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Einleitung
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Orakel erlauben feinere Komplexitätsanalyse mancher Probleme:

Orakel haben wie Nichtdeterminismus theoretischen Charakter.

Ein Gedankenexperiment:  Nimm an, …

• Struktur der Standard-Komplexitätsklassen wird verfeinert.

• Einige Orakelklassen haben natürliche vollständige Probleme.

• Programm A rufe Unterprogramme B1, . . . , Bn auf;

• wir haben ein Orakel, das wir nach den Bi befragen können;

• Orakel liefere Antwort nach 1 Schritt (ohne extra Speicherbedarf).
<latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="u+id9SyiVYNbXT7pxYNsse9+/KE="></latexit><latexit sha1_base64="u+id9SyiVYNbXT7pxYNsse9+/KE="></latexit><latexit sha1_base64="iS1UZyLPJbNADvkScIsi8SLTos4="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit><latexit sha1_base64="tSYw/HbsVQMOkSfmxHCRxKwyPFo="></latexit>

Die ermöglicht Analyse der Kosten für A relativ zu den Kosten der Bi .
<latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="SrDm68nkgqb37cRIrVBb5I2dvJI="> gcFsGR+n+1cFcV2QCkT2d3UmLrM8lD3eNZUrY7bw6AxyFjZmovG+tWUPdIQ1nNFRzFWDtybZ1Db+DpdrNY6qoy+3s1F51yZ4+8dU/S4wNNKatPdnVimS/WofE3PLYK1JPotcLsnN5PjTsLhJHMk3e1uk+jzJZrB3UXKqvf1//Ensq2rFAdJ+BSvjXKxqgVkRVrAwiZ9V7PC3j79s7l/bGfC10HbAn75IHFnXzu8wVu5Llbg1f6v4M8r0qpllTs/O7DDzC+xZDI9zBvKYq5GKnyrPR998N7jvCPdYwlF8xj257E8faEelzE2LzMG9oC2M7la0re/yw/aOr18d0gK9XvYJd/nW6M19vPNutdFqNlqvmnSOrtMtuo10ruPj+oxe4qri1m7VntVe1V7P/Zy/Nn9d3/pP1Mz1/yoN/eZv/AHgrJYS</latexit><latexit sha1_base64="SrDm68nkgqb37cRIrVBb5I2dvJI="> gcFsGR+n+1cFcV2QCkT2d3UmLrM8lD3eNZUrY7bw6AxyFjZmovG+tWUPdIQ1nNFRzFWDtybZ1Db+DpdrNY6qoy+3s1F51yZ4+8dU/S4wNNKatPdnVimS/WofE3PLYK1JPotcLsnN5PjTsLhJHMk3e1uk+jzJZrB3UXKqvf1//Ensq2rFAdJ+BSvjXKxqgVkRVrAwiZ9V7PC3j79s7l/bGfC10HbAn75IHFnXzu8wVu5Llbg1f6v4M8r0qpllTs/O7DDzC+xZDI9zBvKYq5GKnyrPR998N7jvCPdYwlF8xj257E8faEelzE2LzMG9oC2M7la0re/yw/aOr18d0gK9XvYJd/nW6M19vPNutdFqNlqvmnSOrtMtuo10ruPj+oxe4qri1m7VntVe1V7P/Zy/Nn9d3/pP1Mz1/yoN/eZv/AHgrJYS</latexit><latexit sha1_base64="O3droCJEhj3ry74xolyrGVvVlio="> 5pIn355xzAcGs218nO1fFcRNQSoQ2d/1ubjM8lD2eM9UrozZxqMzyFnYmovG+9aWPdAV1nBGxzHXDd6GZFPb+DpcrtUkqo6+3M5H5V2b4O2fU/V7wNBIG9Len1ulSParfU7MbYO1IfkscrkiN5PzT8PiJnEm3+x9kerzJJvD3mXJqfb2+/Gnsa+qFQdIxxWsTHKxqgVmRVjBwjR+VrHD3z7+srlfbWfI10LbAX8GInFkXSe/w1i5L1Xi1vyt4s8406tmljk9P7OjzC+w5zE8zhnIY65GKn6qPB8D893gviPcYwlH8RfuyWV/BkA7K2VuVmQO7gUdYXSvom19lx+1d379GpAW6I2yT7jLt8dv7pOdt+vNdqvZftla3n5obvVX6CbdprvI6ya+sk/pBe4sbu127WntZe3V9S/1X+s3679p1Qs1s+YXGvnV7/wPq+GW6Q==</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit><latexit sha1_base64="4H7zvplEYt/Uo+F2u787uSdGdCY="> 7RnHvG8w28bH2f5VQVwXpAKR/V2di8ssD2WP90zlyphtPDqDnIWNuWi8b23ZA11hDWd0HHPV4K1JNrWNP8PlWk2i6ujL7XxU3rUJ3v4RVb8DDI20Ju29uVWKZL/aR8TcNlhrks8il0tyMzn6NCxuEofyzd4WqT5PsjnsXZScam//P/409lW14gBpr4KVSS5WtcCsCCtYmMbPKnb428dfNveP7Qz5Wmg74M9AJI6s6+R3GCv3pUrcmr9V/BlnetXMMqfnZ3aU+QX2PIbHOQN5zNVIxU+V52Ngvhvcd4R7LOEoPuGeXPZnALTDUuZmRebgXtARRvcq2tZ3+VF7R9evAWmB3ij7hLt8e/zmPtl5s9pst5rtF6uLDx+YW/0ZukY36Bbyuo6v7DN6jjuLW7tRe1Z7UXt5/kf9av1a/bpWPVYza67QyK9+8zesgZbr</latexit>
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PH

(N)LogSpace, NC, AC, etc: reiche Struktur innerhalb von P

Die Polynomialzeithierarchie liefert Struktur zwischen P und PSpace.

Definition 7.1  (Minimal Circuit, MC)

Wichtiges Problem für Schaltkreisentwurf:

T7.1
�4

Zwei Schaltkreise C, C 0 sind äquivalent,
wenn sie dieselbe Anzahl n von Eingabebits haben und

C(w) = C 0(w) für alle w 2 {0, 1}n.

Schaltkreis C ist minimal, wenn |C 0| � |C| für alle äquivalenten C 0.

MC ist Menge aller minimalen Schaltkreise.
<latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="KvomFEKzYfBS+hiQhalRnweXDAU="> </latexit><latexit sha1_base64="KvomFEKzYfBS+hiQhalRnweXDAU="> </latexit><latexit sha1_base64="367JPxhvG8KuoVLkUluvmKL/Kl8="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit><latexit sha1_base64="bllFQPicfL6fc7JR53oZ01cgCRY="> </latexit>

Was ist die „richtige“ Komplexitätsklasse (Vollständigkeit!) 
für dieses Problem?



PH

Lemma 7.2

T7.2

T7.3

T7.4
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Offensichtliches „Teilproblem“:
CEQ := {(C, C 0) | C äquivalent zu C 0}

<latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="dpiFfbKtIp8RSqIctbJxLGITPdc="></latexit><latexit sha1_base64="dpiFfbKtIp8RSqIctbJxLGITPdc="></latexit><latexit sha1_base64="Nf67A8oQZ8cZfTUuvS88kGlLqwg="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit><latexit sha1_base64="XRi7vb/lnbQ7Rw3wuVo5pPx94/s="></latexit>

CEQ ist coNP-vollständig.

Betrachte nun wieder MC:
<latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="oukKw9kgtaW2l313joHBwhGIgZw="> +VVB3BWkMSLz3V6JyyrXsse7rnOTmE0ctoJchb2VaLxvfdkDHVENV3QWc9vh7Ug1bY5Pw+VezaPa1U9eV6PyrjU4Jxd0/S4wLNKOXO+v7FIm+9W/YM1Nh7Uj9RzXklW06GnI/Iy8TQfyzj4Wr32eFCvUuyE1tWz/P/4i9VXNEgCpXyHLvBarZmBV6AoZFumzSh5+9/GbLfzkPEO9jqMD6KcUTyDzotE3jDfiUmXdVr9V+MwqvWplWdOrKzut/DH2KoX3RgrkMXcjF55qVI/SvTfYDkR77OFVvKSTKT4l0AYTlVu2sgDfBZEoulsxt5Gviel8F/dvE94x+uYkJ3zLN2e/3OeNo+16s1Fv/tKga/QtfUffo5y7eLn+TE/wqRLSb/SR/qK/a29r72rv7Vf/5Uvu8/8mTf1qH/4FrzaZEw==</latexit><latexit sha1_base64="oukKw9kgtaW2l313joHBwhGIgZw="> +VVB3BWkMSLz3V6JyyrXsse7rnOTmE0ctoJchb2VaLxvfdkDHVENV3QWc9vh7Ug1bY5Pw+VezaPa1U9eV6PyrjU4Jxd0/S4wLNKOXO+v7FIm+9W/YM1Nh7Uj9RzXklW06GnI/Iy8TQfyzj4Wr32eFCvUuyE1tWz/P/4i9VXNEgCpXyHLvBarZmBV6AoZFumzSh5+9/GbLfzkPEO9jqMD6KcUTyDzotE3jDfiUmXdVr9V+MwqvWplWdOrKzut/DH2KoX3RgrkMXcjF55qVI/SvTfYDkR77OFVvKSTKT4l0AYTlVu2sgDfBZEoulsxt5Gviel8F/dvE94x+uYkJ3zLN2e/3OeNo+16s1Fv/tKga/QtfUffo5y7eLn+TE/wqRLSb/SR/qK/a29r72rv7Vf/5Uvu8/8mTf1qH/4FrzaZEw==</latexit><latexit sha1_base64="YReeooKZySeBNubSpOfhbmMFzAs="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl8bG3Tvuq/4qfUM36DvUdRdv2fv0EN8sIb2iv+gf+rf2W+332h+1P23o5Utuztc09au9fg+Jh5qD</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit><latexit sha1_base64="U2F6eU9us6lxYjrpDZHfxDZbJpc="> OC7nVwVxV5DGiMx3eyUuq1zLHu+6zk1iNnHYCnIV9lai8b71ZQ90RDVc0VnMbYe3I9W0OT4Ml3s1j2pXP3ldjcq71uCcXND1H4BhkXbkentllzLZr/4Fa246rB2p57iWrKJFT0PmZ+RtOpB39rF47fOkWKHeDampZfv/8Repr2qWAEj9ClnmtVg1A6tCV8iwSJ9V8vC7j99s4QfnGep1HB1AP6V4ApkXjb5hvBGXKuu2+q3CZ1bpVSvLml5d2Wnlj7FXKbw3UiCPuRu58FSjepTuvcF2INpjD6/iGZ1M8SmBNpio3LKVBfguiETR3Yq5jXxNTOe7uH+b8I7RNyc54Vu+OfvlPm8cbdebjXrzl+2Nu3fcV/1V+oZu0Heo6y7esvfpIb5ZQnpFf9E/9G/tt9rvtT9qf9rQy5fcnK9p6ld7/R6KJ5qF</latexit>

• Ist in NP, wenn wir einen CEQ-Algorithmus
als Orakel (Unterprozedur ohne Zeitverbrauch) verwenden.

