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INTRODUTTION

The rurrnse of this effort was to gair access to the Frinch Hansen
Concurrent PASCAL system, and to aain experience with the concept of
transcorting virtual moachine architecture onto thysical hardware con-
finurations. Hince AIRMICS = currently dinvolved in research activity
with Kansas Stute University {(£SU) in the srea of MNetwork Coerating
Systems (NCS), the availasbility of the Concurrent PASCAL system in the
AIRMICS lahoratory would tacilitate nerticipatiern and evaluation of
the M0S research effert. The (S is written larcely in Concurrent and
Seauential PASCAL, and the availtability of these comnilers would allow

the installaticon of the ¥SU rreoduct at AIRVICS.

The Concurrent and Seaquential {"ASCLL corciters, writter by “rinch
HFansen, translute source lzazrauage into machine code executanhle hy an
abstract stack machine. The portability of the PASCAL source nrog¢rams
is Lased on the dmplementation ¢f the abstract stack machire or
varicus hardware confiaurations. Fart of the ohjective of this
rroject was to demonstrate that an operating system such as the
Dicital Esuinnent Corporationts I2S cculd slso provide a basis for im=~
rlementing the ahstract stack rachine. The feacibility of this
concent could Fave significant implications in the desicgn c¢f NOS for
distributed “ata processing environrerts, and din the prertebility of

hicher order lanauages.

The Corncurrent FPASCAL crozramming language, develored bty Frinch
Fansen, allawse concurrent execution of multinle processes throuah the
use of shared cdata structures krour as ronitors and clesses. Sirce ro
individual nrccess can manaoe these data structures, the Concurrent

PESCAL system utilizes an aamiristrative resource nanagement facility



krown as SOLO to rerform the admiristrative turciions recuired to sup-
ort concurrent rrocessing. The S0LC oueratin~T system vnrovides the
/0 irnterface riecessary hetween the executing rrocesses and the ker-
nel, and suprerts utilities such as opreocess managers, text editors,
command line irtercreters, and the file menagerent activities ta make

the systen usable,

Rrinch Hansenfs system, 50L0, has heen imeclemented as & stend-alone
coeratina system on PRP=11 cerijes equiprent before; however, this ef-
fort proncses to operate SOLO in a variety of configqurations, but
nrincigally as a subordirate tzek within another host operating
syctem. The wenefits accrued from the installztion of the SOLO system
at the AILMICS lahoratury are threefocld. First, further insight into
the rroblems aesociated with movine a virtual machine and rartienlerly
the problems of dinterfacine the virtual machine to another operatinng
csystem will pe presented. Secondly, a tool will he provided to in-
vestigate concuvrrent proorammirg vtilizina the (cercurrent and
Secuential PpECAL comoilers in S0LC. lastly, the eyster will sub-
stantially increase the alility of AIZNMTCS to evaluate anrd sarticitvate
in the onccing recsearch activities at KSU in the area of distributed
data rrocessino.  These asctivities dirclude the recently ceornleted
orant funded ny AED or functionally.disfrituteﬁ computer systems, any
= follow on etfort invelvinag the crovisicn of retwork and rortahle
crerating systems based on S0L0 fcr cceration f the distributed

system.

Snecificatly, the stated objectives of the contract are:
a) Insteall the SNOLO ecreratirc systen as & task within the IsS

orerating system on the FDP 11/70. Fvaluate the resultant



eftfect on the rarformance of the T0LC csystem arnd ilentify
inkerent Liritations impeser on = SCLO weer cneratinag in
this mode.l

b) Define the mechaniems necessary {i.e., class and/or monitor
cata types) »ithin 30L0 to interface with the rnet-ork at
¥St. This ir~terface vwill utilize the ressacge system est-

tablished under the rrevious arant at FSU.

