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(57) ABSTRACT 

Techniques used in communicating messages betWeen pro 
cesses are described using a shared message buffer pool and 
incoming message lists associated With each process. Asso 
ciated With each process is message management informa 
tion. Using the message management information, incoming 
messages to a process are retrieved, outgoing messages to 
another process are sent, and message buffers are allocated 
as needed from a free message buffer list. The free message 
buffer list is a shared resource from Which processes obtain 
a free message buffer to send a message to another process. 
Access to the shared free message buffer list and process 
message lists is synchronized through discipline imposed 
upon updating and accessing various ?elds of the data 
structure Without requiring a global locking mechanism for 
synchronization of shared resources. 
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METHOD AND APPARATUS FOR 
SYNCHRONIZED MESSAGE PASSNG USING 

SHARED RESOURCES 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to communications 
in a computer system and more particularly to performing 
synchronized message passing in a computer system using 
shared resources. 

[0002] As it is knoWn in the art, message passing is one 
means of communicating betWeen tWo or more processes. 
Messages can be sent betWeen tWo or more processes 
executing in the same computer system, or betWeen pro 
cesses executing in different computer systems. Using mes 
sage passing, a ?rst process Wishing to communicate With a 
second process sends the second process a message. The 
message is typically a quantity or packet of data sent from 
the ?rst process to the second process. 

[0003] One class of techniques for communicating mes 
sages betWeen tWo processes uses a single shared list in 
Which there is alWays a buffer of one element in the list. A 
receiving process reads and processes a ?rst message sent 
from a sending process only When a second message has 
been added to the list, such as that Which occurs When the 
sending process sends a second message to the receiving 
process. In other Words, the receiving process does not read, 
process, and delete a message until the message being 
accessed by the receiving process is not the same as the one 
being sent by the sending process. Such a technique only 
provides for message communication in one direction 
betWeen tWo processes. 

[0004] Another class of techniques for communicating 
messages betWeen tWo processes, process A and process B, 
uses a portion of memory that is shared betWeen processes 
A and B and contains tWo shared message lists. The ?rst 
shared list includes messages sent from process A to process 
B, and the second shared list includes messages sent from 
process B to process A. Both shared lists are accessed by 
each of the processes A and B either to send a message to the 
other process, or receive its oWn messages. For example, the 
?rst shared list is accessed by process A to send a message 
to process B by adding the message to the ?rst shared list. 
The ?rst shared list is also accessed by process B to read 
messages it receives by removing a message from the ?rst 
shared list. 

[0005] Typically, data operations requiring access to one 
of the shared lists are included in a “critical section” of 
machine executable code providing exclusive access to a 
shared resource, such as a list, to an accessing process. Thus, 
When a process executes an operation in a critical section, it 
is guaranteed exclusive access to the shared resource. 

[0006] To provide for synchroniZation of a shared resource 
Within a critical section, an operating system usually 
employs a locking mechanism by Which a shared resource, 
such as the foregoing tWo shared lists included in the portion 
of memory, is exclusively accessed by one of multiple 
processes. For example, When one of the tWo processes, A 
and B, executes a data operation in a critical section to 
access the ?rst shared list, a locking mechanism insures that 
the other process is excluded from also accessing the ?rst 
shared list. A typical example of such locking mechanisms 
is the semaphore. 
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[0007] One of the draWbacks of the foregoing technique of 
a critical section With a locking mechanism is the perfor 
mance overhead incurred by using the locking mechanism to 
implement the mutual exclusion. The additional overhead 
includes requesting, obtaining, and releasing a lock on a 
shared resource each time a process is accessing the shared 
resource. This additional overhead adversely impacts system 
performance, for example, by increasing execution time and 
requiring computer system resources to instantiate the lock 
ing mechanism. 

[0008] Another draWback of the foregoing technique 
occurs in the event of an uneven How of message traf?c 
betWeen processes A and B. If process A sends more 
messages to process B than process B sends to process A, 
there is an uneven How of messages betWeen process A and 
process B. If processes A and B each allocate their oWn 
message buffers, as used for storing data of a message, 
process A may request additional memory for a message 
buffer to send a message to process B While process B has 
unused message buffers. Thus, process A may require an 
excessive amount of memory for message buffers While 
process B has message buffers available for use. 

[0009] To provide for message buffer allocation While 
minimiZing memory requirements in the event of uneven 
message traffic betWeen process A and process B, a third 
shared list including “free” or available memory buffers is 
used. In other Words, rather than have process A and process 
B each individually allocate memory for a message buffer 
When needed, a third shared list of available message buffers 
is used by both process A and process B. When process A or 
process B requires a message buffer to send a message, it 
?rst attempts to obtain an available message buffer from the 
third shared list of free message buffers. 

[0010] Using this third shared list is an improvement over 
the previously described technique in that use of the third 
shared list provides for adaptive message buffer allocation 
that minimiZes memory allocation in the event of uneven 
message traf?c betWeen processes. HoWever, a draWback of 
the use of a third shared list is that it represents an additional 
resource that is shared by process A and process B. Thus, a 
critical section is additionally required for data operations 
performed to obtain an available message buffer from the 
shared free list. Generally, using this third shared list further 
degrades system performance due to the additional use of 
the locking mechanism. 

