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AW: Adjusted Winner Algorithm.

D

DC: Divide and Choose Algorithm.

E

EF: Envy-freeness. EF ensures no participant envies another’s allocation.

EF1: Envy-freeness up to one. When an agent envies someone else, but the envy

can be eliminated by removing one of other’s (most valuable) goods.
EF1,: Envy-freeness up to one Algorithm.

EFx: FEnvy-freeness up to any items. When an agent envies someone else, but

the envy can be eliminated by removing any of other’s goods.

M

MMS: Mazimin Share Guarantee.

MNW: Mazimum-Nash- Welfare.



N

NP problem: Non-deterministic Polynomial Problem. A computational task that

can be verified in polynomial time by a deterministic algorithm.
NP-hard problem: Non-deterministic Polynomial-hard Problem. A problem that

is at least as hard as any NP problem, meaning any NP problem can be reduced to

it in polynomial time. NP-hard problems are considered the toughest in NP.

R

RR: Round Robin Algorithm.
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2R ATHEBE RIS Bt —FESRA H AR [, AT ERIEZS 5 E 1L, 4
18 H B RE I A2 R bR SLRE B A FARHERY 2 BT 58, XSl 1 X — U A Y
K. BEERAARMAZDT, B, @y, BUA . WRPIR: 5 SUSF A Y
1 BERTH B 22 P2 BUHAE HEAT THIESE . 2 P20 Bl o P A AR AR e i i v i i o
SR AT T

23 H 73 P e BR T ) B et a0 IROHE, (H 2 B el A BR Y A W] 20y et 4
EYUS, FTHARENEZ 2. 840258 B S RPN L) i PF
PRI BAR “Bundle” BBEIRT-46 . FRATARYE S 5 X% LeWy it 140 i 4 04 T
SrBe, [RIE RS A S A AP HRCRIR . B & P DA = AT
TR RIS DL, ARECA G APARE, WA S 5E 2, DTS
Rk — IR (Tie) (BA—MBAIAEZHHER) . TIEm A
SrECPI R 2 A KA PRI, FRATFEMEBOE, RS SEMEON (Utility) 22k
W, FHEHBAMREIZY 2, F5E “FUEE N, B A R 1AL 4>
MAA RN Z T, FNEAATHOREZ T, R E R Xie EitE
NBLZME ! R R AP ARiE, XA R —A NP-hard (1,
i H TR . AR A RO TT 5 (3]

TEIRF I FIH W fi 1 0 B 2 — DA A Z A B2 s IR, X — Ty T2 A N
TEX AP DL R ATREAAFAE “2°F" IS, 73— Jr e o — S HERN A S T
WA Al B RR P R, WX AR SE A G Hhoe 2w A AR . BRI — A, —
AR RIS SEHN -, $ 0 T 06 R T 24 B AR A i
RXUTEARMR A, WARAURTT, EAREEIHEA A2 M. sEiznye, ¥
ZH A G T AR BT LA B Bk, X SR RRAT RE 2 —

!Two agents pursue fairness in the allocation of three indivisible items.
In order to simplify the problem of allocating items, it is common to assume that all items

are independent (so they are neither substitutes nor complements).

1
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Chapter 2
Hii B AR

EN G R = e 507 N a1 =TT 10 /AN s L |1 T 70 - St /A s L T TR
K E=(MN).NEnREANESR. v=(v1,02,03,--- ,0,) B—PIEM
MM Ao i A& (additive valuations vector) , ¥ i € N, & S C M. #HH
0(8) = X gulg), HEt, v () FARRILA i 5 M R § A
S AR n A~ (Bundle) 19 T4, FlIE T IERAEEASEHE £ b, f
PAH R A PARiE , 220RF (M| AN A Bigs [N AR, X SR &
WiFR ol MMS. PES Fl envy. Fl1 envy-free %5,

Definition 1 (Maximin share guarantee). MMS {#IFCEE i € N i )2

MMS(i) = Jmax min v;(S;)
kR R B CRHEY) 2 B n A0, At BB R PR IE 22 /015 21 S A8 B H e U
B/ — . EATEERE, MMS 20 (PRIERASCELAFRRE 8] B O MMS)
WA B RN . H3Z 042, Procaccia Ml Wang [9] IEF T £/ (2 — MMS)
UEBLY) MMS 43 (approximately MMS allocation) (GEANREEACKHSE] § b/
) MMS) B2 FFER -

Definition 2 (Proportional fair-share). PFS Z)EifRIEACEE @ € N 15 37F 5
E£H65 MY % I, Wit PFS = % —~ proportional allocation & X}

THE-MMEEES N, A

n

v;(S;) >

ARG Eh /1) PFS (total value / n), {HISFHEE R PFS allocation
EWRE W R MMS, W R e — A AEEA S AT IPER RO (superadditive utility)
[10].



Definition 3 (Envy-freeness). EF FZBRZE FrA A AU HHABACEE 23 BE AP K
HEERHCH. A
Uz(Sz) 2 ok ’Ui<Sj)

ST PANCRE @ F 5, B a € (0,1]
Yoo =1, RAFERN EF.

Definition 4 (Envy-freeness-except-1). 24 agenti #5457, (224 5 WA M EL
(the most valuable ) WIEHBLRIRIG, WO, 2B L EFL, &

vi(Si) > axvi(S; \ g)
SFFRAREL @ F1 j, 24 « € (0,1], #5 “\” REEHEMNE (Bundle) S; hEBFE—A4
Yiit g

oo =1, ®AVEEHN EFL. EF1 W EF $m5:#s, I3 H Maximum Nash
Welfare BYE [ /2 EF1 1 Pareto-efficient [11],

Definition 5 (envy-free up to at most any item). *4 agenti ¥l 7, H/224 7 W
RAMER) (the least valuable ) W)t ARG, WEGHEK, BARHE EFx,

Uz(Sz) > ok Uz(Sj\g)

KHFPACEE @ A1 j, o € (0,1]

Yoo =1, IMAFENGHC EFr. A EFx W EF Sif, [H2H EFL ™%
M. MTa-FmE, EFx i EFL BEmad, (HhEmELAsLHl. FLE, EFx
T ) AR IR R AT A [12].

Rtk B el v = (0,0,---,0) 358495 2 EF. EFx Ml EFLl. &, ibprg
BT M ERARIG 25 28 DU AR BT R, R NS 3B A
5 [13] AR, FRNTETE L AEAE Ty (pure envy-free) Bl EAYHR
fibr.

Definition 6 (Pareto efficient). P ZEFLRFE (Pareto efficiency) =M 2 6 5
(Pareto optimality) (PO) @XFE—FEN: X+ N A @, NMEAEBRRS
[iTH UI, @ﬁ“ Ui(Si’) > Uz’(Sz')o

B, AFAEBEN @ € N a[DAEA b ABHERITE DL T 320 B S {E
1 PO 7rBL.

ARG L AR SE AR, R HA R R RN S0 - F- 7 B SR i Bl o

4



Chapter 3
SCHRE A

WNHTETE, FYP FREOCTHERZA A EI I 20 (SRR gy — ARk,
AREFROTEIRZ AT ), BeAh, AT RERE] T — L8] - Be s i o

3.1 Aul gy BIPnan g2 P o i

LR KA BE A SR TR A B, e O IR B ) TE R D A A PR S . BRI,
FHEAZAR I T HIEMAI A (fair relaxations), 41 EF1, EFx, MMS %, 1]
LT R AE (1] [14] [15] o IR E R C 28R TR A
S EE= o v e A [ | [ Rl 5 4 WS L N = o R s S =R/ S 7 87l A SR N8 i

3.1.1 Divide-and-Choose (DC)

Divide-and-Choose J& i &M ELHEEZ —, FERAWMEAWFLT, X4
AR E L R R BB CE BB A BULAL, B S AR OR SRR
R EA R B TR R 2 — AU Rl GRS LG I i de KAk, DARRAR
H O WA KA. RS — MU AR KA T (X1, Xo) RO, P4
MMS X Ath /Gt 552 B 1, T EF X8 AR A0, B R sk b 58 A
(X1, Xo) 1158 T WA . X — 2 i1 Plaut A1 Roughgarden jIEHH [16].

3.1.2 Adjusted-Winner (AW)

75— M) T AR S BESRA 2 Adjusted-Winner, ZEIASRIEE
ZPAFI RO AR BN SV RE WA X i Al [17) X T 28— N4 B it i
B, EF1MRZAELE. XA DAL TSR S T RE R AL 48], (=
FA—E WL MMS 8 EFx [18].



3.1.3 Sequential Allocation and Round-Robin (RR)

T3 — 0] AR R B V- B 2 U e, RR I Bk ey, BPAAT
e FE— 2 B e #k e B O 5 )P i, 11X AN 07— B A %L [17]. Round-Robin
algorithm 2R TR F B YEZ —, EX A E Y K S (chores)t B
— AR 1.0, PAMFAIE EFL, {H EFx AJREF R MBI, Aziz 28N [19] 4
KA 43 FI50 B A1 2445 W A S T —FOSUE AR D 7 56 . Amanatidis 58 A
[20] F1 Aziz [21] S8 Gl P EVEE LT MMS 2-F.

3.1.4 Envy-freeness (EF)

Ty (EF) @—FhBRAIL A TAniE, BERENS 5EES Y MIHA 2
BEGE N EE . BIES 5 E R MR, BRI AP AR 2 R A
MERY [4][22] 0 3% — ) R DT EFE Stromquist [23] X 5543 BL A R BFSE, DA
Je Varian [24] X2 240 BLR BT .

Xt EF g )mfRYE, AN st TR SCH B AR, 41 EF1 fil EFx, EF1 2
KNS HEWIE AR Td 7 R FE M S 5E W A (1] X—20K
WEZ W, 1 HAERZ 500 IO 2 R AP0 T n] - FI I H i,
Plaut 1 Roughgarden [16] $&H T —FhZ Wiz} ] (polynomial-time) $7 AR 4 SLH
EFl. FEH| EF1 H5R{EIIE EF MELACIPRIE EFx, BORZ5E AT
WG AT AR — TSR 52t N Tie, SR1, EFx W) iz vl F PR & — AN B R Ui
A8 [12].

