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Hewletl-Pack.ard hand· held calculalOfS /0 compute 
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BEGINNING IVJTH THE HP·15 ..... 1I HP per$O ... 1 
calculltors ~ve u.Md _"dIUy the Arne IJ· 

lIotlthm, for computinll comple>< mathematical ru"c­
Honl In thei, BCD (bi ... ry-coded deci .... lj micro­
proceuo, •. While imprn,-emenIJ have been made in 
n~w ..... lcul.lors.' the chans", hive I ffeo: tfld primarily 
' pe<;ill COloN and not the fund. menllo] . IIlOfllhIN , 

Thl, article i. the third of. setl., 1hll examine. 
the" algorithms Ind ih,ir impleme"ullion. Each 
. rtlcle presents in de ... i]th. method.llied 10 imple­
ment I common mathematlClI function, For sim· 
plicity. ripous proof • • '" not Ih"o", and special 
cuu other thin tho •• of pI.tlcul .. In tere.1 ue 
omitted. 

Although tailored for efficiency withi n Ih. environ· 
me,,~ of I lpecill·purpose BCD mlcropr<><:essor. the 
billie mllhemlticol equation. and the t&ehnique. 
uoed !o !r,,,"form and impleme nt them are applicable 
to . wide ranHe of eompulin8 problem. and deviceo . 

Inn ... TrIgonomeIric Functlon, 
Thl,""lcle wlll diKuSi tht _Ihod ollleneratiD.j 

oin - '. cot-'. Ind Iln-'. An undenlondin8 of thl 
trilODOmelric function IllDlithm t. ,,"umed. Thlo 
wu CO¥tred In the HWnd .rllclt oI lh;. IOrl ... ond 
Ihe detilled diocu .. ion will no~ be "peated here.-

To mlntmtu progrlm lenath. the function IIn-'A 
i. Ilway. compu ted. reg. rdle .. of lilt inverse tril' 
onometrlc function required. [f .In-'A 10 desired. 
AlV'l-i\! II computed flttt .• tnce 

for COI-'A.lln-' A il com puted II above .nd then 
cot-' A II ca]CUloled ulinl 

c,.. - ' I. found in th e ,anae octc .. ond .In-' and 
IIn-' tte computed for tho .. nat -.,12ctC,,/2. The 
tln-' routine lolves only for .nal" between 0 
.nd rrI2. Iinee -lin A - tin I-A). Thul A moy be 

I"Umed 10 be positive and tht Ilan oIlhe inpula'llu, 
menl bec;omes the ,iln of the ,n.wet. All l"fIles It. 
caleul.ted In radiaos and con,·trted to degrees 0. 

sradl If nllCMoary. 

G ...... I ... lgorl"'m 
A vtclOr,ot8tlon process slmllar lo thai uled in the 

IrllOnOmelrlc T(luline II used In the In¥erse prooess 
II well. 1\ vectore~pte$$ed in lU X and V componenl.l 
co n ea.lly be TOtaled Ihrough cerllin lpecl flc angles 
u,lna nOlhlna more than .hlfll oDd Iddl of limple 
Inl ...... In the alaorllhm for Ian - ' I.o. I. Ihe inptll 
"Bumenll. 1.0. 1. o.llao _I. whMeI II H.e unknow n. 
LetUna u.n I .. Y,IX,. I AI can be e><Pflllod .. 11I. 11t. 
wh .... V," 1.0. 1 a nd X, _ \ . A vector rolaHon ~ 
can (Itt Fla. 1) II then used to rotlte lhe vector clock· 
wist thfouah & series of succeilively "mIIller angles 
6,. countlnl the number of ,018UOnl for ","eh angle. 
un III Ihe Y, componen! appro.ehe. ze,o. 11 q, 
denOl" the number of TOlaUOni fOf " Ihen 

I- I .. q. + q,lI, + ... + q.II, + ... 

V""lor RoI.tton 
To InIU.Hoe Ihe algo'ithm. A . nd \ a,e stored In 

fixed·polnt fO'mIIl in registen corrtlponding 10 Y, 

, 



and X, , TM, I, done in lueh I wly U to p~,e<ve .. 
many dlalU of A IS possible whe n th e e..ponent 01 A 
dille .. from 2erO. 

Al tMI polnl Ihe .ign 01 A 1' .. .,..;1 Ind V, .. IAI. 
Now comet the \'edorroUotion (see Fla. 11. If the "«-

10. R I. I"OI.Ied In I clockwise d l..c:tlon. V, become, 
Imliler and Im.lIer until il 1>1"'" UN;! and becomes 
neSltlve . AI lOOn I. Y, becomes neflatlve. we know 
th.t we ha ve rotaled R just PU I the de.lre<l l ngle I) , 

Thu, to find I. R is .imply ,owed clockwi ... until 
Y, become. negl1ive. The amount of ,ow i"n is re­
me mbe.ed and I. equal to the desl. ed angle 8 .. 
tlO - , I A I. To rotate R. the following fo.mula i$ oned. 

