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Given an instance D of items of different sizes and a fixed bin capacity
S, the bin-packing problem is to pack these items into a minimum number of
bins such that the sum of item sizes in a bin does not exceed the capacity.
We define a new variant called k-times bin packing (kBP), where the goal is
to pack the items such that each item appears exactly k times, in k different
bins.

The study of kBP is motivated by the problem of fair electricity distri-
bution. In many developing countries, the total electricity demand is higher
than the supply capacity. Last years this problem concerns Ukraine too, due
to the destruction of the Ukrainian energy structure by Russian missile stri-
kes. We prove that every fair electricity distribution problem can be solved
by k-times bin packing for some k which is upper-bounded by some function
of the number of agents.

We generalize some existing approximation algorithms for bin-packing to
solve kBP, and analyze their performance ratio.

In particular, we have shown that the extension of the first-fit algorithm to
kBP (FFk) shows improved performance with at most (1.5 + 2 )-OPT(Dy)+
3 - k bins where Dy, consists of k copies of D.

We have also extended the polynomial time approximation schemes by
Fernandez de la Vega and Lueker [1] and Karmarkar and Karp [2]. We show
that the algorithm by Fernandez de la Vega and Lueker can be extended
to solve kBP using at most < (1 + 2 - €)OPT(Dy) + k bins for any fixed
e € (0,1/2). For every € > 0, Algorithm 1 in [2] solves kBP using bins at most
(1+2-k-€OPT(Dg) + ﬁ + (2-k+ 1) bins, and runs in time O(n(Dy) -
logn(Dy) + T(Z%,n(Dy)), where n(Dy) is the number of items in Dy, and T
is a polynomially-bounded function. Algorithm 2 in [2] is generalized to solve
EBP using at most OPT(D},) + O(k - log? OPT(D)) bins, and runs in time

O(T (M2, n(Dy)) +n(Dy) - log n(Dy)).
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We also show that k-times bin packing can be used to distribute the
electricity in a fair and efficient way. Particularly, we implement generali-
zations of the First-Fit and First-Fit-Decreasing bin-packing algorithms to
solve kBP, and apply the generalizations to real electricity demand data. We
show that our generalizations outperform existing heuristic solutions in [3] for
all 9 combinations of utility models and social welfare metrics to the same
problem , even though they were only designed for the egalitarian welfare of
the time-based utility function.
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k-KpaTHa ynmakKoOBKa y KOIIWKM Ta 11 3aCTOCYBaHHS 10
CIIPaBeJIJINBOTO PO3IOALILY €JIeKTPUKHU

Marouu nabip npedmemis pianux po3amipie i Gikco8aHy MICMKICTIL KOWUKA, NPO-
baema ynarxosky npedmemis y kowury (BP) noaseae y momy, wob mar posmi-
cmumu npedmemu Habopy Y HalmeHwil KIAbKOCTE KOWUKIS, abu CYMa pO3mipie
NPEOMEMIB Y KOHCHOMY KOUUKY He NePesuwysana micmrocmi. Jaa namypans-
HO20 YUCAG Kk MU Y3a2aNDHIOEMO U0 NPObAeMmYy 00 k-KPATHOI yIAKOBKH Y KOIIUKU
(kBP), de dodamroso sumazaemuves podmicmumu pieho k Konit KoocHoz0 npe-
omemy, no o0Hil y dearkux k pisHuUT KOWUKAT.

Locaidorcennsa kBP 3ymosaerno npobaemoro CIpaBeJIMBOTO PO3IOMIIY €JIeKTPO-
eHepril. YV 6a2ambox KpaiHar, U0 PO36UBANMBCA, 3G2ANbHUL NONUM HA eae-
KMpoeHrepaito Nepesuusye nponoduyito. B ocmanni poku uya npobaema cmocye-
muoea t Ykpainu, weped pylinysarta YKpaiHcoKol enepzemusumoi cmpyxmypu po-
citicvkumu paxemrumu yoapamu. Mu noxasyemo, wo Kootcra npobaema cnpase-
0auB020 Po3nodiny eaexkmpoenepeii 36odumuvcsa do npobaemu k-xpammnoi ynarxos-
KU Y KOWUKU OAs dearozo k, wo He nepesuusye nesnot Gynruii i kiavkocmi
azenmie.

Mu y3a2arvH0EMO OesKi 6100Mi AA20PUMMU HADAUHCEHHA PO3E A3KY NPOOAEMU
YNaKoeKy mpeomemis Yy Kowuku 0o anaso2ivnur oas ii k-xkpammoi eepcit ma
3aCMOCOBYEMO Y3A2ANLHENRHA OAA PO36°AZAHHA NPOBAEMU CNPABEIAUBO20 PO3TLO-
diny eaexmpoenepeii. OUinI00UU PE3YALMATNU PIBHUMU KOMOTHAUIAMU MOoOenets
KOPUCHOCTE Ma NOKAZHUKIE CYCNIAbH020 006pobYymy, Mu NOKA3YEMO, WO HAULL
Y3a2aAbHEHHA NEPEBEPUYIOMb 8100MI €6PUCTNUNHE PO3E AZKU OAA PEANLHUL efe-
KMPUMHUT nompeo.

http://www.iapmm.lviv.ua/chyt2024



