ABSTRACT

CT

w^{w− 1} CT w CT^2 w

Alpha-beta (αβ and SSS*

αβ framework

McAllester’s

conspire CT

application-independent B*

CT w^{w− 1} CT

w CT^2 w t_{root} J F and G F and G t_{root} conspire J t_{root} minimal t_{root}

m and v mto.

A= 1 − − −

B= 1 − − − C = 0 − − −

D = 1 − − − E = 2 − − − F = 0 − − − G = 1 − − −

J = 1 − − − K= 0 − − −

m

∞

T

CN(T, v) = ∞ 1 0 if if if v≠m v=m

T v v. v, ↑(T, v v.

↑(T, v) = MIN ↑CN(T_{i,} v) 0 for for all all v>m v≤m

v, ↓CN(T, v v

v v, all v

↓CN(T, v) =

Σ^{↓CN(T}i,^{v)} 0 for for all all v<m v≥m

↑CN(T, v) =

Σ^{↑CN(T}i^{, v)} 0 for for all all v>m v≤m

↓CN(T, v) = MIN ↓CN(T_{i,} v) 0 for for all all v<m v≥m

↑CN and ↓CN

monotonicity v < w then ↑CN(T, v) CN(T, w)

and ↓CN(T, w) CN(T, v v,

(v ≠ m mand v.

v CN(T, v) < CT t_{min} , t_{max} ], where t_{min} ≤ t_{root} ≤ t_{max}.

t_{max} or t_{min} t_{max} t_{max} t_{max} CT (IncreaseRoot t_{max} t_{min} (DecreaseRoot). IncreaseRoot or DecreaseRoot t_{root} DecreaseRoot. t_{max} expanded

t_{max} t_{max} computing CN(T, t_{max)} t_{max} t_{max}

t_{max} t_{max}

reached CT t_{max} t_{max}. t_{min} posal.

CT >

w

T _ , (1) T (2) T . T_w T, (3) T _ . T _ w T . T_w (4) t T(or T _ ), t_{min}, t_{max} T (6) v T v v d w d αβ cut-offs).

d − ply αβ αβ CT the αβ tree.

CEF AEF CEF CEF

∞ , v, v P_m below.

P_m v, l, u l and u.

C_m C_m C_m-tree

applied.

P_i-tree, i = m m

A P_i P_i B_2 B_w B_1 has w P_{i − 1} P_0 w leaf nodes, B_1 B_w.

P_i i + 1.

P_{i i − 1} P_i-tree P_{i − 1}-tree.

P_i P_{i − 1}-tree.

P_{i − 1} P_{i − 1}

B_1 B_w

P_i

...

P_i-tree.

Proof: For i ≥ i i + P_i

P_{i − 1}

P_{i − 1} P_i

which i ↓CN(P_{i − 1} , ),

P_{i − 1} to .

AEF T _

P_{i − 1} ⊆ T _ ⊂ P_i . (1) Then,

↓CN(T, ) = (i − w − + w ↑CN(T, ) =

Proof: T _ w − T _ become

i i T _

that P_0 ⊆ T _ ⊂ P_1 ↓CN(T, w T _ = P_0 and

P_0 ⊂ T _ ⊂ P_1 T _ ↓CN(T,_{j=1}Σ^w 1 = w.

T _ T _ j, j = w

P_0 and P_1 T _ P_0 ⊂ T _ ⊂ P_1 T _ j j k T _ k ↓CN(T_k,

↓CN(B_1 , ) =_{1≤ j≤ w}min ↓CN(T_j , ) = ↓CN(T,_{j=1}Σ^w ↓CN(B_j ,

j=1Σ^{w 1 = w i =}

T _ 1 T _ w

B_1 B_w

T

...

P_1-tree.

P_{i − 1} ⊆ T _ ⊂ P_i T _

P_i ⊆ T _ ⊂ P_{i +1} ↓CN(T, ) = i (w − + w T _

T _ j P_{i − 1} ⊆ T _ j ⊆ P_i , j = . w

k ≤ k ≤ w,

P_{i − 1} ⊆ T _ k ⊂ P_i . (5)

↓CN(T_j , ) ≥ (i − w − + w ≤ j ≤ w

↓CN(T_k, ) = (i − w − + w

↓CN(B_1 , ) =_{1≤ j≤ w}min ↓CN(T_{j,} ) = (i − w − + w

↓CN(T, ) =_{j=1}Σ^w ↓CN(B_j , )

= i − w − + w] +_{j=2}Σ^w ↓CN(B_j , ) = i (w − + w.

