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in order tc function, a computer or

computer system must comprise hardware, such as one
or more vrocessors, input/output means, memory and
various peripheral devices, and software in the form
of both operating programs to cause the hardware to
perform in a certain manner and higher level programs
which instruc: 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 unigue to one
particular processor. Furthermore, they may only
support one or a small number of processing
languages.

The rresent invention arose in an attempt
to design an improved computer and computer operating
system. '

Accoréing to the present invention there is
provided a data processing system comprising a '
plurality of data processors interconnected as nodes
in a network: the network being arranged to perform
processes in such a manner that; a first node, upon
receiving an instruction to perform a process 1is
adapted to decide wnether it, or a neighbouring node,
is best adapted, at that time, to perform the
process, and to select on the basis of that decision
whether it, or a particular neighbouring processor,
should perform the process.

In one empodiment the first node may send a
message to each adjacent node 1n01cat1ve of the
processing space required to execute the process; the
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Ianguages 20 _ The present invention arose in
desi gn arr i nproved conputer and conputer operating. system :
present invention there is provided a data processing sysﬂenlconp N

25 ‘plurality of data processors interconnected as nodes in aquLyMr

first node, upon receiving an instruction to perforn1a process is adapted
to deci de whet her iftirsor reodeigiimurdteymiadeg 3¢selfi wheperar ddapesd, at

that time, to perfQBiNe JHO0ESR: AL Qa0 eehchNaliffcddsinodef veliak

deci sion whether it, or a particular nei hbouring pr.o 0 hould erform
the process. In on@TdaMERMhef T%R%T|%%ﬂgﬁbéérﬁ§yn§€ﬁd"hg§§q $488e to

each adj acent node :igidiceatiwe of e processisngcepaceavaifiiled wWaeeeeaut e

t he process; the . , , .
P = the first node compares the replies with its own

determination and passes the process tc the node
having the most space available, or takes the process
itsels.
Alternatively, the node with the higher
10 'power rating' is selected, the power rating being
the effective operations per second rating of the
node divided by the number of proCesses'running at
the node multiplied by a function of the off chip
communication sveed available to the node. Other
15 methods and schemes of making the decision may be
used.

According to the present invention in a
second aspect there is provided a data processing
system including one or more data processors, a

20 plurality of code segments, and means fcr binding a
plurality of chosen code segments into an executable
task to be performed by one or more processors,
wherein the individual code segments are bound into a
complete executable task only at the time of loading

25 or executing the task.

Embodiments ¢ the invention will now be
described, by way oY example only, with reference to
the the acnomnanv neg drawihzs, in which:

Pigure ' shows schematically the program

0 organisation of a computer system;

Pigure 2 shows the hierarchy ol the

organisation of Figure 1!;
™igure 3 shows the inter-relationshirp

between a number ¢ associated microprocessors during

setting up of the computer system:
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This Sheet Has Been Repl aced -2- first node also determ ning itself

whet her it has sufficient remaining space, .each .adj Cenlc Rpder b -
arranged to reply to the first node with informatio ﬁﬂ%fégﬁﬁ&éé%?g%%% her
the space is available, wherein the first node conp - i-1h

Its own determ nati on and passes the process to the node having the nost
space avail able, or takes the process itself. Alternatively, the node with
t he hi gher 10 'power rating' is selectedy The power rating being the

ef fective operations per segupdreati Bgonts the sade dévatednbyibheznanber of

processes running fgtéguéggg%edggk%gp%}ggeggigggunct|on of the off chip

Figure I shows a schematic Ilow chart Ifor
process allocation.

The foliowing descriztiion is of a computing

\J1

o

network having a pluraliiy oI processors, which may
be arranged either in the same vicinity, perhaps on
the same wafer or chip, cr spread out in a network
linked by hard wiring, optical fibres, longer

10 distance telecommunication lines, or by any other
means. The system described is sufficiently flexible
that any of these configurations and others besides,
are appropriafe. The system may alternatively
include just one processor. The processor or

15 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 processor,
known as a virtual processor, which has its own

20 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

25 each processor. Thus, executable files can . be .
transferred to any suppbrted processor without
modification or recompilation. Typical processors
which are suitable for the system include the Inmos
™800 Transputer, Motorrola 680X0, Intel 80386/80486,

30 TM534C40 Archimedes ARM and SUN SPARC. Other

processors are of course suitable. The operating

system is adapted for parallel processing such that

more than one operation may be conducted

simultaneously, as opposed to conventional computing

systems which must pipeline data and ‘operation so
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comuni cafion speed available to the node. Qher 1 nmet hods and schenes
of maki ng” the decision may be used. According to the pr

. second: aspect there is provided a data processing syste 'Wﬂﬁkmﬁrn@uﬂﬂEEN
nore data processors, a 20 plurality of code segnentp, andifReads:df or
binding a plurality of chosen code segnents into an executabte task-to-—He—
performed by one or nore processors, wherein the individual code segnents
are bound into a conplete executable task onl4 -at the time of |oading 25

or executing the tasﬁl%atEmﬁqg tgng;a{p&‘n (ﬂg/r?r}}é Odgﬁhfg,lmgl@%beaﬁfs&wbed

by way of exanple only, erence tot e t he "acconp an dramnngs I n
whi ch: Figure 1 shov@%herﬁ&ﬂweaﬂ‘%ﬂ% Hrb gyl lmser cﬁ' YRS AT
conput er system Fi giirs® 2~sheieqt he hi erarchy of the

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. Thus, each of these

tools can be very short and, in themselves, almost

trivial in their simnlicity' Por comparison, it

10 should be noted that traditional comnutlng 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 dcross 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

20  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

A )

just in time process) dre of course completely
portable and may also be shared between two or more
25 processes at the same time, even though the
processes are performing different jobs. Some
tools are designed for a particular application
and others are designed without any particular
application in mind. With the late binding process,
30 program components can also be binded during
execution. 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
35 particular code segment or segments required at any
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organi sation of Figure 1; Figure 3 shows the inte OIS H] en a
nunber of associ ated m croprocessors during. setti gTUH§%’I‘EE§"g‘%A E%E%r
system This Sheet Has Been Replaced  Figure-4 ghows PEE-
rel atfonship at a | ater stage during processing; Figure 5 shows a schematic
flow chart for process allocation. The follow ng descriptionis of a
conputing network having a plurality of processors, which may be arranged
either in the SEHF vicinity, perhaps on thessanme wafer or chip, or spread
out in a networ i nked. by hard w.ring,..optical fibres, |onger 10
di st ance tel ecomn?ﬁﬁecgﬁﬁmoé/n‘ 15%ed 46 y‘bae%y D%tLﬁé’r' )

Data in the syvstem is passed in the

form ©f messages between code components. A code
component which is capable of receiving and sending
messages is known as a process and consists of a
collection of tools and the binding logic for these
and the data being processed. The system is
illiustrated schematically in Figure 1 in which there
is shown a central kernal of program code. The
10 kernal is one 'block' and is the basic operating
system which is used by all the processors in the
network. Typically, it is of 8 to 16 kilobytes.
Schematically illustrated outside the kernal are a
plurality of tool objects 2, any collection which can
15 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 procesé which we
shall call P! comprises the kernal code 1 pius two
. tool objects M1 and M2. Each of these tool objects,
20 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 73 and tool
object M2 utilises 73 (again), T4, ™5 and T6. It is
thus seen from the figure that a relatively complex
25 process or program can be performed by using a
plurality of the relatively small segments, which are
brought together only when necessary. More than one
process can be performed'simultaneously by placing

N

each process upon a different processor. The actual

30 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 balancing and communications efficiency
is ensured. As a reéul%’of this, a number of

35 processes ‘that communicate can be automatically run
e
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means. The system described is sufficiently flexible _ 58
configurations and others besides, are appropriate. é*@%%ﬁéﬁ?ﬁasBEEN
alternatively include just one processor. The proceggor oFREPSACED
processors are arranged to perform operations, prografis and proc |
the control of an operating system The operating system enabl es prograns
to be witten for an inmagi nary processor, kngwn as a virtual processor,
which has its own 20 . predefined | anguag€. ® This virtual processor
enabl es any type ofin argyetllmiocessor to be used, or conbinations of
different types of processor m,siRge Lheupﬁ%%%%%h§098m%%hthenoﬁ$éc£§%yr
virtual processor is only translategvaf oad tine Into the natfve code of
25 each processorhe SpHflen &fecsnabine ifi FéguEgnZbe FRERST GPRRLID any
supported processorqatd hsutedrdi kiveat bR e@h s €¢00BREl abh@nprody®s cal
processors mhlgh eug%fgggéﬂﬂ e for the s%sten1|nclude t he | nnos

3

.
|

A process object acts as a harness to call

various tool objects. A process essentially
directs the logic flow c¢f an activity and directs
tool objects to act on data. Thus, a process object
is at the top ¢ the hierarchical structure shown in

10 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 C language is called by

15 a main body of code, the important distinction being
that in the present system each code segment, ie
tool, is completely independent. TPFinally, a
data object corresponds to a data file. A data file
may contain information about itself and about how it

20 can be processed. This information can comprise, for
example, 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

25 stream. The process can thus be used by third party
processes, ie net only by the author. A process that
is not publicly available will have a private input
and output structure andé thus is only free for use by
the author of a particular program, unless details of

30 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
éhould be noted that an application can run on two or
more pProcessors.

