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ORPTER FTVE:  DNTESRUPY WMOLIMG « . o o0 o0 o0 s 3 Bt SeregtORSSONS were design.d as replacenents Far the large
N I s e e N et RN Y O?-'Wuw.umwmms.nh
S ILerrmty o v s 0 v g h e et sequencers. Thay harely rosombled canguters at all
Moo Backble Doterrapt (NI & v v v o v 0w o W - . et wore umed by slectronic engineers end ignored By
Faost Dtarrept Povect FINGY . . . o o0 v 0 T As they developed. the oarly micros Nhad difficulty an
fi Toherrpt Soaest (3800 o o v n v v v o v o0 B - Their sarly INEarnations and o tended to be odd mixtures of
‘ CRISure Drborraots « o « o v s v v s b w w o bbb s S - : compuUters and process contral Sevices, The diffaculty was
| TrRerrimt, Selated Sratretioe « o v v v s s v o - & mancfacturer had Wtrosuced a protessce Ihat wac as advarced
Notes on InRerreet Morcasre « « o o v n v w v w0 oY - wm&ﬂh'mummna?mmm
Careral Docaiderations oo Interramt Frogrameisg . o 97 an sew davich. This was because thelr existing custanars were
_”bmm.nwmn.hnnfnnoadw
| -4 'y was introduced.
mm: mm"l'lll"l.'a -
Efficimey 0f EIOQICE o+ o o 0 v s 00 s e oS ald . Dowtwad of making completely new Sevices, manufacturers would
SEIUCHITE &+ s v o0 T e sy ol praee sometings contideradly) their eearly sicros by adding new
ELoqant PrOSramiing « « + o v v v v s e o0 v e B Seetres. Oio custoners could make Use of these extensions ak and when
, Posilion Tadeendoree « , « - « o PADh LA - This upward compatibility approach means that, al
Soduler Pragraming .« v 0 v 00 v e R are poosible, 1t i3 Impossidle to cesign out an early fu
i S BRTo Dol = e 6o 0 w6 i v i Ay e . a0l A typical cxample of thes prodlem is the S060 family of
A Local, Clotal and Tessorary Bloceer o oo 0 0 0 o8A . Trw BOUSO 15 3 develepment of the very warly 008 device
t EICSney s s o mavnih'e b bna N very popilar, To overcome its Limitations Dilog ttroduced

D0 whuch contalned all of the featumes of the BOR0 plus 4 lot more
Wt o geoerally owicideccd to de a very powerful micro. However the 290
oFhan considersd to be the Dest oF 3 Dad b, In other wards if the 290
2 sot Nave 10 inltate the very sucoessful G060 It tould be 3 much eatier
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' T e AN AT A Sy e St Motorala came 10 the mitroprocessar market rather later than INTEL
' ¢ Sesigned their First microorocessar with & grest dedl mare care. The
l product, the £300, ceemad at First might Jess powerful than ite
DWW CIDN1 a9 5230 COFUTER SYSTEMS. . . . . . 77 Srect competitor the 8080, It had fawer registers and seemed a4 Jot
MeSSEDA .o cvvrvnavrrecraonson 7 « However buth of these apparent failings contributed to why the
Mm‘un.‘--..o.o. -” “Mﬂtwmdl"“‘m"MYNWM.
1 Scow Pl PrOBLYE + s s v vt oanns s I8 serticular well definad utage anc its instruction eet reflected these
- u.b'-..«--.............‘. .n mhmwu!tlmtcmm-ll*ulWhﬂ.OM
SIS v ¢ st ossbesanassnnsyol reasors for the 68006 popelarity were the evistencs Of & wide range of
Wrr-Stated Buces . . PR PO S . | mm‘m'.mimﬁ’wm’.“amﬁulﬂ
‘ - G L T AR e PN written documentation, path making system design single.
i m.....a...o..o..- ........
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O 5% o 56 58 e oy Y-y RIKE BRI/ A Technology but Motorola's awn imgrovements ramained on the lines of
1 T P o W T r O S raflects the gocd initial design of the 6800, It must te admitted.
Sowever, that the £9xx range has become better knbwn than the 4300




e mu:a:hmmmnum.mwnumtm ! _
. moved on 1t became possib 10 produce more powerful PrOERSars. o : s ol
The 6500 had & number of woll Anown dosign ifficulties - only ane index | “Mm“‘“mm‘"m“&
< 20 direct transfer from acoumulators ta index register, not b & oaribtar mwh‘.?:mtfm
. encugh addressing mases. no sixteen byt arithmetic. incorglete tect and “m“.-a%“"""" h"’"' ways possidle to
EOTOATE COMMENGs on the index rogister sto., i, In answer to oriticioms, o sy - aster, o in & smaller space than any other,
 Motarola produced the 680 Gn 1980) as 1ts first real altwrnative to the Safoguard against this £art of bies is to average the
4800, It was not upward campatible with the 000 1n the usual sense = Lo, ~ SNy ) '
& program written on the 8000 will not run on the 6906 - but 1t is clearly § S0l : o A wide range It the and to Choose
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related 1o it and avwore faniliar with the 4900 han Little diffinuity in spalicatian * Rith thote comments in mind,
‘mmmm.fr-ummmmma'nma,mx "mm"’mz‘;
with the much-wantsd new ndex régistar ¥ and a new stack peeds
along wxeoste their high-level languages. Table twa gives
U. How instructions have deen asded along with many new
pointer ﬂmmnmnnnluwav:mu Tumegs oF 4 standard benchmark oo a 1ange oF Srocewsors Incuding some

progeans can be convorted from source code very wasily (ee thapter Tahle One
sevent.

. 3 T

Tre 4007 in & Microprocessor suitable Both for large systems. data ~ :

¢ processing, hsgh-level languages etc. and small ecale procwss controd - o

applications. The reason for this ability to cope with Both types of \ oot i

pretlem i the unigue mizture of sophlicticated features, such as the
Shoond stack rointer and the ability to push or puil registar sets onto the
stack, and the attention 10 basic denign features, such as the provision of
a fast interrupt line and the direct page register. It ts prodably true to
say that the success of the 650% protassor 1o due to 1t being A
scphdsticated device that fasn't forgatien scme simpls microprotessar

Wote L each parcEntage refers to the sverage amount of the berchmarks
ST DrOCRSEOr COmpletes «wnhtr-uooumm -

necEsNities.
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The ssraurcement of Motorala's plans for the 8000 mioroproaiescs
has tended t0 Svershadow the 309, S0 much has been written about the :,'*‘*"“'N" Hlm N
s S0000 10 the popular comguter press concerning haw gowerful it 1s and mm’*-”" i Gy
whathar or st At i3 within the limits of the current tectralogy, that the -wmu rect in l6s
Fact That the 6807 i & use in All Sorts OF Sytteme has taken 4 back seat, ”wm‘"“‘“’ % \
Tre 4800C s, or will bo, a very powerful micro. In Fazt it prosises to be Poxcol = T |

small mamframe grocessur. Nith the promise of the This table first appeared in 68° Nicro Journal Vat 3 no &)




CHAFTER THO
REOTSTERS AND OPERATIONS

£ "‘ﬂ.wﬁmw.m;vmwmm.ﬂm_rs rapabie
The 4850% has relatively few registers when £ @oared fo @ MEOE Sth ~ = Sor Mm wmlm:: M:?-::J' form of "","‘3
23 the 160 but wech reqistar has a well theught out Function. As wall = -—n' -mm “'m""" ':‘" . mﬁ:ﬁ
Decome clear Later, the docign oF the 6809 was influsnced by the needs af oy N “m"é “:ﬂﬁ‘”w v‘;fl': avatlab ;
Progranmers rather than what wak easy to fabricate o0 4 ¥ingle chig. Far s " "'::m" mwt bmﬂ* VPirai Secunal “’;'O
& programner, omguter archatecturs 16 asout what regesters and - i Sanary "“"’mw g ar without - M‘a' e :xnsgst:n
wwﬂ"m. are availadle on a given machine. The registers can be of three - “d Yogical shifts. mmmtmwmmb muto; ”“mm
prpe. > [Eha of ths size i3 a0 unsigred multiply. This anstruction multiplies
heet acsumulators together ang places "he answer in the D register (see
lasic. .,:f'" B St e s R 3 Ir peral the A and B regussers o idendical and mayv be yeed
Adress ponnters - Fir peintIng to aress of mescry and manipulating The sxoeptions to thic rule arc DDA decmal adant the A
addrecses

o ABX (ads the D register to the X index register),
ftatus registers - for indicating the past/future ondition of the
machure,

A Seatre wtaoh INCTEAREC the DOwer of the ¢S50% contiderably is the abslity
wme e A and B oregisters as one sirtewn Bit accumulator fur some

: This 15 referred to as the Do regquster, ang 13 fonmad with the &
ws The most signtimant byte. The range of aritheetic and logical

That velve the D register includes! Gixteen it Binary sddation’
e Bt Dimary subtractionl Sign eitended: sitteen Bit cospare! and the
« sachamge a0d oAl cperations. Mo logical operations ar shifts
the U register.

In real macrones not all of the registers fall clearly into these types e
dops help to koow 1 2 register ts more Like an acoumuiator than mn ate

ﬂmtﬂ.

4 PROGRAMMING MODEL
From the srogrammens’ poiat of view of the AS05 there are five sixtes bit,
registers and four ewgh! Bit registors, twd of which can be Uced as e

agditsonal siztesn tit register. These arel T et PAGE regietar 36 a GGl GLENT DIt vegister which 13 wsed to
Sy Bibs wght to FaFtesn 0 Siret paged Addressing (wer - addressing

SLARCT PASE REQISTER (DM

‘l“ "’:2"' u“z The direct page register is cleared on hardware recet. Only four
- owes & aors can refer to the direct page registeri- PUS/PUL and TFR/EXG.
v PR oy % m-yﬁuuaumc 16 parfactly adequate far Whe uses te which the
. 'mm' 5% = e register L6 put.

M seogran coter "

b D secumilanoe 14 L&« B scoaiaters) N E Y RELISTER

A A eoew leter 8 .