AEF T _ P_{i − 1} ⊆ T _ ⊂ P_i

↑CN(T, ) = (i − w − + wand ↓CN(T, ) = 1.

P_m m

m = w − 1 CT − w . (6) P_m v, v.

Proof: CT > CT − w > 1 − w w − 1

CT − w 1

m ≥ and , CT > P_0 ↓CN(P w and ↑CN(P CT ≤ w P_0 is [v, CT ≤ w m When CT > w , P_0 P_0, P_1 P_m.

P_{j− 1} ≤ j ≤ m P_j T _ P_{j− 1} ⊆ T _ ⊂ P_j T _′ P_{j− 1} ⊆ T _ ⊂ T _′ ⊆ P_j P_{j− 1} and P_j that P_j P_{j− 1}. j = i i < m j = i + T _ satisfying P_i ⊆ T _ ⊂ P_{i +1} ↓CN(T, ) = i(w− + w and ↑CN(T, ) =

i < m i < w − 1

CT − w ↓CN(T, ) < CT T_

,

T _ T _

P_{i − 1} ⊆ T _ j ⊆ P_{i,} 1 ≤ j ≤ w

P_{i − 1} ⊆ T _ k ⊂ P_i (8)

k ≤ k ≤ w B_i ≤ i ≤ w

b_i i B_1

B_1 T _ k k T_j

↓CN(T_{k,} ) =_{1≤ j≤ w}min ↓CN(T_{j,} k T _ k k T _ k′

P_{i − 1} ⊆ T _ k ⊂ T _ k′ ⊆ P_i . (9) T _ k into T _ k′converts T_ T_′ T_′satis-

fies P_i ⊆ T _ ⊂ T _′ ⊆ P_{i +1}

Clearly ↑CN(T′, T _′ =

P_m, ↓CN(P_{m,} m(w − + w m = w − 1 CT − w

↓CN(P_{m,} ) ≥ CT P_m v ∞ v

P_i i

P_i-tree.

T _ ⊂ P_i i T _

T _′ T _ ⊂ T _′ ⊆ P_i.

P_m v,

reintroduce

Let T _ v, ∞ T _

Proof: T _

P_m C_m-tree:

A C_i C_i C_0

C_{i − 1} P_{i − 1} P_{i − 1}

B_1 P_i P_i

C_i

...

...

C_i-tree.

C_m l, u l and u.

If T _

P_i ⊆ T _ ⊆ C_i then

↑CN(T, ) ≤ i (w − + w T _ = C_i.

Proof: P_0 ⊆ T _ ⊆ C_0

↑CN(T, ) ≤ w T _ = C_0

where T _ k ≤ k ≤ w ↑CN(T_k, ) ≤ w, k = w, T _ k ↑CN(T, ) =_{1≤ k≤ w}min ↑CN(T_k, ) ≤ w with T _ k k T _ = C_0).

T _ 1 T _ w

T

T _ 1 P_{i − 1} P_{i − 1}

B_1 T _ 2 T _ w

T

...

...

C_0 C_{i − 1}-tree.

P_{i − 1} ⊆ T _ ⊆ C_{i − 1} ↑CN(T, ) ≤ (i − w− + w T _ = C_{i − 1}

P_{i − 1} ⊆ T _ 1 ⊆ C_{i − 1}

B_k ⊆ T _ k ⊆ P_i ≤ k ≤ w ↑CN(T_1 , ) ≤ (i − w− + w T _ 1 = C_{i − 1}

↑CN(B_1 , ) CN(T_1 , ) + (w− ↑CN(P_{i − 1} , )

≤ i − w− + w] + (w− = i (w − + w T _ 1 = C_{i − 1}

↑CN(T, ) = min

↑CN(B_1 ,_{2≤ k≤ w}min ↑CN(T_k, )

≤ i (w − + w T _ 1 = C_{i − 1} and T _ k = P_i, k w T _ = C_i).

C_m-tree.

C_m P_m m

C_m l, u l and u.

Proof: P_m

C_m T _ P_m ⊆ T _ ⊂ C_m C_m.