35 As described above, applications can be
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T800 Transputer, Mot orrol a 680X0, Intel 80386/80486, 30 . —EME3ACAG———""
Archi medes ARM and SUN SPARC. Other processors are of CownSe-H&HT Hal #EEN
The operatlng systemis adapted for parallel processing|lsuch RERUAGHER e t hain
one operation may be conducted sinultaneously, as oppos onvent i onal
conputing 35 systens whi ch nust pipeline data and operation so -4-
that only one operation can be perfornmed at any one tine. Milti-tasking
and nmulti-user capabilities are al so included?7 Jhe systemis data
flowdriven and 5 ssen i. Lve | ur of . codg,. ngs or
tools, which are bound‘ﬁnt% a co Fyge e§5§1fablék égfs%%ly gtggggg?%ne of
| oadi ng. Thus, each qQfn AsadE¥ate other, nild, rrocesses which can

themseives activate child \grandchild) processes, and

so orn. These processes are distributed through the
available network of vrocessors dynamically, and
without the application or the programmer znowing the
actual distribution. Communication between processes
is based on a parent-child hierarchy. There are no

‘1

"master" nodes or processors as such and any
arbitrary topology of any number of processors may be
used. Figure 5 shows one possible algorithm for
distributing processors between different prbcessors

o

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 particular to the kernel
process on that processor. This process handles
messages to and from the processor and acts as a
process control/message switcher. The kernel
20 of the first processor, designated "A" then
calculates the "power rating”" of the processor. The
power rating is essentially 2 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

f the processor divided by the number of processes

N

N
(9]

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 a2

N
o

particular process will be accompanied by the number
cZ bytes required by the process. Thus the power
rating may comprise détermining whether that number
o bytes are available within the processors local
35 memory. This memory may be an on-chip memory for a
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tpols_cap be very short and, in thenselves, alnost trI"-n their
sinplicify. For conparison, it 10 shoul d be noted Waiggﬁgtrﬁ‘?'

conmputing binds routines such as libraries, functions
the conpile stage in a process known as I|nk|ng The’
| arge, bul ky, conplete self-contained executable inage reqU|r|ﬁg 1
little nodification at load tine. The file is not portable across
processors and cannot easily adapt to changg&ng conponents such as systens

with small nenory capacities. Furth
cannot be reused PGPQSFHQF FH§P§;5rggggggsnﬁagégOggogggdDgaggs &HgéﬁgfsnaH

conponent s used |@htheopaéskmtnmavenbnom"smhuchsatéeohﬁynﬁﬂoﬁéh?V?B@ether

to forman operation ta jyst
cour se conpletelynﬁégﬁéﬁ%p§n %kﬁghggég be Sﬁgrgé@g%{&iéﬁé@agﬁgi1ﬁ%360;5
y

processes at the s byngelgm@@uﬂn@ggnstﬁganu topologica
= neighbouring and that phy51callj the processors may

pe a large distance apart) to calculate their own
power ratings. Each of the neighbouring processors
then sends a message back to the parent processor A

and

indicative of the respective power rating. The mail
10 guardian of A then compares all of the power ratings
and decides if its own power rating is greater than
"or equal to that of its neighbours. If so then the
mail guardian of A decides to accept the process
itself. I%t does this by instructing its own dynamic
15 binder and translator (see below) to instal the
child, then sends a message to the instructing
processor informing it of the unique mail box address
on the receiving processor. If the power rafing 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. I1f all power ratings are equal then

[AY]
(@]

processor A will accept the process. Alternatively,
a neighbouring may be selected arbitratily. IZ the

AV ]
W

process is allocated to another processor then
processor A sends a message to that processor saying
"take ¥ Bytes, process name, parent mail box no."
Having found z 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 sequence

ot
(@

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

becomes processor A and the cycle starts again from
the step of reaquesting the neighbours to calculate

vl
N
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processes_are performng different jobs. Sone tools are
particul ar application and others are designed without an
application in mnd. Wth the |ate binding process, 30
conponents can al so be binded during execution. Thus, |ar Yol el
having a (nomnally) large capacity can in fact run in a small nmEMTr ===/
capacity system and the application can choose to have avail able in nenory
only that 35 particul ar code segnent or segments required at any This
Sheet Has Been Repl aced one time, as is described below Data in_the
systemis passed i nthied rf GoNesf rabtrages Baiswedrha searednponedt $0ca2A code

conponent which is gaRRRlsecel hEREREVEING P mANHUYGent activity and
thus 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 balancing between the
‘network of processors and local communications

W

between tightly bound vrocesses. Furthermore, it is-
seen from the above that no master node is required
10 ~and in any network any one processor will usually
have no more than one process more than any neighbour
to perform at any time, if identical types.
Alternatively, in some .embodiments the user can, if
desired, select which processor or type of processor
15 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 upon memory capacity, for example.
5 The user can then specify that this process is to be
20 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
25 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

30 during the normal course of communication or, during
periods where no messages are being passed between
processors, a specific exchange of power rating
information only may occur, thus using unused
communication time most efficiently. ZXach processor
35 can then be provided with a look-up table, for
:\_\\\

.. This Sheet Ha

S - mE



5 nmessages i s known as a process and consists of a tion of tools
and the binding logic for these and the data being pr'CB$§Qﬂ-:Tﬁé
is illustrated schematically in Figure 1 in which thede S &hq@@ra
kernal of programcode. The 10 kernal is one 'Dbl oCK™=&s 74
operati-ng systemwhich is used by all the processors in the network.

Typically, it is of 8 to 16 kil obytes. Scherr& i-cal |y illustrated outside

the kernal are a pIurQEQSF ofwﬁpgﬂ égﬂghéLsﬁyyﬁscgklQgglgﬂm@@igeecan 15
forma process. A thi eve| of B% ram code i.S given tools . 3. A

typical process is sROMENBYUT hR8 ¥ ﬁ?f%l%?“fﬂ&ﬁr@wn ?ﬂ%gélﬁt%rﬁﬁﬁggs
whi ch we shall call Pﬁecpanersmﬁmiﬁuaﬂﬁﬁdﬁﬂatﬁ@demhyplﬂSrtmmammbé obpects ML

and M2. Each of these tool.ob ts y. f '
hundred bytes |ong, &&YS6f ?ég%%néngf é%f%ﬁg ﬁg? ﬁgeé Q# t?%l%”%ase
tool object ML Gtili sesbe@mmglo E@cand:rﬁ:inamr meekage passed between

processors. In this embodiment, when receiving a
request to perform a process, a processor can
immediately determine whether or not to take the
rrocess itself or to pass it to a neighbouring
10 processor, and will know which one. Having
determined to pvass on a request to a neighﬁouring
_ processor, the request is sent and the receiving
| processor then starts the decision process again
5 until such a time as a processor determines that it

. 15 is best adapted to perform the process itself.
A process can be in one of five distinct

states, these are

1. actively processing
20 2. waiting for input
3. withdrawing
4. inactive
5. aslieep.
25 States 1 and 2 reguire no comment. State 3 occurs

when a process nas received a command to withdraw.
In this state a process performs any activity which
is necessary to vpecome inactive. This can include,
€or example, processing urgent mail, sending withdraw
20 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 an application then it will often save its
exact current state as a message in a disk file.
35 State 4 represents a process that is effectively
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object M2 utilises T3 (again), T4, T5 and T6. It ist seen fromthe
figure that a relatively conplex 25 process or progf/am,ealr- or nmed
by using a plurality of the relatively small segments, whi cl :
t oget Her only when necessary. More than one process can~be h 0
si mul t aneously by placing each process upon a different processor==fhe
actual 30 pl acenent of processes occurs by an autonmatic nethod out | i ned
bel ow, which nmethod is transparent to the-uder - and indeed, to the system
as a whole. Thus, aqptj ad b@lan ng . -C icati, I Gi S
ensured. As a resu%?dTﬂE%ﬁﬁls “a nu G‘”‘%$g§5%g%%%3%ce %ﬂ% S%E%% Beeh

" communi cate can be @@ﬂbﬁ@@i@5pmyssunnTme@osweépumés“B@@@ Réplexdsd and. 6-

its memory space would be cleared fzr suosea_uen-v use.

in the system according to the rresent invention,

ad

however, the process is marked as inactive but is not

(S 1]

removed uniess and until its memory space is actua 113
required. Thus, 1f another process in the same local

.
v

crocessor references an inactive proess in state 4 i
can immediately go to state 2. State 5 is that state
10 of a process when it is in permanent store such as on
disk or other storage medium. When a process is
inactive in state 4 and its memory space is required
P for another process, then that process goes from
state 4 to state 5, ie is stored on disk and removed
15 from the local processors memory. When a process
which is in state 5 is reguired for a particular
local processor, that process is loaded from
permanent store. Mail may then be available for the
processor which mail is take from three sources
20 either from the process' state on disk, or from the
process' own header, ie information forming part of
the rrocess, or mail from the parent process which
cause the process to be loaded in the Ffirst place.
This may can cause the process to transition from

25 state 4 to state 2 and then to state 1.

The term "disk" is introduced above.
This is a device containing a ccllection of data
objects "files" stored cn a physical storage medium.

