Multiagentoveé systemy

Dr. Andrej LU ¢ény
KAI FMFI UK
andy@microstep-mis.com

http://www.microstep-mis.sk/~andy



Opakovanie

* (O Umozuje vymenu dat medzi vlaknami JVM ?
» aké synchronizané mechanizmy JVM ma ?

 CO Je messageQueue ?

» akeho vzoru je objekt Space ?

» aké postavenie maju MAS na VM ?

« akymi softwarovymi prostriedkami implementaova
komunikaciu medzi agentami v ramci IPC ?






Inter Process Communication

Historia komunikacie medzi procesmi:
e signaly

o zdielana pama

* pipe, socket

* posielanie sprav — message passing



pidl

Procesy: pid

pid2

jeden Proces moze komunikava
druhym pokid vie jeho pid

OS



Procesy: names

pid1 Kazdy vie pjd2
svoj vlastny
pid (a pid
otca)

} proces !

+AKY pid ma manager .poznac, ze

teraz Jano ?*  pridefuje jedingné Jano ma pid

pidy a spravuje mena, 21034"
ma fixne pid 1



Procesy: names

pid1 Kazdy vie pjd2
svoj vlastny
pid (a pid
otca)

name_locate(]

——

name_attach()

! proces !

+AKY pid ma manager .poznac, ze

teraz Jano ?*  pridefuje jedingné Jano ma pid

pidy a spravuje mena, 21034"
ma fixne pid 1



Procesy: komunikacia

pidl pid2

data

OS

kernel

SRR model



Procesy: stavy

SEND-BLOCKED

REPLY-BLOCKED

RECEIVE-
READY > < BLOCKED

SRR model



receiver sender
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Receive(}
RECEIVE-:
BLOCKED :
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Reply() fata .[ READY

SRR model



SRR model

receiver sender
READY READY
» Send()
§ SEND-
i BLOCKED
Receive(} < data ¢
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receiver sender receiver sender

READY READY READY READY
Receive(} » Send()
RECEIVE-: : SEND-
BLOCKED i i BLOCKED
;< data ¢ Send() Receive(}+ data ¢
READY i REPLY- i REPLY-

i BLOCKED i BLOCKED
data data
Reply()t Reply()t
ply() ALY ply()
READY

SR R model Ktord moznos si programator zela ?



Primitivy

Send (pid, send-data, replied-data, sizeof-send-datof-replied-data);

pid-of-sender = Receive (0, send-data, size-

Reply(pid-of-sender, replied-data, sizeof-reph

Kto zari, ze tieto
vel'kosti si budu
zodpoveda?

SRR model



neblokujuce posielanie sprav

e vVirtualny proces proxy

e virtualny proces timer

SRR model



owner user owner user

READY | _proxy pid | READY READY | _proxy pid | READY
proxy
Receive():‘ ®<—- Trigger()
RECEIVE-:
BLOCKED'
proxy proxy
' <—¢ Trigger() Receive()“—@
READY

pidp = proxy attach(0,0,0,-1)
SRR model  Trigger(pidp)



owner

TIMER
READY
Receive() |
RECEIVEY: POy timer
BLOCKED .4_®4_®
= READYO
eceive()! |
RECEIVEY: POy timer
BLOCKED .4_®4_®
READY l
Receive(): |
RECEIVEY: POy timer
BLOCKED .4_®4_®
READY ‘

pidt = timer__create(-pidp)

SRR mOderimer_set(pidt, typ, secO, nsecO, sec, nsec )



Probléemy komunikacie medzi
procesmi

e deadlock

e livelock

* negarantovana odozva




RieSenie

 zavies pravidla, ktoré musi programator pri navrhu
systému dodrziavat.j. architekturu

Jednym z moznych rieSeni je tzv. pyramidalna client-
server architektura



Client-Server

z hPadiska SRR je
e Server receiverom

e Client senderom

Samozrejme server 2&diska jedného Yahu moze by
klientom z Wadiska vZahu druhého a tedainom naj$
ako Recelve, tak Send

\kde?



Pyramidalna architektura
Client-Server

1. Systém rozdelime na urovne
2. Kazdy server dame nacitl urovei

3. Kazdy klient musi biyna vyssej urovni nez jeho
server



Pyramidalna architektura
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Pyramidalna architektura
Client-Server
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Server

typedef struct server_msg {
short header;
short action;
union {

} data;
3
#define SERVER_HAEDER 'SH'
#define SERVER_ACTION1 'Al'

#define SERVER_ACTIONX 'AX’
main ()
{
struct server_msg msg;
/I inicializacia
for (;;) {
pid = Receive(0,&msg,sizeof(msg));
if (msg.header '= SERVER_HEADER)
continue;
switch (msg.action) {
case SERVER_ACTION1:
/] spracuj msg
break;

case SERVER_ACTIONXx:
break;

}
Reply(pid,&msg,sizeof(msg));

main () Cl|ent = ut|||ta

{

struct server_msg msg;

/I inicializacia

pid = name_locate("...");

msg.header = SERVER_HEADER,;

msg.action = SERVER_ACTIONy;

/I naplni msg.data;

Send(pid,&msg,&msg,
sizeof(msg),sizeof(msg));

