DATA PROCESSI NG AND CPERATI NG SYSTEM. | NCORPCRATI NG DYNAM C LOAD '&HAR] AN
A NETWORK OF LI NKEDPROCESSORS This.invéention relates to data processing
systens and to operating 5 systems therefor. In particular, the

i ngention relates to operating systens for conputers and corrput er networks.
In"qQrder to function, a conputer or conputer system nust conprise hardware,
such as one or nore processors, i nput/out put nmeans, nenory and various

peri pheral devices, and software in the 10 form of both operating
prograns to cause the hardware to performlh a certain manner and hi gher

| evel prograns whic Qg SRl [ per ati ons.
Many operating syst acigiv)c = B 3 ; sb best
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systemin the nost effichreedes toefumetion, # computeraoic eomptter tsystemi musint i on, a
data processing systemis provided conmprising a plurality of processors
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a certain manner and higher level programs which instruct the

operating programs to perform operations. Many operating systems

have been designed in attempts to obtain the best possible performance

from the various processors available. Many of these operating

15 systems are unique to one particular processor. Furthermore, they may

only support one'_ or a small number of processing languages.

The present invention arose in an attempf to design an improved
computer and computer operating system involving a plurality of
processors capable of operating in parallel and comprising an

20 improved means of allocating processes to be performed to individual
processors within the system in the most efficaceous manner.

~ In accordance with this invention, a data processing system is

provided comprising a plurality of processors connected one to

another in an arbitrary manner as nodes in a random network of

25 processors, and wherein the network is arranged to perform a process

of process allo;:ation in which the processor at any given node in the

network, upon receiving an instruction to.perform a process, (a)

decides whether it, or a data processor at one of the neighbouring

nodes, is better able, at that time, to perform the process, the decision

LY



nodes, is better able, at that tine, to performthe process, the decision

2 being made on the basis of continuously variable neasures of the
abiFities of itself and the or each nei ghbouring processor to performthe
pracess, and (b) in accordance with that decision either perfornms the
progess itself or passes the instruction to performthe process to the 5
sel ect ed nei ghbouring processor. Preferably the processor receiving the
instruction determnes a rating of itself and ratings of its nei ghbouring
processors for performing the process, conpares the thus determned ratings
to determ ne which of the processors has the highest rating, and the either
10 al | ocat es t fheing B@égémt &‘evl?ﬁsb% gpntgu koB\?? ues BF $e&ssors
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processor receiving the instructions itself perforns the process. 15

I n one enbodi ment, prbeessdtself@rqiassesche mstuetiowto parformi dienproeessftodhe t he
nunber of processes currently running on that processor. For exanple, the
rating of eacH prodélestad naighbounasPEsGessRtd from t he '

umper o o ocassen. brtaAb ok BrokRu R rebdhig R FRRRRIP LRI (-0
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amount of |ocal nrengsrforeding Khé ppocess,s 6epares [thé they de®smined ratings to
determine which of the processors has the highest rating, and the either
10 allocates the process to whichever of the neighbouring processors has
the highest rating, or performs the process itself if it has the highest
raiting. If the processor receiving the instruction and one or more of
the neighbouring processors have equal highest ratings, then the

processor receiving the instructions itself performs the process.

15 In one embddinient, the rating of each processor is deterinined
from the number of processes currently running on that processor. For
~ example, the rating of each processor may be determined from the
effective-operations-per-second rating of each processor divided by the
number of processes running at that processor multiplied by a function
20 of the off-chip communication speed available to that processor. In
another embodiment, the rating of each procesor is determined from
the available amount of local memory of that processor. Other methods
and schemes of making the decision may be used.

25 ' Other aspects and features of the invention will be described
with reference to the accompanying drawings, in which:

Figure 1 shows schematically the program organisation



and schenes of making the decision may be used. 25 O her aspects
and features of the invention will be described with reference to the
acconpanyi ng drawi ngs, in which: Fi.gure 1 shows schematically the program
or gani sati on 3 of a conputer system Figure 2 shows the hierarchy of the
organi sation of Figure |; Figure 3 shows the inter-relationship between a
nunber 5 of associated m croprocessors during setting up of the
conput er system Figure 4 shows the sane relationship at a | ater stage
during processing; Figure 5 shows a schemati3c flow chart for process 10

al l ocation. The follow ng description is of a conputing network having a
plurality of processofacompiutensysigmbe arranged either in the same vicinity,

per haps on the same wafer or chip,.aor spread out in a network |inked by
hard wiring, optical fibres, %M&?%@éﬁ&?@%ﬁoﬂhepm IBY& |ines,
or by any other neang. The system described is sufficiently flexible that
any of these configurations and others besides, are appropriate. The

processors are arranged to pemﬁ?ﬁgggﬂmm@mrfr@[ﬁgﬁgﬂﬁ beRredn LEmEasGs under
the control of an operating system The operating system enabl es prograns
to be witten fo&r anof associated microprocessors during setting up of the computer
system;
Figure 4 shows the same relationship at a later stage
during processing;
Figure 5 shows a schematic flow chart for process
10 allocation. '
The following description is of a computing network
having a plurality of processors, which may be arranged either in the
same vicinity, perhaps on the same wafer or chip, or spread out in a
network hnked by hard wiring, optical fibres, longer distance
15 telecommunication lines, or by any other means. The system described
is sufficiently flexible that any of these configurations and others
besides, are appropriate. The processors are arranged to perform
operations, programs and processes under the control of an operating
system. The opefating system enables programs to be written for an
20 1magmary processor, known as a virtual processor, which has its own
predefined language. This virtual processor enables any type of target
processor to be used, or combinations of different types of processor,
since the program code written for the virtual processor is only
translated at load time into the native code of each processor. Thus,
25 executable files can be transferred to any supported processor without
modification or recompilation. Typical processors which are suitable
for the system include the Inmos T800 Transputer, Motorola 680X0,
Intel 80386/80486, TM534C40 Archimedes ARM and SUN SPARC.



20 | magi nary processor, known as a virtual processor, which has its own
predefined | anguage. This virtual processor enables any type of target
processor to be used, or conbinations of different types of processor,
since the programcode witten for the virtual processor is only transl ated
at load tine into the native code of each processor. Thus, 25

executable files can be transferred to any supported processor w thout

nodi fication or reconpilation. Typical processors which are suitable for
the systeminclude the | nmps T800 Transputer4 Mtorola 680X0, Intel

80386/ 80486, TMb34C40_Archi nedes ARM and SUN SPARC. 4 O her processors
are of course suit ablQhermpEOCEs s are of me@b&iaﬁ%@ﬂ@m&)éyﬂpme!s
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performed at any one time. Milti-tasking and ti- user capabil s are
al so included. The sysystems whitht musi pipeliné data ambl oparation isal thut ouilyqbnees a

plurality of code segnents or tool which are bound into a complete
~execut abl e task5onl y@Fraﬁlnacwhepetfomqh&trﬁgly@neéml}fmbhtasmnagndaa&mr of 10
t hese tools can be ver sho and, i.n th | ves, alnost trivial in their
simplicity. For corrp(ﬂsgrs F‘%ﬁtﬁﬁ‘l&o ‘%ﬁed that tradi ti onal corrputi ng
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bul ky, conpl ete sel f -plomlity 6fcbdeseghieiis| @ toolB.Owhicharé bovidl into a complete
executable task only at the time of loading or execution. Thus, each of

10 these tools can be very short and, in themselves, almost trivial in their
simplicity. For comparison, it should be noted that traditional
computing binds routines such as libraries, functions, and so on just

after the compile stage in a process known as linking. The resulting file

is a large, bulky, complete self-contained executable image requiring

15 very little modification at load time. The file is not portable across
processors and cannot easily adapt to changing components such as
systems with small memory capacities. Furthermore, the component

parts thereof cannot be reused for other tasks or indeed changed at all.