3.2 HIRILAfE

3.2.1 Spliddit

Caragiannis S A [L1] $2 17— IR 7%, R R 208 AR 335 MNWs
(B RAATAEH) B AT HH, AATIER] T MNWs il MMS —F¢, 7EAR
AEIRIE O T OMAERE — &) BFL. &5, MAT&M, FEXFER T, MNW
e APX-hard, —A~ NP AL, Shit, MAT80T 7 — MR, S5
A 1000 1, FEAEH Z A L 2 ok vaiox —WxE. fR)E, TR
YEAER Spliddit M rgicZ L8 (Fig. 3.1),

'But not a mixture of them
2Polynomial-time reduction.
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‘ Spl Idd it DIVIDE: RENT  FARE CREDIT  GOODS  TASKS ‘ ABOUT  FEEDBACK

DIVIDE GOODS

Live Demo

THE BASICS

Participants (comma-separated)

Alice, Bob, Claire

Items (comma-separated)

Gold Ring, Diamond Ring, Pearl Necklace, Ruby Earrings, Gold Watch, Silver Bracelet

UPDATE

ALICE'S EVALUATIONS

BOB'S EVALUATIONS

CLAIRE'S EVALUATIONS

+

Fig. 3.1: Spliddit
Spliddit T B AEMRR = A HAARRY 2P0 FE A R e et i Ao =245

Mo B BB RN AR . B0 SCREERE DA KR . (HE H AT 4= 1k ik
5 o

nnnnnn
$ 207 00

Master
ccccccccc 533 Bedroom
ccccccc . sserer (D ¢ o
we QD oo QD ¢ o7 o

[ scscr [ vecone [ conre | Caron Tt 000 == Cument otk 1082
Target: 1000 Target: $1000

(a) Spliddit-goods-input-interface (b) Spliddit-rent-input-interface
Select Preferred Task Multiplier
Cooking O Trash No Preference s
© Cooking Dishwashing No Preference 7
© Cooking Dusting No Preference .

(c) Spliddit-tasks-input-interface

Fig. 3.2: Spliddit-input-interfaces

EVRA TS T, S 58T NAE 1000 D RUCRFR AT 4@ e . ot



Bk AT FHUN (ordinal utility) * 382 HEARN (cardinal utility) * #EHT A
DAL S T i A BT B A R I R SRR AN [ e A oK [RTREAG T 0 the e A

G, AR, ERBuR SR, S 5ERE A C R A F
Btz A A f (offer)

£ Spliddit AL55 B, 24 P 2 AR M — TS5, AN PR —
M AfES (input signal, BIAI—MwsFr98E30), HTIHEES SR 42D
PR A ARSI, X EEE SR 2 A A% (multiplexer) #E47 4 118
e, I HE— D AMEIB AR 5 R T A G155 (combined signal) .

3.2.2 Splitwise

Splitwise pr il A& e — T MR TR, Bl 7= Z [ H I,
et T A OL R A A, BETIRDURS {%‘M% E Alvin Roth #2150,

M P RReE s Gl ERNBApEEEE. REES R RIS, Bk
A FENES, BRI Bk 2
o lsain or| s StenTes
% d The Splitwise [} Roomname: Room #1 Room name: | Room #2
rent-splitting calculator
oo bmooma e 1 e L en &
‘
Stewpugne ®
[ |
[ - |
(a) Splitwise stepl (b) Splitwise step2

x - The Splitwise
rent-splitting calculator

[
=
therent taety,based on
oo iz, closets, bathrooms, and mre.
blogpo Here's how you should split the rent:
Room

Step Three
(ot

u .
trackof I0Us. It to
Close

(c) Splitwise step3 (d) Splitwise result

Fig. 3.3: Splitwise

30rdinal utility focuses on relative rankings of goods combinations that represent customer

preferences, taking just order into account.
4Cardinal utility provides numerical values to preferences, offering quantitative comparisons

and calculations of satisfaction levels.



Spliddit 38 3 73 Bt s R0R S O 25 328 X R A e i R, SR AL AR T
P, PAIE Y BT P B3ON D ROSOT (93835 - Splitwise Ja AL 5345 fa] AL 1M SERL )
G T2 W T Y R UECR

3.2.3 Adjusted Winner Website - NYU

H—ANH AL RGP MG (Fig. 3.4) B/ T H Steven J. Brams £l Alan D.
Dedicated $2 1) Adjusted Winner, AW SYAR)FE, DUR A RE A -FHIZEPI S
5HZ BRI n AT EI0 [4]) o R AR AL T 5T A P BB I
EPS Mﬁﬁﬂi)ﬁfﬁﬁm%% (playground) . &SR 1% W sl 1) B A2 1T 2 B9 o
B HHE2E '521-‘{)\ FYP HIWH R —2, B AP aiifEssdift 72%, X
IE AR EE AT SL A T T

AN A T AN

Click here to print this document
Adjusted Winner (AW) is an algorithm developed by Steven J. Brams and Alan D. Taylor to divide n divisible goods between two parties as fairly as possible.

The examples and other information found on this site are from the two books, Fair Divis om Cal t R 1 (1996) and The Win-V

/(1999), both by Brams and Taylor.

This site will
« demonstrate the AW procedure;
« provide some background information about the mathematics of fair division;
« allow you to try the algorithm; and
. Erovide links t information @bout the authors and ofher sites on fairdvsion
Clicke here to view a printer friendly version of this site (without frames and dynamic text).

This site is optimized for M Intemet Explorer
Adjusted Winner

AW starts with the designation of goods or issues in a dispute. The parties then indicate how much they value obtaining the different goods, or “getting their way" on the different issues, by distributing 100 points across them. This information, which may or may not be
made public, becomes the basis for fairly dividing the goods and issues later. Once the points have been assigned by both parties (in secret), a mediator (or a computer) can use AW to allocate the goods to each party, and to determine which good (there will be at
most one) that may need to be divided.

Let's llustrate the procedure with an example. Suppose Bob and Carol are getting a divorce and must divide up some of their assets. We assume that they distribute 100 points among the five items as follows:

item Carol Bob
Retirement Account 50 40
Home 20 30
Summer Cottage 15 10
Investments 10 10
Other 5 10
Total 100 100

AW works by assigning, nitially, the item to the person who puts more paints on it that person's points are underlined above). Thus, Bob gets the home, because he placed 30 points on it compared to Carol's 20. Likewise, Bob also gets the items in the "other
category, whereas Carol gets the retirement account and the summer cottage. Leaving aside the tied item (investments), Carol has a total of 65 (50 + 15) of her points, and Bob a total of 40 (30 + 10) of his points. This completes the "winner" phase of adjusted winner.

Because Bob trails Carol in points (40 compared to 65) in this phase, initially we award the investments on which they tie to Bob, which brings him up to 50 points (30 + 10 + 10). Now we will start the "adjusted" phase of AW. The goal of this phase is to achieve an
equitable allocation by transferring items, o fractions thereof, from Carol to Bob until their points are equal.

What is important here is the order in which items are transferred. This order is determined by looking at certain fractions, corresponding to the items that Carol, the initial winner, has and may have to give up. In particular, for each item Carol won initially, we look at the
fraction giving the ratio of Carol's points to Bob's for that item:

(Number of points Carol assigned to the item)/(Number of points Bob assigned to the item)
In our example, Carol won two items, the retirement account and the summer cottage. For the retirement account, the fraction is 50/40 = 1.25, and for the summer cottage the fraction is 15/10 = 1.50,
We start by transferring items from Carol to Bob, beginning with the item with the smallest fraction. This is the retirement account, with a fraction equal to 1.25. We continue transferring goods uniilthe point totals are equal.

Notice that f we transferred the entire retirement account from Carol to Bob, Bob would wind up with 90 (50 + 40) of his points, whereas Carol would plunge to 15 (65 - 50) of her points. We conclude, therefore, that the parties will have to share or spiit the item. So our
task i to find exactly what fraction of this item each party will get so that their point totals come out to be equal

We can use algebra to find the solution. Let p be the fraction (or percentage) of the retirement account that we need to transfer from Carol to Bob in order to equalize totals; in other words, p is the fraction of the retirement account that Bob will get, and (1-p) is the
fraction that Carol will get. After the transfer, Bob's point total will be 50 + 40p, and Carol's point total will be 15 + 50(1-p). Since we want the point totals to be equal, we want to choose p so that it satisfies.

50 +40p = 15 + 50(1-p)

Solving for p we get -

Fig. 3.4: A website showcasing Adjust Winner algorithm maintained by NYU

3.2.4 Fairpy

Fairpy ° j2—4T Python BP0 RCEIEE, B1E A0 FEHR B Fh A1)
RIS SRS T AP BCR LA B2, AU4E envy-free. propotional #lI
fairness. ‘ENAFMFILIEHE T2 MFE, BIAIAT 70 SRR EI00 P&, PAK
ALK TR DL

Fairpy B9 BITXE 02238 100 A, R B W i) SCREAT R B, LA (58 58 it 5 30

®Find Fairpy at https://github.com/erelsgl/fairpy



Fo MHENG . TR AT RN ] DAE R R R 2 A b b L
A PRIV 1A G VR R 7 N (P e

o

”

WIS R o e it — B A e TR, Fairpy s AR FONISC B 5 1 58
PRI IR EETHE MU T otk

0 fairpy  pubiic ®Watch 2 ~ % Fork 48 Starred 24~

¥ master ~ ¥ 1branch © 0 tags Go to file Add file ~ <> Code ~ About

An open-source library of fair division

0 erelsgl move files to courses library v 47865cf last week O 981 commits algorithms in Python
W .github/workflows Switch to pytest badge last year M Readme
&5 GPL-3.0 license
0 examples improve docs 7 months ago
A~ Activity
experiments Add adaptor from any instance to AgentList; remove agents_from 7 months ago ¥¢ 24 stars
fairpy move files to courses library last week ® 2 watching
I tests move files to courses library last week ¥ 48 forks
Report repository
[ .gitignore Add adaptor from any instance to AgentList; remove agents_from 7 months ago
[ LICENSE Initial commit 4 years ago
Releases
3 MANIFEST.in Fix setup last year
No releases published
[ README.md update readme 7 months ago
[ pyproject.toml ignore experiments in pytest last year
Packages
[ related.md add papers 2 years ago
No packages published
[3 requirements.txt remove ecos 6 months ago
D setup.py Fix setup last year Used by 5
O tox.ini Fix setup last year

1'r @ItayHasidi / researchAlgo_ex9

0 @erelsgl / fairweb
Fig. 3.5: Fairpy — a comprehensive set of tools and resources for fair division

Aa TIEAERY P A s SRR AR 2 0 B Rl , B A7 IE = B IR ANt
FEHAU A A EENSHEMME. A FYP K8 SRR BRI 2 s Al
¥k (DC. AW, RR. EF), @658, 5. BER MMk, MeiN R
AP, ARG — LU S R
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Chapter 4
S0 5 1k

4.1 BHEHSE (i )iy Theoretical Method)

NP — YU IR R, W AT, BERE . BUAAT AR AL
R BTSSR AT IR B, AN R 7 AR DA TR BREE T B I

N T RN T A, 4R SR £ DA SR AR ) 37 53 0k 500 T B U A
W LAE SR S, A, IRRMZ ERYBUA FH,  Ingad v BEIR UL ) AT 1
FORIt ARHE A fA] B 5 TR I AR P R P At S e S A6 A A B DL AR

4.2 Veil5esl (52k )i Empirical Method)
A FYP AR FHIB 0, BV R DL 8. BRI E THRE A

ZRMmE (DC. AW, RR. EF), FF2{HH Go 15 S BURIIN B R /Y 7
FeATh G241k, Go WEFEHIEBA A~ LY 5K ) o

FE S SL B 2y, A WA R Ty 2, BRI g M A i /AR Y. BT
A A SRR BEH . S BE MR AP S, HA R
KA YRR KA DIRE . Lo/ e PR RUe a7 R (RO LR ke tE, A
BN NERE R, (HE AR AT R, SR MmO %) .

