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A sequel to EWD126.

I recall from EWOD126 the definitions:

f = the total number of segments that are part of the FM's

i = the total number of segments that are part of the input streams

0 = the total number af segments that are part of the cutput streams.
The vital inequalities to be respected are.

1) i+o0+ps tot

2} i + o & transput area

%) i+ p % tot - reso

4) i € t{ransput area - reso,

To maxumier guarantee these inequalities, we introduce the "differences":
fiap (initially = tat) say: 1024 ~ something
fiao- (initially = transput area) say: 256
Fip {initially = tot + reso) sayt 960 - something
fi {initially - transput area - resa) say: 192

The operaticns that performs changes in i, o and/or 0 do so by changing the
value of the four quantities listed:

BMAXK A RE

SH 1 p-increase: "dec{ fip)" and "dec(fiop)"

SHZ  p-decrease; "inc{dip)" and Yine{fiop)"

SH%  i-p transition: "inc(fio)" and "inc(fi)"

SH& p-o transition: "dec{fio}" and "inc{fip)"

SHS  i-increase: “dec(fiop)". "dec{fio)", “dec{fip)" and “dec{fi)"
SH&é  op-decrease: "inc{fiop)" and “inc(fia)".

Sequencing af the reqions of program will be dane in such a way, that the four
Quantities listed never get negative values.

Before going on, we shall first justify the inequelities, then the faur
Luantities,

The first inequality is nbvicus: it expresses the maximum size of the drum.

X The second inequality expresses the existence of transput area: this has been
introduced because the SV's of (possible) transput segments will impose a permanent
tore store accupation.

The third and fourth inequality express that part of transput area {(viz resa)
is reserved for output exclusively. This is a selfimposed restriction which we
exploit in the following way.

[f the third ar fourth ineguality is in danger of being viclated (i.e. when
fip or fi is in danger of becoming nebative) we signal “disaster" (viz, store
exhaustion). Disaster detection must be implemented anyway, we shall see below,
that this convention ping down the disaster detection to a few well defined points.
The couterpart of this disaster detection is, that when at these few noints no
disaster has been detected, we must be able to guarantee that the processes will
be able to continue. Gr more orecisely, whmm the operations "dec(fi)" and "dec{fip)"
occur only at SHi {(in @ PM) and at sh5 SHS {in & CM for input). These are the anly
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points in which disaster cen be signalled, If this disaster has not been signelled,
dec(fiop) and dec(fio) might force a delay (viz. when fiop = 0 or fio = 0}. In
arder that in due time the desired i- or p-increase indeeed becomes passible, we
must see tw it, that the contents of the output streams are constantly such that,
if necessary, the state "o < reso" can be reached without relying on further

PM—or input CM activity.

It is necessary thet we can get o < reso, in order to be able ta effect the
i~ or p-increase that has been requested without disaster signalling, but this con-
dition is insufficient. For it means that upan the total size of the output streams,
the uppre bound reso may be imposed: if now all reso segments, available for output
buffering, are occupied by output for which at this moment no equipment is available,
we are still stuek, as we lsck the room to keep the "moving streams" going.

We therefore impaose upon the so-called "passive output" (for the definition,
see below) a lower upper bound, called "maxu', where reso = maxu = maxpor (say =4),
the maximum size of a portion of information to be put in transout srea at SHY and
taken from it at SH6, Thus we gearantee that, if necessary
a) all but reso segments becume available for i and p
b} the remaining reso segments are sufficient to keep the output going,

Remark. The active output may be confined to maxpnr segments in transput area, If
more than one output CM has to get its food via this narraow buffer, we cannaot
expect them to run at maximum speed, We leave it at that: we could have remeied
this -without altering maxu- by increasing reso, i.e, by being guicker in signdlling
disaster, but there is nothing to be gained from that,
. ' .

We moke a second use af the boundary maxu: if X¥ "maxu < o", there is
not only active output possible, but we even guanatee active putput, This has the
subsidiary advantage, that in SHY -a frequent occurrence— we have only ta test,
wki whether the desires p-increase is possible, If not, and relieve has to come
from active output, there is no need to inspect, whether now the mament has came
to activate: ocutput is already qoing and the PM has only ta wait. The second
advantage is that S5HZ (i.e, p—decrease), also a frequent occurrence, is never an
cccurrence upon which other processes may be waiting for their relieve.

