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Physical Laws

> Kirchhoff’s current law
If—-1l= ) I
(i,j)eEUEER
» Ohm’s law
Iij = Yi; (Vi = Vj)
» AC Power
Sij = Vil
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AC Power Flows

S9—-8l= ) Sy VieN
(i,j)e EUE"
Sij = Y ViV =Y ViV (i,j) € E v E"
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W-Formulation

Wijzm‘/}* ViEN,VjEN
S§—-8l= ) S VieN

(i,j)eEUER
Sij = Y : Wy — YWy (i,j) € E
Sji = Yy Wi —Y5Wi (6,§) € E

(¥
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The SOCP Relaxation

» Jabr, R.: Radial distribution load flow
using conic programming. (2006)

Wij = ViV

Wi Wi = ViVIEVEV;
Wii|? = WiWj;
Wiil? < Wi Wj;
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The SOCP Relaxation

(i,7)EEUER
Sij = Y ;Wi — Y, Wy, (i,j) e &
Sji = Y ;Wi = YW (i,7) € £

Wi < Wi W5



The SOCP Relaxation

» Beautiful work

R. Jabr, “Radial distribution load flow using conic programming,” IEEE
Transactions on Power Systems, vol. 21, no. 3, pp. 1458-1459, Aug

2006.
> Polar form
2 .
Pij = GiV; — giV;iV; COS(Oz’j) — b;v;v; Slﬂ(9z'j)
2 .

Qz'j = —b,-vz- -+ bivz-vj COS(O,;J') — gz"U?;’Uj sm(Oij)
» Define

wg — VU4 COS é’z-j

ng — VU5 Sin Hij
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The SOCP Relaxation

> The power equations become

_ 2 R T
1

i — _szv + szw — 8ij W; ij
R
(wz'j)2+( g) < v 32
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Power Losses

P
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Power Losses

Sij + S =Vilj; + Vi1,
ViYe; (Vi = V5)" + VY5 (V = Vi)
ViYe; (Vi = V5)" = VY5 (Vi = V)
Y (Vi = V)5 (Vi = V)
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Power Losses Again

Sij +55  =Y5;(Vi—V;)"(Vi = Vj)
=2 Yi;Y;;(Vi = V)" (Vi = Vj)
=Zi; Y (Vi = V)Y (Vi = Vj)”
= i,

=

J7 1)

= Zjjli

11 Pascal Van Hentenryck



Another SOCP Relaxation

> Power Losses
Sij +5j5i = ZLujli

» Second-Order Constraint

Sij = Vil
$:;85 = Vil Vit I
Sij|? = Wiili;

Sijl? < Wiils;
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Another SOCP Relaxation

qu—Sg: Z S,,;j (ZEN)
(i,j)EEUER

Sf,;j — Y;}Wm — Y;}Ww (Z,j) c kb

Sji = Y ;Wi = YW (4,7) € E

1S5 |% < Wyl
Sij + Sji = Dijli
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SOCP Relaxations

> The two SOCP relaxations are equivalent
— Farivar, M., Clarke, C., Low, S., Chandy, K. 2011
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