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Figure1: Partitioning a large logic designinto multiplestagesto time-
share thephysicaldevice.
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Figure2: Theschedulecompressionprocessmergesmultiple levelsof
nodesinto onestage.
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Definition 1:
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weight
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i.e.
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Definition 2:

�����
constrainedmin-maxpathproblem

��#>¶5ÞG�)��$ &��#Y7H�5�Y�Z$ �Q&�M,+)�!#�-�$ � � MN� &�(Åâ�ã�$ &Jâ�Éa?��)$ �H$ ����(9�)#��)(Q8�(X?V�!�)-1��$�=
i.e.

?��.$ �'(9�)#��)(Q8�(ñ´'¿FÀyÁZÂ0��¸"ÇåF� Ã ��7;-1�4â » ç â�ä^�)��&1#9$ ���5�Y�Z$ � Ä [Sm�)-18;� �s����<��\�"��&�?��]��#n��R���(9��+)�4&�Mm$ ���56!&�#��g$"� 8�6�$ ��&�#>&�MG$ ���s7;�.O� ��6�$ ��7>�%6�E;6!+)��60-��	�%����¶ Þ M�� &1(��A6!�.� 6!8��)$J¶���#vSm�)-�8�� �0����3�	[�������� ��Z� �s�"�!23�!#'+���23�!+)��&1#'$ ���J6�� �.$ �)6���+G�Y�%$ ������#e¶H=�?��.$ �>���%6��'+���23�!+y�Y��2�O�)#�-J?��!�)-1��$��;Ç �FÇ��FÇ �FÇ��FÇ �FÇ	�5� �!�"���!6�$ �)23�!+.E�[�W�7;�.� �!6�$ ��79�%6�E;6!+)��6]-��	�%���¶ Þ �)�96!&1#��g$"� 8�6�$ �!7:?��.$ ��ò�#�&F7������Sm�)-�8�� �e�;��<,�"�^?������ �eâ Æ $ &_â1ó6�&��"� �!�"��&�#Y7�$ &n+)�!23�!+)�AK0$ &e�*��#_¶H[H�����Q?V�!�)-1��$s&%M�����6	��â1»��)�J$ ���$ &%$	��+�#;8�(Q<����m&�M�#�&F7��!�{�)#Q$ ����¸�O$ �A+)�!23��+�&%M�$ ����6�� �.$ �)6���+��Y�Z$ �����)#*¶H[S�&�����R��%(9��+)�1=FâFÆ��Y�%��?��!�)-��F$��H<��!6��%8��"�]$ ����� �5�%� �J�0#�&F7;�!���)#i+)�!21�!+K^&�#>$ ���s6�� �.$ �)6��%+@�Y�%$ ���![�¡4&F7��^â1ã^�)�5�97;8�(9(0E*#�&F7��s?��.$ �>?�����-���$ï
Sincetheschedulecompressiononly mergesthenodeson critical pathsinto stages,in

thefollowing examplesin thepaper, only thenodeson thecritical pathsin ô areshown.
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with length3 canforma feasiblesched-
ule compression.Each edge on this pathcorrespondsto a stage in the
schedulecompression.
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Theorem 1: Theschedulecompressionproblemin

¶
canbere-

ducedto theconstrainedmin-maxpathproblemin
¶ Þ
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Algorithm CMP(
¶ Þ
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for

¸ Ê K5$ &A´
doü Æ ��¸`� Ê Â0�l;Ç ¸`�	û�F[

for
º Ê �^$ & �

do
for

¸ Ê KJ$ &Q´
do

beginüFý ��¸`� Êfþ û
for ÿ Ê ¸yæD½5$ &A¸ æBK

do
if

��´'¿FÀm� ü ý�� Æ � ÿ �	Ç�Â0� ÿ Çg¸g�"�\¼ ü ý ��¸`�"�
thenü ý ��¸`� Ê ´'¿FÀm� ü ý�� Æ � ÿ �	Ç�ÂH� ÿ Çg¸`�"�	ûî ý ��¸g� Ê ÿ û

