
EP 0 272 836 B1                     2 Description
capability vector matches the requirements vector transmits a signal to the
first processor. The first Technical Field
processor then sends out via the interaction bus additional information
defining the task, and the The invention relates generally to multiproces-
5   matching processor executes the task. sor systems and more particularly
to dynamic load balancing in a multiprocessor system.
Solution Problem                                                 This
invention is directed to solving these and 10 other problems and
disadvantages of the prior art. In a multiprocessor system, it is desirable
to   According to the invention, as claimed, in a mul- distribute the
processing load among the various    tiprocessor system, the user of a new
program processors in the system. This function is often    being assigned
is given the capability of adjusting referred to as dynamic load balancing
or processor  the assignment function that determines which pro-
assignment. Prior art systems have performed this  15  cessor of the system
will execute a given program. function by utilizing fixed algorithms. One
such        Advantageously, this allows the multiprocessor algorithm  is
for all processors in the system to   system to be composed of a variety of
different sequentially accept programs for execution as the   types of
processors each having different capabil- programs require execution.
Programs are often      ities and different resources. Further, it allows
the referred to as new jobs or processes. Another  20  application
programmer or program  user to effi- algorithm is to direct new programs to
the proces-  ciently place requirements on the processor as- sor that has
the least amount of work. The tech-    signment function to be utilized,
thus allowing cer- nique utilized by the prior art work well in certain
tain types of operations heretofore not capable of types of processing
environments. However, they     being implemented on a multiprocessor
system to suffer from the problems of not allowing the system    25   be so
implemented in a straightforward manner. administrator to adjust the
dynamic loading algo-       The method controls the allocation of proces-
rithm to meet different conditions. In additon, the  sor resources to a new
program in a multiproces- application programmer and/or user of a new pro-
sor system  by performing the steps of storing gram being assigned are
given no control over how   object code for a new program  in the system,
the processor assignments are made. The applica-  30  inserting a set of
processor allocation parameters tion programmer or user often have
important in-    into the stored object code, reading the stored formation
on which processor within a multiproces-  object code, and allocating one
of the processors sor system should receive a particular job.         in
response to the processor allocation parameters The problem then is to
allow the assignment of  in the read object code. processors for particular
jobs to be adjusted by the   35  The step of inserting comprises the step
of system administrator and further to allow the ap-   writing the
processor allocation parameters into the plication programmer or user of
the program to      stored object code in response to a user com- adjust
what processor or type of processor is used  mand. The method further
provides that other pro- to run a particular program.
cessor allocation parameters can be made avail- U.S. Patent 3,593,300
discloses a multi-proces-  40  able for use in the allocation step in
response to a sor system in which tasks are given to other pro-   request
to execute the stored object code. In addi- cessors in the following
manner. Each of the pro-   tion, the system stores a plurality of system
pro- cessors is connected to an individual interaction   cessor allocation
flags, and the allocation step is controller. All of the interaction
controllers commu-  responsive to both the system flags and processor
nicate over a special bus called an interaction bus   45  allocation
parameters for performing the allocation which is distinct from buses used
by the proces-    of one of the processors to execute the read object sors.
A first processor under control of a program  code. dispenses a task to
another processor by having         These and other advantages and features
of the first processor's interaction controller transmit a  the present
invention will become apparent from requirements vector over the
interaction bus defin-  50  the following description of an illustrative
embodi- ing the task which needs to be performed. Each      ment of the
invention taken together with the draw- interaction controller maintains in
a hardware regis-  ing. ter a capability vector which defines the
capabilities of the associated processor. Upon detecting the     Brief
Description of the Drawing transmission of the requirements vector via the
55 interaction bus, each interaction controller com-     FIG. 1
illustrates, in block diagram form, a mul- pares its capability vector with
the transmitted re-   tiprocessor system for utilizing the present in-
quirements vector. A interaction controller whose      vention; 2    3
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FIG. 2 illustrates, in flow chart form, the proces-  flags in the flag
structure illustrated in FIG. 3. The sor assignment function as implemented
by the     flag structure is maintained by the kernel of com-
multiprocessor system of FIG. 1;                  puter 101. A detailed
explanation of how the execu- FIG. 3 illustrates, in table form, the flag
structure  tion of PM function 108 utilizes that structure to that contains
the system flags used for the pro-   5   allocate computer resources is
given with respect cessor assignment function;                       to
FIGS. 7 through 13. FIG. 4 illustrates, in table form, the flags and
The application programmer and the user of parameters transferred to PM
process 108 of      the program  can make adjustments to the fifth computer
101;                                     method by means of a sysmulti
system call or an FIG. 5 illustrates, in greater detail, a portion of  10
massign shell command, respectively. The effect of FIG. 4;
these adjustments is modified by those adjust- FIG. 6 illustrates, in
greater detail, another por-  ments made by the system administrator. To
un- tion of FIG. 4; and                               derstand how the
application programmer passes FIGS. 7 through 13. illustrate, in greater
detail,  his/her adjustments to the execution PM function the functions
performed by the flowchart of FIG.   15  108, it is necessary to understand
how the execu- 2.                                                tion of a
new program  is implemented on the multiprocessor system of FIG. 1. The
application Detailed Description                                 programmer
first writes a requesting program that will request the execution of the
new program and FIG. 1 shows a multiprocessor system having a   20  that
requesting program is presently being execut- plurality of computers 101
through 106 intercon-     ed by a process on one of the processors on FIG.
