
Combines ideas from Like-to and Selfless locks

Two variables:


    : thread    is executing in CS, or trying to do so 

     : id of thread allowed to enter CS under 
contention  (                              )

Peterson’s lock: 

A derivation

turn
turn = i , victim = 1� i

ini Ti
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Claim: If the following invariant holds when Ti   
is in CS, so does mutual exclusion

¬inj ∨ini ∧ ( )(inj ∧ turn = i)

Establishing 

mutual exclusion

 wants to enter CSini  does not desire to enter CSinj

 wants to enter CS, 
but it is    ’s turn
inj

ini
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Claim: If the following invariant holds when Ti   
is in CS, so does mutual exclusion

¬inj ∨ini ∧ ( )(inj ∧ turn = i)

Establishing 

mutual exclusion

 wants to enter CSini  does not desire to enter CSinj

 wants to enter CS, 
but it is    ’s turn
inj

ini

Why? 

If we instantiate the invariant for both T1 and T2…

…and take the conjunction of the two invariants 
(i.e., assume both threads in CS)…

…it boils down to (turn = 0 ^ turn = 1) = false
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Towards a solution

The problem then reduces to establishing the 
following:


How can we do that?

ini ∧ (¬inj ∨ (inj ∧ turn = i)) = ini ∧ (¬inj ∨ turn = i)
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Towards a solution

The problem then boils down to establishing the 
following:


How can we do that?

ini ∧ (¬inj ∨ (inj ∧ turn = i)) = ini ∧ (¬inj ∨ turn = i)

lock.acquire() : ini := true
while (inj ^ turn 6= i);

if we can get past this 
loop,       
must hold!

(¬inj _ turn 6= i)
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Establishing the invariant

Thread T0

while(!terminate)

{in0 ^ (¬in1 _ turn = 0)}
while (in1 ^ turn 6= 0);

CS0

. . .

}

{
Thread T1

}

CS1

while(!terminate) {

{in0} {in1}

. . .

NCS0
NCS1

while
{in1 ^ (¬in0 _ turn = 1)}

(in0 ^ turn 6= 1);
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in0 := true in1 := true

in0 := f alse
<latexit sha1_base64="QCb3uiH69c1WHPoIwDJgbt56CT4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCoTK76wWHDjsoKxhbaEyXTSDp08mJmIJeRXRFBcKf6Gv+Bv+AUmrS7q48DA4Zwz3HOvGwmuNMbvxtT0zOzcfGGhuLi0vLJqrq1fqzCWlNk0FKFsukQxwQNma64Fa0aSEd8VrOEOznO/ccOk4mFwpYcR6/ikF3CPU6IzyTE3eeBgdFJFSdsnus818ohQLHXMklXGI6D/SensoxrdA0DdMd/a3ZDGPgs0FUSploUj3UmI1JwKlhbbsWIRoQPSY8modop2MqmLvFBmL9BopE7kiK/U0HezZN5N/fRy8S+vFWvvqJPwIIo1C+h4kBcLpEOU3wB1uWRUi2FGCJU8a4hon0hCdXapYrY6LlcO9q0KRr/J9+r2Xvm4bF3iUu0UxijAFmzDLlhwCDW4gDrYQCGFB3iGF+PWuDMejadxdMr4+rMBEzBePwHouZPa</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="9o/zedEX40WarNnmu7/hFNdHfDo=">AAAB9XicdVDLSgMxFM3UV62vURcu3ASL4GrIWPGFQsGNywqOLbRlyKSZNjSTGZKMWIb5FTeKK8Xf8Bf8GzNtXdTHgcDhnBPuvSdIOFMaoU+rNDe/sLhUXq6srK6tb9ibW3cqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+FV4TfvqVQsFrd6lNBuhPuChYxgbSTf3mHCR/D8EmadCOsB0zDEXNHct6uug8aA/5MqmKLh2x+dXkzSiApNOFaq7aJEdzMsNSOc5pVOqmiCyRD3aTZeO4f7RurBMJbmCQ3H6kwOR0qNosAki93UT68Q//LaqQ5PuxkTSaqpIJNBYcqhjmHRAewxSYnmI0MwkcxsCMkAS0y0aapiTkdO7fjIrSH4m3yf7h06Z457g6r1i2kHZbAL9sABcMEJqINr0AAeICAHT+AVvFkP1qP1bL1MoiVr+mcbzMB6/wKl6pFc</latexit>

in1 := f alse
<latexit sha1_base64="dWySVnScnke+4/VUliwXPugoJF4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCqJFV9YLLhxWcHYQlvCZDpph04ezEzEEvIrIiiuFH/DX/A3/AInrS7q48DA4Zwz3HOvF3MmlWW9G1PTM7Nz84WF4uLS8sqqubZ+LaNEEOqQiEei6WFJOQupo5jitBkLigOP04Y3OM/9xg0VkkXhlRrGtBPgXsh8RrDSkmtustC10UkVpe0Aqz5TyMdc0sw1S3bZGgH9T0pnH9X4HgDqrvnW7kYkCWioCMdStmwrVp0UC8UIp1mxnUgaYzLAPZqOamdoR0td5EdCv1ChkTqRw4GUw8DTybyb/Onl4l9eK1H+USdlYZwoGpLxID/hSEUovwHqMkGJ4kNNMBFMN0SkjwUmSl+qqFe3ypWDfbtiod/ke3Vnr3xcti+tUu0UxijAFmzDLthwCDW4gDo4QCCDB3iGF+PWuDMejadxdMr4+rMBEzBePwHqRZPb</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="K0kSAFk1mfpt0YHE15zVJd2WO5o=">AAAB9XicdVDLSsNAFJ3UV62vqAsXbgaL4CokVnyhUHDjsoKxhbaEyXTSDp08mLkRS8ivuFFcKf6Gv+DfOGnroj4ODBzOOcO99/iJ4Aps+9Mozc0vLC6Vlysrq2vrG+bm1p2KU0mZS2MRy5ZPFBM8Yi5wEKyVSEZCX7CmP7wq/OY9k4rH0S2MEtYNST/iAacEtOSZOzzyHHx+ibNOSGDAAQdEKJZ7ZtWx7DHw/6SKpmh45kenF9M0ZBFQQZRqO3YC3YxI4FSwvNJJFUsIHZI+y8Zr53hfSz0cxFK/CPBYncmRUKlR6OtksZv66RXiX147heC0m/EoSYFFdDIoSAWGGBcd4B6XjIIYaUKo5HpDTAdEEgq6qYo+3bZqx0dOzca/yffp7qF1Zjk3drV+Me2gjHbRHjpADjpBdXSNGshFFOXoCb2iN+PBeDSejZdJtGRM/2yjGRjvX6d2kV0=</latexit>

Establishing the invariant
Add assignment to       to establish second disjunct

Thread T0

while(!terminate)

{in0 ^ (¬in1 _ turn = 0)}
while (in1 ^ turn 6= 0);

CS0

. . .

}

{

turn

Thread T1

}

CS1

while(!terminate) {

{in0} {in1}

. . .

NCS0
NCS1

while
{in1 ^ (¬in0 _ turn = 1)}

(in0 ^ turn 6= 1);
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in0 := true in1 := true

turn := 0
<latexit sha1_base64="iW/3X/I56w6ngwfyIueADUHAWf0=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgashY8YXFghuXFRxbaUvJpJk2NJMZkoxQSn/BjeJK0c/xF/wNv8C01UV9HLhwOOdcck+CRHBtMH53MjOzc/ML2cXc0vLK6lp+feNax6mizKexiFUtIJoJLplvuBGslihGokCwatA7H/nVW6Y0j+WV6SesGZGO5CGnxFjpxqRKopMSwq18wXPxGOh/Ujj7KCWvAFBp5d8a7ZimEZOGCqJ13cOJaQ6IMpwKNsw1Us0SQnukwwbjM4dox0ptFMbKjjRorE7lSKR1PwpsMiKmq396I/Evr56a8Kg54DJJDZN08lCYCmRiNOqM2lwxakTfEkIVtxci2iWKUGN/JmerY7d4sO8VMfpNvqv7e+6x613iQvkUJsjCFmzDLnhwCGW4gAr4QCGCe3iCZ6fr3DkPzuMkmnG+djZhCs7LJx91jao=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="vgh2fuNC53qJEEeIIJesvZBsDGw=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgasio+EKh4MZlBcdW2lIyaaYNzWSG5I5QSn/BjeJK8Xf8Bf/G6cNFfRwIHM454d5zg0RJi5R+Orm5+YXFpfxyYWV1bX2juLl1Z+PUcOHzWMWmFjArlNTCR4lK1BIjWBQoUQ16VyO/+iCMlbG+xX4imhHraBlKzjCT7jE1mpxfEtoqljyXjkH+JyWYotIqfjTaMU8joZErZm3dowk2B8yg5EoMC43UioTxHuuIwXjNIdnLpDYJY5M9jWSszuRYZG0/CrJkxLBrf3oj8S+vnmJ42hxInaQoNJ8MClNFMCajzqQtjeCo+hlh3MhsQ8K7zDCO2WUKWXXqHh4feYeU/Cbf1f0D98z1bmipfDG9QR52YBf2wYMTKMM1VMAHDhE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/ANyXiyw=</latexit>

in0 := f alse
<latexit sha1_base64="QCb3uiH69c1WHPoIwDJgbt56CT4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCoTK76wWHDjsoKxhbaEyXTSDp08mJmIJeRXRFBcKf6Gv+Bv+AUmrS7q48DA4Zwz3HOvGwmuNMbvxtT0zOzcfGGhuLi0vLJqrq1fqzCWlNk0FKFsukQxwQNma64Fa0aSEd8VrOEOznO/ccOk4mFwpYcR6/ikF3CPU6IzyTE3eeBgdFJFSdsnus818ohQLHXMklXGI6D/SensoxrdA0DdMd/a3ZDGPgs0FUSploUj3UmI1JwKlhbbsWIRoQPSY8modop2MqmLvFBmL9BopE7kiK/U0HezZN5N/fRy8S+vFWvvqJPwIIo1C+h4kBcLpEOU3wB1uWRUi2FGCJU8a4hon0hCdXapYrY6LlcO9q0KRr/J9+r2Xvm4bF3iUu0UxijAFmzDLlhwCDW4gDrYQCGFB3iGF+PWuDMejadxdMr4+rMBEzBePwHouZPa</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="9o/zedEX40WarNnmu7/hFNdHfDo=">AAAB9XicdVDLSgMxFM3UV62vURcu3ASL4GrIWPGFQsGNywqOLbRlyKSZNjSTGZKMWIb5FTeKK8Xf8Bf8GzNtXdTHgcDhnBPuvSdIOFMaoU+rNDe/sLhUXq6srK6tb9ibW3cqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+FV4TfvqVQsFrd6lNBuhPuChYxgbSTf3mHCR/D8EmadCOsB0zDEXNHct6uug8aA/5MqmKLh2x+dXkzSiApNOFaq7aJEdzMsNSOc5pVOqmiCyRD3aTZeO4f7RurBMJbmCQ3H6kwOR0qNosAki93UT68Q//LaqQ5PuxkTSaqpIJNBYcqhjmHRAewxSYnmI0MwkcxsCMkAS0y0aapiTkdO7fjIrSH4m3yf7h06Z457g6r1i2kHZbAL9sABcMEJqINr0AAeICAHT+AVvFkP1qP1bL1MoiVr+mcbzMB6/wKl6pFc</latexit>

in1 := f alse
<latexit sha1_base64="dWySVnScnke+4/VUliwXPugoJF4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCqJFV9YLLhxWcHYQlvCZDpph04ezEzEEvIrIiiuFH/DX/A3/AInrS7q48DA4Zwz3HOvF3MmlWW9G1PTM7Nz84WF4uLS8sqqubZ+LaNEEOqQiEei6WFJOQupo5jitBkLigOP04Y3OM/9xg0VkkXhlRrGtBPgXsh8RrDSkmtustC10UkVpe0Aqz5TyMdc0sw1S3bZGgH9T0pnH9X4HgDqrvnW7kYkCWioCMdStmwrVp0UC8UIp1mxnUgaYzLAPZqOamdoR0td5EdCv1ChkTqRw4GUw8DTybyb/Onl4l9eK1H+USdlYZwoGpLxID/hSEUovwHqMkGJ4kNNMBFMN0SkjwUmSl+qqFe3ypWDfbtiod/ke3Vnr3xcti+tUu0UxijAFmzDLthwCDW4gDo4QCCDB3iGF+PWuDMejadxdMr4+rMBEzBePwHqRZPb</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="K0kSAFk1mfpt0YHE15zVJd2WO5o=">AAAB9XicdVDLSsNAFJ3UV62vqAsXbgaL4CokVnyhUHDjsoKxhbaEyXTSDp08mLkRS8ivuFFcKf6Gv+DfOGnroj4ODBzOOcO99/iJ4Aps+9Mozc0vLC6Vlysrq2vrG+bm1p2KU0mZS2MRy5ZPFBM8Yi5wEKyVSEZCX7CmP7wq/OY9k4rH0S2MEtYNST/iAacEtOSZOzzyHHx+ibNOSGDAAQdEKJZ7ZtWx7DHw/6SKpmh45kenF9M0ZBFQQZRqO3YC3YxI4FSwvNJJFUsIHZI+y8Zr53hfSz0cxFK/CPBYncmRUKlR6OtksZv66RXiX147heC0m/EoSYFFdDIoSAWGGBcd4B6XjIIYaUKo5HpDTAdEEgq6qYo+3bZqx0dOzca/yffp7qF1Zjk3drV+Me2gjHbRHjpADjpBdXSNGshFFOXoCb2iN+PBeDSejZdJtGRM/2yjGRjvX6d2kV0=</latexit>

Establishing the invariant
Add assignment to       to establish second disjunct

Thread T0

while(!terminate)

{in0 ^ (¬in1 _ turn = 0)}
while (in1 ^ turn 6= 0);

CS0

. . .

}

{

turn

Thread T1

}

CS1

while(!terminate) {

{in0} {in1}

. . .