4.2.1 55 1 3oy Bpkseu s

LS Al

JIr PR B DU RP SRR AT AT Go 1B F 8, Hh DC #1 RR R MSe i . Xt
T AW F1 EF 503k, BATREABIEEAS%, I DA SR 52 SR S 352 i)
BE, R HERLE M B P AT AP 2 o
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R REE AR i
TERAEFSCIG , WU IS STEAR B BAR RS 5, MU T
TR LR BB A T I

« 5% (Completeness) : BHIEREARHIT AWM TLA A S 55

o AFYE (Fairness) ': S 5& NI GHFEHSUHZE.

o % (Efficiency) : iz47H], DARSE B C I &5 1 20 BREKL

T A B

AR FE AT RE A Hdm AP . WSR3 AR A Y% AR (patterns)
AIPERE, PABRPRIBIAAY SEBLRA — & B 38 L& I 1

« ¥%ifi (Normal) FrfZ 5EXARTEA— LR 2 BPFA, MATE
FEZ T AL (i -«

o Y. (Similar) B2 5800 RCY) i BA REH E R AT o
« )7 (Tie) FrAZ S5EX I BA 5 MR RS -

A Bt 2

RLZEAGUT, BT AP BRI PRI R, et A p B+ S,
MZ R ALY R EL. B0 # RS omSEy S ESLEdE. A, 1
BA X LEHIRATE LT, R SEEE R — AR RONE °, AT IS
AR T AR DA T -

o (i Python FfPAli—A i N AECFAURIN T 2880, fiHLEA 100
(Xf45 Spliddit {1 1000 xi). ¥ 4. 5 F1 6 B N {6 (A N = 7 il
Ol 32G BYNAESCRR) o MBI EALIERE 1000 SBHeI,  F-H5 w5 414K
PRy — X AR B SR T I . SRR 2R T 500 AL B, A
IR AR,

IDifferent algorithms treat fairness differently, and the differences may even have a large gap.
Here it is evaluated by the difference between the utility values obtained between participants after

allocation.
2Participants independently evaluated the items according to their own preferences, and the

evaluations were authentic and free of deception.
3Real-world data is always a combination of a finite number of natural numbers, at least, in

this case.
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o HE FRERE, HEEfRE 10 DEIRIECE LI . XRFRIE 500 A
BB, HIHE P 100 MERIEIE, 1EREERMEIRSE . B (U AR
o

o BEPLELEE 500 &%, IR EIRItEAM L S 5 . A4 T 500
A, S 5ER Y e A RO ey A

Table 4.1: Test Data Settings

Explanation / Input Pattern Normal Similar Tie
# Generated 1000 1000 500

Pair as a case True True False
Similarity False Every 10 data False

# Test cases 500 500 500

SR L R, W AN SEATEA R 00 N A Rk, A A RE

VA

il Fairpy ZEFTAMBIRPT LB 52T A ByERSLHE AR )5, $XF Fairpy
Al Fairallol * gEA7ANHRMAR, PASSIE A 5 51

o RS T2T ST R
o HCRICKE (GEFTI).

WSS BT  BLO, SEASFE Fairallol o 45 4.2.1 H75 S T 4T RO 1
BT, DAVPRITSSHISE R (B, JEih i b A,

4The name of this project.
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4.2.2 82 sy BmikilSse
I o3 5 i i

Play Ground

Fig. 4.1: Wire frame of Fairallol



Fairallol 3k I+ AR

W3 4% Bk Fairallol®, ffif] Vue HEZ2# 7, R HTML, CSS. JavaScript 254
Ao Wukfdi i Bootstrapb {ERZH4EE, NerdFonts Icon NFRAE T—2E6 0] 2 1 K 5
Axios KA KRS Jaim ik o5 Ae i As , U B I A FRAR R .

JE bR 55 Go I HMMEHER Gin w5, WAKEIAWEHMLH (DC
RR) PAKIET AW I EF By FhEIR 8O 1SS -

P AT i A A o AT el A b S 5 . © 7

oAt A 2 3

Fairallol 23— QAL AP M ul, KA mBEA T, S 5EMBEE. W
s Bl A S LRI S 2 5 H 1 H.8), MR TR 2273 B 17 A R 2% M
fift, AR R R BEDISE R A

I, Fairallol () NAEZ SR Ot 2T HE. 5| ANAR. EARAN, &
YRR RN S 1, BT E M, FHAMNE playground f#iji1H1# A
HiEz. FN, Dhagmm, HF PR A 4.
2

o RO IEE SR SE R IR I RO T ) R

o XPRBIEIATSEI T, FEIEAL LS P

o SMUTISE T PR . (R7 bug-free FLEFHIH)

Pk (Minor Testing)

& Fairallol %427, BBEAT—U/NERRATETINRS,  FF0F R 05 00 e 45—/ N 4>
N AU P e < i et ShREvEA S A

5Fair Allocation LOL
SFor front-end code, please move to: https://github.com/yongtenglei/fairallol
"For the back-end code, please move to: https://github.com/yongtenglei/fairallol_server
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4.3 Mg )ik (Theoretical) 5352k (Empirical) Jj
2 B BE&R

SEEUAN ] A EI R A Bl R SRR . TR SR SRR B R B, O
I Z B ] AP 2 i SR T TSR B, TN a1 56 A il B SR A
R BB 5. B2 R AP E W IR ARTGY, FRATWT DAE G EEAR T AT
ZIEIWMHE X, Fltl: EF. EFx, EF1 #1 Propl (Table. 4.2),

Table 4.2: The relationship between various fairness criteria

Existence Computation
Without PO | With PO | Without PO | With PO
EF No No NP-hard NP-hard
EFx
EF1 Yes Yes Polytime
Propl Yes Yes Polytime Polytime

XIS 231 i ) 5 B ) 4 TR BIEAS (S RE DD SR AR &, B BEIRA T IR E 58
BRI E R R AR L, BFFEN 5 R DA R G 1 St R R A
HARE . 8 SCERAIT IR RS 22 P HE R BRI, WA AR BT Ao il Skl
HERAPR 2 PRI A E TR 7 YR A 2 1 2 R B
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Chapter 5

5.1 Hdaiisy

MR, TR S, R G S B R B R Sk (58 ke,
X ESEE B R ) o A BRI S BRE S RS 4.2.1 7,

6 Python A st HF5 HAF 6 g 4 SCA SO, it Go 5 Il 1y 332

B

29,13,32,26
19,23,31,27
90,4,5,1
35,40,20,5
33,5,38,24
38,2,57,3
83,3,3,11
29,17,49,5
62,15,2,21
10,7,51,32
10,58,15,17
33,12,54,1
71,3,5,21
4,9,73,14

(a) 4 Normal partial

(b) 5_Similar_ partial

Fig. 5.1: Data preparation

5.2 Divide-and-Choose

(c¢) 6_Tie_partial

Divide-and-Choose JVAJRTEPANUHLZ [8] 73 BE A vl 23 18 ft i — b BRI BV A
J7ik. Divider @—MEMAGARE, RIS A SR E-REY R . 55—
N, H Chooser, Nt HCHERH—4H, FTHI—HE S Divider. iXFhJjik
iR ¥ envy-free, WoWEFEARRS] VBl —4L, midtfrsr#lny Divider

17



WA WAL B 26 A MY . Divide-and-Choose SYATE A4+ b A1 43 L 95 U5 5 THI
JEEAR, BB RRH R #RS 2 R R % .
5.2.1 Pk

1. B2 55k~ Divider 1 Chooser,

2. BRSO B RA R ME— 5 552 Divider SR REIS 253 B P 4H -

3. M bit-masking HEA RO A RO, FHARIH 2 ARE A ARIRE
B 41.

4. Chooser £k H C B R IFABTR >, MBS —ER4r B 45 Divider,

5.2.2 Bk

i 0 i (1 (items)): di++ {
groupl string
group2 string
valueGroupl 6
valueGroup2
j, item items {
i&(1<<j e
groupl (groupl, item )
valueGroupl divider [item ]
group2 (group2, item )
valueGroup2 divider [item ]
}
difference math (valueGroupl - valueGroup2)
difference < minDifference {
minDifference = difference
bestGroupl = groupl
bestGroup2 = group2
h

Fig. 5.2: Iterate through efficiently all possible item combinations using bit-masks

IR bit-masking KL ALzR, DAAG AT H A AR e, X2
SIITIRZ —, KRR TR MPERE.

