
b;>u Fg : 
?>u 2009 � f 39 4 f 1 " : 107∼ 124

www.scichina.com info.scichina.com

LoI: 9��6Zb�f#)E5�ZMLv31on ∗, mlm�L`q|"C&<yih`�l (� DDD�Rv), � DDD�RvtÆev+, � 100083

*E-mail: zz@vrlab.buaa.edu.cnq D#: 2008-03-03; �vD#: 2008-11-22<y}=?vb� (�vG: 60603084)�<yihbFz'~>9U (�vG: 2009CB320805) I<y�q|z'~>tU (�vG:

2006AA01Z331) yoU�R; ��=�wL�}��9	ayWn�j>!/�x�w+ , "|k{I1�R9�rZ. HLA N*=w�}��%s	, T��:#v5w#v���w/��$�,�|8�$��F�:rZ��R0w,P��^�w�. tvE
rZ^�g��&, ,P�im	Su�^�rZp{^W��mg.f�6, ℄�:�}�=wb;.�	R0�^�gE
�&[V, Z�U}2�03(Y�	Qg�Qg�,P�q`	R0�^�g�5, ��.f�&, U}:dCy� LoI(layer of interest).y LoI�#~H*7:n�
Op��w/��$�, T2o�,Ktu?B�
R�v^�rZ. RTI #v LoI .frZ�
�Ær;�4�2oyqz�mR0�#~H.f RTI sG4�. BH RTI �X�J\: LoI, )-:J\$�, ��.f:rZ�<b;� RTI sG4�Jl.

D℄��xM�~
HLA_�hA'eDz�
RTI

1 ?8Q8��#
P�Ha;*N-^wW4#�"lÆW$a/q 
P, zz"q�wWr"!d4Y�`^t��-,3b_J�gQ�^wWt��[h,A$a�<[?q�g/Q�`^
6
Z. Gg�-^k3:7N^bA$^8� \m.d76U">O3h>n_J�H�gY|�j�o $O3^�-
6, IVb�g
P^�Kh,jQ8��#
�H^h�p{. 4d76Ua, �H�g">5\^S�yhQ�P|o^d7�1,Lza"�Kk�^�-���>nj,Y�o�d7^�-.d7�P��l��+
��V%�P�HN$� 3 S [1]. �d75$ (AOI, area of interest)[2]j�gie^+
>n�, �m�b|��H�o�^1T+
, 
0v�+
^wWQ���g�-^|�/�o, W\qQ`^�t+
s�[a+


�^s�9XLQ. NPSNET[3] a�^C�T�y�V%�P�, $9X�Z, W>n\mb. N$�94+
�HV%�P�Q��gEa. 20 gx
90 �T�w DIS(distributed interactive simulation)�u^d%, Q`y&3p�$Sd76U�� [4],

Morse[1] ~}b$ax"ieA$ �Bb�gd76U^�S��. �0�A�- (HLA, high level

architecture) j
��Hf$^�`p{�u, �8mb RTI(run-time infrastructure) ���*�Od76U4�^�H/g^�< [5].�6hgy&
O? HLA ^d76Up{.

HLA �u8mb_g�gd7�P^|#–n.
^ [6,7], � RTI 0�_J. �gj`�S^|#–n.
^, 4wWS/
PS�jwWS^yh0KN>n"O3�-, Gg
^4X�6U (DM, declara-

tion management) HwW6U (OM, object manage-

ment) �<a�gm�. g�gj`�U^|#–n.
^, `�N$�_J>n, m�4�-�|6U
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(DDM, data distribution management) a. HLA 1.3�u4 DDM �<am�b 3"`���: k%C�
(RS, routing space)�'`5$ (UR, update region)Hn.5$ (SR, subscription region)[7]. RS j�W^x4*fC�, d76U4 RS ^4N�g�->n. UR H SR rjN$^hK, |��X� RS a$wW�4^5$3 UR, �o�X� RS a$�d7^5$3 SR. F=�o�n.b|��^wWSyh,#^|��wW^ UR �o�^ SRO
, RTI��|��^wW�-|�[�o�.�< DDM�;)d���{: STOW97�JSI-

MSHMC’02`�A
Q8�7h�H,�-^k3:7SQbLxt�. $"���B3 RTI-NG F"j�"�
O?Q8��#
�H [8],  WB{7a�^ RTI-s "�x!�t HLA DDM �u [9].GVl�� 3 "&Æ. sG, J�^|#–n.
^Y
&-yhh��H5$��Q�v�"
6j� n.FO3, z:O�|O3h=t^
Z, la|Y�J, ��^
6Xj�n�C#`^�GmHx, l;�">p(
6Q�b"bi`. $K, HLA Y8mb�<H�Z_gHxSe, GgHx�S>�M-, f��9|F")Ya�. _wN,4 STOWm�^~^a���<Hx
6r��
�%�Jz6;.s^1
h�N,z{:^WKQ8�7h�HWZ&�y�a��<Hx [10]. 3K,`�S/yh^>nk��gQ`^yhh��. T�"n.Fn.b�wWS^ m "yh, '`
6a�A�wWS^g n"yh,	w4
6�f;m n.F;3Q+k��g^��0t3 O(m ∗ n)^yhh��. ��, �kB[�g��LyhO3h0KNI�p(;3
6, �V��\m.3b�5O3h�|9�, ���
6>n�tH>nj�`x^;3
6, �6�Bb�gO3h�|
^: d70K (LoI). LoI &-C�1Tw�oyhHyhU^�Sm�b�gO3h�S��,  �*b HLA ^P=��. `� LoI �Bb�g|k�^|#/n.
^, � LoI Q�f|#�n.H'`�-^O3h, "> LoI ^��, Qx�^"O3
6��S��|��^�o��(,G�4`�S^|#/n.>na���~Q`^yhh�

�s�. RTI ���&-wW^ LoI ">�byh'`^|�^�o�mQ�g�JE^._��=��, LoI4�->nH RTI�JE^a0���^\m. L 2004 �9b, LoI p{�"4 BH RTI a_J ℄[��. 4�K['. 3 "dg, 50 �
'* ^�Ha, BH RTI ;)O9b, 50000 "wW8�^�#
P�HlÆW$.�6$�A��RFF: e 2 ��PbO3(�; e 3 H 4 ��Bbd70K LoI  �Pb HLA^ LoI P=��; e 5 H 6 ��Bb`� LoI ^|k�|#/n.
^, �g���=; e 7 ��Bb
RTI �JE^�e; e 8 ��Pb LoI 4 BH RTI a^_J; e 9 ��gb LoI h
_�; �M�gb��.

2 *F?k���℄(�w�#
�Ha^O3h�|9��gy&, &->nSe^"#, G℄(�Q[��3`�wWS/yhH`�yhU^��_S.4`�wWS/yh^��a, wWS^$yh�3[N�℄*�Q�}|#F–n.F^O3h.6M [11, 12] � QoS(quality of service) k3�3*�, RTI ^F
0.s&-G℄*�GU
6. 3b��_^h, McLean ` [11] _Jb�_^^ HRT

RTI,  WB'E^��j? RTI &-|#F–n.Fw;m QoSk3^�1. Zhao H Georganas[12] �Bb�g�yh �℄�GmO3[^ HLA P=
^, �Gmj`���0�+�A$0H.sT℄0^ QoS*�, F�6�m��Z�m�'|?q^��p�m��Gm��9`m`, �|X�B���G℄�Gm`�.s QoS �<_J RTI.`�U^��l�&-_��^1Tw
6�gO3hT�. SANDS)�lq.sp{4 IP�!�|~a^lqk�'�gN�r`��E^>n' [13], ">�!~^k��g"3H!"k�^q|
6Q��Hx\m, /k��gX��&-_��^1TE^�o_�|#'`
6^�m [14].

