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$ %&'()**+', -'. ./0,*/1),+. 020,+30 -*+ /'4
(*+-0/'562 /37&*,-',

$ 8&9+:+*; .+:+6&7/'5 <=>?<@A; BCDEFA; -'.<GA<@F?DH< (&'()**+', -'. ./0,*/1),+. -776/4(-,/&'0 /0 I-*.

J KLMLN OPQR STTUVQQ WXOYZV[ RXY\WQ R]SR SUV ZVQQ
YUX^ZVOSR\W XU _XR UVZV`S_R aXU _X_bWX_WPUUV_RNQRS_TbSZX_V SYYZ\WSR\X_Q

$ c1d+(,4&*/+',+. eccf ,+(I'/g)+0 -'. cc6-'5)-5+ h+-,)*+0 I+67 ,& +'I-'(+ (&'()*4*+', 0&h,9-*+ g)-6/,2 h-(,&*0
J iVj kk RVW]_\lPVQ \_WZPTV mKnoMp qrssKtpn S_TutrvKwxtyn
J iVj kk ZS_zPSzV aVSRPUVQ \_WZPTV {|rnnKnN op}Kto~srp{KN m�prvo{ �opmopMN S_T qrtrvKsKto�Km s�qKn
J iVj QXaR�SUV lPSZ\Rj aSWRXUQ \_WZPTV vxm�|rtos�N
K�sKpno�o|os�N qxtsr�o|os�N tK�nr�o|os�N S_T {xttK{s~pKnn
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$ %&'()**+', 7*&5*-33/'5 /0 /'(*+-0/'5 *+6+4:-', ,&�

J �K�KtrMK }rtmwrtK�nxuswrtK rm�rp{Kn
� KLMLN OPZR\bYUXWVQQXUQ S_T k� R]UVST QPYYXUR

J �p{tKrnK qKtuxtvrp{K
� KLMLN X`VUZSY WXOYPRSR\X_ S_T WXOOP_\WSR\X_

J �vqtx�K tKnqxpnK~sovK
� KLMLN ���Q S_T _VR�XU� QVÙ VUQ

J �ovq|ou� qtxMtrv nst�{s�tK
� KLMLN Qj_W]UX_XPQ `Q� SQj_W]UX_XPQ _VR�XU� ���

�
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$ �+'+�,0 &h ./0,*/1),+. (&37),/'5�

J �XZZS^XUSR\X_ � {xppK{so�os� S_T opsKtwxtyopM

J �VUaXUOS_WV � v�|so~qtx{KnnopM S_T |x{r|os�

J �VZ\S^\Z\Rj S_T S`S\ZS^\Z\Rj � tKq|o{rsoxp

J �WSZS^\Z\Rj S_T YXURS^\Z\Rj � vxm�|rtos�

J �[RV_Q\^\Z\Rj � m�prvo{ {xp�M�trsoxp rpm tK{xp~�M�trsoxp

J �XQR V�VWR\̀ V_VQQ � xqKp n�nsKvn S_T tKnx�t{Kn}rtopM
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$ cc /0 @CA - 7-'-(+-

J �X�V`VUN �]V_ PQVT YUXYVUZj \R ]VZYQ O\_\O\�V�SWW\TV_RSZ� WXOYZV[\Rj S_T \OYUX`V QXaR�SUV lPSZb\Rj aSWRXUQ

$ �.:-'(+. c� h+-,)*+0 7*&:/.+ -../,/&'-6 h)'(4,/&'-6/,2 -'. 7+*h&*3-'(+; <���;

J ��|so~s}tKrmopM

J ��|so~qtx{KnnopM

J ��p{}txpo�rsoxp

J �}rtKm vKvxt�

J 	�q|o{os m�prvo{ |opyopM

J �psKtqtx{Knn {xvv�po{rsoxp 
���
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$ �C@>EBB<@>�

J ��Xz\WSZZj� Q\OPZRS_VXPQ YUXWVQQ\_z

J �XVQ pxs \OYZj OPZR\YZV YUXWVQQ\_z VZVOV_RQ

$ ��B�HH<H?F�

J ��]jQ\WSZZj� Q\OPZRS_VXPQ YUXWVQQ\_z

J �_`XZ̀ VQ OPZR\YZV YUXWVQQ\_z VZVOV_RQ S_T�XU \_TVb
YV_TV_R TV`\WV XYVUSR\X_Q

$ �?FAB?DEA?C@

J �SUR\R\X_ QjQRVO�SYYZ\WSR\X_ \_RX OPZR\YZV WXOYXb_V_RQ R]SR WS_ UVQ\TV X_ T\�VUV_R ]XQRQ

J �OYZ\VQ OVQQSzV YSQQ\_z SQ YU\OSUj ��� OVW]Sb_\QO
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PRINTER

