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Abstract' 

A simp1e semaphore based operatlng 'Jste. for the ,. "-. .... 

Hdtorola H6800 microproces8pr ls Aescribed. It ~s a 
! 
,stand alone system 
r • ,',' 

using fixed scheduling~ priority 

designed as a control 1er in a ., series of 

neurophysio~ogical experimeJlts in a psychol,ogy 

labora'to,ry. • The overall scheme 'calls one for 

microprocessor controlled station for each e~perimental 

animal (rat) with an LSt~ll (equipped with floppy 

d!sks) choosing experlment parameters'and recording the 
- ~ 

~esulting data. Inter,-proces s,!'J r communication 

performed via seriaI lin's beUteen M6800 based 

system and the LSI-ll master. 
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ResuQle 

"\0' 

~n deerit u~ systeme 8impl~ a base de semaphore pour 
(r-

Ie mieroproeesse~r Motoyola M6800. Ce syst~~e est 

" eoneu pou~ le controle d'une serie d·' experiences 
o 

neurophysio1ogiques dans un laboratoire de psychologie; 

il é~t cap'able d' op~\rat'i~n individûelle, utilisant un 

programme de priorites fixes. 

prevoit un ~poste commande . , 

V arrailgeme~ d' ensemb,le 

par microproée~eur pour 
\ 

,chaque a~imal exper~mental (rat); un L81-11 (muni de 

disqlJettes souples) effe"ctue le choix des paramet;res. de 

l'experience et enr~gistre les donnees • qui en 
. 

resultent. La communication inter-processeur~ est 

asshree par un jume1ag~ en ser~è entre ~haque systeme a 

base de M6800 et la machine maitresse L8I-Il. 
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Chapter 

INTRODUCTION 

The purpose of'this project i8 to provide a computer 

system (hardware and software) to automate a series of 

neurophysiological experiments using rats as 

experimental subjects. A large amount of data are 

needed to allow lnferences ta b~ drawn about some of 

the structures (and propertles of th~se structures) 
i..-'j 

found in the rats' bralns. The decisi1rri--1. to under'tak'e 

this development effort was that of assoclate professor 

Peter Shlzgal of Concordia University's Psychol~gy 

Departmen~~c~llta~e.his research and that of his 

students. i 

1.1 ~easdns for developing the system 

-1.1.1 Experimental paradigm 

The type ôf experiments being undertaken Involve the 

direct electrical stimulation of discrete regions 
1 

with1n a rat's brain, wh11e observing the behaviour of 

the rat ([GSY81 J) • The stimulation is' 'of a sort that 

~he rat fi~ds revarding, and which lt can trigger 

itself by pressing on a bar in 1ts cage. Sequences of 

p,~lsfa-,\' applied to various sets of 

'4_ejrodeSt~and stimulation parameters ~re 

~ while k~eping track of the rat's bar-pressing 
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in order to 
1 

til l 

s~ru~tures • 

varlous hypothe8es 
() 

concernl)'1g neural 

~.2 Ju.t,1rlc~or computerlutl0' (~ 

""( 

'i! 

The way t,hese types of experlments were carrled o\t..~ 

ln the past 18 a~lows: 

A student would . ~it be\re several (typlcally 

.' rats. ,1 and 

two) 

cages containing an instrument panel 
L-

eontaining switches for electrode selection, pulse 

timing, pulse current' ••• etc., and a counter for 

aecumulating bar presses over each trial. The student 

" would 1) set up the next stimulation parameters, 2) 

trigg,er a priming stimuladon to condition the rat, 3) 
-". 

wait for the duration ot: an experimental t1r i al (usually 

one minute) , and 4) at the end of the trial period 

record the number of bar presses 'and stimulations 

delivered. This,sequence would be repeated hour after 

hour with stimulation parameters changing ~radually in 

order to determine the threshold of effective 

stimulation and to trade parameters off against each 

other. 

This manual sequence i8 extremely slow, te~ious, and 

error prone.- Also, sinee data are gathered so slowly. 

it is sometimes neeessary to use the same rat in tests 

,spanning Many days, thu8 lncreaslng the probabl1ity of 

an eleetrode becomfng dislodged, an infection, or some 

- 2 -
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renderins the rat,.and perhaps 
~ 

data sathered to that point, useless. The 

system ellmln~tes the ted1um and Inaccuracy, 

even t~e 

computer 

can test 

as many as eight rats at once, and apply more.' complex 

alsorlthms for èo~putlng successive sets of stimulation 

pa~ameters in order to reduce the number of trials 

required to determine a threshold. 

1.2 System overview 

The system Is conceptually partltloned Into three 

levels. In level ~ is the master computer overseeing 

Br1 in-progress experiments, its hardware, . and 

software. Leve! II consists of eight microprocessor 

systems '(one per rat cage), their s~ftware. and 

interface hardware. The th~rd and final level consists 

~f the rat cages themse1ves~ and aIl special purpose 

hardware associated with them. 

. - . -

- 3 -

... 

• 



( 

1. 2.1 Level l (L~n-11) 

1.2.1.1 Level 1 hardware 

The level l procea50r i8 a Digital Equipment 

Corpor.ation LSI-11 with dual double density elght inch 

fI oppy-d 1 sk dr ives. runn1 ng the RT-l1 operating system. 

A CRT terminal aots as the system console, and an 

LA-120 Decwriter 1s avallable for hard copy. As weIl 

as 1-~erfaces f~r the above devices. the LSI-11 is 

eq uipped, w1 th two DLV-llJ quad seriaI interfaces "for 

communications with the eight levei II processors. 

1.2.1.2 Level l software 

The LSI-l1 software i8 itself partitioned into two 
~(; __ • "Jo" 

major levels.' T/1e upp,ér level software has to- aotually 
/ 

run the experimentJ i. e. download thë level II 

proce~sors. declde on parameters for each trial, 

collect and log data, and provide reports to the 

experimenter/oper8~or. The lower level software 

aupports communication wlth the cage controller 

processors. The LSI-1l software was developed (and 1n 

part la atll1 beins developed) under RT-1' in Macro-,' 

and FORTAN by David Morton. 

J 
/ 
1 
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1.2.2 Level II (M6800) 

1. 2.2. 1 Lev~l II hardwar'e 

Tbe lev el II ha:dwar~" ooJ1sts ot' eight 

based on the H\torola H6800, aach equipped 

bytes of s tatic RAM, an M~21 (peri pheral 

, 
• 

prooessors 

witb 8k 

interface 

adapter), 'an 'M6840 (triple programmable timer)-, an 

H6850' (asynchronous communications interface adapter), 

and a dual 12-bit digital to analog converter board r 

The 6821 PIA ls used to interface various devices on 

tbe cage, the 6850 kCIA provides communication with the 

master. tbé- 68!f0 timers are "used tO,malntain a syst~m 

time and generate' pu~ses. ,and the digital-analog ~ 

converters eont~l pulse~eurrent magnitude. 
... .0 

la 2.2.2 Level 1 l software 

The level II proeessors ~must be able to handle 

communications . from ",level l (recei ve c'ommands and 

parameters. s~nd data generaied by trials), respond to 

rat aeti vi ty ln. the form of lever presses, d ell ver very 
~ 

aecurate ~tlmulatlon pulse sequences, and kee~ irack ot' 

pass1:ng time (a trial' can be minutes long). For tbis 

purpose a general ~ semaphore-baud mul ti-taski ng 

operating system was wrl tten for ;,~be H680q. Tbill 
. \ 

system was designed, implemented. and de~ugged \by the 

autbor, and 18 tbe primary focus of tbis paper. 

. ' 
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1.3 Major de.lln cboiee. 

1.3.1 Level l . ' 
C> 

The ohoice of RT-11 to'r the mast~r LsÏ-~as main1y 

didtated by t:be fact that 1t was eaSl1)' avaUable' and 
" 

documented in s~ff~c1ent detâ11." There were 81so other 
1 0 

RT-11 usera with!n the Co~oordia community whose 
1> / 

experience would be availab11 if problems 8,hould be 

encountered wi th the system.! 

The decision to en/c,psilt.e 

port1on of th! .LSI-ll .onva~e ara 

fact that 1,t1 functlon WOU~d 

8.me no matt r what type of hlgh 
• 1 

d rivér 'were added. n al1 1 

must be queued until procefsed/ 

1 1 

.. 

6 

___ (L _____ • _____ _ 

he 1 communications 

e ~at~rally f~om the 

fundamentally the 

levei experimental 

the level II 

from/to " them 
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1. Level' II 
' . . 

, . • 1 Generality 

'fe justification for lnvesting the extra resources 

in 0 ved ln wrltins a senerallPurpose ope~atin, system. 

ra :h r than one deslgned ~~i direct1y implement the 

. ex etimenta~ paradism ta be ~andled (al though 1 t ls 

qu debatable wh ether this would t ln tact. be 

si the tact that the system is research 

or This Implies that future experimen~al 

pr will likely depend. in part. on the r~sults 
u 

of previous experi~ents carried out wlth the syst~m. 

, 
This being the case. it Is likely that a specially' 

deSigned/fset ot program~ w'ould ha~e to be re-wri tten 

from scratch as soon as the experlments to be performed 

changed in any non-trivi,l detail. Such a re-write 

requires more time and t!rChnlical experti se 

than re-designl.ng the /l' experiment tesks 

facilities provided by ~hè qperatlns system. 

1 

-. - - "1 

1 
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1.3.2.2 The hardl4are7'so':ftwaré funC'tional: split 

One of the more di~ricult cboices whioh arose early 
• 

. in the design phase ~as th~ question of how mu oh work 

would each of hardwar.e, software, and OS~ software 

oontribute to the actual pulse generatlon and timing. 

To understand this olearly it Is necessary to explain 

in more detail the format of the stimulation pulses. 

, ' 
At the lowest level, pulses are delivered in pairs 

oalled the "C" (for "conditi'onlng") pulse and the "T" 

(for "test") pulse (if a single pulse only is desired, 

it is arbitrarily deslgnated a C pulse). The' pu~se 

widths and the C-T interval eould eonceivab!1' be as 

small as sorne tens of microseconds, and therefore must 

be very accurately timed so mucb so that an 

instruction execution time ls signif'ioant (rapging from 

2 usees. to 12 usees. - with instructions of- over. 7, 

usees. being comparatively r~rely used) • 

.. 
,These C-T pairs are combined into trains, and a 

sequence of trains comprises a stimulation. The 
è, 

resolution of the C-C interval must be less - than )100 

o 

usees., while the resolutlon of the inter-train delays 

can be as .aoarse as ~ens of millisecoMa. A typical 

stimulation is long enough to watch direetl~ on the 

faoe of an ordinary oscilloscope (typically, betw,een-

0.1 and 2.5 seconds). 

- 8 -
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It was decided that fo~ reaaons of reliability, 

" aceuracy" and' elegance the C-T pair s were beat 

generated by hardware. The rejected op.-t'ion in this '. 
case was the use of specially timed instruction loops -

with different pleces of code required for different 

~iming ranges. For this purptise custo. hardw~re was 

developed (the prototype by the author, later improved 

by Peter Shizgal). 

For the next'interval, tbe C-C interval, it was 

clear that the operating system overhead would be too 

great to achieve the nec:essary resolution us·lng a 

systeu calI. A timed delay loop with interrupts 

disabled was settled on as acceptable. 

'For both of the largest intervais - the inter-train 

delay and the experiment trial duration the tiae 

resolution provided by the operating system was 

acceptable. 
'. ". 
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1.3.3 Level III 

"" 
'So -~ - - - - - '" 

Level III was speolf1ed by péter Shi~sal, , 

dlctated by prevlous experlence ~ witb 

and was 

lII à nual 

experimental setups, and instrumentation req~ire_ents. 

This, equlpm'ent Included the rat cases, the swl tches, 
1 

liSh~St and other devices bullt into them. voltaSe 

controlled constant ourrent ampllrl~rs for seneratlns 

pulses, electrode switchers, etc •• Tbè cSses, 

distribution panels, etc. we~e constructed bY students, 

and the electronlc desisn and'construction W8! don e by 

William Hundl, the technical officer for the PsYo~oloSY 

Department of Concordia University. Th .. iÂ,",le"/~/of the. 

---------system Is viewed as a black box by the hlshe~ leve1s • 

> . 

...) 

~ 

10 

Î 

~ ! ~ 

.. 

, 
1 , 
l 

1 

1 

" 

, . , 

1 
1 , 



\ ' 

, , 
• ! 

, 

, : 

i 

1 

! : 
, ('" 
:' f 
1 

,1 

\ 

-
Chapter 2 

OPERATIHG-SYSTEM SOFTWARE 

2.1 System design 

2.1.1 Style of system 

The'operating system supports multiple proeesses, 
, , 

with proeess synchronization being handled by sem~phore 

primitives. Both for aesthetic reasons, Bnd to 

( simplify ~aintenance. 

~ im~lementation time. and 
l, 

reduce development and 
• 

re~uoe user learning time. 

... 

consistency and simplicity were the primary goals when , 

designing the system. 

2.1.2 'Data ~tructures 

Eaeh process within the system Is associated with a 
" 

prooess block which holds its·priority. oontext'Cin the 
, 

form af a stack pointer). and wake-up time (not always 

used). There are a fixed number of prooess ~ blocks 

wi thi n a regi on of lDemory reserved for system us'e. and 

this number.determines the maximum number of processes 

which can exist at any one tilDe. Each of these, blocks 

is identified by a, (fhed) number which serves as a 

process identifier. 1 process oan be in one of four 

statès: (1) dead (inactive)- the process block la free, 

(2) b~ocked- the process cannot'run until sOlDe event 

,àccurs;~T3) ready- the pro'cess oan l'un as soon as the 
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C'PU ia avaUable, ind (10 running. 

A running procesa hés its oontext installei in the' 
, 

m~chine reglsters, and its prooess block polnted to by ! 
\ 

a system variable (PBCRNT). All.prooesses ln the ready 

state are kept in the ready queue, sorted in order of 

prlorlty (so that the next prooess to run is at'the top 

of the,list). A blocked process can be either in a 

semaphore queue (agai n so.rted accord i ng t.o pr i or 1 ty) 

await1ng an explioit event signal, or in the sleep 

queue awaiting its wake-up time. 

Like prooess blocks, there are a flxed number' of 

semaphore blooks available in a~ area of memory 

reserved ror the sy~tem. Each of the~e blooks is 

referenced by a number which Is aIways used to refer to 

the assoc1ated semaphore in system oalls. Semapho,re 

blocks contain a oount (the number of abstract reso~rce 

units currently available>, and a queue pointei. 
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2.1.3 System services 

The following paragraphs outline the services which 

the operating ~ystem kernel provides to user proces~es. 

2.1.3.1 Synchronization 

'The Synch'-~lzation primitives are referred to as P 

(wait) and V (signal) as they were originally 

deslgnated by Dljkstra ([Dljk68]). Each calI passes to 

the system the number of the semaphore to be used. 

Semaphore numbers must be assig durlng application 

system design, since the kernel es not keep tràck of 
r 

which semaphores are in use. 

~. 
2.1.3.1.1 P (watt) 

The "P" operation requests a single unit of 

resource. If the semaphore count is non-zero when the 

calI Is performed, then the count is decremented by 

one, and t~e caller is allowed to resume execution. A 

caller will never lose the CPU as a resul~ of 

per forming a "ptt operation on a semaphore wl th a 

non-'zer"o count. \, 

If the semaphore count ls zero when a "P" operation 

i8 performed on it, the call1ng process la Inaerted 

into the semaphore's queue ln order oro proces! 

prlori ty. (In the oase of moré than one proce88 of the 

same priority. tles are 'brqken on a flrst-come 

13 -
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tirst-served basis.) 
, . 

2.1.3.1.2 Y (signal) 

Th~ "y'" operation produces (releasès) a slngle unit 

of resouroe. If the semaphore queue Is empty, then its 

count is incremented and the caller cann~ IOlle ~he CPU 

(at least not as a result of the calI). If the queue 
, 

is not emp~Yt then the process at the to~ of the list 

will be able to rune Sinee this process may be of 
, 

equal or greater priorlty than that of the caller, both 

processes must be entered into the ready queue s~ that 

the dispatcher can decide whieh should run next. The 

waiting process is lnserted into "ready" first. sinee 
~ 

if both are of equal priorfty the one whlch was waiting 

should be scheduled first. 

2.1.3.2 Process birth and death 

. 
Exeept during initializatlon, proeesses aiways come 

into existence by ah already existing process 
. 

generating a "start" system calI. The parent proeess 

must supply a context for the new process, in the for. 

of a stack pointer, and a priorlty, which will star 

vith the nev process for life. The id-number of the 

nev proce~s ls returned to the parent,'if the 'birth' 

15 successfui. The id-number must be saved if the 

offspr.ing la to eventually be killed, or some hilher 

level mess~ge passing protocol added to the system. 

14 
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A process ls destroyed by some prooess (perhaps 

Itself) perfo~mlng a "kill" syste~ oa1l specifyinS the 

prooess Id-number-Of the prooess tO be destroyed. It 

should b. noted that the faml1y tree of process~s 

w1th1n the system ls not stored. Thus a prooess whioh 

oreates s~veral othera can be destroyed wlthout 

arreotlns Its offsprlng. 