Lee` [15] &-_�1T*�m�b�d75$H��5$, �Bb�gx	U^ DR )���, DR )�^	U�&-_�Q�^1Tq�k�.�|X�
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?>u 2009 � f 39 4 f 1 "Bb&-	Uk�H+)�=s8�g DR )�^_"|k���. Zhou ` [16] m�b�g_�h�h, �h�h65�_"�
: _��
�S[^$�_��`H�|Q�^1T, �Bb�g�|�H_�h�h^���e.�C1T*��"#Se_�^�d75$ AOI �3x"0K, `�����e, �BbE^_�
6|��m^'`
^, Lz'�\dX�SJ.�6(� G_S��r�3A, $"#gl��J4�F 3 "��. sG, J�(�Y3p�y&|#FHn.FQ�^O3h, �69jw|#F�n.FH�-
6KF�gO3hy&. h_N,w#�w|#F–n.Fz|,"#^yh'`
6��
 n.F�w"#^O3h. YF, �_"
6, �"
6a&�"�An.F�n.^yh,g�"9A��"n.Fn.^yh, �<�|Q|�#�"|��, WI<���5�wU. 4�6e 5 �:|�℄[3�|#F�n.F��-
6O3h^_"h�)q, Lz�fb�|Q�^3A.$K,d70K
LEdO? HLAa^|#–n.
^. �� HLA �U8mb|#–n.^
^, J�^y&L
">Z^�q(P=[ HLA A$a, �$j�℄xmd76Up{. LoI ^ HLA P=��Yk�w HLA �gLO^�z(��_J$P=, z/
�?}(Tu^�Eh.�6�`�SH`�U^ HLA|#–n.
^$�[|k� LoI|#–n.
^a, aHx'EU�, E�a�. 3K, `� LoI^ RTI �JE^L_�. �J|Y^, ��^|��H�o��g�%�gE^, &-z"wW^ LoIE^[z"wW^'`/�R�m, Lz�ZV.s��i`. 3� LoI ^�A�℄�R<|#� 2003 �Ir^ Simulation Interoperability Workshop, �6(�9jQMn�^VG, ">bUq)� N��Ts BH RTI_Jj$�M, Q,"> 4�x^^�,Mz;.

3 LoI(/���)

HLA �uy�;lO3h^3
, J�^|#–n.
^YSj[|#FHn.F^O3h. Wj,LO3h�|�3^y&��:BC�1Tw�o

^wWyhHyhUr��S. sG, |�FV"#1T^�o�|�^�-0�"#�EH�m. YF, �:[�"T�L*^�, WjY��|�0�^(��:[�+%^r, G�, r^�-(y����|�. ��d, 1T|���*^�o�[o[�m�b��E�O�℄^
6, lO�yhU�b�|�[G℄�o�. $K, �o�"6w|��^wWY�nSd7. w�0� n "yh^wW, L�KQ:, �
^n.Se� 2n g. W_wNn.Se��Yjng,GjÆ3�℄yh^n.000�3A, YFn.Fn.byh X ��,�nN�m[n.yh Y ��.`��N5g, :|�Bbd70K^��wO3h�g�S. LoI j`��o�wwW^d74�W4N0�^�℄�I^0K�h. &-�o�wwW^d7=t, :|�O3h�3 6 "0K:

NO LAYER, LAYER CRITICAL, LAYER VISION,

LAYER ABOUT, LAYER COMPONENT H LAY-

ER INSIDE. LoIT�bwWSyhHyhU^O3h.

NO LAYER: wW A ^ UR HwW B ^ SR y�hK'�^ (( 1(a)), B "[o[ A |B^�-,9 LoI m�GgO3h3 NO LAYER. B w A "�d7, ��"[o[ A |�^AJ
6.

LAYER CRITICAL: HLA�u3h��-m�b�<HxSe, Y�n.Fw�wW�d7, G℄�-4Hx>=a("
�p\, GgO3h:3
LAYER CRITICAL. Y[BJ�K^h��-^FL7^�([BJ^a 
6���y�G�0K.

LAYER VISION m�^j�`�^d7=t,�}b�o RS awWY>^d7, S��4m��1�^d7.  H$ AOI ^ DDM a^ SR 0�O#^n.5$. Y A G4 SR a^ (( 1(b)), LoIlP[b LAYER VISION.

LAYER ABOUT �3:[^ LoI, jd7l�w��4Yd7^680K,"6�fd7l�
��0Dd�P[��. ( 1(c) ^ D SR 5$3 LA-

YER ABOUT 0K^n.5$. :|a��"�n^ EXTEND �`Qm� LAYER VISION. �n.F5� SR ^aa3+�, m� EXTEND
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$d	Ib�._P4i�}!?o��3 LAYER VISION H LAYER ABOUT �w�^
range ^�U. EXTEND :[U3 1, 1 j$U$F�. Y LAYER VISION 4�4N^5�3 [blower,

bupper) ^, LAYER ABOUT �w�^5�3
[alower, aupper)

= [(bupper + blower)/2 − (bupper − blower)

/2/EXTEND,

(bupper + blower)/2 + (bupper − blower)

/2/EXTEND)

= [((EXTEND − 1) ∗ bupper + (EXTEND + 1)

∗ blower)/2/EXTEND,

((EXTEND + 1) ∗ bupper + (EXTEND − 1)

∗ blower)/2/EXTEND). (1)

LAYER COMPONENTjd7l�w��4Yd7^E�0K, k��'	m,K^F�s�/.�s�/wlÆW$^L�h
�SLQ^l�&ÆQ�(j��s�`LQ, Æ3}(k���dw�dwW_YH��^*=wW_Y�g�s^s���. 3�s�/Nm���1��QQN^k��gs���^_Y�1. LAYER COMPO-

NENT0K^n.5$���� UR �f (( 1(d)),��m� PACE�`Q�n5$��s�. Y PACE

3 0 ^, "k��g5$hls�.

[clower, cupper) = [(bupper + blower)/2 − PACE,

(bupper + blower)/2 + PACE). (2)

LAYER INSIDE: 4�℄1fF, d7l�^aaME5���^'`5$� (( 1(e)), Gj�g�w^t�, 44Njd1T^��. L�H
�NQ�, J^d7l�r4��^5\N, 1T^`�4Yb`�. LAYER INSIDE (j LoI ^`��=,�fd7l�w��^�'E��d7^�w�3.Gg LoI ���{5#^.Z�8QwW`�w,K_�^�H.��&-1T d7^3Aw LoI �gb�S,$a"b� LAYER VISION ^ LoI T�b�ZHx�
^"#d7=t. �^ LoI ��Ob	℄G��b LoI ^�-�3, #�, Cb NO LAYER H
LAYER CRITICAL,b LoI^n.5$��b� LoI^n.5$. H�+^Qx�lÆW$�a�^d7p{��, 4 LoI a, dU��j�gie^4^hK, ���Ed�J$gyh^0K�J.

