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Abstract
      Morphology analysis is an essential part of most applications of natural language processing, NLP.  Applications of NLP include Machine Translation, MT., Information Retrieval, IR., etc…  The proposed morphological analyzer is based on Augmented transition network, ATN, techniques.  Through this paper a new algorithm has been developed by using some new semantic rules of the Arabic language to reduce the searching time in the ATN.  Also, this research introduces an algorithm for root identification that will reduce the search time considerably.
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1. Introduction

      Morphology is the branch of linguistics that studies the structure of words, [2].  In other words morphology is concerned with the components that make up words.  These include the rules governing the formation of words, such as the effect of prefixes and suffixes that modify the meaning of root words [1].

This paper introduces the proposed system as follows:

Section 2, introduces an overview of the Morphology analyzer.  Section 2.1, provides in details a review of the stem identification.  Also, it explains in details an intelligent algorithm for stem identification.  Section 2.2 a new component, the stem refiner, is explained.  In section 2.3 an algorithm for root identification will be explained.  A brief conclusion demonstrating the proposed morphological analysis and the future work is done in the last section.

2. Proposed System

         This section illustrates the proposed morphological analyzer and the new algorithms for stem and root identification.  Figure1 shows the main components of this system.  The proposed system consists of five components, an Arabic  tokenizer, a Common word & non-derivational nouns extractor, a Stem identifier, a Stem refiner and a Root identifier.  The first component, Arabic tokenizer, receives as input the Arabic text and then converts it into a stream of tokens.  The Arabic word may be a verb, noun or common word.  Each type may be inflected or not.  As shown in figure 1 it is clear that the first step in the morphology analysis is to identify the common words (حروف الجر, حروف النصب, أدوات النداء, ... الخ) and the non-derivational nouns  (علم, اسم جنس, ...الخ).  The remaining tokens are assumed to be inflected words.  The inflection means that, either there are affixes attached to the word or there are some inflectional modifications.  Resolving the inflection is the responsibility of the remaining components namely, the Stem identifier, the Stem refiner and the Root identifier. These components are illustrated in the following subsections.











Figure 1: A block diagram illustrating the components of the proposed system

2.1 Stem Identification Algorithm

      To find the stem, the word inflection must be resolved.  The Arabic word satisfies the following formula, [3]:

[Prefix1|prefix2]+Stem+suffix1+suffix2+suffix3

Where, the affixes serve for a special linguistic purpose. An exhaustive search on an augmented transition network, ATN., were done to resolve the inflection.  Augmented transition networks extend the transition networks by allowing procedures to be attached to the arcs of the network [1].  In [4] formula for each word type (noun, verb) was introduced.  Then, using a set of augmented transition networks to represent the ordering and linking of the affixes to each other and to the stem, the inflection was resolved.

The system in hand applies new semantic and linguistic rules to reduce the number of search possibilities in the ATN.  Studying the Arabic affixes carefully will show that there is a semantic contradiction between these affixes.  For example the prefixes for the present verbs can not be joined in the same word with the suffixes which can be attached to past verbs only, (e.g. ت" " can not be joined, as a suffix, to present verbs, "فس" can not be joined, as a prefix, to the past verbs or the imperative) .  The same idea applies to the affixes that can be attached to nouns only and not to verbs.  The division of these affixes into a contradicted groups, then building separate ATN ‘s for the non-contradicted groups only, will reduce the searching time considerably. This is due to the fact that the ATN ‘s for the contradicted affix groups will be absent.

Another point to note is that the Arabic verbs can not be more than six characters long. Also they can not be less than one character long. This is due to the fact that each Arabic verb must correspond to a certain pattern (الوزن), these patterns cannot be more than six characters or less than one character long [5], [8].  On the other hand, verbs which are one character long are rarely used in the modern Arabic texts (e.g.الأمر من وعى,   عٍ  ). Then we can deduce that the Arabic verbs can not be less than two characters long. The same idea can be applied to the Arabic derivational nouns ( اسم الفاعل, اسم المفعول, اسم زمان, ... الخ). 

Now, two constraints can be formulated which can be applied during the process of the stem identification. These are respectively:

1. Usage of affix contradiction.

2. Usage of the stem length limits.

The second constraint reduces the search time considerably. Since this will require searching only in the affixes that satisfies the constraint.  Now, the new constraints are applied on the Arabic verbs, Arabic nouns and the common words in the following subsections.

