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ABSTRACT

The FEL-TNO Uniform Open Systens Model is based.
upon the IS0/0SI Basic Reference Model and
rntegrares operating systems, (OSI) neÈworks,
equipment and nedia into one single uniform
nodel. Usage of the model scimulãces che
dewelopment of operating syscen and network in_dependent applications and puÈs efforts like
POSIX, OSF, X/OPEN in a wider perspecrive.
Examples of the usage of the nãdel are
presenEed in the paper.

INTRODUCTION

rn this paper the FEL-TNO uniform open sysrems noder wirr be presenÈed, a moderthat describes the way applications inte-racc wiÈh operacÍng sysÈems, networks,equipment and medía. The moder described in Ehis.paper has earrier beenpresented at Èhe EC'DU-47 anò' vrM-50 conferencesr. ir," 
"or""pa""i-*oo.r Ís basedupon extensions to the well known ISO/OSI basic referenc" moàeI. Ic wil-l bedemonstraÈed that there is no basic difference between rso/osr proÈocor Iayersand operaÈing system layers. ' ---t -" tte 

,

The sÈrength of Èhe new moder ls that now a single uniforn model can be used todescribe both appJ'ications running on a singr. !y"t"r 
"","ir-". ãppricationsrunning in a large disÈributed enviromenc--

The model gives means to evâruâte markec initiaÈives and. direcÈions tike sAA,POSIX, X/OPEN, IPSE,s, X-Windows as well as disk cl-usÈers, file serwers,hierarchical daÈa storage, eEceÈera.

Using the model, we have designed applications in an operaEíng sysÈem and.network independenc way ín our oun nurti-vendor necworù ..vi.ã*á.t consisÈingof PC's, workstations, DEC VAX systems, CDC sysEems and a (nini)superconpucer onone hand and a mixÈur. of operaring systems as MS-DOS, xENix, Nószv¡, vAX vMSand several ímplementaEions of the ,uñrx sÈandard, on the other.
The usage of the moder wirr be denonstrated. The exanples wirl be the processesinvolved in a fire copy in a vAX vMS cr-cruscer enviroment and an appricacionwhÍch uses sewerar different computing elements in a mur-ti-wendor network.

BACKGROUND AND HISTORY

The TNO Physlcs and Erectronrcs Laboracory (FEL-TN.) is parc of Èhe Netherlands.rgânizarion for Appried ScienÈific n.se"í"n TNo. The principar conrråcÈauchorities of the FEL-TN. are che Netheriands Ministry of Defense and cheNetherlands Armed Forces. The laboraÈory 
"iro does research for civil-

rÈner_in ESPRIT and IEpG programs.
arch (sirnulation, evaluation, analvsis
È and Information TechnoLogy (CzI,
nsputers, Al, trainers, security), Radar
Èics (Iaser, LIDAR, renot. 

".rri.g,

About 4 years ago, rhire. working on studies on performance an. on securiÈy ofLocal area nerworksz'J, borh 
"rõhorr.f;;i" paper gor the idea Èhar ir wourd befeasible Èo moder operaÈing sysÈems in the sane way as has been d.one vith openneÈworks using Èhe ISO/OSI moãel.

As Èime venc by, we found nore and more ewidence from market direcÈions in thecompuÈer induscry and from narkeÈing sl0gans Èhat nany vendors were and are

#ii::.i:::.the 
area or network 'iã';;;i;"tions análor rhe area or portabre

ât our, stiII mental, rnodel fitted well
eoreÈical basis behínd d.evelopments assten (NCS) and so on.
in developing applications in our om
noL have exisÈed in such a user_

THE ISO/OST MODEL

IÈ is assmed thaË you_all know the layers 9f Èhe ISO Open SystemsInterconnecrion (OSl) Basic Refere.." úoA.t4 as shom in figure l.