• :::., .. X, + V ,tln ', • X, 

'" 
Thl. equall"n i. the same U equalion 1 01 lhe 

•• UcI. on UII"n"metric lunetl"",.' except thaI the 
plu •• nd mlou, ,il "* Ire exchlns'" beCluoe R i. 
rotlted in the oppoJilt direction. AI before. tin', is 
chOMn fUch that the impl_Ution requires I.imple 
sh ih .nd add (tin, ... 1O- ~. To find'. R I. initially 
rotated with '"n 8, " 1('," 451 . V,· ....... become. 
" .s"Uve ... d ,h. numbo. of oucc ... ful ..o!.Ol io ... to 
SIan!<! '" the first digil ofwhl l l' known u the pseudo­
quotienl. Y, I, Ihen resloced to Ihe II" value it had 
bef"NI beeomi ng negative and R I, '''Io ted again. Ih i. 
time Ill roug h •• maller ongle. I. ... '-n 9, .. 0,1 
(8, .. 5.7'), Thl. proc:ess I. Nlpe8ted with Ihe Insle of 
.otatlon becOming Im.l1" .nd .mal1e. unlil five 
paeudo-qo.>otlenl digits ha~. been leneraled. 

Allhe end 01 each series 01 rotall"",. V, i. multi· 
pll..t by 10 to prfter\" ItXUracy. 

P_\lI~pUCIlion 

It I. nOw lime to shill Beln Ind add up . lIlhe sml ll 
anale. repre. enled by the p.eudo·quotlenl digits . 
There rama ln, • • esidui l i ngle ,r , . ep.e.ented by Ihe 
fin.1 X; Ind Y" Since the "lldUlllnlle is smili. 
we would like to say V,' • lin . .. . . However. 
tlli. II we only il X, .. I. Unfortunately. X,' in this 
Clse I. the p.oduct of 111 Ihe 1/001 • terms res.,lt· 
ina f.om ........ 1 IppliceUonl of equ,l1on I. How­
eve •. V, I. Ihi. lime p'oducl lIme. V" Thus 
Y,IX,4O YI I . ThOflOlore.lh, fln,1 V,' It divided by 
the flnol X, ' and the result 11.ln •. which for smlll 
anglel In radian, I • • ppro~ lm'I,ly equll to r. the 
re.ldu.l ansi •. 

WUh the rtfldualangle.,lh, fl"l plrtlilium. 9 is 
generl ted by . dding Ihe Ingln repre.enled by the 
di,IU of Ihe pseudo-quotient. ThLI i. exKlly th, .... 
verle oC lhe pMUdo-divlllonoperltJon in tllelrigono-

metri c routine. Thu.: 

... q, ton- ' (1) .. q, tln- ' (0.1) 

'Hbton-' (0.01) + ... +r (2) 

ElIch coefficient q , refers to Ihe counlln I particular 
p",udo-quol!enl digi\. 

The re.ult of Ihi. $umrruollon p'ocns, II.., coiled 
poeudo.mult lpl icolion. i. In angle 61hOl Is equa l 10 
'-n _'I A I. whe ... I AI is the inpul ''lumenl to th. I/In - ' 
routine, AI thl. polnl lhe original .Ian 01 A I, appended 
10'. For IIn - ' Ihis Ingle I. nor .... li2"'. converted 
to des'_ o. g.ads if nec:etSlry. Ind displayed. Re­
call1h'l for .In-'. Alv'\"=A1 wa, firsl leneraled . 
Thu. f ... lin - ' . the resull of the IIn - ' routine I. ",lin 
,Imply n ... "",lized, converted I" desrea or arads if 
neceHary. and di.pllyed. For COI-'. Ihe ti n -, routine 
return, .In - '. Co,-' II Ihen simply found as 
"'~-ll n - ' A, 

~~~ 

In . ummary. Ihe compulatlon of Inv"",e trigono­
melric functions proceedl .. folloWl.: 

I . Calc.,I,le ~ if the dell...:! function i. 
I in - ' A or cos-' A. 

2. PLace IA I .nd 1 In fi"ed·poInl 10.mallnl0 ap­
proprlole Nlgisten. ,,·hll e prele",lnl Ihe sign 
.H. 

3, Repeatedl y .otale Ih. , 'octo. with A_V and 1_ X 
cloc kwise USing equation 1 un lll Y Ip p. naches 
UN;!. The number of 'Olllloni and Ihe amoun! 
of each . " Iotion i. sto.ed I. I pseudo-quotient 
lIonS the way. 

~ . U.lnl Ihe pseudo-multiplica tion p.ocess of 
equltlon 2. lum IU of lhe InS les u.ed In ' h '0-

1I11"n '0 form 1' 1. 
~. Append the proper .ian 10 Ihe anlwe: and Cl i. 

cull" COl-' A • ,,11. -.In"' A If ,equlred. 
6. Convert 10 Ihe oelected IngLe mode. Ind round 

end dilpllY Ihe answer. 
The Cl lcul'lo, i. now reldy for Inother operation .!' 
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