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A B S T R A C T

A timesha red m icro como uter monitor for Inte l )~~

microprocessor systems deve loom ent has been described.

Run ning on the Sycor LIUO Clus tered Ter min a l Processina

System, the mo nitor orovides a vir t u a l  environ m ent comnosed

of a console device , eight floony d i s k  drives , and an

• m icroorocessor for up to four concurrent users . V i r t u a l

floppy disk files on a five rnegaovte movab le—head d is k

provide the system ’s pr imary a u x i l i a r y  storane mediu m .

Three different leve l s of access pr otection are a v a i l a h l ~

for these virtual flopoy disk images. A co m ma n c  l ancu .ac)p

orocessor has been included to support o n — l i n e  m o d i f i c a t i o n

of the virtual envi ronmen t . Sys tem rec~~v~~rv in the event of

a hardware or software failure is also~ supPorted by t he

monitor.
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I. I NT PO D UCT T O N

A. BACKGROUN D

In the summer of 1976 the Comouter Science fle oartm eot a’

the Naval Postgraduate School (NPS) acqui red a Syco r ~‘or1el

4/40 Clustered Terminal ~ rocessiog System for use in th e flPS
1

micr ocompu ter laborator y . The Sycor /4/40 u t i l i z e s  an Intel

8080 LSI chip as the CPU of a soeci al purpose r~icro conou ter

system designed p r i m a r i l y  for data entr y ap o lic a t i on s. I~

ad~~it i o n to the 8080 CPU , the /440 hardware co n f i g u r a t i o n

includes a five menahyte m ovable—head disk, 64K ~ f ra ndo m

access mem ory (RAM ), a cassette tape drive , ana four di q o l~~v

termina l s consistin g of a keyboard and cathode ray t ube

(CR1) disola y device. iwo p eri ph eral devices are a 1 so

provided: a serial pr inter and an 115—23? cor np ati P- l~’

a syncronous c o m m u n i c a t i o n  i n t e r f a c e .

As part o f the Model 4140 System, Sycor , Inc. suopl ied a

comorehensive package of System software. Most of t h i s

s o f t w a r e  was designed to supoort app lications in the data

entr y fi eld which compr ised the Sycor 440’s prim ar y

marketing target. In addition to th, basic data entry

packane Sycor also supp lied several orogram s wh i c h  exercis e

the 4/4O’s capa b i l i t i e s  more f u l l y .  These in c lud e d a

res ident COBOL com p iler ; a cross—co mpi ler for I~L~~P , ~

rel o c a t a b l e  v e r s i o n  of t he  s y s t e m  deve lo pmen t  lannuage PL /A

9
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and a link i n g  loader w h ich combines relocatable segments of

COBOL or PLMR object code into an executable object modul e .

Prior to the arrival of the Svcor £440, the f a c i l i t i e s

available in the t~PS m icrocom p uter laborator y consis ted

pr imar i ly  of two TNTELLEC P/MOD 80 microcom p uter syst’ms

desi gned for use i n  the developmen t of softw are for~~tn e

Intel  8080 ch ip  p r o c e s s o r s .  Bo th of these system s support

t h e  CP/M (Control Program for M icr ocomp uters ) oper at in a

syste m t21 . CP/M provides many software develo pm ent t~~o l~~

includin g a contex t editor, dynamic debugger, and assem bler

for the generation of 8080 object code 13—61 . l-lowpver , CP/’~

pr ovides onl y a single dis p lay ter m i n a l  in t erface , ana uces

floppy disks as its a u x i l i a r y  s t o r ag e  m,d ium .

~h i l e  the Svcor 14/40 made a s i a n i f i c a n t  and w e l c o r ’~~

addition to the hardware comp lem ent of the ‘IFS m icroc r ’m out en

laboratory , a great deal of effort was r’eauired to in tear a t e

t h e  new system into the current l aboratory co nfiguration and

to ensure th at m aximu m be nefit could be derived from t he  new

acqu isition. The followin g para,raohs summarize t h e  a pa ls

and o bj e c t i v e s  of t h i s  e f f o r t .

8. GOALS AND OBJECTIVES

The p r ima r y  goal of the Sycor £4140 integration eff or t was

to comp lete an in v estin at io n of the riesion and arch i tect u re

of the available hardware confi guratio n , and t~~~e

ca p abilities of the existing software w i t h  an •ye towards

t he most feasible use  of the Sycor 14/40 system in supp ort of

10
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the tutorial and research a c t i v i t i e s  of the NPS

microcom p uter laboratory. It was fel t th a t the Sycor 14/40

hardware had the c a p a b i l i t y  to support numerous appl ications

more generalized than the dat-a entry function it was

designed and programmed to accom pl ish. In p a r t i c u l a r ,  the

clus ter of four terminals suooested the aevelop eent of a

timeshared environment to supoort un to . four simultaneous

users on a single Sycor ~41l0 . Such a tim e sh a red system ~ou l r ~

pr ovide an effe ct ive increase from two to six RO PO CP U’ s

a v a i l a b l e  for use in the m icrocom p uter laborator y . T k i s

increase would co a b o a  way towards ‘reetino th e increased

demand for mic rocomp uter research and deve lorm en t

f a c i l i t i t e s at MPS .

A secondary goal of the £440 in tegrati o n effort was to

ensure that a w e l l — d e f i n e d ,  c o m p a t i b l e  inter f ace was

established between the current laborator y c o n f i g u r a t i o n  and

the newly acquired Sycor system . The ob je ctive here was

twofold: fir s t , to achieve hardware c o m o a t i h i l i t y  he~ wp en

th e Sycor 4/40 and other computer Systems a v a i l a b l e  in t h e

lab, arid second ly to achieve software c o m p a t i b i l i t y  between

the Sycor £440 and other SyStem s which  u t i l i z e  the B0~~0 CPI.I

c hip.

A chievi ng hardware c o m p a t i b i l i t y  deoended on ta i l o r i n r i

the L4/4O’ s asyri c ronous communicatio n interface to ~he

req uirem ents of e xi stin g systems , p a r t i c u l a r l y  the P ()P—II /5 (~

whi ch served as the central interface p o int for i n t e r —

processor commu ni c a tion . It was ant i c i cated th at t h i s

h rdware interface could be easi l y established w i t h o u t

11
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modification of the Sycor system.

Achieving software c o m p a t i b i l i t y  was vi ew ed as a muc h

more d i f f i c u l t  objective. This would invol v e  ~eve lo cin q an

environment whic h cnul d support softwar e that h-ad alreaa y

been wri t t e n  for other systems u t i l i z i n g  the 8080 C P U  chi p .

For progra ms developed at NPS th j~ me ant that the Svcor 1440

environme nt must suoport a suitabl y m o d i f i e ~ vers ion pf

CP/M .

C. PROBLE M DEFIN ITION

The th esis oroject w hi ch eve n tual l y evolv e q from tr~e

Svcor /4140 integration e ffort was develo pm en t of tn~

Mi croco mp uter Times h ared System (MIS), a software m o n i t o r

for the Sycor £440 designed to support microcom p uter syste”

develo pm ent. The p p s s i h i l i t y  Of orcv i~~ina a v i r t u a l  maC n j fl~

environment was inv ,stiaated , includi ng the incor p o ration ~~

virt u a l  device int erfaces where p ract i cal. The Svc or /4/40

f i l e  system was to be u t i l i z e d  where poss ible in order t o

reduce develo pm ent time , avoid d u p l i c a t i o n  of svst e—

f a c i l i t i e s ,  and a ll o w  the Sycor ooerati ng system to be usea.

The man—machine interface at the te rmin als was to be simp l e ,

f l e x ib le,  conven ien t  arid incor p orate the best featur es o f

exist ing interactive systems at NPS. Thi s system was to

prov ide a sui table in t e rface for user proarams a nd /o r

ooeratin q systems to enable u t i l i z a t i o n  of toe Svcor ~14 (~

storage and p eri ph eral devices by these program s .

It w a s  r e a l i z e d  from the oroject ’s in cep t i o n  that a

12 
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microc omputer timesharin g system is i d e a l l y  imp lemented

through multiprocessin g rather than mu l ti o ro gr amrni na. The

use of L S T  technology has made the CP (I cost onl y m in o r

fa c t o r  in the t o t a l  c o s t  of  a microco mp uter sy s t e m .  A m ajor

ob jective in the develo pm ent of M iS was finding an

eff icient , prac tical m ethod of shari ng hardwar e resources

other than the CPu . The unit costs of mem ory, fixed disks,

pri nters, ter mi n a l s, and other ocri oh era l s are m ajor factors

in total system cost — the sharin a of these resnurc es was

the pr imary consideration.

To achieve the pr oject ob jectives, a survey o~

timesharin g concepts and im pl e m e n t a t i o n s  was con d ucted.

Particular attention was devoted to t~’e current design and

im p leme n tatio n t e c hr ’ i g tj~~s of v i r t u a l  ~‘achi ne t i m e s h a r i n a

systems to letermin e those featur es whic h  cr ’u l l be in c 1 uded

in MIS. Th i s research included study of t i m e s h a r i n g  svs~~em

te chn iques a s s o c i a t e d  w i t h  p rocesso r  managemen t ,  memor y

management , and device mana gement. Those factors w h i C h

i n f l u e n c e d  the design of MTS a re  d i s c u s s e d  in t h e  next

c ha pt e r .

13
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II. TIMESHARING CONCE PTS

The conceot  of t i m e s h a r i n g  co mp ute r  s y s t e m  r e s o u r c e s  w a s

f i r s t  d e m o n s t r a t e d  in t he early 1960’s. Since th at time ,

growth in the app lication of timesharin g concePts to rranv

c l a s s e s  of s y s t e m  o pe r a t i on a l  re Q u i r e m e n t s  and d e s ia n s  has

occurre d ra oid lv . The timesharin a f i e l d  h as m atured now to

t he ooint that one c-an recognize man y comm on design r,oals

arid implementation concepts bein g used in a wide var i et y ~ f

system s. General characteristics ol ti m e s h a r i n g  system s,

methods of im p leme n tation , and resource man agement

techni gues were r e s e a r c h e d  in order to i a e n t i f y  concents

w h iC h could be app lied to a mi croco mp uter t imes h are r l system .

A. CHARACTERISTICS OF TIMESHA RING SYSTEMS
/

One of the original motivations for d~~y ,b opm e nt of e arl y

t i m e shar ing  sy s t e m s  was  to  o b t a i n  more e f f i c i e n t  use of  a

com puter  s y s t e m ’ s exoe r i s i v e  o pe r a t i nc  t i m e  and r e s o u r c e s

than was beina rea lized through batch environments.

Interactive or c o n v e r s a t i o n a l  t i m e s h a r i ng  im poses the

additional burden of keepina the “user ” busy, as w el l  as the

hardware. System response time must be d i r e c t l y

propo rtional to the user ’s exp ectations. Those tasK s wh~~Cb

t h, user perceives s sim p le must result in ran d response

from t he system. For ~xam ole , character echoing or in p ut

14 
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line edi tina miah t he expected to require no ap n re ci ah le

delay . On the other hand, the user w o u l d  e x pe c t  a la rge

program assembl y or comoi l ation to take m ore t i m e  and

t herefore some dela y would he acceptable.

Anoth er imp ortan t consideration is th at pf System

p rotection. The independence pf concu-rrently executi ng

processes must he maintained. Protection of th, system from

use r processes, as well as user processes from each other ,

must be considered. Protection of system resources Such as

the f i l e  System and I/O devices must be m aintained. System

orotectio n may be imp lem ented at many levels , both in

hard ware ~r~d s o f t w a r e .  W i t h i n  the software syste m ,

pr otection in formation for sp ecific resources is n o r m a l l y

maintained in various tables associated w i t h  these resource s

Il~~l . Hardware m echanisms can he provided to suoport svste,~

pro tection. For examp le, the use of hound reai sters to tra p

inval id memor y references could be implemented (10]. The

oPerating system can be insulated from the user processes by

providing separate system states (e.g. system and user ) or

other lockou t mecha nisms to identif y when the system is

executi ng in the system rather than the user state.

Related to syste m pr ote ction are the im oort ant concepts

of system r e l i a b i l i t y  and recoverabilit y . The user exnects

the system to operate rel i a b l y  and i f a f ailure should

occur , to recover as smoothly and ra pidly as p ossib le . T” at

is, recove ry should preserve the user data and p ro gram s

which were not related to the failure. T h e go a l  i n

designing recovery orocedures is to m i n i m i z e  the imp act of

IS
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t he  re c ov e r y  mechan i s m on the s y s t e m  when i t  i s  o pe r a t i ng

n o r m a l l y,  ye t  ensur e smooth  and raoid recovery shoul d a

f a i l u r e  occur .

B. V I R T U A L  MA C :INES

In recent years. the m u l t i o l e x i n g  of computer system

r esou rces  has been accompl ished in some im p l em e n t a t i o n s  by

u t i l i z i n g  the V i r t u a l  M achine Monitor (VMM ) concerit. A V~~”

is a spec ial form of oPerat ing system that m u l t i p l e x e s  onl y

the ph ysica l resources among the users — no other fu n c tio n ~~l

enhancements are orcvi geo (101 . The concept is to ornduce

th e e f f e c t  of  m u l t i o l e  hare m a c h i n e s  w h i c h  a r e  i d e n t i c a l  tn

t he bare ma c h i n e  on w h i C h  th~ VMM runs. Thus, eac h user ra -~.

s e l e c t  t h~ o ce r a t i n a  s y s t e m  of  h is  c h o i c e  to  run on k j 5

“on v - a t e ” Computer .

1. V i r t u a l  D e v i c e s

Under the V MM conceot ,  a l l  I/O is  s i m u l a t e d .  when a

user program a t t e m pt s to  e x e c u t e  an I/O i n s t r u c t i o n,  c o nt r o l

is t r a n f e r r e d  to t he VMM v i a  an i n t e r r upt .  T h e r e  a re

norma lly  three d i f f e r e n t  s i t u a t i o n s  w h i c h  may a r i s e :

( 1) If the I/O d e v i c e  p h ys i c a l l y  e x i s t s  and has been

ass igned to  th at user program , the ins tru ction ma y be

ex ecu ted  i m m e d i a t e l y  w i t h o u t  m o d i f i c a t i o n .

( 2) If a s i m i l a r  I/O d e v i c e  e x i s t s ,  t he  I /O commands a re

appr o p r i a t e l y  mo d i f i e d  -and “ hen e x e c u t e d .  ~or

e x a m p l e ,  many s m a l l  d i s k s  m a y  be simulated by usin g

seoarate areas of a singl . large disk.

16 
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(3) C e r t a i n  d e v i c e s,  such as o r i n t e r s  and c a r d  reade rs,

may be e x t e n s i v e ly  s i m u l a t e d  us ing  t echn ig ues  suc h as

sooolina (see Device Management ) (10).

2. Hardware  Req u i reme n ts

The implementation of a p ractical virtual m achine

moni tor requires that the host computer have certain

hardware characteri stics :

(I) The instruction set shoul d contain hgrn p r i v i l e g e d  and

non—privile g ed instructions.

(?) The host computer must have some way of d i s t i n g u i s h i n g

between the two tvces o~ i n s t r u c t i o n s .  T h a t  is ,  t he

VMM must be made aware of any at temPt by a user ’ s

program to execute a orivi l e a e a in s t r u c t i o n ,  or c k an g e

its mode pf op eration. Thi s is n o r m a l l y  satisfied t v

establishing two separat . states of op eration , sys tem

an d user.

(3) The VMM must be protected from the user programs, i.e.

the memory assigned to the VYM must be protected i ’~

both read and write mode.

(4) The user programs must be protected or isolated from

each other. This means that memory or inpu t /outp ut

dev i c e s  ass ianed  to  one user Progr am must be

ina c c e s s i b l e  f rom  any o t h e r  use r  p rog ram ,  u n l e s s

p rooer sa fegua rds  a re  pr o v i d e d .  I s o l a t i o n  ari d

oro tection of memor y areas can be accom p lis h ed by some

for m of memory protection or an address translation

scheme 111 ) .

17 
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A machine which satisfies these requirem ents can ensure tri e

degree of control by the VMM necessary to avoid excessive

over head in the translatio n or sim u l a t i o n  process.

C. PROCESSOR MAN A GFMEN T

The task of processor manaaement in the m u lt io r o gramm in o

environ m ent of a ti rr eshared system involves the schedu li n o

and manag ino of m u l t i~~le nrocesses in different stages o f

co m o let ion. A orocess may exi st in one of thr ee states:

(1) runnina , (2) ready to execute, or (3) bl oc ked p end in g

the com~~let ion of I/O or some other process.

A process is in the running state if it is .xecutino

i nstructions. The ready to execute (ready) state desc rib es

a process that is ready ~or execution hut n o t  curr ent lv

running due to the u n a v a i l a b i l i t y  of the CPU . A r ’lo c kel

process is one whic h cannot run until some signal arrives t-’

unblock it. These unb lo ckin a si gn als are referred “o as

“wake—up ” signals and change the status of a process f r o m

blocked to the ready state. Such sign als can come from m any

sources: system processes, user orocesses, hardware

i nterrupts , such as term in a l Communica tio ns eauipm ent , a

t imer , or comp letion of a disk I/fl op eration (16] .

Since there is no guarantee th at a process w i l l  block

i t s e l f ,  timesharing system s must orov ide a m echan ism for

regaining control of the CPU from th, curre n t l y running

process i n order to pr ovide a ll  users w i t h  adequate restmons,

times. The lenath of t im e wh i c h a orocess is allowed to run

18 

—- _ ~~~~~~~~ - -~~~-‘~~-~~~~~~~~~ —---- .*—-



~~~~~~~~~~~
-

~~~~~
-‘ -

~~
——‘

~~~~
-. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
- -

~~~~~
-- -

~~~~
- --

~~~ 

be fo r e it is  b l o c k e d  is c a l l e d  a quantum or a t i m e s l i r e .

The quantum size is one of the m gsP imp o rtant param eters of

a schedu liria algorit hm . Tt ma y be fix ea or variable,

depending on other parameters such as orocess size, process

pr i orit y, or length of tim e the process last ran . Settin g

quantum l engths is a function of the system characte ristics

and workload , and can be determined onl y b y exp eriment w i t h

the actual system or by s i m u l a t i o n  (161.

D. MEMORY MANAGEMENT

Memory management involves th e mem ory a l l o c a t i o n  and

swapp ing functions. Thi s includes keepin g t r a c K  of th~

v irtual memor y space of each orocess in the sy st em , wh.ther

it is in main memor y, a u x i l i a r y  storage, cr bot h . The

comolexit y of t hi s task ma y range from m a i n t a i n i n g

r elatively few tables in support o f a sin q le cpnticuo u 5

a l l o c a t i o n  scheme ,  to  the m a i n t a i n i ng  of  many memor y

a l l oc a t i o n  da ta  s t r u c t u r e s  to  suooort  a v i r t u al  me m or y

imp lementation using demand paging or segmented memor y

management schemes n o .1 61.

Swaooin q can be defined as movi n g processes between m a i n

memory and auxiliary storaae in order to m u l t i o l e x  m a i n

memory. Swapping time is the time it takes to compl ete a

swaoping task. The multi p ro g ramming of orocesses in a

t imeshared system results in the swaoninq ti m e  h avi n g a

major impact on the system ’s response time. There are two

imp o r t a n t  pa r a m e t e r s  gf  an a u x i l i a ry  s t o r age  d e v i c e  t h a t

19
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a f f e c t  swaoo ing  t i m e s :

( 1) The average length  of t i me  requ i red  to  a c c e s s  t h e

requir ed b l o c k  of  i n f o r m a t i o n . T h i s  i s  c a l l e d  the

av eraoe a c c e s s  t i m e .

(2) The t i m e  requi red to t r a ns f e r  the b l o c k  to  and f r o m

main memory .  T h i s  i-s inversely p rop ortional to tr~m

t r a n s f e r  r a t e  ( 16] .

E a r ly  t i m e s h a r i ng  s y s t e m s  such as t he  C o m p a t i b l e

T ime Shar ing  S y s t e m  ( C T S S )  used v e ry  s i m p le  a l l o c a t i o n  arid

swaop inq strategies 1101 . No attem p t was made to ov er lap

the execu t ion of one process wi t h  the Swapp in o of ano ther .

On ly  one c o m p le t e  p ro c e s s  res ided  in memor y at once ana a l l

pr ocesses  w e r e  loaded r e l a t i v e  to  a c o n s t a n t  f i x e d  l o c a t i o n .

T h a t  is, no dynamic  r e lo c a t i on  w a s  used because  no d y n a — i c

r e l o c a t i o n  ha rdware  was a v a i l a b l e  on t hese  e a r ly  s y s t e m s .

E. DEVICE MA tJAG E MENT

Device manaaement involves keeping track of the aevi c~

resources, alloca tin o the device resources to a process,

i n i t i a t i n g  the I/O operation arid reclaiming the resource (in

most cases the I/O terminates automaticall y) . Devices fall

in to  t w o  general  c a t e a o r i e s :

(1) Dedicated — those devices which are most e f f i c i e n t l y

assi gned to one user for a given t i m e  p eriod, even

though the user may riot be able to u t i l i z e  the oevic ~

continuousl y . In this category are tare d r i v ~~s,

prin ters , and card equiom ent.

20
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(2) Sharable — t hose  d e v ic e s  w h i c h ,  w h i l e  a l l o w i n g  a c c e s s

to onl y one croc.ss at a time, can rapidly comp l e te

t he ir s e r v i c e  fo r  i n d i v i d u al  o r r icesses  and be g u ic k l v

sw i t c h e d  to s e r v i c e  req ues ts  of o t h e r  p ro c e s s e s .  In

this category are such online a u x i l i a r y  storage units

as dru ms , disks, anr4 data cells (161 .

The ooe rat -ion o~ some dedicated devices may be simulated

to provide more f l e x i b i l i t y  and impr oved resoonsi venecS t o

user reques ts. For examp le , the op eration of p r i n t i n g  a f i l e

on the p r in ter could be trans formed into a “w rit e ” onto a

dis k (a v irtual print er) where at ~pme l a t e r  t i m e  a secr’nd

routine would copy t i e  inf o rma tio n onto the ac t ual prin ter.

T h i s  p rocess  is  c a l l e d  s poo l ing ,  and a l l o w s  ( 1)  ded i ca $
~e d

devi ces to  be shared,  hen ce ,  more f i p r i b i l it y  in sc hed~iHno

these devices ; (2) more f l e x i b i l i t y  in job seheauling. ar—i

(3) imp roved synchro n iza t ion of th~ soeed of the device and

the a rrival rate of requests for that device (101 .
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III. SYCOR 14(10 HA R DwA RE DESCRI PTION

The Sycor 4(10 Clustered Terminal Processina System at

NPS is composed of a control unit contai n ino a cassette tape

drive, four dis p lay terminals, a C entron ix serial pr inter .

and a Sycor Model 3140 Communi cations T erminal.

The control unit is the heart of the 4(40 system .

Contained w i t h i n  a waist—h i g h cabinet are random and control

logic including two 8080 chip s, 6(1K of ranaom access rn emo rv

(RAM), interfaces for a l l p eri ph e ral devices, a fiv e

megaby te  d i s k ,  as w e l l  as the cassette tane drive.

One of the two ROPO chi p s located in the i~~4 Ø Co ntro l

unit serves as t h e  s y s t e m  CPU. The 8080 i n s t r uc t i o n  se~

consists of 78 data trarrs fer, a r i t h m e t i c ,  l o g i c a l ,  br anch ,

s t a c k ,  I / O ,  and  mac h in e contro l instruc t ions (8). Inc Sycor

(4(10 provides a compr ehensive set of p rioritized interru p ts

including a timer, p eri p her al device , and a u x i l i a r y  storage

device interrupts. Control information and data are passed

between the 8080 CPU and p eriphera l devi ces through the I/fl

ports (referred to as latches in Sycor literature ) p rovided

on the 8080 chip .

The second 8080 chi p found in the control unit act- s as a

controller for the m i n i— d i s k .  The m i n i — d i s k  is a sin ol~

pl atter, movable head disk blocked into ~ 1 ? byte sectors.

There are 800 tracks on the disk w i t h  13 sectors per track.

Data transfer between RA M ari d the m i n i — d i s k  is v ia direct

22



memor y access (DMA) . The m i n i — d i s k  controller communicates

with the host 8080 CPU thr ough a 13 byte disk control block

(DCB) located at a fixed lo cation in mem ory.

Peripherals supoorted by the Sycor 14(40 system includ e

synchronous and asynchronous communication devices, up to

eight dis play term inals, serial and line p rinters, and card

read e rs .  The NPS c o nf i g u r at i o n  has fou r  d i s p l ay  t e r m i n a l s

consistino of a t y p e w r i t e r — l i k e  keyboard and CR 1 dis pl a y

device. Each terminal di sp lays a DMA image of a 57b byt e

terminal buf fer located in RA~
4. Keyboara inpu t is

accom pli sh ed by softwar e translation o 4 a keyboard m a t r i x

code into the corresp ondin g ~SCIT c haracter code. Fcr

hardcopy output the NPS ‘4(10 in cludes a Cer it ronix serial

matrix p rinter.

Several different a u x i l i a r y  storaae devices m av to

attac hed to the Sycor (4(10 in addition to the m i n i — ’~is K .

These  i nc lude  m a g n e t i c  t aoe  d r i v e s,  c a s s e t t e  taoe  d r i v e s ,

and floppy disk drives. The NPS confi g uration in c lu de c ~

cassette tape drive located in the control unit. This d r i v e

provi des com p atibility between the Sycor (1(11) system and the

Model 3(10 debugger.

The Model 3(40 Communications Terminal is a como lete

sy s t e m  in its own right wh i ch is marketed by Sycor for

remote job entry (RJE) ap o li ca t i ons (131 . When u t i l i z e d  as

a hardware debugger, the 3(10 is augmented w i t h  IlK of ~4M and

a backplane cou ol ino to a soecial in t e rfa ce board in the ~I 4 O

control un it. The 3(10 debugger is pr ov ided w i t h  a sof t -w a r e

package which includes p rovisions for loadin o aria dum p in o

23



hex format program files between cassette tape and (1(10 PAt ~’,

ex a m i na t i o n  and m o d i f i c a t i o n  of  i n d i v i d u a l  l o c a t i o n s  i n  14~~fl

memory, insertin g break p oints and traps in prorirams

ex e c u t i n g  on the  4(10, and s i n g l e — s t e p p i ng  t h ro ugh  a r ro q ra m

executing one instructio n at a time (15) .

There are several hardware characteristics of the Sycor

‘4(10 system which stron gl y influenced the im p l e m e n t a t i o n  of

MiS. The most imo ort ant of these are:

( 1)  6080 CPU arc hi t ec t ure

(2) terminal design

( 3 )  m i n i — d i s k  interface

(LI ) sinol ~~—s tate CPU

(5) lack of memor y p rotection

The imp act w hich each char acteris tic had on tk e d e s i o n  ar~ii

imp lem entat i o n of ~‘TS is covered in cha oters IV and V. ~ or

a m o r e  d e t a i l e d  d i sc u s s i o n  of  Sy c o r  4(10 hardware

cha racteristics see Ref. 1.

1
-I

.
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IV. MT .5 DESIC .N

MIS was developed in order to integrate the Sycor £14 0

into th e tu t o r i a l  and research a c t i v i t i e s  at NPS . The

ori g inal oroblem d e f i n i t i o n  given in section T.C provided

qeriera.~ gu id elines for a cco mpl i shin g t h i s  ob je ct ive.

Re stated b r i e f l y ,  they were:

(1) MIS was to suoport a s u i t a b l y  m o d i f i e d  versi on of C~~
/’
~

in order to prov ide c o m p a t i b i l i t y  w i t h  e x i s ti nri

software deve lopment f a c i l i t i e s .

(2) MIS was to u t i l i z e  features of th e Sycor op e r a t in -~

system , n otabl y the Sycor f i l e  system , wh e reve r

oossih le in order tg reduce deve lonme n t time , avoid

d u p l i c a t i o n  of f a c i l i t i e s ,  and a l l o w  t~~e ~yc or

o p e r a ti n g  s y s t e m  to be used.

(3) MIS was to provide a man—machine in ter f ace at th e

terminals whic h was simp le, f l e x i b l e ,  convenie n t , ani

incorp orated the best features of e x i s t i n o  int e ractiv e

s y s t em s  at NPS.

The f u n c t i o n s  p e rfo r m e d  by an ooerating system m a y  be

divided into the four major cateaori’s c f  processor

management, memor y m anagement , f i l e  man agem ent , and device

management (101 . The genera l g uidelines m en t ione d above

e ff ectivel y e l i m i n a t e d  f i l e  mana gement frgm co nsidera tio n i~~

th e design of MTS. A t the same time , the selec tio n ci CP/M

as the op eratin g system hosted by MTS p rovided a f a m i l i a r ,

25
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• w ell defined model to use in determinin g the op erational

requirements of the system.

The f o l l o w i n g  p aragraphs de scribe the f in a l  aesi~v’

adopted for the M ic rocomouter Tim esh ared System from four

different p oints of view corresp ondin g to the four rra or

interfaces which can be i d e n t i f i e d  between MIS an~ its

op eratin g environment. The internal view covers th ’~

functional comp onents of the syste r~’ and t r ~~~ i r

interdecendenci es. The ex ternal view ‘i°als w i t h  tr ~~

r e l a t i o n s h i p  between ~TS an d the Sycor (140 ooer at in g S y s t e m .

The MIS environment as seen by a user p rogram is descr ib ed

in the user orogra~ vie w . The las t of t~~e four , t e r m i r~~l

user view, des cribes th e interface h et.~eer. a t e r m i n a l  user

an d MIS, ari d the comm and processor w h i C h  or iiqe s t~’is

i n t er face.

A . INTER NAL VIEw

•1. V MM Conceot

MIS was orio in a l l v  env isioned -as a softwar e

interface between the bare Sycor 4140 mac h ine ana uo to four

user tasks executin g concurrently. In order to m a i n t a i n

c o m p a t i b i l i t y  between the Sycor ~4140/MIS System and e x i c t i n - ,

NPS m icrocom p uter develo pm ent f a c i l j t i ~~s, eac h user taS k

would be orovided w i t h  an op erati n g environmen t i d e n t i c a l  to

that found on the PITELLEC s/MOlD ~0 syst em .

It was recognized tha t the V i r t u a l ~aC b ine ~‘or- ,to r

co nceot Provided th e sim p lest and most ele gant ~.a~’s 0~~

?o 

-~~~~~~~ -~~~~~~~~~ - --~~~~~~~~~~ - -~~~~-- —- -—— —~~-~~~~~~~~~ - - ••



-~

imp le mentin g such a software interface. A p roperly desi gned

VMM could u t i l i z e  the m i n i — d i s k  included in the Sycor 1440

hardware configuration to s imul a t e  th e oper ation o f  m u l t i r l e

floppy disk drives and p rovide each user w i t h  a dedicated

v i r t u a l  p r i n t e r  th rough  sooo l i ng .  S i n c e  t h e  I~4 T E L L E C  8 ari d

Sycor 440 micro p rocessors are both based on the Intel d080

CPU chip, the machine language instruction Sets of the twO

are identical and interpre t ive execution would rot to

necessary. The v i r t u a l  op eratin g environ ment viewed by a

user task would he the same as that found on the PIELLEC

8/MOD 80. A d d i t i o n a l l y ,  the monitor i t s e l f  wo u lo t,

i n v i s i b l e  to the user.

d h i l e  the VMM conceot pr ovided the idea l So lu t i r ~r~ i~

th eor y, there were severa l hardware l i m i t a t i o n s  w h i c ~

precluded its imol em e ntion. The d iscussio n of t~~e 
\ (~ - - V

concePt in chap ter II l i s t s  four hardware ch a r a c t e r i s t i c s  of

the host computer necessary to imp lement a or ac ti c a l  v i r t u a l

machine monitor. These four characteristics are essent i al

in p rovidin g the r e l i a b i l i t y ,  in te o rit y, and pr otectio n

required in a timesharin g system . Unfortunate l y, the Int e l

8080 chip processors satisf y none of these requirements.

The 8080 is a single state CPU. No di s t i n c t i o n  exists

be tween system and user modes of op eration ; conseq ue ntly,

there is no need to orovide both pri vi l e g ed and nor—

pr ivile g ed instructions in the machine ’s in s tructio r set.

This makes it im p oss ibl e on the RO PO to trap I/~

i nstructio ns executed by a user task, and m eans th at a l l  I/fl

dev ices are accessib le to whichever Pask cu r r e ntly co ntr o ls
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the CPU.

A mo re serious problem is the lack of memor y

pr otection. The ~0R0 provi des neither hound registers nor

address tra nslation hardwar e to detect merrorv references

outside the user task’ s address soace. Thi s shortco m ing not

only made the VMM conceot im practical, but had a noticea b le

impact on the design f i n a l l y  adopted.

Perhaps the stronoest argument for us ino the V~~

concePt in imole mentin g a tim es h aring system is toe

transparenc y of th e VVM ’ s op erat io n to user tasks. Sinc e

each use r task is e f f e c t i v e l y  running on an inoependent bare

machine, the VMY imposes no res t r i c t i o n s  on th e user be yo n 1

those i rnoosed by the machine ’s architecture. It was found

necessary in t h e  d e s i g n  of MIS to comp ens ate for t~~e

l i m i t a t i o n s  of the R080 CPU by i mr ,osinq c e r t a i n  r e s t r i c t i o n s

on the freedom ~ f user tasks.

2. MIS M onitor Conceot

MIS was designed to p rovide a t ime sh ared, v i r t u a l

8080 microprocessor environment for m iC rO C om p ut D r System s

developm e nt. The term “v i r t u a l ”  is app rop riate here because

the user actual ly interfaces with MIS for many services

normally pr ovided by the hardware in a dedicat ed CPt ’

environme nt. A softwar e interface between user program s and

t he Svcor ~44O h a r d w a r e  was n e c e s s a ry  in order to a l l o c a t e

t h e  h a r d w a r e  resources e q u i t a b l y  arid e f f i c i e n t l y ,  w h i l O at

the same time satisf ying the service require men ts o~ sever~~l

comp etin g user tasks.
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The desi gn of th e MIS i n t e r f a c e  dr ew h e a v i l y  on the

VMM concept. MIS was designed to m u l t i p l e x  onl y t h e

ph y s i c a l  resources of th e Sy cor 4140 system, i.e. me m o r y ,  the

CPU, a u x i l i a r y  storage on the m i n i — q i s k , terminal s , ari d

other p eripheral I/O devices. No attemp t was made to Provide

additional functio nal enhancements such as a f i l e  system or

s o f t w a r e  d e v e l o p m e n t  tools. As stated in the genera l

g u i d e l i n e s  for the P r O j e c t - , if was expected th at MIS w ould

supPort a suitably modified version of the CP/M op eratin g

sys tem, makin g such enhancem ents redurioant.

The NPS Sycor L1 140 hardware configuration di d nQt

include floppy disk as an a u x i l i a r y  storage med ium . cir ce

floppy disks are provided by the INTELLEC ~/MOD bO s y s t e m s ,

and are necessary to run CP/M , it was decided to im p l emen t

v i r t u a l  flooov disks and d isk drives. P rovisions were a ’so

maae to expand the SyStem to include v i r t u a l  p rinters, card

readers, oaoer—taoe readers, and other dedicated I/O devices

at a lat er date.

As a t i m e s h a r i n o  s y s tem, MIS is characterized by th e

following major features:

( 1)  the use of swapping to imp lement multi pr o g ramming

(2) the use of i n t e r r u p t  driven processor management b ase d

on a round—robin scheduling algorithm

(3) the use of vir f u al floppy di sk s as the p ri m a r y

a u x i l i a r y stora ce m e d i u m

(-‘4) th e  sh a r i n g  of a single dedicated 1/fl device t v

m u l t i o l e  users.

Each of these cha r acterist i cs is discussed in a et ai l in t h i s
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and the  f o l l o w i ng  c h a pt e r .

3. Memory M~~naqement

The Sycor 440 provides bLU( bytes of random access

memory. S l i g h t l y  over 3K bytes of this is re quired f or

terminal and cassette DMA buffers, a PUM hootstra o pronr am,

a min i — d i s k  control block, and interru p t processing . Inc

decision was made th at a m i n i m u m  of 481< co nticuous b ytes of

memory would he made ava i l a b l e  to user tas ks w i t h  th~

remaining 131< bytes reserved for the resident p ortions o~

i’ITS. This e stima te ~ f the amount of mem ory recui red by “iS

was based in oart on the size of the CP/M operatin g system

and was i n t e n t i o n a l l y  generous to orov iae s u f f i c i e n t  r~e~ro rv

for future growth and enhancem ent of ~‘TS fac i l i t i e s .

Once a decisi on had been made on the am ount o~

memory availab l e to user tasks it was necessary to se l e ct

the op timum met h od of ma naging th i s  ~em ory soac e. T hi s

decision al so was stro n gly in fluenced by hardware

considerations. Th~ Intel Q080 CPU p rovides onl y a s in g l e

d i rect addressing mode. Since the Sycor (140 pr ovides no

address transl a tio n hardware, the more advanced memory

management tech niques such as paging and dynam ic

p a r t i t i o n i n g  were infeasible. The onl y pr actical cho ices

seemed to be swapping or a static p a r t i t i o n i n g  schece.

The static p a r t i t i o n  approach was considered

careful l y since it  offered several advantages over swapni~~o.

Most im p ortant ly, a m emory managem ent tec hni que whic h does

not involve date transfers between m emor y and a u x i l i a r y
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storage would be muc h faster than swapp ing . Static

p artitionin g offered the added advantage of s i m p l i c i t y .

w it h all user programs resident in memory it would not ne

necessary to ma i n t a i n  tables showin g the disk addresses gf

blocked or ready tasks.

There was a single overriding factor w h i c h

u l t i m a t e l y  mandated the selection of swapp ing . ~

timeshari n g system m ust maint a i n  the i n t e g r i t y  of aM

concurrentl y execu t inq tasks. Since the Sycor ‘4140 pr ovides

no memory protection, t h i s  would be im p ossible i f t w n  or

more tasks were resident in memor y s im ultaneous ly. Not only

would i t be imp ossible to p revent one task from acce ssir i~

another , it would he imp ossible to detect the occurren ee ~~

a reference Out of bounds.

The use of swap Ping pr ovides physical as we l l  as

logical sep aration of a l l  user t a s k s  in t he  s y s t e m .

As sociated with each of the four te rminals is a m i n i — d i s k

f i l e  used to store a m emory image of tha t t e r m i n a l ’ s current

task when it is waiti n g for the CPU or blocked pendin g some

I/O operation. At any given instant a task may reside on

t he mini —disk in its swao fi l e  or in memory, hut at no time

can two or more tasks be resident in memor y simu lt ane c ’u slv.

Swapping also makes available to each task toe

entire 481< user area of memory as o r i g i n a l l y planned. Even

though few users w i l l  ever wr i t e  a sin g le pr ogram w h i C h

requ ires the entire 18K bytes , th e a d g i tio n al m em or y goes

enhance the oceration of CP/M development tools such as the

text edito r by all o win g laroer bu ffers and fewer (j
~~Sk
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accesses.

Wh i l e  the incorporation of swaopin a into MIS did

solve th e pr oblem of m a i n t a i n i n g  task inte g r i t y ,  it also had

the undes irable side effect of m akina the m i n i — d i s k  data

transfe r rate the l i m i t i n g  factor in system responsiveness.

Based on informa l t i m i n g  figures orovi ded by Sycor , it was

estimated that as lona as six seconds may he required

between t i m e s l i c e s  to handle the swapp ing of two (1bV by te

tasks. T h i s  pr oblem was reconnized earl y in the OPSi~V’

phase of develooment and solutions were souqht in severa l

areas. A o a r tial so lution to the  p ro b l e m  is  offered by an

impr oved m i n i— d i s k  c o n t ro l ler under develo pm en t at Syccr as

this was writte n . Prel i m i n a r y  tests have shown that t h i s

imp roved controller w i l l  imorov e the m i n i — d i s k  transfer rate

py a factor cf from three and one— h a lf to four over it s

pr esent v a l u e .

Seve ral features have been included in the “TS

design to m i n i m i z e  the dela y inherent in swapp ing . For

example, the system default size was l i m i t e d  to 161< b ytes in

an effort to reduce the size of the m emory image w h i c h  mus t

be transferred to the mini —disk. A user can soeci~~y a

larger memor y size if required , but , in the absence of an

ex p l i c i t  reouest for more mem ory, 16K bytes is assumed .

Consideration was al-s o given to m i n i m i z i n g  the frequency cf

mem or y image transfers. The sc hedu le r  w a s  des ia ned  t o  ~e~~er

swaPping u n t i l  it aeterm ined that a different memory imaq e

was required to conti rue processing. A~ an i l l u s t r a t i o n ,

consider the case of a sin gl e task ac t i v e  on the system . If
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swappin o is not deferred , this sin g le task w i l l  co n stantl y

thrash back and forth between memory and the m i n i — d i s k .  Hv

defer ring each swao until  it is absolutely necessary, tn e

overhead due to swaopina becomes -~ouqh ly orop orti on al to the

number of active task -s mi n us one, or zero for a sin g le task.

4. Processor Ma nagement

An assump tion basic to the entire MIS deve loome n ’

effort was that MIS would suPPort microcom p ute r sy~~tPrr s

developm e nt . This ass umption im p lies tha ’ at any One ti m e

some of the tas ks active on the system may reguir ,

r e l a t i v e l y  large amounts of CPU time w h i l e  oth ers may  t;e

blocked oendina ter m inal I/O. In order to ensure th at t r ~c

CPU resou rce is a ll o ca t e d f a i r l y  to al l  active tasks it was

occided to imp l ,ment an int &rru ot driven task scheoul c~~.

Eac h task is alloca ted the CPU for a fixed in t e r v a l  gf t i m e

called a t imes l ice. A t a s i c  r e t a i n s  control ~~ t h~ f~PU u n t i l

a hardware tim er generates an inte rrupt signa l i n a the

exp iration of the task’ s tim e s li ce . The ti m er int e rru p t

han dler then transfers control to the task sc h eduler to

select a new task for execution.

Notice t hat interrupt processin g is carri~~a out

i ndependentl y of task schedulin g . This could cause a

pr oblem if a timer interru pt should occur w h i l e  system code

is oeing executed. The task curre n tl y resi aina in m em ’~’rv

w oul a be swa~ oed out recardle ss of its status. T h i s  r’rot l em

was resolved by de sionino ~TS ‘o set a softwa re lock each

time it is entered. The timer interru pt h andler checks t h i s
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lock whenever a t i m e s l i c e  exp ires and suporesses swappin g

until the lockout condit ion has been clea red.

‘
~~. Virtual Floppy Pis ks

The MIS virtual floppy dis k drive provides au~~i l i a r v

storage for user pro gram-s on virt u a l  floopy disw:s. These

si mulated hard—sectored disks have 128 hy Pes oer sector , d~

sectors per track , and a m ax imum number of tr ac ks deter ’-ined

by the size of the m i n i — d i s k  f i l e  co n taini n g the di sk im age.

Each user has eight drives a v a i l a b l e  for dedic at ed us’.

A vi rtual floooy disk resides on a block of

log i c a l l y  contiguous m i n i — d i s k  sectors. ~he re a p h yçi ~~~l

floppy disk has a fixed cap acit y of 256~’. b ytes, an “iS

vir t u a l  disk may have any convenient size. ~TS assum es th at

th e disk image is made up of contiguous 1P8 b y t e flqpoy ~isk

sec tors st a rti ng w i t h  track 0 sector 1~ oroceeging th roua b

the 26 sectors of tra ck 0 to track 1 sector 1, and so on

un t i l  the v i r t u a l  disk f i l e  is f u l l .

In order to access a virt u a l  flop py disk a user

program must provide MIS w it h a compl ete Sector address and

t he base address of a 128 byte DMA buffer in the user ’s

memory space. This buffer derives its name from the nature

of the data transfer op eration: to the user program it

aopears that data is transferred between his program and ‘he

v irtual floüøv dis k by direct m emor y access.

A comolete sector address Consists of a v i r t u a l

drive number and the v i rtual dis k sector ano track numbers.

~‘dI th this information MIS can calcu l ate the offset of the
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addressed sector in the m i n i — d i s k  f i l e ,  v a l i d a t e  that the

addressed sector is w i t h i n  the f i l e ,  ano read the m i n i — d i s k

sector into memor y for tra nsfer of the - sp e c i f i e d  128 byte s

to the user ’s DMA buffer.

The mapoing function used to convert a comp lete

sector address into a m i n i — d i s k  sector number is based on

two facts:

(1) The vir t u a l  floppy di sk imaae is stored as a li n e a r

array w i t h  the sector number increasi ng m ost ra oi d l v

and the track number increasing least ra pi dl y .

(2) The m i n i — d i s k  f i l e  containin g th e v i r t u a l  disk im aqe

is a single contiguou s block of 512 b yte sectors.

Recoqni zin c th at the vi r t u a l  disk ima ge is stored as a

linear array, the offset of any v i r t u a l  disk sector i- -’ th o

f i l e  becomes

v s.offset (26 * t~’~ ck.nr ) + sector .nr.

A pp lyi ng the fact that each 512 byte m i n i — d i s k  sector may

contain uo to four virtua l flooo y disk sectors, the f i l e

offset and position of the sp ecified vi r t u a l  disk sector in

the m i n i — d i s k  buf fer can now he calculated.

file.of fset vs.offset DIV 4

buf.pos (vs.offset REM Li )  * 128

where DIV and REM represent integer divi s i o n  and rem ainder

resp ectivel y . Once the f i l e  of fset is known , it is a sim o l ’

matter to add thi s  value to the f i l e ’s base sector numb er to

comp le te the mat ,oinc. S i m i l a r l y ,  the buf fer p os i tion is

added to the m i n i — d i s k  buffer ’s base address to Hoc the

curren t memor y address of the sp eci fi ed v i r t u a l  dis k sectm r.
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B. PROTECTION AN D RECOVE RY

Thus far in the discussion of MIS design features tne

topi c of p rotection has already been encountered sever .3 1

times. It ha-s been stated that the inderenoence o~

co ncurrentl y executin g processes must be m aintained , and

t hat orotection is also necessary for the oper atin g system

i t s e l f .  Due  t o  the architecture of the Syccr ~JL4 O system , a

great deal of c o n s i d e r a t i o n  was given to the protectio n

p roblem as well as the related to n ics of recover y and

on vacy .

1. System

MIS maint a i n s  the indep endence of concu rrm nt l y

ex e c u t i n g  user t a s k s  h~ e n f o r c i ng  oh y s i c a l  s e p a r a t i o ’

throu gh swap Ping. This tec hni au e i~ o r a ctica l and

e ff ective , but on ly deals w i t h  part of th e p rotect io n

pr oblem. It is even more imp ortant that MIS i t s e l f  ~e

protected from user tasks. Situ a tions in w h i c h  a user task

may inadvertently overlay or modify p ieces of system code

must be avoided. A t best th i s  could lead to a system crash

with varyina dearees of imp act on al l  system users at

wors t , MIS could Continue processin g in an erratic fashi on

which causes irrecoverable damage to user files .  The f i r s t

situation is imm e d iate l y obvious to the system users the

second may oo undetected for just long enoug h to he

catas trophi c.

The techni que used to protect user tasks frrrn one

another cannot be ap oli ed to this new p roblem . t~$ h i l e  it is
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feasible to make some sections of the system such as th o

task scheduler or termin a l command processor non—resid ent

and swap them in as required, there are other system

functions such as interru o P handle rs whi c h  mu st he resident

at all tim es. One p ossib le soluti on to the problem would be

storin g all  system code in read onl y m emory w i t h  backup

copies of al l  system data maintai ne d on th e m i n i — d i s k .  The

s i m o l i c i t y  of this  aooroach makes it acr ’ealino, hu t

nevertheless im pr actica l for reasons discus sed in t~~e —

ext ernal vi of hITS presented in section IV.C. l.

Aft er a great deal of consideration, no p r act i c~~l,

e ff ective m ethod of p r ovidin g Syst em p rotection cou 1o t~e

found wh i c h  did not involve imp osi n g an unacce p tabl e arroun ’

of orotectio n overhea d on the system . In li e u  cf a

pr otection scheme i~ was decided to inc orp ora te a re cn ye ry

c a p a b i l i t y  into the M~ S design. It was fel t t h a t r~~e

ab i l i t y  to recover g racefull y from occasional inadverten t

system crashes would comp ensate somewh at for the lack o~

adeouate system pr otection.

Three different types of info rmati o n were id e n t i f i e d

as bein g necessary to the im p lementation of a recovery

capabili t y . They were:

(1) a copy of each user task ’ s latest memor y image ,

(2) copies of al l current values for SySt em cootrc l

var iables and tables ,

(3) the ide n tit y of the task runnin g when the crash

occurred.

The use of swapp ing made the f i r s t  tyPe of i n f o r m a t i o n
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readil y available on the m i n i — d i s k  w i t h  no additional action

required. Io this p oint in the design i t had not been found

necessary to save the values of system co n trol variables and

tables anywhere other than in memor y . Th is a e fi cienc y was

rectified by introducin g the concep t of a system stat e bl ock

(SSB).

The SSB consists of a comp act , con ti guous data bloc k

in the System area of memory containing all control data

defining the state of the system at each inst a nt. The ~~~

includes information such as the status o f each user t aSk,

vir tual flonpy disk assignments, the location o’ each swan

f i l e  on the m i n i — d i s k , th e i d e n t i t y  of the task c u r r e n t l y

a llocated the CPU, and th e pr otectio n a t t r i b u t e s  ~~r’—~

locations of all v i r t u a l  disk files. Tn oraer to havo t h i s

information a v a i l a b l e  should recover y be rec ,ui rea , t~’e ~~~

is copied to the recover y f i l e  when ever the state of ‘re

sys tem chanoes.

Taken together, the four swaP f i l e s  and the recovery

f i l e  contain sufficient infor m at i on to restore norm al

exec ution after a system crash . The t h i r d  item requ i red for

recovery, the identity of th e task causin g the crash , is

needed to delete the faulty task from the svsterr . The swan

fil e  for this task conta ins a du oli cat e of the mem ory imaae

which has just caused the system f a i l u r e .  If t h i s  same task

were reloa ded, another system crash wo uld l i k e l y  occur.

One final p oint must b~ m entioned to comp let e t r e

discussion of system p rotectio n , and that is access

pro ’ection -. Most general purpose ti mesharing sy stems em p l o y
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some type of code to ide n t i f y  i n d i v i d u a l  or group users o~-

the sys tem. Ihis code may be used in the c o l l e c t i o n  o~

u t i l i z a t i o n  or accou nting s t a t i s t i c s ,  or s i m p l y  to i r ~e n t i f y

authorized users of the system . It was decided th a t tn o

access Pro tection pr ovided by such a code is not a nece ssary

requirement for MIS. The NPS microco m p uter l a t o r a t o r v  p-as

gen eral ly followed an ooen door pol i c y  w h i c h  n erm i ts anyone

w i t h  an interest in microcom p uters to use the a v a i l a b l ”

f a c i l i t i e s .  Confor ming to the s p i r i t  cf t r i g  open läh

øol icy, access p rotection is not im p lemented in “-TS.

2. V irtual Floppy D i SKs

The p rote ctio n issue surf aced fp r the t h i r d  t i m e  i n

the im p lementation o~ v i r t u a l  floo ry disks. In t h i s

con text , pr otection i m p l i e s  orivacy and securit y for v 1 r t u ~~l

floppy di sk files.

From the view P oint of p r ivacy and securit y of data ,

floopy disks p rovide an a u x i l i a r y  storage rreai um surpassed

by few others. The ph y sical d isk is small in siz e and

convenient to carry or store , ye t pr ovides a sto raqe

cap acit y of 256 kilob yt es, e ouiva l ent to 1.6 card sleeves.

hhen an individual finish e s an op eratin g session on a system

eauipoed wi th fl op py disk drive s , he need onl y ph y s i c a l l y

remove the disk from the drive to p rovide whatever p k yç~~r~~l

pr otectio n the cont ents merit.

The virtual floppy d isks p rovided by ~TS ~ O not

afford the same deoree of orivacy or secur it y as a ph y s i cal

disk. w i t h  the Sycor ~I’4O hardwa re con fi g ura t i on w h i C h
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existed when t h i s  was wr i t t e n ,  it was not p ossi ble P0  coPy a

v irtual floppy disk image onto a p h y sical disK for

sa fekeeping.

In order to pr ovide a l i m i t e d  degree of pr o t ectio n

for vir t u a l  floppy disk- s it was decided to Prov ide th ree

different p rotection at tributes for v i r t u a l  fl~~npy disk

f iles:

(1) no Protection — u n l i m i t e d  access for read or w r i t e

(2) restricted — u n l i m i t e d  access for read only; w r i t~

access onl y if the f i l e ’ s pr otection key is known

(3) pr otected — read and w r i t e  access onl y if the f i l ” ’ s

p rotection key is known.

The f irst op tio n , no p rotection , ap p lies t o scr~~tch

d isks p rovide a for temp ora ry storage or wor k sPace. suCh

f i l e s  should be a v a i l a b l e  to any user as ren u ir ed . T~~~

restricted a t t r i b u t e  a l l o w s  th e owner of a given v i r t u a l

disk f i l e  to make th e contents of the f i l e  a v a i l a b l e  to

others on a read on ly b asis. T hi s lev e l of pr otectio n w oul d

aopl y to the system disk con t ainin a th e cp,;
~

1 op eratin g

sys tem. The orotected at t r i b u t e  p rovides com p lete

p rotectio n ~or a virtual disk fi l e .  ~o one other than the

f i le ’s owner or someone designated by the owner can access

the f i l e  either to read or write.

Since MIS does not reau ir e user i d e n t i f i c a t i o n

codes, the p rotection key feature was adooter~ to ide ”t~~fv

the owner of a v i r t u a l  disk f i l e .  ~ r ’rn tect io n key ma y be

any com binatio n of zero tg four ASC I I ch aracters associat~~d

w i t h  a v i r t u a l  d i sk f i l ,  when the ~estr ict ’a or p r ot e ct ed
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attribute is set. The same pr otection key must be / suppl ied

by a user att em p tin g to w r i t e  to a restricted f i l e  or read

and wr i t e  to a protected fi l e .

C. E XTER NAL VIEW

ahe n the Sycor’ ~N’~ flustered Terminal Processin g System

was delivered to th e NPS microco mp ute r lab o ratory, ‘r~

shjpm, nt included an extensive package of so ftwa r e i n

addition to the hardware l i s t e d  in ch ap t er 11!. Tro

existence of t h i s  software b ad a s i g n i f i c a n t  imo a ct or th e

~~ siqn of ~1T5. Th e nature and e~~t~~nt of t h i s  imoar t is

rliscijssed in the f o l l o w i n g  p araqrao~~s.

