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bl winConditionsResources =
1115012 V4 S 12 T 11 N G ) S

{9, 11, 8, 12, 9, O},

{140 985 0315014 0 05

{13, 11, 10, 14, 13, O},

{14, 8, 10, 12, 14, @}

Mun% .nonin "2 7y 0'WiIp NoM9 TINK W' ARWN 727w 0TI 13X ;)27 qoina

21.1% nixawn 4 NY1d NXawn
21.1% nixavn 4 nou'n nxawn
21.1% nixavn 4 YV n¥awn
15.8% nixawn 3 Brick 72 n¥awn
15.8% nixawn 3 ]AX NXawn
5.3% NNX N¥awn 72N NXawn
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Condition Brick Ore Sheep Wheat Wood Total
Cities + LR4 11 12 4 12 11 50
Cities + 1 Settlement + LR + LA2 9 11 8 12 9 49
Cities + 2 Settlement + LR3 14 9 5 11 14 53
Cities + 3 Settlements + LA2 13 11 10 14 13 61
City + 3 Settlements + LR + LAl 14 8 10 12 14 58
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le weightedNeed;
> totalResourcesNumber;
> resourceAreaCoverage;
le areaProbability;
le totalWeightedNeed;

1 =10 1 < 5 1rF
resourceAreaCoverage = resourcesAvailability[i][e];
totalWeightedNeed = ©;
(int j = 8; j < 5; j++) {
totalResourcesNumber = winConditionsResources[i][j];
areaProbability = resourceAreaCoverage / 18;
weightedNeed = totalResourcesNumber / (areaProbability);

totalWeightedNeed += weightedNeed;

winConditionsResources[i][]j] = weightedNeed;

winConditionsResources[i][5] = totalWeightedNeed;

,IN¥ 0T 72 1Y 0XIY DRARYNN YW 77D0 190N DARYNAN NITINY DX 7707 7011 ,]pn INR?
DN NND TY DAY N7X DTINK .D'ARYNNN TNXK 7210 DX DRY DTINKRD 7V VTN 727 1T 0Tl
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4 Cities + LR 25% 28% 7% 21% 19%

2 Cities + 1 Settlement + LR + LA 22% 26% 14% 22% 16%
3 Cities + 2 Settlement + LR 31% 20% 8% 18% 23%

2 Cities + 3 Settlements + LA 25% 21% 14% 20% 19%

1 City + 3 Settlements + LR + LA 29% 16% 15% 18% 21%
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L eh!
# of Combinations | Probability | Chance of the . .

2 1 2.8% 2.8% o 7

=
3 2 5.6 % 2.8% c 6
4 3 8.3% 2.8% == 5

. o |E _D

5 4 11.1% 2.8% o E 4
6 5 13.9% 2.8% oz 3

T <
7 6 16.7 % 2.8% c 0

542
8 5 13.9% 2.8% £
9 4 11.1% 2.8% 3 A |
10 3 8.3% 2.8% 0
1 > = T 2 3 4 5 6 7 8 9 10 11 12
12 1 2.8% 2.8% Number Rolled
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Relative Token Score = 6 — (Highest % — resource)3

q1AY NNAIT? .AMIpa 0'orTYN 0MI%oNnn NX NOPYNY n7107 NnTizn N720N0 DX 'n? 7N
:awna ,Brick a10n axwni 1 [INX11 NINYWOKR
28 —25
——=
(9 "7 mapmn IX) nmapa 5 19on" 1D AxM X Brick axwna 1y ) PNI

Relative token score = 6 — 6—1=5

NIV 72 TWUKD) aRWN 700 D'9"TYN NMIpn Moon Y NIK?AL? 17 0'W7 751 Axan nimna

771> 6-7 nNnni 6-7 7ynY DM190n 11y 7)) L(NINK [INX T Nax'n
sList<int[][]> WinConditionsCalculation(double resourcesAvailability, double winConditionsResources

= importantIndex(winConditionsResources esAvailability);
ndex = highestIndexCalculation(winCondi

relativeTokenScoreBottom = new int[5][5];

inConditionsResources|
6 - (highest *180 - resourcePercentage*188) / 3);
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https://en.wikipedia.org/wiki/Normal_distribution
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Given a matrix (num of win conditions) x (18 tiles) & winconditions dice numbers matrix