As aescribed, all process are automatically

30 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 ¢ the rrocess, any named resource, IOr
example a disk drive or a display, any inactive

35 process whose full storage address is known or any
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in parallel. The three fundanental conponent objects of the=system-are ===
shown in Figure 2. These conprise data objects, tool objects: {:tiool s)ySaatdEN q
process 5 objects. A process object acts as a harness|to cald i¢&Fious ﬁ
tool objects. A process essentially directs the logic flowof an actirvity -
and directs tool objects to act on data. Thus, a process object is at the
top of the hierarchical structure shown in-l¢ - Figure 2. A tool object
corresponds to a tradhkroppbcdsdcidwited Wridvn @aidbbxr adidress. | Tfcan only

be used by referenceg _and_r be activated by s i el s a

process object. Thigcgégéng%%?sﬁcf?ﬁﬁfI%EHﬂE%Oi%qaégg%qé%%uﬁgﬁgggsi%h%

| anguage is called Bgilsmay caums rthdynasftivederockssi fpobeaskeghiednesi on
bei ng that in the ppeggpi:sysi&fmLach Gnde S8998H vel 8 tbe@ld, uhsicorpketely

i ndependent . Flnangfga data object corresponds’to a data file. A data

file > target rrocess is awake.

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

Description
Message length in bytes
Message Type Mask - type of
message, eg code, debugging
, ‘ information, error data
? 32 Message data offset - points to
15 start of message 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
20 reply should be directed
64 Originator Mailbox
64 Destination Target Mailbox (DTM) -
1ist of process ID's
64 2nd DTM
25 .. (more DTM's)

i
o
[
d.
n

o
AN AN
o

N

(xxx’ message data

30
The message length is a byte count of the
entire iength of a message. _
If the Next Destination Pointer points to a
Destination Target Mailbox of "O" then no reply is
25 required or expected. The array of onward
—“R—
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may contain information about itself and about how it 20 —can. be.
processed. This information can conprise, for exanple, |nﬁ@ﬁ@§tlgn IgﬁcN
points-to the tool used to manipul ate the data structureijand |goslads
relatihg to this file. A process can. have a publicly efrn@dztﬁputzaﬁd:_

out put, such as an ASCII data 25 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 inputsand output structure and thus

is only free for use by the author of a artlcular program un|es detalls
of 30 t he i nput /ARAPRRTiTe MRdcd oFes ﬁﬁdem6§5?£€Py°89élF%Blémp e or
nmore processes may wnided:aifcul@ramed@Rldecaki @d wai gbrivaraedonplieee j ob

of work. 1t should he noted that an.appli.gation, can run on
processors. 35 1gtence “dé?érl bﬁ "aBOvaNCappFFeabt B %ﬁpkg% iﬁgﬁ;ns

Sheet Has Been Re laacexply 0 2 message should be forwarded to that
5 process. In a simple case of a message reaquiring no
reply the DTM.array.will contain three values, the
originator process mailbox, the target process
mailbox, then C. Attempting to send a message to the
target ID O causes the message to be routed to the
10 system mail'panager. A message requiring a reply to
the sender will have a DTM array consisting of four
values: originator mailbox, destination mailbox,
originaters mailbox, C.
_ A pipe line of processes handling a stream
15 of data will receive a DTM array which has (number of
processing pipe) + two elements, including the
originators mailbox, plus the final destination as
one of the processes in the pipe.

'Porked' pipe schemes are possible but

20 require that a process actively creates the fork,
with another process possible 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 those skilled in the art)

25 but can run in parallel and can be persistent in the
network.

Porked and jointed messaging is
automatically handled when programming using the
shell with simple input-output filter tools.

30 Once in the memory space of a destination
process the message structure has two further

elements added before the message length:

#bits Description

35 22 Forward link pointer
his Sheet Has Been RTlaced
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-7- nulti:tasked and/or parallel processed. Processes can-activate other,
child, processes which can thenselves activate child (gnhmggﬁifﬁ%:: :
processes, and so on. These processes are distributed throudﬁ%fﬁ@fayah,__,
network of processors dynam cally, and wi thout the application o dhe ”
programrer knowi ng the actual distribution. Comunication betweeffs==.___//
processes is based on a parent-child hierarchy.- There are no "master" ™~
nodes or processors as such apd any 1% . argi;ra y_toppl ogy of any nunber
of processors nmay be used. Figgre 5 shoREYan bb%%i%ﬁ%ﬁ%ﬁﬁorithn1for

di stributing processors betweédRd diffelMeasageotesgbnsinnbYtes net work. Wen a
parent process w shes to CO-pESCESS Message Type Mask

etc

N

The forward and backwaré link point to
other messages, if any, that make up the linked list
¢ messages for a process's incoming mailbox.

Mail is read by a processor in two stages,

10 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 be
redirected around a failed node or a kernel which is,
for some reason, incapable of receiving a message.

15 Messages may be allowed to be distributed
to more than one destination, by means of a mail
group distributor. Any process which knows that it
belongs to a group of processes can send a message to

" a mail group distributor declaring its group

20 membership. Alternatively, 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 to be used for that group. Mail

25 which is to be distributed to all members of the
group is sent to the group mailbox and copies are
sent to all member except the originator. A single
process may belong to more than one mail group, and
sub-groups may provided. Private messages can also

30 be sent between processes in a group without all
other processes being aware. :

" The following types of tool may be used;
permanent tools form the core of the operating
system. They are activated by the boot-up sequence

5 and cannot then be disabled. ZEvery processor always

T e S,
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15. with a child process the message is firstly passed tg=aF
processor, and in particular to the kernel process on that'bFﬁUéSgd%MSBEBNs

process handl es nessages to and fromthe processor and a ash
control / message switcher. The kernel 20 of the first processor,
designated "A" then cal cul ates the "power rating” of the processor. The
power rating is essentially a neasure of the eapaC|ty or space within that
processor to performthat particular process “The power ratlng may be
defined 25 as bei ng2$ he EHed Beclp@EIRROAETpEPOseBY¥RYIRREFNg of the

processor divided by the nunbe&yerdf-JiraeeeneS+bdnN8l AgeOAckth@bh tBROGRFSOr
multiplied by a function of the off Chl% conmmuni cati ons sQeed avail able to
F

it. Other methods ofYRIEMRIFESSOE Powener 8PPRgTRRGSSP-30-1¢ BEAFsE2Be
used. For |nstance,cﬂvmmssagﬁri@am&Lb@wmaaepartccmbae pr oeeas twivkl elde

accompani ed by {he ngrber, qf; BYLSS hegUbhEo Y oL NG REREGEReq . ThUS the pover

Library tools are used as required from a
‘named library of tools. Once activated, t
emain cached in the memory of any processor that has

ication that references them, until nemory

run an aprpl
10 constraints require their deactivation.

Application tools are either virztual or
non-virtual. Virtual ones are not necessarily active
when an application is running, but are activated as
required when a process attempts tc reference them.

15 When not running, the virtual tool remains cachead
unless the memory space is otherwise required. Thus,
automatic 'overlay' is available for tools in large
applications that cannot fit into available memory.
Non-virtual tools are loaded with an application
20 ané in active place before it executes. Thus, they
are always available, and in memory during execution.

Bach rrocessor, cr group of processors, in
the network includes a rermanent tool known as the
dynamic binder and translator "DBAT". DBAT is

25 written in the native code c? the processor, and thus
a specific version c¢Z DBAT is required for each
different supported processor. DBAT is capable of
cenverting the virtual trecessing code into the
native code cf the particular ccde of the rrocessor.

30 Fach DBAT uses a list cf tools, the list

is a permanent and external tool list (PETL) which

contains information apbout aill permanent and semi-
vermanent tools (this list is identical for every
node)'and all external tools sueh as libraries

which are currently referenced bty the node, or

-

A
n
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rating may conprise determ ning whether that nunber of bytes are. ==abl e
within the processors |local 35 menory. This nmenmory ﬁﬁXZE@{QRSQﬂEBh p
menory for a This Sheet Has Been Repl aced -8- prote§Soiiiehms a ||
transputer, or may be off-chip. The l'ocal kernel then instruets=tHe=Kerne
of every nei ghbouring processor in the network (renenbering that by
nei ghbouring is nmeant topol ogically neighbounigng and that physically the
processors may be a | arge distance apart) to calculate their own power
ratings. Each of th@Tfiighbour itRf Prescessard Stdd s8fdd Ve nBEsaBR bhtk to
the parent processoryeh igwlicatd wei Riplid)e faspeeh (RadpeVenaltahbdg. The mail
10 guardi an of A&nh%%cce%m%rgesa %lolmm%.fndt Q% %?c\é%lﬁtléaglg gsage the

object is read into the local memory area

of the process. By the term processor is also meant

N

more than one processor which is connected in a
network with one DBAT. A pass is made through
the object. In that pass, DBAT adds tools to the
PETL.
10 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
15 installed tool contains other tool references,
DBAT deals with these recursively in the same way.
DBAT continues until all external tools are
available. '
DBAT 'translates' the VP code of the
i 20 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 insider DBAT, with a
25 parameter pointing to the full pathname of the tool.
On complietion, DBAT hands contrcl to the process.