18



5.2.3 Normal Case and Similar Case

Table 5.1: Normal Case and Similar Case of DC N =5

Item1 Item3 | Item4 Utility Ttem1 Utility

SRS BREREIAIRE:, IR bit-masking #1ERATREF-IPALIIRUN . PA
5 AW L, FATAT AR E, W%{z& REFR B BA S ARZUR B, HRG R
INEIFERT % %19 —M o

Table 5.2: The “divider” maintains a balance between the two groups of items

Utility of two groups of items (Alice’s perspective) in Normal Case

Items Item1 | Ttem2 | Item3 | Item4 | Item5 | Utility Gained

Groupl 12 0 16 22 0 50
Group2 0 37 0 0 13 50
Difference 0

e Normal R, B335 E Alice & Divider, FM Alice 1) B R A GEY 4]
B0 A AL, AL RO 22 3R T RE/ D (EEARBIH, Z24d bit-masking
BElG, WAZMEHZER R 0). R)G, Chooser Bob #E4E B 5 R ATEBY -

19



5.2.4 Tie-preference Case

Table 5.3: Tie Case for DC N =5

FIRFB R TR T EAMGER] T 58 e R B f b A, i kil 3]
— AN HCHARI H A EE S e (P54 Agents LT HABBIHI i, #8
BEK Item5) . Aid, DC MUSMRLF, E¥cA BFFFY Y mp 8, e
2oy E B, XA T T TR .

i B112% Appendix A.1(a)
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5.2.5 Overall Testing

- Se main go test -v

N: 4, Pattern: normal, SampleNum: 1000, FileName: 4_data_normal_1000.txt, FileDatalen:
Average Scores Diff: 20.26, Time elapsed: 8.73247dms, Average Goods Diff: 1.16

Test for:
N: 4, Pattern: similar, SampleNum: 100, FileName: 4_data_similar_100.txt, FileDatalen:
Average Scores Diff: 19.12, Time elapsed: 10.143776ms, Average Goods Diff: 1.15

Test for:
N: 4, Pattern: tie, SampleNum: 500, FileName: 4_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 19.62, Time elapsed: 2.517454ms, Average Goods Diff: 1.12

Test for:
N: 5, Pattern: normal, SampleNum: 1000, FileName: 5_data_normal_1000.txt, FileDatalen:
Average Scores Diff: 20.98, Time elapsed: 11.07734ms, Average Goods Diff: 1.7@

Test for:
N: 5, Pattern: similar, SampleNum: 100, FileName: 5_data_similar_100.txt, FileDatalen:
Average Scores Diff: 17.85, Time elapsed: 10.76893U4ms, Average Goods Diff: 1.72

Test for:
N: 5, Pattern: tie, SampleNum: 508, FileName: 5_data_tie_580.txt, FileDatalen: 500
Average Scores Diff: 21.01, Time elapsed: 5.19241dms, Average Goods Diff: 1.71

Test for:
N: 6, Pattern: normal, SampleNum: 1000, FileName: 6_data_normal_l1€00.txt, FileDatalen:
Average Scores Diff: 19.90, Time elapsed: 25.108888ms, Average Goods Diff: 1.76

Test for:
N: 6, Pattern: similar, SampleNum: 180, FileName: 6_data_similar_100.txt, FileDatalen:
Average Scores Diff: 17.45, Time elapsed: 27.226924ms, Average Goods Diff: 1.72

Test for:
N: 6, Pattern: tie, SampleNum: 500, FileName: 6_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 19.01, Time elapsed: 12.288562ms, Average Goods Diff: 1.60

——- PASS: TestDivideAndChoose (0.12s)
PASS
ok rey.com/fairallol/allocations/divideChoose 0.119s

Fig. 5.3: Overall Test for DC (Each pattern 500 test cases)

Table 5.4: Testing for DC

1000

1000

1000

1000

1000

1000

N 4 5 6
Pattern Normal Similar Tie Normal Similar Tie Normal Similar Tie
Avg. Scoreg;fs 20.26 19.12 19.62 20.98 17.85 21.01 19.90 17.45 19.01
Avg. Goodsgifs 1.16 1.15 1.12 1.70 1.72 1.71 1.76 1.72 1.60
Time Elapsed | 8.732474ms | 10.143776ms | 2.517454ms | 11.07734ms | 10.768934ms | 5.192414ms | 25.108888ms | 27.226924ms | 12.288562ms

S =FORFE R N R =R FE R AR AR, DA S 500 ANINRZE B, R SA
Fr vl AR T Bk . X EZFAREAIEIRAE S 5.6.2 7 PR THE.
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5.3 Adjusted-Winner

Adjusted Winner SIAM2 M T AW 0 AP RIRZ —. AR E
TEXFHRIGEIE DS S 5%, FRRa e 2 2 F . BRAMEERIES 5
NP AR (i D B U RER OO (EL, P IEe 2 53 . NIRIR A, %
FOEMEN T — AR AL, DA H X RS 5ERE R, AR R b
IR . FEARSEIIT S+

af = adjusted factor = sum of points / number of agents.

HH,

adjusted valuation -= af *n/

where n' is the number of items this participant has been (pre)-allocated.

BRI RUE T WA FHEN (fairness principles) : “independence” fll “envy-
freeness”. Independence J&HESAVATERHR AL R AR IRIEZ S 5 5 C 8 L)
i B BT U B IR B R DA RO A B i B AS B (adjusted valuation). #fifR envy-
freeness IHZ R MCE HAW S 5 E W 0 BCAUAA 5 TATIA 4 Bl - i) ih
Ui, WA AN FINERSG—ERE F%E PO,

5.3.1 FlLikbIR
LA (Widh) R .
2. HARA A MO R SRR, RN H RS 2258

3. KA L2 S envy-free, ARG, WpESEM, HRWEEHE PO. WIRA
e, MFEAT—2.

4. BUH S ARl envy-free A NS SEMPCAIH , HEHIEA DG
B
5.3.2 Skttt

BIERRE, MR REE R R L, AW A B RS 2P . ALy
FAGE THBLE K (simulated annealing) FEAR, FILFEZS —E RBIENG,
WA AE B, XA Tl 2B/ NIR R, PASE B 58 a1k
(BrA T A EEE A 25% ), RRFIE LR MR 5 2.
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'/ The adjustment factor = sum of points / number of agents.
adjustmentFactor := (totalPoints) / (len(agents))
if adjustmentFactor <= 0 {

panic("adjustmentFactor <= @")

}
allocatedItems := make(map[stringlbool)
 Shuffle the order of the items
rand (len(items), func(i, j int) {
items[i], 6 items[j] = items[j] 6 items[i]
D]
counter := 1
for {
if counter > threshold {
rate := (threshold) / (counter)

adjustmentFactor *= rate

 Shuffle the order of the agents
rand (len(agents), func(i, j int) {
| agents[i], agents[j] = agents[j], agents[i]
B
|

(agents, items, allocatedItems, adjustmentFactor)

|
done := (agents, items, allocatedItems)

Fig. 5.4: The idea of simulated annealing in algorithm for completeness compromise

i HIATELALE] (shuffling mechanism ) 387 B i 4 73 B A% b vl BE Hh B i 35
(biases) .

5.3.3 Normal Case and Similar Case

Table 5.5: Normal Case and Similar Case of AW N =5

T Normal Fy AR Simadlar By AR, AW ARREAEE S 1M . 5 DC A
, AW BLRPAG T HRIGH S AR A (social welfare)'. A SeiinZ 5H 1
Bﬁwﬁuﬁ’l‘ (RATREi 2 PO) 2ECYI, RIS ESTR G IHY, YN AHA

1

social welfare here means the sum of utility obtained by all participants or agents
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73 N LYNE5 Wik A S

5.3.4 Tie-preference Case

Table 5.6: Tie Case for AW N =5

Item3

5 DC B¥EMIL, AW BYEE Tie SR T BB B 5] — 2L R, AW Hvk
WRIES 5 E W T TP R B H , HE X Tie # A, & L AEE I 5 — & I
FPorle s 58 . QAR e VR R R, TR AR T RE G A ME AR B I
5o A THREERSERYE, ERE—EnERBERE, BBt GRAWE:, 75
VLB B, JREE R BOAWREAR, BRI GIT0E. SRM, EiX—HE, HHnTaEaiE
RREAL, TS 5 E X H M. Bk, FEAFXT Tie SR fm i,
AW AIEEAAN DC HAYL.

W H12:% Appendix A.1(b)
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5.3.5 Overall Testing

main / go test -v
TestAdjustedWinner
Test Adjusted Winner=================

N: 4, Pattern: normal, SampleNum: 1000, FileName: 4_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 23.46, Time elapsed: 59.941853ms, Average Goods Diff: 0.85

Test for:
N: 4, Pattern: similar, SampleNum: 100, FileName: 4_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 30.75, Time elapsed: 15.283481lms, Average Goods Diff: ©.02

Test for:
N: 4, Pattern: tie, SampleNum: 500, FileName: 4_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 24.73, Time elapsed: 51.420044ms, Average Goods Diff: 8.15

Test for:
N: 5, Pattern: normal, SampleNum: 1088, FileName: 5_data_normal_1000.txt, FileDatalen: 1800
Average Scores Diff: 24.60, Time elapsed: 48.398528ms, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: similar, SampleNum: 10@, FileName: 5_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 30.71, Time elapsed: 29.986243ms, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: tie, SampleNum: 500, FileName: 5_data_tie_508.txt, FileDatalen: 500
Average Scores Diff: 27.45, Time elapsed: 24.753526ms, Average Goods Diff: 1.00

Test for:
N: 6, Pattern: normal, SampleNum: 1000, FileName: 6_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 20.88, Time elapsed: 117.58782ms, Average Goods Diff: 0.07

Test for:
N: 6, Pattern: similar, SampleNum: 100, FileName: 6_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 22.83, Time elapsed: 76.304855ms, Average Goods Diff: 8.82

Test for:

N: 6, Pattern: tie, SampleNum: 500, FileName: 6_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 21.22, Time elapsed: 52.306141lms, Average Goods Diff: ©.09
—--- PASS: TestAdjustedWinner (0.48s)

PASS
ok rey.com/fairallol/allocations/adjustedWinner 0.483s

Fig. 5.5: Overall Test for AW (Each pattern 500 test cases)

Table 5.7: Testing for AW

N 4 5 6
Pattern Normal Similar Tie Normal Similar Tie Normal Similar Tie
Avg. Scoregiss 23.46 30.75 24.73 24.60 30.71 27.45 20.88 22.83 21.22
Avg. Goodsgiys 0.05 0.02 0.15 1.00 1.00 1.00 0.07 0.02 0.09
Time Elapsed | 59.941853ms | 15.283481ms | 51.420044ms | 48.398528ms | 29.986243ms | 24.753526ms | 117.58782ms | 76.304055ms | 52.306141ms

I = AR N R =F0A [ B A A, PASe 500 SIS G], R kDt
T3, AR T Bk R, XL RIEIRAE S 5.6.2 17 P ifdihie.
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5.4 Round-Robin

Round-Robin (RR) F35& 55— 12 F AN W] 43 514 i ﬁmﬁﬁoﬁﬁbﬁ
RO A e T T I 2R BL ) i 45 A5 S ERSE A P il . B HbI,

FEAEAR A E 2 55, ?Fﬂ%ﬂ%é%E???Eﬁ??fﬁfi*Tﬁh/\ﬁﬂﬂiﬂ‘qjjtﬂﬁ%@
e TS 5EEGNMESR D 28—, RS Z) P o e i B

RR SOk KRR EFL. POk TAET 02, 842 5% 02 i
H 2 AR Je e R B AN I H 22—~ AR, EW e 7 srt:, FOyIHE 9
BRI T 2 58 W H P A LR, S5HAAS 5HRIT IR .
5.4.1 SRR

L =@M HEI S 5 E SR AT AT (shuffling) .

