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y = mazx(xy, Lo, ...,C)



y = min(xy, T2, ...,C)



y = |xz|



Yy=x1 NxTo N\ T3...



Yy=x1 VxyVI3...



y=1—=adx<b



y = pwl(x)



y=poxd +pix?t + ...+ pg_1z + py









y = loge(x)



y = loga(x)






y = sin(x)



y = cos(x)



y = tan(x)



r = max{xy,..., Ty, C}






L1y












r = min{.’L‘l, e 7xnac}



r = abs{z}






r=and{xy,...,z,}









r=or{xy,...,T,}



z=f—=atz<b
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d+1



y = exp(x)



a >0



y = log(x)
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exprl



exrpr



model.addConstr(exprl <= expr2)
model.addConstr(exprl == 1)
model.addConstr(2 * z + 3 *y <= 4)



gexprl



qgexpr2



model.addQConstr(gexprl <= gexpr2)
model.addQConstr(gexprl == 1)
model.addQConstr(2* z * z + 3 x y x y <= 4)



model.addCounstr(exprl, GRB.LESS_EQU AL, expr2)
model.addCounstr(exprl, GRB.EQU AL, 1)



model.addQConstr(gexprl, GRB.LESS_EQU AL, gexpr2)
model.addQConstr(gexprl, GRB.EQU AL, 1)



model.AddConstr(ezprl <= expr2)
model.AddConstr(ezprl == 1)
model.AddConstr(2 * z + 3 x y <= 4)



model. AddQConstr(gexprl <= gexpr2)
model. AddQConstr(gexprl == 1)
model. AddQConstr(2 x x xx + 3*x yxy <=4)















Ty, Qrgy + z. =1hs



model.addCounstr(gexprl <= gexpr2)
model.addConstr(gexprl == 1)
model.addConstr(2 *x z x x + 3 x y x y <= 4)









20 x var



2T Qx + ¢z + alpha






2T Qcx + ¢z < beta






alpha



x|resvar| = max {con, z[j| : j € vars}






x|resvar| = min {con, z[j] : j € vars}






x|resvar| = |z|argvar]|



x|resvar| = and{z[i] : i € vars}



x|resvar| = or{z[i] : i € vars}



z|binvar| = binval = > (z(j) - a(j)) sense rhs



x|binvar|



Y (x[vars(j)] - val(j)) sense rhs






xlyvar] = f(x[xvar])



z[yvar] = poz|[xvar]? + prz[xvar]®! + ... + pg_1z[xvar] + pg



xlyvar| = exp(z[xvar])



xlyvar] = a®bxvar]



x|yvar| = log(x[xvar])



xlyvar| = log(x[xvar]) \ log(a)



x|yvar| = x|xvar|?



x|yvar| = sin(x[xvar])



x|yvar| = cos(z[xvar])



x|yvar| = tan(z[xvar])



|Obj Bound — ObjVal|/|ObjV al|



ObjBound



ObjVal



dr +4y < dHz



r >Ny












3z2 +4y* + 52 < 10












r = max{zy,...,Tg,C}



L1y

Lk






r = max{z, T2, x3, 1.7}












r = min{xl, - 7%‘]@,6}






r=and{z,..., 71}



(7“: 1,371 = 1,1‘2 = 1,],‘3 = 1)



r = and{z,xo,x3}



r=or{xy,..., T}



y=f—=>alx<b












(-Tlayl)7 (x27y2)a ceey (-/Enayn)



r o= x;+s; forall j=1,...,k

r = C+ Skt1
2+ F+2z1 = 1
SOS1(s;, 25) forall j=1,...,k+1
s; > 0 forall j=1,....k+1
zj € {0,1} forall j=1,....k+1



r > max{zy,...,Tg,C}






r < max{zi,...,Tg,C}



{0,1}
zZj €
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forall j=1,...,k



Yy = pox” +p1;1:"’1 + oo + P+ Ppaa






a>=1(















Pul(oa 0)7Pu2(17 1)a Pu3(274)



P;1(0,-0.25), P»(1,0.75), P3(2,3.75)






P, Ps



Pis



Pul;Pu2


















(0,-0.1),(1,0.9)



(2,3.9)









y=2r—1



(x,y) =

(1,1)















dr+4y + 2

































X:[l'h...,xn}, y:[ylaayn]



B -m),  ifvsa,
flo)y =4 itz owm), ifvzeiandv sz,

Yn—Yn—1 —
yn + Tnp—Tn—1 (U xn)7

if v>a,.