endif
end�;[�� ��$ 8;� # ü é ��´e�	û
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Lemma 3: Algorithm CMP findsan optimal solutionto the con-
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Figure7: Schedulecompressionwithout consideringcommunication
costcan lead to larger communicationcost. (a) A schedulecompres-
sion solutionwhich minimizesthe critical path width. (b) A schedule
compressionsolutionwhich minimizesthenumberof interconnections.¦`#�$ ���)�Q�"�!6�$ �)&�#G=�?��n��RF$ �!#Y7_$ ���9Mh&�� (H8�+��%$ �)&�#b&%M]$ ���*�"6�����7�8�+��6�&1(9��� ���"�"��&�#b�;� &1<�+���(>[D¦q$Q���A7��!�"�.�	��<�+)�'$ &���#Y7B�v�"6�����7�8�+��n6!&�(AO�;� �!�"�"�)&1#0?����)6��H(9�)#��)(9�)x!�!� $ ����(*�%R;�)(Q8�(X6�&1(9(Q8�#��)6��Z$ ��&�#H6�&1�g$@Mh&%��%#�EA�g$	��-��J�%#Y79��+)�"&0(9�)#��)(9�)x!�!��$ ����$ &�$	��+�6!&1(9(H8�#��)6��Z$ �)&1#��{6!&��g$VMh&%��%+)+y$ ���s�g$	��-1���![²G��$H´C<��*$ ���9(*�%R;�)(Q8�(w#F8�(H<����s&�M]+)�!23��+��0�)#D�>#���$ +��)�g$�={�%#Y7$ ���A¸�O$ �t+)�!23��+\&�#t$ ���Q6�� �.$ ��6!��+V���%$ ���0�����sºy»�#�&F7����n�gKn¹�¸s¹¢´e�	[²y��$ � <��s$ ���J$	�Z� -1��$5#;8�(Q<�����&%M��g$	��-��!�4$ &9�)(9��+)�!(9��#F$�$ ���^7��!�"�)-�#G=
� <��V$ �����%� ���5+)�)(9�.$�Mh&��{���%6��Q�g$	��-1��=F½�<��V$ ����(*�ZR;��(H8�(X#F8�(Q<����m&�M+)�!21�!+)����+)+)&�?���7*�)#*&1#����g$	�%-1�1[\�����]��� &�<�+)�!(Å&�M

schedulecompression
with minimumcommunicationcost

���A$ &t7��)2F��7��n$ ���n´µ+)�!23��+��Q��#�$ &� �g$	�%-1�!�!={?��.$ �B����6	�B�g$	��-1�i�Y��2F�)#�-v�%$Q(9&1�g$A½i6!&�#��"�!6!8;$ �)23�i+)�!21�!+)��P½>¹ª´v�J��#�7t?��.$ �b�Z� ���>#�&e(9&%� �9$ �Y��# � [v²y��$5î » �gKe¹ª¸H¹ � �<��*$ ���i6!&1(9(H8�#���6!�%$ �)&1#D6!&��g$9Mh&%�A$ ���i¸O$ �B�g$	��-��'�)#B$ ���n�"6�����7�8�+��6�&1(9��� ���"�"��&�#B�"&1+)8�$ �)&1#y[D�����i&�<F�g�!6�$ �)23�'�)�0$ &�(9�)#���(9�)x!�9$ ���i(*�ZR;O�)(H8�(�6!&1(9(H8�#���6!�%$ �)&1#�6�&1�g$9�)#:��#�ED&%M4$ ���n�g$	�%-1�!�*�%#Y7�(9�)#��)(9�)x!�$ ���Q$ &�$	�%+V6!&�(9(Q8�#��)6��%$ �)&�#_6!&��g$HMN&��Q��+)+\$ ���9�g$	��-1���i�
i.e.

