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Unit I: Study Guide & Syllabus

g notes # Indian Knowledge System (IKS) 3fR Computer Science & 58 syllabus topics ! &= Hindi-
English & @9gmmar T 81 g g topic & @1 definition, process, examples 3R gten-3uaft points g1

i e

1 IKS, mathematics and computational thinking

2 Number system in India: historical evidence

3 Salient aspects of Indian mathematics

4 Bhuta-Sankhya: symbolic word-number encoding

5 Katapayadi: letter-number mapping

6 Pingala: prosody, binary patterns and algorithms

7 Sulbha/Shulba Sutras: geometry and numerical methods
8 Comparisons, solved practice and examination questions

TEEqot 2T

Encoding: Information @t AafRa symbols # a1 Decoding: Symbols & information e
Algorithm: 9531 &1 &+ & W finite steps| Approximation: Exact value & fAee numerical value
Combinatorics: Arrangements 3fR selections &I o

Notes kT 39T

5 i & definition, process, labelled diagram a1 & example €1 10 3 # historical context, rules,
detailed worked example, applications 3fR limitations Stg | Diagrams conceptual &1 Teaching examples
I8t 9¢ g91¢ 71 §, 3% historical quotations gl AT ST

Terminology: Syllabus @7 “Sulbha Sutra” M@= scholarly spelling Sulba/Sulva Satra & faw forar mar 1
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1. IKS and Computational Thinking

Indian Knowledge System TRd & fdefad 3k TUfSd F=-URORTSHT o1 <&Tdeh 31eza &1 39 unit &l focus
numerical representation, mathematical procedures, combinatorial patterns 3fk geometric construction

gl

Computer Science & Hael

Traditional idea Modern teaching connection

Decimal place value Positional representation 3fR arithmetic
Bhuta-Sankhya Symbolic encoding 3R lookup tables
Katapayadi Character-to-digit mapping 3k decoding
Laghu-Guru patterns Two-state combinations 3R enumeration
Prastara Systematic generation of possibilities
Sulba constructions Step-by-step geometric algorithms
Root approximation Numerical error 3R accuracy
Algorithm &t IR gz fa2twans

* Clear input: Si& encode &= aTelt T&ATI
- Definite rules: & digit & fag symbol Raffdl
* Finite process: Hiffd steps & THT|

* Output: Encoded word sequence a1 numerical answer|

Input / Problem

v

Rules / Procedure

v

Calgulation / Transforma

v

Output + Verification

on

Figure 1. fft mathematical process @t algorithm & w9 & T

graurt: Similarity @t direct historical invention claim 7 d | Two-state prosodic enumeration 3R
electronic computers & Q¥ binary arithmetic/logic architecture 3@ contexts gl
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2. Number System in India: Evidence

Number system quantities @t fei@= 3fiR oM Se=t i @rawen 81 Historical evidence inscriptions,
manuscripts, mathematical texts 3fk material remains & faear g1 forft symbol & earliest surviving
example @7 312f gALT ITh invention T exact date g1 gidTl

Evidence &d ue?
Archaeological objects Weights, measures 3R geometric planning
Inscriptions Dated numerical writing T 3TanT
Manuscripts Calculations, notation @ algorithms
Mathematical texts Rules, examples 3R theoretical ideas
Commentaries/translations Explanation, adaptation 3R transmission

Hfare efagfees Iarewor
Harappan weights 3R planning measurement & STFeRT &d &; 39eh! numeral system @ gof
reconstruction fAf@ia =g &1 Sulbasatras geometric procedures @7 textual evidence §1 Aryabhatiya 3R

Brahmasphutasiddhanta mathematical computation & #gwayquf texts &1 Bakhshali manuscript
calculations 3R dot-style placeholder & 3ieza= # AgqUi &

Reference: [1], [2], [3]
Historical Interpretation b uferar

» Object/text & provenance 3fR authenticity 3|

* Physical material &t date 3fR text composition @' date e g Tehd! g

» Symbol T context ¥\8i: counting mark, placeholder ar independent number?
* 3=F manuscripts/inscriptions & compare &:|

+ Uncertain dates W “erer” 3R “farfeq” Si9 ereg we fad|

Exam Answer

Historical evidence & 3R # &H-8-3H dI 37T evidence types feid | dhael Uffieg mathematicians & list &
T T81; 8% evidence &1 fezardr g, ag off gasmy|
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2.1 Decimal Place Value and Zero

Decimal positional system # g digits 0-9 IUINT gId &1 Digit &l value 3THI position & TIR Taald! g1 T
¥ 9T¢ places 100, 10%, 102, 103... i €1

Digit 5 0 7 2
Contribution 5000 0 70 2

5072=5x103+0 x 102 + 7 x 10 + 2 x 10°. Ua & digit 5, T&A1 50 # 50 3R T&&7 500 & 500 HI INTEH T &

