
It is desirable to have the width (called margin) 
between the two lines to be large. 

How to formulate this problem?

Solid Blue Line: The coefficients (b, b0) are not 
uniquely determined. We can scale them by any 
number (pos/neg), the line stays the same. 
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It is desirable to have the width (called margin) 
between the two lines to be large. 

How to formulate this problem?

Solid Blue Line: The coefficients (b, b0) are not 
uniquely determined. We can multiple them by any 
number (pos/neg), the line stays the same. 

1. Fix the sign: y = +1 or -1.  

b*x + b_0 > 0, if y = + 1 
b*x + b_0 < 0, if y = - 1

2. Fix the magnitude: parameterize the two 
dashed lines as  

b*x + b_0 =  +1 
b*x + b_0 =  -1 

Two dashed lines determine this wide 
avenue, and the solid line is in the middle. 
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X1 - X2 = 0

(1, -1)

Line: b*x + b0 =0 
Interpretation of b:  direction 
that is orthogonal to the line

X

Z

How to compute the distance 
between these two parallel lines? 

(x� z)t
�

k�k =
xt� � zt�

k�k =
1

k�k
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In my calculation, the signs may not 
be right, but all we care is the 
magnitude (i.e., we should add 
absolute value on each expression). 

�
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Max-Margin Problem

Convex quadratic optimization problem with 
affine constraints. 

Any local optimum is a global optimum. 

KKT conditions are sufficient and necessary

Equivalence between the Primal and the Dual. 
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Primal Dual

KKT conditions

min
�,�0

1

2
k�k2

subj to yi(xi · � + �0)� 1 � 0,

i = 1, . . . , n
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x

f(x)
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First-order necessary 
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<latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit>



min
x

f(x)
<latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit>

First-order necessary 
condition

min
x

f(x)

subj to g(x) = b
<latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit>

�@f(x)

@x
= 0

<latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit>

direction that can reduce f(x)  

forbidden direction that would 
violate g(x)=b  

�@f(x)

@x
= �

@g(x)

@x
<latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit>



min
x

f(x)
<latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit>

First-order necessary 
condition

min
x

f(x)

subj to g(x) = b
<latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit>

min
x

f(x)

subj to g(x) � b
<latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit>

�@f(x)

@x
= 0

<latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit>

direction that can reduce f(x)  

forbidden direction that would 
violate g(x)=b  

�@f(x)

@x
= �

@g(x)

@x
<latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit>

If x is a local optimum for the 
constrained optimization, then it 
must satisfy the KKT conditions. 

x is active (lambda >= 0)
x is inactive (lambda = 0)

�@f(x)

@x
= ��

@g(x)

@x
� � 0

g(x)� b � 0

�(g(x)� b) = 0
<latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit>



min
x

f(x)
<latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit><latexit sha1_base64="IULQbEpvIys4BrmKKd2N5vIvPx8=">AAAB8nicbZDLSgMxFIYzXmu9VV26CRahbsqMCLos6MJlBXuBdiiZNNOG5jIkZ6Rl6GO4caGIW5/GnW9j2s5CW38IfPznHHLOHyWCW/D9b29tfWNza7uwU9zd2z84LB0dN61ODWUNqoU27YhYJrhiDeAgWDsxjMhIsFY0up3VW0/MWK7VI0wSFkoyUDzmlICzOl3JVW+M48r4olcq+1V/LrwKQQ5llKveK311+5qmkimggljbCfwEwowY4FSwabGbWpYQOiID1nGoiGQ2zOYrT/G5c/o41sY9BXju/p7IiLR2IiPXKQkM7XJtZv5X66QQ34QZV0kKTNHFR3EqMGg8ux/3uWEUxMQBoYa7XTEdEkMouJSKLoRg+eRVaF5WA8cPV+XaXR5HAZ2iM1RBAbpGNXSP6qiBKNLoGb2iNw+8F+/d+1i0rnn5zAn6I+/zB297kLA=</latexit>