4 HLA $/���oTÆ3 LoI ^`��� HLA j�[^, ���LE�_J HLA^P=. HLAP=^&9j `�
HLA �u^A$O�E,  �`�O�q. HLA1.3H IEEE 1516�u45$O3^��N��m3
,

� 1 LoI '>
(a) NO LAYER; (b) LAYER VISION; (c) LAYER ABOUT; (d) LAYER COMPONENT; (e) LAYER INSIDE
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?>u 2009 � f 39 4 f 1 "4 IEEE 1516 �ua, �"wWyh��H�"4hKO3[, z4 HLA 1.3 awWyhY
H;m^k%C�O3[. ÆJ, 4 IEEE 1516 a, ��L��d��"yhH�"4j$ LoI S�3[. z4 HLA 1.3 a, 3�g$�, Yn"yh4#�"4Nk�"#^ EXTEND H PACE�`U^, Y
�g�℄Ea. ��^P=��j�V HLA 1.3 �g^.

LoI ^ HLA P=YSj[ HLA OMT(object

model template), z"k�w HLA K~�89H�F8��gAJj�. P=^��j4k%C��a:z EXTEND �`H PACE �`G_
, 4yh�a:zd70KG�
, G℄
jP= OMT^�sT, F=�"yhy� AJ LoI O3[, 9
LAYER ABOUT ��3:[^ LoI  �yhO3[, ÆJP=M^ HLA ��H�u^ HLA A$�?VM�E. P=^k%C��Hyh���F� 1H 2�f. 4�"[}wW�e FOM(federation ob-

ject model) a, #�^BY.o��"k%C�H
LoI O3[, �3� FOM ^lk%C�.O�d, FED(federation execution data) 6	�k�P=, P=^ FED 6	4AbV^�wWSyh LoI O3[, �*% OM H DDM �<a�. � HLA FED DIF(data interchange format)

BNF(backus-naur form, �=��
) a:zFF#�89�g LoI P=:

1 〈〈LoI〉〉::= 〈NameString〉;

2 〈〈ExtendValue〉〉::= 〈Float〉;

3 〈〈PaceValue〉〉::= 〈Float〉;

4 〈〈Extend〉〉::= “(Extend” 〈〈ExtendValue〉〉“)”;

5 〈Pace〉::= “(Pace” 〈〈PaceValue〉〉 “)”, ��F_�#�89�gP=:

1 〈Dimension〉 ::= “(dimension” 〈〈Dimension

Name〉〉 “)”;

2 〈Attribute〉 ::= “(attribute” 〈〈Attribute

Name〉〉 〈〈Transport〉〉 〈〈Order〉〉 [〈〈Space

Name〉〉] “)”,P=M^ BNF �
FF:

1 〈Dimension〉::=“(dimension”〈〈Dimension

Name〉〉[〈〈Extend〉〉][〈〈Pace〉〉]“)”;

2 〈Attribute〉 ::= “(attribute” 〈〈Attribute

Name〉〉 〈〈Transport〉〉 〈〈Order〉〉 [〈〈Space

Name〉〉] [〈〈LoI〉〉]“)”,

FED DIF{#�k�4P= HLA FED DIF BNFm�a:zFF 3 T:

LoI: wWSyh^ LoI;

ExtendValue: k%C�a4�3[^ EXTEND U;

PaceValue: k%C�a4�3[^ PACE U.� 1 LoI nSO"ueg[�
Routing Space Dimension Dimension type · · · EXTEND PACE

PositionSpace
pos x Float · · · 4 50.0

pos y Float · · · 4 50.0� 2 LoI nSO"�4�
Object Attribute Data type · · · Routing Space LoI

DESTROYED LEVEL enum · · · PositionSpace LAYER CRITICAL

Position vector type · · · PositionSpace LAYER VISION

Color enum · · · PositionSpace LAYER VISION

DveTank
Direction vector type · · · PositionSpace LAYER ABOUT

Velocity vector type · · · PositionSpace LAYER ABOUT

Acceleration vector type · · · PositionSpace LAYER ABOUT

Pedrail vector type · · · PositionSpace LEYER COMPONENT

· · · · · · · · · · · · N/A

111



kda: LoI:
$d	Ib�._P4i�}!?o��
5 UL LoI $h�B/�–*CX_5!y&� “wW” ^F “_�” T�lÆwW,

HLA �Gb “wWS” H “wW_Y” ^��, wWSjW�gSe^wW,wW_Y9jW�"0�^wW. �F'�)�wWSHwW_Y_"��.3���->n\m, �n4|�Y>Q+;m|#F�n.FH|��-Q�^O3h. �"_�^|k�|#–n.
^k�
4q��V^|#F–n.FW$a�|Y>H|#F�n.F^O3h.GaA$
0wz�"b℄k^�-Hx�g6U,Lz�V.sX�m.�+^|#–n.
^l�4wWS0K%��,z���X_JbwW_Y0K^|#–n.. :|w|#/n.^���g�FP=: F=n.Fk��*=wW_Y^�-, 	w:|:�n.Fn.b�wW_Y. |#F�#U.sG, m� 1 %B LoI ^�-Se.&= 1 (LoI �-Se) LoI j�"x+Se. enum LoI {NO LAYER=0, LAYER CRITICAL,

LAYER VISION, LAYER ABOUT, LAYER COMP-

ONENT, LAYER INSIDE}.�
^� LoI �`s�+
�Uq)ZH>n���;. :|sGm�b 5 " LoI �`, �|��%Bb|#F–n.F–�-
6 3 FQ�^"#O3h, <M">N�℄[b_"h�^)q. G_")q�fb|#–n.>=a LoI �`Q�^3A.`�G_")q:|℄[b|�H�o
6^`e��. G 5 " LoI �`�O:

1) |#FwwWS^ LoI;

2) |#FwwW_Y^ LoI;

3) yh'`^ LoI;

4) n.FwwWS^ LoI;

5) n.FwwW_Y^ LoI.

5.1 S
;M&=3b'Ed�}|#–n.�<awWS�wW_Y�yhhH5$Q�^3A, :|m�b�℄`��F,�OwWS2��yh2�HwW_Y2�.wWSHwW_Y� 32 52�2��f, yh��A�^wWS2�H 32 5yh2�2��f. yhhjWwWS^|#–n.>=a�A
yh2�^

hK.T i 3wWS^2�, o 3wW_Y2�, m, j,

k, l3yhh^QZlhK^�. m, j, k, lj FOMam�^Syh^{h^QZ,��T�wWS^|#yhh�yh'`yhh�wWS^n.yhhHwW_Y^n.yhh^QZ. YF, �3 m ^yhh�fhKa� m "yh2�%
.hB� loi(int i, int hd) �f2�3 i ^wWS^2�3 hd ^yh3[^ LoI; h P
(i)
m 3|#FwwWS i ^QZ3 m ^yhh^ LoI; h p

(i,o)
m 3|#FwwWS i ^wW_Y o ^QZ3 m ^yhh^ LoI; h η

(i,o)
j 3|#F^wWS i ^wW_Y o^QZ3 j ^yhh^yh'`^ LoI; h S

(i)
k 3n.FwwWS i ^QZ3 k ^yhh^ LoI. w�m|#Fz|, T�S^$n.F^ S

(i)
k ^�QU3

S
(i)
k,max; h s

(i,o)
l 3n.FwwWS i ^wW_Y o^QZ3 l ^yhh^ LoI, T�_Y^$n.F^

s
(i,o)
l �QU3 s

(i,o)
l,max.