P_j C_j.

j = m T _ P_j ⊆ T _ ⊂ C_j j T _′

P_j ⊆ T _ ⊂ T _′ ⊆ C_j . (12) j T _ k T _ T _′ satisfy- j T _

T _ k ↑CN(T_{k,} T _ k ↑CN(T_{k,} w when T _ k T _′ satisfy-

j = i − j = i T _

P_i ⊆ T _ ⊂ C_i T _ T _′

P_i ⊆ T _ ⊂ T _′ ⊆ C_i . (14) T _ P_i and C_i T _

P_{i − 1} ⊆ T _ 1 ⊆ C_{i − 1} (15) and B_k ⊆ T _ k ⊆ P_i ≤ k ≤ (16)

T _ 1 ⊂ C_{i − 1} T _ k ⊂ P_i k ≤ k ≤ (17)

With T _

T _ k, k = w B_1

≤ k ≤ w, ↑CN(T_{k,} ) ≤ i(w− + w T _ k = P_i

B_1

↑CN(B_1 , ) CN(T_1 , ) + (w− ↑CN(P_{i − 1} , )

≤ i − w − + w] + (w − = i (w − + w T _ 1 = C_{i − 1} T _ k, k = w B_1

i ( w − + w T _ k = P_i, k = w T _ 1 = C_{i − 1} T _ = C_i T _ k k ≤ k ≤ w

input T _ k T _ k′ T__k ⊂ T__k′ ⊆ P_i T _ k T _ k′ T_′ B_1 T _ 1 ⊂ C_{i − 1}

B_1

B_1 T _ 1. Since T _ 1 P_{i − 1} ⊆ T _ 1 ⊂ C_{i − 1} T _ 1 T _ 1′ satisfying

P_{i − 1} ⊆ T _ 1 ⊂ T _ 1′ ⊆ C_{i − 1} T_′satisfying

CEF CT C_m-tree

where m

Proof: T _ T _ ⊂ C_m ↑CN(T, ) < m(w − + w. T _

C_m-tree. C_m AEF C_m P_m-tree. Now, ↓CN(C_{m,} P_m-tree, ↓CN(P_m, ) = m(w − + w ↓CN(C_m, ) ≥ CT ↑CN(C_m, ) = m(w − + w ↑CN(C_m, ) ≥ CT. v < c_m ↓CN(C_m, ) ≥ CT ↓CN(C_m, v) ≥ CT v

↑CN(C_m, ) ≥ CT v> c_m, ↑CN(C_m, v) ≥ CT

AEF C_m any C_m-tree.

C_m m + 2.

Proof:

CT w − 1 CT − w + 2.

Proof:

P_m-tree, N(P_m w − 1

(w^{m+1} − w + .

Proof: A P_0 P_0 w

C_m-tree, N(C_m w − 1

(w +^2 w^{m+1} − 4 − m + w − 3.

Proof: C_0 N(C_0 ) = w^2 + w +

CT

N_{CT} = w − 1

(w +^2 w w − 1 CT − w + 1 − 4 − 2 w − 1 CT − w + 1 w − 3. (18)

Proof: CT (w d N_{CT}

_________________________________________________________________________ _________________________________________________________________________ N_{CT} d N_{CT} d N_{CT} d N_{CT} _________________________________________________________________________

d N_{CT} w CT).

CEF N_{CT} CT

N_{CT} = O(γ^{CT} w^{w − 1} 1

Proof:

CT wincreases.

CT CEF

required.

F_i i, i ≥ 0, ↑CN(F_i , ) = w^i and ↓CN(F_i , ) = w^i.

Proof: i = 0, F_i F_k k F_{k+1} k + T_j, j = w ↑CN(T_j ,

l =1Σ w ↑CN(F_k, w^{k+1} and ↓CN(T_j ,_{1≤ l ≤ w}min ↓CN(F_k, w^k ↑CN(F_{k+1} ,

1≤ j≤ w

min ↑CN(T_j , w^{k+1} and ↓CN(F_{k+1} ,_{j=1}Σ^w ↓CN(T_j , w^{k+1}.

F_k F_k

T_1

F_k F_k

T_w

F_{k+1}

... ...

F_{k+1}-tree.

with N(F_i

CT

For CT ≤ w^i CEF, F_i i

Proof: CEF AEF is

For CT ≤ w^i AEF F_i i l, u finite l and u.

Proof: Let f_i F_i ↑CN(F_i , f_i ) CN(F_i , f_i ) = ↑ ↓ CT ≤ w^i

CEFs.

For CT = w^i, i ≥

w − 1

2 − 1 . (19)

Proof: For CT = w^i F_i i has

w − 1 w^{2i + 1} − 1 nodes.

F_i CT.

For CT = w^i, i ≥ tree.

