp

08
aC

U
T

S
14

8
67

56
.6

9
8.

07
2

49
2

71
34

.5
0

2.
93

2
85

5
71

56
.7

0
2.

63
0

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
11

29
03

63
36

.6
3

4.
35

0
27

29
03

63
36

.6
3

4.
35

0
40

29
03

63
36

.6
3

4.
35

0
rg

n
69

73
.5

0
10

.5
84

11
4

81
.8

0
0.

48
6

11
4

81
.8

0
0.

48
6

ro
ut

19
98

1.
86

8.
88

1
19

98
1.

86
8.

88
1

19
98

1.
86

8.
88

1
se

t1
ch

36
3

51
00

5.
05

6.
47

8
87

3
51

78
4.

12
5.

04
9

14
24

51
89

9.
81

4.
83

7
vp

m
1

59
19

.0
8

4.
58

3
10

4
20

.0
0

0.
00

0
10

9
20

.0
0

0.
00

0
vp

m
2

40
0

12
.3

0
10

.5
50

81
6

12
.5

2
8.

93
5

83
5

12
.3

1
10

.4
55

A
ve

ra
ge

18
9

5.
63

8
38

9
4.

36
3

53
1

4.
29

5

T
ab

le
11

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
A

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

fir
st

fo
un

d)
.

30



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

13
75

79
67

4.
92

0.
01

5
25

75
79

71
2.

99
0.

01
5

30
75

79
72

7.
92

0.
01

4
be

ll3
a

13
86

94
78

.4
9

1.
01

9
27

86
97

34
.3

5
0.

99
0

29
86

97
70

.0
9

0.
98

6
be

ll5
9

86
10

26
6.

93
3.

97
2

14
86

10
26

6.
93

3.
97

2
12

86
10

26
6.

93
3.

97
2

bl
en

d2
69

7.
06

7.
04

7
23

1
7.

11
6.

45
0

15
3

7.
08

6.
85

5
da

no
in

t
58

62
.6

7
4.

56
6

74
62

.6
7

4.
56

2
96

62
.6

7
4.

56
4

dc
m

ul
ti

13
18

41
17

.7
5

2.
16

0
67

18
44

15
.3

0
2.

00
2

21
7

18
55

07
.3

9
1.

42
1

eg
ou

t
10

0
40

1.
77

29
.2

78
14

3
39

2.
61

30
.8

91
18

7
40

7.
69

28
.2

36
fix

ne
t6

63
5

34
95

.1
7

12
.2

48
18

49
35

53
.4

3
10

.7
85

20
69

34
57

.4
5

13
.1

95
flu

gp
l

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
78

11
23

04
.1

1
0.

00
8

78
11

23
04

.1
1

0.
00

8
78

11
23

04
.1

1
0.

00
8

ge
sa

2
19

9
25

69
70

02
.2

6
0.

32
1

29
8

25
70

78
07

.5
6

0.
27

9
29

8
25

70
78

07
.5

6
0.

27
9

ge
sa

2o
28

5
25

67
22

83
.6

1
0.

41
7

50
5

25
73

14
47

.5
2

0.
18

8
59

3
25

73
34

42
.1

4
0.

18
0

ge
sa

3
96

27
91

76
45

.3
4

0.
26

2
20

1
27

92
63

41
.8

4
0.

23
1

24
3

27
93

02
91

.9
2

0.
21

7
ge

sa
3o

12
0

27
92

51
08

.9
3

0.
23

6
17

5
27

95
00

03
.1

7
0.

14
7

18
4

27
95

08
49

.6
4

0.
14

4
kh

b0
52

50
63

10
58

74
16

7.
26

0.
99

7
13

5
10

66
35

74
0.

29
0.

28
5

18
0

10
68

97
24

2.
76

0.
04

0
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
1

-6
21

16
83

2.
14

13
.8

54
41

-6
19

20
30

5.
56

13
.4

93
10

4
-6

17
70

78
0.

90
13

.2
19

m
od

gl
ob

89
20

63
85

89
.0

7
0.

