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The goal here is to show that the first string of twelve consecutive happy numbers.

We claim the 158162 digit number N = 388.(158021 {\rm \ nines}).8.(136 {\rm \ nines}).4 begins a
sequence of 12 consecutive happy numbers.

Note that Dr. Grundman uses S_2 but we will simply use S in the explanation, which in our program is
the procedure 'onestep'.

Also note we will use a dot as the digit concatenation operator. Thus, 111112999994 could be written
11111.2.9999.94 if we wish.

First we define our procedures.

[> restart;
> f:=n — n”2; #in case we ever want to investigate the cube of the digits, etc.
— 2
| f:=n—n @
> bs = 10;
#this is the base, in case we ever want to investigate binary or ternary or any other base.
bs:=10 2

> onestep := proc(nl)
#this is what Dr. Grundman calls S_2(n1) and what we will simply call S below.
local ans, n, d;
n :=nil;
ans := 0;
whilen > 0do
d := n mod bs;
ans :=ans + f(d);
n:= (n-d)/bs;
end do;
ans;
end;

onestep := proc(nl) 3)
local ans, n, d;
n:=nl;
ans :=0;
while 0 < n do d:=mod(n, bs); ans:=ans+f(d); n:=(n —d)/bs end do;




ans
| end proc

> happy = proc(n)
# returns -1 if not happy, and returns the number of steps to reach 1 if it is happy
local m, j, height;
m :=n;
height := -1,
for j from 1 to 100 while (m > 1and m # 4) do
m := onestep(m);
end do;
if m=1 then height := j; end if;
height;
end;
happy := proc(n) ()
local m, j, height;
m:=n;
height:= — 1,
for j to 100 while 1 <m and m<>4 do m:=onestep(m) end do;
if m=1 then height:=j end if;
height
end proc

The next procedure is only needed when we want to find the smallest N with S(N) = n for a givenn. A
separate worksheet has the details on how this is constructed. The array contains the smallest N for 1
| <=n<=486 = 6*81.

> lowsS :=[1, 11, 111, 2,12, 112, 1112, 22, 3, 13, 113, 222, 23, 123, 1123, 4, 14, 33, 133, 24,
124, 233, 1233, 224, 5, 15, 115, 1115, 25, 125, 1125, 44, 144, 35, 135, 6, 16, 116, 1116,
26, 45, 145, 335, 226, 36, 136, 1136, 444, 7, 17, 117, 46, 27, 127, 1127, 246, 227, 37, 137,
1137, 56, 156, 1156, 8, 18, 118, 337, 28, 128, 356, 1356, 66, 38, 57, 157, 266, 238, 257,
1257, 48, 9, 19, 119, 248, 29, 129, 1129, 466, 58, 39, 139, 1139, 258, 239, 1239, 448, 49,
77,177, 68, 168, 277, 1277, 268, 458, 59, 159, 666, 368, 259, 1259, 2666, 78, 178, 359,
468, 69, 169, 1169, 2468, 269, 378, 577, 1577, 568, 369, 1369, 88, 188, 79, 179, 288, 469,
279, 1279, 668, 388, 578, 379, 1379, 2388, 569, 1569, 488, 89, 189, 777, 1777, 289, 1289,
2777, 4668, 588, 389, 579, 1579, 2588, 2389, 2579, 4488, 489, 99, 199, 688, 1688, 299,
1299, 2688, 4588, 589, 399, 1399, 3688, 2589, 2399, 12399, 788, 499, 779, 1779, 689,
1689, 2779, 12779, 2689, 3788, 599, 1599, 5688, 3689, 2599, 888, 1888, 789, 1789, 2888,
4689, 699, 1699, 6688, 3888, 2699, 3789, 5779, 15779, 5689, 3699, 4888, 889, 1889, 799,
1799, 2889, 4699, 2799, 12799, 5888, 3889, 5789, 3799, 13799, 23889, 5699, 15699,
4889, 899, 1899, 6888, 16888, 2899, 12899, 26888, 45888, 5889, 3899, 5799, 15799,
25889, 23899, 25799, 7888, 4899, 999, 1999, 6889, 16889, 2999, 12999, 26889, 37888,
5899, 3999, 13999, 36889, 25899, 8888, 18888, 7889, 4999, 7799, 17799, 6899, 16899,
27799, 38888, 26899, 37889, 5999, 15999, 56889, 36899, 25999, 8889, 18889, 7899,
17899, 28889, 46899, 6999, 16999, 58888, 38889, 26999, 37899, 57799, 157799, 56899,
36999, 48889, 8899, 18899, 7999, 17999, 28899, 46999, 27999, 127999, 58889, 38899,
57899, 37999, 137999, 238899, 56999, 78888, 48899, 8999, 18999, 68889, 168889,
28999, 128999, 268889, 378888, 58899, 38999, 57999, 157999, 258899, 88888, 188888,
78889, 48999, 9999, 19999, 68899, 168899, 29999, 129999, 268899, 378889, 58999,
39999, 139999, 368899, 258999, 88889, 188889, 78899, 49999, 77999, 177999, 68999,




