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Abstr3ct

AC3 arr3tPUr Pack.et rad i a softw3re
becomes  more ccmP I icatmrt axI softw3re
deve I omen t env i  ronments  i  ITIFTOV~P  the use
o f  high l e v e l  l3ngu3cjes w i l l tlec onle more
favour3fzk?. A de5 i gn 3ppra3ch f o r
protocal  softw3re tl35e4 o n ImClu  I e-5 3nld
F i n i t e  State M3chines i s  descritledl  w h i c h
farm31 i s e s  t h e  interf3ce t o  10 cievicest
3nd e x t e n d s  t h e  ut5e o f  t h e  p r o t o c o l  Is
S t a t e M3ch i ne mocle I i n t o t h e
i nip I entent3-b i on stage. Its adopt i on shau I d
m3k.e i mp I ement3t i on5 of L e v e l  2 3nIj 3
protoco I5 4u i cker I es i er 3rd more
un&rst3n~j3b  I e,

Introlrfuct  i on

Tradi t ion31 IY I coulmun  ic3t ion softw3re
f o r m icropracessors u-35 wr i tten i n  t h e
n3tive 3s5eeitdy IaWuaGe,  f o r  t w o  rea5onsi
t h e  sinlpfe m i c r o p r o c e s s o r 3rch i tectures
I  imited t h e  c o d e  con~~lexityr 5ize 3nlI-j
speech 3nsj t h e env i ronnlent n eeljelj f o r
softw3re deve topntent 3t 3 h &her tevel  was
n o t 3v3i t3tlle. The c3r Ir Term i n3 I Nude
C o n t r o l  lers w e r e  imp lenrented u n d e r t h e s e
r e s t r i c t i o n s .

T h e  f i r s t ottjec t, i on is; no I onzler
v3I i d . T h e  e x p l o s i o n  o f t h e PerSon l
ComPuter h35 made 5&#nific3nt  pracessin5#
Pawer che3p 3n4 re3cli ty 3v3i 13tller 3nlIj
m a n y  o f t h e s e math ines c3n tie r~se!d  f o r
b o t h 5oftw3re cbve t apflfen t 3ncI 3s 3
d e d  i  c3tecl or sh3red h o s t .

SeconlJlyr softw3re t#Ok 3n4
environmtents h3ve g r o w n  into 3 r i c h 3nlIIi
P l e n t i f u l 3ren3 t o deve I op 5oftrt13re i n .
Conw  i lersr i n t e r p r e t e r 9 simukbions~
gr3Ph iair Ij3t3tt33es 3ncl cammun  i c3t i ens
software  o f s u r p r i s i n g coiw I ex i ty 3nd
ufsefulne55 3re n o w  3v33j f.&Ie f o r  e v e n  t h e
sirwiest o f  m i c r o p r o c e s s o r s .

F’rotoco l s o f  tw.3re clew2 1 uper5 shou  I lzl
cons i &r ajopt  ing high l e v e l I anzWa9es
(such 3s F’3sc31 3nd C) f o r t h e i r

~~ITIITI~J~  i c3t i on5 5y5tem5. T h e  3dv3nta~es o f
expre55ing softw3re i n  3  structurfxh h i z#h
l e v e l I3nWa~e 3re wel I known  (see my
Softw3re E n g i n e e r i n g  text).

O n c e  a h  igh level lmgmge has been
chosen t some i niPort3nt cJes i z$ln
con5 i clerat i ens must be f3CPd. The
fe3tures  o f t h e  c h o s e n  I3ngu3ge nlust  be
e x p l o i t e d  t o  i m p r o v e  the r;oftwme de3 i gn F
i LIP I enlen t3t i on 3nlj m3inten3nce, F‘ut ITlore
gener3i  lrp t h e  PrcWem WY be w0.r ded 3s
3 questioni how show  I Ij 3 conInjun  i c3t i ens
program be de5 i sWH21j? A desi3i 3ppro3ch
which 3nswers t h i s q u e s t i o n w i l l  be
cl i 5cu55ecI.

