PARALLEL SOFTWARE ENGINEERING

Problem

efficient parallel program

Specification of

parallel algorithm

Mapping parallel

algorithms into

parallel machines

Performance

analysis

(visualization)

Load

balancing

Testing &

debugging

Monitoring

Specification of Parallel Algorithms

· Implicit parallelism : Parallel code is produced by the compiler from

the sequential description ofthe problemby extracting implicit

parallelism automatically Þ parallelizing compilers

· Explicit parallelism : Parallelismis defined explicitly by the

programmer Þ parallel languages

Specification of

ParallelAlgorithms

conventional

sequential

languages parallel

languages

parallelizing

compilers procedural declarative implicit

parallelism expilicit

parallelism

parallel languages

sequential language extensions

(e.g. Parallel C) truely parallel languages

(e.g. OCCAM)

A Visual Parallel Programming Language :

GRAPNEL

(Graphical Process Net Language)

Programming Paradigm : message-passing

· parallel program consists of individual sequential processes

· processes are executed in parallel

· processes can interact only by sending and receiving messages

(i.e. data) among themselves

]

Process Model :

Communication Model:

Hybrid approach : graphics are used together with ordinary

textual language to define the program.

· Parallel activities (e.g. process creation,

communication) are defined by graphical symbols.

· Program parts not related to parallelism can be defined

in C.

Process

single unit member of a

group

Process

static dynamic

Communication

point-to-point

(send-recieive) group

(e.g. multicast)

GRAPNEL (Cont.)

Layered design of parallel program s : three hierarchical levels

are distinguished.

· Application Level : processes and their communication

connections are described.

· Process Level : graphical outline of process´s code

based on the message-passing and process management

activities

· Textual Code Level : lowlevel semantics of the visual

code elements.

Application Level:

GRAPNEL (Cont.)

Process Level:

Load Balancing

Problem : load imbalance leads to processor idle times in a

distributed parallel computer Þ high efficiencycan onlybe

achieved if the computational load is evenlybalanced among

the processors.

Two kinds of load balancing schemes can be distinguished

depending on the knowledge about the application behaviour:

The task-processor assignment

is performed before the parallel

application initiates its

execution.

ß

Computational and

communication requirements of

a problem must be known a

priori.

The task-processor

assignment is performed and

changed dynamically during

the actual execution of the

application.

ß

It must be applied in

situations where no a priori

estimations of load

distribution are possible.

Load Balancing Schemes

Mapping

(Static Load Balancing)

Dynamic Load

Balancing

Mapping

Goal : to minimize the execution time ofthe parallel programs on

distributed-memory machines by distributing parallel parts ofthe program

(i.e. tasks) among the different processors in an ^optimal~ way.

Distributed parallel computer:

· a set of processors connected via an interconnection network

· each processor has a local memory

· communication between two processors is much more time consuming

than a local memory access

Description of the problem : A mapping is an application (called

alloc) from T (set oftasks) to P (set ofprocessors) which associates to

each task t an unique processor q = alloc(t).

In general, the complexity ofthe mapping operation is exponential Þ

heuristic solutions are proposed.

Quality of the mapping

Solutions ofthe mapping problemare based on the optimazition ofa cost

function, denoted z . Many choices have been proposed for z . Two

opposite criteria have to be taken into account:

1. minimization of inter-process communications

2. load-balancing of computations among processors

For example, to minimize the most loaded processor is a trade-offbetween

these two criteria:

z

p P ex t comm t t

t alloc t p t alloc t p

=

Î

+

= ¹ å å

m ax ( ( ) ( , ’ ) )

| ( ) ’| ( ’)

where

ext(t) : computation time of task t

comm(t,t´) : the total communication time between t and t´

Greedy algorithms

The mapping is done without backtracking (a choice already done can

never be reconsidered). The allocation ofthe i th task is based on a

criterion depending on the mapping of the ( i- 1) th first tasks.

Modulo : The i th task is allocated onto the i th modulo m processor.

Theoretically, this algorithmhas the same behavior as a random

mapping algorithm with a great number of tasks.

Largest Processing Time First (LPTF) : Tasks are first sorted by

decreasing computation cost order, then allocated on the less loaded

processor.

Largest Global Cost First (LGCF) : Both communication and computation

costs are taken into account. Tasks are first sorted according to this

order, then allocated on the less globally loaded (communication and

computation costs taken into account) processor.

Iterative algorithms

· They try to improve an initial solution (usually obtained by greedy

algorithm).

· Usually tasks are exchanged between processors to improve locally a

solution.

· Usually randomperturbations are used to leave local minima ofcost

function.

