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Abstract

Information exchange between concurrent processing elements like threads or tasks is one of the fun-
damental issues in information processing systems. In many cases, this information transfer needs to
occur asynchronously, i.e. the ‘consumer’ must be enabled to receive the information at some later
point in time than the ‘producer’ provides it. Of course, this may apply to data transfer within a se-
quential processing element as well. Messages and their intermediate storage in queues are one of the
most common solutions to this problem. This paper describes three patterns, addressing different
combinations of requirements: the simple FIFO QUEUE, the SELECTABLE MESSAGE QUEUE, and the
SMART QUEUE.
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1 Introduction

Communication between concurrent processing elements like threads or tasks is one of the fundamen-
tal issues in information processing systems. At a closer look, communication is typically realized as
a series of unidirectional information transfer steps. For instance, a client sends a request for a docu-
ment to a server, which sends the requested document back — or an error message in the case the
document is not available. Or consider a simple procedure call, where the caller may hand over argu-
ments to the procedure, which again may return results at completion.

Whenever information or data may be or has to be interchanged asynchronously between different
elements of a software system, this is usually done with some form of buffering mechanism. Actually,
there is such a rich variety of corresponding implementations due to different internal structures and
provided features, that it is not easy to lay bare the underlying patterns.

This paper is an attempt to isolate three of those patterns: the presumably most simple one, that is
the FIFO QUEUE, and two extensions of it: the SELECTABLE MESSAGE QUEUE, which allows to apply
some selection mechanisms when retrieving buffered information, and the SMART QUEUE, which ex-
ploits the buffering mechanism to deal with mutual relationships among buffered information ele-
ments, e.g. for optimization.

It should be noted, that all described patterns are not reliable by themselves, i.e. if the elements of a
system realizing them fail, the information currently controlled by these elements will probably get
lost.

In the following, any information or request to be interchanged between processing elements is

called 'message’.
FIFO Queue

/\

extends

Selectable Message
Queue

Fig. 1: Relationship between described patterns
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The description of each pattern follows a common structure:
Context — describes which kind of applications is presumably addressed.
Examples — are specific applications raising a certain problem.

Problem(s) — lists the problems which the particular patterns should resolve, together with forces to
be considered.

Solution — gives first a short outline of proposed solution, followed by details in its details part.

Discussion — addresses aspects which are not intrinsic part of the solution, but to be considered as
well; in general, transparent to clients (i.e. users of the pattern).

Variants — are similar solutions, which are in general not transparent to clients, or alternative imple-
mentations. If distinction between ‘discussion’ and ‘variants’ is too weak, they are put together.

Examples resolved — discusses how examples can be resolved with proposed solution, if this is not
evident.

Consequences — lists the upsides gained when applying the pattern, as well as the downsides to be
considered.

Related patterns — mentions other patterns used by the described one, patterns solving similar prob-
lems, or conflicting patterns.

Known uses — are applications where the pattern has been used already.

Since "context" and "forces" are essentially the same for all described patterns, they are summarized
below.

1.1 Context (for all Described Patterns)

Applications, where several modules need to exchange information with each other, and where 'receiv-
ing' modules may or need to process the information at a later point in time than 'sending' modules are
providing it.

1.2 Forces (for all Described Patterns)

® Buffering: since messages cannot be processed immediately when created, they must be intermedi-
ately stored, or 'buffered'.

®  Number of Producers and Consumers: there may be several producers and consumers of messages.
e Over/Underflow: production of messages may be too high or too slow for the consumers.

e Concurrency: if production and consumption of messages may happen concurrently, they must not
disturb each other, and correctness of queued messages must be maintained.

2 FIFO QuEUE

Use FIFO QUEUE whenever an arbitrary number of pieces of information has to be asynchronously
passed from some processing element(s) to another or several others, and processing order has to be
maintained.

(‘FIFO’ stands for “first in, first out”.)

2.1 Examples

e Drawing commands for a graphical display are usually generated in bursts, while the display han-
dler can process them only at a fairly regular rate.

e Similarly, interactive applications may not be able to process user input events at the time they are
generated.

e In image compression (e.g. for converting pure pixel data into JPEG format) several compression
steps (e.g. DCT conversion and Huffmann encoding [ISO/IEC94]) have usually to be applied in se-
quence to regular image tiles, but parallelization shall be exploited to increase throughput.
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e A document shall be transferred over a packet switching network, but is larger than the allowed
packet size. It has therefore to be sent in pieces, from which the recipient must be able to recon-
struct the document. Here, packets represent the messages.