FILE

SYSTEM

PRINTER
FILE  SYSTEM

COMPUTER

(1)(1)    STAND-ALONESTAND-ALONE    APPLICATIONAPPLICATION    ARCHITECTUREARCHITECTURE

(2)(2)    DISTRIBUTEDDISTRIBUTED    APPLICATIONAPPLICATION    ARCHITECTUREARCHITECTURE

CD ROM

CD ROM

NETWORK

DISPLAY

SERVICE

FI LE

SERVICE

PRINT

SERVICE

CYCLE

SERVICES

�

�
��������� ��� �����������

CONCURRENT  SERVER

maxfdp1

read_fds

WORK

REQUEST

SERVER

CLIENT

WORK

REQUEST
WORK

REQUEST

WORK

REQUEST
CLIENT

CLIENT CLIENT

SERVER

CPU1 CPU2 CPU3 CPU4

WORK

REQUEST

WORK

REQUEST
WORK

REQUEST

WORK

REQUEST

CLIENT

CLIENT

CLIENT CLIENT

PARALLEL  SERVER
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$ %&'()**+', '+,9&*� -776/(-,/&' .+:+6&73+',
+�I/1/,0 1&,I ?@�<B<@A -'. �>>?�<@A�H (&34
76+�/,2

$ �@�<B<@A >C��H<G?A� *+0)6,0 h*&3 h)'.-3+'4,-6 (I-66+'5+0

J �xp{�ttKps qtxMtrvvopM
� �Z\O\_SR\_z �USWV WX_T\R\X_Q�� �VSTZXW� S`X\TS_WV� �S\U QW]VTPZ\_z� �VUaXUOS_WV XYR\O\�SR\X_ S_T RP_\_z

J 	onsto��sKm qtxMtrvvopM
� 
TTUVQQ\_z R]V \OYSWR Xa ZSRV_Wj� �SPZR RXZVUS_WV S_T ]\z] S`S\ZS^\Z\Rj� �XST ^SZS_W\_z S_T QVÙ \WV YSUR\R\X_\_z� �X_Q\QRV_R XUTVU\_z Xa T\QRU\^PRVT V`V_RQ
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$ �>>?�<@A�H >C��H<G?A� *+0)6,0 h*&3 6/3/,-4,/&'0 9/,I ,&&60 -'. ,+(I'/g)+0 )0+. ,& .+4:+6&7 (&'()**+', -776/(-,/&'0; <���;

J �SW� Xa YXURS^ZVN UVV_RUS_RN RjYVbQSaV S_T V[RV_Q\b^ZV QjQRVO WSZZ \_RVUaSWVQ S_T WXOYX_V_R Z\^USU\VQ

J �_STVlPSRV TV^Pzz\_z QPYYXUR S_T ZSW� Xa WX_WPUbUV_R S_T T\QRU\^PRVT YUXzUSO S_SZjQ\Q RXXZQ

J �\TVQYUVST PQV Xa r|Mxtos}vo{ TVWXOYXQ\R\X_

� �\_V aXU K�q|ropopM WX_WPUUV_R YUXzUSOO\_z WX_bWVYRQ S_T SZzXU\R]OQ ^PR \_STVlPSRV aXU mK�K|xq~opM ZSUzVbQWSZV WX_WPUUV_R _VR�XU� SYYZ\WSR\X_Q

J �X_R\_PXPQ UVT\QWX`VUj S_T UV\_`V_R\X_ Xa WXUV WX_bWVYRQ S_T WXOYX_V_RQ
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$ ���� (&'()**+', '+,9&*� 7*&5*-33/'5 I-0,*-./,/&'-662 1++' 7+*h&*3+. )0/'5 6&946+:+6c� 3+(I-'/030; <���;
� uxty�K�K{� �}rtKm vKvxt�� vvrq� rpm ��n� nKvrq}xtKn� �oMpr|n� nx{yKsn�nK|K{s� ����� qs}tKrmn rpm �x|rton s}tKrmn

$ cc �<F?�@ ��AA<B@F -'. �B��<�CB�F +6+:-,+.+:+6&73+', ,& h&()0 &' -776/(-,/&' (&'4(+*'0; <���;

J �Kt�o{K u�p{soxpr|os� rpm qx|o{oKn

J �Kt�o{K {xp�M�trsoxp

J �xp{�ttKps K�Kps mKv�|soq|K�opM rpm K�Kps }rp~m|Kt monqrs{}opM

J �Kt�o{K {xp{�ttKp{� rpm n�p{}txpo�rsoxp

""
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$  +:+6&7/'5 7&*,-16+; *+)0-16+; -'. +!(/+',
(&33)'/(-,/&' 0&h,9-*+ /0 I-*.

