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• gih�jCk�hmlonqp0r�s$tvu$kxwoyqn/p0p`z"{�|q}o~�{��"����p���u"j/k�h�r�h�r�w"t$r�t"s
• ginC�"�$nCt$yCn�w"��p�h�n/u"p�j/kxn��"r�h�jq�

–
Wfe>W�N�M([�Wf\>M:L(IPY�I�L0;aN	ISA:@`^C@CcCI�;0WxM0Q<N�A�IP[d\COSM([�Ma@CN�;�N	I�A:@

• �������x�K�����"�����������v���������������C���0���¡ ��£¢������(¢
– ¤ @CI	NPI�;(O¥Y�^C@>L(NPI�A:@>;(O&QCM:WfIS?:@
– verification

–
[¦;(\C\CIK@>?�NSA<N�;(b§?CM�N¨;(bxL(TCIPN�M0L(NP^Cb�M

• ©ª�"�op4«7�x�$toyCh�r�wot"��jCk�y/�"r�h�n/y/h��ok�n�yqwol"n/p0r�s"t¬r�p*­"n/®
approach
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 � ��� � � � � Veri fy
performance����� 
 ��������� ���

micro-architect !
 �#" � �����$� �%�
implementation

 !
 ��" � ��&'
 ��� �
(��� ��	��#��� 
 � 
 ��� � 
 ���Performance)�����"*���
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 �
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Capture
behavior

+-, .�/ 0�1 2
Architecture
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Mapping
Level

• BDCFE�G*H$I�JLKFMONPGQI�RTSUCFVTG�W%X

Architecture
Level
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description

•
+ 5ZY�[�']\45�%�^$'J!`_Z_0�Pa �b_dcfe �bg !ba %T^fhi^jY�! -dkJ-�50�/1 5�^
eJ�¬%�1mln_��71 �4'i5��$#,%�-v-q�b_��o\75��"# !4'J# !4'J!`_*kqp$�o#
!$)i!4%�' -�5 ! -/�45r^fY¦-dlJ�o\4%�Y:%d\$!/5(%T^£'J-
– giu"nCy/r���r�yqj/h�r�wot"p`�"pbs!sbt"n/�"j/�"r�w"kvu

•
F \>M0L0W'w ¤�xzy baM�OS;(NKISA:@>BCWxMaN"A:YZL0A:@>WfNKba;�IP@CNSW(BCWfe>WfN�M([ ?CAC;(O�W

•
c>M(T>;(=CI�A:b7wq;�OS?CA:b�I	NPTC[ NfA<bxM�;(OPIL{0M NKT>M Y�^C@>L(NKISA:@

| F \>M0L0W*w4;(OS?CA:b�IPNKTC[.IKNSWxM�OPY�}b~�;(@>A:NPT>M�b"=CISM��q�
• � [nh0%0-�5�-�ai%��`��6@�]�����U�'�%� �U�����Z�������'���v�U�#�`�!�q���n���%���������������%���

decision



3

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

Examples

•
��� j�� u"��n����
	ªnCh f� ����
�� r�p`j�p�®"p0hfn�� h�w t"n
implemented.� h$r�p`j�l"n/p�r�sot lonqyCr�p:r�wot h�w �"p�n�n/r�h��$nCk��vnC�vh�w"t Raphson
wok���g jC��sow"kxrfh��������� j�� uo��n�������� � � � t$yCw$l"nCk lonqp:r�sot

g2uonCy�� � t"y/w"l"r�t"s¬w"��yqw�� uokxn/p p:nql¬p h�kxn/j�� w"� lojqh�j s� t"®¬r � u"��n�� n/t"h�j/h�r�w"t¬h��ojqh£yqk(nqj/h�nqp�r�h£�xk�w!� h��"n�p0h�k�nqj�� r�p
y/w"k(k�nqy/hDs#"�n/kxn�h��on�l$nCp r�s"t¬l"n/yqr�p�r�wot r�p�j/��k(nqj/l"®¬h��onqk�n�s
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• $ M(e�;0W�\>M�L(N"A:YZWfe>W NSM([3QCM0W�I�?:@ ;aNqY�^C@>L�NPI�A:@>;(O¥O�M(=>M(O
•
OKIPN	NPO�MZ�JA:b&%�QCA:@>M A:@ W�M(OSM:L(NPI�A:@�A:YZ;(O�?CA:b�IPN	TC[ c>;:WxM0Q`A:@
specifications