Figure 1: Ihe ISO/OSI model

The completion of one or more sEandards for each layer leads to plug_and_p1ayIayers Èo inÈerconnect open sysÈens. The main purpose of Èhe model is Eo arroweasy and reliabre comunication betveen applications on distinct systems. Therso/.sr nodet has proven ro be successf"f i" i;;;;;;";;.;i;;^;iriá"rio., ,,a
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syscens with different archiEecÈures.

what is not included in the osl model are the ideas and needs of the oucsid.e
worrd. Thac what users call 'apprications'. This is what che application layer
is inÈerfacing with.
rn the resÈ of this paper we will refer to 'applications' when we want Èo refer
to applicaÈion interfaces provided by (open) sysÈems as werl as apprications
which can be seen as sÈandard delrvered operattng system utillÈte;. rJhen we
refer in Èhis paper to ,user applicaÈlons,, we will refer to applications
writÈen by the user to i-nÊerect with Èhe outslde world making use of both
applications (-utilitíes) and application inÈerfaces.

needed. Keep this in nind, we will come back to this later.

At the botÈom end of the osr model, an enwironment can be found which ts parc of
che rear-life world, in which one finds an infrastrucÈure capabre of ,scori.g,,
cransporcing and'reErieving' daÈa. NoÈe thaÈ we here describe che functionai
åspecÈs, raÈher Èhan the narrow osr funccions of connecting one system to
ånoÈher. From a technícar point of vielr Èhe osr model seems to be sÈructured
boÈtom-up: sÈarcing with Èhe physical layer where the connecËing transporÈ
medim can be found, signar descriptions and prococors capable ãf transporcing
data packecs are added on top of thaÈ. The next rayers include arternate pach
serection, error recovery and so on. Arr this deals with Èhe rear biEs and
bytes, racher rhan rhe high level abstracÈion of dera and. contror infornation-

OPERATING SYSTEM MODELS

Hardly any globar moders concerning operaEing systems can be found. in the
I'iEerature. The only model we found is a model of a discribuÈed sysEem
erchitecture usíng only four layers: appl!catÍon, disÈribuEed operating sysEem
services, oS-kerner and hardware/firmware>. Nearly every vendor uses his own
scrucEure in Èhe deweÌopment of operâEing sysÈems. unEir several years ago chis
worked well. However, when new feacures had to be brought inco thL operacing
systems, Èhe operating systen strucÈures turned ouÈ to be less solid and
straighÈforward chan Èhey should have been.
Examples thac clearry demonstraÈe this are the way necworking and security
features have been 'Iayered onEo, the ,old' operating syscems.
rt is werr-known thât many security breaches origínate from this 'layering onto,
operaring syst,ems not designed for security. Tbe only proper way of incluãÍng
securiEy into operating sysÈems is to incrude the securiÈy feacures into the
kernel of the operaEing system, controlling rogical streans which cannoc be
overridden.
AnoÈher exampre is Èhat most probrens that users meet in using neÈworking
inÈerfaces, sÈem from the structurar and phirosophical differences in ch- way,
for instance, che file system is addressed, eíther locarly or via the necwork.

During the last couple of years, users, application dewelopers and system
administraÈors in multi-vendor necworks, feel the need for a uniform rook at
operaEing sysEens- This need emerges in the drives for comon appricaEion

interfaces and comon apprications (e.g. cArS, pcrE+, rEEE posrx, x/opEN, osF),for the same touch and feer on systems of different vendors, operating systems
and/or capabiliÈies (rBM's systems Applicarion Archirecrure (sÀ¡), X-windows.
OSF/MOTIF, RPC, DECWindows !o n¡me sone) as werr as rhe need. for stand.ard.
networking.
This to creace che transparent computing enviromentr the micro to supercompucer
growth path, network fusion, DEC,s NeÈwork Applicacion Support (NAS) and IBM,sstandard appricaÈion strucÈure (sAA) and so on, for deveròpers, programers,
adminfsÈrators ånd, of course, the users.
AÈ lower revels even stândards for comon binary inÈerfaces are discussed
(Application Binary rnterfaces or ABr) which arlow apprication porÈing beEween
systems with the same Èype of processor.
The reasons behind these directions and deveropments are that software
developmenc as werr as user Eraining cost a lot. creacing porcabre sofÈware
means thåÈ one can move che application from one piece oi Àardware co a norepowerful onc, wlthout lnpact on eitlter the appllcatlon codc or the user
fnterface.