• Man kann beide Algorithmen nicht zu einem NP-Algorithmus vereinigen,
weil der NP-Algorithmus einen coNP-Algorithmus aufruft
(98-Charakteristik).

<latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="g2CiDImjrW9cntrk3gIP+R36fwo="> </latexit><latexit sha1_base64="g2CiDImjrW9cntrk3gIP+R36fwo="> </latexit><latexit sha1_base64="B4rxSTpWW4uL668BkeAQkWVeKd8="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit><latexit sha1_base64="FRR9nnVrLrVAMufWu/Cs6eh2Yfo="> </latexit>

Derartige Probleme sind offensichtlich in PSpace. 
Man kann ihre Komplexität aber noch exakter bestimmen.



Orakel
Orakel:  Unterprogramm, dessen Zeitverbrauch ausgeblendet wird,

Definition 7.3  (Orakel-TM)

dargestellt als formale Sprache

�6

Eine Orakel-TM (OTM) MO ist eine TM M (DTM oder NTM),
ausgestattet mit einem Orakel O ✓ ⌃⇤ sowie

• einem zusätzlichen Orakelband und

• drei speziellen Zuständen: q? q+ q�
<latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="6ax68frn4gc4IaKH1aq4aEDP6i0="> </latexit><latexit sha1_base64="6ax68frn4gc4IaKH1aq4aEDP6i0="> </latexit><latexit sha1_base64="7JemQk1++4GSkS9JPqH1WBQvJos="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit><latexit sha1_base64="akik8VbuDCn19PWRKfVH4kY5fH4="> </latexit>

Dabei ist/sind

• q? ein Zustand, in dem das Orakel befragt wird
; Folgezustand q+ (q�) , wenn aktuelles Wort auf O-Band 2 O (/2 O);
Kopfposition und Bandinhalte bleiben dabei unverändert;

• für die Folgezustände q+, q� normale Transitionen definiert.
<latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="aEc/6bbePobMJsIIHGFA5IWEUqk="> </latexit><latexit sha1_base64="aEc/6bbePobMJsIIHGFA5IWEUqk="> </latexit><latexit sha1_base64="AELPNwKCQD85FaBpCZMxsq8731I="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit><latexit sha1_base64="2HUaMcN9WMpuBbYgfx8yHLDkyfY="> </latexit>

Also schon gesehen:
MC wird von Polyzeit-beschränkter ONTM mit O = CEQ akzeptiert.
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Orakel

Orakel-TMs können auch verwendet werden, 
um komplexitätstheoretische Annahmen zu formalisieren, z. B.:

• Wenn SAT in konstanter Zeit lösbar wäre, welche anderen Probleme  
wären dann effizient lösbar (in Polyzeit mit SAT-Orakel)?

• Wenn das Halteproblem für Turingmaschinen H  entscheidbar wäre,  
welche anderen Probleme wären dann entscheidbar  
(mittels TM mit H -Orakel)?

Orakel-TM ist ebensowenig realistisches Berechnungsmodell wie 
nichtdeterministische TMs.

Dennoch können mittels Orakel-TMs natürliche Komplexitätsklassen
definiert werden (natürlich = erfassen viele natürliche Probleme)
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Orakel

Definition 7.4  (Orakel-Komplexitätsklassen)

�8

Sei O ✓ ⌃⇤ ein Orakel. Dann:

PO := {L | L wird von ODTM MO in Polyzeit entschieden}
NPO := {L | L wird von ONTM MO in Polyzeit entschieden}

<latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="AJhYhbaXqd7wWF2Fo/g/MgcNb5I="> </latexit><latexit sha1_base64="AJhYhbaXqd7wWF2Fo/g/MgcNb5I="> </latexit><latexit sha1_base64="HooCO4Uz839SNNi40tm6j+f8nrw="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit><latexit sha1_base64="ZIs3NNMC9NM9Eaow9sPJ97wFeqk="> </latexit>

Sei C Komplexitätsklasse. Dann:

PC :=
[

O2C
PO NPC :=

[

O2C
NPO

<latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="B7IbRZSq+vNFZRT3GcthbYYQYsw="> AXDor6v9pSiPgVEDyt4IaxmnyDwDtJbofjKH+cRgNgzH5fzKIO4x0hiR+O6sxCWVx7zHO6Zzk5gNHLqCVIX9lWi0bx3eA21WDVV0FnPH4O1yNXWOz8OlXs2j6tVPXlej0q7NcA4v6fpDYGikXb4+XtmlhPerc8maGwZrl+s5riWpaNHTkPhl/DYd8Dv7lL36eZKvUO8m11Sz/f/4i9RXNosLpF6JLPNaLJuBVBGXyLBIn2Xy0LuP3mzeZ+cZ6nUc7UI/BXtcnuePvmGsEZcy69b6LcNnVullK0uaXl3ZaeWPsVcpPB0pkMbUDcU85agehXlvkO2y9shDqzgXZ1N8CqANJiq3bGUuvgt8VnSnZO6Mvyam813ev3vwjtHvTXLCt3xj9st93ni9U2vUa40/6uK6uCPuivso5x5err+KJj5VvMrtyrPKz5Vf1j6t31jf0F/9Vyrm8/+WmPqt3/oP1EGxJQ==</latexit><latexit sha1_base64="B7IbRZSq+vNFZRT3GcthbYYQYsw="> AXDor6v9pSiPgVEDyt4IaxmnyDwDtJbofjKH+cRgNgzH5fzKIO4x0hiR+O6sxCWVx7zHO6Zzk5gNHLqCVIX9lWi0bx3eA21WDVV0FnPH4O1yNXWOz8OlXs2j6tVPXlej0q7NcA4v6fpDYGikXb4+XtmlhPerc8maGwZrl+s5riWpaNHTkPhl/DYd8Dv7lL36eZKvUO8m11Sz/f/4i9RXNosLpF6JLPNaLJuBVBGXyLBIn2Xy0LuP3mzeZ+cZ6nUc7UI/BXtcnuePvmGsEZcy69b6LcNnVullK0uaXl3ZaeWPsVcpPB0pkMbUDcU85agehXlvkO2y9shDqzgXZ1N8CqANJiq3bGUuvgt8VnSnZO6Mvyam813ev3vwjtHvTXLCt3xj9st93ni9U2vUa40/6uK6uCPuivso5x5err+KJj5VvMrtyrPKz5Vf1j6t31jf0F/9Vyrm8/+WmPqt3/oP1EGxJQ==</latexit><latexit sha1_base64="RD5AVhLQL2OewSDvq0/TjJR8UxE="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz18bmswPzVX9T3BcPxDeo6x7esj+JFr5ZvMpXlaeVHyo/3v6rdqu2UbunQ69VzJwvxcyvdv9fytex8Q==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit><latexit sha1_base64="E+hp00IRSxrjRCqxNIMmdHpmkHk="> j4BDf13t/4ryBBh1oOyNsVZxiswzQGuJ7icLmN8bzKbhuJpfGcQ9RpogEt+dtbik8pj3eNd0bhqziUNXkKqwvxaN9q3De6DDqqGKzmPuGLxdrqbO8XG41KtFVL366et6VNq1Gc7hFV3/DhgaaZevT9Z2KeH96lyx5qbB2uV6TmpJKlr2NCR+Gb9Nh/zOPmOvfp7ka9S7yTXVbP8//jL1lc3iAqlfIsuiFstmIFXEJTIs02eZPPTuozeb99F5RnqdRLvQT8Eel+f5428Ya8ylzLq1fsvwmVd62cqSptdXdlb5E+x1Ck/HCqQxdUMxTzmuR2HeG2S7rD3y0CouxPkMnwJow6nKrVqZi+8CnxXdLZk746+J2XxX9+8hvBP0h9Oc8C3fnP9yXzRe79SbjXrz153NZwfmq/6muC8eiG9Q1z28ZX8SLXyzeJWvKk8rP1R+vP1X7VZto3ZPh16rmDlfiplf7f6/y3ex8w==</latexit>