1. Syco r ~4~~O/~~TS In terf ace

T he Sycor ~440 system dem onstrates one ~ay in wh~~c k

microcomputer techn o lo gy has been aool ied to c om m erci a l aata

processing. The 1U~O System is m arketed for ap p l i c a t i o n s  jn

the fiel d  of data entr y, in p a r t i c u l a r  data entr y at

loca tions remote from a ce n t ral p rocessin g f a c i l i t y .  T h i s

intended app lication is readily app arent in the software

pr ovided by Sycor — formatted and unformatted keyboard

inpu t , remote job entr y, report gen erati on. communi cat ions,

ana On— S i t e  f -H e e ng u i r y  ar’ p rominentl y f eatured. The ~J~4O

op erati ng system and f i l e  lianagement f a c i l i t i e s  also re f lect

th e emphasi s on data entry. k Ost o-# th e o r oar am rnin a aic ~S

wh j~~h are i mp ort ant in a system develo pment e n v i r o n m e n t  are

not pr ovided by the Sycor ~4~iO so ftw a r e oackaqe . Ther e is ~o

text editor , 8080 assem bler, debugging p rogram, or ö(~~fl ‘~~~x

iJ l

- — ,— ——-.-. ---- —
- —~ ~~~~~~~~~~~~~~~~ ~~—.-~~~~ - ~~ 

~~~~~L.. -



v.... v —-- -- -—- — 

~~~

- ---

~~

.— — -— ---
~~~

-- -,—--- --

format loader. The ooera tinq system is laroe , a l l o w i n g  only

l i m i t e d  memory space for user developed nrc-gram s. Fur ther ,

the m i n i — g i s k  f i l e  system is oriented around stat i c

a ll ocatio n of fixed size files.

The Sycor ~4~~0 op eratin g system and associate d

u t i l i t y  programs are well suited to the data entr y

app lication for which they were designed. A t the same ti m e ,

they do not pr ovide a su itable environment for microc om p uter

system s deve lopment. This fact p rovi ded t~~e i n i t i a l

m o tivation for the develo pment of MIS.

Once the decision had been reached to desian an~

imp lement a separate system to supp ort system s develo p m ent

on the Svcor L4~~Q hardware th ere were b a s i c a l l y  two op t ions

ooen w i t h  regard to th e Sycor supp lied software:

(1) remove the Sycor op erat in g system and assoc iated ai s k

f i l e s  to make more m em ory and disk soace a v a i l a b l e  ~or

MIS

(2) design MIS so that both systems mi ght he a v a i l a b l e

concurrent 1 y.

Ootion 2 had the desirable effect of m akin g a v a i l a b l e  a

resident COBOL com p il e r and a PLMP cross—com p iler, both pf

which are supnorted by the Sycor op eratina system . Op tio n ¶

allowed the greater f l e x i b i l i t y  in the design of P-~T5, hut

reduced somewhat the overall c a p a b i l i t i e s  0f th e n ycor

~4~iO /MT S co m o i ri atio n . The deciding factor in s electin g the

second o~~t ion for imp l em enta t i on was a desire to furnis h tne

system af fordin g the maximum p otent ia 1 for futur e

develo pm ent w h i l e  s t i l l  meetin g pro ect goals.

112
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2. Fi l e  Sys tem

The decision to make th e Sycor oper atin g Syst em and

WIS concurrentl y av a i l a b l e  made it p ossible to ir r o l err en t ‘~ T S

without desi onino a f i l e  system. The f i l e  mana gem ent

f a c i l i t i e s  p rovided by the Sycor op eratin g system proved

adequate to handle swapp ing, recovery, and v i r t u a l i z e d

floppy disks. Constraining each f i l e  to a oredet errr ine ’—l

fi xe r size was not d i f f i c u l t ;  in fact , this feature of the

Svcor fi l e  sys tem s i m p l i f i e d  considerably the v i r t u a l  ci s k

map Ping function on wh i c h  the entire v i r t u a l  f~~onpy C i S k

design was based.

Four different tyoes of f i l e s  w .re inc lu l ed in t~~e

final MTS desi gn. They are :

(1) swao fil e s  — four f i les , one ~ f w h i c h  is ass ociated

with each of tn, four t e r m i n a l s ,  containing a user

program memor y ima ge

(2) recovery f i ’ e — a sin g le—sector f i l e  c o n tai n in g a

curren t copy of the system state block

(3) confi guration f i l e  — a single—sect or f i l e  c ontainin g

the user defined name and protection a t t r i b u t e  ~~~

eac h  v i r tu a l  f l o p p y  d i s k

(11) virtual floopy disk fi l e s  — a maximum of 32 d i f f e r en t

file s, eac h containing the image of a f lo ~ ov disk as

described in section IV. 4.5.

Three of these four f i l e  tyoes have been encoun tere d he for ’~~,

but the configurati on f i l e  type requires some a d o i t i c n a l

expl anation. MTS iden ti f i e s  v i r t u a l  disks by a log ical a i s k

number in the range 0 to 31. Since each vi r t u a l  f 1op ~~y d i s k
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actuall y res ides in a m i n i — d i s k  f i l e  created under the Sycor

opera ting system , there must he some m echan i sm for ma np in o a

logical disk number into a f i l e  name con t a ined i n  t h e  m i n i —

gisk director y . There is an ad d itional requirement that th~

pr otectio n attributes assigned to various v i r t u a l  aisk files

be saved between MIS operatina sessions. Path of these

functions are performed by the configuration f i l e .

The co nfi gu r atio n f i l e  is made up of 32 entries of

t hi -tee n bytes each con tained on a si n g l e  m i n i — d i s k  sector.

Each entry is composed of a zero to eig ht b yte file n a m e ,  a

zero to four bytC protection key, and a sin g le ~vte

pr otectio n attribute. The loa ic a l disk number for eac ”

entry is sim p ly the o c sition of that entry w i t h i n  t h e  f i l e.

In order to reduce the number of m i n i — d i s k  accesses

required to service v i r t u a l  flopp y d i S K  I/O reguests, it was

decided to read the configuration f i 1 ~ into memor y or~lv

once, during MTS i n i t i a l i z a t i o n ,  and abstract the conte nts

into an inter nal data structure resident in memory. T h i s

concept was expanded later to include the m i n i — d i s k  f i l e

director y as well. That too is read into memory duri n o

i n i t i a l i z a t i o n  and searched for al l  four MTS f i l e  types.

0. USER PROGRAM V IEW

The MIS user orogram interface consists of a set of

service routines whic h may he called by a user p ro g ram

through a single entry p oint to p erform t e r m i n a l  I/O, access

virtual floppy disks , or modify the user ’s vi r t u a l
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environme nt. The design was heavily influenced by the CP/~’

ope ratin g system which uses a s i m i l a r  scheme for I/O t .’).

The use of e x o l i c i t  c a l l s  to MIS for 1/~ was an undes irab le

l i m i t a t i o n  necessitated by the architecture of th e RO PO CPU.

Since the 8080 i s  a sin gle—state m achine wi th out p r i v i l e o e d

i n s t r u c t i o n s,  the h a r d w a r e  o r o v i d e s  no f a c i l i t i e s  f o r

trapp ing I/O instructions.

A call to MTS takes th e form

<v alue > MT S (<fid > ,<oa rm> ).

The f i r s t  argument, <li d> , i s  a number w h i C h  i a e n t i f i e s  the

function to MIS. The <ciarm> argum ent ma y he a p ar am et er

va lue , if onl y a si ngl e p aram eter is regu ir eri , or the

address of a parameter l i s t  if more than one is neeapc~. In

eac h case, MIS net urns <value > upon com pl e t i o n  of t~’~

requested op eration. T h is retur ned va lue ma y be am AS r.IT

c h a r a c t e r  code,  an e r ro r  code,  or z e r o  if  t h e  va iu e b a~ rc

sign i f ic a n c e .

T he services avail a b l e to a user may be l o g i c a l l y

divi ded into two types of ca l l s  on MIS: (1) system c - a i l s ,

and (2) service calls. System ca l l s  ha ndle creatin a ,

modifying, and deleting attributes of a user ’s virt u a l

e n v i r o n me n t .  A s a m i n i m u m , each user is  p r o v i d e d  w i t h  a

virt ual system consi stin a of an 8080 CPU, 1~~K bytes of ~~~~

a ter minal, and a single floooy disk drive w i t h  a re ai—o nl v

co~~v of the CP/M op erati ng system loaded. T” ic

con fi guration is the system default env ironm ent assumed w~ ’en

t he user loos in. Beyond that th~ user m~~y reguest:

( 1 )  additional memory uo to a maxim u m  o~ 
11~~’< bytes —
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(2) addi tiona l floppy dis k drives uci to a max i m u m  of 8

(3) attachment of any v i r t u a l  floppy di sk whose pr otection

xey is known

(Li ) reboot of the user ’s syst em from drive A .

Eac h System call p erforms the •~~me function for a user

program as the corresponding terminal system ccmm and

perfo rms for the user at a terminal.

Service calls p rov ide a user nroqram w i t h  access to t~~ e

terminal , v i r t u a l  p rinter , and vi r t u a l  flor ~rv d isk s. Ihe

details of the ter m i n a l  i - ~te r face are di scussea more f u l l y

i n section IV.F . In the context of service c a l l s ,  it is

imp orta nt to note that a t tem p t ing tr, read from a t e r m i n a l

when no input is w a i t i n a  w i l l  cause the r~~auesti no task to

be swaooed Out and blocked u n t i l  inp ut is a v a i l a b l e .

Before a user orocram can access a c a r t i c u l a r  v i r t u a l

disk , the user must attac h th at disk to one of the e i oht

virtual disk drives, either by making a system ca l l  to ~TS,

or enterin g the proner system command at the te rmin al. Once

a virtual disk has been attac hed, -any Sector w i t h i n  that

disk is accessed by soeci f y ino a comol ete Sector address and

a DMA buffer address. MIS orov i des a service cal l to enter

each of the t hree components of a comol ete sector address or

the DMA buffer base address as well as additi o nal c a l l s  to

read or wri te the sp eci fied sector.

In the sectio n which discus ses the VMM concert it was

men tioned that transparency to the user i s an imo o rt a r ’ t

charac teristic of a VMM . The attempt was made in the aes’an

of MIS to incor Porate this sa m e  f e a t u r e .  ~ue t~ the
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h a r d w a r e  c o n s t r a in t s  imoosed by th e 8080 CPU, th i s  at t emp t

was not entirel y successful. There are several olaces in

the user orogram/MTS interf ace where the op era ti on of M iS

coul d not be hidden. The necessit y for e x o l i c i t  c a l l s  to

MIS for I/O services has alread y been mentioned. The man ner

in which int erruots are handled by the 8080 also impa cts on

a user program. Since th, onl y addressin g mode pr ovide d by

the 8080 is di rect addressin g, the fact that M T~ ano a

user ’s program occuoy th e same p h y sical m~ m ory is app arent

to a user program by the l i m i t s  ~n the user ’s address sneer .

E. TER M INAL USER ~IE’~

The pr im ary interlac e between the te r m i n a l  user and “15

is p rovided by a command lanquan e interr ,retor c a l l e d  t~~e ~~~

Co mm and Processor (MCP). This interface orovi-ies th e user

with the f a c i l i t i e s  necessary to es tabl isr i and mo d i f y  the

workin g environment. The user can gain access to ‘IS

through system commands at any time , even though currently

communicating wi t h  a subsystem such as CP/M or other

programs. Access i~ accomp lished by ente r in g the

app ropriate command at the terminal, terminated by the ER°C°

RESET key. T his si~~nal s the MIS m oni t or that the inpu t data

is a system command to be orocessed by U~ P~

1. MTS/MCP Inter f ace Des ign

One of the design cons iderato ns for a eomrra -d

orocessor in an inter a ctive timeshared environ m ent is

whether it shall be resid ent or n on—res ident. Th~ ac t in r~
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required to establish and modif y the user ’s env ironm eri~ are

not normall y ti m e sensi tive nor continuously exercised by

the user. For these reasons, recenP t im es h arin g systems

have commonl y jm p lem ~’n ted the command orocessor as a ron—

res ident task (161 . Fstah li shir i g MCP as a non—resident ,

swapoable task was given serious consi dera t ion. Howeve r ,

one of the maj or Sycor 14140 hardware l i m i t a t i o n s  a ffe cti n q -:

th e imp lementation of MTS was tha r e l a t i v e l y  ~~~ da ta

transfer rate between mem ory arid the m i o i — ~~isk (I.A .3). T o

meet the goal of reasonable system resoonse, m i n i m i z i n o  th~

nu mber of swapoina tasks becam e one of the ‘~1TS desium

cons t ra i nt S.

The decisio n was made to desi gn ~1CP as a resicent

but compl ete l y indeciend ent module of MIS . T h i s  con cert

makes the MCP/MTS interf a ce essential l y th~ san e as t h at

between any users program and MIS. MCP affects changes in

th e user ’s virtual environment by c a l l s  to ~ tS in the same

m a n n e r  as would a user program . There are twO P rima ry

differences between th e MCP/MTS interface and a user

prog ram/M IS i n t e r f a c e :

( 1) Th e e nt r y  port  used by MCP is  an i n t e r n a l  MTS ~~n t r v

poi nt. MIS also provides an external entr y p oint for

use by user procram s . Ih~ reguirement for two ent ry

po ints resulted from the decis ion to make the MCP a

res ident orocess. The d i s t i n c t i o n  is necessary tn

bypas s the  m e c h a n i s m  w h i C h  b l o c k s  user  p ro g r a m s

requesting terminal input when the i nput buf fer is

e mpty .

L18

_



(2) MCP must save and restore the MTS system stack Po inter

to ensure return ing to the proper location in the ‘- T S

monitor. User Programs do not d i r e c t l y  in ter fa ce w i t s

the MIS monitor, and thus are not concerned w i t h

savina and restorin q its stack p oin t er.

The independence of data struct u res ano system c a l l

interface features were m aintained for ease of im p l e m e n t i n g

MCP as a swappable image at some future ti ~~~. tipo r ap in a the

Sv cor  11110 m i n i — d i s k  c o n t r o l l e r  s reed ana an increase in th~

number of system commands a v a i l a b l e  to the user w o u l d

justif y im p lementing the MCP as a no r—resi d ent swarrabl e

task.

2. ~ystem Comman d s

Since the system comm and language is the t e r m i n a l

users main ooint ~~ contact w i t h  MTS , the featu res and

syntax were given careful consideration. The design coals

were to develop a command language w h i c h  is easy to learn

and easy to use.

There are two basic sets of system comm ands

ava i l ab l e to the user. One set of commands a llow the user

to establis h and m odi fy the environ m ent. These incI u u ~

linking the ter m inal to MIS (LO(~I~J) spe cif y in g v i r t u a l  cis k

drives arid virtual floppy disks to he attac hed to th e

environm ent (ATTACH ); changing the m emory image swap size

allocation (SIZE); and u n l i n k i n g  from MIS ((~UTT ).

The second set of CommandS pr ov ide the user w i t h

means of specif ying p rotec tio n attributes for v i r t u a l  flor ~rv
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disk files. These include adding the Protection a ttri ou te

to a sp ecified virt u a l  floppy disk (PROTECT); addinc the

restricted attribute to a Protected v i r t u a l  flo ppy disk to

all o w read access by othe r users (RESTRICT ); and to remove

all pr evious orotection attributes from a vi r t u a l  f l o~~~v

d isk (UNPROTECT).

The function, syntax, p arameters, d es cr ip tio n arid

associate d error messages for each command are de scribed in

detail in section 0.3 of A pp endix A .

F. TERM INAL INTE PFACF DESIGN

The four te rminals atta ched to the Sycor 114 fl svsf~~-’

pr ovide the user wi t h  a CR1 dis p la y and t y p e w r i t e r — l i k e

keyboard for entering data. A brief descri p tion of t hp

t e rm inal hardware is contained in cha p ter lI T. The 4act r rs

a ffecting the terminal interface design included:

(1) Long delays between key deoression and aprearance o 4 a

charact er on the ter min al dis pl a y are unacce p tab le to

t he user.

C?) The chara cters displ ayed at each terminal are a

image of c h a r a c t e r s  l o c a t e d  i n  th e Svcor ‘4110 main

m e m o r y .

(3) The terminals have very p r i m i t i v e  hardware dis p lay

lo gic. Thus software is reguir ed to acco mpli sh such

tasks as converting a keyboard m a t r i x  code to A SCII

code for each key depression , b l i n k i n g  the Current

p osition indicator (cursor), and s c r o l l i n g  the

so 
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di  sol ay .

1. D e s i g n  Decis i ons

MIS was desicned to p rovide a v i r t u a l  t e r m i n a l

interface for Programs reauesti ng te r m i n a l  I/O. T h i s

i n t e r f a c e  s i m u l a t e s  t he  o pe r a t i o n  of a s e r i a l  h a l f — d u p l e x

console dev ice. For input of data , the user oroara-

reQuests characters one at a time th rou~~h sr ’v ice c a l l s  to

MTS . If inp ut is a v a i l a b l e ,  the next character is reti jr ne ’~

to the reQuesti ng program. Out out is han dled in a s i~~i l a r ’

fashion w i t h  the user oroaram pr ovidi ng an AS C II charac t e r

code as an argumen t in th e ap or oor ia te s~~rv i c e  c a l l .  ~

ser vice call is made for each c h aract e r to he ci i snla y e cj.

For each request received by M IS, the character is dis p la ve -1

by p lacing it at the current cursor p o s i t i o n  in the

app rop riate t e r m i n a l ’ s !)MA d i sol a y bu ffer. The o n l y

ch aracters not olaced in the display buff e r on out Put a~~e

carr iage return (CR), which retu rns the cursor to the

leftmost p osition of the current line; and l i n e  feed (LE),

which moves the cursor p ositio n down one l ine. The out p ut

of a data seaue nce is n ormall y terminated by a Ck/LF

character combination. MTS also orovide s a ter min a l status

service call w hich allows a user Program to test wh ether

input data is available for processino (0.3). This funetio n

could he used to test f or a brea k key i n d i c a t i o n  curin g

outout by the user oroqram.

Due to the unavoidab le de la ys in user nroqra~

response caused by swapoing and aggravated by th e r e l a t i v ~~lv

— -—- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



low data transfer rate of the m i n i — d i s k , the MIS ter m i n a l

interface was designed to provide character echo ing and

sim p le lin e  editin g . This ensured reasonable response ti — e s

to key activ a t i o n  by th e user, even thoug h h i s  p ro gram w a s

not currently in memory. Each character key activated at a

keyboa rd results in the ap p ropriate ch aracter bein g

d isp layed on the CR1 by MIS. The line editin g features are

discussed in section 3 below.

There are four 57f, b yte DMA t e r m i n a l  buff er areas

located in ~~4M • T hus , a ?30L1 byte area of the Sycor 144 0 ’s

main memory has been all oca t ed by the sy stern hardwar e design

for terminal d i s p l a y  b u f4 ers. To take rra x irn ij ri’ advan tage o~

t h i s  memor y u t i l i z a t i o n ,  the decision was made to use t h i s

area as the inou t h o l d i n g  b uffer as w e l l  as the dj~~p l~~y

buffer . This e l i m i n a t e a  the need for a a d i t i o n a l  in p ut

buffers and the extra p rocessing time recuire d to rrove a

como leted input li n e  to a separate buffer.

2. Displ ay Descri p ti on

The f i r s t  o11 d i s o la y  c h a r a c t e r  ro s i t i o ns  of e a c h

terminal are p h y s i c a l l y senarated from the remainin g ci?

c haracter p ositions by a blan k li ne. This led to the

decision to reserve the fir s t l i n e  for displa y of status and

er ror messages. A l l  inp ut and outout of data was to oe

‘ a c c o m p l i s h e d  in the remainin g 512 character p os i t i o n s.

Thus, each ~76 byte term i n a l  bu ffer is l o g i c a l l y d i v i d e d

ir~to two seParate buf fer s, as follows:
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ST ATUO ~ pF

:11/1/1/I / / / // / / // /  /11/1/1/  / / / // / / / / /  / /

:0 0

:611 I 1?7

128 B S i9I

H 9 2  U P 255~

256 F L 3 1 q ’

:3 20 F A 3 5 3 ’

38’4 E Y ~~~~

:11118 R 5 1 1~

T he numbers are dec im a l and spe cif y chara cter p o s i t i o n s

w i t h i n  the status lin e  and dis p l a y  hu~~fer.

The terminal status lin, is used ~y MIS to ~ i~~p l a v

t h re e  t y oes of  s t a t u s  i n f o r m a t i on: -

(1) The Lurrent v i r t u a l  i rive and flo øp y dis k as sic n r- ent s

for that t e r m i n a l .

(2) The size of th e user ’s swao im age, i.e. th e am ount ~ f

memory space currentl y available.

(3) Error  message a l e r t s  oroduced by MIS sys tem comm ands,

or resultin g from user pr ogram c a l l s  on the DISPLAY

MSG se rvice routine (see section F .? of A npe n dix A )

The status lin e  dis o lay format and contents are disCu csed i~~

deta i l in section E of A pp en dix A .

As indic ated by the above form at ie sc n i o t io , Ph e

d is p la y buffer can hold a maxi m u m  o f ~ l2 cha r a ct ers (~ l i r ~~~

on t he CR1) . As p reviously mention ed, t h i s  cu f fe~- not o~~l v
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pr ovides the dis pl a y of charact e rs hut also acts as an inp u t

buffer, holdin g the input -iata u n t i l  the user ’s rr o qr a ”

requests it. Since MIS p rovid es s i m p l e  l i n e  e c i t in o of

inp ut data , t h i s  data can not be con sicjerea av~~i l a t l e  to the

user ’s program un t i l  an inp ut li n e  t e r m i n a t i o n  ch a r a cte r h as

been received by MIS. To establish an in p ut buf fer f~~r a

program, the user enters th~ data and terminates th e l i r e  t~v

h i t t i n g  the NFIILINE or ENTEP keys or’ the kev rnar l . T k i s

establishes that l i n e  as an inout buffer a v a i l a b l e  f~~r

pr ocessin g oy the user ’s prog ram. N o t e  t hat t~~e ~-ev

c o mbinations ‘I/O CIL ~~ ‘ or ‘S~4IFT CR’ (on tk e nur~her ~~-ig)

w i l l  also result in the t e r m i n a t i o n  o f e~ in p u t l i n e .

E i t h e r  of these keys, as we l l  as N En L TN E and FLIE R , av t e

used fcr l i n e  t e r m i n a t i o n .

Once an inp ut buf fet- has beer, ~~g t~~ b~~~1 5 . ~ ec the user

may continue to inp ut riata on th e next l i n e. The user ~~~ v

use any of the l i n e  e c it in g or other cursor con tr ol featu res

on t h i s  new line of inp ut data. However , t h i s  neA l i n e  ~av

not be teroinated u n t i l  the user ’s rroqram has rrocesser~ t r~c~

pr evious inout buf fer (see te r m i n a l  al erts be low).

Each charac t er output f rom th e user ’s p rogram is

dis p layed at the Current cursor o ositi p n. Fach ou t ru t

results in a l l  input huf f~~r Pointers be ino reset to the

character p o sit ion at the end of the out cut data. Ih u S ,

subseouent I/O w i l l  star t at t h i s  Poin t. T b i 5  im ~~l jes t~~a~

if the user had been in the m i d d l e  of e n t e r i n g  ‘iata w b er~ ~~~~e

outPut occurred, it m u s t  be reentered .

The MIS ter m i n a l  in te ~~fac, r )rovioeS t h ~ u s e r  ~ i t ~
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either a visual or aud io response to each ~~ey  r4er ’re sr Ir~n .

Normal v isual response is p rovided by dis r ay o~ t he en tere ’~

cha racter (ec hoing ) and/or m ovement of the o is rla y cu r sn r .

The dis p lay cursor is a h l i n k i n q  underscore character -~ ‘ic ~

marks the current p ositio n on the screen. Oata is a l A a y s

entered and di so lay ed at the current cursor p osition.

The audio responses consist of either a beer or

c l i c k  at the t e r m i n a l .  A t e r m i n a l  beer alert w i l l o e

generated for any of the f o l l o w i n g  c o n d i t i o n s :

(1) An inp ut buffer is w a i t i n g  to he pro cessed by t n e

user ’s program and the t e r m i n a l  user atte m pts to

terminate a new input line.

( 2)  An a t t e m pt  is  made to  move t h ~~ cursor ~ac~ oas t the

start of the curren t line. For exam p le, a t t e m p t l n q  to

delete th p p revious line or ch aracter a ft e r tr ’e l i n e

has been entered by a t e r m i n a t i o n  key w i l l  resu l t i~~ a

beep.

The terminal c l i c k  a lert is associated w i t h  the

d isp lay scrollin g feature. Since the di s o l ay hu 4fer also

a c t s  as an inout b uf f e r ,  s c r o l l i n o  the  d i s p l ay  when  t h e  ~ 1?

byte disola y bu ffer is f u ll could destro y input data w h i C h

has not yet been orocessed. For exarnol ~~, the user could be

enterin g a 512 character string. Unon te r m i n a t i o n  of that

input l ine , MIS w i l l  pr event s c r o l l i n o  u n t i l  the user ’ s

p roaram has processed the f i r st 611 ch aracters. T h i s  ensur ”s

t ha t  the  input d a t a  is not destro yed by th e scr~~l l i n g

o c e r a t io n .  T h i s  s c r o l l i ng  lo c k o u t  is  i n d ic a t e d  t o  t h e  use r
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Dy a terminal c l i c k  alert.

3. T e r m inal  Key Functions

The  t e r m i n a l  k eys  f a l l  into five bas ic functio n a l

qro ups

( 1 )  Character strin g keys — t he s e  a re  t he  a l p ha n u m e r i c  and

sp ecial character keys nor m a l l y  a v a i l a b l e  to the user

fo r input of data. Al ph abetic cha ra cters are ente red

and dis olay ed in e i t h e r  uooer or lower case, dereni in~

on t he  key mode (se e  b e l o w ) .  T h e t a o  x e y  c a u s e s  the

entr y and di srla y of a soeci a l tab charac t er , no

blanks are oadded in for tab s.

(2) Entr y mode keys — these keys d e fine the i n t e r r r e t a t i o n

of keys for spe cia l functions or al p hab et ic uprer

case. Ihese in clud , the FU NCT ION SFLECT , I/U CflN T kfl L ,

and SHIFT keys . In ad d i t i o n , the key com bina t i ov -

FU NCTION SELECT and C sets or clea r s th e ~ lph ~~b~~t i ~

key entry mode to uooer or lower case. T h i s  fur ’ct i ’rs

a s a s h i f t  key  look because a p h y s i cal lock is rot

pr ovided wit h  the ter minal keyboaro.

(3) Lin e termination keys — these keys de 4ine the term i-

nation of an input line of data. input aata to b~

processed by th~ use r ’s program must be t e rmi ~~a ’ e’4

w i t h  one of the fo l lowin g keys or key combinations:

NE~’dLI NE; ENTER ; I/U OIL M~ or SH IF I C~~. Thp i-

function was discussed in th e orecee1,r’~ SCC t i~~’r~.

Anot her te r~r n in a t i on key is EP~~°R r~FSFT, ~ h i c~

spe c i f i e s  that the inp ut l i n e  it P e e — m ates ~s tc

Sb 

~~~~~~~ - -- - - -- --



— — — -

pro c e s s e d  by MIS as a sy s t e m  command.

( 11) L ine e d i t i ng  and cu rso r  control keys — these keys

prov ide the sim p l e line ~d i t i n o  featur es such as l i n e

delete (NEXT FMA T ) char acter delete (RAC ~ - 5P A CF);

clea r screen (FS $ or I/O CIL U; and move cursor lef t

or ri g ht ( < — —  ; — — > ) .

(5) Number oad keys — consists of 10 numeric d i o i t s  and ~

ASCI i control cha racters locatea on the r i o h t  side c ’

t he  keyb oard .  - The  d ig i t s  f u n c t i o n  in th e same manner

as t he  o t he r  numer i c  d ig i t s  on t he  Key b o a r d .  T ne

ASCII contr ol ch aracters are dis pl a y ed when the Sh I FT

key i s  deoressed in con unc t i o n  w i t k  th e a pp r op r i a t e

key. the onl y contr o l char acter ~r ’i ch aff ects tn ’

d is olay is SHIFT CR (s e e  l ine  t e r m i n a t i o n  k e y s ) .

A l l  ter m inal keys and th eir functions are desc rib ed in “nre

detai l in secti on 0.2 of Ap p end ix A .

G. CHOICE OF A PROGR AMMING LANGUAGE

Fo l l o w i n g  t h e  des ign  ohase ,  it was necessar y to c h onse

an aopr op riate orogramm ina language to be used j n  t he

i m p l e m e n t a t i o n  ohase of  d e v e l o pm e n t .  An obvious recuir e m ent

was that the l anguaae selected must support system

p rogramming for the 8080 micro p rocessor. Other f ac tors

involved in choosing a language for th~ vT~ de ve l onmen ~

included the fo ll o win g :

( 1)  E f f i c i e n cy  of t h e  code g e ne r a t e d  by tb , assembl er o

c o m p i l e r .  An imp orta nt co nsi d e c at io n in any op er at ing
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system deve looment is m i n i m i z i n g  the amount of mem ory

and processin a ti me u t i l i z e d  by system routines.

(2) Ease of access to m a chin e resources (e.g. regis ters ,

memory, I/O ports , stack, etc.) throu gh the constructs

pr ovided by the language. Th i s  must be considered

whenever develo p ing software whiC h w i l l  be interfacin g

w i t h  the bare machi ne .

(3) The a v a i l a b i l i t y  of the assembler or c o m o i l p r  fgr

develo pm ent work. The turn—around ti m e  for ass err h lv

or compile tasks and the dpbu~ a i d s  p r o v i d ed  by a

language are imp ortant factors.

( 1 1)  The i n c l u s i o n  in the languaoe of conveni ent co~~t e o l

structures ano sel f—documentation features s i m i l a r  t~

those found in most hi g h — l e v e l  st ruc t ured l anguages.
4

It has been shown that these features a ss i st in ear-~~~j

sys tem develoo~ ent and checkout , st ra i g h t f or .~ard

maintenance and m o d i f i c a t i o n ,  and a h i g h l y  r e l i a b l e

system . It was env isi oned that MIS would be enhanced

and modified extensive ly as the rp auire m ent for

ado i tio nal mi crocom p uter develo pment f a c i l i t i e s

inc reased .  ~~~~~ ea se of f u t u r e  m o d i f i c a t i o n  and

maint enance was a p rime consideration.

(5)  The a b i l i t y  of the assembler or c om n i l er to generate

e r ro r  free code was im p ortant for ease of ro r$ ing ,

testing, and oehuaqino the System modules au r ino

pr oject develo pm ent.
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There were three languages a v a i l a b l e  at NPS w h i c h

supported orogramm ing for the 8080 m icro p rocessor. Ine
I

following is a brie f descripti on of these langua ges an~

t h eir advantages and aisadvantages:

(1 ) 8080 As sembly Lanauaqe ~81 
— the assembl y language

developed for use wi t h  the 8080 mi crop rocessor. It

satis fied (1) and (-2 ) above by p rovi d in g e f f i c i e n t  and

direct access to the mac h ine resources. Item (3) was

satisfied because a reside nt assembl er ana d yna m i c

aeb ugging tool were a v a i l a b l e  on an TNTELLFC 8/’- -OD dO

mi crocomp uter system for use duri ng the Proj ect

develo pment. The m a jor l i m i t a t i o n  in u si r~o a-

assembl y languaoe is its f a i l u r e  P g  satisf y ite m ~~~~

(2) ML8O (12) — a structured system Pro grammin g language

for the 8080 micro p rocessor develop ed as a tw esis

pro ject at NPS. It is composed of two inriener’cient

languages: M~~O — a macro orie nted langua ge ; and L~~ 
—

a ma ch ine  oriented language. It in corp orates S t i C h

features as: control structures , s i m i l a r  to th nse

found in most high—l e v e l  structured languages ; a l l o w s

f u l l  use and c o n t r o l  of the resources of th e 80~3O

micro processor through the use of algebraic not a tio n

for mac hin e—level register and data operations ;

prov ides c o m p i l e — t i m e  features , such as exp ression

evalu at ion , c c n a i t io n a l c o m o i l a t i g n ,  and m acrn s ~n-d

p rovides load—time f a c i l i t i e s ,  such as the l i n k i n o  o~

p recom p iled orocedures into the object Program

(gene ra t es r e l o c a t a b l e  c o d e) .  It w a s  a l s c  a v a i l a b l e

Sq
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as a res iden t  c o m p i l e r  on the INTELLEC P/MOO P0. thu s

to some degree, MLRO satisfie g al l  th e c onsi d era t ions

mentioned above except (5). That is, it had never

be en used fo r  a l a rge  s y s t e m  g e v e l o p m e n t  and thus its

p erformance in that environ m ent was untested.

(3) Pt./M (91 — a high-leve l oro n ramm in g language desig ned

to  prov ide system pro gramm in g for th e dOd O

micro p rocessor . It was desi gned to f a c i l i t a t e  the use

of modern techni gues in structured programmin g . Thus,

i t came t he  closest in s a t i s f y i n g  co n s i d e r a t i o r  (~~~~~)

above. However , its major d isa d v anta oe was i n

generatin g less e f f i c i e n t  code and a l l o w i n g  le ss

d i r e c t  a c c e s s  to  t h e  mach in,  r e s o u r c e s  tha n ~r~e

oreceedin g two languages.

A f t e r  c o n s i d er i n g  t h e  a d v a n t ag e s  ano d is a d v a n t a g e s  gf

the languages a v a i l a b l e ,  th e decision was made to u t i l i z e

ML8O as the p rim ary develo pm ent lanouage 4or ~‘TS. A subtas ~

of t he  t h e s i s  P r o j e c t  w as  to  test MLPO as a p r o q r amm in o

language in a la roe  sy s t e m  d e v e l o p m e n t  e n v i r o n m e n t .  R e s u l t s

of us ing MLPO, in cludin g recommended en h ancements to th e

language and it ’ s f a c i l i t i e s ,  are  i nc luded  in the  r ema i n i n,

chaoters.
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V. MIS TMP LE~iENT AT I°N

To p down system design and modular program ming are

current software eng ineerin g concepts which  str on ol y

influenced the desion and im p l e m e n t a t i o n  of ~‘TS. A~ each

sp eci fi c functio n al reQ uire m ent of a ti ,res k are~

microco mp uter svste’n was iden t i f i e d ,  a new module wa s added

to the MTS design to satisfy the reguiremen t. An e ff ort was

made to ma ke each logical module an indepeno ent e n t i t y

commu nicating w i t h  other system m odu les throug h a

well—de fined interfa ce . This same conceot was also a~ r l i e d

to the im p lementation chase of develo pm ent. Each loc, i~~a i

m oaule was imp lemented as a separate code m odu l e w i t r ~ t r ~~~

fewest p ossib le number of in t e rm o aul p linkages. ~~i - ~ n

modules were needed to mee t the orocessing and re snu rce

sharing reguirement s imoosed by timesharin g . Jr a ad it ion ‘o

these code modules, a six t h  declaration mo gu le was in c luded

to  def ine the  underl y ing  d a t a  structure.

Use of ML PO as the im p lementation lanauage for ‘ITS

affected the develooment p r i m a r i l y  in the area of m gdule an~

data structure linkages. The pr oblems encountered can oe

attributed m a i n l y  to the l i m i t e d  rr em c r -,, si re (1b ~~) o~ the

INTELLEC P/MOO P0 which hosted ‘he ~ L-~0 c o m p i l e r . Due to P~~~e

relat iv e l y  s m a l l  am ount of wor k area a v e i l a r l e ,  m -~ny ~ f ~re

com o i le r ’ s tables and stac K s were too sm a l l  to sa t is~~v 
P-~~~e

demands of MIS. T h i s  si ze l i m i t a t i o n  f o r c e d  a corr e socm clin,

6 1



l i m i t a t i o n  on t he  s i z e  of in d i v i d u a l  MIS mod ules and

submodules. The ef fect of forc ing a decrease in the na t u r a l

s i z e  of t he  MIS prog ram modu les was to increase th e li nk ag e

req u i rement s b e t w e e n  t h e s e  m o d u l e s .  The ML8O co m p i l e r  H

p ro v i d e s  some l i n k  edjt jn o f a c i l i t i e s ,  but does not

convenie ntly support the numerous l i n k i ng re quire ments

enco untered in the develo pm ent of MIS.

A. SYSTEM STA TE BLOC)<

The management fun ctions p er form ed by M IS cray he divi d ed

into task mana gement and resource man agem ent . la s ’.’

m anagement is concerned w i t h  the contro l ari d reCcrd keer~.ino

functions necessary Pg suooort uo to four con cur rent tasks.

Resource ma nagem ent pr ovides th e same fu n ctions for P r e

hardware resources of the Sycor ~LiQ~ m oth tyPes p 4

management involve recordin g status i n f o r m a t i o n  for late r

use in processin g contr ol. Considered j o i n t l y ,  t h i s  sta tus

info rm ation defines the st-ate of the MIS sys tem ano for”- s

the basis of the MIS data structure.

In the  im p l e m e n t a t i o n  of  MIS it was found necessar y to

combine a l l  status inf ormation into a lo gical and p h y sical

block c a l l e d  the sys t e m  s t a t e  block (558). This app roach

was o r i g i n a l l y  adooted to reduce the overhead ~ f P o e

recovery feature. Th~ s t a t u s  infor m ation contained in ~~~~

SS8 mus t be cop ied to a recover y f i l e  after each swa~- . ~y

consolidating this data into a comp act, conti guous h l o p k ,

on ly a single m i n i — d i s k  access was reguir eg .
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Subs e a u e n tl v ,  i t  w a s  found d e s i ra b l e  to  c o m b i ne  a l l

va r i a b l e s  r ef e r e n c e d  b y t w o  or more b T S  mo d u l e s  i n to a

s i ng l e  de c l a r a t i o n  mo gul e ~it h  oloh al scone. Th i s  i— ur ovP~

t he  r e a d a b i l i ty  of t he  s o u r c e  prog ra m , s i m n l i f i e d  rrnar~j~

debugging, and f a c i l i t a t e d  maintenance of the sys t em . T h O

SSb is l o c i c a l ly  com posed of t h r e e  d i s t i n c t  e l e m e n t s :

( 1)  t a s k  c o n t r o l  t a b l e  — co nt a ins i n f o r m a t i o n  on til e st a t e

of ea ch t a s k  and d a t a  rer,uirem to supp ort s~~a~~r~1n ~~.

Each va riable contains four e n t r i e s  — o n e f o r  eac h g~

t he  four  t e r m i n a l  t a s k s .

(2) disk mao table — cont a ins i n f o r m a t i o n  pm the stat u s,

p rotec t ion at tr ,hutes, and m i n i — g i~~k 
1 oca ti o ri o4 ~l l

v i r t u a l  flopoy disks . Each v a r i a b l ,  con tains 3~

en trie s — one for eac h g l thC 3~ p ossible v i r t ’~~
1

floppy di sks.

(3) system cont rol variables — sing le v a r i a b l e s  ref erer cel

ov several modules, e.g. the swac lock and the numb e r

of the ta sk c u r r e n t ly  e x e c u t i n g .  H

Each t a s k  c o n t r o l  t a b l e  and disk map table entry was

a c t u a l ly  imo lemen ted  as a named by t e  v e c t o r  indexea  by t~~e

ta sk number.

B. MON ITOR MODULE

the m o n i t o r  module  i n c o rpo r a t e s  a l l  gf the task

management fun ctions reguired by MT .S into a ph y s i c a l l y  and

lo g i c a l l y  di st in c t m odu le . Included in this m od u le are

routines wh i c h  handle the loadin g of a tas k , sched u l i n g  a
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t a s k  fo r  e x e c u t i o n ,  swa Pp ing  t a s k s  b e t w e e n  memor y  and t h e

mir i i d i S k ,  and d e l et i ng  a t a s k  a f t e r  an u , i .e c ov e r a h l e

ha r d wa r e  e r r o r .  r)ue t o  t he  modu le  s i z e  l i m i t a t i o n  im r ~ose’~

by th e b K  ML8O com p i l er, it was necessary to d i v i d ’  ~~he

monitor into u t i l i t y  and task m anagem ent subm odu les f or

c o m p i l a t i o n .  A t h i r d  submodule , c o n t a i n i n g  t h e  i r i it i 3l

program load routines, was included in the n h y s i c a l  m oni t c . r

module for reasons o4 conve ni ence rather than l ca i e~~l

c o n t i n u i t y .

I. U t i l i t y  Subm o cu le

It w a s  f ound c o n v e n i e n t  in the im p l e m e n t a t i o n  gf ~ T’~

to develo p a or o u c  of ~ t j i j t y routi nes P p  han d le r e c u r r m n o

p r i m i t i v e o pe r a t i o n s  r eg u i re d  to  a c c e s s  e n t r i e s  in P~~’~~

s y s t e m  s t a t e  ~‘loc k. Sin ce “ost SSd ent ries are in d e x e d  r:- v

eit h er a task numbe r or a v i r t u a l  disk number, a s i g n i f i c a n t

savin g s in mem ory space was rea l i ze a by rep lacin g i n l i n e

code segm ents  w i t h  c a l l s  to a u t i l i t y for i n d e x i n o

oc e r a t io n s. T he c o n v e n i e n c e  of h a v i ng  t he s e  p r i m i t i v e s

ava i l a b l e  was offset som ewhat by the necessit y tg c om p i l e

the u t i l i t i e s  submod u le inde p en de ntl y of the c a l l i n ~

rout i nes.

2. Task Management Subm odule

The l i f e  c y c l e  o f  a t a s k  in a ~~~~~~~~~~~~~~~~~~~~~~~

e nv i r o n me n t  m ay  be re p r e s e n t e d  by a s e r i e s  o f  t r a n s i t i - ’ - s

b e t w e en o r o c es s  s t a t e s .  It is  t h e  j ob  of the op e r a ti n g

system to control and monitor these tra n s i t i o n s  I l O i .  In

th e MIS oPerating system this function is p er formed by Ph e

6’4



task management submodule.

Eac h user task in the MIS environment may e x i s t  in

one of the fo llow in g states:

(1) logged in — task is active hut not vet loaoeo

(2) hold — task reguires the services of the t e r m i n a l

command processor to alter its v i r t u a l  env i ro nm en t

(3) blocked — task is w a i t i n g  for th e c om p l e t i o n  of an I/fl

op eration

(U r e a d y  — task is w a i t i n g fpr th e CPU to becor~~

av a i l a b le

(5) running — task has been allocated b ot h ne”ory arid P r ~~

CPU

The current state of a task is determine d by the b i t  ra t tern

set in the status byte assoc iated wi ’n that tas K . . E ach ~- ‘ i t

o f this status b yte corresponds to a - l i f f e r e r t  process

state , and there is a di f ferent status b yt e associate d w i t s

each task. Since the information containe d in the ta sk

status bytes is an imp ortant p art of the overa ll system

status , they are located in the system state block.

The processin o perf ormed by the ~ TS mon itor is

d riv en by the values of the task status bytes. ~“en th e

monitor is entered it sets a task counter to the num b er p-f

the task cu rrentl y runn ina, incre men ts the counte r , and then

examines each h i t  of the status byte indexed by t h i s

c o unt e r .  If i t  f in d s  a hj t  s e t ,  i~ c a l l s  th e ap P rop ri ate

rout ine to affec t th e state tr a n s i t i o n  i m p l i e d  by th e task~~s

cur rent state. In the event no b i t s  are set, th e task

counter is again incremented and the orocess rereate’j .
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Note that the task status byte p lays three d i f ferent

roles in the management of use r tasks:

( I )  It drives the op era t ion of the moni t or.

(2) It p rovides the sim p lest o ossi hl e interface be t w een

the monitor and the ter m ina l comrnan’:l processor. Ihe

MCP need onl y set the aopr oor iate bit to infor m t ne

monit o r that a new task has enterp a th e system .

(3) It a l l o w s  the t e r m i n a l  i n terf a ce mo d ule to in f o r m  t n e

rr o n i t n r  th at a Syst e m comm and h-a s beer entered w i t h o u t

i n t e r r u p t i n g  the current task. T h i s  feature was

i- pl em e n ted to reouce the swapp ing overh ead of svs te—

corn—a nd pr oressino w h i l e  s t i l l  a l l o w i n a  MCP Pp be a

sw app ab le task .

Imp l i c i t  i-u t h e sequential e x a m i n a t i o n  of b i t s  c a r r i e d  r~~~l~

by th e m onit or i’s a h ierarch y ol process sta res. Sin ce L o - t~

the ter m inal interface m odule and th e MCP, as we l l  as tr’~~

monitor itself, may set various h i t s  in the status cvt e

independentl y o f each oth er, some method of resolv in - ,

c o n f l i c t s  was necessary.

3. In i t i a l  Program Load Submodule

Wh ile not l o g i c a l l y  a part of the task manage m ent

function, the IPL subm odule has an im p or t ant influe nc e on

the op eration of the monitor after MIS is loaded. I t-u p

preceding section described how th e SS~~, p a r t i c u l a r l y  P- r1~

task status byte , drives tri p op eratio n of the m onitor. T e

p r im a r y  task of the IPL subm odule is loa din o values i n to ‘- -e

558 o e f o r e  MTS is e x e c u t e d .  Iwo l oad ing  o pt i o n s  have  bee - u
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impl emented: i n i t i a l i z a t i o n  and recovery.

The recovery op tion is th e s i m p l e s t  and rTn S P

s trai ght forward of th e two. A s discus sed in section IV. P .1

the four swap f i l e s  and th e recover y f i l e  t ogeth er Co ntain

a l l  the infor mati on MIS needs to recover a fter a sy ste -u ’

failure. IPL pr ocessin o is l i m i t e d  to se archin o the Sycor

f i l e  directory for the recovery f i l e ’s sector address an~

then readin g the f i l e  into the SSR .

A creat deal more p ro cessin a is re guir ea to

i n i t i a l i z e  MIS. A gain , the Sycor f i l e  d i r e c t o r y  ~ u 5t r e

searched — t h i s  t i m e  -f or a l l  four s~~ap H les, t h e

con f i guration f i l e ,  and the recover y f i l e .  A ss um im .’c t~~ at

th e six MIS system f i l e s  are 4ound , th e IPL cubmo du~~e t ’e ’

reads the confi g uration f i l e  and search es the Svc- r t i )e

d irecto ry for each v i r t u a l flopoy a is k f i l e .  For every f i 1 ~~

found in the directory , system or v i r t ual flonc v r~i s K ,

beginning and ending sector numbers must be recorded in tre

TCI and DM1 respectively. I n i t i a l i z a t i o n  of the DM 1 a ’so

requires that p rotection keys and a t t r i b u t e s  r~ uSt op con ied

— from the configuration f i l e .

The TPL submodule p rovides the on1 y ~ri t er r ual

i nter face betwee n MIS and the Sycor op erating system , i.e.

the f i l e  directory. This subm odule is also the onl y

routine, other than the timer handler in the interru p t

mo dule, w h i c h  c a l l s  the m o n i t o r .  The f i n a l  a i s t i r i q t j i s h i n g

eature of th e IPL submodule is that it is the o n ly n on—

resident module of ~ T5. Since IPL is onl y regij i rpd once ,

im m e d i a t e l y  after MIS is loaded , th e code was w r i t t e n  ~o t~~e
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loaded in the user area o~ memor y . Once n ormal operat~~or

begins , the IPL submodule i-s o verla y ed by the f i r s t  u ser

task w h i p h  i s loaded.

C. INTFRPUPI PIOD IJLE

The Sycor ~ LIO p rovides a comor,h~~n s ive set o~

pr i o r i t i z e d  inte rru p t s. Each hardware i n t e r r u p t  causes t r e

execution of an 8080 RESTART 1 (RST 1) i n s t r u c t i o ’ -’ . T” i s

i n struction behaves li k e  a c a l l  to l o c a t i o n  O (~O PH . T h a t is,

jt r esults in the p rocram counter v a lue hei ri c , pushed C”to

the current st~~ck and Cont rol h p i n  t r a n s f e r r e d  to l~~ca~~io~

Q0~~~ r~i • Due to t h i s  h a r d-~arp c h a r a c t e r i s t i c ,  user pro~~ r -~ -c

must ensure tha t any user defined stacks are at least ~ ‘u

bytes larger th an the m a x i m u m  siz e r~~r~~j reg b y th e u~~~- ’ s

own co de. Th is w i l l  ensure t hat t h e  S taC ks ,~i 1 r p t

over flow if t h e i r  pro gram is execut in g wh en an int er rt j r t ~s

generated.

Since all interru p ts cause execution of the sang

interru n t i n s t r u c t i o n ,  some me ans must be a v a i l a r i- e to

deter m ine wh i ch device generated th e int erru pt . The 5-ycor

~l~ 0 solves this pr ob lem by defining an in t e r r u p t  leve l for

each different device. There are 17 i n i e r r u p t  level s n~~th

values ran ging from 0 to 16. The p r i o r i t y  of interr u pt s is

e s t a b l i shed bv assian in g a h i gh e r p r i o r i t y  t~ a d e vic r ’ ~ ‘t ~

a h i g h e r  numeric v a l ue. ~hen an i n t e r r u p t  occur s th e ~ev~~

us ed to ide ntif y the i r u i t i a t i r u g dp vi ce is a v a i l a b l e  rr -~

sc ,en ifi c inp ut p ort. Sim u ltaneous i n t e r r u p t s  w i l l  be p~ ace~
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on the interru p t inp ut port in a o r i r i r i t v  sez~uence . T~~at

is, the levels w i l l  be inout in descendin g seguence by l ev el

number. ~hen the lp v ~~l on the inout nort is zero ~~

oend inq i n t e r r u o t s  have bee -u processed. The i nt er r u p t i np u t

port number and the interru p t level assignm en ts which apniv

to the current NPS Sycor £41~0 hardware c o n f i g u r a t i o n  are

contained in Ref. 1.

Th e interrupt mp ’~u l e processes t.~o b a sic i r t e r r j r t

cate gories:

(1) time r  in terru o t — t h i s  i nterru pt is aeruera ter l t v  ‘in

in t er n a l clock once every 5fl-r s , rup n it h a s Le~~ n

enabled. T hi s Provi d es ~‘TS w i t h  ~~ ‘e  c a p a r i H t v  C 4

acco mol is h in q tasks wh i c h  must he anne on a o e n i o ~~i c

basis. It also p rovides ‘~TS w i t h  t~~e mean s ~~pr

regaining co n trol of the system from a use r prc gra~~.

(2) device in t e rru p t s — these interru o.,s ar e cenerateC C.v

a soecific n eri p h e ral device to ind i c a te ~~-e

co m p l e t i o n  of a task or a request fp r service. T r~e

process ino of these interru p ts is d e vic e dep endent .

1. Data Structures

The interru p t module consists of two p art s , a~

interru p t controller and a set of inter ru n t handlers. There

is an interruot h a n d lin g routine for ea ch in t e r r u p t  ~e v el

processed b~~ ‘-~T~~. The data structur e s regu ired ry ~~~

interru p t module in c l u g e :

(1) int er ru p t stac k — 
~ 3d~ hy te data vector used to Save

the current System env~~room en t p r i o r  tn any i n t e r r ;r-~
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process ing and to restore the envir onment upon

com p letion of inter ru p t processin g .

(2) bl i n k  timer — a sin g le byte used tg store th e Curr en t

value of the p eriodic te r m i n a l  nr oce ssin q c ou n t e r .

T his counter is dp crem ented once ever y SUm s an~~ i n

used to deter m in e when to b l i n k  t~~e c ur sor c h a r a c t € r

at each ter m i n a l .

(3) task ti m e r  — a gl obal System v a r i a p l e  used to r— ~- t n ~

a user task’ s ti m e s l i c e .

(4) loc k — a g lobal system var iar - l e used to 1 n g i c - ~te

swappinc lockout.

2. Interruot Processin g

Durin o TM TS i n i t i a l i z a t i o n ,  l o c a t i ons 0QQ~~— tjfl t J A i i  ~~re

loaded w i t h  lu m p  i n s t r u c t i o n  to ~hp in t e r r u p t  ro ’ - - u t r o l l e r .

Thus, when an i n t e r r ur~t occurs, the i n t e r r u p t  c p n t r n l l ~~ r i~~

c a l l e d. It saves the current env iror ’ en’~, i ’1ent i~~ ies ~~- e

interru p t level and c a l l s  the app ro p ri a te ~‘and ~ er rru t u n e .

Upo n return from the int erru p t h an o l er, th e c o n t r n l l e r

checks the interru p t inp ut port to deter- ’i”e if  arv ~- n r e

interru p ts are pendina. If so, the seriuence i s  r e r ’ e a t e - ,

otherwise th e environm ent is restored , in te rru p ts er’~~~~lecj,

and control returned to the interru p ted process.

Ihe interru p t handlers p rovi d e the o l l r ~~~nq

process ing:

(1) timer  handler — manages th e two fu n ctio n s of ‘-IT S p r 1 c ~

occur at p eriodic int e rvals. These are b l i n k i ~ un ‘r e

t e r m inal cursrirc and returnina con t r ol to t~~e s v s~~e—
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when a task’ s ti m e s l i c e  exp ires . In order to keep

track of the two intervals involved, two counters are

maintained. These counters are each set to an i n i t i a l

value and then cecrem ented each ti r r e a ti m e r  interru pt

occu rs. flip ac tua l value contained in e i t h e r  C o unter

represents the ti m e remainin g in the i n t e r v a l  in

m u l t i p l e s  of ~0uts . when the b l i n k  t i m u ~r reache s zero

the appr opr iate routine is c-~l led to L l i n k  th e cur n or

character at eacn t e r m i n a l .  .~ihen the td S k tim e r  is

z e r o  a che ck is mad e to see i~ cw a p ni nc ~ is lo~~keo cut.

If not , the current environ m en t is rrove r~ to th e sw;u c

stack and control is transferred to th~ ‘-15 u r o r i t e r .

(2) ter m inal handler — Processes the in t err u p t ~~~~~~~~~~

by a character ~ey dep ression at one cf t~~e 
f~’ur

ter m inals. Tt retrieves th e t e r n i n a l  i - -~e~~t 1 t v

resp ons ibl e for qener atin c the interru p t ~~ng

associated keyboard m a t r i x  code from th e apor o~~n i - a r e

input Port. The t erminal inp ut con ’rnl rr,u~~i-’~ is

then called to Comol ete the key processin g (see

Ter minal Interface Module ).

(3) other device handlers — the r ema in in q device handlers

(e.g., cassette and p rint e r  handlers ) were designed

but not impl em ented. Thp present i m p l e m e n t a t i o n

sim p ly clears the interru p t Status and returns.
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D. SERVICE MODULE

The most v i s i b l e  oo int of contact between f~’1TS and u s e r

proorams is the software interface W h i C h  m u l t i plex es th e

hardware resources of the Sycor 440. Jo th e i m p l e m e n t a t i o n

0-f MIS all those procedures and routines w h i c h  p rovide t h i ’ :

resource mana gem ent were consolidated into a sin g le coge

segment called the service modu le. Once again, due to tr- e

module size l i m i t a t i o n  imposed by the ML8O com o il e r, i t  waS

necessary to divi d e  the servi ce m odule i n t O  th ree p h y s i c a l

supmo du 1 es.

1. User Int erface Subm odule

Sec tion IV .I) descr ib e s in detai l the form o4 a c a l l

to the MIS service module . The i m p l e m e n t a t i o n  of tb~~s

c a l l i n g  orotocal fo l l o w s  the PL/M conv entio n for r ,aram ete r

passing. That is, the function i d e n t i f i e r  (a si ngl e b yte) i r

passed in register C, w h i l e  th e Parameter l i s t  audress is

passed in register o air DE. The service module subse quentl y

uses the A regi ster to pass the return value bac k tO t h p

call ing proaram. A use r program accesses the service rrocu~~p

by loading the C,D, and E registers w i t h  the apor opr iate

values and then executin g a call to locat ion ?000H .

The service module orovides an alternate entry r’o~~nt

for service requests from oth er ~TS routines. i ’-is

a lter nat e entry Point was found necessary in order t e~

impl em ent th e MCP as a swapp abl e im age. Since a second

entry point was requ ired , it was deCioca to m ake the

inter face as general as ooss ib le by us ing ne gative fu n c t i o n
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i d entifiers for internal service c a l l s .  This mac. it

rela t i v e l y  s im p le to v e r i f y  th e source of t h e  servic e

request, and, as an added benefit, mode a v a i l a b l e  an e n t i r e

new series of function i d e n t i f i e r s  w i t h o u t  - l i sr u o ti nr , the

series alread y in use for external c a l l s .

Ihe first action taken by the interface submoau l ,

uPon entry is sett in o the software lock w h i c h  suprr esses

swapp ing . The routine Continues w i t h  va l i d a t i o n  of th~~

functi o n i d e n t i f i e r  and a ca ll to one of the oth er

submodules to handle the op eratio n reauested . ~hen con trol

is regained by the interface submodule the swap loc k i s

reset and control returned to the c a l l i n a  r ou ti n e.

2. Service Ca l l  Subm odule

The first step in the i m p l e m e n t a t i o n  of the v i r t u a l

I/O functions was to determine the operations p er forim ea cv

each device. Since it had alread y been decided to l i m i t  the

scooe of th i s  baseli n e system, only th ree devices were

considered: ter minals, the printer, and v i r t u a l  f l oppy

disks sharing the m i n i — d i s k . A total of ten op eratio ns eere

iden t i f i e d  as necessary to p rovide v i r t u a l  I/O wi t h  these

three dev ices. Subsenuent efforts concentrated gn the

terminals and virtual floppy disks. Data structures were

develooed to suoport each device and routines w r i t t e n  to

s imul ate the op erations per formed by each , to cor ifo r— w i t h

the m odular app roach adopted for t h i s  p r oje ct , th e t e r m i n a l

routines were incorporated in t h e t e r m i n a l  i n t e r f a c e  m odu l e.

The service ca l l  submodul e contains the re ”-a in ino rou t in es .
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Appen dix A contai ns a detailed descri otion of each service

c a l l .

3. Sys tem C a l l  Subm odule

MiS was designed to a l l o w  each user a certain am ount

of f l e x i b i l i t y  in the v i r t u a l  enviro nment orov ided Lv the

sys tem . In order to im o l ement this feature it was necessary

to orov ide additional service routines to h andle t h i s  h i q hpr

level resource mana gement. These add i t i o n a l  routines,

ca l led system cal l s , ore u t i l i z e d  by the ~‘CP to s a t i s f y

terminal reauests for changes in a user ’s environment , i~

was decided th at these same services sh ou l d also be pro~,i-ied

to user programs. Tni ~ led to thp i n c l u s i o n  of sy ste— c.~L1s

in the service module.

The system ca l l s  af4 ec t changes in a user ’s v i r t u a l

environ m ent by acting dir e c t l y  on thp status v a r i a t l e s

contained in the SSP . I’Jo r m a l l y ,  two or more p arame t ers ar~

required to soecify exactl y the action desired. ~aCb

para meter is examined closel y b~ one of several v a l i~~a t i o n

procedures contained in the system ca l l  submodule. Ever y

effort is made to ensure that the request is com p at ib 1 e w i t h

the current system state before any changes are made in t he

SSB.
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E. MIS COMMAND PROCESSOR MODULE

Ihe MIS command processor (MCP) was desi gned to be a

com p lete l y independent m odule of ‘TS (see IV .L.1). Inn

decision was made to im p lement M~~p u t i l i z i n q  a h i g h — l e v e l

language , nam el y PL/ M . This ap oroach had the f o l l o w i n g

advantages:

(1) Use of the PL/M structu red constructs , de ou qni n q and

self—docume n tin g f a c i l i t i e s  to ass ist in th~ r~~n i d

develo pm ent , chec kout and in t e g r a t i o n  ol the co~~rra nd

p rocessor.