First-order necessary 
condition

min
x

f(x)

subj to g(x) = b
<latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit><latexit sha1_base64="dQrmtcKAV9xprYB6NRSI4oe1BZ0=">AAACFXicbVDLSgMxFM34rPU16tJNsCgVpMyIoBuhoAuXFewDOqVk0kwbm8kMyR1pGfoTbvwVNy4UcSu482/MtF1o64HA4Zx7uTnHjwXX4Djf1sLi0vLKam4tv76xubVt7+zWdJQoyqo0EpFq+EQzwSWrAgfBGrFiJPQFq/v9q8yvPzCleSTvYBizVki6kgecEjBS2z45wl7IZXuAg+LgGHte3gjABpBinfj3GCI8wt3MusR+2y44JWcMPE/cKSmgKSpt+8vrRDQJmQQqiNZN14mhlRIFnAo2ynuJZjGhfdJlTUMlCZlupeNUI3xolA4OImWeBDxWf2+kJNR6GPpmMiTQ07NeJv7nNRMILlopl3ECTNLJoSARWdasItzhilEQQ0MIVdz8FdMeUYSCKTJvSnBnI8+T2mnJNfz2rFC+ntaRQ/voABWRi85RGd2gCqoiih7RM3pFb9aT9WK9Wx+T0QVrurOH/sD6/AFtzZvY</latexit>

min
x

f(x)

subj to g(x) � b
<latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit>

�@f(x)

@x
= 0

<latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit><latexit sha1_base64="BDVJ8lh1OadkG8HR499XQOskQ2s=">AAACGHicbVDLSgMxFL1TX7W+Rl26CRahLqwzIuhGKOjCZQX7gM5QMmmmDc08SDLSMsxnuPFX3LhQxG13/o2ZtqBWDwROzrk3ufd4MWdSWdanUVhaXlldK66XNja3tnfM3b2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD69xvPVAhWRTeq3FM3QD3Q+YzgpWWuubpCXJ8gUnqxFgohjnyK6Pj7Ps6ytAVcgKsBp6fWlnXLFtVawr0l9hzUoY56l1z4vQikgQ0VIRjKTu2FSs3zV8nnGYlJ5E0xmSI+7SjaYgDKt10uliGjrTSQ34k9AkVmqo/O1IcSDkOPF2ZTygXvVz8z+skyr90UxbGiaIhmX3kJxypCOUpoR4TlCg+1gQTwfSsiAywzknpLEs6BHtx5b+keVa1Nb87L9du5nEU4QAOoQI2XEANbqEODSDwCM/wCm/Gk/FivBsfs9KCMe/Zh18wJl/UK5+k</latexit>

�@f(x)

@x
= �

@g(x)

@x
<latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit><latexit sha1_base64="mDEezlkYWEscwDvxHwoVR1ObNrw=">AAACNnicbVBNS8MwGE79nPOr6tFLcAjz4GhF0Isw0IMXYYL7gLWMNE23sDQtSSobZb/Ki7/D2y4eFPHqTzDdCmrnA4Enz/u8b/I+XsyoVJY1NZaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEx0OSMMpJU1HFSCcWBIUeI21veJ3V249ESBrxBzWOiRuiPqcBxUhpqWfenUInEAinToyEoojBoDo6mfxcRxN4BR2mJ/qoaO0XrT2zYtWsGeAisXNSATkaPfPF8SOchIQrzJCUXduKlZtmAzEjk7KTSBIjPER90tWUo5BIN52tPYHHWvFhEAl9uIIz9XdHikIpx6GnnSFSA1msZeJ/tW6igks3pTxOFOF4/lCQMKgimGUIfSoIVmysCcKC6r9CPEA6GqWTLusQ7OLKi6R1VrM1vz+v1G/yOErgEByBKrDBBaiDW9AATYDBE5iCN/BuPBuvxofxObcuGXnPAfgD4+sb9SasGQ==</latexit>

�@f(x)

@x
= ��

@g(x)

@x
� � 0

g(x)� b � 0

�(g(x)� b) = 0
<latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit><latexit sha1_base64="ZEF1DgqO9oIWSRB6kVqtlCbvv8c="></latexit>

Define L(x,�) = f(x)� �
�
g(x)� b

�

@

@x
L = 0

<latexit sha1_base64="YugYGfiIpNtzKzdEOlLFy253CcA="></latexit><latexit sha1_base64="YugYGfiIpNtzKzdEOlLFy253CcA="></latexit><latexit sha1_base64="YugYGfiIpNtzKzdEOlLFy253CcA="></latexit><latexit sha1_base64="YugYGfiIpNtzKzdEOlLFy253CcA="></latexit>

If x is a local optimum for the 
constrained optimization, then it 
must satisfy the KKT conditions. 

x is active (lambda >= 0)
x is inactive (lambda = 0)



