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Summary Problem Statement & Solution

® Resource allocation (RA) over rate region: Non-convex (NC) due to powers Problem (R) ‘ Dual Problem (Q)
e Computational complexity grows exponentially in the number of variables n , X _
_'x,'7 . ; — .
® SoA (e.g. canonical monotonic optimization (MO)): treat all variables as NC max ]]Z_E 2 <x7£l;2;n(><5 i:IE.affm (gl (*.€) — g (x))
= x
e Energy efficient RA: Fractional objective — SoA combines Dinkelbach’s Algorithm with MO (x,8) S A= n ’ B . f(x,§)
e Novel resource allocation framework: LR g (x,§) —g (¥) <0, i=1,...,m 1 >t f=(x,&) =1

e Fractional objectives
e Differentiate between convex and non-convex variables e Non-convex variables x, convex variables &
* Numerically stable and guaranteed convergence ® Dual Problem has robust feasible set — no isolated feasible points! (cf. Lemma 1)
e Feasible solution even if terminated prematurely
® ~10,000x faster than SoA & (additional) ~800x faster than Dinkelbach’s Algorithm Technical Requirements:
e C++ implementation on GitHub: https://github.com/bmatthiesen e ~ closed convex o f(x,6) >0
. . e {g; (x)}: common maximizer over every box M C My D X
¢ Separabe functons (. : Hx €)  hlx)+ h(€) and foall 1 > 01 *(x.€) >
e Global Energy Efficiency: | o vfi (x) — f(x), gix(x), e g$’x(x): common minimizer over every X N M ()
Key performance indicator in 5G+ networks S R ¢ ’Yf{(@ —fg(ﬁ), gig(f)a cee gj,_,)g(f)‘ convex
e Non-orthogonal interference networks: max —= k "k e 7f. (x) — f. (x) increasing if X normal, or decreasing if X conormal
Beyond treating interference as noise pR @ p+ P .
e Problem (R) Non-convex in p, linear in R - al-TR ool 14 blp " Core P.roble*m: Compute lower liound for (Q) over box M
e SoA solution: Iptoi) ® With x , € argmax,cq g; (x) for all i
e Decompose: inner linear & outer monotonic program R>0, pelo, P min  max {g;%(ﬁ) + g;’rx(x) — gl_(x;k\/l)}
e Fractional Objective: Dinkelbach’s Algorithm ‘ | *& 1—1,_2,...,m +7 B N
e — 3 layer algorithm s. L. 'Yfg (&) _fg (&) +7fx (x) —fi (x) <0
e Goals: Keep polynomial complexity in R, fast solution, easily applicable framework Ecz, xe XNM.

e With x) , being the common minimizer in (+):

min  max {g:%(ﬁ) +gix(5j\/li> _gi_(x}k\/l)}

ge= i=1,2,..m (B)
Problem (P) ® 0, i=1,2,..., m: Non-convex functions s. t. yfé__(g) —fg(f) + fyfx_(gc;k\/li) —f;(gcj‘\/li) < 0.
—.C e SoA: Branch & B(.)u.nd .or Ol{tel’ Approximation — Convex optimization problem
x€|a,b] e Convergence in finite iterations not guaranteed e Solve with Branch & Bound and combine with SIT Algorithm
s.t.  gilx) <0, i=1,2,....,m e Usual approach: Solve =-relaxed problem
~ 1 . . Algorithm (Solution of Problem (R))
® Numerical problems:
e Might give incorrect solution far away from optimum Step 0. Initialize ¢,7 > 0 and My = [p®,q°], Z1 = {Mo}, Z = 0, k = 1, and 7 such that
. . _|_
e Isolated optimal solutions hard to compute 7S ?—E?g for all feasible (x, ).

Example (Numerical Problems of e-Approximate Solutions) ~ Step 1. For each box M € %
e Set 3(M) as the solution of (B) or (M) = o if (B) is infeasible.
o Add Mto Z if (M) < —e.

