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Einleitung

Mehr Ressourcen ⇒ mehr Probleme lösbar

In diesem Kapitel:

• Für natürliche Fälle ist das meist auch richtig (Hierarchietheoreme)

• Es gibt bemerkenswerte Ausnahmen (Gap-Theoreme)

Bei „P versus NP“ vergleicht man unterschiedliche Maschinenmodelle.

Wenn man ein Maschinenmodell und eine Ressource fixiert, gilt intuitiv:
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Kapitel 4

4.1  Hierarchietheoreme

4.2  Gap-Theoreme
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Hierarchietheoreme

• sind Resultate, die Komplexitätsklassen trennen, 
mit denen also die Echtheit von Inklusionen nachgewiesen werden kann.

• betrachten Komplexitätsklassen, 
die auf demselben Maschinenmodell und derselben Ressource beruhen.

• basieren auf Diagonalisierungsbeweisen, 
ähnlich zu Beweisen von Unentscheidbarkeit (z.B. Halteproblem).

Zum Aufwärmen:  eine kurze Wiederholung zur Unentscheidbarkeit

Hierarchietheoreme:
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Unentscheidbarkeit

Theorem 4.1
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T4.1

Es gibt unentscheidbare Sprachen.

Beweis per Diagonalisierung:

• Modifiziere Kodierung von DTMs als Wörter, so dass jedes Wort
DTM repräsentiert (zum Beispiel durch Annahme einer Default-DTM)

Für jedes w 2 {0, 1}⇤ sei µ(w) die kodierte DTM

• Betrachte Tabelle für Akzeptanz von Wörtern durch DTMs

• Deren Diagonale besteht aus Positionen M, w mit µ(w) = M

• Sprache LD: Komplementiere die Werte auf der Diagonalen

• Führe Widerspruchsbeweis für Unentscheidbarkeit von LD
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Hierarchietheoreme

Wir beweisen nur ein sehr spezielles Hierarchietheorem.

Theorem 4.2

• „in ExpTime“: 
betrachte nur Akzeptanz in max. exponentiell vielen Schritten

• Intuitiv sollte das Problem immer noch nicht in P sein
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Zur Erinnerung: ExpTime :=
[

i�1

DTime
�
2O(ni)
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<latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</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="wFswwZeF5YmDd7zjfrxetvs12hw="> 1EU1XNFRzFWDtybV1Dn+Dpd7NY6qVz94nY3KuzbB2T+j64+AoZHW5Lo+s0uR7FfrjDVXDNaa1LNfS1bRpKch80vkbdqRd/aBePXzJJuh3kWpqWb7//iT1Jc3iw2kZo4s41rMm4FVEebIMEmfefLwu4/fbM5f5+nqtR9tQz9t8dgyz+19wxR7XPKsW+s3D59RpeetLGt6dmWHld/HnqXwuKdAHnM3UuGpevVom/cG27Zojz28imM6HOLTBlpnoHLTVmbju8AVRTdy5k7ka2I439n9W4K3j740yAnf8pXRL/dxY3+1VCmXKq/KdJXu0D26j3Ju4OX6gnbwqeLQF/pK3+h7wS18LHzSX/3nz5nP/9s09Ct8/gMWiInE</latexit><latexit sha1_base64="wFswwZeF5YmDd7zjfrxetvs12hw="> 1EU1XNFRzFWDtybV1Dn+Dpd7NY6qVz94nY3KuzbB2T+j64+AoZHW5Lo+s0uR7FfrjDVXDNaa1LNfS1bRpKch80vkbdqRd/aBePXzJJuh3kWpqWb7//iT1Jc3iw2kZo4s41rMm4FVEebIMEmfefLwu4/fbM5f5+nqtR9tQz9t8dgyz+19wxR7XPKsW+s3D59RpeetLGt6dmWHld/HnqXwuKdAHnM3UuGpevVom/cG27Zojz28imM6HOLTBlpnoHLTVmbju8AVRTdy5k7ka2I439n9W4K3j740yAnf8pXRL/dxY3+1VCmXKq/KdJXu0D26j3Ju4OX6gnbwqeLQF/pK3+h7wS18LHzSX/3nz5nP/9s09Ct8/gMWiInE</latexit><latexit sha1_base64="G2W4d0cVkfqz7jiFm3eqHr3iD7w="> luyBuqiGKzqKuWrw1qSaOsff4XKvxlH16gevs1F51yY4+8d0/S4wNNKaXO/P7FIk+9U6Zs0Vg7Um9ezXklU06WnI/BJ5m3bknb0vXv08yWaod1Fqqtn+P/4k9eXNYgOpmSPLuBbzZmBVhDkyTNJnnjz87uM3m/PXebp67Ufb0E9bPLbMc3vfMMUelzzr1vrNw2dU6Xkry5qeXdlh5fexZyk87imQx9yNVHiqXj3a5r3Bti3aYw+v4g0dDPFpA60zULlpK7PxXeCKohs5cyfyNTGc7/j+LcHbR18a5IRv+crol/u4sbtaqpRLlRflxUcPzVf9ObpON+kW6rqOt+wz2sI3i0Of6St9o+8Ft/Ch8LHwSYeePGHmXKOhX+HLH01RixA=</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit><latexit sha1_base64="Wx28TIbaoDlrxnPBxbwF2eR9lgQ="> sgcaohqu6Dhm1eCtSjV1jr/D5V5NourVD1/no/KuTXD2j+j6XWBopFW53p/bpUj2q3XEmisGa1XqOaglq2ja05D5JfI27co7e0e8+nmSzVHvktRUs/1//Gnqy5vFBlIrR5ZJLebNwKoIc2SYps88efjdx28256/z9PQ6iLahn454bJnn9r9hin0uedat9ZuHz7jS81aWNT2/sqPKH2DPU3jcVyCPuRup8FT9enTMe4NtW7THHl7FO9od4dMBWneocrNWZuO7wBVFN3PmTuRrYjTf0f1bhneAvjzMCd/ylfEv90njVbVUKZcqL6pLjx6ar/qzdI1u0C3UdQ1v2We0iW8Whz7TV/pG3wtu4UPhY+GTDj1+zMy5SiO/wpc/TfGLEg==</latexit>

Diagonalisierung soll Problem in ExpTime \ P liefern:
<latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</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="kjtuhuxmj9NGoDytynyaEGXcRm4="> VnFK3DvAaon60wXMpw6z5Tiu5lcFcZ+RJojEd3ctLqlc8x7vuZWbxmzhshWkKhysRaN96/Me6LJqqKLzmLsOb4+raXN8GS6t1SKqnf30cz0q7VqDe3zFqj8ChkXa4+eTtauU8n71r5hzy2HtcT0ntSQVLXsbEj/DX9Mhf7PP2GvfJ8Ua9W5xTS3b/4+/TH1VswRA6lfIsqjFqhlIFbpChmX6rJKHvn30ZQu/OM9Ir5PoAPop2RPwuGh8hvHGXKrM2+q3Cp95pVetLGl6fWVnlT/BXqfwbKxAatNq5MxTjutRuu8G2QFrjzw0i9/F+QyfEmjDqcqtmlmAc0HEiu5VzG34NDGb7+r124Z3gr49zQln+db8yX3ReLXbaDUbrd+a4qa4K34UD1DOfXxcfxHHOKqE4lPteu1W7Xb9z/rf9Q/21H+t5o7/P4iZX/3jvzOMpJs=</latexit><latexit sha1_base64="kjtuhuxmj9NGoDytynyaEGXcRm4="> VnFK3DvAaon60wXMpw6z5Tiu5lcFcZ+RJojEd3ctLqlc8x7vuZWbxmzhshWkKhysRaN96/Me6LJqqKLzmLsOb4+raXN8GS6t1SKqnf30cz0q7VqDe3zFqj8ChkXa4+eTtauU8n71r5hzy2HtcT0ntSQVLXsbEj/DX9Mhf7PP2GvfJ8Ua9W5xTS3b/4+/TH1VswRA6lfIsqjFqhlIFbpChmX6rJKHvn30ZQu/OM9Ir5PoAPop2RPwuGh8hvHGXKrM2+q3Cp95pVetLGl6fWVnlT/BXqfwbKxAatNq5MxTjutRuu8G2QFrjzw0i9/F+QyfEmjDqcqtmlmAc0HEiu5VzG34NDGb7+r124Z3gr49zQln+db8yX3ReLXbaDUbrd+a4qa4K34UD1DOfXxcfxHHOKqE4lPteu1W7Xb9z/rf9Q/21H+t5o7/P4iZX/3jvzOMpJs=</latexit><latexit sha1_base64="2UaWHM3b9qdDsCcXBWUuci+EBPE="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/NLeePnFf9TfFPfFAfIu67uMt+7M4xjdLKN7Xrtdu1+7U/6j/Vf+7/s6GXqu5Od+ImV/9w7+i9KYt</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit><latexit sha1_base64="QzC3pvb/dCCKqusWO1+qAKjqHwo="> WKs4Je4ZYLVE99MFzB8dZstxXM2vCuI+I00Qie/uWlxSueY93nOdm8Zs4bAVpCocrEWjfevzHuiyaqii85i7Dm+Pq2lzfBou9WoR1a5++roelXatwTm+ouvfA8Mi7fH18doupbxf/SvW3HJYe1zPSS1JRcuehsTP8Nt0yO/sM/ba50mxRr1bXFPL9v/jL1Nf1SwBkPoVsixqsWoGUoWukGGZPqvkoXcfvdnCT84z0uskOoB+SvYEPC8af8N4Yy5V1m31W4XPvNKrVpY0vb6ys8qfYK9TeDZWII2pGznzlON6lO69QXbA2iMPreI3cT7DpwTacKpyq1YW4LsgYkX3KuY2/DUxm+/q/m3DO0HfnuaEb/nW/Jf7ovFit9FqNlq/7G49feK+6m+Ke+KB+BZ13cdb9mdxjG+WULyvXa/drt2p/1H/q/53/Z0NvVZzc74RM7/6h38Bo5SmLw==</latexit>



