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What really happened
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Can you mend it?
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Around 2015, we started to study
a seemingly simple guestion:

Can you 4-color a grid locally?
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Around 2015, we started to study
a seemingly simple guestion:

Can you 4-color a grid locally?

« 2-coloring: trivially hard
 3-coloring: not-so-trivially hard

« 5-coloring: easy (A+1 colors)



We tried the usual strateqgy:
sit in front of a whiteboarad
and think hard...

Zero progress




We tried an usual strateqgy:
write lots of C and Python code,
Use SAT SO‘VerS 72 tile_map = { tile: Tile(tile) for tile in tiles

73 tiles_wide = read_tiles(d, r, c+1)
74 tiles_tall = read_tiles(d, r+1, c)
183 if(tab2[i] [K] [K2]!=tab1[j] /° TRIP X M) E1les, wice:
. S 184 /% found, identify upper part] 76 yl = cut.cut(corners, t_lgft(x))
5o ast = j; 185 for(§2=0; j2<nbr2; j2++) { 77 y2 = cut.cut(corners, t_right(x))
157 LLHDIE W 7 78 tile_map[y1].right.add(y2)
158 ylnbr2++] = j; 186 for(k=0;k<r;k++) Ll€_Mmaply...right. y
159 } 187 for(k2=0;k2<c; k2++) 79 tlle_map[yZ].left.add(yl)
160 /* elements of x[1,y[] —> tab[1[] %/ 188 if(tab2[j21[k] [k2]!=tabl 80 for x in tiles_tall:

omputer search found a local

algorithm for 4-coloring grids!

177 /% 2: initialize table auxtab[]1[] */ 202 for(i=0;i<nbr2;i++) 11 _. " .

178 For(j=8: je=ri2ep: j++) 503 ecount 4= ant[il: 94 for i,t in enumerate(tiles):

i:j fo;ﬁ)l::gél;;;:-[iTp,k+I) pr— 204 /% print SAT instance %/ 25 i.s.add_clausei[ i.\)/ar((t,x)) for x in rang
80 = -1; - . " od o\ ni 6 or x in range(cols):

181 /* 3: look for "holes" in independent ¢ 205 prlntf( p cnf %d %d\n",4*nbr2, 4xec 3 ; g i

182 Entex & 0 206 /* each vertex must have a color 4 97 for y in range(x+1, cols):

183 hoTenb b 207 for(i=0;i<nbr2;i++) { 98 s.s.add_clause([ -s.var((t,x)), -s.
184 for(j=0;j<=r;j++) 208 for(j=0;j<4;j++) 99 if tlr/21[c/2] == '1":

185 for(k=0; k<c;k++) 209 ; g d M i+ . 100 s.s.add_clause s.var((t,0

186 if(covtab[j+pl [k+p]l==0) { /% hole f,& Prlntf( fj. _'4*1+J+1)' . . . (1 ({t,0)) 1)

187 hant [holenbr] = 0: 210 printf("eo\n"); 101 for t in tiles:



Can you 4-color a grid locally?

« 2-coloring: trivially hard

 3-coloring: not-so-trivially hard

« 4-coloring: yes, but it's complicated
« 5-coloring: easy (A+1 colors)

Brandt, Hirvonen, Korhonen, Lempidinen, PO
Ostergard, Purcell, Rybicki, S., Uznanski:
"LCL problems on grids”



Much later...

We realized it doesn't need to be
complicated!

You just need the right perspective:
local mending



Local mending for 4-colorings
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Simple special case of a more general result
by Chechik and Mukhtar (SODA 2019)



Local mending: generalization of
greedily completable problems

Mending radius: how far do
vou need to undo a partial
solution to "patch a ho

Balliu, Hirvonen, Melnyk, Olivetti, Rybicki, S.:
"Local mending”




An example:
[CLs (locally checkable labelings) in trees

Solving Mending
O(1) o)

O( Og* n) /

O(log n) O(log n)
O(nVk) O(n)
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