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MPS Segmentation System overview ' 

All dita in the MPS 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 
lOX system. 
A oata seg~ent is the analogy of private data in the lOX virtual . 
memory. Data segments canoe named and swapped into ana out of 
virtual memory (VMl 
Window segments provide direct, linear addressing of objects 
conposect of pages selected trom one or more file or data 
segm~nts, 

At any given Moment some set of segments 1s present in the user•s VM 
("swappea in"/. • 

If the user wants to directl~ access a segment, it must be 
sw~pred in, Also, if a stack (i type of ctata seg~ent) needs to 
be lengthened, it may have to be moved in VM. this is equivalent 
to swappin~ it out, and then swapping it back in with a different 
length. Whenever a segment is being considered for swapping or 
1s swapped, a strategy procedure (either sYstem or user supplied) 
is called to ueci<le whether to swap the segment, or to !1=: up any 
addresses Which may be necessary (when the segment is actually 
swa.ppea). 

In general, actctresses manipulated by MPS programs are in segmented 
form ana require an entire word on the PDP•lO (or two words on a 
NOVA). 

A segnented aauress contains a segment number, possibly an 
inairect or index register designator, and a VM address. 

Bits Func"t.ion 
----- --------
O O if in memory, l if swapped out 
l•l2 segment number 
lJ Indirect £lag 
l~-17 Index designator 
18-Jj Address in Virtual Memory (if swapped in), [some 
invalid, 

trap-causing address otherwise/ 
At anY giv~n ~oment, it must be posaible to map any VH address into 
a segmented address and to map any se~mented adaress into a VM 
address if the segment is swapped in, 

when a segment 13 swapped out, any VM ~ddresses pointing to it 
must be convertea to "swapped-out form," In swapped-out form, 
any use·of a segmented address will cause a se~ment-out•o!•memory 
si~nal (si~nal in the MPL sense) to be generated~ 

The area of virtual memor~ in which stack ~egments may reside is 
quantized ~t the luX page level (512 words1. Any private pages in 
this segMentea virtual memory (SVM) are actually pages in a file, 
called the DATAFILE, created at the beg1nnning ot an MPS session bY 
the segmentation m~chiner~. 

A fi1e or~ window segment or a aata segment of at least one page 
res1dea in as many wnole VM pages as are neeaect to hOld it while 
it is swippeel in, 
nat~ se~ments Which are less than one page lonJ are grouped 
to~ether in pa~~a. If one such s~all se~m~n~ is swappeo in, a 
request to swap in a small data segment which co-resides in the 
sar.ie p;ig<> ( ca.U.ca ~ 11coseg1nen ~") requires onl:>' that ihe segment 
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be marked as swapped in. If a small data segment is move~ (as a 
Siae etfect 0£ lengtheuing it, for instance), no attempt is ma~e 
to reclaim the space previously occupied bY it in the current 
implementation (this may verY well change), 

An empty Pa~e slot in SVH may mean one of two thingsz 
(a) it is an unoccupied slot of a window segment currently 
covering that page; 
(bi it is a genuinely free page of the SVM, 

Since the s~~~entation system is a software administered Oiscipline, 
swappinR of se~ments in and out of the SVM requires aOvice from 
Progra~s outside cf the segmen\ing machinery· itself, in general. 
Such strategy procedures are invokea whenev~r 

(a) a se~ment is being considered for swapPing1 if the strategy 
procedure returns tnc value FALSt, the segmenting machinery will 
net swap the segMent; 
(b) the segRent is about to be·swapped out; or 
(c) the segment has just been swapped into SVM, 

The section on swapping below outlines these interfaces in aetail. 
S~gments have names, either user specified or system supplied,and 
are hierarchically related. The only inviolable rule on segment 
naming is that no two segments with a common immediate pare~t may 
have tne same simple name; this prevents ambiguous naming • 

(UC&lls) 
Routines for Manipulating the Segmentation system 

Creating and Ves~roying segments: 
segNum • NewDat~(Nwords) 

creates a new data segment of the specified length and returns 
the segment number, 

The segment initially contains only zeroes, 
The seg~ent is given an internal name 

seg~um • NewWindow(Npages) 
creates a new window segMent with the given number of page 
slots and returns the segment numoer assigned to it. 

