†

ABSTRACT

____________________________________ †

capacities.

singular

(Λ,E { n E j,k)∈ E b (t j a_j (t x (t j t j,k x _ (t k at time t j,k j at time t y_j (t T x (t j,k)∈ E

t_0 ≤T n t_0

v(t_0 )=_0∫

t_0

k=1Σ^{n [x_}kn^{(t)− x}nk^{(t dt}

i,j)∈ E^1 d (t j j,k t k at time t +d (t

I_d j I_a k I_a t +d (t I_d I_a

d_1 <td_2

k t_{a 1} ≥t_{a 2} .

____________________________________ 1

t_a k I_d j ∀ t∈ I_d t +d (t)=t_a as j,k).

k j,k

property. T j,k).

• t S (t S (t) =^Δ {τ_— 0 ′ ′ , τ ′+d (τ ′)=t singular • I t S (I,t S (I,t) =^Δ I∩ S (t).

• t N (t N (t) =^Δ { d (τ )=t, S (t N (t d (t).

S (t_2 j k t_2 N (t_2 N (t_1 ).

• x̂ (t j k,j t x̂ (t) =^Δ_{t N (t)}Σ x (t′ t:_{N (t)}∫ x (t′)dt 0.)

• x̃ (t j k,j t x̃ (t) =^Δ_{S (t)}∫ x (t′)dt′.

• x _ (t j k,j t x _ (t) =^Δ x̂ (t)+x̃ (t)δ(t δ(t

Maximize: v(T)=_{k=1}Σ^{n − 1}_0∫ T [x __{kn} (τ )− x_{nk}(τ dτ

≤ t≤T):

1._{k≠ j}Σ_0∫ t [x _ (τ )− x (τ d a_j (t) j= n − 1.

2._{k≠ j}Σ_0∫ t [x (τ )− x _ (τ d 0 j= n − 1.

3. x (t)≤b (t). 4. x (t)≥0.

Ω n C, T C(t Λ t∈ T ∈ C(t), n∈ C(t j in Λ Γ_j ={tj∈ C(t ∩ T Γ_j

Γ_j =_{i =1}∪^∞ (α ,β )

(1) Γ =^Δ {tt_j ,t +d_k,t +d ≤T} where d V C (2) V=_{j=1}Σ^n_{k=1}Σ^n_Γ∫b (τ )d_{j=2}Σ^{n − 1}_{t∈ {β }}Σ a_j (t)

V otherwise. v(T V

Γ Γ =^Δ {tt_j ,t +d (t)_k,t +d (t)≤T a_i (t)≡ T= t = Γ

1 b^{12} =1 2 b^{23} =1 3

d_{12} (t)= 0 1− t 1≤t 0≤t <1 d23 =0

Γ_j Γ_1 = Γ_2 = C(t)= ≤t < C(t)= t =

C(t Ω T] n t 1∈ C(t), n∈ C(t). j Γ_j ={tj∈ C(t

Γ_j = i^{=1}∪ ∞ α ,β ∪_{i =1}∪^{∞ {γ }}^. α k,j α ∈ {γ }. β k,j β ∈ {γ }. j R_j =[_i∪ {β ,γ }\{α \{T}

Γ_j ∩ {t(t +d (t _ k, t +d (t)≤T}

V=_{j=1}Σ^n_{k=1}Σ^n_Γ∫b (t)dt +_{j=2}Σ^{n − 1}_{t∈ R}

jΣ^a j^{(t)}

∞ otherwise.

t∈ T]): t∈ T].

j t I =(t ,t t I inf {b (t′)− x (t′ > then k=n or S (I,t +d (t then k t +d (t). S (I,t +d (t then k t +d (t).

iii) j t I =(t̂ ,t̂ 0, t̂ +d (t̂)=t and_{t I}inf {x (t′ > S (I,t) then k t̂. j t I =(t̂ ,t̂ 0, t̂ +d (t̂)=t and_{t I}inf {x (t′ > S (I,t) then k t̂. j t_1 t∈ [t_1 ,t_2 ), y_j (t)<a_j (t) then j t∈ [t_1 ,t_2 ).

j t_1 t∈ (t_2 ,t_1 ], y_j (t)> j is t∈ (t_2 ,t_1 ].

y_j (T)> j≠n j T.

j= n − t t +d (t)>T I =(t ,t t I inf {x (t′ > j t.