ans

sequenc

N :=
388
999
999
999

168999, 277999, 388889, 268999, 378899, 59999, 159999, 568899, 368999, 259999,
88899, 188899, 78999, 178999, 288899, 468999, 69999, 169999, 588889, 388899,
269999, 378999, 577999, 1577999, 568999, 369999, 488899, 88999, 188999, 79999,
179999, 288999, 469999, 279999, 1279999, 588899, 388999, 578999, 379999, 1379999,
888888, 569999, 788889, 488999, 89999, 189999, 688899, 1688899, 289999, 1289999,
2688899, 3788889, 588999, 389999, 579999, 1579999, 2588999, 888889, 1888889,
788899, 489999, 99999, 199999, 688999, 1688999, 299999, 1299999, 2688999, 3788899,
589999, 399999, 1399999, 3688999, 2589999, 888899, 1888899, 788999, 499999,
779999, 1779999, 689999, 1689999, 2779999, 3888899, 2689999, 3788999, 599999,
1599999, 5688999, 3689999, 2599999, 888999, 1888999, 789999, 1789999, 2888999,
4689999, 699999, 1699999, 5888899, 3888999, 2699999, 3789999, 5779999, 8888888,
5689999, 3699999, 4888999, 889999, 1889999, 799999, 1799999, 2889999, 4699999,
2799999, 12799999, 5888999, 3889999, 5789999, 3799999, 13799999, 8888889,
5699999, 7888899, 4889999, 899999, 1899999, 6888999, 16888999, 2899999, 12899999,
26888999, 37888899, 5889999, 3899999, 5799999, 15799999, 25889999, 8888899,
18888899, 7888999, 4899999, 9999991 :

> minimalN := proc(n)
local g, r, k, ans;
global lows;;
if n < 487 thenans := lowS[n];
else
q = iquo(n, 81,'r");

.= lowS[n — (q —5)-811-10% ">+ (1097 °—1);

end if;
ans,
end;
minimalN := proc(n)
local g, r, k, ans;
global lowsS;
if n < 487 then
ans := lowS[n]
else
g:=iquo(n, 81, 'r'); ans:=lowS[n —81*q +405]*10"(q — 5) +10~(qg —5) — 1
end if;
ans
| end proc

We claim the 158162 digit number N = 388.(158021 {\rm \ nines}).8.(136 {\rm \ nines}).4 begins a

e of 12 consecutive happy numbers.

| We first show this does give twelve in a row.
> N :=388-10"%"%% 4 (10™%%%! —1).10"%* 4+8-10"" + (10*° —1)-10 + 4

99999999999999999999999999999999999999999999999999999999999999999999999\
99999999999999999999999]...157962 digits...]
99999999999999999999999999999999999999999999999999999999999999999999999
99999999999999999999994