DDM �<Xk�5$O3^m�. L��,Lh;l, �℄+��%B^�FJG3K
B.h'`5$3 UR, n.F^'`5$3 UR′;hn.5$3 SR; h LAYER ABOUT w�^5$3 D SR, LAYER COMPONENT w�^5$3
P SR, UR′ ��f LAYER INSIDE ^n.5$.Y SR 4�4N^5�3 [blower, bupper) ^,

D SR w�^5�3 [alower, aupper), P SR w�^5�3 [clower, cupper). O3s�*� (1) H (2) 
.( 2 �}b|#–n.�<a^yhh. yhh
Φi,m H Φi,k ��wWS0K^|#–n.�<. a� DDM^,n.FY[23wW_Y^ Φi,k ^{h
Φi,l. �
^ap.wW_Y^"k��*yhh.

5.2 -�V+++p!.���Y|#Fn.bwWS i ^yhh Φi,m, d70K P
(i)
m �f|#F|#�wWS^E�=t.&= 2 (|#FwwWS^d70K) F=|#F|#bwWS i ^yhh Φi,m, 	w P

(i)
m =

loi(i, h), where h ∈ Φi,m and ∀x ∈ Φi,m, loi(i, x) 6

loi(i, h).&-m� 2 �FFh`:

112



b;>u F g: 
?>u 2009 � f 39 4 f 1 "

� 2 .�–)B<%a"�4Y�Y ∀x ∈ Φi,m, layer(i, x)= LAYER CRITICAL^, P
(i)
m =LAYER CRITICAL. Φi,m = Φ �f�|#Fy�|#wWS i, ÆJ4Gg1fF P

(i)
m =

NO LAYER.

5.3 -�V+
%++�r!.���|#Fp.byhh3 Φi,m ^�dwW_Y
o,  "�f[V��n.F|�zKyh'`
6.��Uy���^yh"k�|�,wW^yh "jzKrk�9''`.ÆJ"#
666_S"#yh^'`�-,|�����
6|�%HMw$�-�d7^n.F,zw�y�n.F�d7^�-�E4|��(S�>nj. �� DDM �<��&,�b�o�^�1,�dwW_Y^|#4�
DDM Hy� DDM ^[��5�. d70K p

(i,o)
m�f|#Fw�dwW_Y o �k�_w|#^E�=t, �H|#FwwWS^d70K P

(i)
m �j_wn.F^d70K S

(i)
k ^ s

(i,o)
l �3.&= 3 (|#Fw�dwW_Y^d70K)F=|#F|#bwWS i ^wW_Y o, 	w

p(i,o)
m =







min(P
(i)
m , S

(i)
max), "N4UR,

min(P
(i)
m , s

(i,o)
max), N4UR.m� 3 a, 4|#wW_Y o ^j�a�b

DDM �<j��wW_Yj� UR 5$3[�m.

5.4 �3>-/C	�$!.���4|#–n.>=a, wW_Y^�-4|���:3yh'` (^FyhU'`),4�o�3yh�R (^FyhU�R). yh'`� HVP(handle-

value pair, 2�–Uw) -;, HVP a�Oyh2�

HyhU. Y�dwW_Ya^yhU��^, |#FlVn.F|�yh'`
6.h Φi,j 3wWS i^_Y o ^yh'`QZ3 j ^yhh, ��Y��|#^yh(
�g'`, �
Φi,j ⊆ Φi,m. (3)d70K η

(i,o)
j �fyh'`^`E^h�=t^O3h.&= 4 (yh'`/�R^d70K) wWS i^_Y o ^yh'`^d70K η

(i,o)
j 3

η
(i,o)
j = loi(i, h), where h ∈ Φi,j ,

and ∀x ∈ Φi,j , loi(i, x) > loi(i, h).&-m� 4 �FFh`:Y ∃x ∈ Φi,j , loi(i, x)= LAYER CRITICAL ^,

η
(i,o)
j = LAYER CRITICAL.|#Fs�B
6^ η

(i,o)
j  ���u[
6N, n.F�o[�
6^, (��La�6B LoI.

5.5 (AV+++p!.���Yn.Fn.bwWS i ^QZ3 k ^yhh
Φi,k, �d70K S

(i)
k �fn.F�n.wWS^E�=t.w�wWS i^�"|#Fz|, ∪Φi,k 3��n.wWS i ^yhh^hK, ∪Φi,k "�O|#F|on.^yhh,Æ3|#F"[V|o|��-. ��Y��n.yh^'`(
�o, 2�; DDM ^�o Φi,j ^yh'`

⇔ Φi,j ∩ Φi,k 6= Φ; (4)

Φi,j ⊆ ∪Φi,k. (5)&= 5 (n.FwwWS^d70K) n.Fn.wWS i ^yhh Φi,k, 9d70K S
(i)
k 3

S
(i)
k = loi(i, h), where h ∈ Φi,k,

and ∀x ∈ Φi,k, loi (i, x) 6 loi(i, h).&-m� 5 �FFh`:Y ∀x ∈ Φi,k, loi(i, x)= LAYER CRITICAL ^,

S
(i)
k = LAYER CRITICAL; Φi,k = Φ�fn.Fy�n.�wWS, ÆJGg1fF S

(i)
k =NO LAYER.w|#Fz|, �J$|#^wWS i^_wn.1f^ S

(i)
max ^s���3

S(i)
max = max{C|#F|U+^$n.FS

(i)
k }. (6)T S

(i)
k (∪Φi,k) j� ∪Φi,k 3yhh^ S

(i)
k .
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$d	Ib�._P4i�}!?o��&q 1 S
(i)
max = S

(i)
k (∪Φi,k).[z &-m� 5, ∀x∈Φi,k , loi(i, x)6 loi(i, h),

S
(i)
k = loi(i, h), h ∈ Φi,k.Æ3 ∪Φi,k jC|#F|U+^ Φi,k ^Kh,

h ∈ ∪Φi,k, �� loi(i, h) 6 S
(i)
k (∪Φi,k),  / ∃h′ ∈

∪Φi,k, loi(i, h′) = S
(i)
k (∪Φi,k). 	w S

(i)
k 6 S

(i)
k (∪Φi,k) / ∃S

(i)
k′ , S

(i)
k′ = S

(i)
k (∪Φi,k), &-+
 (6) w S

(i)
max^m�, S

(i)
max = S

(i)
k (∪Φi,k).

5.6 (AV+O�++�r!.���n.F|J*=wW_Y o ^, ln.b wWSn.aO#^yhh Φi,k, GS�� 5.3 Z�a^�dwW_Y^d70K.  QO#, |#FwwWS i ^yhh Φi,m "k��0��wW_Y^n.. h Φi,l 3n.Fn.wWS^_Y o ^QZ3
l ^yhh, 	w Φi,l ��3 Φi,k  Φi,m ^{h. ��Y��wWS��|#^yh([��o, �

Φi,l ⊆ Φi,m. (7)Y�n.F�n.^yh(
��o, ÆJ�
Φi,l ⊆ Φi,k. (8)n.F�oyhh3 Φi,j ^yh'`^�	j

Φi,j A��n.Fn.^�"^x"yh, ����oΦi,j ^yh'`⇔ Φi,j ∩ Φi,l 6= φ. (9)T ∪Φi,l 3 Φi,l ^ h. |#F|Uy�n.^
Φi,l, ÆJJG"k��C|#F^ Φi,l.ZON4�"n.F^, yh'`�-(k��|B, �

Φi,j ⊆ ∪Φi,l. (10)&= 6 (n.Fw*=wW_Y^d70K)Yn.Fn.b*=wW_Y o ^yhh Φi,l ^,

n.Fw*=wW_Y o ^d70K s
(i,o)
l 3

s
(i,o)
l = loi(i, h), where h ∈ Φi,l

and ∀x ∈ Φi,l, loi(i, x) 6 loi(i, h).&q 2 s
(i,o)
l 6 S

(i)
k .[z &-m� 5, S

(i)
k = loi(i, h), h ∈ Φi,k,  / ∀x∈Φi,k, loi(i, x)6 loi(i, h). �+
 (8) Φi,l⊆Φi,k,℄ ∀x ∈ Φi,l, loi(i, x) 6 S
(i)
k . &-m� 6, s

(i,o)
l =

loi(i, h′), h′ ∈ Φi,l, ÆJ:|℄B s
(i,o)
l = loi(i, h′) 6

S
(i)
k , l s

(i,o)
l 6 S

(i)
k .w�wW_Yz|, �J$_wn.1f^

s
(i,o)
max ^m�3

s
(i,o)
l,max = max{$n.F^ s

(i,o)
l }. (11)T s

(i,o)
l (∪Φi,l) j� ∪Φi,l 3yhh^ s

(i,o)
l .&q 3 s

(i,o)
max = s

(i,o)
l (∪Φi,l).[z #mU 1 ^N�, p.&-m� 6 ��℄BYwW_Y o " AJ5$
m^, s

(i,o)
l = S

(i)
k .�� DDM am�^j5$��^3A, _ws�>=ak�&-5$O
Q℄[yhh Φi,l. m� 6 "
S��Qs� s

(i,o)
l , k�$��}. � ∩�f5$^hl3A+��, ⊆ �f5$^�A3A, φ �f5$"0�hl3A. &- LoI m�, %B5$O3^�Fm�: T R1=UR∩SR→ ¬φ; T

R2=UR∩D SR→ ¬φ; T R3=UR∩P SR→ ¬φ; T
R4=UR⊆UR′.&= 7 (n.Fw*=wW_Y^d70K, h}) n.FS5$n.bwW_Y o, 	w

s
(i,o)
l =





































S
(i)
k , "N4UR or "N4SR,

NO LAYER, ¬R1,

LAYER CRITICAL, R1 and S
(i)
k = LAYER CRITICAL,

LAYER VISION, R1 and ¬R2 and S
(i)
k > LAYER VISION,

LAYER ABOUT, R2 and ¬R3 and S
(i)
k > LAYER ABOUT,

LAYER COMPONENT, R3 and ¬R4 and S
(i)
k > LAYER COMPONENT,

LAYER INSIDE, R4 and S
(i)
k = LAYER INSIDE.
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O;l,�6^P=";l LAYER COMPONENT H
LAYER INSIDE ^5$��s�, ÆJm� 7 � V3FFf
.&= 8 (n.Fw*=wW_Y^d70K, �Vm�) �V^ s

(i,o)
l s���3

s
(i,o)
l =

















S
(i)
k , ("N4UR or "N4SR) or (R2 and S

(i)
k > LAYER ABOUT),

NO LAYER, ¬R1,

LAYER CRITICAL, R1 and S
(i)
k = LAYER CRITICAL,

LAYER VISION, R1 and ¬R2 and S
(i)
k > LAYER VISION.

5.7 SJ-�–(A LoI !>-/C	&q`�N}�3m�HmU, ��℄[FFmU.&q 4 ('`u9) p
(i,o)
m j|#F|�yh'`^ η

(i,o)
j ^N;�.[z Y p

(i,o)
m =NO LAYER ^, �wW_Y"|�yh'`, η
(i,o)
j "N4.Y p

{(i,o)}
m >LAYER CRITICAL ^, η

(i,o)
j N4,J^&-m� 4, ∃h ∈ Φi,j , ∀x ∈ Φi,j , loi(i, h) 6

loi(i, x),  /&-m� 2, ∃h′ ∈ Φi,m, ∀x ∈ Φi,m,

loi(i, x) 6 loi(i, h′). &- (3) 
 Φi,j ⊆ Φi,m  / ∀x ∈ Φi,j , loi(i, x) 6 loi(i, h′). ÆJ, loi(i, h) 6

loi(i, h′), i.e. η
(i,o)
j 6 P

(i)
m . #U, �+
 (5) HmU

1, ℄ η
(i,o)
j 6 S

(i)
max, #U, �+
 (10) HmU 3, ℄

η
(i,o)
j 6 s

(i,o)
max , <M&-m� 3, ℄ η

(i,o)
j 6 p

(i,o)
m .YY��"n.FN4,  / m = k = l = 1^,I�, loi(i, h′) = loi(i, h) = loi(i, x), η

(i,o)
j = P

(i)
m . �&-m� 5�mU 1�m� 6 HmU 3, ���

η
(i,o)
j = S

(i)
k = S(i)

max,

η
(i,o)
j = s

(i,o)
l = s(i,o)

max ,ÆJ η
(i,o)
j = p

(i,o)
m .2 p

(i,o)
m j {η

(i,o)
j } ^N;�.&-'`u9��℄[FF)q: w 1 ('`u9, h}) |#F�
|�

η
(i,o)
j 6 p

(i,o)
m ^yh'`.&q 5 (�Ru9) s

(i,o)
l jn.F�oyh'`^ {η

(i,o)
j } ^N;�.[z Y s

(i,o)
l =NO LAYER, "�o�wW_Y^yh'`, η
(i,o)
j "N4.Y s

(i,o)
l >LAYER CRITICAL ^, η

(i,o)
j N4, J^&-m� 4, ∃h∈Φi,j , ∀x∈Φi,j , loi(i, x)> loi(i, h).&-+
 (9), �o Φi,j ^yh'`⇔ Φi,j∩Φi,l 6= ∅.

h ϕ = Φi,j ∩ Φi,l, 9 ϕ 6= ∅. ∃y ∈ ϕ v� ∀x ∈

ϕ, loi(i, x) > loi(i, y). Æ3 ϕ ⊆ Φi,j , loi(i, y) > η
(i,o)
j .&-m� 6, ∀x ∈ Φi,l, s

(i,o)
l > loi(i, x). Æ3 ϕ ⊆

Φi,l, s
(i,o)
l > loi(i, y). �� s

(i,o)
l > η

(i,o)
j .I�, Y j = l = 1 ^, loi(i, y) = s

(i,o)
l = η

(i,o)
j .2 s

(i,o)
l j {η

(i,o)
j } ^N;�.&-�Ru9��℄[FF)q: w 2 (�Ru9, h}) n.F�
�o

η
(i,o)
j 6 s

(i,o)
l ^yh'`.

5.8 -�/`��$!�0+��Pb|#F�n.FH�-
6^ LoI,G� HLA a`�SH`�U^|#n.
^r��$�,  /℄[b|#F�n.FH�-GKF
LoI 3A^_"h�)q. G_")q��	n�Vyhh��, zI
6>n�t.4`^|#–n.
^a, |#FS P

(i)
m |#wWS i, S p

(i,o)
m |#�dwW_Y o, n.FS S

(i)
k n.wWS i, S s

(i,o)
l n.*=wW_Y o. 4 " LoI �Pb|#–n.a��^q�E��P^O3h. 
6^ η

(i,o)
j ��fb�-
6^�g�P`E=t^O3h.L)q 1 H 2 ��℄[q�|#–n.>=a3�|�H�o�-
6^_"|k���, F�� 1H 2 �f:
� 1 (}	�.
�) LoI UAV

FOR each attribute update of local object instance o

int l = η
(i,o)
j , compute according to Definition 4.

