
1                EP 0 272 835 B1                     2 Description
another processor. The problem is that the proce- dure must already exist
on the other processor before execution. A similar system is described in
the article by P. Jackson, "UNIX Variant Opens a Technical Field
5   Path to Managing Multiprocessor Systems", Elec- tronics, July 28, 1983.
In this article, a system is Our intention relates to computer operating
described whereby a program executing on one systems and more particularly
to initial execution of  processor can obtain access to an I/O device, such
a program on a multiprocessor system by an ex-     as a disk drive, by
causing a procedure to run on tended process that is active on a plurality
of  io  another processor which controls the disk drive. processors
simultaneously.                        When information is obtained from
the disk drive the other processor transfers this to the requesting Problem
processor. This article does not describe the gen- eral capability of
automatically causing a program The use of operating systems to control the
is  to be retrieved from a disk and executed on the execution of programs
on a single computer or      remote system without the program having been
processor and the utilization of system resources  previously designated as
existing on that system. such as I/O devices and memory by those pro-
Another method of executing programs in a grams while executing is well
known in the art. One  second processor from a first processor is detailed
which operating system is the UNIX operating sys-  20  in the "Remote
Procedure Call Protocol Specifica- tem which is described in the article by
K. Thomp-  tion" Manual, Part No. 800-1177-01, Sun Micro- son, "UNIX
Implementation" the Bell System Tech-   systems, Inc., 2250 Garcia Avenue,
Mountain View, nical Journal, July-August, 1978, Volume 57, Num-
California, 94043. This manual gives details on the ber 6. The UNIX
operating system described in this  remote procedure call as implemented by
Sun article is designed to control the resources of a   25   Microsystems,
which is an addition to the UNIX single processor. The execution of a new
program   operating system. The remote procedure call al- is described on
page 1933 of this article which   lows procedures to be executed on a
second pro- describes the standard "fork" and "exec" system    cessor from
a first processor. calls. The procedure is to execute the fork system
The problem that exists in the prior art is that call which replicates the
executing process into a   30  there is not a general way to cause the
execution child and parent process. These processes share    of a new
program in a multiprocessor system so the same program, but have different
data storage.  that the system call executing that program is free The
child then executes the exec system call. The  of considerations dealing
with the loading of the execution of the exec system call results in a new
various processors within the multiprocessor sys- program being executed.
Further information on the   35  tem, the physical location of the program
whether it Unix operating system is given in the book of M. J.  be in
memory or in a file system, and the setting Bach entitled The Design Of The
Unix Operating     up of the necessary signaling paths if the execution
System, Prentice-Hall, 1 986, Englewood Cliffs, New  of the program
requires the system call performing [err] Other known operating systems
have simi-   this function to span a number of processors within lar system
calls.                                40  the multiprocessor system.
Whereas the exec system  call of the UNIX          Algorithms for doing
dynamic load balancing operating system  described in the article by
among a number of processors and performance Thompson is an extremely
effective mechanism for   results are described in the section entitled "A
causing the execution of a new program, it is not  Distributed
Load-balancing Policy for a Multicom- capable of operating in a
multiprocessor environ-  45  puter" of the book Software Practice and
Exper- ment where the exec system call executes on one    ience, Vol.
15(9), 901-913 (September 1985). processor but causes the new program to
com-       These algorithms use the migration of processes mence running on
yet a second and unspecified      from one processor to another processor
under processor. Operating systems for causing the ex-   certain load
conditions. The mechanism used to ecution of specialized procedures or
subroutines   50  perform the migration is not described. on other
processors in a multiprocessor environ- ment are known. However, these
systems require     Solution that the procedure or program already exist on
the other processor. One such system is described in      This invention is
directed to solving these and U.S. Patent 4,530,051, of J. W. Johnson et
al. This  55  other problems and disadvantages of the prior art. patent
describes a multiprocessor system whereby   According to the invention, a
multiprocessor sys- one processor can cause the execution of a proce-  tem
is automatically responsive to a request for dure, or as it is often called
a subroutine, on    executing a new program thus establishing an ex- 2    
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that spans a plurality of processors  sets of processor assignments
parameters from the each having resources required for the execution of
third packet and designating the executing proces- the new program.
Initially, the extended process     sor for the processor assignment in
response to comprises a primary process that is requesting the   the sets
of processor assignment parameters. execution of the new program.
Advantageously,   5       In addition, the process information associated
auxiliary processes are created as part of the ex-   with the first primary
process allows the first pri- tended process as required to gain access to
the     mary process to function as the primary process of object code file
of the new program, to allocate a   the extended process and the
transferring step processor to execute the new program, and to
comprises the steps of reading the process in- initialize the allocated
processor for execution of  io  formation by the initiating processor,
forming the the new program.                                     process
information into a fifth packet by the initiat- Advantageously, a method
for starting the ex-    ing process, and transmitting the fifth packet from
ecution of a new program in a multiprocessor sys-   the initiating
processor to the executing processor. tern comprises the steps of:
determining a proces-      Advantageously, the transforming step com- sor
associated with the object code file of the new   15  prises the steps of
reading the process information program, creating a first auxiliary process
on the   from the fifth packet and storing the process in- determined file
processor upon the file processor   formation into the second auxiliary
process and having been determined to be different than the      converting
the second auxiliary process into the initiating processor, allocating
another processor for  first primary process. Also the step of converting
executing the object code file of the new program,   20   changes the
original first primary process into a creating a second auxiliary process
on the allo-    third auxiliary process. In addition, the step of cated
executing processor upon the executing pro-  . convertin further comprises
the step of sending a cessor being different than the initiating processor
sixth and seventh packet to the first and third or file processor,
transferring process information  auxiliary processes, respectively, to
inform the lat- from  the first primary process on the initiating   25  ter
processes that the second auxiliary process has process to the second
auxiliary process, transform-  become the primary process and that the
former ing the second auxiliary process into the primary    primary process
is now the third auxiliary process. process, and executing the object code
file by the      These and other advantages and features of primary process
in conjunction with the first auxil-  the present invention will become
apparent from iary process.                                   30  the
following description of an illustrative embodi- Advantageously, the
allocating step comprises    ment of the invention taken together with the
draw- the steps of communicating a first packet from the   ing. initiating
processor to the file processor to request that the first auxiliary process
read a portion of the  Brief Description of the Drawing object code file,
reading the requested portion of  35 the object code file by the first
auxiliary process,    FIG. 1 illustrates, in block diagram form, a mul- and
communicating a second packet containing the       tiprocessor system for
utilizing the present in- read portion to the initiating processor from the
file  vention; processor.                                             FIG.
2 illustrates, in flowchart form, the functions In addition, the system has
a designated host  40   performed during the execution of an exec sys-
processor which executes a process manager func-       tern call by the
multiprocessor system of FIG. 1; tion that performs processor assignment
and the         FIG. 3 illustrates, in block diagram form, the allocating
step further comprises the steps of: com-  interconnection of an extended
process for a municating a third packet to the host process or to    subset
of the processors of FIG. 1; request that the processor assignment be made
for  45  FIG. 4 illustrates, in greater detail, the software the new
program, assigning the executing proces-       interconnection of FIG. 3;
sor to execute the new program by the host pro-        FIG. 5 illustrates,
in block diagram form, the file cessor running the process manager
function, and       control structure for an extended process ex-
communicating the assignment information via a         ecuting on the
processors of FIG. 1; and fourth packet to the initiating processor.