NCS0
NCS1

while
{in1 ^ (¬in0 _ turn = 1)}

(in0 ^ turn 6= 1);
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in0 := true in1 := true

turn := 1
<latexit sha1_base64="KN7WH4APNxPR40vHNREzHSZrtCA=">AAAB5XicdVDLSsNAFL2pr1pfVZduBovgKiRWfGGx4MZlBWMrbSmT6aQdOpmEmRuhlP6CG8WVop/jL/gbfoFpq4v6OHDhcM65zD3jx1IYdJx3KzMzOze/kF3MLS2vrK7l1zeuTZRoxj0WyUjXfGq4FIp7KFDyWqw5DX3Jq37vfORXb7k2IlJX2I95M6QdJQLBKKbSDSZakZMScVv5gms7Y5D/SeHsoxS/AkCllX9rtCOWhFwhk9SYuuvE2BxQjYJJPsw1EsNjynq0wwfjM4dkJ5XaJIh0OgrJWJ3K0dCYfuinyZBi1/z0RuJfXj3B4Kg5ECpOkCs2eShIJMGIjDqTttCcoeynhDIt0gsJ61JNGaY/k0urO3bxYN8tOuQ3+a7u7dnHtnvpFMqnMEEWtmAbdsGFQyjDBVTAAwYh3MMTPFtd6856sB4n0Yz1tbMJU7BePgEg7o2r</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="I8SJydo5khO0QMmW2+pa+TQMc2Y=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8YVCwY3LCo6ttKVk0kwbmskMyR2hlP6CG8WV4u/4C/6N6cNFfRwIHM454d5zw1QKg5736eTm5hcWl/LLhZXVtfWN4ubWnUkyzXjAEpnoWkgNl0LxAAVKXks1p3EoeTXsXY386gPXRiTqFvspb8a0o0QkGEUr3WOmFTm/JH6rWPJdbwzyPynBFJVW8aPRTlgWc4VMUmPqvpdic0A1Cib5sNDIDE8p69EOH4zXHJI9K7VJlGj7FJKxOpOjsTH9OLTJmGLX/PRG4l9ePcPotDkQKs2QKzYZFGWSYEJGnUlbaM5Q9i2hTAu7IWFdqilDe5mCre65h8dH/qFHfpPv6sGBe+b6N16pfDG9QR52YBf2wYcTKMM1VCAABjE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/AN4Qiy0=</latexit>

turn := 0
<latexit sha1_base64="iW/3X/I56w6ngwfyIueADUHAWf0=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgashY8YXFghuXFRxbaUvJpJk2NJMZkoxQSn/BjeJK0c/xF/wNv8C01UV9HLhwOOdcck+CRHBtMH53MjOzc/ML2cXc0vLK6lp+feNax6mizKexiFUtIJoJLplvuBGslihGokCwatA7H/nVW6Y0j+WV6SesGZGO5CGnxFjpxqRKopMSwq18wXPxGOh/Ujj7KCWvAFBp5d8a7ZimEZOGCqJ13cOJaQ6IMpwKNsw1Us0SQnukwwbjM4dox0ptFMbKjjRorE7lSKR1PwpsMiKmq396I/Evr56a8Kg54DJJDZN08lCYCmRiNOqM2lwxakTfEkIVtxci2iWKUGN/JmerY7d4sO8VMfpNvqv7e+6x613iQvkUJsjCFmzDLnhwCGW4gAr4QCGCe3iCZ6fr3DkPzuMkmnG+djZhCs7LJx91jao=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="vgh2fuNC53qJEEeIIJesvZBsDGw=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgasio+EKh4MZlBcdW2lIyaaYNzWSG5I5QSn/BjeJK8Xf8Bf/G6cNFfRwIHM454d5zg0RJi5R+Orm5+YXFpfxyYWV1bX2juLl1Z+PUcOHzWMWmFjArlNTCR4lK1BIjWBQoUQ16VyO/+iCMlbG+xX4imhHraBlKzjCT7jE1mpxfEtoqljyXjkH+JyWYotIqfjTaMU8joZErZm3dowk2B8yg5EoMC43UioTxHuuIwXjNIdnLpDYJY5M9jWSszuRYZG0/CrJkxLBrf3oj8S+vnmJ42hxInaQoNJ8MClNFMCajzqQtjeCo+hlh3MhsQ8K7zDCO2WUKWXXqHh4feYeU/Cbf1f0D98z1bmipfDG9QR52YBf2wYMTKMM1VMAHDhE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/ANyXiyw=</latexit>

in0 := f alse
<latexit sha1_base64="QCb3uiH69c1WHPoIwDJgbt56CT4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCoTK76wWHDjsoKxhbaEyXTSDp08mJmIJeRXRFBcKf6Gv+Bv+AUmrS7q48DA4Zwz3HOvGwmuNMbvxtT0zOzcfGGhuLi0vLJqrq1fqzCWlNk0FKFsukQxwQNma64Fa0aSEd8VrOEOznO/ccOk4mFwpYcR6/ikF3CPU6IzyTE3eeBgdFJFSdsnus818ohQLHXMklXGI6D/SensoxrdA0DdMd/a3ZDGPgs0FUSploUj3UmI1JwKlhbbsWIRoQPSY8modop2MqmLvFBmL9BopE7kiK/U0HezZN5N/fRy8S+vFWvvqJPwIIo1C+h4kBcLpEOU3wB1uWRUi2FGCJU8a4hon0hCdXapYrY6LlcO9q0KRr/J9+r2Xvm4bF3iUu0UxijAFmzDLlhwCDW4gDrYQCGFB3iGF+PWuDMejadxdMr4+rMBEzBePwHouZPa</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="9o/zedEX40WarNnmu7/hFNdHfDo=">AAAB9XicdVDLSgMxFM3UV62vURcu3ASL4GrIWPGFQsGNywqOLbRlyKSZNjSTGZKMWIb5FTeKK8Xf8Bf8GzNtXdTHgcDhnBPuvSdIOFMaoU+rNDe/sLhUXq6srK6tb9ibW3cqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+FV4TfvqVQsFrd6lNBuhPuChYxgbSTf3mHCR/D8EmadCOsB0zDEXNHct6uug8aA/5MqmKLh2x+dXkzSiApNOFaq7aJEdzMsNSOc5pVOqmiCyRD3aTZeO4f7RurBMJbmCQ3H6kwOR0qNosAki93UT68Q//LaqQ5PuxkTSaqpIJNBYcqhjmHRAewxSYnmI0MwkcxsCMkAS0y0aapiTkdO7fjIrSH4m3yf7h06Z457g6r1i2kHZbAL9sABcMEJqINr0AAeICAHT+AVvFkP1qP1bL1MoiVr+mcbzMB6/wKl6pFc</latexit>

in1 := f alse
<latexit sha1_base64="dWySVnScnke+4/VUliwXPugoJF4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCqJFV9YLLhxWcHYQlvCZDpph04ezEzEEvIrIiiuFH/DX/A3/AInrS7q48DA4Zwz3HOvF3MmlWW9G1PTM7Nz84WF4uLS8sqqubZ+LaNEEOqQiEei6WFJOQupo5jitBkLigOP04Y3OM/9xg0VkkXhlRrGtBPgXsh8RrDSkmtustC10UkVpe0Aqz5TyMdc0sw1S3bZGgH9T0pnH9X4HgDqrvnW7kYkCWioCMdStmwrVp0UC8UIp1mxnUgaYzLAPZqOamdoR0td5EdCv1ChkTqRw4GUw8DTybyb/Onl4l9eK1H+USdlYZwoGpLxID/hSEUovwHqMkGJ4kNNMBFMN0SkjwUmSl+qqFe3ypWDfbtiod/ke3Vnr3xcti+tUu0UxijAFmzDLthwCDW4gDo4QCCDB3iGF+PWuDMejadxdMr4+rMBEzBePwHqRZPb</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="K0kSAFk1mfpt0YHE15zVJd2WO5o=">AAAB9XicdVDLSsNAFJ3UV62vqAsXbgaL4CokVnyhUHDjsoKxhbaEyXTSDp08mLkRS8ivuFFcKf6Gv+DfOGnroj4ODBzOOcO99/iJ4Aps+9Mozc0vLC6Vlysrq2vrG+bm1p2KU0mZS2MRy5ZPFBM8Yi5wEKyVSEZCX7CmP7wq/OY9k4rH0S2MEtYNST/iAacEtOSZOzzyHHx+ibNOSGDAAQdEKJZ7ZtWx7DHw/6SKpmh45kenF9M0ZBFQQZRqO3YC3YxI4FSwvNJJFUsIHZI+y8Zr53hfSz0cxFK/CPBYncmRUKlR6OtksZv66RXiX147heC0m/EoSYFFdDIoSAWGGBcd4B6XjIIYaUKo5HpDTAdEEgq6qYo+3bZqx0dOzca/yffp7qF1Zjk3drV+Me2gjHbRHjpADjpBdXSNGshFFOXoCb2iN+PBeDSejZdJtGRM/2yjGRjvX6d2kV0=</latexit>



Are we there yet?

Thread T0

while(!terminate)

{in0 ^ (¬in1 _ turn = 0)}
while (in1 ^ turn 6= 0);

CS0

. . .

}

{
Thread T1

}

CS1

while(!terminate) {

{in0} {in1}

. . .

NCS0
NCS1

while
{in1 ^ (¬in0 _ turn = 1)}

(in0 ^ turn 6= 1);

�36

in0 := true in1 := true

turn := 1
<latexit sha1_base64="KN7WH4APNxPR40vHNREzHSZrtCA=">AAAB5XicdVDLSsNAFL2pr1pfVZduBovgKiRWfGGx4MZlBWMrbSmT6aQdOpmEmRuhlP6CG8WVop/jL/gbfoFpq4v6OHDhcM65zD3jx1IYdJx3KzMzOze/kF3MLS2vrK7l1zeuTZRoxj0WyUjXfGq4FIp7KFDyWqw5DX3Jq37vfORXb7k2IlJX2I95M6QdJQLBKKbSDSZakZMScVv5gms7Y5D/SeHsoxS/AkCllX9rtCOWhFwhk9SYuuvE2BxQjYJJPsw1EsNjynq0wwfjM4dkJ5XaJIh0OgrJWJ3K0dCYfuinyZBi1/z0RuJfXj3B4Kg5ECpOkCs2eShIJMGIjDqTttCcoeynhDIt0gsJ61JNGaY/k0urO3bxYN8tOuQ3+a7u7dnHtnvpFMqnMEEWtmAbdsGFQyjDBVTAAwYh3MMTPFtd6856sB4n0Yz1tbMJU7BePgEg7o2r</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="I8SJydo5khO0QMmW2+pa+TQMc2Y=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8YVCwY3LCo6ttKVk0kwbmskMyR2hlP6CG8WV4u/4C/6N6cNFfRwIHM454d5zw1QKg5736eTm5hcWl/LLhZXVtfWN4ubWnUkyzXjAEpnoWkgNl0LxAAVKXks1p3EoeTXsXY386gPXRiTqFvspb8a0o0QkGEUr3WOmFTm/JH6rWPJdbwzyPynBFJVW8aPRTlgWc4VMUmPqvpdic0A1Cib5sNDIDE8p69EOH4zXHJI9K7VJlGj7FJKxOpOjsTH9OLTJmGLX/PRG4l9ePcPotDkQKs2QKzYZFGWSYEJGnUlbaM5Q9i2hTAu7IWFdqilDe5mCre65h8dH/qFHfpPv6sGBe+b6N16pfDG9QR52YBf2wYcTKMM1VCAABjE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/AN4Qiy0=</latexit>

turn := 0
<latexit sha1_base64="iW/3X/I56w6ngwfyIueADUHAWf0=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgashY8YXFghuXFRxbaUvJpJk2NJMZkoxQSn/BjeJK0c/xF/wNv8C01UV9HLhwOOdcck+CRHBtMH53MjOzc/ML2cXc0vLK6lp+feNax6mizKexiFUtIJoJLplvuBGslihGokCwatA7H/nVW6Y0j+WV6SesGZGO5CGnxFjpxqRKopMSwq18wXPxGOh/Ujj7KCWvAFBp5d8a7ZimEZOGCqJ13cOJaQ6IMpwKNsw1Us0SQnukwwbjM4dox0ptFMbKjjRorE7lSKR1PwpsMiKmq396I/Evr56a8Kg54DJJDZN08lCYCmRiNOqM2lwxakTfEkIVtxci2iWKUGN/JmerY7d4sO8VMfpNvqv7e+6x613iQvkUJsjCFmzDLnhwCGW4gAr4QCGCe3iCZ6fr3DkPzuMkmnG+djZhCs7LJx91jao=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="vgh2fuNC53qJEEeIIJesvZBsDGw=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgasio+EKh4MZlBcdW2lIyaaYNzWSG5I5QSn/BjeJK8Xf8Bf/G6cNFfRwIHM454d5zg0RJi5R+Orm5+YXFpfxyYWV1bX2juLl1Z+PUcOHzWMWmFjArlNTCR4lK1BIjWBQoUQ16VyO/+iCMlbG+xX4imhHraBlKzjCT7jE1mpxfEtoqljyXjkH+JyWYotIqfjTaMU8joZErZm3dowk2B8yg5EoMC43UioTxHuuIwXjNIdnLpDYJY5M9jWSszuRYZG0/CrJkxLBrf3oj8S+vnmJ42hxInaQoNJ8MClNFMCajzqQtjeCo+hlh3MhsQ8K7zDCO2WUKWXXqHh4feYeU/Cbf1f0D98z1bmipfDG9QR52YBf2wYMTKMM1VMAHDhE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/ANyXiyw=</latexit>

