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Abstract — This paper explains about the approaches which
are used to automate the organic conversions. This solution
provides all the possible paths which can be used to perform
organic conversions as well as optimum path among all the
possible paths.
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I INTRODUCTION

Compounds which mainly consist of “carbon” are called
as Organic compounds. Organic conversion is a process
of converting a given initial compound into an expected
compound by applying different reactants and conditions.
There may be more than one possible path to perform
organic conversions. Therefore sometimes it may need to
find an optimum path among them.

Automated tools have become all important because of
the importance of accessing right information at the right
time. Organic conversions are using students and
chemists for various studies and industries in their day
today activities. It creates need for an automated tool for
the organic conversions. | implemented this tool as a
knowledge base system.

The objectives of this research are to find suitable logical
structures for different organic compounds as well as
reactions and to apply searching strategies to find all the
possible paths for conversions.

In the rest of this article 1 will explain how I represented
the different compounds and reactions in the knowledge
base, how can find conversion paths and how can
optimize the conversion paths.

1. REPRESENTATION MECHANISM

First | observed the structure of the compounds and the
nature of their reactions. | found that the organic
compounds are consisting of different alkyl groups and
functional groups. Therefore first 1 designed the
representation mechanism for the alkyl groups. Then |
designed the representation for the different compounds
by considering the alkyl groups. Finally | designed the
logical rules to represent organic reactions.
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A. Representation for the Alkyl Groups

Atoms of the alkyl groups and, the number of connecting
bonds between the atoms of the alkyl groups are
considered as the parameters. And also ‘Hydrogen’ atom
is considered as the atomic alkyl group which can be
connected into the carbon atom/atoms of the functional
group. Therefore the first parameter of this atomic alkyl
group is the ‘hydrogen’ atom and second parameter is
one.

Other than that different non atomic alkyl groups can be
created by foaming different branches at the carbon
atoms of the main carbon chain of the alkyl group. These
non atomic alkyl groups again can be considered as the
collection of sub alkyl groups.

All the alkyl groups connect to carbon atom/atoms of the
functional group by the single bond. When non atomic
alkyl groups are connecting to carbon atoms of the
functional group at left, right, up or down directions;
different representations can be arouse. It happens due to
the considering sequence of the branches at the major
carbon atom in the alkyl group. To avoid it | used the
proper sequence and the format. It is shown in Table 1. In
that table; R1, R2, R3 are used to represent the sub alkyl
groups within the non atomic alkyl groups. These sub
alkyl groups can be atomic or non atomic.
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TABLE 1
FORMAT OF THE ALKYL GROUP REPRESENTATION
Alkyl group Join to | Representation
carbon
atom of the
functional
group at
R1 Right [C,[R1,1],[R2,1],[R3,1]]
|
——C— RS3
|
R
R1 Left [C.[R1,1],[R2,1],[R3,1]]
|
R3 — C—
|
R2
R3 Up [C.[R1,1],[R2,1],[R3,1]]
|
Rl —C— R2

l Down [C.[R1,1],[R2,11,[R3,1]]

Rl —C— R2
|

R3

B. Representation for compounds

Alkyl groups, their number of connecting bonds to
functional group and, atoms of the functional group with
their number of connecting bonds are considered as the
parameters.

Then | separated the carbon atoms of the functional group
in the selected compound. Then | used the following
parameters to represent each carbon atom in detail.

For each carbon atom; if they have alkyl groups/ other
atoms of the functional group, take them according to the
sequence of the left, up, down and right directions to
carbon with their connecting bonds.

Then take the number of connecting bonds for the other
adjacent carbon in the functional group. If there is no
other adjacent carbon in the functional group; take the
number of connecting bonds as zero.

Finally combine all the carbon atoms of the functional
group with their parameters to represent an organic
compound. Table 2 shows few examples about the
representation mechanism of the compounds. In that
table; R1, R2, R3, R4, R5, R6 are used to represent the R
groups and the other letters are having the same meaning
of the atoms.
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TABLE 2
EXAMPLES FOR THE COMPOUND REPRESENTATION

Compound | Compound Representation

Name Structure
R2
Alkane | [c,[RL,1],[R2,1],[R3,
Rl — C— R4 | 1[R41]0]
|
R3
R2
Alcohol | [C.[R1,1].[R2,1],[R3,

Rl — C— OH | 1lMlo[h1]],2,0]
I
R3

Acid | [C,[RL,1],[0,2].[[o.[h,
RL—C— oH | 1110

C. Representation for reactions

Organic reactions can be categorized into two groups.
They are; reactions which take organic compounds as a
reactant and the reactions which take inorganic
compounds as a reactant. | used following parameters to
represent both types of the reaction rules in the
knowledgebase.