Proof: C_m CT = w^i, m = w − 1 CT − w = w − 1

CT − w

C_m

N(C_m) = w − 1

(w +^2 w^{w − 1}

CT − 1

− 2 − w − 1 . (20) CT = w

For CT = w^i, i ≥

CT CT = w^i, i ≥ CT. CT = w^i F_i i = w^{i − 1} < CT ≤ w^i.

CT C_m m = w − 1 CT − w

F_i i = log_wCT CEF

CT ≥ w^3

Proof: i has w − 1 w^{2i + 1} − 1 F_i

N(F_i ) = w − 1 w^2

log_w CT +1 − 1 = O(CT_2

C_m CT ≥ w^3

CT.

Proof:

For CT < w^3 CT = w + C_1 with N(C_1 ) = w^2 (w + + F_2 i = log_w(w +

= F_1 N(F_2 ) = w − 1 w^5 − 1

N(C_1 ) < N(F_2 w. CT < w^3

CT = 3w − w ≥ m = C_2 containing w^4 + 3w^3 + 4w^2 − 2w + F_2 (since i = log_wCT

= w^4 + w^3 + w^2 + w + w ≥

T _ T_1 T_w T_4 T_w T_3 ↑CN(C ) = w, ↓CN(C ) = w, ↑CN(P ) = ↓CN(P ) = w

↑CN(T_j , ) = 2↑CN(C^0 , ) + (w − = 3w − j = , w

2↑CN(C_0 , ) + (w − ↑CN(P_0 , ) = 3w − j =

↓CN(T_j , ) = min ↓CN(C

= j = , w.

min ↓CN(C ↓CN(P_0 , )

= w, j =

Thus, ↑CN(T, ) =_{1≤ j≤ w}min ↑CN(T_j , ) = 3w − ↓CN(T,_{j=1}Σ^w ↓CN(T_j , 3w − T _ N(T _ ) = 2w^3 + 5w^2 − 3w + N(F_2 ). CT w < CT ≤ w^2 CT, F_2 F_1 does F_2 F_1 and F_2 F_2

T

T_2

T_1 T_3

... ... ... C_0 C_0 P_0 P_0 C_0 C_0 P_0 P_0 C_0 C_0

C_1 F_1 ⊂ C_1 ⊂ F_2 T _

F_1 ⊂ T _ ⊂ F_2 C_1 and T _

CT

Conjecture: CT CEF T F_{i − 1} ⊂ T _ ⊆ F_i i = log_wCT AEF and

For CT ≤ w, F_1

Proof: Suppose F_1 T _ Lat ↑CN(L, ) = ↑CN(T, ) = T _

CT > 1.

C_m m + C_m AEF and CT.

Algorithm ICN T _ j T _ in M T _ j such that ↓CN(T_{j,} t_{min} ) CN(T_{i,} t_{min} T _ i

ICN F_i i).

E_j, j ≥ j − 1. ICN

ICN presented.

Let T _ E_{j− 1} ⊆ T _ ⊂ E_j w^{j− 1} CN(T, ) < w^j.

Proof: j j = j = k T _ E_k ⊆ T _ ⊂ E_{k+1}, w^k CN(T, ) < w^{k+1} T _ F_{k− 1} ⊆ B_p ⊆ F_k p, 1 ≤ p ≤ w F_{k− 1} ⊆ B_q ⊂ F_k q ≤ q ≤ w E_{k− 1} ⊆ T _ p, r ⊆ Ek, p, r 1 ≤ p, r ≤ w

E_{k− 1} ⊆ T _ q, s ⊂ Ek, q, s ≤ q, s ≤ w. (22)

If B_p = F_k ↓CN(B_p , ) = w^k B_q

↓CN(B_q , ) =_{1≤ s ≤ w}min ↓CN(T_{q, s} , B_q ⊂ F_k, E_{k− 1} ⊆ T _ q, s ⊆ Ek, q, s,

1 ≤ q, s ≤ w s

w^{k− 1} CN(B_q , ) < w^k T ↓CN(T, ) =_{i =1}Σ^w ↓CN(B_i ,

T _ T _ w

B_1

T _ w T _ w,w

B_w

T

... ...

T _ -tree.

Let T _ E_j ⊆ T _ ⊂ F_j w^{j− 1} CN(T, ) < w^j.

Proof:

Let F_{j− 1} ⊆ T _ ⊂ F_j w^{j− 1} CN(T, ) < w^j.

Proof: ICN

If T _ E_{j− 1} ⊆ T _ ⊂ E_j ICN yields T _′

E_{j− 1} ⊆ T _ ⊂ T _′ ⊆ E_j.