'. ‘u:;“"'""’" : Thw inser registers X and T are used in the indezed made of addreseing to
- |'tm':b':uu : =fy strteen bit addresses In a wide variety of ways. Although only the X

T registers have dean included 1 thas Gectinn, 0ath the 5 and U registers

B v an e registers with no restrictions. The reanan that the § and

| regasters have 3 section o ihemselves 15 that they have Some extra
LTiong which makes them mere Leeful ae Stack potnters,

The registers can e grouped Info two main types - address poant
registers X, Y. U and 5 and the accunulators A, B 2and D. The program courte
direct page and condition code register have to be treated separately,
painter registers can be Further subdiviced ntc Snlex registers X, Y e

gainters U, 5, Ne will deal with sach type 10 turn. The range of cpevations that can Ge carried out on the index registevs is

when compared with the actumulacors, but 15 adequate to thelr Jurpase.
index regizters (X, Y. U & ©) can te Ioaded and stored, exchanged and
IR A% woult bE expected. In addLtion there are & nurler of Jmportant
Hons that are worth separate comoent. Picst, the 6907 has a true
D1t ompare instruction which can be used to test not anly For eguality

& -5-



» As
istriction e ABY) for the Y register, this 15 the only instruction

poanter. and 8o on untsl all of the rogisters specifisd have Sean ioaded, Fod
e the :

ii

ma L b _ The grogras counter 13 Uzed by the S809 to poant ¢5 the neat instruction 10
mmmmu::nwwum For ezample - LEAY A.Y means acdt _ :. The T 18 mare oft t icatty by
g nstriction, However 1t can be vsed in constant oféset ndexed

mv’W»m.mmwmmn¢mM“ : e s ot
careful study. The final anstruction s ABX, 282 the B rogister to the : constant offset mdezed addressing threel,
register ane unmm:nmm‘x register. As thare is no ogui some of the properties of the gereral index registers,

*

freats tha Inser registers differently From one anottee. Thus, with this '
exception, the index rogicters may be taken to be igentical 1o one another.

e LELNE SIS TEN

The condition code rogiater 13 A very special eight bit register used to
ertan Information aZout The State Of the DroCELEO? and results of
Fvatructions, Bach 21t By 4 specific meaning which we will descrite in

The stack pownters are SOth clrtosn DIt registers wiich can be used as
mwmmmeyuwtmmammanM$m U
IPULL) and 5 s uned implicatly by & number of other instructions. & stadi
13 4 reginter that ic usad to hold the address of the top of an area o

zan he ysed for tempirary storage, The area of semory is &
- stack. Any register lor set of registers! can he stores (n the steck
the une of 4 PSH Instruction, Tras first decretents the stack pointer and
Stores the specified register in tho location that the stack painter
and sa all of the registers have Yoen stored, Regimters can be caded
by & PUL instruction which loads the register specified From
{4 T

= Serel The Carvy Flag IC), 15 usad to stare the carry From additians. It is
et tn store the horraw from subtract-lthe cperations mxch as CMP,
MRS SUR.ABC, It 1y also used as & minth Bit 30 shift and rotate cperations.

Ot The Overflow Flag (V) 15 S0t t0 2 00G By a0 00 atLON whdth Causes 4
Twe's Comploment arithmatic over flow,

Twsl Tom Tere Flag 120, s set to ane of the result of the previous aperation
wentically rero,

‘ Thewel The Negative Flag O, ic the most significant Bt (7 or 19 of the
s o in the U register. FUL U A s 1c r ::ﬁwnwcm-hmamlnntw%Wth
!hw.' N A ) SEe '

Of registers can Lo epecifiad

Fowrt The intirnpt mask Bit () s used to determine processer
Salt with. stacked or unstacasd in & specified order (see chapter three), : » etriord

2 hecdware sateerupts (IROL The processor will not recognise
s on the IRO lime 3f this bat 13 set 1o & one. NMI. FIRQ, RO, RESET
THI all set 1 10 one lafter Stacking the CC regicter) 40 as to disable IRG
wiarripte. Rote that T is set after the CT register is stacked. SK12 and
- .‘ML

The twa stack pointers are NOT sdentical, The U stack pomnter 19 availabie
For use by the prograomer anly, The S stack powter i Lsad by the L20% fo
operations other than sxplicit PSH and PULs. The 4307 stores the contents ¢
PC regaster on the 5 stack when 2 sudroutine Jump 19 executed and loads
PO From the S stack when a return From sutrouting 1s exeosted, The S stach
also used during hardware and software INterrpts to store the entire

ropisters for FIRO which stores only FC and OO Becavse of
Additional uses the § steck painter is iown as the SYSTEN atack pointer

Fivel The half carry tit (M), stores a carry from bit 3 as a result of an
Bt asdition, This Bit is used by the DDA Wecimal adjust) instruction to
= BLD addition. The state of this flag 13 undefined Following all
act-1lke COOTALIONG,

Bexl Thw FIRO mask (7 18 liwe the TRO mask hit. It s used to disable or
' the FIRO interrupt line, (The FIBG imterript line is simply a fast
line that dooe mot Stack tre antire machine state 19, tre complete
oF registers, Sew-chagter Five on interrusts) The pracessor will sot
pae FLIRO interrupts of the FIRD mask bit 13 set to one. XML FIRO, SWI
ISET all et F to one. IRO. SWI2 and SNIJ do not affect F. Note tha: the
s set after the CC register 15 stacked.

The presence of two statk pointers in the 4509, ane for the systen and
ot the user, makis the Unplenentation of high-Jevel languages very efio
far a macrane of this sure.

Sevanl The entire Flag (E), iF st 10 one indicates that the conplety set of
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bt tgistars. Also four special instructions are provided to allow

registars was Stacked az opposed to 4 subset (FC and CC). The E bit is used b e 3 the coding. For example -1
the RY1 irsturn from intarruptl tnstruction ts determine the extent of the zystem iooks like trs:

unatackang necessary. TRarofore the current E value represents the previow:

stato of the machine, Xote that the E Bit i set to rne BEFORE the CC regic aimn ! unnn S

s Stacked during an Interrupt ‘see chapter Fivil. _‘;—" ‘*ﬂi ; ‘:—" —‘lv
" -

Tre CC register can be wachanged ar transferred to any of the ather sight 1 iy possthie 16 catry out TIThTEIIC ON tWO FUTDES Within this
.

result outsade thuy range. For examglie 124 - 4= (2800 ~128 -1
The 4805 V flag 13 used to dotect this ocourrands. An overfioe has
oF e carry from tha most sigmficant bt differs from the most
B4t - L. the sign Bat oF the result. The reason for thas 15 that the
5 what the mign 05t QUONT to be iF we were doing our arithmetic to one
Ertra 25t of precision - if they are the TEMe then our result is correct if they
w Si¥decant we NEED 0 carry out our arithmetic 1o one oxtra plase! Thus for
ARt cparation whers an SverFiiw Zan ocoyr V o« N iy C (ie) megns
weciosive TR, To erphasise the ANY cmoncider the arithmetic shaft left
Speration, Shefting left 13 the samd as muUitiplying by twa &0 an aveifluw
Base Zan ooour and this 16 INCICAted by 7 = N (o) C, ShiFtang raght however

The same 4 dIViSIon by twa And &0 1O overflow can soour and the V flag 1a
fUngerflow can ocowr and thas i3 spotted by testing for a Wero

condition codes te be manipulated separately. ANDCC ang ORCC are restrict
logical coevations whih AND or OR the OO register with tha data byt
fallowing the wstruction, CWAT (AND cendition tode reqister and wait Far
interruptl i a0 extremely useful instruction and can result I tunme savi
when seraiong interrugte, The CHAL tnstruction first ANDe the CC regisce
with the Sata ayte following the inarruction, then stacks the entire mad
state and waits for e interrupt. Whan 3 incn-masved) saterrupt coours,
Furiher macrune states are saved s reducing the time between the receats
of & interrpt and ITS Sorviang.

Usirg the AXDCC and ORCC instructions, any bit or number of tite ef t
CC reginter can be Got Of reset. Some assenblérs Incluse extra instruction
such as CLC dclear carry! to endblo the programmer fo set and roset bt
wilteut working out the data Byte 10 be ANDed ar ®Red wyth the CC.

The rest of this (hepter L 3 more detailed iacuweisn af the CoRCItion cod - XDITICN COD SYER AND HE
registor and how it nteracts with ather &807 features. The nowice o il AT
lu!::::mr i;‘;:v:ue tz.:w ::»o uctm.c until after reading | The K. § and ¥ flags are @ostly used by the branch grovp of Mstruct ~
chee Sescr rese ures in morw detail SO0 «=Mn 4 Sranth shauld or Shauld Not 2 taken, A Braath inetruction soch

s BOE - Branth i graater than 0r equal to - wmplies that the two NUTDE:E
e be mepared By subitraction, This i tuen amplies that the numbers are

ARITHMETIC AND THE CONDITION CODES 1,
sepresented either in absciute farm (e, are patitivel Or an twe's complement

! i L. 20 POGLEIVE Gr MOQATIVE) and 10 Qither case the result of the
 The 600%'s CC register includes a large number of flags conomrmaa with i LTl llted By the precision avadatle. 1f the result mm“
indizating 1he state of an artthastic operation - €, I, N and M. Some of ¢ sepresented by the o, thed 45 satians N
flags may he unfamaliar 10 a programmer new to the L800/8807, for ex any overflow that om. wrod ;\”9 ",:’? =< m;:: ;,‘";; o
the 9000 mas only thw C, N, I, H and a new ag P for parity. Trus the V ‘lag <ORpAre anch on the

_ : invalls result - or we can Use e Mnformation tn the N and V flags to
partiodar 15 lthely to be unknown ts mast 080 programmers. A More detaile i the result HOULD have Sewn positive or negative and $hus branch

erplanation of the workings of the aritinelic flags coanc in order, 2l oven 1F the rosasit is invalid.

SOML YT RS

All anthnetic cperatione are carred out 1o & isited predsion. For thy
AE09 arishemetic (3 done lin 0% aperationt o omly eight or sixteen mits. T
FRpTAEINt NEQAtIVE nuMREeT Wi Mmust FEOsE A Convention that makws arit
easv. The usual ang, and the one used by the 4807, 6 TRD'S 1)
FORM., A nusbar in two's conglement form can either be pesitive o7 negatl
To decide which, we examioe the mest SLoniFicant bit = if it's 1ero then I
pLmber 1a positive, i 11'5 One then the number & taken to be negative. 1F ¢
PATDRC 13 poattive the rémaining dite represent its magratude. For crasg
0131 §8 7. IF the numder i3 negative then the romaining bits regresent Aat theee Loremmeric axn
magnitude but the logical complement of the magnituge less one. For szamgl -
11311 13 ~1 npt ~7i the most significant bit 13 1 96 the number IS negative
thersfare the magnitude 15 cblained by taking the Jogical cemplessnt of 11
which is 000, and adding one to give 301, The largest positive fumber that
be represented by 8 bits i DLLLLILL ar +127 and the lergest magnd
negative number 18 10000000 cr <128, The rvassn For thas O30 coding
negative rumbers 1% 14 make the order relationstups Betueen negative numb

Some of the 4809 Dranches work with unsigned binary nuskers and hante ro
ow 13 pOowmibie from 4 OOMGard, Same work with tao's complement
and all oF trase uke thie V flag to determine the correct bracch action
w0 anvalid resalt. 1t 3s imeortant that a 209 progranner 15 aware of e
e fact that after anthmeic 200ratione ane compares the result may be
Ut A 519100 brancy aperatisn will still wark correctly.