(i1, yic1), (i, yi)s (L1, Yiv1), (Tivo, Yiro)



Ty = Ti4+1



Yi 7 Vit



Ti1 <z <z



(l‘i—h yi—l)
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(l‘i+1, yi+1)



(in+2, yi+2)









(in—27 yi—2)7 (%‘—1, yi—1)7 (xi, yi)7 ($i+17 yi+1)7 ($i+27 yi+2)



Li—1 — Xy — Lj4+1



Y; 7é Yi—1






(_17 0)

(3,2)

-1



1,1),(1,2),(3,2),(3,0),(3,2)


















3z2 4+ 4y® + 22y + 22 + 3






le — 0






ar = NAx <XNb=—-p+ > aU;+ > a;L;,

j:a;<0 j:a; >0



B8>0
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minimize 'z
subject to Ax >b
x>0



maximize by
subject to A’y < c
y=>0





















aTr+s=0b



afr+s















l4+q+s



l+qg+s+g



1—1l—q—s






aly—z=c



aly—z



|z|






cols



set









m.NumV ars












le — 5






zp



ZD



gap = |zp — zp|/|zp|









ZD%O



Zp — 2D



(10X01% + 2X01 * X02 + 2X02 * X01 + 2X02%)/2






4X01 x X02






minimize y—13z(1 —2)+ (1 —2)
subject to 2y —3x + 1.7Tw = 1.7
—y+z+zz(l—v)>0
-y <0,
v,w,,y,z € {0,1}.



AAT



1+x+ 2y



Y+ 2z



—1-(14+xz4+2y)+2-(y+22)=-1—x+4z
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base_value = max{bestsol, bestbound + |bestbound| * rgap, bestbound + agap},



bestsol



bestbound



rqgap



agap









{2,2,1}



{0.10,0.05,0.00}



{0,1,2}



max{10-0.10,10-0.05,0,1} = 1



r—6y = 1
0.333z — 2y 333



y = 0.1665x — 0.1665



x —6-(0.1665z — 0.1665) = 1
& 0.001z 0.001






r—6y = 1
0.3333333333333333x — 2y 0.3333333333333333



y = 0.16666666666666067x — 0.16666666666660667



x — 6 (0.1666666666666667x — 0.1666666666666667)
21070z +1+2.10716
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r=0y+1












a-y<c



min 0
st. < 0
x> 10710
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x € [-107°%,1079]



x € [—1019,10%Y]






(P)max{cx : Az =b,l <z < u}






D;; > 0, Vi









(Pp)max{cDz' : ADz' =b,D~ Y <2’ < D lu}
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f(z)

M f1(x) + fa(z)






1077z + 10y
x4+ 10%z
x’ y? Z
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Tr — 10y1
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y4 — 10ys
ys — 10y
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y=—-107°% z=-1






1073y =y









8

m IV IA

10%y

0
{071}7



y = 0.0000099999






8

m IV IA

103y

0
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x < 0.01
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6 - 10°/0.00099 = 6.0606 - 10°.





















A Y b+e)






Kk(A) := maxy . n(b, €).



Amax
K(A) = qmax,



)\max






k(A) = || A|||| AL



k(A) = 10F






max cx
s.t. Az <hb.



max
s.t.

r+y
—x <0
r<1
-y <0
y<1



bt :=(0,1,0,1)



max,cp2{cr : Ar < b}.
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bt = (,1,0,1)



é=(1+e1)



Ay = (g,1)



O
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rx <1






r+ey<l1



100x + ey < 100



max
s.t.

—x <0
r<1
~y <0
y<1



<












max
s.t.

er+y
—x <0
r<1
—y <0
y<1



<









(105,1)



(108,0)



1 —10%¢



max
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Y c

—rx+ey <1 A
r4+ey<1l A
-y <0 As















(1+4+46,1)









[lz* —2*||1 =

g
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d=¢/2



0 =






lim, o+ ||2*]| = o0



y < 104






sin(2m 55 )z + cos(2m ks )y < 1, Vi € {1,...,10°},
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