IF (l 6 p
(i,o)
m )

//attach l to the update packet;

update.loi=l;

multicast the update packet to the subscriber group;

END FOR
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� 2 (�p�.
�) LoI RAV

FOR each attribute reflect of remote object instance o

int l=reflect.loi; //get η
(i,o)
j

IF(l 6 s
(i,o)
l

)

//the reflect packet is wanted by the subscriber

accept the reflect packet;

callback the corresponding user function;

END FORJ4|�H�o���℄
6�V. �
^">�||#F�n.FH�-
6KFQ�^O3h,QQzIbO3h>n^�t,#^X|#–n.^_wk3. �� LoI wO3h^�S "!;[yhh, �� 3 %Bb!;^yhh����, ��&-��k��g.
� 3 (�p�.;-
�) PreciseLoI RAV

FOR each attribute reflect {HVPj{〈attri, valuei〉}, loi}

of remote object instance o

int l=reflect.loi; //get η
(i,o)
j

IF(l 6 s
(i,o)
l

)

//perform precise matching

WHILE(int h = 1; h <= j;h + +)

IF attrh 6∈ subscription attribute set {ci, 〈attri〉}

remove 〈attrh, valueh〉 from HVPj {〈attri,

valuei〉};

IF sizeof HVPj {〈attri, valuei〉}= = 0

break;

//the reflect packet is wanted by the subscriber

accept the reflect’s valid data HVPj{〈attri, valuei〉};

callback the corresponding user function;

END FOR

6 �2:&�#
P�Ha
6>n^s�9Xl�4�yhh^��H`�U^d7>n,w�^_"��^\m4LQ=tN5mb�-�|^\mH RTI^h
.yhh��j|#/n.^`E, "#^|#/n.
^[�O'`
6 HVP hH|#yhh^���|#yhhHn.yhh^���HVP hHn.yhh^��a^'�^9'. yhh���_

"yhhaN4O#^yh3��;). |#�|�
6[n.�^>=a00k�xKyhh��,"6�O|#u^��Hn.u^��. "#^_J>=X�
��℄q�yhh^yhh^��.Tyh'` HVP h^QZ3 m, n.yhh^QZ3 n,9�gyhh��^^��0t3 O(t) =

O(m ∗ n), �3^1fF, k�wz"%
�g�W.��Gwyhh�g2�^1G�p,9�g��^^��0t���b[ O(n), Wj1G�pk�y+^s�. )�$�^�-�-, F Hash�`, ��4�m=tN���-H|#yhh�n.yhh^��\m, Wj&-_J
^^"#, �
Sj[|#�^n.�4.sN^Hx,_J^�0t�QQ:z.`� LoI ^|k�|#–n.
^�yhh^�p����V3U^��, l η
(i,o)
j ��H|#�

p
(i,o)
m �n.� s

(i,o)
l ^��, ���4"k��g1G�p^�W^1fFI�,;��,$^��0t�b[ O(t) = O(1) zN η

(i,o)
j ^s�, **b�J�^yhh����. �<:%QGg��[�!;^yhh��>n\mb�℄, Wj4_w��a, nN"�
N4|#/n.yhh^$g�
�K^�
, Y[j�Ng�K. ÆJ, �K��k3KU�gyhH LoI ^3[, 4_w/ga��P[O#^>n\=. Y<, ���4 LoI ��^`EN��&�g�o�^yhh!;��.`� LoI ^|#–n.
^^fYF( 3, $an.Fn.b “person” S. +�^�� “SR” ^*f3 LAYER VISION ^�1, V�^�� “D SR”^*f3 LAYER ABOUT ^�1. &-e 4 �^��w HLA �gbP=, �Om�b� 1 H 2. 4(

3 a, D SR 5$a^ person |��O5\�rqÆt�}LHzi`��yh^
6%n.�, n.���Lu;d:[�|. g���, n.FY
℄[4 D SR +'5$a person ^O`�-, l�j5\. G�, Q'�"O3
6��"k�yhh��(S�p(, "# LoI ^wW_Y�[�5�wU.

7 UL LoI $ RTI G�j_}1Q8��#
�HSQ^�-k3:7, N^
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� 3 TK LoI ".�–)BW^"�sb�H^8�Hh
. ���+:��\^O3h�|��, :wNy���_�^ RTI �JE^��. LoI ^T�a RTI ��4�N^x)�	F�1�-
6w HLA ��=p^O3h=t, �g6Q, 4��
"�S��=p^�H�Hh�M;hH�[h^`EN�g�JE^.�Y��JtL, �n��
dp("O3
6. :|&-wW_Y^ LoI E^$'`�m, 4J`EN_Jb RTI �JE^. �J�/H�JE^��^5!��<|��6M [17], �!:|C<4y&��. JG:|��&y& RTI �JE^^Uq�e, F( 4 �f.

� 4 TK LoI " RTI F�i^|0

sG, z"wW_Y�"3[b LoI, �J|Y^l
�g&-|#/n.k3�O_w|�/�o^
6�`. 4|��, &-�dwW_Y^ LoI k�'`
6^|��m, LoI �b^wW_Y^'`�m�b� LoI ��^wW_Y. JG^'`�mjW">�->nM|��^_w|B
6�m,ÆJ, �6|��4�HwWaC<�g|�, V5^��_w|B^
6�`[�O. #U, RTI s8hdp("h�^
6, YV�o��*�k^
6,G�, �o�YkGU'O�`^
6. ���Nb'`�mjh�
6^|�H�o,A$4�x�
6�p(^1fFC��M;/g.F�%B�ea^n"m�, _w��>=a,�Q��&-0���k3kLG℄*�. 3b℄[wW_Y^_^'`�m, k�P\�Mn"
6^�|�^�. h τs 3�-'`�m^$sj!,9&-zK|� τs "
6��^^��s�B
6^\q'`�m. h τ 3_J�JE^���g�->n^j!.&= 9 ('`�m) wW_Y^'`�mm�:

v = τs/∆t = τs/(t − t0), $a t0 3$sj!^9b
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kda: LoI:
$d	Ib�._P4i�}!?o��^�, t 3$sj!^��^�.�Q�&-��k33z" LoI Tm�u'`�m,4�u'`�mF�owW_Y^�R
6�j���u^.��4�K�Ha"#}(�
�3"#�\, z�#
 RTI ��3z" RTI 4O�m^}( LoI T\, ÆJ4G��0��m^�i.&= 10 (d70K^�u'`�m) h�u'`�mB�3 f(l), $a l jwW_Y^ LoI.��℄B, 4|��, f(l) = f(p
(i,o)
m ), 4�o�,

f(l) = f(s
(i,o)
l ).{T�Ha� n "wW_Y, ��3wWS

C1, C2, . . . , Cm ^_Y. wWS Ci ^wW_Y�`3 ni, i ∈ [1, m], / ∑m

i=1 ni = n. 4�K�Ha, � N0 "_Y^ LoI 3 LAYER CRITICAL,

N1 "_Y^ LoI 3 LAYER VISION, N2 "_Y^ LoI 3 LAYER ABOUT, N3 "_Y^ LoI3 LAYER COMPONENT, N4 "_Y^ LoI 3
LAYER INSIDE,  /� ∑4

i=0 Ni = n.h U(Ij) 3�N$�l
M;/g^`ENwW_Y Ij �P[^'`�m. F=y�'`
6^O3h�|, l
�g4Y^��-i`3
∑n

j=1 U(Ij) = n ∗ U(Ij) = n ∗ U0, U0 3�H�k�^'`�m, /� U0 >= f(l).z`� LoI ^|��4Y^��-i`3
n

∑

j=1

f(lj) =

n
∑

j=1

f(p(i,o)
m )

= N0U0 +

N1
∑

j=1

f(LAYER VISION)

+

N2
∑

j=1

f(LAYER ABOUT)

+

N3
∑

j=1

f(LAYER COMPONENT)

+

N4
∑

j=1

f(LAYER INSIDE)

= N0U0 + N1f(LAYER VISION)

+ N2f(LAYER ABOUT)

+ N3f(LAYER COMPONENT)

+ N4f(LAYER INSIDE).

