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Chapter i'

e ’ What is CPN

CPN is a microcomputer network servicing the first and .second
yvear students in the Computer Science Department at the Univer-

-
sity of Ottawa. As opposed to being an "off the shelf" product,

o satisfy every type of user's needs, CPN is designed
specifically to meet the requirements of its users. These re-
.quirements are based on the first and second year courses as

specified by the department's curriculum committee.

The network consists of diskless workstations linked together "in
a network.to allow the 'sharing of printers and Winchester (hard}
disks. Students have their prlvate area on the W1nchester for

storing their files, and are "ot bothered with floppy disks.

The workstations are running the CP/M operating system. CP/M is
a simple yet dopular operating system, and this provides a base

4
on which to run a wide range of application programs.



1.1 Network Organization. There are several ways of viewing the
network. In some respects, it is a single network: every work-
station is linked to a fileserver, -and the fileservers ave all

linked together. To the students, it appears to be two networks:

a first year network and a second year network. Even though all.

workstations are physically linked together, the software does

rot allow -£irst year students to use the second year work-
stations, and wvisa versa. Finally, 'it may appear to be five
networks. There are five fileservers and a string'of work -

stations is connected to each. . For our discussions, we will

consider "a network" to be a single fileserver and its-printer

- 4
and workstations. ‘ T
i .

Fileserver
network

Workstation »
network _ . -

- fig. 1.1 o

‘Physical interconnection

@



Lets now look at the five networks. Each of these networks is
identified by a colegr. Two of the networks are for second year
students, and Fhe other thrée are for the first year'Stddents.
Baqﬁ?iﬁrst yvyear network has 14 workstations on it, and each one
for t?g second year has 19. There is no ?ggical reason for this
choice of numbers, iE/LDdtially came from th; physical oégani-
zation of the first year room, then éxpaqding the lab to second
year, and finally finding cut that more wbrkstations were needed
for second year thaﬁ had been expected. What is really important
is that we want to have 42 workstations fob~the first year.
students, and 38 for the second year séudents. These numbers
come from the number of students and the expecteéd amount of work

per student. The networks are sumharized in table 1.1

NETWORK Year - . Number of workstations
BLUE 1 14:;
ORANGE 1 14
RED 1 14
VIOLET 2 ) 19
GRAY 2 19
Table 1,1

fetworks Size and Colours

Each of these networks has one fileserver and one printer.  The

fileserver contains a Winchester disk which stores the appli-

- —

cation software and is the permanent—storage area for the stu-
dents' private files. Each student: is given a certain amount of
space for their files. The amount of space is determined by
dividing the total amount of space available bf the number of
stidents. We basically let them éhare a{}:the spacé. It comes

to about 100K bytes per student.



Initially, - these five networks were independent. A student

-

having an account on one network, and would have to find a work-

station on that network. This caused several problems. At -

]

times, one network may have been relatively empty, yet a student
would be unable to work berause his/her account is on a network

that was full. More serious problems would occur with second

year students taking several couises,i.There are scheduled lab

times when students are gdaranteédftohbéve a workstation. There

1R

is a good chance that in each scheduled, lab several students

couldn't get their workstation, .7

Ly "
Because of these problems, the fileservers were linked together.
This link is a sepejrate wire. Data transmitted from a work-
station to a fileserver does not travel on this wire. Connecting

-

the fileservers-made the five networks into a single network. A

student could log on at any workstation and access his/her files,

This linking together of the fileservers gives us anothermway of
looking at the network(s). In talking about the network, it
often makes things more simple if we consider EWQ.types of net-

works: the workstation network, and the fileserver network. We

have five workstation networks, and one fileserver network., The
two types are.phisically seperate, and the information traveling
on them is different 5s'weli, so we are justified in thinking of

them as they are seperate networks. S ;

On the workstation network, each workstation can"only communicate
with the fileserver. This restriction is imposed by the soft-

ware, and not the hardware. Although it is physically a bus



organization, logicgily it appears to pe a point to point scheme
organized in a star, with each workstation communica§es only with -~

" its fileserver.

The fileserver network handles only requests from .one fileserver

to another fileserver. User reguests are not passed directly to
another fileserver, but are first processed by the locél file-

server, and the request is only sent to another fileserver when
4

absolutely necessary.

Tge only time the fileserver network is used is for accessing a
student's files. 'Systeﬁ'softwa;e and printing servicés are per;
forméd_on the local fileserver. As was mehtioned above, students
fdr a given year should use their own equipment. First year

‘. - . . . .
users arée prevented from logging on in the second year room and

visa versa. Only privileged users have total network access.

—

1.2 Workstation Hardware. The worﬁstqtions are DY/4 Challengers,

the fileservers are a /4 Orion VIs, and-the printers are Data-

south 180s., The compyfers are STD-bus based machines.

Each challenger contains oards: memory, CPU, and a communi-

cation card., The CPU board contains a 280 CPU, S10, and CTC.

The SIO has 2 channels which are programmed for asynchronous

serial communication. Channel A is used for readinyg from the

keyboard and writing to the screen while channel B has R5-232

drivers and is attached to a 25 pin connector at the back of the

.

machine. The CTC and channel B of the SIO are unused by the

operating system and:-are often ué?d by students for assignments



on interrupt handling and machine communications The memofy card
coﬁtains 256K bytés of banked memory. The communication card has
a Zilog SIO and DMA. The SIO is connected to the line using a
mod&fied RS-422 protocol to drive the line. Standard RS-422 has
a transmit pair and_a receive pair and, thérefore, cénnot handle

multi-point communication. On our cards, the transmit and re-

ceive pairs are wired together as are the transmit and receive

-—

‘clocks. The communication is, therefore, half-duplex over two
twisted pairs, Becausé og the DMA, messages can travel at BOOK

baud. They are sent using the HDLC mode of the SIO chip.
L]

The fileservers contain similar CPU, memory, and communication

cards. Channel B of its SIO is connected to the printer. In

addition, each file serger has a 20M byte Winchester disk, and an
8 inch floppy. The floppy is used for back ups and obtaining

distribution software. It is not accessible to the students.

1.% Workstation Software. CPN does not stipulate what softyare
shodld run on the workstation, The workskations could be rumning
any popular microcomputer operating system, such as CP/M, MS-DOS,
UCsD, etc, CPN gives the User a virtual disk on the fileserver.
The user may format this virtual disk any way.{s)he likes. The
fileserver need no£ have the same structured file system as the

workstation.

Although CPN imposes no restriction on the type of software run-

ning on the workstations, they currently are all running Digital

Research's CP/M operating system.

e' Y



CP/M is not a pafticularly well organized, bug free, or user
friendly o.perating system, but it is simple and has so far proved
sufficient for our needs. CP/M

- provides a base on which runs our required application

software,

- is simple,

- is easy to improve bgiaddrﬁg some additional programs.
In addition, at the time of setting up the lab, the 16 bit

.— microcomputer operaging systems were not too well establiéled.

CP/M was.more established, and is still the most poﬁular

.- : b
 ating system for 8 bit machines. There is a3 wide choice of

application software available which runs under CP/M, and we have -
had no problem obtaining compiler® for Pascal,'COBoL; PL/1, etc.

as well as LISP and Prolog interpreters. There is also a)variety

*

oﬁﬁfupport programs, such as editors and work proéessors.

¥

. The application software that is running at the workstation is:

—.Turbo Pascal,

- Digital Research's PL/1,
- Microsoft COBOL,
- - Nevada Fortran,
- 6—80,
- Micro~PROLOG,
- stiff-upper LISP,
- WordStar (For word processing),
- WordMaster (For program editing).
'

In addition, there are other utilitieg such hé\gpreadsheets,

‘databases, etc. that may be put onto the system if needed for

-



special courses.

L

All editors { Turbo editor, WordStar, and wOrchiﬁéér) use the
same key strokes for the basic cursor movement. This is so that

the students would not be confused by having to learn several

editors dependijg;ﬁh’the language or system they use.

1.4 A student’s view. What is most important is how the network
. - L]

appears and performs from the user's point of view. We will look

./ —at a typical student session.
4

BefRQre even starting, the student has documentation available.

The CPN User's Manual is available to the students. This is a

»

lov cost manual written expressly for the students. It contains
all the information that they need, in a clear concise format.

It is not writteb'at too high or too low a level.

.

On entering.the lab, the student sits down at a work station and
pﬁshes the reset button on the back of the machine. (S)he is

immediately prompted

»

Boot from network (Y/N) ?

A network boot includes logging on and initial loading of the
application software. - Initially the student must boot from the

network. After responding yes, the student is then prompted for

a userlID and password. Assuming that these are entered correct-

ly, the ;ollowing menu appears: .



The following systems are available:

A) Assembler

B) Pascal

C) PROLOG -
D) LISP . _ "
E) PL/1

F) COBOL )

G) C i .

H)Y ADA

I) Weekly special

Z) CB/M only

Enter desired choice:

The student then chooses the language (s)he wants, and the load-
ing of the necessary programs begins. The corﬁpilg_r,' linker,
editor, runti_n;e systems are all loaded. The amoun't;:'c;)f Itime to
load depends on the size of the system being loaded ar;d the load

on the network. -Table 1.2 gives some épproximate load times.

Language size (K bytes) time {no load) time (load*)

Pascal ‘ 72 7 sec. . 38 sec,’
LISP 52 ’ . 6 sec. 30 sec.
COBOL ‘ 180 14 sec. 70 sec.

*Load means printer is printing and 9 stations are loading
the same system. - o
Table 1.2

Approximate load times

-

After the appliclation software is loaded, the workstation's
operating system and a boot block for' the RAM disk is loaded.
The 'workstation then perfgrms its boot and the student is sitting
at a CP/M machine. .

. ~

¥

This CP/M machine gives the student three disks. The A: disk is

the primary working ‘dis?c'. It is a RAM disk and is very fast.

Y./



The B: Eisk is the student's private disk. After working with

the files on the A: disk, (s)he copies them to the B: disk for

permafient storage. The C: disk contains some less often used
applicaftion pfograms as well as files required for particular
course, Fo¥ example, a professor may tell the students to run’
their program using a special file for input. This fila.will be

found on the C: disk,

In the cour e-of their working, the student may get the machine
into.an e ess loop, or an array may go out af bounds destroying
part of the 6perating system. This will require the student to
reboot the worksiatioﬁ. Depending on the amount of "damage" tﬂey
did to their machine, therg_are several paths they may take to

reboot.

The most~basic reboot is the non-network reboot. There is a boot
block and a copy of the operatiqg system Kept in men;ory. This is
in banked memory and is not normally accessible to the processor.
When the student pushes the rifet button and énswers "no" to the
boot from network prompt, the copy of the operating system is

copied into:-the processor's memory. This reboot takes a small

fraction of a second, and will recover from most problems a

-.student runs into.

N

if éhe'student's program was swapp&ng in and out banks of memory
{this gill only happgr if they have an assignment on banked mem-
ory}, or if a wil ;ump as pertormed and it happéned to end up
in some part of the opetating system that manages the banked

) _—
memory, there is the chance that (s)he’could have destroyed the



boot block and/or the back-up copy of the operatiﬁg system. 1In
this case, the student can perform.a "short logon“; (S)he sel-
ects "CP/ﬁ only"” from the menu of choices. This type of logon
‘will tak€ about 3 seconds, not counting the amount of time re-
guired for the student'Eo enter the userID and password, This,

causes the copy of the operating system in the banked out memory

-

to be replaced.

-

Now that we've lookéd at logging on and reboots, lets see what is
done once the student has logged on and is working. The student
then uses the COPY command to transfe? a file from the B: disk to
the working A: disk, (S)he may then work with this file, and no
network accesses are reguired until it is necessary to either

print the file, or to save it back on the B: disk.

L4 -

Printing services are also deéidned for a student environment.
The ideal listing for a student to hand in,cdqtains the soufcei)
compilation, and running of -the program on a single 1isﬁi;3.

!

This shows the marker that the sourcé listing is the same as e

program that was run(, The student issues the command SPOOL CON
which causes everything written on the screen to be transferred
to the printer as well. The student can then compile the pro-

gram, type the liéting, and then run it, producing a single list-

ing to hand in. .

After issuin& the SPOOL CON command, the screen goes into inverse
. video so that the student can easily tell that printing is goling
on. Without this inverse video, a student may forget that the

-

screen is being transferred to the printer, and send an entire

11 :
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work session to the printer. The student also has a command tgn

kill the spool file if (s)he accidentally runs a program with an

' endless loop in it while printing.

Finally, when the student is finished working, (s)he transfers
his/her file from the A: disk to the B: disk for permanent stor-

age, and issues the LOGOFF command. The LOGOFF command erases

tHe student's files from the A: disk so that another student

 cannot come by and perform a short logon to steal them.
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Chapter II

Requirements of the System

4
CPN was designed expressly to suit the needs of the first and

second year students in the Computer Sciencg Departmeht at the
University of Ottawa. Before looking at the design of CPN, we
will examine these regquirements so that we w?ll be able to see
how they influenced CPN. It should be again mentioned that these.

uirements come about from the courses given. These courses

.

werd decided on by the University's curriculum committee and do

n necessarily represent the requirements ﬁt all universities.
J ) ) . -

r -

1

~
[}

2.1 Academic requiréments. The computing needs of first and
second year computer science students are different than the

Al

needs of other disciplines or real world users. Computer science

students need a wide variety of capabilities which must also be
very flexible,

s .
The first year reuirements are very simple. Courses are in -

problem solving and programming. There are not many demands on a

system to satisfy their needs. A friendly well documented oper-

ating system, editor and a high level language, such as Pascal,

'y
-

13 -



et

The compiler (or interpreter) should produce good diagnostics for
compile time (syntax) errors, and there should be a good runtimg
system to aid the student debugging his/her program. Since the
programs written are not for production, there is no-need for an
efficient or optimizing combiler,a fast one is preferable. In
addition, there should be a word processor. Since word proces-

.

sors are a result of the "computer revolution", it is fitting
3 . ’ : A
that computer science students should be doing "written" assign-

ments on them.,

Second year requirements are more complex. They fall into the

followihg c:;?ggfies:
~ algorithms,

- proygramming languages,

- ’

- machine architecture, =~ <

- introduction £§ operating systems. -
A machine that satisfies the first year students would also sat-
isfy the needs for an algoritbm course provided that the language

has sufficient constructs, since more featureﬁujeg. dynamic stor-

age, pointers, etc.) are needed,

The needs of programming language courses generate other prob-
lems. There must be a wide variety of programming languages
available on the system such as PL/l, Ada, Prolog; LISP, etc.

Flexibility comes into play here. As new and different,languages

r

are invented, they should be quickly available for the system.

bl

This implies that the operating system running on the machine

should be a popular one.

14@



Courses in machine architecture or design, if not taught com-

pletely theoretically, ire/a machine on which the students

ot
can get at the hardwérg. They should have access to devices on.

the system to experiment with, for example, to work with inter-

rupts, or program asggdmunication port, etc. Th¢woperating sys-
tem must allow the'students‘to get at the hardware. There 'is
‘-another requirement for the system which is implied wheh low

level access is given to the students: Accidental or ‘intentional

[}
—

mistakes at this level (or any level for that matter) should not

. i :
cause it to crash affgcting other users.

- )

Introduction to operating systems courses, as well as having the

-

same reguirements as the architecture courses, reguire an oper-
atimg system that is easy to communicate with.: At this level,
th student should be learning‘what services the operéting‘system
can provide, and how they can be used. The student shoﬁld not

have to be bothered learning complicated details and linkage'

protocols before being able to do any work pertaining to the

course.,
The system must be secure. n addition to the area mentioned
before (Students not being able crash the system), there must,

be protection against copying files for the purpose of cheating.
There.must also be a way to_limit resources. We should be able
QEJErevent a student from accidentally or intentionally filling

up'the seigg;jg\qisk. or from printing files that are too large.
The University of Ottawa has an additional problem that most

universities do not have. It is a bilingual university and, as
. . T : S .

