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MPS Segmenvation Systen Overview : ’

All data in the NP3 are stored in segments., There are three kinds
of segments: file, data, and window.

A file segment is simply the addressable version of a file in the
10X systen.
A data see¢ment is the analogy of private data in the 10X virtual
menory. Data segnents can oe named and swapped into and out of
virtual aemory (vi)
window segments provide direct, linear addressing of objects
conposed of pages selected from one or more file or data
segnenys,
Al any given moment some set of segments is present in the user's VM
("swappedq in"). '
If the user wants to directly access a seghent, it must be
sWwapped din. Also, if a svack (a type of data segment) needs to
be lengthened, it may have to be nmoved in VM, this is equivalent
tCo sSwapping it out, and then swapping it back in with a different
. length. Whenever a segment is being considered for swapping or
is swapped, a strategy procedure (eitner system or user supplied)
is calied to decide whether to swap the segment, or to f£i: up any
addresses which may be necessary (when tne segment is actually
swappred).,
in general, addresses manipulated by MPS programs are in segmented
ig;m)anﬁ require an entire word on the PDP=10 (or two words on a
A).
A segnented address contains a segment number, possibly an
indirect or index register designator, and a VM address,
Bits Funcuion
0 0 if in memory, 1 if swapped out
1l=12 Segnent number
33 Indirect flag
1k~17 Index designator
18=35 Address in Virtual Memory (if swapped in), (some
invalid,
trap-causing address otvherwise)
At any fiven nonent, it must be possible to map any VM address into
a Segnented address and to map any segmnented adaress into a VM
address if the segment is swapped in,
when a segment is swapped out, any Vi adaresses polnting to it
must oe converted to "swapped-out form." ln swapped-out form,
any use of a segnented address will cause a segment=out=of=nenmory
signal (signal in the MNPL sense) to be generated,
The area of virtual memory in which stack seglents may reside is
quantized <V the 10X page level (512 words). Any private pages in
this segmented viirtual memory (SVM) are actually pages in a file,
called the DATAFILE, created at the peginnning of an MPS session by
the segmentation machinery.
A file Or a window segment or a data segment of at least one page
resides in as Mmany whole VM pages a8 are needed to hold it while
it is swapped 1,
pata segments wnich are less than one page long are grouped
together in pages, 1I1£ one such small segment 1is swapped in, a
request to swap in a small data seghent whlch co=resides in the
sane page (calied 3 "cosegment") requires only that the segment
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be narkeq as svapped in. If a small data Segment is moved (as a
Slde effeat of lengthening it, for instance), no attempt is made
YO0 reclaim the space previously occupied by it in the current
implementation (this may very well change).
Al enpty page slot in SVM may meah one of LWO thingsi
(a) 4t is an unoccupied slot of a window Segment currently
covering that page;
(b) it is a genuinely free page of the 8§VM, -
Since the segnentation system is a software administered discipline,
Swappang of segments in and out of the 8VM requires advice from
Prograns outside of the segmenting machinery itself, in general.
Such strategy procedures are invoked whenever
(a) a segment is being considered for swapping: if the strategy
procedure rewurns thec value FALSE, the segmenting machinery will
nct swap the segment;
(b) the segnent is about Lo be swapped out; or
(c) the segment has just been swapped intoO SVM.
The section on swappine below outlines these interfaces in detail.
Segments nave names, either user specified or system supplied,and
are hierarcrically related. The only inviolable rule on segment
naming is that no two segments with a common immediate parent may
have lhe same simple name; this prevents ambiguous naming .
(ucalls)
Routines for Manipulating the Segmentation Systenm
Creating and Lesiroying segnents:
segium & NewData (Nwords)

Creates a new data segment of the specified length and returns

the segment number.

