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The Babylonian method for finding
square roots 
- also known as Herons method
Reference:   Algorithmen - von Hammurapi bis Gödel, 4. Auflage, 
        Springer Spektrum, Wiesbaden 2016, 3.2 1  

The standard procedure  1 

The algorithm of Heron, in general, only gives approximate solutions.  It it artificially
stopped when the precision reached in the process reaches a certain threshold level,
given by the value of a variable called epsilon.  

epsilon : 0.000000001 $;(%i1) 

Heron(a) := 
  block([x : a], 
    while abs(a-x*x) > epsilon do   x : (x+a/x)/2,
    x) $ ;

(%i2)

(%o3) 
4870847

2178309

Heron(5);          /*  For highest precision integer and fractional arithmetic is applied */  (%i3)

(%o4) 2.236067977499978

Heron(5.0);       /*  The input 5.0 signals that floating point arithmetic is wanted */  (%i4)

(%o5) 
3433683820310959228731558640897

686736764054813148116827907533

Heron(25);(%i5)

(%o6) 5.000000000053722

Heron(25.0);       /*  an effect of floating point arithmetic */  (%i6)

Some experiments with number formats and
precision 

  2 

(fpprec) 100

fpprec : 100;     /* set precision to 100 */   (%i7)

(epsilon)

1.0000000000000000199918998026[45 Ziffern]5554346761767628861329299b−100

epsilon :  bfloat(1.0e-100) ;                /* set epsilon to high value */  ;(%i8)

(%o9) 5.0b0

Heron(bfloat(25));(%i9)
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(%o10) 5.0b0

Heron(bfloat(25.0));(%i10)

(%o11) 2.5b1

%^2;(%i11)

(%o12) 

420201030217856789823046486169[758 Ziffern]082255392129985727377479940097
/
794105304721133035682668109886[757 Ziffern]693488613714378385682910352384

Heron(28);         /* very long integers are not fully displayed */   (%i12)

Enforce complete display of long integers   3 

set_display(ascii) $         /* display integers in full length  -  mind the division sign / */  (%i13)

(%o14) 42020103021785678982304648616990686401445444313142507583121065358627224\
471307841284825086385054913317410264842143775602617355942173883798073350526975\
307068691955134579388105686538285807788003215432952287368319052433706897637538\
285609935546065062566333318986931367692959256768507893882405638679628032314351\
855980032428452920428203646552420725459933494563186272657380759389010009073922\
055019817501381665350060064151326137161654811053388508312847489829610607575892\
927516199096723081389770604456705444269072391993723868974795731380680661092537\
622684789014227642347320057372032620032020027759922246792848879204897532024977\
035133676752942783346662604455183999721732809005002469506632837974854919092648\
380549001687769129339667421529586580676154024347775280791675170838434290759585\
210198527601946082255392129985727377479940097/79410530472113303568266810988633\
921391963536062497388289145186407275682804037972943052561511828515002140696652\
220415135718017251729467893387169037803960695824472084522008950909167550892342\
077976818314342029967600926105645311709560936763667716151215002143950879295794\
404723626985352368181446725934406920095045957830365014305478382433940456633009\
876618025042721831654153086251414967653849893996766281478683606432397460805443\
583680152276273215208842766401106703069166903145012086737229497058453818133278\
170410280834125049636249585526375415582509970136535130197816597289440164931063\
720154793042794207965909747287534914769504681351910534222264228412035811363274\
055335230808093757367122459581366529299904062669038294852731299817412093828437\
802244055120947178398647518493020511036137376622716916934886137143783856829103\
52384

Heron(28);(%i14)

(%o15) 5.291502622129181181003231507278520851420518366164900360736668918402137\
646460567255520785772949087221b0

Heron(bfloat(28.0));   (%i15)

(%o16)                               2.8b1

%^2;              /* square the last output */  (%i16)

Several output types   4 
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Heron_2(a) :=            /*  output type:  [fraction,  floating point number, bigfloat]  */        
  block([x : a], 
    while abs(a-x*x) > epsilon do x : (x+a/x)/2, 
    [x, float(x), bfloat(x)] ) $ ;              

(%i17)

        316837008400094222150776738483768236006420971486980607
(%o18) [------------------------------------------------------, 
        141693817714056513234709965875411919657707794958199867
2.23606797749979, 2.2360679774997896964091736687312762354406183596115257242708\
97245410520925637804899414414408378782275b0]

Heron_2(5);(%i18)

Some checks 
    % gives the last output 
     ^2 operates on every element of the output list 

(%o19) [1003856898919213766887542399928262567048796276831819015150993986134656\
18884806971304035121947368905594088449/200771379783842753377508479985652513409\
75925536636380303019879722693123776961394260807024389473781118817689, 
5.000000000000001, 5.0b0]

%^2;(%i19)

Some checks with the same results using map and lambda 

(%o20) [1003856898919213766887542399928262567048796276831819015150993986134656\
18884806971304035121947368905594088449/200771379783842753377508479985652513409\
75925536636380303019879722693123776961394260807024389473781118817689, 
5.000000000000001, 5.0b0]

map(lambda([x], x^2), Heron_2(5));   (%i20)


