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A-ahead —if A bag is ahead
B-ahead - if B bag is ahead
Backtrack — if solution is not yet found but the S is empty

HALT - if the solution is found

The automaton has the following state variables:

UA: set of A bags which has not been used yet

UB: set of B bags which has not been used yet

CurrBag : current bag, which is the Se/Bag from previous state

S: set of elements by which either the A or the B bag is currently ahead

Options: set of bags from which the next bag can be chosen

SelBag: bag that as selected from the Options as the next bag

Choices: set of remaining bags that were not picked from Options besides SelBag

Cflag: 0 if the Choices is empty and 1 if the Choices is not empty
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Figure 2-3: Constraint Automata Solution for GMAP Version 2[24]
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At first the automaton is in the INIT state. The next bag is chosen from the big-bag A or
B which has the least number of bags. If the next bag is picked from the A list, then,
Options will contain elements of UA. But if next bag is picked from the B list, then
Options will contain elements of UB. The leftmost bag from Options is removed and set
to SelBag and elements of it are set to S. The remaining bags of Options are copied to
Choices. Cflag is set to 0 if Choices is empty, if Choices is not empty it is set to 1. The
next bag is picked from the bags which are either a subset or superset of S.

The automaton goes to the A-ahead or B-ahead state whichever has the least number of
elements so far. It can also remain on the same state if the other big-bag still has a greater
number of elements. If the automaton does not find a bag which is either a subset or
superset of S, it goes to Backtrack state.

If solution is found, UA, UB and S will be empty and it goes to HALT state.

This version of constrain automaton solution for GMAP is more efficient than the earlier
version and the time complexity for solving GMAP is linear [24]

But while fingerprinting the fragments of DNA sequence, there are chances of
mismeasuring the length of each sub-fragment and getting the wrong fingerprint. This

automaton works well if data doesn’t have any error. It does not handle data with errors.
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2.3.3 Constraint Automaton for Error Prone Data

The earlier version of the constraint automaton did not handle data with errors the
purpose of this thesis is to propose the constraint automaton for solving GMAP for both
precise and approximate data. The proposed constraint automaton handles data with

errors up to a given threshold value.

The new constraint automaton adds new state and state variables to the existing constraint

automaton. Following are the states:

e Error-Check — check to see if input data has any errors

e Replace-Error- — if there is an error, replace it with the mean of two mismatched
data elements from both A and B bags

e INIT - this is where the automaton begins

e A-ahead -if A bagis ahead

e B-ahead - if B bag is ahead

e Backtrack — if solution is not yet found but the S is empty

e HALT - if the solution is found or if the error is greater than error tolerance

value

The automaton has the following state variables:
e Error: difference between two mismatched values from the A and B bags
e ErrorTolerance: the specified error tolerance

e Length-A : all the elements of S that belongs to Big-Bag-A
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e Length-B : all of the elements of S that belong to Big-Bag-B

e UA: setof A bags which has not been used yet

e UB: setof B bags which has not been used yet

e CurrBag : current bag, which is the Se/Bag from previous state

e S: set of elements by which either the A or the B bag is currently ahead

e Options: the set of bags from which the next bag can be chosen

e SelBag: the bag that as selected from the Option as the next bag

e Choices: set of remaining bags that were not picked from Options besides the
SelBag

e  (flag: 0if Choices is empty and 1 if Choices is not empty

The automaton goes through the following steps to solve the GMAP.

1.

The input to the constraint automaton is the fingerprints of DNA fragments. Bags of
Big-Bag A and Big-Bag B are fed to the constraint automaton. The automaton starts
with Error-Check state where input data are checked for any errors. The error occur
when the length of sub-fragments of DNA is mismeasured, which results in two
different sets of elements in big bag A and B. To check for any errors, each element of
Bags within Big-Bag-A is compared with the elements of Bags within Big-Bag-B. If
the elements do not match the input data has some error, otherwise the input data is
error free.

a. If there is no error in the data it goes to INIT state.

b. If the error is more than specified error tolerance value, then it goes to

HALT state.
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c. If the error is less than or equal to the specified error tolerance value, it goes

to Replace-Error state.
2. If the data has some error, it goes to Replace-Error state. The idea is to replace the
wrong data with the mean of two mismatched data, so that it will have the same set of

data in both Big-Bag-A and Big-Bag-B.
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Figure 2-4: Constraint Automaton Version 3
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Let’s consider the sequence of plasmid puc57. If we use the procedure discussed in

section 2.2 to collect fingerprints of the sequence, we will get the following

fingerprint data:
Big-Bag-A Big-Bag-B
355 35519

iJ0 2060 ifi 1D o544

41 410 o/5 54U ©o

9]

Figure 2-5: Fingerprints of puc57 without errors

While measuring the length of each sub-fragment, if we mismeasured the fragments, and
end up getting “17” instead of “13” in Big-Bag-A and “418” instead of “416” in Big-Bag-

B, then we will have the following as input data.

Big-Bag-A Big-Bag-B

355 35519

19196 196 288 121 13 541
288 418

121 373

17 320

541 416 373 320 68 68

Figure 2-6: Fingerprints of puc57 with errors



29

The automaton compares each element of both bags and finds that 17 and 13, and 416
and 418 do not match. But it does not have any idea about which one of the data elements
is the right one. So it takes the mean of two mismatched elements and replaces the wrong

data with the mean in both Big-Bag-A and Big-Bag-B.

Big-Bag-A Big-Bag-B

355 35519

19 196 196 288 121 15 541
288 417

121 373

15 320

541 417 373 320 68 68

Figure 2-7: Wrong data is replaced with mean of two mismatched data

After replacing the wrong data, both bags contain the same set of elements and they move

to INIT state.

3. The automaton comes to INIT state, if either the data has no error or if all the errors
have been replaced by the means of two mismatched data. All the A bags are stored
in UA and all B bags are stored in UB. Since this is the first state where it actually
starts processing data for solving GMAP, it can pick any bag from either the big bag
A or B. So Options is set to all the bags from A and B. The leftmost bag is selected
from Options and set to SelBag and remaining bag is set to Choices. The elements of
SelBag are set to S. Since Choices is not empty, Cflag is set to 1. The bag which is
just selected is removed from either UA or UB, from where ever it belongs The

elements of the bag in SelBag are set to either Length-A or Length-B. If the Length-A
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is greater than Length-B, the automaton goes to A-ahead state, if not then it moves to

B-ahead state.

Using figure 2.5, if Al is picked as the SelBag, then, UA=A2, A3, A4, AS; S = 355 and

Length-A = 355. The automaton goes to A-ahead state.

4. If the automaton is in A-ahead state, the next bag to be picked is selected from UB.

The automaton tries to match the elements of S and SelBag as far as possible.

e [f S C SelBag, then the automaton moves to B-ahead state and S is set to the

difference between S and the elements of Se/Bag.

e [f SelBag < S, then the automaton moves to A-ahead state and S is set to the

difference between S and the elements of Se/Bag

The elements of S are now compared with the elements of all the bags of UB. All the
bags that are either a subset or a superset of S are set to Options. If it doesn’t find any
bags that meet these criteria, the automaton goes to Backtrack state. Using figure 2.5,
if S = “541, 288, 121, 373, 68, 416, 320” and Options = “B3, B4, B6, B5”. Again,

leftmost bag is picked and set to SelBag.

5. If the automaton is in B-ahead state, the next bag is selected from UA. Similar
procedure as in step 4 is followed to select the next SelBag. Again, if SelBag is

empty, it goes to backtrack.

6. If the automaton is in the backtrack state, it goes back to the last node of which Cflag

is set to 1. The idea is to select some other bags from Options besides the one picked
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initially, which might have led to the backtrack state. So it tries to go to a node where
there are some other Choices. For this reason Cflag was used initially to help keep

track of Choices, if we need to come back and look for other options.

It retrieves the values of all state variables from that particular node and resets the
current values of state variables with the one from that node. It either goes to A-ahead
or B-ahead state, depending on the current value of Length-A or Length-B. No matter
which state it goes to, it picks the next bag from Options, discarding the ones which it

has already tried and has failed.

If Length-A is greater than Length-B, automaton goes to A-ahead state; if Length-B is
greater it goes to B-ahead state. But sometimes, both Length-A and Length-B can be
equal. In this case, the automaton selects one random bag from UA and continues the

automaton.

If all the bags in UA and UB are used and if S is empty, the solution has been found

and it goes to HALT state.
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Chapter 3

3. Methodology

The input for the implemented constraint automaton is the two bags; Big-Bag-A and Big-
Bag-B obtained by following Revesz’s Fingerprint described in section 2.2. These bags

are then fed to the constraint automaton to find the right order of individual fragments.

The constraint automaton was implemented using Perl v5.12.2 (Practical Extraction and
Report Language). [1] The program was compiled in Eclipse SDK v3.5.2 [7] using EPIC
(Eclipse Perl Integration). Eclipse is a multi-language software development
environment. EPIC is an open source Perl Integrated Development Environment is based

on the Eclipse platform.

3.1 Data Sources and Data Collection

To implement and test any algorithm we need to have data sets. The data for the
implemented algorithm are the sequences of DNA of plasmids and phage. The sequence
of DNA is often stored in a flat text file called FASTA file. It is a text-based format for
representing nucleotide sequence or peptide sequence. “A sequence in FASTA format
begins with a single-line description, followed by lines of sequence data. The description

line is distinguished from the sequence data by a greater than (“>") symbol in the first
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column”. [20] The FASTA files for the plasmids and phage were downloaded from New

England BioLabs. [20]

One way of making copies of a DNA is to insert a DNA piece into the genome of an
organism, a host or vector and let the organism multiply itself. The inserted piece (the

insert) gets multiplied along with the original DNA of the host upon host multiplication.

“A plasmid is a piece of circular DNA that exists in bacteria.” [30]. It replicates itself
when the cell divides and each copy of a daughter cell keeps one copy of the plasmid.

Plasmids make good vector but can only handle inserts up to 15kbp [30].

Bacteriophages or just phages are viruses that infect bacteria. They are often used as

vectors. Inserts in phage DNA get replicated when the virus infects a host bacterium.

To observe the variation in computational complexity with respect to different length

sequences, plasmid and phage ranging from 2710 to 35937 bp were chosen.

The following plasmids and phage are used to test the purposed algorithm.

1. pUCS57: 2710 base pair

2. pTXBI1: 6706 base pair

3. pKLAC-malE - 10153 base pair

4. pB85766 — 14875 base pair

5. Adenovirus-2 — 35937 base pair
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To collect fingerprints of sequences as in section 2.2, restriction enzymes Mval and
Maell were used. Mval is an isolate from Micrococcus varians RFL19 and has restriction
site at CCAWGG. “W” can be either A or T. Maell is isolated from Methanococcus

aeolicus and has restriction site at AATCG.

DNA sequences were cleaved into fragments and sub-fragments by using Webcutter 2.0
[35] See table 3.1 and 3.2 and appendix AA-AC for the fingerprints of pUC57, pTXBI,

pKLAC-malE, pB85766 and Adenovirus respectively.

Each DNA sequence is first cleaved by Mval and each individual fragement was again
cleaved by Maell to obtain sub-fragments. This is the data for Big-Bag-A. Again, each

DNA sequence is cleaved by Maell and then by Mval to obtain Big-Bag-B.

No Fragments Sub-Fragments No | Fragments | Sub-Fragments

1 355 355 1 374 35519

2 215 19, 196 2 1159 196 288 121 13 541
3 288 288 3 416 416

4 121 121 4 373 373

5 13 13 5 320 320

6 1709 541, 416, 373, 320, 68 6 68 68

Table 3-1:Big-Bag-A for pUCS57

Table 3-2:Big-Bag-B for pUC57

3.2 Implementation of Constraint Automaton for GMAP

The web based version of the program is hosted in the web server of Department of

Computer Science and Engineering, UNL.
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The program takes a text file which contains the elements for both Big-Bag-A and Big-
Bag-B. Each big bag has to start with the ‘<BAG>’ tag and each bag starts in a new line.

Elements within each bag are separated with a space.

< > Big-Bag-A !
F Tag io siari new bag
/:»,
< 418 - Big-Bag-B
320
68

Figure 3-1: Example of Input File

The program is hosted in http://cse.unl.edu/~singh/gmap.htm. The input file is selected

from the local machine and submitted to the automaton by clicking the submit button.
The automaton then compares the elements of one big bag with the other and checks if
there are elements without the matching pairs in the other bag. If the elements match, the
automaton moves to the next state. If not then the automaton checks whether or not the

difference between two unmatched elements is less than the specified threshold or not.
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Please upload the file containg the subfragments for which you want

Specification for file:

¢ Fach individual DNA sequence should start with a tag <BAG> in a new line.
* Dlace each individual bag(set of length of sub-fragments) in new line separated with space.