APPROACH TAKEN

The strateoy for the installation of the S0LC oreratinc system, alone
with the two 7&SCAL corpilers, enceounterer two rajor difficulties.
First, nﬁ.one vas readily available at Tecrcia Tech vho hao any ex-
perience with the wuse cf SO0LD or with the hstract stack meachine
utitized in the systernr. Seconcdly, the Concurrent PASCAL syster as
Aistributed was desieoned to rur or the hardware cf the PRF 11745, The
!
transiton to the envircnrent cresented by IAS woulce recuire an
intimate undercstancing of the ahstract machine furcticns such as
rroecess initiaticn, merory allocation, context swvitehina, rrocess
manacement, etc. *o 1nsure faithful evaluaticr by an 183 rrocram,
fonseauently o three stern apnroach was develored to satisfy the ohjec=
tives of the sfforr, Srecitically its three <ters included: the
installatinn ot the SO0 creratine system in a stand-alone en=
vironment; the installation of 5C1 0 as a task uncder the IAS aperatine
system; and finally the utilization cf SGLG te dimplemert a Concurrent
FasSCal solutior to the KSU dinterface. Thke installatior of SOLD in a
stand-alone versior first wass deemed recessary to provide exgoerience
with the areration of the systen, to identify idiosyncracies in the

system, arid to develoer an acrrecistion far the difficult asrects in



movina the system to 115,

The dinstallaticon of SOLC 1n & stard-aloers onviranment is chk=racterizen
by two phases. First 1s the acouisitior ard analysis of the SGLO
onerating system distribution material to identify any code that
recuires modification, Tecause SOL0O i rurported to be a rortabte
system, any sniificatior should Lie within the kernel interpreter,
which contains device-snecific aloorithrms., For the PRE 11/70 instal-
Llation at EIRMICS &t SHeorcia Tech, discrenencirs exjsted for the Jdisk
ard tare devices. Specifically, the confiaurastion surrorted by the
distripution system includes a T®11 tape drive and RXPS disk drive,
whereas, the alki*ICS system suuports T®145 and kHi4 devices, respec-
tively. Yith the anpprorriaste cdevice hardter rodifications in place in
the kernel. interrcreter, the stand-alone syster shkould he activated

through a normat IPL (initial orocram load) secuence.

Secordly, in anticipation of irstalling SOLO as a user tasbk unier the
Ir% operating system, & numher of modificaticors to the abstract st=mcek
machine are necessary. These entail the transititon from a stand-
alore to a multi-user environment, For exemnpbe, the kerpel will not
he able to surrort direct device control, <ince all 1/C dewices no
become shared resources. f(onseguently, SCLO must be megified to ac-
cess virtual devices rather than rbkysical devices. This ¢an he accom-
plished by svhstituting system calls, csuch ae TI10's, FEADRT, and

WRTITES, for the device handlers ir the kernel.

IAS nrevides a2 number of syster directives which permit 2 user proorgm
to recuest tile managerent services directly fronm the user task,
Perirberal devices can ne accessed directly throuch the device hant=

lers of 143% by dssuinag wl10% directives which cueue an 1/0 renuest to a
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narecd device. Uata transfers are made Ly the executive thraunh darg
buffers nraviced bty the user prooram. JThe user is nrovidec the
cainahility ta re2d or write loaical Llocks of d=tas and to receive
status inforsation concerning the result of the I/0 operation. 1A%
alsc nrovides the capability to read angd write virtual dats elements
such as records throvah the DLEDT znd KWRITFE “jrectives. These airec-
tives provide access to the file manscement system of IAS and reaquire
additional ovarhead on the part of the user teo oren andg close the af-

feected files as well as maintain the file descrintor block used by IAS

to access system files.

The second ster. in satisfying the statement ot work entaile the
installation ot $NLC as a task under JAS,., Thie reqguires the creation
of virtual <evices Jincludina a2 di<k, tare drive, corsele ard tipe
rrinter to be “anaqged *v the abstract machine, These virtual devices
can be constructed utilizing the system directives, Foth the console
arrd tape unit can be simulated throuch €T0% Adirectives rezrdina and

vritinag blocks of data at a tine.