To make proeess suicide possible wlthout any special 

arrangements for communieating id-numbers, a system 

cali ("who") ls provided which returns the ~rocess 

id-number of the caller. 

2.1.3.3 System time and the sleep queue 

The system maintains a four-byte oount of the 

elapsed tlme sinee system, initialization. Since this 

is intended to provide comparatively large scale 

intervals, the time base is supplied by an external 10 ~. 

r 
msec. 08cillator to aIl (elght) M6800 CPU's ln the 

system. The purpose of maintaining a system time i8 to 

allow processes td place themselves in a dormant state, 

possibly for a long time (from minutes to days). 

Consequently, tbe arguments provided for a "sleep" 

system calI are a tvo-byte ~ount and a four-bit 

exponent. Thus. the fartber, ln the' futur e i s the 

vake-up ti.e. the lover viiI be the ultlmate resolution 

of the actuel tl.e of reactlvatlon. This ls not seen 

- 15 -
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a •• Berious liaitation, ainee th~ syt~m time itself 

will drift due to the accumulation of small in 

moved to the ready queue. d~ a system time 
~-~~~ 

of the same accuracy as the crystal time b~~~or the 
------~-~~ 

CPU (sinee a free running oscillator re-stàrt-S---~ 
-----------

automatieally without intervention by a' service 

routine). 

This timing sy~tem work~d effectively from an 

operating system viewpoint. Rowever, upon testing 

-~ stimulation pulse generation, it 

____________ ~he frequent interrupts generated 

was diseovered thst 

by tbe clock caused 
0;. 1\' 

an unaeceptable jitter in tbe ti.ing of C-C intervals 

(tbese are ti.ed by program IOops). Dis.bling 

interrupts during pulse trains would bave resulted ln 1. 

possibly l.arge-;----and generally unprèèU.çtable nuaber of 
_. • ~~ j ---------~. ~ 

lost cloek interrupta.~ lSoth- types of ~~, ~ 
unaceeptable. / - ~ ~ 

-~- ............. --- ----------
~---------- ~ ----- ~ 

----------~------~_____ 1 

~-~ 

~ 
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The ro1~owing solution was devised. Instead of 

runn!ng th~progr~mmable tlmer treely, !t wou1d be run 

as a one':"shot.- How, eaoh tlme the tlmer ia re-atarted, 

it '18 set for the minimum of (1) the màximum time 

Interval possible, and (2) the tlme to the next prooess 

wake-1Jp, .. time. The system must keep traok ot the last 
\ 

Interval 'prosrammed into and when a 

olook interrupt oeour upd sted . , 

by thls amount, and the next interv~l 0 Ir a .. 
"sleep" oa1l ooeurs during an Interval, must 

be stopped, it~~~ounter read, and the elapsed p rtlon 

~~e interrupted inter val computed ------ ' 

in order to up .t.~ 

Ir this ~ime system had been ~un using the CPU 

base (1 mhz.) then the maximum interval would 

/ 
l' 

1 

\ 

---------- ' ~,-=--~ on 1 y 65 lItS e-e-s-:-': soi t wa s de 0 i (1 e d th a t ---- -- -~--------
a 

\ 

~ , 
î 
f 

-~~~ 

exter,nal t'Imeosse -wa-s - nee.ded ' 'for the 
~------- ,~---~-

timers used for the system clock. A tlme 10 

mseos. was deoided upon, and therefore an exter al 10 ' ,r 
mseo. time base was provided for the pr grammab1e 

timers. This slves the current version of he system 

the abi1i ty ta run for as long as (appro·x1111a.te.lyJ __ 2~~~ ___ -,' 

minutes before havlng to servioe an Interrupt for the 

system olook. 

The oost of thia technique, ia that some amall a~ount 

'--
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1 
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, 1 
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( 
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\J 

of tiae iarloat every time a clock interrupt occurs. or 

when the clock interval must be artificially ended 

because of a Wal eep " system call. This causes .. the 

system time ta gradually"fall behlnd its correct value, 

and thls error ~il~ increase linearly with the 

frequency of clock interrupts and Wsl eep " calI s. 

Fortunately, thls error is not great enough ta cause 

any serious concern, especially over the magnitudes of 

intervals required for these types of experiments 
. 

(generally on the order of minutes). 

2.1.4 System characteristlcs 

2.1.4.1 Scheduling 

As mentioried above, aIl proceS8es are assigned a 

fixed priority 'at birth. 
, 

process is ~ Whenever a 
! 

inserted in the ready queue, or a queue assoclated with 
." ' 

a semaphore, it i..s inserted after the l.se Lproces, on 
1 

the queue of the same or greater prio ity. Thus, 
1 

processe~ of greater priority are alwaY8 s~rved before 
\ 

those of lover priority, and processes of equal 

priorlty are dealt with on a first-come firat-aerved 

basis. These rules of s~cheduling are applied 

i~entically ta allocation of the CPU and a~maphore 

resources. 

Vith queues for semaphores and the CPU kept sorted 
, . 

in"th!s aanner~ allocation of resourcea.becomes _aimply 

- 18 -
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a case of removin, t~rst procees ... in and a queue 

aliocatins 1t the resource (either by insert1ns 1t 

~he ready queue if the resourae 1~' a semaphoie, 

in 

or 

lDaki.-ns It the current proces8 1 t._the resource 18 the 

CPuU). So that there are, no except10nJ~ ~ to th1s 

tal10catlon scheme an Id le process ls (must always bel 
c 

provided to consume unused CPU ~lme. Wheb th.e sys..tem 
" 

reaches thls etate (I.e. the id le process ls runn!ngl 

!t ca. on1y be changed by an lnterrupt ~/~::e 
wai ting process to start agai·n. ./ 

The priority 15 contalned in a one-byte 
i 

process of priority of 0 ls dead Ci.e. 

numbèr. A 

the process 

block 115 free"- Prioritles of 1..254 are 'ordlnary' 

prlorities,'where a greater number indlcates greater 

prlority. It vas decided that ft would be useful to 

'have the highest designate 'Infinlte' 

priorlty, and 50 a prlorlty of. 255 ls consldered 

'non-interruptible' . and 
~ 

the dlspat-cher wUl 

a~~matlcally mask further Interrupts when asslgnidg 

the CPU to a process of this prlor1ty. , The 'pr Ime 

reason for t~ls decls10n i8 that It.makes 1t poss1ble 

to have the interrbpt poIler, the pro~ram wh1ch polIs 
o 

t~e interfaces to see which ones requlre serVicteun 

as an ord1nary process. This Imp~oves s stem 

conslstency by reduclng the number of ~xceptlons to the 

sch~dulln, rules. 

1 

- 19 -
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2.1.4~2 ~nterrupta 

'., 

The H6800 processor does not provide any hardware 

!or priorltlzlng or vectorlng lnterrupts. AlI devices 

sh.r~ a c~ommon Interrupt request 1ine normal1y he1d at 

+5 volts (a l~gi~ "1"). An interrupt ia caused by a 

devloe ground1ng thls common llne, at wh1ch point the 

processor stacks, aIl registera. and jumps to the 

locatlon 1t recovers from the top two bytes of lt~ 

addres8 space (usually oontained ln read only memory). 

The determlnation of the cause of the Interrup~ must 

t~en be done by code wh1ch Interrogate8 devlce St~tU8 

reslaters. This i terrogat~on ls 'usually referred to as 

"polling", and it ls only at th1a point that priorities 

are normally introduced (either implicitly by the 

polling order, or explicitly as in the system under 

discussiop). 

Both for aesthetic reasons, and practical ones (i.e. 

simplicity df deslg~. maintenance. and learning). it 

was deci~ed to transla~e, hardware Interrupt signaIs 

In'to softwa'l"e semaphore signaIs aa early as possible. 

Thia was done by having an interrupt poIler procesa run 
1 \ ... 

!\~~ an ordinar)' system process, at infini te pr lor i ty. 

Thus , when an Interrupt oceurs. aIl that ls neceasary 

is to make It seem as though th~ runn!ng processhad 

~i8n.lled. the semaphore asslsned to the lnterrupt 

- 20 -
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pol.ler process. So simple i8 th!. to do, that 1t takes 

only two machine instructions to achieve.' 

At this point. the in~errupt poIler can Interrogate 
~ 

each devlce capable of generating an Interrupt an~ 

signal a special' handler process- for each devlce. 

Deviee priority ia explicitly controlled by the general 

priority mechanism. 

As pleaslng as thls system 1s aesthetically, It Is 

quite possible that a device requiring high speed 

interrupt service cannot wait for the system overhead 

involved in running the interrupt poIler and system 

dispatcher (twice). 

A high-speed d~vice can be checked ~nd serviced 

before passing control to the system, ,storing details 

of the interaction in a set of ~emory locations. The 

code executed before the operating sjstem's prlority 

mechanism is imposed and the memory locations used can 

be conceptually considered to be another layer of 

device interface. providing a 'virtual device'. The 

higher level portion of the handler for the device in 

question (i.e. the normally scheduled handler process) 
, 

can then use the asslgned memory locations as though 

they vere additional devlce reglsters. As an example 

of th1s. suppose some sort of input device presents 

unratched data to a set of input llnes for on1y a very 

- 21 -
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brlef tlme 

( ; 

after It 8enerate' an Interrupt. When this 

devloe senerates an Interrupt, the data can be read 

fr~m the Input 1ines and atored ln memory. a10ng wlth a 

fIai Indloatlng that th!a has been done. before 

sisna~lins the ~nterrupt poIler. The Interrupt pol 1er 

oould then interrosate th1s so~tware fIas as thouSh it 

were the dev1ce interrupt fIas, algnal the approprlate 

.devloe handler, and turn off the fIai. The hBndler 

oduld then MOye the data into whatever buffer wal 

deslgnated to hold 1t. 

Althoush th1s techniq~e can improve thé t1me 

required to service a device, 1t oannot increase the 

average ~atw rate that the system can handle (ln faot 

1t s11shtly decreases It). This type of flexibility 

must be provided within the systei' however, ~speolally 

considerlng the unpredictable an~ sometlmes haphazsrd 

hardware arrangements that can arise in laboratory 

sItuations •. 

- 22 -
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2.1.5 Kernel processes 

Apart rrom the code requlred to Implement the system 
~ 

calla (IIp", "v", "start", "sleep", "who", and "klll"), 

and the dIspatcher, severai proceases must be 

consldered an Integral part of the system kernel. Two 

of these are the Idie process, and the 1nterrupt 

poIler, whose functlons are d1scussed above. The two 

other system processes of interest are the cIoçk~' 

Interrupt handler, and the 1nitialization process. 

l'.{ ) 
At an Interrupt generated by the progr~mmabie tlmer 

used to maintsin the system elapsed tlme, the cl~ck 
• 

process updates the system time, and aetivates aIl 

processes in the sleep queue whose wakeup time has 

come, by mov,jng them 1nto the ready queue. The current , 

system time 15 o~tained by slmply addlng the last tlme 

inter val to the old tlme value. Sleeping processes 

wh1ch should b'è reactivated' are discovered by scanning 

the sleep queue. Since thls queue is kept sorted ln 

order of increasing wakeup tlme, 1t Is not alweys 
. 

necesaary to scan the entlre queue. If the flrst 

procesa in the queue shouid be' actlvated, then 1t la 

deleted rrom the sleep queue and moved to the ready 

que';le. This 18 repeated untl1 the rirst process ln the 

queue la one wh'1ch la not ready to reawaken, or the 

quetJe la empt)', at whlcb poInt the job is done. The 

next interval Is th en cOllputed accordlng to~ the same 
......... 

- 23 -
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~llorithm used by t~e "sleep" oall, and the timer 

restarted. 

The priority of the clook prooess is 25q- l~e. the 

hllhest priority less than lnfinity. Sinee the eloek, 

proeess can be Interrupted, thé Interrupt ls expllcllty 

masked when manlpulatlng system data structures. This 

Is a compromise between beins forced to walt until the 
t 

clock handler finishes 1ts before job~ oompletely 

aooeptlng another Interrupt, and risking damale to 
~ 

1\. 
important system data structures. 

The remainlng Important system process, 'the 

Initlallzatlon process~ Is, as Its name implles, 

responslble for startlng the necessary applloation 

prooesses, and inltializlng se~aphor~ values. 

system Inltlalization s~ence Is as follows: 

The 

(1) Important system variables on page zero 

are initialized. 

(2) AlI /,ocess blocks are marked as 

and aIl semaphore counts set to zero. 

(3) AlI queues are set to nulle 

fr ee, 

<_) IRQ and SWI Interrupt vectors are set to 
di 

transfer control to the pr8per 'locations. 

(5) The ,inltiallzatlon process Is started ' . . 
r 

• 1 

1 

r 
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w~th a prlorlty of lnflnlty (I.e. 255). 

The Inltiallzation process must then 

intérrupt poller and clock handler. configure th 

system ~r the user application, and commit suicide, 

since it i8 no longer needed. 

2.2 SY3tem Implementation 

2.2.1 Development & maintenance 

The system was originally aev,loped on Concord1a 

University's Control, Data Cyber 116 co~puter usi~g the 

Motorola aupplied cross assembler. Testing 

debugging was)performed on Qne of the M6800's. 

ln the project when an Apple Ir microcomputer 

'and 

Later 

system 

became~ available, and because of diffloulties with the 

Cyber system, support was transferred to the Apple, 

using a cross asse~bler wr~tten for the purpose by the 

author. 

The Apple computer vith one disk drive has proven 

perfectly adequate for supporting the operating system. 

A 9600 baud serial 11ne has been i~lled to link the 

Apple to the master LSI-11 co.puter. Object files 

generated on the Apple are transferred to the LSI-11. 

which in turn downloads the M6800 systems. 

\ 
1 

·1 
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2.2.2 DebuSlinS 

The firmware used to load. test. and debui the OS 

sof~are ls the "MlkbuS" monitor supplled by Motorola. 

The monitor provides routines to examine and change 

memory. set breakpoints, accept downloaded programs, 

and send "uploaded" dumpa of memory regions. The read 

only memory-oontain!ng the firmwar~ also traps restart 

interrupts, and ve'ootors HMI Cnon-rnaskable interrupts). 

IRQ Cinterrupt requ~sts), and ~~I (software interrupta) 

through locations in normal.read-write memory 80 that 

they oan be trapped by software other than the monitor • 

. ' " Alth'ough the break'point facility was somewhat useful in 

testing and debugging indivlual routines and isolated 

pieces of code, ~t proved virtually useless irr testing 
. 

the running system since its use of the software 

interrupt as a break instruction conflicted with the 

system's U8e of the software interrupt as the meohanism 

foYl making system oalls (system oalls are done by 

loading a functlon code into the A-register and 

generat~ng a software interrupt). This made debuggins 

very difficult until the system was runnable. Th~ 

1 

primary debussing techniques in the early stages were 
~ 

the use of carefully constructed test cases, analysls 

of the system state via examination of memory contents. 

and thlnkins. 
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Chapter 3 
1 

APPLICATION CONFI~URATION 

3.1 Inter processor communications. 

Each M6800-based rat controller must 

communicate with the maste~ LSI-1) ~ompute~ to receive 

instructions and parameters, and to report results. 

Since aIl processors tnvolved in the system are with~n 
1-

several feet of each other within the same room, direct 

Interconnection of RS-232 - seriaI ports . of the 

respective computers produces,reliable communioation on 
• 

the hardware level, wlth a low probabl1i~y of error. 

It was decided. nevertheless .. that· some error checking 

should be bullt into the oommunication. and so a simple 

packet system was deslgned for the pur pose_ 

Low overhea4. in bot~ the Implementation tJme and 

usage of resources when running, was and fs important~ 

80 the paoket system has been kept qulte - simple. A 

packet consists of: 

1) 1 atart char.eter (arbltrarily chosen to 

be an ASCII colon). 

2) 1 count of the number of data charactera 

in the packet (0 •• 16). 

) The data. 

!' 

l 
i 
1. 

1 
! 
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4' A one-byte checksum such that the sum of 

the oount, all data bytes •. and the checksum 

will be zero (mod 25~). 

Paoket transmission ls accompllshed by a simple 

protocol: 

1) The prooessor wanting to transmit a paoket 

sends a "ready-to-send" character. 

1 • 

2) The sender walts until the reoeiver 

responds with a "ready-to-receive" character. 

3) The sender then transmits the paoket and 

watts for an acknowledgement. 

4) If the sender recelves a positive 

acknowledgement, then the transfer i. 

complete; if the sender receives a negative 

acknowledgement, the procedure begins agaln 

~t step 1. 

Until the transfer is oomplete, the process at whose 
, 
1 

1 • 

request the data 18 being sent remains blocked. The 

data rate WBS established by trial and error. and It 

was found neces8ary to introduce B small 

inter-character delay ln the LSI-11's transmission to 

allow tiae for overhead (the 6800 is not known for its 

speed) • 

- 28 -
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3.2 The experiment 

, 
3.2.1 Format 

• A slngle experimental trial conslsts or: 

1) A priminl sttmulation intended to br~At",-
...... ~.--" _.~ ....... 

the rat into a known state before the trial 

proper starts. 