P und ExpTime

Lemma 4.3

Sprache LD implementiert Diagonalisierung und Komplementierung:

�7

T4.3

LD := {w 2 ⌃⇤ | µ(w) akzeptiert w nicht in  2|w| Schritten}
<latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="/lURIDDQMJgIlWAPi5x3fzjnVas="></latexit><latexit sha1_base64="/lURIDDQMJgIlWAPi5x3fzjnVas="></latexit><latexit sha1_base64="CEh/VfJca9DUYMFx7PpWKrf4dXk="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit> T4.2

LD 2 ExpTime \ P
<latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</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="Bw5qlv8b1OTWkF83SrI7kCMK4NE="> l64gV2F3IRrvW0v2QFNUwxWdxNwyeNtSTZ3j23B5raZR9exHn4tRedcmuPtXrPpjYGikbXk+XbhKkexX64o51wzWttRzWEtW0ay3IfNL5Gval2/2qXj1+yRboN41qalm+/34s9RXNIsNpE6BLNNaLJqBVREWyDBLn0Xy8LePv2zON+cZ6HUYbUM/PfHYMs7NzzDlnEuReWv9FuEzqfSilWVNL67suPKH2IsUHucK5DavRio8VV6PnvlusG2L9tjDs3hLZ2N8ekDrj1Ru3sxsnAtcUXSrYO5EThPj+a5ev3V4h+jro5xwlq9NntynjZdblVq1UntRpVv0Mz2kX1DOHXxcn9MRjioOfaRP9IW+ltqld6X3+tR/bckc/+/T2K/04T9Xw4wD</latexit><latexit sha1_base64="Bw5qlv8b1OTWkF83SrI7kCMK4NE="> l64gV2F3IRrvW0v2QFNUwxWdxNwyeNtSTZ3j23B5raZR9exHn4tRedcmuPtXrPpjYGikbXk+XbhKkexX64o51wzWttRzWEtW0ay3IfNL5Gval2/2qXj1+yRboN41qalm+/34s9RXNIsNpE6BLNNaLJqBVREWyDBLn0Xy8LePv2zON+cZ6HUYbUM/PfHYMs7NzzDlnEuReWv9FuEzqfSilWVNL67suPKH2IsUHucK5DavRio8VV6PnvlusG2L9tjDs3hLZ2N8ekDrj1Ru3sxsnAtcUXSrYO5EThPj+a5ev3V4h+jro5xwlq9NntynjZdblVq1UntRpVv0Mz2kX1DOHXxcn9MRjioOfaRP9IW+ltqld6X3+tR/bckc/+/T2K/04T9Xw4wD</latexit><latexit sha1_base64="XVe9TQpRnvvoMiUfXY4rBj3OBrE="> rOHQFeQq7CxE431ryR5oimq4opOYmwZvS6qpc3wbLvdqGlWvfvS6GJV3bYKzf07X7wNDI23J9eHCLkWyX61z1lwzWFtSz2EtWUWznobML5G3aV/e2Sfi1c+TbIF616Smmu33489SX9EsNpA6BbJMa7FoBlZFWCDDLH0WycPvPn6zOd+cZ6DXYbQN/fTEY8s8N/+GKedciqxb67cIn0mlF60sa3pxZceVP8RepPA4VyCPuRup8FR5PXrmvcG2LdpjD6/iDZ2O8ekBrT9SuXkrs/Fd4IqiWwVzJ/I1MZ7v/P6twztEXx/lhG/52uSX+7TxYrNSq1Zqz6pru7+Zr/rLdIt+pTuo6zbesr/TIb5ZHPpEf9Hf9E+pXXpf+lD6qEMvLJk5P9PYr/TnV6ZMjVY=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit>

LD /2 P: Widerspruchsbeweis
<latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </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="Mxexfn/Hy31iRkJp1q0sANvkzvs="> </latexit><latexit sha1_base64="Mxexfn/Hy31iRkJp1q0sANvkzvs="> </latexit><latexit sha1_base64="dnlGIHTHQqv2OxsikaV7eqf4pUo="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit><latexit sha1_base64="6bhmEfsZXTvmSLBvDrszYRm4uV4="> </latexit>

Angenommen es gebe p-zeitbeschränkte DTM M mit L(M) = LD .
<latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="ZnYv3vzdUb2lPqOG3IvNrWNkGEU="></latexit><latexit sha1_base64="ZnYv3vzdUb2lPqOG3IvNrWNkGEU="></latexit><latexit sha1_base64="hTr24IEnUqthavQrL5nbDO/Ljxk="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit><latexit sha1_base64="T2wG002rkPZi+5XxVCPts56cvqw="></latexit>

Wähle wi mit µ(wi) = M und 2|wi| � p(|wi|) .
<latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="tBwWXpdJYVpAi5kSE9e0uprrGeQ="></latexit><latexit sha1_base64="tBwWXpdJYVpAi5kSE9e0uprrGeQ="></latexit><latexit sha1_base64="VdH/sc0+VZbaJfasZm+KgCGAK6k="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit><latexit sha1_base64="HQx5n2BW4FWjVBlBDsumsEwq1MQ="></latexit>

Wir nehmen an, dass jede DTM durch unendlich viele Wörter kodiert wird.
(Stelle z. B. sicher, dass µ(0⇤w) = µ(w) für alle w 2 ⌃⇤)

<latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="C+QafOR4UawDDA1vCvRdPa8+ebA="></latexit><latexit sha1_base64="C+QafOR4UawDDA1vCvRdPa8+ebA="></latexit><latexit sha1_base64="QYuwXhzBZsZGFwJdNDWvXekTqSg="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit>

wi 2 L
�
µ(wi)

�
und wi /2 L

�
µ(wi)

�
führt beides zu Widerspruch

<latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="f226pU50JQ3Uib+ohqhWW1uFA9s="></latexit><latexit sha1_base64="f226pU50JQ3Uib+ohqhWW1uFA9s="></latexit><latexit sha1_base64="YRHWjsZVWCnWijpSji8dan+4SVs="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit><latexit sha1_base64="oSfF90Zgjn6CON5l9mc5kjPGW+o="></latexit>



P und ExpTime

�8

Lemma 4.3

Sprache LD implementiert Diagonalisierung und Komplementierung:

LD := {w 2 ⌃⇤ | µ(w) akzeptiert w nicht in  2|w| Schritten}
<latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="/lURIDDQMJgIlWAPi5x3fzjnVas="></latexit><latexit sha1_base64="/lURIDDQMJgIlWAPi5x3fzjnVas="></latexit><latexit sha1_base64="CEh/VfJca9DUYMFx7PpWKrf4dXk="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit><latexit sha1_base64="7RSn2wETo6aG/lNUVbm9QzjCtLY="></latexit>

LD 2 ExpTime \ P
<latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</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="Bw5qlv8b1OTWkF83SrI7kCMK4NE="> l64gV2F3IRrvW0v2QFNUwxWdxNwyeNtSTZ3j23B5raZR9exHn4tRedcmuPtXrPpjYGikbXk+XbhKkexX64o51wzWttRzWEtW0ay3IfNL5Gval2/2qXj1+yRboN41qalm+/34s9RXNIsNpE6BLNNaLJqBVREWyDBLn0Xy8LePv2zON+cZ6HUYbUM/PfHYMs7NzzDlnEuReWv9FuEzqfSilWVNL67suPKH2IsUHucK5DavRio8VV6PnvlusG2L9tjDs3hLZ2N8ekDrj1Ru3sxsnAtcUXSrYO5EThPj+a5ev3V4h+jro5xwlq9NntynjZdblVq1UntRpVv0Mz2kX1DOHXxcn9MRjioOfaRP9IW+ltqld6X3+tR/bckc/+/T2K/04T9Xw4wD</latexit><latexit sha1_base64="Bw5qlv8b1OTWkF83SrI7kCMK4NE="> l64gV2F3IRrvW0v2QFNUwxWdxNwyeNtSTZ3j23B5raZR9exHn4tRedcmuPtXrPpjYGikbXk+XbhKkexX64o51wzWttRzWEtW0ay3IfNL5Gval2/2qXj1+yRboN41qalm+/34s9RXNIsNpE6BLNNaLJqBVREWyDBLn0Xy8LePv2zON+cZ6HUYbUM/PfHYMs7NzzDlnEuReWv9FuEzqfSilWVNL67suPKH2IsUHucK5DavRio8VV6PnvlusG2L9tjDs3hLZ2N8ekDrj1Ru3sxsnAtcUXSrYO5EThPj+a5ev3V4h+jro5xwlq9NntynjZdblVq1UntRpVv0Mz2kX1DOHXxcn9MRjioOfaRP9IW+ltqld6X3+tR/bckc/+/T2K/04T9Xw4wD</latexit><latexit sha1_base64="XVe9TQpRnvvoMiUfXY4rBj3OBrE="> rOHQFeQq7CxE431ryR5oimq4opOYmwZvS6qpc3wbLvdqGlWvfvS6GJV3bYKzf07X7wNDI23J9eHCLkWyX61z1lwzWFtSz2EtWUWznobML5G3aV/e2Sfi1c+TbIF616Smmu33489SX9EsNpA6BbJMa7FoBlZFWCDDLH0WycPvPn6zOd+cZ6DXYbQN/fTEY8s8N/+GKedciqxb67cIn0mlF60sa3pxZceVP8RepPA4VyCPuRup8FR5PXrmvcG2LdpjD6/iDZ2O8ekBrT9SuXkrs/Fd4IqiWwVzJ/I1MZ7v/P6twztEXx/lhG/52uSX+7TxYrNSq1Zqz6pru7+Zr/rLdIt+pTuo6zbesr/TIb5ZHPpEf9Hf9E+pXXpf+lD6qEMvLJk5P9PYr/TnV6ZMjVY=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit><latexit sha1_base64="9oaKjG8ecvpcIVKOmxN+/kZAG1I="> BbkKWwvReN9asgeaohqu6CTmusHbkGrqHD+Hy72aRtWrH70uRuVdm+DsH9P1v4ChkTbkendhlyLZr9Yxa64ZrA2p57CWrKJZT0Pml8jbtC/v7APx6udJtkC9K1JTzfb38Wepr2gWG0idAlmmtVg0A6siLJBhlj6L5OF3H7/ZnJ/OM9DrMNqGfnrisWWem3/DlHMuRdat9VuEz6TSi1aWNb24suPKH2IvUnicK5DH3I1UeKq8Hj3z3mDbFu2xh1fxhg7H+PSA1h+p3LyV2fgucEXRrYK5E/maGM93fP9W4R2ir45ywrd8bfLLfdp4sV6pVSu1Z+srD+6br/rz9CfdoFuo6ybeso9pF98sDv1PH+kzfSm1S/+U/i39p0NPnjBzrtHYr/ThB6bsjVg=</latexit>