15



such, it would be desirable to have French versions of as much of

the software as possible, as well as hardware (screens and print-
ers) which support Freneh characters. This in {tself is not too
much of a problem, but it must bg.an integrated system: The

software and hardware, must support the same character set.

l6




. _ Chapter III

why a microcomputer network

The academic requ&réments will be satisfied by the software, but
we also have certain‘expectations of the hardware. In this chap-
ter, we will be 1looking at the advantages that a nétwork of
microcomputers has over minicomputers and to some extent main-

. frames. At this time, we are assuming that the necessary soft-

~

ware exists, and we are looking at the microcomputer network

pretty much from the hardware point of view. °

We will remind the reader that our users do not need the great

processing power of a minicomputer otr mainframe for any single
. v o
user, rather thq précessing power will be divided over many users

running manyrsmall jobs.

_We would like a system which:
- has a low initial cost,
- has low maintenance cost,

~ has low operating cost,

is-reliable,

performs well.



‘There are tﬁ{:;jtypes-of sjétems that we can look at, mainframe,

L . - ) - .
minid; microcomputers, Each one has good and bad points associ-
\

: . o

Lt is difficult to make a fair comparison against a mainframe

'

because the mainframe is not usually owned by the department, bul

ated with them.

is a shared machine used by the enti;e univérsity. It is often
owned by the uﬂicérsity‘s computing centre and is desigqed.tO'
satisfy the general needs of the university énd not the-specific
needs of the (S department, Because of this, we cannot make a
fair compérison'of the pribe, although in areas other thaﬁ cost,
the mainframe has the same advantaées and disadvantages as the
mipi.

3.12hicrocomputers Advantages. Lets look at what advantages
microcomputers have over minicomputers or‘ﬁainframes. Note that
theseg advar;tages aré from the point of view of our needs, and are_

not general advantages. These areas are:

performance,

reliability,.

all areas of cost,-

‘software maintenance is easy. . ©

-

Of course, a mainframe or minicomputer .has much more processing
. power-than a microcomputer; at times when a single user needs

this great power}lthe machine vastly outperforms the micro, but

this type of use is not expected of our students.

18
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As far as performance, microcomputers give constant response time
no matter how busy the lab is. 1If it takes five seconds to
compile a program when there is no one else in the lab; it will
also take five seconds ta-pompile the same.program when the ;ab
is full. This is because there is no sharing of resources; ééfh

user has own complete machine.;

;Miérocompqtersfare'reiiabletaé;weli'due to this distribut;a;'
processing. There is no Singlelpoint.OE failure that can bfiﬁg;%nr
down the entire “system“; If a-station breaks doﬁn, it effec55:.= 
only the dUser working at .the station. A problem on a ﬁini‘erA

mainframe, on the other hand, will prevent anyone from working.
.o _ _ '
A lab equipped'with microcomputers can have equipment repaired

"much” faster then a lab based on a single larger computer. There
are several ways we can justify this. It is ecénomically feas-
" ible to have seyer;l spare machines. When a machine,dies, tﬁe
lab technician simply replaces Ehe entire machine, givingha‘down_
time of se;eral.minhtés. It is usually not possible to keep

»spare s for amini on hand, and the department must depend on

the respénse time of the manufacturer's service department.

]

Another wdy we can justify the fast repair time is that a depart-
ment's taehnician will probably be able to repair the machines

himself, A microcomputer is much less complex than a mini.

’

In the case of a minicomputer, a fair amount of expertise is
required on the part of the system manager. A multi-user oper-
ating system is a complex thing. ©Ofn the other hand, the single

user operatiﬁg system running on microcomputers is easily and
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. completely understood by someone with much less training. For
example, our microcomputer network has its software maintenance

done by second anrd third year students.

Finally, the purchase cost of the microcomputers is less than

spat of a mini. Consider the case of a VAX, which is a popular

minicomputer used in many universities. A VAX/750 with 4 Mega- -~

bytes of memory will support about 32 users at a cost of
$150,000.00. This gives a cost of just under $5,000.00 per sta-
tion. For a slightly larger system, we caﬁ look at a VAX/780.
The University's computing center bought a VAX/780 for about
$315,000.00 and is is supporting around 60 users. This price
also comes‘;o about $5,000.00 per workstation. A microcomputer

can be purchased for” less than $3,000.00,

The dpgrade cost for.a microcsmputer lab is constant: the price
of @ workstation., The upgrade cost of a mini goes in steps.
Consider the case of a VAX/750 supporting 24 users. Adding one
ﬁqre user requires the éurchase of a Dz~-11 ﬁultiplexor, which
gives eight terminal porfs. The cost for -a DZ-11 is about
$2,500.00. This the cost of adding the 25th user islthe cost.of
the DZ-11 plus the cost of a terminal, The cost of adding the
26th through 32 user is simply the cost of the terminal, since
the D2-11 bought for the 25th usef had 7 unused ports on it.
Once we get to 32 users, we are pushing the‘limits of the mach-
ine, and instead of a_VAX/750, we would need to go up to a

VAX/780. This is vefy expensive,



-

Note from the last example, that it only cost a little over

[}

$300.00 per user, plus the cost of the terminal to add the last

eight users. 1In the case of a3 minicomputer, we get thé lowest
cost per ﬁser when we push the machine to its performance limits.
Indeed, we gggig put 64 users on a VAX/750 at a cost of less than
$3,000.00 per user (Not including the cost of Ehe terminal). The

performance in this case would be totally unacceptable.

-1
4

.

The fact that a microcomputer lab will let us upygrade at a
constant cost, which is a nice feature for a growirng computer

science department.

r.
3.2 Microcomputer Problems There are several problems associated
with micfocomputers. Some of these problems stem from thé fact
that they are distributed, while others problems are unigue to

microcomputers. Thgfg problems are:
- printing services, )
~ distribution of sqftﬁaré;' .x
- floppy drive maintenance,
- theft of software,
-~ keeping ofg unwanted softwaré; .
Since they are distributed, there is no cen;ralized-priﬁter.
There are two ways to get printing done.. One‘is to equip every
microcomputer with'a printer. This ié both costly and difficulf
to manage and maintain. The other way is to have several sta-
tions designated as printing stations; students work on the othér

stations, and when they need a printout, they go to the printing

stations with their floppy and print their files. Problems with,
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this scheke occur when the lab is very.busy. Rather than wait

for an available workstation, some é?ﬁaﬁqts will try to work at
the printing stations thus preventing other students from getting
their ldistings.
The stand alone microcomputers, like any machine, need software,
but in their case it éoses additional problems. The software is
on floppy disks. We have several ways of maﬁaging this. We can
leave floﬁpies near the machine, and the student chooses the
software that (s)he needs and uses the necessary floppy. In our’

case, we would need at least B floppies per second year machine,

. and one copy per first year machine. This means that we would

have to maintain close to 400 floppies in the lab. Stolen or

damaged copies would have to be replaced often,

Y i -
Another option is to give each-student a copy of the necessary
software. This eliminates the need of maintaining the floppies
in the lab, but it means a tremendous job of préduciné several,

thousand floppies.

A large lab with a gréat number of £loppy drives would need a lot

.Qf maintenance; cleaning and adjusting drives, making sure

students are careful when they use them, etc, In adaition, we
have to'worfy aboutLthé reliability of the floppy disks them-
selves, Studénts tend to purchase inexpensive floppies. Prob-
lems of lost assignments could be blamed on the machines when it
is .ac ually due to the low quaiity floppy. The reverse can- also

happen. What do you say to a student who has lost a weeks work

due to a mis-aligned head on a floppy drive?
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- Theft of software is more of a problem with microcomputers than:
with minis: we would not expect‘students to try to steal a Pascal
éompiler from, say a VAX, but we have éofworry about its thfF -
from mic;dcomputers. This is due to the fact thaE there is a

. 3 - b
may have a use for the software.

chance that some students may have a similar machire at homé, and

i

L

Finally, we have -the problem of students bringing in their own

software, more specifically, games. There is a wealth of games

that run on microcomputers, and studentsfcould bring in floppies

with gamd§ on it which could turn ‘the lab into an arcage.’
Students wanting™to work would be prevented due to others playin
games. To make matters worse, a lab of this sort would atfract

non-students: people simply looking for a place to play games.~ ‘ &

3.3 Microcomputer Network. The microcomputer network attempts to

get the best of both microcomputer and minicomputer, features.

The workstations are almost ent{irel} independent, but they linked

together with a fileserver. The centgalized fileserver serves as

a software distributor. Letszlook at

w it sglves our_prob;ems.\
- .

First of all, the problem of dlstrlbutlng software: dlsappears.
The student downloads the necessary software from the fllggerver

when it 1s needed, Note that for some uses, such as in an office

. A

environment, ‘a microcomputer nétwork would ,allow the sharing of

.

data files. In our case, we do not.want sharlng of data, but
N E S

sharing of resources: dlSk space and pr1nt1ng The appllcatlon

i

programs are not shared, but dlstrlbuted by the.flleserver.'

.7 L st
.- - -
| - K . ' . . 7
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If we can have diskless workstations, we solve our other two

problems. With no disks, there is no way for the'students'to

steal software from the system, as well as no way for students to
. .

bring in their own games. - '

The disiless workstations provide some additional advantages as

weil. Diskless workstations with no mechaniéél parts to break

down, and are more reliable. The ability to use a diskless work-

station gives us a reliability advantage even over stand alone

microcomputers, _

&

If we use diskless workstations we have'to provide an area on.the
fileserver on which stuadents can save their files, since there is
no way for qhéﬁ;?b transfer files to . their own floppy. This
means that we have to have”a larger'hard disk on the fileserver,
but the cost of putting, say a 20 megabyte drive instead of 3 10

megabyte drive is a small percentage of the cost of the file-

server.,

3.4 Hic;ocomputer Network Disadvantages. With a microcomphter
network, we loose slightly in all aréas that we gained with thg
stand alone microcomputers: ‘ ‘

- cost

- Performance

- Reliability-
There is the additional dost_bf ﬁaving a file server for 9ver§ n
workstatiohs; ,in our case, this cost is less than $10,000.00 per.

fileserver, This gives us' an additional cost of $715.00 for the

-~
- -
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fifteen first year workstation, and about $525.00. for the nine--
ﬁe;n second year workstations., We also have the cost of the
network interface for each workstation. In our case, the network
intérféce is ;pout $450:00 pér workstation. The total increase
per workstation is now less than §$1200.00. 1In our case, the cost
per workstation was less than $4,000.00 which is still less than

that of a minicomputer at $5,000.00 per workstation.

i

v

Although the system is still somewhat distributea, there is ndw a
central point whose performance will decrease unher load: the
fileserver. Students are typically qung a short edit, compilé.
1iAk and run while they are debugging their Rrégrams. This is
fairly disk idteﬁsive and could slow down a- file server. One way
' to greatly reduce the load is_to transfer the compiler, editor,
-linger, etc., to the eréstation once, thereby reducing the traf-

fi¢ on th;'ngpwork. If the wo;kstations are diskless, we have to

worry- about a way to store these proygrams on the workstation. It

may involvé the addition of more memory at an~additional expense.
. . \
Finally, with a micr9computér network, there are more problems
tith reliability than there are with stand alone microcomputers.
if-q fileserver dies, all the workgtagions connected to that‘
’ %
server is out. We are still better off than in the case of the
mini, since there ére several fileéérvers per lab, and if one
breaks down, the'dthers-bill still be running. Although more
expensiye:than the workstatign, it is still possible to keep
another fileserver around as a replacement in case of failure.
Another possibility is to héve a network set up in such a way so

»
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that if one fileserver dies, the other could take over its load.

Performance w suffer, but at -least work .could still be done.

-

3.5 Conclusion We now see, that for our type of usage, a micro-

computer network offers Us many advantages over.stand alone
mickocombuters or minicomputers. Remember, though, that this is
all based on the assumption that the software running will let us
use the hardware in an efficient manner. We will soon see that

CPN is software that offers this to us.

.y L
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‘Chapter IV

CP/Net: A Commercial Microcomputer Network

. ) - . ' )

At this point, we will tdke a little pause to look at Digital
Regearch's microcomputer nepwork, CP/Net. TIf the rédder is fam-
il}ar with microcomputer operating systems and-microcomputer

»

networks, (s)he may wish to skip this chapter.

There are several reasons for looking at this product. 1In tﬂe
first place, it will be an introduction to the.terminélogy which
will be used later. Another reason fo; looking at CP/Net is that
‘'we will see how it does not and even can not solve some of the
problems that we have. We will see that a different approach
must be taken if we want to do things suc-ﬁ as limifing resources,

and providing security of files.

.

CP/Net is the only CP/M network softhare sold that is simply sdld

as a hardware independent network. -‘Manufacturers of some mach-

ines sell their particular network but this is tied to their

I3

machine and will not run on any other machines. Corvus sells a

network that runs on several machines. Although less hardware

dependent than one running on a single'machinef‘their Constella-

27
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ti network is still hardware dependent.

.
(3

4.1 Iptroduction. On larger computer systems, communication sub-
systems are’ usually done by 'having some tasks running in the
background, and a certain amount of abstractioﬁ from .the rest of
the system can be.achieved. On a single task microcomputer, any
networking must be gn integral part of the operating system. In
order to understamd the way that these networké are imélemented
we have to look in some details at the way microcomputer operat-

ing systems are designéd.

<r

We first examine, in some detail, CP/M, a typical microcomputer
operating system. CP/M is the operattng system after whith most
others are modeled, and therefore, is a good one to give.the
needed background. ,Once we see the(desigﬁ“pfinciples of micro-
computer operating systems, we can then look at how the micro-

"

computer network follows a similar design strategy.

¢
“~

4.2 Microcomputer Operating Systems. In the world of mainframe
computers, the manufacturer of a machine also supplies the oper-
ating system: It is made for the computer. hic;qcomputer oper-
ating systems are usually written by a software producing com-
pany, and bought by the manufacturers of the microcomputers,
Because of this separation, these operating systems are written

to be hardware independent,. This also éives the software company

a wider market for their operating system. -

In this section, we will look at a popular operating system for

microcomputers to see how its design gives hardware independence.
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Although we will only look at CP/M 2.2, other systems, -such as

MS-DOS, CP/M-86, and UCSD, follow the same style of design.

4.2.i CP/M overview. CP/M curreﬁtly is the most populdr oper-
ating system for 8 bit microcomputers. .It,ié produced by Digital’
Research (DR), and was the first microcomputer operating system
developed té run on a variet§ offpafﬁh e configurations. This,

A

in turn caused applitation soi7ﬁare producers to develop their
lity of this application software .

products for CP/M. The availa
caused other manufacturers &f machines to sell their machines

with CP/M which in-turn provi - larger market for software

/

-running on-CP/M. Thus, today, tnére is vast amount of applica-
. t e

{ .
tion programs which run under CP/My)

// .
CP/M's haqdﬁare requirements are simple: én Intel 8080, Intel
8085, or Zilog 280 processor, at least 24K byfes of contiguous
memory, a console (terminal), and one or more disk drives. CP/M
can also support a printer, an additionallsefial input device,
called the reader and an additional output device éal}ed the
punch.. Although the operating éystém itself could run on a mach-
ine with as little as éK bytes of memory, DR recommends having at
1e?st 24K bytes to do anything useful? In pgactice most applica-

tion software requires at least 48K bytes.

[ v

CP/M version 1 only supports two 8" I€M format floppy disks.

Later versions support up to 15 disks pf any size or type: flop-

pies and/or Winchester.
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CP/M memory organization

The memory usage of CP/M is shown’in figuré 4.1. Page zero, as
‘it is called, contains system_constants, areas for ssing para-
meters to application progfams, and jumps to Eke£§ZOS and BIOS
(These.willibe explained later). This was chpsen to be at the
low eﬁd of memory since all systems, no matter what their size,

have these addresses and constant memory addresses can be used.

<

The next area is the Transient Program Area (TPA). Fhis is where
compilers, editors, etc. are loaded and run. This extends from

addregs 100H up ténthg base of the CCP. The CCP, or Console

4

Command Processor is the program which is the user interface to

the éystem. It accepts commands from the keyboard and either

i)
t -,

<
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execdtes them, if they are resident routines, or locads the appro-
priate program from disk. Application programs are loaded start-
ing at address 100h and are then called by the CCP., They can

. .
terminate by returning t6 the CCP with a return instruction, or
by jumping to adﬁreés 0, thereby causing a warm éggg to be idone.
The warm boot process will be-described'sgortlg.

