DATA PROCESSI NG AND OPERATI NG SYSTEM | NCORPORATI NG DYNAM C BI NDI NG
-ACROSS TWO OR MORE PROCESSORS This invention relates to data
processi ng systens and to operating systens 5 -therefor. In particular, the
i nvention relates to operating systens for conputers and conput er

net wor ks. In order to function, a conputer or conputer system
must conpri se har dwar e, such as one or nore processors, input/output
means, nenory and vari ous peripheral devices, and software in the form
of both operating prograns 10 to cause the hardware to performin a
certain manner and hi gher |evel prograns whi ch instruct the operating
programs to performoperations. Many operailng systens have been
designed in attenpts to obtain the best possible perfornmance fromthe
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uni que to one pdaftitutar processor. Furthnernore, they
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conput er operati ng systeminvolving a plurality of pr ocessors

I n accordance w.h t.his nve io , dat roce

data processing t'@ﬁr%ff G’ ga*mngﬁs ?t%{ﬁ X‘ﬁﬁsect ed
as 20 nodes §n tﬁcﬁéﬂir“ﬂ[baxﬁﬁ&laﬁrth@ﬂﬂf@ﬂu&prc%sfl@r ﬂhﬁg@yﬁaﬁs fdicl@ fekel . a
plurality of code segnents conmon to and shared by all the sai d dat a

processors, and ammmputernetvmrkbu ndi ng a chosen plurality of the code

segments into an exe(iut i er to Ei’uxkctlog a computer or computer system must comprise

hardware, such as one or more processors, input/output means, memory and
various peripheral devices, and software in the form of both operating programs
10 to cause the hardware to perform in 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 systems are
unique to one particular processor. Furthermore, they may only support one or
15 a small number of processing languages.
The present invention arose in.an attempt to design an improved computer
and computer operating system involving a plurality of processors.
Inaaxmmnmcwmhﬂﬁshwmnmm,admapnmaﬁigzgﬁmmispnwkhda
data processing system comprising a pluraiity of data processors connectéd as
20 nodes in a network and arranged to perform processes in parallel, a plurality of
code segments common to and shared by all the said data processors, and means
for binding a chosen plurality of the code segments into an executable task to be
performed jointly by two or more of the data processors, the chosen code
segments being bound into a complete executable task only at the time of loading
25 or exécuting the task to or by the respective processors.
Preferably the network is arranged to perform a process of



performed jointly by two or nore of the data processors, the chosen code
.segnments being bound into a conplete executable task only at the tine of
| oading 25 or executing the task to or by the respective processors.
Preferably the network is arranged to performa process of

2 process allocation in which the processor at any given node in

t he networ k, upon receiving instructions to performa process,

deci des whether it, or a data processor at one of the nei ghbouring
nodes, is better able, at that tinme, to performthe process, and in
accordance with 5 t hat decision either perforns the process itself or
passes the instruction to performthe process to that nei ghbouring
processor. I n one enbodi nent the data processor at the first
node may send prodesSBitioadifort f WhechHedprdtesop ab npigivACibddinakent node
I ndi cative of the processi ng space required to execute the process,

the processor at thenet@ork, dponsteceivig mssoctitrisciorperform a psedess, vdeeidesr it
has sufficient remainin ) space, the proc%ssor .aﬁ each adj acent node
bei ng arranged to rephéthepit, or a data prasessos @t 986 of the peighbouring & With
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t akes the process i ttogietforin the phacess teethapatighbauring processor.avai | abl e.
In one embodiment the data processor at the first node may send
a message to the data processor at each adjacent node indicative of the
processing space required to execute the process, the processor at the
10 first node also determining itself whether it has sufficient remaining
space, the processor at each adjacent node being arranged to reply to
the processor at the first node with information indicative of whether
the space is available, and wherein the processor at the first node
compares the replies with its own determination and either passes the
15 process on to whichever of the neighbouring processors has the most
space available, or takes the process itself if it has the most space
available.
Alternatively, the processor with the highest "power rating" is
selected, the power rating being the effective operations per second
20 rating of the processor at any given node divided by the number of
processes running at that processor and multiplied by a function of thé
off-chip communication speed available to the processor in question.

Other methods and schemes of making the decision may be used.

25



Al ternatively, the processor with the highest "power rating” is

sel ected, the power rating being the effective operations per second 20
rating of the processor at any given node divided by the nunber of
processes running at that processor and nultiplied by a function of the
of f-chip communi cati on speed avail able to the processor in question.

O her met hods and schenes of making the decision may be used. 25

3 O her aspects and features of the invention will be

descri bed with reference to the acconpanying draw ngs, in which:
Figure 1 shows schematically the program or@ani sation of a conputer
system 5 Figure 2 shows the hierarchy of the

organi sati on of Figure Other aspgg:.ts and features of the inventlon:wgurln descnibed t he
inter-relationship betvveetn

a _nunper . of, associ.at ed m croprocessors
during setting up of "ithEe Eﬁ&ﬁﬁf‘gﬁw accompan;gpgfigqﬂnngbmwelnch. _
Fi 4 sh th | at ' AL L
orocessing: o SaTe 1EL ORI s SohdhRloahl 38C program ore N,

process al | asfai ¢omputer system; The follow ng description
I's of a computing network
5

Figure 2 shows the hierarchy of the organisation of Figure
L
Figure 3 shows the inter-relationship between a number
of associated microprocessors during setting up of the computer
system,; .
10 Figure 4 shows the same relationship at a later stage
during processing;
Figure 5 shows a schematic flow chart for process
allocation.
The following description is of a computing network
15 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 linked by hard wiring, optical fibres, ldnger distance
telecommunication lines, or by any other means. The system described
is sufficiently flexible that any of these configurations and others
20 besides, are appropriate. The processors are arranged to perform
operations, programs and processes under the control of an operating
system. The operating system enables programs to be written for an
imaginary proée"séor, known as a virtual processor, which has its own
predeﬁhed language. This virtual processor enables any type of target
25 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,



15 having a plurality of processors, which nay be arranged either in
the sane vicinity, perhaps on the sane wafer or chip, or spread out
in a network |inked by hard wiring, optical fibres, |onger distance
t el econmuni cation lines, or by any other neans. The system descri bed

Is sufficiently flexible that any of these configurations and others 20
besi des, are appropriate. The processors are arranged to perform
operations, prograns and processes under the control of an operating
system The operating system enables prograns to be witten for an

I magi nary processor, known as a virtual pgocessor, which has its own
predefi ned | anguage. This virtual processor enables any type of target 25

processor to be ugedutable filendintritramsfenet tdiahy suppirtdd/mresessbr witho@ssor ,
since the programcode witten for the virtual processor is onl

transl ated at | oathodifinationtos redompilationeTypidel pypcessers Vplﬂiéb@%%ﬂtaﬁtphus,
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Q her processors @tRerOprovebdors aseliof Aduese JhiCablNETIRE ioperating tsyBiehs is

adapted for parallel processing such that nore than one operation may
be conduct ed si nubdaptediosiparallekproggssing suctothat moee thaoromie aperasionimay

opor ati on can be. BEIPBRIREET SOOI S BPORE ) coEidTE hordoHine - 10
user capabilities s%t@m%l &/ﬂichnﬁh&dﬁﬂeline data and operation so that only one
operation can be performed at any one time. Multi-tasking and multi-
10 user capabilities are also included.