2.1.1 The Arabic verbs 

      Arabic verbs are assumed to satisfy the following formula:

P1+Stem+S1+S2   (formula 1)

Where,

            P1 is the set of conjugates and special articles,

            S1 is the subject,

            S2 is the first object.

The second object is ignored, since one word that contains a verb plus a subject plus the first object plus the second object, appears rarely in the modern Arabic texts.

Table 1 lists the verb affixes, classified according to some semantic contradiction criteria.

	P1 (prefixes for the Arabic verbs)
	S1 ( Suffixes that serves as the subjects)
	S2 (Suffixes that serves as the first object)

	P11 for the present tense
	P12 for all verb types
	S11 for present tense
	S12 for the past tense
	S13 for all verb types
	S14 cannot be connected to S2
	

	ل
	ف
	ون
	ت
	ا
	وا
	ك

	س
	 
	ين
	تم
	و
	ى
	كم

	فل
	 
	ان
	تما
	ي
	 
	كما

	فس
	 
	 
	تن
	نا
	 
	كن

	 
	 
	 
	تا
	نا
	 
	ه

	
	
	
	
	
	
	ها

	 
	 
	 
	 
	 
	 
	هما


	 
	 
	 
	 
	 
	 
	هم

	 
	 
	 
	 
	 
	 
	هن


Table 1: Classification of affixes that can be attached to Arabic verbs

Figure 2, presents the search tree developed through stem identification ignoring the semantic contradiction explained previously.

Figure 2: The search tree developed through stem identification ignoring the semantic contradiction

Now, an ATN for each non-contradicted affix groups will be developed.  Augmented transition networks extend transition networks by allowing procedures to be attached to the arcs of the networks, [1]. The usage of the ATN serves for two purposes, [3]:

1. Placing the rules for affix omission on the arcs.

2. Getting all possible interpretations of the inflected word by searching the ATN ‘s exhaustively.

As shown in figure 2, Any path on the tree rooted at P1 and ending at any leaf using a depth first search, represents a separate ATN.  In depth first searching when a node is visited, a path is followed as far as possible until a dead end is reached, then backtracking to the first node from which a new path can be followed [6].  Now, applying the first constraint the ATN represented by (P11, S12, S2) will be removed.  This will reduce the overall transitions in the ATN ‘s. Also the path (P11, S14, S2) will be reduced to (P11, S14).  This will cause an additional reduction. The tree shown in figure 3 represents the search tree of the affixes after applying the first constraint. The ATN ‘s will generally take the form shown in figure 4.





Figure 3: A search tree for the non-contradicted affix groups






Figure 4: The general form of the ATN ‘s for the Arabic verbs

The affix groups for each ATN is first filtered by the second constraint. This constraint is formulated in the form of an inequality written as follows. 

2 <= (word length – affixes length )  <=6

Only the affixes which satisfies this inequality, are sent to the ATN ‘s.  The stem identification algorithm is pointed out here for clarity:

1. Filter the affix groups using constraint  2.

2. Make an exhaustive search for the legal ATN ‘s defined by constraint 1.

 The diagram in figure 5 shows the relation between the word length and the total number of transitions before and after applying the constraints. Also the achieved reduction is drawn against the word length.
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Figure 5: A diagram showing the relation between the word length and the number of transitions

The number of transitions in [4] follows the diamond shaped points shown in figure 5. Also if the ATN developed in [3] were used for the Arabic verbs only it will follow the same points. The square shaped points shows the number of transitions needed by the system in hand after applying the previously mentioned constraints.  The triangular shaped points are the reductions. 

Eight Arabic documents from different domains with 2898 words [4], 321 of which were verbs that were used in a statistical experiment.  The statistics shows that 42.37% of the Arabic verbs were 4 characters long. The statistics for the percentage of word length repetitions and the transitions percentage reduction done by the system in hand are shown in figure 6.  From the diagram it is apparent that about 97.82% of the Arabic verbs were between 3 and 6 characters long. Hence, we can deduce that the average transitions percentage reduction for the system in hand is 81.6% which is the average percentage repetitions for lengths 3, 4, 5 and 6. 
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Figure 6: Statistics for word length repetitions and the transitions percentage reduction

2.1.2 Arabic nouns

       The same rules explained in section 2.1.1 will be applied here. Arabic nouns are assumed to satisfy the following formula.