D3tt Abstr3ct i an

A l  I s o f t w a r e  f o r  d r i v i n g  Idevice  (ie,
Ports) shau l d be n~oOu  l3r i se& High level
IarWu35Ies o f f e r  mechzn isnts f o r success i ve
3bstr3ct  ion o r  modul3ri53tion~  usu3l Iy i n
the for(tl  of p r o c e d u r e s / f u n c t i o n s  o r
sutlrout  i nes. A de-s i 97 3ppro3ch e n f o r c e s
the deconlpos  i t i on of so-f tware i nto ITIO~~J  f es
i n  3 d i s c i p l i n e 4  w3y,

Modul3ris3tion 31 lows f o r t h e
i rrt~  I emen t3t i on of \*)e  t I def i ned interf3ces
t o e n t i r e fund i ona t I Y---  i ndePendent
cmponents  o f  3  s o f t w a r e  s y s t e m . A mocJu I e
( w i t h i n  3 proz#rat) i s o n e  o r more
sub-proW3ms which P e r f o r m  3 wet i f i ed
t3sk. on 50me cl 13 t> 3 . The modu  I e
enc3psu I &es both thEl ci3t3 otdect  7 3n lj
the sub-progr3ms wh i ch man i PU J3te i t,. Al I
asPect5  o f t h e frmdi~  t e a r e ccm~  i ete I Y
d e f i n e d  by t h e F’r oglr 3mnter  f in 3n
apPropri3te  not&ion.

Def i n i t i on of 3 MO&J  I e

An ex.3frnlP  I e Irlr 3wn from p3cket
r a d i o s o f t w a r e iS Ejhown be I OW, Mo~rlu  I es
are fjef i  ned for 3 c:,er ial port (i.e. 3
UARTI  J 3rtJj 3 “p3cket,por  t” lie. t h e
softw3re i n t e r f a c e  t o 3 Protom I
c o n t r o l  ler c h i p ) ,

These definitians 3re Pre5ente4 i n
3 F’ascal-1 ike P 5 e u d 0 (::  0 4 e F 3 f Ol‘lm which
has teen successftd  I?3  uSed  by t h e  3uthar.
T h e  Purpose o f  t h e  n o - t a t  i o n  i s  to convey
5em3n t i c spccif  ic3tia-h r3ther th3n
s y n t a c t i c  detai I .
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ser i a I -Port:
C#lobal  d a t a 3
rMisters:

beg i n
TXtluffr RXtwfff DivisorLSb
11 i v i sor MSEc  J IntrPt8 LineControlr
L ineSt3tj ModemControl  I
ModemStat  : UART-Reg  i ster ;

end
CoPer3torss  2

procedure initi3l irsei
procedure send-ch3r  (ch:ch3r)  i
funct ion ch3r-received:tloole3ni
func t ion get-rece  i ved,char :char i

end Cseri3l,port3i

p3cket,port  f
C~lIot~3I  d3t;31
buffers:3rr3yCl.. n3 o f  taJffer,tYPei
re5Osters:
ted i n

TXlmfft  RXbuffi Intrptr LineControlp
L i neSt3t  p Mdedontro  l t MademStat
:Protocol-Controller-ReEGsteri

end
Coper3tors  1
procedure i n i t i 3 I i se;
procedure send....frme(b:t~uffer~;
procedure I k-ten (t42uffer)  i
f u n c t i o n  frme,received:t~oole3n;
procedure get-received.-fr3me(

var h:tluffer) i
end {Packet-Port);

O n c e  t h e  ITIO~UIE!  (port i n t e r f a c e ) has
been s p e c i f i e d  3 5 t h e  exams  Ies showp
imp lementat i on of the module can Proceed
by f u r t h e r  r e f  inins t h e  d a t a  objectst  a n d
tlY w r i t i n g  t h e in te r face p r o c e d u r e s  o r
funct ion code. I f  necessary Jt the module
specifimtion  c3n be m o d i f i e d  s l i g h t l y in
t h e I ight o f i ITIP  I ement3t i on
cons i der3t i onst but th i s shou Id be 3vo i ded
since i t  intplie!s we3kmess  i n  t h e  oriJin3l
module specific3tion.