" The BDUS, or Basic Disk Operating system is the interface between
an applicatipn program and the hardware. It maintains the file
system Qﬁ disk; and provides I/0 services to the application
program. Calls to the BDOS are pexrformed by issuing a call to
aqdress 5, which contains a bFanch-to the BLOS entry ﬁoint. This

is why application 'programs can be transported in object form

from one system to another: All I/0 is done by a CALL 5 instruc-

tion.

so far, everything is hardware‘indepéndent (assuming the proper
CPU), Every .system, no matter what the hardware configuration,

runs the same CCP and BDOS”, The next section, the Basic
Input/dutput Section or BIOé, contains all ‘the hardware dependent'
routines. It is the responsibilitQ of the manufacturgi of a .
‘machine to write a BIOS for his har&wére configuration. Once
this is done, the machine csn run CP/M. 'The'sizeAéf the BIOS is
not fixed. It takes from the highest memory address down to as
much as itlneeds.' The addresses of the start of BDOS and CCP are
dctermined from the start of the BIéS. '
Except for some systems such as DEC's Rainbow in which DEC has
extensively modified CP/M‘tOAuse their dual processors.

s
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1;2.2 BDOS Details. .As.mentioned above,_an application pfogram
should AO'all its I/0 via calls to the BDOS. We can break the
BDOS calls into 4.ty§es: Console I/0, serial 1/0, fi;e I1/0, and
informafioh. The information type of call is for oQtaining.soge
information abéut the system, such as_the nﬁhper offdisk drives,

or the ‘version number of the operatifg system.

The BDOS gives thg;user a choice of séveral ways to do console
I/0. These vary-in the amount of gormaﬁting that is donéﬁ and
can rangenfrom a call to test the gtatus of £he kéyboard {ie Has
a key'been stfﬁck?)-éé reahiné a full line with‘limiped éditing

features. The serial I/0 calls do nothing but read or write a-

ke

.single byte to the serial device.

. e

The bulk of the BDOS is in the disk system. The BDOS maintains
. g : A Y 2] .
the file structure on the disk. The application program has the

typical calls,

- Open or clese a file,

Erase a file,

Rename a file,

Read/ﬁrite seduential
- Read/write direct.’
A-file‘is a collection of 128 byte blacks. There is no concept
- of retords,‘blocking, etc., supported by the cperating sysﬁem.
It ié the responsiﬁility of‘the‘application program to do any of
this itself; The size of the block comes from Cﬁ/M version 1.0

which used 8" floppy disks with 128 byte sectors. The disk may

have physical blocks of any size, but this is transparent to the

32



application program and the BDOS as well; it is the job of the

BIOS to make the disk look like it has 128 byte blocks.

The BDOS accepts a request to perform an operation on a file.
This.dperation may involve several disk readmor.write operations.
For example, a create file operation involves reading the direct-
ory to find the first empty slot for the dlrectory entry. Then
the new entry is rewr1tten.. When a write reguest is issued, the
BDOS takes care of finding a free block on the disk. The BDOS

does the calculation of the disk addresses fot the operations,

but the actual I/0 is done by calls to the BIOS.

4.2.3 BIOS Details. The BIOS is where all of the I/0 is actually
done. The éIOS starts Qith a jump table as is shown below.
‘Slnce there is a well defined order to this table, the'BDOS'need
only know the starting address of the table «to find the address
of any routine in the BIOS. Just as an application program 1s
—transportable from one - machlne to another because it follows the
conventlons for calllng the BDOS, the BDOS can be transported
from one machine to another-because it follows 1ts rules for

calling the BIOS. Th1s is the key to mak}ng CP/M portable over a

range of .hardware conflguratlons.



BIOS+00 JP. COLD

i Cold boot routine.
BIOS+03 JP  WARM ; Warm boot routine.
BIOS+06 Jp CONSTAT ; Console input‘status.
BIOS+09 JP CONIN ; Read byte from console.
BIOS+0C Jp CONOUT ;7 Write byte to coﬁsole.
BIOS+0F JP 'LEST ) ; Write Byte to list device.
BIOS+12 JP RDR_ : Read byte from READER.
BIOS+15 JP - PUN ; Write byte to PUNCH.
BIOS+18 - JP 'HOME ; Disk heads home.
BIOS+1B JP  SELDSK :‘S;lect disk drive.

"BIOS+1E JP SETTRK ; Specify track to be read/written.
BIOS+21> JP ,SETSEC ; Specifv sector to be read/written,
BiOS+24‘ JP SETDMA i Specify disk read/write buffer.
BIOS+27 JP ’ READ ; Disk read.

BIOS+2A JP WRITE ; Disk write.

- The COLD . and WARM routines will be discussQS‘in the next section
on the bootstrapping process. The next five routines are for. the
serial I1/0 devices. These are straighﬁforwérd and will not be
discuséed here. It suffices to say that all the BDOS serial I/0
functions are done by calls to these routines, and that these

routines read or write a byte to the physical device.

! o

The disk routines are more interesting. In order for a disk

operation to take place; the first call issLed is to the select
~disk routine. This routine returns the address of a disk des-
criptbr table or an error code if the disk ddes not exist. The
disk descriptor table gives the size of the disk, number of

rs

tracks per sector in terms of 128 byte sectors, etc. It also
)
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contains parameters chosen by the system designer such as spec-
ifying the size reserved for the boot blocks and directory, the

alleocation factor to be used, etc.

This is followed by calls to home, set track, set sector; and’
SETDMA. The first three calls specify the disk address that the
data will be transferred_to (from), while the last one specifies
the memory address that the data comes from (goes to). Finally,
tﬂere is a call to ei£her READ or WRITE. It is only in these
 routines that a disk operation need actually be done. 1If ‘the
. disk has physical blocks t%at are larger than 128 bytés, it is
the responsibility of the BIOS to do the deblocking and make the
disk appear to be a disk of 128 byte sectors. The BDOS expects

disks with 128 byte sectors.

The important thing to_notice here‘is that the BIOS is given a
pair, (track,sector), which specify the unique address of the
“block to be read d; written. It doesn't matter how it is physic-
ally implemented on the_dfsk. Another point is that the é;os
also knows nothing of the file structure of the disk, it works at
the level of’rAw blocks.

o

4.2.4 The Boot Proces#.. The boot proqesslis fairly straight
forwa}q in CP/M, but somew?at old fashioned; it ‘is very gnfleii
ible. Othér, newer microcomputer operating systems give a cer-
. tain amount of flexibility and changeability to the §ystem de-

signer so that (s)he may easily modify the shell, or user inter-

face to the operating system.



-There is a basic assumption that‘the pushing of a reset button
will~ auég a program in ROM to load the firét séctor of the disk
in memory and pass control to ig. This program must then load
the BIOS,  BDOS, and CCP. Control is then passed to the COLD
routine of the BIOS. It is the responsibility of this routine to
initialize I/0O ports, tables, etg. The cold boot routine ends by
‘branching to the CCP, which then initializes the disk system via
BDOS célls. CP/M is then ready to accept user's commands from

-

the console,

l

The CCP, BDOS, and BIOS are ‘not files on the disk, rather they
are at fixed locations (the first few tracks) on the disk. Since
they are not files, it 1s not an easy job fof thé tybical user to
modify them, and their size is fixed, being limited by this re-
served disk space. Under MS—DOS and CP/M86 these g;g-filés aﬁdda
system designer could easfly create a new large CCP that is very

user friqndly.and tailored to particular needs.

CP/M‘has both é coléﬁghe/g)»&fm boot. The cold boot is: the above
mentioned initiallbootstrapping p;ocess. The warm boot concept
is very important. It reinitializes the disk system and is used
fof program termination. A jump instrpction to the warm boot
routine is at address zero of the memory. - The warm boot ;outine
reloads the CCP and BDOS into memory then paéSes control to the
CCP. Remember, that an'abplication program can (and often does)
destroy the CCP to gét ifore dynamic memofy. It can also use the
memory Qccdpied by the BDOS as long as it doesn't.need any BDOS

routines. As long as the BIOS remains intact, an application
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pfog;am-cén do whatever it wants, then jump to the warm boot
routine to have the operatiné system restored. This is, in fact,
how most programs terminate: with a ‘jump to location zero.

. 1%ﬁ;‘.- .

4.2.5 The Disk System. CP/M allows for up t? 15 disks labeled A,
B, ..., O. The A disk is the primary disk which contains tﬁe
boot plocks and must always be there. . Tﬁe disks are broken uﬁ
into iogical allocaton units which are 1, 2, 4, 8, or 16‘K516-
bytes. Space for files is taken iﬁ the allocation units. ‘The
size of the directory is static, and is dete¥mined by constants

in the BIOS. The manufacturer of a system decides on the direct—,.

ory and allocation size based on what their typical user would

. require,

. |
An enpdChe directory is 32 bytes. It contains information

: : . . X N - .
abo RS le size and pointers to it. There is no information
N f

about the date created, owner, protection and other information
which is typical on larger computer systems. More important than

not having this information, is that there is no room for any of

this. As mentioned earlier, the CP/M file system was designed in

the early days of microcomputers. In order to maintain compat-

-ibility, the designers.were stuck with a file system that is

lacking in several areas. -

-, ot

4.2.6 Putting it all together. We will now look at how this all

comes together by followiny the execution of the followihyg pro-

~

gram:
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program sample;

type : .

block = packed array[1..128] of byte;
var .

buffer : block;

file_ 1 : file of block;
begin

reset(file_l,"B:MYFILE.TXTm);
read(file_1,block);

while (not eof{myfile) do
read(file_1,block) : )

end.

"
- ,

In this example, 129 byte blocks were chosen because that is the
size that CP/M works with., It is the responsibility of the comp-
iler to generate the routimes for plocking and deblocking if the
user wants to read by lines. This is a detail which is not

necessary for what we are looking at now.

When a prog?ram wishes to open a file, it must f.irst create a Fi.le
Control Block, or an FCB, containing the name of the file and
some additional space that is used by CP/M while accessing the
file. The FCB is generated the compiler in its open {reset or
rewrite) subroutines. whi'th then call the BDOS with Lhe QﬁEN

function.

When BDOS-gets the open call, it examines the file name, and sees
that the f}le is on the B disk. A select disk call is made to
thé BIOS which returns the diék descriptor table. Tha BDOS exam-—
ines this to'find the size of the disk»the size of the dirgct-

ory} and where the directory starts. Ig then issyes the HOME‘
call to the_Bios. Once this is done, all disk I/0 (TQEHi ng as

! S -
another disk is not read from in the meantime) is done with\phe

following sequence of BIOS calls: SETTRK, SETSEC, SE&DMA, and
'READ, '




- ~

—_—
-

After therselect disk call, the BDOS now }nows where the direct-
ory starts, and begins rgading it sequentially, searchinq for the
entry of the file M?FILE.TXT. Once found, the pointers tofthe
blocks occupied by the fiie are copied into the FCB. A return
.code is returned to the application program indicating whether

the file is found. How this is interpreted is dépendent on the

compiler,

Each READ statement is translated into a read sequential call to
the BDOS. When BDOS gets the call, it "looks in the FCB to deter-

mine the next block to be read. It then calls the BIOS as in the

above mentioned sequence to perform the read. The BDOS can det-
ermine when the end of file is reached when it examines the FCBH.

. The EOF return code must be saved by the routines generated by‘

—_ the éompiler so that statement (3) will execute properly.

- 4.3 CP/Héﬁ: The Microcomputer ﬁetwork ]
Now that we have the background on how the operating syétems {s .
organized, we will look at how these machines can be put togethgr
to form a network for sharing -data and devices, There is really
only one microcompﬁter networking system currently available:
Digital Research's CP/Net. This is the only software'sold which
is adaptable to a wide range of hardware configurationé. Theré

are other systéms, but these are sold by the manufacturers of

L . !
) '~ particular microcomputers, and are usually just modifications to

[
.

the BIOS to pllow for networking. In principle, they all use the
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same scheme, alEhough the implementation may be different.

4.3.1 CP/Net, Digital Research developga CP/Net for the same
\\K"/;;rket as éP/ﬁ: Any 8080, 8085, or 280 based system. They put
the hardware dependent parts into one section, leaving the m;nu-
factursrs of maéhines to write only this  one small bart, thus it
is easy for a manufacturer of a machine to have a network with

. . L
their machines,

CE/Net runs with workstations and fileservers. The fileservers
~control disks and printers which are shared by the workstations.
The file server must run MP/M, which is a multi-tasking vers;on
of CP)M, and the workstations must run CP/M. “There may be up to
16 wotkstations -logged onto a file server at\%“g;me. The work-
stations are regular CP/M machines, although they may, be disk-
less., The-workstations'with disks must have previously booted
CP/M (from disk) before loading CP/Net. The diskless stations
must 1oa5 everything from thé network.
There is a command, NETWORK wh}ch allows the user at the work-
station to assign a logical disk name to a physical disk on a
file server. For e%ample, the command NETWORK B:=D:[2] issued at
a workgtation, causes its logical B disk to be the physical D
disk'of server 2. The user has gfe%ﬁ flexibility in accessfhg
many different files on different servers. The NETWORK command
can also be used to assign the LST: devipe to be any printer on

any server. If printer 2 on server®3 is wanted as the LST:

device, the command NETWORK LST:[2,3] is issued.
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Before a user can access any files on the network (s)he must log
on to a file server on the network. Once logged on, (s)he has
unlimited access to any of the services of that server. It is

_possible to be logged onto several or all file servers simultan-

ecusly.

The last additional feature offered by CP/Net is a "Mail"” ser-
vice. A user may send @ message to any station logged onto the

same server, and the user at the receiving node can then issue a

command to receive the message.

4.3.2 C?/Net Implementation: Workstation. CP/Net does not care
.howkthe network communication is achieved, as lony as thére is a
logical point-to-point link between each workstation and server.
A logical point-to—point link msy be physically implemented és a
bus, but since the stations commuhicate only witﬁ servers, it

appears ‘to be point to point,.

There are two versions of CP/Net: The version for diskless work-
stations, and the version for regular CP/M machines. .We will
first look at how the regular version is organized, then how it

ldﬁhaqgled for the diskless workstations.

g

CP/Net is loaded into a machine running CP/M wheh the user issues
Fi

the CP/M command CPNETLDR. This command loads the various sect-

ions of CP/Net into the memofy of the workstation,

-

The first section loaded is the NIOS or Network I/0 section.
This is loaded just below the BDOS, and it overwrites the CCP.’

The NIOS is the part that contains the hardware dependencies for
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communication, jusf as the BEOS contains those far the disk iQ'
CP/M. The next section loaded is the NDOS or Network Disk Oper-
aﬁing‘System. This is equivalent to the BDOS. Finally a new CCP
is loaded to accept commands from;ﬁﬁg user. The memory map of a
sfstem is'shoﬁn in fig 4.2, Note'tﬁét the dﬁditional memory
reguired by CP/Net is 3.5K bytes which is not muca-on a 64K byte

system. Also note that the size of the NIOS is fixed.

-

Address ’

0000 . S
| [ )
l page 0 I _
| : I ¢
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| |
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I S |
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| NIOS { -~
l' ’ At -
| } (T-C)-0EQQ
| I ‘
[ BDOS |
| | :
s Y ; [T-C (C size of BIOS)
| I :
l. BIOS | -
| | T = highest memory address
= ' :

fig 4.2
CP/Net memory organization.

The NIOS is similar to the BIOS in its construction. It starts “\\\

with a jump table to the various routines. They are basically

42
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routines to send and receive messages, as well as routines for
initializing and interrogating the status of the network. There
is‘a warm boot routine whichlis called each time a warm boJE is
peréogmed. .This has no specific function assigned by DR since
the NDOS handles a warm boot entirely. It is.avéilable to be
used by the designer for anything (s)he may line to add, such as
inquiring if there is any mail for the station, or simpfy inter-

rogating the status of the network. : '

"When the NDOS (Network Disk’ Operating System) is first initial-

.

ized, the jump to the BDOS at address 5 is replaced by a jump to

the NDOS. In addition, the addresses in the BIOS for the warm
boot, and console and printer I/0 are replaced by jumps into the
NDOS. Each call to the BDOS by an appibcation program is now
trapped fir;t by the NDOS. When an application program termin-
ates with a warm boot, a warm boot is not performed by the BIOS
as in standard £P/M. The NDOS reads in a file, CCP.SPR, from the
*~ A .disk of the workstgtion. This diffefs significantly from CP/M
in which both the CCP and BDOS are read in. This is an important
point to remember: The implications are that the NDOS, NIOS, aﬁd
BDOS cannot be overwritten by an application program as in.

standard CP/M.