.-
2) A per~od during whloh the rat's lever ia 

armed and it can obt ain stlmulation by 
!' 

prëssins the lever. Durins this perlod both 

lever presses and stimulations must be 

counted (these may be different, sinee a 

lever press during a stimulation doea not 

trisser another stimulation). 
/ 

3) A period during whloh stimulation is not 

.vailable. 

The parameters or the pulae train uaed for priming 

generally differ frOID those used for self-stimulation. 

Theretore tvo aeta or paralDeters are necessary for eaoh 

trial. A set ofparaaeters for a atimulation (either 

pri.lni or aelf-stimulation) 15 handled as a black, and 

retered to as a 

(abreviated SPB). 

"stimulation , 

- 29 -
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An ezperlment ls drlven by oco •• ands lssued by the 

LSI-11. A command conslsts' ot a slnsle byte code, 

r--
(~ 

----------------rol10~ any data requlred tor the " , 

---------------the commando The~~ controller 

performanoe or 

system always 

acknowledges oommands by repeàt1n~ the oommand belns 
----'~,---

aQknowledsed to the master systea, follow~.~ any data --, 
whlch the command requires be sent. 

There are currently f1ve commanda in the repertoire, 

descrlbed in the follow1nS paragraphs. 

3.2.2.1 The "nuII" oommand 

T~~ nuli command does.noth1ng other than'acknowledge 

execut10n. It ls usefui ln verlfying that the system 

has not crashed or deadlocked. and proved use fuI ln 

debugging the LSI-11 end of the communication system. 

1 
/ 

i r 
r 
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- New stimulation parameter blooks .are sent by issuing 

an--tta-oce.P!." cOllmand, followed by the prlming SP8, and 
-----the self-stimulation SP8. Both are stor~d lnternally 

in a oommon area to be referenced lmpll01tly by other 

commanda. • 
J 

3.2.2.3'The "echo" command 

"'- , As an additlonal verification, can 
.... 

request that the SPB's stored by ~ 08ge controller be 

repeated to It for comparison to the originals.' This 

command causes both SPB's to be sent out from the M6800 

exactly as they were ~eceived. This facility also 

makes it easier for the LSI-11 to recover from a crash 

without 10slns the last experiment (since the cage 

controi\er remembers the parameters for it). 

- 31 -
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~ 3.2.2.4 The "report~ command 

• û 

• 

This oommand oauses two two-byte numbers 

representin, the iever press count, and the ~tlmulation 

count to be reported. These counts are the data 

sathered from a trial. 

3.2.2.5 The ~cancel" command 

Should a need arise to cancel a trial 

rat ls havlng a seizure) before lts 

riormally, the cancel command has the 

t~r~l~atins t~e trial. 

3.2.2.6 The~abesin" command---

• 2 

(perhaps the 

time elapses' 

effeet of 

The command to begin a trial has the Most comple~ 

• 
aetion, and so has been saved for last. AlI other 

commanda execute in a comparatively short time, and 

therefore are implemented as simple subroutlnes of the 

executive process. The running of a trial, however, is 

sufflciently complex and lensthy to warrant a process 

(or, rather, a set of prooesses) of its own. This 

. allows the exeoutlve process to remain responsive to 

commands while a trial ls in progress. It is ~n' this 

way that the current trial oan be caneelled. 

There are two semaphores assoclated with a trial. 

One, named "SMSGO" ls used to trisger a stimulation 
~ 

sequenoe; The ~econd. named "SHSLCK". ensures that 

- 32 -

, ., 

, . 



/ 

stimulations are atomio. CA clnoel oOlllllland ls the 

exception to the atomioity of stilllulations, and oan 

oause a haIt in lIIid-stimulation.> Theae a~e discusaed 

further ln the descriptions or the trial prooesaes 

below. 

- \ 

3.2.2.6.1 The lever .interrupt handler 

The lever interrupt handler Is actlvated whenever 

the rat pres~es down on the ~ar ln its cage. ~hen 

consults a pair of sta~us flags whloh speoi~-whiOh' of ~ 
three ~otiODS It is to take: 

.:.v 

c 

1) It can Ignore the lever press. 

2) It can Inorement the lever press count, 

but not trigser a stimulation. 

3) It oan Increment· both the lever press 

count and the stimul ation count and ttr 19ger a 

stimulation. 

... -...... 

. ' 
\ 
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3.2.2.6.2 The triai prooeBS 

The trial prooess i8 respon~lble tor sequencing and 

timing events vith1n the trial (distinct Crom eve~s 

withln 8 stimulation). It selects the approriate SPB 

for each step, -triggers priming. and for the trial 

durat10n it enables lever press and stimulation 

counting. and soes to sleep, leaving the stimulation 

lock (SHSLCK) open 80 that the stimulation process oan 

be triggered by the lever interrupt prooess. At the 

disables fur ther end. of the trial interval\ it 

/ 
stimulation and lever press éounting, and acknowledges 

the "begin" command to the master • 

.. 
Th~ acknowledgement of the oommand to begin a trial 

signaIs to the master that the trial is complete and 

the data may now be examlned. Its job flnished. the 

trhll process kl11s the stimulation process, and 
'--.J 
itself. 
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3.2.2.6.3 The stimulation process 

( '-
, 

Once it is tr iggered, and permi saion to sUmul.te 

unlocked, the stimulation proces! lener ate! the 

sequence of pulse pair trains specl fi ed by the 

(ourrently selected) parameter block (S PB) • It il 

• responsible for configuring the hardware Involved in 

pulse seneration, cou~tlng ~nd timing pulse pairs and 

trains, and keep1ns count of lever presses during the 

oriticsl C;-C interval, when interrupts are masked. 

Stimulation i8 triggered via the SMSGO semaphore 
1 

trom only two places: 1) the trial process ('for 

primiDg), and 2) the lever interrupt pTOC1!S-S- -(-If the 

appropriate flag i8 set- recall that the lever 

interrupt process's ability to aet as a t~igger can be 

dlsabled). The semaphore SMSLCK serves to synchronize 

the trial process to the end of a stimulation. 

" ("" • , t 
, -, 
1 
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Chapter 4 

SOME FINAL COMMENTS 

4.1 The 6800 prooessor, 

The experienee provided by this projeet in the u'se 

of the 6800 proceS50r emphatically underllned some of 

its weaknesses. Several important capabilities are 

missins from the 6800- some 150 obvious that their 

omIssion is puzzllng. 

Chief among these 115 the mlssing abll1ty to p~sh and 

pop the X resister (the sole index reglster) on the 

proceasor staek. It wa8 also noted that the form whlch 

indexlng takes ln the 6800 makes 1t difficult to 

address a location using a computed offset rrom the 

index reglster (the abillty to specify one or both of 

the accumulators as an offset to the index register 

would have been useful). 

Motorola must have been aware of the weaknesses of 

the 6800, for they filed these problems, and added many 

other Ceatures ln their next major elght-bit processor-

the 6809. The 6809 arehi tectur e 

attractiv~ but still misses one feature 

whlch vas lelt in this operatins system. 

" is extremely 

the lack oC 

This ls the 

abllity to have the hardware transCer control to an 

interrupt_processor __ vlthout the need ror pollins_ This 
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vould re~ulre that each har~vare 1nterrupt have 

assoclated vith 1t an address and a pr1or1ty. and vas 

probably not possible vith the technology available 

vben the 6800 vas design.ed. though a comman reatur~ ;9 
larger cQmputers. 6=-/ 
4.2 System design 

In general. the operating system seems to achleve 

the goals of cleanliness and simplicity of design and 

the author is satisfied vith it. 

The configuration of processes runnin~ the 

application is aIso satisfactory. It has been cl;1..anged 

severa.l times usually in small ways. with one' larger 

organisational change. This larger change was the 

decision to run a trial proces! distinct from the 

command executive process. thus allowlng the addition 

of the ftcancel ft commando 

The weakest part of the entire s,stem is the packet 

communication subsystem. In retrospect, and in vlew of 

the amount of effort spent on inter-computer 

communications in general ([TanS1]). some of the 

di~ficultles which thls sub~ystem can encounter could 

have been forseen- but they vere note It Is possible. 

8i ven the rlght conditions. for the ex 1 sting 

communication system to get Itself into serious 

trouble. For example~ an incorrect data byte count can 

- 31 -
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reault in the reoeiver waiting ror aom~ char actera 

which will never arrive. I~ another pack et is then 

sent 800n arter the first, the two computers can set 

out of phase with their packet transfers- resultlng ln, 

at the very least, a lost packet. ' What is more, this 

probl em c annot be ellml nated compl etely -by s Impl y 

timing out pa~ket8, sinee the time to the next packet 

might be les8 than a rea80nable time-out interval. The 

same type of problem can arise if several characters 

are lost due to overflow of the character buffer in the 

interface chip. (The ehip ean indicate that a 

char acter was lost- but not how many.) This prohlem 

eould reasonably be expected ta eventually occur (lt 

has not happened yetI to anybody's knowledge) sinee 

interrupts are masked durlng C-C intervals. 

The establishment of more reliable communications 

would be made easier if the RS-232 standard lines were 

more completely implemented in the hardware. As it ls 

only the three most essentiel lines (transmit data, 

receive data, and signal ground) were used ln 

connecttng the computers. The lines which establish a 

char acter by char acter handshaking protocol would have 

been invaluable. 

Although the overall system has not yet been used in 

full scale elperiments (it wtll eventuariy include 

eight rat cages), it ia currently being used with 
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two rats whi1e ezperimentltlon takes/p1ace with how to 
1 

make the best use of the system. New a1gorlthm~ Cfor 

the selection o~ stimu1atio~ parametera based on the 

rat's behavlour), whlch were too co.,lex to run 

manual1y, can now be trléd to speed up the gathering of 

use ful data. 

The system worka- and the people who have spent many 

hours staring at 8 rat pressing on'a bar in a sma11 

cage are happy about that. 

( 

- 39 -
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Chapter 5 

• 
A BRIEF REVIEW OF COiCURRENT PROGRAMMING 

The purpose of thls section Is to sketch the most 

important landmarks ln the development of multi~tasklng 

systems design (of which the subject of this thesis Is -
an example) in the opinion of the author. The dlagram 

opposite presents the apparent ancestral relatlonships 

of the programming concepts chosen for discussion. 

5.1 Semaphores & critical regions 

~ 

The Most el ementari and the ear 1 i est, techniques 
~ 

are the semaphores an~ criti6al regions, both presented 

ln [Dijk68J. Although not i~entlcal, since critical 

regions dlrectly implement on1y the mutual exclusion 

aspect of semaphores, these two concepts are of much 

the same 1evel of sophistication. It seems most 

likely, hovever, that semaphores were orlginally 

conceived vith the mutual exclusion problem in mind, 

then abstracted to a more general signalling concept. 

Bath can be Implemented quite . simply, but have some 

serious limitations in use, and tend to result ln a 

complexity analogous ta that caused by the "soto" 

construct ln sequential prosrammins. Bath are elesant 

in their simplicity (the prime requirement for beins 

included in this reviev). 



( 1 

( 

5.2 Condltional oritlcal regions 

The next step, taken by Hoare ([8073l, [8H728), and 

[BH72b), was to attaoh a boolean expression to a 

critiaal reSion, describins the condition(s) whlch 

shouid be true for the orltical region to begin (end) 

execution 0\ This adds the si8naill ng ab1l1 ty of the 

abstract semaphores to the critiasl region struature-

but ln an Improved and simpilfied forme One aan quite 

easlly program, using the boolean expresslon of a 

- critiaal reglon, tasks whiah require conslderably more 
• 

complexity to accomp1ish with on1y the semaphore 

primitives (although this can always be done, sinae it 

is possible to simulate conditional critlcal regions 

using semaphores). It also resu1ts ln a program text 

which Is more readabIe, whose behaviour ls easier to 

verify, and It malntains the structured form of the 

-crltical region. 

- 111 -
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5.3 Monitors 

The monitor oonoept orlglnated br Brinoh-Hansen 

([BH73], [H074]) makes another atep by suggesting the 

enoapsulatlon of procedures whloh manipulate a shared 

resource or set of resources. In this scheme all 

communication and synohronization between customer 

processes is done via these common monitors, and nd 

shared variables can exlst outside of a monitor. 

Mutual exclusion is enforced wlthin a monitor, ln as 

much as a monitor mày on1y be executlng on behalf of 

one process at any Instant (other processes may be 

suspended- their status to be re-evaluated as soon as 

some monitor procedure completes). Hoare proves, in 

[H07~], that monitors can be simulated with semaphores 

and vice-versa (thus the improvement over semaphores Is 

one of understandabllity and verlfiabillty rather than 

one of power). 

- 42' -



5.4 Dlstributed prooeaaes 

In Brinch-Hanaen's next 'major oontribution, the 

conoepts introduced ln [BH781 C"distrlbuted 

processes"), a new influence ia apparent- that of 

DIJkstra's guarded command programmlng constructs 

([Dijk7S1). These conatructs, although not orlg1nally 

Intended for concurrent programming applications, 

proved 8uch an elegant way of Introduclng 

non-determlnlsm into sequential programming, that it 

now seems qulte natural, ln retrospect, that they 

should be applied to the concurrent programming case 

where non-determlnism la Inherent. 

The fundamental entlties described in [BH78J are 

processes. Displaylng a surface slmilarlty to monitors 

in the sense that aIl interactions between processes 

are done via procedure calls (and thei~ pa~ameters) and 

that shared variables are encapsulated wlthin a 

fundamental entity- the difference ls nevertheless 
, 

grea~. The flow of control which p_ases through a 

monitor la always that of one of It8 cuatomer 

proçesses, I.e. the monitor la not a proceas ln ita own 

rlght, but only a sort of common meeting ground\ In 

contraat, Brlnch-Hansen'a dlatrlbuted processes 

cOllllunicate dlrectly by calling each other'a 

procedures, whlle within the code for a proces8 the 

1 ! C' functlons of aynchronizatlon and slgnall1 ng are 

- "3 -
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a~hieved by a combined adaptation of both guarded 

commands and conditional critical reglons (embodled ln 

the "when" and ,"cycle" statements). The resul t Is 'fery 

aesthetically pleaslns, and, due to the relative 

Independence of processes, is partlcularly weIl suited 

to systems Involv1ns a number of loosely-coupled 

processors (l.e. processors wh1ch do not share a common 

memory) • 

5.5 Synchron1z1ng resources 

The final contribution to be discussed here ls that 

of Andrews in [And81] (it might be useful to mention 

that this paper has an extensive and thoroush 

blbliosraphy). Andrews re-introduces variables shared 

among several processes, but uses the concept of a 

"resource" to enc.psulate a set of processes and common 

variables to which aIl processes within the set have 

free access. Communication (other than via shared 

variables within a resource) is again aooomplished via 

oalls, however here the calling mechanlsm provides for 

the case in which the calling proceas doea not wlsh to 

watt for 1t! calI to be processed before proceeding 

(thls la accompllshed by. i.~~lns the k~J-wo~d "aend" 

Instead of "calI", and 18 clearly simllar to the 

message passins primitives used in some operating 

systems). 

- .. 4 .. 
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Synohronlzatlon la performed by the "in" atateaent, 

wh10h asaln atrongly reaemblea Dljkstra's guarded 

c~mmand statementa. It ia vithin the guards of the 

"1~" statement that calls (of elth~r type) are 

aocepted. An 1ntereatlng addition here is that as weIl 

as entries and boolean synchronizing expressions, the 

guards of "in" statements can a1so oontain expllcit 

scheduling information. An arithmetic expression can 
-

be specified with respect to which multiple pendins 

calls of an operation can be ordered. Andr ews' 

proposaI seems to provide considerable flexibilty, 

wh1le still remaining readable. 

5.6 Conclusion 

Clearly, in this brief review of concurrent 

proSramming concepts man y peopl es ': work 
~ 

has been 

omltted. AnX such summary, however. requires a 

selection, and a process of selection must necessarily, 

and indeed should, re!lect the opinion of the selector. 

The aboYe selection of ooncepts and ideas seem. to this 

author, the most elegant proposaIs for usable 

concurrent prosrammlng languas'es. 
< 

... , 

... 
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Appendix A: ~11u8tr.tioa. 

c) 

Priority 

6 

+ 
Link to next bl(>ck 

0 . 1 

2 3 
( high) (IOW) - Stack pointer 

4 5 
(high) 

1 

6 7 - Wakeup lime 
., 1 <low} 

.' 

o Proce88 block 
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o 

count field 

'{ ,II 

0 1 

I~ 

queue pointer 

J 

o 

1 1 

l ' Se_.phore bloclt 
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Appendix A: Illustrations 

packet transmission protocol 

Sender 

Ready-to-send 
cbaracter 

packe t ------~".~ 

Receiver 

Ready-to-receive 
character 

Negative or positive 
acknowledgement 

(If acknowledgement i8 negative 
then restart) 
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Appendix A: Illu8trations 

o 
packet for •• t 

. . . .. 