(®)

(6)



LFirst we check for six in a row before the carry, then six in a row after the carry.
> M1 := onestep(388) + 158021-9° + 8 + 136-97

for j from 3 to 9 do print( j, happy(M1 +j?) ); end do;
M1:=12810918

3, -1
4,5
5,5
6,5
7,7
8,5
9,7

> M1 := onestep(388) + 158021-9° + (8 +1)%

for j from 0 to 6 do print( j, happy(M1 +j°) ); end do;
M1 :=12799919

0,8
1,4
2,4
3,8
4,7
57
6, -1
[We first search for six in a row before the carry.
> fora from 1 to 13000000 do
if happy(a -+ 92) > 0 and happy(a + 8%) > 0 and happy(a +72) > 0 and happy(a + 6°)
> 0 and happy(a +5%) > 0 and happy(a +4?) > 0 then print(a, happy(a + 3?),

happy(a +2%) ); end if;
end do:

()

(8)

126980,
216980,
226056,
262056,
277718,
356918,
359618,
365918,
369518,
395618,
396518,
451956,
536918,
539618,
541956,
563918,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,



569318, -1,
593618, -1,
596318, -1,
622056, -1,
635918, -1,
639518, -1,
653918, -1,
659318, -1,
693518, -1,
695318, -1,
727718, -1,
772718, -1,
777218, -1,
935618, -1,
936518, -1,
953618, -1,
956318, -1,
963518, -1,
965318, -1,
1026980, -1,
1128918, -1,
1129818, -1,
1167818, -1,
1168718, -1,
1176818, -1,
1178618, -1,
1182918, -1,
1186718, -1,
1187618, -1,
1189218, -1,
1192818, -1,
1198218, -1,
1206980, -1,
1218918, -1,
1219818, -1,
1247918, -1,
1249718, -1,
1261956, -1,
1269980, -1,
1274918, -1,
1279418, -1,
1281918, -1,

-1



1289118, -1,
1291818, -1,
1294718, -1,
1297418, -1,
1298118, -1,
1335056, -1,
1353056, -1,
1427918, -1,
1429718, -1,
1467718, -1,
1472918, -1,
1476718, -1,
1477618, -1,
1479218, -1,
1492718, -1,
1497218, -1,
1533056, -1,
1556818, -1,
1558618, -1,
1565818, -1,
1568518, -1,
1585618, -1,
1586518, -1,
1617818, -1,
1618718, -1,
1621956, -1,
1647718, -1,
1655818, -1,
1658518, -1,
1671818, -1,
1674718, -1,
1677418, -1,
1678118, -1,
1681718, -1,
1685518, -1,
1687118, -1,
1716818, -1,
1718618, -1,
1724918, -1,
1729418, -1,
1742918, -1,
1746718, -1,



1747618, -1,
1749218, -1,
1761818, -1,
1764718, -1,
1767418, -1,
1768118, -1,
1774618, -1,
1776418, -1,
1781618, -1,
1786118, -1,
1792418, -1,
1794218, -1,
1812918, -1,
1816718, -1,
1817618, -1,
1819218, -1,
1821918, -1,
1829118, -1,
1855618, -1,
1856518, -1,
1861718, -1,
1865518, -1,
1867118, -1,
1871618, -1,
1876118, -1,
1891218, -1,
1892118, -1,
1912818, -1,
1918218, -1,
1921818, -1,
1924718, -1,
1927418, -1,
1928118, -1,
1942718, -1,
1947218, -1,
1972418, -1,
1974218, -1,
1981218, -1,
1982118, -1,
2016980, -1,
2026056, -1,
2062056, -1,



