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® Multi-Agenten Simulation (MAS) simuliert
durch eine Vielzahl von Agenten

®@ Die Grolse / Granularitat der Simulation
wird durch die Ressourcen eingeschrankt

® MAS kbnhen parallelisiert werden

® GPUs bieten massive Parallelperformance



Motivation

Bachelorarbeit
Parallelitat

Hardwarenahe



Multi-Agenten Simulation

Simulation auf Basis vieler Individuen

Jedes Individuum hat ein autonomes
Verhalten

Agieren abhangig von der Umwelt

Datengewinnung durch Beobachtung
der Agenten und Zustand des Systems
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Multi-Agenten Simulation

Zum Simulieren komplexer nicht linearer
Systeme

Organismen

Okologie

Massenverhalten

Verkehr
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GPGPU Programming

Compute Unified Device
Architecture (CUDA) von Nvidia

Open Computing Language
(OpenCL) von Apple Inc. / Khronos
Group



OpenCL

Host
Organisiert den Speicher
Kompiliert und erstellt Kernel Programme
Erstellt Command Queues

Kernel
Parallele Ausfuhrung auf dem Device
Wird in einer Abwandlung von C programmiert (OpenCL C)



clGetPlatformIDs (1, &platform, NULL) ;

clGetDevicelDs (platform, CL_DEVICE TYPE GPU, 1,
&device, NULL) ;

context = clCreateContext (NULL, 1, &device, NULL,
NULL, &errx);

Set platform/
device/context

program_ handle = fopen (PROGRAM FILE, "xr");

fseek (program_handle, 0, SEEK_END) ;

program_size = ftell (program handle) ;

rewind (program_ handle) ;

program_ buffer = (char*)malloc (program size + 1);

program_buffer [program _size] = '\0';

fread (program_ buffer, sizeof(char), program_size,
program_handle) ;

fclose (program _handle) ;

program = clCreateProgramWithSource (context, 1,

(const char**) &program_buffer, &program size, &err);
free (program_buffer) ;
clBuildProgram(program, 0, NULL, NULL, NULL, NULL);

Compile
program

kernel = clCreateKernel (program, KERNEL_ FUNC, &err); Create
queue = clCreateCommandQueue (context, device, 0, &err); kemel/queue

mat_buff = clCreateBuffer (context, CL_MEM READ ONLY |
CL_MEM_ COPY_ HOST_ PTR, sizeof(float)*16, mat, &err);
vec_buff = clCreateBuffer (context, CL_MEM READ ONLY |
CL_MEM COPY_ HOST_PTR, sizeof(float)*4, vec, &err);
res_buff = clCreateBuffer (context, CL_MEM WRITE_ONLY,
sizeof (float) *4, NULL, &err);
clSetKernelArg(kernel, 0, sizeof(cl_mem), &mat_buff);
clSetKernelArg(kernel, 1, sizeof (cl_mem), &vec_buff);
clSetKernelArg(kernel, 2, sizeof (cl_mem), &res_buff);

Set kernel
arguments

work_units_per_kernel = 4;
clEnqueueNDRangeKernel (queue, kernel, 1, NULL, Execute
&work_units_per_ kernel, NULL, 0, NULL, NULL); kernel




Beispiel Kernel

Standard C

for(int i = 0; i < size, i++){
result[i] = input([il]*input[i];

__kernel void square(__global float* input,
__global float* output,
const unsigned int count)

int i = get_global_id(0);
if(i < count)
output[i] = input([i] * input([i);




OpenCL Memory Architecture

Private Private Private Private
Memory Memory Memory Memory
' Work-Ttem Work-Ttem Work-Iten Work-Item
Local Memory Local Memory
Workgroup Workgroup

| Global/Constant Memory I

Computer Device

Host Memory
Host
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SAM PO (Kofler at al. (2014))

Simuliert Population des Anopheles
gambiae Mosquitos (Malaria)

Basiert auf AGILESIm

Vollstandige Umsetzung der Simulation
in OpenCL

Starke Anpassung der Struktur



SAM PO (Kofler at al. (2014))
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Figure 1. Mosquito life cycle.




SAM PO (Kofler at al. (2014))

Table 2. Memory used and transferred during the simulation
Size in Bytes
host? 240 + 24 x #iterations®
device? 240+ 116 x #agents©
host to device® 64
device to hostd 100

2 total amount of allocated memory,

constant during the entire simulation

number of time-steps in the simulation

¢ maximum number of agents specified
as described in Section 2.1.2.

d data transferred in each iteration

b

= AGILESim
—e—Opteron 6168
—#—Xeon X5650
—+—Radeon HD5870
——FirePro SS000
—#—GeForce GTX480
Tesla k20c
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Figure 8. Execution time with varying population sizes for
the Java implementation used in AGiLESim [21] and our
OpenCL implementation on various processors. The execu-
tion times of AGILESim were measured on an Intel Xeon
X5650.



Traffic Simulation wang et al.(2013))

Heterogene Architektur
AMD APU

Vollstandig in OpenCL umgesetzt



Traffic Simulation wang et al.(2013))
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MARS LIFE

Layer Architektur

Jeder Layer ein
Agententyp

Layer werden als
Plugin eingefugt

cusfomers

7 streets

parcels

elevation

land usage

" real world




Abgrenzung

Entwickeln eines Layers mit OpenCL
Agenten
Optimieren der Synchronisation
Aufteilen des Layers in Cluster

Schnittstelle / Framework fur
nutzerfreundliche Entwicklung eines
OpenCL Layers
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