90 much for the inequalities, Now the four guantities,

They have been introduced far two reasens: the minor reason is that they
enable us to test for danger situations at a zero value, instesd of comparing with
some bound. The main reason, however, is the FDllowing. Naote, that we have carefully
avoided to define "fiop = tot = i = a -~ p" etc,, although their initial values
ant the dec= and inc-operatians BYXEXEENBEIBXRREXMAkhxihmuaxdefimitiang to which
they are subjected in SH1 ta SH6 <re consistent with these definitions: these
definitions would only be correct, if in GHI, say, "dec{fip)" and "dec(fiop)"

K£¥X were performed simultanecusly. But this is not the case!

In SH1, disaster is signalled if fip = 0, otherwise, MMEKXINE dec(fip) is perfarmed,
After that, fiap = 0 is tested, if false, dec|fiop) is done immediately, if true,
however, the PM has to be delayed, the p-increase has ta be posiponed. (Without

the "predecrease" of fip, we should have to face the situation, that alsa

the completion of a delayed p-increase could generate the disaster condition.)

Now we come to the definiton of passive gutput,i.e, output in the buffer,
of which we are not sure whether we can get rid of it (or even: are sure that we
cannot get rid of it) withaut further PM—activity. It is clasely comnected to the
banker's algorithm and only applies to documents for the plunchers,
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iUse of the printer is not subjected to the banker's approval; accordingly,
printer forms in the buffer never contribute to the passive output. We recall
that the PM's offer the printer information in SH4 form wise and that we allow
the printer TM to change information stream after each form, if necessary. wWe call
a from inmage in a printer stream “a {printer) portion".)

for the pluncher streams, however, the PM's produce so-called "documents"

af a priocri unknown length. They attach (in SH4) then information portion wise,
here a partion being a segment. The concept of "a document" is a re.triction for
the plunchers. As soon as a pluncher has selected a document (i.e, irrevocably
decided that now the output of a certain document will be initiated), it will not
become available for any other purpose until the ducument in question has been
processed completely, If a pluncher aselects a finished document, it sets itself
to an already we. 1l defined task: the document is in its entirety available in the
output buffer and the pluncher can gou on at full speed,

The situation is drastically changed, however, if a pluncher selects an un-
finished document, for then it becomes tied up until the PM will finish the
document. The critical situation in which a pluncher has selected an wunfinished
document mayyxwmdex may only-arise under the banker's appraval. We describe it
as the pluncher being tied up to the PM, or rather in the banker's terminology
"being borrowed by the PM", The PM starts the loan of a pluncher at the moment
that the pluncher selects an unfinished document, it ends the loan at SH8
“Finish Pluncher Dacument" (This is a PM-action}. If the dacument has been finished
before it has been selected, there is no loan involved and the banker's algorithm
is not applied.

We introduce, for the banker, but also for the definitian of passive output

plocash = the number of plotters that are not borrowed
puncash = the number of punches that are not borrowed.

These two guantities tell us "How much the banker has im cash". {Mind that
"unborrowed" does not mean “idel": a pluncher engaged in the processing of a
finished document is unborrowed, but certainly not xdei idlel)

Ta the passive output belong
a) all unfinished, unselected pluncher documents

b) all finished unselected plotter documents if plocash = O and all finished
unselected punch documents if puncash = 0,

Latagory a) represents the information af which we are not sure, whether we
can get rid of it via the output (for this would imply selection of the unfinished
document, an action which is subjected to the banker's approval); catagory b}
represents the information of which we are sure that we cannct get rid of it with
stopped PM's: the banker has no corresponding equipment in cash, i.e. the
corresponding equipment has all been borrowed.