Primal Dual

KKT conditions

min
�,�0

1

2
k�k2

subj to yi(xi · � + �0)� 1 � 0,

i = 1, . . . , n
<latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit>

X

i

�iyixi = �

X

i

�iyi = 0

�i � 0

yi(xi · � + �0)� 1 � 0

�i

h
yi(xi · � + �0)� 1

i
= 0

<latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit>

max
�1:n

X
�i �

1

2

X

i,j

�i�jyiyj(xi · xj)

subj to
X

�iyi = 0,

�i � 0
<latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit>

L(�,�0,�1:n)

=
1

2
k�k2 �

X

i

�i

h
yi(x

t
i� + �0)� 1

i

=
1

2
k�k2 �

X

i

�iyi(x
t
i� + �0) +

X

i

�i

<latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit>

Lagrange function 
@L

@x
= 0

� � 0

g(x) � b

�(g(x)� b) = 0
<latexit sha1_base64="yhEG+qqZLBSSGyTdMXcc+teDDSQ="></latexit><latexit sha1_base64="yhEG+qqZLBSSGyTdMXcc+teDDSQ="></latexit><latexit sha1_base64="yhEG+qqZLBSSGyTdMXcc+teDDSQ="></latexit><latexit sha1_base64="yhEG+qqZLBSSGyTdMXcc+teDDSQ="></latexit>



min
x

f(x)

subj to g(x) � b
<latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit>

Primal 

min
x

max
��0

h
f(x)� �

�
g(x)� b

�i

<latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit>

max
��0

h
f(x)� �

�
g(x)� b

�i
=

⇢
f(x) if g(x) � b
1 if g(x) < b

<latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit>

L(x,�)
<latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit>



min
x

f(x)

subj to g(x) � b
<latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit>

Primal 

min
x

max
��0

h
f(x)� �

�
g(x)� b

�i

<latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit>

max
��0

h
f(x)� �

�
g(x)� b

�i
=

⇢
f(x) if g(x) � b
1 if g(x) < b

<latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit>

L(x,�)
<latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit>

min
x

max
�

L(x,�) = max
�

min
x

L(x,�) = L(x⇤,�⇤)
<latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit>

Under some conditions that are 
satisfied here, we have



min
x

f(x)

subj to g(x) � b
<latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit><latexit sha1_base64="Uc4s9FyDhI2R6n3VOX0w+Pij3yg=">AAACF3icbVDLSsNAFJ34rPUVdelmsCi6KYkIuizowmUFW4WmlMn0po5OJmHmRlpC/8KNv+LGhSJudeffOKlZ+DowcDjnXu6cE6ZSGPS8D2dqemZ2br6yUF1cWl5ZddfW2ybJNIcWT2SiL0NmQAoFLRQo4TLVwOJQwkV4c1z4F7egjUjUOY5S6MZsoEQkOEMr9dz6Dg1ioXpDGu0O92gQVK2AMMScmiy8ppjQMR1MrAHQsOfWvLo3Af1L/JLUSIlmz30P+gnPYlDIJTOm43spdnOmUXAJ42qQGUgZv2ED6FiqWAymm09yjem2Vfo0SrR9CulE/b6Rs9iYURzayZjhlfntFeJ/XifD6KibC5VmCIp/HYoyWaQtSqJ9oYGjHFnCuBb2r5RfMc042iqrtgT/d+S/pL1f9y0/O6g1Tso6KmSTbJFd4pND0iCnpElahJM78kCeyLNz7zw6L87r1+iUU+5skB9w3j4BOSic1w==</latexit>

Primal 

min
x

max
��0

h
f(x)� �

�
g(x)� b

�i

<latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit><latexit sha1_base64="dQNQmWoDylG8JD/GZgLSBQS0Smo="></latexit>

Dual

max
��0

h
f(x)� �

�
g(x)� b

�i
=

⇢
f(x) if g(x) � b
1 if g(x) < b

<latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit><latexit sha1_base64="YiHItGqKOuHPgcOTf4CKnO5zbTU="></latexit>

L(x,�)
<latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit><latexit sha1_base64="BFIkv5yNmgqAQTQV1ONbYKoSWzc=">AAAB9HicbVDLSsNAFL2pr1pfUZduBotQQUoigi4LunDhooJ9QBvKZDJph04mcWZSLKHf4caFIm79GHf+jdM2C209MHA451zuneMnnCntON9WYWV1bX2juFna2t7Z3bP3D5oqTiWhDRLzWLZ9rChngjY005y2E0lx5HPa8ofXU781olKxWDzocUK9CPcFCxnB2kjeXeXpDHW5yQf4tGeXnaozA1ombk7KkKPes7+6QUzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns6Ak6MUqAwliaJzSaqb8nMhwpNY58k4ywHqhFbyr+53VSHV55GRNJqqkg80VhypGO0bQBFDBJieZjQzCRzNyKyABLTLTpqWRKcBe/vEya51XX8PuLcu0mr6MIR3AMFXDhEmpwC3VoAIFHeIZXeLNG1ov1bn3MowUrnzmEP7A+fwBBkZEc</latexit>

