
Conic Modeling Cheatsheet
Cones
Quadratic cone Qn

x1 ≥
√
x22 + . . .+ x2n

Rotated quadratic cone Qnr

2x1x2 ≥ x23 + . . .+ x2n, x1, x2 ≥ 0

Power cone Pα1,...,αm
n , αi > 0,

∑
αi = 1

xα1
1 · . . . · x

αm
m ≥

√
x2m+1 + . . .+ x2n, x1, . . . , xm ≥ 0

Exponential cone Kexp

x1 ≥ x2ex3/x2 , x2 ≥ 0

Simple bounds
t ≥ x2 (0.5, t, x) ∈ Q3

r

|t| ≤
√
x (0.5, x, t) ∈ Q3

r

t ≥ |x| (t, x) ∈ Q2

t ≥ 1/x, x > 0 (x, t,
√

2) ∈ Q3
r

t ≥ |x|p, p > 1 (t, 1, x) ∈ P1/p,1−1/p
3

t ≥ 1/xp, x > 0, p > 0 (t, x, 1) ∈ P1/(1+p),p/(1+p)
3

|t| ≤ xp, x > 0, p ∈ (0, 1) (x, 1, t) ∈ Pp,1−p3

t ≥ |x|p/yp−1, y > 0 (t, y, x) ∈ P1/p,1−1/p
3 , p > 1

t ≥ xTx/y, y > 0 (0.5t, y, x) ∈ Qn+2
r

t ≥ ex (t, 1, x) ∈ Kexp

t ≤ log x (x, 1, t) ∈ Kexp

t ≥ 1/ log x, x > 1 (u, t,
√

2) ∈ Q3
r

(x, 1, u) ∈ Kexp

t ≥ ax11 · · · axnn , ai > 0 (t, 1,
∑
xi log ai) ∈ Kexp

t ≥ 1/(xa11 · · ·xann ),
xi > 0, ai > 0

(t, x, 1) ∈ P
1

a+1
,

a1
a+1

,..., an
a+1

n+2 ,
a =

∑
ai

|t|b ≤ xa11 · · ·xann ,
xi > 0, ai > 0,

∑
ai < b

(1, x, t) ∈ Ps,
a1
b
,..., an

b
n+2 ,

s = 1−
∑
ai/b

t ≥ a+ b
cx+d

,
cx+ d > 0, b > 0

(t− a, cx+ d,
√

2b) ∈ Q3
r

t ≥ xex, x ≥ 0 (t, x, u) ∈ Kexp

(0.5, u, x) ∈ Q3
r

t ≥ log(1 + ex) u+ v ≤ 1
(u, 1, x− t) ∈ Kexp

(v, 1,−t) ∈ Kexp

Means and averaging
Log-sum-exp
t ≥ log(

∑
exi)

(zi, 1, xi − t) ∈ Kexp∑
zi ≤ 1

Log-sum-inv
t ≥ log(

∑
1/xi), xi > 0

(zi, 1, yi − t) ∈ Kexp

(xi, 1,−yi) ∈ Kexp∑
zi ≤ 1

Harmonic mean
0 ≤ t ≤ n(

∑
1/xi)

−1,
xi > 0

(zi, xi, t) ∈ Q3
r∑

zi = nt/2

|t| ≤ √xy, x, y > 0 (x, y,
√

2t) ∈ Q3
r

Geometric mean
|t| ≤ xα1

1 · · ·xαn
n , xi > 0

αi > 0,
∑
αi = 1

(x, t) ∈ Pα1,...,αn
n+1

Entropy
t ≤ −x log x (1, x, t) ∈ Kexp

t ≥ x log(x/y) (y, x,−t) ∈ Kexp

t ≥ log(1 + 1/x)
x > 0

(x+ 1, u,
√

2) ∈ Q3
r

(1− u, 1,−t) ∈ Kexp

t ≤ log(1− 1/x)
x > 1

(x, u,
√

2) ∈ Q3
r

(1− u, 1, t) ∈ Kexp

t ≥ x log(1 + x/y)
x, y > 0

(y, x+ y, u) ∈ Kexp

(x+ y, y, v) ∈ Kexp

t+ u+ v = 0

Convex quadratic problems
Let Σ ∈ Rn×n, symmetric, p.s.d.
Find Σ = LLT , L ∈ Rn×k (Cholesky factor).
Then xTΣx = ‖LTx‖22.

t ≥ 1
2
xTΣx (1, t, LTx) ∈ Qk+2

r

t ≥
√
xTΣx (t, LTx) ∈ Qk+1

1
2
xTΣx+ pTx+ q ≤ 0 (1,−pTx− q, LTx) ∈ Qk+2

r

maxx c
Tx− 1

2
xTΣx max cTx− r

(1, r, LTx) ∈ Qk+2
r

cTx+ d ≥ ‖Ax+ b‖2 (cTx+ d,Ax+ b) ∈ Qm+1

Norms, x ∈ Rn

‖ · ‖1, t ≥
∑
|xi| (zi, xi) ∈ Q2, t =

∑
zi

‖ · ‖2, t ≥ (
∑
x2i )

1/2 (t, x) ∈ Qn+1

‖ · ‖p, p > 1
t ≥ (

∑
|xi|p)1/p

(zi, t, xi) ∈ P1/p,1−1/p
3∑

zi = t

Geometry
Bounding ball
minx maxi ‖x− xi‖2

min r
(r, x− xi) ∈ Qn+1

Geometric median
minx

∑
‖x− xi‖2

min
∑
ti

(ti, x− xi) ∈ Qn+1

Analytic center
maxx

∑
log(bi − aTi x)

max
∑
ti

(bi − aTi x, 1, ti) ∈ Kexp

Regression and fitting
Regularized least squares
minw ‖Xw − y‖22 + λ‖w‖22

min t+ λr
(0.5, t,Xw − y) ∈ Qm+2

r

(0.5, r, w) ∈ Qn+2
r

Max likelihood
maxp p

a1
1 · · · pann

max
∑
aiti

(pi, 1, ti) ∈ Kexp

Logistic cost function

t ≥ − log(1/(1 + e−θ
T x))

u+ v ≤ 1
(u, 1,−θTx− t) ∈ Kexp

(v, 1,−t) ∈ Kexp

Risk-return
Σ ∈ Rn×n – covariance, Σ = LLT , L ∈ Rn×k
maxx α

Tx
s.t. xTΣx ≤ γ

maxx α
Tx

(
√
γ, LTx) ∈ Qk+1

maxx α
Tx− δxTΣx maxx α

Tx− δr
(0.5, r, LTx) ∈ Qk+2

r

Risk plus x1.5 impact cost
t ≥ δxTΣx+ β

∑
|xi|3/2

t ≥ δr + β
∑
ui

(0.5, r, LTx) ∈ Qk+2
r

(ui, 1, xi) ∈ P2/3,1/3
3

Risk in factor model
γ ≥ xT (D + FSFT )x
D – specific risk (diag.)
F ∈ Rn×k – factor loads
S = UUT – factor cov.

γ ≥ t+ s
(0.5, t,

√
Dx) ∈ Qn+2

r

(0.5, s, UTFTx) ∈ Qk+2
r
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