














































































SOFTWARE SECTION ... ... 
UI ... ... ... 
us ... ... ... ... 

OH'i Fl HU l 
UH I 

OJIH let 00 
OJU 
OHC l'5 07 
tUU 81 00 
O.l!IO l1 U 
U•l 09 
OJO Zo Fl 

01''5 " fft.O I 
OHi II OD 
OJ•l Jll 

LOA 
PllSTX Ewu 
•&JEiUt UlOP 
Pal \.DA A 

IUilil 
dCS 

•Ettl> LOOP 

'"' .. ... ... ... 
PX.I! Sfll 

CMP a ... 

BU!llPTR 

... 
ALP!i!UM ... 
•t• ... . .. 
evFPTR 

"" 

ElllUY FQA 'llJ a 8UFPTR 

JS CHAR ALPl'IAlllUlll 1 

VU• EIU L.OOP 
IS Cl'IU CR 1 
YES. f1Uf 1..00P 

'lllQV[ ro lilt.IT '"'"" 

••• ••I ••• ... ... ... ·················································· . 
ti RDR Off 

TUR ... a T APt. ROM Off l ••• ... 
••• ... AC U RYS ,JIP Hl .. H 

AtlA Cl'IU IU (0Cll ... 
HI ... 
IU ... ... ... ... ... ... 

. ........................................................ . 
03U I 

ao 01 
OHO 17 FltCE. A 
OJIO Ill U 
UAl 
010 H 

lfDkUff EQU 
L.OA A 00\ 

JIOF'O SU A lCIAC 
L.O• A •SU 
SUBll PUTA ... 

llTS HIGH 
SET ACU CONT REG 
SElllD T1¥ MDA CONT CHU 

. ............................................................ . 
ti RON Oh 
• • TUHhS UPI:. MEADER ON ••• .. I ... ... ... ... 
• ACU MTS O/P LO• 

ACU !:MU Ill (DCtJ 

••• ... 
••• ••• ... 

OU'lo 1 ROROlll 
UAS h •l 
nu 17 F8Ct ' AUfrll•O 
OJU h II 
OJAC 
OUE. H 

••u 
LIJA A •1"1 
au .. •CIAC 
I.DA I' 011 
SU8R P'UU ... 

ATS L.0" 
IET lCU CUllilT REG 
SEND TTY ROA COlllT CHAR 

... ... ... ... ... ... .,, ... ... ... 
HI ... ... ... ... ... ... ... ... ... 
1•1 ... ... ... ... ... ... ... ... 

............................................................... . 
• StTMIJll(llJ 
•St.Tl •Ell(OIU A:otO VERIFY 

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

••• ... ... ... ... 
••• ... 

(l!.U 1 
OJAI: J11 
UlBO till Ff UC A 
OJtU Fo FfOO A 
Ut:lb 
OHi .tl QA 

OJ8l 80o HD£ A 
OJttO F11 FfOF A 
Ut.0 
OJCl Zo V7 
OJC• Jl 
OJC'> 1!1e Ff 
UC7 
OJC• iU I' 
03CI Jl 

UCC I 
OJCC AT OV 
OtE Al OU 
OJL.10 U Ill 

OJUl H HOA A 
005 CE. HOA A
UU& 10 Cl 
OJrJA ID .U 
IUOC CE Ot'!.IJ l 
VJOF 1£ OOtJ.;i I 

OJU J• 

St.YUH t.QU 

SE.Tuur 

PSM A 

I.DA A 
L.UA a 
!:iUBR ... 
1.0A A 
LOA d 
SUlilC 
8tt 
PUI.. A 
1..0A A 
:iutlR ... 

St.TllVI.. PUL. A 
St.TMt.M Euu 

:tU A ,,.p A 

••• • wt.RlFV [lt..iUR 
Sh 
LD• ... ... 

PbAl)k LOI 
JMP 

UTM1 ... 

AOOL. 
AOOL.•1 

SE I OUT 

'"""' AOill'l•I 
SUllU8 
SETllUL 

PUU 
SlTlll 

... ... 
SEt11111 

• P;fJ"'tT lt)M 

••• 
llOliJFf 
P4"'E.CS 
•"'iAOll 
"'5GAllT 

FJNST CHECK RA,.GEs 
LlNlf 

lll•dl 1 SU8llUCT 
IUD LO• 
HIG"4 L.J141T 

O• 
auJSlDE RAIUOE L.lllllTS 
TYPt. DELE fE CMU8JUT) 
ro Sllfl'llAL. FACT TO USER 
0T14ER•ISE IGNOA[ STOAE NEQUUT 

VERIFY 
EwROR 1 

PAINT '1UD AOR' 
PNJlllT 1'1519 I ABORT 

... ... ... ,10 
911 ... ... ... ... ... ... ... ... 

. ..................................................................... . . 
• $• AOH tlfltlrlt¥TE2o •• . ............................................................. 

OJU, l Stt EQU • 
oJ£.J 80 lllde I JSlf NXUDH AORU ffEll PUA• 

••• 9ll ••• tlJ ... ... ... 
•l1 ... 