Zero & q yfaerrd

* Placeholder: 205 # tens position @rel 8, 38 0 fd@Tar 81 205 3R 25 37T 8
« Number: Quantity & &4 & zero; arithmetic & identity 3R 3= rules|

Worked Example: 405 + 27

Numbers @t places & S8R align @<: units 5+7=12 - 2 fad, 1 carryI Tens 0+2+1=31 Hundreds 4+0=41
Answer 432 Zero place @l g7 @A & alignment gl 3gdT g1

Modern Zero Rules

operadon ______JResut

a+0 a
a-0 a
ax0 0
0/a,a=0 0
alo Ordinary arithmetic & undefined

Historic texts # zero-related rules & development @& modern arithmetic & T2l 37eiT-37erT GHs | fohelt grA
division-by-zero rule @t 31T & accepted rule & &9 & 7 ford|

Computer Connection

Computer memory 3fR arithmetic & positional representation 3asgaes g1 Decimal base 10 §; binary base
21 9% mathematical connection g, 31+ 39 foRdt particular historical transmission T JHTOT g1 |
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2.2 Historical Milestones & Date Caution

Evidence / Text Carefully stated significance

Harappan material remains Measurement, proportions 3R standardized weights @7 evidence
Sulbasatra tradition Geometric constructions 3R area relations
Aryabhatiya (499 CE) Arithmetic/astronomical procedures T dated textual landmark

Brahmasphutasiddhanta (628 CE)  Zero 3R signed-number arithmetic & historical study & Fgaguf

Bakhshali manuscript Numerical calculations g2 placeholder notation; dating complex &

Reference: [1], [2], [3]

Bakhshali Date ! graen= & i fad?

Birch-bark samples @' radiocarbon dating 3k manuscript &I mathematical text dating T8 Ut =181 &1
Different sampled materials @ dates a2 palaeography/content @t &1 G&T 8T 81 $9fei¥ T manuscript
& foig ges fAfdare ancient date foa=m 3 =gt

Reference: [2], [3]
Primary i Secondary Evidence

Primary: Original manuscript, inscription 3T historical objectl Secondary: Modern scholarly study St
original evidence @T analysis @<dt g1 Educational summaries 3ualift g, afd dates iR attribution & fog
scholarly research ft &= 93|

Example: Claim <} sita

e i e fob “ag manuscript 300 CE &Y 8", g8: T date bark &t &, writing &' & T original composition
$1? 1 Gt leaves THM THI & 87 AT scholars 8dd &2 39 d¥g evidence-based history fer@t STt 81

10 Marks Answer Plan

Definition — types of evidence — brief milestones — positional system/zero example - dating caution -
significance| sifderaifer i STiTg WE examples ¥ 3R ASTYd §-dT 8l
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2.3 Numeral Forms, Place Value & Grouping

Brahmi Numerals and Later Decimal Notation

Brahmi notation @& additive-multiplicative numeral set & 1-9, tens 10-90 @1 100/1000 & 37T signs ffrerd
€1 38 modern ten-digit positional system & ¥ Ag! AT 91841 Unicode standard g4 3feliT number
signs 3R later positional digits @t distinguish &=dT g1

Reference: [10]

Gwalior Inscription

Gwalior @& temple &I ninth-century inscription zero & placeholder 3udiT &1 Ag<yuf dated example &1 39
g+t cultures & zero @I first-ever invention &g-T 3 =81 | I8 surviving inscription & &9 # evidence 3|

Reference: [2]

Symbol Shape vs Number System

Teh & value 31T scripts # fei! 57 dahdlt 81 205 3R 04 34T @M decimal value 321fd €1 Shape & ¥ base
a1 place-value rule =g SgadT| gE¥T 7R historical notation &I shape aRfRa fd@ dt +ft 38 rules 3re gt dahd

gl

Indian Number Grouping

Number name Decimal value

gg [ Ten 10

gt / Hundred 100

&R / Thousand 1,000
@9 [ Lakh 1,00,000
&g [ Crore 1,00,00,000

12,34,567 = 12 lakh + 34 thousand + 567 = 1,234,567 Indian grouping & rightmost 3 digits & aTg 2-digit
groups; international grouping & 3-digit groups| @4t base-10 numbers €1

Worked Place-Value Check

12,34,567 = 1x10° + 2x105 + 3x104 + 4x103 + 5x102 + 6x10 + 71 Commas readability ¢ €, numerical value
g Fqeld |
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3. Salient Aspects of Indian Mathematics

g9 topic & mathematical traditions &t v faiwdms @ §1 =12 &1 historical outline df&e §; detailed
worked exercises 3t teaching purposes & fg fag mg §|