2.2 Problem(s)

e Messages are generated with varying frequency, and it cannot be guaranteed that processing of
each message can be completed before the next arrives.

e Or, consumption of messages shall be decoupled in time from their production, e.g. to meet archi-
tectural or design requirements, like departing synchronous event processing from their asynchro-
nous logging.

e In any case, the processing order shall be the same as the creation order.

2.3 Solution

Provide a FIFO QUEUE as an intermediate buffering mechanism which
- allows to add messages to the buffer,
- allows to remove messages from the buffer in same order as added,
— takes care for over- and underflow,
- takes care for concurrency, if needed,

i.e. which realizes the "first in / first out (FIFO)" concept and solves the forces listed under 1.2.

Details
In an object-oriented environment, a class like Fi foQueue is usually providing that mechanisms:

FifoQueue
put() » - - - - < get()
_ +FifoQueue(in maxSize : size_t = INFINITE) _
. . | rput(in message : Message, in timeOut : time_t = INFINITE) . .
1.. 1. +get(in timeOut : time_t = INFINITE) : Message 1. 1.

Fig. 2: FifoQueue — general class diagram

Figure 2 displays only elements of FifoQueue (in UML-notation) relevant for that pattern. Please
note that producers and consumers are not necessarily distinct; here, roles are depicted rather than
specific objects.

FifoQueue () : when creating an instance of that class, the maximum number of messages buffered
by it at any time can be defined by MaxSize. If omitted, an unbounded empty FIFO-queue is
created.

- A FifoQueue-instance is called 'empty’, if it has no messages buffered.

- A FifoQueue-instance is called "full', if MaxSize was not set to INFINITE, and the number
of currently buffered messages equals MaxSize.

put () : appends the provided message at the end of the internally held list of buffered messages.

- Ifthe FifoQueue is full, put () waits (thus, blocking the caller) until at least one message has
been removed from the internal list. However, if timeOut is not INFINITE, it will wait no
longer than specified by this argument.

- If other put () - or get () -operations are currently under way, it will block until all of them
have been completed, with one exception: if the internal list is empty, it will complete disre-
garding any pending get () -operations.

get () : removes the message at the begin of the internally held list of buffered messages, and returns
it to the caller.

- If the internal list is empty, it waits (thus, blocking the caller) until at least one message has
been added to the internal list. However, if timeOut is not INFINITE, it will wait no longer
than specified by this argument.
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- If other put () - or get () -operations are currently under way, it will block until all of them
have been completed, with one exception: if the internal list is full, it will complete disregarding
any pending put () -operations.

2.4 Discussion

Error Handling

Unsuccessful activations of put () and get (), due to full or empty internal buffer and encountered
timeout, must be reported to the callers, as well as further internal problems like insufficient memory.
How this is achieved, is not prescribed by this pattern. The given method signatures suggest some
bypassing mechanism like exceptions; however, it is also possible to add an error indicator to these
methods, or indicating a get () -timeout by returning no message.

Internal Messages Buffering

An important issue of FIFO QUEUE is the structure of the internal buffer. The simple first-in/first-out
rule suggests a single-linked list, as shown in figure 3.

List: | Begin ? End @

F/_/
olo—> o e
.

message message
message

Entries:

—»  e—Pe |/

Fig. 3: Single-linked list with externally stored messages

If update rates are high, though, this solution may become inefficient, if it requires creation and
destruction of a list entry per put () - and get () -call, respectively. To avoid this, unused entries
could be stored in another list, where put () takes entries from as long as available and allocates new
ones only if this list is empty. In a “bounded” FifoQueue, that is a FifoQueue with a given maxi-
mum number of simultaneously buffered entries, this may work out well, while in an unbounded
queue, it may waste memory in applications with rare message bursts.

For bounded FifoQueues, a fixed-size array of MaxSize+1 pointers (or references) to mes-
sages may be more efficient, where two indices identify the first used and the first free element, as
indicated in figure 4.

List: First @| Free @

" g
e  |[e
y v X

message message message

Array:

Fig. 4: Pointer (or reference) array with externally stored message

The array is used in round-robin' mode. put () enters the new message at Free and progresses it by
one, get () removes from First and progresses it. The array is empty when First == Free, it
is full when First == [Free+1], where [] indicate consideration of the special case where

! “Round-robin” means that usage of the array continues with its first element after its last element has been reached.
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First points at the last and Free at the first array element. First and Free must never bypass
each other. See also variant “Safe Message Passing” for a simpler version of this approach.