. 
OJt.e.> ft. fFOl A SM!t LOI 

STA 
•o• 
AOOL UE• Ff HOC. l 

O Jt.C 90 Olio l 

0Jfllf " "" UFI H FFDC A 
OlF• 17 
OJF'5 ID 
111F7 H 
OlF8 fF FFOi: A 
OJFB 20 U-

• 9Uilr. •HlL.t. LUOP 
5111'1 JSN 

dEQ s11111u 
LO& AOOL. 

••• WSR S£.f14[M ... 
:na aoo1.. 
it.RA S•iO 

• t.NO Uf 1.UUP 

UFO 7E 00•1 l SMJU JMP lllO'llENO 

SAVE AOR IN AODL 

lUNI• NEllT P&JU111 
OF LINE. EXIT 1..UOP. 

11• AOO TO ltf. SEJ 
A1•L.S d!TE 
Mlflll(IJ 13A, vfRIFV 
JlllOVE 10 JtElf ADD 

••• ... . ................................................................. . ... ... ... ... ... ... ... ... ... 
• •All f"Olll fJV<CHU,fC110J 
• Rt.TUMN Pwt.kT TTY (HAR 1 .. A 

If OEC"UJ N:JT 0 • ECl'IO CHAR 

·······························•••t•••••••••t1•t1••• di TTY EQU 
•l..Ot:11' UPllTIL lNl'UT .-.E. NUBlJUT 

8400 •lO :i.UttR lit. U MEAD TT¥ 

••• ••• ... OilOi ll 18 '"'' ' use ESCAPE 1 
llNE JtlO NO 
JMP ABJRT YUr ABORT ... .. O& l• U 

o•o• 7E ltOAD l 
.... It 7f 

z1 FJ 
•iU CllllP Ii #RUBOUT HUISUUT 1 

••• ••• ••• .. 1 

dEQ 1111> YfS CONTlllilUE LOOll 
•U1D UNIJI.. \.OU"' 

UOO JO fft'li A TST ECHO 
au 1130 
J$A OUT CH ••• ... 0410 l1 OJ 

04ll 81) OlUD 1 
0-15 19 "JO llTS ... 

HMIOi. UIL.£1 

AIORl OOlO 1 
ICUl fFFo A 
AODL. FfDC A 
HUl"P OOAO I• 

901 "" A tTl Ol40 1 
CME!tSM OUC l 
CJI GOOD 1 
cn .. o OOIO I 
0111u oue 1 
lDF ono 1 
fllO OlS5 I 
Iii U:GJ 0114 I 
IRQllEC fFf8 a 
L14Fl OlDO I 
LOAD OUO I 
ltCIER Oi!71 1 
MOflllllf to41 I 
lltGUU U7J I 
lllUPU Oil81 I 
fl141'EC ,,ii:c A 
OClO OlEE 1 
Ot.Ul::ft UDO 1 
Plil'tElll OJ7C I · · '"'lO ·uus t 
PIUO OOfl 1 
PRIGS OOU I• 
Pu"1nt U7• l 
PUTA OOU a 
PIUTI OJ&& l• 
IUD 0001 R 

•tl.U. ooos I 
AClAS lllBCt: A 
lOR HOA l 
WAQUP 04!112 1 
BREU. OOOC I 
IUf H'il1 l 
CK/iM Hi.11 A 
C.REG HU A 
01..10 ooec 1 
0Mill 111Jt. l 
tQt 00011 A• 
CHO OlU J 
Gt.TRGll Ul'7 1 
LllST FFFF A• 
\.11fl ulU te 
LIJ1.JJ'ST 0111• I 
llliOF OCOF I 
lltOPlllU 00117 I 
NIH-tGER OlD5 I 
NAl 02tll J 
111\JL.L.l 01011 l 
OClO Ollli 1 
OUftHll 02Lld l• 
PIUON OJDt I 
PlNlf 0005 R 
PRtO Otoi l 
PRU"'lD Ffl.l& A 
fllUJllCH QJl.IO 1 
Pll UH l 
lllJPRf ·O-SEO l 
REC1 "f'P ff"El & 

FEBRUARY 1977 

E•D 

ACIAC FSCE A 
Ai.tDlBX gou " 
.lL,PNUM 00 t l l 
d.l:Sf fFllO A 
tlMfAKl 0087 I 
BVFPTN fFEO l 
CLINl'ltl lilOIS A 
tSl 012• 1 
lll..OOP UOU 1 
ll"''SO OISA l 
UC 0011) A 
GtU 001it A 
GETlf .. G 0100 l 
1..DRIU UiZl7 1 
i,.Hflt UZC!t l 
ltl!tlADll 11251) 1 
lllUNE"l 0041 I 
14UVE OOOl R 
lllSGlllT 0080 I 
NU 0208 l 
NUl..L.S 01.C 1• 
IJCl..OUP 02F8 I 
ll'lMU oooii: a 
l'CRa.F 01011 l 
Plll$ii OOtl A 
PllECUI IJJSA 1 

ooo• A• 
Pu.-.iOIO OllD l 
PIZ OH5 l 

UJ'9it 1 
ME.STU fllOC 1 

acuo FBCF A 
ADO"' FFDE A 
AREG FFED a 
tlL.A .. I( 0020 A 
8AEG Fffl; A 
ltUAN 0001 If 
COUNT !llll"EJ A 
CTA8LE uoec, l 
Olll 0110 I 
ECHO FfEQ A 