Initialize all values to ©

each win condition scenario:
each tile on the map:
the resource on the tile & dice - number matches EXACTLY the win condition relative to the score table
(look up the score using resource type and dice number):
, add +1 to the score of that win condition for that tile area.
the dice number in the according resource in the score table has an error range of 1:
, add +0.75 to the score of that win condition for that tile area.
the resource on the tile & dice number has error range of 2:
, add +0.5 to the score of that win condition for that tile area
the resource on the tile & dice number has error range of 3:
, add +0.25 to the score of that win condition for that tile area.
ter going through all matrix entries, we then sort the win conditions (i .e. rows) based on their total score
across all 18 tiles.
The win condition with the highest score is considered the most suitable for the current given map
configuration.
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17¥ ax'nn 'onnn 1-2 NLVIO NYIYNN 7Y R¥NIYW aXWUNN ¢ nMipa 'onnl TN ,MNR .2
NYIYN MIX? 0.75+ 7w [I'Y 9'0n ,NII0I0VOXRN N710]

7w 2¥'MN 'onnn 2-2 NVIO NYIYNN 7V X¥NIY AXWUNN 7Y ralpa 'onnl nTna NNk L3
NYIYN MIRY 0.5+ 7w |I'Y 9'011 ,NIAVIVOKRN N7102

vna nvivnn 7w o' 0.25+ 0TIRY? nnima 9'oln 3 7w nt0o a1 nT'na , NN 4
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Strategy 1: 2 Cities + 3 Settlements + LR
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Strategy 4: 3 Cities + 2 Settlements + LR
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Catan Strategy Heatmaps

Strategy 2: 1 City + 3 Settlements + LR & LA

L1010
@@
00

OO

L1 1O

Strategy 5: 4 Cities + LR
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Strategy 3: 2 Cities + 1 Settlement + LR & LA (Extra Brick/Wood)
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Relative Importance (Intensity)
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Win Condition Per Tile Scores Matrix:
.5
25 8.7% 8.75 1.8 1.6 8.75 8.5
> 8.25 8.5 8.5 1.8 8.
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https://en.wikipedia.org/wiki/Bucket_sort
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Java n5wa and1 Tipn :nyn

AWND Arraylist<ArrayList<ConnectedComponentTile>>[] > 2Tarr nmm'wan oy wwnn .1
‘NYIYn/nx¥awn 73 7 yT'n 1wl naw n'7nn 1T ConnectedComponentTile
(nmaupn Mo0Nn7 YWE AT 19017 ') 9122 NNIXN 7Y O TI'RN - TILE_INDEX e
.(1,0.75,0.5,0.25) oinn no9na n'wnn NN - TILE_VALUE e
ANWNN 210 - TILE_RESOURCE_TYPE o

.N"MI71 190NN - TILE_DICE_NUMBER e

TTIP-ITIROD-7 XN 707 .2

for each win scenario:
for each importance_index:
We want to create a set (List) of sets of connected components, and rank
them from the biggest to smallest.
Then, we output an array of a linked list of linked lists consisting of
tiles within the class of "ConnectedComponenetTile"

A D'YNNYn At ,nnIX |"YJ'7 NX1 DX, NNYIEM NiN'wA 7V nn'wn XY INN? ,nwyn?

‘componentsFound.sort((cl, c2) -> Integer.compare(c2.size(), cl.size()));

ATV D WY 771912 NNYWR 20 7D 7w (D'wivn) D'Mn¥n NR R¥NY R TYD ,TRR YA 7aN
I DNMNYRD 7Y RKNPYT 'RTD) .92 N7Y nNYpn a0 7D DR RIXNY YyT'W DFS DNMIRTNa

IR YT MYy DnnRYRn NXR 7'won? 1 L(https://en.wikipedia.org/wiki/Depth-first search

:DTIN 1112W Adjacency matrix-2 D'YNNWN 11X N17R NANPY NXAN NNIX? i 70 01¥olp

adjencencyMatrix =
0,1,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0;},
1,0,1,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0},
0,1,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0},
1,0,0,0,1,0,0,1,1,0,0,0,0,0,0,0,0,0,0
1,1,0,1,0,1,0,0,1,1,0,0,0,0,0,0,0,0,0},
0,1,1,0,1,0,1,0,0,1,1,0,0,0,0,0,0,0,0},
0,0,1,0,0,1,0,0,0,0,1,1,0,0,0,0,0,0,0},
0,0,0,1,0,0,0,0,1,0,0,0,1,0,0,0,0,0,08},
0,0,0,1,1,0,0,1,0,1,0,0,1,1,0,0,0,0,0
0,0,0,0,1,1,0,0,1,0,1,0,0,1,1,0,0,0,0
0,0,0,0,0,1,1,0,0,1,0,1,0,0,1,1,0,0,0},
0,0,0,0,0,0,1,0,0,0,1,0,0,0,0,1,0,0,0},
0,0,0,0,0,0,0,1,1,0,0,0,0,1,0,0,1,0,0},
0,0,0,0,0,0,0,0,1,1,0,0,1,0,1,0,1,1,08},
0,0,0,0,0,0,0,0,0,1,1,0,0,1,0,1,0,1,1
0,0,0,0,0,0,0,0,0,0,1,1,0,0,1,0,0,0,1
0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,1,0},
0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,1,0,1),
0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,1,0
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https://en.wikipedia.org/wiki/Depth-first_search
https://en.wikipedia.org/wiki/Depth-first_search