Wir nehmen an, dass jede DTM durch unendlich viele Wörter kodiert wird.
(Stelle z. B. sicher, dass µ(0⇤w) = µ(w) für alle w 2 ⌃⇤)

<latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="C+QafOR4UawDDA1vCvRdPa8+ebA="></latexit><latexit sha1_base64="C+QafOR4UawDDA1vCvRdPa8+ebA="></latexit><latexit sha1_base64="QYuwXhzBZsZGFwJdNDWvXekTqSg="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit><latexit sha1_base64="sYsv2Hzng4q8D61EuPQ5mf8HrmY="></latexit>

T4.4

LD 2 ExpTime: DTM M

• simuliert µ(w) auf Eingabe w

• zählt die Schritte, die schon simuliert wurden

• verwirft, wenn µ(w) in  2|w| Schritten akzeptiert

• akzeptiert, wenn µ(w) in  2|w| Schritten verwirft

• akzeptiert, wenn µ(w) mehr als 2|w| Schritte macht
<latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </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="VTOg3lmKpk4cAOiEQGi5JSU4O9M="> </latexit><latexit sha1_base64="VTOg3lmKpk4cAOiEQGi5JSU4O9M="> </latexit><latexit sha1_base64="0XBxlIZVl6ALt1GKseZH8byal9Y="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit><latexit sha1_base64="IkSJbbOg7UAIWd6668eWO0dPYpU="> </latexit>



ExpTime-Härte und -Vollständigkeit

Definition 4.4  (ExpTime-Härte, ExpTime-Vollständigkeit)

Lemma 4.5

�9

LD ist unnatürliches Problem.

Natürliche L 2 ExpTime \ P via Vollständigkeit:
<latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </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="dNNdgULreFeyJNfAVnz/EF2X6FI="> </latexit><latexit sha1_base64="dNNdgULreFeyJNfAVnz/EF2X6FI="> </latexit><latexit sha1_base64="fy1leLnmhMQUzFZpa1zQmjTvvIg="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit><latexit sha1_base64="4z/zU4QwBJXwvI+pzkY28UOqxHI="> </latexit>

Problem L ist

• ExpTime-hart , wenn L0 p L für alle L0 2 ExpTime;

• ExpTime-vollständig, wenn L ExpTime-hart und in ExpTime.
<latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </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="l4CMNWO2gvYa99gGgcjYzoBOoMQ="> </latexit><latexit sha1_base64="l4CMNWO2gvYa99gGgcjYzoBOoMQ="> </latexit><latexit sha1_base64="otZQfNxjpUuUQ6l0xN5Bs3Ua7s4="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit><latexit sha1_base64="N9JUNWIT/KLSOTYP+ZjB1HZz0Vo="> </latexit>

Offensichtlich: wenn ExpTime-hartes L 2 P, dann LD 2 P; also:
<latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</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="wwzWJPUsiehNgmr8O70CYKUeLXw="> VZxi+w4wWuL+ZAHza4vZtBxX8yuDuC9IE0Tmu7sWl1WuZY937cpNYzZxmQpyFQ7WovG+dWUPdEQ1XNF5zF2LtyfVNDneDZfXahHVzH76uR6Vd22Ke3TDqn8JDIO0J8/Ha1cpkf3q3jDnpsXak3pOaskqWvY2ZH6pfE2H8s0+E695n+Rr1LslNTVs/z/+MvWVzeIBqV8iy6IWy2ZgVegSGZbps0we/vbxl81/5zwjvU6iPeinEI8n44LxGcYZcykzb6PfMnzmlV62sqzp9ZWdVf4Ee53Ce2MFcptXIxOealyPwn432PZEe+zhWbym8xk+BdCGU5VbNTMP54JAFN0tmTuV08RsvpvXrwbvBL02zQln+eb8yX3ReL5bbzbqzZ8adJc+pc/pC5RzHx/X7+kYRxWf/qrcrlQr96q/VH+r/m5O/bcq9vj/gGZ+1T/+BeqBoVY=</latexit><latexit sha1_base64="wwzWJPUsiehNgmr8O70CYKUeLXw="> VZxi+w4wWuL+ZAHza4vZtBxX8yuDuC9IE0Tmu7sWl1WuZY937cpNYzZxmQpyFQ7WovG+dWUPdEQ1XNF5zF2LtyfVNDneDZfXahHVzH76uR6Vd22Ke3TDqn8JDIO0J8/Ha1cpkf3q3jDnpsXak3pOaskqWvY2ZH6pfE2H8s0+E695n+Rr1LslNTVs/z/+MvWVzeIBqV8iy6IWy2ZgVegSGZbps0we/vbxl81/5zwjvU6iPeinEI8n44LxGcYZcykzb6PfMnzmlV62sqzp9ZWdVf4Ee53Ce2MFcptXIxOealyPwn432PZEe+zhWbym8xk+BdCGU5VbNTMP54JAFN0tmTuV08RsvpvXrwbvBL02zQln+eb8yX3ReL5bbzbqzZ8adJc+pc/pC5RzHx/X7+kYRxWf/qrcrlQr96q/VH+r/m5O/bcq9vj/gGZ+1T/+BeqBoVY=</latexit><latexit sha1_base64="ZAKxHrlw/M0k635kHcZ5eGs9fcY="> sJZxiu0zwGiJ7idzmN9azKbluJxfGcRdRhojEt/tlbikcsV7vGs7N4nZxGEqSFXYW4lG+9blPdBh1VBFZzG3Ld4OV9PkeD9c6tU8qln95HU1Ku1ajXN0Tde/BoZB2uHro5VdSni/utesuWmxdrie41qSihY9DYmf5rfpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzLmKUf1KOx7g2yPtUceWsUv4myKTwG0wUTllq3Mw3dBwIrulsyt+WtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2fGhtP9u1X/W3xufhSfIW67uIt+704wjeLL/6s3KxUK3erb6u/Vn+r/m5Cb1TsnM/E1K/61782JKLn</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit><latexit sha1_base64="sO3AQR2hRxkEaQ0doh1LQr4QAvw="> rGWcYvsMMFqi+8kc5rcWs2k5LudXBnGXkcaIxHd7JS6pXPEe79rOTWI2cZgKUhX2VqLRvnV5D3RYNVTRWcxti7fD1TQ53g+XejWPalY/eV2NSrs2wzm6putfA8Mg7fD10couJbxf3WvW3LRYO1zPcS1JRYuehsQv47fpgN/Zp+w1z5N8hXo3uKaG7f/HX6S+slk8IPVKZJnXYtkMpApVIsMifZbJQ+8+erP5751nqNdxtAf9FOzxeF4w+oZxRlzKrNvotwyfWaWXrSxpenVlp5U/xl6l8HSkQBpTNzTzlKN6FPa9QbbH2iMPreIXcTbFpwDaYKJyy1bm4bsgYEV3S+bO+GtiOt/1/avBO0avTXLCt3xz9st93ni+XW826s2ftjee7Nuv+tvic/Gl+Ap13cVb9ntxhG8WX/xZuVmpVu5W31Z/rf5W/d2E3qjYOZ+JqV/1r38BNsSi6Q==</latexit>

