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Abstract. 

Two methods of Statistical Parsing of NLP have been reviewed and compared, viz. the 

method of DOE and a deep learning procedure respectively. The DOE procedure was 

shown to be local and required little computing resources. The deep learning procedure 

was found to be a global procedure which required significant computing resources. The 

simplicity of the DOE process recommends itself as a possible model of how parsing 

processes are carried out in the brain. 

Introduction :  
The writer has been studying NLP for about ten years with the aim of extracting the 

semantics of text. To this end he has used statistical parsing together with a fractional 

permutation (Design of Experiment,DOE) [1] with considerable success especially for 

long sentences up to 70 words. The method consists of two sequential parsers, for now 

we will consider these as a syntax parse (context-free) followed by a semantic parse 

(Wordnet type sense [2]). Since the same algorithm is used for both types of parsing, we 

will refer to this as the DOE-parsing algorithm. To be specific, we examine the context-

free parse. The problem may be stated as the determination of a maximum of five POS 

values for every word from among (a, p, adj. , n, adv. , v ). NLP is heavily influenced by 

Zipf's law, so in our DOE we can reduce our maximum to the two POS with the highest 

count for a particular word, that is to say we will use a two parameter DOE. The 

numerical analysis problem boils down to finding the best solution out of 2 ^ 25 possible 

combinations in our 25 word sentence.In the traditional finite state machine parsing, it 

has been found useful to adopt an intermediate grouping of phrases. This is simulated by 

considering the statistics of 2-gram and 3-gram combinations. The weighting of each 

word is equal to the continued product of the probability of each POS in the 2- and 3- 

gram respectively in the tagged Corpora. In practice we have combined the 

Penn+Brown+WSJ corporas which were available in the NLTK data [3]. The variables 

in this problem is the n word list for the sentence. The DOE problem is then stated as the 

search for the optimal permutation of the two parameter n variable problem. The 

computation in sentences over 25 words has been found to be two orders of magnitude 

less than that of traditional methods. 

The use of Artificial Neural Network (ANN) [4-5] has been invigorated by the so-called 
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deep learning method [6-7]. This is a procedure to introduce hidden patterns particular to 

specific domains such as NLP by the features specific to that domain. For example 

Collobert and [8] go to great lengths to model Phrase separation in the traditional 

grammar tree. This results in four levels of nodes, which are finally combined by an 

integrating layer at the top level of the ANN. In this case, the weights obtained as the 

result of the back-propagation seems like the equivalent of a statistical parse. In the 

comparison of our two methods, the equivalent of the probabilities extracted for the 2- 

and 3- grams combinations from our Corpora. In this procedure the authors did not make 

use of the simplification possible through Zipf's Law and did not take advantage of the 

tagged Corpora ( Pos). This is consistent with the spirit of ANN and deep learning. In [8] 

at the 0 layer level [8] makes a partial attempt to include meaning via a PCFG and 

named entity lexical dictionary. However this approach falls far short from a full 

semantic parse. 

 

Note on Implementing DOE as a Neural Network. 

The Engineering Statistic Handbook [9] defines DOE as:- 

‘A systematic, rigorous approach to engineering problem-solving that applies principles 

and tecniques at the data collection stage so as to ensure valid, defensible, and 

supportable engineering conclusions. In addition, all of this is carried out under the 

constraint of minimal expenditure of engineering runs, time and money.’ 

There are four general areas in which DOE may be applied, viz., comparative, 

screening/ characterizing, modeling and optimizing. 

Here we concentrate on the numerical procedures behind the modeling. Our full factorial 

design is one with all input variables set at two levels each. These levels are called ‘high’ 

and ‘low’ or ‘+1’ and ‘-1’ respectively. The full factorial design is the one with all 

possible combinations of high/low input factors. 

If there are k factors, each at two levels, a full factorial design has 2 ^ k runs. Table 1 

gives the number of runs for low values of k. 