(2) As sistance in s i m p l i f y i n g  future — a i n t e n a n c e  and —~~~
-f i —

ficatio n tas ks associ aten w i t h  the comm and processor .

(3) Provided a PL/M pro aram w h i c h  i l l u s t r a t e s  and tests

the system and se rv i ce c a l l  i nte r face re qu i r e r re rt s o-’

a orogram w i t h  ~‘IS.

Since the MCP interface did not re Quire a irect access to

the machine resources, the i n e f f i c i e n c y  of code g en e r at i on

resultin g from the use of a h i g h — l e v e l  language was

outwe ighed by the aivanta ces it pr ovided.

1. Data St ructures

The data structures required for a comm and processor

are f a i r l y  common, dependin g on the numb er and c o m p l e x i t y 0f

Comma nds a v a i l a b l e  to the user . Those used cv ~CP im c l u l e :

a b4 byte command b uf fe r ; a command b u f f e r  p o i n t e r  t o  t r e

next character ; len gth gf th e in out comm an d seauence a b yte

vector to hold and tra n sfe r the command p aram eters to t ne
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service module.

The MTS/MCP interface is throug h the int e rnal

inter face oort located at 1FOOI-i . Th e aata structu res

required to generate the function c a l l  interfac , are

i d entical to those used by CP/M NJ . An exam pl e o f the

c a l l i n g  procedures can be found in section F.d of Appe n dix

A . MCP is also required to save the i’-IS system stac~

pointer prior to Processing the comm and. T0 m a i n t a i n  i t s

indep endence , MCP u t i l i z e s  its own stac k for i n t e r n — 1 1

processing . It then restores the system stack p ointer p r i o r

to e x i t .  This ensures a proper retu rn to the l o cat i on in

the ~‘TS monitor wher e MCP was i n i t i a l l y c a l l e d .

2. Command P r o c e s s i no

The comm ana processor is cal l ea ov t~~e ~TS 
_ c m i t q r

to process a system command entered h~’ the t e r m i n a l  user .

After savi.,q the (ystem Stac k p ointer and settin g up i t c r’~j m~

stack , the data structures are i n i t i a l i z e d .  Th e Svste”’

command is then read into the command bu ffer u si r~a a

sequence of MIS service calls.  If the command buffe r is

emp ty, no further processino is accom p lis h ed, MCP ret ur ns to

the monitor. Assuming there is a comm and to process , ~he

first non—b lank character of the comm an d is read. A l l  o t h er

charact ers in the command name are ignored by ~CP sin ce the

first chara cter o~ eac h command is uni ou e. If the f i r s t

character is not one of th , v a l i o  system comm and s, ~~r’

I NVALID CMD messaae is sent to t~~e service m odu le 4cr

d is o la y on t he  a P P ro p r i a t e  t e r m i n a l ’ s s t a t u s  l i n e .  If it  is
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a val i d command character, orocess ing of the Comm and

sequence continues.

Each comm and is processed by its own subrou tine .

V a l i d a t i o n  of the parameter seauence and synta x is

acco m p lished for each inpu t command (see 0.3, A pp end ix A ).

An INVALID CMI) error message is dis p layed for any detec ’ed

error in synt ax . The f o l l o w i n g  conv e rsi ons o f i f l O l i t

pa rame ter values are perform ed:

(1) drive letter — range of values is ~~~~~~~~ t h e ~- S C J T

l etter character is converted to a b i n a r y  n (,rv r e r

between 0 and 7 (e.a. A~~O, R:1, etc.).

(2) disk number — since the ranae of v~~
1 ues is from ° 31 ,

no more th an two characters m ay he entered for t~~ i S

p arameter ; tee inp ut ASC II nu m eric characters ~~re

converted to the equivalen t b in ar y va 1 ue.

(3) memor y size — ranoe of va lues is O— ~4h , thus UO to t~~ o

ASCI I numeric ch aract ers are conve rted to t h e

e ouiv al e nt bi nary val ue.

A s the pa r a m e t e r s  a re p r o c e s s e d ,  e a c h  i s  s a v e d  i n

the param eter vector. Af ter the comm and seguence has been

interpr eted , MCP calls th e MIS se rvice m odule to c o nt i ’~ue

pro cessin g the command request. Thi s c a l l  in c ludes t r ~n

aooro oriate system comm and number and th e p a rameter or l i s t

of p aramete rs required by the syn t a x of the comman d . Ts~

MIS service module w i l l  alw a y s return a c~~”o l e t i o n  cole to

the c a l l i n g  routine. TMCP is imp l em ented to im m e d i ~~t e l v

return this com p letion code to the service rrodu~ e in t~~~e
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fo rm of a DIS PLAY MSG system c a l l .  T h i s  results in t h e

ap orooriate message be ing dis p layed to the user upon

comp letion of command p rocessin g (see E.3, a pPend i x 4). ‘~CP

then restores the system stack and returns control to th e

‘~TS monitor.

F. TERM INAL INTE RFA CE MODULE

The terminal interface module was desigriel .-~r-t -i

imp lemented to orovia c al l  f unctions and f a c i l i t i e s  r eQIj ir~’-i

to interface the four Sycor 144Q dis p lay t e r m i n a l s  w i t h  t~~~e

remainder of M f3~ It isolates a l l  th e t e r~r i r a l f~~n c t i r - ’ - s

and data structur es i r t ~~ one ind ep endent m Olu l P , Th ere a r~~

no external routines accessed and on l y t~~~o T~ ol o c a i  c~~
p - i

structures access~~o cv te~ t e r m i n a l  moou~~e. T 0i5 c r o v i~~~

h i gh degree of m ocul e indecendence ar-d m i n i m i z e s  t n e

external link age reguir ements.

The terminal interface module orov i~’es three cen eral

services for the Sycor 440/MIS env ir on rn er-i~~:

(I) terminal P r i m i t i v e  functions — T-ese are fun ctio n s

which are commonl y orovided by t~~’ n  t e r m i n a l  haro~.a re

of i n t e l l i g e n t  text dis pl a y devic es. However , th e

Syco r £140 reauir es th at th ey ~~e pr ovided by the

softw ar e . These inc l ude such tasks as co n vert ing f rom

a key board m a t r i x  code to ASCI I ~~~~~~~ for i n p u t  ~~~~~~

b l i n k i n g  and up d at i n g  the Cur rent ~ C 5 i t i n n i n d i c a t o r

(cursor ), and s c r o l l i n g  the di sola ~~.

(2) input key pr ocessin g — t h i s  is Pro ce ssin g done under
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in terru p t cont rol , for each key a c t i v a t i o n  interru p t

received. It includes ch ec k in g icr c r r i t a l i z a t i c r  of

alp ha betic characte r , check ing for any so eci al “ is

command keys and input character PC 1’O inc .

(3) system interface functions — these functions rrr’viie

the p rimary interface p oi n t be twe en the term ’~nal

module and other r~TS m odules. Tk ey pr ovi d e th e

p rocessinQ of reriuests iron, ~ TS routines for t e r m i n a l

I/O or status i r f o rm a t i o n .

The t e r m i n a l  in t erf a ce module was l o r i i c a l l v  and

ph y s i c a l l y  divid ed in t o five (5) suhmri dul es. tac h suhr ”oa ’~ le

contains the linkage an’~ ma cro d e f i n i t i o n s  reces~~ irv to

interface w i t h  oth er t e r m i n a l  subm odules and g l o b a l  svs~~e~

data Structures as reauired . The cassina o’ Par am et e rs

between procedures and submodules w i t h i n  the t e r m i n a l  rrr’~~ I l e

is accom pl ished e n t i r e l y  throu gh th e m a c n i n e  reo1~~te rs . Tn0

terminal inte rf ace suhm od ulp s are discuss ea i~ 
t hp o l l - ~~i~~-~

parag ra phs .

1. Data Structures

T his subm odule orov id e s all t k e interna l a.~ta

structures used by the terminal inte r face routines. 4- i

imp ortant point to keep in mind is that a l l data Structu r es

pro~’id ing displa y I/O control are i n  m u l t i p l e s  of f cur ,

requir ing one for each of the four t e r m i n a l s .  r ach t e r — i -~a ’

Wa S assigned an i d e n t i f i c a t i o n  number fro” 0—3.

Ihe p rim a r y  data structures oro vi ~~ i n a  a i s o l a ~ ‘,O

control include the four ~7h byte DMA r’ jffe ’- s oiscu sse~ in

79



=
~

-
~

-- -- -- ~~~~~ -—  ~-----~~ 
—‘

~ - -- — 
-~~~~~

sec tion IV.F.? and the f o l l o w i n g :

(1) dis o lay base — a data ve ctor co~’ta i n i n q  t r e t- a se

address of each of th e 512 b yt e (ii~~o la y b u f f e r s  (ones

not include the 64 b yt e status J i n ~~).

(2) cursor — a pointer sp ecif y ing th e c j r r e n t  d i S ~~l dV

address (from fl—~~1l ) at whic h  t h e  curs o r c h a rar t e r is

to be disp layed.

( 3 )  current l i n e  — a c o i n t e r  s o e c ’~~y ina t~~e ~n~~t ic J l

d i s p la y adiress of th e current l i r e  i n  ~~‘i c n  t~~~ us~~r

is enterin g data. T h is  l i n e  ha s not yet ~- e - ~~ ’

terminated by a l i n e  t e r m i n a t i o n  key (see se c t i o n

IV.F .2).

(4) next char — a p oi n ter soeci~~y in a the i n i t i a l  ~ isr ; l~~v

address co n t a i n i n g  the n ext c h aracter in the i r r u~

l ine (puffer ) to be orocessea. A n ircu t l i n e  ,~~

aefine a as a Strin g of up to 51~ A S CTI ch a r a c t~~rs

whi c h  has been terminated by a l i n e  t e rm i n a t i o n  ~~~y.

(5) end iLw ff — end of the in out buffer ; p oints tc tr e

dis p lay address where a l i n e  ter~’i n a t i o n  ey .a~

recei ved.

(6) terminal status — contains th e currc’r ’ statu S  O~ 0~~C~

t e r m i n a l ’ s inpu t b uffer ; the possi~ 
1 e values are in p u t

w a iting , MIS Cmd ready, or ibuff emP ty.

A d d i t i o n a l  data struc tures i n c l u - ~’: a m a t r i x  cn’J e

t o  ASC II conversio n tabl e; an upper or i ’-~~er  ca se key e n t r y

mOde indicat or ; status l i n e  base address v e ct o r and o-~t a

vectors conta inina Status l i n e  m essages. 

-- - --— - - . -— - --
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2. U t i l i t y  Ro utines

This submodu le contains the ba sic u t i l i t y  rout,n es

which  orovide comm on regist er m a n i p u l ,t i o n  and ~ rocess inn

required by the remaining ter m i n a l  suh’-n du les. The onl y

data structure needed b~ thi s  suhm odu l~~ is a swap p o s i t i c n

address used for swap cursor p rocess in— ,. These u t i l i t y

functions inc lude: comp ar ing d isplay p a in t ers to d O t O r m i n e

if the y are eaua l conv ert in g a binar y n~~-’- b er to ar-

dis o la y code; gettin g and st o r i n d d i s o l a .  c~’arac ter s — o v ’n~

by tes of data from a m em or y source to a - emo rv o e sti n a~~ioo

a~ d s-napp ing the curre n t cursor p os j t i o ’~ ch a r a c t e r  ~ i t k  f~~-e

swap o osi tio n c h a r a c t e r. This is th e b a -; i c r - e c h a r i s ~ une -~

to o r ovide the b l i n k i n g  curso r feature.

3. Ter min al Interf ace P r i m i t i v e s

This subm odu le co n tai n s the r~~ut~~-’0s w h~~~ h rro~. ’je

the p r i m i t i v e  functions of th~ ter i ’al mo au le . T -p se

procedures regui re 1 i nkaqes to a l l  the Ii cp l av con t ro l n-a t a

structures and th . status base adc~~ess vector. ~~~

p r i m i t i v e  functio n s in c l ude: b lankin g a s o e c i f i e d  area ~~r

the dis p lay buffer; r e tr i e v i n g  app ro p ri ate ois r l a y  b u f f er

and status l i n e  addresses returnin g tbt c u r r e n t  t e r m i r ~a l

status ; sending beeo and c l i c k  a l e r t s  r r ’

s c r o l l ing a sp eci f ied t e r m i n a l ’ s d i c o l a y  am -~ IJc~~a t i m :  t’- e

curre nt cursor g o s i t i o n .



4. Key Process ing Routines

T h i s submodule p r ovides one of th, b a s i c  f u n c t i n n ~

~~~f th e t e r m i n a l  m o d u l e ,  th .-~t nf r r o c es c in a e-~ch ~ev

ch aract er enter~ ’i a~ a t e r m i n a l .  It rer,uifeS 1~~~~~~~~(4P t o

most of the t e r m i n a l  data structures and ~o or~ Q lOb.~1 ’

system data structure , the task st a tu s C o n t a i n b d  in  the ~~~~

A b it is set in the task statu S h y t~ when an ~TS svste~

command is entered at a t e r m i n a l .  Th i s su c’~ .Je i s  c a l  J~~~~ ’

by th e t e r m i n a l  ir te r ru r , t h a n d l e r  to nr -cess t h e  i n n u ~ ~ ev

cooe . T he f o l l o w i n g  is a s u m m a r y  c~ th e p ro ce5$ ,- .-~

a c c o m p l i s hed: c on v e r t i n o  tk e inr ,ut ~~~t r i x  c~’d~ t -  ~~he

an pr on r i a t e  .~SCT I code; checkin g f o r and c o r ’ v P r t i r g  I~~~~~ r to

uPper case l e t t e r s  i f reaui red cb e c <i r ’ q for a— ~~ k’~ v

coTmanis (jnc l u d i r ’ c a l l  l i n e  e d i t i o n ) ;  ~~~~~~~ 
j f  n~~~ a ~‘~v

comm and, th e inp ut C k a rac t er is echoed r~~c~ to t~~e t p r — i - e m

jis olay . A key c o mm an d  is one of t~~e f~~l~~~~~i na:

(1) lin e t e r m i n a t i o n  key — e i t h e r  an E~~°fl~ 
P
~.SET ~~r C~

key. Checks to see if input c~~n b e  acce nted. I~

ir iout is alread y w a i t i n g  ~o t-” Processe d ~~op

t e r m i n a t i o n  key is not accepted and a t e r m i n a l  boon

alert is sent to the t e r m i n a l .  O t h~~rw i se the cu~~r°nt

line is established as the ne- p i n p u t  buffer . ~‘he

ap pr oor iate te r m i n a l  status is set and i f j t i s an ‘TS

command , the VCP b i t  in the task ~t a tu s b yte is Sat .

Th is ensures t h a t the comma n d oroc~~ssor i S c a l tm pl

th e mon itor to Proces s t h i s  Co~~~a r’ .

(2) li n e  e d i t i n g  and cursor c o n t r o l  k~~v~ — r r n v m ~~e~ 0 e

process ing f~~r ch a rac t e r de le te, l i n e  del e t e, r l o ~jr
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sc reen , and move cursor left or ri~~~t . T e r m i n a l  e~ r

alerts are generated i f the f u n c t i n n  c a n  r’r’ t b e

perf ormed.

(3) entry mode key — sets or cle a r s  the C U r r~~
-.t a l r~’~~~~ -~~ r c

key entry to the ap Pr op riate upper or I- ’~ -~-r case -o°e.

5. System Interface Functions

Thi s subm odule contains tke r o u t i n e s  ~,h j c h  r r n v i - J e

th e t e r m i n a l  m odule in t e r f a c e  w i t h  the rest o1 t r ~~ IS

modules. It or ovides readi ng and -n r i t jra o ’ ch a r a c t ers f - ~ m

or to the t e r m i n a l  d i s p l a y  b uf fers; t e r m i n a l  s’ at js

i n f o r m a t i o n  (e.a. w~~ether or rot th e r e is i n p ut ~.a~~t in n ) ;

d i s p l a y  of st atus and M m ~essanes gn t h p t e r m i n a l  5~~at us

l i n e ;  control o~ the c e r i n d i c  b l i n k i n o  ~ f th e ‘~i sn)a ~ cu rso”

c b ar a cter and c l e a r i n g  the St atus l i n e  ~ nen reou est e-; .

T h i s  submodule l i n k s  ~o t~~e t e r m i n a l  da’ -a S t r u c t u r e s

a gl oba l system variab l e w h i c h al wavs so e c ,fi es the t er i~~a l

number associated w i t h  the f u n c t i o n  reque~~t.

P3



- -  
- --

VT. CO NCLUSI rl~~S t~NP RECU~~~
F.~nATI O N ~

Th e primary goal of t h i s  thesi s pr o j e ct was to det~~r rr in e

the most feasible met h od of int ea rating t h e Svco r ‘4IJU system

into the f a c i l i t i e s  o~ the NPS m i c r o c c -~p ut e r  l a b o r at o r y .

The aim was to make a v a i l a b l e  the resourc es of th e ~ ycor ‘~~~~

in suPport of mi C r o com p u t C r system s aev ei oD~ ent. The r a i n

objective Wa S to orcvide an env ir o nm e rt for the sb a r l m q  c~

these resources am ong m u l t i p l e  users. T~~e ‘-‘i c r c c m ruter

T ir res b ared System was deve lop ed to accc m1 i s h  t h i s  resm u ce

sh a r in ~~. The sh ar in g o’ th e ~0~~O m ic rop rO cesS or ~~r r c t , ,~~

m u l t i p r o g r a m m i n g  r ath er tha n m u l t i p r o c p s s ’n o  was i m p l e ’ r er’t~~~

o nl y because of the hardware con f i q u r a ’  m~~~r~ 0f th e °yr n r

‘440. The r e l a t i v e l y  low cost pf m ioroo rocess o,r s ~-~~j 1 ~

n o r m a l l y  lead to th e i m p l em e n t a t i o n  of a m i c r o P r o c e s s o r —

based timeshared system w i t h  dedicated rP’)S for eac h user .

Thus, the emp hasis was olac ed on the sha in g reou irerr ’rts g 4

th e rem ai nin g system resources. The sh ar ing pf thp ~~,‘r ’or

1440 memory was im ol emented throu gh the u~~e of swac nin ~~,

pr oviding up to 481< of R~ M for user rrooram s. Sn ar ir ’ o e ’

the m i n i — d i s k  a u x i l i a r y  storage was orovide d throu gh t O e

v i r t u a l  floop y di sk concerit.

Durinc the research and dev elop m en t gf YTS, seve~~a
i

areas were i d e n t i f i p o  as p o t e n t i a l  c a n d i d a t e s  f g r

enhancem ent. These areas inc lua e : enh anc em en ts ~o 
th e

p roto type MIS system , enha n cemen t s to the Sycor ~ ‘4 i
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hardware, and M180 enhancements.

The baseline tirr eshared system as im p le m e n t e d  p rov io e s

shari ng of the Sycor 440 mem or y and m i n i — d i s k  re so ljrcP s

amongst m u l t i n l e  ter m in a l users. ~n ob vious ex tension to

t hi s basi c im p lemen t ati o n is the sharing of the r e m a i n i n n

ded icated I/O devices (e.g. p ri n ter , ca sset te , et c.)

pr ovided by the Sycor du O. These f a c i l i t i e s  were p l anned

for dur in g the desi gn phas e n f MTS ann interface t ;oi r t s

pr ovided thr ou ghout the i mp l e m e n t ed o a s e l i n e  system tO

ensure easy inclusion at some later dote. A ’ 1 g j tior ’~~l

information on sucoosted des ion ~~nd im p l e m e n t a t i o n

~poroaches for tP,se features are conta i n e d in ~e
4 . 1.

F rom the Svco r 440/MTS in t e rf ace p Oj r ~~t ~f view, t~’e ‘am

enhance m en t to the cu rre n t h ar dware c -”-- 4 i r i u r a t i n r r  wr ’u ?~ ne

the inclusion of the f ast, m u l t i — s e c t o r  — m i — d i s k  c o n t r o l l e r

pr esentl y under develop m ent a! Sycor. To assist i n  toe

further integration of the Sycor ‘440 into the curr er ”

microcom p uter develo pm ent f a c i l i t i e s ,  t h e  a d d i t i o n  o~ a

floppy disk drive would he h e l p f u l . It is recomm ended ,

however, that the floop y disk interface be an addition to,

not a replacement for , the Current casset te interface. Ire

cassette driver is necessar y in order to m a i n t a i n

c o m p a t i b i l i t y  between the Svcor ‘44 0 and the 340 -debu gger.

A d d i t i o n a l  hardware enhan cemen ts w h i c h  w o u ld assis t in ‘h

im p l em e ro t i on of a ti rre sh ared m i c r o C o m p u t e r  System j n c l u o e  a

bounds regist er f~~r m em or y protec tio n and a mode r e a i S ’ e

w i t h  jnt err ,jpt Io ni c to pr ovide a dua l — s t a t e  ma chine.

A secondar y objective of thi s  thesis oro~ ect was to

P5

--

~

---- -—rn

~

.-- —-—----- ~~~~~~~~--- ~~~ -~~~~~~~~~~~~~~ -



evaluate the p erforman ce of ML8O in the development of a

reaso nabl y laroe system . In aeneral , the use of MI. eO

pr ovided man y advantaces over assemb ly langua ge p r on r am r r in g

without incurrin g the pen alt y of i n e f f i c i e n t  cocje

generation. The alo ebraic notation provided by the lanauaqe

proved esp eciall y convenient in workin g at the re o i st e r

level. The impr oved r e a d a b i l i t y  ~ f t~~e source code was o~

great a s s i s t a n c e  duri ng the develo pme n t of ~-‘TS. The ot h er

features of MLSO discussed in section I1 .( Proved, f~~r tr e

most p art, to be very sa tisfact o r y . ~owe ver , as d e s c r i h e l

in chac ’ter V, the r e l a t i v e l y  sma ll amount of m eoo ry

av a i l a b l e  on Phe system ~ b i~~h hosted the c o m p i l e r  c a t s e H

numerous problem s. T~ orov ide a co m p l e t e l y  arleaua te

en viron m ent for the aevel com ent of la rger syster -s , a

necessary impr ove m ent would be th e m o d i f i c a t i o n  ~
4 

~ l h 0  t o

run on a system w i t h  more m em ory a v a i l a b l e  for t a rle s an-i

stacks. An obvious met hod -
~~ i m p l e m e n t i n g  t h i s  im p rove ment

is to enlarge ML8Ot s fixed size stacks and run the c om p i l e r

under the version of CP/M modified for the Sycc,r Li ’4O/’- T S

environme n t . A d d i t i o n a l  su~ ge~~ti on s for er-hancem ents to

ML8O include: addin g a macro libra r y c a p a b i l i t y  for ease p 4

implementin g common macros, modif yin g EXIERN A L and Cfl~~’-~O’l

dec larations to pr ovide lin ka ge to indiv i d u a l  ide nt i 4i ,r s

rather than entire modules as is now done , and out ru~~t ing

co m p i l e r  errcr messages and symbol t a b l e  l i s t i n g s  to a r ’ri n

f i l e  for easier debugging .
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A PPENDIX A MIS USEPIO ‘~AMIJ AL

The puroose of thi s document is to p r ovide th e u s er  A~~~t~~’

the in f ormation necessary to u t i l i z e  th e M icr o cor r out e r

Timeshare rl System (MTn ). The contents include i n f o r m a t i o n  on

settin g uø the S~ co r 411 0 System for use w i t h  MIS, l g a o i n g

and i n i t i a l i z i n g  MIS, and i n t e r f a c i n g  i.~i t b  tr- e MT~ op e r , ’t i n - i

system . Sections A and B pr ovide a qener al de s c r i p t i o n  r:’

:~iTS design con cepts and th e Sycor 411 0 S y s t em . Sec tio n C

pr ovides the detailed i n f o r m a t i o n  necessa ry to i n t e r f a c e  t.’e

Svcor ‘44 0 System and ~‘IS. Sec tio n 1) c o n t a i n s  i n f o r m a t i o n  cr’

th e t~~rm i n ~~l desja n, key fu n ct i ons, and sy stem Com~~ar’cs

,~h i C h enable the te r m i n a l  user to c om m u n i c a t e  w i t h  rT 5

Section E descri b es the MIS status l i n e  d i s p l a y  and de f ine s

the various messages dis pl ay ed by MIS. 4ectio n F d e t a i l s

the services orovided a user croarar~ by MTS, and tr i e

l i m i t a t i o n s  on a user prooram runn in g in the “IS

environment. For more d etaile d i n f o r m a t i o n  on op e r a t i o n

procedures for the Sycor £1 140 System consult section 6, iQef.

2. The comp lete MIS desi -a n sp ecif i cation and im p l em e n t a t i o n

information is contained in Ref. 1 .
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A.  M IS CONCEPTS AND !~EF I N IT I O NS

The acquisition of the Sycor 14140 Clustered T e r m i n a l

Processing System provided an opp ortunit y for d e v elo p —en t o f

a shared environ ment for microco mp ut e r researc h and

develo pm ent. In response , the M icroco m p uter T ime s h a r e -I

System (MIS) was desianed and b u i l t  to p r o vide the b asi c

machine interface and system ma naoem ent fu n ctions necessar y

for a shared environ m ent.

The ouroose of MIS is to Provide an inter fac e b etw een

th e bare Sycor 14 110 machine and uo to four user t dc<s

ex ecut in q concurrentl y . The MIS envir o n m e n t , as Viewe ’l hv

the user, p rovi d es al l  t h e  m ic r op ro ce s sor f a c i l i t i e s

required ‘o r microco m p uter research and dev el opment. Fr om a

system poi n t of v iew, MIS manages the a v a i l a b l e  ha raw a r c ~o

ensure that the hardware resources are e g u i t a h l v  and

e f f i c i e n t l y  all ocated to com p et ing user program s. ~T5 is

designed to in ter fa ce w i t h  a version gf CP/~ m odi fi e d  to run

on the Sycor 4(40. Ih iS enables a l l  svste rr s and prori ra- c

designed to run w i t h  the CP/M op erating system to run on th e

Syco r L4140 w i t h  minor m o d i f i c a t i o n s  (such as a chanqe in load

ad dress). Ih is includes al l  the devel opment f a c i l i t i e s

ava i l a b l e  w i t h  CP/M , such as the con text ed itor, dynami c

debugoer , assembler, etc. Referenc e I contai n s a l i s t  g f

references for CP/M and its f a c i l i t i e s .
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8. SYCOR ‘4140 NARtl~~A~~E DESC RIPTTO’4

The Sycor ‘4110 Clustere d Ter min al Processin g Sv sterr a~

~PS is comp osed of a co n trol unit c o n t a i n i n g  a casset e tar: e

d r ive , four dis o la y t e r m i n a l s ,  a C e n t roni x m a t r i x  p r i n t~~r ,

an d a Svcor Model 3110 Communications T e r m i n a l .

The control unit is the heart gf t~~e ‘4(40 sy stem .

Contained w i t h i n  a w a i s t — h i g h  cabinet are ran’1~ aol co n t r o l

lo g ic i n c l u d i n g  two 8080 chips, 6’4~ of rando m acc ess r~~ rrn ry

(FAM ), interfaces for a l l  p e rip ne r~il devices, i~ fi r-

megabyte fixed disk, as we ll as the a forementioned cassettr-

taoe drive.

Located togeth er on the fro nt of th e c o n t r o l  u n i t  ar r - an

ON /OFF/RESET ~eyl ock and system status p ane l . lu r n in o  P n e

key loc k to the RFSEI p o s i t i o n  a c t i v a t e s  a dia g n o s t i c

bootstra p program located in read—on l y ~‘ernory (kO~~). I~~is

boo tstra p pr oaram p er forms several dia gn ostic teSts on t h e

CPU, memo ry, and system load dev ice ~ca s sett e or m i n i — d i s K )

and then i n i t i a t e s  system loadina , th e status of t h e

d ia a n o stic tests is indi c a ted by a serie s of red l i g h t s  on

the system status panel. These l i g h t s  are turned p ff jn

seauer’ce as each phase of the test is success 4u l l v

como leted . when al l red li ght s have been turned p ff , ~h rep

green lio ht s on the p anel w i l l  remain l i t  to i n d i c a t e  t h a t

a l l  po wer supp lies are fu n c tioni n a n o r m a l l y .  The re is als o

one additional red l i g h t  at the b ott em o 4 the sy st em sta tus

oanel w hi ch only comes on if the t em p e r ature inside t n e

contro l unit cabi n et exceeds normal op eratin g l i m i t s .

qi
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One of the two ~0P0 chios located in the ~4L4 O contr ol

unit serves as the system CPU. The F~Ob0 i n s t r u c t i o n  set

consists of the 7~ data tra n sfer , a r i t h m e t i c ,  log i c a l ,

branch, stack, I/O, and mac hine control i n s t r u c t i o n s

described in Pef . 3. T he Svcor ‘4(40 pr ovides a com~~reb en sive

set of p r i o r i t i z e d  interru o ts i n c l u d i n o  a t i m e r , peri p h e r a l

device , and a u x i l i a r y  storage device interru p ts. Passing

control in formatio n and data b etween th e R0~~0 ~p)~J .~~r-i ’-~

peripher al devices is acco m pl i she d by u t i l i z i n g  th e ~/P

ports (called latches in 5yco r l i t e r a t u r e )  or ovi aer j on t~~~e

8080 chio .

The second R0~~0 ch i p  found in the con tr o l u n i t  act s as a

co n t r o l l e r  for the m i n i ’lisk. Ihe i ni ~~~is k is a s i r ’o l~

p l a t t e r s  movable head, fi x ed disk b l oc ke c into 51? r~v t e

sectors. There are 800 t r a c k s  on the ai s~ w i t h  1~ ~ert~~r s

per track. Data trans fer between PM’ and th e f r i n i — 1 4 i S k  is

v ia direct m em ory access (C’~1fl. The m i n i — d i s k  c o n t r o l l e r

communicates w i t h  the host POPO CPU thr ~~uah a 13 b yte j i k

control block (PCR) located at a fix ed l o c a t i o n  in m em o r l .

Per ip herals supported by the Sycor 14 14 0 system i n c l u d e

bi synchro nous and asynch ronou s communication aevi ces , uo to

eig ht dis p l ay terminals, serial and l in e  or inters , and car-i

readers. Th~ NPS confi g uration has four dis p lay terrr ~ n~’ls

consist in g of a t y p e w r i t e r — l i k e  keyboard anti CR1 11s~~l -3v

device. Each t e r m i n a l  dis m ays a ~~~~~~~ ir n ane pf a S7ti ~‘ite

ter m inal p uffer loc a t e d in ~ 4M • ~evooard im p u t  i s

accomo lish ed by soft war e t r a n s l a t i o n  o~ a keyb oard m a t r i x

code into the corresp ondin g A SC II c h a ra ct er code. ~or
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hardcoo y output the NPS 14140 in c ludes a Ce n tron i x seria l

m a t r i x  printer.

Several di ff e r en t a u x i l i a r y  storage devices m ay pe

attac hed to the Sycor (4 11 0 in a d d i t i o n  to the m i n i — r ~is~~.

These include magnetic tare drives, cassette tare d r i v e s ,

and floppy disk drives. The NPS con f i g u r a t i o n  ir ’cludes a

cassette tare drive located in the control unit. This d r i v e

pr ovides c o m p a t i b i l i t y  between th e Svcor ~4 4 0  system ari d tr~~

~1ode 1 3(40 debuqoer .

The ~odel 3140 C omm unications T er m i n a l  is a ccm r ,letc ’

system in it s own right w h i c h  is ma r K e t e~ py ~ycor 
4 0r

remote job p n t rv (RIE . ) a p p l i c a t i o n s  (1 4 ] .  ~ he n u t i l i z e d  as a

h ardwa re debugger, the 3/ 4 0 i s augmentec ~ it b  14~~ 0f PA ~ and ~

backp lane cOu rli n a to a sm ecia l ..sir e—wr aoo ed i n t e r f a c e  b o a r -I

in the 14~40 cont r o l  u n i t .  Tri m 3/40 dehu cQer is r’-r ov iae ri ~ i t ~’

a softw are rackage w h ic h in cludes p r o v i s i o n s  for lo a din g an~

dumping hex format erogram f i l e s  bet w een cassette tare -~n~

14130 P4M , exa m i n a t i o n  and m o d i f i c a t i o n  of i r - ai v i ’ i .:al

l ocations in 14140 memor y, in ser t ing br eak p oints and tra p s in

programs executin g on the 4140, and single-stee r in g t hr c~’i~~b a

pr ogram executing one instruction at a ti m e  (61.

There are several hardware c h a r a c t e r i s t i c s  of th e Sycor

1411 0 system whi ch st rongly infl u enced th e i m p l e m e n t a t i o n  o f

MIS. The most imp ort an t of these are :

(1) 8080 CPU archit e c t ure

(2) termi n a l  de sign

(3) m i n i — d i s k  int e r face

(14) sin g le—st ate CPU



(5) lack of memor y p r o t e cti o n
&

The imp act whic h each ch a r a c t e r i s t i c  h ad on the de cian an

impl ementation of MIS is covered in Ref. 1. Før ~ 
p o r e

detailed discussio n of Sycor 1414 0 h a rdwar e c h a r a c t e r i s t i c s

see ~ef. ?.
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C. SYCOR L3(40/MTS INT FR~~ACE

The M icro computer lirre shared Sy stem was desiane~-i and

b u i l t  for use on th e Sycar £4 14 0 C l u s t e r e d  T e r m i n a l  Pro cess in -i

Sys tem . For t h i s  reason ~ TS depends h e a v i l y  on srie ci~~ic

features of the Sycor im p l e m e n t a t i o n  of an 80F0 based

microorocessor. Thi s dependence in c lu g e s r e l i a n c e  on ~yc or

supp lied softw are as w e l l  as th~ 11/4 0 -ar a w ane, hut hero~~es

m ast apparent to th e user in the two areas o f l o a d i n g  r r i~~

system and m a i n t a i n i n g  sys t em f i l e s .

1. Loadir i a the System

The MIS object m odu le re sides on ~~~~e - i n i — a i s ~ i~

re l ocatable format a cce p tab le to the Svcor System toa ~~r- r.

T he S y s t e m  Loade r  is c a l l e a  ~~n to m em o ry  py  se tt inc t n ~~

i n ternal system a e f i n i t i o n  S w i t C h  to 3 ar~
g t urn ir l  t e

ON /OFF/RESET ke y l ock on t~~e cont rol u r i t  to th e ~‘E~~ET

p osition. Af ter MIS is loaded e xecutio n b e gins w i t h  tri p

in i t i a l  pr ogram load (TPL) module. Tn e guery RECI JV E PY?

(Y/ti ) i s  displa y ed at ter~’in a l 0. The op erator Sh oul d on ter

V if recovery is desired, otherwise N . In th e Pve nt t h a t

the IPL op eration is halted due to a f i l e  access error (f i l e

non—existent or cannot he read) the m essage I~~L 
A b fl.~TE~

followed by a system f i l e  nam e w i l l  aerear at t e r m i n a ’

After correctin g th e p roble m the orerator m ay r eload i’-

normal manner . -~Ih p ri th e JPL A~~0PTED messari e i s acco—r~~r- ’ e~

by the HA PD~I~~OE EPROR te r — i n a l  a l e r t  it i n d i c a t e s  t~~a~ i~~

abnor m al c om p l e tio n code was retu ”ne d b-v th e m i n i — , i s v

co n t r o l l e r  aft e r a ‘ead ope r a tio n . ~u rt h e r  i n v e s t i q , 3 t i o m  
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usi ng the Sycor u t i l i t y  propram s FIXNA P or ..ZAP may be

required to identif y the p roblem r2,51 .

To sum marize , load ina MIS in volves the foll o w i rm

steps:

(1) set inter n al system de f i n i t i o n  switch to 3

(2) turn ON/OFF/RFSET keylock to PESET

(3) wait two minutes w h i l e  m i n i — d i s k  reaches op eratina

speec and all  red lia h t’ s on contr o l unit status panel

go out

(LI ) res~ ond to ~E~~OVEPY? puery wit h  N to i n i t i a l i z e  a new

system or Y ~o recover from t~’e last ooeretirm

sess i on.

2. Recovery F ile — .MTSRC VP

MIS supoorts l i m i t e d  recr~verv aft e r a user ta sk

causes a sys tem crash. Th. recover y feature is im r ,lem ent ed

by copying the contents of the System state block (S5b)

after eac h swaø to a mi n i — d i s k  f i l e  known as the recover y

file. Since the SSB defines the state of the system at any

i nstant , recovery may be accom p lished by reloadirm the SS~

f rom the recovery fi l e ,  d e leting the task causing the crash ,

and proceeding wi t h normal execut ion. These act ions ar~

performed by the MIS IPI m odule when the answer to the

RECOVERY? query is V .

wheneve r ~TS is runnin g , a sin o le—secto r f i l e  name ’~

.MTSRCVR mu st be l i sted in the min i dis k director y . In tn.

event thi s f i l e  is deleted , it may he recreated undm r thm

Sycor ope ra t in g system by usin g the command

go



CREATE .MTSRCVR N:!

The contents of the recovery file at the como le ti on o f an

operating session are only meaningful if recovery w i l l  be

requested when MIS is next loaded. Therefore, under norm al

circum stan ces this f i l e  is not needed when MIS is not

ru nning.

3. Swao F iles .M T5S~ Px

One of the most fundamenta l reouir em ents on any

timesharing system is rn a i r ~t a jn in a independe nce of user tas ks

executi ng concurrentl y . MIS satisfies this rep u irem ent by

maintainin g phy sic al as well as l o n ical seoaration o~ a l l

use r tas ks in the System . A ssoc iatep w i t h each of the four

terminal tasks is a m i n i — d i s k  f i l e  used to store a core—

irnape of th~ task when it is w a i t i n o  for the CPU or blr ’cked

pending some I/O operation. A t any given instant a task ma y

reside on the disk in its swaP fi l e  or in memory, but d t no

time can two or more tasks reside in m emory simultaneousl y .

A task’ s swap imaoe consists of 17 bytes reserved t. v

MIS for environment and virtual device control data fol lowe d

by up to LI8,896 bytes of user task memory imaae. Thus, the

maximum allowable swac imaoe is ap p roximately LIR~ bytm s .

There is no min i m u m  value for the size of a swap image. T~~p

swap image size or, ecuiv a l e n tl y, the amount of memor y space

ava i l a b l e  to the user is variab le from () to UPK . In l a r t ,

the user is encouraged to use Ph~ smal les t swao image w h i c h

satis fies his requir em ents as smaller swao imap es tend to

impr ove system responsiveness.

g7
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A 48K swao image w i l l  f i l l  Q6 sectors on the m i n i -

disk. Therefore eac h of the four swao f il e s  should nor m all y

be 96 sectors long . In the event th at m i n i— d i s k  space is

l i m i t e d ,  or that user tasks do not regur’ a (18K swap im ap e ,

MTS w i l l  automaticall y adjust to any fi l e  size greater than

16K (32 sectors). Sixte en kilob ytes was selected as the

minimum and default system size since it pr ovides a

reaso nabl e amount of m emor y for runnino th e CP/M operat ino

sys tem. The TPL module performs a size test on each swao

fi l e  to ensure that it is at least 32 sec t ov s lono. ~ T S

canno t be loaded if any swac f i l e  i s  s m a l l e r  than 32

sec tors.

If it becomes necessary to chanoe the size of any or

all swac files, the file (s ) must first he aeleted f~~pm t~~e

mini— d i s k  directory. Th is is accompNshed under the ~yror

op erating system usirm the command

DELETE <filename>

where < filenam e> may he .MTSS~ PO, .MTSSWPI. , .M T SS~ P2, or

.M1S5Wp3. The number in each case indicates the ter m i n a l

w ith which the f i l e  is associated. Aft e r the f i l e  has been

deleted , it ma y be recreated by using the command

CREATE < filename> fJ:96

for each f i l e  which has been deleted. If swao fil es sm a l l e r

than 48K are desir ed , the value of N in the CREAIF comman d

strin g should be twp t im es the reoui red memor y space jn

kilocytes, hut no less than 32.

The contents of the swao f i les ucon com p le t i on of an

P.115 op eratin g session are only rr eanin p ful if recovery w i l l

98
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be requested when ~‘TS is nex t loaded. Under norm al

circu m stances these four files are not required when t.~TS i s

not running.

4. C o n f ig u ra t io n  F i le  — .MTSCNFG

A~ exp lain ed in section A .2.c, hiTS ident ifie s

virtual floppy disks by a logical disk number ranaing from fl

to 31. Si nce each vir tual flopoy disk a ctuall y rpside s in a

mi n i — d i s k  f i l e  created under the Sycor oper atinr , system,

there must be some mechanism for ma pp ino a lo ai c al disk

number into a fi l e  name contained in the m i n i — d i s k

directory. Th is function is performed by the co n f ig u r a tio n

f i l e  .MTSCNFG.

The configuration f i l e  is maoe up of 32 entries o f

thirt een bytes each contained on a sin ale m i n i — d i s k  sector.

Each entry has the f o rma t  

: F I L E N A M E  K E Y  P A

0 7 8  11 12

w here FILENAME is the 0 to R byte name of the virtual flonpy

d isk file  as It aopears in the mi n j dis k di re ctor y; KFY is a

0 to LI byte Prote ction key; PA is the orotectio n attrib u te

of the v irtual disk, i.e. ‘P’ for read/write orotect ion, ‘R’

for write protection onl y (restricted access), and b lank for

no protection. The logical disk number for each entry is

sim p l y the Position of that entry w i t h i n  the file. For

exa mp le, the first entry is assioned lo gi cal disk numb er 0,

the last entry 31, and the entry whi C h is oreceded by 17 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



other entries becomes number 17.

The confi gurati on f i l e  is read by MIS durin g the

i n i t i a l i z a t i o n  process performed by the IPL modu le. Th,

• filena me is extracted from each entry and input to a routine

which searches the mi n i — d i s k  director y . Mheri a m atch occurs

the mi n i — d i s k  address for the f i l e  is read from the

directory and entered in a virtual floppy disk map *.able.

If no match occurs for a aiven configuratio n f i l e  ent ’~y, tn r

co rresoonding log ical disk number is mark ed not a v a i l a b l e .

A ny subsequent attemp t to access that virtual disk w i l l

res ult in the terminal alt ~~rt DISK NOT A V A I L  (E.3).

The confi ouration f i l e  may onl y be modified w t e n

runnin g under the Sycor operat ina system. Svccr pr ov ides a

data entry free form mode w hich allows the terminal operator

to examine and modif y the contents of the f i l e  ES). Extr em e

care mus t be exercised when uodatina .MTSCNFG to align eac h

entry properly in the fi le . MIS assumes the fi l e  w i l l  he in

the prooer format when read, and makes no attempt to

val idate individual entries.

Since the infor m at ion contained in the configur ation

file Is of a permanent nature and can onl y he recreated w i t h

great di f f i c u l t y ,  the f i l e  .MI~ CNFG should never be dele ted

from the m in j dis k fi l e  director y . In Ph . event the f i l e  is

deleted erro neously, a new fi l e  ma y he created under tne

Sycor operatin g system usin g the RESTORE Command and a

backup cassette labeled “.MTSCNFG OLJVP” . The comm and is

entered as

RUN RESTORE 2:/CSST
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wit h .MTSCNFG DUMP mounted in the cassette drive. This

commend w i l l  b uild a new fi l e  directory ent ry for .MTSC NFG

and establish a ba sic con fiourati on f i l e  w i t h  32 entries of

the form .DISKx, where x ranges from 0 to 31. Thi s basic

file  may then he edited as described above to reflect

current fi l e  names and protection attributes.

5. V irtual Floppy ~ isk Files

Eac h virtual flop ~ y disk resides on a block Øf

l ogica l l y contiguous m i n i — d i s k  sectors. This block must be

allocated usi no th e f a c i l i t i e s  Provide d by the ~ycor

ope rati ng system, sp e c i f i c a l l y  the comm and

CREATE <fil ename > N: < file size>

where <fil ename > is a I to ~ charac ter name to be entered jn

th e m i n i — d i s k  dire ctor y and co nf i curatio n f i l e ,  and < f i l e

size> is the length of the f i l e  in 512 hy’e m i n i — d i S k

sec tors. For the standard 256K byte floppy aisk < f i l e  si ze>

eaua ls 512, i.e. (256 * 102(1)/512:512.

Where a phy sical floppy cisk has a fixed caoa city o f

256K bytes, an MTS vi rtual disk may have any conve n ient

size. MIS assumes that the disk image is made ur of

contiguous 1 6  byte flooøy disk sectors star ting wi t h  track

0 sector 1, proceedina through the 26 sectors of track 0 to

track I sector 1, and so on until the v i r t u a l  disk f i l e  is

f u l l .  If the virtual ci~~k f i l e  size is less than 512 m i n i —

d isk sectors, less than 77 floopy p is k tracks w i l l  be

addressable. Conve rsely, if th . f i l e  size exceeds 517 , tk er~

more than 77 tracks w i l l  be addressable , uo to a m a x i m u m  ~~
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256 t r a c k s .  T n e i t h er  case  MIS a u t o m a t i c a l l y  a d j u s t s  the

upper bound based on the f i l e  s i z e  as shown in the  m i n i — d i s k

direc tory .

It is i mportant to note th a t MIS onl y recognizes

virtual flo ppy disk files wh i ch are entered in the

confioura tion file. The loa ica l disk number associate d w i t h

a given virtual floppy disk f i l e  is oet erm ined by that files

p osition in .MTSCNFG. When the f i l e  is i n i t i a l l y  enterec in

t he configuration f i l e  a p rotection key and p rote ctio n

attribute should also be entered, if desired.
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D. MIS/USER TE PMTNAL INTF RFACE

1. T e r m i n a l  In t e r f a c e  Desig n

The general  f o r m a t  o f  each  t e r m i n a l  d i s p lay  is as

f o l l o w s :

10 S T A T U S  L IME f’3

10 D 63

:6(1 i 1?1

B S 191

.1 9? U P 2~ 5~

256 F L 319:

:320 F A 3~~3 l

:38a  E V ‘411 7

R 5)1:

The numbers are decim a l and soecify character p osi tio n s

w i t h i n  the status line and disp lay buffer .

a. S ta tus  Line

The t e r m i n a l  s t a t u s  l i ne  is  used by M15 to

d iso l -a y t h r e e  types of s t a t u s  i n f o r m a t i o n :

( 1) The Current  v i r t u a l  d r i v e  and f l oppy  d i s k  a s s i po r n e n t s

f or tha t  t e r m i n a l .

( 2) The s i z e  of the  user ’ s sw ao  imaoe ,  i .e.  the  amount o f

memory soace c u r re n t ly  a v a i l a b le .

(3) Error  messaae a l e r t s  oroduced by MIS syS tem commands,

or result ing from user program c a l l s  on the (‘ISPLAY
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MSG service rou t i ne (see F.?.).

The status l ine d is o l ay  f o r m a t  and c o n t e n t s  are

d i s c u s s e d  in detail in section F.

b. D i s o l a y  Bu ff e r

The d i s o l ay  b u f f e r  can ho ld  uo to  a m a x i m u m  of

512 c h a r a c t e r s .  The d i s p l ay  bu f f e r  a l s o  a c t s  as an innut

pu f f e r,  ho ld ing  the  in Put data u n t i l  the user ’s oroqr~jm

req uests  i t .  Due to  t he  u n a v o i d a b l e  d e l a y s  in user Prog ra m

response caused by s w a p P i ng  and ag g r a v a t e d  by t h e  r e l a t i v e l y

low da ta  t r a n s f e r  r a t e  of  the  m i n i — d i s k , the  MIS t e r m i n a l

i n t e r f a c e  pr o v i d e s  c h a r a c t e r  echo ing  ari d s i m p l e  l i ne  e d i t i n a

fea tures. This ensures reasonab le resoonse times to key

activation by the user. Thus , inout data can not he

considered available to the user ’s program until an i O p ~~ t

li n e terminat i o n chara cter has been rece ived b y ~~~~ To

establish an inout buffer for a program, the user enters th e

data and terminates the lin e by h i t t i n g  the NFM INE or FI~TE~

keys on the keyboard. This establis h es that li ne as an

i nput buf fer avail a b l e  for orocessing by th e user ’s Program .

Note that the key com binations ‘1/ 0 CTL hi ’ or ‘SHIFT CR’

(on the number pad) w i l l  also result in the ter minati on of

an inout lin e. Eit her of these keys, as well as MEWL INE and

ENTER, may be used for line termination.

Once an input buffer has been established the

user ma y continue to input data on the np x t line. Th e user

may use any of the line edit in a or other cursor contr o l

features on this new line of input data. However , t his new

10(1
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l i ne  may not be t e r m i n a t e d  un t i l  t he  user ’ s prog ram has

pr ocessed  the  p re v i o u s  input b u f f e r  (- se e t e r m i n a l  a l e r t s

below ).

Each c h a r a c t e r  output  f r o m  th~ user ’ s p ro o ram is

disolaye d at the current cursor p osit~~on. Each output

results in all inout buffer p ointe r s be iri n reset to the

character posi tion at the end of the output data . Thu , ne~

I/U w i l l  start this p o int. This i m p l i e s  that if tr~e user

had been in the middle of entering aata when the out Put

occurred, it must be reentered .

c. Ter m in a l A l e r t s

The MIS t e r m i n a l  i n t e r f a c e  o r o v i a e s  th, user

with either a visual or audio response to each key

depression. Normal visual response is p rovided by dis p l a y

of the entered chara cter and/or m ovem ent of tne di sp l a y

cursor. The display cursor is a b l i n k i n g  undersc ore

character whic h marks the current p osition on the screen.

Data is al ways entered and di spl ay ed at the current curso r

p ositio n.

The audio respo nses Consist of either a beep or

click at the ter min al. A ter min a l beeo alert w i l l  be

generated for any of the fo l l owino conditions

(1) An inpu t buffer is waitin g to be processed by the

user ’s program and the terminal user atte m p ts to

terminate a new input line.

(2) Ar~ attempt is made to move the cursor hack oast th e

start of the current line. Fo r examp le , attem p t in g to
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dele te the p revious line or character after th~ l in e

has been entered by a termi n ation key w i l l  result in a

beer ’.

The t erminal c l i c k  alert is associated w i t h  P r o

disp lay scrollin g feature. Since the dis p lay buffer also

acts as an input bu ffer , scrollin g the d i sp la y when the 51?

byte dis p lay buffer is full could destroy inp ut dat -a w h i c h

has not yet been orocessed. For exam p le, the user cou ld be

en teri ng a 512 characte r strin g . Uoon ter m i n a t i o n  of th a t

input line , hiTS w i l l  lock out scrol l i n o  u n t i l  the user ’s

program has orocessei th’ firs t 6(1 chara cte rs. Th i ensu res

that the input data is not destro yed by the s c r oll m o

opera tion. This scrol l i ng lockout is indica t ed to the use r

by a terminal c l i c k  alert.

2. Term inal ~(ev Func t ions

The terminal keys fal l into five basic fu n ctional

groups: keys for entry of normal character str i nqs keys

which affect the inter pr etation of the inou~ key ch a r a ct e r~

input line termination keys; l ine editin g and cursor cont ro l

keys; and number oad keys. These keys and their func t i ons

are described in the fo llowin g subsecions. W i t h i n  the

func tion descri p tions, “cu rrent oo sit ion ” re f ers to the

current cursor p osition on the screen. Any referen ce to tne

d isp la y of a character in the current p i sition , also i m p l i e s

that the current Position is incremented by one.

106



• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-,--- -- - - - — - — — ~~— --

a. C h a r a c t e r  S t r i na  K eys

KEY/SWITC H FUNCT ION

0—9 Disp lays the input n u m e r i c

ch ara cter at the current

o o s i t i o n  on t he  sc reen .

Sp ecial D is p lays th~ in p ut sp ecial

C haracters cha racthr at the current cursor

p osit ion on th e screen .

= A Z  Dis p la y s the in out alp h abe t i c

characte rs at tr i p r.urr °nt

• P osition OP the screen .

A lph ab etic ch ar a cte r s are

dis ol ayec in uppe r or lower case

dependi ng on the key mari e (see

SHI FT and ES C under Entry ~ooe

Keys ).

Tab /Skip D isol ays a (ho rizonal ) tab sym-

bol at the Current p os i t i go ~ r

the sc reen.

b. Entry Mode Keys

KEY/S W ITCH FU~”CTION

FUNCTION Defines the inter p retation of

SELFCI (FS) keys for sp ecial fun ct io ns as
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defined in t h i s  section.

I/O CONTROL Defines the inter p retation of

(I/O CTL) keys for sn ecia l funct ion s as

defined in t h i s  sectio n . A l so

used in cori~ un cti on w i t h  t h e

alph abetic keys to generate

aopr ooriate AS CII control cocos.

SHIFT 1)efines th , i n t e r p r e t a t i o n  of

keys used for two (d)

cha racters. A )c0 used to

c a p i t a l i z e  ais nah e t i c ct a r act e rs

when the ke” entr y mode is lo~~er

c-as’ (see bel ow ) .

FS C Se ts or clea rs the alo~’ah eti c

key entry mode to upp er or low er

case. Funct ions as a s h i f t  <ev

loc k.

c. L ine Terminatio n Yeys

KEY /S W ITCH FUNCTION

NE~ LINC ; ENTER; Terminates the current line and

I/O CIL M; establishes th e just complete -I

SHIFT CR ; input l i n e as an inp ut buf fe r

a v a i l a b l e  for orocess ing by th e

user ’s pro gram . The cursor is

108



_______  ~~~ ~~~~~~~~~~~~~ -~~~~~~~~~--- 
- 

—~~ —

di s p l ay e d  at t he  l e f t  most

po s i t i o n  of t he  next line .

ERROR RESET Sp eci fie s tha t the inp ut l i n e

(MTS CMD) wh i c h  it t e rmina t es is to be

orocesse d by M IS as a system

com mand .

d. Line E d i t i n g  and Cursor Control Kp y

KFY/S~UTCH FUNCTION

NEXT FMA T Deletes a l l  c haracters frgrr th e

(Line Delete ) current op sit ion ~‘ac k to tre

start of the curre n t line.

BA CK SPACE Deletes the previous l y ente red

(Char Delete ) character.

ES ~ or I/OCTL ¶ Clears the d isplay b uffer (n 0t

(Clear Screen) the status line ) and leaves P~~~o

current p osition at the upper

left oos iti o n  of the d i sp l a y

buffe r.

( — —  (Cursor Left ) Moves the current p osit io n one

to the le ft. floes not n ,lete

previous entry , hut l l o w s

reent ry .

• ———>( Cur sor Right) Moves the curre n t p osi t i on one
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to thp ri g ht. Does not delete

pr evious entry, hut a l l o w s

reent ry .

e. Number Pad Keys

The number nad keys  c o n s i s t  of  10 numeric i i a i t s

and 8 A SC IT c o n t r o l  c h a r a c t e r s  l o c a t e d  on the rjri ht side of

t he  keyboa rd .  The d i c i t s  function in the same manner as tn o

other numeric d i g i t s  on th e keyboard. The ASC I I co n trol

characters -are dis p la yed when the SHIFT key is depressed in

con junction wit h  the app rop ria te key . The onl y co n trol

ch aracter w h i C h  affects th e dis p lay is SIITFT CR (see Li r e

Te rrr in at ion Keys).

3. ~.1TS Sys tem Commands

System commanc s are a set of commands ~~ ic n orev ice

the user w i t h  a means of communication w i t h  MIS fror~ t h e

termina l. These comma nds allow the user to lo g in to ‘IS;

quit MIS; attach v i r t u a l  floppy disks ; pr otect , restrict,

and unprotect vi r t u a l  floppy disks ; and soecif y the v i r t u a l

memor y size to be used.

a. General Ch aracteristics

A MIS command sequence may be entered an y time

a f t e r  the  in i t i a l i z a t i o n  or r e i n i t i al iz a t i o n  of MIS. The

user en te r s the d e s i r e d  command seq uence ,  f o l l o w e d  by th e

ERROR RESET key. This siana ls the op eratin g system th a t

there is an MIS comm and to be orocessed. Any errors

d e t e c t e d  in the command sequence w i l l  result in an error
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alert messane disp layed in the MIS message fi e l d  on the

status line. Section E describes the MIS status l in e

dis p la y ama p rovides a summar y gf the error messaoes.

b. Syn tax Rules

The follow ing rules sh ould he used to inte rpr et

the syntax for each system command given in section D.3.e.

(1) The command ma y be entered in upoer or lower case.

MIS converts the commands to unpor case for

p rocessing .

(2) Each entry in the command sequence m ust be senarated

by one or more soaces.

(3) The entire comm and race m ay he used to soeci~~y th e

command. However only th . first letter ~~ the comrand

is reouired , as indicated by the underscore in tne

sy n t a x .  MIS v a l i d a t e s  onl y the f i r s t  l e t t e r  p 1 the

command name.

(4) Parame te r s are shown in lower case and enclosed by

ine qu a l i t y  signs N >) .  Each parameter name is a

var i ab le  w h i c h  must be reo laced  by t he  a p pr o p r i a t e

c h a r a c t e r  s t r i n g  or dec ima l  number e n t e r e d  by the

user.

( 5) Pa rame te rs  may be req u ired  or o pt i o n a l , deoendino on

the command. Op tional parameters are sp eci fie d by

enc los inq  the Pa rameter  10 b r a c k e t s  f t  I) .  If a

parameter is des ianated as op tional , i t ma y be omitte d

f r om the command seouence (se’ s e c t i o n  fl .~~.d).

(6) The d e s ig na t i o n  ((d isk  nr> ( / ( k ey > l J  i n d i c a t e s  t h at

Ill 
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the entire p arameter seauence is op tio n al , and that

<dis k or> may appear without /<key). The converse ,

h o w e v e r ,  is riot t rue.

(7)  If pa ramete rs  are entered in a command sequence they

mu st be i n  the order s o e c i f i e d  in the  sy n t a x .  F or

exa mpl e, <d i sk  nr > may not be e n t e r e d  b e f o r e  (d r i v e

lt r >.

(~~) The notation (error reset ) at the end of each comr r nd

strina is a reminder to the user that each MIS comma nd

sequence mus t be terminated by the ERROR RESET key .

c. Parameter Defin i t i o n s

The s y s t e m  co mmand s hav.  four  t y pe s  o~

para m eter s

(1) (drive lt r > — must he one of the a lo habetic ch aract ers

A through H. It s pe c i f i e s  one of t h e  Piori t v i r t u a l

di sk d r i v e s  a v a i l a b l e  to  a t e r m i n a l  user .

(2) <disk or> — must be a deci m al number in the range

0—31. I t snecifies one of up to ~2 v irt u a l  flop oy

d isk f i l e s  on the Sycor  m i n i — d i s k .

(3) /<key> — a str~ nq of not more than four characters ,

a l w a y s  preceded by t he  s pe c i a l  c h a r a c t e r  ‘I’ w hic h

des ignates the string as a key param eter . A l l  v a l i d

AS CII c h a r a c t e r s  a re a c c e pt a b l e  i n clud ino  b l a n k ,  s l a s h

(I), and other spe cia l characters.

(4) <memory size> — must be a deci m al va lue in the range 0

to 4R , whi c h sp ecif ies the user ’s swao image size in

k i l o by t e s .  The d e f a u l t  v a l u e  for  a user  SwaP image i s

11 2
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16K .

d. Default Para meter Values

C e r t a i n  s y s t e m  commands a l l o w  t he  user tn O m i t

t h e < d r i v e  l t r >  and/or <d isk  nr> pa r a m e t e r s .  In t h e s e

cases, MIS determines the aop rooriate drive letter and disk

number by scanning i t s  a l l o c a t i o n  t a b l e s  for the f ir s t

ava il able virtual drive or virtual disk , as anorooriate. If

one is found, it is allocated to the requestin o user .

Otherwise the ar’prooriate error messaoe is dis p layed.

The <key> parameter is opti onal only if the disk

requested has no pr ot ection attributes sp ecified. th us there

is no default <key> value. A~ p revio usly m e nti oned, tne

default <memor y Size> parameter is lbK .

e. Command De scrip ti or ,s

The following cages describe in detail each o’

t he  sy s t e m  commands:

( 1)  A T T A C H

(2 )  LOGIN

(3)  PROTECT

(4) OU!T

(5)  RESTRICT

(6 )  SIZE

(7 )  UNPRO T EC I
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SYSTE M CO MMAND A T T A C H

Functio n:

To attach a vir t u a l  floppy disk to a virtual disk drive
fo r use by a user at a sp ecific terminal.

Sy ntax: -

ATTACH t< dri v e ltr > ) t< dis k nr> t /< key >J ) (error resee)

Desc r io t  ion:

This system command sim ulates the p hysical op eratio n of
loading virtual disk <disk nr> in to v i r t u a l  drive d r i v e
l t r> . A l l  pa ra me t e r s  ar e  op tio n al, sect ion fl.~~.r1
describes the defaul t va lues when ~p t i~~nal p aram et ers
are omitted.

Er ror Messages:

INVAL ID CMD — Syntax error in comm and seauence.
DRIVE NOT AVAIL — Drive letter has not been

snecif ied and there is no dr ive
p resently avai l a b l e  f~~r assignment.

DISK NR ERROR — Disk number entered is oreater
t han  31.

DISK IN USE — Disk number sp eci fied is p rese n tl y
allocated w i t h  read /write access to
another user.

DRIVE LTR ERROR — Drive letter entered is not one of the
lette rs A throu gh H.

DISK NOT AV A IL — Eit h er disk number has not been
soecified and there is no gisk
presentl y ava i l able for assignm enU or
t he sp eci fied disk is not
available for ass ignment.

KEY ERROR - The specified disk reguires a key
and either a key has not been entered
or the entered key did not match.

Ex a m o l e s :

AT T A C H  A 3 /USRt
A C
a t t a ch S / v d # 1
a t
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SYSTE M COMMAND LUC1N

Funct ion :

L inks  the t e r m i n a l  user to MT~ and Provides the i r i t i a l
load of the user ’ s progra m or oo.r a t i na  s y s t e m  (d e f a u l t
sy s t e m  i s  C P / M ) .

Sy nt a x :

LOGIN (<d i sk  or>  t / < k py > ] )  (e r r o r  re s e t )

Desc r i o t  ion:

This system Command r in t i f i es MTS th at the reQuestin g
t e r m inal  is  now a c t i v e ,  and s i m u l a t e s  t h e ph y s i c a l
cold—start boo tst rap op eration of the user ’s system .
The bootstra o load always takes p lace from v i r t u a l  d r i v e
A. The vi r tua l di sk (and associated key , i f any )
attached to this drive ma y be sp e cified as a p ar ame ter .
The default is disk rir 0, wh ic h is a reac onl y disk ari d

always contai ns the cP/r~ ciocrati na system .

E rror Messages:

DISK NR ERROR — Disk number entered is areater
than 31. -

DISK IN USE Dis k number sp ecified is p resen tl y
allocated w i t h  read /w rite access to
an o ther  user .

DISK NOT 4VA IL — The sp eci fied dis k is not avai lable
fo r  a ss ign ment .

HARD WARE ERROR — Abnormal comp letion Status was
returned by the m i n i — d i s k  contro ll er
following a write oPeration. Thi s
m~ y indicate that the last v i r t u a l
disk written to was not closed
pr op erly and data has been lost.

INVALID CMD — Sy n t a x  e r ro r  in com mand sequence.

E x a m p le s :

LOG T N 3 /01
L 15
lo gin 25 /d25
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SYSTE~ CO MM AND PR O IFCT

Function:

Adds the  r e a d / w r i t e  pro te c t i o n  a t t r i b u t e  to  the
soe c i f i ed  v i r t u a l  d i s k .

Sy n t a x :

PROTECT <disk nr> /<key > (error reset )

D e s c r ipt i o n :

This system comman d pr ovides the user w i t h  t~~e means for
on—li ne assignment of a pr otection <key> to <disk nir> .
This orotecti on ma y also he aaded o f f — l i n e  usi ng t h e
Syco r 440 system software (see sectio n C.5).

Er ror Messages:

DISK NR ERROR — Di sk number entered is greater
than 3j~

HARD ARE ERPOR — Ab nnrma ’l compl e tion sta tus was
returned by the m ini i rl is k c n i n t r o l l e r
foll o wi ng a read or w r i t e  op eration.

INVALID CYD — Syntax error in command sequence.

KEY ERROR — The soeci fied disk is alread y
p rotected. To chanae pr ot ection keys
use UNPROTECT w i t h  current key arid
th en PROTECT w i t h  new key .

E x a m p l e s :

PROTECT 1 /VFD 5
o r o t e c t  10 / k e y l
p 2 /u#20
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SYSTE M COMMAND 1~tJI T

Func t ion:

Terminates the terminal user ’s li n k  t n i  MIS.

Sy nt ax

QU IT (e r r o r  r e s e t)

Description:

Th i s system command nn ’ti fi e s hiTS th at t h e  re quest inni
terminal is no longer active.

Error c4essaaes:

H A RD~~AR F ER~ OP — Abnor m a l co rr o le t mni n status was
returned by the m i n i — d i s k  c o n t r o l l e r
foll o wina a wri t e  op erat ion. t h is m ay
indicate that the last v i r t u a l  d i sk
w ri t ten to was not cl osm a p r op erl y and
da ta  has been l o s t .

INVALID CMD — Syntax error in command seQuence.

E x a m p l e s :

QUiT
qui t
0 H
a
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SYSTE M COMMAND RFSTRTCT

Functio n:

Ad ds th~ read restriction attribute to th e sp ecif ied
v irtual disk.

Sy ntax:

RESTRICT <d isk nr> /<key> (error reset )

Desc rip tion :

This system command pr ovides the user w i t h  the me ans ‘or
on—line assignment ~ f a “ read onl y ” r e s t r i c t i o n  to <ai sk
nr> . Th is allows the user tn s p e c i f y  a pr ev io u s l y
pr otected vir t u a l  flopp y disk as a v a i l a b l e  to n t b e r
use rs for read only access.

E rror Messages:

DISK NR ERROR — Disk number entered is created
t han 31.

INVALID CMD — Syntax error in command seQuence.

KEY ERROR — The sp ecified ai sk recuires a key
and either a key has no t been entered
or the entered key d i d  not match .

Examp les:

RESTRICT 3 /1 1) I
R 4 / 104
res trict 13 /usr3
r 16 /1

11 8
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SY STE M COMM AN D $ T Z F

Func t ion :

Speci fies the memor y size to be allocated tp t he
te rminal user.

Syn tax:

SIZE <memor y size> (error reset )

Desc rio t ion:

Th is system comm and Sets the size of the user ’s swan
image. The range of values is 0—48K . The d e f a u l t  vauo
a fter lo gin is lbK . is entered.

Er ror Messages:

INVALID CMD — Syntax error in comm and SeQuence .

OUT OF BOUNDS — E i t h e r  the size caram et er ente reo
does not f all  in t he  range of

or the Sycor 440 swan f i l e
is not lar r ~e enough to h old t h is
size swap im aae (see section C.3).

Exampl es:

SIZE 24
S 3?
s i z e  48
S 0

1 1 9 
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SYSTEM COMMAND I,U~PPOTFCT

Function:

To remove a pr eviousl y entered pr otectio n ~ey from the

sp ecified v irtual flgpp v disk.

Syntax:

UNPPOTECT <disk nr> /< Key > (error reset )

Descri p tion:

This system command p rovides the user w i t h  the rreanc ~or
on — l i n e  rem oval of al l  oro~ e c t i o r~ attributes from <disk - ‘

nr> . This Protectio n m ay also he deleted o f f l i n r e u sin g
the Sycor 440 system software (see sect ion C .~~)•

Er ror Messages:

DISK N R ERROR — Disk number ent’’-eo is -~r eater
th an 31.

MA ROWA RE ERROR — Abn orm al compl et ion sta tus was
returned by the m i n i — d i s k  c o n t r o l l e r
fo l lowing a read or w r i t e  op erat ion .

INVAL ID CMD — Syntax error in command seQuence.

KEY ERROR — A p rotection key is required and
e ithe r no k~~y was entered , or
the entered key di d not match . -

‘

E x a m p le s :

UNPROTECT 18 /NR 9
U 12 /O~ o4
unorotect 7 /Ovfd

~ 9 /0?2.Z

I 20
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£. MTS S T A T U S  L INE MESSAGES

The MIS op erati ng system u t i l i z e s  the fi r s t  l i n e  of each

ter min al for system status ari d error messa ge d is ola y s . Tri o

status li ne is 64 characters in len gth and is divided in to
1

three dis ol ay areas as shown below.

S T A T U S  LINE

0 47 48 o .

V F 0 I -
~ S ‘~ S G

where

VFD — V i r t u a l  Floppy Disk Status D i s p l a y

I ~‘S 
— Memor y Si ze Dis p lay

- Error hiessace D i sp la y

1. V i r t u a l  Flonpy Disk Statu s Dis p lay

This display eontai ri s info r m a t i o n  on the v i r t u a l

drive and dis k assi gnments currently in effect. For each

attached virtua l floppy disk the fo ll owin g w i l l  hr

d isp layed:

(1) drive letter

(2) disk number

(3 )  restric t ion indicator (r or blank )

For example, if the user has attached disk number 3 to dr ’ve

A and disk number 25 (which is rest r ict ed ) to d rive C, th e

status disp lay would appear as follows:
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0 10 3R

:A ~~O3 C~~25r

2. Memo ry Size Dis o l ay

The center of the status l i n e  d i s p l a y  shows the

current memor y size for that user and th e ‘,~~TS’ neader. F~~r

exam p le, ~f the system default memory size were b r ine use d ,

th e .ii s p la y would anpear as f o l l o w s :

40 47

1~~K ~~~

3. Error t.~pss age Dis p la y

A l l MTS system corr~iands are va l i d a t e d  ard an erro r

alert generated jf any syn t ax errors are 4ou n’~. The le st lh

p osit i ons of the status l i n e  are rese rv~~cj for t~~es,

messages. A v a l i d  sy stem comma nd w i l l  c le ar th e err or

messaae dis p lay of any orevious error alert. Th e f o l l o w i n g

is a summary of system error messages.

MESSAGE MEA NING

(Blank Dis pl ay) I n i t i a l  condition ; al so the status message

area is cleared f rillo w i r i g  the processin g

of a v a l i d  sy~~tpm command.

DISK IN USE Disk number sr,ecified is o r e s e -t ly a llo-

cated w i t h  read /write access to anot her

use r .
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DISK NOT A V A I L  E i t h e r  the  d i s k  number has not been s o e c i—

flea an d there is n~ d is~ pr e se ri 4lv

a v a i l a b l e  for assignment ; or spe c i fied

disk number is not a v a i l a b l e  f or

assi gnm ent .

DISK NR ERROR Disk number entered is greater than 31.

DRIVE LTR ERROR Drive numb er entered is not one of ?‘hp

let t ers A thr ouoh -s .

DRIVE NOT AVA IL Drive letter has not been sp e c i f i e d  and

th ere is no drive p resentl y a v a i l a b l e  f g r

assign m ent.

HA f~D~’JARE EPROR A bn o rm a l completion status was re t urnea by

the m i n i — d i S k  c o n t r o l l e r  f o l l o w i n g  a read

or w r i t e  op er ation. M ay in cfl ca te hardwar e

errors on p eri ph eral devices as ada it i or l d l

devices are included in the system .

INVALID CMD Synt ax error has been detected in the

command secuence .

KEY ERROR The soec i fied disk reguir es a key and

either a key has not been entered or the

entered key did riot match .

OUT OF ROUNDS A numeric p aram eter has been spe ci fi e d

which exceeds the v a l i d  bounds for t~~af

para mpt~~r.
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T A S K  DELETED ~Then R E C O V E R Y  is  s p e c i f i e d  du r ing  sys te ” ’

i n i t i a l i z a t i o n ,  t h i s  me ssaae i s d ~ sp lave d

at the termina l w h i c h  was execut in r ’ when

the System failure occurred. It in d i c a t es

t hat t his terminal user must rees t ab li sh

th e en vironment.

I ?‘-l 
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F. MIS/US ER PROGRA M INTE RFA C E

1. Program Inter face Oesiqn

MTS was designed to r. rovi de a times h are ri , vi r t u a l

8080 micro processor environment ~or mi crocom p uter systems

develoom e rit. The term v i r t u a l  is appr op ria te here because

the user actual ly int erfaces w i t h  MIS for many services

normally provided by hardwa re in a dedicated rp si

environ m ent. A software interface betwee n user pro grams and

the Svcor 440 hardware is necessar y in order to al l o c a t e  the

hardware resources eiu - it a hl v and e f f i c i e n t l y ,  w h i l e  at the

same time s a ti s fvir i o the service recuirements of seve ral

compe ti n g user oroqram s.

The MIS/user  Program in te rf a ce consis t s of a set cf

service routines wh i ch m ay he c a l l e d  by a user rrogry~

thr ouah a s-m ale entry Point to p er fo rm t e r m i n a l  I/°, access

vir t u a l  floopy disks, or modif y th e user ’s virt t , al

environment. The design was h eav i l y  infl uenced by the CP/M

ope ratin g System which uses a s i m i l a r  scheme for I/O .
Ic

The set of service routines may be l o g i c a l l y  rli v id e l

i nto two types of c a l l s  on MIS . The f irst type, system

calls , pe rform the same functions for a user program as

sys t em com mands p rov ide  fo r  the user at a t e r m i n a l  (0 .3 ) .

Th e f u n c t i o n s  deal w i t h  m o d i f y i ng  t he user ’s current virt ue 1

environ m ent by chancing memor y  s i ze ,  a t t a c hing v a r i o u s

v i r t u a l  di s ks  to  v i r tu a l  d r i v e s,  or even  looq inc on aria o f f

t he sys t e m .  S e r v i c e  c a l l s  a re  the  second ty pe  of c a l l

pr ov ided  by the MTS s o f t w a r e  i nt e r f a ce .  S e r v i c e  c a l l s  a re
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used to per form ter min a l I/O and access v i r r a l  floooy aisks.

A call to hITS takes the form

<value> = M TS (<l id> ,<parm >)

The f i r s t  argument , < fiei> , is a number from 0 to 17 w h i C h

identifies the functio n reauested. Th. <pa rm> argument m wv

be a o a r a m e t e r  v a lue , jf onl y a sin g l e p aramet er is

reoui red,  or the address of a p arame ter l i s t  if more than

one pa rameter is reguire d . In each case M IS  retu rns <value >

upon com p letion of the regupste-i op eratio n . Thi s retu rned

val ue ma y be an A SC II char acter code, a-i error code, or in

s e v e r a l  c a s e s  have  no s i g n i f i c anc e .  ~o t h  s y s t e m  c a l l s  and

se rvice c a l l s  are for ed as c~esc rih ,d above. The synta x and

function of eac h  c a l l  a re  d e s c r i b e d  in the f o l l o w i n g

sect ions.
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2. Sy s t e m  C a l l s

A l l  sy s t e m  co mm ands a v a i l a b l e  to a user at a

termina l are also available to a user program throu gh svstee

calls. An additio nal call is provided whic h  w i l l  dis p lay an

app rop riate terminal aler t at the user ’s ter minal i f entered

wit h an error code. Table 1 summarizes the requ ired

arguments and return values of each system c a l l .

T ABLE 1

SYSTE t~ C ALL SUMMARY

F I D  NA M E PARM VA LU F

0 ATTACH l i s t  error code

1 DISPL AY MSG error code none

? LOGI’~ l i s t  erro. code

3 PROTECT li s t  error code

11 QUIT none none

5 RESTRICT l ist error code

6 SIZE size erro r code

7 UNPPOTE r I l i s t  e r r o r  code

a. Argumen ts

Each s y s t e m  c a l l  is  i d e n t i f i e d  by a number w h I c h

hITS associates wi t h  a particular service routine. in

addit ion to th i s function i de n tif i er, MIS may req u i re  one or

s e v e r a l a d d i t i o n a l  pa r a m e t e r s  Po pe r f o r m  t he  r eq uest e d

service. hhen more than one param eter is required, MIS mu St

be passed the address of a byte vector co ntai n ina these

para met ’rs. Each system call r eq u i r e s  t h a t  t h i s  v e c t o r

1~~7 
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con fo rm to some f i x e d  f o r m a t .  In genera l  each  by te  of  the

vector w i l l  Co ntain some numeric value or an ~SC 1T c ha r a c t e r

code, but situations m ay arise when an optional parameter is

not specified. Tn SUCh cases t he corres oonair ic byte jr the

parameter vec tor must be f i l l e d  w i t h  the value FFH .

b. Syste m Ca l l Descri p tions

The follo wing oaoes describe in detail each

sys tem ca l l .

I
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SYSTE M CA LL A T T - ~CH

Funct ion :

To attach a virtual floppy disk to a v i r t u a l  disk drive
fo r use by a user at a sp ecific ter min a l .

Argum ents :

F I D  = 0

PARM = address of p aram eter ve cto r
byte 0: drive number where ~~0.. B:1, etc.
byte 1 disk number — 0 t o  31
by t e s  2 —S :  o re t e c t i o n  key — 0 to 3 A SC II cha rac tors

Descri p tion:

This call simulates the phy sica l op er ati on of loac , j-~ i-i

v i r t u a l  disk <disk nr> in to v i r t u a l  d r i v e  < drive n~~> .
Al l  para m eters are-o pt i onal. If d isk and/or dr i v e  or ‘s
riot spe c i f i e d  MIS s ea r c h e s  the  disk or driv e m ap
res oectiv elv for the first a v a i l a b l e  entry . A

p rotection key is ari lv recuirea if the v i r t u a l  disx t~~
he a t t a c h e d  has been assicned read /write nr o t e c t lr s r .
The cal- I retu rns an error code upon com p let i on.

E rror Codes:

— Operation successful
2 — Either disk number has not been soec if i ed and th ere

is no d i s k  p r e s e n t ly  a v a i l a b l e  for ass ignment; or
the  spe c i f i e d  d i s k is not a v a i l a b l e  f o r  a s s i g n m e n t .

3 — Disk number specified is  p re s e n t ly  a l l o c a t e d  w i t h
re a d / w r i t e  a c c e s s  to  a no ther  user .

— Disk  number s pe c i f i e d  is g rea te r  than ~1.
5 — The s pe c i f i e d  d i sk  req u i res  a key  and e i t h e r  a key

ha s not been e nte r e d  or the e n t e r e d  key d id  not
match. 

- -

6 — Drive number soecif ied is areater than 7.
10 — D r i v e  number has not been s p e c i f i e d  and t h e r e  i s  no

d r i v e  pre s e n t ly  a v a i l a b l e  fo r  a s s i g n m e n t .

1?9 
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SYSTE M CALL DISPLAY MSG

Function:

To d i s p l ay  a t e r m i n a l  alert in the status message area
of  the  user ’ s t e r m i n a l .

Ar guments:

FID 1

PA R” = error code

Descrip tion:

This cal l  takes an error code as inp ut and dis pl a y s th e
correspp nding orp oefined te r m i n a l  a l ert messa ge on the
user ’s t ermin a l. The OIS °LA Y MSG system c a l l  p rovi d es
the onl y way for a user to d i s r l a v  - ‘ess3qes on Pn e
term i n al status line. N~ value is retur ee l by th is
s y s t e m  c a l l .

Ac tio n:

(I — blank
I — INVALID CMP
2 — DISK NOT AVAIL
3 — DISK IN USE
LI - DISK NP ERROR
5 — KEY ERROR
6 — DRIVE ITR ERROR
7 — OUT OF 8OUNDS
R — HAR DWARE ERROR

— TASK DELET ED
1 0 — DRIVE NOT A V A I L
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SY STE M CALL LUCIN

Fun c t i o n :

R e i n i t i a l i z e s  the  user ’ s MIS environment and reboots the
user ’s system from dr ive A .

Arguments:

FID = 2

= address of par ameter vec Por
byte 0: disk num ber — 0 to 31
by t e s  1— L 4 : o r o t e c t io r i  key — 0 to LI A S CI I charac ters

Descrip tion:

This system call  creates a r e i n i t i a l i z e d  ~‘T S environ ment
for the user program . Mem ory size is set to lh K and ~~~e
soecif ied disk , if any, w i l l  he att a c w ed t~~ d r ive A . I’
no disk number is sp ecified , disk num ber 0 conta inin a
the CP/M system is attac h ed. Drive ~ss~~gnment and
memor y size w i l l  be dis o lave d on the status l i n e  o f t ri m
user ’s terminal. Th e user sy~~t~~m is then rebooted frgm
drive A~

E rror Codes:

0 — Operation successful
2 — The s pe c i f i e d  d i s k  is not a v a i l a b l e  for assi gnm ent.
3 — Disk number sp ecif ied is curre ntly allocated w i t h

re a d/ w r i t e  a c c e s s  to  anothe r  user.
LI — Disk number spe cif ied is greater than 31.
5 — The sp ecified disk reouires a key and eith e r a key

has not been entered or the entered key d id nOt
mat ch .

8 — Abnormal comp letion status was returned by the
m i n i— d i s k  contr o l l er fol l o w i n g  a wr i t e  op eration.
This may indicate that the last v i r t u a l  disk
written to was not closed oroo ,rlv and data has
bee n lost.
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SYSTE M CALL QU IT

Func t ion:

Logs the  user o f f  MIS.

Argument s:

FID (4

PARM none required

Descrip tion :

T h i s  s y s t e m  c a l l  n o t i f i p s  MIS t h a t  t h e  re a u es t i n o  user
progra m is no longer a c t i v e .  C o n t r o l  w i l l  not h~~

re tu rned  t o t he  user program . The user m uSt lon j n

throu gh the terminal to regain system f a c i l i t i e s .

E rror Codes:

0 — O p e ratio n successful.

— A bnormal com p le t ion status was returned by f- rim

m i n i — d i s k  c o ntroller f o l l o w i n g  a w r i t e  op erati on .
This may indi cat , that the last v i r t u a l  disk —

written to was not closed p rop erl y and oata has
been lost . If this  error code is returned , th e
terminal alert H*RDhARE ERROR is a u t o m a t i c a l l y
disp laye d in the status message area of thp user ’s
terminal.

1 32
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SYSTE M CALL S IZE

Functio n

Set the amount of memor y a v a i l a b l e  to the user.

A rg um en ts

FID

PARM = memory si z e in kilob yte s

Desc rotio n

This system call adjusts the si ze of the user ’s swan

ima ge to the sp ecified value. The val ue must f a l l  i r ~
t h e ranoe 0 to 118, an d also must not be greater th 5n  t b e
size o’~ th e swap f i l e  assoc iated w i t h  t he user ’ s
ter m i n a l .

E rror Codes :

0 — Op erat ion successful.

7 — Either sp eci fied size exceeds ‘~I8K , or a valu e les~
tha n 118K exceeds the size of th e a v a i l a b l e  swap
f i le. -
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3. S e r v i ce C a l l s

The MIS environment currently p rovides a v i r t u a l  ~~PT

ter minal as the pri m ary I/U device and v i r t u a l  flo p oy a isk

drives for a u x i l i a r y  storaoe. A ccess to both of these

vir t u a l  devices is throu oh MTS service c a l l s .  A summ ary ~~

the service c a l l s  sh ow ing parameters and returnea values is

g iv e r ~ in T a b l e  2.

TA bLE 2

SE RV ICE CA LL SUMMARY

FID flA M E PA RM V A L~’E

TE RM INA L STATUS none true / false

REA D TFRM 1~!AL none character

10 WRITE TE RM INAL character none

11 ~RITF PRINTE R char acte r

12 SELECT DRIVE drive p r  error code

13 SET D’~iA dma adaress error code

111 SET IRAC~ track nr none

15 SET S E C T O R  s p Ct o r  nr error code

16 READ FLOPPY none none

17 WRITE  FLOPPY none none

a. V irtua l T erminals

The MIS vi r t u a l  t e r m i n a l  s i m ulates the op era tion

of a serial h a l f — du pl ex console devi ce. Single A SC I I

ch aracters ma y be oassed from the terminal keyboard “a a

user program, or from a user program to th e te rminal ~or

13(4
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d isp l ay .  A service ca l l  to MTS is required to pass each

c haracter. MIS also p rovides a terminal status service c a l l

which a l l o w s  a user program to test the status of a

ter minal.

The user sh gul d keer in m ind that ch aracters are

actual l y being nassed between his program and the t e r m i n a l

dis p lay buffer (D.1.b). This me ans that inp ut need not po

echoe d by the user ’s rr~ gr am since it a l re ad y ar~cears or t h s ’~

d is p la y . Si m p le l i ne e d i t i n g  is also p rovided ~‘y 
MIS c~ 

t r i p

input data orior to rria~~ino that aata av a i l a o le 4 g~~

pr ocessir ra by the user ’s r rogram .

Th e user can a i r e c t l v  c o n t r i r ~utm to l~~~~ ro~,P1

system resoonse by oroper use of thp t e r m i n a l  service c a l ’ s.

It is common p ractice when w r i t i n g  cr, nve r s atio ral oroora s

to im pl ement a “net ch ar a c f - er ” routine to b an g le inpu t  f r~~~’

th e ter m i n a l . ~? o r m a l l y  t h i s  routine does l i t t l e  more th an

rep eatedl y test the term inal status u n t i l  i t f i n as i n rj f -

waiting. In’ the MIS environment a more e f f i c i e n t  met h od o’~

acco m p l i s h i n g  the sam e goal is to i m m e d i a t e l y  read frg~ th ’

ter m ina l with out testin g f~~r status. If in n ut is ,,a i tin a ,

the first c h a r a c t e r  w i l l  he passed  i m m e d i a t e l y .  1~nre

imp ortantl y, if the re is no input w a i t i n g ,  MIS w i l l  bloc k

the user ’s oroqram unti l  a character is entered at tri o

keyboar d. The blocke d program may he swaoced out am a t r i p

CPU allocated to another user. This me th od pf im p l em e n t i n g

conversat ional pr ograms takes adva rrtaq e of u n p r o d u c t i v e

wa itin g tim e in one user pr ogram to service a d d i t i o n a 1

users.
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b. V i r tual Floppy Di sk Drives

The PATS v i r t u a l  flop o y d i s K d r i v e  orov i~~es

a u x i l i a r y  sf-oraoe for user p rograms or v i r t u a l  f lcp ~~y gj s k s.

These hard—sector ed dis ks have 1?8 bytes per sector , 2€~

sectors per track , and a m a x i m u m  number of tracks deter m in ed

by the size of the f i l e  co n tainin g the d is k image (C.~~).

Each user has ei gh t drives a v a i l a b l e  for ded icated use.

Drive A is activated when the user laos in and

serves as the user system load devi ce. J r ~ a or nc e s s  w h i C ~~

simu l ates a co l d—st a r t boot stra p loai the f i r s t  four sect~~r~

on tra ck 0 are read in to th e user ’ s m em or y s c e  at l o c a t i o n

q000H . ~TS assu m es that these sectors co r- t a in execu ~~ar~~’

code w hi ch w i l l  load the rem ainder of the user ’s sy st em .

Unless another disk is sp eci fied in ‘rie LPGT~ c omr’-an~

st ri n g, a read—onl y dis K c o n t a i n i n g  the C P / A  o p p r a t i ”— ~

system w i l l  be at tached when drive A i s a c t i v a t e d .

The user ma y activate any or a l l  o f t r ip

remaining v i r t u a l  dri ves by attachin g a v i r t u a l  disK. T~~i~

is accom pl ished from the terminal by en t eri nq the AT F~~Ck

s y s t e m  co mmand or d i re c t l y  frgm th e user ’s program by a ca l l

to PAT S. A lthou gh no di re ct met hod for detachinc a v i r t u a l

disk is orovided by MIS, the same e ffect is produced

i n directl y by overridin g the current drive ass ignment w i t h  a

second ATI4C )~1 command. ~‘ih~~n the second flopp y d i sk is

attac h ed MIS clo se s the pr eviousl y attac h ed dis k arid

releases it for use elsewhere.

Data transfer between a v i r t u a l  disk and ~ user-

program u t i l i z e s  a 1?d b yt e buf fe r in th e user ’s orogra~