2. #MFENZ5E, BN TRERATH .

3. SkgRiity, ERIFTAUIH 2RSS . X ISR MR, HiE 2 EFL,

5.4.2 Normal Case and Similar Case

Table 5.8: Normal Case and Similar Case of RR N =5

1 6

Item1 | Item2 Utility

Bob 2 17 65

WAL, WM Alice JH5, RJRENAZEE H O AR, HE
PR Wl 7> Bl 5e He -

26



Table 5.9: Round Robin allocation process in Normal Case

Rround Robin (RR)
Items | Item1 | Item2 | Item3 | [tem4 | Item5 | Participator
1 - Alice
Bob
Alice
Bob
Alice

2P Normal By ARG, BIEM Alice (F5E_BINF2BEYLR, Bob T RERT
B Z32R) R, SRR E R R . R E] Bob HEE, KL
... HRIFrAYRES AT S5 .

5.4.3 Tie-preference Case

Table 5.10: Tie Case for RR N =5

II!I

20

FURE, R AW —FF, A RAFIR DC —RERFRISIE Tie i ABIK. 72
Tie i ABIEUT S MIAMRRIIS S0V BRI RS, B SRR
TR P . BB G S0PtV R ERFRRE L%, B,
— Wi TSk, LGN RR 085 R — A RS 5 #AE R
ARG . M4, AEBUSE T b BRI T A BLE R B RR S0
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W 2% Appendix A.1(c)

5.4.4 Overall Testing

- main / go test -v
RUN  TestRoundRobin

Test for:
N: 4, Pattern: normal, SampleNum: 1000, FileName: #4_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 19.15, Time elapsed: 1.474912ms, Average Goods Diff: 0.68

Test for:
N: 4, Pattern: similar, SampleNum: 108, FileName: 4_data_similar_100.txt, FileDatalen: 1800
Average Scores Diff: 27.07, Time elapsed: 1.201002ms, Average Goods Diff: 0.00

Test for:
N: 4, Pattern: tie, SampleNum: 500, FileName: 4_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 31.34, Time elapsed: 1.636466ms, Average Goods Diff: 0.00

Test for:
N: 5, Pattern: normal, SampleNum: 1000, FileName: 5_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 20.47, Time elapsed: 2.221386ms, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: similar, SampleNum: 100, FileName: 5_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 25.57, Time elapsed: 2.911443ms, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: tie, SampleNum: 500, FileName: 5_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 29.80, Time elapsed: 1.99129dms, Average Goods Diff: 1.68

Test for:
N: 6, Pattern: normal, SampleNum: 1000, FileName: 6_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 15.36, Time elapsed: 3.082858ms, Average Goods Diff: 0.00

Test for:
N: 6, Pattern: similar, SampleNum: 10@, FileName: 6_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 19.46, Time elapsed: 3.014712ms, Average Goods Diff: 0.68

Test for:

N: 6, Pattern: tie, SampleNum: 500, FileName: 6_data_tie_5008.txt, FileDatalen: 580
Average Scores Diff: 24.96, Time elapsed: 3.434005ms, Average Goods Diff: 0.00
—--- PASS: TestRoundRobin (0.02s)

PASS
ok rey.com/fairallol/allocations/roundRobin 0.027s

Fig. 5.6: Overall Test for RR (ach pattern 500 test cases)

Table 5.11: Testing for RR

N 4 5 6
Pattern Normal Similar Tie Normal Similar Tie Normal Similar Tie
Avg. Scoreg;ys 19.15 27.07 31.34 20.47 25.57 29.80 15.36 19.46 24.96
Avg. Goodsgify 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
Time Elapsed | 1.474912ms | 1.201002ms | 1.636466ms | 2.221386ms | 2.911443ms | 1.991294ms | 3.082858ms | 3.014712ms | 3.434005ms
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5.5 Envy-fairness

EF1 & EF M. Wgi@dl, DEAP SR, ERRm—0r sE — i
Ja, PURaiHR T, XEERE ROy E T =, B EFL,

XASLBITEREE R T EFL AR, SCE sk, @ RE s BA WS
HRIYNECRE, TR 07 B — D A R 2 TR, A A e i DA
KA. 5 AW BRE—FE, W16 BB TR N2 538 3 s oA, H
SRR, RBRE W TR Y AR AT, XS AW BIRA
ISR

5.5.1 HLikLIR
L RIS 5 MmN 2 B i o
2. RAm AR, o s H R I e b B 5

3. I (15 SH WS —F5 5 RAIR S TR, Bk
% (transfer), DPABAAET-A.

4. [HZSHEESEAMEMHES TELEEREY . MR XY,
WESERT S 5E HAEEN Y

5.5.2 Normal Case and Similar Case

Table 5.12: Normal Case and Similar Case of EF1 N =5
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5.5.3 Tie-preference Case

Table 5.13: Tie Case for EF1 N =5

19

Bob

1 EF1 AR — B, AR B P07 95003 e i i 0, A — i
G R B R L il X AR REE I, fE T, RA 22
BRI AP, W SLe% g BRI RS 5 . 1A, IR A
NS HHERBIMYINE L, MRS (transfer) PAGRERPAT. el AR Z
Hil, XA T AR — AR iR K PO BSTAERL, MEMARHMEZ )G, X
it EF1 20 mE A5 21 1 PRIIE

M HIZ% Appendix A.1(d)
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5.5.4 Overall Testing

main v go test -v

N: 4, Pattern: normal, SampleNum: 1008, FileName: 4_data_normal_1000.txt, FileDatalen: 1860
Average Scores Diff: 20.03, Time elapsed: 3.452247ms, Average Goods Diff: ©.00

Test for:
N: 4, Pattern: similar, SampleNum: 100, FileName: 4_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 29.76, Time elapsed: 3.218606ms, Average Goods Diff: ©.00

Test for:
N: 4, Pattern: tie, SampleNum: 500, FileName: d4_data_tie _500.txt, FileDatalen: 500
Average Scores Diff: 19.61, Time elapsed: 1.371437ms, Average Goods Diff: .00

Test for:
N: 5, Pattern: normal, SampleNum: 1000, FileName: 5_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 20.36, Time elapsed: 3.877644ms, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: similar, SampleNum: 100, FileName: 5_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 27.71, Time elapsed: 2.510686ms, Average Goods Diff: 1.80

Test for:
N: 5, Pattern: tie, SampleNum: 500, FileName: 5_data_tie_5080.txt, FileDatalen: 508
Average Scores Diff: 22.27, Time elapsed: 1.188571ms, Average Goods Diff: 1.00

Test for:
N: 6, Pattern: normal, SampleNum: 1000, FileName: 6_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 16.30, Time elapsed: 3.011717ms, Average Goods Diff: ©.00

Test for:
N: 6, Pattern: similar, SampleNum: 100, FileName: 6_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 22.28, Time elapsed: 3.505614ms, Average Goods Diff: ©.00

Test for:
N: 6, Pattern: tie, SampleNum: 500, FileName: 6_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 16.05, Time elapsed: 2.104929ms, Average Goods Diff: ©.00

--— PASS: TestSavellorld (0.03s)
PASS
ok rey.com/fairallol/allocations/saveworld 0.031s

Fig. 5.7: Overall Test for EF1 (Each pattern 500 test cases)

Table 5.14: Testing for EF'1

N 4 5 6
Pattern Normal Similar Tie Normal Similar Tie Normal Similar Tie
Avg. ScoreDiff 20.03 29.76 19.61 20.36 27.71 22.27 16.30 22.28 16.05
Avg. GoodsDiff 0.00 0.00 0.00 1.00 1.00 1.00 0.00 0.00 0.00
Time Elapsed | 3.452247ms | 3.218606ms | 1.371437ms | 3.877644ms | 2.510686ms | 1.188571ms | 3.011717ms | 3.505614ms | 2.104929ms

M HOR R N RIS R AR, AR 500 SRR, XS
FET VA, AT T AT . BRI IENRAES 5.0.2 15 At
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5.6 Overall Analysis

5.6.1 ApEHA (Fairallol VS. Fairpy)

TEAMRM T, Fairallol 55 Fairpy PA Round Robin S #47 HE TR AN .

ERZMH, B TR 22 Be AT N e B — 2
Elmllar 4

Alice gets {Iteml,Item2,Itemid} with value 58.

Bob gets {Item3,Item5} with value 56.

elapsed time: 0.0002803802490234U4375

normal :

Alice gets {Iteml,Item2,Itemd4} with wvalue 71.

Bob gets {Item3,Item5} with wvalue 65.

elapsed time: 0.0001437664031982422

tie

Bob gets {Iteml,Item3} with wvalue 20.

elapsed time: 0.000139236U4501953125

Fig. 5.8: Shallow test for Fairpy (the Same behavior as Fairallol)

TEREEM A, Fairpy $R M5 Fairallol #H A B 700, B H 6=

BlfERR (B RXWASELE RR Sk BT 2 —2) .

Fairallol vs Fairpy Overall Test Comparison

1145568 11212038
¥

Alice gets {Item2,Itemid,Item5} with value 30.

7.582002 7.507112

Time Elapsed (ms)

11201002

Norma Similar
Pattern

| o Fairallol N=4 - Falrallol N=5_ - Fairallol N=6_~& Falrallol N=4 - Fairpy N=5_-s- Fairpy N=6 |

i

Fig. 5.9: Fairallol behaves the same as Fairpy and runs nearly three times faster.