 Numerical representation: Decimal place value 3k symbolic notationsi

» Algorithmic procedures: Arithmetic, roots 3R equations @t gc &= & fAaH|
* Practical geometry: Measurements 3R area-preserving constructionsi

+ Astronomical computation: Tables, angles 3R numerical approximations|
« Combinatorial thinking: Prosodic patterns &% enumeration|

+ Compact expression: Sitra/verse 3R explanatory commentaries|
Reference: [1], [4], [5]
ufehar 3R SwRoT ST IHE

Rule memorise &T Uga step g1 39 91 oW foh rule &Y MH ohdT &, input T 8 3R limitations T &1
Example: &Ig approximation exact equality T&l; 3% error & Sirg de-! AT

Example: Sum of First n Natural Numbers

n =5 falg 1+2+3+4+5 = 151 Reverse pairing &<: (1+5), (2+4), (3+3), (4+2), (5+1)1 Two copies @I sum 5 x 6
=301 One copy = 30/2 = 151 General formula n(n+1)/21 38 explanation modern classroom derivation g1

Applications in Learning Computer Science

Encoding # tables, pattern generation & loops/recursion, arithmetic & place value 3k geometry &

computational steps #&ad g1 Historical method & &I modern proof 3R testing Siig= & conceptual clarity

el gl

5 3ieh: fohelt Ui salient aspects @t examples afgd fed | 10 3ieh: Features & @19 e arithmetic, T& encoding

3R T geometric process THEY |
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4. Bhuta-Sankhya System

Bhuta-Sankhya (3@-#wan) # digits &l 37 objects/concepts & Mal gRT e T ST S Tw&an
conventional &4 ¥ Jgt &1 I8 word-based numerical encoding 8|

Reference: [6]

0 3RS [ Empty space/void association

1 T [ gt One moon / one earth

2 EENAE Two eyes /[ wings

3 o1 Three gunas T conventional reference

4 < Four Vedas

5 s [ od Five senses/elements convention

6 Y [ kg Six tastes/seasons convention

7 @R [ #=N Seven notes/sages convention

8 ag Eight Vasus

9 g Traditional nine-graha grouping
Uk Digit & g Words

1 & foIg T= a1 gedt SiF 2reg 8t Fahd &1 Choice metre, grammar 3R intended meaning & 39R J&ed! 8l
Word-number association &t g decoding T UgdT step &l

Context Ag«quf g

“7g = 9” traditional navagraha classification g; 3& modern astronomy # planets &I count 7 g7l | 4} TR
cultural sets 3fR everyday objects @t associations context-dependent g|

Digit Order

Common positional convention # ggaT encoded word units, G&RT tens 3R @ &R=T hundreds 3dT1 81 38
G g amd! i & STieT STaT 81 8% text 7 direction verify &%, f89T convention G&@ 8421 reverse 9 @11

@1 Verse-friendly mnemonic form | ®HT1: Synonyms, context 3R direction & ambiguity!|
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4.1 Bhuta-Sankhya: Decoding Process

Regad words in given order

v

Agsign each word its digit

v

Identjify place-value convention

v

Combine digits and ver|fy

Figure 2. Word-number sequence @I decode @ & Ufehan

Worked Example 1: Tq-A5-3TehIA-A7

Ig teaching sequence g, fhdt historical verse @T quotation &1 g8 example # first word units gerfar g1

LG 6 6

Units 6x1=
4= 2 Tens 2x10=20
S{ThILT 0 Hundreds 0x100=0
EE| 2 Thousands 2 x 1000 = 2000

Total = 6 + 20 + 0 + 2000 = 2026 | Word order # digits 6,2,0,2 §; ordinary written numeral & 20261

Worked Example 2: av-dg-a==-T[0T
Digits = 1,4,1,31 Units-first convention & value = 1 + 40 + 100 + 3000 = 31411

Common Mistake

Ugell sequence &I g 6202 ferem declared units-first convention & Teld gRTTI Uget digit association 3R fihx
position T T &R

B Sc/B A/B H Sc 1st Sem Page 10



Computer Fundamental & Operating System - CSSC/CSGE - 01

4.2 Bhuta-Sankhya: Encoding Process

Question: 105 &t encode &3

* Ordinary digits: 1,0,51

* Units-first sequence: 5,0,11

* Words T: 5 - 3=5&; 0 - 31T, 1 > Tl
* Encoded sequence: sf=a-3mepIer-a—|

* Verification: 5+0x 10 + 1 x 100 = 1051

Question: 408 =l encode &%
Reverse positional order gives 8,0,41 Choose ag-3TaI-ag| Value = 8 + 0 + 400 = 4081 Ig constructed
classroom sequence 8, 3Tagdeh gl foh grammatical verse &l

Pseudocode

Input: digits of a non-negative integer
Read digits from units to highest place
For each digit:

choose a recognised associated word
Write chosen words in that order
Check by decoding