:Adjacency matrix-2 7'nN1 .MXY TIZNN 0'AI7¥N 790K ,'NNVINY 9> .3
NI NN N'ON 7R MIYN NI NY7RNYN N2'9Nn NN 7Y 01901 DNYY 0MYonnvy 17 n'w

NN NN NMwn X7 D'1901N NO12N 1TO .NAINNNN

N'DINN ﬂ'Xﬂ]ID'? 112V]1 NYdI
>>[] StronglyConnectedComponentsSorting(double winConditionPerTileScores
numklinConditions = winConditionPerTileScores.length;

graph = new Tile();
adjacencyMatrix = graph.adjencencyMatrix;

> sortedComponents = new A List[numWinConditions];
int 1 = 9; i < numWinConditions; i++
sortedComponents[i] = new ArraylList<>();
le[] currentScores = winConditionPerTileScores[i];

e ranking = 1.0;

le>> componentsFound = getComponents(adjacencyMatrix, currentScores, ranking);

componentsFound.sort((cl, c2 Integer.compare(c2.size(), cl.size()));

sortedComponents[i].addAll(componentsFound);
ranking -= 0.25;

sortedComponents;

:DFS-n n'xjnIo

> getComponents (int joubl scores, double targetRanking
t numTiles
1 visited > boolean[numTiles];
¢ Arraylist<>();
i =0; i < numTiles;
(!visited[i] && scores[i] == targetRanking) {
»> component = new ArraylList<>();

DFS(adj, scores, visited, i, component, targetRanking);
res.add(component);

i DFS(int adj, uble[] scores, L ea visited, t currentTile, Arr t<ConnectedComponentTile 2 jouble targetRanking

visited[currentTile] = -
resourceType = .mapTiles[currentTile].resourceType;
t diceNumber = .mapTiles[currentTile).diceNumber;
res.add « ConnectedComponentTile(currentTile, scores[currentTile], resourceType, diceNumber));

t neighbor = @; neighbor < adj.length; neighbor++

(adj[currentTile][neighbor] == 1 && !visited[neighbor] &% scores[neighbor] == targetRanking) {
DFS(adj, scores, visited, neighbor, res, targetRanking);
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void mapTownsToHex

t hexIndex 8; hexIndex < hexToTownsMap.length; hexIndex++

int[] townIndices = he ownsMap [ hexIn

ntTile hexagon = getMapTilesIndex(

townIndices) {
0 onnectedHexagons . add ( hexagon ) ;
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--- Starting Town Verification ---

Town [@] => Hexagon [@] Total hexagons attached
Town [1] Hexagon [1] Total hexagons attached
Town [2] Hexagon [2] Total hexagons attached
Town [3] Hexagon [@] Total 1] hexagons attached
Town [4] Hexagon [9] Total hexagons attached
Town [4] Hexagon [1] Total hexagons attached
Town [5] Hexagon [1] Total hexagons attached
Town [5] Hexagon [2] Total hexagons attached
Town [6] Hexagon [2] Total 1] hexagons attached
Town [7] Hexagon [@] Total hexagons attached
Town [7] Hexagon [3] Total hexagons attached
Town [8] Hexagon [9] Total hexagons attached
Town [8] Hexagon [1] Total hexagons attached
Town [38] Hexagon [4] Total hexagons attached
Town [9] Hexagon [1] Total hexagons attached
Town [9] Hexagon [2] Total hexagons attached
Town [9] Hexagon [5] Total hexagons attached
Town [10] => Hexagon [2] Total hexagons attached
Town [109] Hexagon [6] Total hexagons attached
Town [11] Hexagon [3] Total hexagons attached
Town [12] => Hexagon [©@] Total hexagons attached
Town [12] Hexagon [3] Total hexagons attached
Town [12] Hexagon [4] Total hexagons attached
Town [13] Hexagon [1] Total hexagons attached
Town [13] => Hexagon [4] Total hexagons attached
Town [13] Hexagon [5] Total hexagons attached
Town [14] Hexagon [2] Total hexagons attached
Town [14] Hexagon [5] Total hexagons attached
Town [14] Hexagon [6] Total hexagons attached
Town [15] Hexagon [6] Total hexagons attached
Town [16] => Hexagon [3] Total hexagons attached
Town [16] => Hexagon [7] Total hexagons attached
Town [17] Hexagon [3] Total hexagons attached
Town [17] Hexagon [4] Total hexagons attached
Town [17] Hexagon [8] Total hexagons attached
Town [18] => Hexagon [4] Total hexagons attached
Town [18] => Hexagon [5] Total hexagons attached
Town [18] => Hexagon [9] Total hexagons attached
Town [19] Hexagon [5] Total hexagons attached
Town [19] Hexagon [6] Total hexagons attached
Town [19] Hexagon [109] Total hexagons attached
Town [20] => Hexagon [6] Total hexagons attached
Town [20] => Hexagon [11] Total hexagons attached
Town [21] => Hexagon [7] Total 1] hexagons attached
Town [22] => Hexagon [3] Total hexagons attached
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22 |2 12NN X' NWYIAN DN NXYN0NN Dyon .Noon nyo (Adjacency Matrix) NIfN'WR NXNLVN