nected by bus 107. Each computer operates under      1. For sake of
example, assume that this processor control of an operating system which
illustratively is  is processor 102. The requesting program written similar
to a version of the UNIX operating system    by the application programmer
first executes a fork described in the article by K. Thompson, "UNIX   25
command which replicates the executing process Implementation", The Bell
System Technical Jour-    into a child and a parent process. These
processes nal, July-August 1978, Volume 57, No. 6. A mul-     share the
same program but have different data tiprocessor version of the UNIX
operating system is  storage. The child process then executes the sys-
illustrated in the copending application of T. Bish-  multi system call.
Parameters defined in this sys- op, Case 6-3-3-1. The initiation of a new
program    30  tem call specify in a standard manner the adjust- in the
system illustrated in FIG. 1 is performed by  ments that the application
programmer wishes to an "exec" command which results in the program
make to the dynamic loading function performed being automatically assigned
to one of the comput-   by the execution of PM function 108. ers also
referred to as processors and illustrated in   After executing the sysmulti
system call, the FIG. 1. In order to make that assignment, allocation   35
child process then executes the exec system call. of resources and dynamic
load balancing is per-      More information concerning how the standard
formed by process manager (PM) function 108          UNIX operating system
fork and exec system calls being executed by the kernel of computer 101.
The    function may be found in the previously mentioned latter computer is
designated as the host computer  article by Thompson. of the system, FIG.
1. The execution of an exec   40    The application programmer determines
the system call by any computer of FIG. 1 results in     adjustments that
are to be made in the dynamic PM function 108 being executed by the kernel
of     loading function at the time the source code of the computer 101.
The latter function's use of flags,   requesting program is written. Upon
execution of variables, and parameters that are specified by the  the
sysmulti system call, the parameters defining system  administrator,
application  programmer,  45  the application programmer's adjustments are
ini- and/or program user to control the processor as-    tially stored in
the ublock of the process in a signment, is the subject of this invention.
standard manner. These parameters are then The system  administrator first
determines       passed to the kernel of computer 101 for use with which
one of five distinct assignment methods is to  PM function 108 during the
execution of the exec be utilized by setting a value into the selectsw   so
system call. variable. The different methods that may be se-         The
user of the program  inputs the user's lected are discussed in greater
detail with respect  adjustments by the execution of the massign shell to
FIGS. 7 through 13. For the fifth method, the     command. For example, if
a user wished to ex- system   administrator,  application  programmer
ecute a word processing program on a particular and/or user can specify
further adjustments for the   55   processor of the multiprocessor system
illustrated allocation of processors. The system administrator  in FIG. 1,
the user would execute the massign adjusts the allocation of programs
within the mul-  command specifying a processor to which the pro-
tiprocessor system by controlling the state of the   gram is to be assigned
and the a.out file containing 3    5                 EP 0 272 836 B1
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the word processing program. The massign corn-     708 implement the load
balancing techniques of mand then inserts in a standard manner the latter
block 209 of FIG. 2. Block 701 examines the information into the a.out
file. The massign com-  selectsw variable. If the contents of the selectsw
mand is a very powerful tool since it allows the   variable equals 0, then
block 702 is executed. The same program to be tailored with respect to sys-
5   latter block uses a specific technique for assigning tern resources to
meet the needs of individual     processors, and that technique is to
examine the program users.                                     contents of
the selectpe variable for the identity of FIG. 2 illustrates the procedure
for controlling  the processor that is to be utilized for the execution the
allocation of computer resources and a overall  of all programs. The
assignment is then given to view of the assignment function itself. Block
201   10  the identified processor. The contents of the selec- allows the
system administrator to administer the  tpe variable are determined by the
system admin- system  flags and the selectsw variable that are   istrator.
utilized in the assignment function. The selectsw     If selectsw does not
equal 0, block 703 is variable and system flags are stored by computer
executed; and if selectsw equals 1, then block 704 101 and are administered
by the system admin-  15  is executed after block 703. For convenience of
istrator using well-known techniques. The structure  nomenclature, all
computers illustrated in FIG. 1 that contains the system flags is
illustrated in FIG.  with the exception of computer 101 which is the 3.
host computer or host processor element, PE, are Block 202 allows the
program user to utilize    designated as adjunct computers or processor
ele- the massign command for adjusting the assign-  20   ments. Block 704
implements an assignment meth- ment function. If the user executes the
latter corn-  od whereby as the programs or jobs are received mand, block
203 is executed, and the parameters    for assignment, the first program is
assigned to the that specify these adjustments are stored in the   host PE
and then the next is assigned to an ad- a.out file.