{T4�o�� n′ "wW_Y,  /z" LoI^_Y"���3 N ′
0, N

′
1, N

′
2, N

′
3, N

′
4,

∑4
i=0 N ′

i =

n′, 9l
�g�o^��-i`3 ∑n′

j=1 U(Ij) =

n′U(Ij) = n′U0.z`� LoI ^�o��o^��-i`3
n′

∑

j=1

f(lj) =

n′

∑

j=1

f(s
(i,o)
l )

= N ′
0U0 +

N ′

1
∑

j=1

f(LAYER VISION)

+

N ′

2
∑

j=1

f(LAYER ABOUT)

+

N ′

3
∑

j=1

f(LAYER COMPONENT)

+

N ′

4
∑

j=1

f(LAYER INSIDE)

= N ′
0U0 + N ′

1f(LAYER VISION)

+ N ′
2f(LAYER ABOUT)

+ N ′
3f(LAYER COMPONENT)

+ N ′
4f(LAYER INSIDE).��:B, wW_Y?�^.sSJ�T�3 4" LoI 
6�zN3��-?�^SJ, A3��-^yh'`/�R
6"
�p(. G���">k�'`�ma LoI �^wW_Y?��x^.sSJ. �f�Q�&-k��g�\, :,b�e^e℄h. ">Gg��, :|(��k�z"wW_Y^'`/�R
6^�`, LzvE^.s�i`,�
��6Q.

8 LoI Q RTI 
$Æ(:||ly^b RTI H	,  �|k�|#–n.
^H RTI �JE^4$a�gb_J. �����P$_J��.

RTI j HLA A$^H	`ET℄, L)
^ÆtNS���H��^�#
+�A$. }(`�
LRC(�d RTI �	) ℄�G�*^�K HLA �u^�=�F�g9|, "> RTI �gP+�. :|L
2001 �9by^b�g)��#
�-^ BH RTI,
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?>u 2009 � f 39 4 f 1 "F( 5 �f. [ BH RTI 2.2 3X, �"[}a��#^�x"w`^ RTI /g, zy� CRC(aa RTI�	), L BH RTI 2.3 9b, BH RTI :zb0����/)
^ RTI 6U�/aa CentralServer. z" RTI �g6�3x"}(�*�<,  `��!Y4O	℄��gO3^�-, #^V"^ RTI �g����3�"ha
 RTI/g. BH RTI� 2006� 8 -9b4 http://www.hlarti.com N|#.

� 5 BH RTI "8��P2b�C6U�/aa, BH RTI l��O 2 "=p�H: LRC H ritexec(( 6). LRC &- HLA �F8�3��=p�*b�FB�G, rtiexec _Jb
HLA 8m^[}6U�wW6U�X�6U���86U�^�6U��-�|6U` 6 S6U�<H MOM(management object model, 6UwW�e).`� LoI ^|k�|#–n.
^�wW6U�X�6UH�-�|6U$�[b|#–n.
^a, ��, 4( 6 a^ ObjectManager H DataManager _"�HN_JbwW6U�X�6UH�-�|6U�<.

8.1 SJ LoI !f��-�–(AJ�
LoI P=H|k�|#–n.
^�"_J[

BH RTI a. ( 7(a) j|#wWS�p.wW_YH|�yh'`^>=, ( 7(b) jn.wWS�|

JwW_Y�j�Ryh'`^>=. G_"(Ifba� LoI M0�^|#–n.>=, �O 4 "�=: HLA ��=p (}()�LRC�BH RTI �j$�
BH RTI �g. (a^ RTIjW BH RTI^l�<=p ritexec, BH RTI ">$|^ LRC 3��^ HLA��=p�*�<, $a, z" LRC �7�"}(.L"[}a, RTI Q�">�!�g"b. �Vd�,

BH RTI oh�dwW_Y^ LoI |#%$� BH

RTI, |Jn.^*=wW_Y /�$'`|�%k�^}(.

� 6 BH RTI d<|kR8
8.2 RTI E�h℄

RTI �JE^4 BH RTI ^ NAL(network ab-

straction layer, .s�W0) �H_J, �QE^_Syh'`/�R^ PDU(protocol data unit, ^��-V%) 
6^i`, F( 8 �f. &-�JE^�e,Y�J|Y^, NAL �6�-
6�ywW_Y^2� Tg�d LoI >n. O�d, o[�-
6^, NAL �6*=wW_Y2� /Tg*= LoI>n. �dH*=>n6)�e 7 ��}^>n
^QE^
6'`/�R^�m. 5!^ LoI >n��Q�6M [17],W:|��Q�b`^R� [18], �A&_J� BH RTI, M4n(|=�g',M^��.
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� 7 BH RTI aTK LoI "g�A.�–)BK�
(a) ~%�>; (b) o/�>

� 8 BH RTI aF�i^"
'
9 6~Æ:��y&b|k�|#–n.
^�RTI �JE^^\mHQ8��#
P�H^�℄0�_�.

9.1 SJ LoI !f��-�–(AV℄F�j�"w|#–n.
^^>n\m�gy&^_Y. {T�"wW�� 35 "yh, $yh�

w�^ LoI F� 3 �f.� 3 = LoI ",,�4�t
LoI zi�a
LAYER CRITICAL 0

LAYER VISION 5

LAYER ABOUT 10

LAYER COMPONENT 10

LAYER INSIDE 10n.F�[&-�|$|^ S
(i)
k (n.FwwWS^ LoI) �o["#yhh^yh'`. yh'`^�oF� 4 �f.
64Y^, k�&-|#–n.�w
6^yhhHn.yhh�g��. � 5 w`� LoI ^
^HJ��u
^�gb��K�w�.L�=��:B, `� LoI ^
^0�L�^��\m, �u^|#–n.
^^��\m4"#1fF�VLQ.� 4 yN)BWa�"�4

LoI S
(i)
k

zi�a
LAYER CRITICAL 0

LAYER VISION 5

LAYER ABOUT 5+10 = 15

LAYER COMPONENT 5+10+10 =25

LAYER INSIDE 5+10+10+10 = 35

120



b;>u F g: 
?>u 2009 � f 39 4 f 1 "|#–n.
^^��\mj�S RTI Vk^{^l�Æ
Q�. :|w�℄6�^ RTI �gb^{w�/n._�3)�R3 Quidway S3050
Z
^)$., 0�^�\F� 6 �f.( 9(a)H(b)��3H$^ha
 RTI(F DM-

SO RTI) H�#
 RTI _��\. ^{/n=p)� RTI h
/n�� DMSO RTI Benchmark 1.3.