'--------Oa t a byt es 

L-------------------Oata byte count 

Start character 

G 
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'----2 M6800 
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Syste. configuration 
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Appendix B: Source Li8tings 

* PIL!: PAGEO 
*' 
************************************* * OS KERNEL POR THE M6800 UPROCESSOR 

* 1. SHIZGAt 

* 
************************************* 
*----EQUATES 
*************.l*****************.**** 
* * SEMAPHORE ASSIGNMENTS 

* * #0 IS PERMANENTLY ASSIGNED TO THE INTERRUPT POLLER 
* #1 18 PERMANENTLY ASSIGNED TO THE SYSTEM CLOCK 
8HRCVR EQU 2 RECEIVER HANDLER - GO 
SMXKTR EQU \. 3 XMITTER BANDLER - GO 
SHRCVP EQU 4 RECEIVER - INPUT BR FULL 
SHRCVE EQU 5 RECElVER - INPUT BR EMPTY 
SMXMTF EQU 6 XMITTER - OutPUT BR FULL 
SMXKTE EQU 7 XMITTER - OUTPUT BFR EMPTY 
SMSLCK EQU 8 STIMULATION LOCKOUT SEMAPHORE 
SMSGO EQU 9 STAiT STIMULATION SEMAPHORE 
SMPIAI EQU 10 PIAD-CAI INTERRUPT SIGNAL 
SMPIA2 EQU Il PIAO-CBI INTERRUPT SIGNAL 
SMPCKO EQU 12 PACKET OUTPUT ACCESS LOCK 

* 
* 
* 
PRIO EQU 
BLOCK 
LINK 
SP 

* 

EQU 
EQU 

o 

1 
2 

DISPLACEHENT OF PRIORITY FIELD IN PROC. 

DIno - FOR LINK FIELD 
DITTO - FOR STAC}{ POINTER FIELD 

* LOCATIONS OF PROCESS BLOCK AND SEMAPHORE BLOCK HEMORY 
* BOTH ARE $100 BYTE FIELDS, AND MUST START AT A $100 BOUNDARY 
* THERE ARE 32 PROCHSS BLOCKS, BACH 8 BYTES. NUMBERED 0 •• 31 
* THE1Œ ARE 128 SEMAPHORE BLOCKS, RACH 2 BYTES t NUMBERED O •• 127 
• PROCESS BLOCK: BYTE 0: PROCESS PRIORITY (I •• 255). o-)DEAD 
* BYTE 1: LINK USED WREN BLOCK 18 IN A QUEUE • 
• THIS IS THE LOW-ORDER ADDR., SINCE THE 
* RICH BYTE lS THE SAKE POR ALL 
* BYTE 2-3: PROCBSS'S STACI: ponrrn 
* BYTE 4-7 ~ WADUP TIME 
* SEMAPROU BLOCK: BYTE 0: SEMAPHORE COUNT 
* BYTE 1: SEMAPHORE QUEUE ($rF -) HULL) 
* USAGE SAM! AS LINIe FIELn OF PB 
PBS EQU $100 
SBS EQU $200 

* 
* * IMPORTANT ADDUSSES IN MONITOl' S RAM 
IOV EQU $380 LOCATION OF VICTOR TO USER IRQ ROUTINE 
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Appendix 1: Source Listings 

.. 
SWII EQU 
SliI2 BQU 

* 

~ OF VICTOR 'l'O .MAIN SVI ROt1TIH! 
v ~ .. """'u .. ~'N oP VEcrOR 'l'O USD. SVI ROUTIH! 

* 
* * HARDWARE REGISTBR DEFINITIONS *, 
* ACU 
ACUS EQU $ECI4 AClA STATUS-CONTROL REGISTBlt 
ACIAD EQU $ECI5 AClA DATA REGISTRRS 
* * 6840 TIMER * BACH CHIP USES 8 ADDRBSSES 
TIHERA EQU $ICI8 

* * PIA 
* RACH CHIP USES 4 ADDRBSSES 
PIAO EQU SICIO 
* 
* 
* * DIGITAL TO ANALOG CONVERTER(S) 
DACl EQU $EooO 
DAC2 EQU $1002 
* 
* 
************************************* 
*---------PAGE ZERO 
************************************* 
* oaG 0 
* 

JMP INIT. SYSTEM 
GETCH RMB 
PUTCH RMB 

$800 
3 
3 

VECTOR TQ CHAR INPUT ROUTINE 
VECTOR TO CHAR OUTPlIT ROUTINE 

* * .JMP VECTOltS FOR SYSTEM ROUTINES 
INSERT RMB 3 
DELEtE RMB 3 
* 
PIAREA RMB 1 
PIFREB . IHB .1 
SIARBA 1MB 1 
SIPREB, RMB 1 
PICRRr IKB 1 
RJW)y 1MB 1 
TDŒll 1MB 1 

* TMPX 
TMPl 
TMP2 
'!'HP3 
TMP4 

BHB 
IKB 
IKB 
1MB 
1MB 

1 
1 
1 
1 
2 

RICH BYTE OF PBS 

RICH BYTE OF SBS 

POIRTBR TO PB OF CUlUlD'l"LY Rt1NNING PROCESS 
ROOT OF READY QUEUE 
ROOT OF TIMER QUEUE 

TBMPORARIRS USED BY SYSTEM 
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SYSTIM' 1MB 
LASTDT 1MB 
• 
* • • 

4 
2 

Appendix B: Source tl.ti~. 

SYSTEM ELAPSED TDŒ CLOCIt 
LAST TIMBB. 18'l'ER\fAL 

• COllmOL UGISTER -CONTENTS POB. DEVICES. 

* * 6840 TIMER CONTROL RBGISTERS 

* 
CRIA 
CR2A 
CRJA 

* 
* 
* 

1MB 
1MB 
1MB 

l 
1 
l 

* AClA STOPP 

CONTROL REGISTERS FOB. 
FIRST 6840 

ACtASV 1MB . 1 
AClAVD 1MB l 

ACtA CONTROL REGISTRa CONTENTS 
ACIA VIRTUAL DATA REGISTER 

* 
* * PlA CONTROL REGISTERS 
PlAORA RKB l PIA 0, REG A 
PlAORB --RMB - - l PIA -G j ltBG B-

* 
* * CBARACTER INPUT Atm OUTPUT BUFFERS 
* FOR AClA BANDLERS 
RCVBF RKB 1 
XKTBF 1MB l 

* 
* 
* * DAC REGISTERS 
DACIR RKB 2 
DAC2R RKB' 2 

" 

'Q 
1 , , 

: , 
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Appendix B: Source L18ting. 

./ • FILE: STAClS 

0 * ........... ** •••••• * ••••• * 
OIG $400 

** ••• *.** ••• *** •••• * ••••••• 
• ERTltY POINT/PlllOllIT! TABLE POR 
* PROCESS IRITIALIZATION 

1 

* -.! 

XIDLB 1MB , 2 
PCB 1 PRIO 

XINITC 1MB 2 & 

1 PCS 255 PRIO 
i XINTPO 1MB 2 

PCB 255 PRIO 
XCLOCIC 1MB 2 

PCS 254 PRIO 
XXMTIt 1MB 2 

PCB 200 PRIO 
IRCVlt 1MB 2 

FCB 201 PRIO 
XEXAMI RMB 2 

FCB 190 PRIO 
XCMND RHB 2 

FCB 50 PRIO 
! XT1lIAL mm 2 i 

1 FCS 60 PRIO 

l XSTIM RMB 2 
FeB 60 PRIO <. 1 

XLVRI RMB 2 
l FCB 200 PRIO 
[ A , 

AA*****************AA***" 
* IDLE PROCESS STACIC 

RMB 6 
IDLESP RMB 8 
* 
*--------------------
*IBITIALlZATION PROCESS STACIC 

RMB 20 
INITSP RMB 8 .j 

* 
*-- i 

* INTDlmPT PRQCBSS STA<X - , 
ID 20 

INrPOS 1MB 8 
* 
• 
'" CLOC% PR.OCBSS STACI: 

1MB 20 , 
~8 ' '" -

:~cu DO: -_ss STACI: 
: 
1 
! . 

,0 llIB ,20 i 

l ' 1 
i ! 1 i 

i 
. - 59 - " 1 

l, 
, , 1 , , , . - • UJ." .....--. ... ---- . ._~-~--: --- ,,- -'~ -1i";li.DiI~'cqIrb. • . 



, 
\-> 

, .. 
.~-! 

~ ... ~ ,"' .... ; !f,. ... >'W'~ .......... ..,iI"""'.~':l __ T ........ _ ....... ____ .............. __________ \ _- __________ .. ___ .;.-______ _ 

Appendb B: ~urce ~LUt1og. B 

i!I 
l 
i 

DT.ISP 1MB 8 J .. 
Q' * 

°1 *~-~~------
.. AClA Rèva.PROCISS STAa 

1 . . 
20 1MB . 

RCVlSP 1MB 8 .. 
0 

*------------
*IIAMIB PROCBSS STAClC 

," ... STACE 
1MB 30 

EXAMSP 1MB 8 .. 
*--------------------
.. END OF SYSTEM PRoctSS STACIeS 

<P .. 
.. BEGINNING OF lPPLlCATIOB PROCESS 

• STACIeS A-. __________________ 

.. OOMKAND PllOCBSS STACK 
1MB 30: 

" CMNDSP 1MB 8 -
~ •• Il 

• 
1 ._---------, -' ) 1 

• TRIAL PROCBSS S'l'AClC 
~ 

1 , Rlm 30 

t TRIALS 100) 8 ," r 
._---------------------

r .. STIHULATOR PRQcBSS STACK 

t 1MB 30 
STIMSP 1MB 8 

! • 
1 .--------------------

• LEVER! PROCESS STACK 
1MB 20 

LVRIS 1MB 8 
*---------~--------
• LBVEll2 PROCESS STACK 

IOOl 20 
LVR2S 1MB 8 , 

1 , • l, -1 *--:--~-~-------
1 • SUat FOI. BlWŒN'S SON 
1 

ElHSOB BQU $800-8 

1 
l, .. 1 1" 

-, 
"-

/' 

/'" 

Q 
V 

'. ~ ~ 

J 
• 
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,. rILI: DI1ŒL 
************************************ 
*- -----SySTEM CODE 
****,*****.*****.**** •• *,**,*.****** 
* 
* ORG $800 
* 
*---------------------------------* SyS~-SœAaTUP CODE 

* 
* * INITIALIZ! SYS~ llOOT BLOCK 

* 

LDAA 
~STM 
LDAA 
STM 
LDAA 
STM 
STAta 
CLRA 
ST.ü. 
STA4 
STM 
STM 

IPBS/256 
PBAREA 
ISBS/256' 
SBAREA 
1$" 
JUW)y R!ADY: -BULL 
TDŒR T~:·BULL 

SYSTIM CLEAR SYSTEM TIME 
SYSTIM+l 
SYSTIM+2 
SYSTIM+3 

* CLEAR. ALL PROCESS BLOCKS 
CLRA LOOP COUNTER 
LOX #PBS POINTER 10 AREA 

INIT2 CLR O~X 
lia 
INCA 
BNE lNIT2 

* * CLEAR. ALL SEMAPHORE BLOCKS 
LOOP COUNTER 

r 

LDAB 1128 
Lm: ISBS 
LDAA #$PF 

START OF SEMAPHORE ARIA 
BULL POINTER CONSTANT 

INITI CLll O~X r CLEAR SEM.COUNT 
SEM.Q~:·NtnWL STAA 1 ~x 

IHI _lŒIT 
IHI • 
DECI ----no.? ---
BD DItl 

* IBITIALIZE USD. VECTOIlS FOR. IRQ ABD SWI 
* IN XOm::roJt'S SPACI 

* LDX 
SU 
LDX 
Sn: 

\ Sn: 

" 

IIIQIlft" 
IOV 

'~'1'IP MI 
SWI2 
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Append1.x B: Souree Liatings 

* * S~T OP IH1TlALIZATION PI ESS 
LDX IPBS USB PB 0 
LDAA XINITS STAClC OINTER 
STU SP,X 
LDAA XINITS+l 
srü SP+l,X 
LDAA 1255 GIVE INTITIALIZATION HIGHBST PRIOR.ITY 
sru Plt1q~ 
LUX XIrnp; INITIALIZE pC 

sn INITSP+6 
CLRA A:-POINTBR TO PB' 0 
LDX IREADY 
JSR IMSERT INSERT IT IN REAnY QUEUE 
JMP DISPAT AND GOI 

* 
* 
* 
XINITS FDB INITSP 

*---------------------------------* SWI TRAP INTBRPRETTER FOR SYSTEM CALLS * ALL SYSTEM CALLS ARE MADE VIA THE • SVI" INSTRUCTION. 
• INPUTS: A - CODE SPBCIFYING WICD SYSTEM CALL IS BEING 
PERFORMBD. 
* OTHEB.- TINllTIl'''''"O'''''rS AND OUTPUTs-7JŒ SPECIFTED-rNDEPENDENTLY Y01l-~ACH 
* SYSTEM CALL. 
SWITRP CKPA #6 

BCS *+3 
11:1 
ASU 
ADDA 
STAA 

FONCTION CODE 18 IN A - WANT TO USE AS TAJU,E INDEX 
XSWITB+l 

* 

CLRA 
!DCA 
STAA 
LDX 
LDX 
JMp 

'l'MPX+l 

XSW1TB 
TMPX 
TNPX 
O,X 
O,X 

X:-ADDRBSS OF ROUTINE ADDRB88 

* SWI SYSTEM ROUTINE ADDRESS TABLE 
XSWITB PDB SWI!'AB 
SWITAB . J'DB XP 

J'DB xv 
FDB :ISTART '\ 
PDB XSLBEP 
J'DB XIftIO 
PD. BILL ~ 

r * 
* 
* 
:~SPA'lCIID .r--f-~--
.. -~ l'OP PRI~n PROCBSS IJ._QADY QUEUE 

" ,,~' 
/-/'~ 

/-
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Appendix B: Source Li8ting. 

* -TRIS ROU'l'tNE 18 ALWAYS 'JMP'ED TO, NBV1Ut CALLED 
* (NO PAlWŒTERS) 
il 

DISPAT LDX IREADY 
JSR 
STAA 
SUA 
LDX 
LDS 
PULA 
LDAB 
INCB 
BEQ 
ANDA 
PSHA 
RTl 

DELETE DELETB TOP PB F.tOH READY 
PBCRNT INSTALL IT AS THE CURRENT PJJ 
PBFUE 
PBAREA.-- X: -ADDa -OF- BLOCK 
SP,X RESTORE PROCESS'S STACK POINTER 

PRIO,X GET PRIORIT! 

DSPTR IF IT 18 255 THEN DISABLE INTERRUPTS 
#$EF ELSE ENAILE T1IEK 

DSPTR ORAA #$10 
PSRA 

DISAILE INTERRUPTS 

* 
* 
* 

RTl 

*----------------------------
* INSERT 
* ROUTINE FOR SYSTEM USE. 
* INPUTS: A - POINTER TO PB TO BE INSERTED 
* X - ADDRESS OF ROOT POINTER OF QUEUE 
* INTO WHICH TItE PB 18 TO BE INSER.TED 
* IN ORDER OF PR.IOR.ITY. 
* OUTPUTS: NONE 
* A,B PRESERVED 

XINSER. EQU Il 

INSERT 
XINSER. 
XINSER 

* 
INS3 

ORG 
JMp 

OaG 

PSRB SAVE R.EGISTER.S 
PSUA 
Sn: TNPX 
LDAB O,X IF 

. IBCB QUEUE IS EMPTt 
BEQ DSIU TREK GO DO IBSERTIOB 

il ELSE COHPAIŒ mUT PB' S PRIOltITY WITR THAT OF TOP ELEMENT 
DBCB 
'STAB PBFBEB 
LDX PBAUA 
LDAB 
STü. 
LDX 
LD&A 
cu. 
ILS 

PRIO,X 
PBnEE 
PBARBA 
PRIO,X 

IlIS1t2 

I:-TOP ELEMENT'S PRIOltITY 

A:-IBPOT PB'S pI.IOnT! 

IRSEl.T 1ŒR.E ORLY· IF muT PRIO) ~p 
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Appendix B: Source Listings 

.. ELEMBRT' S Pl.IOt 

.. INSDT INPUT PB AT mIS POINT 
INSU PULA A:-IlfPUT PB ADDUSS 

LDI TNPX X:-QUBUB ROOT ADDUSS 
LDAB O,X B:-POIBrB1t TO TOP ELEMENT 
STM O,X KAlŒ INPUT PB NEll TOP BLEKEHT 
S'UA PBFREE 
LDI PBADA 
STAD LINK,X COPY OLD TOP ELEMENT POINTER INTO .. INPUT PB'S LINK FIELD 
PULB 
RTS AND RETURN 

INSR2., LDI TMPX ADVANCE MOT POINTER TO LINK FIELD 

• 
• 

LDAB 
STAD 
LDX 
INI 
PULA 
BRA 

O,X OF TOP ELEMENT 
PBFRER 
PBADA 
X:-ADDRESS OF NEW ROOT 
A:-POINTER TO INPUT PB 
INSl THIS IS REALLY A RECURSION 

.' ~ .--------------------------------
.. DELETE 
• ROtrrINE FOR SYSTEM USE. 
• INPUTS: X ... ADDRESS OF QUEUE ROOT POINTER 
• OUTPUTS: A - PB POINTER OF DELETED (lE. FIRST) 
• QUEUE ELEMENT 
• B,X PRESERVED 
• 
XDl!;LET EQU • 

ORG DELETE 
JHp XDELET 
ORG XDELET 

• 
PSD SAVE REGISTERS 
STX TMPX 
LMB O,X GET QUEUE ROOT 
STAD PBFREE 
LDX PBAREA X:-POINTER TO TOP ELEMENT 
LDAB LDŒ,X B:-LINK PIELD OP TOP ELEMENT 
LDX THPX lŒCOVBR X 
LDAA O,X p A:-POINTER TO TOP ELEMENT 
STAD O,X UPDATB QUEUE ROOT .. (R.OOT-LINK FIELD OF TOP ELEMENT) 
PULB UCOVB1l B 
RTS .. 

o' * .. 
*-----_ ... ,----------------
~ p 
* SYSTEM CALL. 
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Appendix B: Source Listings 

* INPUTS: A - 0 

0 * B - SEMAPHORE , : o •• 127 
* OUTPUTS: NONE 
* ALL U!GISTEJtS PRESERVED 

* 
XP ASLB CONVERT SEM' TO OFFSET 

STAI SBFUE ------------------------------ ----. 