~~~l1 ~~~~
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soace c a l l e d  a DMA bu f f e r .  The name i s  a e r iv e d  frr,’r t r i e

na tu re  of t he  t r a n s f e r  o pe r a t i o n :  to  t h e  user p r og r a m  it

a ppears  t h a t  data tra ns fer is by direct me rro rv access.

before the user program can access a p a r t i c u l a r

v i r t u a l  disk sector the user must spec i fy a comp lete sector

address and a DMA buffer. A comp l ete sector address consi sts

of drive, track, and sector numbers. Np tp that ~“TS w i l l  n gt

a l l o w  a v i r t u a l  drive to he sp lected u n t i l  a d js k has t~~~ c r i

at tached. A DMA hu 4fer is de fined by i t s bas’ address. ~ T S

prov ides a servi ce ca ll to enter each of these four v a l u ’~s.

Once a v a l u e  has be en e n t e r e d  i t  w i l l  be used f o r  a l l

sub seguert v i r t u a l  disk accesses u n t i l  redp 4ined by a seccr- ’l

ser vi ce c a l l .

c. Arg uments

Service c a l l s  have the sam e form as oth er c a l l s

to MIS. A n umerical funct i on i d e n t i f i e r  is as soc iate d w i t k

each call to i d e n t i f y  the service desired. The second

argument is a sin g le p arameter in mo st cases , ~ l~~hO~~gh

several of the service c a l l s  reguire no second argum ent .

d. S e r v i c e  C a l l  De s c r i o t i o n s

The f o l l o w i n g  oaaes describe in detail each

individual service cal l .
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SERVICE CALL TE RM INAL STA TUS

Func t ion:

Interro gate the status of the user ’s t e r m i n a l .

Argument s:

F t D  8

PAR M none required

Desc ri ot ion:

This service call returns a lo gi cal va lue answer in g t r i o

questio n “Is term i n a l  inp ut w a i t i n g ? ”  I F PM T NA L  ~ TATLJ ~
shg~~ld not he usec in t hose situat ion s ‘,jhere no fu r t h e r

process ing can he acc om o li s ked u n t i l  ter~~i nal j r ’ p I j t  i~
ava ila b l e .  In such a cas’ it is more e f f i c i e n t  to ljs~
the REA D TE RM INA L service c a l l  to a l l o w  ~ ro ce ssim ~~f

oth er user tasks w h i l e  w a it i n o .

V a l iie:

GUM — a l l  t e r m i n a l  inp ut orocessed

FFH — ter m ina l inp ut w a i t i n o
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SERVICE CALL R EAD ~~~~~~~~~~~

Furi c t ion:

Read the next a v a i l a b l e  Ch aracter from the user ’s
terminal.

Argumen ts :

FID = 9

PARM none reauired

Desc ription:

Th is service ca l l  nasses the nex t a v a i l a b l e  -~3CI T
charac ter from th e user ’s ter m i n a l  d i sol av b u f f e r  to t r i p

user program . The m ax i m u m  si zo inp ut l i n e  i 5 ~ l?
characters. Each inp ut l i n e  is t er -i n a t ed by a c a rr i a ge
return. It is ngt necessary for user pr oorams to ech o
inp ut charact ers since the y are alr eady d iso la ve d on tri p
user ’s te rmin al before becomi ng a v a i l a b l e  to the user
program . Line ed i t i n g  f un ctio ns are prc,v~~aed by ~~~~

V al we:

A sin gle A SCII character — the end of each in out l i n e  is
in dicated by the return of a ca rri ag e return (ASCiI
0DM).
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SE RV ICE CA LL  aPIIE 1F R M J N A L

Func t ion:

To write a character to the user ’s terminal.

Arguments:

FID 1 0

PAR M = a single AS CI I character

Dese r iot  ion

T his service cal l  passes P- ti e soeci fi ec chara ct er f r o r

t he user o rogra’  to  t h e  t e r m i n a l  d i s o l a y  b u f fe r for

d iso la y . Car riage return (A SCII = 0Db) returns P - ti e

cursor to first p c s i t i on  of the curre nt line. Li m e F eri -1
(A SCII OA H ) moves P - b e curso r down one l i n e , t ac k

out out li ne w i l l  n o r m a l l y  he t ermi n at ed by the rk—L ~
combinatio n.

V a l ue

None returne d.

IdO
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SERVICE CALL SFLECT DMI VE

Func t i on:

Selects the v i r t u a l  f loopy di s k drive to be used in
subsequent flopoy di sk accesses.

Arguments:

FID 12

PA R PA d rive number where A 1 ,  B 2 ,  etc.

Descri p tio n:

This se rvice c a l l  selects one of the eig ht v i r t u a l
flop oy disk drives a v a i l a b l e  to each user orogran for

use in subsequent f l o r oy  d i s k  a c c e s s e s .  ~e f o r e  a a n i v e

can be selected , a vi r t u a l  disk must he attached.

Error Codes:

0 — Op eration Success ful.

6 — Dri ve number sp ecified is greater than 7. Sele ct ed
d rive is changed .

10 — Drive sp ecified is not in use. Indicates t ha t  no
virtual disk has been attached to th e sp ecifie d
drive. Selec ted drive is unchanged.
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SERVICE CAL L SET N~A

Funct ion:

S e t s  the base  address  of  t h e  l2~ by t e  D M A  buffer t° t:e

used in subseauent  f l o poy  d i s k  a c c e s s e s .

Argum ents:

FID = 13

PA R M = base address  o f DMA buffer

Descri otion

The DMA b u f f e r  recui r,d  to access a v i r t ua l floppy d isk
must oe a conti nuous bloc k of 1?d b ytes located in the

user ’s mem ory soace, i.e. w i t h  base address grea ter
than ~4000H. Sp ec i fying a P~ IA address greater thar or

eoual to FFOO H w i l l  have un p redictable resu l ts , bu t can
n o r m a l l y  be expected to cause a svste— crash a r d
suoseauent deleti on of P-h e user ’s tas k uPon recovery .

E rror Codes:

0 — Op eration successful.

7 — A d d r e s s  s pe c i f i e d  i s  l e s s  t han  the  base  of  user ’ s
memory soace. Current DMA adoress rem ains
unchanoed.

1 a2
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SERVICE CALL SEI T R A C K

Functi on:

Sets the floon y disk track number to he used in
subseouent virtua l floppy dis k accesses.

Arg uments:

F I D  =

PA RM track number — 0 to  25ô

Desc r iot ion:

This service call sets the track number to be used i~~~

subseauent floopy d isk accesses. Values ma y range fro-~
0 to 256. The value cannot be va l i d a t e a  u n t i l  ~t is
assoc iated w i t h  a v i r t u a l  floppy di s k nu rrber there for e,
rio v a l i d a t i o n  is p er forred u n t i l  a read or w r i t e

ope rat ion is requested ,

V alue:

‘done returned.

1a3  
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SERVICE CAL L SF1 SECT CP

Function:

Sets thm floppy disk sector number to he used in

subsequent v i r t u a l  floppy dis k accesses.

Ar g ument s:

Fit) = 15

PA R M  = sec tor number — 1 to 2~

Description:

This service ca l l  sets t h e  sector numb er P g  be use d Ho
subsequent v i r t ual floppy disk accesses. Si nce eac h
floppy d isk track contai ns 26 sectors numb ered from I to
26, thi s  value cannot he less than I nor greater t h a n

26.

Error Codes:

0 — Op eratio n successfu l .

7 — Sector numbe r spe cif i ed is less than I or grea ter
than 26. Curren t valu e of sectnr num ber rem ai n s
uric hanoed.

1 ‘.I ’4

-- —- —- - -~~~~ - - -5  -5— ---- - —- — ~~~~~~~ - - t --- - 



Pr-- - , 
-- -.--

~
-- ----- - - — -5 -,- - — ---------,-- - -—--—-- - —---- -- - . -——-,--------

SERVICE CA LL R EA D F L O P P Y

Func t ion:

Simulates readi ng a 128 by t e  sector from a floooy disk.

Arguments:

FID = 1 6

PARM = none requi red

Desc riot ion:

This service ca l l  s i m u l a t e s  readi ng fro- a flor ’pv d i sk
by map oing the current ar ive , t rack, and sector nu-t~ers
into a m i n i — d i s k  address ; readin g th e m i n i — d i s k  Sec tor
into a buffer ; and m ovin g 128 bytes fro- t h e  - i n — d i s k

buffer into the cur rent DMA bu~~~er in th e user ’s m e m o r y

soace. Errors f ra y  occur at two p o ints in th e orccess .
I f the calculated m i n i — d i c k  address f a l l s  Outsi i e tri o
bounds of the v i r t u a l  d i c k  4 i l e  a ttac h ed tg trie
soecified vi r t u a l  arive, it indicates an err or in t rie
snecifi ’d track number . Err o rs ~av a l s o  occur ‘ J t J r ~~~nri

m i n i — d i s k  read anc w r i t e  op erations. ~ user r r — - -~ ra—

must consider Suc h hardware errors as i rre c ove r ab l e
sin ce ~TS provides i n s u f f i c i e n t  jr ’for~’at icn to de t e r— j o,
t he  cause .

E r r o r  Co des:

0 —  Op e ration successful.

7 — C a l c u l a t e d  m i n i — d i s k  address out of bounds. Prric -
able error in spe ci fied tr ack number.

8 — A b n ormal com p leti o n status was returned ~‘ y t h e

m i n i — d i s k  con troll er f o l l o w i n g  a read or w r i t ,
op eratio n .

_ _ _ _ _ _  j
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SERVICE CA LL ~‘iR ITE FLOPPY

Function:

Simulates w r i t i n g  a 128 by te sector t” a f lopp y ciis k .

Arguments:

Fit) 17

PA RM = none required

Descri p tion:

This service call simulates w r i t i n g  to a flop oy gi~~k by
ma PPing the current drive , trac k , and sect or nu— Ders
into a m i n i — d i s k  address; readin g the m i n i — g i s k  Sector
into a buffer ; and movin g 12h b ytes of data fro ~~~
current DMA buffer in th e user ’s m em o ry soace into t~~~e

m i n i — d i s k  buffer. Errors —ra y occur &~~ t w o  rom Ps in th e
p rocess. If the cal c ulated m i n i — d i s k  address 4a 1 1 s
outside the houncs of the v i r t u a l  disk f i l e  at t ache d to
P-he sp eci fied v i r t u a l  drive , it i ndicates an error in

th e sp ecif ie d track number. Errors m ay also occu r
dur in o m j n f— ~~isk read and w r i t e  op erations. The user
should int ero ret such hardw are errors as i n d i C a t i r c  a

oad sector on th e v i r t u a l  flo ppy disk ama tr y r e r e a t i r a
the operatio n w i t h  a diffe r e nt floppy d i sk S C C t O r  a n ’

track combi nation.

E rror Codes:

0 — Op eration successful.

7 C a l c u l a t e d  min i d - i s k  address  out of bounds. ~ r o b—
ab le error in sp ecified track numb er.

8 — Abnormal com ple tion status was returned by the
m i n i dis k contr o ller f o l l o w i n g  a read or w r i t e
op eration.

lab
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‘4. Ca) 1 m g  Procedure

A l l  c a l l s  to MTS, wh ether system c a l l s  or servic e

c a l l s ,  are m ade thr ou gh a sin g le entr y p oint at loc a tio n

2000H. Each call takes two argum ents: th e funct io n

id e n t i f i e r  in r eg is t e r  C ; and a p arameter value or address

in r e o i s t e r  pa i r  DE. In those cases where the second

argument is onl y a single b yt e the Co ntents c-f th e fl

register are ignored.

Each c all to MTS returns a value in th e A re r.ic t e r.

T his value ma y he an error code, an A SC II c h aracter coce , or

ze ro. The value zero is returned by those routines w~~ose

value has no si gnifi cance SUC h as ~kT tE TEP~’1N~~L or

TRACK.

Note that the register assi on rrent s fgr araunents ari~

re turner~ val ues con form to the PL/M conve nt ion fgr r a s c in o

pa r a m e t e r s .  The f o l l o w i n g  e x a m o l e s  i l l u s t r a t e  t h e c a l l i n g

procedure for 8080 Assembly Language, ML~~0, and PL/~ in t h e

MIS environ ment. Each exam p le i l l u s t r a t e s  the secuenc’

requ i red to  read floppy disk sector 22, track L13 on d r i v e  2

into a DMA bu ffer at address 14100H .

a. 8080 Ass em b l y Lanauaoe

~hen writin g in 8080 assem bl y language ~TS is

accessed  by a d i r e c t  c a l l  to  the  MIS e n t ry  po i n t :

MIS EQU 2000H

M V T  C , 1 2  ;FID = 12
MV~ E,2  ;DRIVF  NR = 2

1a7 
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CALL MIS ;S ELECT D R I V E
C, 13 ;FID = 13

L X I  D, z 41 0 0 H ;DMA A D D R F S S
CA LL MIS ;~~ET DMA
Mi/ I C ,1 L~ ;FjD
M V T  E, d 3 ; T RA c ~ NR = ‘4 3
CALL MIS ;S ET T P A C K
M V T  C, 15 ;FID = 15
MV ! E,22 ;SECTOR NP 22
CALL MIS ;SET SECT OR
MV ! C , 16  ;FIf) lb
CA LL MIS ; P EA D  FLO PPY

Mi / I  C , i 5  ;FIP = 15
MV!  E,2  ;ChftNr~E S E C T O P  ~~
CALL  :~~ j ;S ET S E C T O R
Mv ! C , 1 6  ;FJf )  = 16
CA LL  MIS ;Q EA I) A G A I N

c. AL 80

Th e r e a d i h i l i t y  of ML~~0 source programs ~ay he

enhan ced by de f i n i n g  an “~~0 m acro - for each c a l l  t o  ~TS u se-I

in th e program . The f o l l o w i n g  code segment C o n t a in s  severa 1

e x amp 1 e S.

(‘~ACRO MIS ‘2000H’J
(MA CRO SELECT~~DPIVE DNR

C = 12; E = (DNR) ; CALL (MIS]  I)

(MA CRO SET$DMA DMA
C = 13; DE : (DMA ); CALL (hITS1 ‘1

(MA CPO SET$TRA CM TNP
C = 1~l; E (INRI ; CALL [U TS] ‘1

(MACRO SEIsSECTOR SNR $

C = is; E = [SNP) ; CALL [MIS] ‘I
(MACRO PEADt FLOPP Y

C 16 CA LL (MIS) ‘~1

/* SPECIF Y COM PLETE SECTOR A DflRE S~ AN~ 
r);~it. P FEk */

(S E L E C T ~~DR IVE ‘?$ l ;
(SETSO MA ‘‘41 00Pi’l ;
(S E T $ T R A C K  ‘4 3 ’ l  ;
(SET~~SECTI)R ‘?2 ’J ; 

- -

(READ$F LO PPYJ ; . 

-

I ’48
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/* INC REMENT SECTCR NP AND READ AGAIN *1
(SET$SECTOR ‘23’];
(PEADtFLOP PY]

c. PL/M

“I.

/ * * I * * *.* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
SATMPLE PL/V PROGRA M ~3EG~ ENT

/* A * * *  **  * * * * * * * * * *  * * A * * * * * A * * * * * * * * * * * A * * * * **  * * * * * * * * /

14000H:

USER: PPOCEDU~ E ;
D E C L A RE

LIT LI TE RA LLY ‘LTTFP A LLY ’ ,
M IS L I T
SELECT 3DR TV F LIT ‘12’ ,
S FT ~~DMA ‘ II ‘ 13 ’ ,
SE T~~TRA C tK LI T ‘1’4 ’,
SE T.~S EC T O P LII ‘ 15 ’ ,
REAfl~ FL OP°Y LII ‘16’ ,
DISPLA ~~tMSG LII ‘j ’

/ * * * * * ** * * * * * * * ** * * ** ** ** ** ** * * ** ** $ * * * * *4 * * * ** * ** * *  $~ 4 /

MI5 IN TER FAC E PPOCEDU °ES ~1
/ ** * * * * ** * * * * * * * ** * * * k * * * ** ** * * * * * * *  * * A * ** * ** * *  * * * ** * */

M ISi : PROCEDURE (FID ,PA RM );
/ ** * * * * * * *  * * * *  * ** *  * ** * * * ** * ** * * ** ** * */

/ *  PROVIDES T~~E MIS I~’ T E R F A C E FOR *1
/* FUNCTIONS ~:HTCH DO NOT REQ ’ . 112 E ~
/* RETU RN VAL UE . A /

/* IN PUT: FID — MIS FUNCTION ID
1* PAR M — PA RA M F TER OP A~~flP~~s5* /

OF PA RAM ETEP LIST . */

/ ** * * * * * * * * * * * ** * * * * * * * * * * * ** * * * * *  ***/

DECLARE FID BYTE , PARM AD DRESS;
GO TO M IS;
END Mis t;

MTS2: PROCEDU PE (Fjr, PA PM ) BY TE ;

/* PROVIDES THE MTS IN TE R FACE FOR */

/* FUNCTION S ~~i~~~M PE~~UTRE A VALUE */
/* RETURNED . INPUT PARA M E T E R S A PE */

/* TH E SAME AS TN MI St .
/ * * * ** * ** * ** * * * * * ** ** **  , . * ** * * * * * ** * * * /

DECLARE FID BYTE, PARM AD DPESc;
GO 10 MT S ;
END MIS?;

1 iJ~1
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/*************************************** A * * * * ** * * *+  4*/

/ *  SPECIFY COMPLFTF SECT~~ A PDPESS AND DMA BI IFFE P */

/ * * ** * * * * * ** * * * **  * ** * * * * * * * * * * * * * *  * * * * * * * * * * **  * * * * * *  * /

CAL L M T S 1 ( S E L E C T $ D R I V E ,  2 ) ;
C ALL MTS1 (SET~~D~

4
~~, ~ iOO ’- );

CALL MTS1 (5ET~~TPACK , ~3);
C ALL MTS1 (SETtSFCTOP , 2?);

* * * * * *  * * * */

/ *  READ FLOPPY RETURN S AN ERROR CODE ~ iICH L I L L */

/ *  ~E RETUR NED TO ~TS TO BE DI SPLA Y~~ ON Tr~F */

/ *  TER M INA L STATUS LINE. */

/ * * * * ** * * * * * * * * *  + * * * * *  * * * ** * *# * * ** ** * * * *A * * * ** * ** * * * */

CA LL M[S 1 (DIS PLA Y !M~ G , ‘T (RFA r) ~ FL np ~~r, o)) ;

/ *  INCRE M FN T SECT°P ~R ArM READ A GAI ~ 4 /

C ALL M TS1 (SET ISECTO P , 23);
C ALL MTS1 (DISPLA Y!M SG, MTS 2 (kEAr)~b~ LrP°

y ,o));

E~JD uSEr;

EO F

150



~ 

~~~~~~~:~~~~-: ~~~~~~~~~~~~~~~~~~ 
-
~~

- -
~----~~

- -—- --~~~~~ 
. - - -‘-

~~~

5. Li m i t a t i o n s  gn User Programs

!~1TS was des igned to orovide each user .~4 it ~ h i S  O w n

v i r t u a l  ~0~~0 micro p rocessor. U n f o r t u n a t e l y ,

architecture of the ~0RO CPU is not amenab le to s e l f —

v i r r u a l i z a t i o n . As a coriseouence severa l l i m i t a t i o n s  m ust

be imoosed on user p rograms runnin g in the MIS erv ir on ~~ent.

These l i m i t a t i o n s  are:

C l )  The user ’s memory soace extends from aodress ~4O~~I~H to

F E F F , a total of LJ8, P~~~b bytes. A l l  user code, data ,

ana b uffers must be cont a ined w i t h i n t h i s  area of

memory.

(2) Al l  user —d e fin e c stacks must he fou r by tes lomge r tk a~

th e m a x i m u m  size reguir ed by th e user. The f~~ j r e x t r a

bytes are neerl er’ if an interru p t occurs w h i l e  t e

user ’s stack is f u l l .  F a i l ure ~o r~r o v i a e t~~~i~~

a dditional space may result in random execution errors

which are riot re~~ro du cibl e and e x t r e m e l y  d i f f i C u l t  to

diagnose.

(3) User programs shoul d not read or w r i t e  d i r e c t l y  to 11°

ports w h i l e  runnin g unr~er R A T S .  T er m i nal and fl ono v

disk access is pr ovided by MTS service c a l l s .

Attem p ts to in ter face di r e c t l y w i t h  the Sycor ~4 H~

p eri ph erals or a u x i l i a r y  storage devices ma y interf e re

w i t h  the op Cra t ion rif ~A TS aria damage oth er users.
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NTS PROGRAM LISTINGS

GLOBAL IDENTIFIERS

7*

7* THE FOLLOWING DECLARATIONS DEFINE SYSTEM IDENTI- *7
/*  FIERS WHOSE SCOPE IS GLOBAL THROUGHOUT MTS. THESE *7

“* IDENTIFIERS MAY HE DIVIDED INTO THREE DISTINCT *7
‘* GROUPS. TIlE FIRST GROUP INCLUDES ANY IDENTIFIER *7
7* CONSIDERED GLOBAL BECAUSE IT IS REFERENCED IN TWO *7
7* OR MORE MODULES OF THE MTS ML8O SOURCE PROGRAM. BY *.‘
f~fc INCLUDING TILE DECLARATIONS FOR ALL SUCH IDERTIFIERS*/
7* IN A SINGLE MODUL E , INTERNODULE LINKAGE IS GREATLY *7
~‘* SIMPLIFIED , AND THE SOURCE PROGRAMS’S READABILITY *7
7* AND CLARITY ARE IMPROVED.
7* *7
7* THE SECOND GROUP OF IDENTIFIERS INCLUDES THOSE *7
7* VARIABLES WHICH, TAKEN TOGETHER, DEFINE THE STATE *7
f~~ OF THE SYSTEM, I • U. THE SYSTEM STATE BLOCK. THE *7

7* CONCEPT OF SYSTEM STATE IS IMPORTANT IN NTS BECAUSE*/
‘* THE SYCOR 440 HARDWARE ARCHITECTURE PROVIDES NO *7
/*  PROTECTION AGAINST INADVERTENT OR MALiCIOUS TAMP- *7
7* ERINC WITH Si’STEN CODE BY USER PROGRAMS. TO MINI- */
7* IIIZE THE EFFECTS OF SYSTEM CRASHES CAUSED BY SlICE *7
7* TMII’ERING IITS PROVIDES A LIMITED RECOVERY CAPABIL- *7
7* ITY . AFTER A TASK’S TINESLICE EIO~IRES , AND JUST *7
7* PRIOR TO INITIAT ING A NEW TASK, THE NTS MONITOR *7
7* COPIES THE CONTENTS OF THE SYSTEM STATE BLOCK TO A *7
7* FILE NAMED .MTSRCVR. IF A CRASH OCCURS WHILE THE *7
7* NEW TASK IS EXECUTING. RECOVERY HAY BE ACCOtIPLIS1TED*7
7* BY REBOOTING fiTS AND READING THE CONTENTS OF *7
7* . I1TSRCVR RACK INTO TUE SYSTEM STATE BLOCK. TUE *7

7* TASK WHICH CAUSED THE CRASH IS THEN DELETE D AND *7
7* NORMAL OPERATION CONTINUES . *7
7* *7
7* THE THIRD AND FINAL GROUP OF IDENTIFIERS INCLUDES *‘
7* SYSTEM DATA ASSOC IATED WITH A PARTICULAR USER TASK.*~
7* SINCE THIS DATA IS ONLY USED WHEN ITS ASSOC IATED *7
7* TASK IS ACTIVE , TIlE SPAC E REQUIRED FORMS A SYSTEM *7
7* AREA IN THE TASK’S SWAP IMAGE . THIS DATA IS SWAPPED*’
7* IN AND OUT ALONG WITH THE USER AREA OF THE SWAP *7
7* IMAGE . *7
7* *7

‘* THE THREE PRIMARY IDENTIFIER GROUPS DESCRIBED *7
7* ABOVE NAY ALSO BE SUBDIVIDED BASED ON USAGE AND *7
7* STORAGE ALLOCAT ION REQU I REMENTS. TILE GROUP AND *7

7* SUBGROUP HEADINGS FOR DECLARATIONS IN THIS MODULE *7
7* ARE AS FOLLOWS : *7
7* *7
7* A. GENERAL SYSTEM DECLARATIONS *7

7* B. SYSTEM STATE BLOCK DECLARATIONS *7
7* 1.  SYSTEM CONTROL *7

7* 2. TASK CONTROL TABLE *7
7* 3. DISK NAP TABLE *7
7* C. SYSTEM SWAP AREA DECLARATIONS *7
7* 1. VI RTUAL DISK CONTROL BLOC K *7
7* 2. SWA P STACK *7
7* *7

7* THE ORDER OF ALL DECLARATIONS IN THIS MODULE MUST *7
7* BE MAINTA INED TO PRODUCE A PROPERLY FORHATFED *7
7* OBJECT MODULE. IN THIS REGARD SPECIFICATION OF TIlE *7
7* INITIAL ATTRIBUTE IN A DECLARATION MUST BE CONSID- *7
~‘-~ EREI) CAREFULLY SINCE TIlE ML8O COMPILER ALLOCATES *7
7* DIFFERENT AREAS OF MEMORY FOR INITIALIZED AND *7
7* UNINITIALIZED VARIABLES . SPECIAL PRECAUTIONS ARE *7
7* ALSO NECESSARY FOR LOCAL VARIABLES USED ONLY IN *7
7* SINGLE MODULES . THE ME80 LINK EDITOR IS FORCED TO *7
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7* ALLOCATE SPACE FOR SUCH VARIABLES WITHIN THE *7
7* MODULE’S CODE AREA BY DECLARING EACH SUCH VARIABLE *7
7* WITH TYPE DATA. THIS TEChNIQUES IMPOSES A PENALTY *7
7* OF TTIIIEE BYTES PER DECLARAT iON FOR UNNECESSARY *7
7* JUMP INSTRUCTIONS, BUT THE SIMPLIFICATION OF *7
7* INTERNODULE LINKAGES MAKES THE TRADEOFF WORTILWHILE.*.’
7*

/******** ******************* ******~~~ **:.‘ ****** ***** ***/

/************ GENERAL SYSTEM DECLARATIONS *************/

DECLARE PAR!-N2) BYTE INITIAL (0,0);
DECLARE DISK BYTE INITIAL (0);
DECLARE DRIVE BYTE INITIAL (0);
DECLARE ERROR BYTE INITIAL (0) ;
DECLARE LOCK BYTE INITIAL (1);

7* SYSTEM LOCK — *7

‘* BIT 0: SWAP LOCK - NT~ CODE EXECUTING *7 —

7* BIT 1: SPOOL LOCK - SPOOLU’~G IJIIDER *7
7* INTERRUPT CONTROL *7
7* BITS 2-7: ( NOT USED) *7

DECLARE TASKST~NEIt BYTE INITIAL ( OFFH) ;
7* COUNTER RECORDING HOW MANY TIMER INCREMENTS *7
7* ( 50115) REMAiN IN TIMESLICE *7

DECLARE SVC3STACK( 20) BYTE INITIAL (0) ;
7* SERVICE MODULE STACK $7

DECLARE SYSSSTACK( 2~~) BYTE INITIAL (0) ;
7* MONITOR MODULE STACK *7

DECLARE I’IDHUF( 512) BYTE INITIAL (0) ;
7* MINI-DISK BUFFER — CONTAINS ONE SECTOR *7

DECLARE NDSA D(2) BYTE INITIAL (0 ,4)) ;
7* SECTOR NUMBER OF DATA CONTA I NED I N MDI3IJF *7

~~********** SYSTEM STATE BLOCK DECLARATIONS ***********/
,*********

/******************* SYSTEM CONTROL *************:~***** /
DECLARE TASK BYTE INITIAL (0) ;

7* TERMINAL NR OF TASK CURRENTLY ALLOCATED *7
7* TIlE CPU - RANGE 0—3 *7

DECLARE REC~ FILE(2) BYTE INITIAL (0 ,0) ;
7* MINI-DISK SECTOR NUMBER OF .MTSRCVR ~7

DECLARE CNFCSFILE(2) BYTE INITIAL (0 ,0);
7* MINI-DISK SECTOR NUMBER OF .?1TSCNFG *7

/*****************  TASK CONTROL TABLE *****************‘

7* THE TCT CONTAINS INFORMATION ON THE STATE OF EACH *7
7* TASK AND DATA REQUIRED TO SUPPORT SWAPPING. EACH *7
7* VARIABLE CONTAINS FOUR ENTRIES - ONE FOR EACH OF *7

7* THE FOUR TERMINAL TASKS .