File to Upload: IC:‘;UsersRHomeCOmp‘;D :Browse_!

Submit |

Figure 3-2: Submission of Input File

Let’s consider three different scenarios:
1. Input data has errors greater than the specified threshold value
2. Input data has errors less than or equal to the threshold value
3. Input data does not have any errors
1. Input data has errors greater than the specified threshold value

If the error is greater than the specified threshold value, the program lets the user know

about it and asks the user to reenter the data.
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File to Uplr.}ad_'IC:HUserSRHDmeCOmpHD Browse_ |

Submit |

Your data has some errors!

These values don't match:

365

355

The difference between two mismatch fragments is greater than error tolerance.
Please check the values and resubmit.

Figure 3-3: If error is greater than specified threshold

2. Input data has errors less than or equal to the threshold value

If the error, which is the difference in length between two unmatched elements is less
than or equal to the threshold then the automaton calculates the mean of two mismatched
elements and substitutes the wrong value with the mean. In this example we consider

threshold value to be 5.
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File to Upload: C:RDiptﬂThesisStuﬁ’xinm

{Submit

Your data has some errors!

These vales don't match:

17418

13 418

The program will calculate the mean of two mismatched valuies and will replace the wrong values with the mean

Figure 3-4: If error is less than or equal to the threshold

Considering the data in figure 2-2 as an input data the program will replace the wrong
data with the mean of two mismatched data. The program stores all the elements of Big-
Bag-A in bags A (Al, A2, A3...An) and all the elements of Big-Bag-B in bags B (B1, B2,

B3...Bn)

Original Input Randomized Input Data with Error Bags
<BAG> <BAG> Big-Bag-
355 355 Al

19 196 19 196 A2

288 288 A3

121 121 A4

13 541 416 373 320 68 AS
541416 37332068 | 13 A6
<BAG> <BAG> Big-Bag-
355 19 359 19 Bl

196 288 121 13 541 | 416 B2

416 373 B3

373 325 B4

320 68 BS

68 196 285 121 13 541 B6

Table 3-3: Input data with error which is less than or equal to threshold value
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The program reconstructs the original DNA based on overlaps on sub-fragments of Big-

Bag-A and Big-Bag-B

3. Input data doesn’t have any error

If the input data doesn’t have any error, the program goes directly to the fragment

assembling process without having to go through any error substitutions.
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Chapter 4

4. Results and Analysis

Input data of all five DNA sequences were fed to the implemented application and the
results were analyzed separately and also compared with one another. The results were
compared by the time it takes to assemble each subsequence for both erroneous and error

free data. To better analyze the results three different scenarios were considered.

4.1 Input data without error

Input data for all five DNA sequences; pUCS57, pTXB1, pKLAC-malE, pB85766 and
Adenovirus-2, were fed to the application. The program was executed 10 times for each
DNA sequence and the average execution time was noted. The data was randomized to
portrait the real scenario of wet lab experiments and fed to the automaton. The
fingerprints of fragments taken from the input table 3.1 and 3.2, and appendix AA-AD,
are used to assemble the DNA sequences of plasmids and phage. The original order of the

sequence and the one assembled by the program were then compared.

355 19 196 13 288 121 541 416 373 320 68
Figure 4-1: Original order of subfragments of pUCS7

Overlapping fragments were used to reconstruct the original DNA. Adjacent grey nodes

were then permuted to obtain the original DNA sequence.
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Al A2 A3 A4 A5 A6
355 19 196 288 121 541 416 373 320 68 13
35519 | 196 13 288 121 541 416 373 320 68
Bl B6 B2 B3 B4 BS5
Table 4-1: Fragment Assembly of pUC57 done by Application
Node . .
No CurrBag | S UA UB Options | SelBag | Choices | Cflag
A2 A3 A4 | B1 B2 B3
1] Al {355} A5 A6 B4 BS B6 {B1} {B1} {} 0
A2 A3 A4 | B2B3 B4
2 | Bl {19} AS A6 BS BG {A2) {A2} [ {} 0
A3 A4 A5 | B2B3 B4
3| A2 {196} A6 B5 B6 {B6} {B6} {} 0
{541 28815 | A3 A4 AS | B2 B3 B4 {A3 A4 {A4 AS
4| B6 121) A6 B5 Asae) | 83 | a6 !
{541 15 B2 B3 B4 {A4 AS {AS
5| A3 1211 A4 AS A6 B5 A6} {A4} A6) 1
6| A4 (54115} | A5 A6 gg B3B4 | a5 a6} | (A5} | (A6) !
{373 68 417 B2 B3 B4 {B2 B3 {B3 B4
79 15 320} 9 B5 BaBs) | (B2} |Bsy :
{373 68 15 {B3 B4 {B4
8| B2 320} A6 B3 B4 BS B5) {B3} BS) 1
91B3 {68 15320} | A6 B4 BS {B4 B5} | {B4} {BS} 1
10 | B4 {68 15} A6 B5 {B4B5} | {A6} {B5} 1
11 | A6 {68} B5 {B5} {B5} {} 0

Table 4-2: Stepwise fragment assembly of pUC57 without error

Fragment assembly was done in a similar fashion for all the remaining sequences. Input
data were used from appendix AA to AD

Table 4.3 shows average execution time for each DNA sequence
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DNA Length(bp) | No of bags Average Execution Time
pUC57 2710 10 0.31
pTXB1 6706 44 0.84
pKLAC- 10153 46 1.01
pB85766 14875 84 18.1
Adenovirus 35937 221 74.6

Table 4-3: Average Execution Time for error free data

To investigate if the time complexity of the implemented constraint automaton solution is
linear, cubic polynomial, quadratic polynomial or exponential, the relationship between

the length of DNA sequence and the execution time was examined.

All the functions were plotted using SPSS [18] and the nature of fit was determined by
the value of variance (R-square) and P-value. With error free data, the R-square for
linear, cubic polynomial, quadratic polynomial and exponential are 0.96, 0.99, 0.98 and
0.84 respectively. This states that 96%, 99%, 98% and 84%of the variance in the
execution time can be explained by the length of DNA sequence in linear, cubic,
quadratic and exponential equation respectively. The P-values for linear, quadratic
polynomial, cubic polynomial, and exponential are 0.003, 0.012, 0.069, and 0.026
respectively. P-value for linear model is less compared with quadratic polynomial, cubic
polynomial, and exponential equation. This concludes that the linear function better fits
(R-square value approximately equal to 1 and P-value <0.01) execution time and the

length of DNA sequence than cubic, quadratic and exponential function.
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O Observed
— Linear

— Quadratic
— Cubic

—- Exponential

Figure 4-2: Regression Model for Error free data, using Execution time as dependent variable and
Length of Sequence as predictor

Functions P-Value | R*- Value
Linear 0.96 0.003
Quadratic 0.988 0.012
Cubic 0.997 0.069
Exponential | 0.849 0.026

Table 4-4: P and R2 values error free data
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4.2 Input data with error

A few data points from the input data (table 3.9) were manipulated to create erroneous

data like in the real situation in wet lab. The error tolerance was set to 5.

Al A2 A3 A6 AS A4
357 19 196 286 13 541416 373 322 68 416
35719 | 196 13 286 121 541 373 373 320 416
B1 B6 B3 B5 B4 B2

Table 4-5: Fragment Assembly of erroneous fragments of pUC57

Node | CurrBa . SelBa | Choice
No o S UA UB Options o S Cflag
A2 A3 A4 | BIB2B3
1] A1 (357) PR BT etol 1Y B1} |0 0
A2 A3 A4 | B2B3 B4
2 | B1 {19} AS A6 BS BG {A2} {A2} | {} 0
A3 A4 A5 | B2B3 B4
3| a2 (196) v i {B6} B6} | () 0
(286 13541 | A3A4AS5 | B2B3B4 | (A3 AG (A6 AS
4| B6 121) A6 BS Asaay | A3 | A !
B2B3B4 | (A6 A5 [AS
5| A3 (13541121} | A4ASAG | D2 ) (a6} | oy 1
6| A6 (541121} | A4 A5 gg B3B4 | iasaay | a5y | (a4) 1
(373 68 322 B2B3B4 | (B3B5 [B5B4
7 a9 121 416) = BS BaB2y | (B3 | B2 !
168 322 121 (B> B4 (B4
8 | B3 i) A4 B2B4BS |3 (B5) | ) !
9|Bs ﬁé? e A4 B2 B4 (B4B2) | (B4} | (B2} 1
10 | B4 (121416) | A4 B2 (B4B2) | (a4} | (B2) )
11 | A4 (416) B2 (B2} B2 |0 0

Table 4-6: Stepwise fragment assembly of pUC57 with error

The average execution time for erroneous input data for each DNA sequences is as

follows:




Average Execution Time (s)

DNA Sequence | Length(bp) | No of bags | Average Execution Time (s)
pUC57 2710 10 0.32

pTXBI 6706 44 0.88

pKLAC-malE 10153 46 1.04

pB85766 14875 84 19

Adenovirus 35937 221 76

Table 4-7: Average Execution time with erroneous data

Average Execution Time (s)
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Figure 4 3: Regression Model for Erroneous data, using Execution time as dependent variable and
Length of Sequence as predictor
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Functions | P-Value | R>- Value

Linear 0.96 0.003

Quadratic 0.987 0.013

Cubic 0.997 0.071

Exponential | 0.845 0.027

Table 4-8: P and R2 values error free prone data

With erroneous input data, the R-square value for linear equation is 0.96 and P-value is
0.003. This concludes that the linear function better fits (R-square value approximately
equal to 1 and P-value <0.01) execution time and the length of DNA sequence than cubic,

quadratic and exponential functions.

4.3 Comparison between error free and error-prone data

Execution times to assembly fragments with and without error were compared. The R-

square values for liner function for both of them were found to be similar.
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Figure 4-3: Regression Model for precise and error-prone data

4.4 Reduction of Execution time

The execution times for different sets of input were analyzed to predict the pattern of

output and use the results to help reduce the execution time to find the solution for

GMAP.
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DNA Sequence of: | No of A-bags | No of B-bags | Difference IA-Bl | AverageExecution Time (s)
pUC57 5 5 0 0.31
pTXB1 20 24 4 0.84
pKLAC-malE 21 25 4 1.01
pB85766 51 33 18 18.1
Adenovirus 137 84 53 74.6

Table 4-9: Number of bags when restriction enzymes Maell and Mval are used

From table 4-6; the difference between number of bags in Big-Bag-A and Big-Bag-B for

pB85766 is 18. The higher the difference between numbers of bags, there is a high

chance that there will be more bags with just one element in which ever big bag has

higher number of bags.

38; 8; 507; 130; 235; 24; 8; 8; 53; 8; 8; 59

Figure 4-4: Number of bags of pB85766 with single element

If the numbers of bags with single element is high, there is less likelihood of finding the

overlapping fragments in the opposite Big-Bag without backtracking multiple times. The

output file in Appendix BA shows the stepwise fragment assembly for pB85766. The

program backtracks several times and ultimately finds the solution at an average

execution time of 18.1 seconds.

To investigate whether or not difference in numbers of bags with two big bags effect the

execution time, another pair of restriction enzymes; Mael(C "TAG) and Hinfl(G?ANTC)
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were applied to the DNA sequence of pB85766 . The resulted input data is listed in

Appendix AE-1 and AE-2.

DNA Sequence of:

No of A-bags

No of B-bags

Difference |A-BI

AverageExecution Time (s)

pB85766

44

40

4

3.5

Table 4-10: Number of Bags when Mael and HinfI are applied to pB85766

Even though the total number of bags in table 4-6 and table 4-7 are almost the same, the

difference between numbers of bags is significantly reduced. This resulted in many

overlapping fragments in opposite big bag and led to finding the solution within 3.5

seconds without many backtrackings (Appendix BB)

4.4 Estimation of Error tolerance value

Varieties of erroneous input data with different error limit were tested to estimate the

error tolerance of the implemented algorithm. To find errors in input data, the algorithm

tries to match the sub-fragments of two big bags. If it finds any mismatching data, it

concludes that the input data has an error.