-

.The NDOS maintains a table whiph contains the maﬁping of the
logical to physical network.disk drives as well as indicating
~which (if any) drives are local to the workstation, The NDOS
also gives the applicatiog program several additional system

calls over and above what the BDOS does. They are essentially
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the calls for the additional commands: login/logout, NETWORK, and

-

~mend and receive mail. They allow application programs to issue "
4 K

' any of the network commands. These can be useful in an office

3

environment where a user intérface may 5e written to "hide" the
computer system from the end users.
The CCP which is loaded is essentially the ;ame as the CCP that
comes with standard CP/M, however, there are some slight modifi-
cations. One of the modifications introduces a new bug. Under
standard CP/M, typing "P in response to CCP's prompt causes all
console ocutput to be writtgn on ‘the prin£er as'Well.-:This con-
tinues until a warm boat occurs or 3 second “P is typed. Under
CP/Net, typing the first P results in a message telling the user
that the‘p{inting is geoing on; This is necessary since it is
‘being spooled and the usér dbgé not have the sound of the printer
. to confirm that (s)he did indeed type the "P. _The spooling con--
tinyes until a second P is struck. A warm boot does nqtrterm—
inate printing'as inlstandard‘CP/M: Later we d}llisee a serious

bug in the wa§ that CP/Net handles this.

The version of CP/Net available for diskless workstations, ig
essentially the same. The workstation must be a mlicrocomputer

(8080, 8085, or z-80) some RAM, and a console There must be some

’

sort of a network boot which initially loads the workstation with
- . X .

the BIOS, BDOS, NIOS, and NDOS. A warm boot is then performed by

the NDOS which loads};he CCP, The file CCP.SPR must reside on the

logical A disk which is on the server. 1In the CZif of diskless

workstations, there must bé at least one serve

.

that does not

require a user to log on before using its services.
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Leks now look at the flow of ;equeéts by an application prodram.
We ill first examine how requests for serial devices are

handled, and then the local and network disk,devices,

o .

The serial devices we are 1ookiﬁg at are the console and list
deVvices. ‘Remember that therjuﬁp to BDOS at address 5 was re-
placed by a’leP to the NDOS. When a call is made to read or
write a byte at the console, the byte to be written is put in
register E, aAd the write ;onsole fﬁﬁction code (02) is loaded
into register C then a call is made to addréss 5. Control is
then passed to,the NDOS which examines register C and sees that
it is not a disk operation; S0 the.NDOS passes the request to the
¢

BDOS. ' The BDOS then calls the BIUS to actually perform the func-

tion. Now, the addregs in the BIOS of the console routines was

?replaced by a’jump to the NDOS which examines the request to see

if it should be routed over the network or not, If not it calls

' ' : S0 . .
the BIOS routine to read or write the byte, This complicated
process is done to reduce the size of the NDOS. Since there are

gquite a few types of calls for serial I/0, it isn't necessary to

duplicate the services of the BDOS.

Lets -1odk at a serious bﬁg in CP/Net due té this complicated
process. Suppose tﬁat the LST: devicg~is on the file server.
Now suppose that we 't:yp;:' “P to have ouf conso&e output printed as
well as being on fhe screen. The NDOS traps the P and starts
buffering each byte which is supposed to go to LST:. When a

buffer is full, it sends @t to the server. When a second “P is

typed, the NDOS flushes its buffer, and sends it and a close’
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spool message to the'ser;er, ﬁhich'can start printing the file
_when thg‘printer is free. fhis process almost works. The prob-
lem occﬁrs,because of the BDOS which performs a similar function
unde;r standard CP/M. If the BDOS somehow traps the P instead of
the NDOS, it will start sendiﬁg the ponsble output to the printer
as%ell. The BDOS can trap. it‘:- if the user Itypes the “P before
the prompt for input appears. Dependihg on how, when, and how
many times it is done, there can be duplication of each byte
sent, or the_user is unable to stop spooling. When the second TP
is typed, the NDUS méy trap it .and start-spopligg unaware that
the BDO!.:‘ is performir‘ng the Same funﬁctioﬁ.\‘ The user dces not know
by lookiﬂg at the screen if it is being spooled or not, and this
can create quite a confusing Si;uafion as well as filliﬁg up

[ 4

spool space quickly.
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_ fig 4.3 T
Control Flow for Serial 1/0 request. '
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Now lets ~1<_>o_k at how the requests for disk I1/0 are handled. When
the program makes calls to the BDOS, they are trapped by the,

NDUS. The NDOS looks in réyister C and sees that it is a-disk

function. It then looké at register DE which point to the FCB.
The first byte of the FCB is'the drive name on which the file
resides. The Nboé then examines its table to determine if the
Hisk is on .the network; pp,if'it is local., 1If it is a non-
network reqﬁest, it is pas;ed directly Eo the BDOS and handled

normally, otherwise, the request is put into a message packet and

¥

passed to the NIOS which transmits the request to the file ser-

ver. The file server then processes the request and sénds back

the result.

-~
-

Using the same sample proygram in section 4.2.6, lets look at the

flow of requests from the program. First we will assume that

v r ]

before running the program, the user has issued the command

‘NETWORK B:=C:. ) '

-

*

When the open reguest is made for the file, the NDOS looks at the

FCB and.sees that it is on the B disk. It then looks in its

table ard’sees that the B disk is actually the C disk on the
N .
server. It copies the FCB into a message packet replacing the B

disk namé by C. The packet alsq-contains the open function code.
The packet is then bassed to the NIOS wh{ch,sends it to the
server. When the server receives the packet, it looks .at éhe
function code and sees'that it is an open. It tries to open the

file which the FCH describes. If successful, the fileserver then

copies the FCB into a table, and. returns its address in th2 table

-
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alond'with the return code from the open. Meanwhile, at the
workstation, the NDOS calls the NIOS to receive a message. Once
received, cont;ol_returns to the NDOS which saves the returnéd
 address in Ehe program's copy of the FCB, then ‘returns control Eo
the application program passing it the return'codé from the oper-

ation.

workstation

Application
program

[
|
|
f |
. | ] '
y 0 ,
NDOS / | server
:. l ' .
AN
|
i

|

I

!

I

I_

!

!

[

l | [ |

! J, . I '

| NIOS E ‘ . I filpserver |

| | program I

! - .\t\_g) l

I \, ! g !

[ BDOS ¥ | N e

I y I I I

| ;! e N

[ BIOS K’ ! J X }

| | I I P
i BIOS |
I |

: ’ fig 4.4 .
Flow of control for disk request. )

When the read call is issued, the NDOS examines the FCB and sees
that it is a network disk. No ch;cks are made to see if the file’
ha;”already been opened, raﬁher it just takes the address reﬁhrn-_
ed by the server, packages that along with the relative q10ck
number (not a physical disk address) of the filé to be read and

sends it to the server, The server then uses that address toé

find the FCB in its table, and issues a read. No checking is
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dpne hgre either. The server returns the block which was read

and the return code to the workstation., The NDOS then copies it

to the program's buffer.

* . N .
Notice in figure 4.4 how this flow of control follows a nice
logical route as opposed to the serial I/0 po}tion of CP/Net,

The filesétveé\grovides an extension o the BDUS and BIUOS of the

workstation.

1)

4.3.3 CP/Net Implementation: Server. As mentioned earlier, the
file server must Be a microé&mguﬁer runnihg MP/M. This require-
ment makes sense logically. It is much easier to write a server
for a single workstation and run this task.many times to handle
other stations. The problems of having efficient responge time
is then passed t§ the operating system. -Digital Research has
given this problem to.man;facturérs of machines since thg re-

sponse time of MP/M depends on how much overlap of 1/0 and pro-

cessinyg that can be provided in the BIOS. Usually very little

cab.

There are three parts to the server: queue management, network

interface, -and server. The queue management is a function of

J .

normél MP/M.' The oPerating'system will queue and de-queue a
packet in an non—interfuptable state, 56 that these packets are
available to all tasks as a.means of inter-task communication,
When é task wishes to send a packet to anqthqr task, it issueé a
system call which identifies the queue,'the packet, and the task
for. which it is intended. When a task wishes to remove a packet
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from a queue, it issues anothér system cbll with the name of the
gueue. The system returns the first packet from the queue., Two

queues A are required by the CP/Net server: & request queue and a

response {ueue.

e

There is one.re-entrant network interface task for-éach work-
station that can be logged onto the server; Each task handles
its communication link to the workstation., (Logically point-to
point).' When a request arrives, it dis;ssembles the packet, and
issues a system call to place this packet on the request queue.
It monitors the response queue, and whenever thgre is a packet,

it removes it from the gueue, and start sending it back to the

requesting workstation.

[
-~

* ¢ ‘ ' ' .
There is one actual server task. This task does nothing but
remove requests from the reQuest queue, perform the service and

place the result on the response queue.

Conéeptualiy the file server 3oftware is very simple and clean.
The fact that there are many tasks fo do the wak make it easy to
maintain and allow for a certain amount Sf,overlap. For example,
several stagfons can be making requestévSihuItaqeously while an-
other is getting.a rééponse, and the seruér_is sefvicihé'a feF

quest, .

One major problem with the file server is the operating system:
MP/M.is not a very popglar opera&ing system. It is usuélly bet-
ter to use several microcomputers than to have a multi-user
microcomputer. There is very little application sbftwére avail-

able that takes advantage of the multi-tasking features of MP/M.
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It is also very difficult for manufacturers to develop a BIOS for
it. When MP/M is running on a microcomputer, it is often very
slow and cannot make efficient. use of the hgrdware. This can be

expected since the 8080, 8085, and 2-80 CPUs are not really de-

<

signed for this sort of thing.

4.3.4 CP/Net Problems. In addition to the above mentioned'prob—

lems, there are other serious problems that make CP/Net unsuit-

L3

able for use in computer science education at the university

level., These problems fall into the followiny categories:’

-

- Network security,

- Versatility, - L
- Fiie security, -
- Unrgstricted use of resources,

~ Performance,

- Not standard CP/M:

CP/Net uses a very poor system,fof logging-snto the network.
There is one password that muét'be‘éh&ered with the logon com-
mand. That does not mean one pésswaﬁ.peflﬁser.or workstation,
but- rather one password per network; Neediééﬁ to séﬁ@that with

students, this is entirely unacceptable. - In addition, when disk-

. . )
less workstations are used, this level of security does not even

exist. The logon command is a regular brograq. Since the sta-

tioﬁ is diskless, it must reside. at the file server, and in order

.-

to load«ézprogram, the user must be logged onto the network, so
_/ - . [ *

’each'station must be perpetually logged on.
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CP/&eE is not very versatile. Because of the organization and
flow of requestsf“it is essential that the filé structure on the
file\égifyr be identical to that on the workstation: The work
stations can only run CP/M. Similarly, the file server must be
run on a ' CP/M machine. It would be nice if the ffle server could
be run on another faster {(more expensive) machine, whiie the work
stations could be less expensive 8 bit méchines, or if a few
machines with other operating systems could be added to the net-
work (for sharing data and disk space, not proérams). ~This prob-
lem arrives not bécause CP/M and'CP/Net are from DR, but by the

way requests are serviced: By file,

5

File security is another sérious problem. .Since'CP/M keeps no
information in i;s fiie system as to when files are created or
who created &£hem, there is nothing that the file server can do
but give total accesg to éll files created by all students. Any
student can coby, erase, rename, etc. a filé.created by any other
student. If someone erases the file CCP.SPR, the whole nethrk

will crash. when a student at a station has access to a disk on

the file server, (s)he‘has access to the entire disk, .

There is another problem éssociated with sharing files on a disk:
there must be some convention followed by everyone on naming

files. A file named ASMTI.PAS could be owned by any one. Again,

. , -
this problem comes from the way the requests are serviced. - Since

' the requests are made by file, and the file structure of CP/M is

limited, CP/Net is stuck with no security.

:



The next problem,‘unrestricted usetof network resources stems
from the séme cause as the other problems. There is no logon, so
CeR/Net does not know one user from, another. Since each user has
unrestricted access to the server's disks, (s)he can fill it with
whatever (s)he wants. There is no dates or owner indication on
the.files, so it is the responsibility of each user to remember
what files (s)he saved, and to erase them yhen nbhvneeded. The
disk or .directory may become full if students forget to erase old
files. when this happens, the system manager must somehow free
some space on the disk. How does (s)he do it? Any file erased

might -belong to a student who needs to hand it in the next day.

-

Unrestric;ed use of the'printer.is another problem, This togeth-
"er with the problem of the control P mentioned earlier can spell
disaster. If a student does not know that the console is being
spobled to the printef, {s)he may work for hours, and in doing
so, £ill up the disk with the editing session. A full screen
editor can.generate a.large spool file if its output is dirgcted
to a printer as well as tﬁe séréen. Even if the disk does not
£ill up, a long listing of garbage is wasteful, and ties up the
printer when other students wish to use it. If the reader has
assumed that CP/Net has no facility for purging a large unwanted

-print file, (s)he is correct. ¥

-

Finallx: we get to performance, There are several areas that
affect the pe'rfor"mance of CP/Net, First of all, each time a warm
boot is perfbfmed, the CCP has to be reloaded. Since digkless
stétions are used, this would mean that this file would have to

be loaded from the file server. Students tend to edit, compile,
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link, edit, etc., Each of these processes end with a warm boot.
The probability of téb or more warm boots happening at about the
same time is rather high. This will slow down the response of
netwofk services. Since thé response is slowed down, it is prob-
able that another user may cause a warm. boot to be done, slowing

things down even more. -

Y - )

- Tt e
Y

Bgth time a filebff;ciuding the CCP) is opened, the server must
go td}the directory to-find.it. Designers of mainframes and
minis have learned that putting the directory in the middle of
the disk reduces the average length of the seek needed to get to
the file. Most of the microcomputer industry has not yet learned
this and, therefore, the average seek from the'directory-to the
file is half the disk. The seeks can slow the file server down.
MP/M does not sort disk requests by order of tracks to reduce

.seeks.

A more serious problem concerning the directory arises from the
file organization.- The directory is a sequential file. "Each
open requires reading this file to find the entry for the file to "
be opened. Most recently created files tend to be at the end of
the directory. Most recently created files tend to be the most
Fecently Gsed. Most recently created files also tend to be.close
to the center of the disk. Add to this the faét that MP/M does

not-optimize disk seeks and the problem here is obvious.

- 4
Microcomputer operating systems were designed for machines with .

floppy disks. These can not hold much aata, and therefore have a

small directory. WincEESters, on the other hand, have a large -

" ¢
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capacity, and thereforé, need a large directory. CP/Net running

with a server with a large winchester can get very slow when the '

disk starts getting full.

Finally, there is the problem that it is not standard CP/M. Al-

|though‘almoSt any program that runs under CP/M will also run

_under CP/Net, there are two reasons that 'all will not; (1) the.
B . ’ .
NDOS, NIOS, and BDOS cannot be overwritten, and (2) CP/Net re;

" turns a different version number than CP/M. There are’ some pro-

-
4

grams that héy wish to use all memory up to the BIOS. This is
fine.in standard CP/M sincg the BDOé and CCP are rel&aded. _?héée
programs will crash CP/Nét workstations when they term@nate. As
.for the second problem, there are maﬂy prograhs thét check the
versidn'pgmper in their~initialization—process. They will exit

-

if the version is not correct. This problem is not too serious;
-

a clever programmer can zap the module, usually in an hour.

