
Chapter 11 
Low-degree 

clock distribution networks

Matthias Fuegger and Christoph Lenzen
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Quick summary...
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Flip-flop = edge triggered copy

stable Qstable Q stable Q

XXXXXXXX            XXXXXXXXXXXXXXXXXXXX             XXXXXXXXXXXXXXX



Flip-flop = edge triggered copy

    -- FF 
    FF: process (clk, D) 
    begin 
        if (clk'event and clk = '1') then 
            Q <= D; 
        end if; 
    end process FF; 



Timing: constraints

stable Qstable Q stable Q

XXXXXXXX            XXXXXXXXXXXXXXXXXXXX             XXXXXXXXXXXXXXX

<latexit sha1_base64="rjG667fnNyMYTmdl8ZUUYZoEfM4=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48R8oIkhtlJbzJkdnaZ6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYykMuu63k1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98AG1EpGo4jqEbsoESgeAMrXRf63UQnjA1gEk86RVLbtmdgS4TLyMlkqHaK351+hFPQlDIJTOm7bkxdlOmUXAJk0InMRAzPmIDaFuqWAimm86untATq/RpEGlbCulM/T2RstCYcejbzpDh0Cx6U/E/r51gcNVNhYoTBMXni4JEUozoNALaFxo4yrEljGthb6V8yDTjaIMq2BC8xZeXSeOs7F2U3bvzUuU6iyNPjsgxOSUeuSQVckuqpE440eSZvJI359F5cd6dj3lrzslmDskfOJ8/SwyTBw==</latexit>

Tsetup
<latexit sha1_base64="kDobeQsrmk4GqEVrqiYWG8EWE60=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoseiF48V+gXtUrLZbBuaTdZktliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvSAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdgBgmuGRN4CBYJ9GMxIFg7WB0N/PbY6YNV7IBk4T5MRlIHnFKwEp+o98D9gTZUIlw2i9X3Ko7B14lXk4qKEe9X/7qhYqmMZNABTGm67kJ+BnRwKlg01IvNSwhdEQGrGupJDEzfjY/eorPrBLiSGlbEvBc/T2RkdiYSRzYzpjA0Cx7M/E/r5tCdONnXCYpMEkXi6JUYFB4lgAOuWYUxMQSQjW3t2I6JJpQsDmVbAje8surpHVR9a6q7sNlpXabx1FEJ+gUnSMPXaMaukd11EQUPaJn9IrenLHz4rw7H4vWgpPPHKM/cD5/AE8qknM=</latexit>

Thold



Timing: guarantees

stable Qstable Q stable Q

XXXXXXXX            XXXXXXXXXXXXXXXXXXXX             XXXXXXXXXXXXXXX

<latexit sha1_base64="rjG667fnNyMYTmdl8ZUUYZoEfM4=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48R8oIkhtlJbzJkdnaZ6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYykMuu63k1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98AG1EpGo4jqEbsoESgeAMrXRf63UQnjA1gEk86RVLbtmdgS4TLyMlkqHaK351+hFPQlDIJTOm7bkxdlOmUXAJk0InMRAzPmIDaFuqWAimm86untATq/RpEGlbCulM/T2RstCYcejbzpDh0Cx6U/E/r51gcNVNhYoTBMXni4JEUozoNALaFxo4yrEljGthb6V8yDTjaIMq2BC8xZeXSeOs7F2U3bvzUuU6iyNPjsgxOSUeuSQVckuqpE440eSZvJI359F5cd6dj3lrzslmDskfOJ8/SwyTBw==</latexit>

Tsetup
<latexit sha1_base64="kDobeQsrmk4GqEVrqiYWG8EWE60=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoseiF48V+gXtUrLZbBuaTdZktliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvSAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdgBgmuGRN4CBYJ9GMxIFg7WB0N/PbY6YNV7IBk4T5MRlIHnFKwEp+o98D9gTZUIlw2i9X3Ko7B14lXk4qKEe9X/7qhYqmMZNABTGm67kJ+BnRwKlg01IvNSwhdEQGrGupJDEzfjY/eorPrBLiSGlbEvBc/T2RkdiYSRzYzpjA0Cx7M/E/r5tCdONnXCYpMEkXi6JUYFB4lgAOuWYUxMQSQjW3t2I6JJpQsDmVbAje8surpHVR9a6q7sNlpXabx1FEJ+gUnSMPXaMaukd11EQUPaJn9IrenLHz4rw7H4vWgpPPHKM/cD5/AE8qknM=</latexit>