A2 Hi ARRY TLAL

Although it 1s faster and more eifaent to use two's comoloment binary

far anthmete: 1t 13 somMetumes No. Worth sonverting decmal rumbers
i from 3 VOU to binary if anly 4 small aveunt of arithawiic is to be
aut. The answer is to use BCD (Bsnary Coded Deamall arithmetic, A
Sigit Iy surply the Binaty regresentation of a deamal digit 0-9, For

-0- 7.4
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EURTHER READING
outline zome of the wnportant concepts of Glnary arithnetic far the

"advised to laok olcautere. A ukeful introduction is contained in *Hegir

D g
I3 not neceesarily & pair of valid BCD digite, Tras ts becmne adding two BCS
Slgits toguther can Give an answer digger than ¥, the Jargest valio BCD digite
Thw DDA instruction sxasines the result of the ADD instruction and the ¢
of the H Flag 10 aZpsst thw resull to b valid BCD digits.

g
5

added together uzing the binary add lastruction the r

xntufmnmmoimsmmlmm
' Bt the resder who wants te learn more adout this topic if

Ouide to Microprocessors ad Computing® by E. F. Scott (Babanl,
Alternatively, sunilar wformation 1o given tn *Elenents of Elsctronics, Book =
4" by F, A. Wilzon (Habany, 1930)

Arssl te addresming s The most Uhvious way of speadying where an
g st should be carvied out and inalves stattng the corplets address
e merand. "LDA $4%33° meamang load the A rogister from the
whose sddress IS MA%33, 15 an example of absolute asdressing,
where TEMF s defincd (somewhere #lee tn the
be an addreas. ADSAlte ASrTssing Mas A4 numbaer of
It can use mare memcry than necossary to store the
maks the sidressing of sequential momory locations
makes the relocation of programs lses balow - positon
m;mmu.mewumtm.eprmuuom
sost frequently usad method of addressing.

Base rulative addressing invelves the uze of g register, kNown as the

seginter, IAAY 1t Used to hold 4 Full addrece, the base address and 2
e, referred 10 4s tha offtet, which is the numbor of losations above
S Below the Base address that the operand jocation 1 to be Found,

Bors asalute and baze relative addresding offer many variations on &
ene ane 1 19 often @iFFloult to decide which methoe is being used Dy
given addressing mode, Base relative has however one umportant
that merics mention, FL SEELATIVE. PC relative is simgly base
wsing thw progran counter as the bace rogister. Thus every
= BC relative is wpecified az the number OF locations abave ot
e crant location that the aperand 1s. PC relative 16 often
secarred to simply as relative sddressing and Llto umparsance is that Lt
*mnmtmmymm-mwwm

Toe final concent roquired for an undérstanding of addressing modes
 INDIRECTION. 15 we allow any addressing mode to speafy not the
—ymmommmmdammw
setaing the aodress of the memory location required than we have
INDIRECT  ascressing. Although Lt sounds cooplicated indirert
astreaning 14 Fairly stragttforward if we fallew its [ogic step by step |

-10- -11-
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1) work out the location specified Sy tha Instructian (n the
ussal way

2) use the sontents of the Jocation specifiat in wtep ane
4% the 400 ass oF the Jucation that tre tnerructica refers to.

addresang ie like ascumclator addressing But any of ite
- A, B, D. X, Y. 5 V, PC can be specified, Fur exanpis,
transfer the X register to the ¥ register,

!

Hecsusse indirection can de appliee Lo any asSressing mode it can
be appliec to Indirect addresssty. leading to a second lovel of Indirection
It 12 Jeft t0 the reader 10 work out where the final address comes from
this case ' This can be repeated 33 Many TMES as FeGuiied Giving any
nunber of levels of indirection, In practice hawever, indirection is rarel
vsed wore than once and indeed masl computers will not aliow tis
mare than once and many poapular micros do nct allow ARY tndirection. It
May nat ke iemediately obvicus when bndlrection e useful But it is =
powerful programmeng technique allowing parameters 10 be passed to
sbrovtines and enabling the effictant wed of leok~up tadles and
therefore a desicablo axtra te aty computer's capatnlities,

bmnmum;mmmummwmmtmu
&5 the asdress of the operand. For estorical reatons the direct
et moSe in Often refeered o simply as extendwd asdrecclog, For

SSTA TEMP* mears stere tha A rogister in the mwmary location
accress ks TEMP (TEMP would beé cefined az a siztwen bit dusber
plee in tha program),

ADOSESSIRG MORES OF THE 9307

Thee 2507 has the most varied and extentive oot cf aCdrocsing Mo
of any of the owrent sscros. In adfition. at f&° &k i possible,
Addressing MAISE Ar0 “untéorm® AL ote the Instruction set, That fa, whers
It Makes Se0se. any addressing mode can be used with any tnstructing,
This obvious simplicaty is NOT slways true of ather mucros, For ezangle
programming the 8080 usually requires all But the axpert peogrammer
have & L3t of which adcressing Modes can be used with :
tnatructions. TG makes the asssmdly language more difticult 5 loar
than it need be and the micrs less sowerful.

In Srwct addressing tha eigtt o1t nunbher followtng the
’masm to me the lower sight Sits of the address of the
The upper wight Bits used o make the full Gextoen bit address
sanan from a specidl register DP, She dirset page register. Far
saarcie, "STA 844" means store the & regicter 1o the mencry lecation
44 where XX 13 the numbes stored In the direct page
| register. that Stroct page mode is Ast speci fled exphictly bot ts
areied by the site of the address ‘eight bitsl. When glrect cage mode 18
Lmed fepends 00 Pow dever he available 007 aswcmbler it A good
 ssnertier will koep track of the value &tored i the DIF registir and ute
ewet pagen hode whindver the address specified in a direct extended
E an bo coaverted, This saves SLOrage Without the pragrammer hawing
%z worry o0 much. JF 11 is necessary tc oxpliotly force eithar cirect
peged or direct extanded to. then the symdals © an: > are often used, For
wrargle, "LDA (87555° meant 10ad the A register from SXXed where XX
s the contents of the DF registor and "LDA J96é means load the A

g
%

We will doal with each of the SE03'S addressing modes (n turn.,

This (6 e simolest addressing mode, The address of the pperand ig
ontained in 10w struction itsell and cannot be mogifies in any way. Fo
exanple, "NUL® seans multiply accumulstors A and B tooether ané place
the answer in the D register.

g

ACCUMULATOR

ACC mulatar addresning 18 sumilar (e mhersnt exceps that one of &
munbier of alternative registers (the aocunuiators) may te sgeafles, For
the 6009 either the A ar B land somotines Dl register =ay be Specifind in
A0Umalated addressing. Fre ssanple, "INC A" seans norement the A
régister “INC B means incremens the B register.

17 immediate accvessing the e or two bytes following the
eatruction  aré ueed ac the operand. Iamediate agdressang e
sstieguished from direct by the symecl ®. Tow ramber of Dytws used
gecends on the instruction. For sxample, "LDA €$:4° means load the &

ror MITH 2@ anc *LOX#$44" mears lcad the X register WITH 3040,
Botics that the number of Dytes used depends on the stze of the register
ssocfied in the lestruction.

-J?o
-13-




wixteen bits following

SIUBE At & tw's coag

v S0 IF 1he oFFeat |8 wight Bity, then menory withen «127 and =)
the ourrent location can be addressed. Tras 3¢ known as sho

ve addressing. If the offset i sixteen Gits thon memory with

32787 and ~31748 bytes of the current Jocation can beé addreseed. This

vRRlly the satire memcry for 4 standard 6909 system. This is known

150 relative addressing.

For thoe &80F relatlve addrecsing can oaly Be used i bra

Saves one byte over long relative sddressing and shouls N

addressing .
et whers possshle.

In constant ingexed addressing a two's Corwlemant constant wo
sizteen bits Jong 13 added to ihe contents of any of e &E09G t

sixtepn bif registers Qe X, ¥, U, S ar PC st NOT D and the result 5

used as the addrass of the operand, 1t should be nated that the ie

register % NOT ALTERED IK AXY WAY - the addition of the constant &

a teporary one: For example, "STA 0,X" meanc store the A register

the addrocs given by adding zero to the contents of the X register, *5T,
TEMP,S" means stord the A register in the sddress given by adding the

value of the symuol TERD to the contents of the user stack painter,

The number of Dytes used o slore the Offset depends on o
magnitude, The 4807 spparts four distinet constent offset sizes
with & different sioe and spesd ouerbead. A bried cesoription is g1
delow. For more information consult the Jater section om effidency.

oFrseT DT e TR TI e
wro s 2000 rero

fiw kit ere aw oxie 14t 413
wight it xe Mte om oxle ~1N
s1xisen bt ted Mtoe for opcles -6 L T
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current address to give t

\

EMENT/DECRENENT IERD OFFEET AINDEA LS

'mmmammmmmwmm
-.“"' mm a2 followad M":-o tus signs or
be one ar p
s The register may oy s

:

3 pcrtant points to rémenber about this
BEFORE the name aof the

e acoumulatar o the location given by the con
X e, or “STA O X+ wodld oremem
I ssans decranent X by two and then uses

e atdesss to store the contents of A W,

will give an wxangle of sach one in turn !

-
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Anougn we bave listed A1l of the addressing modes of the 4007, the
o e FC regluter 3z an index register Jecerves special mention. 1F
e T PC registar in 3 constant index mode to refer ta the address
4 Sets salue. the rafereede is obvioutly position indeperdent because,
wirs selative addressing, the offset dows net depand cn where the
COMSTANT OFFSET IKDEYED INDIRECT 2 loaded. Most $907 azsemblers therefore extend tre availasle
se modes By automatically converting an absolute sddress to an
"STA (SFF.Y)* seans store the A ragister in the lozation who gt when wzed 30 PC relative addressing, PO rotative addressang is
2corens 13 3t0r0d 0 tha location whose sddvess 1o the contents oF the sxtws By calling the FC register PCR. For exurgle, “STA TEMP.PC® is
fogister plus 9FF, s indezed addrossing using the PC register. It simply stores the
'3 oF the A register in the location addrcssed by the conlents of
Fo oregister Added to the number that TEMP reprassnts. Howewer
ACCUMULATOR INDECED INQIRECT =4 TEMEFCR" would store 1he contents of the A register n the
amion whone address KWAS TEMP. because the sscemmbler rerognises the

2 atomatically reglacos the value of TEMF osed in congtant
By the difference betwewn the cevent value of the FC and the
of TEMP, which iz the nunber of bytes TENP 15 from the current
camon. Thus when the ingtruction s exeouted. the coostant offeet
1o the PC gives the original valve of TENP. IF the program ic
By ten bytes say, then the current vale of the PG would be
by ten, bt 5o would the location of TEMP 13 location withen the
0 thus e & regtster would STILL be stared o TEMF, hence

sositign independent coze.

3+ short. to produce position lndependent code, any address that
wheo the program maves should be atdressad wsing relative or #C
e addrebsing -~ Lnsediate data iy & special case of relative

&iNg - Any aadvess Lhat doss AU Mave when the program does. such

POSITION INDEPENQENT CODE = /0 port o interrupt vector, can be addrewsed By any other =ethod
SICEPT relative or BC relative.