49
1

32
9

20
70

35
26

.0
3

0.
17

8
62

0
20

71
12

78
.2

9
0.

14
1

no
sw

ot
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
pp

08
a

17
4

66
89

.2
5

8.
99

0
57

0
71

58
.3

5
2.

60
8

75
9

72
15

.0
2

1.
83

6
pp

08
aC

U
T

S
19

7
66

90
.7

1
8.

97
0

55
3

71
38

.0
4

2.
88

4
91

8
71

87
.4

5
2.

21
2

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
18

29
03

63
36

.6
3

4.
35

0
96

29
11

33
93

.9
6

4.
09

6
88

29
09

49
97

.3
3

4.
15

6
rg

n
43

64
.4

8
21

.5
59

80
70

.8
0

13
.8

74
80

70
.8

0
13

.8
74

ro
ut

15
98

1.
86

8.
88

1
15

98
1.

86
8.

88
1

15
98

1.
86

8.
88

1
se

t1
ch

49
3

50
95

7.
36

6.
56

5
97

3
51

73
8.

00
5.

13
4

15
51

51
86

7.
98

4.
89

5
vp

m
1

21
1

19
.5

0
2.

50
0

42
9

19
.7

5
1.

25
0

59
5

19
.8

0
1.

00
0

vp
m

2
24

6
12

.4
7

9.
31

3
44

9
12

.5
8

8.
48

2
63

9
12

.6
1

8.
29

9
A

ve
ra

ge
12

5
5.

80
6

28
3

4.
79

3
37

5
4.

67
5

T
ab

le
12

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
B

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

ra
nd

om
ly

).

31



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

1
75

79
59

9.
81

0.
01

6
6

75
79

59
9.

81
0.

01
6

14
75

79
59

9.
81

0.
01

6
be

ll3
a

11
86

94
42

.1
3

1.
02

3
15

86
96

60
.6

5
0.

99
8

15
86

96
60

.6
5

0.
99

8
be

ll5
11

86
10

26
6.

93
3.

97
2

26
86

16
74

7.
65

3.
90

0
14

86
12

37
0.

86
3.

94
8

bl
en

d2
14

5
7.

09
6.

71
8

43
4

7.
11

6.
48

8
69

8
7.

10
6.

55
3

da
no

in
t

82
62

.6
8

4.
55

6
19

6
62

.6
8

4.
55

9
18

7
62

.6
8

4.
56

0
dc

m
ul

ti
12

18
41

73
.9

8
2.

13
0

20
18

41
73

.9
8

2.
13

0
32

18
41

74
.5

2
2.

13
0

eg
ou

t
96

39
3.

80
30

.6
80

14
7

39
3.

87
30

.6
70

21
0

39
5.

70
30

.3
48

fix
ne

t6
66

9
34

95
.1

7
12

.2
48

18
20

35
47

.8
0

10
.9

26
20

92
34

44
.7

1
13

.5
15

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

ge
n

78
11

23
04

.1
1

0.
00

8
78

11
23

04
.1

1
0.

00
8

78
11

23
04

.1
1

0.
00

8
ge

sa
2

19
9

25
69

70
02

.2
6

0.
32

1
29

8
25

70
78

07
.5

6
0.

27
9

29
8

25
70

78
07

.5
6

0.
27

9
ge

sa
2o

28
1

25
62

46
59

.3
1

0.
60

2
54

5
25

69
48

95
.8

2
0.

33
0

66
9

25
70

82
06

.1
6

0.
27

8
ge

sa
3

96
27

91
76

45
.3

4
0.

26
2

19
5

27
92

63
41

.8
4

0.
23

1
22

0
27

92
91

66
.9

3
0.

22
1

ge
sa

3o
13

5
27

92
51

08
.9

3
0.

23
6

21
5

27
95

10
13

.9
1

0.
14

3
21

9
27

95
13

05
.9

7
0.

14
2

kh
b0

52
50

62
10

58
74

16
7.

26
0.

