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Model



Tree-form sequential decision making
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Tree-form sequential decision making
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Objective



Utility maximization, subject to cost constraints satisfaction
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?, ? ?, ? Realizations of 
utility and cost

: strategy

: utilities

: costs


: costs constraints

x
u(x)
c(x)
c(x) ≤ γ

Assumption:
<latexit sha1_base64="aHtCnu/+HOWwvo8Bp7gIW683scg=">AAACFnicbVDLSgMxFM3Ud32NunQTLIIuLDNS1I0gunFZwbZCp5Y7mbSG5jEkGbEM/Qo3/oobF4q4FXf+jelj4etAyOGce5N7T5xyZmwQfHqFqemZ2bn5heLi0vLKqr+2Xjcq04TWiOJKX8VgKGeS1iyznF6lmoKIOW3EvbOh37il2jAlL20/pS0BXck6jIB1UtvfIztRrHhi+sJd+d3gOkoYCCWTXXyMoy4IAXgPR9w9mUDbLwXlYAT8l4QTUkITVNv+R5QokgkqLeFgTDMMUtvKQVtGOB0Uo8zQFEgPurTpqARBTSsfrTXA205JcEdpd6TFI/V7Rw7CDOd2lQLsjfntDcX/vGZmO0etnMk0s1SS8UedjGOr8DAjnDBNieV9R4Bo5mbF5AY0EOuSLLoQwt8r/yX1/XJ4UK5cVEonp5M45tEm2kI7KESH6ASdoyqqIYLu0SN6Ri/eg/fkvXpv49KCN+nZQD/gvX8BQrmeyQ==</latexit>

c(x⇧) = � � �



Online learning

• Agent chooses  


• Utility collected


• Violation incurred 

<latexit sha1_base64="2MeyFYGTYLV4vudzjDeaxmeUJx4=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSKuiy6cVnBPqAJYTKZtEMnM2FmIpbQnRt/xY0LRdz6C+78GydtFtp6YZjDOfdyzz1hyqjSjvNtLS2vrK6tVzaqm1vbO7v23n5HiUxi0saCCdkLkSKMctLWVDPSSyVBSchINxxdF3r3nkhFBb/T45T4CRpwGlOMtKEC+8gLBYvUODFf/hDoiUe5lyA9xIjlvUlg15y6My24CNwS1EBZrcD+8iKBs4RwjRlSqu86qfZzJDXFjEyqXqZIivAIDUjfQI4Sovx8escEnhgmgrGQ5nENp+zviRwlqrBqOguLal4ryP+0fqbjSz+nPM004Xi2KM4Y1AIWocCISoI1GxuAsKTGK8RDJBHWJrqqCcGdP3kRdM7q7nm9cduoNa/KOCrgEByDU+CCC9AEN6AF2gCDR/AMXsGb9WS9WO/Wx6x1ySpnDsCfsj5/AJ3dmm8=</latexit>

xt 2 X

Cumulative regret

<latexit sha1_base64="DOaNnsRsdMbgzHN/qszL+9U1idc=">AAAB/HicbVDNS8MwHE3n15xf1R29BIcwL6OVoR6HXjxOcB+wlZKm6RaWJiVJxVHmv+LFgyJe/UO8+d+Ybj3o5oOQx3u/H3l5QcKo0o7zbZXW1jc2t8rblZ3dvf0D+/Coq0QqMelgwYTsB0gRRjnpaKoZ6SeSoDhgpBdMbnK/90CkooLf62lCvBiNOI0oRtpIvl1N68NAsFBNY3NljzNfn/l2zWk4c8BV4hakBgq0fftrGAqcxoRrzJBSA9dJtJchqSlmZFYZpookCE/QiAwM5Sgmysvm4Wfw1CghjIQ0h2s4V39vZChWeTozGSM9VsteLv7nDVIdXXkZ5UmqCceLh6KUQS1g3gQMqSRYs6khCEtqskI8RhJhbfqqmBLc5S+vku55w71oNO+atdZ1UUcZHIMTUAcuuAQtcAvaoAMwmIJn8ArerCfrxXq3PhajJavYqYI/sD5/ABGylQ4=</latexit>

u(xt)

