TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 1 / 61

THE CONCEPT OF PROGRAM

P1.EXE

Programmer’s interpretation: Operating system’s interpretation:

Ordered set of instructions Executable file stored on

secondary memory

P1.EXE { readDataFromFile( fDataFile, cData);

readDataFromFile( fDataFile, cData);

while ( cData != EOF ){

processData( cData );

};

File description

Secondary memory Operating system

DIR

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 2 / 61

THE CONCEPT OF PROCESS

Process creation involves the following four main actions:

setting up the process control block,

allocation of an address space and

loading the program into the allocated address space and

passing on the process control block to the scheduler.

Description and location of a process after creation:

PROCESS = CODE + PROCESS CONTROL BLOCK

CODE: passive, defines the action to be executed by the process

PROCESS CONTROL BLOCK: describes the state of the process

Memory

Secondary memory

P1.EXE

Shared memory

Process schedule

PCB queue

P1

P1.EXE

P1.EXE

Per-process address space

Operating system

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 3 / 61

THE CONCEPT OF PROCESS (2)

PROCESS STATES and STATE TRANSITION DIAGRAM:

Ready

to

run

Running

Wait

Creation

Scheduling to run

Termination

Suspension

(time slice is over)

Event causing blocking

Occuring of the

event the process

has waiting for

PROCESS SPAWNING:

A

B C

D E

Parent process

Child processes

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 4 / 61

THE CONCEPT OF THREAD

MAIN FEATURES:

Threads are created within and belonging to processes.

All the threads created within one process share the resources of the

process including the address space.

Scheduling is performed on a per-thread basis.

The thread model is a finer grain scheduling model than the process

model.

Threads have a similar lifecycle as the processes and will be managed

mainly in the same way as processes are.

ADVANTAGES:

Finer grained entities => more parallelism can be exposed.

The creation of threads or the communication,synchronization or switch

among threads are far less expensive operations then those for processes,

since all threads belonging to the same process are sharing the same

resources.

THREAD TREE:

Process

Threads

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 5 / 61

PROCESSES AND THREADS IN LANGUAGES

THREAD CREATION IN PROGRAMMING LANGUAGES

unsynchronized creation and termination (based on library functions)

unsynchronized creation and synchronized termination

FORK and JOIN instructions

unstructured => error-prone

synchronized creation and termination

COBEGIN/COEND pairs

structured method

Comparison of FORK/JOIN and COBEGIN/COEND methods:

T2 T0 T1

FORK

FORK

JOIN

JOIN

(a) FORK/JOIN

T2 T0

T1 Tn

COBEGIN

COEND

(b) COBEGIN/COEND

T: Thread

. . .

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 6 / 61

THE CONCEPTS OF

CONCURRENT AND PARALLEL EXECUTION

Concurrent execution

is the temporal behaviour of the multiple clients (requesters) single server

model (see figure below) where one single client is served at any given

moment. This model has a dual nature,it is sequential in a diminutive time

scale, but simultaneous in a rather large time scale.

Clients t Server Clients t Server

Simultaneus nature

Sequential nature

Parallel execution

is associated with the multiple clients multiple servers model (see figure

below). Having more than one server (let us say processor) allows the

servicing of more than one client (processes or threads) at the same time,

which is called parallel execution.

Synchron Asynchron

(lock step)

Multiple servers mode

Clients Servers Clients

Servers

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 7 / 61

SCHEDULING POLICY

MAIN ASPECTS OF THE SCHEDULING POLICY

Scheduling policy

Preemption rule Selection rule

Whether servicing a client

can be interrupted or not

and if yes on what occasions

How clients from the competing

clients will be selected for service

Selection rule

specifies an algorithm to determine a numeric value,which we will call rank ,

from the parameters like priority,time of arrival etc... The client with the

highest rank will be scheduled for service.

BASIC PREEMPTION SCHEMES

Preemption rule

Non preemptive Preemptive

Time-shared Prioritized

Clients Server Clients Server

Priority

Clients Server

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 8 / 61

CONCURRENT AND PARALLEL

PROGRAMMING LANGUAGES

Classification of programming languages:

Languages

1-

client

1-

server

model

N-

client

1-

server

model

1-

client

N-

server

model

N-

client

N-

server

model

Sequential + - - -

Concurrent + + - -

Data parallel + - + -

Parallel + + - +

Languages can be classified according to the available language constructs:

· Languages that do not contain any constructs to support the N-client model

belong to the class of sequential (or traditional) languages (For example: C,

Pascal, FORTRAN, Prolog, Lisp).

· Concurrent languages employ constructs to specify the N-client model by

specifying parallel threads and processes but miss language constructs to

describe the N-server model (For example: Ada, Concurrent Pascal, Modula-

2, Concurrent Prolog).

· Data parallel languages introduce special data structures that are processed

in parallel, element by element. They also apply special mapping directives to

help the compiler in the optimal distribution of parallel data structures among

processors. (For example: High Performance FORTRAN, DAP FORTRAN,

DAP Prolog, Connection Machine C and Lisp). Finally,

· Parallel languages extend the specification of the N-client model of

concurrent languages with processor allocation language constructs that enable

the use of the N-server model (For example: Occam-2, 3L Parallel C, Strand-

88).

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 9 / 61

CONCURRENT EXECUTION MODELS

User level

Multiprogramming,

time-sharing

Process level Multitasking

Thread level Multithreading

Level of

granularity

· Thread level concurrent execution is termed as multithreading . In this case

multiple threads can be generated to each process, and these threads will be

executed concurrently on a single processor under the control ofthe operating

system.

· Process level concurrent execution is usually called multitasking . Each

widely used present operating systemsupports this concept. M ultitasking

refers to concurrent execution ofprocesses. Multiple ready to run processes

can be created either by a single user ifprocess spawning is feasible, or by

multiple users participating in multiprogramming or in time-sharing.

· User level concurrent or parallel execution can be either multiprogramming or

time-sharing .

· M ultiprogramming aims at the effective utilization ofthe processor by

creating multiple ready-to-run processes, each belonging to different

users . Ifthe actually running process becomes blocked, because it has

to wait for a particular event, such as completition ofI/O, the processor

will be scheduled to another ready to run process (ifany). Notice that

multiprogramming is internally implemented as multitasking for

independent tasks arising from different users.

· time-sharing has the objective to offer adequate quality computer

services to a number of different users through terminals. This mode of

operation intends to guarantee a short access time to all users instead of

striving for the effective utilization of the processor.

TEMPUS S-JEP-8333-94 Parallel Programming

Practical Introduction to Parallel Programming 10 / 61

SEQUENTIAL VERSUS PARALLEL

COMPUTATION

Tasks

Parallel Computation

Two or more processors

Sequential computation

A single processor