N VAN N'RID NXNIVNN TYD NIXTYT 172N ARAN NN QWY !
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2 Hex (Coast/Desert)
3 Hex (Inland)

/16 \21
|

E)

X7 [21D 12N DX D'9'7AY DIY'D 7Y M9 720N jnnnan
VYNNNQ X7 KINY DINA DI7NAN 127NN NYIYN 12 2¥N2 07 e
.(Mjm n'yan) N1 2¥Na DA TTMNN? YTI' DNNIRYRD .N9NN

.N2N 277 DTRNNY "I NI O

T0N7 CWON NINT NIYYT? 1110w NXY?
AT'N V7NN D'WTI' NNINY 'Y [DIN]
Y'Y 107 DIV ATRY? TInY agn
AN7¥n N2> I .oinn NSna nY
nYhIn nNOw TR VAl 7ax Imnnnon

0P 1910 NNX

DAY D NR DY DM TR

Dwanw  a%X i - nroahn
NYOYW N1l ,0'%N DN NNIXY DYIvN]
n'NY NIYSIX NNY7 DWTI' wWnn 11NN
2¥N D'NDIY NNIX 72N ."7'09IN Qe
D'YIYN NND Yo' 1AW 110 M7 X7
VI INIX .IWUN T'7 TNX AXWUN 210 ININN

21>* 12 1naw (Connected Component)

D'717V 1INIX DN 'N7NNN QYWY 2'¥N7 DX DX NTN NN TRIELAI0N IMINA DPAXYNA ) 707

[ITUKD V2N DX DA ,0%N1N 2N NNIXRY AXRYN INIKN TN NI' VIYS (hiy) |N'MY N'IAY AN pllphy

72w2 DN 0'D"MY I'""TV 1INIXY D'INKX D'AXWUN v [11an NIN92 DDNOIY X'N N'yan ,A10 ynwl N7

.N7W NAVIVOKRN

NN'IoN NIND NXN1 DA NNIX L7 N'ALIVONKN NN IYAN'Y DIV 090N 1INY7 N7Y |IXW'7 1ayn

N 'o0Nn X7 .NNdNINA NP VYN N7 NNNDIN DAIY'Y 7Y DN D71 ,A8wN 7010 0977 v

- Diversity 7'90n 117 |NNW DIzn XIXN7 D'WIT DA NNIXY K78 ,0"'7M'09IND DAY DX NINT?

DN AT NN D' DD TV 'R YANY NN 70 N NP RIA TR .DAYR 7 TN DRaRwn 7w (j1an)

,(NVII .NINNN2a

-:N'VAN NX NO11 NI

[1IAan MNI'Y ANd OY D'YIYNA NOPINY 1Y NAxXA? 2T XIXn? 1'7Y ,7'7121n anavlvox 'n%"

N otixan NN "1950N] DA AN'Y] NNIXAI,D'ARYUN gy 1J]

XD R DAY
www.DigitalWhisper.co.il

21 2026 "anan ,191 '



Technoloc

"IN 0"IXIN NN 190N DA NN'YI ANIRALY - D'YAN 7Y w2700 DRY 2I'Na TN TWONR
VYT |OR7 1ITann 71101 INIXR DTN YNN 7Y .0TIA 1172 DIXVA )WDY NNl X LN 11D
,(MIXDY7) N9 210 700 .0'aARWN W NP AN 12N W' DAY NTIRIN DX NAYINND NIX2 WNKT? D

