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My Personal Journey and Career

We are here
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Computers and the Persian Language:
Technology Transplantation (not Transfer)

Culture and Language Issues

— T~

Adapting Adapting computers to
computers to the Persian language
the Iranian / ‘ \
culture
Talking About Talking to Handling Persian
Computers Computers Language
(Terminology) (Programming) Information
Inputting /Storing/Kssing Outputting
Information Information Information Information
(Keyboard, (Codes, (Translation, (Printers,
Voice, Form, Compression, Content anal., Displays,
OCR, etc.) Meta-, etc.) Sorting, etc.) Voice, etc.)
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Let’s Start at the Very Beginning:
A Very Good Place to Start

Nastalig script was used
by scribes and
calligraphic artists

Text by
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Rules for Beautiful Writing:
Nasta’liqg and Naskh Scripts

SN S neld e

SRR AP - S

d*ﬁ’u'ﬁ";:; _Jb ﬁﬁ \jﬂ‘m*ti
TR Vel el

Final shape Initial shape U+0627 U+0644
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Persian Script’s Evolutlonary Timeline

Year Events Affecting the Development of Persian Script
1600

- Printing press arrives 1n Iran; little/'no use early on

- Armenian press established in Jolfa, Isfahan

S
- | Limited print runs; mostly on poetry and religion
=

Persian books published in Calcutta

- First Stanhope hand-press arnves; printing spreads
- Presses open in multiple cities; use of lithography
- Technical books appear; newspapers flourish

1900 | First typewnter arrives n Iran

- Typewriters begin to be used wadely
- Electric typewnters, Linotype, and computers arrive
Standards for information code and kevboard layout

2000  Use of personal computers broadens
- Computer-software and mobile-app industries thrive
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Early Challenges with Print Typefaces:

Decomposition and Added Uniformity

Naskh script was more suitable
for adaptation to printing press,
which came to Iran in the 1600s
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The Printing Press and Movable Type
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Image Transfer to Paper and Blnding
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Movable Persian Type Developed
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Persian Typefaces Developed into Modern Versions Now in Use
. ‘: ;3”_ '_f T?_ : ._..--_.,.u_u.,_.__ -y Y\ AT w“n.




Persian Typewriters: Mechanical/Electric

AUTOMATIC




From Print to Typewriter Typefaces

Persian Alphabet / ;s Lol
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Persian Typewriters: S
Memory and Intelligence A - VS
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My 1984 Book Typed on IBM Selectric
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Keyboard Layout and Exchange Code
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Early Persian Drum Printers

Qhere 15 & band of letters for each print column Drum Iine-printers:

' I~ Could print an entire
line at once (during
one drum revolution)

Gap between
hammers and letters
on the drum did not
allow good
connectivity of letters

Frint Hammer
(one for each i
print column) )

One solution:
Print vertically

zF’Eu:ner
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Samples from Early Persian Printers

Smudge problem of _Q a
hammer-type printers
was actually a plus,

as it created the
illusion of connectivity

amples from the 1970s

However, it wasn'’t so b
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gOOd N Other :fi"{’—f“" “F“E:;.r{m-nﬂ ] TaA800 Jup sy Lapsdipkaifly
b r*r:-u_-g.:_ el gulaesenst 0202 TLopng yjibpiis IS

respects, because 5 paagt s sule prcoteera it RO (TSR

small features such it y2g2aBediS I Pted BT ) tapidiebaie,

Flpdeanjleasls lrjlalal ;05 LD ez gnparalaghblois,ul

as the loop in letters 2|

Il pEL3 Lot l Jalalhajlajlole ¥ wiybilandjsaslenlizas

such as < and s “’“’l‘“ - cabanlys 38990520 UANSURG fsmats
tended to disappear M_:ﬂff_l;.ilJLH;I:L;......H-.TI._M-JJJ:, jaz ppaSng 3gas LoLES 14
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—
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Early Persian Chain Printers

Slower than drum printers, Fixed-width
but also cheaper characters
Accommodates

larger character
sets (bilingual?)