All the page slots are initially empty 
The segment n~me is internal as fer NewData 

segNum ~ NewFi~e(Name, options) 
opens the file with the given name (string), with options as 
given (this is just currently passed to t11e lOX system, and is 
thus highly system dependent), and assigns it a segment 
numoer, whicn is returned. The options will hopefully be 
separated from the specifics of the lOX system in a future 
version of the segmenting machinery, 

The segment name is the same .s the file name, 
DestroySeg(SegNum) 

Destroys tne given segment and releases tne segment number. 
If the se~ment is a data segment, it is Obliterated, and 
the se~ment number is released, 
If the seg~ent 1~ a file segment, tne file is deleted (in 
i~e lOX sense) and tne segment number is released, 
If the segment is a window segment, its private pages are 
destroyed, its direciory data se~ment is destroyed, and the 
segment numnerB of both the window and the directory 
seg~ent are released, 

Releasese~(SegNUffi) 
Dehaves li~e Destroyjeg except When seg~um represents a file 
sc~~ent, in whicn case, the file is delttect from the segmented 
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Chang 1actctress sp6ce but ia not deleted as a lOX file, 
D 

ng Attributes of Segments 
elPage(SegNum, ~age) 

Destroys the given page in the ~iven segment. 
Cannot be used to delete pages from aata segments. These 
must be contiguous memory•• use setLength to delete tail 
of data segment. • 
If the segment 1s a file segment, the.page is actually 
destroyea. (However, if the segment is later mapped in, a 
2eroed page is created in this position), 
lf the segment is a wtndow aegment and the page belongs to 
another se~ment, the page is removed but not destroyed. If 
the page is private to the winaow segment, it 1s destroyed, 

createPage(SegNum, Page) 
creates the given page 1n the given segment, which must be a 
window segment. The page must be within the c~rrent 1engtn ot 
the window. (Use sctLength to adjust the number of pages in 
the window). 

MapPage(SegNuml, Pagel, SegNum2, Page2) 
Puts page Pagel from segment segNuml in~o the slot at page2 in 
segment seghum2, which must be a window segment. 

Tne same actual page will appear in the two places, not a 
copy. (this nas implications for the NOVA MPL 
implementation, of course) 

I~ the destination page is occupied, then the prior contents 
are deleted (via DelPage). 
I£ the source is a data segment, then it must be at least a· 
page long. 

sctLengtn{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 
settengt~) and then la~er swapped in. • 

Nentries is tne number of pa~es for a window segment or the 
number o! words for a file or data seg~ent. 
Lengthening a data segment appends zeroes to it. 
Lengthening a file or window segment appends empty 
pages(slots). 

InctengthC~egNum, Nentries) 
Increments the length of the designated segment as given. 

The effect is exactly: 
Settengtn(SegNum, Readtength(SegNum)+Nentries). 

swapping segments and user control of swapping 
Addr ~ swapin(SegNum) 

The specified segment is swapped into VM and its base ad~ress 
in seg~ented form is returned as value. 
If the segment cannot be swapped in, a Signal is generated and 
passed to the caller. 
A strategy procedure is invoked (as described below under 
segstrategy, spse~strategy, and Lock) 

(a) to ctetermine whe~her it is ok to swap the segment into 
VH; ~na 
(b) to perform any necessary housekeepinR for the segment 
~!ter it has oeen swapped in, 

swapouitse,~uM) 
The giv~n 3ec~ent ib re~oved from VM. If the segMent cannot 



be swapped out, a signal is generated, 
A strategy procedure (as described below under segstritegy, 
Spsegstrategy, and tock) is invoked to aec1de whether the 
segment is allowed to be swapped out, and if so, the strategy 
procedure 1s invoked ag~in just before the segment is actually_ 
removed !rom VM. 

LOCi<(SegNum) 
The given seg"ent is locked into place. • If it is currently 
swapped out of VM, it will not be able to be swapped in until 
an Unlock is performed for it. If it 1a currently in VM, it 
Will reMain at tne same tM address until Unlocked. 
tocking overrides any other user-de!inect or system-supplie~ 
strate~y procedures for the given segment. 
Any attempt to lengthen a locKed segment will cause a signal 
to be tenerated by the system. 

Unlock(SegNuml • 
Allows the !:tiVen segment to be moved or swapped or lengthened. 

lt does not in any way affect the swapped state of the 
segr.1ent. 

