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TPx+ qTx
TVCKFDU UP Ax+ s = b

s ∈ K

• %FDJTJPO WBSJBCMFT� x ∈ Rn s ∈ Rm

• 1SPCMFN EBUB� SFBM NBUSJDFT P ≽ 0A BOE SFBM WFDUPST q b
• $POWFY DPOFK XIJDI DBO CF B $BSUFTJBO QSPEVDU PG DPOFT�

K = Km1
1 ×Km2

2 × · · ·×KmN
N , XIFSF
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mi = m
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(FOFSJD "%..

NJOJNJ[F f(x) + g(z)
TVCKFDU UP Ax+Bz = c

• "VHNFOUFE -BHSBOHJBO�

Lρ(x, z, y) = f(x) + g(z) + yT (Ax+Bz − c) +
ρ

2
∥Ax+Bz − c∥22,

• "%.. TUFQT�

xk+1 := BSHNJO
x

Lρ(x, z
k, yk)

zk+1 := BSHNJO
z

Lρ(x
k+1, z, yk)

yk+1 := yk + ρ(Axk+1 +Bzk+1 − c)
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4QMJUUJOH NFUIPE

NJOJNJ[F 1
2x

TPx+ qTx

TVCKFDU UP Ax+ s = b

s ∈ K

NJOJNJ[F 1
2 x̃

TPx̃+ qT x̃+ IAx+s=b(x̃, s̃) + IK(s)
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(x̃k+1, s̃k+1) = BSHNJO
x̃,s̃

Lρ
(
x̃, s̃, xk, sk, yk

)

xk+1 = x̃k+1

sk+1 = ΠK
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s̃k+1 + 1

ρy
k
)

yk+1 = yk + ρ
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s̃k+1 − sk+1
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1SPKFDUJPO POUPK
5IF VQEBUF FRVBUJPO GPS s CFDPNFT B QSPKFDUJPO POUPK�

sk+1 = ΠK

(
s̃k+1 +

1

ρ
yk
)

• 1SPKFDUJPOT GPS -1T 21T BSF DPNQVUBUJPOBMMZ DIFBQ
• 1SPKFDUJPO POUP QPTJUJWF TFNJEFöOJUF DPOF SFRVJSFT BO FJHFOWBMVF

EFDPNQPTJUJPO
• "MHPSJUINT GPS UIF FJHFO EFDPNQPTJUJPO PG B /�CZ�/ NBUSJY IBWF B

DPNQMFYJUZ PGO(N3)
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&YBNQMF� /FBSFTU DPSSFMBUJPO NBUSJY QSPCMFN

• (JWFO EBUB NBUSJYC ∈ Rn×n öOE UIF OFBSFTU DPSSFMBUJPO NBUSJYX �

NJOJNJ[F 1
2∥X − C∥2F

TVCKFDU UP Xii = 1, i = 1, . . . , n
X ∈ Sn+,

• 5IF PCKFDUJWF GVODUJPO DBO CF SFXSJUUFO BT

1
2∥X − C∥2F = 1

2x
⊤x− c⊤x+ 1

2c
⊤c

XJUI x = WFD(X) BOE c = WFD(C)
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&YBNQMF� /FBSFTU DPSSFMBUJPO NBUSJY QSPCMFN
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$IPSEBM %FDPNQPTJUJPO
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$IPSEBM %FDPNQPTJUJPO

• 3FQSFTFOU BHHSFHBUF TQBSTJUZ QBUUFSO PG S CZ B HSBQIG(V,E)

5IFPSFN 	"HMFS�T UIFPSFN


-FUG(V,E) CF B DIPSEBM HSBQIXJUI B TFU PG NBYJNBM DMJRVFT
{C1, . . . , Cp}� 5IFOS ∈ Sn+(E, 0) JG BOE POMZ JG UIFSF FYJTU NBUSJDFT
Sℓ ∈ S|Cℓ|

+ GPS ℓ = 1, . . . , p TVDI UIBU

S =
p∑

ℓ=1

T T
ℓ SℓTℓ.
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T T
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+ , ℓ = 1, . . . , p

"HMFS�T UIFPSFN
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JO +VQZUFS OPUFCPPL
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&YBNQMF� #MPDL�BSSPX TUSVDUVSFE 4%1T

NJOJNJ[F qTx

TVCKFDU UP
m∑

i=1

Aixi + S = B

S ∈ Sr+

d

Nb CMPDLT
d

w

w

'JHVSF� 1BSBNFUFST PG CMPDL�BSSPX TQBSTJUZ QBUUFSO�
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&YBNQMF� #MPDL�BSSPX TUSVDUVSFE 4%1T
• #FODINBSL QSPCMFNT� d = 10m = 100Nb = 50− 140
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COSMO.jl A quadratic objective conic solver
implemented in pure Julia