print hammers

Much of the same problems
with regard to connectivity,
smudge, eftc.
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Early Persian Daisy-Wheel Printers

L fi.i‘i \ i ; T

Even slower, but
also cheaper and
more compact

d >
i

Fixed-width
characters

Does not support
multilingual
printing or multiple
font sizes
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Dot-Matrix Printers to the Rescue

glEliuﬂ FISEL FOHT
[jmnad
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1245750
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. (15

Kufi Scrlpt

i Pin 9 Pin 18 Pin 24 Pin
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More Flexible, But Not a Cure-All

dfgg el % . e, The same print mechanism

g, | fHEEEEEEL 0 usable for any language

T SRR C Bai rendering graphic images

o |~N|O|; | |WIN |-
|
HEN
HEE
|
|
|
L
L
|

m_ Pixel or

digital
geometry
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Dot-Matrix Font Design

&

Rows

Connection

«— Row
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bt
FET L Lt SR R
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Persian Script Needs Larger Dot-Matrix

For a given dot-matrix size,
legibility and pleasantness
of the script is up to the font
designer’s skill and artistry

Characters must be viewed
not in isolation, but in
various combinations (with
each other and with
common punctuations)
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High Quality

Large Matrix + Small Dots

Overlapped dots also help

Variable widths is helpful

16 x 16 matrix,

®:-0-
®: -0
® - -

7 x 5 matrix,
disjoint dots
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Persian Print Script Recognition

Examples of Features Used for Recognition
- Distribution of “weight” in the four quadrants

- Concavities (major, minor, in various directions)

- “Islands” (e.g., dots) and “lakes” (loops)

- Connectivity to the right or left symbol
- Row/column segment-length distribution
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Improved Script with Dot-Matrix Printers

: : Samples from the 1980s
Variable widths S The at sy

is helpful T el e Cra e ‘,,/

s dep Gt s s
'm :‘ S—

‘FJ“J"#.J‘]'

[ -
Overlapped dots AT (1998 Yuwr 2.8)

also hel -t ar Y
P R Tl el Rl

. . s VoD 4 o F 1 :
Highly flexible, pRI° ol cend¥ 1D ot 4o 5wyl

software-defined
font

ST cortrd nig) 30 B pilire il S S dap) 1 - pilipe 00
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font weights 2 G S ag ) 0D T 0 I i pdSF pl 03500 1y Bdle iy ue

, ’ PG S - 2d5ye K3) gt 3T 51 L piby so0 Slae U ol 02y
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hardware cost agsS ymg 4gaS 2 1) pl 022t gla 33,1 B ol 0 - peset OBy St ) <S15
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Microsoft Word Persian Fonts

All fonts 32, converted to JPG from MS Word doc
Arial 2§ <ilug Sl w8 i
Cambria 2,3 @ébu g Sile oild b
Helvetica 2,5 cébu g Sila o )8 o
Times New Roman 2,5 <8l g jSila o 18 Jad
i Calibri 2y célwg Sobo (w)ld tas-
Courier J5)3)g O8lwgySolo wyls hs

s
b
* ol o -
h} Dubai 359 Cllwg 3 Silo usyld b

Same

Dubai Light _))9, Cle.wg)Sg‘Lo u.u.))lé hs
Tahoma 5,9 wOlwg,Subo w8 b>
Traditional Arabic 5y cilug b owyld L
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Scalability of Persian Fonts and Script

The best response to fools is silence
Gl ohsald oLl isa Arial 28

Aria

Sl o gald ledy) Gl g2
) u.ain\g.al& Q\-@Jg\ TN

The best response to fools is silence
VO LT VIE N PR U FEN

(VI LT VIE N PR ¥ S FEN

v u.da gald ledl) G g

Gl i gald el il s

The best response to fools is silence

Gl (i gald gl Qg

i Gl igald el g
Font-size i
adjustment <Arioside
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Arial 14

Arial 14
16

18
20

Arial 14

Arial 9
10
11
12

The best response to fools is silence
Gl i gald el ol g
i u.&yli CJLGJ:“ W'EN
Gl (i gald Glgdd) Gl s
Con) o gald Gledy) il s
The best response to fools is silence
Gl A gald Gl ol g
Gl i gald Gl il g