Wenn L ExpTime-hart, dann L /2 P.
<latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</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="3k0Gobk5UoWQ3gIhdLJWce6LVa4="> 9njPdW4as43DVpCrcLAWjfetJ3ugK6rhis5j7jq8PammzfF2uNyrRVS7+unrelTetQbn+JquPwCGRdqT66O1XUplv3rXrLntsPaknpNasoqWPQ2Zn5G36Uje2efitc+TYo16t6Smlu3/x1+mvqpZfCD1K2RZ1GLVDKwKXSHDMn1WycPvPn6zBW+dZ6zXSbQP/QzF48u8sPyGqZdcqqzb6rcKn3mlV60sa3p9ZWeVP8Fep/CsVCCPuRu58FRlPYbuvcG2L9pjD6/iBV3M8BkCbTRVuVUr8/FdEIqiexVzG/mamM13ff8a8E7QG9Oc8C3fnv9yXzSe7jbbrWb7hxbdpk/pc/oC5dzHy/VbOsKnSkC/0u/0J/1VG9Te1H62X/03b7jP/7s086v98i8OJ5AT</latexit><latexit sha1_base64="3k0Gobk5UoWQ3gIhdLJWce6LVa4="> 9njPdW4as43DVpCrcLAWjfetJ3ugK6rhis5j7jq8PammzfF2uNyrRVS7+unrelTetQbn+JquPwCGRdqT66O1XUplv3rXrLntsPaknpNasoqWPQ2Zn5G36Uje2efitc+TYo16t6Smlu3/x1+mvqpZfCD1K2RZ1GLVDKwKXSHDMn1WycPvPn6zBW+dZ6zXSbQP/QzF48u8sPyGqZdcqqzb6rcKn3mlV60sa3p9ZWeVP8Fep/CsVCCPuRu58FRlPYbuvcG2L9pjD6/iBV3M8BkCbTRVuVUr8/FdEIqiexVzG/mamM13ff8a8E7QG9Oc8C3fnv9yXzSe7jbbrWb7hxbdpk/pc/oC5dzHy/VbOsKnSkC/0u/0J/1VG9Te1H62X/03b7jP/7s086v98i8OJ5AT</latexit><latexit sha1_base64="rm+Z0qOET1DrhRS/VFgxVfjaNR0="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f6mtfXoM/dVf4fepw/pI9R1H2/ZL+kI3ywB/UK/05/0V21Q+7H2U+1nG3rzhpvzHs38ar/+C4eZkXM=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit><latexit sha1_base64="jKpiQNqGSD/CfDsSLcETpsyw0bM="> rmWP91znpjHbOGwFuQoHa9F433qyB7qiGq7oPOauw9uTatocr4bLvVpEtaufvq5H5V1rcI6v6frHwLBIe3J9uLZLqexX75o1tx3WntRzUktW0bKnIfMz8jYdyTv7XLz2eVKsUe+W1NSy/f/4y9RXNYsPpH6FLItarJqBVaErZFimzyp5+N3Hb7bglfOM9TqJ9qGfoXh8mReW3zD1kkuVdVv9VuEzr/SqlWVNr6/srPIn2OsUnpUK5DF3IxeeqqzH0L032PZFe+zhVXxHFzN8hkAbTVVu1cp8fBeEouhexdxGviZm813fvwa8E/TGNCd8y7fnv9wXjae7zXar2f5md+vRZ+6r/g69Tx/SR6jrPt6yX9IRvlkC+oV+pz/pr9qg9mPtp9rPNvTmDTfnPZr51X79F4g5kXU=</latexit>



• das Wortproblem für polyplatzbeschränkte alternierende TMs 
– ist prototypisch für ExpTime, ähnlich wie SAT und 3SAT für NP

• manche Spielprobleme  
z. B. Existenz von Gewinnstrategien in Dame-Spielen  
                                           (bei beliebig großem Brett)

• manche Probleme in der Logik 
z. B. Erfüllbarkeit von Formeln der Spezifikationslogik CTL  
oder Konzept-Erfüllbarkeit bzgl. TBoxen in der Beschreibungslogik ALC

• manche Datenbankprobleme  
z. B. Inklusion zwischen XPath-Ausdrücken, 
für manche Fragmente von XPath 1.0 und 2.0 
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ExpTime-Härte und -Vollständigkeit

ExpTime-vollständige Probleme:



Zeithierarchiesatz

Definition 4.6  (zeitkonstruierbare Fkt.)

Intuitiv:  Funktionen, die mit den Ressourcenvorgaben berechnet
werden können, die sie selbst machen („vernünftige“ Funktionen)

Das gerade gezeigte Resultat ist Spezialfall des wesentlich generelleren  
                                                                                  Zeithierarchiesatzes.
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Natürliche Funktionen sind i. d. R. zeitkonstruierbar, z. B.:

• ni für alle i � 1

• 2n
<latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</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="2QVGtSWWFncbWnIZmXYGzJeeKlI="> FjFoAIf+ttr/FeUeMJpAOS6wNnEauHeA1RL1pyuYXzpM33HczK8M4jEjzRCJ7+FWXFK55j3ecys3j+njshWkKpxsRaN9G/Ae6LJqqKLLmIcO74iraXO8Hi6t1Sqqnf38czsq7VqDe3LDqn8ODIt0xM97W1cp5f0a3DBn32EdcT1ntSQVrXsbEj/DX9Nr/mafs9e+T/It6t3jmlq2/x9/nfrKZgmBNCqRZVWLZTOQKnSJDOv0WSYPffvoyxa9dp6pXmfRIfQzYU/I4+LiDOMVXMrM2+q3DJ9lpZetLGl6e2UXlT/D3qbwYaFAatNqZMxTFvWYuO8G2SFrjzw0ixfiYoHPBGjXc5XbNLMQ54KYFd0rmdvwaWIx383rV4d3hl6f54SzvL98cl81Hh82/VbT/7El7oiPxK74BOU8xsf1O/EQR5VIvKrsVj6tNGq/1f6q/W1P/bcq7vj/oVj41f75F8XGqFo=</latexit><latexit sha1_base64="2QVGtSWWFncbWnIZmXYGzJeeKlI="> FjFoAIf+ttr/FeUeMJpAOS6wNnEauHeA1RL1pyuYXzpM33HczK8M4jEjzRCJ7+FWXFK55j3ecys3j+njshWkKpxsRaN9G/Ae6LJqqKLLmIcO74iraXO8Hi6t1Sqqnf38czsq7VqDe3LDqn8ODIt0xM97W1cp5f0a3DBn32EdcT1ntSQVrXsbEj/DX9Nr/mafs9e+T/It6t3jmlq2/x9/nfrKZgmBNCqRZVWLZTOQKnSJDOv0WSYPffvoyxa9dp6pXmfRIfQzYU/I4+LiDOMVXMrM2+q3DJ9lpZetLGl6e2UXlT/D3qbwYaFAatNqZMxTFvWYuO8G2SFrjzw0ixfiYoHPBGjXc5XbNLMQ54KYFd0rmdvwaWIx383rV4d3hl6f54SzvL98cl81Hh82/VbT/7El7oiPxK74BOU8xsf1O/EQR5VIvKrsVj6tNGq/1f6q/W1P/bcq7vj/oVj41f75F8XGqFo=</latexit><latexit sha1_base64="xBYRILxh+KkX7HLxfz98y5JSanQ="> ySIGNeDQ31b7v6LcA0YdKIc51jpOffcMsFqi+8kS5jcOs+k4rudXBPGQkaaIxHd/Iy6pXPMe77rOzWI2cdgKUhWONqLRvvV5D3RYNVTRRcx9h3fA1bQ53g2XerWMalc/e92MSrvW4Bxf0fWvgGGRDvh6b2OXEt6v/hVrbjqsA67ntJakolVPQ+Jn+G16ye/sU/ba50m2Qb07XFPL9v/jr1Jf0SwBkIYFsixrsWgGUoUukGGVPovkoXcfvdnCd84z0es0OoB+xuwJeF6Uf8N4OZci67b6LcJnUelFK0ua3lzZeeVPsTcpfJArkMbUjZR5yrweY/feIDtg7ZGHVvFanM3xGQPtcqZy61YW4LsgYkV3C+Y2/DUxn+/q/lXhnaJXZznhW765+OW+bDzbrzcb9eaPjZ0H991X/Q1xR2yLz1HXQ7xlvxNP8M0Sirel7dIXpVrlt8pflb8r/9jQayU35zMx97sl/gVZWqkL</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit><latexit sha1_base64="GVIlQ9i1NTpSRq6C1HQVy1UoJds="> sohBDTj0t9X+ryh3gVEHylGOtYnTwD0DrJbofrKC+bXDbDqOm/kVQTxipBki8W1txSWVa97jPde5ecwmDltBqsLxVjTatz7vgS6rhiq6jNlyeIdcTZvjzXCpV6uodvXz1+2otGsNzvE1Xf8SGBbpkK93t3Yp4f3qX7PmpsM65HrOakkqWvc0JH6G36ZX/M4+Y699nmRb1LvHNbVs/z/+OvUVzRIAaVQgy6oWi2YgVegCGdbps0geevfRmy184zxTvc6iA+hnwp6A50X5N4yXcymybqvfInyWlV60sqTp7ZVdVP4Me5vCh7kCaUzdSJmnzOsxce8NsgPWHnloFS/F+QKfCdCu5iq3aWUBvgsiVnSvYG7DXxOL+a7vXxXeGXp1nhO+5ZvLX+6rxpNWvdmoN39s7d2/577qb4lPxK74DHU9wlv2O/EI3yyheF3aLX1eqlV+q/xV+bvyjw29UXJzPhYLv9viX1n6qQ0=</latexit>

Vorbetrachtung:

Eine Funktion t : N ! N heißt zeitkonstruierbar,
wenn es eine DTM M gibt, so dass für alle w 2 ⌃⇤ gilt:

timeM (w) = t(|w|)
<latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </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="fvEzdumR81xHJUn4L+Q/y1mqGwU="> </latexit><latexit sha1_base64="fvEzdumR81xHJUn4L+Q/y1mqGwU="> </latexit><latexit sha1_base64="i5OUVXtrjmiMU4pPsTSjvuSS0jM="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit><latexit sha1_base64="kppsE/dGZWH0w4WhgLVas8DwBRc="> </latexit>



Zeithierarchiesatz

Theorem 4.7  (Zeithierarchie)
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Für jede zeitkonstruierbare Funktion t2 und jede Funktion t1 mit
t2 2 !(t1 · log(t1)) gilt: DTime(t1) ( DTime(t2)

<latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </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="ovU49VtRtd9zHT1YAYDgBHyzMtA="> </latexit><latexit sha1_base64="ovU49VtRtd9zHT1YAYDgBHyzMtA="> </latexit><latexit sha1_base64="mEPTGPytgSJgIBaUnvmhT+Ym2j8="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit>

f 2 !(g) bedeutet „f wächst schneller als g“
<latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="yqRcJjri8TfFPOe/7OwGkSmWfXE="></latexit><latexit sha1_base64="yqRcJjri8TfFPOe/7OwGkSmWfXE="></latexit><latexit sha1_base64="GspNZtbEjCNNFrwwtePwOfbe5p0="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit><latexit sha1_base64="rFKjoWwSKQCEfYMXCh6MWDYScik="></latexit>

Konsequenzen dieses Resultats z. B.:

• DTime(ni) ( DTime(ni+1) für alle i � 1

(aber keine natürlichen Probleme in DTime(ni+1) \ DTime(ni) bekannt)

• DTime(ni) ( P für alle i � 0

• kExpTime ( (k + 1)ExpTime für alle k � 1, wobei

2ExpTime :=
[

i�1

DTime
�
22O(ni)�

, 3ExpTime :=
[

i�1

DTime
�
222O(ni) �

etc.
<latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </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="xsgdJ3dU61FYhlePBw+/qk+JkP8="> </latexit><latexit sha1_base64="xsgdJ3dU61FYhlePBw+/qk+JkP8="> </latexit><latexit sha1_base64="gik/8yog+DOkboABThc/cTd8nnM="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit><latexit sha1_base64="dwFt/aIMDLITqdGfZ/ounYJYPa0="> </latexit>
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Zeithierarchiesatz

�13

Theorem 4.7  (Zeithierarchie)
Für jede zeitkonstruierbare Funktion t2 und jede Funktion t1 mit
t2 2 !(t1 · log(t1)) gilt: DTime(t1) ( DTime(t2)

<latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </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="ovU49VtRtd9zHT1YAYDgBHyzMtA="> </latexit><latexit sha1_base64="ovU49VtRtd9zHT1YAYDgBHyzMtA="> </latexit><latexit sha1_base64="mEPTGPytgSJgIBaUnvmhT+Ym2j8="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit><latexit sha1_base64="NQD9ezd/pVAx4zuHqz7+68qUT2I="> </latexit>

T4.6

Beweisskizze:    (vgl. Bew. Lemma 4.3)

• Konstruiere DTM M , die einige Schritte von µ(w) simuliert,
komplementär akzeptiert und dabei selbst exakt t2(|w|) Schritte macht

• Dazu wird Zeitkonstruierbarkeit verwendet:
gleichzeitiges Simulieren einer DTM, die genau die erforderlichen t2(|w|)

Schritte macht

• Verwende L(M) als LD ; trivial: L(M) 2 DTime(t2)

• L(M) /2 DTime(t1): gleiche Idee, vorsichtigere Analyse Zeitverbrauch
<latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </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="kRHGmqkFcH0c6cCaNftnFG6GvCA="> </latexit><latexit sha1_base64="kRHGmqkFcH0c6cCaNftnFG6GvCA="> </latexit><latexit sha1_base64="rRLifA2GIVBlqE41Dau4awdgRYQ="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit><latexit sha1_base64="FyHONAdl0vrtxIYipIYl5THLpS4="> </latexit>



Hierarchiesätze

Weitere Hierarchiesätze existieren,  z. B. nichtdeterministische Zeit:

Beweis etwas anders, 
hat aber analoge Konsequenzen wie im deterministischen Fall, z. B.

Theorem 4.8  (Nichtdeterministischer Zeithierarchiesatz).

�14

Für jede zeitkonstruierbare Funktion t2 und jede Funktion t1 mit
t2(n) 2 !(t1(n + 1)) gilt: NTime(t1) ( NTime(t2)

<latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </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="pbSZk0pyB8wPfnCE7kOh+3Csc64="> </latexit><latexit sha1_base64="pbSZk0pyB8wPfnCE7kOh+3Csc64="> </latexit><latexit sha1_base64="TJknJh1OXzLnCbtdeY9R3KASDxE="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit><latexit sha1_base64="QvHqdUxiK9jMy534X6F0TsCCypY="> </latexit>

• NTime(ni) ( NTime(ni+1) für alle i � 1

• NP ( NExpTime, wobei NExpTime :=
[

i�1

NTime
�
2O(ni)

�

<latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="Es80GqKNXgeXWc0R58UEnurcok4="></latexit><latexit sha1_base64="Es80GqKNXgeXWc0R58UEnurcok4="></latexit><latexit sha1_base64="2UW/wcQvDVvnp/+T4VIY6Y8oiQc="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit><latexit sha1_base64="PWC65Qp0BRUsgSdOdG8V44m1sQQ="></latexit>



Kapitel 4

4.1  Hierarchietheoreme

4.2  Gap-Theoreme
Next
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Gap-Theorem

Theorem 4.9  (Gap-Theorem)

Scheinbar paradox: 
es gibt trotzdem beliebig große „Lücken“ zwischen Komplexitätsklassen

�16

Zum Beispiel:

• g = n2

Es gibt Funktion t mit DTime(t) = DTime(t2).

• g = 2n

Es gibt Funktion t mit DTime(t) = DTime(2t).
<latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="ZBjUV+C/aK97mhsZaVziBrmrviQ="></latexit><latexit sha1_base64="ZBjUV+C/aK97mhsZaVziBrmrviQ="></latexit><latexit sha1_base64="qdsWNFLtLt9MoBFaIhaSRVedCiQ="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit><latexit sha1_base64="QWVp9G30uLubL85wu/zqNdcirSo="></latexit>

Für jede berechenbare Funktion g : N ! N
gibt es eine berechenbare Funktion t : N ! N,
so dass DTime(t) = DTime(g(t)).

<latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</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="UD5dYt1ybfWUkA7UB5A7P792cbs="> DaFUsojBFnDob6r9X1H2gNEGyv4EaxmnxD4DjJbofraA+a3F7FqOy/nVQdxnpCki8d1ZiUsqT3mP92znyphdHKaCVIWDlWi0bz3eAyGrhio6j7lj8Xa5mibH2+FSrxZRzerL19WotGs1zvENXf8aGAZpl697K7uU8X71blhz12Ltcj2ntSQVVT0NiZ/mt+k1v7PP2GueJ8UK9W5yTQ3b/49fpb66WSSQhjWyLGqxbgZSRVojQ5U+6+Shdx+92fy3zjPW6zRaQj8j9kieF0y+YZwJlzrrNvqtw2de6XUrS5peXdlZ5U+xVyl8MFEgjakbOfNUk3qM7HuDbMnaIw+t4jdxPsNnBLTrUuWWrUziuyBgRfdq5tb8NTGb7+b+teCdorfKnPAt353/cl80nu+0u51291lH3BGfinviAcq5j5frD+IpPlX8xpeNZ41fGqdrf69/tt4yX/23Gvbz/xMx81v/4l82kbf9</latexit><latexit sha1_base64="UD5dYt1ybfWUkA7UB5A7P792cbs="> DaFUsojBFnDob6r9X1H2gNEGyv4EaxmnxD4DjJbofraA+a3F7FqOy/nVQdxnpCki8d1ZiUsqT3mP92znyphdHKaCVIWDlWi0bz3eAyGrhio6j7lj8Xa5mibH2+FSrxZRzerL19WotGs1zvENXf8aGAZpl697K7uU8X71blhz12Ltcj2ntSQVVT0NiZ/mt+k1v7PP2GueJ8UK9W5yTQ3b/49fpb66WSSQhjWyLGqxbgZSRVojQ5U+6+Shdx+92fy3zjPW6zRaQj8j9kieF0y+YZwJlzrrNvqtw2de6XUrS5peXdlZ5U+xVyl8MFEgjakbOfNUk3qM7HuDbMnaIw+t4jdxPsNnBLTrUuWWrUziuyBgRfdq5tb8NTGb7+b+teCdorfKnPAt353/cl80nu+0u51291lH3BGfinviAcq5j5frD+IpPlX8xpeNZ41fGqdrf69/tt4yX/23Gvbz/xMx81v/4l82kbf9</latexit><latexit sha1_base64="Cuvg49wHikF4+n3dEEqyARdu0uA="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfdtaf7pmv+pvivnggHqGuO3jL/iBe4JvFq31de1n7pXZ8++/GF41m4ysdeq1m5twTM79G+191s7jd</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit><latexit sha1_base64="Fc9fPIAE1Ays9asCTfFJLg9Ink0="> 4A2gVLKIwQZw6K+r/V9RtoHRAsrOBGsZp9g8A7SW6H66gPmdwewajsv5VUHcYaQpIvHdXIlLKk94j/dM54qYXRy6glSF3ZVotG8d3gMBq4YqOo+5afC2uJo6x4fhUq8WUfXqi9fVqLRrFc7RFV1/AgyNtMXX7ZVdSnm/OlesuWuwtrie01qSisqehsRP8dv0kt/ZJ+zVz5N8hXrXuaaa7f/HL1Nf1SwukIYVsixqsWoGUkVSIUOZPqvkoXcfvdm8D84z1us02oV+RuxxeZ4/+YaxJlyqrFvrtwqfeaVXrSxpenVlZ5U/xV6l8MFEgTSmbmTMU07qMTLvDbJd1h55aBW/idMZPiOgXRYqt2xlLr4LfFZ0r2JuxV8Ts/mu7l8T3il6s8gJ3/Ld+S/3RePVZqvbaXVfbq4/3TNf9TfFffFAPEJdd/CW/UG8wDeLV/u69rL2S+349t+NLxrNxlc69FrNzLknZn6N9r92U7jf</latexit>