As each external tool is referenced by an
incoming trocess, It has its usage flag incremented
so that the tool has a value for the number of

30 processes currently using it. As each process de-
activates, the usage flag is decremented. When no
process is using a tool, the tool has a usage
value ¢? zero, and can be de-activated by removal
from the PETL. and its memory released. This will

35 only happen if memory space garbage collection

" This Sheet Has Been Replaced
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and decides if its own power rating is greater than or equal to that of its
nei ghbours. |If so then the mail guardian of A decides_to accept the
process itself. It does this by instructing its own dy éHTC~ e
and transl ator (see below) to instal the child, then send§ awﬁes$agertq Ihe
instructing processor informng it of the unique mail "box. add ,”” :
recei ving processor. |f the power rating of processor A is not greaterthan
or equal to that of 20 its nei ghbours theh7whi chever processor has the
great est power ratlrgbd&}gsh%§egwgg gﬁgp% E@Smp£808§éhe|{o@ié poggﬁlrailngs
are equal then processor A wil g rocess. Alterpatjvely

nei ghbouri ng may be RETRENRF &PBlPPﬁPFF?“t poifeadg 1npigried by%- %ﬁ$%cated

to another processoragg hmupmcessﬁralh seN€saa tﬁ@ééélgﬁ‘al@etmt premessor

sayi ng "take X Bytes aoces ar ent | box_no FQV|ng found a
processor to take t %ﬁ{ %h uhe cannot pe de-activate
_ s Virtual tools are called bty 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.
The virtual tool handler in DBAT checks
10 the PETL to see i the tool is already available.
If so the tool is used as for a2 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
15 on the tool reference. This is entirely '
transparent with the exception that memory
constraints may cause a fault if even garbage
collection fails to find enough memory for the
incoming tool. Virtual memory techiques can be used
20 to guarantee this memory.
Figures 3 and 4 show, schematically, a
system in operation. Th;ee processors (or processor
arrays) 4 are shown, schematically 'linked' to a
central 'virtual' processor VP. It is assumed that

each processor has a total memory, either on or off

[AV)
(%)

chip. At boot up, each processor takes in DBAT and
all the other permanent (P, ... F,) and semi
permanent tools (SP; ... SPm)- This state is
shown in Pigures Z. All prrocessors contain the same
20 group of permanent and semi permanent tools.
Pigure 4 shows a later state. One
processor has been instructed to perform a process

which uses library tools L1' L, 5z and L4

T+ therefore has read these in. In turn, this
35 processor may read in various virtual or other

Sheet Has Been Replaced .

- i



process, the process allocation dynamcs could stop 30 and the process
could be perforned. However, it is nore usual to repe

al |l ocati on sequence fromthe new processor, ie, in the“fl(ﬁ%#%ﬂn
Figure' 5, the new processor chosen, processor B, becones. proﬁéﬁ&ﬂr i
the cycle starts again from75 the step 9% requestlng t he neighbeurs to
cal cul ate their power ratings. Thus, the Search for a | ocal processor
havi ng the mini mun ¢@cdenesartdwited dodexhostgr earesticupati Pyoessperform a
process autonatlcalM%OQQstn;gbggéyyjhggtrgggnha ¢eRh ke pglnt which is the
originating master parent._This substantla uarant eesf oad’ bal anci ng

bet ween the net wor k Lof 28pRok@ssorhe aﬁ&aﬂoEQPcéﬁgﬁﬁnﬁéaPPan bet ween tightly

bound processes. Fubtrlkeeablf, ddricrming any process. Two or more
S processors may, of course, use the same library

u@@g
A~

function by reading 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,
0 several processes may be run simultaneously on'any
processor network as described above.
As well as handling the translation of VP
. . code to native processor code, DBAT may, in some
: embodiments, recognise .native processor coding.
Using native coding prévents 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 VP code or native code, and
20 mixed source objects may be used together. However
VP and native code cannot usually be mixed within a
single object. 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’
éompletely for 2 target system.

In order to help prevent unconstrained

-
\n

N
\n

copying of appiications, applications'may retain the

use of nature coded objects ability keeping the
30 original VP coding in house for the creation of
different products bpased on specific processors.
However, use of this feature prevents applications
“rom running on parallel systems with .mixed processor
types.

If an externally referenced tool is not

\N
N
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seen fromthe above that no master node is required#®===and.in _an

network any one processor wll usually have no nore’tTda pReTRIQCESS
t han any nei ghbour to performat any tinme, if identical U%@i%ﬂé%ﬁﬁ%h
Altermatively, in some enbodi ments the user can, if “désrred;
processor or type of processor 15 can performa process. For instance,
if the network contains two types of processof,”one of these types may be
better : ada]pt ed to pisvipJ:Tﬁwe Perd h CArh 8«{;%90@5@%'0@!%;%@_ E@&hh e §Ipomn deenorhye
capacity, for exanple. . The us an. t.hen speci that. this.pr, S.d.8. Jo be
20 perforned by &° pb??i%ulgéytpy‘b]eﬂbf“& 8‘0%%‘%%rqe€?3ti? sgaloérggg%e”nmt t

t he process, and theoel or eThhergrograanmieren hase e rnetgirenent to know

exactly where it is.ip,ihe. nelvorky, & NBssage: can Ay #libelndalsr or code

bet ween processors, “alTow ng hessages to 25 ~ be in the ornlof]runnable

code. In an alierna@i¥eCrrfodignmanentley substitute another. Too
10ss may occur by a missing or broken access

route/path or, for example, where a removable medium
such as a floppy disk is currently not accessible.
Ovjects can be moved on and off a network, tu:
10 may often involve the removal of a whole application,
21l its dependent processes etc.
The virtual processor described above is an
: imaginery processor used to construct portable
! . "executable" code. As. described above, the ocutput cf
15 VP compatible assemblers and compilers does not
require linking due to the extremely late tinding
system which uses DBAT.
An 'executable' in VP code is processed by
DBAT to its host target irocessor at load time before
20 control is passed to the code. The VP has a 16 by 32
bit register set with an assumed 32 bit linear
address space, but not limited to 16. Registers RO
tc R1S5 arecompletely general purpose. Registers such
as an IP, segment pointers, flags, etc are assumed,
25 that is, they are implemented as necessary oy the
target processor. VP code is designed to be
extremely simpie to '=ranslate' io a modern target
rrocessor, regardiess oI cperating vhilosophy. Other
an %2 bit ones can be handled

ct
oy

word sized processors
30 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 set being used as reuired 1o

implement the VP operaticn set on the memory

75 registers. This pseudo interpretation of VP
-
heet Has Been Replaced.
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processors may continually pass information relating to their "power
rating’! bétween each other. This nmay be passed mation in
nmessages passed 30 during the nornmal course df7t%ﬁﬁuﬁftahb during
peri ods where no nessages are being passed between prb@€$sqrs, a ‘specific
exchange of power rating information only nmay occur, t hus™esirg-uniised
comuni cation tinme. nost efficiently. Each pro&eéssor 35 can then be

provided with a lookcé'cplﬁ abbe, afeds 1ve19r@<¥3é@$€,mé/’f“m£|aV%i itghe %TD@EHS of
its i medi ate nelgh urln {oces sors_and it rnn% te status I

power rating infor g +%%°%%£ a8%r* %&aﬁ%ﬁ%acr?ﬁfiﬁﬂﬁﬁaj i Pﬁ@nyFﬁFgﬁ Sne or
a few bytes at the emernll. orPhmrpgsors ofi Haciaairedi mar fasss sagerpassedh
bet ween as the transputer) can actually show a performance

increase, particularly where the native

register set is very small, as in the transputer.

Task switching times 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

10 the position of an outgoing task's register set, and
memory read tc restore the register vosition of the
incoming task. The transputer architecture makes
evén this unnecessary. Some embodiments may have a
simple version of DBAT that does not convert VP

15 coding to native coding. These use VP macros that
are complied by a target processor macro assembler
into target executables. However certain construcss,
such as references to tools, objects, etc, are
retained for processing and fixup by DBAT. Industry

20 standard target macro assemblers are perfectly

suitable for this conversion.
The efficiency of code ultimately run on a

‘J

target processor is devendent on the two stages ol

compilation and assembly by the VP compiler and DBAT
25 respectively. The ability of a compiler to reduce

+the VP output to it's most efficient form is not

nampered, but obviously little or no peepnole

optimisation can take tiace. 2BAT performs peephole

optimisations on the final code produced rrimarily oy
30 removing redundant native register/ghost register
movements that can be produced by some seguences of
VP codes.

On transputers, ¥P ghost registers can

result in equal or petter performance than
traditional register use. Ghost registers are placed

A
Ul
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processors. In this enmbodi nent, when receiving a request to performa
process, a processor can |nned|ately determ. ne whether_or_not to take the
process itself or to pass it to a nei ghbouring 10 processﬁifw"
know whi ch one. Having determined to pass on a request to
processor, the request is sent and the receiving processor- Lheﬂ:'“
deci sion process again until such a tine as a processor determ nes that it
15 is best adapted to performthe proc€s§ i Cself. A process can be in
one of five dIStInCinséﬁaéﬁlyUhﬂﬁ%nam&ghsnuﬁﬁﬁg\Mﬁﬂfﬁﬁﬁlﬁﬁﬁyrnrdﬂhc1ng

2. wei ting for inpuf, hdgamnn inactive asl.een.. 2
States 1 and 2 reqU|re %%aé%ﬁﬁ% t -° ?f%xﬁﬁ? tantiing 25\ Ro 7B

processes can use on—chln memory ghost registers on

an Inmos T200 transputer. Purther processes reguire
5 space in off-chip memory.

