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Problem
<latexit sha1_base64="DYJTa2JaeTRO5VM6za++3QXIZKw=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzKjoi6LblxWsQ/o1JLJZNrQJDMkGWkZZuXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r3HixhV2ra/rdzC4tLySn61sLa+sblV3N5pqDCWmNRxyELZ8pAijApS11Qz0ookQdxjpOkNrsZ+84FIRUNxp0cR6XDUEzSgGGkjdYv7LqeimwxdKqDLke57XnKb3vspDMrDo26xZFfsCeA8cTJSAhlq3eKX64c45kRozJBSbceOdCdBUlPMSFpwY0UihAeoR9qGCsSJ6iSTN1J4aBQfBqE0JTScqL8nEsSVGnHPdI4vVbPeWPzPa8c6uOgkVESxJgJPFwUxgzqE40ygTyXBmo0MQVhScyvEfSQR1ia5ggnBmX15njSOK85Z5eTmtFS9zOLIgz1wAMrAAeegCq5BDdQBBo/gGbyCN+vJerHerY9pa87KZnbBH1ifP99zmLw=</latexit>

min
x2Rd

f(x)

Convex and has 
Lipschitz Hessian



Problem
<latexit sha1_base64="DYJTa2JaeTRO5VM6za++3QXIZKw=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzKjoi6LblxWsQ/o1JLJZNrQJDMkGWkZZuXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r3HixhV2ra/rdzC4tLySn61sLa+sblV3N5pqDCWmNRxyELZ8pAijApS11Qz0ookQdxjpOkNrsZ+84FIRUNxp0cR6XDUEzSgGGkjdYv7LqeimwxdKqDLke57XnKb3vspDMrDo26xZFfsCeA8cTJSAhlq3eKX64c45kRozJBSbceOdCdBUlPMSFpwY0UihAeoR9qGCsSJ6iSTN1J4aBQfBqE0JTScqL8nEsSVGnHPdI4vVbPeWPzPa8c6uOgkVESxJgJPFwUxgzqE40ygTyXBmo0MQVhScyvEfSQR1ia5ggnBmX15njSOK85Z5eTmtFS9zOLIgz1wAMrAAeegCq5BDdQBBo/gGbyCN+vJerHerY9pa87KZnbBH1ifP99zmLw=</latexit>

min
x2Rd

f(x)

<latexit sha1_base64="+DC8XbZr6BH6vZRBVYJ31X5zQUI=">AAACBXicbVC7TsNAEDyHVwgvAyUUJyKk0ER2QEAZQUMZJPKQYhOdL+fklPPZ3AMRWWlo+BUaChCi5R/o+BsuiQtIGGml0cyudneChFGpHOfbyi0sLi2v5FcLa+sbm1v29k5DxlpgUscxi0UrQJIwykldUcVIKxEERQEjzWBwOfab90RIGvMbNUyIH6EepyHFSBmpY+97HAUM3VZgWHo4gp7UGGMt2JDcQadjF52yMwGcJ25GiiBDrWN/ed0Y64hwhRmSsu06ifJTJBTFjIwKnpYkQXiAeqRtKEcRkX46+WIED43ShWEsTHEFJ+rviRRFUg6jwHRGSPXlrDcW//PaWoXnfkp5ohXheLoo1AyqGI4jgV0qCFZsaAjCgppbIe4jgbAywRVMCO7sy/OkUSm7p+Xj65Ni9SKLIw/2wAEoARecgSq4AjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4A0aiXgw==</latexit>

r2f(x) < 0



Problem
<latexit sha1_base64="DYJTa2JaeTRO5VM6za++3QXIZKw=">AAACBnicbVDLSgMxFM3UV62vqksRgkWomzKjoi6LblxWsQ/o1JLJZNrQJDMkGWkZZuXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r3HixhV2ra/rdzC4tLySn61sLa+sblV3N5pqDCWmNRxyELZ8pAijApS11Qz0ookQdxjpOkNrsZ+84FIRUNxp0cR6XDUEzSgGGkjdYv7LqeimwxdKqDLke57XnKb3vspDMrDo26xZFfsCeA8cTJSAhlq3eKX64c45kRozJBSbceOdCdBUlPMSFpwY0UihAeoR9qGCsSJ6iSTN1J4aBQfBqE0JTScqL8nEsSVGnHPdI4vVbPeWPzPa8c6uOgkVESxJgJPFwUxgzqE40ygTyXBmo0MQVhScyvEfSQR1ia5ggnBmX15njSOK85Z5eTmtFS9zOLIgz1wAMrAAeegCq5BDdQBBo/gGbyCN+vJerHerY9pa87KZnbBH1ifP99zmLw=</latexit>

min
x2Rd

f(x)