•
T>;(=>M N�A�T>;(=>M W NPb§A:@>?�L:A:b�b§M0L(NK@>M0W�Wo\CbxA:\>M(b�NKISM0WoIK@ L(b�IKN	ISL0;aO
operations

•
DªOS?CA:b�I	NKTC[ ;(@>;(OKe>W�ISW>ISWo[�A:baM ?CM(@>M�b§;(O"L0A:@>L�M(\CNqNKT>;(@
simulation

• ¤ [`\>A:b�N�;(@CN/NSA`QCM0L(I�QCM A:@`[¦;(NKT>M([¦;�N_I�L0;aOq[�ACQCM(O/Y§A:bZQCM0WfI�?:@>M(bNKT>;(Nf�ZIPOKO&Wf^C\C\>A:bfN&;(O�?CA:b�IKNPTC[ ;(@>;aO	e>WfISW
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• ��n/n/l w$��r�toh�n/k � n/l"r�jqh�n�p�h�n/u�� h�k(jqtop��xw$k � j/t jC�fs"w"k(r�h��!�
h�w j�p�n/h$w$� h�kxj/yqh�j to��n��x�ot"y/h�r�w$t"j/�$y/w!� u"w"tonqtoh�p

• ©ª�"n����ot"y/h�r�w"tojq�£yqw�� u"w$tonCt$h�p�j/kxn�h�w t"n���wok � jC����®
lonq�(r�t"n/lvh�w¬yqj/u"h��"k�n�h��"n�jq��s"wok�r�h��!� � p*u"k�w"uonqk(h�r�nqp

• � w � r�p�­"n/®vjqtop���nqk�h�w¬h��on�jUt$wo�"n��
• ginC��nqy/h�r�w"t¬w"� � w � r�p�h�w ton�low"ton�yCj/k�nC���"����® s
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MoCs

• � ^i-/-�%�en_��¦5d^ ^fli5x%�1 %Tp$� kq^f[�h�# �o-�%0)$' !o\`hU^2-/-
� ^��

boundaries
–

� toyqjCu$p:�"��jCh�r�w"t �Gr�t"h�n/kxj/yqh�r�wot tonqh���n/nqt¬w t���n/yqh�p�r�t
nqj/yC� uojqr�k wo� � w"lonq��p��v�"wvy/jqt¬�"t"lonqk�p:h�j/t"l

–
� toyqw�� u"j/p�p0r�t$s��ikxj�� nC� wokx­ �Gk�nCp�r�l"n/t"y/n�w$��� w"lonq��p

– 	�k�h��"w"sow$t"jC��r�
/n�yqwot"y/nqk(t"p��Gh�w p:nquojqk(jqh�n�lor����(nqk(nqtoh
l"n/p�r�sot jCp�u"n/yqh�p�p��"y/� jCp`�(�"t"y/h�r�w$top7«
yqw�� � �ot"r�yqj/h�r�wotZ«/u$jCk�h�r�h�r�w$t"r�t"s
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MoCs

•
V A � I�WXL0A:[]\>ACW�M:Q�A:YZ; QCM0W�L�b�I	\CNPISA:@*[¦M0L(T>;a@CI�Wf[ ~�W�eC@CN�;����$;(@>Q
b�^CO�M�WoYxA:bZL�A:[`\C^CNS;(NKISA:@ A:Y$c>M�T>;(=CISA:bX?:IP=>M(@�NKT>M W�eC@CN�;��
(semantics)

• ¤ N/ISW L(T>ACWxMa@�Y§A:boIPN�WXW�^CIKNS;(cCIKO_IKNPe�w/L0A:[]\>;:L�N	@>M0W�W�BC;�cCI_OKIPNKe�NSAWfeC@CN	T>M0WfI�{0M0BCA:\CNPIK[`Iz{0M NKT>M£c>MaT>;(=CISA:bXA:Y"IK[ \CO�M([¦M�@CNS;(NKISA:@
• � M(b�[`IKNSWXQ:I�W�NPbfIPcC^CN�M�Q�Wfe>W�N�M([�A:Y2QCM:WxL(b�IK\CNPI�A:@ ~"; L0A:OKO�M L�NPI�A:@�A:YL0A:[d[]^C@CI�L0;(NPI	@>?<[¦ACQ:^CO�M�W*�fBC;(@>Q�?:IP=>M:Wob�^COSM:WXA:YZL0A:[d\C^CNS;(NKISA:@A:YXM0;0LaT�[¦ACQ:^CO�M�~KYf^C@>L(NPI�A:@���BC;(@>Q<T>AU� NPT>M�e L:A:[][`^C@CISL0;aN�M09
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Primitives