LDI SBAIEA I:-SO ADDRESS 
----------

."'--

TST O,X IS SO COURT-Of 
BEQ prAIL YES - CALLER MUST WAIt 
DEC O,X NO - DECREMENT SEM COURT 
RTl AND RESUME CALLER 

PFAIL LDAA PBCRNT 
STü PBFlEE 
LDX PBAREA X: -ADDRESS OF CURRENT PB 
STS SP,X SAVE CALLER'S STACK 
LDX SBAREA 
INX X :-ADDRESS OF SEM QUEUE 
JSR INSERT l!NQUEUE CALLER IN SEM QUEUE 
JMP DISPAT AND DISPATCH 

* 
* 
* *------------------------------
* V 
* SYSTEM CALL. 

* INPUTS: A - 1 

* B - SEMAPHORE 1 0 •• 127 
* OUTPUTS: NONE 

* ALL REGISTRRS PRESERVED •. 

* IF THE PRIORITIES OF THE CALLER AND THE ( . \, * TOP PROCESS IN THE SEMAPHORE QUEUE ARE 

* EQUAL, THEN THE PROCESS WHICH BAS BERN 

* WAITING WILL BE THE ONE TO RUN FIRST. 

* 
XV ASLB CONVERT SEM' TO OFFSET 

STAB SBFREE 
bll SBAREA 1: -ADDRESS OF SEM 
LDAA 1'.1 18 SEM QUEUE EMPTY? 
INCA 
BNE VGO NO 
IBC 0,1 YES - INCREKBNT SIM COUNT 
kTI AND IUtStJKE CALLER 

VGO LDAA PBCRN'l' 
STAA PBnn 
LDI PBARIA X:-ADDRESS OP CURRENT PB 
STS 8P,I SAVE CALLER.'S STACK 
LDI SBAIlEA~ 

na I:-ADDUSS or SEM QUEUE 
JSI. DELITB pop TOP BLOCK fROM SIM QUEUE 
LOI IUADT 
JSR lRS!RT ARD INSD.T IT IN UADY / 

Ct LDAA PBcor 
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Appendix B: Source Listings 

#llEADY LDX 
JSR 
JMP 

INSERT INSERT CALLER IN ItEADy 
DI8PAT AND DISPATCB 

* 
* 
* 
*----------------------------------* START 
* SYSTEM CALL. 
* INPUTS: A - 2 
* B - PRIORITY TO BE ASSIGNED TO NEW PROCESS 
* X - STACK POINTER FOR NEW PROCESS 
* OUTPUTS: CARRY - 0 -> SUCCESSFUL 
* CARRY • 1 -) NO PREE PB'S AVAlLABLE 
* IF SUCCESSFUL, A • NEW PROCESS' S rOI 
* ALL ELSE PRESERVED 

LDAA PBCRNT 
STM PBFltEE 
LDX PBAREA X: -ADDRESS OF CURRENT PB 
STS SP,X SAVE CALLER' S STAC!{ 
LDAA #32 THER! ARE 32 PB' S 
CLltB 

SRCHLP STAB PBnEE 
LDX PBAREA -X:-ADDRESS -OF 1ŒXT-1fi.OCK-
LDAB PRIO,X GET BLOCK'S PRIORITY 
BEQ STltTSU IF ZERO THEN THIS ONE IS FREE 
DECA ANY KORE BLOCKS TO TRY? 
BEQ STltTFA No->FAILURE 
LDAB PBnEE YES-ADVANCE TO NEXT BLOCK 
ADDB #8 
BRA SRCHLP 

STRTFA PULA FAlLURE-SET CALLER'S CARRY 
DRAA Il 
PSBA 
RTl 

STRTSU LDAB PBFREE 
)< 

LSltB COMPUTE lM 
LSltB 
LSltB 
PULA SlJCCESS--cI.EAll CALLER' S CARRY 
ABDA I$FB 
PSHA 
TSX 
STAD 2,X RETtJltN PROC. loi Dl CALLER' S A 
LDAA l,X GET PRIORITY FROM CALLER' S B 
LDX PBAlŒA 
STü PRIO,X STOU IN PROC. ~LOCK 
TSX 
LDAA 3,X A:-SP (81GB) 
LDD 4,X B:-SP (LOW) 
LOX PBAltEA 
STÜ SP,X STOU SP IN PB 
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Appendix B: Source Listings 

SP+l,X 
lllEADY 
PBFUI 
PBCUT 

STO 
LDX 
LDAA 
LDAB 
JSI. 
TBA 
LDX 
JSI. 
JMP 

INSERT ENOUEUE NEW PROCESS IN HEADY 

lllEADY 
- INSERT ENOUlUE CALLER IN llEADY 

DISPAT AND GO 
* 
* 
* 
*-------------------------------~----* SLEEP 
* SYSTEM CALL. 
* INPUTS: A - 3 
* B - TIME EXPONENT (LOWER 4 BITS) 

, * X - TIME INTERVAL COURT, X> 1 
* OUTPUTS: NONE 
* ALL REGISTBI.S PRESERVED 
* FONCTION: THE CALLER lS PUT TO SLEEP FOR (TIME COUNT 
* SHIFTBD LEFT EXPONENT TIMES) CLOCK TICKS. 

* 
PBCRNT 
PBFREE 

ISLEEP LDAA 
STAA 
LDI 
STS 
TSX 
LDX 
sn 
CLR 
CLR 
ANDB 
BEO 

PBAREA X:-ADDRESS OF CURRENT PB 
,e,SP,X SAVE CALLER'S STACK 

3,X 
TKP2 STORE INTERVAL IN LOW ORDER WORK SPACE 
TMP 1 CLEAR 81GB ORDER WORK SPACE 
TMPX 
#$F MASK S81FT COUNT TO 4 BITS 
SLP7 UNTIL 881FT COUNT-O 

SLP2 ASL '!HP 3 DO 
ROL 
ROL 
Rot 

TMP2 SHIFT TEME COURT LEFT 
'!HPl 
TMPX 

DEO 
BN!: SLP2 OD 

* SLEEP PEIlIOD MUST BE )- 2 
SLP7 TST TNPX 

BRE SLPl ,/ 

TST TNPl _f 
BRE SLPl 
TST 'l'!IP2 
lB SLP3 
LDü 'l'!IP3 
CMPA 12. 
BCC SLP3 
"TI * DPDATI S'fSTIH 'l'IMB 

* SYSTBH TDŒ: -SYSTEM TIMB+(LAS'l'DT-TIMEI. COUN'l') 
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Appendix B: Source Listings 

SLP3 LDU TIMnA+2 

(t LDAB TDŒRA+3 
l'SBB 
PSU 
LDAA LASTDT 
LDAB LASTDT+l 

" TSX 
SUBB l,X 
SBCA O,X 
ADDB SYSTIM+3 
ADCA SYSTIM+2 

~ STAI SYSTIM+3 
STAA SYSTIM+2 
Bec SLP4 
INC SYSTIM+l 
BN! SLP4 
INC SYSTIM 

SLP4 PULA 
PULB 

* ADD COUNT TO CURRBNT TIME ~ GET WAlŒUP TIME 
* ,AND COPY RESULT INTO PROCESS' S PB 

LDX PBARRA X:-PB ADDRESS 
LDAA TMP3 
ADDA SYSTIM+3 
STAA 7,X 
LDAA 'l'MP2 
ADCA SYSTIM+2 
STAA 6,X 
LDAA l'MFl 
ADCA SYSTIM+l 
STAA S,X 
LDAA 'l'MPX 
ADCA SYSTIM 

, STAA 4,X 

* NOW ÎNSERT PB INTO TIME QUEUE IN WAIŒUP TIME ORDER 
LDI 'TIMER X:-ADDUSS OF QUEUE ROOT 

SLPNXT sn TMPI TMPX,l POINTS TO QUEUE ROOT 
\ ' LDAA O,X IF QUEUE IS EKPTY 

\ INCA 
BEQ SLPGO THEN DO INSERTION HEU 
DECA 
STAA THP3 
LDAA PBARU 
STAA 'l'MP2 TMP2,3 POINTS TO TOP QUEUE ELEMENT 
LDX PBAREA 
LDAA 4,X 
LDAB 5,X-
LDX 1'MP2 
CMPA 4,X 
BCS SLPGO 
Bm SLPI 

i 1 
CMPB 5,X 

(J BCS SLPGO 
; 1 'l, 

;-, 

1 1 

: 1 
1 1 
1 1 
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Append~x B: Source Listings 

BBI SLPl 
LDX PBARBA 
LDAA 6.X 
LDAB 7.X 
LDX TMP2 
CMPA 6,X 
BeS SLPCO 
BBI SLPI 
CMPB 7,X 
BeS SLPGO 

* WAlŒUP TIME OF INPUT PB )- THAT OF TOP QUEUE 
* ELEMENT, ADVABCE TO NEXT QUEUE ELEMENT 
SLPl LDX TKP2 THP2,3 STILL POINTS TO TOP 

INX QUEUE BLOCK 
BRA SLPNXT 

* IMSERT PB IN QUEUE 
SLPGO LDX tMPx 

LOM PBCRlfl' 
LDAI O,X 
STU O.X 
STU PBFREE 
LDX PBAREA 

X:-QUEUE ROOT ADDR 
INSERT CURRENT PROCESS 
POINT B TO 1 ST QUEUE BLOCK 
KAIŒ NEW BLOCK 1 ST IN QUEUE 

i 
\.) 

STAI tIR,X POINT NEW PB' S LIR FIELD TO REST OF QuEUE 
* LASTDT:-MIN(WAKEUP TIME OF FIRST BLOCK-SYSTEM TIME,$FFFF) 

LDU TIMER 
STAA PBFREt 
LDX PBAREA 
LDAA 6,X 
LDAB 7,X 
SOBB SYSTDH-3 
SBCA SYSTDH-2 
STAA LASTDT 
STAB LASTDT+l 
LDAl\ 4,X 
LDAB S,X 
SBeB SYSTDH-l 
SBCA 8YSTIM 

* 
TSTA IF REMAINING TIME > 
BNE 8LPS MAX INTERVAL 
TSTB THD 8ET LASTDT 
BRQ SLP6 FOI. MAX INTERVAL 

SLP~ LDX I$I'WF 
sn LASTDT 

* TIlŒR LATCHE8 :- LASTDT 
SLP6 LDI LASTDT 

sn: TDŒlA+2 STAl.T TIMEI. 

* 
* 
* 

JMP DISPAT 

*-------------.---------*----~-------

- 69 -



G 

c 

Appendix B: Sourc~ Listings 

* WHO 
* SYSTEM CALL. 
* lRPtJTS: A - 4 
* OUTPUTS: 1 - CUlUtENT PR.OCESS' S (lE. 
* AU REGISTD.S PUSERVED (EXCBPT 1) 

CALLER ~ S) IDi 

1\,."" 
XWBO 

* 
* 
* 

LDAJ PBCRNT 
LslII.-
LSRI 
LSRB 
TSX 
STAB 
R.Tl 

l,X STORE 1»1 IN CALLER' S 1 

*--------------------------------------..; 

* KILL 
* SYSTEM CALL. 
* INPUTS: A - S 
* 1 - IDI OF PROCESS TO KILL 
* OUTPUTS: NONE 

( 

* ALL REGISTERS PRESERVED (AN IRRELEVENT PROPERTY, IF THIS 
* HAPPENS TO BE SUICIDE) 

* 
XKILL LDAA PBCRNT 

STM PBFREE 
LDX PBAREA 
STS SP ,X SAVE CALLER' S STACK 
LDX IREADY ENQUEUE CALLER 
JSR INSERT 

* ZERO PRIORITY OF PIOCESS TO BE DELETED 
ASLB CONVEIT IDI TO POINTER 
ASLB 
ASLB' 
STAB PBFREE 
LDX PBAREA 
CLR. PR.lO,X 

'* REHOVE PB.IORITY 0 PIOCESS FROM READY QUEUE 
LDX IRBADY 
BSB. nIJ.S 
Bec nu.s 

* REMOVI nIOnT!' 0 PR.OCESS FROM TIHBR QUEUE 
LDX ITIMER. 
BR nLI,.S 
ICC nu.s 

* DELETE PRIORITY 0 PIOCESS FROM SEMAPHORE WEUES 
LDAB 1128 LOOP comrr 
LDX ISIS SEM AltEA Sl'ART 

KlIJ.3 LDAA 1 J X CET SEM. QUEUE . 
IRX ADVANCI' PONTn TO SEM.QUEUE 
IBCA 18 QUEUE ROLL? 
IBQ nLL4 IP YBS THEM DON' T BOTBD. VITH KILtS 
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Appendix B: Source Liftings 

sn 'l'MP4 SAVE UGISTlltS 
PSD 
BSIt nLLS 
PULB 
BCC ~ILLS 

LDX TKP4 
KILL4 lU 

DBCB 
BD ~ILL3 

IC.ILLS JMP DISPAT 
* 
*KILLS - ROUTINE LOCAL TO KILL 
* INPUTS: X - POIN'l'Elt TO QUEUE ROOT 
* DELETBS A O-PItIORITY PB nOM THE GIVEN QUEUE 
IC.ILLS LDAA D,X GBT ROOT 

IC.ILL2 

IC.ILLI 

* 
* 

INCA IF IT IS HULL 
BEQ IClLLl THElf WB ARE DONE 
DECA 
STAA 
STX 
LDX 
LDAB 
BNE 
LDX 
JSR 
CLC 
RTS 
INX 
BRA 
SEC 
RTS 

PBFREE 
m2 
PBAltBA 
PRIO,X 
IC.ILL2 
THP2 
DELETE 

ELSB 
S'AVE !DDItESS OF RooT 

GET BLOCIC.'S PltIORITY 

ItECOVER ADDItESS OF ROOT 
DELETE BLOCIC. 

ADVANCE TO NEXT BLOCIC. IN QUEUE 
IC.ILLS AND ItECORS! 