50      FIG. 6 illustrates, in block diagram form, the file Also, a portion
of the object code file contains    control structure for accessing a.out
files for an a first set of processor assignment parameters and
extended process executing on the processors the initiating processor has a
second set of proces-   of FIG. 1. sor assignment parameters stored in a
subset of the second auxiliary process information and the   55   Detailed
Description third packet contains the first and second sets of processor
assignment parameters and the assign-         FIG. 1 shows a multiprocessor
system having a ing step further comprises the steps of reading the
plurality of computers 101 through 106 intercon- 3    
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of the computers illus-    gram is in the file system of computer 103 and
is trated in FIG. 1 have particular functions. For exam-  accessed by a.out
process 110. Computers 105 ple, computer 101 is considered to be the host
and 106 also have resources that will be utilized by computer, and
computers 105 through 106 may be     newuser process 111. designated as
computational servers of file servers.   5  In the previously referenced
article by Thomp- Each computer operates under control of an op-     son,
it was noted that a process is a software unit erating system kernel which
illustratively is a ver-  which requires text, data and bss areas of memory
sion of the UNIX operating system described in the  and which is identified
to the operating system by article by Thompson. Whereas the operating sys-
a process control block. In the operating system tern kernel described in
Thompson is restricted to  10  described by Thompson, the process control
block only a single computer, the kernels of FIG. 1 allow  is contained in
one area of memory since that a process to be extended over a number of
com-    operating system is executed on a uniprocessor puters. This
extended process is a collection of   system. In the system illustrated in
FIG. 1, the individual special processes running on separate    process
control block is distributed among all the computers and is described in
greater detail later  15  computers which are associated with the extended
in this section. These special processes are also  process. The extended
process comprises pro- - referred to as primary or user and auxiliary or
stub  cesses 112, 110, 111 and possibly processes lo- processes. Each
kernel associated with the ex-     cated in computer 105 and 106 after the
exec tended process maintains a distinct process neces-  system call is
finished. The extended process con- ary to allow the extended process to
function on   20  sists of a user process and a number of stub the computer
controlled by the associated kernel.  processes. The user process has text,
data and Each computer has associated memory and I/O        bss areas of
memory in addition to the process devices; however, certain computers may
be inter-  control block. A stub process contains only a por- connected to
special I/O devices such as tele-     tion of the process control block
relating to operat- communication data interfaces or mass storage de-  25
ing system functions pertaining to that particular vices.
computer's operations with respect to the extended The initiation of a new
program in the system   process as required at any point in time.
illustrated in FIG. 1 results in that program being   Upon olduser process
109 executing the exec automatically assigned to an unspecified computer
system call, the kernel of computer 102 transmits a that has processing
capacity to spare or which has  30  packet to computer 103 to obtain the
header por- special I/O resources required by the program. The  tion of the
a.out file via a.out process 110 so as to unspecified computer may be the
same computer      determine the type of resources required to ex-
executing the request or a different computer. The  ecute this program. The
kernel of computer 102 execution of the program can be distributed over a
then transmits a packet to the kernel of computer number of computers
utilizing one computer which  35  101 requesting allocation of resources
for the ex- has processing capacity and yet using one or more  ecution of
newuser process 111. In response to this computers which have the necesary
files or special  request, the kernel of computer 102 executes pro- I/O
capabilities. When program execution is distrib-  cess manager function 108
In our present example, [err], an extended process is created. The opera-
the kernel of computer 102 transmits back a mes- tion of initiating the
execution of a program so as to  40  sage designating that computer 104 is
to execute allow the execution of the program to be performed  newuser
process 111 after executing process man- among a plurality of computers and
yet making this  ager function 108. Further information concerning
operation transparent to the application program-  the operations of
process manager function 108 is mer is the subject of this invention.
illustrated in the copending application of Bishop et The allocation of
resources and dynamic load   45  al., Case 7-3-4-4. The kernel of computer
102 then balancing is performed by process manager (PM)     transmits
process control information to the kernel function 108 being executed by
computer 101        of computer 104 so that the latter kernel can setup
which is designated as the host computer of the    newuser process 111 and
stub processes in com- system of FIG. 1. The initiation of the execution of
puters 102, 105, and 106 for the future execution of a new program is
performed by the exec system   50  the extended process. call that is
modified by this invention so as to allow  Once this initialization has
been performed, the the operation on a multiprocessor system. Consider
kernel of computer 102 passes the execution of the the following example
which illustrates the execu-  exec system call to the kernel of computer
104. tion of the exec system call. Olduser process 109,  The latter kernel
obtains the a.out file from com- on computer 102, executes the exec system
call.  55  puter 103. The kernel of computer 104 also trans- The end result
is that the new program is even-    mits messages to the kernels of the
other comput- tually executed by newuser process 111 on com-    ers
informing them that the user process which puter 104. Initially, the file
containing the new pro-  was initially olduser process 109 has migrated to
4    



7                 EP 0 272 835 B1                    8 computer 104 and is
now newuser process 111.       responsive to this packet to validate an
explicit Olduser process 109 new becomes a stub process.    assignment if
one existed in the a.out or exec The kernels of the other computers will
now direct  system call information or to perform a dynamic any signals for
olduser process 109 to newuser     load balancing for the multiprocessor
system illus- process 111. Further, the kernel of computer 104   5   trated
in FIG. 1 in order to make a processor transmits a message to the kernel of
computer 102  assignment for newuser process 111. In the to recover all
signals transmitted to olduser pro-  present example, newuser process 111
is assigned cess 109 that arrived at computer 102 before the  to computer
104. other computers were informed that the extended       Next, the kernel
of computer 102 executes process had migrated to computer 104. Once  10
block 210. The execution of block 210 results in newuser process 111 has
been set up and begins     the arguments of the exec system call being
read. to execute, it can utilize the resources of the other  The kernel of
computer 102 is responsive to these computers as required via stub
processes that      arguments and any environment variables from the were
created in these computers. If, during the    olduser process 109's address
space to transfer execution of the program, it is necessary to access  15
this information into a system work area formatting a computer that was not
initally designated as     this information into an initial stack for
newuser being part of the extended process, then the op-   process 111.