(9�)#��)(9�)x!�´i¿FÀyÁ î�» Ã Ks¹:¸\¹ ��Ä ��#�7 è é
» ê Æ î�»q�	[r����"��&Z?b$ �Y�Z$\$ �����\��� &�<�+)�!(Å6���#n��+)�"&^<��]�"&1+)23��79�)#9��&1+.E;#�&�(9���%+$ �)(9�]<�EA6!&�#;21���"$ �)#�-^$ &0$ ���

shortestconstrainedmin-maxpath
�;� &1<;O+)�!(>=,?�����6	�_�)�J$ &n�Y#Y7��i6�&1#��g$"�	�%�)#���7�(9��#;OP(*�%R>���%$ �nî_�"8�6���$ �Y�%$$ ���4$ &%$	��+,��7�-��4?V�!�)-1��$^�

i.e.
$ ���4�"8�(ª&�M ?V�!�)-1��$�&�Mm��+)+�$ ���4��7�-��!��&1#î,�\����(9�)#��)(9�)x!��7,[W/7;�)� ��6�$ ��7D��6�E�6�+��)6n-��	�%���:¶5Þ Þ Ê �PßJÞ ÞPÇ àsÞ Þh�s�)�Q6�&1#��g$"� 8�6�$ ��7D�%�MN&1+)+)&�?��![

K1[4ß Þ Þ Ê Á�â ã Çgâ Æ Ç!È)È)È)Ç	â É Ä =G?������ �Aâ » �gK*¹�¸5¹¢´e�]6!&��"� ���"��&1#Y7;�$ &'$ ���A¸�OP$ �_+���23�!+{��#t$ ���96!�.� 6!8��)$H�%#Y7_â�ãA�)�Q�>7;8�(9(0Ee#�&F7;�1[z{��6	��#�&F7��0â1»J�gKQ¹�¸�¹X´v���Y�%�5?��!�)-��F$JºG»"=,â�ãH�Y��23�^?�����-���$l;[



��[�W57�7��%#��!7�-1�tâ1» ç â ä �)#�à^Þ ÞH�.MiK�¹ ��å>æX¸`�B¹¥½_�%#Y7è ä é!ê »�ë@Æ º é ¹ � =�?��.$ �f?V�!�)-1��$eÂ0��¸"ÇPåF�*&�#X�!7�-1��â�» ç â ä��p�8Y�%+)�*$ &�$ ���i6!&1(9(H8�#��)6��Z$ �)&1#:6!&1�g$n�%�"�"8�(9�)#�-t#�&F7����AMN� &1(+)�!23�!+)�]¸�ì�KJ$ &^åQMh&%� (d&1#��s�g$	��-1��[
r�����#D¸^��#Y7�å��%� �'�"��$�=\$ ���i6!&�(9(Q8�#��)6��%$ �)&�#�6!&1�g$QMh&��9��+)+�$ ���#�&F7��!�]�)#e+���23�!+)�5¸,ì�Ks$ &0ån6��%#e<��^8�#���p�8���+)E'7���6!��7���7,[������^?��!�)-��F$Â0��¸"ÇPåF�4&1#�$ ���A��7;-1�Aâ�» ç â ä (9���%�"8�� �!�J$ ���A6!&1(9(H8�#���6!�%$ �)&1#�6!&1�g$�.M�+)�!23�!+)�]¸,ì�Ks$ &^ån�Z� �^(9��� -1��7i��#'&1#��^�g$	�%-1�1[V¡5&�$ �)6!�s$ ���s6���+)6!8�+��ZO$ �)&1#s&%M�$ ����6!&1(9(H8�#��)6��Z$ �)&1#J6!&��g$@7;�!���!#Y7;�G&�#s$ ���@$ �)(9��OP(Q8�+.$ �)��+)��R;��7S@T\UJWñ�%� 6	���.$ �!6�$ 8;� �1[J����&18�-1�t7��.�,��� �!#�$5�%� 6	���.$ �!6�$ 8;� �!�AI.K1=,j%L��Y��23�7;�)�,��� �!#�$^(9&F7��!+)�sMh&%�Q<�8��,��� �)#�-i�"�)-1#Y�%+)�!=@$ ���96!&�(9(Q8�#��)6��%$ �)&1#t6!&1�g$6��%#'<��s8�#���p�8��!+.E*6��%+�6�8�+��%$ ��7><����"��7i&1#e�Q-��)23�!#>�Z� 6����.$ �!6�$ 8�� ��[c;�)(9�)+��%�^$ &e²G��(9(*�vK�=@<�E�$ ���A6!&�#��g$"� 8�6�$ ��&�#D&�M]¶ Þ Þ =��i�Y�%$ �t&�M+)�!#�-�$ � � MN� &�(dâ ã $ &Hâ É 6!&��"� �!�"��&�#Y7;��$ &A�0Mh�!���"�)<�+)�^�"6�����7�8�+)�J6!&1(AO�;� �!�"�"�)&1#B�"&1+)8�$ �)&�#G[t�����9?�����-���$A&�M�$ ���9�Y�%$ �D6�&��"� �!�"��&�#Y7��0$ &e$ ���(*�ZR��)(H8�(�6�&1(9(Q8�#��)6��Z$ ��&�#Q6!&��g$\MN&��V��#�EH�g$	��-1��=;��#Y70$ ����$ &�$	�%+���7;-1�?V�!�)-1��$A�%+)&1#�-v$ ���9���%$ �D�)�H$ ���9$ &�$	��+\6!&1(9(H8�#���6!�%$ �)&1#�6�&1�g$QMN&��A��+)+$ ���s�g$	��-1���![�c;�)(9�)+��%��$ &*²G��(9(*�A�F=�?��s���Z21�J$ ���JMh&�+)+�&�?��)#�-i²G��(9(*�j;[
Lemma 4: A shortestconstrained min-maxpath in

