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[CKMST11]: m4/3𝜀-O(1) runtime for (1-𝜀) approximate maxflow

Uses electric flows (L2 
minimizing flows)

[She13, KLOS14, Peng16, She18, ST18]: m𝜀-1 runtime for (1-𝜀) approximate maxflow

  Step 2
Apply iterative method to boost 

accuracy (e.g. gradient descent, mirror 
prox.)

Idea
Combine / apply these 

primitives in IPMs! 
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Stronger primitives?
Directed Laplacians

• Directed, asymmetric variant of electric flow 
and Laplacians systems.

• [CKPPSV16,CKPPRSV17,CKKPPRS18,AJSS19]

• Can solve in nearly linear time!

• PageRank, policy evaluation, stationary 
distribution computation, commute times, 
escape probabilities, Perron vectors in nearly 
linear time!

Don’t know how to use for 
directed maximum flow 

☹ 

Don’t know how to use to 
speed up IPMs ☹ 
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• Centering step: move from approximate minimizer to exact 

minimizer without changing value of v using electric flows.

• Progress step: Add multiple of s-t electric flow with resistances 

given by Hessian of V
w

(f) to increase v to v+𝛅.

• Magic: Change weights so progress steps can be larger!

Following Minimizers of the Log Barrier
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• Increase resistance by increasing weights w
e

+ and w
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• Analysis: Track electric flow energy as a potential function.

How to improve?
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New Approach: Energy Maximization

• New energy maximization framework for computing weight changes

• [M16] combinatorial approach -- doubles resistances of edges that 

have large energy / electric flow.

• Our approach: solve weight budgeted energy maximization as its 

own optimization problem!
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• Smoothed lp flows for weighted graphs

Better Methods?

• Can we go beyond IPMs?
• Can we completely leave l2 as with approximate maxflows?
• Can we more directly use smoothed l2-lp flows?

Better Combinatorics?

• Achieving a (log U) dependence.

Future Directions / Open Problems

New Result! [LS20]
m4/3+o(1)U1/3

Divergence minimizing flows

Regularized Newton Steps

[AMV20] Mincost flows in 
time m4/3+o(1)log C
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