Applications and Computer Analogy

Word-number encoding @t dictionary lookup @t @8 implement fehar ST WehdT g1 T digit & @8 words @
W encoding choices S&dt §1 Decoding & felT word segmentation 3k ambiguity resolution @1fgql
Limitations

» & ordinary word number-code &l gidTl

* T g number & 3 valid expressions & dad & |

» Meaning, metre 3fR language & SR TG & Tehd! gl

* Ig secure encryption 7gl; mapping ST IR T&AT Ul ST Hehel 81

Practice with Answers

dg-A3-a5 —» 4 + 20 + 100 = 1241 507 I Y& encoding: WR-3MHIRI-gf=a| G+t answers units-first convention
A gl
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5. Katapayadi System

Katapayadi (seuanfe) e alphasyllabic numeral system g fSi® consonants @t digits fdT SI1d §1 Letters &
mnemonic words T numbers remember &y ST Hehd g1 &, €, T 3R I digit 1 & 31T options §; 38T &
system T AT HST ST TohdT |

Reference: [7], [8]

m Consonants: common mapping

0 a9

1 ®*,¢,49,3d
2 9,3,
3 T,8,9,d
4 9,8 9,d
5 T, 0,9,
6 9,499
7 8,99
8 S,S, 8
9 o

Basic Rules

* g% meaningful consonant-unit & table & FER digit |

+ Attached vowel signs IH=Id: consonant & numeric value 78l sgad: &, &, foh, % &l consonant value
11

« Common convention ¥ first encoded digit units place adr1 81

* 9 3R 37 zero & consonants &1 Independent vowels, conjuncts 3R special orthography & source &t
specific convention a&|

» Conjunct & IM™Ia: vowel-bearing final consonant @7 value a1 ST 8; halant consonants 3@ digits
EEAUCESIGH

yd-HE&AT | 3ar: agf word @1 meaning digit 3dT §; Jgf letters T assigned values| &euanis decoding #
semantic meaning ¥ number a3 =gl giaTl
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5.1 Katapayadi: Step-by-Step Decoding

Example 1: 3™

1. Segment q+H

2. Ignore attached vowels T+7

3. Map consonants ¥=2,9=5
4. Apply units-first 2x1+5x10
5. Answer 52

19 1 enfifen/anfafre sref numeric decoding &Y @ @dT; table ¥ duT | & values 3aT 81

Example 2: A
% =1,A=5,d =31 Encoded order 1,5,31 Number =1 + 50 + 300 = 3511

Example 3: Rd
YM+I+d->9=4,3=2,d=61Value =4+ 20 + 600 = 624 TgI 3 &l § 7 Ug, I &l value 3 gl

Example 4: &9

% =1 3R =01 Two encoded places T value =1+ 0 x 10 = 1, 3fd fixed-width &g & 011 Leading zeros
numerical value 78! sGeTd, | representation &t length & 3T A8 gt TehdT 8

Check

& example # letters left-to-right foid § @fh place weights 1,10,100... §1 3R et source & Iaet
convention g, dt gl convention @R &< | 37 examples @t historical quotations = Tl |

Exam tip: Word - consonants - digits - place values - final number, 3 4ig stages e @]
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5.2 Katapayadi: Encoding and Conjuncts

Encoding Example: 105

* Digits ordinary order #1,0,51

* Units-first order 5,0,11

« Options g: A#=5,7=0,F =11

* Teaching sequence: A-9-h|

* Decode check: 5+ 0+ 100 = 1051

Meaningful grammatical word SFTHT 37T creative task g1 82 valid numeric sequence 3G 39 meaningful
Sanskrit word gl sl

Encoding Example: 314

Units-first digits 4,1,31 Qe choice: g-&-1I Check = 4 + 10 + 300 = 3141 Same number & fig ¥-g-a +ft g1
ST EehdT 8

Conjunct Example: <&

% + I + vowel # common rule & vowel-bearing final consonant I a7 value feiam SITdT §1 & ST digit g adTl
ggl & 3R T g1 1 €, 3AfIT dgaR contrast & fg 7 qwd:  + I # ¥ = 2 felar sirewm, & = 6 3rer digit 7811 Specific

text conventions verify &1

Vowels & IR & Irasem=

Vowel signs letter @T pronunciation sGed 8, mapped consonant digit g1 Independent vowel-only
syllables & treatment & formulations &= g et §; 38 faAT rule =¥ fahg zero digit &t g insert 9 &<

Algorithm

For each syllabic unit in the encoded word:
identify the value-bearing consonant
look up its digit

Assign place weights: 1, 10, 100, ...