Cumulative violation
<latexit sha1_base64="DjVU7JFsocC2k1UGRx/+HgR651A=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZmRoiIUim5cVugLOnXIpGkbmswMyZ1iGfobbvwVNy4Ucakr/8b0sdDWAyGHc+7l3nv8SHANtv1tpVZW19Y30puZre2d3b3s/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+4mfiNIVOah0EVRhFrS9ILeJdTAkbysnbdq+KrEnZ1LF3BJQftJVByxvdVPPQg7/qh6OiRNF/yMPbg1Mvm7II9BV4mzpzk0BwVL/vpdkIaSxYAFUTrlmNH0E6IAk4FG2fcWLOI0AHpsZahAZFMt5PpZWN8YpQO7obKvADwVP3dkRCpJ9uZSkmgrxe9ifif14qhe9lOeBDFwAI6G9SNBYYQT2LCHa4YBTEyhFDFza6Y9okiFEyYGROCs3jyMqmfFZzzQvGumCtfz+NIoyN0jPLIQReojG5RBdUQRY/oGb2iN+vJerHerY9Zacqa9xyiP7C+fgAefKBu</latexit>

VT :=
TX

t=1

vt(xt)RT := max
x:u(x)�

TX

t=1

u(x)�
TX

t=1

u(xt)
<latexit sha1_base64="ITuNlTqJw2GL1hkJVwrtxnNiS2c="></latexit><latexit sha1_base64="ITuNlTqJw2GL1hkJVwrtxnNiS2c="></latexit><latexit sha1_base64="ITuNlTqJw2GL1hkJVwrtxnNiS2c="></latexit><latexit sha1_base64="ITuNlTqJw2GL1hkJVwrtxnNiS2c="></latexit>

vt := max(0, c(x)� �)
<latexit sha1_base64="fSaxGEPaxl+pBswUcSboLh83Kh8=">AAACGXicbVA9SwNBEN3z2/gVtbRZDEICGu5EUARBtLFUMImQC2FuM4mLu3fH7pwoR36BP8FfYauVndhaWfhfvIspNPE183hvhpl5QaykJdf9dCYmp6ZnZufmCwuLS8srxdW1uo0SI7AmIhWZqwAsKhlijSQpvIoNgg4UNoKb09xv3KKxMgov6T7GloZeKLtSAGVSu7h126bDI1/DXdndFmU/iFTH3uuspHf9yo7fA62h0i6W3Ko7AB8n3pCU2BDn7eKX34lEojEkocDapufG1ErBkBQK+wU/sRiDuIEeNjMagkbbSgfv9PlWYoEiHqPhUvGBiL8nUtA2vzHr1EDXdtTLxf+8ZkLdg1YqwzghDEW+iKTCwSIrjMxyQt6RBokgvxy5DLkAA0RoJAchMjHJgitkeXij34+T+m7Vc6vexV7p+GSYzBzbYJuszDy2z47ZGTtnNSbYA3tiz+zFeXRenTfn/ad1whnOrLM/cD6+AS7jn/Q=</latexit><latexit sha1_base64="fSaxGEPaxl+pBswUcSboLh83Kh8=">AAACGXicbVA9SwNBEN3z2/gVtbRZDEICGu5EUARBtLFUMImQC2FuM4mLu3fH7pwoR36BP8FfYauVndhaWfhfvIspNPE183hvhpl5QaykJdf9dCYmp6ZnZufmCwuLS8srxdW1uo0SI7AmIhWZqwAsKhlijSQpvIoNgg4UNoKb09xv3KKxMgov6T7GloZeKLtSAGVSu7h126bDI1/DXdndFmU/iFTH3uuspHf9yo7fA62h0i6W3Ko7AB8n3pCU2BDn7eKX34lEojEkocDapufG1ErBkBQK+wU/sRiDuIEeNjMagkbbSgfv9PlWYoEiHqPhUvGBiL8nUtA2vzHr1EDXdtTLxf+8ZkLdg1YqwzghDEW+iKTCwSIrjMxyQt6RBokgvxy5DLkAA0RoJAchMjHJgitkeXij34+T+m7Vc6vexV7p+GSYzBzbYJuszDy2z47ZGTtnNSbYA3tiz+zFeXRenTfn/ad1whnOrLM/cD6+AS7jn/Q=</latexit><latexit sha1_base64="fSaxGEPaxl+pBswUcSboLh83Kh8=">AAACGXicbVA9SwNBEN3z2/gVtbRZDEICGu5EUARBtLFUMImQC2FuM4mLu3fH7pwoR36BP8FfYauVndhaWfhfvIspNPE183hvhpl5QaykJdf9dCYmp6ZnZufmCwuLS8srxdW1uo0SI7AmIhWZqwAsKhlijSQpvIoNgg4UNoKb09xv3KKxMgov6T7GloZeKLtSAGVSu7h126bDI1/DXdndFmU/iFTH3uuspHf9yo7fA62h0i6W3Ko7AB8n3pCU2BDn7eKX34lEojEkocDapufG1ErBkBQK+wU/sRiDuIEeNjMagkbbSgfv9PlWYoEiHqPhUvGBiL8nUtA2vzHr1EDXdtTLxf+8ZkLdg1YqwzghDEW+iKTCwSIrjMxyQt6RBokgvxy5DLkAA0RoJAchMjHJgitkeXij34+T+m7Vc6vexV7p+GSYzBzbYJuszDy2z47ZGTtnNSbYA3tiz+zFeXRenTfn/ad1whnOrLM/cD6+AS7jn/Q=</latexit><latexit sha1_base64="fSaxGEPaxl+pBswUcSboLh83Kh8=">AAACGXicbVA9SwNBEN3z2/gVtbRZDEICGu5EUARBtLFUMImQC2FuM4mLu3fH7pwoR36BP8FfYauVndhaWfhfvIspNPE183hvhpl5QaykJdf9dCYmp6ZnZufmCwuLS8srxdW1uo0SI7AmIhWZqwAsKhlijSQpvIoNgg4UNoKb09xv3KKxMgov6T7GloZeKLtSAGVSu7h126bDI1/DXdndFmU/iFTH3uuspHf9yo7fA62h0i6W3Ko7AB8n3pCU2BDn7eKX34lEojEkocDapufG1ErBkBQK+wU/sRiDuIEeNjMagkbbSgfv9PlWYoEiHqPhUvGBiL8nUtA2vzHr1EDXdtTLxf+8ZkLdg1YqwzghDEW+iKTCwSIrjMxyQt6RBokgvxy5DLkAA0RoJAchMjHJgitkeXij34+T+m7Vc6vexV7p+GSYzBzbYJuszDy2z47ZGTtnNSbYA3tiz+zFeXRenTfn/ad1whnOrLM/cD6+AS7jn/Q=</latexit>