Of course, both single-linked list and array are only examples for possible implementations, and
should be understood as suggestions only.

Synchronization

If several producers and consumers may access a FifoQueue concurrently, synchronization is
needed. In general, well known patterns as mentioned in section 2.7 “Related Patterns” could be ap-
plied here. However, there are two special cases to be considered (which are symmetrical to each
other):

- ifaget () is waiting on an empty queue, any put () must not be locked;

- ifaput () is waiting on a full queue, any get () must not be locked.

A possible solution would be (in C++-like notation):

Private members of FifoQueue:

Mutex m Mx;
Event m NotEmpty; // set as long as at least one message buffered
Event m NotFull; // set as long as queue not full

The public method put () of FifoQueue:

FifoQueue::put( in message: Message, in timeOut: time t ) {
time t tStart = now(); // for considering integral timeout
time t remTime = timeOut;

bool bReady = false;
bool bWaitOnNotFullEvent = false;
do {
if (bWaitOnNotFullEvent) {
m NotFull.wait( remTime ); // wait() returns as soon as
bWaitOnNotFullEvent = false; // either event set or timeout passed
}
else { // MutexLock applies the Scoped Lock Idiom [Schmidt++00]
MutexLock Lock( m Mx, remTime ); // try to lock m Mx within
// remaining time

if (Lock.isLocked()) { // locking was successful
if (m NotFull.isSet()) { // and queue not full
//—-- put code which appends message at end of queue here --

bReady = true;
m NotEmpty.set(); // indicate that there is something in queue
if ("queue full") m NotFull.reset();
}

else
bWaitOnNotFullEvent = true;

}

}

if (timeOut == INFINITE) remTime = INFINITE;
else remTime = timeOut - (now() — tStart);
} while (!bReady && ((remTime == INFINITE) || (remTime > 0)));

if (!bReady)
//—-- put code for failure handling here --

}

FifoQueue: :get () would be symmetrically coded.

Rendezvous Mechanism

If MaxSize is set to 0 in the constructor, a synchronous rendezvous mechanism between a consumer
and a producer can be realized, when the synchronization mechanism described above is adapted in
the sense that it allows put () to wait until get () is called or vice versa, and then hands over the
message directly from producer to consumer.
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Non-Object-oriented Environments

In non-object-oriented environments, message queues are created as data structures. Functions like
FifoQueue put( FifoQueue, Message, TimeOut ) would provide the corresponding
functionality, taking the addressed FifoQueue as argument, but work otherwise like the methods
described before.

2.5 Variants

Safe Message Passing

An issue to be decided is how messages are passed over between FifoQueue and its clients. An
efficient way would be to simply hand over references. However, if put () cannot guarantee that the
producer will not use the reference anymore, this approach is dangerous. For get (), it is less risky,
because it can be assured, at least conceptually, that its Fi foQueue instance will not use the message
references handed-over to consumers anymore, because this is completely under control of the Fifo-
Queue-implementor.

A safer approach — though more time and memory consuming — is to create a copy of the message
provided with put (), and return this copy by get (). If all messages are of equal or an acceptable
maximum size, the array in figure 4 could even be used to directly contain the messages, which avoids
the repeated memory allocation for the copies. Then, however, it is recommended that get () copies
messages into a buffer provided by the consumer; thus, this approach trades memory allocation for
copying.

See "Request/Release" below for a further alternative.

Request/Release

In situations where messages may be rather large but of a known maximum size (e.g. images or video
frames), and unnecessary copying should be avoided, it can be helpful to provide prepared buffers by
the FifoQueue to the producers, into which they place their messages directly. These buffers are
provided to the consumers as well, which then, however, have to release them for reuse. Therefore,
the Fi foQueue-interface is modified to ("buffer" stands for "message buffer"):
request( in timeOut: time t = INFINITE ): Buffer
// returns a (reference to a) free buffer to the caller or nothing,
// 1f timeout encountered, and no buffer free
put ( in message: Buffer, in timeOut: time t = INFINITE )
// just takes over buffer and appends it at end of internal list
get ( in timeOut: time t = INFINITE ): Buffer
// removes (reference to) buffer from begin of internal list and returns
// it or nothing, if internal list remains empty during timeOut
release( in message: Buffer )
// takes (reference to) provided message buffer,
// and adds it to free buffer list
Producers perform the following sequence of operations:
- receive a free message buffer with request (),
- copy/place the message into the received buffer,
- queue the buffer with put () .