 

Number of Factors Number of Runs 

2 4 

3 8 

4 16 

5 32 

6 64 

7… 128 

25 134,217,728 

  Table 1. Runs for a 2 ^ k Full Factorial 

 

As can be seen above the number of runs beyond a factor of 7 becomes prohibitive and 

our factor of 25 is definitely so. 



Next we show table 2, for a Full Factorial design for k=3. The table shows runs in 

‘Standard Order’ 

 

 

 

 

 

 

 

 

 

 

run X1 X2 X3 

1 -1 -1 -1 

2 1 -1 -1 

3 -1 1 -1 

4 1 1 -1 

5 -1 -1 1 

6 1 -1 1 

7 -1 1 1 

8 1 1 1 

Table 2. 2^ 3 Full Factorial Design in ‘Standard Order’ 

 

Each column in Standard Order follows a consistent pattern. The patterns ase arranged 

in sequence of rows which are increased by one.. Only groups of rows are used which 

results in columns that sum to zero so that symmetry about the mean may be maintained. 

 In general a run may be represented by  

 RUNj = Xij                                                                           (1) 

We now consider Fractional Factorial Design to reduce the number of runs.The 

Handbook [] recommends that this design be balanced and that the pairs of factors be 

orthogonal to each other. The Handbook provides tables as well as a program that allows 

the user to select fractional designs that progressively reduce the number of runs to ½, ¼ 

and etc. 

The best way to achieve a fractional partial design is to start off with a reduced full 

factorial design then augment the additional columns to give the columns to give the 

required number of factors. We demonstrate this for the three factor problem. We start 

with the full factorial 2^2 in Table 3 and augment it with the column X3=X1*X2, 

 

run X1 X2 X3=X1*X2 

1 -1 -1 1 

2 1 -1 -1 

3 -1 1 -1 



4 1 1 1 

Table 3. Full Factorial 2^2 augmented with third column X1*X2, 

 

This process achieves both the balance and the orthogonality of the factors for an 

effective fractional factorial process. This process is referred to as convolving a lower 

full factorial design. In particular the Handbook recommends a minimum run 

construction that the author uses in the current work. It is included in this paper as a 

python routine in Appendix 1. 

Finally, we can express our syntactic parse if we express our sentence as a vector Vi 

representing the log of the 3-gram fraction of the lexical dictionary.  

RUNj = ∑ iXij *Vj                                                                                                               (2) 

We then select the optimal run as our best solution. 

If we examine equation (2) it looks similar to the expression for the feed-forward 

expression for the layers in a deep learning problem where the Xij terms are the trained 

coefficients for the full corpora, we recognize this as a global problem. However we 

note that the fractional factorial equations describe a local problem that is fully 

determined. 

 

 

Note on Semantic Parsing by DOE  
The actual semantic parsing is achieved by translating the English to Chinese in a 

Python program named CEMAP. The reason for doing this is that English is polysemous 

, that is that each word with a specific POS has many meanings whereas Chinese 

because of its ideograph basis uses a combination of characters to represent a meaning. 

It also has many synonyms. Because of this, we say that the two Languages are 

orthogonal and a MT actually serves as a disambiguation of the English Language. The 

balanced Corpora for the Chinese Language is obtained from the University of Lancaster 

[10]. Because we are using the Corpora as the equivalent of a full language, the Chinese 

Characters are again subject to Zipf's Law and we obtain the two parameter 

simplification for the DOE procedure. The extra step in the English to Chinese 

translation is made possible by the building of a Lexical English Chinese Dictionary for 

all the words in the two Corporas. This results in Corporas of about 2.5 million words in 

each Language giving a coverage of about 99.9 % . There are about 150,000 words for 

the Lexical Dictionary. 

