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T he a v a ' l a i ' 1 i t v o f a h i o h l e v e l o r o a r a m m i n o l an g u a g e s vc n a
o o' yFQRTH o» a wi c e r a n g e o mi c r o o r o c e s s o r s c o u o l e d wi t h t ' h e l o w
cost of the cul I"e»it oenel"ation of PCs sugoes.s that s i o n i , i c a n t
savinos c an be ma c e i" Cross Taroet Comoilers ( XTC' s ) c a n be
m ade ava i lable on the PC. H oweve r . t he u s e o f a Cr o s s Ta r o E- .
C oiYloi l e r i miYie c i a t e l y l os e s t he i n t e r a c t i v e d eve l o o iY>ent 0 ­
hai dware o rien te d oa rts of a n a o o l i c a t i on t ,"- ia : i s s o
c hal " a c t e r i s t 1c o f F GRT H a n d f r o iY i w h i c i i s o ma n y o f i t s o a ns
dE1 1 VE' .

I h1 = o a o E' l w l 1 I d e s c r i b e a oa c k a cie c a l e o I n S i t u De v e ' o o YE ; ­, ; ­

( i SD ) w h 1c h a . i~ i t o o r o v i d e a n e a s i 1 v i mo l e me n t e c, ' t e e h n 1 o u E '". o

a l l o w d e v e l o o e r o f s t a n d a l on e a o o l 1c a t i o n s h a r d w a l - e a nd s o t wa r e
t o take ac va ntaoe o f Cross iaroet C om oi lel.s w ithou t 1 os i n c
c 11 Ec'6 c o l i a c t w 1: . h t he i I ha l o wa i e •

C ross T a r g et Co m P il e r s ( XTC )

I ie F OR TH 1 a n a u a o e o o . v F OR . I - 1 s
con 1gurat ions for a laroe numbe r

T ne F ORT I - , i n c d 1a l e c t o f t
a va1 1 a21E' 1 Yi c c i Y oa t 1 b1 e 16 b 1 'c
o f o r o c e s o r s oe c 1f i c a l 1 v

a nd w 1 t h iYi 1
H ioh ! L o w b y
machi ne s a r e
devel o oment
iYi ' L I" 0 8 .
C oiYiout e r s t

BVBE. BI IB=. EBV'3. 18 i l ' , PD P- 1 1. E

no r mi o o i f i cat i o ns t o s u i t i n d i v i du a l iYiach i n e s ( e o

te sw a ooing ) all the Taroet ColYioi l e r s f o r t he s e
t he s a lYie . He n c e . i t i s r e l a t i v e l y s i mo l e t o use a
s ys t e iY: f o r mi c r o A t o o r od u c e c o d e t ha t wi l l r u n on

4iit h t h e w i d e a v a i ' a b i 1 i t y of l ow c os t Pe r s on a .
h ere i s a l a r oe f i n a n c i a l - i n c e n t i v e t o us e t he s e
d eve l o o m e n t s y s t e iY i s e v e n i f t h e i r C PU ( 8 I IBE ) i s n o t
useo in the aool icat ion.

i Yi a C t'l 1 n e S a E

o oin o t o b e

However . whe n on e i s f a lY i i 1 1 a r wi t h u s i n o FOR T H t o i n t e r a c t wi t n
the hal dware during devel ooment, Cross Taroet Comoi ling a coiYioie >'
r ea l t i me a o o l i c a t i o n i n t o a d e d i c a t e d b oa r d c a n me a n s iov,
t urnl-ound and i s o' at i on f roiYi t he hardware .

i t i s w o t h a t t h i s o o 1n t i d e n . i f y i n o w h a t c a o a b i l i t i e s i n h e l-en:

i n F ORTH a r e l o s t i f Cl"o s s Co m o i l a t i o n i s us e d

It is n ot oo ssible to test t he m ach ine c ode oa rt s
of any a oo lication without transferring to the taroet
board .
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b ) I t i s n o t p os s i b l e t o c h e c k t he s ae e c i o f c r i t i c a ' wo r d
without transferring to the taraet board.

c ) I t i s n ot p os s i b l e t o c h e c k i n t e r r u pt h a n d l i n g .

d ) He n c e , i t i s n ot p o s s i b l e t o f u l l y t e s t Mu l t i - T a s k i n a
a reas.