Boillat method

At each iteration step processes move between neighbour processors to

meet one of the two optimizations demands:

· minimizing communication cost

· minimizing load imbalance

The selection is based on a randomnumber (r). Communication cost is

selected with reducing probability.

t:=0

while (t < max_iter) do begin

r = decrease_random(t);

for i:=0 to max_processors do

for k:=0 to max_task_on[i] do

for j:=0 to max_neighbours[i] do

if r = TRUE

communic(k,j);

else

load_balance(k,j );

for i:=0 to max_processors do

for j:=0 to max_neighbours[i] do

if r = TRUE

do_max_communicating_move(alloc(k)=i);

else

do_best_improving_allowed_move(alloc(k)=i);

end

Heuristic move-exchange (HME)

Tasks are randomly assigned to the processors. One iteration step consists

of:

1. move tasks while moves decrease the cost function

2. perform an exchange if possible and try to move again (go step 1)

3. ifthere are no proper moves and exchanges then append the current

configuration to a queue of fixed length. Ifthe costs in the queue are

in descending order and the queue is not full then performrandom

moves and go step 1. Ifthey are not then stop ifthe queue is full,

otherwise delete all but the last element ofthe queue, perform

random moves and go step 1.

The best configuration is always recorded.

best_config:=init; /* tasks are randomly assigned to processors */

while (loop) do begin

loop1:=TRUE;

while (loop1) do begin

loop2:=TRU;

while (loop2) do

if exist_moves_cost_de cr() then

best_move();

else

loop2:=FALSE;

if exist_exchanges_cost-decr() then

best-exchange();

else

loop1=FALSE;

end

join_queue(current); /* the current value is appended to a queue */

if cost(current) < cost(best_config) then

best_config:=current;

if queue_IS_descending_order_cost_value() then

random_moves();

else

if queue_IS_full() then

loop:=FALSE;

else

reset_queue(); /* all but the last item in the queue are deleted */

random_noves();

end

Simulated Annealing

Describes the process ofeliminating lattice defects in crystals by heating

followed by slow cooling to low temperature.

In mapping a lattice defect corresponds to a mapping M with

CF(M) > optimal value

The systemis simulated in thermal equilibrium. As parameter T (a formal

analogy oftemperature) is decreasing, the systemis frozen to a state with

the current value CF(M) low.

If the mapping M is transformed onto another mapping Mnew, then the

resulting mapping is accepted if it gives the lower value of CF:

CF(Mnew) < CF(M)

Else, the new mapping is accepted with probability

exp{ (CF(M) - CF(Mnew)) / T }

In each temperature step a pool N of mappings can be examined.

Initialization: The procedure is initialized by randomgeneration ofN

mappings. Starting temperature Tmax must be chosen so that the initial

percentage of succesful mappings should be about 50% =>

Parameter setting requires some experimentation !

best_config = init

T = Tmax

while T > Tmin do begin

while (moves < hw*sw*Npool) do begin

move_task

delta = CostFnew - CostF

if delta < 0 then

accept_configuration()

else begin

r = random();

if r < exp(-delta/T) then

accept_configuration()

end

T = decrease.T()

end

Dynamic Load Balancing

(DLB)

DLB is needed when the communication and/or computational costs of

tasks can not be estimated properly before the execution ofthe parallel

program.

The general DLB process can be divided into four phases:

1. Processor Load Evaluation : A load value is estimated for each

processor in the systemto detect load imbalances and make load

migration decisions.

2. Load Balancing Profitability Determination : Potential speedup

obtainable through load balancing and is weighed against the

load balancing overhead to determine whether or not load

balancing is profitable at that time.

3. Task Migration Strategy : Sources and destinations for task

migration are determined.

4. Task Selection Strategy : Source processors select the most

suitable tasks for efficient and effective load balancing and send

them to the appropriate destinations.

Application

Dependent

Distributed

Processor Load

Evaluation

YES YES

Load Balancing

Profitability

Determination

NO

NO: large overhead

more accurate

YES: low overhead

less accurate

Task Migration

Strategy

NO YES or NO

Task Selection

Strategy

YES YES

Dynamic Load Balancing

(DLB)

The main issue in anyload balancing scheme is to find a

tradeoff between knowledge and overhead .

Load balancing overhead includes:

· comm. cost of acquiring info on load

· processing costs of evaluating profitability

· informing nodes of load migration decisions

Profitability Determination

Load imbalance factor F (t) is an estimate of the potential

speedup obtainable through load balancing at time t :

F (t) = L max - L balanced

where L max : max processor loads before balanicing

L balanced

: max processor loads after balancing

Load balancing is profitable if:

F (t) > L overhead

where L overhead

: balancing overhead

Simplification: setting L overhead to a constant value:

F (t) > K overhead

Further simplification: once a node´s load (L p ) drops belowa

preset threshold (K underload

) balancing is needed anyway:

L p < K underload

The Gradient Model (GM)

1. Based on two threshold parameters:

2. Anodes´s proximity is the shortest distance from the node to

the nearest lightly loaded node.