Schon gezeigt: MC 2 NPCEQ, also in MC 2 NPcoNP
<latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="K32XI0eFa44d6XODKexswPibu/s="> xFrEKTTvAK0l7o9nMJ8bzJbhuJhfFcRdQRohMt/tpbis8kj2eM+s3DhmC5euIFdhbyka71tb9kBXVMMVncbcNng7Uk2d43q4vFazqHr248/lqLxrE9yDK1b9CTA00o48ny1dpVj2q33FnFsGa0fqOaolq2je25D5JfI1LeSbfSJe/T7Jlqh3Q2qq2f5//Hnqq5rFAdKgQpZZLVbNwKqIKmSYp88qefjbx18299p5hnodRTvQTy4eR8Z55RnGKrlUmbfWbxU+00qvWlnW9PLKTip/hL1M4f1Sgdzm1UiFpyrrkZvvBtuOaI89PIvPdDrBJwdaMVa5RTNzcC7wRNG9irkTOU1M5rt6/erwjtDr45xwlm9Nn9xnjffbjVaz0XrTpDv0Hf1Aj1HOXXxcX9IRjipu7WHt59ph7cXqX2u31+7pU/+Nmjn+P6CJ39r6v0ZMt4Q=</latexit><latexit sha1_base64="K32XI0eFa44d6XODKexswPibu/s="> xFrEKTTvAK0l7o9nMJ8bzJbhuJhfFcRdQRohMt/tpbis8kj2eM+s3DhmC5euIFdhbyka71tb9kBXVMMVncbcNng7Uk2d43q4vFazqHr248/lqLxrE9yDK1b9CTA00o48ny1dpVj2q33FnFsGa0fqOaolq2je25D5JfI1LeSbfSJe/T7Jlqh3Q2qq2f5//Hnqq5rFAdKgQpZZLVbNwKqIKmSYp88qefjbx18299p5hnodRTvQTy4eR8Z55RnGKrlUmbfWbxU+00qvWlnW9PLKTip/hL1M4f1Sgdzm1UiFpyrrkZvvBtuOaI89PIvPdDrBJwdaMVa5RTNzcC7wRNG9irkTOU1M5rt6/erwjtDr45xwlm9Nn9xnjffbjVaz0XrTpDv0Hf1Aj1HOXXxcX9IRjipu7WHt59ph7cXqX2u31+7pU/+Nmjn+P6CJ39r6v0ZMt4Q=</latexit><latexit sha1_base64="Q9tX+f3qloQd6ZNF44wvmWNIq0o="> Amsep9A8A7SW6H40hfnUYDYNx/n8yiBuMdIQkfhuLMQllSve413TuVHMJg5dQarC9kI02rc274EOq4YqOom5YfA2uZo6x+VwqVfTqHr1o9fFqLRrY5yDC7r+CBgaaZOvTxZ2KeL9al+w5qbB2uR6DmtJKpr1NCR+Mb9Nc35nH7JXP0/SBepd5Zpqtv8ff5b6ymZxgNQvkWVai2UzkCpUiQyz9FkmD7376M3mXjrPQK/DaAf6ydjj8Dyv+IaxCi5l1q31W4bPpNLLVpY0vbiy48ofYi9SeK9QII2pGwnzlEU9MvPeINth7ZGHVnEijsb4ZEDLRyo3b2UOvgs8VnS3ZO6YvybG813cvxq8Q/TaKCd8yzcnv9ynjXcb9Waj3nzdWH3+zHzVL4lfxX3xEHXdwlv2T7GPbxa38nPlj8pe5cXNr9Ub1VvVFR16pWLm3BNjv+ov/wKDPbhO</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit><latexit sha1_base64="xlVm+P5Uyz8csg0dSXlJW2T4xk8="> wJrHKTTPAK0luh9NYf5hMJuG43x+ZRC3GGmISHw3FuKSyhXv8a7p3ChmE4euIFVheyEa7Vub90CHVUMVncTcMHibXE2d43K41KtpVL360etiVNq1Mc7BBV1/DAyNtMnXJwu7FPF+tS9Yc9NgbXI9h7UkFc16GhK/mN+mOb+zD9mrnyfpAvWuck012/+PP0t9ZbM4QOqXyDKtxbIZSBWqRIZZ+iyTh9599GZzL51noNdhtAP9ZOxxeJ5XfMNYBZcy69b6LcNnUullK0uaXlzZceUPsRcpvFcokMbUjYR5yqIemXlvkO2w9shDqzgRR2N8MqDlI5WbtzIH3wUeK7pbMnfMXxPj+S7uXw3eIXptlBO+5ZuTX+7TxruNerNRb77eWH3+1HzVL4lfxAPxCHXdwlv2T7GPbxa38nPlWWWv8uLW1+rN6u3qig69UjFzfhJjv+r9fwGD3bhQ</latexit>

Leicht zu sehen: NPcoNP = NPNP
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Einige Beispiele:

• PP = P, NPP = NP
(Integriere Orakel in OTM)

• NPNP = NP ist hingegen nicht klar
(denn coNP ✓ PcoNP = PNP ✓ NPNP)

• PNP = PSAT und ebenso für jedes andere NP-vollständige Problem
(Genügt zu zeigen: PO ✓ PSAT mit O 2 NP:
integriere dazu Reduktion O p SAT in OTM)
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PH:  Definition

Die Polynomialzeithierarchie (PH,  engl.: polynomial(-time) hierarchy) 
entsteht nun durch iterierte Orakelanwendung:

Definition 7.5  (Polynomialzeithierarchie)

�10

• �p
1 = P ⌃p

1 = NP ⇧p
1 = coNP

• Für k � 1 ist:

�p
k+1 = P⌃p

k

⌃p
k+1 = NP⌃p

k

⇧p
k+1 = co⌃p

k+1
<latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="9KkJlgqliiHWOO++LG7b4B6cDcg="> </latexit><latexit sha1_base64="9KkJlgqliiHWOO++LG7b4B6cDcg="> </latexit><latexit sha1_base64="5zt8nwuY4F7DDWu7sRvYMl9v+cs="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit><latexit sha1_base64="SpRqTzAjUXO/daJLx0jqFSFIEOU="> </latexit>



PH:  Bild und einfache Eigenschaften
...

Echtheit der Inklusionen ist unbekannt.

Lemma 7.6

T7.5

�11

bedeutet �

�p
1 = P

<latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="27NhxhprI4vNcLflT0zhcP+A1pw="></latexit><latexit sha1_base64="27NhxhprI4vNcLflT0zhcP+A1pw="></latexit><latexit sha1_base64="QdOOaSm50qQSmHIxhZf/NXaflD4="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit><latexit sha1_base64="xLDL7oTBlPBcQDQ04Z8kfYRSZeU="></latexit>

⌃p
1 = NP

<latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="fmQUYL8iJJAVejrqNrzv4fxv8PM="></latexit><latexit sha1_base64="fmQUYL8iJJAVejrqNrzv4fxv8PM="></latexit><latexit sha1_base64="qMtafiNCneOBfTFO3gWi7B73ZtE="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit><latexit sha1_base64="5PzAp3ClxCybtjGKiGoXKy7rt6U="></latexit>

⇧p
1 = coNP

<latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="LHJu8Wc+SrFlH9OFnBKsQlILrrk="></latexit><latexit sha1_base64="LHJu8Wc+SrFlH9OFnBKsQlILrrk="></latexit><latexit sha1_base64="1JLC9EEoEnbsgBHKSo24CBI3zAQ="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit><latexit sha1_base64="TGu2Cj2b9Is65RMiV1skKyRpzkw="></latexit>

�p
2 = PNP

<latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="AKrLAgd7UEzN9PPtJ0Txpe44Z4M="></latexit><latexit sha1_base64="AKrLAgd7UEzN9PPtJ0Txpe44Z4M="></latexit><latexit sha1_base64="nYUC6mqr08A01flxclr4+YG6xi0="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit><latexit sha1_base64="M5IDjA0sVM0U83o0r4odGVWy+AI="></latexit>

⌃p
2 = NPNP

<latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="RikG2MB6u4LuRM3c4KfuIpJqxsI="></latexit><latexit sha1_base64="RikG2MB6u4LuRM3c4KfuIpJqxsI="></latexit><latexit sha1_base64="zbdQWKLYI00Kks2vLcmjWfrGPjU="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit><latexit sha1_base64="+J37h60lnn14iwLS8nbiSG2oG0Q="></latexit>

⇧p
2 = coNPNP

<latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="dPXj6b9mg8HOvcsieLyu7jtgzpc="></latexit><latexit sha1_base64="dPXj6b9mg8HOvcsieLyu7jtgzpc="></latexit><latexit sha1_base64="x6kwkdAYjmfII5FJtkVvvaHjYUI="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit><latexit sha1_base64="6rVmCJFvairsSdgEJSipfz9gdt8="></latexit>

�p
3 = PNPNP

<latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="5ld6xsO2bmeFO7czM9YUsQnBVe4="></latexit><latexit sha1_base64="5ld6xsO2bmeFO7czM9YUsQnBVe4="></latexit><latexit sha1_base64="aZvZyOCvYetemSuGBqfe0tvK+SE="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit><latexit sha1_base64="+Gil5w9KgxLm/XCnYAEXVNtmw/I="></latexit>

Für alle k � 1 gilt: �p
k ✓ ⌃p

k ✓ �p
k+1 und �p

k ✓ ⇧p
k ✓ �p

k+1
<latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="Rd5TSqXXzH/0pOsarBde8dmERb4="> YD4zmLbhWM2vDuKuIE0Qme/2SlxWeSx7vG9WbhrTxqUryFXYW4nG+9aRPdAT1XBF5zG3Dd6OVFPn+DJcXqtFVD376edqVN61Ge7hFav+GBgaaUeeT1euUiL71blizrbB2pF6TmrJKlr2NmR+mXxNL+WbfSxe/T4pVqh3U2qq2f5//GXqq5vFBVJZI8uiFutmYFXENTIs02edPPzt4y+b98V5RnqdRLvQz1A8rozzx2cYa8ylzry1fuvwmVd63cqypldXdlb5E+xVCk/HCuQ2r0YuPNW4HkPz3WDbFe2xh2dxRiczfIZAu5yqXNXMXJwLfFF0v2buTE4Ts/muXr8WvBP01jQnnOXt+ZP7ovFmu2132vZvHbpF9+kBfY9y7uLj+gsd4qjiNe419hr7jRfrfzVvNO/oU/+1hjn+36OZX7P5L6sBsN8=</latexit><latexit sha1_base64="Rd5TSqXXzH/0pOsarBde8dmERb4="> YD4zmLbhWM2vDuKuIE0Qme/2SlxWeSx7vG9WbhrTxqUryFXYW4nG+9aRPdAT1XBF5zG3Dd6OVFPn+DJcXqtFVD376edqVN61Ge7hFav+GBgaaUeeT1euUiL71blizrbB2pF6TmrJKlr2NmR+mXxNL+WbfSxe/T4pVqh3U2qq2f5//GXqq5vFBVJZI8uiFutmYFXENTIs02edPPzt4y+b98V5RnqdRLvQz1A8rozzx2cYa8ylzry1fuvwmVd63cqypldXdlb5E+xVCk/HCuQ2r0YuPNW4HkPz3WDbFe2xh2dxRiczfIZAu5yqXNXMXJwLfFF0v2buTE4Ts/muXr8WvBP01jQnnOXt+ZP7ovFmu2132vZvHbpF9+kBfY9y7uLj+gsd4qjiNe419hr7jRfrfzVvNO/oU/+1hjn+36OZX7P5L6sBsN8=</latexit><latexit sha1_base64="HVnSIN6Obev+NZC842pM3u1UHjk="> ZAbzpcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVdfwYMjbTB1xcLu5TwfnUuWbNtsDa4nqNakormPQ2Jn+K36QW/s4/Yq58n+QL1rnJNNdv/jz9PfVWzuEAqKmSZ1WLVDKSKuEKGefqskofeffRm8747z0Cvo2gX+umzx+V5/vAbxhpyqbJurd8qfKaVXrWypOnFlZ1U/gh7kcLToQJpTN3ImKcc1qNv3htku6w98tAqTsXxBJ8+0C7GKle2MhffBT4rulsxt+Kvicl8l/evAe8IvTHOCd/y9vSX+6zxZr1pt5r2n63VnW3zVX9TPBSPxM+o6ybesr+LA3yzeLX7ta3abu3X23/Vl+q36nUdeqVm5jwQE7/6j/8Cn0Sxpg==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit><latexit sha1_base64="ZHOXF+Jd8uiFj1b2ztxlLCou4tU="> ZAbzqcG0DcdyflUQNxlphEh81xfikspj3uNd07lxTBuHriBVYWshGu1bh/dAh1VDFZ3GXDd4G1xNneP7cKlXs6h69ePXxai0axXO4SVd/x0YGmmDr08Wdinh/epcsmbbYG1wPUe1JBXNexoSP8Vv0wt+Zx+xVz9P8gXqXeWaarb/H3+e+qpmcYFUVMgyq8WqGUgVcYUM8/RZJQ+9++jN5n13noFeR9Eu9NNnj8vz/OE3jDXkUmXdWr9V+EwrvWplSdOLKzup/BH2IoWnQwXSmLqRMU85rEffvDfIdll75KFVnIrjCT59oF2MVa5sZS6+C3xWdLdibsVfE5P5Lu9fA94RemOcE77l7ekv91njzXrTbjXtl+urO9vmq/66uC8eil9Q1028ZZ+LA3yzeLW7ta3abu3PW3/Xl+o363UdeqVm5vwsJn71e98An+SxqA==</latexit>