99
7

12
5

10
66

33
18

9.
56

0.
28

7
19

7
10

68
89

25
5.

93
0.

04
8

m
is

c0
6

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

m
od

01
1

0
-6

21
21

98
2.

55
13

.8
63

10
-6

20
81

91
0.

74
13

.7
90

17
-6

20
76

82
9.

41
13

.7
80

m
od

gl
ob

89
20

63
85

89
.0

7
0.

49
1

32
9

20
70

35
26

.0
3

0.
17

8
62

0
20

71
12

78
.2

9
0.

14
1

no
sw

ot
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
pp

08
a

15
8

67
44

.4
2

8.
23

9
66

3
71

81
.0

7
2.

29
8

11
55

72
03

.6
7

1.
99

1
pp

08
aC

U
T

S
19

7
66

90
.7

1
8.

97
0

55
3

71
38

.0
4

2.
88

4
91

8
71

87
.4

5
2.

21
2

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
7

29
03

63
36

.6
3

4.
35

0
13

29
03

63
36

.6
3

4.
35

0
20

29
03

63
36

.6
3

4.
35

0
rg

n
43

64
.4

8
21

.5
59

80
70

.8
0

13
.8

74
80

70
.8

0
13

.8
74

ro
ut

15
98

1.
86

8.
88

1
15

98
1.

86
8.

88
1

15
98

1.
86

8.
88

1
se

t1
ch

49
6

50
95

7.
36

6.
56

5
98

0
51

73
8.

00
5.

13
4

15
62

51
86

7.
98

4.
89

5
vp

m
1

21
1

19
.5

0
2.

50
0

42
9

19
.7

5
1.

25
0

59
5

19
.8

0
1.

00
0

vp
m

2
24

6
12

.4
7

9.
31

3
44

9
12

.5
8

8.
48

2
63

9
12

.6
1

8.
29

9
A

ve
ra

ge
12

8
5.

82
4

29
4

4.
80

8
40

6
4.

82
3

T
ab

le
13

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
B

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

fir
st

fo
un

d)
.

32



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

22
75

79
69

8.
35

0.
01

5
38

75
79

73
3.

14
0.

01
4

62
75

79
71

5.
84

0.
01

4
be

ll3
a

8
86

83
92

.0
8

1.
14

3
29

86
87

28
.9

7
1.

10
4

26
86

87
36

.1
1

1.
10

4
be

ll5
6

86
10

06
8.

73
3.

97
4

9
86

10
06

8.
73

3.
97

4
8

86
10

06
8.

73
3.

97
4

bl
en

d2
0

6.
92

8.
99

2
0

6.
92

8.
99

2
0

6.
92

8.
99

2
da

no
in

t
3

62
.6

4
4.

61
8

10
62

.6
4

4.
61

7
23

62
.6

4
4.

61
2

dc
m

ul
ti

6
18

40
44

.8
3

2.
19

8
68

18
44

95
.0

3
1.

95
9

10
3

18
52

00
.5

1
1.

58
4

eg
ou

t
81

28
7.

38
49

.4
14

14
8

29
2.

16
48

.5
72

27
1

29
7.

99
47

.5
47

fix
ne

t6
42

5
21

41
.9

2
46

.2
23

17
37

25
58

.6
1

35
.7

62
20

75
21

10
.9

3
47

.0
02

flu
gp

l
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

ge
n

55
11

23
00

.1
3

0.
01

1
55

11
23

00
.1

3
0.

01
1

55
11

23
00

.1
3

0.
01

1
ge

sa
2

14
8

25
69

16
93

.9
8

0.
34

2
15

4
25

69
17

78
.3

7
0.

34
2

15
4

25
69

17
78

.3
7

0.
34

2
ge

sa
2o

91
25

51
25

31
.7

6
1.

03
7

10
9

25
51

33
28

.5
6

1.
03

4
13

6
25

51
60

83
.5

7
1.

02
3

ge
sa

3
56

27
91

71
34

.9
4

0.
26

4
69

27
91

42
82

.8
0

0.
27

4
73

27
91

42
82

.8
0

0.
27

4
ge

sa
3o

40
27

86
14

36
.5

5
0.

