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porirait of the System ge Scen by the Usar

pamtliarity with the paper Frogramning Semanties for Multlprogrammad
Computations by lLiennis and Var Horn (uers=fte: veferraed te os [*), 1o
asgsumed. The system dcoscribed here is gimiilaw <ay auel as poszsible’
=Y ave

to the MOS syster ceccribed im [¥]. XYeatuwes mencicned in

available in this system except where explicitly meationed below.

Segeents

The system is unly rudimentarily segmented. There cre two dlscinet
winde of segwents. files and program images. A flle is an ordered sef ol
words which 1s treaisd vevy much ithe & file 2o rTeS.  the peaing and
procection mechsnisms for £31les are those decuribed for segments iu [#}.
The program imogs is &n executable segoent.
Procaction

Spheres of protection ave deterained by (-liste assoclated with program
images. Thus evary program image defines the sphere of protectiom in which

processes in the program fimage opavale, C-list entries moy ba file
capabilities, direatory capsbilities, entry capabilicies, or i/o function

capabilities. An ownership indicator 1s associated with each capabllity,

end a read-only indicator is associated with each file capability.

computations end Procecses

Computations and processes &rw as in {*]. Mote, however, that all

processes of a cumputaiion must share the seme progrem iruege, siace &
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C-list is zssoclated whth ecch program Laage, rnd this ¢-list delcraiues

the sphare of protecticn of the vomputation.

- Parallel Processitg

The meza-instzuetlons fork, foin ond cuit. are avai,chie, slong with

lock and unlock. ~Duplicatica of wrivate dats or a fork is peraittrd by

the ability to sgevify the couplete stace Void of the ped pracess.

 Input/Output

Direct aond iemedistc I/0 will be wiailabie thrcugh use 2f the ameia-

instruciion execute 18 functiom. Houevey, proieciad ssyveice routinec will

be available for 170 mequiring duffeving (e.g. cypevriter vommunicativa,

- reading and punching peper tepe).

' Inferior Spheres of Peotectign

The discussisn im {*] hoids generally for this systeu, buf the creq‘t__g_:_f:ggg_r‘g

meta-instruction muat specify an 1nilt:i.a1 progrem image size, and there ia the

" possibility that creage sghe;g_ will fail due te lLack of physical storage resources

Protected Entry Points

There will Be two clagses of protected entry polnts: entries to executive
service routires, snd entries £9 user-crecified computations. Execution of an
enter with respest to en entry of the second class wiil be done via an

appropriate egecutive rert® e routine. There wmay be some arbitrary limit

on the nesting &apth of sngers, due to upace zndfor programming restrictions

in the executive,



BDirectories
The distugeion in (], holde except for the dec ape conventions outlinrg

ey

below-. There will probably be an srbikvaiy linit on the nunber of avar oot

“in a nnme.

Fi

{ s

ee

Tiles ave ovpanized in blasks of 0D, words, ginee thie do the dectap

o

block size. Referznces o & fille mry be any of the feollowing

i 2= creste file croates an owrad O-blouk file uith codo RW

[#3

lock #,0,%

{xead /7 write] [quacter / jalf / full]

s

.

(insert . delaze) block <.

vherc 2 is an address in the fille, b an addvess im the progrem
ifmage, i the 1ndex of & file capability, ¢ a hlock number.

-3 must be a multiple of .the number of words read or written.

Storage of Pilee and Diroctorles an Pactape

A usar wmuy stove hin personal files and divectorles on dectape, remove

the tape from the system, and brieg it back with hiw when he waute to continue

his use of the systam. Howevar, thare ara o Tew vastrictione on the use of

dactape, Firstly, o user may store a file or directory on his dectapa ;i and
only if he owns that f£ile or direeto:y. Secondly, capahilities in directaries
stored on tape which refur to objects not stored on the tage are replaced by
null caﬁahilities vhen the tave laaves tﬁe system. Thesa wull capabilities

remoin null vhen the tape is brought back io the system.