/] spracuje msg.data

main ( Client - data collector

{

}

/[ inicializacia

pids = name_locate("...");

pidp = proxy_attach();

pidt = timer_create(-pidp)
timer_set(pidt,RELATIVE,0,0,1,0);

for (;;) {
pid = Receive(0,NULL,0);
if (pid == pidp) {

/[ vytvor msg
Send(pids,&msg,&msg,
sizeof(msg),sizeof(msg));
Il spracuj msg
}
}



Dekompozicia servera

Problém negarantovanej odozvy

(Pam&ovo) nestabilné rieSenie (ktoré uz pozname):

o zavolame fork() a pustime separatny proces, ktory
sluzbu vybavi

Stabilne rieSenie (nevyhnutné tam, kde mame procesy
ale nemame vlakna):

e Master - slave



Master - slave

RieSenie: master — server, slave — pomocna uloha
ktoru si pusta master

Tejto dokaze zveftispracovanie sluzby a seba tym
uvolni pre obsluhulalSich klientov

Pozor, slave (otrok) nie je klient



Slave

void main ()

{
pid m= getppid();
Send(pid m...); //co si prajes pane?
for (;;) {
task ();
Send(pid m...); //urobene, co si prajes pane?
}
}

v akom stave prezije slavedsnucasu ?



main ()

{
struct server_nsg nsg;
struct server_port *port;
/1l inicializacia MaSter
ports_init();
mam = 0; kormu = 0; spid = start_slave(); // spawn
for (;;) {
pid = Receive(0, &rsg, si zeof (nBQ) ) ;
I1f (pid == spid) {
mam = 1;
if (komu > 0) Reply(komu,...);
}
i f (msg. header ! = SERVER HEADER)
conti nue;
ports reinit();
if ((port = port _get(pid)) == -1) {
port = port_new();
port setdefaul ts(port);
}
switch (nsg.action) {
case SERVER _ACTI ON1
/'l spracuj *port a nsg
Repl y( pi d, &rsg, si zeof (nsQ) ) ;
br eak;
case SERVER ACTI ONx:
Reply(spid,...); komu = pid;
br eak;
}
}



Servery na rovnakej urovni

A je clientom servera B

* B je clientom servera A Tento problém uZ nie je
. ] vSeobecny ale tyka sa len
Costym? pyramidalnej architektary

client-server



Prievoznik

iD=

L
B nemo0ze postapriamo A



Prievoznik

@ C je klientom A a slavom B

e




Servery na rovnakej urovni

RieSenie: prievoznik + buffrovanie

void main ()

{
pid | ow = getppid();
pid high = nane | ocate("...");
for (;;) {
Send(pid low,...); //co chces poslat?
Send(pid _high,...);//odkazuju ti toto
}
}

prievoznik je slave jedneho servera a klient druhého

iné rieSenia: Proxy + buffrovanie, pipe



Servery na rovnakej urovni

Prievoznik (ferryman) je uz kodovo Rrai
podobny agentom

Nabada na nastolenie inej architektury, ktora by
neriesSila problém komunikacie medzi servermi na
rovnakej urovni ako Specificky pripad, ale rieSenie
tohto problému brala ako zakladny princip
komunikacie medzi dvomi procesmi.



Datovy tok pomocou agentov

datovy tok

ask I= A




Datovy tok pomocou priamej
komunikacie medzi agentami

pgﬁ

consumers

e neriesi deadlock



Datovy tok pomocou nepriamej
komunikacie medzi agentami

producer %

consumers

» deadlock nemozny



Agent-Space

Komunikana architektura ktora vie riesi
problemy komunikacie medzi procesmi, zalozena
na nepriamej komunikacii medzi agentami

Kazdy proces je lafl
e agent
alebo

e Space



void main () ,/Q\EJ‘EEr]i:

{

/1l initialization

pi dp proxy_attach();
pi dt timer _create(-pidp);
timer _set(pidt, RELATIVE, 0,0,...);
for (;;) {
pid = Receive(0, NULL, 0);
if (pid == pidp) {
/'l sense
Send(...);
Send(...);
)5
t

Send(. .
/] sel ec

/1 act
Send(...);

Send(...): budeny timerom
Send(...); ...



void main () ,/Q\EJ‘EEr]i:

{

/1l initialization

bidp = proxy_attach();
Send(...); // send pidp to space

for (;;) {
pid = Receive(0, NULL, 0);
if (pid == pidp) {
/| sense
Send(...);
Send(...);
Send(...);
/'l select
/] act
Send(...);

Send(...); ny triggrom
Send(...); ... bude y Hgaro



mai n ()
{ Space
struct server_nsg nsgQ;
struct trigger *trg;
struct bl ock *dat a;
/1l inicializacia
for (;:) {
pid = Receive(0, &sg, si zeof (nsQ) ) ;
i f (nmeg. header ! = SERVER HEADER)
conti nue;
swtch (nseg.action) {
case READ:
/| spracuj *port a nsg
br eak;
case WRI TE:

br eak;
case ATTACH TRl GGER:
br eak;
}
Repl y(pi d, &rsqg, si zeof (n8Q) ) ;



Agent-Space

user user
e s
agent
S/ Space
device .-~
agent agent agent agent

device



probe

Client-server (porovnanie)
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Struktura

e Space obsahuje len komundkg kod

* Agenty obsahuju len aplikay kod

wolualp Agznjs
awalniAsod 1anias oye

AU

NOJBAIBS Agzn|s
awreAlznAA Jualp oye



Deadlock

Space vola Receive a Reply

Agent vola Send a pripadne Receive na

Proxy
INy proces tam nie je
cize deadlock nie je mozny



Live Lock

* live lock — kazdy proces dobroine opusa procesor



Negarantovana odozva

e garantovana odozva — vyplyva z povahy informacie v
Space — implicitné vzorkovanie

* rozdiel oproti aktorom

10,11,12,13,14

slow 10, 12, 14



Postavenie MAS v IPC

« MAS je jednym z rieSeni problemov IPC
(deadlock, livelock a negarantovana
odozva)

e Je rieSenim V&ni dobrym, hocl
netradénym