Q00 cf e sdvantages of using the 6805 is that it is vary aasy to
write position ndependent proJrams. A POItion ndependent program is
capable of being run at any mwmory Jocation RITHOUT mosificstion, FFICIEN!
13 ooviously wery Imocrtant when & library of sudroutInes 35 being Lsed ¢
i time sharing., Good programming practice for the o807 1o to always To conpare the efficancty of the various addreasing modes It (&

wiite positien independest cote ulese there is a gued reasen 15 " 2 rv to list the saecution times and momary requitereats of &
contrary. InGtruction with esch of the addressing modes. It is thersfore

Wie %o compare all of the addressing modes with cach other
Far a program te be poeition sndepondant it Must Beal with twa types SeCacse RO one inatruction Can be used with all the addressing modes. The
of problem. Addresses that 4o0'T mowe with the pregras, adsalute wa can dc 13 fo compare the groupe of addrecsing modes that can Le
addresses, must beo referred T in 4 wAy thet does not chenge az t with & single snetruction. We can gain slightly more informaticn of
Progeam mives and addresses that do move with the program must 2 s tonsider other methods of achaeving the same snd that usa other
referced to in such & way that changee cofréctly as he program me wotrassing modes. 17 we tonsider loading the A register from various
For pmps within the program a relative Branch snstruction will always ba Jocalions we can mmpare the Limes far tranaferting ona byte, In the table
PCBItIan INdORENdent Bacause the offset from the Curreat Position to i Selow the tetas rumoer of Bytes far each instruction anc the total number
desrination address Alvays remains the same, Trw problem of referring to machine cycles fone cydie eguals one micro second oo 4 Ringle Speed
data hytes withun & progras In & positian independent way, requ W09 are goven) the rumbers 0 sguare Srackets give the same
relative addressing to be available to types of instruction other shan “farmation ane level of indirecticn where possibie.
branches. Sugrisingly, becass the constant index mode can use the PO
registor, thie probiem is aiready salved,

v "STa (TEMP)® means store the A registar in the iocation who
address 13 stored In TEMP, Although ndirect sxtendes add

sgdressing
logically an extensicn of direct extended it is w0 fact implenented oy t
£807 an # spwcial case of indirect Indexed addracsing.

“ETA LAXI" means store the A4 register 10 the 10CATION whoee add:
1% Stored in the location whose addross L6 the contents of the X registee
plus the contents of the A register.

AUTO TN REMENT/DECREMENT IRRIRECT

*STA (05443 maans stare the A tegister 30 the locaticn whe
address is stored In e Jocation whose acdress 13 5 cantonts of the
register and them increment the § registor Dy two. NOTE that anly an
Increment or decrement of twa Dakes aty sefse in this ¢t of
ingirection. i

v
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i
§
.

et
W RA ? 4 RS
o Tow 1 m im 11=8§
L (ToP 2 1 T :
108 WiF 2 2 TT S Berection fiold dwn Dil 71, Pl direct PN inefirect
L8 X 38 ) 1M | e
oA 18.X 2 1w F3 7 temescion sk fizld
L 27X 3Im W
RIox 40 4 N In soems Uwit e it o bw & 1900 o @ orel
(LT N Im 3
W Dx 2 (5 ¢ M e that indsrect wxtended addressing 1m implemented as a special
uw e ? L) oF oTied addreesing.
o o A+ 5 o ¥ . ‘ _
e o7 8¢ ? LY woample of cding an inatruction may hwiz fo make things cleart
e wmr s ¢ 1g 7 I4.77 13 a twa byte inutruction, the first byte 1o the op code SAL

Bhased from chapter Fourl, the Sowmng Byte 35 the post bytw which is
25 the register is ¥V, HAT0! and as Indirection is required X=1,

The main observations to be drawn from the tadle
Spew 10110210 or 9BL, Hence 7% complete tuwo byte ingtructios tode i

I% sapenaive on time and ineediate addressing (e Fast,
timing information can be gained Fram chapter four.

a3
{2
g
5

of rogister JOIrPEEING post bytws are uned, The first is
push/outl instructions to indicate which registers are to be

0P CODE byte. Nowever for indexed and rogister adsressig the CR B format is!
COOE i» followed by 3 POST BYTE which containg oxtra information abod
the addressing mede. (This in Fart makes the 6009 a variadle leng

{ ’ LA ”:":m; 2L
mmmzummomnmmuumsz ® ¥ 1 8 a

rovt brie DIt e
Te&S543210 4

ANy position calses the dppropriste register t0 be inchuded in
ERRC offsee ) 5 it comtant ottt or push. I7 bit & iy wet then either U or € i3 stacked degending on
DL RAD ireresent by o Wi register is beang used B3 the stack poenter GF 16 cbvibus that that
1Rt o) WD Increment b o % pointer 1% not stacked'). The stacking order (s From Pigher Bit
IREEI O 0 220 Gctimerh by tre ’ First during & push and lower bat regasters during a pull.
18kttt #to decresert by teo
1EExt sy corstant dare offyet  For ezamples the coding of PSHS ABPC woudd Da two Dytes, the Firet
158t wowlter B 5fft 234 (From chaster four) and the second 10000110 ar S giving ¢34
i1ttty cowmlstor & 3ffset S the toopliete instruction,
ikl 120t constant affyet
tREvit 14 DIt camtant of fart The secone form s used by transfer and cxchange netructions o
LRl 81t aowistar 0 offset wFy & Palr OF registers to ba Moved. The t2p Faur Bits of the post byte
P xxltoe PC Pelative uith @ bit offwe Safine the wource register and the botton four 40-3) define the
1 xwwitey IO Pelative with 16 Mt cffset g ) register,
100111114 Indirect wdanded sy evsirg

LES > S ]
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These are toded as Foilows!

Hee-0 un-K
e -X -4
M-y et -E
ol -
uw-s5 -

All ather codes are svalid.

For example, THE 5.Y 13 4 two bytw instruction -~ the first byte 15 81,
tfrom thaptee fourl and the post Dyte 1s D0010010 ar $12, giving SIF

far the complete instruction.

bes?
10fly, noticing any special commants, and
any

are

Takes, and how sany cycles it takes o comolete. Far a cingle
4TE80%) tha number of Cycles can be translated directly into
The times gi .
tumes that any nstructian maght take, ADDITIONAL CYCLES
HAVE TO BE ADDED FOR SOME INDEXED AODRESSING NMODES,
of additional Cycles can be Found At the end of the chagter, [n
¢ case of hranch instroctions sometimes two timings sre given. The
the time if the branch 13 not taken and the secord &0
to the time 1f the dranch 13 taken.

;
3
i
:
i
:
3
i

The sam 16 alsa true oF the memary requiressnts listed in cobamn B
e tabies in that extra bytes could be requires for any given indexes
mode, This informarion For Incexed addressing L Ag4in givn
e eod oF the chapter,
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Thit way In which & micragrooesece handies Interrupts 1S ono of the
Ay OtASS WhGIN deterinines whether Of nat & processar is suitadile for
& porticular spplication. For the microprocwssor designer there are 4
runber of chowes to be made woncerming interrupts. In the early days
MiLyos could only have cno, or at most two, Sarts of interrupt Secause of
the lack OF space on the ChQ and the Gnartage af spare plns o5 A standard
integrated oiroutt package. Ideally an snterrupt should be serviced Dy
First stacking the entire Fachine state and then umping to an appropriste
Interrpt handling program. lowever the requirement for an interrupt to
Do Sarviond quitkly would make the Fagility to stack ooly 2 subzet of the
registers very desiradle. Also the limitations on thip dedign and cpood
make the uze of a fixed interrupt address the vsual way of seraciag the
Intacrpt, A fast simple INTerrup: technique generally makes & processcr
surtable for contral aplications. A sophicticated Interret tacrnigoe
aenerally makes 4 protessor suitadle for time sharing and multi~tasking.

| 8507 INTERRUPTS

The 4007 has three interrupc Lines! NG - Non Mackable Interrigt,
IR - Interrupt Regquest and FISO ~ Past [niwerupt Regquist. 1n addition
it has three software Interrupt commands! SWI, SWIZ and SWIZ A
waftwaro interrupt is nol really an 1nterrupt sn the conventional sense of
QMNMWnummnammﬁ:lmrfmm
mechenism. A Software INtOr upt 16 &0 INATrection whith Causes 4 saving
- oF The macting &atus and & Jump to a fixed location, In some senses it 18
more ke a0 extended jump t0 subrouting NStrUction dut with a fired
Seatination as in an Interrupt. A0 IMEOoTtant fFeature OF interrugts on tha
A50% 13 that the Interrunt asdrecsat &40 indirect, That is an internpt
et 1is destination address from & Fized par of bytes rather then

prrping to A i R
The &207 has a numder of Interrupt haaaling technigques that make 1t O RS-

sultable for dedicated control aperations where Spend i Wmportant and &
number that make 3t suitable for large operating systens. Ne will denl
with gach method 1o turn Sat fivst we will give a drief detoniotion of
an interraot 1s.

There are also a number OF INGIFUCTIONS AINCEMRd with interrupts and
Ctarrugt orooeesing, These ace BT, STHUC and CWRALT.

\
BON MASKABLE INTESRUFT KNI

IXTERRUPTS o::nampupu:u 21 the HMI lsne the procsssor sets the E bit
r ter theei stacks the en register set 1n the veual order

TN invention of the: interrupt -is one oF 1he fiw new ieas 19 68 g-p.sme: WS Inzakion 1oans nderaants Catanda SFFFD ~$FFFC.
wircdueed to corputing bardware sinte Babage! If 4 coguter i The only changes that are made to the maching state Following the
sxenting 4 program ang an extevadl event requires that it does stacung are the setting of the L F and £ bits an the CC registor, This

SOMStTING else At OXCE then & interrugt I 7@ SUMQIest metroc oF
actoeving this, Ususlly s rorder of connections, mteecuol Lnes. are
provided to the computer and tho event which requires imaediate
attention is allowed g pudee one of (he Lines wien 1t requires
attention, On receiving & puler on an (nternupt Line the computer srould
stop what it s doing, transfer ity attention 10 1 acton requirad by the
external event. ad. at the completion of the action, transfer g
attention back 10 1te original fask, Thas 1¢ all there 13 to an interrupt ! an
terrupt Signal Or Cauki)l & saving OF The Current macrdne state; 3 pne
to the interrupt servicing routine! and finally & restoralion of the
griginai macrane state.

Srterrupt cannot be masked (Msahled! and therefore 1t always hencursd
By the Drocessor. AlSC It has the nighest priarity and will Always be dealt
with First, FTollowing 4 RESET an WMI will be igrord until the fAirst
Imating of the aystem stack painter §,

FIRD has a lowar prigrity than NMI nut & hugher oriarity than other
% A low levwl on the FIRD input 1y causes the E 01t ta ke
then the FC and CC rogisters tc op stacked and a jump to the
whose asdress |6 stered o STEFL-FFEFT, The FIRD 1o Fast 10 the

that it only stacks the PC and OC registurs, Bite § and F a0 the

CC register Dits set. Note that the F bit divables any further FIRO
w unless it 13 explicitly cieared by the interrupt seevice Toutine,

OF course resl interrugts fave & nunBer of problems 1o avercone ang
tre programmer shoulc ask the fallawing guestions of any antermpt
method ©

1) 06 cwceivig an bt gl fow log efore elion i
Lt 7 [y the areeed imtrietion firashes firse ¥

3) Wow mh, 1Y arey, of Yhe machine's state 18 Stores amang
& lnteregt?

&)




Although this book 18 not seout 480° hardware a few dwtalc of how
| interripts Ataract with the hardware will hals the softwars wapwrt
xmprecate the types of action that are possitile,

The 5507 has two signal Lines that are relevant to mtireupt cperation
BA (But Avallable) line 48 the BS Bus Statel liow, The state of
smpar twn Lines (9€10Cte the state of the processdr a5 given belawt

.