Perhap s m o s t i eip o r t a n t l y

e) It is not poss i ble to access the I/O bus of t he
a DD1 i ca t i o n .

f) He nce, it is not possible to test the pe rf ormance of
int e r f aces , a c t i v a t o r s . t r a n s d u c e r s e t c .

It sh ou'd be s t res sed t hat t hes e a re not faults in FORTH. no
other C r oss Tal aet Compiler system prov i des t h em. T hey a r e i n
fact a a vantaoes of F O R . H that are beina lost becaus e o f t h e
reeiot eness o f t he T a raet e n v i r oneient f r one t he deve 1 o DIYlent
e nvi r o n we n t .

T he f i ) s t an d mo st s t r a i a ht f o rwa > d way t o i eip r o v e t h e d e ve l o p elent
p rocess is t o us e a ROYi eeiulator that can be loaded fr om t he
devel o Dwent system, whi ch cuts out t he ROYi burning ste D as w e ' . 1
a s t he f i d d l y me c h a n i c a l r e wov a l a n d r e p l ac e m e n t of c h i p s •
Whil e t h i s i mp r o v e t he t u r n r o u n d t i me , i t s t i l l me a n s t ha t f o r a
c oeiple x r e a l t i me t a s k wi t h s i a n i f i c a n t I / O a n d ex u l t i - t a s k i n a t he
c hance s o f a Dr o g r a n. c ha n a e s o ' v i n a the pr ob l e m unc ie r
cons i d e r a t i o n a r e o n l y a b o ut 1 i n 3 a n d many i t e r a t i o n s a t e
needed .

I n S i t u De v e l o p m en t ( I SD )

ISD i s a tec hn i que d es i gned t o ove r come t he p ro b l ems of
developina code for single board computers ( SBC's > which cannot
be wade part o f a convent i onal d evelopment s y s t em. Cl ear l y, i f
an SEC to be used in an application as a member of a popular Bus
system such as NUi TITUS, th en the most advantageous deve l o p men t
systeei for that board is to a dd d i s k d r i v e r s a n d a n y o t he r c a r d s
reauired so that the development is done o n t h a t c a r d .

However, if the card is bouaht in for a s p e c i f i c a p p l i c a t i o n t he n
the co sts of the disk inter face and the chassis may represent a
h iah ov e rhead for a s ing le „iob. If t he boa rd is to be
manufactured s pe c ially for a product, t he b oard layout would be
e vade e t o r e c o m p 1 ex a n d e x t r a component s rea ui red i f it i s t o
conf or ei to a standard.

Haley, Oakford, Stepnens Pag e 2



T he idea of ISD is to provide a development system that will run
on the target hardware with the m in imum of hardware c ons t r uc t i o n
r ec u i r e d a n d t h e ma x i m u m a b i l i t y t o r e - u t i l i z e e a u i om e n t a t t he
e nd o f t he prospect. T he i t e m s r e o u i r e d a r e a s f o l l ows

DISK
CVFf RQLI~ I/F

I/O

I/F

APPLICATICtk
S%

T he ma >ority of in te r mediate s ize d p ro sects t h at we hav e
encounter e- with high I/O content and multi-tasking have not hac
a d i k b u t ha v e h a d 8 > i R O Y. , a t l e a s t 4 K RAN a n d a s e r i a l I / O
d evice. T h is c onf i g uration is enough for poly|=ORTH which pe ts
the n or mal Editor, A sse mbler, Com p i ler, Int e rpreter. N uc leus
w ords a nd I/O d r ivers into 7K and reouires 2K of RAYi for d is k
buffers. I n t hese cases the diagram bec o mes

DISK
CXTTRXZER I/F

?
I/O

polyKREH
KYi

A n a n a lysis o f t he re o u irements of the d is k cont ro ller a nd
i nterface sh ow that it must be disk compatible with other me d i a
l i k e l y t o b e i n us e a n d t h a t i t s t r a n s f e r r ate , wh i l e t h e h i o h e r
the bet ter, d oe s not need to be very fast as during development
i t i s t ypi call y t r ans f e r r i no only one or two 1K blocks for e ac h
step of p rog ram de ve lopment ( human re spo ns e t ime /b o redom
t o l e r a n c e — 4 seconds ) • Th is means that with suitable software.
the d is k controller and VDU could share the serial interface and
leads ine v i tably t o t he use of t he low c ost . PC as a
display/floppy c om b ination c om m unicating with the Target via a
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s er i a l l i n k .