Original Input Data Input Data With Error
<BAG> <BAG>

355 355

19 196 10 196

288 288

121 121

541416 373 320 68
13

541416 373 320 68
13

<BAG> <BAG>
35519 35519
416 416

373 373

320 320

68 68

196 288 121 13 541

196 288 121 3 541
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Table 4-11: Fingerprints of pUCS7 with error tolerance set to 10

In table 4.6, the original fingerprint “19” is replaced with “10” and “13” with 3. When the
algorithm finds that the input data has some error, it tries to find the closest match of the
error data among the error data in the other big bag. In this example, instead of matching
“10” with the correct fingerprint “19”, it picks the closest match “3” and the same with

6(13” and (419’7

Error tolerance was set to 5 and changes were made in table 4.10 accordingly. When this
input data was fed to the algorithm, “13” was matched with“8” and also “14” and “19”

were matched, the way it is supposed to be.



Original Input Data Input Data With Error
<BAG> <BAG>

355 355

19 196 14 196

288 288

121 121

541416 373 320 68 541416 373 320 68
13 13

<BAG> <BAG>

35519 35519

416 416

373 373

320 320

68 68

196 288 121 13 541 196 288 121 8 541

Table 4-12: Fingerprints of pUCS7 with error. Tolerance set to 5
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Many other input data were tested to find the error tolerance of the algorithm. The results

let to the conclusion that, the minimum error tolerance level depends on the input data.

The higher the lowest difference between the lengths of sub-fragment, the higher is the

error tolerance.

Fingerprints of Big Bag A | Fingerprints of Big Bag B | Difference
19 13 6
68 19 49
121 68 53
196 121 75

288 196 92
320 288 32
355 320 35
373 355 18
416 373 43
541 416 125

Table 4-13: Calculation of Error tolerance of puc57

Minimum Error Tolerance for puc57 = Lowest difference between two fragments -1
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Maximum Error Tolerance for puc57 = Highest difference between two fragments -1

=125-1=124

As long as the erroneous does not interfere with the other elements of the data set, it can
tolerate error anywhere between the minimum and maximum error tolerance value.
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Chapter 5

5. Conclusion and Future Work

5.1 Conclusion

The Genome Map Assembly Problem was solved using an abstraction of the GMAP, the
Big-Bag Matching Problem, and the constraint automaton solution proposed by Revesz
[25]. The solution was further modified by Revesz and Ramanathan.[24] which
incorporated backtracking and further proving that the execution time to solve the GMAP
using Constraint Automaton Solution is linear This thesis modifies the existing constraint

automaton solution to make it find the solution when errors were introduced.

The input data to test the implemented application were the fingerprints of DNA
sequence collected from New England BioLabs [20]. Restriction enzymes Maell and
Mval were used to cleave the DNA sequences at certain length and create the fingerprints

for each DNA sequences.

The relationship between the length of input DNA sequences, and the execution time to
assembly the sub-fragments of those DNA were examined for both error-prone and error-
free data using curve estimation in regression modeling. R-square value and P-value
indicated that a linear function better fits execution time and the length of DNA sequence

than cubic, quadratic and exponential functions.
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Different threshold values were tested to estimate the minimum error tolerance value for
the implemented application. The application tolerates the threshold up to the lowest

value (greater than 0) of the differences between the lengths of each sub-fragment.

5.2 Future Work

The input data for this algorithm are the sets of fingerprints of sub-fragments. Since
fingerprints are the lengths of sub-fragments, the one with the same length will end up

having the same fingerprint even though they might not necessarily have same sequences.

Fingerprint Sequence

81 agggccacatccttggcecaattgcaagecatcaacaaageccgecaagagtttctgctacgaaagggacgg
ggggtttacc

81 tggacccccagtecggegagggctcaacccaatceccccgecgecgeagecctatcageagecgegggc
cettgettece

Table 5-5-1: Sub-Fragment from Adenovirus2 with same fingerprint but different sequences

During fragment assembly the algorithm does not distinguish between these two sub-
fragments and may result in wrong assembly of original DNA In the future, this
application can be modified to create unique fingerprint for each sub-fragment, so that the
fragment assembly is more precise even in the presence of duplicate length sub-

fragments.
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Appendix

A. Input Tables
AA. pTXBI
No. | Fragments | Big Bag A pTXB1 No | Fragment | Big BagB pTXB1
1 2151 5, 320, 373, 411, 159, 12, 1 5 5
2 13 13 2 320 320
3 121 121 3 373 373
4 1179 215, 426, 88, 56, 394 4 411 411
5 57 57 5 159 159
6 540 540 6 12 12
7 315 315 7 43 43
8 301 62,239 8 110 110
9 168 113,55 9 176 176
0 15 15 10 891 542, 13, 121, 215
11 | 168 133,55 11 426 426
12 | 15 15 12 88 88
13 | 168 133, 15 13 56 56
14 |15 15 14 1295 394, 57, 540, 304
15 | 168 133, 15 15 73 11, 62
16 |15 15 16 352 239, 113
17 | 168 133, 15 17 183 55, 15, 113
18 | 599 443,156 18 183 55, 15, 113
19 | 234 234 19 183 55, 15, 113
20 | 296 68,52, 176 20 133 55, 15, 113
Table A-1:Big-Bag-A for pTXB1 21 498 55, 443
22 458 156, 234, 68
23 52 52
24 176 176

Table A-2:Big-Bag-B for pTXB1



AB. pKLAC-malE
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Table A-3:Big-Bag-A for pPKLAC-malE

No | Fragments E;(gilj&a(%:ﬁlifé No. | Fragments zlagl-]gag-B for pKLAC-
1 562 527,23,12 1 527 527

2 248 93,87,68 2 23 23

3 406 44,362 3 105 12,93

4 312 312 4 87 87

5 471 471 5 112 68, 44

6 1265 771,494 6 1916 362,312,471,771

7 630 394,236 7 888 494, 394

8 455 455 8 846 236, 455, 155

9 243 155,88 9 911 88, 82,630, 111

10 82 82 10 412 243, 169

11 630 630 11 288 288

12 354 111,243 12 121 121

13 1132 169,288,121,13,541 13 13 13

14 416 416 541, 416, 373, 439, 110, 43,
15 373 373 14 2222 12, 288

16 439 439 15 385 19, 366

17 110 110 16 12 12

19 12 12 18 5 5

20 307 288,19 19 479 446, 15, 18

21 1116 366,12.287,5,446 20 8 8

22 15 15 21 506 23, 189, 294

23 49 18,8,,23 Table A-4:Big-Bag-B for pKLAC-malE
24 189 189

25 294 294



AC. Adenovirus2

No. | Fragments | Big Bag A for Adenovirus 32 | 689 588, 101 64 | 577 577

1 389 65, 32, 74, 203, 15 33 | 256 256 65 |48 48

2 1073 318, 755 34 |18 18 66 | 71 71

3 71 71 35 | 362 186, 176 67 |30 30

4 283 283 36 |78 19, 59 68 | 45 45

5 102 102 37 | 994 169, 103, 722 69 | 558 409, 149

6 254 254 38 | 197 197 70 | 237 46,75, 102, 14
7 49 49 39 | 228 205,23 71 | 179 179

8 282 282 40 | 121 121 72 | 327 189, 66, 72
9 263 263 41 |9 9 73 |6 6

10 | 68 68 42 | 282 282 74 | 238 65, 173

11 | 138 138 43 |49 10, 39 75 | 149 149

12 | 183 158, 25 44 | 437 437 76 | 398 36, 362

13 | 204 204 45 | 24 24 77 | 271 72, 65, 134
14 | 797 797 46 | 264 73,174, 17 78 | 217 217

15 | 177 4,173 47 |30 30 79 | 567 567

16 | 294 57,237 48 | 285 34,251 80 | 76 76

17 |45 28, 17 49 | 162 82, 80 81 |30 30

18 | 80 80 50 199 99 82 |9 9

19 | 406 406 51 |87 87 83 | 298 298

20 | 119 22,97 52 |22 22 84 | 302 174, 128
21 | 87 87 53 |202 33,169 85 | 204 57, 55,92
22 | 66 66 54 192 192 86 | 276 39, 237

23 | 199 199 55 |63 49, 14 87 | 215 215

24 | 32 32 56 | 69 69 88 | 200 200

25 | 184 184 57 | 198 49, 149 89 | 828 445, 248, 72, 63
26 | 68 68 58 |219 219 90 | 344 258, 86

27 | 249 67, 182 59 |51 51 91 | 228 193,35

28 | 240 181, 59 60 | 304 304 92 |36 36

29 | 648 334, 69, 132, 93, 20 61 | 512 392, 120 93 | 327 199, 128
30 | 156 156 62 | 44 44 94 | 319 109, 210
31 | 291 291 63 | 212 212 95 | 88 88
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96 | 307 307 111 | 321 256, 65 126 | 829 4,825
97 |27 27 112 | 234 120, 114 127 | 943 943
98 |21 21 113 | 81 81 128 | 546 546
99 | 493 233, 260 114 | 81 81 129 | 997 163, 834
100 | 71 71 115 | 309 309 130 | 67 67
101 | 542 320, 222 116 | 902 619, 283 131 | 949 41, 677, 231
102 | 838 75, 504, 20, 239 117 | 9 9 132 | 117 63, 54
103 | 62 62 118 | 45 45 133 | 259 57,9, 166, 27
104 | 666 79, 587 119 | 552 552 134 | 95 95
105 | 231 210, 21 120 | 109 14,95 135 | 10 10
106 | 15 7,8 121 | 176 176 136 | 655 307, 12, 336
107 | 36 19, 17 122 | 686 138, 288, 260 137 | 1082 800, 117, 66, 32, 67
108 | 125 46, 42, 37 123 | 291 291 Table A-5: Big-Bag-A for Adenovirus
109 | 34 34 124 | 31 31
110 | 96 96 125 | 43 43
No. | Fragments | Big Bag B for Adenovirus 14 |69 69
1 65 65 15 | 132 132
2 32 32 16 | 93 93
3 74 74 17 | 1055 20, 156, 291, 588
4 203 203 18 | 561 101, 256, 18, 186
5 333 15, 318 19 | 195 176, 19
6 2493 755,71, 283, 102, 254, 49, 282, 263, 68, 138, 20 | 228 59, 169
158 21 103 103
7 1030 25,204,797, 4 22 | 1124 722,197, 205
8 230 173, 57 23 | 445 23,121,9, 282, 10
9 265 237, 28 24 | 573 39, 437,24,73
10 | 525 17, 80, 406, 22 25 | 174 174
11 | 800 97, 87, 66, 199, 32, 184, 68, 67 26 | 81 17, 30, 34
12 | 363 182, 181 27 | 333 251, 82
13 | 393 59, 334 28 | 321 80, 99, 87, 22, 33




63 | 42 42

64 | 423 37, 34, 96, 256

65 | 185 65, 120

66 [ 1204 114, 81, 81, 309, 619
67 | 903 283, 9, 45, 552, 14
68 | 409 95, 176, 138

69 | 288 288

70 | 629 260, 291, 31,43, 4
71 | 2477 825, 943, 546, 163
72 | 942 834, 67,41

73 | 677 677

74 | 294 231, 63

75 | 111 54, 57

76 |9 9

77 | 166 166

78 [ 439 27, 95, 10, 307

79 |12 12

80 | 1136 336, 800

81 | 117 117

82 | 66 66

83 |32 32

84 | 67 67

29 | 410 169, 192, 49

30 [ 132 14, 69, 49

31 [ 1115 149, 219, 51, 304, 392
32 [ 1556 120, 44, 212, 577, 48, 71, 30, 45, 409
33 [ 195 149, 46

34 |75 75

35 [ 102 102

36 | 382 14, 179, 189

37 | 66 66

38 [ 143 72,6, 65

39 | 358 173, 149, 36

40 | 434 362,72

41 | 65 65

42 ] 1505 134,217, 567, 76, 30,9, 298, 174
43 | 185 128, 57

44 155 55

45 | 131 92, 39

46 | 1097 237, 215, 200, 445

47 ] 248 248

48 | 72 72

49 | 321 63, 258

50 [ 279 86, 193

51 [ 270 35, 36, 199

52 | 237 128, 109

53 | 886 210, 88, 307, 27, 21, 233
54 | 651 260, 71, 320

55 | 297 222,75

56 | 504 504

57 (20 20

58 [ 380 239, 62,79

59 [ 797 587,210

60 | 28 21,7

61 |27 8,19

62 |63 17,46

Table A-6: Big-Bag-B for Adenovirus
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AD. pB85766
No | Fragments Big Bag A for pB85766
1 527 153, 297,77
2 75 75
3 285 70,215
4 384 384
5 125 125
6 748 418,330
7 330 262,68
8 370 120,152,98
9 285 89,53,143
10 281 281
11 254 190,64
12 396 10,386
13 1318 256,19,392,636,15
14 532 147,385
15 394 11,287,96
16 152 152
17 1179 344,45,390,53,30,317
18 69 41,18
19 182 182
20 1916 1063,840,13
21 68 68
22 174 174
23 44 44
24 109 24,85