3. proximity(p) = 0 if p becomes light

4. All other nodes p with near-neighbours n i compute:

p ro x im ity p ro x im ity

( ) m in ( ( )) p

i n

i

= + 1

5. All nodes are initiated with:

proximity(p) = Wmax (diameter of the system)

6. Load balancing is initiated if a node becomes light Þ

demand driven approach

7. If a processor´s state is heavy and anyof its near-neighbours

report a proximityless than Wmax, it sends a load unit to its

neighbour with lowest proximity.

Tasks are routed in the direction of the nearest light node.

A task continues to migrate until it reaches

· a light node or

· a node for which no neighbours report lower

proximity

8. Disadvantage : It maywork inefficientlyif the load unit is

either too small or too large.

Load:

light moderate heavy

LWM

Low-Water-Mark

HWM

High-Water-Mark

Sender Initiated Diffusion (SID)

· Purely distributed and asynchronous

· Overlapping balancing domains are applied to achieve global

balancing.

· A balancing domain consists ofa node and its immediate neighbours

Þ near-neighbour oriented method.

· All processors informtheir near-neighbours oftheir load levels

throughout program execution.

· Balancing is performed by each processor whenever it receives a load

update message indicating that a neighbor´s’ load l i < L LOW where

L LOW is a preset threshold.

Profitability determination and task migration

1. Compute the average load in the domain:

L

K l l

p p k

k

K

=

+

+

= å 1

1

1

( )

K: number of neighbouring processors

l

k : their respective loads

2. Task migration is initiated by a processor ifits load exceeds the

average load by a prespecified amount, L

threshold .

3. Task migration is performed by apportioning excess load to deficient

neighbors. Each neighbor k is assigned a weight h k according to the

following formula,

h

L L l L

k p k k p =

- < ì

í

î

, if

oth erwise. 0

These weights are summed to determine the total deficiency,

H h

p k

k

K

=

= å

1

The portion of processor p ´s excess load that is assigned to neighbor k :

d

k p p k

p l L h

H

= - ( )

Hierarchical Balancing Method (HBM)

1. Hierarchy of balancing domains Þ decentralized balancing scheme

2. Hierarchical organization of an 8-processors hypercube system:

3. Level l i receives load info from both lower level l i-1

4. Global balancing is achieved by balancing the load between adjacent

domains at each level of the hierarchy.

asynchronous activity

5. Profitability criterion (evaluated at each level):

L L L

L R thr eshold

- >

6. Processors within the overloaded branch transfer a designated amount

oftheir load to their "matching" neighbor in the adjacent underloaded

subtree.

7. Given an imbalance, D i , at a level i in the hierarchy, each processor p in

the overloaded subtree transfers a load amount d i to its corresponding

neighbor q in the underloaded subtree, where

d

i i

i

=

D

2

Reason: at level i-1 all processors have equal loads.

1 0 2 3 6 7

0 2 4 6

0 4

0 level 3

level 2

level 1 processor ID

4 5

The Load Update Strategy

Quality of load information depends on:

1. accuracy of load estimates

· application dependent

· tradeoffbetween quality ofestimate and complexity of

estimation. Examples:

¨ rough estimation: length of processor´s queue

¨ more accurate: distinguish the type of tasks in the queue

2. aging of information

· machine architecture

· dependent load balancing strategy dependent

3. frequency of load update messages

The interval between update messages can be computed as a function

of time or as a function of load level.

· function of load level

The updates may be sent at constant intervals, D L , ofa

processor’s load, L p or, the intervals may vary as a function of

the load level.

¨ constant intervals : processor p must send on the order of

L p / D L update messages. The error percentage increases

when L p decreases (100% when L p » D L ).

¨ variable update intervals : constant error percentage in the

load info and less update messages.

E.g.: a processor must send update messages whenever

its load relative to that sent in its last update message has

doubled or cut in half (.i.e. load update factor is 1/2).

The frequency ofmessages will increase as the processor

loads decrease Þ accuracy of load info does not degrade.

· function of time : time intervals need to be adjusted for different

applications

DEBUGGING SEQUENTAL PROGRAMS

Deterministic behaviour

applicable techniques

DEBUGGING CONCURRENT AND PARALLEL

PROGRAMS IN MULTIPROCESSOR