The small components used in the present invention, which are only

20 brought together to form an operation at the last minute (a just in time
process) are of course completely portable and may also be shared
between two or more processors at the same time, even though the
processors are performing different jobs. Some tools are designed for

a particular application and others are designed without any particular

25 “application in mind. Thus, large applications having a (nominally) large
capacity can in fact run in a small memory capacity system and the
application can choose to have available in memory only that particular

code segment or segments required at any one time, as is described



15 very little nodification at load tinme. The file is not portable
across processors and cannot easily adapt to changi ng conponents such as
systens with small nenory capacities. Furthernore, the conponent parts

t hereof cannot be reused for other tasks or indeed changed at all. The
smal | conponents used in the present invention, which are only 20

brought together to forman operation at the last mnute (a just in tine
process) are of course conpletely portable and may al so be shared between
two or nore processors at the sane tine, evén though the processors are
performng different jobs. Sone tools are designed for a particular
application and ot hebelowmr e desi gned without any particular 25
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and the binding logic for these and t dat g bei ng. processed. The systemis
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oper ating System uni B & e pentral BRBeL O BPErarh SPad “Ts Ko s car 1 .
it is of 8 to 16 kil ¢jiydi®Sand is the basic operating system which is used by all
processors in the network. Typically, it is of 8 to 16 kilobytes.
10 Schematically illustrated outside the kernel are a plurality of tool objets
2, any collection of which can form a process. A third level of program
code is given by the tools 3. A typical process is shown by the arrows
in the figure. Thus, a process which we shall call P1 comprises the
kernel code 1 blus two tool objects M1 and M2. Each of these tool
15 objects, which may be of only a few hundred bytes long, can utilise
" one or more.of the tools 3. In this case, tool object M1 utilises tools
T1,T2 and T3 and tool object M2 utilises T3 (again), T4,T5 and T6.
It is thus seen from the figure that a relatively complex process or
program can be performed by using a plurality of the relatively small
20 segments, which are brought together only when necessary. More than
one pfocess can be performed simultaneously by placing each process
upon a different processor. The actual placement of processes occurs
by an automatic method outlined below, which method is transparent
to the user, and indeed, to the system as a whole. Thus, optimum load
25 “balancing and communication efficiency is ensured. As a result of this,
a number of processes that communicate can be automatically run in

parallel.

Three fundamental component objects of the system are shown



10 Schematically illustrated outside the kernel are a plurality of tool
objets 2, any collection of which can forma process. Athird | evel of
program code is given by the tools 3. A typical process is shown by the
arrows in the figure. Thus, a process which we shall call P1 conprises the
kernel code 1 plus two tool objects M and M2. Each of these tool 15

obj ects, which may be of only a few hundred bytes long, can utilise one or
nore of the tools 3. In this case, tool object M utilises tools T1, T2 and
T3 and tool object M2 utilises T3 (again), g4, T5 and T6. It is thus seen
fromthe figure that a relatively conpl ex process or program can be

perfornmed by using anHigirel 2.t Theat doneprisel diita \objectss 1ol objects (toots)mmdnt s,
whi ch are brought together only when necessary. Mre than one process can
be performed sinmul t precessoljeess. Aiprasessobiest haots ascekamess éo call varidusrtool

rocessor. The actual .pl agcenent of pr.qcesses occurs an autonmtic, met hod
gutl i ned bel ow, whi J%&’t OPESSFF%ﬁgg& BHFctﬁéh‘iﬁgl‘lﬁ%‘?’P?aﬂacti“ﬂﬁ’e%ﬁ to the
system as -a whol e. T, t I ' 0. G Lcation
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comuni cate cag be &ft gigahicratchical Whrucfir® aheWnein Figuree2 f Wndgoreobpbt _
conponent objects of the system are shown 6 in Figure 2. These conprise

dat a objects, tool aiorrespandsttoaltedditiomil functional calljor sub-routiner Eoaaonbbj ect
acts as a harness tq call  var 5 ous tool objects. process, essentially

directs the |ogic fltsmsedbyx and mystbeactivated Bysomedng elss sueh ast on

data. Thus, a pr 0cesy pl% gsctgbjé_ét. ﬁistig Sinhif4? to the manner in which a function in

C language is called by a main body of code, the important distinction
10 being that in the present system each code segment, ie tool, is
completely independent. _Finally, a data object corresponds tb adata
file. A data file may contain information about itself and about how it
caﬁ be processed. This information can comprise, for example,
information that points to the tool used to manipulate the data structure
15 and local data relating to this file. A process can have a publicly
defined input and output, such as an ASCII data stream. The process
can thus be used by third party processes ie not only by the author. A
process that is not publicly available will have. a-private input and
output structure and thus is only free for use by the author of a
20 particular program, unless details of the input/output interface are |
made publicly available. One or more processes may combine to form
an application which is a complete job of work. It should be noted that
an application can run on two or more processors.
As described above, applications can be multi-tasked and/or
25 'parallel processed. Processes can activate other, child, processes
which can themselves activate child (grandchild) processes, and so on.
These processes are distributed throughout the available network of

processors dynamically, and without the application or the programmer



5 of the hierarchical structure shown in Figure 2. A tool object
corresponds to a traditional functional call or sub-routine. It can only be
used by reference and nust be activated by sonething el se such as a process
object. This is simlar to the manner in which a function in C |anguage is
called by a main body of code, the inportant distinction 10 bei ng t hat
in the present system each code segnent, ie tool, is conpletely

i ndependent. Finally, a data object corresponds to a data file. A data file
may contain information about itself and abput how it can be processed.
This information can conprise, for exanple, information that points to the
tool used to mani pulkab®irgthe géthal distiibutionl Cotdmunicatidfbetweet prddéstes Bl at i ng
tothis file. A process can have a publicly defined input and output, such
as an ASCI| data st based ofireepaneotchild bigrarchy sThese aseto Bmaster't nogesrary
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work. It should be noted that an application can run on two or norée
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paral | el processed. Processes can activate other, child, processes. which
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processes are distributed throughout the available ne rk of progessors
dynamical |y, and wi t%@‘fﬂd@rﬁg% D ﬁ%gf‘?cﬁiﬁ?ﬂ érRe‘%‘FSB%’r ;ﬁﬁﬁrocessﬂamﬁes