U52 I 
GETRGt Ol1E I 
GO OUF I 
1..F OOUA A 
1,.H!llll 02ZF I 
"4CRl.FS 02QS I 
'4Uill(ND oo.-7 J 
"'Ptoii: oau I 
1111SGMON ooao 1 
tfEXT20 029E 1 
ruUOA O.lH 1 
OFFSET HOii A 
PitHU 01110 A 
Pl'llll\'5 OJ18 1 
P!ol\ OOFJ t 
PAE.G FHO A 
!'SPACE OHO 1 
Pu-.020 OJ.lF I 
PXISTS UH I 
ADA.ON OUS l 

01•1 1 

MICROCOMPUTER DEVELOPMENT SOFTWARE 
ltDFn ono I• 
RTlO 000& I 
ltUUO Olli 1 
SUNtllf OJCC I 
IN OJU I 
IRE' ffFil A 
l•Ull oocc i 
bll'IAlt OOdE l 
vFY 0004 R 
...1rn 0400 I 

R0k90 OJO I• 
R1Ji.t OOo•· I• 
SAVt.SP U 
St.TIJFF U.UF l 
SllllO oJt.C I 
SfART 0000 1• 
5'1130 001)1 1 
S•Ivt.C HFA A 
•10 0.1100 I 
ARt.i, fFU. A 

CHEC1tsUN • 015E 

LErlGTH U' DSfCT s U lUOOOJ 
U: .. &T11 UF UECT :r 10•• lOi.ltil 

PAGE 1 PNUM UlJO•U I• •sl• 

fCSlfSIC 11000 R 
R?40 UOtiC l• 
SA¥t.A HE7 A• 
SETOUT OJC4 l 
S"4JO UFO 1 
SU.RU 0007 1 
51111140 0008 1 
TCUUHT HEA l• 
t1111Ht oi.09 l 

RTlO OOSF I 
RU60UT 007F l 
SlfliH OJ.Ell 0 

SETPUI.. OlC6 1 
SN'j OJt.ti l• 
SUllUB OOH A 
Sfl.LSO 00011 t 
USfll fff4 A 
do Ol.llS I 

PMU"' "UNNEM IDDlT IO"' ro PMOTU 

ltllT LOt OBJtCT . SOURCt. SlAlfllllllll 

--

. ....................................................................... . . 
TlU.t. PRO"ll BUNNElf lODITlUN TrJ PllOTO 

• PROM BUNNEii . 
1 • YEH:ilUll i.O 01/0817• • . .. • COP'tNli;HT Hlti BY A"lt.MlCAlll 111lCNll8¥STElllS INC • .. 

11 .. ...................................................................... 
u . 
I• ASSEMlll..Y Ol'JlONS 
15 . 
•• OUOl A MUVi.R EOU I 0• MOVE AOUTilllE E•CLUOEO 
11 oova a Oll..AT ••u 10 POST PRQ;ltAM 0£LAYo Bf.fOME VF¥ C!lfS) 
11 DPT LSCP,LMAC .. 0000 ISt.t. . •• 041• ••• 1416 •• . .. MO'llE Iii T •GE TRHG • Nll T lOR • P It IS TS, ANGE AM• PlllON •• . .. PC ALF 1PSl'ACE, SE TMEM, A80AT, 11110"'1 Tit .. . .. PN:lMADo AON, AODl..1 llOOH,CUUlllT •• .., su;e111,MOyE,RUO. vn ,PIHi T .. .. PIA LUCAT1UkSi •• •• FICO Ii Pl A , . ., l'l'FICO .. 0001 .. ... ••u M'F8C1 .. PlA 
JO 01104 " l'RUN ••u 11•ii:ac•·PU 
Jl . .. . $UhD•NO lfiflll auFFER <DEFAULT) .. . .. Hoo A ... uu H 1 FCOO .. •• . 4:PIAIUC1Ut IO'ING 'lllACRQ .. . .. ""t. MAC NU CHU •• u CHAh 0 .. L.U&A •CHAM •• IENO •• taLL t'ICllllU •• .. .. .. •• MiRSR CAL\. M•CMO .. ., CALL MACflll ITEM •• • •• •• IYTE 1T£N . •• M£1110 .. .. . kSNIN CALI. LUCA TlONS .. . •• 0011 .. PRlhU ••• .. .. OOIO A P4HU. ••u •• •• . ., . lHlTIAl..Ut. PICON PIA'S .. . .. 0111$ Ct. f'•Co A PIP!IIT LOX •PU 

•• 0111• •• l8 \.OU •6'00111000 TUM'4 UlllF 50¥ .. 01118 u 01 !JMU vso,• .. UtD A7 01 STU ¥50,ll .. 041F I• JA I.OU •8'00111010 .. .. ,l A7 OS SfU llRJllll•l,X R/11 TO MEAD 