• Functions �����
	 �
��

����� � 
 �������
�
��� ��

��� 
 � ��� � 

���

���� �!
 ��"
#�� 
 �
� ���$�%�&� �
machines

• Communications ��'
�
���
� �!(�� ���)���
# �!(��


�
schedulers
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•
+ gi%�)fg _��`aJ�`_ !`eJ-�5�h7!o\/5(%�^¨' 1 ^i#i�`_C6�� �PY0%('J�$-
lnhb^ \"�$-/-q�$-v!/'�#,5�g*�4%�h`%x'i5��bh4! \45�%d^&' [ -�%�'*) -�%�)&'�!P_�-

•
�.�4'q^£5�!45�%d^&'J!`_Za %��`� � %�5*gq^f[ 5 !4'nk _�!4'*) [J!$)2�

• � [i'�#2!41 �4'i5�!`_ �4'i5�%x5�k ^jY���� � 6
Event �	��

� ��������
�����

�����

– Tags �4h�n�� u$wokxj/� tonq�ojq�or�wok
–

� p0n/hmwo� events r�p�j signal
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TSM "!$#&%('$)+* {-,&. %('$/&0�# , !$12%

• ��r��"n/t j�p�n/hmwo� �ojq���"n/p43 j/t"l¬j�p nCh£w"��h�j/s"p`© «4jCt
n/�"n/t"h£r�p*©6573

•
� p:r�s"tojq�$p`r�p�j�p�nqh£w"��nq�onqtoh�p

•
� �(�"t$yCh�r�w"tojq� �xwok l$nCh�nqk � r�t"r�p�h�r�y � p�r�sot"j/�mr�p�j
��uow"p�p0r t"��®vu$jCk�h�r�j/� � ���"toyqh�r�wot ��k(w!� © h�w83

• p�nCh£w"� j/���mp 
 g «7j�h��"uo��n�w"��t p0rfs"t"j/��p 

s «/p�n/h$w$� j/���

p��"y/�vh��$uo��n/p 

Sn

•
� tvh�r � nqlvp�®"p�h�n�� «7©.r�p�h�w"h�jq����® w"k�lonqk(nql¬jqtol r�t
�ot"h�r � nqlvp�®"p�h�n�� «7©.r�p�uojqk(h�r�j/����®¬w"kxlonqk�nCl
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TSM
Processes

• � b§ACL0M:WxW � �iIKNPT�@�W IS?:@>;(O�WoISWX;�Wf^Cc>WxM(N$A:Y"NPT>M�W�M(N"A:YZ;aO	O¥@ | tuplesA:YXWfIf?:@>;aO�W
Sn

•
W

∈ S
5 W�;(NPI�W�Y�e*NPT>M \CbxACL M:WxWoIKYZW

∈ �
–
�U� �q� �U�����*���%���;�������Z����� ���'� � ���'� ��� � �����������U���U�����%�U� �!� �����
process.

•
FGA�\Cb§ACL:M0W�WoISW ; U W�M(N"A:Y$\>ACWxWfI	cCO�M c>M(T>;(=CISA:b�W�� A:bZL:A:@>WfN_b�;(IP@CN�WA:@�NKT>M WxMaN"A:Y"OSM:?C;(O&WfI�?:@>;(OSW(9

• � b§ACL0M:WxWoIK@ ;�Wfe>W�N�M([ A:\>M(bx;aNfM L:A:@>L(^Cb�b§M(@CN	OKe ;�@>Q�L�A:@>W�NPb�;(I	@CNSWIK[]\>ACWxM:Q ;�b§M L0A:[d[]^C@CI�L0;(NPI�A:@ A:bZWfeC@>L�TCb§A:@CIL{ ;�N_I�A:@>9
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TSM
Processes

•
��%�)¨'*!`_�-v!$-/- ^n\4%�!45��$# � %(5�g ! lnhb^n\$�$-q-E1 !`k e*�
#&%*ai%0#2�$# !o-E%x'nln[ 5 !/'�# ^f[25�ln[ 5
– u"k�woyqnCp�p�low$nCp tow"h£l"n/h�n/k � rft"n�r�h�p`r�t"u"�oh
– u"k�woyqnCp�p�low$nCp lonqh�n/k � r�ton�r�h�p`w"�"h�u"�oh