messages to and from the processor and act as a process

10 control/message switcher. The kemel of the first processor, designated
| "A" then calculates the "power rating" of the processor. The power |
rating is essentially a measure of the capacity or space within that
processor to perform that particular process. The power rating may be
defined as being the effective operations per second rating of the
15 processor divide by the number of processes running on that processor
multiplied by a function of the off chip communications speed
available to it. Other methods of determining a power rating may, of
course, be used. For instance, a message to--perform a particular
process will be accompaniéd by the number of bytes required by the
20 process. Thus the power rating may comprise determining whether that
number of bytes are availablé within the processor's local memory.
This memory may be an on-chip memory for a processor such as a
transputer, or may be off-chip. The local kemel then instructs the
kemel of every neighbouring processor in the network (remembering
25 that by neighboﬁring is meant topologically neighbouring and that
physically the prodessors may be a large distance apart) to calculate
their own powér ratings. Each of the neighbouring processors then

sends a message back to the parent processor A indicative of the



7 know ng the actual distribution. Conmunicati on between processes is based
. on a parent-child hierarchy. There are no "naster" nodes or processors as
such and any arbitrary topol ogy of any nunber of processors may be used.
Figure 5 shows one possible algorithmfor 5 di stributing processes
between different processors in the network. Wen a parent process w shes
to co-process with a child process the nessage is firstly passed to a first
processor, and in particular to the kernel process on that processor. This
process handl es nessages to and fromthe pré&cessor and act as a process 10
control /message switcher. The kernel of the first processor, designated "A"
t hen cal cul at es t he regpeotive pmwengating. Theekemek ef dothenTdomparescall ofittheng i s
essentially a neasure of the capda\g‘i;éx or..space within that processor to
performthat parti cuUl¥erFaHRgsSan ¢solfdle OVt PRV EAFNGdS GEFater 8f bei ng
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rating may, of course, be used. “For

i nstance, a nessage biadaearndtransiatpa (seechelow) for msab sheachild; hiethen cengsoai ed by
t he nunber of bytes required by the 20 process.. Thus_the power rating
may conprise det er ni MEsRSRte thbinstrieting prgsessop infoxmiag ihekthgumiqueomail wi t hi n

the processor's |oc menpry. Thi,s nenpr.y nay be an - chip menor or a
procgsso'rsguchsas a%?’é ér?}“éﬁeﬁﬁ lﬂégd?%%?blf'?'ﬂ’é’ Pé@ﬁf rﬁtg%g% t hen

I nstructs the kernel Y; 'gpggw.r' oot & Flf]ﬁ;upé)ﬁ,
(renmenbering 25 tglg%e%>§?#gllsgﬁ% uri ng‘#}goﬁ%cgﬁf top%?@gt;gl%% y nel gﬁbouri ng

anld tlhat physi cal |'y {whithpverpeccessor hagtheligedtedt pogeer datirighis chosenao tabcdpt
cal cul ate

10 the process. If all power ratings are equal then processor A will accept
the process. If the process is allocated to another processor then
processor A sends a message to that processor saying “take X Bytes,

process name, parent mail box no.”.

15 Having found a processor to take the child process, the process
allocation dynamics could stop and the process could be performed.
However, it is more usual to repeat the same allocation sé,quence from
the new processor, ie, in the flow chart shown in Figure 5, the new
processor chosen, processor B, becomes processor A and the cycle

20 starts again from the step of requesting the neighbours to calculate
their power ratings. Thus, the search for a local processor having the
minimum current activity and thus the greatest capacity to perform a
process automatically tends to flood out from a centre point which is

‘ the originating master parent. This substantially guarantees load

25 balancing between the network  of processors and local
communications between tightly bound processes. Furthermore, it is
seen from the above that no master node is required and in any

network one processor will usually have no more than one process



their own power ratings. Each of the nei ghbouring processors then sends a
nmessage back to the parent processor Aindicative of the - 8 respective
power rating. The kernel of A then conpares all of the power ratings and
decides if its own power rating is greater than or equal to that of its

nei ghbours. If so then the kernel of A decides to accept the process
itself. It does this by instructing its own dynamc 5 bi nder and

transl ator (see below) to instal the child; it then sends a nessage to the
instructing processor infonning it of the upique mail box address of the
receiving processor.- If the power rating of processor Ais not greater than

or equal to that of pigksthaRafReiEhSour fePerfétitdt @M bn® tiftfes Hidéntitabtypbe
greatest power rating is chosen to accept 10 the process. If all power

ratings are equal tAdtermatbebsdonsomewimbodimentsithe hserwanc afdesirefl, sélectpr ocess

Is allocated to anot her, processor then processor A sends a nessage to that
processor saying "t MhiChKDERRESSOr o tyPe PFé?ﬁE%SOE)&F‘%rHeﬁgEPIaB&PC%%T 15 '
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the flow chart showi'in Frgure 5, the new processor chosen, processor B,

becones processor Aupor mdémoryyeapacify) for exahplet Thagsérrcahrthen speeifytthat of
requesting the neighbours to calculate their power ratings. Thus, the

search for a |ocal @Midpeassss istabemgrionaedbyiapamieularyne obprocessey: Iaisd t hus
the greatest capaci ta sot Se ne{lIa?rtHé Eli)rocess, and therefore the programmer, has no

requirement to know exactly where it is in the network. A message can

10 carry either data or code between processors, allowing messages to be
in the form of runnable code. _

In an alternative embodiment, the processors may continually

pass information relating to their "power rating" between each other.

This may be passed as embedded information in messages passed

15 during the normal course of communication or, during periods when

no other messages are being passed between processors, a specific

exchange of power rating information only may occur, thus using

unused communication time most efficiently. Each processor can then

be provided with a look-uj) table, for example, which gives the status

20 of its immediate neighbouring processors and its own immediate

status. The power rating information may, for example, be passed in

the form of one or a few bytes at the end or the beginning of each

ordinary message passed between processors. In this embodiment,

when receiving a request to perform a process, a processor can

25 .immediately determine whether or not to take the process itself or to

pass it to a neighbouring processor, and will know which one. Having

determined to pass on a request to a neighbouring processor, the

request is sent and the receiving processor starts the decision process



process automatically tends to flood out froma centre point which is the
originating master parent. This substantially guarantees |oad 25

bal ancing between the network of processors and [|ocal comunications
between tightly bound processes. Furthernore, it is seen fromthe above
that no master node is required and in any network one processor wl|l
usual |y have no nore than one process 9 nore than any nei ghbour to
performat any one tinme, if identical types. Alternatively, in sone

enbodi nents the user can, if desired, sele¢® which processor or type of
processor can performa process. For instance, if the network contains two
types of processor, agaireunsil su¢hetime 3s a progggser detgymipes that itds bestadaptedt o

performa particul ar process, de enc{g upon nenory capacity, for exanple.
The user can then s??eg‘?r?‘ifm(ﬁi‘ﬁtpr?‘fﬁs@ {']%Jcess is to be performed by a

particul ar type of proce&ig%%esg Earl Be f the ﬁﬁf%{ﬁbﬁhiﬁé}&t@wﬁ%%@ﬁe%@.

therefore the progranmer, no requirenme now exact ere it isin

the network. A nmessage can 1Q, activéliprdcessinger data or code between
processors, allow ng nessages to be in the formof runnable code. In an
al ternative enbodi ment, the @rovaitisgforinpyt continual |y pass informtion

relating to their "power rati nggl bet ween each other. ‘This may be passed as
enbedded i nformation in nessay uﬁgﬂ’é@ 15 during the normal course of

comuni cation or, during per i4°qﬁh&ﬁ/3” no ot her nessages are being passed
bet ween processors, a specifi¢ exchange of power rating information only
may occur, thus using 5. asleep.