•• 04ll l7 47 STU PRO"ll•J,X (l'IQPE NO DUultLE•DIHVE HfMEJ 

•• 04iS ftF O• CL• P'RQIOl,)( PROM DAU SET TO INPUTS •• 0427 ., .. CL• PRJ,..,X 

•• O.tl• •l 011 to• PRJl41X SELECJ lOOMfSS AS OUTPUTS 

•• 0428 a. lE , a.au •B'OOl 11110 
70 04.i!D 111 05 iTAA PR'114+1 0 X POINT TD Al)OitEH OUTPUT lfEG. 
11 04.lf .. •Tl 
1l .. . TYl't & IN UNU"f', ENCl..05£0 ltY Sti'ACES 
1• . 
" 000 .. P8b1N P'SHli SAVE It 
1• Od1 •• PSHA 
11 .... 90 OF ... PSP PRINT LEADING SPACf ,. 004 .. PUl.l 
19 005 "' oa L.DAIS .. I OliI T COUNft.R .. 0417 .. . . AD\.A .. oua .. PSHA .. OOtl 8• 11 Ll>U ... (•l/l Altll •O"J .. uue •• """' •• 04Jt lYPE 

If 
1.DA.l • 

It.hi> 
ouc CALL PRllllU 
OdC .. ••• IUD II ll'fTE. PRINTA .. 04JE •• PUL..t. 

•• OOF .. DEC¥ .. 0440 l• 115 ••• II .. QHl .. PUL.I .. 01143 7E 0007 M ••• J•• PSPACE PRltH ONE NORE SPACE .. .. . kAMJPRU"I ADURESS SETUP • \llt.lOAflON •• . .. ouo CE t"CUO & ii:ASV LDX •Rl14 INTITALlZE POINTERS TO Dt.FlULT RAlll .. 04114 fF 11000 R STA IDOL .. ohc CE HOO A LOX •MAM+5ll .. .... , Fiil OllQE R Sn AOOl'I 

" .. s2 7F OOOF R tLR COUNT SET JIUl..L PRU"! FL.AG .. U1155 80 OOOJ It , .. PXUTS • •• lF HU ADl>RESS. .. oase l1 0. .., .. I ... Ol!tl Bl> UllU1 M ,., 
101 04'510 7t OOUJ. W: 4't COU'°lf ••• 0400 FE 0000 H ... LOA 4001. DEFAULT PROM ADDRESS ... OOJ FF 01108 R ... PRQ14AO lS SAME AS START ... 0'400 ltD 11002 N , .. NXTADR TU FOR PROM ADDRESS 

••• •••• i1 Ob . .. sAi NO. ••• 01110& FE ltOOC M LD• ••• ¥ES. 
101 04•E FF \lltOd M ST• PR,JMAO ••• 0471 CE OOOli R UJ LOX •Plt\l"llAO VE.MIFY TM.at cs ... OM711 DD $EC (FORCIE !SilRltO•J 
110 OIU5 Eb 07 LOAll •·x UOOH+l 
111 0.1171 El O!. SttCtl ... •ADOl..•I 
11• 0474 Act Oti LOU ... 
111 011178 

u "'" HCA •• x ... 0470 II Ol ClotPA •• SrtUULD ttE 1 OR 0 
115 OOF lC 08 .. , ... roo UG • 
11• 01111 E8 Ul ADDW ... AloSO SHOULD llilOT 0¥ENSTEP PRUl4 
117 01183 l4 ltO aocA o,x 
Ill 0485 &8 uo EUMA ... 
119 Ollltl 44 H ANl)A •H 11'l ... OllH lti lit ••l ... JT oau. 
m 0418 ,. .,. ... o.iec 7E OUOll Jil ... , .. AOONE.SS RANGE URQft ••• . ... . 1YP( RAllll • NO"'I lOOMEs:I I DAU 

INTERFACE AGE 119 



SOFTWARE SECTION MICROCOMPUTER DEVELOPMENT SOFTWARE 
Ii> '" ll'>"O ,,. uo LOU ... ... O..i8F CE UOUO it vlHk LU< •AOOL lTPE lf4111 AODli'ESS ... 0'> .. l Ct. l'tit.\I A LD• •PIA 
1'7 002 CALL PllMflt ... us .. s u uo STAA PRJllll•Zol 

049l " S•I "' 0') .. 1 AO 0'> LOU. PAJ''1tl1I 
01191 IO ti1'Tf. •411[l '" (15"<'9 ti* Fl ANl)A •8' 11110111 su "''• ro ... ... IJ"'9" FE OOUO A LU• AQ!)I. lllU• lMf BYTE '"ERE "' bS"ti u 0., STU PRJllll•lol .,. g.,.97 Ab OU LUU '·' ... o; .. o h 07 LDA4 Pi<J• .. i,1 TUAN 1 T uo"'"'o 