Hard threshold (w.h.p.)

Hard and soft constraints

Soft threshold (w.h.p.)

Cumulative violations
<latexit sha1_base64="DjVU7JFsocC2k1UGRx/+HgR651A=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZmRoiIUim5cVugLOnXIpGkbmswMyZ1iGfobbvwVNy4Ucakr/8b0sdDWAyGHc+7l3nv8SHANtv1tpVZW19Y30puZre2d3b3s/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+4mfiNIVOah0EVRhFrS9ILeJdTAkbysnbdq+KrEnZ1LF3BJQftJVByxvdVPPQg7/qh6OiRNF/yMPbg1Mvm7II9BV4mzpzk0BwVL/vpdkIaSxYAFUTrlmNH0E6IAk4FG2fcWLOI0AHpsZahAZFMt5PpZWN8YpQO7obKvADwVP3dkRCpJ9uZSkmgrxe9ifif14qhe9lOeBDFwAI6G9SNBYYQT2LCHa4YBTEyhFDFza6Y9okiFEyYGROCs3jyMqmfFZzzQvGumCtfz+NIoyN0jPLIQReojG5RBdUQRY/oGb2iN+vJerHerY9Zacqa9xyiP7C+fgAefKBu</latexit>

VT :=
TX

t=1

vt(xt)

<latexit sha1_base64="77LJ3d+sDCjPex7CHBVx3kaAJKE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqdVr/RE0jcfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzeKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Hky4AqZERNLKFPc3krYiCrKjI2oZEPwll9eJa2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEOTWAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcS5o9Z</latexit>

VT  0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )



Hard threshold (w.h.p.)

