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Automated author identification is one of the important fields in forensic linguistics. In this
study, the effectiveness of systemic functional grammar (Halliday & Matthiessen, 2014)
features in Persian authorship attribution was compared with that of function words. First, a
corpus composed of documents written by seven contemporary Iranian authors was collected.
Second, a list of function words was extracted from the corpus. Moreover, conjunction,
modality and comment adjunct system networks were applied to form a lexicon using linguistics
resources. Then, the relative frequency of function words in addition to systemic functional
features were calculated in each document. Multilayer perceptron classifier, a type of neural
network, was used for learning phase which resulted in a desirable accuracy in evaluation phase.
The results of the study showed that using function words method is superior to systemic
functional approach alone in Persian author identification, however, simultaneous use of the two
methods increases the effectiveness in comparison to each alone.
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Introduction

Recently, automated author identification has become a key focus for forensic linguistics.
Author identification involves determining the writer of a text from a set of potential authors. The
text in question could be a threatening letter, an email, a literary work, or a scientific article or
book. The basis for author identification rests on the idea that different authors may write about
the same topic using overlapping, yet distinct, lexico-grammatical units—an issue referred to as
idiolect (Coulthard, 2004).

The first significant attempt to identify writing styles was Mendenhall's study of Shakespeare's
plays (1887). The play Henry VIII is widely recognized as a collaborative work, not solely
authored by William Shakespeare. Plechac (2020) investigated the use of accent or stress to
identify the contributions of other authors to the play.

In Persian, several studies have been conducted to determine authorship (Arefi et al., 2021;
Farahamandpour et al., 2013). These studies utilized repetitive features, such as lexical richness,
frequency of syntactic groups, collocations, and the relative frequency of punctuation marks, to
detect writing styles. Measuring the frequency of function words is one valid method for author
identification. Function words, which have limited meanings, indicate the functional relationships
between components of a sentence. Golshaie (2019) and Dabagh (2007) applied the frequency of
Persian function words to identify authors. This study aims to compare the efficacy of function
word frequency with systemic functional grammar methods in automatically identifying writing
styles.

Theoretical Framework

Systemic Functional Grammar (SFG) is a component of the social semiotic approach to
language known as systemic functional linguistics (Halliday & Matthiessen, 2014). SFG
conceptualizes language as a network of systems, or interrelated sets of options for creating
meaning. Since the 1960s, SFG has been applied in various contexts within computational
linguistics (Matthiessen & Bateman, 1991; Teich, 1995). In SFG, the clause is considered the
fundamental unit of language, and it is analyzed through three perspectives, defined as the
ideational, interpersonal, and textual metafunctions. The ideational function is further divided into
the experiential and logical aspects (Halliday & Matthiessen, 2014).

This study employs three system networks: conjunction, modality, and comment. These
networks correspond to three types of adjuncts: conjunctive adjuncts, mood adjuncts, and
comment adjuncts, respectively. In the systemic environment of conjunction, conjunctions
function as conjunctive adjuncts within the clause structure. They establish relationships where
one segment of text elaborates on, extends, or enhances another segment (Halliday &
Matthiessen, 2014).

Modal adjuncts express the speaker's or writer's judgment or attitude toward the content of the
message. There are two types of modal adjuncts: (i) mood adjuncts and (ii) comment adjuncts.
Mood adjuncts and comment adjuncts are categorized within the modality and comment adjunct
system networks, respectively. Modality encompasses intermediate degrees between positive and
negative poles, defining the region of uncertainty between 'yes' and 'no." The modality system
allows writers to qualify events or entities in terms of their probability, typicality, obligation, or
inclination (Halliday & Matthiessen, 2014). The comment adjunct system provides a means for
the writer to comment on the status of a message concerning the textual and interactive context of
the discourse (Argamon et al., 2007). Comments can target either the ideational content of the
proposition or the interpersonal aspects of the speech function (Halliday & Matthiessen, 2014).

Method
A corpus was compiled from the works of seven contemporary Persian writers: Hoshang
Golshiri, Bozorg Alavi, Ahmad Mahmoud, Mahmoud Dolatabadi, Nader Ebrahimi, Jalal Al-e



61 Automatic Recognition of Authors Identity in Persian based on ... | Soltanzadeh et al.

Ahmad, and Gholamhossein Saedi, totaling 2,069,243 words. From this corpus, a list of 197
function words was extracted using the Term Frequency-Inverse Document Frequency (TF-IDF)
technique. Conjunction, modality, and comment adjunct system networks were then used to create
a lexicon.