Consumers perform the following sequence of operations:
- receive a queued message with get (),
- process it,
- free the buffer with release () .

A downside of this variant is that the Fi foQueue relies on proper operation of its clients. If clients
fail or forget to call put () or release (), it looses its buffers. Or, they could reuse buffers after
they returned them by put () or release (). Even worse, clients could destroy the message buft-
ers, if the chosen implementation doesn’t prohibit them from doing this.
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2.6 Consequences

Upsides

e Decoupling of producers and consumers. Clients producing messages don't need to know their
consumers and vice versa; they all only need to know the FIFO QUEUE.

o Asynchronous processing. Producers don't need to wait until consumers are ready to process their
messages. Instead, they can continue without being constrained by the processing speed of con-
sumers.

e Automatic wait on extreme loads ("weak load balancing"). Since consumers wait on producers if
no messages available, and producers wait on consumers if FIFO QUEUE is bounded and full, a
weak load balancing is automatically achieved, avoiding that producers and consumers drift too far
apart.

Downsides

e Complexity. Compared with direct method invocation, FIFO QUEUE are relatively complex, espe-
cially if concurrency and under/overflow has to be treated.

2.7 Related Patterns

An earlier description of a FIFO-queue pattern can be found in [Beck97] as a Smalltalk-idiom. An
Ordered Collection [Beck97] can be used to implement the list of queued messages.

Woolf and Brown describe in [Woolf++02] a comprehensive patterns system for messaging in the
EAI (Enterprise Application Integration) context. Various forms of messaging mechanisms are con-
tained, including queues, although on a more abstract and domain specific level. An updated version
can be found under [Woolf++03].

For controlling access to put () and get () in multi-threaded environments, use synchronization
patterns like Scoped Locking Idiom, Thread-Safe Interface or Monitor Object [Schmidt++00], or Hi-
erarchical Locking [McKenney96] if locking the whole FIFO QUEUE per call causes a too significant
performance loss.

With FIFO QUEUE, each message can be retrieved exactly once, i.e. one consumer per message. If
the same message shall be retrieved by several consumers, patterns like Publisher/Subscriber [Busch-
mann++96] could be used.

One way for put () to learn to know whether it is the only owner of a reference to the handed-

over message, is the usage of counted reference patterns like the Public Countability (in [Henney01]),
which allow clients to get the number of current references to an object.

2.8 Known Uses

FIFO QUEUES are at the heart of many applications and their components. Here, only a few are identi-
fied explicitly.

The Mailbox service of OpenVMS™ is a many-to-one FIFO QUEUE. Each process may open a
mailbox, where it receives messages from several senders.

The point-to-point form of the Java Mail Service JMS (e.g. [Giotta++01]), if used without message
selectors.

The Digital Video System DVS [Herzner++97] is a distributed surveillance system which has been
developed for recording, displaying, archiving, and retrieval of video images from up to thousand
cameras. DVS uses FIFO QUEUES for messages like commands and events, both bounded and un-
bounded, and the request/release-variant for video frames and sequences.
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3 Selectable Message Queue

Use SELECTABLE MESSAGE QUEUE whenever information has to be asynchronously passed from
some processing element(s) to another or others, and processing order has to be controlled by the re-
ceiving processing element(s).

3.1 Examples

e Processing requests with different priorities. Requests with higher priorities shall be considered
earlier, but all queued requests have to be processed.

e Printer queues. Smaller print jobs may be printed before larger ones.
® [/O-requests for a disk may be processed in an order which minimizes head moves.

e A management computer for a sheet-metal cutting machine collecting punch orders for various
sheet widths, but can only process those which match the sheet width currently prepared.

3.2 Problem

The order in which messages are added to a FIFOQUEUE may not be optimal for their later processing.
That means that consumers want to receive the oldest message fitting their actual demands best, rather
than always the oldest message in the queue.

3.3 Solution

Provide a SELECTABLE MESSAGE QUEUE as an extension of a FIFO QUEUE that additionally
- allows to remove oldest message with a certain attribute,
- allows to add attributed messages.