Figure 2: The 0SI model ancl the Operating System cloud

THE FEL-TNO UNIFORM OPEN SYSTEMS I.fODEL.

Did you hear a carl above for scrucEured design? whaÈ abouE a top-dom d.esign in
a layered manner? rf so, which layers? \rel-r, 1ec us take a crose Look again ar
the well accepced lSO/0SI basic reference modela.

lnrhen we studied the ISo/osr model, we found in the text of the stand.ard that
rso/Osr explicitly precrudes any inworvemenÈ wiÈh operating systems: "osr is
concerned with the exchange of infornaEion between open sysÈems (and. not Èhe
inËernaL functioning of each individual sysEem)" as well as ,,Any other aspects
of systems which are noE related to inÈerconneccion are ouÈside the scope of
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05I"6. ISO/OSI seems to regard operating sysÈens, disks and media as a cloud
which Ínteracrs wich OSI in a way not to be discussed (figure 2). Nevertheless,
OSI defines sone standard applications noÈ only to be used for networking. A1so,
che OSI management services interact with the real (operaÈing system) world-

Figure 3: Shared disk in the Operâting Systems model

0f course, OSI concentrates on interconnection of (open) systems in the sense of
daEacomunicacion. But we asked ourselves the question what is the big
difference between a coax cable connecting Èwo so called open syscems and, for
inscance, a disk shared by tuo ÈighÈly coupled syslems exchanging data beÈween
two applications? çtry are Ehese sysÈems not considered Èo be open?
l,traÈ about disk servers and disk cluster systems? IJhaE about â magneÈic Èape
moved between Èwo sysÈems? And whaÈ about the parallel Easking on multiple CPU,s
synchronizing viâ a comon bus or a semaphore nemory?
Our conclusion was that lhere does noc exÍst a principal difference.
Then the following step was taken: we modelled an operating system prococol
sEack in the same way as thc OSI protocol/Iayer stack.
In figure 3 it is shom how disk sharing becween two applícaEions takes place in
the six operaÈing system layers below the applicacion layer, called che OS
protocol stack for short.

OSI NETWOBK EQUIP¡,4ENT/ MEDIA

In Èhe Os-stack the appllcaÈlon tnterfaces canbe recoBnlzed, at Èhe topr anð.
going dom, layers prowiding for instance encryption, database sewices, d.isk
striping, device drivers and inteÌIlgenE contsrollers, media and equi-pment-

Now, another step will be taken. LIhy should a disÈinction be nade beÈween rhe
operaÈinB system serwices delivered aÈ the border beÈween the applícation and
the presenËacion layers and the neÈwork seryices delivered by ISO/OSl as shom
in figure 4 ?

As layers viÈh Ëhe same kind of functfonality in boÈh stacks can be recognized,
it is obvious ÈhaÈ we joined boÈh stacks into one new: the Osl-stack, where OSI
can be seen as an acronym of Qperating q¡stems and nedia Integrated (figure 5).

We called this conceptual model the "FEL-TNO Uniforn Open Systems nodel".
Uniform because it integraces opereÈing systems, open networks and all kinds of
informaÈion containers (media) in one single model.
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FÍgure 5: The FEL-TNO Uniforn Open Systems model

hIIAT IS THE BIG DEAL ABOUT THIS MODEL?