Segstrategv(SegType, procAddr) . 
The procedure p pointed to bY the procAddr Parameter ~ill be 
invoKed if a request is ~ade to swaP anY segment S of type 
segType and the following conaitions nold: 

(a) sis not locked; 
(b) either no special strategy procedure has been specified 
!or the particular segments being swapped, or the value 
FALS~ was returned bY the current special strategy . 
procedure !ors when called with the Reallyooing parameter 
= TRUE (see description of parameters to strategy 
pr.ocectures following) . 

Whenever-invoked, p will be called as 
p(SegNum, Goingout, ReallYGOing), where: 

segNu~ 1aentifies the segment·being swapped, 
Goingout=TP.Ut means the segment is to be swapped out 
(Go1n,out=FALSE means it is beini swapped in), 
ReallyGoing~FALSE means the segment 1s being considered for 
swapoing; if p returns TRUE, tne segmentation system 
assumes inat tne segment may actuallY be swapped; if p 
returns fALSE, tne segment Will not be swapped. 

If ReallyGoing=TRUE, then p should perform whatever 
pre-swapout or post-swapin housekeeping is required, the 

. direction being indicated by the Goingout parameter. 
If ProcDescriptor=o, the strategy for segments of type segType 
reverts to toe system default strategy. ~resentlY, this 
strate~Y procedure does no housekeeping and simply returns the 
value T~UE. 

SpSegStrategy(SegNum, ProcAddr) 
The proceaur~ p pointed to bY the procAddr para~eter will be 
invoked i! a request is ~ade to swap some segments ands is 
not Locked, as describea above. The arguments top are as 
described unoer ~eg~trate,.y. 
If some seg~ent s with special strategy procedure psis being 
•~apped, and Psis called with the Reallyvoing parameter ■ 
TRU~, Ps m~y choose to let tne strategy for se~ments of the 
sa1ne t,ypc as s be c"lled also, rt. <1oes this by returning the 
value ~·ALS£, I! tne Hca:..lyGoi11~ parameter is fALSE, tne value 
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returned by Psis used to decide Whether or not the segment 
may be swapped, and no call on the current strategy procedure 
for 
segMents o! s•s type will be made. 

Reading Attributes of Segments 
SegNum2 ~ ~eactWindow(SegNuml, Pagel: Page2) 

Returns the segment and page addre$s of ·tne page (of a data or 
file segment) resiaing in the window segment slot, or o 1! the 
slot is empty. 
A returned value of •l means the page is a data page private 
to the Window se~~ent. 

Nentries ~ ReadL~n~th(SegNum) 
Returns the length of the given segment. 

The length of a data or file segment is measured in machine 
words, anQ of a winctow segment in pages. 

Type~ HeadType(SegNum: &iHask, XtMask) 
Returns the type of the given segment as follows: 

Type Meaning 
---- -------
freebt segment does not exist 
aatbt ordinary data segment: 

" +stkxt Stack segment 
" +procxt Process static data segment 
" +wsdxt Window segment directory 

filebt orainary file segment 
" +codext Code segment 

windbt Window segment 
systyp For special use by system 

" +sptxt Special strategy procedure 
The two parts of the type code ~ay be selected by the two 
me~ks Bt~ask and XtMask which are the second and third values 
returned, respectively. 

segNu~2 ~ Ne~tseg(SegNuml) 
Returns the number of tne next higher segment above the given 
one_which actually exists, or zero if none. 

page2 • NextPage(SegNum, Pagel) 
Returns the number 0£ the next higher page above the given one 
which actually exists in the given segment, or •l if no higher 
pege. 

AOdress conversion and analysis 
segAddr ~ VTOSAadr(VMAa~r) 

Given a virtual me~ory address, returns corresponcting· 
segruented aadress or O if location is not p~rt of any (swapped 
in) segment, 

Addr. XakeAdar(SegNum, WordNUm) 
creates a segmented address from a segment and word number. 

segNum ~ segNumPart(Addr) 
Extracts the segment numoer from a segmented address. 

wordNum ~ ~ordPart(Adar) 
Extract& the word displ~cement from a segmented address, 

