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Segment Control.

{This report replaces EWDS4)

Layout of core store and drum store.

In order to avoid confusion we introduce some new terminolagy. With the term
"segment” we indicate an infarmation unit of 512 words. With the term "nage" we indi-
cate a memory unit of 512 consecutive words. Core store and drum store are subdivided
into sages, a segment may be stored in a core page, in a drugn page or even in both
(as we shall see below).

It the complete drum were available for subdivision inta drum pages the number of
drumpages accomodated would equal 1023, [rum pages are identified by either drum page
number (O € rrun page numoer < 1022) or by their drum page starting address. The
rejation betwsen these two quantities is given hy (following a suggestian from A.N,
Habermann ) :

19)

drum page starting address ={1029 * drum paqe rumber ) {mod 2
and
drum page number = drum page starting address \mod 1024).

From this i& follows that the first words of drum pages pass the heads in order of
\cyclically) increasing drum page number,

within core store there will be a Brum Page Table "DPT", which contains ane
bit per drum page, indicating whether the corresponding drum page is occupied or not.
The bits in OPT are arranged in such = way that a simple algorithm (using narmalizing
orders) can discover the first unoccupied drum page with & number (cyclically)
following upon a given value; this algorithm will be used to reduce wating times
for segment transfers from core to drum, whenever this is possible. {In OPT the
bits corresponding to non-available drurm pages wiil be turned permanently in the
position "occupied”; non-availability might result from differemt sources: parts of
the drum may be reserved for standard system routines or & drum page may be defect!)

The available part of core store will be subdivided inta core pages of 512
words. A [ore RYH Page Base "CPB" (i.e, its KX#¥X starting address) will be an integral
multiple of LH1Z2,

The contents af the core pages are kept track of in the core table with ane
Core Table Entry "CVE" for each core page, Each CTE will occupy four consecutive
words in the core table; the whole of the core table will be permanently in care
store in fixed locations. Denoting the base address of a [TE with :CTE the relation
between :[TC and £P8B is given by

:LTE = €PB / 128 + core table positionings constant,

The meaning of the constituent parts of a [TL will be described at a later
stage |see below).

Up tiil now we have described the identity of pages; now we must describe the
identity of segments. With each segment we associate a so-called Segment-Variable
An S5V is a one word variable which, during the life time of the associated segment,
will be stored permanently on the same core location. Ouring the life time of the
segment, the segment can therefore be identified by the physical core address
of the 5V (denoted below by nagyn Y,

A segment varlabla is a variable hecause its value will give a clue where the
segment associated with it can be found, The meaning of the different S$V-values will
also be described at a later stage.
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States of a core page.

The mutually exclusive primary states of a core page are
a) Free

b) the Victim
c) Designated
d) Occupied.

when a core page is Free, its contents are aof no interest, no drum transfers from
or towards tnis page are pending and the page is immediately available for any other
ournese. The nunber of Free core pages may be zero.

At every moment exactly one core page is desigrated as "the Victim". Whenever
a progran wants access to a segment which happens to be on the drum oniy, a drum to core
instruction will be given with the Victim as the destination; at this moment a new
Victim will be selected,

Kemark 1. At the moment that the Victim is used as destination for a drum to
core tranmsport instruction, its cantents may still be of vital importance, wviz, for
the completion of & pending drum transfer given to dump & segment from core to drum.
The difference between the Victim and a Free page is that a Free core page is instan-—
tanenusly available for any other purposs, whereas the cores of the Victim will become
available in due time, i.e. certainly after completion of the pending drum transports.,

Hemark &, lLssential use is made of the fact that the drum transports are performed
in order in which they are given., If a machine were equipped with two independent
drums, say drum A and drum B, and simuléaneous transfer pussibilities (and two independent
chains of transport instructions for the two drums)} then analogous techniques seem possi-
ble, provided one introduces two victims, Victim A and Victim B. This situation has
also been investigated, it did not seem to present grave additional difficulties. In
this report the multidrum situation will not bee pursued any further.

A core page is Uesignated when it has been decided which segment it is going to
contain, while the availsbility @f the segment in this core page will only come into
effect after the completion of one ore mare pending drum transports. As soon as these
are completed the page becomes ccupied.