I" 0\199 1:10 9'j "" P8cUN ... IJ'j4f &II FtS "'-1>" •8'11111011 tTO OUfPiJfS) 
1'1 1)4911 tlb fbC.b " Ll)AA PRO"l•l+l'U Tlt[f\I PlfOllll IJAU 2lS Q'j'jl '1 u7 SU.t. PHJ"l•lol 
Ill 0•9l 1:10 9U ... P81UN '" ll'>'B 6f lib <L• "1NJlll•l1• 
IH 000 CE OOUD fl ... •PAJllllAO ·'101' lF AOl>WESS tLO• tU "' OS'>5 Ol Oo <u• PA:JOlol ... OIU!o Ao Ill LOU 1 •• DOES r,tH lilATCtt RA"' AOOitESS1 ... VS'!t1 " ~·~s1111 ... ou; Al I)'; lMP• . .. :u.i>DL ... 0'>'>9 Cei ta LU.U ... ... OIU.7 l.1 Ul .,. 11 '" O'ilSA dl) lf ... "ISf.C CLt.U fl14ER 

"' 011.u C.t.LL P16"4E.~ lolliJNT PMDJit .l.ODAUS l•I OS'JC 81) ,)I,. .. ... .. SEC ..an 1 1115 Bt:r..u ... PULSt.S 
OU9 " . S•l .. , 0.,':IE Ao 01 L\)U v~o. • 
OUA IU . tllll:. P•"'tx 

.., U'>tt;! IHI F1 •~uA •S' II llOlJl St.l 1'1.(GH •OL.TAGE 

"' OIOd tiO llUOtt N 11 JSW i.11:.RL.f' , .. USttl Al 01 :JIU• VSllol ... OUf OtJ llW L\JAA l•> 0';011. au .h ti SM "ISU. S MS PULSE DUliAHOll ... OlltJO .. ASL.A tw.n c=o, l:O, 'rRI , .. osoo eo H •S• •SEC 
l•I OA81 .. .,. ,., O':itt8 eo .u ... MSEC .. , . .. \)'Jtt.t. o.t. je 1.HU.t. •8'00111001) TUAN l.)FF HIGH WIJP.. Ula. 
1•3 "Htlfrill .t.l)l)l'ott.SS SETUP '° l)UA NEAD ... O'>ttC ., 01 ~IU v'li0.1 ... "' U'.2ot. .. IH.L.lt ... UllOC CE UOOtJ M AIJOMS LO• •Plf0""'0 '" O'>of lO EtJ ... .. .lO TJMES • 
I•• OlltJS llti 111 LOU 1 •• LOii 0 IUTS '" <J'Hl ttf Ott LL' PliJ'4•l,x Cl)llovt.Ml :JUfPUJS JO IlltPUfS 
1"7 01187 87 ftJCll II ::tl.t.A PMJ•OlollA ... OSH Ab 0'> L.04.I. PWJ,.•l1l tuA .. l)F'F' aiflff 
I .. 1)111U AC! uo LOU ... HIGH HT , .. \151'> th\ io l)MU •tl' 001110111) ... UllbC CE f!IC.O A LU• •PU '" 0;11 .., u; STd PRJ••lol 
I .. Olltsf .. ASL.A POSlThJN IT ,,. IU H 0£1..AY '1"'11 t lf' .._,, f'US T POtuGttAM l)fLAf 
1'1 0111;0 •< l~CA 11ltH DAU Mt.WlSTEM SELECT "' OSJll Co 1tA Li.ll.lt •DEL&:t 
I., OllCl .. ASL.II ... 05115 bl,) It. •S• "'SEC Ut.LU' (ti) .is .. , OllCi .. ASL.A ... 0510 .. Dt.CtJ 
1'511 11110 A8 U1 EUNA PNJ111•3rJI lNSUT l'llTU CUNTRUI. 

,., 
0'>1£. lb F-d ... ... \lllCS tl4 01,. ...... uA •ll '" lt.'-U 

I .. 04C7 u 01· E1.HU PRJlll•31J1 l•l oJS~hl " f'ua.a 

"' !JllC9 ..., 117 ~TU PRJ.,.+J,1 ... oJ!t~I bU ll!tUU I JS• VF fl Cl'IEC" ltl 
lSd oiaca AO Ull LOU PRQlll•l1l MUD DAU ... O!J&ll l'I l)F . .. ,, dAO dll SitO•tD UP 
I .. OliCt> ,. MU ,., u;"11o u .t.u dlw " GIJIJO ... ... osee TfPE .. IW1 TYPE A llllAtl. 
l•I PNUM V[NJFY ii IF .. • .. , OSH a. is LOU ... 
l•l OllCE ISO IJllh 1 "' ... RASV GU SETUP AOi.lRt.SSES IE'-10 ... 01101 81) co l:ISN iF'YI vflilF\' U.,.f 1.0CATJD" OSH CALL PR UTA 
1•• 0110.I Z11 OZ •« .. ... 0 t.RlfOR, UM PllJlllTEO .. 05H " S•I 
lbb l)llO'j 80 JA ... JVEM PRINT F 111111.E fMllOR. OSH II B"f PWlrilTl 
lb7 01107 80 u ... INCAO lt<tCtiE~ElrlT AOONESSES ••• 058C CE FbCO A LD• #PU 
I•• (1110• ZO Feo ... " ••• USISF •• UECb Af!ID TRY llGAI ... ••• ... OSlfO ZO AB • •• •L 
170 . PftU,. Mf&O l70 Q'j9l ttD OlleF ! JS• 'llfH 
171 271 Qljlfllj J ,, EOU GIVE UP 
172 Olll)b SD Ulllltl 1 Ht.AU JSN llASV Sf T UP POlNTUS .,, OSlf; 1£ OOliS N JUD J•P PBAOlt PR1Nf •uo AOl>REllS· AND QUlt 
17j \lllOf _80 uz '" •s• lDDMS RUD ONE dYTE 