The total size of the passive output may not exceed maxu, growth of the
passive output must therefore be carefully watched. We propose to restrict the
growth of passive output to incriasing the length (in SH4) of a document in catagory
a) and rule out that passive output increas: s, due to the fact that finished
documents, first outside catagory BO come to fall inside catagary b), due to
"ecash" going from 1 to O.
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For the single plotter this just means "never select an unfinished document
if there is still a finished plotter document"; for the (more) punches this means
"if you are the last unborrowed punch, then never select an unfinished document
in the presence of a finished one." {The rule is certainly obeyed, if also
punches only select an unfinished document, when no finished ones are available,
a5 we may program them, )

To keep track of passive output we introduce for each pluncher streum:

lufd (~length nf unfinished, unselected document). This Guantity gives the
itength (in segments) of the document under cansxBexatiamyxg construction,
pravided it is unselected. Otherwise, lufd = @,

The contribution to passive output of catagory a) is therefore SIGMA(lufd),
taken over all pluncher streams,

Far the contribution to passive output af catagory b) we intreduce for
finished platter documents "plofp" andd for finished punch documents "punfp"
G finished passive documents ),
Naturally: = 0 < plocash implies plofp =

0 < puncahs implies punfp =

0 and
0.
Passive putput will he equal to
SIGMA (lufd) + alofp + punfp
and as this may not exceed the upper bound maxu we introduce again the
difference, the number of X segments free for passive output
fpas (initially = maxu)
& quantity which is not allowed to have a negative velue,
In order to describe the modification of the guantities introduced we mention
the variable (ner pluncher stream)

unfsel <=1 means: the unfinished document in this stream has been selected (i.e,
the corresponding M has borrowed the corresponding output CM)
=) pterwise.

In SH4: {p~u transition)
mrek£xaty
if unfsel = " then begin inc(lufd); decifpas) end; dec(fio)

Thus, if the document is unselected (catagory a) the corresponding changes in
nassive output control are booked,

In SHT7: (document selection) in the case of selection of an unfinished document
(under banker' approval!)

it .
dec(...cash); INC(fpas, lufd); lufde= O; unfsel:= 1 .

The document selected leaves passive output from catagary a. Na finished
documents shall enter passive output in catagary b) (see previous remark).
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In SH8 (Finpish Plucher Oocument)

if unfsel = 1 then ‘

begin unfseli= (; XKEKE inc(...cash); )

if ...cash = 1 and XX¥fX O < ,,.cash then
begin INC(fpas,...fp); veotpi= O end

end
Else
begin if ...cash = O then INC(...fp,lufd) else INC(fpas, lufd);
lufde= O :
end

|

If & selected document is finished, this ends a loan; if now cash changes
from O to 1, there may be documents in catagory b) now leaving passive output.
If @n unselected document (by definition in catagory a) is finished, it either
goes to catagory b or it leaves passive output,

This far we have described the clerical variables and shown how we can aperate
upon them, consistently with their meaning., Now we shall describe the structure
of the pragrams that together see to it, that the -five basic quantities that muat
remisin non-negative, indeed remain non-negative. Fur the present moment we
restrict ourselves to the PM's and the output CM's,

tach PM has s private semaphore, called "pmsem” and a private state variable
called "pmshr"., In their homing positiaom, they have both the value "O", Analogously,
each output CM has a private semaphore, talled "acmsem" and s orivate state
variable, called "plovar" for a plotter,"punvar"for a punch and "privar" for a
printer. |If we wish to talk about the statevariables for the combined plunchers,
we may call them "pluvar"). Alsc here, the homing position is = (.

ver these we have a universal, binary semaphore, called “SHS", which caters
for the mutual exclusion of the inspection and modification of the common clerical
variables,

The casiest operstion is S5HZ2: p-decrease. If the number of non-empty segments
killed equals "killed", the program runs:

SH2: P(SHS); INC(fip, killed); INC(fiop, killed); V{SHS) .

(Note: in the present description we shall not investigate, whether in trivial
cases the P(SHS) and V(SHS) can be emitted and replaced by disabling and abling
the interrupts.)