The segnent initially contains only zeroes,
The segment is given an internal nane
SegNum € NewWindow(Npages)

Creates a new windoWw segnent with the given number of page

slots and returns the segment numper assigned to it,
A1l the page slots are initially enmpty
The segnent name 189 internal as for NewData

seglNum ¢ YNewrile(Name, Options)

opens the file with the given name (string), with options as

given (tihis is Just currently passed to the 10X system, and is

thus highly system dependent), and assigns 1t a segment
numper, whicn is returned, The Options will hopefully be
separated from tne specifics of the 10X system in a future
version of the segmenting machinery.
The segnent name i8 the same as the file nanme,
DestroySeg (seghum) :

Destroys tne given segment and releases tne segment number.
1f the segment 15 a data segment, it is obliterated, and
the segment number 1s released.

If£ the segnent 18 a file segment, the file is deleted (in
vhe 10X sense) and the segment numpel is released.
If the segment is a window segnent, 1ts private pages are
destroyed, its directory data segment 1s destroyed, and the
segment numners of both the window and the directory
segnent are released,

ReleasesSegr (Segnum)

Behaves like Destroyseg eXcept when Seghum represents a file

segment, in whicn case, the file is deleted from the segmented
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2ddress space out 18 not deleted as a 10X file,
Changing Altrioputes of Seginents
DelPage(segyum, page)
Destroys the given page in the given segment,
Cannot be used to delete pages from data segments, These
must be contiguous memory == use Setlength to delete tail
of data segment.,
If the segment is a file segment, the page is actually
destroyed. (However, if the segment is later mapped in, a
zeroed page is created in this position).
If the segment is a window segment and the page belongs to
another segment, the page is removed but not destroyed. IZf
the page is private to the window segment, it is destroyed,
CreatePage (segnum, Page)
Creates the given page in the given segment, which must be a
window segment. The page must be within the current length of
the window. (Use Setlength to adjust the number of pages in
the winclOW) .
MapPage(SegNuml, Pagel, SegNum2, Page2)
Puts page Pagel from segment SegNuml into the slot at Page2 in
segment Seghum2, which must be a window segnent, -
The same actual page will appear in the two places, not a
copy. (this has implications for the NOVA MPL
implementation, of course)
If the destination page is occupied, then the prior contents
are deleted (via DelPage).
If the source is a data segment, then it nust pe at least a-
page long.
SetlLengtnh(SegNum, Nentries)
Sets the length of the designated segment as given., It may be
necessary to "move" the segment if its length is being
increased, in which case it will first be swapped out (by
Setlengun) and then laver swapped in.
Nentries 1s the number of pages for a window segment or the
nunper of words for a file or data segnment,
Lengthening a data segment appends zeroes to it, .
lengthening a file or window segment appends empty
pages(slots).
Inclength(SegNum, Nentries)
Increments tne length of the designated segnent as given.
The effect 1s exactly:
setlength(SegNum, Readlength(SegNum)+Nentries).,
SWwapping segnments and User control of Swapping
Addr « SwapIn(sSegNum) '
The specified segment is swapped into VM and its base addaress
in segmented form is returned as value, .
1f the segment cannot be swapped in, a Signal is generated and
passed to tne caller.
A strategy procedure is invoked (as described pelow under
Segstrategy, SpsSegSirategy, and lock)
(a) to deternine whevher it is ok to swap the segment into
YM; and
(b) to perform any necessary housekeeping for the segnment
after 1t has vpeen swapped in,
SWwapouv(segiuun)
The given segrient is remnoved fron vM, If the segnent cannot
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be swapped out, a signal is generated,
A strategy procedure (as described below under SegStrategy,
SpSegsStrategy, and Lock) 1s invoked to decide whether the
Segnent is allowed to be swapped out, and if so, the strategy
procedure i8 invoked again just pefore the segment is actually

removed from VM,

Lock (Seghun)
The given segment is locked into place, If it is currently

swapped out of Vi, it will not be able to be swapped in until
an yniock is performed for it, If it 18 currently in VM, 1t
will remain at the same VUM address until uUnlocked,

Locking overrides any other user=defined or system~supplied

stratesy procedures for the given segment,
Any attempt to lengthen a locked segment will cause a signal

Y0 be rgenerated by the systenm,

Unlock (Segyum)
Allows the given segment Lo be moved or Swapped or lengthened,

It does not in any way affect the swapped state of the

Segnent.

