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programming paradigm: Charm-++ is a programming model

parallel: for writing parallel applications

object-orientated: uses C++ programming language

(Sequential code also in C, Fortran, ...)

e asynchronous message passing: chare objects communicate
communicate by messages

@ single workstation, a network of workstations, BlueGene/L,
BlueGene/P, BlueGene/Q, Cray XT, XE and XK series
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Charm++ Concept

Overview

Charm++ Runtime System

Mapping Chare Objects to Physical Processors
Load-Balancing Chare Objects
Routing of Message

Fault-Tolerance

Dynamic Re-Allocation of Physical Resources
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node & processing elements

Parallel system

Procgssor Procéssor

Thréad Thread Thhead



char mapping

Global Object Space

-Chare C

Chare B

- emm - -

(Proxyfor| _ _ _ |Proxyfor) _ _ _
\Ch_are_A ) |Proxy for) \Ch_are_A ) lProxy for)

\Chare ) \ChareE )
(XX ]
Code local to this processor Code local to this processor
interacts with the proxy objects. interacts with the proxy objects.
Processor 0 Processor 1

Physical Hardware



Chare B
,_’z\,()e void entryMethod_2(MyMessage *msg) {
& delete msg;
§ intmyint =4;

+ float myFloat = 3.14f;

© | AentryMethod_3(mylnt, myFloat);
Chare A ‘,)";’Aq ) SR/MER oL Sy !
void entryMethod_1() { <
doSomeWork();

MyMessage msg = new MyMessage();
B.entryMethod_2(msg); // returns immediately
doMoreWork();
i
void entryMethod_3(int var1, float var2) { ...} <




Basic Charm++ Programming

Fibonacci

.Ci:
mainmodule fib {
mainchare Main {
entry Main(CkArgMsgx* m);

s
s
.cc:
struct Main : public CBase_Main {
Main (CkArgMsg* m) { CProxy_Fib::ckNew(atoi(m->¢
s
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Basic Charm++ Programming

Fibonacci

.Ci:
chare Fib {
entry Fib(int n, bool isRoot, CProxy_Fib pare
entry void calc(int n) {
atomic {
CProxy_Fib::ckNew(n - 1, false, thisProxy
CProxy_Fib::ckNew(n - 2, false, thisProxy
}
when response(int val)
when response(int val2)
atomic { respond(val + wval2); }
+s;
entry void response(int val);

};
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Basic Charm++ Programming

Fibonacci

.CC:

struct Fib : public CBase_Fib {
Fib_SDAG_CODE
CProxy_Fib parent; bool isRoot;

Fib(int n, bool isRoot_, CProxy_Fib parent_)

parent (parent_), isRoot(isRoot_) {
calc(n);
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Basic Charm++ Programming

Fibonacci

void respond(int val) {
if (!'isRoot) {
parent .response (val);
delete this;
} else {
CkPrintf ("Fibonacci number is:_ %d\n", val);
CkExit ()
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Basic Charm++ Programming

Hello Array

.ci:
array [1D] Hello {
entry Hello(void);
entry void SayHi(int hiNo);
s
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Basic Charm++ Programming

Hello Array

.C

class Hello : public CBase_Hello {
public: Hello (D{
CkPrintf ("Hello_%d,created\n",thisIndex);
}
Hello (CkMigrateMessage *m) {}
void SayHi(int hiNo){
CkPrintf ("Hi [%d] fromyelement %d\n" ,hiNo,this
if (thisIndex < nElements-1)
thisProxy[thisIndex+1].SayHi(hiNo+1);
else
mainProxy.done ();
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Charm++ Runtime System

@ Serialization using Pack and UnPack (PUP) Framework.
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Charm++ Runtime System

Serialization using Pack and UnPack (PUP) Framework.
Load Balancing
Intercepting Messages via Delegation

Meta Programming with Templates

Dynamic Code Injection
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Charm Hierarchy

Applications
MNAMD: Classical LeanCP: Quantum RocStar:Rocket | Changa: Cosmology 1

Molecular Dynamics | Molecular Dynamics Simulation Simulation

Frameworks Tools

ParFUM: POSE: i Faucets:
Unstructured Meshes | PDES | Joh Scheduler

Projections:
Languages / Models M
a MSA: Multiphased ; Structured n
e el T Arrays St Dagger (SDag) | CharmDebug:
Debug Suppart
Charm++

Converse: Abstraction of the Machine Layers

One of the Machine Layers: Cluster of Linux Workstations, IBM's Blue Gene\L, 5GI's
Altix, Cray's XT3, Infiniband, Myrinet, Ethernet, and more

Charm++ Runtime System
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Still improved and used (University of lllinois)
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