25 156 147,9
26 580 31,549
27 376 376
28 262 262
29 122 122
30 896 495, 162,239
31 38 38

32 8 8

33 507 507
34 130 130
35 235 235
36 24 24

37 8 8

38 83 83

39 8

40 8

41 78 78

42 47 47

43 131 131
44 813 453, 360
45 24 24

46 8

47 8

48 53 53

49 8

50 8

51 59 59

Table A-7: Big-Bag-A for pB85766
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27 | 323 13,68,174,4424

28 | 232 85,147

29 |40 9,31

30 | 1804 549,376,262,122,495

31 | 162 162
239,38,8,507,130,235,24,8,83,

32 11997 8,8,78,47,131,453

33 | 528 36024,8,8,53,8,8,59

No | Fragments | Big Bag B for pB85766
1 153 153

2 297 297

3 222 77,75,70

4 1142 215,384,125,418
5 592 330,262

6 188 68,120

7 152 152

8 187 98,89

9 53 53

10 | 614 143,281,190
11 | 74 64,10

12 | 642 386,256

13 | 19 19

14 | 392 392

15 | 636 636

16 | 162 15,147

17 | 396 385,11

18 | 287 287

19 | 592 96,152,344
20 | 45 45

21 | 390 390

22 |53 53

23 |30 30

24 | 358 317,41

25 | 1273 181,821,063
26 | 840 840

Table A-8: Big-Bag-B for pB85766
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AE. pB85766 with restriction enzymes Mael and g; }}‘51(2)3 51’60
Hinfl 33 11935 3.294,103,28

34 11992 57
35 12141 116,33

No Fragments | Big Bag A for pB85766 36 12648 507

1 2 2 37 12977 254,75

2 175 9,164 38 13756 779

3 223 48 39 13945 189

4 646 423 40 14105 160

S 913 105,162 41 14387 282

6 1189 276 42 14450 63

7 1402 213 43 14470 16,4

8 1728 184,86,56 ) 12565 95

9 1846 118 45 14875 21,289

10 1906 10,50 Table A-9: Big-Bag-A for pB85766 using Mael and Hinfl

11 2432 77,58,114,43,190,44

12 2624 6,108,78

13 3227 17,100,421,65

14 3489 262

15 4830 649,171,521

16 5142 312

17 6391 320,41,466,103,319

18 7403 117,235,660

19 7511 108

20 7597 86

21 7821 224

2 9037 305,16,96,218,526,55

23 9373 55,107,174

24 9409 36

25 9814 209,196

26 10075 261

27 10585 510

28 10907 322

29 11195 288

30 11345 150




No Fragments | Big Bag B for pB85766
1 11 2,9

2 751 164,48,423,105
3 1586 162,276,213,184
4 1672 86

5 1856 56,118,10

6 1983 50,77

7 2041 58

8 2155 114

9 2198 43

10 2388 190

11 2438 44,6

12 2546 108

13 2641 78,17

14 2741 100

15 3162 421

16 4138 65,262,649

17 4309 171

18 5462 521,312,320

19 5503 41

20 5969 466

21 6072 103

22 6508 319,117

23 6743 235

24 8126 660,108,86,224,305
25 8142 16

26 8238 96

27 8456 218

28 8982 526

29 9092 55,55

30 9199 107
31 9618 174,36,209
32 11366 196,261,510,322,288,150,21
33 11510 60,81,3
34 11804 294
35 11907 103
36 12108 28,57,116
37 12902 33,507,254
38 14466 75,779,189,160,282,63,16
39 14586 4,95,21
40 14875 289
Table A-10: Big-Bag-B for pB85766 using Mael and Hinfl
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B.Output Tables

BA. Output of Fragment Assembly of pB85766 when difference between number of two big bags is high

65

CurrB Cfla
Node No | ag S Options SelBag | Choices g

1| Al {77 297 153} {B3 B2 B1} {B3} {B2 B1} 1

2| B3 {75 70297 153} {B3 B2 B1} {A10} | {B2B1} 1

3 | AlO {281 75 70 297 153} {B10 B2 B1} {B10} | {B2Bl1} 1

4 | B10 {190 75 70 143 153 297} {A11 A2 A3 A9} {A11} | {A2 A3 A9} 1

5| All {75 70 64 143 153 297} {A11 A2 A3 A9} {A12} | {A2 A3 A9} 1

6 | Al2 {7570 64 386 143 153 10 297} {B11 B12B1 B11 B2} {B11} | {B12B1 B2} 1

7 | Bl11 {75 70 386 143 153 297} {B11 B12B1 B11 B2} {A13} | {B12BI1 B2} 1

{70 386 143 297 636 75 153 15 392 256 {B2B15B1 B16B14

8 | Al3 19} {B12B2B15B1 B16 B14 B12 B13} {B12} | B13} 1
{B15B1 B16 B14

9 | BI12 {70 143 297 636 75 153 15 392 19} {B2B15B1 B16 B14 B13} {B2} B13} 1

10 | B2 {70 143 636 75 153 15 392 19} {B15B1B16 B14 B13} {B15} | {B1 B16 B14 B13} 1

11 | B15 {70 143 75 153 15 392 19} {B1 B16 B14 B13} {B1} {B16 B14 B13} 1

12 | Bl {70 143 75 15392 19} {B1 B16 B14 B13} {A14} | {B16 B14 B13} 1
{B16 B28§ B16 B14

13 | Al4 {70 385 143 147 75 15 392 19} {B17 B16 B28 B16 B14 B13} {B17} | B13} 1
{B16 B2§ B16 B14

14 | B17 {1170 143 147 75 15 392 19} {B17B16 B28§ B16 B14 B13} {A15} | B13} 1
{B19B16 B28 B16

15 | AlS {70 287 143 96 147 75 15 392 19} {B18 B19 B16 B28 B16 B14 B13} {B18} | B14 B13} 1
{B16 B2§ B16 B14

16 | B18 {70 143 96 147 75 15 392 19} {B19 B16 B28 B16 B14 B13} {B19} | B13} 1
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{A8 A3 A9 A17 A25
17 | B19 {152 70 143 344 147 75 15 392 19} {A16 A8 A3 A9 A17 A25 A2} (A16} | A2} 1
{A8 A3 A9 A17 A25
18 | A16 {70 143 344 147 75 15 392 19} {A16 A8 A3 A9 A17 A25 A2} (A17} | A2} 1
{B33 B9 B23 B16
{5370 143 30 147 75390 15392317 | {B22 B33 B9 B23 B16 B28 B21 B16 B14 B28 B21 B16 B14
19| A17 | 4519} B24 B20 B13} (B22} | B24 B20 B13} 1
{70 143 30 147 75 390 15 392 317 45 {B23 B16 B28 B21 B16 B14 B24 B20 {B16 B28 B21 B16
20 | B22 19} B13} {B23} | B14 B24 B20 B13} 1
(B28 B21 B14 B24
21 | B23 {70 143 147 75 390 15 392 31745 19} | {B16 B28 B21 B16 B14 B24 B20 B13} {B16} | B20B13} 1
22 | B16 {70 143 75 390 392 317 45 19} {B21 B14 B24 B20 B13} {(B21} | {B14 B24 B20 B13} 1
23 | B21 {70 143 75 392 317 45 19} {B14 B24 B20 B13} {(B14} | {B24 B20B13} 1
24 | B14 {70 143 75 317 45 19} {B14 B24 B20 B13} {A18} | {B24 B20B13} 1
25 | A8 {70 143 18 75 41 317 45 19} {B25 B24 B24 B20 B13} {B25} | {B24 B24 B20 B13} 1
26 | B25 {70 1063 182 75 143 41 317 45 19} {A3 A20 A19 A2 A9} {A3} | [A20 A19 A2 A9} 1
27 | A3 {1063 18275 215 143 41 317 45 19} {B4 B24 B24 B20 B13} (B4} | {B24 B24 B20 B13} 1
{384 1063 125 182 75 418 143 41 317 {A20 A5 A19 A2 A6
28 | B4 45 19} [A4 A20 A5 A19 A2 A6 A9} (A4} | A9} 1
{1063 125 182 75 418 143 41 317 45
29 | A4 19} {A20 A5 A19 A2 A6 A9} {A20} | {AS A19 A2 A6 A9} 1
{125 18275 418 143 13 840 41 317 45 {(B26 B24 B24 B20
30 | A20 19} {B27 B26 B24 B24 B20 B13} (B27} | B13) 1
{A7 AS A23 A19 A2
{68 125 44 18275 418 24 143 174 840 | {A21 A7 A5 A23 A19 A2 A6 A24 A36 A6 A24 A36 A45 A9
31 | B27 | 413174519} A45 A9 A22} {A21} | A22} 1
{A23 A19 A2 A6
{12544 18275418 24 143 174 84041 | {A5 A23 A19 A2 A6 A24 A36 A45 A9 A24 A36 A45 A9
32 | A21 317 45 19} A22} (A5} | A22) 1
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{44 182 75 418 24 143 174 840 41 317 (A19 A2 A6 A24
33 | A5 45 19} [A23 A19 A2 A6 A24 A36 Ad5 A9 A22) | {A23} | A36 A45 A9 A22)
{18275 418 24 143 174 840 41 317 45 (A2 A6 A24 A36
34 | A23 19} {A19 A2 AG A24 A36 A45 A9 A22) {A19} | A45 A9 A22}
(A2 A6 A24 A36
35 | A19 {75418 24 143 174 840 41 31745 19} | {A19 A2 A6 A24 A36 A45 A9 A22) (A2} | A45 A9 A22)
(B33 B26 B24 B24
36 | A2 {418 24 143 174 840 41 317 45 19} {B32 B33 B26 B24 B24 B20 B13} {B32} | B20BI13}
{A38 A6 Ad3 A34
{453 83 418 131 130 239 78 143 174 [Ad4 A38 AG Ad3 A34 A30 Adl A9 A22 A30 A41 A9 A22
37 | B32 | 23584041 47 38 317 45 507 19} A35 A42 A31 A33) (Ad4} | A35 A42 A31 A33)
(A6 A43 A34 A30
{83 418 131 130 239 78 143 360 174 [A38 A6 A43 A34 A30 A4l A9 A22 A35 A41 A9 A22 A35
38 | Add | 23584041 47 38 317 45 507 19} A42 A31 A33) {A38) | A42 A31 A33)
{A43 A34 A30 Adl
{418 131 130239 78 143 360 174 235 | {A6 A43 A34 A30 A4l A9 A22 A35 A42 A9 A22 A35 A42
39 | A38 | 8404147 38 317 45 507 19} A31 A33} (A6) | A31 A33)
(A34 A30 A4l A9
{131 130 330 239 78 143 360 174 235 | {A43 A34 A30 A4l A9 A22 A35 Ad2 A3l A22 A35 Ad2 A31
40 | A6 840 41 47 38 317 45 507 19} A33} {A43}) | A33)
{130 330 239 78 143 360 174 235 840 | {A34 A30 A4l A9 A22 A35 A42 A31 {A30 A4l A9 A22
41 | A43 | 41473831745 507 19} A33} {A34} | A35 A42 A31 A33)}
{330 239 78 143 360 174 235 840 41 47 (A41 A9 A22 A35
42 | A34 | 3831745507 19} {A30 A4l A9 A22 A35 A42 A31 A33) {A30} | A42 A31 A33)
{495 162 330 78 143 360 174 235 840 (A9 A22 A35 A42
43 | A30 | 41473831745 507 19} [A41 A9 A22 A35 A42 A31 A33} (A41} | A31 A33)}
{495 162 330 143 360 174 235 840 41 {A22 A35 A42 A31
44 | A4l | 473831745507 19) {A9 A22 A35 Ad2 A31 A33) (A9} | A33)
{53 495 162 89 330 360 174 235 840 41 {A22 A35 A42 A31
45 | A9 47 38 317 45 507 19} {A9 A22 A35 A42 A31 A33) (A22} | A33)