*-------------------------------------* IRQ HANOLER' 
* THIS IS THE CODE TO waICH IRQ'S SHOULD BE VECTOItED. 
* ITS SOLE FUNcnON IS TO WAKEUP THE INTERRUPT POLLBR 
* PROCESS. IF TRERE ARE VEit Y URGENT DEVICBS ON TB! 
* INTBlUtUPT BUS FOR WBICH rim SYSTEM RESPONSE WOULD BE 
'" TOO SLOW, TBEN THE SYSTEM CAB BE SHORT-CUCUlTED AT 
'" THIS POINT BY BXBCUTIRG SœB· DEVICB BABDLEll CODE ltIGHT 
'" HElE - BEPOU TRANSPERllING CORTl.OL BAŒ rD THE SYSTEM 
'" SOP'l'WARE. TRIS SHOULP, BOWEVER, BE DOD VITH GUAT CAllE 
'" AND rOUTIIOUGRT II' IT lS TO MESB SMOOTBLY WITHOUT CAUSING 
'" ElI.OItS. 01. A ClASH. 
IRQINT LDAB 10 INTEU.tJP:l POLLElt' S SEMAPHORE' 

.JMP xv THE REST IS IDBRTlCAL 'l'O A NORMAL 
'" V OPERATION • 
• . _-------
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APpendi~rce Liatinaa 
, 

A FlLE: P,lOClSSES AtA.AAA.AA ••• A __ • __ •• ___ .A __ ••• _._A __ 

A----SYS~ paOCBSSIS 
A.AAA.A.A'A •••• _ •••• _ •• _ •••• __ ._ ••••• 

• 
- OM $COO 
* *____________________________________ J 

* IDLI PROCESS CODE 

* 
IDLE 

* 

* 
* • 

EQU 
ollG 
PDB 
ORG 

WAI 
BRA 

• 
IIDLE 
IDLE 
IDLE 

IDLE 

*------------------------------------* INITlALIZATION PROCESS CODE 

* INITGO EQU * 
ORG XINITG 
FDB INITGO 
ORG INITGO 

* 
1" 

* START OP IOLE PROC!SS AT LOWE ST PRIORITY 

* 

LOI XIDLE 
STX 1 DLE SP+6 
LOI 1 IDLE SP 
LDAB IIDLE+2 PRIORITY 
LDAA 12 
SWI SYSTEM(START) 

• START INTERJtUPT POLLBR PROCBSS 
LOI IIHTPO 
SU: INTPOS+6 
LDX IINTPOS INTERIWPT POLLU.' S STA«X 
LDAB XIITP0f-2 PRIonn 
LDlA 12 
SWI SYSTEK( STArr) 

• S'rAllT CLOCX. PROCISS 
LDX XCLoa. 
sn 'CL0CU+6 
LOI ICLOClts CLOCl( PROCISS'S STAClt . 
LDAB XCLOCK+2 paIORIn 
LDAA 12 
sn SYST.III( START) 

• 
• STAltT UP ACIA uCIIVIR. BARDLBI. paOClSs 
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Appendix B: Source Li8tings 

LDX ISHlCVB*2+SBS IRITIALUB SEM 10 1 f}-: 

IHe O.X 
LDX DCVl 
sn llCVlSP+6 
LDX #llCftSP 
LDAB XRCVR+2 PlIOlllTY 
LDAA 12 
SWI SYSTKK(StlKT) 

;Ir STAIlT UP ACIA XMITTER HANDLER PROCESS 
LDX ISMXMTE*2+SBS INIT SEM TO 1 
IRC O.X 
LDX #~*2+SBS 
IRC O,X 
LDX XXHTR 
STX XMTRSP+6 
LDX #XKTRSP STACIe 
LDAB XJHTRi-2 PRrOllITY 
Ln!! 12 
SWI SYSTEM( START) 

;Ir 

r ;Ir START UP 'EXAKlR' PROCESS 
LnX XB~ 

-sn KnHSP+6 
LDX IEXAHBP 
LDAB XEXAHI+2 PRIORITY 
LDAA 12 START FUNCTIOR CODE 
SWI SYSTEM(START) 

* * START UP LEVER INTERRUPT PROCESS 
LDX XLVRI 
sn: LVRlS+6 
LDX #LVRlS 
LDAB XLVRl+2 PRlORITY 
LDAA #2 START 
SWI 

* * START OP COMMABD PROCESS 
LDX XCHND 
SIX CMNDSP+6 
r.DX #CMNDSp 

.. LDAB __ XCHND+2 _ PllIOll.ITY 
LDAA #2 STAIlT 
SWl 

* * INITIALIZE PRYSlCAL DEVlCES/IN'J.'BUAClS 

* * CLEü ALL 6840 COIftOL REGISTBl SAVE LOCATIONS 
LDAA 1.3 
LnX ICIlIA 

CLllTIH CLR. O,X 
IRI 
DIU 
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Appe~dix B: Source Listings 

. BRB CLIlTDJ 
* INITIALIZI CLOC% TIMEa l~ , 

LDAA 1$10 16-nT. SINGLE DOT, 
* OUT AND INT ERABLED, BIT CLOClC 

LDAB 1$01 
STAI CR2A SET -rOR. C&1 ACCISS 

. STAI TIMBltA+ 1 
STM. CRIA 
STM. TIMBRA 
LDX I$Fr." START WITH MAX INTBRVAL 
STX LASTDT 
sn: TIMBlA+2 

* 
~ INITlALIZE ACIA 

"LDAA #3 KASTER RESET CODI, 
STM. ACIAS 
LDAA 1$91 INT ON RCV ENULED. llTS·O 
STM ACIAS 8 BITS, NO PARITY, 2 STOPS. 
STM ACIASV 300 BAUD 0 , 

* * INITlALIZE PIAO 
*CA2, CB2 ARE OUTPUTS 
*CAl. CBl ARE INPUTS CAUSING IN'l'ERRUPTS 

... * ON oP TRANSITIONS. 
*ALL OUTPtrrs WILL BE CONSIDERED ACTIVE 
*WHEN RIGB (EXCEPT THE CAGE LIGBT). 

* 

LDAB I$FF 
LDAA #%00111011 
STM PIAO+l 
STAA PIAORA 
STAB PIAO 
LDAA PIAORA 

t%100 
SI"Qr--~IAO+ 1 
STM. PIAO 
LDAA #%001100 
STM PIA0+-3 
STA! PIAOU 
STA! PIAO+-2 
LDAA PIAOU 
ORAA #%100 

. SUA PIAO+3 
SUA PIAGU 
LDlB '#0 

SET FOR OUTPUTS 

STAI PIAO SET ALL OUTPtrl'S 
STAI PIAO+2 LOW 

* ImTIALIZE DAC RBGISTBllS 
LDX #0 
sn DAct 
sn DACt. 
SU DAC2 
ST.I DA.C21. 

\ 
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'/Appendix B: Source L1at11l18 

* DIE - UITIALIZATION PROCESS IS NO LONGER HEEDED 

• 
* • • 

LDU 14 
SWI SYSTEM(WHO) WHO AM 11 
LDAA IS 
SWI SYSTEM(KILL) COMMIT SUICIDE . 

.nœ INITGO 

*-------------------------------------* IImnlBDPT POLLER PlOCESS CODE 
• 
INTPOL EQU * 

OIG XU1TPO /' 
FUB IHTPOL 
ORC IRTPOL 

*' 
* * P(IRQ) 

CLRB SEM 10 
CLRA 
SWI SYSTEM(P) 

* * TEST 6840 lA 
LDAA TDŒRA+ 1 
BPL INTPLI BllAHCH IF NO INTBRlUPT 
ANDA Il MASK FOR. TnŒR 1 PLAG 
BBQ. INTPLI BRANCH IF NO INTERlUPT 

(1 

LDX TIMBRA+2 READ TDŒR COUNT JO CLEAR FLAG 

*' * V(CLOCK) 
LDAA 
TAB 
SWl 

* 

SEMAPHORE # 1 
Il . 
A-J,I-I 
SYSTEM(V) 

• ACIA Dl'BIUUJPT CHECK LOGIC 
*' PSEUDO-CODB 

? .. IF ACIA RCft Iir.rBIB.UPT , 
*' '1'IID' DAn CBAR niro vnTUAL DEVICB DGISTD. 
*' SIGlIAL UCBIVD PItOCBSS :-

* /IL8I! IF AÇJA t:=~IRISIIBD *' THBIl DlSABLB n.œ DITTI1l 
*' SIOBAL SKIl'TEll PROCISS. 
*' PI . , 
mrP:Ll LDAl ". S 

·.PL ~L3 BUNCH IF NO ~ 
LSIA <Z RCVR STANS " 

, XC ' :INTPL2 CLENi - TU' DITTIR 
LDAA ":AClAD RJW) Dlt'A CUI 

- 75-
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0 

STAA. 
LDA.B 

'LDAA 
SWI 
BU 

IHTPL2 LSRA 
BCC 
LDAA 
AlmA 
STAA 
SUA 
LDAB ' 
LDAA 
SWI 

* 
IH'l'PLl LDAA 

ASlA 
BCC " 
LDAA 
ORAA 
STAA 
STAA 
LDAA 
LDAB 
LDAA 
SWI 

* 

Appendix B: Source List!n&. 

"" 

ACIAVD STOIE IN VI!.T. REGISTBR 
ISMR.CVR 
Il 
SIGNAL RECRIVE!. P!OCESS 
IHTPL3 
CREa XMIT'l'BR STATUS 
INrPL3 CLBAR - DONE 
ACIASV D1SABLE IN! noH XMIT1'E1 
I$9F 
ACIASV 
ACrAS 
ISMXKTR 
Il . 
SIGNAL XHTR PROCESS 

PIA0+1 GET INTERRUPT FLAGS FOR .PIAO 

IHTPLS NO lIT. FROM CAl 
PIAOU SET FOR PBttIPHERAL REG A 
14 
PIAOU 
PIAO+l 
PIAO CLEAll IRrBRRUPT FLAG 
ISKPIAI SIGNAL FOR CAl INTERRUPT 
Il 

* CHECK FOR PIAO. CBl INTBRRUPT 
INTPLS LDAA PIA0+3 

_ ASLA 
Bec IHTPL6, 

* * SET 101. ~ REG B ACCBSS 
LDAA PIAOU 
ORAA 14 
STAA PIAOU 
STAA PIA0+3 

* JUW) REG i ro;: lIT. 
J' LOAA, PIAO+ 

* SIGNAL Cil 111"1' •• 
LDlI ISMPW 

il LDU Il 
SWI V(SKPW) 

* 
IR'l'PL6 JKP " IJI'rPQL 

* 
* 
* *--* CLOCX PaOClSS CODB 

* CLOtt EQtt • 
0JlG :ICLOCZ 
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Appendix B: Source Listings 

PDB CLOCK 

G f ORG CLOCK 

~ • 
• LnAB #1 CLOCK PROCESS' S SEMAPIIOU 

CLllA 
SWI SYSTEM(P) WAIT FOR CLOCK lIT. SIGNAL -SEI BEGIN CllITICAL SECTION 

• UPDATE SYSTEM TtME 
LDAA LASTDT+l 
ADDA SYSTIM+3 

- STM SYSTIM+3 , 

LDAA LASTDT 
ADCA SYSTIM+2 
STM SYSTIM+2 
BCC CLCKI 
INC SYSTIM+1 
BNE CLClC! 
INC SYSTIM 

CLCK.1 LDAA TIMEa GBT QUEUE ROOT 
INCA 

1 
'c 

BEQ CLCK4 IF QUEUE' EMPTY THEM WB ARE noNE 

1 
1 DECA 

STM PBFREE 

1 

LDX PBAREA 
COMPARE SYSTEM TIME TO BLOCK~ LDAA SYSTIM 

CMPA 4,X WAlŒUP TDŒ 
BHI CLCK3 
BCS CLCK4 

f LDAA SYSTIM+l 
CMPA S,X 
BBI CLCK.3 
BCS CLCK.4 
LDAA SYSTIH+2 
CMPA 6,X 
BBI CLCK3 
BCS CLCK4 
LDAA SYSTIH+3 
CHPA 7,X 
BCC . CLCK3 

• EITRER WAlCEUP TIME BAS NOT ARRlVED YBT, 
• OR TIMER QUEUE IS BMPTY 
CLCK4 LDAA TIHD. 18 ,gUEUE EMPTY? 

INCA 
BRE CL(%5 BRARCB IF ROT 

CLCV LDI' #$FFn YlS-SET~ FOIt MAX IBTaVAL 
sn LASTD'1' 
BIA ~6 , 

• QUEUB NOT EMPTY - COMPUTE TIQ UMAIRIHG 1 

* TO lŒXT WADUP TDIB • • " '* (. HD(WAUVP TIHI-SYSTlDI TIMB. $""» 
CLCKS LDAA '1'DIBIl .' 

STAA PBnD 1 

i(!: LDX PBAIIA l 
f 
1 

,,~ a 1 
1 , 
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1 
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1 , 
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1 
1 
l' 

f 
1 

.\ 
" 1 

CJ 

, , 

LDAA 
LDAB 
SUIB 
SBCA 
STAA 
8T.o 

" LDAA 
IJ)AB 

SBCB 
SBCA 

* 
TSTA 
BN! 
TSTB 
BNE 

* S'URT TIMER 
CLCK6 LDX 

sn: 
* 

CLI 

'Appendix B: Source Listings 
'" " 

6,X 
7,X 
SYSTIM+3 
SYSTDH-2 
LASTDT 
LASTDT+l 
4,X 
S,X 
SYSTIM+l 
SYSTIM 

CLCIC7 

CLCIC7 

LASTDT 
TIMBRA+2 

BRA CLOCK 
* SYST8M TIKE >- WAnUP TDŒ, SO PROCESS MUST 
* BE SCBEDULED TO RUH AGA!N 
CLCIO LDX 'TIMER. DEan BLOCK FROM TIMEll QUEUE 

J'SR DELETE 
LDX 'READY 
J'SR INSERT AND INSERT IT INTO READY QUEUE 

* 
* 
* 

BRA CLCKl 

, . 
********************************* 
* ACIA 'l'JlANSKITTER' HANDLER PllOCESS 

* 
XKTR EQU * 

ORG XXMTR 
FDB XKTR 
ORG. XKTR 

* 
CLU 
LDAB ISHIKTP 
SWI WAIT OUTPUT Bn FULL 

LDAB ,S!àm. 
CL1tl 
SWI VAIr Ilft'EUUPT SIGJW. 

/ 

LDAA JH'I'B' , 
t.DAB ACIAS\' 

JAIIDI "9' 
OUI 1$20 
Sil 
SUA ACIAD 

1 

~ 

1 

. i 
l, 
,1 
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Appendlx D: Source Listing. 

STD ACIASV 
STAD ACIAS 
CLI 

LDAA Il 
IJ)AB ISHDITE 
SWI SIGNAL OUTPUT DR ~TY 

BllA XMTR 

***.***.*************~**** •• 
* ACtA UCEIVBIt HANLDEIt PROCESS 

* 
ItCVR. 

* 

* 

EQU 
OJlG 
PDB 
OJlG 

LDAB 
CLltA 
SWI 

LDAJ 
CLllA 

II' 

Xl.CVB. 
ItCVR. 
ItCVR. 

ISMR.CVR 

p(SMItCVlt) 

#SMR.CVE 

WAIT INTEUUPT 

.,., 
SWI P(SMItCVE) WAIT INPUT BFR· EMPTY ,.. 

,.. 

II' 

* II' 

* 

LDAR ACIAVD COpy CHAR INTO INPUT BR 
STAR ItCVBF 

LDAB ' #SMR.CVF 
LDAA #1 
SWI V(SMR.CVF) SIGNAL INPUT BFIl FULL 

DRA ItCVR. 

***** •• **********.***************** 
* ClWlACTD. DfPUT SUBIlOUTIlIII 

* IGBTCII BQU 
ORG 
.ntP 
OIG 

* 

v .. 

* 
GETCR 
IGBTCII 
XG!TCB 

-; 
Isncn 
p(ItCVBr PDL1.) 
aco, IEAD 10PfII 

..... 79 -
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Il 
1 

1 
J , 

* 

LDAA 
LDAB 
SWI 
Put..A 
PULB 
RTS 

Appendlx B: Source LiatinJa 

Il 
'SMJlCVE 
V( RCVBF EMPTY) 
GET BACK CHA'R 
lŒS'r98 B 

*------------------------------------
* * ClIARACTER OUTPUT SUBROUTINE 

* 
XPUTCH EQU 

OM 
JMP 
ORG 

* 
PSBB 
PSBA 
CLRA 
LDAB 
SWI 
PtlLA. 
PSBA 
STAA 
LDAA 
LDAB 
SWI 
PULA 
PULB 
RTS 

* 

* PUTCH 
XPUTCR 
XPUTCH 

ISKIKTE 
P(XKTBF EMPTY) <1 

CET CHAR 

XHTBF COPY INTO OUTPUT BrR 
Il 
ISMXMTF 
V(DITlIF FULL) 
USTOU REGS 

*--------------------------------------
* TEST PROCESS. 
* TRIS IS SORT OP A MINI-MONITO~ .. WIl~CH 
* ALLOWS ~NING ABD CBANGlIfG MEMOU. 
* COMMANDS - i., 
* HNHN <COLON> --DISPLAYS 8 BmS BEGIRNING AT NNNN 
* NNNN • HlI, lIB t lIB, •••• LOADS SUCCSSIVE BYTES 
* BEGlDIIfG AT NNNN 
* NNHN-PPS --STAJtT OP THE CODE JEGINNING AT BNNN AS 
* Â PROGBSS "lTH nIOlUTY PP. IF lfOT 
* . SUC~SPOL, A BBIP ABD A "'1- WILL BB 
* USD IRDI~FAILtJU. ' 
* ~ --IF A . S VAS sD~CES8PtJLLY &TARTBD WI'l'B TIIB 
* ·S· cœMIAJII). 'l'IIIS WILL nu THAr t-ROCBSS. 
* lfRV - PDIOIH A -r (SIClW.) OPDATIOB 
*. oa SBllAPBOD 1IIR (0 (- n (- $71') 

* Q - Q11I'1' - -'lU mRI'l'OR 'PROCISS IS RO L01fGIR ~. 
~ ,/ 

* 
DAHIR IQU 

OIG 
l'DB . 

- -- - ...." - ~ • 
DXAlII 
lD'AIIIR 
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1 Appendix B: Soure~ Listings 

1 

010 EXAHIN 

(J * 
LDAA 1'1 
JSR OUTCB 

XAMR JSR INCH 
CMPA 1'- ~ 
BQ XAKl J LDX N 
sn ADDI. 
JHP XAKR , 

. KAMI CllPA Il, , , 

BRE 
, 

XAM2 
LDX ADDR 
LDAA N+l 
STAA O,X 
IRI 
sn ADDI. 