2077718, -1,
2106980, -1,
2118918, -1,
2119818, -1,
2147918, -1,
2149718, -1,
2161956, -1,
2169980, -1,
2174918, -1,
2179418, -1,
2181918, -1,
2189118, -1,
2191818, -1,
2194718, -1,
2197418, -1,
2198118, -1,
2206056, -1,
2260056, -1,
2357818, -1,
2358718, -1,
2375818, -1,
2378518, -1,
2385718, -1,
2387518, -1,
2417918, -1,
2419718, -1,
2455918, -1,
2459518, -1,
2471918, -1,
2479118, -1,
2491718, -1,
2495518, -1,
2497118, -1,
2537818, -1,
2538718, -1,
2545918, -1,
2549518, -1,
2554918, -1,
2559418, -1,
2573818, -1,
2578318, -1,
2583718, -1,



2587318, -1,
2594518, -1,
2595418, -1,
2602056, -1,
2611956, -1,
2620056, -1,
2707718, -1,
2714918, -1,
2719418, -1,
2735818, -1,
2738518, -1,
2741918, -1,
2749118, -1,
2753818, -1,
2758318, -1,
2770718, -1,
2777018, -1,
2783518, -1,
2785318, -1,
2791418, -1,
2794118, -1,
2811918, -1,
2819118, -1,
2835718, -1,
2837518, -1,
2853718, -1,
2857318, -1,
2873518, -1,
2875318, -1,
2891118, -1,
2911818, -1,
2914718, -1,
2917418, -1,
2918118, -1,
2941718, -1,
2945518, -1,
2947118, -1,
2954518, -1,
2955418, -1,
2971418, -1,
2974118, -1,
2981118, -1,



3056918, -1,
3059618, -1,
3065918, -1,
3069518, -1,
3095618, -1,
3096518, -1,
3135056, -1,
3153056, -1,
3257818, -1,
3258718, -1,
3275818, -1,
3278518, -1,
3285718, -1,
3287518, -1,
3315056, -1,
3346918, -1,
3349618, -1,
3351056, -1,
3364918, -1,
3369418, -1,
3394618, -1,
3396418, -1,
3436918, -1,
3439618, -1,
3441956, -1,
3463918, -1,
3469318, -1,
3493618, -1,
3496318, -1,
3506918, -1,
3509618, -1,
3513056, -1,
3527818, -1,
3528718, -1,
3531056, -1,
3560918, -1,
3569018, -1,
3572818, -1,
3578218, -1,
3582718, -1,
3587218, -1,
3590618, -1,



3596018, -1,
3605918, -1,
3609518, -1,
3634918, -1,
3639418, -1,
3643918, -1,
3649318, -1,
3650918, -1,
3659018, -1,
3690518, -1,
3693418, -1,
3694318, -1,
3695018, -1,
3725818, -1,
3728518, -1,
3752818, -1,
3758218, -1,
3782518, -1,
3785218, -1,
3825718, -1,
3827518, -1,
3852718, -1,
3857218, -1,
3872518, -1,
3875218, -1,
3905618, -1,
3906518, -1,
3934618, -1,
3936418, -1,
3943618, -1,
3946318, -1,
3950618, -1,
3956018, -1,
3960518, -1,
3963418, -1,
3964318, -1,
3965018, -1,
4051956, -1,
4127918, -1,
4129718, -1,
4167718, -1,
4172918, -1,



4176718, -1,
4177618, -1,
4179218, -1,
4192718, -1,
4197218, -1,
4217918, -1,
4219718, -1,
4255918, -1,
4259518, -1,
4271918, -1,
4279118, -1,
4291718, -1,
4295518, -1,
4297118, -1,
4336918, -1,
4339618, -1,
4341956, -1,
4363918, -1,
4369318, -1,
4393618, -1,
4396318, -1,
4431956, -1,
4501956, -1,
4525918, -1,
4529518, -1,
4552918, -1,
4556718, -1,
4557618, -1,
4559218, -1,
4565718, -1,
4567518, -1,
4575618, -1,
4576518, -1,
4592518, -1,
4595218, -1,
4617718, -1,
4633918, -1,
4639318, -1,
4655718, -1,
4657518, -1,
4671718, -1,
4675518, -1,