Details

The structure of SELECTABLE MESSAGE QUEUE is similar to that of FIFO QUEUE, with somewhat
different signatures of put () and get () :

Producer Consumer

1.* 1.*

SelMsgQueue
put() » 9 <« get()
+SelMsgQueue(in maxSize : size_t = INFINITE)
1.* |*+put(in message : Message, in attribute : MsgAttrib, in timeOut : time_t = INFINITE) | 4 =«

+get(in selector : Selector = ANY, in timeOut : time_t = INFINITE) : Message

Fig. 5: SelMsgQueue — general class diagram

Figure 5 displays only elements of the Se1MsgQueue class relevant for that pattern. As with FIFO
QUEUE, producers and consumers are not necessarily distinct; here, roles are depicted rather than spe-
cific objects.

put () : appends the provided message at the end of the internal list of buffered messages. In addi-
tion, it keeps its attribute so that it can be exploited by later get () -calls.

get () : beginning with the oldest entry, it checks if the selector meets the attribute of the message. If
s0, it removes that message from the list and returns it; otherwise it repeats the check with the
next entry in the list. If no attribute fits the selector, no message is returned.
The selector value ANY selects the oldest message without regarding the attribute.
Please note that the structure of Selector is not defined; see the discussion below for several
variants and aspects.
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3.4 Discussion, Variants

‘Categorisable’ Attributes
If the attribute can assume only a (small) number of distinguishable values, it may be more efficient to

store messages in a more sophisticated way than in one list, for example, in an own list per category.
Then, getting the oldest message of a certain category needs only one access to the appropriate list.

Ordering at Insertion Time

If the attribute is well ordered, and get () will always request for a message with an extreme attribute
value, messages can be inserted in the right order by put () already. For instance, if the attribute is
priority, and get () will always ask for the message with the highest priority, inserting messages in
descending order requires N/2 comparisons on average, if N is the current number of queued mes-
sages, while searching for the message with the highest priority by get () would always require N
comparisons, if put () simply appends at end of the internal list. The same applies, if size is the at-
tribute and get () will always request for the smallest message (e.g. from a printer queue).

Composed Attributes

Sometimes, single-valued attributes are not sufficient. In this case, attributes may be composed of
more elementary ones. For instance, print jobs may be selected by increasing size, but should not be
delayed too long, so size and queuing time together could build the composed attribute for such mes-
sages.

Hints for Selector Implementation

If consumers may be interested in both extreme values of a certain attribute, Selector should allow
for presenting this, for instance by including MIN and MAX in its domain range. (Note that in this case
"Ordering at insertion time" may still be very helpful.)

Or, consumers could ask for attribute value within a certain range. Then, Selector should allow
to specify such ranges.

Similarly, in the case of composed attributes, Selector should allow to specify which attributes
the consumer wants to address.

Arbitrary Removal

If category based storing of queued messages is not possible, as with ordering at insertion time, im-
plementation alternatives discussed with FIFO QUEUE are not feasible, because these do not support
removal at arbitrary positions well. Instead, a double-linked list is more appropriate.

Delegation of Selection to the Messages

A variant regards the attribute as private part of the messages. In this case, get () must delegate the
selection to the messages; e.g. (again, in C++-like notation):

SelMsgQueue::get ( in selector: MsgSelect, in timeOut: time t ): Message {
Iterator i = First;
do {
if ((*i)->eval( selector ) == true) {

—-— remove (*1i) from queue, and return it --

}

// progress 1 to next message

} while (-- i points at a message —-);
return -- nothing --;

3.5 Examples Resolved

e Priority-driven requests processing. If not too many priorities have to be distinguished, the im-
plementation as described under “‘Categorisable’ Attributes” appears feasible. Whenever a new
request can be processed, the oldest entry from the non-empty queue of highest priority is taken. If
usage of internal priority-specific queues is unfavorable, the "ordering at insertion time" variant can
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be used. In both cases, get () would always be called with ANY.

However, if this could lead to starvation of low-priority requests, priorities of all queued requests
should gradually be increased. In the first approach, this would be achieved be re-queuing mes-
sages from one internal queue to that with the next higher priority, in the second approach by sim-
ply increasing the priority attribute of all queued messages.

e Printer queues. In general, the "ordering at insertion time" variant would be used here. However.
this could result in never printing large jobs. To avoid this, a composed attribute, consisting of e.g.
size and queuing time, could be used. Then, at some times the consumer task should ask for the
oldest queued job, i.c. calling get () with a selector like "MIN(QUEUEING TIME)".

e [J/O-requests on disks. 1f the message attribute is physical disk location (sector etc.), the disc con-
troller may call get () with a set of ranges for the individual attribute elements which matches the
current head position best.

o Sheet-metal cutting machine. get () needs simply to be called asking for equality with the current

sheet width. SELECTABLE MESSAGE QUEUE will probably be realized with applying "categorizable
attribute".
This may be a simplification, though, because a matching message still could request for a shape
not fitting into the sheet left over from previous cuts. Rather, requests for the same sheet width
would be collected, and together placed optimally on the available sheet to minimize material
losses. Still, SELECTABLE MESSAGE QUEUE could be used to collect all requests.