Proof: j j =

j = . k T _ E_k⊆ T _ ⊂ E_{k+1}, ICN expands T _ T _′ with E_k ⊆ T _ ⊂ T _′ ⊆ E_{k+1} T _

E_{k− 1} ⊆ T _ p, r ⊆ Ek ≤ p, r ≤ w Ek− 1 ⊆ T _ q, s ⊂ Ek q, s ≤ q, s ≤ w.

If T _ p, r = Ek w

k CN(T_{p, r} , ) < w^{k+1} T_{q, s} ⊂ E_k

w^{k− 1} CN(T_{q, s} , ) < w^k

M B_i T _ i,s ⊂ E_k.

B_q M T _ q, s of Bq T _ q, s ⊂ Ek T _ q, s T _′ q, s Ek− 1 ⊆ T _ q, s ⊂ Ek T _′ q, s ⊆ Ek T _′ ⊆ E_{k+1}.

If T _ E_j ⊆ T _ ⊂ F_j ICN yields T _′

E_j ⊆ T _ ⊂ T _′ ⊆ F_j.

Proof:

If T _ F_{j− 1} ⊆ T _ ⊂ F_j ICN yields T _′

F_{j− 1} ⊆ T _ ⊂ T _′ ⊆ F_j.

Proof:

CT i = log_wCT ICN F_{i − 1} CEF ICN F_i.

Proof: While ICN

ICN.

ICN E E until

Initially, ICN E_1 i = CT ≤ w E_1

For i > , ICN expands E_1 into E_2 E_2 into E_3 i = log_wCT , T _

E_{i − 1} ⊂ T _ ⊆ E_i . (23) ICN.

Whenever ICN ICN T _

containing F_{i − 1} by ICN F_{i − 1} T _ satisfying F_{i − 1} ⊂ T _ ⊆ F_i T _ trees, CEF within F_i.

T _ E_{i − 2} ⊆ T _ p, r ⊆ Ei − 1

all p and r ≤ p, r ≤ w E_{i − 2} ⊆ T _ p, r ⊂ F i − 2

F_{i − 2} ⊆ T _ p, r ⊆ Ei − 1 . (25)

w^{i − 3} CN(T_{p, r} , ) < w^{i − 2} w^{i − 2} CN(T_{p, r} , ) < w^{i − 1} T _ p, r satisfy- ICN tree T _ p, r T _′ p, r satisfying Ei − 2 ⊆ T _ p, r ⊂ T _′ p, r ⊆ F i − 2 T _ p, r ICN T _′ p, r

ICN T _

T _ p, r T _ satisfies

F_{i − 1} ⊆ T _ ⊆ E_i . (26) ICN F_{i − 1}-tree.

↑CN(E_i , ) = w^{i − 1} T _

F_{i − 1} ⊆ T _ ⊆ F_i.

ICN T _ = F_i.

F_i CEF CEF ICN is F_i.

CEF ICN with CT.

Proof: CEF, ICN F_i

AEF ICN and CT.

Proof: CT i = log_wCT T _ ICN F_{i − 1}-

AEF or expanding T _ ICN T _ k, l ⊂ F i − 2 of T _

tree T _′ satisfies T _′ ⊆ F_i ↑CN(F_i , ) = w^i and ↓CN(F_i , ) = w^i and from N(F_i

ICN.

CEF ICN CT = w = ICN ______________________________________________________ ______________________________________________________ ______________________________________________________ CT CT CT CT ______________________________________________________ ______________________________________________________

d N_{CT} w CT).

ICN ICN

CEF, ICN ICN CT CT. AEF ICN CT and C_m ICN

ICN AEF and ICN algorithm C_m

ICN

CEF when CT ≥ w^3

w any CT, ICN and values.

ICN performance. ICN ICN

not

CN =

ICN

ICN

ICN ICN ICN

ICN

ICN CT CTs. CT

ICN

by αβ αβ αβ

Acknowledgments

References

293-326. 179-196.

77-96.

310.

