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Abstract. Due to aldvances in computer technology, language dictioraries are gradually gaining adda-
tional importance. Great achievements have been reported in areas such as natural language processing,
speech recognition and other Al applications. Most of these applications require the availability of a dic-
tionary that can be maintained and accessed in a very efficient way. Dictionaries are also required in con-
ventional applications such as speiling correction and data base management,

In this puper a flexible, cfficicot bitmap compression method for Arabic dictionarics is described. The
methoed 1s based on an invertible integer transformation and may either be used to store root-based dic-
tionaries or stem-based dictionaries. In the first case each root may cost up to 5 bits at most (less than two
hits per character) if all Arabic roots are stored . Practically, only onc bit is needed to storc the whole root,
but the additional bits are due to the sparsity of the resulling struclure. Itis quite feasible that the number
of bits per root may be reduced 10 less than 2. For the second type of dictionary 17 bits at most are needed
to represent a stem up to 7 characters in length (less than 3 bits per character}. Again this figure may be
improved if the sparsity problem is solved. The operations required to maintain the dictionary are very
simple and very cheap in terms of proeessor time. The flexibility of the resulting structure is reflected in
the: fact that an unlimited number of attribites mity be added as parallel atrays or bitmaps.

Introduction

Dictionaries are now commonly used in many compauter applications such as spelling
correetion [1], data base management systems, natural language processing [2, pp.
295-344] and several other arcas. The structure of the dictionary and the amount of
information kept in it varies from one application to another. For some applications
the dictionary is just a glossary of proper words in the language that may be used to
cheek if a given word is a member of the language or not, and if the word is wrong
provides some alternatives (e.g. Spelling correction programs). 1n some other cases
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the dictionary is loaded with some additional information such as syntactic and
semantic attributes. This is generally the case in most natural language processing
and knowledge acquisition systems.

As for the Arabic language, dictionarics are of special nature. The organization
of most classical Arabic dictionaries such as Lissan El-Arab [3] are based on word
roots rather than on the word itself. This is mainly due to the strong derivational
properties that characterise the Arabic language. It is well known that, apart from
few cxccptions, any Arabic word may easily be reduceed to a simple root using a well
defined invertible procedure. This means that instead of storing the whole word in
the dictionary one can just store the corresponding root and rely on the established
measures and methods to generate the word or analyse it [4]. This convention has
also been adopted in many computerised systems today [3, pp. 247-332]. The root
orgnisation method greatly reduces the size of the dictionary, but clearly the mor-
phological analysis (synthesis) process is a big burden on computerised systems,
especially those which just need to check interactively if a word is proper or not.

In this paper, a flexible, efficient bitmap compression method is described. The
method is based on an inveretible integer transformation and may either be used 1o
compliment the root compression technique or independently to store all possible
stems in the language. The sccond option may be taken in the case of interactive
applications where morphological analysis may greally affect the response time. The
basic terminology is introduced in section 2. Observations on Arabic word structure
and dictionary organisation are given in section 3. The bitmap compression method
is described in section 4. Conclusions and recommendations are given in section 5.

Basic Definitions and Terminology

According to Arabic morphoiogy, most Arabic words has the following general
structure:

word=prefixcs+stem +suffixes (1)

where the prefixes and suffixes are picked from a finite, well-defined set of affixes in
the language (the plus sign is used here to indicate concatenation}. Generally, a word
may take up to three prefixes and up to three suffixes. Examples of prefixes are
(Gl ¢ ()t ). Examples of suffixes are ( ¢« ¢ 0p Oy ).

The stem C—L>- ) of the word is usually derived from the root ( ke )
using a standard measure ( ¢ Ujes ). The root is the atom from which words are
composcd using standard measures and affixes. The toot consists of the minimum
number of characters beyond which the word will cease to have an independent
meaning. Dropping any character from the root makes it meaningless. Most Arabic
roats are triliteral or tetraliteral [5, p 132].
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Observations on Arabic Word Structure and Dictionary Organization

The Arubic langnage is characterised by some interesting morphological proper-
ties that makes it unique among its current counterparts. The following are some of
these properties:

i} Apart from few exceptions, any proper word in the language may be reduced to
a corresponding root in the language.

if) The total number of roots in classical Arabic [5,p 132] is slightly less than ten
thousands.

iii) 70% of the above roots are triliteral, 27% are tetraliteral and only 2% are pen-
taliteral [5,p 132].

iv) The number of words that may be generated from a single root are 120 on aver-
age.

v} Words are gencrated from roots using a regular, invertible process that may be
programmed. Given a root, one can easily generate any of the corresponding
words using appropriate meusurcs and affixes. On the other hand, given any
word the corresponding root may easily be traced by simply reversing the pro-
cess.

vi) The number of characters in a standard stem may rarely exceed seven [6,p 67].
In the majority of cases it is below six,

The Compression Method

The compression method adopted in this paper is a two-stage process:

a) first, each string in the dictionary is transformed into a unique finite integer using
a simple, invertible integer transformation.

b) secondly, the integer representation obtained in (a) is then transformed into a
single bit on a bitmap using sct operations.

An invertible integer transformation for character strings

Tn order for the method o work properly and for the dictionary to be useful, the
transformation function has been chosen such that the following conditions are satis-
fied:

i) uniqueness

The integer representation obtained for cach string should be unigue. Two
strings may have the same integer representation only if they are cqual.

ii) vptimality

The integer representation obtained for a string should be as small as possible.
This is important since the size of integers on most computers is very restricted. Note
that here we mean constrained optimality. The major constraint here is the inverta-
bility condition below,
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ili) invertability

It should be possible to obtain the string back from its equivalent integer rep-
resentation by simply inverting the process.

iv) aperation preservence

The transformation should preserve most of the known string operations such as
insertion, deletion, concatenation ... ete. This is important because in many applica-
tions users may need to generate new strings by simple manipulation of existing
strings.

To satisfy the uniqueness condition (i), it has been decided that each alpha
character is a unique digit in some number system whose radix is equal to the total
number of alpha characters needed to represent strings in the dictionary. Neglecting
vowels and assuming that various shapes of an Arabic letter reduce to the same inter-
nal code and including the white space characier, the total number of characters
needed to represent words in the dictionary will be around 31 (here we differentiate
between internal representation and external shape of characters. e.g. The hamza has
four shapes which logically reduce to one. However, the vowels may be needed to
obtain the external shape). This means that the radix of the required number system
should at least be 31. Howgver, to satisfy the invertability condition (iii), the radix
should be a power 0f 2. This will guarantce compatibility with the internal binaty rep-
resentation of intcgers and greatly simplify the extraction of strings from the equiva-
lent integer representation. Consequently it has been decided to use 32 instcad of 31
as a radix for the needed number system. This implies that 5 bits are needed to repre-
sent ¢ach character instead of 7 or 8 (as in most character codes). Tt seems that this is
the most we can do to satisfy the optimality condition (ii) at this stage. Note that in
the second phasc of this process this figure will be reduced to less than two bits per
character for triliteral routs. According to this scheme 8 bytes will be enough to store
the integer representation of a 12-character string,

Having identificd the required number system, the transformation is simply
achieved by viewing each word as a pentadecimal integer whose most significant
numeral is the first character and the least significant numeral is the last character.
Each character is then converted into an equivalent penta numeral using a table like
the table shown in uppendix A. Before stating the transformation algorithm, let us
introduce some data structures. Note that all data structures and algorithms below
will be introduced directly in turbo Pascal to facilitate ¢asy communication and
understanding. If the reader has any problems in understanding onc of the algorithms
he is advised to refer to uny standard refcrence on turbo Pascal e g. [7]. At this stage
two data structures are needed:

ARAB_CH: ARRAY [0..31] OF CHAR; {THIS ARRAY HOLDS THE
ARABIC CHARS.}
VALUE : ARRAY[128..165] OF INTEGER;
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{THE VALUE ARRAY HOLDS THE PENTA VALUES OF ARABIC
CHARACTERS INDEXED BY THEIR POSITIONS IN THE CHARACTER
CODE TABLE (128 - 165)

The above arrays may be created using the following piece of code:

ARAB_CH[0]:="; {THE FIRST CHARACTER 18 THE NULL CHARACTER}
FOR 1:=1 TO 30 DO
BEGIN
READLN(ARAB_CH{1]);
VALUE[ORD(ARAB_CHI[I]):=I; {PENTA VALUE BECOMES I}
END;

Here ORD is the Pascal ordinal function that returns the position of the charac-
ter in the character code table.

In view of this the pentadecimal transformation may be expresscd as follows:

Algorithm (1)
FUNCTION H(WORD: STRING): LONGINT;
VAR K:INTEGER; TEMP: LONGINT; {LONGINT REQUIRES 4 BYTES}
BEGIN
TEMP:=0;
FOR I:=1 TO LENGTH{WORD) DO
TEMP:=TEMP*32+VALUE[ORD{WORD[K])];
H:=TEMP;
END;

Here WORD is the dictionary entry to be tranformed and H is the equivalent
pentadecimal representation. To illustrate how the above algorithm works consider
the word ( =S ). The penta values corresponding to letters |s ¢ 4 4 are
24,5 and 3 respectively (from right to left). The above algorithm will compute H as:

Hi= (1°32432)+ (2*32)+3 ——> 24739
)

A string whose length is less or egual to 6 may be extracted from its equivalent
integer representation using the following simple function:

Algorithm (2)

FUNCTION RET-STRING (H_VALUE: LONGINT): STRING:
VAR TEMP_H: LONGINT; RST: STRING;
N,PENTA_NUMERAL: INTEGER;

BEGIN
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RST:="; {RST is the string to be obtained from H_VALUE}

N:=LOG 32(H_VALUE); { N is the expected tcngth of RST}

{L.OG 32 is a function that gives the rounded log to base 32)

WHILE N>=0DO

BEGIN

{Obtain the penta numeral for the current character}

PENTA_NUMERAL:=H_VALUE DIV POWER (32,N);

{The POWER function raises 32 to the power N —Concatenate character to

string}

RST:=RS$T+ARAB_CH|PENTA_NUMERALY;

{Get H_.VALUE for remaining substring)

H_VALUE:=H_VALUE MOD POWER(32,N);

N:=N-1; {Consider next character}

END;
RET_STRING:=RS5T;
END;

For an implementation of the function LOG32 and POWER see appendix B.
The main reason behind the restriction on the number of characters is that the DIV
and MOD operators are restricted to integers which occupy less than 4 bytes on most
computers. However, longer strings may easily by handled by simulating the DIV
and MOD operations for double integers and other types of numerical data using the
INT function and related arithmetic operations. Alternatively, a long string may be
decomposed into several segments. For Arabic, six characters are more than enough
in many cases,

For an implementation based on shiflt operations for the above algorithm see
appendix C.

Operations preserved by the transformation

In this section it is shown that most string operations are preserved under the
tranformation H described in the above section. These include:

a) Character insertion

As expluined earlier, under this transformation each character is represented by
a numeral in the pentadecimal system. Each penta numeral is equivalent to 5 bits on
the binary scale. To insert a new character we simply insert the equivalent penta num-
eral in the proper position. e.g. To insert a character at position P from the beginning
one may use the following algorithm:

Algroithm (3)
PROCEDURE INSERT(X: CHAR; P: INTEGER: WORD: STRING);
{Insert a character X at position P in WORD}
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VAR
H_VALUE, HIGH, LOW: LONGINT;
N: INTEGER;
BEGIN
H_VALUE:—H(WORD);
N:=LOG32(H_VALUE});
{Split word into HIGH and LOW}
HIGH:=H_VALUE DIV POWER(32,N-P+1); {Strip off the low N-P+1
characters and leave P-1 characters to form HIGH}
LOW:=H_VALUE MOD POWER(32 N-P+1),
HIGH: =HIGH*32+PENTA-NUMERAL[ORD{X)]; {Insert character}
H_VALUE:=HIGH*POWER(32,N-P+1)+LOW; {Merge HIGH and LOW}
WORD:=RET_STRING(H-VALUE); {Obtain new word}
END;

This scheme may ecasily be generalised to insert k characters at any position in the
string. For an implementation using shift operations see appendix C.

b) Character deletion

A similar algorithm may be uscd to delete a character from any position in a
given string. To delete a character at position P from the heginning the following
algorithm may be used:

Algorithm (4)
PROCEDURE DELETE (X: CHAR; P: INTEGER; WORD: STRING);
VAR
H_VALUE, HIGH, LOW: LONGINT;
N: INTEGER;
BEGIN
H_VALUE:=H(WORD);
N:=LOG32(H_VALUE),
HIGH:=H_VALUE DIV POWER (32,N-P);
{High consists of the first P characters}
LOW:=H_VALUE MOD POWER (32, N-P);
{Low consists of the remaining N-P charactcrs}
{Now delete the character at position P}
HIGH:-HIGH DIV 32;
H_VALUE:-HIGH*POWER(32,N-P}-LOW; {Merge HIGH and LOW)
WORD: =RET_STRING(H_VALUE);
END;

Ancther implementation for the delete operation based on shift operations is given
in appendix C.
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) String padding

According to this scheme padding may be effected by adding zeros at the end of
the H-value for the string. As shown in Appendix A, the zero penta value corres-
ponds to the NULL character. To add the equivalent of K NULL characters at the
end of a given H value, one simply performs the following operation:

H:=H SHL (5*K); 3)

d) Pattern matching and string ordering

It is interesting to note that under this transformation pattern matchin g is
teduced to a single integer operation. However, it is important to notc that if strinps
are to be ordered in some way then comparisons under H may lead to proper results
only if the involved strings are of the same length. Therefore, the value of H for shor-
ter sirings should be adjusted before comparison using the padding operaticn
described in ¢ above.

€) String concatenation

Examples of string concatenation have already been encountered in {a) and (b)
above. These are the lust steps of algorithms (3) and (4). Generally, to concatenate
a string S2 of length N to another string $1 one performs the following:

H(NEW_STRING):=H(S1) SHL (5*N) + H(S2); €Y

A bitmap representation for the dictionary

This section describes the second phase of the dictionary implementation where
the H value of each root is transformed into a single bit on a bitmap scale. The
implementation is strongly based on Pascal set structures, although some other alter-
native structures may be cmployed. To understand the algorithms and the discussion
below a deep understanding of the set structure and its implementation is requircd.
For this purpose the reader is referred to reference [8, pp. 23-34]. The reader is also
referred to the manual of turbo Pascal version 5 in order to understand the basic con-
cepts of type casting,

It is assumed that the dictionary is just a list of proper words in the lan guage with-
out vowcls. This type of dictionary is uselul in many applications such as spelling cor-
rection, natural language processing, data base management... etc. This assumption
greatly simplifies the technique presented here witheut much loss in generality. The
bitmap representation discussed here may later be extended to include other attri-
bute bits and bytes whenever needed. It is also assumed that all written shapes of an
Arabic character reduce to the same character code. In this way one ends up with 31
characters, including the NULL character. Given these facts an Arabic dictionary
may be implernented using one of the following options or a combination of both;
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A bitmap for triliteral Arabic roots

The triliteral roots have the property that the corresponding value of H is always
in the range (1000,30000). This is because the first Arabic character corresponds to
a penta value of 1, and even if the first triliteral root consists exclusively of the first
character then according to algorithm (1) one gets:

H:=14(1*32)+(1*32*32) which is > 1000 (5)

A similar argument may be uscd to show that the H value for the last root in the
Arabic dictionary is less than 3000. It is also known that the total number of triliteral
roots in the language is in the range (6000,7000). This means that if we use a bitmap
consisting of 29(NX) bits to represent about 6500 roots then each root requires less than
5 bits in the worst case. Practically the number of bits per root may be reduced to less
than 4 bits per root.

The hitmap is implemented using the Pascal set structure. The bitmap is vicwed
as an array structure BITMAP{1..1000] consisting of a finitc number of SET_UNITS,
where cach SET_UNIT is defined as a set structure consisting of 32 bits. Initally all
bits in each SET_UNIT are set to zero. To add a root to the bitmap one simply uses
the root H value to compute the index of the appropriate SET_UNIT and the offsct
inside that unit. The index of the appropriate SET_UNIT is computed using the oper-
ation H DIV 32 while the offset inside the SET_UNIT is computed using the opera-
tion H MOD 32. The position corresponding to the offset inside the SET_UNIT is
then ser to 1 indicating the presence of a root. As an example the K* SET UNIT may
lank as follows:

SET_UNITNO. K:

0000100111001 1060101010100001 1

Note that the above SET_UNIT indicates the presence of 12 roots whose H
values start at (32*K)+4 and finish at (32*K)+31.

Itis important to note here that this representation for the 12 roots may be stored
in the computer as a 32-bit single integer using type casting operations. Therefore,
the whole bitmap may be saved as a sequence consisting of about only 1000 32-bit
integers, and this is thc main attraction of the process (See algurithm (6) below).

Algorithn (5}
Data structures: Tt is assumed that the following data structures are defined at
the top of the enclosing program:
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TYPE
§= 1 SET_UNIT;
SET_UNIT= SET OF 0..31; {members of the bitmap}
Q=1 LONGWORD;
VAR
BITMAP = ARRAY (1..1000] OF SET_UNIT:
{It has been felt from the example dictionary that at most 1000 SET_UNITS are
Tequired to store the whole dictionary)
LK,R: INTEGER,
P: POINTER;
M: Q;

Algorithm (6)
Adding a root to the hitmap

PROCEDURE ADD_ROOT (ROOT: STRING);

VAR
H_VALUE: LONGINT; K,R: INTEGER,;

BEGIN
H_VALUE:=H(ROOTY; {compute H using algorithm 4.1}
H_VALUE:=H_VALUE - MIN; { numbers below MIN do not correspond to
proper roots}
K:=H_VALUE DIV 32; {computc index of appropriate SET_UNIT}
R:=H_VALUE MOD 32; {compute thc offset inside the SET_UNIT}
BITMAP[K]:= BITMAP[K]+[R]; {set position R in the SET_UNIT to 1}

END;

Algorithm (7}

Saving the bitmap;

In the algorithm below type casting operations are used to store the bitmap.
Each SET_UNIT in the bitmap is tranformed into an integer puinted to by M (see the
declarations above)

To write the bitmap 1o a file one performs the following:

FOR K:=1TO 1000 DO
BEGIN

P:=@(BITMAP[K]}); {take the address of a bitmap Kth element and store it in
P}

M:=P; {convert the bitmap unit into an equivalent longword pointed to by the
pointer M}
WRITE (FILENAME,' ", M 1 ); {save the bitmap element}

END,;
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Notc here that the symbol '@ is the address operator that takes the address of
an object, and the symbol " is a qualify operator indicating the object pointed to by
the preceding pointere.g. M 1 is used to indicate the object pointed to by the pointer
M.

Algorithm (8)
loading the bitmap: To ioad the bitmap from a file one simply reverses the above
procedure:
FOR K:=1TO 1000 DO
BEGIN
READ(FILENAME, X); (X is a longword}
P:=@(X); {store the address of X in pointer P}
8:=P; {convert the longword back into SET_UNIT}
BITMAPIK]:=8 1 ;
END;

Note that the above algorithms assume that all the bitmap units include some
elements. However, if the structure is sparse then the algorithms may be modified 1o
compress the parts that include consecutive empty bitmap units. The value of the
longword corresponding to an empty bitmap unit will be zero. To compress the empty
parts, onc may simply count the number of consecutive zeros and write the count as
a negative inleger in the list,

If the reader has any problems in understanding the above algorithms he should
consult the references sited at the beginning of this section.

A bitmup for other roots and stems

If a morphological analyses is used, then the above bitmap is enough to verify if
a given word is a proper member of the language or not. Similarly, the above bitmaps
may be used with a morphological synthesizer to generate proper words in the lan-
guage. However, current morphological analysers and synthesizers may be quite
slow for interactive applications such as spelling correction. In such cases it may be
more appropriate to generate a bitmap for all actively used stems corresponding to
each of the above mentioned roots. According to observation (vi) of section 3 above,
these stems are six characters long on average. The problem here is that H is a bit
large [in the range (32%,32%)] and the resulting structure may be very sparse. This
problem also arises in the cases of tetraliteral and pentaliteral roots. To avoid this the
following partial bitmap may be used:

Algorithm (9)

i} if word length > 3 then divide the word into two segments: a HEAD and a
TAIL. The TAIL is composed of the last three letters while the HEAD is used to
store the first part of the word {one to four characters may be accommodated in the
HEAD).
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i) Compute H for euch segment using algorithm (1) above.
iii) use a bitmap similar to the ROOT bitmap Eq. (5) to represent the TAIL part
of all words. In many cases the TAIL is a root or close to a root.

iv) use a word urray to store H for the HEAD part corresponding to each TAIL.
The sizc of the array should be cqual to the number of bits in the TALL bitmap. If a
TAIL has more than one HEAD then a ncgative integer may be used to indicate the
place of all corresponding HEADs in some additional structure. i.e. an array entry
may be positive or negative, If it is positive then it represents the value of H fur a
unique HEAD. If it is negutive then it indicates the prescnce of more than one
HEAD for the corresponding TAIL. The place of these HEADs in some additional
structure is obtained by simply negating the entry.

v} The additional structure may be a simple table consisting of several entries for
each TAIL. Empty areas may be compressed by just storing the number of zero
entries.