Thold

clk2Q delay



0

1 2

3 4 5 6

Goal: small skew

1 2

0



Clocked Design

stable t(A)stable A

stable t(A) stable t(t(A))

stable t(t(A))



stable t(A)stable A

stable t(A) stable t(t(A))

stable t(t(A))
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

3

5

<latexit sha1_base64="PRDOwJceTRKDQgKApPEIbLiKxt4=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoQZNegx4MVjBLNAMoaeTiVp0rPQXaPGIfgrXjwo4tX/8Obf2EnmoIkPCh7vVVFVz4sEV2jb30ZmYXFpeSW7mltb39jcMrd3aiqMJYMqC0UoGx5VIHgAVeQooBFJoL4noO4NLsd+/Q6k4mFwg8MIXJ/2At7ljKKW2uYe3g7aLYQHTNQA7keF0vHpUdvM20V7AmueOCnJkxSVtvnV6oQs9iFAJqhSTceO0E2oRM4EjHKtWEFE2YD2oKlpQH1QbjK5fmQdaqVjdUOpK0Brov6eSKiv1ND3dKdPsa9mvbH4n9eMsXvhJjyIYoSATRd1Y2FhaI2jsDpcAkMx1IQyyfWtFutTSRnqwHI6BGf25XlSOyk6paJ9fZYvl9M4smSfHJACccg5KZMrUiFVwsgjeSav5M14Ml6Md+Nj2pox0pld8gfG5w/RepTJ</latexit>

tkskew(5, 3)

<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k
<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

5

0

<latexit sha1_base64="uAcMd7ZGB0HYkQY0cfQo/mmwyjk=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KIRY8FLx4r2A9oY9hsN+3SzSbsTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IBFcg+N8Wyura+sbm4Wt4vbO7t6+XTpo6ThVlDVpLGLVCYhmgkvWBA6CdRLFSBQI1g5GV1O/fc+U5rG8hXHCvIgMJA85JWAk3y7B3cjvAXuEjEs9qdROfbvsVJ0Z8DJxc1JGORq+/dXrxzSNmAQqiNZd10nAy4gCTgWbFHupZgmhIzJgXUMliZj2stnpE3xilD4OY2VKAp6pvycyEmk9jgLTGREY6kVvKv7ndVMILz3zU5ICk3S+KEwFhhhPc8B9rhgFMTaEUMXNrZgOiSIUTFpFE4K7+PIyaZ1V3VrVuTkv1+t5HAV0hI5RBbnoAtXRNWqgJqLoAT2jV/RmPVkv1rv1MW9dsfKZQ/QH1ucPEtGT3A==</latexit>

tkins(5)

<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k
<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)
(includes clk2Q)

3

5

<latexit sha1_base64="rjG667fnNyMYTmdl8ZUUYZoEfM4=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKosegF48R8oIkhtlJbzJkdnaZ6VXDkv/w4kERr/6LN//GSbIHTSxoKKq66e7yYykMuu63k1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98AG1EpGo4jqEbsoESgeAMrXRf63UQnjA1gEk86RVLbtmdgS4TLyMlkqHaK351+hFPQlDIJTOm7bkxdlOmUXAJk0InMRAzPmIDaFuqWAimm86untATq/RpEGlbCulM/T2RstCYcejbzpDh0Cx6U/E/r51gcNVNhYoTBMXni4JEUozoNALaFxo4yrEljGthb6V8yDTjaIMq2BC8xZeXSeOs7F2U3bvzUuU6iyNPjsgxOSUeuSQVckuqpE440eSZvJI359F5cd6dj3lrzslmDskfOJ8/SwyTBw==</latexit>

Tsetup

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)