4677118, -1,
4693318, -1,
4712918, -1,
4716718, -1,
4717618, -1,
4719218, -1,
4721918, -1,
4729118, -1,
4755618, -1,
4756518, -1,
4761718, -1,
4765518, -1,
4767118, -1,
4771618, -1,
4776118, -1,
4791218, -1,
4792118, -1,
4912718, -1,
4917218, -1,
4921718, -1,
4925518, -1,
4927118, -1,
4933618, -1,
4936318, -1,
4952518, -1,
4955218, -1,
4963318, -1,
4971218, -1,
4972118, -1,
5036918, -1,
5039618, -1,
5041956, -1,
5063918, -1,
5069318, -1,
5093618, -1,
5096318, -1,
5133056, -1,
5156818, -1,
5158618, -1,
5165818, -1,
5168518, -1,
5185618, -1,



5186518, -1,
5237818, -1,
5238718, -1,
5245918, -1,
5249518, -1,
5254918, -1,
5259418, -1,
5273818, -1,
5278318, -1,
5283718, -1,
5287318, -1,
5294518, -1,
5295418, -1,
5306918, -1,
5309618, -1,
5313056, -1,
5327818, -1,
5328718, -1,
5331056, -1,
5360918, -1,
5369018, -1,
5372818, -1,
5378218, -1,
5382718, -1,
5387218, -1,
5390618, -1,
5396018, -1,
5401956, -1,
5425918, -1,
5429518, -1,
5452918, -1,
5456718, -1,
5457618, -1,
5459218, -1,
5465718, -1,
5467518, -1,
5475618, -1,
5476518, -1,
5492518, -1,
5495218, -1,
5516818, -1,
5518618, -1,



5524918, -1,
5529418, -1,
5542918, -1,
5546718, -1,
5547618, -1,
5549218, -1,
5561818, -1,
5564718, -1,
5567418, -1,
5568118, -1,
5574618, -1,
5576418, -1,
5581618, -1,
5586118, -1,
5592418, -1,
5594218, -1,
5603918, -1,
5609318, -1,
5615818, -1,
5618518, -1,
5630918, -1,
5639018, -1,
5645718, -1,
5647518, -1,
5651818, -1,
5654718, -1,
5657418, -1,
5658118, -1,
5674518, -1,
5675418, -1,
5681518, -1,
5685118, -1,
5690318, -1,
5693018, -1,
5723818, -1,
5728318, -1,
5732818, -1,
5738218, -1,
5745618, -1,
5746518, -1,
5754618, -1,
5756418, -1,



5764518, -1,
5765418, -1,
5782318, -1,
5783218, -1,
5815618, -1,
5816518, -1,
5823718, -1,
5827318, -1,
5832718, -1,
5837218, -1,
5851618, -1,
5856118, -1,
5861518, -1,
5865118, -1,
5872318, -1,
5873218, -1,
5903618, -1,
5906318, -1,
5924518, -1,
5925418, -1,
5930618, -1,
5936018, -1,
5942518, -1,
5945218, -1,
5952418, -1,
5954218, -1,
5960318, -1,
5963018, -1,
6022056, -1,
6035918, -1,
6039518, -1,
6053918, -1,
6059318, -1,
6093518, -1,
6095318, -1,
6117818, -1,
6118718, -1,
6121956, -1,
6147718, -1,
6155818, -1,
6158518, -1,
6171818, -1,