The system is data flow-driven and essentially involves a
plurality of code segments or tools, which are bound into a complete
executable task only at the time of loading or execution, Thus, each of
these tools can be very short and, in themselves, almost trivial in their

15 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
very little modification at load time. The file is not portable across

20 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
brought together to form an operation at the last minute (a just in time

25 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



The systemis data flowdriven and essentially involves a plurality
of code segnents or tools, which are bound into a conpl ete

executable task only at the tine of |oading or execution. Thus, each of
these tools can be very short and, in thenselves, alnost trivial in their
15 simplicity. For conparison, it should be noted that traditional
conputing binds routines such as libraries, functions, and so on just

after the conpile stage in a process known as linking. The resulting file
is a large, bul ky, conplete self-contained executable inmage requiring

very little nodification at load tine. Thg file is not portable across 20
processors and cannot easily adapt to changi ng conponents such as

systems with small, ¥r Appliaation 48 othets akedesigned wikiout anyp particular
parts thereof cannot be reused for other tasks or indeed changed at all.

The snal | conponenapplicatésh inmindelhus dargetapplisations havingw(nominally) dargg
brought together to form an operation at the |ast m'nuteb%a jf?g}%t in time 25
process) are of coeAPASItY sApIiRfagtyun i 2 smal memoRycapacdy Systewand the

bet ween two or nore _Rrocessor ' n

processors are p_er%ﬁ‘ﬁ?‘h‘a‘ﬁ%ﬁ%n@%ﬁ%%@%‘%e%%ﬂ@‘ér2%?3@%@%or

> a pArti cebded sttt Grlse@mets FeQiiRtdr &t anyondaingnrds desdibett any
parti cul ar application in"mnd. Thus, |arge applications having a

(nominally) large below. capacity can in fact run in a small nenory

capacity system and the . application,can choose to have available in
memory only that parti doatarnthe system iscpassedin-thedpm o Fﬂa‘ﬁ?@efgﬁ'iwefe@d at any

one ,t ime, as is degghl ggx%ponents. A code component which is capable of receiving

and sending messages is known as a process and consists of a
10 collection of tools and the binding logic for these and the data being
processed. The system is illustrated schematically in Figure 1 in which
there is shown a central kernel of program code. The kemel is one
block’ and is the basic operating system which is used by all
processors in the network. Typically, it is of 8 to 16 kilobytes.
15 Schematically illustrated outside the kerne] 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 plus two tool objects M1 and M2. Each of these tool
20 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
25 segments, which are brought together only when necessary. More than
one process can be performed simultaneously by placing each process

upon a different processor. The actual placement of processes occurs



bel ow. Data in the systemis passed in the formof nessages

Bet ween code conponents. A code conponent which is capabl e of
recei ving and sendi ng nessages i s known as a process and consi sts
of a 10 collection of tools and the binding logic for these and the
dat a bei ng processed. The systemis illustrated schematically in
Figure | in which there is shown a central kernel of program code.
The kernel is one "bl ock' and is the basic operating system which
is used by all processors in the network. Typically, it is of 8 to
16 kil obytes. 15 Schematically illustrgted outside the kernel are a
plurality of tool objets 2, any collection of which can forma
process. A third | éyehn aatorpatitometiiod outlined lselow, Whichi metholys trasspatsits 3. A
typi cal process is shown by the arrows in the figure. Thus, a

process whi ch we sliathe user, iandpindsedie ithe-syster as a whole. Kaysy eptimpmeload pl us t wo
tool objects M an%&%n Eaca of th%%[(_el toQl .20 . otg'gegt S, %LCP may be of
only a few hundred cAng agH gommuygication piticiency is ensured, As 3 resilt of this, o

tools 3. In this caas&“? | ' @gﬁ gﬁmﬁe cnalividm 12 and T3
and tool object M utli l?és%ceasfﬁg 5aga%3€6w g'tn 6.automat1cally t lgs t hus
seen from thesfigurrdlleht a relatively conpl ex process or program
can be perforned by using a plurality of the relatively small 25

segments, which are br oﬂ‘grﬂeﬁlmmcomppnmt@bjmeﬁémsystem shown
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6 process objects. A process object acts as a harness to call various tool
objects. A process essentially directs the logic flow of an activity and
10 directs tool objects fo act on data. Thus, a process object is at the top
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 must be activated by something else such as
a process object. This is similar to the manner in which a function in
15 C language is called by a main body of code, the impoﬁant distinction
being that in the present system each code segment, ie tool, is
completely independent. Finally, a data object corresponds to a data
file. A data file may contain information about itself and about how it
can be processed. This information can comprise, for example,
20 information that points to the tool used to manipulate the data structure
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
25 oufput structure and thus is only free for use by the author of a
particular program, unless details of the inp_ut/output interface are

made publicly available. One or more processes may combine to form



by an automatic nethod outlined bel ow, which nethod is transparent

.to the user, and indeed, to the systemas a whole. Thus, optinmm | oad
bal anci ng and conmuni cation efficiency is ensured. As a result of this,
a nunber of processes that communicate can be automatically runin 5

parall el . Three fundanental conponent objects of the system
are shown in Figure 2. These conpri se data objects, tool objects
(tools) and process objects. A process object acts as a harness to
call various tool objects. A process essentially directs the logic
flow of an activity and 10 directs toel objects to act on data. Thus, a
process object is at the top of the hierarchical structure shown in
Figure 2. A tool ofj &slication whichi4 @fipleredsb bpwerk. Testiduldbeéhotednidti onal

call or sub-routine. It can only be used by reference and nust be

activated by sonetim applalation can huraen two or more,pprcessss obj ect. This is
simlar to the manner in I C unction. in 15 C | age i,s called by
a mai n body of code, trﬁs\ahﬁ%&carf{boa?’sﬂ icafiops can be mmﬁ'gg#ﬁgt@mi n the
present system eac { ol | S¢s I
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I ndependent . Fi nal %/

, corresponds to a A
data file mays cont ghfthi dab@hetidelves agivans chili{gtandeildl) phsuessdsound So on. can
be processed. This information can conprise, for exanple, 20 i nformation

t hat points to theThesd precesses arerdistrihnited throughout the awatlablemetwork of and
| ocal data relating to this file.