States 1 and 2 require no comment. State 3 occurs when aprocess has
10 received a command to withdraw. In this state a process performs any
activity which is necessary to become inactive. This can include, for
example, procéssing urgent mail, sending withdraw messages to all of
its child processes, if any, and generally preparing for a convenient
state in which it can go inactive. If the process forms the top level of
15 an application then it will often save its exact current state as a
message in a disk file. State 4 represents a process that is effectively
terminated. In traditional systems, this would mean that the process in
memdry would cease to exist and its memory space would be cleared
for subsequent use. In the system of the present invention, however,
20 the process is marked as inactive but is not removed unless and until
its memory space is actually required. Thus, if another process in the
same local processor references an inactive process in state 4 it can
immediately go to state 2. State S is that state of a process when it is
in permanent store such as on disk or other storage medium. When a
25 process is inactive in state 4 and its memory space required for
another process, then that process goes from state 4 to state 5, ie is
stored on disk and removed from the local processor's memory. When

a process which is in state 5 is required for a particular local processor,



unused conmuni cation tinme nost efficiently. Each processor can then be
provided with a | ook-up table, for exanple, which gives the status 20

of its imredi ate nei ghbouring processors and its own i medi ate status. The
power rating information may, for exanple, be passed in the formof one or
a few bytes at the end or the begi nning of each ordinary nessage passed
between processors. In this enbodi nent, when receiving a request to perform
a process, a processor can 25 i mmedi atel y determ ne whether or not to
take the process itself or to pass it to a pgeighbouring processor, and w ||
know whi ch one. Having determ ned to pass on a request to a nei ghbouring
processor, the requehht ipfocesstis doaddd rohe peiariviit Btorec M4l ndyaklien boe
deci si on process |0 again until such tine as a processor determ nes that
it is best adapted tavaskablefanthéprosessosswhichaudil is takan dross threaisoureesin t he

formof five different states, these.are 1. acgtjvel rqcessi ng, 5

2. waiting for inputeitherfromhe progssss stateen aQEPfﬁ@F% .P@Fﬁ%éso‘ynand 2
require no conment 3 . . Y a
command to w thdr aw.sﬁ?&nd%{’hlfeg sta %%?Mgé@%Z%gmégsnfra%%Wﬁ ytﬁg\hi chis

necessary to befonme piresipré€ess Which caSed tE bititess tb®e 16t the REOPIRSS NI
urgent mail, sending wthdraw nessages to all of

This can cause the process to transit from state 4 to state 2 and then to
state 1.

The term "disk" is introduced above. This is a device containing
a collection of data objects "files" stored on a physical storage
10 medium.
As described all processes are automatically given mailbox
facilities and can read and send mail to any other process having a
known mailing address. This process could be, for example, a child
process, the parent of the process, any named resource, for example a
15 disk drive or a display, any inactive process whose full storage address
1s known or any other processors having a known mailbox address. If
an active process sends mail to an inactive process the mail may cause
, the inactive process to be executed as a child process.or the mail may
be stored until the target process is awake. |

20 A message passed between two active processes may take the
following structure: |

#bits Description
32 Message length in bytes
32 Message Type Mask - type of message
25 ' eg code, debugging, information, error data
32 MeSs'age data offset - points to the start of
" message data and therefore allows for the

fact that the DTM (see below) is not a fixed length



its child processes, if any, and generally preparing for a convenient state

in which it can go inactive. If the process fornms the top |evel of 15

an application then it will often save its exact current state as a nessage
in adisk file. State 4 represents a process that is effectively
termnated. In traditional systenms, this would nean that the process in
menory woul d cease to exist and its nenory space would be cleared for
subsequent use. In the system of the present invention, however, 20 t he
process is marked as inactive but is not reloved unless and until its
menory space is actually required. Thus, if another process in-the sane

| ocal “processor references an 3hacNexteDestinatien Ppintert(NRP Y- signifigs

i mediately go to state 2. State 5 is,jhat state of a process,when it is in
per manent store such as on disk orth%?‘if%?s%ipd’?’}&ﬁ ar’FEH'inyﬁP“laﬁI?rp'EF o

process is inactive in state 4cangyi: Wf’aﬁ pace required for another
process, then that process goe6s@f g%ﬂﬁélg?tgfe %Pg state 5, ie is stored on

di sk and renmoved fromthe | ocas4 proesting@sn FargetMailboX(BTM) phistcess which is

in state 5 is required for a particular |ocal processor, that process is
| oaded from persmanent store. Mail ofpyotdselDse avail able for the processor,
which mail is taken fromthree sources:. either fromthe process's state on

di sk, or fromthe process's OV\ﬁ"fhe?é’@eIPTMe i nformati on form ng part of the
process, or mail fromthe 5 paLe ) ss which caused the process to
be | oaded in the first place. Thi g(“bogéﬂgfﬁg"g the process to transit from
state 4 to state 2 and then to state 1. The term"disk" is introduced
above. This is a device containing

(ocx) message data
10
.The message length is a byte count of the entire length of a
message. If the Next Destination Pointer points to a Destination Target
Mailbox of "0" then no reply is required or expected. The array of
15 onward destination mailboxes for messages does not imply that a

particular message is to be forwarded. The existence of a valid DTM
in the array signifies that a reply to a message should be forwarded to
that process. In a simplé case of a message requiring no reply the
DTM array will contain three values, the originator process mailbox,

20 the target mailbox, then 0. Attempting to send a message to the target
ID O causes the message to be routed to the system inail manager. A
message requiring a reply to the sender will have a DTM array
consisting of four values: originator mailbox, destination mailbox,
originator's mailbox, and 0.

25 ' A pipe line of processes handling a stream of data will receive
a DTM array which has (number of processes in the pipe line)+two
elements, including the originator's mailbox, plus the final destination

as one of the processes in the pipe.



a collection of data objects "files" stored on a physical storage 10

medi um As described all processes are automatically given mail box
facilities and can read and send mail to any other process having a known
mai | i ng address. This process could be, for exanple, a child process, the
parent of the process, any naned resource, for exanple a 15 di sk drive
or -a display, any inactive process whose full storage address is known or
any ot her processors having a known nmil box address. |If an active process
sends mail to an inactive process the mail Mmhy cause the inactive process
to be executed as a child process-or the mail may be stored until the
target process is awake. ‘Barked pipe schemesmare pogsibledus aaques thata progesact i ve
processes may take the follow n tructure; #bits Description, 32. Message
Pength i h bytes 32  Aelsseatosibe harkith anpther procss RossIPIB getively joining

eg code, debugging, & Qghgﬁﬁ&pn, error data 32 Message data offset -
points to the start Of nessage data and therefore allows for the fact that
the DTM (see bel ow) is nogimpld lineaelpipesiased only Fedsable tddhobjdetsthatépdrate
Pointer (NDP) - signifies the address to which a reply should be directed
64 Originator 9vai | baxa similar fashion to Unix filters (as known to those skilled in the art)

but can run in parallel and can be persistent in the network.
Forked and jointed messaging is automatically handled when
programming using the shell with simple input-output filter tools.
Once in the memory space of a destination process the message
10 structure has two further elements added before the message length:

#bits Description

32 Forward link pointer

32 Backward link pointer
15 32 Message length in bytes

32 Message Type Mask

etc |

e

The forward and backward links point to other messages, if any,
20 that make up the linked list of messages for a process's incoming
mailbox. '

Mail is read by a processor in two stages, first the size of the
message, then the rest of the message into a buffer allocated
dynamically for the message. This mechanism allows for a message to.

25 ‘be redirected around a failed node or a kemnel which is, for some
reason, incapable of receiving a message.

Messages may be allowed to be distributed to more than one

destination, by means of a mail group distributor. Any process which



64 Destination Target Milbox (DTM - list 5 .of
process IDs 64 2nd DTIM... (nore DIMs) (xxx) nessage data 10 The nessage
length is a byte count of the entire length of a nmessage. If the Next
Destination Pointer points to a Destination Target Milbox of "0" then no
reply is required or expected. The array of 15 onward desti nation

mai{ boxes for nessages does not inply that a particular nessage is to be
forwarded. The existence of a valid DIMin the array signifies that a reply
to a message should be forwarded to that prcess. In a sinple case of a
nmessage requiring no reply the DTIMarray will contain three values, the

ori ginat or process blAGat i2Beloned i BARBEIF HHBRASEE carl (RH anephefPt i N0 O

send a nessage to the target caus he 'message to be routed to the

system mai | nmanager .a rail p diéstrilor dechging its griup rhemb&rehipe Adtematively, have a
DTM array consisting of four values: originator mail box, destination

mai | box, ori gi nat or ‘asprageshoan semdi agnessage to the mail/gronp dlistribetopmwhiclocesses

handl i ng a stream of ta will receive a DIM array whi ch has unber of
processes in the pi felines, FW@MPQ?SSF%Caﬂﬁ? Of TR o‘thg‘F‘%'it%W%

e b 1 e 1 ikl d B R Sl o PHESRINGR U ' P
to be used for that group. Mail which is to be sent to all members of
the group is sent to the group mailbox and copies are sent to all
members except the originator. A single process may belong to more
than one mail group, and sub-groups may be provided. Private

10 messages can also be lsent between processes in a group without all
other processes being aware. | |
The following types of tool may be used: permanent tools
forming the core of the operating system. They are activated by the
boot-up sequence and cannot then be disabled. Every processor always
15 has a copy of each permanent tool available.

Semi-permanent tools are activated for every processor by the
boot-up process. The user can chose which semi-permanent tools can
be activated. Once activated they cannot be deactivated.

Library tools are used as required from a named library of tools.

20 Once activated, they remain cached in the memory of any processor
that has run an application that references them, until memory
constraints require their deactivation.

Application tools are either virtual or non-virtual. Virtual ones
are not necessarily active when an application is running, but are

25 activated when a process attempts to reference them. When not
running, the virtual tool remains cached uniess the memory space is
otherwise required. Thus, automatic 'overlay' is available for tools in

large applications that cannot fit into available memory. Non-virtual



actively creates the fork with another process possibly actively joining
the fork later. Sinple |inear pipes need only reusable tool objects that
operate 5 inasimlar fashion to Unix filters (as known to those
skilled in the art) but can run in parallel and can be persistent in the
networ k. Forked and jointed nmessaging is automatically handl ed when
pregramm ng using the shell with sinple input-output filter tools. Once in
the nenory space of a destination process the nessage 10 structure has
two further el enents added before the nessage | ength: #bits

Description 32 Forward |ink pointer 32 Backward |ink pointer 15

32 Message | engbls are loxdedb wath an appliddtion agd ihyactiviebplacebefofédt f or war d
and backward |inks point to other nessages, if any, 20 t hat make up the

linked |ist of nessageeuttsrThuspritbexsre slways mvailgblenanddx memoty dwringzad by a
processor in two st%ggs, _first the size of the nmessage, then the rest of
the message into a PWHOM, | | ocated dynanically for the message. This

nmechani small ows for a ' : ; .l ed node
or a kernel which is, fgrﬁaélg%c%,éggégﬁgquﬁggggqugéesﬁgsﬁr?gxgg{e\%ﬁ%1210!‘;1”@58486196_
Messages may be al | q¥fdimafierit sl kibivh s HRIDBATR DBAT O wsiRien ilethe nadié on, by

means of a mmil group distributor. Any process which

code of the processor, and thus a specific version of DBAT is required
for each different supported processor. DBAT is capable of converting
the virtual processing code into.the native code of the target processor.
Each DBAT uses a list of tools. The list is a permanent and external
10 tool list (PETL) which contains information about all permanent and
semi-permanent tools (this list is identical for every node), and all
external tools such as libraries which are currently referenced by the
node, or previously referenced and still active, or inactive yet still
available, for each individual node. On reéeiving a command to
15 execute a process, the process is read into the local memory area of the
processor. By the term processor is also meant more than one
processor which is connected in a network with one DBAT. A pass is
made through the process. In that pass, DBAT adds tools to the PETL.
External tools are added to the PETL in the following way; if
20 the tool is already in the PETL, it is aé,cepted as available, or, if the
" tool does not exist in the PETL it is read in, and linked into the list of
available tools. If this newly installed tool contains other tool
references, DBAT deals with these recursively in the same way.

DBAT continues until all the external tools are available.
25 ' DBAT ‘translates' the VP code of the process and newly
installed tools to the target processor, inserting and correcting pointer
information to tools inside the code. The unresolved virtual tool

references are converted to a trap to the virtual tool handler inside



14 knows that it belongs to a group of processes can send a nessage to a
mai | group distributor declaring its group nenbership. Alternatively, a
process can send-a nessage to the mail group distributor which defines al
it's menber processes. Once infornmed, the mail group 5 di stri butor
inforns all nenber processes of the mailbox ID which is to be used for that
group. Mail which is to be sent to all nenbers of the group is sent to the
group mail box and copies are sent to all nmenbers except the originator. A
singl e process may belong to nore than one i | group, and sub-groups may

b i ded. Privat 0) ) I t. bet '
2 roup without ai | - BEHEF, WiltR BRaRe e O 48 B P BRI 08 0 o0 of
tool may be used: pe“@ﬁ@%‘é@?_ﬁwr 5‘%‘W}%ﬁf§§%‘9%@x§{“t‘%-he operating system

They are activated by up Sequenc cann hen be di sabl ed.