$ c� 76-,h&*30 -*+ &h,+' h)'.-3+',-662 /'4(&37-,/16+

J KLMLN T\�VUV_R WX_WPUUV_Wj S_T ��k OXTVZQ

$ "I)0; /, 3-2 1+ /37*-(,/(-6 ,& ./*+(,62 *+)0+�

J #|Mxtos}vn

J 	Ksro|Km mKnoMpn

J �psKtur{Kn

J �vq|KvKpsrsoxpn
"�
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CALLCALL    CENTERCENTER
MANAGERMANAGER

SUPERSUPER--
VISORVISOR

NETWORK

MD110MD110 ERICSSON

TELECOMTELECOM

SWITCHESSWITCHES

EVENTEVENT

SERVERSERVER

: Reactor: Reactor

SupervisorSupervisor
and Switchand Switch
HandlersHandlers

SUPERSUPER--
VISORVISOR

SUPERSUPER--
VISORVISOR

SUPERSUPER--
VISORVISOR

MD110MD110 ERICSSONERICSSON

$ cc h*-3+9&*� h&* (-66 (+',+* 3-'-5+3+',
.+:+6&7+. h&* �*/(00&'

"�
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$ c*/5/'-6 cc h*-3+9&*� 9-0 .+:+6&7+. h&*
���� -'. 6-,+* 7&*,+. ,& �/'.&90 �"

$ ���� -'.�/'.&90 �" I-:+ h)'.-3+',-662./�+*+', ��c 3&.+60

J oLKLN Qj_W]UX_XPQ `Q� SQj_W]UX_XPQ

$ "I)0; ./*+(, *+)0+ &h &*/5/'-6 h*-3+9&*�9-0
/'h+-0/16+� � �

" 
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$  +0/5' 7-,,+*'0 0)77&*, *+)0+ &h FC�A��B<
�B>�?A<>AEB<

$ �-,,+*'0 +31&.2 0)((+00h)6 FCHEA?C@F ,& �BCD�
H<�F ,I-, -*/0+ 9I+' .+:+6&7/'5 0&h,9-*+ /'
- 7-*,/()6-* >C@A<GA

$  +0/5' 7-,,+*'0 5*+-,62 *+.)(+. 7*&d+(, */0�
-, �*/(00&' 12 6+:+*-5/'5 7*&:+' .+0/5' +�4
7+*,/0+

"�

������� �������� �����
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$ �@A<@A

J �VWXPYZV V`V_R TVOPZR\YZV[\_z S_T V`V_R ]S_TZVUT\QYSRW]\_z aUXO R]V QVÙ \WVQ YVUaXUOVT \_ UVQYX_QVRX V`V_RQ

$ "I/0 7-,,+*' 0&6:+0 0+:+*-6 7*&16+30 h&* 0/'56+4,I*+-.+. (&33)'/(-,/&' 0&h,9-*+�
�� �xw sx K	{oKps|� mKv�|soq|K� v�|soq|K s�qKn xu
K�Kpsn utxv v�|soq|K nx�t{Kn xu K�Kpsn wos}op rnopM|K s}tKrm xu {xpstx|


� �xw sx K�sKpm rqq|o{rsoxp �K}r�oxt wos}x�s tK��ot~opM {}rpMKn sx s}K K�Kps mKv�|soq|K�opM�monqrs{}opMutrvKwxty

$ � 7-,,+*' .+0(*/7,/&' (-7,)*+0 ,I+ 0,-,/(
-'. .2'-3/( FABE>AEB< -'. >CHH�DCB�A?C@ -3&'5
�+2 ��BA?>?��@AF /' - 3/(*&4-*(I/,+(,)*+

"�
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Reactor

handle_events()
register_handler(eh, type)
remove_handler(eh, type) Event HandlerEvent Handler

handle_event(type)
get_handle()

Ann

11

select (handles)
foreach h in handles loop
   table[h]->handle_event (type)
end loop

nn

11
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N
--S
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E
C

IF
IC

S
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IF
IC

A
P
P
L
IC
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P
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A
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N
--IN