Block 212 is next executed which erating system of computer 104 requests
the cre-   releases the resources of olduser process 109 ation of a stub
process on that computer necessary  back to the operating system of
computer 102. In to continue execution of the program.         20
particular, the address space of olduser process FIG. 2 illustrates in
greater detail the execution  109 is released. of the exec system call and
creation of the ex-       The actions just performed represent a pre-
tended process for the present example. Upon       execution stage of the
exec system call. If the execution of the exec system call by olduser pro-
newuser process is present on a different computer cess 109, decision block
202 is performed. The   25  than the olduser process, then blocks 220
through exec system call may specify parameters for in-    238 are executed
before blocks 240 through 250. fluencing the processor assignment. Decision
block  In the present exemple, the kernel of computer 102 202 determines
whether or not the file containing  executes blocks 220 through 228, and
the kernel of the a.out file is local to computer 102 or is on a  computer
104 executes blocks 230 through 238. remote computer. Since the file is on
computer 103   30   However, if the olduser and the newuser processes in
the present example, it is remote; and if a stub  are on the same computer,
then the blocks 240 process does not already exist on computer 103
through 250 illustrated in FIG. 2 are executed at for the present extended
process, a packet is sent  this point in time. Decision block 214
determines to create a stub process on computer 103. In       whether or
not the newuser and olduser processes response to the packet, the kernel of
computer 103   35  are on different computers. In the present example,
creates a out process 110 that allows access to the  olduser process 109 is
on computer 102 and a.out file. a.out process 110 then becomes part of
newuser process 111 is on computer 104. If a stub the extended process.
Block 206 accesses the       process does not already exist on computer
104, [err] file located on computer 103 via a.out pro-  the kernel of
computer 102 executes block 220 cess 110. The header information is read
from the   40  which results in a packet being transmitted over to a.out
file and is stored in the process control block  the kernel of computer
104. This packet requests of a.out process 110. The kernel of computer 103
that a stub process be created which will become then transmits a subset of
the header to computer  newuser process 111 on computer 104. The kernel
102's kernel which stores the subset in the process  is responsive to this
request to create a skeleton control block of olduser process 109 in
computer  45  stub process by performing a kernel fork function 102. The
information obtained from the a.out file at  on a prototype stub process.
Each kernel of FIG. 1 this point specifies the size of the a.out file and
maintains a copy of the prototype stub process for may specify parameters
for influencing the proces-  the purpose of creating stub processes. The
kernel sor assignment decision. After obtaining the in-   of computer 102
then executes block 222. The formation from the a.out file, the kernel of
computer  50  latter block results in the transmission of a migra- 102
transmits a packet to the kernel of computer   tion packet from computer
102 to computer 104. 101 requesting that the kernel execute process     The
packet contains the initial process control in- manager function 108 to
select a computer upon     formation for newuser process 111. That informa-
which newuser process 111 is to assigned at block  tion was formatted in
block 210. The migration 208. This packet contains the information obtained
55  packet contains the information necessary to trans- from the a.out file
in block 206 and any parameters  form the stub for newuser process 111 on
com- regarding processor assignment in the exec sys-    puter 104 into a
viable user process of an extended tem call. PM  process manager function
108 is     process. Viability is defined here to mean that the    9
EP0272835B1                        10 



newuser process has all the information necessary   block 228 which
transmits these signals to block to exit or terminate gracefully if
required. A graceful  238. exit is one where all parts of the extended
process    The kernel of computer 104 now executes the can be removed from
all the computers of FIG. 1 if  blocks 240 through 250 in FIG. 2. These
latter it is necessary to terminate the extended process.    5   blocks are
executed in the same manner regard- The principal information contained in
the mi-  less of whether or not the olduser process and the gration packet
is the reconnection data for the stub  newuser process are on the same
computer. First, processes and information defining open files of    the
kernel accesses the a.out file located on com- the extended process. This
data is used to reattach  puter 103 via a.out process 110 to obtain the
a.out the stub processes and files that had been at-  10  header by
execution of block 240. Utilizing the tached to olduser process 109 to
newuser process    header information, the kernel of computer 104 111. The
reattachment is performed by rearranging   builds the newuser process 111's
address space, the virtual channels and discussed with respect to
including space for text, data, and bss, by loading FIG. 3. Certain crucial
data from the process con-  the various sections from the a.out file into
com- trol block defining process group ID, parent pro-  is  puter 104 from
computer 103 by execution of block cess ID, flagword, user ID, group ID,
current direc-  242. tory, private root directory, new argument pointer,
After performing this function, the kernel then and various timekeeping
fields are also commu-      executes block 244 so as to close any files
which nicated via the migration packet. The kernel of     were associated
with olduser process 109 but will omputer 104 is responsive to the
migration packet  20  not be associated with newuser process 111. rom
olduser process 109 to install the data con-      The files that are to be
closed are determined tained in this packet in the newuser process 111's
by the application programmer. The programmer control block and to issue
reconnect messages to    marks the files to be closed in a standard UNIX
all of the stub processes in the other computers.   manner using the fcntl
system call prior to execu- After block 232 and 234 have been performed,
the   25  tion of the exec system call. This information is newuser process
111 is considered viable.          stored in the process control block of
old user The reconnect messages transmitted by block     process 109 and is
later transferred to newuser 234 to the other computers cause the kernels
of     process 111. After closing all of the marked files, these other
computers to transform those comput-   the kernel of computer 104 executes
block 246 so ers' portion of the process control block of the   30  as to
reinitialize the array of signal-handler fields extended process to new
point to newuser process    which contain an entry defining the action to
be 111 in computer 104 rather than olduser process    taken upon receipt of
a signal. Each entry can 109 in computer 102. The significance of this re-
specify one of the following: default value, ignore connection is that any
signals generated for the    value, and a pointer identifying a function
that extended process by stub processes of other com-  35  services that
particular signal. The signals were puters are now transmitted to newuser
process 111  transmitted from computer 102 to computer 104 in rather than
to olduser process 109.                 block 228 and combined with signal
entry 423 in The operating system of computer 102 now        block 238. The
block 246 sets all entries in the [err] block 224 which results in the
transfer of  signal array pointing to functions to the default the exec
arguments and other information to  40  value but any entry that contains
an ignore value is newuser process 111 via the kernel of computer      not
modified. When a signal is received for a 104 by a series of packets from
the kernel of       process, the kernel accesses the process control
computer 102. The newuser process 111 is then       block for that process
and stores the signal in the built up by installing these packets into the
sig entry, such as entry 423 as illustrated in FIG. 4. newuser process 111
address space on computer  45   When a signal is handled by the kernel, the
signal 104 by the kernel of computer 104. This transforms  number is used
as an index to access the signal the newuser process 111 into a more
complete        array. If the default value is accessed, the process user
process of the extended process.               will normally terminate. If
the accessed entry con- The kernel of computer 104 then executes
tains the ignore value, no action is taken. If the block 236 that sends a
message to computer 102   so  accessed entry contains a pointer, then the
func- causing the execution of block 226 which results in  tion identified
by the pointer is executed. When the olduser process 109 being turned into
a stub pro-   application runs, the signal system call will be used cess.