,,, 0Slf8 · 1£ OOO!i R t<tllbOOU J•P &80At 
17• UllEO H OOUD R LD• &001. ,,. 
17; 01o1u ~I) l)U0d if ,,. SETMlfflt STUM[ lN ""114 ,,. . Uhf follL.1.lSU.OtiiO DELAY 
17• OOlfll 81.l U.l tJSN INCAO NEJ.Tl l7• . 
177 l)llt.8 lll Fii ... .. l71 OS98 •D Qlj MSt.C TS! PR:Jflll+loX ... It FOR C&l TO fl.OP 
171 "' os•o l& FL OPL lllSEC ,,. IHCllE.flllfl'IT NAfllllPROlll ADUAESS PDINTflfS '" OS9F Al Oil '"""" PAilJ!t1X Cl.EAM lT "llTH l QAU llU.01) 
180 '" 05&1 .. NTS 
181 011t.& Ff IJl)i,la M lfoilt.AD LD• PRO'-'AO '" "' OllED " "' ... Mf"'URY flltUYt. 
IU 04H FF OUOb M .,. PllOJlllllO ... ... OllF1 Fi uouu It ... LO• ADDL. ... I IF lllOlfU us Ollf'I .. , .. i8S OSAl 80 01.101 a MU1rt. JS• 'ETANG '[ t SOURCE AD011£SS MA~ ... OllF5 FF OUllU M .,. 
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._ -AM l's Re-entrant self-relative 
Subroutine ROM: (RSRSRS) = (RS)3 

Edited by Robert A. Stevens 

FOREWORD 

This software article is the .l§J>1J?L9-~.f9j,1J~. 
part serje.~on the EVK 6800 microcomputer hard
ware, firmware and supporting software. This 
month's article covers the EVK re-entrant self
relative subroutine program library software resi
dent in ROM. 

INTRODUCTION 

The cost of microprocessor software develop
ment involves many small items: the cost of 
assembly time, storage time, transmission time, 
loading time, design, development, documentation 
and debug. The cost of many of these items 
continues to accumulate even though a sub
routine library exists for common functions, in 
particul~r the time and cost of transmission, 
loading and ROM pattern generation. 

The purpose of Re-entrant Self-Relative Sub
routine ROMs (RS)3 is to give the user a hard
ware subroutine package which exists in the bread
board design from the beginning. The programs 
are documented, debugged and constitute some of 
the most commonly performed subroutines that 
assembly language programmers generate. 

CONCEPTS 

The (RS)3 uses a number of concepts to allow 
flexibility in the user environment. The first concept 
is self-relative programming. This simply means 
that the program will function correctly regard
less of where it is located in memory. The user 
will need to know where it is located so he 
can reference it. However, this actual location 
will only have to be recorded once. The self
relative program uses relative address instructions 
for program control and the index and stack 
pointer instructions for data manipulation. 

The stack is used for temporary storage of data 
to prevent (RS)3 from being tied to fixed addresses. 
This allows the program to be re-entrant; i.e. the 
program can be called at different times without 
completing the previous call. This means that the 
same r9utine can be called by the interrupt proces
sor as well as by the program which was inter
rupted. The concept of re-entrant code is not to be 
confused with recurs·ive code; even through recur-

MARCH 1977 

sive coding could have been used in the subroutine 
package, it is not. 
· The subroutine calling mechanism uses the SWI 

instruction followed by a single byte index for the 
particular subroutine invoked. This was chosen 
because the SWI from an internal programming 
viewpoint is the most convenient and the safest. It 
is safe because an error in a ROM can be cor
rected by replacing the subroutine ROM without 
altering any other user ROM. If direct addresses to 
subroutine code exist in the user's domain, his 
ROMs would change if the location of the routine 
in the (RS)3 changed. 

IMPLEMENTATION 

The user places the base address of the (RS)3 into 
the SWI vector address. Each SWI instruction re
quires an index byte to follow the SWI instruction 
where the index indicates the function to be exe
cuted. After the function is performed, the user 
program will continue with the instruction follow
ing the index byte. In essence, a whole new set of 
instructions have been created for the user which 
are two bytes long. 

To make the entry easier, a macro call can be 
provided which will assemble the correct index byte 
when the function name is used. A set of EQU 
assembler commands associates the name and the 
index byte value. 

Example: 

MUL8 
MUL16 
DIVS 
DIV16 

FUN 

EQU 
EQU 
EQU 
EQU 

MACRO 
SWI 
BYTE 
MEND 

FUN 

10 
11 
12 
13 

INDEX 

INDEX 

MUL8 
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Each (RS)3 ROM will have the ability to interro
gate the index byte and vector to the appropriate 
subroutine if it is included in the ROM. If the 
index extends the number of subroutines included 
on the ROM, the number is subtracted from the 
temporary index ·value and the next (RS)3 ROM is 
automatically branched to. This allows the user to 
select any of several subroutine sets, where each set 
of subroutines is represented by a separate ROM. 
The selected RO Ms are concatenated together into 
a contiguous region of the user's memory space, 
and are automatically linked together by the index 
value. Thus the actual value of the index byte for 
any particular subroutine is the sum of the total 
number of subroutines in the physically previous 
(RS)3 ROMs plus the offset in its own ROM. 
It must be noted that address assignments for 
(RS)3 ROMs must be made beginning at 1 K boundary 
addresses. 