Fairpy FJERAMIGIENEZS % Appendix A.2

1Ef# 5 Fairallol ARG (B4 AR 500 D%BI) X Fairpy 2
Friids. % Fairallol AMURATYS Fairpy MIFIRAT A, i H#ER S Vi 3

1%

33



5.6.2 WRMGR (Fairallol)

Preference Pattern VS. Average Scores Diff (N = 5)

£
g
5 =
&
gﬁ 225
-]
£
a 20
Noi Similar Tie
Preference Pattern
\:--Dc -+ AW % RR -+ EFL jI
Fig. 5.10: Preference Pattern VS. Average Scores Diff ( N = 5)
Preference Pattern VS. Time Elapsed (N = 5)

T°

]

g

w

g 2

IS

103734 107g8534

3.817644 . 5150414
T Msﬁ

Tie

Similar
Preference Pattern

[-o-Dc -+ AW = RR -n-EFl:\

Fig. 5.11: Preference Pattern VS. Time Elapsed ( N = 5)
HLZIUES% Appendix B

RR S0 AN R @ A0 ) B 5k, (BAE M —Fh AR BE, B B A A
BRSSOy S R A B B s s T seR, IR WE —
APHEPRIESI AN EFL 48, SR, (HAEERE, RR B4 BCHE 6T 5 SRS,
MA B H R 8 S 5500 H W, X SECEEAPEIE— M 5t
Similar F1 Tie) BFEANE]ATFARUE.

AW BRMTERE VP i 22, FEMTRIC, SRIFHRBUN Z R P AR, AR, #6
IR A D PR T RE R AT AE ) T — A [ E B TR R T, R AE BT LIR S
ARG AR, IR AUEACE FA B G A 2 X 1247 BLLLE K
(simulated annealing) 4bFH, TEXABEHFAESHE, EUHTHLIF, BB
B 25 5 9 7E n=1000 HFBAPLE Ko X AME R BEAE Tl RFEERAY SR AT
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BE2 AW HIE% A& HARE Ry ey, A i/ IME - Bo ot 2 ) i 21,
B ER T A O 2 o (BEF) B, X E— 280 SCRY Bk o R Y

EF1 B# R RNRAERE, ML L, BFE K ZHO R 2 — Ffh s 28 i Bk
EAR EF1 BIRRERILEAZ 5FAEEE — 0 B B Rmm, HEHAREfRIE
B R ITR L. X2 EFL B3RS IE T HAS 5EA N, ik
A5 TR DT REVRCRANBEARAERN] (social walfare), I, HIEEANZ5%
e EF1 B TARERENNE, B BT 0T 2 5E R R 2 .

5 EFL S, DO Sy & Rk, HEAR T T ST 5 i
BB 555 555, B5 4505 ¥4 2077t 2 Divide and Choose.
BT RO RS IA T, 43 BRT ARSI AL 074, [ e
HUR BB — 2L, DC Sk RAETA5 5% 2 WA R T4 514 5 —
FOASEITARU0 T, & 0 S 5 T IR A S0 B St ST, 24
WIS SEBAPI, B8 S5 RN, SR TR R T
SEER, KERA FYP R,

BZ, TEPIA Ny Bedy iy 8B, AE B st A DU A BBk, DC RN
[/3=5 2y O 27 BN &7 B 1</ B LV RS
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Chapter 6

LIER(ie

6.1 M (Welcome Page)

Learn more - About Me

Find the fair allocation
you want! LOL

#A Start with a Story l @ Find your own solution

o

Easy to use. Guaranteed to Work for peace.
So easyto use, evena work. Fair, Envy-free, Welfare
Gopher could do it Wil always find a Solutions.

reference for allocation.

Fig. 6.1: Awesome Welcome Page

Wl PAZL A R, SRft B AR EBIRR:, JFPARTZRY Go i H S+ “gopher”
GV EARRRAR L 2 F 0 Bk
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One day Cowbe found a bunch of snacks, but it is hard to share them with

Cowbe and RayHan are best friends RayHan.

=phv & 1IVAYS

Try to save this friendship! Try to save this friendship!

Is a "snack" war inevitable? NO! They just need a nerd gopher!
-

Try to save this friendship! Try to save this friendship!

Fig. 6.2: Step into fair allocation through an interesting story

ZE T DA IS — BRI AP e, SRR 1A — D TR B LA
VHAF T (See Fig. 6.2).

To help Cowbe and RayHan, allocate 100 points according to their preferences

Please check the remaining points, and make sure they are used up

Hot Dog Pizza Burger Ice-cream
@ A = s
Cowbe: o Cowbe: o Cowbe: o Cowbe: o0

RayHan: o RayHan: o RayHan: o RayHan: 0

Cowbe RayHan
Points left: 100 points left Points left: 100 points left
Hot Dog: 0 Hot Dog: 0
Pizza: 0 Pizza: 0
Burger: 0 Burger: 0
Ice-cream: 0 Ice-cream: 0

Random fonCowbel Help Cowbe make decisions I Help RayHan make decisions !t Random for RayHan
«f Allocate

Fig. 6.3: Try the algorithm and save the friendship

25, ZMEFIPATE playgroud S 5E, HHEA L PR R . RAHRIIA D
R E % (See Fig. 6.3 and Fig. 6.4).
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Don't fight with your best
friend, come here for answers.

‘ @ Find your own solution now ** ‘

Fig. 6.4: Find your own answer and try more algorithms

6.2 M0 (Find Your Own Solution)

Hi, finally you're here.
We've been waitingfor o
: oV ©F
you for a long time. e
3

A | -
Come and play, and we'll tell you everything you
need to know.

° 0)
okay, tell us how many items you want to be allocated? m

# of goods

Number of Goods

Fig. 6.5: Try more algorithms following the handy guide

ViMFE AT AE “Find Your Own Solution” {2 AISSBLRSATE, FFRFHY A

B O R AP BC R T o P T DAMRYE Gopher B)45-5—20 20 5835 H
CHGE, HFELE DR, KA EHCH AN ES% (See Fig.
6.6).
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5;64 .........
- yongteng k

vvvvvvv
L] L]

,,,,,,,,,,
‘‘‘‘‘‘‘‘‘‘‘‘ :

UUUUUUUUUU na: Banana:
o L] L]

o S
(a) Number of goods and names (b) Visitor names and preferences

(c) Choose a algorithm want to try (d) Got a fair allocation
Fig. 6.6: Find a allocation step by step
Z W S ] DA AR [ A SR S BN TR BE 1) 2 B CO R SE B BL 22 . Bilan,
f#i /] Round Robin 835, BN H5ELER 0T HHEA MR MHLSHER A O
MY, X458 254078 SXY A BepLE] (X B8 4 Be b
J¥) %K. [ Divide and Choose 5.y, A PAFRETE A TH U E AP . Adjusted

Winner 3%, - PHodild — 28t s min . ESEERRZ, Save the World
RS EFL BRMIE, AR n] REORFE o e i i P4

6.3 fREALTEDL B 2E oA TE
Fairallol 3605 T SWUAIIAE, (W% 58] T HEHAERIHSR A P k.
6.3.1 Jhffbn

PR A BB U sHCE TR, RES BoR TR, 4T B
PGB DR AT T — A
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To help Cowbe and RayHan, allocate 100 points according to their preferences

Please check the remaining points, and make sure they are used up

Hot Dog Pizza Burger Ice-cream
Z » s s
Cowbe: 0 Cowbe: | -1 Cowbe: 0 Cowbe: 0
RayHan: 0 RayHan: 0 RayHan: o0 RayHan: o0

RayHan

Points left: 100 points left

up all points, and Help RayHan make decisions !!!
lue(>=0).

Oops... Please fill in the preferences as requested, if you really want to help...

Allocate all 100 points, and assign the appropriate evaluation to each item (>= 0)

X

[ @ allocate

(a) Input illegal or all points are not used up

(b) Network errors or back-end crashes (c) Everything is going well

Fig. 6.7: Hints at the Playground

¥ 7F Find Solution T AHIEE/ R, 2% Appendix C

6.3.2 fdeHPE

i A B 21 4 P P R A I i R 55 SR B i B R R S . A, BT a0 i
I I 24 RIS 538 2 BRI A e ME— 1, Ao b AR A R — a0, PAGRIIE
RS EEE -
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Good4:  banana Good4:  bamana
(a) The same item name is input (b) Codes the duplicate names automatically

Fig. 6.8: The front-end program ensures that item names are not duplicated

B2 Mttt fl, 2% Appendix D

6.3.3  J AR b o

0 A PO BC I B p 0 b R, R B B AR R
43 playground HEfit T RENLEI, (LFREA Z R E Y. MFE Find Your Own
Solution #4y, $EHLT —ANVREEEI, AIARYEH P BUA B AR 4o g, DA 2

To help Cowbe and RayHan, allocate 100 points

rding to their preferences
w

‘To help Cowbe and RayHan, allocate 100 points according to their preferences

Fig. 6.10: Adjustment option makes input to satisfy requirements on existing scale
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6.4 BHFE

Ly LG SRS R ETAR, K GRAB-AND-GO i)

L

Press ‘a' to start a allocation &

(a) Start (b) Submit

> cowbe rayhan

> hotdog pizza burger ice-cream D

~ . vizza 20 buraer 30 ice-cream U9 Congrats! @

> hotdog 10 pizza 20 burger 30 ice-cream conbe will get hotdog burger

> hotdog 46 pizza 30 burger 20 ice-cream 10 rayhan will get pizza ice-cream

(c) Allocate (d) Finish

Fig. 6.11: Get an allocation in under a minute
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Chapter 7

Jas BRVEFIAR K -1

7.1 JajPRPE
7.1.1 Bk

23 V- BE T I PR — A 2 2k O A R e S KA TR S A Ay, A — S A
N B e 73— N R AT REH Ao 2P0 5 SGE LR WBAR IR X
PR TElY EF . PROP FIBCRSEMEE AT REA A AL e, 1eAh, TR Bk
T RNE RN BEE S 53 iy KOt H R g in, DR A R R 55 5
BAF AR BRI .

RUEAR FYP i FURW MK R WA S5 E Z W) 210 B R A KT 12
W ITIR, A AE— 2R IR .