Die Klasse PH

Definition 7.7  (Polynomialzeithierarchie)

Theorem 7.8

Es gibt auch eine Klasse für die gesamte Polynomialzeithierarchie:

Die Polynomialzeithierarchie liegt zwischen P und PSpace:

T7.6

�12

PH =
[

k�1

⌃p
k

<latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="u1PwS3setg7ez/MUQvF2mPnYzJc="> dRAPBWmKyHz3N+KyyhPZ4z3TuVlMG4euIFfhaCMa71tX9kBXVMMVXcTcN3gHUk2d48NwuVfLqHr1s9fNqLxrc5yjC7r+LTA00oFc727sUir71b1gzbbBOpB6TmvJKlr1NGR+ubxNR/LOPhOvfp6UG9S7IzXVbP8//ir11c3iAWlQI8uyFutmYFUkNTKs0medPPzu4zeb/8F5xnqdRnvQTyUeT+YFk28Ya8Klzrq1fuvwWVR63cqypjdXdl75U+xNCs8mCuQxd6MQnmpSj8q8N9j2RHvs4VW8pPYcnwpoo5nKrVuZh++CQBTdq5k7l6+J+XwX928X3in67iwnfMvbi1/uy8bT/abdatqPWnSNvqRb9DXKeYiX6wM6waeKT7/TH/QX/d1403jb+FV/9V++ZD7/b9Lcr/HbvyAjk/Y=</latexit><latexit sha1_base64="u1PwS3setg7ez/MUQvF2mPnYzJc="> dRAPBWmKyHz3N+KyyhPZ4z3TuVlMG4euIFfhaCMa71tX9kBXVMMVXcTcN3gHUk2d48NwuVfLqHr1s9fNqLxrc5yjC7r+LTA00oFc727sUir71b1gzbbBOpB6TmvJKlr1NGR+ubxNR/LOPhOvfp6UG9S7IzXVbP8//ir11c3iAWlQI8uyFutmYFUkNTKs0medPPzu4zeb/8F5xnqdRnvQTyUeT+YFk28Ya8Klzrq1fuvwWVR63cqypjdXdl75U+xNCs8mCuQxd6MQnmpSj8q8N9j2RHvs4VW8pPYcnwpoo5nKrVuZh++CQBTdq5k7l6+J+XwX928X3in67iwnfMvbi1/uy8bT/abdatqPWnSNvqRb9DXKeYiX6wM6waeKT7/TH/QX/d1403jb+FV/9V++ZD7/b9Lcr/HbvyAjk/Y=</latexit><latexit sha1_base64="s2Ljnhdza6Blap3kyWnsJ3Qw57w="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/vWzr2vzVf9NbpFn9JnqOsh3rIP6QTfLD79Rn/SG/qr8VPj58YvjV916OVLZs7HNPdr/P4vw4SVXA==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit><latexit sha1_base64="Ug1r0JbUbtrv+f8Fjsjn1X/ORIs="> z68O4qEgTRGZ7/5GXFZ5Inu8Zzo3i2nj0BXkKhxtRON968oe6IpquKKLmPsG70CqqXO8HS73ahlVr372uhmVd22Oc3RB178AhkY6kOvdjV1KZb+6F6zZNlgHUs9pLVlFq56GzC+Xt+lI3tln4tXPk3KDenekpprt/8dfpb66WTwgDWpkWdZi3QysiqRGhlX6rJOH3338ZvPfOs9Yr9NoD/qpxOPJvGDyDWNNuNRZt9ZvHT6LSq9bWdb05srOK3+KvUnh2USBPOZuFMJTTepRmfcG255ojz28ihfUnuNTAW00U7l1K/PwXRCIons1c+fyNTGf7+L+7cI7Rd+d5YRveXvxy33ZeLLftFtN+/v9nXtfm6/6a3SLPqXPUNdDvGUf0gm+WXz6jf6kN/RX46fGz41fGr/q0MuXzJyPae7X+P1fxCSVXg==</latexit>

PH ✓ PSpace
<latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="UHYSKDemVCsFIPU4OG2Q/7q3Qdg="> NEQ1XNFRzFWDtybV1Dn+Dpd7NY6qVz94nY3KuzbBOTij64+AoZHW5Lo+s0uR7Ff7jDVbBmtN6tmvJato0tOQ+SXyNu3KO3tfvPp5ks1Q75LUVLP9f/xJ6iuaxQFSu0CWcS0WzcCqCAtkmKTPInn43cdvNvev8/T02o92oJ+OeByZ5+XfMOWcS5F1a/0W4TOq9KKVZU3Pruyw8vvYsxQe5wrkMXcjFZ4qr0fHvDfYdkR77OFVHNHBEJ8O0LoDlZu2MgffBZ4oulkwdyJfE8P5zu7fMrx99OVBTviWt0a/3MeN16sVq1qxXlbpCt2mu3Qf5dzAy/U57eBTxaUv9JW+0feSW/pY+qS/+s/Nmc//WzT0K33+A90IiRU=</latexit><latexit sha1_base64="UHYSKDemVCsFIPU4OG2Q/7q3Qdg="> NEQ1XNFRzFWDtybV1Dn+Dpd7NY6qVz94nY3KuzbBOTij64+AoZHW5Lo+s0uR7Ff7jDVbBmtN6tmvJato0tOQ+SXyNu3KO3tfvPp5ks1Q75LUVLP9f/xJ6iuaxQFSu0CWcS0WzcCqCAtkmKTPInn43cdvNvev8/T02o92oJ+OeByZ5+XfMOWcS5F1a/0W4TOq9KKVZU3Pruyw8vvYsxQe5wrkMXcjFZ4qr0fHvDfYdkR77OFVHNHBEJ8O0LoDlZu2MgffBZ4oulkwdyJfE8P5zu7fMrx99OVBTviWt0a/3MeN16sVq1qxXlbpCt2mu3Qf5dzAy/U57eBTxaUv9JW+0feSW/pY+qS/+s/Nmc//WzT0K33+A90IiRU=</latexit><latexit sha1_base64="5qF2o2zh4FPRYMQEeUVXKalYwX4="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1tLq48ch81Z+j63STbqOua3jLPqYdfLO49Jm+0jf6XnJLH0ofS5906Ik5M+caDf1KX/4ADH6KYA==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit><latexit sha1_base64="+ALM4o8gqyAVxLcg8i85/HxiozM="> yx5oiGq4oqOYKwZvVaqpc/wdLvdqHFWvfvA6G5V3bYJzcEzX7wFDI63K9cHMLkWyX+1j1mwZrFWpZ7+WrKJJT0Pml8jbtCvv7D3x6udJNkO9i1JTzfb/8Sepr2gWB0jtAlnGtVg0A6siLJBhkj6L5OF3H7/Z3L/O09NrP9qBfjricWSel3/DlHMuRdat9VuEz6jSi1aWNT27ssPK72PPUnicK5DH3I1UeKq8Hh3z3mDbEe2xh1fxhvaH+HSA1h2o3LSVOfgu8ETRzYK5E/maGM53fP+W4O2jLw1ywre8NfrlPm68WKlY1Yr1dGVx45H5qj9H1+km3UZd1/CWfUw7+GZx6TN9pW/0veSWPpQ+lj7p0BNzZs41GvqVvvwBDR6KYg==</latexit>



Kollaps der PH

Lemma 7.9

Theorem 7.10

Anders formuliert:  PH kollabiert am ehesten weit oben!

Viele Resultate in der Komplexitätstheorie beziehen sich auf die 
Echtheit der Inklusionen in der Polynomialzeithierarchie.

T7.7

T7.8
�13

Die Polynomialzeithierarchie kollabiert, wenn PH = ⌃p
k für ein k � 1.

<latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="N6zcDLMe+KbsiZmr6V2o7mPJR9E="> KE+A0QTK0QRrHafYvgOMlqg/XcL81mK6luN6flUQjxhpikh8DzbiksoT3uM9u3KzmC4uU0GqwvFGNNq3Hu+BLquGKrqIeWDxDrmaJsf74dJaLaOa2c8+N6PSrtW4R7es+tfAMEiH/HyycZVS3q/eLXN2LdYh13NaS1LRqrch8dP8NR3xN/uCveZ9UmxQ7y7X1LD9//ir1Fc1iw+kQYUsy1qsmoFUkVTIsEqfVfLQt4++bMF75xnrdRrtQz8le3weF07OMM6ES5V5G/1W4bOo9KqVJU1vruy88qfYmxSeTRRIbVqNnHnKST1K+90g22ftkYdm8VZczvEpgTaaqdy6mfk4F4Ss6F7F3JpPE/P5bl+/BrxT9MYsJ5zl3cWT+7Lx8qDptprujy1xT3wuHokvUc4jfFyfiTMcVQLxV22rdr9Wr/9S/63+uzn1b9Xs8f+hmPvV//gXugShOQ==</latexit><latexit sha1_base64="N6zcDLMe+KbsiZmr6V2o7mPJR9E="> KE+A0QTK0QRrHafYvgOMlqg/XcL81mK6luN6flUQjxhpikh8DzbiksoT3uM9u3KzmC4uU0GqwvFGNNq3Hu+BLquGKrqIeWDxDrmaJsf74dJaLaOa2c8+N6PSrtW4R7es+tfAMEiH/HyycZVS3q/eLXN2LdYh13NaS1LRqrch8dP8NR3xN/uCveZ9UmxQ7y7X1LD9//ir1Fc1iw+kQYUsy1qsmoFUkVTIsEqfVfLQt4++bMF75xnrdRrtQz8le3weF07OMM6ES5V5G/1W4bOo9KqVJU1vruy88qfYmxSeTRRIbVqNnHnKST1K+90g22ftkYdm8VZczvEpgTaaqdy6mfk4F4Ss6F7F3JpPE/P5bl+/BrxT9MYsJ5zl3cWT+7Lx8qDptprujy1xT3wuHokvUc4jfFyfiTMcVQLxV22rdr9Wr/9S/63+uzn1b9Xs8f+hmPvV//gXugShOQ==</latexit><latexit sha1_base64="1nFR4RgsyQtIYscdtiMDH1JgnUU="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/am0//sF81d8SX4r74mvU9QBv2afiBN8svviztlG7U6vX39d/rf9W/12HbtTMnC/EzK/+178Ei6LJ</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit><latexit sha1_base64="XMBtbtloBe00i+Uh5zzEhSNMeyg="> 9n9FeQiMJlAOxlirOMXmGaC1RPfTBczvDaZtOK7mVwXxgJEmiMR3by0uqTzhPd41nZvGtHHoClIVDtei0b51eQ90WDVU0XnMPYO3z9XUOT4Ml3q1iKpXP31dj0q7VuEcXdP1b4Ghkfb5+nBtl1Ler+41a7YN1j7Xc1JLUtGypyHxU/w2HfI7+4y9+nlSrFHvNtdUs/3/+MvUVzWLB6R+hSyLWqyagVSRVMiwTJ9V8tC7j95s/gfnGel1Eu1BPyV7PJ4XjL9hrDGXKuvW+q3CZ17pVStLml5f2VnlT7DXKTwbK5DG1I2cecpxPUrz3iDbY+2Rh1bxRpzP8CmBNpyq3KqVefguCFjR3Yq5FX9NzOa7vn8NeCfojWlO+Ja357/cF40Xe0271bR/2tt+/IP5qr8lvhT3xdeo6wHesk/FCb5ZfPFnbaN2p1avv6//Wv+t/rsO3aiZOV+ImV/9r38BBSuiyw==</latexit>