Inaiwn 1910 NTI72 NS 0'095095N 11NIX gty

NXNIY NIV X7Y [12WN2 D2 NP7 DY INIX .N9 J0NY "T'N' 12T X7 A7 "juan”y an? aiwn
DN7 D'ANYNN 97 ITAY 1A N7 DYDY ,N2 TN1IY DTIZINY NXI1 NINSYZ DI nTal L7007 ian

NI DAV NIXD WTNN N'YaN NIX D017 NX¥11,0¥Y] TR .(n'xmuox 'I'?J'\) O'71?7 DN IR

[11An ANI'Y ANd DY D'YIYN] NO7INY 1IY" NAXAY AT XI¥xn? 1'7Y ,0'7aim aravvox 'Y

N otivaan n"pn 50Nl DA AN'Yl nNIXAl ,Nni'vn 197 D'ANITNAN D'ANYN Y

NIALIVOX PINT? D™I7Y NNIX ,NYOY DIYN NXRT ,"n72mn 0'A0N0oXR 'D%"-2 Munnunw 17 'y :nyan
TIN D'WNIN TV NNIXY NDT 702 N1 X ,DIY'N MIP'MI D'ARYAN |2 NARNN 10IN 7722 71 ninv
Jwnnl) .02IY' NAXN? NN 54 7U N1ANINA 19N DY TIAYl NNdNA X7 NNIXI NIN7RYN DR DN'Nan

.(wTNN DNMNYRD DR YNNI 9122 NINYR NNd DION7 DA 7212 [INN9N

?0'wan DK NIND1 TXD X

[IYXIN 2IY"'D NIXR'YNYT nnonN

MANNW 17202 AW 21201 X2N .0PIMY NN INE T ,N9N Janon byn 1Y TaN ,7'NNw 9%
27 XN 097N NMd 9% aXwNn D YW NI'WNN TINK IR DYTE X ,00DTA R L,DTIM

N'A0TVON

Condition Brick Ore Sheep Wheat Wood

Cities + 1 Settlement + LR + LA2 %22 %26 %14 %22 %16

Cities + 3 Settlements + LA2 %25 %21 %14 %20 %19
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https://en.wikipedia.org/wiki/Heuristic_(computer_science)
https://en.wikipedia.org/wiki/Performance_tuning
https://en.wikipedia.org/wiki/Hyperparameter_optimization
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https://en.wikipedia.org/wiki/Basis_(linear_algebra)

Technologic

"nnnis N1 ngion”

72T P NIWYY7 117 2NN .T1912 2wt 73 11y yn oy nn T, 0" non bynd DNMNIYRN 7IMa

Unwa IR NTY nnn 0IYo NPT RIN |INNO9N .NNY N7 1223¥0Y 4.4 'y DX AIN9Y7 ATl ,JNNKX TNX

20 1w 7% v ARnn (Diminishing returns :nanIn?) "N n'71iv apisn” nimn ,n77oa
7 7 (D h t 7" 9 71on" 54

> nlion AYwa ,0'VIAPZ D'AXYI D'ANXKN O'XINNY NTa (JNUJYJ) 22T INIXND TWIE TIY 9'0nNY

?0'VIap DINWA D'RIN 17'R1 207N 010NN 27WN AT Ml .NNTIznn NINS 117 DINNN 1T N90IN

NN 7w NAVN 117 W'Y T'A1 X1 ,NNATTD OW'7 TX

1Y TAIY 0121 ,[21 INXY? .nYwA NIX'S 10 N9X KIN 2"No2 ,NIX'S NDINI N2VNY? 0121 [IYKIN TAIVN
NN NI7WNY 0NN 0N TN' ,N9IN [IYRIN TAIVAY A1 2'¥0 DX 907 TV AW Tavn 900
Ta1y Ty 0101 P NX7 .('nna ni7yr) 12 X0 17w nooinn lnywa nix'os 22 7w ni7w' npionn
72X) nywa Nix'e 28 7w 1017 071y 0N TN' ,0N1 I9X NI'NY '7'NNN DIRND 72X ITVY7 ' "W
qQI9¥ 72 72 N'N1 12D ,'WNN TAN YVIANYI L1017 (YN Tavnn NINS , 7171 6 X'N 17W NO0INN
128-n "nI* nTY 3"no2 Nix's 30-7 NN7yY NPIDGNN ,NI9N'Y 11IN7 0NN DT DT 07PN DNY DNI

