Definition of Terms

2 node- a box usuallycortaining a processorlocalmemoryand
a disk

2 cluster- a groupof nodesheldtogetherby networking



Scalability

Good parallelalgorithmsrun fasterwhenmorenodesare avail-
able.In the bestcasedoublingthe number of nodesdecreasase
executiortime by a factor of two.
Oneway to consideiscalingof a cadeis Amdahl'slaw
1

®+ (1i ®)=p
where® is the portion of the cade whidh cannotbe parallelized
andp is the number of processorsThis is a simpli cation,but-
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Speedup is limited by the slowest portion of the code.



Speedup

Addingmoreprocessordoesnot alwaysimprove the speeda cade
runs.

Usually better speedupcan be found by increasinghe problem
size,at leastto a poirt.

The non-parallepart of a cade generallyscalesinearly with the

problemsize. The parallelpart usuallyscalesas problemsizeto
somepower.

Generallyincreasinghe problemsizewithout increasinghe node
number helpsperformance.




Communication

Comnunicationbetweennodestakesa greatdealof time.

Typicallyyoucandothousand®fcomputationn thetime it takes
to passthe simplestmessage.

The time it takesfor a messagé& be passeds limited by band-
width b andlatencyl. To passa messagef sizes, you need

t = s=b+ |

seconds(Assumingp, |, ands arein consistenhunits.)



General Message Passing

Thereareonly a fewthingsary parallelmessageassindibrary
cando:

2 Initialize the nodesfor computation
2 provide basicnodal and nodal array information

2 globaloperations
2 point-to-point comnunicationbetweennodes

2 aid in domaindecompsition
2 aid in performancdéentmarking

2 provide parallelio



The ESSENTIAL Truths

EACH NODE IS RUNNING THE PROGRAM SEFARATELY

ALL DATA NEEDED MUST BE EXPLICITLY PASSEDBE-
TWEEN PROCESSORS



Example 1

Imagineyou have to reada data le beforethe programcanexe-
cutes.You have two choices:

2 readthe data from the root node and passinformationto all
othernodes

2 copy thedata le to all othernodes,andlet themreadit locally

Both of thesehave disadarntagesand adwanages,dependingon
your application.



Example 2

Imaginethat you have completedomdocalcalculationput other
nodesneedto have this updateddata.

YOU MUST EXPLICITLY COMMUNICATE THE DATA TO
THE OTHER PROCESSORS.



Very Basic MPI - Fortran
All Fortran and Fortran 90 MPI cadeshave four callsin common.

Include "mpif.h"

call MPIL_INIT(ierr)

call MPI_COMM_RANK(MPI_COMM_W@Rd.Djerr)
call MPI_COMM_SIZE(MPI_COMM_W®RID), ierr)

do something useful

call MPI_FINALIZE(ierr)



Very Basic MPI - Fortran -Comments

2 Theincludestatemehde neghevariableMPl COMM WORLD
andthe MPI prototypes.

2 MPL_INIT and MPI_FINALIZE start and stopthe MPI com-
municationlibrary.

2 lerr Is an integervariablewhid Is assignecdh value of zero
whenthe call is completedsuccessfully
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Advanced MPI

2 de ningnewCOMM groupsfor processing
2 creatingvirtual domains

2 de ningnewMPI datatypes

2 gatherand scatteroperations

2 all to all operations
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New Comm Groups

call MPlI_COMM_GROUP(my_cthrgroup,
& lerr)
median_proc = group_size/2 - 1

doi =1, median proc + 1

ranks(i) = 1I-1

enddo

left_group _size = median_proc + 1

call MPI_GROUP_INCL(full_group,left_group_size,
& ranks, left group, lerr)

call MPI_COMM_CREATE(my_ctafingroup,
&left_comm, ierr)
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Creating Virtual Domains

creatinga 2d virtual topology

call MPI CART_CREATE(MPI_COMM_ WAaRIL.D,
& dims, periods, reorder, comma2d,ierr)

2 ndim - integer- number of dimensions
2 dims- integer- processorm eat dimension

2 periads- logical- array for periadic BC

2 reorder- logical- allovsreorderingor exciency
2 comm2d integer- a newcomm
2 lerr - integer- error °ag
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Using Virtual Topologies

call MPI_CART_GET(commadjm, dims,

&periods, coords, ierr)

or

call MPI_COMM_RANK(commBdank, ierr)

call MPI_CART_COORDs(commBaank, ndim, coords, Ierr)

coordsis an ndim integerarray with the processotocation
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Using Virtual Topologies

call MPI_CART_SHIFT(comm2ghift, yshift,
& source, dest, ierr)