Hard and soft constraints

Soft threshold (w.h.p.)
<latexit sha1_base64="77LJ3d+sDCjPex7CHBVx3kaAJKE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqdVr/RE0jcfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzeKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Hky4AqZERNLKFPc3krYiCrKjI2oZEPwll9eJa2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEOTWAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcS5o9Z</latexit>

VT  0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )

Cumulative violations
<latexit sha1_base64="DjVU7JFsocC2k1UGRx/+HgR651A=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZmRoiIUim5cVugLOnXIpGkbmswMyZ1iGfobbvwVNy4Ucakr/8b0sdDWAyGHc+7l3nv8SHANtv1tpVZW19Y30puZre2d3b3s/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+4mfiNIVOah0EVRhFrS9ILeJdTAkbysnbdq+KrEnZ1LF3BJQftJVByxvdVPPQg7/qh6OiRNF/yMPbg1Mvm7II9BV4mzpzk0BwVL/vpdkIaSxYAFUTrlmNH0E6IAk4FG2fcWLOI0AHpsZahAZFMt5PpZWN8YpQO7obKvADwVP3dkRCpJ9uZSkmgrxe9ifif14qhe9lOeBDFwAI6G9SNBYYQT2LCHa4YBTEyhFDFza6Y9okiFEyYGROCs3jyMqmfFZzzQvGumCtfz+NIoyN0jPLIQReojG5RBdUQRY/oGb2iN+vJerHerY9Zacqa9xyiP7C+fgAefKBu</latexit>

VT :=
TX

t=1

vt(xt)



Hard threshold (w.h.p.)

Hard and soft constraints

<latexit sha1_base64="77LJ3d+sDCjPex7CHBVx3kaAJKE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqdVr/RE0jcfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzeKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Hky4AqZERNLKFPc3krYiCrKjI2oZEPwll9eJa2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEOTWAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcS5o9Z</latexit>

VT  0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )

Cumulative violations
<latexit sha1_base64="DjVU7JFsocC2k1UGRx/+HgR651A=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZmRoiIUim5cVugLOnXIpGkbmswMyZ1iGfobbvwVNy4Ucakr/8b0sdDWAyGHc+7l3nv8SHANtv1tpVZW19Y30puZre2d3b3s/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+4mfiNIVOah0EVRhFrS9ILeJdTAkbysnbdq+KrEnZ1LF3BJQftJVByxvdVPPQg7/qh6OiRNF/yMPbg1Mvm7II9BV4mzpzk0BwVL/vpdkIaSxYAFUTrlmNH0E6IAk4FG2fcWLOI0AHpsZahAZFMt5PpZWN8YpQO7obKvADwVP3dkRCpJ9uZSkmgrxe9ifif14qhe9lOeBDFwAI6G9SNBYYQT2LCHa4YBTEyhFDFza6Y9okiFEyYGROCs3jyMqmfFZzzQvGumCtfz+NIoyN0jPLIQReojG5RBdUQRY/oGb2iN+vJerHerY9Zacqa9xyiP7C+fgAefKBu</latexit>

VT :=
TX

t=1

vt(xt)

Soft threshold (w.h.p.)



Hard threshold (w.h.p.)

Hard and soft constraints

Soft threshold (w.h.p.)
<latexit sha1_base64="77LJ3d+sDCjPex7CHBVx3kaAJKE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzfz2EyrNY9kwkwT9iA4lDzmjxkqdVr/RE0jcfrniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzeKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7Hky4AqZERNLKFPc3krYiCrKjI2oZEPwll9eJa2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEOTWAg4Ble4c15dF6cd+dj0Vpw8plj+APn8wcS5o9Z</latexit>

VT  0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )

Cumulative violations
<latexit sha1_base64="DjVU7JFsocC2k1UGRx/+HgR651A=">AAACGXicbVDLSgMxFM3UV62vqks3wSLUTZmRoiIUim5cVugLOnXIpGkbmswMyZ1iGfobbvwVNy4Ucakr/8b0sdDWAyGHc+7l3nv8SHANtv1tpVZW19Y30puZre2d3b3s/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+4mfiNIVOah0EVRhFrS9ILeJdTAkbysnbdq+KrEnZ1LF3BJQftJVByxvdVPPQg7/qh6OiRNF/yMPbg1Mvm7II9BV4mzpzk0BwVL/vpdkIaSxYAFUTrlmNH0E6IAk4FG2fcWLOI0AHpsZahAZFMt5PpZWN8YpQO7obKvADwVP3dkRCpJ9uZSkmgrxe9ifif14qhe9lOeBDFwAI6G9SNBYYQT2LCHa4YBTEyhFDFza6Y9okiFEyYGROCs3jyMqmfFZzzQvGumCtfz+NIoyN0jPLIQReojG5RBdUQRY/oGb2iN+vJerHerY9Zacqa9xyiP7C+fgAefKBu</latexit>