e.. A process .can have a publicly
defined input and BTRCESHOLS cally andaxithqut the:app. ﬂt@&rﬂf%ﬁﬂoﬁm%’s
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particul ar program unless details of the i nput/output interface are

made publ i cl yo avai paddessorSnas suchmand apy carbitraey topology rdfiany tumberr of
processors may be used. Figure 5 shows one possible algorithm for

distributing processes between different processors in the network.
When a parent process wishes to co-process with a child
process the message is firstly passed to a first processor, and in
15 particular to the kemel process on that processor. This process handles
messages to and from the prbcessor and act as a process
control/message switcher. The kernel 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
20 processor to perform that particular process. The power rating may be
defined as being the effective operations per second rating of the
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
25 course, be used. For instance, a message to perform a particular
process will be accompanied by the number of bytes required by the

process. Thus the power rating may comprise determining whether that



7 an application which is a conplete job of work. It should be

~noted that an application can run on two Oor nore processors.
As descri bed above, applications can be nmulti-tasked and/ or par al | el
processed. Processes can activate other, child, processes 5 whi ch can
t hensel ves activate child (grandchild) processes, and so on. These

processes are distributed throughout the avail abl e network of
processors dynam cally, and w thout the application or the programrer
know ng the actual distribution. Conmmunication between processes is
based on a parent-child hierarchy. There ?re no "master"” nodes or 10
processors as such and any arbitrary topology of any nunber of

processors may be used. sﬁargi @?g%e%ﬁ e E,Péc%s?dr'g,%%aﬁ H‘g%'{}\o&&k.

di stributing processes betwee rent processors 1 nt

When a parent proqess ménddty mayPbé AnRInRSIEp methéry for @prodessor such asj ocess the
message is firstly passed to a first processor, and in 15 particular to

t he kernel procesgransputiertompmaydws off-chijni The tavak kermich thdnemstructs the nmessages

to and from the procesgor and_act as a process cont rol / nessage
svi tcher. The Ker Kemebof everymel OYFIBg PERCESSOrdR dheghetverk (remembering t hen
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as being the effective operations per Second Tating of the

processor divide Hheiriovmpober ratings: Eaels of she neighbouring prioaéssprsotheas or
mul tiplied by a function of the off chip comunicati ons speed

available to it. (EREF nMEHWES Wkd@t@ﬁfﬂ%@mg’fﬁ%%%ﬁ imdicateyerpfytheot 25
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process. Thyg the RAWE rafifbt Bid BBYdES TS SWn PowWer Tatiig's SBRES fiantdrat
equal to that of its neighbours. If so then the kernel of A decides to
accept the process itself. It does this by instructing its own nd
binder and translator (see below) to instal the child; it then sends a
message to the instructing processor informing it of the unique mail

(e

15 box address of the receiving processor. If the power rating of
processor A is not greater than or equal to that of its neighbours then
whichever processor has the greatest power rating is chosen to accept
the process. If all power ratings are equal then processor A will accept -
the process. If the process is allocated to another processor. then

20 processor A sends a message to that processor saying “take X Bytes,

process name, parent mail box no.”.

Having found a processor to take the child process, the process

allocation dynamics could stop and the process could be performed.

25 However, it is more usual to repeat the same allocation sequence 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



8 nunber of bytes are available within the processor's | ocal
_nmenory. This nmenory may be an on-chip nenory for a processor such as
a transputer, or may be off-chip. The | ocal kernel then instructs

‘t he kernel of every nei ghbouring processor in the network
(remenmbering 5 t hat by nei ghbouring is neant topol ogically neighbouring
and t hat physically the processors may be a | arge di stance apart)
to calcul ate their own power ratings. Each of the nei ghbouring
processors then sends a nessage back to the parent processor A

I ndi cative of the respective poweg rating. The kernel of A then
conpares all of the 10 power ratings and decides if its own power

rating is greater &hedafin from the spwH hé)flel BoutSitgRARM[a3e | T SO
then the kernel of A de%{desnt1 P regccep t he 1|§$’locess itself. It does

this by instructi rigeir popwenratihgsAThus, the search for adeval pratessorhavimpgahe (see
below) to instal the child; it then sends a nessage to the

i nstructing proceggwmw%mﬁﬂhgcﬁYltyoﬁﬂQ%SQ‘kﬁﬂ’&é‘eﬁ%@a&l&’ 0 perfy addr ess  of
th t he A t
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process. power are en processor

the process. If tk&lmcin@ssaetm@i teat setwiotk aruit hgrocessosesand - deaﬁ:n 20
processor A’'sends a message to that processor saying "take X Bytes,
process name, par esammunications between tightly bound processes Harthegmers, iids a

fyna o5 coul d st cIPeArIORY erploesdiat 301 MBHE: Base df feqpired and I any "
network one processor will usually have no more than one process
10 more than any neighbour to perform at any one time, if identical types.
Alternatively, in some embodiments the user can , if desired, select
which processor or type of processor can perform a process. For
instance, if the network contains two types of processor, one of these
types may be better adapted to perform a particular process, dependent
15 upon memory capacity, for example. The user can then specify that
this process is to be performed by a particular type of processor. It is
also seen that the process, and therefore the programmer, has no
requirement to know exactly where it is in the network. A message can
carry either data or code between processors, allowing messages to be -
20 in the form of runnable code.
In an alternative embodiment, thé processors may continually
pass information relating to their "power rating" between each other.
This may be passed as embedded information in messages péssed
during the normal course of communication or, during periods when
25 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

o



25 However, it is nore usual to repeat the sane allocation sequence

.from the new processor, ie, in the flow chart shown in Figure 5,

t he new processor chosen, processor B, becomes processor A and the
cycle 9 starts
again fromthe step of requesting the neighbours to calculate their

power ratings. Thus, the search for a |local processor having the

m ni mum current activity and thus the greatest capacity to performa
process automatically tends to flood out froma centre point which is 5
the originating master parent. This substﬁpt lally guarantees | oad

bal anci ng between the network of processors and | ocal

comuni cati ons befy‘é%?%{l%th% 198@1% Otgggcf‘&%%mlpfél W@ﬁ BReS glnéftat.\ﬁ
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nmore than any nei ghbour to performat any one tine, if identical types.