D
E
P
E
N

D
E
N

T
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D

E
P
E
N

D
E
N
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HandlesHandles

11

11

ConcreteConcrete
EventEvent

HandlerHandler

$ �-*,/(/7-',0 /' ,I+ �+-(,&* 7-,,+*'

"�
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��

mainmain
programprogram

INITIALIZEINITIALIZE

REGISTER  HANDLERREGISTER  HANDLER

callback :callback :
ConcreteConcrete

Event_HandlerEvent_Handler

START  EVENT  LOOPSTART  EVENT  LOOP

EVENT  OCCURSEVENT  OCCURS

reactorreactor
: Reactor: Reactor

handle_events()

FOREACH  EVENT  DOFOREACH  EVENT  DO

handle_event()

select()

Reactor()

register_handler(callback)

get_handle()
EXTRACT  HANDLEEXTRACT  HANDLE

REMOVE  HANDLERREMOVE  HANDLER handle_close()

IN
IT

IA
L

IZ
A

T
IO

N
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O

D
E
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E
N
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D
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G
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$  2'-3/( /',+*-(,/&' -3&'5 7-*,/(/7-',0 /'
,I+ �+-(,&* 7-,,+*'

"�
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$ �-d&* ./�+*+'(+ /0 ���� B<�>A?�< ��c :0�
�/'.&90 �" �BC�>A?�< ��c

J �VSWR\̀ V ��k \Q Qj_W]UX_XPQ

J �UXSWR\̀ V ��k WS_ ^V SQj_W]UX_XPQ
� �VlP\UVQ STT\R\X_SZ \_RVUaSWVQ RX �SUO� R]V ��k
OVW]S_\QO

$ c,I+* ./�+*+'(+0 /'(6).+

J �Knx�t{K |ovosrsoxpn
� KLMLN �\_TX�Q �	 Z\O\RQ _PO^VU Xa �
����Q
YVUbR]UVST

J 	Kv�|soq|K�opM urotpKnn
� KLMLN 
��
������
���������
� SZ�SjQ UVRPU_QR]V ZX�VQR SWR\̀ V �
����

"�

������� 
� ���� �����

$ �+-649&*6. (&'0,*-/',0 &h c� 76-,h&*30 (-'7*+(6).+ ./*+(, *+)0+ &h (&33)'/(-,/&' 0&h,49-*+

J KLMLN OPQR XaRV_ PQV _X_bYXURS^ZV aVSRPUVQ aXU YVUbaXUOS_WV

$ �+)0+ &h .+0/5' 7-,,+*'0 3-2 1+ ,I+ &'62
:/-16+ 3+-'0 ,& 6+:+*-5+ 7*+:/&)0 .+:+6&74
3+', +�7+*,/0+

$  +0/5' 7-,,+*'0 -*+ )0+h)6; 1), -*+ '& 7-'-(+-

J �S_Sz\_z V[YVWRSR\X_Q \Q WUPW\SZ� � �

��
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$ cc h*-3+9&*�0 -'. 7-,,+*'0 I-:+ 1++' )0+./' 3-'2 7*&.)(,0