1) Prateisr Sate

Wormal iruendimgd

WY (pdeenipt acbronlidpe!
Wi (ot rovare)

I TSHC achroniedge)

-—.—.a

It 16 ot aifficult to ses that an interrupting deviee could sxamine the
atas of the Ba and BE lines ta digcover AF 1te internp! request had been
sccvoted, Trée cpens the poswitility of the davice tamang control of the
gats bus 3t this point and mpplying the asdress to he used & tw
Interrupt jump address, (KOtice that this ts possibie not caly Decacse of

RYT Thic 16 the usual way of terminating an intec ot routine, An RTT

he system stack whatever was placsd there by the Last
interrupt. As the First byte pulled from the stack 1 alvays the condition
cade y £ bit can be tested 10 cew 1F any ciber registars have
vq.uuuummrcnum.mmmm-uomm;
Anetroction s often wsed as & way of Jargang to a program with the
-machine state set tu a particular condition,

~ BYRC The sync snstruction 1S @ very spacial and new instriction to
the S8XX family, When a SYNC instriction is executed proosssing halts
adl the processor wasts for an interrupt, Whee any interrupt oocurs
processing continues. 1§ the interrupt was ensbled and iF it lasted for
more than three machine cyclezs then the normal interrudt sequants
“ocours. 16 the internpt was not enabied or lasted for less than thres
mactune thon the processcr gors on to eXecute the naxt instruction
as if nothing had huppened. This remarkadle instruction (s cbvicusly of
great value in s Ccroniaing processor cperation to the cutside world but

the procesedr Soes not Jump to & fixed [ocation But obtains ifs n
aztreas from o fixwd location,| Thig freea the programstwr From the

of Tinding the source of the sntirrupt &2 spreds intertupt serviang time.
This tRcPnique 1 known an vectored interrupts. The other palnt worth
Auticing i the Fact that the pracwsser 640 & SYNT state can be detectes
By sxternal smapment, effactively saying that 1he processor is waiting
fer somathing to happen, This lodication 1o rot given huwever For a
CHALIT natruction'

Writing programs that dandle interrupts is one OF the most tricky
wress oF programming. Hardwars wagerts aften think of a systen based on
Drerrupts before anytreng else because from & hardware point of view it
Farme an easy solution, Two Facts should be borme i ming By anyone
mhsidering Weing Inteerupts Far any reacon, First, the time spent i
:mgmsmnmmummuwtmmtm
somt in procwssing the result of an interrupt, Second, interaction effects
ars often aifficult 10 predict in systers capable of multiple internupt
ourcess these eéfects are usually due to Inadequate software design but
‘s sheuid not b suprising foc to design good Intermet handlers

~ CHAIT This ingtruction has been deal! with in chapter two in
onnectson with the CC segister, But it (s worth pointing out it
mportance, A CHALT causes the candition code registor to be snded with
tre fallowing Immediate byte and then stacis the sntire machine state
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the TACK signal but Decause the L4207 interrupts are YECTORED, that is
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foquires a fair dogree of Nardware know'edge. The e T

~ often Better 1o construct 3 firogram that polls devices in a Fued WM:

| than allow the damand tervicng of :

- Tre warnings having bean given, it must be admitted that there &
;mnnmrzlymuammwmmwﬁ: r :
‘ range twrrupt options that suit most probless. Tt is clear that consideration of programming © For other  matroprocessars 4
“the NMI interrupt should be uted far real emergencies .. cower fal { mrmﬂdnuzmuo!aunﬂmmumﬂm
and the FIRO iterrupt should be used for fast servaong of devices. The Bt the 680% has 8 sufficiently “imMeresting” arcatecture for a more
IR0 iterruot is 4 general purposs nterrupt for slow (o medium @ sdvanced guide 10 to useful. That 13 not to say that the 4809 does not
_tievices - it |3 easier on the programmer than FTIRO but & lot mee Fave AN many clever tricks as any other micro but | hope that &t the end
4mmmnmcMmmumwmpmm1 % of this crapter the reeder will see why they are no part of “good”
“Anything alce ta 4o betwhen interrupts or 1€ a fast response to M srogranming style.

CIRO/NMT 18 required, It dowsn’t reslly impeave an FIRO because of the '
extea time spent 10 unstackang, The possibilities of the STHC instruct:
have to be explared by iventive systems designers but its dual EEPICIENCY Of ELEGANCE
of "walt™ ar “do wnterrupt® should be kept In mind,
In most Caces 3 program can eithwre be efficiont (Fact, small) or
feasy 1o undeestand, sagy ta modify, sasy to carrmeth The veason
3% that, giver a program that I elegant, 1t 1z wsaally
wivodute some programmang trick o Pethod that speeds the program
or makes it emaller, However the ume of such tricks often makes

H

=8

Takle Ore program “messy and much more dLFfiadt to understand. In the sarly days
of COMPURINg. programaning was mainly about writing efficent programs.
Later, 33 romouter tine HetATe Chadper and programmmer time more

Interecet Lacation Liniran wEpaasive 1ho omobatis moved to Pow quackly & reliadle program could be \
of Jew wres written, TIES pattern was repeated In the sarly deys of mitroromputing.
Kot 50 much hecauss of the tost of microtomputer time, but becuss the
a1 WiANE N sarly macroz were very slow and were Being used mostly for real tine
naz IS O control applications. It is stil) true that for somw apalications Quick
5 Wi e N tricks are reqired 10 #nable & Procesear SLCh as the 6007 to keep Up with
ve RNy N  the read worid. Howeser, thers is AlS0 4 te08EOCY 10 USE this &% A7 FEON
" wIrCHT N for slepoy progranming, For most spelications weed Is 0at the most
L2y WITS, HFF7 u \epartant eloment of Lnplemesitation and & "guod™ progam it the most

wirgent. A nlogan that all programmers should take to fwart is “spoed s a
hrdware probiem - programming 16 about quality®,

The guestion of elegant pregrameéng o traditionally dealt with by
denanding that & design method 18 sepicyed, The test known and most "
wsed oesign method 16 Top Down Structured Prograsning ITOSP! which 43 ‘
gaplained 0 many suftware textbcoks. It 1w usually assumed that
assently 1anGuaGe Fropramming doesn't reguire a design method and (f it

i 5t wpuldn’t be TDER whith (s most concerned with fgh Jevel languages
soch s Pavcal, This simely 10t true, The design proceeses invoived an
TOEE can angt should be spplied n any language. However there are

 apecial CONsIerations to Do kopt 1n mind when using & low level language.

that relate to the architecture of the particular =achine being used.
These soecial conssdurationt wiil be the swpd.o' the rest of this
m“’.
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; DEtwoon Aodules o which there are & numbier of solutiont.

1) pass parameters in defined registers - this has the disadvantages

requiring edch module to specify which registers it will uee for weat
ard restnicting the sie and nuntor of parameters 0 whatever regasters
4% avatlable.

2) pass the paramoter’s ADDRESS in a register - thas has the
acvartage of not restracting the sie of the paramoter to the aize of the
regiater but does not salve the probiem of the number of arametars.

w programming at the u-uty language level is
~ about how the machine's archutecturs can ¢ uied to wimplify progr
mmnmmulmwd convideration we may
AWk that A program at the szsombly loval 12 Donition indegencent,

- or re-entrant., We will dbal Mith these soecific reguirsments firet,

- POSITION INDEFEXDENCE

Fositico Independent Code (FIC) hus alrsady besn dinciseed in
thees, A position independwn! progran cer be loaded wito any ares o
memary and will run orrectly witheut any mogification. Thas is
smpoetant preperty iF the program has to Do made avalladle on 3 range
hardware where the usor memory 16 Likaly 10 Do i differwnt plates.
aleo makis the distritution of software v EPROM or BOM sasier.
Instead of distributing  program EPROM/ROM far avery 85wt
widress possible, one 13 encugh If It contains FIC, Ancther advantage of B
FIC Becomes 041000t when & Library of programe ar subroutines is beisg FOR UK .
wstablished For, if each program required @ particular arma of memary o FOC Ftis 15 3 strire sarmeter/
function. 11's very ciear that thangs Become very comglizated.,

TO repaat thie information from thaptee thiee sbout producing m
Aindependant code -

any adiiress that moves when the Rrogram moves Whoull be addressed |

3 The pardmeters can B sent and returmed to wn sres of storage
following the wtirautine call. This 16 referrad to an in line parameter
passing. Far wzanelel

AR BT P EeLers I TaOWILITY

ATNL BN ® Setuen poant awwing round pereswtins ofter
< odile fes Tinshed.

mmmu!tnhnnmmmommu; 4) Parameters, or twir atdredses. Can ba passad on the stack, This
Special case of relative), tas the advantage that any ourder of paranwiers tan be passed and
any address that doesn' move with the program such as an 1/0 port retumed, Tha only thing to be rememdered is that the stack must 5

can be asdressed by any other method EXCEFT relative or PC relatives | deansd Lo At sane posnt After the module is firdshed.

~ Thare are probadly many variations on the theme of parameter paseing
“mrmmwyhmndrommvmnm

~ grounds of efficienty ar wase of use,

MODULAR PROGRAMMING
Mooular programming is really a part of the TDGP method but requires
Aone extra thought 4t the essenbly languege level. A program 3s modular
A 41 can be split Up Into & humher of other programs (nodules!, each one
carrying ot & particular job and Inferacting with the othors only at its
Cstart and end. Modules are usually subroutines But the reverse nood sod
b troe. The advantages of modular programming are cbaous = A numtier
of progiranmers can esch produce mocdules to construct 2 jarger propram.
- program orrort can be isolated to ingividual modules, wwbroutine/moduls
Lbraries can be set @, The problem with mosules 4t the assembly
Jdanguage level s defining monventions to be used for linking modides
« Deviously a JSE/BER should be used 10 enter & module and 40
mmatuwmwmnmuanﬂnmmfm—
mmnuwnmmwu-aoammmm duetroying
belonging to the calling program” One poswubie: linkage
convention 13 to push all of the registers used by the mofule onta the
Systen otack as the Firet cperation of 4 module and pudl the same sat of
registers plus the FC register Waing the return avtomatically! as the Jast
instruction. This has e advantage of frowing any or all of the registors

parameters 15 a Siffiuit one and has beoon a topic of disaskion ever
SIN0E CONPUTErS wors Programmed’ It 15 worth noting that the on the £80%
mwmnmufwlymy.ﬁrmm .

PG LY 0 ) ond T poart o Uhe slarh of Lists &y
55 COFPSE  comare 15 2 routine which roweres G lists

rert of msin prograe
COPHE LOA 12,57 x Laad A Kith Tirst 1t Sn string
A00 T0.5) # Lowd B with first it in second string
rest of sbrotine
apart from remembering 1o tlsan up the stack that‘s all there is to it
use of

one level of indirection Is all that's necessary to get &
parametar from its address on the stack!
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Cre-antrant i 1t can be stopped, Oy an interrupt zay, wsed By ancier

recentrancy 15 in 4 roal time control system whore a nusber of o

Atself with 3 now et of parameters.

does not mean that re-entrancy (s similarly damnpd’

N TN T e TR T LR

A
2 »

ot bt s ey o et 0 i ta

.