Add digit x weight

Verify convention and word boundaries

Applications: Mnemonics, numerical tables 3R traditional scholarly notation| Limitation: Many-to-one
mapping, orthography 3R direction ambiguity!|
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5.3 Encoding Systems: Comparison

Coding unit Word/concept Consonant or syllabic unit
Digit source Associated count/meaning Fixed letter-digit mapping
Example A= -2 T2

Choice Many associated words Several consonants per digit
Direction Often units-first; verify Often units-first; verify

Main difficulty Meaning/context Conjuncts/orthography

CS analogy Semantic dictionary lookup Character mapping/parser

Worked Comparison: Number 24

Bhuta-Sankhya: Units-first 4,2 - dg-a31 Katapayadi: Units-first 4,2 - 9% (illustrative sequence)| i &
4+ 2 x 10 = 24, Afh digit UTeT PR T AT 37T 8l

Encoding vs Encryption

Encoding representation GedT &1 Encryption secret key 3fR security design & confidentiality &d1 g1 These
traditional notations mnemonic codes §; 38 modern cryptographic security & sSRTeR Tg! HHT SY|

10 Marks Answer Plan

Definition —» mapping table a1 word table - rules = encoding example - decoding example —»
advantages/limitations - comparison| %ad table aT1g T gl Tal; place-value calculation +ff fag|

Self Check

A = 351; IW = 52; de-A7-T= = 1241 & answer common units-first convention # 21
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6. Pingala and Two-State Patterns

Pingala @1 Chandahsastra Sanskrit prosody # laghu 3R guru syllables & patterns T 31e8d &hxdl 81 9
tradition ® possible patterns @ listing, counting @1 indexing @t algorithms & THeaT 7T 81 Exact dates
3fR attribution details & scholarly #d%g &1

Reference: [4], [5]
Laghu and Guru

Laghu (L): Prosodic short syllablel Guru (G): Prosodic heavy syllable| arafdes syllable classification
metrical rules &R [+R §; 38 dhad spelling & vowel length & & SR 9 78! fhaT ST hdTl

Binary Connection

gf¢ udeh position W & choices &, n positions & g 2" patterns g1 I&! two-state enumeration binary
strings & mathematically compare bl ST @bt 81 L/G @t 0/1 391 modern explanatory mapping &;

convention ¥ g1 T2y

Example: Two Positions

GG 00
GL 01
LG 10
LL 11

SW table modern leftmost-most-significant ordering # g1 3 traditional prastara-style ordering 3@ &
giferd &t STeEft| T tables @t mix 7 &2

Historical and Modern Difference

Prosody @1 3g37 syllable patterns 81 Modern computer binary system data, arithmetic 3fR logic & ferg 0/1
positional representation IUART &xdT g1 Similar combinatorial structure @& I modern computer &
invention T graT g} ST =13yl
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6.1 Counting Patterns and Prastara

Prastara possible syllable patterns @&r systematic expansion/listing 81 82 T8 position & fag existing
patterns & @1 gt possibilities Jet &1 $AMAT count double giaT &1

e ) L= J =] =]

Figure 3. @l positions @' teaching choice-tree; list order T convention e GfYd &l

Counting Process

1 2 2
2 2x2 4
3 2%x2x%x2 8
4 24 16
5 25 32

Empty sequence & falg mathematical base count 2° = 1 g1 T8 zero syllables & T& empty pattern gl

Recursive Idea

n-1 positions & & pattern & ATY G 3fR L Site+ TR n positions & patterns fed g1 Recursion & B¢t problem
& results @ F31 problem s 81

patterns(0) = [empty pattern]
patterns(n):
get patterns(n-1)
attach G and L as declared
return resulting list

Generation rule # attach @& & side 3R loop order listing T $hH Gt Tehd &, pattern set 3R count i ot
G 3§ Tohd &
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6.2 Three-Syllable Prastara: Full Example

g9 section & common traditional-style enumeration fem T 8: G = 0, L = 1; leftmost position da<t dsft
@ sgadt 81 Left-to-right weights 1,2,4 § 3R row numbering 1 9 & 81

1 GGG 0 1

2 LGG 1 2
3 GLG 2 3
4 LLG 1+2 4
5 GGL 4 5
6 LGL 1+4 6
7 GLL 2+4 7
8 LLL 1+2+4 8

Listing T Process

* First column & row dgerd! 8: G,L,G,L...

» Second column & two rows d&ed! 8: G,G,L,L...

* Third column & four rows dgadt &: G,G,G,G,L,L,L,LI

« Columns @t 91 Yg+ WX T4t 8 patterns exactly once fed g1

Modern Binary & 3ieR

Row 7 & GLL g1 €1fdd weights & value = 0x1 + 1x2 + 1x4 = 6; row = 6+1 = 71 Modern normal binary & ag!
numeric value 110 foad g1 @t GLL - 011 e gl declared ordering & & g1 @rdT|

Why Row +1?