A s u i t a b l e p r o o r a m ( w> i t t e n i n FOR T H o f c o u r s e ) r e s i d i n g o n t h e
Host, c a n now take inout from the Host's keyboard and oass it to
t he T a r o e t . I n t he Ta r g e t , n o r ma l FOR T H k e y b o a r d i n t e r o r e t a t i o n
takes p lace and terminal output goes back up the serial oort t o
the Host where it is routed to the scr een. S ho uld a command such
a s 9 L O A D b e e n t e i e d i n t o t h e Hos t , t h e n i t i s t r a n s mi t t e d t o t h e
Taroet as a character st ring, i n t e rpr eted and the disk driver in
t h e Ta r g e t i s c a l l e d . T h i s d i s k d r i v e r c a l l s t h e s e r i a l d r i v e r
to pas a co ntrol character reauest ing a numbered disk block f rom
the H ost. T he H ost p rog ram does n ot d is p lay t h is c on t ro'
character but instead transmits the reauired block to the Target.
The Ta rget system then becomes a full development system caoable
of p r oviding t he p r ogrammer with rapid in te ractive a cces s to
FORTH words and hence to timings and I/O control •

RS 232

I 0

polyFORTH
RK

In this conf igurat ion, there is no reason why the Host and Target
should be the same CPLJ. I f the development RAN can be large ( eg

) then onc e all the applicat ion was tested on t he ta rge t
b oard, t he Ta rge t FO R TH w ou ld be g u ite c apa b l e of ta rg et
comoi ling a RON based system. H oweve r, w it h the RS 3:"' link,
this would be slow, and how would the original Ta r get po ly FORTH
R ON b e g e n e r a t e d i n i t i a l l y ' I f a Cr o s s Ta r g e t Compilers on t h e
Host is used t hen it can both generate the Target FORTH ' sys t e m
and late r can a l low compilation of tested code to re p la ce t he
polyFORTH ROYi with the aoplicat ion RON.
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I f t he Taroet system cioes not have t he > esour ces to al 1 ow even
t he b a s i c 8 ii s y s t e m t h en a l 1 i s n o t l ost , as f o r d e v e l o o me n t
p uro o s e s „ i t i s u s ua l l y r e l a t i v e l y s t r a i g h t f o r wa r d t o b u i l d a
b oard that oiogy-backs onto the Taroet system via the CPU soc k e t
t o p rovide any necessary extra development facilities su ch as
UART or more RON and RA/i •

I SD Th e P r ot oc a l

The link p> otocal between the Host and Target is very simple, the
T aroet is always the master and cont rois ti ie link ooerat ion. T h e
only han dshake used is at the end of a block t ransfer w h en t he
Host r e s o o n d s wi t h ACR i f n o d i s k f a i l u r e h a s o c c u r r e d o r NA t x i f
a dish fault was o resent.

Only 4 control code a re e m itted by the Taroet

C ode C) n o a c t i o n ­ u seo t o a l l o w n u l l c ha r a ™ t e i s

Cope 1 — B L OCh — Targe t r e a c i f o l l owe d b y a 5 ASCi I c ha r a c t e r
bl ock n u m b e r , 1>i d a t a a n d a n AC,' i / N A :.i
ai e t ransmitted by the Host.

Code " — BUFFER — T a r g e t wr i t e f o l l o we d by a 5 ASCI I
character block number and 1K of data. An
ACii/NAi i i s t r a n s mi t t e d b y t h e Ho s t .

Cope 3 — F L USH — En s u r e t hat t h e Host also does a FL USH
f o 1 1 oweci b y a n ACK/ NAB f r o m t h e Ho s t .

I SD Th e H o s t En d

Two t asks e xi s t in t he H ost, one t o se rvice the d iso lay a nd
k eyboar d — t h i s i s t he n o > ma l OP E RATOR t a s k . T he s e c on d i s t h e
n orma l s e r i a l I / O d e v i c e t a s k TYPI S T. Comm u n i c a t i o n s a r e v i a t w o
b yt e v a r i a b l e s ' IN a n d ' OUT .