Wenn ⌃p
k = ⌃p

k+1 , dann PH = ⌃p
k .

<latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="QKPxoepFgQ61cNF7QuKZTYJkEEg="> vhsLcVnlkezxtuncKKaFQ1eQq7C9EI33rS17oCWq4YpOYm4YvE2pps7xdbjcq2lUvfrR62JU3rUpzsEZXf8dGBppU653F3Yplv1qn7Fmy2BtSj2HtWQVzXoaMr9U3qZ9eWcfiVc/T/IF6l2Rmmq2348/S31lszhA6pbIMq3FshlYFVGJDLP0WSYPv/v4zeZ+dZ6BXofRDvTTE48j87ziG6ZacCmzbq3fMnwmlV62sqzpxZUdV/4Qe5HCk0KBPOZuZMJTFfXomfcG245ojz28iud0PManB7T+SOXmrczBd4Enim6XzJ3K18R4vrP7twrvEH11lBO+5a3JL/dp48lGzarXrId1ukQ36CbdRjm38HJ9QPv4VHHpHX2gj/Sp8rryb+WN/uo/f858/l+nsV/l7RenXZOF</latexit><latexit sha1_base64="QKPxoepFgQ61cNF7QuKZTYJkEEg="> vhsLcVnlkezxtuncKKaFQ1eQq7C9EI33rS17oCWq4YpOYm4YvE2pps7xdbjcq2lUvfrR62JU3rUpzsEZXf8dGBppU653F3Yplv1qn7Fmy2BtSj2HtWQVzXoaMr9U3qZ9eWcfiVc/T/IF6l2Rmmq2348/S31lszhA6pbIMq3FshlYFVGJDLP0WSYPv/v4zeZ+dZ6BXofRDvTTE48j87ziG6ZacCmzbq3fMnwmlV62sqzpxZUdV/4Qe5HCk0KBPOZuZMJTFfXomfcG245ojz28iud0PManB7T+SOXmrczBd4Enim6XzJ3K18R4vrP7twrvEH11lBO+5a3JL/dp48lGzarXrId1ukQ36CbdRjm38HJ9QPv4VHHpHX2gj/Sp8rryb+WN/uo/f858/l+nsV/l7RenXZOF</latexit><latexit sha1_base64="bTZ7viPl3nhqC82BiEt/PXHGvSE="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ/XVBz+br/pL9CNdp5uo6zbeso9pD98sLv1FH+lf+lT5o/Jn5W3lnQ49e8bM+YHGfpW/vwBFQ5Tw</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit><latexit sha1_base64="+qXfJzZmPQ6IqZkMIx4NALBEoeU="> IjLfzYW4rPJI9njbdG4U08KhK8hV2FmIxvvWlj3QEtVwRScxNw3ellRT5/g6XO7VNKpe/eh1MSrv2hTn4JSu3waGRtqS692FXYplv9qnrNkyWFtSz2EtWUWznobML5W3aV/e2Yfi1c+TfIF6V6Wmmu3/x5+lvrJZHCB1S2SZ1mLZDKyKqESGWfosk4ffffxmc786z0Cvw2gH+umJx5F5XvENUy24lFm31m8ZPpNKL1tZ1vTiyo4rf4i9SOFJoUAeczcy4amKevTMe4NtR7THHl7Fb3Q0xqcHtP5I5eatzMF3gSeKbpfMncrXxHi+0/u3Bu8QfW2UE77lrckv92nj+WbNqtesJ5urD342X/WX6Ee6TjdR1228ZR/THr5ZXPqLPtK/9KnyR+XPytvKOx169oyZ8wON/Sp/fwFF45Ty</latexit>

Wenn PH = PSpace, dann kollabiert PH.
<latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="oLZn1z9URoo14TxxNSFkwAv7ZH4="> 8abt3DBmDYepIFdhZy4a71tH9kBDVMMVHcfctHhbUk2T42a43KtJVLP64et8VN61Gufwmq7/DAyDtCXXx3O7FMt+da5Zc81ibUk9B7VkFU17GjI/LW/Tnryzz8VrnifZHPWuSE0N2/+PP019RbO4QOoUyDKpxaIZWBVRgQzT9FkkD7/7+M3m3ThPX6+DaBf66YrHlXl+/g1TzrkUWbfRbxE+40ovWlnW9PzKjip/gD1P4UmuQB5zN1LhqfJ6dO17g21XtMceXsUruhjh0wVab6hys1bm4rvAF0U3C+bW8jUxmu/6/q3CO0BfHeaEb/na+Jf7pHG0WalVK7UXVbpLD+gR/YhybuPlukf7+FTx6D19pE/0uZSV/iz9Zb76F27Zz//7NPIrvfsCKuaPNQ==</latexit><latexit sha1_base64="oLZn1z9URoo14TxxNSFkwAv7ZH4="> 8abt3DBmDYepIFdhZy4a71tH9kBDVMMVHcfctHhbUk2T42a43KtJVLP64et8VN61Gufwmq7/DAyDtCXXx3O7FMt+da5Zc81ibUk9B7VkFU17GjI/LW/Tnryzz8VrnifZHPWuSE0N2/+PP019RbO4QOoUyDKpxaIZWBVRgQzT9FkkD7/7+M3m3ThPX6+DaBf66YrHlXl+/g1TzrkUWbfRbxE+40ovWlnW9PzKjip/gD1P4UmuQB5zN1LhqfJ6dO17g21XtMceXsUruhjh0wVab6hys1bm4rvAF0U3C+bW8jUxmu/6/q3CO0BfHeaEb/na+Jf7pHG0WalVK7UXVbpLD+gR/YhybuPlukf7+FTx6D19pE/0uZSV/iz9Zb76F27Zz//7NPIrvfsCKuaPNQ==</latexit><latexit sha1_base64="cza2nO0FfYLTun+QAGco7mPxjIk="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9XV26f9d+1Z+nq/Qn/YW6buAtu007+Gbx6CP9Q//Sf6Ws9K70vvTBhJ4+ZedcoZFf6dP/m1qQkQ==</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit><latexit sha1_base64="EuY6h6AiOCN550Q3C/8xwnHFFhw="> x5u2c8OYNRymglyFzblovG8d2QMNUQ1XdBxzzeKtSzVNju/D5V5NoprVD1/no/Ku1TiHJ3T9JjAM0rpcb8/tUiz71TlhzTWLtS71HNSSVTTtacj8tLxNe/LOPhCveZ5kc9S7JDU1bH8ef5r6imZxgdQpkGVSi0UzsCqiAhmm6bNIHn738ZvN++48fb0Ool3opyseV+b5+TdMOedSZN1Gv0X4jCu9aGVZ0/MrO6r8AfY8hSe5AnnM3UiFp8rr0bXvDbZd0R57eBUv6XCETxdovaHKzVqZi+8CXxTdLJhby9fEaL6T+7cM7wB9eZgTvuVr41/uk8aztUqtWqn9vbZ0/679qj9PV+lP+gt13cBbdpt28M3i0Uf6h/6l/0pZ6V3pfemDCT19ys65QiO/0qf/AZv6kJM=</latexit>

Also: ⌃p
k�1 6= ⌃p

k ist schwächere Annahme als ⌃p
k 6= ⌃p

k+1

und P 6= NP schwächste aller dieser Annahmen.
<latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="3W6CyYhHfWJS03GpNEa5VZknmMw="> </latexit><latexit sha1_base64="3W6CyYhHfWJS03GpNEa5VZknmMw="> </latexit><latexit sha1_base64="G+7Wp3StBXz9W0t25pEO2nrhCTk="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit><latexit sha1_base64="OS4Jkeds/yy82mTf1/5OIoSZxY4="> </latexit>



Eine nützliche Eigenschaft

Lemma 7.11

Eine Aussage über eingeschränkte Interaktion mit dem Orakel

Lemma 7.12

Idee:
• rate Orakelantworten im Voraus

• integriere O-Berechnung – verwirf bei abweichenden Antworten sofort

Analoge Aussage per Komplementierung:
T7.9

�14

Sei MO eine Polyzeit-ONTM mit Orakel O 2 ⇧p
k mit q+ = qrej.

Dann gilt: L(MO) 2 ⇧p
k.