46
3

55
27

86
59

95
.7

9
0.

44
7

54
27

86
61

68
.1

4
0.

44
6

kh
b0

52
50

7
97

49
95

88
.5

2
8.

82
8

15
98

57
41

56
.0

1
7.

82
3

37
99

58
21

58
.5

6
6.

88
1

m
is

c0
6

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

0
12

84
1.

69
0.

07
1

m
od

01
1

58
-6

18
32

49
6.

78
13

.3
32

52
5

-5
89

55
51

5.
34

8.
05

9
70

8
-5

89
62

06
9.

80
8.

07
1

m
od

gl
ob

39
20

45
93

13
.8

1
1.

35
6

15
9

20
50

18
50

.0
0

1.
15

1
28

1
20

51
45

49
.2

2
1.

08
9

no
sw

ot
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

pk
1

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
pp

08
a

15
4

66
60

.2
5

9.
38

4
51

0
70

11
.0

7
4.

61
1

89
5

70
34

.2
8

4.
29

5
pp

08
aC

U
T

S
17

2
55

77
.5

8
24

.1
15

59
3

67
28

.6
1

8.
45

4
89

1
67

69
.1

1
7.

90
3

qi
u

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
re

nt
ac

ar
22

29
03

63
36

.6
3

4.
35

0
12

0
29

16
53

51
.3

2
3.

92
5

10
6

29
09

12
05

.2
3

4.
16

9
rg

n
59

67
.6

0
17

.7
64

10
8

74
.5

4
9.

31
6

10
8

74
.5

4
9.

31
6

ro
ut

8
98

1.
86

8.
88

1
8

98
1.

86
8.

88
1

8
98

1.
86

8.
88

1
se

t1
ch

39
2

46
23

3.
22

15
.2

27
10

10
48

00
0.

32
11

.9
87

16
01

47
17

7.
13

13
.4

96
vp

m
1

85
17

.1
2

14
.3

78
15

3
17

.4
9

12
.5

56
21

4
17

.6
4

11
.7

85
vp

m
2

11
6

11
.4

7
16

.5
78

26
1

11
.7

2
14

.7
64

34
5

11
.7

4
14

.6
34

A
ve

ra
ge

79
9.

83
9

22
9

7.
75

2
31

7
8.

09
1

T
ab

le
14

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
C

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

ra
nd

om
ly

).

33



M
A

X
A

G
G

R
=

2
M

A
X

A
G

G
R

=
4

M
A

X
A

G
G

R
=

6
In

st
an

ce
C

ut
s

L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

C
ut

s
L
P

So
ln

G
ap

ar
ki

00
1

10
75

79
68

3.
73

0.
01

5
12

75
79

68
3.

73
0.

01
5

37
75

79
68

3.
73

0.
01

5
be

ll3
a

6
86

85
45

.1
6

1.
12

5
6

86
85

45
.1

6
1.

12
5

6
86

85
45

.1
6

1.
12

5
be

ll5
6

86
10

06
8.

73
3.

97
4

11
86

10
67

2.
98

3.
96

7
9

86
12

22
1.

06
3.

95
0

bl
en

d2
0

6.
92

8.
99

2
0

6.
92

8.
99

2
0

6.
92

8.
99

2
da

no
in

t
1

62
.6

4
4.

61
8

21
62

.6
4

4.
61

8
23

62
.6

4
4.

61
5

dc
m

ul
ti

11
18

41
47

.4
8

2.
14

4
25

18
41

47
.4

8
2.

14
4

48
18

41
47

.5
4

2.
14

4
eg

ou
t

87
26

4.
08

53
.5

15
21

5
27

3.
42

51
.8

72
35

2
27

8.
17

51
.0

35
fix

ne
t6

42
6

21
41

.9
2

46
.2

23
17

44
25

56
.8

0
35

.8
07

20
43

21
10

.6
2

47
.0

09
flu

gp
l

0
11

67
18

5.
73

2.
85

6
0

11
67

18
5.