' IN
DI SPIRY

TYPIST

'OUT
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I f a c h a i a c t e i" h as be e n r e c e i v e c i b y t he UAR i ( ? KEY i s non

=er o ) t h e n e i t her a d i s k Re ad / Wr i t e i s o er f o rmec' o r i t i »
s ent t o ' IN a s s o o n a s t h a t va r i a b l e i s e mo t y — this tes t

ensures that the Taroet does n ot ovei r un the soeed at w h ic h
a po t e n t i a l l v s l o w o oe r a t i n o s y s t e m can o u t out t o t he

d is o l a v .

I f t h e v a r i a b l e 'OUT holds a character, it i s removed and

ou out to the Taroet witiiout anY tests ensurino t h at t he
system cannot lock uo even if the Tar act is in an i n f i n i t e
1 ooo.

0 ( I n - S i t u De v e l o p m en t CO MMS t a s k )
1 : ?BLK ( n ) PAD 7 BL ANK PAD 1+ 5 ST RAI GH T PAD N U MBER
2

R EAD ? BL K BL OCK 10 2 4 >TYP E
4
5 : WR I T E ?BLK PA D 10-.4 STRAIGHT BUFFER PAD SWAP 1024 MOVE
6 UPDATE
7
8 CREATE ' A C T S ' E X I T , ' READ , ' WRIT E , ' F L U SH

10 : . A CK DI SK 2 + 8 I F 15 ( NAK) EL SE 0 6 ( ACK) THEN EMIT
11
12 : A C T ( n ) 2 + ' ACTS + SEXE CUTE . AC K
13
14
15

0 ( I n - S i t u De v e l o o m en t CO MMS t a s k )
1 CVARIABLE ' IN CVA R I ABLE ' OUT
2
3 : > O PERATOR ( n ) BEGI N PAUSE ' IN C 8 0 = UN T IL ' IN C !
4
5: COMMS T YP IST ACTIVATE
6 BEGI N PAUSE ?KEY ? DU P
7 IF DUP 4 < IF ACT ELSE > OPERATOR T HEN T H E N
8 ' OUT C8 ? DUP IF 0 ' OUT C! E M I T THEN
9 AGAI N

10
11 : SERVIC E BEGI N PAUSE
12 BEGIN ' IN C B ? D U P WHIL E 0 ' I N C ! EM I T REPE A T
13 ?KEY ?DUP I F DUP ' O U T C ! 2 7 ~ EL SE 0 T HEN
14 UNT I L
15

9

OPERATOR ru n s SE RV ICE which outouts the contents of ' IN to the
screen a nc ino uts f rom tile keyboard, if t h ere is a cha ract er
t here . t o ' OUT un l e s s i t i s a n ESC i n wh i c h ca s e c on t r o 1 i s
i"eturned to the Hosts keyboard inter oreter.
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One add itional use of this part of the package is that i t a l l o ws
the H o s t or PC t o b e used as a te rm inal whic h h a s n u me r o u s
applicat ions in other areas.

I SD The Ta r ge t E n d

In the Target hardware, it i s necessary to produce a l t e r n a t i v e
ve r s i ons o f ( BL OCK ) a n d (BUF F E R ), t h e wo r'ds that cont ro 1 input

a nd output of blocks. T he se words a r e a l l wr i t t e n i n h i g h l e v e l
a nd s o a r e c om mon t o a l l Ta r g e t CPUs .

0 ( Ta r g e t I SD d i s c a c c e s s )
1 : . BL K ( n ) BASE 8 ' > R D E C I MAL D U P < 0 0 0 0 8 8 0 > TYP E
2 R > BASE !
3
4 : ! A CK KEY 0 6 = ( ACK) 0 = DI SK 2 + + ! •

5
6 I I N- BUF F ( n a ) 0 1 EMI T SWAP . BL K 1 0 2 4 STRA I G HT ! ACK
7
8: OUT-BUFF ( n a) 02 E M I T S WA P . BLK 10 24 TYPE ! ACK
9

1 0 : ( BL O CK ) ( n — a ) ?ABSEN T 'BUFFER SEXECUTE
1 1 2 DUP I N- BUFF ESTAB L I S H
12
13 : ( BU F F ER ) ( n — a ) ? UPDAT E D OVE R O U T - B UFF
14
15 : FL U SH FL USH 0 3 EMI T ! ACK

One o the r chang e t hat is made is that the keyboard p ro m pt is
changed to Ok so that the user can differentiate between Host and
T arget s y s t em communicat i ons .