An author identification system was designed using machine learning techniques. The system
tokenized the texts, extracted instances of lexical units specified in the lexicon, and computed the
relative frequencies of semantic attribute values for each text, resulting in an overall "feature
vector" that described each text. This approach was inspired by the method introduced by
Argamon et al. (2007). For the learning phase, a multilayer perceptron classifier, a type of neural
network, was utilized.

Results

To evaluate the system, the collected corpus was divided into five segments, and a 5-fold
cross-validation method was applied. The 5-fold cross-validation demonstrated a satisfactory
accuracy when focusing exclusively on function words. The combined use of function words and
SFG methods achieved an accuracy of 74.47% for Persian author identification. Subsequent
feature selection identified the most effective features for the machine learning phase. The results
indicated that the relative frequency of function words outperformed SFG-based attributes in
terms of effectiveness.

Discussion and Conclusions

The evaluation phase revealed that the function words-based method outperformed the
systemic functional grammar (SFG) approach in identifying authors. However, the simultaneous
use of both methods improved effectiveness compared to using either method alone. The superior
performance of the function words-based method may be attributed to the high frequency of
function words and the author’s unconscious control over their use.

Among the SFG-based features, the combination of top features—namely conjunctive, mood,
and comment adjuncts—produced higher accuracy than any single system network alone.
Additionally, the results from feature selection indicated that features derived from the modality
system network were more effective than those from the conjunction and comment adjunct
system networks for Persian author identification.

Overall, while the function words-based method proved to be highly effective on its own,
integrating it with SFG-based methods provided a more comprehensive approach, enhancing the
accuracy of author identification.
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19. enhancing

20. appositive

21. clarification

O~NOOUTA WN B



VEP oF ylais VY 6,90 o) o0 (sla i a5 g Lyl colelllao $A

ole Gypdly JSs 4 ypuaie Cj 5 (5 ilwgaly 539381 50 .l Yd)’lwdéw Cygods b \L;’My Cygody &S dgd oo il
i €6 lusdigos o by (25 B3935 € med g e Iy 2y B39 ] claiged i (V) 5 (V) sl e Tag3 s
(YA ) w01 IS ol 23 J pags 45 ol oyl Jio Gl o> 5 s 25 o0 & & 429 )
(VY (505) 39ty L il o5 o 51 S > Yo b 30 355 bt £l walalins Lo Y
S 940 L6 i 539381 .Y )58l oo Lime s Iy (o> ¥ il381 839381 LY 1395 o i IS &iwd dus 4y D93 D S 83938
839330 3 (claSges ey Adlgi o (¥) 5 (V) Jlio 0 08 oo o 1y o o M5 7 0l5 83938 Y amd oo i | Lino
LS osaliie |y € b5 o b yinS 839580 ¢ €Vuto o dol3dl ¢ b S
(VY5 el Jl) 1555 S g 6008 |9 Loy Y
Lol 0o oS gt 45 (dise 6ol L)l ys9 o35 o oS5 0,3l el pomlods g 4 ol Wi b 5 51 o ¥
D9 s il (S Ewd gy 4 055 2yl 0 Sy 4 ot b polie o Aualie )il |yt (Stog O s 83938
Al «‘5::.).‘9 ‘\Y'D%:’ 5‘_;‘“-43.’ 3)5}5‘» )‘ ‘_s)lbdoﬁod (;) 9 (D) LSLBJLA .Wulo)ﬁ:—w 5\\@LA5—L_§L4'5 c\.bM ‘\OM
d‘b.\iﬁb Lﬁ’)]og))A—’ 9 M;L;o &59‘ )‘ 9 AJ)LMJ)B‘-;Q AJM ulb- g.u:’ ‘) [KESNy c..\J..\.wL;o o)l.’>u.> b? P y0 & du.’).b 9.)u$.» A
(W gole) ol gopd SB Cpai
(YA gielo) €5 S jolan 1) Cailgp? iy (oS (glho bt g dbiw] 39 )15 4S5l i 9 50 )b dbidl ol &
D5 o)Ll lojen dligy 93 ¢ Sloj g Bloday a8 cunl « Jlojen wdhe ¢ Sloj— slis ¢ Junds 539380 I claiges (V) Jlio
(IYOY dgame) aig iy s o S Vb 145 55 fole Cogs Y
o 5o 5 ol £ 90 4 055 (e 83938l 05 LSS oy 5 same IS 895 90 31 38 oy 83938
3 ldSg05 o yan 3 lgi oo (A) 9 (A) Jlte > b o olans] Maad ¢ Vede Mo ) 03938 € jasuio g4 ) g 0
A samlio |y €% ko o Lo ¢ o i pm 539380 g Ko ¢ yaBuiiie ¢ g ¢ oy oo 839380
S5 e g 4 Gllome b a9 359l iy s LIS g S s 4y g ]y g Casy 08By Cusy Uy A
(YRR (ol yl) w300 o) 5 5SS ilsl s |y o5 4T bliay L gl
38 s Lol ey JUS 45,81 iS5 il ot S > oty b 5y s 35 L 508 b ool o a3l b A
S A dw oS 54 o sl (YY) it 5 (gl Loy By pllas 4 (V) JSKs ) A o)l 5 i oS 43S e