The kernel of computer 104 then transmits a   to configure the array to the
requirements of that request at block 238 to the kernel of computer 102
program. Further information on the handling of for all signals destined
for the user process of the   55  signals can be found in the
aforementioned book of extended process that may be stored for olduser
Bach. Next, the kernel of computer 104 executes stub process 109 in
computer 102. Computer 102's    block 248 which reinitializes any memory
manage- kernel responds to this message by executing        ment
information required for newuser process 6    11                EP 0272835
B1                       12 



ill's new address space and completes all other        Consider now in
detail the entries of proc ta- housekeeping chores. Finally, control is
turned over  bles 307 and 309. The entries illustrated for tables to
newuser process 111 so that the program can      307 and 309 are only a
portion of the entries that now execute at block 250.
would exist in these tables. The nice entry 401 or FIG. 3 illustrates in
greater detail a portion of   5   421 defines the scheduling priorities of
a process. the extended process resulting from the execution   Nice entry
401 is fixed on a system-wide basis by of the exec system call. New process
111 is the    the system administrator which is true for all stub user
process of the extended process and pro-       processes. Since nice entry
421 is for a user cesses 112 and 110 are stub processes of the
process, it is adjustable by the user executing a extended process. All
processes of the extended   10  specific system call allowing the level of
priority to process share a common pid number. Virtual chan-    be reduced
or by actions taken by the system nels are established between the user
process of    administrator or superuser which can increase or the extended
process and the stub processes at      decrease the level of priority.
Entries 402 and 422, the time the stub processes are established. Those
pid, define the process identification number which channels are utilized
for the communication of  15  is the same for both entries. The pid number
is packets between the user process and the stub      given on an extended
process basis so that the processes. Stub processes of the extended pro-
user process and all stub processes of the ex- cess do not directly
communicate with each other.   tended process have the same pid number. In
addition, all communication from  other pro-        The sig entries 403 and
423 coupled with the cesses within the system illustrated in FIG. 1 are  20
status entries 406 and 426 are used to handle directed to the user process
of the extended pro-   signals between processes. In addition, the status
cess. Each of the computers illustrated in FIG. 1   word of the proc tables
also contains conventional maintains a proc pointer table such as 301
through  UNIX system type information. On a stub, the sig- 303 of FIG. 3.
The pid number is utilized by the    nals flags contained in the status
word indicate kernel to point into a proc pointer table such as   25
whether or not a signal has been received from the tables 301 through 303
to obtain the pointer such   user process which in the present example is
as 304 through 306 to find the designated process.  newuser process 111.
Host process 112 is respon- For example, the pid number in computer 104 is
sive to the receipt of a signal that is stored in entry used to access
entry 306 from proc pointer table    403 to perform different operations
depending on 303 that points to proc table 309 via path 312.  30  whether
the present operation is interruptible or Similarly, the pid number
utilizes to access entry  not. In newuser processor 111, the signal flags
in 304 of proc pointer table 301 to obtain path 310 to  status entry 426
are used to indicate whether a proc table 307.
signal has been transmitted to host process 112. In Virtual channels 313
and 314 are directly asso-  addition, the signal flags in entry 426 also
keep ciated with the processes. The identification of  35  track of whether
or not the message was ever sent these channels is established within the
proc table  to a stub process such as host process 112. This of the
individual processes. A user process of the  latter indication is utilized
to facilitate cleanup of extended process has a virtual channel to each of
different types of operations at a latter point in the stub processes.
However, each stub process of   time. The type of signal that is received
is stored the extended process, such as host process 112,  40  by newuser
processor 111 in sig entry 423. has only one virtual channel; and that
channel is to   With respect to the parent pid (ppid) entries the user
process of the extended process, such as   404 and 424, these entries are
used to keep track newuser process 111.                                of
the identity of the parent process of the ex- FIG. 4 illustrates in greater
detail the memory  tended process. This is a conventional UNIX sys-
utilized by host process 112 and newuser process   45  tern type field.
However, in the extended process, 111 and further demonstrates the
differences be-   the ppid entry is only valid on the process of the tween
a user and stub processes of the extended     extended process that is
being executed by host process. For each of the latter processes, portions
computer 101 which is host process 112 in the of the proc table and the
ublock are illustrated. In  present exemple. Advantageously, this reduces
the addition, the port tables and the achan lists are  50  amount of
communication of packets between var- shown. These latter tables identify
the virtual chan-  ious stubs and the user process of the extended nels
between the processes. Not illustrated for     process. The user process of
the extended process newuser process 111 are the text, data, and stack
does not have a valid ppid entry unless the user areas that are utilized by
this process during ex-  process of the extended process is resident on the
ecution. Similarly, the stack area of memory is not  55  host computer.
illustrated for host process 112 which is a stub       The bicid variable
is used in the following man- process of the extended process. Newuser
process    ner to determine whether or not a particular pro- 111 is the
user process of the extended process.   cess is a stub or user process of
the extended 7    13                 EP 0 272 835 B1                    14 



process. Each processor of the multiprocessor sys-  processor in a standard
UNIX system manner to tern illustrated in FIG. 1 stores the processor's
identify the local files. The system file table is not identification
number in a variable MYLOC whose     used since the a.out files are not
used by the contents is the identification number of the proces-  process
directly but rather by the kernel. However, sor. Regardless of whether it
is a stub or user   5   if the file is remote, e.g. associated with another
process, the bicid variable always contains the     processor, the entry
contains an identification of an indentification number of the processor
that is ex-  entry in the user process port table such as port ecuting the
user process of the extended process.   table 440. For example, this entry
in port table 440 In the present example, this is computer 104. Entry  then
identifies the virtual channel and remote en- [err] is identical to the
contents of the MYLOC   10  tries such as 411 or 412 are identified in a
stub variable maintained by the kernel of computer 104.  process of the
extended process. For example, if Entry 405 also contains the contents of
the MYLOC   entry 431 indicates a remote file, then it points to a variable
of computer 104 hence does not match       corresponding entry 411 in the
stub process asso- the MYLOC variable of computer 101. The kernel
ciated with the processor that is local to the remote of a particular
computer detemines whether or not  15  file. More information concerning
these entries is it is executing the user or stub process by compar-  given
with respect to FIG. 6. ing its bicid variable with the MYLOC variable. If
a   In general, the ublock of a stub process of the match results, then the
kernel is executing the user  extended process contains three types of
entries orocess of the extended process.                    with respect to
the ublock of the user process. The The ublock page entries 407 and 427
contain  20  first type is entry 408 which is never used in the address
information to setup a virtual address to  stub process but is used in the
normal way in the gain access to the ublocks which are illustrated as  user
process. The second type of entry in the ublocks 418 and 438 in FIG. 4. The
latter ublocks   ublock of the stub process is an entry which is contain
different information depending on whether  always used, and an example of
this is the acptr the ublock is the stub process of the extended   25
entry 414 which is described in greater detail later process, such as host
process 112, or the user      in this section. The third type of entry in
the ublock process of the extended process, such as newuser    of the stub
process is an entry which is only process 111. Advantageously, many of the
entries    populated as needed with the necessary informa- of these ublocks
are similar to those for the      tion being transferred over from the user
process ublocks for the UNIX system  described in the   30  of the extended
process when the requesting pack- aforementioned article by Thompson.