The system described may inciude a
graphical user interface for operating using windows,
mice, and the iike. Windows can be displaced, with
respect t0 a display means, and operated on, or their

10 contents operated on, ty means of a mouse, keyboard,

or other input means.
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when a process _has received a command to withdraw. In this state a process
perforns an? activity which 73 necessary to become inactive . This can

i ncl ude, ﬂ' sing urgent nail, sending w thdraw O
nmessages to I! ﬁmm ’mﬁﬂﬂ processes, if any and g g_” LY ~pr;.¢951£{-;@9 L
a convenient state'irfwiich it can go inactive. |If g Dces £Q

top level of an application then it wll oft 88 save | _S... exacL CH{Eﬁﬂiaﬁfate
as a nessage in a dickafmge. 35 State 4 represents a process that is

effectively term afea Inléradltlonal Xstens this d nmean that the
process in menory wou1 d cease %t §33% SFOSRESTPE TENBTY ’s‘%ﬁ’\ﬂﬁjl%%é’r

cl eared for. subsequemresiatd rprdeessyssenaactordl hty taf tdod oreegments,
i nvent ion, however, 1pe REORESS $iTRIKEIa2F1LPACILY %P Y¥ndsed Yode
5 segments into an executable task to be performed by
one or more processors, the individual code segments
being bound into a complete executable task only at
the time of loading or executing the task.
2. A data processing system as claimed in
10 Claim 1 comprising a plurality of data processors
' interconnected as nodes in a network.
3. A data processing system as claimed in any
preceding claim wherein the code segments are
selected from a kernal.of process objects which are
15 adapted to direct the logic flow of a process and to
call other segments, and a group of tool objects
adapted to be called by a process object and being in
the form of a function call or subroutine, to act

=%

upon selected data.

20 4. A data processing system as claimed in any
preceding claim including two or more processors and
adapted for parallel processing such that any code
segment can be read into the local memory of, and
used by two or more processors substantially

25 simutaneously and wherein two or more executable
processes can be run in parallel.

5. A data processing system as claimed in any
preceding claim wherein the or each processor
includes a process control means, comprising; means

30  for receiving an execute command message, means for
‘reading the required message into local memory, means
for making a pass of the message in which a
list is made of the code segments regquired for that
executable task, means for making a pass through the

25 message in which the code segments are translated
_,_wf__ﬁaw~—~“‘”‘“’—
Been Replaced
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renoved unl ess_and until its nenory space is actually recuired. Thus, if
anot her process Tﬁ‘?ﬁ§‘§ane~+eea processor references an inactive proess
inﬁﬂe4¢tﬂmm oto state 2. State 5 is.that state 10

of a process m,mn @E’anent store such as on di sk‘dr‘"‘oﬁ'r”e“ﬁ:s#a:tage
medi um  \Wen & pfocéssn|5s tive in state 4 and it DS had '
requi red for another process, then that process goes f ‘“Po stafie
5, e is stored on disk and renoved 15 - BBomthe Iocal-processors

When a process mhl

processor, that procesrs 1S

| Sedde Al oS LRQUELSA,Lon aypartigul ar | ocal

om ermanent store

avail able for the @focesscw At ace @Eppe§§1@8k§Y§F6ﬂ1%$w%%ﬁ§%ﬁﬁdé% 20

either fromthe process's sial N tdeSkroebskiap &bﬁtmpmym header,
information formng part” of the process, or mail fromthe p %pt process .

whi ch cause the préot §d e Weé’édéfé FREEHSSPRREES ptack. Vi

20

25

il
O

il
\N

processing code common -to the system and to translate
the code into a code understandable by the local
processor. '

7. A data processing system as claimed in any
preceding claim wherein as each code segment is
referenced or deactivated by process, a usage flag is
respectively incremented or decremented to determine
the number of processes currently using that code
segment. _

8. A data processing system as claimed in
Claim 7 wherein if a usage flag indicates zero usage,
that segment is considered inactive and may be
removed from local memory.

g. A data processing system as claimed in
Claim 8 wherein at least one of the segments is
provided with means precluding the usage flag from
indicating zero usage.

10. A data processing system comprising a
plurality of data processors interconnected as nodes
in a network; the network being arranged to perform
processes in such a manner that; a first node, upon
receiving an instructicn to perform a process is

or 2 neighbouring node,

e
~

adapted to decice whether 1%,
is best adapted. a1t that time, to perform the
process, and to select on the basis of that decision
whether it, or a particular ne1ghbour1ng processor,
should perform the process.

11 A data rrocessing system as claimed in

Claim 10 wherein the first node sends a message to
each adjacent node indicative of the processing space

This Sheet Has Been Re ’i
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This may can cause the process to transition from 25

state 4 to state 2

and then-to state I The-termdisk" is |ntroduced apoue. This is a device

storage nedi um
mai | box faC|I|t|ee

containing a coI m!m data objects "files" storieg. .on o

Mﬂ'la process are automaticalliy 307as pgk
nd send nmail to any“sther. pro¢ass h

known nailing &ddress. This process could be, for exanple, a Chitewprgcess,
t he parent of the process, any naned resourgg Tfor exanple a disk drive or
u

a display, any inactive 35 process whose

storage address i s known

or any This Sheet HeguBged Re kaeedte theé2prooehes phecéssshavpdg khsan
mai | box address. Ifet¥tmining itself whether it has sufficient

remaining space, each adjacent node being arranged to
reply to the first node with information indicative

5 of whether the space is available,

wherein the first

node compares the replies with its own determination
and passes the process to the node having the most
space available, or takes the process itself.
12. A data processing system as claimed in

10 Claim 1 wherein the space available is determined by
the number_of processes currently running at a node.
13. A data processing system as claimed Claim

10 wherein the node with the higher

'power rating' is

selected, the power rating being the effective
15 operations'per second rating of the node divided by
the number of processes running at the node
multiplied by a function of the off chip
communication speed available to the node.
14. A data processing system as claimed in any
20 of Claims 10 to 13 wherein the network is further
arranged to repeat the process allocation, at least
once, from the node receiving the process, this node
accordingly becoming the first node in the process.
15. ‘A data pro&essing system as claimed in any
25 of Claims 10 to 14 wherein the data processors

forming the nodes are of different types.
16. A data processing system as claimed in any

of Claims 10 to 15 wherein at least one of the data

processors is a transputer.

30 17. A data processing system as clalmed in any
of Claims 10 to 16 wherein to pass the process to a
subsequent node the first node instructs the
receiving node with data indicative of the number of

bytes required, the name of the process, and the

z5 .address at which the process is currently stored.
This Sheet Has Been Repl
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active process—sends—al—to-an inactive process the mail may cause the

inactive'proc e executed as a child process or the nail may be
stored-until E' LIHHH s is awake. A nessage passed:between:two. ..
follomnng structure: #blts“@‘DEscrlehqm;LO

active proces

32 Message Iength in bytes 32 Nbssage Type: Nhsk*’rtypéUof h
nmessage, eg code, debugging infornation, egg data 32 Nbssage-éapa
offset - points to 15 start of message and therefore

allows for the farg.that thg ddbh(peecdesong sgsteh asfeketnédnigth 32
Next Dest nati on £PL0G el (NERein LoD h68e  REs2d ARGl it éds 2 20
A data processing system as claimed in any
of Claims 10 to 18 adapted such that if the first
5 node and all adjacent nodes all return the same

amount of space available, then one node is chosen
arbitrarily and the allocating process is then
repeated from this chosen node to pass the process to
a more suitable node. '

10 20. A data processing system as claimed in any
of Claims 10 to 19 wherein any message passed between
adjacent nodes contains information adapted to enable
a node to make the decision.

21. A data proceséing system as claimed in

15 Claim 20 wherein during at least part of each period
in which no message is passed between two adjacent
nodes, an exchange of information adapted to enable a
decision occurs.

22. A data processing system as claimed in any

20 of Claims 10 to 21, wherein each node includes means
for storing information from each neighbouring node,
and adapted to enable the node to make the decision.

23. A data processing system as claimed in
Claim 22 wherein the storing means is a look up
25 "table.
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ABSTRACT

A data processing system uses a plurality of individual code segments, forming unique
and autonomous tools which are bound into a complete executable process only at the time -
of loading or executing the process. This enables process code to be short and tﬁe required
tools to be brought into and out of local memory only when required. The system may have

~ an interconnected array of processor nodes and allocates processes in a parallel fashion
_between nodes automatically and transparently to the user ensuring that the most efficient use
is made of the processing power available. Tools are stored in a virtual code that enables

portability between different hardware architectures.
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20 menbership. Alternatively, a process can send a
qroup di stributor which defines all its nmenber process
the mail group distributor inforns all nenber processef
which is to be used for that group. Mail 25 whi ch i
to all nmenbers of the group is sent to the broup nallbox and copies are
sent to all nenber except the originator. A single process may belong to
nore than one mail group, and sub-groups may provided. Private nessages
can al so 30 be sent betmeen processes in a group mnthout al |l other
processes bei ng aRATA PROE /5 ) AND SYSTENEd; per manent
tools formthe core of the operatlng systen1 They are actlvated by the

boot -up seggence ?ﬁsmvﬁ%nqam%wéeﬁﬁg@maﬂ%apaﬁﬁﬁgsyﬁml way's
Thi s Sheet Has Beeed

therefor. In particular, the invention relates to operating systems for

computers and computer networks.
In order to function, a computer or computer system must comprise
hauhmne,sudhasoneornxnepmxxmmns,hqanqunxnanm,nmmmny
10 and various peripheral devices, and software in the form of both operating
programs to cause the hardware to perform in a certain manner and higher
level programs which instruct ﬂm:oﬁmmﬁng programs to perform
operations. Many operating systems have been designed in attempts to .
obtain the best possible performance from the various processors available.
15 Many of these operating 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 attempt to design an improved
computer and computer operating system, particularly, but not exclusively,
20 involving a plurality of processors. Aspects of the invention are applicable
to data processing systems involving only one processor.
In accordance with this invention, there is provided a data
_ processing system comprising a plurality of code segments- and a data
processor for handling the code segments, said data processor comprising
25 apnxxsﬁngnmwmsamdanmmmsfbrbhuﬁnga4ﬂumen;ﬂunﬂﬂycﬁihecode
sqgnmﬂshﬁoanexaﬁmddeuwku>bepqdbnnedbythepnnxsﬁngnumn&
the chosen code segments being bound into a complete executable task
only at the time of loading or executing the task, wherein the code
segments are written for a processor (hereinafter referred to as a "virtual
30 _  processor") having its own predefined language, the processing means of
the data processor being operable to understand and execute code in a