A Jocation that mOves with & Drogram i¢ in come sense “inside” the
aqram. Such locatioes are often referred to as LOCAL storage, Local
dcrage may be timply an area within the program set sside for stocing
2ata. As long as 11Gs area is referred to hy PC relative addressing it is
geaition independent. It is alde modular as long as ne Sther program
referonceG b, but 1t 13 not re-entrant. A recall of the pregram wouls
overwrite any information in the Jocal storage.

BE-EXTRANT CODE
Re-entrancy 15 a Fairly advasced conoept and was once oaly dise
only for System agolications Dut for real time control as well. A moduls by

calling program and restarted, by a return from interruot say, without
pecial pracautions any aumber of times. Re-entrancy s useful in
Himeshars operating system for exanele T¢ ik Eit Tro torm local storage can 5¢ extended 1o Include any starage that a
rerentrant then any numbor of users eradh o wilbplls. . ~‘m-mmmmumom.utmaammwuu
SR aaies. 10 momory! & b oty iarcis oF e G thet it in the sale usae of. Thiz resnforoes 1he 1904 that local storage
X belongs” 12 & program modude, rather than just Balng inside 1t A methad
; of palming this more general form of local storage In 3 posation
pdwpendent way is to vse ow of the stacks. For example if we want
sheew bytes of lozal storage - SIZE, COUNT and LOC - then the fallowing
‘gode 18 position independant:

LA -2,8 1 reser 1 Bet on the svies sk

need rosghily the same sort of attention bt At different times and
priceity levels, If a charnel of 2 lower pricrity 1 interrupted by one of &
Pagher priority then 1f the processing program ia re-antrast It can sumply
‘be called agasn and the processing of the lowes priceity channel wil

continue from whers (¢ left off faliowing the BTT instruction. ]

It s very easy to produce te-watrant code for the 6809, Whes wE e ¥ define SIX o 3,5
" .

Program s Interrupted (ezoept by a FIRD) all of the registers are stackad o o T dfine GON 19

land hence Savad) w0 if & program wvees only the registers for data sto w2 4 :::utli‘.uz.i.

it may be called agmin without changing the old state of the ranm,

::v:'w st::. Hm” - ¥t mol use areas of amymler ::
~e Pave g & wa using such re-eeteant

{asticn. (See noxt section.| . Ginas sy =

08 XS dar cheer AN

et of progran |

Re-strancy 19 closely related to recursion = the abild OF a program
to call itseld, Reowcion (6 Also something that uuwux;,mm'ﬁ
de alien to ascantly lavguage programming, it is usually Gisoussec i
‘high Jevel language menuals and handbooks. However if an ascerbly
1anguage program 13 re-entrant then there is no reason why it should ot
€all itsell - 30 suspending cperation of its Qrvent form and restarting

The position independencs of thic Jocal storage Comes
puinter Bolng unaffected by the program moving, Notice
must not D Ve with negative offssts for local storage becauss

terrupt would overwsite the same ares’ Also the system stack must nat
he uzed duning the program and any nformation pushed onto the stach
before the local storage was allocated cannot be recoversd by FULLs.
Apart from thece preblems this method of local storage is obviously
meoular and re-entrant. IF the progam is interrupted and restarted then &
aw aroa of stack iy allecated and the oid ares is restared intact after an
m.tmmtmtm.MMﬁmwmpudﬁumsm'
steck can easily bo avercome by using the user stack painter. Kot in the
vicus way of sinply using the user stack ineteas of the systen stack,
pecause the user stack does not automatically allocate new stovage
following an interrupt, it iy in fact completely unaffected. Ratrer, the
user stack pointer Zan bo voed to mark the positicn of the local storage

Sorme programmers onsider recursion an unnecessarily comelex
wilting & vimple program and their advice i to avaid it at all costs. b
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T G0 aord temps pesition on stack
SIA TINT.U » store & 30 cownt 700 meaeple

SE P ¥ wmien 1o iy Do el withent ditering Locsls

rest of proeson

This form of local &torage s chviously position
re-entrant, The X or Y regiaters could 5o used in
& n.-unawt this is o fairly fypical usa of U,

Using the stack for locsl storage 15 reminiscant of paraneter p

1 modular programming and indeed we cah ask if parameters m v

\nd sont andl Thero are several ways of definiog plotial locatioos, First we can vae
#lace of the U pointer i

PAMARE 1 & reeentrant wiy. The avweer is that IF parameters, |

_ prefurably their sddrouces, are passed on the stack, the subiroutine can
- Be internpted, recalled and then restarted, Lo, thay arw reentrant. 4

Sosetives local storage is only hesded for & short tine during
rogran. Tros 15 usually «ferred 10 as tamporary ctorage. Again
 Stack 13 our MORt weeful method of managing temparary storage, 14 it
- required to $tore the value of any of the registers for & while ‘
DUSh tham onta the systes stace. The enly things to watch
that the system stack 1s free to grow -~ La 0%

Storags and that the temporary ttans are
mmammrmmdmmry.wma -

PORILION independent and re-antr ant,

The ooly sorte oF location that we bave not Seal! with are the

u

- e -

e - = Ny = -
‘W“?AW& = e
Feoi N e T T I

4
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s
-

e
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sy 51 which It deracts with the peage s levels 0 wrich i &

'

1

*

P
A

| The first smeortant requiroment 13 that global locations should be
SccRanible In 1P same way at all 1he Jower levels, Tras ix differsnt from.
g Paraseters 16 wbroutines whers oaly 17 GAOUTING 1% Gaven tie
of the parareters, aty lower lovels munt have the values oassed
‘down. 1o them, From this paint af «iaw pasting parsowiers L& siaply
4 program to imtialise the waluss of the lccal storage of &
Towwr 3 A1 NéRracTiy

1 o

i

¥ that the highest program o tha heerachy never actually moves
‘Ne can deFine & number of glodal lecaticns at the machine lor absciute)
lovel avd (s thesa 1o hald the locations 2F the gicbals turreatly
peduired, 14 the Jooations ar@ the start addresses aof other programs= this
s referred to a3 a0 (ndirec? jum@ table, Ofteruise 1) 1N ANOWN a3
indirect dats tadle. For examele, 1l iy common for cperating systems to
mautdmmmmtm'h.wamdtmvmﬂ
Jsubroutines Gresd a4 character! print 2 line atch Thes techalgue i3
mace for the E205 with 1ts one Jevel of indirection and has the
acvantage that f the lacation of one of the glcbals chanpes
jmvmwnmwmmwtmu«mum :
,um.mcnmmmmumnmmwrms
Wprnrmmummm

A second mwthod of dedineng global locations is to reserve jotal
atorage on the user atatk. Programs lower in the hierarchy can access the
| jocatinns as 1ong as the user stack posater (s not maved, TR is &
-mnsm:tmuyoimmvvmnm-

PN S | ) 7
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EEVICIEXCY -
This section o efficlency i3 shorter than the section on siegance

absolutely fiasd by same hardware definition such as an 1/0 port, and hecause optimasing  program for size or soeed i 4 very sgeclalised topit

i
£

sizdiFizads

i

mMntyMomtmdameth..nhy |
olegants and eFficioncy, there i usually A trade Off between &G a0
‘size. I & program noeds to he optimised then the foliowing sifategies |
ahould De tonsidered!

1) For an incresss in speed and saving 3 memary try o uee the drect
page register for addreesing as often as possitle, |

21 For an incease in speed fry 10 use the registers as much as
posaible without swapping 10 and from mencry,

31 For & saving in memory convert similer pieces of code to one

o



. 30 WCreace 1D Wewd try (3 Unwind® e program heny
¢ Unwinding means changsng scbroutine talls to copies of
fine placed in the program where it 13 called and writing out Loog
Pty Lo, 3F songthing Nt to De done Five timoc then write it

| - % For sgeed optsmisation only, exsmine the parts of a program
" mxeouted repestedly. Examine Joopt a0 order of ute and numGes o
repeats, Nevor eanine single atructions unless critical in some Liming
Cpperation, Try 0 remove as much code as gossible from insice loops, SuC
AN parts of arithmetic rapressions that do not depend on the 100D ndex.

&) For an anoresse 30 0000 3vOld the rop0ated Lse OF axp
S4Grewting MOJes Sudh A% INSIFGCTion,
eqg. ncteas of §

y e

N L KR IP)

. 6
L

1 wee !
| LEwe O
e "
LF MRt
(e d
I Lo

whach saves a total of 11 cycles, 4
In genoral 1t 16 often quicker to use LEA to compute an address once
Defare using it repeatedly 10 a locp. '

711F all clee #auls, try to find another algursthm to do the same thing.
For ezample, to suve space evaloate a function such as sinix? by a formils
Bt 10 INCTHAe dpeed uee & ook up table of values, -

The 6807 is suth & versatile micro that a whole dook could be devot
10 programming tricks and every will develop his own special
favourttec. Tho comments made eariser in the chapter steudd be ept in
ming Pomever, and tricke shauld be avoides unless necessary and then
stould be well documented as pert of the program. If speed O tpate
cptimisatica is a crucial problem when using the 3809 always
that a dowble s09ed Versian 16 available and gowng from single to double
spwed 16 Likaly to show 4 Digger (nprovement than sy software change

B« "?_. .

Pore A2vancod data types, suth as tantes etc. One dats type that is so
sroortant that it deserves a mention i1 the array, The one~ &
fwo-dumensical array (6 usually thought of s the province of gh level
Janguages but the 4509y multioly watruction Makes drrdy JOCRSS EASY.
He will assume that the reader th Familiar with the concept of an
and go directly te the detards of implesantarion.

A storage mapping function relates the value of the current ndexis) to
the area of mamory slincated to e
sxample. s one-dimansional array of

gasy): May Lo implemented by !

‘A two-gimensional array of N1 by N2 slesents sach M dytes in lengtn,

- a 1

~g

YPES - ONE- AND THO-DIMENSIONAL ARE

The 4607 has many features that make 3t especially eazy to handle

sl
g

-*.3 ‘
Arrays are often dealt with by the use of 4 storage maoping funciien.
carresponding array alement. For

K elements ecach of M bytes in
leagtn, the first corresponding to an index of O Ithe modification For 1 is

[ s, |

adfes pf slarl & CLrt Jaess of array ¢ SN
of 1th elevertt |
mmstmuwmo‘mmuyhimmtnw:

Vastrecs of start = aled sdiacs of 20T2y ¢ 1M ¢ (NEYLIN)
of 5,00 aleani

The tranciaticn of these two Giorage mapping Functions Ento a 4607
program s sasy. In the one-dimensional case !

LI SIY ¥ Sypeeranier OF Dles per elesecd
WA DE X DY v of reauired olosert
18 ® form (BN in D registes
MO0 STAT w w10 start address of sy L0 jlwe the

¥ e reasired 239055 o0 e 0 reqiyler

In the two Simensional case !