The 2K X 8 ROM provided with the PROTO pro
totypi ng system includes a set of (RS)3 subrou
tines with a slightly different linkage from the 
standard (RS)3 form, although the calling sequence 
is the same. In particular, the provision for addi
tional subroutines in the form of other (RS)3 

ROMs is limited to a total of 127 subroutines. The 
first additional (RS) 3 ROM address must be placed 
in RAM location FFF4 (which can be set via the 
Set Memory command or modified by an initializa
tion code in a user program). Also, since it is incor
porated into a larger program, the whole of which 
nearly fills the 2K bytes of the ROM, the (RS)3 

part of the ROM does not start on an even 
page boundary, making it awkward for isolated 
use. However, the 24 subroutines included in this 
ROM are available to user program calls with the 
SWI calling sequence, as described. 

(RS)3 SUBROUTINES 

The ROM Subroutine library (RS)3 operates on 
a single SWI (3F) command and a second byte 
of offset giving the S6800 an additional set of 
two-byte instructions. 

Each of the subroutines in the ROM are de
scribed, giving the index for the call, a mnemonic 
subroutine name, and a descriptive title. A brief 
description of the subroutine operation is also 
given. 

SUBROUTINE 
INDEX NUMBER 

MNEMONIC 
NAME 

~I 
00 PUSH ALL 
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FUNCTIONAL TITLE 
AND DESCRIPTION 
I 

Push All Registers . 

Five bytes are pushed onto the stack, 
containing, respectively, the Condition 

MICROCOMPUTER DEVELOPMENT SOFTWARE 

01 

02 

03 

04 

05 

06 

07 

Codes, the B and A accumulators, and 
the Index Register. No registers are 

. altered (except the. Stack Pointer, 
which is decremented by 5). 

POPALL Pop (=Pull) All Registers 

TXAB 

TABX 

XABX 

Five bytes are pulled from the stack 
into the Condition Codes, the Band A 
accumulators, and the Index Register, 
respectively. The Stack Pointer is 
incremented by 5. 

Transfer Index Register to 
Aand B 

The most significant eight bits of the 
Index Register are copied to the A 
accumulator, and the least significant 
eight bits are copied to the 8 accumu
lator. 

Transfer A and B to Index 

Accumulator A is copied to the most 
significant byte position of the Index 
Register, and accumulator 8 is copied 
to the least significant byte position 
of the Index Register. 

Exchange A and B with Index 

The contents of the Index Register 
and the two accumulators are ex
changed, A with the most significant 
byte of X, B with the least significant 
byte. 

PUSHX Push Index Register 

PULLX 

The contents of the Index Register is 
pushed onto t~e stack. The Stack 
Pointer is decremented by two. 

Pop (=Pull) Index Register 
from stack 

Two bytes are pulled from the stack 
into the Index Register, and the Stack 
Pointer is incremented by two. 

ADDXAB Add Index to A and B 

Add the contents of the Index Register 
to the two accumulators, as a 16-
bit sum, leaving the result in the 
two accumulators. The most significant 
byte is assumed to be in accumulator 
A. The condition codes are set ac
cording to the result. 

Condition 
Codes: H = carry from bit 11 to 

bit 12 of sum 
N =bit 15 of sum 
Z = 1 if sum is zero; 

else=O. 
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08 

09 

OA 

OB 

oc 

OD 

V = 1 if two's comple
ment overflow 

C =carry out of bit 15 
of sum 

ADDABX Add A and B to Index Register 
Add the contents of the two accum
ulators to the Index Register, leaving 
the 16-bit sum in the Index Register. 
Accumulator A is assumed to be more 
significant than accumulator 8. The 
condition codes are set according to 
the result. 

Condition H =carry from bit 11 to 
Codes: bit 12 of sum 

N=bit 15ofsum 
Z= 1 if sum is zero,=O 

otherwise 
V = 1 if two's comple

ment overflow 
C =carry out of bit 15 

of sum 

ADDAX Add A to Index Register 
Add the A accumulator to the con
tents of the Index Register, and return 
the sum to the Index Register. The 
Condition Codes are set according to 
the result. 

Condition 
Codes: (Same as ADDABX) 

ADDBX Add B to Index Register 
Add the contents of the B accumu
lator to the Index Register, and leave 
the sum in the Index Register. The 
Condition Codes are set according 
to the result. 

Condition 
Codes: (Same as ADDABX) 

SUBXAB Subtract Index from A, B 
Subtract the contents of the Index 
Register from accumulators A and B 
as a 16-bit difference. The Condition 
Codes are set according to the result. 