DECLARE TCTSSTATUS (4) BYTE INITIAL (0 ,0,0,0);
7* BIT 0: SIMULATE BOOTSTRAP DURiNG NEXT *7
7* TINESLICE *7
7* BIT 1: CALL MC? DURING NEXT TIMESLICE *7
7* BIT 2: (RESERVE D FOR CASSETTE) *7
7* BIT 3: (RESERVED FOR ASYNC) *7
7* BIT 4: BLOCKED FOR PRINTER 1/0 *7
7* BIT 5: BLOCKED FOR TERMINAL I/O *7
7* BIT 6: CURRENT SWAP IMAGE RESIDES ON *7
7* MINI—DISK *7

7* BIT 7: CURRENT SWAP IMAGE IN MEMORY *7
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DECLARE TCTODN(32) BYTE INITIAL (0C0R,0,0,O ,O ,O ,0, O ,
OCOR,0,0,0,O,O ,O ,O ,OCOR,O ,0,O ,O,0,O ,O ,
OCOH, 0, 0, 0, 0, 0,0, 0)
7* DRIVE MAP - POINTERS TO VIRTUAL DISK ASSOC- *7
7* IATED WITH EACH VIRTUAL DRIVE. BYTES 0-7 *7
7* CORRESPOND RESPECTI VELY TO DRIVES A-fl FOR *7
7* EACH 13 BYTE ENTRY. *7
7* BITS 0—4: DISK Nfl - RANGE 0—3 1
7* BIT 5: ( NOT USED) *7
7* BIT 6: READ ONLY FLAG *7
7* BIT 7: IN USE FLAG *7

DECLARE TCT$SIZE(4) BYTE INITIAL (32 ,32,32,32);
7* SIZE OF SWAP IMAGE EXPRESSED IN NUMBER *7
7* OF 512 BYTE MINI-DISK SECTORS *7

DECLARE TCT$BOF.(8) BYTE INITIAL (0,0,0,0,0,0,0,0);
DECLARE TCT~ EOE(8) BYTE INITIAL (0 ,0,0,0,0,0,0,0) ;

7* MINI-DISK SECTOR NUMBER FOR EACH SWAP FILE *7
7* - INITIAL IZED WHEN MTS LOADED *7

7******************* DISK NAP TABLE *******************/
7* THE DM1’ CONTA INS INFORMATION ON THE STATUS , PRO— *7
7* TECTION , AND LOCATION ON THE MINI-DISK OF ALL VIR- *7
7* TUAL FLOPPY DISKS. EACH VAR IABLE CONTAINS 32 *7
7* ENTRIES - ONE FOR EACH POTENTIAL DISK NR. THE *7
7* ENTIRE TABLE IS LOADED AND VERIFIED DURING MTS *7
/* INITIALIZATION. *7

DECLARE DNTSFLAG(32) BYTE INITIAL (0,0,0,0,0,0,0,0 ,0,0,
0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0);
7* BIT 0: DISK EXISTS *7
7* BIT 1: III USE *7
7* BIT 2: PROTECTED - KEY REQUIRED *7
7* BIT 3: RESTRICTED TO READ ONLY W/O KEY */
7* BITS 4—7: ( NOT USED) *7

DECLAP.E DNTSBOE(64) BYTE INITIAL ( 0 0 ,0,0 ,0 ,0, 0,0, 0,
0,O ,0 ,0. 0,O ,O, 0 ,O. O ,O, O ,0 ,O,O ,O ,0,0 ,O ,0 ,O , 0 ,O ,O ,
0,0,o ,0, 0,0,O, O ,O, 0 ,O ’o .O ,o, O ,O. o ,O .O ,O.o, O ’O ,o,
0, 0 ,0 ,0 ,0 ,0 ,0) ;
7* MINI-DISK SECTOR NUMBER FOR BEGINNING *7
7* OF EXTENT *7

DECLARE DMTSEOE(64) BYTE INITIAL (0 ,0 ,0 ,0 ,0 ,0 ,0 ,0,0,
0,0, O ,o ,0 ,O.0 ,O ,O ,0 ,0,0 ’0 ,0, 0,O ,0,O ,0 ,0 ,0,O, O ,0 ,
o ,0,0,0 ,0,0.0,o ’o ’O ,O ’O ,o ,o, o ,O ’o ,o ’o, o ,O, O ,o, o ,
0,0,0,0,0,0.0) ;
7* MINI-DISK SECTOR NUMBER FOR END *7
7* OF EXTENT *7

DECLARE D~ff3KEY( 128) BYTE INITIAL (20H);
7* ONE TO FOUR ASCII CHAR PROTECTION KEY *7

/*********** SYSTEM SWAP AREA DECLARATIONS ************/

,************* VIRTUAL DISK CONTROL BLOCK *************/

7* EACH USER TASK HAS AVAILABLE 8 VIRTUAL DRIVES WIIICH*7
7* MAY BE SELECTED TO ACCESS THE ATTACHED VIRTUAL *7
7* DISK. FOR EACH USER IT IS NECESSARY TO RECORD *7
7* WHICH DRIVE IS CURRENTLY ACT IVE . AND ADDITIONAL *7
7* DATA NEEDED TO MAP A VIRTUAL DISK ACCESS INTO A *7
7* PHYSICAL M IMI-DISK ACCESS. ALL TillS INFORMATION IS *7
7* MAINTAINED IN TilE VDC BLOCK. THE VDC BLOCK ASSOC- *7
7* IATEI) WITH EACH TASK IS CONTAINED IN Th AT TASKS *7
7* SWAP FILE IN A SPECIAL AREA RESERVED FOR NI’S SYS- *7
7* TEM USE. THIS MEANS THAT ONLY ONE OF THE FOUR VDC *7
7* BLOCKS MA INTAINED BY THE SYSTEM IS EVER RESIDENT *7
7* IN MEMORY AT ANY ONE TIME . *7
/***********  ******** *******Z******  * ***** *** ************/

DECLARE VDCSDRLVE BYTE ;
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7* BITS 0-2: DRIVE NB FOR DRIVE CURRENTL Y *7
7* SELECTED
7* BITS 3-5: (NOT USED) *7

7* BIT 6: READ ONLY FLAG *7
/* BIT 7: MOD IFICATION FLAG — SET WHEN CON— */

TENTS OF BUFFER MODIFIED
DECLARE VDCSBOE (2~ BYTE ;

7* MINI-DISK SECTOR NUMBER FOR BOE OF VIRTUAL */
7* DISK CURRENTLY ATTACHED TO SELECTED DRIVE */

DECLARE VDCSEOE(2) BYTE;
7* MINI-DISK SECTOR NUMBER FOR EOE OF VIRTUAL *7

.‘* DISK CURRENTLY ATTACHED TO SELECTED DRIVE *7
DECLARE VDC$SECTOR BYTE;

7* VIRTUAL DISK SECTOR NR FOR SUBSEQUENT *7
7* ACCESSES - RANGE 1-26 *7

DECLARE VDCSTRACK BYTE;
7* VIRTUAL DISK TRACK Nfl FOR SUBSEQUENT *1
7* ACCESSES — RANGE 0-76 *7

DECLARE VDC$DMM2) BYTE;
7* MEMORY ADDRESS OF 128 BYTE DMA BUFFER *7
7* FOR SUBSEQUENT VIRTUAL DISK ACCESSES *7

/********** ****~~~**1~~~ SWAP STACK ***********Z**********7
7* EAC H T IME A TASX IS SWAPPED OUT THE CURRENT OPER- *7
7* ATING EN VIRONMENT , I.E. PSI~, BC , DE. ilL, AND 5? , *7

/* MUST BE SAVED IN A KNOWN AREA SO THAT IT CAN BE *7
7* QUICKLY RESTOREI) WHEN THE TASX IS SWAPPED BACK IN. *7

7* 11TH USES A STACK III Th’E SYSTEM AREA OF TI-hE SWAP *7
7* IMAGE TO HOLD THE ENVIR ONIIENT WHEN A TASK IS
7* INACTIVE.

DECLARE SWAP~ STACK( 10) BYTE ;
7* AREA III WHICH USER ENVIRONMENT IS *7
7* SAVED WHEN TASK IS SWAPPED OUT *7

EOF
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7* INTERRUPT MODULE *7

7* *7
7* *7
7* ALL HARDWARE INTERRUPTS ON TUE SYCOR 440 SYSTEM *7
7* CAUSE THE EXECUTION OF A RST I INSTRUCTION. THIS *7
7* INSTRUCTION BEHAVES LIKE A CALL TO LOCATION 000BH, *7
7* I . E. THE PC VALUE IS STACKED, AND CONTROL TBANS— *7
7* FERRED TO LOCATION 0008ff. DUE TO THIS HARDWA RE *7
7* CHARACTERISTIC, THE USER MUST ENSURE THAT ANY USER *7
7* DEFINED STACKS ARE AT LEAST FOUR BYTES LARGER THAN *7
7* THE MAXIMUM SIZE REQU IRED BY THE USER’S OWN CODE. */

7* SINCE ALL PERIPHERAL DEVICES CAUSE EXECUTION OF *7
7* TUE SANE I NTERRUPT INSTRUCTION, SOME MEANS MUST BE *7
7* AVAILABLE TO DISTINQUISH BETWEEN DEVICES WHENEVER *7
7* AN INTERRUPT OCCURS . THE SYCOR 440 SOLVES TB IS *7
7* PROBLEM BY DEF IZUNG AN INTERRUP T LEVEL FOR EACH *7
7* DIFFERENT DEVICE. THERE ARE 17 INTERRUPT LEVELS *7
7* WITH VALUES BANGING FROM 6 TO 16. A HIGHER NUMERIC *7
7* VALUE ALSO IMPLIES A HIGHER PRIORITY FOR THE *7
/* ASSOCIATED DEVICE. WHEN AN INTERRUPT OCCURS TIlE *7
7* LEVEL IS AVA ILABLE ON INPUT LATCH 0. SIMULTANEOUS *7
7* INTERRUPTS WILL BE INPUT SEQUENTIALLY IN PRIORITY, *7
7* I.E. DESCENDING, SEQUENCE DY LEVEL NUMBER. WHEN *7

7* THE LEVEL READS ZERO ALL PENDIN G INTERRUPTS HAVE *7
7* BEEN PROCESSED. THE INTERRUPT LEVEL ASS IGNMENTS *7
7* WHICH APPLY TO THE CURRENT lIPS SYCOR 440 HARDWARE *7

‘* CONF IGURATION ARE AS FOLLOWS: *7
7* *7
7* LEVEL DEVICE *7
7* *7
7* 16 DEBUGGER *7
7* 15 POWER FAIL *7
7* 14 PARITY CONTROL *7
7* 11 ASYNC COMM
7* 10 TERMINAL GROUP 0 *7
7* 0 TIME R *7
7* 6 PRINTER 0 *7
7* 2 FLOPPY DISK *7
/ I CASSETTE *7
7* *7
7* THIS MODULE CONTAINS THE CODE USED BY IITS TO PRO— */
7* CESS INTERRUPTS. THIS CODE CONSISTS OF AN INTER- *7
7* RUPT CONTROLLER PLUS A SET OF I NTERRUPT HANDLER icr
7* ROUTINES - ONE ROUTINE FOR EACH DEVICE. THE INTER- *7
/* RUPT CONTROLLER SAVES THE CURRENT ENVIRONMENT, *7
7* IDENTIFIES THE INTERRUPT LEVEL, CALLS THE APPROP- *7
7* RIATE HANDLER ROUTINE, AND THEN RESTORES ThE *7
7* ENVIRONMENT BEFORE RETURN INC TO TIlE I NTERRUPTED *7
7* PROGRAM. TIlE HANDLER ROUTINES ARE TA ILORED TO TIlE *7
7* SPECIFIC BEQUIREHENTS OF DIFFERENT DEVICES . IN *7
7* ORDER TO UTILIZE THE CODE CONTAINED IN THE INTER- *7
7* RUPT MODULE IT IS NECESSARY FOR THE MTS INITIAL- *7
7* IZATION ROUTINE TO LOAD A JUMP TO TUE INTERRUPT *7
/*  CONTROLLER IN MEMORY LOCATIONS 0008-000AH. *7
7* *7
7* *7

,‘******** ***** * *** * * ******** **** *** ********** *
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/************ INTERRUPT PROCESSING MACROS *************.‘
i~~ cao LEVEL ‘114(0)’]
(MACRO DEBUGSLATCH ‘OFFH’)
[MACRO CSSTSLATCH ‘BSE’J
[MACRO PIIINTERSLATCII ‘BAR ’]
(MACRO TIMERSLATCH ‘02H’]
(MACRO TERNINALOLATCH ‘3E11’]
[MACRO NATRIX$LATCH ‘3FH’]
(MACRO INT$PENDING ‘(Ar (LEVEL] A) IZERO’]
[MACRO DEBUGSIt4TSPENDINC ‘(A [LEVEI.] ; A ::16) ZERO’]

,***********r**** MODULE DECLARATIONS *;~**z ****c, *****/

[flIT TOP BLINK F?) (BLINK: :4) [TOP:= 30] (EP:=TOP—10]
DECLARE INTBSTACK DATA (0 ,0,O ,O ,0.0,0,0,O ,O ,O ,0,0,

0,0,0,O ,0,0,0,0,0,0,0,0,0.0,O ,0,0);
DECLARE BLINK$TIMER DATA (1) ;
DECLARE SAVIIL DATA (0,0);

/***~~ ******* **~~ ***** PROCEDURES *****~~***************,
DUNNYSHDLR : PROCEDURE ;

7* THIS PROCEDURE PROVIDES A COMMON EMPTY INTERRUPT *7
7* HANDLER FOR THOSE INTERRUPT LEVELS WHICII SHOULD *,‘
7* NEVER OCCUR WITH TUE CURRENT Ni’S SYCOR 440 HARD- *7
7* WARE CONFIGURATION . ITS ONLY ACTION IS AN IMNEDI- *-
7* ATE RETURN.
7* CALLED DY: INTEIU’LUPTHCONTROLLER *7

/*** ‘: ,~* : :~~~~***~~“ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
RETURN ;
END DUMMYSHLDR;

DEBUCQHDLR: PROCEDURE;

-‘* TIllS HANDLER IS INCLUDED TO ALLOW USAGE OF THE *7
7* SYCOR 340fl DEBUGGER T N THE SOFT DEBUG MODE WHEN �-r
7* RUNNING UNDER MTS. IT ~AS DISCOVERED DURING DEVEL- *7
7* OPNENT AND TESTING Th AT THE DEBUGGER IS LARGELY *7
7* UNRELIABLE IN THE SOFT MODE. THIS IS APPARENTLY */
/* DUE TO HARDWARE CHANGES IN THE 440 SYSTEM MADE
/*  AFTER THE DEBUGGER WAS DESIGNED.
7* CALLED BY: INTEIUTUPTSCONTROLLER *7

7* DISPLAY ENVIRONMENT ON DEBUGGER *7
HL:2+SP:
M(6H)=(A:L); N(7H):(A:H);
7* ACKNOWLEDGE DEBUG INTERRUPT *7
OUT( ( DEBUCSLATCHD:(A= 1) ;
7* CPU IDLES WHILE WAITING FOR DEBUGGER TO */
7* INITIATE RESUMPTION OF EXECUTION *7
DO WH I LE (DEBUG~~INTSPENDING ] ;

END;
END DEBUG3HDLR;

CASSEVFESIIDLR: PROCEDURE;
OUT( (CSSTSLATCHI ) ~( A: lOll) ;
END CASSETI’ESIIDLR;

PRINTER$HDLR: PROCEDURE;
A: IN( ( PRINTERSLATCH] )
END PRINTERSRDLR;

TIITEBJUDLR: PROCEDURE;

7* THE TIMER INTERRUPT HANDLER MANAGES THE TWO FUNC- *7
7* TIONS OF hiTS WHICH OCCUR AT PERIODIC INTERVALS~ *7
7* BLINKING THE TERMINAL CURSORS AND RETURNING CONTROL*/
/*  TO TIlE SYSTEM WHEN A TASK’S TINESLICE EXPIRES . 114 *‘

‘* ORDER TO KEEP TRACK OF THE TWO INTERVALS INVOLVED , *7
7* TUE PROCEDURE MAINTAINS TWO COUNTERS. THESE COUN- *.‘
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7* TERS ARE EACH SET TO AN INITIAL VALUE AND THEN *7

7* DECREI~IENTED EACH TIME A TIMER INTERRUPT OCCURS . *7
7* THE ACTUAL VALUE CONTAINED IN EITHER COUNTER AT ANY*/
7* INSTANT REPRESENTS THE TINE REMAINING IN THE INTER-*/
7* VAL IN MULTIPLES O~ 5OMS SINCE THIS IS THE FIXED *7

7* INTERVAL BETWEEN TIMER INTERRUPTS . WHEN THE TASKS 2/
7* TIMER COUNTER HAS BEEN DECRETIENTED TO ZERO, CONTROL*/
/2 IS TRANSFERRED TO THE NON ITOH WHERE THE CURRENT *7
7* TASK IS SWAPPED OUT AND A NEW TASK SWAPPED IN. *7
7* WHEN THE BLINK$TII’IER COUNTER REACHES ZERO TilE *7
7* BLINKSCURSOR PROCEDURE IS CALLED. IN EITHER CASE *7
7* THE TIMER HANDLER RESETS THE COUNTER TO ITS INIT- *7
/2 hAL VALUE AND CONTINUES . *7
7* CALLED BY: INTERRUPTSCONTROLLER 2/

TASK~TINER (ATASKSTINER 1);
BLIITKSTII R= ( A=BLINKGTIIJER_ 1);
IF (A::O) ZERO THEN 7* BLINK INTERVAL EXPIRED *7

DO;
CALL (BL INK SCURSOR] ;
BLINKSTIMEFL=(A:(BLINK));
END;

OUT((TIMEP,2LATCHI):(A:O); 7* RESET TIMER *7
IF (A:TASKSTIME R; A; :0 ZERO THEN

DO; /~: TIMESLICE EXPIRED *7 4
IF (A :>LOCK) ICY THEN

DO; 7* SWAPP ING UNLOCKED *7
BC IO; DE:.INTUSTACK([EP]);
IlL . SWAP$STACK;
CALL [MOVBUF);
ENABLE;
GOTO [MONJTORI ;
END

ELSE TASK~T1MER (A :1) ;
END;

END TIIIERSHDLR;

TERMINALSFIDLR: PROCEDURE;

7* THIS PROCEDURE PROCESSES THE INTERILUP T GENERATED *7
7* FROM ANY KEY DEPRESS ION AT ANV OF THE TERMINALS. *7
7* IT GETS TIlE TERMINAL IDENTITY AND THE KEYBOARD *7
/2 MATRIX CODE AND THEN CALLS TER~IINALS IPPUT$CONTROL *7
7* TO PROCESS THE KEY. *7
7* OUTPUT: C - MATRIX CODE 27
7* E - TERMINAL NUMBER *7
7* CALLED BY: INTEPJIUFTSCONTROLLER *7
7*2*2*2*2 *2******* ******** 2* *~~* ****~:******************* 7

7* READ TERMINAL IDENTITY *7
E= (A:IN([TERI’IINAL$LATCHl) 03);
/2 WRITE TERMINAL NUMBER BACK OUT TO CAUSE *7
7* THE APPROPR I ATE KEYBOARD DATA REGISTER *7
7* TO BE SELECTED FOR READING. *7
OUT( ( TERMINALSLATCIII ) A ;
7* READ TIlE KEYBOARD rIATRIX CODE *7
C:(A= IN((MATR IXSLATCH))) ;
7* PROCESS KEY 2/
CALL [TERN3INPUT$CTRL];
END TERNINAL~HDLR;

INTERRUPTSCONTROLLER: 7* MAIN ENTRY INTO INT?IOD *7
/2 SAVE CURRENT VALUE OF STACK POINTER AND 2/
/2 ALL REGISTERS IN I NTSSTACK *7
SAVHL UL; STACK:PSW;
LIL:2+SP; PE .T:STACK:
5pr . INT~STACK( (TOP]);STACK HL; 7* PUSH CURRENT STACK PTh *7
IIL SAV HL;
STACK:HL; 7* PUSH ORIGINAL CONTENTS OF ilL *7
STACK DE; STACK: BC; STACK: PSW;
DO WHILE (INT3PENDING]; H

~1
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H (A:O); L:(A (LEVEL));
DO CASE HL;
7* 0 *7 CALL DUIINYSIIDLR;
7* 1 *7 CALL CASSE’VFE$HDLR;
7* 2 *7 CALL DUl~hIYSHDLR;
/2 3 *7 CALL DLIhIMYSHDLR;
7* 4 2/ CALL DUPHIY$HDLR:
/2 5 *7 CALL DIJMMY~ HDLR~
/2 6 *7 CALL PRINTER$RDLR;
/2 7 *7 CALL DIJIIIIYORDLR;
72 8 */ CALL TIMER$HDLR;
/2 9 *~‘ CALL DUl~IY~ilDLR;
‘2 10 *7 CALL TERNINAL$HDLR;
/2 11 *7 CALL DUMNYSHDLR;
7* 12 *7 CALL DUNNY$HDLR ;
/2 13 *7 CALL DUM?IY$1IDLR;
/2 14 2/ CALL DU1~Il1YeHDLR;
7* 15 *7 CALL DUl’fl~IY*HDLR ;
7* 16 *7 CALL DEBUGSHDLR ;
END; 7* CASE *7

END; /2 WHILE 2/

‘2 RESTORE ORIGINAL VALUE OF STACK POINTER AND 2/
~~* ALL REGISTERS FROM IIITRSTACK 2/
P5W: STACK; BC= STACK; DE~ STACK; EL: STACK;
SAVHL:IJL; IIL:STACK;
SP:HL; HL:SAVHL ;
ENABLE;
RETURN;
/* END INTERRUPTSCONTROLLER 2/

EOF
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7* MONITOR NODULE *7

7* 
S 

2/
/2 TIlE MONITOR MODULE CONTAINS THOSE FUNCT I ONS OF hITS *7
/2 WHICH DEAL WITH PROCESSOR MANAGEMENT. SUCH FlING- *7
/2 TIONS INCLUDE THE INITIAL PROGRAI’I LOAD. SYSTEM *7
7* RECOVERY , SCHEDULING, CPU ALLOCATION . AND SWAJ~PING.*/
7* THE NODULE IS DIVIDED INTO THREE BASIC SUBMODULES . *7
7* *7
/2 (1) UTILITY PROCEDURES *7
7* THIS SUBMODULE CONTAINS GENERAL PURPOSE *7
/* UTILITY PROCEDURES WHICH PERFORM OPERATIONS *7
/2 FREQUENTLY REQUIRED IN THE MONITOR, INTERRUPT 2/
/2 AND SERVICE NODULES . *7
7* * INDEX *P U T  *7
7* 1NDEX2 * GET *7
/2 * I ND E~ 4 * NOVBUF 2/

7* 2 INDEXO * MINISDISK *7
/2 *7
/2 (2) TASK MAN AGEMENT 2/
/2 THIS SUBMODULE CONTAINS THE SCHEDULING, CPU 2/
/2 ALLOCATION. AND SWAPPING PROCEDURES. IT ALSO *7
/2 INCORPORATES THE MECHANISM FOR RECORDING THE *7
/2 SYSTEM STATE BLOCK WHEN THE SYSTEM STATE 2/

7* CHANGES, THUS MAKING RECOVERY POSSIBLE. *7
/2 CONTROL PASSES TO TEE TASK MANAGEMENT 2/
/2 SUBMODULE AFTER hiTS HAS BEEN INITIALIZED BY 2/
/2 THE IPL SUBMODULE. 2/
/2 * MONITOR * SWAP *7
/2 * BU~~ STASK 2 !-TR ITE.~REC 2/
/2 * BOOTSTRAP * RESUIIESEXECUTION 2/

7* 2/

7* (3) INITIAL PROGRAM LOAD 2/
/2 THIS SUBMODULE CONTAINS ALL PROCEDURES WHICH *7
/2 DEAL T~ITh THE LOADING PROCESS AFTER THE hiTS 2/
/2 OBJECT MODULE HAS BEEN LOADED TO MEMORY BY 2/
/2 THE SYCOR SYSTEM LOADER. TIlE P lAPS FUNCTION 2/
/2 OF THE IPL SUBMODULE IS SYSTEM INITIALIZATION 2/
/2 OR RECOVERY, AS REQUIRED. IN ORDER TO MINI- 2/
/2 MIZE THE MEMORY REQUIREMENT OF THE R E S I D E N T  2/
/2 hITS CODE, THIS SUBMODULE WAS WRITFEN AS A 2/
/2 STANDALONE PROGRAM LOADED INTO THE USER SWAP *7
/2 AREA. ONCE IPL IS COMPLETE THE PROGRAM NAY 2/
/2 BE OVEBLAYED BY USER PROGRAMS. 2/
/2 * ABOIIT$IPL * READSDIRECTORY *7
/2 * SEARCH8DIRECTORY * RECOVER 2/
/2 * INITIALIZE * NTS3IPL *7
/2 2/
7* THE MONITOR MODULE REQUIRES ACCESS TO SEVERAL 2/
/2 FILES WHICH RESIDE ON THE MINI-DISK IN SYCOR *7
/* FORMAT. THESE FILES AND THEIR FUNCTION A~~~: 2/

7* 2~
7* ( 1 )  . MTSSWPO , . MTSSWP 1 , . MTSSW P2, . MTSSWP3 *7
/2 ASSOC IATED WIT H EACH OF THE FOUR TERN I NAL *7
/2 TASKS IS A FILE USED TO STORE A CORE IMAGE *7
7* OF TIlE TASK WHEN IT IS INACTIVE OR BLOCKED. *7
/2 THIS SWAP IMAGE CONSISTS OF A SYSTEM AREA 2/
/2 WHERE TUE ENVIRONMENT AND VIRTUAL DEVICE 2/

/2 CONTROL BLOCK IS STORED, AND A USER AREA
7* CONTAINING THE USER PROGRAM’S MEMORY IMAGE. *7
7* TUE MAXIMUM SWAP IMAGE SIZE IS 48K BYTES . *7
/2 THEREFORE, EACH SWAP FILE SHOULD NORMALLY BE *7
/2 96 MINI-DISK SECTORS LONG. IN THE EVENT THAT *7
/2 MINI-DISK SPACE IS LIMITED AND THE ENTIRE 46K *7
/2 IS NOT REQUIRED FOR USER PROGRAMS. hiTS WILL 27
/2 AUTOMATICALLY ADJUST TO AllY FILE SIZE GREATER */
7* THAN 16K (32 SECTORS) . TIlE FOLLOWING SYCOR *7
/2 COMMAND MAY BE USED TO CREATE A SWAP FILE: *~~
/2 CREATE <FILENAME> N:96 *7
/2 TIlE SYCOR SYSTEM DOES NOT ALLOW DYNAMIC 2/

CHANGES II I FILE SIZE OR ATI1IIBUTES: THUS, IN */
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/2 ORDER TO CILft~NCE THE FILE SIZE. THE FILE MUST */
/2 FIRST BE DELETED (DELETE <FILENA IE> ) AND THEN 2/
/2 RECREATED WITH TIlE DES IRED SIZE . IF SWAP 2/

7* FILES SMALLER THAN 48K ARE DESIRED. THE VALUE *7
OF N IN TUE CREATE COFIMAND STRING SHOULD BE 2/

TWO TINES TUE REQUIRED PROCRAr1 SPACE IN 2/

/2 KILOBYTES. 2/

/2 THE FOUR SWAP FILES ARE ONLY REQUIRED WHEN *7
/2 PITS IS ACTUALLY RUNNING . OR BETWEEN RUNS IF 2/

/2 RECOVERY WILL BE REQUESTED . 2/

/2 2/
/2 (2) .hITSCIIFC 2/

/2 TIlE VIRTUAL FLOPPY DISK CONFIGURATION FILE 2/

/2 PROV IDES THE MAPPING BETWEEN THE VIRTUAL DISK *‘
/2 NUMBER (0-3 1) AND THE NAIIE OF A SYCOR FILE 2/
/2 WHICH CONTA INS A FLOPPY DISK iMAGE . THE CON- 2/
/2 FIGURATION FILE ALSO CONTAINS THE PROTECTION 2/

/2 ATFRIBUTES OF THE VILtTIJ\L [)ISKS . WHERE A 2/

/2 PHYSICAL FLOPPY DI~~K HAS A FIXED C A PA C I T Y  OF *7
256K BYTES • AN hiTS D I S K  I MAGE MAY HAVE ANY 2/

/2 CONVENIENT SIZE. TILE SYSTEM ASSUMES THAT TIlE 2/
7* DISK IMAGE IS STORED SEQUENTIALLY ON THE *7

MINI-DISK START ING WITH TRACK 0 SECTOR I AND *7
/2 PROCEED I NG THROUGh 26 SECTORS OF TRACK 0 TO 2/

TRACK 1 SECTOR 0. ETC . SPECIFYING A VIRTUAL 2/

/2 DISK FILE SMALLER THAN 256K BYTES MEANS THAT 2/
/2 FEWER THAN 77 TRACKS WILL BE ADDRESSABLE, 2/

/2 WHILE A SIZE GREATER THAN 256K BYTES WILL *7
/2 MAKE MORE THAN 77 TRACKS ADDRESSABLE , UP TO 2/

/2 4~~ MAXIMUM OF 256 TRACKS . IN  EITHE R CASE I’ITS *7
/2 AUTOMATICA LLY ADJTJSTS TUE UPPER BOVJND BASED 2/
/2 ON TIlE FILE SPA CE AVAI LA BLE. *7

TUE CONFIGRATION FILE CONTAINS 32 THIRTEEN 2/

/2 BYTE RECORDS IN TIlE FOLLOWING FoIULvr : 2/
/2 2/
/2 FILENAME I KEY I P I 2/
/2 2/
/2 0 7 8  11 12 2/
/2 WHERE • F I LENAI’IE • I S TIlE 0-8 BYTE NAIIE OF THE ~~/

/2 VIRTUAL DISK FILE AS IT APPEARS IN THE SYCOR 2/
/2 DIRECTORY: ‘KEY’ IS A 04  BYTE PROTECTION 2/

/2 KEY; AND ‘P’ IS THE PROTECTION ATI’RIBUTE OF 2/
/2 THE DISK. I.E. ‘P’ FOR READ/WRITE PROTECTION, *‘/2 ‘U’ FOR WRITE PROTECTION ONLY. AND BLANK FOR 2/

/2 NO PROTECTION . 2/

7* TilE CONF IGURAT ION FILE WI LL BE UPDATED BY TIlE *7
7* hiTS SYSTEM COMMANDS PROTECT, UNPROTECT, AND *7
,‘* RESTRICT. ALTERNATIVELY, IT MAY BE MODIFIED 2/

7* USING SYCOR’ S DATA ENTRY FREE FORM MODE. IN *7
THE EVENT THAT . MTSCNFG IS ERRONEOUSLY 2/

/2 DELETED , THE FILE MAY BE RECREATED BY USING */
/2 THE SYCOR COMMAN D *7

7* RUN RESTORE 2 /CSST *7
/2 WITH THE CASSETI’E LABELED . MTSCNFG DUMP ” *7
/2 MOUNTED ON THE CASSETI’E DRIVE. 2.’

27
/2 (3) .MTSRCVR *7

/* THE RECOVERY FILE COFITAINS A COPY OF THE 2/
/2 SYSTEM STATE BLOCK AS OF THE LAST SWAP. THE 2/

FILE IS ONLY REQUIRED WHEN PITS IS ACTUALLY *7
/2 RUNNING, OR BETWEEN RUNS IF RECOVERY WILL BE 2/
7* REQUESTED. THE FOLLOWING SYCC)R COMMAND IS 2/

USED TO CREATE THE FILE: *7
7* CREATE . MTSRCVR N 1 *7
/2 *7
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/22*2*22*2*2*22*2*2 TASK MANAGEMENT 2*******2**2*9***2*/

/222*2*2*2*22* I NTE RIIODULE LINKA GE MACROS *2*22*2*222*2/

I INT TB M2B] [TB : 100011) [N213::0600H]
[ MACRO MC? ‘ IAOOH’]
(MACRO PITS ‘ IFOOH’]
[MACRO INDEX ‘[HEX N2B + 311]’)
[MACRO II{DEX2 ‘[HEX M2B + ODH) ’]

• (MACRO INDEX8 ‘[HEX N2B + 24H]’)
[MACRO GET ‘(HEX N213 + 3811]’]
[MACRO MINI9DISK ‘(HEX 1128 + 54fl]’~]• ( MACRO NTS$MSG • [HEX TB + 837113’)
(MACRO READQTEIUI I HAL ‘[HEX TB + 8DCHI • 3
(MACRO GET$TEIUI~STATUS ‘(HEX TB + 2F9H)’)

/22*2222222*22*2 GENERA L PURPOSE MACROS *2****2%**2****/

lINT NEMOBAS E TOP TIMESLICE]
[ HENDBASE:r4000Il] CTIIlESLICE:=4] [ TOP:=20)
[ MACRO SSB~ BASE ‘TASK’ ]
[MACRO SWAPSI3ASE ‘VDC~~DRIVE’]
[MA CRO READ ‘1’]
[MACRO WRITE ‘2’]
[MACRO sum ’ ‘-2)
[MACRO DISKOERROR ‘(A: :0) IZERO’)
[ MACRO HARDWARE~ ERROR ‘8’]
[MACRO IN!’UTSWAITING ‘OFFH’)
[MACRO IN ‘[READ)’)
[ MACRO OUT ‘(WRITE ] ’ )

/22*2*2222*2*222% MODULE DECLARATIONS 2222*222*2*22*22*7

DECLARE ( MONITOR, BOOTSTRAP , RESUMESEXECUTION) LABEL;
DECLARE DIR DATA (0) ;
DECLARE SAVHL DATA (0 ,0) ;
DECLARE I DATA (0) ;
DECLARE TN DATA (0);

/*%*2$2******2*2%*22%2 PROCEDURES 2*2*2222*2* 2*222*22/

BUMPSTASK: PROCEDURE ;
/$2*2************2***2*%%**222***********22*2******2***/
/2 THIS PROCEDURE DELETES A TASK FROM THE SYSTEM WHEN *7

AN IRRECOVERABLE MINI—DISK ERROR OCCURS. 2/
/2 CALLED BY: SWAP , BOOTSTRAP 2/
/2*2*2*2*2*22*2 **2$*22*****2**22***2**2$22****2****2***/

C:(BUIIP); CALL ( MTS) ;
E= [ HARDWARESE1mOR]; CALL [IITSDILSG] ;
END BUNPSTASK;

SWAP: PROCEDURE;

/2 THIS PROCEDURE SWAP S A TERMINAL TASK BEThtEN MEMORY*/
7* AND THE APPROPRIATE MINI-DISK SWAP FILE . THE DIR- *7
/2 ECTION OF TUE SWAP , I.E. TN OR OUT, IS DETERM INED 2/
7* BY TEE VALUE OF TIlE VARIABLE DIR. THE *7
7* PROCEDURE ALSO MODIFIES TCTSSTATIJS TO REFLECT THE *7
7* CURRENT LOCATION OF THE SWAP IMAGE. *7
7* INPUT: DIR — DIRECTION OF SWAP 2/
/2 i I N
7* 2=O U T  2/
/2 CALLED BY: MON ITOR

/2 SET I TO SWAP I MAGE SIZE 2/

DE~ .TCTSSIZE; A~TASK; CALL [INDEX] ;
I (A M ( HL))
/2 MODIFY TCTSSTATTJS 2/

- I1L .TCT3STATIJS+BC ;
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M( IIL):(A~ M( HL) \\ OCOR) ;
/2 SET UP REGISTERS FOR DATA TRANSFER */
DE .TC T~BOE; A~TASK; CALL (INDEX2); CALL [GET];
DEr . [~~W.-~P~3BASEI ; Ar I;
DO WHILE (A::O) !ZERO ;

L~(ArDIR); CALL [NINI$DISKJ ;
IF [DISE~ERROR] THEN

DO; /2 BUI’IP TASK OFF SYSTEM 2/
CALL BUPfl’$TASK;
IF (MUIR; A ::[1~fl) ZERO GOTO MONITOR;
RETU RN :
END;

BCrBC+1; DE:(11Lr200B+DE);
I:(A I~~1)

END; /2 WHILE 2/
END SWAP;

WR I TE~ REC : PROCEDURE ;

/2 THIS PROCEDURE COPIES THE CONTENTS OF THE SYSTEM 2/

/2 STATE BLOCK TO TUE RECOVERY F!LE. THE VARIABLE 2/
BE SET TO TIlE FILE S SECTOR ADDRESS 2/

BEFORE CALLING WRITESREC. 2/

/2 CALLED BY: BOOTSTRAP , RESUr-rE~EXECUTI ON 2/
/222222*; K ’ ~*** 

;; <2 2*2*2;; <~~
BC~ (HL:RECSFILE), DE:.ISSB$B ASE];
L:EWR ITE) ; CALL [M1NISDISK] ;
IF [DISK SERROR) TEEN HALT;
END WRITEI3REC;

EON ITOR:

/2 THI S ROUTINE IS TIlE TASK MANAGER OR SCHEDULER 2/

/2 WHICH CONTROLS THE ALLOCATION OF TIlE CPU TO COM- ~~/
/2 FETIN G TERMINAL TASKS. IT PERFORMS THIS FUNCTI ON 2/
/2 BY SEQUENTIALLY SCANNING TUt~ TCTSSTATUS BYTE 2/

/9 ASSOC IATED WITH EACH TERMINAL LOOKING FOR A TASK 2/

/~~ RE~~UIRIRG TUE CPU. THE EFFECT PRODUCED IS T1LVI ~~/

/2  OF A ROUND-ROBIN SCHEF,ULING ALGORITHM. WHILE THE 2/
/2 MON ITOR IS LOOPING, IT INITIATES SWAPPING AND 2/

/2 PRINTING OF SPOOLER FILES AS REQUIRED. 2/

/2 CALLED BY: t-ITS$ IPL , ITI’S (SVCMOD) 2/

/2*%%**%**%*2%***%%2*$2%%*%*22%92%22%**2*2*2*%2*2***%**/
SP:.SYSSSTACK((TOPJ); /* SET STACK POINTER 2/
/* LOCK OUT SWAPI’ING 2/

LOCK (A~LOCK \ 0111) ;
/2 INITIALIZE TEN)’ TASK COUNTER 2/
TN: ( A: TASK);
LOOP : /2 SEARCH FOR BEADY TASK 2/

TN:(A:TN+I,B0311); /2 INCREMENT TASK NUMBER %/
/2 TEST FOR INACTIVE TASK 2/
DE . TCTSSTATUS; CALL (I NDEX] M MC IlL);
IF (A : :0)  ZERO GOTO LOOP ;
7* TEST BIT 0 — BOO1’STRAF LOAD 2’
IF (A >A) CY THEN

DO;
BE: . TCTSSTATUS ; MTASK; CALL [ INDEX) ;
IF (A = < N( HL) ) CY
(B:(A=TN): A :TASK_B) ‘ZERO THEN

DO; DIR:(A:[OUT]); CALL SWAP ; END;
TASK: ( A~ TN )GOTO BOOTSTRAP ;
END ;

‘2 TEST BIT I — MCP *7
IF (Ar>A) CY THEN

DO;
A:TASK; STACK:PSW; /2 SAVE OLD TASK FIR *7
TASK:(A:TN); CALL [NC?];
DE:.TCT~STATUS ; A=TN ; CALL [INDEX) ;
M ( I I L ) : ( A r M ( HL) OFDII) ;

/2 RESET BIT I 2/
PS1~:STACK: TASK:A:
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/2 RESTORE OLD TASK Nfl 2/
TN=(A:TN- 1 ,803H); COTO LOOP ;

7 CONTINUE WITH TASK AFTER 2/
/~~ SYSTEM CALL PROCESSED 2/

END;
/2 SK I P  BIT 2 — RESERVED FOR CASSETFE 2/

/2 SEll’ BIT 3 - RESERVED FOR ASYNC 2’

/2 SKIP BIT 4 - BLOCKED FOR PRINTER 1/0 2/
A :> A;
/2 TEST BIT 5 - BLOCKED FOR TERMINAL I/O 2/

IF (A :>A )  CY THEN
DO;
MTN; CALL (GETSTEBIISSTATUS];
IF (A: :(INPUTS WAIT ING] ) ZERO THEN

DO; ‘2 NO LONGER BLOCKED 2’
DE .TCT$STATUS ; MTASK; CALL [INDEX] ;
IF (A :<M( ITL) ) CY
8 (B: ( MTN> ; MTASK-B) ‘ZERO THEN

DO; DIR:(A:[OUT]); CALL SWAP ; END;
TASK: C A TN )
DIR (A : [ I N] ) ;  CALL SWAP ;
CALL ( READSTERNI NAL] ;
SWAPCISTACK( I) ~A;

7* RETURN CHAR REQUESTED 2/

DE’ .TCTI3STATUS ; ArTASK; CALL [ INDEX] ;
N( HL)=(A : II( ffL) ODFH) :

/2 RESET BIT 5 2/
GOTO RESUMES EXECIJT TON ;
END

ELSE GOTO LOOP ;
END;

7* TEST BIT 6 — RESUME EXECUTION - FYI DISK *,
IF (M>A ) CY THEN

DO;
DE: .TCTSSTATTJS; A:TASK; CALL [INDEX] ;
IF (M<M( IIL) ) CE Th EN

DO; DIR:(A’[OUT]): CALL ~~l~P; END;TASK: C A : TN
UIR :(A= [ IN]) ; CALL SWAP ;
GOTO R.ESUIIESEXECUT ION;
END;

/2 BIT 7 SET - RESUME EXECUTION - IN MEMORY 2’
GOTO RESUME~ EXECUT [ON;
‘* END MON I T OR 2/

BOOTSTRAP :

/2 THIS ROUTINE EXAMINES TEE DISK MAP FOR THE CURRENT 2/

7* TASK; DETERMINES THE VIRTUAL DISK ATTACHED TO DRIVE*/
/2 A ; LOADS THE F I RST 512 BYTES FROM THE DISK INTO 2/

7* MEMORY STARTING AT THE BASE OF THE USER SWAP AREA; 2/

AND THEN TRANSFERS CONTROL TO THE CODE JUST LOADED.*/

/2 DETERMINE DISK NR ATTACHED TO DRIVE A 2/
DE: .TCTSDM; A:TASK; CALL [ INDEX8] ;
A:M( HL) 1FH ;
/2 DETERMINE HOE FOR DISK 2/
0E .D!ff3BOE; CALL I INDEX2] ; CALL ~GET);
/2 READ FIRST SECTOR ON VIRTUAL D I S K  *7
DE:[ME1T~BASE]; L [READ] : CALL [MINISDISK] ;
IF (DI SKSERRORI THEN

DO; /* HUMP TASK OFF SYSTEM 2/
CALL BUMP~ TASK;
CALL WRITESREC;
GOTO NON I TOR;
END;

/2 UPDATE SYSTEM STATUS 2/
DE= .TCTSSTATUS ; A :TASK; CALL ( INDEX) ;
Mfl (ffl.~) \ COIl; /2  SET BIT ~ 2/
M(RL):(A:A OFEH); /2 RESET BIT 0 2/
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CALL WRITESREC;
TASKSTIMER:(A:[TIMESLICE]); .‘* RESET TASKSTIMER 2/

LOCK’(A’LOCIC OFEH); 7* UNLOCK SWAPPING 2/

5~: OFEFFH ;
GOTO ( MEHSBASE] ;
/2 END BOOTSTRAP *~~

RESUMESEXECUT ION :
,*2*22* i~9*****$22**2*2*$22*59%9$22******2*2Z********Z12/
7* THIS ROUTINE TRANSFERS CONTROL BACK TO A USER TASK *7

7* W HICH HAS BEEN SWAPPED INTO MEMORY. 2/

CALL WR ITE$B.EC ;
/2 UPDATE SYSTEM STATUS *‘TASKST IM ER :(M ( TI I I ESLI CE]) ;  /2 RESET TASK$TIMER *7

~~* RESTORE ORIGINAL VALUE OF STACK POINTER 2/

/2 AND ALL REGISTERS FROM SWAPSSTACI( 2/

SF: . SWAP$STACK;
PSW :STACK; IIC STACK ; DE :STACK; fl)~:STACK;
SAVIIL:flL; HL:STACK;
SP’IIL; IlL’S WIlL; /2 RESTORE USER SP 2/

STACK:PS:;
LOCK:(A=LOCK OFEH); 7* UNLOCK .~WAPPING 2/
PSW-:STACK;
RETURN; /2 RETURNS TO INTERRUPT POINT 9/

/2  IN USER SWAP INAGE 2/

/2 END RESUNE$E)~ECUTION 2/

EOF
/9*2***29%~

- 2%%*2#**2**2*229*2*29922%**2~~~ 22*229*29222*2/

/22*2*2*222*2*92*2 UT ILITY PROCEDURES *22****%*%2***2**/

INDEX: PROCEDURE ;

/9 GIVEN THE BASE ADDRESS OF A BYTE VECTOR AN]) AN 2/
/2 INDEX VALUE, THIS PROCEDURE CALCULATES THE ADDRESS 2/
7* OF TIlE INDEXED ENTRY. 2/
/2 INPUT : A - INDEX VALUE (USUALLY TASK) 9/

/2 DE - BASE ADDRESS OF V ECTOR *7
/2 OUTPUT: BC - INDEX VALUE 2/

/2 HE - SAME AS INPUT 2/

/2 ilL - CALCULATED ADDRESS OF INDEXE D ENTRY 2/
/2 CALLED BY: SWAP , MONITOR , VALS D ISK, CLEARSFLAG , 2/

/2 ATTACH, LOGIN , QUIT . SIZE. TERNSBLOCK. 2/

/2 SELECTSDR IVE

B:O; C:A;
HL’BC+DE;
END INDEX;

INDEX2: PROCEDURE ;

/~ GIVEN THE BASE ADDRESS OF AN ADDRESS VECTOR AND AN 2/

/2 INDEX VALUE, THIS PROCEDURE CALCUL ATES TIlE ADDRESS 2/

/2 OF TIlE LOW ORDER BYTE OF THE INDEXED ENTRY.
7* INPUT: A - INDEX VALUE (USUALLY TASK) 2.’
/2 DE - BASE ADDRESS OF VECTOR 2/

/2 OUTPUT: DC - CALCULATED OFFSET 2 * INDEX VALUE 2/
/2 DE — SAME AS INPUT *7
/2 ILL - CACULATED ADDRESS OF INDEXED ENTRY */

CALLED BY: SWAP , BOOTSTRAP, SIZE. SELECTSDRIVE 2/

/ * 2*2*2*%2%******9**%9**%***9*X*%*$#992*222*~~~~*?2%*2*/
BrO; C (A ~< < ~~
ML’ BC+DE;
END INDE X2;

INDEX4 : PROCEDURE;
/22*2*22*2*9 * 2222*2*22*2*22*22*2*292*92*2*22*2*22*2*2*2/
/2 INPUT: A - I NDEX VALUE
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/2 DR - BASE ADDRESS OF VECTOR
/* OUTPUT: BC - CALCULATED OFFSET 4 * INDEX VALUE *7

DR — SA IE AS INPUT
/2 ilL - CALCULATED ADDRESS OF INDEXED ENTRY 2/

‘2 CALLED BY: VALSKEY 2/

B:O ; C : (A r< < ( A< < A ) ) ;
LIL:BC+DE :
END INDEX4 ;

INDEXB : PROCEDURE ;
,***2**********#$**2*********2***2******2**2***********/

~~* INPUT: A - INDEX VALUE 2/
/2 DR - BASE ADRESS OF VECTOR
.‘* OUTPUT: BC - CALCULATED OFFSET 8 * INDEX VALUE 9/
/2 DE — SAME AS INPUT 2/

ML — CALCULATED ADDRESS OF INDEXED ENTRY 2/
/2 CALLED BY: BOOTSTRAP, VAL$DRIVE , CLEAR$DM , ATTACH , *~~
/2 SELECTSDRIVE

D~ O; C= (A .<<(A :<<(A ~<<A) ))
fl~:BC +DE;
END I NDE~B;

PUT: PROCEDURE;

/2 STORE A TWO BYTE ADDRESS IN A SPEC I F I E D  VECTOR. 2/

/2 INP UT: DE - ADDRESS TO BE STORED 2/
/2 IlL - BASE ADDRESS OF VECTOR
.‘* OUTPUT: BC — UNCHANGED 2/

‘2 DE — SANE AS INPUT *7
/~~ IlL — BASE ADDRESS + 1 2/
/2 CALLED BY: RECOVER, INITIALIZE 2/

M( HL):E; I]Lr IIL+l; INRL):D;
END PUT;

GET : PROCEDURE;

/9 FETCH A TWO BYTE ADDRESS FROM A SPECIFIED VECTOR. 2/

.‘* INPUT: ilL - BASE ADDRESS OF VECTOR 2/
/2 OUTPUT: BC - ADDRESS FETCHED 2/
/2 DE - ADDRESS FETCHED 2/

ILL - BASE ADDRESS + 1 2/
7* CALLED BY: SWAP . BOOTSTRAP, SIZE, SELECTSDIIIVE 2/

E’M(UL); m,:HL+1; D MUIL); BC DE ;
END GET;

NOVBUF : PROCEDURE ;

‘* THIS IS A GENERAL PURPOSE UTILITY PROCEDURE WHICH */
/2 MOVES A SPECIFIED NUMBER OF BYTES FROM A SOURCE 2/

/* BUFFER TO A DESTINATION BUFFER. 2/

.‘* INPUT : BC - NUMBER OF BYTES TO BE MOVED 2/
/2 DR - BASE ADDRESS OF SOURCE BUFFER *7
7* ML - BASE ADDRESS OF DESTINATION BUFFER 2/
/* CALLED BY: 7’ITSSIPL. ABORT$IPL. SEARCH$DI1IECTORY , 2/

/2 LOGIN, READSFLOPPY, WRITEIFLOPPY 2/
/22*22* .~~*******%****************2*************2*******/

REPEAT ;
fl (R L) :( A M( DE )) ;

HL’HL+I; DE:DE+1;
UNTIL (B C :BC—l: A’ø; A::C) ZERO (A: :B) ZERO ;
END MOV13UF;

M INISD ISK : PROCEDURE ;
/*%*2***22***222*****2*************9***2***2*******9**#/
/2 THIS PROCEDURE TRANSFERS A SPECIFIED 512 BYTE 2”
/*  BUFFER BETWEEN MEMORY AND THE MINI-DISK. THE DIR- 2/

/2 ECTION OF TIlE TRANSFER IS IND I CA TED BY THE OP CODE. */
/2 ERROR PROCESSING IS LIMITED TO CHECKING THE STATUS *7
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/2 RETURNED BY TUE MINI-DISK CONTROLLER FOR ‘NORMAL *.‘
/2 COPIPLETI ON. ’ WHEN ANY OTHER STATUS IS RETURNED THE 2’
/2 ROUTINE DISPLAYS THE MESSAGE ‘HARDWARE ERROR’ ON 2/

.-‘* TUE TERN I NAL CURRENTL Y ALLOCATED THE CPU AND
ABORTS THE OPERATION . 2/

,* INPUT: BC - MINI-DISK SECTOR NUMBER 2/

/2 DR - DMA BUFFER BASE ADDRESS 2/

/2 L — OPERATION CODE:
,* 1 READ 2/
/2 2 WRITE
/2 3 = WRITE/VERIFY 2/
/2 OUTPUT : A - IIETUB.NS 0011 IF COMPLETION NORMAL, 2/

OTHERWISE RETURNS FF11 2/

BC — SANE AS INPUT 2/

/2 DE - SAllE AS INPUT

‘* CALLED BY: READ$DIRECTORY . RECOVER, INITIAL IZE, 2/
/2 WRITESREC,SWAP ,BOOTSTR.AP, READ$BUF , 2/

/2 WRITE$BUF 2/

[MACRO ABNORIIALSCOMPLETION ‘OFFU’ ]
[MACRO HARDWABES ERROR ‘8’]
(MACRO ?1TSSNSG ‘ 1837H’]
~‘* SET DCB CILECKSUM IN LOCN 4CH 2/
M(4CID:(A~0\B,\C,\D,\E,\L);
.‘* SET SECTOR NUMBER IN DISK CONTROL BLOCK 2’
M(45H) (AB ) ; ?U44H) (AC) ;
/2 SET DMA BUFFER ADDRESS IN DISK CONTROL BLOCK 2/
M(4311) (A’D) ; M(42R) (A ~E);
.‘* INITIATE OPERATION *7
M(4011) (A=L)
/2 WAIT UNTIL OPERATION COMPLETE 2/

REPEAT;
A’M(4 1rn;

UNTIL (A : : O )  IZERO ;
/2 TEST A FOR COMPLETION STATUS 2/

IF (N (4 1H ) ( A A 1) )  ZERO RETURN ; /2 NORMAL COMPLETION 2/
?1 (4111):(AO )
E I RARDWARESERROR] ;
CALL ( MTSSMSG] ;
A= £ ABNORI’IALSCONPLET !ON] ;
END ?IINISDISK;

EOF

/2*2922*92*92*2*2 INITIAL PROGRAM LOAD *2*922*2*2*2*2*2/

/22*2*22*22*2* INTEIIIIODULE LINKAGE MACROS *22*22*222*22/

(lilT NB NUB SB TB]
(MB:= 0300H] [M2B:=0600H] (SB:=1FOOH ] (TB:=100011]
[MACRO MONITOR ‘[REX MB + 8FF!]’]
(MACRO MOV3UF ‘(HEX M2B + 4111]’)
[MACRO PUT ‘[REX NUB + 31R]’]
[MACRO NINISDISK ‘[HEX NUB + 5 4H ] ’]
[MACRO PITS ‘(HEX SB + 0]’]
( MACRO NTSSMSG ‘ (H E X  TB + 83711]’]
(MACRO CLEAR$STATUSSLINE ‘[HEX TB + 827H]’)
(MACRO TERMINAL$STATUS • (HEX TB + 8D211] ]
( MACRO READ3TEIININAL * ( HEX TB + 8DCII)’]
( MACRO WRI TEiTERNI NAL ‘(HEX TB + 93CR]’]
[MACRO RECSFILE ‘3E9111’ l
[MACRO TCTOEOE ‘3EC5H’]
(MACRO CNFGSFILE ‘3E93H’)
[MACRO DNTSFLAG ‘3ECDH’)
[MACRO DMTSBOE ‘3EEDFI’]
(MACRO DMTSEOE ‘3F2DH’)
[MACRO DPITSKEY ‘3F6flR ’]
[MACRO SYS$STACK 3C7A11’I
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/********2***2** GENERAL PURPOSE MACROS *2*2*22*2*2*2*2/