[0011] Thus, there is required an ef?cient technique for 
bidirectional message communication betWeen processes 
Which does not require global locking mechanism for syn 
chroniZation, and Which provides adaptive message buffer 
allocation in the event of uneven message traf?c. 

SUMMARY OF THE INVENTION 

[0012] In accordance With principles of the present inven 
tion, to facilitate communication betWeen a ?rst and second 
process, access to shared resources is synchroniZed through 
discipline imposed upon updating and accessing the shared 
resources Without requiring a global locking mechanism for 
synchroniZation. 

[0013] In accordance With one aspect of the invention is a 
method for sending messages from the ?rst process to the 
second process. The method includes initialiZing a ?rst 
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message buffer containing message data, and adding the ?rst 
message buffer to a list of incoming messages to the second 
process. Initializing the ?rst message buffer includes setting 
a ?rst ?ag indicating that the ?rst message buffer contains a 
message not yet completely processed by the second pro 
cess, and setting a ?rst link ?eld indicating that the ?rst 
message buffer is the last message in the list of incoming 
messages to the second process. The list of incoming mes 
sages to the second process includes a second message 
buffer. The step of adding the ?rst message buffer includes 
updating a second link ?eld associated With the second 
mesage buffer to identify the ?rst message buffer being 
added. 

[0014] Further in accordance With another aspect of the 
invention is an apparatus for sending a message from a ?rst 
process to a second process. The apparatus includes a ?rst 
data structure, a second data structure, and a messsage 
buffer. The ?rst data structure is associated With the ?rst 
process and includes a remote tail pointer identifying an 
incoming message associated With the second process. The 
second data structure is associated With the second process 
and includes a head pointer to the incoming message list 
associated With the second process. The message buffer 
includes a link ?eld identifying a next message in the 
incoming message list, and a state ?eld indicating Whether 
the message buffer has been processed by the second pro 
cess. 

[0015] Further in accordance With yet another aspect of 
the invention is a method for allocating a message buffer 
from a free list When sending a message betWeen a ?rst and 
second process. The method includes determining if the free 
list includes at least three message buffers and removing a 
message buffer from one end of the free list if there are at 
least three message buffers. 

[0016] Thus, there is provided an efficient technique for 
bidirectional message communication betWeen processes 
Which does not require global locking mechanism for syn 
chroniZation, and Which provides for adaptive message 
buffer allocation in the event of uneven message traf?c. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above-mentioned and other features of the 
invention Will noW become apparent by reference to the 
folloWing description taken in connection With the accom 
panying draWings, in which: 

[0018] 
[0019] FIG. 2A is a block diagram of an embodiment of 
data structures and processes used in message communica 
tions betWeen processes executing in the computer system of 
FIG. 1; 

[0020] FIG. 2B is a ?oWchart of an embodiment of a 
method of sending messages betWeen processes executing in 
the computer system of FIG. 1; 

[0021] FIG. 2C is a ?oWchart of an embodiment of a 
method of receiving messages betWeen processes executing 
in the computer system of FIG. 1; 

[0022] FIG. 3 is a block diagram of an embodiment of the 
data structures of FIG. 2 used in interprocess message 
communication; 

FIG. 1 is a block diagram of a computer system; 
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[0023] FIG. 4 is a ?oWchart of an embodiment of a 
method for allocating a buffer from a free list of available 
message buffers; 

[0024] FIG. 5 is a ?oWchart of an embodiment of a 
method for determining if there are more than tWo free 
message buffers in the free list of available message buffers 
and removing the message buffer from an end of the free list; 

[0025] FIG. 6A is a ?oWchart of an embodiment of a 
method for sending messages from process A to process B; 

[0026] FIG. 6B is a ?oWchart of an embodiment of a 
method depicting detailed steps of FIG. 6A for initialiZing 
a neW message buffer and updating process A’s pointer 
information; 
[0027] FIG. 7A is a ?oWchart of an embodiment of a 
method for retrieving a message from process A’s message 
list; 
[0028] FIG. 7B is a ?oWchart of an embodiment of a 
method for performing more detailed steps from FIG. 7A 
for retrieving a message from A’s message list; 

[0029] FIG. 7C is a ?oWchart of an embodiment of a 
method for performing more detailed steps from FIG. 7B for 
returning a message buffer to the free list; 

[0030] FIG. 7D is a ?oWchart of an embodiment of a 
method for performing more detailed steps from FIG. 7C 
for returning a message buffer to the free list; 

[0031] FIG. 8A is a ?oWchart of an embodiment of a 
method performed upon completion of processing a message 
buffer for handling message buffers after message process 
ing is complete; and 

[0032] FIG. 8B is a ?oWchart of an embodiment of a 
method depicting more detailed steps of FIG. 8A for han 
dling message buffers after data processing is complete. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] Referring noW to FIG. 1, an embodiment of the 
computer system 10 is shoWn to include a plurality of host 
computers 12a-12c, a communications medium 14, storage 
subsystems 24a-24b, and shared memory 30. Each host 
12a-12c is directly connected through a communication 
medium 14 to storage subsystems 24a and 24b, and shared 
memory 30. Host computer 12a includes a processor 16a, 
local memory 18a and communications interface 20a by 
Which host computer 12a is connected to communications 
medium 14. Similarly, each host 12b-12c, respectively, 
includes a processor 16b-16c, local memory 18b-18c and 
communications interface 20b-20c. Each of the host systems 
12b-12c are respectively connected to communication 
medium 14 by communications interface 20b-20c. The 
communication medium 14 may be, for example, a system 
bus. 