Structure of the Uger
User prosrans are written wich the wausl ®ORe1 dnstrecoion, wich Jhwe encep . Lon

of iot's. These instructious are repleced By the instruction Ylavola™ o luk,

whick has the following forrcat:

(A=
The ink fosorsctica s used to perlozm walls on the exacstlon aund ali dnput
output. When the iak is exccuied, the aix-bit CODE 1o takea to be a polintar inle
the current C-list. if the addresred C~list element Ls an T/0 Function capability,
the I/0 function is performed (sea the next section for derails}. If the
addrescsed C~1ist element is an entry capebility, the process ic suspended
and. a new process is started in the exccutiva, at the address specified by
‘the entry capability sud in executive mode. This mechaniem can be used for

any of the following: commurication with typewriters, paper cape readers

and punchers, reading, writing, and manipulating filew; executing meta-

.. instructions such as fork, guit, loim, etc.

Referring to & null gapabilify, £ile capability or directory capability

 with an iok {» 111egél and causes the "illegal tv#p” to the axecutive.

The user“é C-list is stored in the firs: 1003 register of his program
image. These words ave protacted from reading or writing by the user program,

excapt for interpretation by the ipk instruction.
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3rtoomure of L he e 1o coeld

The real worid is conpectad to the ITP-1 throwgh the preoa o bae,

All interacticn between the PDP~1 and thg veal woz'd ave irivsuted by an

P

ink directed to the bus. The format of au:h an ir' e oo o> ol

(7% I¥ops {var | 7]

A e e a

Fi is o pointer o an 170 funstion capabilics in \ie ew wabk (-listl
VAR iz a set of variant bits wiich denote ih: acticy deghiad of the
particular 1/0 function, und MODE deveramincs how the Phy ' (entral

Processor is to interact vith the 1/0 bur  Fhe {our mo .o ave

wode O: execute and continue

The PDP-1 waits while the inte -coion take, plice, snd then

continuas exeeu.iug instructio:s.

mode 1: exécute and pause

The PDP-1 waits while the interacilon o/ kes place, and then
traps tp the ex:cutive. The tecutive will ran othaer procepsas,
and when this 170 fumction ccaoietec, this process will be

restartad.

mode 2: (wait), execute aid wait

The PDF-J walts for the devi.e to Lecome free, waits while the
{intaraction takas place, wul e for the device to becowe free again,

and then continues executins ‘nstructions.

aode 3: (wait) execute and continue

The‘PD?»I waits for the devi:- to bescame free, waits vhile the

fnteraction takes piace, and tren continues exscuting instructioms.

Whenever an I/0 function has compleiad, the 1/0 controller 18 so infovmed.

1f the PDP-1 is not in executive mode snd an 1/0 funution has cowpleted, tha "0

controllizy finde the function number off toe conppletad 1,0 iunction having ' .ot preority,

and interrupts the PDP-1, plaring this 1/0 function numher iy the sfdafee - e At has

been saved by the =rap hardware.)
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Structure of the Executive {Overview?

The -sident cmecusive 8 coatained sntively withirn the emeiutive

core{core?). [Hoviever, sows sRecutive functions, especially execution of

some meta-'n trutctions, are performed by .hantom users.)

Theve s n exccutive O-11ist fa the Sivst 100B locution of core 7.

The executive 23 inthe sphare of procuciion deidrad L thfs C-iist,

but thecse locati ns ave not protevted freow omipulatica Ly the exervtive
Benze (aa enpected;. the executive has access o overy tonputing oblect

in the system.
There are 6 v ofs of entry to the executive. Thase are;
1Y} FPxacuil -~ fukerropt, ceused by complerion of an [/0 funetion,

Zy Exazcutir intcryupt, caused by enpiration of the curicant user
proc2as 4 antum.

3) Entry trir ccused by the user's Lnvoking on entry capability.

4y Y/0 pausc tivp, caused by the user’s invoking an 170 function
cvapability, len tke mode of the ink is 1.