min
x

max
�

L(x,�) = max
�

min
x

L(x,�) = L(x⇤,�⇤)
<latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit><latexit sha1_base64="jmC4aSvKYi/C3wltW8RunhBD/Ww=">AAACR3icbVBLSwMxGMzWV62vVY9egkVoi5RdEfSiFLx48FDBPqDbLtk0raFJdkmy0rL033nx6s2/4MWDIh5N20W0dSAw38w3JJkgYlRpx3mxMkvLK6tr2fXcxubW9o69u1dXYSwxqeGQhbIZIEUYFaSmqWakGUmCeMBIIxhcTfzGA5GKhuJOjyLS5qgvaI9ipI3k2x2PU+EPocfR0E88ZpJdNIY3heExTKcivJi309DCmpk7pR+lUyr6dt4pO1PAReKmJA9SVH372euGOOZEaMyQUi3XiXQ7QVJTzMg458WKRAgPUJ+0DBWIE9VOpj2M4ZFRurAXSnOEhlP1dyJBXKkRD8wmR/pezXsT8T+vFeveeTuhIoo1EXh2US9mUIdwUirsUkmwZiNDEJbUvBXieyQR1qb6nCnBnf/yIqmflF2n7N6e5iuXaR1ZcAAOQQG44AxUwDWoghrA4BG8gnfwYT1Zb9an9TVbzVhpZh/8Qcb6Br6IrrI=</latexit>

Under some conditions that are 
satisfied here, we have

max
��0

min
x

h
f(x)� �

�
g(x)� b

�i

<latexit sha1_base64="QM9Zft41PxAhoJVe0cP6JLVO3YA="></latexit><latexit sha1_base64="QM9Zft41PxAhoJVe0cP6JLVO3YA="></latexit><latexit sha1_base64="QM9Zft41PxAhoJVe0cP6JLVO3YA="></latexit><latexit sha1_base64="QM9Zft41PxAhoJVe0cP6JLVO3YA="></latexit>

Equivalent and KKT conditions 
can link the two sets of 
solutions: x* and lambda*



Primal Dual

KKT conditions

min
�,�0

1

2
k�k2

subj to yi(xi · � + �0)� 1 � 0,

i = 1, . . . , n
<latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit>

X

i

�iyixi = �

X

i

�iyi = 0

�i � 0

yi(xi · � + �0)� 1 � 0

�i

h
yi(xi · � + �0)� 1

i
= 0

<latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit>

max
�1:n

X
�i �

1

2

X

i,j

�i�jyiyj(xi · xj)

subj to
X

�iyi = 0,

�i � 0
<latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit>

L(�,�0,�1:n)

=
1

2
k�k2 �

X

i

�i

h
yi(x

t
i� + �0)� 1

i

=
1

2
k�k2 �

X

i

�iyi(x
t
i� + �0) +

X

i

�i

<latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit>

Lagrange function 



Primal Dual

KKT conditions

min
�,�0

1

2
k�k2

subj to yi(xi · � + �0)� 1 � 0,

i = 1, . . . , n
<latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit><latexit sha1_base64="7NYva7znxgyitKDojuXGsifYeDs="></latexit>

X

i

�iyixi = �

X

i

�iyi = 0

�i � 0

yi(xi · � + �0)� 1 � 0

�i

h
yi(xi · � + �0)� 1

i
= 0

<latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit><latexit sha1_base64="9Zg0JtuzEz5xbFQjGQG9Ug1Tr/U="></latexit>

max
�1:n

X
�i �

1

2

X

i,j

�i�jyiyj(xi · xj)

subj to
X

�iyi = 0,

�i � 0
<latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit><latexit sha1_base64="+ku/FmPbB44O2+rh5OAVjODjMDw="></latexit>

L(�,�0,�1:n)

=
1

2
k�k2 �

X

i

�i

h
yi(x

t
i� + �0)� 1

i

=
1

2
k�k2 �

X

i

�iyi(x
t
i� + �0) +

X

i

�i

<latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit><latexit sha1_base64="14SkZxP+nzuScovTO3PAK2nBswM="></latexit>

Lagrange function 
Why work with Dual?
1. Easier to solve
2. Many lambda_i’s are zero
3. Leads to kernel trick