Entries 408,    et to perform a particular function is transmitted 409, and
410 contain zero for the host process 112  from the user process to the
stub process. One since a stub process of the extended process has
example of this is the dirp entry 413, and other no text, stack or data
memory areas. When the       examples are entries 411 and 412. The entry
413 kernel is performing functions associated with the   35  is a pointer
which points to the path name. In the stub process, the kernel maintains a
kernel stack   user process of the extended process, this entry unique to
that stub process in the ublock of the    always points into the users
address space to stub process. This is similar to the manner in which
designate the path name. However, in a stub pro- kernel stack is maintained
in a single processor  cess, the information concerning the path name is
UNIX system when the process is executing in the   40  received from the
user process and is then stored kernel mode. Entries 428, 429 and 430
contain the   by the kernel at a convenient location. At this point
necessary information so that the user process of   and time, the kernel
sets the dirp entry to point to the extended process, newuser process 111,
has a    the path name. An example of when the path name text area, data
area and a stack for the execution of  is transmitted is during an open
system call. Since the program that was obtained from the a.out file  45
the open system call is executed on the processor as described earlier.
executing the user process of the extended pro- In the user process of the
extended process,    cess, the path name information is not available on
the variables lockip and execip, entries 431 and   the stub process. 432,
respectively, are used to identify the old and    The acptr entries 414 and
434 point to the new a.out files. In the present example, computer  so
achan list 419 and 439, respectively. An achan list 103 is storing the new
a.out , and computer 103 is  of a user process may have a multitude of
struc- storing the old a.out file. Entry 431 points to the old  tures each
defining a virtual channel to a stub a.out file, and entry 432 points to
the new a.out file  process. In the present example, newuser process which
is executed as a result of the exec system    111's achan list 439 has a
number of structures call. If both files are local to the processor execut-
55   with each defining a virtual channel to a stub pro- ing the user
process of the extended process, then  cess of the extended process. Each
structure com- these entries are pointers which point into the     prises
link and port pointers and other information inode table maintained by the
kernel of the local   for virtual channel operation. These structures are 8
15                EP 0 272 835 B1                     16 



linked together by the link pointers 442 and 435 in  pointing into system
file table 502 points into port a link list. The list is terminated upon
the contents  table 440. The file descriptor number for file 517 is of the
last link pointer being a null. The virtual  used to access entry 520.
Entry 508 is identified in channels are identified by the port pointers.
The  table 440 by entry 520 of port table 440 which port pointers 431 and
436 point into port table 440.   5   identifies virtual channel 509.
Virtual channel 509 is The newuser process 111 identifies the virtual
interconnected as previously described into file channels asssociated with
it by utilizing acptr entry  process 510 which is a stub process of the ex-
434 to point into the link list associated with    tended process. A packet
containing the file de- newuser process 111 in achan list 439. The port
scriptor number for file 517 is transmitted to the pointers then are
utilized to access port table 440.  10o  kernel of computer 105. The latter
kernel uses the Host process 112 similarly has acptr entry 414     file
descriptor number to identify entry 514 of file which points into the
structures containing pointers  table 511 which is in the ublock of file
process 510. 415 and 416 of achan list 419. Since a stub pro-    The file
control structure then identifies remote file cess of the extended process
can never have more    517 in a normal UNIX manner via entries 515 and than
one virtual channel, the link pointer 415 termi-  15  516 in tables 512 and
513, respectively. nates the link list since the contents of pointer 415
FIG. 6 illustrates in greater detail the utilization are null. Port number
417 defines virtual channel   of the lockip and execip variables in the
user 314 to newuser process 111. Further detail con-     process of the
extended process and the remlockip cerning the virtual channels is given in
the copen-  and remexicip variables in a stub process of the ding
application of Bishop et al., Case 4-2-1-3-2  20  extended process. FIG. 6
shows that the state of which is hereby incorporated by reference.
the multiprocessor system illustrated in FIG. 1 be- Consider the virtual
channels in light of blocks  fore the execution of block 224 of FIG. 2. At
this 234 and 236 of FIG. 2. When the reconnection       time, the user
process of the extended process is information is initially transmitted by
block 234, the  olduser process 109 being executed by computer stub
processes of the extended process have vir-  25  102. FIG. 6 assumes that
the original a.out file tual channels set up with olduser process 109
which was used to execute the exec system call, is which at that point in
time is the user process in a  local to computer 102. In the present
example, the similar manner as illustrated in FIG. 4. Upon receiv-
original a.out file is old a.out file 607. The new a.out ing the reconnect
information, each receiving ker-  file from which the new program is to be
obtained nel updates the port table and the other channel  30  is remote
and is associated with computer 103. information resulting in the stub
process' virtual  This file is denoted as a.out file 617. The stub channel
being connected to newuser process 111      process of the extended process
being executed rather than olduser process 109. Part of operations  on
computer 103 is a.out process 110. Illustrated performed by block 236 is to
transform achan list  for olduser process 109 is its ublock 601 and port
439 and port into the tables illustrated in FIG. 4.  35  table 622.
Illustrated for a.out process 110 is its Block 226 changes olduser process
109's tables     ublock 611. Entry 604 of ublock 601 of olduser into tables
similar to those illustrated for host pro-  process 109 identifies old
a.out file 607 in a stan- cess 112 in FIG. 4. FIG. 5 illustrates the manner
in  dard UNIX system manner utilizing entries 604 of which the files of the
extended process are iden-   ublock 601 and entry 606 of anode table 603.
tified by the user process of the extended process.  40  Since the lockip
variable identifies a local file, there If a file is local to the processor
that is executing  is no corresponding remlockip variable used in any the
user process of the extended process, such as  stub process associated with
the extended pro- computer 104 and newuser process 111, then the      cess.
standard UNIX system file control structure is uti-    The new a.out file,
however, is remote from lized. For example, local file 507 is identified
via  45  computer 102. Entry 620 of ublock 601 rather than entry 504 of
file table 501. The latter table is part of  pointing into inode table 603
points to entry 621 in the ublock of newuser process 111 and is referred
port table 622. Entry 621 identifies virtual channel to as the u ofile
structure. The contents of entry  509 which Is connected to ublock 610 of
a.out 504 in turn identify entry 505 of system file table  process 110.
Entry 614 of ublock 610 then points 502. The system file table 502 is then
utilized to  so  entry 616 of inode table 613 to a.out file 617. Since
point to inode table 503 and entry 506. Entry 504 is  the old a.out file is
local to computer 102, entry identified in table 501 by using the file
descriptor  623, remlockip variable, is not utilized in ublock number
associated with file 507 in a normal UNIX    611. system manner. Entry 506
then identifies the local file 507 in a normal UNIX system manner. If the
file  56   Claims is remote such as remote file 517, which is as- sumed to
be local to computer 105, then entry 520   1. A method for initiating the
execution of a new identifies that this file is remote and rather than
program represented in an object code file in a    15                 EP 0
272 835 B1                     16 linked together by the link pointers 442
and 435 in  pointing into system file table 502 points into port 



a link list. The list is terminated upon the contents  table 440. The file
descriptor number for file 517 is of the last link pointer being a null.