6174718, -1,
6177418, -1,
6178118, -1,
6181718, -1,
6185518, -1,
6187118, -1,
6202056, -1,
6211956, -1,
6220056, -1,
6305918, -1,
6309518, -1,
6334918, -1,
6339418, -1,
6343918, -1,
6349318, -1,
6350918, -1,
6359018, -1,
6390518, -1,
6393418, -1,
6394318, -1,
6395018, -1,
6417718, -1,
6433918, -1,
6439318, -1,
6455718, -1,
6457518, -1,
6471718, -1,
6475518, -1,
6477118, -1,
6493318, -1,
6503918, -1,
6509318, -1,
6515818, -1,
6518518, -1,
6530918, -1,
6539018, -1,
6545718, -1,
6547518, -1,
6551818, -1,
6554718, -1,
6557418, -1,
6558118, -1,



6574518, -1,
6575418, -1,
6581518, -1,
6585118, -1,
6590318, -1,
6593018, -1,
6711818, -1,
6714718, -1,
6717418, -1,
6718118, -1,
6741718, -1,
6745518, -1,
6747118, -1,
6754518, -1,
6755418, -1,
6771418, -1,
6774118, -1,
6781118, -1,
6811718, -1,
6815518, -1,
6817118, -1,
6851518, -1,
6855118, -1,
6871118, -1,
6903518, -1,
6905318, -1,
6930518, -1,
6933418, -1,
6934318, -1,
6935018, -1,
6943318, -1,
6950318, -1,
6953018, -1,
7027718, -1,
7072718, -1,
7077218, -1,
7116818, -1,
7118618, -1,
7124918, -1,
7129418, -1,
7142918, -1,
7146718, -1,



7147618, -1,
7149218, -1,
7161818, -1,
7164718, -1,
7167418, -1,
7168118, -1,
7174618, -1,
7176418, -1,
7181618, -1,
7186118, -1,
7192418, -1,
7194218, -1,
7207718, -1,
7214918, -1,
7219418, -1,
7235818, -1,
7238518, -1,
7241918, -1,
7249118, -1,
7253818, -1,
7258318, -1,
7270718, -1,
7277018, -1,
7283518, -1,
7285318, -1,
7291418, -1,
7294118, -1,
7325818, -1,
7328518, -1,
7352818, -1,
7358218, -1,
7382518, -1,
7385218, -1,
7412918, -1,
7416718, -1,
7417618, -1,
7419218, -1,
7421918, -1,
7429118, -1,
7455618, -1,
7456518, -1,
7461718, -1,



7465518, -1,
7467118, -1,
7471618, -1,
7476118, -1,
7491218, -1,
7492118, -1,
7523818, -1,
7528318, -1,
7532818, -1,
7538218, -1,
7545618, -1,
7546518, -1,
7554618, -1,
7556418, -1,
7564518, -1,
7565418, -1,
7582318, -1,
7583218, -1,
7611818, -1,
7614718, -1,
7617418, -1,
7618118, -1,
7641718, -1,
7645518, -1,
7647118, -1,
7654518, -1,
7655418, -1,
7671418, -1,
7674118, -1,
7681118, -1,
7702718, -1,
7707218, -1,
7714618, -1,
7716418, -1,
7720718, -1,
7727018, -1,
7741618, -1,
7746118, -1,
7761418, -1,
7764118, -1,
7770218, -1,
7772018, -1,



7811618, -1,
7816118, -1,
7823518, -1,
7825318, -1,
7832518, -1,
7835218, -1,
7852318, -1,
7853218, -1,
7861118, -1,
7912418, -1,
7914218, -1,
7921418, -1,
7924118, -1,
7941218, -1,
7942118, -1,
8112918, -1,
8116718, -1,
8117618, -1,
8119218, -1,
8121918, -1,
8129118, -1,
8155618, -1,
8156518, -1,
8161718, -1,
8165518, -1,
8167118, -1,
8171618, -1,
8176118, -1,
8191218, -1,
8192118, -1,
8211918, -1,
8219118, -1,
8235718, -1,
8237518, -1,
8253718, -1,
8257318, -1,
8273518, -1,
8275318, -1,
8291118, -1,
8325718, -1,
8327518, -1,
8352718, -1,