Co) gl el ol g
Gl o gald el Gl

Image
resizing

| 28

32
36

40

Arial 28
Arial 28

Arial 28

Arial 28
32

36
40
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Modern Persian Display Typefaces

Behrooz Parhami

o g adihas £ 8 agh il ) gl s Computer Persian
W Aoty Al ek Za gl Al Ll ) i Sa )

sk anibi pb Guely  AudandSen) il s script samples
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ot R e d3yg3 polS cwl b 4335 ol )93 pOlS awl i S ol

LssesiSen 2 £, | Which oneis o pd g 3 by dz S e 29331 kS 1 0l S
) dol HU Gl pd S5 0 dabs Yl Cawl s S O
most Ieglble? g5 e Cunl Ak S5 0Ty g o8 Canl Ak O O

@ Behrooz Parhami Samples from Facebook and other Internet sites

S 4

aalp®a sl

Selected verses from a poem by Hooshang Ebtehaj
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Persian Script on Large & Small Displays
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Jam-e Jam Online, news site of the

government-run IRI Broadcasting:
Laptop screen image from July 16, 2019
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Where We Are, Where We Go from Here

Technology to the rescue

- Improved resolution/contrast in displays

- HD (1920 x 1080) and UHD display units
- Obsolescence of line-segment displays

- High-res printers (600 dpi or more)

- Accumulated know-how about font design

Path to further improvements

- Trade-offs between legibility and aesthetics
- Learning from large data sets

- Crowd-sourcing the evaluation of aesthetics
- Formatting, especially in bilingual output

- Expect more to get more!
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Persian Handwriting

Examples of beautiful handwriting

o

A schoolchild’s handwriting

I

1% _//y//,-//t /‘/ s J_/J/“/_,izc,-//// e ,-/z/u_/w’/
W /u//if/ v /;{,// 7 lzﬁdfwtfwl/-/)'/u-/fd‘/'//-/ﬂ/ Jovre W’ ity
% (ﬁ%,@ ﬂ/m v L.//w, LY ,_/yJ //u’/ Siri
,/ //"/-/ e 4 "i/” _//* ‘/% /w,/w/ j /mz/(/
?’}" w// /:ku/x/ié"d/"/f/’/{//./{f/—///’ /”///’%”/’J
N T ".//{ff’%//:f'%d‘//.
P iy I A it

G S S P i T A

Conibsb i s v e s F s

wu (f"f;j
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Computer-Generated Nasta’liq

http://www.NastaliqOnline.ir

J/L’J/%&W//);ﬁb/

4 / ;
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Publications on Persian Language and Computers
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On-Line Access to My Pertinent Publications

Three-digit numbers in square brackets refer to entries in B. Parhami’s Publications list:

http://www.ece.ucsb.edu/~parhami/publications.htm

[111] B. Parhami, "On Lower Bounds for the Dimensions of Dot-Matrix Characters to Represent Farsi
and Arabic Scripts," Proc. 1st Annual CSI Computer Conf., Tehran, Iran, December 1995, pp. 125-130.

[045] B. Parhami, "Standard Farsi Information Interchange Code and Keyboard Layout: A Unified
Proposal,"” J. Institution of Electrical and Telecommunications Engineers, Vol. 30, pp. 179-183, 1984.

[041] B. Parhami and M. Taraghi, "Automatic Recognition of Printed Farsi Texts," Pattern Recognition,
Vol. 14, Nos. 1-6, pp. 395-403, 1981.

[038] B. Parhami, "Language-Dependent Considerations for Computer Applications in Farsi and Arabic
Speaking Countries,"” System Approach for Development (Proc. IFAC Conf.), 1981, pp. 507-513.

[037] B. Parhami and M. Taraghi, "Automatic Recognition of Printed Farsi Texts" (summary), Proc. Conf.
Pattern Recognition, Oxford, England, January 1980.

[033] B. Parhami, "On the Use of Farsi and Arabic Languages in Computer-Based Information Systems,
Proc. Symp. Linguistic Implications of Computer-Based Information Systems, November 1978.