P1+Stem+S1+S2+S3+S4   (formula 2)

Where,

            P1 is the set of conjugates and special articles,

            S1 is the set of suffixes for (النَسَب),

            S2 is the set of suffixes for (التأنيث),

            S3 is the set of suffixes for (التثنية و الجمع),

            S4 is the set of suffixes for the added pronouns.

2.1.3 common words

      Finally, the common words, which also may be inflected (e.g.. فيهم=فى+هم....) will be treated here. Inflected common word is assumed to satisfy the following formula:

P1+Stem+S1 (formula 3)

Where,

           P1 is a subset of the conjugates,

           S1 is the set of connectable pronouns (هـ,ها,هم,هن,ك,كم… الخ).

2.2 Stem refiner component

       The proposed ATN ‘s serves for the purpose of only omitting the affixes. To deal with the stem omitted or converted characters a new component, stem refiner, is added which will be illustrated in this subsection.  An important fact will be explained which results in the need of such component. The fact is that, Arabic verbs and derivational nouns have finite number of patterns for those roots with no weak characters (ا, و, ى) or hamza (ء). If the roots have weak characters or hamza, these basic patterns will have variants. One solution to find the root is to write down all these variants and then matching the word with them  [4]. Applying this approach, 101 pattern categories to account for all pattern variants were used in [4]. Then matching the stem with these patterns to find a root.  Clearly, this approach costs much. Hence, in this work the stem refiner component is added to restore any converted or omitted characters, so that only the basic pattern set is needed for stem match. This will cause a large reduction in the total number of iterations. Table 2 lists the conversion rules for the Arabic verbs. The same approach can be also applied to Arabic nouns. The omitted characters are manipulated in the next section.

	Conditions
	Conversion rules

	Second character = ’ت’ and stem length = 5
	تّ                 وت

	Second character = ‘د’ and stem length=5
	دّ                   دت

	Second character = ‘ذ’ and stem length=5
	ذّ                   ذت

	Second character = ‘ذ’ and stem length=5
	ذد                  ذت

	Second character = ‘ز’ and stem length=5
	زد                 زت

	Second character = ‘ص’ and stem length=5
	صط                صت

	Second character = ‘ض’ and stem length=5
	ضط               ضت

	Second character = ‘ط’ and stem length=5
	ظط                ظت

	Second character = ‘ظ’ and stem length=5
	طّ                  طت

	
	آ                    أا

	
	ئـ                    أ

	
	ؤ                    أ

	
	ئ                   أ


Table 2: Conversion rules for Arabic verbs

2.3 Root identification algorithm

       This section is concerned with the root identifier component. The root identifier component is responsible for matching the stems with the stored patterns. Then the root can be easily identified. Another approach were to develop an algorithm that examines every combination of characters from the stem and check if this combination is a valid root [7], then it produces the pattern. This approach will be superior to that used in [4], but it still needs to store the patterns to check if the legality of produced pattern.

The approach in hand needs only the basic patterns set as mentioned previously since, the stem refiner component restores any converted characters in the stem due to the presence of the weak characters or the hamza in the root. The basic patterns for Arabic verbs are listed in table 3. 

	Pattern length
	the patterns
	Pattern length
	The patterns

	5
	أنيت+فاعل
	3
	فعل

	5
	أنيت+نفعل
	4
	أفعل

	5
	أنيت+فتعل
	4
	فاعل

	5
	أنيت+فعلّ
	4
	فعّل

	6
	أنيت+تفعّل
	4
	افعل

	6
	أنيت+تفاعل
	4
	أنيت+فعل

	6
	استفعل
	5
	انفعل

	6
	أنيت+ستفعل
	5
	افتعل

	4
	فعلل
	5
	افعلّ

	5
	تفعلل
	5
	تفعّل

	5
	أنيت+فعلل
	5
	تفاعل

	6
	أنيت+تفعلل
	5
	أنيت+فعّل


Table 3: Basic Arabic verb patterns

The final point is to deal with the omitted characters. The omitted characters in Arabic verbs are the weak characters or the hamza (if found in the root). This omission occurs under certain circumstances. This will cause the basic patterns to have variants. One solution to this problem is again to write these variants. Another one depends on a new matching Algorithm. The algorithm is built on the fact that the omitted characters must be elements from the set of weak characters and the hamza. The algorithm is further illustrated in the following points:

1. Find the stem length L.
2. Get the patterns whose lengths are L and L-1.
3. Get all the pattern excess characters (all characters except for ف ع  ل)
4. Remove these characters form the corresponding locations in the stem.
5. If the estimated root were four characters long then match the root directly.
6. If the estimated root were three characters long and has a weak character then match the other characters and verify that the third character is also a weak character Else direct match.
7. If estimated root were two characters long then match these characters and verify that the absent character is a weak character or a hamza.
8. Repeat for all patterns in step 2
3. Conclusion

      The new algorithms used in the proposed morphological analyzer are minimal in searching time as explored in the previous sections. The proposed system is directed to the modern Arabic. It can resolve the inflected Arabic word, identify its root and finds its pattern. Small components can be added to this system so that it will be capable of finding the verb tense and many other word attributes. This can be done using the information deduced by the proposed system and some extra linguistic rules.

The proposed ATN ‘s for the Arabic verbs were designed using Prolog [9]. The statistics for the Arabic verbs were based on eight texts from different domains, so that it covers most of the modern Arabic styles.
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تخطيط2

		2														0.9922308546		0.6721804511

		3														0.9578246393		0.6488721805

		4														0.8557158713		0.5796992481

		5														0.6559378468		0.4443609023

		6														0.3873473918		0.262406015

		7														0.1498335183		0.1015037594

		8														0.064372919		0.0436090226

		9														0.1442841287		0.0977443609

		10														0.3440621532		0.2330827068

		11														0.6126526082		0.415037594

		12														0.8579356271		0.5812030075

		13														0.9778024417		0.662406015

		14														1		0.677443609



atn1(p11,s11,s2)

atn2(p11.s13,s2)

atn3(p11,s14)

atn4(p12,s11,s2)

atn5(p12,s12 ,s2)

atn6(p12,s13,s2)

atn7(p12,s14)

overall reduction after applying my second constraint

word length

percentage reduction



تخطيط3

		2		7		1323

		3		38		1292

		4		130		1200

		5		310		1020

		6		552		778

		7		766		564

		8		843		487

		9		771		559

		10		591		739

		11		349		981

		12		128		1202

		13		20		1310

		14		0		1330



Number of transitions with no constraints

Number of transitions after applying the constraints

Overall reduction

Word length

number of transitions

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330
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transitions percentage reduction

Word length

Percentage reduction

0.9947368421

0.9729323308

0.9097744361

0.7917293233

0.6360902256

0.5015037594

0.4533834586
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0.6210526316

0.7766917293

0.9165413534

0.9864661654
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verbs

		

				P1				S1								S2

				P11 for the present tense		P12 for all verb types		S11 for present tense		S12 for the past tense		S13 for all verb types		S14 cannot be connected to S2						conversion rules								comments																								the patterns								Pattern length		the patterns						the patterns		Pattern length		the patterns				Pattern length

				س		ف		ون		ت		ا		وا		ك				ت                 وت								second charcter - stem length=4								2								1								فعل								3								أنيت+فاعل								5

				فل		ل		ين		تم		و		ى		ها				د                   دت								second charcter - stem length=4								3								4								أفعل								4								أنيت+نفعل								5

				فس		""		ان		تما		نا		""		كم				ذ                   ذت								second charcter - stem length=4								4								11								فاعل								4								أنيت+فتعل								5

				""				""		تن		ن				كما				ذد                  ذت								second charcter - stem length=5								5								26								فعّل								4								أنيت+فعلّ								5

										تا		ي				كن				زد                 زت								second charcter - stem length=5								6								57								افعل								4								أنيت+تفعّل								6

										""		""				ه				صط               صت								second charcter - stem length=5								sum								99								أنيت+فعل								4								أنيت+تفاعل								6

																هما				ضط               ضت								second charcter - stem length=5																								انفعل								5								استفعل								6

																هم				ظط                ظت								second charcter - stem length=5																								افتعل								5								أنيت+ستفعل								6

																هن				طّ                  طت								second charcter - stem length=5																								افعلّ								5								فعلل								4

																""				آ                    أا																																تفعّل								5								تفعلل								5

																				ئـ                    أ																																تفاعل								5								أنيت+فعلل								5

																				ؤ                    أ																																أنيت+فعّل								5								أنيت+تفعلل								6