3.6 Consequences

Since SELECTABLE MESSAGE QUEUE is an extension of FIFO QUEUE, its consequences apply to SE-
LECTABLE MESSAGE QUEUE as well. In addition, two more consequences should be considered.

Upsides

e Atomic message retrieval. Getting the (oldest) message fitting certain requirements needs only one
get () -call, compared to solutions where consumers browse through the queued messages and test
them by themselves. Either, a more complex interface is needed (first, consumers have to retrieve
messages (for testing) without their removal, then they must indicate which message to remove); or
they remove messages and re-queue those which are not needed at the moment, which causes at
least overhead, if not more serious problems due to the new queuing order. Even more problems
may arise if several concurrent consumers exist.

Downsides

o Limited selector expressiveness. Consumers can only ask for attribute tests expressible with the
provided Selector.

3.7 Related Patterns

The SELECTABLE MESSAGE QUEUE pattern is an extension of the FIFO QUEUE pattern. In contrast to
SMART QUEUE, SELECTABLE MESSAGE QUEUE provides this extension as more flexibility on the re-
trieval side (rather than on the production side), and still forces to fetch all queued messages.

The Message Selector of [Woolf++02/03] can easily be implemented with SELECTABLE MESSAGE
QUEUE, if message type is denoted by the MsgAttrib. Senders then simply set this argument to the
message’s type, and receivers set Selector in get () to the message type they are interested in.

The ActivationList of the Half-sync/Half-async pattern [ Schmidt++00] delegates selection to
the queued method requests by selecting the oldest entry whose can_run () method returns true.

To some extent, the Pipes and Filter pattern [Buschmann++96] may use SELECTABLE MESSAGE
QUEUES, because pipes may need it for buffering results of a processing step, and filter will distribute
them to several following processing steps operating in parallel.
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3.8 Known Uses

System V [Sobell94] provides C-functions msgsnd ( .., long msgType, .. ) and msgrcv (
.., long msgType, .. ), where msgrcv () will return the oldest message with given
msgType. msgType=0 will return the oldest entry without any filtering.

Under Windows™ (by Microsoft), GetMessage () allows to specify a range of message types
(i.e. unsigned integers) to be received from the windows message queue.

The point-to-point form of the Java Mail Service JMS, if used with message selectors.

4 Smart Queue

Use SMART QUEUE whenever information has to be asynchronously passed from some processing
element to another, and new information units may be related to already passed but not yet processed
ones.

4.1 Examples

e Consider some control system, for instance for network operating, where a low priority task dis-
plays the current situation on some monitor, and some file transfer process reports progression state
periodically into a queue which serves for collecting all messages to that display. On entering such
a message, any older message of the same type still in the queue is outdated, and should not be dis-
played anymore.

e In the same control system, several messages of same kind could be collected into a single sum-
mary message if applications semantics allows for it; e.g., N messages “event X occurred” could be
replaced by a message “event X occurred N times (within L time units)”.

e Similarly, if an informative message about some transient effect is still in the queue when the cor-
responding ‘off’-message arrives, both could be removed from the queue without any further re-
placement.

e A FIFO QUEUE could be used to collect messages from a node A to be transmitted to another node
B. With faulty transport media it is possible that a message transfer fails unrecognized by A.
Rather than waiting for some confirmation from B after each transmission, which can cause sig-
nificant performance loss, messages could be sent without wait but kept by A until confirmation ar-
rives. On failure response, transmission is restarted with the oldest not yet deleted message. Simi-
larly, B could request for retransmission due to internal reasons.

4.2 Problems

e Appending a new message to the queue may result in removal or modification of already buffered
messages, according to interdependencies between the new and buffered messages.

e Retrieving a message may require to keep it in the queue, but not to retrieve it again as long as not
a specific ‘reset’-operation is applied.

4.3 Solution
Provide a SMART QUEUE as an extension of a FIFO QUEUE with following additional features:

e Design messages so that for each message object, it can (efficiently) be determined if and how it
interrelates with other messages, which could require that the 'type' of a message can easily be de-
termined.

e put () tests if the new message has some relationship with one of the queued messages and treats
both, if such a relationship is found, according to that relationship; otherwise, it appends the new
message to the internal list.

e get () has a new argument keep of type boolean. If keep == true, it will not remove the
message from the queue.
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e A new method reset () ensures that oldest not yet deleted message becomes the oldest not yet
received message; i.e. the next get () -call will return the oldest message in the list, and it will
continue from this message.