{B9 B30 B31 B8 B5
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{53 495 162 89 330 360 235 840 41 47 | {B33 B9 B30 B31 BS B5 B33 B26 B24 B26 B24 B24 B20
46 | A22 | 3831745507 19} B24 B20 B13)} (B33} | B13)
{495 162 59 89 330 235 840 41 47 38
47 | B33 317 45 507 19} {A51 A35 A42 A31 A33) {A51} | {A35 A42 A31 A33)
{495 162 89 330 235 840 41 47 38 317
48 | AS1 | 45507 19} {A35 A42 A31 A33} (A35) | {A42 A31 A33)
{495 162 89 330 840 41 47 38 317 45
49 | A35 | 50719} {A42 A31 A33} {A42} | {A31 A33)}
{495 162 89 330 840 41 38 317 45 507
50 | A42 19} {A31 A33} {A31} | {A33)
51| A31 {495 162 89 330 840 41 317 45 507 19} | {A33} {A33} | ()
{495 162 89 330 840 41 47 38 317 45
BT=>49 | A35 | 50719} {A31 A33} {A31} | {A33)
{495 162 89 330 840 41 47 38 317 45
49 | A35 | 50719} {A31 A33) {A31} | {A33}
{495 162 89 330 840 41 47 317 45 507
50 | A31 19} {A42 A33) (A42} | (A33)
51| A42 {495 162 89 330 840 41 317 45 507 19} | {A33} {A33} | ()
{495 162 89 330 840 41 47 38 317 45
BT=>49 | A35 | 50719} {A33) (A33} | [
{495 162 89 330 840 41 47 38 317 45
49 | A35 | 507 19} {A33) {A33} | [
{495 162 89 330 840 41 47 38 317 45
50 | A33 19} {A42 A31) {A42} | {A31)}
51 | A42 {495 162 89 330 840 41 38 3174519} | {A31} (A31} | [
{495 162 89 330 235 840 41 47 38 317
BT=>48 | A51 | 45507 19} {A31 A33 A42) {A31} | {A33 A42)
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{495 162 89 330 235 840 41 47 38 317

48 | AS1 | 45507 19} {A31 A33 A42) {A31} | {A33 A42}
{495 162 89 330 235 840 41 47 317 45
49 | A31 507 19} {A35 A42 A33) {A35) | {A42 A33)
{495 162 89 330 840 41 47 317 45 507
50 | A35 19} {A42 A33} {A42} | {A33)
51| A42 {495 162 89 330 840 41 317 45 507 19} | {A33}) {A33) | ()
{495 162 89 330 235 840 41 47 317 45
BT=>49 | A3l 507 19} {A33 A42} {A33}) | {A42)
{495 162 89 330 235 840 41 47 317 45
49 | A31 507 19} {A33 A42) {A33) | {A42)
{495 162 89 330 235 840 41 47 317 45
50 | A33 19} {A35 A42} {A35) | {A42)
51| A35 {495 162 89 330 840 41 47 31745 19} | {A42) (A42} | ()
{495 162 89 330 235 840 41 47 317 45
BT=>49 | A3l 507 19} [A42} (A42} | ()
{495 162 89 330 235 840 41 47 317 45
49 | A31 507 19} {A42) (A42) | ()
{495 162 89 330 235 840 41 317 45 507
50 | A42 19} {A35 A33) {A35) | {A33}
51| A35 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33} | [
{495 162 89 330 235 840 41 47 38 317
BT=>48 | A51 | 45507 19} {A33 A42) {A33} | {A42}
{495 162 89 330 235 840 41 47 38 317
48 | AS1 | 45507 19} {A33 A42} {A33}) | {A42)
{495 162 89 330 235 840 41 47 38 317
49 | A33 | 4519) {A35 A42 A31} {A35) | {A42 A31)}
{495 162 89 330 840 41 47 38 317 45
50 | A35 19} [A42 A31} (A42} | (A31}




70

51 | A42 {495 162 89 330 840 41 38 317 45 19} | {A31} {A31} | {}
{495 162 89 330 235 840 41 47 38 317
BT=>49 | A33 4519} {A31 A42)} {A31} | {A42)}
{495 162 89 330 235 840 41 47 38 317
49 | A33 4519} {A31 A42)} {A31} | {A42)}
{495 162 89 330 235 840 41 47 317 45
50 | A31 19} {A35 A42} {A35) | {A42)}
51 | A35 {495 162 89 330 840 41 47 317 45 19} | {A42} (A42} | {}
{495 162 89 330 235 840 41 47 38 317
BT=>49 | A33 4519} {A42} (A42} | {}
{495 162 89 330 235 840 41 47 38 317
49 | A33 45 19} {A42} {A42} | {}
{495 162 89 330 235 840 41 38 317 45
50 | A42 19} {A35 A31} {A35} | {A31}
51 | A35 {495 162 89 330 840 41 38 3174519} | {A31} {(A31} | {}
{495 162 89 330 235 840 41 47 38 317
BT=>48 | A5l 45507 19} {A42} (A42} | {}
{495 162 89 330 235 840 41 47 38 317
48 | A51 45 507 19} {A42} (A42} | {}
{495 162 89 330 235 840 41 38 317 45
49 | A42 507 19} {A35 A31 A33) {A35} | {A31 A33}
{495 162 89 330 840 41 38 317 45 507
50 | A35 19} {A31 A33} {A31} | {A33)}
51 | A31 {495 162 89 330 840 41 317 45 507 19} | {A33} {A33} | {}
{495 162 89 330 235 840 41 38 317 45
BT=>49 | A42 507 19} {A31 A33} {A31} | {A33)}
{495 162 89 330 235 840 41 38 317 45
49 | A42 507 19} {A31 A33)} {A31} | {A33}
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{495 162 89 330 235 840 41 317 45 507

50 | A31 19} {A35 A33} {A35) | {A33)
51| A35 {495 162 89 330 840 41 317 45 507 19} | {A33}) {A33) | ()
{495 162 89 330 235 840 41 38 317 45
BT=>49 | A42 | 507 19} {A33) {A33} | [}
{495 162 89 330 235 840 41 38 317 45
49 | A42 | 507 19} {A33) {A33} | ()
{495 162 89 330 235 840 41 38 317 45
50 | A33 19} {A35 A31} {A35) | {A31}
51| A35 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | ()
{495 162 59 89 330 235 840 41 47 38
BT=>47 | B33 317 45 507 19} {A31 A33 A35 A42} {A31} | [A33 A35 A42)
{495 162 59 89 330 235 840 41 47 38
47 | B33 317 45 507 19} {A31 A33 A35 Ad2} {A31} | {A33 A35 A2}
{495 162 59 89 330 235 840 41 47 317
48 | A31 | 45507 19} {A51 A35 A42 A33} {A51} | {A35 A42 A33)
{495 162 89 330 235 840 41 47 317 45
49 | A51 507 19} {A35 A42 A33) {A35) | {A42 A33)}
{495 162 89 330 840 41 47 317 45 507
50 | A35 19} [A42 A33) {A42} | {A33}
51 | A42 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33} | [
{495 162 89 330 235 840 41 47 317 45
BT=>49 | A5l 507 19} {A33 A42) {A33} | {A42}
{495 162 89 330 235 840 41 47 317 45
49 | A51 507 19} {A33 A42} {A33}) | [A42)
{495 162 89 330 235 840 41 47 317 45
50 | A33 19} {A35 A42) {A35) | {A42)
51| A35 {495 162 89 330 840 41 47 3174519} | {A42} (A42} | ()
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{495 162 89 330 235 840 41 47 317 45

BT=>49 | A5l 507 19} {A42} (A42} | {}
{495 162 89 330 235 840 41 47 317 45
49 | A51 507 19} {A42} (A42} | {}
{495 162 89 330 235 840 41 317 45 507
50 | A42 19} {A35 A33} {A35} | {A33}
51 | A35 {495 162 89 330 840 41 317 45 507 19} | {A33} {A33} | {}
{495 162 59 89 330 235 840 41 47 317
BT=>48 | A3l 45 507 19} {A33 A35 A42) {A33} | {A35 A42}
{495 162 59 89 330 235 840 41 47 317
48 | A31 45 507 19} {A33 A35 A42) {A33} | {A35 A42}
{495 162 59 89 330 235 840 41 47 317
49 | A33 4519} {A51 A35 A42) {A51} | {A35 A42}
{495 162 89 330 235 840 41 47 317 45
50 | AS1 19} {A35 A42)} {A35) | {A42)}
51 | A35 {495 162 89 330 840 41 47 3174519} | {A42} (A42} | {}
{495 162 59 89 330 235 840 41 47 317
BT=>49 | A33 4519} {A35 A42)} {A35}) | {A42)}
{495 162 59 89 330 235 840 41 47 317
49 | A33 4519} {A35 A42)} {A35) | {A42)}
{495 162 59 89 330 840 41 47 317 45
50 | A35 19} {A51 A42)} {AS51} | {A42)}
51 | A51 {495 162 89 330 840 41 47 3174519} | {A42} (A42} | {}
{495 162 59 89 330 235 840 41 47 317
BT=>49 | A33 45 19} {A42} {A42} | {}
{495 162 59 89 330 235 840 41 47 317
49 | A33 4519} {A42} (A42} | {}
{495 162 59 89 330 235 840 41 317 45
50 | A42 19} {A51 A35) {A51} | {A35)
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51 | AS1 {495 162 89 330 235 840 41 317 45 19} | {A35)} {A35) | [}
{495 162 59 89 330 235 840 41 47 317
BT=>48 | A3l 45 507 19} {A35 A42) {A35) | {A42)
{495 162 59 89 330 235 840 41 47 317
48 | A31 | 45507 19} {A35 A42} {A35) | {A42)
{495 162 59 89 330 840 41 47 317 45
49 | A35 | 50719} {A51 A42 A33) {A51} | {A42 A33)
{495 162 89 330 840 41 47 317 45 507
50 | AS1 19} {A42 A33} {A42} | {A33)
51| A42 {495 162 89 330 840 41 317 45 507 19} | {A33) {A33} | ()
{495 162 59 89 330 840 41 47 317 45
BT=>49 | A35 | 50719} {A33 A42} {A33}) | {A42)
{495 162 59 89 330 840 41 47 317 45
49 | A35 | 507 19} {A33 A42) {A33) | {A42)
{495 162 59 89 330 840 41 47 317 45
50 | A33 19} {A51 A42) {A51} | {A42)
51 | AS1 {495 162 89 330 840 41 47 31745 19} | {A42} (A42) | ()
{495 162 59 89 330 840 41 47 317 45
BT=>49 | A35 | 50719} [A42} (A42} | ()
{495 162 59 89 330 840 41 47 317 45
49 | A35 | 507 19} {A42) (A42} | [}
{495 162 59 89 330 840 41 317 45 507
50 | A42 19} {A51 A33) {A51} | {A33}
51 | AS1 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33} | [
{495 162 59 89 330 235 840 41 47 317
BT=>48 | A31 | 45507 19} [A42} (A42} | ()
{495 162 59 89 330 235 840 41 47 317
48 | A31 | 45507 19} {A42) (A42) | ()
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{495 162 59 89 330 235 840 41 317 45