VT :=
TX

t=1

vt(xt)



Results



Summary of the technical results

Hard threshold Soft threshold

<latexit sha1_base64="+VbTpVvfSc8oSr4J1Y5Vw7kbplM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y3LCvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15UzQtmGG016qKE5CTrvh+G7md5+o0kyKRzNJaZDgoWAxI9hYye9zG40wukHuoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWGvfc1MT5FgZRjidVvqZpikmYzykvqUCJ1QH+XzlKTqzSoRiqewTBs3V3xM5TrSeJKFNJtiM9LI3E//z/MzE10HORJoZKsjiozjjyEg0ux9FTFFi+MQSTBSzuyIywgoTY1uq2BK85ZNXSeei7l3WGw+NWvO2qKMMJ3AK5+DBFTThHlrQBgISnuEV3hzjvDjvzsciWnKKmWP4A+fzB+WwkFs=</latexit>

� = 0

<latexit sha1_base64="6PqXgsjNoBhoamJZl5E4cuWvJV4=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdOOygn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244vpv53SeqNJPi0UxSGiR4KFjMCDZW8vvcRiOMbpA7qNbcujsHWiVeQWpQoDWofvUjSbKECkM41tr33NQEOVaGEU6nlX6maYrJGA+pb6nACdVBPl95is6sEqFYKvuEQXP190SOE60nSWiTCTYjvezNxP88PzPxdZAzkWaGCrL4KM44MhLN7kcRU5QYPrEEE8XsroiMsMLE2JYqtgRv+eRV0rmoe5f1xkOj1rwt6ijDCZzCOXhwBU24hxa0gYCEZ3iFN8c4L86787GIlpxi5hj+wPn8Aec2kFw=</latexit>

� > 0

VT ≤ 0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )



Summary of the technical results

Hard threshold Soft threshold

<latexit sha1_base64="+VbTpVvfSc8oSr4J1Y5Vw7kbplM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y3LCvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15UzQtmGG016qKE5CTrvh+G7md5+o0kyKRzNJaZDgoWAxI9hYye9zG40wukHuoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWGvfc1MT5FgZRjidVvqZpikmYzykvqUCJ1QH+XzlKTqzSoRiqewTBs3V3xM5TrSeJKFNJtiM9LI3E//z/MzE10HORJoZKsjiozjjyEg0ux9FTFFi+MQSTBSzuyIywgoTY1uq2BK85ZNXSeei7l3WGw+NWvO2qKMMJ3AK5+DBFTThHlrQBgISnuEV3hzjvDjvzsciWnKKmWP4A+fzB+WwkFs=</latexit>

� = 0

<latexit sha1_base64="6PqXgsjNoBhoamJZl5E4cuWvJV4=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdOOygn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244vpv53SeqNJPi0UxSGiR4KFjMCDZW8vvcRiOMbpA7qNbcujsHWiVeQWpQoDWofvUjSbKECkM41tr33NQEOVaGEU6nlX6maYrJGA+pb6nACdVBPl95is6sEqFYKvuEQXP190SOE60nSWiTCTYjvezNxP88PzPxdZAzkWaGCrL4KM44MhLN7kcRU5QYPrEEE8XsroiMsMLE2JYqtgRv+eRV0rmoe5f1xkOj1rwt6ijDCZzCOXhwBU24hxa0gYCEZ3iFN8c4L86787GIlpxi5hj+wPn8Aec2kFw=</latexit>

� > 0

RT = Θ(T)

VT ≤ 0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )
The known feasible 
solution lays on the 

constraint

Sublinear regret in T is 
impossible



Summary of the technical results

Hard threshold Soft threshold

<latexit sha1_base64="+VbTpVvfSc8oSr4J1Y5Vw7kbplM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y3LCvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15UzQtmGG016qKE5CTrvh+G7md5+o0kyKRzNJaZDgoWAxI9hYye9zG40wukHuoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWGvfc1MT5FgZRjidVvqZpikmYzykvqUCJ1QH+XzlKTqzSoRiqewTBs3V3xM5TrSeJKFNJtiM9LI3E//z/MzE10HORJoZKsjiozjjyEg0ux9FTFFi+MQSTBSzuyIywgoTY1uq2BK85ZNXSeei7l3WGw+NWvO2qKMMJ3AK5+DBFTThHlrQBgISnuEV3hzjvDjvzsciWnKKmWP4A+fzB+WwkFs=</latexit>

