Aouble\s exp\aine d

The program double s, when compiled and laaded 4o the expfr?men# board,
will ack as a caleulator that can only multiply the | npu} number by +wo.
When run, the LD will display two’ zeros at the rightmost columns of
boH/l lines. The \Dotlowfng Lceypad absfgnm&mt way done §

718[9[ This assiﬁnmeml is achieved by means of
H1516 a {oolcu,p table.
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Puttons assigneci fo “%" are not functional. “c" acts as CLEAR ,w‘?\(Ch will

redorn +he caleulafor fo its RESET state . (The word STATE appears in
this comtex#, as this 5 indeed a stale machine, but we will deler
Q. more 'Formotl +rem4men¥ to a later example)f

The 6imple caleulador uses the Leb.linet omd LCD-line2 arrays as its
X- and Y- registers, which , in conventional colculators , are assl‘gned
the role of leeping the user fﬂph{’ ond the result, respec#velg.

As none of the internal registers of He microcontrollor are
capable of (/lanélfmg a 15 and 16 digit number  which are the
'inpu} and result, respec\li‘vehj Bl g aumber Sl Eis. B
a 16 bit regisher is 65535‘)/ ‘HM; VHAML&Fﬁ will be kcp" “n 'Hmz
o[(’sP‘ag arrays each 19911&%?2&5 element of which will be holding
one decimal oli‘gd{' \

The arrays ?nihaﬁg contein the poﬂowmg values -

LCD . lihﬂ( - U (TR TE TR A TR TR AR ll;u 0 BN sl e f"lliﬁﬂ iﬁ"“ﬂ”
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LCD«LMZ : it ulu niut i m ﬁré nr; HiE %,,
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Ves, Hice emp’rg locations contauin ; or blank ,OF FKA the space character,
which is 32 in decimal, or  Ox20 in hexadecimal.

Othee than the LCD variables , 4he .bss seckion declares +wo move varicbles:

X_cat . number of o(igi‘s 50 pqr evxjrereo( bg H~e Usér
cafry -Fempomrg siorage Lor carry 3enemie<1 Aun’ng mul‘r{pl{cml(oﬂ

As expecled, X-cat and corry ave both intialized 4o zeco.



The calculator opem‘es in the Fo((ow?ng Sequence ;
Each time the user enters a number,

@) The previouslg entered oligf}s are shifled |efd b9 one. locedion.
@ The ne.wlg entered dzgﬂ— 05 clisplayecl on the rng mos{? corner of |ineA,
@ Xk s incremented by one. L |

@) The user entry is multiplied by fwo and the result is displyed on line2.

There are three exceplions +o Hie above sequence

@ The user e.mlers a zero as the \Crrsi'o((g H’: TfAIq Zero (5 Olfscarolecl-
(2) For the first non-zero ol(gi*‘ entered the o((splag is not shiffed
@ I X cnd =45, further entries are drscarded. |

The multiplication 1 peckormed using the al gorithn +au9hl: i primary school:

For 1=8 to (X-cnl)-1

Multiply the f0* th oligijr by 2
Add CARRY from previous run of Hhe locp
Divide by 10

10%th digit of RESULT < REmMAINDER
CARRY for the next run <« QUOTIENT

After a keypod eutry has been detected , fhe program translates He
Uuser eﬂjrry to ito assfgmed value. The program @frs{ chec(z.s Cor Ny This
entry makes the program Yo ignore (o nput .

The vext checked character 76 Vet 1p 1ot defected, the desplay s
cleared . amd Y-cat s 2eroed.

T neither " por Ut s pressed, them +e program checks for
X.end =45, If yes, +le program ignores user nput.

The next checle is for Xoenb =g, IF Hhis 7o He Frest ol(g(i entered
bﬂ the user, fhen He display should not™ be shifted. The section of
He program abter e no.shift label cerforms a further checle .
IE 80 i enfered a5 He first digit i is dliscarded .



At s poinJr of the program , Here 15 @ Va(.fol numeric emirg which 5[/10(,4(0[
be processed. First, the display is shifted:

mov # LCD-linel, W1 |
passes a \oofwbr to He Aot element in He LeD-lined arrey) . As the number

of digits entered by the user T (Tmited by 15, this location will always be
emm, hence 1 ‘does not veed to be shifted.

odd Wi, #1, wy
add Wi, %1, w2
produces e pol(owfng fwo po?VhLers~

Wi w2
Leb ine d - H%LTDTTTTW‘TE:D
Conseque ntly,
repeat 314

mov.b [wi ++] (w2 ++] ,
transters the whole arroy content (09 one locodion LLPWNJ:&
The lines :

mov 4 LcD_lined , Wi
mov.b  WA0, [wi 157

p[ace the last entered digit o He very last byte of Hre LCD.Iined array .

The multiplication starts by

) Wlalu‘wg WAL +o pomjr to He end of LED _line 1
o Wie « v v , , LED-|ine 2

@ Assighfwg zero to CARRY

movh [wii--1 wg

doles He digit o be multiplied by two into
Maing it 4o point 4o He pet digif.

subb Wg, #0x30, ij i Converst Wi Crom Ascll do s numeric value

add .b We, e / Muufplf‘es it bg two

MoV cavry , WA

add wg, wi, ws © odds Carry Gom 'orevfaub Muljr{ph“coqtfom
cond stores He vesult 1 ws

W, post decremen(«'ws wA(



mov #40, WY
repeat #1417

divu w5, wy ; divides WS by 10, mcf places the QUOTIENT and
i REMAINDER mfo W¢ nd w4, re&pechcfe((j

The QUOTIENT becomes the CAREY for e next multiplication

The REMAINDER 15 e result b5 be drs layecl T4 ©s Lrrst converted
falo AsCll and Hhew p‘mﬁd into LD -line 2, Poswl deccementing W12.

Hm“g,

mov b W¢: [W“]
wrdes te Tinal carry 05 the wsh significont digit of e resull. Herg
L\Jr ;5 Wo}tl,lwl,\;)g 1o noie the \‘MPle,meMJ}m{w\an of “'*\eml{‘ng zero
suppression” in the code, which 5 a stondard Feature in o poclet

cal culator.
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