Once i CIIP  I emen  ted p using t h e  flJodde
s h o u l d  b e  a  sintple c a s e  o f  making  ca l l s  to
t h e  i n t e r f a c e  p r o c e d u r e s  o r  f u n c t i o n s  3 s
requ i red. Since Ian~ua$es  such as F’ascal
and C do not support modu  I es expl icitlup
i t i s  t h e  progrmmer’s  responsibi  I ity t o
enforce cor rec t use o f  t h e  m o d u l e in
h i s  o r her c o d e  t by using the def ined
in te r face5  on ly . For  inst3ncej  w h e n  using
a Packet-port modu  I e I the re must be no
readins  o r  w r i t i n g  o f i3r)Y of the data
variablesr  o r  t h e  p o r t  d e v i c e  i t s e l f .

Control  Abstract ion

Commun  i cat i on 59stenrs a r e usual IY
“event dr iven”i  the software must respond
t o  a s y n c h r o n o u s  events! such as an
operator keyed comnrandr  o r  a r e c e i v e d
Packet. Such software mu5t dec i de on
appropriate process i ng o f events on the
basis o f  t h e  hiatoryr o r  state o f  t h e
5ystem. A form3 I mode I which is
ESPP I icable  in such systems is t h e  F i n i t e
State Mach i ne.

A  F i n i t e  S t a t e  M a c h i n e  CFSM) c o n s i s t s
o f  a  f i n i t e  s e t  o f  st3tesj  e a c h  o f which
k n o w s  o f  3 s e t  o f  eventsr  and 3  t r a n s i t i o n
funct ion which ITI~PS ktater event) into
(new-statet a c t i o n ) , T h e  3ction is 3
menkler  of  3  set  of  3ct ions;r  wh ich express
i n t e r a c t i o n  o r mod i f i ca t ion  o f  the  FSM’s
env i ronment.

FSMs me easi IY dep  i c ted in
d i 3W 3nm3t i c form. The st3tes 3re
r e p r e s e n t e d  by circlesr t rans i t  i on5
between s t a t e s  by d i r e c t e d  3rcsr 3nd
events 3nd a c t i o n 5  br “event : act i on ”
I3bels  o n t h e  tr3nsitians. P3rt o f  t h e
FSM model of AX25 CFox 843 is presented
in Figure I. It shows the st3tes  which
me p3ssed  through when the 10~31 st3t ion
connects to a remote st3t ion.

7he fol I ow in!# steps take P I ace when a
connect i on is estab  I i shed. I n i t i a l  1541  o u r
s t a t i o n iS in the “Disconnected” state .
Our  a t t e m p t  t o  c o n n e c t  t o  a n o t h e r  s t a t i o n
WY tw i ng “CCINN (Cal Isi5#nY’) i s
in te rp re ted  by t h e  F S M  a s  3 n event) 3nd
classif  ied (el9) The FSM state trmsi t ion
funct ion is i nvoked I with Parameters
c u r r e n t - s t a t e (wh i ch is “D i sconnected”)  P
and event  (which is el9). T h e  f u n c t i o n
Y i e I ds a new state (“L i nk. Estatl I i shment “1 I
and an act ion (send 3 SAEM Packet to
t h e  a d d r e s s e d  s t a t  i o n ) . The act  ion is
Performed 3nd  the system w3its1 re3dy t o
r e s p o n d  t o  m y  o f  t h e  e v e n t s  w h  i c h  may
occur in  the “L ink. Estatl  I i shment”  state.

F r o m  t h i s s i frrp I i f i ed exanleler i t
should be c lear th3t 3n FSM model is ideal
f o r specific3tiont de5 i gn and
i RIP  I emen  t3t i on of 3n event dr i ven system
such 3s a Pro toco l . T h e  3dvmtages  o f
3doP t i on o f t h e  F S M  nradel  a r e  d i s c u s s e d
I ater l T h e  r e s t  o f  t h i s  s e c t i o n  d e s c r i b e s
some ide3s o n  h o w  FSMs c3n be imp lemented
i n  F’3sc3lr  a r e p r e s e n t a t i v e high level
I3nW3se.

The advantages and d i sadvan  tases of
using t h i s organisation  o f device
in te r face software w i l l  b e d i scussed
Ister.
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SABM:UA

Inroomation

SABM:UALQrnP.77 n-r-

SABM,RNR,RR,REJ,
I with poll:DM

Disconnect

REJ,RR,
(wilh p

Ki!d,M,l
(without poll)
: I
SABM:UA

Note: CONN and STOP are operator commands for connecting and
almecting  i,o the remote station respectively.
Al.1 tither  names are AX.25 frame types.