(lilT NENSHASE DIR$BASE SSBSBAS E TOP]
( MENSI3ASE: ~5OOO11] [SSBSBASE :r3E9OH] [TOP:=20]
[DIRSBASE:=PEEM3BASE + 200H]

(MACRO READ ‘1’]
(MACRO DISESERIIOII ‘(A::O) !ZERO’]
(MACRO DISABLESTIMER OUT(2)=( 11)’]
[MACRO CLEAR$CSSTS INT • OUT ( 05k!) (A ~ 1011)’]
[MACRO CLEARSPRJ4T$INT ‘A~~IN (8AH)’]
[MACRO RESET$TINER ‘OUT (2):(A=O)’]

/**:K2*****9-I~**~~** MODULE DECLARATI ONS 9*2*22*2*9*2*29*22/

DECLARE I BYTE;
DECLARE MAX (2) BYTE;

/*  ADDRESS OF LAST ENTRY + 1 IN DIRECTORY IMAGE 2.~
DECLARE REC9NANE(9) BYTE INITIAL (‘.PITSRCVBS’);

/***9*$**$~~~~#**%**** PROCEDURES *2*22*2*#$**#22%*$**2**/

ABORTS IPL: PROCEDU1IE(MSG);
/**9*29%**2*$***%**9: ***:r.99%* **$9
/* WHENEVER A CONDITION OCCURS DURING THE IPL PROCESS 2/
/2 WHICII PREVENTS NORMAL COMPLETION OF THE IPL THIS 2/

/2 PROCEDURE IS CALLED TO TERMINATE EXECUTION AND 9/
/2 DISPLAY AN ERROR MESSAGE AT TERMINAL 0. 2/
/2 INPUT: II3G - BASE ADDRESS OF ERROR MESSAGE 2/

/2 TERMINATED BY ‘9’
/2 CALLED BY: READ3DIRECTORY, INITIALIZE, RECOVER. 2/

/29*::::29*9:)99%*~ ;9* 9:~~~~~~~~~99.~ *9*:~ ***92**9***9*%2*9*%929**/
DECLARE ABORTtU1SG DATA ( ‘ IP L  ABORTED
/9 DISPLAY ‘iPL ABORTED’ AT TERMINAL 0 */
BC I4; DEr .ADORTSNSG; IIL OTOOH;
CALL ( MOVBUF] ;
IIL ~ I’ISG; A S
DO C 0  DY C~ Cl’1 WHILE (A: :M(UL)) ‘ZERO ;

HL HL+I; /2 COUNT CHARS IN MEG 2/

END:
B 0 ; DE (HL MSG); llL~ O?OEH;
CALL [ NOVBUF]; /9 DISPLAY MEG AT TERMINAL 0 */
WILT;
END ABORTS IPL;

READSD I RECTORY: PROCEDURE;

/s DURING THE INITIALIZATION PROCESS IT IS NECESSARY 2/

/* TO DETERMINE THE SECTOR NUMBERS OF SEVERAL SYSTEM 2/
7* FILES WHICH RESIDE ON TIlE MINI-DISK IN SYCOR FORPIAT .*/
/2 MULTIPLE DIRECTORY SEARCHES COULD LEAD TO REPEATEDLY2/
/2 READING TIlE SAME BLOCK OF M INI-DISK SECTORS . TO 2/

/2 ELIMINATE MOST OF THESE UNNECESSARY READ OPERATIONS 2’
/9 THIS PROCEDURE READS THE ENTIRE SYCOR DIRECTORY 2/
/2 INTO MEMORY AT ONE TINE, TITUS REDUCING THE OVERHEAD 2’
/2 INVOLVED IN MULTIPLE SEARCHES.
‘2 CALLED BY: MTSSIPL 2/

[lilT SYCORSDIRSBASE] .‘* SYCOR DIRECTORY BASE 2/
(SYCOR$DIHSBASE: 2011] /x SECTOR NUMBER
DECLARE MEG DATA (‘CANNOT READ DIFLECTOFLYS’) ;
/2 SET UP REGISTERS FOR DISK READ 2/

BC (HEX SYCOR.SDIRSBASE];
DE (HEX DIRSBPiSEI ;
/2 READ NUMBER OF SECTORS INDICATED 2/

IN DIRECTORY HEADER RECORD 2/

REPEAT;
1,r( READ] ; CALL [MINI SDISK] ;
IF [DISK SERROR] CALL ABORTS IPL( .MEG);
DE (IIL 200H+DE); BC BC+l;

UNTIL (A N((HEX DIR1ThASE+OAHJ ); A::C) CY;
/2 CALCULATE ADDRESS OF LAST ENTRY + 1 IN IMAGE 2/
B= [ilEX SYCORSDIRSBASE’Il;

169

_________ - ~~~~~~~~~~~~~~~~ -~~~~— —
~~~

—
~~~~

——- --—--
~
-
~~~

-——- - ,. —
~

.‘
~~~

-——
~

-—.-- 

~~~~ 

________



A A-B ; /2 A = NR SECTORS IN DIRECTORY 2/
D (A:<<A )
E 0 ; /* DE = NR SECTORS * 512 */
MAX (HL [HEX DIRSBASE+1]+DE);
END READ3DIRECTORY;

SCARCHSD IRECTORY ; PROCEDURE;

/2 GIVEN TEE BASE ADDRESS OF A VECTOR CONTAINING THE *7
~* NAME OF A FILE IN SYCOR FORMAT, THIS ROUTINE WILL *7
/2 SEARCH TIlE DIRECTORY IMAGE READ INTO MEMORY BY 2/

/2 READ$DIRECTORY. IF TUE FILE ENTRY IS FOUND , TilE *7
/2 BOE AND EOE VALUES ABE RETURNED. *7
~~* INPUT: DE - BASE ADDRESS OF FILENAME VECTOR 2/

7* ASSUMED TO BE B BYTES LONG *7
~~* OUTPUT: BC — DOE OR FFFFH IF FILE NOT FOUND
7* DE — EOE OR FFFFH IF FILE NOT FOUND
‘2 CALLED BY: IN ITIAL IZE, RECOVER 2/

DECLARE LOOP LABEL;
/* MOVE F I LENAIIE TO LAST ENTRY + 1 2/

BCB ; IlLS MAX; CALL [ NOVBUF] ;
DE [HEX DIBBBASE+41H]; /~~ ADDRESS OF FIRST ENTRY 2/

LOOP: /2 ADVANCE TO NEXT ENTRY */
STACK DE; HL MAX; B 8;
REPEAT; /2 COMPARE CHAR BY CHAR 2/

IF (A M(DE); A::Il(HL) ) ZERO
\ (IF (A::0) ZERO (A= M( FrL)—2011) ZERO

THEN C Y 1  ELSE CY O) CY
THEN /2 CHAR MATCH 2/

DO;
DE=DE+1 ; BL HL+l;
END

ELSE /2 NON-MATCH 2/
DO; DE STACK;
DE= (HL=408+DE);
GOTO LOOP;
END;

UNTIL (B1 3-1) ZERO;
5P (HL Z+SF); /2 CLEAR STACK 2/

r* FALL I NG THRU LOOP MEANS NAMES MATCH, *7

,* MUST TEST FOR SUCCESS OR FAILURE OF SEARCH 2/

IF (A P I AX (  I); A: :D) CY /2 X: : Y=CY => X< y *,
\( IF ZERO (A MAX ( 0); A : : E) CY THEN CY 1 ELSE CY O)

CY THEN
DO ; /::: SEARCH FAILED 2/
BC OFFFFH; DE BC;
END

ELSE DO; /2 SEARCH SUCCESSFUL 2/

11L 3+DE;
CM (RL); HE UL+1;
B:M( HL); HL HL+1;
EM (HL); !LL HL+l;
D M( HL) ;
END;

EN!) SEARCH$D I RECTORY;

RECOVER: PROCEDURE;

,-* rrrs HAS BEEN DES TUNED SO THAT THE SYSTEM STATE AT 2/

/2 AJIY INSTANT IS DEFINED BY A COMPACT. CONTIGIJOUS 2/
/2 GROUP OF BYTES KNOWN AS THE SYSTEM ST.&TE BLOCK. */
/2 EACH TIME THAT SWAPP ING OCCURS THE SSB IS WRITTEN *7
/2 TO THE MINI-DISK FILE .NTSRCVR. IF THE TASK JUST 2/

7* SWAI’PED IN CAUSES A SYSTEM CRASH, RECOVERY IS 2/
/2 ACCOM PLISHED BY REBOOTING NTS AND ANSWERING ‘Y’ TO 2/
/2  THE RECOVERY QUERY. PITS WILL READ .NTSRCVR I3ACK 2/
,‘* INTO THE SSI3, DELETE TIlE OFFENDING TASK, AND 2/

/2 CONTINUE WITH THE NEXT BEADY TASK. 2/

/2 NOTE: THIS PROCEDURE USES THE FACT THAT THE BOE */

“2 AND EOE VALUES RETURNED BY SEARCHSDIRECTORY 2/
7* ARE EQUAL FOR A SINGLE-SECTOR FILE. 2/
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/2 CALLED DY: PITS$IPL

[MA CRO BUMP ‘—2’]
[MACRO OUTSOFSBO!JNDS ‘7’]
/* FIND MINI-DISK SECTOR ADDRESS OF .MTSRCVR *‘
DE .REC3N’lME;
CALL SEARCH!)DIRFCTORY;
IF (A=B; A ::OFFH) ZERO CALL ABOPiTSIPL(.RECGNAIIE);
/2 READ .NTSFLCVR INTO SSII 2/

HL [REC SFlLEJ~ CALL [PUT];
DE (SSBSBASEI ;
L (READ] ; CALL (MINISDISK] ;
IF (DISK SERROR] CALL ABORTS IPL( .RECSNANE);
‘* DELETE TASK CAUSING CRASH 9/

C ( BUMP) ;
CALL [ PITS];
E [OUTSOFSBOUNDS] ;
CALL (MTS3MSG];
END RECOVER;

INITIAL IZE : PROCEDURE;
/22*2% * *9*222*2*99*22* ******999$***%*29**** 2*2*92*2*292/

/* THE SYSTEM STATE BLOCK CONSISTS OF THREE SETS OF 2/

‘* VAR IABLES: SYSTEM CONTROL, TASK CONTROL TABLE , AND 2/

/*  THE DISK MAP TABLE. THE OBJECT MODULE CENEIUTED BY 2/

/2 THE 111130 COMPILER CONTAINS INITIAL VALUES FOR
/ SYSTEM CONTROL VARIABLES AND MOST OF THE TCT. IN */
/2 ORDER TO INiTIALIZE THE BEST OF THE TCT IT IS 2/
/2 NECESSARY TO SEARCH TIlE SYCOR DIRECTORY IMAGE 2/

‘* COPIED INTO MEMORY BY READSDIRECTORY FOR BOE AND 2/
/2 EOE VALUES FOR THE RECOVERY FILE AND ALL FOUR SWAP 9/

/* FILES. TO INITIALIZE THE DMT THE VIRTUAL DISK 2/

/2 CONF IGURATION FILE , . MTSCNFG, MUST BE READ INTO 9/

/*  MEMORY AND ROE AND EOE VALUES FOR THE VIRTUAL DISK 2/
,‘* FILES ENTTI.ACTED FROM TilE SVCOII DIRECTORY IMAGE. 2/

/2 TUE PROTECTI ON ATITIIIBUTES FOR EACH VIRTUAL DI SK 2/

/9 ARE ALSO COPIED INTO THE DIIT FROM •NTSCNFG. 2,’

/*  NOTE: THIS PROCEDURE USES THE FACT THAT THE BOE 2/

/9 AND EOE VALUES RETURNED BY SEARCHSDIRECTORY 2/

/2 ARE EQUAL FOR A SINGLE-SECTOR FILE. 2,-’

‘* CALLED DY ; I’1TS~~TPL 2/

/*********** *%***999******%*9**9**** ******~~************/
DECLARE ENTRYSBASE(2) BYTE;
DECLARE CNFGSNAI’IE (9) BYTE INITIAL ( ‘ .MTSCNFG$’) ;
DECLARE SWAPSNANE (9) BYTE INITIAL (‘.MTSSWPO$’);
DECLARE SYSDISK(9) BYTE INITIAL (‘SYS DISKS’);
/2 SET UP RECOVERY FILE 2/
DE ,BECSNANE; CALL SEARCHSDIRECTORY;
IF (A~B; A ::OFFU) ZERO CALL .ABOIITSIFL(.RECSNAME);
HL (REC$FILE] ; CALL (PUT];
/* SET tiP TASK CONTROL BLOCK IN SSB 2/
1 (M4) ; STACK (HL (TCTSEOE]);
REPEAT;

DE •SWAP$NAME ; CALL SEARCH$DIRECTORY;
IF ( AB ; A ::OFFH) ZERO

CALL ABORTS IPL( .SWAP$NANE);
/2 CHECK TEAT SWAP FILE AT LEAST 16K */
L~ (A ~~!C,+1); TI~(A tB ,++O);
HL~ HL+DE;IF (A L ; A ::31) CY CALL ABORT$IPL(.SWAPSNMIE);
HL STACK; CALL (PUT];
DE BC; BC —9;
Ifl.~ ITL+BC; CALL ( PUT] ;
BC O; STACK (HL HL+BC) ;
SWAPSNAME( 7 );  ( A SWAPSNAM E ( 7) + 1) ;

UNTIL C I~’(A L—I) ) ZERO ;
SP (HL~ 2+SP) ; /2 CLEAR STACK 2/
/~~ SET 2F DISK ITAP TABLE Ii! SSB 2/

DE .CNFGSNAME; CALL SEARCIISDIRECTORY;
IF (A I 3; A: :OFFII) ZERO CALL ABORT3IPL(.CNFG$NAME):
HL:(CNFGSFILE]; CALL [PUT];
/* READ CONFIGURATION FILE INTO MEMORY 2,’
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DE (PIEM3BASE]; L;([IEAD) ; CALL [ T’IINISDISK] ;
IF IDISK$ERROR} CALL ABORTS IPL( ,CPIFC$NAI’IE);
I~~(~A~0); ENTRY8UASL~~(HL (DE~~[IIEX NEM$BASE # 2]));
REPEAT ; /2 STE!’ TIIRU CONFIGURAT ION FILE 2/

CALL SEARCIISD I REcTORY;
IF (A B ; A ::OFFH) IZERO THEN

DO; “ 2 \,II1TUAL DISK (I) EXISTS */
STACK I3C; B0; C;(A~ (<I);Ia.(DMTSEOE]+BC; CALL (PUT];
DE STACK ; ilL [[)MTSBOE]+BC; CALL [PUT];
BC O; DE (IIL ENTRY5BASEI’BC);
B 0 ;  C~ (A < < ( A < <  I));
HL C DMTSKEY) +BC ;
DO B~ O BY B B +1 WHILE (A ~B—4) IZERO ;

?ftIIL)(A~ M(DE)
DE;DE+I; HL~ HL+1;END;

B 0 ;  C (A I) ;
11L (DMT SFLAG]+BC ;
IF (A~N(DE); A :;(B= ’Et’)) ZJ~RO THEN

MC IlL) =ODH
ELSE DO;

IF (A ::(B;’P’)) ZERO THEN M(HL) 05H
ELSE M(HL) 01H;
END;

END;
DE (IlL ENTRY~~BASE+(BC 13));
ENTRYSBASE HL:

UNTIL (I (A 1+I); ~‘~::22) ZERO ;
/2 CHECK THAT DISK 0 E~JSTS 2/HL [DNT$ FLAG) ;
IF (AM ( HL) 01) ZERO CALL ABORT$IPL (.SYSD1SID ;
END INITIALIZE ;

I’ITS*IPL:

/2 THIS ROUTINE IS THE INITIAL ENTRY POINT INTO PITS. 2/

/2 THE SYCOIt 440 LOADER TRANSFERS CONTROL HERE AFTER 2/
/9 THE SYSTEM OBJECT NODULE HAS BEEN LOADED . DURING 2/
/2 IPL ALL PERIPHERAL DEVICES ARE RESET. TITER TITS 2/

/2 READS THE SYCOR DIRECTORY INTO MEMORY, AND ASKS 2/

/* THE OPERATOR AT TERMINAL 0 WHETHER RECOVERY IS 2..’
/2 REQUIRED. IF THE ANSWER IS ‘Y ’  THEN THE PROCEDURE 2/

,* RECOVER IS CALLED TO READ THE FILE .MTSRCVR INTO 2/

~‘* THE SYSTEM STATE BLOCK. OTHERWISE THE PROCEDURE 2/
/2 INITIALIZE IS CALLED TO BUILD AN SSB FROM INFOR- 2’
/2 MATION CONTA INED IN THE SYCOR DIRECTORY IMAGE AND 2/

/2 THE FILE .MTSCi1FG. ONCE TPL IS COMPLETE CONTROL 15 2/
/* TRANSFERRED TO THE PROCESSOR MANAGEMENT SUBMODULE 2’
/2 WHICh WILL CONTROL ALL SUBSEQUENT PROCESSING. 2’
/2 CALLED BY: SYCOR SYSTEM LOADER

DECLARE (WAIT, TEST) LABEL ;
DECLARE IPLSMSC (I5) BYTE INITIAL (‘RECOVERY? (Y/N)’);
/2 SET STACK POINTER 2/
DE;(TOP);
SP (11L (SYS~STACK] + DE);
/* CLEAR PERIPHERAL INTERRUPTS 2/
[DISABLE$TINER] ;
(CLEABSCSSTSINT ) ;
(CLEABSPRNTSINT];
/2 CLEAR STATUS LI NE ON ALL TERMINALS */
DO I~~(A~ 0) BY I~~(A I +1) WHILE (MI; A: :4) ‘ZERO ;

CALL [CLEABSSTATUSSLINE] ;
END ;
/2 READ SYCOR DIRECTORY INTO MEMORY 2.-’
CALL READSDIRECTORY;
/2 DISPLAY ZPL~ [ISG AT TERMINAL 0 2/

BC I5; DE= . IPLSMSG; HL~ O7O0H~CALL I MOV I3UF] ;
/2 ENABLE I NTEITRUPTS SO TERN I NAL NODULE MAY 2/
/2 BE USED TO PROCESS REPLY TO 1PLSNSG 2/
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ENABLE;
[RESET$TINER];
/ .  PROCESS OPERATOR’S REPLY 2/
WAIT: REPEAT;

CALL C TERM I NALSSTATUS];
UNTIL (A::0 ) !ZERO ;
CALL C READSTERIIINAL];
IrA ;
IF (A ::ODH) ZERO COTO TEST;
REPEAT;

CALL [READSTERHINAL];
UNTIL (A : :ODII) ZERO ;

TEST:
IF (A 1 ; A ::(B;’Y’)) ZERO
\ (A::(B ~79ID) ZEROTHEN CALL RECOVER
ELSE DO;

IF (A: :(B: ’N ’)) IZERO
(A: :(B= 6ER)) !ZERO

THEN
DO ; E;’V ;
CALL (‘WR ITE$TErLMINAL ;
COTO WA Ii;
END

ELSE
DO;
CALL INITIAL IZE;
M O ; CALL C CLEARSSTATUSSLINE];
END;

END;
GOTO C MONITOR] ;
/9 END MTSQIPL 2/

EOF
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/2 SERVICE PIOD(JLE

/2 2/

/2 THIS MODULE PROVIDES THE I NTE RF ACE BETWEEN THE 2~~
/*  USER AND ALL SYSTEM SERVICES . Th ESE SEI[’~ ICES FALL x ’
/2 GENERALLY INTO TWO CATECOIIILS :
/2

/9 (1) SYSTEM CALLS - THOSE FUNCTIONS REu~~IREIJ TO */
/2 ESTABLISH THE DESIRED VIRTUAL MACHINE 2/

/2 ENVIRONMENT.
/2
/2 (2) SERVICE CALLS - THOSE FUNCTIONS REQUIRE L TO 2/

ACCESS THE VIRTUAL DEV ICES PROVI DED BY TUE 2/

VIRTUAL MACHINE ENVIRONMENT.
/2 2/

.-‘* SYNTACTICALLY THE TWO TYPES OF PROCEDURE CALL ARE 2’
/2 IDEN TICAL , I.E. 2/

VALUE PITS(FID ,PARr-D . 2/

/2 EACH CALL TAKES TWO ARCTJNF.NTS, FID IN REGISTER C 2/

/2 AND PARR IN REC I STEBS DE: AND RETURNS A VALUE 2’
/ ‘ c  IN TUE A REGISTER. TIlE FORM OF TUE ARGUMENTS AND *‘/2 THE SIDE EFFECTS ASSOC IATED WITII EACH DIFFERENT 2/

/2 FUNCTION ARE DISCUSSED I N MORE DETAIL iN THE PITS 2/
/2 USER’ S IIAIIUAL. NOTE HOWEVER TEAT THE ARGUITENT MEG- 2’

/* ISTER ASSIGNMENTS CONFORM TO THE PL/N CONVEN TION 2/
/2 FOR PASSING PARAMETERS . THE FOLLOWING TABLI SUM- */
/* MARIZES TIlE ARGUMENT OPTIONS AND CORRESPONDING 2/
/*  RETURNED VALUES. 2/

/2 2/

/9 F 1D NAME ~‘ARI1 VALUE 2/
/2 — —  — — — —  2/
/2 SYSTEM CALLS 
/* 0 ATTACH LIST ERROR 2/
/2 I DJSPLAYSNSG ERROR NONE 2/
/~~ 2 LOGIN LIST ERROR 2/

/2 3 PROTECT LIST ERROR 2/
/~~ 4 QUIT NONE NONE 2/

‘* 5 RESTRICT LIST ERROR 2/

/* 6 SIZE SIZE ERROR
/2 7 IJNPROTECT LIST ERROR 2/

/2 SERVICE CALLS — 2/

/~~ 8 TEBNINALSSTATUS NONE TRUE/FALSE 2/

/2 9 READSTEPJ’IINAL NONE CHARACTER
/2 10 WRITE$TERIIINAL CHARACTER NONE 2/

/* 1~I WRITESPRINTEIt CHARACTER ERROR 2,’

/2 12 SELECT$DRIVE DRIVE NIt ERROR 2,~
/~c 13 SETSDMA DMA ADDRESS ERROR 2,~

~~ 14 SETSTRACK TRACK NIt NONE 2/

/2 15 SETSSECTOR SECTOR NIt ERROR 2/

/2 16 READOFLOPPY i’TONE ERROR
/2 17 WRITE$FLOPFY NONE ERROR 2~~
/2 2/

/*  IN THIS TABLE THE ENTRY ‘LIST’ UNDER PARN INDICATES*,
/2 THAT THE ACTUAL ARGUMENT IS THE ADDRESS OF A LIST 2’
/2 OF REQUIRED PARAMETERS. WHEN ‘NONE’ APPEARS UNDER 2/
/2 THE SAME READING, IT MEANS THAT THE PARM ARGUMENT *‘/2 IS NOT REQUIRED. IF ‘NONES APPEARS UNDER VAT.IJE TilE 2’
/2 ERROR CODE RETURNED IS ALWAYS ZERO. TUE ENTRY
/* ‘ERROR’ INDICATES THAT AN ERROR CODE IS RETURNED.
‘* THESE CODES ABE DEFINED AS FOLLOWS : 2,

/4 2/

/2 CODE ERROR 2/

/2 —— - -
/2 0 OPERATION SUCCESSFUL 2’
/2 1 I N V A L I D  CO?DfAND 2/

2 1)15K NOT AVA I LABLE
/2 3 DISK lIt USE 2/

4 DISK NUMBER ERROR 2/

/2 5 KEY ERROR
/2 6 DRIVE LETTER ERROR 2/

7 OUT OF HOUNDS 2/
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/2 8 HARDWARE ERROR
/2 9 PROTECTION ERROR
/4 10 DRIVE NOT AVA ILABLE 2/
/2 2/
/ 2  THE SERVICE MODULE IS DIVIDED INTO THREE BASIC
/2 SUBMODULES 2/

/2 2/

/2 (1) USER INTERFACE 9/

/2 THIS SUBMODULE CONTAINS TIlE ENTRY POINT INTO 9/
/4 TIlE SERVICE NODULE FROM MC? AND USER PRO- *7

7* GRAMS. IT IS HERE THAT THE SERVICE REQUEST 2/
/2 IS INTERPRETED AND TUE API~ROI~RIATE SERVICE 9/

/2 ROUTINE CALLED FOR EXECUTION .
/2 2/

‘* (2) SYSTEM CALLS 2/
/2 THIS SUBMODULE CONTAINS THE SERVICE ROUTINES *‘

AND SUPPORTING PROCEDURES WHICH CREATE OR *7
MODIFY THE USER’S VIRTUAL ENVIRONMENT. 2/

/2 THESE ROUTINES ARE INVOKED DY 1.ICP IN KESI’ONSE 2/

TO SYSTEM COU~1ANDS ENTERED AT A TERMINAL . 2/

7* THEY I’IAY ALSO BE ACCESSED BY USER I’ROGRA1.IS 2/
/2 DIRECTLY THROUGH THE USER INTERFACE SUBMODULE.*/

*7
/9 (3) SERVICE CALLS 2/

/2 THIS SUBI’IODU LE CONTA INS SERVICE ROUTINES AND 4/

/4 SIjPi’ORTING PROCEDURES WHICH ALLOW A USED. *7
/9 PROGRAM TO ACCESS A VIRTU AL TERMINAL OR 9/

7* VIRTUAL FLOPPY DISK. 2/
4/

,‘**9:~~~~~~~2* %2 ; 992*~~***** ;
~~- i %  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

/

/**9*22**2****4***2* USER INTERFACE ****%**************/

/9*2****9’~’.*49’~’ JNTERIIODULE LI NKAGE ?L~CROS 2*222*2%:~ *9*/

t INT MB TB 11213] [M2I3:=060011] (NB:~ O3OOWI [TB :~~1OCOH]tINT 52B S3BI (S28:=2200H) (SBB:=2600E)
(MACRO MONITOR ‘(HEX MD +HFH] ‘1
(MACRD INDEX ‘(HEX 1.1213 + 3H]’]
(MACRO ATTACH ‘[REX S2B + 14AR ]’]
(MACRO LOGIN ‘(HEX S2B + 208ff]’]
(MACRO PROTECT ‘(HEX 5213 + 45CH]’]
[MACRO QUIT ‘[HEX S213 + 26 1H] ’ l
[MACRO BUll? ‘[HEX S2R + 293ff]’]
[MACRO RESTRICT ‘[HEX S2B + 2C2J1] ‘1
[MACRO SIZE ‘[HEX S2B + 2C7H]’]
(MACRO UNPROTECT ‘[HEX 5213 + 3 1F1 1 ) ’]
[MACRO WR ITESPRINTER ‘(HEX S3B + OEDII]’]
[MACRO SELECT$D13.IVE [IIEX 5DB + 0F211]’]
(MACRI) SETSUMA ‘[HEX 51311 + 15F11]’l
[MACRO SET$TRACK ‘(HEX SBB + iTCH]’]
[MACRO SETBSECTOR ‘[HEX S3B + 186ff]’]
[MACRO READ$FLOPPY ‘[HEX S3B + 1 AO II]’] 4
[MACRO WRITESFLOPPY ‘(HEX S311 + 1B41I]’]
[MACRO NTS31.ISG ‘(HEX TB + 88TH]’]
C MACRO TERM I IIAL~ STATUS ‘[HEX TB + BD2H] ‘3
[MACRO READ3TERNINAI. ‘(HEX TB + 8DCH]’]
(MACRO WRl TE~ TERIII NAL ‘[HEX TB + 93CR)’]

/*** ..%* 2 -2***2** GENERAL PURPOSE MACROS 22*4*2*22*2*2*2/

[TNT TOP] (TOP:~~2Oi
[7IACRO INPUT3WAIT INC ‘OFFR’]

/22**92292*%3***%**9* DECLARATIONS 22*2%*9****2*******.*/

DECLARE (MTSSEXTERNAL, MTSS I NTERNAL, EXIT ,
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MTS, TERMS BLOC K) LABEL;
DECLARE SAVE DATA (0 , 0, 0 ) ;

/~~ *2**%22%%*2****9**9 ENTRY POINT *22224*2*2*224*29922.2/

INTERNALSNTS : /~ INTERNAL ENTRY POINT INTO SERVICE 2/
/2 NODULE, I . E. ENTRY POINT FROM 4/
/9 OTHER MTS ROUTINES

SAVE (2)r (Ar LOCK); /4 SAVE LOCK VALUE 9/

PARNr(RL~DE); 7* SAVE PARM LIST ADDRESS 2/
SAVE~~(HL O+SP); /*  SAVE USER SF 2/

SP~ (UL= .SVC$STACK( (TOP]));
IF (Ar << C )  ICY GOTO NTS
A~ (A !C)+ I;  /4 CONVERT FID TO POSITIVE Nfl */
IF (A::3) !CY THEN

/2 INVALID CONI~IAND - ERROR 1 *7
DO; EIIROR ( A = I ) ;  GOTO EXIT; END ;

H O ; LrA;
DO CASE HE;

/2 0 *7 DO; NOP; END;
/4  -1  *7 DO; CALL [ItEAD$TE RI’IINAL);

ERROR~A;
END;

/9 -2 9/ CALL [flUT~~’ ;
END: /9 CASE 2/
COTO EXIT;

100!!: /2 ADJUST EXTERNAL ENTRY POINT LOCATION 2/
EXTETtNALGMTS: /2 EXTERN.AL ENTRY POINT INTO SERVICE *7

/4 MODULE , I.E. ENTRY POINT FROM *7
/2 USER FROGRANS

DISABLE;
SA~E(2) (A LOC ( OFEII); /2  SAVE LOCK VALUE 2/
LOCKr(AA \ 01); /2 LOCK OUT SWAPPING 9/

ENABLE ;
PARMr (IILrDE); /2 SAVE PAPJ’I LIST ADDRESS 2/
SAVEr ( HL O+SP) ; /~~ SAVE USER 5? 2/

SP~ (HL . SVC3STACK( [ T O P ] ) ) ;

NTS: /2 SYSTEM AND SERVICE ROUTINES 4/

IF (A~C; A::18) ‘CV THEN
/2  INVALID COMMAN D - ERROR 1 2/

DO; ERROR (Ar I): GOTO EXIT; END;
ERRORr ( A~O); /9 INITIAL IZE RETURNED ERROR CODE 2/
HO ; L C ;
DO CASE IlL;

7*4*49*4* SYSTEM CALLS 2*92*2222*4*22*2/
/4 0 2/ CALL [ATTACH);
/ 3 1 2/ CALL [MTS$MSG] ;
/4 2 2/ CALL [LOGIN] ;
/2 3 4/ CALL [PROTECT] ;
/9 4 4~~ CALL (QUIT] ;
/4 5 2/ CALL [RESTRICT];
/2 6 2/ CALL [SIZE] ;
/2 7 9/ CALL [UNPROTECT] ;
/2*42*22* SERVICE CALLS *2*9*2*9*22*2*9/
/2 8 2/ DO; CALL [TERNINP.LSSTATUSJ;

ERRORr A ;
END;

/2 9 4/ DO ; CALL [TERIIINAL3STATUS];
IF (A::(INPUT$WAITING] ) ZERO THEN

DO; CALL (READ~TERN1NAL];
ERROR A ;

END
ELSE GOTO TERfl~BLOCK;END ;

/9 10 9/ CALL (WR ITESTEBIIINAL]:
/~: 11 :~/ CALL [W RITESPRINTER1 ;

12 2/ CALL ( $ELECT~ DR IVE 1~
/ 3  13 2/ CALL [SETSD1’IAI ;
/2 14 2/ CALL [SETSTRACK] ;
/9 15 2/ CALL [SETBSECTOR] ;
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I - /4 16 *7 CALL (READ~ FLOPPY];
/9 17 *7 CALL [WR!TE3FLOI’PYJ ;

END; /2 CASE 2/

EXIT: /4  COMMON EXIT POINT FOR INTERNAL AND EXTERNAL 2/

SP (1 ~~S1~VE); /2 RESTORE USER 5? 4/
DISABLE;

4 L O C K r ( A ~ S A V E ( 2 ) ) ;  /2  RESTORE LOCK VALUE 4/

Ar ERROR;
ENABLF ;
RETURN ;
/* END M”I~~~*/

TERN~BLOCK:

- ?.~ 7* THIS ROUTINE IS CALLED WHEN THE TASK CURRENTLY *7
ALLOCATBI) THE CPU 15 BLOCKED FOR TERMINAL I/s. THE ~~

“s RO(JT(1~IE STORES THE CU RRENT r~A CHINE ENVIRONMENT IN 9/

/2 THE SWAP STACK AND TRANSFERS CO NTR OL TO THE
/2 (ION ITOR FOR SELECTION OF THE flEXT READY TASK . 2/

/2 CALLED BY: NTS

/* SET BIT 5 IN TCT$STATUS 2/

DE . TCT~3STATUS ; A TASK ; CALL (INDEX] ;

M( HL)~~(A ~ M( HL) \ 20ff) ;
/2 SAVE ENVIRONMENT 2/
S~IW~STACKr (HL~~ AVE); 7* ON LY USER 5? NEEDED 2/
COTO [MO NITOR] ;
/~: ~~ fl TE~~WBLOCK 2/

EOF
/
,‘2**$9***9$*****3***% SYSTEM CALLS 2**:s$~~***3****2*****/

/2*4*492*422*2 INTEI1NODULE LINKAGE MACROS *2*2.22*22*22/

[[ItT TB MB r-12B1 (r1211:r060011] 1 T13::l000Ifl EMB:=0300H]
[IIACRO MONITOR ‘[flEE MB + 8FII]~~)
[MACRO INDEX ‘[HEX I-12B ÷ 311]’]
[ MACRO IIIDEX2 ‘(flEX M2B 4 ODE]’]
[MACRO INDEX4 ‘[HEX [‘128 + 1811]’)
(MACRO I NDEX8 ‘[HEX N2B + 2411]’]
[MACRO GET ‘[HEX 1.1213 + 3811]’]
(MACRO IIOVBUF ‘[HEX [‘1213 + 4 1f f ) ’ ]
[MACRO MINISDISK ‘[HEX M2B + 54ff]’]
[MACRO SIZESMSG ‘(flEX TB + 86411]’]
[MACRO STATIJSSIISG ‘1 HEX TB + 8CCH)’]
[MACRO CLEAR$STATUSSL1NE ‘[REX TB + 827ff]’]
[MACRO MTSINSG ‘[HEX TB + 83711]’]

/222*922232*239* GENERAL PURPOSE MACROS 44*9*422*4*9*24/

[MACRO WRITE ‘2’]
[MACRO RAEDWARE$EI1ROR ‘8’ 3

/*********** IC**#***** DECLARATIONS *****4****4*********/

DECLARE PLIST DATA (1 ,0,OFFR, OFFH ,OFFU ,OFFII) :

/99*49*39*4329*99* UTILITY PROCEDURES 2*22*9*2*2*2*4*24/

VALSDRTVE : PROCEDURE ;
/% :z*2%%2 ;*22.4*22: .2*2**%2: .%99*92%222**222*2***2*****/

/2 h ITS PROCEDURE VAL IDATES THE DRIVE NUMBER INPUT TO 2/

/9 ANY SYSTEM CAL L WIIICTI REQUIRES THAT PARAMETER. 9/

‘2 INrUT: A - DRIVE NUMBER TO BE VALIDATED 2/
/2 OUTPUT DRIVE — N’J[IBEII OF FREE DRIVE FOUND *7

/9 ERROR - ERROR CODE 4/

/2 CALLED flY: A11”tCH
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IF (A::OFFH) ZERO THEN /2 NO DRIVE SPECIFIED x/
DO ; 7* SCAN D1tIVE NAP FOR FREE ,ttIV E 4/

DECLARE LI LARV L ,
DEr . TCT~~~~. ; A T A ’ ~ K; CALL [INDEED) ;
B—
REPEAT

IF ( \ < t I ~EL) ) ICY COTO Li;
IfL~11L+ I;

UNTIL (BB- 1) ZERO;
/* NO DRIVE AVA ILABLE — ERROR 10 2/
EIII tOFL (A ~ 10) ; RETURN;

LI : DRIVE (.Ar 8_fl); /4 FREE DR1\~E FOUND 2/

END
ELSE IF (A: :8) !CY THEN

/3 D R I V E  Nil > 7 — ERROR 6 3/
DO ; E RO R~ (A ~6); RETURN; END;

END VAL SDRIVE ;

VALSOISK; PROCEDURE:
/*99*23*~’;~~3*%3**9%$3~~~~ *2*3**** ;*%*9**2%54**$*$:l%*4*94/

TIl LS PROCEDURE VALIDATES TilL DISl~ NUNLER INPUT TO ~~AN Y SYSTE M C.\LL W H I C H  REQUIRES THAT PAIIANETER. 4’
/9 INPUT : .\ - DISK NULI];~R TO BE VALIDATED 9/

/9 OUTPUT ; D I S K  — NUMBER OF FREE DISK FOUND 2/
/3 ERRO R — ERROR CODE 4/
/9 C ALLED BY: ATFACII 3/
/

IF(A ::OFFH) ZERO THEN — *  rio DISK SPECIFIED ~~~
-

DO; ~~ SCA~
) D I S K  [IA? FOR FRE E DISK 2/

DECLARE L2 I~’BEL;
DLT~~FLAC; Br

P1r’EAT;
IF  (A r > 1.I( HL)) CY /4 DISK AVAILABLE 2/

(A r >A )  1CY /2 NOT IN USE 9/
(A r )~~) !CY /4 NOT PROTECTED 9/
( \ ~~ A )  I CY  7* NOT RESTHICTEI) *7
THEN COTO L2:

EL HL+ 1;
IINIIL (I3~~I3— l)  ZEFO;
/~: NO 1)15K MAILABLE — ERROR 2 3/
ERRORr ( Ar 2 ) ;  RETURN :

L2; DiSKr (A~li2—B) ; /3 FRE E DISK FOUN D 3/

END
ELSE IF (A : :32) ICY THE N

/4 DISK Nfl > 31 — ERROR 4 ‘~7
DO; ERROR~(M4): RETURN ; END

ELSE
DO; /4 SEE IF SPECIFIED DISK AVAILABLE 4/
DEr .DMT$FLAG: MDJSK; CALL [INDEX] ;
IF ( Sr>fI ( ML) ) ICY THEN

/9 DISK NOT AVAILABLE — ERRO R 2 4/
DO: ERROR~ ( A~’2) ; RETURN ; END;

IF (A ~> A )  CY THEN
7* DISK IN USE - ERROR 3 *,
DO; ERROR~ I MO) ; RETURN ; END ;

END;
END VALSD!SK;

VAL$KEY: PROCEDURE;

7* THIS PROCEDURE COMP ARES TilE KEY INPUT AS A SYS 1TN 4/
/2 CALL PARATIETER WITH THAT ASSOC IATED WITH A SPEC]— 4’
7* FlED VIRTUAL DISK FILE. *7
,* INPUT; PARM - VARIABLE HOLDING ADDRESS OF ?ABI1 KEY *7
/4 D I S K  - VIRTUAL DISK FILE NONB ER 4/
/4 OUTPUT: ERROR - ERROR CODE 4’
/2 CALLED BY: AITACII 9/
/499*9 *%* 1$*339%*%*% :~3223%*933%9* **2rl3*******43*2****/

DE~ .DMTSKEV: MDISK; CALL [I~ DEX4]:
9E~ IlL ; IlL~ P.~P~lI;
DO f l 0  BY fl~ B + t  Wh ILE ( A r 4 ;  \ : : i )~ !ZERQ ;

IF A~ 1.11 DE) : A ;  :N( IIL) ) ZERO
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\ (IF (A: 20R) ZERO (MN( 11L)—OFFH) ZERO
THEN Cy r l ELSE CY O) CY

TEEN /2 CHA R MATCH 2/
DO;
DE ’DE+i ; IIL~ IIL+i;END

ELSE /2 KEY ERROR - ERROR ~ 27

DO; EBh1{lR~ (Ar 5) ; RETURN; Ei;D;
END; /2 WHILE 3/

/2 KEYS MATCH ~/
END VAL$KEY;

CLEABOFLAG: PROCEDURE;

/9 THIS PROCEDURE RESETS THE IN USE lIlT (BIT 1) IN 4/
/2 TIlE DMTSFLAG FOR A SPECIFIED VIRTUAL DISK. *7
7* INPUT: B — DISK NUImER *7
/9 CALLED BY: ATI’ACH, LOGIN , CLEAR3DM 9/

333394*393 3#3*39233%**~i3****2#’~*2*%%*2%/
DEr .D1.1TSFLAC; A R  lEE; CALL [ INI)EX) ;
PI( ilL)~~(Ar1’I( HL) OFDH)
END CLE \RSFLAG;

CLEARSDM : PROCEDURE :
/$*2*443*%*4%*43*%%1;EI **3%3*; 42%**9% :.<~- --~~*3 3*9*3439*439/
/2  THIS PROCEDU RE RESETS ALL ErIVEIE S IN  TIlE TCTIDPI *7

/9 ASSOCIATED WITH THE CURRENT VALUE OF TASK. 3/

/3 CALLED BY; LOGIN , QUIT 4/

DE~~.TCTODi’i; MTASK; CALL IINDEX13] ;
?1( 11L)~~ OCOH; C r ? :
REPEAT:

I1L~ HL+I;B~M(HL) ;IF ( A < B )  CY ( A = < A )  ICY THEN
CALL CLEAR~FLAG :

UNTiL ( C r C _ i )  ZERO ;
END CLEARODM ;

WRITESBUF: PROCEDURE;

/4 THIS PROCEDURE CHECKS THE MODIFICATION BIT IN *7
/9 VDCSDRIVE TO DETERMINE IF THE CONTENTS OF [‘II)BUF */
7* HAVE BEEN ALTERED. IF SO, TIlE BUFFER IS WRITTEN TO *7
/9 THE MINI-DISK AND THE PlOD BIT IS RESET. 2/
/4 CALLED BY: QUIT, NAP , LOGIN 4/

/4499*3*3%***33***4*%%*44%****943~~#***%%3**2*3$*%**9**9/
IF (M<VDCSDRIVE) ICY RETURN ;
BC (HLrlIDSAD) ; F,Er .NDBUF :
L~ [WR ITEi ; CALL [HINISDISK] ;
IF (A ::O) !ZERO THEN

/2 HARDWARE ERROR - ERROR 8 9/
DO; ERIIOR= (A=8) ; RETURN ; END;

VDCSDRIVE~(A~VDC4DRIVE 7FH);
END WRITESIIUF ;

/*********49******* SYSTEM ROUTI NES **********4********/

ATTACH: PROCEDURE;
/%*%*24**3**********93******4*%****4*****24************/
/* SIMULATE THE PHYSICAL OPERATION OF LOADING DISK *7
/2 <DISK NB> INTO DRIVE <DRIVE LTR> . 2/
/ 2  ARGUHENTS: *7
/3 ( 1 )  F I D  0 4/
/2 (2) P~ 1VI = BASE ADDRESS OF PARAMETER LIST 2/
/9 BYTE 0~ DRIVE NUMBER (1-7) 2/
/9 BYTE I: DISK NU1’IBER (0 -31)  9/
/3 BYTES 2-5: PROTECTION KEY (0— 4 CHARS) 9/

,* VALU E ; ERROR CODE 4/

BC~ (PL PARPI); DR tVE~(MM( BC));
/4 VALIRATE DRIVE NR 2/
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CALL VAL$DR I WE; IF CM ERROR \ A) ! ZERO RETURN ;
fi L~ PARN+1; DISK ( A N ( HL)) ;
/3 V A L I D ATE D I S K  Nfl 4/
CAL L VALSDISK; IF (MERROR \ A) !ZERO RETURN;
DE~ . DIIT4FLAG; MD!SK; CALL C INDEX) ;
IF (MPl( IIL) 0411) !ZERO THEN r* DISK PROTE CTED 2’

DO; /2 VA L IDATE KEY 3/
PARII ( ilLs PARII+ 1 , + I) : CALL VALSKEY;
I F  (A=EIIRO R \ A) !ZERO THEN

DO; /4 HAY WANT READ ONLY 4/
DE . Blfl ’OFLAG; MDISK; CALL [ iNDEX] ;
IF (A=1l ( iIL) 01311) ZERO

72 DISK NOT RESTRICTED 2/
\ (HL~ PAR1’1; A~ t1( HL ) ;  A : : OF FH)  !ZERO

/9 KEY PAIU’I NON-BLANK *7
THE N RE TURN /3 ERROR VALID 2/

ELSE
DO; /9 SET UP READ ONLY 3/
M( BC) (MN( BC) \ 0211);

/;j: SET DI1TSFLAG BIT 1 4/
DISK= ( A=DISK ‘ 4011) ;

/3 SET TCT3DM BIT 6 9/
ERROR~(M0)/;K CLEAR ERROR 2/
END;

END;
EN D;

/4 MODIFY D~1T~ FLAG 1/
HEr . DPITSFLAG: MDISK IFU: CAL L [INDEX) ;
M(HL)r(MM (IU) \\ 0211) : /~ SET DrITHFLAG BIT 1 3/
/2 MODIFY TCTSDM ~ /
DE= .TCTBDII; Ar EASK; CALL I INDEX3):
DE IIL ; .l~ DRIVE ; CA LL [ INDEX) ;
B ?I( HL)
M(HL)r( \ DISK \ ROB); /3 SET TCT~ OM BIT 7 */
/2 RESET OLD DISK’S IN USE BIT 9/
IF ( A= B  4011) ZERO CALL CLEARSFLAG;
/3 DISPLAY STATUS PIS G 3/
B~(MDRLVE) ; C r (A D I S K  1FH) ;
IF’ A=DISI( 4011) IzERO THEN A=72I1 ELSE A
CALL [STATUSSI’ISG);
END ATTACH:

LOGIN: PROCEDURE:

/* THIS SYSTEM CALL NOTIFIES FiTS THAT THE REQUESTING 4/
/2 TERMINAL IS NOW ACTIVE, AND SIMULATES THE PHYSICAL 4/
/4 COLD-START BOOTSTRAP OPERATION. TIlE BOOTSTRAP LOAD 4/
/2 TAKES PLACE FROM VIRTUAL DRIVE A .  TEE VIRTUAL DISK 4/
/4 ATTACHED TO THIS DRIVE MAY BE SPECIFIED IN TEE */
/2 P ARAMETE R LIST , OR DISKO WILL BE ASSURMED AS TIlE 4/
/4 DEFAULT . 4/

~ * ARGUMENTS : *7
/4 (1) FIL’ 2 4/
/4  (2) FARM BASE ADDRESS OF P ARAMETER LIST 2/

‘2 BYTE 0: DISK NUMBER (0-31) *7
7* BYTES 1-4: PROTECTION KEY ( 0-4 CHARS) *7
7* VALUE: ERROR CODE *7 fl

/4 WR I TE MINI—DISK BUFFER IF NECESSARY 3/
CALL WRITESBUF;
IF (MERROR \ A) !ZERO RETURN;
/9 RE—INITIALIZE TCT •/
CALL CLEARSDM:
DEr .TCT3SIZE; MTASK; CALL [INDEX);
M(flL)r32; /2 SIZE b K
IIL BC+( DE . TCTOSTAflJS);
PI(~~~) I ;  /9 SET BIT 1) 2/
/4 PROCESS DISK PARAMETER 4/
I? ( IIL PAR)3; A ?I( EL); .1: : 9FFID !ZERO 11IE[

DO: /9 DISK SPECIFIED 4/

EC S ;  DE HL ; FIL= .PI.IST( I)
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CALL EMOVBUF]; PARMr ( HL .PLIST) ;
CALL AVFACH;
IF IA ERROR \ A) YZERO RETURN ;
END

ELSE /* DISPLAY DEFAULT STATUS MSG 9/
DO;
M72H; B C O ;
CALL [ STA TUSSMSGJ ;
END ;

/* DISPLAY SIZE MSC 4/
M1 6 ; CALL [S1ZE3NSG] ;
END LOGIN;

PROTECT: PROCEDURE;

,* TIlTS SYSTEM CALL ADDS THE READ/WRITE PROTECTION 2/
/* ATFRIBUTE TO A SPECIFIED VIRTUAL DISK FILE.
/2 ARGUMENTS:
/2 (I) 111) = 3 4/
74 (2) FARM = BASE ADDRESS OF PAnMmTER LIST 2/

BYTE 0: DISK NUMBER (0—31)
/4 BYTES 1-4: PROTECTION KEY (0-4 CHARS) 4/
/2 VALUE : ENROll CODE 4/

NOP;
END PROTECT;

QUIT; PROCEDURE;

/2 THIS SYSTEM CALL NOTIFIES FITS TEAT THE REQUESTING 2/
/3 TERMINAL IS NO LONGER ACTI VE. 3/
/3 ARGUMENT S : 2/

/4 ( 1)  FED 4 3/
/9 (2) PARN = NONE 4/
/* VALUE: NONE
/3*44*4*44*****$X*4%** *23;&***3$**2**2**2**2****42$****/

/9 WRITE MINI-DISK BUFFER IF NECESSARY 2/
CALL WR I TESBUF ;
IF (Ar ERROR \ A) ! ZERO THEN

DO; E E  ARDWttRE9ERROH ]; CALL [1’JTS$MSG]; END ;
/4 CLEAR STATUS LINE :k/
M T A SK ;  CALL ( CLEARSSTATUSSLINE] ;
/2 CLEAR TCT 3/
CALL CLEARSDM;
DE .TCT$SIZE ; A TASK; CALL (INDEX] ;
FH IfL) 32; /2  SIZE 16K 2/

~J~~j3C+( D E. TCT$STATUS);
M( HL)rO; 7* RESET STATUS BYTE 4/
GOTO (MONITOR ] ;
END QUIT;

BlIMP: PROCEDURE ;
CALL WRITE~ BUF;
IF (A  ERROR \ A) I ZERO THEN

DO; Er(flABDWA RE~ ERROR] ; CALL [ NTSSMSG] ; END;
A= TASK; CALL ( CLEAB$STATUS$LINE] ;
CALL CLEAfl~ D?I;
DE . TCT$S IZE; ASTASK ; CALL [INDEX];
fl( II L) 32;
HL=BC+(DE .TCT~STATUS);
M(HL)rO;
END BUMP ;

RESTRICT: PROCEDURE ;

/2 THIS SYSTEM CALL ADDS TUE BEAD RESTRICTION ATTRI- *“
/3 BUTE TO A SPECIFIED PROTECTED V I~[TUAL DISK FILE. 2/
/ 2  ARGUMENTS :
/3 (1) FID
/2 (2) PARR = BASE ADDRESS OF PARAMETER LIST
/2 BYTE 0: DISK NIJ~’1BER (0-31) 2/

BYTES 1-4: PROTECTION KEY (0-4 CHARS) 4/
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/4 VALUE: ERROR CODE 2/
/****4***$*4**2$** 4$*49****4*3$***$*52$43* 2*22*44*23227

NOP ;
END RESTRICT;

SIZE: PROCEDURE ;

/2 THIS SYSTEM CALL SETS THE SIZE OF TUE USER’S SWAP 4/
/3 IMAGE.
/2 ARGUMENTS: */
7* (1) F I D r 6
/2 ( 2)  FARM = REQUESTE D S I Z E  I N  KI LOBYTFS 2/
/3 VALUE: ERROR CODE

/2 COMPARE REQUESTED SIZE WITH MAX SIZE 2/
IF (A PARN(O) ; A : :49)  !CY TIIEII

/2 OUT OF BOUNDS - ERROR 7 4/
DO; E R R O R ( A 7 ) ;  RETURN : END;

/4 COMPARE REQUESTED SIZE W I T H  SWAP FILE SIZE 2/
DE .TCTSBOE; A=TASK; CALL [INDEX2];
CALL [ GET] ; B O :  C (A <~~PARM (O));
IIL BC +DE ; STACK HL; /9 SAVE SUE-I 2/
DE .TCTSEOE; A TASI(; CALL [ INDEX2 ] ;
CALL [ GET) ; BC BC+l;
DE STACK ; /3 RESTORE SUN :X/
A=C—E ; A:B——D ;
IF MINUS THEN

/lt OUT OF BOUNDS — ERROR 7 4/

DO; ENRO R ( A r T ) ; RETURN; END;
/2 DISPLAY SIZE FISG 3/

A PARN (O) ; CALL [SIZESEISG]:
/3 UPDVIT TCT ~ /
DE .TCTSSIZE ; A=TASK; CALL [INDEX] ;
N (HL) (A < < P ABM (O))
END SIZE;

UNPROTECT: PROCEDURE;

/2 TillS SUSTEN CALL DELETES TT’E BEAD RESTRICTION AND 2/
/3 READ/WR ITE PRO TECTION ATTRIBUTES FROIl A SPECiFIED */
/3 VIRTUAL DISK FILE. 4/
/9 ARGUTIENTS : 4/

‘3 ( 1)  FID 7 2/
/2 (2) PARN = BASE ADDRESS OF PARAMETER LIST 2/

BYTE 0: DISK NUMBER (0—31) 4/
72 BYTES 1-4: PROTECTION KEY ( 0-4 CHARS) 2’
/2 VALUE: ERROR CODE

NOt’ ;
END UNPROTECT;

EOF

/*3****2*3******3**2 SERVICE CALLS 3*3*39*9*332*2*223*2/

/******* <***** I NTEIUIODULE LI NKACE MACROS *2*2*3*23*24/

[LIlT E-12B 52B] [M2B: O600H] [S28:=220011]
( MACRO INDEX ‘ [HEX M2B + 3f l 1’ ]
(MACRO INDEX2 ‘[HEX M2B + ODH]’]
( IIACR O INDEX8 ‘ (H E X  N2B + 2411] ’]
[MACRO GET ‘[HEX M2B + 3811]’]
MACRO MOVI3(JF ‘(HEX N2B + 4111]’]

[ MACRO MINI~~DISK ‘[HEX M2B + ~4H] ’]

/433*4239*4433*4 GENERAL PURPOSE MACROS *4*44442*399442/

[MACRO READ ‘I ’]
(MACRO WRITE ‘2 ’)
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/933*423*3*2*3*39* UTILITY PROCEDURES *9*39*2*3*33*3*22/

READGBUF : PROCEDURE;

/2 THIS PROCEDURE READS A SPECIFIED MINI-DISK SECTOR */
/* INTO NDBUF AND UPDATES NDSAD .
/2 INPUT : BC - MINI-DISK SECTOR NUMBER 3/
/3 OUTPUT : ERROR - ERROR CODE
/2 CALLED BY: MAP

DE .NDBUF; Lr[READJ ; CALL [NIN I3DISK) ;
IF (A: : 0) IZERO Tl[EN

/* HARDWARE ERROR - ERROR 8 2/
DO; ERRO R = (A r 8 ) ; RETURN; END;

?IDSAD (11L BC);
END READ~~DUF;

WRITESBUF : PROCEDURE;

/ic TillS PROCEDURE CHECKS THE MODIFICATION BIT IN 4/
,‘* VDC -~DRI VE TO DETERMINE IF THE CONTENTS OF’ 1IDBUF 2/
/3 RAVE BEEN ALTERED. IF SO , THE BUFFER IS WR ITTEN TO *~‘
/* TUE MINI-DISK AND TIlE MOD BIT IS RESET. 4/

/3 CALLED BY: QUIT, MAP, LOGIN

IF (Ar < VDCDDR IVE) ICY RETURN ;
BC (UL MDSAD); DE .FID BUF ;
Lr[IiRITEI ; CALL [FIINISDISK] ;
IF (A :  :0) !ZER O THEN

/* h ARDWARE ERROR - ERROR 8 2/
DO ; EIU%OR ( A = 6 ) ; RETURN ; END;

VDCSDRIVE (ArVDCBDRIVE 7FH);
END WRITEBBUF ;

NAP: PROCEDURE;

/ THIS PROCEDURE CALCULATES THE RELATIVE OFFSET OF A *‘/4 SPECIFIED V IRTUAL FLOPPY DISK SECTOR I N  THE M I N I —  ~~/
/* DISK FILE AND THE BASE ADDRESS OF THAT SECTOR IN */
/3 TUE MINI-DISK BUFFER AFTER. THE FILE IS READ - THEN 4/
/4 IT CALCULATES THE ACTUAL MINI-DISK SECTOR NUMBER 4/
/4 CONTAINING THE ADDRESSED FLOPPY DISK SECTOR, AND *,
‘4 COMPARES IT WITH THE CURRENT CONTENTS OF 1SIDBUF. IF *‘/4 THE TWO ARE NOT EQUAL, THE OLD BUFFER IS WRITTEN 4/
/2 TO THE MINI-DISK AND THE NEWLY CALCULATED SECTOR */
/ k  NUMBER READ IN TO REFILL TUE BUFFER. A COMPARISON *‘
/* IS ALSO MADE BETWEEN THE CALCULATED MINI-DISK 9/
/* SECTOR NUMBER AN D THE FILE’S EOE VALUE TO ENSURE 9/
/* THAT THE SPECIFIED VIRTUAL DISK SECTOR ADDRESS IS 2/
7* WITHIN THE BOUNDS OF THE FILE.
‘9 INPUT: VDC~ TRACK - FLOPPY DISK TRACK NUMBER

VDCSSECTOR - FLOPPY DISK SECTOR NUMBER *7
/2 OUTPUT: BC = 128 FLOPPY DISK SECTOR SIZE *7
/2 ilL BASE ADDRESS OF FLOPPY DISK SECTOR *f
/3 IN BUFFER 4/
7* CALLED DY: READSFLOPPY, WRITE$FLOPPY *7

DECLARE BUFAD DATA (0,0);
- DECLARE SECNR DATA (0,0);

/3 MTJLTIPL,Y TRACK NUMBER BY 26 *7
D ( A VDC$TRACK) ;
E~~( A V D C ~~SECTOR) ;
Bro; Cr26 ; 1 18;
C ( A > C )  ;
REPEAT;

IF CY THEN A B+D:
CY O; B : ( A ) A )

UNTIL (Hr II-1) ZERO; /~~ BC 26 3 TRACK *7
/3 ADD SECTOR NUMBER TO 26 9 TRACK ~~/
C ( A C +E) ; B ( A B + + O ) ;
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~~* BC • 26 * TRACK + SECTOR 4/
/2 D I V I D E  26 * TRACK + SECTOR BY 4 *~~
DE O;
CY O; B~ (A~>D) ; Cr (A=>C ) ; E:(A=>E ) ;
C Y O ; Br (A >B) ; C (Ar>C) ; D:(A=<D ) ;

/4 DC - BC / 4 2/
/4 DE RELATIVE BUFFER ADDRESS 4/

BUFAD (IIL DE) ; /3 S4~VE RELAT I WE BUFFER ADDRESS 2,”
,-* CALCULATE AND SAVE NEW M INI-DISK SECTOR Nfl 4/
SECNR (IIL VDC$BOE + BC) ;
7* COMPARE NEW SECTOR NH WITH VDCSEOE 2/
A VDCSEOE ( 1)-L; Ar VDCDEOE(O)--H;
IF MINUS THEN

/3 OUT OF BOUNDS - ERROR 7 3/
DO; ERROR (A ~ 7); RETURN ; END;

,* COMPARE NEW SECTOR NH WiTH MDSAD 2/
IF (A ~MDSAD(O) ; A ::H) IZERO THEN

CYr O
ELSE IF (A=MD SAD (I); A::L) IZERO THEN

CY 0
ELSE CY:I;

/2 WRITE OLD SECTOR AND REAl) NEW IF NECESSARY */
IF ICY THEN

DO; /3 NOT EQUAL 2/
CALL WRITE8BUF ;
IF (A ERROII \ A) !ZERO RETURN:
BC (HL SECNR) ; CALl, READSBUF ;
IF (A ER.ROft “s A) IZERO HETUIIIi;
END ;

/~~ SET UP REGISTERS FOR RETURN 9/
BC:128; DEr (IIL~ BUFAD);
END MAP ;

/33*33*33.33*93*3333 SERVICE ROUTINES *~~~~~~~~~~ %.“%‘~

WRITE~ PRINTER: PROCEDURE;

/2 THIS SERVICE CALL IS CALLED TO ~TRiTE A SINGLE 3/
/9 CIIARACTEI ( TO TUE SER I AL PRINTER.
7* ARGUMENTS: 2/
/9 (1) FID = 11 2/
/9 (2) PARS = ASCII CHARACTER 4/
‘4 VALUE: ERROR CODE *7

NOP ;
END WRITE$PRINTER;

SELECTODRIVE: PROCEDURE:

/2 THIS SERVICE CALL SELECTS THE VIRTUAL FLOPPY DISK *~‘

‘3 DRIVE TO BE USED FOR SUBSEQUENT FLOPPY DISK
/~~ ACCESSES . 2/
/4 ARGUMENTS : 3/
‘9 ( 1 )  FID 12 4,
/4 (2) PAIUI • DRIVE NUMBER (0-7) *‘
7* VALUE: ERROR CODE *7

DRIVE (A:PARN( 1) )~
/* VALIDATE DRIVE NUMBER 2/
IF (A: :8) ICY THEN

/2 DRIVE HR ) 7 - ERROR 6 3’
DO; ERRORr(A~ 6); RETURN ; END;

/3 VA LIDATE THAT D R I V E I N USE *‘
DE~~.TCT$Dfl; A TASK; CALL (INDEXO ] ;
DE HL; A DRIVE ; CALL (INDEX];
IF (A <N( HL) ) ICY THEN

‘* DRIVE NOT AVAIL - ERROR 10 9/
DO : ERROR ( A : 10) : RETURN ; END ;

/3 UPDATE VDC BLOCK */
DISK (A ~!’I(HL) IFII)
IF ( A M (  IlL) 4011) !ZERO THEN /3 READ ONLY 2/

DRIVE (A DRTV E \ 4011) ; /2 SET BIT 6 2/
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DE .DNT$BOE ; A DISK; CALL (INDEX2);
CALL ( GET] ; VDCSROE (UL BC) ;
DE: .DNT3EOE; A DISK; CALL [INDEX2];
CALL ( GET) ; VDC~ EOEr ( RL:BC) ;
VDC$DRIVE (A DRIVE) ;
END SELECT$DRIVE ;

SETSDMA : PROCEDURE;
/*3 3****;:~I3$22*$: :Ic*
r* TillS SERVICE CALL SETS THE ADDRESS OF TIlE 120 LIYfE ~~/
/* DNA BUFFER TO lIE USED IN SUBSEQUENT VIRTUAL FLOPPY */
/~~ DISK ACCESSES . *7
/3 ARGUMENTS :
/3 ( I )  FID 13 4/
/2 (2) PARS = DMA ADDRESS 4/
r* VALUE: ERROR CODE 2/

A:PARI’l( I )— 0 ;  A :PAR N(0)- -40H;
IF MINUS THEN

/3 OUT OF BOUNDS - ERROR 7 ~/DO; EREOII:(A 7) ; REflJRN; END;
VDCSDMAr ( ~i~~: PARS> ;
END SETSDI’IA;

SET3TRACX: PflOCEDURE;
/%33*9%: :~:3~~~~~;~~:33%*3%9*%339~ :93%% 3#3:~ 3333:: :~~~~~ ~ 9
/9 TIllS SERVICE CALL SETS THE TRACK NUMBER TO liE IJSED *- /
/*  IN SUBSEQUENT VIRTUA L FLOPPY DISK ACCESSES . 3’
/2 ARGUMEN T~~:
/* ( 1 )  FID 14 *7
/3 (2) FARM = TRACK NUMBER
/9 VALUE: NONE 3/
~~~ * 9~939 9 ~~** *9**********:~* **3 **~~**3****’c**$* ***;~ *99W.2/