The L0000 block aisk needed by SOLC ¢ar either be emulated with QT2 or
the second system Jisk or recresented a8s a rantom 4ccess file under
the file cortreol syster. TIn the first artroach, the second IAS system
cgick would nhe wounted a1s 3 non-sharable resource dedicated tao the 5016
user. The disk woulc e accessed directly by the kernel ta transter
Flrcks of data through the GT0Y directives., The =econet urnrcach wouls
rore efficiently utilize the IAS resources by staring the cdata of tne
5010 d4isk in 2 file raraced by I2S. !pron initialization of the ab-
stract machire, the file centrel Ylock for the disk file weuld ke

iritialized ard *he file o,ened as a randor access file, The abhstract



machine would 1ssue YERDY and WkITEE directives to trensfer virtual

tlocecks of data trorm the file to the SOLO systam,

While the moditication of the kernel to exclude rriveleged [/0
crerations with the suhbstitution of 125 directives solves the shared
resource aroblem, anotber Aifficulty exists in nroviding ennuah tack
srace siZe to sunpoert 3 SOLO ard/or roncurrent FASCAL user. There are
twe anproache=s to solving this rrebilem, Trke tirst anrroact is to sut-
ficiently reduce the size of rhe SCLC eperatinge system, so that mpore
user space is avaitable. This 1is accornlished in part thrcunh sub-
stituting calls to the IAS orerating syste~ to handle c¢imilar func-
tions. The second arnrcoach involves estabilishinag the nsrerating systars
functions 1n orne task partitien and the user address srpace in another
rartition. The modification recuired by this =rproach, in addition to
rerlacing rriveleged nreratiorns, is the implenentation of & nechanrism

uncer TAS to support interrartition communrication.,

The installation of the Concurrent PALCAL System at fecrcia Tech
creates a corducive envirorment for the develormert of an 1nterface to
the KSU retworb. Since the SGLE cneratine systen znd Conecurrent
FASCAL are intearal rarts of NOS, the exparnded TAS provides the only
mecharism for any of the denrcia Tech facilities to join the network,
Srecifically, this nhase involves the creation of 3 node on the POD
11/70 through the develovmert of a Concurrent PTASCAL system to handte
NOS communication rrotccols. This orerative node, residinc on a d3f-
ferent host rzchine thar those at KSU, will rrovide ar interesting
research tool in the study of distributed data rrocessina in 2

heterooeneous retwork,



The success of this three step approsch was predicated on tac assurp-
tinns. The first assumption involved expectine trkat cnly a moderate
level of effort would be reauvired to rodify the existing abstract
machine tc overate stand=-alone on the AIRMICS FOP 11/70 configuration.
Since the system would only run stand-alone temncrarily, the disk and
tare interfaces which had to He changecd should orly recuire minimal
cocde for a device handler. Sophisticated head oreraticns, nre-seeks,
error correcticn, etc., would not ke reauired. The secono assumption
involved anticripating the message system nrotocol described in KSU

documents would he adecuate ac the bhasis cf a FASCAL nrogranm to

achieve the second overall obtjective.



RESULTS

Lt the enc of the contract verijod, a tootalble, stand-alone 50106
creratine systemrm was constructed snd the desiars for the rest of the
rroject were cytensively dinvestigated. Wdhile this did not satisfy the
overall otjectives ot the statemert of work, it rravided o strona
fcuncdation for the contiruation of the effort, In general, the unfor-
cseen level of effort to rcert a software systes te an ircovvatravle bost
Lindted the arcunt of the stetermernt 0f work that could ke falfill=y,
although the exercise teo date oid rrovide insiaobl that will furtter
firect the rect of the desion effort. The patar oroblers dnuvalved
«“i1th the softuware trenscert dincluced: incamrliete docurmentotrion, ar
incomratitle eavecution envirarrent, and, limited syster access. Ot
tbr three cifficulties dircorrlete #ndl diraccurcte 5ocum¢ntariqn hoao-
rered the instelltion «f the dinitial SOLO 7ost scverely. Undogureantedd
itzrs had to te subsecuertly dealt with included SOLG Foctstrar
lesger, trhne ~hysical oraganization of rhe leoaiczl hlocks of the syster

crotke Aistriiution tare, and ceneral vacusness of the racindine oo

tient sectinrs cf tre kernel.
0f course the citficultries ercountered with dnaccurats uacuwsentation

