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Move structure queries

⟨ p, ℓ, π, ξ ⟩
M How to compute   
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i i
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Move structure queries

⟨ p, ℓ, π, ξ ⟩run

P
0123456789012345678901234567890123456789 
1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 
01234567890123456789012345678901234567890123456789012 

Q

k = 10, i = 2

If  is an offset &  is the ID of 
the P-run containing , then

k i
k

π(k) = M[i] . π + (k − M[i] . p)
0 0 1 46 12
1 1 3 34 8
2 4 9 52 13
3 13 3 19 5... ... ... ... ...
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Move structure queries

⟨ p, ℓ, π, ξ ⟩run

P
0123456789012345678901234567890123456789 
1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 
|         |         |         |         |         | 
012345678101234567820123456783012345678401234567850

Q

52 + 6 = 58

k = 10, i = 2

0 0 1 46 12
1 1 3 34 8
2 4 9 52 13
3 13 3 19 5... ... ... ... ...

If  is an offset &  is the ID of 
the P-run containing , then

k i
k

π(k) = M[i] . π + (k − M[i] . p)



Move structure queries

⟨ p, ℓ, π, ξ ⟩run

P
0123456789012345678901234567890123456789 
1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 
|         |         |         |         |         | 
012345678101234567820123456783012345678401234567850

Q

 (the “new” ) equals 58. 
What is ?
k′￼ k

i′￼

k = 10, i = 2

0 0 1 46 12
1 1 3 34 8
2 4 9 52 13
3 13 3 19 5... ... ... ... ...



Move structure queries

⟨ p, ℓ, π, ξ ⟩run

P
0123456789012345678901234567890123456789 
1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 
|         |         |         |         |         | 
012345678101234567820123456783012345678401234567850

Q

 (the “new” ) equals 58. 
What is ?
k′￼ k

i′￼

k = 10, i = 2

0 0 1 46 12
1 1 3 34 8
2 4 9 52 13
3 13 3 19 5... ... ... ... ...

Is it  ?M[i] . ξ



Move structure queries

⟨ p, ℓ, π, ξ ⟩run

P
0123456789012345678901234567890123456789 
1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 
|         |         |         |         |         | 
012345678101234567820123456783012345678401234567850
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In this case, yes
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1 1 3 34 8
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3 13 3 19 5... ... ... ... ...

 (the “new” ) equals 58. 
What is ?
k′￼ k

i′￼

Is it  ?M[i] . ξ

k = 10, i = 2



Move structure queries
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k′￼← M[i] . π + (k − M[i] . p) = 37 + 6 = 43

k = 31, i = 7
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⟨ p, ℓ, π, ξ ⟩

New example
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⟨ p, ℓ, π, ξ ⟩k′￼← M[i] . π + (k − M[i] . p) = 37 + 6 = 43

k = 31, i = 7
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⟨ p, ℓ, π, ξ ⟩

 = 9M[i] . ξ Run 9 doesn't cover 
; Just   !k′￼ = 43 {37,38}

0 1 2 3 4 5 6 7 8 9

k′￼← M[i] . π + (k − M[i] . p) = 37 + 6 = 43
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⟨ p, ℓ, π, ξ ⟩

k′￼= 43, i′￼= ?

 = 9M[i] . ξ Run 9 doesn't cover 
; Just   !k′￼ = 43 {37,38}

0 1 2 3 4 5 6 7 8 9

k′￼← M[i] . π + (k − M[i] . p) = 37 + 6 = 43



Move structure queries
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⟨ p, ℓ, π, ξ ⟩

k′￼= 43, i′￼= ?

 = 9M[i] . ξ Run 9 doesn't cover 
; Just   !k′￼ = 43 {37,38}

0 1 2 3 4 5 6 7 8 9

k′￼← M[i] . π + (k − M[i] . p) = 37 + 6 = 43

Linear scanning is required

Scan from  = 9 until we reach a row 
containing 43

M[i] . ξ
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⟨ p, ℓ, π, ξ ⟩

0 1 2 3 4 5 6 7 8 9

Scan from  = 9 until we reach a row 
containing 43

M[i] . ξ
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Move structure queries
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⟨ p, ℓ, π, ξ ⟩

Requires 2 scans; correct row is 11

Worst-case LF query time 
depends on # scans

0 1 2 3 4 5 6 7 8 9 11

Scan from  = 9 until we reach a row 
containing 43

M[i] . ξ



Move structure queries

P 1100100000000100100100100100000000100101100000100100000000000100

1100100000100100100100100000000000100100000000110100100000000100 Q

In our example, computing  can take 0, 1 or 2 
steps, depending on 

π(k)
k

|         |         |         |         |         |         | 
0123456781012345678201234567830123456784012345678501234567860

T row_row_row_your_boatrow_row_row_your_boatrow_row_row_your_boat$

L trrrwwwwwwwwwooo___bbbyyyrrrrrrrrruuutt$______aaaoooooooooooo___



Move structure queries

P 1111100111001011110010011001101011111111110011011011010000000001

1100100101111010111010011001111100000000010011101111111100111011 Q

Here it can take up to 9 steps!  Depends on the example…

|         |         |         |         |         |         | 
0123456781012345678201234567830123456784012345678501234567860

T row_row_roo__our_boatrou_oou_row__our_boa__ow_oow_ror_your_boat$

L twoarrruw___wwuwrooo___obbbr__rro_y_r_roruuuo__t__$aaoooooooooo_



Move structure queries
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⟨ p, ℓ, π, ξ ⟩

TODO

How to query?

How to prove  time 
queries together with ?

O(1)
O(r)