J ��� _VR�XU� OS_SzVOV_R SR �U\WQQX_

J �ZX^SZ YVUQX_SZ WXOOP_\WSR\X_Q SR �XRXUXZS �U\Tb\PO

J �\QRU\^PRVT VZVWRUX_\W OVT\WSZ \OSz\_z aXU iXTS�S_T �\VOV_Q

$ "I+ h&66&9/'5 &),6/'+ 0+:+*-6 *+7*+0+',-,/:+
)0+ (-0+0

�"
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NETWORKNETWORK

SUPERSUPER

VISORSVISORS

SUPERSUPER

VISORSVISORS

DIRECTORYDIRECTORY

MANAGEMENTMANAGEMENT

SERVICESSERVICES
CALLCALL    CENTERCENTER
MANAGEMENTMANAGEMENT

SERVICESSERVICES

EXTENSIONEXTENSION

MANAGEMENTMANAGEMENT

SERVICESSERVICES

DATABASEDATABASE

SWITCHESSWITCHES

SERVERSERVER

: Session: Session
RouterRouter

: Event: Event
AnalyzerAnalyzer

MODULEMODULE

OBJECTOBJECT

DAEMONDAEMON

PROCESSPROCESS

: Reactor: Reactor

: Switch: Switch
RouterRouter

SUPERSUPER

VISORSVISORS

$ �-0+. )7&' ,I+ �%� �,*+-3 (6-00 (-,+5&*2

��

�������� ��������� 
� � ���

Session Router
Module

Presentation
Module

Event Filter
Module

Event Analysis
Module

Presentation
Module

Switch Router
Module

Reactor

MD110MD110 ERICSSONERICSSON

TELECOMTELECOM

SWITCHESSWITCHES

SUPERSUPER

VISORSVISORS

MD110MD110 ERICSSONERICSSON

MD110MD110 ERICSSONERICSSON

SUPERSUPER

VISORSVISORS

SUPERSUPER

VISORSVISORS

Switch IO

Session IO
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WIDE  AREA

NETWORK

SATELLITES

TRACKING

STATION

PEERS

STATUS  INFO

COMMANDS

BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GATEWAY

GROUND

STATION

PEERS

� 
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: Reactor

GATEWAY

PEER2
PEER4PEER3

CONNECTION

REQUEST

CONNECTION

REQUEST

OUTGOING

MESSAGES

: Output

Channel

INCOMING

MESSAGES

: Channel
Acceptor

: Channel
Connector

PEER1

: Input

Channel

: Routing
Table

: Input

Channel

: Output

Channel

��

����������� ������� #������

DIAGNOSTIC

STATIONS

ATMATM
MANMAN

ATMATM

LANLAN

ATMATM

LANLAN

MODALITIES

(CT, MR, CR)  CENTRAL

BLOB STORE

CLUSTER

BLOB

STORE

DX

BLOB

STORE

��

���� ��� ���� �
����

CONTROL  CHANNEL CONTROL  CHANNEL ((EE..GG.,.,  CORBACORBA OR  OR NNETWORK ETWORK OLE)OLE)

DATA  CHANNEL DATA  CHANNEL ((EE..GG.,.,  TCPTCP OR LIGHTWEIGHT  OR LIGHTWEIGHT ATM)ATM)

ATMATM

SWITCHSWITCH

SenderSender

2: pull(image_name)2: pull(image_name) BlobBlob
StreamingStreaming

ServerServer
ReceiverReceiver

1: push(image)1: push(image)

BLOBBLOB

STORESTORE

3: image3: image

��

����
�� ������� ����� 		
������ ��������

$ �<@<�AF C� ��AA<B@F

J 	pr�|K |rtMK~n{r|K tK�nK xu nxuswrtK rt{}osK{s�tKn

J �vqtx�K mK�K|xqvKps sKrv {xvv�po{rsoxp

J �K|q strpn{Kpm |rpM�rMK~{Kpsto{ �oKwqxopsn

$ �B��D�>�F C� ��AA<B@F

J 	x pxs |Krm sx motK{s {xmK tK�nK

J �rp �K mK{Kqso�K|� novq|K

J �Krvn vr� n��Kt utxv qrssKtp x�Kt|xrm

��
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$ �<@<�AF C� �B��<�CB�F

J �_S^ZV T\UVWR UVPQV Xa WXTV �{u YSRRVU_Q�

J �SW\Z\RSRV ZSUzVU SOXP_RQ Xa UVPQV R]S_ QRS_TbSZX_VaP_WR\X_Q XU \_T\̀ \TPSZ WZSQQVQ

$ �B��D�>�F C� �B��<�CB�F

J �\z] \_\R\SZ ZVSU_\_z WPÙ V
� �S_j WZSQQVQN OS_j ZV`VZQ Xa S Q̂RUSWR\X_

J 	]V �X� Xa WX_RUXZ aXU UVSWR\̀ V T\QYSRW]\_z \Q _X_b\_RP\R\̀ V

��
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�� ������� ����� ���

$ �<@<�AF C� ���

J �|rnnKn S_T prvKnqr{Kn OXTPZSU\�V R]V QjQRVO SUbW]\RVWRPUV

J �p}Ktosrp{K S_T m�prvo{ �opmopM TVWXPYZV SYYZ\WSbR\X_ qx|o{oKn aUXO UVPQS^ZV vK{}rponvn

J �rtrvKsKto�Km s�qKn TVWXPYZV R]V UVZ\S_WV X_ YSUbR\WPZSU RjYVQ Xa Qj_W]UX_\�SR\X_ OVR]XTQ XU _VRb�XU� ��� \_RVUaSWVQ

$ �B��D�>�F C� ���

J �S_j ZS_zPSzV aVSRPUVQ SUV _XR �\TVZj \OYZVOV_RVT

J �V`VZXYOV_R V_`\UX_OV_RQ SUV YU\O\R\̀ V

J �S_zPSzV ]SQ OS_j TSU� WXU_VUQ S_T Q]SUY VTzVQ

��


