7 Direct Communication

e Monitors work well for passive objects that require mutuadlesion
because of sharing.

e However, communication among tasks with a monitor is iradire
e Problem: point-to-point with reply indirect communicatio

Except as otherwise noted, the content of this presentailbicensed under the Creative Com-
mons Attribution 2.5 License.
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¢ Point-to-point with reply direct communication:
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e Therefore, tasks need to communicate directly.

7.1 Task

¢ A task is like a monitor, because it provides mutual exclusiod can
also perform synchronization.

—Public members of a task are implicitly mutex and other kiofds
members can be made explicitly mutex.
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e A task is also like a coroutine, because it has a distingdishember,
(task main), which has its own execution state.

¢ A task is unique because it has a thread of control, whichnsegi
execution in the task main when the task iIs created.

¢ In general, basic execution properties produce differbatractions:

object properties member routine properties

thread stack | No ME/S ME/S
\[e) NoO 1 class 2 monitor
No Yes |3 coroutine 4 coroutine-monitor

Yes No |5 reject 6 reject

Yes Yes |7 reject? |8 task

e \When thread or stack is missing it comes from calling object.
e Abstractions are not ad-hoc, rather derived from basicequnts.

e Each of these abstractions has a particular set of probleras isolve,
and therefore, each has a place in a programming language.
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7.2 Scheduling

¢ A task may want to schedule access to itself by other tasks arder
different from the order in which requests arrive.

e As for monitors, there are two technigues: external anamaie
scheduling.

7.2.1 External Scheduling

¢ As for a monitor, the accept statement can be used to conkighw
mutex members of a task can accept calls.



_Task BoundedBuffer {

int front, back, count;
int Elements[20];
public:
BoundedBuffer() : front(0), back(0), count(0) {}
_Nomutex int query() { return count; }
void insert( int elem ) {
Elements[back] = elem;
back = ( back + 1) % 20;
count += 1;
}
Int remove() {
Int elem = Elements|front];
front = ( front + 1 ) % 20;

count -= 1;
return elem;
}
protected:
void main() {
for (5;) {
_When (count !'= 20) _Accept(insert) { // after call
} or _When (count != 0) Accept(remove) { // after call
} [l _Accept
} /I for
}
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e Accept(ml, m2)S1 = Accept(ml) S1;or Accept(m2) S1,;
f (C1|C2)S1 = if(Cl1l) S1; elseif (C2) S1;

e Extended version allows differentwhen and code after call for each
accept.

e Equivalence using statements:
If (0 < count && count < 20 ) Accept( insert, remove );
else if ( count < 20 ) _Accept( insert );
else /= if ( 0 < count ) %/ _Accept( remove );
o 2\ — 1 if statements needed to simul&teiccept clauses.
¢ \Why is BoundedBuffer::main defined at the end of the task?
e The When clause is like the condition of conditional critical region

—The condition must be true (or omittedihd a call to the specified
member must exist before a member is accepted.

e If all the accepts are conditional and false, the statemeas$ aothing
(like switch with no matchingcase).

e If some conditionals are true, but there are no outstandifig,¢che
acceptor Is blocked until a call to an appropriate memberaden
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e The acceptor is pushed on the top of the A/S stack and nornméilcin

scheduling occurs (& W < S).
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e If several members are accepted and outstanding callstexisgm, a
call is selected based on the order of thccepts.

—Hence, the order of theAccepts indicates their relative priority for
selection if there are several outstanding calls.

e Once the accepted call has completed, the statement adtactepting
_Accept clause is executed.

—To achieve greater concurrency in the bounded buffer, ahéog
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void insert( int elem ) {
Elements[back] = elem;
}

int remove() {
return Elements]front];

}
protected:
void main() {
for (5;) {
_When (count '= 20 ) _Accept( insert ) {
back = (back + 1) % 20;
count += 1;
}or _When (count !'=0) _Accept( remove ) {
front = (front + 1) % 20;
count -= 1;
} /I _Accept
} /I for
}

e If there is a terminatinglse clause and no Accept can be executed
Immediately, the terminatinglse clause is executed.
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_Accept(...) {
} or _Accept(...){
lelse{...} /[ executed if no callers

—Hence, the terminatingise clause allows a conditional attempt to
accept a call without the acceptor blocking.

e An exception raised in a task member propagates to the caildra
special exception is raised at the task’s thread to ideatgyoblem.