Pattern values 0 ¥ [ &l 9ehd &, STaifh table rows 1 #1339 off-by-one difference &t ®® & indexing
questions H Fgd SR g1
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6.3 Nashta: Row Number to Pattern

Nasta o7 task given row/index & missing pattern recover &1 g1 =d declared prastara convention & fag
parity-based procedure f&ar mar 81 a8 short classroom formulation g1

Algorithm

« Input: n positions 3R row r, STigf 1 < r < 2|

« 3 R r even §: L fad 3fR r = r/2 &2

« 3R rodd &: G fad 3R r = (r+1)/2 &I

* g process n times &%; symbols [ order # fAdhat 3 # ferd|

Example: n =3, Row =6

1 6 L 3

Even
2 3 Odd G 2
3 2 Even L 1

Answer = LGLI Table # row 6 ff LGL g1

Example: Row =5
50dd - G, r=3130dd - G, r=212 even - L, r=11 Answer GGLI

Why Exactly n Steps?

Leading/ending zero-like symbols s9TY 3@ & foig pattern width St 81 r STeat 1 81 SI1Q af AW positions G
3t &1 R r=1 R stop &=A & length T & Tahdlt 21

Reference: Algorithm context: [5]. Worked numbers and table are classroom examples.

Modern connection: Repeated halving 3R parity checks base-2 conversion & H&faid g, a@fd one-based
index 3R order 1 &< @1 I
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6.4 Uddishta: Pattern to Row Number

Uddista @1 task given pattern @I row/index Reprert g1 38t declared ordering o1 UaT &< left-to-right
weights 1,2,4,8...; G=0 3R L=11

Procedure

» Pattern & %uR weights 1,2,4,8... fad|
* had L positions & weights S|
« Sum ¥ 1 SIS ife rows one-based &1

Example: GLL
1 G 1 0

2 L 2 2

3 L 4 4
Sum =6; row =6+1 =71

Example: GLG
Weights 1,2,41 &aa middle L contributes 21 Row = 1+2 = 31

Four-Position Example: LGLG

Weights 1,2,4,81 L contributions = 1+4 = 51 Row = 61 Nashta & n=4, r=6 & L,G,L,G FRee=1 913l
Reference: Indexing method context: [5].

Verification Process

Uddishta @ row feret, fk Nashta @ 3t length @1 pattern ama g% 1 Original pattern @i 3mg af g+t
operations consistent 1 Computer programs # 88 round-trip test &gd &8l

Common mistake: Leftmost weight 1 3k ordinary modern binary leftmost-highest-weight @ mix &=
Answer & &1 convention fad|
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6.5 Modern Binary Conversion: Worked Steps

gg page 3T binary place-value practice g1 3@ historical text &I verbatim algorithm 7 51 STQI Binary
# digits 0,1 3R base 2 gla1 g1 a¥ & a1¢ weights 1,2,4,8,16... 81

Binary 10110 to Decimal

1 16 16
0 8 0
1 4 4
1 2 2
0 1 0

Total =16 + 4 + 2 = 221 5afa¢ (10110)2 = (22)10l

Decimal 13 to Binary: Repeated Division

13/2 6 1
6/2 3 0
3/2 1 1
1/2 0 1

Remainders bottom-to-top d¢: 11011 Check: 8+4+1=13|

Binary Addition

Rules: 0+0=0; 0+1=1; 1+0=1; 1+1=101 Example 101 + 011 = 1000, 37id 5+3=81 Rightmost & add & 3R
carry 3Tt place # &1

Computer Relevance

Digital circuits & & distinguishable states @ bits represent &d &1 Binary patterns memory,
communication 3fR arithmetic & 3T gid 1 Historical two-state combinatorics & g THs & H&g ahedl
g, AifchT g1 contexts IH g1 8l
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6.6 Meru, Combinations & Recursion

Prosodic combinatorics & later explanatory tradition & Meru arrangement binomial coefficients Tz
# 3T ghar 81 Specific construction @ attribution Pingala 3fk commentators & @&¥ & scholarly
discussion @1 fawar §; @4t details &t T & author &t literal statement 7 &g |

Reference: [4]

Figure 4. Binomial coefficient triangle: interior entry $uR &1 &l entries & sum|

Construction Process

Top W 1 & & row & gHi ends 1 ¥ 1 Interior value = fUse row &l SHUR-aT8 3R HUR-3TE values &I sum|
Example: 1,3,3,1 % 91 1,4,6,4,11

Worked Example

Four positions & exactly two L g+ & patterns C(4,2) = 4!/(2!2!) = 61 Patterns: LLGG, LGLG, LGGL, GLLG,
GLGL, GGLLI

Row Sum

Row n & @+t coefficients @1 sum 271 n=4: 1+4+6+4+1 = 161 Tg Tt four-position two-state patterns &1
count gl