12

1989.

gence.

procedure ConspiracyNumbers( CT )

T _ = Root t_{min} t_{max} t T _

t_{min} = t_{max}

CN1:

while( t_{min} < t_{max} ) do

if t − t_{min} ) < ( t_{max} − t then [T _ , t, ↑CN(T, v ↓CN(T, v T _ , t_{max,} else [T _ , t, ↑CN(T, v ↓CN(T, v T _ , t_{min,}

t_{min} = v: ↓CN(T, v) < CT}

t_{max} = v: ↑CN(T, v) < CT}

ConspiracyNumbers

function DecreaseRoot( T, t_{min,} type)

t_{min} T _ . T _ T _ that type T _

DR1:

if( T _ = then

↑CN(T, t) = 0 ↑CN(T, v) , v, v ≠ t ↓CN(T, t) = 0 ↓CN(T, v) , v, v ≠ t

if( T _ ≠ and T _ = then w T _ for 1 ≤ i ≤ wdo

determine t_i ↑CN(T_{i,} v) = 1, v, v > t_i ↑CN(T_{i,} v) = 0, v, v ≤ t_i ↓CN(T_{i,} v) = 1, v, v < t_i ↓CN(T_{i,} v) = 0, v, v ≥ t_i

DR2:

if( T _ ≠ and type = then

M = T _ i, i, t_i > t_{min} select T _ j T _ in M [T _ j, t_{j,} ↑CN(T_{j,} v ↓CN(T_{j,} v T _ j, t_{min,} Minnode)

DR3:

if( T _ ≠ and type = then

M = T _ i, i, ↓CN(T_{i,} t_{min} ) CN(T_{k,} t_{min} ≤ k ≤ w select T _ j T _ in M [T _ j, t_{j,} ↑CN(T_{j,} v ↓CN(T_{j,} v T _ j, t_{min,} Maxnode)

↑CN(T, v ↓CN(T, v if( type = then

↑CN(T, v) =_{1≤ i ≤ w}min ↑CN(T_{i,} v), v, v > t

↑CN(T, v) = 0, v, v ≤ t ↓CN(T, v) =_{1≤ i ≤ w}Σ ↓CN(T_{i,} v), v, v < t

↓CN(T, v) = 0, v, v ≥ t else ↓CN(T, v) =_{1≤ i ≤ w}min ↓CN(T_{i,} v), v, v < t

↓CN(T, v) = 0, v, v ≥ t ↑CN(T, v) =_{1≤ i ≤ w}Σ ↑CN(T_{i,} v), v, v > t

↑CN(T, v) = 0, v, v ≤ t

t if( type = then

t =_{1≤ i ≤ w}max t_i else t =_{1≤ i ≤ w}min t_i

return [T _ , t, ↑CN(T, v), ↓CN(T, v)]

DecreaseRoot

function IncreaseRoot( T _ , v_{max}, type)

t_{max} T _ .

IR1:

if( T _ = then ↑CN(T, t) = 0 ↑CN(T, v) , v, v ≠ t ↓CN(T, t) = 0 ↓CN(T, v) , v, v ≠ t

if( T _ ≠ and T _ = then w T _ for 1 ≤ i ≤ wdo

determine t_i ↑CN(T_{i,} v) = 1, v, v > t_i ↑CN(T_{i,} v) = 0, v, v ≤ t_i ↓CN(T_{i,} v) = 1, v, v < t_i ↓CN(T_{i,} v) = 0, v, v ≥ t_i

IR2:

if( T _ ≠ and type = then

M = T _ i, i, t_i < t_{max} select T _ j T _ in M [T _ j, t_{j,} ↑CN(T_{j,} v ↓CN(T_{j,} v T _ j, t_{max,}

IR3:

if( T _ ≠ and type = then

M = T _ i, i, ↑CN(T_{i,} t_{max} ) CN(T_{k,} t_{max} 1 ≤ k ≤ w select T _ j T _ in M [T _ j, t_{j,} ↑CN(T_{j,} v ↓CN(T_{j,} v T _ j, t_{max,} Minnode)

↑CN(T, v ↓CN(T, v if( type = then

↑CN(T, v) =_{1≤ i ≤ w}min ↑CN(T_{i,} v), v, v > t

↑CN(T, v) = 0, v, v ≤ t ↓CN(T, v) =_{1≤ i ≤ w}Σ ↓CN(T_{i,} v), v, v < t

↓CN(T, v) = 0, v, v ≥ t else ↓CN(T, v) =_{1≤ i ≤ w}min ↓CN(T_{i,} v), v, v < t

↓CN(T, v) = 0, v, v ≥ t ↑CN(T, v) =_{1≤ i ≤ w}Σ ↑CN(T_{i,} v), v, v > t

↑CN(T, v) = 0, v, v ≤ t

t if( type = then

t =_{1≤ i ≤ w}max t_i

else t =_{1≤ i ≤ w}min t_i

return[ T _ , t, ↑CN(T, v), ↓CN(T, v)]