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Motivation Fourier-Motzkin Elimination Deliverables and Outcomes
* Quantifying information important in communications, < Fourier Motzkin Elimination maps linear systems of | | S |
Cybersecurity’ and machine |earning, etc. inequalities to |Ower dimenSionS. Ma|n Idea: | USE FOurIer-l\./lOtZkln. .E||r.n|r.]at|0n | to Ver.|fy
* Information measures: entropy, conditional entropy, and e Interpretation: Projecting polytopes on hyperplanes. whether a given system of mequalltles.ls. |ncon5|.s’.cent.W|th
mutual information. | Shannon-type inequalities, or whether it is a positive linear
* Objective: Evaluate consistency of given system of feas(S) combination of these inequalities.
information inequalities. "
» Example: We wish to check the consistency of Step 1: Generating all Shannon-type inequalities:
3 nULILLl) ¥+ NULLlLL, 31) — nouLliL4liy, 351) — niiLL, 31) -= 0
H(IT[2]) + H([2][2, 31) - H([]1[2][2, 3]) - H([2, 3]) >= @
H(X;) + HX;) = EH(XI'XZ) c HOLT[21) + H([2][1, 2, 31) - H([1[2101, 2, 3]) - H([1, 2, 3]) >= @
HODT[L, 21) + H([1, 2101]) - H(DD[1, 2101]) - H([1]) >= @
3 H(IT[1, 21) + H([1, 2]102]) - H([1[1, 2112]) - H([2]) >= @
H(X;) + HX3) =2 -H(X,,X3) HOLITL, 21) + H([1, 2103]) - H([I[1, 2]1(3]) - H([3]) >= @
2 A H([1[1, 21) + H([1, 2101, 31) - H([1[1, 2101, 31) - H([1, 3]) >= ©
H(LT[1, 21) + H([1, 2102, 3]) - H([1[1, 2112, 3]) - H([2, 3]) >= @

H(X;,X;) + H(X1,X3) =2 H(X;) + 2H(X,) + 2H(X3)

H([1[1, 2]) + H([1, 2]([1, 2, 3]) - H(I[]l[1, 2][1, 2, 3]) - H([1, 2, 3]) >= 0
103]1) + H([3]1[1]) - H([][3]1[1]) - H([1]) >= 0

Ref: Ajspur, Jensen 2017

(
H( [
n H([I1[3]) + H([3]1[2]) - H([]1[3]1[2]) - H([2]) >= 0
Prlor Works H([I1[3]) + H([3][1, 2]) - H([][3][1, 2]) - H([1, 2]) >= 0O
. : nroi as{ .S H([1[3]1) + H([3][1, 3]) - H([]I[3][1, 3]) - H([1, 3]) >= 0
1. ITIP- Language: Matlab, online prover available , PTOj(ayy (feas(5)) H(I1131) + H(I3112, 31) - H(I13112, 31) - H([2, 3]) >= 0
. H([][3]1) + H([3][1, 2, 3]) - H([][3][1, 2, 3]) - H([1, 2, 3]) >= 0
Based on: Yeung, R.W. (1997) "A framework for linear HOTIT1 1) o HOT1 2TT11Y — HOT1T1 21T11) = HIT11) ~— 0 ”
information inequalities" Input: System of inequalities A™*"x™ < p™
. o . L Step 2: Append new system and run Fourier-Motzkin:
Feature: First proof checker of this kind. 1. Choose one of the variables to eliminate. P PP Y
- . .« . . . PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL
2. XITIP- Language: C, Based on: improvements made 2. Partition the inequalities into those with « FM algorithm : -
: ositive and negative coefficients for this , solved a linear program and removed a row
by a group at EPFL/ Feature: Faster than ITIP \F:ariable 5 rem0V|ng any S()lved solved a linear program and removed a row
_ . S . ° . solved a linear program and removed a row
3. OXITIP- Language: GLPK optimizer with C++ backend, o . | or unviable Ui v iy i ol s L
. 3. For each pair of inequalities, multiply both .
F t . b_b d t f . L. solved a linear program and removed a row
eature: we dasSed user interrace. ] o o ] I t fth _
4 ATIP sides by a positive coefficient and combine to Inequalities ofr the Bilae & vy O L
- . ' i : o . . : solved a lin m mov W
A | Laanuage' GSUrOtl)I SIOI\Ier flor optllzmlzatlon\.N b eliminate the desired variable. generated list solved a linear program and removed a row
ication Domain: Single Ineaualities. Feature: eb- . . solved a linear program and removed a row
PP . . 5 . G ’ 4. Repeat steps 2-4 until all variables have solved a linear program and removed a row
based service. Provides canonical break down of the been eliminated solved a linear program and removed a row
. . L . . ) solved a linear program and removed a row
ineaualities in terms of basic Info measures. 5. The system is consistent if the result is not
' A_new= [[nan]
a contradiction. T :
i Ritoa Alzebraic L1 * Final results appear
Veritvis lineat information Inequality Duality Reconstruct the . < m b_n ew= [[—lnf] . .
ine:uality holds for all B g ir;fz::izictizzni:;ei:g:tziliirtlyois Shan non-Type Inequal Itles [ 0 < ] ] aS InpUt array IS
valid joint-entropies information inequalities . L The ine Uallt lS inco rrect
& x The following Inequalities are always true, a 4 returned as [nan]
: and are called Shannon-type inequalities:
v v
Primal inear Programmin Dual
Verify the objective value of a - ll;ua;%ity ; Reconstruct the linear I(XA; XB ‘XC) 2 O’ VA’ B’ C g [m] REFERENCES
linear program is always non- [ » program objective function
s e 2 s Gl o = H(X,, Xg) + HXg, X)) — H(X,) Research materials were provided by Dr. Farhad Shirani Chaharsooghi of
variables under constraints rows of the constraint matrix . . . .
. ' — H(XAXBXC) >0, VA, B,C < [m] Florida International University.
v v _ o Cover, T. M., & Thomas, J. A. (1991). Elements of Information Theory. John
Verifier of a given ot - Any system of inequalities should be Wiley & Sons, INC.
omation fnequelto via Lagrange dualiy consistent with the above.
- Any system of inequalities which is produced F. Sﬁ(\:hj?arsooght;i M.|-J. I.Em:.du M Zainanlghfqml andt.M. Rf. ,;‘(r)elf,1 I,:EnEew
] All prior works investigate single inequalities. it ' ' ' methodTor variable elimination in Systems ot Inequations,
- P 8 8 d by positive linear combinations of the above International Symposium on Information Theory Proceedings, 2011, pp.
i IS true. 1215-1219, doi: 10.1109/1SIT.2011.6033728.
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