<latexit sha1_base64="pUsZ6B8C6bGo9E1NBkdYogrDL74=">AAACF3icbVDLTgIxFO3gC/GFunTTSExgAZlBoy6JblhiIo+EGUmndKCh05m0HcNk4C/c+CtuXGiMW935N5bHAsGT3OT0nHvTe48bMiqVaf4YqbX1jc2t9HZmZ3dv/yB7eNSQQSQwqeOABaLlIkkY5aSuqGKkFQqCfJeRpju4nfjNRyIkDfi9ikPi+KjHqUcxUlrqZEv2yObIZeihDL38sACLcOEdF7TNCCxX7dGwGNujTjZnlswp4Cqx5iQH5qh1st92N8CRT7jCDEnZtsxQOQkSimJGxhk7kiREeIB6pK0pRz6RTjK9awzPtNKFXiB0cQWn6uJEgnwpY9/VnT5SfbnsTcT/vHakvGsnoTyMFOF49pEXMagCOAkJdqkgWLFYE4QF1btC3EcCYaWjzOgQrOWTV0mjXLIuS+d3F7nKzTyONDgBpyAPLHAFKqAKaqAOMHgCL+ANvBvPxqvxYXzOWlPGfOYY/IHx9Qt5WJ2k</latexit>

kr2
f(x)�r2

f(y)k  2Hkx� yk

<latexit sha1_base64="+DC8XbZr6BH6vZRBVYJ31X5zQUI=">AAACBXicbVC7TsNAEDyHVwgvAyUUJyKk0ER2QEAZQUMZJPKQYhOdL+fklPPZ3AMRWWlo+BUaChCi5R/o+BsuiQtIGGml0cyudneChFGpHOfbyi0sLi2v5FcLa+sbm1v29k5DxlpgUscxi0UrQJIwykldUcVIKxEERQEjzWBwOfab90RIGvMbNUyIH6EepyHFSBmpY+97HAUM3VZgWHo4gp7UGGMt2JDcQadjF52yMwGcJ25GiiBDrWN/ed0Y64hwhRmSsu06ifJTJBTFjIwKnpYkQXiAeqRtKEcRkX46+WIED43ShWEsTHEFJ+rviRRFUg6jwHRGSPXlrDcW//PaWoXnfkp5ohXheLoo1AyqGI4jgV0qCFZsaAjCgppbIe4jgbAywRVMCO7sy/OkUSm7p+Xj65Ni9SKLIw/2wAEoARecgSq4AjVQBxg8gmfwCt6sJ+vFerc+pq05K5vZBX9gff4A0aiXgw==</latexit>

r2f(x) < 0

Some constant



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="/uGqkHojyRuCTugGmGKFJStoUJs="></latexit>

f(x) ⇡ f(xk) + hrf(xk), x� xki

+
1

2
hr2f(xk)(x� xk), x� xki



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="Gt7PF139jvctqh/SPNLOM1p6lNI="></latexit>

f(x)  f(xk) + hrf(xk), x� x
ki

+
1

2
hr2

f(xk)(x� x
k), x� x

ki

+
H

3
kx� x

kk3



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)
<latexit sha1_base64="S4XKOfV4oMTLKkXVcFyTV66cPYs="></latexit>

x
k+1 = argmin

x

⇢
hrf(xk), x� x

ki+ 1

2
hr2

f(xk)(x� x
k), x� x

ki+ H

3
kx� x

kk3
�



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)
<latexit sha1_base64="S4XKOfV4oMTLKkXVcFyTV66cPYs="></latexit>

x
k+1 = argmin

x

⇢
hrf(xk), x� x

ki+ 1

2
hr2

f(xk)(x� x
k), x� x

ki+ H

3
kx� x

kk3
�

Nesterov & Polyak, 2006 
Griewank, 1981



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)

<latexit sha1_base64="GQG/GnjW54tXZbiR+oeNFbXCIl4="></latexit>

Lemma. It holds Hkxk+1 � x
kk ⇡

p
Hkrf(xk+1)k.



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)

<latexit sha1_base64="GQG/GnjW54tXZbiR+oeNFbXCIl4="></latexit>

Lemma. It holds Hkxk+1 � x
kk ⇡

p
Hkrf(xk+1)k.