junct PE with the third being assigned to a host PE Block 204 allows the
application program to  25  with the fourth being assigned to another
adjunct execute a sysmulti system call before executing    PE. If selectsw
does not equal 1, decision block the exec system call. If the sysmulti
system call  705 is executed. If the selectsw variable equals a 2, has been
executed, block 205 is executed, and the  then block 706 is executed. The
latter block imple- parameters specified in the sysmulti system call
ments an assignment method whereby the pro- are stored in the ublock of the
executing child  30  grams are assigned to the host and adjunct com-
process by block 205. Block 206 is executed by     puters in a cycling
manner with each of the com- the exec system call which reads the
parameters    puters receiving the same number of assignments. that have
been specified and transmits these along  If the selectsw variable does not
equal 2, then with other information to the kernel of computer for
decision block 707 is executed. If the selectsw use with PM process 108.
35  variable equals 3, then block 708 is executed and PM  function 108 then
executes blocks 207      the programs are assigned by cycling through only
through 210. Block 207 checks to see if the        the adjunct computers.
selectsw variable specifies that the first four load   If the contents of
the selectsw variable are balancing methods are to be utilized as indicated
greater then- 3, then the remainder of FIGS. 7 by block 209 or whether the
fifth method that uses   40  through 13 is executed implementing block 208
as the system flags and parameters is to be utilized  illustrated in FIG.
2. First, in decision block 809 of as indicated by 208. The procedure used
to ex-     FIG. 8, the state of the PEFLAG of FIG. 5 is tested ecute blocks
207 through 210 is referred to as the  to determine whether this flag is
set or not. If that assignpe function.                                 flag
is set, then a specific computer may be des- During the execution of the
exec system call,  45  ignated in the PEASSIGN variable of FIG. 4 to the
latter system call reads the parameters from   execute the job. The
specification of that computer the ublock and/or from the a.out file and
transfers  is made by the application programmer or the user. these
parameters to PM process 108. In order to    If the PEFLAG flag is set,
decision block 810 is make the processor assignment, the kernel of com-
executed to determine whether or not a specific puter 101 calls the
assignpe procedure in PM   50  computer has been designated. The contents
of function 108. The flags and parameters that have   the PEASSIGN variable
are utilized to make that been determined by the system administrator, ap-
determination. If a specific computer has not been plication programmer,
and user are passed to the   specified, block 818 is executed. If a
particular latter function in the structure illustrated in FIG. 4.
computer has been designated, decision block 811 The peselset and assign
structures of FIG. 4 are  55  is executed to determine whether the
specified further defined in FIGS. 5 and 6, respectively.    computer has
sufficient memory; and decision The assignpe procedure is shown in greater
block 812 is subsequently executed to determine detail in FIGS. 7 through
13. Blocks 701 through   whether the requested computer is of the correct 4
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type.  If both of the conditions tested for by blocks  tained in entry 607
of FIG. 6. There are five param- 81 1 and 812 are met, block 813 is
executed which  eter  flags  in  entry  607:  PS CURRENT, assigns the
specified computer to execute the       PS_PARENT,  PS_MABS,  PS_FSPEC,
and present job. If those conditions that are tested for  PS_EXPLICIT.
The     PS_MABS      and by blocks 811 and 812 are not met, then an error
is   5   PS_ EXPLICIT are not used as part of the proces- returned via
block 814.                             sor assignment. Decision block 1011
of FIG. 10 Decision block 818 checks the MAXCOMPAT          checks the PS
CURRENT flag. If this latter flag is flag. The latter flag being set
requires that every  set, it indicates that the new program  is to be new
job be assigned to the same computer that       executed  on  the  olduser
processor. If the executed the exec system call. The latter computer  10
PS_CURRENT flag is set, decision block 1012 is is normally referred to as
the olduser computer. If  executed to see if the olduser processor is
marked the MAXCOMPAT flag is set, decision block 819 is    as available. If
the olduser processor is marked executed to determine whether or not the
olduser    available, then the program  is assigned to the computer is of
the correct type to execute the new  olduser processor by block 1013. If
the olduser job. If the olduser computer is of the correct type,  15
processor is not available, then an error is returned decision block 820 is
executed to ascertain wheth-  by block 1014. er or not the olduser computer
has sufficient mem-      If the PSCURRENT flag was not set, then ory to
execute the new job. If both of the conditions  decision block 1018 is
executed to check whether that are checked for by blocks 819 and 820 are
or not the PSPARENT  flag is set. If the true, block 821 is executed which
assigns the new   20   PS_ PARENT flag is set, an attempt is made to job to
the olduser computer. If either block 819 or  assign the new program to the
processor that is 820 fails, an error is returned via block 822.