Thésé problems with CP/Net are, much more apparent in the student
environment than in an office environment. " In such a case, net-
work requests will be few and far between. A typical user there
will load a word procesSsOor or Spfeadsheet program, and work on
that for quite a-while. Printing requeéts will be'd)ne.through
h .

these application packages and there is little chance running
into the‘prqbiems there. If security of data is a problem in the
office, a microcomputer network cénnot be used or sensitive data
can be keptIOnly on local disks..-The office will typically have
-fewer users per workstations and monitoring of who is doing ghat
is possiblea
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: " Chapter V

Design Philosophy

We will now be looking at whattwe must have in the system so that

. .

the system is suited to our needs. There are cerﬁain features
that are the responsibility of the operating system, and others'
are that of t_he network sc_:ftware. In this section, we will look
at how CP/M satisfies our needs, and we will 1ook at what

features were incorporated into CPN so that it gives us what we

want, . . . v,

5.1 Network and Operating System l’\;equirements. We will now look
at feature we are given by CP/M, They are: |

o ,
~ it is well established and much software is available,
- it is s‘implefo;‘ the fi'rst_—i:ime user to start with,'

- it is simple and easy to maintain, .

- it is easy to improve on. -
. 7 ‘ -, )
There is a wealth of software written to run on CP/M. This is

shown by the variety of compilers/interpreter;.s.we are running:
Pascal, COBOL, PL/1, Ada, LISP, Prolog, and C, as well as word

processing and spreadsheet software,

-



The simplicity of CP/M is'important for two reasons: There is

very little operating syStem'“background" necessary before using.

the application software, and it is simple enough so that a stud-

»

ent can completely understand its workings. For example, in a

UNIX type of environment, an understanding of the tree structured

directories are required before the student can start working.

.

In other operating systems, there is a large assortment of "sys-
tem commands™ that a user must worry about. Under CP/M, the
student can learn all the system commands in a matter of minutes.
This means that (s)he can start learning the‘ma§erialrcovered in
the course sooner. There aré only the 9sséntiaL commands: type‘a

file, look at a directory, erase a file,uand'copy a file.

In a second year introduction to operating system course, the

'simplicity of CP/M is a benefit to the student. At this peoint,

the student sees the operating system as a prdbider of services.
CP/M provides minimal services such as-filg-systenl maintenance

and I1/0 interfacing. The simple filezsvstem of CP/M can be tot-

ally- understood by these students. Students see  why the various

»

system calls are necessary, and they can understand how it is

implemented. In'third year, when they are taking a "real" oper-

ating éystemg course, they have a very good background for the

basics, and can then better understand the more complex features

in these. larger systems. ‘ '

1
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S;I.INetworkfrequirements. Just és CP/M gives us a base on_which
to run our‘application software, and the network software gives
us a ba-s; on which to run CP/M. The network software must gfi.-ve
us: ' - . . .
~ Steady réspbnse time, even under load.
- Systeﬁ security (crash proof). . ‘
" - Cheat'pfoof. Studentg cannot copy or "share".
assignments. ” . . .
-
- Theft proof. Students cannot steal application’
software.
. - the ability to limit resources.

"= Flexible. As new application software becomes

available, it should be easy to add it.

3

- Simplicity. It should be éﬁ§¥\{3~fjﬂntain, ﬁodify,
:In\‘- . o ) » ©

upgrade, etc.

Lets first look at providing a system that has a steady response -
time. Obviously'any system with a.single fileserver will have a
longer response time when it is heavily used, so we will look -at

a way to reduce the need to access it.
. p :

There are only a few times when the user really'hastxiacgess‘the
fileserver:

-‘Logging onh.

Running application softwaré?

d - Accessing student's_assignment.y

Printing.

Logging on by itself is a minimal use of~the network. First of

all, it is only done once. Secondly, it all that is required is

I
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. form well and to be secure at all levels.

[

the transfer of the userID and password, and possibly a small

boot program.

[

By far, the largest use of network . xesources is the running ot

b d

application software. The'application software tends to be
large, 'and if it has to be tranéférred to the workstation at each
invocation, this will put a tremendous load on the fileserver.
If'the student transfers the application so?tware to the wo}kf

stalion when (s)he logs on, the transfer need only be done once.

~

The largest assignment a student would typically have would be
7-

their final COBOL assignment which if heavily commented would be

N

at most 35K bytes, or 100 pages. The average size of an assign-
ment is more like 6K-10K bytes. Being able to transfer this to

and from the file server only when necessary, (initially and when

finished working), would further reduce the load.

The flexibility requirement is satisfied by havinyg CP/M as the

operating system if it is standard CP/M. It should not be some

—_

network variation, such as CP/Net, that will not run certain

applicatiqn-prodrams.' The system is even more flexible if it

allaws the workstation to run different operating systems.
Q ~r - L .

- . -

v,

In the following sections, we Q;l%*l&ok at what CPN does to per-

v

'
5.2 The RAM DISK. Remember from section 4.2.3 how the B1lOUS is

called for disk accesses. The important point for. us to note is

that the (track, sector) pair specifies a unique 128 byte block.
» ¢
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*Normally this is a sector on the disk; but there is nothing that
\

stipulates it has to be. As long as anything written to a given

address can later be read from that same address, CB/M does not

care how it is stored.

Although the 280 processor has a 64K byte address space, and CP/M
is only able to handle 64K bytes of ﬁgmory, it is.possible to
have banked memory which CP/M ddes not know about. This gives
the‘aﬂility to physically have more than 64K bytes of physical
memory. At'ﬁbst the processor can directly access 64K at any

one time, but banks can be mapped in and out as needed, giving us
N R

o

access to much more memory. ot

This additional memory is logically broken up into 128 byte
blocks and® the BDOS méhs the (track, sector) pair to a block of

memory. To the BIOS, qpis appears simply.as.a disk. To the

l‘ .
user, it appears to be a véry fast disk.,

P
/

5.2.1 RAM Disk Benefits. We get a lot of advantages in using RAM
disks over both floppy disks and no disks. As a Sr?:atter of fact
we get the advaﬁtages of both, the diéadvantages of neither, plus

an additional advantage, speed.:

-

First of all, wye have the advantages of diskless workstations as

mentioned in section 3.3 - - ] ;
&

**  —.greater reliability‘(no mechanical breakdowns).

- Students cannot steal software
- Students cannot load their own software.

We also have thé advantages of a station with disks: We can



transfer the applicatiqn software to the workstation to reduce

.the load on the fiieserver. " The typical user then transfers a

70K byte system once, transfers his/hgr BK’byée progrém twice
(frém and back to the‘gg disk), prints the 14K byte liéting once.
The total network transfer for a pypical session is 100K bytes.
These are only transfe}red when necessary. 'y

_ An additional benefit of the RAM disk is that it is much faster

-~ “

than a floppy: Everyone appreciates a fast response time. For
—ﬁ_—\\gfﬁm{le, it takes 8 seconds to load Wordstar into memory on a DY-

4 with 5" floppies. It takes less than a sécond to load it from

a RAM disk.

-

5.3 Network Independent boots. Student programs are far from buy
free. It is very common for a student's program to get into an .
ehdless loop. This requires the machine to be reset and a boot

to be performed again.' There is really no need for this reboot

to access the network, the student has already logygged on.

;f, when the student logs'on, we transfer boot informatiOn'to an
. areé on the RAM disk, a network independent boot can be per-r‘

formed. Qhen a reboot is performed, thiq information must be.

transferred from thét‘area of the kA

is fast since it ;LEE/}pﬁélveT\a
N

boot .information must be remove

disk. This kind of reboot

_ to memory transfer. The
3 when the student loys off to

prevent -anyone else from using-his/her account.

-~

In order to have this network independent boot, the boot EPROM of

the workstation must be modified to give the student a choice:



-

booting from the network,‘ie.-lggging ?n,‘or the network indepen-

dent boot.

In looking at what ;e gain by proQiding this, we get: ) -
- reduced traffic on networky
-~ a fast boot (good from the student's point of view),
'~ network independence (if fileserver.craéhesL
The cost of providing this is the cogt-of'savfng»a copy of the
operating system in a bank of memory. This comes to B'.K bytes ouf

-

of a 256K RAM card.

S.ﬁ Log an process: In looking at.ways to reduce the load on thg
fileserver, letrus look at the tiﬁe when there is khe greatest_
load;: logon. Wwhen a student is logging on, we k';low that they
will also want to transfer the application software to the work-
'staﬁion. This ranges from a small system such as PROLOG kSZK) to
a large one (256K} like ADA. Even with the smalllsystem, the
transfer of 52K bytes is much larger than the ?K byte transfer of

the student's program from his/her area on the fileserver.

Lets now look at what is putting the load on the;filegerver. The
speéd of commupication is BOOK'baud, or about 100K bytes a
second. This does not appear to be the bottleneck; if we could
transfe;‘thé.256K byte system in 2.6 seconds, we wouldn't‘worry
about a load on the fileserver since the time for loading a sys-

tem is so short, This is not the case.’

P

We cannot even transfer the 256K bytes from the Winchester to RAM

on the fileserver in 2.6 seconds, Thg bottlenedk is the disk.
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ﬁhen performing disk accesses, there are several operations that
take time: _ , ' . , K

- seeking the trdack (average time 36 miliéec)

- searcﬁing the track for sector {averayge time 4;5 milisec)

- reading a block (512 bytes) of fHata (0.9 milisec)

First of all , notice that the physical bloek size on the disk is

512 bytes. 'CP/M, however, worgs/ﬂ;lerms of 128 byte sectors,

and it is the respbnsibilYty of the BIOS to perfgég_the deblock-
ing and to return 128 byte blocks to the BDOS. ' The block is
actually read once, for every 4 BDUS calls, if this file is being

read sequentially.‘ The onlj overhead in reading 128 byte- blocks

" is the execution of the. additional instructions for 'deblocking if

the physical block remains in memory. When a single user -is
accessing the fileserver the block does remain in memory, but

when there are several users accessing'thélfileserver simul-~
<

“tanedusly, the block may not remain in memory. It is highly

. !
probable that the 'same block is read in 4 times.

In examining fhettime requirqd for a disk access, we notice that
most of the, time is spent léoking for the block of data. If we
can insure that'the file is'qontiguous ( and we can Qith CP/M),
that means that once we start reading the file, the heads are

positioned, thereby eliminating® the seek from subsequent reads,

The initial block read will.paké'the full timé to transfer, the

rest will go fast. The average time to read the first block is

about 42 milisec. If we immediately read the follo;ing block, it

will take anjadditional 2 milisec. Thus we get twice as much

data reaF r' h.an ingrease in.tiqe of less than 5%. Again, this -
.
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is true if only a single user is accesding the fileserver. If
several users are accessing the fileserver, - there may be seeks to
each other's files greatly increasing the time to access the

file.

Finélly, there is a certain amount of overhead in the trans-
mission of each packet; handshaking, the acknowledgment, etc. It
takes far less time to transfer one packet of 512 bytes than to

transfer four packets of 128 bytés.

Looking at these facts, it seems logical ;hat‘we should use
blocks larger than 128 bytes when downloading the application
software. using a block size 6f 512 bytes prevents additional

reads of the same block, and using a still larger size prevents

seeks from other users from slowing us down. What should be the
limit'on the block sile? The CRC used with the Zilog SI0 chip is
less effective with blocks larger than 2K, and that is why we

chose a packet size of 2K.

Lets now examine what we gain by using 2K blocks. Consider table
5.1. wﬁen there is no other user on the system, ié takes about 3
times as lony to load a system using 128 byte blocks than.it does
using 2K byte blocks. This is the overhead incur;ed by having to
égiZQIG times as many packets. For a single user on the system,

this time is noticeable, especially when lqading';‘iarger sysﬁem
suph as COBOL, Frdﬁ.the sEBdent's point of view it is not the 3
times faster that makes a différqnce, but the absoluti;time
saved: 48 seconds. ~And that is when no one else ;s using the

1

network.

)
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Now. considetl the case when there is only one other user loading a

differént system. The loading of a different system will force
seeks in between each regquest. The time for the student has more
than tripled,~ﬁhile in the caée of the 2K byte blocks, there is
6n1y an increase éf about 70%. Again, looking.at the case of
COBOL in terms of absolute_tiﬁe, a single other user.apcessing
~the network will cause an increase.of 2 minutes! This is the

type of reSpbnse we get using CP/Net, and it is not acceptable.

128 byte blocks

o no load " 1 station accessing other file,
PASCAL. (72K) 20 seconds . 66 seconds
QOBOL (180K) 62 seconds _ 143 seconds

2K byte blocks
PASCAL (72K) 7 seconds 12 seconds
COBOL (180K) - 16 seconds 23 seconds

-

. Table 5.1 - -
128.byte vs. 2K byte transfer times

-

What -size packet size should we use for the other disk tramnsfers?
First of all, when a student is logging on, we know that there
will be a large file transfer,'and we know that this will be
sequential. whén the stqdeﬁt is printing or qccessing his/her
priGaEe files, we have,no idea“of the size.of the fiLe; but they

are usually -small.

The time (no load) required to transfer the average file (8K

bytes) from the student's area to the .fileserver .to the work-



station is 2 seconds."We.won't-gain much in absolute time by
optimiziné here. Even if we increase the efficiency by a_ factor
of four, we will only save 1.5 seconds of the student's time. At
a Wfry busyﬁtime, we might be able to save the stﬁdept 4 or 5
‘seconds. Accesses to the student's disk is not always sequen-
tial. CP/M uses an allocation on the disk which tend to have
files scattered all over the disk after the creation/deletion of
many files. The use of-larger blockg in only beneficial if the
accesses are sequential. ' "

Since printing is done by transferring what is on the screen to

the fileserver, the transfer time here is limited by the speed o

L4

writing on the screen: about 4800 baud, 1In both of these cases
(printing and file accéssi, we gain very little by having blocks
iarger than 128;bytes, aﬁd-it complicateé’the rest of‘the séft-
ware. The benefits are not Qorth the cost.

5.5 Fileserver Network Although it is nice to have all the work-
stations and all fileservers connected on a sjingle network, this .
would mean that all traffic would pass over a single wife. There
would be quite a bit of contention for.-that-wire wit_h'BO s;:a't;ions
trying to access 5 fileservefs. By having 5 seperate hetworks,

the fileservers can essentially wérk in parallel.

~

The only reason for wanting 'a single network is so that someone
can sit down at any station to access his/her files. Each of the

fileservers, can have copies of the application software and can

do its .own printing. _ S



-

Remember that the students' files are small compared to the. load-

ing of a language system. The average time to get a student file

from the private disk is 2 seconds. even if it takes twice as

long the wait is not that bad. On the other hand, a large lang-
guage system such as ADA (256K} takes 26 seconds to load. Any

increase here is unacceptable.

We are willing to allow for a decrease in performanée when
accessing the other fileserver, and we do not wapt this feature

to cause a decrease in performarce in logging on and printing.

It makes sense to have seperate network connecting the file-

servers.,

-

This fileseéver'network'ié smaller than the workstation network;

it only has ﬁf@e nodes: the fileservers, It is feasible to use a

‘more expensive (better performance) network interface board as

well., : - . . o "

a

As it turns out in our case, there is a 50% increase in the time

it takes to access a file on.another fileserver when there is no

L]

Load. This 50% increase in time remains constant relative to the

time it would take .on a busy network, For instance, if the net-

work is so. busy that it takes B8 seconds to perform a local B:

disk transfer, it will take about 12 secoﬁds,to do an inter-

‘fileserver transfer. This is assuming that the load on the two

;

networks is equal, which is usually the case.
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5.6 Virtual disks. One of the problems with a network such as.a
CP/Net is that it is based on files: an open request at the
workstation translates to an open request at the fileserver, a
read request at the workstation gives a read request at the file-

server, etc, This is fine if there must be sharing of files, but

In section 4.2.4, we gave problems with a filé based fileserver,

""we do not want sharing of files.