Note on the implementation of the procedures as simulation of the processes in the 

brain:  
Because of the recent advances in neuroscience and cognitive studies made possible by 

fMRI and other NDE procedures, one stream of AI thinking is that we might use ANN 

procedures to represent the neuronal activity in the brain. So much so that there is 

considerable effort to duplicate the ANN procedures in a chip. This discussion 

recognizes the considerable computational effort required the method discussed here. Its 

only in recent years when the GPU was introduced that we began to see the significant 



results produced by deep learning. Though it is important to recognize the benefits due 

to parallelization because the brain acts in a parallel manner. There are many ways to 

parallelize the method most of which involve the use of multi-core machines and/or 

GPUs. We assume that there are three steps that take place in the method. The first is the 

incremental training taking place prior to the use of the model, this is followed by a 

reinforcement at a later time.  And finally its use in a feed forward mode. Because it 

involves all the data in the relevant Big Data store, we term this a global method. There 

has been no evidence to date that the massive computing required by deep learning takes 

place in the brain and we conclude that the process is only functionally equivalent.  

In contrast, we note that the Fractional factorial DOE process requires no training and is 

a local procedure. Though the activities taking place in the brain is biological, it is 

interesting to speculate that the brain could have evolved such a procedure by using the 

convolving process described above. That is to say that it could have developed local 

connections progressively to handle an increasing number of factors. 

  

Discussion and recommendation for further work 

 The research into deep learning is progressing at an accelerated pace requiring 

significant computing resources. The DOE is used widely for robust design in 

Engineering, the author appears to be the only one using it for NLP. DOE being a local 

procedure requires little computing resources. It would be interesting to see the methods 

implemented in detail so that we could express the methods interchangeably, for 

example, apply Recurrent Neural Networks in DOE form.  

 

Conclusions.  
1. The two methods of statistical NLP have been reviewed and discussed at a general 

level. 

2. The deep learning method is well defined for the NLP process but the training 

requires considerable computing effort. 

3. The DOE method requires a tagged Corpora. Considerable effort has been made 

in building an English-Chinese Lexical dictionary.  

4. The semantic parsing is carried out by a MT into Chinese.  
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Appendix 1. Python code for generating Fractional Factorial DOE Tables 

 

    # Generation of (variables,min factors). 

    doe={} 

    max_factor=70 

    for i in range(max_factor) : 

        matrix={} 

        niter=1 

        for k in range(8) : 

            niter=niter*2 

            if niter>i+1 : 

                break 

        tup=(i+1,niter) 

        if i+1==15 or i+1 == 30 or i+1==31  or i+1==63 or i+1==62 : 

            niter=niter*2 

            k+=1 

            tup=(i+1,niter) 

 

        doe[tup]=matrix 

        # generate basic columns 

        riter=niter 

        riter=niter/2 

        doubleSwitch=0 

        for m in range(k+1) : 

            coun=-1 

            col=[] 

            matrix[m]=col 

            start='-'  

            for j in range(niter) : 

http://www.nist.gov/itl/sed/gsg/handbook_project.cfm
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                coun+=1 

                if coun<riter : 

                    col.append(start) 

                if coun==riter-1 : 

                    if start== '-' : 

                        start='+' 

                    else : 

                        start='-' 

                    doubleSwitch+=1 

                    if doubleSwitch==2 : 

                        doubleSwitch=0 

                    coun=-1 

            riter=riter/2 

            if m>=i : 

                break 

        if m<i :                 

            for ii in range(k+1) : 

                for kk in range(ii+1,k+1) : 

                    col=[] 

                    m+=1 

                    matrix[m]=col 

                    colii=matrix[ii] 

                    colkk=matrix[kk] 

                    for j in range(niter) : 

                        if colii[j]==colkk[j] : 

                            col.append('+') 

                        else : 

                            col.append('-') 

                    if m>= i : 

                        break 

                if m>= i : 

                    break 

                 

            if m<i : 

                for ii in range(k+1) : 

                    for kk in range(ii+1,k+1) : 

                        for jj in range(kk+1,k+1): 

                            col=[] 