in0 := f alse
<latexit sha1_base64="QCb3uiH69c1WHPoIwDJgbt56CT4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCoTK76wWHDjsoKxhbaEyXTSDp08mJmIJeRXRFBcKf6Gv+Bv+AUmrS7q48DA4Zwz3HOvGwmuNMbvxtT0zOzcfGGhuLi0vLJqrq1fqzCWlNk0FKFsukQxwQNma64Fa0aSEd8VrOEOznO/ccOk4mFwpYcR6/ikF3CPU6IzyTE3eeBgdFJFSdsnus818ohQLHXMklXGI6D/SensoxrdA0DdMd/a3ZDGPgs0FUSploUj3UmI1JwKlhbbsWIRoQPSY8modop2MqmLvFBmL9BopE7kiK/U0HezZN5N/fRy8S+vFWvvqJPwIIo1C+h4kBcLpEOU3wB1uWRUi2FGCJU8a4hon0hCdXapYrY6LlcO9q0KRr/J9+r2Xvm4bF3iUu0UxijAFmzDLlhwCDW4gDrYQCGFB3iGF+PWuDMejadxdMr4+rMBEzBePwHouZPa</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="9o/zedEX40WarNnmu7/hFNdHfDo=">AAAB9XicdVDLSgMxFM3UV62vURcu3ASL4GrIWPGFQsGNywqOLbRlyKSZNjSTGZKMWIb5FTeKK8Xf8Bf8GzNtXdTHgcDhnBPuvSdIOFMaoU+rNDe/sLhUXq6srK6tb9ibW3cqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+FV4TfvqVQsFrd6lNBuhPuChYxgbSTf3mHCR/D8EmadCOsB0zDEXNHct6uug8aA/5MqmKLh2x+dXkzSiApNOFaq7aJEdzMsNSOc5pVOqmiCyRD3aTZeO4f7RurBMJbmCQ3H6kwOR0qNosAki93UT68Q//LaqQ5PuxkTSaqpIJNBYcqhjmHRAewxSYnmI0MwkcxsCMkAS0y0aapiTkdO7fjIrSH4m3yf7h06Z457g6r1i2kHZbAL9sABcMEJqINr0AAeICAHT+AVvFkP1qP1bL1MoiVr+mcbzMB6/wKl6pFc</latexit>

in1 := f alse
<latexit sha1_base64="dWySVnScnke+4/VUliwXPugoJF4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCqJFV9YLLhxWcHYQlvCZDpph04ezEzEEvIrIiiuFH/DX/A3/AInrS7q48DA4Zwz3HOvF3MmlWW9G1PTM7Nz84WF4uLS8sqqubZ+LaNEEOqQiEei6WFJOQupo5jitBkLigOP04Y3OM/9xg0VkkXhlRrGtBPgXsh8RrDSkmtustC10UkVpe0Aqz5TyMdc0sw1S3bZGgH9T0pnH9X4HgDqrvnW7kYkCWioCMdStmwrVp0UC8UIp1mxnUgaYzLAPZqOamdoR0td5EdCv1ChkTqRw4GUw8DTybyb/Onl4l9eK1H+USdlYZwoGpLxID/hSEUovwHqMkGJ4kNNMBFMN0SkjwUmSl+qqFe3ypWDfbtiod/ke3Vnr3xcti+tUu0UxijAFmzDLthwCDW4gDo4QCCDB3iGF+PWuDMejadxdMr4+rMBEzBePwHqRZPb</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="K0kSAFk1mfpt0YHE15zVJd2WO5o=">AAAB9XicdVDLSsNAFJ3UV62vqAsXbgaL4CokVnyhUHDjsoKxhbaEyXTSDp08mLkRS8ivuFFcKf6Gv+DfOGnroj4ODBzOOcO99/iJ4Aps+9Mozc0vLC6Vlysrq2vrG+bm1p2KU0mZS2MRy5ZPFBM8Yi5wEKyVSEZCX7CmP7wq/OY9k4rH0S2MEtYNST/iAacEtOSZOzzyHHx+ibNOSGDAAQdEKJZ7ZtWx7DHw/6SKpmh45kenF9M0ZBFQQZRqO3YC3YxI4FSwvNJJFUsIHZI+y8Zr53hfSz0cxFK/CPBYncmRUKlR6OtksZv66RXiX147heC0m/EoSYFFdDIoSAWGGBcd4B6XjIIYaUKo5HpDTAdEEgq6qYo+3bZqx0dOzca/yffp7qF1Zjk3drV+Me2gjHbRHjpADjpBdXSNGshFFOXoCb2iN+PBeDSejZdJtGRM/2yjGRjvX6d2kV0=</latexit>

T1’s PC

↵1

{in0 ^ (¬in1 _ turn = 0 _ at(↵1))}

auxiliary

variable

…and we are gold!

Thread T0

while(!terminate)

while (in1 ^ turn 6= 0);

CS0

. . .

}

{
Thread T1

}

CS1

while(!terminate) {

{in0} {in1}

. . .

NCS0
NCS1

while (in0 ^ turn 6= 1);

�37

in0 := true in1 := true

turn := 1
<latexit sha1_base64="KN7WH4APNxPR40vHNREzHSZrtCA=">AAAB5XicdVDLSsNAFL2pr1pfVZduBovgKiRWfGGx4MZlBWMrbSmT6aQdOpmEmRuhlP6CG8WVop/jL/gbfoFpq4v6OHDhcM65zD3jx1IYdJx3KzMzOze/kF3MLS2vrK7l1zeuTZRoxj0WyUjXfGq4FIp7KFDyWqw5DX3Jq37vfORXb7k2IlJX2I95M6QdJQLBKKbSDSZakZMScVv5gms7Y5D/SeHsoxS/AkCllX9rtCOWhFwhk9SYuuvE2BxQjYJJPsw1EsNjynq0wwfjM4dkJ5XaJIh0OgrJWJ3K0dCYfuinyZBi1/z0RuJfXj3B4Kg5ECpOkCs2eShIJMGIjDqTttCcoeynhDIt0gsJ61JNGaY/k0urO3bxYN8tOuQ3+a7u7dnHtnvpFMqnMEEWtmAbdsGFQyjDBVTAAwYh3MMTPFtd6856sB4n0Yz1tbMJU7BePgEg7o2r</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="KiS7+/kNqBuZUC4CnWWu9kfqJJ8=">AAAB5XicdVDLSsNAFL2prxpfVZduBovgKiRWfGGx4MZlBWOVtpTJdNoOnUzCzI1QSn/BjeJKceHP+Afib/gFpq0u6uPAhcM55zL3TBBLYdB1363M1PTM7Fx23l5YXFpeya2uXZoo0Yz7LJKRvgqo4VIo7qNAya9izWkYSF4JuqdDv3LDtRGRusBezOshbSvREoxiKl1johU5KhKvkct7jjsC+Z/kTz6K8cubXSw3cq+1ZsSSkCtkkhpT9dwY632qUTDJB3YtMTymrEvbvD86c0C2UqlJWpFORyEZqRM5GhrTC4M0GVLsmJ/eUPzLqybYOqj3hYoT5IqNH2olkmBEhp1JU2jOUPZSQpkW6YWEdaimDNOfsdPqrlPY2/UKLvlNvqv7O86h4527+dIxjJGFDdiEbfBgH0pwBmXwgUEId/AIT1bHurXurYdxNGN97azDBKznT5dIjsw=</latexit><latexit sha1_base64="I8SJydo5khO0QMmW2+pa+TQMc2Y=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgaphR8YVCwY3LCo6ttKVk0kwbmskMyR2hlP6CG8WV4u/4C/6N6cNFfRwIHM454d5zw1QKg5736eTm5hcWl/LLhZXVtfWN4ubWnUkyzXjAEpnoWkgNl0LxAAVKXks1p3EoeTXsXY386gPXRiTqFvspb8a0o0QkGEUr3WOmFTm/JH6rWPJdbwzyPynBFJVW8aPRTlgWc4VMUmPqvpdic0A1Cib5sNDIDE8p69EOH4zXHJI9K7VJlGj7FJKxOpOjsTH9OLTJmGLX/PRG4l9ePcPotDkQKs2QKzYZFGWSYEJGnUlbaM5Q9i2hTAu7IWFdqilDe5mCre65h8dH/qFHfpPv6sGBe+b6N16pfDG9QR52YBf2wYcTKMM1VCAABjE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/AN4Qiy0=</latexit>

turn := 0
<latexit sha1_base64="iW/3X/I56w6ngwfyIueADUHAWf0=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgashY8YXFghuXFRxbaUvJpJk2NJMZkoxQSn/BjeJK0c/xF/wNv8C01UV9HLhwOOdcck+CRHBtMH53MjOzc/ML2cXc0vLK6lp+feNax6mizKexiFUtIJoJLplvuBGslihGokCwatA7H/nVW6Y0j+WV6SesGZGO5CGnxFjpxqRKopMSwq18wXPxGOh/Ujj7KCWvAFBp5d8a7ZimEZOGCqJ13cOJaQ6IMpwKNsw1Us0SQnukwwbjM4dox0ptFMbKjjRorE7lSKR1PwpsMiKmq396I/Evr56a8Kg54DJJDZN08lCYCmRiNOqM2lwxakTfEkIVtxci2iWKUGN/JmerY7d4sO8VMfpNvqv7e+6x613iQvkUJsjCFmzDLnhwCGW4gAr4QCGCe3iCZ6fr3DkPzuMkmnG+djZhCs7LJx91jao=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="6U0fiyleqQtdyDgR8q0NPzcR5Pc=">AAAB5XicdVDLSgMxFM3UVx1fVZdugkVwNWSs+MJiwY3LCo5V2lIyadqGZjJDckcopb/gRnGluPBn/APxN/wC01YX9XHgwuGcc8k9CRMpDBDy7mSmpmdm57Lz7sLi0vJKbnXt0sSpZjxgsYz1VUgNl0LxAARIfpVoTqNQ8krYPR36lRuujYjVBfQSXo9oW4mWYBSsdA2pVvioiEkjl/c9MgL+n+RPPorJy5tbLDdyr7VmzNKIK2CSGlP1SQL1PtUgmOQDt5YanlDWpW3eH505wFtWauJWrO0owCN1IkcjY3pRaJMRhY756Q3Fv7xqCq2Del+oJAWu2PihVioxxHjYGTeF5gxkzxLKtLAXYtahmjKwP+Pa6sQr7O36BYJ/k+/qwY536PnnJF86RmNk0QbaRNvIR/uohM5QGQWIoQjdoUf05HScW+feeRhHM87XzjqagPP8CZXPjss=</latexit><latexit sha1_base64="vgh2fuNC53qJEEeIIJesvZBsDGw=">AAAB5XicdVDLSgMxFL1TX7W+qi7dBIvgasio+EKh4MZlBcdW2lIyaaYNzWSG5I5QSn/BjeJK8Xf8Bf/G6cNFfRwIHM454d5zg0RJi5R+Orm5+YXFpfxyYWV1bX2juLl1Z+PUcOHzWMWmFjArlNTCR4lK1BIjWBQoUQ16VyO/+iCMlbG+xX4imhHraBlKzjCT7jE1mpxfEtoqljyXjkH+JyWYotIqfjTaMU8joZErZm3dowk2B8yg5EoMC43UioTxHuuIwXjNIdnLpDYJY5M9jWSszuRYZG0/CrJkxLBrf3oj8S+vnmJ42hxInaQoNJ8MClNFMCajzqQtjeCo+hlh3MhsQ8K7zDCO2WUKWXXqHh4feYeU/Cbf1f0D98z1bmipfDG9QR52YBf2wYMTKMM1VMAHDhE8wSu8OV3n0Xl2XibRnDP9sw0zcN6/ANyXiyw=</latexit>

in0 := f alse
<latexit sha1_base64="QCb3uiH69c1WHPoIwDJgbt56CT4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCoTK76wWHDjsoKxhbaEyXTSDp08mJmIJeRXRFBcKf6Gv+Bv+AUmrS7q48DA4Zwz3HOvGwmuNMbvxtT0zOzcfGGhuLi0vLJqrq1fqzCWlNk0FKFsukQxwQNma64Fa0aSEd8VrOEOznO/ccOk4mFwpYcR6/ikF3CPU6IzyTE3eeBgdFJFSdsnus818ohQLHXMklXGI6D/SensoxrdA0DdMd/a3ZDGPgs0FUSploUj3UmI1JwKlhbbsWIRoQPSY8modop2MqmLvFBmL9BopE7kiK/U0HezZN5N/fRy8S+vFWvvqJPwIIo1C+h4kBcLpEOU3wB1uWRUi2FGCJU8a4hon0hCdXapYrY6LlcO9q0KRr/J9+r2Xvm4bF3iUu0UxijAFmzDLlhwCDW4gDrYQCGFB3iGF+PWuDMejadxdMr4+rMBEzBePwHouZPa</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="v2R5PecBaSMXP+gHQGddNsIb0kk=">AAAB9XicdVDLSgMxFM3UVx1foy5cuAkWwdWQseILiwU3Lis4ttCWIZNm2tDMgyQjlmF+xU3FleJv+Afib/gFpq0u6uNA4HDOCffc6yecSYXQu1GYmZ2bXygumkvLK6tr1vrGjYxTQahLYh6Lho8l5SyirmKK00YiKA59Tut+/2Lk12+pkCyOrtUgoe0QdyMWMIKVljxri0UegqcVmLVCrHpMwQBzSXPPKjk2GgP+T0rnH5Vk+GZWap712urEJA1ppAjHUjYdlKh2hoVihNPcbKWSJpj0cZdm49o53NVSBwax0C9ScKxO5XAo5SD0dXLUTf70RuJfXjNVwXE7Y1GSKhqRyaAg5VDFcHQD2GGCEsUHmmAimG4ISQ8LTJS+lKlXR3b58MApI/ibfK/u7tsntnOFStUzMEERbIMdsAcccASq4BLUgAsIyMEQPIFn4864Nx6Mx0m0YHz92QRTMF4+AV8ilPs=</latexit><latexit sha1_base64="9o/zedEX40WarNnmu7/hFNdHfDo=">AAAB9XicdVDLSgMxFM3UV62vURcu3ASL4GrIWPGFQsGNywqOLbRlyKSZNjSTGZKMWIb5FTeKK8Xf8Bf8GzNtXdTHgcDhnBPuvSdIOFMaoU+rNDe/sLhUXq6srK6tb9ibW3cqTiWhHol5LFsBVpQzQT3NNKetRFIcBZw2g+FV4TfvqVQsFrd6lNBuhPuChYxgbSTf3mHCR/D8EmadCOsB0zDEXNHct6uug8aA/5MqmKLh2x+dXkzSiApNOFaq7aJEdzMsNSOc5pVOqmiCyRD3aTZeO4f7RurBMJbmCQ3H6kwOR0qNosAki93UT68Q//LaqQ5PuxkTSaqpIJNBYcqhjmHRAewxSYnmI0MwkcxsCMkAS0y0aapiTkdO7fjIrSH4m3yf7h06Z457g6r1i2kHZbAL9sABcMEJqINr0AAeICAHT+AVvFkP1qP1bL1MoiVr+mcbzMB6/wKl6pFc</latexit>