running the parent process of the process that During execution, the
assignpe procedure cre-    executed the exec system call. If the PSPARENT
ates a table which defines which computers are      flag is set, decision
block 1019 is executed to see available or unavailable. If the MAXCOMPAT
flag is  25  if the parent processor is marked available. If the not set,
block 825 is executed. Block 825 marks as  parent processor is marked
available, the new pro- unavailable all of the computers with insufficient
gram is assigned to this processor by block 1020. memory. Then, block 826
marks as unavailable the    Otherwise, an error is returned via block 1021.
computers which are of the incorrect type.              The next flag to be
checked is the PS_FSPEC After  execution of block 826, decision block   30
flag which is checked by decision block 1024. This 901 of FIG. 9 is
executed to determine whether or   flag indicates whether the processor
local to a not the PRIFLAG flag is set. This flag is stored in  specific
file descriptor given in entry 606 of FIG. 6 the structure illustrated in
FIG. 5. If the PRIFLAG is  is to be used as the processor to receive the
set, only public computers are eligible for assign-  assignment. If. the
PSFSPEC flag is set, then ment.. The difference between public and private
35  decision block 1025 checks to see if the processor computers is one of
designation by the system       local to this file is available. If that
processor is administrator. For a variety of reasons, the system
available, then the program  is assigned to that administrator can
designate one or more comput-     processor by block 1026. If the processor
is not *    ers as private and restrict the utilization of these
available, then an error is returned by block 1027. computers to certain
tasks or users. If the PRIFLAG   40  If a processor assignment has not been
made flag is set, decision blocks 902 and 903 are ex-       as a result of
the checks performed in decision ecuted to determine whether or not any
public       blocks 1011, 1018 and 1024 of FIG. 10, blocks computers have
sufficient memory and are of the     1101 through 1108 of FIG. 11 are
executed to correct type. If no public computers meet the two   narrow down
the number of processors available requirements tested for by blocks 902
and 903,  45  for receiving the program by applying the remain- block 905
is executed and an error is returned. If  der of the parameters specified
in FIG. 6. The the requirements of blocks 902 and 903 are satis-   contents
of entries 601 and 602 specify whether fied, 906 is executed, and all
private computers are  certain types of processors are allowed or dis-
marked as unavailable.                              allowed, respectively.
There are three types of pro- Next, decision block 910 is executed to
deter-  so  cessors that can be allowed or disallowed: host mine whether or
not the REQFLAG flag is set. The    computer. (PSHOSTFLAG), computation
server latter flag is stored in the structure illustrated in  processor
(PS_CS), and file server processor FIG. 5. The latter flag being set
indicates that    (PS  FS). Decision block 1101 examines entry computer
assignment is to be carried out according  601. If the contents of the
latter entry are not zero, * to the parameters set by the massign command
or  55  block 1102 is executed marking as unavailable all sysmulti system
call. These parameters are illus-   processors of processor types not in
the allowed trated in FIG. 6. If the REQFLAG flag is set, the   set. Next,
decision block 1103 determines whether first parameters checked are those
which are con-   the disallowed set which is in entry 602 is null, and 5
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if it is not, block 1104 marks as unavailable all    global memory and the
variable B represents the processors of processor types in entry 602.
variable MFUZZY. Entries 603 and 604 of FIG. 6 allow the speci-       Next,
the FILEFLAG flag is checked by de- fication of whether or not each
processor of FIG. 1  cision block 1203. The latter flag when set in- is to
be included or excluded from being consid-   5   dicates that the number
and distribution of open ered for the assignment to execute the new pro-
files of the process executing the exec system call gram. Blocks 1105 and
1106 determine the proces-     are to be used as a criterion for making the
proces- sors to be included, and blocks 1107 and 1108        sor
assignment. This decision is made in decision determine the processors to
be excluded.             block 1204 by determining the processor that has
After the above operations have been per-  10  the most open files of the
executing process and formed, decision block 1109 checks to see if there
whether or not this number of files is greater than are any processors
marked available. If no proces-  or equal to the value in the FILELIMIT
variable of sors remain marked available, an error is returned   the
structure illustrated in FIG. 5. The latter variable by block 1110. If one
or more processors are        is determined by the system administrator. If
these available, the remainder of the system flags are   15  conditions are
met, then block 1205 is executed now utilized to make the processor
assignment.       which assigns the new program to the processor Decision
block 1111 checks to see if the CPUFLAG     with the most open files. If
these conditions are not flag is set. The latter flag indicates that the
proces-  met, then decision block 1206 is executed. sor assignment is to be
based on processor load-        Blocks 1206 through 1212 perform the
follow- ing, and that processors having less idle time then   20  ing
functions. If both AOUTFLAG and OLDUSER- a certain amount are marked as
unavailable. If the   FLAG flags are set and if the number of remote
CPUFLAG flag. is set, this determination is made     processes associated
with the process executing by finding the processor with the maximum idle
the exec system  call is less than or equal to time (MIT). Then, block 1112
marks as unavailable    STUBLIMIT variable, an attempt is first made to
those  processors that have less idle time than  25  assign the process to
the processor that is local to given by the formula MIT - MIT/[err]. The
variable A    the a.out file commonly called the a.out processor.