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)

<latexit sha1_base64="GQG/GnjW54tXZbiR+oeNFbXCIl4="></latexit>

Lemma. It holds Hkxk+1 � x
kk ⇡

p
Hkrf(xk+1)k.

<latexit sha1_base64="rfyp8xRhvK539EgfbQ2qrXW5YoI="></latexit>

Idea. Maybe Hkxk+1 � x
kk ⇡

p
Hkrf(xk)k?



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)

<latexit sha1_base64="GQG/GnjW54tXZbiR+oeNFbXCIl4="></latexit>

Lemma. It holds Hkxk+1 � x
kk ⇡

p
Hkrf(xk+1)k.

<latexit sha1_base64="rfyp8xRhvK539EgfbQ2qrXW5YoI="></latexit>

Idea. Maybe Hkxk+1 � x
kk ⇡

p
Hkrf(xk)k?

NO!



Newton and  
cubic Newton methods

<latexit sha1_base64="lQAUdx5XOWbFd1t7PVpLnJTo9QI=">AAACG3icbZDLSsNAFIYnXmu9VV26GSxCi7QkVdSNUHTjsoK9QJuUyXTSDplMwsxEWkLfw42v4saFIq4EF76N0zYLbf1h4Oc753Dm/G7EqFSm+W0sLa+srq1nNrKbW9s7u7m9/YYMY4FJHYcsFC0XScIoJ3VFFSOtSBAUuIw0Xf9mUm8+ECFpyO/VKCJ2gPqcehQjpVE3Vxk6iX9ija+Gjg9LsNDhyGXIqUCvoEmx6CQlawxnNGXdXN4sm1PBRWOlJg9S1bq5z04vxHFAuMIMSdm2zEjZCRKKYkbG2U4sSYSwj/qkrS1HAZF2Mr1tDI816UEvFPpxBaf090SCAilHgas7A6QGcr42gf/V2rHyLu2E8ihWhOPZIi9mUIVwEhTsUUGwYiNtEBZU/xXiARIIKx1nVodgzZ+8aBqVsnVePr07y1ev0zgy4BAcgQKwwAWogltQA3WAwSN4Bq/gzXgyXox342PWumSkMwfgj4yvH730nsA=</latexit>

xk+1 = xk � (r2f(xk))�1rf(xk)

<latexit sha1_base64="6HEXSGztAC+BG7XxFFXa+IWQMSI="></latexit>

x
k+1 = x

k � (r2
f(xk) +Hkxk+1 � x

kkI)�1rf(xk)

<latexit sha1_base64="GQG/GnjW54tXZbiR+oeNFbXCIl4="></latexit>

Lemma. It holds Hkxk+1 � x
kk ⇡

p
Hkrf(xk+1)k.

<latexit sha1_base64="rfyp8xRhvK539EgfbQ2qrXW5YoI="></latexit>

Idea. Maybe Hkxk+1 � x
kk ⇡

p
Hkrf(xk)k?

NO! But the method works!



Proposed method
<latexit sha1_base64="R7sczfx3zq/IAVmaQI2WJcOdp24="></latexit>

x
k+1 = x

k �
⇣
r2

f(xk) +
q

Hkrf(xk)kI
⌘�1

rf(xk)



Proposed method
<latexit sha1_base64="R7sczfx3zq/IAVmaQI2WJcOdp24="></latexit>

x
k+1 = x

k �
⇣
r2

f(xk) +
q

Hkrf(xk)kI
⌘�1

rf(xk)

Everything is known!



Proposed method
<latexit sha1_base64="R7sczfx3zq/IAVmaQI2WJcOdp24="></latexit>

x
k+1 = x

k �
⇣
r2

f(xk) +
q

Hkrf(xk)kI
⌘�1

rf(xk)

Everything is known!
<latexit sha1_base64="6Xqor4ixjd4O9sp2QMUXKy2y4D0="></latexit>

f(xk)� f(x⇤) = O

✓
1

k2

◆



Proposed method
<latexit sha1_base64="R7sczfx3zq/IAVmaQI2WJcOdp24="></latexit>

x
k+1 = x

k �
⇣
r2

f(xk) +
q

Hkrf(xk)kI
⌘�1

rf(xk)

Everything is known!
<latexit sha1_base64="6Xqor4ixjd4O9sp2QMUXKy2y4D0="></latexit>

f(xk)� f(x⇤) = O

✓
1

k2

◆

Convex and has 
Lipschitz Hessian
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