5} Yllagal tvap, ceused by the cttempied:erecution of some illegal

oparation.
6} Initial cntry, hich occurs only when the system is started from ’
ecratiho

There are two differeni wx-des 4n which the executive nay operate. The
first of these, called Yexecuifsz mode™, is the mode which is entered on
any of the six entvics to the exe-utive dmcoribed above. While im this unde,

completicns of [/0 funciions do o cauvue iatevrepts. The aon-ilntervuprabl diee

of executive mode is ensential tov porformance of the muta-i.ctincilon lock and

Jotn.

| The second wode in whick the o:mcutive runs is called "priveleged mode".
¥Yhen in thig tode, tae enccutive is fna.crvuptabieg but an intervept brings the
mschine back into emect eive mude So <{-pose of the intercupt. Those rections

of tha aswecvtivae which vy ia priveleged mode include the computation scheduling

algovithm, the drum mover, and the block movar.
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© Bbtructure of the File Sysiem

e file aysiam provides & convenient facilicy for uee iy
Zilce stoved on dectape. Whea a file fu in nsa, varys o1 i peniide on

pagunetic drum, and any t-ansfar of words between the uret' Ao lmege

and the file fs madu via & core~dvum tyousfer. Tie £1ils svaten Beu o track

of vhere all pavis of a user’s fiien are, oud causes informatioe Lo b aevod
tatween the drum end des.lape whenever asgessary.

Tae deta vesiding on the drum ineluder thoss 22 blocks vhieh heve been
nost recently written on read. The oldest (in the sense of yrecenl use;
blocks on the drun are transfarred to dectape when a nesd For sPaLe arices.

{The fila system vill €2y to maintdin abous &’:-GG vnuged block spaces ou che
drum, )

Since part of the polntes data maninulaced by the file uystsw is cactained
In files, a single dewtene 1 reserved for systen use. When ghe fils gyssem's
dirsctory file blocks lag in usage, they wlll he transferred from the drum to
dectape {like any other block).

One igmportant featire of the file system is che: users are freed from vorrying
about where (in the senre of physical addrasses) a file 1s stoved. As a rasult,
the problam of maintelning such information 15 Yeft to tlhe #1le system. Flle
pointer dats is kept {a the s»xecutive, in the file phantom, and in certain files.

Instead of specifying paysical drum or tupe addresses, 2 user's refevances
to file iluvariably speﬁify some file capebility 4n his C-list. ¥ithin the
£1le capability 1s & 12+bit gode vhich uniquely identifics the file. Referenmces
to files alsc spucily some bloek within the file. The file system effects the

translation betiwen the code and block nunber, and the physical eddress of the

dasived block. 3such address information is stored in the executive if the

block has been used vecantly (relative to other blocks in the system), and is
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kept in the ffle phentom or siored In one of the

in the latter casec the addyess {nformacion will be movad wo the cusorive

1f that block is referred to-

10ck address inforaation stoved inihe execubive loeaies juos ro
which oceupy the active drum gpace. 1f the Block has wov been rexesced D
recently, it will be stozed in inective Crom space ors dectape, ruc fi Will be
is read o wyritzen.

coved to the eetive drwa cpacse 43 so0n &5 It

choce are 400, dlociis oL active drum spaie and 14008 blovkse

of inaciive drum spasel

vhe tvenslation beiween a code and block number, and a physical drum address,

ig performed with the holp of the hash table in the executive, which is a hech~
codad aszsociation of<::éoée, bloég:? puire wich drum addresszs.

Suppose a user provess tvies to veed 3 bloc&af a file. iven the eode and
block mvmber, the execucive uses the hash tchle to fimd the physical drum address.
1f an ﬁppropriate hash cabie entry canunot bo fovud, thé executive asks the file
phéntom to move thet block iuto active druw cuage and place approprinte addiess
infornation in the hash tebla. When the fiie phantom has finished this task,
it restarts the process-which referred to che file. {That poocese had been moede
inactive by the executive when it called the file phentom. When the proceas

is rascarted, it mekes :he game f£ila-opevation roquest; but this time the

address inforwation for the spacified block is avedlable to the exwcutive. |

Given #n address to a block in sctive drum space, the exedutive can sieply

place the read ruquest on the drum fob gueue, and deactivate the reguesting process.