represents the variable CFUZZY which is a value      A remote process
allows the executing process to that is predefined by the system
administrator.     gain access to resources of another processor. If CFUZZY
is stored in the structure illustrated in FIG.  the latter processor is not
available, a second at- 5.                                             30
tempt is made to assign the program to the pro- Next, the SHTXTFLAG flag is
checked by de-       cessor that executed the exec system call, com- cision
block 1113. This flag being set insures that if  monly called olduser
processor. If neither of these any of the remaining available processors
have a     processors are available or if the conditions tested sharable
copy of the a.out file, assignment will be  for by 1206, 1207, and 1208 are
not met, then made to one of them. If the SHTXTFLAG flag is  35  control is
passed to decision block 1301 of FIG. 13. set, control is passed to
decision block 1114 which  If the conditions tested for by decision blocks
1206, determines whether or not there are any proces-      1207, and 1208
are met and the a.out processor is sors with a sharable copy of the a.out
file. If there  available, then the program is assigned to the a.out are
processors with a sharable copy of the a.out     processor by block 1210.
If the a.out processor is file, block 1115 is executed; and the processors
40   not available, decision block 1211 checks whether that do not have a
sharable copy of the a.out file   or not the olduser processor is
available. If the are marked as unavailable.
olduser process is available, the program is as- Next, decision block 1201
of FIG. 12 is ex-      signed to the olduser process by decision block
ecuted. That decision block checks whether or not    1212. the MEMFLAG flag
is set. When the latter flag is  45    If any of the conditions tested for
by decision set, every processor with free global memory less    blocks
1206, 1207, or 1208 were not met, decision than a specified amount is
marked as unavailable.    block 1301 is executed. If the OLDUSER flag is
set This determination is made by finding the proces-    and decision block
1302 determines that the ol- sor with the maximum free global memory and
duser processor is available, the program is as- then eliminating
processors that have less free   50  signed to the olduser processor by
block 1303. If global memory than the maximum  free global          either
of the previously mentioned conditions are memory minus the maximum free
global memory          not met, decision block 1304 is executed. If the
divided by [err].  The variable MFUZZY is a        AOUTFLAG flag is set and
the a.out processor is variable determined by the system administrator. If
available, decision block 1306 is executed and as- the MEMFLAG flag is set,
block 1202 is executed   55  signment is made to the a out processor. If
assign- which marks the processors as unavailable that       ment is not
made to either the olduser or a.out have less than the required amount of
free mem-      processor, block 1307 is executed, and the pro- ory. In
block 1202, MFM represents maximum free      gram is assigned to the
available processor with 6    11                  EP 0 272 836 B1
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the most idle memory.                                       writing
(202,203) by a requesting one of said processors which is requesting the
execu- Claims                                                  tion of said
object code program  a set of processor allocation parameters into said 1.
Apparatus for controlling the allocation of pro-   5  stored object code
program in response to a cessor resources in a multiprocessor system
user command executed by a user of said having a plurality of processors
one of said         multiprocessor system after compilation of said
processors storing object code file for a new        object code program;
program and said object code file having a              reading (206) said
stored object code pro- header and code portions,                   10
gram by an allocating one of said processors CHARACTERIZED BY
in order to allocate the execution of said object means (202,203) for
inserting a set of pro-      code program; and cessor allocation parameters
into said header           allocating (207,208,209) an executing one
portion of said stored object code file in re-       of said processors by
said allocating one of sponse to a user command executed by a user   15
said processors in response to said processor of said multiprocessor system
after compilation      allocation parameters which define processor of said
object code program;                         resources in the read object
code program to means (206) for reading said stored object       execute
said read object code program. code file; and means (207,208,209) for
allocating one of  20  5. The method of claim 4 further said processors in
response to said processor           CHARACTERIZED BY allocation parameters
in said header portion of          storing (201) system processor
allocation the read object code to execute said code            flags and
said allocating step further in re- portion of said read object code.