Recursion Relation

C(n,k) = C(n-1,k=1) + C(n-1,k)1 Gk chosen position L @l arehl A k-1 L g, g G e At archl A k L I+ 1 T8
explanation dynamic programming ¥ # «ff Iuaht g1
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7. Sulba Sutras: Meaning & Scope

Sulba/Sulva @7 Tser measuring cord/rope @ 81 Sulba Sutras ritual altar construction & S8 geometric
procedures d1d &1 Baudhayana, Apastamba, Katyayana 3R Manava & Hsfdd texts W@ g1 Dates 3R
textual layers @& fg cautious historical wording 3@ g1

=g Mathematical Ideas

« Straight lines, right angles 3fR geometric measurement|
» Squares T rectangles @7 construction|

* Diagonal 37 sides & area relations|

* Areas @t STig1/8e™ & constructionsl

* Shapes JGed gU area S1Q 3@ &l FHA

« Irrational lengths & numerical approximationsi
Reference: [1], [9]

Modern Mathematical Interpretation

31TST 89 8 constructions @l equations 3R coordinate geometry & explain @R ¥dd &1 I8 modern
explanation historical text @ ST & 37T g ¥ehdll &1 Syllabus @T arithmetic/numerical connection &
measurement, ratios, roots 3R approximation & #sf|

Geometry vs Arithmetic

Square with side a Area a2

Rectangle with sides a,b Area ab

Diagonal of rectangle d? =232+ b?

Equal-area transformation A(old) = A(new)

Approximate diagonal Numerical approximation to v2

Practical Importance

fAufRa shapes 3R areas & construction # stepwise procedures @1gT1 Modern teaching & 398 geometry,
algorithms 3R numerical verification I TRd ST Hhd 8|
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7.1 Diagonal Relation & Right Angles

Rectangle & diagonal & square @T area, i sides TR &9 squares & areas & sum & sRTeR giaT 81 Modern
notation: d2 = a2 + b2| Ig relation Baudhayana tradition & fear g1

Reference: [1]

5 32 + 42 = 52
3 9+ 16 = 25

Figure 5. 3-4-5 right triangle; lengths conceptual gl

Example 1: Sides 3 and 4
d? =32+42 =9+16 = 251 d = V25 = 5 units|

Example 2: Sides 5 and 12
d? = 25+144 =1691 d = 13 units| I8 5-12-13 triple 81
Rope Construction: Modern Classroom Activity

* Rope W 12 equal intervals mark 3|

« i vertices W 3,4,5 intervals areft sides I

* Rope taut T@a triangle Y|

* 3 3R 4 length areft sides & & angle 90° g, ideal measurement Hl

gg theorem @7 classroom application g1 aRdfde construction & rope stretch, marking 3R alignment &
measurement error 31T kT &

Missing Side Example

Diagonal 10, T& side 61 &Rt side b = V(102-62) = V64 = 81 Minus T 39317 3@fcg &ifd unknown leg &,
hypotenuse &l
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7.2 Doubling the Area of a Square

Problem: Original square @T area double &1 g1 Side &t double &= & area four times gta1 8; double area
& foIT side V2 times gt @1f3ql

Areg = a2 Diagonal = av2

Side = a

Figure 6. Original square @& diagonal ¢ double-area square &I side s JahdT &

Process

* Original square &I side a A1

* Diagonal d s=T¢|

* d2 = a%+a? = 2a2l

* Side d aTelT 71T square SAG|

* New area d? = 2a2, 37id original @ doublel

Worked Example: a = 4 units

Original area = 42 = 161 Required area = 321 New side = V32 = 4V2 = 5.65685 units| Side 8 @+ = area 64
ghm, St four times g1

Area Addition

gfe squares @i sides 3 3R 4 §, total area = 9+16 =251 Side 5 @Il square combined area &d1 81 General
combined side = V(a2+b?2)|

Area Difference

Sides 5 3fR 3 & square areas @1 difference = 25-9 =161 Equivalent square & side V16 =41 g modern
algebraic explanation §; actual traditional constructions geometric steps # fdg S g1
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7.3 Approximation of v2: Full Calculation

Baudhayana-Sulbasatra & H&fid uffig approximation @t amgfae fractions & 39 YR forar i &:
V2 = 1+1/3 +1/(3x4) - 1/(3x4x34).