in1 := f alse
<latexit sha1_base64="dWySVnScnke+4/VUliwXPugoJF4=">AAAB9XicdVDLSsNAFL3xWesr6sKFm8EiuCqJFV9YLLhxWcHYQlvCZDpph04ezEzEEvIrIiiuFH/DX/A3/AInrS7q48DA4Zwz3HOvF3MmlWW9G1PTM7Nz84WF4uLS8sqqubZ+LaNEEOqQiEei6WFJOQupo5jitBkLigOP04Y3OM/9xg0VkkXhlRrGtBPgXsh8RrDSkmtustC10UkVpe0Aqz5TyMdc0sw1S3bZGgH9T0pnH9X4HgDqrvnW7kYkCWioCMdStmwrVp0UC8UIp1mxnUgaYzLAPZqOamdoR0td5EdCv1ChkTqRw4GUw8DTybyb/Onl4l9eK1H+USdlYZwoGpLxID/hSEUovwHqMkGJ4kNNMBFMN0SkjwUmSl+qqFe3ypWDfbtiod/ke3Vnr3xcti+tUu0UxijAFmzDLthwCDW4gDo4QCCDB3iGF+PWuDMejadxdMr4+rMBEzBePwHqRZPb</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="oDf2cBbYn/5HBx2FRt5zINrKC6I=">AAAB9XicdVDLSsNAFJ3UV42vqAsXbgaL4CokVnxhseDGZQVjC20Jk+mkHTqZhJmJWEJ+xU3FleJv+Afib/gFTltd1MeBgcM5Z7jn3iBhVCrHeTcKM7Nz8wvFRXNpeWV1zVrfuJFxKjDxcMxi0QiQJIxy4imqGGkkgqAoYKQe9C9Gfv2WCEljfq0GCWlHqMtpSDFSWvKtLcp9F55WYNaKkOpRBUPEJMl9q+Tazhjwf1I6/6gkwzezUvOt11YnxmlEuMIMSdl0nUS1MyQUxYzkZiuVJEG4j7okG9fO4a6WOjCMhX5cwbE6lUORlIMo0MlRN/nTG4l/ec1UhcftjPIkVYTjyaAwZVDFcHQD2KGCYMUGmiAsqG4IcQ8JhJW+lKlXd+zy4YFbduBv8r26t2+f2O6VU6qegQmKYBvsgD3ggiNQBZegBjyAQQ6G4Ak8G3fGvfFgPE6iBePrzyaYgvHyCWCulPw=</latexit><latexit sha1_base64="K0kSAFk1mfpt0YHE15zVJd2WO5o=">AAAB9XicdVDLSsNAFJ3UV62vqAsXbgaL4CokVnyhUHDjsoKxhbaEyXTSDp08mLkRS8ivuFFcKf6Gv+DfOGnroj4ODBzOOcO99/iJ4Aps+9Mozc0vLC6Vlysrq2vrG+bm1p2KU0mZS2MRy5ZPFBM8Yi5wEKyVSEZCX7CmP7wq/OY9k4rH0S2MEtYNST/iAacEtOSZOzzyHHx+ibNOSGDAAQdEKJZ7ZtWx7DHw/6SKpmh45kenF9M0ZBFQQZRqO3YC3YxI4FSwvNJJFUsIHZI+y8Zr53hfSz0cxFK/CPBYncmRUKlR6OtksZv66RXiX147heC0m/EoSYFFdDIoSAWGGBcd4B6XjIIYaUKo5HpDTAdEEgq6qYo+3bZqx0dOzca/yffp7qF1Zjk3drV+Me2gjHbRHjpADjpBdXSNGshFFOXoCb2iN+PBeDSejZdJtGRM/2yjGRjvX6d2kV0=</latexit>

↵1

{in1 ^ (¬in0 _ turn = 1 _ at(↵0))}

↵0

{in0 ^ (¬in1 _ turn = 0 _ at(↵1))}

Peterson: Safety

Thread T0

while(!terminate)

while

. . .

Thread T1

while(!terminate)

while

. . .

{in1 ^ (¬in0 _ turn = 1 _ at(↵0))}{in0 ^ (¬in1 _ turn = 0 _ at(↵1))}

↵1↵0

NCS1NCS0

turn = 0

in1 = falsein0 = false

turn = 1
{in1}{in0}

(in0 ^ turn 6= 1)

CS1CS0

(in1 ^ turn 6= 0);

in0 := true in1 := true

}

{ {

}in0 ∧ (¬in1 ∨ turn = 0 ∨ at(α1))∧in1 ∧ (¬in0 ∨ turn = 1 ∨ at(α0))∧¬at(α0)∧¬at(α1) =

= (turn = 0) ∧ (turn = 1) = false

If both in the critical section, then:
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Peterson: Non-blocking

Blocking Scenario: T0  before NCS0, T1 stuck at while loop


while(!terminate) while(!terminate){
{S1 : ¬in1 ^ (turn = 1 _ turn = 0)}

while

CS1CS0

NCS0

{S3}

{S1}

{

in1 := true
{S2 : in1 ^ (turn = 1 _ turn = 0)}
turn := 0
{S2}

(in0 ^ turn 6= 1);while
{S3 : in1 ^ (¬in0 _ turn = 1 _ at(↵0))}

in1 = false

NCS1
}

{R1}

{R2}

{R3}

{R3 : in0 ^ (¬in1 _ turn = 0 _ at(↵1))}
(in1 ^ turn 6= 0);

turn = 1

in0 = false

in0 = true

↵0 ↵1

{R2 : in0 ^ (turn = 1 _ turn = 0)}

{R1 : ¬in0 ^ (turn = 1 _ turn = 0)}

}

R1 ^ S2 ^ in0 ^ (turn = 0) = ¬in0 ^ in1 ^ in0 ^ (turn = 0) = false
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T0’s PC

T1’s PC



Peterson: Deadlock-free

Blocking Scenario: T0  and T1 at the while loop, before entering critical section

{
{S1 : ¬in1 ^ (turn = 1 _ turn = 0)}

CS1CS0

NCS0

{S3}

{S1}

in1 := true
{S2 : in1 ^ (turn = 1 _ turn = 0)}
turn := 0
{S2}

(in0 ^ turn 6= 1);
{S3 : in1 ^ (¬in0 _ turn = 1 _ at(↵0))}

in1 = false

NCS1
}

{R1}

{R2}

{R3}

{R3 : in0 ^ (¬in1 _ turn = 0 _ at(↵1))}
(in1 ^ turn 6= 0);

turn = 1

in0 = false

in0 = true

↵0 ↵1

{R2 : in0 ^ (turn = 1 _ turn = 0)}

{R1 : ¬in0 ^ (turn = 1 _ turn = 0)}

}

R2 ^ S2 ^ in1 ^ (turn = 1) ^ in0 ^ (turn = 0) ) (turn = 0) ^ (turn = 1) = false
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while

while(!terminate) while(!terminate) {

whileT0’s PC T1’s PC

Taking Stock - I

The critical section problem is very subtle…

…and our solution only covers two threads!