speak for theoreelves., Yiry of +the difficulties sssocicsten itk the

documentation frrced the Tnvestiagation teszsn to write vrility racr mg
te manp the distriboticn tases into the ['N0 11570 envircnmert, Thooah
seeminaly trivial, the developrert of vrocrars, such ac tare copy to
di<k, ~isk leacer/ tave leozder, ard disk overloy were cxtrermaly tirve-
consuming hecawse they hac to he tested without the oferating syster,
Jue zaoain to the ricic creraticrnal srecificatice ot SOL2, Fﬁr axim =

tle, for the tape to risk ¢cuopy vrocedure, The taraet grea of the Adisk



was fixes ana conflicted with T84S access, a fturction cf security of
the URY 11/70 creratine cystem, (Consecuently, “rosrar cdei vy and cteck
cut an to be rccownlizherd throunbk the corsole ~yiteches, frrtaermrre,
the develorment of those nrograms was harrered by the ltack ot an ar=
sclute leoacer, ard while they could e entererd onder 175, #dditicnel
setrvare 135 reauired to axtrrsct the tacsk beader frowm trhe restltins
losa moduile, s that the crearam coula be run in the robive machine
mode, This ~“ifficulty in corstruction of ~ure (nachire) ccda rade 1
rarticularly difficult to develor and test the device tandters, for

the FEQNG zpd TV14, that had teo be dinserted dntcoc the kerneol ¢nrde,

Firatly the resuirement to evyer cvrerate the rackine in the nuative node

g

o
-
,

curflicted itk the nuaranteed operatior of the 125 and UPb1Y ocaratins

syster, and thus syster acrese was sowvewhat Lymited,

While the starement of wonrk was not cermrletely catisfien, #n initial
desicn was developaed to saticty the other reavirerents of the rroiect.,
However, 2ven *these decinne, wbFich were conceittuslly very sound, were
found to e rrone to difficulty, cue to inconratibility of 708 and thae
SOLO syster recuirements, for exznple, orne arprezch decorinegd =shove
wi3s to reduce the size of the kerrel/intercreter cc thet 1t could te
installed as o task urser TAS, and carsenuvently rrovide 3 larqer ussar

sdriress space, I!nfortinately, SOLG arpears to uwuse sepecrate [/ spnce

(instructior/dcta) where

AY

3 145 uses orly 1 s~ace.  As a resuly, »rer
SOLO ds dinitiated Ia4S il abnerrally terminots, Ik the alternate or-=
rrcachk the kerrel urd user space are serarcted undepr [M5, snd 2 cor=
rurication patt rust te establicherd hetiieen the SOLGC oreratinn svystern
and the user, ftn2In, TAS versicn 2 (which is currénfLy ocrerstinn ot
the AIRATCS dncstaliation) rrovides only en intertask cemmunication

mechanisr whict s extrerely cuwberscire sre fifficult 1o vee.
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The rurpnse of thie anzlyzis was tn ecrovide accecs to the Concurrent
Fascal System in the AIRMICS Feseurch and DNevelorment Latcoratory ir
orcer to facilitate the interacticn of *T17YI1(S with the distrinuted
rrocessine research at Kansas State Unjversity., *n odimrlerentation
etrateqy, consisting of thren cters, vas choasern to satiscty *na
srecific objectives of the countract. The execution of the trrree ster

arproach enrezred to ha feasiole, within the tire constraint of the

contract, under the follouine Initial assurrtiors:

a) dnly a macerste level of effort weoulrd be recuirec to modify
L

the exdietinn arstract machine to oprarate stard-alone on the

ATEXICS 200 197710 cunficuraticn,

b)Y The message syster protocol from the Vol documents woula e

artgruate 38 o hagig far n TLES5CAL dnterfhce dirnte the YOS,

Althanrah sianificant sroaress vas rade tovard fulfillerent of the
stated objectives of the cortract, the Livitesd time available did rot
provide any flexibility to deal with the unforseen difficulties that
arcse Witk therce Jnyticl zssumntions, In Liakrt of the pret bame thet
Fasnered tre - ronject, the ~orv thet as corpleted renreserts a major
ster toware the installaticn of tre foncurrent U29CAl Sygtemr, b
result of the ¢develonrent of this initial nasis of orerctin:y softw.pre
an dincreased kno~ledaoe »nf the sveter, tre recenrciher teele confident
that the rroject can te ruccesstully cormoleted vith acditicnat fun-

cinag,
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