Beweis:  Vorbereitung

�17

Wenn Mi auf jeder Eingabe w der Länge n stoppt, dann
<latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="83Bi0p2fjimqhO/aid3ks8TBUew="></latexit><latexit sha1_base64="83Bi0p2fjimqhO/aid3ks8TBUew="></latexit><latexit sha1_base64="bMMQOQrUKylD38016sypXMlTOGA="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit><latexit sha1_base64="9DkC97SQan/INAn/9t2YBlK03Yc="></latexit>

Wenn Mi auf mind. 1 Eingabe w der Länge n nicht stoppt, dann
<latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="qh/5t8oMzg1Mo5qOAnTKPx4JPTw="></latexit><latexit sha1_base64="qh/5t8oMzg1Mo5qOAnTKPx4JPTw="></latexit><latexit sha1_base64="m1154sW8eKaeI8hcH/8wzF0Y7RU="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit><latexit sha1_base64="oTMlw/XN/EvkqwJX1fV6NNpzR8k="></latexit>

ti(n) = max{timeMi(w) | w Eingabe der Länge n}
<latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="28H9vAHuKuujQSJVoxT3mUVhs2g="></latexit><latexit sha1_base64="28H9vAHuKuujQSJVoxT3mUVhs2g="></latexit><latexit sha1_base64="7KoZY0mp+w50p4RprmTkkeOaP9Q="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit><latexit sha1_base64="JNsKWRYYYNYZNNSzPYwBbKVMCJM="></latexit>

ti(n) = 1
<latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="8GnFjVASms9bWmsEq84FXVB1HfM="></latexit><latexit sha1_base64="8GnFjVASms9bWmsEq84FXVB1HfM="></latexit><latexit sha1_base64="RnpcxiNvB8ANvs+CRdm4E+/3oFQ="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit><latexit sha1_base64="NAdSSiX9iEWJN/jYraKdAOCxOKs="></latexit>

Für gegebene Funktion g :
<latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</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="2O0RfzAnPDCdmYLz6aj7hwJmYVk="> OzeKWcNhKshV2F2IxvvWkT3QFNVwRScxtyzetlTT5Pg+XO7VNKpZ/eh1MSrvWo1zeEbXbwHDIG3L9c7CLiWyX50z1lyzWNtSz2EtWUWznobMT8vbtCfv7CPxmudJtkC9a1JTw/bn8Wepr2gWF0jdAlmmtVg0A6siLpBhlj6L5OF3H7/ZvO/O09frMNqFfnLxuDLPH3zDlAdciqzb6LcIn0mlF60sa3pxZceVP8RepPDOQIE85m6kwlMN6pHb9wbbrmiPPbyKl3Q8xicHWm+kcvNW5uK7wBdFtwrm1vI1MZ7v7P6twztEXx/lhG/52uSX+7TxdKtSq1Zq/1TpEl2nVfoL5dzBy/VveoxPFY/e0wf6RJ9LUelt6Z356j+3ZD//r9HYr/TfN9i7jLg=</latexit><latexit sha1_base64="2O0RfzAnPDCdmYLz6aj7hwJmYVk="> OzeKWcNhKshV2F2IxvvWkT3QFNVwRScxtyzetlTT5Pg+XO7VNKpZ/eh1MSrvWo1zeEbXbwHDIG3L9c7CLiWyX50z1lyzWNtSz2EtWUWznobMT8vbtCfv7CPxmudJtkC9a1JTw/bn8Wepr2gWF0jdAlmmtVg0A6siLpBhlj6L5OF3H7/ZvO/O09frMNqFfnLxuDLPH3zDlAdciqzb6LcIn0mlF60sa3pxZceVP8RepPDOQIE85m6kwlMN6pHb9wbbrmiPPbyKl3Q8xicHWm+kcvNW5uK7wBdFtwrm1vI1MZ7v7P6twztEXx/lhG/52uSX+7TxdKtSq1Zq/1TpEl2nVfoL5dzBy/VveoxPFY/e0wf6RJ9LUelt6Z356j+3ZD//r9HYr/TfN9i7jLg=</latexit><latexit sha1_base64="62QfTY8WztawFuvLjTejcavEoKE="> LHu8bTs3jlnHYSrIVThYisb71pE90BLVcEWnMXcs3q5U0+S4GS73ahbVrH78uhyVd63GObym6w+BYZB25bq3tEuJ7FfnmjXXLdau1HNUS1bRvKch89PyNu3LO/tcvOZ5ki1R76bU1LD9//jz1Fc0iwukXoEss1osmoFVERfIME+fRfLwu4/fbN6N8wz0Oop2oZ9cPK7M84ffMOUhlyLrNvotwmda6UUry5peXtlJ5Y+wlym8O1Qgj7kbqfBUw3rk9r3BtivaYw+v4jVdTPDJgdYfq9yilbn4LvBF0e2CubV8TUzmu75/W/CO0LfGOeFbvj795T5rvNyp1GuV+o+1zaeP7Vf9Gt2nDfoGdd3HW/Z7eo5vFo9+od/oD/qzFJXeld6XPpjQ1RU75yua+JV+/Rcu1I4N</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit><latexit sha1_base64="df/81lfnu31Y+WemZf4RrA/txtU="> c6OYNRymglyF7YVovG8d2QNNUQ1XdBJzw+JtSjVNjp/D5V5No5rVj14Xo/Ku1TiHR3T9L2AYpE253lrYpUT2q3PEmmsWa1PqOawlq2jW05D5aXmb9uSdvSde8zzJFqh3RWpq2P4+/iz1Fc3iAqlbIMu0FotmYFXEBTLM0meRPPzu4zeb99N5+nodRrvQTy4eV+b5g2+Y8oBLkXUb/RbhM6n0opVlTS+u7Ljyh9iLFN4ZKJDH3I1UeKpBPXL73mDbFe2xh1fxmvbH+ORA641Ubt7KXHwX+KLoVsHcWr4mxvMd3b9VeIfoq6Oc8C1fm/xynzaeb1Rq1UrtycbK3Tv2q/4s/UnX6AbquoW37EN6jG8Wj97TR/pMX0pR6d/Sf6X/TejxY3bOFRr7lT78AC90jg8=</latexit>

Wollen t finden, so dass keine Funktion ti zwischen t und g(t) liegt.
<latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</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="GpNnF5h63cErgEGef1TjUezUIOU="> K4O4JUgjROa7sRSXVZ7JHm+7zo1jNnDYCnIVtpei8b71ZQ+0RDVc0WnMDYe3KdW0OT4Ol3s1i2pXP35djsq7VuOcXND1H4FhkTbl+nBpl3LZr/4Fa244rE2p56iWrKJ5T0Pmp+Vtei7v7EPx2udJsUS9q1JTy/bz8eepr2yWAEi9EllmtVg2A6siK5Fhnj7L5OF3H7/Zwo/OM9DrKDqAfvriCWReNPyG8YZcyqzb6rcMn2mll60sa3p5ZSeVP8JepvDuUIE85m4Y4amG9ei79wbbgWiPPbyKF3Q0wacPtPOxyi1aWYDvgkgU3S6ZW8vXxGS+i/tXhXeEXh3nhG/5xvSX+6zxdKPWqNcav9fpGn1H39M9lHMLL9df6TE+VUJ6S//QB/q38lflVeW1/eq/fMl9/t+miV/lzf9Q8pVu</latexit><latexit sha1_base64="GpNnF5h63cErgEGef1TjUezUIOU="> K4O4JUgjROa7sRSXVZ7JHm+7zo1jNnDYCnIVtpei8b71ZQ+0RDVc0WnMDYe3KdW0OT4Ol3s1i2pXP35djsq7VuOcXND1H4FhkTbl+nBpl3LZr/4Fa244rE2p56iWrKJ5T0Pmp+Vtei7v7EPx2udJsUS9q1JTy/bz8eepr2yWAEi9EllmtVg2A6siK5Fhnj7L5OF3H7/Zwo/OM9DrKDqAfvriCWReNPyG8YZcyqzb6rcMn2mll60sa3p5ZSeVP8JepvDuUIE85m4Y4amG9ei79wbbgWiPPbyKF3Q0wacPtPOxyi1aWYDvgkgU3S6ZW8vXxGS+i/tXhXeEXh3nhG/5xvSX+6zxdKPWqNcav9fpGn1H39M9lHMLL9df6TE+VUJ6S//QB/q38lflVeW1/eq/fMl9/t+miV/lzf9Q8pVu</latexit><latexit sha1_base64="JdnbxGNOHm67oCNclGcOalaXfR0="> XMyvDOKWII0Qme/GUlxWeSZ7vO06N47ZwGEryFXYXorG+9aXPdAS1XBFpzE3HN6mVNPm+DRc7tUsql39+HU5Ku9ajXNyRtfvAsMibcr13tIu5bJf/TPW3HBYm1LPUS1ZRfOehsxPy9v0VN7ZB+K1z5NiiXpXpaaW7f/Hn6e+slkCIPVKZJnVYtkMrIqsRIZ5+iyTh999/GYLPznPQK+j6AD66YsnkHnR8BvGG3Ips26r3zJ8ppVetrKs6eWVnVT+CHuZwrtDBfKYu2GEpxrWo+/eG2wHoj328Cp+pcMJPn2gnY5VbtHKAnwXRKLodsncWr4mJvOd3b8qvCP06jgnfMs3pr/cZ41nG7VGvdb4ub56/0f3VX+ZbtAtuoO6buEt+5ie4JslpLf0nj7S35XfK39UXlfe2NDz59ycb2jiV3n3LwMJlt8=</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit><latexit sha1_base64="iiI0gjpP2ux09wwwe+6m3H5M74E="> F/Mrg7gtSCNE5ru5FJdVnskeb7vOjWM2cNgKchV2lqLxvvVlD7RENVzRacxNh7cl1bQ53g2XezWLalc/fl2OyrtW45xc0PXvgGGRtuR6b2mXctmv/gVrbjisLannqJasonlPQ+an5W16Lu/sI/Ha50mxRL1rUlPL9sPx56mvbJYASL0SWWa1WDYDqyIrkWGePsvk4Xcfv9nCd84z0OsoOoB++uIJZF40/IbxhlzKrNvqtwyfaaWXrSxrenllJ5U/wl6m8O5QgTzmbhjhqYb16Lv3BtuBaI89vIoXdDzBpw+087HKLVpZgO+CSBTdLplby9fEZL6L+1eFd4ReHeeEb/nG9Jf7rPF0s9ao1xo/b67d/8F91V+hr+lbuoW6buMt+xM9wjdLSH/S3/Qvva38Wvmt8nvlDxt6acXN+YomfpW//gcDqZbh</latexit>