with multiple threads it gets even harder!
non-CS with   threads n

<latexit sha1_base64="8SyzjqS/Utemp/BmWpPKQ2YNi30=">AAAB3XicdVDLSgMxFL1TX7W+qi4FCRbBhQwzVnysLLhx2YJjC21pM2mmDc0kQ5IRSunWjeJK8Vf8BH/Bz/APTFtd1MeBC4dzziX3JEw408bz3p3M3PzC4lJ2Obeyura+kd/cutEyVYQGRHKpaiHWlDNBA8MMp7VEURyHnFbD/uXYr95SpZkU12aQ0GaMu4JFjGBjpYpo5Qu+602A/ieFi4/d1zYAlFv5t0ZHkjSmwhCOta77XmKaQ6wMI5yOco1U0wSTPu7S4eS8Edq3UgdFUtkRBk3UmRyOtR7EoU3G2PT0T28s/uXVUxOdNYdMJKmhgkwfilKOjETjrqjDFCWGDyzBRDF7ISI9rDAx9kdytrrnFk+O/aKHfpPv6sGRe+76Fa9QOoQpsrADe3AAPpxCCa6gDAEQoHAPT/DstJ0758F5nEYzztfONszAefkEc4qK8A==</latexit><latexit sha1_base64="qwfUX6K7JQf9XWgFKLL6cNOm8Rk=">AAAB3XicdVDLSgMxFL1TX7W+qi4FDRbBhQwzVnysLLhx2YJjC22pmTTThmYyQ5IRSulSN4orxV/xE/wFv8GVf2Cm1UV9HLhwOOdcck/8mDOlHefNykxNz8zOZedzC4tLyyv51bVLFSWSUI9EPJI1HyvKmaCeZprTWiwpDn1Oq37vLPWr11QqFokL3Y9pM8QdwQJGsDZSRbTyBdd2RkD/k8Lpx+ZL5f1mq9zKvzbaEUlCKjThWKm668S6OcBSM8LpMNdIFI0x6eEOHYzOG6IdI7VREEkzQqOROpHDoVL90DfJEOuu+uml4l9ePdHBcXPARJxoKsj4oSDhSEco7YraTFKied8QTCQzFyLSxRITbX4kZ6o7dvHwwC066Df5ru7t2ye2W3EKpT0YIwsbsA274MIRlOAcyuABAQp38AhP1pV1a91bD+NoxvraWYcJWM+fZNaMcA==</latexit><latexit sha1_base64="qwfUX6K7JQf9XWgFKLL6cNOm8Rk=">AAAB3XicdVDLSgMxFL1TX7W+qi4FDRbBhQwzVnysLLhx2YJjC22pmTTThmYyQ5IRSulSN4orxV/xE/wFv8GVf2Cm1UV9HLhwOOdcck/8mDOlHefNykxNz8zOZedzC4tLyyv51bVLFSWSUI9EPJI1HyvKmaCeZprTWiwpDn1Oq37vLPWr11QqFokL3Y9pM8QdwQJGsDZSRbTyBdd2RkD/k8Lpx+ZL5f1mq9zKvzbaEUlCKjThWKm668S6OcBSM8LpMNdIFI0x6eEOHYzOG6IdI7VREEkzQqOROpHDoVL90DfJEOuu+uml4l9ePdHBcXPARJxoKsj4oSDhSEco7YraTFKied8QTCQzFyLSxRITbX4kZ6o7dvHwwC066Df5ru7t2ye2W3EKpT0YIwsbsA274MIRlOAcyuABAQp38AhP1pV1a91bD+NoxvraWYcJWM+fZNaMcA==</latexit><latexit sha1_base64="qwfUX6K7JQf9XWgFKLL6cNOm8Rk=">AAAB3XicdVDLSgMxFL1TX7W+qi4FDRbBhQwzVnysLLhx2YJjC22pmTTThmYyQ5IRSulSN4orxV/xE/wFv8GVf2Cm1UV9HLhwOOdcck/8mDOlHefNykxNz8zOZedzC4tLyyv51bVLFSWSUI9EPJI1HyvKmaCeZprTWiwpDn1Oq37vLPWr11QqFokL3Y9pM8QdwQJGsDZSRbTyBdd2RkD/k8Lpx+ZL5f1mq9zKvzbaEUlCKjThWKm668S6OcBSM8LpMNdIFI0x6eEOHYzOG6IdI7VREEkzQqOROpHDoVL90DfJEOuu+uml4l9ePdHBcXPARJxoKsj4oSDhSEco7YraTFKied8QTCQzFyLSxRITbX4kZ6o7dvHwwC066Df5ru7t2ye2W3EKpT0YIwsbsA274MIRlOAcyuABAQp38AhP1pV1a91bD+NoxvraWYcJWM+fZNaMcA==</latexit><latexit sha1_base64="qwfUX6K7JQf9XWgFKLL6cNOm8Rk=">AAAB3XicdVDLSgMxFL1TX7W+qi4FDRbBhQwzVnysLLhx2YJjC22pmTTThmYyQ5IRSulSN4orxV/xE/wFv8GVf2Cm1UV9HLhwOOdcck/8mDOlHefNykxNz8zOZedzC4tLyyv51bVLFSWSUI9EPJI1HyvKmaCeZprTWiwpDn1Oq37vLPWr11QqFokL3Y9pM8QdwQJGsDZSRbTyBdd2RkD/k8Lpx+ZL5f1mq9zKvzbaEUlCKjThWKm668S6OcBSM8LpMNdIFI0x6eEOHYzOG6IdI7VREEkzQqOROpHDoVL90DfJEOuu+uml4l9ePdHBcXPARJxoKsj4oSDhSEco7YraTFKied8QTCQzFyLSxRITbX4kZ6o7dvHwwC066Df5ru7t2ye2W3EKpT0YIwsbsA274MIRlOAcyuABAQp38AhP1pV1a91bD+NoxvraWYcJWM+fZNaMcA==</latexit><latexit sha1_base64="/fdPtszAOIV/CtZciScZhlO7ueU=">AAAB3XicdVDLSgMxFL1TX7W+qi7dBIvgQoYZKz52BTcuW3BsoS01k2ba0ExmSO4IpXTrRnGl+Ev+gn9j+nBRHwcCh3NOuPfcMJXCoOd9Orml5ZXVtfx6YWNza3unuLt3Z5JMMx6wRCa6EVLDpVA8QIGSN1LNaRxKXg8H1xO//sC1EYm6xWHK2zHtKREJRtFKNdUplnzXm4L8T0owR7VT/Gh1E5bFXCGT1Jim76XYHlGNgkk+LrQyw1PKBrTHR9P1xuTISl0SJdo+hWSqLuRobMwwDm0yptg3P72J+JfXzDC6bI+ESjPkis0GRZkkmJBJV9IVmjOUQ0so08JuSFifasrQXqRgq3tu+fzML3vkN/muHpy6V65f80qVk/kN8nAAh3AMPlxABW6gCgEw4PAEr/Dm3DuPzrPzMovmnPmffViA8/4FT+yIig==</latexit>` = 0
<latexit sha1_base64="+QfT6b/aWJp+/8lUWVaNjTazpHA=">AAAB5HicdVBLSgNBFHzjN8Zf1KUgjUFwIUOPET8LMeDGZQTHBJIQezovSZOeD909Qgg5ghvFleI5PIJX8BjewE6ii/gpeFBU1aNfdZBIoQ2l787U9Mzs3HxmIbu4tLyymltbv9Zxqjj6PJaxqgRMoxQR+kYYiZVEIQsDieWgez70y7eotIijK9NLsB6ydiRagjNjpUoNpSSnhDZyec+lI5D/Sf7sY+v1BgBKjdxbrRnzNMTIcMm0rno0MfU+U0ZwiYNsLdWYMN5lbeyPrhyQHSs1SStWdiJDRupEjoVa98LAJkNmOvqnNxT/8qqpaR3X+yJKUoMRHz/USiUxMRlWJk2hkBvZs4RxJeyFhHeYYtzYj8na6tQtHB54BUp+k+/q/r574nqXNF/cgzEysAnbsAseHEERLqAEPnCQcA9P8Oy0nTvnwXkcR6ecr50NmIDz8gk2n40O</latexit><latexit sha1_base64="6IL05pZGfJ9nAwjYVTc3nWDOz/A=">AAAB5HicdVDLSgMxFL1TX7W+Rl0KGiyCCxkyVnwsxIIbly04ttCWkkkzbWjmQZIRSunSpRvFleJ3+An+gt/gyj8wbXVRHwcuHM45l9wTPxFcaYzfrMzU9MzsXHY+t7C4tLxir65dqTiVlHk0FrGs+kQxwSPmaa4FqyaSkdAXrOJ3z4d+5ZpJxePoUvcS1ghJO+IBp0QbqVpnQqBThJt23nXwCOh/kj/72Hwpv99slZr2a70V0zRkkaaCKFVzcaIbfSI1p4INcvVUsYTQLmmz/ujKAdoxUgsFsTQTaTRSJ3IkVKoX+iYZEt1RP72h+JdXS3Vw3OjzKEk1i+j4oSAVSMdoWBm1uGRUi54hhEpuLkS0QySh2nxMzlTHTuHwwC1g9Jt8V/f2nRPHLeN8cQ/GyMIGbMMuuHAERbiAEnhAQcAdPMKT1bZurXvrYRzNWF876zAB6/kTJ+uOjg==</latexit><latexit sha1_base64="6IL05pZGfJ9nAwjYVTc3nWDOz/A=">AAAB5HicdVDLSgMxFL1TX7W+Rl0KGiyCCxkyVnwsxIIbly04ttCWkkkzbWjmQZIRSunSpRvFleJ3+An+gt/gyj8wbXVRHwcuHM45l9wTPxFcaYzfrMzU9MzsXHY+t7C4tLxir65dqTiVlHk0FrGs+kQxwSPmaa4FqyaSkdAXrOJ3z4d+5ZpJxePoUvcS1ghJO+IBp0QbqVpnQqBThJt23nXwCOh/kj/72Hwpv99slZr2a70V0zRkkaaCKFVzcaIbfSI1p4INcvVUsYTQLmmz/ujKAdoxUgsFsTQTaTRSJ3IkVKoX+iYZEt1RP72h+JdXS3Vw3OjzKEk1i+j4oSAVSMdoWBm1uGRUi54hhEpuLkS0QySh2nxMzlTHTuHwwC1g9Jt8V/f2nRPHLeN8cQ/GyMIGbMMuuHAERbiAEnhAQcAdPMKT1bZurXvrYRzNWF876zAB6/kTJ+uOjg==</latexit><latexit sha1_base64="6IL05pZGfJ9nAwjYVTc3nWDOz/A=">AAAB5HicdVDLSgMxFL1TX7W+Rl0KGiyCCxkyVnwsxIIbly04ttCWkkkzbWjmQZIRSunSpRvFleJ3+An+gt/gyj8wbXVRHwcuHM45l9wTPxFcaYzfrMzU9MzsXHY+t7C4tLxir65dqTiVlHk0FrGs+kQxwSPmaa4FqyaSkdAXrOJ3z4d+5ZpJxePoUvcS1ghJO+IBp0QbqVpnQqBThJt23nXwCOh/kj/72Hwpv99slZr2a70V0zRkkaaCKFVzcaIbfSI1p4INcvVUsYTQLmmz/ujKAdoxUgsFsTQTaTRSJ3IkVKoX+iYZEt1RP72h+JdXS3Vw3OjzKEk1i+j4oSAVSMdoWBm1uGRUi54hhEpuLkS0QySh2nxMzlTHTuHwwC1g9Jt8V/f2nRPHLeN8cQ/GyMIGbMMuuHAERbiAEnhAQcAdPMKT1bZurXvrYRzNWF876zAB6/kTJ+uOjg==</latexit><latexit sha1_base64="6IL05pZGfJ9nAwjYVTc3nWDOz/A=">AAAB5HicdVDLSgMxFL1TX7W+Rl0KGiyCCxkyVnwsxIIbly04ttCWkkkzbWjmQZIRSunSpRvFleJ3+An+gt/gyj8wbXVRHwcuHM45l9wTPxFcaYzfrMzU9MzsXHY+t7C4tLxir65dqTiVlHk0FrGs+kQxwSPmaa4FqyaSkdAXrOJ3z4d+5ZpJxePoUvcS1ghJO+IBp0QbqVpnQqBThJt23nXwCOh/kj/72Hwpv99slZr2a70V0zRkkaaCKFVzcaIbfSI1p4INcvVUsYTQLmmz/ujKAdoxUgsFsTQTaTRSJ3IkVKoX+iYZEt1RP72h+JdXS3Vw3OjzKEk1i+j4oSAVSMdoWBm1uGRUi54hhEpuLkS0QySh2nxMzlTHTuHwwC1g9Jt8V/f2nRPHLeN8cQ/GyMIGbMMuuHAERbiAEnhAQcAdPMKT1bZurXvrYRzNWF876zAB6/kTJ+uOjg==</latexit><latexit sha1_base64="7EOci8a0i/5iFuGIbuh/353ZiDA=">AAAB5HicdVDJSgNBFHwTtxi3qEcvjUHwIEOPCS4HIeDFYwTHBJIQejpvkiY9C909Qgj5BC+KJ8Xv8Rf8GzuLh7gUNBRV1bxXL0il0IbSTye3tLyyupZfL2xsbm3vFHf37nWSKY4+T2SiGgHTKEWMvhFGYiNVyKJAYj0YXE/8+gMqLZL4zgxTbEesF4tQcGas1GihlOSK0E6x5Ll0CvI/KcEctU7xo9VNeBZhbLhkWjc9mpr2iCkjuMRxoZVpTBkfsB6OpluOyZGVuiRMlH2xIVN1IccirYdRYJMRM33905uIf3nNzIQX7ZGI08xgzGeDwkwSk5BJZdIVCrmRQ0sYV8JuSHifKcaNPUzBVqdu+azilSn5Tb6r+6fupevd0lL1ZH6DPBzAIRyDB+dQhRuogQ8cJDzBK7w5PefReXZeZtGcM/+zDwtw3r8AEwGKqA==</latexit>

` = 1
<latexit sha1_base64="THUalTDNn200mmxpoBIhTUOJ6Hs=">AAAB5HicdVBLSgNBFHwTfzH+oi4FaQyCCxlmEvGzEANuXEZwTCAJsafTkzTp+dD9RgghR3CjuFI8h0fwCh7DG9hJdBE/BQ+Kqnr0q/YTKTQ6zruVmZmdm1/ILuaWlldW1/LrG9c6ThXjHotlrGo+1VyKiHsoUPJaojgNfcmrfu985FdvudIijq6wn/BmSDuRCASjaKRag0tJTonbyhdc2xmD/E8KZx/brzcAUGnl3xrtmKUhj5BJqnXddRJsDqhCwSQf5hqp5gllPdrhg/GVQ7JrpDYJYmUmQjJWp3I01Lof+iYZUuzqn95I/MurpxgcNwciSlLkEZs8FKSSYExGlUlbKM5Q9g2hTAlzIWFdqihD8zE5U92xS4cHbskhv8l3da9on9jupVMo78MEWdiCHdgDF46gDBdQAQ8YSLiHJ3i2Otad9WA9TqIZ62tnE6ZgvXwCOBiNDw==</latexit><latexit sha1_base64="rrMYu95E2aMILIb+dVgY0u1hupA=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpcZrZnJO3RyD/k9zZx+ZL+f1mq9TMvtZbEUsCHiKTVOuaY8fY6FOFgkk+yNQTzWPKurTN+6MrB2THSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mMyprqdLxweOAWb/Cbf1d39/EneKdu54h6MkYYN2IZdcOAIinABJXCBgYQ7eIQnq23dWvfWwziasr521mEC1vMnKWSOjw==</latexit><latexit sha1_base64="rrMYu95E2aMILIb+dVgY0u1hupA=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpcZrZnJO3RyD/k9zZx+ZL+f1mq9TMvtZbEUsCHiKTVOuaY8fY6FOFgkk+yNQTzWPKurTN+6MrB2THSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mMyprqdLxweOAWb/Cbf1d39/EneKdu54h6MkYYN2IZdcOAIinABJXCBgYQ7eIQnq23dWvfWwziasr521mEC1vMnKWSOjw==</latexit><latexit sha1_base64="rrMYu95E2aMILIb+dVgY0u1hupA=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpcZrZnJO3RyD/k9zZx+ZL+f1mq9TMvtZbEUsCHiKTVOuaY8fY6FOFgkk+yNQTzWPKurTN+6MrB2THSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mMyprqdLxweOAWb/Cbf1d39/EneKdu54h6MkYYN2IZdcOAIinABJXCBgYQ7eIQnq23dWvfWwziasr521mEC1vMnKWSOjw==</latexit><latexit sha1_base64="rrMYu95E2aMILIb+dVgY0u1hupA=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpcZrZnJO3RyD/k9zZx+ZL+f1mq9TMvtZbEUsCHiKTVOuaY8fY6FOFgkk+yNQTzWPKurTN+6MrB2THSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mMyprqdLxweOAWb/Cbf1d39/EneKdu54h6MkYYN2IZdcOAIinABJXCBgYQ7eIQnq23dWvfWwziasr521mEC1vMnKWSOjw==</latexit><latexit sha1_base64="+CRK6IDtpoqi6KORZZ4ECyvDAWU=">AAAB5HicdVDJSgNBFHzjGuMW9eilMQgeZJgx4nIQAl48RjAmkITQ03mTNOlZ6H4jhJBP8KJ4Uvwef8G/sbN4iEtBQ1FVzXv1glRJQ5736SwsLi2vrObW8usbm1vbhZ3de5NkWmBVJCrR9YAbVDLGKklSWE818ihQWAv612O/9oDayCS+o0GKrYh3YxlKwclK9SYqxa6Y3y4UfdebgP1PijBDpV34aHYSkUUYk1DcmIbvpdQack1SKBzlm5nBlIs+7+JwsuWIHVqpw8JE2xcTm6hzOR4ZM4gCm4w49cxPbyz+5TUyCi9aQxmnGWEspoPCTDFK2Lgy60iNgtTAEi60tBsy0eOaC7KHydvqnls6O/VLHvtNvqtXT9xL17/1iuXj2Q1ysA8HcAQ+nEMZbqACVRCg4Ale4c3pOo/Os/MyjS44sz97MAfn/QsUeoqp</latexit>