A core page is flccupied when it contains a segmen%‘ when the information af this
segment is instantaneously aveilable and when the page is not involved in a pending
drum transport, ‘ccupied core pages fall into two classes: those that contain an
iriginal, or that cantain a Copy. In the first case the segment in guestion ig regarded
a5 being stored in the core page only; if this caore page is nesde for ather purposes,
this means that « suituble non-accupied drum page has to be selectsd, that a core to
drur transport has to be given and that care must be taken that this core page will
not be used effectively hefore the completion of this dumpiny transport. If the
care paye, however, contains a Copy, this means, that the sigment in guestion is
stored an a drum page &s well. In that case no dumping transport order has ta be given
in order to free the care page for other purpases,

defore describing the possible transitions between these four states of a core
page, we must mention the "empty segment". Segments can be introduced, i.e. SV's are in-
troducei; at the moment of introduction, however, they are made to point to Man
empty segment”. Actual reservation of 5312 words of storage is postponed till the moment
that the segment is actually used for the first time. (This allows us to "overdeclare"
arrays without any appreciable loss.



EWD113 - 2

State transitions of a core page.

Between the four stetes six directed trancitions are possible; these transitions
are instantanesous in the sense that they will be accomplished by an uninterrupted sequence
of X instructions,

1. Free - Occupied,

vhen gne of the progrars desires accrss to an enpty segment at a moment that the
numher of Free core pages is greater than zero, then one of the Free core pages 18 sup-
plied to store the sequent. This is the only case where a pragram recquest for a new
segment is granted immediately, bypassing the Segment Controller (see belaow). With
"a mew stognent” is meant here: s segment not preseni in core store.

. Oreupled » Free.

whenever @ prograr decides that one of its segments ceanes to exist LE.g,
. N .
seguents of local arraye at block exit or at stack collapse) and the segment in
guestion accunies a core page, then this core nage will become free,

3. Free ~ the Yictim,

Yhen the 2ld Victim is used and & new VYictim must be chosen, one of the Free
COre nanes (1 present) may be st lected.

4. Uecupled - the Victim,

When the old Victim is used and 2 new Victim must be chogen, one of the
Oecupied najes aay be selected, Tf the Occupied puge selected was an Uriginal, this
choice implies a dumping transport from core to drum.

5. The Victim - Jesiinated.

Yhen & new segment request cannot he granted ingtantaneously, and there is mot slready
& transport order nending that will hring the seqnent reguired into core store, then
the Victim will art as HEXYAKNXE destinatinn for the new segment. When this new segment
has to come fiom the drum (i.e. was ﬂDn—Empty) then this implies a drus to core transport
order.

6. Lesignated » Uccupied.,

The previous five transitions teke place under direct cantrsl of the program that
needs or kills a segment. The sixth transition takes place under control of a special
purpane ahstract machine, the so-called "Segment Cantroller”. In all cases that a
segment request cannot be granted instantanecously, this is due te the fact that one or
more pending drum transfers must first be © mpleted. It is the task of the so-called
"Segment Countroller” —the progress af which is synchrorysed with respect to the inter—
rupt signals of the drum transfers- to keep track of these {(and other) completions.
The main tasks of the cantroller are
a) to effect the transition Designated + ilccupied
h) to notify the progrum waiting for this completion
c) to do the abave at the praper woment.

[ts astructure will be described in more detail at a later stage,
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The possible values of an SV.

An SV, SVi say, can be in one of foua different states; the first two are
applicable when no care page is associasted with the segment, the last two when
there is a core page azsociated with the segment,

Mo core page association arises in two cases, either because the segment
is empty, or because the segment can be found on the drum only.

1. Segeent empty,

2+ Segment on drum,
Svi= { d[26 )= 1
L d(25= 0

d{ 24 }.....d O = DPB, to the left supplied with zeros.

Legenda, In this description the bits of 5V are numbered in the usual manner with
d[OJ.......dLEDj in order from right to left, from least to most significant; B
d[?b} it thus the sign bit. With DPE (Drum Pasge Bese) is meant the drum pege
sturting oddress. (At present it will extend over the 19 bits d[iB]...d[O]; this
coding leaves room for 63 additianal drums!)

Wien o segrent 1s associoted with o core page we distinguis between ¥6¥ two
different cases: either the core psge is Designated because the segment has
not arrived yet in the ocore page, or its presence is indeed well established in
the core pege, whibh is then Occupiled. This difference will be indicated in the
BVi; the coupling to a ocore page nr.k will be made by storing in the SVi the
1LTEk, i.e. the base addresas of the corresponding caore table entry,

%. Segment in core.
X S5vi = :07Ek, to the left supplied with zeros,

This will dindicate thot the =egment iz to be found in the Jzcupied core page
nr.k.

4. Segment caming,
Vi = = (:CTEk, to the left supplied with zeros!

This will indicate that the NENEMEN segment in question is due to bacome
evailoble in core page nr.k, but that its arrival has not been confirmed yet
by the Segment Controller.

State 4 can be distinguished from stete 1 becsuse EMXEX SV # G, and from
state 2 because d{25] = 1. The shove rules imply that the definite prasence of a
segment in core )state %) can be established by inspection of (the sign hit aof)
SVi anly.