Every processor always 15As eacthégesal @Ry istef@aadedisy amiiRoiningplocassaitl abl e.
Sem - permanent tools are activated for every processor by the boot-up

process. The user cahaglitsasaghiflag ipenemeptednsonthat thotdal haara saluador thet ed.
Once activated they canpot pe deactivated. Library tools are. used as

requi red from a nameBUIDEF gt Prosesses gparentiy,using toASSagh ProLesLACACHNEES.r enmi n

ot or ences them unt (i WaReaE SERRRR0) cBbretEed R R BloER b Pk
Application tools argdltheedol had 4 Ustge Tag Vakke OF Bére2and ddn'HeltR-adtRafeddye Nnot
necessarily active when an application I's running, but are 25 acCtivated

when a process attenpemoval fremethenPETLhamd itsVimemonyt released. This will only

happen if memory space garbage collection occurs, allowing the

10 system to cache tools. Semi-permanent and permanent tools are
installed by DBAT at boot-up with an initial value of 1, thus ensuring
that they cannot be deactivated. Virtual tools are called by a process
while running. A virtual tool is referenced with a pointer to the tool's
path and name, plus the tool's normal parameters.

15 " The virtual tool handler in DBAT checks the PETL to see if the
tool is already available. If so, the tool is used as for a normal external
tool. If it is absent, DBAT activates the tool (the same process as for
any external tool activated during a process start-up) and then passes -
on the tool reference. This is entirely transparent with the exception

20 that meméry constraints may cause a fault if even garbage collection
fails to find enough memory for the incoming tool. Virtual memory
techniques can be used to guarantee this memory.

Figures 3 and 4 show, schematically, a system in operation.
Three processors (or processor arrays) 4 are shown schematically

25 ‘linked' to a central ‘'virtual' processor VP. It is assumgd that each
processor has a total memory, either on- or off-chip. At boot-up, each
processor takes in DBAT and all the other permanent (P, ....... P,) and
semi-permanent tools (SP, ......SP,,). This state is shown in Figure 3.



e

running, the virtual tool remains cached unless the nenory space is

ot herwi se required. Thus, automatic 'overlay' is available for tools in

| arge applications that cannot fit into avail able nmenory. Non-virtual 15
tools are |oaded with an application and in active place before it

executes. Thus, they are always available, and in nenory during execution.
Each processor, or group of processors, in the network includes 5 a

per manent tool known as the "DBAT". DBAT is witten in the native code of
the processor, and thus a specific version @f DBAT is required for each

di fferent - supported processor. DBAT is capable of converting the virtual

processi ng code i nt oAllngrévessors comtiin cthetdame gralgt of rpecnanent . andasémPBAT
uses a list of tools. The list is a permanent and external 10 tool Iist
( PETL) whi ch cont ai npetm#nent@olson about al | permanent and semi - per manent

tools (this list is identi.cal for every node and all .external tool,s such
as |i bgar: es :/\/ni clh alre c HgusA 5\?“’?"@@?%‘?\%&@' @‘etﬁﬁ‘écetﬁﬁ‘c‘.fet}a)ég’feeﬂr‘wsjﬁgl y -
referenced and still ' ' j i i | abl each
it dual node on (EREYfn PhrddBRCbhch R 1bkicy' By 12, By b8 SR,
process is readsi nt oticnefoteds redtthede)in Angar) thik Peodessur aapOread BY varisust er m

processor is also neant nore than one processor which is connected in a
network with one DBAVirtualpersethes toals asticquinerh to lexe@rte eepartichlar pregespass,
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available, or, if t h%rocessor is not, presently, performing any process. Two more
processors may, of course, use the same library function by reading
10 a copy of it into local memory. Once a process has ended, the library
tools remain cached in the respective local memories until needed
again, or until garbage collection. Of course, several processes may be
run simultaneously on any processor network as described above.
As well as handling the translation of VP code to native
15 processor code, DBAT may, in some embodiments, recognise native
processor coding. Using native coding prevents portability of code but
is acceptable as a strategy for hardware specific tools (commonly
drivers). ' |
It should be noted that a process or tool may be coded either in
20 VP code or native code, and mixed type tools may be used together.
However VP and native code cannot usually be mixed within a single
tool. A utility based in DBAT will accept VP code input and output
native code for later running, This allows time critical application to be

fully portable in "VP' source, but ‘compiled' completely for a target

25 " system.
In order to help prevent unconstrained copying of applications,
applications may retain the use of native coded tool's ability, keeping

the original VP coding in house for the creation of different products



tool does not exist in the PETL it is read in, and linked into the list of
available tools. If this newy installed tool contains other tool

ref erences, DBAT deals with these recursively in the sane way. DBAT
continues until all the external tools are available. 25 DBAT
"transl ates' the VP code of the process and newy installed tools to the
target processor, inserting and correcting pointer information to tools

i nsi de the code. The unresolved virtual tool references are converted to a
trap to the virtual tool handler inside 186 DBAT, with a paraneter
pointing to the full pathnane of the tool. On conpletion, DBAT allows the

process to execute. bﬁ@e@éﬁfQF@éﬁﬂébP@deséd?@.' HoWwevér, Q566F s Rianas prévents ng
process, it has its usage flag i ncremented so that the tool has a val ue for

the 5 nunber of applicatione frony rurgnng pn parallgl systems wathcinixed qresesssor
deactivates, the usage flag of the tool is decrenented. Wien no process is
using a tool, the t ®has a usage flag val ue of zero, and can be

de-activated by renoval T I it r ed. This wll
only happen if nenory spgffc%%&grédg llc?gﬁqﬁgcc?fii%ﬂpggoyag?ﬁ%q?g%nnﬂ‘ Y 10
systemto cache t 00lnsay sedis _plEﬂd@ﬂ@ﬂ&e%ﬂﬁbrP@FDBAqﬂMth%&Mdétﬁﬁéaf'Ed by
DBAT at boot-up with an initial value of 1, thus ensuring that they cannot
be deactivated. Vir ttheimissing $oalr Fheaisbedabyhem decide sehetiter Ite tenporanity A

virtual tool is referﬁnce&ewi_th a pointer to the tool's path and name, plus
the tool's nornal pdFRIAC Wegissing tool with another one pF tppermabenthy:substituts n  DBAT

checks the PETL to sggglf 'Ito%floss may occur by a missing or broken access route/path

or, for example, where a removable medium, such as a floppy disk, is

10 « currently not accessible. Objects can be moved on and off a network,

but this may often involve the removal of a whole application, all its

dependent processes etc. _

The virtual processor described above is an imaginary processor

used to construct portable "executable" code. As described above, the

15 output of VP compatible assemblers and compilers does not require
linking due to the extremely late binding system which uses DBAT.

