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HIStoRY

b 60& 1l computer N USers
b 80/ & N computers: NUsers
b 90 & N computers 1 user

Ib past & problem= f(computer)
b future 2computer = f(problem)




The Seguential Frustration

b Faster CPUL Highidevelepment cost + time

b Speedof light ; flaster & smaller
b Size of SI atom Is the ultimate limit




Parallelism

b Offers scalable performance

b Selvesias yet unsolvable problems
problem size
computationtime




Scalanility

P




Scalanriity

b problemion I CRPU takes T time

b p times larger problemion p/CPUs takes T
time

b Same technoelogy (enly more ofit)
b Same code (If...)
Ib Economy. of scale




Hardware cost 2

b Parallelimachines: b N.OW:
expensive tobuy. \you ewnene!!
expensive to maintain [tSimaintained for you
expensive to upgrade Youjust did, didn'tyou ?
unreliable You relyonitevery day!
lousy eperating|systems How: did yoeuicall LINUX 2

A netwoerk-ef-workstations Is a virtually free
parallel machine!
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Problems

b 1 painter & 100 days

15100 painters & 1 day ?

Ib Synchronization
shared resources

dependencies
b Communication




Amdanl’s Law

T,=al +(1-a)T a = sequential fraction

b = communication cost




Amdanl’s Law

Speedup=S
A

» HProcessors=p

a = seguential fraction
b = communication cost




Granulariity:

b Granularty’=

Pipelining in
Dedicated MIMD CPU
>
fine




Network latency

NN

procl

proc2
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< >

L=Latency(s) len=length(bits) B=Bandwidth(bits/s)




TheN oftN.O\W




Software Design

b

5 Parallelispeciiication & (less) paraliel
Implementation

Preferably’: 1 process/pProcessor




Software Design : classification

b Master - Slave
5 Pipelining
Ib Systolic Array.

b Functional paralielism
o Data parallelism
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PAVCI

BV overview:,  bNMessage passing
PV installation nc

Using PVM N C++

console bgdbandpym
compiling

Wiiting code




Parallel Virtual Machine

b Most pepular VMessage Passing Engine

b \Works en MANY platferms ( LINUX; NI, SUN
CRAY,...)

b Suppoerts C, C++, fortran
b Allews heterogenious virtualimachines
Io FREE sofitware (‘ftp.netlin.ong )



ftp://ftp.netlib.org
ftp://ftp.netlib.org

Heterogenious NOWS

b PVMiprevides datafermat transiation of
messages

b Must compile application for each kinaiof
machine

Ib Can take advantage of SPecIfic resources
Inithe LAN




PA/VIiteatures

b User-configured host pool

b Application|= set of (UnIX) Processes
autematically mapped
fiorced by programmer

b Viessage Passing moedel

strongly typed messages

asynchrenous (blocking/nen-blocking
receive)

b MUltIprecessor suppoert




How: P/ works

Io Consele for resource management

b Deamon for each host Inthe virtual
machine

Message passing
faulttolerance

5 PVMHIbrany provides primitives fior
task spawning

send/receive
VMo, ...




How: P/ works

b Tasksare identified by TIDs (pvimd

supplied)

1o GroupISEerver provides for groups of tasks
Jlasks can joiniand leave group atwill
Groups can everiap
Useful for multicasts




NOW Setup

Slave Slave Slave Slave

PVM

LINUX  LINUX = LINUX = LINUX




Example: master

#i ncl ude "pvnB8. h”
mai n() {
int cc, tid;char buf[100];
cc = pvmspawn("hell o _ot her",
(char**)0, 0, "", 1, &tid);
I f (cc == 1) {
cc = pvmrecv(-1, -1);
pvm bufinfo(cc, (int*)0, (int*)0, &id);
pvm upkstr ( buf);
printf("fromtW: %\n", tid, buf);
}

pvmexit();




Example: Slave

#i ncl ude "pvnB8. h"
mai n()
{
i nt ptid; char buf[100];
ptid = pvm parent ();
strcpy(buf, "hello, world from");
get host nane(buf + strlen(buf), 64);

pvm_i ni t send( PvnDat aDef aul t ) ;
pvm pkstr (buf);
pvm send(ptid, 1);

pvmexit();




PVIVI Tnstalling

b Set envirenment variables (before build)
PVIV_ROOT
PVM._ ARCH

b Make default

Ib Make sure you canrshwithoeut
authentication




PY/IVIFand rsh

o PVM stiarts tasks using rsh
b Fails 1 apasswoerd s reguired

15 0StS on remoete account must mention
the machine where the console Is running

b Iypicalierror: Can't start pvmd




Typical sitiation

b All machines share the same User
accounts

b Account has these directories/files:
/'shared/ pvaB/ I i b/ LI NUX/ pvna3

/'shar ed/ pvaB/ | 1 b/ SUN4A/ pvintl3

~/ pvB/ b n/ LI NUX Eg. App

~/ pvnB/ b n/ SUN4/ Eg. App

b .rhostsiile looks like this: (mymachine Is
the machine which runs the consele )

mymachi ne
mynachii ne. my. donai n




PV Console

b add hostname:: add ahoest to VIV
b conti : show list of hosts

15 9S -a; show all'pvim processes running

Manually starteai(I.e. not spawned) tasks are
shiewn bya -

b reset: kill all'pvm tasks
b guit: leave consoele, but keep deamon alive
b halt: kill deamoen




PV/MIIConsole : hostiile

b hostiile contains hosts to be added, with
EpLions

mynmachi ne ep=$(SI M ROOT) / bi n/ $( PVM_ARCH)

faraway | o=wouti e pw=whoknows

* | o=wout er

b Onimachine witheut netwerk (just
loephack):