49 | A42 | 507 19} {A51 A35 A33) {A51} | {A35 A33}
{495 162 89 330 235 840 41 317 45 507
50 | AS1 19} {A35 A33} {A35) | [A33)
51 | A35 {495 162 89 330 840 41 317 45 507 19} | {A33)} {A33} | [}
{495 162 59 89 330 235 840 41 317 45
BT=>49 | A42 | 507 19} {A33 A35) {A33) | [A35)
{495 162 59 89 330 235 840 41 317 45
49 | A42 | 507 19} {A33 A35} {A33}) | {A35)
{495 162 59 89 330 235 840 41 317 45
50 | A33 19} {A51 A35) {A51} | [A35)
51 | AS1 {495 162 89 330 235 840 41 317 45 19} | {A35)} {A35) | [
{495 162 59 89 330 235 840 41 317 45
BT=>49 | A42 | 507 19} {A35) (A35) | [
{495 162 59 89 330 235 840 41 317 45
49 | A42 | 507 19} {A35) (A35) | [
{495 162 59 89 330 840 41 317 45 507
50 | A35 19} {A51 A33} {A51} | {A33)
51 | AS1 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | ()
{495 162 59 89 330 235 840 41 47 38
BT=>47 | B33 317 45 507 19} {A33 A35 A42) {A33}) | [A35 A42}
{495 162 59 89 330 235 840 41 47 38
47 | B33 317 45 507 19} {A33 A35 A42) {A33}) | [A35 A42}
{495 162 59 89 330 235 840 41 47 38
48 | A33 317 45 19} {A51 A35 A42 A31} {A51} | {A35 A42 A31)
{495 162 89 330 235 840 41 47 38 317
49 | AS1 | 4519} {A35 A42 A31) {A35) | [A42 A31)}
{495 162 89 330 840 41 47 38 317 45
50 | A35 19} {A42 A31) (A42} | [A31)
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51 | A42 {495 162 89 330 840 41 38 317 45 19} | {A31} {A31} | {}
{495 162 89 330 235 840 41 47 38 317
BT=>49 | A51 4519} {A31 A42)} {A31} | {A42)}
{495 162 89 330 235 840 41 47 38 317
49 | A51 4519} {A31 A42)} {A31} | {A42)}
{495 162 89 330 235 840 41 47 317 45
50 | A31 19} {A35 A42} {A35) | {A42)}
51 | A35 {495 162 89 330 840 41 47 317 45 19} | {A42} (A42} | {}
{495 162 89 330 235 840 41 47 38 317
BT=>49 | A51 4519} {A42} (A42} | {}
{495 162 89 330 235 840 41 47 38 317
49 | A5l 45 19} {A42} {A42} | {}
{495 162 89 330 235 840 41 38 317 45
50 | A42 19} {A35 A31} {A35} | {A31}
51 | A35 {495 162 89 330 840 41 38 3174519} | {A31} {(A31} | {}
{495 162 59 89 330 235 840 41 47 38
BT=>48 | A33 317 45 19} {A31 A35 A42) {A31} | {A35 A42}
{495 162 59 89 330 235 840 41 47 38
48 | A33 317 45 19} {A31 A35 A42) {A31} | {A35 A42}
{495 162 59 89 330 235 840 41 47 317
49 | A31 4519} {A51 A35 A42) {A51} | {A35 A42}
{495 162 89 330 235 840 41 47 317 45
50 | A51 19} {A35 A42)} {A35) | {A42)}
51 | A35 {495 162 89 330 840 41 47 317 45 19} | {A42} (A42} | {}
{495 162 59 89 330 235 840 41 47 317
BT=>49 | A31 4519} {A35 A42)} {A35) | {A42)}
{495 162 59 89 330 235 840 41 47 317
49 | A31 4519} {A35 A42)} {A35}) | {A42)}
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{495 162 59 89 330 840 41 47 317 45

50 | A35 19} {A51 A42} (A51} | (A42)
51| A5l {495 162 89 330 840 41 47 31745 19} | {A42) (A42} | ()
{495 162 59 89 330 235 840 41 47 317
BT=>49 | A31 | 4519} [{A42) (A42) | )
{495 162 59 89 330 235 840 41 47 317
49 | A31 4519} [A42} (A42} | ()
{495 162 59 89 330 235 840 41 317 45
50 | A42 19} {A51 A35) {A51} | {A35)
51| A5l {495 162 89 330 235 840 41 317 45 19} | {A35) {A35) | ()
{495 162 59 89 330 235 840 41 47 38
BT=>48 | A33 | 3174519} {A35 A42} {A35) | {A42)
{495 162 59 89 330 235 840 41 47 38
48 | A33 317 45 19} {A35 A42) {A35) | {A42)
{495 162 59 89 330 840 41 47 38 317
49 | A35 | 4519) {A51 A42 A31} {A51} | {A42 A31)}
{495 162 89 330 840 41 47 38 317 45
50 | AS1 19} [A42 A31} (A42} | (A31)
51| A42 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | ()
{495 162 59 89 330 840 41 47 38 317
BT=>49 | A35 | 4519} [A31 A42} {A31} | {A42)
{495 162 59 89 330 840 41 47 38 317
49 | A35 | 4519) {A31 A42) {A31} | {A42)
{495 162 59 89 330 840 41 47 317 45
50 | A31 19} [A51 A42} (A51} | (A42)
51 | A5l {495 162 89 330 840 41 47 31745 19} | {A42)} (A42} | ()
{495 162 59 89 330 840 41 47 38 317
BT=>49 | A35 | 4519} [A42) (A42) | ()
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{495 162 59 89 330 84041 47 38 317

49 | A35 45 19} {A42} {A42} | {}
{495 162 59 89 330 840 41 38 317 45
50 | A42 19} {A51 A31} {A51} | {A31}
51 | A51 {495 162 89 330 840 41 38 317 45 19} | {A31} {A31} | {}
{495 162 59 89 330 235 840 41 47 38
BT=>48 | A33 317 45 19} {A42} (A42} | {}
{495 162 59 89 330 235 840 41 47 38
48 | A33 317 45 19} {A42} (A42} | {}
{495 162 59 89 330 235 840 41 38 317
49 | A42 4519} {A51 A35 A31) {A51} | {A35 A31}
{495 162 89 330 235 840 41 38 317 45
50 | A51 19} {A35 A31} {A35}) | {A31}
51 | A35 {495 162 89 330 840 41 38 3174519} | {A31} {A31} | {}
{495 162 59 89 330 235 840 41 38 317
BT=>49 | A42 4519} {A31 A35)} {A31} | {A35)
{495 162 59 89 330 235 840 41 38 317
49 | A42 4519} {A31 A35) {A31} | {A35)
{495 162 59 89 330 235 840 41 317 45
50 | A31 19} {A51 A35)} {A51} | {A35)
51 | A51 {495 162 89 330 235 840 41 317 45 19} | {A35} {A35} | {}
{495 162 59 89 330 235 840 41 38 317
BT=>49 | A42 4519} {A35} {A35} | {}
{495 162 59 89 330 235 840 41 38 317
49 | A42 4519} {A35} {A35} | {}
{495 162 59 89 330 840 41 38 317 45
50 | A35 19} {A51 A31} {A51} | {A31}
51 | A51 {495 162 89 330 840 41 38 317 45 19} | {A31} {A31} | {}
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{495 162 59 89 330 235 840 41 47 38

BT=>47 | B33 317 45 507 19} {A35 A42} (A35) | (A42)
{495 162 59 89 330 235 840 41 47 38
47 | B33 317 45 507 19} {A35 A42) {A35) | {A42)
{495 162 59 89 330 840 41 47 38 317
48 | A35 | 45507 19} {A51 A42 A31 A33} {A51} | {A42 A31 A33)
{495 162 89 330 840 41 47 38 317 45
49 | AS1 507 19} {A42 A31 A33) {A42} | {A31 A33)}
{495 162 89 330 840 41 38 317 45 507
50 | A42 19} {A31 A33} {A31} | {A33}
51| A31 {495 162 89 330 840 41 317 45 507 19} | {A33) {A33} | ()
{495 162 89 330 840 41 47 38 317 45
BT=>49 | A51 507 19} {A31 A33} {A31} | {A33}
{495 162 89 330 840 41 47 38 317 45
49 | AS1 507 19} {A31 A33) {A31} | {A33)
{495 162 89 330 840 41 47 317 45 507
50 | A31 19} {A42 A33) {A42} | {A33)
51 | A42 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33} | [
{495 162 89 330 840 41 47 38 317 45
BT=>49 | A5l 507 19} {A33)} {A33} | ()
{495 162 89 330 840 41 47 38 317 45
49 | A51 507 19} {A33) (A33} | [
{495 162 89 330 840 41 47 38 317 45
50 | A33 19} {A42 A31)} {A42} | {A31}
51 | A42 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | [
{495 162 59 89 330 840 41 47 38 317
BT=>48 | A35 | 45507 19} {A31 A33 A42) {A31} | {A33 A42)
{495 162 59 89 330 840 41 47 38 317
48 | A35 | 45507 19} {A31 A33 A42) (A31} | {A33 A42)
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{495 162 59 89 330 840 41 47 317 45

49 | A31 507 19} {A51 A42 A33) {A51} | {A42 A33)}
{495 162 89 330 840 41 47 317 45 507
50 | A51 19} [A42 A33) {A42} | {A33)
51 | A42 {495 162 89 330 840 41 317 45 507 19} | {A33)} {A33} | (1
{495 162 59 89 330 840 41 47 317 45
BT=>49 | A3l 507 19} {A33 A42) {A33) | {A42)
{495 162 59 89 330 840 41 47 317 45
49 | A31 507 19} {A33 A42} {A33}) | {A42)
{495 162 59 89 330 840 41 47 317 45
50 | A33 19} {A51 A42) {A51} | {A42)
51 | AS1 {495 162 89 330 840 41 47 3174519} | {A42} (A2} | [
{495 162 59 89 330 840 41 47 317 45
BT=>49 | A3l 507 19} [A42} (A42} | ()
{495 162 59 89 330 840 41 47 317 45
49 | A31 507 19} [A42} (A42} | ()
{495 162 59 89 330 840 41 317 45 507
50 | A42 19} {A51 A33} {A51} | {A33)
51 | A5l {495 162 89 330 840 41 317 45 507 19} | {A33} {A33} | ()
{495 162 59 89 330 840 41 47 38 317
BT=>48 | A35 | 45507 19} {A33 A42} {A33}) | {A42)
{495 162 59 89 330 840 41 47 38 317
48 | A35 | 45507 19} {A33 A42) {A33} | {A42}
{495 162 59 89 330 840 41 47 38 317
49 | A33 | 4519} {A51 A42 A31} {A51} | {A42 A31)}
{495 162 89 330 840 41 47 38 317 45
50 | A51 19} {A42 A31)} {A42} | {A31}
51 | A42 {495 162 89 330 840 41 38 3174519} | {A31} (A31} | [
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{495 162 59 89 330 84041 47 38 317

BT=>49 | A33 | 4519} {A31 A42) (A31} | (A42)
{495 162 59 89 330 840 41 47 38 317
49 | A33 | 4519) {A31 A42) {A31} | {A42)
{495 162 59 89 330 840 41 47 317 45
50 | A31 19} {A51 A42} (A51} | (A42)
51| A5l {495 162 89 330 840 41 47 31745 19} | {A42) (A42} | ()
{495 162 59 89 330 840 41 47 38 317
BT=>49 | A33 | 4519} {A42) (A42) | )
{495 162 59 89 330 840 41 47 38 317
49 | A33 | 4519) [A42} (A42} | ()
{495 162 59 89 330 840 41 38 317 45
50 | A42 19} {A51 A31} {A51}) | {A31}
51| A5l {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | ()
{495 162 59 89 330 840 41 47 38 317
BT=>48 | A35 | 45507 19} [A42} (A42} | ()
{495 162 59 89 330 840 41 47 38 317
48 | A35 | 45507 19} {A42) (A42} | ()
{495 162 59 89 330 840 41 38 317 45
49 | A42 | 507 19} {A51 A31 A33} {A51} | {A31 A33)}
{495 162 89 330 840 41 38 317 45 507
50 | AS1 19} {A31 A33} {A31} | {A33}
51| A31 {495 162 89 330 840 41 317 45 507 19} | {A33}) {A33} | ()
{495 162 59 89 330 840 41 38 317 45
BT=>49 | A42 | 507 19} {A31 A33} {A31} | {A33)
{495 162 59 89 330 840 41 38 317 45
49 | A42 | 507 19} {A31 A33) {A31} | {A33}
{495 162 59 89 330 840 41 317 45 507
50 | A31 19} {A51 A33} {A51} | {A33)
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51 | AS1 {495 162 89 330 840 41 317 45 507 19} | {A33)} {A33} | [}
{495 162 59 89 330 840 41 38 317 45
BT=>49 | A42 | 507 19} {A33) (A33) | [
{495 162 59 89 330 840 41 38 317 45
49 | A42 | 507 19} {A33) {A33} | [}
{495 162 59 89 330 840 41 38 317 45
50 | A33 19} {A51 A31} {AS1} | [A31}
51 | AS1 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | )
{495 162 59 89 330 235 840 41 47 38
BT=>47 | B33 317 45 507 19} [A42) (A2} | [
{495 162 59 89 330 235 840 41 47 38
47 | B33 317 45 507 19} {A42) (A2} | [
{495 162 59 89 330 235 840 41 38 317
48 | A42 | 45507 19} {A51 A35 A31 A33} {AS51} | [A35 A31 A33}
{495 162 89 330 235 840 41 38 317 45
49 | A51 507 19} {A35 A31 A33) {A35) | {A31 A33)}
{495 162 89 330 840 41 38 317 45 507
50 | A35 19} {A31 A33} {A31} | {A33)
51 | A31 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | ()
{495 162 89 330 235 840 41 38 317 45
BT=>49 | A51 507 19} {A31 A33} {A31} | {A33)
{495 162 89 330 235 840 41 38 317 45
49 | A51 507 19} {A31 A33} {A31} | {A33)
{495 162 89 330 235 840 41 317 45 507
50 | A31 19} {A35 A33} {A35) | {A33)
51 | A35 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | ()
{495 162 89 330 235 840 41 38 317 45
BT=>49 | A51 507 19} {A33) (A33} | [
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{495 162 89 330 235 840 41 38 317 45