An 'executable’ in VP code is processed by DBAT to its host

target processor at load time before control is passed to the code. The

VP has a 16 by 32 bit register set with an assumed 32 bit linear

20 address space, but not limited to 16. Register Nos. 0 to 15 are

completely general purpose. Registers , such as an IP (instruction

pointer), segment pointers, flags etc. are assumed, that is, they are

implemented as necessary by the target processor. VP code is designed

to be extremely simple to ‘translate' to a modern target processor,

25 fegardless of operating philosophy. Word sized processes other than

32 bit ones can be handled easily. VP register set usé.ge is not removed

in the final target executable code. The -register set is often

implemented in memory (called ghost registers) with the target register



"tool is already available. If so, the tool is used as for a nornal external

tool. If it is absent, DBAT activates the tool (the sanme process as for any
external tool activated during a process start-up) and then passes on the
tool reference. This is entirely transparent with the exception 20 t hat

menory constraints nmay cause a fault if even garbage collection fails to
find enough nmenory for the incomng tool. Virtual nenory techniques can be
used to guarantee this menmory. Figures 3 and 4 show, schematically, a
systemin operation. Three processors (or g ocessor arrays) 4 are shown
schematically 25 "1inked' to a central 'virtual' processor VP. It is

assuned that each p§QaRHRLus hifdchto iEpIBnYnt the (V2 bp&atioRketod thehi p. At
boot - up, each processor takes in AT and all the other permanent ([err]

....... [err]) and memiorypesgistererikhis pseudo [lmrptetatiim of %P&degsbmmel n

Figure 3. 17 Al processors contgin e rou er manent and
seni - per manent toop@ceﬁogmaﬁavgﬁéﬁshta?ppeéawg& f@ﬁéo F REUES¥MS;has been

ther ef or o has ead PHeBERY HERERs et 235 es%é%g@éfig%c‘?%é% EEPIOYL ous
virtual or other toghsh a§ tﬁ@%hé]ﬁﬁeﬂ)%aﬁ%ﬁhﬂl? shoRP Bt iepfoniandd Richége, ANt her
processor has read in tools L [err] "The fin processor I's not, presently,

perform ng any proceasticulaty rwheee ﬂhoamﬁsermgrsmf semflscvmyssnalhsas ilhea sane
i brary function by readi ng 10 y of it into_|local nenory. Once a
process has ended, t1Bspuiesy kask swuchmg tunes are extremely fast using this scheme
since the state of the native processor can be ignored, with the
exception of a memory write to save the position of an outgoing task's
10 register set, and a memory read to restore the register position of the
incoming task. The transputer architecture makes even this
unnecessary. Some embodiments may have a simple version of DBAT
that doés not convert VP coding to native coding, These use VP
smacros that are compiled by a target processor macro assembler into
15 target executables. However, certain constructs, such as references to
tools, objects etc, are retained for processing and fix-up by DBAT.

Industry standard target macro assemblers are perfectly suitable for

this conversion.

. The efficiency of the code ultimately run on a target processor

20 is dependent on the two stages of compﬂaﬁon and assembly by the VP

compiler and DBAT respectively. The ability of the compiler to reduce

the VP output to it's most efficient form is not hampered, but obviously

little or no peephole optimisations can take place. DBAT perfomis

peephole optimisafions on the final code produced primarily by

25 femoving redundant native register/ghost register movements that can
be produced by some sequences of VP codes.

On transputers, VP ghost registers can result in equal or better

performance than traditional register use. Ghost registers are pléced
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tools remain cached in the respective | ocal nenories until needed again, or
until garbage collection. O course, several processes may be run

si mul t aneously on any processor network as described above. As well as
handling the translation of VP code to native 15 processor code, DBAT
may, in some enbodi ments, recogni se native processor coding Using native
coding prevents portability of code but is acceptable as a strategy for
hardware specific tools (commonly drivers). It should be noted that a
process or tool nmay be coded either in 20 20 \p code or native code, and

m xed type tools may be usg&\tﬁ et her. er VP and. native c cannot
usual Iy be mi xed witR@prehip mutem. FYQWPB?&Q’SH‘&%%W far accept

VP code input and o Thi I time
critical applicatio iBgo%g&%W%bﬁPatgl%é P%?%f’ﬁgg%%q’%g Jﬁ-%uﬁxﬁe%i | ed’
conpletely for a tagiRfregisters on & B8 TS0D PiriBte. FubePpRicedses require
unconstr ai ned copying of "applications, applications may retain the use of

native coded tool"' sspnbehmbﬂ'—clkﬁﬂmtlmy.t he original VP coding in house for
the creation of different products _ 18 based on specific processors.

However, use & this feakhgrsystemedeseribedmay i b'dﬁ@r%’aﬁm%uﬁﬁrrmt%@%ﬁorpar al | el
Vel Tabl 6 then an- <Pp@RARE Ssite! Bitriawh; HipE o Bifotkel FELERRCHad Bepear "
wi th the known det a&isﬁla%d, with respect to a dlsplay means, and operated on, or their
contents operated on, by means of a mouse, keyboard, or other input
means. |
10 In relation to the systems described above with reference to the
accompanying drawings, the feature or features which constitute the
present invention are defined and set out in the following claims. Other
aspects of those systems are protected in their own right by
Application No.@ 9506109.9(GB-A-2 286 269) the parent of the present
15 application, and by a second d1v1s1onal application, Application No.

9523109.8 _(_GB -A-2, 293. 674)..

Finally and without prejudice to other Trade Marks used herein
and not so acknowledged, the following are specifically acknowledged
20 as Registered Trade Marks:
INMOS
TRANSPUTER
MOTOROLA
INTEL
25



the mssing tool. The user can then deci de whether to tenporarily replace

the mssing tool with another one or to permanently substitute another.

Tool |oss may occur by a m ssing or broken acc or,
S

r or
exanpl e, where a renovabl e nedium such as a fl oppy di | _
currently not accessible. Objects can be noved oL\i \“ﬁ “‘Hm rk, but
‘this may often involve the renoval of a whole app® Ofl,n a Fts

dependent processes etc. The virtual processor described above is an

| magi nary processor used to construct portable "executable" code. As

descri bed above, the 15 out put of VP conpatible assenbl ers and
conpi | ers does not require linking due to,fhe extrenely late binding system
whi ch uses DBAT. An 'executable' in VP coae is processed by DBAT to its

host target processor at |oad tine befoggagagtrol is passed to the code.

The VP has a 16 by 32 bit register set with an assunmed 32 bit |inear 20
address space, but not limted to 16. Register Nos. O to 15 are conpletely

general purpose. Regi @t aBmbhisih | FTDrdt R4tk € ment
poi nters, flags efc?‘gétibgo&%@st hat&in ,SIt g?/ﬂlg?g&i rrglrerrent egbgge%?&

necessary by the éme getanpther & ararbiMianc ahaners asl @siey o atrandem aetwerkedfy
sinple to '"translate' to a npdern target processor, 25 r égar.dl ess of

operating phi | OSWSS%{%dW&PWGE%%?W@ﬁS 9‘BEaB‘i°P°Sg§r9§§rQ9§$F be
el e o113, RSB Hol e . 6Pkt SRACHA e s, b
ghost registers) wickiRirghh ibsthition ke PérfdraY a procdsd, (a) decides whether it, or a data
processor at one of the neighbouring nodes, is better able, at that time, to
perform the process, the decision being made on the basis of continuously
10 variable measures of the abilities of itself and the or each neighbouring
processor to perform the process, and (b) in accordance with that decision either
performs the process itself 6r passes the instruction to perform the process to the |
selected neighbouring processor.

15 2. A system as claimed in Claim 1, wherein the processor receiving the
instruction determines a rating of itself and ratings of its neighbouring
processors for pérforming the process, compares the thus determined ratings to
determine which of the processors has the highest rating, and then either
allocates the process to whichever of the neighbouring processors has the

20 highest rating, or performs the process itself if it itself has the highest rating.