The virtual  used to access entry 520. Entry 508 is identified in channels
are identified by the port pointers. The   table 440 by entry 520 of port
table 440 which port pointers 431 and 436 point into port table 440.   5
identifies virtual channel 509. Virtual channel 509 is The newuser process
111 identifies the virtual      interconnected as previously described into
file channels asssociated with it by utilizing acptr entry  process 510
which is a stub process of the ex- 434 to point into the link list
associated with     tended process. A packet containing the file de-
newuser process 111 in achan list 439. The port     scriptor number for
file 517 is transmitted to the pointers then are utilized to access port
table 440.  10  kernel of computer 105. The latter kernel uses the Host
process 112 similarly has acptr entry 414      file descriptor number to
identify entry 514 of file which points into the structures containing
pointers  table 511 which is in the ublock of file process 510. 415 and 416
of achan list 419. Since a stub pro-    The file control structure then
identifies remote file cess of the extended process can never have more
517 in a normal UNIX manner via entries 515 and than one virtual channel,
the link pointer 415 termi-  is  516 in tables 512 and 513, respectively.
nates the link list since the contents of pointer 415   FIG. 6 illustrates
in greater detail the utilization are null. Port number 417 defines virtual
channel   of the lockip and execip variables in the user 314 to newuser
process 111. Further detail con-    process of the extended process and the
remlockip cerning the virtual channels is given in the copen-  and
remexicip variables in a stub process of the ding application of Bishop et
al., Case 4-2-1-3-2   20  extended process. FIG. 6 shows that the state of
which is hereby incorporated by reference.          the multiprocessor
system illustrated in FIG. 1 be- Consider the virtual channels in light of
blocks  fore the execution of block 224 of FIG. 2. At this 234 and 236 of
FIG. 2. When the reconnection        time, the user process of the extended
process is information is initially transmitted by block 234, the  olduser
process 109 being executed by computer stub processes of the extended
process have vir-  25  102. FIG. 6 assumes that the original a.out file
tual channels set up with olduser process 109       which was used to
execute the exec system call, is which at that point in time is the user
process in a  local to computer 102. In the present example, the similar
manner as illustrated in FIG. 4. Upon receiv-  original a.out file is old
a.out file 607. The new a.out ing the reconnect information, each receiving
ker-  file from which the new program is to be obtained nel updates the
port table and the other channel  30  is remote and is associated with
computer 103. information resulting in the stub process' virtual  This file
is denoted as a.out file 617. The stub channel being connected to newuser
process 111      process of the extended process being executed rather than
olduser process 109. Part of operations  on computer 103 is a.out process
110. Illustrated performed by block 236 is to transform achan list   for
olduser process 109 is its ublock 601 and port 439 and port into the tables
illustrated in FIG. 4.  35  table 622. Illustrated for a.out process 110 is
its Block 226 changes olduser process 109's tables      ublock 611. Entry
604 of ublock 601 of olduser into tables similar to those illustrated for
host pro-  process 109 identifies old a.out file 607 in a stan- cess 112 in
FIG. 4. FIG. 5 illustrates the manner in  dard UNIX system manner utilizing
entries 604 of which the files of the extended process are iden-  ublock
601 and entry 606 of anode table 603. tified by the user process of the
extended process.  40   Since the lockip variable identifies a local file,
there If a file is local to the processor that is executing  is no
corresponding remlockip variable used in any the user process of the
extended process, such as   stub process associated with the extended pro-
computer 104 and newuser process 111, then the      cess. standard UNIX
system file control structure is uti-     The new a.out file, however, is
remote from lized. For example, local file 507 is identified via  45
computer 102. Entry 620 of ublock 601 rather than entry 504 of file table
501. The latter table is part of  pointing into inode table 603 points to
entry 621 in the ublock of newuser process 111 and is referred   port table
622. Entry 621 identifies virtual channel to as the u ofile structure. The
contents of entry  509 which is connected to ublock 610 of a.out 504 in
turn identify entry 505 of system file table  process 110. Entry 614 of
ublock 610 then points 502. The system file table 502 is then utilized to
50  entry 616 of inode table 613 to a.out file 617. Since point to inode
table 503 and entry 506. Entry 504 is  the old a.out file is local to
computer 102, entry identified in table 501 by using the file descriptor
623, remlockip variable, is not utilized in ublock number associated with
file 507 in a normal UNIX    611. system manner. Entry 506 then identifies
the local file 507 in a normal UNIX system manner. If the file  55   Claims
is remote such as remote file 517, which is as- sumed to be local to
computer 105, then entry 520   1. A method for initiating the execution of
a new identifies that this file is remote and rather than     program
represented in an object code file in a    17                 EP 0272 835B1
18 multiprocessor system  having a plurality of        function; and
processors (101-106);                                  communicating (210,
212) the assignment 



CHARACTERIZED BY                                via a fourth packet to said
initiating one of determining (202) a file one (103) of said
processors from said host one of said proces- processors associated with
said object code   5    sors. file of said new program by a first primary
process (109) being executed by an initiating   4. Apparatus in a
multiprocessor system for ini- one (102) of said processors;
tiating the execution of a new program repre- creating (204) a first
auxiliary process        sented in an object code file and said mul- (110)
on said file one of said processors upon   10   tiprocessor system having a
plurality of pro- said file one of said processors having been
cessors, determined to be different from said initiating
CHARACTERIZED BY one of said processors;
means (202) for determining a file one allocating  (206-212) an executing
one          (103) of said processors associated with said (104) of said
processors to execute said object  15  object code file of said new program
by a first code file of said new program;                      primary
process (109) being executed by an creating (230-234) a second auxiliary
pro-      initiating (102) one of said processors; cess (111) on said
executing one of said pro-          means (204) for creating a first
auxiliary cessors upon said executing one of said pro-        process (110)
on said file one of said proces- cessors being different from said
initiating one   20  sors upon said file one of said processors of said
processors;                                   having been determined to be
different from transferring (220-224) process information      said
initiating one of said processors; from said first primary process to said
second         means (206-212) for allocating an execut- auxiliary process;
ing one (104) of said processors to execute transforming (236) said second
auxiliary  25    said object code file of said new program; process into a
second primary process; and             means (230-234) for creating a
second executing (103,104) said object code file      auxiliary process
(111) on said executing one by said second primary process in conjunction
of said processors upon said executing one of with said first auxiliary
process.                said processors being different from said ini- 30
tiating one of said processors; 2. The method of claim 1
means (220-224) for transferring process CHARACTERIZED IN THAT
information from said first primary process to said allocating step
comprises the steps        said second auxiliary process; of:
means (236) for transforming said second communicating (206) a first packet
from   35    auxiliary process into a second primary pro- said initiating
one of said processors to said      cess;and file one of said processors to
guest that said         means (103,104) for executing said object first
auxiliary process read a portion of said      code file by said second
primary process in object code file;
conjunction with said first auxiliary process. reading (210) said portion
of said object  40 code file by said first auxiliary process; and  5. The
apparatus of claim 4 communicating (208) a second packet
CHARACTERIZED IN THAT containing the read portion from said file one
said allocating means comprises: of said processors to said initiating one
of said      means (206) for communicating a first processors.