sponse to said stored system processor alloca- 25      tion flags and
processor allocation parameters 2. The apparatus of claim 1
allocates said one of said processors. CHARACTERIZED IN THAT said means for
inserting comprises means     6. The method of claim 5 further (204) for
storing a subset of said processor            CHARACTERIZED IN THAT
allocation parameters in response to a system    30     said writing step
by said requesting one of call;
said processors further comprises the step of means (201) for storing
system processor         inserting (204) a set of processor allocation
allocation flags; and                                parameters into said
stored object code pro- said allocating means further responsive to
gram in response to execution of a command said stored system processor
allocation flags   35   in the program being executed by the request- for
allocating said one of said processors.          ing one of said
processors. 3.  The apparatus of claim 2                          7. The
method of claim 6 further CHARACTERIZED IN THAT
CHARACTERIZED IN THAT said allocating means further comprises:  40
said allocating step further comprises the means (809) for checking one of
said sys-        steps of: tem flags to determine whether a specific pro-
checking (809) of said system  flags to cessor assignment is allowed;
determine whether a specific processor assign- means (810) for verifying
that a specific        ment is allowed; processor request has been made
upon said   45          verifying (810) that a specific processor specific
processor assignment being allowed;         request has been made upon said
specific and                                                  processor
assignment being allowed; and means (811,812,813) for assigning said
assigning (811,812,813) said specific pro- specific processor upon said
specific proces-        cessor upon said specific processor request sor
request having been made.               50       having been made. 4. A
method for controlling the allocation of sys-   Patentansprlche tem
resources in a multiprocessor system hav- ing a plurality of processors,
one of said pro-  1. Vorrichtung zur Steuerung der Zuordnung von cessors
storing an object code program in a   55     Prozessor-Resourcen in einem
Multiprozessor- file, said object code program to be initiated on    system
mit einer Vielzahl von Prozessoren, said multiprocessor system,
von denen ein Prozessor eine Objektcodedatei CHARACTERIZED BY
fOr ein neues Programm  speichert und die 7    11
EP0272836B1                        12 the most idle memory.
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Claims                                                   tion of said
object code program  a set of processor allocation parameters into said 1.
Apparatus for controlling the allocation of pro-   5  stored object code
program in response to a cessor resources in a multiprocessor system
user command executed by a user of said having a plurality of processors
one of said         multiprocessor system after compilation of said
processors storing object code file for a new        object code program;
program  and said object code file having a              reading (206) said
stored object code pro- header and code portions,                   10
gram by an allocating one of said processors CHARACTERIZED BY
in order to allocate the execution of said object means (202,203) for
inserting a set of pro-      code program; and cessor allocation parameters
into said header            allocating (207,208,209) an executing one
portion of said stored object code file in re-       of said processors by
said allocating one of sponse to a user command executed by a user   15
said processors in response to said processor of said multiprocessor system
after compilation      allocation parameters which define processor of said
object code program;                         resources in the read object
code program to means (206) for reading said stored object       execute
said read object code program. code file; and means (207,208,209) for
allocating one of   20   5. The method of claim 4 further said processors
in response to said processor            CHARACTERIZED BY allocation
parameters in said header portion of          storing (201) system
processor allocation the read object code to execute said code
flags and said allocating step further in re- portion of said read object
code.                    sponse to said stored system processor alloca- 25
tion flags and processor allocation parameters 2. The apparatus of claim 1
allocates said one of said processors. CHARACTERIZED IN THAT said means for
inserting comprises means      6. The method of claim 5 further (204) for
storing a subset of said processor             CHARACTERIZED IN THAT
allocation parameters in response to a system    30      said writing step
by said requesting one of call;
said processors further comprises the step of means (201) for storing
system processor         inserting (204) a set of processor allocation
allocation flags; and                                parameters into said
stored object code pro- said allocating means further responsive to
gram in response to execution of a command said stored system processor
allocation flags   35   in the program being executed by the request- for
allocating said one of said processors.          ing one of said
processors. 3. The apparatus of claim 2                          7. The
method of claim 6 further CHARACTERIZED IN THAT
CHARACTERIZED IN THAT said allocating means further comprises:  40
said allocating step further comprises the means (809) for checking one of
said sys-       steps of: tern flags to determine whether a specific pro-
checking (809) of said system  flags to cessor assignment is allowed;
determine whether a specific processor assign- means (810) for verifying
that a specific        ment is allowed; processor request has been made
upon said   45           verifying (810) that a specific processor specific
processor assignment being allowed;         request has been made upon said
specific and                                                  processor
assignment being allowed; and means (811,812,813) for assigning said
assigning (811,812,813) said specific pro- specific processor upon said
specific proces-        cessor upon said specific processor request sor
request having been made.               50       having been made. 4. A
method for controlling the allocation of sys-   PatentansprUche tem
resources in a multiprocessor system hav- ing a plurality of processors,
one of said pro-  1. Vorrichtung zur Steuerung der Zuordnung von cessors
storing an object code program in a   55     Prozessor-Resourcen in einem
Multiprozessor- file, said object code program to be initiated on    system
mit einer Vielzahl von Prozessoren, said multiprocessor system,
von denen ein Prozessor eine Objektcodedatei CHARACTERIZED BY
fUr ein neues Programm  speichert und die 7    13               E
2783BI14r Objektcodedatei einen Kopfabschnitt und Co-
Objektcodeprogramms anfordert, und zwar un- deabschnitte besitzt.