Reviewing these again we have: :

- performance (due to many pbens and a sequential directory)
- security (microcomputer file system has no sécurity)' -
~ unrestricted use of resources. s

-

If we wish to have file security, we must maintain our own dir-
ectory éver and ébove what CP/M has. In it we must include the
owner of the file. 1In addition to making the fileserver software
more complex, this also decre@fes performance{ we have two levels
of directory to search through. We also have to maintain the

integrity of the two seperate directories and make sure that they

agree-

If we wish to limit the amount of disk Space‘a student uses we
have more problems. We have to maintain records of which blocks
are. used by the student, aﬁdAevery‘brite operation must be
‘checked to determine if it is rewriting an already allocated
block (which we don't care about) or writing (allocating) a new
one (which we do care about). This gets 've_ry messy 's‘ince we must

duplicate much of CP/M's file maintehance,
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The concept of virtual disks was first used by IBM with their VM
operating system. The idea behind virtual disks is that a vir-
tual machine sees its disks as a starting at cylinder zero, and
going up toﬂéylinder n-1. In reqlity,‘the virtual ;isk is a
colieétion of n contiguous cylinders ®n a real disk. ‘When ac-
cessing the disk:'a certain offset is added to the virtwal cyl-
inder address to arrive at the real cylinder address, and the
operation is performed. Securit} is simple: if alvirtual machine
has n cylindegs'allocatéd to it, all.that has to be done is to
N

check that the'requested cylinder address is less than n-1l.

We can use a similar cbncept in bur system, Remeﬁbe; in'éur
discussions of'the RAM disk (section 5.2) ;e told how when éhe
BDOS calls the BIOS to perform a disk operation, all ft cares
about ;s that asgiven (track, sector) pair referenceé a unique
block of data. Wé can péanslate the pair iﬁto a siﬁgle number:
block number = (track * sectors_per track + sector)

Each student is allocated a file (viréual disk). containing n
blocks (virtual séctors). The block number that we compdte willl

be used to reference a block.within that file. It is simple to

enforce security rules and to limit the Spéce a student uses.

This file of n blocks is the only 'file that a given student has
read/write access to., It is simple.to ﬁaintain'a list of size
one, We may also allow for several others that everyone has read

only access-to. This again is simple to manage.

In order to limit resource usage (prevent a student from taking

up too much space on the fileserver), we need only check that for
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every write operation, that the block number is less tiig)the
number of blocks allocated for that student. Agaig/fhis is

simple to do. - e
mp ) ) /

§ince students only sée the virtual.disks,'they sre-not evén
aware of the real files that are on the ﬁileéerver. They cannot
erase important files, issue a coﬁmand g; ¢ause the system to
crash, etc. ‘Under CP/Net, it'is easy-to cfash‘the system by
erasing important files.

5.6.1 Virtual Disk Inplemeﬁtation..lﬁ order to implement this,"
thé network'apcesses reside in the BIOS in the disk'féutines,
~ Whenever there is a réquest for a disk, it.is first checked if it
is for the RAM disk. If;not, the {track, sector)_pair is trans- 

lated to a single number, and the requesf is sent to the file-

server (along with the data if it is a write).
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program Server

I
|
.
! ‘
| ‘
I o
*l [ . (. Server
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J | ' A
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.
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fig 5.1 : Y
Logical flow of control for disk request.
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5.6.2 Virtual Disk Advantages. The advantages of using‘virtual
~disks instead of a file based fileserver are numerous:
- gecurity easily maintained, i
- . resource usage can be limited,
- incrgased pefformance,
- workstation's CP/M is standard,
'

- inaependence of workstation's operatimng system,

The first two points were discussed above, now lets look at the

others.

Perfbréance is better since we do not have to perform an open
before every ffle access, ”The student's virtual disk need only
be opened once when he/she.}ogs on. Remembe? that the opens ~
required on a file based system cause seeks to the beginning of
the,disk, and a squential search through the directory. We also
increase performance by reducing the time for theefew opens that
we do have to perform. Since the virtual disks tend to be large
{around 100K), we will.have less files in the directory than if

we would have many small files on the disk, Since the directory

is smaller, the sequential search through it is faster,

“When running CP/Net, we héve something that sits above the BDOS
(the'NIOS-and NDOS), and for some applicétion programs, this does
not appeér to beta true CP/M machiné.- When using virtual disks,
the network portion stays in the BIOS, and the machine has the

standard BDOS and CCP. I{ is standard CP/M,
: : —_

Finally, there is nothing about a system like this that ties the

operating system of the fileserver and the wofkstqtion togethef.

i -

1
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The fileserver dodes not care what the user does with‘the'virtual
disk( The workstation could run UCSD, which‘woula maintain its
typ; of file system on a virtual disk. A workstation could even
be a 16 bit machine running MS-DOS. Each diféérent operatiné
syStep woﬁ;d require a different virtual disk, (since the file
structure is. different) but the'aervér woﬂid ﬁevgr‘know#z;e
difference. . , o o R
This works in the other directioq as well., "This type of system
Makés the fileserver independent of the workstations. We may
decide.to upgrade our fileserver to a higher perfg}manc& maéhipe.

The fileserver program.can be wrflten in a high level language .

and could be hargdware independent. | "

»
-

t * .

5.7 Printing. Finally, we look at printing services, The
easiest place to capture things for printing is in the BIOS in
the console and list output-routines. We have to be able to turn

printing on and off, as well as selecting console or list.

-

We use the console‘output for getting a_ listing combining the
- ‘ * L..‘ -

compile, link and run of a program; the list output i& needed

when we want the output of a word processer, and don't want to

have the operating system prompts that we get from the console.

. In order to impiement'these ﬁunctions; an "additional BIOQS entry
pdint is added. This eall has a - parameter indicating whether it
is 'a feguest for staft of console spool, start-of list spoél,
close spooling, or break'spéoling. Using an additional BIOS

entry point will make application software which. controls spool-
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ing independent on the memory size of the system that is running.

Q
]

5.8 Concluding Remarks Lets now review what we have, and what it

gives to us. Remember that we want: ?

Steady response time, even under lnad. -

Theft proof. Students cannot steal application .

software.
- System security (crash proof).
- Cheat proof. Students cannot copy or "share"”

o
assiynments.

- the ability;gé limit resources.

4_f1exib1e. A§‘new application software becomes
avaklable,_it should be easy to add it,

- Simp}icityi' It should be easy to mainéain,‘modifyl
upgrade; etc. |

A steady respdnse time is achieved by minimizing network accéss,'

thch is doné by having a bootable RAM disk wﬁich is loaded by

sending large packets.‘—The diskless workstation assures that the

software is theft proof. Using virtual disks and having all_of'

the network pérts residing in the-BIOS give us tﬁé rest of our

»

requirements,



Py

(network tommunication) it is QFCiiii-timing is critical.

?

Chapter VI

© ) ' .
%, Software Details :

In thié éha?ter, we will look at the“fi@esefver program fn quite

some details We will See that it is really a simple program to
un&erstanq modify update, etc. The fileserver is written almost_ .
entirely in Péscal.'.Pascal/MT+ is the compiler used. The reasons for

that we had. It produces reasonably efficient code, and it

allows for externally cqmpiléa routines. Some of the routines

are written in assembler. The reason for this in many cases is ’

\

/ : [
~efficiency (for some aften called routines), and in other cases

-
-
*

6.1 Workstation Requests. There are 6 types of requests that the

fileserver will get from a workstatijon. 'These are:

" - logon, . i

. ;'opeﬁ file, . - ‘

- load system,

v . ' Q- SR : .
- . " - -
. - . . - ‘

read sector, -

A} N P

- write‘sgctof, : _ R ';"_ RS

- spool. . o _ . vl : .
N . . . . ’ ’ ’

. . ' ‘ - ol - \-- t. . '
Most of tibse shrould be o@vious from.their name, but we will
. : ‘ > SO 24 ; 1l .
- ) '? A
- . ¥ .
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still briefly look at them.

’ ¥

I

The logon reguest contains the userID-and password which were

entered in response to_the logon prompt. The fileserver respopds
indicaginglsuccess or failure. If Successful, additional inform;
ation is returned with the response: the user's name, name and
size of the virtual disk, and several other fields krom the entry

of the password file.

I'4

Since the virtual disks are files, they must be opened before

. -
Being read, That is the reason for the open request, The open
returns a code indicating success or failure, as well as a unique

- _ ‘
number which is used in further references to the file. :

The -load system request asks for the next 2K byte block of an
opened file. This operation is performed sequentially, and these
files are always read only. - Either the next plogk,ian error

mesgage, or an EOF signal are returned.

.
. PN

The read sector request is made for reading a random 128 byte

block‘fgﬁm file (a virtual disk). Agaih, either the data or -an

‘error code is returned., The write sector performs a similar
fdhcpion for writing a random-128 byte'block to tﬂg'gsqr‘s ‘;r-
tual disk. ] : LT e

- . .
v

[ ”. -
. .

)

‘regquegt for status, a reqguest to étart\Spooling,frequest to stop,

nr a request to kill spooling. ~The request is processed and

-

either a success or failure are returned.

75— o . . e
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ﬂ;iij SdeL request may have several subfunctions. It.méy be a



-6.2 The fileserver. At this time, we will just mention that the
network access. mechanism is polliﬁg. We will be going into more
'détail in the next chapter but for now lets just assume that we
“. can poll a station and the péll is either accepted or not. If it

]

is not accepted, that indicates to us that the workstation has no

need of the fileserver. We can now look at the main loop of -the

fileserver, It is:

initialize;
do forever begin
for i := 1 to number_of_stations do
begin > .
request := poll(i)
if poll accepted then

do case of message type , -

begin - P
logon: . . ;. .
. <
open: . . . 3 PR o ;
]péQJwgtam:._. . i
* o ‘read: e .
Gfiée: . v o 3
,s?ool: G . '
end ca;e; . 7 . R
if othe:_servep;has_;eQUest then service ét: :
) if console_command_entered thén execute it; .\; e
if printer ready for déta then-print byte; . |
end for; ' . ‘
‘end do forever; ) “'
] o s
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We simply poll each station and proces% its request. There is

nothing complicated about this. We will now look in detail at

the way that the various messages'are handledﬂ

| A | name | std. num | ACNT | PWD | P | SF | DL | DS | CRS
r . o . °
A . - Account is active or not.
ACNT - Account number. :
PWD. - Password. '
- P - Privilege flag.
SF ~ Number of coples allowed to be prlnged
DL - Virtual disk location..
DS — Virtual disk size. —
CRS - List of courses and lab sectlons.
W Accoount record.

.
| NID | "SFGB | LF | _AR__| "ROL\ | ~H& .| VFCB | OSIX ]

T -.? N :
NID - Workstation's network address.
SFCB -~ Pointer to current spool FCH.
LF - Logon flag, Indicates if-a l4gon has been done.
AR - Copy of the user's account recdprd.
ROL - Pointer to circular list.of Read Only, FCBs. | ol
HS - Fileserver c@htaining virtual disk.

VFCB - FCB of user'@ virtual disk.
OSIX - Other servers-®index from open,

T

User record.

. fig 6.1 - " .
Account and. user record tormat -

L]

3 . L

*:Z:;1~Logon As just mentioned, this request contains the userlID
. ST [ -

_password entered by the user. The userID is a letter fol-.

lowed by three hex digits, The letter indicates the colour of
N : . . _

‘ , X
the network on which the user has the account,.

The fileserver

haqﬁcopies of the.accounts from the other networks of the same

.
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year for inter-net logoris. The hex digits are used as an index
into the account file. We .then have a letter telling us what

file to read and‘an index into the file.’

Readlng the account file glves us the account record for that

student. Flgure ‘6.1 shows. the format of the account record. If

the password matches, ‘the logon is performed. A user record is

then set‘up. This indicates whether the user is priviieged, the
name and siZze of his virtual disk, the fileserver on which his
virtual disk resides, and the user's real name. ?his information
is used in detexrmining what fil'-es the user has access tc; in later
tqgnsactrons. |
s-
6.2.2 Open requests oﬁSh request'contains the name of the
f11e to be opened. The file to be opened will either be user's

..vzftual disk, -or for a system (language) virtual disk.

R . ; 'a

L : - . : . .

. 7/1f the request is for the user's virtual disk and it exists on

this fileserver, the FCB is found in the user rccord:"It'is"

opened and a flag is set indicating that it has been opened. The
'.flag is used so that subsequent calls will not require an actual

’ 4 . ‘ . s .
open to be performed. A code of 1 is returned which is used with ,

the read and write requests for the file.

Fl

D S, o ' . - )
?;F'If.the request is for any other file, we must check if the user

‘hag pnivilege.‘ A privileged user can access énythind! while a

-

‘non-privijléeged user can only open a system disk., System disks

are indycated with a filetypg of VLD for'virtual Lsafiguage Disks.

- -

o—

Each user record points to a circular list-6f 5 FCBs that the

# Lo /s
. _ R .

‘.., ’ . . - ' . oW .’
R e 5 -



. v . .
- user has {(or had) opened. If the file is not on the list, it is

4

added and opened. ' The least recently used file is dropped fﬂem

the list. A number between 2 and 215.1 is returned to the user., -
This'number is the index into the file pius the number of rotates
“of the circular iist., A record is kept at the fileserver of the
number of times a file has been dropped from the Iist; -The dif-
_ference between this number and the number returned to the usér
indicates its position in the list. For a non—privileged user,

this is not.necessary since they will never open mdre than 5

_files,'ﬁowever, a privileged user may be opening many files since
{s)he can access any virtual disk. it is necessary to use a
system such as this to make sure that the user is not trying to -

access an FCB which has been rotated off of the list.

-]

& 1f the user's virtual disk is on another server, the request is

sent to the other server. The numbir returned is kept in the

. 0SIX field of the user's user record. We will cover the way the
-~ - .

other server *handles this shortly.
. _ : .

-
] . . .

6.2.3 Load System. The requést contains the number returnéqupy

.

3. the‘opén. The fileserver petermines if this FCH is still.oﬁ:the

r

list, and if 'so, perform§ 16 reads. This large block is then
) réturned_to the-wor&uﬂﬁféion. The routine to do Ehis is one of

those written in assembler. It js quite simple to do this in

- ,assémbier, and it can be-dogg much ﬁore efficientl},than in

-

Pascal.

- - - - . R - ' . .‘ﬁ -
» s . * . - _ .




If the index in the request indicates that the file has been
_ rotated out of the list, an error code is réeturned., This sltua-
tion should never occur unless as student is attempting to do

his/her own network accesses, or if the filesérver was brought

Y

down and came up quickly while a system was being loaded. In any.
case, it is the responsibility of the program at the workstation -
to recover from this error by re-opening the £file and starting to

read it from the beginning.

! ’ _— . e
) u é
. ) > Lot
—

6.2.4 Read and Write routines. These are similar in the way they

'

———

]

‘are done, The received request has théti:B index, a relative
), and in the case of

record number (which sector to read or ‘writ
a write, 128 bytes of data. If the.FCB index is 1 it 1nd1cates

that it is for the student s prlvate v1rtua1 dlSk. If the re-
<

quest is a write, the record number to be wrltten is checked to
£

-

see if it is in the QBnge.of the file‘sqtherwise students could
eniarge the size of their disk). Aé%ﬁming these checks weré
;sucgéssful,'the read or write operation is performed and, in the'
casé'of1tﬂe read, thé data is returned:. |

Jovse o e ety o g rewnnes

-t

’ . - . ) .
If the FCB number is nét 1, it is for a syéta@ language disk.

B . .. . y B
* For & non-privileged user, it must be a read and not a write. The
' B ] '

T - s

positibn the FCB in‘the'list is checked'the same'way it was

large (load system) read. If he FCB 'i's ‘found 1n the

llStL the read (or possibly write for .a pr1v11eged user) is per-
formed., : - T . .

.o C - 1 ‘
N ‘ S o -

If the FCB index is 1 and the uBer's disk is.on another server,

the request is sent with to the other server with the FCB index

th
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replaced by the number in the OSIX field of the user record. The ~

response is simply returned to the workstation.

be | L ' - C
- start spooling, S . Lo
- middle spool record,
- end spooling, . '
"= ‘break spooliné,,
'~ gpool.status,

- kill spool file.

-

'6.2.5 Spqol We have several types of subfunctions that thié may

" = .
First of all, lets look at the spool data structures. There is a

list of free spool FCBs. When there is a request to start spool-

ing, an E_‘CB' i‘sir‘emoved from this list and a filets created on

thé fileserver's RAM disk. . The RAM disk is used b

speed. A flag in the user record indicating

spooling is s€t, and a pointer to the spooIJFEB is

If there are no free .FCBs in the list,%an error

»

the wuser. This has never occurred in gracti
. L}

scause of its
hat the user is .
jnitialized.
i's feturned to'

, although it is

possible to cause it to happen by turning.off the printer and

printiﬁg a lot of short files.
' -t

A data record for sgpol1ng contains 128 bytes of data.i

gat thls, we check if the user is currently Spoollng.'