Reference: [9]

Step-by-Step Process

1 Start with 1 1

2 Add 1/3 1.333333333...
3 Add 1/12 1.416666666...
4 Subtract 1/408 1.414215686...

Fraction Simplification
1=408/408; 1/3 = 136/408; 1/12 = 34/4081 3 total = (408+136+34-1)/408 = 577/408|

Error Analysis

Modern reference V2 = 1.4142135623731 Approximation 577/408 = 1.4142156862751 Absolute error =
0.000002123901 | Relative error = 0.0000015018; percentage error = 0.00015018%|1

Why This Is an Approximation

5772 = 332929 3R 2x4082 = 332928 gufeiy (577/408)2 = 2 + 1/166464, St exactly 2 i1 Approximation v2
g oier 3rfdes B

Decimal-place Caution

“ggat ufg decimal digits match” 3R “five decimal places d @&l rounded answer” 37eliT statements g1
Exact error fogr sifdfes @¥ §; aHT numbers & five decimal places R round &= @R 1.41422 3R 1.41421
A &1
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7.4 Numerical Mathematics: Error & Use

Example: Side 10 =»1 Diagonal

Approximate diagonal = 10 x 577/408 = 14.1421568627 1 Modern reference = 10v2 =14.14213562371
Absolute length error = 0.0000212390 units| Length Sg= W absolute error scale gia1 g, relative error
A AT &

Absolute and Relative Error

Absolute error = |approximate - reference|.
Relative error = absolute error / |reference].
Percentage error = relative error x 100.

Exact vs Approximate

32+42=52 V2 = 577/408
Finite integer equality Value close to an irrational length
Equality sign = Approximation sign =

Numerical Process

D{efine required quantity

v

Chooge formula / approximation

v

Compute with sufficient precision

v

timate error and verify

m

Figure 7. Numerical calculation &I I verification process|

Equal-area Rectangle Example

Square side 6 @l area 361 Same area @ rectangle, T side 9 g df other side =36/9=41 Check 9x4=361 g
area preservation @T simple modern arithmetic model g1

= Sulba geometry @t &t modern numerical analysis I modern arithmetic &t TeaT 3df ST 3fad
gl Unit & methods 3R mathematical relationships @t examples & THgHT & 3829 &
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8. Integrated Solved Practice

- G-3RI
Encode 306, units-first
Heuafa: TH

Heudlfa: A

n=5 two-state patterns
Exactly 2 L in 4 positions
Nashta: n=3, row 4
Uddishta: GGL
Modern binary 1001
Decimal 10 to binary
Rectangle sides 8,15

Double area: side 3

2 = Checks

4 +0x10 + 2x100
6,0,3 — TH-3ATRIA-TUT
?=2,7=5 —-2+50

%=1, A=5, d1=3 -»1+50+300
25

C(4,2)

4-1,2-L, 1-G

1+4

8+1

8+2

V(64+225)

New side 3v2

204

306

52

351

32

LLG

Row 5

1010

17

=4.24264

Direction check: Word/letter order 3fR place values verify @I Round-trip check: Encode & a1 decode

3k index & 1 recover & answer S |
Tdd Answer il 9gda=

“IM =25" units-first convention & 7ad; “GLL is modern 011 in the declared prastara index” Teid; “square
side double — area double” T&d; “577/408 exactly V2" Tad| & error & convention IT equation &l S &1
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9. Quick Revision & Exam Questions

High-Yield Revision

* Decimal base 10; binary base 21

« Zero placeholder # 8 3R independent number #I

* Historical material date 3R text date 31eT gl Hehdi! &

» Bhuta-Sankhya meaning/count W 3eTRd 8|

« Katapayadi consonant-digit mapping @ 3TeTid g1

+ Common encoding # first unit gives units place; source verify &R
» Attached vowels consonant value 7g! ggad|

* Pingala context prosody 3R L/G enumeration g|

* n two-state positions —=2" patternsi

* Declared prastara: G=0, L=1, weights left-to-right 1,2,4...
* One-based row =1+sum of L weightsi

« Meru entries binomial coefficients g21fd 1

» Sulba tradition geometric construction & Hsfad g1

* Rectangle diagonal: d?=a2+b?|

* Double square area —side v2 times|

« V2 approximation 577/408; exact equality 78I |

5 Marks Questions

* Historical evidence of Indian number systems 9HsIsV|
* Decimal place value 3R zero 3gTg¥vr gfgd faf@y|

» Indian mathematics &Y gfg fAgtwarg At

» Bhuta-Sankhya rules 3R decoding example gifSiq|

+ Katapayadi mapping 3R I/&Hd decode FHifSiql

* Prastara, Nashta 3k Uddishta 9#ssT|

* Sulba diagonal relation 3R 3-4-5 example faf@g|

10 Marks Questions

» Bhuta-Sankhya 38R Katapayadi @' encoding/decoding processes adr comparison faf@g|
* Pingala, L/G patterns, prastara table 3R indexing algorithms examples Tfgd THeET|
* Sulba geometry: right angles, double area 3R V2 approximation with error ¥9gmsq|

« IKS 3R computer science & conceptual connections a2 historical limitations T#sISVI
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