Condition 
Codes: H =undefined 

N =bit 14 of difference 
z = 1 if result is zero, 

= 0 otherwise 
V = 1 if two's comple

ment overflow 
C =borrow into bit 15 

of difference 

SUBABX Subtract A and B from Index 
Register 
Subtract the contents of the A and B 
accumulators from the Index Register, 
leaving the difference in the Index. 
The Condition Codes are set according 
to the result. 

Condition 
Codes: (Same as SUBXAB) 

SUBAX Subtract A from Index Register 
Subtract the contents of the A ac
cumulator from the contents of the 
Index ·Register and return the differ
ence to the Index Register. The Condi-

'!:; lion Codes are set according to the 
result. 

Condition 
Codes: (Sarne as SUBXAB) 
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OE SUB BX 

OF P2HEX 

10 P4HEX 

11 PRINT A 

12 PMSG 

13 VALAN 

Subtract B from Index Register 
Subtract the contents of the B ac
cumulator from the Index Register, 
leaving the difference in the Index 
Register. The Condition Codes are 

. .set according to the result. 

Condition 
Codes: (Same as SUBXAB) 

Print Byte in Hex 
The byte pointed to be the address in 
the Index Register is converted to 
hexadecimal notation in ASCII, and 
output to the ACIA located as follows: 
Memory locations FFF6-FFF7 contain 
an address of a pair of bytes (in
direct pointer) which in turn contain 
the address of the ACIA Status 
register. 

FFF7 il 
FFF6 iH 

i+ 1 al 
aH 

a+ 1 ACIA Data 
a ACIA Status 

Each byte of the output is stored 
into the ACIA Data Register after 
bit 1 of the Status Register is true. 
The Control Register of the ACIA is 
not altered, and the Data Register is 
not read by this routine. The Index 
Register is incremented past the byte 
which is output. 

Print Address in Hex 
The two bytes in memory pointed to 
by the Index Register are converted 
to four ASCII digits and output to 
the ACIA located at the address pointed 
to by the pointer pointed to by the 
byte pair at FFF6-FFF7 (see P2HEX). 
The Index Register is incremented 
by two. 

Print the Byte in A 
The byte in accumulator A is output 
to the ACIA, the address of whose 
address is the locations FFF6-FFF7. 
No registers are altered except the 
ACIA Data Register. 

Print Message String 
A message string, the first byte of 
which is pointed to by the Index 
Register, is output to the ACIA, the 
address of whose address is in lo
cations FFF6- FFF7. The string is 
terminatad by an ASCII EXT (=hex 04), 
and the Index Register is left pointing 
to that byte on return. 

Validate AlphaNumeric 
The character pointed to by the Index 
Register is analyzed, and the Carry 
flag is set if it is a letter or digit; 
if it is not a hexadecimal digit, the 
Overflow flag is set. Other than the 
condition codes, no registers are 
altered. 

Exit:Condition 
Codes: H = undefined 

N =undefined 
Z= 0 
V = 0 if character in 

range 0-9, A-F; 
else= 1 
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14 INPUT A 

15 CONHB 

16 INDEX 

17 MUL8 
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C = 1 if character in 
range 0-9, A-Z; 
else=O 

Input ACIA byte to A 
One byte is input from the ACIA, 
the address of whose address is at 
location FFF6-FFF7, and this byte 
is returned to accumulator A. The ACIA 
Is not written to, and except for the 
A accumulator, no registers are 
changed. (RS)' samples bit 0 of the 
status register of the ACIA, and when 
It goes to one, reads the Data Register. 
The input byte has bit 7 removed 
(set to zero). 

Convert Hex String to Binary 
A string of characters in memory 
beginning at the address in the Index 
Register is scanned for valid Hexa
decimal digits; when one is found, 
it and all immediately following hex 
digits are converted to a binary number, 
which is left in the A and B accumu
lators (A is more significant). When 
this routine is called, the maximum 
length of the string is in the B 
accumulator. On exit, the Carry flag 
is set to one if the conversion resulted 
in a valid binary number, and the 
Index Register is left pointing to the 
next character in the string, or if 
the string is exhausted before finding 
any hex digits, to the last character 
of the string. Max string length in 
Bis(< 128). 

Condition 
Codes: H =undefined 

N =undefined 
Z= undefined 
V = undefined 
C= 1 ifvalid number; 

=0 if not 

Multiply AX B and Add to Index 
The contents of the A accumulator 
is multiplied by the contents of the 
B accumulator, an1 the product is 
added to the Index Register. The 
Condition Codes are set according to 
the Result. 

Condition 
Codes: (Same as ADDA BX) · 

Multiply A Times B 
Multiply the contents of the A ac
cumulator times the content of the 
B accumulator, and leave the product 
in both accumulators as a 16-bit 
number, with the most significant 
part in A. This is an unsigned 
multiply, and if either or both of the 
factors is negative (two's complement 
signed) the product will not be a true 
signed product of the signed factors, 
as may be seen in this formula: 

(-n)X(m) = (256-n)Xm = 256m +(-nm) 
The condition codes are nonetheless 
set according to the result. 

'· Condition 
Codes: H = undefined 

N =bit 15 of product 
V=O 
Z= 1 if product is zero; 

otherwise= D 
C=O 
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RS3 ASSEMBLY PROGRAM LISTING 
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