[0034] Storage subsystem 24a includes storage device 28a 
Which is controlled by device controller 26a. Each of the 
host computers 12a-12c can communicate over communi 
cations medium 14 With storage subsystems 24a and 24b. 
Similarly, storage subsystem 24b also includes a device 
controller 26b and device 28b. Each of the storage sub 
systems 24a-24b includes a device, such as a disk, and 
device controller, such as a disk controller, particular for that 
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device included in the storage subsystem. Each of the host 
computer systems 12a-12c typically perform I/O operations 
such as read and Write operations to devices 28a and 28b. 
Also included in FIG. 1 is shared memory 30 Which can be 
accessed by any of the host processors 12a-12c. Generally, 
shared memory 30 is a shared resource for use by any of host 
computers 12a-12c. 

[0035] It should be noted that other resources may be 
included in an embodiment of a computer system as shoWn 
in FIG. 1 for use betWeen host computer systems 12a-12c. 
Additionally, a computer system may also contain more or 
feWer host computer systems than included in the embodi 
ment of FIG. 1. 

[0036] Referring noW to FIG. 2A, a block diagram of an 
embodiment of the data structures and processes used in 
message communication betWeen processes executing in a 
computer system of FIG. 1 is shoWn. Included in FIG. 2A 
are process A32 and process B 34. For example, process A 
32 executes in one of the host computer systems 12a-12c of 
FIG. 1. Similarly, process B 34 also executes in one of the 
host computer systems 12a-12c of FIG. 1. 

[0037] One or more of the executing processes in the 
computer system 10 may be required to communicate With 
another process also executing in the computer system 10. 
ShoWn in FIG. 2 is process A 32 communicating With 
process B 34. Communication betWeen process A and pro 
cess B may include, for example, process A sending a 
message to process B, or process B sending a message to 
process A. Included in shared memory 30 of FIG. 2 are data 
structures used to facilitate communication betWeen process 
A and process B. Included in shared memory 30 of FIG. 2 
is a process Amessage list 38a, a process B message list 38b 
and a free message buffer list 38c. Process A message list 
38a contains those messages Which process A receives from 
process B. Similarly, process B message list 38b contains 
those messages received from process A. The free message 
buffer list 38c contains available message buffers Which a 
process sending a message to another process may obtain for 
sending a message. The use of these data structures and the 
communication betWeen process A and process B Will be 
described in more detail in paragraphs that folloW. 

[0038] Process A 32 includes a data processing portion 
32a (DP) and a queue manager portion 32b. Generally, the 
queue manager 32b and DP 32a interact to manage process 
A’s message list 38a, and process the messages included in 
this message list. In particular, the queue manager 32b 
performs management functions of process A’s message list 
38a such as adding and deleting message buffers from 
process A’s message list. Generally, DP portion 32a is 
responsible for processing the contents of a message 
included in process A’s message list. Similarly, process B 34 
contains a DP portion 34a and a queue manager 34b. Both 
process A and process B When executing in a computer 
system of FIG. 1 access the shared memory 30 over 
communications medium 14. 

[0039] Also included in the local memory in Which pro 
cess A 32 is loaded is process A message management 
information (MMI) 40. Process A’s MMI includes informa 
tion enabling proper management of the various data struc 
tures included in shared memory 30 for process A to send 
and receive messages. Similarly, process B 34 contains 
process B message management information (MMI) 42 
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Which is included in the local memory in Which process B 
is loaded. Process B’s MMI includes information enabling 
proper management of the data structures included in shared 
memory 30 for process B to send and receive messages. 
Each of the data structures included in shared memory 30 
and the MMI are described in more detail in folloWing 
paragraphs. 
[0040] Referring noW to FIG. 2B, shoWn is a ?oWchart of 
an embodiment of a method of sending a message from a 
sending process to a receiving process. In this example, Ais 
the sending process sending a message to process B, the 
receiving process. At step 33a, a message buffer is allocated, 
as from the free message buffer list 38a, and initialiZed. At 
step 33b, the message from step 33a is sent to the receiving 
process B, as by including the message in Process B 
Message List 38b. Control returns to step 33a to send 
additional messages as needed to process B. 

[0041] Referring noW to FIG. 2C, shoWn is a ?oWchart of 
an embodiment of a method for receiving messages from a 
sending process. In this example, process B receives mes 
sages from a sending process, process A. At step 33c, 
process B determines that it has received a message from 
process A. As knoWn to those skilled in the art, process B can 
determine that it has received a message from process A 
using one of a variety of techniques. For example, process 
B may use a polling mechanism in Which process B con 
tinually checks for incoming messages after a predetermined 
amount of time. Process B may also use an interrupt 
mechanism by Which process B receives an interrupt When 
a neW message is received. 