Uell, nothing really new you say. It is so obvious ÈhaÈ you understood ic from
che very beginning. And rhinking a little bic longer abouÈ iE, you will say: "I
am using EhaE model in ny everyday business, although I was not aware of a model
behind ic!" Exactly, Èhar is the big deaL!

Lec us reÈurn co someEhing said eârlier. Looking at the model from the cop,
users wilI use appl-icaÈions and proÈocols only for the benefits of naking use of
appli.cacions in a network of open sysÈems. The same users will onl]¡ be
intcrested in tl¡e services provided by the stiandard applicaÈions in the
app)icacion layer and the capabilitles whfch can be delivered by the (open)
r;)'s1('m coilrl)oncnts ilr thc neCwork. Wc recognlze llerc thc top-down approach.
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Figure 4: OSI and OperaCing System stacks.



THE DESCRIPTION OF THE IAYERS

For those who like to know a rrEtre biÈ more abou. the precise descrlpÈion ofÈhe rayers and whaÈ kind of current defåcto or internacionar standards, producEsand progran modures can be identified to berong to a layer, a descrlption ofthese layers is given below. As safd before, we regard Èhe apprlcaEion rayer asthe mosÈ imporcanÈ one. Therefore, we s.arÈ with tte oescription of thac rayer.
The Applicarion layer (layer 7)

Exampres of groduccs and standards at Èhis rayer are the osr standard networkapplicarions/ (¡r¡ls (¡r¡p), vrp, JTM, rre¡1, ¡r's). De-facro srandards as FTp, NFSand sMTP, arl beronging Èo Èhe Tcp/rp suite, can be thoughc of being praced heretoo.

2 JIM'. Sysrems Applicacion Archirecrure (SAA).
IBM has spIít SAA inÈo several conponents:

Comnon User Access or CUA: d.escripclon of worksÈaEíon funcÈionswindows and function keys) and thå uniform presentat.ion of thesystem to the user.

(menu's,
SAA

4 Graphical and database interface standards and their specific ranguagebindings (PHIGS(+), cKS, SQL).
5 Il9l d¡ive for a srandard Operaring

(0SCRL)"' This srandardfzacion effoit
violence of the X/OPEN, OSF and Unix
sysÈem and lnterface standardizatíon-

The Presentation laver ll¡ver Á\

Ihe session layer provides services to
(applications) as weIl as services Eo

servÍces (flle server) will be made

System Control and Response Language
drive seems Eo have died in rhã

InÈernational drives for operating

The main purpose of the presenÈation layer is Èo provideapplication Iayer, which allow ro pr"r"rt (Cransform) thedata structures inEo pieces of infãrmation being used byvice-versa. Ac Èhe same time, cþe presencation iayer wÍilservices (e.g. confidentiâIity)v.
Examples are, for instance, the ÈransformaEion of EBCDIC íntoof nan-machine inÈerfaces (windows) , Ilbrary files and recordformaÈting (Poscscripc) and data format coníersion (e.g. ODIFLower parÈs of the X-Windows Xlib Iibrary can partly be foundEhe session layer.

The SessÍon layer (laver 5)

services to Ehe
applicâtion specific

the system/network and
provide securicy

ASCII, che supporr
Cypes, page
to Pos EScripÈ)
here as well as in

of.requescs by rhe presentarion layer. ñ.esources will t. ,.r".r"a 1ãl!.=unit, CPU, menory) or locked lrecoia in a datåbase) and connections wÍch

conCrol the sEart of processes
synchronize and guard Èhe proper execution

a tape
o ther

shutcing down at the session rayer is more comprica.ed as files have to beclosed, accounting information needs co be collecced and reserved resources haveto be returned. rt is even nore compricated when one of the peer connectÍons ofthe sessi.on Iayer breaks. Decisions about Èiming-out, sending terminaÈÍngsignals co che applicacion and. so on musË be made.
For the presenÈation layer, the session r-ayer guarancees a synchronized, errorfree exchange of infornation wíth the equiíarent peer preseniation rayer.Notice that sessions can be nested. The access to an external database Ís asession' This wichin a session co connecÈ to ânother system within a sessionbeEween login- Iogout.