Al ternatively, instaue Thetpmveraatisg infernation may, for example; bel passeddut

whi ch processor or_ type of procesgor .can performa process, For
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al so seen that the process, and therefore the programrer, has no
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carry either data or code between processors, . owi n ssages to be 20
in t%e form of rurbsbitéo g@gigi\bomingpprocessor, and v%il know Which onegHavmg

determined to pass on a request to a neighbouring processor, the
10 request is sent and the receiving processor starts the decision process
again until such time as a processor determines that it is best adapted
to perform the process itself.
A process can be in the form of five different states, these are
1. actively processing
15 ' 2. waiting for input
3. withdrawing
4. inactive
S. asleep.
States 1 and 2 require no comment. State 3 occurs when a process has
20 received a command to withdraw. In this state a process performs any
activity which is necessary to become inactive. This can include, for
example, processing 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
25 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



In an alternative enbodi nent, the processors may continually pass
_information relating to their "power rating" between each other.

This may be passed as enbedded information in nmessages passed

during the normal course of conmmunication or, during periods when 25 no
ot her nessages are being passed between processors, a specific

exchange of power rating information only may occur, thus using

unused conmuni cation tinme nost efficiently. Each processor can then

10 be provided with a | ook-up table, for exanple, which gives the
status of its imredi ate nei ghbouring processors and its own

I mredi at e status. The power rating information may, for exanple, be
passed in t hiferh6ryrvallld eeeqo enist and ity ittnaty spive woalddbe diégedegi nni ng
of each 5 ordi nary nessage passed between processors. In this

embodi nent , fonkubsequenti usenin thersystemsof the ppescnbinvertiqn, boweyer, a
processor can i mredi at el.y .det.erni ne whet her or pot to take_ the
process itsel f or ttheprocessisy dia[sq:%ptlg(eﬁagp i aema ‘&“gﬁ%‘saé’@r‘fm‘énd will

Know whi ch one. Ha‘ﬂs’}ﬂem?ﬂ'espfge‘i'ﬂ&pé‘%ggtuirgd.pm Rgggtl{eﬁg%%s indhe

nei ghbouri ng processor, I's sent recerl vi ng

processor stasts thantthical Processo eeferences an inadgoe provebs in stakeht iticag as a
processor determnes that it is best adapted to performthe process

itself. immediatehyoge tosstater?. [Stater$ isithatistatenoba process wihen dtrient
states, these are in permanent store such as o& disﬁcotrio\ﬁ%r%t&;gec :%Séi{u?x? Whena
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
10 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,
that process is loaded from permanent store. Mail may then be
available for the processor, which mail is taken from three sources:
either from the process's state on disk, or from the process's own
15 header, ie information forming part of the progess, or mail from the
parent process which caused the process to be loaded in the first place.
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
20 a collection of data objects "files" stored on a physical storage
medium.
As described all processes are automatically given mailbox
facilities and can read and send mail fo any other process having a
knewn mailing address. This process could be, for example, a child
25 process, the parent of the process, any pamed resource, for example a
disk drive or a display, any inactive process whose full storage address

is known or any other processors having a known mailbox address. If



15 2. wai tingfor input 3.

.W t hdraw ng 4. inactive 5.

asl eep. States 1 and 2 require no comment. State 3 occurs when a
process has 20 received a command to withdraw. In this state a process
perfornms any activity which is necessary to becone inactive. This
can include, for exanpl e, processing urgent mail, sending wthdraw
nessages to all of its child processes, if any, and generally
preparing for a conveni ent state in which it can go inactive. If
the process forns the top level of 25 j2an application then it will often
save its exact current state as a nmessage in a disk file. State 4

represents a pr 0%&&%&@%&% ﬁh@ﬁﬁu\f@wmﬁw rocedshE A fdy cAdke
traditional systens, this wou mean that the process in

menory woul d ceastheiractivé ptocessdoiticsexeented \as aphild paocdssl ob theahaib g
for subsequent use. In the_system of the present invention, however,
the process is nePkstgressuntfl sbe tajgetinfecess inawakenoved unl ess and unti |

its nenory space is actually requi . Thus, if. another process,in the 5
same | ocal processor w%gﬁg#ﬁ%y@pphbgp{%g@cweg?-myeta et can
i mredi at el y sgo tofo?lb%ﬁggmgth&tze 5 is that state of a process when it is
i n permanent store such as on disk or other storage nmedium Wen a
process is inactive in sta#bitd DBestriptonmenory space required for
anot her process, then that grocess goes fromstate 4 to state 5, ieis
2 Message length in bytes
32 Message Type Mask - type of message
eg code, debugging, information, error data
10 32 Message 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
32 Next Destination Pointer (NDP) - signifies
the address to which a reply should be directed
15 64 Originator Mailbox
64 Destination Target Mailbox (DTM) - list

of process ID's

64 2nd DTM
(more DTM’s)
20
(xxx) message data
The message length is a byte count of the entire length of a
25 message. If the Next Destination Pointer points to a Destination Target

Mailbox of "0" then no reply is required or expected. The array of

onward destination mailboxes for messages does not imply that a



10 stored on disk and renoved fromthe | ocal processor's nenory. \Wen
.a process which is in state 5 is required for a particular |ocal processor,
that process is | oaded from permanent store. Mail nmay then be

avai l abl e for the processor, which mail is taken fromthree sources:

either fromthe process's state on disk, or fromthe process's own 15
header, ie information formng part of the process, or mail fromthe

parent process which caused the process to be |oaded in the first place.
This can cause the process to transit fromstate 4 to state 2 and then to
state 1. The term "di sk" s introduced above. This is a
devi ce containing 20 a collection of data objects "files" stored on a
physi cal storage particular mésedge!liSito be forwarded. The existentesafrd vaill BTM pr ocesses
are automatically given mail box facilities and can read and send
mai | to any ot her iptheasay signifiesthat a reply to a message sheuldibeforverdeddo Thi s

process could be, for exanple, a child 2 rocess, .t he par.e of the
process, any nane&L?teE‘E%P In @oﬁ‘“‘?&aﬁﬁ?ﬁ"e&aa medsage reqing ge irwy(%e a

di spl ay, any i nactiygy b5 SR BRAREI Yol HAISHARIEE B cess mailbox, S KNOWN

or any other processors virng a known mal _ _ _

12 aR act i e tpeGRsibos CheR OMAittenipling o &AL méssdpeas Bxstatged nai | may
cause the inactive process to be executed as a child process or the
mai | may bd3 Omausesuthe imessage todegoutedrtothe system avalkpanager. 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 O.

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

"Forked' pipe schemes are possible but require that a process

15 actively creates the fork with another process possibly actively joining
the fork later.

Simple linear pipes need only reusable tool objects that operate
in a similar fashion to Unix filters (as known to mosé—éhiéd in the art)
but can run in parallel and can be persistent in the network.