$PODMVTJPO�
• PQFO TPVSDF "%..�CBTFE

TPMWFS XSJUUFO JO +VMJB
• TVQQPSUT RVBESBUJD PCKFDUJWFT
• TVQQPSUT -1T 21T 40$1T 4%1T
• JOGFBTJCMJUZ EFUFDUJPO
• DIPSEBM EFDPNQPTJUJPO PG 14%

DPOTUSBJOUT
• BMMPXT VTFS�EFöOFE DPOWFY TFUT
• TVQQPSUT .0* W��� � +V.1 W����

'VUVSF XPSL�
• "DDFMFSBUJPO NFUIPET
• "QQSPYJNBUF QSPKFDUJPOT
• 1BSBMMFM *NQMFNFOUBUJPO PG

QSPKFDUJPOT
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• TVQQPSUT .0* W��� � +V.1 W����

'VUVSF XPSL�
• "DDFMFSBUJPO NFUIPET
• "QQSPYJNBUF QSPKFDUJPOT
• 1BSBMMFM *NQMFNFOUBUJPO PG

QSPKFDUJPOT

6OJWFSTJUZ PG 0YGPSE ] .JDIBFM (BSTULB $04.0�KM � " DPOJD PQFSBUPS TQMJUUJOHNFUIPE �����
��/��
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• *OTUBMMBUJPO WJB UIF +VMJB QBDLBHF NBOBHFS

• $PEF BOE EPDVNFOUBUJPO BWBJMBCMF BU�
?iiTb,ff;Bi?m#X+QKfQt7Q`/+QMi`QHf*PaJPXDH

6OJWFSTJUZ PG 0YGPSE ] .JDIBFM (BSTULB $04.0�KM � " DPOJD PQFSBUPS TQMJUUJOHNFUIPE �����
��/��

https://github.com/oxfordcontrol/COSMO.jl
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We want to solve the following semidefinite program:

where  and  have the same structure:

Lets formulate the problem in JuMP and solve it with COSMO:

In [7]:

using COSMO, JuMP, LinearAlgebra 

# Define problem data 

A =  

[0.128183  0.612346  0.0       0.0;      

0.612346  0.744476  0.526152  0.817133; 

0.0       0.526152  0.404581  0.454653; 

0.0       0.817133  0.454653  0.535701]; 

B = 

[0.67846   0.924571  0.0  0.0; 

0.924571  1.60899   0.794429  1.23378; 

0.0       0.794429  1.09579   0.686474; 

0.0       1.23378   0.686474  1.29377]; 

q = -1.0907161041533153; 
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In [8]:

model = JuMP.Model(with_optimizer(COSMO.Optimizer, decompose = true, verbose = t
rue)); 

@variable(model, x); 

@objective(model, Min, q * x); 

@constraint(model, B - A .* x in JuMP.PSDCone()); 

JuMP.optimize!(model); 

You can see that the original 4x4 JuMP.PSDCone - constraint was decomposed into 2 smaller

PsdCones of dimension 3x3 and 2x2

------------------------------------------------------------------ 

             COSMO - A Quadratic Objective Conic Solver 

                         Michael Garstka 

                University of Oxford, 2017 - 2018 

------------------------------------------------------------------ 

 

Problem:  x ∈ R^{14}, 
          constraints: A ∈ R^{29x14} (38 nnz), b ∈ R^{29}, 
          matrix size to factor: 43x43 (1849 elem, 119 nnz) 

Sets:     ZeroSet{Float64} of dim: 16 

          PsdCone{Float64} of dim: 9 

          PsdCone{Float64} of dim: 4 

Decomp:   Num of original PSD cones: 1 

          Num decomposable PSD cones: 1 

          Num PSD cones after decomposition: 2 

Settings: _abs = 1.0e-04, _rel = 1.0e-04, 

          _prim_inf = 1.0e-06, _dual_inf = 1.0e-04, 

          ρ = 0.1, σ = 1.0e-6, α = 1.6, 
          max_iter = 2500, 

          scaling iter = 10 (on), 

          check termination every 40 iter, 

          check infeasibility every 40 iter 

Setup Time: 0.9ms 

 

Iter: Objective: Primal Res: Dual Res: Rho: 

40 -1.9240e+00 6.9916e-04 8.2750e-06 1.0000e-01 

80 -1.9238e+00 3.1361e-13 6.3127e-13 1.0000e-01 

 

------------------------------------------------------------------ 

>>> Results 

Status: Solved 

Iterations: 80 

Optimal objective: -1.9238 

Runtime: 0.008s (7.67ms) 
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