Details

The structure of the SMART QUEUE pattern differs from that of FIFO QUEUE mainly in including mes-
sage objects as well:

Producer

1. 17

put() » SmartQueue « get()

Consumer

+SmartQueue()
+put() 1.
+get(in timeOut : size_t = INFINITE, in keep : bool = false) : Message
1 | +reset()

A 1.7

1

*

Message default:
+check(in message : Message) : Decisionindic —— | "don't care”

check() »

ConcreteMessage A
+check()
+..0)

ConcreteMessage B
+check()
+..(0)

Fig. 6: SmartQueue — class diagram

(Only relevant and new arguments are shown in figure 6.)

check () takes a (reference to a) message object, determines its relationship to itself, possibly us-
ing further information, as indicated by "... () " in the concrete message classes, and returns a decision
indicator as listed in the following table, where texts are formulated from point of view of that mes-
sage object which's check () -method has been activated:

Decision Indicators

Meaning

Possible Reasons

to queue

don't care no interrelation de- - the type of the new message is unrelated to mine
tected
ignore ignore the new mes- - the new message is of my type, and repetition is not
sage necessary
- of my type, and I have taken over its values
queue append new message | - the new message is of my type, but both are needed

- and the new message is not of my type, but I know
that it is needed

ignore and delete

ignore the new mes-
sage,
and delete myself

- the new message neutralizes myself (e.g. it confirms
my successful processing by the recipient)

queue and delete

append new message
to queue,
and delete myself

- the new message overrides myself, but it shall not
pass other entries

Tab. 1: SmartQueue — decision indicators

Please note that the decision indicators described in table lare only quite typical in our experience, but
they are not necessarily the only ones to be used. Implementers of the SMART QUEUE pattern may use
their own set of decision indicators, if necessary.
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A subclass doesn’t need to overwrite check () if the default behavior (returning don’ t care) is
sufficient.

put () performs a loop over its entries list, until either another decision indicator than don't
care is returned, or the whole list has been traversed. In the first case, it executes the indicated deci-
sion; in the latter case, it appends the new message at the end of its list.

4.4 Discussion

Location of Inter-message Relationship Evaluation

In the described solution, the responsibility to evaluate inter-message relationships is placed on the
messages themselves for two reasons: first, they 'know' best their relationships (or should at least), and
second, when adding new concrete message classes, in general only their check () -methods have to
address the new relationships, leaving older concrete message classes, and the SMART QUEUE in par-
ticular, unchanged. For instance, if a message pair "set signal X" and "reset signal X" are added, only
the check () -method of the former has to be coded to return "ignore and delete" when it is called
with a "reset signal X" message. However, see the variants-clause below for alternatives.

Message Types and Identifiers

How a message evaluates its relationship with another message, is not specified by this pattern. In
environments which provide runtime type information, this feature can be used; in others some differ-
ent mechanism has to be implemented. For instance, some method like t ype () could be provided by
all classes, returning a unique class identifier, presumably of type String. Ofr, if the Reflection pattern
[Buschmann++96] has been applied, it can be exploited to get the type of a message object. Some-
times, however, type information will not be sufficient, but also access to certain subclass elements
needed, e.g. to distinguish between messages of same type, but for different objects. Again, how this
is achieved, is left unspecified by the SMART QUEUE pattern.

Decision Indicators

Also, the SMART QUEUE pattern leaves open how the decision indicators are represented. Again, this
is left open to choose the best way according to the implementation environment, be it as enumeration
or something else.

Arbitrary Removal

As with the SELECTABLE MESSAGE QUEUE pattern, the implementations proposed in the FIFO QUEUE
pattern will not be feasible here. Instead, a double-linked list is more appropriate.

Queue Size Limits and Other FIFO Queue Aspects

If the queue size is bounded, its overflow may occur more likely if get () -calls have the keep-flag
set. But besides that, its behavior is the same as described for FIFO QUEUE.

Evaluation Order

In which order the check () -methods of already queued messages are called by put (), depends on
the application and, possibly, on the new message. If, for instance, messages can be combined or neu-
tralized, but certain requests shall not be bypassed by others, then from-newest-to-oldest-entry order
appears to be preferable, because this does not violate creation time order.