© BRI
SSEA L HTE. RR A DC SAHTRIMI, 0IAR Sc
3.

SRINT, AR AW Al EF1 AR SR R N8 S IR TXEASE L. 7E FYP
RISEELH, AW BRAARBECRIEA I RIZF I, XEWE PSS 5 WIH Al
BESPCHIFHZS 5T —RHE, XX 72 AW BRRIA I RIER LR .
2T EF1 53k, dT ARSI 2 5 E5 0 i m I oH
i RARAIE PO, [N FIR AT P — P ot 2853k, Bl EHE /iR L Bl iR
Do, (EAEERR R Rl R ME A B, BIAFAK PO, HEIRX
FRIRRRE T — R, ORI SO A, (AR SR LN AT
Wikhi, WSHH 5.5.3 T,

o BUILSER BN I Bd Z M O S
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BB DUSER, (BT ARSI, A &7 ik (245
ERHERR) . SR, B TEEER, THEA SR IO E R T,
FERBCR MR BN R BE L 2 4.2 197 sp SR 2 A AR iEA Al . (HIX A
AN it =2 IS AR 35 Fh A BE R 75

7.1.2 H)EEND

S H HTE R B R e F AN, B —E iR R i p s, B
VIRAFAE— LR R TE

o PRl HERA TR Y P A LR, RSB R I, A SO S box A
BAER, & AALAE A2

o ARG NN, X RS Pl ] DAE RN AL B IR R s, (BT
B2 AR R AL F R, B I & AR L P

7.1.3 WiHER

L b, AR — S — e SIS R R R A 2 N . T4 B ) A
BN INRAB S8 ANERE B A8, B8 R R DO — B A AT
WFSE, FITIR R VR 245 F IS, AR & @ i Python %
FEET, 0 Fairpy, W2 EACRIAEMH C/C++ #THIRZMEsH . SR,
Go BN A BB MEETS , TEX H MR AR D . Fairalol /ERI1E24K
WIRERE, ST Go EFMEA S, ELIAFFTHE I Python 2y =1f%.
SR, Fairalol & TAERIT LA EE. Flan

FUE BRI AT H S540 . SAIaa 0 H AR AE RIS, el PR B, (HaxXm]
BB H G AU Iz KAty R gt

o BRZHEMR . BARMEEE S MED, SHiED, HEEIA E
SR, MR Z B AW, AR OREZ AT AR H AT
SIS EAR 5RO BB S it 7O, APy
AL -

o AU TCAY . 2 ETH AR Ao R R IE AR SR B TU A AU

o AITSCHS. MR T A5 MM SR Uik B, DASEA RUAI0Rh Bk
&
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7.2 ARIAE

XK FYP ZIRAMAE AP BEiX — 257 . BEReAt Soan s i b, i HL
FERPEIT BB, AR ke — KB D IR R Z K -

TERIRTTE, 2P BoR B A M A fE B 2458 7 — @R ERIRIE. Z )5,
A PAM I Ze 2 IR TT R T 30 0 I AT A R R R, AN 2l ad S 2E i 4
ST AL R SEBE H A o

TERA B 2d R, Al et 58 OF LB, 5 o M 45 ik 55 L A TE 1A
il i v S SR 52 )l e R, AESEE 0 ST A Bdb ) At EAh, AEAE
55 193 ) R O s A T S AR DL, m AT SR SR LS B,
)5 AT AR MOl A5 B T Bt I o X 4B S5 i) AI AT, DA IE AU BE A A

AW FYP 31 AMOREE B — R IMEH, 2 — TRy, 588 m
WRARR, A S St FEAEE XS SEA TS B 458 5 TR SO
Ji, Fairallol Mt JRACHS EREFITIR, 50 n] DATRIERACAS , M5 3 S 2
BRI TS

Fairallol J5 U1 Go s FRIEMFIIHRE, WKy & RE G 1 4T

fefibar TRt L&, AR RO A AR (TR, I SRl T AE DTk S TR
A RFIEAEIEA T 22 FRRATHE MU DTk
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Chapter 8

ra szl

I o

TEX s FYP 1, AEEERWT THMWANZ5E S 5000 0 FIY) i 2 F 20 Be
PEBE DT THEX ARG OL T B 2 MM By A J53%&, RIP Divide And Choose
(DC). Adjusted Winner (AW). Round Robin (RR) Fil Envy-freeness up to one
(EF1). 205 7 fis ™ sUscHtFIH & . S5 B 2 DA KR S i 22 B s B g fe . TR
RIPUFN AP RS T — R 5 TR, 5K & =M 1
G b, AN AT AT ) 75— Lt AT (HIX AT SR A — SE R KR, RS m]
PATEIE 4 1) 554 S ORI 7 108 S HPE R LS8, ARG B0k, AT e
SRR, EMEYIAERR AR b, 8] A A2tk R (Linear
constraint) SEVHEVE, W ATESS I SLE Thx 2 P4 BU#AT S 2 R iy %5 i, PASE
ISR A1 R IE ] g2 NP-hard, (HEERCSEUETS, ATDA$RE| 2 0
APAITAUME) , TS 2 B 7 AL ke S B H AR

AR FYP /RS it 7RX M RR P Bo AR 5L I 8okt e
SERFRNESILS . A Folid— A IVREEE g, HA—E M, JLPAn
RELE HLHK M _ BRIy, B F AT IRS . SR, XA Dl e GE AR 52
SR, WFEREE R OMBRTA R NAE S 3, R B D AU 2 s B AT fE
J1o XA RERIMTFCERAT T 7 RSB . BeAh, MK FYP IR 1
FePUAER MBI . BRSO Bl S AUG b, DA — ) 2 AT
SERESA, XS A B M B R 5 o ST — B ARG RE e A, AR
BA MR R
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Appendix A
el

main / go test -v -run TestShallow

RUN  TestShallow
hallow Test Divide and Choos:

Test for:
N: 5 Pattern: normal, SampleNum: 1, FileName: 5_shallow_normal.txt, FileDatalen: 2

12 ten2 37 iten3:16 item item5:13]
2 iten2:17 item3:27 itend:16 items:38]
[iteml item3 itemd] Bob:[item2 item5]]

Bob: 55
Average Scores Diff: 5.00, Time elapsed: 54.769us, Average Goods Diff: 1.60

Test for:
N: 5, Pattern: similar, SampleNum: 1, FileName: 5_shallow_similar.txt, FileDatalen: 2
ase

map[iteml:1 iten2:26 item3:30 itemd:31 item5:12]
map[iteml:1 item2:25 item3:38 itemd:18 item5:18]
map[Alice:[itenl item4 itemS] Bob:([item2 item3]]

Average Scores Diff: 19.00, Time elapsed: 51.287ps, Average Goods Diff: 1.00

Test for:
N: 5, Pattern: tie, SampleNum: 1, FileName: 5_shallow_tie.txt, FileDatalen: 1
ase 1
map[iteml:5 item2:5 item3:15 itemd:14 item5:61]
1 5 item2:5 item3:15 itemd:14 item5:61]
[itenl item2 item3 item4] Bob:[item5]]

|Average Scores Diff: 22.00, Time elapsed: 57.992ps, Average Goods Diff: 3.00
- PASS: TestShallow (0.00s)
sS

rey.com/fairallol/allocations/divideChoose 0.003s

nain v |

(a) Shallow Test for DC

B main v go test -v
RUN  TestRoundRobin

Test for
(& Gy Qs el Crpiling (07, TS (O pre LT, Gl (000
[Average Scores Diff: 19.15, Time elapsed: 1.47d912ms, Average Goods Diff: 0.0

Test for
b @, By oty Srfiing (), GRS (U e TG, FRCGI: 0D

[Average Scores Diff: 27.67, Time elapsed: 1.201002ms, Average Goods Diff: 0.0

Test for
N attern: tie, SampleNun: 500, FileName: 4_data_tie_560.txt, FileDatalen: 508

[Average Scomss Difer i1 34, Time elapsed: 1.636466ms, Average Goods Diff: 0.80

Test for

5, Pattern: normal, SampleNun: 1000, FileName: 5_data_normal_1000.txt, FileDatalen: 1000
Average Scores Diff: 20.47, Time elapsed: 2.221386ms, Average Goods Diff: 1.68

Test for
, Pattern: similar, SampleNun: 100, FileName: 5_data_similar_100.txt, FileDatalen: 1000
Average Scores Diff: 25.57, Time elapsed: 2.9114u3ms, Average Goods Diff: 1.09

Test for
(8 6 Biions (T, Gracins 6, Fikls GO UM ETH e, GREe o €2
Average Scores Diff: 29.80, Tine elapsed: 1.99129ums, Average Goods Diff
Test for
attern: noraal, Samplelln: 1000, Filellame: 6_data_normal 1000.txt, FileDatalen: 1000
Average Scores Diff: 15.36, Time elapsed: 3.082858ms, Average Goods Diff: 0.0

Test for

1000

(& Gy (g ooy Grpieiirs T, GRS GOA AT I G, FIe
[Average Scores Diff: 19.46, Time elapsed: 3.61d712ms, Average Goods Diff: 0.0
Test for
N: 6, Pattern: tie, Samplellun: 500, FileName: 6_data_tie_500.txt, FileDatalen: 500
[Average Scores Diff: 24.96, Time elapsed: 3.434005ms, Average Goods Diff: ©.00

-—- PASS: TestRoundRobin (0.02s)
PAss

ok rey.con/fairallol/allocations/roundRobin 0.027s

(c) Shallow Test for RR

> main / go test -v -run TestShallow
RUN  TestShallow
Shallow Test adjusted Winne

Test for:

5, Pattern: normal, SampleNum: 1, FileName: 5_shallow_normal.txt, FileDatalen: 2

case
map[item1:12 item2:37 item3:16 itemt:22 item5:13]

map[item1:2 item2:17 item3:27 itemd:16 item5:38]

map[Alice: [iteml item2 itemd] Bob:[item3 item5]]

Scores:

Atice: 71

Bob: 65

Average Scores Diff: 6.00, Time elapsed: 55.234us, Average Goods Diff: 1.00

Test for:
similar, SampleNum: 1, FileName: 5_shallow_similar.txt, FileDatalen: 2

map[iteml:1 item2:26 item3:30 itemd:31 item5:12]
map[iteml:1 item2:25 iten3:38 itemd:18 item5:18]

map[Alice:[item2 iteml itemd] Bob:[iten3 item5]]