20 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
structure has two further elements added before the message length:

25 #bits Description
32 Forward link pointer

32 Backward link pointer



A rfes'sage passed between two active processes may take the 5 fol |l ow ng

sSstructure: #bits Description 32
Message | ength in bytes 32 Message Type Mask - type
of nessage eg code, debuggi ng, information,
error data 10 32 Message data offset - points to the
start of nessage data and therefore allows for
t he fact that the DTM (see below) is not a fixed
| engt h 32 Next Destination Pointer (NDP) - signifies
the address to which a reply should be dingcted 15 64
Origi nator Mai |l box 64 Destination Target Mail box
(DTM - list S
64 2nd DTM 2 .Mesrsfgéee%%li ﬁlsbz%g
(xxx) message data 32 Mé’dsagcﬂ'ﬂ?ypamskength is a byte count of
the entire length of a 25 message. |f the Next Destination Pointer
points to a Destination Targetc Mai | box of "0" then no reply is
requi red or expected. The array of onward destination mail boxes
for nessages does not inply that a

5 Theﬁnkudandbadamndlukspounu)oﬂmrnum&m&s1fanx

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
10 dynamically for the message. This mechanism allows for a message to
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
15 knows that it belongs to a group of processes can send a message to
a mail group distributor declaring its group membership. Altematively,
a process can send a message to the mail group distributor which
defines all its member processes. Once informed, the mail group
distributor informs all member processes of the mailbox ID which is
20 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
messages can also be sent between processes in a group without all
25 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



13 particul ar nessage is to be forwarded. The existence of a valid

.DTM in the array signifies that a reply to a nessage shoul d be
forwarded to that process. In a sinple case of a nmessage requiring
no reply the DIM array will contain three val ues, the originator
process nmail box, 5 the target mail box, then 0. Attenpting to send a
nessage to the target I D O causes the nessage to be routed to the
system nmai | nanager. A nmessage requiring a reply to the sender wll
have a DIM arr ay consi sting of four values: originator nail box,
destination mail box, originators mail box, and 0. 10 A

pi pe line of processes handling a stream®df data will receive a DTM

array which has (nunber of processes in the. pipe |jne)+two

el enents, incl udi R§OtHRsEIuUeERGEANdsanaot ‘?‘}‘Pﬁ)‘;é‘,gﬂg%?vf’ﬂ)eprf’?ﬁﬁ?r J¥8YS nat i on

as one of the progesses i | . ' Forked' pipe schenes
are possible but ﬁi°|°8y%%Faég%?@gglsns@%a@labgbtiveI y creates the fork

wi th another process pggmi-bbimatient 160y ane@ctivited for every pideesdopbly thater.
Sinmple |inear pipes need only reusable tool objects that operate in

a simlar fashi on boot-lyprockss. The sisérasmaniohose which sensepesinanérd dodls came art)

but can run in parallel and can be persistent in the.netywrk. 20
Forked and j 6i nt ederastivatedngnre a%v%ﬁqeymtmaee n

09" BT 1 51 10 1 Pl el U FBHLR enLd iy bt
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poi nt er that has run an application thatBeeferences Ithemk, potilnmemory
constraints require their deactivation.

10 Application tools are either virtual or non-virtual. Virtual ones
are not necessarily active when an application is running, but are
activated when a process attempts to reference them. When not
running, the virtual tool remains cached unless the memory space is
otherwise required. Thus, automatic ‘overlay' is available for tools in

15 large applications that cannot fit into available memory. Non-virtual
tools are loaded with an application and in active place before it
executes. Thus, they are always available, and in memory during
execution.

Each processor, or group of processors, in the network includes

20 a permanent tool known as the "DBAT". DBAT is written in the native
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

25 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
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32 Message | ength in bytes

.32 Message Type Mask etc 5
forward and backward |inks point to other nessages, if any,
make up the linked list of nessages for a process's incom ng

mai | box.

size of the

al l ocated 10
nmessage to

for sone
Messages nay be
destination, by

Mail is read by a processor in two stages,

The
t hat

first the

nmessage, then the rest of the nessage into a buffer
dynami cally for the message. This nechanismallows for a

be redirected around a fail ed node or a kernel
reason, incapable of rggeiving a nessage.
allowed to be distributed to nore than one

orYreFiolBly! refirendrdddms 5P 4EGVe, A MadthvRCRRSHNI

knows that it be onds to a group of processes can send a nessage t
a mail group di sivdilablerfodesichrindiyiduat mdeu ©meededvingi g colitandntat i vel vy,
a process can send a nessage to the nail group distributor which

defines all its

exaebiera prosesssthe processis read pknthg loqahmemgry arga of the

distributor inforns all
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to be used for t
the group igs sen
menbers except t
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15

20

25

eSS AOACURD S DBAT. Aot
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
the tool is already in the PETL, it is accepted 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:

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
DBAT, witha paramete'r pointing to the full pathname of the tool. On
completion, DBAT allows the process to execute.

As each external tool is referenced by an incoming process, it
has its usage flag incremented so that the tool has a value for the
number of processes currently using it. As each process deactivates,
the usage flag of the tool is decremented. When no process is using a
tool, the tool has a usage flag value of zero, and can be de-activated by
removal from the PETL and its memory released. This will only
happen if memory space garbage collection occurs, allowing the
system to cache tools. Semi-permanent and permanent tools are

installed by DBAT at boot-up with an initial value of 1, thus ensuring

whi ch i s,

ch 15
0



than one mail group, and sub-groups may be provided. Private

.messages can al so be sent between processes in a group without all 25

ot her processes bei ng aware. The foll ow ng types of tool
may be used: permanent tools formng the core of the operating
system They are activated by the boot - up sequence and

cannot then be disabled. Every processor always has a copy of each

per manent tool avail abl e. Sem - per manent tools are activated
for every processor by the boot -up process. The user can chose which
sem - permanent tools can 5 be activated. Once activated they cannot be
deact i vat ed. Library tools are used as required froma naned

library of tools. thatthey cafiftfteaddatctivdted!, Virualtdoharercalled bed procdsbe menory
of any processor that has run an application that references them
until menory while ansiing i vistuabtpol isreférencedawisle aippinterote. the gool's .
Application tools are either virtual gr non-virtual. Virtual ones

are not necessari I@athéﬂﬁi\?‘émﬁhﬁwséhf’@ﬁgfPﬁ‘a‘?*}l(?ﬁ“}"éetf’ﬁnni ng, but are

octi vt ed, When b1 07 SR TA WAk ERTS1b G I W, O e,
ot herw se requi r edigof 3fready4vailableCIf sOMBE totl is usedasdor @hbmmdl@xtdrasll s in 15
| arge applications that cannot fit into avail able nmenory. Non-virtual
tools are | oaded widoh Ifiit inpbsent,ADBAT autivates the taok {thplsame predess as far
any external tool activated during a process start-up) and then passes
on the tool reference. This is entirely transparent with the exception
that memory constraints may cause a fault if even garbage collection

10 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
linked' to a central 'virtual' processor VP. It is assumed that each

15 processor has a total memory, either on- or off-chip. At boot-up, each
processor takes in DBAT and all the other permanent (P, ....... Pp) and
semi-permanent tools (SP; ..... SP). This state is s_l_mo__wg in Figure 3.
All processors contain the same group of permanent and semi-
permanent tools.

