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➁❽(❹❼(➈❹8!!❝P-to-J5,P-to-J3, J5-to-P,J5-to-J3,J3-to-P,J3-to-J5
!(38❿X-to-Y!"8!❾❹➈3➀!(➂❹8!X!❾❹"➀!Y!(38!❷➆!X!❹8!➃/❹("➂!Y

◗❸(❹/3!➃❹38(❸❘!8➀➂"➂
(❽❻➂!"❽❽7/➄❹➈!❸➆❹&/❸!❸❽❽7/➄❹➈❸!!❝cost(s,r)=1❸➂❹❷!❸❽➆&!(❽❷❶❸➀!➃"❽➄❘!

❸❽❸❽!(❽❻➂❸!❺8❹!"❽➀➂❽➄❽➂!➁❽➂!"➂(❺❸!❾❹"!❸87❹"➀!➆❽❶❸➀!➁❽7❹(!❸&3
◗❹(&➆❹❸3!➁❽➂❸!"❹➂❿
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➀❺8➈!❝8➂❶❹❷
❛!❷➆!!"❹(➈➅&!"❹➄➂❹➅➂!"❹7&3➂❸!❾❹"➂!❛!!"❹7&3➂!❜!➀3!➀❺➈!➃❹"➄

❸➀❹➆!➁❽(➈➅➂!(❷➅&!➀❺8➈❸!"8!(❷➅➀!➁❿❽➀➆!!❸/❽(!"❽➆❽3"❸!"7&3➂❸
❸/❽(❸!"7&3➂➀!"❹7&3➂!"❺❺❸!❽❑➆
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➁❽&7➂!&❻(➂!"❹➆7➂8&!➀❺8➈❸!"❽➆&!❶❹7❽❽
➁❽&7➂❸!&❻(➂!❝  S t t t t ti i j= ≤ ≤ ≠{ }1 9 0 8, , ,L!0"7&3➂❸!"8!➀➂➅➂!

!❸7❹&/❸!➀➆!"❹❽7❼❹➂(➈❸!&❻(➂!❹❸❺!!❸/❽(❸  0 8, ,L{ }
❽"➀❻"❸!&7➂❝

is = 4 2 8 5 0 1 7 6 3, , , , , , , ,
❽➈❹➅!&7➂

gs = 1 2 3 4 0 5 6 7 8, , , , , , , ,
➁❽(❹❼(➈❹8❝

O up down left right= { }, , ,
❸/❽(❸!"7&3➂❸!"❺❺❸!➃❹❹❽❿!"8!➀➂➅➂!(❹❼(➈❹8❸!➁3!(38❿
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➅❹➅❸!"❷❽❻!❝8➂❶❹❷
❽❿➀❸➂!➀3!➀❹➀➅➂!87➂!"❹➄❽➈❸!"❻8&!❷➂❹➆3!➅❹➅❹!◗/❽(❘!❼➂❻3!❻❹➀!➃❹"➄

"7&3➂!❸"❹8&!➁❽❽➂➆➈!(/&❽!8➀❹!❻❹➀❸!"❹7&3➂!➀❿!"8!❸➅❿❽3!➅❹➅
❝➁❽&7➂❸!&❻(➂

  
S r c r c

n

r c
n n

i i
= ( )

≤ ≤
≤ ≤









1 1
0 64

1 8
2 2, , , , , ,

,

,
L

❽"➀❻"❸!&7➂∫  1 1,( ){ }
❽➈❹➅!&7➂  Final State s length s_ ( ) ( )⇔ = 64

➁❽(❹❼(➈❹8 ∫O =
− − − − − −

− −








1 2 2 1 2 1 1 2

1 2 2 1 2 1 1 2

, , , , , , , ,

, , , , , , ,
❸(➆❸➀❽❿➂!❽➈❹➅❸!&7➂❸!!❽❼➄❹❹➀(!❹➄❽8!➃❹("➈❸!➀❹➀➅➂!❸&!❸❽➆&➀!8➂❶❹❷!❹❺!!❝

➃❹("➈❸!"8
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❸➈➂&!❾(❷!"8❽7➂!❝8➂❶❹❷
➀❿➀!(38❿!❸➈❽❻&!➁❽"➂7❸!➀❿!➇➅❹8!➁❽➄❹"➄
"(❹7&!❸➈❽❻!"➈➂!❸➄❹"➄!!❸❸❺➂!(➈➅➂!"➂❹7

(❽➆&!➁❽"➂7!❽(➈➅➂!➀3!"❹❶❹❺

 ......}〉〉〉〉t1,t2〈〈〈〈P={ 

!➁❽(➈➅➂!❶❹❺〉〉〉〉n1,n2〈〈〈〈3❽&❿!➁❽❽/!❽❿!(➂❹8!!

!"8!(&❻➂❸n1!➀!n2➃❹❹❽❿&!❸➆❹➄"❸!"("❹➂❹!
❸❺

◗!➅➂❘!&(❹❻!❺❿(➂!"➂❹7➂!❸➀❽&❹➂❸!❾(❷!87➂
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➁❽&7➂!&❻(➂!"❹➆7➂8&!❼❹❹❽➄❸!"❽➆&!❶❹7❽❽
➁❽&7➂❸!&❻(➂S t tn= { }1, ,L

!(38❿it➁❽"➂7!❽(➈➅➂!➁➄❽❸!
❽"➀❻"❸!&7➂∫ = 231iS
❽➈❹➅!&7➂∫ = 75gS

(&➆➂!"❽❽7/➄❹➈∫succ t x t x P( ) ,= ∈{ }
◗➃❹"➄❸!"➂❹7➀!➁❽➄❿3❸!➁❽"➂7❸!➀❿!(➂❹➀❿❘

(❽❻➂❸!"❽❽7/➄❹➈ ∫ÆÌÈ˙Óˆ È ˘ ÔÈ· ˘È·Î‰ Í¯Â‡
‰ ˙Ó‰ ÔÓÊ ÂÏÏÎÈ˘ ˙ÂÙÒÂ  ¯ÈÁÓ ˙ÂÈˆ˜ ÂÙ ÏÚ ·Â˘

ÆÂÎÂ ˙¯˙ÂÓ ˙ÈÏÓÈÒ˜Ó ˙Â¯È‰Ó 
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(&➆➂!"❽❽7/➄❹➈∫!!Succ s h link s h domain h technion ac il( ) ( , ) ( ) " . . "= ∧ ={ }
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