` = 2
<latexit sha1_base64="Frf4io1RK1ryJ0M5habBfd6lRAk=">AAAB5HicdVBLSgNBFHwTfzH+oi4FaQyCCxlmEvGzEANuXEZwTCAJsafTkzTp+dD9RgghR3CjuFI8h0fwCh7DG9hJdBE/BQ+Kqnr0q/YTKTQ6zruVmZmdm1/ILuaWlldW1/LrG9c6ThXjHotlrGo+1VyKiHsoUPJaojgNfcmrfu985FdvudIijq6wn/BmSDuRCASjaKRag0tJTkmxlS+4tjMG+Z8Uzj62X28AoNLKvzXaMUtDHiGTVOu66yTYHFCFgkk+zDVSzRPKerTDB+Mrh2TXSG0SxMpMhGSsTuVoqHU/9E0ypNjVP72R+JdXTzE4bg5ElKTIIzZ5KEglwZiMKpO2UJyh7BtCmRLmQsK6VFGG5mNyprpjlw4P3JJDfpPv6l7RPrHdS6dQ3ocJsrAFO7AHLhxBGS6gAh4wkHAPT/Bsdaw768F6nEQz1tfOJkzBevkEOZGNEA==</latexit><latexit sha1_base64="8juK+4GkvKaSVk5VIqT8YqFyve0=">AAAB5HicdVDJSgNBFHzjGuMW9ShoYxA8SJhJxOUgBrx4TMAxgSSEnk5P0qRnofuNEEKOHr0onhS/w0/wF/wGT/6BnUQPcSl4UFTVo1+1F0uh0bbfrKnpmdm5+dRCenFpeWU1s7Z+paNEMe6ySEaq6lHNpQi5iwIlr8aK08CTvOJ1z4d+5ZorLaLwEnsxbwS0HQpfMIpGqta5lOSU5JuZrJOzRyD/k+zZx9ZL+f1mu9TMvNZbEUsCHiKTVOuaY8fY6FOFgkk+SNcTzWPKurTN+6MrB2TXSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mPSprqdKxweOAWb/Cbf1d187iTnlO1scR/GSMEm7MAeOHAERbiAErjAQMIdPMKT1bZurXvrYRydsr52NmAC1vMnKt2OkA==</latexit><latexit sha1_base64="8juK+4GkvKaSVk5VIqT8YqFyve0=">AAAB5HicdVDJSgNBFHzjGuMW9ShoYxA8SJhJxOUgBrx4TMAxgSSEnk5P0qRnofuNEEKOHr0onhS/w0/wF/wGT/6BnUQPcSl4UFTVo1+1F0uh0bbfrKnpmdm5+dRCenFpeWU1s7Z+paNEMe6ySEaq6lHNpQi5iwIlr8aK08CTvOJ1z4d+5ZorLaLwEnsxbwS0HQpfMIpGqta5lOSU5JuZrJOzRyD/k+zZx9ZL+f1mu9TMvNZbEUsCHiKTVOuaY8fY6FOFgkk+SNcTzWPKurTN+6MrB2TXSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mPSprqdKxweOAWb/Cbf1d187iTnlO1scR/GSMEm7MAeOHAERbiAErjAQMIdPMKT1bZurXvrYRydsr52NmAC1vMnKt2OkA==</latexit><latexit sha1_base64="8juK+4GkvKaSVk5VIqT8YqFyve0=">AAAB5HicdVDJSgNBFHzjGuMW9ShoYxA8SJhJxOUgBrx4TMAxgSSEnk5P0qRnofuNEEKOHr0onhS/w0/wF/wGT/6BnUQPcSl4UFTVo1+1F0uh0bbfrKnpmdm5+dRCenFpeWU1s7Z+paNEMe6ySEaq6lHNpQi5iwIlr8aK08CTvOJ1z4d+5ZorLaLwEnsxbwS0HQpfMIpGqta5lOSU5JuZrJOzRyD/k+zZx9ZL+f1mu9TMvNZbEUsCHiKTVOuaY8fY6FOFgkk+SNcTzWPKurTN+6MrB2TXSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mPSprqdKxweOAWb/Cbf1d187iTnlO1scR/GSMEm7MAeOHAERbiAErjAQMIdPMKT1bZurXvrYRydsr52NmAC1vMnKt2OkA==</latexit><latexit sha1_base64="8juK+4GkvKaSVk5VIqT8YqFyve0=">AAAB5HicdVDJSgNBFHzjGuMW9ShoYxA8SJhJxOUgBrx4TMAxgSSEnk5P0qRnofuNEEKOHr0onhS/w0/wF/wGT/6BnUQPcSl4UFTVo1+1F0uh0bbfrKnpmdm5+dRCenFpeWU1s7Z+paNEMe6ySEaq6lHNpQi5iwIlr8aK08CTvOJ1z4d+5ZorLaLwEnsxbwS0HQpfMIpGqta5lOSU5JuZrJOzRyD/k+zZx9ZL+f1mu9TMvNZbEUsCHiKTVOuaY8fY6FOFgkk+SNcTzWPKurTN+6MrB2TXSC3iR8pMiGSkTuRooHUv8EwyoNjRP72h+JdXS9A/bvRFGCfIQzZ+yE8kwYgMK5OWUJyh7BlCmRLmQsI6VFGG5mPSprqdKxweOAWb/Cbf1d187iTnlO1scR/GSMEm7MAeOHAERbiAErjAQMIdPMKT1bZurXvrYRydsr52NmAC1vMnKt2OkA==</latexit><latexit sha1_base64="CKMS5mIcBoppLXf2NE2aLrc6+eA=">AAAB5HicdVDJSgNBFHwdtxi3qEcvjUHwIMNMIi4HIeDFYwTHBJIQejpvkiY9C909Qgj5BC+KJ8Xv8Rf8GzuLh7gUNBRV1bxXL0il0MZ1P0luaXlldS2/XtjY3NreKe7u3eskUxx9nshENQKmUYoYfSOMxEaqkEWBxHowuJ749QdUWiTxnRmm2I5YLxah4MxYqdFCKekVLXeKJc9xp6D/kxLMUesUP1rdhGcRxoZLpnXTc1PTHjFlBJc4LrQyjSnjA9bD0XTLMT2yUpeGibIvNnSqLuRYpPUwCmwyYqavf3oT8S+vmZnwoj0ScZoZjPlsUJhJahI6qUy7QiE3cmgJ40rYDSnvM8W4sYcp2OquUzk79Sou/U2+q/tl59Lxbt1S9WR+gzwcwCEcgwfnUIUbqIEPHCQ8wSu8kR55JM/kZRbNkfmffVgAef8CFfOKqg==</latexit>

` = 3
<latexit sha1_base64="fEB8mnxnuznNDWKN2y6TVWd6YRM=">AAAB5HicdVBLSgNBFHwTfzH+oi4FaQyCCxlmEvGzEANuXEZwTCAJsafTkzTp+dD9RgghR3CjuFI8h0fwCh7DG9hJdBE/BQ+Kqnr0q/YTKTQ6zruVmZmdm1/ILuaWlldW1/LrG9c6ThXjHotlrGo+1VyKiHsoUPJaojgNfcmrfu985FdvudIijq6wn/BmSDuRCASjaKRag0tJTkmplS+4tjMG+Z8Uzj62X28AoNLKvzXaMUtDHiGTVOu66yTYHFCFgkk+zDVSzRPKerTDB+Mrh2TXSG0SxMpMhGSsTuVoqHU/9E0ypNjVP72R+JdXTzE4bg5ElKTIIzZ5KEglwZiMKpO2UJyh7BtCmRLmQsK6VFGG5mNyprpjlw4P3JJDfpPv6l7RPrHdS6dQ3ocJsrAFO7AHLhxBGS6gAh4wkHAPT/Bsdaw768F6nEQz1tfOJkzBevkEOwqNEQ==</latexit><latexit sha1_base64="ibgTXzB8hB4T60A/R1zmgm9vm44=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpKTSzOSdvj0D+J7mzj82X8vvNVqmZfa23IpYEPEQmqdY1x46x0acKBZN8kKknmseUdWmb90dXDsiOkVrEj5SZEMlIncjRQOte4JlkQLGjf3pD8S+vlqB/3OiLME6Qh2z8kJ9IghEZViYtoThD2TOEMiXMhYR1qKIMzcdkTHU7Xzg8cAo2+U2+q7v7+ZO8U7ZzxT0YIw0bsA274MARFOECSuACAwl38AhPVtu6te6th3E0ZX3trMMErOdPLFaOkQ==</latexit><latexit sha1_base64="ibgTXzB8hB4T60A/R1zmgm9vm44=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpKTSzOSdvj0D+J7mzj82X8vvNVqmZfa23IpYEPEQmqdY1x46x0acKBZN8kKknmseUdWmb90dXDsiOkVrEj5SZEMlIncjRQOte4JlkQLGjf3pD8S+vlqB/3OiLME6Qh2z8kJ9IghEZViYtoThD2TOEMiXMhYR1qKIMzcdkTHU7Xzg8cAo2+U2+q7v7+ZO8U7ZzxT0YIw0bsA274MARFOECSuACAwl38AhPVtu6te6th3E0ZX3trMMErOdPLFaOkQ==</latexit><latexit sha1_base64="ibgTXzB8hB4T60A/R1zmgm9vm44=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpKTSzOSdvj0D+J7mzj82X8vvNVqmZfa23IpYEPEQmqdY1x46x0acKBZN8kKknmseUdWmb90dXDsiOkVrEj5SZEMlIncjRQOte4JlkQLGjf3pD8S+vlqB/3OiLME6Qh2z8kJ9IghEZViYtoThD2TOEMiXMhYR1qKIMzcdkTHU7Xzg8cAo2+U2+q7v7+ZO8U7ZzxT0YIw0bsA274MARFOECSuACAwl38AhPVtu6te6th3E0ZX3trMMErOdPLFaOkQ==</latexit><latexit sha1_base64="ibgTXzB8hB4T60A/R1zmgm9vm44=">AAAB5HicdVDJSgNBFHwTtxi3qEdBG4PgQcKMEZeDGPDiMQHHBJIQejo9SZOehe43Qgg5evSieFL8Dj/BX/AbPPkHdhI9xKXgQVFVj37VXiyFRtt+s1JT0zOzc+n5zMLi0vJKdnXtSkeJYtxlkYxU1aOaSxFyFwVKXo0Vp4EnecXrng/9yjVXWkThJfZi3ghoOxS+YBSNVK1zKckpKTSzOSdvj0D+J7mzj82X8vvNVqmZfa23IpYEPEQmqdY1x46x0acKBZN8kKknmseUdWmb90dXDsiOkVrEj5SZEMlIncjRQOte4JlkQLGjf3pD8S+vlqB/3OiLME6Qh2z8kJ9IghEZViYtoThD2TOEMiXMhYR1qKIMzcdkTHU7Xzg8cAo2+U2+q7v7+ZO8U7ZzxT0YIw0bsA274MARFOECSuACAwl38AhPVtu6te6th3E0ZX3trMMErOdPLFaOkQ==</latexit><latexit sha1_base64="AJtIe1ccuOZPUcKNY+ve12J2o+c=">AAAB5HicdVDJSgNBFHzjGuMW9eilMQgeZJgx4nIQAl48RjAmkITQ03mTNOlZ6H4jhJBP8KJ4Uvwef8G/sbN4iEtBQ1FVzXv1glRJQ5736SwsLi2vrObW8usbm1vbhZ3de5NkWmBVJCrR9YAbVDLGKklSWE818ihQWAv612O/9oDayCS+o0GKrYh3YxlKwclK9SYqxa5YqV0o+q43AfufFGGGSrvw0ewkIoswJqG4MQ3fS6k15JqkUDjKNzODKRd93sXhZMsRO7RSh4WJti8mNlHncjwyZhAFNhlx6pmf3lj8y2tkFF60hjJOM8JYTAeFmWKUsHFl1pEaBamBJVxoaTdkosc1F2QPk7fVPbd0duqXPPabfFevnriXrn/rFcvHsxvkYB8O4Ah8OIcy3EAFqiBAwRO8wpvTdR6dZ+dlGl1wZn/2YA7O+xcXbIqr</latexit>

` = n� 2
<latexit sha1_base64="5PfaNkCJ09MqaZz7WdaIGrFgY3s=">AAAB5nicdVDLSgMxFL1TX7W+qi4FCRbBhQ4zrfhYiAU3Lis4ttiWmkkzbWgmMyQZoQz9BjeKK8XP8BP8BT/DPzBtdVEfBy4czjmX3BM/5kxpx3m3MlPTM7Nz2fncwuLS8kp+de1KRYkk1CMRj2TNx4pyJqinmea0FkuKQ5/Tqt87G/rVWyoVi8Sl7se0GeKOYAEjWBvpukE5RydI7BVb+YJrOyOg/0nh9GPz9QYAKq38W6MdkSSkQhOOlaq7TqybKZaaEU4HuUaiaIxJD3doOrpzgLaN1EZBJM0IjUbqRA6HSvVD3yRDrLvqpzcU//LqiQ6OmikTcaKpIOOHgoQjHaFhadRmkhLN+4ZgIpm5EJEulpho8zU5U92xSwf7bslBv8l3da9oH9vuhVMo78IYWdiALdgBFw6hDOdQAQ8ICLiHJ3i2mHVnPViP42jG+tpZhwlYL59s6I2/</latexit><latexit sha1_base64="tvtvLlXyRInIeeGA7nfYnRn4ZBw=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYiAU3LltwtNiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlSUSEI9EvFIVnysKGeCepppTiuxpDj0Ob30O6cD//KaSsUica67Ma2HuCVYwAjWRrqqUc7RMRK7+UY259rOEOh/kjv5WH8pv99slBrZ11ozIklIhSYcK1V1nVjXe1hqRjjtZ2qJojEmHdyiveGdfbRlpCYKImlGaDRUx3I4VKob+iYZYt1WP72B+JdXTXRwWO8xESeaCjJ6KEg40hEalEZNJinRvGsIJpKZCxFpY4mJNl+TMdUdu7C/5xYc9Jt8V/fy9pHtlp1ccQdGSMMabMI2uHAARTiDEnhAQMAdPMKTxaxb6956GEVT1tfOKozBev4EXjSPPw==</latexit><latexit sha1_base64="tvtvLlXyRInIeeGA7nfYnRn4ZBw=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYiAU3LltwtNiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlSUSEI9EvFIVnysKGeCepppTiuxpDj0Ob30O6cD//KaSsUica67Ma2HuCVYwAjWRrqqUc7RMRK7+UY259rOEOh/kjv5WH8pv99slBrZ11ozIklIhSYcK1V1nVjXe1hqRjjtZ2qJojEmHdyiveGdfbRlpCYKImlGaDRUx3I4VKob+iYZYt1WP72B+JdXTXRwWO8xESeaCjJ6KEg40hEalEZNJinRvGsIJpKZCxFpY4mJNl+TMdUdu7C/5xYc9Jt8V/fy9pHtlp1ccQdGSMMabMI2uHAARTiDEnhAQMAdPMKTxaxb6956GEVT1tfOKozBev4EXjSPPw==</latexit><latexit sha1_base64="tvtvLlXyRInIeeGA7nfYnRn4ZBw=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYiAU3LltwtNiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlSUSEI9EvFIVnysKGeCepppTiuxpDj0Ob30O6cD//KaSsUica67Ma2HuCVYwAjWRrqqUc7RMRK7+UY259rOEOh/kjv5WH8pv99slBrZ11ozIklIhSYcK1V1nVjXe1hqRjjtZ2qJojEmHdyiveGdfbRlpCYKImlGaDRUx3I4VKob+iYZYt1WP72B+JdXTXRwWO8xESeaCjJ6KEg40hEalEZNJinRvGsIJpKZCxFpY4mJNl+TMdUdu7C/5xYc9Jt8V/fy9pHtlp1ccQdGSMMabMI2uHAARTiDEnhAQMAdPMKTxaxb6956GEVT1tfOKozBev4EXjSPPw==</latexit><latexit sha1_base64="tvtvLlXyRInIeeGA7nfYnRn4ZBw=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYiAU3LltwtNiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlSUSEI9EvFIVnysKGeCepppTiuxpDj0Ob30O6cD//KaSsUica67Ma2HuCVYwAjWRrqqUc7RMRK7+UY259rOEOh/kjv5WH8pv99slBrZ11ozIklIhSYcK1V1nVjXe1hqRjjtZ2qJojEmHdyiveGdfbRlpCYKImlGaDRUx3I4VKob+iYZYt1WP72B+JdXTXRwWO8xESeaCjJ6KEg40hEalEZNJinRvGsIJpKZCxFpY4mJNl+TMdUdu7C/5xYc9Jt8V/fy9pHtlp1ccQdGSMMabMI2uHAARTiDEnhAQMAdPMKTxaxb6956GEVT1tfOKozBev4EXjSPPw==</latexit><latexit sha1_base64="H5gpeEGdOnfaovO69dkngg78OX8=">AAAB5nicdVDLSgMxFL1TX7W+qi7dBIvgQoeZVnwshIIblxUcW2xLyaS3bWgmMyQZoZR+gxvFleLn+Av+jenDRX0cCBzOOeHec8NEcG0879PJLCwuLa9kV3Nr6xubW/ntnTsdp4phwGIRq1pINQouMTDcCKwlCmkUCqyG/auxX31ApXksb80gwWZEu5J3OKPGSvcNFIJcEnlcbOULvutNQP4nBZih0sp/NNoxSyOUhgmqdd33EtMcUmU4EzjKNVKNCWV92sXhZM8RObBSm3RiZZ80ZKLO5Wik9SAKbTKipqd/emPxL6+ems55c8hlkhqUbDqokwpiYjIuTdpcITNiYAllitsNCetRRZmxp8nZ6p5bOj3xSx75Tb6rB0X3wvVvvEL5aHaDLOzBPhyCD2dQhmuoQAAMJDzBK7w53Hl0np2XaTTjzP7swhyc9y9JSotZ</latexit>

