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1. Introduction,

The purpose of a dizpateher is %o shars one or more central processors smong
a grester nuber of "virtusl” processors, and to do so efficiently, reliably, and
unobtrasively.

{1) Bfficiency: the volume of code and data must be minimised; the time taken
to chenge program must be negligible, '

(2) Relisbility: whenm » processor is feulty, its withdrawal should not affect
the efficient werking of the system as o whole.

(3) Unobirusiveneéss: the dispatcher should have a nsrrov interface to the
virtusl mechine, and should place minimal constraints on the way in which the virtual
meohine beheves,

In particular, the dispateher should not need to kuow elther the number of
actual machines it has at its disposal, or the number of virtual ﬁachineé it is

servicing.

2, The Punctiond of e Aispstcher.

The funotions of a dispatcher are:

(1) synehronisstion,

{2) provision of timing sizpals.

{3) loadshedding and resumption on behalf of a psging system,

{4) determination of relative priorities of user virtuzl machines,

We do not resgard it as the responsibility of the dispstcher to collect
statistics or aceounting information, or to enforee time limits, These functions
can be carried out ou the user's own virtusl machine by a higher level of the
operating system.




3. Entry points,
' The basic entries Lo the diapatoher aret

{1) relingquish: sntsred by a virtusl machine whieh (a3 2 result of P
operation} ean no longer run, and therefore relinguishes its sctual machine,

(2) resume(himivirtusl machine): entered as & result of a V operation
to cause "him" to be resumed. The ¢alling program continues for the time bvelng.

(3} wait{intervalitime): +%he celling progrem weits for st lesst the
interval specified,

(k) lendback {priority): this is sntered fairly regularly by the user
virtusl mechine, and permits a higher priority virtusl meschine {iFf any) %0 procesd
in its place, Tt should not be entered from within o Yeritieal region®.

he following entries relate to the loadshedding syaten:

{5) loadaheds couses one progranm to be loadshed,

{6) resumeload: ceuses a loadshed program to be rasumed.

{7) shedme: entered by & user who expects to walt a long time {2.m.,
for terminsl responsal).

{8) unshedme: entersd by user after the long walt is over,

The nein purpose of thess is to prevent the shedding of & multiple socess
program two soon after its long walbs; but o permit shedding afier it has done
2 heavy burst of computatlion.

The function carried oub individuslly by & virtuasl machipe will he known as
ad justpriority;

it io sssumed thet esch virtusl machine will invoke adjustpriority resulamrly in
virtual time, sey once every 2000 instructions executed by that meohine,

he The Herdwere Hsckground,

It iz obriously essential that the code of the dispateher be treated as a
eritical region, 0 thet it cannot be entered simultaneously by two actual
processors,. Ye theresfore postulsate a

hardware mutexisemaphore




which iz & Boolemn semephore provided in herdware. On a single-processor
instellation this is r%gx@aént@ﬁf%y the it vhich inkibits interrupts. The
individusl operations of the dispsteher will be protscted by 2an iopliclt P on
this semsphore before swbry, sud a ¥ on exit,

¥e alsoe posbulate in esch actusl machine & repiater

7 maivirtual machine
which containg the identity of the virtusl machine vhieh thet actusl machine is
serving. This may; for exsaple, be a peinber to the dumped repisters of that
virtusl machlne. The ﬁi%@ﬁtﬂh?? ean determine which virbual machine is €0 run
next on the glven actual machine by changlnyg the valus of this register. Note
that the dispatoher ltzell usss the sane setusl machine =z the viritual mschine whioh
eslls it |

Ye algo postulate s hardvare Ffunetion vhieh delivers sn indiecabion novw of the
gurrent renl btlwe, messured ssy in millissconds,

Pinelly we dntroduce into ths workload a nunber of Yduwmy®™ virtusl mechines
gpal to the mumber of actusl meghinesz. These wachines all always have hobhonm
rioriby, and so they are serviced only when there is nothing slse %o do. Their
purposs is to gonduet s test of the hardware of an actual processor. If the test
fails, the virtual mechine retains hold of the aotusl wmachine until 1t is mended.
The dispatcebing systew iz designed so that all other actual snd virtusl machines
continue o operate, waffected by such detected fallure, either in a machine test
or in a user progras. This glves o hlgk degree of reliability to Lthe ayatenm as a

?fhﬁl@ a

5. Hebs Design.
Tae wost imporiant date lbtem maintained by the dispatcher is the guesue of

virtual meehines walting for process fime:

gqueue: seguence osf record vivirtusl machine: vipriority end
i 25 $ X and

Tols gueue will be sorted in sequence of prioriity; thus insertion of & new item
wast cause it to be lnserted in the right place, and resoval of the first item
will always yield the wirtual machine with highest priority. Hlgh priority will

be dndlested by & loy welue of p, asd vies-versa,

The gueue of mechines waiting for elapse of an inderval has a similer

gtructure

waitquene: sequence of reeord viviriual machine;rewnken:bime end.