RTI ^{/n�=F( 10 �f, $a BH RTI

2.2(ha
)�DMSO RTI 1.3NGv6 H pRTI 1516v2.3

)�( 9(a)^�\, BH RTI 2.2)�( 9(b)^�\.ha
^ BH RTIjWY��" RTI�*�<,��}(r\�[G" RTI N. _��=��, BH RTI

2.2 0�Ow�Z^^{ /�#
 BH RTI 2.2 ^^{�Z. ha
 BH RTI 2.2 ^^{4b�2^Ow�Z,  /�w�2^:z<:Q4i. ���2w|#–n.\my��S, ��^{^:z��j
RTI_J>=a$�Æ
Z[^. _��� LoI��4LQ=tN��
6Hxh
.� 5 .�–)BjN"����

LoI η
(i,o)
j Æ7bzi#� LoI S

(i)
k

a� LoI _d_ K�_d_
LAYER VISION 5 LAYER VISION 1 1

LAYER VISION 5 LAYER ABOUT 1 5

LAYER VISION 5 LAYER COMPONENT 1 5

LAYER VISION 5 LAYER INSIDE 1 5

LAYER ABOUT 10 LAYER VISION 1 1

LAYER ABOUT 10 LAYER ABOUT 1 1

LAYER ABOUT 10 LAYER COMPONENT 1 10

LAYER ABOUT 10 LAYER INSIDE 1 10

LAYER COMPONENT 10 LAYER VISION 1 1

LAYER COMPONENT 10 LAYER ABOUT 1 1

LAYER COMPONENT 10 LAYER COMPONENT 1 1

LAYER COMPONENT 10 LAYER INSIDE 1 10

LAYER INSIDE 10 LAYER VISION 1 1

LAYER INSIDE 10 LAYER ABOUT 1 1

LAYER INSIDE 10 LAYER COMPONENT 1 1

LAYER INSIDE 10 LAYER INSIDE 1 1� 6 �7��"dW�\md Id CPU/GHz �O/MByte ,�B% /8
A1 P4 2.8 512 WinXP 10/100M

A2 P4 3.0 512 WinXP 10/100M

A3 P4 2.4 768 WinXP 10/100M

� 9 RTI 
9�\
(a) i
e RTI `��℄; (b) Æ%e RTI `��℄
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kda: LoI:
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� 10 RTI "�7,Æ��
9.2 RTI E�h℄:|�">n"_�Q/n RTI �JE^. _�aa�b 4�s�
, �\F� 7�f. |�� S1H S2 ���Æb 500 "wW_Y, �o� R1 H R2�oG 1000 "wW_Y^��'`�-. 3bVs/n�o�^�JE^, 4|����b�JE^,Lz��:B�o�w�-i`^>n
Z. ��^Ab�o^
6�:3 “&b�-”, ">�JE^M^
63 “�JE^M�-”. G�L�o� R1H R2 a��52[�JE^^\m.� 7 RTI F�i^
9"dW�\md Id CPU RAM ,�B%

S1 P4 3.2G 1 G WinXP

S2 P4 3.2G 1 G WinXP

R1 P4 3.0G 512M WinXP

R2 P4 3.0G 512M WinXP_�W$3)�R3 Quidway S3050 
Z
^�D��.. &- R1 H R2 ^A$k3, f(l) ^0�T\FF:
6QZ: 220 Byte, �O 10 "yhU, z"yhU3 8 Byte.

S1, S2: y��JE^. 0� LoI 3 LAYER

ABOUT ^ 500 "wW.

R1: 400 " LoI 3 LAYER ABOUT ^wWH
600 " LoI 3 LAYER VISION ^wW; f(LAYER

ABOUT)=20, f (LAYER VISION)=5.

R2: 400 " LoI 3 LAYER ABOUT ^wWH
600 " LoI 3 LAYER VISION ^wW; f(LAYER

ABOUT) = 10, f(LAYER VISION) = 2.SJ?�tLF( 11�f. ��:B R1 H R2

^�SJa�68>b 70 Mbit/s. �g�JE^M, SJa����O[ 20 Mbit/s H 10 Mbit/s.L R1 H R2 sB_"wW_YQ��'`^�Sh. L( 12 �:Bz"wW_Yr�?b8m^'`�m. LoI 3 LAYER ABOUT ^wW_Y^'`�m`� LAYER VISION, LAYER ABOUTH LAYER CRITICAL ^'`�mQH, $a
LAYER CRITICAL y�4�_�aBJ. 4z"d70Ka, LoI 3 LAYER ABOUT ^wW_Y,$4 LAYER VISION H LAYER ABOUT ^ LoI0K^'`�m�rP[��GU^�3, LoI 3
LAYER VISION ^wW_Y^'`�m�j\q^. LoI 0KF8m^\q'`�Nbz"yh�g'`^_^h.

� 11  lUIem
9.3 �G{7�^P4X`!�H�\

BH RTI�"��[�℄Q8��H~�a. 4�"�K�D�ÆW$a, � 50�s�
4\Ke
DDM ^`EN�Hb 47200"wW_Y. $.s* F( 13 �f. 3 "{.�#4��CCC�Qt['^Faj�0HK0�j	�j^�0,  /">7HHk�'\�. �Extreme Summit 24H_�Switch Summit 48
Z
,"> PIM�!k�^�O?{.�^�!k�. )� “ping” �h/n_"{.�^
6�6^{,F( 13If. ��^s�
�\3P4 1.5 GHz[P4 2.8 GHz, �N3 512 MByte.��h
�N, ��s�
Y

> 200[ 300"�A^F�
^K4�e,��Q'��H}()�b{4xBIf, 52F}()�K4xBIf.
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� 12 ,,D
bI
(a) Host R1’s Object in LAYER VISION; (b) Host R2’s Object in LAYER ABOUT

� 13 "x!�z"l
&q 1 " BH RTI  /�Æ 800 [
1400 "�A^SZ
^wW_Y, "�Oq�^{X/R__�. L"�5W$�3 30×30 "5$, z"5$ �"�!dVO3[. �K�Ha EXTE-

ND T3 2, T LAYER VISION ^wW_Yz�e'`/�R 5K, '�0K^wW_Yz�'`/�R
20 K, RPH52F^ RTI w���^wW_Yrjz��R 5 K. G℄�b�m^'`/�R
0v��Hk�. 4�!H LoI p{^O?F, :|;)/gb�Q8��#
�H. ( 143�H5#If.

� 14 TK BH RTI "�H|8�_Q5Y�#�d

10 i
�6�VO3h�|9�, �Bb�g LoI p{. q6^l�(��O:

1) �Bbd70K LoI ^��, &-C�1Tw�oyhHyhU^�S�gb�-^O3h�S. LoI ^ HLA P=�k�LZ^j�, /4Ob}(Tu^�Eh.

2) 4 LoI `EN�gUqm� )�, ℄[b_"h�)q, �Bb|k�|#–n.
^.�
^��4!;^|#–n.��Q+S�p(Q'�^;3
6.

3) �Bb RTI �JE^�e, �`� LoI E^wW_Y^'`�m�'�\dX�.sSJ.

LoI O3p{O?`� HLA ^A$, �6X�Pb LoI _J>=a^�℄h�9�. :|Ls��_�`���Nb LoIp{. ��K�^s�H RTI^{/n�� LoI p{
0QQz��-^>n.

RTI �JE^_����
0&-�3�b.si`. J+, X�Pb`� BH RTI O?b� 50000 "wW_Y* ^�H~�, �Pb$.s* ��\HT\.*;6M
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