Assuming that there may be up to 100000 proper Arabic stems, the above
scheme may be organised to accommodate all these stems o a very efficient way.
More statistics are needed to produce a very efficient representation.

Adding vowels

Vowels are very important in the study of Arabic morphology and they should
be included with the word. The bitmap representation method described above
allows the inclusion of vowels as a separate compressed attribute of any element in
the dictionary. This is achieved by adopting a tetradecimal number system where:

U stands for sukoon

1 stands for fatha

2 stands for dhamma
3 stands for kassra

The radix of this number system is 4, which is a power of 2. In this way, we can
use a transformation similar to algrorithm (1) to convert the vowels of a given word
into a single small integer, Later the transformation may be inverted to obtain the
vowels back using an algorithm (2). ‘The vowels are an important aid in restricting the
total number of characters to 31.

Note that the above vowel representation system may be extended to include
tanween and shadda. In that case the octal number system will be more appropriate.
However, for morphological purposes, ihe above vowels are enough. Tanwcen is
relevant only in case of syntax analysis and text formatting. It is also well known that
the presence of a shadda indicates that the associated character is doubled and that
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the first accurrence of this character is associated with a sukoon. This fact may be
used to implement the shadda implicitly.

Implementation Issues

The above ideas have been used to implgment an actual Arabic dictionary con-
sisting of about 10000 roots. 70% of these are triliteral roots. It is interesting to note
that only 4000 bytes were needed to store around 7000 triliteral roots i. e. less than two
bits per character. Asfor the remaining roots the structure is less efficient but still bet-
ter than conventioan! methods. The roots were taken from the famous Arabic dictio-
nary “EL QAMOQOS EL-MUHEET™. Sections of the implementation program are
given in appendices B and C. The whole program is available on request.

Conclusions

A bitmap compression method has been proposed for Arabic dictionaries. The
method is based on an invertible integer transformation and may be used to store
triliteral roots or full stems. There is no reason why the method may nol be used to
store other attributes for roots and words. The method dues not only provide an effi-
cient storage scheme, but also simplifies the search process for words and roots and
offers u strong basis for morphological analysis. It is also believed that the method
will have wide implications in the area of text ¢diting and encryption. Perhaps the
major gain here is that the word is now an integer entily that may easily be manipu-
lated and transformed.

The main problem encountered is that, due to the invertability constraint, the
size of the transformation H increascs dramatically as the number of charactersin the
world increases. ‘This leads o very sparse bitmaps with large empty spaces. Mote
work is needed Lo solve this problem.
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Appendix (A)
Arabic Character Table
Penta value Ord [ch] Arab-ch

1 128 .

2 134 |

3 135 —

4 136 i

5 137 o

6 139 o

7 140

8 142 g

9 143 C
10 144 3
11 145 3
12 146 J
13 147 J
14 148 o
15 149 o
16 150 o
17 151 o
18 152 R
19 153 -
20 154 d
21 155 4
2 156 o
23 157 J
24 158 4
25 159 d
26 160 £
27 161 v
28 162 !
29 163 4
30 165 4
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Appendix (B)

Implementation of Major Algorithms (1) — (4) Using MOD, DIV and Power ()pera-
tions

To Run the ProE:::m you Need Turbo Pascal Ver. 5 and Musaid El-Arabi Ver. 2
2 o J.:I.” T )

PROGRAM TEST 1 (INPUT, OUTPUT});

USES TP_API,

VAR
A_CHAR, CH: CHAR,
MR, ITEM, RT, ITEM 2: STRING;
Y, Y2: LONGINT;
P, 1. INTEGER;
VALUE: ARRAY [128 .. 165) OF INTEGER;
ARAB_CH: ARRAY [0 .. 31] OF STRING [1};
EP, GP, FFP1, GPIl, FP2: TEXT;

FUNCTION POWER (M: LONGINT; N: INTEGER): LONGINT;

POWER FUNCTION IMPLEMENTATION

VAR

P: LONGINT;

BEGIN
P: = ROUND (EXP (N*LN(INT(M))});
POWER: = P;

END;

FUNCTION LOG32 (X: LONGINT): INTEGER;