ter Ansprechen auf einen Benutzerbefehl, der gekennzeichnet durch
durch einen Benutzer des Multiprozessorsy- eine Einrichtung (202, 203) zur
EinfOgung ei-       stems nach Kompilieren des Objektcodepro- 



nes Satzes von Prozessor-Zuordnungsparame-   5      gramms ausgefuhrt wird,
tern in den Kopfabschnitt der gespeicherten         Lesen (206) des
gespeicherten Objektcodepro- Objektcodedatei unter Ansprechen auf einen
gramms durch eine zuordnenden Prozessor, Benutzerbefehl einflgt, der durch
einen Benut-      um die AusfUhrung des Objektcodeprogramms zer des
Multiprozessorsystems nach Kompilie-        zuzuordnen, und ren  des
Objektcodeprogramms  ausgefUhrt  tO       Zuordnen (207, 208, 209) eines
ausfihrenden wird,                                               Prozessors
durch den zuordnenden Prozessor eine Einrichtung (206) zurn Lesen der
gespei-       unter Ansprechen auf die Prozessor-Zuord- cherten
Objektcodedatei und                         nungsparameter, die
Prozessor-Resourcen in eine Einrichtung (207, 208, 209), die unter An-
dem gelesenen Objektcodeprogramm definie- sprechen auf die
Prozessor-Zuordnungspara-   i5    ren, um das gelesene Objektcodeprogramm
meter im Kopfabschnitt des gelesenen Objekt-        auszufuhren. code einen
der Prozessoren zur Ausf~hrung des Codeabschnitts des gelesenen Objektcode
5. Verfahren nach Anspruch 4, zuordnet.
gekennzeichnet durch 20      Speichern (201) von Systemprozessor-Zuord- 2.
Vorrichtung nach Anspruch 1,                         nungsflags und
dadurch, dal3 der Zuordnungs- dadurch gekennzeichnet, daS die EinfUgungs-
schritt ferner unter Ansprechen auf die gespel- einrichtung eine
Einrichtung (204) aufweist, die    cherten Systemprozessor-Zuordnungsfiags
und unter Ansprechen auf einen Systemaufruf eine        die
Prozessor-Zuordnungsparameter einen der Untergruppe der
Prozessor-Zuordnungspara-  25       Prozessoren zuordnet. meter speichert,
und eine Einrichtung (201) zur Speicherung   von  Systemprozessor-Zuord-
6. Verfahren nach Anspruch 5, nungsflags, und
dadurch gekennezeichnet, daH der Einschreib- daS die Zuordnungseinrichtung
ferner unter          schritt durch den anfordernden Prozessor fer-
Ansprechen auf die gespeicherten Systempro-   30    ner den Schritt einer
Einftlgung (204) eines zessor-Zuordnungsflags einen der Prozessoren
Satzes von Prozessor-Zuordnungsparametern zuordnet.
in das gespeicherte Objektcodeprogramm un- ter Ansprechen auf die
AusfUhrung eines Be- 3. Vorrichtung nach Anspruch 2,
fehIs in dem  Programm aufweist, das durch dadurch gekennzeichnet, daB die
Zuordnungs-  35     den anfordernden Prozessor ausgefUhrt wird. einrichtung
femer aufweist: eine Einrichtung (809), die eines der Systemflags prift, um
7. Verfahren. nach Anspruch 6, festzustellen, ob eine besondere
Prozessorzu-       dadurch gekennzeichnet, dal3 der Zuordnungs- ordnung
zulassig ist,                               schritt ferner die Schritte
aufweist: eine Einrichtung (810), die bestdtigt, dal3 eine   40  Prifen
(809) der Systemflags, um festzustel- besondere Prozessoranforderung
erfolgt ist,        len, ob eine besondere Prozessorzuordnung nachdem die
besondere Prozessorzuordnung            zulassig ist, zugelassen worden
ist, und                          Bestatigen (810), daB eine besondere
Prozes- eine Einrichtung (811, 812, 813), die den be-       soranforderung
erfolgt ist, nachdem die beson- sonderen Prozessor zuordnet. nachdem  die
45       dere Prozessorzuordnung zulassig ist, und besondere
Prozessoranforderung erfolgt ist.         Zuordnen (811, 812, 813) des
besonderen Pro- zessors, nachdem die besondere Prozessoran- 4. Verfahren
zur Steuerung der Zuordnung von            forderung ertolgt ist.