<latexit sha1_base64="gbcQywFKdVc7A+zH8X2mG94Afd0="> yIFaaEbMtSrhbUOpZBGDR8Chv6r2f0V5Cow6UJpDrEWcIv0MUFqi+8kM5rca09IcF/OrgthkpBEi8d1eiksqj3mPd3TnxjEtHKqCVIXdpWi0bx3eA21WDVV0GnNb4+1wNVWO98OlXs2iqtWPX5ej0q7NcA5v6PoTYCikHb4+XdqlhPerc8OaLY21w/Uc1ZJUNO9pSPwyfpv2+Z19xl71PCmWqHeTa6rY/n/8eeqrmsUFUq9CllktVs1AqogrZJinzyp56N1HbzbvvfMM9DqKdqGfkj0uz/OH3zDGkEuVdSv9VuEzrfSqlSVNL6/spPJH2MsUng4VSGPqRs485bAepX5vkO2y9shDq7gQrQk+JdD6Y5VbtDIX3wU+K7pTMXfGXxOT+W7unwnvCN0c54RveWv6y33WeLVdtxp166ftzefP9Ff9ivhcfCkeoq5NvGW/F0f4ZvFqK7V6rVnbXftj7e/12vptFXqrpud8JiZ+62v/AltZrLo=</latexit><latexit sha1_base64="gbcQywFKdVc7A+zH8X2mG94Afd0="> yIFaaEbMtSrhbUOpZBGDR8Chv6r2f0V5Cow6UJpDrEWcIv0MUFqi+8kM5rca09IcF/OrgthkpBEi8d1eiksqj3mPd3TnxjEtHKqCVIXdpWi0bx3eA21WDVV0GnNb4+1wNVWO98OlXs2iqtWPX5ej0q7NcA5v6PoTYCikHb4+XdqlhPerc8OaLY21w/Uc1ZJUNO9pSPwyfpv2+Z19xl71PCmWqHeTa6rY/n/8eeqrmsUFUq9CllktVs1AqogrZJinzyp56N1HbzbvvfMM9DqKdqGfkj0uz/OH3zDGkEuVdSv9VuEzrfSqlSVNL6/spPJH2MsUng4VSGPqRs485bAepX5vkO2y9shDq7gQrQk+JdD6Y5VbtDIX3wU+K7pTMXfGXxOT+W7unwnvCN0c54RveWv6y33WeLVdtxp166ftzefP9Ff9ivhcfCkeoq5NvGW/F0f4ZvFqK7V6rVnbXftj7e/12vptFXqrpud8JiZ+62v/AltZrLo=</latexit><latexit sha1_base64="gbcQywFKdVc7A+zH8X2mG94Afd0="> yIFaaEbMtSrhbUOpZBGDR8Chv6r2f0V5Cow6UJpDrEWcIv0MUFqi+8kM5rca09IcF/OrgthkpBEi8d1eiksqj3mPd3TnxjEtHKqCVIXdpWi0bx3eA21WDVV0GnNb4+1wNVWO98OlXs2iqtWPX5ej0q7NcA5v6PoTYCikHb4+XdqlhPerc8OaLY21w/Uc1ZJUNO9pSPwyfpv2+Z19xl71PCmWqHeTa6rY/n/8eeqrmsUFUq9CllktVs1AqogrZJinzyp56N1HbzbvvfMM9DqKdqGfkj0uz/OH3zDGkEuVdSv9VuEzrfSqlSVNL6/spPJH2MsUng4VSGPqRs485bAepX5vkO2y9shDq7gQrQk+JdD6Y5VbtDIX3wU+K7pTMXfGXxOT+W7unwnvCN0c54RveWv6y33WeLVdtxp166ftzefP9Ff9ivhcfCkeoq5NvGW/F0f4ZvFqK7V6rVnbXftj7e/12vptFXqrpud8JiZ+62v/AltZrLo=</latexit><latexit sha1_base64="gbcQywFKdVc7A+zH8X2mG94Afd0="> yIFaaEbMtSrhbUOpZBGDR8Chv6r2f0V5Cow6UJpDrEWcIv0MUFqi+8kM5rca09IcF/OrgthkpBEi8d1eiksqj3mPd3TnxjEtHKqCVIXdpWi0bx3eA21WDVV0GnNb4+1wNVWO98OlXs2iqtWPX5ej0q7NcA5v6PoTYCikHb4+XdqlhPerc8OaLY21w/Uc1ZJUNO9pSPwyfpv2+Z19xl71PCmWqHeTa6rY/n/8eeqrmsUFUq9CllktVs1AqogrZJinzyp56N1HbzbvvfMM9DqKdqGfkj0uz/OH3zDGkEuVdSv9VuEzrfSqlSVNL6/spPJH2MsUng4VSGPqRs485bAepX5vkO2y9shDq7gQrQk+JdD6Y5VbtDIX3wU+K7pTMXfGXxOT+W7unwnvCN0c54RveWv6y33WeLVdtxp166ftzefP9Ff9ivhcfCkeoq5NvGW/F0f4ZvFqK7V6rVnbXftj7e/12vptFXqrpud8JiZ+62v/AltZrLo=</latexit>

Sei MO eine Polyzeit-ONTM mit Orakel O 2 ⌃p
k mit q� = qrej

(d. h.: MO verwirft, sobald eine Orakelfrage negativ beantwortet wird).

Dann gilt: L(MO) 2 ⌃p
k.

<latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="qu6NJwCEGklxT/qaLxzy+9Em2yE="> </latexit><latexit sha1_base64="qu6NJwCEGklxT/qaLxzy+9Em2yE="> </latexit><latexit sha1_base64="NqJePJ9ueuZ4GWhhW49NLEFciQA="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit><latexit sha1_base64="1Ku0Mx4cOZDYEV5YwjLVT1Dpd/g="> </latexit>
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Charakterisierung PH 

Folgende Charakterisierung generalisiert Definition von NP:

Theorem 7.13

Frage nach Echtheit der Inklusionen in PH: 
liefern zusätzliche Quantorenalternierungen zusätzliche Ausdrucksstärke?

Die Klassen der Polynomialzeithierarchie werden also  
mittels logischer Ausdrückbarkeit beschrieben.

Zur Erinnerung: L 2 NP gdw.
es gibt Polynom q und L0 2 P mit L = {w | 9u 2 {0, 1}q(|w|) : (w, u) 2 L0}.

L 2 ⌃p
k gdw. es Polynom q und L0 2 P gibt, so dass

L = {w | 9u12A . 8u22A . 9u32A . . . Quk2A : (w, u1, . . . , uk) 2 L0},

wobei A = {0, 1}q(|w|) und Q der sich durch Alternierung ergebende Quantor.

�16



Charakterisierung PH

Lemma 7.14

Idee:

• Induktion über k

• Der Fall k = 1 folgt direkt aus Definition NP

• In ”⇥” ist der Beweis b eine Berechnung der NTM zusammen mit Be-
weisen für die ”ja”-Antworten des Orakels (induktiv)

T7.10

�17

Für L ✓ ⌃⇤ gilt L 2 ⌃p
k gdw. es gibt Polynom p und Relation R ✓ ⌃⇤ ⇥ �⇤

so dass

• (w, b) 2 R impliziert |b|  p(|w|)

• R 2 ⇧p
k�1 (wobei ⇧p

0 := P)

• L = {w | 9b : (w, b) 2 R}
<latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="m8Tmw/QcRcSSgTUJFmx+5ChlwHQ="> </latexit><latexit sha1_base64="m8Tmw/QcRcSSgTUJFmx+5ChlwHQ="> </latexit><latexit sha1_base64="BRAcIKnj+Xrd7eIl5zTYS5xE2Uw="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit><latexit sha1_base64="8Vx+abyaTLB6Odg3CJ0AQ7fMJLE="> </latexit>



Charakterisierung PH

Korollar 7.15

Beweis: Für L ⇤ ⇥p
k gibt es R wie in vorigem Lemma, verwende für L:

�R := {(w, b) ⇤ ⇥� � �� | (w, b) /⇤ R und |b| ⇥ p(|w|)}

�18

Für L ✓ ⌃⇤ gilt L 2 ⇧p
k gdw. es gibt Polynom p und Relation R ✓ ⌃⇤ ⇥ �⇤

so dass

• (w, b) 2 R impliziert |b|  p(|w|)

• R 2 ⌃p
k�1 (wobei ⌃p

0 := P)

• L = {w | 8b 2 �⇤ mit |b|  p(|w|) : (w, b) 2 R}
<latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="hY8vpPZ1dZmCy5uNt7cCsMTpw1U="> </latexit><latexit sha1_base64="hY8vpPZ1dZmCy5uNt7cCsMTpw1U="> </latexit><latexit sha1_base64="Nbe6Sqy1WQOGbfWQ6GJwE/xDjZQ="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit><latexit sha1_base64="bZM+0lq89fKUnE3jdClwXzmwf1Q="> </latexit>

Theorem 7.14 folgt nun aus Lemma 7.15 und Korollar 7.16:
Ersetze wiederholt ⌃p

i und ⇧p
i durch ihre Beweissysteme.
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Vollständigkeit

Definition 7.16  (Härte und Vollständigkeit für PH)

Lemma 7.17
Wenn für PH vollständige Probleme existieren, kollabiert die Hierarchie.

Aber PH hat wahrscheinlich keine vollständigen Probleme:

Um Probleme korrekt in die Polynomialzeithierarchie „einzuordnen“, 
brauchen wir wieder einen passenden Vollständigkeitsbegriff.
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T7.11

Für k � 1 ist ein Problem L

• ⌃p
k-hart, wenn L0 p L für alle L0 2 ⌃p

k ;

• ⌃p
k-vollständig, wenn L sowohl ⌃p

k-hart als auch in ⌃p
k .

Für ⇧p
k, �p

k und PH analog (außer für �p
1 = P).
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Vollständigkeit

Definition 7.18  (k-QBF)

QBF liefert uniforme Familie von „typischen“ vollständigen Problemen:
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Für V = v1, . . . , vn schreiben wir 9V als Abkürzung für 9v1 · · · 9vn
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8V als Abkürzung für 8v1 · · · 8vn
<latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="n24ZxgrSemh8CbAIINmrTk3ZEFM="></latexit><latexit sha1_base64="n24ZxgrSemh8CbAIINmrTk3ZEFM="></latexit><latexit sha1_base64="FsdasAh0MbaIvmEjmYuRBmBsyss="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit><latexit sha1_base64="XvymCShClBu/Gl9Ur7Rcq00098I="></latexit>

QBF Q1V1 · · · QnVn' heißt k-QBF, wenn

• n = k

• Q1 = 9, Q2 = 8, Q3 = 9 etc. (Quantoren alternieren)

QBFk ist die Menge aller gültigen k-QBFs.
<latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="VSeqPD/GP5CIIVSronelBNbyv0Y="> </latexit><latexit sha1_base64="VSeqPD/GP5CIIVSronelBNbyv0Y="> </latexit><latexit sha1_base64="Xg8Rr5rEV/j3de9A3PQiKMYXirs="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit><latexit sha1_base64="Gddy7lIkytP+JgL8+9uBPXBHRtk="> </latexit>