L0 SIE n SEIE « sueder of Dytes per sleseel
L4 BYE LY » farsd indes of reeulired eleeend
L' 8 ¥ form 18N a0 D recister , |
PO6 A % s D resister ‘
Loe M1t M1 - e _ R
e ar & W = secordd index of reauired olowent |
L ® foen (NALIE; 10 D cwgister .
o S T 1AM 40 (N2VE0EJ, result in D and restore siach |
00 SURT ¥ add Lo et address of Iy to aiw Uw

1 rewsired addrevs i Lw D regtster g

(Rote! EYE and JAY must be less than 258,

~49- "
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wittout any iNS or DES instraction.

~af loading S with $STRGI-1 A ABOO programmer might Rdve ioaded it with

Umes the stack pointer as an additional index register by an equivalsot

Y

——

index register. Tho X rogister was therefore often cocopied b ‘
the stack POIATEr was broughe Wommcmmuozl

the Best way to bring 1t into action, For examole 4 typical untidy use of
the L8007s stace pointer 13 10 COMPars twe strings of characters? '

e s "RCIeatars of firet string
% asr KSpve correnh clxch paintee in SN
L€ #TReY-) BRIt of woord siring
Lk 1y Visad A vith churacter from strieg 1
o Bagwr 0 1evt charactir In Wirisg §
O Lin T Slast character ¥
¥ 20 Brach s ol et
et Wiod B eths character from strisg 7
> rooeware ted charaters
€ a Rrareh o ol seml et

L]

00 LS 9
ret of peorm

L LTt .
rest of o

Notice that this program cannat be interrupted Decause the Saved
TOQISters would Overmrite the secand string' AISC natice that the stack
pointer 16 Joaded with SSTRG2-1 50 that the first PUL B gives the first

.

Ehdracter of string I and that the stack painter moves its way aleng

To translete this program to the S209 all that is neosssary is to load
fhe atach pointer with SSTRGS rather than S5TRGZ-1. Athough thic seems
simple enough real prograns can become rather more confusing. Instwad
SSTRG2 and then carnied out 2 DEE to Corvect the stack painter. The DES
instruction could e placed well away from the first loading of the stack
POINtOr and Cause The programmer carrying out the translation some time
MMMW!MD“WM“M“UM.NMI’MNW'

4 general stack using progras s to follow the loglc throogh and adjset
the STack pointet when necessary,

My personal preference is to replace any section of a program that
section of code using the &009'y Y register.

Tre stack causes troudlo in two Other aress - stacking Order and

™ >

2t the end of chagter four. The

| ibvicus

'Nthm\itmmb;mm'fmmmuud
‘ most seportant points Arel
11 the stacking ondor of thw & ard B resaster os reaTied

s aliows A 10 stad 3 Uw mat Sigificent bets of

the D ressyber.
1) Uw o iog seder iavalidates o program Yot poTeased

the ¥ or L o e stacs

The thanyes that are Necaseary to mase any such programs work ere

1§ X points to the FLrEt (tem on this STaCk than Ule &ny af

1.8 charge 1 10
Lot coge 1 1Y
0 change L 41
4,1 thaese o 11X

CONDITION CODES AND BRARCHES

There are 3 nurser of Sifferentes LEtwomn The L8500 and L000's e of
the conditinn OO0 register.

Ifersnca 16 that the 4500 Uaes 1he 100 tup bits RTR4! of
tmm‘:r:\‘:we reGIstar wheress the 2500 1ghores Tham. Tre anly place
that this can cause probisms 1 if TFA ar TAP nstoations are Used 1o
manigulate the condition tedes via the A ragister. The salution to this
probles 15 to wimply ensure that the top two Bite of the A régister are
st to the required values bedore the TAP instructson and ensire that the
1op two Dits 478 not used A the result of 3 TST or CMP satruction after

the TPA,

A muee GiFFIndt set of prodlens arises from the ditfprent ways soene
$307 instructions affect the condition codes,

1) The W7 TST Listraction does rof affect U T flag wwrai

the G201 cleers 11, _

nmammmnmwu.nmmmu-
wummmwnuumm\na«uu
o wedl ero.

ﬂh."ﬂunn!ﬁnlnmmmmwwm
sfier sttract-libe meeations (OF JELSIC.30) e SEIT clers
e 5§ flag undor these conditions.

1) The D) OFY mmmaxxmm«ugmm
S810 ordy sety Uw I Plag correctly.
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ion Eorie 47 ey code Salotved %
camren ¢ F ngure code involved ¢
. ot 3 n an indexed Instry

state of the H Flag following & abtract-like IME ER0 ey
‘Decaces & hall carry Flag is anly ueed For BLD addition LI 4,1

B TITTION (¢ dore By adding nine's comelament rumbers). » ol htonwm_thmﬂwhﬂm“
1 g .m&ag;m«ﬂumumw.hmmumvunq L ot e e : ik
| extension what happens On related structions or 4 rigsd applicatien fLaurre - : program
© 9F the Flag's meating. For exangle, an overflaw cneition can ocor an g I O+X INSERUCtion and hence The inetruction chnges each time the program
Stét feft sntroction nm-mmmmumwtmsntm poe & -
S Can be detectod Dy the exclusive OR of the N and C Rags 4fter the shift Eand. thers 19 0o
Mm.mtwwmbwcmmﬂmmmt =

;
4
i
;
g,
i
i

E
L

PN 20 Givw mesing to 3T, In the case of 1he TST snatructson, F na mmm_mmm:mmummm-min
EAXry Can hie generated Dy Gubtracting IO/ then the zarry muct bW ters ,mmmuumuawm.mmmt&:ﬁ,
' ,mmcnumum.mwammuwn _ym:mmmnwmmmmvugoummﬂ.
. memned up Dy, "iF it dopan’t convey any information lseve it alone”, | ‘wﬁdoﬂutm.“mmmammmmhi .
‘ thirg ontirely for the OFFet value, Hance a carrect translation woudd be 1

The caly prodlem 16 that A900 pregeamswrs ¢ rot always
carrect L000 co3, Rawever, even “currect tode SODEtites works.
Ch happen For two reascod, 8itter fhe misundorstanging does nok mattes
OF tPe \ncOrrect mnbmmwmmychvuw.nm
.dcum-vmmuﬁmnmmmammw‘ 3
Efmerichs, publisred by Byte, 1977) where we find the fallowing cooe!

b of srogrie

57 Do
" w

rest of wrope

anmuoo.mmwmmmn.mmmmdm_ sS4
HRE instruction € 13 always twrod is n
interuea. on the &80% the setting of the C flag dopoands
JARE anNtruction that affected it and the aperation of the BHI is :
Etangies such as this can or Found throughout the TINT ASS
.m_ndt'lmdmmm“!ﬁl“lunm_om
tras sort of problem iz SimEle, mither follow each TST

Otherwine carrect program betaves orratically after conversion,
' the 4907 the delay would be different, THO answer
o 19 wark aut how long the 4500 code taok to exeaste
PURE AND IMPURE FROGRAMS 4 single Joup wald take on the 4607 and then adyt
' . Owunamnmmm:vmm“gz
Ap impure program i one which modifies (teslf in the course i ‘@ive any general advice on the guestion oF
. Alt system timing, SxcRpt t0 &ay Ehat Such teming loops are rot good Il
B e o T S 8. e e gt it vk e eplaced by e ae O yetem Soae, VG
Salf-modifying tachniques 1o guin Spped o save memary. One of the : whergver poscidle.




irect oo don of 3 5200 program vsually proouces a 4809

Rakis up more kpace. The reason For this s that suse 630

nstructions have 1o be cofed as two 4809 instructions! also the often
g "LU- constant.X® can take one ertra byte and instructions such a8

email te

Until recently the 480% has been associated with 4 partioder hardvare
bus standard = the 5% - and a particular operating system - FLEX.
However the istroduction of popular units by Tandy and Acom have
Allowed & wider selection of basic hardware and the introduction of
by Microware, Uniflex 9y TSC and the availability of full UCSD PASC

Dl ALl 5507 LAEtrUCtiona/addrossing Mmades can be Lsed In place of &
et of simpler 800 instrictions, Fur wrarele LEAX 1,X would usually he
f ahsorded into an LD+ X+ inatruction,

23

have sidonad the range of operating systoms. This incressed choice i

r This change in cose length can produce Fowr sorts of prodblem? both a Slessing and a ourse. Previously the 5509 community was more or
Ines committed to the 5% and FLEX. Thus 4 redsonatle degree of

1) Jack of Lotil ey Wity standardination was poscidle and hardware and software could be

2) overimeg of srogran wd dats srees exchanged betwesn systems with little aifficulty, Before going on ta

3 the gdestisation of relitive dracchs Con le e areater UG sl descrihe the “ather™ systema we will wzaming the §30 dus - where it all

o sinm 08 2ten
4) fiand 3320 reletaee Drarches Con e srwplideted

started.

Problam cne can be solvid by @ither optimising the tode or scquiring THE 530 BUS

MOTE MENOry SEace,
Toe firet popules microcompiters wero bus oriented devices. That Is,
Prodlom two I slightly mare difficult, IF 4 data ared L6 defined o thiy uted a standard set of plug in cards (o aliow the user to select the
Start at a fleed location fusvally by an ORG - origin statwment) it is required pecfarmance, This spproach is less common these days decause
pessible far a program ares to grow sufficiently to overlags The solution of the reguction In hardware costs. It in now sasier to as much

15 0 move either the data area or a section of the program code s
zamewhere safe. The mast important palnt s ta theck for QRO
statanants anbadded in the program and see 1f they are sttl) valig,

hardware 4% possitile - ewin if 1% 15 not required - on one printed
oard, This 13 often referrnd t0 S the one board approach. The
pccwesful Bus standard was the §100, It was used mainly with the
and D30 prociesors and 45 an cbvicus standard by whedh ta udge any ot
bos, A Srief comparative Nastory of the 5100 and S50 Bus Can 20 ceen
Table Ore.

slgig

The toare prodlem is trivial. The colution is to singly replace avery
Dranch Cauting an erroe By 4 long relative branch. Renenber however,
that thas increases the length of the program and branches that did not
came problems before may cavse errors at the next assembly. -g The basic structure of the 550 hus can bé seen n Table Two. Nearly
all of the bus lines 4re derived from the 4800 MPU's connections, Sixteen
address lines provide the came amount of adiressirg as the 5100, Eight i
hi-girectional data Jines contrant with the 5100’ sixteen um=directional
dats lies, Maost of the ather lines are fairly straightforward and
self-explanatory, Anyone Familiar with the S100 will be surprised at the

The fourth ang last proolem ss diFficult in that it can be hard to spot.
A Fized length relative branch is coe that (s not avtonatically computes
by the assembler, For ezample! i

€ 1 relatively fem control lnes vsed. That they are enough, is something that
LC W7, gan anly 29 proved Dy eTperience.
o

Tre greatest difference betwoen the 550 and the S100 is, in fact, nat

fwhere & means the current poant in the program). This will cause a branch, part of the main bun definition st &), The S50 bus has an avxiliary 1/0

to the NOP tnstruction. Nhen converted to £307 code the +2 offset is too bum consisting of 30 ping. | Not strictly & Bus at a1l decause not all the
small decause LDX $FF. X takes &0 oxtra byte. The solution in thes case 2ins are parallsied) This (= sometines referred 10 28 tha 530 bus and its
As to change the J to o 4 or Jabel the NOP instruction and branch to the seacifications can be seen in Table Three. The mest unssual feature of
Label. the 330 but is the presente of pih | an I/0 select pin. The 850 bus is éo

orgavised that every 530 bus slot ccopins 4 cortain rumder of address
 focations dmually Four, but see the definition of the ST0C later) and when
2 adaress 1n the slot's range 16 cutput on the man bus the T/C calect
pin 0oes 10w. This means that any 1/Q card piugged into an S30 slot need

The trocbla with Fixed length relative addressing is that it often goes
unnhaticed in the middie of an otherwise trouble-free program. So check
for any arithmetic expressions in the addrous fleld of ANY instruction.