2N N 702 NN ‘YN Tavn 7w nooInn AL

N"IwN N9oINN X .(30 ,28 ,22 ,10) NI7Y7 NP'09N X7 N'7'7DN NRI9DSNN TYD 17 IN'WNY 21wN

JIROR"-2 7w axnY Ik N7 T nvan L(2,6 ,12) Ty 1I970¥0W 720 N7 Nd'wnn KT

ANI' N2 X' QXY INIRA X L0122 090107 DYYRINI0ID DAY MM 7¢ NY71Un NO0INN
,"NMNonn N7 1an" NN D A1 L,NNNID N'721W N90IN 7W 2¥N 117 X1 JNKRN NIV X ,DARYN

!pnwnn 7v DIIWKRIN DA7WA TNIMA - DYII'N DNK D'ANWNY VIV 7w 2¥n 117 2 [11'an 1oin

Output

Point of
Maximum Yield

Point of
Diminishing Returns

Increasing
returns

Negative
returns

Diminishing
returns

0 Input

12 oN2 NEI9SNN NX 7'TAN INY?7D 1I¥Y"A O'T2UYN NIND N7TANY NIOX7 ['X 'O X'N 7INN NI'YAYNA NNX
720 joj7v1 7' AT WY'wI ,0'T2IWN NSOIN Y'Y INIY IN1 YA 7TAN NI9SND .0'TAIYA 1901 7TAIN

(7971 )Nn) "D'TAWY TV 1901N'Y

XD R DAY
www.DigitalWhisper.co.il
26 2026 "anan ,191 '



https://en.wikipedia.org/wiki/Diminishing_returns
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--- Debug Menu ---

Select options to add to the queue:

: Win Conditions upper dice & lower dice table

: Win Conditions table per strategies

: Showing heatmaps cluster proprity based on strategy, per each tile
: Debugging used for Python visualization

|_'..

: Win Conditions (WIP...)

: Connection between each town to its adjusted hex

: Final Optimal Location Values for Each Town

3: Connection between indices in ConnectedComponentTile class and Tile Class

9: Final Optimal Town Location

Commands: ‘r" to reset | [Empty Enter] to Run | 'q" to quit | '@' to select all
Current Selection [1] > I

T B - T I
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DNMIAZRN DX D'AYD YNINT N11AN2 'MIN2 ,0NN 7¢ 0O TAE DY DX DPNRY? 210 VIap7 1D
TXI .NT INX DT ,027'N 7W DRIw71 0DAT? NI 0'710109IND DMIZMN DX RIXAY 1an 7y v

17w O'MIpZ'Nn DX 2'Y) IR DY wwUn DIpnn NX NIXNY? T2 AW 'MXN VIYD ,QIOJ'7

N'YIYUN AXINN 197 DX DT YD

Tool
() Edit hex (resourceidice) > Mark our seltiement (' Mark enemy seltlement () Mark our road ® Mark enemy road () Erase Reset to Defauit Board

Legend

B Our settlement/ our road
. Enemy settlement / enemy road
Recommended settlement / road
Tip: after a run, hexitown color shows the heatmap score for the chos...

Strategy table (secondseltiementist...

2 Strategy Brick
(1) 4 Cities + LR 11
1 2 Cities + 1 Settlement + LR & LA (Extra Brick & Wood)
2 3 Cities + 2 Settlements + LR 14
3 2 Cities + 3 Settlements + LR 13
4 1l City + 2 Settlements + LR & L& 14
[a] Ii ] [+ ]

| Reload strategy table from disk |

| Find Best Settlement + Road ‘

Resuit

:N"NX7 NX11 DT I

Todl
Edit hox rosourcoiica) ) Mark our seffloment : Mark onemy seltloment ) Mark our road & Mark anemy road ) Erase | Reset to Dafaull Board

B Our settiemsant | our rosd

B Ensmy sattiament snemy roa

Recommenden settiement r0ad

P $Core for the Chos..

Stratugy table (secandseltie

Reloail strategy table from disk

Find Best Settlement + Road

Resuit
Top sustegy. 2 Cies + 3 Shitlements + LR

Full planned path: 12 > 17
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# Condition Brick Ore Sheep Wheat Wood
0 Cities + LR4 9 12 4 12 9
1 Cities + 2 Settlements + LR3 10 9 5 11 10
2 Cities + 4 Settlement + LR2 11 6 6 10 11
3 Cities + 2 Settlements (no LR)4 6 12 6 14 6
4 cities + 4 Settlements (no LR)3 7 9 7 13 7

?19'¥90 AXWN"Y 2"V W' OXD

2¥N NXI' WIAZN NIFAVIVOKRN N720 DX 21727 NXN2 ,0NNKR D77 710 ARIYD DY 'UNY 197

7757 DN pX X' DRN LD DK .(Selection bias 7y IXd7 DanINY?) D'akwn 2 NN n'on v

19Y%7 NITY A% NF% ARIYNAN 1R DR T D0 021 D'YNN IRY? 751 ,)D1 nTna nY

X NPTAY DYD 751 NI QWM Ya1 ARWN AT'R 2721 ,NIFRIPKR Nion 5,000 7w nxn INKY?
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JURPN

:0'020 NNY n'un

Resource bias around the recommended settlement (5000 randomized boards)

Brick A

Qre 1

Sheep .