<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

The setup constraint

<latexit sha1_base64="/vnjB5fmqCHKPQR0kk4/CcmHomk=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8UgRJSwqwY9Brx4jGAekKxhdtKJw84+mOlVwxIv/ooXD4p49S+8+TdOkj1oYkFDUdVNd5cbCa7Qsr6NzNz8wuJSdjm3srq2vpHf3KqrMJYMaiwUoWy6VIHgAdSQo4BmJIH6roCG612M/MYdSMXD4BoHETg+7Qe8xxlFLXXyO3iTeIf2sNNGeMBEeXA/LJ4clQ86+YJVssYwZ4mdkgJJUe3kv9rdkMU+BMgEVaplWxE6CZXImYBhrh0riCjzaB9amgbUB+Uk4w+G5r5WumYvlLoCNMfq74mE+koNfFd3+hRv1bQ3Ev/zWjH2zp2EB1GMELDJol4sTAzNURxml0tgKAaaUCa5vtVkt1RShjq0nA7Bnn55ltSPS3a5ZF2dFiqVNI4s2SV7pEhsckYq5JJUSY0w8kieySt5M56MF+Pd+Ji0Zox0Zpv8gfH5A4czlkU=</latexit>

tk+1
skew(3, 5)

<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)
(includes clk2Q)

3

5

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)

<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

The setup constraint

<latexit sha1_base64="/vnjB5fmqCHKPQR0kk4/CcmHomk=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8UgRJSwqwY9Brx4jGAekKxhdtKJw84+mOlVwxIv/ooXD4p49S+8+TdOkj1oYkFDUdVNd5cbCa7Qsr6NzNz8wuJSdjm3srq2vpHf3KqrMJYMaiwUoWy6VIHgAdSQo4BmJIH6roCG612M/MYdSMXD4BoHETg+7Qe8xxlFLXXyO3iTeIf2sNNGeMBEeXA/LJ4clQ86+YJVssYwZ4mdkgJJUe3kv9rdkMU+BMgEVaplWxE6CZXImYBhrh0riCjzaB9amgbUB+Uk4w+G5r5WumYvlLoCNMfq74mE+koNfFd3+hRv1bQ3Ev/zWjH2zp2EB1GMELDJol4sTAzNURxml0tgKAaaUCa5vtVkt1RShjq0nA7Bnn55ltSPS3a5ZF2dFiqVNI4s2SV7pEhsckYq5JJUSY0w8kieySt5M56MF+Pd+Ji0Zox0Zpv8gfH5A4czlkU=</latexit>

tk+1
skew(3, 5)

<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k

large pos. skew is bad
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)
(includes clk2Q)

3

5

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)

<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

The hold constraint

<latexit sha1_base64="Y5+E9rXSyBpxqgRbNtl0XeZtAr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6tarbvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwB0z2M8Q==</latexit>

k

<latexit sha1_base64="kDobeQsrmk4GqEVrqiYWG8EWE60=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoseiF48V+gXtUrLZbBuaTdZktliW/g4vHhTx6o/x5r8xbfegrQ8GHu/NMDMvSAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdgBgmuGRN4CBYJ9GMxIFg7WB0N/PbY6YNV7IBk4T5MRlIHnFKwEp+o98D9gTZUIlw2i9X3Ko7B14lXk4qKEe9X/7qhYqmMZNABTGm67kJ+BnRwKlg01IvNSwhdEQGrGupJDEzfjY/eorPrBLiSGlbEvBc/T2RkdiYSRzYzpjA0Cx7M/E/r5tCdONnXCYpMEkXi6JUYFB4lgAOuWYUxMQSQjW3t2I6JJpQsDmVbAje8surpHVR9a6q7sNlpXabx1FEJ+gUnSMPXaMaukd11EQUPaJn9IrenLHz4rw7H4vWgpPPHKM/cD5/AE8qknM=</latexit>