When che drum has cowplzted the physical trangfer of data, the drum mover

{another part of the executive] restarts the process [at its ‘next” instruction.)
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OW’eoPs in_ e Fiie Syst~-

The hash tablia is a 3.0003 « word table ¢f 2rgosd enit ey, with ommd

S e

as follows: . ' \ . ;
BLOcK CobE
whene | vexrT - VpL |

The hashed inifial-lcokun algsirithe is to tehe vhe enclusive-ow of [i.Dloghkt

and {8 che last € bite of cole), #nd edd this to the tably bzpe. BV, BLICH,

arnd CODE are the block and cole of this table entyy. WHERK d5 a nelinier Lo

e dyum. NEXT Ls che pointe? along the chain of encvics hoving ihe sawe

initial-lookup adiress.

The reference buffer Is 3 &Ooa-wovd ring buffer of addvesues of blociks

gt i B

which have been referred te. The executive writes this bufier as esers
~aler to files, ard the File phantom reads the buffer to keep the drum histovy

table up-to-data.

The drum jod gueue (DJQY is a sequence oi jobs to be performed by the drum.

The formot of a Dol ontxy is 28 follows:

X 3 H X "
R, Fr&in I nR ik AN Y SO
b _ ~ LN g A g

-‘:57” 7 TAVE T anhare
FLELD i !.IL‘_J’D Laaai

‘9 17777007 PoldT ~=
POINT —> is & poim:et to a provess which should be restavted when the

——f

drum tranusfer Ls completad.
The block job queae (ﬁJQ} i3 a sequeace of jobs which invelve movement

of blocks between the drum ené other partc of the drum or dectape. Tae formatl

of ¢ BIQ antty 1a as follows:

200 ADDRECS
"rot ADDRESS

L R
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FOLNT ~—2 1r a pointer to e process vhich shouvld be resterted when the
transfer of the biacke i cordleted. {rhis will be a {ile phontow proless |
Toe hagh tsbla, vef-rence buffer, dvawm job and block ieb guei-s are
the only £ile systom objeels located in the evecutive ¢ore. Lhe reminder of
the active file sdivessi:g information is kewr iu the fle chantom tobles,

vhdeh will be dencribad s ext Inaetive £ile Inforantion in kept in the

+]

code file and bloe’ 1ist iile, which will be mentioned in duw cource.

et e —

{

it

Tiue codr bagh tabls in the fiie phauton iz a 3OUB‘WUYd table =¥ 3J-wourd
entvies, sack of which represents an active file., Tha formet of a ¢oade

hesh tsble entyry i as followse:

* Cags *
HIST verT 1 ] NEXT
| HIST™ BLOCK [IST =~

The last 6 bius of the 1lI-bit code are taken 8s a pointer iate ihis
table. CODE ic the code of the t&bih entry. NEXT and NFXEﬁl are 6:bit
polnters along the chain of entries having tht same [code and 1008}1
HiST and HIS'I.'“I are polntzrs zlong the chain Which determive the reistive
aga of entries in the tatle. 3LOCK LIST— 15 tha pointer to the block
1list for the {ile whore code i3 CODi.

There is 2 lirt, within tae code heeh table, of unused entries: this
is the free gode heeh table eptry list.

Ag&_o_g_g list is & list of block list elemente, each of which in 114

L

vork long 2nd contain 10, 9}3&5 pulntsrs. The format of a block list

. [} . 1 1
elenesnt in as follows: k ﬁ'pr-_- i TIET  POINT
s

]

{

0~ MHeocie
I 109 Polvre RS

4. 0€ M Falireyg




T
{e>
1

A £i%e having betwsan boand 10, Llocls seovdires ot nle L L X )
tws elements acconadata uap Lo 203 Bloglke, =fu. EN AT ST SO YOLT T L
dectage on which the 9ilz dSalongs.  LLET POOHY ~mw LE Ehe Duuples fo e
nexd Hlock lisf alzment.
fatiged bloel list clemeris ave kept ou tha fyvae block cne FYek
: 3 1 tie am o or oaa

& Block poinvey perercliv polints {0 a plhysical adoves:

Cactare.  Homgwer, at tiaes o bloeck ig in trunaly beowe.w Swe ddlievent wivnical