------III------------------  -  -----m---------  - -----e--w------  -L ------M-M  -

AX.25 FSM 1 eO :
EVENT kf with:

i Poll :
STATE SW----e-m----.. f e----w : -
I D i s c o n n e c t e d :DM :
2 Link.  Setup I - :
3 Frame Reject I FRMR 1
4  D i s c o n n e c t  Rqst t DMISII
s Inform3tion Xfer: R R  I
. . t f

: et3 Ie9 I
: SAEM : DISC :
ieitherteitherf
I I
l
--.---- - m - w - -

I t -

: UAISS: IjM :
I UAlSSI DMrSlI
I UAs3 UAtSl1
: DMAI! UAEX
: UA I UA1Sl!
I
I : I

.

Figure 1, E x t r a c t  o f  t h e  A X . 2 5  FSM.

FSM based IITIP t entent& i cm of AX. 25 const

Once t h e FSM mde I of t h e
Protnco I iS C#rlrP  I ete I9 defined,
i RIP 1 ement3t i on t:ect)mes  stra i +itforwad 3nd
somewhat, mech3n i ca I . T h e  c o m p o n e n t s  t o  b e
d e f i n e d  a r e :

i . t h e  d,at,e tab I PP

i i . the state  v3r i  at1 I  er

i i i . t h e  act i  nn procedures~

i v . t h e  F S M  ~roc~ciure~

v. t h e  nmin  long.

Some exam I e5 o f  t h e s e  f o l l o w . The
F in i te State T&l  I e (FST) can ea5i 19 be
def i ned :

I elb i el7 :
: UA :DM :
:either!either:
;---cc- ;  - - - - - - : -
: DM :DM t
1 -I i - i
I _
I : -

I
I

: Sl iSI  :

I - I
1 I - ;

I t :

I el9 i
: CONN  :
: cmd :

I+------, -
:SABMdZ:
I I

ISAHMk
~SAEM~S’Z~
ISAEM62:
i II

sm i sconnected=:l;
S2,L i nk.Estab I i shmen  t-2 i

AO-l&Action=Oi
Al-SendSAhM-I.  i

l

El-.CONNcmd=li
E2,DMr  ece i ved=2 i

.
ntlr,st3tes -n;
ntlr,event5  -n i
nbr,act i c)ns=n;

type
5tate-tYPP  =

S1.B i sccmnected.  . Sn,St3teN;
e v e n t - t y p e  =

El,CONNcmzl. . En-EvmtNi
a c t i o n - t y p e  =:

A#,NoAction. .An-ActionN;



V33r
FST:3rr3yCl,.ntlr,st3tes,

I.. nbr-events3  o f
r e c o r d

new5t3te:st3te,typei
xtitsn :3ct i o n - t y p e

endi

v3r currentst3te:5t3te,type;

Exh (newstatee e v e n t ) ~3ir i n  t h e
F S T  mJust  b e  initidised. I n  P35c3l t t h i s
b e c o m e s  r a t h e r  t e d  i  oust

FSTCSI-Di  sconnectmb
El-CONNcmdJ.  newstate:=

52-L i nkEst3b I i 5hmen t i
FSTtSl-Di~c~nnected~

EI.XC)NNC~I~I.  3ct i on .rr.-
Al.senJSABMi

FSTCS2-L i nkEst3b I i shment  i
EX.DMrece i ved~l.  newst3te:=

S1.J i 5ccmnected;
FSTCSZ-L i nkEst3fil I i shment t

El-Dflrece  i ved. 3ct i an :=
ALNoAc t i on i

etc

T h e  st3t e  t rmsition f u n c t i o n  cm b e
i mP f @flJented i3 s a simple P3sc3l f u n c t i o n :

f u n c t i o n  FSM(event:event,type):sbte-type;
C glob3ls:  FSTr  currenLst3te 1
bet3 i n

c a s e  FSTCcurrent-state* e v e n t ] ,  a c t  i  cm o f
AO-NoAction: C do n a t h  ing 1
Al-sendSABE : beg i n sendSAFM  (1 Y,  s , P) endi
A2Act ion2 : begin C do Action 2 1 e n d ;