Thie is also held in sequence of reawnhening.




When a waiting -program is resumed, it iz good poliey to permit it to run
as soon as possible afterwvards, at lesst until it is prepared to lend back the

wrocessoy. He bherefore introduce sn
urgentqueve: geguence of virtusl wachine
This queue obsarves an FOFS Adseipline; in any casme it will hardly ever
contain more then one mewmber, If spproprists havdwere is avsillable, the smpiiness

of this quewe muy reducs the Cfraguency with whieh virtual wmachines invoke

¥ilendbank”,

The loadshedding system meinteins two edditvional gquenes:
gheddable ahed: gueue of virtual mechine
Both of these sbserve an FUFS diselpline. TIn addition there are variables
lastaheditine

giving the time of last invecetion of shedme, snd

shedraquestiviritual machine,

indicating the virtusl machine (if eny) which is reguested to shed iteelf as
a result of an invooation of loadshed,

6o The Algoritlm.
Zobe., vivirtunl machine, titine

are & btemporsry variable ussd 7. the f@llﬁwiagz‘

relinguish: 1% uwrgent ¥ ewplty then me {rom wgentauens

- glzs if powwaltquens,firat.reguaken then (we,t) fron waitgueus

elus (me,t) from queus;




resume(hin) ¢ nrgent:f‘him;

wnit (interval)s waitquene:” (me,nowdintervall;

relingulshy

lendback{priority)s if shedrequest=me, then
bagin shedt” mey
shedrequesti=null
E&%m
glse gueuna:” (me,priority);

losdsheds if lastuhed >now-one second then lastshedi=null
slse 1T sheddsble ¥ emphy then shedregusst from sheddable

zlee resuneload;

resuselonds v from sheds
gheddeables " vy

urgents” ¥y

shedne? lasbehed r=now;

repove ne from ahkeddables

unshednes lastahed r=nully
sh&dﬁabl&:ﬂ mea




Te Ssemmphores.
Bemaphores can be described by s simple elass declarations

class semaphore;
bagin br Poolean;
gueue: geguence of virtusl machine;

procedure Py .
if b then bimfalze
slse {gqueus: me; relinguish}

progoedure Vi
if gueue = ewpty then bi=true
else {t from guene; resums{t)}

ant

Of eourse, the hodies of the procedurs, P and ¥ on the same semaphore must not
be interleaved. This cen on most mechines be implemented by a hardwars "test end
set? instruction on by otherwise the hardware mutusl exclusion must be seb %o

protect every P and ¥ operabion.

8, Adjust priovity,

The ijﬁeti%@ of the adjiustment of pricritiss is to obialn overall
satisfactory servive Por all user viriuval mechines, ¥e therefore postulate for
eaeh virtual wachine a minimum yate st which it reguires to be run. If in the
recent ﬁﬁst it has fallen below this rate, it iz glven high priority, esnd if it
hes recently wrogressed Cester than this rate, it is given low pricrity. Thus
Cin the long term, esch prograw will procsed sb a speed roughly proportionste %o

its reyuired rate,




We pasume thet the routine "adjust priovity” is enbered every O {say
2000} instrustions of s virtual machine, and that esch ackual mechine takes o
millisevonds to execute D instructions, Suppose thed s virtual mmehine wishes to
be run at a vrete not more then B times slover then thizg, i.e., esch gquantum of §
instructions should be executed within an interval of ¥ milliseconds,

¥e can pov ealewlats the terget rasl time by which the pext % instruetions

ghould e zyecubed
bargeatsm ﬂﬁ; + B,

But if the previous terget ves not met, this target should be nade sarlier %o
enable the program to oantoh upy apd i the Q instructions wers completed ahead of
the previeus target, the next target should be nade later, to give other machines a
petter chance, Thus we use the formula

targeti=(targetinow) /2 + RBiy
We nov set the priorities proportional to the target, so that the earliest targst

has bighesk pricrity., Sines"now® is monitonieally inereasing, care must be
teken to deal with the oecmsionnl poseidility of averflow,