49 | A51 507 19} {A33) {A33} | [}
{495 162 89 330 235 840 41 38 317 45
50 | A33 19} {A35 A31} {A35) | [A31}
51 | A35 {495 162 89 330 840 41 38 3174519} | {A31} (A31} | )
{495 162 59 89 330 235 840 41 38 317
BT=>48 | A42 | 45507 19} {A31 A33 A35) {A31} | [A33 A35)
{495 162 59 89 330 235 840 41 38 317
48 | A42 | 45507 19} {A31 A33 A35) {A31} | {A33 A35)
{495 162 59 89 330 235 840 41 317 45
49 | A31 507 19} {A51 A35 A33) {A51} | [A35 A33)
{495 162 89 330 235 840 41 317 45 507
50 | AS1 19} {A35 A33} {A35) | {A33)
51 | A35 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | [
{495 162 59 89 330 235 840 41 317 45
BT=>49 | A3l 507 19} {A33 A35) {A33}) | {A35)
{495 162 59 89 330 235 840 41 317 45
49 | A31 507 19} {A33 A35} {A33}) | {A35)
{495 162 59 89 330 235 840 41 317 45
50 | A33 19} {A51 A35) {A51} | [A35)
51 | AS1 {495 162 89 330 235 840 41 317 45 19} | {A35)} {A35) | [
{495 162 59 89 330 235 840 41 317 45
BT=>49 | A3l 507 19} {A35) (A35) | [
{495 162 59 89 330 235 840 41 317 45
49 | A31 507 19} {A35) {A35) | [
{495 162 59 89 330 840 41 317 45 507
50 | A35 19} {A51 A33} {AS51}) | [A33)
51 | AS1 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33} | [
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{495 162 59 89 330 235 840 41 38 317

BT=>48 | A42 | 45507 19} {A33 A35} {A33}) | {A35)
{495 162 59 89 330 235 840 41 38 317
48 | A42 | 45507 19} {A33 A35) {A33}) | [A35)
{495 162 59 89 330 235 840 41 38 317
49 | A33 | 4519} {A51 A35 A31} {A51} | {A35A31)}
{495 162 89 330 235 840 41 38 317 45
50 | AS1 19} {A35 A31} {A35) | [A31}
51 | A35 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | )
{495 162 59 89 330 235 840 41 38 317
BT=>49 | A33 | 4519} {A31 A35) {A31} | [A35)
{495 162 59 89 330 235 840 41 38 317
49 | A33 | 4519} {A31 A35} {A31} | {A35)
{495 162 59 89 330 235 840 41 317 45
50 | A31 19} {A51 A35) {A51} | [A35)
51 | AS1 {495 162 89 330 235 840 41 317 45 19} | {A35)} (A35) | [
{495 162 59 89 330 235 840 41 38 317
BT=>49 | A33 | 4519} {A35) {A35) | [
{495 162 59 89 330 235 840 41 38 317
49 | A33 | 4519} {A35) (A35) | [
{495 162 59 89 330 840 41 38 317 45
50 | A35 19} {A51 A31} (A51} | {A31}
51 | AS1 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | [
{495 162 59 89 330 235 840 41 38 317
BT=>48 | A42 | 45507 19} {A35) {A35) | [
{495 162 59 89 330 235 840 41 38 317
48 | A42 | 45507 19} {A35) (A35) | [}
{495 162 59 89 330 840 41 38 317 45
49 | A35 | 507 19} {A51 A31 A33) {A51} | {A31 A33}
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{495 162 89 330 840 41 38 317 45 507

50 | AS1 19} {A31 A33} {A31} | {A33)
51 | A31 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | [
{495 162 59 89 330 840 41 38 317 45
BT=>49 | A35 | 50719} {A31 A33} {A31} | {A33}
{495 162 59 89 330 840 41 38 317 45
49 | A35 | 507 19} {A31 A33} {A31} | [A33)
{495 162 59 89 330 840 41 317 45 507
50 | A31 19} {A51 A33} {A51} | {A33)
51 | AS1 {495 162 89 330 840 41 317 45 507 19} | {A33)} (A33) | [
{495 162 59 89 330 840 41 38 317 45
BT=>49 | A35 | 50719} {A33) {A33} | [
{495 162 59 89 330 840 41 38 317 45
49 | A35 | 507 19} {A33) (A33) | [
{495 162 59 89 330 840 41 38 317 45
50 | A33 19} {A51 A31} {A51}) | [A31}
51 | AS1 {495 162 89 330 840 41 38 31745 19} | {A31} (A31} | )
{53 495 162 89 330 360 235 840 41 47 | {B13 B20 B24 B24 B26 B30 B31 B5 BS {B20 B24 B24 B26
BT=>46 | A22 | 3831745507 19} B9} {B13} | B30B31 B5 BS B9}
{53 495 162 89 330 360 235 840 41 47 | {B13 B20 B24 B24 B26 B30 B31 B5 BS {B20 B24 B24 B26
46 | A22 | 3831745507 19} B9} (B13} | B30 B31 BS B8 BY}
{53 495 162 89 330 360 235 840 41 47 | {B13 B20 B24 B24 B26 B30 B31 B5 BS {B20 B24 B24 B26
47 | B13 38 317 45 507} B9} {A24} | B30B31 B5 B8 B9}
(B9 B30 B31 B8 B5
{53 24 495 162 89 330 360 235 85 840 | {B33 B9 B33 B30 B31 B8 B5 B33 B28 B28 B26 B24 B24
48 | A24 | 414738317 45507) B26 B24 B24 B20) (B33} | B20}
{24 24 495 162 59 89 330 235 85 840 | {A36 A45 A36 A4S AS1 A35 A42 A3l {A45 A45 AS1 A35
49 | B33 | 414738317 45 507} A33} {A36) | A42 A31 A33}




{24 495 162 59 89 330 235 85 840 41

{AS51 A35 A42 A31
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50 | A36 | 473831745507} {A45 AS1 A35 A42 A31 A33)} {A45) | A33)
{495 162 59 89 330 235 85 840 41 47
51| A45 | 3831745507} {A51 A35 A42 A31 A33) {A51} | {A35 A42 A31 A33)
{495 162 89 330 235 85 840 41 47 38
52 | AS1 317 45 507} {A35 A42 A31 A33} {A35}) | {A42 A31 A33)
{495 162 89 330 85 840 41 47 38 317
53| A35 | 45507) {A42 A31 A33} {A42} | {A31 A33)}
{495 162 89 330 85 840 41 38 317 45
54 | A42 | 507} {A31 A33} {A31} | {A33)
55 | A31 {495 162 89 330 85 840 41 317 45 507} | {A31 A33} {A25} | {A33}
{147 495 162 89 33085840941 317 | {B28 B30 B31 B8 B5 B28 B26 B29 B24 {B30 B31 B8 B5 B26
56 | A25 | 45507} B24 B20} (B28} | B29 B24 B24 B20)}
{B28 B30 B31 B8 B5 B28 B26 B29 B24 {B30 B31 B8 B5 B26
57 | B28 {495 162 89 330 840 9 41 317 45 507} | B24 B20} {A26} | B29 B24 B24 B20}
{549 495 162 89 31 330840941317 | {B30 B30 B31 B8 B29 B5 B26 B29 B24 {B31 B8 B29 B5 B26
58 | A26 | 45507) B24 B20} (B30} | B29 B24 B24 B20}
{376 162 89 31 330 41 45 507 122 262
59 [ B30 | 8409317} {A27 A33 A29 A28 A7} {A27} | {A33 A29 A28 A7)
{162 89 31 330 41 45 507 122 262 840
60 | A27 | 9317) {A33 A29 A28 A7) {A33) | {A29 A28 A7)
{162 89 31 330 41 45 122 262 840 9
61 | A33 | 317} {A29 A28 A7} {A29}) | {A28 A7}
62 | A29 {16289 31 330 41 45 262 840 9 317} {A29 A28 A7} (A28} | (A28 A7)
{B8 B29 B5 B24 B20
63 | A28 {162 89 31 330 41 45 840 9 317} {B31 B8 B29 B5 B24 B20 B26 B29 B24} | {B31} | B26 B29 B24}
{B8 B29 B5 B24 B20
64 | B31 {89 31330 41 45 8409 317} {B31 B8 B29 B5 B24 B20 B26 B29 B24} | {A32} | B26 B29 B24)}
{8888888893133041458409 {B29 B5 B24 B20
65 | A32 | 317} {B8 B29 B5 B24 B20 B26 B29 B24} (B8} | B26 B29 B24}
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{A39 A40 A46 A4T
A49 AS0 A39 A4
A46 A4T A49 AS0
A39 A40 Ad6 A4T
A49 A50 A39 A40
[A37 A39 A40 Ad6 A4T A49 AS0 A37 A46 A4T A49 AS0
A39 A40 Ad6 A4T A49 AS0 A37 A39 A4O A39 A40 Ad6 A4T
A46 A4T A49 AS0 A37 A39 AdD Ad6 AT A49 A50 A39 A40
A49 AS0 A37 A39 A40 Ad6 A4T A49 AS0 A46 A4T A49 A50
{88888883133041458409 98 A37 A39 Ad0 Ad6 A4T A49 A50 A37 A39 A39 A40 Ad6 A4T
66 | BS 317} A40 Ad6 A4T A49 ASO A8} (A37} | A49 A50 A8} 1
{A39 A40 A46 A4T
A49 A50 A39 A40
A46 A4T A49 A50
A39 A40 Ad6 A4T
A49 AS0 A39 A40
{A37 A39 A40 Ad6 A4T A49 AS0 A37 A46 A4T A49 A50
A39 A40 Ad6 A47 A49 AS0 A37 A39 A40 A39 A40 Ad6 A4T
A46 A4T A49 AS0 A37 A39 AdD Ad6 A4T A49 A50 A39 A40
A49 A50 A37 A39 A40 A46 A4T A49 A50 A46 A4T A49 AS0
A37 A39 A40 A46 A4T A49 A50 A37 A39 A39 A40 Ad6 AT
67 | A37 {888888313304145840998317} | A40 Ad6 A4T A49 A50 A8} {A39} | A49 A50 A8} 1
(B5 B24 B20 B26
68 | A39 {88888313304145840998317} | {B29 BS B24 B20 B26 B29 B24} (B29} | B24} 1
{A46 A4T A49 A50
A46 A4T A49 AS0
A46 A4T A49 A50
{A40 A46 A4T A49 A50 A40 Ad6 AdT A46 A4T A49 A50
A49 AS0 A40 A46 A4T A49 AS0 A40 Ad6 A46 A4T A49 A50
69 | B29 {8 888833041 45 840 98 317} A47 A49 AS0 A40 A46 A4T A49 ASO A8} | {A40) | A8} 1
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{A46 A47 A49 A50
A46 A4T A49 A50
A46 A4T A49 A50
[A40 A46 A4T A49 A50 A40 Ad6 A4T A46 A47 A49 AS0
A49 AS0 A40 Ad46 A4T A49 A50 A40 Ad6 A46 A4T A49 AS0
70 | A40 {8 88833041 45 840 98 317} A47 A49 A50 A40 A46 A4T A49 AS0 A8} | {A46) | A8} 1
71 | A46 {8 8 8330 41 45 840 98 317} {BS B24 B20 B26 B24} (B5) | {B24 B20 B26 B24} 1
(A47 A49 ASO A4T
[A7 A47 A49 A50 A47 Ad9 A50 A47 A49 A49 AS0 A47 A49
72 | BS {2628 8 8 41 45 840 98 317} AS50 A8} (A7} | AS0 A8} 1
73 | A7 {68 8 8 8 41 45 840 98 317} {B6 B24 B20 B26 B24} {B6} | {B24 B20 B26 B24} 1
[A47 A49 AS0 A47 A49 ASO A47 A49 {A49 A50 A49 A50
74 | B6 {8 884145 120 840 98 317} AS0 A8 A8} (A47} | A49 A50 A8 A8} 1
[A47 A49 AS0 A47 A49 AS0 A47 A49 {A49 A50 A49 A50
75 | A47 {8 8 41 45 120 840 98 317} AS50 A8 A8} {A48) | A49 A50 A8 A8} 1
76 | A48 {53 8 8 41 45 120 840 98 317} {BY B24 B20 B26 B24} (B9} | {B24 B20 B26 B24} 1
77 | B9 {8 8 41 45 120 840 98 317} {BY B24 B20 B26 B24} {A49} | {B24 B20 B26 B24} 1
78 | A49 {8 41 45 120 840 98 317} {B24 B20 B26 B24} {(B24} | {B20B26} 1
79 | B24 {8 45 120 840 98} {A50 A8 A8} {A50} | {A8 A8} 1
80 | A50 {45 120 840 98} {A50 A8 A8} (A8} | (A8 A8} 1
81 | A8 {152 45 840} {B7 B20 B26} {B7} | {B20B26} 1
82 | B7 {45 840} {B20 B26} {B20} | {B26} 1
83 | B20 {840} {B26} {B26} | {} 0
84 | B26 {} {B26) (B34} | () 0
85 | B34 { {B26) (B35} | ) 0