20 Figure 4 shows a later state. One processor has been instructed
to perform a process which uses library tools L, L,, Lyand L, It
therefore has read these in. In turn, this processor may read in various
virtual or other téols as required to execute a particular process.
Another processor has read in tools L 5, L 4, L; and Lg . The final

25 processor is not, presently, performing any process. Two more
processors may, of course, use the same library function by reading

a copy of it into local memory. Once a process has ended, the library



executes. Thus, they are always available, and in nenory during

.execution. Each processor, or group of processors, in the
net wor k i ncl udes 20 a pernmanent tool known as the "DBAT". DBAT is
witten in the native 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 25 tool Iist

(PETL) which contains information about aljk permanent and
sem -permanent tools (this list is identical for every node), and all

external 100l's SUcioRS rdrhdth Yabfisd I UK rhBotY R remidHleS it Bidedi N

node, or previously reference st active, or I1nactive yet

still avai | ghirg or Ufitil gelsdpeicotieotionuaf cowde, setBral pesviesdes tnay eormand to
execute a process, the process is read into the |Iocal nenory area of the

processor. By the nursimphagesuslyorn anyaprosessosnetwerkastdeseri t®ve.
processor which is conngcted, in ngtwork with one . pass i.s

made through the procedds Weil 3§ al}fglglg, thBBK‘F“siﬂb%“ Pm ‘f(get fo npitve
External toolg are LN t | ol : t he
tool is al reascsjy i np@%&?%é%:ﬁfi&,{l?%ﬁ? gggb%ﬂ%&%%%@%ﬁ%#w ki tl‘t“:he

t ool does not exi sprdcBssohGodifid [Usihg hativesadingpreveis porabsility dftcadebat | i st of

10 available tools. If this newy installed tool contains other tool
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
10 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
15 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
based on specific processors. However, use of this feature prevents

20 applications from running on parallel systems with mixed processor
types.

If an externally referenced tool is not available then an error
may be displayed under the action of DBAT with the known details of
the missing tool. The user can then decide whether to temporarily

25 replace the missing tool with another one or to permanently substitute
another. Tool loss may occur by a missing or broken access route/path

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



references, DBAT deals with these recursively in the sanme way. DBAT

.continues until all the external tools are avail abl e: DBAT
"transl ates' the VP code of the process and newy i nstall ed tools
to the target processor, inserting and correcting pointer 15 i nformation
to tools inside the code. The unresolved virtual tool ref erences
are converted to a trap to the virtual tool handler inside DBAT,
with a paraneter pointing to the full pathnanme of the tool. On

conpl etion, DBAT allows the process to execute. As each
external tool is referenced by an inconinq process, it 20 has its usage
flag increnented so that the tool has a va?ue for the nunber of

processes currentl w{l?§°%ﬁmeé?blgaé§ie%ﬁ&%% 608 by Sh& o asner%‘é"oralg t he

usage flag of the ecrenment ed. en no process IS usl

tool, the tool haspg thisafsy bitaw invdlvectheremeval ofanwheRapplcationaalliiggat ed by
renmoval fromthe PETL and 1ts nenory released. This will only 25

happen i f menory sgepeadegatrpragessesétcect i on occurs, all owi ng the
Thatall ed by DBAT at  boOie GSA\PIapestor datcriok apaye s apimaBiN FEOGESE | ng
L cess LS  ES e A e SRR AT O
e A 00) Foot ARES G Btelids AR S RO =,
i s al ready avai | abliskingfdue¢o thehexttenuly iate bindihgsystem whichouses DRATer nal
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
10 VP has a 16 by 32 bif register set with an assumed 32 bit linear
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
15 tobe extremely simple to 'translate' to é modern target processor,
regardless of operating philosophy. Word sized processes other than
32 bit ones can be handled easily. VP register set usage is not removed
in the final target executable code. The register set is often
implemented in memory (called ghost registers) with the target register
20 set being used as required to implement the VP operation set on the
memory registers. This pseudo interpretation of VP coding by a native
processor may have a slight speed disadvantdge for some processors,
but many benefits overall. Processors with cached or fast memory (
such as the transputer) can actually show a performance increase,
25 particularly where the native register set is very small, as in a
transputer. Task switching times. are extremely fast using this scheme

since the state of the native processor can be ignored, with the



tool. If it is absent, DBAT activates the tool (the sane 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
that menory constraints may cause a fault if even garbage collection 10
fails to find enough nenory for the incomng tool. Virtual nenory

techni ques can be used to guarantee this nenory. Figures 3
and 4 show, schematically, a systemin operation. Three processors.
(or processor arrays) 4 are shown schematically "linked" to a
central 'virtual' processor VP. It is assuned that each 15 processor

has a total nenory, either on- or off-chrp. At boot-up, each

processor takes i nd_ al | th t her RSB ent (P - Plerr])
and serrie"?g’gﬁﬁﬁgﬁfn%ww %&[ e the .P."?’.m%lgfé‘? kﬁgro}nﬁ]tagk tate is
shown in Figure ?’eglster set, and ﬁ"rﬁexﬂéﬁ%ﬁé% ?es?d}gttﬁ’é fegidtét pOAtRnKLHE of

per manent and sem erma t tool Figure 4 shows

a later state. Oigcdiinge3ask. ﬂ‘ch& hmsputastamhiwdure makes dvenpédiform a
process which uses library tools err Llerr], L[err] .and_L err] It

t heref ore has reauwnedessasy. Spme embedimen Hﬂ@%”@@éﬁ@ﬁ]"moﬂéﬁ ATlvarious
t ual th |
Anot hor pr odessortiibSethaf Pﬂ"‘f%q'? 60‘? B e R R RSB P o 1

The final 25  p,BLOCAREAfe édin Jﬁsl‘)ce 8F by Meﬁﬁb&r Btgcess. Two
nor e processors may urse e sanme |1 brary tunction by
readi ng ta:get:@mpuﬁblestHow‘eaerL oé@rtdin wBnStructs, Gucleasrefierenestohas ended,
the library i 18
tools, objects etc, are retained for processing and fix-up by DBAT.
Industry standard target macro assemblers are perfectly suitable for
10 this conversion.

The efficiency of the code ultimately run on a target processor
is dependent on the two stages of compilation 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

15 little or no peephole optimisations can take plaée. DBAT performs
peephole optimisations on the final code produced primarily by
removing 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

20 performance than traditional register use. Ghost registers are placed
in on-chip RAM on transputers, effectively producing a 'data cache' for
all processes running. Up to 48 processes can use on-chip memory
ghost registers on an Inmos T800 transputer. Further processes require
space in off-chip memory.

