 MATHEMATICAS.?
&

MATHEMATICA

Parhuzamos programozas
Mathematica-val

Toth Gyula
PhD hallgato
MTA SZFKI - BME TTK Elméleti Fizika Tanszek



Bevezetes

® Parhuzamos programozas - "

¢ Funkcionalis parhuzamositas

e Adatparhuzamositas

® Optimalizalas — 3

e szinkronizalas - leggyengébb lancszem

e szamitasigény / kommunikacioigény -

e Protokollok —

e alacsony szinten: LAM/MPI (c protokollok)

o fejlett szoftverek csomagjai: Mathematica PCT



A PCT mukodese

® FrontEnd - Master Kernel & Slave Kernels

protocols: v
= :'?‘r )
T . 2ty 1
VY ’ ,‘fﬁ;ﬁ"-# N E !',”‘.L 1':;jf Linux
¢ |nditasi modok 4 -

e Aktiv mod: a szerveren futd FrontEnd-bol a master
kernelen keresztul

¢ Passziv mod: manualis inditas a slave-eken, majd
csatlakozas hozzajuk a szerverrol

Kommunikacio: szabad port v. Standard 1/0



Tesztkornyezet

40x dual core + 80x Athlon64 24x dual processor Xeon Quad



A PCT inditasa

Needs["Parallel Debug "]
PCT betoltése Needs["Parallel™"]
Parallel Computing Toolkit 2.0 (November 11, 2004)

Created by Roman E. Maeder
machines = Import["machinesA.txt", "Lines"];

Slave ke rnelek LaunchSlave[#, "ssh “1° /usr/local/bin/math -mathlink",
. “L L ConnectionType -» LinkLaunch] & /@ machines
inditasa

{slave; [node2l], slave, [node22], slave; [node23], slave, [node24], slaves [node25],
slaveg [node26], slave; [node27], slaveg [node28], slaveyg [node29], slave;o [node30]}

TableForm

Slave k,,ern,EIek RemoteEva[lluate[{$ProcessorID, SMachineName, $SystemID, $ProcessID, $Version}],

ellenorzese TableHeadings » {None, {"ID", "host", "0S", "process", "Mathematica Version"}}]

ID host 0s process Mathematica Version
1 node21l Linux-x86-64 26179 5.2 for Linux x86 (64 bit) (June
2 node22 Linux-x86-64 24525 5.2 for Linux x86 (64 bit) (June
3 node23 Linux-x86-64 24608 5.2 for Linux x86 (64 bit) (June
4 node24 Linux-x86-64 24064 5.2 for Linux x86 (64 bit) (June
5 node25 Linux-x86-64 24923 5.2 for Linux x86 (64 bit) (June
6 node26 Linux-x86-64 22139 5.2 for Linux x86 (64 bit) (June
7 node27 Linux-x86-64 22095 5.2 for Linux x86 (64 bit) (June
8 node28 Linux-x86-64 22300 5.2 for Linux x86 (64 bit) (June
9 node29 Linux-x86-64 22081 5.2 for Linux x86 (64 bit) (June
10 node30 Linux-x86-64 22056 5.2 for Linux x86 (64 bit) (June

kernelek bezarasa CloseSlaves[];



Sebessegi teszt

400
300
;i,j=1...n} 200

100

pointset = Table[{Random[], Random[], Random[]}, {10000}]; O

d[x List, y List] := '\/Plus @@ (y - x)? 2 5 I O 20 40 80

diameterparallel2[pts List] :=
Module[ {pointset = pts, djpar},
djpar[j_] :=With[{pj = pointset[[j]]}, Max[d[#, pj] & /@Drop[pointset, j]]1];
ExportEnvironment [pointset, djpar, d];
With[{n = Length[pointset]},
res = Max[ParallelTable[Max[{djpar[j], djpar[n-3]}], {j, 1, Floor[n/2]}]]

17
RemoteEvaluate[Clear[pointset, djpar]];
res

]

Ponthalmaz atmeéroje

d = max{”rl. =i

AbsoluteTiming[diameterparallel2[pointset]]

\J
| N
C‘—
'y
A

{21.071954 Second, 1.66908}



PCT programozas

e ParallelTable
Polinomok irreducibilitasa: p,, =Y ix"" VS.
] szinkronizalas

test[d_] :=
Module[{res, x},
res = Timing[Length[FactorList [poly[d, x]]] -1];
{res[[1]] /. Second > 1, d, res[[2]]}
1;

d0=d =500; ids = {}; n=0; results[_] := {0, 0}; I * .
CheckAbort | -
While[True, i *
While[$QueuelLength <1, con | .
AppendTo[ids, Queue[{d}, test[d]]]; s
If [Mod[d, Length[$Slaves]] =0, i .
Print [StringForm["Degree ~1° queued, ~2° results received", d, n]]]; -
d++; L
If[! QueueRun[], Break[]]; .
1; 400 - . " e
If [Length[ids] > O, - .
{res, id, ids} = WaitOne[ids]; I . ."‘: ', v
n++; - .
{time, deg, nf} = res; I * '_::-_
results[deg] = {time, nf}; 200 - .
If[nf> 1, Print[res];]; i . o Wor 0%