For instance, if display messages containing statistical messages should only be combined if
queued in sequence, i.e. without any other message between them, then a new message needs only to
be checked by the most recent buffered message.
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4.5 Variants

Evaluation Support by Smart Queue

The last discussion about evaluation order raises a problem with the given solution, because the
SMART QUEUE will ask all buffered messages rather than only the most recent one, and the others
don't know their relative distance to the new message.

One approach to solve this problem is to provide check () with the necessary information, either
through additional arguments, or by allowing it to ask for appropriate information on demand. Since
the majority of check () -calls will not need the additional information, the second alternative ap-
pears to be more efficient.

Evaluation by Smart Queue

Another approach to solve this problem is to evaluate inter-message relationships by the SMART
QUEUE rather than by the messages. Of course, in this case SMART QUEUE must be able to get infor-
mation about message types and possibly further message elements. If the set of concrete message
classes is rather stable, this appears to be a feasible approach, because SMART QUEUE's implementa-
tion needs not to be modified too frequently. It also could support maintainability, because the evalua-
tion code will then likely to be concentrated at one place.

Actually, this was the first form of the pattern encountered by the author, and it has already been
named “Smart Queue” by the software engineers using it. So, this variant gave name to the whole
pattern.

4.6 Examples Resolved

e File copying process reports progression rate faster than low priority task can display them: any
already queued progression state message returns the decision indicator queue and delete.

e Repeated "event X occurred” messages: if the "evaluation support by Smart Queue" variant has
been realized, and the most recently queued message of same type is also the most recently queued
one at all: it increments its own occurrence counter, and returns the decision indicator ignore.
Otherwise, it must return queue.

o "Off"-message arrives while corresponding "on"-message still queued: the latter returns ignore
and delete.

e Provision for safe transmission over faulty medium: get () sets always keep = true. On re-
trieval of an acknowledge message, it is provided to the SMART QUEUE by put (), which will
cause the corresponding, still queued message (which should be the oldest in the queue) to return
ignore and delete. However, on retrieval of a "transmission error" message, reset () is
called, causing to repeat transmission of the not yet removed messages.

4.7 Consequences

Upsides

e Administration tasks, which are based on mutual inter-message relationships, can be performed
without the need for further mechanisms besides the SMART QUEUE and the check () -methods.

e Putting the evaluation code into the message implementations (by means of their check () -
methods), both avoids that the SMART QUEUE implementation has to be updated, whenever new
concrete message classes are implemented, and makes forgetting to implement the new evaluation
code more unlikely, because it is placed in the same source module as the other implementation of
the new classes.

e Elimination of obsolete messages before they are processed may improve efficiency of the whole
application.

e SMART QUEUE offers some support for fault-tolerance (see faulty transmission example).
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Downsides

e Some performance overhead may result if check ()s execute slow or return (almost) always
don’t care.

o SMART QUEUE does not support consideration of relationships among more than two messages. It
is not possible, for instance, that a new message (e.g. “remove all drawing commands”) removes
more than one already stored message. In such cases, more complex patterns than SMART QUEUE
are needed.

e There is some potential danger due to ill-coded or malicious check () -methods, which could be
considered as a risk introduced by this pattern. For instance, some “bad-minded” producer could
add a message, which returns ignore on all messages that producer wants to suppress.

4.8 Related Patterns

SMART QUEUE is an extension of FIFO QUEUE, and it may be combined with SELECTABLE MESSAGE
QUEUE.

The Merge Compatible Events pattern [Wake++96] is a SMART QUEUE application based on the Event
Queue pattern described in the same contribution. Similarly, the Five Minutes of no Escalation pattern
of a set of fault-tolerant telecommunication system patterns [Adams++96] — which has later been
adapted in the Input and Output Pattern Language [Hammer++99] — can efficiently be realized using
the SMART QUEUE pattern, like several other patterns described there (e.g. George Washington is Still
Dead, Bottom Line).

4.9 Known Uses

Microsoft's windows message queue optimizes certain messages. For instance, WM PAINT mes-
sages are queued only once, even if several calls to UpdateWindow () or RedrawWindow ()
would generate several WM_PAINT messages.

In DVS, for each recording unit a central SMART QUEUE is held, containing recording and other con-

trol commands. Since it is mainly used for compensating network problems (e.g. due to transient
overload), the ‘fault-tolerant’ variant is applied.

In event-driven, fault-tolerant systems, as e.g. for telecommunication, patterns and pattern languages
have been identified and already described in literature, which can and have actually been imple-
mented by means of SMART QUEUEs. See also related patterns before.
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