. ~
U
When we

If-ndt it

1s an error, otherwise, we flnd the user's: spool FCB from the

e, . -9
user'reqord,‘and;write the next block of the flle._

. 8l
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The end spooling record _causgs the fileserver to. close the spool’
_~

file, and add the FCB to the end of a queue of FCBs waiting to be
printed. The spool flag in user record is cleared. The printing

of files is done first come first serve.

*

The break spooling command allows the user to change hist;?pd and

kill a file currently being spooled. This simply cadSses the

spool file to be erased and the FCB is added to the list of

available spool FCBs.

Upon receipt of a spool status request, the gueue of spool files

.

is "traversed", and the owner, size, position, and spool ID (a

s . . .
_unigue number for each spool file) is returned. It should be

mentionéd that the spool FCBs are not simply a standard CP/M FCB.

. . _-' . . . . ! :\ .
Theéy contains a few additional fields for our use~pointers to

next, owner, ID, etc).

 £ina1ly, the user,&an kill (purge) one 6f his fi es,w%iting to be
printed or being pr‘inted. This Qquést contain's‘the spool 1D,
which the user‘previousfy found using the épool stafus command.
~The reqqest is verified‘to'see if it is.indeed ﬁis/her ;Poolrﬁ

file, and if so, it 'is removed from the queue, erased, and the

'"FCB is returned to the -list of available spool FCBS. In the case

" of the file currently being printed, a flag'is set so that the

_despool’ routine will treat it as the completion of printing.

»

-
-

6.2.6 Other Servex Request There gre only three types of
requests that are passed-between fileservers: open, ﬁgg?; and

write. Since the fileserver network is not accessible directly’

e’ : '
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by the stuaents, we depend oﬁ the local fileserver tp perform the
accesé restrictions, aﬁd reqﬁests from another'ffleser§er are' not
checked. For simplicity, even privileged users can only access
their B: disk. If the privileged user wants to use other‘disks'

on_anofher.network, (s)he must log onto that network.

First oﬁlall, wé-will mention that when,we send a reqdést to
aﬁother fileserger,.we may ggt a requegt from aﬁbther (or-the
same fi{eserver) while wai;ihg for the response. 1t is possible
(\Ep get iqto a deadlock situation Pf we simply wait for the re-
sponse. Consider the case when two fileservers simultaneously
send a request to each other. If.;hey each éimply send the re~
guest. and wait for the résbpnsé, they would both wait fdfever.

- N
. 5

1+ To preve;B deadlocks, we continuously check for redgg§&s from
other fileservers while waiting for a response, If we get a

regquest, we service it then continue waiting/checking.

w

o .

Now iets look at the case of several fileservers simultanecusly
sending. a request Eo a single fileserver. The hardwarelbeing
used will-buffer of up to-three requests. Since usérs are forced
to use workstatiohs of their own‘yearf the mdém that could be
sent to a signal fileserveriis ;wé (in the Ef?s;,year lab). A.
privileged user ggglg‘inténtionally crash a.tiléserver'by forcing
ailffileservers Eo access a_sinble one at the same‘time. Thé:
privileged use?‘pould crash the system in many'obhérzways as
well, and thi.s is not cpnsidered to t;e;\a problem si'hCe- priQileged.

users are assumed to be responsible people. L o

- v . . t »
4 . :
T~
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When we receive a request from another server, they are handled

gquite similar to the way that local requests are handled The

open causes the FCB to be added to a c1rcular list, and a unique
N

number is returned. The read/write routines use this number to

identify the FCB. It is quite possible for an FCB to'have been

‘ rotated off the list. This could happen if a user is logged on

for 2 long time, while many other inter-network users have logged

on for a short time. It does nRot pose a problem since the BIOS

.at the workstation is designed in such a way that if a read or

write request is not successful, an open is igsued-and a retry is

performed. The only effect that the user will see is a delay of'

about 1 second. Y

6.3 FPilgserver Data Structures. Lets now look at the data

res that the fileserver maintains.  The pointer block is

J§ starting place for everythlng. During debugging, dumps were

-n.;»

| NWS | "SCL | SCP | RB |°*"CSFCB | "SFCBW | “SFCBA |

.1 _"UREC1 | “UREC2'| . e | "URECn |
NWS - Number of workstations.
SCL ~ Circular FCB list for other flleservers.
SCP = - Station currently being polled.
" RB - Request buffer, holding - request from the statlon. -

CSFCB - Current spool FC& being printed.
SFCBW - Spool FCBs waiting to be. prlnted

SFCBA - Si:allable spool FCBs. ‘ T : S K

) _ . fig. 6.2 . N '
o - ?biﬁter block. : '

-t
<

Consider figure 6.3 in which we show the entire data structures

@

on a network -havi our .workstations.. Station 3 is currently
. : ] y
i ‘ o
4 g 84 - ; ‘Av‘



_ “w TER
. . ok . 2
, % - * T »
FCBS for - - . . -
" other s . .
server ' ¢ o
L_ECB | o o Spool ' .t
i "gueue o s Available
. ' . _ . . spool
L FCB | ) _ . files
’ _ FCB
FCB .
- e —— rd
. ’ 1 I—E.L.ll
ECB | _ - .
: FCi T .
L_ECB tile

being
printed

e e i . e e

Lot ) FCB .|
station 2's -

spool file

K . Pointer
: MNock

User Kecords

L . - fig 6.3 et T
o System structures

-
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being polled, there is one file being printed and an additional
file'in the print gueue, Workstation 2 is currently spooling,
but has not yet closed the spool file, Only workstations 2 and 4

have logged on. . - .

6.4 Workstation Software. On the workstation everything is -
. - ) o ]
located in the BIOS. ' The BIOS of CPN 1is a superset of the

standard Cp/M BIOS. The jump vector at the beginning i$ the o

same, but there are some added functions following this, ang
there is a parameter area at a constant offset from the beginning

..---. i ’ s ! . Y‘ ‘
of the BIOS. ‘ -

»
' -

‘ . L - \ '
6.4.1 CPN BIOS. The reader may wish to*return to section 4.2.3

»

to review the standa?ﬁ!ﬂIOS Jump table, as here we will only give .

additions. They area:

JMP SPQO%‘

_ . "y N "y
JMP MSG - - - 5
JMP  RED e e . .
‘ JMP RESERVED . - .

) & . ) " .- ' . . . . N £

JMP. RESERVED -
' . . .
_PARM: DS ... ; Parameter area.. ._ - .

* - »
The HbG routlne takes as parameters p01nters to a message and a
buffer for ‘the result. It w111 transmlt the req796E to the file-

ser%rr and retuxn the result. It is essentially a call Eo.the

.
» . \

transport layer cf the communlcatlon subsystem and is not cur-/’)

- rently used by any applxcatlon programs._ The SPOOL routlne takes

a parameter lndxcatlng the spool functxon to be perforhed "Thisg’

g
k)

.
L

L=



“information returned by the fihfserver.

routine will be discussed in (reater detail later. The RED rout-
. . - . ’ -“ -~

ine is used to redirect the serial devices, such as redirecting

the LST: to the screen. It is necessary for printing the page

formatted output of COBOL programs. The reserved. routine ddes

no;hlng. It 1s reserved’ for future use. ¢

+

The parameter ‘area is_initialized by the logon routine with
1t contains.the user's

name, the file name of the virtual disk, and its size.

- -several reserved fields here as well.

6.4.2 Disk Operations. The routines, SELDSK, SETTRK, SETSEC, and
SETLDMA, do nothing but store the current disk, current .track. and

sectot, and the address where the dgta‘is to be transferred to our

from. When the read or write routifie is then qalled,'theh

(track,sector) pair is converted to-

L

which-is used for getting Ehéﬂdatd.

1

-

When the request is for ﬁxsk A: (the RAM ddsk),_ihe relative

record 15 used to flnd the page, ‘and offset Lnto the page oE the

banked‘memory. The data is then transferred to (from) the paye
from (to) the DMA address. On read.requests, parity is checked

to see if there is‘en error, If so, it iqgicafes a-hardware
t.

“

.malfunction and.a message 1ndicat1ng where it nccurred is wrltten

on thé sd‘eén before the workstation halts.
N . 5 . ’) ) - .

-~ =

_ A request for the B or C disk.is a request for a network d;qk.

ands must be sept to the f1leservet The fxrst time an_g:ccess is

attempted, an OPbN message is sent., The index.returned by the

P T

- ¢ =

' ' . . L. . B . ' o . -
» - . . - . . -
. . N . K - [
. . . . .
L . . . - °

-

There are

single relative record”

“
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If-an error is, .returned by the flleserver, an’ oP

since security cheeking is done at the fileserver.

a—

fileserver'is.saﬁed; A }ead (write) message-is then sent. Thié{_,u/

message contalns the 1ndex returned by the open, the relative

record number and the data (in the case of a wrlte) The message

etu%ned is the return code and the data (1n the caZ?hqi,a read).
essage is

si7 ' and the ’ operatlon is retried.

If awrite is attempted on the C dlsk the BIOb will 1mmed1ately -

..

return an error to the BDOS. This can be bypassed by settlng a

i

flag in the parameter area to,zero. Kndwledge.of this, as well

as havidg insert command give no speg¢ial priwvileges to a user
‘ g p Pt g : |

i
Lk

The INSERT virtual disk command alfbws a privileged .user to-

"insert" any virtual disk into his(hef) Bi or. C: drive.. It works *

by moving the name of the virtual disk to, ’nsertedVinto the!'

."“

file name area (in the BIOS parameter area) for the appﬁopriatew

ygrtual disk drive, and then performing a cold boaf. This will "

L

force an open before the next'disk access.
e . 4 ) .

N — "

6.4.3 Spooling - There is a flag in the BIOS called the s$pool
. ¥ . . . '

_fiag. This flag is used to indicate if spooling is beiﬁg_ddneh

""and if so, if it is'the consolé or LST: device. The CONOUT and,

LIST routines of the BIOS check the appropriate bits before writ-

ing the byte. 1f they are being spooled, the byte is sent to the

-

spool routine as well.

The spool routine has several functions which are selected by a

function number in a register., 1In the case of start spool}ng,

. . R

-

. /

. 2
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the bit in the spool flag is set to indicate which device is

A . ’
being spooled, and in the case of the console, an escape sequence

is sent to the screen to set it to inverse videjp?ode. A start

spooling message is then sent to the fileserver< If an error

r

"code is returned, this indicates that the lab will be closing ’

L . ‘ . I'4 :
soon, and no more spool files are being’ accepted. -

The send béte routine moves the spooled byte into a buffer. If
the buffer is full, it is moved into a packet and sent to the
fileserver, afterwards an empty bufﬁer is initialized. The stop
_spool rdutiné sends the partiéily full bﬁff%p’e§€/5 close spool
méssagé to the fileserver. The screéh is then reset.to normal
. video. . . ‘ )

The spool status routine has, as a paramegter, the address of a -
buffer/ig/wﬁiéh to receive a response. The routine sends a spool
g;agpé request to the fileserver and receives the response in the

buffer,

These spool routines are sometimes called by BIUS routines,. and
sometimes called by application programs. The SPOOL command

e e —
calls all_of them.
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Chapter VII

b
Network Details

. _ \
we will now look at how reqguests are passed from workstation to

fileserver. As had been mentioned earlier, the network access

method is polling. The fileserver polls each workstation to see

if it has any requésts. ‘A poll which is not résponded to, indi-

cates to the fileserver that the workstation has no requests.

We will also examine communication between fileservers. This is
done using a Corvus omninet card. This card handles most of the

low levels of communication without bothering the fileserver.

-

7.1 A Polled'Netwo;k. Polling is the simplést scheme for cam- -~

.

. municating with workstations. It requires less hardware than

other methods. - For example,. CSMA/CD requires the ability to
e N .

"listen" to the wire while transmitting.. Lets examine how poll-
. . . ‘ .

ing works for us.
.

’

v

¢ = .
3 A4 4

7.1.1 Message Interchande. The workstation Qil} always transmit a
request to the fileserver and expect a response. The fileserver

will never send a message (other than the poll) to a workstation

- &
. Q\unless the workstation Trequests it. Although the fileserver is

L
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the master of the network, it is a slave to the workstation.
. - g

The poll is responded to by an accept poll meésage rather than
the regdest itself. This is done so that the timeout. for the
poll can be made small. A large message would require a longer

timeocut to ensure that the long messages would not be missed.

After sending the accept poll message, the workstation delays
about 400 microseconds, then transmits its request. Much of the
delay is used in settind®up for the transmissioﬁ, the remainder
is to-maké ensure that the fileserver has enough time to set up

itself for the receiveé. The workstation then waits for the ac~-.-
l" ' *

knowiedgment,from the fileserver.' There is another poli, and the
workstation must accept this poll to indicate that it:is ready to
receive-the response, If the reéponse has been received success-
fully, an acknowledgment is sent back to the fili?erver. The

process of sending a message and recéiving the result takes 4
\ -

millisecongs.' This does

not include the time required to service

the request. '

‘Notice that there is a sequence for sending a message to the

fileserver, and.one for receiving the response., By the rules of
* »
this protocol, the sending and receiving of a message are "inde-

—_—

pendent. This may be useful at a later date. We have the possi-
» 3 . * . \ 1Y . -
bility of gei71ng requests from several stations before.having to

send back the response. This would imprgve performance;if the

operating system at the fileserver is changed to~ene which will

allow 1/0 overlap on disk operations, and would sort the disk

regquests to minimize seek time.
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Fileserver S Horkstation

" send .
. poll
{wait for response) ) poll accept )
. reqguest |
ack if no y

receive error

response
to request
ack if no

transmission error,

Ermmmmm o

a IS fig. 7.1 , o
: Message interchange. R <

Lets now look at what happens when there are errors or problems
in the transmission. There are three things'thgg.can‘happen when
.a station expects to receive a meésagei .

- nothing arrives, ) o

* - a garbled message arrives,
- sdés}hing unexpected arrives,

. If nothing arrives when something is expected, the .communication

routine will return a timeout error, Timeouts at the wo%kstation
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are very-long, about 0.5 seconds. On the filpserver, they are

hd [y

much éhoifii\finée the workstation does not slow down on a busy

network. . IT no message has arrived and a timeout errbr.oggurs.
d - ‘ ‘

it is assumed that the ifnding station has crashed.

The assumption is not true if the station sent the message and
"either the address field or the leading flag were corrupted in
“transmission. In those cases, a sent message .will never arrive.

The probability of this'happening is small, and. its effecf_ié nof

disastrous, The student would be informed of a communication

‘error and would have to reboot his/her workstation. If it is the

e

fileserver that does not receive the message, servicing of the
request is aborted. This will cause a timeout or synchronization
.error at the workstation., If we were to try to recover from this

tﬁge error, synchroniéation would be.a problem in ;his polled

A

environment. .

When a garbled message arrives there will either be a CRC error

+

or a data overrun error, Data overrun means that a message

longer t@an the buffer is being received. Since the buffer is

[}

hd . . : .
larger than any message that is ever sent, this is a‘serious

.

problem. It means that an other station on the network has a

hardware malfunction and is sending garbage continuously over the '

line. 'When this situation- is detected, all communication halts,
warning messages are printed. The problem causing workstation

must be isolated before any communication can continue.

-

i1f there'is a CRC error on a transmission, it could be control

(poll, ack, etc.) or information. If a workstation receives a
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ggrbled poll rqueggrlrtst ignored, and it simply waits for the

next poll. If the f1le9erver receives a garbled response from a
oll, 1taassumes that it gs the response expected. This poses no

problem becigggllf there is a problem, it w111 be: detected fur-

.therdin'thelmes\age exchanges. "The workstation will only send

_one type of message ip response to a poll, and,oniyfvﬂf station

should be responding.

L 2

: . . . ' <«
1f 4 packet is regelved with a CRC error, a NAK packet is re-

turned and thererare up to 10 retrles. The final problem comes

-

‘'when an expected ACK is garbled. Thls is handled Smely by

“asguming that it is an ACK. This may sound like a problem, but

it is'not. TIf a NAK had been actually sent, the sender will be
. - 1 -
expectinyg a retransmission, but the other station will not do it,

and the error will be detected then.