25 The system described may include a graphical user interface for
operating using windows, mice and the like. Windows can be

displaced, with respect to a display means, and operated on, or their



tools remain cached in the respective local nenories until needed

.again, or until garbage collection. O course, several processes may be
run simul taneously on any processor network as descri bed above.

As well as handling the translation of VP code to native 5 pr ocessor
code, DBAT may, in sone enbodi nents, recogni se native processor

codi ng. Using native coding prevents portability of code but IS
acceptable as a strategy for hardware specific tools (conmonly

drivers). It should be noted that a process or tool my be
coded either in 10 VP code or native code, and m xed type tools may be
used together. However VP and nativgﬂcode cannot usually be m xed
within a single tool. Autility based in DBAT will accept VP code
i nput and out put ' end [ hi s | ows tine
critical applicationchmﬁgﬁhkﬁﬁcggqu¥ﬁ&mbggfégﬁgﬂﬁﬁa%@Bzﬁg85?@5?“Hﬁ#
‘conpi | ed" conpl et el yydgps. @ target 15 system In order to
hel p prevent unconstrai ned copying of applications, appl i cations
may retain the use of natInrelatiodéalthemystems desdritied ablose witigreference to thee
original VP coding in house for the creation of different products

based on specific pr@SeQuprayingdiwiags, the feature;qf; featuges: whish soastitntesthe o

Cypes. o T8 T HRespR VP e Ao A T ol e SR e v

then an error B8Y OF tHbsen! ugde Cid RMeipf M the
known details of ap t he tﬁ1és?:is .ggl'?lgofkf1 ?ﬁ%tgﬁtsegrmcgﬁel?h%@ﬁ%wdép
whet her to tenporari |Apglisation Nepk asoe10po¢caviass i2eg 269)pthepardntafthidpresete or

to permanently substitute . anot her, Tool |oss may occur by a
ni ssing or broken ac@Pplcating andbyra second divisignal apphicationyginplicalien Noa

renovabl e nedi um sucg'usﬁ,sjzggf.koppy (%§§L2i§93,675) .

10
Finally and without prejudice to other Trade Marks used herein
and not so acknowledged, the following are specifically acknowledged
as Registered Trade Marks:
- INMOS
15 TRANSPUTER

MOTOROLA
INTEL

———



19 currently not accessible. Objects can be noved on and off a

net wor K, but this may often involve the renoval of a whole
“application, all its . __ . .dependent processes etc. The
virtual processor described above is an inaginary processor 5 used to

const ruct porlﬂ“ﬂunﬂmﬁﬂﬂjﬁm code. As described above, the

out put of VP bl ers and conpilers does not require

| i nki ng due to*the éxt fendl y late binding system which uses DBAT.

An 'executable' in VP code is processed by DBAT to its host t ar get
processor at load tine before control is passed to the code. The 10 VP
has a 16 by 32 bit register set wwth an assuned 32 bit |inear

address space, but not limted to 16. RepaAIME Nos. 0 to 15 are

conpl etely general purpose. Registers, such as an I.P (instruction

poi nter), segnment pointers, flags etc. are assuned, that is, they are

(0 be ext remaly i ol oy 4k groeriff Bl BTANE o indfGe dud BRGGH 10

to be extrenely sinple ans 0 g sor,
regardl ess of opateréonngetpdias andphyn a\ietworki amd apranged stoeperfureprotdsses in
32 bit ones can be ndl ed easj.ly..VP register set usage.is nqt renoved
in the final % argaé?l?f@xea&ﬁ@&ﬁp@le%a%so%éemrssmm%tm ad shar by all the

i npl emented in h@gnﬂla $ e eqi &E@E i s Lster 20
set being used a reéourlé’%gé 0 |rrg?ﬁéldrrlé§?c§%e ur%% :bgth{{bg%édges oen[{tfﬁ%één
menory regi st er sexethiablepasiicobé perfonntedt jaintlp rbyotwo\Vt mort 6fthe pravessdis, \the
processor may have a slight speed. di sadvantage fqQr sonme processors,

but many benef i t §1%56@eads segpiegischeing boupd:intoeqraplets expaitbletask oplyat the
such as the tran 5‘%}’% I L | e, 25
particularly Meﬁigﬁioﬁg&ﬁg?%%ﬁr egl kﬁ%"%@%@%&%% bfbg:é&?% a

transputer. Task switching tinmes are extrenely fast using this schene
since the state of the native processor can be ignored, with the

2. Asystem as claimed in Claim 1, wherein the network is operable to perform
a process of process allocation in which the data processor at any given node, upon
receiving an instruction to perform a process, decides whether it, or a data
1S  processor at one of the neighbouring nodes, is better able, at that time, to perform
the process, and in accordance with that decision, either performs that process

itself or passes the instruction to perform the process to that neighbouring
Processor.

20 3. A system as claimed in Claim 2, wherein first-mentioned processor
determines a rating of itself and ratings of its neighbouring processors for
performing the process, compares the thus deteremined 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 highest rating, or performs the

25  process itself if it itself has the highest rating.

4, A system as claimed in Claim 3, wherein, if the first-mentioned processor

and one or more of the neighbouring processors have equal highest ratings, the



20 exception of a nenory wite to save the position of an outgoing
.task's regi ster set, and a nenory read to restore the register
p05|t|on of t-he - inegnLng_task. The transputer architecture nakes
eve hi s unnecessar me enbodi nents nmay have a sinple version of
DBAT 5 aﬂmﬂ "’ﬂ ” ﬂmt VP coding to native coding. These use VP
macros that ar arget processor nacro assenbler into

t ar get executables Fbwever Certain constructs, such as references to
tool s, objects etc, are retained for processing and fix-up by DBAT
Industry standard target macro assenblers age perfectly suitable for 10

this conversion. The efficiency of the code ultimately run on
a target process@rocessor receiving e iratrdetivn perfoihis theywposaisedf. of conpi | ati on
and assenbly by the VP conpi |l er and DBAT respectivel y. The ability
of the conpiler to reduce the VP output to it's nost efficient form
I S not hanpered, sbut r satlons
ban ke ol ace [S)B e zglgir/étglt!%éﬁlaﬂed in d‘lhﬁx{ﬁﬁ r 4 wﬂ&g@ﬁqﬁ%&%@o?@&c&xrgf?‘c& s30f ~

code produced pr umdntcrlnyndayfromthenumbeemﬁpmcgsseedurrdﬂptrurﬂﬁigmhﬁﬁﬁb&s%r/ ghOSt
regi ster rmvegrents that can : be produced by sone sequences of VP
codes. On transputers, VP ghost registers can result in

PO 0 VeI, 0, s g A s GRS o 9T
produci ng a ' dat s datgnmned 6rom the eﬁ‘ectxvmperﬁroms-@ssmndl rating bf thid précedsdr
Processes can Us€us 1He§ tg)y F%he num{)gr of processes running at that processor multiplied by a
function of the off-chip communication speed available to that processor.
10
7. Asystem as claimed in Claim 3 or 4, wherein the rating of each processor
is determined from the available amount of local memory of that processor.