- 15 - has a copy of each permanent tool avail able. Semi=pe :
are activated for every processor by the boot process REP[AGEMEEFMETC oose

whi ch sem - permanent tools can be activated. 5 O1ice actdxahﬁgm
cannot be deactivated. Library tools are used as req-UiDamd

library of tools. Once activated, they rem@i n cachet i FEHe—TremoT y—or—any
processor that has run an application that references them unt|I rrem)ry 10
constraints requi langnage othesahan thet vignal prosessoncode langunge;and whenein the
virtual or non-virtual Virtu ones are not necessari,ly actlve whe&lean

application is ruﬂﬁt%ﬂr"%ﬁﬁm udes imeans fo githe fode S8
?Eﬁgm S C;ghregf er %ﬂ'ﬁfal%&ss&:’code I8 cB3E lz{n%ﬁ%@ﬂndéljgﬁ)oﬁ'ﬁf fﬁ%'pr&@é%kmg

means.

5 Whilst the operating system of the invention is designed to link a
plurality a data procéssors, and especially data processors of different types
and having their own different code languages, intq a common system

- sharing a common set of code segments, in this instance written in the
language of the virtual processor, and translatable 'by the translating means
10 into the code languages of the individual processing means, the invention
can be applied also to data processing systems having but a single
processor with its own code language, and enabling the system and that -
pfocessor to handle and execute instructions written in a different code.
In a preferred aspect of the invention, the data processing system
15 comprises a plurality of processors interconnected.as nodes in a network
and wherein the network is arranged to perform a process of process
allocation in which the processor at any given node in the network, upon
receiving instructions to perform a process, decides whether it, or a data
processor at one of the neighbouring nodes, is better able, at that time, to
20 perform the process, and in accordance with that decision either performs
the process itself or passes the instruction to perform the process to that
neighbouring processor.
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
25 processing space required to execute the process, the processor at the 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



unl ess the nmenory space is otherw se required. Thu
is available for tools in large applications that 5&%9(3;:;(45
menory. Non-virtual tools are | oaded with an appllcatl 0

active place before it executes. Thus, they are alﬂ@/(ays 42/3{0
menory during execution. Each processor, or &roup of" Processors,

net wor k |ncI udes a pernmanent tool known as the dynam c bi nder and‘“
transl ator "DBAT". owiBdStermintfion and ¢itheepassestthe pmqsv@ndod@hl@hew@f the

processor, and thus a_specific version of DBAT is r red f

di f ferent suppgrte&%@%@%@@%@&&h?@ﬁ@v@ﬂm&qrﬁg Wpﬁsﬁal
processing code intaqg.t Ve ¢ articular code of the
processor. afﬂ}gﬁ i‘é 83#’@@)3 the list is a pernanent

and external tooI |ISt (,,ﬁﬁ;é{.h% %l&cglé(;?ﬁé?sgﬁsmom@m Bstafysoiberatdting” is

per manent and sem - periman I's 1dentical” for every
5 selected, the power rating being the effective operations per second rating

of the processor at any given node divided by the number of processes
running at that processor and mﬁltiplied by a function of the off-chip
communication speed available to the processor in question. Other methods
and schemes of makmg the decision may be used.
10 Other aspects and features of the invention will be described with
reference to the accompanying drawings, in which:
Figure 1 shows schemaﬁcaily the program organisation
of a computer system;
Figure 2 shows the hierarchy of the organisation of Figure 1;
15 Figure 3 shows the inter-relationship between a number of
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 allocation.
20 The following description is of a computing network having
a plurality of processors, which may be arranged either in the same
vicinity, perthaps on the same wafer or chip, or spread out in a network
linked by hard wiring, optical fibres, longer distance telecawmmication
lines, or by any other means. The system described is sufficiently flexible
25 that any of these configurations and others besides, are appropriate. The
pi'ocessors 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 processor, known as a virtual
processor, which has its own predefined language. This virtual processor



node) and all external tools such as libraries 35 SEFLAGEMENTT BHEET flent | y
rTeferenced by the node, or This Sheet Has Been R:ed 16 - previjjously

referenced and still active, or inactive yet stil I_??@Vjﬂ-“@”ﬂbﬁ,mn.. gach
i ndi vi dual node. On receiving a command to execute a message the=obj ect is
read into the local nenory area 5 of the4process. By the term processor

Is al sO meant nore tflan one processor which is connected in a network with
one DBAT. A passchables fay: ipsugh tanget pepeassor to be nsed, pors sombmations cf

tools to the PETL,4~0 External tools are added to,the PETL in
the 1ol | ovi ng vy fFentfEpes af processpl Sty ik pidigah 85 WAHES £ the Virta
processor is only translated at load time into the native code of each

processor. Thus, executable files can be transferred to any supported

5 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. Other processors are of course suitable.. The operating system is
adapted for parallel processing such that more than one operation may be

10 cdnducted simultaneously, as opposed to conventional computing systems
which must pipeline data and'bperé,tion so that only one operation can be
performed at any one time. Multi-tasking and multi-user capabilities are
also included. : ,

The system is data ﬂow-dxiven and essentially involves a plurality

15 of code segments of 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 simplicity. For
comparison, it should be noted that traditional computing binds rbutines
such as libraries, functions, and so on just after the compile stage in a

20 .  process known as linking, The resulting file isa large, bulky, complete self-

- contained executable image requiring 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

25 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 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



PETL, it is accepted as available, or, if the tgo ' Ln the

-PETL it is read in, and linked into the |ist of |arePLatmespeleeT!f| this
newy 15 install ed tool contains other tool rfeferences, DBAT dejgls with
these recursively in the same way. DBAT conti nu sDaatﬂlé..NﬂV Jggsr.ngl tools
are avail able. DBAT 'translates' the VP codeSof nd new y

installed tools to the target processor, inserting and correctlng poi nt er

information to toodesigmesl fbe af particulde applitationambothershre idesigaed wvithout any
references are converted to a TRAP to the virtual tool handler insider

DBAT, with a 25 teppb@auqn rng mindhcThus, | lasge happlicaions hhavingl 2 On
'corrpletion, DBAT h s.c n

to proce each ernal tool is
referenced by an i g’ggsgap Ve lpté%gﬂbén Plsgb&it MSRORY [¢apgonty,
that the tool has s@s‘f&h%dftﬁé appficAtiH64n Bhoose to have available in memory only

5 that particular code segment or segments required at any one time, as is
described below. '

Data in the system is passed in the form of messages between code
components. A code component which is capable of receiving and sending
messages is known as a process and consists of a collection of tools and

10 the binding logic for these and the data be,ing processed. The system is
illustrated schematically in Figure 1 in which there is shown a central
kernel of program code. The kernel 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. Schematically illustrated outside the kernel are a plurality

15 of tool cbjects 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
Ikemel code 1 plus two tool objects M1 and M2. Each of these tool objects,
which may be of only a few hundred bytes long, can utilise one or more of
20 the tools 3. In this case, tool object M1 utilises tools T1,T2 and T3 and tool
" object M2 utilisés T3 (again), T4,T5 and T6. It is thus seen from the figure
that a relatively complex-probess or program can be performed by using a
plurality of the relatively small segments, which are brought together only
when necessary. More than one process can be performed simultaneously

25 by placing ea c_h 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 balancing and communication efficiency is ensured. As a

result of this, a number of processes that communicate can be
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normal parameters. Figure 2. These comprise data objects, tool objects (tools) and process

10

15

20

25

objects. A process object acts as a harness to call various tool objects. A

_ process essentially directs the logic flow of an activity and directs tool

objects to 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 C language is called by a main body of code,
the important 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, 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 bythirdparty_mses.'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 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 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 knowing the



i

The virtual tool handler in DBAT checks 10 t he PE L‘f&ﬁ&%@é\ﬁv%ﬁ(ol
‘is already available. If so the tool is used as for [p_hor ool .
If it is absent DBAT activates the tool (the same pr ascforany:
external tool activated during a process start up) and then passes 15 on
the tool reference. This is entirely transpdrent with the exception that
menory constraints may cause a fault if even garbage collection fails to

find enough ”Em)rYaémaldlbmwﬁomrﬂlﬁmmmdauoﬁ/bewmhptmwsesishasbdqnaspmem-be

=

used 20 to guarantee this menory. gures 3 and 4 show, schematically, a
systemin operati onhﬂdkiermhjor’ﬂms;wm @MM@?W&"?)”&“@@“@H@M
schematically 'Ii ngﬁg entr virtual ', processor VPR, ass

that 25 each pr ogy © @&V‘H’B'ﬂlberr f qcﬁgspr%mqyrb%pﬁeqﬂfgure t

boot up, each procegsor oﬁ@&%ﬂ&l@ a%m%r distributing processes between different

5 processors in the network.