[032] B. Parhami, "Optically Weighted Dot-Matrix Farsi and Arabic Numerals," Information Technology
78 (Proc. 3rd Jerusalem Conf.), August 1978, pp. 207-210.

[023] B. Parhami and F. Mavaddat, "Computers and the Farsi Language: A Survey of Problem Areas,"
Information Processing 77 (Proc. IFIP World Congress), 1977, pp. 673-676.

[. . .] Parhami, B., “Impact of Farsi Language on Computing in Iran,” Mideast Computer, Vol. 1, pp. 6-7,
September 1978. [Not part of my academic publications; link to be supplied here]
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Early Computer Typesetting Challenges

Manually typeset text had:
Alignment problems
Spacing irregularities
Broken fonts
Ink imperfections
Nonuniform shapes

Early computer-typeset
Texts were disliked because
they were just too perfect

So, a little randomness was
introduced in font shapes
and alignment
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Persian vs. Arabic Printing:
Problems are Quite Similar

Anal Bold:
Cib gl ge i Baniall aa¥) rlad
(i) Lilaal LA £ el
Arabic Transparent Bold:
b gl goa Baatal) ad)) Lo
el BULaal Liudas &Unal!

Tahoma Bold:

w9g) g£)i da=ioll po V| 1lua)
bl dlilas) Laas=s g luall

|

Aug. 2019 [ (51

Times New Roman Bold:

i gl o5 Sastall ad¥) 1Ll

Simplified Arabic Bold:

b gl go i Baatal) ad)) il
el BULaal Ldidas o) pal)

Y=+
g
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Some Properties of the Persian Script:
Greater Variety in Letter Shapes and Sizes

The Latin alphabet
abcdefghijklmnopgrstuvwxyz +/#% % &(
ABCDEFGHIJKLMNOPQRSTUVWXY/Z

The quick brown fox jumped over the fence. Arial 24
The quick brown fox jumped over the fence. Times N R 24
The quick brown fox jumped over the fence. Courier 20

The Persian alphabet Fixed-width characters

g-u MMMPJJMI_’D_}_{ J_a_i_uap_)lunLul_Jul_ﬂ_;_)lJ

Lo HL) awl b 48 UI oL U awl e SO UI

) 8> 0 P.)|_< S | _}_Lm_}j.) Ul_g ) 4> PJlJu.m‘ .}—’—‘“’u—<~—'0|
)‘*@‘” '(

:' M(MNyJJMbd?_}g J‘\id.)PJ‘uuh.‘J bush)lf

Variable-width

Al 0 sl pd S 0T Aol Huil sl s S0 T
characters

3958 a8 Canl g (80 0Ty 3)952 pO6 Cawl pdt S OT

Aug. 2019 U {, "J _Ej Evolutionary Changes in Persian & Arabic Scripts Slide 42
e



Line-Segment Displays: Latin Script

7-sement display
for calculators
and other
numerical apps

Two kinds of
line-segment
alphanumeric
displays

Okay for
uppercase
letters, but
problematic
for all else
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Line-Segment Displays: Persian Script

s’

4 B88 888V 4197

.............

Seven-segment display for Persian digits feasible, but ...

I
1
e -

7 segments At least 18 segments are needed for displaying letters

Even then, alphanumeric symbols cannot be combined

18 segments Special characters also present problems

:' """"""""" O ™
i | DISPLAY
| D | DIRECTION OF SHIFTING AREA
o 4_I+
v N i A .. s
D O —Ir-_ﬂlrﬂ L [-r E-l'-'i- I_—i#_'—-d-_ll_-i r ﬂr

S -
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Challenges in Persian Print Recognltlon

Technical Challenges

- Connectivity of letters

- Wide variations in letter widths/heights
- Context-dependent letter shapes

- Presence of 1-3 dots

- Small loops and other fine features

- Absence of short vowels (usually)

Five-Step Algorithm
M;u LQ)T - Deco.mpose intq Iines.

- ldentify connection axis

- Decompose into letters
?&)j\‘ - Evaluate features

- Match extracted features
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