“Th= o




R, ?*ﬂ. TR e R R~ : PR e A RS
_ AItRCugn nUE part of the 550 standard, most S99 camputers have el

530 /0 ports, vuually at the reas of the main chassis, As the S50 by
_ frganised around the §300 HPU the $30 1/0 bus 1a g

-
.
-

1T

e
CA 9134) 2430 9899340

:
|
:
i
8

register of 8 6420 13 Deing addresssd. Having only o are a0 intoresting m.“umummﬂno
means that eath 530 slot can only ecoess four 1/0 registers.,
ASvarcad petipheral ohips, such as the MOSTEX 4522 VIA,
nmmm'mumarmmmm Midwest Scientific Instruments
To recap. vach 530 slot has ene 1/0 select pin which goes low 220 R, Cedar,
slot bmumﬁu‘wa;nndmn Olathe.
memcry Spaco, usudlly referred b » Kanzaz.
S g o L0461 1913 TeA-22T2
EXTENDED ADDRESEING - THE S50C BUS 51 oféer a conplete range of systems including disk drives atc.

With the 4307 came the need to INCrease the addressing range of the
£30 bus. Also some extra contral Lines used by the 5809 are not inclutes
n the 530 bus cefinition. Theee problems have boen overcome hy the $50C
buc definition, the main features of which can be swen in Tetile Four,
new S30C hus defimition 13 given In Table Five. The main impro

m&yﬁumm.ummnmumuuc' .um’_,'
/D port sistes memory locations. Trese two detasls make the S30C hus
Foady For 1he sezt genevation of micros. Comparing the 550 wath the. CEU card, ¢isk contrallers otc. Scecial paint to

Indizates that ST0/S30 devices will work on the 500 /530C bus ““‘"wwwmwwm‘&%
committed 10 t™he soentific/process

Chicage.

IL 40809 ¢RI F27-2510
product : F

GIMIX range incluses complete systenn from 8k to aver 124

rﬂn.n mauuom.mwmmmmmq_
'ii‘::wm .amm@ﬂnyumw.amgmmj

with Jittle or no madification, Gaung the other way Is not always 30 0 ﬁ =1
i are

varsions of the $50, . o . :

contral

1

F

$OME REAL FRODUCTS o
N Al o —
R Ackermen Digital Systems, Inc.

Sauth Wewt Technical Products Corp Suite 208

IION.M. Elimhuret, A

San Antenio, Hlincis 60126 i

TEXAS 79214 (512) 244-0281 An 6100 compatible 880% card is avatlable fram ydu:.v:: mﬂ: il
SHTFC 15 the main mewfacturer of §%0 devices, Thwir prodoct line W Bystems, This includes & sarial port, 2k of MAM, and 6 10 P00 B0 CCL
A fm..pummuw'vm"m‘w of \ o

Includes Grandard S50 systems of S-T6k bytws, multi-user systems
A28k and dargers a “super intelligent® VOU, eight inch  douhile
Aided/coble censity Sisks, five inch dousle sided/doutle density dishs,
a3 a wide range of interfaces. 4

pants ta note: thoy producs the Jowest comt 88509 CPY card and an
wieellent process control £50% CPU card with on-Board Bk RANM.

of the LO0% en the 5100 bus Lo the lack : :
mzumwmmutuwm ‘|
muanmmmm.uﬂ&h“MmM |
mmumnmcmmmuumm !




Tandy : ,
dantact throogn Jocal agent o distributort

Acarn Computers, é
42 Narket Hill. e of the mozt smportant things 13 nappen to the 6507 was its sel
Cambrige, by TAKDY for use n its colour camputer, Tandy are hest knowi For the
ENGLAND -rmofrmm-mustmungmmmm._
inibiod e cwitch of Tendy 10 a new CPU, the 4807, whan thay have has

| eucross with the 220 says much for the S909's quality, Some fee
sae Tandy colour machine ars! 4-324 RAM, colour BASIC in RON. ootte
170 poet, six bit D to A converter, four channet six bit A to D converter
and a'number of colour disglay mcdes from 258 x 192 of four colass to 4
rore coarse diplasy with wght colours. Tre calour computer 1n neatly.
packaged with & Full sized hpyhoard and rear exit conmectors for
mmmmmrmymmmw:omnmmmu

congutar game playing so 1t is relatively cheap fabout £H0) and Tandy

mxpect sales 10 exceed thoss of the TRSS0 models. Even though game

playing is its main market, the colour computer should not be disminsed

a5 4 toy. It i powerful and sophisticated and capable of much, As 1t

pecames more popular other manufacturwrs, incluging Tandy, should
praduts adc-ons. Cne firm IPERCOM) have already produced an interface

to the S%0 buc making svailable the wide range of 550 peripheral cards

usasle from the Tandy Colour Computer. .

Fercom Data Company Inc
211 ¥ Euty Carland.
Texa 2 12100 272-2A24 ; —

l,—'
mwmv-armdmumcmwu»ﬂ
tontroliers.

ACORK compoters are test known for thetr jow cost %02 based maching
the ATONM, Howewwr they aleo produce 4 number of EURDCARD sise
modules based on the 4800 and the 5309, Thess are idedl For Drocems
control type work and may be mounted in a standard 19 lab rack. The
$80° gystom can run FLEX so 12 15 fully software compatible with most
other 4807 systams. The only arawback of the ACORN product i3 that it is

4 nenestandard bos &g any add-ons et mukt lat the mament! be
purchased from ACORN. o

Motarola
fcontact through jocal agent or distributor)

Motoroia has Always cupplied computer systems based o ts oun
produtts. These have traditionally toen called development systems and
Pave been intended an ways of developing dedicated hardware/sof tware
#ar control agplicatsons. Thelr first range of products were based on the
4800 and given tha general name of “Exorciear” boarde. These wore of &
Magh quality but rather expensive, The bus standard used is similar to e
S50 but not identical and cards are not exchangadle. A 4909 CPU s
avaiiadle in this range.

More recently, Moterala has introduosd the Exorset 30 for
development work using the 6009 Unlike previous Motorola systems the
Exorset looks like & computer, with everything in cne VDU-like case, It
comes omplete with a palr of %" floppy disk drives and a cascette
interface. Indesd to LSe the Excesst no sttra hasdware 16 required.
(Although extra 1/0 interfaces etc can be installed inside the case via s
Motorpia defired 4 pin busd Tre Exorset is excollent in terms of
Tardvare gualtty and cesign but the same cannat De saldd for Its supplied
software, The aoerating systam XDOS (s primitive whan compared o
FLEX and the standsrd editor/assemler pair are nothing sgecial.
Motorgla recommend their now basic interpreter/compiler, BASICM for
Use with the 6809 and 1t dops Nave some Interesting Faatures, It is
capasle of prafucing a position independent (and hence RONSISI peeute
code whichis a desirable feature for development work but all in all
would rather sor a true comgtler for BASIC, BASICM would e oven more
interesting (F 3 FLEX varsion were availahle.

The main problem with all Motorola hardware has always been the

relatively high coet lan equivalent 530 based system is approzimately
Balf the pricel and the relatively paar software availabile.

SCTTHARE

To cover the full range ef 4805 zoftware in 4 hook of this size is
mab.AU'thumumeoorMmd !
good software and leave the user to follow v thi acdresses Given,

ELEX

FLEX i5, almost witheut argument, the standard aperating system for
e 4900 and certainly the best single-user uperating system for the
A80%, It 13 simple to use, user—friendly, relisble and techmically
soprasticated. Some af the software availatile under FLEXE BASIC ITSC),
EXTENDED BASIC (TSC), PASCAL (Lucidatsl, ASSEMBLER (TSC), EDITOR
IT$C), DEBUG - machine simulator (TSC), LAB BASIC - control language,
TEXT PROCESSOR (TSC! DIAGNOETICS (TSC), et

-
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u:;mm m{:wu;mm ti- prCa
systom £20%. It s based on UXIX and is th Intarnational Softe
paserful, However, it tannot be said to be as easy to use as FLEX, m.huo. s
s ey | DaiER BASG RO TanaR e Do
uncgr H ),
¥TEC:, TEXT PROCESSOR (T5C), FASCAL (T9C) etc, stigs i
Far FLEX Pascal!
Licigats L0,
ml tusee /multi-taziung operating System baced m-”.
It isy like a0y URIX system, more difficult to u CH? SE1. England
J advantage cver UniFLEX n that (2 is available
A mngle-user versian, malung the changeover 10 Larger systess For UCSDE
Softwars availatile under GO39 ia more restricted than FLEX
HASICO9, EDIT, ASSEMEBER, DEBUGGER all from Microwars, Tallgrass Technologiss Corporation,
To23 W, 8ith St.,
PO, Bax 12047,
Park,

Overland
UCSD PASCAL comes cotplete with an Gperating system of its own, It Kansas S4217 19199 381-7593
Is wague In being availible en all of the osrrent micros. ~

avallatle under UCSD includes: BASIC, mml.mraa.n INFORMATION

C anunber of asserSlers, .
‘l One of \the most valuable sources of m :
. hroware Ml software is 68 Mioa Journall
B nwmm l
L For FLEX, UniFLEX stc! “mc..fm.mu
|. : 0
Boz 2570, US4
West Lafayette,
& IR 47908 1217) 463-2902 My only comment is - sutisoribe’
'L For D89, stet
- Microware,
b SB3S Grand Avenyw,

Des Maines,
Tows S0304 919) 279-g244
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Tadle Six
COmENTS
R R
four correet, sore slamed
Mot et iforsation et
Rl] Gpes from O Lo 120K wilh muny
differect festares
Ore, 4o or mIgh cheme) BS2XY
e or four {20 3% chorvels
Trderrint mvl setarvel

- Both T4 L 208
Both 2718 & 218

Fast 12 arad B b4t pet
Faet 12 and B 5t Lpes

Rith low res erashics
High resalidion grashics card

With deives for both I aed ¥
Without @ lees for B ard 3%

S0 we SS9
SN wd
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£ mmu.mamu&-m-wmhﬁ
of Radla, Electronics and Conouter bouks,

zhould be availabie from most good Bookseliers, Radio Canponents
and Mall Ordar Companiet. .
should you eaperisoce diffioddty in adtaining any titie wn your
then please write directly to the publishers enclowing payment to
' the cost of the ook plus adeguate postage.
F you wouldd like a copy of our Latest catalogue of Radia; Electronics 2
S ouu.maum-u.ma.mmw
BERNARD BABANI fpublistang) LTD
THE GRAMPIAXNS
UHEPHERDS BUSH RDAD
LONDON Ws INF
ERGLAXD
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