1. expository
2. exemplifying
hala (V) JSid 13 5 sl 03915 4293390 (sl (l (293l )3 ) Sl S BB o el G i 4 395 35 €Lty 89381 4 canl S5 (LS ¥
ol §3lo 3 € duads ¢ Sloj olad S po» 539381 5)b)d dAlius yren Cuwl 015 031
4. additive
5. varying
6. adversative
sl (o g Cato Cyguo 93 4 (ilol3al 839381V
8. cohesion
9. matter
10. manner
11. spatio-temporal
12. causal-conditional
gl e e B2)b g (Slawalie 839381 05,5 53 4y 9 1S o bl polis (p gla ) b anlie dugar |) (Siogy 0gd 835381 AT
14. general
15. specific
16. result
17. reason
18. purpose

s K o ¢ oy ¢ o gl o 839330 £43 5 Kjgo cpl g )P g K5I S ygoman olbodg;8l N



) olySen g ooljollabu | wiopllii o/ i ygimwd wlwlys (sl Gl 40 o S i S go ;1055 ki

D9 o Jold 1) luadi g (i o 0 i 539381

5593 ot 03 Sjleds sy

—~ ol

Wle ¢ Jlo (gl cdigas (gly i gjldiges = ..

Jbyea j).aié.n Js «Jolas ‘_g}l.wenb',

ogMedy ¢ piman (g adts )
il 381

& Lol ooz die

503 gl o o Jg dal z ol b ..
j— wws

o s 500 oy 1 gls
by, &
Sl b a8 i il e o T

s Y oS lpus 1 i )85

dalyoplyd ool o] riate

. o .
3)lge b )3 K (gl 1 ke

500 bgsed 4y cdandd ¢ Jro i glamnlie

-
sa ol oo ol bl e

I8 [ReY] jA;u‘ U*‘Tu“i

RUCERNI PSS . oo

OYIB gl iy I g_r;l“)_‘;ﬂw
Cudle w3Vl ole

:ole
GRi
l)g_}:k:alﬁ

Aoy om0 padule [ be‘,_w
Sladena sk |
by o i

Swigia |
(BVY ¥V (omansio g ol IFA-VFY I FAA (g pinn) Lar,y gy pollis 35 (V) USWS
&9 Bl il 3 Y—V-Y
ol SleMbl b Slosd b Y stwgaly dlasly S iaslyd cpl o Sbj Jols ol ol o9 a0y (60,80 ialyd o
Sgo 3 9 o)l &9 3l pla oMbl iulgs b (3 ©ygo p> il ol b o)l g5 90 Sl play RS (il 5> el
Cand yd ol il (63,80 (iS55 0l oS (Vo VY (pumio g sl) Cunl Doty £ 3l plo Tloss b YIS cunlgs 3 b as ye

1. proposition
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3. goods and services
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. certainty

. probability

. obligation

. inclination or readiness
. mood element
. residue

. subject

. finite

. aspect

10. voice

11 . polarity

12. predicator
13. complement
14. obligation
15. desire

16. usuality

17. intensity

18. type

19. orientation
20. value

21. modalization
22. modulation
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2. objective
3. explicit
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2. speechfunctional
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5. qualificative
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. A. Radford

. article
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. complementizer
. light verb
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4. preprocessor

5. algorithm
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4. supervised learning