The next vasiest operation is SH1: P-increase, In a PM this always accurs
for a single segment., Here fip and fiop hawve to be decreased both, but this is done
in two steps, The progrom is as follows:

PSHS) ; .
if fip = O then disaster else dec(fip);
Af fiop = 0 then
begin pmshri= %; V(SHS); RXAKZEM P{pmsem) end
else

begin dec{fiop); V(SHS) end

after which the PM has got the permission to fill an empty segment,

The PM tries to do dec[fip) and then Bk dec(fiop); if the first one is
unsucessful, disaster is signalled, otherwise it is done, If the second one is
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also successful, we are immediately ready, otherwise the PM leaves the cri-
tical vaction after having set

pmshr = % "The PM is waiting on account of inability to perform dec{fiop)
in SHtv

After having left the critical section it waits.

The complementary action takes place in the critical section of a process
that has increased fiop. After having done so it has to inspect, whether any
pmehr = 3 is present. If so, it performs for the PM concerned

"dec(fiop); pmshri= 0; V{pmsem)"

i.e. the decresse, which the PM was unable to do; then it sets pmshr = O,
as the decresse requested has been performed and finally it signals to the waiting
PM that it can go won.

Note, if "fiop" is the limiting factor, total output must exceed reso
{otherwise, namely, disaster would have been signalled}. On the other hand
we shall §¥¥ guarantee that there will be active output already, if total output
exceeds maxu. Therefore: 1) the task to reslave "pmshr =3" can be delegated to
O~decrease in active output anly and 2) the PM has nothing else to do becsuse
there will be active output and the p-decrease will accur.

The other operation with possibly two decreases is SH4: p~o~transition
in the case of an unselected document for a pluncher. If so, the two decreases
will again be a tw stage affair, We give the raw outline of the program, the
discussion of "desire" (a stream variable), "banker" (a universal procedure)
the constant "maxpor" and the PM~yariables "bsn' and "requast™ will be postponed.

SH4: P(SHS); bsni= "stream identification";
Aif unfsel = Q then
begin if fpas = O then
begin pmshri= 1; desire:= 1; banker:
V{SHS}; P(pmsem); P{SHS) end
else

. begin inc[lufdi; dec{fpas) end

end;

if fio < maxper then

begin pmshri= 2; requesti= 1;
V{SHS);P(pmaem}; P(SHS) end

decy fia);
"Mow the p-o~XXKNMEX¥ transition can be effectuated, followed by:"
inc(fip).

The quantity desire is @ stream variable, its wmmxakxvmiue uvsual value is
zero. For a pluncher stream i{s sole purpuse is to influence the procedure
"banker" which compares the lengths of various unfinished, unselected
documents, but it then takes

"lufd + desirs" ,
The main point is the distinction between desire = O and desire = 1, both
with lufd = O: the difference betwsen a document being empty for lack of interest
or for lack of apace. In the first case it is not a suitable candidate for
selection, in the second case it might be.§

The next state, described by the state variable pmshr is
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pmshy = 1 The PM is waiting on account of inability to perform dec(fpas) in
b1 SH4,

It implies that the blocking stream is a pluncher stream, containing an
unselected document. The existence of one or more "pmshr = 1" implies "fpas = O".

There are two ways, in which the PM can be helped over this barrier

a) After increase of fpas. The processes increasing fpas have the duty to
investigate whether now PM's sleepirng have to be woken up. Waking up then consists
{(within a section, critical to SHS)

"pmshri= Q; dec{fpas); inc(lufd); desires= O; V(pmsem )"

(Here the initisl choice is the waiting PM; a variable bsn (blocking stream number)
tells, in which stream "lufd" and "desire" have to be sslected. "ban" is super—
fluous: it points to the one and only pluncher streem of this PM with "desire = 1")

b) Dy selection of the stream in question, For this makes the desired "dec(fpas)"
unnecessary. ihe the cations comprise:

(for the selection} "INC(fpas, lufd); lufdi= O; unfseli= 1"

and, praovided desirve = 1 (then pmshr = 1 as well)

f ki
or waking up) "pmshr:= 0; desire:= Q; VQpmsem)"

When the first barrier has been passed, the second comest instead of
asking whether the current value of fioc allows the decrease wished for this time,
we always decide on fio < maxpor

following & suggestion by C.Ligtmans,

The price paid is that the last maxpor~t available output segments
remain unused, when the printer is unused. The advantages, however, become apparent,
as gsoon as we investigate waht happens when plunchers decide on "fig < 1" and
only the printer on "fiop < maxpor". In that case output limitation might easily
lead to stopping of the printer stream, Also, we can now state, that the
existence of pbna or more *pmshr = 2" implies "fio < maxpor®; if fio increases
we can select the PM with pmshr = 2, regsrdless the type of the blocking stream.