T4.7

Sei

• M0, M1, M2, . . . eine Aufzählung aller DTMs

• ti(n) die Zeitkomplexität von Mi auf Eingaben der Länge n, d. h.:
<latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </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="TR1bSvvnz7WyNPbiqH7tUr7GP2M="> </latexit><latexit sha1_base64="TR1bSvvnz7WyNPbiqH7tUr7GP2M="> </latexit><latexit sha1_base64="0Nt4QXw06oCoft0Z0/f9PUrnQDU="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit><latexit sha1_base64="gD9i2UIsI/3BVV0N2XvbZ6dqcHc="> </latexit>



Beweis  (fast)

Für jedes n � 0 wählen wir

Lemma 4.10

�18

t(n) = max{ti(n) | i  n und ti(n) < 1} + 1
<latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="quQEVS8XTKhn+76uAWVcwwoBfOk="></latexit><latexit sha1_base64="quQEVS8XTKhn+76uAWVcwwoBfOk="></latexit><latexit sha1_base64="kU6/GT2UOjm6u86NqTV5iQeS1XY="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit><latexit sha1_base64="KGEJMLdozzmg6Q+RBzuTYo00MZ4="></latexit>

T4.8

T4.9

DTime(t) = DTime(g(t))
<latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</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="sPuRv3hOpFum0geKstziJPaaLV8="> uzEXDd6SVFPnuBwu96oXVa8+ex2Oyrs2xtm/oOtPgaGRluS6PLRLkexX64I1lw3WktSzXUtWUb+nIfOL5W16Lu/sffHq50k6RL3TUlPN9v/x+6kvbxYbSPUcWXq1mDcDqyLMkaGfPvPk4Xcfv9mcS+dp6rUdbUM/DfHYMs9tfcNMtbjkWbfWbx4+3UrPW1nW9PDKdiq/jT1M4bWWAnnM3UiEp2rVo2HeG2zboj328Co+0EEHnwbQzjOVG7QyG98Frii6mjN3LF8Tnfku7t8MvG30mSwnfMuXu7/ce413i8VyqVh+U6Ixuk8PaQ7lXMHL9RVt4lPFoa/0jb7Tj8J+4VPhs/7qvzJiPv/vUcev8OUv0OuErA==</latexit><latexit sha1_base64="sPuRv3hOpFum0geKstziJPaaLV8="> uzEXDd6SVFPnuBwu96oXVa8+ex2Oyrs2xtm/oOtPgaGRluS6PLRLkexX64I1lw3WktSzXUtWUb+nIfOL5W16Lu/sffHq50k6RL3TUlPN9v/x+6kvbxYbSPUcWXq1mDcDqyLMkaGfPvPk4Xcfv9mcS+dp6rUdbUM/DfHYMs9tfcNMtbjkWbfWbx4+3UrPW1nW9PDKdiq/jT1M4bWWAnnM3UiEp2rVo2HeG2zboj328Co+0EEHnwbQzjOVG7QyG98Frii6mjN3LF8Tnfku7t8MvG30mSwnfMuXu7/ce413i8VyqVh+U6Ixuk8PaQ7lXMHL9RVt4lPFoa/0jb7Tj8J+4VPhs/7qvzJiPv/vUcev8OUv0OuErA==</latexit><latexit sha1_base64="rY1hsUVgeVjxaQqvTbrWMluar2o="> NVzRbsw5gzcv1dQ5zobLvepF1avPXoej8q6NcfZP6fpjYGikebkuDO1SJPvVOmXNZYM1L/Vs15JV1O9pyPxieZueyDt7R7z6eZIOUe+k1FSz/X/8furLm8UGUj1Hll4t5s3AqghzZOinzzx5+N3HbzbnzHmaem1H29BPQzy2zHNb3zATLS551q31m4dPt9LzVpY1PbyyncpvYw9TeK2lQB5zNxLhqVr1aJj3Btu2aI89vIr3tNvBpwG0k0zlBq3MxneBK4qu5swdy9dEZ77T+zcFbxt9KssJ3/Ll7i/3XuPNXLFcKpZflSaXn5mv+st0h+7RDOq6iLfsC1rHN4tDX+gbfacfhZ3Cx8Knwmcdem7EzLlNHb/C17/QoYXx</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit><latexit sha1_base64="EPta8ds7WRGn7+aZbyoPFfus78Y="> DVe0G3PR4C1JNXWOs+Fyr3pR9eqz1+GovGtjnP1Tuv4AGBppSa6PhnYpkv1qnbLmssFaknq2a8kq6vc0ZH6xvE1P5J29K179PEmHqHdaaqrZ/j9+P/XlzWIDqZ4jS68W82ZgVYQ5MvTTZ548/O7jN5tz5jxNvbajbeinIR5b5rmtb5ipFpc869b6zcOnW+l5K8uaHl7ZTuW3sYcpvNZSII+5G4nwVK16NMx7g21btMceXsU72uvg0wDaSaZyg1Zm47vAFUVXc+aO5WuiM9/p/ZuBt40+k+WEb/ly95d7r/F6sVguFcsvF6dXn5iv+jG6RXdoDnVdxlv2OW3gm8WhL/SNvtOPwm7hY+FT4bMOHTln5tykjl/h61/RQYXz</latexit>

Problem:

• Es gibt keinen Grund, warum dieses t berechenbar sein sollte.

• Insbesondere können wir für gegebenes i und n nicht entscheiden,
ob ti(n) = 1 oder nicht.

<latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="oZerf2CBk7n2ooQLqWeyHl9kHLM="></latexit><latexit sha1_base64="oZerf2CBk7n2ooQLqWeyHl9kHLM="></latexit><latexit sha1_base64="sP5qxwYH8T2I8IR8gUg2qD51cR8="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit><latexit sha1_base64="xx9LMgfbWNS9FN5wh63QNA9/OXU="></latexit>



Beweis  (jetzt aber)

Lemma 4.11

�19

T4.10

Definiere modifizierte Funktion t.
Für gegebenes n berechne t(n) wie folgt:

<latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</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="U4cLPij6iFe1Q3TKfEVHMs/Ic/s="> QD7UIm+kzNUQ1i6UKi1h8AA4ctts/1eUR8BoAmVvjLWMU+L2AKslGc/mMH90mJ7juJxfFcQ9Ik0Qhe/OSlxReco13nOVK2N6uGwGJQv7K9Fk3fpcA12qRjI6i7nj8HaZTevj43ClVvOoNvryczWqrFqD3/iaqj8EhkXa5fPRyiplXK/+NTF7DmuX+ZzkUlS0aDcUfoZf0yt+s8+mTj7L1bvBnFq2/x9/kfqqegmANKjgZV6LVT2IKtIKHhbps4of+fbJly38aD8jvVY7t464VInb6rcKn1mlV82sPXOv8jCt/An2KoX3xwqUvlQjJ089zsfQfTekHVB7YpEoflOvp/gMgXZVytyyyAKcC9pUdK+ib8PTxLS/6+u3CesEfbPMCWd5b/bkPt94sdP0Wk3veUvdVl+pb/DvgYet8on6WT3DUSWsBbU/an/W/qo360f1E3vqv1Fzx/8v1dRf/exfyOKjVw==</latexit><latexit sha1_base64="U4cLPij6iFe1Q3TKfEVHMs/Ic/s="> QD7UIm+kzNUQ1i6UKi1h8AA4ctts/1eUR8BoAmVvjLWMU+L2AKslGc/mMH90mJ7juJxfFcQ9Ik0Qhe/OSlxReco13nOVK2N6uGwGJQv7K9Fk3fpcA12qRjI6i7nj8HaZTevj43ClVvOoNvryczWqrFqD3/iaqj8EhkXa5fPRyiplXK/+NTF7DmuX+ZzkUlS0aDcUfoZf0yt+s8+mTj7L1bvBnFq2/x9/kfqqegmANKjgZV6LVT2IKtIKHhbps4of+fbJly38aD8jvVY7t464VInb6rcKn1mlV82sPXOv8jCt/An2KoX3xwqUvlQjJ089zsfQfTekHVB7YpEoflOvp/gMgXZVytyyyAKcC9pUdK+ib8PTxLS/6+u3CesEfbPMCWd5b/bkPt94sdP0Wk3veUvdVl+pb/DvgYet8on6WT3DUSWsBbU/an/W/qo360f1E3vqv1Fzx/8v1dRf/exfyOKjVw==</latexit><latexit sha1_base64="5U036fR8+SrzgkaafY0Jj54bAxk="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P7c2Dp64r/q76gv1Ff5P8HBmHqgf1TN8s4S1oPau9nvtj3qzflw/rZ/bqbdqbs0DNfVX7/wLJlSkbg==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit><latexit sha1_base64="EnG2g9xV9hL89NF28BeSJU430iQ="> 5EMtsiJlroawdqFUaQmDh8CR22b7v6I8BkYTKHtjrGWcEncGWC3JeDaH+b3D9BzH5fyqIO4RaYIofHdW4orKU+7xnqtcGdPDZTMoWdhfiSb71uce6FI1ktFZzB2Ht8tsWh/vhyu1mke10Zefq1Fl1xr8xjdU/TtgWKRdPh+vrFLG/erfELPnsHaZz0kuRUWLTkPhZ/g2veY7+3zqy2e5ejeYU8v2/+MvUl9VLwGQBhW8zGuxqgdRRVrBwyJ9VvEj7z55s4Xv7Wek12rfrSMuVeK2+q3CZ1bpVTNrv7lXeZhW/gR7lcL7YwVKX6qRk6ce52Po3hvSDqg9sUgUv6pXU3yGQLsuZW5ZZAG+C9pUdK+ib8OviWl/N9dvE9YJ+maZE77lvdkv9/nG852m12p6P+9sHDxxX/V31RfqK/yf4OHMPFA/qmf4ZglrQe1d7ffaH/Vm/bh+Wj+3U2/V3JoHauqv3vkXJvSkcA==</latexit>

t(n) n + 1

while t(n)  ti(n)  g(t(n)) for some i  n do
t(n)++

<latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="qyxVqlRYNB8aWdj5dC6tGjhWsWI="></latexit><latexit sha1_base64="TPoEYwMApFrSJjrF91lmxKjVfQY="></latexit><latexit sha1_base64="TPoEYwMApFrSJjrF91lmxKjVfQY="></latexit><latexit sha1_base64="LV1YY5QqlwDhx8L0ejN3KBgybL4="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit><latexit sha1_base64="OKUIKZNrqTNwqiUz2+VHPjTw5+I="></latexit>

Intuition: t(n) liegt nicht mehr unbedingt über allen ti(n) mit i  n;
Intervall [t(n), g(t(n))] kann auch „Lücke“ zwischen allen diesen ti sein.

<latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </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="cU6gt5y1ovJTiJgGYP6MqZWp7BE="> </latexit><latexit sha1_base64="cU6gt5y1ovJTiJgGYP6MqZWp7BE="> </latexit><latexit sha1_base64="rNRupAXBHzGKeylwU92HoRl+b/w="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit><latexit sha1_base64="cm70T8KZdAm0qkTDSvRTlCkT+KI="> </latexit>

1. t ist berechenbar.

2. DTime(t) = DTime(g(t))
<latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</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="Mp1RYFKGkHBKXVrx2irttwBhBKI="> jqv5VUHcF6QpIvPdXYvLKteyx/tu5cqYHVy2glyFg7VovG892QM9UQ1XdB5z1+HtSTVtjo/D5bVaRLWzLz/Xo/KuNbjH16z6Y2BYpD15Pl27SqnsV++aOXcc1p7Uc1pLVtGytyHzM/I1Hcs3+1S89n2Sr1HvttTUsv3/+MvUVzWLD6RhhSyLWqyagVWhK2RYps8qefjbx1+24KPzTPQ6jfahn5F4fBkXFmeYRsGlyrytfqvwmVd61cqyptdXdlb5U+x1Ch8UCuQ2r0YmPFVRj5H7brDti/bYw7N4Q2czfEZAG5cqt2pmPs4FoSi6XzG3kdPEbL7r168J7xS9WeaEs3xn/uS+aLzYbXXarc7PbbpNX9E39ADl3MfH9Ud6jqNKQH/Rh43NjZv19/Xf6n/YU/+NDXf8/5JmfvU//wWmdJ3S</latexit><latexit sha1_base64="Mp1RYFKGkHBKXVrx2irttwBhBKI="> jqv5VUHcF6QpIvPdXYvLKteyx/tu5cqYHVy2glyFg7VovG892QM9UQ1XdB5z1+HtSTVtjo/D5bVaRLWzLz/Xo/KuNbjH16z6Y2BYpD15Pl27SqnsV++aOXcc1p7Uc1pLVtGytyHzM/I1Hcs3+1S89n2Sr1HvttTUsv3/+MvUVzWLD6RhhSyLWqyagVWhK2RYps8qefjbx1+24KPzTPQ6jfahn5F4fBkXFmeYRsGlyrytfqvwmVd61cqyptdXdlb5U+x1Ch8UCuQ2r0YmPFVRj5H7brDti/bYw7N4Q2czfEZAG5cqt2pmPs4FoSi6XzG3kdPEbL7r168J7xS9WeaEs3xn/uS+aLzYbXXarc7PbbpNX9E39ADl3MfH9Ud6jqNKQH/Rh43NjZv19/Xf6n/YU/+NDXf8/5JmfvU//wWmdJ3S</latexit><latexit sha1_base64="5owkV9jpgLxKhvYFCgDHCnD2m60="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj+3tx9+6r/pb9Dl9SfdQ1328Zb+np/hmCehPeruxuXGz/kv91/rv9T9s6I0NN+czmvnV//4Xw1qfXA==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit><latexit sha1_base64="42jH2M1mBBqPuIx4MLujoJY70HE="> OI6r+VVB3BekKSLz3V2LyyrXssf7rnNlzA4OW0GuwsFaNN63nuyBnqiGKzqPuevw9qSaNse74XKvFlHt6svX9ai8aw3O8TVd/xoYFmlPro/WdimV/epds+aOw9qTek5rySpa9jRkfkbepmN5Z5+K1z5P8jXq3ZaaWrb/H3+Z+qpm8YE0rJBlUYtVM7AqdIUMy/RZJQ+/+/jNFrxznolep9E+9DMSjy/zwuIbplFwqbJuq98qfOaVXrWyrOn1lZ1V/hR7ncIHhQJ5zN3IhKcq6jFy7w22fdEee3gVr+hshs8IaONS5VatzMd3QSiK7lfMbeRrYjbf9f1rwjtFb5Y54Vu+M//lvmg822112q3Oj7vbj791X/W36HP6ku6hrvt4y35PT/HNEtCf9HZjc+Nm/Zf6r/Xf63/Y0Bsbbs5nNPOr//0vw/qfXg==</latexit>



Nachbemerkung

Widerspruch zwischen Hierarchie- und Gap-Theorem?

Wir interessieren uns meist für „normale“ Funktionen; 
da spielt das Gap-Theorem keine wichtige Rolle.
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Aus HT folgt z. B.: DTime(n) ( DTime(n2)
<latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="BN6BibZLoqC9tuOhsDkPhxHY3eg="></latexit><latexit sha1_base64="BN6BibZLoqC9tuOhsDkPhxHY3eg="></latexit><latexit sha1_base64="LiBP4UPyM+6lfkSvxCtrFjF14FM="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit><latexit sha1_base64="8I9m0EFdZJYYGgj00p+Y76cIF4I="></latexit>

Aus GT folgt z. B.: es gibt Fkt. t mit DTime(t) = DTime(t2)
<latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="LiraGwewREBKFa/5EUXjtapQHp8="></latexit><latexit sha1_base64="LiraGwewREBKFa/5EUXjtapQHp8="></latexit><latexit sha1_base64="qntW6PnzJhTIlbT8FZfN5wGMaOQ="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit><latexit sha1_base64="qd2R8QG+xGeMGSBFs0uMqBE1pOg="></latexit>

… ist leicht auflösbar:

• Die Funktion t ist zwar berechenbar, aber sie wächst extrem schnell.

• Insbesondere ist sie nicht zeitkonstruierbar!
<latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="VwwDNZbZgCpfIZuMDKo7YN//HSs="></latexit><latexit sha1_base64="vjARR9lvJc7jZIvXyFyVvRNCZh8="></latexit><latexit sha1_base64="vjARR9lvJc7jZIvXyFyVvRNCZh8="></latexit><latexit sha1_base64="+hQq21D/X2mCnKiA7yCc/99QfUk="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit><latexit sha1_base64="WzOcezvNaO94MJz4/eBMLfyT4hY="></latexit>

Analoge Theoreme gibt es für nichtdeterministische Zeit.
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