` = n� 1
<latexit sha1_base64="9WSD/8XSxb3d3f6ykxVIpcG8ZDc=">AAAB5nicdVDLSgMxFL3xWeur6lKQYBFc6DBjxcdCLLhxWcGxxbbUTJppQzOZIckIpfQb3CiuFD/DT/AX/Az/wLTVRX0cuHA451xyT4JEcG1c9x1NTE5Nz8xm5rLzC4tLy7mV1Ssdp4oyn8YiVpWAaCa4ZL7hRrBKohiJAsHKQeds4JdvmdI8lpemm7B6RFqSh5wSY6XrGhMCn2C56zVyec9xh8D/k/zpx8brDQCUGrm3WjOmacSkoYJoXfXcxNR7RBlOBetna6lmCaEd0mK94Z19vGWlJg5jZUcaPFTHciTSuhsFNhkR09Y/vYH4l1dNTXhU73GZpIZJOnooTAU2MR6Uxk2uGDWiawmhitsLMW0TRaixX5O11V2ncLDvFVz8m3xX9/ecY8e7cPPFHRghA+uwCdvgwSEU4RxK4AMFCffwBM+Iozv0gB5H0Qn0tbMGY0Avn2tvjb4=</latexit><latexit sha1_base64="g7TrYi6FWbWq54ckZwRnJW4x6NE=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zVnwsxIIbly04ttiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlWUSEI9EvFIVnysKGeCepppTiuxpDj0OS37nbOBX76mUrFIXOhuTOshbgkWMIK1ka5qlHN0gsSu28jmXNsZAv1Pcqcf6y+l95uNYiP7WmtGJAmp0IRjpaquE+t6D0vNCKf9TC1RNMakg1u0N7yzj7aM1ERBJM0IjYbqWA6HSnVD3yRDrNvqpzcQ//KqiQ6O6j0m4kRTQUYPBQlHOkKD0qjJJCWadw3BRDJzISJtLDHR5msyprpj5w/23byDfpPv6t6efWy7JSdX2IER0rAGm7ANLhxCAc6hCB4QEHAHj/BkMevWurceRtGU9bWzCmOwnj8BXLuPPg==</latexit><latexit sha1_base64="g7TrYi6FWbWq54ckZwRnJW4x6NE=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zVnwsxIIbly04ttiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlWUSEI9EvFIVnysKGeCepppTiuxpDj0OS37nbOBX76mUrFIXOhuTOshbgkWMIK1ka5qlHN0gsSu28jmXNsZAv1Pcqcf6y+l95uNYiP7WmtGJAmp0IRjpaquE+t6D0vNCKf9TC1RNMakg1u0N7yzj7aM1ERBJM0IjYbqWA6HSnVD3yRDrNvqpzcQ//KqiQ6O6j0m4kRTQUYPBQlHOkKD0qjJJCWadw3BRDJzISJtLDHR5msyprpj5w/23byDfpPv6t6efWy7JSdX2IER0rAGm7ANLhxCAc6hCB4QEHAHj/BkMevWurceRtGU9bWzCmOwnj8BXLuPPg==</latexit><latexit sha1_base64="g7TrYi6FWbWq54ckZwRnJW4x6NE=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zVnwsxIIbly04ttiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlWUSEI9EvFIVnysKGeCepppTiuxpDj0OS37nbOBX76mUrFIXOhuTOshbgkWMIK1ka5qlHN0gsSu28jmXNsZAv1Pcqcf6y+l95uNYiP7WmtGJAmp0IRjpaquE+t6D0vNCKf9TC1RNMakg1u0N7yzj7aM1ERBJM0IjYbqWA6HSnVD3yRDrNvqpzcQ//KqiQ6O6j0m4kRTQUYPBQlHOkKD0qjJJCWadw3BRDJzISJtLDHR5msyprpj5w/23byDfpPv6t6efWy7JSdX2IER0rAGm7ANLhxCAc6hCB4QEHAHj/BkMevWurceRtGU9bWzCmOwnj8BXLuPPg==</latexit><latexit sha1_base64="g7TrYi6FWbWq54ckZwRnJW4x6NE=">AAAB5nicdVDLSgMxFL1TX7W+qi4FDRbBhQ4zVnwsxIIbly04ttiWkkkzbWgmMyQZoZQuXbtRXCl+hp/gL/gNrvwD01YX9XHgwuGcc8k98WPOlHacNys1MTk1PZOezczNLywuZZdXLlWUSEI9EvFIVnysKGeCepppTiuxpDj0OS37nbOBX76mUrFIXOhuTOshbgkWMIK1ka5qlHN0gsSu28jmXNsZAv1Pcqcf6y+l95uNYiP7WmtGJAmp0IRjpaquE+t6D0vNCKf9TC1RNMakg1u0N7yzj7aM1ERBJM0IjYbqWA6HSnVD3yRDrNvqpzcQ//KqiQ6O6j0m4kRTQUYPBQlHOkKD0qjJJCWadw3BRDJzISJtLDHR5msyprpj5w/23byDfpPv6t6efWy7JSdX2IER0rAGm7ANLhxCAc6hCB4QEHAHj/BkMevWurceRtGU9bWzCmOwnj8BXLuPPg==</latexit><latexit sha1_base64="SZrUfsWksFZMHEcSVWcGbEzIBQ0=">AAAB5nicdVDLSgMxFL3js9ZX1aWbYBFc6DBjxcdCKLhxWcGxxbaUTJppQzOZIbkjlNJvcKO4Uvwcf8G/MX24qI8DgcM5J9x7bphKYdDzPp25+YXFpeXcSn51bX1js7C1fWeSTDMesEQmuhZSw6VQPECBktdSzWkcSl4Ne1cjv/rAtRGJusV+ypsx7SgRCUbRSvcNLiW5JOrIbxWKvuuNQf4nRZii0ip8NNoJy2KukElqTN33UmwOqEbBJB/mG5nhKWU92uGD8Z5Dsm+lNokSbZ9CMlZncjQ2ph+HNhlT7Jqf3kj8y6tnGJ03B0KlGXLFJoOiTBJMyKg0aQvNGcq+JZRpYTckrEs1ZWhPk7fVPbd0euKXPPKbfFcPjt0L17/xiuXD6Q1ysAt7cAA+nEEZrqECATBQ8ASv8OYI59F5dl4m0Tln+mcHZuC8fwFH0YtY</latexit>

n� 1
<latexit sha1_base64="hwJk6SHyWhj2D1i6zAl62fdfARQ=">AAAB33icdVDLSgMxFL1TX7W+qi4FCRbBhQ4zVnysLLhxWdGxhbbUTJppQzPJkGSEUrp3o7hS/BM/wV/wM/wD01YX9XHgwuGcc8k9CRPOtPG8dyczNT0zO5edzy0sLi2v5FfXrrVMFaEBkVyqaog15UzQwDDDaTVRFMchp5Wwezb0K7dUaSbFlekltBHjtmARI9hY6VLs+c18wXe9EdD/pHD6sfl6AwDlZv6t3pIkjakwhGOta76XmEYfK8MIp4NcPdU0waSL27Q/OnCAtq3UQpFUdoRBI3Uih2Ote3FokzE2Hf3TG4p/ebXURMeNPhNJaqgg44eilCMj0bAtajFFieE9SzBRzF6ISAcrTIz9k5yt7rnFwwO/6KHf5Lt6sO+euP6FVyjtwhhZ2IAt2AEfjqAE51CGAAi04R6e4NkJnTvnwXkcRzPO1846TMB5+QRIxIti</latexit><latexit sha1_base64="M1M2KTTg9dDbrjAV+2nMRHhbDFc=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH23GYu79rOCOh/kj/92Hgpv99slpq513orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RtpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/f27RPbLTv54i6MkYZ12IIdcOEIinAOJfCAQBvu4BGeLN+6te6th3E0ZX3trMEErOdPOhCM4g==</latexit><latexit sha1_base64="M1M2KTTg9dDbrjAV+2nMRHhbDFc=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH23GYu79rOCOh/kj/92Hgpv99slpq513orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RtpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/f27RPbLTv54i6MkYZ12IIdcOEIinAOJfCAQBvu4BGeLN+6te6th3E0ZX3trMEErOdPOhCM4g==</latexit><latexit sha1_base64="M1M2KTTg9dDbrjAV+2nMRHhbDFc=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH23GYu79rOCOh/kj/92Hgpv99slpq513orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RtpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/f27RPbLTv54i6MkYZ12IIdcOEIinAOJfCAQBvu4BGeLN+6te6th3E0ZX3trMEErOdPOhCM4g==</latexit><latexit sha1_base64="M1M2KTTg9dDbrjAV+2nMRHhbDFc=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH23GYu79rOCOh/kj/92Hgpv99slpq513orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RtpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/f27RPbLTv54i6MkYZ12IIdcOEIinAOJfCAQBvu4BGeLN+6te6th3E0ZX3trMEErOdPOhCM4g==</latexit><latexit sha1_base64="Vm4AFnTzDokaE618u8iVtxbVg5A=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgQocZKz52BTcuKzq20JaSSTNtaCYzJHeEUrp3o7hS/CN/wb8xfbiojwOBwzkn3HtumEph0PM+ndzC4tLySn61sLa+sblV3N65N0mmGQ9YIhNdD6nhUigeoEDJ66nmNA4lr4X9q7Ffe+DaiETd4SDlrZh2lYgEo2ilW3Xst4sl3/UmIP+TEsxQbRc/mp2EZTFXyCQ1puF7KbaGVKNgko8KzczwlLI+7fLhZMERObBSh0SJtk8hmahzORobM4hDm4wp9sxPbyz+5TUyjC5aQ6HSDLli00FRJgkmZNyWdITmDOXAEsq0sBsS1qOaMrQ3Kdjqnls+O/XLHvlNvqsHJ+6l6994pcrR7AZ52IN9OAQfzqEC11CFABh04Qle4c0JnUfn2XmZRnPO7M8uzMF5/wIlJoj8</latexit>