� = 0

<latexit sha1_base64="6PqXgsjNoBhoamJZl5E4cuWvJV4=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdOOygn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244vpv53SeqNJPi0UxSGiR4KFjMCDZW8vvcRiOMbpA7qNbcujsHWiVeQWpQoDWofvUjSbKECkM41tr33NQEOVaGEU6nlX6maYrJGA+pb6nACdVBPl95is6sEqFYKvuEQXP190SOE60nSWiTCTYjvezNxP88PzPxdZAzkWaGCrL4KM44MhLN7kcRU5QYPrEEE8XsroiMsMLE2JYqtgRv+eRV0rmoe5f1xkOj1rwt6ijDCZzCOXhwBU24hxa0gYCEZ3iFN8c4L86787GIlpxi5hj+wPn8Aec2kFw=</latexit>

� > 0

RT = Θ(T)

RT = Θ ( T
λ )

VT ≤ 0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T )

The known feasible 
solution lays in the inner of 

the feasible space

Sublinear regret in T is 
possible

The larger the distance 
from the constraint the 

lower the regret



Summary of the technical results

Hard threshold Soft threshold

<latexit sha1_base64="+VbTpVvfSc8oSr4J1Y5Vw7kbplM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y3LCvYB06FkMpk2NJMMSUYoQz/DjQtF3Po17vwb03YW2nogcDjnXHLvCVPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15UzQtmGG016qKE5CTrvh+G7md5+o0kyKRzNJaZDgoWAxI9hYye9zG40wukHuoFpz6+4caJV4BalBgdag+tWPJMkSKgzhWGvfc1MT5FgZRjidVvqZpikmYzykvqUCJ1QH+XzlKTqzSoRiqewTBs3V3xM5TrSeJKFNJtiM9LI3E//z/MzE10HORJoZKsjiozjjyEg0ux9FTFFi+MQSTBSzuyIywgoTY1uq2BK85ZNXSeei7l3WGw+NWvO2qKMMJ3AK5+DBFTThHlrQBgISnuEV3hzjvDjvzsciWnKKmWP4A+fzB+WwkFs=</latexit>

� = 0

<latexit sha1_base64="6PqXgsjNoBhoamJZl5E4cuWvJV4=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdOOygn3AdCiZTKYNzSRDkhHK0M9w40IRt36NO//GtJ2Fth4IHM45l9x7wpQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpaZIrRNJJeqF2JNORO0bZjhtJcqipOQ0244vpv53SeqNJPi0UxSGiR4KFjMCDZW8vvcRiOMbpA7qNbcujsHWiVeQWpQoDWofvUjSbKECkM41tr33NQEOVaGEU6nlX6maYrJGA+pb6nACdVBPl95is6sEqFYKvuEQXP190SOE60nSWiTCTYjvezNxP88PzPxdZAzkWaGCrL4KM44MhLN7kcRU5QYPrEEE8XsroiMsMLE2JYqtgRv+eRV0rmoe5f1xkOj1rwt6ijDCZzCOXhwBU24hxa0gYCEZ3iFN8c4L86787GIlpxi5hj+wPn8Aec2kFw=</latexit>

� > 0

RT, VT = Θ ( T)
RT = Θ(T)

RT = Θ ( T
λ )

VT ≤ 0
<latexit sha1_base64="ivxdNMPMnCpg86/SmS8If1jk/EQ=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquFPUiFL14rNAvaJeSTbNtaDZZk6xQlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL4g508Z1v53c2vrG5lZ+u7Czu7d/UDw8ammZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H47uZ336iSjMpGmYSUz/CQ8FCRrCxUqfVb9zIcuO8Xyy5FXcOtEq8jJQgQ71f/OoNJEkiKgzhWOuu58bGT7EyjHA6LfQSTWNMxnhIu5YKHFHtp/N7p+jMKgMUSmVLGDRXf0+kONJ6EgW2M8JmpJe9mfif101MeO2nTMSJoYIsFoUJR0ai2fNowBQlhk8swUQxeysiI6wwMTaigg3BW355lbQuKt5lpfpQLdVuszjycAKnUAYPrqAG91CHJhDg8Ayv8OY8Oi/Ou/OxaM052cwx/IHz+QPPbo8t</latexit>

VT = o(T ) Sublinear regret in T is 
possible

The regret does not 
depend on the known 
feasible solution slack
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