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quality of life, cost
natural light, ...
objectives
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The collective scheduling model

I

voter/agent 1 preferred schedule 01

a “straightforward” model

(single machine, clairvoyance, no release dates,
voter/agent 2

no due dates, no dependencies

prererrea scneaduie 0?2

= [s [N

preferred schedule o3

votg‘/agent 3

I/ RS

many agents



The collective scheduling model
P [
A EI
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Build a single schedule accommodating preferences of all agents!
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social choice:
how to organize elections

wins

non trivial in many cases:
more than 2 candidates
electing a parlament

picking a representative committee
participatory budgets

4



Social choice cannot be directly
applied to collective scheduling

2 possible collective schedules: oreferred by
the majority,

L
arbitrary long
L

by just 1




Social choice tools we
extend

e Positional scoring rules
e Condorcet

e Kemeny



Positional Scoring
Rules



Positional scoring rules: each ranking position
gets a certain amount of points

Winner: highest amount of points
ranked preferences of voters
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Borda count [Borda, 1770]: the number of defeated candidates

4+0+2+0+1=7 * 2+1+0+4+4=114 0+3+1+2+0=6
%3+2+3+3+3=14 (6 1+4+4+1+2=12




Extending positional
scoring rules by jobs’ length

workload scheduled later
hz'u_‘ i ) v J — - ? =
score(J) ;f (.1;; J}p ) (preference for shorter jobs)

Scores

collective schedule:

NN

vi
®

v2




Positional scoring rules
don’t really work well

fraction of votes

3/8 + ¢

1/8 - ¢
1/8 - ¢

collective schedule:

s voted as first by ~1/4 of agents, but
s Is delayed by arbitrary large L1+L2




The Condorcet
Principle



The Condorcet Principle: if an object
preferred by a majority,
It should be selected as the winner

ranked preferences of voters
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The Condorcet Principle: if an object
preferred by a majority,
it should be selected as the winner
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Extending Condorcet to the
whole ranking Is easy...

Prul S O of "
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collective ranking:
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Extending Condorcet to the
whole ranking Is easy..
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Extending the Condorcet to
processing times: PTA Condorcet

Job k before job | if at least n pk voters put k before |

2+£

PTA Condorcet schedule:




Why the ratio? »,
The utilitarian dissatisfaction

Nk: agents who prefer k to |

Assume: Pk

|Nk| >N
Pk + D¢

If we start with k before | and then swap, k delayed by p;
utilitarian dissatisfaction is |Nk|pi

If we start with | before k and then swap, | delayed by p«

: Pk
dis(Ny) = | Nelpi < (n n) ”
Pk T Pe

PEkDPr :
n - < |Ni| - pe = dis(Ng).
Pk 1+ Dy




PTA-Condorcet on the short-long example

L1

Borda schedule:

PTA Condorcet:

- before _ in 1/4-¢ votes, thus
SO it 1/4-c > s/is+12

thus, for long L1, L2, PTA Condorcet schedule is




The Kemeny Rule



Find a ranking minimizing the
distance to voters’ preferences

I o e W

the proposed ranking:

e = o

# of swaps between neighbors
The Kendall swap distance: g convert proposed to preferred

# of paigs in non-preferred order
(«F Sme) | )

( ) (‘6 /f) Kendall distance is 5
(8 o)




Meaningful distances
between two schedules

P OEE -

The preferred sche.dule defines .due dates for jobs

The proposed schedule:

BEES



Meaningful distances between two schedules

ET O

The proposed schedule:

[ 3 [1]77]

Quantifying the difference for each job by standard measures:
Tardiness (T) : T'(¢;,d;) = max(0,¢; — d;).

Unit penalties (U) : measure how many jobs are late:

( ‘ fl it N > 1,
Ulcy, d;) = 4 if ¢ > d,

\ 0 otherwise.

Lateness (L) : L(cj,d;j) = c; — d;.
Earliness (E) : E(¢,d;) = max(0,d; — ¢;).
Absolute deviation (D) : D(c¢;,d;) = |¢; — dyl.

Squared deviation (SD) : SD(c¢;, d;) = (¢; — d;)*.



Aggregating distances over jobs and voters

T

The proposed schedule:

s [1]757]

aggregating over jobs: sum
E.g. tardiness T: 3 + 3 +

aggregating over voters:

The sum (X): ) _n f(7,04), a utilitarian aggregation.

The max: max,cn f(7,0,), an egalitarian aggregation.

The L, norm (L,): (/ZaeN (f(T, Ua))p7 |




Our compIeX|ty results

aggregation of voters’

oreferences cost function job sizes complexity
- poly
z L (lateness) arbitrary ~ (SPT ordering!)
z T (tardlness)é arbitrary strongly NP-hard
Z U arbitrary strongly NP-hard
(# of late jobs)

.....................................................................................................................................................................................................................................................

poly
E,D, SD (assignment)

.....................................................................................................................................................................................................................................................

~ NP-hard for 4
2 K,S unit  agents

(Kemeny, Spearman) 'Dwork 20011



Our compIeX|ty results

aggregation of
voters’  costfunction  jobsizes = complexity
preferences | | |

.....................................................................................................................................................................................................................................................

 NP-hard for 2
| agents

(similar to
[Agnetis04])

Lp norm

" T,E,D arbitrary
(also max)’

.....................................................................................................................................................................................................................................................

NP-hard

Max T, E, D, SD unit (from closest
string)



Experimental
evaluation



Settings

agents preferences from PrefLib

Tardiness (T) as the cost function (strongly NP-hard, easy to
interpret)

Jobs’ sizes random between 1 and pmax (uniform, but we also
tested normal and exponential)

Optimal solutions computed by the Gurobi solver
(a schedule encoded by binary precedence variables)

20 jobs, 5000 voters take minutes;
30 jobs doesn’t finish in an hour



A position

On the average, if jobs’ lengths picked
randomly, the short jobs are indeed advanced
compared to a length-oblivious schedule

o IMPARTIAL | | |- +
21 < MALLOW = S

12 4 6 8 10
Job length



PTA-Condorcet and Kemeny
schedules are not that different

# of job pairs executed

in non-PTA-Condorcet

relative difference of
PTA vs Kemeny

order schedules
Dt aset PTA C. Paradox | PTA Copeland /.
o >-T max-1 >-T max-1"
AGH1 6% 15% 1.03 1.23
AGH2 5% 18% 1.03 1.28
SUSHI 7% 24% 1.02 1.22
IMPARTIAL | 3% 8% 1.00 1.01
MALLOWS | 10% 24% 1.03 1.21
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> La Folie # {_ if" _‘1 \
How to take into account preferences of Iarge population

over possible schedules

eEach voter presents her preferred schedule

e Positional Scoring Functions may delay short jobs with
significant support

eProcessing Time Aware Condorcet is polynomial

e Kemeny-based methods are (mostly) NP-hard, but
feasible for realistic instances