8. A system as claimed in any of Claims 2 to 7, wherein, if the instruction is
15  passed to a processor at one of the neighbouring nodes in the network as being |
better able, at that time, to perform that process than the processor to which that

process was first aflocated, that néiéhbouring processor repeats the allocation
process all over again

20 9. A system as claimed in any of Claims 2 to 8, wherein, to allocate the
process to the processor at one of the neighbouring nodes, the first processor
instructs the neighbouring 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.

25
10. .A system as claimed in any of Claims 2 to 9, wherein information relating
to the abiliiy of the processors at the nodes to perform processes is added to other

messages passed between those processors.



ghdst regi sters on an Irmos T800 transputer. Further processes require
.space in off-chip menory. 25 The system descri bed may include a
graphi cal user interface for operating using wi ndows, nice and the

i ke. Wndows can be = —ai-splaced, with respect to a display neans,
and operat ed on,

21 cont ent ’mm MH‘”M”" neans of a nouse, keyboard, or other

i nput nmeans. n relation to the systenms descri bed
above with reference to t he acconpanyi ng drawi ngs, the feature or
features which constitute the 5 present invention are defined and set
out in the follow ng clains. Clher 4aspects of those systens are

protected in their own rlg{ éo ation GBQSO%.lOQ. (GB-A-2
286 269), thélparérﬁystﬂmﬁﬁéaﬁﬂé‘%gh%nYOf aims, 4 69 9¢ Eﬁ\““‘iﬂ'a“ jon felaing 4

Ot 57, S8 RS P AR ot D

Trade Marks ‘b'%"i’r‘é for&':é%sors at adjacet1ibde whea mCdtharinfsigationtivbeihgipassedng are
specifically "ackn edged as Regi stered Trade MarKks:
between those processors.

12. A system as claimed in any one of the préceding claims, wherein the said
code segments are each of a short code length and in the form of a respective
function call or sub-routine.

10 13. A system as claimed in any one of the preceding claims, wherein the said
code segments form a library of tools, those tools being individually loadable from
the said library to the said two or more processors as and when required by said

two or more processors for the execution of the assigned task.
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22 CLAI V5 1. A dat a
processi ng systemconprising a plurality of data processors

I nterconnected as nodes in a network and arranged to perform processes in 5
parallel, and a plurality of code segnents common to and shared by all the
processors, and neans for binding a chosen plurality of the code segnents
into an executable task to be perfornmed jointly by two or nore of the
processors, the chosen code segnents being bound into a conplete
execut abl e task only at the tinme qﬁ | oadi ng or executing the task to
or by the respective processors. 10 2. A systemas clainmed in
Claim 1, wherein the network is operable to perform a process of
process allocation in which the data processor at any given node, upon
receiving an instruction to performa process, decides whether it, or a
dat a :

DATA PROCESSING AND OPERATING SYSTEM INCORPORATING
DYNAMIC BINDING ACROSS TWO OR MORE PROCESSORS.

ABSTRACT

A data processing system is described comprising a plurality of data
processors interconnected as nodes in a network and arranged to perform processes
in parallel, and a plurality of code segments common to and shared by all the
processors, and means for binding a chosen plurality of the code segments into an
executable task to be performed jointly by two or more of the processors, the chosen
code segments being bound into a complete executable task only at the time of
loading or executing the task to or by the respective processors..

Figure 4



15 processor atone of the nei ghbouring nodes, is better able, at that

time, to perform the process, and in accordance with that decision,
either perforns that process itself or passes the instruction to
performthe process to that nei ghbouring processor. 20 3. A

systemas clainmed in Caim2, wherein first-nentioned processor

determnes a rating of itself and ratings of its neighbouring processors
for perform ng the process, conpares the thus deterenmned ratings to
det ermi ne whi ch of the processorg/has the highest rating, and then
either allocates the process to whi chever of the nei ghbouring
processors has the highest rating, or perforns the 25 process itself if
it itself has the highest rating. 1 A3 A systemas clained in Caim
3, wherein, if the first-nenti oned pRoca3sod and one or nore of the
nei ghbouring processors have equ& h#ghest tiﬁbs,otfe

23 processor receiviﬂﬂ tRe instfuctifdn p rforns 8he process itself.

5. A systemas clainmed i@ Caim3

wherein t he ﬁ%ting of each
pr ocessor is determ ne omth unber of\ processes @gurrently running
on that processor o
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6. A systemas clainmed in Caim3 or 4, wherein the rating of each

. processor is determned fromthe effective-operations-per-second
rating of that processor di vi ded by the nunber of processes running at
that processor multiplied by a function of the off-chip comunication
speed avail able to that processor. 10 7. A systemas clainmed in
Claim3 or 4, wherein the rating of each processor is determ ned from
t he avail abl e anbunt of |ocal nenory oil%hat processor. 8. A
systemas clained in any of Clains 2 t0' "/, wherein, if the instruction is
15 passed to a processor at one of the nei ghbouring nodes in the network
as being better able, at that tinme, to performthat process than the
processor to which that process was first allfocated, that njei ghbouring
processor repeats the allocation process all ovequg£m1 0 9. A
systemas clained in any of Clains 2 to 8, whereir, tg aL%gpate t he
process to the processor at one of the neighbouring n Ees, {he fli rst

processor instructs the nei ghbouring procesgor with data i|ndicative
of the nunber of bytgs requi red, the nane of| t he—proeces nd t he
address at which the*process is currently stlor efi. DBAT 10. A
systemas clained in any of Clains 2 to 9, wher ei n"TTT OpWaTTON el ating

to the ability of € processorstat the nedés teperfofmproces &5 i s added
to ot her nesgagep ppgsed t ween ose prochggors.
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24 11. A systemas clained in any of Clains 2 to 9, wherein
~information rel ating to the ability of the processors at the nodes to
perform processes i s passed between pai rs of processors at adjacent
nodes when no other information is being passed bet ween t hose
processors. 12. A systemas clained in any one of the preceding
clains, wherein the said code segnents are each of a short code length
and in the formof a respective function call or sub-routine. 10

13. A systemas clained in any one of 3/Be preceding clains, wherein the

sai d code segnents forma library of tools, those tools being

I ndi vidual ly | oadabl e from the said library to the said two or nore
processors as and when required by said two or nore processors for the
execution of the assigned task
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