_Task T {
public:
void mem() {
.. _Throw E; ... /| E goes to caller
} /I uRendezvousFailure goes to “this”
private:
void main() {
try {
__Enable {
. _Accept( mem ); ... /l assume call completed
}

} catch ( uSerial::RendezvousFailure ) {
/I deal with rendezvous failure
Y try
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7.2.2 Accepting the Destructor

e Common way to terminate a task is to havdoae (join) member:

__Task BoundedBuffer {
public:

void done() { /x empty «/ }
private:
void main() {
/[ start up
for (5;) {
_Accept( done ) { // terminate ?
break;
} or _When (count != 20 ) _Accept( insert) {

} or ._.When (count '=0) _Accept( remove ) {
IR _.A.ccept

} /I for
/I close down
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¢ Call done when task is to stop:

void uMain::main() {
BoundedBuffer buf;
/l create producer & consumer tasks
// delete producer & consumer tasks
buf.done(); // no outstanding calls to buffer
/[ maybe do something else
} /I delete buf

¢ Alternatively, throw a concurrent exception, but delayetiver.
e If termination and deallocation follow one another, acabgstructor:

void main() {

for (5;) {

__Accept( ~BoundedBuffer ) {
break;

} or _When (count != 20 ) Accept(insert) {...
}or When (count!=0) Accept( remove ) { ...
} /I _Accept

} /I for
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e However, the semantics for accepting a destructor arerérftdrom
accepting a normal mutex member.

e \When the call to the destructor occurs, the caller blocksaadhately if
there is thread active in the task because a task’s storageiche
deallocated while in use.

e \When the destructor is accepted, the caller is blocked asdqulionto
the A/S stacknstead of the acceptor

e Therefore, control restarts at the accept statewhbutexecuting the
destructor member.

e This allows a mutex object to clean up before it terminatesn(ibor or
task).

e At this point, the task behaves like a monitor because iesithis halted.

e Only when the caller to the destructor is popped off the A&slsby the
iImplicit scheduling is the destructor executed.

e The destructor can reactivate any blocked tasks on condiaaables
and/or the acceptor/signalled stack.



7.2.3 Internal Scheduling
e Scheduling among tasks inside the monitor.

e As for monitors, condition, signal and wait are used.

__Task BoundedBuffer {
uCondition NonEmpty, NonFull;
int front, back, count;
Int Elements[20];
public:
BoundedBuffer() : front(0), back(0), count(0) {}

_Nomutex int query() { return count; }

void insert( int elem ) {
If ( count == 20 ) NonFull.wait();
Elements[back] = elem;
back = ( back + 1) % 20;
count += 1;
NonEmpty.signal();
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Int remove() {
If ( count == 0 ) NonEmpty.wait();
Int elem = Elements[front];
front = ( front + 1 ) % 20;

count -= 1;
NonFull.signal();
return elem:
}
protected:
void main() {
for (;;) {
__Accept( ~BoundedBuffer )
break:
or _Accept( insert, remove );
/l do other work
} /I for
}

%

e IS there a potential starvation problem?
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7.3 Increasing Concurrency

e 2 task involved in direct communication: client (caller) &rser (callee)
e possible to increase concurrency on both the client anaksside

7.3.1 Server Side
e Use server thread to do administrative work so client caniicoa
concurrently (assuming no return value).

e E.g., move administrative code from the member to the stém
executed after the member is accepted:

__Task serverl { __Task server2 {
public: public:
void xxx(...) { S1} void xxx(...) { Sl.copy }
void yyy(...) { S2} void yyy(...) { S2.copy }
void main() { void main() {
!Accept( XXX ); ._.A.\ccept( xxx ) { S1l.admin }
or _Accept( yyy ); or _Accept( yyy ) { S2.admin };
} }
} }

e overlap between client and server increases potentiablocurrency
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7.3.1.1 Internal Buffer

e The previous technique provides buffering of size 1 betviberclient
and server.

e Use a larger internal buffer to allow clients to get in and @futhe server
faster?

e |.e., an internal buffer can be used to store the argumentsitiiple
clients until the server processes them.

e However, there are several Issues:

—Unless the average time for production and consumption is
approximately equal with only a small variance, the buféegither
always full or empty.

—Because of the mutex property of a task, no calls can occuewhe
server is working, so clients cannot drop off their arguraent

The server could periodically accept calls while processaguests
from the buffer (awkward).

— Clients may need to wait for replies, in which case a bufferdoot
help unless there is an advantage to processing requesis4RIRO
order.
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e These problems can be handled by changing the server into an
administrator.