Systemresourcen in einem Multiprozessorsy- stem mit einer Vielzahl von
Prozessoren, von   so   Revendicatlons denen ein Prozessor ein in dem
Multiprozes- sorsystem   auszufUhrendes  Objektcodepro-      1. Appareil
pour commander l'attribution de res- gramm in einer Datei speichert,
sources consistent eh processeurs dans un gekennzeichnet durch die
Schritte:                  systeme multiprocesseur ayant un ensemble
Einschreiben (202, 203) eines Satzes von Pro-  55   de processeurs, I'un de
ces processeurs zessor-Zuordnungsparametem in das gespei-
contenant un fichier de code objet enregistre cherte Objektcodeprogramm
durch einen an-           pour un nouveau programme, et ce fichier de
fordernden Prozessor, der die Ausf~hrung des        code objet ayant des
parties d'en-tete et de 8 I 11111111  1  1111111 1111111    15
EP 0 272 836 B1                    16 code,
CARACTERISE EN CE QUE CARACTERISE PAR
I'un des processeurs, qui est un proces- des moyens (202, 203) pour
introduire un        seur demandeur qui demande l'ex6cution du 



ensemble de parametres d'attribution de pro-        programme en code
objet, 6crit (202, 203) un cesseur dans la partie d'en-tete du fichier de
5  ensemble de parametres d'attribution de pro- code objet enregistr6, sous
l'effet d'un ordre      cesseur dans le programme en code objet
d'utilisateur qui est execute par un utilisateur    enregistre, sous la
d6pendance d'un ordre du systeme multiprocesseur, apres compilation
d'utilisateur qui est execute par un utilisateur du programme en code
objet;                         du systeme multiprocesseur, aprbs
compilation des moyens (206) pour lire le fichier de   10   du programme en
code objet; code objet enregistre; et                              I'un des
processeurs, qui est un proces- des moyens (207, 208, 209) pour attribuer
seur- d'attribution, lit (206) le programme en I'un des processeurs sous
l'effet des parame-      code objet enregistr6, dans le but d'attribuer
tres d'attribution de processeur dans la partie    l'ex6cution de ce
programme en code objet; et d'en-tote du code objet qui est lu, pour ex6-
15      celui des processeurs qui est un proces- cuter la partie de code du
code objet qui est       seur d'attribution attribue (207, 208, 209) I'un
lu.                                                 des processeurs, qui
est un processeur d'ex6- cution, sous la dependance des parametres 2.
L'appareil de la revendication 1                    d'attribution de
processeur qui definissent des CARACTERISE EN CE QUE                   20
ressources consistant en processeurs dans le les moyens d'introduction
comprennent           programme en code objet qui est lu, pour des moyens
(204) qui sont destin6s a enregis-       I'ex6cution de ce programme en
code objet lu. trer un sous-ensemble des parametres d'attri- bution de
processeur sous leffet d'un appel de  5. Le proc6d6 de la revendication 4
systeme;                                   25          CARACTERISE EN OUTRE
EN CE QUE des moyens (201) qui sont destines a en-           on enregistre
(201) des indicateurs d'attri- registrer des indicateurs d'attribution de
pro-     bution de processeur de systeme, et l'tape cesseur de systeme; et
d'attribution attribue le processeur pr6cit6 sous les moyens d'attribution
reagissant en ou-      la d6pendance des indicateurs d'attribution de tre
aux indicateurs d'attribution de processeur   30  processeur de systeme
enregistr6s et des pa- de systbme enregistres en attribuant le proces-
rametres d'attribution de processeur. seur precite. 6. Le procede de la
revendication 5 3. Lappareil de la revendication 2
CARACTERISE EN OUTRE EN CE QUE CARACTERISE EN CE QUE                  35
I'etape d'ecriture qui est accomplie par le les moyens d'attribution
comprennent en         processeur demandeur parmi les processeurs outre:
precites, comprend en outre l'etape qui consis- des moyens (809) pour
contr8ler l'un des        te a introduire (204) un ensemble de parame-
indicateurs de systbme de fagon a determiner       tres d'attribution de
processeur dans le pro- si l'affectation d'un processeur specifique est  40
gramme en code objet enregistr6, sous l'effet autoris~e;
de l'execution d'un ordre dans le programme des moyens (810) destines a
verifier            qui est ex6cut6 par le processeur demandeur qu'une
demande de processeur sp6cifique a           parmi les processeurs
precites. 6t6 faite lorsque l'affectation de processeur specifique est
autorisee; et               45  7. Le proc6d6 de la revendication 6 des
moyens (811, 812, 813) pour affecter            CARACTERISE EN OUTRE EN CE
QUE le processeur specifique lorsque la demande            I'etape
d'attribution comprend en outre les concernant le processeur sp6cifique a
ete fai-     etapes suivantes: te.                 .
on controle (809) les indicateurs de syste- 50      me pour determiner si
une affectation de pro- 4. Un procede pour commander I'attribution de
cesseur specifique est autorisee; ressources de systeme dans un systeme
mul-             on verifie (810) qu'une demande de pro- tiprocesseur ayant
un ensemble de proces-          cesseur specifique a ete faite lorsque
l'affecta- seurs, l'un des processeurs contenant un pro-      tion de
processeur specifique est autorisee; et gramme en code objet enregistre
dans un fi-  55        on affecte (811, 812, 813) le processeur chier, ce
programme en code objet etant desti-     specifique lorsque cette demande
de proces- n  a .8tre execute dans le systeme multipro-       seur
specifique a 6t6 faite. cesseur,    