Iecadfong.  if & vrovess vefers to fhe Dloch of suvh a iwe, it will be

sactivated, and re~acrivatved whan the Liscelk reaches its dectinavion. vVhew puch

a situation sxists, the %losi vointer poinvs teo the ilst of proosapes {in the

execuirive ensre) which velerred o (ke bDlock, The ulock pointer format 1z as

follows:

[} ' 1 .o
Az ////"/ 7 FOINT —o 1 B cm TRAMSEY
cloD 7270 Fieln | BLock | bRuk Rty

O if?/ A Tare | RLOCK tAPE ELOCK

POINT —® ie¢ n pointer toe a Liar of processes. TIED is rhe pumbar of
P P

a field an the drum. TAPE ir the aemiber of a dectape. BIOUK {8 a physiea)
block nmumber, dencting some Lliock within the fileid or tape.

Information about incctive files is gtoped in the code file and the
block list file. Tue cede file is a file vhose length must be gr=ater than the
largest cods in use. A direct leokvp is this {ile, using the gode as a file

sddxess, ylelds a pointer into the blogk Jist file (if the code 18 in yge)

wvhera the bloch llst for the file srovis. At times, ihe block t4ag »f a file
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will ba niather in the {le phentom nor in these Tllec. bLeouvor 0 1o 1ot oved

the code file will coatain, iov thet llie, o poinces

between then; at such times 5

tg @ list of protesses [in the executive cure) vhich revirred = the
wiile it was in ¢2dg spe-ial gtatus. These processes will Le re-g. flunt.. when

the addressing irformstion veaches its destinatiom.

The drum hictory list fa used to keep track of the veloiive aye of Lioeks

’
e

of infornatieon op the drus. The list occupliss n 4008~3urd tablie, one word per

. . th N R
hlock {of a:tive drum space.) Fhe 0 table enfrv rewresents the louase o

plock, and so on. The forwst of a list entvy is:
. 3

] NEXT ~1 ] MNEXT

-1 . ' : , .
REXT and NEXT -~ are pointers to the next-oldest and nexi-voungast blocks.

The drum occupsncy table and the free dlack list both occupy a 200 word
table {since no bleck i3 beth ocauﬁied acd {ree, the two usages do wet clash).
1f a biovk s occupled, its entyry %n ¢his table pointes fw ifs blouck pokntes
{i.e., the Dlock peinter which points to ith and to that files o.d= hash
table entry; if & block is free its entry in this table is ip the frae block
list. When the free block list becomes reiatively empty, aged bhleoks of

Information on the drum are tranefevred to the fpactive drum gpace, ond
gt il iy - Bl

free active drum spage blogks are thereby created.

Tie {nnctive drum occopaney table and tha inactive free block liet provide

[

similar functions for the ivactive drum space, which consistz of 1400, hlouks.

from chis section of the druwm to dectape. The chofew of vilch blocks to move is

heuristic but arbitrary. These inactive drum tables requirn 14003 words.
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The hasb table eutersion Is 2 2008~-:;or«;‘ Ycomplakion  f &he hasp table
-y 3 < ¥ [ 2T r-v-ﬁi B P Sy - Y ot
in tie axecubive. 1t coriains 3 NEXW uciakey for esch entyy fn tae hagh

gable. (Thes? 2re packed s lea-Ward.

A free tape space tshle ts maintained [for ecch destace’ 28 a posl of free

Pl -l AT

tape blocks. This is an =xtersion of the free tape spuce file, which 1s u file
belonging to the file syrtew. Whenever an I'¥S table becomes too full or ifoc

empty, inforwation is treansfoimed between the FTS table and che FTI5 file
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vzsks u_the Tile Svstea

- fddress Assaeiation

When a reference to £ given block of a given fil: is amade, che physics?

eddress of that ‘dock must be available. First the Pash fable i searched.

1f the desired emtry fa fevnd, wotve donw. LE pot, the exscutive passes the

problem sleng to th: file phenzom. The file phanton first 9varches the

code hash table for an enrry wi.th the desired code. If nome is found, saeh

an entry 1is created end placed in the ¢ ode hasgh table; and the bleck Zist

€or the desirud £ils is read from the block list file into the {ile pnauton.

