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Non-stationary large-scale
linear programming problem

max{(c,, x)| Ax <b,x >0}

e x € R,

« Ai—matrixm X n Blg
b, — m-dimensional vectors

» ¢, —n-dimensional vector Data

e t € R,y —time

n,m > 10°
Period of input data change < 10~% sec.



Asset-Liability Management

Dynamic linear

programming problem
— 1.7 billion inequalities
— 5.1 billion variables
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SHORT-TERM INTEREST RATES

1 T
‘ H (== Prime Rate (3.75%)
10 o | = Fed Funds Tat. (0.75%)
rime Rat = Avg MMMF Rate (0.24%)
9 “ (= Avg MMA Rate (0.30%) J
8 [\‘ = / m
o JJ 1 /
7 Fed-Fund
;\? arget /
E 6 \\§ ( Competitive
E 5 \ { |l Disadvantage
4 ELR
\, | 4
3 N
2 N Competitive | ]
Vg / Advantage
1 ke
N | e =
0 |
TSRO AS AN AN A S A AR RN AN A AN

S e B A A T S e s
NN SN i S i i i i M i i S i i
Changes in the Fed Funds Target mimics ramp testing.

YEARS Gray bars represent recession. Shaded areas represent
periods when CUs were at a competitive disadvantage

Copyright (c) Brick & Associates, Inc., 2017.
All rights reserved.
Source for MMMF: www.iMoneyNet.com

Source for MMA: www.CUNA.org relative to MMMFs.

Sodhi M.S. LP modeling

asset-liability management: A

survey of choices and

for

simplifications // Operations
Research. 2005. V. 53. No. 2. P.

181-196.

O = N W &~ 00 O N © ©

- -
o =

(%)3Lvy

3/21



High Frequency Trading

« Dimension: 10°-10°

 Number of inequalities:
106-107

Scale of Algorithmic Trading
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NSLP Algorithm
(Non Stationary Linear Programming)

Algorithm phases:

* Quest —find point Z € M,

« Targeting — moving point z In
such a way that the solution x

of LP problem remains
permanently in an g-vicinity of z

AX<b & xeM,
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Quest Phase (Finding z € M,)

Conventional methods for solving a system of
linear equalities can not give a solution to the
problem A;x = b, because of its non-stationarity.

AX<h < xeM,

AX<b, & xeM,



Fejerian Map

M — convex bounded set

p<{R" > R"} — M-fejerian map if
oly)=y,VyeM;

lo(x)—y[<[|x—y[, Yy e M, ¥x & M.

X X Lipot Fejér
%) )/ 1880 — 1959
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Fejerian Map for Quest Phase

m
() 1 max{{a;, x) — by, 0}
(p X)) =X —— * A+:
t m la I ;
=1

e a;; — I-th line of matrix A;

e D¢y, ..., by — €lements of column b,
e m — number of lines in 4,

e t—1time



Fejerian Process

P'(1)=9..0(x)

XO < Rn S X.O 5112§3§4§f< M >
{9 (%)}




«Self-guidance» of Fejerian
Process
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«Self-guidance» of Fejerian
Process

Ss
N\
~

12 /21
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«Self-guidance» of Fejerian
Process
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«Self-guidance» of Fejerian
Process
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Scalable Synthetic LP Problem

z, < 200

7 < 200

1 < 200

, + z + z, , < 200(n —1)+100

T, + + z, . > 100
T, > 0
T, > 0
$-n-—1 > 0
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Benchmarked Processors

Code Name Specifications
KNC Intel Xeon Phi SE10X (61 cores, 1.1 GHz; 4 threads per core)
KNL Intel Xeon Phi 7290 (72 cores, 1.5 GHz; 4 threads per core)
2xBroadwell |2 xIntel Xeon E5 2697v3 32 cores, 2.6 GHz; 2 threads per core)
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Speedup & Parallel Efficiency
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Benchmark
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Questions?