LOG32 FUNCTION IMPLEMENTATION

BEGIN
LOG32: = ROUND (LN(X)/LN(32));
END;

FUNCTION H(WORD: STRING): LONGINT;

ALGORITHM (1) : THE TRANSFORMATION H
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VAR
K: INTEGER;
TEMP: LONGINT;
BEGIN
TEMP: = 0;
FOR K: = 1 TO LENGTH (WORD) DO
TEMP: = TEMP* 32 + VALUE [ORD (WORD[K])];
H: = TEMP;
END;

FUNCTION RET STRING (X: LONGINT): STRING;

ALGORITHM (2) : INVERTING THE TRANSFORMATION H

VAR
H VALUE: LONGINT, RST: STRING;
N,PENTA NUMERAL: INTEGER;
BEGIN
RST: ="",;
H_VALUE: = X;
N: = LOG 32 (H_VALUE);
WHILEN > =0D0O
BEGIN
PENTA_NUMERAL: = 1I_VALUE DIV POWER (32, N);
RST: = RST + ARAB-CH[PENTA-NUMERALY;
H_VALUE: = H_ VALUE MOD POWER (32, N);
N: = N-1;
END;
RET_STRING: = RST;
END;

PROCEDURE INSERT (X: CHAR; P: INTEGER; VAR WORD: STRING);

ALGORITHM (3) : THE INSERTION PROCEDURE

VAR
H_VALUE, H_VALUEZ, HIGH, LOW: LONGINT;
N: INTEGER;
BEGIN
H_VALUE: = H (WORD?);
N: = LOG 32 (H_VALUE);
HIGH: = H VALUE DIV POWER (32, N-P + 1);
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LOW: = H_.VALUE MOD POWER (32, N-P +1);
HIGH: = HIGH"32 + VALUE[ORD(X)]; { INSERT CHARACTER}
H_VALUE: = HIGH*POWER (32, N-P + 1} + LOW;
WORD: = RET_STRING (H_VALUE);
WRITELN (WORD);
END;

L]

PROCEDURE DELETE (P: INTEGER; VAR WORD : STRING);

ALGORITHM (4): THE DELETE PROCEDURE

VAR
H_VLAUE, HIGH, LOW: LONGINT;
N: INTEGER;
BEGIN
H_VALUE: = H(WORD);
N: = LOG32 (H_VALUE); WRITELN (N);
HIGH: = H_VALUE DIV POWER (32, N-P),
LOW: = H_.VALUE MOD POWER (32, N-P);
HIGH: = HIGH DIVE 32;
H_VALUE: = HIGH*POWER (32, N-P) + LOW;
WORD: = RET_STRING (HL VALUE);
END;
BEGIN
ASSIGN(FP,'“ARR.LET""); RESET (FP),
ASSIGN(GP, “ARB. RES"); REWRITE (GP);
SSIGN(FP1, “MSR. TXT"); RESET (FP1);
ASSIGN(GP1, “MSR. RES"); REWRITE (GP1);
ARAB_CH[0]: = '";
FORI: = 1 TO 30 DO
BEGIN
READIN(FP,CH); ARAB-CH[1}: = CH;
{ARABIC CHARACTERS ARE SUPPOSED TO BE IN THE FILE

ARB.LET}
VALUE [ORD (CH)]: =1;
WRITELN{GP, ARAB_CHI[I], ", ORD(CH),’ Iy
END;
READLN(ITEM); {TEST H AND RET_STRING)
Y: =H(ITEM); RT: = RET_STRING (Y}; WRITELN(Y,’ "\ RT);

READLN(ITEM): READLN{A_CHAR); READLN(P);
{TEST INSERT}

INSERT (A_CHAR, P, ITEM); WRITELN(' ITEM AFTER
INSERTION="ITEM};
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READLN(ITEM); READLN(P);

{TEST THE DELETION PROCEDURE}

DELETE(P, ITEM); WRITELN(' ITEM AFTER DELETION =',ITEM);
END.