The block pointex for the dasired block is rhen found, end tha block is moved

to activq druu gpaen by the block mover. The Llock pointer is reset and &

placed in the hash table. 1hen the process

hLash table entry for the hlock {8

which referred to tuat blnck 13 restarted.

Drum Histoxy cpdating

. Every tilus any block of 2 file is vead or writtem, the drum block involved

{s made the youngest blocic on the drom. The names of sll blocks vsed ave passed

to the f£ile phantom throuh: the ;gggggnc&'gggggx, and the file phantoa updates

the drum b@ﬁﬁﬂ!l‘liﬁﬁv ani the HIST voilnter in the gode hash table.

£, cuent of Blocks

--:'t“-.n.-‘&

Blocks in active dfum gpzce eve moved to znachte drun space when cheylag

in ueage, 88 . determiued dy the drum history list. Blocke in inactive drum space

are moved bo dectspe on & velntively randoﬁ schedule, which tries to move the

oldest blocks first. Blocks in either inactive drum spacs or daectape are maved

to active drum space only when referred to. All of this traffic £lows through the

exscutive dectape buffers, and is scheduled by th2 block mover. The block mover

uses the dyum move: and the DIQ for all dvum sransfers, but does all dectope
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hnandling itzelf: the block mover ie recponsible for all dectaves in the fite

aysten

povement of Addrezs Information
= e g R AGMACL AFTARE A

The ha:h table in -he erecutive holds address dats for blocks in the active
drun space. Wher a blo:k lesves ur enters active drum space, i addrsssing
data lesves or enters tie hash table. The file phentom accomplishes such
movements oi blocks and addrassing data. A file remaine sc¢tive 1 it is uvsed
relatively #requeatl}n in ssch a case its bleck 1list remains in the file phantom.
When a file lags in act vity, all of iis blocks are moved to dectape and its

block list is moved to “he block itet Eile.
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Computation Scheduling

Ch&hging_ggggg

Suppose user < is running, and his quuntum gxpires. Then the scheduler

18 run {immediately}. If there is no one «:lss to Tum, ussc a ie Chen granted
an infinite quantim. {Jafinite quanta are revoked cn completion of any 1/0
function.) Howewey, if there is another uger (say, user B) o run, we gtart

to bring user B irto the mackine, at en expected cost of x «ore swaps, as follows:

First, os soe¢n aec w: have decided te rTun user B. 0's prozesses may no

longer cause drum sctivizy. 30, 1€ an X-process requests a drum transfer or

rafers to-a part ¢f o's nrogiam imege which is on the drom, that process ia
removed from the process 1ist (but remains active).

Then we woit for szose physical core module to become a non-target of drum
activity. [While waiting, we continue to sum thom process«s on the process list. |
Suppose core 3} 1is the first free module. Then we remove 811 processas which
were funning in core ] frow the process lisc and swap ¢K of user B's orogram
image into corxe j.' Pinslly, ﬁe add to the process list those B-processes
which can run in physical core i

The above pracedure is contingued until all 4 X gections of B's program image
which contain ﬁctive procegses, plua the 0':h 4K semction (which contains f'g
C-1list), are in core storage. The first 4K section to be brought in ({f
necessary) is always the 0th seccion;-

It may be that after we have one or two program image sections of 8 in cora,
a8 B-process will refer to a saction of B's program image which is still on the
drum. 1If this happens, that section is the next gection to be swapped in. All
processes in that section are then added to the Process list, of course. Other
sections of B'e progrem image, which contain active procege®s, will all be swapped

in eventually, but they pust vait for the saction needed ae data.
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User B's - entum commenies 88 soon ag we have brought x of 8'a 4K
program image sections into .ore storage, or as seon as all program imege
section holding ective processes have been brought in, and 15 ms has passed;
whichevar cowes firet. User B has already done a great deal of computation,
but his quantum bagins .nly hen a meaningful amount of his program image
is available in core. ﬂbte-thtQQK section of B's program image which is never
referred to is not brouzht iate core. This minimizes the time needud to swap
B in and out.