Thold

<latexit sha1_base64="8Z7s/Hcj+0Pm10PmOZDkGhV8U7k=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tBiCBhVw16DHjxGME8IIlhdtJJhsw+mOlVw7oHf8WLB0W8+hve/BsnyR40saChqOqmu8sNBVdo299GZmFxaXklu5pbW9/Y3DK3d2oqiCSDKgtEIBsuVSC4D1XkKKARSqCeK6DuDi/Hfv0OpOKBf4OjENoe7fu8xxlFLXXMPbyNh0mnhfCAsRrCfVI4PS4ddcy8XbQnsOaJk5I8SVHpmF+tbsAiD3xkgirVdOwQ2zGVyJmAJNeKFISUDWkfmpr61APVjif3J9ahVrpWL5C6fLQm6u+JmHpKjTxXd3oUB2rWG4v/ec0IexftmPthhOCz6aJeJCwMrHEYVpdLYChGmlAmub7VYgMqKUMdWU6H4My+PE9qJ0WnVLSvz/LlchpHluyTA1IgDjknZXJFKqRKGHkkz+SVvBlPxovxbnxMWzNGOrNL/sD4/AGnRZXV</latexit>

tkskew(3, 5)
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<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

<latexit sha1_base64="p/k6adtzjU209XNKQDHDIOtMq5s=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBEqSEmqRZcFNy4r2Ae0IUwmk3bo5MHMjVpiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufceLxFcgWV9Gyura+sbm4Wt4vbO7t6+WTpoqziVlLVoLGLZ9YhigkesBRwE6yaSkdATrOONrqd+555JxePoDsYJc0IyiHjAKQEtuWbJd/vAHiGTNTmpnJ/VT12zbFWtGfAysXNSRjmarvnV92OahiwCKohSPdtKwMmIBE4FmxT7qWIJoSMyYD1NIxIy5WSz0yf4RCs+DmKpKwI8U39PZCRUahx6ujMkMFSL3lT8z+ulEFw5GY+SFFhE54uCVGCI8TQH7HPJKIixJoRKrm/FdEgkoaDTKuoQ7MWXl0m7VrXrVev2otxo5HEU0BE6RhVko0vUQDeoiVqIogf0jF7Rm/FkvBjvxse8dcXIZw7RHxifPwgRky4=</latexit>

dr2r(3, 5)
(includes clk2Q)

3

5

<latexit sha1_base64="EyxGgVBiMj29/OOPxL3PNdBXfts=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix48VihX9CEstlu26WbTdidiCH0b3jxoIhX/4w3/43bNgdtfTDweG+GmXlhIoVB1/121tY3Nre2Szvl3b39g8PK0XHbxKlmvMViGetuSA2XQvEWCpS8m2hOo1DyTji5m/mdR66NiFUTs4QHER0pMRSMopX8Zt9H/oQ5y9i0X6m6NXcOskq8glShQKNf+fIHMUsjrpBJakzPcxMMcqpRMMmnZT81PKFsQke8Z6miETdBPr95Ss6tMiDDWNtSSObq74mcRsZkUWg7I4pjs+zNxP+8XorD2yAXKkmRK7ZYNEwlwZjMAiADoTlDmVlCmRb2VsLGVFOGNqayDcFbfnmVtC9r3nXNfbiq1utFHCU4hTO4AA9uoA730IAWMEjgGV7hzUmdF+fd+Vi0rjnFzAn8gfP5A4btkf8=</latexit>

Tcyc

The hold constraint

large neg. skew is bad
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But ...
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Guarantee skew among some clock outputs despite 
faults

New requirements
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Pulse Synchronization
In pulse synchronization, for each           , every 
(correct) node              generates pulse i exactly 
once.

Let        denote the time when v generates the i-th 
pulse. We require that there are                                      
satisfying 

1. skew: 

2. per-1: 

3. per-2:

<latexit sha1_base64="iL7aobL3EdjeTjedU8vAHWAXA1s=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4kLJbpHosePFYwX5Au5Rsmm1Dk2xIsoWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5keLMWN//9jY2t7Z3dgt7xf2Dw6Pj0slpyySpJrRJEp7oToQN5UzSpmWW047SFIuI03Y0vp/77QnVhiXyyU4VDQUeShYzgq2T2qqfTa7ZrF8q+xV/AbROgpyUIUejX/rqDRKSCiot4diYbuArG2ZYW0Y4nRV7qaEKkzEe0q6jEgtqwmxx7gxdOmWA4kS7khYt1N8TGRbGTEXkOgW2I7PqzcX/vG5q47swY1KllkqyXBSnHNkEzX9HA6YpsXzqCCaauVsRGWGNiXUJFV0IwerL66RVrQS1SvXxplyv5XEU4Bwu4AoCuIU6PEADmkBgDM/wCm+e8l68d+9j2brh5TNn8Afe5w9bmo+N</latexit>pv,i