8357218, -1,
8372518, -1,
8375218, -1,
8515618, -1,
8516518, -1,
8523718, -1,
8527318, -1,
8532718, -1,
8537218, -1,
8551618, -1,
8556118, -1,
8561518, -1,
8565118, -1,
8572318, -1,
8573218, -1,
8611718, -1,
8615518, -1,
8617118, -1,
8651518, -1,
8655118, -1,
8671118, -1,
8711618, -1,
8716118, -1,
8723518, -1,
8725318, -1,
8732518, -1,
8735218, -1,
8752318, -1,
8753218, -1,
8761118, -1,
8911218, -1,
8912118, -1,
8921118, -1,
9035618, -1,
9036518, -1,
9053618, -1,
9056318, -1,
9063518, -1,
9065318, -1,
9112818, -1,
9118218, -1,
9121818, -1,



9124718, -1,
9127418, -1,
9128118, -1,
9142718, -1,
9147218, -1,
9172418, -1,
9174218, -1,
9181218, -1,
9182118, -1,
9211818, -1,
9214718, -1,
9217418, -1,
9218118, -1,
9241718, -1,
9245518, -1,
9247118, -1,
9254518, -1,
9255418, -1,
9271418, -1,
9274118, -1,
9281118, -1,
9305618, -1,
9306518, -1,
9334618, -1,
9336418, -1,
9343618, -1,
9346318, -1,
9350618, -1,
9356018, -1,
9360518, -1,
9363418, -1,
9364318, -1,
9365018, -1,
9412718, -1,
9417218, -1,
9421718, -1,
9425518, -1,
9427118, -1,
9433618, -1,
9436318, -1,
9452518, -1,
9455218, -1,



9463318,
9471218,
9472118,
9503618,
9506318,
9524518,
9525418,
9530618,
9536018,
9542518,
9545218,
9552418,
9554218,
9560318,
9563018,
9603518,
9605318,
9630518,
9633418,
9634318,
9635018,
9643318,
9650318,
9653018,
9712418,
9714218,
9721418,
9724118,
9741218,
9742118,
9811218,
9812118,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

9821118, -1, -1
10026980, -1, -1

10128918,
10129818,
10167818,
10168718,
10176818,
10178618,
10182918,
10186718,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,



10187618,
10189218,
10192818,
10198218,
10206980,
10218918,
10219818,
10247918,
10249718,
10261956,
10269980,
10274918,
10279418,
10281918,
10289118,
10291818,
10294718,
10297418,
10298118,
10335056,
10353056,
10427918,
10429718,
10467718,
10472918,
10476718,
10477618,
10479218,
10492718,
10497218,
10533056,
10556818,
10558618,
10565818,
10568518,
10585618,
10586518,
10617818,
10618718,
10621956,
10647718,
10655818,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



10658518,
10671818,
10674718,
10677418,
10678118,
10681718,
10685518,
10687118,
10716818,
10718618,
10724918,
10729418,
10742918,
10746718,
10747618,
10749218,
10761818,
10764718,
10767418,
10768118,
10774618,
10776418,
10781618,
10786118,
10792418,
10794218,
10812918,
10816718,
10817618,
10819218,
10821918,
10829118,
10855618,
10856518,
10861718,
10865518,
10867118,
10871618,
10876118,
10891218,
10892118,
10912818,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



10918218,
10921818,
10924718,
10927418,
10928118,
10942718,
10947218,
10972418,
10974218,
10981218,
10982118,
11028918,
11029818,
11067818,
11068718,
11076818,
11078618,
11082918,
11086718,
11087618,
11089218,
11092818,
11098218,
11145056,
11154056,
11208918,
11209818,
11280918,
11289018,
11290818,
11298018,
11415056,
11446918,
11449618,
11451056,
11464918,
11469418,
11494618,
11496418,
11514056,
11541056,
11607818,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