¶ Þ Þ
corre-

spondsto an optimal solutionto the schedulecompressionwith min-
imumcommunicationcostproblemin

¶
.r��47��!�"�)-�#n$ ���]MN&1+)+)&Z?��)#�-9W4+)-1&%� �.$ ��(dc�ú��>TB$ &s��#Y7*�0�"��&��"$ �!�g$6!&�#��g$"�	�%��#���7'(9�)#�OP(*�ZR9�Y�Z$ �G[

Algorithm SCMP(
¶ Þ Þ

):Sm�)#Y7;��#�-A�Q�"��&��"$ �!�g$46!&�#��g$"�	���)#���7'(9�)#�OP(*�%RA�Y�%$ �yûK1[
for

¸ Ê KJ$ &A´
do

beginü Æ ��¸`� Ê Â0�l;Çg¸g�	û½ Æ ��¸`� Ê Â0�l;Ç"¸`�	û
end�F[
for

º Ê �0$ & �
do

for
¸ Ê K5$ &A´

do
beginü ý ��¸`� Êfþ ûu½ ý ��¸`� Êfþ û

for ÿ Ê ¸Gæ�½J$ &Q¸ æ:K
do

begin
if

��´i¿FÀm� ü ý�� Æ � ÿ �	Ç�ÂH� ÿ Çg¸`�"��¼ ü ý ��¸`�"�
thenü ý ��¸`� Ê ´'¿FÀm� ü ý�� Æ � ÿ �	Ç�Â0� ÿ Ç"¸`�"�	û½ ý ��¸`� Ê ½ ý�� Æ � ÿ �yìDÂ0� ÿ Çg¸`�	ûî ý ��¸g� Ê ÿ û

elseif
��´i¿FÀm� ü ý�� Æ � ÿ �	Ç�ÂH� ÿ Çg¸`�"� Ê�ü ý ��¸`�"�

then
if

�"�P½ ý�� Æ � ÿ ��ìBÂ0� ÿ Ç"¸`�"�\¼a½ ý ��¸`�"�
then½ ý ��¸g� Ê ½ ý�� Æ � ÿ ��ìBÂ0� ÿ Ç`¸`�	ûî ý ��¸`� Ê ÿ û

endif
endif

end
end�;[�� ��$ 8;� # ü é ��´v�	û
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