Appendix {C}

Implementation of Major Algorithms Using Shift Operations

To Run the Program You Need Turbo Pascal Version and Musaid El-Arabi Ver.
22 o ol el )

PROGRAM TEST2 (INPUT, OUTPUT);

USES TP_API;

VAR
CH,A_CHAR: CHAR,
MR, ITEM, RT, ITTEM2, A-WORD: STRING;
Y, Y2: LONGINT;
LP: INTEGER;
VALUE: ARRAY [128 .. 165] OF INTEGER;
ARAB_CH: ARRAY [0 .. 31] OF STRING [1];
FP, GP, FP1, GP1, FP2: TEXT;

FUNCTTON LOG32 (X: LONGINT): INTEGER;

LOG32 FUNCTION IMPLEMENTATION

BEGIN
. LOG32:= ROUND (LN{X)LN(32));
END;

FUNCTION H{(WOED: STRING): LONGINT,;

ALGORITHM (1). THE TRANSFORMATION H

VAR

K: INTEGER;

TEMP: LONGINT;

BEGIN
TEMP:={),
FOR K:=1TO LENGTH {WORD) DO
TEMP:=TEMP*32+VALUE [ORD{WORD [K])];
H:=TEMP;

END;
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FUNCTION RET_STRING (X: LONGINT): STRING;

ALGORITHM (2): INVERTING THE TRANSFORMATION H

YAR
H VALUE: LONGINT; RST: STRING;
N, PENTA_NUMERAL: INTEGER;
BEGIN
RST:="";
N:=LOG32 (X); WRITELN ('N=",N);
H_VAILUE;=X SHL (5*(6-N)+2); {STRIP LEADING ZEROS)
WHILE ABS (H_VALUE)>0D0O
BEGIN
PENTA NUMERAL:=H_VALUE SHR 27,
RST.=RST+ARAB_CH [PENTA_NUMERAL];

H_VALUE:=H_VALUE SHL 5;
END;
RET_STRING:=RST;
END;

PROCEDURE INSERT (X: CHAR; P: INTEGER; VAR WORD: STRING);

ALGORITHM (3) : THE INSERT OPERATION

{ TO INSERT A CHARACTER AT POSITION P}

VAR
H_VAIUE,H_VAIUE2 HIGH, LOW: LONGINT;
N: INTEGER;

BEGIN
H_VALUE:=H{(WORD); N:=L0OG32 (H_VALUE);
H_VALUE2:=H_VALUE SHL (5*(6-N)+2); {STRIP LEADING ZEROS}
HIGH:=H_VALUE2 SHR (32-5*(P-1));
LOW:=(H_VALUEZ2 SHL (5*(P-1))) SHR (32-5*(N~(P-1)));
HIGH:=HIGH*324+VALUE [ORD{X)]; {INSERT CHARACTER AT
POSITION P}
H_VALUE:=(HIGH SHL (5*(N-(P-1))))+LOW;
WORD:=RET _STRING (H_VALUE);

END;
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PROCEDURE DELETE (P: INTEGER; VAR WORD: STRING);

ALGORITHM (4) : THE DELETE OPERATION

VAR

H_VALUE, HIGH, LOW: LONGINT; N: INTEGER;

BEGIN
H_VALUE:=H(WORD}); N:=LOG32 (H_VALUE);
H_VALUE:=H_VALUE SHL (5*(6-N)+2);
HIGH: =H-VALUE SHR (32-5*P); (HIGH CONSISTS OF CHARS UP
TO POS P}
LOW:=(H-VALUE SHL (5"P)) SHR (32-5"(N-P));
HIGH:=HIGH DIV 32;
H_VALUE:=HIGH SHL (5*(N-P}) + LOW;
WORD: =RET_STRING(H_VALUE);

END;

MAIN FPROGRAM

BEGIN
ASSIGN(FP, ‘ARB. LET"); RESET (FP);
ASSIGN(GP, 'ARB. RES"); REWRITE (GP);
ASSIGN(FP1, '"MSR. TXT’); RESET (FP1);
ASSIGN(GP1, '"MSR. RES"); REWRITE (GP1);
ARAB_CHI0]:="",
FOR I:=1TO 30 DO
BEGIN
READLN (FP,CH); ARAB_CH[1]:=CH;
VALUE [ORD (CH)|:=I;
END;
READLN (ITEM);
Y:=H (ITEM); RT:=RET-STRING (Y); WRITELN(Y,  *,RT);
READLN(A_WORD); READLN{A_CHAR); READLN(P);
INSERT(A_CHAR, P, A WORD); WRITELN(A_WORD);
READLN (ITEM); READLN(P);
DELETE(P, ITEM); WRITELN (ITEM);
CLOSE(FP); CLOSE(GP);
END.
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