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Consider the following sentences as the base text corpus:
(1) b2 S5 plaal

(2) dalis A Jsby

(3) dmydall ) Al caad

(4) Aud) (e N 2

(5) 4s gt B i€ (i€ A jaal) B

Exercise N°1 (09 pts): We want to perform a HMM-based POS tagging. Use the base text corpus as
training data:
1) Calculate the emission and the transtion matrices (Provide a detailed description of the
calculation process)
2) Draw the appropriate HMM diagram
3) Calculate the probability of generating the sentence: 4 siia 3 i€ A glf i
4) Deduce the appropriate POS tags of each word of the sentence

Notes:
a. Only consider the three POS tags ( <s_~ «a~! «J28 ) to tag the words of the text corpus
b. For the verbs, use their lemma instead of their inflected forms throughout the process.
c. Perform all calculations (matrices, diagrams) using a right-to-left reasoning

Solution:
1) Emission and Transition matrices
a. Assign each word in each sentence by the rigth POS tag (1.25 pt)

o Jad .

Lo d sy ‘ﬂa.d\

ol ol Jad

Aalis Al Jsly

= s o) dad

A y2all S Al ad

sl s o] Jad

Sl O <Y &0

o o) ol ol s



number of their appearences (02 pts):

Count the number of appearences of each word by tag , then divide each tag by the total

dogila |8 | A | A | e | Y [ aay | Aepdad) | N | qad | dali | Al | O Lagy | QS| aleal)
0 0 0 0 0 0 |1/4 0 0 |1/4]| 0 0 |1/4| o0 1/4 | o0 Jad
1/12 |1/12 | 0 |[1/12| 0 [1/12| 0 | 2/12 | O | O |[1/12|2/12| O |1/12|1/12 | 1/12 | A
0 o0 [1/3| 0 [1/3| 0O 0 0 1/3| o0 (] (] (] 0 0 0 | dna
c. Emission matrix (0.5 pt):
dogiia [ 388 | B Al [ e | &Y ey | Aauadl | | cad | Aal | Al | g8 | lags | G alaal)
0 0 0 0 0 0 0.25 0 0 0.25 0 0 0.25 0 0.25 0 Jad
0.083 | 0.083 | 0 |0.083| 0 |0.083| 0 0.16 0 0 |0.083|0.16| 0 |0.083|0.083 | 0.083 | !
0 0 0.33 0 0.33 0 0 0 0.33 0 0 0 0 0 0 0 da
d. Add the special tags (S) and (E) to each sentence (0.5 pt)
() o i ()
Laa sy ‘ah.d‘
(E) o o o (S)
FIRE gl Jsby
(E) o) A o) d= (S)
L yall S algl) @l
(E) oo Cda o) d=2 o (9)
) oA <) )
(E) ol ol ol ol s (S)
Z\.cJ.a.. 3)..;'\5 s a.a.u.\.d\ UA

e. Count the co-occurences of each tag (number of times each tag is followed by another), then
divide each term in a row by the total number of co-occurences of the tag (01 pt)

(E) oA o) Jad

0 1/5 1/5 3/5 (S)

0 0 a/a 0 Jad
5/12 2/12 4/12 1/12 o]

0 0 3/3 0 s

f. Transition matrix (0.5 pt)

(E) (PN ]} Jad

0 0.2 0.2 0.6 (S)

0 0 1 0 Jad
0.41 0.16 0.33 0.083 ]

0 0 1 0 <




2) HMM diagram (1.5 pt)

0,083 :pladll

0,083 ;2
0,083 :Lu_a

0,16 :l

0,083 -iali

0,16 Aus sl
0,083 !

0,083 - iul

0,083 -1 ,58
0,083 e ytia

3) Calculate the probability of generating the sentence: 4 siia 5 S Al gl) LS (1.25 pt)
Path 1: (E) - pm) — assd — sl — Jad - (S) «

Path 2 : (E) - el = asd — s — an) - (S) «
P(Path 1) = 0.6 x 0.25x 1 x 0.16 x 0.33 x 0.083 x 0.33 x 0.083 x 0.41 = 0.00000738 = 7.38 x 10~
P(Path 2) = 0.2 x 0.083 x 0.33 x 0.16 x 0.33 x 0.083 x 0.33 x 0.083 x 0.41 = 0.000000269 = 0.26 x 107

P(Sentence) = P(Path 1) + P(Path 2) = 7.38 x 107¢ + 0.26 X 107® = 7.64 x 107
4) Deduce the appropriate POS tags of each word of the previous sentence (0.5 pt)

Path 1 is the most probable path, we say then that the appropriate POS tagging (according to our
HMM) will be as follows:

o) o) ) ad
4dc ¢l 3 s Al gl i<

Exercise N°2 (04 pts): We want to perform a 3-gram language model with a smoothing rate of 0.2.
Additionally to the base text corpus we include the two following sentences as training data:

(6) 13 A Jsy

(7) w2l Agh cad

1) Calculate the probability of generating “I13” given the context “Ag¥ Jsk”
2) Calculate the probability of generating “ls_#” given the context “dsll ca¥”
Provide a detailed description of the calculation process



Solution:

1) Divide the training text corpus into 3-gram pieces:

(1) L i€y alaal)
(2) dalis A Jsby

(3) datall A1 Al caad

(4) Sl g Y

(5) 4 gl B S (S A jaal) B

(6) 1 alsll Jsy
(7) Lals Al cad

<) dalds al gl dalds afgh sy A gl J8b Lo JSb L iy L GGy aleal)
Y e dutall ey Al ) A jaal) ) Al ol Al cad A gl Al dalds
QS A jaal) Ajaall B ) ot sl e D) e Y O )
134 algh Jsty Algh Jsby de siia Jsby 4 siia 3 yis 4 siia B S IS B S S A paal)

Luals Algh) caad

Agl Al ) jua

G ) JA al gl

e The text corpus consists of 23 3-grams (1.5 pt)
e |V]| =19 unique words (Vocabulary size) (01 pt)

FIRE A Jsb L [ A
N FIET \ ad

e - e | A < :
|3 4.9;.\3;\ a).\.\S N ‘_g )s.uﬂ\
Luale

19 unique words

e 6 = 0.2 (Smoothing rate)

§+Count(W;_(n_1),-Wi—1,W;)

P(Wilwi_(n_l), Wi—l) = (0.5 pt)

S(IVI+1D)+Count(W;_(n—1),-Wi—1)
2) Calculate the probability of generating “I 33” given the context “aigll Jsi”

0.2+Count(" s d sy 0241 1.2

RN KRN/ D|= — - =
P(" st L5 IS ) 0.2x(19+1)+Count ("4 L") 0.2x20+2 6

= 0.2 (0.5pt)

3) Calculate the probability of generating “ls_# given the context “Mgl ca¥”

0.2+Count("= il cwd)  0.240
0.2x(19+1)+Count("dsll i)~ 0.2x20+2

P(" s | "l 3=

Exercise N°3 (07 pts): Focus on sentence (5) in the base text corpus
1) Assign the correct Arabic POS tags to each word in the sentence
2) Define the Arabic syntactic role of each word in the sentence
3) Generate the appropriate Arabic syntax tree for the sentence
4) Cunstruct the Arabic dependecy graph for the sentence

= % = 0.033 (0.5 pt)




5) We want to perform a TF-IDF encoding. Use the stemmed version of the base text corpus
(including sentence 6 and 7, without stopwords) to calculate the importance of each word in

sentence (5)

Solution:

1) Assign the correct Arabic POS tags to each word in the sentence (01 pt)

dao Ao ol 29y7a o] x>
degiin B S s dyydadl 3
Adjective Adjective Noun Noun Preposition
2) Define the Arabic syntactic role of each word in the sentence (01 pt)
46 dae Jol dao FETPRRUIN pde A
dapo dao o) 29,70 ] oS>
de giin s S s Ayl 3
Adjective Adjective Noun Noun Preposition
3) Generate the appropriate Arabic syntax tree for the sentence (1.25 pt)
ZIVEN
[
[ l l ‘
2 dda 1 dda Al \.\3,\.4 adda BY-N
. {
4 sila 3 S i [ |
284 aw) AdA
A jaal) o
4) Cunstruct the Arabic dependecy graph for the sentence (1.25 pt)
piia i
v sl dia v | \
e giio B S was duydadl S el 3
dap dap (lues) ool 29,7 (o] TS

5) We want to perform a TF-IDF encoding. Use the stemmed version of the base text corpus
(including sentence 6 and 7, without stopwords) to calculate the importance of each word in

sentence (5) : (2.5 pts)
a.Preprocessing: (Stopword removal, Stemming) (0.5 pt)

Word | luale | )38 | de gila | 388 | QS | Laul) | V) | &y | Aol | cad | Aslds

]

J<b

o s | ST aS ] i o faa, | e |l

Stem

S

S2D0




b. TF-IDF (Sentence 5):

TF(Term Frequency) =

IDF (Inverse Document Frequency) = log (.

Number of occurences of the word (stem) in sentence 5

Number of words in sentence 5
Number of sentences in the corpus

(0.25 pt)

Number of sentences that include the word (stem)

) (0.25 pt)

TF de giko s S S Ayl 3
(0.5 pt) 1/4=0.25 1/4=0.25 1/4=0.25 1/4=0.25 0
X
(0.5 pt) log(7/1)=0.84 log(7/1)=0.84 log(7/2)=0.54 log(7/2)=0.54 0
TFXIDF de giie ssS S Ayl 3
(0.5 pt) 0.21 0.21 0.13 0.13 0