Scores:

Bob: 56

Aice: 58

Average Scores Diff: 2.00, Time elapsed: 55.932us, Average Goods Diff: 1.00

Test for:
N

5, Pattern: tie, SampleNum: 1, FileName: 5_shallow_tie.txt, FileDatalen: 1

case
map[iteml:5 item2:5 item3:15 itemd:1l4 item5:61]

map[item1:5 item2:5 item3:15 itemd:14 item5:61]

map[Alice: [iten5 itemd] Bob:[item2 iteml item3]]

Scores:

Bob: 25

Alice: 75

Average Scores Diff: 50.00, Time elapsed: 49.697us, Average Goods Diff: 1.0

PASS: TestShallow (0.00s)

rey.con/fairallol/allocations/adjusteddinner  0.603s

ain

(b) Shallow Test for AW

> 1 5 main
RUN  TestSavelorld
Saveliorl

7 go test -v

Test for
N Pattern: nornal, Sampleliue: 1000, Filelane: d-data.nornal 1000.txt, FileDatalen: 1000
[average Scores Diff: 20.03, Time elapsed: 3.452247ns, Average Goods Diff: O

Test for:
N R o i, Copillng (00, GACTos QA e TG, GACHEG, T
Average Scores Diff: 29.76, Time elapsed: 3.218606ms, Average Goods Diff: .6

Test for:
Pattern: tie, SampleNun: 508

. b FileNane: 4_data_tie 500.txt, FileDatalen: 500
Average Scores Diff: 19.61, Tine elapsed .00

1.371437ns, Average Goods Diff:

Test for:
N: 5, Pattern: normal, SampleNum: 1000, FileName: 5_data_normal_1008.txt, FileDatalen: 1000
Average Scores Diff: 20.36, Time elapsed: 3.87764ins, Average Goods Diff: 1.0

Test for:
, Pattern: similar, Samplelun: 100, FileName: 5_data_similar_100.txt, FileDatalen: 1060
Average Scores Diff: 27.71, Time elapsed: 2.510686ns, Average Goods Diff: 1.00

Test for
N: 5, Pattern: tie, Sampleun: 500, FileName: 5_data_tie_500.txt, FileDatalen: 508
Average Scores Diff: 22.27, Time elapsed: 1.18857lns, Average Goods Diff: 1.00
Test for
attern: normal, Samplellun: 1000, Filehame: 6_data.noraal_1000-txt, FileDatalen: 1060
iverage Scores Difr: 16.36, Tine erapsed: 3.61i717ns, Average Goods DIFF: 6

Test for

1000

U: 6, Pattern: sinilar, Samplellun: 100, Filehame: 6 dato.sinilar_100.txt, FileDatale
[Average Scores Diff: 22.28, Time elapsed: 3.50561dns, Average Goods Diff: 0.

Test for:
N: 6, Pattern: tie, SampleNun: 500, FileName: 6_data_tie_500.txt, FileDatalen: 500
Average Scores Diff: 16.05, Time elapsed: 2.104929ms, Average Goods Diff: 0.00

- PASS: TestSaveliorld (6.03s)
pass

ok rey.con/fairallol/allocations/saveworld 0.031s

(d) Shallow Test for SW

Fig. A.1: Shallow Test
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Test for:

N: U
Test for:

N: 5
Test for:

N: 6
Test for:

N: U
Test for:

N: 5
Test for:

N: 6
Test for:

N: U
Test for:

N: 5
Test for:

N: 6, Pattern:

[Process exited 0]

Pattern:

Pattern:

Pattern:

Pattern:

Pattern:

Pattern:

Pattern:

Pattern:

normal, Time elapsed: 0.03606128692626953
normal, Time elapsed: 0.07582902908325195
normal, Time elapsed: 0.11426568031311035
similar, Time elapsed: 0.034507989883U2285
similar, Time elapsed: 0.875971126556396U8
similar, Time elapsed: ©.11212038993835uU9
tie, Time elapsed: ©.03146815299987793
tie, Time elapsed: 0.06951165199279785

tie, Time elapsed: ©.11029601097106934

Fig. A.2: Shallow test for Fairpy (The Same behavior as Fairallol)
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Appendix B

S]]

Preference Pattern VS. Average Scores Diff (N = 4)

Average Scores Diff
m

20

1912
Normal Similar Tie
Preference Pattern

[‘-DC - AW & RR -rEFl:‘

(a) Preference Pattern VS. Average Scores Diff ( N = 4)

Preference Pattern VS. Average Scores Diff (N = 6)

Average Scores Diff
M
3

175

Normal Similar
Preference Pattern

Tie

[-o-Dc -+ AW = RR -rEFl:‘

(b) Preference Pattern VS. Average Scores Diff ( N = 6)

Fig. B.1: Overall Analysis - Pattern VS. Average Scores Diff
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Time Elapsed

Time Elapsed

80

60

20

-20

75

50

25

-25

Preference Pattern VS. Time Elapsed (N = 4)

B.732474 10.123776

34 T —S1 1

Normal Similar

Tie
Preference Pattern
[+DC -+ AW -= RR -i—EFl]
(a) Preference Pattern VS. Time Elapsed ( N = 4)
Preference Pattern VS. Time Elapsed (N = 6)
117.28782
4055
306141
25 1@ 27 226924
Mﬁaz
a.09gass 351512 Zaggoos
MNormal Similar Tie

Preference Pattern

‘:fDC -+ AW - RR *EFL:‘

(b) Preference Pattern VS. Time Elapsed ( N = 6)

Fig. B.2: Overall Analysis - Pattern VS. Time Elapsed
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Appendix C

4% Find Solution 1 ¥ ijEes

O ~° Got it, now, tell us what items need to be allocated?

Good 10 Please make “-" to combine multiple words. E.g., air conditioner. Use AC or air-con

Good2: | Please make - to combine multiple words. E.g., air conditioner. Use AC or air-con

Uh-oh... Come on, | know it wasn't your plan.

# of goods

Number of Goods

Uh-oh, you really made a mistake
Tell us what all these items are
Help us help you better
X

‘The number of items should be greater than 1.

X

(a) Input illegal or all points are not (b) Network errors or back-end crashes

used up
yongteng rick
Apple: 0 Apple: 0
Adjust for [ ] [ ] Adjust for
yongteng rick
Pizza: 0 Pizza: 0
[ ] L ]

Uh-oh, you really made a mistake

Hey, use all the points, that's what you deserve.

(c¢) Everything is going well

Fig. C.1: Hints at FindSolutionl
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The last step, select the rules you want to use. Not sure what they all are? Select 'Save the World'!
sit tight, let's go.

Select your fairness protocol
Save the World

Ah... Something bad here.

it later OR wait for the professional team to arrive,|

(a) Network errors or back-end crashes

The last step, select the rules you want to use. Not sure what they all are? Select 'Save the World'!
Sit tight, let's go.

Select your fairness protocol
Save the World

Here we go

Hoo... Luckily it wasn't too hard for me
Come see what we have allocated

rick: apple_l,pizza

yongteng: apple,banana
X

(b) Everything is going well

Fig. C.2: Hints at FindSolution2
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Appendix D

oA by e 49

=
33
4

—

¢

Almost there, give us your name and tell us your preferences on these goods

yongteng yongteng

Uh-oh, you really made a mistake

Hey, we need to know the names of you and your friend, you two share the same name?
X

0K

Fig. D.1: Front-end application intercepts duplicate names
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Appendix E

i Jr LAY

Sl

2o — A RO ERT SRR, EAEATE, B DA R TRALRL -4
RIS KB A EAEA R IO, 25, XA TS A REAR iy o 2L
Serp Ay (L2 USRI R — B [ ] BETC VLMol ) . TRESZ 35 ) 5 sk
WIS IR SR, RIRIR AL 2 B T5 58 T RETCR R B AR 24P E L, Bl
an, EAREHET AN FE— I AR WX B C i 04, JoikBs I ARG
VAP S, RGN BRI W™ (cheating) . S5 A2 KA 4Edr
[ “Adjusted Winner” SEIARYR 3L, — A AT DA AR & PR AE B 5 Dy i
FERFIPPAFE LA RBIBHE (WA E RGN AFAR) , — DR T
fR TR RERSE 42 1R B O Y SU I B fth B 0 It 1) O e 1T R4S B 2
A= (BAS N Z TR 2P 23 TS )

“FE 7 1IE L Procedural justice” 5 “f 2 1E ¥ End justice” —H & HAFG G WK
A e FEPGT, AN EZE T g v sl R ——uh e ‘i
IR WSR b, LR ZE S O EE T ERCE 2 i Al as . L8 ORIEA
T AT ReED L Ie, M F SRR AN o XA AR SO E T T
FHATREAREGE I —A 838" MBR, MINFEAFRBEE TR .

AR ARFT T 90 3t il B8 A — itk 2 LR A AN 22 B A3, P/ MR (Go-
pher, Golang HJHHEY)) IEEP N FEPUASZ R A A0y, SFI0, i T4 25
=M LK (—A Golang )7 ) SRHMATFIIX AT, AR — VIR F35
I %R N SPAFHA TR (AR — MR TR R KA — i) . H
— MR SE 4R N H R R BRI H & AR — s b ==
HRE B LR/ MEETE, XBOAGHR AR . MR “Save the World” 5.
%, R R PR A A, R RIR LB R AR, AR
A% R 22 B ) R v fl, BRI — K
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W PR MR FYP 43R — A n s, RECHTERERR
XA, AR PR, EAFRATE AR RS FTRER R (ARAREEMT
AR . 2012 45, SEEZTAR. MINRSEIEEOUMRBIZIFRIE - S - b
MMSEEZ T2 5 WP RABEPT/RSC - E - BN “FsE ILiie” mnt
gL, e N AER A RO, AT A BRI DR AT AR . (HAERXIREE T, &
AT AT —IR “ B, RImFRAT B SR AR EE, Rk iX 28 Gopher HY
fviz, U “FERPIE S BIIR, WIRERAY & ik—A~/IN Gopher 5.0y WIfFZ J5HI[H]
FRAEX NI RR o, IR R BB AP AL, WAE T4
W IURRZAR!

Cowbe and RayHan are best friends

LAY

Fig. E.1: }§ H Gopher: Cowbe (Cow boy) #1 Rayhan (Red hat)
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