Flag~ s~appedin(SegNum) 
Heturn8 l if the sc~ment is in VM, or o if not, 

Naming segments 
The aeg1~entati0n ~achinery supports an hierarchical naming scheme 
for ije,~e~ts: a name co11flict exists 1£ anct only i! t~o segments 
witn a coM~on 1~n~diatc Parent have tne same 3imple name. 
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setsegName enforces tnis rule. 
FindSegNaAe(String, contextseg) 

Returns the segment numoer of the segment with the given 
string as n~me. within the context of the specified segment, 
or o if no ~atch 1s found. The following rules are used to 
deterMine if there is such a segment: 

(a) if one of the se~ments owned bY the given segment has a 
name which matches the given string, that segment's number 
is returned; • 
(b) if no se~ment is round Which matches under rule (a), 
then a search is maae 'starting at contextseg and proceeding 
from parent to parent until a name match is found or the 
top of the ownership tree is encounterea. 

setSegName(Se~N~m, string) 
sets the name of the given se~ment to the string. If any 
siblin~ ot segNum alreauy has the name String, a signa1 is 
generated. 

ncnar ~ ReactsegNarne(SegNum, String, Firstcnar. Lastchar) 
Reaas the nane of the given segment into the string starting 
at position Firstcoar. If more than (Lastchar-Firstchar+l) 
characters a.re needed to contain the name,. a signal is· 
generated; as many characters as will fit Will already have 
been Placed in the strin~ bY the time the signal is generated. 
A segment which has not oeen assigned a n&me by a previous 
call on setae~Name (or NewFile, which calls setsegName) has a 
system supplied name of the form 1 # .NUM Where .NUM is the 
segment's nuwber. 
The numoer of characters in the name is returned. 

Segment Parentage and Associations 
MaKe?arent(segNu~, ParentdegNum) 

Make ParentsegNU@ the parent of SegNum. SegNum will be the 
"first" child of ParentsegNum. Checks for possible naming -
conf1ict~ among siblings. 

Parentseg(SegNum) 
Returns the segMent number of SegNum•s Parent segment, or o 1f 
there is none. 

Ohil.aSeg lSe1n~ur:i) 
Returns the segment number of the first child of segment 
segNuM, or o if the segment has no children. 

Sib1ingSeg(SegNUM) 
Returns the segment number Of SegNum•s Sibling. or o if he has 
none. The cnildren of a given segment are "ordered" so that 
one can sequence througn them by acquiring tne segment number 
0£ tne parent's £irst child using Child~eg and then moving 
from one chilQ to the next using Sibl1ngseg until the family 
is exhausted. 

LinKSeg(!romsegNum, to~egNum) 
A "link~ to.toSegNum Will be placed in the segment table entry 
for fro~SegNum (whicn must not represent a file segment £or 
implementation reasons). This has the fOllowing usesa 

(a) if !romsegNum repr~sents a stack segment, and toSegNum 
a process dat. segment, then the stack segment will be 
linked to the dat~ se~ment of the process (in the MPL 
sen~e) ~u Which it belongs; 
(b) if toScgNum ~s a cotie 5e~meni, and tro~segNum is a 
proce~s u.i.t.d, ~cg1~ent, then tnis a.ssoci~tes the code segment. 
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With the process, 
RdLinkseg(SegNum) 

Returns tne segment number to which SegNum coritains a "link" 

I 
(set by Assocseg), 

Jllplementa.tion 
Tables 

core a~location table 
Entry oer virtual memory page giving, 

caseg ·• segment number if occupied, o otherwise. 
casa -- address of segment on data !1le. 

When try to swap 1n a se~ment, use tnis table to !ind an 
adequate numoer of adjac~nt free pages. 
Also used t~ map virtual memory addresses to segmented memory 
aeldresscs. 

·segment table 
one entry per segmeut, containing: 

sttype •• type of segment, (free, data, file, window) 
stloaded •· true ii segment swapped in to the virtual 
memory .. 
s~addr -- if stloaded then VM address of segment, else 
data!ile address. 
stsize •· size of segment in pages for window segment, in 
words for all other ty~es 
stfile -· handle on segment in file system if file segment, 
segment number 01 associated segment if stack or data seg, 
of directory if winaow segment 
plus several other fields, most.of which are used to show 
relationship~ between segments and are used by the symbol 
table machinery. 

symbol t,2.ble 
Data file 

Management of storage on the file 
Large segments -- size>~ one page 
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