Beispiel für 3-QBF: 9v1v2 8v3 9v4v5 '(v1, . . . , v5)
<latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="ejIf2JPS3VkfNIlomPvZNKldxwY="> v6LcB0YTKEcl1iZOsXkHaC1Rf7qC+cBg2objZn5VEI8YaYZIfA+34pLKE97jfbNy85g2Ll1BqsLxVjTaty7vgR6rhiq6jHlo8NpcTZ3jw3BprVZR9eznn9tRadcq3KNLVv0uMDRSm5/3t65SyvvVvWTOtsFqcz1ntSQVrXsbEj/FX9MJf7PP2KvfJ8UW9e5xTTXb/4+/Tn1Vs3hAGlTIsqrFqhlIFUmFDOv0WSUPffvoy+Z/cJ6pXmfRHvQzZo/H44LyDGOVXKrMW+u3Cp9lpVetLGl6e2UXlT/D3qbwrFQgtWk1cuYpy3qMzXeDbI+1Rx6axRvRWeAzBtpkrnKbZubhXBCwovsVcys+TSzmu3z99uGdoe/Pc8JZ3l4+ua8aLw6bdqtpP2uJa+KGuCluo5xH+Lj+JJ7iqOKL97Wd2je1b+u/1f+o/6VP/Vdq5vj/tVj41f/+F0wkokM=</latexit><latexit sha1_base64="ejIf2JPS3VkfNIlomPvZNKldxwY="> v6LcB0YTKEcl1iZOsXkHaC1Rf7qC+cBg2objZn5VEI8YaYZIfA+34pLKE97jfbNy85g2Ll1BqsLxVjTaty7vgR6rhiq6jHlo8NpcTZ3jw3BprVZR9eznn9tRadcq3KNLVv0uMDRSm5/3t65SyvvVvWTOtsFqcz1ntSQVrXsbEj/FX9MJf7PP2KvfJ8UW9e5xTTXb/4+/Tn1Vs3hAGlTIsqrFqhlIFUmFDOv0WSUPffvoy+Z/cJ6pXmfRHvQzZo/H44LyDGOVXKrMW+u3Cp9lpVetLGl6e2UXlT/D3qbwrFQgtWk1cuYpy3qMzXeDbI+1Rx6axRvRWeAzBtpkrnKbZubhXBCwovsVcys+TSzmu3z99uGdoe/Pc8JZ3l4+ua8aLw6bdqtpP2uJa+KGuCluo5xH+Lj+JJ7iqOKL97Wd2je1b+u/1f+o/6VP/Vdq5vj/tVj41f/+F0wkokM=</latexit><latexit sha1_base64="Aaum0MMiQP9ymAJdwum8TXtaEJ0="> +7+i3AdGEyhHJdYmTrF5Bmgt0f10BfM7g2kbjpv5VUE8YqQZIvE93IpLKk94j/dN5+YxbRy6glSF461otG9d3gM9Vg1VdBnz0OC1uZo6x/vhUq9WUfXq56/bUWnXKpyjS7p+Fxgaqc3X+1u7lPJ+dS9Zs22w2lzPWS1JReuehsRP8dt0wu/sM/bq50mxRb17XFPN9v/jr1Nf1SwekAYVsqxqsWoGUkVSIcM6fVbJQ+8+erP5751nqtdZtAf9jNnj8byg/IaxSi5V1q31W4XPstKrVpY0vb2yi8qfYW9TeFYqkMbUjZx5yrIeY/PeINtj7ZGHVvFGdBb4jIE2mavcppV5+C4IWNH9irkVf00s5ru8f/vwztD35znhW95e/nJfNV4cNu1W037W2nv4wHzVXxNfi5viNup6hLfsD+Ipvll88a62U7tR+6r+a/33+p/1v3TolZqZc0Ms/Op//wug8qPb</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit><latexit sha1_base64="4fkBepf/3BLm7D0YJpWwAquLCtQ="> 2v8V5T4wGkA5LLA2cYrMM0Brie4nK5g/GEzLcNzMrwziISPNEIlvaysuqTzmPd43nZvHtHDoClIVjrai0b51eA/0WDVU0WXMlsFrczV1jo/DpV6tourVz1+3o9KuVTiHF3T9LjA0Upuv97d2KeH96lywZstgtbmes1qSitY9DYmf4rfphN/Zp+zVz5N8i3r3uKaa7f/HX6e+sllcIA1KZFnVYtkMpIq4RIZ1+iyTh9599GbzPjrPVK+zaBf6GbPH5Xl+8Q1TK7iUWbfWbxk+y0ovW1nS9PbKLip/hr1N4WmhQBpTNzLmKYt6jM17g2yXtUceWsUb0VngMwbaZK5ym1bm4rvAZ0X3S+ZW/DWxmO/i/u3DO0Pfn+eEb3lr+ct91XjRaljNhvWstffwgfmqvypuiJviNup6iLfsT+Ipvlk88aGyU7le+bb6W/V99c/qXzr0UsXMuS4WftW//wWhkqPd</latexit>



Vollständigkeit

Theorem 7.19

Für alle k � 1 ist QBFk �p
k-vollständig.

�22

T7.12

⌃p
k-Zugehörigkeit: benutze logische Charakterisierung

⌃p
k-Härte: benutze logische Charakterisierung

sowie Übersetzung von TM in AL-Formel
analog zum Beweis des Satzes von Cook

<latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="IHy8uM5mJi5EEvQHEIjoGTRE8mc="> </latexit><latexit sha1_base64="IHy8uM5mJi5EEvQHEIjoGTRE8mc="> </latexit><latexit sha1_base64="8ZqHX8nkh1rcyRsegiHeZOvTnV8="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="IHy8uM5mJi5EEvQHEIjoGTRE8mc="> </latexit><latexit sha1_base64="IHy8uM5mJi5EEvQHEIjoGTRE8mc="> </latexit><latexit sha1_base64="8ZqHX8nkh1rcyRsegiHeZOvTnV8="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit><latexit sha1_base64="svDfzS/xfgCtDVx94SZ73ZDX6QI="> </latexit>

Beginnt man die Quantorenalternierung mit 8, so ist k-QBF ⇧p
k-vollständig.

<latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="Kyn02jQqzJ002mLXEOgap0wIBqo="> 1ipOiXsGWC3R/XQB8zuH2XQcV/Mrg3jISBNE4ru/FpdUrnmPd13npjGbOGwFqQpHa9Fo3/q8BzqsGqroPOa+wzvgatocH4dLvVpEtaufvq5HpV1rcI5v6Pq3wLBIB3x9srZLKe9X/4Y1Nx3WAddzUktS0bKnIfEz/DYd8jv7nL32eVKsUe8219Sy/f/4y9RXNksApH6JLItaLJuBVKFLZFimzzJ56N1Hb7bwo/OM9DqJDqCfAXsCnheNv2G8MZcy67b6LcNnXullK0uaXl/ZWeVPsNcpPBsrkMbUjZx5ynE9Bu69QXbA2iMPreKtuJjhMwDacKpyq1YW4LsgYkV3S+Y2/DUxm+/m/tXgnaDXpjnhW745/+W+aLzcrzcb9eZpQ9wWX4uH4huU8xAv1x/FCT5VQvFXZaNyt1Ktvq/+Vv3dfvVvVNzn/1di5lf941+M+6CD</latexit><latexit sha1_base64="Kyn02jQqzJ002mLXEOgap0wIBqo="> 1ipOiXsGWC3R/XQB8zuH2XQcV/Mrg3jISBNE4ru/FpdUrnmPd13npjGbOGwFqQpHa9Fo3/q8BzqsGqroPOa+wzvgatocH4dLvVpEtaufvq5HpV1rcI5v6Pq3wLBIB3x9srZLKe9X/4Y1Nx3WAddzUktS0bKnIfEz/DYd8jv7nL32eVKsUe8219Sy/f/4y9RXNksApH6JLItaLJuBVKFLZFimzzJ56N1Hb7bwo/OM9DqJDqCfAXsCnheNv2G8MZcy67b6LcNnXullK0uaXl/ZWeVPsNcpPBsrkMbUjZx5ynE9Bu69QXbA2iMPreKtuJjhMwDacKpyq1YW4LsgYkV3S+Y2/DUxm+/m/tXgnaDXpjnhW745/+W+aLzcrzcb9eZpQ9wWX4uH4huU8xAv1x/FCT5VQvFXZaNyt1Ktvq/+Vv3dfvVvVNzn/1di5lf941+M+6CD</latexit><latexit sha1_base64="sxam53dMt4d8gcIuzgI03u1p8vY="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb542tp987b7qb4vPxAPxBep6iLfst+IE3yyh+LOyUblTqVZ/rv5a/a36uw3dqLg5n4qZX/WvfwHPoaIT</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit><latexit sha1_base64="C37L5SdnHAQOOqs4P97KzD0DWbo="> HI6xVnFK3DPAaonupwuYXznMpuO4ml8ZxENGmiAS3/21uKRyzXu86zo3jdnEYStIVThai0b71uc90GHVUEXnMfcd3gFX0+Z4N1zq1SKqXf30dT0q7VqDc3xD178EhkU64OvjtV1Keb/6N6y56bAOuJ6TWpKKlj0NiZ/ht+mQ39nn7LXPk2KNere5ppbt/8dfpr6yWQIg9UtkWdRi2QykCl0iwzJ9lslD7z56s4XvnGek10l0AP0M2BPwvGj8DeONuZRZt9VvGT7zSi9bWdL0+srOKn+CvU7h2ViBNKZu5MxTjusxcO8NsgPWHnloFT+Kixk+A6ANpyq3amUBvgsiVnS3ZG7DXxOz+W7uXw3eCXptmhO+5ZvzX+6Lxsv9erNRb57ubz/52n3V3xafiQfiC9T1EG/Zb8UJvllC8Wdlo3KnUq3+XP21+lv1dxu6UXFzPhUzv+pf/wLQQaIV</latexit>



Vollständigkeit

Definition 7.20  (MINSAT)

In der Logik gibt es verschiedene natürliche Probleme, 
die vollständig für Klassen der Polynomialzeithierarchie sind.

Theorem 7.21

MINSAT ist �p
2-vollständig.
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Für zwei WZen ⇡ und ⇡0 schreiben wir ⇡ � ⇡0, wenn

⇡(v) = 1 impliziert ⇡0(v) = 1 für alle Variablen V .

⇡ ist minimales Modell einer AL-Formel ', wenn:

• ⇡ erfüllt '

• für alle ⇡0, die ' erfüllen, gilt ⇡ � ⇡0

MINSAT ist die Menge aller Paare (', v) mit ' AL-Formel und v Variable,
so dass ⇡(v) = 0 in allen minimalen Modellen von '.

<latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="fed8K+wu+yri/swKzoOHUkuuLOY="> </latexit><latexit sha1_base64="fed8K+wu+yri/swKzoOHUkuuLOY="> </latexit><latexit sha1_base64="koFEmGwXpaLapebc4m4+mexO9UY="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit><latexit sha1_base64="bxF31+nC4yl9s+qVQRKoen1lq+M="> </latexit>



Vollständigkeit

Für Klassen weit oben in der polynomiellen Hierarchie scheint es 
nur sehr wenige „natürliche“ vollständige Probleme zu geben.