[0042] At step 33d, the neWly received message is 
retrieved and processed by process B. When process B has 
completed processing the message, end of message process 
ing is performed, as in step 336, in Which the message buffer 
including the message just processed may be returned to the 
free message buffer list 38a in accordance With other con 
ditions and principles of the invention that are described in 
folloWing paragraphs. 

[0043] Referring noW to FIG. 3, shoWn is a block diagram 
of an embodiment of data structures included in FIG. 2. It 
should be noted that these data structures represent a “snap 
shot” of the data structures during the execution of process 
A and process B. Process A’s MMI 40 includes a local head 
pointer 40a, a remote tail pointer 40b and a free list pointer 
40c. The local head pointer 40a points to the head, or ?rst 
message, of the message list for process A 38a. Remote tail 
pointer 40b identi?es the tail end or the last element on 
process B’s message list 38b. The free list pointer 40c 
identi?es the ?rst message buffer in the list of free message 
buffers 38c available for use by process A When sending a 
message to process B. Similarly, process B’s MMI 42 
contains a local head pointer 42a identifying the ?rst mes 
sage on process B’s list of incoming messages 38b. The 
remote tail pointer 42b identi?es the last element on process 
A’s message list 38a. Free list pointer 42c identi?es the ?rst 
message buffer in the list of free pointers 38c available for 
use by process B When sending a message to process A. 

[0044] Message lists in this embodiment, such as message 
lists 38a and 38b, alWays include at least one element. At 
initialiZation prior to sending or receiving messages, each 
message list is initialiZed With a dummy message buffer 
element marked as “already processed”. In the instant case, 
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this “already processed” state is indicated by setting the 
dummy element’s state ?eld to EMPTY. Other implemen 
tations may indicate this processing state in a variety of Ways 
dependant upon the implementation. 

[0045] As Will be described in paragraphs that folloW, 
methods for subsequently managing the data structures of 
FIG. 3 guarantee that there Will alWays be at least one 
element in each of the message lists 38a and 38b. Using 
these methods, processing may or may not have completed 
on the ?rst element of each message list. If there is more than 
one element on one of the message lists, the methods 
guarantee that processing has not begun on the second and 
subsequent elements, if any, included in message list. 

[0046] Process A’s message list 38a shoWn in FIG. 3 
includes tWo message buffers 44 and 46. Note that, as 
previously described, this is a “snapshot” of the data struc 
tures, such as message list 38a. Taking a “snapshot” of the 
data structures at other points of execution may result in 
different data structure states. The ?rst message buffer 44 
included in process A’s message list 38a is identi?ed by the 
local head pointer 40a of process A’s MMI 40. Message 
buffer 44 contains an AB link ?eld 44a, a BA link ?eld 44b, 
a Work link ?eld 44c and a state ?eld 44d folloWed by any 
additional data for the message to be sent to process A. It 
should be noted that all message buffers appearing in any of 
the data structures—process A message list, process B 
message list or the free message buffer list 38c—include 
these same ?elds. HoWever, different ?elds are used in 
conjunction With different data structures as Will be 
described in paragraphs that folloW. 

[0047] The Work link ?eld 44c and the state ?eld 44d are 
used in managing the process A message list 38a. The AB 
link ?eld 44a and the BA link ?eld 44b Will be described in 
conjunction With the free message buffer list since they are 
used in conjunction With the management of this data 
structure. Since ?elds 44a and 44b are not used in the 
management of process A’s message list 38a, values for 
these ?elds are not shoWn. The Work link ?eld 44c identi?es 
the neXt message buffer in the linked list of messages to be 
processed by process A. In FIG. 3 Work link ?eld 44c 
identi?es the neXt message buffer in process A’s message list 
38a, Which is message buffer 46. If a message buffer such as 
46 is the last message buffer included in process A’s 
message list 38a, its Work link ?eld 46c has the value NULL 
to indicate the end of the list. The state ?eld, such as 44d, has 
the value of either EMPTY or FULL indicating Whether the 
message included in the corresponding message buffer has 
been completely processed. Message buffer 44 has its state 
?eld 44d set to EMPTY indicating that process A has 
completed processing of the message data included in mes 
sage buffer 44. In contrast, message buffer 46 contains state 
?eld 46d Which is set to FULL indicating that the message 
in message buffer 46 has not yet been completely processed, 
for eXample, by the DP portion 32a of processA32. Process 
B’s message list 38b contains message buffers similar to 
those described previously in conjunction With process A’s 
message list 38a. 

[0048] Fields 40a and 40b of process A’s MMI 40 are used 
in managing process A’s message list 38a for processing A’s 
incoming messages, and also for sending a message from 
process A to process B by adding a message to process B’s 
message list 38b. In this eXample, process A’s MMI 40 
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contains the remote tail ?eld 40b identifying the last element 
50 of process B’s message list 38b. Process A sends a 
message to Process B by adding it to the end of Process B’s 
message list 38b using remote tail pointer 40b. Fields 42a 
and 42b of Process B’s MMI 42 are used similarly to Process 
A’s ?elds 40a and 40b. 

