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Introduction

[bookmark: _Toc250670740]For multiple purposes, in Text Processing and Machine Translation, often there is a need to divide the sentence into smaller units that can be processed more easily than the whole sentence, especially when the sentence happens to be a long one. To that purpose we have devised an efficient algorithm based on the assumptions presented in the next section. 

Presentation

When we say that we are going to divide the sentence into phrases, we must state first how we will define the phrase and what our understanding of the phrase will be where it starts and where it ends. For the purposes of the present algorithm (and not for any other, especially theoretical, purposes) the phrase is delimited on its left and on its right by Punctuation Marks and Auxiliary words. The phrase usually starts with an Auxiliary word and ends with the appearance of a Punctuation Mark or an Auxiliary word.
The Auxiliary words, marking the boundaries of the phrases, are presented in tables (Lists). Each table lists Auxiliary words of a particular type. It was observed that some Auxiliary words (as well as some sequences of consecutively used Auxiliary words) start usually longer and more independent phrases than others. For example, in a sentence like is often difficult to seek solutions through the curtailment of consumption.
The Auxiliary word through followed by the Article the (another Auxiliary word) starts a phrase that ends with the appearance of a Punctuation Mark, while the Auxiliary word of starts a sub-phrase which is part of a longer phrase. In our algorithm (see Algorithm No 2 in Section 3) this subdivision of the sentence into longer phrases and the subdivision of the longer phrases into smaller constituent phrases is expressed by leaving different lengths of space between one phrase and another. The longer the space left before the phrase, the more self-sufficient and independent the phrase is thought to be. In this study we have established five types of phrases, depending on their relative independence within the sentence. This independence is expressed by a particular Auxiliary word (or words) or by a Punctuation Mark. The longest and the most self-sufficient and relatively independent phrase starts and ends with a Punctuation Mark. The second most independent phrase starts with a word from List No 1 and ends with a Punctuation Mark or with the appearance of another Auxiliary word from List No 1. For example:
(6 spaces left) One US government study estimated
(5 spaces left) that there are 68 large manufacturing complexes
(4 spaces) in the region
(5 spaces left) that have significant idle capacity, (end)
The full stop at the start of the sentence is equivalent to six spaces. In other words, a smaller space following after a larger space to the left means that the phrase starting after the smaller space is dependent on, and a constituent of, the larger phrase. The smaller space in the example above (4 spaces) shows that the phrase following after it is dependent on the previous phrase that there are 68 large manufacturing complexes and explains it (or brings additional information about it, here location), while the five spaces left after region signify that the next phrase is dependent on the previous large phrase (the one that has a longer space left in front), in this case One US government study estimated that there are 68 large manufacturing complexes.
[bookmark: _Toc250670741]The space left between the phrases depends on the actual Preposition (or Punctuation Mark) used or on the sequence of Punctuation Mark and/or Auxiliary words, as specified (for more details see the instructions for Algorithm No 2 below).

Algorithm for division of the sentence into phrases

Input text comparing of each word entry Searching left or right with the Auxiliary words or (up to two words) for Punctuation Marks (presented other Auxiliary words in Lists) and identifying the or Punctuation Marks Auxiliary words or Punctuation Marks Output result: a phrase
Note: The algorithm (27 digital instructions in all) is available for free download on the Internet (see Internet Downloads at the end of the book).