                            m+=1 

                            matrix[m]=col 

                            colii=matrix[ii] 

                            colkk=matrix[kk] 



                            coljj=matrix[jj] 

                            for j in range(niter) : 

                                if colii[j]==colkk[j] : 

                                    col.append('+') 

                                    if coljj[j]==col[j] : 

                                        col[j]='+' 

                                    else : 

                                        col[j]='-' 

                                else : 

                                    col.append('-') 

                                    if coljj[j]==col[j] : 

                                        col[j]='+' 

                                    else : 

                                        col[j]='-' 

                            if m>= i : 

                                break 

                        if m>= i : 

                            break 

                    if m>= i : 

                        break 

            if m<i : 

                for ii in range(k+1) : 

                    for kk in range(ii+1,k+1) : 

                        for jj in range(kk+1,k+1): 

                            for mm in range(jj+1,k+1): 

                                col=[] 

                                m+=1 

                                matrix[m]=col 

                                colii=matrix[ii] 

                                colkk=matrix[kk] 

                                coljj=matrix[jj] 

                                colmm=matrix[mm] 

                                for j in range(niter) : 

                                    if colii[j]==colkk[j] : 

                                        col.append('+') 

                                        if coljj[j]==col[j] : 

                                            col[j]='+' 

                                            if colmm[j]==col[j] : 

                                                col[j]='+' 

                                            else : 

                                                col[j]='-' 

                                        else : 



                                            col[j]='-' 

                                            if colmm[j]==col[j] : 

                                                col[j]='+' 

                                            else : 

                                                col[j]='-' 

                                    else : 

                                        col.append('-') 

                                        if coljj[j]==col[j] : 

                                            col[j]='+' 

                                            if colmm[j]==col[j] : 

                                                col[j]='+' 

                                            else : 

                                                col[j]='-' 

                                        else : 

                                            col[j]='-' 

                                            if colmm[j]==col[j] : 

                                                col[j]='+' 

                                            else : 

                                                col[j]='-' 

                                if m>= i : 

                                    break 

                            if m>= i : 

                                break 

                        if m>= i : 

                            break 

                    if m>= i: 

                        break 

            if m<i : 

                for ii in range(k+1) : 

                    for kk in range(ii+1,k+1) : 

                        for jj in range(kk+1,k+1): 

                            for mm in range(jj+1,k+1): 

                                for nn in range(mm+1,k+1) : 

                                    col=[] 

                                    m+=1 

                                    matrix[m]=col 

                                    colii=matrix[ii] 

                                    colkk=matrix[kk] 

                                    coljj=matrix[jj] 

                                    colmm=matrix[mm] 

                                    colnn=matrix[nn] 

                                    for j in range(niter) : 



                                        if colii[j]==colkk[j] : 

                                            col.append('+') 

                                            if coljj[j]==col[j] : 

                                                col[j]='+' 

                                                if colmm[j]==col[j] : 

                                                    col[j]='+' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                                     

                                                else : 

                                                    col[j]='-' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                            else : 

                                                col[j]='-' 

                                                if colmm[j]==col[j] : 

                                                    col[j]='+' 

                                                else : 

                                                    col[j]='-' 

                                        else : 

                                            col.append('-') 

                                            if coljj[j]==col[j] : 

                                                col[j]='+' 

                                                if colmm[j]==col[j] : 

                                                    col[j]='+' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                                     

                                                else : 

                                                    col[j]='-' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                            else : 

                                                col[j]='-' 



                                                if colmm[j]==col[j] : 

                                                    col[j]='+' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                                     

                                                else : 

                                                    col[j]='-' 

                                                    if colnn[j]==col [j] : 

                                                        col[j]='+' 

                                                    else : 

                                                        col[j]='-' 

                                    if m>= i : 

                                        break 

                                if m>= i : 

                                    break 

                            if m>= i : 

                                break 

                        if m>= i : 

                            break 

                    if m>= i: 

                        break 