When a parent process wishes to co-process with a child process the
messége is firstly pasSed to a first processor, and in particular to the kernel
process on that processor. This process handles messages to and from the
processor and act as a process control/message switcher. The kernel of the

10 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 processor divide by the number of processes running on that

15 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 accompanied by the number of bytes required by the process. Thus
the power rating may comprise determining whether that number of bytes

20 are available 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 kernel of every neighbouring processor
in the network (remembering that by néighbouring is meant topologically
neighbouring and that physically the processors may be a large distance

- 25 apart) to calculate their own power ratings. Each of the neighbouring
pfocessors then sends a message back to the parent processor A indicative
of the respective power rating, The kernel of A then compares all of the
power ratings and decides if its own power rating is greater than or equal
to that of its neighbours. If so then the kernel of A decides to accept the



all the other permanent ([err] ... [err]) and sem BFe—o00r5—%t
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group of permanent and sem permanent tools. Figurej4 sho m stlat e.
One processor has been instructed to performa proc %t%hy\ﬁkf b

a

_ ary
tools [err], [err], [err] and [err] It theregore hasTrtead these 1. 1n
L;rnis this 3|5 dprocessor may read in various virtual or other This Sheet
s Been Repl aced nroch8s QOIS [Pdoéslits By insBubtifg HsCown Riyranfit | bindé aebSs.
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processor is not, fassiatri(see belotrtoiingtabthe chilid; dt then serwds armessage to the
- 1instructing processor informing it of the unique mail box address of the
receiving processor. If the power rating of processor A is not greater than
5 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 processor A sends a message to that processor

saying “take X Bytes, process name, parent mail box no.”.

10
Having found a proceésor 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 sequence from the
new processof, ie, in the flow chart shown in Figure 5, the new processor
15 chosen, processor B, becomes processor A and the cycle 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 poiﬁt which is the originating master parent. This

20 substantially guarantees load 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 more

than any neighbour to perform at any one time, if identical types.

25 Alternatively, in some embodiments the user can , if desired, select which
ﬁowsmr 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 upon memory capacity,

for example. The user can then specify that this process is to be performed
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'of it into local nenory. Once a process has ended, thq PEGrar Y {-‘bBr‘g‘LFﬁ I n
cached in the respective |ocal nenories until needed gai n, ; qs%
garbage collection. O course, 10 sever al processé§Dﬁtﬁy be-run

si mul t aneously on any Drocessor network as -d®scri bed above. As well as
handling the translation of VP code to native processor code,” DBAT may, in
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5 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 during the normal
course of communication or, during periods when no other messages are
being passed between processors, a specific exchange of power rating

10 information only may oécur, thus using unused communication time most
efficiently. Each processor can then be provided with a look-up table, for
example, which gives the status 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

15 beginning of each ordinary message passed between processors. In this
embodiment, when receiving a request to perform a process, a processor
can 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

20 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
prdcess itself.

A process can be in the form of five different states, these are
1. actively processing
25 2. waiting for input
| 3. withdrawing
4. inactive
5. asleep.

States 1 and 2 require no comment. State 3 occurs when a process has
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5 which it can go inactive. If the process forms the top level of 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 memory would cease to exist
and its memory space would be cleared for subsequent use. In the system.
10 of the present invention, however, 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 immediétely go to state 2. State 5 is that state of a
process when it is in permanent store such as on disk or other storage
15 medium. When a process is inactive in state 4 and its memory space
required for another procéss, then. that process goes from state 4 to state 5,
je 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 procéssor, that
process is loaded from permanent store. Mail may then be available for the |
20 processor, which mail is taken from three sources: either from the process's
state on disk, or from the process's own header, ie information forming part
of the process, 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.
25 The term "disk” is introduced above. This is a device containing 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 to any other process having a known mailing
address. This process could be, for example, a child process, the parent of



tool. The user can then decide whether to tenporarily_tepace=tHe 1]

tool with anotner one or to permanently substitute ﬁiﬁdﬁ_ﬁUL’\,‘lEﬁﬂo‘-’PH#%{s | may
occur by a mssing or broken access route/path or, {or exanploa WQW ;
renmovabl e medi um such as a floppy disk is currently NS4te ACCESSI- B
can be noved on and off a network, but his 19 ma
renoval of a whol e application, aII I ts dependent processes etc. The
virtual processor ﬂmbbémmtmmdmsmﬂce feyexample pdiskedrive o display, any
construct portable "executable" code. As. descrjbed above, the outpyt of
15 VP conpati bl inastiventsosess avhoseofil Istoregel Addresst 1 KBOWRCOT jamYi AtheRue

to the extrenely | ate bind h u executable' 4n VP
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20 control is p?ssedmacuveeprsggg theTlﬁgxlwac%uQe Hoe Bactize process to be

5 executed as a child process or the mail may be stored until the target

process is awake.
A message passed between two active processes may take the
| following structure:
#bits Description
10 32 Message length in bytes

32 Message Type Mask - type of message
eg code, debugging, information, error data

32 'Message data offset - points to the start of
message data and therefore allows for the

15  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

64  Originator Mailbox

64 Destination Target Mailbox (DTM) - list

20 | of process ID's
| 64 2ndDTM
(more DTM’s)
(xxx) message data
25

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 onward destination



bit register set wth an assunmed 32 bit |inear address #pac'gw“ﬁ‘ﬂt‘“’%ﬁﬂfs'“:[

limted to 16. Registers ROto R15 areconpletely generm

Regi sters such as an | P, segnent pointers, flags, etc a

that is, they are inplenented as necessary by the target processor.
code is designed to be extremely sinple to 'k anslate’ to a nodern target
processor, regardl ess of operating philosophy. Qher word sized processors
than 32 bit ones canilbexésifarimessages doesamtumpythataqgmldarméssasgag@b% not

removed in the final tar et executabl |ster S ofte
i npl emented in menfaryag E@Vgll‘gp;;w F‘&“&iﬁs% EY set
bei ng used as rew
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message requiring no reply the DTM array will contain three values, the

5 originator process mailbox, the target mailbox, then 0. Attempting to send
a message to the target ID 0 causes the message to be routed to the system
mail 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.

10 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 oﬁginator's mailbox, plus the final destination as one of the
processes in the pipe.

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

15 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 those skilled in the art) but
can run in parallel and can be persistent in the network. '

20 Forked and jointed messaging is amtomatically 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:

#bits Description
25 32 Forward link pointer
| 32 Backward link pointer
32 Message length in bytes
32 Message Type Mask

etc
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5 for the message. This mechanism allows for a message to be redirected

around a failed node or a kernel 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
10 knows that it belongs to a group of processes can send a message to a mail
group distributor declaring its group membership. Alternatively, a process
can send a message to the mail group distributor which defines all its
member processes. Once iﬁforméd, the mail group distributor informs all
member processeé of the mailbox ID which is to be used for that group.
15 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 other processes being aware. o
20 The following types of tool may be used: pérmanent tools forming
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 permanent tool available.
" Semi-permanent tools are activated for every processor by the boot- -
25 up process. The user can choose 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.
Once activated, they remain cached in the memory of any processor that

~ has run an application that references them, until memory constraints



such as references to tools, objects, etc, are retgrea=for—processing and
fixup by DBAT. Industry 20 standard target nacr( BESSHHIEERT SHEET '
perfectly suitable for this conversion. The efficigncy of code ulti ely
run on a target processor is dependent on the two §tB@jeg-pf ; -amn and
assenbly by the VP conpiler. and DBAT 25 Léspect rve yff%’ of a
conpiler to reduce the VP output to it's nost efficient formis not

hanper ed, but obvi i thefrideactivation. peephol e opti m sation can take place.
DBAT perforns peephole optim sations on the final code produced prinarily
by 30 removi ng r edundgpplication teelsrargieither nvigtieal or neg-artual. a$ areat

can be produced by sonme sequences of VP codes. On transputers, VP ghqs

registers can r esulPt PRCRSH y aetiveoyhen aﬁé}ﬂpi‘m%és mg%gﬁ ar?raﬁgﬁ%fs’%nal

register use.  Chogh . a3t itfiiptOtc felence them. When not running, the virtual
5 - tool remains cached unless the memory space is otherwise required. Thus,

automatic 'overlay' is available for tools in 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. |

10 Each processor, or group of processors, in the network includes 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
diﬁ'erent supported processor. DBAT is capable of converting the virtual
processing code into the native code of the target processor. Each DBAT

15 - wuses a list of tools. The list is a permanent and external 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

20 receiving a command to 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. : _

25 External tools are added to the PETL in the following way; if the
tdol is already in the PETL, it is accepted as available, or, if the tool does
ot exist in the PETL it is read in, and linked into the list of available tools.
Tf this newly installed tool contains other tool references, DBAT deals with
these recursively in thé same way. DBAT continues until all the external
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for all processes running. Up to 48 processes can us G P—RERaEy—y ghost
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i nterface for- operating using w ndows, nicel5and thell P‘R"e-- ‘RRgVaas hhe
di splaced, with respect to a display neans, and operated or =

contents operated gpls hse silablepf a nouse, keyboard, or ot her i npu nmeans.
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
5 converted to a trap to the virtual tool handler inside DBAT, with a '
parameter pointing to the full pathname of the tool. On completion, DBAT

allows the process to execute.
As each external tool is feferenced by an incoming process, it has
its usage flag incremented so that the tool has a value for the number of
10 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 ohly-happen if memory space
garbage collection occurs, allowing the system to cache tools. Semi-
15 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. o
20 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 trailsparent with the exception that memory
25 constraints may cause a fault if even garbage collection fails to find enough
mémory for the mcommg tool. Virtual memory techniques can be used to
guarantee this memory. |
Figures 3 and 4 show, schematically, a system in operétion. Three
processors (or processor arrays) 4 are shown schematically 'linked' to a



CLAIMS 1. A data processing systemi ncl Udi ng o
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of chosen code 5 segnents into an executable task tip be p 0 (Bgﬁl ne
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conpl ete executable task only at the tinme ofel oadi ng et gt ne task.
2. . A data processing systemas clained in 10 Claiml conprising a
plurality of data pémetSimisl processor Ve dt Bchssumedd the each provessorihias a3otal
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adapted to direct th ic, fl f to. cal
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5 group of permanent and semi-permanent tools.