The expected cost »f ruining user « egain is ealculated when we decide
to run user Bs it is simply the number of physical core msedules o has used
during bhis quantum. This nuiber is used by the schedulev to determine a
hierarchy of computatfons. ?ﬁe hierarchical structure of {sl} compucation{} is
considered in deciding who t activatae when Bs quantum 1s over.

Note that processe: in (yr which do not use the drum may still be running
while B is heing brough: into core and run. During B"s quantum, a-processes
{or any non-B, non-sxecutive processes) will be rum only if all of g°s processes
are waiting for 1/0 completisn andjor drum transfers. But as seon a2g we decide
to run some new Yse: Y, all nvallable active processes are again run,
Reactivation on 170 Comnletisn

Users who arz bain; res:arted because some process’ 1/0 function just
completed get special treatment. They get very prompt service, but it is
liodted service.

Suppose & is running, axd his quantum expires, and B is to be run next,
because some process of B 15 being restarted after If0 wait. Then not all
ofla's program image is to b: brought into core. Only {oth program image
sectimﬂ} L}{?togt&m imege soctior /holding the reatarted process( is brought

into core, with the expncted cost set te L or 2, depending on where the restayted
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process is rumming. O:her srogram image sections are brought inte cors only

1f referrad to. {Of course, once a progran image section is in core, all

processes theie 878 run. Bu: not all of B°s ptcc.esses will be restarted on 1/0

reactivation.)

Purthirmore, § is gran:ed a relatively short quantum. IXIo this wav, user
programs ¢:n handle 1/9 quizkly, but long computations triggered by some
1/0 comple:ion are fin’ched on activation at & lower priority level.

The,_Scheauling Aigerttla

The hicrareiy waintein:d by the scheduler is the following.
level 1: aompﬁtations wicﬁ just ceactivated processas
level 2: :omputmtiﬁn; with axpectad swap costs of 1 or 2
level 3: computation: with expected swap costsof 3 or 4

Any ugers on levei 1 sre yun 88 described sbove, with a granted guanium

| of.80ms. Users on. levels 2 and 3 ara organized into 2 round-robia.

1f there iz nothing-on level 1, wve run levels 2 and 3, trying te alternate

level 2 users with level 3 1sers, as shoun:

wl 20N o PLER]

; ! |3
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Users on levels 2 and 3 are granted quenta of 200,180, 160, and 140 me.

for expected swap cost: of 1,2,3, and 4 respectively.

If a section of a particular user’s progreu image is in core and does not
requira s swap, tye'expected cost of running bim i3 pot changed. Such a
coincidence simply helps to reduce system overhead------and is not probable
under .a normal {relatively saturated) loed. |

A user's quantum is no just the length of time during which his processes
receivelthe fgll attention of the processor. In general, the ussr is running

before and after his quantum, as wel as during.
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Schedaling Data Structure

General Information

The %iEngﬁgiiiiszussﬁkﬂi;“ble tells vho to restnre on completion of any
I/0 function. Both tha proci:ss to be restarted and its cowputation are nemed
in the table.

The drum mover keeps th: four-word terget count table, which tells how
many jobs ir NIQ have cure jlj= 0,1,2,3) as target. Thare is also a taxget
drum raquest ig alldusbie ., In the case where the request is not atlowable,
the drum mover remover he raquesting process from the process list.

The scliedule: keep: the four-word occupancy table which contains pointers
to the computations wit!: pro;ram image sections im core §{j=0,1,2,3).

Structure of the Proces: Lis:

The_gaggggﬁulggg iz a list of active processes for which, as for as is known,
sufficient data exisés ‘n core to succéssfully run the process for a short time.
The process list is argsnize! into eight queues of processes: cfter a R¥ocess
has Seen run the proper leng:h of time for its queue, it is moved into the
naxt lower queue, The queuve quanta are 2.2,4,4,.8,8,16 and 16 w&. The

queue priority tagég is a 20,-word table of pointers tc the various process list

queues (haads and tails of tiie lists of processes in the same queue).