Remark. When an Original is chaosen as the new Victim the coupling between the
5V wnd the core page 1s disconnected instantanecusly and the 5V returns to state 2
"Segment an drum" although in actusl fact quite some time (At least one, but mayhk
many more drum transfers) may elapse hefore the segment has really arrived in the
drum page chosen. The drum transfer start organisation and the segment cottroller
togethar see to it that
a) the segeent will not be read efficively from the drum page before it has
gffectlvely qrrived there
b) the core puge will be left untouched until the dumping transfer has been completed.



EWD113 - 4

The possible values of a CTE,

#hen a core page is Dasignated or Occupied the four words of its CTE are;
CTE[0] = 18vi
CTE( 1]

i]

DPB if the (coming) segment is a Copy
= = 0 if the (coming) segment ic mn Driginal

CTEL?] XMKX CPB (= 128 *(3CTE - core table mositicdings constant))

This value is a constant in time; it has been introduced to

1}

speed up the address arithmetic.

oTeEl3 ] - e :
] = 1 when Designated

= C when Occupied

?4}....BL201 = holyness countar {see helow)
19].....d[0] = intereet numher (£ 0)

When & core page is Free the volues are:
CTELOJ = chain element
CTE[1] = - 0
CTE| 2] = CPY
ere[s) _dlow] 2 0, dlo8) = L., dO] =1

The Free core pages are chained: each ETE[O] contains the (CTE of the next
Free core page, if present.

The CTE corresponding to the Viectim hos the same layout as that one of a
free core page, but for the fact that ETELO] is meaningless and unused,

The Seyment Controller,

Am we shall see below a seventh core page state transition will be introduced,
viz, the trensition fecupied — Nccupiad (but by different segments) following
@ suggestion made by P.A,Voorthoeve during @ discussion of the first half af this
report. “lse in this transition a =eqemtn request will he qranted bypassing the
Seqment Controller,

The program actions we ~re geing to describe now sre the request for an
emply cegment and the request for a non empty segment,

The requect for an empty segment,

If there are Free core pages a Free core page i= selected.{The Free core
pages will he chiained by their fTE\O} rantents and they will be used in stack
faskion.) The Yietim remains unaltered cnd the rerouest Is granted hypassing the
Seoment Contraller,

If no Free core pages ere present the ruling Vietim could be used; this would
qo wvia the Segment Controller ond an o result the segment would only beK handed
over to the requesting program "in due time" (see below)., Furthermore the use
nf the ruling Victim nlways XWMEX implies the melaction of 3 new Victim, Therefore,
in the case of empty segment request without Free core peges the new Vigtim
selection i carried out firct. 1f the choice for the new Victim happens to fall
on @ core page containing a Enpy, then this new Victim will be handed over to the
requenting pragrom instantaneously; the Segment Controller is hypassed and the
(Dld} Victim retains itn position., If the new Victim choice happenad to fnll
upen an nriginal, kowever, theo effort to hypass the Seqment Contraller has not
succeeded, In that case the XXX old Victim will be handed back in due time to the
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requesting program; for further details, see below.

i var g m— e — — —

If the 5V indicates that the segment is non empty, not present in core and
not coming, then a drum to core instruction must be gicen, for which the Victim
is choaen as the destinetion page. Then a new Victim must be selected, If thare
are Free core pages, one of them may be chosan; otharwise one of the Occupied
cors pages with a K1¥XK¥X holynmss counter value = O (ses below) must be selected.
This may be a Copy, in which casa “uncoupling) of the SV and the CTE is the only
action necesssery; it may be an Original, in which case a next, but now core to
drum, transport instruction muat bhe given., In arder to see to it that under no
circumstances pages are used effectively before pending transports for such a
page are completed gach program gives in situations like the above a meassage to
the so-called Segment Controller, The Segment Controller processes these mecsages
in the order in which they have been given to it, but does sao in synchroenisation
with the drum interrupts. Giving a new message to the segment controller is an
undividable action; when the message has been given complately the requesting
program stops on a semaphore, which will be increased by bhe Segment Controller
when the presence of the segment asked for cam be PEENKXEEEXRECEREXXMXXEEY
guaranteed by the latter.

A message to the Segment Controller consists af two halfs, the first half
is concerned with the segment asked for, the g&ﬁﬁﬂ#é half is concerned with the

possible drum transfer given to meke & new Victim.

The first balf of a message to the Segment Controller containsX:
s) an identifimation of the program semaphore which has to be increased by 1
by the Segment Controller upon completion of ENXMXXXXXXXKE the processing of
this first half message.
k) a bit indication whather a drum tn more transpart was part of this first
half message
c) if sp, the complete specification of the B drum transfer in questiaon (takan
up in the chain of drum transfers); if not, whether the request was for an empty
core page with standard neutral contents., In all cases it will contain the CPB
{or thetCTE) of the vore page involved.