[0049] Used in managing the free message buffer list 38c 
are the free list ?elds, 40c and 42c, respectively, of the MMI 
data structures 40 and 42, and the AB link and the BA link 
?elds of the message buffers, such as previously described 
in conjunction With message buffers 44, 46, 48 and 50. When 
processAis attempting to allocate a message buffer from the 
free message buffer list 38c for use in sending a message to 
process B, process A eXamines the free message buffer list 
using the AB link ?eld to identify a neXt consecutive 
message buffer. In other Words, the AB link ?elds of the 
message buffers contained in the free message buffer list 
form a chain of message buffers Whose order is privately 
used by process A in allocating message buffers. Similarly, 
the BA link ?elds of the message buffers contained in the 
free message buffer list 38c form a chain of message buffers 
Whose ordering is privately used by process B in allocating 
message buffers. Process B reads the BA link ?eld of a ?rst 
message buffer to determine Whether that message buffer is 
available for use by process B. Process A does not read the 
BA link ?eld in determining Whether that message buffer is 
available for its use. The BA link ?eld is private for use only 
in memory buffer allocation by process B. Similarly, the AB 
link ?eld is a private ?eld available for use by process A in 
memory buffer allocation, and is not used by process B When 
determining the neXt element available for use on the free 
message buffer list 38c. 

[0050] A more detailed description of hoW these data 
structures and their ?elds are used in message passing 
betWeen process A and process B is described in paragraphs 
that folloW. 

[0051] Referring noW to FIG. 4, a ?oWchart of an embodi 
ment of a method for allocating a buffer from the free list 38c 
is shoWn. ShoWn in FIG. 4 are the method steps for 
removing a message buffer from the A process end of the 
free list 38c, such as When process A requires a message 
buffer to send a message to process B. One skilled in the art 
Will note that these steps may be generaliZed and modi?ed 
for also sending a message from process B to process A. In 
step 66 a determination is made as to Whether there are more 
than tWo free message buffers in the free list 38c. If there are 
more than tWo free message buffers in the free message 
buffer list 38c, a message buffer from the A end of the free 
list is removed, as in step 76. The message buffer removed 
from the free message buffer list 38c is used by process A. 
In this embodiment of process A 32, the queue manager 
portion 32b performs the steps of FIG. 4 to remove the 
message buffer from the free message buffer list 38c and 
return it for use by the DP portion 32a. 

[0052] If a determination is made at step 66 that there are 
not more than tWo free message buffers in the free message 
buffer list, control proceeds to step 68 Where a determination 
is made as to Whether or not there are suf?cient system 
resources to allocate an additional message buffer. If there 
are insuf?cient system resources to allocate an additional 
message buffer, control proceeds to step 70 Where an indi 
cation is made that insufficient system resources are avail 
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able to allocate a message buffer. If a determination is made 
at step 68 that there are suf?cient system resources available 
to allocate an additional message buffer, control proceeds to 
step 72 Where the memory for the neW additional message 
buffer is allocated. This neW message buffer is returned to 
process A for use in step 74. 

[0053] Referring noW to FIG. 5, a ?oWchart of an embodi 
ment of a method for performing steps 66 and 76 as 
described in FIG. 4 are shoWn. In particular, FIG. 5 depicts 
performing steps 66 and 76 of FIG. 4 upon the particular 
embodiment of the data structures previously shoWn in 
conjunction With FIG. 3. At step 66a, a temp pointer 
receives the contents of the AB_link ?eld of the ?rst 
message buffer that indicates the second message buffer, if 
any, of the free message buffer list 38c. A determination is 
made at step 66b as to Whether or not the temporary pointer 
is NULL. If the temporary pointer is NULL, it indicates that 
there is one message buffer in the free message buffer list 
38b. If the temp pointer is not NULL, control proceeds to 
step 66c. Prior to executing step 66c, it is knoWn that the free 
message buffer list contains at least tWo elements. At step 
66c, a determination is made as to Whether or not the free 
message buffer list contains at least three message buffers. 
This is determined by examining the AB link ?eld of the 
message buffer identi?ed by the temp pointer, since temp 
points to the second element of the list. If the AB link ?eld 
of the message buffer identi?ed by the temp pointer is not 
NULL, it indicates that a third message buffer is contained 
in the message buffer list. Thus, at step 66c if a determina 
tion is made that the AB link ?eld of the message buffer 
identi?ed by the temp pointer is not NULL, control proceeds 
to step 76a to remove the ?rst message buffer from the free 
message buffer list 38c. If step 66c determines that there are 
not at least three message buffers in the free message buffer 
list, control proceeds to step 68. 

[0054] At step 76a the BA link ?eld of the message buffer 
pointed to by temp is assigned a value of NULL to remove 
the element from the free message buffer list 38c. At step 
76b the temp pointer is assigned to point to the message 
buffer identi?ed by A.freelist Which is the message buffer 
just allocated or removed from the free message buffer list 
38c. At step 76c process A’s MMI freelist ?eld 40c is 
updated to point to the next message buffer of the list 38c 
available for use by process A. 

[0055] Referring noW to FIG. 6A, a ?oWchart of an 
embodiment of the method steps for sending a message from 
process A to process B is shoWn. At step 80 a neW message 
buffer is initialiZed. The neW message buffer initialiZed in 
step 80 is allocated from the free message buffer list using 
the steps previously described in conjunction With FIGS. 4 
and 5. At step 82 the neW message initialiZed in step 80 is 
added to process B’s message list 38b using A’s MMI 
information 40. 