An-Aci  i onN : begin C do Action n 1 end i
e n d  Cc35eX
F S M  :=

FS~Jkurrent-st3te~ event3.newst3tei
e n d  CFSMX

The 3ct i on procedures AQAoAct  i on . . .
An-Act i  onN take c3re o f  a l  I  P r o c e s s i n g
n e e d e d  t o h3ndle the e v e n t . The5e
P r o c e d u r e s Kl3Y c3l I o t h e r Qti lit&
p r o c e d u r e 5 tu J o  l o w e r  l e v e l  p r o c e s s  in%

T h e  min loop o f  t h e  P r o c e s s  t3kes
t h e  f o l  lowing f o r m :

c u r r e n t - s t a t e  := i n i t i a l - s t a t e ;
r e p e a t

g e t - e v e n t  ( e v e n t )  i
currenLst3te ::= FSMCevent)  i

unti I c u r r e n t - s t a t e  = termin3l-sbtei

The prmedure “get-event  (event )  ”
man i tars tmth t h e  p3cket-port  p 3rd t h e
key tjo3r d t f o r any i n p u t which c3n b e
ckssified  3s 3 n  e v e n t :

procedure  get-event  b23r event:event.Aype)  i
var

ktd..buff  er : str i ndZ1 l l 1 orWest-cmd1 i
fr3me-buffer  :fr3me!j

e v e n t := n o - e v e n t  i
repe3t

C w3i t  f o r  r e c e i v e d  frme o r  typed key >
i f  Key Pressed t h e n

get ch3r
i f  ch3r i s  3  C R  t h e n

3n3 Iy5e-crfd Wxl-buffer ~event)
el5e

3mend chm t o  l&d.tluf.fer i
e l s e

i f  fr3me-rece  i  ved t h e n
3n3 I yse,fr3me (fr3me-buffer  revent)

u n t  i  I  e v e n t  0 no..,eventi

The cormen t ‘ha i t  o n  a rece i ved fr3flJe
Or twed key ” r e f e r s  t o  3n implementation
s p e c i f i c  i s s u e . I f  both fr3nJ@r e c e p t i o n
3rd key tto3r  d man i tar i ng i s d o n e  by
i n t e r r u p t h3nd l erst P r o c e d u r e g e t - e v e n t
shou I d un5chedu I E! i t s e l f 3t t h i s  P o i n t .
I n  3n i m p  lenrent3-L  i o n  w h e r e  i n t e r r u p t s  3re
n o t 3vai I3tder t h e  p r o c e d u r e  c3n simp f Y
l o o p  u n t i l  3  r e c e i v e d  fr3flJe is d e t e c t e d  o r
3 k e y  i  s  p r e s s e d .

IZxPerience w i t h  Design A b s t r a c t i o n s

Exper ience h a s  s h o w n  th3t a d o p t  i o n  o f
t h e s e  de5 i  m 3tlstr3ct  i  o n s  h a s  rrJ3ny mare
advmt3ges  thm dis3dv3nt3gesm

Qthiec t-tt3sed i IlIP 1 enJentat  i OnS o f
d e v i c e  interf3ce software (such a s t h e
seri3LPort o r  p3ckeLport) o f f e r  31 I  t h e
advmt3ges  of  moduI3r i  ty :

i l Abstr3ction. Smcific det3i I s  o f
t h e physic31 p o r t d e v i c e 3re
h i dden  .

i i . A  w e l l def i nesj i n t e r f a c e . Al I
r e f e r e n c e s  t o  t h e  d e v i c e  go t h r o u g h
a common i rrterface,

i i i . Interf3ce d e f i n i t i o n s can b e
3~~1 ic3tion s p e c i f i c . The
d e f i n i t i o n  o f  t h e  interf3ce t o t h e
P o r t  tie, t h e  3ccess P r o c e d u r e s )  i s
e n t i r e l y  U P  t o  t h e  ProzWrmnJer.

i v , Isol3tion. Rep I xement or upW3d  i ng
o f t h e  physi c3i d e v i c e  cm b e  d o n e
trmsp3rent  IY t o  t h e r e s t o f  t h e
5oftw3re.