45       packet from said initiating one of said proces- sors to said file
one of said processors to 3. The method of claim 2 wherein one of said
request that said first auxiliary process read a processors is designated a
host processor           portion of said object code file; (112) for
executing a function for managing           means (210) for reading said
portion of processor assignment and said allocating step   so  said object
code file by said first auxiliary is further
process; and CHARACTERIZED BY                                    means
(208) for communicating a second communicating (208) a third packet to said
packet containing the read portion from said host one of processors to
request assignment       file one of said processors to said initiating one
of one of said processors executing said new   55   of said processors.
program; assigning (208) one of said processors for   6. The apparatus of
claim 5 wherein said appara- executing said new program by the managing
tus has designated a host one (112) of said    19                 EP 0 272
835 B1                    20 processors and said host one of said proces-
Obertragen (208) eines zweiten Pakets, das sors executing a function for
managing proces-      den gelesenen Teil enthalt von dem Dateipro- sor
assignment and said allocating means fur-       zessor zu dem einleitenden
Prozessor. 



ther CHARACTERIZED BY                        5   3  Verfahren nach Anspruch
2, bei dem einer der means (208) for communicating a third
Prozessoren als Host-Prozessor (112) zur Aus- packet to said host one of
said processors to       flhrung einer Funktion far die Verwaltung der
guest processor assignment for said new pro-        Prozessorzuordnung
bestimmt wird und beil gram;
dem  der Feststellungsschritt ferner gekenn- means (208) for assigning one
of said pro-   10  zeichnet ist durch die Schritte cessors for executing
said new program by the       Obertragen (208) eines dritten Pakets zu dem
managing function; and                              Host-Prozessor zur
Anforderung einer Zuord- means (210,212) for communicating the
nung elnes der Prozessoren zur AusfUhrung assignment via a fourth packet to
said initiating   des neuen Programms, one of said processors from said
host one of  15    Zuordnen (208) eines der Prozessoren zur said
processors.                                    Ausfahrung des neuen
Programms durch die Verwaltungsfunktion und Patentansprtlche
Obertragen (210, 212) der Zuordnung mittels eines vierten Pakets vom
Host-Prozessor zum 1. Verfahren  zur AusfUhrungseinleitung  eines   20
einleitenden Prozessor. <j    neuen, in einer Objektcode-Datei
dargestellten Programms in einem Multiprozessorsystem mit      4.
Vorrichtung in einem Multiprozessorsystem zur einer Vielzahl von
Prozessoren (101, 106)           Ausf~hrungseinleitung eines neuen, in
einer gekennzeichnet durch die Schritte                   Objektcode-Datei
dargestellten  Programms, Bestimmen (202) eanes Prozessors (103), der  25
wobei das Multiprozessorsystem eine Vielzahl der Objektcode-Datei
zugeordnet ist, als Datei-     von Prozessoren besitzt, prozessor durch
einen ersten PrimarprozeB           gekennzeichnet durch (109), der durch
einen einleitenden Prozessor       eine Einrichtung (202) zur Bestimmung
eines (102) ausgeflhrt wird,                              Prozessors (103),
der der Objektcode-Datei Erzeugen (204) eines ersten Hilfsprozesses   30
des neuen Programms zugeordnet ist, als Da- (110) im Dateiprozessor, wenn
festgestellt wor-     teiprozessor durch eanen ersten PrimdrproieB den ist,
daR der Dateiprozessor verschieden         (109), der durch einen
einleitenden Prozessor von dem einleitenden Prozessor ist,
(102) ausgefohrt wird, Festlegen (206-212) eines Ausflhrungsprozes-
eine Einrichtung (204) zur Erzeugung eines sors (104) zur Ausfthrung der
Objektcode-Da-   35   ersten Hilfsprozesses (110) in dem Dateipro- tei des
neuen Programms,                            zessor, nachdem festgestellt
worden ist, dal Erzeugen (230-234) eines zweiten Hilfsprozes-       der
Dateiprozessor verschieden von dem ein- ses (111) in dem
Ausfihrungsprozessor, wenn         leitenden Prozessor ist, der
AusfUhrungsprozessor von dem einleiten-        eane Einrichtung (206-212)
zum Festlegen ei- _y>   den Prozessor verschieden ist,              40
nes Ausf~hrungsprozessors (104) ftr die Aus- Obertragen (220-224) von
ProzeBinformationen        fahrung der Objektcode-Datei des neuen Pro- von
dem ersten Primarprozel zu dem zweiten          gramms, HilfsprozeB,
eine Einrichtung (230-234) zur Erzeugung ei- Transformieren (236) des
zweiten Hilfsprozes-       nes zweiten Hilfsprozesses (111) im ausfUhren-
ses in einen zweiten Prim~rprozea3 und      45      den Prozessor, wenn der
ausfUhrende Prozes- AusfUhren (103, 104) der Objektcode-Datei           sor
verschieden von dem einleitenden Prozes- durch den zweiten PrimArproze8 in
Verbindung        sor ist, mit dem ersten HilfsprozeB.