[0056] Referring noW to FIG. 6B, 21 ?oWchart of an 
embodiment of a method for performing the steps previously 
described in conjunction With FIG. 6A are shoWn in more 
detail When using the data structures previously described in 
conjunction With FIG. 3 of this particular embodiment. 

[0057] In steps 80a-80c, the neW message buffer is ini 
tialiZed. In step 80a, its Work link ?eld is initialiZed to 
NULL. In step 80b, its state ?eld is set to FULL. At step 80c, 
the data of the message is added to the neW message buffer. 
Steps 82a-82b add the neW message buffer to process B’s 
message list 38b using process A’s MMI 40. The neW 
message buffer is added to the tail of process B’s message 
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list. Using the remote tail ?eld 40b, the Work link ?eld of the 
last message buffer contained in process B message list 38b 
is updated to point to the neW message buffer. At step 82b, 
A’s MMI information is updated such that the remote tail of 
process A’s MMI 40 points to the neW message buffer just 
added to the tail of process B’s message list 38b. 

[0058] Using the data structures of FIG. 3 as previously 
described, neW messages, as sent from process A to process 
B, are added or appended to the tail of the receiving 
process’s message list by the sending process using its MMI. 

[0059] Referring noW to FIG. 7A, a ?oWchart of an 
embodiment of a method for retrieving a message from a 
message list is shoWn. In particular, the method steps of 
FIG. 7A depict retrieving a message received by process A 
from process B. At step 84 a determination is made as to 
Whether or not there is more than one message buffer in 
process A’s message list 38a. In accordance With principles 
of the invention, each process’s message list, such as 38a 
and 38b, alWays contains at least one element. If a deter 
mination at step 84 indicates that there is more than one 
message buffer included in A’s message list 38a, then a 
message is returned for processing and an attempt is made 
to free a message buffer from A’s message list 38a. HoW 
ever, if there is only a single message buffer in process A’s 
message list 38a, control proceeds to step 85 Where the 
method terminates. 

[0060] If a determination is made at step 84 that process 
A’s message list 38a contains more than one message buffer, 
control proceeds to step 86. At step 86, the message buffer 
from the head of process A’s message list is disconnected 
from the remaining portion of A’s message list by updating 
A’s MMI. At step 88 a determination is made as to Whether 
or not the message buffer disconnected in step 86 has been 
processed to completion. If a determination is made at step 
88 that the message has not been processed to completion, 
control proceeds to step 91 Where the neW head of A’s 
message list is passed to process A’s DP portion. In other 
Words, if A is not done processing the message buffer, it 
cannot yet be returned to the free list as available for use. If 
a determination is made at step 88 that the message has been 
processed, control proceeds to step 90 Where the dequeued 
prior head message of A’s message list 38a is returned to the 
free message buffer list 38c. At step 91, the neW head 
message buffer of A’s message list is passed to A’s DP for 
processing. 

[0061] Referring noW to FIG. 7B, 21 ?oWchart of an 
embodiment of a method for retrieving a message received 
by process A from process B is shoWn in Which the method 
uses the data structures previously described in conjunction 
With FIG. 3. At step 84a, a determination is made using the 
data structures of FIG. 3 as to Whether or not there is more 
than one message buffer in process A’s message list 38a. 
This is determined by examining the Work link ?eld of the 
message buffer identi?ed by the local head ?eld 40a of 
process A’s MMI data structure 40. If this Work link ?eld is 
NULL, control proceeds to step 85. If this Work link ?eld is 
not NULL, control proceeds to step 86a Where a temp 
pointer is used to identify the ?rst message buffer on process 
A’s message list 38a. At step 86b, the ?rst message buffer in 
process A’s message list is disconnected from the remainder 
of A’s message list by updating A’s MMI ?eld local head 
40a to point to the next consecutive message buffer in 
process A’s message list. At step 88a, a determination is 
made as to Whether or not the disconnected ?rst message 
buffer identi?ed by the temp pointer has been processed. 
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This is done by examining the state ?eld of the message 
buffer identi?ed by the temp pointer. If the state ?eld is 
EMPTY, it indicates that this message has been processed 
and control proceeds to step 90a Where the message buffer 
pointed to by temp can be returned to the free message buffer 
list 38c. In either case, control proceeds to step 91 in Which, 
as previously described in conjunction With FIG. 7A, the 
neW head message buffer is returned to the DP portion of 
process A for processing. 

[0062] Described in conjunction With FIG. 7C in folloW 
ing text are details of step 90a for returning a message buffer 
identi?ed by the temp pointer of step 90a to the free message 
buffer list. 

[0063] Referring noW to FIG. 7C, a ?oWchart of an 
embodiment of a method for performing step 90a of FIG. 
7B is shoWn in Which a message buffer pointed to by temp 
is returned to the message buffer free list. At step 104, the 
link ?elds (i.e., AB-link and BA-link) are reinitialiZed and 
the message buffer is added to the free message buffer list, 
as in step 106. 