A.g;ocesé entity £i: the representation of a procaas in the executive.The

@mm:g AVPRESS

— CNEXT
‘W/// w CREXT 1

format is:




i

PNEXT is a puinter to t'e next process in this queue or list. R ADGRESS
is the location o the (ore :ename word for the computation. 4C,PC,IQ, and
PF are the last &« .pc,ic, anc pf. CNERT aud cnext”t are pointers along the
list of proc2sses in the computation's program imege section k, where Lk is
the extemsion of +he pe.
A computniion: entity is the representation of a computation in che executive.

The format iar

— —— ACTIVETY
EXPECTED CeocT
SUFFR LD OR SPHERE . ~—om
TAWT AdDRECS
COE REMAME WOED
LSS Froc {0)
LL Proc (1)
Rvey PRoC (2)
L L L Froc (7)
Loc (o] ! Loc(d)
c(z) | lec(3)

LOC(K) =ells where srogram image section K of this couputation is.
Ihis may be 2 druw field name or a physical core name. IPRGC{K} is & pointer
to the list of all proce 1es of the computation which are in prograc imege

section k.



Process Scheduling

-Hardware

The JDP-1 as & :2-bi: process yegister, a 3-bit prioriiy counter,

a 3-bit queue p:iorit. res.ster and associated infinile process guantua flop.

there is ¢ alecx which decements the priority countex every 2 uc.
The following imr truc:ionsmanipulate these registars:
load »roces: reg.ster (106_17-—‘- FR)

reed roees: reg.ster {PR —> 106_1;?" 0 —= Ioousl

add procass regluter {ACHIR —* AC)
1 H r . A
ioad ueue prilority *1016,17“% QP,IOIS*—" 1BQ,
start count (7 -—> Pr.C.; reset 2 msclock)
start user {load stag¢e word and leave executive wode}

The state word for th: sta't user instruction is taken from the process entity

addressed by tha procass ragister.

when 2n interrup/ or :rap occurs, the state word (ac,pc,io »pf, but not

er: is stored in the proce.ss entity addressed by the process register and control

paa'ses to the executive location peculiar to that iaterrupt ovr trap-

Changiug Processas
A “quentun-expir«d" i:terrupt occurs whenver the number of l's preceeding

the first 0 (from the left: in the priority counter becomes less then the

contents of the gquaue pricrity register, or after the priority counter reaches
zaro and the I¥Q flop is cff, anﬁ the clock ticks again.

The queue prioti:iy register bolds, at all timea, the left two bits of the
aumber of the highest occyoied level of the queue priority table. Thus.
the curremtly running process will comtinue to run until its quantum expires
(there 18 an equally deserving procesg), or until & wore desexving proca@
appears in the quave priority table.

1f a more deserving process appears, it will be run imediately_ and tha

previously runuing process will remesin in i{ts queue. If a process runan until
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a “quantum-espired’ trap it sill we woved to the end of the vext (loword
occupied queue, ani the {rst process in the highest cvoupicd queue
will then be run- The 1-Q £lsp is turannd on only when there is exsctly

one process on the proce.s list.



Cone lusion

the ssgential ¢ oumwwork  of rhe Pile Svasem and Scheduliag Algecivhae

sF a2 ¢Pie-l 7lme-saring execibive been descrited. We have chosen not

va dnaserthe sust chiase as Urpeuviter buifecing, chavaciey translaiian,

Aehursing softwar . soaventicns, o allovation procedures for comuafiag

'

sbjects ocher that £ile spacr. These povuisular sspecte of tow DUesent

cysten vill be @ ried (ver o che acw oveiom, 2 a Lavgs exvent. Yo havs
alac not deccribed fo great detaill the sctuai coding of the Fiie S;stem

and Seheduliag Altorivhe, this is iakentional, Implemeniation ol mn.ud

coding in a phantom uvser

mesacingoyue tione inp fw

wow cmiled the elended which w2 L1l cal) the meka phantom.

Some aetesivrtructions - sueh as loeg aod ook will be impler=nted
%

in the erecutive, to privide fast oseration. Por a conplets list o

avaiiahle qita-ipstructions, see %1 gnd the [irsc sev ion of thic paper.

-
1w

sverything spplizable will by impienented {and then BOma