threads

threadsn� 2
<latexit sha1_base64="QEc4NSFNtsgpxi+1GF80+sHQGwY=">AAAB33icdVDLSgMxFL3js9ZX1aUgwSK40GGmFR8rC25cVnRsoS01k2ba0EwyJBmhlO7dKK4U/8RP8Bf8DP/AtNVFfRy4cDjnXHJPwoQzbTzv3Zmanpmdm88sZBeXlldWc2vr11qmitCASC5VNcSaciZoYJjhtJooiuOQ00rYPRv6lVuqNJPiyvQS2ohxW7CIEWysdCn2C81c3ne9EdD/JH/6sfV6AwDlZu6t3pIkjakwhGOta76XmEYfK8MIp4NsPdU0waSL27Q/OnCAdqzUQpFUdoRBI3Uih2Ote3FokzE2Hf3TG4p/ebXURMeNPhNJaqgg44eilCMj0bAtajFFieE9SzBRzF6ISAcrTIz9k6yt7rnFwwO/6KHf5Lt6UHBPXP/Cy5f2YIwMbMI27IIPR1CCcyhDAATacA9P8OyEzp3z4DyOo1PO184GTMB5+QRKPYtj</latexit><latexit sha1_base64="C0KMFm6T0TK3iUQmDMvBPQhKmAU=">AAAB33icdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYWXDjskXHFtpSMmmmDc1khiQjlNKl4EZxpfgnfoK/4De48g9MW13Ux4ELh3POJffEjzlT2nHerNTU9MzsXHo+s7C4tLySXV27UlEiCfVIxCNZ9bGinAnqaaY5rcaS4tDntOJ3z4Z+5ZpKxSJxqXsxbYS4LVjACNZGuhD7+WY259rOCOh/kjv92Hwpv99slZrZ13orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RjpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/fy9ontlp1ccQ/GSMMGbMMuuHAERTiHEnhAoA138AhPlm/dWvfWwziasr521mEC1vMnO4mM4w==</latexit><latexit sha1_base64="C0KMFm6T0TK3iUQmDMvBPQhKmAU=">AAAB33icdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYWXDjskXHFtpSMmmmDc1khiQjlNKl4EZxpfgnfoK/4De48g9MW13Ux4ELh3POJffEjzlT2nHerNTU9MzsXHo+s7C4tLySXV27UlEiCfVIxCNZ9bGinAnqaaY5rcaS4tDntOJ3z4Z+5ZpKxSJxqXsxbYS4LVjACNZGuhD7+WY259rOCOh/kjv92Hwpv99slZrZ13orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RjpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/fy9ontlp1ccQ/GSMMGbMMuuHAERTiHEnhAoA138AhPlm/dWvfWwziasr521mEC1vMnO4mM4w==</latexit><latexit sha1_base64="C0KMFm6T0TK3iUQmDMvBPQhKmAU=">AAAB33icdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYWXDjskXHFtpSMmmmDc1khiQjlNKl4EZxpfgnfoK/4De48g9MW13Ux4ELh3POJffEjzlT2nHerNTU9MzsXHo+s7C4tLySXV27UlEiCfVIxCNZ9bGinAnqaaY5rcaS4tDntOJ3z4Z+5ZpKxSJxqXsxbYS4LVjACNZGuhD7+WY259rOCOh/kjv92Hwpv99slZrZ13orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RjpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/fy9ontlp1ccQ/GSMMGbMMuuHAERTiHEnhAoA138AhPlm/dWvfWwziasr521mEC1vMnO4mM4w==</latexit><latexit sha1_base64="C0KMFm6T0TK3iUQmDMvBPQhKmAU=">AAAB33icdVDLSgMxFL1TX7W+qi4FDRbBhQ4zrfhYWXDjskXHFtpSMmmmDc1khiQjlNKl4EZxpfgnfoK/4De48g9MW13Ux4ELh3POJffEjzlT2nHerNTU9MzsXHo+s7C4tLySXV27UlEiCfVIxCNZ9bGinAnqaaY5rcaS4tDntOJ3z4Z+5ZpKxSJxqXsxbYS4LVjACNZGuhD7+WY259rOCOh/kjv92Hwpv99slZrZ13orIklIhSYcK1VznVg3+lhqRjgdZOqJojEmXdym/dGBA7RjpBYKImlGaDRSJ3I4VKoX+iYZYt1RP72h+JdXS3Rw3OgzESeaCjJ+KEg40hEatkUtJinRvGcIJpKZCxHpYImJNn+SMdUdu3B44BYc9Jt8V/fy9ontlp1ccQ/GSMMGbMMuuHAERTiHEnhAoA138AhPlm/dWvfWwziasr521mEC1vMnO4mM4w==</latexit><latexit sha1_base64="vLgHo6YwStmEumT2hRB5zdqBsBY=">AAAB33icdVDLSgMxFL3js9ZX1aWbYBFc6DDTio9dwY3Lio4ttKVk0kwbmskMyR2hlO7dKK4U/8hf8G9MHy7q40DgcM4J954bplIY9LxPZ2FxaXllNbeWX9/Y3Nou7OzemyTTjAcskYmuh9RwKRQPUKDk9VRzGoeS18L+1divPXBtRKLucJDyVky7SkSCUbTSrToptQtF3/UmIP+TIsxQbRc+mp2EZTFXyCQ1puF7KbaGVKNgko/yzczwlLI+7fLhZMERObRSh0SJtk8hmahzORobM4hDm4wp9sxPbyz+5TUyjC5aQ6HSDLli00FRJgkmZNyWdITmDOXAEsq0sBsS1qOaMrQ3ydvqnls+O/XLHvlNvqsHJffS9W+8YuV4doMc7MMBHIEP51CBa6hCAAy68ASv8OaEzqPz7LxMowvO7M8ezMF5/wImn4j9</latexit>

n� 3
<latexit sha1_base64="GRxSjMKBdXWurf0s5zntCyW3PAk=">AAAB33icdVDLSgMxFL1TX7W+qi4FCRbBhQ4zVnysLLhxWdGxhbbUTJppQzPJkGSEUrp3o7hS/BM/wV/wM/wD01YX9XHgwuGcc8k9CRPOtPG8dyczNT0zO5edzy0sLi2v5FfXrrVMFaEBkVyqaog15UzQwDDDaTVRFMchp5Wwezb0K7dUaSbFlekltBHjtmARI9hY6VLsFZv5gu96I6D/SeH0Y/P1BgDKzfxbvSVJGlNhCMda13wvMY0+VoYRTge5eqppgkkXt2l/dOAAbVuphSKp7AiDRupEDsda9+LQJmNsOvqnNxT/8mqpiY4bfSaS1FBBxg9FKUdGomFb1GKKEsN7lmCimL0QkQ5WmBj7Jzlb3XOLhwd+0UO/yXf1YN89cf0Lr1DahTGysAFbsAM+HEEJzqEMARBowz08wbMTOnfOg/M4jmacr511mIDz8glLtotk</latexit><latexit sha1_base64="bfY8LrX5mQKCGQJAJUqch6mEPac=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH2Cs1c3rWdEdD/JH/6sfFSfr/ZLDVzr/VWRJKQCk04VqrmOrFu9LHUjHA6yNQTRWNMurhN+6MDB2jbSC0URNKM0GikTuRwqFQv9E0yxLqjfnpD8S+vlujguNFnIk40FWT8UJBwpCM0bItaTFKiec8QTCQzFyLSwRITbf4kY6o7duHwwC046Df5ru7t2ye2W3byxV0YIw3rsAU74MIRFOEcSuABgTbcwSM8Wb51a91bD+NoyvraWYMJWM+fPQKM5A==</latexit><latexit sha1_base64="bfY8LrX5mQKCGQJAJUqch6mEPac=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH2Cs1c3rWdEdD/JH/6sfFSfr/ZLDVzr/VWRJKQCk04VqrmOrFu9LHUjHA6yNQTRWNMurhN+6MDB2jbSC0URNKM0GikTuRwqFQv9E0yxLqjfnpD8S+vlujguNFnIk40FWT8UJBwpCM0bItaTFKiec8QTCQzFyLSwRITbf4kY6o7duHwwC046Df5ru7t2ye2W3byxV0YIw3rsAU74MIRFOEcSuABgTbcwSM8Wb51a91bD+NoyvraWYMJWM+fPQKM5A==</latexit><latexit sha1_base64="bfY8LrX5mQKCGQJAJUqch6mEPac=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH2Cs1c3rWdEdD/JH/6sfFSfr/ZLDVzr/VWRJKQCk04VqrmOrFu9LHUjHA6yNQTRWNMurhN+6MDB2jbSC0URNKM0GikTuRwqFQv9E0yxLqjfnpD8S+vlujguNFnIk40FWT8UJBwpCM0bItaTFKiec8QTCQzFyLSwRITbf4kY6o7duHwwC046Df5ru7t2ye2W3byxV0YIw3rsAU74MIRFOEcSuABgTbcwSM8Wb51a91bD+NoyvraWYMJWM+fPQKM5A==</latexit><latexit sha1_base64="bfY8LrX5mQKCGQJAJUqch6mEPac=">AAAB33icdVDLSgMxFL1TX7U+WnUpaLAILnSYseJjZcGNyxYdW2hLyaSZNjSTGZKMUEqXghvFleKf+An+gt/gyj8wbXVRHwcuHM45l9wTP+ZMacd5s1JT0zOzc+n5zMLi0nI2t7J6paJEEuqRiEey6mNFORPU00xzWo0lxaHPacXvng39yjWVikXiUvdi2ghxW7CAEayNdCH2Cs1c3rWdEdD/JH/6sfFSfr/ZLDVzr/VWRJKQCk04VqrmOrFu9LHUjHA6yNQTRWNMurhN+6MDB2jbSC0URNKM0GikTuRwqFQv9E0yxLqjfnpD8S+vlujguNFnIk40FWT8UJBwpCM0bItaTFKiec8QTCQzFyLSwRITbf4kY6o7duHwwC046Df5ru7t2ye2W3byxV0YIw3rsAU74MIRFOEcSuABgTbcwSM8Wb51a91bD+NoyvraWYMJWM+fPQKM5A==</latexit><latexit sha1_base64="cXSE7ELpdxPJygSbKHySkvuHd/E=">AAAB33icdVDLSgMxFL1TX7W+qi7dBIvgQocZKz52BTcuKzq20JaSSTNtaCYzJHeEUrp3o7hS/CN/wb8xfbiojwOBwzkn3HtumEph0PM+ndzC4tLySn61sLa+sblV3N65N0mmGQ9YIhNdD6nhUigeoEDJ66nmNA4lr4X9q7Ffe+DaiETd4SDlrZh2lYgEo2ilW3VcbhdLvutNQP4nJZih2i5+NDsJy2KukElqTMP3UmwNqUbBJB8VmpnhKWV92uXDyYIjcmClDokSbZ9CMlHncjQ2ZhCHNhlT7Jmf3lj8y2tkGF20hkKlGXLFpoOiTBJMyLgt6QjNGcqBJZRpYTckrEc1ZWhvUrDVPbd8duqXPfKbfFcPTtxL17/xSpWj2Q3ysAf7cAg+nEMFrqEKATDowhO8wpsTOo/Os/Myjeac2Z9dmIPz/gUoGIj+</latexit> threads

2 threads

Critical Section

Filter 

lock

Bakery 
algorithm�41

Taking Stock - II

Our current solutions implement spinlocks

threads busy-wait while waiting for lock to be 
released


wastes cycle

can lead to priority inversion

Thou

ShalT

not

busy

wait
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A Better Way

How can we do better?

Use hardware to support atomic operations beyond 
load and store

Define higher-level programming abstractions that 
leverage hardware support
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Disabling Interrupts

for Mutual Exclusion 

Simple, but flawed

thread may never give up CPU!

even if it does, it could it take too long to 
respond to an interrupt

Only 
on

uni-
processors

lock.acquire()   { disable interrupts} 
lock.release()   { enable interrupts} 
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Busy-waits!

Thou

ShalT

not

busy

wait

Disabling Interrupts:

A Refinement 

Use a variable to implement the lock; enforce 
mutual exclusion only on the operations that test 
and set that variable 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

while (value == BUSY) {


Enable interrupts;

Disable interrupts;


}

value := BUSY;

Enable interrupts;


}

lock.release() {

Disable interrupts;

value := FREE; 

Enable interrupts;


}
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;

Go to sleep;


} else {

value := BUSY;


}

Enable interrupts;


}

lock.release() {

Disable interrupts;

if anyone on wait queue {


Take a waiting thread off wait queue 
and put it at the front of ready queue;


} else {

value := FREE;


} 

Enable interrupts;


}
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;

lock.release() {

Disable interrupts;

if anyone on wait queue {


Take a waiting thread off wait queue 
and put it at the front of ready queue;


} else {

value := FREE;


} 

Enable interrupts;


}
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;

lock.release() {

Disable interrupts;

if anyone on wait queue {


Take a waiting thread off wait queue 
and put it at the front of ready queue;


} else {

value := FREE;


} 

Enable interrupts;


}

Enable interrupts?
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;

Enable interrupts?

NO!

Suppose T2 concurrently 
calls lock.release

T2 could check the queue before 
T1 is placed on the queue

T1 would be waiting on the 
queue even if lock is free
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;


Go to sleep;

} else {


value := BUSY;

}

Enable interrupts;


}

lock.release() {

Disable interrupts;

if anyone on wait queue {


Take a waiting thread off wait queue 
and put it at the front of ready queue;


} else {

value := FREE;


} 

Enable interrupts;


}

Enable interrupts?
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Disabling Interrupts:

No Busy-Waiting 

Keep a queue of threads waiting for the lock 

Only 
on

uni-
processors

class lock { int value := FREE }  

lock.acquire() {

Disable interrupts;

if (value == BUSY) {


Put on queue of threads    
 waiting for lock;


Go to sleep;

Enable interrupts?

NO!

Suppose T2 put T1 on 
the ready queue

When T1 runs it will 
immediately go to sleep!!

   When are interrupts re-enabled?? 
�51



Passing the baton 

Disable interrupts
Sleep

Sleep return
Enable interrupts

Disable interrupts
Sleep

Sleep return
Enable interrupts

Time

switch

switch
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Atomic 

Read/Modify/Write

On a multiprocessor, disabling interrupts does not ensure atomicity

other CPUs could still enter the critical section

costly to disable interrupts on all CPUs


Hardware provides special machine instructions

Test-and-Set (TAS)


TAS reads value of a memory location, writes back 1 in its place 

Compare-and-Swap (CAS)


CAS compares contents of a memory location with a given value;  if they are the 
same, set the memory location to a new given value


Load link/Store Conditional (LL/SC)

LL reads value of a memory location; SC writes a new value to that location only if 
it has not been updated since LL
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Hey! What’s wrong 

with this?
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lock value := 0

lock.acquire()   {while (value = 1);}

lock.release()   value := 0;

These new hardware-supported instructions can change 
atomically the variable that implements the lock 

Busy-waits!
Thou

ShalT

not

busy

wait

TAS Locks

Simple, but flawed

lock value := 0

lock.acquire()   { while (TAS(value) = 1); }
lock.release()   { value := 0; }
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well, certainly not for 
time needed to complete 
an  arbitrarily long CS! 



TAS Locks: Try 2
Going meta!


Use TAS (on a second variable guard) to build a new 
“secondary CS” where the variable value that stores status 
of the lock associated with the original (“primary”) CS can 
be atomically read and set.  


Why bother?

Instead on spinning on TAS for the unknown length of the 
primary CS, we are now spinning at worst for the known, 
short length of the secondary CS!

�56

TAS Locks: Try 2

lock.acquire() {

while (TAS(guard)) ;

if (value == BUSY) {


Put on queue of threads     
waiting for lock;

Set guard to 0; 

Go to sleep;


} else {

value := BUSY;

guard := 0


}

}

lock.release() {

while (TAS(guard)) ;

if anyone on wait queue {


Take a waiting thread off lock’s 
wait queue and put it at the 
front of ready queue;


} else {

value := FREE;


}

guard := 0


}
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