; JHP XAKR 
1 , XAM2 CMPA I$OD ca - , 

Bé XAH3 
XAH5 LDAA ~~ JSR 

-JHP BXAMIN 
XAM3 CMPA l$lA COLON 

BMB XAM6 
LJ)AB 18 
LDX N 

KAM4 LDAA O,X 
JSR PUTBYT 
INX 

~ DBCB 
BSE 
sn: N 

XAM41 LDAA" I$OD 
JSR OUTCB 
JHP XAMS 

XAM6 CMPA l'V 

~~ 
BMB XAK9 
LDAB 5+1 
tDAA Il 

1 
SWI 
JIIP XAlI41 

lAH9 CllPA - 11S START? 
DB -DJUO -JO-

/ LD&A Jlt8œ - SON AI.laB! 1IIS'lS? 
, DCA - 1AK91 tlS->UPUSB TO CIlBATB ANOTIIR 
t.DX AJa mTIAL PÇ VALUE 
S'tt lJM.SœIt6 . con l'f IR'l'O STACE 
LDX IQIISOII STACZ PO:or.rD . 
!.DU ... 1 =r. ~ 

LDü 12 08 COD!" J'OR 'STAR't' J 
, , ! :( SVI 

" 

' .. 81'-' 
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BCS XAM91 GO RANDLE PAILUU 
( ,l STU MYSON SUCCESS -- SAVE 101 

JKP XAM41 AND CONTINUE 
XAM91 LDAA 17 BEEP 

JSR. OUTCH 
LDAA l' '1 
JSR. OUTCH 
JKP XAH41 

, XAMI0 CMPA l'K KILL? 
1 , BNE XAM61 NO 

LDAA 15 FUNCTION CODE FOR 'KILL' 
LDAB KYSON GET loi TO KILL 
INCB 
B~Q XAM41 IF NULL THEN DO NOTHING 
DBCB 
SWI BLSE KILL IT 
LDAA I$F' KYSON:-NOLL 
STU MYSON 
JKP XAH41 AND CONTINUE 

XAH61 CHPA l'Q 
BNE XAHll 
LDAA 14 
SWI WHO AH I? 
LDAA 15 
SWI DIE 
JMP BXAMIN 

XAMll CMPA\ l'A 
BCS XAH7 
ADDA I-'A-HO 

XAH7 ANDA I$OF 
LDAB 14 

XAM8 ASL 5+1 
ROL N • 
DECB 
BNE XAH8 
OUA 5+1 
STAA B+l 
JMP XAHR. \ / \ 

* l, 

INCH JSR. GBTCB 
JSI. PUTCH 

. ABDA I$1P 
US 

• 
ourca JIIP PUTCH 

1 • 1 

1 PtIDTr PSIIA 

1 
LDü 1$20 
,fIl. OUTCB 

1 PULA 1 
HIIA 

1 LSIA , Co} LSIA , 
./ 1 

1 
1 

- 12 -
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LSIA 

() L~IA 
BSR PUTDIG 
PULA 
PSRA 
AlmA #$OP 
BSIl PUTDIG 
PULA 
HS 

* 
PUTDIG CHPA #10 

Bec PUTOOI 
ADDA #'0 
.JMp otrrCR 

PUTDGI ADDA #-lO+'A 
.JMp OUTCR 

* 
*VARIABLIS 
ADDR 1MB 2 
N 1MB 2 
MYSOB l'CI $FP 
* 
* END OP EXAHINB 
* 
* 

• 

, C 
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Appendix B: Source Listings 

* FIL!: STIMULATION 
*************************** 
* 
* 

ORG $1000 

* ****.************ •• ***.* •• *~*******.*.* 
* 
* * DISPLACEHENTS FOR FIELD DEFINITIONS 
* OP SPB FIBLDS 

* 
'pRWDDT BQU 
PRCTDT BQU 
PRCCDT BQU 
ACRNT' EQU 
BCRNT EQU 
STEn EQU 
ASELeT BQU 
BSELeT EQU 
'GSELCT BQU 
PItNOM BQU 
TRNtJM EQU 
TRDTTR BQU 
PUDT EQU 
LIGBT EQU 
DURAnT BQU 

* 

o 
PRWDDT+2 
PRCTDT+3 
l'RCCDT+3 
ACRNT+3 
BCRNT+3 
STEER+l 
ASELCT+l 
8 SELCT+ 1 
èSELCT+l 
PRNDM+-2 
TR.NtJK+-2 
TRD'rrlt+2 
FIXDT+2 
LIGHT+l 

*SPEClAL CBARACTERS FOR 
*PACIŒT PROTOCOL 

" * 
* RBADY-To-SBND CHAR 
RTSCB EQU $02 . 
* RBADY-To-UCBIVE CHAlt' 'v '> , 

RTRCB BQU $0-5 
* NEGATIVE AqufOWLEDGB 
RACK BQU $15 
* POSITIVB ACKHOWLEDGB CHAR. 
ACK BQU $06 / 

* 
* 
* * VARIABLES USBD IN GBNERATING 
* S'lIlCUtÂTIOR 

* 
LftlCl ... 2 LBVBt 1 COUlft' 

* * STDlULA1.'IOR COURT 
S'lHCIT 1MB 2 .' ~ IIASI SPECIFYIRG IF L!VD IS '1'0 Il 
• COUI'1'ID ABD/OR 'l'O TRIGGD 

• S'rIHULATIOB 

, 1 -84-
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LVRIM 1MB 1 

" " POINTER TO CURRBNT SPB 
CURSPB RMB 2 

" * 
" * INPUT BUFFEIt.S POR PAllAMET!R. BLOCICS 

" * PRIMER PAIlAMETBR BLOCK 
INPRH 1MB 32 
" STIMULATION PARAMETER BLOCK 
INSTM 1MB 32 

'* 
* 
* 
****************""****""****"**"* * IBLGET 
* SUBROUTINE TO INPUT A CHARACTBR 
* RECRIVED PAClŒT 
* NO REGISTRIlS PRESERVED. 
* CHAR RETUR.lŒD IN A. 

* IHLGET TST NOB 
" BUFFER MUST BE REFlUED 

BRQ IHLGI 

* * GET NEXT CHAR FROM BUFPER 
Lnl NXTCB 
LDAA D,X 
IN! ADVANCE POINTER 
ST! NXTCH 

* DECREMENT BYTE COUNT 
DEC NOB 
RTS 

" * WAIT l'ail IlEADY-To-SEND 
IBLGl JSR GBTCH 

éxPA IRTSCR CBARACTER 
m lBLGl 

* XMlT "UAY-To-UCBIVB CJtU 
LDü. IR.'l'ItCB 
.JBI PUTCH 

JR GlTeR WAIT FOIt COLOR 
CllPA I$lA 
JIll! *-5 

* 
Ctl DCB CLEAR CBlCISUH. 

* GlT 110. OP DATA mIS an DtLIIIS 
aIP.l '$rf' 
BeS .... 

o 

- 8S -

\ 
1" 

.. 

1 
1 
} 

! 

t 
1 
i 
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: 

; 
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LDAA 10 
TAB 
STü NOB 

* X (- POlBTn Ta BUFFER 
LDX IINlR 

.IRnsr[~T~ ~ 
* IBLIIS GET NEXT DATA B~ SO 

BSR IHLINS 
STÜ O,X 
INX 
DECB DONE? 
BNE *-6 BUNCH Il NOT 
BSR IHLINS GET CHECKSUM 
TST INCRK DID IT wou otrr? 
BEQ IHLG2 BUNCH IF tES 

* ERROR- CLEAR BYTE COURT 
CLR NOB 

* XMIT A RACK 
LDAA lRAClt 
BItA *+4 * NO ERRoa- XHIT ACK 

IBLG2 LDAA IACK. 

* 
* 
* 

JSR- PUTCH 
JMP IBLGET 

* LOCAL ROUTlNE- GET cHAR ADD TO IBCRK 
IBLINS JSR GETCH 

* • 
* 

PSRA 
ADDA- rNCHK 
STAA 
PULA 
RTS 

IICBIC 

* V AIlIAILBS 1'01. IBLGBT 
NOB FCB 0 BYTE COURT 
Ion RKB 16 DATA 
IICIK. 1MB 1 CBE«%SUH 
lIXTCB RKB 2 PRTI. TO RUT' CHAI. 

* ,* 
* *********************************** 
* IIILPU'r , 
~ nrDL RIX CIWtACTD OUTPUT I.OtJ'I'ID. 
* HO UGIS'fDS PUSBI.VBD. 
* CIIM 1'0 0UTPU'l PASSIm D A. 

-86-
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Appendlx 1: SOurce Ulting. 

* 
IBLPUT PSU 

LDAA 
CMPA 
ID 

_ IS! 
IBLPI LDI 

PULA 

PRal 
'16 
IRLPI 

• FLUSH 
PPILL 

* ADD CHAI. Ta BurFER 

IUPFD PULL1 

STU 0,1 "-
lU ADVANCE POINTEjt 
ST! PP ILL 
1Re PRal IRC IYTE comrr 
B.TS 

* 
* 
.*---------------------------------
* FLUSH 
* R.OUTINE TO FLUSH PAClŒT OUTPUT 
* BUPPD.. NO PAIWŒTBllS. IEGISTD.S 
* NOT PRBSERWD. 

* 
* XMlT REQUEST-To-SEND CHAR· 
FLUSH LDAA 'aTSCB 

.Jsa PUTeR 
* 
* WAIT FOR IBADY-To-UCEIVI CBAlt 

.Jsa GETeR 
CMPA 'anCB 
ID *-5 

* 
LDAA If: 

, 

.lS! PUTCH 
LDX 'PROB 
LDAA .pROB NO OP BYTES 
INCA 
STAA pp ILL 
CUl OUTCRK CHBCUUK 

* FLSHI LDAA 0,1 
o I1II 

'1'AI 
ABOI 9UTCIIX. 
sm 01J'lCB 
JSt PUTCH 
BC PPIU. 
HI PI.SIq '-0;> 

* 
CLIA 
SUlA 0U'tCK 
JSI PU1'CII .' fUlI2 - G&'l'CIl 
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Appencl1x B: Source Listings 

CMPA lRAct 
BEQ FLUSH 
CMPA IAŒ 
BRE FLS~ 

* ENTaY POINT TO INITIALIZ! POIRTElS 
FLSlIIR CLll 0 PHOB 

LDX lOonR 
S PFILL 

* 
* 
* 
*-- ----~' -' * V S FOB. IHLP AND FLUSH 
PROB FCB 0 
OUTBn. RHB 16 1 

OUTCBlt 1tMB 1 • 
PFILL RMB 2 0 

* 
* 
*********************************** 
* 1 

* COMMAND INTBRPRBT'l'BR MAINL1RB 
* 
* THIS 1S THE EXECDTlVE PROCESS FOR 
* THE RA!J'TtMULATIOM EXPERIMENTS 
* -
t 
CHND EQU * 

ORG xCMND 
PnB CMND 
OM CMND 

* 
JSR FLSRDrl' 

* IHITIALIZB SKPCKO SEMAPHORE 
LDAB ISMPCKO " ,I.DAA Il 
SWI 

* 
CHIQ)! J'Sil IBLGBT fNqrCJ!AR 
* 

LDX, 'RULl. CMPA fO troLL CcmIAND? 
BQ CIIJDGO US 

, 

*, 
LDX #ACCBPT 

* ACCIPT lIEW SPBS , 

"- ClIPA Il 
BBQ CMNDGO 

~ \ LlJI IllPTSPB 
* l'CBO pAIWI!TBJl _I.OCKS? 

1 CllPA 12 

1 
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~ 
; 

l' 

,. 

. 

, 
~ 

J 
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. 5 AppendÙ:' B: rce Li.tins, 
1. " 

1 

'. - 1: • 
l' 

. j 
. 

,0 BQ CIIlQ)G() / ' 
1 

* 
\ 

-:,--
1 LOI . IIDATA , 1 

l" * UPOItT ftIAL DATA , ,l' 

CMPA 13 ... 
~ BBQ CMNOOO ... 

1 " 1 

1 ,. • LDI lilG~ 
j 

1 
" BIGIR TIIAL ? ' 

CRPA 14 f' 
1 

1 
1 
1 

* 
BBQ CMNDGO' 

j 1 

LDX '~ ,\'1 1 :1· '. 1 

! / * CANCIL ftIALf /' : 
CMPA 15, , ÇMlmGO '. BBQ 

1 * 1 

DA CMMDl -'. .. 
1 

* ~, , 

OIMDGO JSI. 0,% 
BRA ~1 t 

* 1 

* , ' .,. 
*********************************** 

. 
" RDATA 
* SUBlOU'tINI OF ÇMND TO REPORT MT 1 
" ROH THE LAST TRIAL. I-

i " t ':'" 

RDATA EQU '" 
.1; .... t 1 ~ ,.; , 

1 1 1 * PCSMPCm) WA~ FOI. PACItB'.r 
t /, CLRA 
1 LIWI ISMPCm ~ "»-1 

1 SWI ' 
1 

* BESPORD VITH 'REPORT' ACR. . 
1 

LDü 13 / ; 
~. .lSI IBLP1JT-

* smm LBVD PRESS ,COURT ;r 

LDAA LVltlCR ( 
.lsl IBLPUT ,~ . ,~ 

J 1 LDU .LVltlCIfH ." 

i • '3ft l1ILP1Jr " 

!r SBlQ) Dlf4JD COUlft' : 
1 LDAA' S'ftI~ 

~ llILPU!r 
S'ftICftt.l 1 

.lSR IBLP'O't 1 ~ 

* ~ 
1 .-

J ~ l'LUS.! i 1 ~ * Y( SllPCEO , , 
1 1 . 

" 

'~ 
C·~~ 

, 10 

1, 
,D 

'* 
, " , 

~ 1 \1 
l 1 1 
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JI 
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1 
1/: 
1 
,/ 

10 l , 
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, 
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" 
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'. 

1, 

•• 1 

" 

, , . , ' 

:RTS , , , 

* ' 
* : ** ••• ",* •• *** .. ~*.***~,w,*~.**** ••• ***, 

. • JIP'l'RB ' , . 
• qlOur,l~.oP CMJO) '1'0 1BPEAt· SPI' S • 
, BAqI: TO HASTn ~~. . .' msp. 'ÈQ~' 'o,... . 
* P(S~CltO) VAlt FOll PACDT OtJTp.UT SIS 

CL1U., ' 
. >. ~ ISMPClto 

, SWI 

* 
.' RESPO!9D VITH • dPBAr' 

*. 

ft 

LDAA· " 
JS!. ,IBLPDT 

LDX 
Sn:' . 
LDAA 

,'STAA, 

IlDIK 
ACPlVl 
164 
ACPlV2 

INIT' POINTER 

INIT COUN'l'BR 

"anSl LDX ACpTVl 
LDAA /O,X 
lU , 
sn i ACPTVI 
JSI. . i IHLPUT 
DIe 1 / ACnv2 ' 
BD \ lPTSl ;, , 

, 1 
.nJ1l 1 nUSR 

: V(MÔ) / . 
LDAA 1 Il 

• 
*, 
* 

LDA.B( , ISHPCKO 

SWI \J 
RTS 

.. 

" 

....... ***.*.*****.* ••• ** .... ******* 
• AccIPT- 'ROUTIHB TO ACCBPT .' 

,Ir spa"s 
J ,,. 

!' ' ':AccBn sQu • · , • 'p(SHPCZO) WAl'!' roI. PACIET OUTPUT SYS 

,. 

! 

CLRA 
LDU ISHPCX.O 
sn 

LDX 
. \ 

IIlfPD . BUJ'lI'D. PODITII 

. . 

1 • 

, 
\ 

. ' 

;' 

, . 

-. 

1 

' . 
} 

• c' 

.~ 

, . 

: 

\. 

I 

" 
- . 
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" 
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" : 

1 
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) 
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J,-

·l.~ 

" . 
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Appenclix 1: SOurce. LlaU ... .. 

STX AbPnl: 
,* 

, ~ '64 • BTrB C01IIIT 
ST. " ACnv2 

• 
ACCnl JO I1ILGBT GET RBlT BYTE 

LDX ACP'l'Vl 
aTM 91.! STOU BYTE 
IRX AIID ADVANCB POINTEr " 

:* 
S~ ACP'l'Vl 

DEC ACJ'TV2 DBC COtnn'-
BD ACCPTl 

* * ACDOWLIDGB COHHAND ~ 
LDAA #1" COMMARD CODI v 

j , 

JSll. IBLPDT 
JSlt FLUSH 

*. , 
* V(SMPcro) 

LDAA 
LDAB 
SWI 

* ... 

'* 
~* VARUBLBS 
ACP'.fVl mm 
ACPTV2 1DfB 
* "'* 

i 
l '~ 

. , 

*** •• ************** •••• ******** ••••••• * BULL - CODB FOR Rm..L C<IOIAND 
*. , . 
HULL., BQU * 

,* 
• P(S!lPCZO) 
\~ CÙlA r 

L1lAB ISMPCKO 
SWI 

* * ACDOWLlmGI BULL CœKAlU) 
JO IBLPUT----
JSIl PL1JS1I 

* .• V(SHPaO) 

* 
* 
* 

L11U '1 
tnAB #SKPCZO 
SIfI 

lt'l'S 

.. 

ç 

.. 

j 

\, 

,us 

. , 

) 

;i 

, 
. "-

", 
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~~oJ) <-

. ' .. 

1 
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1 
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, , AppncU.x .: sO~c. u.tt ..... 