73
2.

85
6

0
11

67
18

5.
73

2.
85

6
ge

n
55

11
23

00
.1

3
0.

01
1

55
11

23
00

.1
3

0.
01

1
55

11
23

00
.1

3
0.

01
1

ge
sa

2
14

8
25

69
16

93
.9

8
0.

34
2

15
4

25
69

17
78

.3
7

0.
34

2
15

4
25

69
17

78
.3

7
0.

34
2

ge
sa

2o
97

25
51

33
12

.6
8

1.
03

4
13

6
25

51
50

65
.4

7
1.

02
7

14
4

25
51

55
11

.3
2

1.
02

5
ge

sa
3

56
27

91
71

34
.9

4
0.

26
4

69
27

91
42

82
.8

0
0.

27
4

73
27

91
42

82
.8

0
0.

27
4

ge
sa

3o
42

27
86

14
36

.5
5

0.
46

3
49

27
86

59
95

.7
9

0.
44

7
51

27
86

62
53

.7
8

0.
44

6
kh

b0
52

50
7

97
49

95
88

.5
2

8.
82

8
23

98
48

17
90

.3
1

7.
90

9
48

10
01

17
07

3.
30

6.
38

0
m

is
c0

6
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
0

12
84

1.
69

0.
07

1
m

od
01

1
55

-6
18

71
72

6.
91

13
.4

04
33

2
-5

96
60

63
0.

69
9.

35
2

41
1

-6
00

86
60

0.
19

10
.1

32
m

od
gl

ob
39

20
45

93
13

.8
1

1.
35

6
15

9
20

50
18

50
.0

0
1.

15
1

28
1

20
51

45
49

.2
2

1.
08

9
no

sw
ot

41
-4

3.
00

0.
00

0
41

-4
3.

00
0.

00
0

41
-4

3.
00

0.
00

0
pk

1
0

0.
00

10
0.

00
0

0
0.

00
10

0.
00

0
0

0.
00

10
0.

00
0

pp
08

a
15

4
64

93
.3

8
11

.6
55

82
4

70
82

.3
8

3.
64

1
14

28
71

13
.2

0
3.

22
2

pp
08

aC
U

T
S

17
2

55
77

.5
8

24
.1

15
59

3
67

28
.6

1
8.

45
4

89
1

67
69

.1
1

7.
90

3
qi

u
0

-9
31

.6
4

60
1.

14
9

0
-9

31
.6

4
60

1.
14

9
0

-9
31

.6
4

60
1.

14
9

re
nt

ac
ar

10
29

03
63

36
.6

3
4.

35
0

24
29

03
63

36
.6

3
4.

35
0

35
29

03
63

36
.6

3
4.

35
0

rg
n

59
67

.6
0

17
.7

64
10

8
74

.5
4

9.
31

6
10

8
74

.5
4

9.
31

6
ro

ut
8

98
1.

86
8.

88
1

8
98

1.
86

8.
88

1
8

98
1.

86
8.

88
1

se
t1

ch
39

0
45

80
2.

74
16

.0
16

94
3

45
73

0.
51

16
.1

49
14

62
45

89
2.

55
15

.8
52

vp
m

1
85

17
.1

2
14

.3
78

15
3

17
.4

9
12

.5
56

21
4

17
.6

4
11

.7
85

vp
m

2
11

6
11

.4
7

16
.5

78
26

1
11

.7
2

14
.7

64
34

5
11

.7
4

14
.6

34
A

ve
ra

ge
78

10
.1

14
22

8
8.

08
0

31
6

8.
36

4

T
ab

le
15

:
O

ur
M

IR
re

su
lt

s
(C

R
IT

E
R

IO
N

=
C

,
M

U
LT

IP
LY

=
T

R
U

E
,
P

re
pr

oc
es

si
ng

=
T
ru

e,
R

ow
to

ag
gr

eg
at

e:
se

le
ct

fir
st

fo
un

d)
.

34