																				ئ                   أ

				4		3		4		6		6		3		10		word lengthe		atn1(p11,s11,s2)		total		reduction		percentage reduction		atn2(p11.s13,s2)		total		reduction		percentage reduction		atn3(p11,s14)								atn4(p12,s11,s2)								atn5(p12,s12 ,s2)								atn6(p12,s13,s2)								atn7(p12,s14)								exauhstive search on my ATN 's		Number of transitions with no constraints		Number of transitions after applying the constraints		Overall reduction		transitions percentage reduction		overall reduction after applying my second constraint		with the second constraint applied		with no constraints

		1		2		1		0		1		4		1		2		2		1		160		159		99.4%		1		240.0		239		99.583%		1		12		11		91.7%		1		120		119		99.2%		1		180		179		99.4%		1		180		179		99.4%		1		9		8		88.9%		901		1330		7		1323		99.5%		894		99.2%		67.2%

		2		2		0		3		3		1		1		5		3		4		160		156		97.5%		8		240.0		232		96.667%		3		12		9		75.0%		5		120		115		95.8%		5		180		175		97.2%		9		180		171		95.0%		4		9		5		55.6%		901		1330		38		1292		97.1%		863		95.8%		64.9%

		3		0		0		0		1		0				2		4		16		160		144		90.0%		30		240.0		210		87.500%		7		12		5		41.7%		17		120		103		85.8%		18		180		162		90.0%		35		180		145		80.6%		7		9		2		22.2%		901		1330		130		1200		90.2%		771		85.6%		58.0%

				4		1		3		5		5		2		9		5		36		160		124		77.5%		80		240.0		160		66.667%		10		12		2		16.7%		41		120		79		65.8%		47		180		133		73.9%		87		180		93		51.7%		9		9		0		0.0%		901		1330		310		1020		76.7%		591		65.6%		44.4%

				0		2		1		1		1		1		1		6		75		160		85		53.1%		145		240.0		95		39.583%		12		12		0		0.0%		72		120		48		40.0%		91		180		89		49.4%		148		180		32		17.8%		9		9		0		0.0%		901		1330		552		778		58.5%		349		38.7%		26.2%

																		7		111		160		49		30.6%		207		240.0		33		13.750%		11		12		1		8.3%		107		120		13		10.8%		147		180		33		18.3%		175		180		5		2.8%		8		9		1		11.1%		901		1330		766		564		42.4%		135		15.0%		10.2%

																		8		144		160		16		10.0%		228		240.0		12		5.000%		9		12		3		25.0%		115		120		5		4.2%		171		180		9		5.0%		171		180		9		5.0%		5		9		4		44.4%		901		1330		843		487		36.6%		58		6.4%		4.4%

				841														9		144		160		16		10.0%		210		240.0		30		12.500%		5		12		7		58.3%		103		120		17		14.2%		162		180		18		10.0%		145		180		35		19.4%		2		9		7		77.8%		901		1330		771		559		42.0%		130		14.4%		9.8%

				1330														10		124		160		36		22.5%		160		240.0		80		33.333%		2		12		10		83.3%		79		120		41		34.2%		133		180		47		26.1%		93		180		87		48.3%		0		9		9		100.0%		901		1330		591		739		55.6%		310		34.4%		23.3%

				489		reduction												11		85		160		75		46.9%		95		240.0		145		60.417%		0		12		12		100.0%		48		120		72		60.0%		89		180		91		50.6%		32		180		148		82.2%		0		9		9		100.0%		901		1330		349		981		73.8%		552		61.3%		41.5%

				36.767%		percentage reduction												12		48		160		112		70.0%		32		240.0		208		86.667%		0		12		12		100.0%		12		120		108		90.0%		32		180		148		82.2%		4		180		176		97.8%		0		9		9		100.0%		901		1330		128		1202		90.4%		773		85.8%		58.1%

																		13		12		160		148		92.5%		4		240.0		236		98.333%		0		12		12		100.0%		0		120		120		100.0%		4		180		176		97.8%		0		180		180		100.0%		0		9		9		100.0%		901		1330		20		1310		98.5%		881		97.8%		66.2%

																		14		0		160		160		100.0%		0		240.0		240		100.000%		0		12		12		100.0%		0		120		120		100.0%		0		180		180		100.0%		0		180		180		100.0%		0		9		9		100.0%		901		1330		0		1330		100.0%		901		100.0%		67.7%

																																																																																				80.6%



NewHossam:
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NewHossam:

NewHossam:

NewHossam:
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NewHossam:



nouns

		