17 I y .

1/ o Wy 4 !
Print["aborting..."]; i . T #
ResetSlaves[] M . . . . . L o ————————

] R 200 1000 1200 1400
14




PCT programozas

Kaszkad programozasa

f@@expr rekurziv modban

Cascade[f_, exprO_] /; Length[expr0] > 2 x Length[$§Slaves] :=

Cascade|f,

ParallelEvaluate[exprO, f@@ # &, Head[expr0]]]
Cascade[f_, exprO_] /; Length[expr0] >0 :=
Module[ {expr = expr0},

While[Length[expr] > 1, :

expr = Wait[Composition[Queue, f] eee@ Partition [expr, 2, 2, 1, {}11:];

First[expr]]
SetOptions|[$DebugObject, Trace » {SendReceive}];
Cascade[Plus, {1, 2, 3, 4, 5}]
SendReceive: Sending to slave; [node2l]: pid, [1+2] (g=1)
SendReceive: Sending to slave; [node22]: pid, [3 +4] (g=1)
SendReceive: Sending to slave; [node23]: pid, [+5] (g=1)
SendReceive: Receiving from slave; [node2l]: pid, [3] (g=0)
SendReceive: Receiving from slave, [node22]: pid, [7] (g=0)
SendReceive: Receiving from slave; [node23]: pid,; [5] (g=0)
SendReceive: Sending to slave; [node2l]:

pid, [3+7] (g=1)

SendReceive: Sending to slave; [node22]: pid; [+5] (g=1)

Cascade[Plus, Range[4 * Length[$Slaves] + 1]]

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

SendReceive:

Sending to slave; [node2l]: (Pluse@ee#l&)[{1l, 2, 3, 4, 5}] (g=1)

Sending to slave, [node22]: (Plus@@#l &)[{6, 7, 8, 9}]

(g=1)

Sending to slavej; [node23]: (Plus@@#1 &)[{10, 11, 12, 13}] (g=1)

Receiving from slave; [node2l]: 15 (g=0)
Receiving from slave; [node22]: 30 (g=0)
Receiving from slave; [node23]: 46 (g=0)
Sending to slave; [node2l]: pid, [15+30] (g=1)
Sending to slave; [node22]: pid, [+46] (g=1)
Receiving from slave; [node2l]: pid,; [45] (g=0)

Receiving from slave; [node22]: pid, [46] (g=0)




PCT programozas

Grafika és animacio

ParallelPlot3D
Paralle|DensityPlot
ParallelParametricPlot3D
ParallelContourPlot

nagyfelbontasu
parametrizalt feltlet:
- soros: 0.53s
- 20PC: 0.012s
a kirajzolas ideje: ~1perc!

i
Rt
i
A *#*:ﬁ i)

T T T
R S
#ﬁ- "#‘% s fﬂ *'-ll LAY o
O IR &
s
KA
*"ﬂﬁﬂ T uﬂﬁﬂﬂ“

korlat: videokartya!




PCT programozas

Megosztott eroforrasok,
szinkronizalas

SharedDownValues|[ {forks}]
philo[i_, n_] :=
With[{fl =i, £2 = Mod[i, n] + 1},
While[True,
Print[i, " thinking"]; Pause[10 Random[]];
Print[i, " hungry"];
While[TestAndSet[forks[fl], i] =!=1i ||
TestAndSet[forks[f2], i] =!=1,
Print[i, " xangry*"]; Pause[Random[]]];
Print[i, " eating"]; Pause[2 Random[]];
forks[£f1] = Null; forks[£f2] = Null;]]
ExportEnvironment [philo];
Clear[philo]

philos =
With[{n = Length[$Slaves]},
Table[philo[i, n], {i, n}]];

ParallelDispatch[Evaluate[philos]]

ExportEnvironment
VS.
SharedDownVariable




PCT programozas

Parhuzamos

probalkozas ParallelTry

SetAttributes[parallelTry, HoldRest] —_ primszémkeresés
parallelTry[tf , exprs ] := ’ -
Module|[ {res = t£, id, ids}, - veletlen polinomok

ids = Queue /@ Unevaluated[ {exprs}];

Checkabort | faktorizalhatosaga

While[res == tf && Length[ids] > 0, (* try one more x) —_ Stb-
{res, id, ids} = WaitOne[ids]

1/
res = SAborted;

17

res

]

SetAttributes[ParallelTry, HoldAll]
ParallelTry[exprs__] := parallelTry[$Failed, exprs]

res = ParallelTry @@ Join @@ exprs;



Osszefoglalas

® Parhuzamos programok alapelvei

e A PCT mukodése
e Felépités, inditasi modok
e Egyszerl teszt a sebességre
® Programozas PCT-vel, parhuzamos algoritmusok
e szamitasi ido kihasznalasa
e kaszkad kiértékelés
e grafika
® megosztott eroforrasok

e ParallelTry
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