VEP oF ylais VY 6,90 o) o0 (sla i a5 g Lyl colelllao VA

sl e Sy 45 ol pline Sla Shig oy pgd Ao (295 b o)Ll st & gbolen Sl Sl el el
sl (e Bllanggp pU (o (295 9 Ml (5o () Slo Sg oy 5299 et Bllungi JE295 sl 2)50)0

Boe 5350 e (63 Sag) sl 048 0kl | Broe (3L (D) Sl (S Mg (sirtitnd (gl pSl iR )3
(O3 5 Tgergl) i 4293350 sl odngi Cug 355 pasutd x| b OL) GBI B> 2 ng Slagiagk
oA 485 o500 (gl cul 3 ol S Conl TV s (gt St (Gres (£SO B) slesinail lgil (S (V-Y
Lo 559 0y (6p53b wi oSl o o3kl © ygnl b 4 cpesle (£ u5b Tl G 5l swdids oyl 5l elil (gl
sl (S A Hgied psitee b Sy Elgl Sl oo (aline (Sla Sy 3y S o0 8L (39y9 Wjier ) (e o oline
S g o cal 053 sl 25 0 |y ol iliseo gl oS 5 (00,55 83938 5 gloidg oy By plls )
253 e Sl Sy plad (oS (Shg P g5 SBE  K> b )3 058 Jald ) (55005 laefly (g dobus
st |y (e g Pl (6L, 2980l culagy sl ol |y (6p5d (slmosly (omms doly (SS9 9 sl (4I5S i
Dsde GO 5 (bl (S oy Bl slacdls 3 ol ul (Ll sl 3 WS ey (295
bast -0

01 o3lat ol " o5 K gblito (ol by Jl oyt Bl Cugm 5063 a3 ead 2y &lobs oS o)l gl
piea |y ey cpl 3 K1 ol il )3 5l als 1o 52 30 0uilgl oo oS ol digadyyj K dy  Solad jobody | aooly IS 51 .ol
Ll KL joly sl ol S5 oluss 4 conl jasuie a0, jai 13 90l 53bdc gesme Aoty |y (S g (590l B3bacgosmo
L) gesl 83l 3l ealiianl Ly 93,5 o yguo 590l 8315 K8 ailobus (6 ,uS3b cgiBlyyd (Yoo o), 50 g 0315 L)) 390
Ls cigeil 5 gl 83 o a8 ol cl (o) 0 g )80 &S5 sl 00 a8 S L 5 K= 0 jtmgy ol 1 090
5 sl 83 iy (olS (el Sy il odians Sy (IS S et Dol 5] (sl L il Sldgpen S0,
odicangs 5o 61 S clobos o3yl 5 cde iy Sl osid 43,5 0033l Loy yimngss Sy 4 ol SIS ] 395 psnS 90
S92 g0 (Sl il & Cusl (aigS ey mpnd (] o903 Sl Cnnd S g (D390l (gl Cunnd oy 15 ol Cuand gy &
By s ool Ve Hhae jl alobe oll5 diwlote (ly aiads plosie g05] Chond 39390 (sl yliwls I bjgal Lisu 5
a9)3) (yg0)l 53 )3 3990 (sladigas dluw JS 4 ilobus 3l sdalanddy cunyd guls Cans I Canl S )ls ok 395 asuis
sl g el S (gl alo s gy > ool sy golis Jlulagyd b S5 b gty oyl il yp Sl (Ve VF (tm b
s 4B )S M hjs eSike i o (4l

S 15y ol od iy 15 (sl Sy Jold (Shg )y s cllo 1 odge] el iz 3 003 2l (465
2 5 ol g3 g Cansts b Sy epgur Sl Canl (6503 (loojly (sla S £9 51 (S oy ped Cbs .l wiapllas
Gl 00l (4555 doMs jobody wilobw (bl gl (¥) Jgdo 1 b odzminw (o K abliie b)) (g, 4 alolw s b
o5 SLaofly dols g inpllds (gl ) S SEE Hgtod e 09y oS 5 5l ol @lis o e 950 odalitie oS g8 lon
wlolw (oloj) gl (V) JSob )3 ol jiiin sl [}S A8 5903 (09 51 (6500 sooly o sitee (sB9) 83 (yriomed o
ol 3 0adidy 35 Sl Shg plod (LS oljee ccnlpogdle sl oad odly (ioled Iiome ysboas odiuangi o (g Jol5 gbos

. deep learning

. A. Uchendu

. multilayer perceptron
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2. overfitting
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