7.3.1.2 Administrator

e An administrator is used to manage a complex interaction or complex
work or both.

e The key is that an administrator does little or no “real” wat& job is to
manage.

e Management means delegating work to others, receiving lamckang
completed work, and passing completed work on.

e An administrator is called by others; hence, an adminstnatalways
accepting calls.
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N/

call

- Administrato >~
return

e An administrator makes no call to another task because alishncay
block the administrator.

¢ An administrator usually maintains a list of work to passvtrker
tasks

e Typical workers are:

timer - prompt the administrator at specified time intervals

notifier - perform a potentially blocking wait for an external eveke\f
press)
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simple worker - do work given to them by and return the result to the
administrator

complex worker - do work given to them by administrator and interact
directly with client of the work

courier - perform a potentially blocking call on behalf of the
administrator
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7.3.2 Client Side

¢ \While a server can attempt to make a client’s delay as shqossible,
not all servers do it.

¢ In some cases, a client may not have to wait for the serveroiogss a
request (producer/consumer problem)

e This can be accomplished by an asynchronous call from teatdio the
server, where the caller does not wait for the call to congplet

e Asynchronous call requires implicit buffering betweerenli and server
to store the client’'s arguments from the call.

e UCH provides only synchronous call, i.e., the caller is gethafrom the
time the arguments are delivered to the time the resultusimet (like a
procedure call).

e It is possible to build asynchronous facilities out of thedyronous
ones and vice versa.
7.3.2.1 Returning Values

e If a client only only drops off data to be processed by theaethe
asynchronous call is simple.



219
e However, if a result is returned from the call, i.e., from #ssver to the
client, the asynchronous call is significantly more complex

e To achieve asynchrony in this case, a call must be dividedtnd calls:

1. transmit the arguments
2. retrieve the results

e The time between the two calls allows the calling task to eteec
asynchronously with the task performing the operation enctidler’s
behalf.

e If the result is not ready when the second call is made, tHerdalbcks
or the caller has to call again (poll).

e However, this requires a protocol so that when the clientendke
second call, the correct result can be found and returned.

7.3.2.2 Tickets

e One form of protocol is the use of a token or ticket.

e The first part of the protocol transmits the arguments spegfthe
desired work and a ticket (like a laundry ticket) is returmadhediately.

e The second call passes the ticket to retrieve the result.
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e The ticket is matched with a result, and the result is retirhavailable
or the caller is blocks or polls until the result is available

e However, protocols are error prone because the caller maybsy the
protocol (e.g., never retrieve a result, use the same tiokee, forged
ticket).

7.3.2.3 Call-Back Routine

e Another protocol is to transmit (register) a routine on tiaal call.

e \When the result is ready, the routine is called by the taskeigtimg the
result, passing it the result.

e The call-back routine cannot block the server,; it can ontyesthe result
and set an indicator (e.g., V a semaphore) known to the aligirent.

e The original client muspoll the indicator or block until the indicator is
set.

e The advantage is that the server does not have to store thie bes can
drop it off iImmediately.

¢ Also, the client can write the call-back routine, so they danide to poll
or block or do both.
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7.3.2.4 Futures

e A future provides the same asynchrony as above but without an axplic
protocol.

e The protocol becomes implicit between the future and thie tas
generating the result.

e Further, it removes the difficult problem of when the calleosld try to
retrieve the result.

e In detall, a future is an object that is a subtype of the rdgpk expected
by the caller.

e Instead of two calls as before, a single call is made, pasbag
appropriate arguments, and a future is returned.

e The future is returned immediately and it is empty.

e The caller “believes” the call completed and continues etten with an
empty result value.

e The future is filled in at some time in the “future”, when theu is
calculated.

e If the caller tries to use the future before its value is filledthe caller is
implicitly blocked.
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e A simple future can be constructed out of a semaphore andiélik as
In:
class future {
friend _Task server; /[ can access internal state

uSemaphore resultAvailable;
future +link:
ResultType result;
public:
future() : resultAvailable( 0 ) {}

ResultType get() {
resultAvailable.P(); /[ wait for result
return result;

}
I3
—the semaphore is used to block the caller if the future is gmpt
—the link field is used to chain the future onto a server wosk-li

e Unfortunately, the syntax for retrieving the value of theufe is
awkward as it requires a call to tiget routine.
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e Also, in languages without garbage collection, the futurestie
explicitly deleted.