A ~ossit~le d i sadvan ta92 i s t h e
o v e r  he3d o f s t r u c t u r e . U s i n g s t r u c t u r e
i mposes t h e need f o r more otdect  c o d e
3rd tti3t3p  w h  i  c h  ITI~Y i  n  some c3ses r e s u l t
i n s t o w e r e x e c u t i o n  s p e e d . T h i s  h a s  n o t
been 3  prob I  e m i n tloth R’JTY  3nd A X . 2 5
softw3rep but 1713~ c3use ProL!  e m s  3-b h i  gher
tj3udr3tes.

The adv3nt392s o f 3dnPt ing t h e  F S M
mode I i  n  i  KIP I  emen  t3t i  o n  w e r e  found to  be :

i . Centr3t isatinn  o f C o n t r o l . The
e n t i r e kcmtrol Pot icy’ o f t h e
Protoco I i s descr i bed nc3t I Y a-d
simpiY  i n  3  single  t3tjle.

i i . SirnPl  icitY‘ A  COKIP I  ic3ted P r o t o c o l

c3n kc me r e3d3tl  I e 3nd
understandi3t~  le.

i i i . E n f o r c e m e n t  o f S t r u c t u r e . Use o f
i3n F S M  m o d e  I e n f o r c e s 3 un ifornt
approach t o  t h e  mg3ni53ticm  o f  t h e
e n t i r e  Pro:gri3m.

C o n c l u s i o n

T h e  3veraaz eerson3l c#mFutcr c3n
h o s t 3  p e r f e c t l y  s3tisf3ctorY e n v i r o n m e n t
for conmun  i c3t i on sof t,ware deve I opment i n
3  high l e v e l  I3ngu3ge.

The use of a h igh levef lmgui3ge
requires 3 mare form3 I 3PPra3ch t o
s o f t w a r e  desi97. S o f t w a r e  for d r i v i n g  t h e
I O  d e v i c e s  c3n cmven i e n t l r  be or g3n i 5etj
35 3 lwxfu  I e. I n  an e v e n t  d r i v e n  SYS-L~KI~
t h e  e n t i r e 5YSteRr’S rontra I f I QW c3n be
enc3psu Ided in 3 Fin i te St&x M3ch i ne
mode I ,

T h e s e  de5 i  gn atdzact  i  ens h a v e  been
3~~1  ied i n  t h e  dt7veIoment  o f  softw3re f o r
RTTY 3rd AX.lilS  tlr t h e 3uthor. They were
faund t o i ncrc.3se 5oftw3re rei i3tli I itur
3rd make t h e s o u r c e c #cle more
underrttnd3tj  I e 3rd mm3 i f i 3tl I e.

R e f e r e n c e s

i v . Md i f i 3tl i I i ty. M3inten3nce o f  3
P i e c e  o f  s o f t w a r e  i s  m3de e a s i e r  bY
t h e s t r  Ict e n f o r c e m e n t O f

s t r u c t u r e . O n c e  t h e F i n i t e St&e
Tsble h35 been s e t UP I 3rd t h e
s e t  o f 3ction p r o c e d u r e s wr i tten
35 dr i ver5 f o r  l o w e r  l e v e l  “uti lib
Procedures”~ new 3ction5r
tr3nsition5 3nd 5t3te5  C3n USLJ3 f IY
tte 3dded “iu i c k. I Y 3rd eas i I 9 .

CFox 847 Terrti L. Fox (WE4JFI)  I
“AX .25 Am3teur F’3ckt-R3d  i 0 L i nk-L3Yer
F’rotoco I ” f October  WF34.

T h e  a n  i Y  d i sdv.mt3ge  e n c o u n t e r e d  ~3-5
t h e  P o t e n t  ial f o r  t h e  F ’ S M  m o d e l  t o  tlecome
CO51lP  lex. When Protocol5 t~eccme

CofflPf icdedr the i r F S M  mode I  can become
v e r y  l3rge  3rd cunttiersome  Cth i s  i s c3 I I ed

“ s t a t e exrlosim”). Tatm I ar
rePresent3tions  o f I .3r 9e FSM5 cm te
m3n3gejdr  but graph I  cat representat  i  o n 5  ~139

tJe too unw i e 1 d I y .
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