2 xshift - integer-shiftin x direction
2 yshift - integer-shiftin y direction
2 source integer- sourcdor a shift
2 dest- integer- destinationfor a shift

Normalsendandrecvcommandsrethen usedfor excanges.
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New MPI Datatypes

call MPI_TYPE_STRUCT(nodeblock_length,
& pblocklengths, pdisplacements,
& ptypes, mpi_node_type,ierr)
call MPI_TYPE _COMMIT(mpi_node type,ierr)

2 nodeblak_length- integer- number of elemets in the derived
datatype

2 pblocklengths integerarray - number of elemets in ead block

2 pdisplacemdan - integerarray - displaceménof rst elemen
of block from the beginning

2 ptypes- MPI type array - type for block
2 mpi.nodetype - integer- handleof newMPI datatype
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MPI Profiling

call MPE_INIT_LOG()

start decompose f = MPE_LOG_GET EVENT NUMBER()

end_decompose f= MPE LOG_GET_EVENT_NUMBER()

call MPE_DESCRIBE_STATE(start_decomposeehd decompose f, ¢
"F Decomp", "salmon:gray2")

lerr = MPE_LOG_EVENT((start_decompose X, "s decomf")
do something useful

lerr = MPE_LOG_EVENT(end decomposé, f"e decomf")
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call MPE_FINISH LOG("mpelog")
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MPI Profiling - UPSHOT output
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Parallel Algorithms

2 one-dimensionattegration- a EP problem
2 sortingan array - UID problem

2 transferringpart of an array

2 elliptical PDE solher
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MPI Overview

2 startup/ shutdown
2 |local information- nodeid, number of nodes
2 globaloperations

— broadcastsreductionssyndronizations
2 sendsandreceies

— block vs non-blaking
2 domaindecompsitiontools

— newcommtypes
— virtual domains

2 datatype creationtools
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Problems

1.How do you do a parallelizeof a onedimensionaintegral?
2.How do you parallelizea randomnumber genrator?

3.How do you parallelizea sort?

4.How do you\copy" part of an array to anotherCPU?
5.How do you mergepart of anarray to anotherCPU?

6. How do you parallelizean iterative grid-basedDE soher?
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Numerical Integration

y Integrating

_ z1=2 40
7= 120 14 2 (1)

We canapprximatethis integralusingSimpson'salgorithms
2 Input the number of partitionsto be used
2 dividethe domaininto n partitions
2 evaluatethe functionat eat partition

2 multiply the functione\alutiontimesthe width of the function
to nd adi®erenal area

2 addthe di®erenal areagogether
2 output the result

23



Parallel Integration
In parallel,the problemis nearlythe same.

2 on processorero,input the number of partitions

2 broadcasthe userinput informationto all processors

2 determinethe number of processors m

2 dividethe domaininto n/m partitionson eat processor
2 evaluatethe functionat eat partition

2 multiply the functionewaluationtimesthe width ofthe function
to nd adi®eretial area

2 addthe di®erenal areasgogetheracrossll the processors
2 on processoeero,output the result
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Parallel Sorts

Thereare over a thousanddi®eren paperson parallelsorts,and
perhapsdozenf di®erehalgorithms.Hereis a samplesort:

2 distribute and equalnumber of elemets to eat processor
2 on ead processorsortthe local array
2 do a globalexdhiangeto nd the xmin and xmax

2 on eat processorput the data into a set of evenly spaced
bins - the number of bins shouldbe largerthan the number of
Processors

2 ysea globalsummatiorto nd the number of elemets in eat
bin
2 proadcasthe resultsof the summatiorto all processors
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2 usingthe summationdata, the processord, and the nunmber
of processorgjeterminevhat data shouldbe shippedto whidh
processor

2 oneat processorgreatea setof coordinatedsendandreceies
to shipthe datato the correctprocessor

2 re-sortthe datalocally
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Exchanging Data - P1

Exdhangingdata canbe a bit complex.Mostly, this is just a set
of bookkeepingexercisethat needto be done.

Assumene areshippingsomepart of an array on processoplto
processop2. On pl, we needto:

2 determinghe datathat needdo be seni frompl
2 copy the datainto atemporaryarray onpl

2 sendinghe datafrom pl
2 deletingthe datafromthe originalpl array
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Exchanging Data - P2

on p2,we needto

2 preparea temporary array to receie datafrompl
2 setup areceieto acceptthe data
2 Integratethe data from the temporary array into p2'sarray

— make surethereis enoughspacdo receie the newdata
— reindexthe newdata, if needed
— copy the newdatainto p2'sarray

2 deletethe temporary array
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Advanced Example - Parallel Gravity/SPH Treecode

on websiteo®main web page-username c¢702s06
passwrd providedin class.
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