---r{the lransporr laver llalyer 4)

The transport rayer rerieves the session rayer of sorrows about the underlying
hardware. The higher rayers do not even need. to know which hardware componencs
a¡e available.
For instance with hierarchi.cal flle systems, iÈ is lrrerevant for the hÍgher
layers how neny remoÈe (serued) dlsks, local disks or memory mapped dlsks are
available and which one is currently being used..
Transport míghE be able to support disk striping, to stage file data fron
secondary to prinary storage and to handle disk overflow situations.
For printer services, Èransporc sel-ects the first printer in the neÈwork chac
becomes free and has the âppropriate forms and other property settings.
For serving a CPU schedule requesE, Èrânsport could schedule Èhe most
appropriaEe processing unit, which either night be a speciar d.aÈabase processor,
a vector processor, parallel execution on multiple processors or an n_
dimensional hypercube.

Example: A parÈicurar request for a file operatÍon will be translated lnÈo an

standards at the transporÈ layer incrud.e, for lnsÈance, Èhe uNrx srREA-Ì,{s
Transport Level lnterface (TLI).

The Network laver (layer 3)

The network J-ayer relieves Ehe transporÈ and higher rayers of the need Èo know
Èhe exact location of the devices and the routing co ràach such a location.
Access conÊror (by peer) se¡wice and connection confldentiality takes place ât
this layãry'
This rayer has, for instance, functlons to Èrânsrate virtuar dlsk nanes into
real disk addresslng lnformatlon. NeEsork mfght flnd ouE that a ftre fs rocated
on a served disk. Network virr then send a request to iÈs peer network rayer at
Èhe fÍle seruer systen, whích in turn prlvides Èhe requested servlce.
Another example is the virtual tape capablrity whrch some systems offer- Afcer
requesÈing a Èape, Ehe sysÈem completery copies the tape to the dlsk subsysten
and unloads the tape. For writing, the process ls reversed, the tape ls written
ac Èhe nonent that rhe applicaÈlon sends the slgna|unroad/reEurn tâpe,.
A welr-known exanple is virtuar memory. The application thinks in terms of a
Iinear menory, while Ehe network layer naps Ehe nenory in a paged physícal
nerory, which has a llmlÈed capaclty. Thus the rlnear applicâtlon memory can be
found scattered across cache, rear memory, virtual disk and physicat disk.
The network layer provldes the route of units of lnfornatlon through the system,
network, equipment and nedia. The old narne of this layer before th¿ osr moder
was sÈandardized: 'routinz layer', describes even Dore accurately Èhe functÍons
of this Ìayer ln our model.
The units of lnfornatlon are lndependent of both the devlce and the higher rewel

fnformatlon stlucturè. For exampAe, the
character, a record or a part of a flle
opEical or solid sÈaÈe dlsk, a tape oï
is(are) inporÈant co rhis 1ayer.

The Data Link laver llaver 2'l

d,ata uni.ts El-ght e!.ttrer be a sang.Le
betng sent' e1.ther to a uagnetieal,
a fl-oppy. OnIy the route(s) to rtre dewice

sEandards which appear at chis rayer are for insÈance the rEEEgo2.x standards
and the sysEem interface parE of the snall conputer sysÈems rnÈerface (scsr).