eine Einrichtung (220-224) zur Obertragung von Prozefinformationen von dem
ersten Pri- 2. Verfahren nach Anspruch 1, dadurch gakenn-  so
marprozeB zum zweiten HilfsprozeB, zeichnet, daB der Festlegungsschritt die
Schrit-    eine Einrichtung (236) zur Transformierung des te aufweist:
zweiten Hilfsprozesses in einen zweiten Pri- Obertragen (206) eanes ersten
Pakets von dem        marprozeB und einleitenden Prozessor zu dem
Dateiprozessor,       eine Einrichtung (103, 104) zur Ausfthrung der um
anzufordern, daO der erste Hilfsprozel3 ei-  55  Objektcode-Datei durch den
zweiten Primar- nen Tail der Objektcode-Datei liest,                prozelB
in Verbindung mit dem ersten Hilfspro- Lesen (210) des Tells der
Objektcode-Datei          zee. durch den ersten Hilfsprozel3 und 11    21
EP 0272 835 B1                     22 5. Vorrichtung nach Anspruch 4,
dadurch gekenn-        auxiliaire (111) dans le processeur ex~cutant
zeichnet, daB die Feststelleinrichtung aufweist:   parmi les processeurs
precit6s, lorsque ce pro- eine Einrichtung (206) zur Obertragung eines
cesseur executant est different du processeur 



ersten Pakets von dem einleitenden Prozessor       d'origine parmi les
processeurs precit~s; zurn Dateiprozessor, um anzufordern, dal3 der   a
on transfere (220-224) de l'information de erste Hilfsprozel einen Teil der
Objektcode-       processus du premier processus primaire vers Datei liest,
le second processus auxillaire; elne Einrichtung (210) zum Lesen des Tells
on transforme (236) le second processus der Objektcode-Datei durch den
ersten Hilfs-       auxiliaire en un second processus primaire ; et _.,
prozeB und                                 10         on execute (103, 104)
le fichier de code eine Einrichtung (208) zur Obertragung eines       objet
au moyen du second processus primaire, zweiten Paketb, das den gelesenen
Tell vom         en association avec le premier processus auxi-
Dateiprozessor zum  einleitenden Prozessor         Haire. * bertr~gt. 15
2. Le proced6 de la revendication 1 6. Vorrichtung nach Anspruch 5, bei dem
die              CARACTERISE EN CE QUE Vorrichtung einen Host-Prozessor
(112) be-            I'etape d'attribution comprend les etapes stimmt hat
und der Host-Prozessor eine Funk-       suivantes: tion zur Verwaltung der
Prozessorzuordnung            on transmet (206) un premier paquet du
ausflhrt, wobei die Festlegungseinrichtung fer-  20  processeur d'origine
parmi les processeurs ner gekennzeichnet ist durch
precites, vers le processeur de fichier parmi eine Einrichtung (208) zur
Obertragung eines       les processeurs precites, pour demander que driften
Pakets zum Host-Prozessor, um sine         le premier processus auxiliaire
lise une partie Prozessorzuordnung fOr das neue Programm           du
fichier de code objet; anzufordern,                               25
on lit (210) ceote partie du fichier de code eine Einrichtung (208) zur
Zuordnung sines         objet au moyen du premier processus auxiliai- der
Prozessoren zur AusflJhrung des neuen          re ; et Programms durch die
Verwaltungsfunktion und           on transmet (208) un second paquet eine
Einrichtung (210, 212) zur Obertragung        contenant la partie lue, du
processeur de fi- der Zuordnung mittels eines vierten Pakets  30     chier
parmi les processeurs precit6s, vers le vom Host-Prozessor zum einleitenden
Prozes-        processeur d'ofigine parmi les processeurs sor.
pr6cites. Revendications                                      . Le proc~d6
de la revendication 2, dans lequel 35     l'un des processeurs est d6sign6
comme etant 1. Un procede pour lancer l'ex~cution d'un nou-       un
processeur h8te (112) pour ex~cuter une veau programme represente dans un
fichier de       fonction de gestion d'affectation des proces- code objet
dans un systbme multiprocesseur         seurs, et lPetape d'attribution est
en outre ayant un ensemble de processeurs (101-106);           CARACTERISEE
EN CE QUE CARACTERISE EN CE QUE                  40          on transmet
(208) un troisieme paquet vers on determine (202) un processeur de fi-
le processeur h6te parmi les processeurs pre- chier (103) parmi les
processeurs precltes, qui    citds, pour demander I affectation de l'un des
est associe au fichier de code objet du nou-       processeurs executant le
nouveau programme veau programme, au moyen d'un premier pro-             on
affecte (208) I'un des processeurs pour cessus primaire (109) qui est
execute par un   45  I'exdcution du nouveau programme, au moyen processeur
d'origine (102) parmi les proces-       de la fonction de gestion ; at
sours precites;                                       on transmet (210,
212) I'affectation au on cres (204) un premier processus auxi-        moyen
d'un quatribme paquet vers le proces- laire (110) dans le processeur de
fichier parmi    sour d'origine parmi les processours precit~s, les
processeurs precites, lorsqu'on a d~termi-  5o  A partir du processeur h8te
parmi les proces- ne que ce processeur de fichior est different      sours
precit6es. du processeur d'origine parmi les processeurs pr~cites;
4. Dispositif incorpore dans un systeme multipro- on attribue (206-212) un
processeur exe-       cesseur pour lancer l'exdcution d'un nouveau cutant
(104) parmi les processeurs precites,  55   programme repr~sentE dans un
fichier de code pour executer le fichier de code objet du nou-     objet,
ce systeme multiprocesseur comprenant veau programme;
un ensemble de proceseours, on cree (230-234) un second processus
CARACTERISE PAR 12                               I IIIj II  IIII!  11111
1111    23                 EP 0 272 835 B1                    24 des moyens
(202) destines a determiner           gestion de l'affectation de
processeurs, et les un processeur de fichier (103) parmi les pro-
moyens d' attribution sont en outre cesseurs pr&it6s, qui est associe au
fichier de         CARACTERISES PAR code objet du nouveau programme, au
moyen               des moyens (208) destines a transmettre 



d'un premier processus primaire (109) qui est   6   un troisibme paquet
vers le processeur hote ex6cut6 par un processeur d'origine (102) par-
parmi les processeurs precites. pour demander ml les processeurs precit6s;
une affectation de processeur pour le nouveau des moyens (204) destines a
cr6er un             programme; premier processus auxiliaire (110) dans le
pro-         des moyens (208) pour affecter l'un des cesseur de fichier
parmi les processeurs preci-  10  processeurs pour l'execution du nouveau
pro- tes, lorsqu'on a ddtermin6 que le processeur        gramme, au moyen
de la fonction de gestion; de fichier parmi les processeurs pr6cites est
et diff6rent du processeur d'origine parmi les pro-        des moyens (210,
212) pour transmettre cesseurs precites;
l'affectation, par l'interm6diaire d'un quatrieme des moyens (206, 212)
destines a attribuer  15   paquet, vers le processeur d'origine parmi les
un processeur exdcutant (104) parmi les pro-        processeurs pr6cites, A
partir du processeur cesseurs precites, pour executer le fichier de
h8te parmi les processeurs precites. code objet du nouveau programme; des
moyens (230-234) destin6s a creer un second processus auxiliaire (111) dans
le pro-  20 cesseur ex4cutant parmi les processeurs pre- cites, lorsque ce
dernier est diffdrent du pro- cesseur d'origine parmi les processeurs
pr6ci- t6s; des moyens (220-224) qui sont destines A   25 transf6rer de
11information de processus du premier processus primaire vers le second
processus auxillaire; des moyens (236) destines a transformer le second
processus auxiliaire en un second   3o processus primaire ; et des moyens
(103,104) pour 1'ex6cution du fichier de code objet par le second processus
primaire, en association avec le premier pro- cessus auxiliaire.
35 5. Le dispositif de la revendication 4 CARACTERISE EN CE QUE les moyens
d'attribution comprennent: des moyens (206) destines a transmettre   40 un
premier paquet du processeur d'origine parmi les processeurs pr6cites vers
le proces- seur de fichier parmi les processeurs pr6cit6s, pour demander
que le premier processus auxi- Hlaire lise une partie du fichier de code
objet;    45 des moyens (210) destin6s a lire la partie pr6cit6e du fichier
de code objet au moyen du premier processus auxiliaire ; et des moyens
(208) destines a transmettre un second paquet contenant la partie lue, a
so partir du processeur de fichier parmi )es pro- cesseurs precit6s, vers
le processeur d'origine parmi les processeurs precites. 6. Le dispositif de
la revendication 5, dans lequel  56 ce dispositif a ddsignd un processeur
h8te (112) parmi les processeurs pr6cit6s, et ce processeur h8te execute
une fonction pour la 13    