The second half of a message contains
a) a bit indicating ‘whether a care ta drum transfer was part af this second
halt message; if not the sscond half is reqarded further as empty
b) if so the vwomplete specification of the drum transfer in guestion (taken up
in the chain of drum transfers).

The independent programs put their message to the Seoment Controller in a
cyclic Segment Control Buffer. Upon completion of the message specification
(by such an independent progrem) it signals the presence of a next message
¥8¥ to the Segment Controller by meana aof a V=gperation an 505 (Sﬂqment Cantrol
Semaphore) which is initialized at the valus zero (i.e. "no messages").

Nenglecting the tentative eecovery measures by the seqgment controller in the
case of error detection in the drum transfers,the hasic structure of the Segment
Corntroller is as follows:
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"LL: P{5CS);
if first half under consideration contains drum transport then
P(Interrupt Semaphore Drum);
clerical processing of the first half;

V(program semaphore specified in the first half under consideration);
if second half under consideration contains drum transport then
P(Interrupt Semsphore Drum);
cyclic increase of Segment Control Buffer Read Pointer; goto LLY
(We have assumed that offering of messaged to the Segment Controller will take

place under supervision of a counterpart: the Segment Control Buffer Write Pointer,
also to be increased cyclicly.)

[he holyness counter.

In each program certain privileged segments may gccur, which during a certain
period of time shuuld be nermanently stered in the same cnre page. Such a period
is initiated by "asking far a holy BE¥K segment", such a period is closed by the
inverse operation, viz. Yprofanation of a segment",

In the ALGPL orgsnisation examples of holy segmants are the stack segments
and e program segment under exaecution,

We should like to make some remarks.

The Ywolune g concept is also used whenever a program asks ¥or o szooment
far, maybe, a .ingle raference, say an array page. When the refeicnce is desired,
nresence in core of the segment is investigated. IF it is presemt, the refrrence
in mode iInstantaneously. {Betwsen the establishing of the presence .nd the actual
reference, the segment is of ocurse not allowed o disappear from K the core;
this is, however, taken care of by disabling the interrupt temporairily and the
state of holyness remains unchanged in this situation.) When the segment is not
in core, the program esks for it, but "holy". When the is allowed to continue, it
performs the reference and profanates the segment. Upon artival of ' = segment,
the Segment Controller signala tn the requesting program that it can proceed;
by the bolyness we have guaranteed that, when the progeam actuslly proceeds, the
segment asked for is indeed still there!

Fhe next remark is, that holyne.s cannot be indicated by a single bit, but
by positiveness nf a counter. For instance, more different programs may wish
access KAXAXKEXN in a holy way to the same segment (say & library seqment). In
thet case the page should cantinue to contain the segment until all of them have
profanated this segment. For that reason we have introduced the holyness counter:
profanation means ¥MEXIMYXEWE subtraction of 1 from this counter, asking for
7 holy page means setting the holyness counter tol if a new core pm page must he
selected for 1t, it implies an increase hy 1 of the holyness counter, if already
a core page wis coupled #X to the segment asked for.

The concept "multiply holy" is not canfined to library pages (remakk made
by f.J.Hendriks}: in the ALGOL system the implementation of simple parameter
subroutines has made it desirable to @llow each ALGOL pragram to declare two program
segments hnly; if these segments happen to coincide its hnlyness counter will be
equal to 2.
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This and the limited number of bits, set aside for the value of ths holyness
counter in CTE{ﬁ] puts an upper limit to the number of concurrently running
programs. [f they were all general ALGOL programs, this upper limit would be 18
{Remark made by C. Ligtmans). In practice this limit will be higher and is therefore
assumed never to be a nuisance.

The proces of Victim selection will ke such that never o YXEXEMXRLTYXKH
¥MUKBKY core page will be chosen with 2 holyness counter positive. The packing
nf the holyness hite and the interest numher in one single word is made to
facilitate the page choice for the new Victim,

The size af the SECMENT CONTROL  DUFFER|

In the description of the gegment request we hove assumed thot the Segment
Cantral Buffer was sufficiently large to accept the new messsge. It is absolutely
mandatory {"unbedingt Notwendig"!) khat this pondition is satisfied! Earlier
efforts have been made, where suchk a buffer could be full, but this gives
rise to nearly prohihitive strategical snd clerical complications; for during
the peried of time that the requesting program waits for voom in the buffer, the
situation in #¥¥¥8E core may have rhaﬁged!} It can be proved that with N
concurrently running programs o Begment Control Buffer with a cepacity aof N o+ 1
messages Ln always sufficient.