SegsStrategy(SegType, ProcAddr) _
The procedure p pointed t0 by the procAddr paranmeter will be

iavoked if & request is made to swap any segment 8 of type
segType and the following conaitions hold:

(a) S is not locked; ,
(b) eitner no special strategy procedure has been specified

for the particular segnent S being sWapped, or the value
FALSY wasS returned by the current special strategy .
procedure for § when called with the ReallyGoing parameter
= TRUE (see description of parameters to suvrategy
procedures following).
Whenever-invoked, p will be called as
p(SegNum, GoingOut, ReallyGoing), where:
SegNum identifies the segment-peing Swapped,
Goingout=TRUE means the segment is tO be swapped out
(GoingOut=FALSE means it is being swapped in),
ReallyGoingsFALSE means the segment is being considered for
swappring; if p returns TRUE, the segmentation systenm
assumes that the segment may actually be swapped; if p
returns FALSE, the segment will not Dbe swapped,
If ReallyGoing=TRUE, then p should perform whatever
pre-swapout or post=swapin housekeeping is required, the
~ direction pbeing indicated by the Goingout parameter,
If Prociescriotors0, the strategy for segments of type segType
reverts to tne system default strategy. Frresently, this
stratezy procedure does no housekeeping and simnply returns the

value TRUE,

SpSegStrategy(SegNum, Procaddr)
The procecure p pointed to by the ProcAddr parameter will be

invoked if a2 request is made to swap some segment S and S 1is
not Locked, as describea above. The arguments to p are as
descripea unader 3segotrateny.

If some segnent S witn special 8tratvegy procedure Ps is being
swapped, and Ps is called with the Reallyuoing parameter =
TRUE, P& may chooSe L0 let the strategy for segments of the
samne type as S bhe culled aiso, [U qoes this by returning the
value ¥FALSE, If the RealilyGolng parameter is rALSE, the value
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returned by Ps 13 used to decide whether or not the segment
?ay be swapped, and no call on tne current strategy procedure
or
segnents of S's type will be made.
Reading Attributes of Segments
SegNum2 ¢ ReadWindow(SegNuml, Pagel: Page2)
Returns the segment and page address of tne page (of a data or
file segnent) resiaing in the window segment slot, or 0 if the
slot is enpty.
A returned value of =1 meens the page is a data page private
Lo the window segnent.
Nentries « ReadLength{Segnunm)
Returns the length of the given segnent.
The length of a data or file segment is measured in machine
words, and of a window segment in pages.
Type « Resdlype(SeghNum : buMask, XtHask)
Returns the type of the given segment as follows:

Type Meaning
freept segment does not exist
datbt ordinary data segment:
" sstkxXt 3tack segment
" +procxt PFrocess static data segment
" +wsaAxt Window segnent directory
filebt ordinary filie segment
o +codext Code segment
windbt Winaow segment
systyp For special use by systenm
" +SpLxXt Speclial strategy procedure

The two parts of the type code may be selected by the two
nesks Buiiask and XtMask which are the second and third values
returned, respectively.

segNun2 ¢ NextSeg(SegNuml)
Returns the numper of the next higher segmnent above the given
one which actually exists, or zero if none.

Page2 ¢ NextPage(Seghlum, Pagel)
Returns the numpber Of the next higher page above the given one
which actually exists in the given segment, or =1 if no higher

pege.
Address conversion and analysis
segAddr « VToSaadr(vVmAaar)
Given a virtual memory address, returns corresponding
segnented aadress or 0 if location is not part of any (swapped

in) seguent, -
Addr e MakeAddr (SegNunm, WordNum)
creztes a segmented address from a segnent and word number.