• � hU^ \$�$-/-v#i�`Y0%�' �"-v!ih7�`_�!75x%T^£' eJ�45��.�$�4' %�' l [i5 !4'*#
^f[ 5�ln[ 5 -�%�)£'J!`_�-
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TSM���������
	�	����
�����
	
���������

� nq�(r�t"r�h�r�wot � �2k(w$yCnqp�p�y/w!� uow$p0r�h�r�wot r�tv©Jg � r�p�l$nC��r�t"n/l
to® h��"n�r�toh�n/kxp�n/yqh�r�wot wo� h��"n�yCw$t"p0h�k(jqr�t"h�p`nCjqy/� uokxw$yCn/p�p
r&� u$w"p0n/p�w$tvn/jqy/�vp r�s"t$jC�

�2k(w"uonqk�h�r�n/p�wo� u"k�woyqn/p0p`u"k(nqp�n/kx�onql t"® yCw � uow"p�r�h�r�w"t �
–
Y�^C@>L(NKIfA:@>;aO	IPNKe ~4^C@CI��:^>M A:^CNP\C^CN/@ | NP^C\CO�M�WoYxA:bZMa=>M(b�e`IP@C\C^CN/@ |
tuple)

–
L0A:[]\CO�M(NSM�Wf\>M0L(IKY�I�L0;aN_I�A:@ ~/Y§A:bXM(=>M(b�e�IK@C\C^CNq@ | tuple

B:N_T>MabxM
M��CISW NSWX; ^C@CI��:^>M A:^CNK\C^CNq@ | tuple)

�����������	��
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TSM���������
	�	����
�����
	
���������

• � %*aJ�4' !iYb^fh�1�!`_ 1 ^i#��P_ ^oY Y�[i' \75x%T^£'J!`_
-dlJ�o\4%�Y:%d\$!/5(%T^£' !/'�# ^fY]5�gJ� lnhb^jlJ�`h05�%��o- c¨5�g�h7�o�
-�%x5�[J!45x%T^&' -d13!`k !`h0%�-q�26
– u"k�wou"n/kxh�® r�p r�t"�onqk(nqtohm��wok�� wol$nC�mwo� p�u"n/yqr��xr�y/jqh�r�w$t
– u"k�wou"n/kxh�® y/jqt t"n��"n/k�r��xr�nql¬p ®ot"h�jqy/h�r�y/jC����® ��wok sor��"n/t

specification

– u"k�wou"n/kxh�® � �"p0hjt"n��"n/kxr���r�n/lvp�n�� j/t"h�r�y/j/����®Z«4�(w"k
s"r��"n/t p�u"n/yCr��(r�y/jqh�r�w"t
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•
���������
	�� �
���
�
	������ ���
���
�

Dataflow � ������������� 	��� ����!�"� �#��$
%&$
���'��
�!�(����'�� 	�)
�*�
)��
�*�*�+�,���
�-�!�
�
������',�
�.�/�0�1�2�
�3�4'
� 	
MoC.

(Inherent)
• 5 �
$��
�
6��7���
	.� �
��� 	+�8�79
:�;1<��06(�#�1� �3�4'������
=>)0�
�(�
���2	�$
�?���" 
�����@� �
��$#%

$
�������
=�)
% �
�2�
% �A	()0�
�.� �"� �
�
<��4'��B�*�
	� 
% ���
�
�!��=C)��
	�� ��� ����=C$
�A�
�
�
� ��'(�
�D� ���!��=�)
% ���*��% ��	�)
�
�.� �4� �
���
�E���#���� ��,�(�4� �
�,$�% F
– G
H�I JKI JKL!M(N�O8P>QRN!N(L�SUT!V(WYX[Z P(P!\�I ]�O*H(N�W&P�^>\!P�J_I O*I P�]
– `�JYa_]�O8V!WYO8I WYV!ZYW_H(N�W_XKW_V�]>Q8I ]!L�O8H!N>QRN!N(L�SUT!V(WYX[\�V!O8H�J

• b � �"'
Petrinets

<(�� ����!�"� �#��$
% � �*�c� 	��
� �*�4� �� 
% �
�2�1)d� ��6(�#F
– e
f����Yg����������o��� ��g�¢¡�x�¡���!hm�K�&i�g����K�x�>jP��� �����x�&k��*h� �j�g�h��������!h���¢ �����

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

bihavior