VDCSTRACK: ( ~: PA.RM( 1))
END SETJTTIACK;

SETIISECTOR: PROCEDURE;
/9* :1%43$3:.3 :, %3%% 1~~:: 393933939*4*$3**9 33**33~:****3* /
/ic THIS SERVICE CALL SETS THE SECTOR NUMBER TO BE
/2 USED IN SUBSEQUENT VIRTUAL FLOPPY D I S K  ACCESSES . 2/

/* ARGUMENTS:
/9 ( I) FID l~
/* (2) PARS = SECTOR NUMBER ( 1—26 ) 2/
/* VALUE: EBROR CODE
/43$%*993%% *943*:~*%33%39***333*3393%%%**3%993” .2*4*39/

A:PABII( I ) ;
IF (A : :27) ICY \ (A ::O) ZERO THEN

/ OUT OF BOUNDS — ERROR 7 9/
DO ; ERROR : (A=7) ; RETURN ; END;

VDCSSECTOR ~~;

END

READSFL~ PPY: PROCEDURE ;

/z THIS SERICE CALL SIMULATES READING FROM A FLOPPY 2/
/4 DISK. TIlE VIRTUAL DISK SECTOR AND TRACK SPECIFIED */
.‘* IN TIlE VDC BLOCK IS READ FROM THE SPECIFIED
/* VIRTUAL DRIVE INTO A 128 BYTE BUFFER IN THE USER’S */
/2 SWAP AREA.
/3 ARGUMENTS: 4”
7* (1) FIB :16 *7
/3 (2)  PARS = NONE 3,’

DRIVE . SECTOR. TRAGIC. AND DMA ADDRESS MUST *,
/3 HAVE BEEN PREVIOUSLY SET BY CALLS TO TIlE
/3 APPROPRIATE PROCEDURES. *7
/:~ VALUE: ERROR CODE 9/

CALL (‘IA? :
IF (~~~EflROR \ A ) !ZERO RETURN;
DE HL; HL VDCDDNA ; CALL I MOVBUFI ;
END READSFLOPPY;
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WRITE~FLOPPY: PROCEDURE ;

‘2 THIS SERVICE CALL SIMIJLATF.S WRITING TO .1 FLOPPY 4/
/* DISK. A 128 BYTE BUFFER I N  THE USER SWAP AREA IS 2/
~~* WRITFEN TO THE VIRTUAL TRACK, SECTOR, AND DRIVE *7
/* SPECIFIED IN THE VDC BLOCK. 2./
/4  ARGUMENTS : 4/
/2 ( 1 >  FID = 17 4/
‘.4 (2) ?AN’I • NONE 4,
/4 DRIVE . SECTOR, TRACK , AND DMA ADDRESS MUST 4/
/3 HAVE BEEN PREVIOUSLY SPECIFIED U? CALLS TO 4/
‘4 THE APPROPRIATE PROCEDURES . -
/2 VALUE: ERROR CODE *7

CALL MAP ;
IF (A ERROR \ A) YZERO RETURN;
STACK HL; DE (HL VDCDDIIA) ;
Jfl,:STACK; CALL [MOVBUF];
VDCSDRIVE (A:VDCSDRIVE \ 8011); /3 SET BIT 7 3/

END WRITE~FLOPPY;

EOF
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,******************* 4*******************2************,
/4*3*329*3*3 3 TERMINAL INTERFACE NODULE *9*3*2*3*3*,’

/4 2/
/2 TERI’IINAL INTERFACE NODULE PROVIDES THE (‘ITS -9/
/4 INTERFACE WITH THE FOUR DISPLAY TERMINALS 4/
/4 A’VEACHED TO THE SYCOR 440 SYSTEM. THE MODULE IS */
/2 SEPARATED INTO FIVE BASIC SUBMODULES . EACH *7
7* SUBMODUL E CONTAINS THE MACRO S NECESSARY FOR 9/

7* LINKING WIT h IN THE TERMINAL NODULE AND FOR 9/
/2 EXTERNAL (‘iTS LINKAGE. 3,

4/

/2 ( 1)  DATA DECLARATIONS *,
/4 THIS SUBMODULE PROVI DES ALL DECLARATIONS OF *7
‘3 THE DATA STRUCTURES UTILIZED BY THE TEm-IINAL*/
/3 MODULE. 2/
/2 (2) UTILITY PROCEDURES *7
/3 THIS SUBMODULE CONTA INS THE BASIC UTILITY 2/
/9 PROCEDURES W±IICH PROVIDE COMMON REGISTER 2/
/9 MANIPULATION AND PROCESS~ riG REQUIRED BY *7
/3 MANY PROCEDURES THROUGHOUT THE REMAINDER *7

OF TIlE TERMINAL INTERFACE MODULE. -‘1/
/9 * COMPARESPT11S * GET$ INDEX *7
/9 * GETSVALIJE * STORE3VALUE 2/

3 CONVERT~ NU(IBR~3TO3ASC II 3/
7* * (‘IOVE~~HYTES 9 SWAP~ CURSOR 2/

/2 (3) TERMINAL INTERFACE PRIMITIVES 2/

7* THIS SUBMODULk~ CON T A I N S THE PROCEDURES S~ IICfl*/
/ 3 PROVIDE THE BASIC TERMI N A L  INTERFACE 2/
/~: FUNCTIONS . */
/9 9 BLAIIX~ D ISPLAY ~ GETSDISP LAYSADDR 2/
/3 3 CHECXSC!J~~ OR 9 GETSTER’ISSTATUS 9,
/2 SCROLL$DISPLAY SEND3UEE1~ 4/

/2 * SEND$CLICK * UPDATE$CURSOR 2/
/3 * GET$STATUSSADDP. 4/
/3 (4)  HEY PROCESSING PROCEDURES *7
/9 THIS SUBMODULE CONTAINS THE PROCEDURES VHICH*.’
7* PROVIDE THE BASIC TERMINAL INPUT PROCESS ING. */
/3 THEY ARE CALLED TO PROCESS EACH HEY ENTERED ~~‘
/3 AT A TERMINAL. THEIR FUNCTIONS INCLUDE : 2/
‘4 CHECKING FOR AND CONVERTING LOWER TO UPPER *7
/2 CASE LETTERS IF REQUIRED ; CHECKING FOR ANY 2/
/2 KEY COMMANDS (WHICH INCLUDES ALL LINE *7
‘3 EDITING) ; AND iF NOT A KEY CONIIAND, 2.’
/4 DISPLAYING THE INPUT CHAR AT THE TERMINAL. 2/

9 KEY~COMT1AND 2 TERI’I$ I NFUT$CNTE
/3 (5)  TERMINAL INTERFACE SYSTEM FUNCTIONS 2/

THIS SUBMODULE CONTA INS THE PROCEDURES WHICH*/
/3 PROVIDE THE PROCESSING REQUIRED TO INTERFACE*’

THE TERMINAL WITII THE REST OF THE (‘ITS
MODULES. IT PROVIDES READING AND WRITING 4/

/4 OF CHARACTERS FROM/TO TUE TERM! NALS; 2/
7* TERMINAL STATUS INFORMATION (E.G. WHETHER 9/
/3 THERE’S INPUT AVAILABLE OR NOT) ; AND DISPLAY* /
/2 OF STATUS AND ITI’S MESSAGES ON THE TERMINAL *7
/4 STATUS LINE .
7* * BLINKSCURSORS * CLEARSSTATUSDLINE 2./
/4 2 TERNINALSSTATUS * READ9TEB.NINAL
/3 * WRITESTERNINAL 3 STATUS~ MSG 2/
/4 * NTS$IISG 2 STZE$ MSG *7
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/2*222*3*32*9 TERMINAL DISPLA Y DESIGN ~~*~ ********r
/2 2/

/3 2/
/4 GENERAL FORMAT OF EACH TERMINAL DISPLAY
7*
/3 *7
/2
7* 0 STATUS LINE 631 *7
7*
/2 J / / / / / /f / / // // / / / / / / / / / / / / / / / / / / /’ . / / / / /  2/

7* *7
10 D 63 1  *.‘

*7
79 64 I 127 1 *,‘
/9 2/
/3 1 128 B S 1 911 4/
/ 5  2/

1192 U P 255 1 4/

/2
/2 256 F L 3 191 */
/9 2/
/2 320 F A 363 1 *7
/3 *7

44~’I
/4 *7
/2 1 448 a s i t i  *7
/2 9/
/3 *7

7* 9/
/2 STATUS L INE *7

3/

0 VFD 39 1 40 (‘IS ‘17 1 43 ~ISG 63 1 *‘
7*
/4 WHERE 4/
/9 VFD - VIRTUAL FLOPPY DISK STATUS DISPLAY ; 3/

CONTAINS THE INFORMATION ASSOC IATED 3’
/9 WITH TUE CURRENT TERMINAL USER’S 9/
/3 VIRTUAL FLOPPY DISK DRIVE AND DiSK 9/

NIJMSEII ASSIGNMENTS. (SEE STATUSSMSC 4/
PROC FOR DETAILS) 2/

/9 MS - DISPLAY OF THE ME(’IORI’ SIZE THE USER */
/3 JIAS REQUESTED. (SEE SIZ11SMSG PROC)
/2 (‘ISC - DISPLAY AREA FOR (‘ITS MESSAGES WHICH *7
/2 ARE DISPLAYED IN RESPONSE TO A 2/
/4 SYSTEM OR SERVICE CALL TO MI’S. 2/

/2 ( SEE MTS$NSG PROC) 2/
/3 2/
/2 2/

/9 DISPLAY BUFFER
/9 *7
/4

/*  THE DISPLAY BUFFER IS VIEWED AS A SINGLE 3-7

7* BUFFER FROM 0 TO 512 BYTES IN LENGTH. THERE ABE 2’
.‘* FOUR DISPLAY BUFFER POINTERS WHICH PROVIDE THE 2/
7* CONTROL OF INPUT FROM AND OUTPUT TO THE TERMINAL */
7* DISPLAY . THESE POINTERS ARE : CURBENT$LINE; 2/
7* CURSOR ; NEXT$CHAR; AND END~~IBUFF./4 EACH POINTER UTILIZES TWO BYTES OF STORAGE TO */
7* ACCOMMODATE A RANGE IN VALUE FROM 0 TO 512.
7* IN ADDITION TO I’HESE PO INTERS, THERE IS A 4/

/4  TERN I NAL STATUS BYTE , CALLED TERM9STATUS . *7
7* ASSOCIATED Willi EACH TERMINAL . IT IS SET TO 3’
/2 ONE OF THREE VALUES: INPUTBWA ITING: *7
7% NTS~ CMJ)~READY; IBUFFSE (’IPTY. THESE ARE THE *7
72 PRIMARY DATA STRUCTURES P R OVIDING TEHJ’IINAL 1/0 *7
/4  CONTROL.
/9 *,
/2 THE PRIMARY SYCOR HARDWARE CHARACTERISTIC WHICH #~~
/9 AFFECTED THE (‘ITS TERMINAL INTERFACE ‘-~~S THE 4/
/2 RELATIVELY SLOW MINI-DISK ACCESS TINES . THIS HAS3/
/~ A MAJOR IMPACT WREN TRYING TO DESI GN AN 3/
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/4 I IcTEIIACT 1 yE TI NES flARED SYSTEM. 1 NORDER TO
/2 PROVIDE REASONABLE INTERACTIVE RESPONSE TIMES 9/
7* TO USER ACTIO NS , THE TERMINAL INTERFACE 2/

/9 MODULE PROVIDES ALL LINE EDITING FEATURES FOIl */
/3 THE USER PRIOR TO TRANSFFRING ANY DATA TO THE 2/
/9 USER’S PROGRAM. ( SEE KEY~COMNAND PROC) 2/
/4 TIlE TERMINAL DISPLAY DESIGN UTILITZES TWO 4/
/4 SEPARATE BUFFERS TO PROVIDE THE USER WITH THE *‘
/* CAPABILITY OF CONTINUING TO ENTER DATA PRIOR
7* TO THE USER’S PROGRAM BEING SWAPPED IN TO
/3 PROCESS THE PREVIOUS INPUT LINE.
/ 2 THE FIRS T BUFFER IS CALLED THE ‘CURRENT LINE’ 9/

/9 AN D CONTAINS TUE INPUT DATA WHICH IS CUF.IIENTLY 2/
‘3 BEING ENTERED BY THE USER. TIlE CURRENT LINE CAN 97
/2 RANGE FROM 0 TO 512 BYTES IN LENGTH. TIIJS IS TITE*/
/2  DATA THAT IS AFFECTED BY ANY LINE EDITING CO?DIAND*/
/2 ENTERED BY TILE USER.
/9. TIlE SECOND BUFFER IS THE INPUT LINE OR BUFFER. *7
/3 TILE CURRENT L I N E  BECOMES THE I NPUT L I N E  WHENEVER *7
/4 A CARRIAGE RETURN OR ERROR RESET ((‘iTS coMriAN~) 2/

/3 HEY) IS ENTERED . THIS ACTION ALSO ESTABLISHES *7
/2 A NEW CURRENT LINE . THE INPUT LINE CONTAINS TIlE 9/
/2 THE DATA WHICH I~ TRAN SF ERRED TO THE USER PROGRA M*/
/~~ WHEN REQUESTED. TITUS THERE CAN BE AN INPUT L I NE *7
/9 AND A CURRENT LINE ESTABLISHED AT ONE TIME. *7
/9 TIlE CURRENT CURSOR POS ITION ALWAYS SPECIFIES 3/
7* WHERE THE NEST CHAP.ACTER WILL BE ENTERED , ON 9/
/:7c INPUT, AND WHERE THE NEXT CHARACTER W ILL BE
/3 DISPLAYED DURING OUTPUT.
/2 2/

/2 THE FOLLOWING IS A 1  EXAMPLE OF POINTER
/9 NANIPULATIOI~ DURING INPUT: 2/
/2 INITIALIZATION OR CLEAR SCREEN C(’m:
/“ ALL POINTERS ARE SET TO ZERO AND

TERrISSTATUS INPUT BUFFER EMPTY. 4/
/9 USER ENTERS DATA - SAMPLE INPUT DATA : 2/
/9 CURRENTSLINE POINTS TO THE STARTING POSITION*~
/3 AND CURSOR ALWAYS POINTS TO THE NEXT 2/
/9 POSITION TO FILL . NOTE THAT AT THIS POINT 3/
/4 ONLY CURSOR [LAS BEEN MODIFIED. FOR THE 4/

INPUT DATA ABOVE IT WOU LD BE POINTING TO 4/
/2 DISPLAY BUFFER POSITION 17.
‘9 USER TERMINATES CURRENT LINE ( I .E.  ENTERS CR OR */
/ ‘~ MTS~CMD):
/9 ENDS IBUFF IS SET TO CURRENT CURSOR POSITION. */
/2 CURSOR IS SET TO LEFT (‘lOST POSITION OF NEXT */
/2 LINE ON DISPLAY. *7
/4 CURRENT$L1NE IS SET TO NEW CURSOR POSITION . 2/

TERM$STATUS IS SET TO INPUT WAITING.
/2 *7
/2 THE RES UI T IN G  PO INTER POSITIONS ABE SHOWN FOR THE*/
/~ SAM PLE INPUT DAT A AND CR CHARACTERS ENTERED . 2/
/2 (WHERE 2 CURRENT CURSOR POS IT ION) 4/
/2 2/

— 7* NC E I B  2/
/4 2/

ISAMPLE INPUT DATA I 4/
7* 2/,* 1* I 4/
7* — 4/
7* CL 4/
/2
/9 THE SAMPLE INPUT DATA IS NOW AVAILABLE FOR THE *-‘
/2 USFR’S PROGRAM WHEN IT’S TINESLICE COMES UP.
/3 THE NEXTSCHAR (NC) PO INTER SPECIFIES TUE NEXT 3/
/9 CHARACTER TO BE READ AND RETURNED TO THE USER. 9/
/3 PROGRAM. WHEN NEXT~CIIAR END.’~IBUFF , A CARRIAGE 2/
7* RETURN ( CR) !-~ RETURNED TO THE CALL1’~G USER Fr
/2 PROGR AM. 4’
/4  THERE ARE THREE OCCASIO NS WHEN TILE NEXT$CHAR 2/
/2 POINTER IS RESET EQUAL TO THE CURRENTSL1NE 4/
/-~ POINTER:
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/2 (1) FOR A CLEAR SCREEN COMMAND . 2/
/2 (2) WHEN REAflSTERJIINAL PROC DETECTS THAT TILE *‘
/9. END OF TI lE I NPUT BUFFER HAS BF.EN REACHED. */
/2 (3) WHEN WR ITESTERNINAL PROC OUTPUTS CHARACTERS *.‘
/4 TO THE TERMINAL FROM THE USER’S PROGRAM. 2/
/4  9/
/2 TUE OUTPUT OF DATA FROM THE USER’S PROGJIAN TO 9/
/2 THE TERNINAL RESULTS IN TUE FOLLOWING : *7
/4 (1) TilE CHARACTER IS DISPL AYED AT IRE CUI1RENT 9/
/4 CURSOR POSITION. 3/

F- /* (2) THE CURSOR POSiTION IS INCREMENTED .
/9 (3) THE CURRENT9LINE AND NEXT~ CIIAR P O I N T E RS ABE 2/
/2 SET EQUAL TO TiLE NEW CURSOR POf ITION . 2/
/9 (4) TIlE TERMINAL STATUS IS SET TO EMPTY. 9/
7* 2.7
7* 2/
/2 ANOTHER DESIGN CONSIDERATION WAS THE REQUIREMENT *7
/3 FOR. TIlE TERMINAL NODULE TO PROVIDE A BLINKING *~‘
/4 CURSOR DISPLAY AT EACH TERMINAL . THIS REQUIRED */
/2 SPECIAL PROCESS ING TO ENSURE THAT TUE CURSOR
1* CHARACTER (05F11) DID NOT GET LOST DURING TIlE
/3 CURSOR UPDATE AND MANIPULATION FUN CT I ONS 2/
/4 ACCOMPLISHED DY THE i~EY PROCESSING AND ~“STE(’I 2/

/3 FUNCTION SUB?IODIJLES. CIIECK~3CURSOR PROC ( PRiMITIVE *~~
/3 SUBI - IODULE) PROVIDES THIS FUNCTION. 2/
/9 4/

2/

/***I:9,%3%3***~ ’.%%3’~ .94499:~%3999 .33~ -::~~~~~‘-~ :: 3 *9:~-19/ 

/
/ ;:~~~ $3 TEIIJIINAL INTEIlF t~:E DATA DECLARATIONS *3~~9*3*/
/***3%**%%%93~~ ,~9339~ ; :-*#%:r.%93:3~%% ~~~~~~~~~~~~~~~~~~~ *39/

[HACRO IBUFF3E1’U’TY ‘0’ 3
[ MACRO C U1ISO RI~CIL~R ‘SF 11’ I

/99*932923 TERMIN AL I N TERFACE DECLABATIONS 3*22*3*2/

‘4 A S C I I  - CONTAINS DATA FOR I’IATRIX CODE TO ASCIL*/
/2 CONVERSION . 4/

DECLARE ASC I I DATA (IEH , iCR , 111W, 5DH. 5BH, 2911,2811, 7FH.
26H, 3D!!, 2511,24!!, 23H, 4011,2111. 2AH. OAJI. 0CM, OBH , OAOII,
ODII, 5011, 4FH, 1511,55W, 3911,5411,52!!, 4511,5711,5111, 49H,
ODH,9 ,3111,9,2211, 3AH,4C11.ODH, 4AM , 4811, 47H.4611, 4411.53!!,
4111, 41111.0FF!!, 30!!, 2011. (‘ASH, OA2H , SF!!. SEll. 3CR. 4D11, 4E11,

~i2H, B611. 4311.5811, ~~ H. OFFII.
OFFU, OFFH. OFFLI. OFFIT, OFF!!. OFFH , OFFH, 7FH , OFFR, OFFH,
OFFII, 0!~4II, OFF!!, OFFII, 9FFII, OFFLI, OFF!!. OFF!!, OFFH. OAOII,
ODH, OFFU. OFF!!. 13!!. 0FF!!. OFF!!. OFF!!, OFFII, OFFH, OFF!!.
OFF!!, OFFH, OFFH, OFF!!. 0FF!!, 09, OFFH. OFF!!, OFFH. OD!!,
OFF!!, OFFH, OFFH , OFFU, OFFH, OFF!!. OFF!!, OFF11, OFFH , OFF!!,
20H, OA3H. 0A2}I, OFFH , OFF!!, OFF!!, OFFII, OFF!!. OFF!!, OFF!!,
OA 1H ,OFFfl, OFFH , OFFH ,
OFF!!, OFFH. OFFH. 5FH, OFFLI. 7DH, 71311, 7FH. OFF!!. 7EH. 5CR ,
0A411, 6011, 5EII, 7CM. OFFH , OFFII. OFFII, OFFH. OAOII, ODH,
IOH,OFII . 15!!. 1511,1911.14!!. 1211,05.1711. 1ifl,09,60H,
5Efl , 7C11, 09 . OFFII, OFF!!, OCII,OLtH , OAR . 08,07.06.04.
13!!. 01 , OBII. OFF!!, 7DH, 20!!, 0A311, 0A211, OFF!!, OFF!!, OFF!!.
ODH,OF.11,~32, 16H.03, 1311, IAII,OFFII,
3911.3811.8Th, 21)11, 2B11, 3011,3911. 7FH. 37!!. 3611.3511,3411.
3311,3211.3111, 381-1, 3611.35fl,34H , OAOtI . ODII. 7011. 6F11. 1511,
75H,79It,~’4F1. 721I. T’SII ,7711,7111.69H,3311.32ff.3111.09.
2711,31111. ~~~~ 0DB . 6411.6811,671-I. 6611.6411.7311.6 111.6BH,
OFFH. 3311. 21)11, ‘)t8[!. OA2H. 2F11, 2EH. 2CR. 61)!!, 6EH, 6211,
7611, 6311,78I1.7AIT, OFF!!);
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,w ST VrUS~ BAS E - START OF STATUS LINE AT EACH TERM 4/
‘4 I)ISPLAY$BASE — START OF DISPLAY LINES

DECLARE S’1’.~’FUS$BAS E DATA
OOH , 0711, 4011, 0911, UOH , OBU , OCOH , ODH)

DECL~ 1UI D 1SPLA Y~B.ISE DATA
4011, 0711, 8011, 0911, OCOII, OBII, 00!!, OEII)

/2*3***~~*%* c*3 : -9*3sI~~~ 9i~~~~~9~~3
/2 1 5  SS~GE — DATA VECTOR CONTAINING ALL TIlE 1115 *7
/2 MESSAGES WHIC h MAY BE DISPLAYED IN 4/
/2 ‘rIlE IITS 1150 1” 1 ELD OF TUE STATUS 2/

‘9 LINE. 9/
/9 SIZES1ESSAGE- DATA VECTOR CONTAINING THE TEXT 9/
/9. PORT ION 01-’ TIlE SIZE NSG FIELD OF s~/
7* TIlE STATUS LINE. 4/

DECLARE 11T5~ MESSMIE DATA ( ‘

DECLARE SIZESNESSACE DATA (‘K i’ll’S ‘ ) ;

2 * 9. * * 9 2 3 4 * 4 9. * 9. * 9 2 *7

~‘* TIlE NEXT FOUR DECLARATIONS PROVIDE TIlE POINTERS 2/

- - /9 UTILIZED TO CONTROL THE INPUT/OUTPUT AT EACH 9/
/9 TERMINAL. 4/

/2 CURSOR - SPECIFIES THE CUIIBENT ADL’RES~3 WHERE THE ~-‘i

/9 CU1’.SOR IS TO BE DISPLAYED. #7
/# CURRENTGLINE - ADDRESS WHICh POINTS TO INITIAL BYTE #‘

OF CURRENT USER INPUT L I N E .  THIS L I N E  HAS 2/

NOT YET RECEI VED A ‘CR’ ANt) THUS IS NOT YET~/
-~~~ CONSIDERED AN INPUT BUFFER. 2/
/ ‘~‘ NEXT~CH\N. - PO!NT ~ TO NENT CITAM TO TIE PROCES~ 1ID FROi’l”
/ 4  THE INPUT BUFEI;n. UI INPUT IS D~’FINED AS A 3/I-: . ‘~~ STRING OF A.~CI 1 CR\iT,~V TERS (FROM I TO 512) 4/
/2 WHICH HAS 3EI~N TEI~~IINATED BY A ‘CR’ OR */
/4 ‘ MTS~CND ’ KEY BY THE USER. 2/

/* END~~1BUFF - POINTS TO BYTE POSITION IN INP UT BUFFER */
/4  WHE RE ‘C R’ OR ‘NTSSCMD’ WAS RECEIVED . 9/

/4  4 * 4 9 4 4 * 9 * * * * * 2 * * 2 2/

DECLARE CURSOR (C ) BYTE IIIITIAL(O ,O , O , O ,O ,O . O . O ) ;
DECLARE CURRENTOLINE (8) BYTE NIT IAL(O,0 ,O , O ,O ,O , O ,0) ;
DECLARE NEXTSCHAR (8) BYTE INITIAL (O. ’),O,O, O ,O,O ,O);
DECLARE END~~IBUFF (13 ) BYTE INIT IAL(O. 0 .O ,O,0 ,O , O ,O ) ;

.‘* CAPITALIZE — SET TO ONE IF TERMINAL IN CAP MODE */
DECLARE CAP ITALIZE (4 )  DY’IT IN ITIAL (1 , 1, 1 ,1) ;

/9 TERI’I$STATUS - CONTAINS TIlE CURRENT STATUS OF
/3 EACH TERMINAL’S INPUT BUFFER, 4/
/2 E I THER INPUT W A I T I N G ; 2/
/4 111’S CMI) READY; OR IBUFF EMPTY. 2/

DECLARE TErJISSTATUS (4) BYTE INITIAL (ELBUF ESEMPTYI ,
CIBUFFSEIIPTY] , £ JBUFF$FMPTYJ ,[ IBUFFSENPTY]);

/4 SWAP$POS - FOR EACH TERMINAL THERE IS A ONE BYTE *7
/9 SAVE ARE A Wh ICh IS USED DU R I N G  CURSOR 2/

/4 BLINKING PROCESSING *7

DECLARE SWAPSI’OS (4 )  BYTE INITIAL (UCTJRSORSCH ARI ,
ICU1ISORSCIIAR] , [CURSORSCHARI . [ CURSO R3CHA RJ) ;

EOF
/2%2%”Z*; ’ (%%%9%3%944994%%*9%2*49.* ’- 2 / ~:~ 9.93~~~ #*9921/
/~:%2 TERMINAL INTERFACE UTILITY PROCEDURES 4 * *~:~~~~-

[MA CRO TRUE ~OFF11’I[MACRO FALSE ‘O 3
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[ MAC RO SWAP$POS ‘ IlF D I I ’ )

COMP ARES PTHS: PROCEDURE ;

/* COMPARES TWO POINTE RS (2  BYTES EACH) TO DETERMINE*~
/* IF THEY ARE EQUAL .
,‘* iNPUT: DE - ADDRESS OF FIRS T PTh

IlL — ADDR T~SS OF SECO ND PTh
/* OUTP UT : A - TRUE iF EQUAL . FALSE OTHERWISE.
/* CALLED BY: KEYSCONNAND; BEADSTERNINAL ;

CY=O;
I F ( A = M ( DE) -—fl(~ !L) ) ‘ZERO THEN

A~ C FALSE]
ELSE

DO;
DE :DE+ I; HL HL+l ;
IF ( A M( DE )—— ?UHE ) ) IZER O THEN

A (FALSE]
ELS E

M (T h t~E ] ;
END ;

END CONP AREOPTES ;

CON VERTSNUIIBRSTOSASC I I :  PROCEDURE ;

.‘* CONVERTS THE SPEC IF!El) NIThmEFt TO A DI SPLAYABLE ‘~ /

/~1C TWO D I G I T  DEC i MAL rluNI3ER ( MAX VALUE iS 9 9) .
/* INPUT: A — II UTIBER TO BE CONVERTED.
/* OUTP UT : B — LEFT MO ST D I G I T  TO BE DISPLAYED.

C - RIGHT MOST D I G I T  TO BE DISPLAYED . */

/* CALLED BY: SIZE SNSG : STATUS$MSG;,***** *~~* ***$*** *** * ***~~*~r ~*****~ ** r**~ r
8=0 ; C A ;
DO WHILE (A : : l0) PLUS ;

B B + 1 ;
C ( A C 1 0 )
END;

C ( A A+30H ) ;
3: ( A B+30H)
END CQNVERT$N UIIBRSTO$ASC I I ;

GETS INDEX : PROCEDURE ;

/* USED TO GET THE I NDEX I NTO AN ADDRESS ARRAY BY */
/* COT1I’UT I NG THE OFFSET FRO M A GIVEN BASE ADDRESS . ~/

,* INPUT : A - OFFSET VALUE ( NORMALLY THE TASK OR *“
TERMINAL NUMBER ) .

ilL - BASE ADDRESS
/* OUTPUT: DE- ARRAY OFFSET

IlL- ARRAY OFFSET (HL DE)
BC- COMP UTE!) OFFSET

/* CALLED BY: SCRO LL$D I SP LAY ; UPDATESCUBSOR;
KEYSCONNAND; TERMS I NPUT*CNTL ;
READSTERIIINAL ; WR I TESTERNINAL

,********~~*:I: **** :**:I~*******:~*************************/
CY~0; B O ;
C= ( A : < (A) ; .‘~~ SET ADDRESS OFFSET TO OFFSET *2 */
UL: IIL+BC; DE:HL ;
END GETS INDEX ;

GET VALUE ; PROCEDURE ;

~~* GETS A 2 BYTE VALUE FROM MEMORY .
/* INPUT : DE - ADDRESS OF 2 BYTE VECTOR; THE

CONTEN TS ARE TO BE STORED IN THE
IlL REGISTER.

/* OUTPUT : ilL - CONTENTS OF 2 BYTE VECTOR
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DE - ADDRESS OF TUE H IGH ORDER BYTE
/* CALLED BY: SCRO LL SDISPLAY; UPDAT ESCUBSOR ;
,* KEYSCOMMAND; READSTERII I NAL ;

WRITE STERNINAL; CET$DISPLAY SADDR *‘

L ( A M(DE)); DE:DE+l; H :(AN (DE));
END GETSVALUE ;

STORES VALUE : PROCED URE ;

f* STORE A 2 BYTE VALUE INTO MEMORY.
/* INPUT : IlL - VALUE TO BE STORED INTO MEMORY

DE - ADDRESS OF 111GB ORDER BYTE
/* CALLED BY: UFDATE$CUIISOR; KEY*CONHAND;

READ$TERNINAL ; WRITESTERN I NAL ;
GET$DISPLAYSADDR ;

M(DE) (A 11); DE DE 1; ?1(DE)=(ML);
END STOREOVAL UE ;

NOVESBYTES : PROCEDURE ;

/* MOVES BYTES OF DATA FROM ONE MEMORY LOCATION TO *‘
/* ANOTHER.
~~* INPUT: BC - NUTIBER OF BYTE TO BE MOVED.

DE - STARTING MEMORY ADDRESS TO MOVE
BYTES TO ( DESTINATION ) .

HL - STARTING MEMO RY ADDRESS TO MOVE
/5 BYTES FRO M ( SOURCE) .
/* CALLED BY: SiZESMSG; MTSOMSG; 5/

REPEAT ;
N( DE) (A :N( H L ) ) ;
DE :DE+1 ; HL=HL+ 1;
BC BC 1 ; A :O.

UNTIL (-t ::B) ZERO (A::C) ZERO ;
END NOVE~ BYTES;

SWAPSCUIISOR : PROCEDu RE;
/*5*~~***************** Ie******************************~~
/* SWAP THE SPECIFIED TERIUNAL S CURRENT CURSOR */

• r* POSITION CHAR. WITH THE S’WAF$PO S CHAR.
/5 INP UT : A - TERMINAL NUMBER

IlL - DISPLAY ADDRESS OF CURSOR POSITION 5/
/5 CALLED BY: BLINKSCtJRSORS ; CHECKSCURSOR; 5/

DE HL ; ‘5 SAVE DISPLAY ADDRESS
B~ 0; C A ;
flL~ I SWAP~~FOS] 1~BC; r* GET SWAP ADDRESS 5,
B~~(A M( D E ) ) ;  ~~* SWAP

N (H L ) : (A B)
END SWAPSCUIISOR;

EOF
,**5************************5************************,
/******** TERMINAL INTERFACE PRIMITIVES ************ /

[MACRO TRUE OFFH ’}
[MACRO FALSE 0~ I
[MACRO BLANK ‘20W 1
[MACRO IBUFF$EMPTY ~Ø .
[MACRO DISPLAYSS IZE ‘512 ’ 1
(MACRO TERN$PORT ‘03FH’]
[MACRO CURSORSCHAR ‘05F11’]
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,***************** ******* *************************** *,
.f*********** INTERNAL LI NKAGE MACROS ******~~ **m***~
(INT TB) (TB ;: iooom
[MACRO STATUSSBASE ‘(HEX TB + 0106111’)
(MACP.O DISPLAYBBASE ‘[HEX TB + O1IIH]’]
[MACRO CURSOR ‘[HEX TB + 011)511)’)
(MA CRO CUBBZNT$LINE ‘(HEX TB + O1DDH)’]
(MACRO NEXTOCHAR ‘(HEX TB + 0 1ESHI’)
(MACRO ENDSIBUFF ‘[HEX TB + O1EDU ]’]
(MACRO TERN$STATUS ‘(HEX TB + O1F9HI’J

(MACRO GETSINDEX ~[ IIEX TB + 024CH]’J
( MACRO GET$VALUE ‘(HEX TB + 0259111’)
( MACRO STOREOVALUE ‘ (H E X  TB + 0262111’]
(MACRO SWAPSCURSOR ‘(HEX TB + 027KB)’]

BLANKS !) I SPLAY: PROCEDURE;

/5 PLACES BLANKS INTO THE INDICATED AREA OF A
/* TERMINAL DISPLAY.
7* INPUT : BC - STARTING ADDRESS ( RANGE 0 TO 4 ] 1 1 )  *7
7* DE - NUMBER OF BYTES TO SET TO BLANK *.‘
7* IlL — BASE ADDRESS
/5 CALLED BY: KEYSCOMNAND ; SCROLLODISPLAY; 5/
‘5 CLEARSSTATUSSLINE; MTSSMSG; */

HL HL+BC;
REPEAT ;

fl(flL)~~(A [ BLANK) ) ;
IlL: HL+ I;
DE DE 1 ; A:0;

UNTIL (A ::D) ZERO (A ;:E) ZERO;
END BLANKSDISPLAY;

GETSD I SPLAYSADDR : PROCEDURE;

‘5 GETS A MEMORY ADDRESS IN THE DISPLAY BUFFER USINC*/
/5 THE DISPLAY BUFFER PTh AS OFFSET FROM THE DISPLA~~/
7* BASE ADDRESS.
/5 INPUT: BC - TERMINAL NUMBER OFFSET.

DE - ADDRESS OP DISPLAY BUFFER PTh
/5 OUTPUT : ilL - MEMORY ADDRESS IN DISPLAY BUFFER. *,
/* BC - DISPLAY PTa VALUE.
/* CALLED BY: TERMS I NPUTS CNTL ; KEYSCO MMAN D;

BLINK $CURS ORS ; READ$TEIIIIINAL ; 5.’
7* WRITESTERNINAL ; *7

DECLARE PT R (2) BYTE ;
CALL ( GETSVALUE) ;
PTR HL; /5 SAVE DISPLAY PTR VALUE *7
DE: ( HL [DISPLAYSBASE] +BC) ~ *GET$VALUE PARAMETER */
B C (  HL=PTR) ; /5 GET DISPLAY PTh VALUE S.’
CALL ( GETIVALUE] ; ‘* GET DIS PL AY BASE 5’

.

HL:HL+BC ; ,* GET DISPLAY ADDRESS
END CETO D ISPLAY $ ADDR ;

CRECKSCURSOR: PROCEDURE ;

/* PRIOR TO CHANGING THE CURRENT CURSOR POSITION OR *~
“5 DISPLAYING A CHARACTER AT THE CURRENT CURSOR P08 , 5/
“5 A CHECK IS ALWAYS MADE TO ENSURE THAT THE
‘* CURRENT DISPLAY IS A DATA CHARACTER AND NOT THE *7
75 CURSOR ITSELF ( I . E .  SF 11) . IF IT IS THE CURSOR *7
/5 A SWAP IS MADE.
7* INP UT : A - TERMINAL NUMBER *7
7* CALLED BY: KEYSCOMMAND; TERMS I NPUTSCNTL;
/5 WR I TESTERNINAL ; *7
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DECLARE T BYTE ;
TZA; HL (CURSOR) ;
CALL [ GETS INDEX] ;
CALL CET$DISPLAYS ADDR;
IF ( A M( HL) ; A::CCUIIS ORSCIIAR) ) ZERO THEN

DO;
A T ;
CALL ( SWAPSCURSOR] ;
END;

END CIIECKSCURSOR;

GETSST ATJ SSADDR: PROCED URE ;
,**************************~~*************************/
/* GETS THE BASE ADDRESS OF THE STATUS LINE FOR THE 5/

/5 SPECIFIED TERMINAL. *,
7* INPUT : A — TERMINAL N UMBER
~~* OUTPUT : IlL — MEM ORY ADDRESS OF FIRS T BYTE IN */
/5 STATUS LINE.
7* CALLED BY; CLEAR$STATUS$LINE ; MTSSNSG; *7

S I ZESNSG; STATUSONSO; 5,

HL: ( STATUS3BASE] ;
CALL [CET3INDEX ) ;
CALL ( GETSVALIJE] ;
END GETSSTATUS$ADDR;

GET r r i~ ST4TUS: PROCEDURE ;

7’i’ RETR I EVES THE TERNINAL STATUS FOR THE IND I CATE D *7

7* TERMINAL. TERMINAL STATUS SPECIFIES WHETHER
7* OR NOT THERE IS AN Ir;I’UT BUFFER OR IITS COMM AND *7
/5 READY FOR PROCESS INC FOR THAT TERMINAL. */
/5 INPUT: A - TERMINAL NUMBER 5/
/5 OUTPUT : A - TERMINAL STATUS
‘5 CALLED BY: KEYSCOMMAND ; TERM I NALSSTATUS; *7
7* UFDATESCURSOR; MONITOR (MON NOD) ; *7

B 0 ;  C :A;
IIL= ( TERNSSTATUS) +BC;
A M ( HL) ;
END GETSTERNSSTATUS ;

SCROLLSD ISPLAY: PROCEDURE;

‘* SCROLLS THE DISPLAY FOR THE IN DI CATED TERMINAL.  *7
7* INPUT : A — TERMINAL NUMBER *7

‘* CALLED DY: UP DATESCUBSOB.

DECLARE TERM BYTE;
DECLARE POS (2) BYTE ;
fERM A; H L (  DISPLAY SBASE] ;
CALL ( GETSI NDEX) ;
CALL ( GETIVALUEI ; DE HE; /*DE :DISPLAY BASE ADDR *‘POS UL; 7* SAVE DISPLAY BASE ADDBZSS*7
BC 64;
BC:(RL2HL+BC) ; /5 BC DISPLAY BASE + 64 5/
HL =448;
REPEAT;

M (DE):(A~M (BC));
BC BC+1 ; DE :DE+1; -
HL:IIL-1; A 0 ;

UNTIL (A: :H) ZERO (A : :L) ZERO;
BC 448: /5 SETUP PARAMETERS FOR *7
DE~64; HL POS : 7* BLAN K$DISPLAY PROC *7
CALL BLANKODISPLAY ;
END SCIWLL SDISPLAY;
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SENDS BEEP : PROCEDURE ;
‘**********5*****************************************,
/5 SENDS A BEEP TO THE INDICATED TERMINAL.
/* THE FORM OF THE TERMINAL ALERT CONTROL BYTE IS:

7 6 5 4 3 2 1 0 5/
7* 5,’
/5 IA3 I C 3 I A 2 I C 2 I A 1 I C 1 I A O I CO I 5/
,* 5/
/* WHERE : *7
7* A( I )  = 1; GENERATES AN ALARM AT STATION I .  5/

C C I )  = 1;  GENERATES A CLICK AT STATION 1. *7
7* INPUT : A - TERMINAL NIThBER *7
/* CALLED BY: KEYSCONNAND ; 5/

f l O ; L A ;
IF (A::0) PLUS (A: :4) MINUS THEN

DO CASE IlL ;
OUT( (TERIISPORT)) (A:2) ;
OUT( (TEIIMSPORT]) (A C ) ;
OUT( (TEJU’l$PORT) ) ( A 2011);
OUT([TERNSPORT))z(A :80H);
END;

END SEND3BEEP ;

SENDSCL ICK: PROCEDURE ;

/* SENDS A CLICK TO THE INDICATED TERMINAL. SEE 5/
/5 SEND~BEEP PROC FOR DEFINITION OF TERMINAL ALERT 5/
/5 CONTROL BYTE . 5/
/* INPUT : A - TERMINAL NUMBER
7* CALLED BY: UPDATE$CURSOR 5’

H 0 ;  L :A;
IF (A::O) PLUS (A ::4) MINUS THEN

DO CASE IlL ;
OUT ((TERNSPORT)) (A 1);
OUT ((TERNSPORT]) (A 4);
OUT( [TERMS PORT ]) ( A  1OH ) ;
OUT ( [TERMS PORT ) ) ( A 4OH) ;
END ;

END SEND$ CLIC K ;

UPDATE$CURSOR: PROCEDURE ;

.‘* CONTROLS THE UPDATING OF THE CURSOR POSITION. THE*/
/5 PRIMARY CONCERN IS TO CHECK FOR SCROLLING PRIOR */
/5 TO UPDATING THE CURSOR. SCROLL ING IS NOT ALLOWED */
/5 IF SCROLLING WILL DESTROY ANY INPUT DATA NOT YET */
7* PROCESSED.
.‘* SUB? ROCEDURES : CHECKOSCROLLILOCKOUT *7
/5 UPDATESDISPLAY$PTRS 5,
/5 INPUT: A - TERMINAL NUMBER *7

HE — VALUE TO WHICH CURSOR POSITION IS *,
/5 TO BE SET. *7
/5 CALLED BY : KEYSCOMMAND; TERMS INPUTSCNTL ; 5/

‘5 WRITESTERII I NAL ;

DECLARE T BYTE ;
DECLARE POS (2) BYTE ;

CEEC KSSCROLL 3LOCKO UT : PROCEDURE ;

/* CHECKS TO SEE IF THERE IS All INPUT BUFFER */
/5 READY. I ’ SO, CHECKS TO SEE IF SCROLLING WILL*/
7* DESTROY INPUT BUFFER. IF SO , RETURN TRUE, *7
7* ELSE RETURN FALSE. *7
7* OUTPUT : A - TRUE IF SCROLLING IS LOCKED OUT *7

A T;
CALL CET$TERN$STATUS ;

196



r ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IF (A :A-( IBUF F$ENP TY] ) Y ZERO THEN
DO; 7* CHECK NEXT CIIAR PTR
A T ;  HL (NEX)’OCRAR] ;
CALL ( GETSINDEX] ;/* GET NEXT$CHAR OFFSET*/
CALL ( CET$VALUE] ; /5 GET NEXTSCHAR VALUE*/
BC: —64; CY O;
IF (HL HL+BC) CY THEN /* SCROLL OK *7

Az ( FALSE )
ELSE 7* SCROLL LOCKEDOUT

A~ ( TRUE) ;
END

ELSE ‘5 NO INPUT BUFFER , SCROLL OK */
A ( F A L S E] ;

END CHECKSSCROLLSLOCKOUT;

UPDATE.SD ISPLAY SP TRS : PROCEDURE ;

/* UPDATES ALL DISPLAY PTRS TO REFLECT THE
/* SCROLLING OF THE DISPLAY . USES SETSPTR TO 5/
7* DECREMENT AND STORE THE POINTER VALUES • *7
.‘* SUBPROCED URE : SETSPTR;

SET$PTR : PROCEDURE ;

/* SETS TIlE SPECIFIED PTa TO PTR-64, AND 5/
/5 STORES THE RESULT. 5/
7* INPUT : DE - ADDRESS OF PTR *7

CALL [CET$VALUE);
BC -64; HL HL+BC;
CALL [STORESVALUE];
END SETDPTR ;

/* START OF UPDATESDISPLAYSPTRS PROCESSING */
,******$*~~**5~’*********************5*********,

/5 SET CURSOR TO LEFT MARGIN OF 8TH LINES.’
/5 ON DISPLAY.

A T ; HL:(CURSOR] ;
CALL (GETSINDEX)~
HE 448; DE~ DE+ 1;
CALL [STORESVALUE) ;

/5 SET NEXT$CHAR = NEX~*CRAR - 64 */
DE (H E (NEXT*CHAR]+BC) ;
CALL SET$FTR;

7* SET CUBBENTSLINE = CURBENT$LI’lE - 64 *7
A T; IlL: ( CUIUIENT SLI NE) ;
CALL ( GETS INDEX ) ;
CALL SETS P TR ;

/5 SET ENDS IBUFF = ENDS I BUFF - 64 5/
A:T; RL= (ENDD IBUFF];
CALL [GETS INDEX] ;
CALL SET$PTR;
END UFDATE$DISPLAY$PTBS;

,***********************5************************//5 START OF UPDATESCURSOR PROCESS I NG

T A; /* SAVE INPUT TERMINAL N UMBER 5/
POS HL; 7* SAVE I NPUT CURSOR POSITION *7
BC - (DISPLAYSSIZE) ; C YO ;
IF (HL HL+BC) CY THEN 7* SCROLLING REQUIRED *7

DO;
CALL CNECKSSCROLL$LOCKOUT ;
IF (A >> A )  CY THEN /* SCROLLING LOCKED OUT 5/

DO;
A T ;
CALL SEND $CLICK;
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END
ELSE /5 SCROLL ING IS OK

DO;

CALL SCR OLL*DISPLA Y;
CALL UPDATE*D ISPLAY$PTRS ;
END ;

END
ELSE /* NO SCROLLING REQU IRED ; UPDATE CURSOR 5/

DO;
A T ;  HE (CURSOR] ;
CALL (CETSINDEX]; /5 GET CURSOR PTa ADDR */
ilL: P08; 7* SETUP [STORES VALUE) PARANE’I’ERS 5/
DE~DE* 1 ;
CALL ( STOIlEOVALUE) ; 7* UPDATE CURSOR PTa *7
END ;

END UPDATESCURSOR ;

EOF

/5*5*5* TERMINAL KEY PROCESSING PROCEDURES 5*******/
/*********************~~*:~*~~**************~~***5*******/

( MACRO TRUE ‘ OFF H ’ ]
( MACRO FALSE ‘0’
[ MACRO BLANK ‘2011’ 1
( MACRO C1JIISORSCHAB. ‘SF11’
(MACRO INPUTSWA ITING ‘OFFIP ]
[MACRO MTSSCMDSREADY • OFO!!’)
( MACRO IBUFF$ENP TY ‘O I

/********** NTS KEY COMMAND MACROS ******** ********/

( MACRO 1ITS$CMD • 0*011’ 3
( MACRO CR ‘ODR ’ 3
( MACRO CRARSDELETE ‘ 07F11’ )
(MACRO LINESDELETE ‘01511’)
[MACRO CAPITAL ‘0A I H’)
( MACRO CURSORSLEFT ‘0*211’]
[ MACRO CURSORSRIGHT ‘0A311’)
(MACRO CLEARSSCREEN ‘0A411’]

/5*5*5 INTERNAL AND EXTERNAL LINKAGE MAC ROS *******7

( lilT GB TB] (GB := 0] (TB : 100011]

( MACRO TCTSSTATUS * ( HEX GB + 3E95111’)

(MACRO ASCiI ‘( REX TB + 000311) ’)
( MACRO DISPLAYSBASE ‘(H E X  TB + 0 1 1 1 1 1 ] ’)
( MACRO CURSOR ‘ [HEX TB + 0 1D5 111’]
( MACRO CURRENT$LI1IE ‘ (H E X  TB + O I D D H ] ’ ]
£ MACRO NEXTSCHAR ‘(H E X  TB + 01 ES H ] ’ ]
( MACRO END$ I BUFF ‘[HEX TB + O1EDH) )
( MACRO CAP ITALIZE ‘(HEX TB + O 1 F 5 H ] ’ )
( MACRO SWAPSPOS ‘[HEX TB + SIFDH]’]

[MACRO C0?IPARESPTBS ‘[HEX TB + 02 13H] ‘1
(MACRO GETS INDEX ‘(HEX TB + 024C11]’]
(MACRO GETSVALUE ‘[HEX TB + 0259111’)
(MACRO STORE$VALUE [HEX TB + 026211]’)

(MACRO BLAIIKSDISPLAY ‘[HEX TB + 02*311]’)
(MACRO CET*DISPLAY$ADDR ‘(HEX TB + 028711]’]
( MACRO CHECKSCURSOR • ( HEX TB + 02D011]’]
( MACRO CETSTERII$STATUS ‘[HEX TB + 02F9H) ‘3
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( MACRO SEND$BEEP ‘(HEX TB + 033E11]’)
( MACRO UPDATESCUBSOR ‘[HEX TB + 03C2Ifl’]

KEY$COMMAND : PROCEDURE ;

/5 CHECKS FOR A TERMINAL KEY COMMAND FOR EVERY KEY *~‘
7* INTERRUPT RECEIVED.
/5 KEY COMMANDS ABE: */
/5 CMI) KEY RESULT 5/
7* *7
/5 PITS CND ERROR RESET SENDS A COMMAN D TO 5/
i-s PITS FOR PROCESSING . *7
/5 CR NEW LINE; TERMINATES TIlE *7
7* ENTER; SHIFT CURRENT LINE AND *7

CR ; I/O CTh M ;ESTABLISHES IT AS *7
7* THE CURRENT INPUT */
7* BUFFER. *7
/5 CHAR DELETE BACK SPACE DELETES THE LAST 5/
f5 CHAR ENTERED. *7
7* L I N E  DELETE NEXT FMAT DELETES TIlE CURRENT *7
,* LINE. 5,
7* CAPTIALIZE FS C FLIP/FLOP USED TO *7
/5 SET OR CLEAR THE */
/5 TERMINAL INPUT MODE */
7* TO UPPER OR LOWER *7

CASE LETTERS . *7
7* CLEAR SCREEN FS S CLEARS THE 512 CHAR */
/5 DISPLAY BUFFER. 5/
/5 CURSOR LEFT <--  MOVES CURSOR POS *7
/5 ONE POSITION TO TilE *7
7* LEFT. *7
7* CUROSB. RIGHT --> MOVES CURSOR P05 *7
/5 ONE POSITION TO THE *7
/5 RIGHT. 5/
/* SUBPROCEDUBES : ACCEPTSINPUT ; CIIECIC$LEFTSMARGIN ; *7
/5 DELETESCHAR; CLEARSPTRS ; PITSSCIW ; 5/
/5 TERM INATE SCL; CA1IR IACE$RETURN; *7
/5 CRARSDELETE; LINESDELETE; CA2 ITAL;*/

CL EAfl~ SCft EEN ; CURSOIISLEFT; .~~/

7* CURSORSRIGBT ; CIIECK$CASE; */
/5 INPUT: A - TERMINAL N UMBER
/5 C — AS CII  CHAR RECEIVED
1* OUTPUT : A - TRUE IF CHAR KEY COMMAND 5/
/* CALLED BY: TERMS I NP UT$CNTL ; *7

DECLARE ( CHAR , T> BYTE ;
DECLARE RESPONSE BYTE ;

ACCEPTSINPUT: PROCEDURE ;

~.‘* CHECKS THE TERMINAL’ S CURRENT STATUS TO 5/
7* DETERMINE IF THIS NEW INPUT BUFFER SHOULD BE */
7* ACCEPTED . IF SO • RETURNS TRUE , ELS E FALSE. */
7* OUTPUT: A - TRUE IS INPUT CAN BE ACCEPTED . *7

IlL — IF A IS TRUE THEN IlL CONTAINS *7
THE ADDRESS OF TERNSSTATUS .