We have the meaning
pmshr = 2 "The PM is waiting on account of the inability to perform
DEC(fio, request) for request < maxpor.
If some process decides to wske up a PM with pmshr = 2, it does so by
"omshri= Q; DEC(fic, request); requesti= O; V(pmsem)“
It is the functian of the procedure "banker" to fry to wake up PM's with

pmshr = 1, It will always be called from within a critical section, it may be
called from a PM, but dlso fram a CM,

[ts total action may end in two ways:
either there are no pmshr = 1 any more {fpas may have any value) or there are
5till pmshr = 1 (and fpas = 0) hut it has nat been sble to remady the situation.
This last thing can happen in two ways

il
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a) an unfinished document may be unselectable on account of absence of

an adle plucher of the carrect type
h) an unfinished document may he uhselectable on accout of disapproval of the
bhanker's algarithm.

Waking up a PM with pmshr = 1 will imply "pmshri= O; V{pmsem)", waking up
an idle pkwxm pluncher {characterized by "pluvar = 1"} will imply
"oluveri= O; V(acmsem)“. Note that waking up may be applied ta the
abstract machine {either PM gr CM) from which the banker happens to be called,

Tha only toul availasble for the banker is to meke an unfinished document
selected: this may have a double effect,
1) The strsam in quastion may be a blocking stream for a PM with pmshr = 1;
this makes the requested dec(fpas) no longer necessary and the FM has to be
wokin up
2) Furthermore fpes may increase on account of which pmshr = 1 csn be remaved,

Roughly, the procedure "benker has the following bodys

LOs if fpas > Q0 then goto finish;
if nan exist{pmshr = 1) then goto finish;
t1: if ron exist{pluvar = 1) then goto finish;
L3: 4if "there exists an unfinished document in an otherwise empty stream

with lufd + desire ™ 0 and a corresponding pluvar = 1, selection of which
ig allowdd by the banker's algorithm" then
select the oocument:
begin dec{plucash);
pluver:= 0; stc. for plucher; V(ccmsem);
INC{fpas, lufd); lufdi= O; unfseli= 1;
if desire = 1 then
begin comment a blocking stream happens to be selected;
pmshri= O; dasire:= 0; U(pmsem) end;
uso fpes for waking; goto LO

end
finish:

with the procedure use fpas for waking;
beain Ll.t if fpas > O and exist Jpmshr = 1) then
2eaLn At 208 ~nen
begin pmshri= O; dec(fpas) inc(lufd); desire:= O; V(pmsem);

goto LL end
end

In the conditicnal clsuse labelled "L3" the banker inspects the streams
with "nfd = 0" (nfd = number of finished documents. "nfd = 0" mesns that
the stream contains at most an unfinished document) for which a corresponding
pluncher is idle {pluvar = 1) end inspects them in order of decreasing
"lufd + desire",. The first allowed by the banker's algorithm but still with
"lufd + desire > O" is taken, As a rule the banker will select at most ane
unfinished document: as it looks for the longest ome it will cause the maximum
sesxmuxpxafxfprs increase of fpas possible. Note, that in 5SH4 the banker is
called after the PM has set pmshr end desiret it may be this very document,
that needs to be selected.