Äquivalenzproblem für kontextfreie Grammatiken über
1-elementigen (Terminal-)Alphabeten ist �p

2-vollständig.

Weiteres natürliches vollständiges Problem z. B.:

Es wird vermutet, dass MC (Minimial Circuit) ebenfalls �p
2-vollständig

ist, die Härte konnte aber bisher nicht bewiesen werden!

�24

Siehe auch:

M. Schaefer and C. Umans. 
Completeness in the polynomial-time hierarchy: a compendium.  
http://ovid.cs.depaul.edu/documents/phcom.pdf
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7.1  Die Polynomialzeithierarchie (PH)
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7.3  Härte und Vollständigkeit in der PH

7.4  P versus NP und der Satz von Baker, Gill und Solovay

7.5  Abschließende Bemerkungen

Next



Baker, Gill und Solovay (BGS)

Der Satz von Baker, Gill und Solovay (BGS) bietet eine Erklärung dafür:

Das schließt die meisten (elementaren) Beweistechniken aus.

Theorem 7.22  (Baker, Gill, Solovay 1975)
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Warum ist P 6= NP so schwer zu zeigen?
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Es gibt Orakel A und B, so dass PA = NPA und PB 6= NPB .
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Das heißt: Ein Beweis für P 6= NP darf nicht relativierbar sein.
<latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="lHUASGK3KrJlsh6NPuC+6yB7EVc="> wR3g6Gmy/V9R7gKjDZT9AmsVp5F9BxgthfxmLWJ+aTG7luNqfnUQ94lUIirf3bW4qvKYa3xgK1fF7OIwGdQsHKxFO7VfviEwVDWa0UXMXYu3x2yaGG+Gq7W6iGpmX72vR9VVm+IaXVL1z4FhkPZ4v7u2SgnXq3PJnLsWa4/5LHO5bXcTl70Ny33DOb/Zh3O7m9Xq3WRODdv/j79MfXWjuECa1IhyUYt1I6gq4hoRlumzThz99umXzXvjODO9Lu5N1eLyOb/Yw7QKLnXmbfRbh8+i0utm1uyr10WYV36JvU7h40KB2tdqZOQZFPmY2u+Gtl1qTy0Rd+Cv5vhMgXZeydyqmbnYF/hU9KBmbLNbn493ef30f0OJvlXlhL18d3HnfrHxdLfd7bS7P3bkmnwst+VTpHMfH9dv8feiJ17jp8brxm+N35ufNL9rPja7/isNu/3/SOZ+zd6/tmikFA==</latexit><latexit sha1_base64="lHUASGK3KrJlsh6NPuC+6yB7EVc="> wR3g6Gmy/V9R7gKjDZT9AmsVp5F9BxgthfxmLWJ+aTG7luNqfnUQ94lUIirf3bW4qvKYa3xgK1fF7OIwGdQsHKxFO7VfviEwVDWa0UXMXYu3x2yaGG+Gq7W6iGpmX72vR9VVm+IaXVL1z4FhkPZ4v7u2SgnXq3PJnLsWa4/5LHO5bXcTl70Ny33DOb/Zh3O7m9Xq3WRODdv/j79MfXWjuECa1IhyUYt1I6gq4hoRlumzThz99umXzXvjODO9Lu5N1eLyOb/Yw7QKLnXmbfRbh8+i0utm1uyr10WYV36JvU7h40KB2tdqZOQZFPmY2u+Gtl1qTy0Rd+Cv5vhMgXZeydyqmbnYF/hU9KBmbLNbn493ef30f0OJvlXlhL18d3HnfrHxdLfd7bS7P3bkmnwst+VTpHMfH9dv8feiJ17jp8brxm+N35ufNL9rPja7/isNu/3/SOZ+zd6/tmikFA==</latexit><latexit sha1_base64="U5DFuW9iK61nIBezqagEi4BY8uM="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939rrN5767d1V+TD+Vj+RR53cdX9iv8z+iJ1/i+8Wvjt8bvzU+aXzcfN3vG9UrDPvOBzP2aP/4LHRGlIw==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit><latexit sha1_base64="8A6AQpp1b53uY90JcxnLm+0vJjs="> CRw9Tbb/K8odYLSBsj/FWsUptu8Ao6WQ36xFzM8tZtdyXM2vDuI+kSpE5bu7FldVnnCND2zlZjG7OEwGNQsHa9FO7ZdvCAxVjWZ0EXPX4u0xmybGq+FqrS6imtnP3tej6qrNcY0uqfotYBikPd7vrK1SyvXqXDLnrsXaYz6rXG7b3cRlb8Nq33DOb/bh3O5mtXo3mVPD9v/jL1Nf3SgukEY1olzUYt0IqoqkRoRl+qwTR799+mXzXjnORK+Le1O1uHzOn+5hWlMudeZt9FuHz6LS62bW7KvXRZhXfoW9TuHZVIHa12oU5BlM8zG23w1tu9SeWiLuwF/O8RkD7Xwmc6tm5mJf4FPRg5qxzW59Pt7l9dP/DRX61iwn7OW7izv3i42nu+1up939bnfz3l27q78mH8rH8inyuo+v7Ff4n9ETr/F949fGb43fm580v24+bvaM65WGfeYDmfs1f/wXHbGlJQ==</latexit>

✓
Allerdings: Weder löst BGS die Frage P 6= NP,

noch legt BGS einen konkreten Beweisansatz nahe.

◆

<latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="> RbJf7VvWbBmsTalnr5asonFPQ+YXy9v0Rt7ZZ+LVz5N0inpXpKaa7f/jj1Nf1iwOkFoZsoxqMWsGVkWYIcM4fWbJw+8+frO5d87T0Wsv2oF+2uJxZJ7X/YZZ7nLJsm6t3yx8hpWetbKs6emVHVR+D3uawptdBfKYu5EIT9WtR9u8N9h2RHvs4VV8pfMBPm2g3fRVbtLKHHwXeKLoWsbcsXxNDOa7vX+r8PbQV/s54VPeGv5wHzUON/JWMW99KtI8PaeX9ArlLOHl+oH28aniAvo7/cgVcuXcqf7kn50x3/5LNPDLffkLl31zcA==</latexit><latexit sha1_base64="GVt2PFrJVdpEiSVWlFo/8fsQyhQ="> </latexit><latexit sha1_base64="GVt2PFrJVdpEiSVWlFo/8fsQyhQ="> </latexit><latexit sha1_base64="05DGRFN4IKW4BfJDSJL01iHQyss="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit><latexit sha1_base64="EvuPX0BQtIxF39P0ykYrRD5tHAo="> </latexit>



BGS:  der Fall PA = NPA

Lemma 7.23

Der einfachere Teil:

Es gibt ein Orakel A, so dass PA = NPA.

�27

T7.13

Idee:
• Wählen als A ein beliebiges PSpace-vollständiges Problem.

• Zeigen: PSpace
(1)
✓ PA ✓ NPA

(2)
✓ PSpace

(1) Für gegebenes L 2 PSpace
berechne Reduktionsfunktion für L p A und befrage Orakel.

(2) Für gegebenes L 2 NPA

integriere Orakelberechnung in Basis-ONTM ; NPSpace-TM.
<latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="LhQVFRAlPW8oA4zS4gtjjGe527g="></latexit><latexit sha1_base64="LhQVFRAlPW8oA4zS4gtjjGe527g="></latexit><latexit sha1_base64="i5rUCEKTmEjyPO548MTwUmwep+E="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit><latexit sha1_base64="npev67/XkqQH4bUafWFjUEAcac4="></latexit>



BGS:  der Fall PB ≠ NPB

Lemma 7.24

Der anspruchsvollere Teil:

Es gibt ein Orakel B, so dass PB 6= NPB .

�28

T7.14

Idee:
• Eingabealphabet für alle TM sei {0, 1} (o. B. d. A.)

• Ziel: konstruieren Orakel B und Problem LB 2 NPB \ PB .

• Wenn B konstruiert ist, können wir LB setzen als

LB = {1n | 9w 2 B : |w| = n}

1. Leicht zu sehen: LB 2 NPB , für jedes B

2. Müssen noch B ✓ {0, 1}⇤ so konstruieren, dass LB /2 PB ,
d. h.: für jede Polyzeit-ODTM M? muss gelten: L(MB) 6= LB (⇤)
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BGS:  über „P versus NP“ hinaus

BGS’ Ansatz hat zu zahlreichen ähnlichen Resultaten geführt, z. B.:
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• Es gibt Orakel A und B, so dass NPA = coNPA und NPB 6= coNPB .

• Es gibt ein Orakel A, so dass NPA = coNPA und PA 6= NPA.

• Es gibt Orakel A und B, so dass

– für NPA \ coNPA vollständige Probleme existieren und

– für NPB \ coNPB nicht.
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Probabilistische Analyse liefert zudem:
Für fast alle Orakel A gilt: PA 6= NPA
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Über BGS hinaus

„Moderner Nachfahre“ von BGS für Schaltkreistheorie:

Theorem von Razborov und Rudich (1997) schließt natürliche Beweise
für super-polynomielle Schaltkreiskomplexität aus

(EATCS-Gödelpreis 2007)

Es gibt neue Ansätze zum Beweis von P ≠ NP,
die weder von BGS noch RR ausgeschlossen werden:

z. B. über algebraische Geometrie (Mulmuley 2012)
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Siehe auch:
Seminar „P vs NP Survival Guide“,  Do. 26.7.,  MZH 5210



Abschließende Bemerkungen
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7.1  Die Polynomialzeithierarchie (PH)

7.2  Logische Charakterisierung der PH

7.3  Härte und Vollständigkeit in der PH

7.4  P versus NP und der Satz von Baker, Gill und Solovay

7.5  Abschließende Bemerkungen
Next



Mehr Komplexitätsklassen

Wie viele Komplexitätsklassen gibt es eigentlich?
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Hierarchie der Komplexitätsklassen (Ausschnitt)
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Mehr Komplexitätsklassen

http://www.math.ucdavis.edu/~greg/zoology/

https://complexityzoo.uwaterloo.ca/Complexity_Zoo

Abgesehen von den angegebenen Büchern:
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(mit interaktivem und statischem Inklusionsdiagramm
als XML bzw. PDF)



Das war’s (fast)

Danke für’s Teilnehmen!  🙂
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Es folgt noch:

• Exkurs: PRIMES 2 P

• Nachbesprechung Evaluation

• Besprechung Übungsserie 6 (übermorgen)
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