[bookmark: _Toc250670742]Lists used by Algorithm No 2

NB The words not registered in the Lists are recorded as they follow, in the same sequence, after those registered in the Lists.
(i)	List No 1: besides, therefore, however, whereas, thus, hence, though, despite, with, nevertheless, throughout, through, during, that, only, but, if, otherwise, again, which, although, thereby, already, against, unless, thereafter etc.
(ii)	List No 2: over, as, what, toward(s), for, into, about, by, so, from, at, above, under, beside, below, onto, since, behind, in front of, beyond, around, before, after, then, altogether, among(st), between, beneath etc.
(Hi) List No 3: both, neither, none etc.
(iv)	List No 4: of, to (as Preposition)
(v)	List No 5: the, a, an
(vi) List No 6: so much as, so far as, so far, as long as, as soon as, so long as, in order that, in order to, lest, as well as, and, or, nor etc.
(vii) List No 7: such, than, onto, until, all, near, even, when, while, within, last, next, also, less, more, most, whether, much, once, one, any, many, some, where, another, other, each, then, whose, who, whoever, till, until, what, across, whence, according, due to, owing, whereby, prior, wherever, whenever, already, moreover, likewise, however etc.
(viii) List No 8: out, in, on, down etc.
[bookmark: _Toc250670743]Some examples of the performance of Algorithm No 2

Below we will present a text divided into phrases according to the instructions for the algorithm:
(i) Many countries also have established or have under construction a free zone, where exporters have access to shipping facilities, a pool of labour and freedom from exchange controls.
(ii) The Caribbean Basin Initiative, a US package of aid and trade incentives to encourage manufacturing, has given an added boost to industrial development in this region.
The analysis of the sentence starts with checking the contents of the memory and taking to print any information stored up to this moment (this is done at the start of each new sentence), also with ascertaining whether the sentence has ended or not and recording the analysed word in the memory if it is not recorded yet ia procedure carried out after each word). Then the algorithm reads the next word (in No 4a), which in the case of (i) above is many, and proceeds to analyse it in 5. Since it is not a full stop or any other Punctuation Mark (5, 7), nor a word specified in 9, 11, 13, 15, 17 or 19, the analysis yields no result until the program gets to operation No 21, where the word many is located in List No 7. Here the program, through operation No 22, checks whether many is followed by yet another word from the Lists. Operation 22ab certifies that it is not, and instructs the program to cut the sentence at this point and to leave three spaces (before many) when recording it, then to return to operation No 2 to start the analysis of the next word. The next word, countries, could not be identified (it is not registered in the Lists), therefore operation 27 instructs the program to record it in the memory as the next consecutive word of the phrase and to return to 2 to continue the analysis of the sentence.
The word also follows next. The program cannot locate the word and proceeds further, after registering it. The next words have and established are dealt with in a similar way. Next comes the Conjunction or. The program locates the word in operation No 17, then it checks if other words from the Lists follow (18). A single space is left before recording it (No 18b). The word have is registered next and the program reaches under (15) to draw a dividing line by leaving four spaces (16ab), and this carries on till the end of the text.
[bookmark: _Toc250670744]These procedures can be applied to any English language texts. The actual users of the algorithm can improve it by adding new words to the Lists or by changing the dividing lines to suit other strategies and other interpretations of the boundaries of the English phrase. 

Conclusion

Algorithm No 2 was developed with the special purpose of aiding the overall automatic analysis of the sentence. The division of the sentence into smaller units helps us understand better its meaning, though the division, as presented in this section, is not based on meaning but on formal features. The reader will find somewhat different and much more accurate interpretation of the existing boundaries within a sentence in Part 2.
In the course of this study it was observed that each foregoing phrase finds further interpretation of its meaning in the next phrase. In other words, the first phrase of a sentence carries a certain meaning, which with each successive phrase becomes more and more clear and complete - the next phrase simply adds more information to the meaning of the previous phrase. The phrases have varied mutual interdependence, which we tried to express with a margin left between them. We will express this graphically in Figure 2.2, which considers two sentences.
[bookmark: _Toc250670745]The brackets show the dependence of each succeeding phrase both on the previous one and on all preceding ones. In the second sentence, the phrases are separated with equal space left between them. In those cases where the space left is smaller, this means that the tie with the previous phrase is stronger (i.e. the next phrase is an integral part of the preceding one). A sudden surge of the interval signals the division between two phrases, as in the example in Figure 2.3. In this example, the second large phrase (Clause) explains the meaning of the first. This is indicated with the interval left and with the brackets.
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