Further the hanker iz called whenever a change in circumstances cccours,
that may create the passibility far succesful action.
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K¥¥HX A more complete version of SHE (Finish Pluncher Document )
is therefore:

SHE
P(SHS); inc{nfd};
if unfsel = 1 then

relr——————

begin unfsel:= O inc{...cash);
if ...cash =1 and ...fp <0 then
‘Ezﬁin INE(fpas{???fp);...fp:: ; use fpas for waking end;
banker

gnd

T else

iy

begin if...cash = O then
begin INE{...fp,lufd); lufdi= O end
elsel
hegin INC(fpas,lufd); lufdi= Q; use fpas for weaking;
if exist{...var = 1) then
begin...vari= O; etec. for pluncher; V9ocmsem) end
Eﬂg
end;
G@g{rsam); V{SHS)

Ramark 1. "strsem” is a streamsemaphare that ig also increased at ever new
portion. added to the stream. It is used to synchronize the output CM, when it
has selected this stream.,

Remark 2, It is felt that the choice of the PM in the caue of multiple
Yomshr = 1% in "use fpas for waking™ is highly irrelsvant.

When the pluncher has finished bhe processing of a document, it will
do a final "P{streem) IKXEMB -as the complement of the K V(strsem) in SHE-
in order to guarantes¢ that the pluncher will never look for a new job, before
the corresponding 5HE is duly completed.

If it then finds a finished document on top of one of its (unselected)
streams, it takes it, otherwise it does

"pluvar:s= 1; hanker; V(SHS); P(Gcmsem)“

When this last P-pperation has been completed, a new document (finished or
not) hos been selected,

We shall now give a short descriptian of the high speed printer. It may
be used from wise, so we are independent of the banker's algorithm. Nevertheless
it is unattractive to have the printer forms from different sources all mixed up:
it should like to print a number of sutcessive froms from the same pragram
successively, Therefore: if the different printer streams cantain very few
forms, the printer will delay selection, if possible, in order to wait, until
one of the streams has a reasonable amount available. This delay is no longer
necessary, if ome of the programs has produced its last from, it is no longer
possible , if the total output increases heyond maxu, withaut other output
being active,(8elow, we shall use am other criterion to regulate printer activity.)

In each printer stream the final form, produced by a program is marked as
such; the number of such final forms is caunted (we may use "nfd" for this pur-
pose, now meaning “number of final documents"). It is increased at the chaining

on of the final form {by the PM), it is decreased by the printer CM, at pracessing
of the fimal form.
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The printer may be idle in two different ways:

privar = 1 dependent an past history: the last form printed was not a final
document, the stream in question, however, is empty, and the
printer prefers to wait -as long as possible-~ for the.next from
from the sawe sirsam

]
A%

privar independent of past history: the printer has not printed yet, or
the last from printed was a final document (or ones program is in

danger of monopolizing the printer).

We must prevent one very active PM from monopalizing the printer; we propose
to do so, by "forgetting the past history" after, say 20 consecgtive forms
from the same stream.

ldleness of the printer can always be removed for two different reassons
1} there is a form availahle that the printer should love to NEEMX select
2) there is no such attractive form, but the printer should get in wction an
account of the maxu barrier.
In the case of "privar = 1" the attractive reason is a form in the current
stream, in the case of privar = 2, the attractive reason is, in some printer
stream, a positive nfd,

The unattractive reason is- under both circumstances— something of the-
nature aof total output exceeding maxu, and no other output active, Let us
construct this criterion a little bit more carefully.

faor the plunches we have passive autput and the active output, We can leave
the active output out of consideration, because that will disappear: without
further PM activity, the passive gutput will remain, and the printer activity
must be such, that yet the total gmount of buffered output will in due time
not exceed maxu. As fpas is the amount of growth of passive information, that we
can admit, the criterion for activity of the printer is

fpas < sump

where "sump" is the sum of the lengths of the printer streams {measured in
segments).