				S4		S3												S2				S1				P1

						S35 (حمع مرفوع  قابل للإضافة)		S35 (حمع مرفوع غير قابل للإضافة)		S34 (مثنى    أو حمع مجرور  قابل للإضافة)		S33 (مثنى    أو حمع مجرور غير قابل للإضافة)		S32 (مثنى  مرفوع  قابل للإضافة)		S31 (مثنى  مرفوع غير قابل للإضافة)		S22 (التأنيث)		S21 (التأنيث) cannot be concatenated furthet more		S12 (النسب)		S11 (النسب) cannot be concatenated furthet more		P15 (definite article)		P14 (congugates +definite article)		P13 (proposition +definite articles)		P12 (congugates)		P11 (prepositions)

				ك		و		ون		ي		ين		ا		ان		ت		ة		وي		وى		ال		فال		كال		ف		ك

				ى								ى																		بال				ب

				كى																		ي		ى						لل				ل

				كم

				كما

				كن

				ه

				هما

				هم

				هن

				10		1		1		1		2		1		1		1		1		2		2		1		1		3		1		3





تخطيط5

		2		2

		3		3

		4		4

		5		5

		6		6

		7		7

		8		8

		9		9

		10		10

		11		11

		12		12

		13		13

		14		14



transitions percentage reduction

precentage of word length repititions

Word length

transitions percentage reduction

percentage of word length repititions

0.9947368421

0

0.9714285714

0.1838006231

0.9022556391

0.4236760125

0.7669172932

0.2523364486

0.584962406

0.1183800623

0.4240601504

0.015576324

0.3661654135

0.0062305296

0.4203007519

0

0.5556390977

0

0.737593985

0

0.9037593985

0

0.984962406

0

1

0



statistics

		

				sum		text1		text2		text3		text4		text5		text6		text7		text8		total		precentage of word length repititions

				2		0		0		0		0		0		0		0		0		0		0.0%

				3		17		3		0		4		12		7		7		9		59		18.4%

				4		13		6		16		19		29		17		13		23		136		42.4%

				5		11		1		10		9		12		15		8		15		81		25.2%

				6		6		1		0		4		9		6		6		6		38		11.8%

				7		1		0		0		0		1		1		0		2		5		1.6%

				8		0		0		0		0		0		1		0		1		2		0.6%

				9		0		0		0		0		0		0		0		0		0		0.0%

				10		0		0		0		0		0		0		0		0		0		0.0%

				11		0		0		0		0		0		0		0		0		0		0.0%

				12		0		0		0		0		0		0		0		0		0		0.0%

				13		0		0		0		0		0		0		0		0		0		0.0%

				14		0		0		0		0		0		0		0		0		0		0.0%

																				area under the curve		321		97.82%

																				average word length		2.3602941176






_1076870909.xls
تخطيط2

		2														0.9922308546		0.6721804511

		3														0.9600443951		0.6503759398

		4														0.8668146504		0.5872180451

		5														0.692563818		0.4691729323

		6														0.4628190899		0.3135338346

		7														0.2641509434		0.1789473684

		8														0.1931187569		0.1308270677

		9														0.2663706992		0.1804511278

		10														0.4406215316		0.2984962406

		11														0.6703662597		0.4541353383

		12														0.8768035516		0.5939849624

		13														0.9800221976		0.6639097744

		14														1		0.677443609



atn1(p11,s11,s2)

atn2(p11.s13,s2)

atn3(p11,s14)

atn4(p12,s11,s2)

atn5(p12,s12 ,s2)

atn6(p12,s13,s2)

atn7(p12,s14)

overall reduction after applying my second constraint

word length

percentage reduction



تخطيط3

		2		7		1323

		3		38		1292

		4		130		1200

		5		310		1020

		6		552		778

		7		766		564

		8		843		487

		9		771		559

		10		591		739

		11		349		981

		12		128		1202

		13		20		1310

		14		0		1330



Number of transitions with no constraints

Number of transitions after applying the constraints

Overall reduction

Word length

number of transitions

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330

1330
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		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14



transitions percentage reduction

Word length

Percentage reduction

0.9947368421

0.9729323308

0.9097744361

0.7917293233

0.6360902256

0.5015037594

0.4533834586

0.5030075188

0.6210526316

0.7766917293

0.9165413534

0.9864661654

1



verbs

		