SegNum « SegNumPart (Addr)

EXtracts tne segment numper from a segmented address.
WordNum ¢ VWordPart(Adar)

EXtracts the word displacement from a segmented address,

Flag ¢ Swappedln(Seghum)
Keturns 1 1fi the segment is in VM, or 0 if not.
Naming cegments
The geghentation aachinery supports an hierarchical naming scheme
for segnents: a name confiict exists if ahd only if two segments
with a conmon amnediate parent pnave the sale simple nanme,
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setSeghane enforces this rule.
FindSegNane (String, contextSeg)

Returns the segnent numper of the segment with the given
string as name, within the context of the specified segment,
or O if no mateh is found. The following rules are used to
deternine it there is such a segnent:
(a) 1f one of the segments owned by the given segment has a
name which matches the given string, that segment's numbper
is returned;
(b) if no segment 1is found which matChes under rule (a),
then a search is made starting at ContextSeg and proceeding
from parent to parent until a name match is found or the
topr of the ownership tree is encountered.

setvSegiame (Segnum, String)

Sets the name of the given segment to the string, If any
sibling ot SegNum already has the name String, a signal is
generated.

nchar « keadSeglame (SegNum, String, Firstchar, LastcChar)

Reads the nane of the given segnent into the string starting
at position Firstchar. 1If more than (LastChar=Firstchar+l)
characters are needed to contain vhe name, a signal is’
generated; as many characters as will fit will already have
been placea in the stiring oy the time the signal is generated,
A segmnent which has not peen assigned a name by a previous
call on SetsegName (or NewFlle, which calls SetSegName) has a
system supplied name of the form '# ,NUM where .NUM 1S the
segnment's nuamber.,

The numover ©of characters in the name i1s returned,

Segnent Parentage and Associatvions
MaKeFarent(seghkum, Parentseghum)

Make ParentsegNum the parent of Segium, SegNum will be the
"first" child of ParentSegNum. Checks for possible naming -
conflicts among siblings.

ParentSeg (Segjum)

Returns the segment number of SegNum's parent segment, or 0 if
there is none.

chilaSeg (SegNun)

Returns the segment number of the first child of segment
segNun, or O if the segment has no children,

SiplingsSeg (Segnun)

Returns the segment numper of SeghNum's sipling, or O if ne has
none. The cnildren of a given segment are "ordered" so that
one can sequence througn them by acquiring the segment numbper
of tne parent's first child using ChildSeg and then moving
from one chila to the next using SiblingsSeg until the family
is exhausted,

Linkseg(fromseghum, toSegNum)

A "link" vo toSegNum will be placed in the segment table entry
for fronseghum (which must not represent a file segment for
implementation reasons). This has the following uses
(a) 4f fromSegNum represents a stack segment, and toSeghNunm
a process data segment, then the stack segment will be
linked t0 the data sepgment of the process (in the MPL
sense) v0 which 1t belongs;
(b) 1£ LOSCGENUM 1S5 4 code &egment, ahd fromseghNunm is a
process d4tla Jdcglent, then tnis associates the code segment
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Wwith the process.,
RdLinkseg (SegNum)
Returns tne segnent number to which SegNum contains a "1ink"
(setv by AssocSeg),
Implementation
Tables
Core auslocation table
Entry per virtual nmemory page gilving:
caseg == segment numver if occupied, O otherwise.
casa == address of segment on data file,
When try to swap in a segment, use this table to find an
aagequate nunoer of adjacent free pages.
Also used t0 map virtual memory addresses t0 segmented memory
addresses.
-Segmenty tabile
One entl'y per segment, containing:
sttype == type of segment, (free, dala, file, window)
stloaded == true if segment swapped in %0 the virtual
nemory
staddr == if stloadea then VM address of segment, else
datafile address. )
stsize == gize of segment in pages for window segment, in
words for all other types
stfile =~ handle on segmnent in file sSystem if file segnent,
segnent number of associated segment if stack or data seg,
of directory if window segnment
plus several other fields, most of which are used to show
relationsnipg between segments and are used by the symbol
table machinery.
Synbol table
Data file
#Managenent of storage on the file
large segments == size >s one page ° *
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