The guantity "sump" is incrsased as part of the 5H4 for a printer document
and it is decreased as part of the printer form processing by the printer CM,

Similar to "banker", that caters for pluncher document selection, we have
a procedure "printer selection”; it will anly be called from within section,
critical with respect to 5HS and will hawve no effect, when the printer is not
idle, fFirst it looks for attractive reasons to go on printing, then it looks
for the unattractive ones.

printer selection:
Af privar = 1 then
begin if current printer stream non empty then
beqgin BEXN¥XXX privar:= O; V(prisem) end
else

begin if fpas < sump then privars= 2 end
end ;
if privar = 2 then
begin if exist (0 < nfd) then
begin privar:= (); select stream with pasitive nfd etc; V(prisem) end

[AR:]
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begin if fpas < sump then
begin select stream with printer information etc; V[prisem) end
end

This routine is called
1) after dec[fpas) in SH4 far pluncher documents {(as now fpas < sump might hold)
2} in SH4 for printer documents as sump has been increased and now, again,
fpas < sump might hold; furthermore the current prihter stream may have become
non ematy,
%) at program exit, where "nfd" is increased
4) by teh printer €M itself, after processing of a form:

P(5HS)

if previous form final or number of successive forms of the same program more
then, saym 20 then privar:= ¢ glse privari= 1j

printer selection; V(SHS); P({prisem)

After completion of this last P-operation there will be a next form in the
now currect stream,

SH4 for the printer forms will have the form:

P{5HS )3
if fio < maxpor then
begin pmshri= 2; request:= current form size;
V(SHS); P(pmaem!; P(SHS) end
else
DLLY fio, current form Bize};

"now the p-o transition can be effectuated, followed by"
INC{fip, current form size);

INC{sump, current form size);

printer selectiong

V{5HS )

Hemark. In the procedure "use fpas for waking” a “dec{fpas) may occur, but
nevertheless, there is no need to call the "printer selection” there. For
this routine "use fpas for waking" has only an effect when "existipmshr = 1),
that is, while at some earlier stage, fpas was = 0. The final vaiue of
fpas will be = O or more: as a result this camnot be responsible for the
creation of the gituation ‘ '

"fpas < sump",

Afterthought., The 20 successive forms rule had prabably better be overruled
if " O < nfd of current streem": the program has ended its sctivity and the
danger of monopolization cannot persist very long any more.

Remark on the safety of printer activity control.

A PM may be blocked after the succesful performance of "dec{Fpas)" but
before succesful performance of "dec{fin)" t the decresse of fpas may be
ahaed of that of fio., In that case the printer is soaner urged to activity,
the out-of-phaseness can therefure never give rise to eutput blocking, due
ta the printer failing tn recognize its duty th go to wark. On the othar
hand, it cam never be urged to go to work too soon, i.,e, without printer
forms actually present in the buffer for sump nust be positive., The incresse
of sump takes place in the same critical sectaun as the chainigg on, it -cen
be regarded as "in phase".
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Strategy and oupput limitation.

Unly in ane case —selection of unfinished pluncher documents~ we
have specified in which order the documents are scanmed: in that of decreasing
length. But we have more to specify:
1) if a pluncher makes a choice between finished documents, from which
atream will it select?
2) if the printer {with privar
which does it select?
%) if the printer (with privar = 2) has to select a stream an sccount of
"fpas < sump", which one has to be selected?

2} finds streams with positive nfd, from

H

and, as counter part

[ 2.4

4) if is SHG it is inspected which PM with pmshr = 2 can be woken up, which
one is selected?

First we remark, that our targets are twofold: we wish to ksep the
output equipment as busy as possible and should avoid that in some "active
streams" the actual speed is zero, because sll available outputarea has been
usurped by anobher stream, This can be remedied by keeping the streams as much
as possible, equally long; F.A.Voorhoeve has suggested to achieve this via
favouring in the removal of pmshr = 2 (building up of the stream) the
shortest one and by selection by the [(M's favouring tke longest ones. This
seems to have very attractive properties, if all PM are filled with output
praducing programs, Howsver: if a PM has processed a program that produced
a little bit of output in an empty stream, and no next program produces
further output in bhis stream, the stresm length may be so shart, thet it is
never selected for consumption. To remedy this, we could try to introduce
a kind of "ageing factor".