Wheat

Wood A

Desert 1

-10 -8 6 -4 2 0 2 4 6
Deviation from board-average share (percentage points)
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https://en.wikipedia.org/wiki/Selection_bias
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Observed resource share vs board baseline (5000 randomized boards)

27.8%
B Observed (near winning settlement)
[ Baselijje,board average)
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5 10 4
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Brick Cre Sheep Wheat Wood Desert
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Restricted rules: opening-only vs full-game placement scope

8 (~1000 games each, corrected algorithm)
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Desert placement: center-forced vs random
(~1000 games each, opening-only algorithm, restricted rules)
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Longest Road dominance under restricted rules

(consistent across every restricted-rules dataset, corrected algorithm)
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Restricted rules
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Opening-only Full-game
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Under open rules: what actually won the game?

Opening-only + open rules Full-game + open rules
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Share of that side's wins won via this bonus (%)
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https://en.wikipedia.org/wiki/Correlation_does_not_imply_causation
https://en.wikipedia.org/wiki/Time_complexity#Constant_time
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https://en.wikipedia.org/wiki/Maximum_coverage_problem
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https://en.wikipedia.org/wiki/Cheating_in_video_games
https://github.com/OctaPokta/Breaking-Catan
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https://linktr.ee/TheSecurityFront
mailto:reuvenigal100@gmail.com
https://www.linkedin.com/in/gal-r-59b82b1ab/
https://www.linkedin.com/in/gal-r-59b82b1ab/
https://pll.harvard.edu/course/cs50-introduction-computer-science
https://en.wikipedia.org/wiki/Open-source_intelligence
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(p. 1) Academic honors thesis (Syracuse) - https://surface.syr.edu/honors_capstone/186/

(p. 1) Academic paper on Catan strategies (Guhe & Lascarides) -

https://homepages.inf.ed.ac.uk/alex/papers/semdial2013.pdf

(p. 1) Stanford CS230 project on Catan -
https://cs230.stanford.edu/projects fall 2021/reports/103176936.pdf

(p. 2) Catan (the game) - https://en.wikipedia.org/wiki/Catan

(p. 2) Brute-force search - https://en.wikipedia.org/wiki/Brute-force search

(p. 6) Normal distribution - https://en.wikipedia.org/wiki/Normal_distribution

(p. 7) Dwarves & Dice (YouTube) - https://www.youtube.com/@DwarvesAndDice

(p. 7) Demonstration video (YouTube) -

https://www.youtube.com/watch?v=b46lzrp8Fw8&list=LL&index=10

(p. 7) Adjacency matrix - https://en.wikipedia.org/wiki/Adjacency _matrix

(p. 8) Heat map - https://en.wikipedia.org/wiki/Heat_map

(p. 8) Pseudocode - https://en.wikipedia.org/wiki/Pseudocode

(p. 11) Component (graph theory) - https://en.wikipedia.org/wiki/Component_(graph_theory)

(p. 11) Graph theory - https://en.wikipedia.org/wiki/Graph_theory

(p. 12) Bucket sort - https://en.wikipedia.org/wiki/Bucket_sort

(p. 12) Depth-first search - https://en.wikipedia.org/wiki/Depth-first _search

(p. 16) Bipartite graph - https://en.wikipedia.org/wiki/Bipartite_graph

(p. 21) Heuristic (computer science) - https://en.wikipedia.org/wiki/Heuristic_(computer_science)

(p. 21) Performance tuning - https://en.wikipedia.org/wiki/Performance_tuning

(p. 21) Hyperparameter optimization - https://en.wikipedia.org/wiki/Hyperparameter optimization

(p. 23) Diminishing returns - https://en.wikipedia.org/wiki/Diminishing_returns

(p. 26) Canadian traveler problem - https://en.wikipedia.org/wiki/Canadian_traveller problem

(p. 26) PSPACE-complete - https://en.wikipedia.org/wiki/PSPACE-complete

(p. 28) Dijkstra's algorithm - https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm

(p. 30) Feature scaling - https://en.wikipedia.org/wiki/Feature_scaling

(p. 30) Normalization (statistics) - https://en.wikipedia.org/wiki/Normalization_(statistics)

(p. 30) Exponential decay - https://en.wikipedia.org/wiki/Exponential decay

(p. 31) Proof by exhaustion - https://en.wikipedia.org/wiki/Proof by exhaustion

(p. 31) Strategy (game theory) - https://en.wikipedia.org/wiki/Strategy (game_theory)

(p. 31) Nash equilibrium - https://en.wikipedia.org/wiki/Nash equilibrium

(p. 33) Exponential decay - https://en.wikipedia.org/wiki/Exponential _decay

(p. 33) Reinforcement learning - https://en.wikipedia.org/wiki/Reinforcement_learning
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https://cs230.stanford.edu/projects_fall_2021/reports/103176936.pdf
https://en.wikipedia.org/wiki/Catan
https://en.wikipedia.org/wiki/Brute-force_search
https://en.wikipedia.org/wiki/Normal_distribution
https://www.youtube.com/@DwarvesAndDice
https://www.youtube.com/watch?v=b46Izrp8Fw8&list=LL&index=10
https://en.wikipedia.org/wiki/Adjacency_matrix
https://en.wikipedia.org/wiki/Heat_map
https://en.wikipedia.org/wiki/Pseudocode
https://en.wikipedia.org/wiki/Component_(graph_theory)
https://en.wikipedia.org/wiki/Graph_theory
https://en.wikipedia.org/wiki/Bucket_sort
https://en.wikipedia.org/wiki/Depth-first_search
https://en.wikipedia.org/wiki/Bipartite_graph
https://en.wikipedia.org/wiki/Heuristic_(computer_science)
https://en.wikipedia.org/wiki/Performance_tuning
https://en.wikipedia.org/wiki/Hyperparameter_optimization
https://en.wikipedia.org/wiki/Diminishing_returns
https://en.wikipedia.org/wiki/Canadian_traveller_problem
https://en.wikipedia.org/wiki/PSPACE-complete
https://en.wikipedia.org/wiki/Dijkstra%27s_algorithm
https://en.wikipedia.org/wiki/Feature_scaling
https://en.wikipedia.org/wiki/Normalization_(statistics)
https://en.wikipedia.org/wiki/Exponential_decay
https://en.wikipedia.org/wiki/Proof_by_exhaustion
https://en.wikipedia.org/wiki/Strategy_(game_theory)
https://en.wikipedia.org/wiki/Nash_equilibrium
https://en.wikipedia.org/wiki/Exponential_decay
https://en.wikipedia.org/wiki/Reinforcement_learning
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(p. 36) Voronoi diagram - https://en.wikipedia.org/wiki/Voronoi_diagram

(p. 36) Delaunay triangulation - https://en.wikipedia.org/wiki/Delaunay _triangulation

(p. 43) Multi-source Dijkstra (NetworkX docs) -

https://networkx.org/documentation/stable/reference/algorithms/generated/networkx.algorithms.sho

rtest paths.weighted.multi_source dijkstra.html

(p. 46) Selection bias - https://en.wikipedia.org/wiki/Selection_bias

(p. 49) Dice Odds for Settlers of Catan (Stanford) -

https://cs.stanford.edu/people/nick/settlers/DiceOddsSettlers.html

(p. 49) JSettlers2 (GitHub) - https://github.com/[dmonin/JSettlers2

(p. 51) Discrete uniform distribution - https://en.wikipedia.org/wiki/Discrete_uniform_distribution
(p. 54) Correlation does not imply causation -

https://en.wikipedia.org/wiki/Correlation _does not_imply causation

(p. 55) Time complexity - https://en.wikipedia.org/wiki/Time _complexity

(p. 55) Maximum coverage problem - https://en.wikipedia.org/wiki/Maximum_coverage problem

(p. 57) Cheating in video games - https://en.wikipedia.org/wiki/Cheating_in_video games

(p. 57) Breaking Catan (GitHub repo) - https://github.com/OctaPokta/Breaking-Catan

(p. 57) Personal link - https:/linktr.ee/TheSecurityFront

(p. 58) Contact (email) - reuvenigal100@gmail.com

(p. 58) LinkedIn - https://www.linkedin.com/in/gal-r-59b82b1ab /

(p. 58) CS50 (Harvard) - https://pll.harvard.edu/course/cs50-introduction-computer-science

(p. 58) Open-source intelligence - https://en.wikipedia.org/wiki/Open-source _intelligence
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https://en.wikipedia.org/wiki/Voronoi_diagram
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