* | p=127.0.0.1




Compiling a program

b Application must be recompiled foreach
architecture

binary goes in~/ pvaB/ bi n/ $( PVVI_ARCH)

aim
‘ma

K determines architecture, then calls
ke

b MUst

pe linkediwith -lpvm3 and -lgpvms3

b LIbraries in
$S(CPVIVIEROOIN /I b/ ST PVIVIEARCH)




e PV lorary

b Enrellingland T1Ds
Int tid=pvm nytid()
I nt tid=pvm parent ()

Int 1 nfo=pvm exit()




e PV lorary

b Spawning a task

| nt nunt =pvm spawn(char *t ask,
char **argv, int flag, char* where,
Int ntask, int *tids)

b flag= PvmiiaskbDetault
PvmiaskiHost (‘Where' s host)
PvmiiaskbDebug (Use gab teispawn)

b typicalierror: tids|i] =-7:executable not found




e PV lorary

b VMessage sending :
Initialize a buffer (Initsend)
pack the datastructure
send(sendior mcast)

b Message receiving:
plecking/non-blecking receive
unpack (the way you/packed)



e PV lorary

Use pvim_Initsend()te initiate send
int bufird = pvm_ I ni tsend( 1 nt encodi ng)

Use ene of the several pack functions to pack
Nt 1 nfo=pvm pkint (1 nt *np,int nitem I nt
stride)

o send

int 1 nfo=pvm send( Int tid, Int nsgtag)

int I nfo=pvm neast (int *tids, Int ntask, I nt
msgt ag)




e RVMHiorary.

5 pvm_recv.waits tilllaimessage with a given
and s jarrives (-Liswildcard):
int bufid=pvmrecv (int tid, Int nsgtag)
15 PVIM_NrEecV returns If neappropriate
message has arrved
Nt bufird=pvm nrecv (Int tid, |Int nsgtag)
b Use one of the several unpackfunctions to
unpack (exactly thewayyou packed)

int 1 nfo=pvm_upki nt (1 nt *np, I nt nitem I nt
stride)




Viessage passing: an example

struct picture
| Nt si zex, Sl zey;
char* nane;
col our Map* col s;




Viessage passing: an example

voi d pkPi cture(picture* p)

{
pvm pki nt ( &p- >si zex, 1, 1) ;
pvm pki nt ( &p- >si zey, 1, 1) ;
pvm pkstr ( p- >nane) ;
pkCol our Map( p- >col s) ;




Viessage passing: an example

pi cture* upkPicture()

{
pi cture* p=new picture;
pvm upki nt ( &p- >si zex, 1, 1) ;
pvm upki nt ( &p- >si zey, 1, 1) ;
p- >nane=new char [ 20] ;
pvm upkstr ( p- >nane) ;
p- >col s=upkCol our Map() ;
return p;




Viessage passing: an example

[/1’mA
pi cture nyPi c;

pvm_ i ni t send( PvnDat aDef aul t) ;
pkPi cture( &yPi c) ;
pvm send( B, Pl CTAG) ;




Viessage passing: an example

[/1’mB
pi cture* nyPic;

pvm recVv(A, Pl CTAG ,;
myPi c=upkPi cture(),;




InC++ 72

b Vlessages contain data, not code

b Necute way teisend and recelve onjects

Ib Provide constructors that build from
receve purfer

b Recelving end must have alist of pessible
ehJects




BY/Viiand GDB

b Spawn tasks With Pvmiliaskbehug

b Pvmd willicall
$PVNM _ROOI/ |'i b/ debugger t asknane

b Make sure this scripts starts anxtemnm with
a debugger running taskname:

15 GREAT debugaing teel !
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Ray-Tracing

b Ray-Tiracing
master slave
Data Parallel




Simulation : the Problem

par2
parl par3

“Unknown” SyStem B

Inputl \

Input3

Input2




Viodeling: example

O

Entrance

Shopping —

Area Queues and
Cash desks

How many gueues to achieve average
gueue length< 4 ?




Viodeling: views

b Medeling ViewpoInts:
event view.
PIGCESS VIEW

b Model classification
Logic gates
QueleIngnets
Petri nets



Simulation:: DesigniCycle

Modeling l n

Simulation I Validation

Results




Simulation: Time Investment

I Modeling & Validation

Human Thinking

b Simulation

Machine Thinking




Simulation;: Time Investment (2)

b Simple Moedel':
Shoert Simulatien lime

mmm)p SOlutiON ?77?

b Complex Moedel:
) SOlution !!
shortMedeling lme
shortValidation Tnme




Parallel Simulators

b IWwoe Methods:

Multiple-Run;:;

— same simulation; different parameters/inpu
stimul

— easy (stuprdibut effective)
“event-parallelism™:

— distribute medel oVer processors
— hard: fine granular




Viodeling: causality,

=P (|0bal Event Ordering




Parallel Simulators : event
parallelism

b ldea: simulate different eventsiin parallel
b Condition;: causal independence!!
b Local Timet Glebal Time

—NP

e2 e2’




Parallel Simulators : event
parallelism

b Venryfine grain
Ib Strong synchrenization (Slimited
parallelism)

b Strengly modelidependent performance
b Hard to Implement

) Software TOOL




Parallel Simulators : Event
Parallelism

Fine grain specification:




Parallel Simulatoers : Event
Parallelism

Coarse grain implementation : (top view)




Parallel Simulatoers : Event
Parallelism

Coarse grain implementation: (side view)

Parallel Simulator



Parallel Simulators : some
results
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Conclusion

I NOW =+ LINUX + PV = Scalability for free!!

b Drawbacks::

Sofitware Is hard to Implement

Perfermance IS sensitive to
— problem
— machine
— Implementation

b Selution : seftware tools
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