APPLICÀTION IAYER
OS comands MHS/VTIFTA.I{

wlndows/dbms/graþhl'cs Iibs
apprrcac].on rnÈertaces

PRESENTATION I¡,YER
EBGDIC
wfndow nanagers (XItb)
ODIF/Pos tSciipr

SESSION IAYER
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Iogin - logofÏ

(xI ib )
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logical__file-- nediun nap
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Figure 6: The layers of the FEL-TNO Untforn OS nodel



The Physical layer (Iayer 1)

The physical layer wriÈes and reads infornatlon xo/from a mediu in an
electrical, nechanical, rnagneticâl, opticàI or other r{¡ay. The physical
componenÈs process an infornacion (bít) stream aÈ the top end. At the bottom
end, the information is puE in elecÈrical, magnetical or signals otherwise
deEectable. Beside passive components (read-nany, wrlce-once), acÈive componenÈs
can be found which allow multiple reads and (re)writes. A CPU for lnscance can
move daCa beÈween lnput regÍsÈers and ouÈput reglsters, whlle modifylng che
informaÈion stsream.

At this layer we find both the Eedia characterisÈlcs (e.g, disk slze) and the
physical characÈerisÈics (e.g. formatting, defective secÈor mep, þ9¡g Èo access
the media). IriternaÈionally accepted standards at this layer are: FIPS-, SCSl-
and other channel inÈerfaces, coax and fiber-opÈic cables and media sÈandards
(sizes, fornatting) for tape, floppy and disk.

AIl this infornation on the specific layers ls brought together tn figure 6.
Most of the OSI protocols are not shown 1n the layers to keep the figure
readable. Ttre sinilar approach to devices fn comparison wlth the OSI network
will be c1ear.

EXAMPLES

Exanole 1: Renote disk in a VAXcluster enviroñmèñt

The DEC VAXclusEer features are a good example Eo demonsÈråce the model. A VÐi
sysÈem, caltred CLIENT can nounÈ and access a local disk at ãnocher VAX syscem
(named REMOTE) via a CI-cluste! connecÈion. Files locaced at Èhe remotely
nounted disk are accessed by VAX CLIENT in Ehe same way as files on disks which
are dfrecÈly connecÈed to CLIENT.

Ltren a user enÈers the following comand in his sesslon on VAX CLIENT: COPY
IocaI-file CLIENT$DUAn:remote-flle , the following processes are scarÈed (see
figure 7):

1 The COPY comand verifies the existence of the local-flle by asking the file
sÈatus Èo the file systen. This ls done by trylng to open Èhe local file via
a $oPEN call. As a resulÈ of Èhis $oPEN call, che VAX VMS sysrem derermines
aÈ che ÈransporE leyer (layer 4) Èhat che flle belongs Èo a locally
connecÈed disk. The flle sysÈen Eables are accessed Èo deCermine whether the
file exlsts ånd whether the file permlts (UIC's and ACL's) granÈ permlsslon

2 The COPY comand tries to find ouc che sÈaÈus of the to-ftle by opening che
to-file via a $OPEN call. The transport layer decernines ÈhaÈ che Èo-file is
Iocated aÈ a disk connecced to a renoÈe system (scep 2a). Thus transporE
opens the peer-Èo-peer connection wiÈh the remoÈe system (step 2b) using an
ancillary control process.
Note thaÈ when the two sysÈems were booEed, Èhe CI-cluster drívers were
sÈarÈed, which established the 'mount' Èables, reserved buffers and mainEain
checks for system health.
The transporc peer-Èo-peer connecËion prowides Èhe informacion flow fron the
peer connecÈion (on REMoTE) with respecÈ to the mounted disk scatus and
services the remote mounted disk accesses.

