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Contribution: Randomized Switching Framework

Efficient algorithm for the electrical network reconfiguration problem achieving 100-1000 x speedup over commercial MISOCP solvers.
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Key idea: Optimize over probability distribution of network configurations.
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- Undirected graph G = (N, E,w); n = |[N| nodes and m = |E| potential edges. L. Relax: s € [0,1]" (switching probabilities)
2. Optimize: Frank-Wolfe with gradient (leverage scores!)

: : : : — Td) |
- Laplacian matrix functional: Lg := }___; SeWeaca, ; where a, = x; — x; is the (Vos))e = —we |(ae, Lid)[* < 0
incidence vector of edge e = (i, ) € E. 3.Sample: s € {0,1}™ via Bernoulli rounding
» Connected template: T C E such thats, = 1foralle € T, and A\,(L7) > 0.

* Nodal demands d | 1,; edge switching decisions s € {0,1}".

Theorem 1. Assume that the fixed backbone T C E satisfies HdHfT < 1. For

Electrical network reconﬁguration problem any 0 € (0,1), Algorithm RANDRECONFIG returns a random integral
solution s € {0, 1}" that satisfies, with probability at least 1 — 9,
The electrical network reconfiguration problem is a mixed-integer non- . 1 1+ ,
- <
linear program (MINLP) of the form Pl8) < 1— 6¢(st) = 1 — Egp(s*), with ¢ 5 +/log(n/o)
| . and E||8|| = g, in total running time O(mq/c), where O(-) suppresses
sel?oll”}m o(s) =d'LLd s. t. Islli<g, se=1VeeT. polylogarithmic factors in n and the Laplacian solver tolerance.

Applications: Managing electrical congestion from data centers; Expand- First-of-its-kind guarantee for network reconfiguration.

ing electrical transmission capacity.
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Monotonic FW + Randomized Rounding vs. MISOC preformance: m/n=6.5, ¢/n=3, e =0.01, MIPGap = 0.01

CongeStion gp(') iS a homogeneous funCtion Of degree _l) analogous tO Congestion upper bounds vs. number of nodes
the total effective resistance. It is also generalized self-concordant. [+ soc < vpwme

Congestion lower bounds vs. number of nodes
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Optimization Procedure

Solve time vs. number of nodes
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Algorithm 1: Monotonic Frank-Wolfe with randomized rounding for efficient network

. 10% . + +++++++++
I'eCOIlﬁgurathIl. . eate bt .|._|_-l-.|_+""|""+ +Hr 2-3 orders of magnitude
Input: so,d | 1,E,w,q, T,¢,o0.
Output: Random integral switching strategy s, induced voltage phasors s — X.

+

Solve time (s)
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1 function RANDRECONFIG(T,E,q,w,d,¢, ) Lge0 oy L0 e L0t
2 |_sO Y Zijesupp(so) EijWij // O(m) Number of nodes 7

3 fort=0,1,..,to T — 1do

4 Nt 75

// —-- compute the congestion gradient —- . .
5 Vo(st), A(s:) + APPROXDIFF(s;, d, W, E, €, §) Key Fllldlllgs
// —— find a vertex —-

6 Ve <= arg minyc o 13m v, <q (V¢(St), V) .
// -- update convex combination -- *100-1000 x speedup over Gurobi MISOCP
7 St+1 < (1 — 1m¢)Se + eV

8 end

// —-- round the fractional solution --

9 $ «— ROUND(s7) // O(m)
// —— solve for the voltages --

10 X < Solve (Lg, d, d, ¢)

1 return s, X

12 end

// Set step size

 Scales to n = 12,000+ nodes (Gurobi times out)
« Solution quality comparable to MISOCP optimum

This algorithm runs in O(mg/a) time for an a-approximation of the optimal Resources & Contact
probabilities, bicriterion emerges for rounding (see above).
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