T he p ro duction of a Target polyFORTH ROM in the first p lac e is
perhaps t h e most complex part of getting an ISD system work i n g .
T he s t a n d a r d . p o l y FO RTH s o u r c e p r o v i d e s i n i t i a l i s a t i on c ode a n d
d r i v e r s f o r t h e " nor ma l " UA R T f o r t he p a r t i c u l a r CPU. I f t h a t i s
the chip set to be used, it i s s imply a case of setting up ROM,
RAM and I/O a d d resses and replacing the disk dr ivers wit h t he
v ersions des c ribed a bove. If a " f o r e i g n " o r n e w UART o r
Interrupt st r ucture is t o be used, the n the first step i s t o
C ross Ta r get C omp ile on the H ost a Targe t ROM t h a t w i l l
c ommunicate n o r mally w it h a VDU . O nce t h i s i s r u n n i n g , t h e
serial link drivers may be installed and tested.

The Speed Consequences

Four pos s ible p oi nts de te rmine the speed l i m i t a t i o n s o f t he
s ys t e m

Output of the characters to the screen by the OPERATOR task
t h i s i s t y p i c a l l y a l i mi t a t i o n wi t h MSD OS s y s t e m s s uc h as
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t he I HYi-PC wh i c h i s s 1 o w .

I t i s a s s um ed t h a t k e y b o a r d s oe e d w i l l l i mi t t he r a t e a t
which values will be input to the Host •

Input speed for disk blocks to the Target may be limited by
s low C PU' s i f p o l l e d I / O i s u s e d ( e g 18 0 2 ) .

Input to t he H os t f rom the Target may be limited by OS
p I ob l e m s .

4 •

T he u s e of hardware or XON/XOFF character handshakes would ha ve
s i g n i f i c a n t l y l i mi t e d t he s y s t e ms t h at c o u l d be l i n k e d o r
complicated writino their drivers and so was rejected.

I n t he w o r s t c a s e , (
c ommunicat ions c o uld ta ke
T hi s s pe e d i s wo r k a b i e b u t
for e d it ing and ad o ots a
number o f f ul 1 system 1 oads

The exoerienced FORTH programmer is encouraged to modify the code
t o best s u it an y pa rt i c ular ha r d ware . T he m ost use fu l
enhancement t o the system xs interrupt driven oueued input f rom
t he T a rget to CONNIS. T h xs q u eue needs to be 2>( bytes deep anc
then the system can easily handle 9E00 Baud links to the Ta rg et.
At t hi s speed , in te raction with the system is not pe rc eptab'y
d ifferent to a normal development system and editina takes p lac e
on th e Ta rget without switching backwards and forwards t o the
Host •

C oncul s i o n s

NSDOS H o s t — 1802 T a r g e t ) a l 1
p lace without faults at 240 0 &a ud .
t he programmer tends to use the H os t
l oad i n o s t r a t e g y t ha t mi n i mi s e s t h e
a dopt e d .

As ma i o r Eu ~ o p e an s u p p l i e r s o f F ORTH s y s t e ms f o r u s e i n
i nd us t r i a l c on t i o l e n v i r o n m e n t s we se t o u t a s a r e a u i r e m e n t o f
t his pac kage t hat i t s h ould both generalize and s im p lify t he
procedure of l inking a Target S&C with a PC to provide a robu st
development sys tem. T he pac kag e de scr ibed has ac hieved t ha t
ob>ect ive for the novice FORTH p r ogrammer without ge op ardi ing
t he exoert's ability to optimise the configuration where that is
p ossible. T his tec hn ia u e t hen e na ble s a w ide range of
aDplicat ions, t ha t w o ul d not otherwise do so, t o be nefit f r oe
FORTHs many a dv a n t a g e s .
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