11608718,
11639980,
11644918,
11649418,
11670818,
11678018,
11680718,
11687018,
11694418,
11706818,
11708618,
11760818,
11768018,
11780618,
11786018,
11802918,
11806718,
11807618,
11809218,
11820918,
11829018,
11860718,
11867018,
11870618,
11876018,
11890218,
11892018,
11902818,
11908218,
11920818,
11928018,
11944618,
11946418,
11964418,
11980218,
11982018,
12006980,
12018918,
12019818,
12047918,
12049718,
12061956,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



12069980,
12074918,
12079418,
12081918,
12089118,
12091818,
12094718,
12097418,
12098118,
12108918,
12109818,
12180918,
12189018,
12190818,
12198018,
12256918,
12259618,
12265918,
12269518,
12295618,
12296518,
12338818,
12383818,
12388318,
12407918,
12409718,
12470918,
12479018,
12490718,
12497018,
12526918,
12529618,
12562918,
12566718,
12567618,
12569218,
12576618,
12592618,
12596218,
12601956,
12625918,
12629518,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



12652918,
12656718,
12657618,
12659218,
12665718,
12667518,
12675618,
12676518,
12692518,
12695218,
12704918,
12709418,
12740918,
12749018,
12756618,
12765618,
12766518,
12790418,
12794018,
12801918,
12809118,
12810918,
12819018,
12833818,
12838318,
12883318,
12890118,
12891018,
12901818,
12904718,
12907418,
12908118,
12910818,
12918018,
12925618,
12926518,
12940718,
12947018,
12952618,
12956218,
12962518,
12965218,

-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,
-1,
-1,
-1,
-1,
-1,

-1,
-1,
-1,



12970418, -1, -1
12974018, -1, -1
12980118, -1, -1
i 12981018, -1, -1 9)
> forafrom 1 to 13000000 do
if happy(a) > 0 and happy(a + 12) > 0 and happy(a + 22) > 0 and happy(a + 3?) > 0
and happy(a +42) > 0and happy(a +52) > 0 then print(a, happy(a + 6%), happy(a
+7%)): end if;
end do:
12799919, -1, 8

12979919, -1, 8
12997919, -1, 8
12999719, -1, 8 (10)
> aq,;
13000001 (11)

' We see that there are not seven in a row before the carry, nor seven in a row after the carry, so the only
way to get 12 in a row is to have a 6/6 split over the carry.

We test the smallest case which has six after the carry to see if it can extend to six in a row before the
carry.

First we see which digit will give us the smallest candidate. We see here our preference is d=8 though
| the difference in length would not be much.

12799919
> trunc( T )
| 158023 (12)
> a:= 12799919
ford from 0 to8 do
m := a — 158018-9% — d%
print(d, minimalN (m) );
end do:
0, 3889999
1, 5888999
2, 4699999
3, 889999
4, 2699999
5, 1888999
6, 1689999
7, 3788899
8, 389999 (13)

We now add digits onto the minimal case of six in a row after the carry to see if we can get 6 in a row
| before the carry.
> a = 12799919;
ktop := 1000;
for k from O to ktop do # Kk is the number of nines at the end of N1.
for d from 0 to8 do #d is the digit that precedes the k digits of nine at the end of N1.




q=a-2-d—1+k-9%
if happy(q + 92) > 0 and happy(q + 8%) > 0 and happy(q +72) > 0 and happy(q + 6°)

> 0 and happy(q + 5°) > 0 then print(a, k, d, happy(q + 42) ) end if;
end do; end do:
a:=12799919

ktop := 1000
12799919, 136, 8, 5
| 12799919, 236, 8, 5 (14)
' The smaller N comes from the smaller k = 136. Since 12799919+136*81 < 12979919 . we can ignore

the higher cases. So our candidate is N= 38.(158021 nines).8.(136 nines).4. As we saw above, this
works, there can be no smaller with six in a row after the carry, so it is the smallest.

[>