				P1				S1								S2

				P11 for the present tense		P12 for all verb types		S11 for present tense		S12 for the past tense		S13 for all verb types		S14 cannot be connected to S2						conversion rules								comments																								the patterns								Pattern length		the patterns						the patterns		Pattern length		the patterns				Pattern length

				س		ف		ون		ت		ا		وا		ك				ت                 وت								second charcter - stem length=4								2								1								فعل								3								أنيت+فاعل								5

				فل		ل		ين		تم		و		ى		ها				د                   دت								second charcter - stem length=4								3								4								أفعل								4								أنيت+نفعل								5

				فس		""		ان		تما		نا		""		كم				ذ                   ذت								second charcter - stem length=4								4								11								فاعل								4								أنيت+فتعل								5

				""				""		تن		ن				كما				ذد                  ذت								second charcter - stem length=5								5								26								فعّل								4								أنيت+فعلّ								5

										تا		ي				كن				زد                 زت								second charcter - stem length=5								6								57								افعل								4								أنيت+تفعّل								6

										""		""				ه				صط               صت								second charcter - stem length=5								sum								99								أنيت+فعل								4								أنيت+تفاعل								6

																هما				ضط               ضت								second charcter - stem length=5																								انفعل								5								استفعل								6

																هم				ظط                ظت								second charcter - stem length=5																								افتعل								5								أنيت+ستفعل								6

																هن				طّ                  طت								second charcter - stem length=5																								افعلّ								5								فعلل								4

																""				آ                    أا																																تفعّل								5								تفعلل								5

																				ئـ                    أ																																تفاعل								5								أنيت+فعلل								5

																				ؤ                    أ																																أنيت+فعّل								5								أنيت+تفعلل								6

																				ئ                   أ

				4		3		4		6		6		3		10		word lengthe		atn1(p11,s11,s2)		total		reduction		percentage reduction		atn2(p11.s13,s2)		total		reduction		percentage reduction		atn3(p11,s14)								atn4(p12,s11,s2)								atn5(p12,s12 ,s2)								atn6(p12,s13,s2)								atn7(p12,s14)								exauhstive search on my ATN 's		Number of transitions with no constraints		Number of transitions after applying the constraints		Overall reduction		transitions percentage reduction		overall reduction after applying my second constraint		with the second constraint applied		with no constraints

		1		2		1		0		1		4		1		2		2		1		160		159		99.4%		1		240.0		239		99.583%		1		12		11		91.7%		1		120		119		99.2%		1		180		179		99.4%		1		180		179		99.4%		1		9		8		88.9%		901		1330		7		1323		99.5%		894		99.2%		67.2%

		2		2		0		3		3		1		1		5		3		4		160		156		97.5%		8		240.0		232		96.667%		3		12		9		75.0%		5		120		115		95.8%		5		180		175		97.2%		9		180		171		95.0%		4		9		5		55.6%		901		1330		38		1292		97.1%		863		95.8%		64.9%

		3		0		0		0		1		0				2		4		16		160		144		90.0%		30		240.0		210		87.500%		7		12		5		41.7%		17		120		103		85.8%		18		180		162		90.0%		35		180		145		80.6%		7		9		2		22.2%		901		1330		130		1200		90.2%		771		85.6%		58.0%

				4		1		3		5		5		2		9		5		36		160		124		77.5%		80		240.0		160		66.667%		10		12		2		16.7%		41		120		79		65.8%		47		180		133		73.9%		87		180		93		51.7%		9		9		0		0.0%		901		1330		310		1020		76.7%		591		65.6%		44.4%

				0		2		1		1		1		1		1		6		75		160		85		53.1%		145		240.0		95		39.583%		12		12		0		0.0%		72		120		48		40.0%		91		180		89		49.4%		148		180		32		17.8%		9		9		0		0.0%		901		1330		552		778		58.5%		349		38.7%		26.2%

																		7		111		160		49		30.6%		207		240.0		33		13.750%		11		12		1		8.3%		107		120		13		10.8%		147		180		33		18.3%		175		180		5		2.8%		8		9		1		11.1%		901		1330		766		564		42.4%		135		15.0%		10.2%

																		8		144		160		16		10.0%		228		240.0		12		5.000%		9		12		3		25.0%		115		120		5		4.2%		171		180		9		5.0%		171		180		9		5.0%		5		9		4		44.4%		901		1330		843		487		36.6%		58		6.4%		4.4%