BB. Output of Fragment Assembly of pB85766 when difference between numbers of two big bags is low
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NodeNo | CurrBag | S Options SelBag Choices Cflag
1| Al 2} (B} (B} 0 0
2 | BI (9} (A2} (A2} 0 0
3| A2 {164} (B2} (B2} 0 0
4| B2 {423 105 48) [A4 A5 A3) (A4} [AS A3} 1
5| A4 {105 48} {AS A3} {AS} {A3} 1
6| A5 {162 48) {AS A3} (A0} | {A3}) 1
7 [ Al0 {5048 162 10} {B6 B3 B3} {B6} {B3 B5) 1
8 | B6 (4877 162 10} {B6 B3 BS) {All} | {B3BS5} 1
9 | All {190 114 58 48 162 43 10 44) {B10 B8 B7 B3 B9 B5 BI1} {(B10] | (BSB7B3B9IB5BI1} 1
10 | B10 {114 58 48 162 43 10 44) {B8 B7B3BIB5 BI1} (B8} {B7B3B9B5BI1} 1
11| B8 {58 48 162 43 10 44} {B7B3 B9 B5B11} (B7) (B3B9BSBI1) 1
12 | B (48 162 43 10 44) (B3B9BSBI1) (B3] {B9B5BI1} 1
13 | B3 {276 48 44 213 184 43 10} {A6 A3 A7 A8} {A6} [A3 A7 A8} 1
14| A6 (48 44213 184 43 10) [A6 A3 A7 A8} [A12] | (A3 A7 A8} 1
15| A2 {78 48 44 6 213 108 184 43 10} {BI3B11B11 B12 B24 B9 BS} {B13] | {B11B11BI2B24 B9 B3} 1
16 | BI3 {1748 44 6 213 108 184 43 10} {B11B11B12 B24 B9 B5) {(B11} | (B12B24 B9 B5} 1
17 | B11 {1748 213 108 184 43 10} {A13 A3 A7 A9 A8} {AI3} | (A3 A7 A19 A8} 1
18 | Al3 {4865 100213 108 18442143 10} | {B16 B14 B12 B24 B15 B9 B3} {B16] | {B14B12B24 BI5 B9 B3} 1
19 | B16 i3?248100213 108649 18442143 | 1516 B14 B12 B24 B15 BY BS) {Al4) | {B14B12B24 B15 B9 B5} 1
20 | Al4 {48 100 213 108 649 184421 43 10} | {B14 B12 B24 B15 B9 B3} {(B14] | (B12B24 BI5 B9 B3} 1
21 | Bl4 {48 213 108 649 184 421 43 10} {B14 B12 B24 B15 B9 B5) {AI5} | {B12B24BI5 B9 B5} 1
2 | Al5 {48521 213 108 18442143 10 171} | {BIS B12 B24 B15 B9 B5 B17) {(B18] | (BI12B24B15B9B5BI7) 1
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{48 320 213 108 184 421 31243 10

23 | BIS 1] {B18 B12 B24 B15 B9 B5 B17) {A16) | {BI2B24 B15B9B5BI7} ]

24 | Al6 {48 320213 108 18442143 10 171} | {B12B24 B15 B9 B5 B17} {(BI12] | (B24B15B9 B5B17) 1

25 | B12 {48 320 213 184 421 43 10 171} {B12B24 B15B9 B5 B17} {Al7] | {B24BI5B9B5BI7} ]
{466 184 421 319 103 1048 213 41 43 | {B20 B15 B22 B21 B35 B5 B19 B9 {B15 B22 B21 B35 BS B19 B9

26 | A17 {B20} 1
171} B17} B17}

7 | 20 i;ﬁ 421319103 1048 213 41 43 (B15 522 B21 B35 BS BI9BOBIT) | (B1S) }{3% B21 B35 B5 B19 B9 :

28 | B1S (184319 103 1048 2134143 171] | {B22 B21 B35 B5 B19 B9 B17) {B22] | (B21 B35B5B19 B9 B17) 1

29 | B22 {184 103 1048 21341 11743 171} | {B21 B35 B5 B19 B9 B17} {B21] | (B35B5BI9B9B17) ]

30 | B21 {184 1048 213 41 117 43 171} {B21 B35 B5 B19 B9 B17} {A18) | {B35B5BI9BOBI7] 1

31| AIS {660 184 1048 2352134143 171} | {B24 B5 B23 B19 B9 B17} (B24] | (B5B23BI9 B9 B17) ]

32 | B24 iéolgﬁ(})s 184224 1048235213 4186 | (419 A20 A8 A21 A3 AT A20 A8} | {AI19} | {A22 A8 A21 A3 A7 A20 A8} !

33 | AI9 ﬁ(l’? 1842241048 235213418643 |\ \5) A8 A21 A3 AT A20 A8} [A22) | [AS A21 A3 A7 A20 A8} ]

| am (5261655218 184224104896 235 | (B23 B25 B33 B29B29B27BSB26 | o\ | (B25B38 B29 B2Y B27 BS 1
21341 86 43 171} B23 B19 B4 B9 B17} B26 B23 B19 B4 B9 B17)

25 | Bag (1655218 184224 104896235213 | (B2SB38 B29B29B27BSB26B23 | oo\ | (B38 B29 B29 B27 BS B26 :
418643 171} B19 B4 B9 B17} B23 B19 B4 B9 B17}

w6 | Bos (55218 184224 104§ 9623521341 | (B29B29B27BSB26B23BIOB4 | o, | (B27BSB26B23 BI9 B4 B 1
86 43 171) B9 B17) B17)

37 | B29 §254§1187}?4 22410489623521341 | 50 BsBI6B23BI9OB4ABIBIT) | (B27) | {BS B26 B23 B19 B4 B9 B17) |

38 | B27 4{351;?‘}‘ 2241048962352134186 | 550 B B6 B23 BI9B4BOBI7} | {A20) | {B5B26B23 B19 B4 B9 B17} 1

39 | A20 ig?}lg“ 2241048962352134143 | (55 py6 B23 B19 BIB17) {B5) {B26 B23 B19 B9 B17) 1

40 | B5 4{351%? 1842244896 2352134156 | A3 A9 A8 A21 A3 A7 A8} [A23} | (A9 AS A21 A3 A7 A8} 1

41 | A3 {118 184 224 48 107 17496 235213 | ' 53 p31 B26 B23 B19 B9 B17) (B30} | {B31B26B23BI9 B9 BI17} 1

415643 171}
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{118 184 224 48 174 96 235 213 41 56

42 | B30 ) {B30 B31 B26 B23 B19 B9 B17) {A21} | (B31 B26 B23 B19 B9 B17} 1
43 | A21 i;i? 18448 17496 235213415643 | (531 Br6 B23 B19 BY B17} {B31} | (B26 B23B19 B9 B17} 1
44 | B3I iéﬁ}?“ 4896235362134120956 1 (19 A3 A3 A24 A7 A25 A8} {A9) [A8 A3 A24 A7 A25 A8} 1
45 | A9 i;i“}‘ 489623536213412095643 |\ xg A3 A24 A7 A25 A8} {A8) [A3 A24 A7 A25) 1
46 | A8 {86 48 96 23536 21341 20043 171] | {B4 B26 B23 BI19 B9 B17} (B4) {B26 B23 B19 B9 B17) 1
47 | B4 {48 96 235 36 213 41 209 43 171} {B26 B23 B19 B9 B17) {B26] | (B23B19B9B17} 1
48 | B26 (48235 36 213 41 209 43 171) {B26 B23 B19 B9 B17) {A24] | (B23BI19B9BI7) 1
49 | A24 (48 235 213 41 209 43 171} {B23B19 B9 B17) (B23] | (BI9B9BI7} 1
50 | B23 (48213 41 209 43 171) {(B23B19BI B17) {A25] | (BI9B9BI7) 1
51| A25 (48213 41 43 196 171} {(B19BI B32 B17) (B19] | (B9B32BI7) 1
52 | B19 {48 213 43 196 171] {B9 B32 B17) (B9} (B32B17} 1
53 | BY (48213 196 171} (B9 B32B17) {A26] | (B32B17) 1
54 | A26 148 261 213 196 171} (B32B32B17} B32] | (B17) 1
55 | B32 {21 322 288 150 48 213 510 171} [A31 A45 A28 A29 A30 A3 A7 A27} | {A31) L‘;‘;? S 0D DS B 1
56 | A3 {322 288 150 48 213 60 510 171} [A28 A29 A30 A3 A7 A27) [A28] | (A29 A30 A3 A7 A27) 1
57 | A28 {288 150 48 213 60 510 171} {A29 A30 A3 A7 A27) [A20] | (A30 A3 A7 A27) 1
58 | A29 (15048 213 60 510 171 [A30 A3 A7 A27) (A30] | (A3 A7 A27) 1
59 | A30 {48213 60510 171} (A3 A7 A27) (A3) (A7 A27) 1
60 | A3 {213 60510 171} [A3 A7 A27) (A271 | (A7 A27) 1
61 | A27 (213 60 171} (B33 B17) (B33) | (B17) 1
62 | B33 (321381 171} [A33 A7 A32) (A33] | (A7 A32) 1
63 | A33 {103 28 294 213 81 171 (B35 B36 B34 B17) {B35) | (B36B34B17) 1
64 | B35 128204213 81 171} {B36 B34 B17} (B36] | (B34B17) 1
65 | B36 {116 57 294 213 81 171} [A35 A34 A7 A32) (A35) | (A34 A7 A32) 1
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66 | A35 {33 5729481213 171} [A35 A34 A7 A32} [A32) {A34 A7 A32} 1
67 | A32 (3357294213 171} {B37 B34 B17} {B37} {B34 B17} 1
68 | B37 {57 294 507 254 213 171} {A34 A36 A37 A7) [A34) {A36 A37 A7} 1
69 | A34 {294 507 254 213 171} {A36 A37 A7} {A36) {A37 A7} 1
70 | A36 {294 254 213 171} [A36 A37 A7} {A37) {A37 A7} 1
71 | A37 {29475 213 171} {B34 B38 B17} (B34} {B38 B17} 1
72 | B34 {75213 171} {B38 B17} {B38} {B17} 1
73 | B38 {16 63 779 189 282 213 160 171} [A43 A42 A38 A39 A4l A7 A40} {A43) {A42 A38 A39 Adl A7 A40)} 1
74 | A43 {63779 189282 213 160 4 171} {A42 A38 A39 Adl AT A40} [{A42) {A38 A39 A4l A7 A40} 1
75 | A42 {779 189282 213 160 4 171} {A38 A39 A4l A7 A40} [A38) {A39 A4l A7 A40} 1
76 | A38 (189282213 160 4 171} {A39 A4l A7 A40} {A39) {A41 A7 A40} 1
77 | A39 (282213 1604 171} {A41 A7 A40} {A41)} {A7 A40} 1
78 | Adl {213 1604 171} [A41 A7 A40) {A40) {A7 A40} 1
79 | A40 (2134171} {B39B17} {B39} {B17} 1
80 | B39 {2195213 171} [A45 Ad4 AT) [A45) {A44 AT} 1
81 | A45 {95289 213 171} [A45 Ad4 AT} {A44) {A44 AT} 1
82 | Ad4 {289 213 171} {B40 B17} {B40} {B17} 1
83 | B40 {213 171} {B40 B17} {AT7} {B17} 1
84 | A7 (171} {B17} {B17} {} 0