[0064] Referring noW to FIG. 7D, 21 ?oWchart of an 
embodiment of a method depicting more detail of steps 104 
and 106 from FIG. 7C for returning a message buffer to the 
A end of the free message buffer list is shoWn. At steps 104a 
and 104b, the message buffer identi?ed by temp is initial 
iZed. This initialiZation includes initialiZing the BA link ?eld 
to NULL, as in step 104a, and setting the AB link ?eld to 
identify the ?rst message buffer currently on the free mes 
sage buffer list at the A end of the free message buffer list, 
as in step 104b. The message buffer identi?ed by temp is 
added to the free message buffer list. The BA link ?eld of the 
message buffer identi?ed by the freelist ?eld of A’s MMI is 
set to point to the message buffer identi?ed by temp, as in 
step 106a. At step 106b, the freelist ?eld 40c of process A’s 
MMI is set to identify the neW ?rst message buffer available 
for use by assigning it the value contained in temp. 

[0065] Referring noW to FIG. 8A, a ?oWchart of an 
embodiment of a method for handling message buffers 
returned after data processing is complete is shoWn. As Will 
be described in paragraphs that folloW, this method includes 
steps for returning a message buffer to the message buffer 
free list in accordance With conditions and principles of the 
invention. 

[0066] At step 96 a determination is made as to Whether or 
not the message buffer Which Will possibly be returned to the 
free list is still the head of the process A message list 38a. 
If a determination is made at step 96 that an attempt is being 
made to return the ?rst message buffer being processed by 
process A to the free message buffer list 38c, control 
proceeds to step 98. At step 98, a ?ag is set to indicate that 
the ?rst message buffer has been read and processed, yet the 
?rst message buffer is not yet removed from process A’s 
message list 38a. If a determination is made at step 96 that 
the ?rst message buffer of process A’s message list 38a is 
not the message attempting to be returned to the free list 38c, 
control proceeds to step 100 Where the message buffer link 
?elds (i.e, AB link, and BA_link) are reinitialiZed and added 
to the free message buffer list 38c in step 102. 

[0067] Referring noW to FIG. 8B, the method steps of 
FIG. 8A are shoWn as used in this particular embodiment 
With the data structures of FIG. 3. At step 96a, a determi 
nation is made as to Whether an attempt is being made to 
return to the free message buffer list 38c, the head of process 
A’s message list 38a. This is done at step 96a by comparing 
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the address identi?ed by a buf_ptr, a pointer, Which identi?es 
the address of a message buffer attempting to be returned to 
the free message buffer list, to the address identi?ed by the 
local head ?eld 40a of process A’s MMI. If a determination 
is made that these addresses are not the same, control 
proceeds to step 100a. 

[0068] At steps 100a and 100b, the message buffer iden 
ti?ed by buf_ptr is initialiZed. At step 10a, the BA link ?eld 
is initialiZed to NULL, and at step 100b the AB link ?eld is 
set to identify the ?rst message buffer currently on the free 
message buffer list 38c from the A end of the free message 
buffer list. At step 102a, the BA link ?eld of the message 
buffer identi?ed by the freelist ?eld of A’s MMI is set to 
point to the message buffer identi?ed by buf_ptr. At step 
102b, the freelist ?eld 40c of process A’s MMI is set to 
identify the neW ?rst message buffer available for use by 
assigning it the value contained in buf_ptr. 

[0069] In summary, the methods depicted in FIGS. 7A, 
7B, 7C, 7D, 8A and 8B may be performed by the queue 
manager in this embodiment, such as queue manager 32b to 
retrieve a message for processing by the DP portion 32a, or 
after a message is returned by the DP portion 32a to the 
queue manager 32b. The method steps of the foregoing 
FIGs. provide for tWo particular points, as summariZed 
beloW, at Which a message buffer may be returned to the 
message buffer free list. 

[0070] The method steps of FIGS. 7A-7D may be per 
formed When a message is retrieved by the queue manager 
for processing by DP. A message buffer may be returned to 
the free list at a ?rst particular processing point When 
performing these method steps. A preferred embodiment 
may have multiple messages being processed resulting in 
multiple outstanding message buffers. Thus, in these fore 
going FIGs a determination is made to see if a message 
buffer Which Was previously being processed may be 
returned to the free list provided that there is more than one 
element in a process’ message buffer list. 

[0071] The method steps of FIGS. 8A and 8B may be 
performed When the DP portion of a process has completed 
processing of a message. In performing these method steps, 
a message buffer may also be returned to the message buffer 
free list if certain conditions are satis?ed at a second 
particular processing point. In accordance With these meth 
ods previously described, if there is only one message buffer 
remaining on the process message list (such as message lists 
38a and 38b) When DP has complete processing, the mes 
sage buffer Which is the only one on the process message list 
is not returned to the free message buffer list. If the message 
being returned is not the head of the process message list, 
then the message buffer Which contains the message just 
processed by DP is returned to the free message buffer list. 

[0072] Included beloW is a C-style pseudo code descrip 
tion of the methods previously described in conjunction With 
FIGS. 4, 5, 6A, 6B, 7A-7D, 8A and 8B using the data 
structures described in conjunction With FIG. 3. 