Step 2. Terminate if Z = (): If x is not set, then (R) is c-essential infeasible; else x is an essential
(e,m)-optimal solution.

Step 3. Let M* = argmin{B(M)| M € Z} and solve the feasibility problem

findé € = s.t. g;r(gcj\/lk,f) — gi_(gcj\/lk) <0,i=1,...,m
If feasible go to Step 4; otherwise go to Step 5.

Consider a MAC with QoS and individual eavesdropper information leakage constraints:

min b(e,
e P1 : p(e1)

s.t. log(1+ |hy|° p1 + |h2l® p2) > Q+ ¢ (QoS)
log(1+ |g1]* p1) + log(1 + |g2|“ p2) < L+¢  (Leakage)
pr< P, p2<P

Numerical example:
* bl = 19’ 81" = 22 82| @ = logl1l), I = log©.29) Step 4. x°, , is a nonisolated feasible solution satisfying ——%
® True optimal solution: p* = (4.00665, 1.99335) M (= 8)
® c-approximate solution p(¢): . f+(zcj<\/lk,€) Lo« U .
o &1 = 1073 p(e1) = (0.995843, 5) o P ’ min o g b & e & (X S0 =T, m (1)
o 55 =10% p(ey) = (4.00541,1.99417) M

D2

Leakage
f+(2cj\/lk’€)

>~y for some £ € =. Solve
Feasible Set

If X is not set or v(1) > v —n, set x = Xj\/lk and v = v(1) + n.
: k . k : |k oK k _ 1/, e
Solution: e-essential feasibility Step 5. Bisect M" via (v", ji.) where ji € arg maxj{\kaJ Zcf\/lk,j} and v z(ZCMk -+ ka).

Remove MK from Z. Let D1 = {ME /\/lii} Increment k and go to Step 1.

A solution of (P) is said to be essential (¢, n)-optimal if it satisfies
f(x*) +n > sup{f(x)|x € [a, b],Vi: gi(x) < —¢c}, for some 1 > 0.

Application to Problem (RA)

® ¢, — 0: essential (¢, n)-optimal solution is a nonisolated feasible point which is optimal

e SIT: Solve sequence of feasibility problems |dentify
min max gi(x) s.t. x) > Q =R x = == 0,00 X=\0,P T(p,R) = R
x€la,b] i=1,....m gl( ) f< ) ! ( 7) § p [ ) [ ] f (P ) Zk k

e Lfficient solution with Branch & Bound if f(x) is nice (i.e., easy feasibility test) f (p,R) =o' p+ P g (p,R) = a;‘rR + 10g(CiTp + Oi) g (p) = 10g((biT + ClT) P+ Ui)
® Foralle >0: min(Qy) > —¢ = max(P;) <~ e Forabox M = [x, x]:

' i ' ‘ arg max g; (p) = X arg minyfy (p) = argmin g/, (p) = x
Algorithm (Successive Incumbent Transcending (SIT) Scheme) oM i oM X oM i,x
Step 0 Initialize x with the best known nonisolated feasible solution and set v = f(x)+mn; otherwise ® Problem (B)is a LP:

do not set x and choose v < f(x) Vx : gi(x) < 0,i=1,..., m. min max {alR+1og(c/x+ o)) —log((b] +¢])x+0i)} s.t. ZkRk +7(p'x+P.) <0

Step 1 Check if (P) has a nonisolated feasible solution x satisfying f(x) > ; otherwise, establish
that no such e-essential feasible x exists and go to Step 3. —Solve (Q7) Numerical Evaluation

Step 2 Update x < x and v + f(x) + 1. Go to Step 1.

, . L , , , , . e Example: Gaussian MWRC with AF relaying and multiple unicast transmissions.
Step 3 Terminate: If X is set, it is an essential (¢, n7)-optimal solution; else Problem (P) is e-essential

e Treating interference as noise vs. purely joint decoding vs. simultaneous non-unique decoding

‘ infeasible ‘ e Algorithm vs. Dinkelbach (auxiliary problem solved with our algorithm)
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