Finally, we come to.rece1v1ng something unexpected It means
that a workstatlon is sending somethlng when jt shouldn t or its

network address is the same as that of another station., This is ™

" a serious problem. It means that the synchronization is gone,

Since each user has exclusive control of his/her machine, there

*

is the poss@bility that: (1) the user could either perform a

network I/0 operation himself and not respect the line protocol

hid

or, (2) due to an uninitialized veriable or array out of bounds,
lthe message tranemission routines.are part}ally overwritten.
When this happene, the offending workst?tions fThe:e are usually
Ateo affected;) both die with an error ﬁessage indicating the

problem. It is better 'to halt processing when there is the

chance of an error getting by undetected.
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Appendix A gives full details with. the state transition table for

the messége interchanpge.

The message intercﬁange was written to ﬁe%p in locating hardware
malfunctions. - The transmission medium is guite effective and
unrecoverable-eqfors are infrequent. In the worst case, thesé
errors (assuming that are not a result of hardware malfunctions)
only reguire the user to retry the opération with a maximum loss
of 2.5 minutes. This maximum would occur when a student ié send-
ing a 90K byte COBOL:listing.to be printed oh an extremely busy
day; and the error occurs on the last record tranfmitted.

7.1.2 Packet Format. The Zilog SIO chip is used for doing the

communication., The messages are in HDLC format. This format is:

| flag | information | CRC‘| flag |

‘The flags and CRC are generated by the SIO chip. The information
field must be supplied to the chip by the softwagpe.. This format
was chosen Eﬁ be competible with the message fJ;mat of CP/Net.
We do not loose anything b¥ choosing to follow this format. It

is: . ’ v

| DAD | FMT | SAD |.FNC | SIZ | MSG I
R .
!

DAD -/ Destination address.
FMT - Message format.
SAD - Source address.
FNC = Function code,
S§1Z = length of the MSG field.
© MSG - The information for request/response.
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The first byte is expected by the receiving hardware to be the

destination-address. The FMT field is used to indicate if the
message is a request or response, as well as indicating if it is
greater than éséabytes long. The FNC field indicates which
function (read, write, open, etc.) is to be perférmed. The con-
tents of tﬁgfaSG field ;re dependent on the function. Appendix B

coritains a list of the functions.

7.1.3 Analysis of the Polling. A problem with polling is that
time is wasted polling the stations that do'not respond. Lets
see what the cost of that is to us. The time required to poll a

workstation that does not respond is about 600 microseconds.

The' worst case to examine the time spent on non~-productive polls
wouid be a single user in the second Qear lab. There would’bé
one station requiring the fileserver, and. 18 stations not needing
it. Now to compute how much time is wasled for each poll of the
ent%fe network. )
18 * 0.6 = 10.2 milisécondé T (

Lets take the Eése of that single usér lcading éhe ADA language
systém which is 256K bytes. Since the load is qpne in 2K blocks,

there would be 128 message interchanges required to load it.

There would then be
o . ™,
- 128 * 10.2 miliseconds = 1,3 seconds

of time wasted on non-productive polls in the worst case.

Notice that the worst cast for wasted time is when the network is

empty. The more active stations there are!.the less time there

/
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is wasted. Palling seems to be a pretty gogg choice for us. TIf
we were to use another scheme such as CSMA/CD, the busier the

network would be, the greater the probability of collisions and

e fhe more time wasted. We waste time when we can afford to, and

we don't when we can't,

7.2 Inter-fileserver Communication. The fileservers are

equipped with .a Corvus Omninet Transporter card., It provides for

a fast (1M baud) and reliable communication with a minimal of CPU
intervention. The board consists of a processor, RAM, Serial

1/0, -and a DMA,

§

In order to gransmit a message, the message and a control block

- must be transferred into the Omninet board's memory. A command

is'phen gibeﬁ td;the‘tranbporter's processor. The main CPU is
then free to do anything else while the processor on the érans-
porter bbard will transmit the message to the desired station and
wait for aﬁ'acknowledgment. ‘If there is ﬁb acknowledgﬁent, the
messqge'will_be retransmiggéd up to 127 times, After.completion
of trénsmission, either successful or not, a condition code is
set iﬁdicating the status of the transmission: The main ééU is

e .
not aware that this is ggﬁing place, and, since the memory is not

associatéd with ity no memoryéycles are stolen from it:
. F . -

In order to receive a message; a "socket" for the message is set
up by passing a control'blogk to the transporter boafd. Up to
four sockets éan be set up and each one is capable.of receiving a
message. Once set up, the transportef’will receive and ackqowl—
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edge messages, again without intervention. One socket is used

for receiving the response to a request, while the other three

are used when other fileservers have a request for this one,

-

The line interface is an R$S-422 driver on a single pair of wires.

ESMA/CD is used for line access, and the transmission follows the

ADLC protocol.
L

This board was chosen for inter-fileserver communication due to
the fact that once set up,‘it can receive up to 4 messages with
no CPU intervention. It is easy.to prevent a deadlock situat£0n
between the file servers. In additioﬁ, it is easy to justify
polling ‘on the workstation nétwork because there is the file-
server that is the master of the network, but what would be con-
sidered master of.a.network of five fileservers? Thé corvus let
each fileserver be equal. We can bring d&wn anQ one and there
will. be no effect (té users not wanking that fileserver) on the

network.equipped with a Corvus Omninet Transporter card,

Wom,



'other lab or

. different vendors. g

Chapter VII .

‘Congluding Remarks

We now see that the CPN has given us a lab that is modern, reli-

able, efficient to run, and versatile. Probl;ms’asgociated with

/

7

nizations have been eliminated, giving the students

a system that js a pleasure to use,

The hiéh cost o

liminated., " Microcomputers can -be maintained by
- _

puter has been

»

the degar

&umerous' roblems associated with micrbcoﬁputeré have been elim-
inated. The diskleés workstagions offer : A
- no df*veé to break down, . { .
- no problems distributing software,
- and no problem with theft éf software.
Problems of software aifferénceé and incompatabilities have been
elimiﬁated.by céreful phooéing-of application software: CéN is a

L)

single integrated system incorporatimg'software products from

N . -

4. . -
. -

. .

A phildéaphy used in CPN is: Keep things simple. Changes which

could have been made to improve the speed were not done in order-

buying and maintaining _a mainframe or minicom-

ent's technicians giving a more reliable system.



keep things simple. For example, the fileserver could try to
optimize disk seeks by Qpllihg all stations, computing the
addresses of the sgctors to bé read or writtent and then issye
the operation. This 1is es;entially bypasging the operating
system on which the fileserver is running. On any system a speed!
up can be achieved, if the operating system is not used because

the program running knows its needs better. Needless to éay,

this is rarely done. The ends do not always justify the means.

In the 18 months of its use, the system has been well liked by
= .
_'-\ . .
stﬁﬁ%;/f. The reasons that they like it is that it is easy to

use, Hood response time, and there is good documentation avail-

able for them.

. £ . < '

As far as hardware maintenance goes, a single technig¢ian ds
less than one day a week on their maintenance. There has not
been any software maintenance {( improvements, bug fixes, etc.)}

performed in the past year other than account creatioh and

deletion,

-

The lab has lived up to our expectations. originally we had

planned that the equipment'would have life of & years before

-

. L]
becoming obsolete. Since the lab is running so well, that may be
s .
extended. The only problem is the growing popularity of the IBM
PC, and the fact that most new software is aimed at that one

machine. . : _ ' -
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8.1 Problems with CPN. There are several areas that in theory.are
a inglem, but in practice they are not. They are in areas of
ne{ ork security. Any network of microcomputers has similar

sive control of a machine, as

problems. "When a user has exc

-

‘well as programming tools, and that\machine is the one that sends
messages, there is no way of prevendting him/her from issuing I/0

to/from the network. A ma 1c1; €. _user ébuld:

- receive messages -i §eq§ed_for the fileserver,

. e LT , Lo
- continuously sedd“mES%agesr“the:éby load the network,
- sending, junk onto Eheﬁlihé to, destroy all communications. 2

Due to the -hardware used with'CP&; éll,three are possible. There
have been no problems sgd'none are expected because: .
- Stud;its don't have time to fool afound and the SIO chip
) h s véry complicated to program.
., = There is no "reward" for créshing the system; Only the

other students would suffer. : 3

- There is nothing of value to be gained by "breaking into"

]
i

the system.

.
o

8.2 Purther work. The next phase of CPN is to make it include a
complete lab monitor as well as macﬁines to work on. There are
alQays peak times, just béfore assignments are due, when there
'are not enough workstations for the students. CPN should be able

to do something about this. .

The lab has two'kinds of usage: scheduled labs in which there is

_:a teaching assistant in the lab, and free time. During the free
-time, anyone can use a workstation. During peak times, students
\
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may have to wait quite 2 while until there is a free station.
. _

During the scheduled, the.lab should contain only students taking
a particular cbﬂqse. ‘During the peak periods, other students
sneak in to work on something else, taking the workstation of a
student that should be in the lab. At these times; the assistant

may spend more time kicking people out than helping His/her

_studénts.,

N

A reservation system could be set up that would solve the two
problemsA\_The account record already contains the list of
courses and lab sections that the student is enrolled in. It

would be a simple matter to have the fileserver look at a time

table for the labs, and if it is the time of a scheduled lab,

'only allow students registered for that lab to log on. Since the

workstations are practically stand alone microcomputers once a
logon has been done, students that were in the lab already would
not be effected by this. Modifications could he done.to the BEOS
of the workstation that would cause a simple quefy at each warm
boot. If a message is returned saying that it'is time to go, the
student would get a finish up quick message and eventually be

logged out. The only additional hardware requirements would be a

" real time clock at thé fileserver. Software modifications would

L3
be straightforward.
The problem of monitering the free time is a little more in-
volved. Students could be given a certain number of hours per
week of lab use. The amount of time would depend on which

courses (s)he is taking. A special station could be gset up out-
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side the lab that would let 'a studentwreserve time slots through-
out the ‘week. This station could éend the schedules to the file-
server. The fileservers would then use these schedules .similar
to the way it is done for scheduled labs. This would have the
advantage for students that they ;ould know in advance that theFéA‘_
is a workstation- available.

. b
Another area of work would be to add other microcomputers Ed'the
network., This wéuld probably involve bdiiding‘custom network
interfaces for tHe machine, or an R$-232 gatewa}. These stations
could be more popular machines (eg. IBM PC) and hé;e disks. IFf .
an RS-232 gateway 1is built, the network coula be'aécessed
(although slowly) via telephone 1lines. Thié, unfortunately,
would not be gvailable to the students'fof‘at home work. A net-
work that could distribute copyrighted software over a city would
have to be-kept secret, and it is not certain that 1000 siudents

s

could keep the number secret.

The RS-232 gateway would enéblé‘thé lab to be extended to spread

over seqerai buildings within the ﬁniversity using higher speed

modems. The access via this gateway would bée\slower than direct

access, but it could be used by a professol\to look at a

student's problem without leavfgg his office.

’
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APPERDIX A
.+ State Trangsitions for Message Interchange

wWorkstation

& ’ - .
s;rén: ACTION : Next State

( Wait for poll

Receive poll OK 2
Timeout 1
. Receive message,not poll 12
CRC errot B
Send ACK
- Transmit OK 3
Unable to transmit 13 -
3 Send reguest .
o Transmit OK-. 4
Unable to transmit 13

4 Wait for ACK
' Receive ACK .

L Receive NAK . !
™ Timeout 1
Receive other message -1

GRC error '

AY

5 wWait for- poll :

: Receive pell OK 6
Timeout 11
‘ ‘" Receive message/not poll 12
* * CRC error 14

"6 Send ACK . N '
: Transmit OK . 7 -
Unable to transmit 13
*+ 7. wWait for response .
Receive OK
- Timeout ,
* Receive otlier message ’
CRC. erffor.

kb .
W =@

B Send ACK . ‘
. Transmit OK .
Unable to t;ansmkt

I
wO

9 ' Send NAK - . -
: Transmit OK -
Unable to transmit 1

W

]

10 Interchange complete.

11 Fileserver is down.

12 Two nodgs with same address. '
13 Hardware malfunction

14 Temporary problems,'abort interchange.

.‘ | \h{“-
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'State Transitions for Hessaée Interchange

Fileserver

STATE ACTION Next State

1 Send poll . ¢
. Transmit OK '
Unable to transmit 1

[

2 Wait for ACK__
. "T"Receive 0K
Timeout
Receive other message
CRC error

-tk
Wby W

3 WwWait for request
Receive 0K
Timeout
Receive other message
CRC error

-

4 Send Ack
Transmit OK
Unable to transmit

—h
B Wk

S Send NAK
Transmit OK
Unable to transmit 1

b

6 service the request

7 Send poll.
: i Transmit OK
Unable to transmit 1

[ er]

8 WwWait for ACK : )
Receive OK

Timeout )

Receive other message .
CRC error

-
Wi W

92 Send response
) Transmit OK
Unable to transmit

— -
Ho

10 wait ACK
Receive OK
Timeout '
Receive other message
CRC error ‘

- bk mah T
-t L) B =

11 Interchange completed successfully.'
12 Station has no request. ’
13 Interchange aborted.

14 Hardware malfunction.
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OPEN request:

APPENDIX B

Message Formats

y

TDAD | OO0 [ SAD [ OF [ OD T DRV I FN | PT | EXT T

OPEN response:

—I—m—l—m—rmwrl—u'j—tm -

DAD -
SAD
DRV
FN
FT
EXT
IDX
FS
RC

[ O T I I |

READ request:

server's NID.
Workstation's NID.
Disk drive.

File name.

File type.

Extent number.,

Index for server's list.

File size.
Return code,

READ response: [

106

DR T 07 TS T 2V T B3 T data T RC_1
) DAD - server's NID. ’
SAD - Workstation's NID.
IDX - Index for server's list.
RCN - Record number to be read.
RC =~ Return code.
RITE request:
'  TDA T U0 T SAD T 227 B85 | IDX T —data T RN T
) : - K
WRITE response -
- T TDE T OT T8 [ 22 1 O T RC 1
DAD - server's NID. '
SAD ~ Workstation's NID.
IDX - Index for server's list.
RCN - Record number to be read.
RC - Return code. .
LOAD request:
' TDAD | U2 T 5AD T 47T 7 0405 1 IDX | data | RON |
LOAD response ’
| T DR T 0T TSR0 T 27 T UT T RC T
o [
DAD - gserver's NID.
SAD - Workstation's NID.
IDX -~ Index for server's list~
RCN - Record number to be read.
RC - Return Code. -




SPOOL request:

TDAD 1T 00 | SAD | U5 | nn | SSF | data

SPOOL response::

I_DAD | OT ] SAD 1 Us | nn |} S5F ] data

DAD - server's NID.

SAD - Workstation's NID.

nn - Length-1 of data field.
SSF - Spool subfunction number.
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T ) Abstract

—

We describe the reghirementsp design, and functions for a
Cémputer Science laboratory at the University level, The labora-
tory consists of qetworks of microcomputers and it services the
first two years of a typical computer science curriculum. This
includes boéh coarseS'in practical programming (Pascal, ADA,:
Prolog, etc.):as well as support for more theoretically oriented

courses (Problem solving, data structures, grammar concepts).

The software environment includes:

- mpilers, interpreters, word processing, spreadsheets, and

database packages from ocutside vendors.

- an operating system compatible with CP/M compatible software

A file server controller and spooling facilities,

-

- A network controller system,

-

All of these componénts have been integrated into one system,

“

fine tuned to the requirements o{dﬁ student environment and.

university needs. These components include:

Smart student friendliness

Incapabiiify of copying systems files, compilers, and the files

of other students

Broadcasting functions for assignments distribution and

correction, for mark processing and soft copy correction

[

- Low operational cost, low software maintenance

L

Ease of change with curriculum, or software market products

- High access to students, ,quick turn around.

xS

[



.This system provides significant benefits over existing local

area networks of microcomputers both in terms of Eunctiénality

and in terms of performance. ' .
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