				841														9		144		160		16		10.0%		210		240.0		30		12.500%		5		12		7		58.3%		103		120		17		14.2%		162		180		18		10.0%		145		180		35		19.4%		2		9		7		77.8%		901		1330		771		559		42.0%		130		14.4%		9.8%

				1330														10		124		160		36		22.5%		160		240.0		80		33.333%		2		12		10		83.3%		79		120		41		34.2%		133		180		47		26.1%		93		180		87		48.3%		0		9		9		100.0%		901		1330		591		739		55.6%		310		34.4%		23.3%

				489		reduction												11		85		160		75		46.9%		95		240.0		145		60.417%		0		12		12		100.0%		48		120		72		60.0%		89		180		91		50.6%		32		180		148		82.2%		0		9		9		100.0%		901		1330		349		981		73.8%		552		61.3%		41.5%

				36.767%		percentage reduction												12		48		160		112		70.0%		32		240.0		208		86.667%		0		12		12		100.0%		12		120		108		90.0%		32		180		148		82.2%		4		180		176		97.8%		0		9		9		100.0%		901		1330		128		1202		90.4%		773		85.8%		58.1%

																		13		12		160		148		92.5%		4		240.0		236		98.333%		0		12		12		100.0%		0		120		120		100.0%		4		180		176		97.8%		0		180		180		100.0%		0		9		9		100.0%		901		1330		20		1310		98.5%		881		97.8%		66.2%

																		14		0		160		160		100.0%		0		240.0		240		100.000%		0		12		12		100.0%		0		120		120		100.0%		0		180		180		100.0%		0		180		180		100.0%		0		9		9		100.0%		901		1330		0		1330		100.0%		901		100.0%		67.7%

																																																																																				80.6%



NewHossam:

NewHossam:
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				S4		S3												S2				S1				P1

						S35 (حمع مرفوع  قابل للإضافة)		S35 (حمع مرفوع غير قابل للإضافة)		S34 (مثنى    أو حمع مجرور  قابل للإضافة)		S33 (مثنى    أو حمع مجرور غير قابل للإضافة)		S32 (مثنى  مرفوع  قابل للإضافة)		S31 (مثنى  مرفوع غير قابل للإضافة)		S22 (التأنيث)		S21 (التأنيث) cannot be concatenated furthet more		S12 (النسب)		S11 (النسب) cannot be concatenated furthet more		P15 (definite article)		P14 (congugates +definite article)		P13 (proposition +definite articles)		P12 (congugates)		P11 (prepositions)

				ك		و		ون		ي		ين		ا		ان		ت		ة		وي		وى		ال		فال		كال		ف		ك

				ى								ى																		بال				ب
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				ه

				هما

				هم

				هن

				10		1		1		1		2		1		1		1		1		2		2		1		1		3		1		3
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		2		2

		3		3

		4		4

		5		5

		6		6
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		11		11

		12		12

		13		13

		14		14



transitions percentage reduction

precentage of word length repititions

Word length

transitions percentage reduction

percentage of word length repititions

0.9947368421

0

0.9714285714

0.1838006231

0.9022556391

0.4236760125

0.7669172932

0.2523364486

0.584962406

0.1183800623

0.4240601504

0.015576324

0.3661654135

0.0062305296

0.4203007519

0

0.5556390977

0

0.737593985

0

0.9037593985

0

0.984962406

0

1

0



statistics

		

				sum		text1		text2		text3		text4		text5		text6		text7		text8		total		precentage of word length repititions

				2		0		0		0		0		0		0		0		0		0		0.0%

				3		17		3		0		4		12		7		7		9		59		18.4%

				4		13		6		16		19		29		17		13		23		136		42.4%

				5		11		1		10		9		12		15		8		15		81		25.2%

				6		6		1		0		4		9		6		6		6		38		11.8%

				7		1		0		0		0		1		1		0		2		5		1.6%

				8		0		0		0		0		0		1		0		1		2		0.6%

				9		0		0		0		0		0		0		0		0		0		0.0%

				10		0		0		0		0		0		0		0		0		0		0.0%

				11		0		0		0		0		0		0		0		0		0		0.0%

				12		0		0		0		0		0		0		0		0		0		0.0%

				13		0		0		0		0		0		0		0		0		0		0.0%

				14		0		0		0		0		0		0		0		0		0		0.0%

																				area under the curve		321		97.82%

																				average word length		2.3602941176