A T; CALL (GET$TERI’IOSTATUS];
IF (A : : [ IBUFFSEP1PTYI) I ZERO THEN

DO; 7* INPUT BUFFER HAS NOT YET BEEN 5/
/*PROCES5ED ; DO NOT ACCEPT NEW BUFFER*/

AzT; CALL (SENDSBEEP];
Az(FALSE] ;
END

ELSE
M(TRUE) ;

EN)) ACCEPTS INPUT;

CITECK $LEFT SMARG IN :  PROCEDURE ;
,**********************************5************* /
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/5 CHECKS TO SEE IF CURRENT LINE IS ENPTY .
/5 COMPABESPTRS RETURNS THE APPROPRIATE TRUE’ */
/5 FALSE VALUE IN THE A REG I STER. 5/
/s INPUT : BE — ADDRESS OF CURSOR 5/
/* BC — COMP UTED OFFSET OF TERM NBR *7
i* OUTPUT: A - RETURNED TRUE IF CURSOR IS
7* PRESENTLY AT LEFT MARGIN. *7

HL ( CURBEN TSL 1NE] +BC;/SHE:4J)D OF CIJRRENTLIIIE4c,
CALL ( COMPABE$PTRS) ; /5 COMPARE

7* CURSOR = CURRENT OLINE */
END CHECK$LEFT$ MARC IN;

CLEARS PTR : PROCEDURE ;

/* SETS THE VALUE TO THE SPECIFIED DISPLAY */
/5 POINTER TO ZERO.
/5 INPUT: IlL - ADDRESS OF THE DISPLAY PTa *7

PI(HL) (A~O ) ;  HL:HL+ 1; N( HL) :A;
END CLEAItSPTR;

DELETE SCUAR : PROCEDURE ;

/* DECREMENTS THE CURRENT CURSOR POSITION AND */
‘5 SETS NEW CUP.SOR POSITION DISPLAY TO BLANK. *7
7* I NPUT : DE — ADDRESS OF CURSOR *7
/5 BC - COMP UTED OFFSET OF TERMINAL HER 5/

• CALL ( GETO VALUE] ; /5 GET CURSOR
HL~ ilL- 1; 7* DECREMENT CURSOR 5/
CALL [STORE3VALUE] ; /* SAVE NEW CURSOR POS 5/
CALL (GE T$DISF LAY S ADDR] ; 7* REPLACE PRESENT 5’
M( IlL) =(  A: [ BL ANK ]) ;  /5 CHAR WITH BLANK 5/
END DELETE SCIiAR ;

TERIII NATE SCL : PROCEDURE ;

/5 TERM I NATE THE CURRENT LINE.  TEE SAME
/5 PROCESSING IS DONE FOR BOTH AN PiTS CND AND 5/
/5 A CARR IAGE RETURN (CR) SINCE EACH SPECIFIES 5/

‘* THE END OF INPUT BY TUE USER. *~‘

7* CHECK CHAR PRESENTLY BE I NG 5/
/* DISPLAYED AT CURSOR POSITION 5/
/5 PRIOR TO UPDATING PTBS . *7

A:T; CALL ( CHECKSCUBSOR) ;
END OF CURRENT LINE ; UPDATE *7

7* DISPLAY POINTERS FOR NEW INPUT *7
/5 BUFFER AND NEW CURRENT LINE .
/5 SET ENDS I BUFF=CURRENT CURSOR P08 */

AZT; HL (END$IBUFF] ;
CALL ( GETS I NDEX] ;
HL (CUBSOR1+BC ;
BC DE; DE IIL ;
CALL ( CET3VALUE] ;
DE BC+ 1;
CALL [ STORE$VALUE] ; 7* ENDS IBUFF Z CURSOR 5~’

/5 MOVE CURSOR TO BEGINNING OF 5/
/5 NEXT LINE. HE CONTA INS THE *7
7* CURRENT CURSOR POSITION. 5’

11C 64; HL:HL+BC ;/*ADD 64 TO CURRENT POS;*~
L C A : L OCOH) ; /*THEN CLEAR LOWER 6 B ITS*/
A T;
CALL ( UPDATESCURSOR] ;

/5 SET CURRENT L I N E  = NEW CURSOR P085/
A T ;  IIL:(CURBENTSLINE];
CALL ( GETS INDEX ] :
HL (CUTISOR)+BC ;
BC DE; DE HL ;
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CALL [CET$VALUE] ;
DE BC+ 1;
GALL ( STORE$ VALUE] ; /*CURBENT$L 1RE CURSOR*/

END TEBP IINATE $CL;

MTSSCND: PROCEDU RE ;
/5*55* *5 5 5*5 5 5 5 5 5 5 . *********** 5*5*55*5*5*5 5 5*5*5*7
/* CHECK TO SEE IF THIS INPUT CAN BE ACCEPTED. */
.‘* IF SO , SET TEIIPIBSTATUS TO MTSSCIIDSREADY AND *7
/* SET MCP BIT IN TASK CONTROL TABLE TO ENSURE 5/
i-s PICP IS CALLED BY THE MONITOR TO PROCESS Th I S 5/

/* PiTS COMMAND.

CALL ACCEPTS I NPUT;
IF ( A = > ) A )  CY THEN

DO; 7* ACCEPT INPUT BUFFER */
M(HL) (A [NTSSCMDSREADY]);
B O ;  C : (A T) ;
HL [TCT3STATUS] + BC;
PICfflJ (A M(HL) ‘\ 2 ) ;
CALL TERMINATE~ CL;
END;

END NTS$CMD ;

CAIUt I AGESIIETURN : PROCEDURE ;

/5 USER HAS TERMIN ATE CURRENT LINE. CHECK TO */
/* SEE IF NE W INPUT BUFFER CAll BE ACCEPTED. IF 5/
/5 SO , SET TERNSSTATUS TO INPUTSWA ITING AND 5/
7* TERMINATE CURRENT LINE.

CALL ACCEPTS I r1PUT;
IF (A > > A )  CY THEN

DO; 7* ACCEPT INP UT BUFFER 5/
lI~ HL) (A ( INPUT $WAITING ) )
CALL TERMI NATESCL ;
END;

END CARR I AGES RETUR N ;

CHABSDELETE : PROCEDURE :

,* CHECK TO ENSURE THAT CURRENT LINE IS NOT 5’
/5 EMPTY . THEN DELETE THE PREVIOUSLY ENTERED *,
7* CHAR. 5/
,* INPUT : DE - CURSOR OFFSET ADDRESS 5/

CALL CHECK$LEFT$MARG IN ;
IF C A > > A )  CY THEN

DO; 7* CURRENT LINE EMP TY 5/
A T ;
CALL ( SENDSBEEP] ;
END

ELSE
DO; /5 DELETE CHAR *7
MT; CALL I CHECKSCIJBSORJ ;
A T ;  HL (CUR SOR ) ;
CALL ( GETSINDEX] ;
CALL DELET ESCRAR ;
END;

END CRARSDELETE ;

LINESDELETE : PROCEDURE ;

/5 CHECK TO ENSURE THAT CURRENT L I N E  IS NOT *‘
/* EMPTY. IF NOT , TITEN DELETE THE CURRENT L I N E .  5/

7* INPUT : DE - CURSOR ADDRESS OFFSET *7
,*5********5****55****55*************************,
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CALL C ITECK$LEFT SMARC IN;
IF  ( A > > A )  CY THEN

DO; 7* CURRENT LINE EMPTY *7
A T ;
CALL (SENDOBEEP] ;
END

ELSE
DO;
A=T; CALL ECHEC ES CUR SOR ] ; A 0 ;
DO WHILE (A >>A) ICY;
MT; HL= I CUBSOR] ;
CALL (CETOINDEX]; /5 GET CURSOR OFFSET 5/
CALL DELETESCIIAR;
A T ; IIL= (CURSOR];
CALL (GETSINDEX];
CALL CITECKSLEFTSIIARCIN ;
END ;
END;

END LINE SDELETE ;

CAP ITAL: PROCEDURE ;

/5 SET OR CLEAR THIS TERMINALS CAP I TAL I ZE FLAG. *7

B 0 ; C (A T ) ; HL= [CAPITAL IZE]+BC ;
M( HL) (A=fl ( HL) \\1) ;
END CAPITAL :

CLEARSSCREEIT: PROCEDURE ;

/5 CLEARS TUE 5 12 BYTE DISPLAY BUFFER AND
/5 R E I N I T I A L I Z E S  THE DISPLAY POINTERS . 5/
/5 INPUT : ilL — CUTISOR ADDRESS 5/

CALL CLEAR$ PTR ; /5 R E I N I T I A L I Z E  DISI ’LAY *7
MT; flL [CUPUIENTSLINE] ;/* PTRS AND TERMINAL *7
CALL [GETSINDEX); /5 STATUS . *7
CALL CLEARSPTR ;
A T ;  HL:(NEXTDCUAR] ;
CALL [ GETS INDEX ] ;
CALL CLEARSPTR ;
A:T; CALL ( GET$TERNSSTATUS] ;
M(HL)=(A [ IBUFF$EMPTY]);

/5 CLEAR THE DISPLAY *7
MT; 11L (DISPLAYSBASE] ;
CALL [GETSINDEX];
CALL (CET$VALUE]; 7* DISPLAYSBASE PTa IN HL*/
BC O; D E 5 12; /5 SETUP INPUT PARAMETERS FOR 5/

/5 (BLANKSDISPLAY] PROC 5/ —

CALL (BLANKS B ISPLAY] :
7* RESET SWAPSPOS TO CURSOBSCUAR 5/

B 0 ; C CA :T);
HL (SWAPSPOS I+BC;
PlC IlL) (M I  CU1ISOBSCEAR]);
END CLEABSSCREEN ;

CURSORSLEFT : PROCEDU RE ;

7* MOVES THE CURRENT CURSOR POSITION BACK ONE. 5/
‘5 CHECKS TO ENSURE THAT CURSOR IS NOT ALREADY 5/
/5 AT THE LEFT MA RGIN OF CURRENT L I N E .  *7
.-s INPU T: DE - CURSOR ADDRESS 5/

CALL CHECKSLEFTSMARCIN;
IF ( A > > A )  CY THEN

DO; /5 AT LEFT MARGIN ; SEND BEEP */

CALL (SEND$BEEP ];
END
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ELSE
DO; . 7* DECREMENT CURSOR
A T ;  CALL (C}IECKSCUR SOR ] ;
A T ;  11L [CURSOR] ;
CALL [GET$L l4OEX];
CALL ( GET $VALUE ] ;
ilL: ilL— 1;
CALL [ STORE$VALUE] ;
END;

END CUBSOR$LEFT;

CUBSOB~~~I GIlT: PROCEDURE;

~‘* MOVE THE CURRENT CURSOR POSITION FORWARD ONE .*/
‘* INPUT: DE - CURSOR ADDRESS

MT; CALL C CffECK.’~CtTP.SOR];
A T ;  HL:(CUBSOR];
CALL [ GETSINDEX] ;
CALL (GETSVALUE];
ffL HL+ 1; /5 SETUP NEW CURSOR P08 si-
A=T; CALL ( UPDATESCUBSOR] ;
END CUBSORSHIGHT ;

CHECK$CASE: PROCEDURE ;

/* USES A CASE ST.AI’EI~~NT. INSTEAD OF ‘ELSE DO’ *7
r* 1~.~ CiIECIC FOR TUE LAST FOUR IO~Y COMMANDS . IF 5/
,‘* NOT , RESPON SE IS SET TO FALSE . ( NOTE ; CAS E */

‘* STITF MUST BE USE!) TO GET AROUND MLBO • S PARS E si -

/* STACK OVERFLOW , CAUSED BY TOO MANY • IF THEN *,
/5. ELSE DO’ STMTS . 5/

‘5 INPUT: DE - CURSOR ADDRESS 5/

11:0; L ( A ~ CHAR—OA1H) ; /5 SETUP CASE OFFSET *7
IF (A ::0) PLUS (A::4) MINUS THEN

DO CASE RE;
CALL CAP I TAL ;
CALL CIJ RSORSLEFT;
CALL CURSOUSRIGHT;
DO; HL DE; CALL CLEARSSCREEN ; END;
END

ELSE
RESPONSE (A=(FALSE]);

END CIIECKSCASE;

i-s START OF HEYSCONPIAND PROCESSING

I
T A ;  CHAR : C A:C) ; /5 GET INPUT PARAMETERS *7
R E S P O N S E = (M (T R U E ] ) ;  /5 INITIALIZE RESPONSE *7
A:T; HL:(CUBSOR]; /* GETS INDEX PARAMETERS *7
CALL (GETS INDEX] ; /5 CET CURSOR OFFSET AD DRESS*/

IF (A CHAR— I MTSDCND]) ZERO THEN 7* MTS CMI ) */
CALL MTS$CND;

ELSE DO;
IF (A :CHAR-(CR ] ) ZERO THEN /5 CARR I AGE RETURN */

CALL cARR I AGESRE1VRII

ELSE DO;
IF CA=CHAR- [CHAR SDELETEJ ) ZERO THEN

CALL C UAR$DELETE /5 CHAR DELETE c~m ~~~‘

ELSE DO:
IF (ACHAR -CLINE SDELETE]) ZERO THEN

CALL LINESDELETE /5 DELETE LINE CMI) *~~
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ELSE
CALL CHECK$CASE; /5 USE CASE STNT TO *7

7* CHECK FOR REMAINING */
• /5 KEY CONlIANDS. 5/

END; END; END; /5 END OF ELSE DO’S
M RESPONSE;
END KEYSCONMAND ;

TEIIMSINPUT SCNTL : PROCEDURE;

/5 CONVERTS THE INPUT MATRIX CODE TO AS CI I ;  CHECKS 5/
/5 FOR CAFIALIZATI ON AND CONVERTS LOWER TO UP PER 5/
/5 CASE LETTERS IF REQU I RED; CHECKS FOR PITS KEY 5/
/5 COMMANDS ; IF NOT A KEY CMD THEN THE CHAR IS 5/

7* DISPLAY AT TUE TERMINAL AND CURSOR INCREMENTED. 5/
F ,* INPUT: C - MATRIX CODE 5/

E - TE RMIN AL NWII3ER 5/
7* CALLED BY : TERM INALSHLDR ( INTERRUP T MOD) *7

DECLARE ( CHAR ,T) BYTE;

T~ ( A E ) ; /5 SAVE TERMINAL NUMBER 5/

/5 CONVERT MATRIX CODE TO ASCII 5/
B 0 ; IIL :EASCII]+BC ;
CHATt:(MII (HL));

/5 CHECK FOR CAP ITAL IZATION */
D O ; HL:I CAPITALIZE]+DE ;
IF C A M( IIL) ; A: :0) !ZERO (A= C 18.R—61H) PLUS

8 (A :CHAR-7BH) MIN US THEN /5 CONVERT TO *7
CHAR :CA~ CHAR-2OH) ; /5 UPPER CASE LETTER 5/

/5 CHECK FOR ANY KEY COMMANDS *7
C :CA CHAR) ; A:T;
CALL KEY$COIIIIAI1D;

/5 A BEG RETURNED TRUE IF KEY CMI) FOUND *7
IF ( A : > > A )  ‘CY THEN /5 DISPLAY CHAR

DO;
A:T, CALL [CHECICSCURSOR];
A:T; HL= (CURSOR];
CALL (GETS INDEX ]; /5 GET CURSOR OFFSET 5/
CALL E GETSDISPLAYSADDR];
M (IIL):(AC IIAR);

i-s UPDATE CURSOR POSITION BY ONE. BC WAS*/
‘* RETURNED FROM GETSDISPLAYSADDII SET 5/
7* TO THE VALUE OF CURSOR. 5/

flj,:flC + I:
A T ; CALL (UPDATESCURSORJ ;
END ;

END TERMS I NPUTSCNTL;

EOF

7*5*5* TERMINAL INTE RFACE SYSTEM FUNCTIONS 55*55*5*’

( MACRO IBUFF$EMPTY 0’
[ MACRO MTS$CMDSRE ADY ‘OFOB ’
( MACRO CR ‘01)11’
[MACRO LF ‘OAR ’ I

/5*555 INTERNA L AND EXTERN AL LINKAGE MACROS ~~‘**5**/
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t INT GB TB] (GB :: 0] (TB : 100011)

(MACRO TASK ‘M((HEX GB + 3E90H])’]

(MACRO ?1TSSMESSAGE ‘(HEX TB + Ou CH]’ 3
[MACRO SIZE~MESSAGE ‘(HEX TB + O1CFH] ’ )
[MACRO CURSOR ‘(HEX TB + 0105H] ’ I
(MACRO CURRENTSLINE ‘(HEX TB + O1DDH] ’
(MACRO NEXTOCHAR ‘[HEX TB + 01E511]’
( MACitO EIID$IBUFF ‘[HEX TB + O1EDIfl’ 3

[MACRO CONPARESPTRS ‘( H E X  TB + 02 13H] ’
( MACRO CONVERT3NU?IBRSTOSASC I I  ‘[HEX TB + 0231 H]’
[MACRO GETS INDEX ‘[HEX TB + 024C11]’ ]
(MACRO GET3VALUE ‘C HEX TB + 025911]’ 3
[MACRO STORESVALUE ‘[HEX TB + 026211]’ 1
[MACRO MOVESffkTES ‘C HEX TB + 026 DII ] ’ ]
( MACRO SWAPSCURSOR ‘[H E X  TB + 027E11]’ 3

(MACRO BLANKSDISPLAY ‘[HEX TB + 02A31fl’]
( MACRO CII ECKSCU IIS OR • C REX TB + O 2 D O H ] ’]
[MACRO GETSDISPLAYSADDR ‘ [REX TB + O2B7Ifl’]
[MACRO CETSSTATUS3ADDP. ‘[HEX TB + O2ECII]’]
(MACRO GET~3TERN3STATUS ‘ [H EX TB + 02F911]’]
[ MACRO UPDATE$CUTISOR ‘[HEX TB + 03C2H]’]

BLINK SCUR S ORS : PROCEDURE ;

7* SWAPS TEE CURRENT CONTENTS OF CURSO1t( I) W ITh *7
/5 SWA?SPOS( I) FOR EACH TERMINAL (1:0 TO 3 ) .
7* CALLED BY: TI?IE 1WRDLR ( INTERRUPT MOD) 5/

DECLARE I BYTE ;

REPEAT ;
HL= [ CURSOR] ;
CALL ~GETSINDEX];
CALL (GETSDISPLAYSADDR] ;
A~ I; CALL [SWAFOCURSORI ;
1: C A I—i );

UNTIL (A : :~)) MINUS ;
END BLINKSCURSORS;

CLEARSSTATUS~ L I NE: PROCEDURE;

/5 CLEARS TUE STATUS LINE OF TUE SPECIFIED TER1~IINAL . */
7* INP UT : A — TERMINAL NUMBER *7
/5 CALLED BY: !ITS$IPL ( MON I TOR MOD) ; *7
‘5 QUIT (SERVICE MOD) ; 5/

CALL ( GETSSTATUSSADDR] ;
BC O ; DE 64; /5 SETUP PARAMETERS FOR *7
CALL [ BLANK$DISPLAY) ; /5 BLANK $DISPLAY PROC *7
END CLEABSSTATUS$L INE;

MTS$MSC: PROCEDURE ;

7* CONTROLS THE PITS MESSAGE DISPLAY FIELD 011 THE 5/
7* STATUS LINE OF THE TERMINAL SPECIFIED BY ‘TASK’. *7
7* THE PITS MESSAGE FIELD STARTS AT POSITION 48 AND 5/
7* UTILIZES THE REMAINING 16 BYTES FOR PITS MESSAGES *7
/5 (SEE MTSSMESSACE DATA) .
/5 INPUT : E - PITS MESSAGE NUMBER.
/* CALLED BY: WI’S ( SERVICE MOD ) ; *7
/5 N INISDISK (MON ITOR MOD ); 5.’
/5 RECOVER (MON ITOR MOD) ;
,.* BUNPSTASK (MONITOR MOD ); *7

DECLARE MSCNO BYTE ;
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NSGNO:( A:E) ;
A: ( TASK] ;
CALL C GET3STATUS$ADDFt] ;

— BC 48; /5 PITS ME G FIELD OFFSET FRON*7
/5 STATUS BASE ADDRESS

A :MSCNO; E 4 ;  CY:O;
REPEAT; 7* COMP UTE OFFSET INTO THE */

A < < A ;  1* MTSSNESSAGE DATA VECTO R 5/
UNTIL (E : E _ 1)  ZERO ;
DE C ilL: HL+BC) ; 7* SETUP PARAMETERS FOR 5/
B~ 0; C~ A; 7* (MOVESBYTES] PROC 5/
RL (MTS~NESSAGE] +RC ;
BC 16; CALL ( NOVESBYTES] ; /5 DISPLAY NSG 5/
END PfFSSMSC;

S IZESMSG: PROCEDURE ;

7* CONTROLS THE DISPLAY OF TUE CURRENT MEMORY S IZE *7
7* ON TUE STATUS LINE OF TUE TERMINAL SPECIFIED BY 5/
i-s ‘TASK’ • THE S!ZE MESSAGE STARTS AT POSITION 40 5/

7* AND HAS THE GENERAL FORMAT: *7
7* 40 47 *7
7*
/5 NRK PITS E.G. 16K PITS *7
/5 5,
/5 WHERE 5/
/5 ‘ 511’ 15 THE CURRENT MEMORY SWAP SIZE *7
/5 ALLOCATED TO THAT TERMINAL USER.
7* TIlE RANGE IS FROM 0 TO 48K. THE INPUT MEMORY 5/
r* SIZE NUMBER IS CONVERTED TO A S C I I  FOR DISPLAY. *7
/5 INPUT : A - MEMORY SIZE *7
/5 CALLED BY: SIZE (SERVICE MOD) ; *7
7* LOGIN (SERVICE MOD); 5/

DECLARE IIEPISS I ZE BYTE ;
t.IEPISSIZE A;
A: ( TASK] ;
CALL [ GET$STATUS$ADDR] ;
BC:40 ; /5 SIZE PISG FIELD OFFSET *7
ilL: HL+BC ; 7* UL:STARTING ADDRESS OF *7

/5 SIZE ME G FIELD ON STATUS 5/
7* LINE.  *7

MMEPISS I ZE ;
CALL [ CONVERT$ N UNBR$TO$ASC I I ] ;
M( H E ) = ( A B ) ; HL HL+ 1; /5 DISPLAY MEMORY SIZE *7
II(HL):(A=C); DE:HL+1; /5 SETUP PARAMETERS *7
UL~~(SIZE $ME SSAGE ] ; 7* FOR ( MOVESBYTES I PROC*~BC :6; CALL (MOVESBYTES];/* DISPLAY BEST OF 5.’

7* SIZE MESSAGE 5/
END SIZE~MSG ;

STATUS$NSG: PROCEDURE ;

7* CONTROLS THE STATUS DISPLAY, POSITIONS 0 THRU 39 *7
‘* OF THE TE RM I NAL STATUS LINE . IT HAS TUE *7
7* FOLLOWING GENERAL FORMAT : *7

0 39 *7 
— *7

7* A~NOrB=NOrC NOrD NOrE :NOrF~NOrG:NOrII NOr *7
/5 *7
7* WHERE *7
/5 THE LETTER ON THE LEFT OF THE EQUAL SIGN *7SPECiFIES THE DRIVE. *7
7* ‘NO’ IS THE DISK N UMBER ( 0 — 3 1 ) .  *7

‘r IS Alt OPTIONAL PARAMETER WHIC H IS 5/
/5 DISPLAYE D WHEN TIlE ATTACHED D !S~C IS A
/5 RESTRICTED (r) READ ONLY DISK.  *7
/5 THE TERM INAL IS S P E C I F I E D  BY ‘ TASK’ . *7
7* INPUT : A — ASCII CODE FOR RESTRICT Cr ) , *7

OR BLANK (SPACE) . *7
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i-s B - DRIVE NUMBER (MUST BE CONVERTED TO si -
7* A LE1It H FOR DISPLAY ) •
7* C - DISK NUMBER ( RANGE 0-31; MUST BE *7
7* CONVERTED TO A S C I I  FOR DISPLAY ) . s..
/5 CALLED BY: LOGIN ( SERVICE HOD) ; *7
/5 ATTACH ( SERVICE MOD) ;

DECLARE ( RESTRICT , DRI V E$LTR, DISKSNR) BYTE ;
.‘* GET INPUT PARAMETERS *7

RESTRICT:A; DRIVE$LTI1 ( A B ) ; DI SKS NR (A=C ) ;
A [TASK ] ; CALL (GETSSTATUS$ADDR];

is COMPUTE THE APPROPRIATE STATUS 5/
/5 BASE OFFSET TO DETERMINE WHE RE *7
/5 TO DISPLAY THIS STATUS INFO

C:0; B (A :DRIVESLTFO;
DO WH ILE (A : : 0 )  IZERO;

C = C A ~ C+ 3 ) ;

END;
ilL: BL+BC; /5 SETUP ADDRESS FOR STATUS NBC . *7

7* DISPLAY DRIVE LETTER *7
M (HL) (A=DRIVESLTR +41U) ;
HL=HL+1;

7* DISPLAY EQUAL SIGN *7
N(HL)=(A= ’’)
liL~ HL+l ; MDISKJFIR;

/5 CONVERT AND DISPLAY DIS K NUMBER *7
CALL ( CONVERTSNWIBR~ TOSASC I I ] ;
M(H1.):(A=B); HT... IU_+1 ;
1’I( HL) (A C) ; HL HL+1;

7* DISPLAY RESTRICT OR BLANK BYTE 5/
Mt ilL):(A=RESTRICT);
EN) STATUSSIISG;

TERM I NAL3STATUS: PROCEDURE ;

7* PROVIDES TIlE INTERFAC E POINT FOR OTHER MTS SYSTEM*/
7* FUNCTIONS . RETRIEVES TUE CURRENT TERMINAL STATUS 5/
/5 FOR THE TERMINAL SPECIFIED BY ‘TASK’ . 5/
/5 OUTPUT: A - SET TO THE TERMINAL STATUS (EITHER 5/
/5 INPUTSWA ITING; ?ITS$CIIDSREADY; OR
/5 I BUFF$EMPTY) BY GET$TERIISSTATUS PP~OC.*~
i-s CALLED BY: WRITESTERMINAL ; NTSC SERV ICE MOD ); *7

7* READSTERIII NAL; *7
7* MTS3IPL ( MONITOR IIOD) ; *7

A:(TASK];
CALL [ GETSTERIISSTATUS] ;
END TEEM ! NAL$STATUS;

READ$TERNINAL: PROCEDURE ;

i-s GETS TIlE NEXT CHAR FROM THE TERMINAL INPUT BUFFERSi-
is SPECIFIED BY ‘TASK ’ . *7
7* IT IS ASSUMED THAT THE CALL I NG PROCEDURE HAS
,* CHECKED TERMINAL STATUS TO ENSURE INPUT IS
/* WAITING PRIOR TO CALLING READ~ TERI1INAL . *7
7* A TEST FOR END OF IBUFF IS MADE AND IF SO , A
‘* ‘CR’ CHAR IS RETURNED ; TIlE TERMINAL STATUS IS SET*i-
7* TO EMPTY; AND TIft (4EXT*CHAR PTh IS SET TO CIJRB ENT*/
/5 L I N E .
7* IF NOT AT END OF IBUFF , TIlE NEXT CHAR IS RETURNED*/
/5 AND TIlE NENTSCHAR PTR INCREMENTED. 5’
7* OUTPUT: A - CHAR OR CR *7
.‘* CALLED BY : Pfl’S (SERVICE MOD); MTSSIPL (MONITOR);*/
i-s MON ITOR ( MONITOR MOD); *7

DECLARE CHAR BYTE ;
DECLARE PTR(2) BYTE;
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A ( TASK:l ; ilL: ( NEXTSCHAR];
CALL (GETS INDEX]; 7* DE ADDR OF NEXTICEAR PTh *7
HL (ENDSZBUFF]+BC ;/* IIL ADDR OF ENDS I BUF F PTR *‘CALL I COPIFAJIEeI’TliS]; i-* NEXTSCH.iR:ENDSIIMJFF ?? si
IF (A > > A )  CY THEN

DO; /5 AT END OF IBUFF , SET *7
7* NEXTSCUAR = CURRENT SLINE 5/

• A: (TASK] ; UL [CURRENTSLINE) ;
CALL [ GE TSI NDEX ] ;
BC: ( EL: ( NEXTSCHAR)+BC) ;
CALL ( GETOVALUE] ; /5 HL CUBBENT$LINE VALUE*/
DE BC+ 1;
CALL (STORESVALUE];

7* UPDATE TERMINAL STATUS
CALL ThRJ’IINALSSTATUS; /5 RETURNS IlL: ADDR *7

/5 OF TER MSSTATUS . 5/
N (UE) (A: (IBUFF ~ EflPTY]);

7* RETURN ‘ CR’ TO CALLER *7
CHAR: ( A I CR]
END

ELSE i-* NOT AT END OF I BUFF *7
7* RETURN TUE CHAR Si-

DO;
A: ( TASK] ; HL ( NEXTSCHAR] ;
CALL [GET3INDEX] ; /5 GET AND SAVE *7
PTR:RL ; /5 NEXTSCHAR OFFSET *7
CALL [GETQDISPLAY$ADDR] ;
CUAR: ( A= M( ilL)); /5 RETURN CHAR 5-’

7* 1 SCRENENT NEXT$CUAR *7
DE (HL PTR+1) ;  /5 SETUP ( STOEESVALUE I 5,
IlL: BC+ I ;  /5 PARAMETERS 5/
CALL C STORESVALUE] ;
END;

A= CRAFL; /* RETURN APPROPRIATE RESPONSE *7
END READ$TERHI SAL;

WR I TE$TERPIINAL : PROCEDURE ;

• i-s DiSPLAYS TilE CHAR AT THE CURRENT CURSOR POSITION *i-
7* OF THE TERMINAL SPECIFIED BY ‘ TASK’ . IT CHECKS */
/* FOR TWO SPEC I AL CHARACTERS WHICH AFFECT THE *7
7* DISPLAY CURSOR POSITION.
/5 ‘CR’ RETURNS THE CURSOR TO THE BEG INNING OF THE *7
7* CURRENT DISPLAY LINE. ‘LI” MOVES THE CURSOR DOWN 5’
/5 TO THE NEXT LINE. *7
i-s FOR ALL OTHER CHARACTERS, THE CHAR IS DISPLAYE D Si-
‘s AND THE CURSOR POSITION INCREMENTED .
/5 PRIOR TO OUTPUT, THE CURRENT CURSOR DISPLAY 5’
7* ADDRESS IS CHECKED TO ENSURE THAT THE CURSOR CHAR*/
/5 IS SAVED . OUTPUT OF CHARACTERS IS DONE UNDER *‘
7* INTERRUPT LOCKOUT TO ENSURE THAT SWAPPING BY 5/
i-s BL IIKSCURSORS PROC IS NOT DONE. *7
7* SUBP1tOCEDURE: UPDATESPTRS; *,
7* INPUT: E - AS CI I  CODE OF CHAR TO BE DISPLAYED *‘
7* CALLED BY: MTS ( SERVICE MOD ) ; *7
/5 IITS$IPL (MON~TOR MOD) ; *7

DECLARE CHAR BYTE ;
DECLARE SAVEICURSOR (2 )  BYTE ;

UPDATE$PTBS: PROCEDURE ;

7* AFTER TIlE DISPLAY OF EACH CHAR THE CURRENT *7
7* LINE PTh AND NEXT CHAR PTR ABE ALWAYS SET TO */
/5 NEW CURSOR POSITION . ADDITIONALLY , THE *7
‘* TERN I NAL • S STATUS IS SET TO I BUFF EMPTY .

/5 GET CURSOR POSITI ON 5,
A= ( TASK] ; IL [ CURSOR] ;
CALL [GETS INDEX ] ;
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7* SET CUBRENTSLINE = CURSOR *7
BC= (H L ~ ( CURBERT$LINE] +BC) ;
CALL tCET$VALUE] ; 7* HL CURSOR VALUE *.‘
DE BC+ i i
CALL ( STORESVALUE] ; 7* CURRENT$L I NE CURSOR *7
SAVESCURSOR ~ EL ;

7* SET NEXI’$CUAR = CURSOR *7
A: ( TASK] ; IlL: ( NEXT$CHAR] ;
CALL (CETSINDEX];
HL SAVESCUBSOR; DE :DE+l;
CALL (STORES VALUE]; 7* NEXT$CRAR CURSOR *7

7* SET TERMINAL STATUS = EMPTY */
CALL TERMI NALSSTATUS ;
fl(HL)~~(A~( IBUFF*EM?TY]);END UPD4TESPTRS ;

/5 START OF WRITE$TERNINAL PROCESS INC *7

DISABLE;
CRAR: ( A=E) ;
A ( TASK] ; CALL [CHECKSCURSOR] ;
A (TASK] ; HL: [ CURSOR] ;
CALL ( GETS INDEX] ;
IF ( A CHA R (CIt ] ) ZERO TITER

DO; /5 CARR I AGE RETURN *‘
CALL [GETSVALUE]; /5 ilL: CURSOR *7
L:(A :L OCOB); /5 GET LEFT MARGIN *7
END

ELSE
DO;
IF ( A C H A R —  (LI’] ) ZERO THEN

DO ; 7* LINE FEED 5/
CALL ( GETSVALUE] ; ‘* RL CIJBSOIt 5/
BC~ 64; EL EL+BC ;
END

ELSE 7* DISPLAY CHAR *7
DO;
SAVESCURSOR IlL;
CALL E GETSDISPLAYBADDR] ;
M(HL)=(A=CIIAR)
DE: ( IIL SAVE$CURSOR);
CALL ( GETSVALUE] ;
HE UL+ 1; i-s INCREMENT CURSOR *7
END;

END;
/5 IlL BEG HOLDS NEW CURSOR POSITION *7

M ( TASK] ; CALL ( UPDATESCUBSOR] ;
ENABLE;

/5 UPDATE OTHER DISPLAY PTRS s.’
CALL UPDATE$PTBS;
END WRI TESTEIINI SAL ;

EOF
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,******************************************************,7* * * * * WI’S COMMAND PROCESSOR ( MCP ) * * * 5/

I 9FAH :

MC ?: PROCEDURE ;

/5 MC? IS All INDEPENDENT MODULE OF THE MICROCOMPUTER
TIIIESUARED SYSTEM (WI’S) DEVELOPED FOR THE NPS
MICROCOMP UTER LABORATORY SYCOR 440 SYSTEM.
THIS NODULE I S CALLED BY THE MI’S MONITO R TO
PROCESS ANY SYSTEM COMMANDS ENTERED THROUGH THE
TERM I NAL INTERFAC E BY TUE USER. I’ITS COMMANDS ARE
VAL I DATED BY 1TCF AND TEEN SENT TO WI’S SERVICE
CALL CONTROL MODULE FOR FURTHER PROCESSIN G .
MC? I S WR ITFEN IN PL M FOR TWO REASONS :

(1) TO UTILIT’ZE A II IGU-LEVEL LANGUAGE TO
FACILITATE THE DESIGN AND DEBUGGING TASK
DURING ThE DEVELOP ME NT OF MCP .

(2) TO PROVIDE A PLII PROGRAM WH ICH ILLUSTRATES
THE FUN CTION CALL REQU I REMENTS
FOR ANY USER PIIOGBAII TO INTERFACE WITH 11TH.

THERE ABE TWO PRIMARY DIFFERENCES BETWEEN THE MC?
INTERF ACE WITH MTS AND A USER PROGRAM/ MTS INTE RFACE.

( I )  ONE IS THE ENTRY PORT . THE I’ITS INTERFACE PORT
FOR USER PROGRANS IS 200011. THE ENTRY PORT
FOR NCP IS IFOOH.

(2) TUE OTHER DIFFERENCE IS THAT USER PROGRAMS
DO NOT HAVE TO BE CONCERNED WITH SAVING
AND RESTORING THE IITS MON ITO R STACKPTR .

NC? WILL PROCESS THE FOLLOWING SYSTEM COMMANDS
ENTERED AT TIlE TERMINAL BY THE USER:

COMMAN D PARAMETERS

LOGIN <DISK NUMBER) 7< KEY>
QUIT NONE
ATTACH < DRIVE LETTER ) < D I S K  NUMBER> 7< KEY)
PROTECT < D I S K  NUMBER) 7< KEY)
RESTRICT < D I S K  NUMBER) 7< KEY)
UNPROTECT <DISK NUMBER) 7< KEY>
SIZE < MEMORY SIZE>

WHERE
< DRIVE LETI’Efl> - DESIGNATES A VIRTU AL FLOPPY DISK

DRIVE TO BE ONE OF THE LETTERS
A THRU H.

< DI SK NUMBER) - SPECIFIES A VIRTUAL FLOPPY DISK
NUMBER FROM 0-31.

<DISK NUMBER) — SPECIFIES A DISK NUMBER FROM 0-31.
/< KEY> - SPECIFIES A 4 CHARACTER KEY CODE.
< M EMORY SIZE> — SPECIFIES THE SIZE OF THE USER

PROGRAM AREA .
5/

‘5 * * * MC ? LITERAL ANt) DATA DECLARATIONS * * *7

7* * * * * MC? LITERAL DECLARATIONS * * * 5 *7

DECLARE
LIT L ITERALLY ‘LITERALLY’,

Ml’s LIT ‘IFOOH’ ,/* I NTERNAL WI’S PORT *7
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MTS$CMDSREADY LIT ‘ OF OR ’
INVALID$CMD LIT ‘1’

TRUE LIT ‘OFFTP ,
FALSE LIT ‘0’
CR LIT ‘ODH’
LI’ LIT ‘QAH ’
TAB LIT ‘9’

MAX$CBUFFSSIZE LIT ‘64’

READ$ WTS$CflI) LIT ‘-1 • , i-s I ITTEItN AL ITI’S CND 5’
ATTACH LIT  O ’ , 7*111’S SYSTEM CMI) NUI’IBERS*/
NTS*MSG LIT ‘ 1 ’
LOGIN L I T  ‘2’
PROTECT LIT ‘3 ’
QUIT LIT ‘4’ ,

RESTRICT LIT ‘5’
SIZE LIT ‘6’ ,

UNPROTECT LIT ‘7’
TERIIINAL$STATIJS LIT ‘8’ ,

READ5TE RNINAL LIT ‘9’
WRITEDTERNINAL LIT ‘ 10 ’

/5 * * * 5 MC? GLOBAL DECLARATIONS * * * * *7

DECLARE
CBUF F (64)  BYTE , /5 C1ID BUFF FOR fiTS COMMAND 5/
CBUFF SLENGT H BYTE , 7* NUMBER OF CHARS IN CBUFF *7
CBUFFSPT R BYTE ; /5 PTS TO NEXT CHAR IN CBUF F

TO BE PROCESSED *7

DECLARE
CHAR BYTE , 7* USED FOR CHAR 1L4NIPULATION 5/
VALUE (2 )  BYTE , 7* VECTOR FOR CONVERTING NUMBE RS *‘
P ARANETERS ( 6) BYTE ; /*PAHAIIETERS FOR WI’S SYSTEM CALLS*’

7* * * * * WI’S I NTERFACE PROCEDURES * * * s *..‘

7* 1fl’SI- PROV IDES WI’S INTERFAC E FOR FUNCTIONS
WHICH DO NOT REQUIRE A RETURN VALUE.
‘F ’ CONTA INS THE WI’S CMI) N UMBER; ‘A’ CONTA INS
THE PARAMETER OR ADDRESS TO LIST OF PARAMETERS.
CALLED BY: ERROR$1ISC; SERDSMTSSCMI)

*7
MTS1: PROCEDURE ( F . A ) ;

DECLARE F BY’It, A ADDRESS ;
GO TO 11TH ;
END M T SI ;

7* MTS2- PROVIDES IITS INTERFAC E FOR FUNCTIONS
WHICH REQU I RE A RETURNED VALUE .
‘F  • AND ‘A’ ABE TilE SAME AS IN WI’S 1.
CALLED BY: READOCUAR ; ~ENDSMTS$CMD

*7
11T52: PI’tOCEDUIiE (F, A) r rrE ;

DECLARE F BYTE , A A’)DRES.~ ;
CO TO Ni’S;
END MTS2;

‘Is * * .s S * 11CP P R I M I T I V E  P ROCEDURES * * * *1
/****5*******************************5*****************/

READ O CUAR : PROCEDURE BYFE ;
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RETURN 1T~SZ( BLADO1TrS3CND, 0 ;
END READ$CIIAR;

CBUFF$NOT$EMPTY: PROCEDURE BYTE ;
RETURN CBUFF$ PTR < CBUFF$LENG TH ;
END CBUFFS NOT SENP TY;

DEBLANK : PROCEDURE ;
DO WHILE ( CBUF F~~PTR < CBUFFOLENGTH ) AND

( CBUFF (CBUFF$PTR ) ‘ ‘)  OR
( CDUFF ( CBUF FGPT R) = TAB) ;

CRUFFOPTU CBUFF$FTR 1 1;
END;

END DEBL ANK;

ERRORSNS G : PROCEDURE ;
CALL M T S1(I’I TS3 M SG, INVAL I DO C HO ) ;
COTO F I N ! ;
END ERROR~ NSG;

,~s FILLSCBUFF - CHECK CURRENT TERMINAL STATUS FOR
WI’S COMMAND. IF NOT, EXIT; OTHERWISE FILL TUE
COMMAND BUFFER WI TH TIlE 11T5 COMMAND.
CALLED BY: MC? PlAIN CONTROL

5,
F ILLQCBUFF : PROCEDURE ;

IF }1i’S2( TEP~I11 NALOSTATUS , 0) = MTSSCND9PIEADY TItER
DO;
CBUFFSPTR , CBTJFFSLENGTR 0:
DO WH ILE ( CBUFFSLENGTII ( ?IAX$CBUFF3SIZE) AND

( CBUFF(CI3UFF8LENGTID :=BEAD~ Cf l A R ) < > C f t ) ;
CBUFF$L EN GTII CDIJF F SLE NG TH +I ;
END;

END ;
END FILL OCBUFF ;

INITIALIZE : PROCEDURE ;
DECLARE I BYTE ;
DO 1= 0 TO 5;
PABAIIETERS (1) = 0FFH;

END ;
VALUE(O) , VALUE( 1) = 0;
END INITIALIZE ;

5~~
LETFER: PROCEDURE (C)  BYTE ;

DECLARE C B/TE;
RETURN C ) A ’ AND C < ‘Z’ ;
END LETTER;

7* NUMBER - RETU RN TRUE IF ‘C’ IS A NUMB ER.
CALLED BY: GET$NIJMB ER; GETSPARANETEBS ;

ATFACHS CPID ; SIZE OCPID
Si-

NUMBER: PROCEDURE (C) BYTE;
DECLARE C BYTE ;
RETURN C > ‘0’  AND C < :  ‘9’ ;
END NUMBER;

/5 READCCIWSL I NE - READS CHAR FROM C OMMAND BUFFER;
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CONVER TS LETTERS FROM LOWER TO UPPER CASE,
IF RE QUIRED.
CALLED BY: CET SKEY; GE TONUMB ER; GET3PAHAMETEBS;

ATTACHSCPID ; SIZE $CND ; NC? PL AIN CONTROL
READSCMDSL lifE: PROCEDU RE BYTE;

DECLARE C BYTE ;
IF (C :=C BU FF (CBU F FSPTR ) ) >=  6111 /5 LOWER CASE A 5/

AND C < =  7A11 ~fl~~ 4 /* LOWE R CASE Z *7
C C AND SF11 ; / * CONVERT TO UPPER CAS E *7

CBUFF$PTh - CBUFF$FTR+ 1;
RETURN C;
END REATh3CPID$LINE;

/* SCANOTO~~BLANK - SCAN TO NEXT BLANK OR TAB CHAR.
CALLED BY : TIE? Z’I A I N  CONTROL

5,
SCAN~TOSBLANK: PIIOCEI)U RE ;

DO WH ILE (CBUFF$PTR’~CBUFF$LENGTh) AND
(CBUFF ( CDUF F$FTh) < > ‘  ) AND
( CBUFF( CBUFFSPTR) <>TAB) ;

CBUF F$P TR CBUFFSPTR+ 1;
END ;

END SCANSTO3BLANK;

/5 SENDOMTSSCMD - ‘CM])’ CONTA I NS THE PITS CII]) NUMBER
AN!) ‘PARAMETER’ CONTAINS THE ACTUAL PARAMETER
OR THE ADDRESS OF THE ACTUAL PARAMETER LIST.
TWO PITS SYSTEM CALLS ARE MADE :
( I )  ?ITS2 - PROCESS SYSTEM CMI) , WHICH RETURNS

A RFSPONSE.
(2 )  MTS1 - DISPLAY RESPONSE AT USER TERMINAL .

*7
SENDSPITSOCND : PROCEDURE ( C u D .  P ARAMETER) ;

DECLARE CIII) BYTE , PARAMETER ADDRESS ;
CALL PITS I ( MTSSMSG, IITS2 ( CMI) , P ARAMETER)) ;
END SEND$MTS$CI1D;

7* * * * * UTILITY PROCEDURES * * * * * * *7

‘S CONVERTOVALUE - CONVERT ASCII CODE IN ‘VALUE’
TO APPROPRIATE BINARY VALUE. THE RANGE OF VALUES
TO BE CONVERTED ARE FROM 0-31.
CALLED BY: GETON UMBER ;

*7
CON VERT$ VALUE : PROCEDURE BYTE ;

IF VALUE( 1) 0 THEN 7*ONLY A SINCLE DIGIT TO COIWEB.T*/
RETURN VALUE ( 0) -3011;

ELSE /5  TWO D I G I T S  TO CONVERT *7
RETURN ((‘ALUE(0)—30H)*10+(VALUE( 1)—30H));

END CONVERT3VALUE ;

i-**S*********** **S*5*******s*******S***********SS****/
,* GET$KEY - GET THE < KEY> P ARAME TER, IF ENTE RED;

STO RE KE’~. IN THE PARAMETER LIST STARTING AT I.
CALLED BY: ATI ’ACH$C MD ; GETOPARAMETERS;

*7
GET OKE Y: PROCEDURE ( I ) ;

DECLARE I BYTE ;
IF CBUFFSNOT3EPIPTY THEN /*NEXT CHAR MUST BE ‘7’ *‘DO ;

IF (CHAR: READ$CI’WSLIIfE) = ‘7’  TIlER
DO WHILE ( 1 < 6 )  AND CBUFFINOTH EMP TY;
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PARANETERS( I )  = READ$CIID$L I NE;
1 1+1;

END;
ELSE 7* ‘7 IS USED TO I N D I C A T E  *~.‘

CALL ERROR$MSG; 7* < KEY) AND IS REQUIRED . *7
END;

END GETOK EY;

/5 GETONUNBER - GET < D I S K  N UMBER> PARAMETER AND
CONVERT IT FROM A S C I I  TO B I N A R Y . STORE THE
RESULT IN PARAMETER LIST AT ‘ I ’ . UPON ENTRY ,
‘CHAR’ HOLDS TUE FIRST DICIT.
CALLED BY: ATFACUSCND ; GETS PARAMETERS

5,
GET$NUMBER: PROCEDURE ( I ) ;

DECLARE I BYTE ;
VALUE (0) = CHAR;
IF CBUFF SNOT SENP TY AND

NUIIBER( Ch AR : = READSCMDSL IR E)
THEN 7* TWO DIGIT DISK NUMBER *7

VALTJ E (I )  = CHA R;
PABAIIETEBS( I) = CON VERTSVALUE;
END CETSNLJMBER;

7* GETSPARAPIETERS - USED TO GET THE < D I S K  NUMBER>
MID < KEY> PARAMETERS. GENERATES ERRO R NSG IF
NEXT CHAR IS NOT A PIUNI3ER.
CALLED BY: LOG I N ~ CMB; GET3REQUIREDSPABAItETEBS ;

5/
GET3PARMIETE RS : PROCEDURE ;

I F  RUMBZR( C1IAR:=READSCMD~ LI N E )  THEN
DO ;
CALL GET~NUIThER( 0 ) ;
CALL D EBLANK;
CALL GETOKEY( 1) ;
END ;

ELSE
CALL EBR ORSII SG;

END GET$PARA?IETLRS ;

7* GETOREQU I RED$PARAI’IETERS - GETS THE < D I S K  N UMBER>
AND < KEY) PARAMETEP.S FOR THOSE SYSTEM CNDS FOR
MU ICU THESE P ARAMETERS ARE REQU I RED ( NOT
OPTIONAL) . GENERATES ERROR MSG IF PARAMETERS
ARE NOT THERE.
CALLED BY: PROTECTSCPID ; RESTRICT3CMD ; UN PROTECTSCPID

*7
GETOREQU I REDOPA1WIETERS: PROCEDURE ;

IF CBUYFSNOT*EMPTY THEN
CALL GET$PARAMETERS ;

ELSE
CALL ERROR*NSG;

END GETSBEQUIRED3PANAMETEBS ;

,******************************************************,
7* * * * * * SYSTEM CIII) PROCEDURES * * * 5

,***********************5**5******s************S*****,
~.‘* ATFACH~ CIII) —

FOR M : ATTACH < D R I V E  LTR> < D I S K  NH> 7< KEY>
ALL TUE PARAMETERS ARE OPTI ONAL , HOWEVER
< KEY> CAN NOT APPEAR WITHOUT IT’S ASSOC I ATED
< D I S K  NUMBER> . WHEN PARAMETERS ARE ENTERED
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THEY MUST BE IN THE ORDER INDICATED.
CALLED BY: MC? M A I N  CONTROL

*7
ATTACH3CMD : PROCEDURE ;

IF CBUFF $NOT $EIIP TY THEN
DO;
CHAR = READ$CMDSL IR E ;
IF LETI’ER( CHAR) TIlER 7* < D R I V E  LETTER> *7

DO;
PARP~METE8S( 0) CHAR 4 ill; /SCONVERT TO BINARY*7
CALL DEBLAN K ;
I F  CBUFFONOTSEPIPTY THEN /5 MORE PARAMETERS *7

CHAR = READ3CMD$LINE ;
END ;

IF N UNBER(CHAIt) TIlER ‘;x <DISK NUMBER> *7
DO;
CALL GETS NUMBER( 1) ;
CALL DEBLANK;
CALL GETQ KEY( 2 ) ;  7* < KEY>
CALL DEBLANK;
END;

END;
IF CBUFFGNOT SENP TY TITER

CALL ERRORSIISG;
ELSE

CALL SENDS?ITS$C1ID( ATTA CU, . PARAMETERS) ;
END ATTACUSCMD ;

/;~ LOG IN3 CMB —
FORII: LOGIN <DISK NUMBER> /< KEY>
THE P ARMIETRRS ARE OPT I ORAL BUT <KEY> CAN NOT
APPEAR WITHOUT <DISK NUMBER> .
CALLED BY: PlC? MA IN CONTROL

5/

LOOIN$CPID: PROCEDURE;
I F  CBUF FSNOTS EMPTY THEN

CALL GETSPARANETEItS ;
CALL SENDSMTSDCMD( LOGIN , .PARA1IETERS);
END LOG INSCIID ;

/* PROTECTSC?I]) -
FORM : PROTECT <DISK N UMBER> 7< KEY)
THE PARAMETERS ARE REQUIRED.
CALLED BY: MC? MAIN CONTROL

5/
PROTECT$C ND: PROCEDURE :

CALL GET$REQU I REDS PARAMETERS;
CALL SEND9MT SSCMD( PROTECT , . PARAMETERS);
END PROTECTSCMD ;

/5 QU ITSCMD - FORM : QUIT
NO PARAMETERS. -
CALLED BY: MCP M A I N  CONTROL

*7
QUITSCIII) : PROCEDURE ;

CALL SENDSMTS SCMD( QUI T , 0) ;
END QUIT$CMD ;

7* RESTRICTSCP1D -
FORM : RESTRICT < D I S K  NUMBER) /< KEY>
THE PARAMETERS ARE BEQU I RED.
CALLED BY: NC? M A I N  CONTROL

5/
RESTRICT$CMD : PROCEDURE ;
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CALL GET$PEQUIRED$PItRANETERS;
CALL SENDSMTSSCPID( RESTRICT , . PARAMETERS) ;
END RES TR ICT SCPI D ;

/5 UNPROTECT SCMD -
FORM: UNPROTECT <DISK N UMBER) /< KEY>
THE PARAMETERS ARE REQU I RED.
CALL ED BY: I’ICP PlAIN CONT ROL

5~
UNPROTECT$CMD : PROCEDURE ;

CALL GETSREQU IRED~ PABAMETERS ;
CALL SENDSI’ITSSCND( UNPRO TE CT , . PARAMETERS) ;
END UTIPROTECT SCPID ;

/5 S I Z E S CMD  -

FORM: SIZE < MEMORY S I Z E >
THE PARAMETER IS REQUIRED.
CALLED BY : MC? MA IN CONTROL

5/
SIZEOCIID : PROCEDURE;

I F  CBUPFSi’IOTOE?IP TY THEN
DO;
I F  NUNBER(CHAR: READSCMD~3LlNE) THEN

DO; /5 GET MEMORY S I Z E  P ARAMETER *7
CALL GET$NUMBER ( 0);
CALL SENDSNTSSCPW (SIZE, PARAMETERS (O));
END;

ELSE /5 PARAMETER MUST BE N TThI3ER
CALL ERRORSPI SG ; /5 SPEC I F Y I N G  MEMORY S I Z E  */

END;
ELSE /5 CBUFF EMPTY - ERROR *7

CALL ERRORDNSG; /5 PARAMETER P.EQUI RED *7
END S IZESCND ;

7* 5 * hITS COPlHP~Ji!) PROCESSOR ( MC?) PlAIN CONTROL * 5/
/* * 5 CALLED BY: PiTS MONITOR MODULE * *7

DECLARE STACK (20) ADDRESS, OLDSP ADDRESS ;

OLDSP STACKPTR; 7* SAVE PiTS STACK POINTER *7
STACKPTPI = . STACK ( LENGTH( STACK)) ;  7* SETUP NC? STACKPTR *7

CALL I N I T I A L I Z E ; /5 I N I T I A L I ZE DATA STRUCTURES *‘
CALL FILLOCBtJFF ; /5 GET PITS COMMAN D 5/
CALL DEBLAN K ; 7* SCAN TO FIRS T NONBLANK CHAR *7
IF CBUFFSNOTOEMPTY THEN 7* PROCESS CMI) BUFFER

DO;
CHAR = READSCMD$LINE ;/* GET FIRST LETTER OF CMI) *7
CALL SCAN STOSBLANK ; /5 SCAN TO NEXT BLANK, BECAUSE

ONLY THE FIRST LETTER IS USED
TO DETERMINE THE CMI ) 5/

CALL DEBLANK ;

IF  CHAR = A’ THEN / * ATTACH *‘
CALL ATFACHSCMD ;

ELSE
DO;
I F  CHAR ‘L’  THEN / * LOGIN 5’

CALL LOGTN$CI’ID;
ELSE

DO;
IF CHAR = P ’  THEN 7* PROTECT a,

CALL PUOTECT$CND ;
ELSE
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DO;
IF CHAR ‘Q’ THEN 7* QUIT *,

CALL QUI T SCMD ;
ELSE

DO;
I F  CHAR = ‘R ’ THEN 7* RESTRICT */

CALL BESTRICTSCMD ;
ELSE

DO;
IF CHAR ’S’ THEN 7* SIZE */

CALL SIZE$CMD ;
ELSE

DO;
IF CIIAR • U’ TUEN/*UNPROTECT*/

CALL UNPROTECTSCMD ;
ELSE

CALL EBROR$NSG ;
END ;

END ;
END;

END ;
END ;

END;
END ;

FIN !:
STACKI ’TR OLDSP ; ‘~~ RESTORE hITS MONITOR STACKP TR *7

END Pl C? ;

EOF
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