3. A system as claimed in Claim 2, wherein, if the processor receiving the
instruction and one or more of the neighbouring processors have equal highest
ratings, the first-mentioned processor performs the process itself.

25 '
4, A system as claimed in Claim 2 or 3, wherein the rating of each processor

is determined from the number of processes currently running on that processor.



set being used as required to inplenent the VP operation set on the nenory
regi sters. This pseudo interpretation of VP coding by a native processor
may have a slight speed di sadvantage for sone processors,. but nmany benefits
overall. Processors with cached or fast nenory (

transputer) can actually show a performance mcreim‘“mﬂwmumw"ﬂ wher e
the native register set is very small, as in a transpuater. Wask sw tching
times are extrenely fast using this schene since the state of the native
processor can be ignored, with the exception of a nenory wite to save the
position of an outgoing tasks 10 regi ster set, and a nenory read to

restore the register position of the i nconmi#¥g task. The transputer
architecture makes even this unnecessary. Sone enbodi nents may have a

sih npl e version of SDBATASYsiem @5 elaimerd in(Jaynf: wheseindhe rajing of ﬁ%ﬁhﬂf@“‘@&‘éﬁiﬁ%b |
T VP ' -
TS e Vot W i RIS, bbbl o RoRERERE o TREpRocdBtE™

t ar get ver,tcer cons suc
references to tooldsvidedbbg thesmehlier of pPodesiesiniiting &t thit fro6asorauldplied byaup by
DBAT. Industry standard target nmacro assenblers are _perfectly suitable for
this conversion. Tarctionfof theofE-ghiprcommaundention speadravailable rathatprogesser: get
processor 20 i s dependent on the two stages of conpilation and assenbly
by the VP cor?pi | er and DBAT respectively. The ability of the conpiler to
reduce the VP out it tQ sytefh adRRim&d hicThifiy orf 3 Whekein the ratihg SPEAcRDrodedior
obviously little or no peephole optim sations can take pl ace. AT perforns
peephol e opti m satis deternined front tha aivaitabttcampowntl of legalomemeanyi dfithds prasssor.
renovi ng redundant native regi ster/ghost register novenents that can be
produced by sone sequences of VP codes. On transputers, VP ghost registers

can result in equaj or AbgiteH as claimed in any of Claims 1 to 6, wherein, if the instruction
10 is passed to one of the neighbouring processors, that processor repeats the

process of process allocation.

8. A system as claimed in any of Claims 1 to 7, wherein, to allocate the

process to the processor at one of the neighbouring nodes, the first processor
15 instructs the neig_hbouring processor with data indicative of the number of bytes

required, the name of the process, and the address at which the process is

currently stored. '

9. A system as claimed in any of Claims 1 to 8, wherein information relating
20 to the ability of the processors at the nodes to perform processes is added to

other messages passed between those processors.

10. A system as claimed in any of Claims 1 to 8, wherein information relating
to the ability of the processors at the nodes to perform processes is passed
25 between pairs of processors at adjacent nodes when no other information is

being passed between those processors.



performance than traditional register use. Ghost registers are placed 20
in on-chip RAM on transputers, effectively producing a 'data cache' for al
processes running. Up to 48 processes can use on-chip nmenory ghost

regi sters on an Innos T800 ‘transputer.. Further processes require space in
off-chip nmenory. 5 ' ~ The system descri bed may include a graphica
user interface for operating using wi ndows, mce and the |Iike. Wndows can
be di splaced, with respect to a display neans, and operated on, or their
contents operated on, by neans of a no@#3e, keyboard, or other input neans.
10 In relatlon to the systens descri bed above with reference to

t he acconpanyi ng draw ngs, the feature or features which constitute the
present invention are defined and set out in the followi ng clainms. O her
aspects of those systens are protected in their own right by Application
No. GBB 9506109. 9( GB- A-2 286 269), the parent of the present 15

application, and by a second divisional application, Application No.

9523109. 8 ( GB-A-2, 293, 674). Finally and without prejudice to other
Trade Marks used herein and not so acknow edged, the follow ng are
specifically acknow edged 20 as Regi stered Trade Marks: | NMOS

TRANSPUTER MOTORATA PROCESSING AND OPERATING SYSTEM INCORPORATING
DYNAMIC LOAD-SHARING IN A NETWORK OF LINKED
PROCESSORS

ABSTRACT

A data processing system is described comprising a plurality of
processors connected one to another in an arbitrary manner as nodes in a random
network of processors and in which the network is arranged to perform a process
of process allocation in which the processor at any given node in the network, upon
receiving an instruction to perform a process, (a) decides whether it, or a data
processor at one of the neighbouring nodes, is better able, at that time, to perform
the process, the decision being made on the basis of continuously variable measures
of the abilities of itself and the or each neighbouring processor to perform the
process, and (b) in accordance with that decision either performs-the process itself

or passes the instruction to perform the process to the selected neighbouring
processor.

Figure 4



| NTEL 25 21 CLAIMS 1. A data processing systemconprising a plurality of
processors connected one to another in an arbitrary manner as nodes in a
random network of 5 processors, and wherein the network is arranged to
performa process of process allocation in which the processor at any given
node in the network, upon receiving an instruction to performa process,
(a)  decides whether it, or a data processor at one of the neighbouring
nodes, is better able, at that tine, to perforn1the process, the decision
bei ng made on the basis of contihuousiy vari abl e nmeasures of 't he
abilities of itself and the or each n %hbourlng processor to performthe
process, and (b) in accordance with that decision either perforns the
process itself or passes the instruction to performthe process to the

sel ect ed nei ghbouring processor. 15 2. A systemas clained in daim
1, wherein the processor receiving t i nstyquction determnes a rating of
itself and ratings of its neighbouri pboéggsors for performng the

process, conpares the thus determmedgrati t® deternine which of the
processors has the highest Thtithg, and thgn & ther ~afl ocates the process to
whi chever of the nei ghbouri processfor s/has t\he 20 — O highest rating, or
performs the process itse fn??\kg?gi.el has tNe highest gati'ng. 3. A
systemas clained in dait 2, whersi i fot he pNocessor rece|V|ng t he

instruction and one or @ore of theé’g ghbouri ® r% e equal
Bﬁ?fess itself.

hi ghest ratings, the first-mentign ocessor
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25 4.
processor
t hat processor. 22 5.
rating of each processor is determned fromthe

A systemas claimed in Caim2 or 3, wherein the rating of each
is determ ned fromthe nunber of processes currently running on
A systemas clainmed in Claim4, wherein the

ef fective-operations-per-second rating of that processor divided by the

nunber of processes running at that processor

the of f-chip comruni cati on speed avail able to that processor.
@A n the rating of each processor is
menory of that processor.
if the instruction 10

systemas clainmed in Caim2 or 3, whejy
determ ned fromthe avail abl e anmount of | ocal
A systemas clainmed in any of Cains 1 to 6, wher

ein,

is passed to one of the neighbouring processors,
process of process allocation. 8. A system as
to 7, wherein, to allocate the process to the pr
neighbouring nodes, the first processor 15 - in
processor with data indicative of the nunber of I
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25 bet ween pairs'of processors at adjacent nodes when no ot her
I nformation i s being passed between those processors.
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