/* *data declarations**/ 
typedef volatile struct Work 
struct Work ( 

int state; 
WORKLENTRY *WorkLink; 
WORKLENTRY *ABfreeLink; 

WORKLENTRY; 

/* EMPTY or FULL */ 
/* next on Work queue */ 

/* next free entry in AB 
direction */ 
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-continued -continued 

WORKLENTRY *BAfreeLink; /* next free entry in BA buffer */ 

uint32 body[BODYiSIZE]; 
direction */ 

/* for some speci?ed 
BODYiSIZE */ 

}WORKLENTRY 
typedef struct queueihead { 
WORKLENTRY *localHead; 
WORKiENTRY *remoteTail; 
WORKLENTRY *freeList; 

} HEADER; 
HEADER Aiside, Biside; 
AllocateAB() — remove the buffer at the A-end of the free list if 
it points to another free entry. 

/* FIG. 4 and 5 method steps */ 

WORKLENTRY *temp; 
/* use temp to avoid possible con?ict from reading 
ABfreeLink tWice */ 
temp = Aisidefreelist->ABfreeLink; 
if (temp != NULL) /* not a 1 element list */ 

if (temp —>ABfreeLink ! = NULL) { /* not a 2 element 
list */ 
/* remove from 

list*/ 
temp —>BAfreeLink = NULL; 

temp = Aisidefreelist; 
Aisidefreelist = Aiside.freelist->ABfreeLink; 
return(temp) ; 

} 
/* at this point, an additional buffer can be allocated and 

it 
/* Will augment the free buffer pool, or several can be 
/* allocated and all but one added to the free list. 

Lastly, 
/* if suf?cient resources have already been allocated, a 
NULL 

/* can be returned to tell the requestor to try again later. 
*/ 
return (getibufferifromsystemo ); 

} 
SenditoiB (WORKLENTRY *bufiptr) — enqueue full buffer on 

/* FIG. 6A, 6B method steps **/ 

bufiptr—>WorkLink = NULL; 
bufiptr—>state = FULL; 
Aiside.remoteTail->WorkLink = bufiptr; 
Aiside.remoteTail = bufiptr; 

ReceiveifromiBO — 

WORKLENTRY *temp; 

if the local Work queue contains more than one 
buffer, dequeue the buffer at the head of the 
queue; if that buffer Was EMPTY, return it to 
the free queue; return the address of the 
buffer noW at the head of the Work queue. 
OtherWise, return NULL. 

/** FIGS. 7A, 7B, 7C, 7D method 
steps **/ 

if (AisidelocalHead->WorkLink != NULL) { 
temp =Aiside.localHead; 
Aiside.localHead = AfsidelocalHead->WorkLink; 
if (temp->state == EMPTY) { 

temp->BAfreeLink = NULL; 
temp->ABfreeLink = Aisidefreeilist; 
AfsidefreeList->BAfreeLink = temp; 

Aiside. freeList=temp; 
} 
return (AisidelocalHead); 

} else return (NULL); 

Amend free (WORKLENTRY *bufiptr) — if bufiptr is not the head of 
the Work queue, push onto the free list, else mark it 
EMPTY 

/** FIGS. 8A, 8B method steps **/ 
if (bufptr <> AisidelocalHead) { 

bufiptr->BAfreeLink = NULL; /* initialize 
pointer ?elds in 

bufiptr—>ABfreeLink = Aiside.freeList; 
AfsidefreeList->BAfreeLink =bufiptr; /* append to 

list */ 
Aiside.freeList =bufiptr; 

} else 
Afside.localHead->state = EMPTY; 

[0073] It should be noted that various aspects of the 
foregoing description may vary With implementation of the 
principles of the invention. For example, in the foregoing 
embodiment each of processes A and B include a DP portion 
and a queue manager portion. Allocated to each of these 
portions are various tasks accomplished by performing 
method steps previously described. Other implementations 
applying the principles of the invention described in the 
foregoing embodiment may include a process With different 
portions and different task allocations in accordance there 
With as knoWn to those skilled in the art. 

[0074] The foregoing description affords a ?exible and 
ef?cient technique for providing bidirectional message com 
munication as between processes using a shared pool of 
message buffers in a synchronized manner. The foregoing 
technique does not require expensive, global locking mecha 
nisms as those of the prior art, and includes adaptive buffer 
allocation techniques Which minimize memory requirements 
While simultaneously avoiding the problem of uneven mes 
sage ?oW as between processes A and B. The foregoing 
technique can easily be tuned for a variety of particular 
implementations, operating systems, and computer systems. 

[0075] Techniques used in the previously described 
embodiment generally promote ef?cient use of system 
resources, such as memory and processor time, and are 
scalable for use in a system having many user processes, as 
Well as a single user process, and a single processor or a 
multiprocessor computer system. 

[0076] Having described preferred embodiments of the 
invention, it Will noW become apparent to those of skill in 
the art that other embodiments incorporating its concepts 
may be provided. It is felt, therefore, that this invention 
should not be limited to the disclosed embodiment, but 
rather should be limited only by the scope of the appended 
claims. 

What is claimed is: 

1. A method executed in a computer system for sending a 
message from a ?rst process to a second process, the method 
comprising the steps of: 

initializing a ?rst message buffer associated With message 
data to be sent to the second process by the ?rst process, 
said initializing step including: 

setting a ?rst ?ag indicating that said ?rst message 
buffer contains a message that has not been pro 
cessed by the second process; and 

setting a ?rst link ?eld to indicate that said ?rst message 
buffer is the last message in a list of incoming 
messages to said second process; and 