<latexit sha1_base64="5XFljZ+GyTe241BAw0St3qmSCWU=">AAAB8HicbVBNSwMxEJ34WetX1aOXYBE8ld0i1WPBi8cK9kPapWTTbBuaZJckWyhLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7Hd3O/PWHa8Fg92mnCAkmGikecEuukpwnucYVb/WG/VPYq3gJ4nfg5KUOORr/01RvENJVMWSqIMV3fS2yQEW05FWxW7KWGJYSOyZB1HVVEMhNki4Nn+NIpAxzF2pWyeKH+nsiINGYqQ9cpiR2ZVW8u/ud1UxvdBhlXSWqZostFUSqwjfH8ezzgmlErpo4Qqrm7FdMR0YRal1HRheCvvrxOWtWKX6tUH67L9VoeRwHO4QKuwIcbqMM9NKAJFCQ8wyu8IY1e0Dv6WLZuoHzmDP4Aff4A9iaP1A==</latexit>

v 2 Vg

<latexit sha1_base64="IV1M7zUgRKpgegYsh6xEjUweSMg=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRFWpcFN66kgn1AE8pkOmmHTiZhZlIooX/ixoUibv0Td/6NkzYLbT0wcDjnXu6ZEyScKe0431Zpa3tnd6+8Xzk4PDo+sU/PuipOJaEdEvNY9gOsKGeCdjTTnPYTSXEUcNoLpne535tRqVgsnvQ8oX6Ex4KFjGBtpKFtM+QxgbwI60kQZA+LoV11as4SaJO4BalCgfbQ/vJGMUkjKjThWKmB6yTaz7DUjHC6qHipogkmUzymA0MFjqjys2XyBboyygiFsTRPaLRUf29kOFJqHgVmMk+o1r1c/M8bpDq89TMmklRTQVaHwpQjHaO8BjRikhLN54ZgIpnJisgES0y0KatiSnDXv7xJuvWa26jVH2+qrUZRRxku4BKuwYUmtOAe2tABAjN4hld4szLrxXq3PlajJavYOYc/sD5/APTUkzI=</latexit>

i 2 N

<latexit sha1_base64="ZVnVERRe6lTAqriZT3LMHbGVcwc="></latexit>

sup
i2N,u,w2Vg

{|pv,i � pw,i|} = S

<latexit sha1_base64="yWBd6KnHMr3Wjfvni4cu1vbvUe0="></latexit>

inf
i2N

{min
v2Vg

pv,i+1 �max
v2Vg

pv,i} � Pmin

<latexit sha1_base64="dQUTuC54MfZDJUAGHcIufUtSzyc="></latexit>

sup
i2N

{max
v2Vg

pv,i+1 � min
v2Vg

pv,i}  Pmax

<latexit sha1_base64="ZCa6UZZ48yyV5UNRHVsKtRKI/X8=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4kDJTpbqSghuX9dEHtGXIpJk2NJMZkoxYwnyIG3/FjQtF3LgQ/BvT6QjaeiBwcs693HuPFzEqlW1/WbmFxaXllfxqYW19Y3OruL3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3upj4rTsiJA35rRpHpBegAac+xUgZyS0edwOkhhgxfZMcwbqrzf/+h1GewC7lMK3xPH2duPrcTtxiyS7bKeA8cTJSAhnqbvGj2w9xHBCuMENSdhw7Uj2NhKKYkaTQjSWJEB6hAekYylFAZE+nxyXwwCh96IfCPK5gqv7u0CiQchx4pnKyppz1JuJ/XidW/llPUx7FinA8HeTHDKoQTpKCfSoIVmxsCMKCml0hHiKBsDJ5FkwIzuzJ86RZKTvVcuXqpFSrZnHkwR7YB4fAAaegBi5BHTQABg/gCbyAV+vRerberPdpac7KenbBH1if34EcoZk=</latexit>

S, Pmax, Pmin 2 R>0



Lower bounds

Number of faults f. Then necessarily:

Global: n > 3f

Local: degree > 2f



Ideas?