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

10 read in tools L 5, L 4, L ; and L. The final 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 tools remain cached in the respective local memories
until needed again, or until garbage collection. Of course, several processes

15 may be run simultaneously on any processor network as described above.

As well as handling the translation of VP code to native 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).

20 t should be noted that a process or tool may be coded either in 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'

25 source, but 'compiled' completely for a target 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 applications from



upon sel ected data. 20 4. A data processi nq; rsyﬁt‘\
‘any preceding claimincluding two or nore processors fand c@%’ﬂ
paral | el processing such that any code segnent can bf{& I n l
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si mut aneously and wherein two or nore executgple processes can
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cl ai m wherein the gintfifig bnijaeslbe s9steimsonithi asixed pravessor types r ol  neans,
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5 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 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.

10 The virtual processor described above is an imaginary processor
used to construct portable " executable" code. As described above, the
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

15 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 address space, but .
not limited to 16. Register Nos. 0 to 15 are completely general purpose.
Registefs , such as an IP (instruction pointer), segment pointers, flags etc.
are assumed, that is, they are implemented as necessary by the target

20 processor. VP code is designed to be extremely simple to 'translate’ to a
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

25 register set being used as required to implement the VP operation set on the
niemory registers. This pseudo interpretation of VP coding by a native
processor may have a slight speed disadvantage for some processors, but
many benefits overall. Processors with cached or fast memory ( such as the
transputer) ¢an actually show a performance increase, particularly where



'processing systemas clained in Claim5 wherein the REPbeGEM
nmeans is arranged to receive code segnents in a vifftual
common to the systemand to translate the code i ntj Pgte-ode e s Hr
by the | ocal processor. 7. A data prasessing systemas clained in
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23 - and processing neans for executing the task. § ﬁk

of an outgoing task's register set, and a memory read to restore the register

5 position of the incoming task. The transputer architecture makes even this

unnecessary. Some embodiments may have a simple version of DBAT that

does not convert VP coding to native coding. These use VP macros that are

compiled by a target processor macro assembler into .target executables.

However, certain constructs, such as references to tools, objects etc, are

10 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 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

15 VP output to it's most efficient form is not hampered, but obviously little
or no peephole optimisations can take place. 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. -

20 On transputers, VP ghost registers can result in equal or better
performance than traditional register use. Ghost registers are placed
in on-chip RAM on transputers, eﬁ‘ectively 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

25 oﬁ‘-c]np memory.

The system descnbed may include a graphical user interface for
operatlng using windows, mice and the like. Windows can be displaced,
with respect to a display means, and operated on, or their contents operated

on, by means of a mouse, keyboard, or other input means.



t hat segnent is considered inactive and may be renoved from | ocal nenory.

9. A data processing systemas clained in 20 Cl aim8 wherein at
| east one of the segnents is provided with nmeans precluding the usage flag
fromindicating zero usage. 10. A dat a proc@ssFag=—S) conprising a
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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 the
subject of two divisional applications, viz:Application No. 9523109.8 (GB-A-2293674)
directed to a multiprocessor system in which all the processors in the system share a
common set of code segments and in which the code segments are bound into an
executable task executable by an individual processor only at the time of loading that
task to that processor, and Application No. 9523209.6 (GB-A-2293675) directed to the
network load-sharing system described herein. '

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



each adjacent node indicative of the processing space
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sufficient remaining space, each adjacent node being arr g
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1. A data processing system comprising a plurality of code segments and a data

5  processor for handling the code segments, said data processor comprising a processing

means and a means for binding a chosen plurality of the code segments into an executable

task to be performed by the processing means, the chosen code segments being bound into

a complete executable task only at the time of loading or executing the task, wherein the code

segments are written for a processor (herein referred to as a “virtual processor”) having its

10  own predefined language, the processing means of the data processor is operable to

understand and execute code in a language other than the virtual processor code language;

and the data processor includes a means to translate the code segments from the virtual
processor code language to the code language understandable by the processing means.

5 2. A system as claimed in Claim 1, wherein the data processor has local mexhory for
storing the translated code segments; the binding means comprises a means for receiving a
message commanding execution of a task, a means for determining a code segment which is
required for execution of the commanded task and which is not stored in the local memory,

-and a means for retrieving any such determined code segment; and wherein the translating

20 means is operable to translate the retrieved code segment, the translated retrieved code
segment being stored in the local memory.

3.. A system as claimed in Claim 2, wherein the determining means employs a usage flag
for each translated code segment, the usage flag being incremented when that code segment

25  is referenced 'by a task and being decremented when that code segment is de-referenced by
a task, and the translated code segments each being inhibited from removal froin the local

memory when the respective usage flag does not indicate zero usage of that translated code
segment.

30 4. A system as claimed in any one of claims 1 to 3, wherein the plurality of code
segments includes a kernel of process objects, and a group of tool objects each of which can
be called by one or more of the process objects to act upon selected data.



sel ected, the power rating being the effective 15 oper ati ons per second
rating of the node divided by the nunber of processes running at the node
mul tiplied by a function of the off chip comunicati orrf—sgeeaﬁwaﬁtabd:e-——l:q
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data processing systentastclsaimed in any 25 of Clainms 10 to 14 wherein
the data processors formng the nodes are2bf different types. 16. A
data processing systemas clainmed in any of Clains 10 to 15 wherein at
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6. A system as claimed in Claim 5, wherein the data processors are of different types
5 and the respective processing means are operable to understand and execute different
languages; the virtual processor code language is common to the system; and wherein the
translating means of each data processor is operable to translate the code segments from the
common virtual processor code Ianghage to the code language of the respective processing

means.

10
7. A system as claimed in Claim 5 or 6, wherein the data processors are operabie to
parallel-process such that any of the code segments can be stored in local memory of, and
used by, a plurality of the data processors substantially simultaneously, and wherein two of
more tasks can be executed in parallel.

15

8. A system as claimed in any of Claims 1 to 7, wherein the data processors are
interconnected as nodes in a network.

9. A system as claimed in Claim 8, wherein the network is arranged to perform a

20  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 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.

10 A system as claimed in Claim 9, wherein the 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 neighboufing processors has

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

11. A system as claimed in Claim 10, wherein, if the first-mentioned processor and one
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‘i ndi cative of the nunber of bytes required, the nane of the process, and
the 35 address _at which the process is currently stored. -
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processor performs the process itself.

12. A system as claimed in Claim 10 or 11, wherein the rating of each processor is

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

13. A system as claimed in Claim 12, wherein the rating of each processor is determined
from the effective-operations-per-second rating of that prdcess’or divided by the number of

 processes running at that processor multiplied by a function of the off-chip communication

speed available to that processor.

14. A system as claimed in Claim 10 or 11, wherein the rating of each processor is
determined from the available amount of local memory of that processor.

15. A system as claimed in any of Claims 9 to 14, wherein the network is further
arranged to repeat the process of process allocation, at least once, from the processor

receiving the process in the first place, with the processor to which the task was then

allocated then becoming the "first" processor.

16. A system as clalmed in any of Claims 9 to 15, wherein, to allocate the prbcess 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.

17. A system as claimed in any of Claims 9 to 16, wherein information relating to the

ability of the processors at the nodes to perform processes is added to other messages passed
between those processors.

18. A system as'claimed in any of Claims 9 to 16, wherein information relating to the
ability of the processors at the nodes to perform processes is passed between pairs of

processors at adjacent nodes when no other information is being passed between those
processors. '
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of Cainms 10 to 19 wherein any nessage passed between adj acent nodes
'contains informati on adapted to enable a node to nmake the decision. 21.
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occurs. 22. A data processing sy8em as cl ai nedj|i

Clains 10 to 21, wherein each node includes neans forL,s[.g hiile
from each nei ghbouring node, and adapted to enable the node to t he

CRe 5o v e ATA PROCIBIREE RN G AT ¥ 22 el

B ACT

A data processing system uses a plurality of individual code segments, forming unique _
and autonomous tools which are bound into a complete executable process only at the time
of loading or executing the process. This enables process code to be short and the required
tools to be brought into and out of local mefnory only when required. The system may have
an interconnected array of processor nodes and allocates processes in a _parallel fashion
between nodes automatically and transparently to the user ensuring that the most efficient use
is made of the processing pdwer available. Tools are stored in a virtual code that enables’
portability between different hardware architectures.

Figure 4
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