3 After checking the validity of the Èransfer, COPY starts reading of the
local-file using QIO's. The local-file daÈa nighÈ come from any local
device: (opÈical) disk or tape.
In Ëhe same way, data sÈreaming inEo the system via neEwork connections

(e.g. DECNET or TCP/LP' s FIP) can be thoughr of providing dara, if we ignore
for a momenc the peer-to-peer processes which are also preserrt for that daca
transfer. ldhen Èhese Cype of connections are modelled too inÈo the same
model, the CLIENT system receiving the date can be regarded as a re-
lay/routing processor.
COPY copies che local-file data Èo Èhe co-file using QIO,s. The dara file
formaE may be converted ln case of a COPY to a differenc file formac.
The write QIO's result in data being províded to the Cl-cluster. As the data
ls not intcnded to go to Ehe cluscer disks, but to the connected VAX REMOT0,
the drlver CNDRMR 1s selecred by the class driver. This CNDRIVER will co-
operate with another CNDRIVER et sysÈem REMOTE. NETACP will concrol rhis
process a! the transporc layer.
The data blocks whích arrive et system REMOTE are transported Èo memory
buffers.
As a memory buffers is filled, ir wtll be emptied ro rhe local dÍsk at
sysÈen REMoTE by the I/O control processes running at Èhat system.

System CLIENT Systern REMOTE

Figure 7: COPY via Cluster InÈerconnecc (CI)

It wÍ11 be clear that thcre doesn'c exlst a prlnclpal diffcrence on V^X systcms
beÈween local and remoce files. Only some reÌ-ay/toucer hops hawe to be taken.
In the same way as with Ehe OSI layers, it is possible to exchange Èhe lower
layers (driver and equipment) with other proÈocols and media as for insÈance
DECnec in the form of Local Area VAXcluster (LAVC), Remote Management Services
(RMS) or FDDI in Ehe future. This allows loosely coupled VAX systens Èo act as
file serwer.
Talking abouc the transport layers for remote file access, Èhe transport layer
ac Ehe controlling system might negotiaEe in the peer-Eo-peer comunicaEion
that, for a COPY comand with both the 'from' and'Èo'-files located aE disks ac
lhe remote system, Che actual copy compleÈely takes place aÈ the server sysCem
under (transporE) conErol of the controlling sysÈem without using the network or
CI-busses for transferring daÈa.

COPY local remote
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'ât Èhe lNo Physfcs and Eleccronfcs l¿borâÈory, pc's and Efnfco'puÈers ere usedfor controllfng experlnencs as well as for càllectlng daÈa from chese
experínenÈs, In Eany cases, the amounÈ of processlng Ínvolwed ls Èoo much for
Èhis Ëype of conpucers.
In one case, the followÍng applicacion had to be deweloped:
- collect neasurenenË data åt a pC (or miniconputer)
- move the date to the nainfråme
- save the data on tape
- add Èhe data Èo a daÈa library
- extract information, including the new data, from Ehe data library
- make an analysis of the serecEed data on a supercomputer (nmeri.c inÈensive

work) and produce an file with graphical information
- poscprocess the resulting graphical data on an image processing station

connected to a VAX-
A block diagram of these steps is shom in figure g.

final graphical postprocessing.

It is obvious that Èhe desígn should strive for the reast possible user in-

Even an automacic display of che resulting dâta can be organized by ac¿ivacing a
daemon on a uNrx or ULTRTX workstation which stârts graphicar procàssÍng r. .ão.
as a cercâin fíle has been received via for instance DECnet, NFS or FTp from
another system in the network.

AlÈhough Èhe Eodel currently ts only
you thaÈ lt ls very waluable when one
in a multl-wendot envlroment-
I"le will reflne our model when time allows us to do so _TNO
securicyrr{sk analysis nodel for systems in a local a
extended'''. Security rlsk analysis of a 1ocal or eve
where both network and operating systems Èhreats and y
using one single model, looks very pronising.

CONCLUS ION.

At first glance, the steps we took to exprarn the model to you seemed to be very
obvious- But when you rearize what the poÈentiars are of chis FEL-TNo uniform
open sysÈems model, we are almost certain thac you cannoÈ vait co sÈarE
developing your om new network-wide applicatlons.

And last but not least, we hope to have given you a valuable background for
understanding and evaluating Èhe forÈhcoming changes in technorog! which lead to
real Èransparent network-wide user applications running ot 

"".,r".ãi 
processors.
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