We introduce a universal "portion clock' which is increased by a fixed
amount “alpha™ at each completed SH4; furthermore we note for sach stream
the value of the portion clock at the latest 5H4 completion with respect to
this stream; call this stream variable "attachment time". Furthermore, we
keep track of the stream length, measured in portions,

If the CM has the freedom to select finished documents or forms, it
selects the stream with the maximum value of

"length in portions = attachment time"

If a production at a stream stops. so that the stream may be very short,
the CM's will in due time select this stream: the stream will get empty as
desired,

Whern we have to select which R¥ pmshr = 2 has to be removed, we take the
stream with minimal
"length in portions + attachment time"

thus giving some preference to the stream to which the previous completed
SH4 was longest ago. The behaviour with , say "alpha = ?/4" seems, up till
now, very reasonable. ‘
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Speed requlation af the input CM's,

At the moment of i~increase, all four guatities fi, fip, fio and
fiop bave to be decreased. The idea is that
a) the input CM tries ti perform "dec(fi)" and “dec(fip)" immediately;
if unsuccesful, there will be & disaster signalling. ‘
b) then the desirsbility of "dec(fio)" and "dec(fiop)" is investigated.
If these latter decreases ere undesirable, the input CM will be retarded
on this criterion.

We must bear in mind, that “disaster" may be unavoidable, because the
readers are kept outside the barker's algorithm., We have put two requirements
on our stategy
1) in granting "dec{fic) and "dec{fiup)" the system sould be somewhet
conservative, in order to avoid tapes running in xm quite unnecessarily
and thus pravoking @ quite unnecessary "fi" or "fip"-digaster. (Or even:
hindering output huffering much more than defendable.(

2)% in case of effective distaer, however, the speed regulation of the

input CM's must be such, that the fi~ and fip-alarm's must get the opportunity
to sigral it. (If one slows down the speed of the input CM's so that fi= and
fip~alarm is tus carefully avoided, one has to build in enother mechanism

te detect, that the complets system has got stuck,) WE have chosen the
following rules:

1) If no request for a free tape resder is pending, an input CM, wishing to
perform "dec{fio)" and "dec(fiop)" will get permission to da so if

"2 * current length of information stream < min(fia, fiap)"
2) if at least one request for a free tape reader is pending, an input CM,
wishing to decresase fio and fiop will get permission to do so if

*Q < min{ fio, fiop)".

The points at which the need for input CM reactivation must he
inspected are
1} at the end of the i~p~transition (where the current length of the inform=-
mation stream has heen decreased).
2) at SHu (o-decrease), where both inc(fio} and Kinc(fiop) have been per-
formed.
3) at the moment where free tape reader request has been refused,

REMAEKE XK

Remark 1. The first cause of removal will never get an opportunity if the
stream is empty, Then, however, it will only stop if fio = O or figp = 0,
conditions which, after succesful dec{fi) and Dec(fip}, imply active output.

Remark 2, At S5Hu the sutput CM will first inspect, whether input CM'sg
thet require decrease of both fio and fiop~ should be reactivated; after
that the fiop is used to help PM's waiting at SH1 and the fio is used to
help PM1g waiting at SHé.

Remark 3., If an input CM builds up a new portion, it might simultaneously
request a portion in transput areat
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P{SH3;

2f fi = 0 or fip = 0 then goto disaster;

dec{fi); dec(fip):

if (if free tape reader requested then O else 2 * length of current stream)
< minifio,fiap} then

begin dec(fin); dec(fiop); Viicmsem) end

alse
begin iemvars= Y"characteriastic value" end;

V(35HS ) ;
build up next portian
P(icmﬁem}
now the i-incresse can be effected.
Every process, granting a segment to an input CM must perform
{(within & section critical to SHS)
"icmvar:= O; dec(fioj; dec(fiop); Viicmsem)®

thig may take place during the whele period of building up the next partion,
{this technique of a pexxax pending request, already pending during the
activity of the input CM iz a noverlt; it is however perfectly sound.)

Remark 4. If o request for & fre¢ tape reader is pending, both readers
will read at maximum speed. This is somewhst naieve, but we could not convince
ourselves thet wore elaborate constructions were significantly better,

The description of document selection for input CM's, altbhough alreagy
designed, will be postponed, being closely xekakxde related ta the structure
of the keyboerd program.