They are; initial compound which participate into the
reaction, reactants which should be applied to the
reaction, compound which resulted from the reaction,
cost of the reactant.

At this representation phase, | identified the problem of
take infinite number of carbons and hydrogen atoms for
the reactants by the reactions which use organic
compound as a reactant. |1 have limited the number of
hydrogen atoms of the alkyl groups into fixed number.

Il ALL THE PATHS FOR THE CONVERSION

First, 1 considered the state space tree [8] of the
conversion problem. Then, | applied the Depth First
Search strategy [13] into the state space tree. By that
found all the paths for the conversions. Search strategy is
implemented as follows.

If there is a reaction from compound ‘A’ to compound
‘B7;
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Then there is the conversion from ‘A’ to ‘B’.

Otherwise, if there is a reaction from compound ‘A’ to
some other compound ‘D’, and there is a conversion from
compound ‘D’ to compound ‘B’;

Then there is a conversion from compound ‘A’
to compound ’B’ too.

IV. OPTIMIZING CONVERSION PATHS

| considered two optimization factors for the optimization
part of the conversions. They are;

Number of steps for the conversion

Cost of the reactants for the reactions of the
conversion.

When optimization factor equals to the number of steps,
used the Depth Limited Search Strategy to find the
answers for the conversions. It avoids the drawback of
Depth First Search which is getting into stuck by going
down the wrong path of very deep search trees. Its
implementation can be expressed as follows.

If there is a reaction from compound ‘A’ to compound
GB7;

Then there is the conversion from ‘A’ to ‘B’
with N or fewer amounts of steps.

Otherwise, if there is a reaction from compound ‘A’ to
some other compound ‘D’, and there is a conversion from
compound ‘D’ to compound ‘B’ with M or fewer amount
of steps and M equals to N-1;

Then there is a conversion from compound ‘A’
to compound ’B’ with N or fewer amount of
steps too.

When optimization factor equals to the number of steps, |
had to find the total cost for each conversion paths. It was
achieved as follows.

If; There is a reaction to create compound B from
compound A with cost C,
Then;There is a conversion from compound A to
compound B with cost C.
If; There is a reaction to create some other compound D
from compound A with  cost Cl1, and there is a
conversion from D to B with cost C2,
Then; There is a conversion from A to B with
cost C1 + C2.

Then I stored the cost of each conversion in a list. Then |
sorted the list which contains the costs of conversion
paths. Then select the conversion which has similar cost
as the first element of above sorted list. Then obtain the
reactants and the intermediary compounds of the selected
conversion.
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V. RESULTS
I considered two scenarios when checking the
performance of the system. First | tested the performance
of the system by considering only the reactions which use
inorganic compounds as the reactant. (266 rules in the
KB) Obtained results are shown in table3.

TABLE 3
PERFORMANCESs OF THE CONVERSIONS FOR THE ONE
CATEGORY OF REACTIONS

Number of steps for the Average time taken to
conversion give the answers
2 30ms
3 30ms
4 36ms
5 38ms

6 1s

7 1s 50ms
8 25 16ms
9 3s 58ms
10 75 49ms

Then | tested the performance of the system by
considering all the reactions which use inorganic and
organic compounds as the reactant. (328 rules in the KB)
Obtained results are shown in Table4. Here | have limited
the number of hydrogen atoms of the alkyl groups in the
reactant into three.

TABLE 4
PERFORMANCESs OF THE CONVERSIONS FOR BOTH
CATEGORIES OF REACTIONS

Number of steps for the Average time taken to give the
conversion answers
34ms
40ms
72ms
15 58ms
7s 22ms
23s 50ms
1min7s
6min 35s
16min 20s

Slo|o|~|o|a|s|win

VI. CONCLUTIONS

This research was mainly focused on finding the suitable
approaches for conversion paths as the knowledgebase
system. Throughout my research | found that suitable
general logical representations for different organic
compounds and reactions.

Other than that | have identified the problem of take
infinite number of carbons and hydrogen atoms for the
reactants by the reaction rules which represent organic
compound as a reactant at the unification phase. To solve
that problem, | limited the number of hydrogen atoms
into the fix number.

According to the results obtained from the system, it can
be said that the performance of the system depends on the
number of reaction rules in the knowledgebase and the
number of steps for the conversion.
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