* ... 
, ******** .. ***~********* .. ******** * CMCBL-, smsJiouTID or COMtWID 

* ItrrBIPI.B1'TD TO DISTIOY AlI D-
* "PIOGIlBSS TRIAL 
* CANCEL BQU * ,* 
• KILL sTDftftl.TlON PllqCESS 

SB~ 
LDA8 

* 

, LDAA 
STAA 
QlPB' 
BIQ 
LDAA 
~ 

STIMID 
1$" 
STIMID 
I$Pl 
-~S 
IS 

* KILL TRIAL PRQCBSS 

STAA 
CHPB 

TRIALl 
I$FP 
*+S 

• SYS(KlLL) 

BRQ 
LDAA 
SW1 

IS SYS(KILL) 

* v* DlSAIH LIVE. 
SEI 
CLl LVIUN 

* & TUlUf ,orF LEVER LIGBT' 

* 

LDAA PIA0+2 
AlIDA #$BF 
STAA, PIAG+2 
CLI . 

Ir AClCNOWLEDGB OOMMAHD' 
* P(SHPCID) 

CI.RA 
. LDU ISMPClCO 

SVI 
* SDD CHRJ) CODE 

:i.D.u, 15 
.JSI. I1IL1'DT 
JSI. l"LU$B 

* 'V( SKPCkO) ,i 

LDAA Il 
LDAB IS!lP<:EO 
SWI 

* 

, . 

, 1 - 9% -l 1..._. " ___ ~ ________ -_& ______ ""!,,,,, ___ ' ____ ' 
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Appeadix B: Souree Li.tiqa 

************************.********* 
* BEGIN- SUlÎOIJTDB or ~ce.wm 
• IlttDPItB'rrn TC) BEGIN AH UPEItUll!l;m;~~ 
* 'rRUL 
'* 

·f _B~ ,EQU * 
,tt * * DO. NOTRING' IF .ALlJW)Y RUNNING 

'" 

* 

LDAA STIMID' 
eMPA I$YI . 

. BBO 
RTS 

*+3 

. , 

* i'ittTUL1Z1 SEMAPHORES 
LDX 'SN~2+S~S 
'CLR O,X. SHSOO:-o 
LDX ISMSLCK*2+SBS· 
cLa o,X SMSLcKi-o 

* * STAlT 5,TIMULATION PltOCESS . 
LDX XSTIH JNTRY POINT 
S'lX STIHSP+6 
LDX ISTlMSP STAcK 
LDAB XSTIN+2,PRIORITY 

. LDAA 12 SYS(START) 
SWI 

* SAVE' m" 
r • STü. STIMID 

* 1 

* STUT TRIAL P~:::' 
LDX ,~y POINT, 
su: TB.IALS+6 
LDX ITRIALS STACK 
LDAB XTI.IAIJ+2 PRIOnT! 
LDAA #2 SYS(START) 
SWI 

* SAW IDI '-
STü. TltÛLI 

* 
RTS 

* 

/. 

* IDI'S PO. S'rIHUIATION & TRIAL ·noc. 
STlMID lCB ~ ~ 

D.IALX FCI ,$rr 
* 
*********************************** 
* TItIAL 
• SUB-PB.OCBSS or C<HWm nOCBSS TO '>: BJ,JN BXPBllDIIlrrAL TRIAL 

\~ JQU * 
OItQ rru.u. 

.\ ftUL 

. . 

1 

. , 

1 . 
\, 

.. ~ 
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, , .. ,! ~lx B: Soùrce L1~~1'DI. " C 

0, 

1 

! 
1 

1 
1 

J 

1 

i 
1 
1 0 
1 

'. 

·'l'I.IAL 

* ~,PLASB C4'JB. LIGRT rOll 1/2 RC,_, 
'v----ftI 

'/' .' t.nAA PIAOllA . 
,. . o. '. • -O~'.30 

__ ~~ AlmA ,'.TI 
, l\TAA PIAOllA 

. S'lAA ,PIAO+l CA2 DOWB 

* 

* 

* 

,', CL! 

, 1 

L])X 
'CLR.B 

ISO 

13. 1 
, SYS(SLEEP) 

'~~~llA \ ,/. 

·1$38 . ~ • 
PIAOllA • 
PIAo..-(- C"A2 OP 

" 

).' , 

') , . 

') ,r;, • 

~.;' .' 

*! HAlŒ P ING BLOCIC THE CURlŒNT, ORE 
X IINPIH' \: 

S CUItSPB . 

: AM) nt GGER PR~ 
LDAB ISM V(SKSGO) 
LDAA Il ~ 

~ ,. SWI 1.. "~ • 

*" • * um.OCK STIMULATION LQCK 
LDAB #SHSLClC V( SHSLCK) 
LDAA Il' 

• SWI 
* 1 1 

.* WAtT PO& COMPLETION.OF PRIKING 
CLRA 
SWI P(~LCl:) 

* * ZEBO LKVBll COURTS. 

'* 

LUX 10. 
sn LVRlClf 
sn S1.'IIC8I 

* ctJJUQmT SPB:';' uwAim . 
LDX IIRS'l'M 
sn COUPB 

• 
,~ LB'(BIl LXGBT OR (-)LBVBIl AIHBD) 

"1 tDü PIAOt-2 RBG B , 

, ,1 
, 

1 ' 
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'-h_ ! 0' J, , ~, 

..:. i\ltl'P' 1 • 
.' " ,JI~ 'Appemlix .: ~urée tbtlng8 . - ~" :1 

p. 
'r' " , , 

-G"-~ '"', . 
" "\ " ,1',\ 

,~ .. - ~ 
.' 

. 
l' 

J 

'-"0 0:l - 1$40 
. ST ' , PIAO+-2 1 

CLI 
• J 

i. , . 
1 

•. URLOCI SrIHULATION. LOcI! j LJ)ü " Il V(SMSLCK) 1 

~AB ISHSLcK 
l, ~ 

SWI , l' 
(, •.. ' '" 

i 
\ 

• SUEP rOl mut. DUllATIOB , ' 

.LDX IIlft'KM 
LDAB DlJlAD'J: .. X 

'1 
, 

~n!L 
• ))UIlADT+ 1. X / ./ r 13 SLBEP 'CODE 1 

! " , 
'V 1 SWI 

1 ,Ir 
,/\ 

: ' 

1,..\ 
,. WAtT rOl'COHPLETION OP STIMULATION 

~ ISMSLCK J" CLI4 P(SKsLCK) ..,' , -

) 
. SWI 

• -.J ' . 1 
" ,* LlvERl LlçIrr orr " 

1 
sn {II 

( 
IJ)AA 'PIA0+2 
ANDA I$B" 
S'lM PIA0+2 
CLI ,. ,. SET LEVEl MASK TO ' IGNORE' LEVER.' 

, CLR L"VItlM~' . , , . 
: FINISBBD ~~- ACKN' "E COMMARD 

l, 

,. TO KASTER ' . 
~ i • : 

,. P(SMPCKO) ( CLU 

i LDAB ISMPCKO .., 
• 

1 SWI . , • 1 ." 
1 

1 '. SUD· C<IOWQ) 1 
1 . LDü 14 ,1 

1 ~ JSJl IIILPUT, ,. . 
1 1 , 

1 
i JSR. PLUSB 

ti. • 
~ 

, .-
,. V(SHPCI,O) 

LJ)AA Il ·1 1 1 , 
1 LDAB I~ 

1 

! t 1 . SWI 

1 
,. 
* xn;L STIMI1LA.'rIOH PJlOCBSS , 

1 * 0 . * RIAD ml 
,. 

1 
STIH PI.OCBSS 
nI "-

J , ! 
il 1 

f~ !~ 
, . 

'" 
, 

". ,If )- -

/ 1 
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J 
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\ 

.1. 

" , 

) , 

/- ,t..-

J. . . 

~I 
" 

". 

, . , ... ::. 

" . 

' .. . ' 

'LDAI 
LDAA 
S'W 

1, c::IfP.,' 
, l' 

l' 

, BBQ *+$ "' 
'. , ULL Il . ~,; 

,LDAA. 'IS, "\ 
SWI, ,l, 

: tILL SBU-' TIt~ ~OCIS~\ NOT lftSpiCD 

\, / 
SIl 
LDAB 
LDAA 
STAA 
LDAA 

TRIALI 
1$" 
TUALI 
#5 

.. 

1 

SWI . " 
~*****~******~**.******** •••• * ••• ** •• * 
• STIHO'LA'l'IOll PROCBSS ',' , 

• . ' 
STlH BQU 

ORC 
.' ml 

ORC 

* XSTIM 
STIK' 

, sm, 
* , 
*'WAIT POR GO SIGNAL 

'LDAB 1 SHSGO 
CLIlA 
,m . SYS(P) 

.. WUT FOR STIMULATION' tact 1 

, LDAJ ISMSLCK " 
SWI 'SYS(p) .. ;' 

.--. . \, ," * 'tUIUf OP~ J:.IVBRI LIGB'l' 

~\ 

SEI 
LDAA 
AlIDA 
S'UA 

. CLI 

PIA0+2 
"$D 
P~2 

RlG B 

* 
\,"" . . 

* ~PUSR # TRAINS 'ON'1'O STA(% 

.. 

'LDJ:, CUlSPB 
LDU . "l'IIIInH-l ,X, 
PSBA , 
LDAA' ~,x 
PSBA 

" 
f .. Slt OP COIUCr PAlAMBTBRS 
-'"'--..-".-nu J'ft STNPRJf * ,. . " 

.. PUSlI , 'PULSI PAnS Olft'O STACl 

4 '*1 

'.~ 

• 

.'" 

1 

\ . 
" 1 

'1 
! 

1 
J, 
1 

, 

~ 
\ 

\ 
\ ., , 

t $ ) '.1 
," 

'. 

;1 

1 
f. 
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.. 
; , 

". • .. 

LDX· CDRSPI 
: LDÀÀ - PRNOHf: l,X 

PSRA .. 
t..DU. PJUmH,X 
PSRA , 

.' 

.'" PULSE PAIll LOOP 
, ft TOTAL TIMB UOUND PULSE PAla LOOP 

u" •• -,91 + S6.PRCœT (CYCLES) , 
"ft 

• 'pm Ar PULSE l'An 
SIl 

STlÇ LDM PIAOlB 
AImA ' #$C7 
ORAA #$3$ 
STü PIA0+3 
ANnA. #$"7 
STM PIA0+3 
STAA PIAon • . ' '" 

• AllY MORE PULSE PAIlS? 
TSX 

' .. LDAA 
LDAB 
SUlSB 
SICA 

O,X 
l,X 
Il 
10 

" STAA, O,X 
STAIL 1',X 

IRIBG CB2 OP 

AND TBBH DOWH 

.. f • , . 

ORAl O,X . 

~ 

. BRQ Sl'IM6 IRA IP '190 KOU , . ' 

. ,: DELAY LOOP POil I~~-p~i ~~y 

( 
STIK3 

'" 

• 

'LDX, CUJUJ~B 
LDAA PllCCDT',X Dt Y CONST 
INCA 
STM CCRI 
LDX 
LDAA 
I.OU, 
Bec 

~' 
• l1IC. 

BD . n«: . 
BU 
BU 
lIA 
IIOP 
HA 

" 
, PllCCDT+l , X 
PIAO+l .UAJ) cu 

LEVER PUSS? 
STIM4 , B~ IF NOr 

. , 

PUO' ~PLAG 
LVRICR+l IlfCIEtIDT 
"+7 LBVII. comrr 
L9JllCR 
*+7 
"+2 .' 
*+2 

, 
,. DILl' D' ms ~ IS '1'0 ULUœ '~ 
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0 1 
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'la 
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* THAr' IR TRI OTIIIIt, 
, STDf4 LDAA 13 

DlCA 
*-1 ~ 

,B~ *+2 4 ',c:YCLB:8 
BIlA ! *+2- • 4 'CYCLBS 

* Î> 

S1DlS . J)IX i''''' 

BBQ *+7 
NoP 
BItA , *+2 

. BItA, S11M3 
DBC CCHI 
Btm STIM3 

* 
BllA STIM2 

• • * pop , PAIRS otl STAŒ 
STIH6 _ PUi.A 

P1JLA \ .* 

, , 

, , 

• SET LEvn·~·.POll COtnrrING ORLY 
LDAA . '$01 > 

STA4 LViIM , ' 
• 

4' • E}ÜBLE 'INTEItauhs" AGAIN "" , 
, "cL!. " . .. 

• MORE P.ULSE 'J&UNS 1'0 DELIVEI.? 
TSX 
~: O,X 

/ . . LD'AB ,,1,X 

* 

SUBB Il 
S'CA 10, 
STAA 

'S'l'AB 
p~ 

" JEQ 

.···o,X 
l,X 
O,X 
STIH7 

, .' SLIBP FOI. Dl1'BR-:-TWH DELAY. 

~ " * 

. LDX COR.SPB 
t.D1 -- - TlDtîl.;X 
CLU 
LDü 13 
SWI 

\. -1 
" /1 

*"AHI) LOOP POR. lŒXT TRAIN 
.JMP STIlIl 

* . , * SLIIP POl. FIXIJ) DlTlltVAL DILl.Y 
~TDfJ LUX ~B 

LUX J'IlDT,X 

,..,J~'.../ 
,/ , .. 

\ 
\ 

) 

, . 

. ' 

:! 
-

"" 

-

'j. 

, . 

: 
·1 

1 
1 

" ft 
1 

1 

1 
t 
! 
1 

~ 

, -

, .. 
1 

, j CL1lB 

1 . ) 

- 98 -
j , . ~'/ 

....... ~ ..... - ~ ....... _.~-------,_._--
t .1 

___ ........ ___ .~_,_4i v_._._,'"_, ___ ........ ,b-........ ----- -- --~--_, - .. _ ............. I __ ..... W ... , _1~_ .. ""'" .. IiI ____ ----~ ~ 1 

" 



""" Il t, a ~ 

f 

• J 

" 

"-

1 1 

II 

4 .1 

~ AppencU.x. B: Sour~ U..t1~. 

" 

LDAA 13 , SYS(SLEBP) , 
SWI 

* " * SET LEVER KASlC 1'0 ALLOW TIlIGGEIlIRG AND COUNTllfQ 
. LDAA #3 

* 
STU, LVlllK • 

* SIGNAL STIKtJLATION· LOCKOUT S~HORE 
LDAB ISKSf..CK 
LDAA Il 
sn 

* '* END OF STIKtJLATION 

* * TURN ON LEVER! LIGHT 1 
SEI ./ 
LDAA PIA0+2 REG B 
ORAA" #$40 
STArA PIA0+2 

CL! 
* 
* POP 1 TRAINS OFF STACK 

PULA 
PULA 

* 

* & LOOP 
JMP STIK 

* CCHI RMB 1 

* *-------------* STMPRM - SUBROUTlNE OF STIM TO 
*SET OP PARAMETERS FO~ STIMULATION. 

* * CONFIGURE TIMBIlS 2A. lA FOR PûtSE 
* P~ dENERATION 
STMPRM LDU #$B2 

SEI 
STÜ. CRU 
STAA TDŒlA+l 
STAA CR3A 
STAA TIKEltA 
CLI 

* * SET PULSB PAn PIAMETERS IR'l'O 
* TDŒR. LATCHBS 

LOI CURSPB 
LDAA PR.WDDT.X PULSE WIDTH 
I.DA.B PR.WDDT+ l,X 
srAA TDŒRA:+4 
STAD . TlHBJlA+S 

* PULSE SBP.uATlOB 

.:..- LDlA PRCTDT+l,X 
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Append1x B: Source Listings 

LDAB PRCTDT+2,X 
S'FM . TDŒRA+6 

'\. STAD TDŒIA+7 
*'SET\TIKER,3 PIBSCALER 

'\" LDU PR.CTDTtX 
~. JI 
S~! 

/' 'OIlU. CR3A 
1 STn ,Clt3A 

STU TDŒR4 
CL! 

* , -
* 'SET PIA FOIt PEltIPHkRAL RÉG. ACCESS 

"" SEI. WU 

* * SBT 

ORAA 
STU 
STU ,-
CLI 

PIAOltA 
#$04 
PIAOltA 
PIAO+I 

NT MAGNITUDES 
LDX CURSPB SET 

·LDX ACRNT+l,X 
SEI 
STI 
STX 
CL! 

LDX 
LDX 
SEI 

DACllt 
DAC! 

CURSPB SET 
B~l.X 

STX DAC2 

, A ' éURREN'Î' 

'B' CURRENT 

sn: Me2R { 

CL! 

* 
* CO~ REGISTBR A.CONTENTS 

LDX CURSPB " 
-"" ASELCT.X 

ANDA 17 
AStA 
AStA 

* 
LDAB BSELCT,X 
ItOU 
ItOU 
ItORB 
ItORB / ANDB I$EO 
ABA 

* LDAB BCRNT,X l ASLB 
ANDB. #2 
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AppencJix B: SOuree Ll.t~ng. 

. 
AJA 

* 'LDAI ACJlNT, X 
AlDI Il 0 

ABA 
* 
* COPY VALUE DITO pT) REGISTRR. 
* ,,>,"STM PIAO! 

, 
* SET GROUND ELECTRODE & PULSE STEERING 
* BITS IN REG. B 

LDAA GSEtCT,X 
" LDAB STEER, X 

ABLB 
ABLB 
ASLB 
ABA 
AND! #$IF 

!' SEI 
. ORA! PlA0+2 t! 

, STAA PIA0+2 
CLI 

* RTS 
* ~' 

* ************************************** 
~" LEVER INTBRRUPT PROCESS 

* * 
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