T

singular

n j τ without j

j v V C in Ω v≤V. Ω t∈ T Ω Ω n t∈ T].

C by C(t)={j v C is Vthen v=V.

x^* (t Ω v^* v^* ≥v v v^* V Ω n.

incoming b̂ (τ ), b _ (τ j,k b (τ )= b̂ (τ b _ ( d (τ

x (t T each t_0 ∈ T v(t_0 ) =^Δ_0∫

t_0

k=1Σ^{n [x_}kn^{(t)− x}nk^{(t dt}

j t_0 if node j t t_0 ]. k t j t′ j t′ t_0 t≤t_0 k t t_0

t∈ T t t_0, t≤t_0 ≤T. y_l (t_0 )> l≠n t_0 ∈ T l t_0 t_0.

j= n − k t, t_0 ≤t≤t_0 ≤T, t +d (t)>t_0 interval I =(t ,t_{t I}inf {x (t′ > j t, t_0.

t_0 n t_0

t_0 ∈ T], v_M(t_0 t_0 ]. Ω n t_0 ∈ T v(t)=v_M(t t∈ T

Proof n T t =T a t_0 ∈ T v(t_0 )<v_M(t_0 n t_0 (i.e., t_0 T n T

j∈ n − y_j (t_0 )> t_0 n j t_0 n t_0 contradj∈ n − t≤t_0 t +d (t)>t_0 I =(t ,t_{t I}inf {x (t′ > t_0 n j t node n t_0

n t_0 I t_0 t∈ I n t T n

j≠ n n t∈ I =(t_1 ,t_2 t∈ I =[t_1 ,t_2 t_1 ,t_2 0≤t_1 <t_2 ≤T j n n j t I as clearing ( j,I).

j,I n

∪^Ĩi^{⊆ T n} t∈ ∪^Ĩi^{j,I I⊆ Ĩ}l^l

n t such that t∈ Ĩ_l I belongs. n k t_0 ′ j,I t_0 Ĩ_l l I⊆ Ĩ_l.

Proof: Let I, j and t_0 ′

L_k t_0 ′ kto n L_k j,I L_j j n, t_0 ∈ I L_j L_k and L_j r through L_j r I_r t_0 L_k

r L_j L_k I′_r I_r =^Δ I′_r ∩ I_r

L_j and L_k r I_r L L_j L_j r r I_r).

Let t_1 L t_0, t_0 ′and t_1. t_0 ≤t_0 ′ L_{kr} L_k L_{rn} L_j (where L′_k L_{kr} and L_{rn}.

Since t_0 ≤t_0 ′ L′_k t_0 ′ from k to n through L′_k t_0 ′ n k t_0 ′ t_1 ≤t_0 t_0 L′_{rn} L_k L′_j of L and L′_{rn} t_0 t_1 t̃ t_0 t̃ <t_1 r in L I_r I_r ⊂ I′_r I′_r t_0 ′ t̃≥t_0 ′ in L t_0 ′(since t_1 >t_0 ′ L j_1 ,τ_1 j_2 ,τ_2 τ_2 ≤t̃_1 j_1 =j_2 y_{j2} (t̃)> t̃∈ [τ_2 ,τ_1 ]);

τ_2 +d_{j2 j1} (τ_2 )_1 I_2 around τ_2 I_2: x_{j2 j1} (τ )> j_2 t̃ t̃ j_2 τ_2 t̃ L_{j2 r} of L that j_2 ,τ_2 j_1 ,τ_1 j_2 ,τ_2 t̃ L_{j2 r} t t̃ L_{j2 r} t̃ L′_{rn} L_k from r to n L_{j2} =^Δ L_{j2 r} ∪ L′_{rn} L_{j2 r} t̃ L_{j2} L_{j2} t̃ j_2 to n t̃ L_{j2} .

n t̃ t̃ t_0 ′,t_1 n was t_0 ′ Ĩ_l I belonged. Ĩ_l

∪^Ĩi

ones.

REFERENCES

6 6 Operations Research 19 Networks9

7

15

21

37 Networks 21

CommunicationsCOM-25

Methods,’’ COM-35

Networks,’’ COM-33

(1987).

32